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SYNTHESI S OF CYCLI C CARBONATES The present invention
relates to a process for synthesising cyclic

waearbanes®s from epoxi des and carbon di oxi de UBCTYGB2009/000624

al um ni unm(sal en) conpl exes as catal ysts. The invention
al so provi des novel al um niuf(sal en) conpl exes, and
their synthesis. Cyclic carbonates are commercially

i mport ant products current manuf actured on a

nul ti-tonne scal@HESIBAF Qﬁcb‘@l%mﬁﬁl’léﬂ'% sol vent s,

addi tives, antifoam agents for anti-freeze,
nononers f syntheS|s (see

asti cl sers 0
%&P@Fﬁfﬁ%ﬁj?‘@e”*"%ﬁ At B Tpcess & shthdang Svplacy boss from
]abende?sAandgiaaioe@éogEEaJsmg M\n@&mm(@wmbommbxes&(i catagy&r’gsat@:
esl s car
RRR o ARl AL DM BBl Rk b A0S

carbon d|0X|de and hence could be used to sequestrate

Q@Elﬁ%’érﬂynt@ﬁb d& cmﬁrc{aﬁ}ﬁm&ﬂgnt Gide Vc%kreﬁéél dH3 6n a

ases 1 n e at nos ere talysts esl s
&U"t&pem %Ca&%fpb@?eaq%%olarra@rﬁtlé sexeefddiivess antuf@am @oents i

@hﬁ-frbéw\/ﬁlaétfblsfeﬁe afd Fno(@r%@rs%* Y'éi]r%h%s‘?st (sBb Diaréﬁg%di’g, et
oshi

E{”&Ojd Chel. 5?@@553 %5)61%@%4 (fgéhes ial. aﬁngevg} Chem. Int. Ed.,
Gngmm1£bgm 690 (2005), 3490-3497) although these
require el evated reaction tenperatures and / or high
pressures of carbon dioxide, the reaction often being
Joadyrthexth of oydicparbonates gaheraigribaived ittaxied etionse epdlmdes%th

%rbor dI%QI?eA a%then%c&ﬁ’él bx% a%)e%%é‘aec%%str%aca\fgn (dz ;) tfhgr
BadpcBy $e 'S‘(Ri eberdenhdune gagasyi g a(b“UOSplhla@ reaction

bet ween 2-net hyl oxi rane and carbon di oxi de at room
tenperature and atnospheric pressure using catalysts

Capdysts irnige synthesiy 9&%{?'@ Ggfbogaies fram apaKideeanthenrbon dioxide are

hﬁ@@a lnfrlgé’\@’t’%e [ﬁrér%ﬁ@urbeé%(‘av | Ofbrl] (ﬁﬁenﬁ)fl?e?/ d§331 MBS 155-174;
re

%dalgéal) }éhggrr Fs;r ,.{g18@00§1h@8§%ﬁ%93 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).

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
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 up to 4 mol% of a ZnCl. catalyst and up to 16
mol% of a (nButyl)sNI catalyst.

Lu, et al., (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
guaternary ammonium salt or polyether-KY complexes as catalyst systems for the
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reaction under the sane conditions and al so using
catal ysts of this type, reports a reaction tinme of 3.5

w0 2009304160ur s using up to 4 nol % of a ZnCl 2 cat BATEB2@NE00624

up to 16 nol % of a (nButyl)4Nl catalyst. Lu, etal.,
(J. Mol. Cat. A, 210 (2004),231-34; J. Cat, 227
(2004), 537-541) describe the use of tetradentate

Schtff base al um ni ur?bcogg? 3 conjunction with a
GRSt o usRreKdemvLLeqr (%/eftrﬁgw B wickRboyLs
emta@bhaes.syst ens for thereactl on of various epoxides
W th carbon dioxide at roomtenperature and about 6

at nrospheres. Metal (sal en) conpl exes, including
Metatisalenhgoswlaxas, inauriigealeminivam(ealem| dompleyesm arewelhiencarrtin

I /
(@t B Useasy A 0t Wy, e 30 80 S0l e

Heuse s 8 mapameny a'ératnm%@lenmaﬁ%ysknom inthe art is
the net hod of synthesising al um niun(sal en) catal ysts
%ﬁtreatln%a saLen Ir@gand wi th Me3AI, Et3A, M2AIC,

e akfeghe gether SARMthesising alypinkmigaien) catalysts by
{reatingevextbn ligadd witokle g, oEtHarMewolclblsmoﬁemgAIBZSrOEngld;m a

Plasteds bt P RERR LB 2 PRI i ahPhaby 52

cocatal yst, dineric alum niun(sal en) conpl exes are

FhoBlaberivetfor fidd @b\y@&s‘fy foha 3 if f%g%%s% oDt LSPOXI des

car bon ce’'cyc car onat es, and
mtnaawlﬂ'm@orwameﬂmcq@%@t @bmwwe&luromwrrésalerb @mmplexes are

higAN Ml ARko P BPSRNEH | bFerbe(ﬁésQ'th’? cardsh EIQXIEQ{U éroduce

reaction tines and commerci al vi abl'e anounts o

exlic Frepnatess apw alaw e seacionts erd qyt at rgpmgempergtyre gnd

laihﬁ{s@héi{&&ﬁ‘éssﬁ@@ﬁsmém rédanaiftsGAd lé@lﬂﬁieﬂﬁhll IﬁlaB%te@ﬁHunts of
i.cation

SRBusc AR ieRudegin Dthaas vl ol B rargdiion. 208 5R5Rake

andcd-pentthdg biabateht dppliqatiss Nol @708016.nC(ZE A 2007 now

ﬁlg?lgﬁ\&f\ésy 50%9)1?5% in this work into the catal yst

So as 10 réduce or elimnate the anmount of
separate conmponents needed. Furthernore, the present

TR SRS iMRRtoRrh&Chow found that it is possible to incorporate the co-catalyst
required in this work into the catalyst molecule, so as to reduce or eliminate the
amount of separate components needed. Furthermore, the present inventor has also
found it is possible to immobilise the combined catalyst and co-catalyst on a solid
support.

Accordingly a first aspect of the invention provides a dimeric ailuminium(salen)
catalyst of formula I:
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found it is possible to i mobilise the conbined
catal yst and co-catal yst on a solid support.

w@ecwonai7egyl y a first aspect of the invention pPOWGHBe®9A00624

di meric al um niun(sal en) catalyst of fornula

| :wherein: Y-Qis CFP=N o r & RGLRC2-NR N1 , where
RC1, RC2 and RNl are independently selected fromH,
hal o, optionally substituted G ._ 20 aikyl, optionally
substituted C5-20 afyl, ether affd nitro each of the
substituents RIRY

R11 , R12, R13, RI @ IS |ndependently
seIectedfromHY ?ﬁhlq stituted G -20
al kyl (including CAT 3, "whéte A isla Cs-20 aryl
group), optionalQy Substituted - 20, ayyl yoptionally
substituted c¥N\eQ- hm?mr— herXand nltro X1
and X2 are inde nd (|)?aC25aIkerne
chain, which is 0p ’ Yed by one o r nore
groups selected fr 1-4 al k d C5.7 aryl, or a
Cl- 3 bi soxyal ke =Y el aptional |y
substituted by one qdr, nore groupss sel ected from Cl-4
al kyl and C5-7 aryl Ror (ii) releesent a dival ent group
weéremt ed from C5-7 arylene, C5-7 cyclic al kyl ene and

&@t‘fq?eéure'\égé:é%&%kae@@“a‘\t’wqr %gé"m% n%eddg’g}Qheolﬂglaoen@nuyﬁgleoted

Rim HRBaloRiptioR&lly daBstitiRadC,..0 Bk, optishally, suBdfuteBR DA 5, dr Sether

gm]dm 6 is selected fromL-A where L is a single bond
1-1 0 al kyl ene group and A is an anmoni um group

mhr@@’le\mubhtltaerwahtl’érlﬂaoﬁ“ 8 BT RARE RHYM'TR", Bi?, BRARY,; R™,

%ﬁbdl’!{@rls b é\*‘de}wﬁfﬁlec@ﬂ&e{rdﬁﬁ H%I@Qﬂ)tléﬁll&%&h%&f& okl

7 heterocycl ene group, cont
ﬁ'@“&“@ﬁf“@rW?Ahistar%gceﬁfylar@m){}mtlp |Y\ﬁubﬁltl&9<t6@mﬁ@/h on

S&tloRsilRfibEHoBY ©;.., hBferd)8yll ethaNgHHitro;

X" and X2 are independently either (i) a C..s alkylene chain, which is optionally

substituted by one or more groups selected from C;.s alkyl and Cs.; aryl, or a Cis

bisoxyalkylene chain, which is optionally substituted by one or more groups selected

from Ci.4 alkyl and Cs aryl or (i) represent a divalent group selected from Cs.;
arylene, Cs.; cyclic alkylene and Ca.7 heterocyclylene, which may be optionally
substituted;

(i) (@) atleast one of R!, R? R?, R4, R®, RS, R7, R8, R®, R, R", R'2, R'?, R, R'S,
and R'¢ is selected from L-A, where L is a single bond or a Ci.1o alkylene
group and A is an ammonium group paired with a counterion selected from
Cl, Br and l; and/or

(b) at least one of X' and X2 is a divalent C,.; heterocyclene group, containing a
ring atom which is a quaternary nitrogen atom paired with a counterion
selected from ClI, Br and |; and/or

(c) atleast one of X' and X2 is a C..s alkylene chain or a Cy.3 bisoxyalkylene
chain, substituted by a group -Q-L-A, where Q is either -C(=0)-O-, -C(=0)-
NH-, or a single bond;

and/or
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(c) at least one of X1 and X2 is a C2-5 al kyl ene chain
or a Cl.3 bisoxyal kyl ene chain, substituted by a group

wo dopAad7eswhere Qis either -C(=0-0, -C(=0 - MNF/GBR009200624

single bond; and/or(ii) (a) one of RlL, R2, R3, R4, R5,
R6, R7, R8, Rs, R1I0 , R11, R12 , R13 , R14, R15, and
R16 is L-A", vvhereLis as defi ned above and A" is a

ni um | pport _and .
B eona ATig G unbound Loes, 801 L SuPROr. and
or ( bl-Agnéheed L Pélasad@finé@abo&e ancﬂiA\f&laeiMm@urﬁ |mking grﬁup bound
het er gcycl.en containing.a. rin t.am IS a
quat e&n%sroyl/'gnls ge'é-ﬁj qag?w% sapperign sg% %ﬁﬁi?mv@@’ and’; or
li (Ri one @frGapd %wra:ldlt/ajera Gs phetdrosynigrergrogm domtainingch risigtattom

a COU\%SH |s%ql§a%rﬁ§@q@fgérﬁ’[§ rﬁnﬁ g@ﬁ oﬁgﬁa%moﬂlu&l%%g%ﬂﬁlp

charn
b| sox%HnR’W afelicsippart ag@b@tthvw(@opqwteéog selagied om-GA'Br
Thus, arymegrthe catal yst is covalently bound to a solid

su ort nkln rou to the solid support

X )Sr%%ee‘?fsg \F/‘B%g{?ear@w Fgr%ﬁlm)hlﬁwlkylenecham

gr oupsubgtitateerayar group {Q-pgen atons nmay be present. The
catal ysts of fornmula | where: (a) at |east one of RI,
R2, R3, R4, R5, R6, R7, R8, RO, R10, R11 , R12 , R13,
Rius, whitl Be, catatybt RioBvalsntlydlornd ©ch $alid subpokt, osin dhe linkjrig) group

ﬁ)tthé 8&RiLsu B&ft RprefbnNfowiiel, Sndofthyal a‘?ﬁ%o%%ups/quatemary

et erocyc ene group, contarning a ring ato
gitragest #amy mavthedyesenht om paired with a counterion
selected fromd, Br and |; and/or (c) at Ieast one of
and X2 s a .5 al kyl ene chain_ o
SR B Shape EBOOR Shely B Pl i B RS, LR
wr?emte PR)E iRy et hrey, an&leﬁ@ seléctéd Borh anﬂgIaad/@ondat KBt 0As of X'
suppor t

LR L ko0 g BPS! st i el g
geateringytnitafgen atamupaired witha aodeteriomselectedrbore G fBrraab I; and/or
Fc‘f Bf 16§ onk BF?’ é&d XY a *852—‘.5 Qlkylene chain or a Cs.; bisoxyalkylene chain,
substituted by a group -Q-L-A, where Q is either -C(=0)- or a single bond, may be
immobilized on a solid support, either by the use of steric effects or by electrostatic
binding.

If the catalyst of formula | includes one or more chiral centres, then it may be a
(wholly or partially) racemic mixture or other mixture thereof, for example, a mixture
enriched in one enantiomer or diasterecisomer, a single enantiomer or
diastereoisomer, or a mixture of the stereoisomers. Methods for the preparation
(e.g., asymmetric synthesis) and separation (e.g., fractional crystallisation and
chromatographic means) of such isomeric forms are either known in the art or are
readily obtained by adapting the methods taught herein, or known methods, in a
known manner. Preferably the catalyst of formula | is a single enantiomer, if a chiral
centre is present.

The dimeric aluminium(salen) catalysts of the first aspect may be of formula fa:
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weprantdoeer o r di astereoi soner,

(wholly or partially) racem c m xture or other m xture
thereof, for exanple, a mxture enriched in one

di astereoi somer, o r a mxture of the stereoisoners.
Met hods for the preparation§e.g., asymmetric
synthesis) and separation (e.g., fractiona
crystallisation and ghronatograpplc nmeans) of such
i soneric forns ar e ther knownRin the art or are
readi |y obt ai neat R e merhods t aught
herein, o r known ds, in own manner.
Preferably the c 8 is a single
enantioner, if alch| al centre ils pltesent. The dineric
alun1n|un(salgp} czﬁ%lyst; of tﬁé fNr t @%pect my be
of fornula Ia:Wh ‘&1, RZ, R3, are a s
defi ned above; a d (B) %€ | gast ona of R1, R2, R3 and
i RN WhEe s a single bond or a
DNi um group paired
RBr and |; and/or
(b) X1 is a divalentgC3-7 hetergeyclene group,
contalnlngd rlngéaton1mh|ch IS a quaternary nitrogen

Wbty BY Riians Xh acenrsdedinedabayel angt ed from A, Br and
La,) Or at (bt éﬂe deR‘a R&ﬁ@n@ﬁ(“)@, S RIR LA, RNhéreQ.lrs% smgle

I SO alk substituted b roup -Q
wher g‘f"i‘?@ﬂ’ EEypP-angA I ag.aﬁg?{@'%ﬁ@upﬂag%%w%a
aspecctoum‘ermmeelmmﬂm Gl rBreantiil;amdpr ovi des a process for

1 | clic, carbonates.conpr.i Si L
o e 208 A AR G RO EeRe BaP B e T I R P pBfunicn s
puateyaay aitivbemaidmusaiied withendonteridrssdlentdd feart &l \Bstand 1; or
cor g 0 - [ n

B oot and e Pallene et o R B E Hheckl ikl (RY T Ll Bl o
9OLP A, \mgfee(ws ¢iher H{dORGY agingleitpdpendent | y
selected fromH, optionally substituted C M O al kyl,

pt| onal | bstituted C3.20 heterocyclyl and

8 Bt Zepeet 8PS Pl A e roNs & pipbpsienfodkigion o
tyeticreaarorapsi Rptibivig soMiadting Whegokitiith garg6roHiBxiBe Invee N

pt)rggentc\é\%f g @lrmbe?i@ aluminium(salen) catalyst according to the first aspect of the

invention.

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

0
‘ iy
A, + o, —— Q
R v {
Rca RC4

RCS

i 1l
wherein R and R* are independently selected from H, optionally substituted C1.1o
alkyl, optionally substituted Cs.0 heterocyclyl and optionally substituted Cs.5 aryl, or
RC 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.o cycloalky! or Cs.2o heterocylyl group
may be substituted only in a single position on the ring, for example, adjacent the

a si ngl e enanPCDBBR009/000624
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atons to which they are respectively attached. The
i nking group, together with the carbon atons to which

w0 200va0Es: ached, may form an optionally substiPCr/682009/000624

C5. 20 cycloal kyl or C5-20 heterocylyl group. The C5.20
cycl oal kyl or C5.20 heterocy$éyl group may be
substituted only in a single position on the ring, for
exa acent theepoxi de. Suitable substituents,

|
ieRext o8 %}?P*%HB?"FL&?”% iefude Gptienally eHbstitliad Croplivbreptiegally

subaitutéwcsag héidrodfcifiehe bpiorally subatdicardLanal | Y
substituted C5-20 aryl. A possible substituent for the

Cl-10 al kyl group is a C5-20 aryl group. The second
Asssibleciubstieent fov éet Canalky! gyoouprioa Odaant bwupse of a

di meric alum niun(sal en) catalyst of the first aspect
of the invention for the production of cyclic

dap seerndespeqt ohthe frarntifesalsoproviflesthaspecta dimetihe

laRMRRLIn QR RS QAR S @lemmge&éct BPthe Hog @g%hﬁéb&de& A of

di neric alum ni un(sal en) catalyst o rmu
GESIECRIPONYRS BPMEPEXIFeS Fi gure 1 shows a flow reactor
for use with the catalysts of the present invention.

pti.on of the inven Definitjons
A0 eechsi I fiaoepdyidhas propest ok BRaariops olagmeri
pbvmmum(staten)acactaiqummdnmélt he formula: OR ' R wherein
RC3 and RC4 are independently selected fromH,
optionally substituted C MO al kyl, optionally
Buigé desaripdign @sfigarehet er ocycl yl and optionally

FiRed 4 Ei"rgvx%da frow I%QC’(@{ ﬁgh ufé){\,\(l e grg' B%iﬂ{ %é@ne?lpwventlon.

optionally substitu
carbon atons to which they are respectlvely at t ached.

