1 SYNTHESIS OF CYCLIC CARBONATES IN THE PRESENCE OF DIMERIC ALUMINIUM (SALEN)
CATALYSTS The present invention relates to a process for synthesising cyclic carbonates from
epoxides a %9 joxide using aluminium(salen) complexes as catalysts. The 5invention also
provides a ?nggﬁ(g 1%{1‘9 Jrr?gnufacturing aluminium(salen) complexes and furtHér I FRABSOABFE|
aluminium(salen) complexes. Cyclic carbonates are commercially important products currently
manufactured on a multi-tonne scale for use as polér aprotic solvents, additives, antifoam agents for
10 anti-freeze, plasticisers, and monomers for polymer synthesis (see Darensbourg, et al., Coord.

Chem, Rev., 153 (199 ; Tees. ' PRES p018-0639). The
QridEsiseierciitic) ;%% R = Tl A

synthesis of cyclic carbonate nyolves t '

hence could be used to seq@gggnﬁ%g X IBE U US AdcFeMing AT eVETS greenhouse gases in
the atmosphere. Catalysts for the synthesis of cyclic carbonates from epoxides and carbon dioxide are
known in the art (see Darensbourg, at at, Coord. Chem, Rev., 153 (1996), 155-174; 20Yoshida, at at,
Chem. Eur. J., 10 (5068552d8enignyeiins talorocosdarombesEhgmyciGo0: (2006)s 3430-3497)
althotggh tgesebrmmwdé?ﬁaammi@%@@gmmg%@ﬁ B&%@,%%s%%étgfy%@?gﬁecggf?zeé g;j
reaction ofteg bejagkaandictest 0 supsreritic rhon digxide (see Lu, et at, App. Cat. A, ,
25- 33). 25 Ratzenhofer, etal., Aridgew. C_%e%r)mg) ?nt.gelé% Rgt FTOYH) 8 PRILrs RS d in
carrying out the reACHOR BERRRERYS! AUTH]iBT AR AReMEi K dioxide at room temperature and
atmospheric pressure using catalysts consisting of a mixture of a metal halide and a Lewis base.
However, a long egatieftiingf £<lays WasiaH0 FagHied Kisch, atal(Chem. Bar, 119 (1986),

1090-1094), carrying put the same reaction under the same conditions and also tsing Cathlysts of this
3% 5055 PSPl EtE b ez S agEyStnd upto 16

type, reports a reacﬁlon'}lme 0
mol% of a (HButyfuNeezailicisgsuartano(@nMot GaolnRt YR843, (8de 34 rdnGiairg2 27 (2004),
537-541) describs. tieaisecridetradentale Gobf;hase AURIRILNFAMPIEES B AORIYRCtion with &

43 (2004), 6618-6839).

The synthesis of cyclic carbonates generally involves the reaction of epoxides with
15 carbon dioxide, and hence could be used o sequestrate carbon dioxide, thus
reducing the level of greenhouse gases in the atmosbhere.

Catalysts for the synthesis of cyclic carbonates from epoxides and carbon dioxide are
known in the art (see Darensbouryg, et al., Coord. Cherm, Rev., 183 (1998), 155-174;

20 Yoshida, et al., Chem. Fur. J., 10 (2004), 2886-2893; Sun, et a/., J. Organomet.
Chem., 680 (2005}, 3490-3497) although these require elevated reaction
temperatures and / or high pressures of carbon dioxide, the reaction often being
conducted in supercritical carbon dioxide (see Lu, ef al., App. Cat. A, 234 (2002), 25-
33).

25
Ratzenhofer, et al., (Angew. Chemie Int. Ed. Engl., 19 (1980), 317-318) succeeded
in carrying out the reaction between 2-methyloxirane and carbon dioxide at room
temperature and atmospheric pressure using cataiysts consisiing of a mixture of a
metal halide and a Lewis base. However, a long reaction fime of 7 days was -

30 required. Kisch, et al., (Chem. Ber., 118 (1986), 1080-1094), carrying out the same
reaction under the same conditions and also using catalysts of this type, reports a
reaction time of 3.5 to 93 hours using upto 4 mol% of a ZnCl; catalyst and upto 16
mol% of a (nButyl).Ni catalyst.

35  Lu,etal, (/. Mol Cat. A, 210 (2004), 31-34; J, Cat,, 227 (2004), 537-541) describe

the use of tetradentate Schif-base aluminium complexes in conjunction with a



2 quatemary ammonium salt or poiyether-KY complexes as catalyst systems for the reaction of various
epoxides with carbon dioxide at room temperature and about 6 atmospheres. 5Metai(saien)
complexes, including aluminium(salen) complexes, are well-known in the art for their use as catalysts.
Lu, etal., App. Cat. A, 234 (2002), 25-33, describes the use of a monomeric aluminium(salen) catalyst.
Also known in the art is the method of synthesising aluminium(salen) catalysts by 10treatinc saien
ilaand with Me31\1, E1Al IVie7A1C31, Me2A101-f, Et2A1Br or E-t2A1Ci in a two-stage process
(reviewed in Atwood and Harvey, Chem. Rev, 2001, let 37-52y It has been found by the inventor that
dimeric aluminiusefsatenjroamiplexes aredighiy-actiwealalsta e feaction.ofepaxides with

carbon dioxidg. t;proguce cyclickocarhonates, and allow the reaction to be carried out at room
temperature and atmospheric pfl{essure, us?ng short’ ’r(éc;é’c |’Eoi"r(1)?iim{rﬁie“gﬂ aﬁdaf:‘ﬁ%?ﬁ‘grﬁ?aﬂw Viable amounts of

catalyst. AccdtdiRgRI S first aspect, there is provided a process for the production of 20cyclic
carbonates comprising contacting an epoxide with carbon dioxide in the presence of a dimeric

aluminiuw(s%@g%g@&@lyﬁﬁme@%ﬁé@b@t&@Hﬁlﬁ’dﬁn‘?gﬁ%&}p%j% Y- where% is selected from ClI, Br
al: -

and |. The dimeric aluminium(saien) catalysts are of formufa™l: BWherein’” 6“%“’6[5‘0'--.N or

CP,c'FF2-NRN1 AWFEEBERY St Bitars inBebeddentisde &b B8 Hihalodeptitrally substituted
C1-2D alkyl, 8pstisreatiiesubstitited 820uaridaiethesandnitro; WO 2008/132474PCT/GB2008/001485
3 each of the substituents R', 1:12, R3, R4, R9, fr, R7, R8, R9, R', R", R'2, R'3, R'4, R", and IR", is

independentlxgglgcteg Ir(?ﬁn H, halo, opt@g}lall substituted C1.20 alkyl (including CAr3, where Ar is a

C5;20 aryl group), Gptiona ?%ﬂﬁ% tated B 20 AR Stishal ik stiinen e3P Gketerocyclyl, ether,

ammon?@m aﬁﬁaﬁl’t@d’} salen ligand with MeshAl EtAl MeAISL MeAKOTE, s Al or ELAIC in g
twe-stage process (reviewed in Atwood and Harvay, Chem. Rev., 2001, 101, 37-524.

it has been found by the invenior that dimeric aluminium(salen) compilexes are highly
active catalysts for the reaction of epoxides with carbon dioxide to produce cyclic
15 carbonaies, and aliow the reaction to be carrviad out at room temperature and

atrnospheric pressure, using short reaction times and commercially viable amounts of
catalyst 7

Accordingly, in a first aspect, there is provided a process for the production of

20 cyclic carbonates comprising contacting an epoxide with carbon dioxide in the
presence of a dimeric aluminiurmn(salen) catalyst and a co-catalyst capable of
supplying Y, where Y is selected from Cl, Br and |. The dimeric aluminium{salen)

catalysts are of formuta t:
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25 wherein;

Y-Q is CRY'=N or CRETR®-NRY, where R, R® and RM are independenily saiected
from H, halo, optionally substituied Cs.z alkyl, optionally subsiituted Csp aryl, ether
and nitro;



5X'is either of the formula -(CH2),,- or -0-(CH2)p-0-, where n is 2, _3, 4,or5andpisl,, 2,o0r3,or
represents a divalent group selected from C5-7 arylene, C5.7 cylcllc afll;yleneI arlu_:i C|3;]|7es e o more
heterocycl j ay be optionally substituted. If the g:ata.yst of formu aT inclu > 3

chiral cgnt?lii?%ﬂg?ﬁtg %?y be a 10(wholly or partially) racemic mixture or otfhér ﬁﬁw fHdféof, for
example, a mixture enriched in one enantiomer or giasteremsomer, a single enantiomer or _
diastereoisomer, or a mixture of the stereoisomers. Methods for the preparation (e.q., asymmetric
synthesis) and&&pa Kot petiipenadtiofal %iﬁfaﬂ%ﬁfqﬁ’am, eRrermatographicnreans) of ﬁUﬁh |s.omerr|c
Knonn metodsein koo ananer Preleranh e L B, amiomer. 12
known methodgs,.j n . Prefera e catalyst o ] : _ ,

chiral centre igﬁ ?’%@ﬁ%ﬁé@%ﬁﬁy‘%ﬁs ﬁfeﬁggﬁ)ﬁ@ofm}i@”ﬁ{w}‘?@%ﬁw. Suitable sources of
Y- 20are MY ﬁg?ggimsi@ﬁt%ﬁﬁlﬁéﬂeﬁﬁ@fﬁ%ﬁb’h eignummhalidespaviiich) include, but are not limited to,
RANY, R3SY /RepiYemd mmuiwhmm@@yim@,e@%@ly1,§§Ye§t§%§rgrgn%%ngnﬁlly substituted

1.10 alkyl, = | gr nd n$ R can be anacyl group, and simple
ﬁalides&,l e%/g. %?;E??%g Zéséa{]tgfgaﬁ %??rt ’?%é%é%ﬁ%%?’%@%eaafé?n%egyscv&na Y§HNO ) RC) Ell

wherein Rc3 and Ré4 ArenTapaita SRy Seas deamisnsi sspsiénaty substituted C1.10 alkyl, optionally

substituted C3-20 heterocyclyl and optionally substituted C5-20 aryl, or Rc3 and FRG4 form an

| ki ' ctivel
optionally sutistieslipking@raup ARNUEEDIEMALEUINA A0RAMS Lo, Which ihey are respectively
attached,OTh%UQ(lﬁip D, together Wi,g(tg the catrbon atoms to w |§h it'ls attache 1, may form an
' o

optionally substitute%%g-é% )@%%m%mﬁr '8%_58‘_. iﬂ%r@%wm%@%. T@W?O@@iﬁ&&yhp a[cgit_tzhoe
heterocylyl grBUS Ry IS8 GHattGEer 6nFjarsesinglespositiogicomteiaing, Jor example, adj

diastereoisomer, or a mixture of the sterecisomers. Methods for the preparation

{e.g., asymmetric synthesis) and separation (e.g., fractional crystallisation and

chromatographic means) of such isomeric forms are either known in the art or are

15 readily obtained by adapting the methods taught herein, or known methods, in a

known manner. Preferably the catalyst of formula | is a single enantiomer, if a chiral
centre is present.

The cocatalyst is preferably soluble in the reaction mixture. Suitable sources of Y-

20 are MY, where M is a suitabie cation, such as onium halides, which include, but are
not limited to, R.NY, RsSY, RPY and R.SbY, where each R is independently
selected from optionally substituied Cy.q alkyl, Cszo heterocyclyl and Cs. ary! groups
and one R can be an acyl group, and simple halides, e.g. NaCl, Kl.

25  The reaction of the first aspect may be defined as follows:

o
3 o)J\o
R‘“"AR“ + CO, ———n |
RCE RC-Q

i 3]

wherein R® and R are independently selected from H, optionally substituted Ci.«
alkyl, optionally substituted Cya heterocyclyl and opticnally substituted Cszo aryl, or
RS and R form an optionally substituted linking group between the two carbon

30 atoms to which they are respectively attached. The linking group, tegether with the
carbon atoms to which it is attached, may form an opilionally substituied Csae
eycloalkyl or Csao heterocylyl group. The Coso cycioalkyl or Cs.20 heterocylyl group
may be substituted only in a single position on the ring, for example, adjacent the



4 epoxide, Suitable substituents, include optionally substituted C1-10 alkyl, optionally substituted
C3.20 heterocyclyl and optionally substituted C5-20 aryl. A possible substituent for the Cl-it, alkyl
group is a C5.2D aryl group. A further possible 5group of substituents includes, but is not limited to, a
C5.2C. aryl group (e.g. phenyl, 4- methoxy phenyl), a hydroxy aroup, a halo group (e.g. Cl), a acetyl
group, an ester group, Or a C5-20 aryloxy group (e.g. phenoxy). The first aspect of the invention aiso
provides the use of a dimeric aluminium(salen) 10catalyst of formula | and a cc-catalyst capabie of
supplying 11-- as a catalyst system for the productio‘% of cyclic carbonates from epoxides. The dimeric
aluminium(sa|eaepogmmmammﬁmmemmwd@msmg@uﬁmmﬁ i Q&%W foRuR2, Ise, R and
X are as defined,alpyes RZ, /P AS68 &ﬁ?%ﬂ&%ﬁg SO rea§ a proﬁess e synthesis of a

dimeric aluminium(salen) catalyst o fo mula la comprising G4 E4en lioand of formula IV: 20 S
where R', R2, R3, R and X are as defined above, with AI(OR)3 in an organic solvent, wherein R is
selected from Cl patigittandc@BugaEr; the G aliyl group is a Cug arvt group. A further possible

5 group of substituents inctudes, but is not lirnited 10, & Ca aryi group {e.g. phenyl, 4-
methoxy phenyl), a hydroxy group. a halo group {2.g. Cl}, & acety! group, an sster

group, or a Cszp aryioxy group (e.g. phenoxy).
The first aspect of the invention also provides the use of 3 dimeric aluminiumisalen?
10 catalyst of formula | and a co-cataivst capabie of sUpplving Y as a cataiyst system for

the production of cyciic carbonaies from epoxides.

The dimeric atuminium(salen) catalysts of the first aspact may be of formuia ia:
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15 where R, R?, B3 R and X are as defined above.

In & second aspect, there is provided a process for the synthesis of a dimeric

aluminium(saien) catalyst of formuia la comprising treating a salen figand of formula
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In a third aspect, there is provided a dimeric aluminium(salen) catalyst of formula I:  wherein: Y-0 is
CR1=-.N or CFER'2-NRN1, where PIc', A02 and RN1 are independently selected from H, halo,
optionally substituted C1-20 alkyl, optionally substituted C5-20 aryl, ether and nitro; each of the
subsffluents R', R2, R3, R4, R5, Fr, R7, R8, R9, R, R", R12,R'4, and R16, is independently selected
from H, halo, optionally substituted C1-20 alkyl, optionally substituted C7,-20 aryl, optionally
substituted C3-20 heterocyclyl, ether, ammonium and nitro: X is either of the formula -(CH2)- or
-0-(CH2),-0-, where nis 2, 3, 4, or 5and p is 1, 2,.0r 3, or represents a divalent group selected from
Csr, arylene, C3-7 cyclic alkyiene and C3_7 heterocyclylene, which may be optionally substituted,
wherein: (af4efeddt Sﬁo%f%?'?m%?@ﬁé RYURBeREIRE, WE) RE)RYRY, 2R 2rdR!8: ASVR'S, or R'6 is
nitro; or (b) atteast e ofd=RE0RT RARZRE.ALT, Fr, R, R", R12,R", R'5, or R'6 is ether. 5a
The catalysts of the present invention may be immobilized on a solid support. Detailed description of
the inventiox Detgpiéions Epoxide: The term "epoxide”, as used herein, mayfpertain!compound of the

formula: RcA" @ tir aspect, there is provided a dimeric aluminium(salen) catalyst o
formuia |:
R’ R®
B 3 2 | 4
s l «:’//L_s __1_/’{‘?:\ /iJ\
N L U
Q. .0 o _a )
X, AL G -AlL X ’
) 73
v 4 13 !
R R = i Y
12 R R 2 Rw
R 715
wherain;

Y-Qis CR%'=N or CR®'R™-NR", where R%", R® and RM' are indapendently selected
from H, haio, optionally substifuted C.. alkyl, optionally substituied Cs aryl, sther
ant nitro;

each of the substituenis R, R?, R® R, R%, RS, R, RS, R®, R'®, RY R B®, R R,
and R is independently selected from H, halo, optionally substituied Cupo alkyl,
opfionally substituted Csz aryl, optionally substitited Ca.ap heterocyoivl, ether,
ammonium and nitro;

X is gither of the formula «CHa)yw or -O~(CHg)eO-, where i is 2, 3, 4, or 5 and pis 1,
2, or 3, or represents a divalent group selected from Cs arvieng, Cs; cyciic aitkyiene
and Cs; heterocyclylene, which may be optionally substituted,

wheareir;

(&) at least one of R7, R?, /%, RY, R® RE, R7, R® R%, R, R, R, B, R™“ R, or
R is nitro; or

{b) at ieast one of RY, % R% R R% RS, R7, RE, R, R RY, R, R® R, R* or

R is ether,



wherein R" and Rc-4 are independently selected from H optionally substituted C1-11) Sky!, optionally
substituted 0s_20 neterocyciyl and optionally substituted C5-211 and, or R:r3 and PP form an
optionally substituted finking croup between the two carbon atoms to which they are respectively
attached. The linking group, together with the carkon atoms to which it is attached, may form an
optionally substituted C5-20 cycloalkyl or CS-20 heterocyly! group. The Cs_20 cycloalkyl or C5-2D
heterocylyi group may be substituted only in a single position on the ring, for example, adjacent the
epoxide. Suitable:substisugnts,dachide aptionally substituted C1.10 alkyl, optionally substituted C.3_20
heterocyclyl and op%ionally gfﬁsﬁgg ggg&sg(;}%é IST rgr%aptﬁgr?gl W BstitifeRite?Ady be selected from:
Cmci alkyl, Ca.20 heterocyclyi, C5-20 aryl, halo, hydroxy, ether, cyan, nitro, carboxy, ester, amido,
amino, acyld@iidied dresadoteylokyetioletiioether, sultoxide, sulfonyl, thioamicio and sulfonamino. In
some embdagdimerts; the C1.10 alkyl group is substituted by a C5-20 aryl group. In other embodiments,
the C1-10 al oup may he substituted by a C5-20 aryl croup (e.g. phenyl, 4-methoxy phenyl), a
hydroxy crqﬁ%ka% %iél%“df’(g%p (650, "CI) FAHEe i grouparrasiarig rowpyiora€5:2€: aryloxy group (e.g.
phenoxy). Ptéféfably, the epoxide is a terminal epoxide, i.e. Rcs' a H. In some embodiments, R' is
selected from optionally substituted CD, alkyl ang optionally substituted C5_7 aryl. In some of these
embodiments R is unsubstituted. 6 Preferrgggi,épb@dgs are ethylene oxide (Rea = Re4 = H),
propylene oxide (Re' =- methyl, Re4 = H), Eutylene oxide (Re-3 -= ethyl, Re4 = H), and styrene oxide
(Re' = pheMjieREPE mgi@fﬁ@reemm@si@mmenestem@uaemgf@mg%ﬂa%%(:9'53 = 5 CH20H, Re4
= H), chlorejmopylioxide (ReiimGH2C), Red = H),acet ropy! oxide g{ga = CHZ20Ac, Re4= H),
phenylcarhenyloxypropyl oxide (Rea= CH%O%&%%&W ﬁﬁéﬁ%&%‘f“& pyFoXidedFP = CH20Ph,
Re4 = H) and 4-methoxyphen Yet{ﬁéi/yo%éf Sértﬁ%ﬁ:”%ﬁﬁ%@@éﬁ SHeanr| )wkOSyietic carbonate: the term
"cyclic carB8HBE®, HETIdanVHeFeiRstray) prsivted Gompoting @bthe faypmiaiy:0:Q.RC3RC4 wherein
Rea and R&her atodefinadiabavie.atbAtleyl: rﬁé}ef&ﬁﬂhﬁaébﬁgnéﬁr s8d: E%i'&: pz)nertains to a monovalent
moiety obtajpedily FenQVving ir a om a argon atom of a hydfocarbon having from 1 to
20 carbon Zgorgg%gé §§ otheﬁv,éiggdé%gé%%ied , W “’i‘é’hfﬁ%ﬁg ¥ gfiphatfet ahdytreEnd which may be
saturated or tnsaturatet (e 9. parfiaiyeineian ofmfieuinmborasa)shusisbertara "alkyl" includes the
sub-class€PamkenyF rgmylisitisatky in20dy coakeny b eyeioalkybyl, gi6s, asilisghssed below. In the
context of alkytigretips,the:prefies 4g£3ﬁgﬁ§,t@uggt%-%%rc2é7 C3-7, etc.) denote the number of
carbon atoms, or the range of number of carbon atoms. For éﬁ%r%]e, the term "C1.4 alkyl", as used
herein, peﬁiains to an alkyl group having from 1 to 4 25carbon atoms. Examples of groups of alkyl
groups incli8EEF KT {HsRE e selacieaikyirans CaKa0 aliylhMetesthat the first prefix may vary
a.ccording.fif)’loﬂa!éx ﬁmitatipnsh_éorc@mampiﬁof%kﬁmglggé@gaﬂhy&g{m%sf, atpyﬁgamlsc}cg)refix must be at least
2; for cycligaliey/l.areupste firsbrshix musk ges L?I&)Igﬁst 3, etc. '

