New conpounds having an el ement of group 13 l'i nked to

a nono- or di-anionic tridentate |igand, their
preparation process and their.use as

pol ymeri zati &pog_’%ﬂ,,yst S Certai n nono- and di - anperorisdirsient at e
| i gands are Knownas |igands for transition netals. Thus, the
(Ph[err]PCH err] SiMe[err])[err]Nerr] derivative was used to prepare

i ridium conpl exes (Fryzuk et al., Angew. Chem Ed. Engl. (1990), 29,

73) and the [ (Me[ eNohSehGk] eonipasier pdssédant Ngh \lémen( dar groupe 13
li¢ 3 un ligand tridentate mono- ou di-anionique,
leur procédé de préparation et leur application
comme catalyseurs de polymérisation

Certains ligands tridentates mono- et di-anioniques sont connus comme ligands pour les
métaux de transition. Ainsi, le dérivé (Ph,PCH,SiMez)aN- a été utilisé pour préparer des
complexes de I'iridium (Fryzuk et coll., Angew. Chem. Ed. Engl. (1990), 29, 73 etle
5  dérivé [(Me3SINCH,CH;),NSiMe3]?- a été utilisé pour préparer des complexes dichlorure
de zirconium (Cloke et coll., J. Chem. Soc., Dalton Trans. (1995}, 25). Des dérivés du bore
possédant le ligand [(O,CCH,),NCH3]2- sont également connus (Contrepas et coll., .
Organomet. Chem. (1986), 307,1). D'autre part, des dérivés de I'aluminium possédant le
ligand [NH(CH,CH,0),]}2- ont également ét€ décrits (Mehrotra et coll., J. Indian Chem.
10  Soc. (1962), 39, 677-82).

On connait par ailleurs l'utilisation des acides de Lewis possédant un élément du groupe 13
en synthése organique (Yamamoto, H. dans Organometallies in Synthesis; Schlosser, M.,
Ed. ; John Wiley and Sons Ltd. : West Sussex, England, 1994, Chapitre 7) ainsi que
comme catalyseurs pour la polymérisation d'hétérocycles (Inoue, Acc. Chem. Res. (1996)

15 29,39). Inoue et coll. ont montré que les catalyseurs possédant des ligands de type
porphyrine étaient capables de produire des polyméres ayant un indice de polymolécularité
proche de un (J. Chem. Soc., Chem. Commun. (1985), 1148 ; Chem. Lett. (1987), 991;
Makromol. Chem. (1981) 182, 1073). De plus, ces catalyseurs peuvent étre utilisés pour
préparer des copolymeres alternés ou séquencés (Inoue et coll., J. Am. Chem. Soc. (1983)

20 105, 1304 ; J.Am. Chem. Soc. (1985) 107, 1358 ; Macromolecules (1984) 17, 2217). Ces
deux propriétés sont dues au fait qu'un polymare vivant est généré.

Cependant, ces systémes catalytiques utilisent des ligands porphyrines onéreux et difficiles

d'acces, d'oi un cofit accrn. D'autre part, afin d'augmenter Factivité, des ajouts d'acides de

Lewis sont nécessaires, ce qui augmente la complexité des systémes catalytiques (Inoue et
25  coll.,, Macromolecules (1994) 27, 2013 ; Macromolecules (1995) 28, 651).

Le probléme était donc de trouver des systémes catalytiques a la fois efficaces, plus
facilement synthétisables et plus économiques que ceux antérieurement préconises.



5 derivative was used to prepare zirconiumdichloride conplexes (C oke et
al., *J. Chem Soc., Dalton Trans. (1995), 25). Boron derivatives
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denonstrated that the @~ catalysts having |ligands of porphyrine type were
capabl e of prio@ventian ainsipanr ebjetdes produits dSformule génskade Lkt i ty | ndex cl ose to
one (J. Chem Soc., Chem Commun. (1985), 1148; Chem _J,_ett. (1987),
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access, resulting in an increased cost. Furthernore, in order to increase
t he acti vist y danglaguelle

M représente un élément du groupe 13 ;

Rm représente I'atome d'hydrogeéne, un atome d'halogéne ou I'un des radicaux
substitués (par un ou plusieurs substituants identiques ou différents) ou
non-substitués suivants : alkyle, cycloalkyle, aryle, alkoxy, cycloalkoxy,

10 aryloxy, alkylthio, cycloalkylthio ou arylthio, dans lesquels ledit substituant
est un atome d’halogéne, le radical alkyle, nitro ou cyano ;

AetB représentent, indépendamment, une chaine carbonée de 2 A 4 atomes de
carbone, optionellement substituée par 1'un des radicaux substitués (par un ou
plusieurs substituants identiques ou différents) ou non substitués suivants :

15 alkyle, cycloalkyle ou aryle, dans lesquels ledit substituant est un atome
d’halogéne, le radical alkyle, nitro ou cyano ;

Li,LyetL3 représentent, indépendamment, un groupe de formule -E;s(R15)- dans
laquelle
E;5 est un élément du groupe 15 et

20 Rjs représente I'atome d'hydrogéne ; I'un des radicaux substitués (par un ou
plusieurs substituants identiques ou différents) on non-substitués suivants :
alkyle, cycloalkyle ou aryle, dans lesquels ledit substituant est un atome
d’halogéne, le radical alkyie, nitro ou cyano; un radical de formule
RR'R"E;4- dans laquelle E;4 est un élément du groupe 14 et R, R’ et R"

25 ’ représentent, indépendamment, l'atome d'hydrogéne ou l'un des radicaux
substitués (par un ou plusieurs substituants identiques ou différents) ou
non-substitués suivants : alkyle, cycloalkyle, aryle, alkoxy, cycloalkoxy,
aryloxy, alkylthio, cycloalkylthio ou arylthio, dans lesquels ledit substituant
est un atome d'halogéne, le radical alkyle, nitro ou cyano ; ou un radical de

30 formule SO2R’y5 dans laquelle R'y5 représente un atome d'halogéne, un
radical alkyle, haloalkyle ou aryle éventuellement substitué par un ou



necessary to add Lewis acids, which increases the conplexity of the

catal ytic systens (I'noue et al., Macronol ecules (1994) 27, 2013,

Macr onol ecul es (1995) 28, 651). The problemwas therefore to find

catal ytic sysigy®fphch were nore efficient, easier to 25 syii@5hberss and

nore econom cal than those previously recomrended. The present

I nvention relates to new conpounds having dan el enent of group 13 linked to

a mono- or di-anionic tridentate |igand, a process for their

prepar ation and their ufksieyrs substifygnts| chaisisr parmi Jos yadieauxaalkyle. baloalkylstes.
A subj ect of hhlbgenenvention is thus the products of general

f ormula | and % représente un anion non coordinant vis & vis de l'élément M ;

Ry représente un atome d'hydrogéne, un radical de formule RR'R"E;4- dans
5 laquelle Ej4, R, R’ et R" ont les mémes définitions que ci-dessus, ou I'un des
radicaux substitués (par un ou plusieurs substituants identiques ou différents)
ou non-substitués suivants : alkyle, cycloalkyle ou aryle, dans lesquels ledit
substituant est un atome d'halogéne, le radical alkyle, nitro ou cyano.

Dans les définitions indiquées ci-dessus, I'expression halogéne représente un atome de

10 fluor, de chlore, de brome ou d'iode, de préférence chlore. L'expression alkyle représente
de préférence un radical alkyle ayant de 1 2 6 atomes de carbone linéaire ou ramifié et en
particulier un radical alkyle ayant de 1 A 4 atomes de carbone tels que les radicaux méthyle,
éthyle, propyle, isopropyle, butyle, isobutyle, sec-butyle et tert-butyle.

Le terme haloalkyle désigne de préférence les radicaux dans lesquels le radical alkyle est tel

15 que défini ci-dessus et est substitué par un ou plusieurs atomes d'halogéne tel que défini
ci-dessus comme, par exemple, bromoéthyle, trifluorométhyle, trifluoroéthyle ou encore
pentafluoroéthyle. Les radicaux alkoxy peuvent correspondre aux radicaux dans lesquels le
radical alkyle est tel que défini ci-dessus. On préfére les radicaux méthoxy, éthoxy,
isopropyloxy ou tert-butyloxy. Les radicaux alkylthio représentent de préférence les radicaux

20  dans lesquels le radical alkyle est tel que défini ci-dessus comme, par exemple, méthylthio
ou éthylthio. |

Les radicaux cycloalkyles sont choisis parmi les cycloalkyles monocycliques saturés ou
insaturés. Les radicaux cycloalkyles monocycliques saturés peuvent étre choisis parmi les
radicaux ayant de 3 & 7 atomes de carbone tels que les radicaux cyclopropyle, cyclobutyle,

25  cyclopentyle, cyclohexyle ou cycloheptyle. Les radicaux cycloalkyles insaturés peuvent étre
choisis parmi les radicaux cyclobuténe, cyclopenténe, cyclohexéne, cyclopentaneditne,
cyclohexadiene. Les radicaux cycloalkoxy peuvent correspondre aux radicaux dans lesquels
le radical cycloalkyle est tel que défini ci-dessus. On préfére les radicaux cyclopropyloxy,
cyclopentyloxy ou cyclohexyloxy. Les radicaux cycloalkylthio peuvent correspondre aux

30  radicaux dans iesquels le radical cycloalkyle est te] que défini ci-dessus comme par exemple
cyclohexylthio.

Les radicaux aryles peuvent étre de type mono ou polycycliques. Les radicaux aryles
monocycliques peuvent étre choisis parmi les radicaux phényle optionellement substitué par
un ou plusieurs radicaux alkyle, tel que tolyle, xylyle, mésityle, cuményle. Les radicaux
35 aryles polycycliques peuvent étre choisis parmi les radicaux naphtyle, anthryle,
phénanthryle. Les radicaux aryloxy peuvent correspondre aux radicaux dans lesquels le



[err] I n which M represents an el ement of group

13; - RM represents the hydrogen atom a hal ogen atom or one
of the following 5 radi cal s, substituted (by one or nore
identical or_different substituents) or non- subo%i t ut ed:
al kyl, cycl o¥OX#29%,y|  al koxy, cycl oal koxy, aryl oxy, PCTFRITIO0TTS

al kylthio, cycloalkylthio or arylthio, in4which said substituent is a

hal ogen atom the alkyl, nitro or cyano radical; A
atnd B 10 ra@icab edtyle i ddependenii Yoi-RsfR! boRapegieeaed Mididaur pRédoxgar bon
at ons,

_— tional subsyituted by one of the fallow.ng
Subst tuted (hSsrierispuypRbey? Wyioky Su tmésiehiony 1 e raMESiary P Aepncif o8
subst i t uent s)préférenesiestadicant dane tesquedsi le eddical aryle\ebt tel que défini ci-dessus comme par

cycl oal kyl Orexaiple dansphéhithib, Sai d substituent is a hal ogen atom the alkyl,
nitro '

5 L'anion X~ peut étre choisi parmi les anions non coordinants vis 2 vis de I'élément M tels
que I'anion tétrafluoroborate, tétraphénylborate, tétrachloroaluminate, hexafluorophosphate,
hexafluoroantimonate, trifluorométhanesulfonate ou perchlorate.

L'invention a plus particuli¢rement pour objet les produits de formule générale 1 et 2 telle
que définie ci-dessus, caractérisée en ce que

10 M représente un atome de bore, d'aluminium ou de gallium ;

Rm représente 1'atome d'hydrogéne, un atome d'halogéne et notamment le chlore, ou le
radical méthyle ;

AetB représentent; indépendamment, une chaine carbonée de 2 a 4 atomes de carbone, et
notamment une chaine carbonée de 2 atomes de carbone ;

15 L, et L, représentent, indépendamment, un radical de formule -E;s(R)5)- dans laquelle E; s
est un atome d'azote ou de phosphore et R 5 représente un radical de formule RR'R"E)4-
dans laquelle E;4 représente un atome de carbone ou de silicium et R, R' et R" représentent,
indépendamment, I'atome d'hydrogéne ou un radical alkyle ; R;s représente notamment le
radical isopropyle et Me;Si ;

20  Ljreprésente un groupe de formule -E|s(R;s)- dans laquelle E;5 est un atome d'azote ou de
phosphore et R;s représente un radical alkyle, notamment le méthyle, ou un radical de
formule RR'R"E)4- dans laquelle E,4 représente un atome de silicium et R, R' et R”
représentent, indépendamment, un radical alkyle, et notamment méthyle ; et
R, représente I'atome d'hydrogéne.

25  Plus particulitrement, l'invention a pour objet les produits décrits ci-aprés dans les
exemples, en particulier les produits répondant aux formules suivantes :
- [(MC;SiNCHzCH;)zNSiMe;;]AlCl s
- [(Me3SiNCH;CH,),NMe]AICI ;
- [(Me3SiNCH2CH2);NMeJAIH ;
30 - [(Me3SiNCH;CH;):NMe]AICH3 ;
- [(Me;;SiNCH2CH2)2NSiMeg]GaCI H
- { [((CH3);CHNCH,CH,)((CH3);CHNHCH,CH>)NMe]AICI } { AICl4} ;
— {[(Me3SiNCH,CH,)(Me;SiNHCH,CH;)NSiMe;)AICI} { AICI ).

L'invention a également pour objet un procédé de préparation des produits de formule
35  générale 1 et 2 telle que définie ci-dessus, caractérisé en ce que I'on fait réagir un produit de
formule T



or cyano radi cal
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B
D
produit de formule (1) que I'on peut faire réagir avec un composé de formule (1)
RiXy; (D

dans laquelle R, et X ont la signification indiquée ci-dessus, pour obtenir le produit de
formule 2 correspondant,

La réaction d'un composé de formule générale I avec un composé de formule générale I
pour obtenir un composé de formule générale 1 peut &ure réalisée, sous atmosphere inerte
telle sous atmosphére de fréon ou d'argon, dans un solvant aprotique, & une température
comprise entre -60 et +50 °C. Lors de la mise en ceuvre de la réaction qui permet d'obtenir
le composé 2 a partir du composé 1 correspondant, on fait réagir, sous atmosphére inerte, &
température ambiante, le composé 1 avec un composé Il en milieu aprotique.

