WD 2006/ 013263 PCT/ FR2005/ 001692 Met hod for netat hesis of conpounds
conprising an ol efinic double bond, in particular olefins The present
invention relates to a process for the 5 netathesis of one or nore
reactants cowprpsbobgoanzegl efinic structure. The renet ond®s/ddesoprt at hesi s
of olefins was discovered approximtely 40 years ago; it is a 10

reversibl e transpgtklydd dEoAt hebatREsis ONf ¢hmbonsds OcSmyrfsigyessi bl e
reaction for excharég_%f%liac i&\tlalul.'b ene droups Véllrttf:}_Icrlll an %I ef Qs
(sel f- et at hesi s) 3 “ ); in sone
cases, these olefins can conprise functional groups. Equations (1) 15 and

(2) respecti y nt. - sis-a d at i's
reactions: 2 %C:IS%&’{R%%? 1r&%%§gﬁm§%ggegmﬁ%;&d&%b?%%% .R]E%C QE%RSM +
RsRsC = GR7TRHERRRIISS1ER5RE +ORARACY = TTR/RS et & GROTRr USRBRACGE CR5R6
(2) 20 whereoRlfiR2e BBruR4urBS, R6, R7 and R8 represent hydrogen atons or
functionalized or nonfunctionalized hydro- carbon groups. The first

catal ysts described by Philips Petroleum who 25 discovered this reaction,
were of het erpgeneeustiiype; fdheyther e medrosed £ssent i allk¥iak MuSs

deposi ted ond.si lica qr alum na, qp ratiLgCg at ag%r oxi mat el y 150-200C but
unst abl e and®d858YFVati nGPPe* 9™ Ydeposi t €82 A 'sank" suppor t 3,
operating atrapprsxbiat ekpnd00kg0idbaEribherkattépnsyshen \DI/SEIi D2y renai ns
t he catal yst LE trl The  di a f tt stem

i ncl ude the fi gﬁggéﬁggfyét %lregél,txggt %%Foreﬁgl\é%%%eg%tsiagﬁq&ﬁ?é% agﬁgdo?%% t he
regener at i onwbthine aratlgfsin 3Gl -2GCELIESA63 POT/ FR200GXDMUS920E 2 |t

woul d be hi gh] ¥rady¥antagsoysyt onbeyendyps) abl £1a@ some cases, these

olefins can comprise functional groups. Equations (1)

15 and (2) respectively represent the self-metathesis and

crossed metathesis reactions:

2RiR:C=CRsRy & RiR:C=CRjR; + RsR4C=CRaRy D

RiR:C=CR3Ry + RsRsC=CRsR; &
RiR;C=CRsRs + RsR4C=CR4Rg + RjRyC=CRsRs + RsRiC = CRsR¢ @)

20 where R;, Rz, Ri, R4, Rs, Rs, R; and Rg represent hydrogen
atoms or functionalized or nonfunctionalized hydro-

carbon groups.

The first catalysts described by Philips Petroleum, who

25 discovered this reaction, were of heterogeneous type;
they were composed essentially of MoO; deposited on
silica or alumina, operating at approximately 150-200°C
but unstable and deactivating, or of WO; deposited on
the same supports, operating at approximately 400-

30 450°C; the latter system, WO;3/Si0O,, remains the catalyst
used industrially. The disadvantages of the latter
system include the high temperatures, both for the
reaction itself and for the regeneration of the
catalyst.

35



heierogeneous catalytic systemeffective in the neta- thesis of reactants
conprising an olefinic structure, e.g. olefins, which is capable of
operating at 5 relatively |low tenperature and which can be regenerated at

noder ate tengper abbgLo15Bsgbj ective of the inventiorpds/grbifod Loy de an
effective process for the netathesis of ;reactants 10 conprising an ol efinic

structure, e.g. olefins, using a catalyst which is capable of operating at

relatively t@wv&o%maergéurk@lg%t her aeRiaeeblise 06 tHhed NYeRLLaB1ES 40

provi de such a 15 %rocess in h the Catal yst can be regenerated at
noder at e t enpaFafo? ne%P%uﬁa§@9Yﬁﬁf%e?Y%?eTh§f§P€§éHF i W erbfor$2t hus a
process for thesiet aifheséscoinone compiiisengprat ebablfyniz20 anuaruta,

reactants conprisin | i near_.or .branched h ocar bpn chain conpr|5|ng an
ol efini ¢ doubt® boﬁg %6552 ngf'}blefﬁn|c5§¥&ﬂ%ﬁur% PRERACERS: hi %t r eact ant
or these5reanehatsvek?alewbtemgbtatnte thd whas@ncenobeaxegqnﬂrammﬂnetal

conpound co i 25 on al um num oxide to which a tungsten
hydride is ngéa % %rg%% ﬁ%%f%?@g ouble bond is included in a |linear or

branched hydrocarbon chain of formula RIRRZC=CR3R4 30 conprising an olefinic

doubl e bond £5pZrGeRs iqRd bdentjLal pendibferignt gybstdd U?%%B& (dp= 1 to
4) on these carbodns. According to one characteristic of the invention, each

35 reactant eHRPFFLER, PROEBEAI, LPFomtRet o MSHaEREEIF AfonEeadt@Hteing to a
first entpodi semprisheyi aMesl bohnt el atesac¥rd006/.913262 fRaE, FRAARRf Q01692 3

to the netathesis of one nore ol efiins or al kenes nmel nsat.ur at ed,
| i near or br%?‘n%%gﬁSt adeic ?’t h?drc(?apag’alreooﬁ 5P %Sif g %s%zw doubl e

bond bet weenlow temperature.

Another objective of the invention is to provide such a
15 process in which the catalyst can be regenerated at

moderate temperature.

A subject matter of the present invention is thus a
process for the metathesis of one or more, preferably
20 one or two, reactants comprising a linear or branched
hydrocarbon chain comprising an olefinic double bond
Csp?®=Csp?® (olefinic structure), in which this reactant
or these reactants is/are brought into the presence of
a supported metal compound comprising a support based
25 on aluminum oxide to which a tungsten hydride is

grafted.

The olefinic double bond is included in a linear or
branched hydrocarbon chain of formula R1R;C=CR3R4
30 comprising an olefinic double bond Csp?=Csp?® and
identical or different substituents R; (1 = 1 to 4) on

these carbons.

According to one characteristic of the invention, each
35 reactant comprises, in total, from 2 to 30 carbon

atoms.

According to a first embodiment, the invention relates



two carbon atons, of enpirical fornmula C H2n and 5 preferably with n an
integer ranging from2 to 30. The R, substituents can, for exanple, be of
t he hydrogen, nethyl, ethyl, propyl or isopropyl, butyl, sec-butyl or

i sobutyl, oryBeBbYkysog8sspeENtYl, isopentyl or neopegiy)rriyPs/odPsecording
to a specific aspect of this enbodinent, the invention relates to a process

for the production of propylene in which ethylene and butene are reacted in

the presencecgf the supporieds metealoompoundh conprising L5 & support based

on alum num oxide to which a tungsten hydride is grafted.. According to a
second enbodPABALY RSATEZELERt oringFac®anPE2BeRerl s @ LiiFeYEs? - or
different R c20b8HlsY I t Uesr icdiasenal resphaydidgerbdidBbosat Usedkeen | | near

or branched, hydrocarbon groups and_saturate cyclic dr gcar bon oups

ohi oh oot onaMby CRERP hAheOar O s BEP L LRt <) SRATHIRCh Clrr beConnact ed
to the Gsp2pearbeabdi twhehomefamiintdeydyt erdamtingi them 25 tdi r3act I'pheor via a
sat ur at ed hygrocaﬁbgntcha'n. The cyclic R hydr carbﬁn %gbﬁgi uents can, for
exanpl e, be “of SR8 &yEFBE?oﬁflnﬂ cgcjfoﬁfj?w), ¢y eop% t)t; Cor'’% ccf%efn‘nexyl
type and t heméthkglor ebhysubptrbpyfledrcyclopropype, busydh aseardubptlcyet oal kyl ,
et hyl cycl oal hyl.en ycl.oal of; formul 3 - F@%} - al kyl .

I n addition 5¥%bﬁgg%bgé%,5F§gygfhS%%s%%éf??ueﬁf§$§%#?§néf y 6%%%%%%9 can,
for exanpl e, t¥eeof the methyl, ethyl, propyl or isopropyl, butyl, sec-butyl
or isobutyl, or pentyl, sec-pentyl, isopentyl or neopentyl type. 35
According to_a third enbodi nent, the reactant _or_ reactants conpriis(s)

i dentical orAEFPFerBat tR & SRRGIfiferR¥PeHoseh FREM KPROSIER Tt ond?
saturated, Wh26061643263 aRCH FRR0Q5/HLI699s 4or the production of

propylene in which ethylene and butene are reacted in
the presence of the supported metal compound comprising
15 a support based on aluminum oxide to which a tungsten

hydride is grafted.

According to a second embodiment, the reactant or
reactants comprise (s) identical or different R;
20 substituents chosen from hydrogen atoms, saturated,
linear or branched, hydrocarbon groups and saturated
cyclic hydrocarbon groups which optionally carry
hydrocarbon substituents and which can be connected to
the Csp? carbon of the olefinic double bond either
25 directly or via a saturated hydrocarbon chain. The
cyclic R; hydrocarbon substituents can, for example, be
of the cyclopropyl, cyclobutyl, cyclopentyl or cyclo-
hexyl type and the like or of substituted cyclic type,
such as methylcycloalkyl, ethylcycloalkyl, methylene-
30 cycloalkyl or of formula - (CH;)p-cycloalkyl. In addition
to hydrogen, the other substituents optionally present
can, for example, be of the methyl, ethyl, propyl or
isopropyl, butyl, sec-butyl or isobutyl, or pentyl,
sec-pentyl, isopentyl or neopentyl type.
35
According to a third embodiment, the reactant or
reactants comprise (s) identical or different R;

substituents chosen from hydrogen atoms, saturated,



linear or br anched, hydrocarbon groups and aromatic rings which optionally
carry saturated hydrocarbon substituents and which can be connected to the
Csp2 carbon of the ol efinic double bond either directly or 5 via a

saturated hygls ogesdpomishesn. The R substituents cuYERYOUES /A0AEdd C rings
can, for exanple, be of the phenyl, tolylL, benzyl, xylyl or biphenyl type

or of formula -(CH2)n-aryl. In addition to hydrogen, the other

sutﬁsltl tuent S}Pﬂ@éé@“&iﬁ ybalraeﬁ:@lrérd caﬂyd&@ea@salﬁplgro@ps ofapl@ tah%maaifwl

et hy pr opy i opy sec utyl or is ty

sec-pentyl, T¥&H g REE ﬁ?%ytyﬁgrr?icc&a& %teg] hfyéffﬁc%‘ d| nent ,

different r ean:bsamitsueﬂﬁs ctwshnwhnol'n tdmeb@escmmﬂnedte@ the phecedspy t hree

series are realed Lodathero, The, progens, of de [Nt op ean:be carried out

at a tenperature ranging from ccor o an 2 vant ageous
charact ebi stV ot shéunaedt ilurdredarynocessins &"her iRad soUpstdtt uented at i vel y

| ow t enper atys ey nQrEFnQE”lgO xtl%g%505%npr eber aanflr 0m1§<9 be 3QC,

better still from 80 C. 25 According to anot characteristic, the

process is REEmYEed é@tlYl}nde]Pe]aﬁyébdehYel p@ésé@r@@r&fﬂgu RYDPr P 01 to 8

MPa, preferafdymiTom QelL) LQri—'INP@n Bettier onstbl hybremed., 1tth@ @thd¥Pa. 30
reactants can e use of int aseOﬁs I| id form

The react ant {m

The process %‘gqﬁtb’et‘é%ﬁ’?? e‘ap’bh?n‘?% Y hRr pFesentdiof Oﬁy%?‘éﬁ‘@ agent
whi ch faons diyer @‘@Q;Ihlyllr) sethyl, 3%pddpisl tre psopespylan lﬁlﬁ:}CB,l’rls&(il:—OUt under
a hydrogen arti [ an from 0.001 0.1 Ma, o] may be
made, as agg% )C\flll c% ?L%r%#};l% rldr(;%re?f)ent rri|’t ug‘gc Igg%t%#l cl%(?ﬁs %g o, Such as
cycl ohexane, nefeeayidr o- e -2006/ 013263 PCT/ FR2005/ 001692 5 napht hal ene and
t et rahydr onapht hal ene.

According to a fourth embodiment, different reactants
15 chosen from those described in the preceding three

series are reacted together.

The process of the invention can be carried out at a
temperature ranging from 20 to 600°C. According to an

20 advantageous characteristic of the invention, the
process is carried out at a relatively low temperature
ranging from 20 to 350°C, preferably from 50 to 300°C,
better still from 80 to 200°C.

25 According to another characteristic, the process is
carried out under an absolute pressure ranging from
0.01 to 8 MPa, preferably from 0.01 to 1 MPa, better
still from 0.1 to 0.5 MPa.

30 The reactant or reactants can be made use of in the

gaseous or liquid form.

The process can be carried out 1in the presence of
hydrogen or of an agent which forms hydrogen in situ.
35 Thus, the process can be carried out under a hydrogen
partial pressure ranging from 0.001 to 0.1 MPa. Mention
may be made, as agent which forms hydrogen in situ, of

cyclic compounds, such as cyclohexane, decahydro-



Acéording to an advantageous characteristic of the invention, the catalyst
can be reactivated or 5 regenerated by bringing into contact with hydrogen,
in particular pure hydrogen or hydrogen diluted in a neutral gas. The

regenerati on WA Jws LAIdeed out with a hydrogen pr@gg?@ﬁzb@ggb@qsbmonl0.01
to 10 MPa, preferably fromO0.1 to 2 MPaz It is possible to proceed 10 in

the following way. The feeding of the reactor wwth reactant(s) is halted.

Hydrogen is sihsgquanidey arddiatheth AbihdMdl0g8k pressure i s maintained for
a time sufficient to regenerate the catalyst. Before resumng the

metat hesis reaction, it is preferable to 15 drive off the excess hydrogen by
i ntroduci ng adwifdialg §as, a8 Jadaiag@Bgebe I eganracakragtienperat yhe i s

advant ageousl.,y between 50 _and 300C, . preferably hetween Q_and 200C. 20 The
process of ttﬁéWQ$$éﬁFPon Egﬁ becﬁgﬁ}?ﬁg out ™ bathwi S8 Y 3EES i ¢ OFeact or .