Dagailetitle Biptbinithe i@AtiBRT W th the carbon atons to
§g| C.h it is attached, may forman optionally
ted C5.20
Epoxide: The term “epoxide”, as used herein, may pertain to a compound of the
formula:
0

AN o

R R
wherein R% and R® are independently selected from H, optionally substituted Cy.1
alkyl, optionally substituted Cs.20 heterocyclyl and optionally substituted Cs.o0 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.2o
cycloalkyl or Cszo heterocylyl group. The Cs.0 cycloalkyl or Cs.o heterocylyl group
may be substituted only in a single position on the ring, for example, adjacent the
epoxide. Suitable substituents, include optionally substituted Ci.10 alkyl, optionally
substituted Ca.a0 heterocyclyl and optionally substituted Cs.zo aryl.

The optional substituents may be selected from: G0 alkyl, Ca-20 heterocyclyl, Cs.zo
aryl, halo, hydroxy, ether, cyano, nitro, carboxy, ester, amido, amino, acylamido,

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

In some embodiments, the Ci.10 alkyl group is substituted by a Cs.» aryi group.
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cycl oal kyl o r C5-20 heterocylyl group. The C5. 20
cycl oal kyl or C5.20 heterocylyl group may be

w@adpeiiod7et ed only in a single position on the PCHGB2G00/1000624

exanpl e, adj acent the epoxide. Suitable substituents,

i nclude optionally substituted C MO al kyl, optionally
substituted C3-20 heterocyclyl and optionally
substituted C5-20 aryl. The optional substituents may
be selected from C MO al kyl, C3-20 heterocyclyl,
Eefctablpripé epdxddeds algrohiraxgpoxeiehies. Rty &N0, nitro,
carboxy, ester, am do, am no, acylam do, ureido,

acyl oxy, thiol, thioether, sulfoxide, sulfonyl,
Inriomensnakpdiments, IR isrsalecied romnopsionally strbsiitlitebBt.salil hied C
%tfaahmyéubgﬁe@e d;a@uhﬁ%bm%ﬁme@aerﬁbé@méﬁs Y5 unsubstituted.
group. Preferably, the epoxide is a termnal epoxide,
i.e. R4 = H 1In some enbodinents, RC3 is selected

Preftredsposiaas hie e‘mmtewwte edcsClra ah)kwopﬁsﬁe Shdd gvakly

REDL EEUr SB@%_ 5 2B BB preraey P eme

QKWSEHEFQH) = FD, propylene oxi de (RC3 = net hyl,
RC4 = H) butylene oxide (RC3 = ethyl, RC4 = H), and
styrene oxide (R0O3 = phenyl, R4 = H). Cyclic
creliseatpopatet the tarer“pyclic garborate’aahoseaithetgin, asayumsetdin to a
mﬁﬁdlﬁdoﬂﬁ%f&‘ﬁﬂaﬁ” n to a conpound of the formula:
wherein RC3 and RC4 are as defined above. Solid
support: Catalysts of the prigsent invention may be

i mobi lized on a solid sup by: (a) coval ent

bi ndi ng (those where one of\ of Rl, R2, R3, R4, R5, R6,
R7, R3, R9, R10 , R11 , , 3, R4, RIS, and R1
Is selected fromL-A"); E%) steric trapping; or (c)

eheretrRfS and RE* dve addefined Bhese vari ous met hods are
reviewed by Carl os Bal eizao and Hernenegildo Garcia in
"Chiral Salen Conplexes: A n Overview to Recoverable
aflig %gg@&aéal%gg%g@g@t invention may be immobilized on a solid

support by:

(a) covalent binding (those where one of of R, R?, R?, R, RS, RS, R7, R?, R®, R,
R', R™?, R', R, RS, and R™ is selected from L-A");

(b) steric trapping; or

(c) electrostatic binding.

These various methods are reviewed by Carlos Baleizéo and Hermenegildo Garcia in
“Chiral Salen Complexes: An Overview to Recoverable and Reusable Homogeneous
and Heterogeneous Catalysts” (Chem. Rev. 2006, 106, 3987-4043).

For covalent binding, the solid support needs to contain or be derivatized to contain
reactive functionalities which can serve for covalently linking a compound tfo the
surface thereof. Such materials are well known in the art and include, by way of
example, silicon dioxide supports containing reactive Si-OH groups, polyacrylamide
supports, polystyrene supports, polyethyleneglycol supports, and the like. A further
example is sol-gel materials. Silica can be modified to include a 3-chloropropyloxy
group by treatment with (3-chloropropyl)triethoxysilane. Another example is Al
pillared clay, which can also be modified to include a 3-chloropropyloxy group by
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and Het erogeneous Catal ysts" (Chem Rev. 2006, 106,
3987-4043). For coval ent binding, the solid support

woe@dd049765 cont ai n or be derivatized to cont ai NnP€EE&BR09©O00624

functionalities which can serve for covalently |inking

a conpound to the surface ttereof. Such materials are

wel | known in the art and include, by way of exanple,
reactiyve

BrastiR B o e et <ol g vl Breailoraks e
fmohyoé!srhall lﬁ'e&igl piegitro®hg famihsr, susiackst bellels deeliskd Thigyt |’ﬁ€y also
BRITR B el SR sl By S ey B fsehin
tnspmaeo? lomlwpmr)ctudeeﬂlmyéml\&ﬁé anAMSINkgB (mrdifigl with 8- Al
Bhlnbaios Q%L@é? nm'zca?qd%%r.moagsm@a S 19 &l fRabdifeh ude 2

- chl or opr opy group bytreatmén
mswr%o%&capﬁlw P%’F‘%@N@tﬁleﬁ“rﬁe S@u&ﬁ'ﬁ s%ﬁmqngewonel forms
pagkreb dbluged.ake the formof small beads, pins/crowns,
| am nar surfaces, pellets or disks. They may al so take
the form of powders. Solid supports for coval ent
Borretricgrapbingathe imest suitablatcese st solid stpperis eswitets, which may be

?&M%pélj rﬁ%ﬂn’l&l‘: l'l"f'l%%o?é £1£§ﬁ8§+%el\§%%$t W&lm Aé%ne %atalyst but

TinieHE lasoe1d allew, thesmsa@e @tﬁelaqmggmmdmt@mddw the
&wygars,ur%bi@zéﬁma%aﬁaao@ﬂeaﬁteé RUBEES tmra% M'asgﬁés% which

her conventional forms may al so used. For steric
F%V&Pﬁieﬂ gartighedegiadeddp proyise @G@P%gs dlﬁat%@w qaslefdpoeror o

#@btahfsedd prdtiuelz, mey be natural or nodified. The pore
size must be sufficiently small to trap the catal yst

but sufficiently large to all ow the passage of
Ferabé elatisostatic hprdirdus e datalysntd 4 saithsupygort atpidaysilid supports

' l,e .zeol it Y
R RS o182 T ol g 8 Aot 0 ol ot
prdzinglalumbsioiagered dovlahydibtiday @fdbéser sitcazand pumtmarfiionite clay

g@%@&%&aaﬁn@r&goducts. For the electrostatic binding

of the catalyst to a solid support, typical solid
supports may include silica, Indian clay, Al -pillared

AkAyTheMernVERNkyW] as Bddd hera, Qjélftblﬂs e ﬁfoﬁ&kdl@}t rr@@i‘y obtained by
zi nc- al umlaerddoubb 3/ Pkc? (% silica

mvw&%;qqep Eor@laaﬁg on atom of a hydrocarbon havmg from 1 to 20
carbon atoms (unless otherwise specified), which may be aliphatic or alicyclic and
which may be saturated or unsaturated (e.g. partially saturated, fully unsaturated).
Thus, the term “alkyl” includes the sub-classes alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, etc., as discussed below.

Alkylene: The term “alkylene”, as used herein, pertains to a divalent moiety obtained
by removing two hydrogen atoms from one or two carbon atoms of a hydrocarbon
having from 1 to 20 carbon atoms (unless otherwise specified), which may be
aliphatic or alicyclic and which may be saturated or unsaturated (e.g. partially
saturated, fully unsaturated). Thus, the term “alkylene” includes the sub-classes
alkenylene, alkynylene, cycloalkylene, cycloalkenylene, cycloalkynylene, etc., as
discussed below.
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are of particular interest. A kyl: The term "al kyl",
as used herein, pertains to a nonoval ent noiety

wobicaitemges by renovi ng a hydrogen atom from a cBebGB2009/000624

atom of a hydrocarbon having from1l to 20 carbon atons
(unl ess otherw se specified)? which may be aliphatic
or alicyclic and which my be saturated or unsaturated

at ed, fully unsaturated Thus,
b paltattol ey and AR S uph dhe R A Gt - ko Gy Chrs Car
atck)\dayidte tkwm]mtidr onbarb@ry@tbma,l wemylange yfohmﬂiémmdrboraawms

j k L kyl . The t | k
A eTRIE TR BE T g P Gno Ao i 0 B nly
fremoivip ﬁg:athm ehcym olgempaeoofrirdups of alkyd gmups eludathealkyl
SE@%'QV"R SRR El&@?ef*“éﬁgiﬂ*ﬁf#sﬁ”%%?”%@%Ccmdmg
‘Ptbﬁd*m'té“%\s r peaenie.doraimngaipratechaligd graves ghe fishieretix mist be

dﬂé@é’tw Rk 8l Qlkﬂ gr&ﬁ,‘)rst thakiksy petk Hfu@itt%dat 1ddst BYetc. For example,
e term"al kyl ene" i1ncludes the

atu ate

R c2S SWiane o ek erds i b A Blsansireoh Gvata Fom
yctobdrkanysene, cycl oal kynyl ene, etc., as discussed
bel ow. I n the context of alkyl and al kyI ene groups, the
prefixes (e.g. G- 4, G -7, Cl1-20, C2.7, C3-7, etc.)
gxaroples of{ensubatietedpsateratedatkybdrowss, inadude, het arangdinafed to,

%@F(&P&h??(& Bﬁ’gﬁ’%ﬁ tgf(c X tgc Ath@ llé@{),“agﬁdgﬂue;g?yl (C).

as used
having from1 to 4 carbon atons. Exanpl es of groups of

Ekéﬁﬁﬂ)leegéfqu'ﬁ)ﬁjbbﬂ@ﬂebl ﬁat&;&teﬂi hﬁééﬂéﬁky(grb@b’éﬁﬁcl@&é‘%ht are nétlinfited

0 a t hat first prelxrray
. PERS Bl Gl ot St (B e Tome et iR ier e
(G ahd hatepty! @ Kyl groups, the first prefix nust be at
least 2 ; for cyclic alkyl groups, the first prefix
must be at least 3 ; etc. For exanple, the term"Cl.7
Ekiyplemel (Unaubsiiiged) sadurated braehedalkg gtampamcaldleyé.oemepyl (Cs),

oty RN DAL AL G8500 BRATE,. SRR Plc.

(unsubsti'tuted t ur at ar oup
are not limted to, nethyl (CI) 1 ethyl (C2) , propyl

Emples SULNdubbtibd) sdgaiedlaideRd group&¥ludé TRk are R mited to,

meﬁly}éne ?CK ethylene (Cz), propylene (Cs), butylene (C.), pentylene (Cs), hexylene
(Ce), and heptylene (Cv).

Examples of (unsubstituted) saturated linear alkylene groups include, but are not
limited to, methylene (Cy), ethylene (C), n-propylene (Cs), n-butylene (Ca), n-
pentylene (amylene) (Cs), n-hexylene (Cs), and n-heptylene (Cv).

Examples of (unsubstituted) saturated branched alkyl groups include iso-propylene
(Ca), iso-butylene (C.), sec-butylene (C4), tert-butylene (C.), iso-pentylene (Cs), and
neo-pentylene (Cs).

Alkenyl: The term “alkenyl”, as used herein, pertains to an alkyl group having one or
more carbon-carbon double bonds. Examples of groups of alkenyl groups include
Cz.4 alkenyl, Cz7 alkenyl, C,.0 alkenyl.
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Exanpl es of (unsubstituted) saturated |inear alkyl
groups include, but are not limted to, nethyl (G),

weeiglo7e€®2) , n-propyl (C3) , n-butyl (C4) , nPEEGB09/000624

(anyl) (C5) , n-hexyl (C6) , and n-heptyl (C7)
Exanpl es of (unsubstituted)18aturated branched al kyl
groups incl ude i so- propyl (C3), iso-butyl (C4) ,

- Qut yl 4),.. tert-
B TN RS o RSN
&l kipbeyi ¢vigt, 0QHSCHg) c1-pob@enyd (HCHHOR-0RY), 2-propbeyd Céatll@l, -CH.-
L i

ERECYUZa b ShAN) R (R~ oRR S BT { GEjron g nc
h@i@ﬂyll (€dle (C7) . Exanples of (unsubstituted) saturated
l'i near al kyl ene groups i nclude, but are not |limted

met hylene (G ), ethylene (C2) n- propyl ene (C3)
ﬁlk@r@tl%eeﬁge Ke(m) alkw@ﬁp |a§ Héed( Wpeq@étjam§¢g§m alkylene group
RaviryQHeadt endré6arbdn-adrom db\@id bdrRiB e E((ﬂbles ofgrangy &akehylene

unsubstitute sat urated branc gr oups

OB BRI Ui sy Pahe i ke isnes s sl UReE or)

sec-butyl ene (C4) , tert but yl ene (C4) , |so pentyl ene
) n n

Mt TR e LSRR L c g S T iy My B o

mass cwgquar@n tripe bonds: kfmatmmstm grodpsi bl atkyinglrgisups include Ca.
I frvBicQu al kenyl groups include C2.4

%@gﬁﬁ?alg@g Cg'fo@r@/?l: C2 20 al kenyl . Exanpl es of

(unsubstituted) unsaturated al kenyl groups include,

%kﬁm@é@ofﬂ@isubétﬁﬂﬂb@)d.x@Qturﬁé&ﬁ@ﬂyl ér&hd‘s\’ heludeﬁdﬁg‘t‘e Abt l|2m|ted
& B it S By £ AloPInY ORI Ry S0 CH ) =i

2) , but enyl (C4) , pentenyl (C5) , and hexenyl (C6).
BB S o FbeseSE R E n o 4R SR i
cra dtronere antbon-cdibab kripldbodis. Ekxrapips efsgrodipsgif aligsylade groups

BEaTyr SRB RGeS APl S AP “The (o m

"al kynyl ", as used herein, pertains to an al kyl group
BRMb4ME)1: AEteRE “cycloalkyl”, as used 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 carbocyeclic 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.2o cycloalkyl, Cs.s
cycloalkyl, Cs.1o cycloalkyl, Cs.z cycloalkyl.

Cycloalkylene: the term “cycloalkylene”, as used herein, pertains to an alkylene
group which is also a cyclyl group; that is, a divalent moiety obtained by removing
two hydrogen atoms from one or two alicyclic ring atoms of a 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
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nore carbon-carbon triple bonds. Exanples of groups of
al kynyl groups include C2.4 al kynyl, C2-7 al kynyl,

w@200200€bkynyl . Exanpl es of (unsubstituted) unBEl/GBaG0eM00624

al kynyl groups include, but are not limted to,

et hynyl (ethinyl, -CCH andi2-pr opynyl (propargyl, -CH
2-CCH). Al kynyl ene: The term "al kynyl” , as used
rtains to an al kyl ene group havi ng one

e
r?%?'@a'gﬂ?fg%wcw&%% StJP*.C}ﬁﬁ%e%‘cyﬁ'e@'keWﬁnégv@?a'@mﬁﬂg of
Rickaramly eszeh ggg H£2>§frc|brﬂ3|t¢lldein§3to%sa|ﬂﬁﬁpflele @Egrﬁ@é’s ot

ene z ynyl en cl.oa : e ferm
Aol eRsrR Srour R Bl ufesenbe e aTcdig R, ey
oyromatkylehe cBuricgcladligtera. cycl yl group; that is, a
nonoval ent noi ety obtained by renoving a hydrogen atom

froman alicyclic ring atomof a carbocyclic ring of a
car bocyclic conpound, which carbocyclic ring may be

@%nu iy RAe OTha s el AR 1dR" Es ugéz\;mérah |p¥rtém§'t%té"<§l?él@rq
I unsa ur at ed%g whi ch noi from 3-20 carbon

t
oRIRIAeLRL eBION w@@rogﬁréeio'?n%m eachRftye peigeant alipyglic

tnﬁg ﬁGm@loﬂl catbotlic Fl'rfykﬁ a dafsocleic Bbmpy el d) ahiel learbbayelic e
he,sub-cl apses &

AL P8 AP SRR Ak iS Pl S B H S, whion
E”@Whm rood 3 ¢ 2UgEsh @t atoryis (ddss khegwioel psedified), irddBg-from 3
] 88 3o, YR o b0 MEGLORL el fen I
a@ue%@fcpynl@raékytenepgéwa|lm>iudp&amygliq@w@ﬁ@s@%u@%awen@,

e %@y@ic‘é}kgie){és @, Oic éll'(‘ﬁénéss a dival ent noiety
tained by renmoving two hydrogen atons from one or

tvvo alicyclic ring atons of a carbocyclic ring of a

ERdriisl6/ 61 dy6loSIRYTGAIPE andBy it alkAEROGBGHd iBclndd) Bun@E nBElimited
r unsaturated (e.g. partially unsaturated,

atur ated
foufqo?e 8?1%"3?&?’5& ed), which noiety has from 3-20 carbon
at onssgturatedssonotyutic hyckecasmmdrﬂp@dmds i ncluding from3

