1 SYNTHESIS OF CYCLIC CARBONATES The present inv'ention relates to a process for k
synthesising cyclic carbonates from epoxides and carbon dioxide using aluminium(salen) complexes

as catalystsylhe,pinyention also provides novel aluminium(salen) complexesganadhgsssynthesis.
Cyclic carbonates are commercially important products currently manufactured on a multi-tonne scale

for use as polar aprotic solvents, additives, antifoarh agents for anti-freeze, plasticisers, and
monomers for polymer synthesis (see Darensbourg, et 10at, Coord. Chem. Rev., 153 (1996), 155-174;

Coates, et at, Angew. Chem. kit I.:sdmé}%ég@& é@%il)’_i %:g"@l){agmﬁ. hesis of cyclic carbonates
l0XI

generally involves the reaction of epoxides with carbon e, and hence could be used to
sequestrate carbon dioxide, thus 15reducing the level of greenhouse gases in the atmosphere.
Catalysts for théhsymtsesisneétirclicesabonatesceanice pintidesag dedciarbdiaxdeare known in the art

(see Darensboyggyiakabnt eRishnchiibe BNy il BdichP ashib ¥ osbidaq alidt 1xbem. Eur. J., 10
(2004), 28%6-2893' Sun, et al mgéOnrg%r]lg uet..ZOf%F‘eﬁ}. 690, (2005), 3490-3497) although these
P

' HSE 1 RADH A
require eIevateawreefg‘@t?oar’%s?e%%era dresand rorh a ebsg"gwleééegf & ?BB?F&%@E the reaction often

being conducted in supercritical carbon dioxide (see Lu, etal., App. Cat. A, 234 (2002), 25- 33).
25RatzenhoferCetimtc{/mogaias £heomimetniaif tniongint 324383y 3B)sateeadadin carrying out

the reaction bepygrRfEnRHY exirans ik casReR divxide Ak EMRRIALYE-angatmospheric

pressure using (@?I‘gg,}g cpn istin ofg mixture on a nfﬁt]?'l halide antéj a Lewis base. However, a long
reaction time of 7 days was faquired RiSCROTER {CHMNCRRNERS (1R85 41598 5D84%), carrying out
the same B0 re#otfcteighfépiheieuniSTO1RSiBo i 85 htt afswiasing Fardiysws. SHis tyb&dreports a
reaction time o8 &do49Bémaiesagsing up to 4 mol% of a ZnClI2 catalyst and up to 16 mol% of a
(nButy1)4N11 catalyst. Lu, etal., (J. Mot Cat. A, 210 (2004), 31-34;J. Cat., 227 (2004), 537-541)
describe 35the_use of tetradentate Schiff-base aluminium complexes in conjunction with a quaternary

ammonium salt'8F SYNEFiR Pievelis ragharaesgensrallydrwesiie fareHi of RPAXIHSA Wi arious epoxides
with carbon dicsdd®atiodss @ penaareuiht: abottGsatmrdpirrehidvl diatigaltn} complexes, including

aluminium@alenlicanyaieeseaigueHsIsy i S eatiisihiicuse as catalysts. Lu, et al., App. Cat.
A, 234 (2002), 25-33, describes the use of a monomeric aluminium(salen) catalyst. Also known in the

art is the methad of %thesising aluminium(salen) caégljysts by treating a salen ligand with Me3A1,
i

Et3A1, Me2AICTARETATRITTC BYDRGES BF MEANFR PRNAISRITRD-2RayE e b e R HisiiE 48 Atwood and
Harvey, Chem kRewn, i 0@larl Gte DB5R3blng, pres e foimdeditenh & pras (Idysioustl that, in the

presence of a vegshida, et al., Chem. Eur. J., 10 (2004}, 2886-2893; Sun, et al., J. Organomet.
20  Chem., 890 (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, et al., App. Cat. A, 234 (2002), 25-
33).

25  Ratzenhofer, et al., (Angew. Chemie Int. Ed. Engl., 18 (1980), 317-318) succesded
in carrying out the reaction between 2-methyloxirane and carbon dioxide at room
temperaiure and atmospheric pressure using catalysts consisting of a mixture of a
metal halide and a Lewis base. However, a long reaction time of 7 days was
required. Kisch, et al., (Chem. Ber., 119 (1986), 1090-1094), carrying out the same

30  reaction under the same conditions and also using catalysts of this type, reports a
reaction time of 3.5 to 93 hours using up to 4 mol% of a ZnCl. catalyst and up to 16
mot% of a (nButyl)Ni catalyst.

Lu, et al., (). Mol. Cat. A, 210 (2004), 31-34; J. Cat., 227 (2004), 537-541) describe
35 the use of tetradentate Schiff-base aluminium complexes in conjunction with a
guaternary ammonium salt or polyether-KY complexes as catalyst systems for the



tetraalkylammonium halide cocatalyst, dimeric aluminium(salen) complexes are highly active catalysts
for the reactiog @hapRx¥idas with carbon dioxide to produce 15cyclic careratgass@nehgdlow the reaction
to be carried out at room temperature and atmospheric pressure, using short reaction times and
commercially viable amounts of catalyst, as described in Melendez, J., at at, Eur J. Inorg Chem, 2007,
3323-3326 and co-pending UK patent application No. 0708016.1, filed 25 April 2007, now published as
WO 2008/1324 HadBridieasepbirne iy dasnawiaunddbatihisspessipie pdocerporate the
co-catalyst requgﬁ%ggm_work into the catalyst molecule, so as to reduce or eliminate the amount of
separate components needed. Furthermore, the present inventor has also found it is possible to
immobilise the combined catalyst and co-catalyst on a solid 25support. Accordingly a first aspect of the
invention provid¥§%'GRigaH e aRIFsHiIA e A tibp ST GRREiaces: heriiowD) is CRe1=N or
CR1R2-NER"1, isherndoRGair R2 anckRitsrelindepofrlieiiy. seksstedenpskds hadssribpsionally
substituted 01.26alied coptinnatyrrunstinied 862 0:aiyd:. ether 5and nitro; each of the substituents R,
R2, R3, R4, 1:15, R6, 197, Ra, 1212, R", R", R12, R", R", R", and R16, is independently selected from

H, halo, optionally substituted CI-20 alkyl (including CArs, where Ay is a C6.20 aryl group), optionally
substituted 05-2 %or%/ ,O(\S"Sti%}ggl Visubet Gy &l#s? SEInAy ’,“a{?%?P VRFRANFE Yox' and X2 are
independently elfAEFERsBooaNERMEEiRIAnEsACH pirsh StadEratESBF dhe or more groups
selected frath 01vosdlagearocos. Fexisediretle&ilziso kizalkyl Ghercgn, 20bichas, spthahally substituted by
one or more groups selected from 014 alkyl and 05.7 aryl or (ii) represent a divalent group selected
from 05.7 arylene, ael ey ile AU KRNEARALARIRIGRYELIRIR,WYED may be optionaly
15substituted; (1) (a) at least ane of Ri, R2 R4, R5, 1216, R2, Ra, 1219, R', R11, R12, R", R",

R16, and R16 is selactet Mom LK Gk ‘r’gf‘f"_"‘ﬁ%’g@?ﬁaﬁe&iﬁ@m’@@g{@Qf@"é‘f@%snaeregroup and A is an
ammonium grouBepRirsEYaAHaY EB itntarisdieneterrriens ik srding Hoxise/sroroliseat least one of X'
and X2 is al givateeitcCa P imiteranyslendrgreapicodntananipd singtatomteviyierrisrasguaternary nitrogen
atom paired withagheeineiel el oied Bm6dcidn andd aaneleniskaleasiong.ohkdsand X2 is a C2.5

alkylene chain o401, 3 bisgalyINSFIEN SRR iy, 3 HOHRRY Lsdbatiigse Q is either
-C(=0)-0-, 25NH;, o L& zlﬁ nggfegtna%/pcfi%aﬁon No. 0708016.1, fited 25 Aprii 2007, now

published as WO 2008/132474.

20
The present inventor has now found that it is possible to incorporate the co-catalyst
required in this work into the catalyst molecuie, so as o reduce or eliminate the
amount of separate components needed. Furthermore, the present inventor has aiso
found it is possible to immobilise the combined catalyst and co-catalyst on a solid

25  support.

Accordingly a first aspect of the invention provides a dimeric aluminium(salen)
catalyst of formula 1



4 (H) (a) one of R', R2, R3, R4, R9, R6, R7, R8, Fis,All, Al2, A13, A14, R15, and 1:116 is LA', where L
is as defined above and A' is a ammonium linking group bound to a solid support and paired with a
oounterion sglgatmelfemsCl, Brand I; or (b) one of X' and X2 is a divadent;gxkob/heierocyclene
group, containing a ring atom 5which is a quaternary nitrogen forming part of an ammonium linking
group bound to a solid support and paired with a cdunterion selected from CI, Br and I; or (c) one of X'
and X2 is a C2.5 alkylene chain or a C1.3 bisoxyalkylene chain, substituted by a group -Q-L-A". 10
Thus, when the catalyst is covalently bOémd to a solid sypport, only one linking group to the solid
support is present. However, one 'g{ mote an%mo%iym goup%_[{quaternary nitrogen atoms may be
present. 15The catalysts of formula 7(a) at least one"of R, R2, R3, R4, R5, R6, R7, R8, R9,
Filo, All, Al2, Fil3, Ala, 1905, and RT ected from and/or (b) at least one of X' and X2 is a
divalent 03-7 heterocyciene group,Tcont inin§ a rthg ato wh}fch IS a quaternary nitrogen atom paired
with a counterion selected from CL“%Br. qﬁ’d |, and/or (a) & leaSt ane ofyX' and X' is a 02-5 alkylene
chain or a C1.3 bisoxyalkylene %@;'@%substlmted by@@ro&ﬁ(-Q-LA, where Q is either -C(=0)- or a
single bond, may be immobilized o[y a solid s &t, either b)@the use of steric effects or by
electrostatic binding. If the catalyst oformgfa | includes ore”or more chiral centres, then it may be a
25(wholly or partially) racemic mixtyreior ather, mixture.thergof, for example, a mixture enriched in one
enantiomer or diastereoisomer, aPSingIe qparﬁ"tiorﬁer or i%sté?eoisomer, or a mixture of the
stereoisomers. Methods for the preparatfon (e.g., asym#etric synthesis) and separation (e.g.,
fractional crystgHisatipn and chromatographic means) of such isomeric forms are either known in the
art or are 30regd; B;r/soé%i@ﬁd?%ﬁﬁdﬁmmw _h@gtﬁgdﬁggg%hh,eg%ij ﬁd%gt’c%;ri]é)ew@' mgthods, in a known

ectad
manner. Preferably the catalyst of formula I'is'a’single enantiomer, it a’chira g

eTItre | present. The
dimeric aluminiiff(SalEhy, CafialR DPFBRLassét MelPRaly FroEfieA Ss5aWhehe R, R2, 1213, R4
and X' arefas definggbabove; and :

each of the substituents R, R2, R, R4, R%, R%, R, R8, R?, R™, R, R™2, R'3, R¥, R,

and R*, is independently selected from H, hale, optionally substituted Css; alky!

(including CAra, where Aris a Csap aryl group), optionally substituted Ce.zp aryl,

optionally substituted Cagy heterocyclyl, ether and nitro;

10 X' and X2 are independently gither (i) a Cas alkylene chain, which is optionally
substituted by one or more groups selecied from Ci. alkyl and Cs aryl, or a Cug
bisoxyaikylene chain, which is opticnally substituted by one or more groups selected
from Cs.4 alkyl and Cz7 aryl or (i) represent a divalent group selecied from Cs.;
arylene, Cs7 cyclic alkylene and.Cs7 heterocyclylene, which may be optionally

15 substituted;

(i} (a) atieastone of R', B2, RS, R4, RS, RS, R7, R%, R®, R, R, B2, B2, R™, A,
and R'® is selected from L-A, where L is a single bond or a C..1c alkylene
group and A is an ammonium group palred with a counterion selected from
Cl, Br and |; and/or

20 (b) at least one of X' and X? is a divalent Cs heterocyciene group, containing a

ring atom which is a quaternary nitrogen aiom paired with a counterion
selected from Cl, Br and |; and/or

(c} atleast one of X' and X2 is a Cys alkylene chain or a Ci.; bisoxyalkylene
chain, substituted by a group -Q-L-A, where Q is either -C(=0}-0-, -C{=0)-

25 ' NH-, or a single bond;
and/or



(a) at least one of R1, R2, R3 and R4 is selected from LA, where L is a single bond or a C1.10
alkylene group and A is an ammonium group paired with a counterion selected from CI, Br and I;

and/or (b) Xuis syeiMatesnt 03.7 heterocyclene group, containing a ring atgipdishoiSedegisaternary
nitrogen atom paired with a counterion selected from Cl, Br and I; or (c) X' is a C2.6 alkylene chain or

a C1.3 bisoxyalkylene chain, substituted by a group -Q-L-A, where Q is either -C(.=.0)- or a single
bond. A second aspect of the present invention provides a process for the production of cyclic

carbonates cor{ap@ﬁir&é:anpggﬁaq;a‘rhe’p@a(ige Witﬁmgsbgm Gioxide iﬂ,;h 1Dr§§e£‘n‘%%eanf;§ dimeric
aluminium(salen) catalyst according to the first aspect of the inventior,, The réaction of the second
aspect may be definéﬂxaé"’ﬂﬁf&kés. BesilnReARove anq iy (} AGDMABH I 1o RrIEendently
selected from H, optira#glidisbstiaiteddTiaicea ki aptivrtelinseinticdtednd 328 hederocyclyl and
optionally substitytgdotsc? Xasivl, X i2@ HiAkach RetéesmorihogHARA kY sLRslH e iing group

between the two Car%m%@ﬁ@%mwnwggeﬂ%rﬁwﬁgﬂﬁlXﬂ%‘%C%%%rgln linking group, together
ache 0

with the carbon atoms to which 1t Is at , may form an optionally substi uted 09 20 cycloalkyl or
05.20 heterocylyl grobB"FhR HEHHIPRRILAH RATEEYIH RSRUTRTRN splsGsHmrde: fibstituted only in a

single position on thearit ofor example, adjacent the 6 epoxide, Suitable substituents, include

optionally substitigedoeslod 2 ateykeaptianalingrhstibslind G0 dieiraryelyd and-optionally substituted
C5-20 aryl. A possibl&g%&,}g&lgn f&r ;rt%e &)%A,O alkyl group is a C5.20 aryl group. 5 The second

. : Y. 8 groip=-Q-L- 29 _ .
aspect of the invention also provides the use of a dimeric aluminium(salen) catalyst of the first aspect
of the invéfltion for the production of cyclic carbonates from epoxides. 10A third aspect of the invention
provides a prodéws. fehehihs pathigsissabaatinigfiound to a-solid support, only one linking group

to the solid support is present. However, one or more ammonium groups/guaternary
nitrogen atoms may be present, '

15 The catalysts of formula | where: (a) at least one of RY, R?, R, R4, RS, R8, K7, RS, Re,
R™, R™ R®%, R, R R, and R is selected from L-A; and/or (b) at least oné of X1
and X2 is a divalent Ca- heterocyclene group, containing a ring atom which is a
guaternary nitrogen atom paired with a counterion selected from Cl, Br and |; and/or
{c) at least one of X' and X?is a Css alkylene chain or a Ci.; bisoxyalkylene chain,

20  substituted by a group -Q-L-A, where Q is either -C(=0)- or a single bond, may be
immobliized on a solid support, either by the use of steric effects or by electrostatic
binding.

if the catalyst of formuta | includes one or more chiral centres, then it may be a

25  (wholly or partially) racemic mixture or other mixture thereof, for example, a mixture
enriched in one enantiomer or diastereoisomer, a single enantiomer or
diastereoisomer, or a mixture of the stereoisomers, 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

30  readily obtained by adapting the methods taught herein, or known methods, in &
known manner. Preferably the catalyst of formula | is a single enantiomer, if a chiral
centre is present.

The dimeric aluminium(salen) catalysts of the first aspect may be of formula la:



aluminium(salen) catalyst of formula I. Brief description of figure Figure 1 shows a flow reactor for use
with the catalysts of the present invention. 15 Detailed description of the invention Definitions
Epoxide: Thgiehaserexdde”, as used herein, may pertain to a compoundsghfag.fRumslas 20/0\, R04
wherein R3 and FIG4 are independently selected from H, optionally substituted C1.10 alkyl, optionally
substituted C5.20 heterocyclyl and optionally substituted C5.20 aryl, or R3 and R04 form an optionally
substituted linking group between the two carbon atoms to which they are respectively attached. The
linking group, together with the 25carbon atoms to which it is attached, may form an optionally
substituted C5.20 cycloalkyl or 05.20 het rocLyInagoup.RThe 05-20 cycloalkyl or 05.20 heterocylyl
group may be substituted only in a singfe¥pgsition o g, for example, adjacent the epoxide.
hstituted alkyl, optionally substituted C3.20

Suitable substituents, include option { ]
heterocycly1 and optionally substitufed G5-20aryR 30 The gptional substituents may be selected from:
grr)lo, nitro, carboxy, ester, amido,

C1.10 alkyl, 03.20 heterocyclyl, C5'Q aB/l, halo, hydro%y, etier, cy

amino, acylamido, ureido, acylo@}ﬂai@t';éhloeth‘ér, sul@ﬁaﬁﬁlfon& thioamido and sulfonamino. 35In
some embodiments, the Cm alkyl gfoup js suQstiIH{ed by a ¢§5-20 aryl group. 7 Preferably, the
epoxide is a terminal epoxide, i.e. Re In soneé odiments, Re3 is selected from optionally
substituted C1.4 alkyl and 5optional) ituted 057 In,some of these embodiments Re' is
unsubstituted. Preferred epoxides are et ylen% ofide (Re' =frRc4 = H), propylene oxide (Re' = methyl,
Res = H) butylene oxide (Re' = ethyl, R4 H), and styr@ne oxide (Re3= phenyl, Re4= H). 10 Cyclic
carbonate: theveemn FEyBHidEarbendbe" amsza siefirad mtinyanaydpertain to a compound of the formula: 0 0
0 RC3(RC4 wheyein dRg:anéhE e hara-as:dafingd2Mi@ed from L-A, where L is a single

bond or & G+ alkylene group and A is an ammonium group paired with a
counterion selected from Ci, Br and |; and/or

Y]

(611

(b) X' is a divalent Cs7 heterocyclene group, containing é ring atom which is a
guaternary nifrogen atom paired with a counterion selected from Cl, Br and |; ot
(c) X' is a Gz alkylene chain or a Cy bisoxyalkylene chain, substituted by a
group -Q-L-A, where Q is either “C(=0)- or a single bond.

10
A second aspect of the present invention provides a process for the production of
cyclic carbonates comprising contacting an epoxide with carbon dioxide in the
prasence of a dimeric aluminium(salen) catalyst according to the first aspect of the
invention,

15

The reaction of the second aspect may be defined as follows:

wherein R and R% are independently selected from H, optionally substituted Ci.1o
alkyl, optionally substituted Cs.20 heterocyclyl and optionally substituted Csso aryl, or
20 RB®and R™ form an optionally substituted linking group between the two carbon
atoms to which they are respectively attached. The linking group, togsther with the
carbon atoms to which it is attached, may form an optfonally substituted Ce.ap
cycloalkyl or Cseo heterocylyl group.  The Csag cycloalkyl or Csae heterocyly! group
may be substituted only in a single pesiffon on the ring, for example, adjacent the



15 Solid support: Catalysts of the present invention may be immobilized on a solid support by: (a)
covalent bindigg, Ghasgmwbere one of of R1,199, R3, F14, R6, R6, R7, R3,R%:Rifedll R12, R13,
Al4, R18, and R" is selected from L-A"); 20(b) steno trapping; or (c) electrostatic binding. These
various methods are reviewed by Carlos Baleizao and Hermenegildo Garcia in "Chiral Salen
Complexes: An Overview to Recoverable and Reusable Homogeneous 25 and Heterogeneous

Catalysts" (Chergodie. 20Ac iR I0AHe BOROPIEILRIRAIBA, e cqlid support needs to

contain or be derivatized tqQ cqntain_reactive functionalities which can serve for covalently linking a
compound to the%?#é%g f Sé?eéﬁ@accﬂ f‘rﬁ‘é’f‘é‘#&%ﬁl‘ rgﬁ\%’vsé'fﬂ?ﬁg%ﬁ ﬁﬁyphe art and include, by way of
30example, silicon dioxide supports containing reactive Si-OH groups, polyacrylamide supports,
polystyrene suppgoressiplelyetbifiencglyto Csupiotwoamid tHa dilay! Arfupther example is sol-gel materials.
Silica can besmodified to include a 3-chloropropyloxy group by treatment with

(3-chloropropyl)ieaeussanGe AMAIRLFHBMALS ﬁc,(-,\h&i'mﬁlge%axﬁw%w can also be modified to
include a 3-chlorgpro Xy grou treatment with. (3-chloropropyhtriethoxysilane. Such supports
will preferably tagg%@yggﬁ%%i gsarir%gﬁi(@eég‘gs&sp%@?:%%%f é’ﬁ]ﬁﬁoarf%ru%g{ecgy 5?51 ets or disks. They may
also take the forff9F FYGRIBIRS '6aliEPSHIBYIts for covalent binding of particular interest in the present
invention include siliceous MCM-41 and MCM-48 (modified with 3- 5 aminopropyl groups), ITQ-2 and
amorphoustsilica, SiRfeshboaithaexagonaptieseRosadsssilicahsSaanetipariciiasinterest are sol-gels.

Other conventiopgl-{pims-aay alagaensedsor steno trapping, the most suitable class of solid
support is zeolites, which may be 10natural or modified. The pore size must be sufficiently small to

trap the catalyst but sufficiently large to allow the passage of reactants and products to and from the
catalyst. Suitabl®IELIEY Y0 FE Efites X, Y and EMT as well as those which have been partially
degraded to proVidereriesiops e vteaciidor esssidih trmmeirirsto b émimateiama@pioducts. 15 For the
electrostatie¢zinding of the catalyst to a solid support, typical solid supports may include silica, Indian

clay, Al-pillared ¢jayiad-deMaddn KilfleRRORILE, bentonite, and zinc-alumium layered double
hydroxide. Of th%seg;,;ni1 iggsa and montmorillonite clay are of particular interest. 20 Alkyl: The term "alkyl",
e

as used herein, pertains to a monovalent moiety obtained by removing a hydrogen atom from a carbon
atom of a hydrod%ﬂ‘Bﬁ?Wé\?iF?é”TrﬁPﬁ’ﬂdfb’ 20 CAFHUHERIAL RBFHESS BAREROIEE §HBEified), which may be
aliphatic or alicy&e®ad which may be saturated or unsaturated (e.g. partially saturated, fully
unsaturated). 25Thus, the term "alkyl" includes thecsub-classes alkenyl, alkynyl, cycloalkyl,
cycloalkemélO cycloalkynyl, etc., as discussed p@l@%;gﬁkylene: The term "alkylene”, as used herein,

pertains to a divalent mojety obtained by removing two hydrogen atoms from one or two carbon atoms
of a hydrocarbor" %%fﬁ'ﬁv%‘n%gﬂdgﬁ% frfeo"fg{’cegfjﬁgﬂy FRETITRR 56 BRSNS RSEESELE e which may be

alkyl, optionally substituted Cs.z0 heterocyclyl and optionally substituted Cs.oc aryl, o
R® and R® form an optionally substituied linking group between the two carbon
atoms 1o which they are respeclively attached. The linking group, fogether with the
25 - carbon atoms o which it is attached, may form an optionally substituted Cs.zo
cycloalkyl ar Cezo heterocylyl group. The Csap cycioaikyl or Cs.ao heterocylyl group
may be substituted only in a single position on the ring, for example, adjacent the
epoxide. Suitable substituents, include optionally substituted C1.1 alkyl, optionaily
substituted Cs.z0 heterocyclyl and optionally substituted Cesg aryl.
30
The optional substituents may be selected from: Cy.qo alkyl, Cazo heterocyclyl, Cszo
aryl, halo, hydroxy, ether, cyano, nitro, carboxy, ester, amido, amine, acylamide,
ureido, acyloxy, thiol, thioether, sulfoxide, sulfonyl, thioemido and sulfonamino.