. thidamido and sulfonamino.

in some embodiments, the C. alkyl group is substituted by & Cs.zo aryl

group. In
other embodiments, the C,

-1 alkyl group may be substituted by a Ceap aryt group

{e.g. pheny!, 4-methoxy phenyl}, a hydroxy group, & halo group (e.g. Cl, an acetyl

group, an ester groun, or 8 Ceag aryloxy group (e.q. phenoxy).
Preferably, the epoxide is a terminal epoxide, ie. R™ = H,

in some embodiments, R™ is sziected from optionally substituted C. aliyl and

optionally substituted Ce, aryl. In some of these embodiments R is unsubstituted



30Examples of (unsubstituted) saturated alkyl groups include, but are not limited to, methyl (C,), ethyl
(C2), propyl (C3), butyl (04), pentyl (Cs), hexyl (C6), and heptyl (C7). 7 Examples of (unsubstituted)

saturated ligpanatkyl:gEoups include, but are not limited to, methyl (Cl), ethy (G 2xnriapisEC3),
n-butyl (C4), n-pentyl (amyl) (C5), n-hexyl (Cs), and n-heptyl (C7). 5Examples of (unsubstituted)
saturated branched alkyl groups include iso-propyl £C3), iso-butyl (C4), sec-butyl (C4), tert-butyl (C4),
iso-pentyl (C5), and neo-pentyl (C5). Alkenyl: The term "alkenyl", as used herein, pertains to an alkyl
group having one or more carbon-carbon double bonds. Examples of groups of alkenyl groups include
10C2.4 alkenyfreierpdiianiple GRS plleenyixiBx aRTpier ok(Hn Sbstited)iyasaturated alkenyl groups
include, but argéaiilirsedp petReny LiRYIRCH !,@“%@ﬁ?@ﬁ&‘%%;@":géﬂe‘ ), 2-propeny! (ally!,
-Cl-12- CH=CH‘,12Q i§%pvr4o__$ﬁgy&%-meth llvinyl, -C(CH4=CH2), buten I(&B pentenyl (C5), and
15hexenyl (C%ﬁ,ﬂﬁyn | ThE tarR DI 2L TRER insiudn ydreximeory g Sroup having one or
more carbon- %Hst%ﬁé boridnoEscampledief GO updbtalkyny FyroupsingludeyGRidsalkynyl, C2-7
alkynyl, C2-20(afkynyh 20,5 xmples sifdwnsaibstiiisaih s aliaied-allynyd graupgiaclude, but are not
limited to, ethyry ' N and 2- L (propargyl, -CH2-C=7CH). Cycloalkyl: the term
"cycloalky!", a@@?ﬁ%@%ﬁ&?ﬁ@%@m 5?@%%%%p@w i%flj\(}?g“ %é??éygmﬁ@r’wethat is, a
monovalent mﬁet? 8i{aE bf‘reﬁ‘wming a hydrogen atom from an alicyclic ring atom of a carbocyclic
ring of a carbocyclic compound, which carbocyclic ring may be saturated or unsaturated (e.g. partially

unsaturafed, fulynsauraiedharkich ﬂ@%!&%ﬁé@%&é@&ﬁépﬁ% ﬁlgt%%% unless otherwise

specified), incé%dingufrgn} E,’f‘ﬁto 20 ring atoms. Thus, the term "cycloalkyl" inc lides The 30sub-classes
cycloalkenyl and gyc%aﬂ(yneyr?fg?‘% rably, each ring has from 3 to 7 ring atoms. Examples of groups of
cycloalkyl groups include 03-20 cycloalkyl, C3-13 ¢&ycloalkyl, C3.10 cycloalkyl, 03.7 cycloalkyl. Cyclic
alkylene: The term "cyclic alkylene" as used her%ij;aertains to a divalent 35moiety obtained by
removing a hydrogen atom from each of two adjacent alicyclic

RCIS RC4

wherein R°® and R are as defined above.

15 Alkyl: The term “alkyl”, as used herein, pertains to a monovalent moiety obtained by
removing a hydrogen atom from a carbon atom of a hydrocarbon having frorm 1 to 20
carbon atoms (unless otherwise specified), which may be aliphatic or alicyclic and
which may be saturated or unsaturated (e.g. partially saturated, fully unsaturated),
Thus, the term “alkyl” includes the sub-classes alkenyl, alkynyl, cycloalkyl,

20 cycloalkenyl, cycloalkynyl, etc., as discussed below.

in the context of alkyl groups, the prefixes (€.9. Cia, Crz, Crzn, G, Cav, etc.) dencte

the number of carbon atoms, or the range of number of carbon atoms. Eor example,
the term “C... alkyl", as used herein, pertains 1o an alky! group having from 1 to 4

25 carbon atoms. Examples of groups of alkyl groups include Ci. alkyl {“lower alkyi™),
Crr alkyl and Cip0 alkyl. Note that the first prefix may vary according to other
Hmitations; for example, for unsaturated alkyl groups, the first prefix must be at least

2; for cyclic alkyt groups, the first prefix must be at least 3: efc.

30 Examples of (unsubstituted) saturated aikyl groups include, but are not limited to,
methy! (C+), ethyl {Cs), propyl {Ca), butyl (Ca), pentyl {Cs), hexyl (Ce}, and hepty! (C).



ring atoms of a carbocyclic ring of a carbocyclic compound, which carbocyclic ring 8 may be saturated
or unsaturated (e.g. partially saturated, fully unsaturated), which moiety has from 3 to 20 carbon atoms
(unless othepwisespegified), including from 3 to 20 ring atoms. Preferably egeh fingihag.fram 5to 7
ring atoms. Examples of groups of cyclic alkyiene groups include C3-23 cyclic alicyienes, C3-13 cyclic
alkyienes, 5C3.10 cyclic alkylenes, C3.7 cyclic alkylenes. Examples of cycloalkyl groups and cyclic
alkylene groups include, but are not limited to, those derived from: saturated monocyclic hydrocarbon
compounds: 16E5EREFdSANRS eSS sputaied ooy, B apemainelyes oyaioheianieCs),
cycloheptane (€ MetigtityicythopopaneriBr)alimetycysnprosape&5). @sthveyglobutane (C5),
dimethylcyclotgggﬁ%(ggg)e Q)@i_cyclopentane (C6), dimethylcyclopentane (C7), methylcyclohexane
(C7), dimethylcyclohexane (03), menthane (C10); 15unsaturated monocyclic hydrocarbon compounds:
cyclopropene (C3), cyclobutene (C4), cyclopentene (C5), cyclohexene (C6), methylcyclopropene
(Ca), diméthylEyeioprspe te ¢Csjiimethypaycithltene (€5 |idimetndeyalebutena <66)C,),
methylcyclopepteng @), dinethyleygl )l Igyel e sdimethylcyclohexene
(CO; 20saturated polﬁ%bcjlic hydrgdcgg}%gg ﬁéﬁ%%%ﬁ%d%ct ﬁ%g@%@?ﬁaﬁ%@%ﬁ?mnmg (C10),
bornane (010), norcarane (C7), norpinane (C7), norbornane (07), adamantane (Cu)), decalin
(decahydronafii@ialenty (em0 R iprdlratsepotyenciietajot dcarbahyt oromm iadsg camghene (C10),
I(imo)nene (Cl(a)m@rmenm@;gba@aa%wa&adyogmmgm(@mm@iwg%aasq#er@%tic ;i?g: in)dene
Co), indgne (g.g. -di -1H-inden , tetraline (1,2,3,4-tetrahydronaphthalene) (C10),
acenapﬁfg]ene%%?%éﬁ%%én%%ﬁ%@&%é%e (013); acephenanthrene (C15), aceanthrene (C16),
cholanthrene (C20). 30Heterocyclyl: The term "heterocyclyl”, as used herein, pertains to a monovalent
moiety obtainédddmpienid img.déidiat)enatontfoakeningatanmelad) etaraeyedciemapound, which

ety obta . oD S o S GRG0
e A e

heteroatoms. E{ngﬁ? I}/, each rin? ] ring atoms, o 0 4 are ring
heteroatoms. = "2/ sopropeny! T1-methylvinyl, -C(CH,}=CHz), butenyl (C.), pentenyl (Cs), and

15 hexenvi (Cs).

Alkynyt: The term “alkynyl”, as used herein, pertains to an aliyl group having cne or
more carbon-carbon triple bonds. Examples of groups of alkyny! groups include Co.
alkynyl, Cp.7 alkynyl, Ca.z0 alkyniyl.

20
Examples of (unsubstituted) unsaturated alkynyl groups include, but are not limited

to, ethynyi (ethinyl, -C=CH) and 2-propyny! (propargyl, -CHz-C=CH).

Cycloalkyl: the term “cycloaliy”, as used herein, pertains to an alkyl group which is

25  also a cyclyl group; that is, a monovalent moiety obtained by removing a hydrogen
atom from an alicyclic ring atom of a carbocyclic ring of a carbocyclic compound,
which carbocyclic ring may be saturated or unsaturated (e.g. partially unsaturated,
fully unsaturaied), which moiety has from 3-20 carbon atoms {(unless otherwise
specified), including from 3 to 20 ring atoms. Thus, the term “cycioalkyl” inciudes the

30 sub-classes cycloalkenyl and cycloalkynyl. Preferably, each ring has from 3 1o 7 ting
atoms. Examples of groups of cycloalkyl groups inciude Csao cycloalkyl, Csxs
cycloalkyl, Caro cycloalkyl, Cs7 cycloalkyl.

Cyclic alkylene: The term “cyclic alkylene” as used herein periains to a divalent
35 moiety obtained by removing a hydrogen atom from each of two adjacent alicyciic

ring atoms of a carbocyclic ring of a carbocyclic compound, which carbocycelic ring



9 Heterocyclylene: The term "heterocyclylene”, as used herein, pertains to a divalent moiety obtained
by removing a hydrogen atom from each of two adjacent ring atoms of a heterocyclic compound,

which moietydasofieg340 20 ring atoms (unless otherwise specified), of whjehdsomyd 49,14 are ring
heteroatoms. Preferably, each 5ring has from 3 to 7 ring atoms, of which from 1 to 4 are ring

heteroatoms. The heterocyclyl or heterocyclylene ggoup may be bonded via carbon or hetero ring
roup is bonded via two carbon atoms. 10When referring to

atoms. Preferably, the heterocyclylene ‘

heterocyclyl of i %?os@%mgﬁé? d%b%%'ﬁr,%ﬁ% (Srarhastigly gatersien, felly pneabigtesth Waiehote the number
of ring atoms, GPiFdngesdfammisetbfainenatoms (wiethehearbers@icing )0 Harkargatems. For example,
the term "C5,Gheterguabi, 3515 RIRIAPHAINIP AI'BIANGIVL 9jguR BRYIRO 5 or 6 ring atoms.
Examples of gépL@g %_he erae i(;II){I gﬁ[ogf?s, inc {?d C3.20 heterocyclyl, C5-20heterocyclyl, C3-15
15heterocyclyl CBh1 . ﬁ%?eroc;%(c?y;e SUP5 EHSHD Sren Y i A atsr deye RIcisiekatsrocy clyl, C5-10
heterocyclyl, 3.7 Hetergkylenrscs:; metlsrabyigyrsand C5.6heterocyclyl. Similarly, the term "C5-6
heterocyclylene”, as used herein, 'pertains to a heterocyclylene group having 5 or 6 ring atoms.

E I f e.gro include 03.20hetergcyclylene, C5-23heterocyclylene,
oéi@"h‘éi’e?oﬁfgﬁﬁéﬁé% B, BB R 2 S SRR pone. 10

heterocyclyle & fl%ﬁiéf’&gegﬁlylene, C3., heterocyclylene, C5-7hetero_cyclylene, and C5-6
heterocyclylene. 25Eramsptesrain

yetcolioteterocyelyband:heterocyclylene groups include, but are
not limiteg to, $RQse:SlaIae: i Ao ik RZIFC | d gzetidi idine (tetrahydropyrrole)
(CH), pyrroline éesbqi N %é%ﬁglacg%%%-di@roq ﬁo%&ﬂ%@& éc%}%ég%&% rrole (isopyrrole,
isoazole) 30(CBY. piperidi e’éc@ﬁ G &5?}??&!’1%@( @@Féﬂ%%@ﬁ?ﬁﬁ%@(b@, azepine (C7); 0,:
oxirane (03), Gxafuitadoaytaskdlias ecitesthyigrrotumtany (C5) rexofedipettafiaral),(Cs), oxane
(tetrahydropyranp(@Bycitibyeteapyies), (ABhyRYMh e RIGPIGDipasictaliape)(C3), thietane (04),
thiolane (tetra%%%ﬁéo@spe) (Cs), thiane
15 unsaturated monocyclic hydrocarbon compounds:

cyclopropene (Cs), cyclobutene (C4), cyclopentene (Cs), cyclohexene (Cs),

methylcyclopropene (Ca), dimethylcyclopropene (Cs), methyleyclobutene (Cs),

dimethyicyclobutens (Ce}, methylcyciopentene (Ce), dimethylcyclopentene (C)),

methyleyclohexene (C;), dimethylcyciohexene (Ce);

20 saturated polycyclic hydrocarbon compounds:
thujane (Cy), carane (Cyo), pinane (Cq), bornana (Cro}. norcarane {C;), norpinane
{(Gy), norbornane (G}, adamantane (C‘;‘o), decalin {decahydronaphthalene) (Cio)
unsaturated polycyclic hydrocarbon compounds:
camphene (Cu), limonene (Cye), pinene (Cro);

y

25 polycyclic hydrocarbon compounds having an aromatic fing:
indene (Cq), indane (e.g., 2,3-dihydro-1H-indene) {Co}, tetraline
(1,2,3,4-tetrahydronaphthalene) (Cy), acenaphthene (Cra), fluorene (Cya), phenalene
(C1a), acephenanthrene {(Cis), aceanthrene (Cig), cholanthrene {(Coo}.

30 Heterocyclyl: The term “heterocyclyl”, as used herein, periains to a monovalent
rmoiety obtained by removing a hydrogen atom from a ring atom of a heterocyclic
compound, which moiety has from 3 to 20 ring atoms (unless otherwise specified), of
which from 1 to 10 are ring heteroatoms. Preferably, each ring has from 310 7 ring
atoms, of which from 1 to 4 are ring heteroatoms.

35 '



(tetrahydrothiopyran) (C6), thiepane (C7); 10 2: dioxolane (05), dioxane (C6), and dioxepane (C7); 3:
trioxane (Cs); 5 N2: imidazolidine (C5), pyrazolidine (diazolidine) (C5), imidazoline (C5), pyrazoline

(dihydropyrazotenéGs)s piperazine (Cs); N101: tetrahydrooxazole (C5), dihygroaxazoledds s
tetrahydroisoxazole (C5), 10dihydroisoxazole (C5), morpholine (C5), tetrahydrooxazine (C5),

dihydrooxazine (C6), oxazine (C6); thiazoline (C5),¢hiazolidine (C5), thiomorpholine (C6); 15N201:
oxadiazine (Cs); OISI: oxathigle (C5) and oxathiane (thioxane) (Cs); and, NIOISI: oxathiazine (C6). 20

Examples of sUBSHEY §5n-BIR REh Hissere)Erehagisefdisrandresrotysigieiengroups include
those derived fgiehsakkiraitnsidmayioti@ fonrmden stsaniple, Lcanoses 4§2):susly agarabinofuranose,

yxofuranose, BhohuranaserasdalHIaRRE, AOEPHRNNSES (05 Al anallopyianose. altropyranose,
a

I

. 1]

glucopyranose, 25mannopyranose, gulopyranose, idopyranose, ctopyranose, and talopyranose.
e A P e LigiiD

C5-20 aryl: The term "Ch_20°ary P, 48Us ) PEtR Sty valgifr#ibictybbtained by
removing & hy@doGen %@ehs froniian aesmatioviis atom of & 85 26parematicreempound, said compound
having one ring, or two or more rings (e.g., 30fused), and having from 5 to 20 ring atoms, and wherein

at least one Oﬁrﬁ@'ggﬂé}g@kiﬁ or heterocyclylene group may be bonded via carbon or hetero ring

atoms. Preferably, the heterocyclylene group is bonded via two carbon atoms.

10 When referring to heterooyelyl or heterocyelylens groups, the prefixes {e.g. Cap, Car,
Cse, elc.) denote the number of ring atoms, or range of number of ring atoms,
whether carbon atoms or hetercatoms. For example, the term “Css heterocy;c!y!", as
used herein, pertains to a heterocyclyl group having 5 or 6 ring atoms. Examples of
groups of heterocyclyl gmu.ps inciude Cq.a0 heterocyclyl, Cs.zoheterocyoiyl, Cais

15 heterocyciyl, Css heterocyclyl, Ca.i2 heterocyelyl, Cs. heterocyclyl, Caro heterocyclyl,
Cs.s0 heterocyclyl, Carheterocyclyl, Cs- hete rocyclyl, and Cs.e heterocyelyl.

Simi!aﬂy, the term “Cs heterocyclyleng”, as used herein, pertains to a
7 heterocyclylene group having 5 or 6 ring atoms. Examples of groups of
20 heterocyclylene groups include Cs.0heterocyclylene, Cs. heteroeyelylene, Cas
heterocyclylene, Cs.s heterocyciylene, Cyqzheterocyclylene, Csin heterocyclylene,
Cao heterocyclylene, Csqo heterocyclylene, Gy heterocyclylene, Css heterocyclylene,
and Cssheterocyclyiene,

25  Exarnples of monocyciié heterocyclyl and heterocyclylene groups include, but are not
limited to, those derived from:

Ny: aziridine (Cs), azetidine {C,), pyrrolidine {tetrahydropyrrale) (Cs), pyrroline (e.g.,
3-pyrroline, 2,5-dihydropyrrole) (Cs), 2H-pyrrole or 3H-pyrrole {isopyrrole, isoazole)
30 {Cs), piperidine (Cs), dihydropyridine (Cs), tetrahydropyridine (Cs), azepine (Cy); -

Os: oxirane (Cs), oxetane (CJ), oxolane (tetrahydrofuran) (Cs), oxole (ditydrofuran)

{Cs), oxane (tetrahydropyran) (Ce), dihydropyran (Ce), pyran (Cs), oxepin (C);

35 5y thiirane (Cs), thistane (C.), thiolane (tetrahydrothiophene) (Cs), thiane
{tetrahydrothiopyran) (Cs), thiepane (Cr);



an aromatic ring. Preferably, each ring has from 5 to 7 carbon atoms. The ring atoms may be all
carbon atoms, as in "carboaryl groups" in which case the group may conveniently be referred to as a

"C5.20 carbgaryliegnaup:4 11 C5-20 arylene: The term "C5.20 arylene”, as usgg/hgraia@siains to a
divalent moiety obtained by removing a hydrogen atom from each of two adjacent ring atoms of a

C5.20 aromatic compound, said compound having4@ne ring, or two or more rings (e.g., fused), and

having from 5 to 20 ring atoms, and wherein at least one of said ring(s) is 5an aromatic ring.