: mlﬁ%po ah@?%zlt Qigbut% (g)é)ékib?%q[ %gn 1 &@Ilohédagg %Ce)
exrtahentary () eneihyieeclepwpand 934 aliragihyi¢yetpprenend (Gn 3 to 7
Fn'eﬂ'@lc%l@é[ﬁaneﬁé@”ﬁihﬁﬁlyﬁ;ﬁld%tﬁ%&c‘gf c?abﬁﬂtiﬁféchr oups
flégw%lirg}ljcyclggen%gne ¥)7) methy%yclohexane (Cs), dmethy%aycl efarr]1e (Cs),
menthane (Cio);

unsaturated monocyclic hydrocarbon compounds:
cyclopropene (Cs), cyclobutene (Ca), cyclopentene (Cs), cyclohexene (Ce),
methylcyclopropene (Cs), dimethylcyclopropene (Cs), methylcyclobutene (Cs),
dimethylcyclobutene (Cs), methylcyclopentene (Ce), dimethylcyclopentene (C,),
methylcyclohexene (C), dimethylcyclohexene (Cs);

saturated polycyclic hydrocarbon compounds:
thujane (Cio), carane (Cio), pinane (C+o), bornane (Cio), norcarane (C-), norpinane
(Cy), norbornane (C;), adamantane (C1o), decalin (decahydronaphthalene) (C1o);

unsaturated polycyclic hydrocarbon compounds:
camphene (C1o), limonene (C1o), pinene (Cio);

polycyclic hydrocarbon compounds having an aromatic ring:
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cycl oal kyl ene, C3-7 cycl oal kyl ene. Cyclic aikyl ene:
The term "cyclic al kylene" as used herein pertains to

w@2@vued7ent noi ety obtained by renoving a hydr PQEGBat00/000624

fromeach of two adjacent alicyclic ring atons of a
carbocyclic ring of a carbot¥clic conpound, which
carbocyclic ring my be saturated o r unsaturated

(e.q. tiall ted, full t ted whi ch

bl PRkaf e 2 b BHeE e biRnel B oo ot her i se

G;Ba:?,hﬁétm)/dronamﬂtmlem h¢16)0meﬁabi¢’th&1é3((ld) rf[l}ioﬁdnt@f(&a) phenalene
in oms

@22 @Réry ﬁg%%u@ég’%c %@l@{eﬁ%m@ E ané”ﬁ?%b%@ i ncl ude

C3- 20 cyclic al kyl enes, C3-15 cycllc al kyl enes, C3-10

A¥te dc?cli\l i l%ﬂﬁsheté?'@c cfg/ 'Lfsealhgﬁélmeﬁ@ﬁam@&ae[mbﬁoﬁla% t

cycl oal groups._ an e groups 1nclu
'Balﬁtyaﬁbéa'mﬁ by refiovied atfwdroeﬁb@ﬁémd@m 2dia9 plognef asfaﬁt@rp@xcé@

ngLWMCH"Mﬁkﬁﬂ%b@ﬁl @@ermqm@%mgmle«as b@??ﬂgex éarféé)ned) of
*jPr 13858%%%‘%%&% % néfeﬁwfe&vc%%fbmg%ﬁ%f@mto7rm9

atoume,tdsfwwmampn tpane r(n@sh)eterdsmérhsfl cycl obut ane (C5) ,

di met hyl cycl obut ane (C6) , nethylcycl opentane (C6) ,

di met hyl cycl opentane (C7), nethyl cycl ohexane (C7) ,
detachglyleya: Tok éscanribeteogyclylened reshusad he/@0 pertainstataiveterd

BRACOHRING Wﬁén@emg Q@\g?@gm&umﬁo&%m AREQ P@ﬁ@en( it atoms

cycl obut ene ent ene cyc exen

Qf@d)etem?a@!'%Wewnéwaﬁivﬁelety@@f frof ?m/mrtgyasww@b@ne
dtﬁ&)vase%bbiﬁéd)V@f'vﬂhﬁhtf@ﬂ?1 {0 are rﬂg rl‘i%fe'?dﬁt&rﬁé?' Iﬂﬂ%Fétrﬁﬂﬁ each

i A B BN SRETASBR o 1 ) P RGeSt €T

(C8) ; saturated polycycli c hydr ocar bon conpounds

'tf%%e%?%oy‘c%rgcgert cr@/% y §a grmﬁ cﬁ)?}’ lﬁgﬁog-n%%d (/la cacpon or %etero ring

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

When referring to heterocyclyl or heterocyclylene groups, the prefixes (e.g. Csz, Caz,
Cs.s, €1C.) denote the number of ring atoms, or range of number of ring atoms,
whether carbon atoms or heteroatoms. For example, the term “Cs.c heterocyclyl”, as
used herein, pertains to a heterocyclyl group having 5 or 6 ring atoms. Examples of
groups of heterocycly! groups include Cas.z0 heterocyclyl, Cs.zo heterocyclyl, Cs.s
heterocyclyl, Cs.15s heterocyclyl, Ca.12 heterocyclyl, Cs.2 heterocyclyl, Ca.10 heterocyclyl,
Cs.10 heterocyclyl, Cs7 heterocyclyl, Cs.» heterocyclyl, and Cs.¢ heterocyclyl.

Similarly, the term “Cs.c heterocyclylene”, as used herein, pertains to a
heterocyclylene group having 5 or 6 ring atoms. Examples of groups of
heterocyclylene groups include Cs.20 heterocyclylene, Csao heterocyclylene, Cs.1s
heterocyclylene, Cs.1s heterocyclylene, Cs.2 heterocyclylene, Cs.12 heterocyclylene,
Cs-10 heterocyclylene, Cs.1 heterocyclylene, Cs7 heterocyclylene, Cs.; heterocyclylene,
and Cs. heterocyclylene.

Examples of monocyclic heterocyclyl and heterocyclylene groups include, but are not
limited to, those derived from:
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(C7) , norbomane (C7) , adamantane (Cl10), decalin
(decahydr onapht hal ene) (Cl10); unsaturated polycyclic

why@waecesHon conpounds: canphene (C10), | i nDneP€T/GBL®P/000624

pi nene (Cl10); polycyclic hydrocarbon conpounds havi ng
an aromatic ring:indene (C9)13, indane (e.g.,

2,3-di hydro-1Hindene) (C9) , tetralin ( 1

, 2,3, 4-tetrahydronapht hal ene) (G 0) , acenapht hene

(G 2) , fluorene (G 3) , phenalene (G 3) ,
hs:epzhidiman(Cl) r xetidip€i( Cﬁ)pyrrom:tbr&a(ltmhhsmrrepy(r@ile)fﬁ% )s pyrroline (e.g.,
%Ebg/krgip%gé glrb??)fﬂ%g rolegtéd)e% ?rol)élorr) gir-I[b Injé]);%r {s8p3grole isoazole)
ﬁ%mmndwe (%; @hxdrmlamaé@s Btrateeopyridine(Cay dremen(Cax om
froma ring atomof a heterocyclic conpound, which

noiety has from3 to 20 rlngt atons (unl ess otherw se
Qp'égqrgnee@‘)g) oyetan® (Gh oxelans de fe@yqrgfugﬁ:rg (@q).nc@(ole (dihydrofuran)
&), xannd @mahya’rrog @hﬁ@e,)y dlh?@f@ﬁyréh [19), pranf (COMBIACH;
ring atonmns, ich fromlto 4 are ring heteroatorrs
Heterocyclyl ene. The term "heterocycl yl ene", as used

Setlairane (Ge); trdstarse (Ca), a'\mléan&a(lt@lrahydmmﬁbb?e@t(m)gﬁdn@y
rom each of two adj acent
?S{F%‘{/gt onipw%/nqée%etﬁ'e?oc;{g’l c conpound, which noiety

has from3 to 20 ring atons (unI ess ot herw se

we{ﬁdx%laﬁg)(&,)odclo%b?@ fé'rf?irﬂidke re ring

het er oat ons. Pref era1y, eac r|n "has from3 to 7
ring atonms, of which from1l to 4 are ring heteroatons.

Dharibehe(ogycl yl o r heterocyclyl ene group nmay be
bonded via carbon o r hetero ring atons. Preferably,

t he heterocycl yl ene group is bonded via two carbon
db:omslazdiee (Cof grazdiding odldfmtuﬂme)c(gzg) ) lidazbline (Cs), pyrazoline

he prefixes (e.g. C3.20,
@@F&%%%; G{]gp%reg%ﬁ% (Csthe nunber of ring atons, o r
range of nunber of ring atons, whether carbon atons or

Nl%ﬁfe‘ﬂ@ﬁ%oxa%&@ @35 adﬁ@’aﬁooxﬁib@e i, [Fétraﬁ:lgdrglsoxazole (Cs),

het er ocytc ereln

H@Y‘EP'@%’%P%I (Cejr '@S‘Gﬁ’hﬁ%ﬂﬁ (g, Birafydgoaxazige £Ereihydpexagines).
ekazequeps of heterocyclyl groups include C3-20
heterocyclyl, C5-20 heterocyclyl, C3.15 heterocyclyl,
C5- 15 heter ocycl yl, C3-12 heter ocycl yl, C5-12

Ne&3: etheyltley(Cs), ﬁ&z&ﬂhirﬁ&(@%}’, otanedriyhaline (Ce);

N204: oxadiazine (Ce);
0:8+: oxathiole (Cs) and oxathiane (thioxane) (Cs); and,
N1O:S1: oxathiazine (Ce).

Examples of substituted (non-aromatic) monocyclic heterocyclyl and heterocyclylene
groups include those derived from saccharides, in cyclic form, for example, furanoses
(Cs), such as arabinofuranose, lyxofuranose, ribofuranose, and xylofuranse, and
pyranoses (Cs), such as allopyranose, altropyranose, glucopyranose,
mannopyranose, gulopyranose, idopyranose, galactopyranose, and talopyranose.
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C5-10 heterocyclyl, C3-7 heterocyclyl, C5-7
heterocyclyl, and C3-e heterocyclyl. Simlarly, the

WO 20001109265 6 het erocycl yl ene”, as used herein, PEr/GBRV8/000624

to a heterocyclylene group having 5 or 6 ring atonmns.
Exanpl es of groups of heterdéyclyl ene groups include
C3. 20 heterocyclylene C5- 20 heterocyclylene C3.15

t 15 |yl
o ENEPEI Y Toet 4, Ao SorLIEr oAb i mapgajent moiety
bEttaE\éd) by ﬂdnjdvﬁ*lg@. hy@'ﬁog;&ﬁ r?lttﬂﬁ &bmahdr?‘rhﬁm&mg@gorﬁ of a Cs.a0
- er.oc ene. an
ARMENS S ir i il bBY RS i Mg B e Renes ism e
Bused) h@mehavmdtom 8 tre2@yring qismi mnlduderenh)aitlemt eneof said ring(s) is
c3)
b Q?o‘r%% T’IR% lt’ljé%?@olg ‘r%r%gi?( ﬁg% Ifléesofggnj\\lh 10 ﬁ@?\ﬁ)br‘# Liaths( C3)

azet opyrrole) (C5)
, pyrroline (e.g., 3-pyrroline, 2,5- dlhydropyrrole)

TRS)ing atéis ﬁié'&/'b@'&ﬂi cBFbod ltdh, %QErﬁ“cér‘b@é’r@Vgrb@ds@m WiSeREReqne

di d C6
g@?%ﬁﬁ}’(ﬂ’ er”lﬁnlﬁfpﬁ% %@fvﬂdméﬁé Ehgp ri?l‘%‘rlylna'og"poil rane
(C3), oxetane (C) , oon ane (tetrahydrofuran) (C5) ,
5(3 l)al%/ke(ndI ﬂydr o u(?séh;r(y%g as Bs er? &e%etrtra@lg %ﬁ&%l‘é%?%\oiety
Shtaineth by rm"(g@?)ydrogehBMrmﬁm (e@d!) of tivhiadjegem ring atoms of a

i taFd?«lib)ﬁ cgﬁw 6L9ﬁh§5]8}:orzw@;nd ha(nﬂg@ﬂg rln? 81} Wo qujmore rings (e.g.,

et rah I‘Ot

Seof V(ngsfgo dngeatprs,)and wﬁplr@iwﬁ@qﬁ@ne of €11 ring(s) is
&8 arohi2i®NAg ePr@@ébly, NER rih éjeﬂ‘?c% 5ed ﬁ@alﬁgﬁbtoms
pyrazol i dine (diazolidine) (C5) , imdazoline (C5) ,

pyrazol i ne (di hydropyrazole) (C5) , piperazine (C6);
TRhelring atotne hfag by dilearaa ekend, 6)n “cadbbivydhe gmpsi iet whigh)case

A AR TORTER Bl ko LS AR b
di hydr ooxazi ne (C6) , oxazine (C6) ; N Si: thiazoline
%rﬁ les 5)‘*&5 20 a% Qﬁzo(a%gne grbwsqmérpg@hét'?ﬁvé 9@ hetg‘%goms
(i.e. Csao carboaryl and Cs.20 carboarylene groups) include, but are not limited to,
those derived from benzene (i.e. phenyl) (Cg), naphthalene (C1o), anthracene (C14),
phenanthrene (Cy4), and pyrene (Cqs).

Alternatively, the ring atoms may include one or more heteroatoms, including but not
Jimited to oxygen, nitrogen, and sulfur, as in “heteroaryl groups” or “heteroarylene
groups”. In this case, the group may conveniently be referred to as a “Cs.ao
heteroaryl” or “Cs.20 heteroarylene” group, wherein “Cs»” denotes ring atoms,
whether carbon atoms or heteroatoms. Preferably, each ring has from 5 to 7 ring
atoms, of which from 0 to 4 are ring heteroatoms.

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

Examples of Cs.20 heteroaryl and Cs.oo 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),
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O1LS1: oxathiole (C5) and oxathiane (thioxane) (C6);
and, NNQ S 1. oxathiazine (C6) . Exanples of

wa@ adpeiiod7es ed (non-aromatic) nonocycli c het er ocRCT/GB2@N600624

het er ocycl yl ene groups include those derived from
saccharides, in cyclic formi5for exanple, furanoses
(C5) , such as arabinofuranose, |yxofuranose,
&Jb furan ranoses

| of d ,
gl diﬂ% ﬂ%é'ﬁazo%?u [l%@%%‘? gead 7@”% I%’ﬁ??'éﬁf&%e,
nm\mmoyer amwsmetguérvlrgrdsmafeaved tﬂ@pwoam&e pyrndme ($ﬁ|2e) -

(fanose.
PRRSHERY L ARIRE) p{IfIahR P EM MBS o Buehh mind dfaiE

WE@D@/U@%&&ZI%)(MWHW%Vl ng a hydrogen atom from an
aromati c ring atomof a C5-20 aromatic conpound, said
npound having one ring, or two or nore rings (e.g

Ftﬁ%@@!?s Ofdrrelo NE3AFPHY e Grrehatesomylene gepuas whish camarise fused
mﬁg@ fhbmdatbult @r@sﬁot mﬂ.eedqs @ﬁie@bﬁéwg&ﬁ)cggé%em 5 hﬁs
ring has from o 7, car

R o g B RO e RTINS i Rieo 6 OBlS: G

heiawolaq@ar)d ng hetepmtylére ghbﬂ@ﬂe@n&écefrcbrh @u@bmplsﬁmmolme
ni.ent

L S SN e

fiemechdingeand xenitene.o a di val ent noi ety obtai ned by

renmovi ng a hydrogen atom from each of two adjacent
ring atonms of a -20 aromati c conpound, said conpound
ﬁﬁ%%ﬁgeélﬁﬂefﬂq n@(Clde)m Orvhese M igdrte3ri ngs (e.g., fused),
and havi ng from5 to 20 ring atons, and wherein at

is . an aromatjic rin

east on S _
o2 TS e st RO bl oms.
Adterocydhgerat, anys al‘myryme @lrdupeanﬂri]mﬂibraﬂdmﬁ&r pés of dhother

r Lo s'. 1N e se the group ma

SER08R XeT Jepde Pl Grichg il SbsG0Efu S nd P H B e
splenigd fram mqmselye@ancuﬁezdaitiymal auightiDenlisad pelewe gr oups
whi ch do not have ring heteroatons (i.e. C5-20
car boar and C5-20 carboaryl ene groups) include, but
Hrle: ot J'Bfnatﬂéd' to, those derived from benzene (i.e.
phenyl) (C6) , naphthal ene (C10), anthracene (G 4),

ﬁ(%)?nt(grene (C14) , and pyrene (C 6)

Ether: -OR, wherein R is an ether substituent, for example, a Ci» alkyl group (also
referred to as a Cs.y alkoxy group), a Cs.20 heterocyclyl group (also referred to as a
Cs-20 heterocyclyloxy group), or a Cszearyl group (also referred to as a Cs.o aryloxy
group), preferably a C+.7 alkyl group.

Nitro: -NO..

Cyano (nitrile, carbonitrile): -CN.

Acyl (keto): -C(=O)R, wherein R is an acyl substituent, for example, H, a Ci.-alkyl
group (also referred to as Gz alkylacyl or Cy7 alkanoyl), a Cs.20 heterocyclyl group

(also referred to as Cs.20 heterocyclylacyl), or a Csaparyl group (also referred to as
Cs-0 arylacyl), preferably a Ci.; alkyl group. Examples of acyl groups include, but are
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Al ternatively, the ring atons may include one or nore
het eroatons, including but not limted to oxygen,

woRamwager; and sul fur, as in "heteroaryl groupBCT/GB2009/000624

"het eroaryl ene groups”. In this case, the group may
conveniently be referred taesas a "C5-20 heteroaryl” or
"C5.20 heteroaryl ene" group, wherein "C5 denotes ring
atons, whether carbon atons o r heteroatons.