35  Insome embodiments, the Ci.o alkyl group is substituted by a Cs aryl group.



aliphatic or alicyclic and which may be saturated or unsaturated (e.g. partially saturated, fully
unsaturated). Thus, the term "alkylene" includes the sub-classes alkenylene, alkynylene,

cycloalkyleng, cyel 5 ylene, cycloalkynylene, etc., as discussed belo xt of alkyl
and alkylenne&?’gor(%/(l%é)s@ﬂ?g% prefixes (e.g. C1-4, C1-7, 01-20, 02-7, 03-7, etg§§e(lﬁ%o}t@%§§%5§mber of

carbon atoms, or the range of number of carbon atoms. For example, the term "C1.4 alkyl", as used
herein, pertains to an alkyl group having from 1 to 4 carbon atoms. Examples of groups of alkyl groups
include C1.4 alkyl 5 ("lower alkyl"), 01.1 alkyl and 01.20 alkyl. Note that the first prefix may vary

according to other limitations; for example, for uns_atuyateo{l; alkyl groups, the first prefix must be at least
2; for cyclic alkyFghys ReRPLEDitRemiRg seuddeds B ewtiFor example, the term "C1.7 alkylene”,
as used herein, pertains to an alkylene group having from 1 to 7 carbon atoms. 10 Examples of

EgrguEStituzgi)nsﬁM@%ﬁbgﬂﬁﬁbQ@%%@Q@i@g@hd%Frl%gt?ﬁﬁ&ilgﬁ&ﬁ&ﬁ%@%ﬁ‘)&h&ﬁ:@qﬂh)ﬂ)(02)a pror:jyl

, buty ent exy. nd hept . Examples. of (unsupstjtuted) saturate
linear alky%grogf})p?g rl}rellbc{ u%?g,g @H&egr(él's'ﬁ% I'mﬁlﬁéa'glnlég%t Me r%';rll t(ﬂ‘%“,eﬂﬁ%8(6%)‘,”%‘-’8?8@‘?%63), n-butyl (04),
n-pentyl (amyl) (Cs), n-hexyl (C6), and n-heptyl (07). Examples of (unsubstituted) saturated branched
alkyl groups inétetterssiosporigyt €G:83iHgerbulybEGRY? sdtbuly), (Ddyyter-budyl (04 ) iso-pentyl (05), and

neo-pentyl (CohegiE¥@mplesfidHbsubsifistedd malatediplkylene-aroupgdnaiude, but are not limited
to, methyleneg 1 Eeg‘}ylgrg_g (02), propylene (03), butylene (04), pentylene (06), hexylene (C5), and

heptylene (07). kamples'of (unsubstituted) saturated linear alkylene groups include, but are not
limited tof‘i’nethylene (01), ethylene (02), n-propylene (Ca), n-butylene (04), npentylene (amylene)
(Cs), n-hexylefgdic G romee: hiepiheriey (0T yarbdnmasn e seti(basih sty etk satusated branched alkyl

groups include,ispspIRRMERs BH&a). iso-butylene (04), sec-butylene (04), tert-butylene (04),
iso-pentylene (Cs), and neo-pentylene (C5). Alkiyl: The term "alkenyl", as used herein, pertains to

an alkyl group having one or more carbon-carbon ouble bonds. Examples of groups of alkenyl groups
include 3502.4 alkenyl, 02.7 alkenyl, 02.20 alkeryl. Examples of (unsubstituted) unsaturated
alkenyi groups include, but are not limited to, eth (vinyl, -C1-1=CH2), 1-propenyl (-CH=CH-CH3),
2-propenyl (allyl, -CH2CH=CH2), isopropenyl! RL-meth§ivinyl, -C(CH3)=CH2), butenyl (Ca), pentenyl
(Cs), and hexemareGsR 5ahtkeydenss ddiadesssialkenylene”, as used herein, pertains to an alkylene
group haying one or more carbon-carbon double bonds. Examples of groups of alkenylene groups

include C2-4 a%lgfgylene, C2-7 ialken‘ylene, 02.20 alkenr%/iene. 1,0Alk%_n'yl: The term "alkynyl", as used
herein, pertain b ngﬁ?& %%euﬁtﬁ gvma %ﬁ%emmventio may be immobilized on a solid

support by:
(a) covalent binding (those where one of of R, R%, RS, R, RS, R®, R7, R®, R®, R0,
RY, R™, R, R%, RY, and R" is selected from L-A’);
20 (b} steric trapping; or
{c) electrostatic binding.

These various methods are reviewed by Carlos Baleizfio and Hermenegiido Garcia in
"Chiral Salen Complexes: An Overview fo Recoverable and Reusable Homogeneous
25  and Heterogeneous Catalysts” (Chem. Rev. 2006, 108, 3987-4043).

For covalent binding, the solid support needs to contain or be derivatized o contain
reactive functionalities which can serve for covalently linking a compound fo the
surface thereof. Such materials are well known in the art and include, by way of

30  example, silicon dioxide supports containing reactive Si-OH groups, polyacrylamide
supports, polystyrene supports, polysthyieneglycol supports, and the like. A further
example is sol-gel materials. Silica can be modified to include a 3-chloropropyloxy
group by treatment with (3-chioropropyhtriethoxysilane. Another example is Al
pillared clay, which can also be modified o include a 3-chloropropyloxy group by



more carbon-carbon triple bonds. Examples of groups of alkynyl groups include C2-4 alkynyl, 02.2
alkynyl, 07.20 alkynyl. ~ Examples of (unsubstituted) unsaturated alkynyl groups include, but are not
limited 15t0v§8%’6z S@E yl, -C--=01-1) and 2-propynyl (propargyl, CHZPQ@EM%{}@ Lene The term
"alkynyl", as used herein, pertains to an alkylene group having one or more carbon-carbon triple
bonds. Examples of groups of alkynylene groups igclude C2,4 alkynylene, C2.7 alkynylene, C2.20
alkynylene. 20 Cycloalkyl the term’ cycIoaIkyI" as used herein, pertains to an alkyl group which is
also a cyclyl gEOUPm a r}gvr%l%g&r sa a%léal %%hb¥ rem V\IH refé?a[% gq{ a}}om from an
alicyclic ring atom of a ca & cal oc C|IC comp &‘in fERcat cyc iC fing may be
saturated or uﬁ@ﬁhﬁ’?é”f@ﬁ“(‘ée@ i)a’r‘ﬂﬁﬁfPWﬁ%dﬁﬁ?ﬁ‘[@&uﬁsﬁfﬁﬁyﬂ?H@étﬂrrﬁl@ﬁ) ThEicR# gty has from 3-20

carbon atoms (il desfotherivieedspe cifudid ;i iiog deosied: wrddigintpatbmiar iMkussttine term

"cycloalkyl" mqhéqﬁgsraﬁ au&a@ﬁae@da/alea&@%m Gl aada (Resiiabiy, gach ring has from 3 to

7 ring atorgs. Exam rogrﬁg{ g)éclgalka/ %%gp mcgglg 1% é{ oalka/l pB 13 cycloalkyl,
c?oalllr? alk

03- 1OCycloaIk)ﬂ 88; tloaltvigne’™S ICt%!rm cy RIS as used herein, pertains
to an alkylene @?BBWHFCﬁ'i%aaléﬁ%%?é‘@Pﬂ%dﬁerﬁ?'&?@ S&'tﬂ@ﬁfeﬁdei@W%ﬁﬁiﬂé@f‘B? removing two
hydrogen atomsfrelsrdresggdwo alicyclic ring atoms of a carbocyclic ring of a carbocyclic compound,
which carbocyclic ring may be saturated or unsaturated (e.g. 35partially unsaturated, fully

unsaturated), \{.yloﬁ from -2 on atom unles otherwise mﬂed%klncluding from 3
to 20 ring atomsr%' ?%ng’ e1niq‘$'c sg c?a{r Sﬁ%".ﬁ%f“( elgﬁ O“ gsss“éﬁg%%/c@’a enytene and

cycloalkyﬁ?/Ien%atW?éfér‘BBﬁ}f &hcHfi H@’ﬁé@qﬂﬁﬁ?@?@b}’ﬁﬁf?@“ﬁtéfﬂ@‘ Pﬁ%ﬁ]@§ Ytbkis of cycloalkylene
groups includes@3:20tyystgalioydioe '@ asatd atkylene 263 @ Odoytl calagddne B68.7 cycloalkylene. 5

Cyclic alkyleneaHiR{estaychiealkylantdasyfes NeraiRarRIS /a2 Fivaleningriety obtained by

removing a hyﬂrog%n atom fr m each two gacent allc c r| atoms fa carb?cycllc ring of a

an 8] i’!t rade OV meso ore ? weasner E‘é? H
carbocyclic compoun car OCy s Ing e sa urae orUnaeatarae [ze g. partially

saturated, fully%?r‘?iad’tﬁrﬁ'ﬁéd)r ofsiEh moiety has from 3 to 20 carbon atoms (unless otherwise
specified)gncluding from 3 to 20 ring atoms. Preferably each ring has from 5 to 7 ring atoms.

Examples of gﬁaw@fe@féwg@aa@w %@%&@9@4@@&% 589 %}bwa@% prg&tgychc alkylenes,
C3.10 cyclic al%nerﬁ dg:B -7 c¥c eEF" 15 Examﬁﬂ ﬁ% %II%/ nd cycllc alkylene

groups include, FRrE Rt n*nte‘%fﬂfjocl bse SFe\?e‘é%m sa urat yC|ICP| diScarbon

compounds: cfERBRSHHREI(E3FyeRd GBH@WQ@Mﬂ%ﬁfdb%?ﬁéﬁéa(@@) w@m@xaﬁﬁec(%),
20cycloheptanad Gfpamethyiayetapropane (C4), dimethylcyclopropane (Cs), methylcyclobutane (C5),
dimethylcyglobutane (C6), methylcyclopentane (C6),

Alkyl: The term “alkyt”, as used herein, pertains to a monovalent moiety obtained by

removing a hydrogen atom from a carbon atom of a hydrocarbon having from 1 1o 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).

25  Thus, the term “alkyl” includes the sub-classes alkenyl, alkynyi, cycloalkyl,
cycloalkenyl, cycloalkynyl, sic., as discussed below.

Alkylene: The term “aikylene”, as used herein, periains {0 a divalent moiety obtained
by removing two hydrogen atoms from one or iwo carbon atoms of a hydrocarbon

30  having from 1 to 20 carbon atoms (unless otherwise specified), which may be
aliphatic or alicyclic and which may be saturated or unsaturated (e.q. partially
saturated, fully unsaturated). Thus, the term “alkylene” includes the sub-classes
alkenylene, alkynylene, cycloalkylene, cycloalkenylene, cycloalkynylene, etc., as
discussed below,

35



dimethylcyclopentane (C7), methylcyclohexane (C7), dimethylcyclohexane (CB), menthane (C10);
unsaturated monocyclic hydrocarbon compounds: 25cyclopropene (C3), cyclobutene (C4),

cyclopenteng G8)s Gygighexene (C6), methylcyclopropene (C4), dimethyleWGIGRRRBRRALD)
methylcyclobutene (C5), dimethylcyclobutene (C6), methylcyclopentene (C6), dimethylcyclopentene

(C7), methylcyclohexene (C7), dimethylcyclohexeae (CO; saturated polycyclic hydrocarbon
compounds: 30thujane (C10), carane (Cla), pinane (C10), bornane (C10), norcarane (07), norpinane

(C7), norborn C lin.(decahydronaphthalene) (Cie); unsaturated
polycyclic hyd?gggégéﬁ%gﬁ%ﬁaﬁg égé%ﬁ?ﬁé}%&’f ;ﬁﬁ%g%%ﬁ% ',%Tﬁ?ﬁ?’(g%o%gﬁblycyclic
hydrocarbon cBihhBRits Rl ahCArSFRaRiEmM: °1 DA (CoMhstaHaRog atoms.
2,3-dihydro-1H-neexe)¢ODE, tretndith.{ 2123, dstetrdlngdetn apiihesttns) {830)impensipbthene (C12),
fluorene (C13)rghanalepasnldbnacepnenasdioneuss b g arihse ey, chplanthrene (020.
SHeterocygly! A jemeheteragyclyl s Ungd Reie.PROaIaRdRA manovalent mpjety obtained by
removing a hy ro%en atorh from a ring atom of'a he erolgfﬁc ic compound, which'moiety has from 3 to
20 ring atoms [RATBYS BiREARFs L spETRbe o HURRIE I RE AT Gt 2 B it RABY GHTRR. Preferably,
each ring has #dra8 20f7t dywjcatwi syrafnshivhfifio mrefixtondsabe Bhigdse e miatdtmsexehpleterocyclylene:

The term "hetar@ayshyienesigeieasNRERIR RATIBINGIR & GNAIRNERRQYRNLRIAHSAK removing a
hydrogen atorqofgjégrg%c(g\fpfstwo adjacent ring atoms of a heterocyclic compound, which moiety has
from 3 to 20 ring atoms {nless otherwise specified), of which from 1 to 10 are ring heteroatoms.
Preferabl§/(,J each 15ring has from 3 to 7 ring atoms, of which from 1 to 4 are ring heteroatoms. The
heterocyclyi orfretaries v ipendgiod)satyrbedakdedurs cathdn butheterd fimipdtoms. Preferably, the

heterocyclylenaarioe s Sanded iniracarban agmeRRWeRJienina e RgisresyclyL or

heterocyclylene groups, the prefixes (e.g. 03-20, 03-7, C5-5, etc.) denote the number of ring atoms, or
range of number of ring atoms, whether carbon atoms or heteroatoms. For example, the term "C5.6

heterocyclyl", &S3TRRIESRE{ENFUBRHtARTE t8turHetdisyalvbraphiasiersbsr §5iRg HRBRTs. Examples of
groups oftBetermayelyl GrougsyinCi)de Hep0 GidteroayiQh) 0bRathidtengtyClyl nd8xy5 25heterocyclyl,
C5-15 heterocw&rla%@%w;%g};yclyl, 05-12 heterocyclyl, C3_10 heterocyclyl, Cs-10 heterocyclyl,
C3-7 heterocyclyl, 05.7 heterocyclyl, and C5.9 heterocyclyl. Similarly, the term "C9.6 heterocyclylene",

as used herein, pertains to a heterocyclyiene group having 5 or 6 ring atoms. Examples of groups of
Examples of (unsubstituted) saturated branched alkyl groups include iso-propy! (Ca),

iso-butyl (Ca), sec-butyl (Cy), tert-butyl {C,), iso-pentyl (Cs), and neo-pentyl (Ts).

20
Examples of (unsubstituted) saturated alkylene groups include, but are not limited to,
methylene (C), ethylene (C,), propylene (Cg), butylene (C.), pentylene (Cg), hexylene
(Cs), and heptylene (Cy).

25  Examples of {unsubstituted) saturated linear alkylene groups include, but are not
Emited to, methylene (G4}, ethylene (C,), n-propylene (Cg), n-buiylene (Cs), n-
pentylene (amyiene) (Cs), n-hexylene {Cs), and n-heplylene (C;).

Examples of (unsubsiituied) saturated branched alky! groups inciude iso-propylens
30 (Ga), iso-butylene (C.}, sec-butylene (C.), tert-butylene (Ca), iso-pentylene (Cs), and
neo-pentylene (Cs).

Alkenyl The term “alkenyl”, as used herein, pertains to an alky! group having one or
more carbon-carbon double bonds, Examples of groups of alkeny! groups include
35  Czu alkenyl, Cay alkenyl, Cozp alkenyl.



30heterocyclylene groups include 03.20 heterocyclylene, C9.29 heterocyclyiene, C3-13

" heterocyclyiene, 03-15 heterocyclyiene, C3.12 heterocyclylene, C5.12 heterocyclyiene, 03-10
heterocyclylg;&pmg;%agblgeterocyclylene, Gagheterocyclylene, 03.7 hetergeyclyiens. and 09_6
heterocyclyiene. 13 NI: aziridine (C3), azetidine (04), pyrrolidine (tetrahydropyrrole) (05), pyrroline
(e.g., 3-pyrroline, 2,5-dihydropyrrole) (Cs), 2H-pyrwle or 3H-pyrrole (isopyrrole, isoazole) (C5),
piperidine (06), dihydropyridine (Cs), tetrahydropyridine (Cs), azepine (07); 5 1: oxirane (Cs), oxetane

(09, oxolane Geyaiudphien) sl pyple IIRLIRR) o2hataae el i) ©)

dihydropyran éC6 pyran (06), oxepi é O, thietane , thiolane
(tetrahydrothidpte %‘)V{@’W{h’ﬁﬁﬁofb(t RS RRYhSTRPERY E6 ¥ RiRpaR &Y adioxolane (C5),
dioxane (06), &ht+@ib)epane¢ar)( ttriokbye(E.s);(O5 N Hahi dazolit(fe (SB)epyrdznliite (diazolidine)
(C5), imidazolipgd@pcpyrazoline (dihydropyrazoie) (C5), piperazine (C6); 1\1101.: tetrahydrooxazole
(CH), dihygrooxazole (Cs), tetrahydroisoxazole (C5), 20dihydroisoxazole (C5), morpholine (06),
tetrahydrooxazine (06), dihydrooxazine (CO, oxazine (CO;  NIS,: thiazoline (C5), thiazolidine (C6),
thiomorpholiné(EBYe98N 58 188X AAEWIET0EF P8 DeBuPssRINTS)PARKYRABHE® (thioxane) (05);
and, N10151; oxdtbiazére (06 .cBh&Examplasiafidubstiatdkanmivamdgratioy niekeoyiehe heterocyclyi
and heterocycileng gedpTineues hasedesivad Bmesacshatiggss.in cyclic form, for example,

furanoses (05), such as arabinofuranose, iyxofuranose, ribofuranose, and xylofuranse, and pyranoses
(06), such as allopyranose, altropyranose, glucopyranose, 35mannopyranose, gulopyranose,
idopyrand@e, JAMRYb FYRRERAINHY tafSpiretheien. PETRNS (AR B @RI aSBPaRATI", as used
herein, pertainsde aathonowddentripicietpdhi&Eretkby segnaypagiakycrogenpatophufif.an aromatic ring

atom of a 05.2Q@romatiGronpeyndigaigl. compound having one 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. Preferablé, each ring has from 5 to 7 carbon atoms.
xamples of {unsubstituted) unsaturated alkynyl groups Include, but are not limited

15 to, ethynyl (ethinyl, -C=CH) and 2-propyny! (propargyi, -CiH.-C=CH).

Alkynylene: The term “alkynyl”, as used herein, pertains to an alkylene group having
one or more carbon-carbon triple bonds, Examples of groups of alkynylene groups
include Cas alkynylene, Czr alkynylene, Cagp alkynylene,
20
' Cycloalkyl: the term “cycloalkyl”, as used herein, pertains 1o an alkyl group which is
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 carboeyciic compound,
which carbocyclic ring may be saturated or unsaturated (e.g. partiaily unsaturated,
25  fully unsaturated), which moiety has from 3-20 carbon atoms {(unless otherwise
specified), including from 3 to 20 ring atoms. Thus, the term “cycloalkyl” includes the
sub-classes cycloaikenyl and cycloalkynyl. Preferably, each ring has from 3 to 7 ring
atoms. Examples of groups of cycloalkyl groups include Cyze cycloalkyl, Gsas
cycloalkyl, Caqo cycloalkyl, Ca.y cycioalkyl.
30
Cycloalkylene: the term “oycloalkylene”, as used herein, pertains to an aikylens
group which is also a cyclyl group; that is, a divalent moiety obtained by removing
two hydrogen atoms from one or two alicyclic ring atoms of a carboeyclic ring of a
catbogeyclic compound, which carbocyclic ring may be saturated or unsaturated (e.g.
35 partially unsaiuraied, fully unsaturated), which moiety has from 3-20 carbon atoms
(unless otherwise specified), including from 3 to 20 ring atoms. Thus, the term



The ring atoms may be all carbon atoms, as in "carboaryl groups" in which case the group may
conveniently be referred to as a "05.20 carboaryl" group. 10C5.20 arylene: The term "C5-20 arylene",

as used her&; REigiRsto a divalent moiety obtained by removing a hydﬁg%%gmffﬁgp each of two
adjacent ring atoms of a C5.20 aromatic compound, said compound having one ring, or two or more

rings (e.g., fused), and having from 5 to 20 ring atpms, and wherein at least one of said ring(s) is an
aromatic ring. Preferably, each ring has from 5 to 7 carbon atoms. 15 The ring atoms may be all
carbon atoms,,as |n rbaryle in which cas enlently be referred to as

roups"” rou
a"Ch.20 carbozi'Q/ !kgfen?off XEUllzylxaﬁ% e% SP 8%%05613 ?%‘%8”"[)“ 8&%‘%’ ups SWwhich do not have
ring heteroatofi&'9GE. 9@@“2@%5?68’8@?&[%5 @@?@Eﬁrb@%ﬁ% BOE Mhclude, but are not limited
to, those deriveditrdkydengenps(irelupb €ay pYE B kviaph balene!(@ry)eamtiacene (014), phenanthrene

(014), and pyr%g@@n@@gr@%g%,ggg ring atoms may include one or more heteroatoms, |nclud|ng
but not 25limited to oxygen, nitrogen, and sulfur, as in "heteroaryl groups" or "heteroarylene groups".

In this case, the group may conveniently be referred to as a "C5-20 heteroaryl" or "05.20
heteroarylene" group, wherein "C5.20" denotes ring atoms, whether carbon atoms or heteroatoms.
Preferably, eaClyalingihdsnéromiind teony “chudjced i adfawhsek freminQtotdrare entyiietéroatoms. 30 The

Eeteroary: or hﬁ&%@wm@dm&m% e Reasecia %m@ecaroh@&?%ﬁesnﬁmmaﬁdDﬁefe(rjagly,z tge
Ceroamone R S E A BRSBTS AR R R o

heteroarylene gr%ups ihaldde, ren eroary rylene groups

derived fidm fianRRIBIERISHiBRIEAL REES ®) O pRarialy Eaibiaipdnftiy sore pratedia¥BIRD, pyrazole
(1,2-diazole), hbittidzadrpooxarohs, sstxazabmdtiiarale pisatbisy shecioxaiadoténdétrardle and

oxatriazole; ang %h&%ﬁ@rvb&r@m%emgmfﬁm%%%@mg (%wewﬂdazme
(1,2-diazine), pyrimid In é}iﬁi%' azine, e tos e, th min ramQ3 pyrazi &yl4 dlazme) and

triazine. 5 Exa po8§ fC 5. HerdaT glrlge{iir (la'er?ee groadf)gy ommlse fused rings,
include, but ar@m@ﬂﬁ‘iﬂt@@’t@?@g%efé’?@&%ﬁ%ﬁ:g heteroarylene groups derlved from benzofuran,
isobenzofdaran, benzothiophene, indole, isoindole; Clo heteroaryl and Co heteroarylene groups derived

from quinolineispauinoling ef&&’l%ﬁ'&iﬁ%@éiﬂﬁeﬁ)f&igﬂ%ﬂg%u&&ﬁ‘\ﬁ@&&r%{r ¥téng fHhdeheteroarylene

groups derived fr?\ose g‘g‘\}gg faO ene.

saturated monocyclic hydrocarbon compounds:
cyclopropane (Cs), cyclobutane (C.), cyclopentane (Cs), cyciohexane (Cs),

20  cycloneptane {C+), methylcyclopropane {Ca)}, dimethylcyclopropane (Cs),
methyicyciobuiane (Cs), dimethylcyciobutane (Cs), methyleyclopentane (Cs),
dimethylcyclopentane (C;), methyleyclohiexane (C7), dimethyicyclohexane {Cs),
menthane (Cqe);

unsaturated monooyclic hydrocarbon compounds:

25  cyclopropene (Cs), oyclobutene (C.), cyclopentene (Cs), cyclohexene (Ce),
methyloyclopropene (C.), dimethyleyclopropene (Cs), methyleyclobutene (Cs),
diméthyicyclobutene (Cq), methyleycliopentene (Cy), dimethyleyclopentene (C7),
methyicyclohexene (C;), dimethylcyclohaxene (Cs);

saturated polyeyclic hydrocarbon compounds:

30 thujane {Cqo), carane (Cs), pinane (Cyo), bornane (Cyo), norcarane (Cz), norpinane

(Cs), norbornane (C,), adamantane (Cag), decalin {decahydronaphthalene) (Cio);
unsaturated polycyclic hydrocarbon compounds:

camphene (Gig), limonane (Cio), pinene (Cio};
polycyclic hydrocarbon compounds having an aromatic ring:



BisoxyC14 alkylene: -0-(C1-12)61-0-, where mis 1'to 3. 15The above alkyl, alkylene, cyclic alkylene,
bisoxyalkylene, heterocyclyl, heterocyclylene, aryl, and arylene groups, whether atlone or part of

another S“WB&&% ? themselves optionally be substituted with one Of Mate Ar9khsselected from
themselves and the ad itional substituents listed below. 20Halo: -F, -Cl, -Br, and -I. Hydroxy: -OH.

