SYNTHESI S OF CYCLI C CARBONATES I N THE PRESENCE OF
DI MERI C ALUM NI UM ( SALEN) CATALYSTS The present
WO pwensi4oh rel ates to a process for synthesi siPQI/GCBeioB©01485
car bonat es from epoxi des and carbon di oxi de using
al um ni un( sal en) conpl exes gs catal ysts. The invention
al so provides a nethod for manufacturing
al um ni unm(sal en) conpl exes and further provides novel

al um ni gYNTAESIS OFPCR CRIC TARBONATEN PAE BRESERICE

comer 11 R kDL SR EATp VPt o

solvents, additives, antifoamagents for anti-freeze,
pl astici sers, and nononers for polynmer synthesis (see
Dar mesheseninvatiod telate30Qr ;ﬁoce%mynﬁﬁé\élsmg tolic cABRAtes from

155 17.

(2058f Sox R Rngfox i g i GG coybleves e sadfa e

e ne\r@llbryalsmmmndesa triethod éaxcanofactofinggdarriniiegsalén)) homplexes and
dt trat

car o R Bov R RN PRBRETE of or cennouce.

gases in the atnosphere. Cat aI ysts for the synthesis

of ©yhit tibsratdeRAtaSmELRN iﬁfb@?ﬁérﬁgﬁndaﬁgc&ﬁ!n haHiif8etld8 on a
are known in tg)e art é ee Dar ensbour

et al., Coord.
Che'm’t' escai% (Jﬁ_eg% oarfgg)tliﬂven%gﬁqlta/&s, aéxpfoa[n_a’gents for
10Ch eanti-flesze, plasticiskds, @R evbhome8 8&r-pdHa: sybthasis €sedlDarenbbourg, et
Orggn 490-.349 t hou .y
Chele CF, CR Brer, 302 oP0h 30T 1 BRBE AL, Aot o gy .
hi m@a@@sﬁmeﬁsea@ carbon dioxide, the reaction often
bei ng conducted in supercritical carbon dioxide (see

Lu, _ef al., A&g. Cat. A, 234 (2002&! 25- 33)
Rat Feryoihesis olaycligl carbonaeg generaidnyples the rqutuon efregpxides)with

15 198Fhon dikite3d) hendé G&ﬁéjﬁéiuéeﬁ 16 Scu¥stite Qtbort dikide, thus
reaction E?%Fw%e}%gg 2- met hyl oxi rane and: car bon di oxi de at

r odRPYIS BRI ACHILTRH e ARBBWFe using

catal ysts consisting of a mxture of a netal hali de
andCaq vvgss g\’toZth%%Slﬁtaeg_g&@c\éghc fbgr\&ngf(éﬁaﬁﬁt)xll rs] atnld rg%rfgn d|0X|de are
( 198\6yvn lrntbeart 1eDarenshoury| etgl. okaord. I%emaﬁw 153 (1996), 155-174;

20 Yoshida, et al., Chem. Eur. J., 10 (2004), 2886-2893; Sun, et al., J. Organomet.
Chem., 690 (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., 19 (1980), 317-318) succeeded
in carrying out the reaction between 2-methyloxirane and carbon dioxide at room
temperature 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 '

30 required. Kisch, et al., (Chem. Ber., 119 (1986), 1090-1094), carrying out the same
reaction under the same conditions and also using catalysts of this type, reports a
reaction time of 3.5 to 93 hours using upto 4 mol% of a ZpCl, catalyst and upto 16
mol% of a (nButyl).NI catalyst.

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

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



10

15

20

25

reaction under the sane conditions and al so using
catal ysts of this type, reports a reaction tinme of 3.5

WO 20093330ur s usi ng upto 4 nol % of a Z C cat al yRCT/@Be008/001485

upto 16 nol % of a (nButyl)4N catalyst. Lu, etal., (J.
Mol. Cat. A 210 (2004), 31534; J. Cat, 227 (2004),
537-541) describe the use of tetradent ate Schi ff - base
ﬂP%Fﬁﬁ“ﬁWtﬂ‘?’?"&W 83 PolyebeK Y1 aernplexeswis chtalygtaystems faryhe
PSHEBOH ofVasdste ﬁgildmmh%%h dtéXide Q%B%@ﬁp@rﬁtui:@érﬁl aﬁ%&t 6
é‘?t eﬁns for the reaction of various epoxides wt

& °"8%-0xi de at room tenperature and about 6

at nospheres. Met al (sal en) conpl exes, including

ﬂgﬂsﬂéﬁ%ﬁ@'&@ ID%RJ?RP %ﬁl ﬁlUFE{?NGﬁfcog}pll(er)](g%%.bel vr\}?%l?n%wﬁrmt
#Rar(fo0baly ysemwlyswewretkaés‘\nm €atige 284 (2802)p2H 3% describes
metuzbrawmoﬁ@rh&man Sen) i0stknown in the art is

t he net hod of syn eS| |ng a u ni un(sal en) catal ysts
by treating a salen ligand with Me3Al, Et3A, M2A C,

MRS AhENH in the ZrfNs e REHEA gﬁyﬁheélﬂn@aIBMTﬂ Eé@fi% §¥) L

rodtg 7 e o W e AL Bl bRl S B e B et

bhaustagu progesa (revipwediniteoceisand Hanlely 0bheyn. aelvi, 2601G a0 B I3y Sbp
for the reaction of epoxides with carbon dioxide to
produce cyclic carbonates, and allow the reaction to

K &ag beani feehddyttherinverderrihat dimpesic atumiuraselea) conpExes are highly
BEARE Sathsts Yot ifickoREiRh b é&ﬁf&bé Rt Eérﬂa%d@n&’e ﬁg}%&%&&g@ id ¥

vi abl e anounts of cat al Accord I ngly I rst

groenates; AvAerdhe 'i?f"‘?ﬂﬂ”d‘ége aarb?cb%%mp@rtemwatyfeoamct i on
afmositdric Presalire Oibiigashiod exRlidrStinitd JHatbARTelddly diBbi RANBLSIS of
Wlttlh car bon di oxide in the presence of a dineric

ar ¥ ni un(sal en) catal yst and a co-catal yst capabl e of
supplying Y, where Y is selected fromd, Br and I.

RBsordhdiPs it @p%womhgg_y%ﬁ FBrofi@s A HStRa ﬁweoéﬂﬁéu%ﬁ%a .
Cywrmtqammaw@ng eriastnmieMenoyids ait cardan fiowde IA thdal o,

prabaree 2k bﬂlnﬁéﬁ@%tuhﬁﬁiﬁrﬁ@alg c%%ly@l & a cRRdthipR hdable of

substitute et
suppﬁnng \}J where Yis selec}gd from Cl Br and |. The dimeric aluminium(salen)

catalysts are of formula I:

R’ R®
RS R® RA R*
YR R Y
Q. | .Q
X AL o} Al X M
Q ‘Q
l 9 13 I
Y R’ R Y
R12 R10 R14 R16
R11 R15

where.in:
Y-Q is CR'=N or CR®'"R°2-NRM', where R®', R®? and RM' are independently selected

from H, halo, optionally substituted C.20 alkyl, optionally substituted Cs.» aryl, ether
and nitro;
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and nitro;each of the substituents R1, R2, R3, R4, R5,
R6, R7, R, RO, R10, R1 1, R12 , R13, R14, R15, and

wR1BS/183:74 ndependent |y sel ected from H, hal o, PCT/GB2008/001485

optionally substituted G- 20 al kyl (including CAr 3,
where Ar is a C5-20 aryl grgup), optionally
substituted C5-20 r2yI3 Optsl onal | y substituted C3 20
[raeLefdes tuybslituents Re R Binfio AUt B &°. %t R'8;R"X R's RE RHR™,
ahd Rhe.sfrmawo%nm(ﬁréo?éd from HrhmoOo&tGHal@)sDbéﬂtuted\b% S

t
aroRhoA G BEpBctan Y oo isral AR BEE 0]l 1
abtionatynsubatitdte €8 % heteraydyyethet| amaoniwhiaatnitrey be

S pREL o BRI AL pHIZOE oV % f A .
@vm'cﬁ pyrepiesgns idivalep) grplat%ﬁlﬁCtﬁdmom QH@rsdﬂneoChswclm atitylene

bh@C?ﬁeterB@'cly%éW&r méy B8 bRy Sibshifufid i n one
enanti oner d|aStereO|Soner a Slngle enanti oner or

di ast er eoi sorrer or a nmxture of the stereoi soners.
Metdeatksyst of fotrga plheID@dsainb @AMOR: cgnral caﬁtmbﬁ itGnay be a

d t
YD SPGB TRl B P hR0 RSl g
eRrinhed incone@nastiomres oedlasheeonkmmma singlé leeandipmenor ar e

'ﬂ%@i@@o)éoﬁim %" BRGhatid o"f‘ﬁlug me'réwsom%n rR’Fétllﬂ&n‘g?orttﬁcsygljafaaratlon

ereln known own nmanne
%-ef %ﬁyamﬁyﬂq weth@aﬁ)aargdssepq;ﬁﬂomde B rract'pn@lgfwataélﬁngn@nd

emaﬁhbto@f'@hlc nhécana) &Budrﬂkorﬁ@l&tférﬁ\slaﬁe SHhesIddtvn i the art or are
n the reaction

coc abl o] ub
FRaI e e e b3S b Gptsh or KnghB e it 2
kmﬂrabhmecat’netanablysthe leatatystanf fanmnulha &lsiadkrsgle eviaEntdmen)it b ahiesl
?\ﬁﬁrqu SreQ _ l[imted to, R4ANY, R3SY, R4PY and R4ShY,
ere each R is independently selected fromoptionally
substituted C M O al kyl, C 20 heterocyclyl and C5-20

aﬁy !:ocﬁ faRi4P8 p?é'ié’ra%? §olﬁbl€r ﬁﬂh@ ReagfibnafiXtured rS&HQoIe @&ﬁcecs' dinl e

hal i The reaction of first
aged\é%rtwmfg/'\"?j%aa@fab}%@t% SHEh asRem Raidese WH'CR@%"U&H&W
astainiited &p AL R,BY, B@’Ivemaedsﬁ\r Wlﬁlbi’d, ea@lghlt i® rmaltaﬁehdently
u . tl a upstl tu
BB hfh BBl Siine E L SRk BRIV BN ry Srouge
REBorzfd & e amacyl gronp,@ptl isiopéd hafidesibgt Nadit id | i nki ng

group between the two carbon atons to which they are

respectively attached. The |inking group, together
Whe reagtim of the first aspect may be defined as follows:

o OJ\O
\ ARC“ + co, —— : ,
c3 C4

] 1]
wherein R®® and R® are independently selected from H, optionally substituted Ci.1o
alkyl, optionally substituted Cs.20 heterocyclyl and optionally substituted Cs. aryl, or
R and R® form an optionally substituted linking group between the two carbon
atoms to which they are respectively attached. The linking group, together with the
carbon atoms to which it is attached, may form an optionally substituted Cs.zo
cycloalkyl or Cs.20 heterocylyl group. The Cs.2o cycloalkyl or Cso heterocylyl group
may be substituted only in a single position on the ring, for example, adjacent the
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carbon atons to which it is attached, may form an
optionally substituted C5-20 cycloal kyl or C5-20

wheaoensmyd yl group. The C5-_o cycl oal kyl or C5PQDGB2008/001485

het erocylyl group may be substituted only in a single
position on the ring, for eganple, adjacent
t heepoxi de. Suitable substituents, include optionally
ShpHde. + FHitable subgtityents ipeludenptipraliy suRstititadG i alityb @pEah0
lsabLitude/Cl.y hetérdey chPanddpbhally Subasiutddus.echrid- 20 aryl. A
possi bl e substituent for the C MO alkyl group is a
C5-20 aryl group. A further possible group of
dudsstiblesebgtituentiot the €510 aliyt growp inatCsbiiany getdp! A, furthefposiBle
: - F 0 nyl a_ hydr oxy
o PSR s ol Bitis notundlEd LKL, B A ol o SRR
ERthaxy ghesny, a bydroxy gesipp@hale glogR ye.g @l p acelylgroyphamestsr) .
BRRipf brrasts .ASPBRE grelip (el phéhegit | on al so provi des the
use of a dineric alumniun(sal en) catal yst of fornula

I and a co-catal yst capable of supplying Y as a
Jae &itsyadpestyos therimieationt o ovdisahé ose it dﬁﬁﬁcidl:uminium(salen}

I ides. T i meri.c gl um ni sal en
CRRNRIR ' AR SPREAEES capctle el S AV piem for
Wiecaredugtion ¢zyciiRgarbpaatesftonXepaisieas defi ned above. A
second aspect of the invention provides a process for
the synthesis of a dineric alumniun(salen) catalyst
gpe RIyminipnysaieR); calalygtstaf thetfirs gsrectmpebe ofi foramin lof
formula I'V: (IV)whege Rl, R, B3, R4 and X are as
defined above, with|AI (R 3 i1 a €4organic sol vent,
wherein RO is selg romg kyl and C5-? aryl.
A third aspect of
conmpounds of for # | )R'ThR'“ca sts of the present
i nvention may bei _Nolid support.
Det ai | ed descrXpt ian—ef—the—i-nventi bn DéEhinitions
Epoxi de: The teMNm "@poxi de", a® uskd herein, may
pertain to a conmpouad of' thkle fd a: wherein RC3 and
RC4 are i ndepende sel ect omH, optionally
substituted Cl-2L0 e a %4substituted C3-20
het erocycl yl and op stituted C5-20 aryl, o
r

where R', R% R3, R* and X are as defined above.

Gl V

tio

A second aspect of the invention provides a process for the synthesis of a dimeric

aluminium(salen) catalyst of formula la comprising treating a salen ligand of formula
v:

R
R R
R1
|
N OH
x’\ (V)
P OH
R’
R* R?
R3
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RC3 and RC4 forma n optionally substituted |inking
group between the two carbon atons to which they are

WO e®pasivel y attached. The |inking group, toge€heB2008/001485

with the carbon atons to which it is attached, may
forman optionally substituged C5.20 cycloal kyl o r
C5-20 heterocyl yl group. The C5-20 cycloal kyl o r
whers 'R B \Ang X fg’? a8 Befﬁ*ﬁ9 abpveswilsA(QRD<E 2B 9rganicisolyent,
#he@ireRPesdIédtedntra Cl Nakyl bWIC, S8y, exanpl e, adj acent the
epoxi de. Suitable substituents, include optionally
substituted C O al kyl, opti onal l'y substituted C3-20
Hehid@pymloythemw,‘ntimt[jrwldml npved abrapounds efodad20 aryl .

The optional substituents may be selected from Ci1-10
al kyl, C3-20 heterocyclyl, C5-20 aryl, halo, hydroxy,
éh?h@?talyféy afribe pmsemtmveatmntmy;be i mobilizedzom adsplid awipod,

acyl am do, ureido, acyloxy, thiol, thioether,

sul f oxi de, sul fonyl, thioam do and sul fonam no. In
Dstailed. Agssaintion of the ipuention1 o al kyl group is substituted
Dyfirationb- 20 aryl group. In other enbodi nents, the C MO

L kyl group nay be, subst | uted by

BeSie: ShEln "BobxiE: R SSPdnctiy mer paeig i acymisipn il e
feahalagroup (e.g. d), an acetyl group, an ester group,
or a C5-20 aryloxy group (g.9. phenoxy). Preferably,
the epoxide is a termnal}p&Qude i.e. R4 =H 1In
some enmbodi ments, RC3 iB”Sel edRed from optionally

aHgarnl ﬁcwsﬁaﬂamar lnﬁ%]é@ﬁherﬁﬂgelgagé 9&%'%&%9@@5&&&% 5,7

In sone o

a'hlﬂtﬂf!%'P“%”MFé‘éFt'M%? ey Relerepysly| ansoptionalle subpliwted Gxd ald, or
éﬂ%dﬂcmﬂn an Ubtlor\‘aﬂyﬂsﬂhblsﬂﬁ‘t@d mm.r@egr&ﬁ%etwésattﬁwiwo dar&bn
oling & e Py i speciveatachet Toe aingrole 4iagingy wi e
catb@r @sins lcrmlhlctdmusraﬁdclwdy:pappyh aosptib@al(yrRuBstituteiHz()s, RCA
Gy B SBTO B R Eo s e eyl arove

A G betstilytagyanbiip prsinglel positierden theaag, ior@eamenmadénuhe

- Efoxidah %ﬂ@dﬁ(@&ﬁb@ﬂtberﬂ%"u%d@%&%&@@ﬂ%@&ed BQg aTkyIH))R%%ﬂglly

4- mst hoxyphenyl et h oxi d
pyostiteled Gapo he ?ﬁﬁ(ﬁé(elaé‘d qpﬂ@a{'lé?q?ﬁ"tﬁt?épm aghr bonat e”, as

used herein, may pertain to a corrpound of the for mJI a:
31011;]e65p‘?|0nal Isbu%stﬁauentsI m! :ayl be selecﬁ'ad%%mI 81 10 af’l%a,og&egb heterocyclyl, Cs.z
aryl, halo, hydroxy, ether, cyano, nitro, carboxy, ester, amido, amino, acylamido,

ureido, acyloxy, thiol, thioether, sulfoxide, sulfonyl, thioamido and sulfonamino.

In some embodiments, the C.10 alkyl group is substituted by a Cs., aryl group. In
other embodiments, the Ci10 alkyl group may be substituted by a Cs.» aryl group
(e.g. phenyl, 4-methoxy phenyl), a hydroxy group, a halo group (e.g. CI); an acetyl
group, an ester group, or a Cs.2 aryloxy group (e.g. phenoxy).

Preferably, the epoxide is a terminal epoxide, i.e. R = H.

In some embodiments, R® is selected from optionally substituted Cs., alkyl and

optionally substituted Cs.; aryl. In some of these embodiments R is unsubstituted.
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Al kyl: The term"al kyl", as used herein, pertains to a
nonoval ent noi ety obtai ned by renoving a hydrogen at om

WO e@ai13e4car bon at om of a hydrocarbon havi ng f recT/GBR@s8/001485

20 carbon atons (unless otherw se specified), which
may be aliphatic or alicyclgc and which may be

saturated or unsaturated (e.g. partlally sat ur at ed,
fully unsaturated). Thus, the term "al kyl" i ncl udes

U’I?fﬁer‘iddbp@kla%&é eﬁHyKeﬂ@)szlde ?ickéé Ry = H?)depQI@thilde C3 =
dlscussed el ow.