Preferably, each ring has from 5 to 7 carbon atoms. The ring atoms may be all carbon atoms, as in

"carboarylene grotipgidnaifichdimses{EHreupdnaypeoaveniently be referred to as a "C6.20

carboarylene"” group. 10Examples of C5-29 aryl and C5.20 arylene groups which do not have ring

heteroatoms (in,. CG.ZiQeggrg?oaryl and C5.20 carboarylene groups) include, but are not limited to,
el

those derived frém benz (i.e. phenyl) (C6), naphthalene (C10), anthracene (C14), phenanthrene

(C14), and pyrene (C16). 15Alternatively, the ring atoms may include one or more heteroatoms,

including but niet limitedieiexytehyrireRsn: andsuin @fg)i,r]g{{nﬁ%@%rgd;%rg%%%@{é'heteroarylene

groups”. In thi he.9f. enjently be referred to as a "C5. eteroaryl” or "C5.20
e O 76 Hled

heteroarylene” group, wherein ring atoms, whether carbon atoms or heteroatoms.
Preferably, each ring has from 5 to 7 ring 20atoms, of which from 0O to 4 are ring heteroatoms. The
heteroaryl or Héterdatypkenizograapienay) birydndedzvie €ayben-aiheierRLiae atgms. Preferably, the

neteroaniene arguB s DOEHAE 1 IS EIRITD a0 AREIAONAIE 1 60 ZA heterono) and C-20

heteroarylene(g(raozl# S bo lude, but are not limited to, C5 heteroar eteroary é)ﬁe groups
derived from furan%&o‘i ), thiophene (thiole), pyrrole (azole), imidazole (1,3-diazole), pyrazole
(1,2-diazole), triazole, oxazole, isoxazole, thiazole, isothiazole, oxadiazole, tetrazole and oxatriazole;

and C6 heteraasy): giiaupmél ey et Hanuisexeansi-ryiciag-agne), 30pyridazine (1 ,2-diazine),
pyrimidine (1,3-diazine; e.g., cytosine, thymine, uracil), pyrazine (1,4-diazine) and triazine. Examples
of C5-20 heteroaryl and C5-20 heteroarylene groups which comprise fused rings, include, but are not
limited to’,SCQ Pi‘é@é?r%%ﬁ'& @)heteroarylene groups 35derived from benzofuran, isobenzofuran,
benzothiophene, indole, isoindole; C10

01812 oxathiole {Cs) and oxathiane (thioxane} (Cs); and,

NyO.S¢: oxathiazine (Ce).

20
Examples of substituted (non-aromatic) monocyclic heterocycly! and heterocyclylene
groups include those derived from saccharides, in cyclic form, for example, furanoses
{Cs), such as arabinofuranose, lyxofuranose, ribofurancse, and xylofuranse, and
pyranoses (Cs), such as allopyranose, altropyranose, glucopyranose,

25 mannopyranose, gulopyranose, idopyranose, galactopyranose, and taiopyranose.

Cs20 aryl: The term “Cso aryl”, as used herein, pertains fo a monovalent moisty
obtained by removing a hydrogen atom from an aromatic ring atom of a Csao
aromatic compound, said compound having one ring, or two or more rings (e.g.,

30 fused), and having from 5 to 20 ring atoms, and wherein at least one of said ring(s) is

an aromatic ring. Preferably, each ring has from 5 to 7 carbon atoms.

The ring atoms may be all carbon atoms, as in “carboaryl groups” in which case the
group may convenienily be referred 10 as a “Cio carboaryl” group.
35 '



heteroaryl and C10 heteroarylene groups derived from quinoline, isoquinoline, _ 1_2 benzodiazine,
pyridopyridine; C14 heteroaryl and C14 heteroarylene groups derived from acridine and xanthene. The

above alkylyayckoskylepe, heterocyclyl, heterocyclylene, aryl, and aryllenep'f&rwﬁgy@ﬁgggr alone or
part of another substituent, may themselves optionally be substituted with one or more groups

selected from themselves and the additional substifyents listed below. Halo: -F, -CI, -Br, and -I. 10
Hydroxy: -OH. Ether -OR, wherein R is an ether substituent, for example, a C17 aIkyI group (also
referred to as Y ENGN G IBUD) Cacresyisnhete nefdisr gifo mslalb e alivatttbraseaty15C3.20
heterocyclylo@mapﬁmmwg@mgmm@mmm R ASHRED 2R AR GEOUD), pref.erab'ly a
C1_7 alkyl grag, M&iié‘&%rég@%% @aﬁa;&eus@mm' r}&ﬁzs ol A Qéetogé;%a%ég%%,whefem Ris
an acyl substituent, for exané%)% H, a C1.7 alkyl group (also reférred to as C1. acyl or

C1.7alkanoy1). & 3290 W&t %’}%ﬁ ol fiarisTasnt e e edersinetrbesielyirEgl)sor a C5.20 aryl

group (also reférpsariatiasinsCerarlaeyth prefarablyres@d 7 Zathyth gtoup. Examples of acyl groups
include, but are not limited to, -C(=0)CH3 (acetyl), -C(=0)CH2CH3 (propionyl), -C(=0)C(CH3)3

(pivaloyl), andvn%(ﬁf(? %Ebrﬂ%er%%e gll] %Qx%gg)étoms, as in “carboarylene groups” in which case

the group may conveniently be referred to as a “Ca.a carboarylens” group.

10 Examples of Csearyl and Gseo arylene groups which do not have ring heteroatoms
{i.e. Csxocarboaryl and Cszo carboarylene groups) include, but are not limited io,
those derived from benzene (i.2. phenyi) (Cs), naphithalene {Cio), anthracens (Cu),
phenanthrene (C.s), and pyrene (Cie).

15 Alternatively, the ring atoms may include one or more heteroatoms, including but not
limited to oxygen, nitrogen, and sulfur, as in “heteroaryl groups” or “hetercarylene
groups”. in this case, the group may conveniently be referred to as a “Cszo -
heteroaryl” or “Cs.o0 heteroarylens” group, wherein “Cs..,” denotes ring atoms,
whether carbon atoms or heteroaioms. Preferably, each ring has from 510 7 ring

20 aloms, of which from 0 to 4 are ring heteroatoms.

The hetercaryl or hetercarylene group may be bonded via carbon or hetero Fng
atoms. Preferably, the heteroarylene group is bonded via two carbon atoms.

25  Examples of Cs.aoheteroaryl and Cs.zo heteroarylene groups include, but are not
limited to, Cs heteroaryl and Cs hetercarylene groups derived from furan {oxolg),
thiophene (thiole), pyrrole (azole), imidazole (1 J3-ciazole), pyrazole (1,2-diazole),
triazole, oxazole, isoxazole, thiazole, isothiazole, bxadiazaie, tetrazole and
oxatriazole; and Cs heteroaryl groups derived from isoxazine, pyriding {azine},

30 pyridazine (1,2-diazine), pyrimidine (1,3-diazine; e.q., cytosine, thymine, uracil),
pyrazine (1,4-diazine} and triazine.

Examples of Cs.ooheteroary! and Cs.a heleroarylene groups which comprise fused
rings, include, but are not limited to, Cs heteroaryl and Cs heteroarylene groups
35 derived from benzofuran, isobenzofuran, benzothiophene, indole, iscindole; i

heteroaryl and Cy, heteroarylene groups derived from quinoling, isoguingciine,



Carboxy (carboxylic acid): -COOK. 30 Ester (carboxylate, carboxylic acid ester, oxycarbonyl):
-C(=0)0OR, wherein R is an ester substituent, for example, a C1.7 alkyl group, a C3.20 heterocyclyl

group, or a o 2hanhareup, preferably a C1.7 alkyl group. Examples of esﬁf@%ﬁsmﬂggse, but are
not limited to, -C(=0)0CH3, -C(=0)OCH2CH3, -C(=-0)0C(CH3)3, and -C(.0)0Ph. 13 Amido
(carbamoyl, carbamyl, aminocarbonyl, carboxamidg): -C(=0)NR1R2, wherein R" and R2 are
independently amino substituents,-as defined for amino groups. Examples of amido groups include,
but are not imfA&FS Az Ee-oyjifqpy drenfvhetrroant pae f(CHMSIRIVE e, GINBIGHAEH3, and
-C(=0)N(CH2G¢H3)a;ranwetichszathige. groups 5in which R' and R2, together with the nitrogen atom to
which they are attached, form a heterocyclic structure as in, for example, piperidinocarbonyl,
morpholinocar.,honé/J, thiomorphojinocarbonﬁ(l, and piperazinylcarbonyl. Amino: -NRIF12, wherein R’

and R2 are indep&naehfly AnTitdsHnLanfe Ao bk Raitiste chirogeH, ard Erviskg| group (also
referred t& as TPailghaininalonapClaralkyratiaoyizdae heteteaychigieppoaiia K540 aryl group,

preferably H ogisdgtfiatkyiigradRr Ofoil Qﬁ%ﬁ@%@!&ﬁ@d"ﬁa&nliﬁgém%@%&%%{ﬁﬁ% 2, taken together
with the nitrog&&%{g&v@i&geﬁg&y are attached, form a heterocyclic ring having from 4 to 8 ring
atoms. Examples of amino groups include, but are not limited to, -NH2, -NHCH3, 15-NHCH(CH3)2,

-N(CH3)2, -N(CH2CH3)2, and -NHPh. Examples of cyclic amino groups include, but are not limited to,
aziridinyl, azetiginyt-pyErodidimyki piperidino, piperazinyl, perhydrodiazepinyl, morpholino, and
thiomorpfplino. In particular, the cyclic amino groups may be substituted on their ring by any of the
substituents defined here, for example carboxy, carboxylate and amido. 20 Ammonium: -NH4"Z",
wherein Z- is & B’ﬁ?o" late counterion, such ashalide (e.g. CI-, Br), nitroate, perchlorate. Acylamido
(acylamino): -NR1C(=0)R2, wherein R' is an amide substituent, for 25example, hydrogen, a C1.7 alkyl

group, a C3.28heieLory irbEroHRs 9k 3SR, B ly H ona Gl alkyl group, most
preferably H, air()d r@g is an z%i;yl ?ugstituen , for examf)let a%tﬁ@b;iﬁ@%o%p% ‘3%’4%{ fé)heterocyclyl

group, or a C5 8rarylmgfaosuap, BrRTSPALR HRb 2 7 kP IR OENF et (S o ey RS groups include, but
are not liited-tes MRIPICTEYCH TroNH.C=OYE HaGHE,) Ln@/sh M) RhaRi 8ad Radnay together form

group}, preferably a G, alkyl group.
Nitro: -NQ..
20 Cyano (nitrile, carbonitrile}: -CN.

Acyl (keto): -C(=0)R, whersin R is an acyl substituent, for example, M, a Gz alkyl
group (also referred to as Gy alkytacyl or Csralkanoyl), a Caao heterocyclyi group
(also referred to as Csao heterocyclylacyl), or a Cszo aryl group (also referred (o as

25  Cseoarylacyl), preferably a Ci.y alkyl group. Examples of acyl groups include, but are
not limited to, -C(=0)CHs (acetyl), -C(=0)CH,CH; (propionyt), ~C{=0)C{CHa),
(pivaloyl), and -C(=0)Ph (benzoyl, phenona).

Carboxy (carboxylic acid); -COOH.

30 '
Ester (carboxylate, carboxylic acid ester, oxycarbonyl): -C{=0)OR, wherein R is an
ester substituent, for example, a Cy.; alkyl group, a Cs.ap heterocyclyt group, or a Csage
aryl group, preferably a C,.; alkyl group. Examples of ester groups include, but are
not fimited to, -C(=0)OCH;, -C{=0)OCHCHs, -C(=0)0C(CHs)s, and -C{=0)OPh.

35



30a cyclic structure, as in, for example, succinimidyl, maleimidyl, and phthalimidyl: [N 0-70 0.-" NrO
succinimidylmaleimidyl phthalimidyl 14 Ureido: -N(R1)CONR3R3 wherein Fr and R3 are

independenthhamigessypstituents, as defined for amino groups, and Rl is apjrgi M%tﬂggt, for
example, hydrogen, a C1.7alkyl group, a C3_20heterocyclylgroup, ora C6_20ar_y group, preferably
hydrogen or a C,1.7alkyl group. Examples of ureidg-groups include, but are not limited to, - 5
NHCONH2, -NHCONHMe, -NHCONHEt, -NHCONMe2, -NHCONEt2, -NMeCONH2, - NMeCONHMe,
“NMeCONHEARARLEXAMS, CARASTAONIRL RPN HeMEPkieA cflom) N sevaster): -0C(.0)R,

wherein R is aR'anyd Gdesuivskipent;fior mmm@dmm@&ts?a%l kiekiesauBs anfindr g%é&';s‘sterocycm tggtrvélr; .o?r a
C0-20 aryl | s {nglude,

imited to, - 82?%*;;;%2??%% Z%E%“#%“H% &?;8’3%% 33‘%:?5‘%@ 6)06r 4, .-
OC(=0)CH2Ph c’ﬁ‘“ et r%? @t ieréh alodthiebapsaseTodsexamp ea
Cl. 7a|ky| group (dlish Feferrbid’tdrastaeCaitiatie/itiimegnaupy; & G8«20msteroayalarawm, or a C5.20 ary

f [ I P not limited to,
ety Sy s i S eSS Cal <
C1.7 alkyl group, a@% &tero ycﬁ’y e 0 8%‘:?@"6 aryl group, preferably a C.7 alkyl group.

Examples of sulfoxide groups include, but are not limited to, -S(=0)CH3 and -S(=0)CH2C H3. 25
Amina: -NR'R2, wherein R and B2 are independently amino substituents, for

10 example, hydrogen, a Ciyalkyl group {also referred 1o as Gy alkylaming or di-Cy.,
alkylamino}, a Caae heterocyelyl group, or a Csaee aryt group, preferably H or a Gy alkyl
group, on, in the case of a “cyciic” amingo group, R and R?, taken fogether with the
nitrogen atom to which they are attached, form a heterocyclic ring having from 4 to 8
ring atoms. Examples of amino groups include, but are not limited £G, -MH,, -NHCH;,

1§ -NHCH(CHg)e, -N{CHa)z, -N(CH2CHa)z, and -NHPh. Examples of cyclic amino groups
include, but are not limited to, aziridinyl, azetidiny!, pyrrolidinyl, piperidino,
piperazinyl, perhydrodiazepinyl, morpholino, and thiomorpholino. in pariicuiar, the
cyclic amino groups may be substituted on their ring by any of the substituents
defined here, for example carboxy, carboxylate and amido.

20
Ammonium: -NHZ, wherein 2 is an appropriate counterion, such ashalide {e.g. CI,
Br}, nitroate, perchiorate.

Acylamido {acylamino): -NR'C{=0)R2, wherein R' is an amide substituent, for
25  example, hydrogen, a Cs.; alkyl group, a Cazo heterocyclyl group, or a Cseearyl group,
preferably H or & Ci7alkyl group, most preferably M, and R? is an acyl substituent, for
example, a C.» alkyl group, a Cazo heterocyclyl group, or a Csao aryl group, preferably
a G- alky! group. Examples of acylamide groups include, but are not limited to,
-NHC(=0)CH; , -NHC(=0)CH2CHs, and -NHC(=0)Ph. B and R? may together form
30 a cyclic structure, as in, for example, succinimidyl, rnaleimidyl, and phthalimidyt:.

succinimidyl maleimidyl phthalimidyl



Sulfonyl (sulfone): -S(=0)2R, wherein R is a sulfone substituent, for example, a C1.7 alkyl group, a
C3.20heterocyclyl group, or a C5-20 aryl group, preferably a C,.7 alkyl group. Examples of sulfone
groups inclugle, Joug/asesnpt limited to, -S(=0)2CH3 (methanesulfonyl, mesyly~$/R)¢8zkB1485
-S(=0)2CH2CH3, and 4-methylphenylsulfonyl 30(tosyl). Thioamido (thiocarbamyl): -C(=S)NR1R2,
wherein R" and R2 are independently amino substijyents, as defined for amino groups. Examples of
amido groups @clgd.e,gét\ﬁlre not limited to, -C(=S)NH2, -C(=S)NHCH3, -C(=S)N(CH3)2, and
-C(=S)NHCH2CHS® 18 SUtAamM oY RIRTST=113 R SihEreprendenty amiarmbsiitusstsuant, as define
for amino groufiingdderamiasifonamimbiEubstituht sfistixampite, a<aibid allglqgeyp, a C3- '

2oheterocyclylgroupy araus. 2. 20andigiupnieissably a Cl. | f sulfonamino
groups include butﬂ‘r% no;fglim' ed t(t), %ﬁ%?%%%HBﬁ%Hégzﬁ%)ggg%g%%mgmgé%?‘:% 2C6H5. As

mentioned abéivk’éf'?t%eyg s thist tormy the 2ESvETSR iRttt GRIlPYeE i C1.7 alkyl, C3 20
heterocych/l antiie8"t-afr ariyHemBEIGENbE s ibdGattide THISC OeEabavriaatinitions cover
substituent groipsaghictvareraubstitnter, Jcbemisallyiiretested, BRINSHEMRYPE convenient or
desirable to prepare, purify, handle and/or use the active compound in a chemically protected form.
The term "chemically protected form" is used herein in the conventional chemical sense and pertains
to a compound ' RiEREESHE I e A Bivdatrie fols argredpey sHbpioesiéd fremuiadesirable
chemical reactidhs afderrsyprcified.cenditiontyi(grouppit astemperatyag asiagiaBisolvent, and the like).
In practices wellkngwirchsmicak m@aﬂwﬁoﬁwmﬁg}gﬁﬁrﬁ&?%ﬁ&%%f «l&l&?gﬁim o oeted fon
group, which ggée{g\)/(iiemgg %(;EV@ inder specified conditions. In a chemically pfotected form,
one or more réactive functonal " 1pe e i thE et oS Protddtda O srbe iy group (also
known as a masked)éai¥isking group or a blocked or blocking group). By protecting a reactive
functional group, reactions involving other unprotected reactive functional groups can be performed,
without affectiﬁ;glgh:e_ﬁtgtected group; the protecting group may be removed, usually in a subsequent
step, without substantially affecting the remainder 250f the molecule. See, for example, Protective
Groups i?lSOrganic Synthesis (T. Green and P. Wuts; -3rd Edition; John Wiley and Sons, 1999).
Thioether (sulfide): -SR, wherein R is a thioether substituent, for example, a Cialkyl

group (also referrad fo as a Gy~ alkylthio group), a Caeo heterocyclyl group, or 38 Csag
aryt group, preferably a Cialkyl group. Examples of G, alkylthio groups include,
but are not limited to, -SCH; and -SCH,CH,.

20 '
Sutfoxide (sulfinyl): -S(=0)R, wherein R is a sulfoxide substituent, for exampie, a Gy
alkyl group, a Ca.a0 heterocyclyl group, or a Csaoary! group, preferably a Ci.»alkyl
group. Examples of sulfoxide groups include, but are not limited to, -S{=0)CH,3 énd
~S3(=0}CHCH;.

25
Sulfonyl (sulfone): -53(=0).R, wherein R is a sulfone substituent, for example, a Gy
alkyl group, a Ca.zo heterocyclyl gmup, or a Csp aryl group, preferably a Cs.; atky!
group. Exampies of sulfone groups include, but are not fimited to, -S(=0}.CH,
{methanesulionyl, mesyl), -8(=0),CFy, -8(=0)CHCH;, and 4-methyiphenylsulfonyl

30 (tosyi).