Ether: -OR, wherein R is an ether substituent, for gxample, a C1.7 alkyl group (also 25 referred to as a
C1.7 alkoxy group), a C3-20 heterocyclyl group (also referred to as a 03.20 heterocyclyloxy group), or

a C5-20 aryl grou (ﬁi? reofe(r)rn %ég §§ C%KI 5%%0 r%l X g/epé§5pt)ﬁspreferably a C1-7 alkyl group. Nitro:

-NO2. 30 Cyano nlt car Wherein R is an acyl substituent, for

example, H, a((t? %%FRWEYBW%@P%‘P@@r@@t@%@ t@ﬁﬁ(@ﬂ“tﬂ‘r@?ﬁﬂ(éﬁ'ﬁ%‘eﬁe% 20
heterocyclyl gkOu 8&¢pisoamtfesred Co:hadariidret¢Catydiyglacyierar @406.20 aryl group (also referred
to as 06.20 arylacyl) preferably a C7.7 alkyl group. Examples of acyl groups include, but are WO
2009/109 T/G82 00624.16 not lj mlted to 0)CH3 (ac tyI) C(.0 CH2CH3 (propionyl),
-C(=0)C( 3) 6{\‘/}8 ? sS4 rt?? ﬁ%é’nza"' “Séﬁgr%&ﬂe) aﬁB %carb‘%)%?’?; acid): -COOH. 5
Ester (carboxyT&¥&! éﬁ?@&%ﬂ?&)’d@m"é%ﬁ ng%ﬁlﬁ’@fm}ﬁm@? GWRfWr%ﬁ?Rrﬁﬁﬁcester substituent,
for example, ec@ipdwliygichupeiatCisa Odne Reioe clyy gtoup (oras CHH20mMey lsgeotipdpréferably a C1.7

alkyl group. ExaeRiesef e&ﬁwa&mﬂ@w%@l@mbuwwgvIga&%ql.ﬁg ks (ARG 37 - 0)0CH2CHS,
-C(= O)OC(CH?&% ang]c m% %) 1][O mido é ban10 carbamyl aminocarbonyl, carboxamide):
w e

-C(=-0)NR11: grein 111 and R2Afe I penae amino substituents, as defined for amino

groups. é?amples of amido groups include, but are not Ilmlted to, -C(=0)NH2, -C(=0)NHCH3,
-C(=0)N(CH?3)8gt2¢c@iNe{EHRE 8T dincle:C{ri) R EHRC ) 2easnweitasamddigientps 15 in which R1
and R2, togetm%;wyte&%éut@g@mﬁﬁ twtagéa Hi@r)ﬁ ﬁ&%&@%@%%ﬁé&%%%kc structure as in,
for example, pi erld n(r)o%ag % mor mocarbp Qéé é{h rgcgopbgﬂllknocarb l}ﬁnand
piperazinylcar on ﬁﬁ%ﬂ Wvﬁereln% 4 are’in %feﬁlﬁf ino substituents, for
othefWISe spectfled }, of which from 1 1o 10 are ring heteroatoms Preferably, each
15  ring has from 3 to 7 ring atoms, of which from 1 to 4 are ring heteroatoms.

The heterocyciyl or heterocyclylene group may be bonded via carbon or hetero ring
atoms. Preferably, the heterocyclylene group is bonded via two carbon atoms.

20 When referring to heterocyciyl or heterocyolylene groups, the prefixes {(e.g. Cs2o, Car,
Cs-s, eic.) denote the number of ring aioms, or range of number of ring atoms,
whether carbon atoms or heteroatoms. For exampile, the term “Cs.s heterocyclyl”, as
used herein, pertains to a heterocyclyl group having 5 or 6 ring atoms. Examples of
groups of heterocyclyl groups include Caes heterocyclyl, Csqo heterocyciyl, Caus

25  heterocyelyl, Cs.as heterocyclyl, Caqz heterocyciyl, Cs.12 heterocyclyl, Csao heterocyclyl,
Cs-10 heteroccyclyl, Cs heterocyclyl, Cs.- heterocyclyl, and s, heleroyclyl.

Similarly, the term “Cse heterocyclylene”, as used herein, pertains to a
heterocyclylene group having 5 or 6 ring atoms. Examples of groups of

30 heterocyclylene groups include Ca.ao heterocyelylene, Csao heterocyclyiene, Cas
heterocyclylene, Cs.is heterocyclylene, Caaz heterocyclylene, Cs.2 heterocyclylene,
Cao heterocyclylene, Cs.o heterocyclylens, Ca7 heterocyclylene, Cs» heterocyclylene,
and Css heterocyclylene.

35  Examples of monocyclic heterocyclyl and heterocyclylene groups include, but are not
limited to, those derived from:



20example, hydrogen, a C1.7 alkyl group (also referred to as C1.7 alkylamino or di-C1-2 alkylamino),
a C3.20 heterocyclyl group, or a C5.20 aryl group, preferably H or a Cl., alkyl group, or, in the case of

a "cyclic" anynRp,giori-B and R2, taken together with the nitrogen atom {R-which{heywase attached,
form a heterocyclic ring having from 4 to 8 ring atoms. Examples of amino groups include, but are not

limited to, -NH2, -NHCH3, 25-NHCH(CH3)2, -N(CH8)2, -N(CH2CH3)2, and -NHPh. Examples of cyclic
amino groups include, but are not limited to, aziridinyl, azetidinyl, pyrrolidinyl, piperidino, piperazinyl,
perhydrodiazepinyl, morpholino, and thiomorpholino. In particular, the cyclic amino groups may be
substituted on their ring by any of the substituents defined here, for example carboxy, carboxyiate and

amido. 30 AmM&ATIHIRIR NEeBAKE (Ca). pyrrolidine {IGHARNGHORYT ARy Lah SHEOISPL Side pendently
ammonium sulstituielits, I6r-dietrapedeD(C:2. atktylygup; HE3PdHERrvEyeryd@roig), or a C5-20 aryl

group and whete0pip i Of) RivdaBhy sk REMay-aiserdis tifane RiH3plde fE7and RN3 may be a
C1.3 alkoxy (-(CH2)1.3-0H)group. Two or three of the ammonium 35susbtituents may join together to
form cyclic or cage-like structures. Examples of 17 ammanium groups include, but are not limited to,
-NH(CH3)2, -NEI(C¥ia5Ri6)2) SxeRare i) soxres s pinso g Ko Pl iRieiiaNinking group:
-NAN'RN2RN4ACsresreiritRidiydrgvian) 48e) inithe geongent(§ Sarmiao Pdrrsetisifissnts, for example, a
C1.7alkyl group, a C3.20 heterocyclyl group, or a 03.23aiy1 group and where one or both of RN' and

Rw2 may also gﬁtmirg&egu E’tﬁ%‘ﬂ@@&ﬁtﬁ%ﬁ?ﬁé&%@@&aﬁ%ﬂeﬁ%i&lﬁﬁrﬁ%&%rm a cyclic structure. FIN4

is a divalent ammonium substituent, for example, ene group, 3-20 heterocyclylene
group, or P C3 BRI ICE diVaRenE 644 alkyloxylene (-(OH2)1.3-0-) group. 10Examples of

ammonium linking groups include, but are not limited to, -NH(CH3)(CH2)- ,

-NH(CH(CH3) (Ciexdid}R) (C: N thoeh2 (O i dbilebdE td3)2(CH2CH2)-, and -NHPh(CH2)-.
Acylamido (acylamino): -NR1C(=0)R2, wherein Ri is an amide substituent, for 15example, hydrogen, a
01.7 alkyl group, a C3.20haterocyclyl group, or a 05-20 aryl group, preferably H or a C17 alkyl group,
most preferablPHI"KE¢299:is an acyl substituent, for example, a 01.7 alkyl group, a 03.20
heterocycl§i group, or a C6-20 aryl group, preferably a CI..7 alkyl group. Examples of acylamide

groups includenbuhrie ARINEMEE Rz bildhd 78051BineNUG, (FidetdRteHS,) andiite (F0)Ph. R1 and R2
may together f?&éﬂ‘yé%% y%%itg)s(& c}) gra%%ij)n(cf(’),r example, succinimidyl, maleimidyl, and phthalimidyl:
Il .trN ' o

N:Oq: tetrahydrooxarole (Cs), dinydrooxazole (Cs), tetrahydroisoxazole (Cs),
20  dihydroisoxazole (Cs}), morpholine (Cs), tetrahydrooxazine (Cs), dihydrooxazine {Cs),
oxazine (Cs);

NS4 thiazoline (Cs), thiazolidine (Cs), thiomorpholineg (Cg);
25 N0y oxadiazine (Cs);
0181 oxathiole (Cs) and oxathiane (thioxane) (Cs); and,

N«O1Sq: oxathiazine {Cs).

30 ‘
Examples of substituted (non-aromatic) monocyciic heterocyclyl and heterocyclylene
groups inciude those detived from saccharides, in cyclic form, for example, furanoses
(Cs}, such as arabinofuranose, lyxofuranose, ribofuranose, and xylofuranse, and
pyranoses (Ce), such as allopyranose, altropyranose, glucopyranose,

35  mannopyranose, gulopyranose, idopyranose, galactopyranose, and talopyranose,



N Th, ro 00 succinimidylmaleimidylphthalimidyl Ureido: 7N(R1)CONR2R3 wherein R2 and R3 are
independently amino substituents, as defined for amino groups, and R1 is a ureido substituent, for

- example, hygeogdaR,,8.92C1.7alkyl group, a C3-2oheterocyclyi group, or a&sa:20af¥heseup, preferably
hydrogen or a C1.7alkyl group. Examples of ureido groups include, but are not limited to, - NHCONH2,

-NHCONHMe, -NHCONHEt, -NHCONMe2, -NHC@NEt2, -NMeCONH2, - NMeCONHMe,
-NMeCONHEt, -NMeCONMe3, -NMeCONEt2 and -NHCONHPh. 30 Acyloxy (reverse ester): -0C(.0)R,

wherein R is aesacgjgf¥h%ﬁ%§§t§?c;aa 51%%33}%%?9%1%%&%% tgrgl,i;t&‘ O%Qgﬁgrg&gﬁberocyclyl group, or a

C5-20 aryl groupz,opr era ! kyl group. Exam acyloxy groups include, but are not
limited to, -oo@*ﬁ?@ﬁ%bW%%hWﬁé@@%GQfﬁb’b@ﬂ‘i‘%a(é@%?éiﬁ?%@C(.O)CHzcH3,
-0C(.0)C(CH3)8sra@¢=coyplaunrgd0¢ai0 YOS HAF it in® G e0)@HR PO Thivdre-$Hgs %eEhioether (sulfide):
-?kR,f \;}vherein Risd thicethersuhstituend oy sxamiad @@Aaakwbﬁwfﬁ%ﬁa ma@wc@: ktoI asaCl1.7
alkyfthio group er I : - rably a C1.7 alkyl group.
Examplesgof C%f1 %rgfﬁveﬁ%ﬂf %rgl%?%géﬁ%%fﬁ&aﬁr%gr?ﬁﬂéﬁﬁg %gﬁé‘%énd -SCH2CHa3. 10 Sulfoxide
(sulfinyl): -S(.0)R, wherein R is a sulfoxide substituent, for example, a 01-7 alkyl group, a C3.23
heterocyclyl grogyiny 2cG5.2@vHrylag resupspatsferalblyia ‘Clbpatiitgkgrpsiin Brizmgrdes ibe sulfoxide groups

include, but argrg} limniteshi@nmalde Fidabd sQ)CHtarbdaAl Gulfenyl (sulfone): -S(=0)2R, wherein
R is a sulfone substituent, for example, a C1.7 alkyl group, a C3.20 heterocyclyl group, or a C3.20 aryl
group, preferably a C1-7 alkyl group. Examples of sulfone groups include, but are not limited to,
-S(=0)2CH?3 (rfrethaNEEGIHORS e Sy, 2815 2 8PS PeeseiREsto AR R M enylsulfony
20(tosyl). Thioantitheqthiceadvinmyhy<B{R) MR Ran whareiivigddasdrRihaddmdependently amino
substituents, ag,defiaafoEanpnmroesoRyanpies RHIMIREQURS HIGHuAe iyl @rg.not limited to,

-C(r-S)NH2, -C(=S)NHCHS3, -C(=S)N(CH3)2. and -C(=S)NHCH H§. 25 Sulfopamina; -NR1S(=0)2R,
wherein R' is grésg Ir?ggsﬁ vs‘%?u‘%’n glat(g é_ézﬁ)ﬁgé P(Srr]sérar(ﬂﬁsc‘))%l?(r)ed%g% and ?s%ssa&#gn er%iir?o substituent,

for example, a&8 £PHIRYE Gr8u 5 refaradiv, SREhEIRAICEY 8D 7 GRRLETEyI group, preferably a
C1.7alkyligroup. Examples of sulfonamino groups include, but are not limited to, -NHS(=0)2CH3,

-N HS(:O)lelhrﬁé‘ﬂng atoms may be all carbon atoms, as in “carboarylene groups” in which case
the group may conveniently be referred to as a "Cs.. carboarylene” group.

Examples of Csaparyl and Csx arylene groups which do not have ring heteroatoms

20  (i.e. Cseocarboaryl and Cagp carboarylene groups) include, but are not limited to,
those derived from benzene (i.e. phenyl) {Cs), naphthalena (Cio), anthracene (Cia),
phenanthrene {Cq), and pyrens (Cqg).

Alternatively, the ring atoms may include one or more heteroatoms, including but not
25  Jimited to oxygen, nitrogen, and sulfur, as in “heteroaryl groups” or “heteroarylene
groups”. In this case, the group may conveniently be referred 1o as a "Cs.
heteroary!” or “Cs.e0 heleroarylene” group, wherein “Cs.ae” denotes ring atoms,
whether carbon atoms or heteroatoms. Preferably, each ring has from 5 to 7 ring
atoms, of which from 0 to 4 are ring heteroatoms.
30
The heteroaryl or heteroarylene group may be bonded via carbon or heiero ring
atoms. Preferably, the heteroarylene group is bonded via two carbon atoms.

Examples of Cseoheteroary! and Cea heteroarylene groups include, but are not
35 limited to, Cs heteroaryl and C; heteroarylene groups derived from furan {oxole),
thiophene (thiole), pyrrote (azole), imidazole (1,3-diazole), pyrazole (1,2-diazole),



30-N(CH3)5(=0)2C61-15. As mentioned above, the groups that form the above listed substituent
groups, e.g. C1.7 alkyl, C3.20 heterocyclyl and C5.20 aryl, may themselves be substituted. Thus, the

above definifiang cAvsssubstituent groups which are substituted. 35 C1.3 @fiye06sa66dale) .- where m
is 1to 3. WO 20091109765PCT/GB2009/000624 19 Chemically Protected Forms It may be

convenient or desirable to prepare, purify, handlet®&nd/or use the active compound in a chemically
protected form. The term "chemically protected form" is 5used herein in the conventional chemical

sense and perAnad0-35RRAHEE D Whlsl 05 RLIArS8aRUNE unaiaRalgroups are protected from

undesirable chemical reactions under speci conditions (e.g., pH, temperature, radiation, solvent,

( ¢ > , PH, lempera
and the like). NPT AR Fesine Bh ERHRS MO Y RO EHBRPYEBS &A8Ibly render unreactive a
functional growyyidvziok (tReiadse)wytitddiee g dbtizenender. ToRsEeiffoptonditants, In a chemically

protected fornpyeignermesespartivefuasiional groups are in the form of a protected or protecting
group (alsg) known as a masked or masking group or a blocked or blocking group). By protecting a
reactive functional group, reactions involving other unprotected reactive functional groups can be

performed, withGERIfR Blifert RIS PETE AR Grstigiama yidte SR HIdtRD ARPHRe 1898 moved, usually in
a subsequent dtep, indtinsubstdrstavitiatiied e rigitheargmaihtenraddreymetaralesSee, for example,
Protective Groupsda fJigdrieSiRiesibdioeraenandiRoytbis, BrbEdimiolokn,Wiley and Sons,

1999). UnI%%%%Q%Yy%ec?ﬁ%msge{?ﬁggﬁéwg% égvgup@g%c%ﬁggﬁ%ggémgoﬁ#%o includes 20chemically

protected forms thereof. A wide vari protecting, r "'masking" methods are

widely us€d aR@FRHaG SV IIFRGNE SynBstratGnd tantisier %@’&%@@HBWF&W%% two
nonequivalentfreactividiferictomatigimups, both of which would be reactive under 25specified
conditions, may be derivatized to render one of the functional groups "protected,"” and therefore

unreactive, under ,Eh&_%%ﬁ(%‘;iﬁ& C@Z@ﬁ;?”é swohgg%)trg% kthe compound may be used as a reactant
which has effectlvell'y on

y one reactivé rli’unétlona group. After the desired reaction (involving the other
functional group) is complete, the protected group may be "deprotected" to return it to its original
30functiotfalityT freortexamipye ad sl oxyigraitpanapisexpattdetediataneiier (-OR) or an ester
(-0C(.0)R), forruyamupisyians athuhd et 8banzvinbeszhyseb(diphanvmahyl), or rityl
(riphenyimethy). it HERUNSIN QpRAN BSHIEILd G5, Sb PSS BREIY ester (OCLOICHS,

' selected from themselves and the additional substituents listed below.

20  Halo: -F, -Cl, -Br, and -1,
Hydroxy: -OH.

Ether: -OR, wherein R is an ether substituent, for exampie, a C: alkyl group (also

25  referred to as a Cy.ralkoxy group), a Caze heterocyclyl group (also referred to as a
Cs.z0 heterocyclyloxy group), or a Csaaryl group (also referred 1o as a Cs.as aryloxy
group), preferably a Cy7 afkyl group.

Nitro: -NQa.
30

Cyano (nitrile, carbonitrile): -CN.

Acyl (keto): -C(=O)R, wherein R is an acy! substituent, for exampie, H, a G+ alkyl
group (also referred to as Gy alkylacyl or G,z alkanaoyl), a Cau heterocyclyl group

35 ({also referred to as Cs.zo heterocyclylacyl), or a Csao aryl group (also referred to as
Csaoarylacyl), preferably'a Ch7 alkyi group. Examples of acy! groups include, but are



20 For example, an aldehyde or ketone group may be protected as an acetal (R-CH(OR)2) or ketal
(R20(OR)2), respectively, in which the carbonyl group (>C=0) is converted to a diether (>C(OR)2), by

reaction WitIQ‘,[)oi %m@ a primary alcohol. The aldehyde or ketone gr%)éﬁ%gwﬂr&generated by
hydrolysis using a large 5excess of water in the presence of acid. For example, an amine group may

be protected, for example, as an amide (-NRCO+R) or a urethane (-NRCO-OR), for example, as: a
methyl amide (-NHCO-CH3); a benzyloxy amide (-NHCO-00H2C6H3, -NH-Cbz); as a t-butoxy amide

10(-NHCO-00(OH3)3, -NH-B00); a 2-biphenyl-2-propoxy amide C H3)2C6H4C6H3,
-NH-Bpoc), ag® ‘Qﬂﬂa@‘)ﬁénﬂfﬁ@ﬂ%waﬁﬁf i’v %ﬁﬁ% %’%O@”&trg\t éi?%%@ amide (-NH-Nvoc), as
a 2-trimethylsipietbyloxydbice) tiNfareoy) rae ez R, 2- trlchloroethyloxy amide (-NH-Troc), as an
allyloxy amide (-NH-Alloc), as a 2(- phenylsulphonypethyloxy amide (-NH-Psec); or, in suitable cases
15(e.g., cyclic amlnes) |trox decrg al (>N1-0.). For example, a carboxylic acid group may be
protected as ﬁ?ggf%’r 3?0 as a Cwalkyl ester (e.g., a methyl ester; a t-butyl ester); a

Cwhaloalkyl ester (e.g., a thrlhaloalkyl ester); a triCwalkylsilyl-Cwalkyl ester; or a C5.20aryl-C1.7alkyl
ester 20(e.g., Bstwmﬂarbes;mtaacam@&yemyﬁ%ter)om@awﬁmﬁﬂeof&%mﬁ'l%ﬂﬁ%{‘methyl amide. For

example, a thigl y%&m@ﬁt%wﬁ%@dﬁaﬁ Aalkjogidiy, &ER)htasrexamypieoas vadidnzyl thioether; an

acetam domet ether t t )@sent invention is
the protlectlon I@%Bx&%ﬁ@ bF alé”a! %l%so%afg LUHB égﬂ%%%igmmg%i%%tgof the Ipr\:ese:lt !

invention, theﬂ@iéﬂﬁﬁ@@“@e&é—&’%ﬁ@*@?@ﬁf’&@u tlc% HQfke hard omprising contacting an

epoxide with carbon dioxide in the presence of a dimeric aluminium(sa)en) catalyst of formula I. This
reaction has the advaniage Waédﬁbg?ﬁ\}{ RecarHad At Rl rAs R cexsiDiaBRiempeatatures of between

0 and 40C and pressyres of [ carried out at
temperatures Bf B%‘Evﬁegﬁadn ﬁ%eﬁ%@yaarﬁn%i%?aé&;%ﬁgs%gf%%ﬁﬁgﬁ%%? gergaotass CFreferany the
reaction tempErtUIRER®S BBidpeBpUPe BFlHdgdest Hia it BRRAPsTYE Ay H’be %@l\;/q With short

reaction times. q(_aj;m%hgucﬂrmigjetaﬁﬁnemﬂaﬂyd@alﬁ(@Péaﬁﬁﬁdat@%’ﬁ@b&él@@td%%?@sfrom 0.1to 10

mol%, preferably, 0.1, 1 22 ROy S MRS RS KIS0t OWRIH @by arroxeschBsibrmay be achieved
under these C%nrgjel%orggychc structure as in, for example, piperidinocarbonyl, morpholinocarbonyi,

thlomorphohnocarbonyl, and piperazinylcarbonyl.

_ Amino: -NR'R?, wherein R' and R? are independently amino substituents, for

20  example, hydrogen, a Cialkyl group (also referred to as Cq.7 alkylamino or di-Cir
alkylamino), a Cs.eo heterocyclyl group, or a Cszo aryl group, preferably H or a Ci aikyl
group, or, in the case of a “eyclic” amino group, R' and Re, taken fogether with the
nitrogen atom to which they are attached, form a heterocyclic ring having from 410 8
ring atoms. Examples of amino groups include, but are not limited to, -NHz, -NHCH,,

25  -NHCH(CHa)a, -N{CHa)z, -N(CH2CHa)s, and -NHPh. Examples of cyclic amino groups
include, but are not limited to, aziridinyl, azetidinyl, pyrrolidinyl, pipetidino,
piperazinyl, perhydrodiazepinyl, morpholino, and thiormorpholino. In particular, the
cyclic amino groups may be substituted on their ring by any of the substituents
defined here, for example carboxy, carboxyiate and amido.

30
Ammonium: -NRVRN2RY wherein RN, RM and R™ are independently ammonium
substituents, for example, a Cq-alkyl group, & Caa heterocyclyl group, of a Cazoaryl
group and where one or two of R, R¥ and R™ may also be H. One of RY, R™ and
R™ may be & Gy alkoxy (-(CHs)ie-OH)group. Two or three of the ammonium

35  susbtituenis may join together to form cyclic or cage-like structures. Examples of



The reaction may also be carried out in a flow reactor, wherein the reaction is continuous. 10 In some
embodiments, the carbon dioxide may be supplied heated, and in other embodiments, the reaction

may be heatggd by.a,gomyentional or microwave system. Catalysts  Thg grehagigigalsand
preferences expressed below may be combined with one 15another, where appropriate. In some

aspects of the invention, L is selected from a single bond and CI., allwlene. In some aspects of the
invention, the aluminium(salen) catalyst of formula | is 20symmetrical, such that X1=X2, 91=913,

92=914, 93=915, R4=916, 95=92 96,4310, 92=911, and,R8-:.412. ferably R1,1:15, 99, and
1913 are idenﬁ%”é?,"@‘i{”b%r,‘biipsafﬂé‘égﬂbagr{eaf%é‘éi"c“é]'ﬁegg?‘éﬁﬁ? %iﬁﬁ%?%gggaﬁant%al, and 94, 98, 912
and RI' are ideN{fed)-shERT &S @ 'dr&' 8 Brmula la, which may be preferred. 25If the catalyst is
bound to a solid support, then it will not be fully symmetrical. In some embodiments, X' and X' are the
hich is oo Lt ione i o Fepably tnsubstitiied
which is preferably unsubstituted. and a C1-3 bisox ene chain, which is.nr unsubstituted.
These gr%gﬂps %%#%‘éu%ﬁlfiésskgﬁ o a%r-?é%%’-%%rg-ﬁ% I?-/Pi 5P O%,evt\*iﬁgregeﬁo%ﬂﬂﬁ% Eifp?)%% andpis 1, 2,
or 3. In these @rRboaihery AN Bhere RISy Pen IR FTrereatie PoF2 ¥ i%more preferably 2. In
these embodimentsirandXiiane prefdoablyystiedtedfroney(GH2)Rie.gRNC2k Digler22 In other
emb"dime”ts1%%%%83@%@&9%%&5&9@%&%& \@l@@%&f&%ﬁﬁé{&@é@%@J aryle'ne, Cs.,
_cycllc alkylene gorllid %?J&eterqucl rIeneé r"%hd%gaéﬂ &_ %‘Qﬁt'gw?/@g’%%g' rlg[g)ferably X"'and XZ
mdependentlygrepPésent 6@.87“(':y0| acm@lene, and more p etetab &dic afkyiene. This group is
preferablyGatiradaies shamerdindnsingaGHRs e His thidrgrate iadiehid obifterid CRzland X'

independently, répEset-Q5(C @ylane  \N0ith.(StidarelefStadiiCECapHemel and in particular,
benzylene: 10_y @gg)l__and X' independently represent a divalent group selected from C3-7 arylene,
06.7 cyclic alkylene and 03.7 heterocyclylene, it may preferably be unsubstituted. If it is substituted,
then the substituents may be selected from nitro, halo, C1_4 alkyl, including substituted 01.4 alkyl,

(e.g. methyl, bApE§MICOIAEEIIRG NG RisthiBky Y aiein R'is an amide substituent, for
15 example, hydrogan, a Gy alkyl group, a Csgpheterocyciyl group, or a Ceao aryt group,

preferably H or a Cy.- alkyl group, most preferably H, and R? is an acyl substituent, for

example, a Cs; alkyl group, & Cao heterocyclyl group, or a Ce.ao aryl group, preferably

a Cszalkyl group. Examples of acylamide groups include, but are not limited to,

-NHC(=0)CHs , ~NHC(=0)CH.CH,, and -NHC{=0)Ph. R' and R* may together form
20 a cyclic structure, as in, for example, succinimidyl, maleimidyl, and phthalimidyl:

O™ 20
l |
succinimidyl majeimidyl phthalimidy!