L'invention a également pour objet un procédé de préparation des produits de formule
générale 2 telle que définie ci-dessus, caractérisé en ce que I'on fait réagir un produit de
formule (IV)

R, |
'L
)
M
B
3___/

dans laquelle Ry, L), A, L3, B et L; ont les significations indiquées ci-dessus et X
représente un anion coordinant vis  vis de I'élément M, avec un composé de formule (V) -



non-substituted: alkyl, cycloalkyl or aryl, in which said substituent is a
hal ogen atom the alkyl, nitro or cyano radical.

- 3- In the definitions indicated above, the expression hal ogen
represents a fluorin chl ori ne, brom ne or iodine ato HE@I bly
chl orine. The ﬂéﬁ?’éﬁ‘& on al kyl preferably represents a gbi' all‘,%%,}
branched al kyl radical having from1 to 6 c&rbon atonms and in particular an

al kyl radi cal having froml| to 4 carbon atons such as the nethyl,
et hyl, propyl, isopropyl, butyl, 5 | silxut yi(vy sec-butyl and tert-butyl
radi cal s. The term hal oal kyl preferably designates the radicals in

whi ch the al kyldaﬁfﬂh@ e Mgl?ﬁﬁrﬂgiﬂtl@g ﬂldi%uée ﬁi(?&gs\{lg F?ﬁqeééseﬁfétﬁltojn}e%h%ggﬁ/e, gne
or nore hal ogen ato as detrtinea above sSucn as, or
radical alkyle ou alkoxy comme défini précédemment, pour obtenir le produit 2

correspondant.

5  Laréaction d'obtention d'un composé de formule générale 2 i partir du composé de formule
générale 1V correspondant, peut étre réalisée, sous atmosphére inerte telle sous atmosphére
de fréon ou d'argon, A température ambiante, avec le compos€ V en milieu aprotique. Le
composé 2 peut également étre obtenu a partir du composé IV selon toute autre méthode
connu de I'homme de Vart, permettant d'arracher un anion coordinant d'un élément du

10 groupe 13.

Quelle que soit 1a méthode de préparation mise en ceuvre, les composés 1 et 2 ainsi obtenus
sont purifiés par les méthodes classiques de purification. Le composé 2 peut également étre
préparé in situ, & partir du composé IV, dans le milieu dans lequel il est utilisé
ultérieurement.

15 Le produit de formule TV peut &tre obtenu en faisant réagir un composé de formule VI
(RiL1-A-L3-B-Lo) . Yi+ (VD)

dans laquelle Ry, L, A, L3, B et L, ont les significations indiquées ci-dessus et Y}
représente un groupement organométallique, un métal ou l'atome d’hydrogéne, avec un
produit de formule VII '

20 RyMXZ; (VID)

dans laguelle Ry, M et X ont les significations indiquées ci-dessus et Z3 représente un
groupe partant. La réaction peut &tre mise en ceuvre sous atmosphére inerte telle sous
atmosphére de fréon on d'argon, dans un solvant aprotique, a une température comprise
entre -60 et +50 °C.

25  Le produit de formule IV peut également &tre obtenu en faisant réagir un composé de
formule 1 telle que définie ci-dessus, avec un composé de formule (VIII) RjX dans laguelle
Rj et X ont la signification indiquée ci-dessus. La réaction peut &tre mise en ccuvre sous
atmosphere inerte telle sous atmosphére de fréon ou d'argon, dans un solvant aprotique, 2
une température comprise entre -60 et +50 °C.

30 En tant que solvant aprotique, on peut utiliser les hydrocarbures aromatiques tels que
benzéne, toluéne; des hydrocarbures aliphatiques tels que pentane, heptane, hexane,
cyclohexane; des éthers tels que le diéthyl éther, dioxane, tétrahydrofurane, éthyltertiobutyl
éther,



exanpl e, bronoethyl, trifluoronethyl, trifluoroethyl or also

pent af | uor.oet hyl . The al koxy radi cal s may correspond to the radicals
in which the alkyl radical is as defined above. The 10 nmet hoxy, et hoxy,

I sopr opyl oxy o] %F.; Putyloxy radicals are preferred. The al kyfiRizRorm
radicals preferably represent the radicals |n whi ch the al kyl radical is as
defi ned above such as, for exanple, net hyI thio or ethylthio. The
cycl oal kyl radicals are chosen fromthe saturated or unsaturated nonocycl i c
cycl oal kyl s. ThBassalesicemposésdred MIclYi & Xy sbmréscntent,r imdépradamoent, bw gteppesment

1(‘: ;glmog ng;f‘d' cabr;g%ogxtmal 108, BOmklaPR Yaorh@dh :ﬁageh@ ﬁé@gre\mnfeup&f;aﬁxﬂe ique peut
radi cal s. The u %Pﬁt"é’?‘@ﬂs c%cfg‘&}"l?y#mma(ﬂ’&ﬁy’c&? ly;%q“&ﬂﬁ reffeéﬁtﬁe ¥ radigal
cycl obut ene, cyelksdp,e:ycbalkyle@ﬁb{ﬂl@xgmdoclywtmmnﬂeXMan@mqudemmehh

radi cal s. H05n G610 deHcEL 3t 197 G SO BOpIoR; Gl AsrbrbhopieCh

the cycl oal kyI Ical is as I ne ove %’Hﬂro
cycl opent yl oxy w“m%ﬁwwre%yhﬂm%@swﬁmé@ SrOpReIReSy » ﬁ%"e& nBu; ou
cycl oal kyl t hi 0o PbbMiegal.s m#gal peor &tes py ektdl aleatiedi chailss pammvlbllnhutnhdae sodikrn aukiy|

radical is as d étas@ﬁq.,gpee/&eaﬁﬁm& i @iméﬁ.a fughexy! t hio. The
aryl radicals c be of nono- or ycyc type he nonocyclic aryl

radi cal s can be ch radi cal. s, opt. onal | ubstltuted
by one or rore DPRYJFS ‘F"é’éﬁoé%?l ietm Zf & 3’°P'f§§ﬂ“§7f‘t ind¢pgpdamppent; URSREMY| .

The pol ycychoc i gi'om anb'rm:ad'lml@m,lm groupementf alkyle, tdyeloalkple; dkoxy, aryle ou aryloxy
défini comme précédemment, ou encore un méthanesulphonyloxy, un
benzénesulphonyloxy, p-toluénesulphonyloxy.

Dans le composé IV, X représente un anion coordinant vis a vis de I'"élément M. L'anion X
peut &tre un anion de type halogne ou chalcogéne. De préférence, X représente un atome de
15  chlore ou de brome.

Le produit de départ de formule I et le produit de formule VI sont des produits connus ou
peuvent étre préparés a partir de produits connus. Pour leur synthése, on peut citer les
références suivantes : Cloke et coll., J. Chem. Soc., Dalton Trans. (1995) 25; Wilkinson
and Stone, Comprehensive Organometallic Chemistry (1982) vol. 1, 557.

20  Les produits de formule III et VIII sont commerciaux ou peuvent étre fabriqués par les
méthodes connues de 'homme de métier.

Les produits de formule I'V sont nouveaux. L'invention a donc également pour objet, 2 titre
de produits industricls nouveaux, les composés de formule IV telle que définie ci-dessus.

L'invention a égalerﬁent pour objet l'utilisation des produits de formule 1 et 2 telle que
25 définie ci-dessus, en tant que catalyseurs pour la mise en ceuvre de (co)polymérisation, c'est
a dire de polymérisation ou copolymérisation. Les composés de formule 1 et 2 sont
particuliérement intéressants pour la mise en ceuvre de polymérisation d'hétérocycles. Les
hétérocycles peuvent contenir un ou plusieurs hétéroatomes des groupes 15 et/ou 16, et
posséder une taille allant de trois & huit chainons. A titre d'exemple d'hétérocycles répondant
30  a la formulation ci-avant, on peut citer les époxydes, les thioépoxydes, les esters ou
thioesters cycliques tels que les lactones, les lactames et les anhydrides. Les composés de
formule 1 et 2 sont particulidrement intéressants également pour la mise en ccuvre de
(co)polymérisation d'esters cycliques. A titre d'exemple d'esters cycliques, on peut citer les
esters cycliques polymeres de I'acide lactique et/ou glycoligue. Des copolyméres statistiques



25 anthryl, phenanthryl radicals. The aryloxy radicals can correspond to
radi cals in which the aryl radical is as defined above. The phenoxy,
2,4,6-tritertiobutyl phenoxy, tolyloxy or mesityl oxy radicals are
preferred. T o radicals preferably designate the r

whi ch the arGf ?Q%H%QI I s as defined above such as for exangegﬁ@%ﬁWhg
phenyl t hi o. The X[ err] anion can be-&hosen from non-coordinating
anions with respect to elenment M such 30 as the tetrafl uoroborate,

t et r apheny| bokatséquehedsrpeainng epa bbtemusaelon gue da frhoiindpd3aemiiatréduits ensemble au

hexaf | uor oant | Fgmg EBJ Mlbﬂ Lpgﬁgﬁehglggﬁ%gm?&t ﬁré%uoqlerchl orate ani ons.

A nore partlcu ect I'nvention e products of general
formula 1 and efined a char terl zed Aen t hat M
represents a le?Yﬁ‘f“"%lF SFRPA PO OB Y1 RIAGEAE g préparation de polymeres ou copolymees
-4- qui consiste 3 mettre en présence un ou pluszeurs monomeres, un catalyseur de

5 polymérisation et un solvant de polymérisation, caractérisé en ce que le catalyseur de
polymérisation est choisi parmi les produits de l'invention.

Le solvant de la réaction peut &tre le (ou I'un des) substrat(s) mis en ceuvre dans la réaction

catalytique. Des solvants qui n'interférent pas avec la réaction catalytique elle-méme,

conviennent également. A titre d'exemple de tels solvants, on peut citer les hydrocarbures
10  saturés ou aromatiques, les éthers, les halogénures aliphatiques ou aromatiques.

Les réactions sont conduites & des températures comprises entre la température ambiante et
environ 150 °C ; la plage de température comprise entre 40 et 100 °C s'avére plus
avantageuse. Les durées de réaction sont comprises entre 1 et 300 heures, et de préférence
entre 4 et 72 heures.

15 Les produits sont généralement récupérés aprés addition, dans le milieu réactionnel, d'un
solvant protique tel qu'un alcool, ou aprotique tel que Je tétrahydrofurane, suivie de
I'élimination des composés de 1'élément M par centrifugation.

Ce procédé de (co)polymérisation convient particulierement bien pour l'obtention de

(co)polymeéres d'esters cycliques, notamment les esters cycliques polyméres de I'acide

20 lactique et/ou glycolique. Les produits obtenus tels que le copolymére lactique glycolique,

biodégradables, sont avantageusement utilisés comme support dans des compositions

thérapeutiques 2 libération prolongée. Le procédé convient particuliérement bien également 2

la polymérisation des époxydes, notamment de l'oxyde de propene. Les polymeéres obtenus

~ sont des composés qui peuvent étre utilisés pour la synthése de cristaux liquides orgamques
25  ouencore comme membranes semi-perméables.

Les exemples snivants sont présentés pour illustrer les procédures ci-dessus et ne doivent en
aucun cas étre considérés comme une limite 2 la portée de I'invention.

Exemple 1: {(Me3;SiNCH3;CH,3)sNSiMe;]AICL
Composé 1 dans lequel M = Al ; Ry = Cl; A=B =-CHyCH,-;
30 Ly =Ls=L3 =NSiMe;

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit
successivement 3,26 g (9,6 mmol) de [(Me;SiNCH2CH2)2NSiMes}?-, 2Lit et 100 ml de
tétrahydrofurane. Le mélange réactionnel est refroidi 4 -40 °C, puis on introdnit 1,33 g



Rlerr] represents the hydrogen atom a hal ogen atom and in particul ar

chl orine,. or the nethyl radi cal ; A and B represent,
and in

i ndependently, a carbonated chain with 2 to 4 carbon atons,

particular a ?’@99;3 yed chain with 2 carbon atons; 5 L[ er rplcrinddersy 1
i nde

represent, pendently, a radical of forgula -E[err](Rerr])- in which
E[err] is a nitrogen or phosphorus atomand R err] represents a
radical of formula RR R'E[err]- in which E[err] represents a carbon

or silicon atdi amplRde michlorurerdalpminiem entsolyting dpesm | ge tétngbydrofurane. Le
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of formul a sRR Yradeh. ¢ domposé est chfdcteiiepar E[fﬁ'ﬁtlftil?n {d@?fﬁﬁﬁ‘sﬂj{?g@uﬁi 1é
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Mre particularly, a subject of the invention is the products described
bel ow i n the Exemple2: J@esSiNCHpCHa:NMell€l products corresponding to the

fol l owi ng fornul a€omposé 1 dans lequel M = Al ; Ry = Cl ; A =B =-CH,;CH,- ;
L;=L;= NSiMe3;L;=NMe

10 Ce composé est préparé selon la procédure décrite ci-dessus. Ce composé est caractérisé par
diffraction des rayons-X (Figure 2 et tableau 1 ci-dessous). Point de fusion 130 °C

(décomposition).

Exemple 3 : {(Me3SiNCH2CH,);NMe]AIH
Composé 1 dans lequel M = Al ; Ry = H; A =B =-CH;CH;-
15 Ly =L;=NSiMe; ;L3 =NMe

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit
successivement 2,30 g (8,8 mmol) de (Me3SiNHCH;CH2);NMe et 50 ml de
téwahydrofurane. Le mélange réactionnel est refroidi & -40 °C, puis on introduit 0,33 g
(8,8 mmol) de LiAlH4 en suspension dans 70 ml de tétrahydrofurane. Le dégagement d'un

20 gaz est observé. Le mélange réactionnel est laissé revenir A température ambiante ; il est
laissé sous agitation pendant 18 heures 4 température ambiante. Aprés filtration, le solvant -
est évaporé puis le résidu est sublimé sous vide (0,05 torr) & 90 °C. Le composé souhaité -
est isolé sous forme de cristaux blancs. Ce composé est caractérisé par diffraction des

rayons-X (Figure 3 et tableau 1 ci-dessous). Point de fusion 15 °C.