Bt rhitrdetb) (=@t (adetyl), 14sOXGHEAHS (Rrepigny; =l REl)s of
gg{pgﬁ%,ahgr@eoz (eSS, bh&nBet er oat oms.  The het er oaryl

eroar ne group nmay be bonded via carbon or
hetero ring atons. Preferably, the heteroaryl ene group

Catbdl§ Q%onﬂ;@a&n% -golkon atons. Exanpl es of C5-20
het eroaryl "and 20 heteroaryl ene groups include, but
are not limted to, C5 heteroaryl and C5 heteroaryl ene

EBtEH Db bt @l rdokydimatidreater, (coayadriegny!) t 101(aPXRh evhetdin Bliean

P 50oTullf Sy Rk A B UGL g S0R0Gop W pRAE 5,2 Ovc
drglaripa pofieablp R & alndbwupt ExampIes ef efter BUPSTCS) Rt are
(f’o@ﬁmgeé“t%t °éLd<§H39rc§{“B§o§ﬁJdHé% (EORIE(CPRY AFNE=O0)OPh.

ne’ (azi dazine ( 1 ,2-diazine),
pyr|n1d|ne ( 1,3-diazine; e.g., cyt03|ne t hym ne,

Mﬁi@!@'(éarbarﬁéﬁﬂ %’rtﬁ@ny( a%mo@al%bﬁﬂl aedoxantbie) 1-Ce)N&'R?, wherein

20 het t
S AR RPSRON S0 SRS Ske A e g oD
Mmﬁlémftaaddd erouOintledes boiary hotlimdteG3o,rE{=63) 4k, yCé@NHCHs,
BRI FONHARPE P8 L CONCHACANZ RS Welt B amjao groups
iGiwHichhiet aendm iiether withdhp sitrdeen glem t meFaNGheIRIE ifiached. form
%}ﬁ?tgwoga’c sﬂﬁctan@%&%ﬁ’qbr@hﬁ%le PiE iR Fdodin@orphblirbearbonyl,

het er oaryl ene groups derived from
@mmpmnmbwh@%weeramﬂ%{my 3 al kyl ene: -O (CH

2)mO, where mis 1 to 3. The above al kyl, al kyl ene,
R L R oy R
ake@me Ofydt%@élﬁ 20 7alk9ltd1!@.lp @lsbstletraitt gs cnc.ayukylhmr\sde@ 7

ol {/IIar%Pn%g 2Cs. z?he%é'lrgg’ytc rtoS;gi Wt O Podp, PREFatH APE .- alkyl
group, or, in the case of a “cyclic” amino group, R' and R?, taken together with the
nitrogen atom to which they are attached, form a heterocyclic ring having from 4 to 8
ring atoms. Examples of amino groups include, but are not limited to, -NHz, -NHCHa,
-NHCH(CHa)z, -N(CHs)z, -N(CHCHa)z, and -NHPh. Examples of cyclic amino groups
include, but are not limited to, aziridinyl, azetidinyl, pyrrolidinyl, piperidino,
piperazinyl, perhydrodiazepinyl, morpholino, and thiomorpholino. In particular, the
cyclic amino groups may be substituted on their ring by any of the substituents
defined here, for example carboxy, carboxylate and amido.

Ammonium: -NRNRN2RN wherein RN, R™ and R are independently ammonium
substituents, for example, a C1.v alkyl group, a Cs.z0 heterocyclyl group, or a Csoaryl
group and where one or two of RV, R"? and R™ may also be H. One of RN, RM and
R™ may be a C1.; alkoxy (-(CHz):.s-OH)group. Two or three of the ammonium
susbtituents may join together to form cyclic or cage-like structures. Examples of
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wWOR@eO9765 - OH.  Et her:

sel ected fromthensel ves and the additi onal
substituents listed below Halo: -F, -d, -Br, and -1.

substituent, for exanple, a Cl-7 al kyl group (al so
referred to as a G -7 al koX§¥ group), a C3-20
het erocyclyl group (al so referred to as a C3-20

het er ocycl yl o roup), a Cb-2o0ar ar

HEneHE s et ceutz%%mhsw Br dﬂm?"%r é‘?%&ﬂ&?@ﬁ?é
NeH,)alkH.gHOWRNANNEIFR. - NO 2. Cyano (nitrile,
carbonitrile): -CN Acyl (keto): -C(=OR, wherein Ris
a n acyl substituent, for exanple, H, a Cl-7 alkyl
Amoopiufdinging resupr NI RBRYS \MﬁrererrVR"éilmlFét'&yde indep€nderifly

M@E@ %J grrre%?@*g%g@r}@%' }’Arg@é@Hg e(ééagﬁetér%tgw §{%uboor
2 Bt @awégrour@ ags w@srezmaroyb@rb pf R apd &1 ma |aysog>e¢r T‘re Myl

ShRERumBLaRRL& s QlfaWﬂO &ﬁ&‘%@%rh@%ﬁ@strd&%e.aﬁm’w& divalent
[imted t ace

[), -((=0 CH 2CH3
ARG GrDSIETy o gerle, 8 Car §ISInS GO 2 e oiatpeelone
@b{emm%lcs gogi'ﬂﬁm@'bup 6ied broarefnt_(oq@ralagmhér? (ECHg).5-O-) Grbaip.
St er. car pox car | cl d est.er
Soyass Ty Sy oua o ufe, B8 41e B Fiep g, -wicraOHo-
SNWGHMM(C(@W)Q&NWE g(CHa)-, EN(CHQIHs ) (CHyCBib)p and C3. 20

W@ ¥C| yl group, or a C5.20 aryl group, preferably
a G -7al’kyl group. Exanpl es of ester groups include,

but are not limted to, -C(=0O OCH 3, -C(=0) OCH 2CH3,
Aé%an@b%%‘nﬁ%o@ NS (=OTR= WhERM R%H@nﬁ@@é@@tﬂwrh for

carb am nocar bon I, carboxam egi =O NR 1R2,
SHFETR, Y008 & 5o PP perdBIRTA IR oF b Ceim BN roup,

mrbzam;t HRRBT:. 7§lﬁ)|/l@gfernﬂrdstfriBéfe1@myn'Q 2@t 01 xsan @yasmbmaemffor

am i nclu [

Sninde Il 4508, ey Rieesio Sy B0 usco Loy kel ekl Py

a Cf.=DyING©idp 2 ExBN les akaoyalrideaggoas iddudy, bulpse inpt lintiied o, R1

A EdcH Oggrhl’:f Lo 81, Bfia NAE R8P R OM R HEY EBethBHSrm

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

‘ | O li] O

succinimidy! maleimidyl phthalimidyl

Ureido: -N(R"YCONRZR? wherein R? and R? are independently amino substituents, as
defined for amino groups, and R' is a ureido substituent, for example, hydrogen, a
Ci.salkyl group, a Csgoheterocyclyl group, or a Csaparyl group, preferably hydrogen or
a C,.zalkyl group. Examples of ureido groups include, but are not limited to, -
NHCONHz, -NHCONHMe, -NHCONHEt, -NHCONMe,, -NHCONEtz, -NMeCONH;, -
NMeCONHMe, -NMeCONHEt, -NMeCONMe,, -NMeCONEt; and -NHCONHPh.

Acyloxy (reverse ester): -OC(=0O)R, wherein R is an acyloxy substituent, for example,
a Cy.7 alkyl group, a Cs.ao heterocyclyl group, or a Cs.zo aryl group, preferably a Cy»
alkyl group. Examples of acyloxy groups include, but are not limited to, -OC(=0)CHs

-OR wherein R is an et hr€T/GB2009/000624
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a heterocyclic structure as in, for exanple,
pi peri di nocar bonyl, norpholi nocarbonyl,

W@ piodie7phol i nocar bonyl, and pi perazi nyl car bong€CT/GB2009/000624

Amino: -NR 1R2, wherein Rl and R2 are independently
am no substituents, for exat®ple, hydrogen, a G -7
al kyl group (aI so referred to as C1.7 al kyI am no or

di-CG-7 m no), a C3.20 heterocycl or a
(et L e P LHIBIG 4 GIC GO OB PEF ot
Ot=0)OHiARe case of a "cyclic" am no group, Rl and R2
ta en together with the nitrogen atomto which they
are attached, forma heterocyclic ring having from4
Triol8-8H.ng at ons. Exanpl es of ami no groups include, but
are not limted to, -NH 2, -NHCH 3, -NHCH(CH 3) 2,

-N(CH 3)2, -N(CH 2CHs) 2, and -NHPh. Exanples of cyclic
Ehidatieer gsubiidiel -SRcWirreln Foista thioeiheAUbRttHE AT example, a’Cq7alkyl

%6%% {ra?agg:?%ﬂerre@?oeéé éjb?%elllfygg’ig rchQJIp? el C‘f!;)écl het&b@%fyl Q‘OD}Q or a Cs.20
Ml 5PH ewérabiba q1ﬂa'b\§lr9(9”@ulEé? Plepaf %y@i'hyﬁh'aﬁfwss Srlydps
B Yarefot fivldsd fof L84 208 -SOBIGH M i ng by any of the
substituents defined here, for exanple carboxy,

carboxyl ate and am do. Ammoni um -NR N1RN2RN3 ,

Siitrxide psuRmyl): B{\R))Elndrh&l&ﬁl Riisea sulfdegesubstitueyt, tommsamplena Ci
%g{kfs Ig'é;aip hetre%ﬁié&% %mge&fgs 20 eu’ZII Q%W lpré?é@HlQ 8 @% 7%}/!20
group.wexanfplgaNgt sulfexige gtn@bsm\!suqeayutaﬂr% Ootblémtﬁd t@n%(—@r)C‘Fta and

_I’?\C%F'p,p cR\3 may be a G. 3 alkoxy (-(CH 2)i.

group. Two or three of the amoni um susbtituents
may join together to formcyclic or cage-like
§I1Ifdr\9lt(bkih%ﬁe quaapzhewr]&femmra 4o subBBtubmtcion dgamielta Ciy

enotllm ed to, CH32-
a | §rqup: 3Cs20 teF?Cﬁ%ﬂa?j%fp gry~e hUp’kﬁe#%rﬁl%é 2?”awlng
groapl pExanhﬂHbd\HfRNRcRMgroupsmmcm hut%rre aotdinfRigd tar-8(=0)CHs

[ I

BRGSOt SR o s RSyl

@syDoaryl group and where one or both of RN1 and RNa
may al so be H The two ammoni um susbtituents may j Oi n
together to forma cy cllgastructuge IS dlvaly
ahiremida fhisgarsemylieR(=S)NBIR e Wagrsind? aﬁd@vé‘r%?ﬂ%‘f?é‘ gty nino
dutisatualts el @AcY fr ¥nidRyroups. Examples of amido groups include, but

are not limited to, -C(=S)NH,, -C(=8)NHCHj, -C(=S)N(CHa)z, and -C(=S)NHCH-CHs.

Sulfonamino: -NR'S(=0)zR, wherein R' is an amino substituent, as defined for amino
groups, and R is a sulfonamino substituent, for example, a Ci7alkyl group, a Cs.
scheterocyclyl group, or a Cszearyl group, preferably a Cizalkyl group. Examples of
sulfonamino groups include, but are not limited to, -NHS(=0).CHs, -NHS(=0)-Ph and
-N(CH3)S(=0)2CeHs.

As mentioned above, the groups that form the above listed substituent groups, e.g.
C1.7 alkyl, Ca.20 heterocyclyl and Cs.o aryl, may themselves be substituted. Thus, the

above definitions cover substituent groups which are substituted.

C1-s alkylene: -(CHz)m-, where mis 1 to 3.
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w@ronoares | i nki ng groups i ncl ude,

group, or a C5-2oarylene group or a divalent G- 3
al kyl oxylene (-(CH 2)i-3-0O) group. Exanples of

to, -NH(CH 3)(CH 2)- , -NH(CH(CHs) 2)(C(CHa) 2)-
-N(CHs) 2(CH 2)-, -N(CH 2CHslP 2(CH 2CH2)-, and
-NHPh(CH 2)-. Acylam do (acylamno): -NR 1C(=O R Z,
wherein R1 is an am de substituent, for exanple,
hydrogen, a Cl.7 al kyl group, a C3.20 heterocyclyl

@nammwm@mw group, preferably Hor a Cl-7

tbetg%ogv%)me@%eﬂasle 3Fég¥réHpLyﬂ%(qy ﬁ% g{a qhuse, KL active
@mQ@m'@ﬁGb%ﬂC?’ly Rjﬁ@gtpd fam. & h@éerZU‘ahgmlcglycpnqztected form" is

RE&d ﬁ‘ér@lﬁ'ld’th@ c%eﬁtnéﬂdﬂél’\erﬁﬁﬁ %Qnse@?@&ﬂ%lrﬁﬁs W@@f@whlch

%ousmcue but are not limte
R?-I@E) m@e@pojw@ncml OIRHRS are)rrpiected frefn (gmqi@lrﬁ’gl@ chemical
Fme@dbarndgmﬁébiﬂe@&@idltlgw ts. glCéHftQmﬁé\‘étdré‘ radi&@lonC ¥WE &nd
m im

TRER Wetbtcs ol Roi ¥hesmie Mot gre Onaiss. o rayereioly
19roenNRr2RSiveva dunetionaRgroaip dwiieh aherwmdmm@bemabtg/eaﬁmm

t f [0 an
§¢'&ﬂc§:‘g cgﬁ @oﬁl’st ﬁg% ?ﬁér@@ﬁﬂ/ ct?gq‘orr] ! ocgrgridre ée%ef fw?’uonal
gravap aregn @-fQ@h@ftaePer&}ttﬂd)dr pgmmnpg Qmup &algokrR0aragd a masked or

Q{a%ldﬁ? g%ﬁ%?é BQb%eé:m’r(H&gﬁB ) pz‘ @’\ﬁlo{(e\é mfé R:}éB tive functlon%J

ur e gr oups ‘el but are no

gEpup. reRFI@Cf\IHVQ ving QHreOMPVElecteR kawziunctma{mw@ &n be
IR without A¥BEFINHe Brotect kprot ay be

and I—ICO\[D yl 0X

(?”é?ygg\!@u@@t'g P)S%S%emcﬁf%@ Nﬂh%tév?ﬁtwﬂ?%v %‘F?cgr&/%siwainder
stihe ndlacelat Seboior exanm, Protactive.Groadsil OrgHrByntitestsy T2@reen
gﬁ%%[%géﬁé@é@owoﬂ“fdhn lle&p% 5208? alrgg)b group, preferably

roup oxy gr oups
i ncl ude, but are not limted to, -OC( =0) CH 3( acet oxy),

U%@s@)qgvl/ & nfle@(ré%ﬁfc%ék?mcul%n%ﬁﬁ% gltsﬁ%mi?&:

'P‘I"Ué’fmeq" orfhieesodh R is a thioether substituent,
for exanmple, a G -7 alkyl

A wide variety of such "protecting,” "blocking," or "masking" methods are widely used
and well known in organic synthesis. For example, a compound which has two
nonequivalent reactive functional groups, both of which would be reactive under
specified conditions, may be derivatized to render one of the functional groups
"protected," and therefore unreactive, under the specified conditions; so protected,
the compound may be used as a reactant which has effectively only one reactive
functional group. After the desired reaction (involving the other functional group) is
complete, the protected group may be "deprotected" to return it to its original
functionality.

For example, a hydroxy group may be protected as an ether (-OR) or an ester
(-OC(=0)R), for example, as: a t-butyl ether; a benzyl, benzhydryl (diphenylmethyl),
or trityl (triphenylmethyl) ether; a trimethylsilyl or t-butyldimethylsilyl ether; or an
acetyl ester (-OC(=0)CHjs, -OAc).

but are not PCTGB2@9/000624
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group (also referred to as a C 7 alkylthio group), a
C3- 20het erocyclyl group, or a C5-20 aryl group,

wee@baeady a C -7 al kyl group. Exanpl es of R€TGB2009/000624

al kyl thi o groups include, but are not limted to, -SCH
3 and -SCH 2CH3. Sulfoxide @8ulfinyl): -S(=O R,
wherein Ris a sulfoxide substituent, for exanpl e a

1-7 al kyl oup, a,C3. 2ohet eroc roup, or
&7 retigly on SloBliie S ePas BIp Aty P e ah actalamp os
(- C%l(l@ﬂ)z)(ordetajj(mml()@l%)zh eéspdenvekyuh vaich the tarbbryl §@ep {(:2C=0) is

QR B GEIOREY Faction Wi " RberbBLRRET W ool

E&%lﬁ*ﬁﬁ@'dea)r Retong gralik il reglilyupgenara@ll RoMmelatystecysingyd large

sidé%of\%terain% OGNk o ?éé?d’p’ preferably a Cl-7 al kyl
group. Exanples of sulfone groups include, but are not

limted to, -S(=0 2CH3 (nethanesul fonyl, nesyl),

F&(ex@)np%Cﬁlz ﬁmmcé(gr@ p &R 44 telc‘)?é&dff_alf] Iexamphgf as an amide (-NRCO-
(o R BAR RO Bl Ynaeit, b SR¥cesHUHRS-Glte: o

berdgp&y]dmmibl(wmml-ﬁcb&t INHIEBE)S s a$|k)dl©f(y agrduef or am no

S |l Nncl uage ut are not
PRAREaCRI Wit atoy AT e RBp N e, 2\ &1 9) 9
eNHCOTEE)HHCHH.LaH3 -NISBPbeInas AdiuoreNRmEBiog) aRbewieH-Eimac),
e bRV AR MRS NG, 4% SEH Al iR BRide (nn-
ﬂ SegmAse 2.3 2dchipgtyloyrasige (-NHeRoc)oawer Rlyioxy RYidegr oup,
ONH- /ﬂloéﬁa@@@( Mher@rsg%ﬁon%%ﬁfy%&@ﬁhldeﬂ Nl @5&%1 orglh‘%Hﬁ)able cases

.no TOU S |nc ude, but are not

(56 Bl 18nedNat lpaotoal RREPEC) 9P and As
rrentl oned above t he groups that formthe above |listed
..e.g. Cl-7 al ., C3.2
PR bR B it A o tebist A an e fs example, as:
& Ghstkivt eﬁt@de gTlaussthyl lesteq lravteityd e$ten)j 4 Co;rhaloel@yl@ster (e.g., a
{
]up'ﬁ'{ag)tﬁg&l@s %Iggg?@ %@yl\%ﬂl -8! far@f@s%{ %rté &rgc%alﬁqil ester

r%t%m%' @éﬁ*fﬁ;mtrﬁb&mw eééer)c onhasear anidedor exsginlealss @ meihyl
shpare, purify, handl e and/or use the active

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

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

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 I.