Ureido: -N(R"YCONR?R?® wherein R? and R® are independently amino substituents, as
defined for amino groups, and R' is a ureldo substituent, for example, hydrogen, a

25  Civalkyl group, a Csecheterocyclyl group, or a Csxaryi group, praeferably hydrogen or
a Cyalicyt group. Examples of ureido groups include, but are not limited to, -
NHCONM;g, -NHCONHMe, -NHCONHEY, -NHCONMe,, -NHCONE,, -NMeCONH, -
NMeCONHMe, -NMeCONHEL, -NiMeCONMe,, -NMeCONEt: and -NHCONHPh.

80  Acyloxy (reverse ester): -OC(=0)R, wherein R is an acyloxy substituent, for example,
a Cq alkyl group, a Caxp heterocyclyl group, or a Cs.o aryl group, preferably a Ciz
alky! group. Examples of acyloxy groups include, but are not limited to, -OC(=0)CH;



15hydrcpq. Preferably Y-Q is CR1=N, wherein 1101 is as defined above. 901 is preferably selected
from H and 07.4 alkyl. More preferably Y-Q is CH=N. 20 If Y-Q is CFPR"-NR"1, then in some
embodimenig§3dsek3PRand RN' are H. Preferably 94 = R" =1912= 916=pidrlgsemarmbodiments, R’
= R5= R9= 915= H. 25 In some embodiments, it is one or more of 93, R', R" and 915 that is -L-A or
L-A'. In some of these embodiments, if one of thes& groups is -L-A’, the other groups are -LA.
Alternatively, the other groups may be -L-Am, where Am is a tertiary amine group, Le. an amino group

where the aming st th f m vi{gthyl). The L in all
these groups }%C th%lsP??ewﬁgﬁ re@eg ﬁfg%? %’ 0@%@@@12%3(%07%H‘R7 R9, R", R", IR13,
R14, R15 andcﬁdl %ﬁfﬁ'ﬂo not comprise -L-A or -L-A' are independently selected from H, C1.7 alkyl,
ether and nitro. 5If a group selected from R1, R2, R3, R5, R6, R7, R9, R1, R", ElIm, R14, R"and R" is
ether, then thergthetgoup is preferably a 01.7 alkoxy group and more preferably 01.4 alkoxy group,
e.g. methaxy.  If a group selected from RI, R2, F13, R5, R5 R7,119, R', R", R", R14, and F115is
01-7 10alkyl, it is preferably butyl, more preferably tert- bu l.Lisp eferabl uns bst’|tuted L may
preferably be AtoEBes it srbb e g TRdE S E'r‘?@ihgfl'w ’é“ %yl%’f?é"

embodiments gauethpterrkdiapprdierabljite @“@Lé&téd?mh?farﬁm@bﬁ@fﬁl@s&@sCMere RN1, RN'
and RN' are inggpﬁggglmyf@gm@dﬁgm@ggaglIﬁ&@ﬁpgpamyq AlyRcagsdgpe ipsydand where one or

two of RNI, RN2 and R mne to sgcdtg_g Iék m groups of particular interest in 20the present
invention |nclude ab are not limited to, I-EIiCI-?I s% -NH(CH(CH3)2)2, -N(OH3)3, -N(CH2CH3)3, and

-NH2Ph. & may preferably be selected from ammonium linking groups where RN1 and RN' are
independently Sgifexitied sodiny R+ -0, grougs Arisl08ikoidesupitientvitraapiie.cr Goth 25 of RN' and
RN2 may also e, HBid &Vb?{%%é\lécﬁ@i @%J@'KVEO&Q@@OM&&@HBW|£ﬂ®l951@30Up5 of particular

interest in the present inventio Iud (011 34 CHD

1 i
“NH(CH(OH3)3{&c z? =R @5' éﬁgs '”r}%ﬁgf %%S(E&ﬂzcsz) gnc)l%) NHPh(CHO i. 30 In
some embodimeF be -C(=0)-0- or -0(=.0)-NH-. When X1 and/or X2 is substituted by -Q-L-A
or -Q-L-Alsit is preferably a 02 or 03 alkylene group, more preferably a 02 alkylene group, and may be

of the formula: Lokb A Wefidr@F -5(=0).R, wherein R is a sulfone substituent, for example, a Cis
alkyl group, a Cs.aq heterocyclyl group, or a Cezoaryl group, preferably a Cir alkyl
group. Examples of sulfone groups include, but are not limited to, -3(=0).CHa
{methanesulfonyl, mesyl), -S{=0)2CFs, -8(=0}.CH,CH;, and 4-methyliphenylsuifonyl
20  (tosyl).

Thicamido (thiocarbamyl): C(=S)NR'R?, wherein R* and R? are independently amino
substituents, as defined for amino groups. Examptes of amido groups include, but
are not limited to, -C{=S)NHz, -C(=S)NHCHz, -C(=8)N(CHa)z, and -C{=S)NHCHCH.
25
Sulfonamino: -NR'S(=0):R, wherein R' is an amino substituent, as defined for amino
groups, and R is a sulfonamino substituent, for exampie, a C1ralkyl group, a Cs
scheterocycly! group, or a Caeoaryl group, preferably a Csalky! group. Examples of
sulfonamino groups include, but are not limited to, -NHS(=0).CHs, -NHS(=0)-Ph and
80  -N{CH)8{(=0)2Csls.

As mentioned above, the groups that form the above listed substituent groups, e.g.
C1 alkyl, Csz0 heterocyclyl and Cs.ao aryl, may themselves be substituted. Thus, the
above definitions cover substituent groups which are substituted.

35
Ci1s alkylene: ~(CHz)m-, where mis 1 to 3.



24 1f X' or X2 is a divalent C3.7 heterocyclene group containing a ring atom which is a quaternary
nitrogen atom, then it is preferably of the formula: RN2/ RN 5If X' or X2 is a divalent C3.7

heterocycle%ﬂg{%pl@qp;ammg a ring atom which is a quaternary nitroggn-fopRIRIgRAsEAT an

ammonium linking group, then it is preferably of the formula: 10In some aspects of the present
invention, the catalyst is of formula Ib: R7TR3 Re 1gherein: Y-Q is CR1.--N or CR1R2-NR141, where
R1, R2 and RN1 are independently selected from H, halo, optionally substituted C1-20 alkyl, optionally
substituted C5.23 aryl, ether 15and nitro; each of the substituents R1, R2,1:13, R4,1:16,1:16,117, Ra,
R2, R10, R11, R12, R13, R14, R's, and R186, is independently selected from H, halo, optionally

substituted Cl%%%@@%@%%&% where Ar is a C5.23 aryl group), optionally substituted C5.20

aryl, optionally istiasthees\€@3eP8ch dtsicdje iyl pethene anuifyithandibaXdisraitrehofitiieformula -(CH2),- or
-0-(CH2)p-O-, vigieuRdns chethilp Rt dlet$ idine, ﬁ’ﬁ@te%r%ﬁé%ﬁ@d’ntﬁp@o@&%‘@mrg{%‘p selected from
C5.7 arylege, GSah RX%!E Iﬁ%lg%%gggé%g E%Fr g%}ég e}%ﬁg hlcq be o onalh( ﬁubstltuted at

least one of R1, R2, F13, R4, R ?1‘% and R16 is
Sselected fromO SR RIRET Eepeie éiH@f%ﬂ%ﬁ@‘ﬂﬂ%‘@[‘”ﬁ&ﬁ@%ﬁ%%ﬁ&f‘éﬁﬁﬁeﬁ?@’ﬁ’ﬁ%m monium group
paired with a ctaaaterie nrselepkesiiiéoemrolids dad.| pahtiopenbic, iBilgtRs, RBeRdaks, Rs, R7, Rs, Rs,

Rio, R11, R12 sifslikebi 1, fribBoca @il Knisu- aaemnammgc@sad@&ms@@eqye&eg.es'yis a ammonium
oo o 6 R R A B R VSR TR D 10 The

preferences expresse ove also app e cataly Formula Tb, where appropriate.
specified condlttons In a chemically protec’ted form one or more reactive functional

groups are in the form of a protected or protecting group {also known as a masked or
masking group or a blocked or blocking group). By protecting a reactive functional
group, reactions involving other unprotected reactive functional groups can be
performed, without affecting the protected group; the proteciing group may he

15  removed, usually in a subsequent step, without substantially affecting the remainder
of the molecule. See, for example, Protective Groups in Organic Synthesis (T Green
and P. Wuts; 3rd Edition; John Wiley and Sons, 1999).

Unless otherwise specified, a reference o a particular compound also includes
20  chemically protected forms thereof.

A wide variety of such "protecting,” "blocking,” or "masking’ methods are widely used
and well known in organic synthesis, For example, a compound which has two
nonequivalent reactive functional groups, both of which wouid be reactive under

25  specified conditions, may be derivatized to render one of the functional groups
*protected," and therefore unreactive, under the specified conditions; so protecied,
the compound may be used as a reactant which has effectively only one reactive
functional group. After the desired reaction (involving the other functional group) is
complete, the protected group may be "deprotected” to return & to Hs original

30  functionality.

For example, a hydroxy group may be protected as an ether (-OR) or an ester
~QC{=0)R), for example, as: a t-butyl ether; a benzyl, benzhydry! (diphenylmethyl),
or trityt (friphenyimethyl) ether; a trimethylsityl or t-butyldimethylsilyl ether; or an

35  acetyl ester {-OC(=0)CHs, -OAc).



The reaction may be carded out under solvent-free conditions, depending on the 15epoxides used. In
some cases, the epoxides or the cyclic carbonates may act as a solvent for the catalyst. In particular,

the inventorg, haye.fol4pgk that propylene carbonate acts a suitable reactiqn-$pivsifsmRg reactions
may need the addition of a co-catalyst, r, and in particular MY, 20where M is a suitable cation, such as

onium halides, which include, but are not limited tapR4NY, R3SY, R4PY and R4SbY, where each R is
independently selected from optionally substituted C1.10 alkyl, C3-20 heterocyclyl and 05.20 aryl

groups and one, Beﬁ%;?? r%?saﬂggw%&a va%reehahdegsF]b%Q Na aﬂ ace ZFIt is preferred that the

co-catalyst for this reactio orm IS indepen entIy Cl140 alkyland Y is

selected from IREF 4R R SRR REIQBY s@@tﬁ@&’? Bl ¢Ras HIRWTBWHW&@@%HW is butyl. Y is
preferably Br. Treteddo a gattim i@ Blrafoyrechomcatily st isxBudn BrofiABiIcbha. amount of

co-catalyst is iefelabiydess kBaRcRYp @@@W@é@éﬁ@%é@ﬁ%%ﬂoﬂy&smgh@@%%g‘%t preferably
30less thap 0. QQ&% QF wfs(:%eq%rggo n%en}1 ]O Separate co- catalyst is present. Manufacture of
m(salen

dimeric aluminiu complexes ird aspect of the invention, there is provided a process for
the production of dimeric aluminium(salen) catalysts of formula I. 26 When the catalyst of formula |
comprises one-or eRarpanamanioeygraupaydisgtiotstied, counteripn, 4 maygrhidssiyNm@Sised from a

precursor COWHRT'&'@QJF%M(W@OQUFQ mmmeerwamwa@tmww@@ efiganic halide (l.e.a C1.7
alkyl, C3-20 h %e_r )?Mt M@r&#@&dﬁ W]_i:’lebz ganic.araup r‘h\%\/lttlliianother leaving group (e.q.
in

tosylate). 5 When e cata formula com rises ah ammoniu Ing group bound to a solid

support, ithhay HE'Q%%Q et TW%"E}@@@‘QB?M@W@BW@%Q a corresponding ammonia group
by reaction withNAB&HOE HeiilE-E0kds shibpBro), asekdisuppprtaboxeatines Wh-&nath)er leaving group

(e.g. tosylate).abQ; @WM&@@W@IW@%@?'é@ﬁ@@rﬁﬁé{%&ﬂﬁ@ﬁﬁ%%’@%zde'ﬁ\ﬁPeC”a of liquids or

of solids dlssolr/ed ina 59I VY] re recorded b Cl 15 é{ E Spectrum 1
spectrometer eacst?ab urt% géle yox & rPéco eﬁdntér?c]) fcoIt e%‘yllalm spectrometer fitted with a

'Smart orbit' aftAUHMNEE: WF@( PheM%WﬁB@Eﬁ‘QW@F@%&%@&% Ahbienftediagarature on a Bruker
Avance 330 2Qegpecynitrmtdres) e sariplélwvasidisgelNed)in CDCI3 unless specified otherwise. Mass
spectroscopy

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

a Csralkyl ester (e.g., a methyl ester; a t-butyl ester); a Cishaloalkyl ester {e.g., a

Civirihaloalkyl ester); a triCyzalkylsilyl-Ci-alky! ester; of a Cszoaryl-Ciralkyl ester

20 (e.g., a benzyl ester; a nitrobenzyl ester); or as an amide, for example, as a methyl
amide,

For example, a thiol group may be protected as a thioether {-SR), for example, as: a
benzyl thioether; an acetamidomethyl ether (-S-CH.NHC{=0)CHs).

25
In particular application in the present invention is the protection of hydroxy and
amino groups.

Catalysed reactions

30  In one aspeci of the present invention, there is provided a process for the production
of cyclic carbonates comprising contacting an epoxide with carbon dioxide in the
presence of a dimeric aluminium(salen) catalyst of formuia 1.

This reaction has the advantage that it may be carried out at easily accessible
.35 temperatures of between © and 40°C and pressures of between 0.5 and 2 atm. The
reaction may even be carried out at temperatures of between 0 and 140°C and



Low resolution El and CI spectra were recorded on a Varian Saturn 2200 GC-mass spectrometer. Low
and high resolution electrospray spectra (ESI) were recorded on a 25 Waters LCT Premier mass

spectrometgy;, \Wi63,239¢109765PCT1GB20091000624 27 Synthesis of Kgy diiaimesigies (a)
(1R,2R)-Cyclohexane-1,2-diammonium dichloride (2) 5(Larrow, J. F, etal., J. Org. Chem. 1994, 59,

193) To a suspension of (1R,2R)-cyclohexane-1,2diammonium L-tartrate (1)(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 s rred atr era rn| ht. T e resultin itate was filtered off,
washed with E:ffﬁs(liﬁsrﬁi? H’aeﬁ?f“éﬁ %1 igbc%oezefs &3&8 {hgcdgg Wﬁr%éjﬁc{§ s a white powder. A
second crop W@é“@l?fhﬁ%”é@?fﬁ:tlﬁ@‘ﬂﬁéﬁrﬁﬁhé@%qw Reigrrieyed b s7e') @astieadIitgs for half an
hour. The prodiictiwas leallecieshgoshtedddly vieht amhnitespo watensY ikl ida%m Cnygtaline white
powder. [21206)A0 (A5t 1 MAHRAL T NWE QHOMSORY S 803 Balitoin, CH2CHZCHN)

1.30-1.55 (2H, m 2CH2 izFl 60-1.75 2H m, CH2CHN), 152.00-2.15(2H, m, CH2CHN)
3.13-3.30é ”ﬂ?yéﬁﬁﬁh‘g"?ﬁ l('8 rksf?eé,gelﬁﬁ"g IO('BS) 3-tert-Butylsalicylaidehyde (4) (Gisch, N.; Balzarini,
J.; Meier, C. J. Med. Chem. 2007, 50, 1658) To a stirred suspension of 2-tert-butylphenol (3)(4 55¢g, 30
mmol), magnesidmeadohlerigeld B ¢réeimumial) aod pasdormealidehydedsd ¢ 66 mmol) in THF
(120 mL) 28 airpapaigmperature, was added triethylamine (8.35 mL, 60 mmol) dropwise. The
reaction was heated to reflux for 3 hours to give an orange suspension. This was extracted using
EtOAc (3x50 mL). A small amount of diluted HCI can be added if a permanent emulsion is formed. The
organic lafersvegmelpadaiapim SO 428 thexBiodnales anpperdieaiamheaad iBatstessure to yield a
pale yellow oil axinietiraéthieofeeestanyriuythe ngusdipataniiaaokecome siearkegrasmon storage. Yield:
90%. Pale yellow oil. 1H-NMR 514: 1.44 (9H, s, 3xCH3), 6.97 (1H, t, J = 7.5 Hz, HA)), 7.41 (1H, dd, J
=1.5Hz,J=75Hz HA), 7.54 (1H, dd, J =1.2 Hz, J = 7.5 Hz, KO, 9.88 (1H, s, CHO), 11.82(11-1, s,
OH). 10 (c) 3-tétt I-5-chloromethylsalicylaldehyde (5) A mixture of 3-tert-butylsalicylaldehyde
(4)(3.56 g, 20 FiembaiinsatafririRiesperRs CrEeSSAPRTWONANAS SHTieteditiitercentrated HCI (15
mL) for 14sdaysmatidrowgbrwithotaprfiest drops of concentrated HCI, the emulsion became red. The
mixture was 15then neutralized by treatment with a saturated solution of Na2CO3. The mixture was

extracted with EtOAc (3x30 mL). Organic Ia ers were dried over MgSO4 and the volatiles were
evaporated unBePBRASRESRPE TS 5?\’/%“%05 iR CRRPL AR ﬁiﬂr}?&g 8o At fication. Yield:

97%. Beige to red solid. 11-I-NMR SH: 1.43 (9H, s, 3xCH3), 4.59 (2H, s, CH2), 7.43 (11-1,d,J=2.1
Hz, HAI), 7.52 1ddn@, abgedid dtitheHbAbnti20 i aldhinfintidd@)) $i86(dHosn@H)s
20  symmetrical, such that X'=X?3 R'=R™, B*=R" R*=R", R‘=R* R*=R°, R*=R", A'=R",
and RE=R™, More preferably R', RE, R®, and R are identical, R?, R®, R and R'are
identical, R®, R7, Y, and R" ars identical, and R, R%, R'? and R are identical.

Such catalysts are of formula la, which may be preferred.
25 Ifthe catalyst is bound to a solid support, then it will not be fully symmetrical,
In some embodiments, X' and X are the same,

in some embodiments, X' and X® are independently selected from a C.s alkylene

30  chain, which is preferably unsubstituted, and a C+.s bisoxylakylene chain, which is
preferably unsubstituted. These groups can be represented as -{CHa)n- or -O-(CHg)p~
O-,wherenis 2,3, 4,or5andpis 1, 2, or 3. Inthese embodiments, nis preferably
2 or 3 and p is preferably 1 or 2. nis more preferably 2. In these embodiments X'
and X2 are preferably selected from -(CHz)n- (€.g. -C2Hs-).

35



(d) 3-tert-Butyl-6-diethylaminomethylsalicylaldehyde hydrochloride (6) To a solution of
3-tert-butyl-5-chloromethylsalicylaldehyde (5)(226.5 mg, 1 mmol) in acetonitrile (60 mL), diethylamine
(1 mmol) wagsdideddrepwise to give a greenish 25 solution. The reactiogf-wWassheehat30C
overnight. After evaporation of volatiles, a green oil was obtained which was used without any
purification for the next step. Yield: 77%. Green oit2vim, 3300, 2899 and 1720 cm-1. 1H-NMR SH:
1.35 (9H, s, C(CH3)3), 1.45 (6H, t, J 7 2 Hz, 2xCHZCH3) 3.43 (4H, g, J = 7.2 Hz, 2xCH2CH3), 4.90

(2H, s, CCH2 H,d.J=21Hz HA) 9.9 H, s, CHO),
12.00 (1H, braN %c?z 7%‘*?’?%&%%? &0t Nt |’§ %?e '%Vo'esm’%%e%t 2 %%ig%%%sﬁ?ef%f& 129.8, 130.3,
133.7, 137.0, 158" 5199/‘9“7‘4§M§Y@%%6V‘?BP@1%§&1%R@MWWwﬁtﬁzm 1953. 29 (e)
(1R,2R)-N,W-Big{@+#éytsbiosiitibedi Etlefdeabinhaethyi salipdidiznéycyolehentdiie ty2ddiamine (7)

(1R,2R)- cycloiww@ Leit cHoramerdmycis RiRdid aia3 - PHR G O3 @HPQ@@E]? NaPivig (55 mg, 1 mmol)

were stirre, dM%] rg‘oet Lg}for O min. Then, a solution 5of
3-tert-butyl-5-diet faminome %ﬁfsaf)cylaldehyde hydrochlorlde (6)(299.8 mg, mmol) in MeOH (5 mL)

was added and the solution, which became rapidly y€llow, was stirred overnight at 30C, Evaporation of
MeOH was followed by addition of a saturated s of Na2CO3 (20 mL). Organic compounds were
extracted using dichloromethane (3x15 mL). It is\impoOrtant that the aqueous phase remains
10completely colourless and that the organic layer changes colour from orange to green. Organic
layers were dried over MgSO4 and volatiles were removed under vacuum to give a greenish slurry oil
which was usell SMHAIEERGDeMRedirRniD thembxt Baependamty5eurseal Gw réds oil. [a]2% -184.5 (c
1.0, CHCI3). vhig4 E0n@8 3960y T58Q amd 880ropaHictielNbRyiH20.99 (12H, t, J = 7.2 Hz,
4xCH2C113), 1.40 15(18H, s, 2x0(CH3)3), 1.50-2.05+8H, m, (CH2)4), 2.44 (8H, q, J = 7,2 Hz,
4xCH2CH3), 3.40-3.50 (6H, m, 2xCHN, 2xCCH2M}6.95 (2H, d, J = 1.8 Hz, 2xHAT), 7.17 (2H, d, J =
1.8 Hz, 2xHAr), 8.28 (2H, s, 2xHC=N), 13.77(2 , 2x0H). 13C-NMR c: 11.9, 24.4, 29.6, 33.2, 34.8,
46.8,57.3072.5, 118.4, 128.8, 129.8, 130.1, 136.9;159.3, 165.7. HRMS (ESI): Calcd. for

- C381-181N402¥605 Uaabfoutm 0B miy88p20erif divalent group selected from Ce. arylene,

BisalR 2R) N y; Sje(d dnghdnitvhd sleHamasmjonmaliisalisiiden euclpbaigfed, Jrfiaminoaluminiur
(111)] oxide (8 T S%@fgt% ﬁjsetgugeh u%rn Srmedb qgétan nert a}tmgsB %r%é]%c{ry conditions. Ligand

(7)(1 mmol) an 2 Mmol) wers dissolved I toluene (T ). The reacting
mixture was hé%ﬁ ding ?%?ﬁj%f"‘ @1’@@ KrPoPERYloPEIZ Ak Huess XS eIy b femoved by
filtering thfdughyarekyter. The mother liquor was evaporated and then, 1-120 (30 mL) and
dichloromethane (30 mL) were added. The complex was extracted using dichloromethane (3x20 mL)
and organic layers w ar 04.V @tllesw re remover derl W pressure to give a pale
solid, 30Wh|ch¥v€a§s regé?e)\/((sjélllfs uskl{rl‘l%%lce orf:;i“ltrljfgeas\f:l i E{G{P/) \!I%ald'(Ln YeRh SOl ci" fal20D -522 (c 1.0,
CHCI3). vmax Z56techsoB H s Craalyl 09 edsgespidyo7 R inft= NH NMR aml 1.02 (24H,t, J=7.2
Hz, 8XxCH2CH3), 1.46(36K, s, 4xC(OH3)3) 1.50-2.15 (16H, m, 2x(CH2)4), 2.52-2.7 (16H, ii,,
8xCH2CHR), 3BAG BN GHNIn3 GRs3 MR, MUGEHANRB.80-A.85(2K, m, 2xCHN), 7.09
(4H, d, J = 5.7 Hz, 4xHAr), 7.35 35(4H, d, J = 5.7 Hz, 4xHKk.), 8.19 (2H, s, 2xHC=N), 8.37 (2H, s,

2xHC=N). 13C-NMR Oc: 10.2, 24.7, 29.9, 30.1, 35.0, 47.1, 57.6, 73.2, 118,9, 119.2, 128.9, 135.3,
141.7, Preferably R = Ré = R = R* = H,

In some embodiments, R' =R =R*=R"¥=H.

25 _
in some embodiments, it is one or more of R, R?, R and R thatis -L-A or L-A". In
some of these embodimenis, if one of these groups is -L-A', the other groups are -L-
A. Alternatively, the other groups may be -L-AY, where AM is a tertlary amine group,
i.e. an amino group where the amino substituents are both not hydrogen, for

30 example, Ci7 alkyl (ethyl}). The L in all these groups may be the same.