25  Exemple 4 : [(Me;SiNCH,;CH;),NMe)AICH3

Composé 1 dans lequel M = Al ; Ry = CH3 ; A =B = -CH,CH;-

L) =L, =NSiMes ; Ly = NMe

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit
successivement 3,53 g (8,8 mmol) de (Me3SiNHCH,CH,);NMe et 50 ml de
30 tétrahydrofurane. Le mélange réactionnel est refroidi & -60 °C, puis on introduit 6,7 ml
d'une solution toluenique 2 M de AlMe3. Le mélange réactionnel est laissé revenir a

température ambiante, puis il est chauffé 4 100°C pendant 12 heures. Le solvant est évaporé

puis le résidu est sublimé sous vide (0,05 torr) 2 70 °C. Le composé souhaité est isolé sous
forme de cristaux blancs. Ce composé est caractérisé par diffraction des rayons-X (Figure 4

35 ettableau 1 ci-dessous). Point de fusion 67 °C.



[(Me[err]SINCH err]CH err])
[err]SiINCH err] CH err]) 2NMve] Al O
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Si NCH CH 2NMwe] Al CH -
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(L[err]-A-L[err]-B-L[err])[err], 2Y[err] (1) in which L[err], A
Llerr], B andDaheun 1ubbaie6d:luakmﬁidngsbamdm aitiamtE abnnge soud avgong ph esesduit an
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roduct of f
pR[ err]MZ[err] gfrgpyqrof(urqn): Le mélange réactionnel est refroidi & -40 °C, puis on introduit 0,33

(8,8 mmol) de GaCl3 en solution dans 50 ml de tétrahydrofurane. Le mélange réactionnel
est laissé revenir a température ambiante, puis il est laissé sous agitation pendant 18 heures a
température ambiante. La formation d'un précipité est observée. Apres filtration, le solvant

10  est évaporé. Le résidu est sublimé sous vide (0,05 torr) a 90 °C. Le composé souhaité est
isolé sous forme de cristaux blancs. Ce composé est caractérisé par résonance magnétiquc
multinucléaire. Point de fusion 62°C.
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RMN LH(CgDg ; 400 MHz) : 0,18 (s, SiCH3, 9H) ; 0,46 (s, SiCH3, 18H) ; 1,98 (ddd,
J=12,2 ;5,0 ; 5,0 Hz; CH, 2H) ; 2,44 (ddd, J=12,2 ; 7.4 ; 5,2 Hz; CH>, 2H) ; 2,94 (ddd,
15 J=122;5,0;5,0 Hz; CHy, 2H) ; 3,00 (ddd, J=12,2 ; 7,4 ; 5,0 Hz; CH», 2H).

RMN 13C(1H})(CgDs ; 100,63 MHz) : 1,42 (SiCH3) ; 1,82 (SiCH3) ; 44,20 (CH2) ;
54,21 (CHa).

RMN 298; (CgDg ; 79.49 MHz) : -3,70 ; -3,05.

Exemple 6 : {[((CH3)2CHNCH2CH2)((CH3)2CHNHCH,CH;)NMe]JAICI }{ AICl4)
20 Composé 2 dans lequel M = Al ; Ry = C1;R; = H ; A =B =-CH,CH;-
L} =L, =NCH(CHs3); ; L3= NMe ; X}~ = AlCls~

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit
successivement 1,03 g (3,2 mmol) de [Me;CHNCH2CH2)2NCH3]AICI et 30 mi de
toluéne. Le mélange réactionnel est refroidi & -40 °C, puis on introduit 3,2 mmol d'acide

25  chlorhydrique en solution dans le diéthyléther. Le mélange réactionnel est laissé revenir a
température ambiante ; il est laissé sous agitation pendant 18 heures & température ambiante.
Le solvant est alors évaporé jusqua un volume de 5 ml et laissé 4 -30°C. Le composé (IV)
ainsi obtenu est isolé sous forme de cristaux blancs. Ce composé est caractérisé par
diffraction des rayons-X (Figure 5 et tableau 1 ci-dessous ; point de fusion 160°C

30 (décomposition)). L'addition d'un équivalent de trichlorure d'aluminium en suspension dans
le toluéne permet d'obtenir le composé souhaité.



i n which RMand M have the neanings indicated above and Z[err] and Z[err]
represent, | ndependently, a parting group, in order to obtain a
product of fornmula I

¢ [err] f\?hfﬁvm&ﬁsiuci

of formul a (1)w‘837{42t5’e7 reacted with a corrpoulrlld of forrmula (11

Exemple 7 : {[(Me3SiNCH,CH,) (Me3SiNHCH,CH,)NSiMe3]AICT} { AICL}
Composé 2 dans lequel M= Al ; Ry=Cl;R; =H ; A=B =-CHyCH;-
Li=Ly=L3=NSiMe; ; X~ = AlCl4s~

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit
5 successivement 0,19 g (0,5 mmol) de [(Me3SiNCH,CH;3);NSiMe3]AIC], 4 ml de toluéne
et 1 mmol d'acide chlorhydrique en solution dans le diéthyléther. La formation d'un
précipité est observé. 89 mg (0,67 mmol) de trichlorure d'aluminium en suspension dans
3 ml de toluéne sont alors ajoutés 2 température ambiante. Le mélange réactionne] redevient
homogene ; il est laissé sous agitation pendant une heure & température ambiante. Le solvant
10  est alors évaporé jusqua un volume de 0,5 ml et laissé 2 température ambiante. Le composé
souhaité est isolé sous forme de cristaux blancs. Ce composé est caractérisé par diffraction

des rayons-X (Figure 6 et tableau 1 ci-dessous).

Exemple 8: Polymérisation de l'oxyde de propénc

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit

15 successivement 0,15 g (0,4 mmol) de [(Me3SiNCH,CH,),NSiMe;]AICI et 4,5 mi
(63 mmol) d'oxyde de propéne. Le mélange réactionnel est laissé sous agitation a 30 °C
pendant 144 heures, l'excés d'oxyde de propéne est évaporé, puis on ajoute 20 ml de
méthanol. Apres centrifugation, Ja phase liquide est récupérée, le solvant évaporé. 0,55 g
d'un mélange d'oligomeres et de polyméres est obtenu. Ce mélange est caractérisé par RMN

20  du carbone et du proton. Selon une analyse par GPC (Gel Permea Chromatography) a I'aide
d'un étalonnage réalisé a partir de standards de polyéthyléne glycol (PEG) de masses 194 &
22000 et extrapolée pour les masses plus fortes, I'échantillon est composé d'oligoméres de
masse moyenne 798 daltons et de polyméres ayant des masses voisines (Mw/Mn=1,69) et
Mw=106904 daltons. |

25 Exemple 9 : Polymérisation de lioxyde de propgne

Les conditions opératoires sont celles de l'exemple 8, excepté que le cation chiral
{[(Me3SiNCH,CH,)(Me3SiNHCH,CH,)NSiMe3JAICI} { AICI4]) est utilisé comme
catalyseur. Aprés centrifugation, la phase liquide est récupérée, le solvant est évaporée.
2,17 g d'un mélange de polymeres sont obtenus. Ce polymeére est caractérisé par RMN du
30 carbone et du proton. Selon une analyse par GPC, a l'aide d'un étalonnage réalisé a partir de
standards de polyéthyléne glycol (PEG) de masses 194 2 22000, 'échantillon est un
mélange de polyméres de masses trés proches (Mw/Mn=1,17) et Mw=1446 daltons.

5



Rlerr]Xerr] (111) in which Rlerr] and X[ err] have the meaning
I ndi cat ed above, in order to obtain the corresponding 5 product of formula

2. The reaction of a conpound of general fornula | with a conpound of
general formula Il in order to obtain a conpound of gener f la |
can be carri S¥O8UR¥nder an inert at nosphere such as ﬁa‘ié%ﬁ]gﬁguargon
at nosphere, in an aprotic solvent, at a teRperature conpri sed between

-60 and +50[err] C. On carrying out the reaction which produced 10
conmpound 2 starting fromthe correspondi ng conpound 1, conpound 1 is

react ed, undegxample 10 : Polpfkiisafidi@sPisagtidand at anbient tenperature, with a
conpound |1l in an aprotic nedium A subj ect of the i nvention is al so

a process for ﬂaﬂﬁ uthWﬁégélgghlpﬁmﬁr?ﬁW%éea fauﬂﬁﬂ? f‘hur é sous géﬁy'd?: ihtrBduit
defi ned above aracteri ze

[err] successivement 0,05 g (0,17 mmol) de [(MeastCH2CH2)2N IH, L15g de

D,L-lactide et 30 ml de toluéne. Le mélange réactionnel est laissé sous agitation a 30 °C

5 pendant 120 heures. Le solvant est évaporé, puis on ajoute 20 ml de THF. Aprés

centrifugation, la phase liguide est récupérée, le solvant évapor€. 1,04 g d'un mélange de

D,Llactide (32 %) et de polymeres (68 %) est obtenu. Ce mélange est caractérisé par RMN

du carbone et du proton. Selon une analyse par GPC a I'aide d'un étalonnage réalisé a partir

de standards de polyéthyléne glycol de masses 194 & 22000 et extrapolée pour les masses

10 plus fortes, les polyméres sont un mélange de macromolécules de masses voisines

(Mw/Mn = 1,61) et Mw =21659.
Exemple 11 : Polymérisation d'un mélange D,L-lactide et glycolide

Dans un tube de Schlenk muni d'un barreau aimanté et purgé sous argon, on introduit
successivement 0,08 g (0,17 mmol) de ([(Me3SiNCH3;CH;)

15 (Me3SiNHCH,CH,)NSiMe3]AICH} { AICl,4}, 0,17 g (3 mmol) d'oxyde de propyléne. Le
mélange réactionnel est laissé sous agitation 4 30°C pendant 1,5 heures puis 'oxyde de
propyléne est évaporé. On introduit successivement 1,15 g de D,L-lactide, 0,93 g de
glycolide et 30 m! de benzéne. Le mélange réactionnel est laissé sous agitation a 80 °C
pendant 240 heures. Le solvant est évaporé, puis on ajoute 20 m! de THF. Aprés

20  centrifugation, la phase liquide est récupérée, le solvant évaporé. 1,47 g d'un mélange de
copolymeres est obtenu. Ce mélange est caractérisé par RMN du carbone et du proton. Selon
une analyse par GPC 2 I'aide d'un étalonnage réalisé a partir de standards de polyéthylene
glycol de masses 194 4 22000 et extrapolée pour les masses plus fortes, I'échantillon est un
mélange de copolyméres (Mw/Mn = 1,98) et Mw = 1962.

25  Tableau 1: longueur des liaisons sélectionnées (en Angstrom) et angles de liaison (en degré)
pour les compos€s des exemples 1 84 et62a7.

Exemple 1{Exemple 2{ Exempie 3| Exemple 4| Exemple 6 [ Exemple 7

Al(1)-CK1) 2,144(1) A | 2,148(3) A - - 2,2584(14) A | 2.103(2) A
AD-CI2) - - - - 2,2056(14) A -
- AD-C(D) - - - 1,963(3)A - —

AI(1-N() 1811 A | 18163) A | 1833 A| 1837 A | 1819 A 19473) A




15 in which R

err], L[er
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A L[err],

I ndi cat ed above and X represents a co-

to elenent M
MX [err]
represents the
previously,

vﬁa?’ogen

B and L[err] have the meanings
ordinating anion with respect

ar,

ndi

is reacted with a conpound of fornula (V)
vvh| ch M has the neaning indi cated abovep@nfrotoorrs
atom an al kyl
in order to obtain the correspo
reaction which obtains a conpound of general

al koxy radi cal
ng product 2.
formula 2 fromthe

as
20

defi ned
The

correspondi ng conpoupd of gg¢neral flormula |V can be carri out, under

an inert at rm_sﬂ AN UCh as,99_n(1)A L9 1B maax&Bhoamés D 12 PH3) ‘gt anbi@nk

t enper at ure w ti—conpoumdr VT mafr—aprotiic redunT Copound 2 camnm_ar 30

be obt ai ned frcrm(ﬁ_g@ound {%3}3\ g&0rding tjo another _ mtdagg)ﬂ);rﬂgygnzgﬁ@,a’

person skill ed owitng-renoval—of %—cgaeLd—nar 5

an el ement of gro A\(lﬁﬂ(la)?’ - 1,816(3) A | 1,833(3)A| 1,8372(2) A - -
N(D-AI1-NE2) | 92,8(1)° | 9L1(1)° | 89,768 | 89,777 | 82.99(13) 91,8(1)°
N(1a)-AK1)-N(2) - 91,9(1)° | 89,768 | 89, 7%7)° - -
N(1a)-AK1)-N(1) - 1263(1)° | 12547(14)° | 122,35(12)° — —
N(IDAKID-NG) | 1244()° - - — 115,28(14)° 114,8(1)°
N@)-AKDNG) | 928()° —- - - 81,98(12)° 95,0(1)°
CID-AN(L) | 113,3)° | 113.7(1)° - - 100,09(12)° | 109,4(1)°
CI-ANI)NE) | 11651 ° | 112%1)° — - 171,58(9)° 117,91 °
CI(1)-A(1-N@3) | 113,1(1)° - — - 89,63(10)° 123,0¢1) °
CI(1)-A)(1)-N(1a) - 113,701° - - — -
CU2)-AII-N(1) - - - - 121,84(11)° -
Cl(2)-Al(1)-N(2) - — - - 91,12(9)° -
CI(2)-Al(1)-N3) - - - — 121,03(10)° -
C(7-AKD-N(1) - - - 116,08(6)° -~ —
C(N-Al(1)-N(1) - - _- 116,08(6)° - -
C(N-AN1)-N(1) - - - 114,69(13)° - -




- 6- What ever the preparation nmethod inplenented, the conpounds 1 and

2 thus obtained are purified using standard purification nethods.
Compound 2 can al so be prepared in situ, starting fromconpound IV, in
the nmediumin which it is |ater used. The product of f can
be obtai ned bY@ ¥#g a compound of formula VI 5 PRl drs
(Rlerr]L[err]-A-L[err]-B-L[err])-, Y[err] -1¢VI) in which Rerr],
L[err], A L[err], B and L[err] have the nmeani ngs indicated above and
Y[err] represents an organonetal lic group, a netal or the hydrogen
atom is reacted with a product of formula VI