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. The
reaction may even be carried out at temperatures of between 0 and 140°C and
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conmpound in a chemcally protected form The term
"chemcally protected fornf is used herein in the

we@oawvaimrsHnal chem cal sense and pertains to aPCOGBRANL00624

in which one or nore reactive functional groups are
protected from undesirabl e ghem cal reactions under
specified conditions (e.g., pH, tenperature,

radiation, solvent, and the like). practice, well
RiGBMieToeiwedn G epbagimar %retﬁﬁémhomreﬁ@hqnéerép@rawwhes

bENESY 20/ BRESEO. wselas Bw%ﬁ sPAHa %/%%R.evmmhs%ms&woﬁ fmes
ul d be reactive, ﬁe0| condi ti ons

épr?b 'Ri<G 1M Beipe 6%'?%@ B AEoYhts GhFalygalba igdrom 0.1 to 10
fal9s tprefaablydr. Dtoss &Tof% i m sfoh% dagédyRidsaf pUar7eed ebver 90%

rotecti.n r ou al so known as a masked or masking
E’%E asi?ce\geoqinggﬁtgé ?Ongit‘%skl ng group). By protecting a
reactive functional group, reactions involving other

ﬁﬁbofeg&f’o% Jﬁgj 5!9%85 EXR 4 YRGE & ﬁmkea%{o(? C?ﬁ&ebrgactlon is

per forme out ecting the prote group; the
eANGREQUSi ng group may be rempved, usually in a
subsequent step, w thout subst anti al | y affecting the
remai nder of the nol ecul e. See, for ex | e

B STEETRASI TR e 100 QiR b Ferstied paetedsagdin elher
Embotiirhents 3ne rdzdtionl ®Aay bd ey & Yordreticrans:, mitR9Rye system.
Unl ess ot herw se specified, a reference to a

parti cul ar conpound al so includes chem' cally prot ect ed
ECatalystst hereof . A wide variety of such "protecting,"”

T)h% ?xﬁlé%d;@ﬁntf %F\% PF@&EM&Q exprELdLAdR g rﬁa)yvbg %r?(blHec‘oe\gltr?&%

gani ¢ synt hesrs.
aursumeraaPeiePhals. t wo noneqU|vaIent reactlve
functional groups, both of which would be reactive
under specified conditions, may be derjvatized to

esRasrasaags 8f the fyeniipne i‘so?r?!aﬂdeé’rf%”b% singledoad apg Crr alftene.

therefore unreactlve under the specified condltlons
r ot ect ed react ant
Dibolie EEHE Pt weoRoERgT BR A BT FlaF R TR
qzincaﬁ,f&ueh thet d‘:désﬁ%‘&éiﬁ? RE&4t, iRG+ER 6, RivBISVRER t Rfe RBt RBR",
el b 3 €8s Wi,
%Mﬂ% aé‘gf org ?ééé’r)apg%r ec’% U'Hr n%?ﬂt J}S Rc}a“r‘cﬁ hﬁl,%f A A Yre
identical, R®, R7 H“ and R'S are identical, and R?, F{B R‘2 and R'® are identical.

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

In some embodiments, X' and X? are independently selected from a C..s alkylene
chain, which is preferably unsubstituted, and a Ci.s bisoxylakylene chain, which is
preferably unsubstituted. These groups can be represented as -(CHz)n- or -O-(CHg),-
O-,wherenis 2,3,4,or5andpis 1,2, or 3. Inthese embodiments, n is preferably
2 or 3 and p is preferably 1 or 2. nis more preferably 2. In these embodiments X'
and X2 are preferably selected from -(CHz).- (e.g. -CoHa-).
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functionality. For exanple, a hydroxy group may be
protected as an ether (-OR) or an ester (-OC(=OR),

wo c00oasEnpl e, as: a t-butyl ether; a benzyl, beewiparopl000624

(di phenyl nethyl), or trityl (triphenylnethyl) ether; a
trimethylsilyl or t-butyldi @thylsilyl ether; or an
acetyl ester (-0OC(=0 CH8, -QAc).For exanple, an

| dehyde or ket qpe up may be protected as an acet al
?ﬁ&%ﬁtﬁ%@ﬁ?ew% éf‘gﬁé‘) t“%?@”éﬁj‘%fgprﬁé% acfivalgat group gelected
W_Omcﬁk-ﬂamer@acm) lic gkyperz E(rH(GSQ}\etieﬁqc?@ylanﬁé,tv@ﬁbhtrﬁayfbe
. > ,reactign w or e e, a
Splna RIS PrameoRi a0 de rBre o B ieati 2 cvete
rbxldne, \and otpee eredireily By cyojid iy igisd. SThisgrogp & prafiecablyesetiesisd,
Qhd WRtSErelidinbRfodr esence of acid. For exanple, an

am ne group e protected, for exanple, as an am de
(-NRCOR) or a urethane (-NRCO,OR), for exanple, as: a
met hyl am de (- NHCO CH3) ; Renzyl oxy am de

(- NHCO- OCH2C6H5, - NH- Cbz); a t-butoxy am de

(-NHCO- OC(CH 3)3, -NH-Boc); a 2-biphenyl - 2- pr opoxy
am de (-NHCO OC(CHs) 2C6H4C6H5, - NH Bpoc), as a

- i -NH Frioc as a
B RN E PRI At OB et i pfpsent Osr arvene,
which isveeieydrefietaplyetdarylenss andinderticuldFeozyleneas a
2,2,2-trichloroethyloxy anide (-NHTroc), as an
allyloxy amde (-NH Alloc) \_ag a
2(- phenyl sul phonyl ) et hyl ox' de (-NHPsec); or, in
sui tabl e cases (e.g., cyclNc_Am nes), as a nitroxide
dical (3 . For exanpl e, a carboxylic acid grou
Wi &0 logebsndaBhufPESku A diebiamppeieciad fog G 2ifere,
Csr yalikglkylest @1d ¢ .hgterogyclipehé) i maysgreferatdy be tasupbtituted. If it
S ; - e, a .
Ebibtoned, iy ORUBRMENS R rfadipa i (oG oy
éstuding solpstitutess C1.aalil-(d.g. metoyl bersykrCi(:@lkgxy (esg. leatizady) and
fpdr6ky. @ nitrobenzyl ester); or as an amde, for

exanple, as a nethyl am de. For exanple, a thiol group
may be protected as a thioether (-SR), for exanple,

Rrsferdbly 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 CR®'R®2-NRM, then in some embodiments R®!, R°2 and RM are H.
Preferably R*=R® = R"2 =R = H,

In some embodiments, R'=R*=R?=R"® =H.

In some embodiments, it is one or more of R?, R?, R"" and R that is -L-A or L-A’. In
some of these embodiments, if one of these groups is -L-A’, the other groups are -L-
A. Alternatively, the other groups may be -L-AM, where A is a tertiary amine group,

i.e. an amino group where the amino substituents are both not hydrogen, for
example, C+7 alkyl (ethyl). The L in all these groups may be the same.
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benzyl thioether; an acetam donethyl ether
(-S-CH2ZNHC(=O) CH3) . I n particular application in the

wQ@er@sa76s nvention is the protection of hydr oXRCHG$2009/000624

am no groups. Catalysed reactions In one aspect of the
present invention, there is2fprovided a process for the
production of cyclic carbonates conpri si ng contacting

n ¢ar bg in the presence of
RO bl B B CEaro R GAraiyb by Brral and Awpigh do
netaotpase 8% ot ney’ aeb/aaémﬂemweleictedmm 1. 6C.GaIIKyl, @EhePHiid
&% easi |y accessi ble tenperatures of between g and

gc and pressures of between 0.5 and 2 atm The
reaction may even be carried out at tenperatures of

PRI %c?e%ct o0 e AR ABSHT, 08, (6 ERERR Ridfiifleg
re the’ réaction’tenpératuré 1ies Pet ned
oiyen Hendirceths Qa"pwswef@naéw asDvAikey deurehd mpesipraferdbly C1 4

shehtgré@aely. PRiHokyes of 3 to 24 hours, using
commercially viable anbunts of catalyst, that is, from

0.1 to 10 nol% preferably 0.1 to 2.5 nol% In sone
i agesup seleetedgron RQ\PEIRSYQ%RF[ ROReIR'Y G, mpy Rive a@e Risqyed,

r.th I b
AR o UG it G o1 m ¥ e 1 eacton i s

conti nuous. I n sone enbodi nents, the carbon di oxi de

Mpr Q@ra%%mshl‘géijlt Sat ed, and in other enbodi ments, t he

react| on nma eated by a conventional or m crowave
system Cat aI ysts The enbodi nents and preferences

EW%%le%b%%1myl%ﬁe%m' H§Am¥h}iBh O RGAMRE BBPylene, and
ere%@io @P”ate I'n sone aspects of thé invention, L

insogg FiOMMIMG e bond and Ow al kyl ene. In
sonme aspects of the |nvent| on, the al um niun(sal en)

RERE ML TCPMER T, I
RdefRhtiently selected from Ci.7 alkyl groups and Cs.xo aryl groups, and where one or
two of RV, R™ and R“ may also be H. Ammonium groups of particular interest in
the present invention include, but are not limited to, -NH(CHs)2, -NH(CH(CH)2)2,
-N(CHs)s, -N(CHzCHs)s, and -NH.Ph.

A’ may preferably be selected from ammonium linking groups where RN and R'? are
independently selected from C.; alkyl groups and Cs.poaryl groups, where one or both
of RN and R™ may also be H and where R is a Cy, alkylene group. Ammonium
linking groups of particular interest in the present invention include, but are not
limited to, -NH(CHs)(CHz)-, -NH(CH(CHa)2)(C(CHa)2)-, -N(CHa)2(CHo)-,
-N(CH.CHs)>(CH2CHy)-, and -NHPh(CH,)-.

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

When X' and/or X? is substituted by -Q-L-A or -Q-L-A’, it is preferably a C, or Cs
alkylene group, more preferably a C, alkylene group, and may be of the formula:
QLA QLA

~ o~

*® * * *

or
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weRimo/10eedl R15 are identical,

and R8=R12. More preferably R1, R5, R9, and R13 are
identical, R2, R6, R10 and Rl14 are identical, R3, R7,

are identical. Such catalysts are of fornula la, which
may be preferred. If the cakélyst is bound to a solid
support, then it wll not be fully symmetrical. In
odinments, X1 and X2 are the sane. In sone
R0 BB ALETaR, By il glene cryB SN NI & g AleB Y 8rm
quat2nbryalitkoger amng kisbnr is phifehbly 9 peedrauabl y
upsubstituted, and a Cl-3 bi soxyl akyl ene chai n, which
i's ferably unsubstituted. These groups can be
regrpleg(:ented as -(CH 2)n- or -O(CH 2)PO, where nis
2, %, 4, or 5and pis 1, 2, or 3. In these
greockrents, n is preferably 2 or 3 and p is
preferably 1 or 2. nis nore preferably 2. In these
enbodi nents X1 and X2 are preferably selected from

§8"ProEUR BB G- el adicafe B par BT ot BTRA R e R e

Guadenn@y-nitrcyey feming p@8-of as yoimonival nkingrgeow) the@ 3. i preferably

%qﬁ;kgﬁ%%!ylene, whi ch nmay be optionally substituted.
referably X1 and X2 independently represent C5-7

¢ycl i'c al kyl ene, and nore preferably C6 cyclic

%EK%Lene. This group is preferably saturated, and

therefore is the group: In other preferred

en&denents, X1 and X2 independently represent C5-7

ar glene, which is nore preferably Ce arylene, and in

pafticul ar, benzylene: Wien X1 and X2 independently

represent a dival ent group selected from C5-7 aryl ene,

C5.7 cyclic alkylene and C3.7 heterocyclylene, it may

preferably be unsubstituted. If it is substituted,

intromet dspecis bthe presantsnveatior ¢hesetalyst écbf fiorowlanbt r o,

hal o, Cl-4 al kyl, igﬁluding subsdituted C1.4 al kyl,

(e.g. methyl, benzyl), Cl.4, al kpxy (e.g. nethoxy) and

hydroxy. Pref eRaklyxY-Ri

| sSREBRCISN, Rvherein RCL is as

defi ned above. Rc prefer selected fromH and
C H al kyl . Mor eT Eraid yr =N
!
. 0 o, .Q
X AL 0 D

? 7

Y R® R% Y

R12 R10 R14 R1(5

R11 R15

wherein:

Y-Q is CR®'=N or CR®'R®2-NRM, where R°', R®? and RM are independently selected
from H, halo, optionally substituted C1.50 alkyl, optionally substituted Cs.z0 aryl, ether
and nitro;

each of the substituents R', R?, R®, R*, RS, R®, R7, R?, R?, R, R", R'2, R'?, R R,
and R, is independently selected from H, halo, optionally substituted Cs.zo alkyl
(including CArs, where Ar is a Cs.z0 aryl group), optionally substituted Cs.2o aryl,
optionally substituted Cs.20 heterocyclyl, ether and nitro;

and R4, R8, R12 peiiGBR1®9/000624
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If Y-Qis CRCIRC2-NR N\ then in sonme enbodi nents RC1,
RC2 and RN1 are H Preferably R4 R8 = R12 = R16 = H.

woO 0saeenbodi nents, RL = R5 = RO = R13 = H. PCI/&BRe9/000624

enbodi nents, it is one or nore of R3, R7, R11l and R15

that is -L-Aor L-A. In s&e of these enbodi nents,

if one of these groups is -L-A, the other groups are
groups may be -L-A M

Al terpativel t he ot her
W?e‘?‘@e’ ithe iy, @Ja}nymaﬁl r(RER)gCHUpNEr NS 2.8 4a0¥ Srﬁmd pis1,
)10 Bpoivspreeerith e MeﬁDgrSW%édlétﬁml e lns calt; ﬁryfé;ﬁb,rt_?ﬁ@@/clz_llc_alkylene
Qf . .exa a e : elLin
quésf%eegééog [gl?p f)“ 'E%VC%%%thQP%{ #@?t@%gbl y those of
FleasRone 6GB3R', RS, RREG!, AR7RS, RY, R°*RRY R™°, R, RF‘(’;LB13 RRI1A", anR Rd® is
| n o

%ependw&ltﬁlggvhg %e%t e@ H% Bdn%ﬁfr aa ﬁﬁlep& %Sér{%lan

meﬁluml group paied ity @ countedort $Etb¢ﬂt¢Q!lff0fR§| Emnd R5, R6,

eﬁﬁ’or@e R, Rz, Ry 1R, RRES R7, Ry, R‘Rlﬁ” apd LR giseb e is
a Qw_ al' koxy grou

en the ethe i s preferabl
'aﬁ Whsree- Braéf% g%ﬂfgbowa él'RéW'@‘{W"”@Qﬁmﬁ%PWWa
ddlid 3ugporiyndyeires vtk afco@iterddh, selBtedRdm BEBr Bed 1. R7, RO,
R10, R11 , R13, R4, and RI5is d .7 alkyl, it is
preferably butyl, nore preferably tert-butyl. L is
Presfreteadrices axmedssti iabortesdso dppively tir edtalysid bifotmeulalbCivhed

%lrﬁﬁé/ fBpe group, e.g. nethylene, ethylene, propylene,
I'n some enbodi ments is nethylene. A may preferably

be sel ected from amoni um groups where RN1 , RN2 and

T e8ERn MAEREQHES duy us®r 861 &5-ride QBh&itons, ééd%%ﬁﬁm%‘bﬁ RS

dCs 20aryl groups, and where one or t Wo
%H%' RR@S%W&P% CB%GSHhe,&ﬁ%?'ﬁﬁﬁﬁt@‘? BNFHS carponsies m@mca@s a
sdm-ear fb$thel datdRe PIpRsROkr, IHVeVEnitsrs hawﬂouﬁ@thabmpm@ not
|mt§d NH( CH(CH3) 2)2, - N(CHg)

{38 ?gu&\alé)ﬁ?dreazﬁqnfgﬁentﬁ may preferably be

sel ect ed from amoni um | i nki ng groups where RNl and
We ?era%tions may need the addition of a co-catalyst, Y-, and in particular MY,
where M is a suitable cation, such as onium halides, which include, but are not
limited to, R4NY, RsSY, RsPY and RsSbY, where each R is independently selected
from optionally substituted Ci.1p alkyl, Cs20 heterocyclyl and Cs4 aryl groups and one
R can be an acyl group, and simple halides, e.g. NaCl, K.

It is preferred that the co-catalyst for this reaction is of the form R4NY, where each R
is independently Ci.10 alkyl and Y is selected from |, Br and Cl. R is preferably
selected from Cg.5 alkyl, and more preferably is butyl. Y is preferably Br. Therefore,
a particularly preferred co-catalyst is BusNBr (TBAB). The amount of co-catalyst is
preferably less than 2.5%, more preferably less than 1.0 mol% and most preferably
less than 0.5 mol%. iIn some embodiments, no separate co-catalyst is present.