30 157.2, 165.1. m/z (ESI) 661.5 (100), 1275.9 (80), 1276.9 (72), 1277.9 (32), 1278.9 (16), 1279.9(4)
1415 5(g) 5-Diethylaminomethylsalicylaidehyde 15 To a solution of 5-(chloromethyl)salicylaldehyde

(14)(345 mgy.¢ BeRkHRacetonitrile (70 mL), diethylamine (0.21 mL, 2mpgh,masaddad.and the

mixture refluxed overnight. Then, the solvent was evaporated to give compound 15 (625 mg, 99%) as
a yellow oil. vr,," 3383, 2648 and 1653 cm-1. 1H-MBR 5H 1.37 (6H, t, J = 7.2 Hz, 102xCH2CH3), 3.43
(4H, g, J =7.2 Hz, 2xCH2CH3), 4.09 (2H, s, CCH2N), 7.05 (1H, d, J = 8.6 Hz, HA)), 8.03 (1H, d, J=

3660H211§As\3t) 1%’{1 ?3 ?L%I%E?Dse “33?189 ?@;};H gé%ﬁ%%ﬁ%l?‘”ph%’ %Jg);’%g% §’(])‘§| %‘TO (1110;1. lfﬁ?lé\l/ls
(ESI): Calculafét FBRRIBEO AL 7N 245 @éspféé%‘%iﬁ*ﬁﬁ?@ér%% Gr7RtEYh (?Wef and

Nfi-Bis(3-tert-butyl-5-diethylaminomethylsalicylidene)ethane-1,2-diamine 17 Compound 17 was
synthesised from compounds 6 and 16 in an analogous manner to step (e) above. A yellow oil was

obtained i yield. v 65 4 m4. 1 tJ 7.5 Hz,
AXCH2CF13), ’i%ﬁrﬂ%ﬁ?%&*ﬁg%‘i@ﬁ %3?%8} 6%955%0 &Uﬁ %ﬂ r@bé;‘ 4% = 7.2 Hz,
AXCH2CH3), S!atery theiether sieunis pretsrabivs GardloxvasipyRrang. Q'Sr@zp{ef@@l%zm 13.99 (2H,
br s, 2x0H). 13G:NMRO6H 60.40@B8y33.3, 45.2, 55.7, 58.1, 116.8, 128.2, 128.8, 135,6, 157.7, 165.3,

165.8. m/z(ESI) 551 (MW, 100), 524 (30). HRMS (ESI): Calculated for MH. 25(C341-122N402)

551.4325, found 5o 42 ersirom AY, Re, RS, RS, B, R, RY, R, R™, R¥., R, and R Is Cyy

10 alkyi, it is preferably butyl, more preferably tert-butyl.
L is preferably unsubstituted.

L. may preferably be a C..5 alkylene group, e.g. methylene, ethylene, propylene, and
15  in some embodimenis is methylene,

A may preferably be selected from ammonium groups where RV, R™ and R™ are
independently selected from Ci.;alkyl groups and Cs.oary! groups, and where one or
two of RM, R™ and R™ may also be H. Ammonium groups of particular interest in

20  the present invention include, but are not limited to, -NH{CHa)s, -NR{CH{CHz)z2)a,
-N{CHas)s, -N(CHzCHa}s, and -NHzPh,

A’ may preferably be selected from ammonium linking groups where R™ and R™ are
independently selected from C1.yalkyl groups and Csaoaryt groups, where one or both

25  of RN and R™ may also be H and where R is a Cy; alkylene group. Ammonium
tinking groups of particular interest in the present invention include, but are not
limited to, -NH{CHa)(CHa)-, -NH{CH{CHa)2){C(CHa)z)-, -N({CHa)2{ CHa)-,
-N{CH,CHas)o{CHCHz)-, and -NHPR{CHg)-.

30  In some embodiments, Q may be -C{=0)-0- or -C(=0)-NH-.

When X' and/or X¢ is substituted by -Q-L-A or -Q-L-A, it is preferably a C or Gq
alkylene group, more preferably a C, aikylene group, and may be of the formula:

QLA QLA
Qr



() (1R,2R)-N,AP-Bis(6-diethylaminomethylsalicylidene)cyclohexane-1,2-diamine 18 Compound 18
was synthesised from compounds 15 and 2 in an analogous manner 5to step (e) above. A yellow oil
was obtaineg in Bndpyield. [a]20D -302 (c 0.1, CHCI3). 2939, 1631 ang 089,68k NMR 5H
1.25 (12H, tJ = 7.2 Hz, 4xCH2CH3), 1.50-2.00 (8H, m, (CH2)4) 2.89 (8H, g J = 7.6 Hz, 4XxCH2CH3),
2.90-3.00 (4H, m, 2xCCH2N), 3.90-4.00 (2H, m, 2xCH), 6.83 (2H, d J = 8.3 Hz, 2xHA,), 7.36 (2H, d J
8.4 Hz, 2xHA), 7.43 (2H, s, 2xHA) 8.25 (2H, s, 2xHC=N), 13.40 (2H, br s, 2x0H). 1013C-NMR 60 9.5,
24.4, 33.0, 46. 6 18.9 12 8,134 .3 134 81614 1653m Sl) 493 (MW, 100),
420 (20). HRM ?Xﬁgéqﬁ £ 3|%’u?35ﬁ§ o ﬁe'}‘f—”y S5 AIR FO%5 A8 SRR %?544 15())
N,N'-Bis(5-diefti{t éﬂﬁi@ﬂ%&%ﬁ?&ﬁ/l H%‘h&)éﬂfﬁ??éa@l@gmﬁ &4'9: Compound 19 was synthesised from
compounds 15 and 18 in an analogous manner to step (e) above. A yellow oil was obtained in 53%
yield. Vmax 2801, T632, and 1083 cm-1. 11-I-NMR SH 1.21 (12H, t J = 7.5 Hz, 4xCH2CH3), 2.70-2.80
(4H, m, CCH2N),2,96 (8H, q J = 7.2 Hz, 4XCH2CH3), 3.85-3.95 (4H, m, 2xCH2), 6.83 (2H,d J = 8.6
20Hz, 2xHA,),FzNQG (@M, d J= 8.6 Hz, 2xHA)), 7,42 (2H, s, 2xHA,), 8.34 (21-I, s, 2xHC=N), 13.21 (2H,
bra, 2xOH).13C-NMR 5¢ 11.9, 43.5, 47.8, 57.2, 117.0, 129.6, 126.5, 130.4, 132.0, 133.4, 166.9.
m/z(ESI) 439 (MW, 100), 420 (20). HRMS (ESI): Calculated for MW (C34H351\1402+) 439.3073,

found 4395309@x13:2 TS é(aﬁ%?i’eﬁt H22ietracsens ot b8maithtdmiGHR 4% 7 H, X2= (CH2)4 19:
=H, X2 H24:

Bis[N,Al- Bls(C)%é tert butyl% ?gf[ O{/rlgit}r?'ﬁgrr%cgtﬁ Igmlr%yrﬁagr%akm rou% 5‘9&“ & nrgg ﬁ‘r?{},nium(lll)] oxide
22, Bis[(1R,2Ft q\f“ﬁ"é‘t%- 5diethylaminomethylsalicylidene)cyclohexane-1,2-diaminoaluminium(111)]
oxide 23 and BigN,Arais(5-diethylaminomethylsalicylidene)ethane-1,2- diaminoaluminium(111)] oxide
24 Ligands 17- ere converted to complexes 22-24 in an analogous manner to step (f) above. 10
22: pale yellow 3qJid obtained in 55% yield. Nin," 2522 and 2159 cm-l. 1H-NMR 51., 1.10-1.20 (24H,

m, exCH2CH3), 1i 4@?36K S, 4XxC(CH3)3), 2.90-3.15 (16H, m, 8xCH2CH3), 3.50-3.60 (8H, m,
4xCCH2N), 3.70- ?, 00 (8H, m, 4xCH2N), 7.19 (4H, s, 4xHA)), 7.30 (4H, s, 4xHA,), 8,33 (4H, s,
4xHC=N).13C-NMR (50 11.2, 24.2, 33.6, 46.5, 15 55.3, 55.9, 120.9, 135.5, 137.5, 137.8, 139.6, 140.9,
162.0. mtz(ESI) 1170 (10), 1169-(35), 1168 (90), 1167 (MH+, 100). HAMS (ESI): Calculated for MW

(Ce8H104N803AI2+) 1167.7839, found 11671799.
10 in some aspects of the present invention, the catalyst is of formuia b:

R’ R
R® R® R"’r\iw
Y R R Y
¢ |
Q. 0 .Q
. . :
X Al o X! (ib)
il g
Y. r* RY Y
R‘!Z R10 R‘M R16
RH

wherein:

Y-Q is CR"'=N or CR®'R®2-NRM where R®', R® and RN are independently selected

from H, halo, optionally substituted Cr.oe alkyl, optionally substituted Cs.e0 aryi, sther
15  and niiro;

each of the substifuents R, R?, R?, R*, R, RS, R7, BE, R®, R™, R™, R'2, R, RM RY,

and R, is independently selected from H, halo, optionally substituted Cy.0 alkyl

(including CArs, where Ar Is a Csao aryl group), optionally substituted Cs.oo aryl,

optionally substiiuted Ca.zo heterocyclyl, ether and niiro;



23: pale yellow solid obtained in 67% yield. [a]2D -170 (c 0.01, DMSO). vmax 2859, 20 1631 and 1084
cm-1.11-1-NMR (DMSO-de): 1.04-1.99 (24H, m, 8xCH2CH3), 1.50- 2.15 (16H, m, 2x(CH2)4), 2.5-2.6

(16H, m, 8xGH2GH39 R -4-5 (12H, m, 4xCHN + 4xCCH2N), 6.91 (4H, I BRoblgedt¥HA,), 7.40
(4H, d J = 7.6 Hz, 4xRi,i), 7.55 (4H, s, 4xHAr), 8.43 (4H, s, 4xHC=N). 2524: pale yellow solid obtained

in 65% yield. Vrnax 2971, 2225 and 1634 cm-1. 128-NMR ISH (DMSO-c13): 1.05 (24H, m,
8xCH2CH3), 2.15-3.5 (24H, m, 8XxCH2CH3+ 4xCCH2N), 3.90 (8H, m, CH2N), 6.81 (4H, d J = 5.7 Hz,

AxHA4, 7.32m, 436@@[_?{?1% %4@@4@g%t BE%@@(_ /%gjge;g%%géc’;g%pgglqpp 15214 33 Example 1

BrBr "N.(Bn)Et,n a)

(1R,2R)-N,APZBRABFHIRIETEE R %‘%gr&?w ARG %ﬂﬁ&ﬁéﬂ%@%&ﬂ igotic alkylene
eneicyclohexaat L2-desaraeighin miidd 8y Te adohstiyrsdistituted;

(1R,2R)-NAP- Qiﬂ@si%rrtetmtﬁﬁﬁﬂj@#ﬁvﬂamﬂr@m@twsaﬁowdﬁmehwwbhwwﬁﬁﬂiamine (7)(604.9
mg, 1 mmg)l) in %eﬁ(%to%gllel_(g %réz 3@@&&34& kiFZ mm iasd%ed dropwise to give a
t

yellow solution. Feaction was stlrr overni ora ion of volatiles, a yellow oil

was obtained %@W%W@E%ﬁﬁ%@@ﬁc?ﬁ%te?’i@ﬁaﬁ?é%ﬂﬁglfdo@@b B?R?rh yellow solid. [0120D -38.6 (c
1.0, CHCI3). \amwisr 3802 U602 T60B', FS4T HIdRE4R) BA-RLHRIAR A'OG2, 80 88Hs m, 10xCH3,

ECH0§)6%402-§-5Q(@%rgL, %é@@ld@ﬁ},ea 5&&8ldncﬂAJwJangﬁénuﬂ%@H@%@?&u&%@r@&d)aZSng?ZZ N), 4.99
4H, 2xCCH2N),.6.44 (2H, d. J= Z 4 Hz, 2xHAr H, s,
2xHC=N), 14. 3%“ PRS2 Bf) e_dL ok ﬁwﬁf@e”" Eeﬁ% ‘Hﬁ'@ ?‘]5{ P95.1, 51.1, 60.3, 60.4, 72.7,
120.2, 1?@ 6, 128.8, 129. 2 129.9, 130.6, 134.9, 157 2, 163.9.

The preferences expressed above also apply to the catalysts of formula Ib, whers

appropriate,

The reaction may be carried out under solveni-free conditions, depending on the

15  epoxides used. In some cases, the epoxides or the cyclic carbonates may actas a
-solvent for the catalyst. In particular, the inventors have found that propylene
carbonate acts a suifable reaction solvent. ‘

Some reactions may need the addition of a co-catalyst, Y-, and in particular MY,

20 where M is a suitable cation, such as onium halides, which include, but are nol
limited to, RyNY, RaSY, R4PY and R.SbY, where each R is independently seiected
from optionally substituted Cy.y alkyl, Caeo heterocyalyl and Cs.o aryl groups and one
R can be an acyl group, and simple halides, e.g. NaCl, Kh

25  ltis preferred that the co-catalyst for this reaction is of the form R.NY, where each R
is independently Gy alkyl and Y s selected from |, Br and Ci. R is preferably
selected from Ca.s alkyl, and more preferably is butyl. Y is preferably Br. Therefore,
a particularly preferred co-catalyst is BusNBr (TBAB). The amount of co-catalyst is
preferably less than 2.5%, more preferably less than 1.0 mol% and most preferably

3¢ less than 0.5 mol%. in some ermbodiments, no separate co-catalyst is present.

Manufacture of dimeric aluminium{salen) complexes
In a third aspect of the invention, there is provided a process for the production of
dimeric aluminium{salen) caialysts of formula 1.

35



(b)Bis[(1R,2R)-N,AP-Bis(3-tert-buty1-5-(N-benzyl-N,N-diethylaminomethyl)- 20salicylidene
bromideicyclohexane-1,2-diaminoaluminium(111) oxide (10) This reaction has to be performed under
an inert atmgsphieks; il3-dLy conditions. Ligand (9)(1 mmol) and Al(OEB3 (F24de%ideA003R10!) were
dissolved in a mixture of toluene (5 mL) and ethanol (5 mL). The reacting mixture was heated to reflux
for 5 hours. An occasional residue of alumina coutg be removed by filtering through a 25sinter. The
mother liquor was evaporated, then H20 (30 mL) and dichloromethane (30 mL) were added. The

complex was %&%ercﬁﬁéa’gt qmethane 3x20 mL) and organic layers we cfv«ﬂt”ed over MgSO4. .

Compiises ofe or mofe am
Volatiles were remove ow pressure to give a pale solid, w lich \Was ré)crys |sed using Et20.

Yield: 33%. P& Loty ?3]%‘“?8@9@:’@*@ a(ﬂ@@i‘ﬁ%%?@?@zuemﬁéﬂcor%m%% 1208 and 1030
WO 2009/109765RAT (EBRB0Y 168062 4vBraordatid MR (I5Ha TO5IQY ;4 Heted@dyz, SXCH2CH3),

1.45 (36H, s, 4xG(CHRIIMIEE 002D (G WhudXfiHalM e 24RmRPR AP gNoste)2CH3), 3.10-3.15
(2H, m, 2xCHN), 3.40-3.50 (16H, m, 8xCCH2N), 3.80-3.85 (2H, m, 2xCHN) 7.10-7.50 (28H, m,

28xHA,), 8.20 (211, s, 2xHC= :Pf 8.35 (21-1, s, 2xHC=N).13C-NMR 50: 10.3, 524.5, 30.0, 30.2, 34.6,
48.3,57.6, 60. “?@%@ﬁ’@’xﬂ P hceMpIsen an pnEONpEdntigg BroyRbaynd S5, 166.1.
N,AP-Bis[3-tergclid subisx«{Nt eryzyd-dyRhelistt/lamia praethd) salicyidemalidibgthane-1,2-diamine
anl000us MaR o Se A AR oA AL A7 e TN SE1 4 124,13 = 7.5
analogous ma I 10 an cm*

Hz, 4xCH2CH§§]% Sﬂg(’fé?—ig Mf%(‘@ﬁ?ﬂ‘?ﬁ‘%?%’i BRI “’7921??%"&13 CH2CH3), 3.6-3.8 (4H, m,
2xCH2N)1%3.9-4.1 (4H, m, CCH2N), 7.0-7.4 (4H, m, 15 4x1-1A.), 8.25 (2H, s, 2xHC=N), 13.99 (2H, br
s, 2x0H). 13CBXIRpEE10.9, 29.6, 35.1, 46.5, 56.6, 59.7, 65.7, 118.8, 121.1, 127.5, 128.8, 129.0,

129.5, 135.5, L3fhetald@imdnPmbinds
(d)Bis[N,AP- B\E(:B terrobutﬁl -5-(N-benzyl-N,N-diethylaminonnethybsalicylidene
20bromidepth = oaluminium(111) oxide (21) The catalyst (21) was synthesised from the

bis-ammoniun s apeed®)ariavideralogelidsiasMerchin stepe)t atsuveecrrpeid SirRai Nafill was obtained in
42% yield5v 29m8s1deR4 i G R One MEpkklrdiMdidrSiR dp@bi@4tbuid soliddwda BxeiidP6H3), 1.45 (36H,

S, 4XC(CH6)4, 22 ﬂﬁH@R&-’cﬁéﬁﬂﬁ% R & BARH SR hugRrbdalN), 3.90-4.30 25(4H, m,

2XCH2N), 4.50 (8H, s, 4xCCH2NI), 7.10-7.50 (28H, m, 28xHAr), 8.00 (2H, s, 2xHC=N), 8.13(2K, s,
2xHC=N).13C-NMR o0 11.5, 30.0, 35.7, 46.91, 55.4, 57.3, 65.7, 119.2, 119.6, 126.3, 131.1, 132.5,
132.6, 134.4, MMP9, 164.9, 170.1.

Al NMR spectra were recorded at ambient temperature on a Bruker Avance 300
20  spectrometer. The sample was dissolved in CDCl unless specified otherwise.

Mass spectroscopy
Low resolution El and CI spectra were recorded on a Varian Satum 2200 GC-mass

spectrometer. Low and high resolution electrospray spectra (ES|) were recorded on a
25  Waters LCT Premier mass spectrometer.



WO 2009/109765PCT/GB2009/000624 35 23:V = (CH,)4 24: X2 =H25: X2 = (C)12)4 26: V = H (e)
Bis[(1R,2R)-NN-Bis(5-(N-benzyl-N,N-diethylaminomethyl)salicylidene
bromideicycphe¥aubez-diaminoaluminium(111) oxide (25) and Bis[N, WsBisk35009/000624
(N-benzyl-N,N- d|ethylammomethyl)sallcylldene bromidejethane-1,2- 5diaminoaluminium(lll) oxide (26)
Benzyl bromide (0.07 mL, 0,6 mmol) was added t7 a solution of bimetallic complex (23) or (24) (0.1
mmol) in propylene carbonate (10 mL) and the reaction stirred at 85C for 16 hours. The solvent was
evaporated in vacuo to give compound (25) or (26) as a pale orange powder. 10 25: pale orange solid
obtained in 53¥nilelds piEeDinIMEsiB©E, DMS0). vm" 2923, 1625 and 1088 cm-1. 1H-NMR 5H
(DMSO-d5): 1.04-1.99 (24H, m, 8xCH2CH3), 1.50- 2.15 (16H, m _2x(CH2)4), 2.5-2.6 (16H, m,
8xCH2CH4, 3.1-3.9 (12 , 4xCH CCH2 5 @H, S, 4X N) 6.74 (4H, d, J. 7.3 Hz,
4xHA)), 6.82 (4H, d, J= % HZ, 4 . : 8.43 (4H, s, 4xHC=NI). 26:
pale orange solid obtained in 40% vyield. Vina,, 2960, 16244 and 1032 cnf*1. 1H-NMR 5H (DMSO-cie):
0.99 (12H, m, 4xCH3CH?2), 1.52 (1 = 71 Hz, 8xCH2CH3), 4.1-4.3
(16H, m, 4xCCH2N + 4xCH2N), 4.57 (8H s, 204xCC 2N) 6.97 (4H d J=8.3Hz, 4xHA)), 7.1-7.4
(24H, m, 24xHA1L), 7.5-7.6 (4H, m, 4xHA,), 7.60 (4H, 4x1 10=N). ‘Wo
2009/109765PCT/GB2009/000624 36 Exan@zz O/NH <

NHCI

Et2 NEL,
[ S
s

-Bu tBu i +Bu
iN ox

+-Bu iBu@) ‘ﬁ/i-&i

8

,-Al

(a) (1R,2R)-Cyclohexane-1,2-diammonium dichloride (2)
5 (Larrow, J. F, et al., J. Org. Chem. 1984, 59, 193)

To a suspension of (1R,2R)-cyclohexane-1,2-diammonium L-tartrate (1)(13.7 g, 52
mmol) in MeOH (50 mL) was added a cooled solution (0°C} of acetyl chloride (27.4
mL, 385 mmol) in MeOH (50 mL). The solution was stirred at room temperature
overnight. The resuliing precipitate was fittered off, washed with Et,O (10 mL) and

10 dried by suction fo leave the desired product as a white powder. A second crop was
obtained by diluting the mother liquor with EL0O (200 mi) and cooling for half an hour.
The product was collected and dried to vield a white powder. Yield: 80%. Crystaiiine
white powder. [a]*p —16 (¢ 5.0, ag. 1 M HCY. "H-NMR &, (DMSO-dg): 1.05~1.25 (2H,
m, CH.CH,CHN), 1.30-1.55 (2H, m, CH,CH,CHN), 1.60-1.75 (2H, m, CH,CHN),

15 2.00-2.15 (2H, m, CH=CHN), 3,13-3.30 (2H, m, CHN), 8.70 (6H, br s, NHa).

(b) 3-tert-Butyisalicylaidehyde (4)
(Gisch, N.; Balzarini, J.; Meier, C. J. Med. Chem, 2007, 50, 1658)
To a stirred suspension of 2-ter-butylphenol (3)(4.55g, 30 mmol), magnesium
20 chloride (5.71 g, 60 mmol) and paraformaldehyde (2.08 g, 66 mmol) in THF (120 mL)



5Merrifield resin (120 mg, 0.2 mmol) was swollen in a minimal amount of DMF/dichloromethane, _
Complex (8)(240 mg, 0.4 mmol) was added and the mixture was stirred for 24 hours at 30C. The resin

was filtered Qfh and Yygshked using DMF (10 mL), DMF/dichloromethane (}p,£H3dilohedighloromethane
(10 mL), then it was dried under vacuum to give compound (12) as a yellow-coloured resin. 10
Example 3 (a) Merrifield resin (120 mg, 0.2 mmB# was converted into the correspomnding
bromomethyl resin by treatment with a large excess of tetrabutylammonium bromide 15 for several

days in dichiowmehae, LOME. aruples (UGG @ WIS WaSAadelig g resin and the

mixture was stirred for 24 hours at 30C, The resin was filtered off and was washed using DMF (10

mL), DMF/dichT8FRetRaREHEHY (fg%iﬂ’f, TS B PEERIHY FALR ISP IR G Wffier vacuum to give
yellow-colouretiragis (4s8)¢ Gide 2DE0, P66, she8emeBo iniuiaba@ean Roadid if a

2009/109765R6rhisrBRADAURRNGL bidoE XA Mg #hid Fyefswild LS A 4O #i8:X2=H29: X, =H A
sample e EOLB0N ) WesNAlon i DMEQNZCIAANY B S.gxcess of benzy

0 I
bromide (40 mg, 0.24 mmal) was a The mixture was stifred at room temperature for 24 hours,

then the reactfH HEERUFIBRLRR ThePPRERAMEREARER BV mUS DRI ditBloromethane (1:1)
(10 mL), dichluetpncahaieNB i ), 48 PHHcaPHRGAT 10 v/ éilbw-delolred FEsit, (28): vmax

2922, 2158, 1934, 4 6285) 149 -and 028cmi, 46(29)1.88% yields Vimag, R 9&Bl #4 %3, 1636, 1544 and
1023 cm-1 Exa eﬁgé ggr@o@ﬁ?_s (10), (21), (25) and (26) Complexes (10), (21), (25) and (26)
were tested in the feaction of somé terminal 15epoxides with carbon dioxide at room temperature and
atmosphb?ic pressure. 0

{¢) 3-tert-Butyl-5-chloromethy!salicylaldehyde (5)

A mixture of 3-tert-butylsalicylaldehyde (4)(3.56 g, 20 mmol) and paraformaldehyde
(1.20 g, 40 mmol) was stirred with concentrated HCI (15 mL) for 14 days, although
with the first drops of concentrated HC!, the emulsion became red. The mixture was
15  then neutralized by treatment with a saturated solution of NaCOs. The mixture was
extracted with EtOAc (3%30 mL). Organic layers were drled ovar MgS0, and the
volatiles were evaporated under low pressure to give a beige solid which did not
require further purification. Yield: 97%. Beige to red solid. 'H-NMR &y: 1.43 (8H, s,
3xCHg), 4.58 {(2H, s, CHp), 7.43 (1H, d, J = 2.1 Hz, Ha), 7.52 (1H, d, J = 2.1 Hz, Ha,
20  9.87 (1H, s, CHO), 11.86 (1H, s, OH).