Fig. 1




Rlerr]MZerr] (VIl) 10 in which Rerr], Mand X have the neani ngs

i ndi cat ed above and Z[err] represents a parting group. The reaction
can ‘be inpl enented under an inert atnosphere such as a freon or ar gon
at nosphere, in an aprotic solvent, at a tenperature conpriséﬂ”ﬂ@?“@zﬁ - 60
and +50 WVersTHE97 The product of fornula I'V can also be obtained
by reacting a conpound of forrmula 1 as 15 defined above wth a conpound of
formula (M11) Rerr]Xin which Rerr] and X have the meani ng

i ndi cat ed above. The reaction can be inplenented under an inert atnosphere
such as a freon or argon atnosphere, in an aprotic solvent, at a
tenperature conprised between -60 and +50 [err]C As an aprotic
solvent, there can be used the aromatic hpgf.@@arbons such as benzene, 20
tol uene; aliphatic hydrocarbons such as pentane, heptane, hexane,

cycl ohexane; ethers such as diethyl ether, dioxane, tetrahydrofuran,
ethyltertiobutyl ether. In conpounds | and VI, Y and Y[err]
represent, independently, an organonetal |ic gpeyp nmetal or the

hydrogen atom The organonetal lic group can t@‘b onpound of fornula




R'Merr] or R"[err]Merr] in which R'"" represents an al kyl, cycl oal kyl,
aryl, al koxy, cycloal koxy or 25 aryloxy radical defined as previously,
Merr] is a zinc or nercury atomand M a tin or |ead at om
preferably, thgoetgappretallic group is chosen fromthe groupgrféRdlearnnMe3,
SnBu[err] or PbMe[err]. The metal can be anialkali netal chosen from
lithium sodium or potassium or an al kaline earth netal such as
magnesi um In conmpounds Il and VII, Zerr], Zerr] and Zferr]
represent, independently a parting group sgﬁ? as a 30 halogen atom an

al kyl, cycloal kyl, al koxy, aryl or aryloxy'g gbp defined as above, or also
a nmet hanesul phonyl oxy, a benzenesul phonyl oxy, p-tol uenesul phonyl oxy.
- 7 - In conmpound 1V, X represents a coordinating anion with respect
to elenment M Anion X ) Cldoi

ol

Clal Ci6a)

Nita}

Cigi

Cr )

-~

(0




can be an anion of hal ogen or chal cogen type. Preferably, X represents a
chlorine or - brom ne atom The starting product of forrmula I and
t he product of fornmula VI are known products or can 5 be prepared from
known products. woomahsi r synthesis, the follow ng references gefyrRen00773
mentioned: Cloke et al., J. Chem Soc., DaltonwrTrans. (1995) 25; WI kinson

and Stone, Conpr ehensi ve Organonetallic Chem stry (1982) vol. 1, 557.
The products of formula Il and VIII are conmerci al or can be produced by
met hods known to a person skilled in th?,grt The products of
formula IV are new. Therefore, a subject of ﬁ nventlon is also, as new
i ndustrial products, the conpounds of forrmula IV as defined above. A
subj ect of the invention is also the use of products of fornmula 1 and 2 as
defi ned, above, as catalysts for the inplenmentation of
(co)polynerisation, i.e. of polynerization or copQl yneri zation. The

!‘

gr—~t he 15

conpounds of fornmula | and 2 are partl cul arly usefiRoi 2
v Chiet er ocycl es can

i npl ement ati on of the poll%eri zatg

contai n one or mor &!
size ranging fromthree t




menbers. As an exanpl e of heterocycles corresponding to the above
formul.ation, there can be nentioned epoxi des, thioepoxides, cyclic
esters or thioesters such as | actones, | act ames and anhydri des. The
conmpounds of gﬁginﬁé?l.and 2 are also particularly useful fogaiher,

i npl enment ation of the (co)polynerization of ,cyclic esters. As an exanpl e of
cyclic esters, there can be nentioned the polyner cyclic esters of

| actic and/or glycolic acid. Random or bl ock copol yners can be
obt ai ned according to whet her the nononmers_are i ntroduced toget her at
t he begi nning of the reaction, or sequenti%lglil during the reaction. A
subject of the invention is also a process for the preparation of polyners
or copolymers 25 which consists in bringing into contact one or nore

nononers, a polynerization catal yst - and a pol ynerization sol vent,
characterized in that the polynerization catalyst is chosen fromthe
products of the invention. The reaction solvent can be the (or one of
the) substrate(s) used in the catalxhi rg|ction. Sol vent's whi ch do
not interfere with the catalytic react P& f are also suitable. As 30
exanpl es of such solvents, there can be tioned saturated or aromatic
hydr ocar bons, ethers, aliphatic or ag ‘i ¢ halides. The

reactions are carried out at te ~at sfconpri sed between anbi ent
t enperature and e i

CiBi




approximately 150 [err]C, the tenperature range conprised between 40 and

100 [err]C is nost advant ageous. Reaction durations are conprised
between 1 and 300 hours, and preferably

- 8 - wedvesn 4 and 72 hours. The products arecgpRsioairsy
recovered after adding, to the reaction nedigm a protic solvent such
as an al cohol, or an aprotic solvent such as tetrahydrofuran, foll owed by

t he renoval of the conpounds of elenment M by centrifugation. 5

This (co)polynerization process is particularly suitable for obtaining
(co)polyners of cyclic esters, in particular the polyner cyclic

esters of lactic and/or glycolic acid. The products

Fig. 6




obt ai ned such as the glycolic lactic copol yner, which are bi odegradabl e,
are advantageously used as supports in sustained rel ease therapeutic
conpositions. The process is also particularly suitable for the
polynerizatiqpo 5 xi des, in particular of propene oxide._The 10

pol ymer s obt al Red At e conpounds whi ch can be used for the syﬁFHE%MEW%f
organic liquid crystals or also as-$¥mi -perneabl e menbranes.

The foll owi ng exanples are presented in order to illustrate the above
procedures and shoul d in no event be considered to limt the scope of

the invention. Exanpl e 1: REVENDICATIONS

[(Me[err] SINCH err]CH err])[err] NSi Me[err]]AICl 15 Compound 1 in
which M= Al; Rerr] =d; A=B=-CHerr]CHerr]-; Llerr] =
L[err] = L[err] = NSi Me[err] 3.26 g (9.6 nmol) of
[(Me[err]SINCH err]CH err])[err] NSi Me[err]][err]-, 2Li[err] and 100 m of
t et rahydr of uran are introduced successively into a Schl enk tube

equi pped V\’ith.ﬂemg§d§foinhﬁ1@r < ed under argon. The reaction
medi umis cool ed down to -40 [ergref%ﬂc?%gg 1.33 g (10 mol ) of 20 al um nium

trichloride in solution in 100 M of tetralydrofuran is inf*oduced. The
reaction medi um i sy WELGTS return jtoaybi epr- rature then left
under agitation at anbifen I‘RMt nper at urje f r‘lSMs. The solvent is
t hen evaporated off. The resjdue Bs sublingte B| X;

3" A\/L}-/

(1) (2)

dans laquelle
M représente un éiément du groupe 13 ;

5 Rm représente I'atome d’hydrogéne, un atome d'halogéne ou J'un des radicaox
substitués ou non-substitués suivants : alkyle, cycloalkyle, aryle, alkoxy,
cycloalkoxy, aryloxy, alkylthio, cycloalkylthio ou arylthio, dans lesquels ledit
substituant est un atome d'balogene, le radical alkyle, nitro ou cyano ;

AetB représentent, indépendamment, une chaine carbonée de 2 2 4 atomes de
10 carbone, optionellement substituée par I'un des radicaux substitués ou non
substitués suivants : alkyle, cycloalkyle ou aryle, dans lesquels ledit
substituant est un atome d’halogéne, le radical alkyle, nitro ou cyano ;
Li,LyetL; représentent, indépendamment, un groupe de formule -E;5(R15)- dans
laquelle
15 Es est un élément du groupe 15 et
R s représente l'atome d'hydrogéne ; l'un des radicaux substitués ou
non-substitués suivants : alkyle, cycloalkyle ou aryle, dans lesquels ledit
substituant est un atome d'halogéne, le radical alkyle, nitro ou cyano ; un
_ radical de formule RR'R"E4- dans laquelle E;4 est un élément du groupe 14
20 et R, R' et R" représentent, indépendamment, 1'atome d’hydrogéne ou 'un
des radicaux substitués ou non-substitués suivants : alkyle, cycloalkyle, aryle,
alkoxy, cycloalkoxy, aryloxy, alkylthio, cycloalkylthio ou arylthio, dans
lesquels ledit substituant est un atome d'halogéne, le radical alkyle, nitro ou
cyano ; ou un radical de formule SO2R';5 dans laquelle R'y5 représente un
25 atome d'halogeéne, un radical alkyle, haloalkyle ou aryle éventuellement
substitué par un ou plusieurs substituants choisis parmi les radicaux alkyle,
haloalkyle et halogéne ;
Xy représente un anion non coordinant vis i vis de 'élément M ;

O 0




under vacuum (0.05 torr) at 80 [err]C. The desired conpound is isolated in
the formof white crystals. This conpound is characterized by X-ray
diffraction (Fi gure 1 and Table 1 25 bel ow). Melting point 10-13 [err]C.
Exanpl e 2: I\/EJer S|NCI—I[err]CI—I[err])[err]Nl\/E]AIO

inwhich M= ¥ a; A= = - CH2CH2- L[errﬁc’r: L[err]
NSi Me[err]; L[err] = vae Th| S corrpoqu IS prepared according to the
procedure described above. This conmpound is 30 characterized by X-ray

diffraction (Rgure 2 afb@rc'Eﬁhé @n latdied GWydropdake} umgadlxml de fardihl¢ BRRE)4- dans
(deconposi tion). Eﬁﬁgﬁg@ X, ﬁ[é%g’%ﬁgﬂ% % ! |ﬁ‘cm—dessus ou l'un des

Compound | in which M - err
radicaux substitués ou non-substitués suivants : a kyle cycloalkylc ou aryle,

dans lesquels ledit substituant est un atome d'halogeéne, le radical alkyle, nitro
5 ou cyano.

2. Les composés de formule générale 1 et 2 telle que définie 2 la revendication 1,

caractérisée en ce que

M représente un atome de bore, d'aluminium ou de gallium ;

R représente I'atome d'hydrogéne, un atome d'halogéne et notamment le chlore, ou le
10 radical méthyle ;

A et B représentent, indépendamment, une chaine carbonée de 2 i 4 atomes de carbone, et

notamment une chaine carbonée de 2 atomes de carbone ;

L, et L, représentent, indépendamment, un radical de formule -E5(R;5)- dans laquelle E;5

est un atome d'azote ou de phosphore et Rys représente un radical de formule RR'R"Ey4-
15  dans laquelle E;4 représente un atome de carbone ou de silicium et R, R' et R" représentent,

indépendamment, I'atome d'hydrogéne ou un radical alkyle ;

Lj représente un groupe de formule -E; 5(R;5)- dans laquelle E)s est un atome d'azote ou de

phosphore et R;s représente un radical alkyle ou un radical de formule RR'R"E;4- dans

laquelle E;4 représente un atome de silicium et R, R' et R" représentent, indépendamment,
20 unradical alkyle ; et

R, représente un atome d'hydrogéne.

3. Les composés de formule générale 1 et 2 telle que définie 4 la revendication 2,
caractérisée en ce que
Rum représente I'atome d'hydrogeéne, I'atome de chlore ou le radical méthyle ;
25 A et B représentent, indépendamment, une chaine carbonée de 2 atomes de carbone ;
L; et L, représentent, indépendamment, le radical isopropylamino ou Me3SiN ;
Lj représente le radical méthylamino ou Me3SiN ; et

4. Les composés de formule générale 1 telle que définie & l'une des revendications 1 2 3 et
répondant aux formules suivantes :

30 - [(Me3SiNCH,CHj);NSiMe;3]AICI ;

: - [(Me3SiNCH,CH3),NMe]AICl ;

- [(Me3SiNCH;CH,),NMe]AIH ;
- [(Me3SINCH,CH;3);NMe]AICH3 ;
- [(Me3SiNCH,CH;),NSiMe3]GaCl ;

35 - {[((CH3)2CHNCH;CH2)((CH3);CHNHCH;CH;)NMe]AIC1 }{ AICl4) ;
- {{(Me3SiNCH;CH,)(Me3SiNHCH,CH;)NSiMe3]AICI }H{ AICL ).

R ) R




-O- L[err] = L[err] = NSiMe[err]; L[err] = Nwe 2.30 g
(8.8.mml,) of (Me[err]SiNHCH err]CH err])[err]NVe and 50 ni of

tetrahydrofuran are i ntroduced successively into a Schl enk tube
equi pped with a nagnetic stirrer and purged under ar nyéﬁ eaction
medi umi s co‘UP@ﬂ"dg?/m to -40 [err]C, then 0.33 g (8.8 nmol ?B@F T

LiAlH err] in suspension in 70 ml of tettZ&hydrofuran is introduced.
Evol ution of a gas is observed. The reaction nediumis allowed to

return to a”:csi. chgaeﬁwgiéaﬁﬂdﬁ@i dés;prf,&liis%tfoﬂﬁldergénérale 1 eBQitelad qmdéfmiﬁm} fent
tenperature for ours. After filteri ' porated o
then the resirﬁ‘@g&ﬂc’%ﬂ(’éﬁbﬁrﬁ%%résg i ﬁ%%?eel\?ggﬁhrr%%l gu%@]‘)iﬁgﬁe) fog{lﬁgg [err]C. The

desired conpound is i solated in the fz(.)er{-gf white crystals. This
conpound i s characterized by X-rdldrksBdetT oh¥ 10! (Figure 3 and Table 1
below). Melting point 15 [err]C Exanpl e 4:

[ (Me[ err] Si N@whskagielela; Al LE,B ef Dy\nt Ns Gighificafions indiquées a 1a @yepdication 1 et ¥
which M =_Al; = ' = B = - ene, aved-0ie! I']
= Llerr] 2 N?il%%é{e]r ;jn glﬂ]%e?ﬁnl grﬁwémgamqugﬂn%éllam 4tbihe d'hydrogene, av
produit de formule II
RMMZyZp (1)

dans laquelle Ry et M ont les significations indiguées a la revendication 1 et Zj et Zp
représentent, indépendamment, un groupe partant, pour obtenir un produit de formule 1

L,
( L’—T‘RND

B
A N+
10 (D
produit de formule (1) que I'on peut faire réagir avec un composé de formule (III)

RiX; ()

dans laquelle R, et X ont la signification indiquée 2 la revendication 1, pour obtenir le

produit de formule 2 correspondant.