Thicamido (thiocarbamyl): -C{=S)NR'R?, wherein R* and B2 are independently amino

substituents, as defined for amino groups. Examples of amido groups include, but

are not limited to, -C(=8)NHz, -C(=S)NHCHs, -C(=S)N(CHs),, and -C(=5)NHCH.CHs.
35



Unless otherwise specified, a reference to a particular compound also includes chemically protected
forms thereof. 30 A wide variety of such "protecting," "blocking," or "masking" methods are widely used

and well knevgnaisgiganic synthesis. For example, a compound which has twerpopaauivalaat reactive
functional groups, both of which would be reactive under specified conditions, may be derivatized to
render one of the functional groups 35"protected," and therefore unreactive, under the specified
conditions; so gr({)tecte_d, the compound may be used as a reactant which has effectively only one
reactive 16 fuRCHTRAIGR IS ATEP G WESTRIY Tl ATrRTinR SHRRE el ceheefop fiormatigroup) is
complete, the preteeteddyride e mélyrbenideprattioted, ito seluipld, s kgiselfiaationality. SFor

example, a hygraxyr&t bg: prefe 0 (:0C(=0)R), for example, as:
a t-butyl ether; gp%nz%%dgl %!i%%(?ﬁgl?%eaf%%iér%%sgi%ﬁé;rj%%n%th%?%ﬁ?gesi;2)3 trimethylsilyl or
t-butyldimethyféliﬁ Sther or an acetyife A %@EH?%} Bt GRS Be%%%?)ammaﬁﬂ@hyde or
ketone group mbly tesbrbteersid as an acetal (R-CH(OR)2) or ketal (R2C(OR)2), respectively, in which
the carbonyl group (>C=0) is converted to a diether (>C(OR)2), by reaction with, for example, a
primary alcoh or.ketone group.is readily regenerated by hydrolysis using a large
excess of watzirsiﬁ%ﬁte% g%;geghggg’g!fggag%?q%%%%cé%?ngﬁ%ﬁéogg E&rﬁf e %gvg%sp?cﬁected, for
example, as af'afitis %—Nﬁ@@'@?ﬂ%%‘é@?&mWﬁﬂﬁ)@ﬁ%‘,"ﬁﬁ%@hﬁﬂé{t%: Aherethyl amide
(-NHCO-CH3)pizviredefiitionamide {:NHCEMQEHRCHHS, aMHGhA)i&s a t-butoxy amide
(-NHCO-4C(CH3)3, -NH-Boc); a 2-biphenyl-2-propoxy amide 20(-NHCO-0C(OH3)2C8H4C6HS5,
-NH-Bpoc), as.a -f.Ir
a 2-trimethylsily StyoXy-ar e Feoc), as a 2,2,2-trichloroethyloxy amide (-NH-Troc), as an
allyloxy amidel{(one belrseyendeat 2(¢-praplsudptrepgiye thylyx pantic er@gNH:Repe) agfvdn suitable cases
(e.g., cyclic aningmumsianitfexidaiasiaateNoAn; 2AdTerR*aBRIRaA FRSRAIGARdgroup may be
protected as nes %@J%rg é?én IE%Q% -2 %,Jalkg/il ester (e.g., a methyl ester; a t-butyl ester); a
Cwhaloalkyl ester (e.g., a CIGthihaloalkyT eoler) a r?&gfﬁﬁw?g {JEER FafEroaRuagingvhich
C5.20aryPC1: 728/ ecte Feechve dupelinip! gstpsisipetieriey fustardesiabrrcagnidel for example, as a
methyl 30 amidections under specified conditions (e.g., pH, temperature, radiation, solvent, and

the like). In practice, well known chemical methods are employed to reversibly
render unreactive a functional group, which otherwise would be reactive, under
specified conditions. In a chemically protected form, one or more reactive functional
20 groups are in the form of a protected or protecting group {also known as a masked or
masking group ora blocked or biocking group). By protecting a reactive functional
group, reactions involving other unprotected }eaciive functional groups can be
performed, without affecting the protected group; the protecting group may be
removed, usually in a subsequent step, without substantially affecting the remainder

25  of the molecule. See, for example, Protective Groups jn Organic Synihesis (T. Green
and P, Wuts; 3rd Edition; John Wiley and Sons, 1999},

Unless otherwise specified, a referance to a particular compotind also includes
chemically protected forms thereof.

30
A wide variety of such "profecting," "blocking," or "masking" methods are widely used
and well known in ofganic synthesis. For example, a compound which has two
nonequivalent reactive functional groups, both of which would be reactive under
specified conditions, may be derivatized to render one of the functional groups

35 protected,” and therefore unz‘eéctive, under the specified conditions; so protected,

the compound may be used as a reactant which has effectivaly only one reactive



For example, a thiol group may be protected as a thioether (-SR), for example, as: a benzyl thioether;
an acetamidomethyl ether (-S-C1-12NHC(=0)CH3) 35In particular application in the present invention

is the protegtign@ihyerexy and amino groups. 17 Solid Support Catalysts gf-thegaiggant jgyention
may be immobilized on a solid support by: (a) steric trapping; or (b) electrostatic binding. These
methods are reviewed by Carlos Baleizao and Herggenegildo Garcia in "Chiral Salen Complexes: An
Overview to R coveralble and Reusable Homogeneous and Heterogeneous Catalysts" (Chem. Rev.

2006, 106,3987 4845 48"Bo BRGNS elyinaoiee Qs brstmerbaspstiss zeolites, which
may be naturafiGRHeIieR Tiesipdwaipenmust iepoféiciaditly ssnal tadnapdigneatalyst but sufficiently
large to allow the:passage of reactants and products to and from the catalyst. Suitable zeolites include
zeolites X, Y and EMT as well as those which 15have been partially degraded to provide mesopores,
that allow easier transport of reactants and products. For the electrostatic binding of the catalyst to a
solid support, EBiREIEsiFd SUpeIs Hiay Mallerusiledsthatian ety ARHillared etasr, AI-MCM-41, K10,
laponite, bent¢nie(=208an doriaxaaip)ium dayergdgeubledyaioxidenfahiness.salisa-ans montmorillonite

clay are of paréiftH{ﬁrdF?Bﬁ@ﬁm@@ﬁ%}@ﬁ&-ﬁ%ﬂ%ﬁ%sa% Jn g, ﬁﬁggt&%% g 866 resent invention, there is

provided a procesifor the gproductlon 250f cyclic’carbonates’compr n%(?ﬁr?a an epoxide with
carbon dioxid@TRYhE I dsBHEEBFAiMERE aluminium(salen) catalyst of formula I, preferably of
formula la, and a co-catalyst which is a source of Y.

10 For example, an aldehyde or ketone group may be protectéd as an acetal
(R-CH{OR)2) or ketal {(RC(OR)2), respectively, in which the carbonyi group (:»C"Zt:@} is
converted to a diether (>C(ORY}z), by reaction with, for example, a primary aicohol.
The aldehyde or ketone group is readily regenerated by hydrolysis using a large
excess of water in the presence of acid.

15 |
For example, an amine group may be protected, for example, as an amide {-NRCO-
R) or a urethane (-NRCO-OR), for example, as: a methy! amide (-NHCO-CHa); a
benzyloxy amide (-NHCO-OCH:CeHs, -NH-Cbz); as a i-butoxy amide
(-NHCO-OC(CHa)s, -NH-Boc); a 2-biphenyl-2-propoxy amide

20 (-NHCO-OC(CHa).CsH«CeHs, -NH-Bpoc), as a 8-fluorenyimethoxy amide (-NH-Fmoc),
as a &-nitroveratryloxy amide (-NH-Nvoc}, as a 2-trirnethyisilylethyloxy amide (-NkH-
Teoc), as a 2,2,2-trichloroethyloxy amide (-NH-Troc), as an allyloxy amide
(-NH-Alloc), as a 2(-phehyisulphonyf)ethyloxy amide (-NH-Psec); or, in suitable cases
{e.g., cyclic amines), as a nitroxide radical (>N-O ).

25 ’

For example, a carboxylic acid group may be protected as an ester for gxample, as:

an C.ralkyl ester (e.g., a methyl ester; a t-butyl ester); a Cishaloalky! ester (e.g., a

Cistrihaloatkyl ester); a triCy.alkylsiiyl-Calkyl ester: or a Csa0aryvi-Cialky! ester

{e.g., a benzyl ester; a nitrobenzy! ester); or as an amide, for example, as a methyl
30 amide.

For example, a thicl group may be protected as a thioether {(-8R), for example, as: a
benzyl thioether; an acetamidomethyl ether (-5-CHNHC(=0)CH3).

35  In particular application in the present invention is the protection of hydroxy and

amino groups.



This reaction has the advantage that it may be carried out at easily accessible 30 temperatures of
between 0 and 40C and pressures of between 0.5 and 2 atm. Preferably, the reaction temperature lies

between 20wpd g sXiglds of over 50% may be achieved with short reactigr&,}j}gﬁ%ﬁg /ésgtgmgﬁ hours,
using commercially viable amounts of catalyst, that is, from 0.1 to 10 mol%, preferably 0.1 16 2.5

moleX). In some cases, yields of over 70% or over 90% may be achieved under these 35conditions.
18 Preferably, the aluminium(salen) catalyst of formula | is symmetrical, such that R1=R13, R2-R14,
R3=R13, R4=1:116, R6=R9,1:19=1:110, R7=-R11, and R8=R'2. More preferably R', R5, R9, and IR13
are identical, RAIRGuRI®and R" are identical, R3, R', R", and R15 are identical, and R4, Fe, R12 and
R16 are identi I I hich.may be preferred. In some embodiments, X
is -(CH2)n- or %Ataé}ﬁ%w?){@ %vgh%ﬁé{ %Q% %ﬁégjﬁl%og%%g%%ﬁ@,aor‘?fgl?luﬁ?é’gebgmbodiments, nis
preferably 2 o3 AP @RsFefePably 1 or 2. n is more preferably 2. In some embodiments, n is
preferably38. Inlzh@setrboetisdaiinents Xis preferably -(CH2)- (e.g. -C2H4-, -C3I1-16-). In other
embodiments, X represents a divalent group selected from C5_, arylene, C5.7 cyclic alkylene and

C3.7 heterocyclylene, which may he optionally substituted. Preferably X represents C5.7 cyclic
alkylene, and ﬁj;]%%%éepr?g%?a%@r%é%%%gﬁ(%ﬁoé HFRE GRS preRit KPR PN therefore
is the group: IRARArPraRFE ErRYBtIRR RS creprbiomd BSZblylsnaopiichus more preferably Cs

arylene, and irHpasiigetascienaese” théh I8 \Whes Josepteseiissq divalent group selected from
C6.7 arylgne, C5-7 cyclic alkylene and C3.7 heterocyclylene, it may preferably be unsubstituted. If it is

substituted, then the substituents may be selected from nitro, halo, C1.4 alkyl, including substituted
C1-4 alkyl, (e.g?ﬁ?é%%rwﬁ?wpﬁaﬁm&)@(éﬁ@?W&%@iwwme@ﬁw, which may be

natural or modified. The pore size must be sufficiently small to trap the catalyst but
sufficiently large to aliow the passage of reactants and products 1o and from the
catalyst. Suitable zeolites include zeolites X, Y and EMT as well a5 those which

15 have been partially degraded to provide mesopores, that allow easier ransport of
reactants and products.

For the electrostatic bihding of the catalyst to a solid support, typical solid supports
may include silica, Indian ciay, Al-pillared clay, ALMCM-41, K10, laponite, bentonite,

20 and zinc-alumium layered double hydroxide. Of these silica and montmorifloniie clay
are of parficular interest.

Catalysed reactions

In one aspect of the present invention, there is provided a process for the production
25  of cyclic carbonates comprising contacting an epoxide with carbon dioxide in the

presence of a dimeric aluminium(salen) catalyst of formula |, preferabiy of formula la,

and a co-catalyst which is a source of ¥-.

This reaction has the advantage that it ray be carried out at easily accessible -
30 temperatures of between 0 and 40°C and pressures of between 0.5 and 2 atm.
Freferably, the reaction temperature lies betwsen 20 and 30°C. Yields of over 50%
may be achieved with short reaction times of 3 to 24 héurs, using commercially
viable amounts of catalyst, that is, from 0.1 1o 10 moi%, preferably 0.1 10 2.5 rmol%.
in some cases, yields of over 70% or over 90% may be achieved under these
35  conditions.



Preferably Y-Q is CFlc1=N, wherein Rd | is as defined above. Rd is preferably selected from H and
C1-4 alkyl. More preferably Y-Q is CH=.14. If Y-Q is CRd1Rd2-NRNI, then in some embodiments Rd’,

Rd2 and R"yaie e 48 452 group selected from RI, R2, R3,1:15, R6,R’, R", @é%(’%lﬂm%%gl@g is ether,
then the ether group is preferably a C1_7 alkoxy group and more preferably C14 aﬁ<oxy group, e.qg.

methoxy. If a group selected from RI, R2, Fr, fr, R64R7, R9, R10, Rn, R13, RH, and R15 is C1.7 alkyl,
it is preferablyégté}yl, more preferably tert-butyl. In other embodiments, the C1-7 alkyl is preferably
optionally substft ?éﬁbliﬁ'etm%ﬁiw&@§@§@%i% sUiBEtWAd dermetiytititiattadeiniimomethyl). A
particularly preferftdl 88+t eftoBtirieste° ofthier catalystrt-formuda fedieve brQdefelmN; X as: 0)
"C2Ha-; 15(1) K2B0reyalie AledRnge Ak kbeneylene: Bl. B2 and 2 selacted fram H, tert-butyl
methoxy and ni}g()’av%%eg? on(lg qne,of these three groups canebe nitro. 20 ‘A further particularly
preferred set of embodinet 3t the CatARSE oG IRITACH Haneh saleva TN Toragad) 1,2 benzylene:
25(iv) -C3H6- RAE paphe sefPeR2 and R2 is diC1.4 alkyl amino methyl, and the others of R', R2 and
R3 are H. 30The cocatalyst is a source of Y-, and in particular MY, where M is a suitable cation,

In some embodiments, X is -(CHz)o- or -O-(CHz),-0-, where nis 2, 3, 4, or 5 and p is

1,2, or 3. In these embodiments, n is preferably 2 or 3 and D is preferably 1 or 2. n

is more preferably 2. In some embodiments, nis preferably 3. inthese

10 embodiments X is preferably -(CHa).- (e.g. -CoHe-, “CaHe-).

In other embodiments, X represents a divalent group selected from Csr arylena, Csy

cyclic alkylene and Cs heterocyclylene, which may be optionally substituied.

Preferably X represents Cs» cyclic alkylene, and more preferably Cs cyclic alkylene.
15 This group is preferably saturated, and therefore is the group;

& <+

&

in other preferred embodiments, X represents Cs arylene, which is more preferably
Cs arylene, and in particular, benzylene: '

o *

When X represents a divalent group selected from Csy aryiene, Cs.7 cyclic alkylene
and Ca7 heterocyclylene, it may preferably be unsubstituted. f it is substituted, then
the substituents may be selected from nitro, halo, Ci. atkyl, including substituted Cs..
alkyl, {e.g. methyl, benzyt), G alkoxy (e.g. methoxy) and hydroxy.

25
Preferably Y-Q is CR%=N, wherein R®' is as defined above. R ig preferably
selected from H and C,., alkyl. More preferably Y-Q is CH=N.

I Y-Clis CRO'R®-NR™, then in some embodiments RS', R and RN are H.

30 '
Preferably R* = R® = R = R"® = H. Preferably R, R?, R?, RS, R?, R7, R, R, R R,
R™, and R™ are independently selected from H, Gy alkyl, ether and nitre. '



such as onium halides, which include, but are not limited to, R4NY, R3SY, R4PY and R4SbY, where
each R is independently selected from optionally substituted C1_10 alkyl, C3.20 heterocyclyl and
C5.20 aryl gravpsgneene R can be an acyl group, and simple halides, e.g.ﬁ}{g@@gjﬁg/%gl!&gs
preferred that the co-catalyst for this reaction is of the form RINY, where each R is independently
C1.10 alkyl and Y is selected from I, Br and CI. R is,preferably selected from C3.5 akyl, and more
preferably is butyl. Y is preferably Br. Therefore, a particularly preferred co-catalyst is Bu4NBr. The
amount of co-catalyst is preferably 50.1 to 10 mork, more preferably 0.1 to 2.5 mol%. The reaction
may be carriedieugrungeeiscive ht-iie€, G aitjeriskeeperding an theepexidesiysadsihysome cases, the
epoxides may 10 facture of dimeric alumi 'ur%ﬁ alen) complexes
In a second asﬁéiﬁﬁﬁg%%%aﬁéﬁ}?ﬁ%@g%%ﬁ%% rt%ué}eaégdffg?ro{ﬁé) Fgﬁ%@é&%h“ eric
aluminium(sal r?”@a%ﬁzg{?@??‘éﬂrmula la comprising treating a salen ligand of formula 1V with AI(OR)3
in an orgahic solvent, wherein R=- C1-4 alkyl or C5.7 aryl. 15The organic solvent can be an aprotic

solvent. Preferablysdlhiesaeanic:epivanids fplugnes ks s prafersed that R is €14 alkyl and more
preferably ethyélr Th%gearge;peora ¥ir%% Ereferablel Jies Eetween 2 ‘and 18 hours, more nﬁ)re'ferably between
Sand 10 hours: 3 The Feaction may Be HeRRE P e liiraty by H)E SHraHBRREnEaRsT In'some
embodiments, ¥ ERESHEileaarEy Bebsiipisicadibrted; difid.inliotherrensbbstinents, the reaction
may be heatedrisihg caventiomnaicmigrowave system. Novel dimeric aluminium(salen) complexes
25In a thirgl aspect of the invention there are provided novel aluminium(salen) complexes of formula I.

In particular, t%ese nove| catalysts may have: (a) at least one of R1, R2, R3, R4, R5, R6, Ft', R6, po,

R10, R11, R12' PRI%V Rt Apdee et P 6 oRmeriny dtscaitveoUprRLIR2 'RB:R4, R5, R6, R7, R6,
RO, R10. R11,YR2 % G4:3\n14,
¥ as:
(i) ~CaHer;
15 (i} 1,2 Cq cyclic alkylene; or
' (iii} 1,2 benzyleng;
Rt=H;

R', R? and R°® selected from H, tert-butyl, methoxy and nitro, where only one of these
three groups can be nitro. ' '
20
A further particularly preferred set of embodiments of the catalyst of formula la have:
Y-Q is CH=N;
X as:
{iiiy 1,2 benzylene;
25 (iv) ~GyHe-
Réf=H:
one of R', R? and R® is diC.., alkyl amino methy!, and the others of B!, R? and &° are
H,

30  The cocatalyst is a source of Y-, and in particular MY, where M is a suitable cation,
such as onium halides, which include, but are not fimited fo, R«NY, Ra8Y, RPY and
R45bY, where each R is independently selected from optionally substituted G
alkyl, Cs20 heterocyclyl and Cs.ze aryl groups and one R can be an acy! group, and
simple halides, e.g. NaCl, K.

35



I'SF115, or 30R16 as ether. In general, the preferences expressed in regard the first aspect of the
invention may apply to the third aspect, provided that they are compatible with the above statements.
21 Preferablyothg@synjum(salen) catalyst of formula | is symmetrical, sugh-thats»ousfddaRl4,
R3=F115, R4=R16, Rsr_Re, Rer-Rle, R7=R11, and Re..-R19. More preferably R', R5, Rs, and R13
are identical, R2, R6, R1 and RI' are identical, R3, &7, R", and IR15 are identical, and R4, Re, R12
and IR16 are identical. Such catalysts are of formula la. 5 In some embodiments, X is -(CH2),,- or
-0-(CH2)p-0-, WHHEIETES et fietascalnlys ferthis repctioniskéte &bGuvemisen mphdierably 2 or 3
and p is preferialiyigeonddnthiSmontkprefe ralbydedidtiese iembodimentsopispraigrably -(CH2)n- (e.g.
C2H4). 10In aihirambrdiniens, SientrssisAseis 0o selerted [0S, apiene, C5-7

2
cyclic alkylene and C3-7 heterogyclylene, which may be optionally substrtuted. erab?y X represents
C5-7 cyciic aliylang and TS pHrePRHN e Uiic o Wléﬁ?ﬁjﬁ*ﬁgﬁ)@é‘f?l@b%mwfﬁaturated, and
therefore & th&- 86U "H5tn orermprisiehied aritbdlimeiits, X represents C5-7 arylene, which is more
preferably 06 arylene, and in particular, benzylene: When X represents a divalent group selected from

Cs., arylene, Gg, ic al nd C3.7 heterocyclylene, it may preferably be unsubstituted. If it is
substituted, t@néz%ﬁ?g%i%éﬁ%%%a?é“ﬁ?a@ 8@3@%%%%@%? 53@2’%‘?@5! ferriagonihes 4 alkoxy (e.g.
methoxy) and $RANEKS Upserdraing s cess direpomitenmarcint Rel ds elsatefivrdtieatsovgsiRdl is preferably
selected from H and C1.4 alkyl. More preferably Y-Q is CH-.-N. 25 If Y-Q is CRd1Rd2-NR"1, then in

some embodimgm%ﬁigée%ﬂ&miﬁﬁ&rﬁrﬁdﬁ‘mtem complexes

in a second aspect of the invention, there is provided a process for the production of

dimeric aluminium{salen) catalysts of formula la comprising treating a salen ligand of
formula IV with AI{OR®); in an organic solvent, wherein RO = .., aiiyl or Cs7 aryl,

15 The organic solvent can be an aprotic solvent, Preferably, the organic solvent is
toluene. It is also preferred that R® is Cy4 alkyl and mors preferably ethyl. The
reaction time preferably iles between 2 and 18 hours, more preferably between 3 and
10 hours.