{d)} 3-tert-Butyl-5-diethylaminomethylsalicylaldehyde hydrochioride (6}

To a solution of 3-fert-butyl-B-chioromethylsalicylaldehyde (8Y226.5 mg, 1 mmol) in

‘acetonitrite {60 mL), diethylamine (1 mmol) was added dropwise to give a greenish
25  solution. The reaction was stirred at 30°C overnight. After evaporation of volatiles, a

green oil was obtained which was used without any purification for the next siep.

Yieid: 77%, Green oil. vmex 3300, 2889 and 1720 cm., 1H-NMR &4 1.35 {9H, s,

C(CHa)a), 1.45 (6H, t, J = 7.2 Hz, 2xCH,CHa), 3.43 (4H, q, J = 7.2 Hz, 2xCH.CH),

4.90 (2H, 5, CCHpN), 7.57 (1H, d, J = 2.1 Mz, Ha), 8.08 (1H, d, J = 2.1 Hz, Ha), 2.98
30  (1H, s, CHOY, 12.00 (1H, br s, OH). 13C-NMR 8.{CDCls, 75 MHz): 10.8, 28.3, 33.7,

- 458, 56.0, 118.5, 129.8, 130.3, 133.7, 137.0, 158.0, 185.9.
HRMS: Caled. for CigH26N0:" 264.1964, found 264.1953.



00 C2 R) R Table 1. Cyclic carbonate formation from epoxides. Entry Complex R TBAB (mol-%) Time
(h) Conversion (%)8 110 Ph0371210Ph0697 310 Ph 2.5

10

15

20

25

30

35
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(e) (1R,2R)-N,N'-Bis(3-tert-butyl-8-diethylaminomethyisalicylidene)cycichexane-
1,2-diamine (7)

(1R 2R)-cyclohexane-1,2-diammonium dichloride (2)(93.5 mg, 0.5 mmol) and
NaOMe (55 mg, 1 mmel) were stirred in MeOH (10 mL) for 30 min. Then, a solution
of 3-tert-butyl-5-diethylaminomethylsalicylaldehyde hydrochioride (6)(299.8 mg, 1
mmoh in MaOH (5 mL) was added and the solution, which became rapidly yeliow,
was stirred overnight at 36°C. Evaporation of MeOH was followed by addition of a
saturated solution of Na,CO3 (20 mL). Organic compounds were extracted using
dichloromethane {3%15 ml). It is important that the agueous phase remains
completely colourless and that the organic layer changes colour from orange to
green. Organic layers were dried over MgSO, and volatiles were removed under
vacuum to give a greenish slurry oil which was used without any purification in the
next step. Yield: 55%. Yellow-green oll. [}y ~184.5 (¢ 1.0, CHCl). vimex 3410, 2899,
1610, 1550 and 830 cm’. "H-NMR &y: 0.99 (12H, 1, J = 7.2 Hz, 4%xCH,CH,), 1.40
{18H, s, 2xC{CHag)s), 1.50-2.05 (8H, m, (CHa)s), 2.44 (8H, ¢, J = 7.2 Hz, 4xCH,CH,),
3.40-3.50 (6H, m, 2xCHN, 2xCCH:Nj), 8.95 (2H, d, J= 1.8 Hz, 2xHap), 7.17 (2H, 4, J
= 1.8 Hz, 2xHy,), 8.28 (2H, s, 2xHC=N}, 13.77 (2H, br s, 2x0H). 13C-NMR &;: 11.9,
24.4,29.6,33.2, 34,8 46,8, 57.3,72.5, 118.4, 128.8, 128.8, 130.1, 136.9, 159.3,
165.7. HRMS (£8I): Calcd. for CaghgiN.Os" 605.4795, found 605.4783.

{f) Bis[(1R,2R)-N,N' -Bis(3-tert-butyl-5-diethylaminomethy!salicylidene)cyclohex-
ane-1,2-diaminoaluminium{lil}] oxide {8)

This reaction has to be performed under an inert atmosphere in dry condifions,
Ligand (7)(1 mmol} and AI(OEL (324.1 mg, 2 mmol) were dissolved in foluene {10
mL). The reacting mixture was heated to reflux for 5 hours. An occasional residus of
alumina could be removed by filtering through a sinter. The mother liguor was
evaporated and then, H0 (30 mL) and dichloromethane (30 mL) were added. The
complex was extracted using dichloromethane (3x20 mL) and organic layers were
dried over MgS0Q,. Voiatiles were remover under low pressure to give a pale solid,
which was recrystallised using acetonifrile. Yield: 40%. Pale green solid. [a]*% 522
(C 1.0, CHClg). vmax 2865, 1626, 1548, 1440, 1027, 836 and 577 cm™. "H-NMR &
1.02 (24K, t, J = 7.2 Hz, 8xCH,CH;), 1.46 (36H, s, 4xC(CHy)s), 1.50~2.15 (18H, m,
2%(CHy)a), 2.62-2.7 (18H, m, 8xCH,CHg), 3.10-3.16 (2H, m, 2xCHN), 3.50-3.60
(8H, m, 4xCCH,N), 3.80-3.85 (2H, m, 2xCHN), 7.09 (4H, d, J = 5.7 Hz, 4xHaxg), 7.35
(4H, o, J= 5.7 Mz, 4xHa,), 8.19 (2H, s, 2xHC=N), 8.37 (2H, s, 2xHC=N), 13C-NMR
Oc: 10.2,24.7, 29.9, 30.1, 35.0, 47.1, 57.8, 73.2, 118.9, 118.2, 128.9, 135.3, 141.7,
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157.2, 165.1. miz (ESH) 861.5 (100), 1275.9 (80), 1276.9 (72), 1277.9 (32), 1278.9
(16), 1279.9 (4)

ct o NEY o

OH OH

14 15
5  (g) 5-Diethylaminomethyisalicylaldehyde 15
To a solution of 5-(chloromethylsalicylaldehyde (14)(345 mg, 2 mmol} in acetonitrile
(70 mL), diethylamine (0.21 mL., 2mmol) was added and the mixiure refluxed
overnight. Then, the solvent was evaporated to give compound 15 (625 mg, 99%) as
a yellow oil. vrax 3383, 2648 and 1653 cm™. *H-NMR 84 1.37 (6H, t, J = 7.2 Hz,

10 2xCH.CHSs), 3.43 (4H, q, J = 7.2 Hz, 2xCH:CHg), 4.09 {2H, s, CCHN), 7.05 (1H, d, J
= 8.6 Hz, Ha), 8.03 (1H, d, J = 8.6 Hz, Ha), 8.14 (1H, s, Ha), 8.98 (1H, s, CHO),
12.32 (1H, br s, OH). *C-NMR &c 11.4, 46.4, 56.0, 118.8, 121.3, 136.7, 139.0, 162.7,
196.5. m/z(ESI) 208 (MH?*, 100), 293 (30), 317 (10). HRMS (ESI): Calcuiated for M*

(G217 NO2*") 208.1338, found 208.1355.
N,

NEt, o [
NH,GI N OB
L (0 —
K HH,CI N
)\ HG

6 16

15 7o M
(h) NN’ -Bis(3-tert-butyl-8-diethylaminomethyisalicylidene)ethane-1,2-diamine
17 _
Compound 17 was synthesised from compounds 6 and 16 In an analogous manner
to step (&) above. A yellow oil was obtained in 56% yield. vmax 2065, 2524 and 1629
20  om™ 1H-NMR 5y 1.44 (12H, t J = 7.5 Hz, 4xCHCH3), 1.51 (18H, s, 2xC{CHs)s),
2.70-2.80 {(4H, m, CCH:N), 3.02 (8H, g J = 7.2 Hz, 4xCH:CH3}, 3.60-3.80 {(4H, m,
2xCHy), 7.07-7.35 (4H, m, 4xHa), 8.25 (2H, s, 2xHC=N}), 13.2¢ (2H, br s, 2x0OH).
13C-NMR & 10.4, 28.0, 33.3, 45.2, 55.7, 58.1, 116.8, 128.2, 128.8, 135.6, 157.7,
165.3, 165.8. m/z(ES!) 551 (MH*, 100), 524 (30). HRMS (ES{): Calculated for MH*
25  {CasMssNsO2*) 551.4325, found 551.4294.
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NE,
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’ NHCI N OH
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%

(i) (1R,2R)-N, N -Bis(5-diethylaminomethyisalicylidene)cyclohexane-1,2-diamine
18
Compound 18 was synihesised from compounds 15 and 2 in an analogous manner
5 t{o step (e) above. A yeliow oll was obiained in 65% vield. [0j%s -302 (c 0.1, CHCly).

Vinax 2939, 1631 and 1089 cm, "H-NMR &n 1.25 (12H, t J = 7.2 Hz, 4xCHCHa),
1.50-2.00 (8H, m, (CHy).) 2.89 (8H, g J = 7.6 Hz, 4xCH,CHa), 2.90-3.00 (4H, m,
2xCCH:N), 3.90-4.00 {(2H, m, 2xCH), 6.83 (2H, d J = 8.3 Hz, 2xH,), 7.36 (2H,d J =
8.4 Mz, 2xHya), 7.43 (2H, s, 2xHa) 8.25 (2H, 5, 2xHC=N), 13.40 (2H, br s, 2x0OH).

10 C-NMR 8¢ 9.5, 24.4, 33.0, 46.9, B8.0, 72.6, 117.7, 118.9, 120.8, 134.3, 134.8,
161.4, 165.3. m/z{(ESI) 493 (MH*, 100), 420 (20). HRMS (ES!): Calculated for MH"
(CagHasN.O52*) 493.3542, found 493.3544.

NEL,
NEt, o
OH

HC) NH,CI
N G
on NH,C! o

15 ki:]

Z==

o

o M

15 {j) NN -Bis(5-diethylaminomethylsalicylidene)ethane-1,2-diamine 19
Compound 19 was synthesised from compounds 15 and 16 in an analogous manner
o step {e) above. A yeliow cii was obtained in 53% vield. v 2801, 1632, and 1083
o’ TH-NMR &y 1.21 (12H, t J = 7.5 Hz, 4xCH.CH3), 2.70-2.80 (4H, m, CCH.N),
2.96 (8H, g J = 7.2 Hz, 4xCH,CHa), 3.85-3.95 (4H, m, 2xCH,), 6.83 (2H,dJ=8.6

20 Hz, 2xHa), 7.26 (2H, d J = 8.6 Hz, 2xHx), 7.42 (2H, s, 2xH,), 8.34 (2H, s, 2xHC=N}),
13.21 (2H, br s, 2x0OH). “C-NMR &; 11.9, 43.5, 47.8, 57.2, 117.0, 129.8, 126.5,
130.4, 132.0, 133.4, 166.9. m/z(ESI) 439 (MH*, 100}, 420 (20). HRMS (ESI):
Calculated for MH* (CaaHssN402") 439.3073, found 439.3090.
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|
¥ N OH ><2
X

{?%}

X N OH K2
! ® ? [“
NEt ELN
17N =18y, K= 22 X1 =By, X2 =
181Xt = H, X2 = (CHy), 23:X!= K, R = (CH2)4
19 X1 =H, X=H 24 %1 =H, X2 =H

(k) Bis[N,N’ -Bis{3-fert-butyl-5-diethylaminomethylsalicylidene)ethane-1,2-
diaminoaluminium{ll}}] oxide 22, Bis[{1R,2R}-N,N'-Bis(5-
diethylaminomethylsalicylidene)cycliohexane-1,2-diaminoaluminium(lil] oxide
23 and Bis[N,N -Bis{5-diethylaminomethylsalicylidene)ethane-1,2-
diaminoaluminium(iil}] oxide 24

Ligands 17-19 were converted to complexes 22-24 in an analogous manner fo step
{fy above.

22; pale yellow solid obtained in 55% yield. vmax 2522 and 2158 cm™. "H-NMR &
1.10-1.20 (24H, m, 8xCH:CHa), 1.43 (36H, s, 4xC(CHa)a), 2.90-8.15 (16H, m,
8xCH,CHa), 3.50-3.60 (8H, m, 4xCCH:N), 3.70~4.00 (8H, m, 4xCH:N), 7.19 (4H, s,
4xHad), 7.30 (4H, s, 4xHa), 8.33 (4H, 8§, 4xHGC=N). BC-NMR &c 11.2, 24.2, 33.6, 46.5,
55.3, 65.9, 120.9, 135.5, 137.5, 137.8, 139.6, 140.9, 162.0. m/z(ESI) 1170 (10), 1169
(35), 1168 (90), 1167 (MH*, 100). HRMS (ES): Calculated for MH* (Ceali10sNeOsAL*)
1167.7839, founad 1167.7799.

23: pale yellow solid obtained in 67% vield. [a]®, —170 (¢ 0.01, DMSO). vrex 2859,
1631 and 1084 e, "H-NMR &4 (DMSO-dg): 1.04-1.99 (24H, m, 8xCH.CH3), 1.50-
2.15 (16H, m, 2x(CHa)a), 2.5-2.6 (16H, m, 8xCH:CHg), 8.1-4.5 (12H, m, 4xCHN +
4xCCH:N), 8.91 (4H, d, J = 7.6 Hz, 4xHa), 7.40 (4H, d J = 7.6 Hz, 4xHa), 7.55 (4H,
8, 4xHar), 8.43 (4H, s, 4xHC=N}.

24: pale yeliow solid obiained in 65% vield. veex 2971, 2225 and 1634 cm™. 'H-NMR
On (DMSO-dg): 1.05 (24H, m, 8xCH.CHs), 2.15-3.5 (24H, m, 8xCH.CH3 + 4xCCH:N},
3.90 (8H, m, CHzN), 6.81 (4, d J = 5.7 Hz, 4xHa), 7.32 (8H, m, 8xHa), 8.50 (4H, s,
HC=N).
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Example 1

(Bn)Elz

N (Bn)zstz N'BmEL,
+Bu {-Bu t m&\

) . % - Bué)p

NEL, Ny N (Bn;:::2 N (Bn B,
7 §  Br

Qﬁb

/,w

10

5 {a} (1R2R)-N,N'-Bis[3-tert-butyl-5-{N-benzyl-N,N-diethylaminomethyl)salicylid-

enejcyclohexane-1,2-diamine dibromide (9}
To a solution of (1R, 2R)-N,N-bis(3-feri-butyl-5-diethylaminomethylsalicylidene)-
cyclohexane-1,2-diamine (7)(604.9 mg, 1 mmol) in acetonitrile (60 ml}, benzyl
bromide (342.1 mg, 2 mmol} was added dropwise o give a yellow solution, The

10 reaction was stirred at 30°C overnight. After evaporation of volatiles, a yellow oil was
obtained which was recrystallised from n-hexane. Yield: 55%. Bright yellow solid.
[a]*° ~38.6 (¢ 1.0, CHC). viex 3392, 2080, 1608, 1545 and 1470 cnv’. "H-NMR &,
1.00-2.00 (38H, m, 10%xCHs, (CHg)s), 3.40-3.50 (2H, m, 2xCHN)}), 3.56 (8H, q, /=7.5
Hz, 4xCH,CHs), 4.20 (4H, 2xCCHN), 4.99 (4H, 2xCCHN), 6.44 (2H, d, /= 2.4 Hz,

16 2xHa), 7.65 (2H, d, J = 2.4 Hz, 2%H,), 8.38 (2H, 5, 2%xHC=N), 14.30 (2H, br s,
2x0OH). ¥C-NMR &¢: 11.3, 23.4, 28.3, 31.2, 35.1, 51.1, 60.3, 60.4, 72.7, 120.2, 128.8,
128.8, 129.2, 129.9, 130.6, 134.9, 157.2, 163.9.

{b) Bis{(1R,2R)-N,N -Bis(3-tert-butyl-5-{N-benzyl-N, N-tiiethylaminomeihyl)-
20  salcylidene bromide]cyclohexane-1,2-diamincaluminium(lll) oxide (10)
This reaction has to be performed under an inert atmosphere in dry conditions.
Ligand {9)(1 mmol) and A{OET), (324.1 mg, 2 mmol} were dissolved in a mixture of
toluene (5 mL) and ethanol (5 mL). The reacting mixture was heated fo reflux for 5
hours. An occasional residue of alumina could be removed by filtering through a
25  sinter. The mother liguor was evaporated, then H.0O (30 mL) and dichloromethane
(30 mL) were added. The complex was extracted using dichloromethane (3%20 mL)
and organic layers were dried over MgSO4. Volatiles were remover under low
pressure to give a pale solid, which was recrystallised using EO. Yield: 33%: Pale
yellow solid. [0l —281 (¢ 1.0, CHCI). IR 2946, 1624, 1551, 1470, 1208 and 1030



2026 Ph 0354 21 26 Ph 0 6 69 22 26 Ph 0 24 89 Reactions carried out neat with dimeric Moelen)
complex (2.5 mol-%) and the corresponding epoxide (1 mmol) under carbon dioxide at 26 C and 1 atm

unless otherw Costh Qﬁ)q 2 Determined by 11-1-NMR spectroscopy." Volaggerlgtgﬂ)m%m&gprial was
removed and t eoyizlld v?/'as determined by difference of weight, Reaction 5performed at 0 C. b)

Complexes 12 & 13 These complexes were used@t 2.5 mol% in propylene carbonate (5 eq.) and
styrene oxide (1 mmol) under carbon dioxide at 26C and 1 atmosphere pressure unless 10otherwise

stated below. The reagti jed .out hy.dissglvi comp s (0.04 mmol) in propylene
carbonate (0.8-%391 'ifﬁﬁéﬁ%@%ﬁ%ﬁé’v%itr?gqr—r%égn\gﬁgés%%eﬁ%%ag%?y?é%&éé% *(200 mg, 1.66
mmol) was theh JcriBAHY the?*(CHa)a), 2.45-2.50 (T6H, m, 8xCH;CHs), 3.10-3.15 (2H, m,

2%CHN), 3.40-3.50 (16H, m, 8xCCH,Ny), 3.80-3.85 (2H, m, 2xCHN), 7.10~7.50
(28H, m, 28%Hy), 8.20 (2H, s, 2xHC=N), 8.35 (2H, 5, 2xHC=N). “C-NMR & 10.3,

5 245, 30.0,30.2 34.8, 48.3, 57.6, 60.2, 73.8, 119.1, 119.6, 124.6, 127.4, 127.9,
128.9, 135.2, 141.8, 156.5, 166.1,

E’; Br Br
NEE, N (Bn)EY NBmEL  NEnEL,
} =
PNy
i By ] By By {
AN OH P o N
- ‘\ ” L A la} Al j
‘N i ] NI 7 7 f
i ) 4
i N Bu: By
o
:'(Bn)az NEnE,  NTEne,
20 Br Br

21
{c) N,N -Bis[3-tert-butyl-5-(N-benzyl-N,N-diethylaminomethylsalicylidene]-
10 ethane-1,2-diamine dibromide {(20)
The bis-ammonium salt (20) was synthesised from the salen ligand (17} in an
analogous manner to step (a) above. vm 3383, 2648 and 1647 om™. 'H-NMR 8
1.44 (12H, t J = 7.5 Mz, 4xCH.CH3), 1.51 (18H, s, 2xC(CH3)s), 2.78 (BH, q J =7.2 Hz,
4xCH,CHs), 3.6-3.8 (4H, m, 2xCH:N), 3.9-4.1 (4H, m, CCHzN}), 7.0~7.4 (4H, m,
15 4xHa), 8.25 (2H, 5, 2xHC=N), 13.99 (2H, br 5, 2xOH). *C-NMR & 1.9, 29.6, 35.1,
46.5, 56.6, 59.7, 65.7, 118.8, 121.1, 127.5, 128.8, 129.0, 120.5, 135.5, 137.3, 139.8,
141.0, 162.6.

{d) BisIN,N -Bis(3-ferf-butyl-8-(N-benzyl-N,N-diethylaminomethyl)salicylidene
20 bromidelethane-1,2-diaminocaluminium{lil) oxide {21)
The catalyst (21) was synthesised from the bis-ammonium salt {20) in an analogous
manner to step {b) above. A pale yellow solid was obtained in 42% vyield. vy, 2950,
1634 and 1029 cm™. "H-NMR &4 1.05 (24H, t J = 7.3 Hz, 8xCH:CHa), 1.45 (36H, s,
4xC(CHa)a}, 2.95~3.15 (16H, m, 8xCH,CHa), 3.20-3.45 (4H, m, 2xCH:N), 3.90-4.30
25  (4H, m, 2xCH:Nj), 4.50 (8H, s, 4xCCH:N), 7.10-7.50 (28H, m, 28xHa}, 8.00 (2H, s,
2xHC=N), 8.13 (2H, s, 2xHC=N), *C-NMR &, 11.5, 30.0, 35.7, 46.81, 55.4, 57.3,
65.7, 119.2, 118.6, 126.3, 131.1, 132.5, 132.6, 134.4, 141.9, 164.9, 170.1.



sample vial was placed in a large conical flask. The conical flask was placed in an oil bath
thermostatted at 26C. Cardice pellets were added to the conical flask which 15was fitted with a rubber
stopper pierggsl o ssflated balloon. The reaction was stirred for the regiisegddengiagbiime, then
filtered to remove the supported catalyst which was washed thoroughly with CH2CI2 (20 mL). The
filtrate and washings were combined and evaporaséd in vacuo and the residue analysed by 'H NMR
39 spectroscopy to determine the conversion of styrene oxide to styrene carbonate. The immobilized
catalyst could be returned to the sample vial and reused, as ghown wjth the repeated runs below.

Entry Catalyst Run Timé&h) Cotyersion (%)a 12 1st 3 0 2b,e;ghd2 13?3’3;&,7 3b,c,ci 122nd 39
xz ff i l - i

N

AN

N (Bn)E‘LZ N (Esn)':t2

23: %7 = {OH,),
2410 =H 25: X2 = (CH,},
26 XE=H
(e} Bis[{1R,2R)-N, N’ -Bis(5-(N-benzyl-N,N-diethylaminomethyi)salicylidene
bromidelcyclohexane-1,2-diaminoaluminiumi{iill) oxide (25) and Bis[N,N'-Bis(5-
{N-benzyl-N,N-diethylaminomethyl)salicylidene bromide]ethane-1,2-
5 diaminoaluminium(lil) oxide (26)

Benzyl bromide (0.07 mL., 0.6 mmol) was added {o a selution of bimetallic complex
(23} or (24} {0.1 mmol) in propylene carbonate (10 mL) and the reaction stirred at
85°C for 16 hours. The solvent was svaporated in vacuo to give com{aounci (25) or
{26) as a pale orange powder.

10
25: pale orange solid obtained in 52% vyield. [a]% 240 {c 0.01, DMSOQ). vmax 2823,
1625 and 1088 cm. "H-NMR &y (DMSO-ds): 1.04-1.99 (24H, m, 8xCH,CHs), 1.50—
2.15 {16H, m, 2x{CHa)a}, 2.5-2.6 (16H, m, 8xCHCHa), 3.1-3.9 (12H, m, 4xCHN +
4xCCH:N), 4.50 (8H, 5, 4xCCHN), 68.74 (4M, d, J = 7.3 Hz, 4xH), 6.82 (4H,d, J =

15 7.3 Hz, 4xHa), 7.13-7.46 (24H, m, 24xHa), 8.43 (4H, s, 4xHC=N).

26: pale orange solid obtained in 40% yield. vme 2960, 1644 and 1032 cm'. "H-NMR
On (PMBO-ds): 0.99 (12H, m, 4xCH:CHy), 1.82 {12H, m, 4xCHCH;), 3.21 (16H, g J
=7.1Hz, BKCHaCHa),‘4.1-|-4.3 {16H, m, 4xCCH:N + 4xCHaN), 4,57 (8H, s,

20 4xCCH:N), 6.97 (4H, d, J = 8.3 Hz, 4xHa), 7.1-7.4 (24H, m, 24xHa), 7.5-7.6 (4H, m,
AxHy), 7.80 (4H, 5, 4xHC=N).
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Example 2
NEY EE,N
t-Hu tau@ lxé‘\@u 1—Bu/¢|

5  Merrifield resin (120 mg, 0.2 mmol) was swollen in a minimal amount of
DMPF/dichloromethane, Complex (8)(240 mg, 0.4 mmof) was added and the mixture
was stirred for 24 hours af 30°C. The resin was filtered off and washed using DMF
{10 mL.}, DMF/dichloromethana (1:1) (10 ml.), dichloromethane (10 mL), then it was

. dried under vacuum fo give compound (12) as a yellow-coloured resin.

10
1ButBu’$\

‘..

LBe tRu .