15 6. Procédé de préparation des produits de formule générale 2 telle que définie a la
revendication 1, caractérisé en ce que I'on fait réagir un produit de formule IV

R % L
?L"'T:RZD
B
)

dans. laquelle Ry, L;, A, L3, BetLyontles significations indiquées a la revendication 1 et X
représente un anion coordinant vis A vis de I'élément M, avec un composé de formule (V)

20 MX'3 (V)

dans laquelle M a la signification indiquée 2 la revendication 1 et X' représente un atome
d'halogéne, un radical alkyle ou atkoxy, pour obtenir le produit 2 correspondant.

I
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3.53 g (8.8 nmol) of (Me[err]SINHCH err]CH err])[err] NMe and 50 m of
tetrahydrofuran are 15 introduced successively into a Schlenk tube
equi pped with a nagnetic stirrer and purged under argon. The reaction

m xture is co to -60 [err]C, then 6.7 mM of a 2Mto{,gF,Fk';7m.,.,3
sol ution of N%?E&?wa S introduced. The reaction m xture is allowed to
return to anbi ent tenperature, then ‘Hat ed at 100[ err] C for 12 hours.

The solvent is evaporated off then the residue is sublimted under
vacuum (0. 05 t BrUiilisstion Glef prodpits dF Hermids1 ve® elemoeddfinis i Bwicaquettofiue des

the form of whj < ) ‘fm}g 1 dzed by X-ray
diffraction (Fil‘etg;ﬁ?dé‘!ayialt‘@i §2’°§nma“%1°'§é§ e 19%563‘: i Iﬂﬁsﬁlﬁl‘g)zpoi nt 67 [err]C.

Example 5: [(Mg[gl.r.1.SI NCH.err] CH er.r]).[ery | NS Me[err].] Gadl . \
Conpound 1 inw&nﬁbhlﬂm—l é;?n ép{ﬁndx;c]aéwg {A\]pgurBMEQc_ 1&WTIW8rFP§tér°Cy°]es’
L[ err] = L[ er.r hotaminentleq époxydes tebs que 1'dxyd2 Be propylBue.g (4.0 mmol ) of
[(Me[err]SiNCH err]CH err])[err] NSiMe[err]][err]-, 2Li[err] and 50 m of
tetrahydr of gir ap, BfiRsation selohTh r&éaaRaIGHITS PosH MEey)pblyintErisativnhd'esidss lcybigques,
equi pped with a tmagln%tkl3 c. sld rrer alir%ﬂg%}%g‘ﬁq ide lacti unglﬁqr%ﬁ?rcgpnﬁe The reaction
mixture i s coolBATHSNACT S fHCHArt Ry My THy [acidedactigue YeeagHe-
GaC [err] in solution in 50 nl of tetrahydrofuran is introduced. The,
reaction nixt ul® Bracédé de préparptinneds polymesss pureopalymaers G CoRSiSiH® Mgt ea Présrrqs
|l eft under agi ttdw pliedsTheHdmer&NAT @htdlyeur de polymérisation et un solvant de
polymérisation, & une température comprise entre la température ambiante et 150 °C pendant
10 1 a 300 heures, caractéris€ en ce que le catalyseur de polymérisation est choisi parmi les
produits des revendications 1 4 4.

11. Procédé selon la revendication 10, caractérisé en ce que le monomere est choisi parmi
les époxydes, et notamment l'oxyde de propéne, ou les esters cycliques, et notamment les
esters cycliques polymeres de 'acide lactique et/ou glycolique.

15 12. A titre de produits industriels nouveaux, les composés de formule IV telle définie 2 la
revendication 6.

AT



30 for 18 hours. The formation of a precipitate is observed. After

filtering,

the Solvent is evaporated off. The residue is sublimted

under vacuum (0.05 torr) at 90 [err]C. The desired conmpound i s
izsolated in the formof white crystals. This conpound is characterized by
mul ti nucl ear nmagnetic resonance. Melting point 62C

-10-

0.46 (s, SiCH3, 18H);

2. 44 (ddd,

NVR'[er 1] Eheeshitotinds bt bloehBof grodptier 1. oM
§%5 377 Jinkedota 5 menpwor di-anipniciriientate ligands 5. 5 o '

i 5 ST o PRty il e ] 20
err err err erri., , o : | err ; .
(SiCH err]); 44.20 (CHerr]); ﬁ.p?iy“’se"% ‘éFPHA'.YS‘S

O 5
%
10
15
i\/'
20
25

Certain mono- and di-anionic tridentate ligands are known as ligands for transition metals.
Thus, the (PhoPCH,SiMe;)N- derivative was used to prepare iridium complexes (Fryzuk
et al, Angew. Chem. Ed. Engl. (1990), 29, 73) and the [(Me3SiNCH,CH;);NSiMe3]?-
derivative was used to prepare zirconium dichloride complexes (Cloke et al., J. Chem. Soc.,
Dalton Trans. (1995), 25). Boron derivatives having the [(0;CCH;),NCH3)2- ligand are
also known (Contrepas et al., J. Organomet. Chem. (1986), 307,1). Moreover, aluminium
derivatives having the [NH(CH2CH,0);)2 ligand have also been described (Mehrotra et
al., J. Indian Chem. Soc. (1962), 39, 677-82).

The use of Lewis acids having an element of group 13 in organic synthesis is also known
(Yamamoto, H. in Organometallics in Synthesis; Schlosser, M., Ed.; John Wiley and Sons
Ltd. : West Sussex, England, 1994, Chapter 7) as well as catalysts for the polymerization of
heterocycles (Inoue, Acc. Chem. Res. (1996) 29,39). Inoue et al. demonstrated that the
catalysts having ligands of porphyrine type were capable of producing polymers having a
polymolecularity index close to one (J. Chem. Soc., Chem. Commun. (1985), 1148; Chem.
Lett. (1987), 991; Makromol. Chem. (1981) 182, 1073). Moreover, these catalysts can be
used to prepared alternating or block copolymers (Inoue et al., J. Am. Chem. Soc. (1983)
105, 1304; J. Am. Chem. Soc. (1985) 107, 1358; Macromolecules (1984) 17, 2217). These
two properties are due to the fact that a living polymer is generated.

However, these catalytic systems use porphyrine ligands which are expensive and difficult
to access, resulting in an increased cost. Furthermore, in order to increase the activity, it is
necessary to add Lewis acids, which increases the complexity of the catalytic systems
(Inoue et al., Macromolecules (1994) 27, 2013; Macromolecules (1995) 28, 651).

The problem was therefore to find catalytic systems which were more efficient, easier to
synthesize and more economical than those previously recommended.

The present invention relates to new compounds having an element of group 13 linked to a
mono- or di-anionic tridentate ligand, a process for their preparation and their use in
particular as polymerization catalysts.



NVR [err]Si (Clerr]Derr]; 79.49 MHiz): -3.70; -3.05. Exampl e 6: {

[ ((CH3) 2CHNCH2CH2) ( ( CH3) 2CHNHCH2CH2) NMe] Al CI }{AICl [err]}

€onpound 2 in which M= Al; Rerr] =d;_Rerr] =H A=B-=

sCH err]CHerr]- L[err] = L[err] =NCH(CH err])[err]; L[err] =
NMVe; Xferr] = AlC[err]- 10 1.03 g (3.2 nmol) of

[ Me[ er r ] CHNGIhiedt] ofrtiesintdnkiof s thitteProduefy 88 geadidl RBmilih 10fdt20! uene are

i nt roduced successively into a Schl enk tube equl pped with a nagnetic
stirrer and purged under argogé The ffeaction m'xé’greTii-S cool ed down
to -40 C, then 3.2 mmo} of,hkyHeoshloric a i BiiNg _ tli on in diethyl
ether is introduced. e r kion mxture jis @ Fowe NpQ refjurn to anbi ent
tenperature; it is Igt under Mgl'ktation at arrgient ttenp¥r tur)glfor 18
hours. The sol vent inaporat ed ffw df 5 mM and left
at -30C. The conpound t hus 1y obtained 'sTisolatedjin tt}ﬁ f or m of
white crystals. This conmpound is c%gracterl zed by X-ray N di ?raction
(Figure 5 and Table | below, nelting point 160C (deconposition)). Addition
of one equi®arieh of al uniniumtrichloride in suspension in tol uene all ows

the desiredv cogﬂﬁuggﬁtst@ elmn@,bbgﬁ@ca.l} 20 Exanple 7:
(L(melerr] NCH er 1] GELerrl) (e AR MR GHR) NEL LTt L h A Chad A Ghl Fiding

5 radicals, substituted (by one or more identical or different substituents) or

non-substituted: alkyl, cycloalkyl, aryl, alkoxy, cycloalkoxy, aryloxy,
alkylthio, cycloalkylthio or arylthio, in which said substituent is a halogen
atom, the alkyl, nitro or cyano radical;
Aand B represent, independently, a carbonated chain with 2 to 4 carbon atoms,
10 optionally substituted by one of the following substituted (by one or more
identical or different substituents) or non-substituted radicals: alkyl,
cycloalkyl or aryl, in which said substituent is a halogen atom, the alkyl, nitro
or cyano radical;
L, L and L3 represent, independently, a group of formula -E;5(R}s)- in which
15 E;s is an element of group 15 and
R)s represents the hydrogen atom; one of the following substituted (by one
or more identical or different substituents) or non-substituted radicals: alkyl,
cycloalkyl or aryl, in which said substituent is a halogen atom, the alkyl, nitro
or cyano radical; a radical of formula RR'R"E4- in which E|4 is an element
~ 20 of group 14 and R, R' and R" represent, independently, the hydrogen atom or
one of the following substituted (by one or more identical or different
substituents) or non-substituted radicals: alkyl, cycloalkyl, aryl, alkoxy,
cycloalkoxy, aryloxy, alkylthio, cycloalkylthio or arylthio, in which said
- substituent is a halogen atom, the alkyl, nitro or cyano radical; or a radical of
25 formula SOR";5 in which R'}s represents a halogen atom, an alkyl, halo_alkyl
or aryl radical optionally substituted by one or more substituents chosen from
the alkyl, haloalkyl radicals and halogen;

X1 represents a non-coordinating anion with respect to element M,
R; represents a hydrogen atom, a radical of formula RR'R"E4- in which Ej4, R,
30 R' and R" have the same definitions as above, or one of the following

radicals, substituted (by one or more identical or different substituents) or
non-substituted: alkyl, cycloalkyl or aryl, in which said substituent is a
halogen atom, the alkyl, nitro or cyano radical.



=B =

Compound 2 in which. M= Al; Rerr] =d
= NSi Me[err]; Xerr] =

-CHerr]CHerr]- L[ err] L[ e
Al C[err] 0.19 g (0.5 nmol) of )
[(Me[err]SiNCH err]CH err])[err] NSi Me[erf1JAIO, 4 m of tol uene and 1 nmol
of hydrochloric acid in solution in diethyl ether are introduced
successi vely 1 : | ' i . -and
ur god nder 'he SSRAGIENAT il 4BEue, Yo SGCBAGHE nilbhch opRRUAEY fycter bR
(0. 67 nmol )bremung| qfripding afam.i prpfesblygehlornines uEhe eepressionnalieyl preforablyorepessents 8
then added linearsitbranidhell QIRYE Fatfical Raving'RomCPEd b @BrbBh atdthEaEmPIRicUla TOARAUS
again; it is,. .Iei.ft Hnder g%é;:atlon t agbl eg;t telgﬁerat re for oge
hour. The J8figaliaving frqm | taA.cahon atoms pych as the methyl, efiyll, Rrapys 1seProPKl buiyl

| ef t at Sanbsabutyl}seoibatydand rert-Butgl rddisals.ed conpound is isolated in 30 the
formof white crystals. This conpound is characterized by X-ray diffraction

(Figure 6 The ter?SlodIRYY freferddfy 8¥gnates the radicals in which the alkyl radical is as defined
above and is substituted by one or more halogen atoms as defined above such as, for

Rlerr] = H
rr] = L[err

I x>

example, bromoethyl, trifluoromethyl, trifluoroethyl or also pentafluoroethyl. The alkoxy
radicals may correspond to the radicals in which the alkyl radical is as defined above. The

10 methoxy, ethoxy, isopropyloxy or tert-butyloxy radicals are preferred. The alkylthio
radicals preferably represent the radicals in which the alkyl radical is as defined above such
as, for example, methylthio or ethylthio.

The cycloalkyl radicals are chosen from the saturated or unsaturated monocyclic
cycloalkyls. The saturated monocyclic cycloalkyl radicals can be chosen from the radicals

15 having from 3 to 7carbon atoms such as the cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl or cycloheptyl radicals. The unsaturated cycloalkyl radicals can be chosen from
the cyclobutene, cyclopentene, cyclohexene, cyclopentanediene, cyclohexadiene radicals.
The cycloalkoxy radicals can correspond to radicals in which the cycloalkyl radical is as
defined above. The cyclopropyloxy, cyclopentyloxy or cyclohexyloxy radicals are

20 preferred. The cycloalkylthio radicals can correspond to radicals in which the cycloalkyl
radical is as defined above such as for example cyclohexylthio.

The aryl radicals can be of mono- or polycyclic type. The monocyclic aryl radicals can be
chosen from the phenyl radicals optionally substituted by one or more alkyl radicals, such as
tolyl, xylyl, mesityl, cuamenyl. The polycyclic aryl radicals can be chosen from the naphthyl,

25  anthryl, phenanthryl radicals. The aryloxy radicals can correspond to radicals in which the
aryl radical is as defined above. The phenoxy, 2,4,6-tritertiobutylphenoxy, tolyloxy or
mesityloxy radicals are preferred. The arylthio radicals preferably designate the radicals in
which the aryl radical is as defined above such as for example in phenylthio.