However, bt iregepreafagreabllyy charingtingutintontdomteus! with ahgynapexe, deact or

25 The term "t ydride f to S as al ym num oxi de"
is understoo&%ﬁyﬁﬁgx%gb ﬁ%%hl%, %ﬁﬁ%hnégieﬁgg'SEFEOnggéuggdatgﬁgaét one
hydr ogen at omeatdal igasparflic uiegengraitiorasan ope sanyledbond, wibhsai d

support. 30 Thei Wl cpppeLideessatdald Y ¢ouRy i sgsoa tungsten vpydride
grafted to a support based on alum numoxide. In this conEound, t he support
[

can be any siFFdEraRAdTedTFh U ukihum¥Ba del antis nBPesSplat ¢i Bl BEFPGeSAy
support 85 wher ecHdef 8l U DHE aslyde T aE6€85hE| Bfi RHRArtéLel &F @t tht he

surface of said support. Thus, the suppor an be chosen from supports
relatively hdt 5ﬁ@@d§ in léonﬁ%%f?? h b WAl uttnuntd ?88?eﬁg€Vng in WO

2006/ 013263 RGh/HeR2@54001692hydirogen pressure is maintained for a
time sufficient to regenerate the catalyst. Before
resuming the metathesis reaction, it is preferable to

15 drive off the excess hydrogen by introducing a neutral
gas, e.g. argon. The regeneration temperature is
advantageously between 50 and 300°C, preferably between
80 and 200°C.

20 The process of the invention <can be carried out
batchwise in a static reactor. However, it is
preferably carried out continuously in a dynamic

reactor.

25 The term “tungsten hydride grafted to a support based
on aluminum oxide” is understood to mean, generally, a
tungsten atom bonded to at least one hydrogen atom and,
in particular by at least one single bond, to said
support.

30
The metal compound essentially comprises a tungsten
hydride grafted to a support based on aluminum oxide.
In this compound, the support can be any support based
on aluminum oxide and more particularly any support

35 where the aluminum oxide is accessible in particular at
the surface of said support. Thus, the support can be
chosen from supports relatively  homogeneous in

composition based on aluminum oxide, having in



par'ti cul ar a conposition based on alum num oxide relatively honbgeneous
t hroughout the body of the support, that is to say fromthe core up to the
surface of the support, and al so from heterogeneous supports 5 based on

al um num oxi @ /Y /Aciapg Al um num oxi de essenti al byrakrbbesygbhaee of the
supports. In the case of a heterogeneoug support, the support can conprise

al um num oxi de deposited on, supported on or grafted to a mneral solid
whlt C|h can !é %Ilfti%l%llfolad baﬂ%gamlttgoﬁof %a@@art,ciﬂ nf&ﬁﬁmﬁll%har osc@a%entflrom
nmetal s, oxides _or . s ides, and salts, for exanple fromsilica and neta
oxi des. The §L?d'€t§r3’(vegéfn PGS i PRI (RS 7.59C%0s8h  5%mithin a
range extendisugpdaram Ghat ol L0090 sy of romrieierabty fipoboOthet suB@i@cel/ g. The
specific surfO e 1 B. I%TC) tis e suarleqD agcgrdi ng to teheeos& anggrdolr§cs) 9277
(1995). 20 Th supporst R Sn particular Eo“r%prl'i SE Al UM nut oXr e i xed
al um num bxi desest modi falednialwm ned @xi desmprhsipar t atuhanumodpkide by one
or nore ele for: of-t Periodic. Tabl e El enent s
(as defi nedrr%;% t ngl%ﬁaﬁ%%%qlﬁf#elc ft e g%uo%%ghg% a?llé %g%b%rggg from1
to 18 and whicdh @&s Hedarpgsmsousexaupberti n theRCsraRAbbokcast CRBRYESEy and

Physi oS, 76tihRdhi O (Wi i0an h Dakiysh e dd don publi-sheda by CRC
Press Inc., USA). 30 The term™al um num oxi de” (al so known as si npl e

al unina) is GndetRGod E81hEawPigén&iadt | YEsaht aPEnienuiR! vki 4BOEEBEESNt i al | y
devoi d ﬁioanssu@tgm,oxme;(amticﬁgmri5hdsfgehes_°s:drdﬂame28(qb¥/ waiiglds obrone or
nore ot her oxi.des, present in the formof inppurities)..If it 35 c ri ses
Tore than 2060y MR B HBLLT b BEREP LB FRIG SHHASR 1377 SmEEMGr ol 1 y
conveni ent toxiegar.d the oxide as a m xed alum num oxide, that is to say an
al um num oxi de conbined with at | east one ot her oxide. WO 2006/ 013263

PCT/ FR2005/ 001692
The support can have a specific surface (B.E.T.) chosen

15 within a range extending from 0.1 to 1000 m®/g,
preferably from 0.5 to 800 m?’/g. The specific surface
(B.E.T.) is measured according to the standard ISO 9277
(1995) .

20 The support can in particular comprise aluminum oxide,
mixed aluminum oxides or modified aluminum oxides, in
particular modified by one or more elements from
Groups 15 to 17 of the Periodic Table of the Elements
(as defined by the IUPAC in 1991 in which the groups

25 are numbered from 1 to 18 and which is found, for
example, in “CRC Handbook of Chemistry and Physics”,
76th edition (1995-1996), by David R. Lide, published
by CRC Press Inc., USA).

30 The term “aluminum oxide” (also known as simple
alumina) is understood to mean, generally, an aluminum
oxide substantially devoid of any other oxide (or
comprising less than 2% by weight of one or more other
oxides present in the form of impurities). If it

35 comprises more than 2% by weight of one or more other
oxides, then it is generally convenient to regard the
oxide as a mixed aluminum oxide, that is to say an

aluminum oxide combined with at least one other oxide.



7 The support can preferably conprise alum num oxi de chosen from porous

al um nas, nonporous alum nas and nesoporous alum nas. 5 Porous alum nas are
often referred to as "activated alum nas" or "transition alum nas". They
generally ceig es@)ybitzzewarious partially hydroxylnggFﬁhgﬁgpgausg&ides
A1203. They are porous supports generally 10 obtained by an "activation"
treatnent conprising in particular a heat (or dehydration) treatnent of a
precursor chosen from al um num hydroxi des, such as al um num tri hydroxi des,
hydr oxi des of alunlnun1OX|de or %Flatlnous al um num hydr oxi des. The
activation tré&st PHPROFE naRes PEop6S&re COTPEASFe EHEMRANEY Bfégént in

t he precursomH@§EnaI$®omlnp@ﬁbﬁs tdeuhyi OXY Indippesis  Bhusmiheavi agdbehi nd a
few resi dual drox ups and a specific porous structure. The surface
of the porou§[1 Cﬁﬁg géﬁBfﬁﬁ Sy conprises a conplex mixture of 20 al uni num
and oxygeh atons and of hydrOX|de i ons which conbine according to specific
crystalline fp%rf&sangluﬁ@hsg darddeyl ake?éggaae @é’t heacidLe;gde Pas' ¢
sites. It is thus possi o choose, as so Suppor t a porous alum na
from y-al um @8 ygames- MQﬁnrﬁﬂraqﬁiﬁﬂpﬁﬂtﬁﬁmmﬂw@ﬁ aIEh?ha)geaeﬁﬁ&&Vna

(del ta-al um RR)rre RNt Ha v(atrrl“&%' apyptnal i Kr@‘di‘@;@%a(t@ppéiéﬂnﬂmdﬁa)
p-al um na (rho-al umna) and x-alum na (chi - ?unlna and pref erabl¥yfrom

y-al um na an®%Fes urheds - Thégﬁﬂﬁar?ﬁﬁs P@F?§?aH§WRPQQF%B deperal
essentialdy @@ttahele@howe gh 3dthevr s SPraitthedft t bempendiihgonsnof the

activation tre In particular t t rature_and _the pressure. The
activation tP@ﬁ% aEénabe% 8Fri d8%ou ehyggggé?ﬁ | ETCRhEEPTa Stre8m of air
or a stream pfrecanestlrer chasen n fpant i aluainumer hydasxidesa t enpkratere 35

rfgﬁrzggntgefgggﬁﬁ%dmé¥¥ﬂ}d%6ﬁ¥ggéf”ﬁ§ﬁ¥giﬁhé§(g@]éﬁbmiﬁhﬂfﬁ@£éep5%ferab'y
gelatinous aluminum hydroxides. The activation treat-

15 ment makes it possible to remove the water present in
the precursor but also, in part, the hydroxyl groups,
thus leaving behind a few residual hydroxyl groups and
a specific porous structure. The surface of the porous
aluminas generally comprises a complex mixture of

20 aluminum and oxygen atoms and of hydroxide ions which
combine according to specific crystalline forms and
which in particular produce both acidic and basic

sites. It is thus possible to choose, as solid support,

a porous alumina from y-alumina (gamma-alumina) ,
25 mn-alumina (eta-alumina), d-alumina (delta-alumina),
0-alumina (theta-alumina), «x-alumina (kappa-alumina),

p-alumina (rho-alumina) and y-alumina (chi-alumina) and
preferably from y-alumina and m-alumina. These various
crystalline forms depend essentially on the choice of

30 the precursor and of the conditions of the activation
treatment, 1in particular the temperature and the
pressure. The activation treatment can be carried out,
for example, under a stream of air or a stream of
another gas, in particular inert gas, at a temperature

35 which can be chosen within a range extending from 100
to 1000°C, preferably from 200 to 1000°C.

Use can also be made of porous aluminas or semiporous



Use can al so be made of porous alum nas or sem porous WO 2006/ 013263
PCT/ FR2005/ 001692 - 8 alum nas prepared by an activation treatnent as
descri bed above, in particular at a tenperature ranging from600 to 1000C.

These porous yf £598 Ar#ies al uminas  can conpri se MpErYERS 00k /BONGWS
alumnas in at least 5 one of the crystajline fornms described above, such as

y-alumna, r)-alumna, 6-alumna, O-alumna, K-alumna, p-alumna or

x-al um na, Wélmnﬁﬁwpo%ggga%am fb%r '5'1'1 PRI GdlralorA- af H8h fiRent N RASti cul ar
in a proportion of 0% b 10 Porous alum nas are generally

ther mal decofositiRse FhVtfrct d?ajé hﬁm tFi AyHFBRFUBS U TRy dRERIIGSs of

al um num oxi (f&c(norsdwotrcat:ecsocoﬁc almmnp@xodg) oandemgpbabuaousualhmsnum

hydr oxi des (or al unmi na. gel s num.tri hyd oxi des of geney f ormul a
% %ﬁpure%jr%

Al (OH) 3 = AfSB33EBEPEARS eFent Er y3taftiane for n% ?u@ﬁ as

gi bbsite br rwdaracpgl Ehiet @I(ya:—blal(l@fbeB)fohagedeserlbeﬁ- AlHGH) 3)smh as

nor dstrandi t th%gum I’_cllm'ﬁ]{rﬁ)él d%s F‘(ﬁﬁhag beq %&ﬁﬂ% b)k ng&llpll tation
I'ne sél utions ‘dr oxi

from al uni nurh Sal eneral Ty’ al ka s of “al unmi num
oxi de of genéra@lumgmaul @ar A-GlOA)ina AIRDBR2@G caAnAPsousxistuninali f fidrent 25

crystalline fipnms,.3ueh @S diRspof €ih( Jaft by am @%%ﬁ)@rﬁ?énao&‘l 0( o).

Di aspore can occur in certain types of clay and of bauxite and can
synt hesi zed B Yed&0% Ryatisemtof gi bbsite at approxi mately 150C or by
hydr ot herpal treatnent of boehmte at 380C under a 30 pressure of 50 MrPa.

]Ic30ehm' te canépe easi lg% oht ai ned by heat| g thgh%el a ingu og\r ecl. El.tate _
ormed on tr MIH6s 6 Cal dfRafrsal t S"uohlEr c8FE°EBRETtTSRs with
anmoni a. HydIIII)Cld]lES:SOf af unahumioxnde teamyalrex itk s ,0bt aydreok hyedydodl ysi s of
aluninun]alk%ﬁd%%ﬁum oxide (or hydrates of aluminum oxide) and
gelatinous aluminum hydroxides (or alumina gels).
15
Aluminum trihydroxides of general formula Al(OH)z =
Al,03+-3H,0 can exist in different crystalline forms,
such as gibbsite or hydrargillite (a-Al(OH)3), bayerite
(B-Al (OH)3) or nordstrandite. Aluminum trihydroxides can
20 be obtained by precipitation from aluminum salts in

generally alkaline solutions.

Hydroxides of aluminum oxide of general formula
AlO(OH) = Al,0;-H,0 can also exist in different

25 crystalline forms, such as diaspore (B-AlO(CH)) or
boehmite (or a-AlO(OH)). Diaspore can occur in certain
types of clay and of bauxite and can be synthesized by
heat treatment of gibbsite at approximately 150°C or by
hydrothermal treatment of boehmite at 380°C under a

30 pressure of 50 MPa. Boehmite can be easily obtained by
heating the gelatinous precipitate formed on treating
solutions of aluminum salts under cold conditions with
ammonia. Hydroxides of aluminum oxide can also be
obtained by hydrolysis of aluminum alkoxides.

35
Gelatinous aluminum hydroxides (or alumina gels) are
generally poly(aluminum hydroxide)s, in particular of

general formula:



35 Gel ati nous al umi num hydroxi des (or alum na gels) are generally
. pol y(al um num hydroxi de)s, in particular of general fornmula: W 2006/ 013263
PCT/ FR2005/ 001692 9 nAl (OH)3(n-1)H20 (1) in which n is a nunber varying

from1l to 8. yeelRlddypis 268 UM num hydr oxi des can bepglggghggqspmq_rggzof t he
processes chosen fromthe thernal deconpgsition of an | um num salt, such

as alum numchloride, the electrolysis of alumnumsalts, such as a m xture

of alum num sul fate ang0forgl.kahi 1yet@l sulfaje, the hydrolysis of
al um num al koxi des, such as al’uni num met hoxi de, precipitation from
al umi nates, SGCHESH P af Rafi PHEPSF oRTAILRS T ar t 1 net aFeARGAPRYSes, and

pr eci pi tati orlfundfual URlyAudxsalelss, char Bxanmeatyed bmwglda@ i Bifo ¢@.t act
aqueous sol utions of A12(S04)3_and Q2 _and_of _an aci d,

f a 0
e AL o P B A IS ) 3 EPT iona BeteRh) SerBiebRa tarEe o  Afae 1o
t hus obtaSnedalmlbmnsubsaquentl;:ushbj exs ed dlurdgiung arthlodriyieng i bherder to

remove the watier. Galatisioys AlTaym Dydroxi desnoenieral by gxlal b the

form of an am)rp 1°un ha ge in particul
pseudoboehmi taéummlulfhe Sp'drf@w@ albadi nag caﬂ\kh&\le metpém fsu&;fguﬁf, acehe(B. E. T.)

chosen withi p&1ARNGE LXeNdingnfihgm 189Kkbei 2800 aflg. RpLefgiahhhufr om 300
to 1000 n2/g, 'in particular from 300 to 800 n2/g, especially from300 to 25

600 n2/g. ThéVté’éFFlldﬁ addREFDHP 5 7R afEpBci Ailemparéesyol UCRquaP to or

less thanol en®l=gi pret£r akly gunal inéo Qirdresgethan 0.uhigi/g, | And
particul ar equal .tq or Iessf hanagr6 cnB/g. %%Theg por t ca al EO
conpri se nonPorGd® &R Fas, Fr B efBr B IS - FdfiSra ( ?lghae)égli fa) oY

general ly kndainging into contact agqueous solutions of Al,(S04): and
of ammonia, or of NaAlO, and of an acid, or of NaAlOQ,
and of Al,(S04);, it being possible for the precipitates
15 thus obtained to be subsequently subjected to aging and
drying 1in order to remove the water. Gelatinous
aluminum hydroxides generally exist in the form of an
amorphous alumina gel, in particular in the form of a
pseudoboehmite.
20
The porous aluminas can have a specific surface
(B.E.T.) chosen within a range extending from 100 to
1000 m?/g, ©preferably from 300 to 1000 m?’/g, in
particular from 300 to 800 m?/g, especially from 300 to
25 600 m?/g. They can in addition exhibit a specific pore
volume equal to or less than 1 cm®’/g, preferably equal
to or less than 0.9 cm’/g, in particular equal to or

less than 0.6 cm’/g.