ARmAECCE R ol obF ofe (1 ebubE® ¢ HE apd sbiene e -
@henyl, RC1= MA). Gihe2epoxidas df, |nték'ést7incllﬁie0’1y)irodm6ﬁy80)ilcﬂ€(mwrber

ron at n r_of ca
O o LMoy bl (RYR . AR, GG e
h%r éﬁHzOﬁ@,rFBCéFﬂrﬁ nmnﬂwrmwwyrgommm%gwmah tRS* 4
L @U
mfﬂh@ﬁbx@br@t‘m ngéw Q‘,lsHéafépgi k)ﬁ/’-ﬁ 5%4 &ﬁ;dxg%ﬂﬂgtﬂw C?XI&e
Qggfﬁsﬁeogﬁ?éRtﬁéf the first prefix may vary according
to other limtations; for exanple, for unsaturated

l_ar he flrst refjx be at | east 2; for
EYEK aBaialbiing A -crbha et s B nefSineitay oiadS penct
Sm“@nmeE&aﬁUMQb of (unsubstituted) saturated al kyl _
groups include, but are notolln1ted to, nmethyl (G),

ethyl (C2), propyl (C3), (C4), pentyl (C5),
hexyl (C6), and heptyl (CE anples of
(unsubstituted) saturated ear al kyl groups include,

but are not limted to, thyh“(Ci), ethyl (C2),
" - tyl I co),
AR ot o e debesi e 7y T Bxampl 65 of

unsubstltuted) saturated branched al kyl groups

| sec-b
NCR%) 'H%?g?rnt? Qef§ylj(s&§l§§r)si'n é&%m@f 3 rnozwe@ént me &ty ol‘gté( ned by
reawvine ﬁtwrog%gtom/f\lmyarbomemtoéa hydre¢adeamHaving fremuiste @0
bRb& dtom® Blnlcdb Bﬁleh\ﬂs@ibe@ih&w wrgérPMQy B Pﬂ&c%’ gllﬁEl%crgﬂﬁe

ﬁrbon arbon doubl e es o roups o
SPRERPY BE EtBiccar dnonraies (60 Ry satreted iy ireiprated.
Vss2Be sdriocalyl” mHM@d&iph@@U&flas(sdQ&lld@ﬁt lalkiatye @y cloEmgt ur at ed
but not limted to,
8lcl 'r%§+yl %Wﬁaq'?y”y' eiP'asusseC?beﬁe Wpenyl (- CH=CH CH 3)
2-propenyl (allyl, -CH 2- C}hC}IZ) isopropenyl
ﬁwlhé"@&ngﬁég 8f'dg?(9!a%rou;§2 ﬁ%’é‘p:ﬁe}lxg_l%)g c.he eyl &G4 47, &S”ES&X&
41 zjmber of carbon atoms, or the range of number of carbon atoms. For example,
the term “C.., alkyl”, as used herein, pertains to an alkyl group having from 1 to 4
carbon atoms. Examples of groups of alkyl groups include C. alkyl (“lower alkyl"),
Ci.7 alkyl and C+.20 alkyl. Note that the first prefix may vary according to other
limitations; for example, for unsaturated alkyl groups, the first prefix must be at least
2; for cyclic alkyl groups, the first prefix must be at least 3: etc.

Examples of (unsubstituted) saturated alkyl groups include, but are not limited to,
methyl (C1), ethyl (C>), propyl (Cs), butyl (C.), pentyl (Cs), hexyl (Cs), and heptyl (Cy).
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Al kynyl: The term "al kynyl", as used herein, pertains
to an al kyl group having one or nore carbon-carbon

W@ edophg24bonds. Exanpl es of groups of al kynyl groUG82008/001485

include C2 al kynyl, C2.7 al kynyl, C2-20 al kynyl .
Exanpl es of (unsubstituted) unsaturated al kynyl groups
i nclude, but are not limted to, ethynyl (ethinyl,

Ezappleapldunsubpiiwpdlsaturgedlineaysiky! grogps Pel@BHput are not limited
@/ Gt te, ethtyhgzt ﬁfpmpyf‘(ﬁ%l r‘?@ut@(bo ' n- a%] gﬁ'gyli;ﬁ)ﬁb-:ﬂexyl

pertalns to an whi ch
@%%&Bd”f “é? a nonovalent nnlety obt ai ned by
renDV|ng a hydrogen atom from an alicyclic ring- atom
a car LC I r C CO ound
Bap BuE S P Br el ptlon ralihep B Gronien R detop ).
mrttutya(my semblavluﬁat ted-bufyliCl)y iscHpsratyI(C4)t ardt) neovidentyh(Cs). :
moi ety has from 3-20 carbon atons (unl ess otherw se
ecified), including from3 to 20 ring atons. Thus,
t‘\ﬁ@nx'e?werey @lkeayk ps usadrhereair @srtainretoanialky| gravehkaving one or

Foee &ﬁﬂ)dﬁeésh‘{ﬂt)onadb@bl@b@h%ta@%ﬂwes gP ér@mifrdg?‘kgmrycl) E%SGB% inkI0&s

a 0 rin

Efft?' Y 9? @JF%\XbQZP%@PWEe C3- 20cn5c| oal kyl, C3-1s

cycl oal kyl, C3.10 cycloalkyl C3.7 cycloalkylh Cyclic
Ik I er

gg%g?ﬁgf (?nﬁgstglﬁgg ung%ﬁ ake% &ﬂ(en% g{eort]lss lnaﬁug?/soﬁjg%vqo 5nn§d

by €themd fvimut, 0B HEE Uk prohenyt (- @MECF&diHa)c amropahyl ¢alyl, i @H:F i ng

W?%’S%?%S%";’W2“‘?1’%‘%%‘&%5&5?%’? BHIRRLE) enRTR O

Pexegy! (pelrtial |y saturated, fully unsaturated), which
noi ety has from3 to 20 car bon atons (unl ess otherw se

eci f di n rom . at ons
AL o8 i et D8R e o 5 Aty Fgining one o
BosengHrias-a@Fbayrtople borafs. Exarhples afl grgupe nteal@rnyLmsupsrmﬂlmdé&)H
k s, C3-15 cyclic al kylenes, C3-10
cyéﬁp ?kgﬁé%%§¥m§§ﬁ7 cyclic al kyl enes. Exanpl es of
cycl oal kyl groups and cyclic al kyl ene groups incl ude,

Q%mﬁésﬁofﬂ@ﬁsubéﬂﬁht&@@nEéiuraieh%ﬂ@nﬂ §fdup€MciliiMut S8hBf iRtied

d I Q)
BB £330 PGBt @B+ G5 aexne

(CB) , cycl oheptane (C7) , nethylcycl opropane (C4)

yc oaIkyYI %!'n? pcryglggllgﬁ”, gscﬁged "herein, pertains to 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 carbocyclic compound,
which carbocyclic ring may be saturated or unsaturated (e.g. partially unsaturated,
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 cycloalkenyl and cycloalkynyl. Preferably, each ring has from 3 to 7 ring
atoms. Examples of groups of cycloalkyl groups include Cs.» cycloalkyl, Ca 15
cycloalkyl, Cs.10 cycloalkyl, Ca7 cycloalkyi.

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

ring atoms of a carbocyclic ring of a carbocyclic compound, which carbocyclic ring
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nmet hyl cycl obut ane (C5) , dinethyl cycl obutane (C6) ,
nmet hyl cycl opentane (C6) , dinethyl cycl opentane (C7)

woreaoRstb3yL£ | ohexane (C7) , di met hyl cycl ohexane P@B{B2008/001485

ment hane (Cl10); unsaturated nonocyclic hydrocarbon
conmpounds: cycl opropene (C3j , cycl obutene () ,
Hég’l opent ene (C5) cycl ohexene (C6

196 Sty Eatestprdpeurat 9847 9 Pad'i'%ﬁﬁynateﬁciuwpw@g@rﬁéec()w)lch
Wf&idwha?syfrzilrm@tdiMrt(cﬁ@)omsjouﬁﬁlsé"'(tﬁh&%%'e%Qé’dlf%'at? ifcfeing from 3
clo ent e ,
RER e e HaRlsrab corf Hnaindn foR) 13 € Veaame Exoemyes o
groups eftaydicaiiyleny ghdups mgiddeCax gmn% )al@yrag;sndﬁs cytcl(hcl:ailgj)l@\es,
, bornane ,
%groggécr“g%g{d?%b %hcﬂﬁeg(&) , horbornane (C7) ,
adamant ane (C10), decalin (decahydronapht hal ene) (C

@)(amplébn&‘ élbéilw? grobpd XW@EIHC%II%%E QFRPY ﬁ’iEIu&é’ 'EHP:H’Q A8¢ imited
a‘F'l pi nene (CL10);

il{ %j | i noneneée
9@r ocar bon conpounds havi ng an aromatic
r| ng satmalteumo(wﬁB/);hc hyldredaien cémoundg?, 3- di hydro-1

A58 (s Haiond il By Aiopeniane (B gsyeobpiana Fnene
EXClonpptand (fo), arethy{ogilo@Ppaneriérdinethgcyc@prappne (Cs),
%ﬁ'@i&%ﬁ%?@&&&th?hﬁob@féﬁ@ § n%@hcggop@ane (Ce),

chol ant hren teroc
dimethylc &%ﬂ&ﬂne (Cvégﬂ%raxé@vcwe@@nﬁ (Cpelineihvieyclogexane (Co),

menosied @x); noi ety obtained by renoving a hydrogen atom

f t | d, which
ot ot oM BRos s T SR Ean! s ot horw se

syseprdpee(Gs), oyclottutank (C4) ayclibpdntenkQCay @/clbhé)@ne (Cs)
F\?fh IE%(? n%ﬂ%neg’éﬁfoﬁﬁﬂp)flé(ychﬁ%ﬁpner En)gmgﬁ] lc I&mtene 8
e Bm'wnﬁé@émetwpmoeﬁr@enem%) tile]ellhylcyclopentene (C»),
ml/ By Rshekénd (@Ebedlmeﬁﬁlcyﬁ&%x&fg @y, pertains to a

di val ent i et o bt ai ned by rermw ng a hydrogen atom
from %’&Eﬂngf’o'i’ licRydrocathen FOMRPUAES s of a heterocyclic
thajape (G, cameo(ttmmurehy ¢M§)Sbcfrﬁeﬂ1@(3m) @orBrahé (), AoMifane
shec

gd“])n ngr%&ng{llgfdé a§ ma aneF('dé,? éj)regﬂlp)gdecgg)eﬁor}apwgalﬁ%@?(f)}%)om 3
to 7 waﬁgraéadpwcycdrb hydrocatbdnraompbunds: 4 are ring
bftHeR&IO N Bimonene (C1o), pinene (Cio);

polycyclic hydrocarbon compounds having an aromatic ring:
indene (Cs), indane (e.g., 2,3-dihydro-1H-indene) (C), tetraline
(1,2,3,4-tetrahydronaphthalene) (C+o), acenaphthene (C.), fluorene (C1s), phenalene

(C13), acephenanthrene (Css), aceanthrene (Cis), cholanthrene (Cao).

Heterocyclyl: The term “heterocyclyl”, as used herein, pertains to a monovalent
moiety obtained by removing a hydrogen atom from a ring atom of a heterocyclic
compound, which moiety has from 3 to 20 ring atoms (unless otherwise specified), of
which from 1 to 10 are ring heteroatoms. Preferably, each ring has from 3 to 7 ring
atoms, of which from 1 to 4 are ring heteroatoms.
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The heterocyclyl o r heterocyclyl ene group may be
bonded via carbon o r hetero ring atons. Preferably,

w0 b@shaes ocycl yl ene group i s bonded via two cBCTGB2008/001485

atons. Wen referring to heterocyclyl or

het erocycl yl ene groups, thegprefixes (e.g. C3-20, C3,
C5-6, etc.) denote the nunmber of ring atoms, o r range
GletaierysluengifTheiter “hetaiesyclyianet. e pseskianein, Rertains taa divalent

fhﬁiieﬁi Qﬁblﬁé@by fefHoviRy afﬁwjlﬁgent eh@mtfr‘éfnr@acpéf t@o adjacent ring atoms
ai ns

RER BREEHSIE o wih Tge hge 58 31t 20 nad SiREs (¥niesipl es

ofhegrisauigrecifibd)heftveiabdoal yio 1Wrape fisg helerbatdms CBretdlably, each

terocyclyl
DB AT I AR SR ) oot
heterocyclyl, C3-i O heterocyclyl C5-10 heterocyclyl,

eﬁe h@tbﬁfc?&% of Néteroc%lyté‘ﬁ&%l:da Wiy e bo@(?k‘a \@cd?ﬁérﬁ&%%?é Xr{g

Simlarly, the - eteroc | ene u
REOMS; r?'efﬁ@P'tya‘P%etﬁw%F'\ﬁ%ne@%w%P%d@ﬁé'agwgeifbwa@ﬁowg 5 0

r-6ri ng atorrB Exanpl es of groups of heterocyclyl ene

AP BeB6 SBe8P DSEIElR  FedRas . Oom o
Ket, etoc)dpobtyltlwrmmb@%eﬂrmlamrm ocracde/dfenmpeGI rihg atoms,

PELSEAES SR e €51 Bl L0 25 Moo o
Hé?de'?%@y d?eytﬁleﬁ@ a bgieroeyslybgmen éa OYEconA ringeatorss namptes of
gwu §Mﬂ{ét&oé}€&ﬁdr&§dé%diﬂde@ggohB@F&?&ﬂ)’@JzXﬁe@é@cﬁ DERR

Ry e rees o Ca BRIPRIAD ComISRT ¥§prﬁeéerocyclyl

Ct ehetafvpymy),pwm@tb&))sy(ﬂﬂ'ik 7 hetpptyodfl, iane Cf eheterocyclyl.
3-pyrroline, 2,5-dihydropyrrole) (C5) , 2Hpyrrole o r
3H pyrrole (|so yrrol e, isoazole) (C5), piperidine
Sosharly. divehiedn dﬁxyh@!emycwm)e , astueed faﬂwd,mwym thme (C6) ,

gitgfygﬂgylé(rg rouph%;ng%ﬁrrgﬁ@s? {85%%) E’xa';':(l%'I‘é%é dl%%%ofur an)

petgsocychisnerroyRsiGuge FurbBIRFOsHG!Ynes Fs20 h%FPW?WWF s
(1€f§bopyd]&ld§r®n ct Qﬁéterocwml bm&me)erocyglyiepé el J h@ﬂﬁody@?l)sne

ol an ro
b R ERE bl e R BB Ty o B Sy e ericvbpte
dnd&aihategody@pliene.di oxane (Cb) and di oxepane (C7) ; O8:

trioxane (C6); N2: imdazolidine (C5) , pyrazolidine

di azol i di ne) g.CS) , Imdazoline (C5) , pyrazoline
xamples of monocyclic heterocyclyl and heterocyclylene groups include, but are not

limited to, those derived from:

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

O1: oxirane (Cs), oxetane (Cs), oxolane (tetrahydrofuran) (Cs), oxole (dihydrofuran)
(Cs), oxane (tetrahydropyran) (Cs), dihydropyran (Cs), pyran (Cs), oxepin (Cy);

S1: thiirane (Cs), thietane (C.), thiolane (tetrahydrothiophene) (Cs), thiane
(tetrahydrothiopyran) (Cs), thiepane (C5);



(di hydropyrazole) (C5), piperazine (C6); N ¢
tetrahydr ooxazol e (C5) , dihydrooxazole (C5) |,

WQ eaosabpadt oi soxazol e (C5) , dihydroi soxazol e (BS)/GB2008/001485
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nor phol i ne (C6) , tetrahydrooxazine (C6),

di hydr ooxazine (C6) , oxaziqig (C6); N Ss thiazoline
(Cs), thiazolidine (C) , thionorpholine (C6); N2G
oxadi azine (C6); O Si: oxathiole (C5) and oxathi ane
(@.MdiexerRAE CH, oxand (Tl), ahd Glbxdban®@f;hi azi ne (C6).
Exanpl es of substituted (non-aromatic) nonocyclic

het erocycl yl and heterocycl yl ene groups include those
deririweade {@pHm saccharides, in cyclic form for exanple,
furanoses (C5), such as arabinofuranose, |yxofuranose,
ri bofuranose, and xyl of uranse, and pyranoses (C6) |,
éladw'daéohalnp&%y rRyragtdinea(diareliginehi®els midagolineSy) pyrazoiine
@R FBDB5 @), BBbABKE §BAPSE, | dopyranose,

gal act opyranose, and tal opyranose. C5-20 aryl: The
term"C5-20 aryl", as used herein, pertains to a

NGO YerbBytrodXak e §Cs) ch@drﬁ@idazbl)é (0¥ rtwawaro@omédrqugn at om
AT EERTEY SobhInTes harers ) W hanae 0

wraziner(Celys (e.g., fused), and having from5 to 20 ring
atons, and wherein at | east one of said ring(s) is an
aromatic rlng Pref erably, each rlng has from5 to 7
OLpbBiRzeling ks “H%éo'!dlnﬁdcs\ttb'ﬁﬁ‘owﬁ?'rﬁé al | carbon atons,
as in "carboaryl groups"” in which case the group nay
enlently $e referred to as a "C5.20 carboaryl™
3% 6(G yl ene: The term " C5-20 aryl ene", as used
hereln ertalns to a divalent nmoiety. obtalned by

begmx,ta@go.g(ég%(g,qoo%g&%; amloxgrg ééimh 4of two adj acent

at ons romati onpound sai d conpound
haV|ng one ring, or two or nore rings (e.g., fused),

Wshay,qan-gazﬁr{eq@p to 20 ring atoms, and wherein at
| east one of sald ring(s) is a n aromatic ring.

Preferably, each ring has from5 to 7 carbon atons.
fh@n;ﬁlésﬂﬁ s&bﬂﬁ[ﬁed@)ﬁnhﬁ)n@dtlh rﬁ&fo@ﬁﬂlc ﬂét@F&yclﬂ%nd Reterocyclylene

"car .O i roup

sERoL ARl e el o] 55 o3 BESRG fposes
¢C:bspch as arabinofuranose, lyxofuranose, rlbofuranose, and xylofuranse, and
pyranoses (Cs), such as allopyranose, altropyranose, glucopyranose,

mannopyranose, gulopyranose, idopyranose, galactopyranose, and talopyranose.

Cs20 aryl: The term “Cs.20 aryl”, as used herein, pertains to a monovalent moiety
obtained by removing a hydrogen atom from an aromatic ring atom of a Cs.
aromatic compound, said compound having one ring, or two or more rings (e.g.,
fused), and having from 5 to 20 ring atoms, ahd wherein at least one of said ring(s) is
an aromatic ring. ’ Preferably, each ring has from 5 to 7 carbon atoms.