The X~ anion can be chosen from non-coordinating anions with respect to element M such

30 as the tetrafluoroborate, tetraphenylborate, tetrachloroaluminate, hexafluorophosphate,
hexafluoroantimonate, trifluoromethanesulphonate or perchlorate anions.

A more particular subject of the invention is the products of general formula 1 and 2 as
defined above, characterized in that
M represents a boron, aluminium or gallium atom;



Exanpl e 8: Pol ynmerization of propene oxide 0.15 g (0.4 mol) of
[(Me[err] SINCH érr]CH err])[err] NSi Me[err]]AICl and 4.5 m (63 nmol ) of

pr opene oxi de are introduced successkvely into a Schl enk tube equi pped
with a magnetic stirrer and purged under argon. The reaction m xture
Is left under agltatlon at 30 [err]C for 144 hours, t he excess propene

oxide is evgg &fonTla A gﬁﬁfa{m hd | ﬁﬁ&ﬂ& hfSrine! or the methyl
centrlfugatlon tﬁé*tﬂh ?’g%gﬁ?ﬁsenfﬁsa re0 vered9 ar?tslp e soci vent oervagoratyed
of f 0.55 g redical; m xture or oligonmers and polyners is obtained. This
mxture is Rhﬁ\ﬂ@tr reseal 1héleﬂé|l¥&n@l a carbohit@d CRAIRGNtIRRGtol A RadbRtaedins, and in

According to CP lon oat ogr aphy) anal ysi s usi ng
calibrati om%?lqué&a&ﬁ"a@%’g th W?%?‘g@ﬁh | ene glycol (PEG standards
with nmasseslilénd &b represem, R@epéhdamty, eax radiqablofitfermdlar-Ens(Bing+ imedies Ei4 lie a

T RIS AT vy o, R e i

Exanpl e 9: IPalfgptesentsai eanbasr opsilipematogk perk R, R' and TR repseseat, independeatly, thes
are those ofydrgeRPdtémSor SXGRPE radfeat K@%ﬁ@éern?sl inCg¥rti@lar the isopropyl radical and
Me;Si;

10 Ljrepresents a group of formula -E;s(R)s)- in which E;s is a nitrogen or phosphorus atom
and Rls represents an alkyl radical, in particular methyl, or a radical of formula RRR"E 4-
in which E}4 represents a silicon atom and R, R' and R" represent, independently, an alkyl
-/ radical, and in particular methyl; and
R) represents the hydrogen atom.

15 More particularly, a subject of the invention is the products described below in the
examples, in particular products corresponding to the following formulae:
— [(Me3SiNCH,CH,);NSiMe3]AICI;
— [(Me3SiNCH,CH,),NMelAICI,
- [(Me3SiNCH,CH;);NMe]AlH;
20 - [(Me3SiNCH,CH;),NMe]AICHj3;
- [(Me3SiNCH,CH,)2NSiMe3]GaCl;
- {[((CH3),CHNCH,CH,)((CH3);CHNHCH,CH2)NMe]AICI} { AICl4 };
~ {[(Me3SiNCH,CH;)(Me3;SiNHCH,CH;)NSiMe;]AICI} { AICLy }.

U A subject of the invention is also a process for the preparation of products of general
25 formula 1 and 2 as defined above, characterized in that a product of formula I

(L1-A-L3-B-Ly)%-, 2Y*+ (D)

in which L;, A, L3, B and L, have the meanings indicated above and Y represents an

organometallic group, a metal or the hydrogen atom, is reacted with a product of formula II
30
RMMZ,1Zy (1)

in which Ryy and M have the meanings indicated above and Z; and Zj represent,

independently, a parting group, in order to obtain a product of formula 1



15 .
{k[(I\/E[err]Si NCH'err]CH err])(Me[err] SINHCH err]CH err] )NSi Me[err]]JAIC }{AI C

I[err]} is used as a catalyst. After -5centrifugation, the liquid phase
i;s recovered, and the solvent is evaporated off 2.17 g of a m xt ure of
polymers is obtained. This polyner is characterized by NVR of the carbon
and the proton. According to GPC analpsis using calibration carried
out from pol yet hyl ene gl ycol Nﬁland ds of masses 194 to 22000,
the sanple is a m xture of polyne s of y simlar masses

(MV Mh=1, 17) and Mn=1446 dal t ons. EiggﬁBe 10: Pol ymeri zation of
D,L-Iactide 0.05 g (0.17 nmmo

[(Me[err]SiNCH err]CH err])[err]NMe] AlH, 1.15 (10f D, L-lactide and 30 m of
tol uene are introduced successively into a Schl enk tube equipped with a

indor - agi . ot Pekpeadugt ol pan 4B Eici RN cdRPolBTARMMEIID T 0 5 1 2l oo

off, then 20 m of THF is added. Af'\t/g é‘&I(jentrlfugatlon, the liquid
phase is recovered and the solvent e H&rat off. 1.04 g of a m xture
of D, Llactide (32 % and polynmers (68 % is obtained. This mxture is

char act er i ziadvligh RivehdX thaee the mizaning itli¢dred ghove,an orderao iobtahmthecoGesponding
anal ysi s, usi nar‘é cal |?rat ion carried out from pol yet hyl ene gl ycol

st andar ds @offormlafy 25000 and 30 extrapol ated for higher nasses,
the polyners are a m xture of macronol ecul es of simlar masses (Mv Mh=
1,61) and Mhereadtésoof a compound of general formula I with a compound of general formula II in

N\ order to obtain a compound of general formula 1 can be carried out, under an inert
atmosphere such as a freon or argon atmosphere, in an aprotic solvent, at a temperature
comprised between -60 and +50°C. On carrying out the reaction which produced

10 compound 2 starting from the corresponding compound 1, compound 1 is reacted, under an
inert atmosphere and at ambient temperature, with a compound III in an aprotic medium.

A subject of the invention is also a process for the preparation of products of general
formula 2 as defined above, characterized in that a product of formula (IV)

R | L
( Ll l \RMD

Ua (IV)

15 inwhich Ry, L}, A, L3, B and L, have the meanings indicated above and X represents a co-

ordinating anion with respect to element M, is reacted with a compound of formula (V)

MX3 (V)

in which M has the meaning indicated above and X’ represents the halogen atom, an alkyl
or alkoxy radical as defined previously, in order to obtain the corresponding product 2.

20 The reaction which obtains a compound of general formula 2 from the corresponding
compound of general formula IV can be carried out, under an inert atmosphere such as a
freon or argon atmosphere, at ambient temperature with compound V in an aprotic
medium. Compound 2 can also be obtained from compound IV according to another
method known to a person skilled in the art, allowing removal of a co-ordinating anion of

25  an element of group 13.



-12- Exampl e 11: Pol ynerization of a D, L-lactide and gl ycolide
m xt ur.e 0.08 g (0.17 mol) of {[(Me[err]SINCH err]CH err])
(Me[err]SINHCH err]CH err])NSi Me[err] Al G {A Cl [err]}, 0.17 g (3
ol ) of propyl ene oxide are introduced successively into a Schlenk tube
equi pped with a magnetic stirrer and purged under argon. The reaction

m xture i s Whhtevér the preparativgi hethod implemaftpdyrth¢ Compourids3 lrali2 shust dbesinedhare

propyl ene gﬁl&ﬂ%ﬂilﬁn%v?ﬂgc%ﬁ}z gﬁlnt?ga ion ﬁ dﬁs 0éom ound ’cknI ﬁgtﬁe gr'ePzg'ec? :fn 9m9 f

gl ycol i de ne are a ucteRiVe ere
m xture is staing frogeeomppundilVoin the nediumeinrwyhicl i is lawousndurs The sol vent i
evaporated off, then

The product of formula IV can be obtained by reacting a compound of formula VI
5 (RiL;-A-L3-B-Ly)y, Y& (VI)

in which R), L, A, L3, B and L, have the meanings indicated above and Y| represents an
organometallic group, a metal or the hydrogen atom, is reacted with a product of
formula VII

RMMXZ3 (VII)

10 in which Ry, M and X have the meanings indicated above and Z3 represents a parting
group. The reaction can be implemented under an inert atmosphere such as a freon or
argon atmosphere, in an aprotic solvent, at a temperature comprised between -60 and
+50 °C. '

The product of formula IV can also be obtained by reacting a compound of formula 1 as-
15 defined above with a compound of formula (VIII) RiX in which R} and X have the
meaning indicated above. The reaction can be implemented under an inert atmosphere such

as a freon or argon atmosphere, in an aprotic solvent, at a temperature comprised between
-60 and +50 °C.

As an aprotic solvent, there can be used the aromatic hydrocarbons such as benzene,
20 toluene; aliphatic hydrocarbons such as pentane, heptane, hexane, cyclohexane; ethers such

as diethyl ether, dioxane, tetrahydrofuran, ethyltertiobutyl ether.
\___\ _/

In compounds I and VI, Y and Y represent, independently, an organometallic group, a
metal or the hydrogen atom. The organometallic group can be a compound of formula
R™M; or R™3M, in which R"™ represents an alkyl, cycloalkyl, aryl, alkoxy, cycloalkoxy or
25  aryloxy radical defined as previously, M is a zinc or mercury atom and M, a tin or lead
:ltom; preferably, the organometallic group is chosen from the groups ZnMe, SnMe;s,
SnBu; or PbMe;. The metal can be an alkali metal chosen from lithium, sodium or

potassium, or an alkaline earth metal such as magnesium.

In compounds II and VII, Z}, Z; and Z3 represent, independently a parting group such as a
30  halogen atom, an alkyl, cycloalkyl, alkoxy, aryl or aryloxy group defined as above, or also a
methanesulphonyloxy, a benzenesulphonyloxy, p-toluenesulphonyloxy.

S



20 M of THF is added. After centrifugation, the |liquid phase is recovered

and the sol vent ° evaporat ed off. 1.47 g of a mxture of copol yners
i s obtained. This mxture is 10 charagterized by NVR of the carbon and
proton. According to GPC analysis using calibration carried out

from pol yet hyl ene gl ycol standards of masses 194 to 22000 and

ext rapol at r 3 f I
(M = fl&g%d?ﬂ;d&h&*i? xn?%a}_%%éxts&% o?&iﬂmr&TdnEcTr@wHHf E& 18 elé}x?éh?sell\g"%ﬁoed X

(i n Angst r ofA®) be Al aninggof hypeen of ghaleqgendype. 1 d’rreéw@ rewswa&m %\ﬂe or
Exanpl es | bromdnedtémb to 7. Exanple 1 Exanple 2
Exanple 3 Exanple 4 Exanpl e 6 Exanple 7 A (1D-d (1)

2.144(1) [ erfﬂ%t%fiﬂ'%‘?%{c? of i}ormula I'and the product of ?or%u?a%f‘@e lln%Wn] prod@ctsl&séa%)

[ err]
2. 2056( 154) beeprepared-from known pradyay.- o )their synthesis, the following references can be

1
1.811(1) [e'?'ré‘}t@"egegw JOMES rf‘em 2% t?f" % TrT"s (199@72%2&%‘3%’]" and Stone,
1.819(3) [ eFpmprehensive Gngapemetpllic Chemistry (19 2) vol. 1, 557.

The products of formula III and VIII are commercial or can be produced by methods
known to a person skilled in the art.

10  The products of formula IV are new. Therefore, a subject of the invention is also, as new
— industrial products, the compounds of formula IV as defined above.

A subject of the invention is also the use of products of formula 1 and 2 as defined above,
as catalysts for the implementation of (co)polymerisation, ie. of ﬁolymerization or
copolymerization. The compounds of formula 1 and 2 are particularly useful for the
15  implementation of the polymerization of heterocycles. The heterocycles can contain one or
more heteroatoms of groups 15 and/or 16, and have a size ranging from three to eight
members. As an example of heterocycles corresponding to the above formulation, there
can be mentioned epoxides, thioepoxides, cyélic esters or thioesters such as lactones,
lactames and anhydrides. The compounds of formula 1 and 2 are also particularly useful for
20  the implementation of the (co)polymerization of cyclic esters. As an example of cyclic
esters, there can be mentioned the polymer cyclic esters of lactic and/or glycolic acid.
Random or block copolymers can be obtained according to whether the monomers are
— introduced together at the beginning of the reaction, or sequentially during the reaction.

A subject of the invention is also a process for the preparation of polymers or copolymers

25  which consists in bringing into contact one or more monomers, a polymerization catalyst
and a polymerization solvent, characterized in that the polymerization catalyst is chosen
from the products of the invention.

The reaction solvent can be the (or one of the) substrate(s) used in the catalytic reaction.
Solvents which do not interfere with the catalytic reaction itself are also suitable. As

30 examples of such solvents, there can be mentioned saturated or aromatic hydrocarbons,
ethers, aliphatic or aromatic halides.

The reactions are carried out at temperatures comprised between ambient temperature and
approximately 150 °C; the temperature range comprised between 40 and 100 °C is most
advantageous. Reaction durations are comprised between 1 and 300 hours, and preferably



Al (1)-N(2) 1.998(1) [err] 1.991(3) [err] 2.016(3) [err]

2.018(2) [err] * 2.103(3) [err] 1.963(3) [err] Al (1)-N(3)

1.803(1) [err] Co--- -8=- 2.041(3) [err]

k. 782(3) [err] Al (1)-N(1a) 1.816(3) [err] 1.833(3)
[err] 1.837(2) [err] N(1)-Al(1)-N(2) 92.8(1)
91.1(1) B8etw6érB4 and BBhaurs.7) [ err] 82.99(13)[err] 91.8(1)[err]
N(1la)-A(1)-N(2) --- 91.9(1) 89.76(8)[err] 89.77(7) -

'1'2'2 35(12) 'N(elﬁt?o:dﬁ‘&tg We %}eally rec?:).'véreﬂl(aEfliL %%C% }%&%r@lctif%iﬁ%%’lf MO?{C "sbivent
.- such as an alcohgk op 8u apidtigrselvent suth 4s &gtaahydnofiran, followed by the removal
of the compounds of element M by centrifugation.