30 The support can also comprise nonporous aluminas,
preferably a-alumina (alpha-alumina), generally known
under the term of “calcined alumina”. a-Alumina exists
in the natural state under the term of “corundum”. It
can be synthesized generally by heat treatment or

35 calcination of a precursor chosen in particular from
aluminum salts, hydroxides of aluminum oxide, aluminum
trihydroxides and aluminum oxides, such as y-alumina,

at a temperature of greater than 1000°C, preferably of
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S. hosen fromalkali petals, alkaline earth
w1¥%&n a range eXtending %rom ?OO to 800 mz/g. The

mesoporous aluminas generally have pores with a width

ranging from 2 nm to 0.05 um.

The support can also comprise mixed aluminum oxides.
The term “mixed aluminum oxides” is understood to mean,
generally, aluminum oxides combined with at least one
other oxide in a proportion by weight preferably from 2
to less than 80%, in particular from 2 to less than
50%, especially from 2 to less than 40% or even from 2
to less than 30%. The other oxide or oxides can be
oxides of the elements M chosen from the metals from
Groups 1 to 13 and elements from Group 14, with the
exception of carbon, of the Periodic Table of the
Elements. More particularly, they can be oxides of the
elements M chosen from alkali metals, alkaline earth
metals, transition metals and elements from Groups 13
and 14 of said table, with the exception of carbon. The
transition metals generally comprise the metals from
Groups 3 to 11 of said table, in particular elements 21
to 29, 39 to 47 and 57 to 79 (including lanthanides)
and the actinides. The other oxide or oxides of the
elements M are preferably chosen from the transition
metals from Groups 3 to 7, the lanthanides, the
actinides and the elements from Groups 13 and 14 of

said table, with the exception of carbon. More



netals, transition netals and el enents from G oups 13 30 and 14 of said
table, wth the exception of carbon. The transition netals generally
conprise the netals from Goups 3 to 11 of said table, in particular
el ements 21 WO 2@® /803263 47 and 57 to 79 (i ncl udi rgT/ax2vas/dod)s 9and t he
actinides. The other oxide or oxides ofiithe 35 elenents Mare preferably
chosen fromthe transition netals fromGoups 3 to 7, the |anthanides, the
actini des anshtticel @nept stheomd@mups tBosed i ssaidohablbayraoM th the
exception of £ Pl%rll. Nbreern\l’\%iZuOn?G/O]t?ichaB iE:lcr:nT/ FR2QQ5/ %QL%692 - %:13‘_11
particul arl yg ey can be Chosen fromstticon, Bordr, ﬁlal i OW gér}’rrani um
titanium zivaoedivm, cediobium,varediakgmni cbiremi unant rad Liylpd edmero maurg
][ml ybdenum %gg st£poxides. 5 The mi xed al um num oxi des can be chosen
rom anhydrous ~alum nates, fromspinels and fromalum nosilicates. In
particul ar, the anhydrous al uminates can be chosen from anhydrous al kali
met al al um ng{esmiReghadamaRAtNd sl ddrt i Rb sk Nat-8m( binAyR oy
anhydrous sodjum alum nate (Na20AL203),_ and anhidrous al kaline earth netal
al umi nat es, %L}Eﬁl%t%?vhyﬁ?’%lﬂss?ﬂp@é?ci% LU AatBIRQBAEAF2ERT - orltanhydr ous
beryl | i um algaittedel ax Bekdd 248 yd dbes spl tel Sa€as bgncheseRokBnparidncul ar 15

from al um num ox#:es conbi ged wi%h oxi.des oft di val en nmet al énd in
particul ar oM MEYHesPUrrpi nbF 2t MgATIBAR tSEal Pl spﬁ%efan?l APX®1), zinc
spi nel 10ZnAl20G4)ym manganeise tspi nelLIAMAI204pr i r anhydiroes  ( Bedliz@4) and
cobal t spi nel, (CRAIA0) oy TRe,3L yni no 20, SLLGALes can he ghasen ihy,
particular from<clays, talc, i tds, Teldspar, m croporous al umnosi |i cates,
in particulegtabl edllEimsitares, @wklzeokist esaniydrouspor trégalalisom conpri se
modi fied al umpWRMd deseao 281 j0)) PR | Lithypt-dRddi B 81 DyuRNg10mitRke el enents

from
(BeO-Al;03). The spinels can be chosen in particular

15 from aluminum oxides combined with oxides of divalent

metals and in particular from magnesium spinel

(MgAl,04) , calcium spinel (Canl,0y), zinc spinel
(ZnAl,04) , manganese spinel (MnAl,04) , iron spinel
(FeAl,0,) and cobalt spinel (CoAl,0,). The alumino-

20 silicates can be chosen in particular from clays, talc,
micas, feldspar, microporous aluminosilicates, in

particular molecular sieves, and zeolites.

The support can also comprise modified aluminum oxides,
25 in particular modified by one or more elements from
Groups 15 to 17, preferably Groups 16 to 17, of the
Periodic Table of the Elements, for example phosphorus,
sulfur, fluorine or chlorine. The support can in
particular comprise alumina superacids or aluminum
30 oxides which are sulfated, sulfided, chlorinated or

fluorinated.

The support can be a support homogeneous in
composition, in particular throughout the body of the
35 support. It can also be a heterogeneous support based
on aluminum oxide, in which support the aluminum oxide,
the mixed aluminum oxides or the modified aluminum

oxides, as described above, are essentially positioned



G oups 15 to 17, preferably Goups 16 to 17, of the Periodic Table of the
El enents, for exanple phosphorus, sulfur, fluorine or chlorine. The support
can in partlcular conprise al um na superaC|ds or alum num 30 oxi des which
are sul f at edyo s20d6 fExB26hl ori nated or fl uori nat egeTflFR290BpO0L 602N be a
support honobgeneous in conposition, dngparticular throughout the body of
the 35 support. It can also be a heterogeneous support based on al um num

oxide, in V\hait_cht&epp@uffabe al uMchem expeert tahﬁi mexed abysl M @xiedes or

the nodified al umi.num_ oxi as.descri bed are .essenti al
e I oned ISR o Lo 05 BeRrangsse, somegsed 45’ 4 fuReiel | Bt the
support and dhwesegor enofbatrtie cudappaftom smessent i alXdiyesonposedldfidasni ner al

solid choseﬂuirlégg %eulgﬁ Brog$EeE§h§caonges &Etéflbeﬁges anq alts,

such as silica or rietal oxrd e het er ogeneous supporf can be prepared
by di spebsi fptenagendgusgr SeiOPorat i A§RonPandixgraredr P i Agspersiadg ni ner al

sol i d one ofdhe pb@eugls&éﬁppéaémgceﬁpomforbqgﬁdgegfehﬂgﬁ RN exicde

menti oned above. The precursors _can in particular be chosen from al um num
hydr oxi des, @@qwlpaewé@ &0 r ot &NEmi PRASLFFINRIr 6k dee RpaPeXPdSs  of

al um num oxn&%@dﬂge&mmm Sk e Nudh hyeheXi gesve . Preéeperearksr@i ven to
gel ati nous alunlnun1h¥drOX|des such as gfscrlbed above nown under the

termof al tithatGePETor Bt 2&mipholeSary ﬁ%ﬂ;a%PT&R%WoB¥E€8ﬁ§ de§ 'suppor t
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sol -gel or ng- a a t n% %G %
particul ar #ﬁ§ g%?ﬁ%??ﬂgqggigﬁ g%*n ra co oun §accord|ng to
t he |nventl6Waﬁ¢qﬁnﬂﬁfﬂ$yglvﬁovmmﬂﬂﬂhﬁﬁﬂnpuﬁnad@ml@@mthyﬁegxwﬁesh can have
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mm prﬂermﬂyfromZOINnto mm

alumina gels or of amorphous aluminas. A heterogeneous

15 support can be prepared in particular by employing such
a precursor by way of a sol-gel or using an organo-
metallic compound, which facilitates in particular the

grafting to the mineral solid.

20 The compound according to the invention is generally
provided in the form of particles which can have any
shape and any size, in particular a mean size ranging
from 10 nm to 5 mm, preferably from 20 nm to 4 mm. The
particles of the support can be provided as is or can

25 Dbe shaped so as to have a specific shape, in particular
a spherical, spheroidal, hemispherical, hemispheroidal,
cylindrical or cubic shape or the shape of rings,

pellets, disks or granules.

30 The compound according to the invention essentially
comprises a tungsten hydride grafted to the support
based on aluminum oxide. The degree of oxidation of the
tungsten in the supported metal compound can have a
value chosen within a range extending from 2 to 6,

35 preferably from 4 to 6. The tungsten atom is bonded in
particular to the solid support, in particular wvia at
least one single bond. It can in addition be bonded to

one or more hydrogen atoms via single bonds (W-H) and



pérticles of the support can be provided as is or can 25 be shaped so as to
have a specific shape, in particular a spherical, spheroidal,
hem spheri cal, hem spheroidal, cylindrical or cubic shape or the shape of

rings, pellws20084Kks3283 granul es. 30 The conpoungcageardiony oba staze
invention essentially conprises a tungsten hydride grafted to the support
based on al um num oxi de. The degree of oxidation of the tungsten in the
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the nunmber BMagHgl@f or SkRPEEpl €rbois HWEHE nPdy Pondseen &edm to the

hydr ocar bon sia@jtdin Ritdhuse tthe mbesafbohydragenlatonsripendednio a
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preferably r“ét’ﬁ%éel? r¥m A E6CAeR pREPBF abPR ML & o-%19SHHR £EPW ©GFafting of
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The number ofiAghe Rends, bﬂlﬂﬁ&}%ﬁ gt anost en. Aot Golneo RERROTL. 1N
particular via a single bond (W , 20 depends on the degree of oxidation
of the tungste@eraddy, that the tungsten atom is bonded via at
15 least one single bond to said support and more
particularly via at least one single bond (W-OAl) to at
least one oxygen atom of the aluminum oxide. The number
of single bonds bonding the tungsten atom to the
support, in particular via a single bond (W-OAl),
20 depends on the degree of oxidation of the tungsten and
on the number of the other bonds bonding the tungsten

atom and is generally equal to 1, 2 or 3.

The tungsten atom of the compound according to the
25 invention can optionally be bonded to one or more
hydrocarbon radicals R via one or more carbon-tungsten
single, double or triple bonds. The hydrocarbon radical
or radicals R can be identical or different, saturated
or unsaturated, hydrocarbon radicals comprising in
30 particular from 1 to 20, preferably from 1 to 10,
carbon atoms and optionally comprising silicon, in
particular in an organosilane group. They can be chosen
in particular from alicyclic or aliphatic, in
particular 1linear or branched, alkyl radicals, for
35 example alkyl, alkylidene or alkylidyne radicals, in
particular from C; to C;p radicals, from aryl radicals,
in particular from C¢ to Ci, radicals, and from aralkyl,

aralkylidene or aralkylidyne radicals, in particular



on the nunber of the other bonds bonding the tungsten atomand is generally
equal to 1, 2 or 3. The tungsten atom of the conpound according to the 25

i nvention can optionally be bonded to one or nore hydrocarbon radicals R
via one or mw e ioasdamgsten single, doubl e orptri/pRreobsrdsleblze

hydr ocarbon radical or radicals R canjhe.identical or different, saturated
or unsaturated, hydrocarbon radicals conprising in 30 particular from1l to
20, preferaldpsd raemed o, ¥xdicardon atons and optionally conprising
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be an al kyl _radi ticular |i near or br nched.al k di cal, or
an aryl ram9£ﬁnéﬁ?ﬁ J%; mpF a2 l?ﬂg thHyIaPamQ£¥ ofF 2&he ¥alkgprrad|cal

for exanplexbhgﬂhenmﬁelpmhnyﬂ wadideel r asht cah afalfloybukradi €6HS- Eb2- CH2- .
The term "alkyl  nadicgl” be efé& f%le ta, 5g8§%%i" | s %ogﬁ{l?\éa' ent

aliphatic r a ori gi na fron1 renova a nydrogen omon a 15
car bon atonﬂbﬁst%%rﬁﬁhecuﬂ@eoﬁeaﬁlad&hﬁi(ﬁadﬁcaﬁi b$ kendepgtopdanoal kyne or

even of an Q{e%ﬁos'ltgéﬂéra%_‘g) exél”mn%rﬁ)xf@_té}ﬂ}ﬂ (G phat8thy! r6&2Ea1) . Propyl

(C2H5- CH2-), neopen CCH2-), all
rlglnatlng rom the removal of a hydrogen atom on a

15 carbon atom of the molecule of an alkane or of an

alkene or of an alkyne or even of an organosilane, for

example a methyl (CHx-), ethyl (CxHs-) , propyl
(CyH5;-CH,-) , neopentyl ( (CH;) 3C-CH,-) , allyl
(CH;=CH-CH,-), alkynyl (R-C=C-), in particular ethynyl
20 (CH=C-), or neosilyl ({(CHj3)3Si-CH,-) radical. The alkyl

radical can, for example, be of formula R’-CH;- where

R’ represents a linear or branched alkyl radical.