The ring atoms may be all carbon atoms, as in “carboaryl groups” in which case the
group may conveniently be referred to as a “Cs.zo carboaryl” group.
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Exanpl es of C5-20 aryl and C5-20 aryl ene groups which
do not have ring heteroatons (i.e. C5-2ocarboaryl and

wW@20080382¢ boar yl ene groups) include, but are nRET/GB2008/001485

limted to, those derived from benzene (i.e. phenyl)
(C) napht hal ene (Cl0), angfhracene (Cu), phenanthrene
and pyrene (Ce). Alternatively, the ring
@r%y '?F&yTh‘hgm e 2@@9@9 rasrised hereinepertainsite 2 divalehloiely

lobfain@@by kdritviret Hy@rdgéb/ 6 from S4cRYF o AfbeRittn g;lé’iomsao? al M
‘heteroaryl o r "heteroaryl ene

r
o @rematig 00?‘3%“’5% HihcampPuRd RMNg Qé'ﬁtf!ng qsgw i 'BPre&iRgY 6-9-
ased), Aisbhalihgt e aaong gtbnis afbwidlein ait @ﬁﬁ@h%ﬁ{h}i}ﬂ ring(s) is
(S enot S ri n at ons e er
gg?‘ atuﬁ?ﬁ%#@fer (@y %Crho fifentcy O'Brs P &CEIC) a8keh i ng

has from5 to 7 ring atons, of which fromO to 4 are

‘Thé‘ gn@ﬁbﬁé ‘Pr?aﬁl%g%ﬂ céﬁb@n heke r%@ﬁ yéarb% IJ}@%}%U?@[ i l/v?ﬁﬁ case

bonded vi a carbon or ter
eqr ?Wcont’ﬂée’}ﬁ'épéf‘ﬁ%’fﬂﬁllt@ﬁé*ﬂ‘g@@u?ﬁfb@fﬂ@iﬁdéwum a two
carbon atoms. Exanples of C5-20 heteroaryl and C5-20

| ud t | ted t
EEA R0 rropi 31 LS aBre atups P 3 otlpke od bogap b
fier @svo ¢anlxarng and Chio ogrheargerid droadse )ncludy,rbuohre npalinmited to,

{H&Qgérﬁ/lg& fr()m]ben?eng' aezgh%gl(@éf rr%éﬁtk?le{e’[(cz déntﬂﬁrgéen)s Qo)

tria oxazo 1'azo e8I

BharantimnedCia). end BwreneCahd oxat ri azol e; and C

het eroaryl groups derived fromi soxazi ne, pyridine
ridazi ne 1, 2-di azi ne) Pyrlmdl ne

&?%rnﬁt v)g% rin%atgms tlwdﬁ &ne Ph’yﬁ’ieﬁ’@ Eroateps, ||r)clud|(ng but not

Iryiiteaiztb DRy deh, mtr@geazanmes)hnflanah if r'heaezrbml gréupangd “ﬁ@te@fary@ﬁe 20
» { r

OEhEE T Bkl 85 iyl MR Bt E S BB R Freea 1o

Tetetoatyé oo 4Fsyd heumdarﬂeméigmawlydren €Cgy” odppetedaing atthsf r om

RRORS dafsRn ’atdn@&%éﬁj&a‘tﬁn@{ Prpﬁ &é%@%c‘ﬂ%g "R&s fr rﬂ 3946 ’nn% oS

i soi ndol e; C10 heteroarx ete oary ene gro
glemsyavhishdiemQi iofore HRY heterggiemsol i ne, benzodi azi ne,
yrldopyrldlne d 4 heteroaryl and Cu heteroaryl ene
m acri di ne nt hepne. The above
)

ghekH’ﬁeroEVc?r ggeé? ?'@r%WprfE‘?yel?eo Yia CRIEPR P&IIP PR e,
atoyis, Paafierably \the hatergayleps grovp é&tHovadedia tveo earbgnaatémsf
anot her substituent, may thensel ves optionally be
Examples of Cs.20 heteroaryl and Cs.o heteroarylene groups include, but are not
limited to, Cs heteroaryl and Cs heteroarylene groups derived from furan (oxole),
thiophene (thiole), pyrrole (azole), imidazole (1,3-diazole), pyrazole (1,2-diazole),
triazole, oxazole, isoxazole, thiazole, isothiazole, 'oxadiazole, tetrazole and
oxatriazole; and Cs heteroaryl groups derived from isoxazine, pyridine (azine),
pyridazine (1,2-diazine), pyrimidine (1,3-diazine; e.g., cytosine, thymine, uracil),
pyrazine (1,4-diazine) and triazine.

Examples of Cs.20 heteroaryl and Cs.20 heteroarylene groups which comprise fused
rings, include, but are not limited to, Cs heteroary! and C, heteroarylene groups
derived from benzofuran, isobenzofuran, benzothiophene, indole, isoindole; C1o

heteroaryl and C,, heteroarylene groups derived from quinoline, isoquinoline,
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substituted with one o r nore groups selected from
t hensel ves and the additional substituents |isted

whetosms24Hal o: -F, -C, -Br, and -1. Hydroxy: -EE/GB2008/001485

Et her: -OR, wherein Ris an ether substituent, for
exanple, a Cl-7 alkyl groupyalso referred to as a d
-7 al koxy group), a C3.20 heterocyclyl group (also
pefzegiagige. tpanwyﬁd@ﬂz@erﬁé@aéyl Gey El«yieteroandensgsyupsalerivesl
GomARridhey/And=athené al so referred to as a C5-20 aryl oxy
group), preferably a d -7 al kyl group. Nitro: -NO 2.
Cyano (nitrile, carbonitrile): -CN Acyl (keto):

T¥ v alkyl eyciic alkﬂeries haaroamul hatelastly¢lyene) byl Ta@d arylene

g?%?:ﬂg'@rew’é‘[ al&‘nq%r &art ? a;her% axgjefn? !n%gth%fsglgéseoptlor?alI@%e
ﬁ@ttSéiiUte@wtlhwne gr mare qroupsceleeted fromdhantselyes and the additional

Q@dsﬂf&@ﬁ&%t@&ﬂéib\&/' acyl), or a Cs-2oaryl group (also
referred to as C5-2oarylacyl), preferably a C al kyl

group. Exanples of acyl groups .include, but are not
Hamt tfFedCit-Br, an@(1=0) CH 3 (acetyl), -C(=0 CH 2CH3
(propionyl), -C(=O C(CH 3)3 (pivaloyl), and -C(=0 Ph
(benzoyl, phenone). Carboxy (carboxylic acid): -COOH.
Hgdrexy: (@idr boxyl at e, carboxylic acid ester,
oxycarbonyl): -C(=O OR, wherein Ris a n ester
substituent, for exanple, a G- 7 alkyl group, a C3 0
REeE OBy whayein Gris ap sther substitaent for exapplecp Summlkyparetie(aisol y
feféeted td adth ko) aIIﬁfx?@R)up)Eé@Pol r%%r&f cI?I?ﬂﬁfp IE@FH?&rédQG Lude,
Eut are n limte ) O OCH

5 B PPUPh R6° Cepo 20 EPLP TP AY o 3R Ay ayIoHy
gmub)aprpfe,ratﬂma Gomswugmyb car boxam de): -C(=O NR 1R2,
wherein R1 and R2 are independently am no
substituents, as defined for am no groups. Exanples of
NitloddQr oups i ncl ude, but are not limted to,
C( O)NH2 C( =OQ NHCH3, - C(=Q) N(CH 3) 2,

and -C(=O)N(CH 2CH3) 2, as well as

er@d”'b’ﬂ%ﬁﬁ@on'h"%p&h Rl and R2, together with the

n| trogen atomto which they are attached, forma

g@ig?:}fy ﬁL chla %J;%tn FE%B\I{I Em&@feﬁtgﬁ%ggm%ne, H, a Cy alkyl
group (also referred to as C..7 alkylacyl or Cs.;alkanoyl), a Cs0 heterocyclyl group -
(also referred to as Cs.z0 heterocyclylacyl), or a Csxoaryl group (also referred to as
Cszoarylacyl), preferably a Cy.;alkyl group. Examples of acyl groups include, but are
not limited to, -C(=0)CHs (acetyl), -C(=0)CH-CH; (propionyl), -C(=O)C(CHa)s
(pivaloyl), and -C(=0)Ph (benzoyl, phenone).

Carboxy (carboxylic acid): -COOH.

Ester (carboxylate, carboxylic acid ester, oxycarbonyl): -C(=O)OR, wherein R is an
ester substituent, for example, a Ci.; alkyl group, a Cs.0 heterocyclyl group, or a Cs.zo
aryl group, preferably a C alkyl group. Examples of ester groups include, but are
not limited to, -C(=0)OCH;, -C(=0)OCH,CHs, -C(=0)OC(CHa)s, and -C(=0)OPh.
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t hi onor phol i nocar bonyl , and pi perazi nyl car bonyl .
Am no: -NR1IR , wherein R1L and R2 are independently

W@piosa3xnbst i tuents, for exanpl e, hydrogen, a BCT/GB2008/001485

al kyl group (also referred to as G -7al kyl am no or
di-C -7 al kylam no), a C3-2{3 heterocyclyl group, or a
C5. 2o0ar gr ou preferably Hor a G.7al kyl group,
dymidq G‘ia%’ﬁ@oﬂa‘?éb%ﬂy' &minogatbpey!, carkoNamige) tG=ORIR Rh avhRzin
FakRARE %Qﬁcfé@éndéhfl)harﬁlhﬁ sibstitueRS hs@feffBd 1B émihg Broh'ﬁ%e y
%r a]tta formaﬁ%getroccmrln%a avin
58P F?ﬂ SRQUPER Wt agt Nl mied g p@W"thtSm@NHQuHP’
(eoomcHs)z rFC’;:@)NHGHzGI'Nl—Rnd -CRHTINGCH; du—;]g;,H(szﬂ)az amidydrblps
es,0 clic.a
gr oﬁ%ﬁ%ﬁﬁ t%ge gﬂ"'g‘rl\tgf Eig?%ﬁaaﬁr? v t?%‘é?rre a&f’%ﬁ form
areteretyelig|str Uﬁy'ieraél"h doneyhmplpi mmrldmpmborwl perpwlineghrponyl,

mmgﬁdﬁqb&z&%m%d p,ﬁg}gmaytﬁg i, and thionorpholino. In
particul ar, the cyclic anino groups may be substituted

on their ring by any of the substituents defined here,
fAﬁf nde)mmmla avheediPRX3hd W&r@ﬂ&&deﬁﬁ&t@%%rﬂi@u@@htu%ﬂﬂ' um

gxmle %gdr()gerb e(lcr aIlZ‘yI gFo)up Tzﬂ]c,(f r%%gterg toa%sgg«g%ﬂglfaﬁr%oorr] di-C4 7 ch
Atsylhmimol @ C(aaﬂytemnydwl)groupl\mﬁ@rﬂ&roum preédrablyH or 8 Ca;ralklyl
Gt@gﬂ CorSiH lﬂ%&a%g 8ﬂ$ "cgérlg’::ar@ ﬁ@g[%'@ R‘%g ng qg&agg%e%ér%tm%y
QWBE&J‘ atpinde whighthey Plre(ﬁttaahe@b fovralaltwer@v@l@pmg Mmewong from 4108
ﬂﬁ@ét@fn@b Eéarﬁble@&dmﬁ?o ¢r§upﬁﬁnc§\ﬂé| but légbsﬁdﬁgfg\g% tg -];Nli’le -NHCHs,,
3}7@@8 CFge 5@%&&56&%}2&;@ -NHPBf ramiiss of casilc Amiaggpups
gclode, buExrempt lesitedfto, aclyitiiayl) dbeti@nyd Hyeolidigd, Qﬁdﬁgg@t are
. = n

Ol A g BT e
syaligaminogrouns may befsgbstuemmi tbelr sngdyi amy rof tﬂryISpbstituents '

515 [ dy
rralnglb:ﬁnb%ztob?el éé)ggrsl\lt?(lr!& ﬁr%ate%HR%%mgnel n R2 and R3

are i ndependently am no subst ituents, as defined for
ammwuugf aR3Z:, sleil: ik &n appw&ladaocow{@ﬁbm tsUeidshalidel (e.g. CI',

gﬁﬁ%?’eﬁ%%b% eIn g?ouop, 7g|r kgl C/g\;(r)glrng, gr oup,
preferably hydrogen or a Ci -7al kyl group. Exanples of
H[:ﬁailr#igo wc9lﬁp1§105:nﬁh{&§O)F¥a,%he%iﬁ R7 gtanunﬂaé &gsﬁteent,'for
example, hydrogen, a Cs.7alkyl group, a Cs.0 heterocyclyl group, or a Cs.zoaryl group,
preferably H or a Ci.7alkyl group, most preferably H, and R? is an acyl substituent, for
example, a C..7 alkyl group, a Cs.20 heterocyclyl group, or a Cs. aryl group, preferably
a Ci7alkyl group. Examples of acylamide groups include, but are not limited to,
-NHC(=0)CHjs , -NHC(=0O)CH,CHs, and -NHC(=0)Ph. R' and R? may together form

a cyclic structure, as in, for example, succinimidyl, maleimidyl, and phthalimidyl:-

succinimidyl maleimidyl phthalimidyl
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NHCONH 2, - NHCONHMe, - NHCONHEt, - NHCONMe 2, - NHCONEt
2, -NMeCONH 2, - NMeCONHMe, - NMeCONHEt, -NMeCONMWe 2,

WO DBTEOMEE 2 and - NHCONHPh. Acyl oxy (reverse eBTEGB2008/001485

-0C(=0) R, wherein Ris an acyl oxy substituent, for
exanple, a G -7 alkyl groupig a C3-2o0heterocyclyl
20aryl preferably a G -7 al kyl

84!%@5 “@‘A%Naﬁd\'hemﬁo%yo %raéwgeneneqmylu@mumubaﬁ@emﬁoas
ldefricdast atnﬂCrI]_cl) gr)@@;ﬁs—@hcﬂ?l‘ |(3)al(_}>1|%?éi&i %&ﬂth(:)ené (%é‘r(ﬂ%% %@'@en, a
- = - = , - = ,. an -
8@'(%9:"@5? PP P RIeEHOY O TGP Wrﬁ%ﬁ%‘t"’ﬁéP'OP%’lH'?fF@QW:th'SFG” or
wta radkyh glaup s Exaniesosf tuheddo grodpstindudentiut afeatot Brigedabe, a
' k =7 .\a h
TR L SR o N
N FAMEB O HLIZGaNNpt, -MHOGENE Aot NHGONHIG - 7
al kylthl 0 groups i nclude, but are not limted to - SCH

%ﬁg Cl—t% Sul foxide (sul finyl): -S(=0)
P F?V?{SF§S Ns A% BRI H&hewrd? |Staaéﬁvloxvr%lpsté%w@xa@p'e,
@iG+.7 altyllgydupga Celfd herdegelyd @rdup] @rafI‘»"s)éJ:ergr(gprp@feréﬁly &C,.;
SRR o884 BLEL LAl ot Bt o Ry o B
(@@tﬂﬁy)(}@@ @Wd—lzCBé MOLGHO)2(CHB)s, -Qﬂ(#@)ﬁ’yll -Q&=DfGaHe), and -
=Q)cHgPh. Wherein R is a sul fone substituent, for
exanple, a C -7 alkyl group, a C3-20 heterocyclyl
group, or a C5-Zoaryl group, preferably a G -7 alkyl
ghiottpsHExanpl es of sul fone groups include, but are not
limted to, -S(=0 2CH3 (nethanesul fonyl, nesyl),
-S(=0 2CF3, -S(=0 2CH2CH3, and
Ahigethén(spticny-SRuwherainlR i§ tadisyéther stibstinen, o example, a C1 7alky|

plokp RS8Rk ac T3NS Boup) 425 Sheldhy AR e, 2,
@ngrggp Pesterably < otlky grage. Grasupes ¢f|€hb%lbtéthlomupanr@ludet

bitré Rt liffted toC(SERMRd 25crHEHES) NHCH 3, - C(=S) N(CH 3) 2,
and -C(=S)NHCH 2CH3. Sul fonam no: -NR 1S(=0 2R,
wherein RL is an am no substituent, as defined for

sm‘roxMegmea -Sex@)RRwh&eia FSi bfsommerwbsi.ubat, fdr @ezmﬁple fc,,

roup, ohet
SRR, Bnbare LR brBb R oot arlR RSB =
grogngxmm@ngqxfde groups mclude but are not limited to, -S(=0)CH, and
-S(=0)CH.CH;.

Sulfonyl (sulfone): -S(=0):R, wherein R is a sulfone substituent, for example, a C17
alkyl group, a Ca.20 heterocyclyl group, or a Cs.zo aryl group, preferably a Cs. alkyl
group. Examples of sulfone groups include, but are not limited to, -S(=0).CHs
(methanesulfonyl, mesyl), -S(=0).CFs3, -S(=0).CH.CHs, and 4-methylphenylsulfonyl
(tosyl).

Thioamido (thiocarbamyl): -C(=S)NR'R?, wherein R' and R? are independently amino
substituents, as defined for amino groups. Examples of amido groups include, but
are not limited to, -C(=S)NH,, -C(=S)NHCHs, -C(=S)N(CHa),, and -C(=S)NHCH,CHs.
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sul fonam no groups include, but are not limted to,
-NHS(=0O) 2CH3, -NHS(=0O) 2Ph and As nentioned above,

w0 b@sgsanps that formthe above |isted substi t BERNGB2008/001485

groups, e.g. G -7 alkyl, C3-20 heterocyclyl and C5-20
aryl, may thensel ves be subgtituted. Thus, the above
deflnltlons cover substituent groups mhlch are

Sylbraming: NR'SEV:R. vdierejn Bhis peamisg spbstitient, as definet) éor amino

@Qﬂ @ ﬁin@ M is Qlsuftamirddustiurend ‘T&Fé%rﬁple F%Ué SBikyl g%?ﬁ)ﬂdé e,
e the active gonpoun I n chem cal

EﬂhS oYYl SrauPr " 2 rena cﬂﬁ%fﬁ'iaE'éﬂa@» ?JMSE—?HP@ xarepigp of
issifanamiholyesups inciude tBueaeaiy kited a6 aNHS ROYICH) | -NHBE®),RiTdhd

@ﬁfsgqgﬁgHa conmpound i n which one or nore reactive

‘gf'oups are protected from undesirable
chen1ca| reacti ons under specified conditions (e.g

ﬂﬁ,ménﬁéﬁé@raﬁbw ﬁve d’r&fys"l'ﬁdt tm t@é%@ﬁ‘ls&e@%sﬂtngntlg'r&gg do

pr actlce known hem cal S are
Cev i %Izv‘eﬂeéﬂ%lrw %Wr%aﬁW'v@abthﬁmﬁ@qud?%Ubﬁl*%% Tm the

abhierdsfisitona@olat shstitu@acdrove whithdes seaeeiddi ed
conditions. In a chemcally protected form one or
nore reactive functional groups are in the formof a

@nﬂngmméﬁJaQQQEQMEptlng group (al so known as a masked
mdJ2lconferhPiiRieStatfh BlRHAS R %R&é'an&o%%wa e

protectlng reacti ve p, reac ctl
FRRRAURA iny2 ehameally ﬁmtemeédweu Thede \veerigaltyraiecied fgrnm lips

V) I’Cé@euﬁ) ﬁlrtﬁé’Ecm%@ntlo%ltch@Mkal@eﬁ&-ﬁédd%rtﬁﬂ@ 14 ESrfsduRdin which
roup, rotectln P nmoved, usually in
e e e BN 0 Bl R S (P RRPJHPRIRERATIERT he
rmﬁnnsdxedercsbectlm dondiigaris(€.g., PHAtembeératuee &mﬂétbn solvent, and
Ereqﬁxg)g tIr|1 8@9? E\g@fknown %gﬁcalwq%mshﬁe}@%ﬁg d t(l wgsslbﬂ/
ndesreschier yfupetiopplegroup, whiich athewfiserveouisebe @active, under

Qﬁé&ﬂe@ %rﬁfutloﬁg nﬂ%@n@aﬁ@ thiaElel ?’cﬁﬁ\ %bﬁépn%% LéécWe%r?q%r?aqj

forns thereof w de varlet of
gpupRREiRythe frm o REPSRPHRL OrIPéQt%kag gEpup W‘U@]Oyml%@d“%ﬁ@p or

Wl%blkmd(gieumoﬂ &bl@él@@ﬂl’ ﬂo&&r@dﬁ&ﬁi SB ﬁ@fecﬁﬁ@&@a@hve@unctlonal
rrrgre&%i Si clg oth rg?%{%oﬂ%\ﬁ tr%aICtr ¥s
PN PR BY i %’d{"ﬂ ind OFtpnalarows can o
nerttemed, pratbodtiaffecting tith protected groay; thepdciinpdroaesiay be
'Fe@ﬁlﬁ‘/@& u%[}ﬁly% agmeaﬁgﬁ%tb& rmllho& Bgﬁgntlally 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 to a particular compound also includes
chemically protected forms thereof.