5. This (co)polymerization process is particularly suitable for obtaining (co)polymers of cyclic
esters, in particular the polymer cyclic esters oﬁ lactic and/or glycolic acid. The products
obtained such as the glycolic lactic copolymer, which are biodegradable, are advantageously
used as supports in sustained release therapeutic compositions. The process is also
particularly suitable for the polymerization of epoxides, in particular of propene oxide. The

10 polymers obtained are compounds which can be used for the synthesis of organic liquid
crystals or also as semi-permeable membranes. -

The following examples are presented in order to illustrate the above procedures and should
in no event be considered to limit the scope of the invention.

Example 1: [(Me3SiNCH,CH,),NSiMe;]AICI
15 Compound 1 in which M = Al; Ry =Cl; A =B = -CH,CH>-;
L) =1,=L3;=NSiMe;

3.26 g (9.6 mmol) of [(Me3SiNCH,CH,);NSiMe3]?-, 2Li* and 100 ml of tetrahydrofuran
are introduced successively into a Schlenk tube éguipped with a magnetic stirrer and purged
under argon. The reaction medium is cooled down to -40 °C, then 1.33 g (10 mmol) of
20  aluminium trichloride in solution in 100 ml of tetrahydrofuran is introduced. The reaction
medium is allowed to return to ambient temperature then left under agitation at ambient -
temperature for 18 hours. The solvent is then evaporated off. The residue is sublimated
under vacuum (0.05 torr) at 80 °C. The desired compound is isolated in the form of white
crystals. This compound is characterized by X-ray diffraction (Figure 1 and Table 1
25  below). Melting point 10-13 °C.

Example 2: [(Me3SiNCH,CH,;);NMe]AICI
Compound 1 in which M = Al; Ry = Cl; A =B =-CH,CH,-;
L) =L; = NSiMej3; L3 = NMe

This compound is prepared according to the procedure described above. This compound is
30  characterized by X-ray diffraction (Figure 2 and Table 1 below). Melting point 130 °C
(decomposition).

Example 3: [(Me3SiNCH,CH;);NMe]AIH
Compound 1 in which M = Al; Ry = H; A =B = -CH,CH,-



13 - N(2)-Al (1)-N(3) 92.8(1)
81.98(12)[err] 95.0(1)[err] A(1)-A.(1)-N21) 113.1(1)[err]
113.7(1) [ err] 100.09(42)[err] 109.4(1)[err]

G (1)-A(1)-N2) 116. 5(1) 112.7(1) -

171.58(9)[err] 117.9(1)[err] A(1)-A(1)-N(3) 113.1(1)[err] --

113. 7(1)
5
10

'\/
15
20

O
25
30

--- L; =8B, ¥SiMebaryd NmMd 23. 0(1)[err]  d(1)-A(1)-

230g (8.8 mmol) of (Me3;SiNHCH;CH;);NMe and 50 ml of tetrahydrofuran are
introduced successively into a Schlenk tube equipped with a magnetic stirrer and purged
under argon. The reaction medium is cooled down to -40 °C, then 0.33 g (8.8 mmol) of
LiAIH; in suspension in 70 ml of tetrahydrofuran is introduced. Evolution of a gas is
observed. The reaction medium is allowed to return to ambient temperature; it is left under
agitation at ambient temperature for 18 hours. After filtering, the solvent is evaporated off
then the residue is sublimated under vacuum (0.05 torr) at 90 °C. The desired compound is
isolated in the form of white crystals. This compound is characterized by X-ray diffraction
(Figure 3 and Table 1 below). Melting point 15 °C.

Example 4: [(Me3SiNCH,CH;);NMe]AICH3
Compound 1 in which M = Al; Ry = CH3; A =B = -CH,CH>-
L; =L; =NSiMej3; L; = NMe

3.53 g (8.8 mmol) of (Me3SiNHCH,CH;);NMe and 50ml of tetrahydrofuran are
introduced successively into a Schienk tube equipped with a magnetic stirrer and purged
under argon. The reaction mixture is cooled down to -60 °C, then 6.7 ml of a 2M toluenic
solution of AlMej is introduced. The reaction mixture is allowed to return to ambient
temperature, then heated at 100°C for 12 hours. The solvent is evaporated off then the
residue is sublimated under vacuum (0.05 torr) at 70 °C. The desired compound is isolated
in the form of white crystals. This compound is characterized by X-ray diffraction (Figure
4 and Table 1 below). Melting point 67 °C.

Example 5: [(Me3SiNCH,CH;);NSiMe3]GaCl
Compound 1 in which M = Ga; Ry = Cl; A =B = -CH,;CH,-
L) =L; =L3=NSiMe;

1.34 g (4.0 mmol) of [(Me3SiNCH,CH,),;NSiMe3]?-, 2Li* and 50 m! of tetrahydrofuran are

introduced successively into a Schlenk tube equipped with a magnetic stirrer and purged
L‘mder argon. The reaction mixture is cooled down to -40 °C, then 0.33 (8.8 mmol) of
GaCl3 in solution in 50 ml of tetrahydrofuran is introduced. The reaction mixture is
allowed to return to ambient temperature, then left under agitation at ambient temperature
for 18 hours. The formation of a precipitate is observed. After filtering, the solvent is
evaporated off. The residue is sublimated under vacuum (0.05 torr) at 90 °C. The desired
compound is isolated in the form of white crystals. This compound is characterized by
multinuclear magnetic resonance. Melting point 62°C.



N La) ..CI(2)-AI2(1)-.N(1)

121. 84( 11) o Td(2)-A(1)-N(2) --
R 91.12(9)[err] S-S d@)- Al (1) - N(3) -
121.03(10) ---  C(7)-A (1)-N(1)

116.08(6)[err] - 7)) -A(1)-N1)

- NMR [H(CgDg; 10BMI&()6)[181(s,]SiCH3, 9H); 0.46 (s, SiCH3, 18H);71) 98Nddd) J212;
"7°5.0; 5.0 HZ CHy, 282 83 (dd1 1€12 %. 7.4, 527 Az, CH,, 2H); 2.94 (ddd, J=12.2; 5.0;
5.0 Hz; CHy, 2H); 3.00 (ddd, J=12.2; 7.4; 5.0 Hz; CH,, 2H).

NMR 13C{1H}(CgDg; 100.63 MHz) : 1.42 (SiCH3); 1.82 (SiCH3); 44.20 (CHa); 54.21
5 (CH»y).

NMR 29Si (C¢Ds; 79.49 MHz): -3.70; -3.05.

Example 6: {[((CH3)CHNCH;CH;)((CH3);CHNHCH,CH;)NMe]AICI} { AlCl4}
Compound 2 in which M = Al; Ryy = Cl; R) = H; A =B = -CH,CH;-
L; =L, =NCH(CH3j);3; L3 = NMe; X;~ = AlICly~

W 10 1.03 g (3.2 mmol) of [Me;CHNCH,CH;);NCH3]AICI and 30 ml of toluene are introduced
successively into a Schlenk tube equipped with a magnetic stirrer and purged under argon.
The reaction mixture is cooled down to -40 °C, then 3.2 mmol of hydrochloric acid in
solution in diethyl ether is introduced. The reaction mixture is allowed to return to ambient
temperature; it is left under agitation at ambient temperature for 18 hours. The solvent is
15  then evaporated off to a volume of S ml and left at -30°C. The compound (IV) thus
obtained is isolated in the form of white crystals. This compound is characterized by X-ray
diffraction (Figure 5 and Table 1 below; melting point 160°C (decomposition)). Addition
of one equivalent of aluminium trichloride in suspension in toluene allows the desired
compound to be obtained.

20 Example 7: {[(Me3SiNCH,CH;) (Me3SiNHCH,CH;)NSiMe3]AICI} { AICl4 }
Compound 2 in which M = Al, Ry =Cl; R; = H; A = B = -CH,CH,-
U L; =Ly =L3=NSiMe;; X~ = AICly"

0.19 g (0.5 mmol) of [(Me3SINCH,CH;);NSiMe3]AICI, 4 ml of toluene and | mmol of
hydrochloric acid in solution in diethyl ether are introduced successively into a Schlenk tube

25  equipped with a magnetic stirrer and purged under argon. The formation of a precipitate is
Sbserved. 89 mg (0.67 mmol) of aluminium trichloride in suspension in 3 ml of toluene is
then added at ambient temperature. The reaction mixture becomes homogenous again; it is
left under agitation at ambient temperature for one hour. The solvent is then evaporated off
to a volume of 0.5 ml and left at ambient temperature. The desired compound is isolated in

30  the form of white crystals. This compound is characterized by X-ray diffraction (Figure 6
and Table 1 below).
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Example 8: Polymerization of propene oxide

0.15 g (0.4 mmol) of [(Me3SiNCH;CH;);NSiMe;]AICI and 4.5 ml (63 mmol) of propene
oxide are introduced successively into a Schlenk tube equipped with a magnetic stirrer and
purged under argon. The reaction mixture is left under agitation at 30 °C for 144 hours,
the excess propene oxide is evaporated off, then 20 ml of methanol is added. After
centrifugation, the liquid phase is recovered, and the solvent evaporated off. 0.55g of a
mixture or oligomers and polymers is obtained. This mixture is characterized by NMR of
the carbon and the proton. According to GPC (Gel Permeation Chromatography) analysis
using calibration carried out starting from polyethylene glycol (PEG) standards with masses
of 194 to 22000 and extrapolated for higher masses, the sample is composed of oligomers
of 798 dalton mean masses and polymers having similar masses (Mw/Mn=1.69) and
Mw=106904 daltons.

Example 9: Polymerization of propene oxide

The operating conditions are those of Example 8, except that the chiral cation
{[(Me3SiNCH,CH;)(Me3SiNHCH,;CH,)NSiMe3]AICH} { AICl } is used as a catalyst. After
centrifugation, the liquid phase is recovered, and the solvent is evaporated off. 2.17 g of a
mixture of polymers is obtained. This polymer is characterized by NMR of the carbon and
the proton. According to GPC analysis using calibration carried out from polyethylene
glycol (PEG) standards of masses 194 to 22000, the sample is a mixture of polymers of
very similar masses (Mw/Mn=1,17) and Mw=1446 daltons.

Example 10: Polymerization of D,L-lactide

0.05 g (0.17 mmol) of [(Me3SiINCH,CH;);NMe]AlH, 1.15 g of D,L-lactide and 30 ml of
toluene are introduced successively into a Schlenk tube equipped with a magnetic stirrer
and purged under argon. The reaction mixture is left under agitation at 80 °C for
120 hours. The solvent is evaporated off, then 20ml of THF is added. After
centrifugation, the liquid phase is recovered and the solvent evaporated off. 1.04g of a
mixture of D,Llactide (32%) and polymers (68 %) is obtained. This mixture is
characterized by NMR of the carbon and the proton. According to GPC analysis using
calibration carried out from polyethylene glycol standards of masses 194 to 22000 and
extrapolated for higher masses, the polymers are a mixture of macromolecules of similar
masses (Mw/Mn = 1,61) and Mw = 21659.
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Example 11: Polymerization of a D,L-lactide and glycolide mixture

0.08 g (0.17 mmol) of {[(Me3;SiNCH,CH;) (Me3SiNHCH,CH,)NSiMe3]AICI}{AICl4},
0.17 g (3 mmol) of propylene oxide are introduced successively into a Schlenk tube
equipped with a magnetic stirrer and purged under argon. The reaction mixture is left
under agitation at 30°C for 1.5 hours, then the propylene oxide is evaporated off. 1.15 g of
D,L-lactide, 0.93 g of glycolide and 30 ml of benzene are added successively. The reaction
mixture is left under agitation at 80 °C for 240 hours. The solvent is evaporated off, then
20 ml of THF is added. After centrifugation, the liquid phase is recovered and the solvent
evaporated off. 1.47g of a mixture of copolymers is obtained.
characterized by NMR of the carbon and proton.

calibration carried out from polyethylene glycol standards of masses 194 to 22000 and

This mixture is
According to GPC analysis using

extrapolated for higher masses, the sample is a mixture of copolymers (Mw/Mn = 1,98) and
Mw = 1962.

Table 1: length of selected bonds (in Angstroms) and bond angles (in degrees) for the
compounds of Examples 1 to 4 and 6 to 7.

Example 1 | Example 2 | Example 3 | Example 4 { Example 6 | Example 7
AI(D-CI(1) 2144 A [2.14803) A 2.2584(14) A | 2.103() A
Al(D)-CI(2) - 2.2056(14) A
Al(1)-C(7) - 1.963(3) A
AI(1)-N(1) 181D A | 1.8163)A | 1833 A | 1.8372) A | 1.8193) A | 1.9473) A
AI(1)-N(2) 1.998(1) A | 1.991(3) A | 2.0163) A | 2.0182) A | 21033) A | 1.963(3) A
Al(1)-N(3) 1.803(1) A — - 20410 A | 178203)&
Al(1)-N(12) - 1.81603) A | 1.8333) & | 1.837) &
N(-AI(1)-N@2) | 92.8(1)° | 9L1(1)° | 89.76(8)° | 89.77(7)° | 82.99(13y 91.8(1)°
N(l1a)-Al(1)-N(2) 91.9(1)° | 89.76(8)° | 89.77(7)°
N(1a)-Al(1)-N(1) - 126.3(1)° | 125.4714)° | 122.35(12)°
N(1)-AI(1)-N3) | 124.4(1)° - 115.28(14)° | 114.8(1)°




-16- Fig 3 .[_err], -17- Fig 4

. -13-
N@)-AI(1)-N3) | 92.8(1)° - - 81.98(12)° 95.0(1)°
CI(D-AI(1)-N(1) | 113.1(1)° | 113.7¢1)° - - 100.09(12)° | 109.4(1)°
CI(1)-Al(I)-N(2) | 116.5(1)° | 112.7(1)° - 171.58(9)° | 117.9(1)°
CI(1)-AK1)-N(3) | 113.1(1)° - - 89.63(10)° | 123.0(1)°
CI(1)-AK(1)- - 113.7(1)° — - - -
N(la)
CI(2)-AK(1)-N(1) - - - 121.84(11)° -

, CI(2)-Al(1)-N(2) - - - 91.12(9)°

O
Cl(2)-Al(1)-N(3) - 121.03(10)°
C(7)-Al(‘l >N(1) 116.08(6)°
C(7)-Al(1)-N(1) - - 116.08(6)°
C(7)-AK1)-N(1) - - 114.69(13)°