NE:2 EtM

Example 3

NEL, ELN

'_Z

8 18

{a) Merrifield resin (120 mg, 0.2 mmol) was converted into the correspomndmg
bromomethyl resin by ireatment with a large excess of tefrabutylammonium bromide
15  for several days in dichloromethane / DMF. Compilex (8)(240 mg, 0.4 mmol) was
added to this resin and the mixture was stirred for 24 hours at 30°C. The resin was
filtered off and was washed using DME {10 mL), DMF/dichioromethane (1:1) {10 mL),
dichloromethane (10 mL.), then dried under vacuum to give yellow-coloured resin
(13). vmax 2820, 2160, 1634, 1450 and 1066 cm™.
20
(b) iImmonbilized catalyst 27 was synthesised from complex (22} in an analogous
manner to step (a) above. 75% vield. vaax 2963, 21589, 1634, 1451 and 1081 em™.
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Example 4
. Br Br
NEit, Et,N ) N*{Bn)EL, N(BRIEL,
<
| -B8U i-8u = +Bu +-Bu |
z 1, x2 Xz
—— Al
‘1 "“
t-8u {-Bu +Bu By
Br” Lar
N'Et, ELN N £t N {En}Etz
18: %2 = (CH,), 28: X2 = (CH,),
@ = 2¢:X2=H

A sampie of resin (13) or {27) (0.04 mmol} was swolien in DMF/CH,Cl, and a large
5  excess of benzyl bromide (40 mg, 0.24 mmol) was added. The mixture was stirred at
room temperature for 24 hours, then the reaction was filtered and the resin washed
with DMF (10 mL}), DMF/ dichloromethane (1:1) (10 mL), dichloromethane (10 mL),
then diied in vacuo o give a yellow-coloured resin,
{28): vimex 2922, 2158, 1634, 1635, 1450 and 1028 cm?
10 (28): 83% yield. vmax 2961, 2158, 16386, 1544 and 1023 em

Example 5

a) Complexes (10), (21}, (25) and (26)

Complexes (10}, {21}, (25) and (26) were tested in the reaction of some terminal
15  epoxides with carbon dioxide at room temperature and atmospheric pressure.

A

Q R O o
/Nt CO } /
R 2

R

Tabie 1. Cyelic carbonate formation from epoxides.
Entry  Complex R TBAB (mok%)  Time (h) Conversion (%)

1 10 Ph 0 3 71
2 10 Ph 0 6 97
3 10 Ph 2.5 3 74
4 10 n-Bu D 3 30°



1st 6 69 15 13 1st 20 100 16 132nd 30 17 13 2nd 6 37 18 13 2nd 20 94 19 13 3rd
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5 10 n-Bu 0 6 63°
5] 10 n-Qatyl 0 3 44
7 10 n-Octyl 0 8 81
8 10 CHzOH 0 3 55
9 10 CHOH 0 6 79
10 10 CH,C! 0 3 59°
11 10 CH,Cl 0 6 g1°
12¢ 10 Me 0 3 50°
13° 10 Me 0 8 62°
14 21 Ph 0 3 69
15 21 Ph 0 6 88
16 21 Ph 0 24 99
17 25 Ph 0 48
18 25 Ph 0 60
18 25 Ph 0 24 73
20 26 Ph 0 54
21 28 ~ Ph 0 69
22 26 Ph 0 24 . 89

Reactions carried out neal with dimeric Af(salen) complex (2.5 mol-%) and the
corresponding epoxide (1 mmol) under carbon dioxide at 26 °C and 1 atm unless
otherwise stated. ® Determined by "H-NMR spectroscopy.” Volatile starting material
was removed and the yield was determined by difference of weight. ° Reaction
performed at 0 °C.

b) Complexes 12 & 13

These complexes were used at 2.5 mol% in propylene carbonate (5 eq.) and styrene
oxide (1 mmof) under carbon dioxide at 26°C and 1 atmosphere pressure uniess
otherwise stated below. The reaction was carried out by dissolving the complexes
(0.0415 mmmol} in propyiene carbonate (0.85g) in a sample vial fitted with a
magnetic stirrer bar. Styrens oxide (200 mg, 1.66 mmol) was then added and the
sample viai was placed in a large conical flask. The conical flask was placed in an oil
bath thermostatted at 26°C. Cardice pellets were added to the conical flask which
was fitted with a rubber stopper pierced by a deflated balloon. The reaction was
stirred for the required length of time, then filtered to remove the supported catalyst
which was washed thoroughly with CH:Cl, (20 ml.). The filirate and washings were
combined and evaporated in vacuo and the residue analysed by 'H NMR



352013 3rd 62521 13 3rd 20 70 5a Determined by GC. Reaction performed solvent-free. Reaction
performed in the presence of 2.5 mol% of TBAB. d Only 0.5 mol% of the complex (12) was used. The
use of propylene,saihpnate as a solvent is compatible with the catalytic sysieak.d@/Hdsamplexes (28)
and (29) Complexes (28) and (29) were tested at 2.5 mol% in the in the reaction of styrene oxide (1
mmol) with carbon dioxide at 26C and 1 atmosph&ge pressure in the presence of propylene carbonate
(5 eq.) as a solvent, with 20 hours for each WO 2009/109765PCDGE2009/001)624 40 reaction. The
complexes wekglRaLin bRARYTIRlR, LRRAANOrL 85 B AERT I AR o ALTPIRX (26) gave

styrene carbonate and 60% over four 5consecutive reactions. Complex (29) gave

|e ld
styrene carborﬂ'ﬁ?%oé %‘i%fa}bs‘ﬁ“%i’%ﬁ%w %%%P%d’ﬁ%’é&f\%%@ﬁ@HEWTOV'ﬁkample 6 (a)
Synthesis of [AbesgragiERl @e belostatically supported on clays.

Entry Catalyst Run Time (h) Caonversion (%)*
18e 12 1st 3 0
2hed 12 1st 3 17
3hed 12 2nd 3 9
4° 12 1st 3 37
g¢ 12 1st 6 67
6° 12 1st 20 100
7° 12 2nd 3 5
g° 12 2nd 6 37
g° 12 2nd 20 86
10° 12 3rd 3 0
11° 12 3rd 8 20
12° 12 3rd 20 63
13 13 st 3 11
14 13 1st 6 B2
15 13 1st 20 100
16 13 2nd 3 0
17 13 2nd 6 37
18 13 2nd 20 94
19 13 3rd 3 5
20 13 3rd 6 25
21 13 3rd 20 70

5 2 Determined by GC, ® Reaction performed solvent-free. © Reaction performed in the
presence of 2.5 moi% of TBAB. ¢ Only 0.5 mol% of the complex (12) was used.

The use of propylene carbonate as a solvent is compatible with the catalylic system.

10 cj Complexes (28) and (29)
Complexes (28) and (28) were tested at 2.5 mol% in the in the reaction of styrene
oxide (1 mmol) with carbon dicxide at 26°C and 1 atmosphere pressure in the
presence of propylene carbonate (5 eq.) as a solvent, with 20 hours for each



Clays (0.5 g) were activated at 120C for three days prior to use. After the activation, the clay (0.5 g)
“was added to a solution of aluminium complex (21) (0.140 g, 0.08 mmol) in DMF (30 mL) and refluxed

for 30 hoursyguWassessntly, the mixture was 15 filtered and washed with DI £4x2Q,4pMs), EtOAC (4x20
mL) and dichloromethane (3x20 mL) to yield a powder which was dried under vacuum for 24 hours.

[Al(salen)]20 supported on Bentonite (30): Pale Bi®dwn solid, yield 99%. vmax 3540, 2150, 1987 and
1659 cm-1. 20 [Al(salen)]20 supported on Montmorillonite K10 (31): Purple solid, yield 99%. vm",,

3500, 1659 and 922 cm-1. ftsalen)) r | gillar (32 rown solid, yield
ACP/ Vmax 25 %%‘86', T%%ﬁoéﬂ def%%%eéé%ﬁnﬁgggﬁ%%& ‘%f ?tﬂ?eﬁgt%a@?{bso%ga)?e%éséﬁ?g [Al(salen)]20

electrostatica®®&pported on clays Styrene oxide (0.2 g, 1.66 mmol) and catalyst (30-32) (0.5 g, 0.1
mmolig support) in 30 propylene carbonate (0.84 g) were placed in a sample vial fitted with a magnetic

stirrer bar andlased Fepdaveeicrnsakitaskichnaisenical7iiast wassphaceerifoan oil bath thermostatted

at 26C. Cardice#ellets were.added to the conical flask which was fitted with a rubber stopper pierced

by a deflated B (%Ht.' r(eaaggﬁ?é’hts of the reaction vial were stirred for 24 hours during which time the

balloon inflated as the 35cardice pellets evaporated. The reaction was filtered to remove supported
catalyst 41 arubittpteshdtigavarsyseoch Ga@aiddsaiih @ the’ci44oN B rene oxide into styrene

carbonate. Catglyst Gonyeisieni%) 305%5 313% 327% Example 7 10 (a) Synthesis of modified Si02
(3-Chloropropyl)-triethoxysilane (0.16 mL, 2 mmol) was added to a mixture of activated 8i02 (2g) in dry
toluene (25 mL) and refluxed under N2 for 24 hours. Subsequently, the mixture was filtered and
washed \ifth Exg#eRI2:850 mL) to yield a yellow powder (95%). v," 2505, 2160 and 1975 cm-1. 15 33
Modified Si02 ¢ Syp)hweis ad (iestoea i tierirosakinnivianprortgsien@2y%0.175 g, 0.15 mmol) in
ChisCN (40 mb, anddhgMikkrswaseiivseayeniataydabridases. After the activation,

the clay (0.5 g) was added to a solution of aluminium compiex (213 (0.140 g, 0.08

mmol) in DMF (30 mL) and refluxed for 30 hours. Subsequently, the mixture was

15 fillered and washed with DMF (4x20 mL), EtOAc {4x20 mL) and dichloromethane

(3x20 mL) to vield a powder which was dried under vacuum for 24 hours.

[Al(salen)]:O supported on Bentonite (30): Pale brown solid, yield 99%. vma 3540,
2150, 1987 and 1659 cm™.
20
[Al{salen)lO supported on Montmorilionite K10 (31): Purple solid, yield 99%. vrax
3500, 1659 and 922 cm™.

[Al{saien)}0 supported on Al pitlared clay (32): Paile brown solid, yield 29%. vmax
25 3500, 1654 and 1034 em™.

(b) Synthesis of styrene carbonate using [Al(salen)l.O electrostatically
supported on clays
Styrene oxide (0.2 g, 1.66 mmol) and catalyst (30-32) (0.5 g, 0.1 mmol/g support) in
30  propylene carbonate (0.84 g) were placed in a sample vial fitted with a2 magnetic
stircer bar and placed in a large conical flask. The conical flask was placed in an oil
bath thermostatted at 26°C. Cardice peliets were addsd to the conical flask which
was fitted with a rubber stopper pierced by a deflated baileon. The contents of the
reaction vial were stirred for 24 hours during which time the balloon inflated as the
35 cardice pellets evaporated. The reaction was filtered to remove supported catalyst



20 mbdure was filtered and washed with EtOAc (4x50 mL) to give silica supported complex (33) as a
yellow powder. vmax 3500, 1649 and 1070 cm-1. 3334 Tetrabutylammonium bromide (193 mg, 6

mmol) was dgleshin @suspension of supported complex (33) (0.220 g, lypmehhiRdahiesN (40 mL)

and the resulting 5 mixture was refluxed overnight. Then, the mixture was filtered and washed with
EtOAc (4x50 mt.) to give silica supported complex484) as a yellow powder. vniax 3427, 1628 and 1070
cm-1. (c) Synthesis of benzylated [Al(salen)]20*Br supported on modified Si02(35) 34 1036 Benzyl

bromide (0.09 gyl CURIANASEAER © ARISRENPL Al SuRROIEd R () 0.240 0. 1

mmol) in CH3CN (40 mL e resulting mixture was refluxed overn t ubgequently, the mixture
was filtered and{FagHaPAnaEE0AC (4 x 50 mL) to give silica supported complex (35) as a yellow
powder. v." 3410, 1633 15and 1078 cm-1. WO 2009/109765PCT/G132009/000624 43 Example 8 (a)
Synthesis of nmeatidlest Al pdlaverkidaip{3-Chloropropyl)-triethoxysilane (0.16 mL, 2 mmol) was added to
a mixture of agjiyated Al gillared clay (g g) in dry toluene (25 mL) and the mixture was refluxed 5 under
N2 for 24 hour 3 Then, the mixture was filtered and washed with EtOAc (4x50 mL) to give a yellow
powder (95%)."yam 35124hd 1028 cm. (b) Synthesis of [Al(salen)]20*C1- supported on modified Al
pillared clay (38 N,C Etp’#0 clay 36 10Modified Al pillared clay (0.1 g) was added to a solution of
aluminium complex (22)

Example 7

10 (a) Synthesis of modified SiQ,
(3-Chloropropyl)-triethoxysilane {0.16 ml, 2 mmol} was added to a mixiure of
activated SiQ; (2g) in dry toluene (25 ml.) and refluxed under N, for 24 hours,
Subsequently, the mixture was filtered and washed with EtQAc (4x50 mL.) to yield a
yellow powder (25%). vmax 2505, 2160 and 1975 cm.

15
(b) Synthesis of [Al(salen)L,0*Cr supported on modified 810, (33)

NEL, EtN NEE, ELN
/:E\x i :
NE b Bu By il | 5 By 'Bu |
X o, N 44 I
a O A + ——r [ ‘AE o N j
. . o
N

ol

=z

'Bu  ‘Bu

NTE
mNt*
2

Modified Si0z (0.1 g) was added to a solution of aluminium complex (22) (0.175 g,
0.158 mmol) in CH:CN (40 mL) and the mixture was refluxed overnight. Then, the

20  mixture was filtered and washed with EtOAc (4x50 mL.} to give silica supported
complex (33) as a yellow powder. vme 3500, 1649 and 1070 cm™.

=z
g

&

N
=

E

Osllica
33



(0.175 g, 0.15 mmol) in CI-13CN (40 mL) and the mixture was then refluxed overnight. Subsequently,
the mixture was filtered and washed with EtOAc (4x50 mL) and dichloromethane (3x 50 mL) to give
clay supportgd, GespRIe%;£36) as a yellow powder. Vmax 3410, 1627 and %&l&&ﬁy 15 (¢)
Synthesis of benzylated [Al(salen))20+Br supported on modified Al pillared clay (37) 44 Benzyl
bromide (0.09 mL, 0.72 mmol) and tetrabutylammé®ium bromide (193 mg, 6 mmol) were added to a
solution of supported complex (36) (0. 220 g 1 mmol) in CliaCN (40 mL) and the resulting mixture was
refluxed overn re d an h EtOAc (4x50 ml.) to give
clay supporte éj%@h%%%(%%%égﬁ%ﬁé ow pow ?J\tl{!}rtgqu g‘ﬁ% %(5%@ ??'3 1028 cm-1. Example 9:
Synthesis of styrene carbonate using sdp orted catalysts ( Fand f Styrene oxide (0.2 g, 1.66
mmol) and catalyst (35) or ( .083 ¢ mmol/g 10s rt) wer ced in a sample vial fitted
with a magnetic stirrer bar ‘se dhi sge conical e & | lask was placed In an oil
bath thermostatted at 26G-"Cafdice pellets. vvé added-tq the conical flaskiwhich was fitted with a
rubber stopper pierced b ae,flated ballogh: "ﬁe con n@ Tthe’reac“tgeﬁ | were stirred for 24 hours
during which time the ballo % 5The reaction was filtered to
remove supported catalyst a p the conversion of styrene
oxide into styrene carbonate. Gatalyst Conversion (%) 35 8p 37 21 20JExample 10 (a) Synthesis of
modified MCM-41 (3-Chloroprapiil}- trlegfﬁloxysnane (0.16 mi; ¥ mmaKY was added to a suspension of
activated MCM-41 (2 g) in dry toluene (25 mL) and the mixturejrefluxed under N2 for 24 hours. The
mixture was then filtered and wash&d¥ith EtOAc (4 x 50 mL) to @Wé a 25 white powder (94%). vmax
2681, 1711, 1057 and 807 cm-1.  *

Tetrabutylammonium bromide (183 mg, 6 mmol) was added to a suspension of

supported compiex (33) (0.220 g, 1 mmol) in CHsCN (40 mL) and the resulting
5  mixture was refluxed overnight. Then, the mixture was filtered and washed with

EtOAc (4x50 mL) to give silica supported complex (34) as a yellow powder. viax
3427, 1628 and 1070 cm™.

(d) Synthesis of benzylated [Al(salen)].0*Br supported on modified SiQ;(35)
CH Ph CH Ph
NEL, Ef,N

Etz E
\
By By E [/’ By sy
G \

Aﬁ)"‘“‘“[ G
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tH al
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\
2 Nﬁ EtN
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O

4
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10 ‘ o 3
Benzyl bromide (0.09 mL., 0.72 mmol) was added o a suspension of supported
catalyst (34) {(0.240 g, 1 mmol) in CH;CN (40 mL) and the resulting mixture was
refluxed overnight. Subsequently, the mixture was filtered and washed with EtQOAc (4
x 50 mL) to give sifica supported complex (35) as a yeliow powder, vrax 3410, 1633

15  and 1078 cm™.



WO 2009/109765PCT/GB2009/000624 45 (b) Synthesis of [Al(selen11204Gr supported on modified
CM-41 (38) 'Thi(MCM41) 38 3-Chloropropyl modified MCM-41 (0.52 g) was added to a solution of
aluminium 5camplex.422) (1.50 g, 0.45 mmol) in CH3CN (40 mL) and the.mixtese,aflidxed overnight.
Then, the reaction was filtered and washed with EtOAc (6 x 50 mL) to leave MCM-41 supported
complex (38) as a yellow powder (0.869! 86%), vadf", 3122, 1628, 1057 and 789 cm* 10 (c) Synthesis
of benzylated [Al(salen))2013r supported on modified MCM-41 (39) 45a 0I-6PhOH2Ph N'E12Et2N"
BrB tBu 0"Ai oé%ﬁ] a12Pb "Si(MCM-41) 3839 Tetrabutylammonium bromide (0.20 g, 0.6 mmol) and
benzyl bromide (0.13 g, 1 mmol) were added to a suspension of supported aluminium complex (38)
(200 mg, 150.1 ﬁ*ﬂ&?ﬁ’?@ﬁ@@ﬂf'@:‘bﬁh@'gﬁg A& mixture was refluxed overnight Then, the mixture
was washed WBHBEI@AR ¢4 -BB:1mixy sddmaiie! MGM24rirsoip pet eddedrivpdexiXB@) as a yellow powder

(0.22 g, 98%). AdtaBAbR) chifi?dd 305 20a1Nth WA/ 18U GRAMR (B ehohsrpraiad Sakalyst digested with 5
mL of 1M 'S_ICILQ{%/ q\@ o?m&.\ysmrhen the mixture was filtered and washed with EtOAc (4x50

mL) to give a yellow powder (95%). vmax 3512 and 1028 cmr.

(b) Synthesis of [Al(salen)]zo*(:!' supported on modified Al pillared ciay (36)

Etzh' NEL, ELN
( f ~By “BuQﬁ /[;\Eu Bu/(\j\

P 1 " _-—
P

Oolay
L Bu¢) k@,‘au Bu\?)
ELN

o N 512 ELN

s 22 K '{
- Dclay
36

10 Modified Al pillared clay (0.1 g) was added to a solution of aluminium complex (22)
(0.175°g, 0.15 mmol} in CHaCN (40 mLl) and the mixture was then refluxed overnight.
Subseguently, the mixture was filtered and washed with EtOAc {(4x50 ml) and
dichloromethane (3x 50 mL.) to give clay supported compiex (36) as a yellow powder.
vmax 3410, 1627 and 1031 em™.

15
{c) Synthesis of benzylated [Al{salen)}:0*Br supported on modified Al piliared

clay {37)
SHPh CH,Ph




46 concentration of 22.55 ppm, corresponding to a catalyst loading of 0.47 mmol per gram of support.
Example 11: Synthesis of styrene carbonate using supported catalyst (39) 5Styrene oxide (1.66
mmol), cataw ,(.(?’(%)1(397%15 mmol) and propylene carbonate (0.845 ) WELS P gjmﬁgﬁample vial
fitted with a magnetic stirrer bar and placed in a large conical flask. The conical tlask was placed in an
oil bath thermostatted at 26C. Cardice pellets werétadded to the conical flask which was fitted with a
rubber stopper pierced by a deflated balloon. The reaction was stirred for 24 hours with 10 samples
being remove ur lysis.b /IMS to determine the conversion of epoxide
to cyclic carbo%g@%%%%%ﬂft@?/vﬂé éTﬁnﬁé%@o%%r%t%gﬁ\% !\él?aﬁo@%ﬁmebﬂﬂég%%g B¢ Example 12:
Synthesis of eAYRhYXERMRLE SIS0 Shobeariest sRrepexdPeEE 2R g BOP(U503 mmol) and
propylene carSé&its (400u) hveerdhaddatita airkaretivs visilieaviiemight-8omtequethiylene oxide (2.01
mmol) was adedurtheatcaglionvidlhaardities Wik Amsonatisiivenans plarrd inside a stainless
steel reaction with sufficient cardi llets to pr rise the system to approximately 6
atmosphe%gs. gﬁ%ﬁg%ﬁq%g%sSﬁggﬁgrvggg%d:ewggaxs%gaﬁd%% e %éé%neﬁbn left to stir for 24 hours after
which the reaction mixture was taken up in ethyl acetate and filtered to remove the catalyst. The ethyl
acetate was eExpopled: Byithesid ot atimressanisoants thanyaighp afithasedidue (@siarained. The
relative compqgigion of propylene and ethylene carbonates was determined by GC/MS and used to

calculate that a,93% conveysion of ethylene oxide to ethylene carbonate had been 25achieved.
%tyrenoe oxEl e {Gc'z a, ?.66 rn%wof? and catalyst (35) or (37) (0.083 g, 0.5 mmol/g

10 support) were placed in a sample vial fitted with a magnetic stirrer bar and placed in
a large conical flask. The conical flask was placed in an oil bath thermostatied at
26°C. Cardice pellets were added to the conical flask which was fitted with a rubber
stopper pierced by a deflated balloon. The contents of the reaction vial were stirred
for 24 hours during which time the balloon inflated as the cardice pellets evaporated.

15 The reaction was filtered to remove supported catalyst and the solution analysed by
GC to determine the conversion of styrene oxide into styrene carbonate.

Catalyst Conversion (%)
35 86
37 21

20 Exampie 19
{a) Synthesis of modified MCM-41
(3-Chioropropyl)-triethoxysitane (0.16 mL, 2 mmol), was added to a suspension of
activated MCM-41 (2 g} in dry toluene (25 mL) and the mixture refluxed under N, for
24 hours. The mixture was then filtered and washed with EtOAc (4 x 50 mL) to give a
25  white powder (94%). v 2681, 1711, 1057 and 807 cm™.



WO 2009/109765PCT/G820091000624 47 Example 13 (a) Synthesis of (Al(salen))20+Cr supported
on solgel (40) 40 m is approximately 10 5(3-Chloropropyl)-triethoxysilane (0.12 g, 0.5 mmol) was
added towiGototiorrdsaluminium complex (22) (0.55 g, 0.5 mmol) in C"i‘ﬁ%ﬂ@o%&;@ﬂ{j the reaction
was refluxed overnight. Then the solvent was removed to leave a product which was dissolved in EtOH
(2mL). Si(OEt)4 (1.12 mL, 5 mmol) was added #$this solution and the mixture stirred for 2 minutes at
room temperature. Then, H20 (3 mL) and NH40OH 10(3 drops) were added and the mixture was
vigorously gy ®ghfaeSdinAiRgiay &-ﬁé@%ﬂ _ %] then placed in an oven at
110C for furth??wo days. Erhte}%fegglﬁ%ﬁgg%as Wasrﬁ&éggv%}t%risﬁo‘%?ﬁa ol (2 x 25 mL) and CH3CN (2
x 25 mL) and dried mighttat 110C to leave the solgel supported, catalyst (40) (0.42 g, 41%). vm"

[Ai(saien)]20+3r" orted g |
(0.20 g, 0.6.m _‘ol)_oandtabecﬁ“zyl

A o

' By B

SHMOM-41)

' . . 38
S-D}iioropropyi modified MCM-41 (0.52 g) was added io a solution of aluminium
5  complex (22) (1.50 g, 0.45 mmol) in CHsCN (40 mL) and the mixtur refiuxed
ovemight. Then, the reaction was filtered and washed with EtCAc (6 x 50 mL) fo
leave MCM-41 supported complex (38) as a yellow powder (0.86 g, 86%). Vmax 3122,
1628, 1057 and 789 cm™.