A carbon-tungsten double bond, in particular of =n type,
25 may also be concerned: in this case, the hydrocarbon
radical R can be an alkylidene radical, in particular a
linear or branched alkylidene radical, or an
aralkylidene radical. The term “alkylidene radical” 1is
understood to mean, generally, a divalent aliphatic
30 radical originating from the removal of two hydrogen
atoms on the same carbon atom of the molecule of an
alkane or of an alkene or of an alkyne or even of an
organosilane, for example a methylidene (CH,=) ,
ethylidene (CH;-CH=) , propylidene (C,Hs-CH=) ,
35 neopentylidene ((CH;3)3C-CH=) or allylidene (CH,=CH-CH=)
radical. The alkylidene radical can, for example, be of
formula R’'-CH= where R’ represents a linear or branched

alkyl radical. The term “aralkylidene radical” 1is



(CHZzCH— CH2-), alkynyl (R-C=C), in particular ethynyl 20 (CH=C), or
neosilyl ((CH3)3Si-CH2-) radical. The al kyl radical can, for exanple, be of
formula R-CH2- where R represents a |inear or branched al kyl radical. A

car bon-tungsicereewgid e deond, in particular of in typé,/rFrR29089Y0ale32 be
concerned: in this case, the hydrocarbgy radical R can be an al kylidene
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alkene or of an alkyne or even of an organosilane, for
15 example an ethylidyne (CH3;-C=), propylidyne (C;Hs-C=),
neopentylidyne ((CH;)3C-C=) or allylidyne (CH,=CH-C=)
radical. The alkylidyne radical can, for example, be of
formula R’-C= where R’ represents a linear or branched
alkyl radical. The term “aralkylidyne radical” 1is
20 understood to mean, generally, a trivalent aliphatic
radical originating from the removal of three hydrogen
atoms on the same carbon of an alkyl, alkenyl or

alkynyl radical connected to an aromatic group.

25 More particularly, the hydrocarbon radical R can be
chosen from the methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, neopentyl, allyl, neopentylidene,

allylidene, neopentylidyne and neosilyl radicals.

30 The tungsten atom of the compound according to the
invention can be complexed by one or more hydrocarbon

ligands, in particular aromatic or carbonyl ligands.

The tungsten hydride grafted to the support based on
35 aluminum oxide can be represented diagrammatically by

the following formula:



neopentylidyne ((CH3)3C-C=) or allylidyne (CH2=CH C=) radical. The

al kyl i dyne radi cal can, for exanple, be of fornmula R-C= where R
represents a linear or branched alkyl radical. The term "aral kyl i dyne

radi cal " iswP avuerestapsB t o nean, generally, a trpeal/erboaki/plbatioe radi cal
originating fromthe renoval of three Rydrogen atons on the sane carbon of
an al kyl, al kenyl or alkynyl radical connected to an aromatic group. 25
More particularly, th@ll@rocafhon radical R can be chosen fromthe nethyl,
ethyl, n-propyl, isopropyl,, n-butyl, isobutyl, neopentyl, allyl,

neopent yl i dene, aIIylldene\/neopentylidyne and neosilyl radicals. 30 The
tungsten atom of the conpouQ? accordlng %@ the invention can be conpl exed
by one or nore hydrocarbon i gands, rticular aromatic or carbonyl

| i gands. The tungsten hydrhdé grafted to t he support based on 35 al um num
oxi de can be represeg@g 6§|agrannat|cally by the following fornmula: WO
2006/ 013263 PCT/ FRood81 081692 Fase H W(2) /I --(M0)z RZ11 in which W
Al, 0 and H respectively represent tungsten, alum num oxygen and hydrogen
atonms, M r 1s, angatomy of @ne ory e an xi de,
such as defﬁhed 6%% n‘.13-12’reK}rLése%tsagl E&%ro%%%%%%ﬁfgﬁi%a ggg gg defi ned
above, and %uqasuﬁnmuuﬁbumgmumntegéygenth@n§umhy@@oam&) @ﬁomhlchMis equal

to 2 to 6, %Q%) ééhﬂ%‘aﬂ-&@o% df'bﬂet8r5moWe Adets aBe ZnstBek0 2. IN

the formul a the --- (A and 10 ---(MO0) bonds represent one or
nor e S|nI<EQ%1@ﬁnt|§P€h bls vePho¥Bnnect i ng SPRESEMHA nuf at om and
the atom M erc‘L%erori e it C faistdd uddt sned dbevsupaedtx, based on
aluninun1OX| 1_parhcular t'a one_ of Ehe : .

z integers, the sum (w+x+y+z) of which is equal

to 2 to 6, and with x =1 to 3, vy =1 to 5, w= 0 to 4
and z = 0 to 2. In the formula (2), the ---(Al-0) and
10 ---{(M-0) bonds represent one or more single or multiple
bonds respectively connecting the aluminum atom and the
atom M to one of the atomic constituents of the support
based on aluminum oxide, in particular to one of the
oxygen atoms of this support.
15
The compound according to the invention generally
exhibits, by infrared spectroscopy, one or more
specific absorption bands of the W-H Dbond, the
frequency of which bands can wvary according to the
20 coordination sphere of the tungsten and can depend in
particular on the number of bonds of the tungsten with
the support, with the hydrocarbon radicals R and with
other hydrogen atoms. Thus, for example, at least two
absorption bands at 1903 and 1804 cm™' have been found,
25 which bands are specific in particular of the W-H bond
considered in particular in the environment of the
W-OAl bonds bonding the same tungsten atom to an oxygen
atom itself bonded to an aluminum atom of a-alumina. By
way of comparison, tungsten hydride grafted under the
30 same conditions to a silica support generally exhibits,
by infrared spectroscopy, at least one of the two
absorption bands at 1940 and 1960 cm*, which bands are

different from the above and which are in particular



okygen atons of this support. 15 The conpound according to the invention
generally exhibits, by infrared spectroscopy, one or nore specific
absorption bands of the WH bond, the frequency of which bands can vary

accor di ng t ayd hpo @6/ e el nati on sphere of the tunggirowrandsyanideend in
particular on the nunber of bonds of the tungsten with the support, with
the hydrocarbon radicals R and wwth other hydrogen atons. Thus, for

exanpl e, at d@astrinoorabkses pivign daiscahs 1883eand nl 894rentubare ikeen
found, 25 whi.ch bands are peChfI%fl nﬁ)p%l‘t‘l %ugl %% of the WH bond considered
in particul at'S n e TERTEFGnnBht 1€ t Ke VS BREI5onBRRB0REI id'S hé e
tungst en at amrdgstasn oxygen tat am i begbbnboanded tia sal fal vehdad at @ meof
a- al um na. BEsy.livgaCyI} OJt&rQ@Pré}%sé)nsifP@ st.en hlydri de grafted under the 30 sane

condi tions t0 dasilica support- genera Is3/up£<chl its, by infrared

spectrosbopy, at |east one of the two absorption bands at 1940 and 1960

cm | whi ch_bands At &,qdli LEerenlf romd e, aboye, andk Wl chyar b cbasd i cul ar
90 2006 013908 TS FLBhoR 001692 - 17 Apetitiats iA?‘%eEW B SR Censi der ed
in particul @f i tNelehoNfonAEnt e t HOMREEID boF@goBéHAY ngtPhe tdhane

tungsten at omdeht@ibroXyefBsatomdm t selheDOndatEAt0 8y Shtdon Auemeafr t he
silica support. 5 Another way of b )to characterize the presence of

i ng, ahl e
a WH bond MR ConfBotiR™ %offﬁ’flbdtd{t}ﬂ\@ i Avent P ofFE onWBeF POl s
measur ement <yl yy oban MNuel edemiMagneshif Resdnanne (woldgtekd NyB)yiate 500 MHz,

where the 10,.valiue of th hem ¢ shift _of the tungst.en.hydride (SWH) is
equal to 10.@Wﬁﬁml(sp§rqtu %péro Eollaél é)r%rr} (ﬂ?éft(,so%guﬁr&qzsil&gydi ng to the

invention can additionally conprise an alum num hydride, in 15 particular

at the Surf%ﬂﬁaOf éJMbéﬂHHK”taéggkéfbg to the invention can
additionally comprise an aluminum hydride, in

15 particular at the surface of the support and in
particular in the vicinity of the grafted tungsten
hydride. It is believed that an aluminum hydride can be
formed by opening of an aluminoxane bridge (of formula
Al-0-Al) present in particular at the surface of the

20 support and by reaction between a hydrogen atom of a
grafted tungsten hydride and the aluminoxane bridge
thus opened. A simple test for the characterization of

the aluminum hydride present in the compound of the
invention next to a tungsten hydride comprises a

25 reaction for the deuteration of said compound. The test
can be carried out by bringing the compound according

to the invention into contact with a deuterium
atmosphere under an absolute pressure of 66.7 kPa, at a
temperature chosen between 25 and 80°C, preferably

30 equal to 60°C, for a period of time of 15 minutes. A
selective deuteration reaction 1is thus carried out
under these conditions: it makes it possible to
substitute the hydrogen atoms by deuterium atoms in the

W-H bonds and to thus form new W-D bonds which, by

35 infrared spectroscopy, exhibit two absorption bands at
1293 and 1393 cm™?, while leaving unchanged the hydrogen
atoms in the Al-H bonds which can then be charac-

terized, by infrared spectroscopy, by an absorption



pérticul ar in the vicinity of the grafted tungsten hydride. It is believed
that an al um num hydride can be fornmed by opening of an al um noxane bri dge
(of formula A -OAl) present in particular at the surface of the 20 support

and by reactyorpddmaepes hydrogen atom of a graf bee/Fengsseoohydr de and
t he al um noxane bridge thus opened. Aqgi nple test for the characterization
of the alum num hydride present in the conpound of the invention next to a

tungst en hydydr@de sonprissesna. 25 reaction for the deuteration of said
conpound. The test can be carried out by bringing the conpound accordi ng
to the invention into contact with a deuterium atnosphere under an absol ute
pressure of Tofe phRentatirareriteimperal e erelmisen tet sepno2ssanflo80€he

preferably 3Q equal .to 60 f a ri foti f 15 minutes. sel ective
deut erati on prreeé%ﬁ%otnlol%s tcgfus gfe}?ri eg‘p 83 t%ﬁinder?neqiaglesec%%%%lil clgbns‘:%hiet makes

it possi bl e acmpsuisst idagardig hywr ogere at omgehyideut ewhiahat emgsits the WH
bonds and tqddug fanm ngy WD hods yhi ﬁh’lté}g%&%ﬂ rﬁ%ﬁf%e fg?ﬁk'&%&col@y’

exhi bit two absorption bands at 1293 an cm 1, avi ng unchanged
t he hydrogert© a& of8PPATE h®2&CIH PonASURANER eFAdeherraie khaPHEPaTEM zed, by

infrared spg}; O HFIREs Db ralksoiptdrrn AN 12006{P0 3262 SCT/ FR2005/ 001692 -
18 band at %14 cm1l. The pr,esen&l,i vention al so rel ﬂes to a Erocess for
the preparatilon of t R&38Gppdft e¥PiELal 2PonBbERGOMFREL 15Cc ohPBERGERecor di ng

to the Lovemidearurasy chipeXi sis edsepératdy ovet hearfdr mrefftad ungst an hydri de

grafted to _a_support based on al um num oxi de, can. be prepared a process
conpri si ng tsﬁlé)pfdglﬁ (?ﬁsﬁaéfsq[nagagsgm(ﬂl}m ao}éjtaz;eg’e %Iﬁ YA %l%)‘ﬂ éﬁe ?BE%EWQASI lic
tungsten 1Gumosdtwrsois(Rm) psrdispérzedoavded and grafipbkexed o sapport

based on al ymaum g dey ) DM Gh PEEEHESOLL RE  ddnasken, | SuhgsPapti cul ar
bonded or com:?l exed to ‘at

hydrocarbon compound or complex grafted to said

15 support, then
(2) a stage of  Thydrogenolysis of the grafted
tungsten hydrocarbon compound or complex resulting from
the preceding stage, so as to form a tungsten hydride
grafted to said support.

20
The organometallic tungsten precursor Pr preferably
comprises a tungsten atom bonded or complexed to one or
more hydrocarbon 1ligands. The tungsten atom can in
particular be bonded to a carbon of the hydrocarbon

25 ligand via carbon-tungsten single, double or triple
bonds. The hydrocarbon 1ligands can be identical or
different, saturated or unsaturated, hydrocarbon
radicals, in particular aliphatic or alicyclic
hydrocarbon radicals, preferably C; to Cy radicals, in

30 particular C; to C;, radicals, and can be chosen in
particular from the hydrocarbon radicals R described
above. The number of hydrocarbon ligands bonded to the
tungsten atom depends on the degree of oxidation of the
tungsten in the precursor Pr and can be at most equal

35 to the degree of oxidation of the tungsten in the
precursor Pr, in particular be greater than 0 and at
most equal to the maximum degree of oxidation of the

tungsten and preferably have any value ranging from 2



Iéast one hydrocarbon ligand, so as to forma tungsten hydrocarbon conpound
or conplex grafted to said 15 support, then (2) a stage of hydrogenol ysis
of the grafted tungsten hydrocarbon conpound or conplex resulting from the

precedi ng stipgeao6®/ @33 forma tungsten hydride pa#refrred oy opaigbsupport.
20 The organonetal | ic tungsten precursorg Pr preferably conprises a tungsten
at om bonded or conplexed to one or nore hydrocarbon |igands. The tungsten

atom can in ctpag il grbecbppdech-dp 4 €ardon of the hydrocarbon 25 |igand
vi a carbon-tungsten single, double or triple bonds. The hydrocarbon |igands

can be identical or different, saturated or unsaturated, hydrocarbon

radi cal s, i mrhpar tpxadarsat | At icaror cdnpicld ¢ a hydimeeardion atas cairs,

preferably Cl rtto. radi caJOs %ntso ISarti cul ar gl to Clg radi.cal s, and can

be chosen i P2ParTHedt ar Fr oft thet Ay drocaF bBRT Fady E&PS 2 RP88s CrHEsES above.

The nunbér ofudtydtbear bdre | dgands bdndedidar tdre ofuridst ebungstedepends on

the degree @ i datian hE C o] n be at
345@93‘1 ﬁ% gégfﬁhé gzﬁyd}é'@%&'i' i?g%ﬁa RIFC WS Ehgé?ﬁ ¢80

nost equal to t‘ ee oxidation o e ,t ungst en 1 n e precursor
Pr, in partidipeatibe gleaesfst hair 0 gagbanylnodtigeqds- t oThne, matittum degr ee

of oxi dati oy fcdheor t HRgSLEN vNd-RESERT 3R haus AL VBl 88réAaTIRE from 2
WO 2006/ 013263 PCT/ FR2005/ 001692 - 19 to 6, in particular from4 to 6. The

precursor PrrURgs I RF ARG st en atomin particul ar conpl exed to one or
nore hydpocarbon ligands 5 such that the degree of oxidation of the

t t [ ual The. hyd bon.li . ch f ti
| gands. or Ay FoI CRinde” Thie: CPREC L Celis Gt dh BEEROSERS rom

tungsten bi &m@frectanbasedngét el umeracardoigd . can be subjected to a
preliminary stage of calcination and/or of
dehydroxylation. The support can be calcined so as to

15 oxidize the carbon possibly present in the support and
to remove it 1in the form of carbon dioxide. The
calcination can be carried out by subjecting the
support to an oxidizing heat treatment, in particular
under a stream of dry air, at a temperature lower than

20 the sintering temperature of the support, for example
at a temperature ranging from 100 to 1000°C, preferably
from 200 to 800°C, for a sufficient period of time
which makes it possible to remove the carbon dioxide
and which can range from 0.1 to 48 hours, under a

25 pressure of less than, equal to or greater than

atmospheric pressure.