20 The reaction may be heated, if required, by any conventional means. In some
embodiments, the carbon dioxide may be supplied heated, and in other
embodiments, the reaction may be heated by a convention or microwave system.

Novel dimeric aluminium(salen) complexes

25  Inathird aspect of the invention there are provided novel aluminium({salen)
complexes of formula [, in particular, these novel catalysts may have:
(a) atleast one of R, R?, R% R*, RS, R, R7, RS, R®, R, RV, R™2, R'8, B14 A™, or
R as nitro;
(b) atleastone of R, R?, R? R, RS, RS, R7, R, R, R'O, R", B'2, RS, R™, R, or
30 R'® as ether. ‘

in general, the preferences expressed in regard the first aspect of the invention may
apply to the third aspect, provided that they are compatible with the above

statements,
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Preferably R4 = R = R12= F116= H. Preferably R', Re, R3, R5, R6, R7, R9, R, R", R13, R", and Ws
are independently selected from H, Cl., alkyl, ether and nitro. 22 If a group selected from R', R2, R3,

R5, R6, F1%3fioR30sR", R13, R14, and R15 is ether, then the ether gro%§,@@j@f9@y4§501T7
alkoxy group and more preferably C1-4 alkoxy group, e.g. methoxy. 5If a group selected from R’, R2,
R3, R5, R5, R7, R9, Rth, R11, R13, R'4, and R15 i Cl., alkyl, it is preferably butyl, more preferably

tert-butyl. Mor the catalyst js of formula la. 10A particularly preferred set of embodiments
of the n)(/)vel cé%a% %6 g}{ﬁﬁj'l"é“fﬁg eieplgaysicerrula hissyaresihelafigpieiet RA= H: and R' =
R3= tert-butyl %ﬁ’ﬁ%ﬁﬂ#ﬁ*“l@ﬁﬂﬁ’PB‘“Fﬂ%m%ﬂFnéfth&gFﬂil)a‘RdﬂRQﬁ Ris:&pdw-Biy tert-butyl and

R2=133= H; or(WxRh= ipd-hutyle RRrdhARd, @3%1‘%%@%%%%5‘,{?%@%{“%‘ ghgaferred set of

H=N; X 1,2 benZzylene; (iv) -C3H6-
embodiments grfetggn%ca?%%%% fo'r’mul’aals%dhig"\é dre id ﬁi&C%E Such ca’iaiysts are of fon%ula ta. )

5
in some embodiments, X is ~(CHg)e- or “O-{CH2)p-0-, where nis 2, 3, 4, or 5 and pis
1,2, or 3. Inthese embodiments, n is preferably 2 or 3and p is preferably T or 2, n

is rmore preferably 2. In these embodiments X is preferably -(CHa)n- (e.g. -ColHa-).

10 In other embodiments, X represents a divalent group selecied from Cs. arylene, Cey
cyclic aikylene and Cs heterocyclylene, which may be aptionally substituted.
Preferably X represents Cs., cyclic aliivlene, and more preferably Cs cyclic alkylens.
This group is preferably saturated, and therefore is the group:

* o

&

15 In other preferred embodiments, X represenis Cs arylene, which is more preferably
Ce arylene, and in particular, benzylene:

I o

&

When X represents a divalent group selected from Cs; arylene, Cs; cyclic alkyleneg
and Cs7 heterocyclyiene, it may preferably be unsubstituted. If it is substituted, then

20 the substituents may be selected from Ci. alkyl (e.g. methyl), Ci4 alkoxy (e'.g.
methoxy} and hydroxy.

Preferably Y-Q is CR®'=N, wherein R° is as defined above. R is preferably
selected from H and Ci.; alkyl. More preferably Y-Q is CH=N,

25
if ¥-Q is CRORCE-NRM, then in some embodiments R°Y, RS and B are H.

Preferably R* = R® = R'? = R" = H. Preferably R, 2, R®, B3, R%, 7, R®, R'%, R"', R,
R™, and R' are independently selected from H, C.; alikyl, ether and nitro.
30



25R4= H; one of R', R2 and R3 is diC1.4 alkyl amino methyl, and the others of R1, R2 and R3 are H.
Examples 30 General experimental methods IA spectroscopy IA spectra of liquids or of solids

dissolved invacsalvensawere recorded between NaCl plates on a PE Spectrugy-¢,8pegiipeiar. 1A
spectra of pure solids were recorded on a Nicolet380 FTIR spectrometer fitted with a 'Smart orbit'

attachment. 23 NM R All NMR spectra were recorged at ambient temperature on a Bruker Avance
300 spectrometer. The sample was dissolved in CDCI3 9unlgaass §pecified otherwise. 5 Mass
spectroscopy 16HYEEBIAER'E 4d B ShelirdwBreFeddrdsy Bh &VaR4neeafiiiostoer GC-mass
spectrometer. thenimeltitdgbreesciutiefeslbigtedSpralkspestiapueterecosaes sivar\V aless L CT Premier
mass spectromgeigs, d9E5xample 1: General procedure for the synthesis of catalysts la-h R3R3 OH OH
43 la: X = (1R,2R)-cyclohexyl; R1= IR2='Bu; R2= R4=H Ib: X = (1R,2R)-cyclohexyl; R1='Bu; R2= R=
H; R3=NO2 Ic: X = (CH2)2; R'=R3='Bu; R2=R4=H

3 Ifagroup seiected from R, R?, R F5 RS, 7, 1%, R0, B, B, B and R s Ciy

alicyl, it is preferably butyl, more preferably tert-butyl.
More preferably, the catalyst is of formula la.

10 A particularly preferred set of embodiments of the novel catalyst of formula ls have:

Y- is CH=N;

X as 1,2 Cs cyclic alkylene;

R=H: and

, {i} = % = tert-butyl and R? = H;
15 (i) R'= R® = H and R? = methoxy;

iy R=2RE=R=H;
(iv} R'=tert-butyland R2= RP=H: or
(v} R* = tert-butyl, R? = 4 and R® = methoxy.

20 Aturther particutarly preferred set of embodiments of the catalyst of formuta la have:
Y-(is CH=N;
X as:
{iii) 1,2 benzyviens;
{iv) -Cate-
25 Rt=H;
one of R, R? and R® is diC1.« alkyl amino methyl, and the others of R', R? and R® are
H.

Examples

30 General experimental methods
IR spectroscopy
iR spectra of liquids or of solids dissolved in a solvent were recorded between NaCi
plates on a PE Spectrum 1 specirometer. IR spectra of pure solids were recorded on
a Nicole{380 FTIR spectrometer fitted with a ‘Smart orbit’ attachment.

35



15id: X = 1,2-C6H4; F11= R3="'Bu; R2= R4=H le: X = (1R,2R)-cyclohexyl; R1= F13= R4= H; R2=
OMe if: X = (1R,2R)-cyclohexyl; R1= R2= F13= R4=H Ig: X = (1R,2R)-cyclohexyl; R1= Bu; R2=193=
R4= H; Ih: Xy (3d8saB)0yclohexyl; R1 = 'Bu; R2= H; R2=. OMe; R4 = H 20 AB8)3»(Bs4 Qsd 72
mmol) was added to dry toluene (60 mL) and stirred under reflux for 1 hour. The appropriate salen
ligand (1.68 mmol) dissolved in dry toluene (40 mLyqvas then added and the reaction mixture was
stirred under reflux for a further 3 hours before being allowed to cool to room temperature. The
solution was d (Na2S04) and 25solvents were evaporated in vacuo to give a solid which was
purified as spetifiddbeieatr T weranatysisdlatarabesabopbRelevodata fs-Gamniexda: Yellow solid
purified by waghingwitesole hexang. M@'Qa%@%@d%@@ép%n%%%% cgeféé HOW Vi,..(CH2C12)
2953 m, 1626 m, and 1474 cm-1m; 6H(CDC13) 8.35 (2H, s ? CH N), 7.52 (4H,d J
2.3 Hz, 4xArH) 707(4H d J 2.3 Hz, 4 x ArH), 3.9-3.7 (2H, br m, CHN), 3230(2H br m, CHN),
2.7-1.8 (16H, Massxi@iioiaypt 50 (36H, s, 4 x (C1-13)3), 1.29 (36H, s, 4 X (CH3)3) m/z (ESI) 1159.7

(MH"), 5649.410623 b 08 5»@9@ @@M»@@é%&é@ﬂ&@g VafighiSOPNADRAIZ ML) requires
1159.7716. D%&%égrﬁ%% x Ib e sol@ééurlfledﬁb}/ washing with Et20. cfnggﬁn Now -575 (c=

0.1, toluene); VMax( m YOLEG8 AR B AP AR R fﬁ?@'ﬁﬂ@:@@m) 8.64 (4H, s, 4 x
CH=N), 8.36 (¥{a!es> kST Aay sfwﬁpgctmmﬁq) 3.7-3.8 (4H, br, CHN), 3.7-2.0(16K, m, 2 x
(CH2)4), 1.55 (361| s, 4x(CH3)3) m/z (ES!) 1115.4 (MW) Found (ESI) 1115.4536
C56H69NS013ALL . 461 ata fo com X 10 Yellow solid purified by washing
with coldmgtzo ield 50% J%&lsé\% S?%%%ﬁ%“?%%@%w JEBO T ?ﬁ@ %7 1898 cm-1 m: SH(CDC13) 8.38
(4H, s, 4 x CH=N), 7.52(4K, d J 2.5 Hz, 4 x ArH), 704(4H ded 2.6 Hz, 4 x AgH), 4.2-4.1 (4H, br,
(CH42), 3.8-3.7 (4R ¥2), 1.30 (36H, s, 4 X (Ch¥ )3); m/z (ESI)

1051.7 (MK.), 664.5, 6 3 49.4, 517.3; Found (ES!) 105 N4Q56A12 (MW) requires
1051.6777. 20 g
N  OH
/ Y
X, ——e X
N OH
I ] &'
R’ R? | R R R? R’
E[‘\’3 R® R

Ta: X = (1R,2R)-cyclohexyl; R'= R%= Bu; R%= R*= H
i X = {1 F?,2R)»c:yclohexyl' R'="Bu; R?= R'= H; R®= NG,
1o X = (CHa)g RY= F2="Bu; R2= Rt=H
15 1d:X=12-CiHy R'=R*=Bu; R2=R'=H
1e: X = (1R,2R)-cyclohexyl, R'= R%= R* = H; R2= OMe
Tt X = (1R,2R)-cyclohexyl; R'= R2= R%= R%=
1g: X = (1R,2R}-cyclohexyl, R'=Bu ; R?2= R%= R* =
th: X = (1R.2R)-cyclohexyl; ' = Bu; F? = H; R® = OMe; R*=H
20
AI{OED); (0.28 g, 1.72 mmol) was added to dry toluene {60 mL) and stirred under refiux
for 1 hour. The appropriate salen ligand (1.68 mmol) dissolved in dry toluene (40 mL.)
was then added and the reaction mixture was stirred under refiux for a further 3 hours
before being allowed 1o cool to room temperature. The solution was dried {Na,50,) and
25  solvenis were evaporated in vacuo to give a solid which was purified as spacified
below. The analysis data are set out below.

Data for complex 1a: Yellow solid purified by washing with cold hexane. Yield 63%,;



Data for complex id: The reaction was heated at reflux overnight and gave an orange powder. Yield
60%; vr,,, 4CH2C12) 2952 m, 2868 m, 1614 s, 1583 s, and 1531 cm-is; 5SH(CDC13) 8.66 (4H, s, 4 X

CH=N), 7.4 (Mdoghid 23 Hz, 4 X ArH), 7.3-7.2 (4H, m, 4 x ArH), 7.2-7.0 (8HxuSaXodphtH2s1.43 (36H,
S, 4 x (CI-13)3), 1.32 (36H, s, 4 x (CH3)3); m/z (Maldi) 1147.7 (M1-11, 582.3, 540.4; Found (ES!)
1147.6801 C72H93N405AI2 (MH1 requires 1147.6y477. Data for complex le: The reaction was heated
at reflux overnig(}}tggndﬁave a yellow powder which was purified by dissolution in cold Et20 followed by

evaporation of Brsovdil§i YdduSHeeld as§H:{ain205298, (1620 rn, @1C43);omiay; GNIRY2937 m, 2838
m, 1606 s, and E532-CCE=B4) (CDQI3) O BRLMH7 S24aHCHFNY 118 £4A40d 388, 30 Hz, 4 X ArH),
7.03 (4H,d J : 2 H, z Ar .82 , $,.4 x OCH?3), 3.8-3.5 (4H, m,
4 x CF-IN), 1g“%fgzgﬁﬁ@%hx%gﬁ%h%i?&ﬁ‘;ﬁ?ﬁ%&m@% 5l i&?gi. 38Found (ES!)
831.3139 C44lAg B0 AR Aol 2B 148! 95 B4t N o BIER it 17he AdHction was
heated atfeflLB¢Bvefifight adEl4gate.a Vellow(Eowdessvhiok, wasi piNifiadibwidisselisien in cold Et20
followed by evaparatign of solvent in vacua Yield 33%; [a]D2 -381 (c= 0.1, CHOI3); vmax(ATR)
2863w, 1628 s, 1601 m, and 1537 cm-1 m; 50H(CDC13) 8.27 (4H, s, CH=N), 7.5-7.4 (4H, m,7.2-7.1
(4H, m, Ark-f), 7.0-6.9 (4H, m, ArH), 6.9-6.8 (4H, m, ArH), 3.4-3.3 (41-1, m, CHN), 2.0-1.5 (16f-1, m, 2
X (CH2)4): m/XEsp{origip? 11 D(Ea/30860.8fiabiy byBaing wib (S %2708

C401-141NA0GAR @vi\hrenitenchbl. 2 /08 H)Pasa forsemplerias The reaction was heated at reflux
overnigh¥@ndfﬁg@@ggj?yellow%owder which was purified by dissolution in cold Et20 followed by
evaporation o Hab B CHrvatb i dphy o SEPRa8dR (Hise 4sitgteletne/ ethanol (1:1)

as eluent. Yield43% JolD2B7-3 72 (6K, 001 2 R HIEI3)), (AT RERIE 1 m({(1633smand:4538em-1 m;

SH(CDCI3) 156128;(Abbnd. s Hd st 20048 18 v} Elfuifb & i), 14 (41-1, d J21 Hz, 4
ArH), 6.84 (4H, d "1 8.7 Hz, 4 x ArH), 3.4-3.2 (4H, m, 4 x CHN), 2.0-1.4 (16H, m 2 x (CH2)4), 1.45

(36H, s, 4 Xx C(CH3)3); m/z (Mardi) 935.5 (MW), 893.6, 847.5, 775.4, 573.4, 459.3; Found (ESI)
935.5223 C5AERIBIMA0TAPEIMTYY péejuireidanBiBiy, wabime ih colu Bliek.INiekheoreaction was heated

at reflux myernighisanmy geuerd ¥8HOW, 1628 m, and 1538 cm™ m; 54(CDCIs) 8.38 (4H, s, 4 x
CH=N), 7.52 {(4H, d J 2.5 Hz, 4 x ArH), 7.04 (4H, d J 2.6 Hz, 4 x AtH), 4.2-4.1 (4H, br,
{(CHa)o), 3.8-3.7 (4H, br, (CHz)z), 1.30 (36H, s, 4 x (CHa)s), 1.55 (36H, s, 4 x (CHa)s); miz
(ESI) 1051.7 (MH"), 664.5, 638.5, 549.4, 517.3; Found (ESH) 1051.6721 CosHesNLOsAlL
(M) requires 1051.6777. '

20
Data for complex 1d: The reaction was heated at refiux overnight and gave an orange
powder. Yieid 60%;
vmad CHClz) 2952 m, 2868 m, 1614 s, 1583 5, and 1531 cm? 8, dn(CDCls) 8.66 (4H, s,
4 x CH=N), 7.43 (4H, d J 2.3 Hz, 4 x ArH), 7.3-7.2 (4H, m, 4 x ArH), 7.2-7.0 {8H, m, 8 x
25 ArH), 1.43 (36H, s, 4 x (CHa)s), 1.32 (36H, 5, 4 X (CHa)a); miz (Maldi) 1147.7 (MH#),
582.3, 540.4; Found (ESI) 1147.6801 CraHeaN.O:AL (MH"*) requires 1147.6777.

Data for compiex 1e: The reaction was heated at reflux overnight and gave a yeilow
powder which was purified by dissolution in cold Et.Q followed by evaporation of
30 solvent in vacuoc. Yield 35%;
[ao® =753 (c= 0.1, CHCl); vmex(ATR) 2937 m, 2838 m, 1606 s, and 1537 cm’ 5;
5r{CDC) 9.87 (4H, 8, 4 x CH=N), 7.18 (4H, dd J 8.9, 3.0 Hz, 4 x ArH), 7.03 (4H, d J
3.1 Hz, 4 x ArH), 6.97 (4H, d J 9.0 Hz, 4 x ArH), 3.82 (12H, s, 4 x OCH3), 3.8-3.5 (4H,
m, 4 x CHN), 1.5-1.2 (18H, m 2 x (CHa)s); m/z (Maldi) 831.3 (MH"), 780.3, 662.4, 407.1:
35 Found (ESI) 831.3139 CubleNsOoAl, (MH®) requires 831.3130.



powder which was purified by dissolution in cold Et20 followed by evaporation pf solvent in vacuo and
chromatography on Sephadex LHSO using toleune / ethanol (1:1) as eluent. Yield 30%; [odow -612
(c= 0.1, CH@I8 o {#8kR) 2949 m, 1627s, and 1552 cm11 m; SH(CDCI3) 286 4tds an s CH=N),
6.91 (4H, d J 3.0 Hz, 4 x ArH), 6.49 (41-1, d J 3.0 Hz, 4 x ArH), 3.70 (1211, s,4 X QCHB), 3.4-3.2 (4H,
m, 4 x CHN), 2.0-1.4 (16H, m 2 x (CH2)4), 1.41 (364, s, 4 x C(CH3)3); m/z (Malgh) 1055.6 (MW),
876.6, 848.5, %1%.3f, 494.3; Fou_réd %I]ESI) 1055.5602 C60HalN409AI2 (MI-1) requires 1055_.5634. 3(?_
Example 2: General prOLEithd td M thEaSHAn 4ES Rt elims sHatagit and@avaaeeio R 2,3a; Pc’ =
Ph 2,3b: Rd = M@&gEBehich V&5 pi8GeRbY <iGHRRM 2;3didRHLS Blod@erRslan& Skl

sclvent in vacuo, Yield 33%:
[o]o® -381 {¢= 0.1, CHCls}; v ATR) 2863 w, 1628 s, 1601 m, and 1537 em™ m;

& 3u(CDCL) 8.27 (4H, 5, CH=N), 7.5-7.4 {4H, m, ArH), 7.2-7.1 {4H, m, ArH), 7.0-6.8 (4H,
m, ArH), 6.9-6.8 (4H, m, ArH), 3.4-3.3 (4H, m, CHN}, 2.0-1.5 {(16H, m, 2 x (Chp)a):
m/z(ESH) (Maldi) 711.3 (MH"}, 669.3, 364.1, 347.1; Found (ESI) 711.2708 '
CuaoHasNOsAlL (MH*) requires 711.2708. |

10 Data for complex 1g: The reaction was heated at reflux overnight and gave a yellow
powder which was purified by dissolution in cold E6LO followed by evaporation of
solvent in vacuo and chromatography on Sephadex LH50 using toleune / ethanol (1:1)
as eluent, Yield 45%,;

[oJo® -372 (o= 0.1, CHCly); vl ATR) 2951 m, 1633 s, and 1538 om™ m; dp{CDCly)

15 8.28 (4H, s, 4 x CH=N}, 7.29 (4H, dd 4 8.1, 2.1 Hz, 4 x ArH), 714 (4H, d J 2.7 Hz, 4 x
ArH), 6.84 (4H, d J 8.7 Hz, 4 x ArH), 3.4-3.2 {(4H, m, 4 x CHN), 2.0-1.4 (16H, m 2 x
(CHz)a). 1.45 (36H, 5, 4 x C{CHals); m/z (Maldi) 935.5 (MH"), 893.6, 847.5, 775.4,
573.4, 459.3; Found (ESI) 935.5223 CssHzNaOsAl (MH*) requires 935.5212.