A wide variety of such “protécting," “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 would be reactive under
specified conditions, may be derivatized to render one of the functional groups
"protected," and therefore unreéctive, under the specified conditions; so protected,

the compound may be used as a reactant which has effectively only one reactive
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"protected,” and therefore unreactive, under the
specified conditions; so protected, the conpound may

wWheoosssd7as a reactant which has effectively oPCHGBRE®8/001485

reactivefunctional group. After the desired reaction
(i nvol ving the other functiﬂmal group) is conplete,

the({)rotected gro % "deprotected” to return it
functignal grppry; AftgT the FrP?ét“'r’ fﬁa‘FtIOf‘;("”thmg thg el fanctignal\amupxis
gbmplptet‘rmy! phﬂecﬂéwgreaﬂ @dy BS "daprofichar to(retthd) it @fits %ﬂglﬁ&t er
un qaﬁ% for exanple, as: a t-butyl ether; a

enzy

benzhydryl (di phenyl net hyl ), or trltyl
(trlphenylnethyl) ether; a trinethylsilyl or

?o%ﬂ@i Q‘Fu%cﬂ)ﬂky&l)yd mE)tl Q@Bmteglrerd a0 aﬁ%ﬁ"‘n‘éﬂjoﬁis an ester
f@’lﬂi‘aﬁiﬂﬂﬁ B aﬁrb@b’b%‘h%f tia benzsnbenzhydyy! (‘QIRJ@WT@()Y'

3) trigh tﬂiﬁﬁbﬁ%méﬁ?%@& A rimethyBSHiPaR - bMﬁHMwetHy%lIW%lh%p ok bR
car ? CF gz is converted to a diet
ﬁﬁ% Q&C:%& esP0Pon with, for exanple, a prlnary

aIcohoI The al dehyde or ketone group IS readily

?8:95{&@-?)@ ?I‘# alggh)h%%'l: %tgrief grotgli)srhgyg?_eo?ro 8x%ﬁ‘6§ )ér(% gg aI am ne

rresence
v 6Up0ﬁ)amrwétap%€m)édresm®tweéx rwhieh thasarhonyagiode (>C=0) is

EorNB@h toB) dlétﬁer3(>éf\cﬁ&%a%e£ nhﬁ% %)ex#nglre §E}@rﬂ% GlcoRai:

a neth am de benz

(h é@qf E‘E‘B’F%Q’OUNPH@S'ES) fegﬁfsef%tefﬂ bbhﬁd&bjﬁlsall'ﬁ'@ea large
exdsEEaH XtéGitithg)plesenbdbiBeRl) ; a 2- bi phenyl - 2- pr opoxy

ant de (-NHCO OC(CH 3) ZC6HACG6HS, - NH-Bpoc), as a

9-fl uorenyl net hoxy am de (-NH Fnoc), as a
Goraxamplecarmaminke groupamayde ;(reté&thd}ﬁwe)(amme a an amide (-NRCO-

ﬁ) BJ 4 %&QM%Fthbegﬁ?’ kP k¥a FNE{ﬁ;TFea%gae (RAcB-cHa); a

2-trichl oroet roc

Gy P g - RHAHo o Ghe) 45 o Lbulory amids
RUHBOEOG{GHL) PNPRB) &S SrpiReny-Bpicdxy(arilis Psec) ; or, in

b o t d
PR E EERE L Bl 5 e s e o o oon
any 6nitropeatrgotyeamids (-NH-NMwtLEs & Qﬂn@é@ﬁﬂfliy@thy@iy aide (-NH-
Qe?cza% l%yé 2 %%C%Loréeqw la% d;f(er J(rog tase rargal‘%lloxy amlc}é
G\lHﬂllpc)hafr 23(- Rl}qny'@slpmnyf)etwlqny|a®|de7(dﬁl+kay’bsu)1 or inGlitabid dagés
?esg% echlléHmlﬁes%s,?é)ﬂfr%lldeQadl ? dnbyester (e.g., a benzyl

a nitrobenzyl ester or as an an1de for
exanple as a methyl-
For example, a carboxylic acid group may be protected as an ester for example, as:

an C.salkyl ester (e.g., a methyl ester; a t-butyl ester); a Cishaloalkyl ester (e.g., a
Ci-trihaloalky! ester); a triCy.7alkylsilyl-Cy7alky! ester; or a Cszoaryl-Cy.7alkyl ester
(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(=O)CHs).

In particular application in the present invention is the protection of hydroxy and
amino groups.
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am de. For exanple, a thiol group may be protected as
a thioether (-SR), for exanple, as: a benzyl

wo biosaestaes ; an acet am domet hyl et her (-S- CH2ZNHE({'HGBEII8/001485

3). In particular application in the present invention

Is the protection of hydroxy, and am no groups. Solid

Support Catal ysts of the present invention nay be

i mmobi lized on a solid support by: (a) steric

9@ BLpLDIt OF (b) el ectrostatic binding. These nethods
revi ewed Carl os Bal ei zao and Her nenegi | do

%?%Y%S ¢fdne Rfﬁ?‘%'é'l""%‘&f’% Aaybepnagkiized R asolid SHPRA PY;

Reswret@abpiag;and Reusabl e Honbgeneous and Het er ogeneous

g@te%c\{rgétgtlcém m Rev. 2006, 106, 3987-4043). For
rappi t he nost suitable class of solid

support is zeolltes whi ch may be natural or nodified.

W@sé’ﬂéﬁo@é &€ rdliEiled k?)? C%Hf)é Bglél% Al Ff’ermlaheg{l ﬂoe ELRR ih Rhiral

catag but -suffici entl e to al passage

RIGYES W%Y'%M%covﬂa pand B@u*ﬁapﬁé*omgamwﬁ and

Sletdredtineorsatdtaly RS (Chérh. LRk, Zoosl 1062398%-4043pnd EMI as
wel | as those which have been partially degraded to

provi de nmesopores, that allow easier transport of
Feastedmirappagdthp modumitable Flass dfiselidduppert iszealitesc which diapge

%tu"rJi %r mebifdd/ Slthetpg (?asuz%oriwuéi’ b ¥ ér’én% ﬁ)}émoqa&ltﬁé)!:a*t%gst but

inclu ica, red
g&uent]gqlarg,@%zr adflggw tl'p@}qpssapgyptg fﬁqc@ntst@ﬁpmqﬁugté to @m&rom the
Z:bﬁ%ﬁ'%bléfké&ihé@frﬁ:ﬂjdé Qb I WHrrENteas W1l INRSR vﬂhéh‘ ca
%3 go nt nohl | @¥ ite clﬁy re of artlc%lar i nteres 1
Y& PSFOPFTR r1ed 19 BroyAe mesonorgs: Bt 3lgw %F'@%@WPW 0
ireactemts @vd,prédverse | s provi ded a process for the
production of cyclic carbonates conprising contacting

an epoxide with carbon dioxide in the presence of a
diontbeietectipalatichindinghthercptatyst talaysotid sifppbrtynidahsalid supports

F?ﬁé%fn?tfh.ﬁ}élsmcglncfléﬂ Y, A-piftare @By, A1LFRMER], H18ShpdMitk HenloRitd
Sé%g rz%g-aﬁjmlum layered double hydroxide. Of these silica and montmorillonite clay

are of particular interest.

Catalysed reactions

In one aspect 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 formula |, preferably of formula la,
and a co-catalyst which is a source of Y.

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

WA oWe1zmd pressures of between 0.5 and 2 atm PCT/GB2008/001485

Preferably, the reaction tenperature |lies between 20
and 300C. Yields of over 50{3@ may be achieved with
short reaction tinmes of to 24 hours, usi

Ecriprably tae Pv"\n'%@é'e@))rﬁlﬂvﬁ%of&rme@tl & gygtmetmgtsuwhatf rom
®'IR'e, R2AQ™ MR B°, R1=@fice Ral YROR®, 7oR2, a‘ndrml-%? MorégeRrably

Spo Vi s of ove ov 14 90% nma b eved
98 thE b e el 6 S Lo S ael, PR SH ShE
aftalidénticaindrsbiR'e RY, Ritaral B/Sare drfenﬁcm‘. nsuca chtalystssyeroifbimutall,

, RR zZR 14 , R3= R15 , R4=R16, R5=R9,
%&Eldfp%%@ﬁﬁ% and R8=R12 . More preferably Rl, R5,

R9, and R13 are identical, R2, R6, R10 and Rl14 are
|Ird§)rr’r¥é éiﬁﬁode@\ts Ii7|s (Bih;) -or @@:I-B%ED agvﬁerg‘#?é‘é'scal or Saa\'hqrp

2 ? Ré are identical. Su
312 bR LM v BE P it O A eIaDl 1 or2. 1
arhard ipraterhisly 2XIn somd éshbodiments, Alis prélefably 32)IPtHese Where n

Sigbirads o R S 1

preferably 1 or 2 . nis nore preferably 2 . In sone

m@&'emﬁﬁen& k?erﬁéfef %rdaé?\LaYenggr&EEﬁelgﬁéff ﬁg@;ﬁd}a&@% X

is preferab

stded! k@mcﬁ% §te’%y?')éﬁ'?ee§’g'ﬁ'ﬁ giay bg optignalit supsBugd.

sajfaabien ré;sregar@c 7, o@élmla&pene Gﬁd ﬁ\\bi?é preferHblYE LY BlicHN ks -

Eﬁteroc% & g, !h ; n%§1 e +onal|y substi tuted.
ﬁ@fg PYHA Usr%ﬁ?f BEIUGE B 99URY| ene, and nore

preferably C6 cyclic al kytene* This group is

preferably saturated, and refore is the group: In

ot her preferred enbodi nen represents C5-7

aryl ene, which is nore pre ably C6 arylene, and in

particul ar, benzyl ene: Wen X represents a di val ent

up s Iecte from Iene -7 cyclic al kyl ene
By OLt? '%Cgﬁ %q"tsr%y apylese aVhiB i e preferably
Onsrylesd;,lar\dﬁrepbmdmau tienlzyélerseubstltut ed, then the '
substituents may be selecfed from ni tro, halo, Cl.4

al kyl, including substituted/Cl-4 alky], (e.g. nethyl,
benzyl), Cl1-4 al koxy (e. g@ hoxy) and hydroxy.
Preferably Y-Q is CRC1=N, rein RC1 is as defined

above. RC 1 is preferably
When X represents a divalent group selected from Cs:; arylene, Cs.; cyclic alkylene

and Cs.7 heterocyclylene, it may preferably be unsubstituted. If it is substituted, then
the substituents may be selected from nitro, halo, C,.. alkyl, including substituted C1.

alkyl, (e.g. methyl, benzyl), C:4 alkoxy (e.g. methoxy) and hydroxy.

Preferably Y-Q is CR®'=N, wherein R®' is as defined above. R is preferably
selected from H and C.4 alkyl. More preferably Y-Q is CH=N.

If Y-Q is CRC'RC2-NRMN', then in some embodiments R®!, R° and RM! are H.

Preferably R* = R® = R'2 = R'® = H. Preferably R', R?, R3, R®, R¢, R7, R?, R, R“ R,
R, and R' are independently selected from H, Cy.; alkyl, ether and nitro.
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selected fromH and Cl1-4 alkyl. Mre preferably Y-Qis
CH=N. If Y-Qis CRCIRC2-NR N1, then in sone

wepisdsents RC 1, RC2 and RN1 are H. Pref er abP@T/B82688/001485

R8 = R12 = R16 = H Preferably Rl, R2, R3, R5, R6, R7,
R9, R10 , Rl11l, R13, R14 , ayyl R15 are independently
selected fromH, Cl1-7 alkyl, ether and nitro.If a
group selected fromRl, R2, R3, R5, R6, R7, RO, RI1O ,

R@grou;ﬁ?&ected% R, &R Rb R eRNAN, Rt NeR FNgnERB ether,
E Erpr ef er able)i a Cl-7 ‘al koxy group ‘and nore

%? 1 elhPHareup.is Preferapt a&rb%lboxy@fog'p aﬁ%m&(efeferqb'v&glaﬂfeﬁ/

@eﬂu@pégdnéth@m R, R2, R3, R5, R, R7, RO, R10 , R11 ,

R13 , R14, and R15 is Cl1.7 alkyl, it is preferably

butyl, nore preferably tert- butyl I n ot her
éfrﬂmglwmlﬂcsed ftomeR'CR?, R3aR% #F, R’ sRH REf BY if,\R'Hphd BHidd (131y7

t
RTRY SRR T i oot AL
Syl '%)P'e m'em"g Sétht'Mﬁé’ re%tmeu ﬁyg fiCof a'néarwm auqsatuteave
Ynehyl @icthyrNiinofmaisyl). (I) -C2HA-; (ii) 1,2 Ce cyclic

al kylene; or (iii) 1,2 benzyl ene R4 = H Rl, R2 and
R3 selected fromH, tert butyl, nethoxy and nitro,
\Mrartia:ularly pretened sét df bmbeditnbnte ef the oatplystohforhea i tave: A
R ey ,f)arti cularly preferred set of enbodi nents of
the catal'yst of formula la have: Y-Qis CH=N, X as:
4asi) 1,2 benzylene; (iv) -C3H6- R4 = H one of Rl, R2
and Rg bngiCi -4 alkyl am no nethyl, and the others

Rl1, R2 and R3 are
(i) 1,2 Ce cychc alkylene; or

(iii) 1,2 benzylene;
R*=H;
R', R? and R® selected from H, tert-butyl, methoxy and nitro, where only one of these
three groups can be nitro. ' '

A further particularly preferred set of embodiments of the catalyst of formula la have:
Y-Qis CH=N;
X as:

(iii) 1,2 benzylene;

(iv) -CsHe-
R*=H;
one of R', R? and R®is diC;., alkyl amino methyl, and the others of R', R2 and R® are
H.

The cocatalyst is a source of Y-, and in particular MY, where M is a suitable cation,
such as onium halides, which include, but are not limited to, R:NY, RsSY, R«PY and
R4SbY, where each R is independently selected from optionally substituted Ci.1o
alkyl, Ca.20 heterocyclyl and Cs.20 aryl groups and one R can be an acy! group, and
simple halides, e.g. NaCl, KI.
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H. The cocatalyst is a source of Y, and in particular
MY, where Mis a suitable cation, such as oni um

whaoosdea74 whi ch i nclude, but are not |imted tBCT/BBMYS/001485

R3SY, R4PY and R4SbY, where each R is independently
selected fromoptionally sufgstituted C MO al kyl,

20 heterocyclyl and C5-20 aryl groups and one R can
tiés isfesred thad G re;cataivgt fer thisireactien is @bihe fmgR«NNa@hereghach IR
llﬁnﬁp@ﬁ(%rﬂl?dh loRad/ driaey i§ Qel6@éPiror 1, BF Qhd ENI B is'fP@ElabN 1 S

ere R is independently Cl-10
SPIRGIPS R e AR BT RRg 7 DUty YanEletarabiyedy STherefore,
parit@ariyrsfesed emtatalydt isBo,MBr. 3 halayountai do-aatalst is preferably
r o r rably Br. Therefore, a
Belﬁ{’ﬁgu A ,l))greﬁw(%fg ab'¥§18§2§a ) ®/st is Bu4NBr. The
anount of co-catalyst is preferably 0.2 to 10 nol %

TRE FoaBiicH By darfedlout Bnder SolVE-FRe Jd?\@ltlf)ﬁsagteb%ﬂfng%glt%e

carried out under solvent-free conditions
§ROXqe8 Userbxn §ame Gasss: the SPies may Seksas & $Riveshiox heecgtalvaty
act as a solvent for the catal yst. Manufacture of
j c al ntnlu sale onpl exes In a second aspect
lrtrelretureof eri 2al d a process for the
by oskeond aspeof of dienivantior fthene arpmv(dsetlaen@cesettoatryesnr@motlon of
EPJJFH Iafi’:n*llrﬁurﬁ(gg@ﬁ)' c%ké%tst i g@ﬁthlgga @onﬁ?HsﬁpC sa‘?én ligand of

fornul organ
\f/ﬁﬁ@P'ér'YrWF'é(')AKOE‘f)s i & qrganiqolvest, wh%rple° —tfrle atlwqusa aryl.
sol vent can be an aprotlc solvent Preferably, t he
%bganlc sol vent js tol uene greferred t hat
Pigaric SPIkSNT ca %?%’°‘t§rsé’l“’8l‘tal§’|"ifefét"ll3}l‘ OFgRRIC SRt iSon

taluene pit &f @iscayirbierred dmt AR is\Gealky aad thodSprafetibs, ethigdr Ehe

eagfl har JF#%! %’re@%rflfeg ggtm%%j2 %Qd E%ﬁc\gluz% tn?o(sngre?eractgl §r§w r¥ 3 and '
é@ﬁ@ﬂenbodlnents t he carbon di oxi de may be suppli ed
heated, and in other enbodi nents, the reaction may be
heat ed by a conventjon or mcrowave system Novel

dhersartionanayheieatfds hresHied: BYrﬁleéB@&e“F'ﬁ"aé means-dnsemeact
einbbdiBents B tarbeh dibademay e fUpphddRdteB0a Rl in other

gmggﬁrmerlf{n(tﬁe react)on may be heated by a convention or microwave system.