Manufacture of dimeric aluminium(salen) complexes

In a third aspect of the invention, there is provided a process for the production of
dimeric aluminium(salen) catalysts of formula I.
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i ndependently selected from C al kyl groups and
C5. 20aryl groups, where one or both of RN1 and RN2 may

wabk@o/1mgeid and where RNA is a C al kyl ene gr oupPCT/GB2009/000624

Ammoni um | i nki ng groups of particular interest in the
present invention include, B&t are not limted to,
-NH(CH 3) (CH 2) - -NH(CH(CH 3)2)(C(CH 3)2)-, -N(CHa)

2) - CH2CH2) -, and NHPh(CH 2)-. In
% m%% uI@gl rises oug or@or@anmoml@ 9P Refred with a
Wheteri¥d, iamdy b% s?ﬁﬁhesi?seﬁ asitd p@&@gorlbbmp%lhg ﬂwleorreQadndﬁ\g,

refera ne_ gro
b3 B R R G T B 5 o
Or(ﬁstdiral. haiiie, QLaN orgari¢ grélip with ad@herdeavird) gralie (@ g. Eylate).
het erocycl ene group containing a ring atomwhich is a

ch aternary nitrogen atom then it is preferably of the
phrtlezpatalyst ghfoanita kgompgisgs e eameniuMaBkinglgseusrastind faeme

e @DprSHPﬂ"tt iy Hé@byﬁthéél&gi PP AoV Br be?tal?st%ﬁﬁoﬁ&ﬂ@éy
nltrq%FP orn1ng Ewrt of an ammoni u [ i nk Igﬁ@ roup,
FHERPIRIINIAHRRRIR SERPPY GFactipre Wit R ﬁa‘rdg derijed ehiid SHRRAEQr @
sdlid shigpopir desieatizet mitd Rho1B B, ledvey gralileyd todymt)f fornul a
I b: wherein: Y-Qis CRC 1=N or CRc 1FF-NR m, where

RC1 , RC2 and RNl are independently selected fromH,
Emmxplespti onally substituted C 20 al kyl, optionally

|, eth d nitro; h of th
Unahicb ot Al O R RRY REUT R SR B ' Rt
,_m;mmw R13 , R14 R15, and R16 , is
ﬁ@ﬁ@@@@ﬁﬂhm 0P 6 s%ﬁfjseaiséomw& sO R w ng@ﬁe'ceﬂa@b bxtw&en NaCl

substituted - i ncl ud I ng wher e

platesong Rk §Pe¢awsub§peoéﬁmﬁéhéﬁ* P@e%ra@épmeaow \wezeporded on

&NoletIBOATOR @bédtroRes Hiltddhifla ShatCorbRtabanmy&lty! . et her
and nitro; X is either of the formula -(CH 2)n- or

-O(CH 2)P-O, wherenis 2, 3, 4, or 5and pis 1,
BMRor 3 , or represents a dival ent group sel ect ed

/le ﬁmRC%ectra ;eergcdrdé? at amCoYent emperal%/re on a Bruker Avance 300
spectrometer. The sample was dissolved in CDCl; unless specified otherwise.

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

spectrometer. Low and high resolution electrospray spectra (ESI) were recorded on a
Waters LCT Premier mass spectrometer.
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and C3-7 heterocyclyl ene, which may be optionally
substituted; at least one of Rl, R2, R3, R4, R5, RG,

WERZ009R® 769, R10 , R11, R12 , R13 , Rl14 , R15 PCHO®20R2600624

is selected fromL-A where L is a single bond or a C
al kyl ene group and A is an 2mmoni um group paired wth

a counterion selected fromd, Br and |I; and/or one of
Rl, R2, R3, R4, R5, R6, R7, R3, RO, R10, R11l, R12, R13

Synttedis 6ty IAfimBdfatdss L-A', where L is as defined
above and A" is a annDnlun1I|nk|ng group bound to a

solid support and paRred wig h a gount enfon | ect ed
fromd B and | pr ef § expr above
al so ap o th al ysts 8(nulé I ere

approprigte. The rleaction maybe carried Qut "under

sol vent-free condftions, depé&nding on th epo%?des
used. In some cases, the epoxitles o r the cycllc
carbonates may act as a solvent for the catalyst. In
particul ar, the inventor h@ve f ond t hat_pwepyl ene
carbonate acts a suitab[Zj’ q9t|0n~sclv Sone
reactions may need the addiwion oF a co- caﬂﬂPyst ,
and in particular My, where MPs a suitab|e catlon
such as oni um hal i des, which include, butjare not
limted to, RANYE, R3S¥. R4PY and R4SbY, wheré®each R
i s i ndependent sel ected fromoptionally stituted

C MO al kyl, 20 hetjer gcyclyl and C5-20 i groups
and one R ¢ e em+mcyY” group, and sinplle hal™es,
e.g. Na A1t i s pr%fé* that t o- &at al yst
for this q\p‘f‘t on i°s of ., rm R4 rg,each Ris
i ndependent | 1- 190 @l kY I|and Y is select raan |, Br

and . Ris er abl el ected fromC3-5
nore preferab is buty¥. Y is preferably BI.
Therefore, a pankiculgety preferred co-catal
Bu4NBr ( TBAB). The amount of co- catalyst i3 preferably
| ess than 2.5% nore preferably less than 1.0 nol % and
nost preferably less than 0.5 nol % In sone

enbodi ments, no separate co-catal yst is present.

(a) (1R,2R)-Cyclohexane-1,2-diammonium dichioride (2)

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

To a suspension of (1R,2R)-cyclohexane-1,2-diammonium L-tartrate (1)(13.7 g, 52
mmol) in MeOH (50 mL) was added a cooled solution (0°C) of acetyl chloride (27.4
mL, 385 mmol) in MeOH (50 mL). The solution was stirred at room temperature
overnight. The resulting precipitate was filtered off, washed with Et,O (10 mL) and
dried by suction to leave the desired product as a white powder. 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]*°% 16 (¢ 5.0, ag. 1 M HCI). "H-NMR &y (DMSO-dg): 1.05-1.25 (2H,
m, CH,CH,CHN), 1.30-1.55 (2H, m, CH,CH,CHN), 1.60-1.75 (2H, m, CH,CHN),
2.00-2.15 (2H, m, CH,CHN), 3.13-3.30 (2H, m, CHN), 8.70 (6H, br s, NH).

(b) 3-tert-Butylsalicylaldehyde (4)

(Gisch, N.; Balzarini, J.; Meier, C. J. Med. Chem. 2007, 50, 1658)

To a stirred suspension of 2-fert-butylphenol (3)(4.55g, 30 mmol), magnesium
chloride (5.71 g, 60 mmol) and paraformaldehyde (2.08 g, 66 mmol) in THF (120 mL)
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Manuf acture of dineric alum niun(sal en) conplexes In a
third aspect of the invention, there is provided a

w@e@easres or the production of dineric alum niPOT/6BR@9N00624

catal ysts of fornmula I.Wen the catalyst of fornula I
conpri ses one or nore amonE&m group paired with a
counterion, it may be synthesised froma precursor

FIGHRT (SRR, 450 PO GORUPTIOE (BD L 80 GHIO) dbmyps. The
1@36’(2@1 weest reatza\te kefilix @r 3CGRuROo @rvylanlméngé%).lspehsronamls was
| anoth in
BLAERU b ARl o LD AFal SRR S O Gafle coeee i
perrmanentrenulsic Iﬂg:rrge@uTmebmgmmb famerawstﬂ drgddwppdgsO. and the
Wll&%é%%@@%hﬁﬂow B%&E&e% %@rasﬁgle ? B@lo‘ﬂwhlch did not need

FSPI‘ISII’] a _correspo ni a reacti on

Hrther pyliicgtiory dcpg @acm garkgcﬁsa@ms Qsagea \élelph WP%Upator t

ﬁgwmt ’lle—inQMRV@Ht h4ag(@m féesxdzregve OB, w&af 8Hg; ﬂ%,)d 7.41 ém dd,
B B S b 2 e AR, v EPE b T B Bl e

aHsy alne2d 1HNs, ®Hol vent were recorded bet ween NaCl
pl ates on a PE Spectrum 1 spectroneter. IR spectra of

ure solids were recorded on a Nicolet380 FTIR
gdent-GubiiSrciflonromedhylp alicyialdehydetSlor bi t ' att achnent .

Nmt&le of BB §|E’t9l§5||'c9la}ﬁ%h§?dé' @xe! "56% 2@kniing rﬂ)taraformaldehyde
a?%erature on a_Bruker Avance ggectromate The

80RRovas Hirked avithpopesnirated b 43 mELaE 4 paxs. although

Wit e s aropb/BsSonsBRtedisDECH e é:mylsmrgséﬂamel r@g e C%Rfﬂlr@vas

ectraweere n.Sat yrn - MASS
EBE B BHERLR fRORP A i sl Rl et e e as
syiectedavith EBDAc (686 mile cOrgdeid Imrw@&ﬂee@ommmethe

[

(i L AR« Boteut e o ROt ROR Fhrg A
require further purn‘" ication. Yield: 97%. Beige to red solid. "H-NMR &y: 1.43 (9H, s,
3%CHs), 4.59 (2H, s, CHy), 7.43 (1H, d, J = 2.1 Hz, Hp), 7.52 (1H, d, J = 2.1 Hz, Ha),
9.87 (1H, s, CHO), 11.86 (1H, s, OH).

(d) 3-tert-Butyl-56-diethylaminomethylsalicylaldehyde hydrochioride (6)

To a solution of 3-tert-butyl-5-chloromethylsalicylaldehyde (5)(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 which was used without any purification for the next step.
Yield: 77%. Green oil. vmax 3300, 2899 and 1720 cm™. 1H-NMR d4: 1.35 (9H, s,
C(CHa)s), 1.45 (6H, t, J = 7.2 Hz, 2xCH.CHj), 3.43 (4H, q, J = 7.2 Hz, 2xCH.CHs),
4.90 (2H, s, CCH:N), 7.57 (1H, d, J = 2.1 Hz, Ha), 8.03 (1H, d, J = 2.1 Hz, Ha), 9.98
(1H, s, CHO), 12.00 (1H, br s, OH). 13C-NMR 8c(CDCl;, 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. for C1sH26NO;" 264.1964, found 264.1953.
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(Larrow, J. F, et a/., J. Og. Chem 1994, 59, 193) To
a suspension of (1f?,2f?)-cycl ohexane-1, 2-di ammoni um

wa2doano97ei e (1) (13.7 g, 52 mmol) in MeOH (50 nPCY/GRaEI9/000624

added a cool ed solution (0C) of acetyl chloride (27.4
m _, 385 mmol) in MeOH (50 8% _). The sol ution was
stirred at roomtenperature overnight. The resulting

i pj fil d of f hed h Et 20 (
@) R RLRF S gorebubi etamiavaetyisindideancyrishaene:
B2-dlamimet(2) powder. A second cr gp was ogggl ned bgnd
QrtorsatehOendi e amina iR iotiorde TS (0 Bamufetty
RiadMe(Pangt bfTW(IO@IVdEF@SWﬂdtle l\f[e@)oﬂ@ﬂ mLYlfm&ﬁ) mi80Bhen, a solution
@#@H@Juﬁ B%iéﬁ(}l &%&ﬂﬁ%i“c{’ Q@@@ggfyé@ t?q }_?%@}(2@8 g, M
w&mw (S Mg @as addest arpHihe gpluiigne whizttRrgamer ragllyyefiew,
Wadbtirfad obtAfghiNt 302¢ Qﬂ/aaorlaﬁor{ SivieOM wekZHohke by addioh 1@
ey Sel(aw Qfﬁ%@p é%dawy Qe 00(3@0%4% e extgpgierising |
dichlobbietiane (3% 15. leYEIdls irepetant ﬂﬁﬂﬂlelaﬁﬁeouk%%e rEfnaihs 20

t n

cc‘otrm'r%c[%ttélg c8h5§r‘?ees§3a'rr1n<9 C ? he dé%r%lagélj c)[larp%e% fgré Sk Oangg to
qmeranrgmqs erg averg Qne@lswgr MesOmnmi yolatitlesTie (eradveaiunder
JRAT G ERE LR N AR ddd &EBWltﬁSﬂt%ﬁy g&féa.aq in the

WISG ereactlon was to ret

'1'%‘1t StSph @l‘ds 5 °<f9 Yellow-gipeneih o st rst- B rHAMR ‘Snaw%@o 2899,
ﬁaqfor Mdl&b%w 1Ev@m/|é %* Qﬁbg"wH, Ay iz aupeH9f 1.40

er manent errul sionis
(BT S GaTP B S e Gt 2t B8 vr 7 RESOR<GREH).
3.h@-3/50 @H, hesxcewmpmzmgeu) eRRH, W Pn B veHL P 7Vi7ebd, @ J
2Rt Sl oML 0L 19BN Sl 1Ny 11
21.4129.6,30% 34848. Eyél?BoV\Z 6 11.8.4] HR2BR/RI 298, 130.44136%1,158.3,
B 7Ry RL A o b 0 g ﬁ@f’%ﬁf‘@é‘éd“ﬁ i
1.2 Hz, = 7.5 Hz, HAr),988(1Hs 11. 82
(&ﬂb&ﬁlR@ﬁ)w,N’ Bis(3-tert-butyl-5- dlethylamlnomethylsalwyhdene)cyclohex-
ane-1,2-diaminoaluminium(lll)] oxide (8)
This reaction has to be performed under an inert atmosphere in dry conditions.
Ligand (7)(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. An occasional residue of
alumina could be removed by filtering through a sinter. The mother liqguor was
evaporated and then, H,O (30 mL) and dichloromethane (30 mL) were added. The
complex was extracted using dichloromethane (3x20 mL) and organic layers were
dried over MgSO,. Volatiles were remover under low pressure to give a pale solid,
which was recrystallised using acetonitrile. Yield: 40%. Pale green solid. [0]*°p ~522
(c 1.0, CHCIl3). vmax 2865, 1626, 1548, 1440, 1027, 836 and 577 cm™. "H-NMR &4
1.02 (24H, t, J = 7.2 Hz, 8xCH,CHs), 1.46 (36H, s, 4xC(CHs)3), 1.50-2.15 (16H, m,
2%(CHy)4), 2.52-2.7 (16H, m, 8XxCH,CHjs), 3.10-3.15 (2H, m, 2xCHN), 3.50-3.60
(8H, m, 4xCCH,N), 3.80-3.85 (2H, m, 2xCHN), 7.09 (4H, d, J = 5.7 Hz, 4xHa,), 7.35
(4H, d, J = 5.7 Hz, 4xHy,), 8.19 (2H, s, 2xHC=N), 8.37 (2H, s, 2xHC=N). 13C-NMR
Oc: 10.2, 24.7, 29.9, 30.1, 35.0, 47.1, 57.6, 73.2, 118.9, 119.2, 128.9, 135.3, 141.7,



10

15

20

25

wonwb)loestl par af or mal dehyde (1.20 g,

(c) S-tert-Butyl- d-chloronethylsalicylal dehyde (5) A
m xture of 3-terf-butylsalicylaldehyde (4)(3.56 g, 20

stirred with concentrated HCl (15 nL) for 14 days,
al though with the first drop® of concentrated HCl, the
enul si on became red. The m xture vvas then neutral i zed

ﬁ%x% sgtrrent ith a saturated sol ut

(BB L2 (50 ek SdO% 14756 @b 1€§@ §®7%5277@r<§%)nﬂ%789

(1ayapzo.oe4)e dried over MpSO4 and the vol atiles were

evapor ated under |ow pressure to give a beige solid

which did not require further purification. Yield:

7% Beige td™edfgolid. 1HNWVR " H 1.43 (9H, s, 3

%}fﬁ%m ,HGMR) , 7.43 (1H, d, J = 2.1 Hz,
7.52 ( @, J =2.1 H, HAr) , 9.87 ( 1H s ,

CHO, 11.86 ( 1H s, OH).

(d)
3-f Ft - But yI - 5- di &t hyI am nonet hyl sal i cyl al dehyde
Mdf&ueimymldem(eﬂ))yls'aﬁcwamehyﬂem of S-ferf-butyl-

1o OO iR iRt R HE o B gl miho T Cackicllre
dp opwvi @ethvlemgle\,(@ 24 miy, Beniohwasadded end themextueareflived was
&;e'rrﬁ?lﬂdﬂ?etn FRGoRUA %s%&%oréfeh% P'% gm\/ﬁ&}rﬁq% (85 > Mg, 09%) as

iles, a green oll
awellewiall. vnay3383r 2648candi 1663 £oor . "HaMRakt! .33t(8l. t, WF@I 2z,

Ziéﬁ cﬁg)egmsth q, YIBXo §0§<Cf?§ﬁ9} 2 g(éﬁ ?socé? N, ;0125"?_@"\6?;/

-'zﬁéﬂr'QUAr?&)B 03 gHag =Bi6 HF, Ha) 8. 1A (2H|—§, HxT® LB E, CH@).90
{REh (194, b@"@'q\’) 307N|\5ﬁ5§11l2d, 4614 513@12833 31,3, 1A, 13950,082.7,

f%%.m/g Ehiarh G vaobed (tand 5 S b i
@3HINGD. B)8. 15368Gourilcﬂ21185135529 8, 130.3, 133.7, 137.0,
159.0, 195.9. HRMS: Cal cd. for Cl6H26NO2 Hhe264. 1964,
found 264. 1953. (e)

(IR aRI-WWBistS-tert-butyl-d-diethyla onet hyl salic

yli denechcILEghexgne- 1,2-diamne (7) | Bu
NH,CI N  OH
. (0 —
OH NH,CI NoooH
t-Bu
HCI
6 16

7 NE,

(h) N,N’-Bis(3-tert-butyl-5-diethylaminomethylsalicylidene)ethane-1,2-diamine
17

Compound 17 was synthesised from compounds 6 and 16 in an analogous manner
to step (e) above. A yellow oil was obtained in 56% yield. vmax 2965, 2524 and 1629
ecm™. 1H-NMR 6y 1.44 (12H, t J = 7.5 Hz, 4xCH.CHs), 1.51 (18H, s, 2xC(CHa)s),
2.70-2.80 (4H, m, CCH:N), 3.02 (8H, q J = 7.2 Hz, 4xCH>CHjs), 3.60-3.80 (4H, m,
2xCHy), 7.07-7.35 (4H, m, 4xHa), 8.25 (2H, s, 2xHC=N), 13.99 (2H, br s, 2xOH).
13C-NMR &¢ 10.4, 28.0, 33.3, 45.2, 55.7, 58.1, 116.8, 128.2, 128.8, 135.6, 157.7,
165.3, 165.8. m/z(ES!) 551 (MH*, 100), 524 (30). HRMS (ESI): Calculated for MH*
(CasHssN4O2*) 551.4325, found 551.4294.