20 Data for complex 1h: The reaction was heated at refiux overnight and gave a yellow
powder which was purified by dissolution in cold EtzO followed by evaporation of
solvent in vacuo and chromatography on Sephadex LLH50 using foleune / ethanol (1:1)
as eluent. Yield 30%;

[a]o® -612 (c= 0.1, CHCla); vmax(ATR) 2949 m, 1627 s, and 1552 cm? m; SH(CDCIa)

25  8.26 (4H,s, 4x CH=N), 6.91 (4H,d J 3.0 Hz, 4 x ArH), 6.49 (4H, d J 3.0 Hz, 4 x ArH),
3.70 (12H, s, 4 x OCHy), 3.4-3.2 (4H, m, 4 x CHN), 2.0-1.4 (16H, m 2 x {CHa)a), 1.41
(36H, s, 4 x C(CHa)s); m/z (Maldi) 1055.6 (MH"), 876.6, 8485, 519.3, 484.3; Found
(ESH) 1055.5602 CeoHeiN4OoAlz (MH*) requires 1055.5634.

30 Example 2: General procedure for the synthesis of cyclic carbonates 3a-k
o ,

X

0
/N + CO ————= 7 g
C1 2

R
C1

2,3a: B = Ph
2.2 B = Me



2,3f: Rd' = CH20H 52,3g: Rd' = CH2CI 2,3h: Rd' = CH20Ac 2,31: Rd 1= CH20COPh 2,31: Rd' =
CH20Ph 2,3k: Rd'0 e 10 A mixture of an epoxide 2a-k (2 mmol), tetrabutylammonium bromide (0-2.5
mol%) and the apprepdeate catalyst la-h (0-2.5 mol%) was vigorously stirredg¢atil-gonpleie gissolution
occurred, then CO2 was passed through the flask at atmospheric pressure. After being stirred at 25C
for between 3 and 48 hours, a sample of the reactigg was 15 analysed by 1FI NMR spectroscopy to
determine the conversion, and the reaction mixture was purified by flash chromatography to give cyclic
carbonate 3a- .’%gre”sﬁ%%?e shown below: Detailed results for Example 2 The analysis data are
given below foR-8gcit'cafonates 3a-e, synthesised under the following conditions: 5 Temperature:
25C Pressure:gtipospherg Reaction time:3 hours Catalyst:la (2.5 mol%) Co-catalyst: Bu4NBr (2.5 mol
/0) 10 Data for, styrepe carbonate 3a - Reaction 5: Conversion 62%, isolated yield 57% after
purification byglg ﬁ{ch?c%{é%raphy (hexane / EtOAc 2:3). Mp 49-52C; vrna,c(ATR) 3047 m, 3020 m,
2968 m, 2899 A8t SE2-s>Ead 1592 cm-1 w; 5H 7.5-7.2 (5H, m, ArH), 28

2,30 R = CH0Ac
2,3i: RY = CH,OCOPH
2,3I' R® = CH,OPh

: Ohde

A mixiure of an epoxide 2a-k {2 mmol), tetrabutylarmmonium bromide {0-2.5 mol%) and

2,3k RO =
10

the appropriate catalyst 1a-h (0-2.5 mol%) was vigorously stirred uniil complete
dissolution oceurred, then CO, was passed through the flask at atmosphetic pressure.
After being stirred at 25°C for between 3 and 48 hours, a sample of the reaction was
15 analysed by 'H NMR spectroscopy to determine ihe conversion, and the reaction
mixiure was purified by flash chromatography to give cyclic carbonate 3a-k. The

results are shown below:

Reaction Cyctic Catalyst  Co-catalyst COp Temp  Time Conv (%)
carbonate  (mol%t) {mol%) pressure {°C) (h}
{atm.)

i 3z 1a{0.1}  BuNBr(0.1) 1 25 3 5
2 3a 1a (1.0} BuMNBr(1.0) 1 25 3 38
3 3a 1a (1.0) BuNBr(2.5) 1 25 3 56
4 3a 18 (2.5)  Bu.NBr (1.0) 1 25 3 51
5 3a 12(2.5) BuNBr (2.5) 1 o5 3 62
8 3a 1a{0.1)  BuNBr (0.1 1 25 24 27
7 3a 1a{1.0) BusNBr(1.0) 1 25 24 86
8 3a ta{2.58) BuNBr{2.5) 1 25 24 98
9 3a b {2.5) BuNBr(2.5) 1 25 3 50
10 3a - 1c{2.5) BuNBr(2.5) i 25 3 52
11 3a 1d (2.5)  BulNBr (2.5) 1 25 3 33
12 3a 1e (2.5)  BueNBr (2.5) 1 25 3 41
13 3a 11(2.5) BuiNBr (2.5) 1 25 3 28
14 3a 1g(2.5) BuNBr(2.5) 1 25 3 51
15 3a th(2.5) BuNBr(2.5) 1 25 3 54
16 3b 1a{2.5) BuNBr{2.5) 1 25 3 77



5.68 (1H, t 18.0 Hz, PhCHO), 4.81 (1H, t 18.5 Hz, OCH2), 4.35 (1H, t 18.4 Hz, OCHZ2). bc 154.9,
135.9, 129.8, 129.3, 126.0, 78.1, 71.3; m/z (El) 164 (M+, 100), 119 (10), 105 (10). 5Data for propylene
carbonate 36 Reactipmd 7: Reaction carried out at 0C, conversion 82%, isglategdpiglgg{ Yesafter
purification by flash chromatography (hexane / EtOAc ) vmak(neat) 2991 m, 2921 m, 1786 cm-1 s;
4.9-4"8 (1H, m, CHO), 4.55 (1H, t 18.4 Hz OCH4, 42 (1H, dd J 8.4, 7.3 Hz OCH2), 1.49 (3H, d 16.3
Hz, CH3): bc #54:5. 7’2 7, 70.9.19.7-.m/z(EN.102 (Mt_100). 100 (5). 10 Data for allylbenzene
carbonate 3¢ - ReaSiah 19: CHFV&rsion SH84SH {sol&RsRrSIGHH 4496 eter pUismeationiny flasty (%)
chromatography (hexane / Ef8RE™8). viieligat) 3068Wi%), 303 brmss2@80wW(e@P20w {800 cm-1 s; oH
7.2-7.0 (5H, m, ArH), 4.85 (1H, m, OCR), 4.35 (1H, tJ 7.8 Hz, %H)Z) 4.08 (1H, dd J 8.4, 6.9 Hz,
OCH?2), 3.06 (1H, dd J14.16.3FZ, ISCHZRN); Zg?;ug\;grn,\uu F14:176:3-Hz-EH .2!,',3..), be %5,4 5,134.1,
129.3, 128.9, 127.3576.8, 68.5,;89.6; m/z, Iﬂé 17 % ), 91 (100) Data for hex-1-ene carbonate 3d
r

- Reaction 21: Con ger5|on 90% |solated%|el 870 afte urlflcatlon by flagh chro?ﬁ’atograﬁhy (hexane
/ EtOAC 2:3). vn "(neat) 2960s, 262934s 11s; 81/ 4,64 (1H, qd J¥.5, 5.44Hz, OCR),
4.46 (1H, t 17,8 HZ%OCH4, 4. o@f(lH dd?%?@? ?WB@t’cﬁiz) 2.0-1.6 (2H5m, CHR), 1.6-32 (4H, m, 2
x CH2), 0.95 (31-1,217.1 Hz, CBiB); Sc 1%8325) 77 2::88.8.33.7, 26.5, 22.424.3.9; myz? (ClgNH3), 162
(MNH4+, 100), 162440), 100 (1). 25Data ¢os)deexdreng earbonate 3e - Rgaction 22: Conyersion 70%,
isolated yield 64% @#fter purificatipn by fla§ha@ror§§mr§'?y (Et20). v,.,,., eat) 2928 s, 2857 s, 1805

cm-1; 0,14.72 (14, qd J 7.5, 5, HzOF% 5%%%% 1 Hz, OCH2) 09(1 t J7.5Hz, OCH2),
1.9-1.6 (2H, m, CH2), 1.6-1.2 (I2H, m, 6 X t16.6'Hz, CH3Y: 8¢ 155.2, 77% 69.5, 34.0,

31.9, 29.4, 29.2, 2671, 24.5, 227 14.2; ﬂ%/ég(@n %@'%'da\ﬁé 8), 95 (38), @?? (100) *Data fci®
hydroxypropyl carBBnate 3f - R&Action 28 @8hvePsitir 489, isolated yiel®36% after purifization by
distillation. vmax(r&at) 3400 s, 2933 m, &nd.3/78Bemel e SH(CDC13) 4.8:4.9 (1H; m, OCH), 4.4-4.5
(2H, m, CH2), 3.9280 (LH, m OGH), 3.613.8.85(26h,1a5; @), OCR); 5¢(CD&13) 155.2, 75.9, 65.8, 61.6;

m/z(Cl) 119 (MH+4.00), 118(M§E, 10). 29 (25)  BuNBr (2.5) 1 25 3 55
30 3k 1a(2.5) BuNBr{2.5) 1 25 3 30
31 3k 1a (2.5} BuNBr(2.5) 1 25 24 84
Comparative 3a 1a {1.0) oun 1 25 3 0
reaction 1
Comparative 3a ta {1.0) —em 5 50 24 4]
reaction 2 |
Comparative Ja ta (0.1} DMAP (1.0 8 50 24 0
reaction 3
Comparative 3a Bu,NBr (1.0 1 25 3 4
reaction 4

Detailed results for Example 2
The analysis data are given below for cyclic carbonates 3a-g, syrthesised under the
following conditions:

5 Temperature: 25°C
Pressure: atmospheric
Reaction time: 3 hours
Catalyst: 1a (2.5 mol%)
Co-catalyst: Bu.NBr (2.5 mol %)

10

Data for styrene carbonate 3a ~ Reaction 5: Conversion 62%, isolated yield 57% afier
purification by flash chromatography (hexane / EtOAc 2:3). Mp 48-52°C; vimal ATR)
3047 m, 3020 m, 2968 m, 2899 m, 1812 s, and 1582 cm™' w: 5y 7.5-7.2 (5H, m, ArH),



Data for chloropropyl carbonate 3g - Reaction 24: Conversion 90%, isolated yield 60% after
purification by flash chromatography (hexane / EtOAc 2:3). vmax(neat) 3467 w, 1960 m, and 1799

cm-1 s; 6E. ¥@DGE3)354844.9 (1H, m, OCH), 4.59 (1H, dd J 8.7, 8.4 5Hz, OGHi2)cAARsaagd J 9.0,
8.7 Hz, OCH?2), 3.8-3.7 (2H, m, CH2CI); Sc (CDCI3) 154.4, 74.6, 67.4, 43.9; m/z(El) 139 (rCOM+, 5),

137 ((35COM", 10), 86(35), 87(55), 49(45), 51(13),,43 (100), 44(25). Data for acetyloxypropyl
carbonate 3h g% aég_ign éFS: %onversion 50%, isolated yield 1034% after purification by flash
chromatography% xand P e0&d” Egji%e‘ia%iiéﬁ"g%‘f@-gﬁ*v?e@@ﬁzilé%,s igblatddyidle SE¥-hfter
purification by #a$tchroia@og@phizumareeaty. 3540312080 eS8 wornd 4 746, a5 L S;
SH(CDC13) 4.9@%(1H, m, OCH), 4.57 (1H, t J 9.0 Hz, OCH2), 4.27(3H, m, OCH2, CH2), 2.15 (3H, s,
CH3); 60(CDCI3) 170.5, 154.8, 74.1, 66.4, 63.4, 20.1; m/z(El) 161 (MK', 75) 160 (Mt 8), 43 (100). 15
Data for phenylcarbonyloxypropyl carbonate 31- Reaction 27: Conversion 72%, isolated yield 12%
after purifiéatiofBy A RO ArEGYrmh i hdiemtdEtDA 4B nReastion:28: cGonversion 62%;
isolated yield %Wwémlmviﬁag’epﬁﬂmiQ@QWI%SA&%QM@&QQW)&&H%@ﬁa@@@%@:& Y (neat) 3585
m, 3055 m, 29,5% 018799(5, %ﬁ%g 171 9%?1-1 S bH(CDC13)8.0-8.1 (2H, m, Ar GQI% (AH, m,
ArH),(2H, m, Ar @’é B FEOBH A £ EERE T ST AF-CHY 6% @ 15014P868 1 1 154.8,
134.1, 130.2, ¥B¥ 12 9GH:) 743, 6615566 D47/3 (B Y B2 (MHE @), 122453z 108,§180)57 %, (38), 51(15).

25Data for phemoxyropyicarppnate b ﬁ,g,a%l%p 2 (g)pnversion 55%, isolated yield 46% following
purificatiq@ by flash chromatography (hexane / EtOAc 2:3) followed by recrystallization from hexane.

V", (neat) 2524w, 2160 s, 2032 s, 1976 s, and 1783 cm-4 s; SH(CDC13) 7.3-7.4 (2H, m, 2 x ArH), 7.01
(1H, t J 7.4 HARFHY' 8'9brizerR cRiOTRIARK ), BeBBi@ (14 Oom@Sht) 507- LE42H yieid BRH2), 4.24

(1H, dd J 10.5#:2pda 30 HY Ahdh HlohdDGad Méx&@ﬁém@ﬁggéz(%%%%ggva 81)30-1’ Sﬁé’?‘ér

155.0, 74.5, 67.3,,66.6; /z(EN194 (M. 100), 133 (11), 107 (70), 94(50};
4-methoxyphe??loéﬂét‘ﬁy%aéfﬂngh%%ea%w’-qrgléggc%n'%(?.“‘?1%1 B, BeAlfoft { kbl @At Holated yield
79% followingpUrifitatoHpPiiakh ¢RfbthdtdgrapHy §ifeanedHEI0ARSABY, e n{Aeal. 2926w, 1789s,
1612 s, ¥513CAAE, 2.90A A 188,001, 8338, CH.Ph); 6c 154.5, 134.1, 120.3, 128.9, 127.5,

76.8, 68.5, 39.6; m/z (E1), 178 (M, 20), 81 (100).

Data for hex-1-ene carbonate 3d — Reaction 21: Convarsion 890%, isolated yield 87%
after purification by flash chromategraphy (hexane / EtOAc 2:3). vmax{neat) 2960 s,

20 2934 s,2874 m, 1797 cm' 5; 31 4.64 (1H, qd J 7.5, 5.4 Hz, OCH), 4.48 (1H, t J 7.8 Hz,
OCHz), 4.09 (1H, dd J 8.4, 7.2 Hz, OCH,), 2.0-1.6 (2H, m, CHz}, 1.6-1.2 (4H, m, 2 x
CHpj, 0.95 (3H, t J 7.1 Hz, CHs); 80 155.2, 77.2, 69.5, 33.7, 26.5, 22.4, 13.8; m/2? {C,
NHg), 162 (M+NH.*, 100}, 161 (40), 100 {(10).

25  Datafor dec»‘i-eneLcarbonate 3e — Reaction 22: Conversion 70%, isolated yield 64%
after purification by flash chromatography {(ELO). vma(neat) 2628 s, 285? s, 1805 cm’
8, 0n4.72 (1H, qd J 7.5, 5.7 Mz, OCH), 4.54 (1H, t J 8.1 Hz, OCHg), 4.08 (1H,tJ 7.5
Hz, OCHz), 1.9-1.8 (2H, m, CHy), 1.6-1.2 (12H, m, 6 x CHy), 0.80 {3H, t.J 6.6 Hz,
CHs)i 8¢ 155.2, 77.1, 69.5, 34.0, 31.9, 29.4, 20.2, 20.1, 24.5, 22.7, 14.2: m/z (El}, 162
30 (M", B}, 95 (38), 67 (100).

Data for hydroxypropyl carbonate 3f - Reaction 23; Conversion 43%, isolated yield
36% after purification by distillation. vma(neat) 3400 s, 2933 m, and 1789 cm™’ 8;
3:{CDCly) 4.8-4.9 (1H, m, OCH), 4.4-4.5 (2H, m, CH,), 3.8-4.0 (1H, m OCH}, 3.6-3.8

35  (2H, br, OH, OCH); 8c{CDCly) 155.2, 75.0, 65.8, 61.6: m/z{C} 119 (MH*, 100),
118(M*, 10).



5H(CDC13) 7.29 (2H, d J 8.7 Hz, 2 x ArH), 6.94 (2H, d J 8.7 Hz, 2 x ArH), 5.60 (1H, t J 8.1 Hz, OCH),
4.74 (1H,tJ 8.4 Hz, OCH2), 4.33 (1H, t J 9.0 Hz, OCH2), 3.81 (3H, s, OCH3); 60(CDCI3) 160.7,
154.8, 127.% 3 20dp 3244406, 78.1, 71.0, 55.3; m/z(El) 195 (MI-it, 12), 194(W,p2@): kDR dHf); k49 (25),
135 (20), 122 (12), 121 (100), 119 (20), 591(25). Example 3 (1R,2R)-Cyclohexane-1,2-diammonium
dichloride (5) 10(Larrow, J. F, et al., J Org. Chem. 3994, 59, 193) To a suspension of
(1R,2R)-cyclohexane-1,2-diammonium L-tartrate (4)(13.7 g, 52 mmol) in MeOH (50 mL) was added a
cooled solution (0C) of-acetyl chloride (27.4 mL, 385 mmol) in MeOH (50 mL). The solution was stirred
at room tempekiareaVierigsnyl herbesaltidg pReeiitateavas filtesee offsvasiaed wisla Et20 (10 mL)

and 15dried byssucias @mmm@%ﬁ@%@g&%g@@%@@%pm _ )gggoi?'g acé{ggﬁvyas obtained
e pfo

by diluting the mother liquor wjth Et20 (200 m).) and coaling for_half an hour. T uct was
collected and dried o @réﬁ‘% e oW dar Vidikr - BubR (Hiy RaiiElnhitd Hoineidr §1296 -16 (c 5.0, aq.
1 M HCI). A1- 15V B (B SOLAB! 886N L)z 105, 25-3. B0, 55, (AHCBnd. CHRGH2CHN),
1.60-1.75, 2.0082.25746 62, 20CH2QEN) 28 18cBi30 £2H sy G, 3@?9865@5)9%%(7 3). 31

3-tert-ButylsaligylaldeRydes(7) (G gh. N alzarini, J.; Meier, C. J. Med. Chem. 2 0, 1658) To a
stirred suspensioﬁgéf 2-t(grt-sbuty?g§ie$10| 4.55¢g, 30 mmol), magnesium 5chloride (5.71 g, 60 mmoi)

and paraformaldehyde (2.08 g, 66 mmol) in THF (120 mL) at room temperature, was added
triethylamine (8785 folac6Gimmotingtopwisesdlite- eaatinn e baaieshioaeiluxdeisd hews to give an

orange sygpenginsEhe 6 ‘ ' X | amounpt of diluted HCI
can be added EO% \%égrmg %ﬁﬁ%&%ﬁ%ﬂ?g %%}%%8%2%%%?? ﬁ%%ﬁr%%“e? VigSO4 and the

10volatiles evaporated Uhder [BUFFredEH &4 Gitia A oF 0B Ry wheRaifgRekeed any further
purification. It tadsebcHEEdarRYfiéen bréstoram] Mielde 98%6.Ealghellosv(o, &1 <cNMR 5H (CDCIS3,

300 MHz): 1.44 48451 303, 6A(LUht (i A 207, i), %:%(&bs%ﬂ%ﬁ&c’b’d@ J=7.5Hz,
HAN, 7.54(1H 8gls )3l 142 5 £ 832 ob AN 288 (3T S HS b G2 A5 -
15
Data for phenylcarbonyloxypropy! carbonate 3i - Reaction 27: Conversion 72%,
isolated yield 12% after purification by flash chromatography (hexane / EtOAc 1:3).
Heaction 28: Conversion 62%; isolated yield 58% following purification by flash
chromatography (hexane / EtOAC 1:3). vam(neat) 3585 m, 3055 m, 2956 m, 1799 s,
20 and 1715 em™ §; 5(CDCly) 8.0-8.1 (2H, m, ArH) 7.6-7.7 (1H, m, ArH), 7.4-7.5 (2H,
m, ArH), 5.0-5.1 (1H, m, OCH), 4.5-4.6 (4H, m, OCH,, CH,); 8¢ (CDCly) 166.4, 154.8,
134.1, 130.2, 128.2, 129.1, 74.3, 68.5, 66.0; m/z{(E1} 223 (MH"*, 3}, 122 (13}, 105
(100), 77 (38), 51 (15).