Novel dimeric aluminium(salen) complexes

In a third aspect of the invention there are provided novel aluminium(salen)
complexes of formula I. In particular, these novel catalysts may have:
(a) at least one of R', R?, R3, R*, RS, R®, R, R?, R%, R', R", R, R*, R, R, or
R' as nitro;
(b) atleast one of R, R2, R3, R4, R®, R®, R7, R8, R?, R'%, R, R'2, R'3, R, R*, or
R'™ as ether. '

In general, the preferences expressed in regard the first aspect of the invention may
apply to the third aspect, provided that they are compatrble with the above
statements.
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conpl exes of formula I. In particular, these novel
catal ysts nmay have: (a) at |east one of RlL, R2, RS,

WGORZA08RR47R6, R7, R, RO, R1I0 , R1 1 , R12 , RIBCT/EB2(08/001485

R15 , or R16 as nitro; (b) at least one of Rl, R2, RS,
R4 R5, R6, R7, R3, R9, Ri(py R11 , R12 , R13 , R4 ,

or R16 as ether. In general, the preferences -
é’k%?fée'xéae alHminigR{paien) icatalyst of formyled i systmetrivel, sushehati on
maw&mtm ﬁi;a?%hvsrdswwishtto ni’tﬁ;ﬁladgdas?hat gfohéeﬁ’re@Fa%ly
Q d e apo atenent s. Pref er abl -
TR B B eispeanRs KF. Fb SR pleatemival &y Rl PR
guedterttibalf arairiRf, Re, IR '2and Fi“?arb’tllteﬁtlm e$l&f\&bia]ysh§hre oFornid Ia
and R13 are identical, R2, R6, RLO and Rl14 are

i dentical, R3, R7, R11 , and RI5 are identical, and
fusonmReembRimentsd XAg §CHre oF dR(EHbad-, wistre I ict3al yar5sandipds

9f 2, foQB My tﬁes’eﬂemﬂo@mﬁéﬁ[ﬁen W@Qh‘%@lrﬂ&hs Qﬁdgsis p%g'éb%) {‘ar Dl

eﬁg where n i s
isrmaye py f??izége"bthﬁ%fowﬁaqw&en*% Isrefprably r (@bl (2 90102'34')and

p is preferably 1 or 2 . nis nore preferably 2. In

X
T FPSRSRE K Tosteslst T Lol pelppdicty G- carfene, Cer
dyolﬁaﬁlémnegﬁr@@ beleencyaylerfe; whiclChay baoptiopalty, suBStitRed.ycl i ¢

PlFLAPR réftsdmids 657'8?(!"3 gﬁ% %h& E]%% r&gf %B;%Hgg a&l_ene.

tionally substit era
EEE‘EBTOHPéﬁ HgieEasly, saiiednang therelere isibe groge: cycl ic

al kyl ene. This group is preferably saturated, and
therefore is the group: In-efher preferred

enbodi nents, X representsryl ene, which is nore
preferably Ce arylene and particul ar, benzyl ene:

w}ﬁ%rér&&%ﬁﬂ%ﬁ@eﬂ %& ? ehtes\% g%@gl Wi Eheig nIorré) ;We%?éb?y

ﬁe?@?ﬁ%f@ﬁ)‘ﬂ @q@ulqr,tbeﬁwqur ef erably be unsubstitut ed.
If it is substituted, then the substituents may be

sel ected fromd .4 al kyl . methyl), Cl.4 al koxy
(e.g. nethoxy) and hydrox

When X represents a divalent group selected from Cs.; arylene, Cs cyclic alkylene
and Cs heterocyclylene, it may preferably be unsubstituted. If it is substituted, then
the substituents may be selected from Ci.4 alkyl (e.g. methyl), C,. alkoxy (e'.g.
methoxy) and hydroxy.

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

If Y-Q is CRC'RC2-NRM, then in some embodiments R®', R and RM' are H.

Preferably R* = R® = R'2= R'® = H. Preferably R', R?, R3, R5, R?, R’, R®, R, R"", R'3,
R', and R are independently selected from H, C_ alkyl, ether and nitro.
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Preferably Y-Qis CRC 1=N, wherein RC1 is as defined
above. RC 1 is preferably selected fromHand G . 4

wW@RkMph324kbre preferably Y-Qis CH=N. | f Y-Q i SPCT/GB2008/001485

CRC1IRC2-NR N 1, then in some enbodi nents RC 1, RC2 and
RN1 are H Preferably R4 —ﬁ8 R12 = R16 = H
Preferably Rl R5 RO, RI0 , RL 1
mrom&ﬁlecte&rf@mis RarPé‘ B%H)’en%"eﬂﬂ §". et &t end BPafmtmer
@eﬁ't e is r

ﬂfé/ém r?r&lge prfb %Fgaé@uﬁlko&y o%HBnéﬁJo%?;Srgfléf e, 5y
?”Bt‘h@rmet%“m{n the ether group is preferably a Cl-7
al koxy group and nore preferably Cl-4 al koxy group,

R R B HOMT e TR oo
alki(lyill is praferagly ybldhfl", momr’yfetﬁtvtyyér,l-bWr e preferably

tert-butyl. More preferably, the catalyst is of

formula la. A particularly Eﬂreferred set of

Mﬁ’ff'o‘éf?ﬁ?éarwystr@fcafaﬁ’ét 'ﬁ@(/f@fm‘&%\ al yst of fornula Ia have:
Y-Qis CH=N, X as 1,2 C6 cyclic alkylene; R4 = H and

ék)&rt%laiy Efg{eﬁrstgg{attoz ?%F)?éirﬁ%ﬂgoﬁée Eovggcaifialigt oﬁ})ﬁul%% h}vgzl
Yerts@eNil and R2 = R3 = H or (v) RL = tert-butyl, R2
X A furth t I arl f d
Xa'§|1aéf"@,| &E“Cda%goxy urther particularly preferre

ts of the catalyst of fornula Ia have:
RoHandH=N;, X as: (iii) 1,2 benzylene; (iv) -C3H6- R4

= H @ne ot R = RA-affaddPRrdsydi G - 4 al kyl amino
met hyﬁ arEl‘ t'gse otatr}gr"ﬁ of Rl, R2 and R3 are

(iii) R'=R?2=R3=H;

(iv) R' = tert-butyl and R?= R® = H or

(v) R' = tert-butyl, R? = H and R® = methoxy.

methoxy;

A further particularly preferred set of embodiments of the catalyst of formula la have:
Y-Q is CH=N;
X as:

(iii) 1,2 benzylene;

(iv) -CsHe-
R*=H;
one of R, R? and R? is diC.., alkyl amino methyl, and the others of R, R? and R? are
H.

Examples
General experimental methods
IR spectroscopy

IR spectra of liquids or of solids dissolved in a solvent were recorded between NaCl
plates on a PE Spectrum 1 spectrometer. IR spectra of pure solids were recorded on
a Nicolet380 FTIR spectrometer fitted with a ‘Smart orbit’ attachment.
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H. Exanpl es General experinental nethods IR
spectroscopy IR spectra of liquids or of solids

wolpasoszed in a sol vent were recorded bet ween INEIHGB2008/001485

pl ates on a PE Spectrum 1 spectroneter. IR spectra of
pure solids were recorded ogy a Nicolet380 FTIR
spectroneter fitted wth a "Smart orbit’

chment . NMR Al l NWR spectra were recorded at

%WWF&pdcﬁﬂW@Feﬁ*eéﬁr&e@& a%b%rnyié%eé Gr?a ﬁm&ﬁagce 300

tronet sa e was di sso I n ess
§ %CE'P?‘FEB Tgﬁ ﬁémwe%S%e'ge%'ﬂ M%&saypqc&\ﬁﬂ PSSR i on
El

and C spectra were recorded on a Varian Saturn
Q0 GCrnsl%ss spectronmeter. Low and hi gh resol ution
ﬁé‘c‘%&%&—gﬁyspectra were recorded on a Waters LCT
Rvenes@utiondd snd Gespecthaw e errecdrdealngpl £V drian Gatuen 2200 GC-mass
é%%*“?{ef Lol B3t b lon BBl iy RpPog o
PLGT @mlemﬁsﬁspeﬂmﬂwetgu R2= R4= H R3= N2 1lc: X
':(CH2)2 Rl R3 1Bu R2 R4= H 1d: X = 1, 2-C6H4; Ril=
Egz ' Bu; = (1R2/ :7?)-cycl ohexyl; Rl=
ampls 1- GanetgbbrackUIBHor ke sypinais 3f Fatalysts Brisny| Rl
R2= R3= R4= H 1g: X = (1R2fl)-cycl ghexyl; Rl—RsBu ;

R2= R8= R4 = H 1h: X = (1fl, 2f|)-yc|ozhex2yl Rl = Bu;
R2 = OVE R4 = H Al (OEFR)I3A(Q gR 1)
was add o-dry tol uene (60 nl) stirre
refl ug 1R our. The approprig arn ki

neq(
adde(d and the reaet—ken—m»xturg Waﬁgsi_l_u X
reflox fon a further 3 hours bafore being all ovvedNto
cool | 0 rloonkt enperature. The | ulli onrwag_dr iled |
(Na2S

R R? . R R? R R
3 | R’ R’

1a: X = (1R,2R)-cyclohexyl; R'= R®*= 'Bu; R*=R*=H

1b: X = (1R,2R)- cyclohexyl R'='Bu; R>= R*= H; R®*= NO;

1c: X = (CHz)z; R'= R3='Bu; R2= R*=H

1d: X =1,2-C¢H,;; R'= R®="'Bu; R2=R*=H

1e: X = (1R,2R)-cyclohexyl; R'= R®*= R* = H; R2= OMe

1f: X = (1R,2R)-cyclohexyl; R'= R?=R%= R*=H

1g: X = (1R,2R)-cyclohexyl; R'='Bu ; R?= R*= R* = H;

1h: X = (1R,2R)-cyclohexyl; R' = 'Bu; R? = H; R®= OMe; R* = H

AI(OEt); (0.28 g, 1.72 mmol) was added to dry toluene (60 mL) and stirred under reflux
for 1 hour. The appropriate salen ligand (1.68 mmol) dissolved in dry toluene (40 mL)
was then added and the reaction mixture was stirred under reflux for a further 3 hours
before being allowed to cool to room temperature. The solution was dried (Na,SO,) and
solvents were evaporated in vacuo to give a solid which was purified as specified
below. The analysis data are set out below.

Data for complex 1a: Yellow solid purified by washing with cold hexane. Yield 63%:
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sol vents were evaporated in vacuo to give a solid
which was purified as specified below The analysis

W@l2008/13484 set out bel ow. Data for conplex la: MeT/GB208/001485

solid purified by washing with cold hexane. Yield 63%
[a] D 20 -548 (c= 0.1 1, CHG34); vmax(CH2Cl 2) 2953 m
1626 m and 1474 cmm dH(CDCI3) 8.35 (2H, s, CH=N),
8olbB -$48-c= 9,11 CFHM)); vrax(Gi20l21£R530M, 11626 B, ing 14]74xan\’rI=rt)§H(CDCI3)

%3%72|C|4§"0H1N§) 821532h'zs -Na’}lr’\ﬁ'é)(ug dﬁf% %z Q%?guf% o, d
oabs, 4)XA¢I>§@9§@'W D GHI 8D, br D GHNBEH-18 (166, a0, 2

x@ER)) 3)15@136H(E$1>3(C¥|1- 91, 598?”*)&742%%5 @% s4)11@9;% (KIH),

Fo ( 9
B8 20 Y080 SR FoES) Qoo ARl o O A M e
pus9.771®€d by washing with Et20 Yield 63% [a]D Z0 -575
(c= 0.1, toluene); vmax(ATR) 2925 w, 1638 m 1599 m
and 1573 cnr 1 m dH(CDClI3) 8.64 (4H, s, 4 x CH=N),
Qagfo enmplex 1h4 Oxange Bhlid miritkdl Kystashiog with £t Me|d 68%- 3. 8

4 1
w% 595 (C—Wt?%%d Sjnax@nﬁ%'éééf“)wﬁ% %irsd 135&%%’3 m;
@»E(SDpls)la_ 6% (45364 K:GHFBDN%(@AIS:ZWWH% 8roeq4m r$ x ArH), 3.7-3.8
(0]

2 G, o PR U1bf mORRRARN, 5 (ol oy ¥4 T %%lisﬁ‘q“

Hée‘iﬂsmw ESIp B! 54536 FebHasN g BaAIngMH" h'iequ(Sch@ 4618, 38
(4H, s, 4 x CH=N), 7.52 (4H, dJ2.5Hz,‘4xﬁrH) oo

. dJ 2.6 H, 4 x ArH), 4.2-4.1 (4H, br
%)’agf'fgr( éolﬁl'isole?( 1(04,$_Fllomsohct Qﬂ_@féyyl_gvawlr@omwscglq(ﬂgd nglé(Sé
3 ATR) 2050(r3 34866 W, 1828, (dRHI3539 cm Minz 5. ( ESEY) 818BUHT s, (aMH)

crRbaa i o7ty ol /o4 o dh e bt

(CHighl),38-34: (4Ff|”m' (Celg)e)t 1.00 (368SS, Mea((O%ﬂ)s)aU 56¢3aH)s, 4 x (CHa)s); m/z

q«zﬁ méah;t wag Sa@geezaggggxgﬂm%g7§0#&%§é%§5 et ég%fgggmégﬁxxlg

) f%ﬂq(r@@@)fﬂg?ee (4H, s, 4 x CHEN), 7.43 (4H, d J
23HZ 4 XArH), 7372(4H, m 4 x ArH), 7.2-7.0
%)gg;jf’)%m%lp);xfﬁz ﬁ?\%ﬁeéstﬁ)g 3 glz’ttﬁgfatdgytﬁ gﬁ;\? ?%M_gé?e ?a’\% orange
powder. Yield 60%;
vmax(CH2Clz) 2952 m, 2868 m, 1614 s, 1583 s, and 1531 cm™' s; 5(CDCls) 8.66 (4H, s,
4 x CH=N), 7.43 (4H, d J 2.3 Hz, 4 x ArH), 7.3-7.2 (4H, m, 4 x ArH), 7.2-7.0 (8H, m, 8 x
ArH), 1.43 (36H, s, 4 x (CHs)s), 1.32 (36H, s, 4 x (CH3)s); m/z (Maldi) 1147.7 (MH*),
582.3, 540.4; Found (ESI) 1147.6801 C;2HssN4OsAl (MH*) requires 1147.6777.

Data for complex 1e: The reaction was heated at reflux overnight and gave a yellow
powder which was purified by dissolution in cold Et.O followed by evaporation of
solvent in vacuo. Yield 35%;

[a]o® -753 (c= 0.1, CHCl3); vmax(ATR) 2937 m, 2838 m, 1606 s, and 1537 cm™' s;
31(CDCls) 9.87 (4H, s, 4 x CH=N), 7.18 (4H, dd J 8.9, 3.0 Hz, 4 x ArH), 7.03 (4H,d J
3.1 Hz, 4 x ArH), 6.97 (4H, d J 9.0 Hz, 4 x ArH), 3.82 (12H, s, 4 x OCH3), 3.8-3.5 (4H,
m, 4 x CHN}), 1.5-1.2 (16H, m 2 x (CH.).); m/z (Maldi) 831.3 (MH*), 789.3, 662.4, 407.1;
Found (ESI) 831.3139 CuHsN:OgAl (MH*) requires 831.3130.
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WO 28t was heat ed at

582. 3, 540.4; Found (ESI) 1147.6801 C72H93NACHAI 2
(MH) requires 1147.6777. Data for conplex le: The

yel | ow powder which was purified by dissolution in
cold Et20 fol |l owed by evapogsiti on of solvent in vacuo.
Yield 35% [a]D 20 -753 (c= 0.1, CHCI3) ; vmax(ATR)
Pgtgrfopgompiexal fifhergagion was Reptadsa ety ovarnight atel(9aBeh 33llow
e e e sguort§ b e Blghetl s suabopiR g1 5
X .03, : : X , 6. :
@?@M”&“&%&é'é&?%g 82 (12H, s, 4 x OCH3), 3.8-3.5
L) B2 M g 0 A e ek b oy
. , . 4, .1: Foun
3EDLbhe 3514t 5 ORI AT fkh D Ay daam, A, 7069 (4,
&) ADa), 6.9f608 (460 DAY, 3.8:3.31(aR, fn,e@||qm, o10- V\&B1 ehﬁ\,,ﬁ Q,ﬁ (6H:)a);
. Vv yell.o ich was-
FER g3 LR Rt beBR oL e YRR R eliceromy
Svdiladl QtAl-dMHOf reguiles @Mt.2708. vacuo. Yield 33% [a]D 20
-381 (c= 0.1, CHCI3); vmac(ATR) 2863 w, 1628 s, 1601
m and 1537 cm 1 m dH(CDCI 3) 8.27 (4Hls, CH=N),
Patafor complep 1gxf henjepgtionvas hpated pirpfluxpvermighy and7gaye @.yellow
bédvhermgiogwj#g)uﬁfiegﬁ-&s&gﬁbn iFTbctl)_IgE%}fol%nw?fzj (%Eé\llagp%(?éﬂgfrgfl )
. 0-1. X :

%5'1\%# i vegpe gnd é’tﬁ%@?@?ﬁ%@&f&éepﬁagﬁ 1H5pYsiRg tqltigey ethanol (1:1)
34 eD@Q8YiAMA; NACsAl 2 (M) requires 711, 2708];I Dat a

20 I i~ Lhe ' heat t reflu
I SR S o 120 PR o fi S 7 gricoce:
B84t soft wiGHEN). 12T @HJdEY 8D, 2.0 Hzptve drHy7.¢4 (abh Hatd. DAz,Gf x

' r I

AENLEBY ] auRerng AEAR ) PRRG0R Vi LN BRI e TR
(Gl %20"5-@@"2 & ¢ GChis)a)t (Wnidi) 9AmK (MHTR) 89385 84 11§, 77633

. 35 . 754 y i : ] N,
eI mo st N oty g
2.7 Hz, 4 x ArH), 6.84 (4H, d J 8.7 Hz, 4 x ArH),

Baté-far. @mpteid, 1hnThedresctichitas h@atBd dt reflux(ovdidht aRd%gaX¥e a yellow
powder which was purified by dissolution in cold Et,0 followed by evaporation of
solvent in vacuo and chromatography on Sephadex LH50 using toleune / ethanol (1:1)
as eluent. Yield 30%;

[a]o®® -612 (c= 0.1, CHCl3); vmax(ATR) 2949 m, 1627 s, and 1552 cm™' m: SH(CDCI3)
8.26 (4H, s, 4 x CH=N), 6.91 (4H, d J 3.0 Hz, 4 x ArH), 6.49 (4H, d J 3.0 Hz, 4 x ArH),
3.70 (12H, s, 4 x OCHg), 3.4-3.2 (4H, m, 4 x CHN), 2.0-1.4 (16H, m 2 x (CH,)s), 1.41
(386H, s, 4 x C(CHs)s); m/z (Maldi) 1055.6 (MH*), 876.6, 848.5, 519.3, 494.3; Found
(ESI) 1055.5602 CeoHaiN4OsAl> (MH*) requires 1055.5634.