40 mmol ) MEEGB2009/000624
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(1f?, 2R) - cycl ohexane- 1, 2- di anmoni um di chl ori de
(2)(93.5 ng, 0.5 mmol) and NaOwe (55 ng, 1 mmol) were

wa@eimwnedei n MeOH (10 nmL) for 30 min. Then, a sPCT/GBRIVI/000624

of 3-terf-butyl-5-diethyl am nonet hyl sal i cyl al dehyde
hydrochl oride (6)(299.8 ng,3L mmol) in MeCH (5 nL) was
added and the solution, which becane rapidly yell ow,
was stirred overnight at 300C. Evaporation of MeOH was
fol l owed by addition of a saturated sol utiofiz of Na2CO8
(20 nm). Organic conmpounds were extracte sing

di chl or omet ane (3><15 nL). It is inpor that the
aqueous pha e \ |*r*% complgf ely col our] egs and t hat
t he organic hano colouL_ir orange to green.

andowvol ati |l es

Organi c Iayer aﬁe dr| “oNer NQSO
sh slurry

wer e renoved u1|gder vacuumto gl ve a gr

oil which was used without any purificat in the
next step. Yield: 55% Yellowgreen oil. [[a]20 D
-184.5 (¢ 1.0, CHCI3) . vmax 3410, 2899, 18#), 1550

and 830 cm1. 1IH-NVR H 0.99 (12H, t , J™ 7.2 Hz,

B TR 2R N’ -Bis{5-didtHylaBinomethy2salic itiehe iy clohbxafe-2,2QHamine
H m (CH2O 2.44 (8H, g, J = 7.2 Hz, 4cC 2CH3) ,
.40-3.50 (6H, m 2*CHN, 2xCCH 2N), 6.95 (2H, d, J =

CorBpdtnd 13ovdhr gynthegisdd/fr¢r Ebmplunds $5 An@ 2z an 2xdtbgliu manner

8% ik, 13 o duldedhlnd. it I
M&%Q 1]63|8 .aod 1089 ciB;'. ’EG?MB On136. (Q%H A9 B2 HIz65x(7H20+RV5
(Bt 35 T 48 0885 918 e,
2w@ﬂzm|aa9ﬁmeﬁymsmr¢)ye BAGb 3oy B arbn), 7.36 (2H, d J =
314 %zdéﬁm npab %' Em' 11d.25 (2AXE FHEN), 1*33'4% (Eeﬁa%fé 9Qohps

erfor an |nert at nospher e
%ﬁtMFi %ﬁé 2{149%21 4(5?) 6.0t )1 1ardd1 18-9. P8, 334(%21@4!%
19,4, 4 6518DM)z(BE agsi(m@hwmdxzb)o Hespaee (ST calehlateﬁh@r MH*

FEEA 88 e s Boalied o rel 1ux or 5 Hors. An

NE

(i) N,N -Bis(5-diethylaminomethyisalicylidene)ethane-1,2-diamine 19

Compound 19 was synthesised from compounds 15 and 16 in an analogous manner
to step (e) above. A yellow oil was obtained in 53% yield. vmax 2801, 1632, and 1083
cm™. "H-NMR &4 1.21 (12H, t J = 7.5 Hz, 4xCH.CHs), 2.70-2.80 (4H, m, CCH;zN),
2.96 (8H, q J = 7.2 Hz, 4xCH,CHj3), 3.85-3.95 (4H, m, 2xCH,), 6.83 (2H, d J = 8.6
Hz, 2xHa,), 7.26 (2H, d J = 8.6 Hz, 2xHay), 7.42 (2H, s, 2xHa), 8.34 (2H, s, 2xHC=N),
13.21 (2H, br s, 2xOH). '8C-NMR &¢ 11.9, 43.5, 47.8, 57.2, 117.0, 129.6, 126.5,
130.4, 132.0, 133.4, 166.9. m/z(ESI) 439 (MH*, 100), 420 (20). HRMS (ES!):
Calculated for MH* (Cs4HssN4O2*) 439.3073, found 439.3090.
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alum na could be renoved by filtering through a
sinter. The nother |iquor was evaporated and then, H20

w@ 3@9my7emnd di chl oronet hane (30 nli) were addePiCT/GB2009/000624

conpl ex was extracted using dichl oronethane (3x20 ni)
and organic layers were dri8&8 over MgSO 4. Vol atil es
were renover under |ow pressure to give a pale solid,
whi ch was recrystallised using acetonitrile. Yield:
40% Pale green solid. [a]20D-522 (c 1.0, CHC 3) .
vimax 28%%, 1626, 1548, 1440, =027, 836 and 577 cm 1 .
' H 1.02 (24H, It , J = ¥X.2 Hz, 8xCH 2C 3) ,
bH, s, 4xC(CH : 5042.15 (16H, m 2c (CH
2)4Y 2X5227(16H| 8><CH2eH3) , 3.10-3.15 (2H,
2c THN), 3. 50 B, (BH, m 4RCGH/ZKD 3.80-3.85
(e W 2CCAN), 7,09 (oA 8T =5 X Hz, 4cHAr) , 7.35
( 4H ' = 5.7 Hz, A) « 8119 (2H, s, 2xHC=N),
8. 37 , S, 2xHC-N). - NVR 10 2, 24.7, 29.9,
30.1, Y85.0, 47.1, 57. 73. 2, .9, 119. 2, 128.9,
135. 3, 1. 7, 157. 2, 165wk, Mg, ESI) 661 .5 (100)
1275.9 (80) 1276.9 (72)1 (12277 9 (32), 1278. 9 (16),
12728 (43:,)14 15 (9) Saxaneson (CHy),4
5- @xe=tHh<§/=Iram nonet hyl saﬁ4|><‘cyl><‘-’aIHdehyde 15 To a sol ution

& B%mwﬂlmg(@nshmu@.ssaa.eﬁ%tam H@rméﬁu?ls%i:?%{c?éﬁé)e?ﬁanezl 2

In acetonitril am ne

Qﬁ%‘l“)a“&m@"ﬂﬂﬂ@&i oxide ﬁQhB'SWthﬁr)'é’JV e$'|5(ﬁted over ni ght .

Eﬁéﬂ'@lalﬁ|h6hﬁ%ﬂ§é]kyﬁ@ée}eﬁéﬁmfeﬁ§ﬁé3}g§hﬂhg?a e 3]15)(|de

02 B B iAoyl g cthapades ©
amlnluﬁ(lﬂﬁokﬂuz4q, J =17. g Hz, 2xCWeCH3) , 4.09
b B T dehodosonsh S Fopghi e G
@) aoke) , 12.32 ( 1H, br S, OH). 13C-NWR dc 11.4, 46.4,
56.0, 118.8, 121 .3, 136.7, 139.0, 162.7, 196.5.

m z(ESI) 208 (MH+, 100), 293 (30). 317 (10). HRMVB
23R yelaw solidaatiaingchin 5% y(eBil. va#253%2nd 2159 cm™. "H-NMR &y

1.10-1.20 (24H, m, 8xCHzCHs), 1.43 (36H, s, 4xC(CHa)s), 2.90-3.15 (16H, m,
8xCH2CHs), 3.50-3.60 (8H, m, 4xCCH,N), 3.70—4.00 (8H, m, 4xCH:N), 7.19 (4H, s,
4xHa), 7.30 (4H, s, 4xHa), 8.33 (4H, s, 4xHC=N). ?C-NMR 85 11.2, 24.2, 33.6, 46.5,
55.3, 55.9, 120.9, 135.5, 137.5, 137.8, 139.6, 140.9, 162.0. m/z(ESI) 1170 (10), 1169
(35), 1168 (90), 1167 (MH*, 100). HRMS (ESI): Calculated for MH* (CesH10sNsOsAl:*)
1167.7839, found 1167.7799.

23: pale yellow solid obtained in 67% yield. [a]*; =170 (c 0.01, DMSOQ). viax 2859,
1631 and 1084 cm'. "H-NMR &, (DMSO-dg): 1.04-1.99 (24H, m, 8xCH,CH;), 1.50—
2.15 (16H, m, 2x(CHy)4), 2.5~-2.6 (16H, m, 8xCH.CH3), 3.1-4.5 (12H, m, 4xCHN +
4xCCH:N), 6.91 (4H, d, J = 7.6 Hz, 4xHx), 7.40 (4H, d J = 7.6 Hz, 4xHa/), 7.55 (4H,
S, 4xHay), 8.43 (4H, s, 4xHC=N).

24: pale yellow solid obtained in 65% yield. vmax 2971, 2225 and 1634 cm™. 'H-NMR
1 (DMSO-de): 1.05 (24H, m, 8xCH.CHz), 2.15-3.5 (24H, m, 8xCH.CHjs + 4xCCH:N),
3.90 (8H, m, CHzN), 6.81 (4H, d J = 5.7 Hz, 4xHa), 7.32 (8H, m, 8xHx), 8.50 (4H, s,
HC=N).
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+) 208. 1338, found 208. 1355. (h)
IV,IV -Bis(3-tert-butyl-5-di et hyl am nonet hyl salicyli de

waoejoetibene- 1, 2- di ami ne 17 Conpound 17 was synt PEEGB@9/000624

from conmpounds 6 and 16 in an anal ogous manner to step
(e) above. A yellow oil was3dbtained in 56% yield.
vmac2965, 2524 and 1629 cm 1 . 1HNWR dH 1.44 (12H, t
J =7.5 H, 4xCH 2C 3) , 1.51 (18H, s, 2xC(CH 3)3),
2.70-2.80 (4H, m CCH2N), 3.02 (8H, q J = 7.2 Hz, 4xCH
Bchigple,1 3. 60-3.80 (4H, m 2xCH 2), 7.07-7.35 (4H, m
AxHAr), 8.25 (2H1 s, 2xHCEN), 13.99 (2H, br_S, 2xOH)

13C-NVR gle 10.4, 28.0, 33,3med5.2, 55.7, 5§ % n
128.2, [128.8, 135.6, 1577, 165.3, 165.8. m‘B]”E'Es E”§‘51

( MH+, ), 524 (30). H (ESI'): Cal cul d for
(C34 +) 551 . 43257 faund 551. 4294 "Bu 18
éffFNZhﬂ) L/, L/ dicet hyl am nonet yl.allcy neg)
| ohexane- 1—2—d| Ine 18 Co mas-syaLhesL$eﬁ[:j
ounds 15 andf& i7f an anal ogoUs nanner to &t e
BUA yel | ow Oi “Obt ai ned | i
.1, 3) . vmac2939, 31 an 89
H NVR < >H 1. 25 t J=17.2 4xCH 2IC 3)

B

, 1.50-2%B0 (8H, m (CHg)4) 2289 (8HLg J =NPg: HP B,

4xCW2CH3) , 2.90-3.00 (4H, m 2xCCH 2N), 3790-4. 60

(2H, m 2xCH), 6.83 (2H, szsst 2xH Ar)", 7.36
H s, 2xH

H,(1 2% -= 8.4 Hz, 2xH Ar
(1B 2R NI il-ber R, l@qulammmw&@hcvhd-
Ondicycldhekandd, DdiaktinOdibbémide (2. 6, 117.7, 118.9,.
8 ugd et Sl S A
YCBOEKGRACR diaminkd ) (86412 md d)lnnnblnlﬁiﬁcaﬁmthle (60 mL), benzy!
bromide (342.1 mg, 2 mmol) was added dropwise to give a yellow solution. The
reaction was stirred at 30°C overnight. After evaporation of volatiles, a yellow oil was
obtained which was recrystallised from n-hexane. Yield: 55%. Bright yellow solid.
[0]*° —38.6 (c 1.0, CHCl3). vinax 3392, 2960, 1608, 1545 and 1470 cm™. "H-NMR &,:
1.00-2.00 (38H, m, 10xCHjs, (CHy)4), 3.40-3.50 (2H, m, 2xCHN), 3.56 (8H, q, J=7.5
Hz, 4xCH,CHs), 4.20 (4H, 2xCCH:N), 4.99 (4H, 2xCCH,N), 6.44 (2H, d, J= 2.4 Hz,
2xHpp), 7.65 (2H, d, J = 2.4 Hz, 2xHy,), 8.38 (2H, s, 2xHC=N), 14.30 (2H, br s,
2xOH). "*C-NMR &¢: 11.3, 23.4, 29.3, 31.2, 35.1, 51.1, 60.3, 60.4, 72.7, 120.2, 128.6,
128.8, 129.2, 129.9, 130.6, 134.9, 157.2, 163.9.

(b) Bis[(1R,2R)-N,N’-Bis(3-tert-butyl-5-(N-benzyl-N, N-diethylaminomethyl)-
salicylidene bromide]cyclohexane-1,2-diaminoaluminium(lil) oxide (10)

This reaction has to be performed under an inert atmosphere in dry conditions.
Ligand (9)(1 mmol) and AI(OEt); (324.1 mg, 2 mmol) were dissolved in a mixture of
toluene (6 mL) and ethanol (5 mL). The reacting mixture was heated to reflux for 5
hours. An occasional residue of alumina could be removed by filtering through a
sinter. The mother liquor was evaporated, then H,O (30 mL) and dichloromethane
(30 mL) were added. The complex was extracted using dichloromethane (3x20 mL)
and organic layers were dried over MgSO4. Volatiles were remover under low
pressure to give a pale solid, which was recrystallised using Et;O. Yield: 33%: Pale
yellow solid. [0]*’5 =281 (¢ 1.0, CHCls). IR 2946, 1624, 1551, 1470, 1208 and 1030
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1)
, L/ -Bi s(5-di et hyl am nonet hyl sal i cyl i dene) et hane-1, 2-d

wo a00n@76® Conpound 19 was synt hesi sed from coP@GDGBA®9/000624

15 and 16 in an anal ogous manner to step (e) above. A
yel low oil was obtained in 88%yield. vmax 2801, 1632,
and 1083 cm 1 . 1H-NI\/R< H1.21 (12H 11J = 7.5 Hz,

XA B0 el Sk e D BTN el

( 29+2 a9 (J6H; 18, B(@Ha)4)2m¢5-ﬁ?f50 (16M, AGSXCHICHI), 3.10-8.16 (,,m,

P 59059 58 gt By ReoP B a8 of SlfcHih, 74 EY
@pHpm, ZQW'IAO,,SZ@QZ"BS 3’9&5\1) 836 (2, Sl$’ﬂ*©=N)l33E -MMRX%B61©3,
o, 5(3%% )30&394 é Mé*:-s 537%0)50 24708 (1%9;1 113‘%’5&%%5'1%7.4, 127.9,

Cal cul ate é H55N4 C2 oun
k%sggéééé 1471 @(1‘565Bm 6.%2 = H22 X1 = 1Bu, X2 = H 18 x =
H X2 = (CH2)4 23 X :HXZ:(CH2)419X H X2 =

24 X = H X2 = H (k)

BIS[L L/"-Bis(3-fert- ti,rugn)y,l-S dlethylarﬁ; msEl’iIsaIlcy

i de e) et hane- 1, 2- di 4m noal uni ni un{ "Bxi 4872,
BIS f2,262)-L/, LI" s(5-
@M nomet hyI S tj dene) cycl am no

N'u Wi urr(III)] ox eo23 and
s[ L/, Lr-Bist5- d| et hyl am nomet hyl a}Ai_cyLLdiene.)m hne-
Ty Hdlamnoalumrﬂuﬁ“(ljl)] oxi de™®4 oLi gands §7-N9
verted to c Res 22-24 i abegs

to step (f) a e. 22: paley w sol

d 1. 101 .20 (24H, m &%FPCM) , 1-43WEBH, EExC(CH
3)3),7 2. 90- 3. 15 (16H°1m 8XCW2CH3) , 3.50- 3. 69 (8H, m
4xCCI—|2I)97,_ 00 (8H m 4xCH 2N), 7.19 (4H, s,

(e Har ) N, -.53%1[3(taﬂrbt§v' 54(>N10<mzyl-N 'édwvdamnometm&)q@whdene}
dthand]3- diatﬁlnb]dlgronﬁﬁeko 33.6, 46.5, 55 3, 55.9, 120.9,
%f?e?!ag E%}%Zuu%&l%%t (ZO) Wwas synth%snsed ror% the sa enohga% %'H;m gn
analogous manner to step (a) above. vms 3383, 2648 and 1647 cm™. 'H-NMR 4
1.44 (12H, t J = 7.5 Hz, 4xCH,CHs), 1.51 (18H, s, 2xC(CHy)s), 2.78 (8H, q J = 7.2 Hz,
4xCH,CHs), 3.6-8.8 (4H, m, 2xCH:N), 3.9-4.1 (4H, m, CCH:N), 7.0-7.4 (4H, m,
4xHa,), 8.25 (2H, s, 2xHC=N), 13.99 (2H, br s, 2xOH). *C-NMR &¢ 10.9, 29.6, 35.1,
46.5, 56.6, 59.7, 65.7, 118.8, 121.1, 127.5, 128.8, 129.0, 129.5, 135.5, 137.3, 139.6,

141.0, 162.6.