25  Data for phenoxypropylcarbonate 3j - Reaction 29: Conversion 55%, isclated yieid
46% following purification by flash chromatography (hexane / EiQAc 2:3) followed by
recrysiallization from hexane. v..(neat) 2524 w, 2160 s, 2032 s, 1976 5, and 1783
cm™' s; 8.{CDCls) 7.3-7.4 (2H, m, 2 x ArH), 7.01 (1H, tJ 7.4 Hz, ArH), 6.9-7.0 (2H, m
2 x ArH), 5.1-5.0 (TH, m, OCH), 4.7-4.5 (2H, m, OCHy), 4.24 (1H, dd J 10.5, 4.2 Hz,

30 OCHz), 4.14 (1H, dd J 10.8, 9.0 Hz, OCHz); 5 (CDCly) 158.1, 155.0, 130.1, 122 4,
155.0, 74.5, 67.3, 66.6; m/z(El) 184 (M, 100), 133 (11), 107 (70}, 94 (50), 79 (25}, 66

- {18).

3

Data for 4-methoxyphenylethylcarbonate 3k - reaction 30: Yield 36%. Reaciion 31
35 yield 84%, isolated yield 79% following purification by flagh chromatography (hexane
! EtOAS 2:3). vax{neat) 2926 w, 1789 s, 16125, 1513 5, 1248 5, and 1163 cm™' g;



15 3-tert-Butyl-5-chloromethylsalicylaldehyde (8) A mixture of 3-tert-butylsalicylaldehyde (7)(3.56 g, 20
mmol) and paraformaldehyde (1.20 g, 40 mmol) was stirred with concentrated HCI (15 mL) for 14
days, althotrgh witdrtdea first drops of concentrated HCI, the emulsion becamerack Lhgomixtyre was
20then treated with a saturated solution of Na2CO3 until neutralisation. The mixture was extracted
with EtOAc (3x30 mL). Organic layers were dried oggr MgSO4and the volatiles were evaporated under
low pressure t% %\ﬁa @%%%e%%y which did not re%uire further purification. Yield: 97%. Beige to red
solid. 1H-NMRPESTH (Z06 MBS 2K G ST 4 &6 TH-L s AGHLS.8P 4812 42 (2H, 2d, J
2.1 Hz, 2xHi1/44, 250 H 14 %S EHQ) 8 #1H86TTH;)s4 GH)LH, t J 9.0 Hz, OCH,), 3.81 (3H, s,

e o e e 18 SRS, gt
-tert-butyl-5-chloro salicylalde € , mol) in acetonitrile (60 mL), diethylamine
(2 mmol) was ﬁ%’e’oﬁ& (ﬁ‘gg\?\n e’tégdi\;g %@éeﬁ%ﬁ%@@%ﬁ%ﬂ] (Fehction Wa devréPht 30C

overnight@\fte?%%oration of volatiles, a green oil was obtained and it was used without any

purification for the next step. Yield: 77%. Green oil. IR 3300, 2899, 1720. 11-I-NMR 5H (CDCI3, 300

MHz): 1.35 (9H, s, C(CH3)4, 1.45 (6H,'t, J = 7.2 Hz, 2xCH2CH3), 3.43 (4H, q, J = 7.2 Hz, 2xCH2CH3),

4.90 (2H, s, CEFNeA57, 8.03 (2H, 2d, J = 2.1 Hz, 2xHAr), 9.98 (1H, s, CHO), 3512.00(1H, br s,

OH). 5¢(CDCI3, 75 MHz): 10.8, 28.3, 33.7,45.8, 56.0, 119.5, 129'§m}30'§’ 133.7,137.0, 159.0, 195.9,
243. 32

HRMS: Calcd. for C18H 02* 292.2 ~found 292
(1R,2R)-N,W-Bis(3-tert- -S-dieth inomethyl

~®; Iioféne)eycl anel,2-diamine (10)
5(1R,2R)-cyclohexane-1,2kdiarnmonium dichloride (5){93% mg, 0.5 mmof‘and NaOMe (55 mg, 1
mmol) were stirred in Me H (10 mL) fér 30 min. Afteriiat, a solutiond HC!
3-fert-butyl-5-diethylaminomethylsalicylaldehyde hydro&hloride (9)(299’8 mg, 1 mmol) in MeOH (5 mL)
was added and the solution, which became rapidly yellgw, was stirred overnight at 30C. Evaporation of

MeOH was followed by addition 100f a saturatee.se#iti Na2C HAL). Organic compounds
were extracted using dichloromethane (3x15 _,,thHle' ,({)J]Etanf th g, ggueous phase remains

dried over MgSO4 and volatiles were removed under vacuum to give a greenish slurry oil which was
used without any purification in the pext stgp. NEL,

2
|/l i “-Bu i-Bu | ] -Bu
Q. N, .

N O

A - Al /O
N0 o |
iﬁ/t&u t—Bu?) lb/f-au
NE, NEL; NEt,

- 11

completely colourless and the organic layer changes’ Er m orange tosg};eeﬁ colour. Organic layers were

{1R.2R)-Cyclohexane-1i,2-diammonium dichioride (5)

10 (Larrow, J. F, et 8/, J. Org. Chem. 1894, 59, 193)
To a suspension of {(1R,2R)-cyclohexane-1,2-diammonium L-tarirate (4)(13.7 g, 52
mmol} in MeOH (50 mL) was added a cooled solution (0°C) of acetyl chioride (27.4
mk., 385 mmol) in MeOH (50 mL). The solution was stirred at room temperature
overnight. The resulting precipitaie was filtered off, washed with Et,0 (10 mL) and

15 dried by suction to leave the desired product as a white ;Sowder. A second crop was
obtained by diluting the mother liquor with Et,0 (200 ml.) and cooling for ha!f an hour.
The product was collected and dried to yield a white powder. Yield: 80%. Crystalfing
white powder. [a]°p =16 (¢ 5.0, aq. 1 M HC). "H-NMR &, (DMSO-ds, 300 MHz):
1.05-1.25, 1.30-1.55 (4H, 2m, CH,CH,CHN), 1.60-1.75, 2.00~2.15 (4H, 2m,

20 CH,CHN), 3.13-3.230 (2H, m, CHN), 8.70 (6H, br s, NH3).



15 Yield: 55%. Yellow-green oil. [a]200 -184.5 (c 1.0, CHCI3). IR 3410, 2899, 1610, 1550, 830.
11-1-NMR 5H(CDC13, 300 MHz): 0.99 (12H, t, J = 7.2 Hz, 4xCH2CH3), 1.40 (18H, s, 2xC(CH3)3),
1.50-2.05 (8komuctakiid)d), 2.44 (8H, q, J = 7.2 Hz, 4XCH2CH3), 3.40- 3.50¢bi:Resfeiibhs
2XCCH2N), 6.95, 7.17 (4H, 2d, J = 1.8 Hz, 4xHAr), 8.28 (2H, s, 2xHC=N), 13.77 (2H, br s, 2x0H).
Sc(CDC13, 75 MHz): 11.9, 24.4, 29.6, 33.2, 34.8, 2046.8, 57.3, 72.5, 118.4, 128.8, 129.8, 130.1,
136.9, 159.3, 165.7. HRMS: Calcd. for C361-131N40211605.4795, found 605.4783.
Bis[(1R,2R)-N,M-Bis(3-tert-butyl-5-diethylaminomethylsalicylidene)cyclohexane-1,2-diaminoaluminium
(111)] oxide (13 ¥orsFrityiwdicidridebzdsdprmed under an inert atmosphere in dry conditions. The
ligand (10)(1 mmisthand BUOFAR (3RALM..2 MRQH,Waredyssgivegs toluene (10 mL). The reacting

mixture was h%at d to reflux for 5 ho fggg ?slonal residue of alumina could be removed by filtering

through a sinter. fe mothar fiquor i?i/as RESH°ARY Tt S BT8Y HIBPARRIEH2CI2(30 mL) were
added. The cofifidsaiag %&t@b’ﬁé”ﬁq}sﬁﬁ@ W@f@ﬁ@*@%ﬁ@ﬁdﬁ@%@(% miopard ofg&tio layers were dried

over MgSO4. \iplatite sewpeeateraovesdaselew Riarsuteds aiveaAals selidwbighaas recrystallised

tonit | 522 (c 1.0, CHCI3). IR 2865, 1626, 1548,
1240, 1027, 8L e N e pe et S e 5%’3;?@“5?%3 iRoch3), 146

(36H, s, 4xC(CTEBSE29 %0 NG HBAE ?%“%@&-Né‘)ﬁﬁﬁai‘ smﬂaeﬁrﬁpf diuigs dRbaD OeBYdsI10-3.15,
3.80-3.85 (4H 22rarrax@riN @i (8 irme I RECHZM): Bp9s Wak(8Keehsl MEEDHEANEIAT), 8.19,

8.37(4K, 2s, 4&5@.@@@%@@@&2&&4@?@3@&% il 2k R B0cky 3P il s BEB ggz 118.9,
119.2, 128.9, ]f%%% 41.7,..33 1572 165.1. m/t% ectrospra 661.5 (100 1275 9? ), 1276.9 (72),

1277.9 (32), 1 ptﬁ‘%hsn(i GEPE a?a? IFECRANERE \xﬁiﬁt StédRAithe insertion of
carbon d|0X|dé"ﬁ’1W§%yréT'T@!Mﬁd5e@H@%e%?&@"ﬁ“%a’b%@iécﬁo@ﬁ% BABGeNt Using eatalyst 11 (2.5
mol %) and tetfabutylanimonipm:bremigde €:5mel Q) unsley aicasbon: diexige atmasphere (1 atm.

Pressure). After 3 Bour @ CoRyersion 9k 69% obtalned 10 Example 4 t-Bu
N,W- bls(3 5-di te:)?;t buty?lﬁsallcyhdene)progﬁ?l(e gdlamlne (14) 15(Nomura, N. et al., Chem. Eur. J.

2007, 13, §l433 -4451) 3,5- D| tert-butyl salicylaldehyde (13)(1.34 mmol) and 1,3- dlamlno propane
(12)(0.68 mmatieveRuinbiedogetisthindisyiatibaydod® temperature. After 1 hour, methanol (4 mL)
was added formnm@&@ﬂ@%ﬁ@ﬁ%%x‘éﬂﬁ%&ég '%V&dz@ﬁ&ﬁ%ﬁ‘é%ﬁ“@?&%%n&’éﬁ&é@'m was
extracted with le—g Igéwate (W 19 then th
. mimol)'was stirred wi h concentfated HCi (15 ml.} for 14 days, although

with the first drops of concentrated HCI, the emulsion became red. The mixiure was
20 then treated with a saturated solution of Na,C0O, until neutralisation. The mixture was

extracted with E1OAc (3x30 mL.). Organic layers were dried over MgSQO, and the

volatiles were evaporated under low pressure to give a beige solid which did not

require further purification. Yield: 97%. Beige fo red solid. "H-NMR &4 (CDCls, 300

MHz): 1.43 (9H, s, 3xCHa), 4.59 (2H, s, CHy), 7.43, 7.52 (2H, 2d, J = 2.1 Hz, 2xHa),
25  8.87 (1H, s, CHO), 11.86 (1H, s, OH).

3-tert-Butyl-S-diethylaminomethylsalicylaldehyde hydrochioride (9)
To a solution of 3-tert-butyl-5-chloromethylsalicylaldehyde {8¥226.5 mg, 1 mmol} in
acetonitrile (60 ml), diethylamine (1 mmol} was added dropwise to give a greenish
30  solution. The reaction was stirred at 30°C overnight. After evaporation of volatiles, a
green oil was obtained and it was used without any purification for the next step.
Yield: 77%. Green oil. IR 3300, 2839, 1720, *H-NMR &, (CDCls, 300 M#z): 1.35 (9H
s, C(CHa)a), 1.45 (6H, 1, J = 7.2 Hz, 2xCH,CHy), 3.43 (4H, g, J = 7.2 Hz, 2xCH2CHa),
4.80 (2H, s, COM:N), 7.57, B.03 (2H, 2d, J = 2.1 Hz, 2xHAn), 8.98 (1H, s, CHO),
35 12,00 (TH, brs, OH). 8c(CDCl, 75 MHz): 10.8, 28.3, 33.7, 45.8, 56.0, 118.5, 128.8,
136.3, 133.7, 137.0, 158.0, 195.9.
HRMS: Calcd. for CiaHaoNO," 282.2277, found 292.2243.

1



20organic layer was recovered, dried (Na2S0O4) and finally evaporated under vacuum to give a yellow
residue which was recrystallized from methanol to give the desired ligand (96%) as a yellow solid.
vmax(ATR)wW056ms/2358Q w, 2159 s, 2031 s, 1977 s, 1630 s, and 1439 cm-knrhahifeéieddkd 3.82 (2H,
S, 2x OH), 8.39 (2H, s, 2 x CH=N), 7.39 (2H, d J 2.4 Hz, ArH), 7.09 (2H, d J 2.4 Hz, ArH), 3.71 (4H, tJ
6.4 Hz, 2 x CH2), 34 2.1-2.2(2H, m, -CH2-); c(CD@#3, 75 MHz): 166.5, 158.1, 140.1, 136.7, 126.7,
125.8, 56.8, 35.0, 34.1, 31.5, 29.5, 26.2; FIRMS: Calcd. for C33H5IN202 (MK") 507.3988, found
507.3951. 5Catalyst 15 N,N'-bis(3,5-di-tert-butyl-salicylidene)propane-1,3-diam ne (14)(0.19 mmol)
and AftOE03(0.20 mmol) were dissolved in toluene (40 mL) and heated at reflux for 4 hours. Solvents
were removed| tificen e dniesiel preastiney bR RRiRtk ARA AR (29U s g added. The
complex was gxéraeted using dichloromethane (3 x 20 mL) 10and the organic layers were combined
and dried éMg?O% olvents were removed under reduced pressure to give the desired complex as a
yellow solitl in 459 oﬁ?j“&’&ﬁ%ﬁfﬁﬁ?ﬁ)zz@%"we%a qJigblorida (3)(%3 5 roDCAB LB 2 @6H, 5,4 X C(CH3)3),
1.46 (36H, s,4Ne0tEH M@, 120 isrms RredCH@pGHT (B, tol B9z M aHZ), 7.09(4K, d J 2.4
Hz, 4 x ArH), 2l @@mmuﬂiaétﬁyssawgﬁoﬁgwga&yﬁm%gfmw&f%e@ed@%@ 1079.7168

a

C66H2714405Al2 (MW). requir 79.7090. Use of catalyst 15 Catalyst 15 was ‘tested in the insertion
of carbon diogﬁ ' Fn%%‘%%ﬂ%eé%jg e ﬁﬁ‘?mi%%ﬁﬁgﬁ‘%mi?gﬁ%c@m%?ﬁ'%ing catalyst 15

(2.5 mol %) ai8ovietERiIyRsARERANPbAS R devVERS atioh (O Mettié racalbordmpiddigdimosphere (1
atm. Fre$&ure<)f A{ﬁm&i&dﬁﬁsﬁ oV r4lu_ @idél'ﬁfg,\m@aﬂmfém&%u%(%wem extracted using
2008/132474RL1GRLO08/001485 3 i s for the production of cyclic carbonates
comprising contactin% an eggiide w?t'h%c%r %ﬁ%ﬁﬁ%&%ﬁl@tﬁ ug?é”%’g)rgcaéeoﬁegﬁi?ﬁeric aluminium(salen)
catalyst, 5and"3 BB LRLRIALIESR BN S apTinle shfrtesvresgerge tferarcioBrrand |, where the
dimeric alumiftgaisire cotabystiss! of foiviusie)) and volatiles were removed under vacuum to

give a greenish slurry oil which was used without any purification in the next step.

15 Yield: 55%. Yeliow-green oil. [af°p ~184.5 (¢ 1.0, CHCL). IR 341 0, 2889, “ﬁS‘IO, 1550,
830. "H-NMR &4 (CDCl, 300 MHz): 0.99 (12H, t, J = 7.2 Hz, 4xCH,CHs), 1.40 (18H,
s, 2xC(CHa)s), 1.50-2.05 (8H, m, (CHa)), 2.44 (BH, q, J=7.2 Hz, 4xCHCH,), 3.40—
3.50 (6H, m, 2xCHN, 2xCCH,N), 6.95, 7.17 (4H, 2d, J = 1.8 Hz, 4xHy,), 8.28 (2H, s,
2xHC=N), 13.77 (2H, br s, 2x0H). 65(CDCI;, 75 MHz): 11.9, 24.4, 29.6, 33.2, 34.8,

20 46.8,57.3,72.5, 118.4, 128.8, 129.8, ‘330.1', 136.9, 159.3, 165.7. HRMS: Cailcd. for
CasHeiNaO,” 605.4795, found 605.4783.

BisI{1 R,zR}wﬁ,N’-Bis{ﬁwferf-hdty!-&ﬁéethy%aminomethyisaiicyiidene)cys!ehex—
ane-1,2-diaminoaluminium(ii)] oxide (11}

25 This reaction was performed under an inert atmosphere in dry conditions. The ligand
(10)(1 mmol) and Al(QE); (324.1 mg, 2 mmol) were disscived in toluene (10 mL).
The reacting mixture was heated to reflux for 5 hours. Occasional residue of alumina
could be removed by filtering through a sinter. The mother liquor was evaporated and
then, H,O (30 mL) and CH,CI(30 mL) were added. The complex was extracted using

30 dichloromethane (3x20 mL) and organic layers were dried over MgS0,. Volatiles
were removed under low pressure to give a pale solid, which was recrystallised using
acetonifrile. Yield: 40%. Pale green solid. [}, ~522 (¢ 1.0, CHCL). IR 2865, 1626,
1548, 1440, 1027, 836, 577. 'H-NMR &y (CDCl;, 300 MHz): 1.02 (24H, 1, J = 7.2 Hz,
8xCH,CHa), 1.46 (36H, s, 4xC(CHa)s), 1.50-2.15 (16H, m, 2%(CHals), 2.52 (16H, m,

35 8xCHyCHy), 3.10~3.15, 3.80-3.85 (4H, 2m, 4xCHN), 3.50 (8H, m, 4=CCH,N}, 7.09,
7.35(8H, 2d, J = 5.7 Hz, BxHy,), B.19, 8.37 (4H, 25, 4xHC=N). 8¢ (CDCl,, 75 MHz):
10.2,24.7,29.9, 30.1, 35.0, 47.1, 57.6, 73.2, 118.9, 110.2, 128.9, 135.3, 141.7,



R7R3 wherein: Y-Q is CPtclr.N or CF1c1Rc2-NR91, where Rcl, Rc2 and R9I1 are independently

selected 10from H, halo, optionally substituted C1.20 alkyl, optionally substituted C5.20 aryl, ether and
nitro; each efghemulzstituents R1, R2, R2, R4, R5, R6, R7, R8, R9, R10, R"}}@;‘]l@gﬁ][b@mﬂﬁ'&:sl?l& and

F08, is independently selected fromhalo, optionally substituted C1.20 alkyl, optionally substituted

C5.20 aryl, optionally substituted C3.20 heterocyclgk ether, 15ammonium and nitro; Xis either of the
2.3,4, or5andpis 1, 2, or 3, or represents a divalent

formula -(CH2)-.0r.-Q-(CH2)-0-, where n i

group sel(ecte(} ?r%%hqégjf éﬁ%ﬁﬁé%%?tf?gﬁré cﬁ@aﬁl&%e@ﬁﬁ’@?@'H&@&VQ&I%@W may be
optionally subS#{f&d 185 3¥9dfdcess of claim 1, wherein the catalysed reaction is: 0 00 Il wherein
Rc3 and Re.4 are independently selected from H, optionally substituted C1.10 alkyl, optionally

substituted C3;20 &%&r§§§€q¥l and optionally substituted C5.20 aryl, or Rc3

5 Catalyst 11 was tested in the inserlion of carbon dioxide inte styrene oxide. The
reaction was carried out with no solvent using catalyst 11 (2.5 mol %) and
tetrabutylammonium bromide (2.5 mol %) under a carbon dioxide atmosphere (1 atm.