The support can also Dbe subjected to another
preliminary stage, referred to as dehydroxylation. This
30 stage can be carried out so as to optionally remove the
residual water from the support and a portion of the
hydroxyl groups, to leave behind, in particular at the
surface of the support, a residual amount of the
hydroxyl groups and to optionally form aluminoxane
35 bridges (of formula Al-0-Al). The dehydroxylation can
be carried out by subjecting the support to a heat
treatment under an inert gas stream, for example under

a stream of nitrogen, of argon or of helium, under a



10 Prior to the first dispersing and grafting stage, the support based on
al um num oxi de can be subjected to a prelimnary stage of cal cination
and/ or of dehydroxylation. The support can be calcined so as to 15 oxidize
t he carbon pmssiddg/quessnt in the support and topcerwreoios/ionitse f or m of
carbon di oxi de. The calcination can-beqarried out by subjecting the
support to an oxidizing heat treatnent, in particular under a streamof dry
air, at a tgmeyAinyg epir@ﬂeralbhyanozo el silrer abgosehpet at piresehirtehe

support, for. exanpl enpeyat angi ng _from 100 to .1000 ref erably
from 200 to féDOrO ok % %?Iél ént %él’gl gﬁtg ?esgm\f/\% %anrgaﬁ(n& %fr possi bl e
to renove tH® éaP@ohOdiL@xﬂ‘c@ mmaﬁﬂmaﬁr@rang@ f Pant0. 30t 6P48 ladur s,

under a 25_pi e Aulessy Hhags Sl ch BEnQéﬁéﬁﬁeFE#ﬂg L alpRspher i C

pressure. The support can ect ed to anot |m nary st age,
referredSt o s dalgeRr®xy| BPF oRXaTRILS a%0 ast eryeresat Wee cé@ﬁgeﬂgoﬁﬂ-’c@b as to

optionally rl%rm\/@otb@o@e@l dp@éfé@gsnyf BNt @ oS uRpaFdo and a?n@om:ora of the
hydr oxyl behi nd articular at the surface of the

grorsé&s | eave
support, er&m)ﬂ‘ﬁfl‘aﬁd torfe r SHCTGrBRUFRS add (RPIPRBhalty form
al um noxane 1%-:3*&5 Iajl'geﬁp;(ﬂfplfﬁtf&”ﬁesﬁdﬁbﬂ amoUhe dehydaexsyl at ad/ean be

carried out >€J ectin &Qessgplpc%rt tou hgat ank’ SNt éjﬂ]d%r Lan i nert
gas stream ¥ arﬁﬂe hd strea oA tfrogen of argon oref helium
under alWo Zfﬁn@ﬁf 0m3263tcPC'FV8FIm1®05:7’ 00TBe2 dehﬁ@ro:pyb@tsimre prtefoeEr ably of | ess

t han at nosp g‘}aq.l bgorcgg?ggiiso&nﬁll erazﬁ%ala @? Egggggtagrignr angi ng

from 10-4 ato a prefera
t enper at ur e S3fade%ess than the sintering tenperature of 5 the support, for
exanple at a tenperature ranging from 100 to 1000C, preferably from 200 to

800C, and for a
The dispersing and grafting stage can be carried out by

15 sublimation, by impregnation using a solvent or by dry
mixing. In the case of a stage by sublimation, the
precursor Pr, which generally exists in the solid state
under standard conditions, is heated, in particular
under a pressure of less than atmospheric pressure and

20 under temperature conditions which provide for its
sublimation and its migration in the gaseous state over
the support. The sublimation can be carried out at a
temperature ranging from -30 to 200°C and in particular
under an absolute pressure ranging from 10* to 1 Pa.

25 The grafting of the precursor Pr to the support can be
monitored by infrared spectroscopy. The excess
precursor Pr which has not grafted to the support can

be removed by reverse sublimation.

30 The dispersing and grafting stage can also be carried
out by impregnation using a solvent. In this case, the
precursor Pr can be dissolved in a polar or nonpolar
organic solvent, for example pentane or ethyl ether.
The impregnation can be carried out by bringing the

35 support based on aluminum oxide into contact with the
solution, prepared beforehand, of the precursor Pr. The
impregnation can be carried out at a temperature

ranging from -80 to 200°C, under an inert atmosphere,



sufficient period of tine which nmakes it possible to |eave an appropriate
resi dual anount of hydroxyl and/or al um noxane groups in the support and
whi ch can range 10 from 0.1 to 48 hours. The dehydroxyl ati on stage can
advant ageousty dmoear3izass out after the cal ci nati opcTytFageosFhe 1dissper si ng
and grafting stage can be carried out By -15 sublimation, by inpregnation
using a solvent or by dry mxing. In the case of a stage by sublimation,
the precursr Psxambl€hagerenddphedd séB8 hhtibgefiol iod dmdsen ondest standard
condi ti ons, h heated, .in rti CPI ar. .under a.lgrezgure of |ess t?an

at nospher i ¢ Prestlr & hdZ0- Uit t'&higer R tt 51 88ndlt PBRESRAFER BFovi de for
its subli meturgrstand hdronagriain orompound gaseouslskageadbved tbhehsupport.
The subl imatd on, 6an jae GaId i ad oyt at ﬁetg@géétg%&ﬁ?@&“g%lr}qnﬂ%h?’o -

200C and in particular under an absol ute pressure rangi ng 4 tol
Pa. 25 The dvaf t in®f obrehé&éegr eEar sbre Prsuppree siggporte cagmeeednoiivt ored by

infrared speElJIBSEPPYisiklE GNECSSrgdhh £EUT SOTvERL Wi gBrbasanot grathed to the
support can _be renove reverse suplimation. 30 The di spersing and

d by
grafting st &b iEeHenl dFape et ivted Anrigle iths dgipisBiris™g a solvent. In
this case, the precursor Pr can be dissolved in a polar or nonpol ar

e car i od GHE By BRTTar TG CRE. 35 Bpnst (- thdeacen AL i BRrdesnto
contact 104 t fouthebysodiny i onixipreparded betoiehaad, nf thy pmechasdcalr. The
oSO ofcANche SOLES Uk, A STRRIGE L of 0008 LATGR0 {0 200C
exanpl e an dmnodpiferaasst, rihe qyescurgonriion wrieh ifepreaentndnpicéfer ably
with stirring A SEHSRENSSPNGOf 138 hRGSt &R hy driacasbpp oMoty opnconpl ex
grafted to the support s thus ebtained. The exgess Precursop br which
15 solvent, in particular with mechanical stirring and
under an inert atmosphere, for example an atmosphere of
nitrogen, of argon or of helium, so as to form a
mixture of two solids. During or after the dry mixing,
it is possible to carry out a heat treatment and/or a
20 treatment under a pressure of less than atmospheric
pressure, so as to bring about the migration and the
reaction of the precursor Pr with the support. The
precursor which has not been grafted to the support can
be removed by reverse sublimation or by washing using

25 an organic solvent.

The preparation of the compound according to the
invention can comprise a second stage referred to as
hydrogenolysis. It is a reaction for the hydrogenolysis
30 of the tungsten hydrocarbon compound or complex grafted
to the support as prepared in the preceding stage. The
reaction 1s generally carried out so as to form a
tungsten hydride grafted to the support. The term
“hydrogenolysis” is wunderstood to mean, gJgenerally, a
35 reaction in which a molecule is cleaved with attachment
of hydrogen to the two cleaved portions. To be
specific, the cleavage reaction takes ©place in

particular between the tungsten atom grafted to the



5 has not grafted to the support can be renmoved by washing using an organic
solvent identical to or different fromthat used during the inpregnation.
The dispersing and grafting stage can also be carried 10 out by dry m xing,
in particul avo poasprErdmni cal m xing, in the absenrgerebolsi/quiidox of
liquid solvent. 1In this case, the pregyrsor Pr, which is present in the
formof a solid, is mxed with the support based on alum num oxide in the
absence of Idsh_q:&p?cckﬂ)r aid | i e d dérb@hve@t?mi no,t;)art;héul @mem&agoﬁ’ecM}cal
stirring an er.an inert_at or,_ex n _at nps er 0
nitrogen, of® g'hdort%f “helTUR §g(§5w%5hf§fa % BF° i ds.
During or afhyeirdgmcdlry;sm xcay, bel tcarsripagssobt eutsongarhygdmgera cheata
treatment andlgrc 4,20 4FA! BERLLYRTGH PANAIIHIE Ofe | E58,bHRG! H9gpheri c

pressure, so as to g abou e mgration an reaction
precur sob Pron@fitted h&é uagssen . hydsocpirbenr sepmmpiRA s memMedeEsn gmfted to

the support gHafrhe rt%@@é%‘énbyh?@l@aée Sy r}g}d%@dol%ﬂ@smaﬂg i ng 25
an organi c solvent, The preparaiion of the co oun according to the

i nventi on c&RTOMRSti S8Ca R¥cAHI NG Ae £BFerPERILE8d ad UNGRFGYe Iy Ss. It is

a re?cti on ]fdarollid}e baﬂp@gﬂ@oloytsléora;m@t &hgot mﬁ:hta%t hyﬂtgpcaya@@g@@mﬁund or
conpl ex grafte totesu ort as pared .in the_precedin The

reaction is Yenefal FF 85;3-;“1 efﬂat gs PS5 3rrgﬁﬁgﬁ%ngﬁ?%??d@ grafted
to the $0ppdtytdro‘§m1teltmosprh1ﬁireogemol g8i sineéwst uractemcsimmjret,o kam  general ly,

a 35 reacti %dﬁp\gﬁ c ﬁ%nnei_l §%ul Sséé Cllﬁ‘?&' ",‘;‘u{ ha%tstoggltygen%{egfsut} drogen to

the two cl eav e specific, the cleavage reaction ta es pl ace
in particulzandigiavetronhd of ingst éf #Rsm grkf Bed- e TREWE 20660018263

PCT/ FR2005/ G692 o tc2250($¢tp,p0fc§r a&‘dpéPfo&aéPOB:LﬁéOﬂbﬁﬁlhﬁefP&%CW gor Pr

attached to or corrp exed wth said tungsten atom
to 48 hours.

15
The present invention furthermore relates to the use of
the supported metal compound according to the invention
and as disclosed in FR 03 03588 in a process employing
cleavage and recombination reactions of Csp®=Csp?®

20 olefinic double bonds to manufacture novel olefins. It
relates more particularly to the use of the compound
according to the invention as catalyst in reactions for
the metathesis of an olefin with 1itself (self-
metathesis) or with at least one other olefin (crossed

25 metathesis) as represented in the above equations (1)

and (2).
The following examples illustrate the present
invention.
30
Example 1l: Preparation of a tungsten hydride grafted to
an alumina
In a preliminary stage, 530 mg of a y-alumina, having a
35 mean size of 40 um and a specific surface (B.E.T.) of

200 m?/g, comprising 90% by weight of alumina and 9% by
weight of water and sold by Johnson Matthey (Great

Britain), are subjected to a calcination treatment



hydr ogenol ysis can be carried out using hydrogen or a reducing agent
capable in particular of converting the 5 grafted tungsten hydrocarbon
conmpound or conplex to grafted tungsten hydride. The hydrogenol ysis can be
carried out Way 2odaygpirspahe grafted tungsten hydr oPcrdFrRanosgopasisd or
conplex into contact with hydrogen ar 2tzhe reducing agent. It can be carried
out under a 10 hydrogen atnosphere or an inert atnosphere, when a reducing
agent is usemdamder salreatis ob fit elrg’r essur at rangt0g fbromd it ddvPa, at a

terrperature I T%g frci)erpl 2c9r en% ldnfur?%tggrj:o %Iellla[rIe r%tg%ing fromO 1

to 48 hours rese ion grore relates to € use of the
support ed nmrasalmmmmaccé’radlam $00tBefpmverdt |Y@rmrsan$castldasclth§ed |n FR

03 03588 in S (Wo\'1 I a n ct
Cap2oCapz DG SRRE EngEh M cihect %?n%%u?’ﬁ%f’u?ggﬁg&a&@ﬁ‘ﬁ% P2"® ol at es
nmor e par bi cmneﬁrnasrecdo t hEPESETEFCPRYE  conpoFRE  ac GHSHLRF 1 t hebﬁﬁﬁéntl on as

catalyst in rfe%%fétdtq%lfymat t he7 et §t7|265|a$1d0f369§1% Adreti Bnwkrhhret-sekhic(sel f-
nmet at hesis) or with at | east one ot f1er ol efin (crossed 25 net at hesi s) as

r epr esent ed it R TBAE SFuFSTIAL AL ARE RO The fol | owi ng exanpl es
illustrate the present invention. 30 Exanpl e 1: Preparation of a tungsten

hydri de grafted t Lan al.um na reI imn st a 530 of _a
y-al um na, f# |?|g TS5 ShAFF si Eg APO ¥ @ d %’“}%Iba s,g??%é&e{is. ET.)
of 200102/ ggbco@npairsi nm@f)@dtbqed\eug‘rtto ok aglatsa mmbtg% byndsei ghth of wat er

' eat ment b%ﬁ*%%&e%%f%%ﬁ%fﬁéa%@ oo 011 §ifa B £°L8Fut pof B2 Cl naLlon
6 ml n-pentane comprising 300 mg of
trls(neopentyl)neopentylldynetungsten, used as
precursor Pr and corresponding to the general formula:

15 W[-CH;-C (CHj3) 3] 3 [=C-C(CH3) 3] (3)

The mixture thus obtained is maintained at 25°C for
3 hours. At the end of this time, a tungsten
organometallic compound grafted to the alumina is
20 obtained, the excess precursor Pr which has not reacted
being removed by washing with n-pentane at 25°C. The
tungsten organometallic compound thus grafted is dried
under vacuum. It comprises 1.5% by weight of tungsten
and corresponds to the general formula:
25 (A1-0)xW[-CH;-C(CH3) 3]y [=CH-C(CHj) 3] (4)
with x = 1 and v = 2.