Example 2: General procedure for the synthesis of cyclic carbonates 3a-k
0O

X

O O

c1.” ° + 0
R

RC'
2,3a: R®' = Ph
2,3b: R® = Me

refl ux overni ght and ge@EG®2008/001485



(CHz)4) , 1.45 (36H, s, 4 x C(CH 3 3); mz (Maldi)
935.5 (M#+) , 893.6, 847.5, 775.4, 573.4, 459.3; Found
W@ EBBN3A36. 5223 C56H73NACHAI 2 (MHH) requires 9BGI/EB1®S/001485
Data for conplex 1h: The reaction was heated at refl ux
overni ght and gave a yel | owpgoowder which was purified
by dissolution in cold Et20 foll owed by evaporation of
203y Bit= $ePhacuo and chr omat ogr aphy on” Sephadex LH50
v act-oggune / ethanol (1:1) as eluent. Yield 30%
%%]I_:) 0 -612 (c= 0.1, CHCI 3); vmax(ATR) 2949 m 1627
Se3Rd =% cm 1 m dH(CDCI3) 8.26 (4H, s, 4 x CHEN),
2,3%1R( 4ldH,0H) 3.0 Hz, 4 x ArH), 6.49 (4H, d J 3.0 Hz,
éﬁfﬁw—’%ﬁ'To (12H, s, 4 x OCH3), 3.4-3.2 (4H, m 4 x
= eHL1a (16H m2 x (CH2 4), 1.41 (36H, s, 4 x
e(36HRY' 3 CH0Az (Mal di) 1055.6 (MH), 876.6, 848.5,
?%,_g}%ﬁ 6 Eound (ESI) 1055.5602 C60H8I NAOOAI 2
) F &GP 8@ 1055.5634. Exanple 2: General procedure
R3j: R°he Csiy@PIesi s of cyclic carbonates 3a-k 2,3a: RC 1
= Ph 2,3h: RC1 = Me2,3c: RC1L = CH2Ph 2,3d: Rc 1 Bu
2,3f: RCI CH2OH 2, 3g: RC1 = CH2Cl 2,3h: RC 1 '
%‘;%_(ﬁg_z, RGE. = CH2OCOPh 2, 3j: RC 1 = CH20Ph
turé of an

> Il

ep%xi de 2a-k (2. mmol),

t et rabut yl anmoni um brom de (0-2.5 nol % and the

' -h (0= 2 | 9 Vi
ARRKOR S Bh 8ppRleRalR o Aol 1By Bl PR ue BRRan
inespprepsatd catalysiuighh (0He5 fbliewasivigatawsly stieed wntibcoamiate e.
Bl inchauafd 4 €0 B Gl ol BRI B i B

SperdtengstiBpy akas @ & beiwenr 3 aRe 4@ Berrarasiasiple efite repetion was
aefydet ® 'H NMR spectroscopy to determine the conversion, and the reaction

mixture was purified by flash chromatography to give cyclic carbonate 3a-k. The
results are shown below:

Reaction Cyclic Catalyst  Co-catalyst CO, Temp Time Conv (%)
carbonate  (mol%) (mol%) pressure (°C) (h)
(atm.)
1 3a 1a(0.1) BusNBr (0.1) 1 25 3 5
2 3a 1a(1.0) BusNBr(1.0) 1 25 3 38
3 3a 1a(1.0) Bu;NBr(2.5) 1 25 3 56
4 3a 1a(2.5) BusNBr(1.0) 1 25 3 51
5 3a 1a(25) BuNBr (2.5) 1 25 3 62
6 3a 1a (0.1} Bu.NBr(0.1) 1 25 24 27
7 3a 1a(1.0) BusNBr(1.0) 1 25 24 86
8 3a 1a(2.5) BusNBr(2.5) 1 25 24 98
9 3a 1b(2.5) BusNBr (2.5) 1 25 3 50
10 3a - 1¢c(2.5) BuNBr(2.5) 1 25 3 52
11 3a 1d (2.5) Bu«NBr (2.5) 1 25 3 33
12 3a 1€ (2.5) BusNBr (2.5) 1 25 3 41
13 3a 1f(2.5) BusNBr (2.5) 1 25 3 28
14 3a 1g(2.5) BusNBr (2.5) 1 25 3 51
15 3a 1h(2.5) BuNBr (2.5) 1 25 3 64
16 3b 1a(2.5) BusNBr(2.5) 1 25 3 77



m xture was purified by flash chromatography to give

cyclic carbonate 3a-k. The results are shown bel ow
woe@st3am Cyclic Catal yst Co-catal yst CO2 TenpPdT/GB2008/001485

Conv (%9 carbonate (nmol % (nol% pressure (0C) (h)

(atm) 1 3a l1la (0.1) Bu4NBro{Cl) 1 25 3 5 2 3a la .

(1.0) BUANBr(1Q 1 25 3 38 3 3a la (1.0) Bu4NBr (2.5)

1 Pesicipnsg 4 Qwlic 5 ( Sallystpy Sr@ptalysiO) 1CR5 3 Bmp 5 TBue 1&0nv (%)
(2.5) Bu4NBfartodat®) 1Ima%)3 62mé%Ba larekdlrel) BofNBI (h)

(0.1) 1 25 24 27 7 3a 1la (1.0) Bu4NBEFtré 1.0) 125 24

86 8 3a 1a (2. 5) BUANBr (2 5) 1 25 2578k 9 33 1b (2.5)

BuaNdr (2.5) 325 3 B0 B4NBE(1)2.5) 1BU4ANBrO(2.5)3 1~ 40
25 31852 11 3astld (2. fn)(1Bu4IHBINB(@)5) 1125 3 38 12 3& le 63
(2. 5) Bu4NBr 42.5) 3255)3 4y ,18,3(§5)3a 1f, (2. 5)OBu4N 44

Br (2.5 51

(15 : ih2(52.35§88u4Né?(2( ?“4'1'%'2%5)3”\'64 (16 3% 2fa (22‘5) 99

Bu4NBr (2.5) 925 3 WmacBmWr(Uy)cl i c 1Cat al &8t 3 - 87

Co- cat al yst 82 Tenpa@.gye mr é@ﬁ) ggﬁ?gn?t &s5( gELL%Br 64

Elrmlzéol B 55055 95 1Y, ()1 63 19 3¢

la (22 5) Bu4|\m (2. 5y<215 o @404*3!(25) 1 25 3 90

1a(2.5) BusNBr(2.5) 1 25 3 50

26 3h 1a(2.5) BuiNBr (2.5) 1 25 24 75

27 3i 1a(2.5) BusNBr (2.5) 1 25 3 72

28 - 3i 1a(2.5) BusNBr(2.5) 1 25 . 24 62

29 3j 1a(2.5) Bu.NBr (2.5) 1 25 3 55

30 3k 1a(2.5) BusNBr (2.5) 1 25 3 30

31 3k 1a(2.5) BusNBr (2.5) 1 25 24 84

Comparative 3a 1a (1.0) - 1 25 3 0
reaction 1

Comparative 3a 1a (1.0) -- 5 50 24 0
reaction 2

Comparative 3a 1a(0.1) DMAP (1.0 8 50 24 0
reaction 3

Comparative 3a - BusNBr (1.0) 1 25 3 4
reaction 4

Detailed results for Example 2

The analysis data are given below for cyclic carbonates 3a-e, synthesised under the
following conditions:

Temperature; 25°C

Pressure: atmospheric

Reaction time: 3 hours

Catalyst: 1a (2.5 mol%)

Co-catalyst: BusNBr (2.5 mol %)

Data for styrene carbonate 3a — Reaction 5: Conversion 62%, isolated yield 57% after
purification by flash chromatography (hexane / EtOAc 2:3). Mp 49-52°C; vimax(ATR)
3047 m, 3020 m, 2968 m, 2899 m, 1812 s, and 1592 cm™ w; &y 7.5-7.2 (5H, m, ArH),
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WQ@2008184723 3f la (2.5) BudNBr

20 3c la (2.5) Bu4NBr (2.5) 1 25 24 99 2 1 3d la (2.5)
Bu4NBr (2.5) 1 25 3 87 22 3e la (2.5) Bu4NBr (2.5) 1

(2.5) Bu4NBr (2.5) 1 25 3 90 25 3h la (2.5) Bu4NBr

(2.5) 1 25 3 50 26 3h 1la (22,;5) Bu4NBr (2.5) 1 25 24 75
27 3i la (2.5) Bu4NBr % 1 25 3 72 28 3i la (2.5)
ERBENEH, {(/B. @)*2,1"@3“@44 @téﬁ 51tz OLHs)) 486 4NBt J @2 12, OCH;).

35 184.55380, %éazé% 536(5#%'51‘1 é%a/?lEl)H e, 1%9531@-&1%? 105
%a (2.5) BU4NBr (2 Conparat i ve

Qj) ... 12530 reactlon 1 Corrparat|ve 3a la ( 1 0)
50 24 reactlon 2 Corrparat|ve 3a la (0.1)

(1 ANBr (LO) 1
5 tor oo el SRR in ST £ RéfcER spdon a%ﬂ“é: 0
ZnaNeysiors8liatisoladedyigld \7@% ditet puifi¢adion byﬂa\shmhmmdmyranhﬂ;hexane

n 1 | .Qwi [
?%@er Z‘%!“ﬁﬁnlagﬁzgéé%f essur é%s %rﬂ L é":bgcggi—gc M B HRRlH:
e} &mu; ©CH), 4.02 (1H, dd J 8.4, 7.3 Hz OCHz) 1 .49 (3H, d J 6.3 Hz, CH3); 8¢ 154.5,
73.7,70.9, 19.7; m/z (El) 102 (M*, 100), 100 (5).

Data for allylbenzene carbonate 3c — Reaction 19: Conversion 50%, isolated yield 44%
after purification by flash chromatography (hexane / EtOAc 2:3). vmax(neat) 3064 w,
3031 w, 2980 w, 2920 w, 1800 cm™s; 84 7.2-7.0 (5H, m, ArH), 4.85 (1H, m, OCH), 4.35
(1H,tJ 7.8 Hz, OCH.), 4.08 (1H, dd J 8.4, 6.9 Hz, OCH_), 3.06 (1H, dd J 14.1, 6.3 Hz,
CHzPh), 2.90 (1H, dd J 14.1, 6.3 Hz, CH.Ph); 8¢ 154.5, 134.1, 129.3, 128.9, 127.5,
76.8, 68.5, 39.6; m/z (El), 178 (M*, 20), 91 (100).

Data for hex-1-ene carbonate 3d — Reaction 21: Conversion 90%, isolated yield 87%
after purification by flash chromatography (hexane / EtOAc 2:3). vmax(neat) 2960 s,
2934 s, 2874 m, 1797 cm™ s; 64 4.64 (1H, qd J 7.5, 5.4 Hz, OCH), 4.46 (1H, t J 7.8 Hz,
OCH,), 4.09 (1H, dd J 8.4, 7.2 Hz, OCH,), 2.0-1.6 (2H, m, CHy), 1.6-1.2 (4H, m, 2 x
CHy), 0.95 (3H, t J 7.1 Hz, CHs); 8¢ 155.2, 77.2, 69.5, 33.7, 26.5, 22.4, 13.9; m/z? (CI,
NH;), 162 (M+NH,*, 100), 161 (40), 100 (10).

Data for dec-1 -ene\carbonate 3e — Reaction 22; Conversion 70%, isolated yield 64%
after purification by flash chromatography (Et.O). vmax(neat) 2928 s, 2857 s, 1805 cm'*
s; 84 4.72 (1H,qd J 7.5, 5.7 Hz, OCH), 4.54 (1H, t J 8.1 Hz, OCH,), 4.09 (1H,tJ 7.5
Hz, OCHy), 1.9-1.6 (2H, m, CH,), 1.6-1.2 (12H, m, 6 x CH,), 0.90 (3H, t J 6.6 Hz,
CHs); 3¢ 155.2,77.1, 69.5, 34.0, 31.9, 29.4, 29.2, 29.1, 24.5, 22.7, 14.2; m/z (El), 162
(M*, 8), 95 (38), 67 (100).

Data for hydroxypropyl carbonate 3f - Reaction 23: Conversion 43%, isolated yield
36% after purification by diStillation. vmax(neat) 3400 s, 2933 m, and 1789 cm™ s;
31(CDCls) 4.8-4.9 (1H, m, OCH), 4.4-4.5 (2H, m, CH,), 3.9-4.0 (1H, m OCH), 3.6-3.8
(2H, br, OH, OCH); 8c(CDCls) 155.2, 75.0, 65.8, 61.6; m/z(Cl) 119 (MH*, 100),
118(M*, 10).

(2.5) 1 25 3 43rPQHAGBY0$A01485
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Catalyst: 1a (2.5 nol % Co-catalyst: Bud4NBr (2.5 nol
% Data for styrene carbonate 3a - Reaction 5:

W@vsasB7HNn 62% isolated yield 57% after puriPCTaGBR@A/001485

by flash chromat ography (hexane / Et QAc 2:3).

49-52C, vmac(ATR) 3047 m 3820 m 2968 m 2899 m 1812
Sland 1592 cm 1w, . dH 7.5-7.2 (5H m ArH),5.68 ( 1H, t
J 8.0 Hz, PhCHO), 4.81 ( 1H, t J 8.5 Hz, OCH 2), 4.35

(DatdHor I:hl&ro&’oﬂyl 'dérbo%@é Ré’ébtléff’ﬁﬂ Q)oml@f&org 90‘}152|c5)ol§ted y|eId9

ﬁ 3%‘916‘5’?'6&‘6’? by rﬂa?haCW?fPa‘%%?M %‘ﬂ@“% é\f‘t%ﬁa?t% ‘S‘Ia%“eat 3467
Rea860 wnarld/179B8eac’ s; 6HCDak)5.@d.9q U, rﬁl,tO@@)CA 50 QTH,RIdSA &N 8.4

R R I AR TR
2624, /.6, 5736438 prm/z(Ed), 139K(CECNBF 4) 817 (EXCHM*, THA)6, (38), BB(55),

t 4.02 (1H, dd J 8.4, 7.3 Hz
%%:H'(ksﬁ 51?“%’.’33%9?8%&%‘ 6.3 Hz, (CHS); dc 154.5, 73.7,

70.9, 19.7: mz (E) 102 (M+, 100), 100 (5). Data for
@aka/ﬂobafélyﬁm@pl@@ﬂ eaibohfte 36 - ReddBa®Ls: WdnSsio 80M SESAERE yield

% af f
3L et SUhsiio ™ Aashalionatod-eny hahe TEAR L Y peadin s
Won@HSitn V5% 2i9@6tedyicRIBB Alter p@diGatomby flash dﬂrbrﬂatagrip%@
5 4 4.
el o ogbo B0 1 7epls off gy Sadgop Y anly il I,
3. 5(76”(' tl’l-si’ 0 Ué QCUZL 427 (35, » PEH2, GHRPR)15 (3H,30CHAH)(CRCI)

4. . ,
E‘rg %51 5@782 75'71, %@F%Bhl) 20. 661%/%“@3) 81 (I@IF‘I 17%,81%& ,382,0 313’2(38(%.1

(100). Data for hex-1l-ene car bonate 3d - Reaction 2 1:
OCara/fer sHedplcAOEHyloxgarbpyl eatbyniatd 8l - Rédetvh@r CervetsionGabd, on

=
Pl 308 IR B0 S5 ey v
Reagdiof 28HonygrsionB2%,; isblatedhtield §8%Hjollowling Burfficatign ty flask . 8
H;mm%@phy gﬁié/ étgAc qg&‘] Sh%atl)n&% WW%BG 5\5 g%ﬁ
@"9 771 51°"P-|z5 Cls) 8@c8- 1625, 2\ ArH) 78-7.891H m Z’SH);'? 4955
A2 AfH), 8.3.5H (1r|¥( v OCH), 4. er%)é«m 1@23&%6%)45&(0042953)66 488 g,

RSN A §6: meisadiyd b algig. ios

(100), 77 (38), 51 (15).

Data for phenoxypropylcarbonate 3j - Reaction 29: Conversion 55%, isolated yield
46% following purification by flash chromatography (hexane / EtOAc 2:3) followed by
recrystallization from hexane. vn(neat) 2524 w, 2160 s, 2032 s, 1976 s, and 1783
cm™' s; 34(CDCls) 7.3-7.4 (2H, m, 2 x ArH), 7.01 (1H, t J 7.4 Hz, ArH), 6.9-7.0 (2H, m,
2 x ArH), 5.1-5.0 (1H, m, OCH), 4.7-4.5 (2H, m, OCH,), 4.24 (1H, dd J 10.5, 4.2 Hz,
OCHy), 4.14 (1H, dd J 10.8, 9.0 Hz, OCH>); 8¢ (CDCl5) 158.1, 155.0, 130.1, 122.4,
155.0, 74.5, 67.3, 66.6; m/z(El) 194 (M*, 100), 133 (11), 107 (70), 94 (50), 79 (25), 66

- (18).

Data for 4-methoxyphenylethylcarbonate 3k - reaction 30: Yield 30%. Reaction 31:
yield 84%, isolated yield 79% following purification by flash chromatography (hexane
/ EtOAC 2:3). vmm(neat) 2926 w, 1789 s, 1612 s, 1513 s, 1248 s, and 1163 cm™' s;
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10

15

20

after purification by flash chromatography (Et20).
vmax(neat) 2928 s, 2857 s, 1805 cm 1l s; dH 4.72 ( 1H,

, 4.09 (1H t J 7.5 Hz, OCH2), 1.9-1 .6 (2H m

CH2), 1.6-1 .2 ( 12H m 6 ¥CH2), 0.90 (3H, t J 6.6
Hz, CH3) ; dc 155.2, 77.1, 69.5, 34.0, 31.9, 29.4,
20(CDCl29.29 (294l 58.7 iz, Z7x A, .94 (AHk d(UE.7) Hz, PooArHMS.6()1 H, t J

%1 HS%CH 6Z 7!1 mm J sfm@ cfcnz) me@r(mx Qrgqpui d‘cﬁii P%rbat sh3
- React | 43% | ate d 36%

PGl 59&9'%%? &%R [£ dﬁ‘“@f%? éﬂ?? I4a1t14<ﬁ1 8 Gn@c‘{ ﬁééﬁ T/Z@bbg%,
2966, 17), 1am@w126)915m’(50§l, 129 (ZB(18BQ0) 322418, t191640) H 19nR0),
%g& 4. 4-4, m CH2), 3.9-4.0 (1H 1m CCH),

Y8 (2K br OH, OCH); dc (CDCl 3) 155.2, 75.0,
65.8, 61.6; MZ(CI) 119 (M, 100), 118( M+, 10). Data
for chloropropyl carbonate 3g - Reaction 24:

&3on 90% isolated yield 60% after purification
by flash chromat ography (hexane /| EtOAc_2: 3)

vimac(neat ) 3467 w, 1960 m @&nd 1799 cmiI* s H(CDCI 3)
5.0-4.9 ({ 4.59 ( dd 1 8 A Hz,
OoCHz2) , 4. O‘(HlH, ¢ 9.0, &7 bk, OCH2 W8-3.7
(2H, m eRd); CDCl 3) 1544, 74.6, 4,HCI43 9;

mz(El) 139 ((37C )N+, 5), 13 8((SSCI)I\/H- l0),

(35), 87 (55), 49 (45), 5 1 (13), 43 (100), 44 (25).
Data for acetyl oxypropyl carbogate 3h - Reaction 25:
Conversion 50% isolate s g~ 3 4% afte@cﬁ““fi cation
by flash chromat ogr aphymé t QAC Qo Reaction
26: Conversion 75% i sol ate yloel 55% af
purification by fl ash chr omat ography vgg&‘( neat) 3545

m 2960 m 1788 E 1746 cml s; dH( 3hed- 93
(1H, m : E? t J 9.0 Hz, OCH2) , 427(3H
m OCH2, CH2) 15 (3 , CH3); dc(CDCI 70. 5,
154.8, 74.1, 883 0.1; mz(El) 1 5, 75)
160 ( M+, 8), 43} (100 th for NooH

phenyl carylm*yppapyl—ear/’t'e—fil {;ﬁeactl on 27:
Conver si on” /2% sol at ed” yyerd 12% aft Npu*1f|cat|on
by flash chr LGS, xane / EtOAc 1 ‘React i on
28: Conver si on % 1s ed yield 58%f ol i ng

purification bylflash chromatography (hexan / Et OAc
1:3). vmax(neat) “3585%H 3055 m 2956 m 1799%s, and
1715 cm1 s; dH(CDCL,3) 8.0-8.1 (2H, m ArH) 7.6-7.7
(1H m ArH), 7.4-7.5 (2H,
(1R,2R)-Cyclohexane-1,2-diammonium dichloride (5)