Pressure}, Afier 3 hours a conversion of 69% was obtained.

10 Exampie 4

NH,
s g
C H i . +Bu
WK, -Bu OH

+-Bu {-Bu 14

o

N, O 6. N
— (i)
N O o N

Li i At-Bu §-Buy., ;I: /il

+-Bu {-Bu

15

NN -bis(3,5-di-fert-butyl-salicylidene)propane-1,3-diamine (14)

15 (Nomura, N. et al., Chem. Eur. J. 2007, 13, 4433 — 4451)
3,5-Di-fert-butyl salicylaldehyde (13)(1.34 mrmol) and 1,3-diamino propane (123{0.68
mmol} were mixed together and stirred at room temperature. After 1 hour, methano!
(4 mL) was added forming a yellow precipitate which was allowed to stir overnight,
The precipitate was extracted with CHoCly/water (2 x 106 mL of CHyCL), then the

20 organic layer was fecovered, dried {(Na.850,) and finally evaporated under vacuum fo
give a yellow residue which was recrystallized from methanol to give the desired
ligand (96%) as a yellow solid. vm{ATR) 2856 s, 2530 w, 2159 5, 2031 s, 1977 8,
1630 s, and 1438 cm™' m; §,{CDCL) 13.82 (2H, 5, 2 x OH), 8.39 {2H, s, 2 x CH=N),
739 (2H, d J 2.4 Hz, ArH), 7.09 (2H, d J 2.4 Hz, ArH), 3.71 (4H, 1 J 6.4 Hz, 2 x CHa},



WO 2008/132474PCT/G82008/001485 36 and Re-4 form an optionally substituted linking group
between the two carbon atoms to which they are respectively attached. 3.The process according to
claim 2, whateirnéRerzsig . 5 4. The process according to claim 2 or claim 3 pehgreimddesisselected
from optionally substituted C1-4 alkyl and optionally substituted C5-7 aryl. 5. The process according to
any one of claims 1 to 4, wherein the source of r izs30selected from R4NY, ABBY, R4PY and R4SbY,
where each Rjs i ndently-sele from optionally substituted C1.10 alkyl, C3.20 heterocyclyl
and C5-20 arﬁ%r%gggﬁar% 6%%% 6&% P ARG rRH6 SPhe 1 dedS8bctidifg! 85 Blaim 5, wherein
the source of PRERENY Iufhepd - 158hE PR AP PrientiyrCloMalky (Y Yoz swiected from |, Br and
Cl. 7. The proesss aceorehng to claim 6, wherein the source of r is Bu4NBr. 8. The process according
to any one of claims 1 to 7, wherein the 20aluminium(salen) catalyst of formula | is symmetrical, such
that R'=R13, R2=R", 1:13=R's, 1:34=R'6, 1:16=R9, R6=R1, FV=R11, and R6=R12. 9. The process
accordingsto dateidfierein R, A5, R6, and R13 are identical, R2, R6, H1 andR14 are identical, FP,
PV, R", and FN,& drie(ijBaticat ang-Réicii8e Rz and 2B lGiarmidenticals ddhofheprocess according to

any one of clajfse o VK NS bR Rt b E 4 RIB D WESES B Sefuioh0r S and pis 1. 2
hours. Solvenis were removed under reduced pressure and H.0 (20 mL) and CH.Cl
(20 mL) were added. The complex was extracted using dichloromethane (3 %20 mi)
10 and the organic layers were combined and dried (MgSQO.). Solvents were removed
under reduced pressure to give the desired complex as a veliow solid in 45% yield,
Veax(ATR) 2958 m, and 1622 cro™ m; $MCDCL) 1.31 (36H, s, 4 x C{CHa)s), 1.46 (36H
8, 4 x G(CHs)s), 2.1-2.2 (4H, m, 2 x CHp), 3.71 (8H, t J 8.9 Mz, 4 x NCHy), 7.09 (4H, d
J2.4Hz, 4 x ArH), 7.39 (4H, d J 2.4 Hz, 4 x ArH), 8.40 (4H, 5, 4 x CH=N): m/z found
15 (ES! 1079.7168 CaeHerNOsAl (MH?*) requires 1078.7090.

H

Use of catalyst 15

Catalyst 15 was tested in the insertion of carbon dioxide into styrene oxide. The
reaction was carried out with no solvent using catalyst 15 (2.5 mol %) and
20 tetrabutylammonium bromide (2.5 mol %) under a carbon dioxide atmosphere {1 atm,

Pressure). After 3 hours a conversion of 14% was cbtained.



3011.The process according to claim 10, wherein Xis -C2H4- or -C3H6-. 12. The process according to
any one of claims 1 tog, wherein X represents a divalent group selected from C5-7 arylene, C5,7 cyclic

alkylene ang& 3odghgtarecyclylene, which may be optionally substituted. 35 13. The process
according to claim 12, wherein X represents. WO 2008/132474PCPGBZOO%%?E@%%‘?OII‘&?TW

process according to claim 12, wherein X represents! 5 15. The process according to any one of
claims 1 to 14, wherein Y-Q is CF1c1=-N. 16. The%srocess according to claim 15, wherein Y-Q is
CH.N. 1017.Tﬁ;@'ﬁ?§)cess according to any one of claims 1 to 16, wherein R4 = Re = RI2= R'6 = H. 18.
The process according to any one of claims 1 to 17, wherein R', R2, R3, R5, R5, R7, R2, R", R",

R'3, Rw, and R" are Anég}%ﬁ)eesr]sdfgp}% sel%cte,d from H, Cl., alkyl, 15ether and nitro. 19. The process
according to any one of claims 1 16 17 WHereih SR TaeaIpseion fermading isrfrom 0.1 to 10

mol%. epoxide with carbon dioxide in the presence of & dimeric aluminium(salen) catalyst,
5 and a co-catalyst capable of supplying ¥, where Y is selected from Cl, Br and |
whare the dimeric aiuminium(salen) catalyst is of formula |:

wherein;
Y-Qis CR%'=N or CRS'R2.NEM where RC, R% and B are independently selected
10 from M, halo, optionally substituied Ci alkyl, optionally substituted Cs.ao amyl, ether
and niro;
each of the substituents R', R?, R®, R, R®, RS, R, B8, R, R™, A" R2 RS R 9‘5,
and R, is independently selected from H, halo, optionally substituted G, alkyl,
opticnally substituted Gs.ao aryl, optionally substituted Caap heterocyciyl, ether,
15 ammonium and nitro;
X is either of the formula ~{(CHa)- or -O-(CHy),-O-, where n is 2,3, 4,or5andpis 1,
2, or 3, or represents a divalent group selected from Cs. arylene, Cs. cyclic alkylens
and Cs.; heterocyelylene, which may be optionally substituted.

20 2 The process of claim 1, wherein the catalysed reaction is:
| i
O
R“ARC‘ e O}‘“E

RC:ﬁ RCd

H Hi
wherein R® and R™ are independently selected from H, optionaily subsfituted Cq..q
alkyl, optionally substituted Cs.o heterocycly! and optionally substituted Cs. aryl, or RS



2020.The process according to claim 19, wherein the amount of catalyst of formula I is from 0.1 to 2.5

mol%. 21.The process according to any one of claims 1 to 20, wherein the amount of the source of Y-

is 0.1 to 10w lbes ;2274 The process according to claim 21, wherein the a}r}&ognt of the source of Y-
is 0.1 to 2.5 mol/0. 23. The process according to any one of claims 1 to 22, hErEH L ESston is 30

carried out at a temperature of between 0 and 4OC3 nd a pressure of between 0.5 and 2 atm. WO

2008/132474PCT/132008/001485 36 24. The process according to any one of claims 1 to 23,
wherein the re{tifin S EaANCP R bsindsddinRng2oup pravess fas e RIARKGIgROfdimeric

aluminium(salehictatalysts efsfanmin aitichdd3R3 wherein each of 111, R2, R3 and-R4 is
independently selected from H, halo, optionally substituted C1-20 alkyl, optionally substituted C5.20

aryl, optionally, subsg%éed C3-20 heterocyc(lg, ether, ammonium and nitro; 10X is either of the formula
-(CH2)- or -0-{CH2)5-0% RiI&rS Acresiing i i AnahsieinL 9 ier8, or represents a divalent group
selected from C5-7 arylene, C5.7 cyclic alkylene and C3.7 heterocyclylene, which may be optionally

substituted. 4. The process according fo claim 2 or claim 3, wherein R is selected from
optionally substituted Ci. alkyt and optionally substituted Cs aryl.

5. The process according to any one of claims 1 fo 4, wherein the source of Y- is

10 selected from RuNY, R:SY, RPY and F.SbY, where each B is independently
selected from optionally substituted Gy alkyl, Csz0 heterocyeiyl and Csa aryl groups
and one R can be an acyl group.

8. The process according to claim 5, wherein the source of Y™ is HaNY, where
16 each Ris independently Ci.qq alkyl and Y is selected from i, Br and CIL.

7. The process according to claim 6, wherein the source of Y' is Bu.NEr,

8. The process according to any one of claims 1 to 7, whersin the
20 aluminium{salen) caialyst of formula ! is symmetrical, such that R'=R", R2=R"
FP=R™, R4=R'", B5=R?, 'RSZRw, R’=R", and Rf=R'2

8. The process according to claim 8, wherein R, B3, R®, and R™ are identical
R2, R®, R™ and 1" are identical, R, R7, R, and R are identical, and R, R®, R'2 and
25 R are identical.

10. The process according to any one of claims 1 to 9, wherein X is ~{CHa)er OF »
O-(CHz)p-O-, where n is 2, 3, 4, or 5 and pist, 2, 0r3.

30 11, The process according to ciaim 10, wherein X is ~CaHe- or -CaHe-.

i2. The process according to any one of claims 1 to 8, wherein X represents a
divalent group selected from Cs, arylene, Cs; cyclic alkylene and C,.,
heterocyclylene, which may be optionally substituied.

35
13. The process according to claim 12, wherein X represents:



comprising treating a salen ligand of formula IV: R3  15with AI(OR)5 in an organic solvent, wherein R
is C,, alkyl or C5.7 aryl. 26.The process according to claim 25, wherein the organic solvent is an

aprotic solvess.240273343 process according to claim 26, wherein the aprotic og%?nic solvent is
toluene. 39 28. The process according to any one of claims 25 to 27, wheréfn @@?’Wé‘fﬁ?l. 29. The

process according to claim 28, wherein R is ethyl. %O The process according to any one of claims 25
to 29, wherein X is -(CH2),,- or -0-(CH2),-0-, where'nis 2, 3,4,or5and pis 1, 2, or 3. 31. The
process according to claim 30, wherein X is -C2k4-. 32. The process according to any one of claims
25 to 29, wherein X represents a divalent group sétedted from C5-7 arylene, C5-7 cyclic alkylene and
C3_7 heterocyclylene, which may be optionally ituted. 1533.The process according to claim 32,

wherein X represents:

14. The process according to claim 12, wherein X represents:

15, The process according to any one of claims 1 1o 14, wherein Y-Q is CRS'=N.
16, The process according to claim 15, wherein Y-Q is CH=N,

10 17, The process according to any one of claims 1 to 16, wherein B* = Re=R2=
st = M. .

18, The process according to any one of claims 1 to 17, wherein R!, R?, B3 RS |
R, R, R, R, RY R, RY and R are independently selected from H, C., alkyi,
15 ether and nitro.

18. The process according fo any one of claims 1 to 17, wherein the amount of

catalyst of formuia | is from 0.1 to 10 mol%.

20 20 The process according to claim 18, wherein the amount of catalyst of formuia
tis from 0.1 to 2.5 mol%.

21. The process according to any one of claims 1 to 20, wherein the amouni of
the source of Y- is 0.1 to 10 mol%.

25
22, The process according to claim 21, wherein the amount of the source of Y- is
0.1 to 2.5 moi%.

23. The process according to any one of claims 1 to 22, wherein the reaction is
30 carried out at a temperature of between 0 and 40°C and a pressure of between 0.5 and
2 atrn.



34.The process according to claim 32, wherein X represents: 35. The process according to any one
of claims 25 to 34, wherein R4 is H. 36. The process according to any one of claims 25 to 35, wherein
R', R2 and ®8 anesinglepgndently selected from H, C1.7 alkyl, ether and nitrq. .37, A dimeric
aluminium(salen) catalyst of formula I: WO 2008/132474PCT/682008/001% W?ﬁﬂﬁ?@\ﬁﬁerein: Y-Q
is CRc1=N or CRcIRc2-NRN1, where Rcl, R2 and RN1 are independently selected  from H, halo,
optionally sulggtutedﬁgel-zo alkyl, optionally substituted C5-20 aryl, ether 5and nitro; each of the
substituents R, R2, RE B9 286 Hore amoomR) oRlaiRs 2, IRRARVhB'sinahe bacieingependently
selected from $&/MesloublotiBrialty substituted C1.20 alkyl, optionally substituted C5-20 aryl, optionally
substituted C3.20 heterocyclyl, ether, ammonium and nitro; 10X is either of the formula -(CH2)- or
-0-(CH2)p-0O-,, her%n is2 3,4, or5andpis 1,2, or3, or represents a divalent group selected from
C5.7 arylene, T5.7 cygﬁ%cgﬁjgﬁgeﬁﬁ%gﬁi?%@ftg%’@%IWH@}W%ﬁﬁﬁ@ﬁh@@ﬁ)ﬁ@hmlh,maubstituted,
wherein: ?a) aleast one of R, R2, R3, R4, Rs, R6, R7, Re, R9, Rth, R", FR12, R's, R14, RI', or

R R®

R-s

|

O\ 'N\

A x ()

N

l

R R? R? r*
R3— RS

Wherein each of R, R2, R® and Rtis independently selected from H, halo, optionally
substituted C..zo alkyl, optionally substituted Cs20 aryl, optionally substituted Caap
heterocyclyl, ether, ammonium and nitro;

10 Xis either of the formula -“{CHo)o- or ‘O“(CHQ);}'O"; wherenis 2, 3,4, or5andpis 1,
2, or 3, or represents a divalent group selected from Cs; arylene, Cs.r cyclic atkylene
and Cs- heterocyclyiene, which may be optionally substituted.
comprising treating a salen ligand of formula V-

RS
Rr? R
| R
N OH
X W)
N  OH
l R’
Dee
RS

15 with AOR®)s in an organic solvent, wherein R%is ... alkyl or Cs7 aryl.

26. The process according to claim 25, wherein the organic solvent is an aprotic
solvent.

20 27, The process according to claim 28, wherein the aprotic organic solvent is
toluene,



15RI" is nitro; or (b) at least one of RI, R2, Rs, R4, Rs, R6, R', R8, R9, R, R", R12, An, R'4, Rls, or R's
is ether.  38. The catalyst according to claim 37, wherein the catalyst of formula is 20symmetrical,
such that RieRkRgR2=R4, 193,R132 R4=R16, R5=F15, R6_7-00, R7=R", néTRe:Rlz. 39. The
catalyst according to claim 38, wherein R', Rs, R9, and R's are identical, R% é?ﬁ%‘?ﬁ/g(ﬁ‘i‘gére
identical, Rs, FR7, R", and RIs are identical, and Re, Fil2 and 25R'6 are identical. 40. The
catalyst according to any one of claims 37 to 39, wherein X is -(CH2),- or -0-(CH2)p-O-, where n is 2,
3,4,or5andpis 1,2, or3. 41 41. The catalyst according to claim 40, wherein Xis -C2H4-. 42. The
catalyst accorélifhg toﬁu&pmme@f&dﬁifﬁ&a@?o@n@%n@'&%@ﬂwéé§%%Sfe%?eﬁu%!s?g&gﬂrwp selected from
C5-7 arylene, C5-7 cyclic alkylene and C3-7 heterocyclylene, which may be optionally’substituted. 43.

The catalyst aé;gordi % to claim 42, wherein X represents: 10 44. The catalyst according to claim 42,
wherein X repre‘sent%. © process according to claim 28, wherein R is ethyl.

5
30. The process according to any one of claims 25 to 29, whersin X is (CHz)n- or
-O-(CHa)p-0-, where nis 2, 3, 4, or 5 and pis1, 2 or3
31. The process according to claim 30, wherein X is by,
i0

32. The pracess according fo any one of claims 25 fo 29, wherein X represents a
divalent group sslected from C., arylene, Gs; cyclic alkylene and Ca,
heterocyclylene, which may be optionally substituted.

15 33 The process according to claim 32, wherein X represeris:

& o

&

34, The process according io claim 32, wherein X represents:

o« &

v

20
35, The process according to any one of claims 25 to 34, wherein R* is H.
36. The process according o any one of claims 25 to 35, wherein R', R? ang RB?
are independently selected from H, C,., alikyl, ether and nitro.

25 |

37. A dimeric aluminium(saien) catalyst of formula I:



i [ 4, wherein Y-Q is CRelr.N. 15 46. The
45. The catalyst according to any one of claims 37 to 44, !
cgtalyst acco?/ding to claim 45, wherein Y-Q is CH=INI. 47. The catalyst accorpllng to any one of "
claims 37 tax49pbeEeiR4= R =R7 R16 = H. 20 48. The catalyst according to an Qo%%of c a(tjlms
37 to 47, wherein R', R2, R3, R5, R9, R7, R9, R', R", R'3, R'4, and R15 are B3 Ri&Electe

from H, C1.7 alkyl, ether and nitro. 40

R’
S

RL‘)

whereirn:

Y-Q is CR%=N or CRE'RE-NREN, where RS, K and gV are independenily selected

from H, halo, optionally substituted Ci.e0 alkyl, oplionally substituted Cs.a0 aryl, ether
5  and nitro;

sach of the substituents R', R, RY, RY, S, RS, 7, Re, RY, A, B, R, 15, g R,

and R™, is independently selected from H, halo, optionally substituted G, alicyl,

optionally substituted Cs.a aryl, optionally substituted Ca.gp heterocyclyl, ether,

ammonium and nitro;

10 Xis either of the formula ~{(CHz)or O “O-(CHp)p-O-, where n is 2,3, 4,or5andpis 1,
2, or 3, of represents a divalent group selected from Cs.; arylene, G, cyclic alkylene
and Cs.; heterocyclylene, which may be opticnally substituted,
wherein:

(@)  atieastone of R', R?, R®, R, RS, RE, R7, RS, R, R0, R", R'2, R, R RS, of

15 RYis nitro; or
{B) at least one of R, R?, R3, R4, RS, R, R7, RS, A%, R™ RY A% R R RS or
R is ether.

38. The catalyst according o claim 37, wherein the catalyst of formula is
20 symmetrical, such that R'=R" A2=R" R=R'S R'=R" R°=R° RE=R", R7=R", and
R8=R2,

39.  The catalyst according to claim 38, wherein R, R%, R, and R* are identical,
RZ RS, R and 'S are identical, 3, R7,RY, and R'S are identical, and R4, R%, R and
25 R are identical. '

40, The catalyst according to any one of claims 37 to 39, wherein X is {CHo)s- or
“O~(CHa)p-O-, where n is 2, 3, 4, or 5 and pist, 2 or3
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41
41, The catalyst according 1o claim 40, wherein X is -CoH.-.
42. The catalyst according to any one of claims 37 to 39, wherein ¥ represents a
divaleni group selacted from Csy arylene, Cs cyclic alkylens and s,

heferocyclylene, which may be optionaily substituted.

43, The catalyst according to claim 42, wherein X represents:

% ®

O

44, The catalyst according to claim 42, wherein X represents:

* #

&

45, The catalyst according to any one of claims 37 to 44, wherein Y-C is CR®=N.,
48. The catalyst according to claim 45, wherein Y-Q is CH=N,

47. The catalyst according to any one, of claims 37 10 46, wherein R* = R® = R =
R = .

48. The catalyst according to any one of claims 37 to 47, wherein R, R2, R?, RS,
R, R, RS R R R™ R™ and R™ are independently selected from H, G, alieyl,
ather and nitro,
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