In a second stage, 50 mg of the grafted tungsten
organometallic compound obtained above are isolated and
30 subjected in a glass reactor to a hydrogenolysis
treatment by bringing into contact with hydrogen under
an absolute hydrogen pressure of 73 kPa at 150°C for
15 hours. At the end of this time, the reactor 1is
cooled to 25°C and a compound (W/Al-1) according to the
35 invention, which comprises in particular a tungsten
hydride grafted to the alumina, is obtained and
isolated under argon. The compound (W/Al-1) comprises

1.5% by weight of tungsten and exhibits, by infrared



under a streamof dry air at 500C for 15 hours and then to a
dehydroxyl ati on treatnment under an absolute pressure of 10-2 Pa at 500C for
15 hours, so that the alum na thus calcined and dehydroxyl ated exhibits, by
5 infrared syec0s0d@B263 hree absorpti on bands respgErRRVEBY 0a 63274, 3727
and 3683 cm 1l characteristic 1in particular of residual AIO-H bond. In a
first stage, the 530 ng of the alum na prepared 10 above are introduced
into a gl asspeeactarcamdertvan alss@ost fdmusqphés eragdeat 1280, kol Lowad by a
SO!Utlon Ofa‘%rQBég {E@?gh%QEcEg EE%En%fBQ%énhfﬁ bond g afteg in
trls(neopent§1 neopent yl i dynetungsten, uséd as precursor PF-&h

cor r espondi mpnte aHamdirertdlie fadrumilree. 15 W - CH2- C(CH3) 3] 31 =C- C(CH3) 3J (3)
The m xture thus obtained is maintained at 25C for 3 hours. At the end of
this time, a tungsten organonetallic conpound grafted to the alumna is 20
obt ai ned?® tBEEEﬂgﬁb@‘pﬁBﬁEﬁ@ﬂtqﬂn\' % HuRgsken ([ Rxdride GEARE ed by
washi ng w t him-gaemdiaize at 25C. The tungsten organonetal lic conmpound thus
grafted is drred under vacuum It conprises 1.5% by wei ght of tungsten and
corresponds to the general fornmula: 25 (Al -0) xW[-CHz-C (CH3) 31y [=CHC
(CH3) 31 (4)Thewi threlintirand v stagekn aocfecondlstageiob0 ngnaf théE grafted
tungsten organonetal-lic conpound obt ai ned -above are_i sol at ed,and- .30

subj ect ed iﬁggqﬁﬁgggﬂfﬁﬁéFbr Pg a ﬁ?%roé@ﬁ%lﬁ?fgitrganen?gﬁgl EF%&ing into
cont act 10 t hideydriggen tunddrosea faleswimytle Hy.dr ogen pressure of 73 kPa at 150C
for 15 hours. At the end of this tine, the reactor is cooled to 25C and a
conpound (WAI-1) according to the 35 invention, which conprises in

particul ar &% vhg5tBat Kfddicde I af% e@ff t 6heh&lamimien o reR2%RA aprRedeand

i sol ated undgfe afgoNatdhe HAPIHRGENEAE- noOMpr | §ESss 1. 2%dnsmerght  of

tungsten and exhi bits, Qy infrared WO 2q96/0132 3 PCT/ FR2005/ 00169
25°C under an argon atmosphere. The precursor Pr o

NaSe

15 general formula (3) as used in example 1 is then
introduced into the reactor. The reactor is then heated
at 70°C for 2 hours, so as to sublime the precursor Pr
over the alumina and to form a tungsten organometallic
compound grafted to the alumina. At the end of this

20 time, the excess precursor Pr which has not reacted is
removed by reverse sublimation at 70°C. Subsequently,
the reactor is cooled to 25°C and a tungsten organo-
metallic compound thus grafted which comprises 3.7% by
weight of tungsten and which corresponds to the

25 preceding general formula (4) is isolated under argon.

The second stage is carried out exactly as in
example 1, except for the fact that use is made of the
tungsten organometallic compound grafted to the alumina
30 prepared in the preceding stage. A compound (W/Al-2)
according to the invention comprising a tungsten
hydride grafted to the alumina and comprising 3.7% by
weight of tungsten is thus obtained. It exhibits, by
infrared spectroscopy, two absorption bands

1

35 respectively at 1903 and 1804 cm -~ characteristic of the

W-H bond grafted in particular to the alumina.

The compound (W/Al-2) 1is subjected to a selective



- 24 spectroscopy, two absorption bands respectively at 1903 and 1804 cm1
characteristic of the WH bond grafted in particular to the alumna. 5
Exanpl e 2: Preparation of a tungsten hydride grafted to an alum na The
prelim nary wst @98 /@1323ci nati on and of dehydroxptayFraoos/vhaea2al um na
are absolutely 10 identical to those o exanple 1. In a first stage, 53 ng
of the alum na prepared above are isolated and introduced into a gl ass
reactor at d&SﬁEarraﬁte‘rozﬁn tarsgon v&timispl”ﬁﬁcﬁus Thtehaou:ecutsocOrF?prDéeQ.S gener al

formula (3) [ I i tr h or. The
reactor is th ﬁ]%h e}g&’&aggo%% qgl&lrlglu%soh%g%l 0 Slr}%) 2 Sf:ﬁg%%%iecur sor
Pr over thé&oaltunt nalamdntao fPor ﬁﬁapﬂ-angzit ehher gamprend | GVl‘/A]co?(ﬁpoulﬁd grafted

to the al umfaces the aengl%st hi8a20oti Mg tHE eXCESS UREMESO nPE Whi ch
has not reaCted is renoveéd by reverse sublimtion at 70C. “Subsequently,

t he reactor GO8tE6S edit ot REE HRRHF IUngsteh 6r giats-ewisimal preceBhfsend t hus
grafted whi glhdeain s@ssc3.ut% RresightoPfed um&b@na@ngl w@mg@rgeﬁﬁsesmnds to
t he 25 prece% %Dlgﬁn%ral formula (4) is isol atecg e&{l on. second
stage is caf t TBXact) YRAYGSE - RanpPE £h%exBeptfGr THEE f aE €t hat use
i s made of td@eecttoumgﬁet EGOQIgdnﬁﬂSEtZH"lG caxdnphendogrial teshpauridietallgm na 30
prepared in th% Rr d| n% st &on&)o&md (WA1-2) geeor din togt he

ng an

i nvention conpri S ng a th a eydrl e graf?re%fjrtlo t%e 2l ufithia®
conpri slhg Bxhbldys méw}ghinbrar@dgspentlrsschpy oltrai atsghrptti@xhbbhds,

[ nfrared SPegt rASCORY ! WLBSALRLIAD DS 55 RISREGINE! indhad 903 and 1804

cm 1l characteristic of the Hbon ed In partlcu ar tot al um na.
The conpoun®Y( Whe- ﬂeq%e%%mj@tt éf@atc@l@nsecééﬁ% 20068 1r328Rese

PCT/ FR2005/ @@1692 i ons25 Furthermore, it is observed that the
absorption bands at 1903 and 1804 cm™ characteristic of
15 the W-H bond grafted to the alumina disappear to the
advantage of the absorption bands respectively at 1293
and 1393 cm! characteristic of the W-D bond grafted to
the alumina and formed by the deuteration reaction of
the W-H bonds.
20
Example 3: Preparation of a tungsten hydride grafted to

an alumina

The preliminary stages of calcination and of
25 dehydroxylation of the alumina are absolutely identical

to those described in example 1.

In a first stage, 2 g of the alumina prepared above are
isolated and introduced under an argon atmosphere into
30 a glass reactor at 25°C equipped with a magnetic
stirring bar. 305 mg of the precursor Pr of general
formula (3) as used in example 1 are then introduced
into the reactor. The reactor is heated to 66°C and the
dry mixture thus prepared is stirred for 4 hours. At
35 the end of this time, the reactor is cooled to 25°C and
then the solid mixture is washed with n-pentane at
25°C. The solid compound thus washed is dried under

vacuum and then isolated under argon, so as to obtain a



deuteration test which shows that it conprises a tungsten hydride and an

al um num hydride, both grafted to the alum na. A sanple of the conpound
(WA -2) is placed in a glass reactor and is then brought into 5 contact,
in this react®r2006AdL3R6&Beut eri um at nosphere undepPca FrRROOBYDO1pIS@sSUr e of
66.7 kPa at a tenperature of 600C for 255 -mnutes. At the end of this tineg,
the reactor is cooled to 25C and the solid conpound thus deuterated is

i sol at ed undemgetgon;ordd reoneargiduing dénwaimddi gBafbydi bdr ahedadpedhzoscopy,
an absorptiao ; 4 C acteristi f e A -H .unchanged
by the deuté#ﬁ&%%%”f%gé%ﬁ%% aré?%iﬁ%u§£u%%%%éfﬁgsgﬁgcgﬁngﬁgﬁgalﬂg

Fur t her nor e,tad tthes motssmdiay deatenale fcatysorpt (90n bands at 1903 and 1804 cm
-1 characteristic of 15 the WH bond grafted to the al um na di sappear to the
advant age of the absorption bands respectively at 1293 and 1393 cm1

char act ePi stihe ofSGECF@mE;V DSBBAB gridf t P04 heCHFUMSTRAERY f ct$red 1By t he
deut erati on gxeagiliecon Ofexddie: VWotboRds£a20 Examphesed:idrenae abfonnef a
tungsten hydride grafted to .an .alum na The prel im nar shagei of,

cal oi nat | on T 55 GRERRGU) o | SRR AT LT A ar RGbSLPBE BRy
identical toprddunsel desoveébed | aoepaupie W/AIn3 f aesbrdiage,t2 ghef the

al um na prepare bhove e .1solated and, introduc under, an arg

at nosphere ﬁnﬁé%ﬁiyﬁa%ﬁ%ﬁﬁf%ﬁ%&t%rggpgggépe&ﬁaﬁgg%\ﬂﬁ%ﬁ%ﬁ#&@%egﬁg stirring
bar. 3050ngy adfuttimg preducsoprPsiclh genet aby fwrighta ©03) tamasieh i asexanple 1
are then inthodicedeointe. the r&aehor.s They! eatords beatedobaofeC and the

dry mixture thus prepared is stirred for 4°hours. At 35 the end of |
tinme, the r & APIFRIOAEPIRAIDSEERACTiNRhYt RE 381%3d Rt B i g washed

Wi th n-pent apgralcte286t ithesothe Roapeund Hragrersheas tse daiedidader
vacuum and %hen |solated.under.%y on, SO as to obtain a,
urthermore, it exhibits, by nuclear magnetic resonance
15 (solid 'H NMR) at 500 MHz, a value of the chemical
shift of the tungsten hydride (dy.n) equal to 10.6 ppm

(parts per million).

Example 4: Preparation of a tungsten hydride grafted to

20 a silica/alumina

In a preliminary stage, 530 mg of a silica/alumina,
having a specific surface (B.E.T.) of 475 m?/g,
comprising 33% by weight of alumina and sold by
25 Akzo Nobel, are subjected to a calcination treatment
under a stream of dry air at 500°C for 15 hours and
then to a dehydroxylation treatment under an absolute
pressure of 107% Pa at 500°C for 15 hours, so that the
silica/alumina thus calcined and dehydroxylated
30 exhibits, by infrared spectroscopy, an absorption band
at 3747 cm!' characteristic in particular of residual

Si0-H bond.

In a first stage, the 530 mg of silica/alumina prepared
35 above are introduced into a glass reactor under an
argon atmosphere and at 25°C, followed by a solution of
6 ml of n-pentane comprising 300 mg of the precursor Pr

of general formula (3) as used in example 1.



WD 2006/ 013263 PCT/ FR2005/ 001692 - 26 tungsten organonetal lic conpound
grafted to the alumna conprising 3.9% by wei ght of tungsten and
corresponding to the preceding general fornmula (4). 5 The second stage is
carried out wexandey/Es34a48 exanple 1, except for theT/apRoobdboas®2 s nade
of the tungsten organonetallic conpoeund grafted to the alumna prepared
above. A conpound (WAI-3) according to the invention conprising a tungsten
hydride grafted to the 10 alum na and conprising 3.9% by wei ght of tungsten

is thus obtaine h'!lﬂ' fr d p a rption
bands r espe?:lt%l ve\qlx{:tlr%go andbfgéilngm ifgcrrp%rgg%t eri S%?I %t ofztgtlxﬁje 3\% bond
grafted to t3hé1®4nﬂn nat tiher téred nofe,thits ekhidi t &, thyngrikdraprgagretic

resonance 1 lHisd, 1 va o] ift of
t he tungsteﬁn%t%grlllgce I(_ClS H) equa%%%t glé?o g p anHg( p%rlgggagrggmnﬁﬁ%on)ig Exanpl e

4: PrepaP?at iradmes t st aRRIrPeRCWEIE & 10D %a§|PPEaF8PGﬁ?ﬁa In a
pre"”‘narYBﬁjﬁyhréﬁQVé@ Qﬁraw§$hiﬁ§/&humlﬁ%peﬁﬁéﬁ@@a@ speat fi gnsur f ace

(B.E.T.) of 475 n2/g, na and_.sold by 25
hiro Nobe! | A B SR S L €, FARDONE B e s S L L GErEdm of “ary
air at 500Cufrmrer15vakmmm amd ddmﬂs@sa ﬂaﬁydbpxweatglmn &f eatirgateunder an
absolute pr e%SLé{?%r%fs 10 500C f ar. so that the

silicalal unmitha thus Calci ne gldg‘ny(?r(%(l Iate | exhi bits, by infrared

spect roseopy, an al$ar |@t)|x@rh ﬁandl (GH:) 3T AlFGmQA(GhashAct eriic in particul ar
of residual ;$hOHDband 41, & fjrst stage, the 530 ng of silical/alumna

pr epar ed 35 above are I nt |yoduced into a glass reactor under an argon

at mosphere and at 25C, followed by a solution of 6 m of n-pentane

conprising 390 g ekdohe peeedesor sBr mgof ogenenal gfespuba (Bhngstdsed in
exanpl e 1. organometallic compound obtained above are isolated and
15 are subjected, in a glass reactor, to a hydrogenolysis
treatment by bringing into contact with hydrogen under
an absolute hydrogen pressure of 73 kPa at 150°C for
15 hours. At the end of this time, the reactor is
cooled to 25°C and a compound (W/SiAl-1) according to
20 the invention which comprises in particular a tungsten
hydride grafted to silica/alumina is obtained and
isolated under argon. The compound (W/SiAl-1) comprises
1.5% by weight of tungsten and exhibits, by infrared
spectroscopy, two absorption bands respectively at 1906
25 and 1804 cm' characteristic of the W-H bond grafted in

particular to silica/alumina.

Example 5: Preparation of a tungsten hydride grafted to

a silica/alumina

30
The preliminary stages of calcination and of
dehydroxylation of the silica/alumina are absolutely

identical to those described in example 3.