10 {c) Synthesis of benzylated [Al{salen)]l,0"Br supported on modified MCM-41
(39)



mmol) were added to a suspension of supported aluminium complex (40) in CH3CN (30 mL) and the
mixture refiuxed overnight. Then, the mixture was washed with EtOAc (4 x 50 mL) to leave solgel
supported catalyst (41) as a yellow powder (0.52 g, 96%). vma, 3562, 1629 and 1052 cm-1. ICPMS (5
mg of supported catalyst digested with 10 mL of 1M HCI) gave an aluminium concentration of 13.65
ppm, 10corresponding to a catalyst loading of 0.53;mmol per gram of support. 48a Example 14:
Synthesis of styrene carbonate using supported catalyst (41) Styrene oxide (1,66 mmol), catalyst (41)
(0.0415 mmol) and propylene carbonate (0.845 g) were placed ina sample vial fitted with a magnetic
stirrer bar and placed in 15a large (‘Eg,mlcal flask. The conlqz%’ﬂas \3{%@ placed in an oil bath
thermostatted at 26C. Cardice pellets were added to the eonical flgsk which was fitted with a rubber
stopper pierced by a deflgtet] balloon®The reaction.w. irred for ours with samples being . ,
removed after 3, 6.and ks fao is by GC/ r determine the conversio’n‘ of
epoxide to cyclic carbEH-at,@. The results wice: 20 Tithe fhours) Conver (%1 310 202452 49
Example 15: Synthesis, ef'gthyletie car_o‘k;e usin guﬁ'ﬁc‘p“éff‘ afmygn%g) (35) and (41) (a) Catalyst
(41)(0.0503 mmol) and} 5rgaction vial to which pre-cooled
i ( th a magnetic stirrer and placed
inside a stalnless steel reaftion vesselfalong with suffictent cardice pellets to pressurise the system to
approximately 6 atmosphepesz.Thesstdinless steel reactomwas sa,ai d and the reaction left to stir for 24
hours after which the reactionsmixture was taken up in et)JML CHpPh

Si{MCM-41} SIMCM-21)

gpesgarbbndte (1. Og) ereg adaxo

38 39
' Tetrabutyiammonium bromide (0.20 g, 0.8 mmoi) and benzyl brbmide (0.13 g,“l
mmoi) were added to a suspension of supported aluminium complex (38) (200 mg,
15 0.15 mmol) in CHsCN (30 mL) and the mixture was refluxed overnight, Then, the
mixture was washed with EtOAc (4 x 50 mL) to leave MCM-41 supported complex
(39) as a yeliow powder (0.22 g, 88%). vmex 3452, 1634, 1052 and 947 cm™. ICPMS
(6 mg of supported catalyst digested with 5 mL of 1M HCI} gave an aluminiﬁm



10acetate and filtered to remove the catalyst. The ethyl acetate was evaporated in vacuo and the
weight of the residue determined. The relative composition of propylene and ethylene carbonates was
determined %@ é M3-20 d used to calculate that a 97% conversion of etli;yd% Fq‘%&%gthylene
carbonate had been achleved 15(b) The above procedure was used but with catalyst (29) and
resulted in 95% conversion of ethylene oxide to etftylene carbonate after a reaction time of 24 hours.
(c) The above procedure was used but with catalyst (35) and resulted in 81% conversion of ethylene
oxide to ethylene carb nat ter a react|on t|m 4 hou ple 16: Use of immobilised
catalysts to conver "éf y er?fegc%(glé ene B SALR eﬁsﬁif’ear n}r? %%@WSE\?%ondltlons The flow
reactor is illus@REPIIFHRRIFe 1. Ethylene oxrde was collected from a commercially supplied cylinder as
a liquid in a cooled beaker at -78C and placed, 25 with a magnetic stirrer bar, inside a 360 mL

pre-cooled (-18,igm ARG sarnlﬁée.éeeétprmea%\m%@hﬁag@@a&%églc%%@%59 ealed. Nitrogen and
carbon dr%xrdes aeszeésov%/g[ i P’] fro ! @%S 8&{4%’”355 flow controller u%ts 1) and their
respective lines merge inle 31‘ %ﬁa re r(e vessel eand]| gr g\r'n AR used in the system
was composeddtistainess Resed vl}lfhséﬁ‘ﬁl‘ﬂé’lﬁdﬁ%&lﬁ’l'@téﬁ"&ﬁ%ﬁb‘r@%lfﬁét’@lyaﬂé PlBvafinThe
temperature obttlaepresdadassibt @nvadisantradletidey & aryobtaticdbrracstarkdath (2) to provide the
required rate oieeaaeer@rtl@aénéettlﬁle%@@%tﬁé @o‘ﬁﬁﬂl@t‘dé@rvﬁﬂ&lﬁ (A8 R ANE (adér This was
determined by assrnlg the vessa ﬁuttlgtbllqe dir. ctl t,( a GC y%gr\;g 3 fltted Wth a column capable
e

?1 erced by was ] {N
of separating t ree gases. The vessel outle I ne as then connec o Aetifless steel tubular

reactor 3534)(F8BRIFR ‘?Lefy’ﬁt'f?r’)lﬁ‘é?ék%%ﬂ/\ﬁtl@ oty pBratriata s A PR ggesMittoth ends with a
small volume dfecottorrsidnecfuspakiter tantdic(@rivasteithier leaptatambient temperature or immersed in
a thermostatted water bath. The mixture of COB, 50 ethylene oxide and N2 was passed through the
reactor column at a steady flow rate=Fhe-putlet-of-thereactor{4}-was connected to a sealed glass vial
. | Time !hourz&;lI '| onyersion

(5) via a needle to collect any non ucts: rom the product receptacle passed to
a GC system (6) which was used todetermine the tbncentrations ¢f CO2, N2 and 5ethylene oxide in
the effluent gas stream. The results ®btained with; lxgth silica and pplystyrene supported catalysts are
given in the following table. unJ Catgjyst-{amountigytN2-ftow-{ntimn in) CO2 flow (mUmin) Pressure
vessel temperature (C) Ethylene oxide.consumption (ml Jh)

Example 12: Synthesis of ethylene carbonate using supported catalyst {39)

15 Catalyst (39) (0.0503 mmol} and propylene carbonate (1.0g) were added fo a
reaction vial to which pre-cooled sthylene oxide (2.01 mmol) was added. The
reaction vial was fitted with a magnetic stirrer and placed inside a stainless steel
reaction vessel along with sufficient cardice pellets to pressurise the system fo
approximately 6 atmospheres. The stainless steel reactor was sealed and the

20  reaction left to stir for 24 hours after which the reaction mixture was taken up In ethyl
acetate and filtered fo remove the catalyst. The ethyl acetate was evaporated under
reduced pressure and the weight of the residue determined. The relative composition
of propylene and ethylene carbonates was determined by GC/MS and used to
calculate that a 93% conversion of ethylene oxide to ethylene carbonate had been

25  achieved.



(4) mull Reactor temperature (C) Ethylene carbonate yleld 129 25 25-40 1.0 19 ambient 0. 14g,

0.15% (2. é\% 2@09/105’7652 525-40
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15
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Example 13
(a) Synthesis of [Al(salen)},0*Cl supported on solgel (40)

NEL
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mis apprcmmately 10

(3-Chloropropyl)-triethoxysilane (0.12 g, 0.5 mmol) was added to a solution of
aluminium compiex (22) (0.55 g, 0.5 mmol) in CchN (40 mL) and the reaction was
refluxed overnight. Then the solvent was removed to leave a product which was
dissolved in EtOH (2mL). SI(OEL), (1.12 ml, 5 mmol) was added to this solution and
the mbxdure stirred for 2 minutes at room temperature. Then, H,O (3 mL} and NH.OH
(3 drops) were added and the mixture was vigorously stirred for 5 min. The mixiure
was left undisturbed for 5 days and then placed in an oven at 110°C for further two
days. The resuit:ng solid was washed with isopropanol (2 x 25 mL) and CHa{:N (2%
25 mL) and dried ovarnight at 110°C 1o leave the solge! supported catalyst (40) (0. 42
8 41%). vmax 2914, 1833 and 1067 ocm™.



-1.0 19 ambient 0.089, 0.1% (1.95)  3352.52.5-10 0.21 120 ambient 1,1 g, 1.5% (1.17)
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WO 2009/109765 - PCT/GB2009/000624

48

(b) Synthesis of benzylated [Al(salen)].0"Br supported on solgel (41)

sl:n-gpn grn
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9 41

m is approximately 10
Tetrabutylammomum bromide {0.20 g, 0.6 mmol) and benzylbromide (0.13 g, 1

mmol) were added to a suspensson of supported aluminiurn complex (40) in CH;CN
(30 mL) and the mixture refluxed overnight. Then, the mixture was washed with
EtOAC (4 x 50 mL) to ieave sblgal supported catalyst (41) as a yellow powder (0.52
g, 98%). vmax 3562, 3629 and 1052 em™. ICPMS (5 mg of supported catalyst
digested with 10 mL of 1M HCI} gave an aluminium conceniration of 13.65 ppm,
corresponding to a catalyst ioading of 0.51 mmol per gram of support.



435251.0-10 0.15 96 ambient 1.5 g, 4% (1.17) 53525

15

20

48a

Example 14: Synthesis of styrene carbon_até using supported catalyst (41)

Styrene oxide (1.66 mmal), catalyst (41) {0.0415 mmol) and propviene carbonate

(0.845 g) were piéced in a sample vial fitted with a magnetic stirrer bar and placed in
a large conical ﬁask. The conical flask was placed in an oil bath thermostaited at
26°C. Cardice pellets were added to the conical fiask which was fitted with 2 rubber
stopper pierced by a deflated balloon. The reaction was stirred for 24 houré With
samples being removed after 3, 6 and 24 hours for analysis by GC/MS spectroscopy
to determine the conversion of epoxide to cyt:iic carbonate. The results were:

Time {hours) | Conversion {%}
3 10

20
24 52




1.0-10 0.15 46 ambient 2.4 g, 21% (3.52) 6 352.51.0-10 0.15 25 50 3.4 9,53% (3.52)
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20
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35
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Example 15 Synthesis of ethylene carbonate using supported catalysts (29),
{35) and (41)

(a) Catalyst (41)(0.0503 mmol) and propyiene carbonate (1.0g) were added to a
reaction vial to which pre-cooled ethylene oxide (2.01 mmol) was added. The
reaction vial was fitted with a magnetic stirrer and placed inside a stainless steel
reaction vessel along with sufficient cardice peliets to pressurise the system to
approximately 6 atmospheres. The stainless steel reacior was sealed and the
reaction left to stir for 24 hours afier which the reaction mixture was taken up in ethyl
acetate and fillerad fo remove the calalyst. The ethyl acetate was evaporated in
vacuo and the weight of the residue determined. The relative composition of
propylene and ethylene carbonates was détermined by GC/MS and used 1o calculate
that a 97% conversion of ethylene oxide to ethylene carbonate had been achieved.

{(b) The above procedure was used but with catalyst (29) and resuited in 95%
conversion of ethylene oxide to ethylene carbonate after a reaction time of 24 hours.

(c) The above procédure was used but with catalyst (35) and resulted in 81%
conversion of ethylene oxide to ethylene carbonate after a reaction time of 24 hours.

Example 16: Use of immobilised catalysts to convert ethylene oxide into
ethylene carbonate under continuous flow conditions

The flow reactor is fllustrated in Figure 1. Ethylene oxide was collected from a
commercially supplied cyfinder as a iiquid in a cooled beaker at -78°C and placed,
with a magnelic stirrer bar, inside a 360 ml pre-cooled (-10 {o -40°C) stainless steel
pressure vessel (3). The vessel was then sealed. Nitrogen and carbon dioxide gases
were supplied from cylinders via mass flow controller units (1) and their respective
lines merged o the iniet of the pressure vessel (see diagram), All {ubing used in the
system was composed of stainless steel with an internal diameter of approximately
1.6mm. The temperature of the pressure vessel (3) was controlled by a cryostatically
cooled bath {2) {o provide the required rate of evaporation of ethylene oxide at a
particular flow rate of N; and CO,. This was determined by passing the vessel outlet
fine directly into a GC system (8) fitted with a column capable of separating the three
gases. The vessel outlet line was then connected to a stainless steel tubular reacior
(4)(156 ecm x 10 mm) packed with a solid supported catalyst and plugged at both ends
with a small volume of cotton. The tubular reacior (4) was either kept at ambient
temperature or immersed in a thermostatted water bath, The mixiure of CO,,
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ethylene oxide and N; was passed through the reactor column at a steady flow rate,
The outlet of the reactor (4) was connected to a sealed glass vial (5) via a needie to
collect any non-gaseous products. The outiet from the product receptacie passed to
a GC system (8) which was used to determine the concentrations of COy, N, and

5  efhylene oxide in the effluent gas stream. The resulis obtained with both silica and
polystyrene supported catalysis are given in the following table,

5 = g @
= E | E g O o = 5 o
g E |3 e L o 2
£ J | E ¢ @ X 8 £ S
S £ | = > 3 c = @ &
= = |z g F |2 8= s g
7 z | © 5 O c E =& 5 <
"?" 2 = @ g 2 g [ E 2 -

s |8 |S|o |8£ 25|E S8 £ 3

4 &1 =z | O a X i & | o 2 w5

1 29 25 |25 -40 1.0 19 ambient 0.14 g, 0.15%
{2.51)

2 35 25 125 -40 1.0 19 ambient 0.08 g, 0.1%
{(1.85)

3 35 25125 ~10 0.21 120 ambient 1.149. 1.5%
(1.17)

4 35 25 (1.0 -10 0.15 96 ambient 1.549,4%
(1.47)

5 35 25110 -10 0.15 46 ambient 2449, 21%
(3.52)

8 35 25110 -10 0.18 25 50 3445, 53%
{3.52)

7 35 25110 |-10 0.15 7 &0 1.49 g, 80%
(3.52)




51 CLAIMS 1. A dimeric aluminium(salen) catalyst of formula I: R7R3 Y 11 /Q., 00, ,, O\(l) .1,:,41,0,Al,X2
X\ Q' 00 *C2 915 Il YR 1kY 5wherein: Y-Q is CR21=N or CRO1R02-NR"11, where Rti, Fic2 and WI"
are indepengenthoselesied from H, halo, optionally substituted C1.20 alkyicoftinnallyesstastituted
C5.20 aryl, ether and nitro; each of the substituents R', R2, Fr, Fr, Fr, Fr, Fr, Fr, Fr, Fro, R11, R12, Fro,
H14, HIS, 10and H", is independently selected frobh H, halo, optionally substituted C1-20 alkyl,
optionally substituted C5.20 aryl, optionally substituted C3.20 heterocyclyl, ether and nitro; X' and X'
are independegily;gigher (1) a C2.5 alkylene chain, which is optionally substituted by one or more
groups selected from C1.4 alkyl and 05-7 aryl, or a 01-3 15bisoxyalkylene chain, which is optionally
substituted by one or more groups selected from Cm alkyl and C5.7 aryl or (ii) represent a divalent
group selected fr&rfog iy dunisieneHensany diRlieretlidd C3.7 heterocyclylene, which may be
optionally substituted; (I) (a) at least ong;0f R', R2, Fr, kg8 Fr, Fr, R7, Ro, Fr, Fro, Fri, R12, H123 R14,
1:115, 20and IR's is selected fromd-A, whergd iga single bgnd or a C1.10 alkylene group and A is an

ammonium group paired with a countg Selected =T, Brand 1; and/or (b) at least one of X'
and X' is a divalent 03.7 heterocyclere.qse l:?gonl;' ing atom which is a quaternary nitrogen
atom paired with a counterion ZSSeIecte from CI’? Br aod l; %nd/or
| X Al 0 N
Q O o

5  wherein:
Y-Q is CR®'=N or CRE'R®2-NRM, where R®', R® and BM are independently selected
from H, halo, optionally substituted Ci. alkyl, optionally substituted Cs.e aryl, sther
and nitro;
each of the substituents R?, R?%, R R4 RS RS, R, RS, R%, R, RY, R, R, R*, RY,
10 and R', is independently selected from H, halo, optionally substituted Ci.ac alkyl,
optionally substituted Cseo aryl, optionally substituted Cs.zo heterocyciyl, ether and
nitro;
X' and X? are Independently sither () a. Czs alkylene chaln, which is optionally
substituted by one or more groups selected from Cq.4 alkyl and Cs ary!, or a Cia
15  bisoxyalkylene chain, which is optionally substituted by one or more groups selected
from Ci alkyl and Csy aryi or (ii) represent & divalent group selected from Cs.;
arylene, Csy cyclic alkylene and Cg» heterocyclylene, which may be optionally
substituted;
(i} (a) atieastone of R, R? 3 RY RS RS R RS RS RY R R® RY, RY RS,
20 and R is selected from L-A, where L is a single bond or a C..4p alkylene
group and A is an ammonium group paired with a counterion sslacted from
Cl, Brand l; and/or
(b} at least one of X' and X? is a divalent Cs- heterocyclene group, containing a
ring atom which is a quaternary nitrogen aiom paired with a counterion
25 selected from Cl, Br and |; andfor
(¢} atleast one of X' and X2 is a C.; alkylene chain or a Ci.s bisoxyaikylene'
chain, substituted by a group -Q-L-A, where Q is either -C(=0}-0O-, -C(=0)-
NH-, or a single bond; '



(c) at least one of X' and X2 is a 02.5 alkylene chain or a C-$.3 bisoxyalkylene chain, substituted by a
group -Q-LA, where Q is either -C(=0)-0-, -C(=0)- NH-, or a single bond; 52 and/or (ii) (a) one of RI,
R2, R3, R4, {8 B #34:R8, Rs, Rio, Rvi, R12,R13, ri *14, R16, and R" is:khpusifdss as defined
above and A' is a ammonium linking group bound to a solid support and paired with a counterion
selected from CI, Br and I; or 5(b) one of X' and X% a divalent C3-7 heterocyclene group, containing a
ring atom which is a quaternary nitrogen forming part of an ammonium linking group bound to a solid
support and pajrgg,with a counterion selected from Cl, Br and!; or (c) one of X' and X' is a 02.5
alkylene chain gr a 01.3 hisoxyalkylene chain, 10substituted by a group -Q-L.-A'. 2. A catalyst
according to clg‘r)n(lai,%?}gré:i‘ﬁ é@ Ts%Fﬁpﬁlp Rj,’ @?’ﬁcgﬁély‘fgf 'ﬁégﬁaﬁn%éto 1Ttadarﬂdf‘:!\c)\}ﬁerein Rlis
selected from H and B'4vwiRie L1is a3 dafisadapsyageoding eoretainium ivkissairo¥p @oisCRelf3c2-NR,
and Ficl, Rc2 and Atbareokt supforfesaislyst aseordingtaany-mheetihes oreseding sfaims, wherein

R4=R5=20 R" =/Al 6 alysk ' f ' [ herein th
of R, R, e, R R R R R A ke P e e i or b

A' are independently\glﬁeU J?e%qaf&ﬁrﬁﬂ?‘?%l})‘;ﬁ”@%?%ﬁ ARTENiEMAIRKRGEPUR- cording to any
one of the precedingaichis, BREFSHAPIS gndurebigd stithireeb OntSiatkgidantegioup Ci, B8. A catalyst
according to any oneagfither preceding claims where (a) at least one 300of R1, R2, R3, R4, Ra, R6, R7,

Re, Re, Rio, RH 15,1514 % 206 EL10 5 SEESHSS 1o b alpr Pl ghleast one of Xi and X2

is a divalent 03.7 heterocyclene group, containing a ring atom w IS"a quaternary nitrogen atom
paired with'a counte FYRSEMIEEREFERIPBrAnd I; and/or (c) at least one of X1 and X2 is a
C2_b5alkylene chain or a C1.3 bisoxyalkylene chain, substituted by a group -Q-L-A, where Q is either -

2. A catalyst according to claim 1, wherein Y-Q is CR®=N.

3. A catalyst according to claim 2, wherein R" is selected from H and C+ alkyl.
15

4, A catalyst according io claim 1, wherein Y-Q is CR®'R®-NRM, and R™, B¢

and RV are H. '

5. A catalyst according to any one of the preceding claims, wherein R* = R =
20 R“=R¥=H,

6. A catalyst according 1o any one of the preceding claims, wherein those of R?,
R R® RS, R®, A7, R®, R, R, R R, R and R' which do not comprise -L.-A or L-
A' are independently selected from H, Ci aikyl, ether and nitro.

25
7. A catalyst according to any one of the preceding claims, wherein L is an
unsubstituied Gy alkylene group.
8. A catalyst according to any one of the preceding claims where (a) at least one

30  of R, RE R® R, RP RS, R, RS, R®, R™®, RY, R™, R™®, RY, R, and R'® is selected
from L-A; and/or (b) at least one of X' and X?is a divalent Ca; heterocyclene group,
containing & ring atom which is a quaiemary nitrogen atom paired with a counterion
selected from Cl, Br and {; and/or (c) at least one of X' and X2 is a Czs alkylene chain
ot a Cy.¢ bisoxyalkylene chain, substituted by a group -Q-L-A, where Q is either -

35  C(=0)- or a single bond, is immobilized on a solid suppott, sither by the use of steric
effects or by electrostatic binding.



35C(.0)- or a single bond, is immobilized on a solid support, either by the use of steric effects or by
electrostatic binding. 53 9. A catalyst according to any one of claims 1 to 8, wherein one of RI, R2, ™

Rs, R4, fis, Ry Rés/b%R9, Fr, Rli, R12, RI', R", R", and IR12 is selectegfangpkbaiy/daghA' is selected
from -NH(CH3)(CH2)-, -NH(CH(CH3)2)(C(CH3)2)-, -N(CH3)2(0OH2)-, 5 -N(CH2CH3)2(CH2CH2)-, and
-NHPh(CH2)-. 10. A catalyst according to any on&%of claims 1 to 8, wherein X' or X2 is substituted by
-Q-L-A' and is of formula: GILA'/ 10 11. A catalyst according to any one of claims 1 to 8, wherein X' or
X2 is a divalent Ca.2 heterocyclene group containing a ring atom which is a quaternary nitrogen

forming part of an a mon |Iﬂklg§§ E%and %»S ot formula 1.4"1t"R," where RI91 is
yr &

selected from BI, C1. %ﬁf&}’s T EE WhHEIEHINA 19 & 14 eifhﬂ%?l@ﬁ@gl%ug 12. A catalyst
according to aﬁy Bh&dElaithsl) B oRWHE M XA ‘afidl phiE iisceirstrtcinty sdletiddfrom is

-(C1-12)2- or ®eéeti2y fonandH10si:Y 0K 3 aNHTHE GHRLRC(E3 L A catatysh acegyding to claim 12,

wherein Xzandyg é{_@mw%ﬁg and QH@h(%@;gsyst according to any one of claims 1 to 9, wherein X'
and X2 mdepenéently represent C6 cyclic aIkerne or benzylene. 15. A catalyst according to any one

of claims 1 to 9, wherein X" and X2 independently represent a divalent group selected from C5-7
arylene, C5.7 &9c|ic Alkgletyst aaeboRng haa ooy e Maimsahip i8, uherdistiloed” 154 16. A catalyst
according to agybemeted slaigns-A'tendis Whargiithe ammonium counter group is Br. 17. A process for

the production of cyglig carbonates comprising contacting an Sepoxide with carbon dioxide in the
presence of a dimefic aluminium(salen) catalyst according to any one of claims 1 to 15. 18. The
process of claim 17,»wherein the catalysed reaction is: 0 0
10
11, A catalyst according to any one of claims 1 o 8, wherein X' or X2 ig a divaient
Cs» heterocyclene group containing a ring atom which is a quaternary nitrogen
forming part of an ammonium linking group, and is of formula:

, where RM is selected from H, Gy alkyl and Cs.poaryl and where R™ is a
15  Csizalkylene group.

12. - A catalyst according to any one of claims 1 to 9, wherein X' and X? are
independently selected from is «(CHzjo~ or ~O-{CHu)p-O-, andnis 2or3andpis 1 or
2.

20
13. A catalyst according to claim 12, wherein X* and X? are both -CHs-.

4. A catalyst according to any one of claims 1 to 8, wherein X' and X®
independenily represent C; cyclic alkylene or benzylene.

25
156. A catalyst according to any one of claims 1 to 9, wherein X' and X?
independently represent a divalent group selected from Cs.; arylene, C..y cyciic
alkylene and Cs7 heterocyclylene and is unsubstituted.



R"04 + CO2 00 R" R" Il 10wherein R3 and FP' are independently selected from H, optionally
substituted alkyl, optionally substituted C3-20 heterocyclyl and optionally substituted C5.20 aryl, or R3

and 194 forr&er&&g}{g%&y substituted linking group between the two carpgrb@% /B(Bo‘ﬁ’ﬂi(:h they are
respectively attached. 1519.The process according to claim 18, wherein R4 is H. 20.The process '

according to either claim 18 or claim 19, wherein B® is selected from optionally substituted 01.4 alkyl
and optionally substituted Cs., aryl. 2021.The use of a dimeric aluminium(salen) catalyst according to

any one of claifgs 1 1@ 18 JLA0E HAHNEIRD B CYPUR A BIDHESAOTH SRS i

counter group is Br.

17. A process for the production of cyclic carbonates compriging contacting an
5 epoxide with carbon dioxide in the presence of a dimeric aluminium(salen) catalyst
according fo any one of claims 1 to 15.

18,  The process of claim 17, wherein the catalysed reaction is;

0
2 OJJ\O
o AR o FCO ———m H
R R4
1l HH
10 wherein B® and R® are independently selected from H, optionally substituted Cysq
alikyl, optionally substituted Cse heterocyclyl and optionaily substituted Cseo aryl, or
R and R® form an optionally substituted finking group between the two carbon
atoms to which they are respectively attached.

15 149, The process according to claim 18, wherein R% is H.

20. The process according to sither claim 18 or claim 19, whersin R®® is selected
from optionally substituted C..4 alky! and optionally substifuted Cs.7 aryl.

20 21, The use of a dimeric aluminium(salen) catalyst according te any one of claims
1 to 16 for the production of cyclic carbonates from epoxides.