(Larrow, J. F, et al., J. Org. Chem. 1994, 59, 193)

To a suspension of (1R,2R)-cyclohexane-1,2-diammonium L-tartrate (4)(13.7 g, 52
mmol) in MeOH (50 mL) was added a cooled solution (0°C) of acetyl chloride (27.4
mL, 385 mmol) in MeOH (50 mL). The solution was stirred at room temperature
overnight. The resulting precipitate was filtered off, washed with Et;O (10 mL) and
dried by suction to leave the desired product as a white eowder. A second crop was
obtained by diluting the mother liquor with Et;O (200 mL) and cooling for half an hour.
The product was collected and dried to yield a white powder. Yield: 80%. Crystalline
white powder. [a]*°5 -16 (¢ 5.0, ag. 1 M HCI). "H-NMR & (DMSO-ds, 300 MHz):
1.05-1.25, 1.30-1.55 (4H, 2m, CH,CH,CHN), 1.60-1.75, 2.00-2.15 (4H, 2m,
CH,CHN), 3.13-3.30 (2H, m, CHN), 8.70 (6H, br s, NH3).
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m ArH), 5.0-5.1 (1H, m OCH), 4.5-4.6 (4H m OCH2,
CH2); dc (CDCI3) 166.4, 154.8, 134.1, 130.2, 129.2,

wWQa2®8132474. 3, 66.5, 66.0; nl Z( El) 223 (M, 3)PCLEB2008/001485

(13), 105 (100), 77 (38), 51 (15). Data for
phenoxypropyl carbonate 3] feaction 29: Conversion
55% isolated yield 46%fo|?ovv| ng purification by
flash chromat ography (hexane / Et OAc 2:3) followed by

Q%H}ﬁjtﬁghﬁ w‘gﬂ,dgr(-gm hexane. vmax( neat ) 2524w, 2160
and 1783 cm1 s; dH(CDCI3) 7.3-7.4
§1§Fh ??F Saizarigy SI) Meigr, §1 . (M%ChﬁmJZ"P745 658 H), 6.9-7.0
(“I'BH, stired BuspeAsitl) of Sted-bbtyPhénbHe)@55630) mmél), Hadpedidhl, m
bl g5 b skl 8 Sy gl 450,
B8om temQQrawre &5 aGdedMetBylarﬁlﬁe 8.358L 550 mingl) Bicpwik®A4The
(rMEtlorJ-\QQQ healé’tf-”to(refﬂ:ux :k)r'S hlagr% t& 39@ a% %ngé gl)srgezgor{ 3‘ ﬁg crugt,5

Data for_4-ne

MR RN O (04Tl GHmONLot et HChag be added i
Ia&ﬁhﬁélﬁdt ¥inalbign §F0mieal Thadrgghidbydrd wetdried ot MdSth aind the

ola VEPOF: rlo se i a: ale; ikwhi id ngt need
SR o loBFISG BesuE oty 3 bRl yalfh S i R
Ry ©DGEr Birifidatiad. I{ @A, becordddark gieen 2n storagel) Yiefd: 98%( Rate d
~]/§uoz~$‘|Z?H %NPR ogrégbg 536691/1% ﬁi4{9|t1| §J3]xcg?%_§%t4 445,
#A817 113031'* §d Jﬂ?ﬁi*&)J 78dz 6@07 54 1Hal, ¢ = 1135Hz.9 75Hz
HJ. 9788 (1B7s,.oHAYL 41,62 (1F8s JoH)/1. 0, 55.3; nmliz(El) 195 (MH
+,12), 194 (M +,20), 150 (50), 149 (25), 135 (20), 122
(12), 121 (100), 119 (20), 9 1 (25). Exanple 3 11
@irert:FRitylSychilofomatingdsdicPlatiehpaeo(d) um di chl ori de (5)

BBt ten e pidlogepte T S e 2 i
((1-2@ 81 40an@ol) wpg stgrep with cgmcen’mieq HCh(1@tsti) fqrog days, atikesigh
MNitH &b RstePePs corRbhirdteHEOREknRisichdRENhe fé@l ‘zﬁet\ggmﬁ@@as‘l
BereBiee AR SOah o NBel il GRbaioaln, ThaTricurpgves
extamitanl witht BtOAB $3¥30Inbler @dané fayersaghedtiediovér Mg andGhel)
E%llgtiles were evaporated under low pressure to give a beige solid which did not
require further purification. Yield: 97%. Beige to red solid. "H-NMR & (CDCls, 300
MHz): 1.43 (9H, s, 3xCH,), 4.59 (2H, s, CH), 7.43, 7.52 (2H, 2d, J = 2.1 Hz, 2xH,,),
9.87 (1H, s, CHO), 11.86 (1H, s, OH).

3-tert-Butyl-5-diethylaminomethylsalicylaldehyde hydrochloride (9)

To a solution of 3-tert-butyl-5-chloromethylsalicylaldehyde (8)(226.5 mg, 1 mmol) in
acetonitrile (60 mL), diethylamine (1 mmol) was added dropwise to give a greenish
solution. The reaction was stirred at 30°C overnight. After evaporation of volatiles, a
green oil was obtained and it was used without any purification for the next step.
Yield: 77%. Green oil. IR 3300, 2899, 1720. 'H-NMR &4 (CDCl3, 300 MHz): 1.35 (9H,
s, C(CHa)s), 1.45 (6H, t, J = 7.2 Hz, 2xCH,CHs), 3.43 (4H, q, J = 7.2 Hz, 2xCH.CH,),
4.90 (2H, s, CCH:N), 7.57, 8.03 (2H, 2d, J = 2.1 Hz, 2xHAr), 9.98 (1H, s, CHO),
12.00 (1H, br s, OH). 8¢(CDCls, 75 MHz): 10.8, 28.3, 33.7, 45.8, 56.0, 119.5, 129.8,
130.3, 133.7, 137.0, 159.0, 195.9.

HRMS: Calcd. fof C1gH3oNO,* 292.2277, found 292.2243.
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dried by suction to |eave the desired product as a
white powder. A second crop was obtained by diluting

W@ b@sisaer | iquor with Et20 (200 nL) and cool PEYGBRI08/001485

hal f an hour. The product was collected and dried to
yield a white powder. Yield3; 80% Crystalline white
powder. [a]20 D -16 (c¢ 5.0, ag. 1 MHC). 1H NWR <5
H(DVSO- d6, 300 MHz): 1.05-1.25, 1.30-1.55 (4H, 2m
CH2CH2CHN), 1.60-1.75, 2.00-2.15 (4H, 2m C 2CHN),

ng'{vi%é%ﬁar”bagﬂ?dm st alEHideRglcyclohexane-

Bad-diamine (10)J. ;. Mei er, Med. Chem 2007, 50, 1658)
f

gﬁ&% )Ségjgfoﬁ@%Sé "Iszoﬁrﬁh%u% d"g'f?ﬁ'ﬁsé Lﬁ)@gg%ed‘) F%nrgTolé anct50

e (§n wgpafrm@rwme gléradde Me@HI80 gb) ©630min. Aftenthat--
(3R Eor B -tav- bﬁt?l%uéﬁvaﬁfr@méﬂﬁssalmld@%%y&rﬁbtﬁ&rf&\é'(é‘ﬁﬁ ®

ropw s The reacti on was
f"t? gé*ffi‘n}d& ?’%P%H%‘d r"‘?staﬂd“gq 9 tag,sqlytigpguni m&eﬁ@ﬁg .ramﬂv
Vhlow was stired Dvemightat 3ot lEi/aptgatEtn@AMeom followed Ay Smﬂldn
er man

%FQ F%Brg%fdlsglu# (5” &%&F&h@ﬁ%g Zonﬁ%gﬁj ? gonépound %re S c
W@Q@P"lﬁﬂt?"? &= T anlat it ise@p@taabfbafetheeehuﬁnui%phalsevemms ur e
t::@mb!lb@lyd:o%u@éb‘s%nu &Hel Sy Iby%h%eg fr %{ng@ ?daa'e@rpé/olour

furt her epurl ication. |t can become reen
ISAVRIE ried perr MeSQs ap@ veiaiesoygre remvm/mcﬁr (’€§9|§l" to
gwe S@Bedﬁislh)slurr& ot hich as ised3witHoa) any pariftétidnlifithet next step:

&&5 '5'%%7?@1}% gr«i7 cfhé‘[ﬁx o 1'184%‘151]{12%%&)_@;5451 0&899%(5’1)0"'%550,
93‘88 HNMR 55.(0@3]@)300 MHz3D. S(91(H|2Hg J @m)z Hz, 4xCH,CHs), 1.40 (18H,
3: é@(éﬁﬁst ¥ ‘50-52 d%*lbqurﬁ ) 83k gfw |2l d%yl%e

m xt ur e -tert-b 7y %4 éé@ )3248—
eI (§H. emo? ﬁﬁ'“a?’b?%ﬁl"ﬁ&%31 14'2(?ng Lig rwm&@ (2H, s,

gkHCERK 13T [RH; 6ns, @ROHMREOEY, 76 1’5125“4)1 of 944 b 61359, 34 8,

eI 11k L 5at! il 50 BD, SOLS ALY MRl Kb e
&P A 166064898, flund A0HA7832C0O8 unti | neutral i sation,

The m xture was extracted with Et QAc (3*30 ni).
Organic layers were dried over MgSO4 and the vol atiles

@ RPN Bis(P-tgrchuity 1 Sotiefhyiasineraethyls gliaytidenejevcighex-
afé-it @-diithinb aklininiGR(1IN)] oxide (11)

This reaction was performed under an inert atmosphere in dry conditions. The ligand
(10)(1 mmol) and AI(OEt), (324.1 mg, 2 mmol) were dissolved in toluene (10 mL).
The reacting mixture was heated to reflux for 5 hours. Occasional residue of alumina
could be removed by filtering through a sinter. The mother liquor was evaporated and
then, H,O (30 mL) and CHZCI2(30 mL) were added. The complex was extracted using
dichloromethane (3x20 mL) and organic Iayeré were dried over MgSQO,. Volatiles
were removed under low pressure to give a pale solid, which was recrystallised using
acetonitrile. Yield: 40%. Pale green solid. [a}*°s -522 (¢ 1.0, CHCL3). IR 2865, 1626,
1548, 1440, 1027, 836, 577. 'H-NMR & (CDCls, 300 MHz): 1.02 (24H, t, J = 7.2 Hz,
8xCH,CHs), 1.46 (36H, s, 4xC(CHj)3), 1.50-2.15 (16H, m, 2x(CH,),), 2.52 (16H, m,
8xCH,CHjs), 3.10-3.15, 3.80-3.85 (4H, 2m, 4xCHN), 3.50 (8H, m, 4xCCH,N), 7.09,
7.35 (8H, 2d, J = 5.7 Hz, 8xHy,), 8.19, 8.37 (4H, 2s, 4xHC=N). 5; (CDCls, 75 MHz):
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,
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require further purification. Yield: 97% Beige to red
solid. 1H NWR H(CDCl 3, 300 MHz): 1.43 (9H, s, 3cCH3) ,

wWa2@9/183MH s, CH2) , 7.43, 7.52 (2H 2d, J = 2rd1/EB2008/001485

2cHAr) , 9.87 ( 1H, s, CHO, 11.86 ( 1H, s, OH).
S-tert-Butyl - -dlethylan1n0ﬂ?thylsal|cylaldehyde

h%dr ochloride (9) To a solution of

951 € 185%1iy7 (elctpsrsg f61- 7 {100k (12759 BOlRYE (1B) 12726.(32).
ﬁE?&Q(mmmbygbqﬁpcetonitriIe (60 m.), diethylamine ( 1
nmol ) was added dropwi se to give a greeni sh sol ution.
The reaction was stirred at 300C overni ght. After
&sapbeatlyssniof volatiles, a green oil was obtained and
it was used without any purification for the next
Slatalyst ¥ wasitested dn thainsemtiomdfl carboR dRRWE int@ 89 &ne bXIAQ. The

H%c%&é%a{r%ﬁwnﬁﬁ&s&%% léSl %_}és?ll_ll 2;5 Tgﬂ%os) ’

-}et@bp{x mg;p@p{g@qundeﬁ gqpo( PHunder a@@}ng\ploxmle gtmosghq]g 1atm.
(Pi’dfisur%ﬂ After 3 hdurk attbnvetXibifer)e9odwSPottdibed. S, CHO), 12. 00
(1H, br s, OH). dc(CDCI 3, 75 MHz): 10.8, 28.3, 33.7,
45.8, 56.0, 119.5, 129.8, 130.3, 133.7, 137.0, 159.0,
15-0%1_@ HRVS: Cal cd. for C18H30NO2 + 292.2277, found
83843 (1/2, 2/ %) - Af, AF' - Bi s(3-telt-butyl -5 di et hyl am
i nonet hyl sal i cyl i dene) cycl ohexane- 1, 2-di am ne (10)
(1R 2R) - cycl ohexane-1 , 2-di ammoni um di chlsor i de
(5)(93.5 ng, O. 5 nmol ) an¢*NaOve (55 ng.Aal mmol) were

stirred in M (10 m_) 30 mn. Af that, a
sol ution of o — 0L
3-te/f-butyl -5- "G et hyI i aonet hyl sal1 cyl al dehyde

hydrochl oride (®)(299.8 ng, 1 mol) \-pn I\eh()-| (5 nL) was
added and the sol ution, which becane kagidks yel | ow,
was stirred overni ght at 3CI)C Evapor at of MeOH was
fol | owed by addition®f a saftirated <blution of Na2CO3
(20 mi). Organic cghppunds e extracted using

di chl or onet hane (3 el )-8u hs inportant that the

aqueous phase rgiml [‘?S corrpl eIN%col ourl ess and the
an

organi c |l ayer c @}Fs—ﬁocrm‘crr‘a'n to green col our.

Organic |layers weje dr;eglaov r SO and vol atil es
were renoved under uum Ive a greenish slurry
oi | which was used “wt hout purification in the

next step. tBu t-Bu
15

N,N’-bis(3,5-di-tei't-butyl-salicylidene)propane-1 ,3-diamine (14)

(Nomura, N. et al., Chem. Eur. J. 2007, 13, 4433 — 4451)

3,5-Di-tert-butyl salicylaldehyde (13)(1.34 mmol) and 1,3-diamino propane (12)(0.68
mmol) were mixed together and stirred at room temperature. After 1 hour, methanol
(4 mL) was added forming a yellow precipitate which was allowed to stir overnight.
The precipitate was extracted with CH.Cl/water (2 x 10 mL of CH,Cl,), then the

organic layer was recovered, dried (Na.SO,) and finally evaporated under vacuum to

give a yellow residue which was recrystallized from methanol to give the desired

ligand (96%) as a yellow solid. vmax(ATR) 2956 s, 2530 w, 2159 s, 2031 s, 1977 s,
1630 s, and 1439 cm™ m; §,(CDCls) 13.82 (2H, s, 2 x OH), 8.39 (2H, s, 2 x CH=N),
7.39 (2H, d J 2.4 Hz, ArH), 7.09 (2H, d J 2.4 Hz, ArH), 3.71 (4H, t J 6.4 Hz, 2 x CHy),
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Yield: 55% Yellowgreen oil. [a]20 D -184.5 (¢ 1.0,
CHCl 3) . IR 3410, 2899, 1610, 1550, 830. 1H NWMR

WOR@BTIB74 300 MHz): 0.99 (12H, t , J = 7.2 Hz1BCZEB®08)P01485

, 1.40 (18H, s, 2c C(CH3)3) , 1.50-2.05 (8H, m

(CH2)4) , 2.44 (8H, q, J = 442 Hz, 4cC 2CH3) , 3.40-
50 (6H, m 2*CHN, 2cCCH2N), 6.95, 7.17 (4H, 2d, J =

f182 H, i -Gl )y c(CLCIRG5MHI): 166.52858-4G340.1, 188.77126.2H25.8,

853, 326 3@H) 31.9c2dH)Sk; HRMSMIBLd. 1 .

ek ’g 34,8, 46.8, 573, 721\/{;!’; 11%3%% '\%@g“ﬁ%ﬁw%

o3tyd 50 i%%‘ 9, 159.3, 165.7. HRVS: Calcd. for C38H6

1INAQ2 + 605. 4795, found 605.4783. Bis | -L/

lc/._=|t 0 t%a fert-butyl-S-diethyl am nonmet hyl salicylideneJ

eXxane- 1, 2-diam noalumniun(lll)] oxide (11)
'MN Dis(B 50t teo‘rbuwasalpﬁldﬁm)medanmﬂ&ulamma (h6)(a. 19tnmof aher e
'Aﬂ?ég}’(o %8 rﬁ%élj ey dfs)I!S\@ecJ ih gAndle 8%00 g)lanﬁ‘mla{ed %P%ﬂ@%gf_t )

were di ss

Reyrs. SHH‘@"FSéQéRf? refepvad dedar eeduaed prespuesdandd:-PdRd mk) arst CHCl.
EUh ). wees ﬁdtfédo'ﬂh'rﬁ cdnﬁﬂéxCWé% éifra@éd«'lﬁu{badl&ﬂw&ﬂeth&wer @DOSAL)

| t h nt t I
B e isis Syt T8 oo Basiieg Masihcaients s Farjoved
‘umm re!idldexﬂpreidmee el tex dewired eorhplécdsetlyalisw Bglid in 45% yield.