[err] -18-, Fig 5 [err]
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Fig. 1




Fig. 6 [err]
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Fig. 2




CLAI M5 1. The conpounds of general fornmula 1 and 2 [err]
I n which M - represents an el enment of group 13; 5 R err]
represents a hydrogen atom a hal ogen atoj. or one of the follow ng
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sybstituted or non-substituted radicals: alkyl, cycloal kyl, aryl, alkoxy,
cycl oal koxy, aryfoxy, alkylthio, cycloalkylthio or arylthio, in which said

substituent is a halogen atom the alkyl, nitro or cyano radical; A
and B represent, independently, a carbonated chain with 2 to 4 carbon
atons, 10 optionally substituted by one of the foll ow ng
substituted or non-substituted radi cal s: al kyl,

cycl oal kyl or aryl, in which said substifjgent is a hal ogen at om

the alkyl, nitro or cyano radical; L[err], L[err] and L[err]
represent, independently, a group of formula -E[err](Rerr])- in which
E[err] is an elenment of group 15 and 15 Rl err] represents
t he hydrogen atom one of the follow ng substlkytii or

non-substituted radicals: alkyl, cycloal kyl or<&8$,in whi ch said
substituent is i C'2i  a hal ogen atom (W %H%yl, nitro or cyano
radi cal ; -a radi car gt f or a RRW.E[err]- in which
E[err] is an el enent™§ grpup 14 and R, R and Eﬂhl%%?

represent, independent Y thg,hydrogen at om or one gt Nting Qwi ng 20
substituted or non-sub=é;f t'ed radicals: alkyl, cy€loalkyl, aw, alkoxy,
cycl oal koxy, aryl oxy &% hio, cycloal kylt i1e)_ofr aryl t hi o, Gtdeiwhi ch said
substituent is a ogen ato e al kyly, nitgm br cyano radical; or a
radi cal of () Omiaila SGes®TR Nerr] in which R[err]
represents a hal qgegn atom an Jl kyl, hakggHkyl or aryl

radi cal optionally substituteg by one or jravesup £f4dlents chosen from
-/ Cta; ¥

~'C{Sbaj

';!SO} N(2;




25 the al kyl, hal oal kyl radicals and hal ogen; X err]

represents a non:coordinating anion with respect to el ement M R err]
represents a hydrogen atom a radical of.fgarmula RR R'E[err]- in which
Elerr], R R and R' have the sane definitions as above,
or one of the follow ng
- 21 - substituted or non-substituted radicals:
al kyl, cycloal kyl or aryl, in which sai d&ig$ substi t uent
is a halogen atom the alkyl, nitro or cyano radical. 2. The
conpounds of general fornmula 1 and 2 as defined in claim1, characterized
I n that M represents a borongpgldm 'tl jor galliumatom 5 R err]
represents the hydrogen atom a hal oge tpomand in particular chlorine, or
the net hyl ~Q;

C!9;

Clai N3
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radi cal ; A and B represent, independently, a carbonated chain with 2
to 4 carbon atons, and in particul ar a carbonated chain wth 2 carbon
at ons; L[err] and L[err] represent,jg.ndependently, a radical of
formula -E[err] (R err])- in which E[err] is a 10 nitrogen or phosphorus
atomand R err] represents a radical of fornula RRR'E[err]- in which
E[err] represents a carbon or silicon atomand R, R and R' represent,

i ndependently, the hydrogen atom or an al kyl radical; Llerr]
represents a group of fornula -E[err](Rerr])- in which Eerr] is a
nitrogen or phosphorus atom and Rﬁqu& represents an al kyl radical or
a radical of formula RR R'E[err]- in which E[err] 15 represents a silicon
atomand R, R and R' represent, independently, an al kyl radical; and
Rlerr] represents a hydrogen atom 3. The compounds of general
formula 1 and 2 as defined in claim 2, characterizem:hat R err]
represents the hydrogen atom the chlorine atomor tTQ nethyl radical;

A and B represent, independently, a carbonated chain th 2 carb at ons;
20 L[err] and L[err] represent, independently, the iS{prQ ~
or Me[err]SiN, L[err] represents the nethylam no r»eR
and 4. The conpounds of general formnula
clains 1 to 3 and c3

Y
C5 ..-



corresponding to the follow ng fornul ae:

[(I\/b[err]SlNCI—|[err]CI—|[err])[err]NS|I\/b[err]]AICI 25 -

[{Me[err]SiNCH err]CH err])[err] NMe] Al O 720- -

[{Me[err] SINCH err]CH err])[err] NMe] Al H; -

[(Me[err]SINCH err]CH err])[err]NMe]AICH err]; -

[(Me[err] SINCH err]CH err])[err] NSi Me[err]] Gad ; -

{[((CH [err])[err]CI—INCH[err]CI—I[err])((CIQIM}B_ﬁl[err]CI—INHCI—I[err]CH[err])NI\/E]AI
Clerr 30 -

{[%{ [erg]Sl}\I}d-l[err]a-l[err])(I\/E[err]SlNHCI-l[err]CI—l[err])NS|NE[err]]AICI}{AIC

I[err]}. 5. Preparation process for products of general fornmula 1

and 2 as defined in claim1, characterized in that a product of

formula |

(L[err]-A- Lieﬁﬁerr‘#d“ﬁa“")é"}i‘é'ralf"’ma'\‘(‘[‘%dlz(I) 35 in which L[err], A

L[err], B and I'ngs Indicated in claiml and Y
represents an I+

L, [ R L
( LI—T"RMW l(\L‘ | ‘RMH

A\/L}-/B Us——/B X

1 - -
W in which
M represents an element of group 13;

5 Rm represents a hydrogen atom, a halogen atom or one of the following
substituted or non-substituted radicals: alkyl, cycloalkyl, aryl, alkoxy,
cycloalkoxy, aryloxy, alkylthio, cycloalkylthio or arylthio, in which said
substituent is a halogen atom, the alkyl, nitro or cyano radical,

Aand B represent, independently, a carbonated chain with 2 to 4 carbon atoms,

10 optionally substituted by one of the following substituted or non-substituted

radicals: alkyl, cycloalkyl or aryl, in which said substituent is a halogen atom,
the alkyl, nitro or cyano radical;
Lj, L and L3 represent, independently, a group of formula -E;5(R15)- in which

Ejs is an element of group 15 and

15 Rjs represents the hydrogen atom; one of the following substituted or
non-substituted radicals: alkyl, cycloalkyl or aryl, in which said substituent is
a halogen atom, the alkyl, nitro or cyano radical, a radical of formula
RR'R"Ej4- in which Ej4 is an element of group 14 and R, R' and R"
represent, independently, the hydrogen atom or one of the following

20 - substituted or non-substituted radicals: alkyl, cycloalkyl, aryl, alkoxy,
cycloalkoxy, aryloxy, alkylthio, cycloalkylthio or arylthio, in which said
substituent is a halogen atom, the alkyl, nitro or cyano radical; or a radical of
formula SO2R';5 in which R'j5 represents a halogen atom, an alkyl, haloalkyl

or aryl radical optionally substituted by one or more substituents chosen from

25 the alkyl, haloalkyl radicals and halogen;
X1 represents a non-coordinating anion with respect to element M;
R; represents a hydrogen atom, a radical of formula RR'R"E4- in which E4, R,

R' and R" have the same definitions as above, or one of the following

* c L M S *




-22- organonetal lic group, a netal or the hydrogen atom is reacted
wth a product of formula Il

RWzl Z2 (11) in which RM and M have,the meanings indicated in claiml
and Z[err] and Z[err] represent, 5 i ndependently, a parting group, in
order to obtain a product of formula 1 [err]

substituted or non-substituted radicals: alkyl, cycloalkyl or aryl, in which said
substituent i$ a halogen atom, the alkyl, nitro or cyano radical.

2. The compounds of general formula 1 and 2 as defined in claim 1, characterized in that
M represents a boron, aluminium or gallium atom;
5  Rm represents the hydrogen atom, a halogen atom and in particular chlorine, or the methyl
radical;
A and B represent, independently, a carbonated chain with 2 to 4 carbon atoms, and in
particular a carbonated chain with 2 carbon atoms;
L; and L; represent, independently, a radical of formula -E;5(R;s)- in which Ejs is a
10 nitrogen or phosphorus atom and R)s represents a radical of formula RR'R"E4- in which
E)4 represents a carbon or silicon atom and R, R' and R" represent, independently, the
U hydrogen atom or an alkyl radical;
L3 represents a group of formula -E;s(R;s)- in which E;s is a nitrogen or phosphorus atom
. and Rys represents an alkyl radical or a radical of formula RR'R"E4- in which E4
15  represents a silicon atom and R, R' and R" represent, independently, an alkyl radical; and
R represents a hydrogen atom. '

3. The compounds of general formula 1 and 2 as defined in claim 2, characterized in that
Ry represents the hydrogen atom, the chlorine atom or the methyl radical;
A and B represent, independently, a carbonated chain with 2 carbon atoms;
20 Lj and L; represent, independently, the isopropylamino radical or Me3SiN;
~ Larepresents the methylamino radical or Me3SiN; and

4. The compounds of general formulal as defined in one of claims 1 to 3 and
corresponding to the following formulae:
~ - [(Me3SiNCH,CH,);NSiMe;]AICI:

25 - [(Me3SiNCH,CH,),NMe]AICI,
- [(Me3SiNCH,CH,);NMe]AlH;
- [(Me3SiNCH,CH;);NMe]AICH3;
< [(Me3SiNCH,CH,),;NSiMe3]GaCl;
- {{((CH3)CHNCH,CH,)((CH3);CHNHCH,CH2)NMe]AICI} { AICl4 };

30 - {{[(Me3SiNCH,CH,)(Me3SiNHCH,CH;)NSiMe3]AICI} { AICLy}.

S. Preparation process for products of general formula1 and 2 as defined in claim 1,
characterized in that a product of formula I

(Li-A-L3-B-Lp)?-, 2Yt (1)

35 in which L), A, L3, B and L, have the meanings indicated in claim 1 and Y represents an

R

A I



whi ch product of fornmula (1) can be reacted with a conpound of formula

('lII) Rlerr] X[err] (1)
ith which Rlerr] and X[ err] have the meani indicated in claim1, in order
tH obtain the 10 correspondi ng product of fornula 2. 6. Process for

the preparation of products of general formula 2 as defined in claim 1,

characteri Z@&ah&n&tﬁﬁ& %odﬁ' QR4 o?fthef Wd eft atofh, is reacted with a product of formula II
[err] Ich R err] A Llerr], B and L[err] have the
meani ngs i ndi cat ed | nclaiml and X repr esents a

RvMMZ)Z; (II)

in which Ryy and M have the meanings indicated in claim 1 and Z) and Z; represent,

5 independently, a parting group, in order to obtain a product of formula 1

L
( L,—M | ‘RMW
Ua——/B

ey

which product of formula (1) can be reacted with a compound of formula (III)
RiX; ()

in which R, and X have the meaning indicated in claim 1, in order to obtain the

10  corresponding product of formula 2.

6. Process for the preparation of products of general formula 2 as defined in claim 1,
characterized in that a product of formula IV

X

R | L
?L‘—T‘RD |

B

'A\_/L}—/(N)

in which Ry, L;, A, L3, B and L, have the meanings indicated in claim 1 and X represents a
15 co-ordinating anion with respect to element M, is reacted with a compound of formula (V)

MX35 (V)

in which M has the meaning indicated in claim 1 and X’ represents a halogen atom, an alkyl
or é.lkoxy radical, in order to obtain the corresponding product 2.

7. Use of products of formulal or 2 as defined in any one of claims1 to 4, as a
20 (co)polymerization catalyst.

8. Use according to claim 7 for the (co)polymerizatioﬁ of heterocycles, in particular
epoxides such as propylene oxide.

-
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15 coordinating anion with respect to elenent M is reacted with a

conpound of formula (V) MX' [err]
(8 in which Mhas the nmeaning indjgated in claiml and X represents
a hal ogen atom an al kyl or al koxy radical, in order to obtain the
correspondi ng product 2. 7. Use of products of fornmula 1 or 2 as
defined i n anyseon@ofding t8! dAmL 7! FortheBofpohfnerARIP VrYGRIE Z3fetLn ! -
8. Use accorqi ng to.cl%i m é fqr’ the (ggz?zpol_ynegz{izat [ onépgg heterocycles, in
particul ar Polymergyclic esters of lagtic.andierglygoligacidx de.
-23-
10. Process for the preparation of polymers or copolymers which consists in introducing
one or more monomers, a polymerization catalyst and a polymerization solvent, at a
5 temperature comprised between ambient temperature and 150 °C for 1 to 300 hours,
characterized in that the polymerization catalyst is chosen from the products of claims 1 to
4.
11. Process according to claim 10, characterized in that the monomer is chosen from the
epoxides, and in particular propene oxide, or cyclic esters, and in particular the polymer
10 cyclic esters of lactic and/or glycolic acid.
. 12, As new industrial products, the compounds of formula IV as defined in claim 6.
(%

= RN O IH.II
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9. Use according to claim7, for the (co)polymerization of cycli c%@bér@q'f
In partieular pol ymer cycl Ic esters of lactic and/or glycoli cj’p&gql-o

10. Process for the preparati.on of polyners or copol yners whi chegonsists h

i nt roduci ng one or nore nononers, a polynerization catal '.:,llvﬁ.:}‘- a

pol ymeri zati on Nt,  Rhodisknio KEBRE! Rl bR R saIuRet We kB ent

t enperature and [err]Cfor 1 to Boe ineyatonn characterized in that

t he pol wmﬂmaﬂmmvauaiwues ESVERTEW DtJ TRAITE DE CPOPERATIOS BN MATIERE'DE EREVETS (PCT)
4. ¢t 0 Clla T eri z Nt nat

nonomef (51)%;%%;?%? %}%? tgéﬁiége el epoyi ﬁst"'"3""|a'1n ""g’ié?'t"'l"é"u Aponaly ope#%’f‘é&”
or cyclic es ah par P’o?:ul ar t% mh.ym ﬁ;ubiiauonewﬁahﬁaleﬁstnaéﬁxafm|(|&¢i.97ﬁ
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