35 In a first stage, 1 g of the silica/alumina prepared
above is isolated and introduced under an argon
atmosphere into a glass reactor at 25°C equipped with a

magnetic stirring bar. 305 mg of the precursor Pr of



WD 2006/ 013263 PCT/ FR2005/ 001692 - 27 The m xture thus obtained is

mai ntai ned at 25C for 3 hours. At the end of this tinme, a tungsten organo-
metallic conpound grafted to the silica/alumna is 5 obtained, the excess
precur sor PwonMzode foass2e® reacted being renoved byTwerbODg/00ME 92- pent ane
at 25C. The tungsten organonetallic-compound thus grafted is dried under
vacuum It conprises 1.5% by wei ght of tungsten and corresponds to the
general formdraral0 ESrr)leW CH2- £6 CH33&d y [ #CHGEGEA)B]1 (a)xe Wehenx = 1 and
y = 2. In a.second st of t he graj.t ed tun sten nomet I1ic
conpound obt'al neépaecﬁel%tr% |tsol ate&f}%gr% aﬁ are°s 81 ect e%’gaat éregl%ass
reactor, to 6#°%ydmyenbeysiry tmigdturent thys bpirediuagdi ritso soitaed Wotch

hydrogen under,, abgolde dydrogen, pressuce ol 13:kPaoat ;150C-han 15

hours. At the en is tine, e reactor is cooled to conpound
(WSi Al -1) &corlRg ded20-her |trli\¢enﬁpéhdv\mh4ﬁt‘é6¢rprli%e@’alsﬁle@arWFE‘E}I ar a

tungst en h)fﬂrpéiﬁagfeaféﬁdﬂs(@@'|Tl@@/%b§!'ﬂ1n3cé Sli@i padsanthsHeao! aked under

argon. The cofpound VVSlAI co rlses ?é) ht of tungsten and
exhibits, bk IP% VeRg Mol SHkay |%ﬁ§ nﬂgg?%spégtﬁ§ely at

1906 25 and tE8Qbternin cawarmejsaferstwgmorﬁél@lmﬂ: b@@dp@m@cﬁt@ﬂafﬂedpabti cul ar

to silicalal nlna . _Preparati.on_of t ungs dr| e grafted to

a silicalal i %hfiﬁgp%f%m+ﬂ?naF?mgféﬁéggofa%é#%ln§¥|o q; of
dehydrokglatmm@s@bnthendlIccata$pundangrexabsﬁkutpkyceddegt|gaheralthose
described i gxannl . 35 1In afirst stage, 1 g of the silical/alumna
prepared above is isol'ated and introduced under an argon atnosphere into a
gl ass reactor at 25C equi pped with a nagnetic stirring bar. 305 ng of the

precursor Pirhef second stage is carried out exactly as in
example 1, except for the fact that use is made of the

15 tungsten organometallic compound grafted to the
silica/alumina prepared above. A compound (W/SiAl-2)
according to the invention comprising a tungsten
hydride grafted to the silica/alumina and comprising
7.5% by weight of tungsten is thus obtained. It

20 exhibits, by infrared spectroscopy, two absorption
bands respectively at 1903 and 1804 cm™' characteristic

of the W-H bond grafted to the silica/alumina.
Furthermore, it exhibits, by nuclear magnetic resonance
(solid 'H NMR) at 500 MHz, a value of the chemical

25 shift of the tungsten hydride (8y.y) equal to 10.6 ppm

(parts per million).

Example 6: Reaction for the metathesis of propene

catalyzed by W/Al-3 in a static reactor

30
The supported metal compound (W/A1-3) prepared
according to example 3 is used in a reaction for the
metathesis of propene which can be represented by the
following equation:

35 2C3Hg 5 CyHy + C4Hg (7)

The experiment is carried out in the following way: the

supported metal compound is prepared “in situ” in a



WO 2006/ 013263 PCT/ FR2005/ 001692 - 28 general fornula (3) as used in
exanple 1 are then introduced into the reactor. The reactor is heated at
66C and the dry m xture thus produced is stirred for 4 hours At the end of

this tinme, tie 5666r0i3463c00led 5 to 25C and thendhe d/"ﬂd‘ﬂé’éze i's
washed with n-pentane at 25C. The solig, conpound thus washe iIs dried

under vacuum and then isol ated under argon, so as to obtain a tungsten

or ganonet al | faggnpgy@éogréét 898&91bgaelﬁ' Ek&%%uﬁ‘ Ngneomy 'c%lo&g 5 5% by

wei ght of 10 tungsten and correspond |ng to t precedin eneral fornula
(5). The secHHISSTNRRCIS dakafed cttd¥xactagiuy |thel§ka%;ﬂ efd eddpt for
the fact th?% sS&néd supvee 8f ptbgsutd bEngst %@aohﬁamff&h%'ﬂl ; Qﬁmald

grafted to eS|I|ca/aIum repar ed ab A co nd_(WSi Al -2

accordi ng t %t hé>Paventifén %f%ﬁls?lhglﬁ ¢ ﬁlj‘st rg%di? e Gr A %eo t he
silical album é\@s@rlﬂtdlatblljarbﬁl aghyTebh& bgsfv\mglahdoﬁsbbngshea | anﬁhlaslszbt ai ned.
it 20 exhibit | nfrare ect reosscg a\ﬁﬁfbsor &I on {51 reseoectl vel y
at 1903 and TESBOB BT TeBn AP Sct T 3t T e f 5% H Bond” graf%’ 0%
silicalalum ataalyf@nlt heandr e, quane:khiabwslyby datkemingdgnebiyc rwcmance

(solid 1H N e uac?gr%ﬁ% a vaI HSFQE 5?9 chemclc(fg~I 6%? shi f o f/ %h@ t ungst en

hydri de (SW. parts Exarrp Reacti on
for the mataiohe%lé Q)f3%)rmﬁf)erféet %}/E\IWAIOTBLZ%%PI’SX»&U c reactor 30
The supperted netal compound (WAl - 3) prepared according to exanple 3 is
used in a reaction for the mnetathesis of propene which can be represented
by the fol DU nGFEHUALOE SSWETRECR COf REERRRE (7)Wirhe extper itént i s

carried out numibdre bal Ilidry WEY prditene converted with respect to
the number of moles of propene introduced initially,

and the number of rotations (T.O0.N.) or cumulative

15 number of moles of propene converted over time per mol

of tungsten of the supported metal compound are

calculated.

The selectivities (SCjy), (SCs), (SCs) and (SCg) for the
20 various products are also calculated respectively

according to the following equations:

SC; = (number of moles of ethylene formed)/(total

number of moles of olefins formed)

SC, = (number of moles of n-butenes formed)/ (total
25 number of moles of olefins formed)
SCs = (number of moles of pentenes formed)/ (total
number of moles of olefins formed)
SCs = (number of moles of hexenes formed)/(total number

of moles of olefins formed)
30
The results of the measurements and calculations
defined above for the reaction for the metathesis of
propene as a function of the time are collated in
table 1 below.



subported metal compound is prepared "in situ” in a WO 2006/ 013263
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29 glass reactor as described in exanple 3. The

reactor is subsequently placed under vacuum then filled with propene up
to a pressurgo0bodb/iPasgnd, finally, heated at 130G egheod AjgREsHN 1S
then observed of a mxture 5 essentially,of ethylene, 'of n- and isobutenes,
and al so of pentenes and hexenes in sma?l er anmpunts, which are analyzed

and quantitatively determ ned by gas

KC1/ A1203,
cunmul ati ve

converted with rgspect to

initially,

nol es of pr
met al conpo
(SC6) for t
according t
formed)/(to
n- but enes f
(nunber of

formed) SC6
ol efins for
above for t
tinme are co
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Metathesis of propene in a static reactor catalyzed by

WH/o-alumina (W/Al1-3) at 150°C; M cat = 50 mg (%W =
3.86%), V reactor = 505 ml, P propene = 76 kPa
Propene/Ws = 1470

Example 7: Reaction for the metathesis of propene

catalyzed by W/Al-3 in a static reactor

The experiment 1is carried out in a similar way to

example 6, except that the reaction is carried out at

g80°C.

The results of the measurements and calculations
defined the
metathesis of propene as a function of the time are
collated in table 2 below.

as

in example 6 for reaction for the

chromat ogr aphy (capillary colum

sion of propene, whicheisctfaciRdmberaf Jyokascof propene
the number of noles of propene introduced

and tlhe number of rotat/i ons (T.O N 5°B¥%Ldfll ative 15 nufber of
Opene [COnNverted Qver tife per nol of tungsten of [the supported
unidmar eurtabeit-al ado.fhe sesecti Vitises (HC2)sc( SCH), s€SCS) and
he . .2( cvagfi ous_Dr oduct s are %Iigo aLcuI at ed Eesge:fli vel%
0 (thHe oI T oW ng equati ons: o= %Huﬁ%eesr BFhores| of et sy ene
tal nunbef%lof nopl es of |ol ef¥)ns forrded) $C4 &)(nupbefsbf nol es of
roodV . (+ ot Al D nuardaar Af ol Ad Af Al Af e f A A\ S CE
T IIUU}I \ COUT Al Y maTTiocT T MTUT TJ Ul UT C© L= 2LI AL \J} IS
holes (of penptenes foymed)/ (tptal | nupber | of nples| of glefins
= (nunber of noles of hexenes formed)/(total nunper of npoles of
rred% 30 The results of the neasufenents and cal cul ations |defined
hé-f&acti 8R-Bor {he*btet at h€8i& of 4r-Spene &s8A funét-2dn of the
| lated in table|l bel ow
0.75 38.43 565 51.88 45.6 2.21 0.28
1.33 41.26 600.6 49.46 47.37 2.92 0.43

2 41.8 605.6 48.5 47.76 3.24 0.62

3 42.5 611 46.75 49.33 3.3 0.62



WD 2006/ 013263 PCT/ FR2005/ 001692 - 30 Selectivities of the products
formed (% Tinme Curmulative T.O N SC2 Sc, SC5 Sc, (h) conversion ethyl ene
but enes pentenes hexenes (%9 (99 (s) (% (%9 0000000 0.33 32.8 481
50. 6 47. 38.43 565 51.88 45.6 2.2% 600. 6
49. 46 47. 37 g@ggoggﬁg%ggi 8 605.6 48.5,47.76 3.24 0. ()12123&301045’3 5 619512 46. 75
49.33 3.3 0.62 Metathesis of propene |n a static reactor catalyzed by

WH a-al um ng (WAI-3) at 150C, Mcat = 50 ng (YW= 5 3.86%, V reactppr =
505 m, P pfopene|= 76 kPa Propene/ W\ -Sillei@FJE%&Frﬁﬁeoﬁ thReBECIWSHFSf or | he
met at hesi s pf propene catalyzed by WA1-3 in a sdraflic(geactor 10 The
experiment | s carried out inja simlar way t exanple 6, except that]the
reaction is|carried out at 80C. 15| The resu|lts _of the neasurlenents and

cal cul ati ons Hae At e eXatpi el 6 ¥ the r8Gctipn £°6¢ the at hesi s
of propene pgs (B) f Ungiivepsdn { he ti mpeahglemo| bat@tkd hpémtdres?| hetows WO
2006/ 013263 PCT/ FF220056(301692 - 31 Se(l cti Vitl( s of tne prdducg% for med
(%9 Time Cupul ati \ SC2 Sc, $C5 'S h) " Conversi oh ethyl ene but enes
pent enes hekenes [(9%9 3) (XN [{(% 3)[0.25 14.P6 219 5B.09 46.91 0 O O, 5

20. 07 294 5{1.062548. 39.060 219 53.09 46.91 0 0

U

0.5 20.07 294 51.61 48.39 0 0

1 23.56 346 53.39 46.61 0 0

2 27.53 404 52.65 47.35

Example 8: Reaction for the metathesis of propene

catalyzed by W/Al-3 in a dynamic reactor

5 The complex (A1-0) xW[-CH;-C(CHs) 3]y [=CH-C (CH3) 5] (4)
grafted to the alumina by sublimation (200 mg; 3.86%
W/Al,03; 42 micromol of W) according to example 3 1is
transferred in a glove box into a tubular stainless
steel reactor which can be isolated from the

10 atmosphere. After <connecting the ©reactor to the
assembly, the circuit is purged with argon and then the
supported tungsten hydride catalyst [W]s-H is prepared
in situ by treatment of the grafted alkyl-alkylidyne
complexes under a stream of hydrogen (3 ml/min) at

15 150°C for 15 h, resulting in the compound (W/Al-3)
After cooling to 25°C, the reactor is purged of the
excess hydrogen with argon and then under a stream of
propene at 101.3 kPa (5 ml/min, i.e. a molar flow rate
of 5.31 propene/W/min). The reactor is then rapidly

20 brought to the temperature of 150°C (rise of 250°C/h)
The products are analyzed on line by gas chromatography
(capillary column KC1/Al1,0;, 50 m x 0.32 mm; detection
by flame ionization). The formation is then observed
mainly of ethylene, of butenes, of pentenes and of

25 hexenes in small amounts.



1 23.56 346 53.39 46.61 0 0 2 27.53 404 52.65 47.35 Exanple 8: Reaction for
the netat hesis of propene catalyzed by WA1-3 in a dynamc reactor 5 The
conmplex (Al -OxW-CH2-C(CH3)3]y[=CH C(CH3)3] (4) grafted to the alum na by
sublimation (3000088y03386% W A1203; 42 m cronol ofpdy/@eressli e é o2 exanpl e
3is transferred in a glove box into_azjubular stainless steel reactor

whi ch can be isolated fromthe 10 at nosphere. After connecting the reactor
to the assenbly, the circuit is purged with argon and then the supported
tungsten hydrjde catalyst [Ws-His prepared in sjtu reatment of the
grafted al kyF2&l m%% o%onﬁh%xé%e%iﬂ%'m%?'ﬁ r @3 o‘Fa%HﬁGE}éﬁnFS #F/mn) at
15 150C for dbfbnedesulrd i ngxafmpllBesconindt ¥ AlreSctidX t efoeool g to 25C,
the reactor is ed of the_ excess hydraogen with arg and.t hen_ under a
st ream of p?‘%ﬁgﬁégg%slﬁg 3PE158€’("§ m9 man,ﬁlmcet.loanm? a?t ?ogvlﬁngt et of 5.31
propene/ \W m apllaThe renwmt ortalsle hen rfedicdd.y 20nbr oughe t ocade, t enger at ure
of 150C (ris ct r I d ] Vi

chr omat ograpﬁngg?égg%{%?yC-éo%ﬁﬁn%q%%il 2'11.’%0%1 ajg% %ﬁg ag%le%n%fger?%%?on by
flame ioni zaPforrorame fCOMVEted | yithenretrervedo mahgl ynefber hyPene, of
butenes, of pentgnegrand¥perdd hExEOASSuddd STREI ageUNt SinMAR006/ 043263
PCT/ FR2005/ 001692 - 32 The results of the neasurenents and cal cul ati ons as
defined in eX8hpPed6 for the reaction for the metathesis of propene as a
functionoef the time are 5 collated in table 3 below. In this case, an

i nst ant aneous conversi on] which I s_the nunber, of I'es of propene cohverted
Wi th respeck—to—the nunbbrof — ABPSET (FOTRPERRHE EOE?FBELU Sfdp{gf‘suajéh%! ast ant ,
is definedTil@ |Instan- |Cumula- |SC, SCs SC,4 SCs SCq SC,
(h) taneous |[tive ethyl- |prop- |but- |pent- |hex- hept-
conver- |T.O.N. |ene ylene |enes enes |enes enes
sion (%) (%) (%) (%) (%) (%)
(%)
0 0 0 0 0 0 0 0 0
14 40 1784 18.5 60 19.6 1.44 0.4 0.07
31 39.3 3950 18.6 60.7 19 1.25 0.33 0.06
48 38.7 6117 18.6 61.3 18.7 1.15 0.28 0.05
65 38.4 8283 18.5 61.6 18.4 1.07 0.26 0.046
114 37.5 14 528 18.31 62.5 18 0.93 0.21 0.037
148 37.7 18 861 (18.1 62.3 18.5 0.87 0.2 0.033
182 36.44 23 194 18 63.56 [17.4 0.82 0.18 0.031
203 36.24 25 870 ([17.95 |63.76 |17.28 |0.79 |(0.17 0.029
213 36.1 27 144 17.87 63.9 17.2 0.78 0.17 0.029
Example 9: Ethylene/2-butene crossed metathesis

reaction catalyzed by W/Al-3 in a static reactor

15 The experiment 1is carried out in a similar way to
example 6, except that the reaction is carried out at
150°C with a 50/50 molar mixture of ethylene and of
2-butene 1instead of propene. Propene 1is then mainly
formed according to the reaction:

20 CHy + C4Hg 5§ 2C3Hg



Mol ar conposition of the gas phase in % Tinme Instan- Cunul a- SC2 SC3 SC4
SC5 SC6 sc, (h) taneous tive ethyl- prop- but- pent- hex- hept conver-
T.O. N. ene ylene enes enes enes enes sion (%W (s) (Y9 (s) (s) (B (99 0O
000O0O0Ow dfodtPilyfds 18.5 60 19.6 1.44 0.4 0. @fr/FR23957039%H218. 6 60.7
19 1.25 0.33 0.06 48 38.7 6117 18.6 6L 3 18.7 1.15 0.28 0.05 65 38.4 8283
18.5 61.6 18.4 1.07 0.26 0.046 114 37.5 14 528 18.31 62.5 18 0.93 0.21
0.037 148 37.7 18 861 18.1 62.3 18.5 0.87 0.2 0.033 182 36.44 23 194 18
63.56 17.4 0.82 0.18_0.031_ 203 36.24 25 870 17.95 63.76 17.28 0.79 0. 17
0.029 213 3B FesidAs17°87 §% 9 MERSIIENRRLS 1200, (P CBaRS 9:28

Et hyl ene/ 2- g e r 0sSestam@liat Besicy tleackthnleabdbyretdehy WrAks2d n a
static reactor The experinment is carried out in sim |l ar, way to exanple
6, except tH&EC% esf’]esactrlpe&?tijsortaralsi ed otPnSFlOTSO wi T a%éﬂ?%oaﬁoq ar

m xture 6f etdylansd and tdbl-bubehew i nst ead of propene. Propene is then

mainly formed according to the reaction: 20 CH4 + C4H8 -', 2C3H6 WO
2006/ 01326 3—PEHFRZB05+001692 33— Fhe—resutHts—of—therneasurenents; and

cal cul ations as defined i Moggangpimposifben tdfe tbe hydsepbh8e bik)ene crossed
net at hesi s |r tion_as fungtign off A hetine, a 5/ coll.ated in table 4
bel ow. Mol arﬁg%rrpos ic?i (()ﬁ) of tehe&gas gﬁagi’e) (%° g’”ﬁm E: ((s‘?l C4 (% C3 (% CS
(%9 C6 (% | () et hdtonéeprit bneengs opearepRNPenssnerxbaanes)| 55 45 0/ 0 0
0.25 39.28 |30 30 0./64 0.04 | Q575 2858 24.68 45.93 0/4 0.1

0.25 39.28 30 30 0.64 0.04
0.75 28.58 24 .68 45.93 0.7 0.1
1.25 24.1 21.8 52.07 1.13 0.15
2 21.78 20.71 56.05 1.27 0.17

Example 10: Regeneration under hydrogen of the catalyst

W/Al-3 in a dynamic reactor

10
After having operated as in example 8, the catalyst
(W/A1-3) 1is regenerated in a dynamic reactor under a
stream of hydrogen (4 ml/min, 0.1 MPa) at 150°C for
15 h. The catalyst, thus regenerated, then regains its

15 activity in the metathesis of propene.

It should be clearly understood that the invention
defined by the appended claims is not 1limited to the
specific embodiments indicated in the above description
20 but encompasses the alternative forms thereof which
depart neither from the scope nor from the spirit of

the present invention.



1.25 24.1 21.8 52.07 1.13 0.15 2 21.78 20.71 56.05 1.27 0.17 Exanpl e 10:
Regener ati on under hydrogen of the catalyst WA -3 in a dynamc reactor 10
After having operated as in exanple 8, the catalyst (WAl -3) is regenerated

in a dynam cypepgt@yovpses a stream of hydrogen (4Hdd/FHIbof oMy at 150C
for 15 h. The catalyst, thus regeneratgd, then regains its 15 activity in

the netat hesis of propene. It should be clearly understood that the
invention defined by the appepfleg¢ ¢kaceRrMEpnNek.limted to the specific
enbodi ments indicated in the above descripttron 20 but enconpasses the
alternative forns thereof which depart neither fromthe scope nor fromthe
spirit of the presestoddwention. M 2086/ L6 PCH FRAROS/Q01eke - 34
VWHAT IS CLAIMED | S: 1. A#%rocess for.the netathesis of qne g)r nor. e
reactants conpri sTHY 2 FhearcSPP bt iHEhed @ 5 MydFStar bS ch&TR &8It i si ng an
ol ef i ni c 5doubl e boydlr @sgZeds pZhaim wecoprtikisagr east antebintdheskulrleact ant s
is/are reacted i 3e 2 of rt.ed ou jsing a
support based orr:béll{gcgm&%%m_g%?d’e tlgl vﬁ#gﬁﬁa t%glnsgg%%%ce%g?hyﬁgi gtceHgl%gé grafted.
2. The process asrei@iamiesi nisiagien reackeashi én thbe reBesemee orof eact ant s

each conprise(s) émﬁ;ﬁﬁ%@té@ woc £8r beBmBLANE. 8mBriIREgP! acesHiRH .4l ai med in
claiml, in which the reactant is an unsaturated, |ineéar or branched,

acyclic hydrocar BR#SefonPRi sFhgTaNe8p2o€spde dbabl ¥RhiEBnd 2hetthEGF SR car bon
atonms, afp enpiri aaya20dd of gndaa &N, n being an integer ranging from2 to

2. The process as claimed in claim 1, in which the
reactant or reactants each comprise(s) from 2 to
30 carbon atoms.
15
3. The process as claimed in claim 1, in which the
reactant 1is an unsaturated, linear or branched,
acyclic hydrocarbon, comprising a Csp?=Csp® double
bond between two carbon atoms, of empirical
20 formula CpHy,, n being an integer ranging from 2 to
30.

4. The process as claimed in claim 1, in which
ethylene and Dbutene are reacted to produce

25 propylene.

5. The process as claimed in claim 1 or 2, in which

the compound corresponds to the formula R;R,C=CR:zR,

in which the identical or different R; (i = 1 to 4)

30 substituents are chosen from hydrogen atoms,
saturated, linear or branched, hydrocarbon groups

and saturated cyclic hydrocarbon groups which
optionally carry hydrocarbon substituents and

which can be connected to the Csp® carbon of the

35 olefinic double bond either directly or wvia a

saturated hydrocarbon chain.



30. 4. The process as clainmed in claiml1, in which ethylene and butene are
reacted to produce 25 propylene. 5. The process as clainmed in claim1l or 2,
in which the conpound corresponds to the formula RIRRC=CR3R4 in which the
identical orwdiffeseoizdedi = 1 to 4) 30 substitueis &R WIDLIIPM
hydrogen atons, saturated, |inear or_byg@anched, hydrocarbon groups and
saturated cyclic hydrocarbon groups which optionally carry hydrocarbon

substituent sg and Tk ghoeaBsheccamenied 18 thaifEsp2 &ar@onlﬁf wHie 135

ol efi ni ¢ doubl e band eit her |rectI¥ or via a _sat rat%% %{ E carbon chai n.
WD 2006/ 013263 PCTIFREOBBPBB1669T 588198, tondh5 o%@%? Ratredsfn claim 1
or 2, in which the \cloimmlﬁlecmieﬂsp@anﬁ%fodif\éefenmia RlRZ@-GRBRéD in

whi ch the identi c&&bg@gﬁ%;‘@éen R ('chosje fll)omsu§§&k5§ggt S Schosen

from hydrogen atons urate | i néar or branche Focarb on gr oups

and arom&tic ri ngsatvwaheqbpt il@nalalry Qrarbyanclaedir ahedrhydrbear lgmups
substituents and which e conngeted tg, the (1%%% lefinic
doubl e bond either direct ya or via q@saturatled 10 ocar bon éahalyﬁ 7. The

process as cl ai netRiHr s ohe BPCEREBY e‘é‘é*éﬁ?ﬂgtu%lll%? rré‘ndl MWikhFeh a3k degr ee

of oxidation of the cbupgeten has %h\éa|¢%§920h@§f«‘lﬂoﬂ\ﬂ U Ncide I 2166 i nlix _
extending from 2 prefe abl\t/fro 4°to0 . The process as clainmed in

any one of the pr‘i‘%‘éﬂ% ]E:EFFtiJHé lol’fnggi%n Yt SMEE ed to
one or nore hydr dgﬁdr@&a)fmomnﬁq@ml onaIIy to one 20 or nore hydrocarbon
radicals R 9. The process as clainmed in claim8, in which the hydrocarbon

radicals R are identical or different,
7. The process as claimed in any one of the preceding

claims, 1in which the degree of oxidation of the
tungsten has a value chosen within a range

15 extending from 2 to 6, preferably from 4 to 6.

8. The process as claimed in any one of the preceding
claims, in which the tungsten atom is bonded to
one or more hydrogen atoms and optionally to one

20 or more hydrocarbon radicals R.

9. The process as claimed in claim 8, in which the
hydrocarbon radicals R are identical or different,
saturated or unsaturated, hydrocarbon radicals

25 comprising from 1 to 20, preferably from 1 to 10,

carbon atoms and optionally comprising silicon.

10. The process as claimed in any one of the preceding
claims, 1in which the tungsten hydride is grafted
30 to the support based on aluminum oxide according

to the following scheme:
-(Al - O)x Hy
VS
w @
/\
—M-0): . Ry



saturated or unsat urated, hydrocarbon radicals 25 conprising from1l to 20,
preferably from1l to 10, carbon atons and optionally conprising silicon.
10. The process as clainmed in any one of the preceding clainms, in which the

tungsten hydvo dos/arsfdxrd 30 to the support basedTgmrralbosi/nemsde de
according to the follow ng schene: --4EA. - Ox Hy W(2) rMW 2006/013263
PCT/ FR2005/ 001692 - 36 in which W A, 0 and H respectively represent

tungsten, alunm nuwhn Qxyean vapdAhydr@g%mdatQwsneé\&ed@pf@en&epeesemm of one
or nore eI enent s .of not her oxi. de resent drocarbon radical 5 and

X, y, wand z ar &% }H@l%ﬁ‘ﬁ( %?Pz)an FORs Eoffaf td 2 to 6,
and with x =1 t(r@req,er;tsl ba Satem= &f t ok and zmerd tedle]erIthE of-- (Al -0)

and ---(MO) bon(gsﬂcytqg{resg}g%% ga E%e S o143 Adﬂ%ﬁr% g?r%;%{/l ?Eﬁlggﬂds

respectively 10 connecting um atom an 0 one of the
atom ¢ cbnstituermnsl of, the Wuppor iz Faxsedimreged sur Plaen exinddw+knypanti cul ar

to one of the oxygen:nalipnBs bt St8uUpPRLt 6,15 dd . wilie Rrocessoas cl ai med
in any one of the preceding clains, in which the support is chosen from

supports honogendbus 4 n t€ompesi ¥i 6nObased bn ar&ﬁ ur riurfl oxide 2and tfom

het er ogeneous suppor(zsl -dasgdgon -al Mnmu%&mgexﬁ%%@b&tﬁ@gmm Ngm oxi de
20 essentially at the surfa of said Lfs'nlu’w%rﬁolc The process ai cl ai mred

in any one of thé“od:reeceﬁllﬁa Scl aPhs, T i?éméﬂﬁppo?f SESfpr§ey al uni num
oxi de, mbxed al urdammacaxirdesier arfndm‘fmﬂﬁi aadcumammuzé axoded. td3onéhe

Process as CIaIﬁ%%iékéﬂ&@é%ﬁ%(%O$£§3&5§§§ng§ the support based on
aluminum oxide, in particular to one of the oxygen

atoms of this support.

15 11. The process as claimed in any one of the preceding
claims, in which the support is chosen from
supports homogeneous in composition based on
aluminum oxide and from heterogeneous supports
based on aluminum oxide comprising aluminum oxide

20 essentially at the surface of said supports.

12. The process as claimed in any one of the preceding
claims, in which the support comprises aluminum
oxide, mixed aluminum oxides or modified aluminum

25 oxides.

13. The process as claimed in any one of the preceding
claims, in which the reaction is carried out at a
temperature ranging from 20 to 600°C, in

30 particular from 20 to 350°C, preferably from 50 to
300°C, more preferably from 80 to 200°C.

14. The process as claimed in any one of the preceding
claims, in which the reaction is carried out under
35 an absolute pressure ranging from 0.01 to 8 MPa,
preferably from 0.01 to 1 MPa, better still from

0.1 to 0.5 MPa.



cfains, in which the reaction is carried out at a tenperature ranging from
20 to 600C, in 30 particular from20 to 350C, preferably from50 to 300C,
nore preferably from80 to 200C. 14. The process as clainmed in any one of

the precedi i xdodBL3dds Which the reaction i s capeirg@gredbsyodals 9235 an
absol ute pressure ranging from0.01 tos8 MPa, preferably from0.01 to 1 Mra,

better still from 0.1 to 0.5 MPa. WO 2006/ 013263 PCT/ FR2005/ 001692 - 37

15. The pr OC1Q$S_ ALl dmekd Ayl L ®f id henpr 668dbagehel gwﬁedllel ich the
metal conpound is re enerateqy_ln the resence of hédro gen.

process as cl ai m&d-3 el gt Bt o t?%eCOWﬁaﬁﬂ rafi o ﬁgﬁgeEQFFﬁed out at
a tenperature of:Jbeﬂweqméﬁknﬂuidﬂﬂh&dﬁmﬁiﬁrably bet ween 80 and 200C. 10
17. The process as clainmed in claim15 or 16, in which the regeneration is
carried out with a hydrogen pressure ranging fromo0.01 to 10 Mra,
preferabby I&.omThel poo@edfPaas claimed in claim 15, in which the

regeneration is carried out at a temperature of
between 50 and 300°C, preferably between 80 and
200°C.

10 17. The process as claimed in claim 15 or 16, in which
the regeneration is carried out with a hydrogen
pressure ranging from 0.01 to 10 MPa, preferably
from 0.1 to 2 MPa.