Q I
GO ARG o) (S5, R con
Bréexs S(frtb)s), @ 192-8 é4th Mp 2 %CHp| 3. H, (8t o9 tlast x NCH), 7.09 (4H, d
r/@qrerzstgg(:/im? erdsgt{aﬂ gy éqeﬁzom &wrm)'o@ 40 141@' d4 X Hlf’lw& é@g‘f“ound
g%%‘wf&@s thabaosféé'\f'** )gepires; 1079. 7999 NI\/R H(CDCI 3, 300
102(24H t , J=7.2 H, 8cCH2C 3) , 1.46
936Hf ai' CH3)3). 1.50-2.15 (16H, m 2c (CH2)4),
Sg 91 ¢atgl 8cC 2CH3) , 3.10-3.15, 3.80-3.85 (4H,

B8 s R in S5 9 ool S
tRac{a@DEIsZarried ovtHaith nd $hivint @inglataR@8t 85 (230mdl,%)3md0,

éezragutylgr%m@mu%%rgmlf; @n'? ﬁvol ‘;‘ igno%r a 1%%09 sﬂoéi%atﬁm&&fz%? (1 atm.

ectr ospra
Prepsurg). (Aflsy 3 hayrs @, ogn(erggn of igdswas qomr)ed 1278.9 (16),
1279.9 (4)
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Use of catalyst 11 Catalyst 11 was tested in the
insertion of carbon dioxide into styrene oxide. The

WO e@sn3am was carried out with no sol vent usi NRCT/GB2008/001485

catalyst 11 (2.5 mol % and tetrabutyl amoni um brom de
(2.5 nmol % under a carbon 4} oxi de atnosphere ( 1 atm
Pressure). After 3 hours a conversion of 69% was
&aimpned. Exanpl e 4 ,
IV, N -bis(3,5-di-tert-butyl-salicylidene)propane-1, 3-d
|am ne ﬁ&?% gl\lorrura N. etal., Chem Eur. J. 2007, 13,
4433 A piaps3s forthg prgdugtioniof gygfis farkenatesyrompHsing eratacting an
(eﬂa&)nc(ehﬂﬂcafﬁﬁﬂd)ox&fédn ﬁe%&bﬁéﬁ dta dﬂﬁ&l@fﬂﬂﬁmﬁlﬂlﬁlgagnﬁ&talyst
er an
PO o SRa e Lot bR Y* R Ra5Ro a1 i 2atiba
fwbere theydieyie aluminiym(edemicatatyst iswi foimuak al | owed to stir
overni ght. The precipitate was gxtract ed with
CH2dA z/water (2,x 1P niL of ]
| ayer was r ecofe ,
evapor at ed under mto gi h yel | ow resi due which
was recrystallige OYRS j gi ve the desired
i gand (96% asla yel | ow sol i d vn%x(ATR) 2956 s, 2530
w2159 s, 2031%,4977 5, 1630.5%apd 1489 cm 1m
dH( CDCI 3)  13. (é‘HD s, 2 x OH)O, sQ (2H, S, 2 x

CH=N), 7.39 (2 2. 4 Ha, 17.09 (2H, d J 2.4
Hz, ArH), 3.71 (% AT % CH2), 2.1-2.2 (2H,
m -CH2-); c(CDCl MHz) : 5, 158.1, 140.1 ,

136.7, 126.7, & s ; é‘sl 31.5, 29.5,
26.2; HRMVGS: Cal cd. for C33H51 NZ@2 (M) 507. 3988,
found 507.3951. Catal yst 15

whereit: - bi s( 3, 5-di -te/ ?-butyl -salicylidene)propane-1, 3-
YL@ e dN-G) E R RE. Nﬁmmhe?éqﬁ“ Aﬂtdz%ﬁ& E(& 49 rnanémB# P %t

di ssol ved i n tol uene eated at re
Jomdiyhalo, %‘P%‘Mﬁgb%&‘%’ ¢1en~’ﬁ%d>9mn9@¥ sybshiyted s pra@ésqmeé
andnitO (20 M ) and CH2C12 (20 m.) were added. The

T e LR AT BBl B RO R e R B e
aht)BYi$ indgpendenmitysseleeted fromrih\hatd, om«teallyrseblsimﬂeh @rzeSIB)ur e
BP[IOQEM’%UB&EWQ& 65 20 sgﬂ %Bmlaﬁ‘y)(su%&ltl?teg %3 20 mgferc‘o%bélyq étﬁer45%

ammonlum and nitro;

X is either of the formula -(CHz),- or -O-(CH,),-O-, where nis 2, 3,4, or5and pis 1,
2, or 3, or represents a divalent group selected frorﬁ Cs arylene, Cs cyclic alkylene
and Cs. heterocyclylene, which may be optionally substituted.

2. The process of claim 1, wherein the catalysed reaction is:

: 0
0 A
o ARC“ + Co, : ,
RC3 RC4

I i
wherein R® and R* are independently selected from H, optionally substituted C1.1

alkyl, optionally substituted Cs.20 heterocyclyl and optionally substituted Cs.z aryl, or R®
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WQ2W8233744H, m 2 x CH2) , 3.71 (8H, t J

Vmax(ATR) 2959 m and 1622 cm1 m dH(CDCl 3) 1.31
(36H, s, 4 x C(CH3 3), 1.46 (36H s, 4 x C(CHg)3) ,

6. 9 PEI/GB2008/001485
NCH2) , 7.09 (4H d J 2.4 Hz, 4 x ArH), 7.39 (4H d J
2.4 Hz, 4 x ArH), 8.40 (4H3s, 4 x CH=N); mz found
( ESI 14_/1079. 71 68 C66HI7NACBAI 2 (M+H) requires ,
$07 & #ownan erfienglly substiitgdlinking gowp dkiyeen 1B twasartbes ateds to
iwhichlioyl dA6 RIshb@ilelPbittdcRbdon di oxi de into styrene oxide.
The reaction was carried out with no solvent using
catalyst 15 (2.5 nol 9% and tetrabutyl ammoni um brom de
2. 5 T prgessraderrding Daldra 2, dhensintes @tHosphere (1 atm
Pressure). After 3 hours a conversion of 14% was
obtained.Clains 1. A process for the production of
dycl i Eheprperss acexdiveiomidini2ry cleiom$,adteraimReris sglectedieom
WhidhakAduBgRlutdl @X] SRy bfks bl SEERERLA Bl BT | C
al um ni un(sal en) catal yst, a a co-catalyst capable
of supplying Y, where Y is selected fromd, Br and

fB. V\thﬁéépl)rb&%s Acdrdihgtoany _Bh@'bwlﬁirﬁﬁlh @, vﬂ%?@ﬁlbh%tsoilj\lr%e R'f;_ Y is
r : n, Y-Q. =N o [ _.CRC 1RC2- ,

KA oo RN 8y T n L e EsY iefroshsb i P yregardening

BelestedHtorh apipnaliypdubstitated ¢..5 altglt C1.bihetero6icly2 BndaCiey hryl groups

j ' d C5-20 aryl, ether and nitro;
ggé: @?%%%%@%%@?#E@nts Rl, R2, R3, R4, R5, R6, RV,

R8, RO, R10, R11 , R12 , R13, R14, R15, and R16, is

bndepeidanidsy aé@rcﬁﬁg{(@@ld‘irﬁ 8MythdreiR HeBoukBlof PNERLNY, where
|, opti onal% substituted C5-20

su ituted C 20 al , ]

SR IsgiHEPERdanfiy o LY DY dtr sttt BF B vl

ether, ammoniumand nitro; X is either of the formul a
5(CH }.J - - 2)P-0O., where nis 2 ..3 , Or
£ Gt Fraf¥ps ol ellains. wilSh elbalie ot 5 By
group selected fromC5 arylene, C5 cyclic al kylene and
8§3- 7 TR 6Q8Y abotk b '
subst,itu‘t?red. 2. %hibe%raggesgmg%yrg%gfo?nﬁ}J,hg\};%eﬂpéi n the
glanniyrERien catalysbet fergwlafiesyamptreel sughdhaid =B eR*=R",

R @ehef) HsyRS eb-40¢ @d-H'r @Ry Re=ppt i onal | y substit ut ed
Cl-10

9. The process according to claim 8, wherein R', R®, R®, and R are identical,
R?, R®, R' and R are identical, R%, R?, R", and R'® are identical, and R, R¢, R'2 and

R'¢ are identical.

10. The process according to any one of claims 1 to 9, wherein X is -(CHz).- or -
O-(CHg)p-O-, wherenis 2,3,4,0or5andpis 1, 2, or 3.

11. The process according to claim 10, wherein X is -C,H,- or -CsHe-.
12. The process according to any one of claims 1 to 9, wherein X represents a
divalent group selected from Cs. arylene, Cs. cyclic alkylene and Cs

heterocyclylene, which may be optionally substituted.

13. The process according to claim 12, wherein X represents:
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al kyl, optionally substituted C3-20 heterocyclyl and
optionally substituted C5-20 aryl, or RC3and R 4 form

wa@eoospsa4dhal |y substituted |inking group betweRCI/GB2008/001485

two carbon atons to which they are respectively
attached. 3. The process acgording to claim2 ,
wherein RC4 is H 4. The process according to claim2
or claim3, wherein RC3 i34 sel'ected fromoptionally
substituted G 4 al kyl and/optionally substituted C5 7
aryl. 5. The process acco g to any one of clains 1
to 4 , wherein the source of Y is selected from RANY
R3SY, R4PY and R4ASbY, where each Ris independently

| j.onal | b | kyl
& 56 RSB RA R e i BRI one. R can

be an acyl group. 6. The procgss according to claimb5,

wherein the source of Y" i 4ANY, where each Ris
i ndependently C 0 al kyl a is selected froml, Br
and d. 7. The process acc ing to claim6 , wherein

the source of Y is BudNBr. 8. The process according to

f 7, wh h
38 ol D Pare5p Grrvinido o3k ong AFAATTT 419 T SrEFon Wit AT
, R2=R14, R =R, R4=R16 , R5=R, R6=R10 , R7=Rl 1 ,

1, ool BT AR 0

erein R1 are identical, R2, R6, RI10
and R14 are identical, R3, R7, RL 1 , and R15 are

heent Tkeprocedd @c&%dmé:\)% anRbRe 61”:% wd 9 t@’f 69 wheRH F(‘Cﬁh” Re.-

he process according to any one of clainms 1t
erein Xis -(CH?2),,- or - O(CH 2)P-0O, V\/nerenls
2, 3, 4, or 5and pis 1, 2, or 3 11. The process

cor ' [
75" Mol b Barl R B s A 3t v,
whdY Rt H}? REpR'&RIftasd 8‘5care/ablwdgnlu selested o étl Ci.y akyl,
EPerarnittene, C5- cyclic al kyl ene and C3-7

het er ocycl yl ene, which may be optionally substituted.
13. The process according to claim12, wherein X

n@pr efaﬁmr&elsé accdi@ing1oCmg 9 SICTeh sl D1 A Whelef tAe Arhount of

SIS e el LR TRF0 e el n v 0 s o0 o

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

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

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

23. The process according to any one of claims 1 to 22, wherein the reaction is
carried out at a temperature of between 0 and 40°C and a pressure of between 0.5 and
2 atm.
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16. The process according to claim15, wherein Y-Qis
CH=N. 17. The process according to any one of clains 1

WO 200883240herein R4 = R8 = R12 = R16 = H. 18. TPET/GB2008/001485

process according to any one of clainms 1 to 17,
wherein Rl, R2, R3, R5, R6,3R7, RO, R1I0, R1 1, R13 ,
R14 , _and R15 are independently selected fromH, C
Zky| ThepResss 2RePTing taany poe offpidimp de 88 yvhersimihdireagtieris
ayicoba fof3 loaingersl to 17, wherein the anount of
catalyst of formula |l is fromO0.1 to 10 nol% 20. The
process according to claim19, wherein the anount of
@&t al %process foothmpraduttidnsof Hin@nt Aludiriwn(2albn)reatalstsdf formula
;A[%e process according to any one of clainms 1 to 20,
erein the anount of the source of Y- is 0.1 to 10

mol % 22. The proce® accordi n®’to claim2 1, wherein
t he anount of tgxt

(S Rt1to 2.5 nol % 23.
The process accor(d

i of clains 1 to 22,
wherein the reactiQ carrjied o

‘ t at a tenperature
of between 0 and] 40( an aRpre surg of between 0.5 and
2 atm 24. The Qﬁ‘bge,@s accor di n@.t oNany @ne of clains 1
to 23, wherei n*tpeflreacti®M 15 ciry ied At for 3 to 24
hours. 25. A pr for, the pfodugtion of dirmeric
al um ni un(sal en) /Bt SR sLul a 1 a: wherein each
of Rl, R2, R3 and s i ndep ent |y selected fromH,
hal o, optional |pf-Stigsti gt kyl, optionally
substituted C5-20 agyl, optiongkly substituted C3-20
het erocycl yl, ether, anmmonium and nitro; X is either
wherelneeath phil, &% - @Rd RY is independeniy- se@eted flemM,, halh eptenally
sSosttuted B o hlkyl, SpliorInElbsfuted CLs, afyl, opforal A
represents a di \Eécf.en)? roup Séf°§§’{’é’8 ?raoﬁfl&&gtre)glcéf?e,
CB‘-""PCMI%"E’&E}"R’W@%% ftre3- 7 heterocycl yl ene, which
Xay eiher 6fkd RRAA Y(CHIRIr '—@%@ﬂg,ro-, wherenis2,3,4,or5andpis 1,
2, or 3, or represents a divalent group selected from Cs.; arylene, Cs.; cyclic alkylene
and Cs; heterocyclylene, which may be optionally substituted.

comprising treating a salen ligand of formula IV:

R
RY R
R1
|
. N OH
X (V)
AN
N OH
I R’
R* R?
R3

with AI(OR®); in an organic solvent, wherein Ris Cy., alkyl or Cs.; aryl.

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

27. The process according to claim 26, wherein the aprotic organic solvent is
toluene.



10

15

20

25

conprising treating a salen ligand of forrmula IV: with
Al(OR)3 in a n organic solvent, wherein RO is Cl-4

wa@bwsii3m74 C5-7 aryl. 26. The process accor di nBCT/6B2008/001485

claim 25, wherein the organic solvent is an aprotic
solvent. 27. The process acgprding to claim 26,
wherein the aprotic organic solvent is toluene.28. The
process according to any one of clainms 25 to 27,

\#8er eimRe Rdcéss dedordin ngd‘éf'ly .ond 9t cldi H1§ 2BROSE WheAHFRT Jid)Jaik{.
claim 28, wherein is ethyl. . The process
according to any one of clains 25 to 29, wherein X is
-20CH Zhe procexs actrfiitfitaX)dn@8, whdrein ®°rs éteyl2, 3, 4 , or 5
and pis 1, 2, or 3. 3 1. The process according to
claim 30, wherein Xis -C H4-. 32. The process

acor dhe grop@ﬁsmwr@n@tqﬁny@haph@alms 25 ¢o 29 wheteiy Xisn(OH:).-
“ORLAZEOL, Syhre ¥,@I 8, o5 Qi R4l 8¢ @d from &5-7

aryl ene, C5- cyclic alkylene and C3.7 heterocyclyl ene,
whi ch may be optionally substituted. 33. The process
aacor Theprotesselcedring ®, claii @0Wierein Xa@pI@Rgnt s: 34. The
process according to claim 32, wherein X represents:
35. The process according to any one of clainms 25 to
32, whbe piopesRAceadify to3By ofib ef qlaimes @5 o 28; aberin repeesannty a

ﬂﬁleﬁf gr6hPdd te%ﬁ oyrpcg%%lme&e' &8%%}@%%& %F&i cR3 are

ependent y e [ected ¥t om &t her and
metemyclxéqne whigh mayibe oplianalisubsitatalen) catal yst of
formul a |:wherein: Y-le CRC1=N o r C RC 1RC2-NR N1 ,
ggere’_[ﬁc 1, RC2 and RN are |nde$(endentl sel ect ed

om H'® REFES anﬁ’?'B%HW%}"‘?@b‘%W%"E'G dBPTEENY al kyl
optionally substituted C5+«20 aryl, ether and nitro;
each of the substituents REHR2, RS, R4, R5, R6, R,
R8, RO, RIO , R11 , R12 , R14 , R15, and R16 , is
i ndependently sel ected from#, halo, optionally
substituted Cl1-20 al kyl, optionally substituted C5-20
aryl, tional |y substituted C3-20 heter ocycl yl,
@f‘her ég o&qqag mqa,lraiﬂ wherein X represents:

*

5

35. Thelprocess according to any one of claims 25 to 34, wherein R*is H.

36. The process according to any one of claims 25 to 35, wherein R', R? and R?

are independently selected from H, C,.; alkyl, ether and nitro.

37. A dimeric aluminium(salen) catalyst of formula I
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Xis either of the formula -(CH 2 n- or -O(CH 2)P-0O,
wherenis 2, 3, 4, or 5andpis 1l 2, or 3,

wWoeroosepresent s a di val ent group sel ected from EBSFGB2008/001485

aryl ene, C5- cyclic alkylene and C3-7 heterocyclyl ene,
whi ch may be optionally subgituted, wherein: (a) at

| east one of R, R2, R3, R4, R5, R6, R7, R8, R9, R10,
RL 1, Rl2, R13, , RI5 , ®&'r Rl6 is nitro; or
(b) at | east ompé
R9, R10 , Ri11
ether. 38. The ca 8t accoding. to claim37, wherein
[ cal, such that
B5=R9, R6=R10 ,

.

R7=R', and R82R12'A—39—The—catahlysiX accdt di ng to
claim38, wherefn R, R5, R9, &hd R13 are identical,

R1=R13, R2=R14 Q. R36R15, R4=R1®_,

R2, R6, R10 andYR r R’ &éntigal L YR3, R7, R', and RI15
are identical, and R8, d R16 are identical.
40. The cat al ygk.acg ' re of clains 37 to
39, wherein X is -(ChyY -0-(CH 2) P-O-, where n
is2, 3 4, or SRandpis 1R2 , or 3.4 1. The
GAbmlnyst according to claim40, wherein Xis -C2H4-.
42, The cat aé(%gqt LAaccordi ng to_any one of claims 37 to
I isGRy 2N Ar &R Bp iR erheraRYi REpath R ¢ire inderandentysglected
fromrm, Gato/ oggtiolihIgriabstitded C.CY aikyl, opddedy subtiRRke (3 afyl, ether
hg& r%g[o_cycl yl ene, which may be optionally substituted.
4% e cat al yst according to claim42, wherein X

eaghr of Sergubstitdents Rh &%,GREt &1, RS tR°R'CAY, 6°,rRj°,tRY', ®'2aRIm A2, R,

WhEREI D &Ffeﬁﬁggé : C t Ny
any one of 6 clal %@tetd iéﬂ“ﬂmg oe%@héﬁ&_sbe sﬁ@%ﬁ@&ﬁkﬂ%
ppiionaly sib§tivted Cen api, wgtianelicsubibtitutad Csahetersicyici, ahdrs
&rmdniuth/and Hitep; cat al yst according to any one of clains
g? t.0 46, V\@erei n R4 = R8 = R12 = Rl6 = H 48. The

& %Iﬁ&‘?é?f the FPYR AGHely 4y (OB WRergiig 2% 4 & Zgnd pis 1,
2he3eomreptbser®®a dWalentfroup selected from Cs.; arylene, Cs cyclic alkylene
and C3; heterocyclylene, which may be optionally substituted,
wherein;
(a) at least one of R', R?, R?, R*, RS, RS, R, R¢, R?, R'°, R", R'2, R', R, R", or
R is nitro; or
(b) at least one of R', R?, R3, R, R5, R, R, R%, R%, R'°, R, R'2, R'3, R', R'S, or
R is ether.

38. The catalyst according to claim 37, wherein the catalyst of formula is
symmetrical, such that R'=R"3, R2=R", R3=R", R*=R'"¢, R°=R? Ré=R", R’=R"", and
Re=R*,

39. The catalyst according to claim 38, wherein R, R%, R®, and R"? are identical,
R?, RS, R'® and R are identical, R®, R?, R", and R' are identical, and R*, R®, R'2 and
R'® are identical.

40. The catalyst according to any one of claims 37 to 39, wherein X is -(CHy)n- or
-0-(CH2),-O-, where nis 2, 3,4, or5and pis 1, 2, or 3.
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R6, R7, RO, RI0 , R11 , R13 , R14 , and R15 are
i ndependently selected fromH, 7 alky], ether and
WO RG0B0M32474 PCT/GB2008/001485

41
41, The catalyst according to claim 40, wherein X is -CoHa-.
42. The catalyst according to any one of claims 37 to 39, wherein X represents a
divalent group selected from Cs.; arylene, Cs cyclic alkylene and Cs.,

heterocyclylene, which may be optionally substituted.

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

* %*

&

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

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

47.  The catalyst according to any one of claims 37 to 46, wherein R*= R® = R"2 =
R =H.

48.  The catalyst according to any one of claims 37 to 47, wherein R', R2, R3, R?,
R?, R’, R%, R, R, R', R, and R' are independently selected from H, C, alkyl,

ether and nitro.