(d)  Bis[N,N’-Bis(3-tert-butyl-5-(N-benzyl-N,N-diethylaminomethyl)salicylidene
bromidelethane-1,2-diaminoaluminium(lll) oxide (21)

The catalyst (21) was synthesised from the bis-ammonium salt (20) in an analogous
manner to step (b) above. A pale yellow solid was obtained in 42% vyield. vmax 2950,
1634 and 1029 cm'. "TH-NMR &, 1.05 (24H, t J = 7.3 Hz, 8XCH2CHs), 1.45 (36H, s,
4xC(CHa)s), 2.95~3.15 (16H, m, 8xCH,CHg), 3.20-3.45 (4H, m, 2xCH:N), 3.90~4.30
(4H, m, 2xCH:N), 4.50 (8H, s, 4xCCH:N), 7.10-7.50 (28H, m, 28xHa,), 8.00 (2H, s,
2xHC=N), 8.13 (2H, s, 2xHC=N). *C-NMR &; 11.5, 30.0, 35.7, 46.91, 55.4, 57.3,
65.7, 119.2, 119.6, 126.3, 131.1, 132.5, 132.6, 134.4, 141.9, 164.9, 170.1.
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(35), 1168 (90), 1167 (M+, 100). HRVS (ESI):
Cal cul ated for M+ (C68HLO4N8OBAI 2 +) 1167.7839, found

war@9109789. 23: pal e yell ow solid obtained i n BFZEGB2009/000624

yield. [a]20 D -170 (c 0.01 , DVBO). vnac2859, 1631
and 1084 cnfl . 1H-NVR " H @BVBO d6): 1.04-1 .99 (24H,
m 8xCH 2C 3) , 1.50- 2.15 (16H, m 2x(CH 2)4) ,
2.5-2.6 (16H, m B8xCH 20H3) , 3.1-4.5 (12H m 4XCHN +

4XxCCH 2Ny, 6:R1 (4H, d, J = 7.6 Hz, NA( n)|—|Ar) 7.40 (4H,
dJ .6 Hz, 4xH Ar) , 7.55 (4H, g9, H A" 8. 43
(4H, AxHC= 24. pale yell ow | d obt ed in 65%
yi el d>vnmax 2 N 2225 and 1634 1H d

, 2.15- SQ (24H,

CoMBO-ale) : 1.0, (RAHK m 8xChe

8 JN=%.7 Hz, &XHAY |, 7.32X8H 8xH Ar p x50
(4H, HC=N) . npl e 1 10 (a) (

L/" - S-ter tyl -

-t Wbehgyl - W \Wdi et hyl am nonet hyl Jsal i cyl i dene]

cycl ohexane- T 2- di ami ne di bromi de (9 %o &Sk uti on of
(IR 2R) 3.y -bis(3-terf-butyl-5- di et hyl & nomet hyl sa
licylidemejn cycl ohexane- 1, 2- di anmi ne4@€604. 9 ny, 1
mmol) in acetonitrile (60 rnL) benzy¥*bft oni de (342.1

(a) l,BisZ[(1lR,12R))N NaBisdSke-dbe dzydiN)\Neiethglagiingmethy s diiRylidene

' reagtion stirr at C rnj ..
bR PleCRE BB TErhia 5 obe B o SR et
ﬂ%bamzyéN,N\M|e¢l‘lvlavamqnwwlﬁaabyli®ed broroivefethanah-

9 ow solid. [a]20 D -38.6 (c 1.0,
%I%@uﬁ(l@%dg%go 1608, 1545 and 1470 cm 1.
BepayMrogidge (0.07 mL, 0.6 mmol) was added to a solution of bimetallic complex

(23) or (24) (0.1 mmol) in propylene carbonate (10 mL) and the reaction stirred at

85°C for 16 hours. The solvent was evaporated in vacuo to give compound (25) or
(26) as a pale orange powder.

25: pale orange solid obtained in 52% yield. [a]*% —240 (c 0.01, DMSO). vmax 2923,
1625 and 1088 cm™. "H-NMR & (DMSO-ds): 1.04-1.99 (24H, m, 8xCHzCHs), 1.50—
2.15 (16H, m, 2x(CHz)4), 2.5-2.6 (16H, m, 8xCH.CH;), 3.1-3.9 (12H, m, 4xCHN +
4xCCH:N), 4.50 (8H, s, 4xCCH:N), 6.74 (4H, d, J = 7.3 Hz, 4xHa), 6.82 (4H, d, J =
7.3 Hz, 4xHy)), 7.13-7.46 (24H, m, 24xH,), 8.43 (4H, s, 4xHC=N).

26: pale orange solid obtained in 40% yield. vmsx 2960, 1644 and 1032 cm™. "H-NMR
On (DMSQO-dg): 0.99 (12H, m, 4xCHsCHy), 1.52 (12H, m, 4xCHsCH>), 3.21 (16H, q J
=7.1 Hz, 8xCH>CHs), 4.1-4.3 (16H, m, 4xCCH:N + 4xCH:N), 4.57 (8H, s,
4xCCH:N), 6.97 (4H, d, J = 8.3 Hz, 4xHa/), 7.1-7.4 (24H, m, 24xHa,), 7.5-7.6 (4H, m,
4xHas), 7.60 (4H, s, 4xHC=N).
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1.00-2.00 (38H, m 1OxCH3, (CH2 4) , 3.40-3.50 (2H, m
2*CHN), 3.56 (8H, g, J = 7.5 Hz, 4XCH2CH3) , 4.20

W@ 20422026H 2N), 4.99 (4H, 2xCCH 2N), 6.44 (2H, pdr/GB2689/000624

2.4 Hz, 2xHAr) , 7.65 (2H, d, J = 2.4 Hz, 2cHAr) ,
8.38 (2H, s , 2xHC=N), 14.306(2H, br s, 2c OH).
13CG-NVR dc : 11.3, 23.4, 29.3, 31.2, 35.1, 51.1, 60.3,
%0.4, 72.7, 120.2, 128.6, 128.8, 129.2, 129.9, 130.6,
Xmble 257" > 163.9. (b)

Bi s[ (1R 2R) - /V IV - Bls(S-tert-butyI-5-(L/-benzyI-L/ L/
- di et hyl @i noget hyl ) - salicylidene

brom d cyclohe ane- 1, 2-di am noal um ni un(| | ) oxi'd

n has to be perforned un an |n
ondltlons Li gand (9) ks

vveredls in a 0.
,yﬁéﬂﬁ—%vhnm@ _ﬁ (5m w#ﬁe—%t)i)

fg mi xgur eated t reflux hours.
res of alun1na could be r GWBV

Fig thro a sinter. The nother |i

ed, th H20 (30 nL) and dichloro (hane

m.) were added. The conpl ex was extracted us) ﬁg
di chl or onet hane (3x20 nL) and organic Ia S were
dried over MgSH4. Vol atiles were renover nder | ow
ressure to give pal e solid, which was
grifigldtregin (@8@%@%@@92@3 swolandn azgnimabameuntef | ow
DRIFidbhidréth@fate. |dxc(8 24D m%‘dﬂ 31)110!) w3 88 and Bédmixture

155 70 1208 3OC 05 (24H,_t
wags i 14 %ﬁzhous&%aﬁco e Teqn s %%%ﬁﬂ%anweﬂ@q Uging\DMF
05AL:) ZDME/d(cbﬁJIrbmemari?e((‘lG-)l(ﬁ) #h).), dicRlodmethani@ (44 6il), then it was

e T e e T A

(28H, m 28CHAr) , 8.20 (2H, s, 2c HC=N), 8.35 (2H,
SkansiesN) . 13C NMWR dc : 10.3, 24.5, 30.0, 30.2, 34.6,
48 3, 57 6, 60.2, 73.8, 119.1, 119.6, 124 6, 127 4,

127.9, fﬂ% 9:" 35. 2, 141.6, 156. 5, 166 )
L/, N s[3 t butyl 5- (L/-benzyl - ket hyI norre
thyI GY{sl et hane- 1, 2- dlan1ne QM
t-Bu t-Bu +Bu t-Bu
Br

N'EL,  ELN

(a) Merrifield resin (120 mg, 0.2 mmol) was converted into the correspomnding
bromomethyl resin by freatment with a large excess of tetrabutylammonium bromide
for several days in dichloromethane / DMF. Complex (8)(240 mg, 0.4 mmol) was
added to this resin and the mixture was stirred for 24 hours at 30°C. The resin was
filtered off and was washed using DMF (10 mL), DMF/dichloromethane (1:1) (10 mL),
dichloromethane (10 mL), then dried under vacuum to give yellow-coloured resin
(13). vmax 2920, 2160, 1634, 1450 and 1066 cm™.

(b) Immobilized catalyst 27 was synthesised from complex (22) in an analogous
manner to step (a) above. 75% yield. vmex 2963, 2159, 1634, 1451 and 1091 cm™.
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The bis-amoniumsalt (20) was synthesised fromthe
salen ligand (17) in an anal ogous nmanner to step (a)

W@woa097¢3rac3383, 2648 and 1647 cm 1. 1H NVR HAT/E82009/000624

(12H, t J = 7.5 Hz, 4XCH2CH3), 1.51 ( 18H, s, 2xC(CH
3)3) , 2.78 (84 q J = 7.2 B#Z, 4xCH 2CH3) , 3.6-3.8
(4H, m 2xCH 2N), 3.9-4.1 (4H, m CCH2N), 7.0-7.4 (4H,
m 4xHA ) , 8.25 (2H, s, 2xHC=N), 13.99 (2Hlbr s,
2x0OH). 13C-NWR dc 10.9, 29.6, 35.1, 46.5, 56.6, 59.7,
Bkardple#18.8, 121 .1 , 127.5, 128.8, 129.0, 129.5,
135.5, 137.3, 139.6, 141.0, 162.8. (d) ar

Bi s[ W MNe,Bi sé8<fert-butyl -5-( Wdaenzyl - W W di_stda] am no
| )salicy[idene
et han 2-di am noal um ni I11) ofKide (21)
The |c faltiugen | )|vvas synt heS| S I Orfu e

N
FieMahoni um saﬂt” in anX oﬁous manngr N-oXst ep
\ °A palé %I ow sol i § obt &i ned ijgz%
a%:2990, 11634 and 1029 o1 50 1 NRR IAH 1. 05

, 8XCH 2CH3) 5 (36 ,
_ (16H, m 8xCH 2 i 3 20- 45 (4H,
2N, 28290-4.30 (4H, m 2x

4x, 7-10- 7. 50 (28H, m 28‘/1 , 8 oer(zHls
2% HE=N 8.13 (2H, s, 2xHC=N). NMR ¢ 11.5, 30.0,
35. 7, 46g ,55.4, 57.3, 65.7, 119%}%61263
131 . 1m%i§2'5, 132.6, 134.4, 141 .G

E8mbroieasin (1) 21270 Qo e 94en 47 DGRl eare e

embs) sfdienzyl bramgde (40 mg, 0.24 mmol) was added. The mixture was stirred at

ﬂﬁ&l%iéﬁé FJ}%% "fﬂ?ﬁrsll’ha g{eargéd?gﬁlvx}égmﬁé@%hé te 18 Ashed

!VLU MEAZY ML) \DWIK/. W&rﬁw@ﬁmmen’émﬁ/myh dichteyarnetbane (10 mL),

@u@ﬁ%é’&ﬂv%i‘@d‘% glveZa auoafteorb@ﬁddw&lﬂl un(111) oxide (26)
Benzyl nml ) was added to a

&8 dtnax8%2%1216§ r?%?éﬂﬁﬁé %ﬁ@r\éﬂo%%r or (24) (0.1 nmmmol)
{29): 135 %Mél&r\%ax%ébol‘l%bﬁ d3b01dul4)andn@s B r eact i on

stl rred at 850C for 16 hours. The sol vent was
evaporated in vacuo to give conmpound (25) or (26) as a
Eraplersange powder. 25: pal e orange solid obtained in

2PN 16RES (25) and (26)

Complexes (10), (21), (25) and (26) were tested in the reaction of some terminal

epoxides with carbon dioxide at room temperature and atmospheric pressure.
& + co
A ) \

Table 1. Cyclic carbonate formation from epoxides.

Entry  Complex R TBAB (mol-%) Time (h) Conversion (%)®

1 10 Ph 0 3 71

2 10 Ph 0 6 97
3 10 Ph 25 3 74
4 10 n-Bu 0 3 30°
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D-240 (¢ 0.01 , DMBO). vmax 2923, 1625 and 1088 cm 1.
IH- NVR dH (DMSQd ) : 1.04-1 .99 (24H, m 8xCH 2CH3) ,

WA 280402645 (16H, m 2x(CH 2)4) , 2.5-2.6 (16HCTIGBS0OM0624

2CH3) , 3.1-3.9 (12H, m 4xCHN + 4xCCH 2N), 4.50 (8H,
S, 4xCCH aN), 6.74 (4H, d, 38= 7.3 Hz, 4xH Ar) , 6.82
(4H, d, J = 7.3 Hz, 4xHAr) , 7.13-7.46 (24H m 24xH
Ar) 84%3 (4H, 5 4xHC=N). 26: pal e orange solid
8bt ai ned 'Pn 4098 §Fel d. vnHc2960, 16%4 and 103268rrr 1.
&H NVR dHo( DVS@dbcby @ 0.99 (12H, m 34XCH3CH2) ,441. 52
12H 1m 4xCH 3 , 3.21 (16H, q = 7.1 Hz,
xCH2CH3)16, 4.’1‘82_?@ (16H, 9’m 4xCCH BN + 4xcH 289!, 4.57
B8H, s, 4RCCH @M)QH6.97 (@4H, d, J =38.3 Hz, 4xiar) ,
L 1-7.4 (,R4H, XxH Ar) ., 7.5-7.6,(4H m 4xHAr),
60 (4H,1gs, ah}—éﬁl).ExarrBIe 2 Merrfield resind(120
g, 0.2 Mhol) @WkkCbwol | en0in a nini Bal anount &8°
/ di chlygr onme . Comphex (8)(24Q ng, 0.4 ) was
added an 8t he gﬂg?ﬁre vvasbsti rred f%r 24 hourglg?& 30C.
he resi AOwas fiMe ered of P and wash&d usi ng DVBOY 10
Ate) , DVFhLi chl ofgret hane (1:1) (10 gl), ob
di chl oronethane (10 m ), then it was dried unger
Vacuum t 81gi ve E&nmpound (82) as a y8l | ow col ourd8d
ngsin. Exanple Pp(a) Merrpfield resign (120 ny, 48.2
) was converted into the correspomdi ng
B ononet KY1 resit® by treaPment with?4 |arge ex®ss of
et r abut gsamonipym brom dg for sevemal days ing4g
aélchl oroggt haneFj DMF. Conpl ex (8) (240 ng, 0.4 mmol)
s added®to thifd resin afld the m xfure was sti®red
filer 24 haars at FBO0C. Theoresin was24iltered off3 and
S vvashgg usi n%th\/F (10 pL), DWF/ dichl oronet hane
?q: 1) (10°nL), dichl oronmethane (10 refL), then dri'ed
@hder vacBum toRhi ve yell 0w col oure@ resin (1369 vimax
20, 216Q, 163 1450 ang 1066 cm (b) I'mmoly.lized
%ZZt al yst 9%7 vvas[ll:’gvnt hesi sgd from co#pl ex (22) :yr? an

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

b) Complexes 12 & 13

These complexes were used at 2.5 mol% in propylene carbonate (5 eq.) and styrene
oxide (1 mmol) under carbon dioxide at 26°C and 1 atmosphere pressure unless
otherwise stated below. The reaction was carried out by dissolving the complexes
(0.0415 mmmol) in propylene carbonate (0.85g) in a sample vial fitted with a
magnetic stirrer bar. Styrene oxide (200 mg, 1.66 mmol) was then added and the
sample vial was placed in a large conical flask. The conical flask was placed in an oil
bath thermostatted at 26°C. Cardice peliets were added to the conical flask which
was fitted with a rubber stopper pierced by a deflated balloon. The reaction was
stirred for the required length of time, then filtered to remove the supported catalyst
which was washed thoroughly with CH,Cl, (20 mL). The filtrate and washings were
combined and evaporated in vacuo and the residue analysed by '"H NMR
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manner to step (a) above. 75%yield. vmax 2963, 2159,
1634, 1451 and 1091 cm 1 . Exanple 4 13: X = (CH2) 28:

WX2009/10C6R2) 27: X2 = H 29: X = H A sanpl e of reSi/aBE®3)N00624

or (27) (0.04 mmol) was swollen in DVF/ CHaCl 2 and a
| arge excess of benzyl bronB¥e (40 ng, 0.24 mmol) was
added The m'xture was stirred at roomterrperature for
ours the reaction ed and the resi
SE%S&"W i°h Mege feyver \?’aﬁﬁ G‘éﬁ fkeshEe cprbpnatey The
(Tltﬁbhﬂtyed catalgstl onouldrhetrla’anrrmd(td&erdahxplet\hm randréuedd, 43 shawt Gith

' coloured resin. (28): Vmc2922, 2158,
%gé%e\é%ggg’?{seﬁ‘%% and 1028 cm 1 (29): 83% yi el d.
vmac2961 , 2153, 1636, 1544 and 1023 cm 1 Exanple 5 a)

[ Ru ion (%)?
{7[§p (25) ;de?GL were tested in t reacti on 0 (%)

ome t er it nal epoxi detwi t h carbon df oxi de at rook
prerper at yge and at nosgheric pressurey Table 1. Cyglic
congonat$ formation from epoxides. Entry Conplex R
¥BAB (nmoll29 Time (hP"onversion (%% 1 10 Ph 0 397 1
Z 10 Ph 26 97 3 10 Prt2.5 3 74 4 103 n-Bu 0 3 30bfy 10
-Bu 0 6 3b610nOc¥yI 0344710nOcty| 066781

10 cH2B 0 3 55 9 11§ CcH2OH 0 6 79 ©

12 1st 20 100
7° 12 2nd 3 5
g° 12 2nd 6 37
9° 12 2nd 20 86
10° 12 3rd 3 0
11° 12 3rd 6 20
120 12 3rd 20 63
13 13 1st 3 11
14 13 1st 6 69
15 13 1st 20 100
16 13 2nd 3 0
17 13 2nd 6 37
18 13 2nd 20 94
19 13 3rd 3 5
20 13 3rd 6 25
21 13 3rd 20 70

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

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

c) Complexes (28) and (29)

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

25

30

35

10 10 CH2Cl 0 3 59b 11 10 CH2G 0 6 8 1b 1 2c 10 M O

3 50b 13 10 M 0 6 62b 14 2 1 Ph 0 3 69 152 1 Ph 0 6
w@3002802631 Ph 0 24 99 17 25 Ph 0 3 48 18 25 PhrOI/6B&@®9/000624

19 25 Ph 0 24 73 20 26 Ph 0 3 54 2 1 26 Ph 0 6 69 22

26 Ph 0 24 89 Reactions card40ied out neat with dineric

Al (salen) conplex (2.5 nol-% and the correspondi ng

epoxide ( 1 mmol ) under carbon dioxide at, 26. 0C.
redqiP RN RS COTBR IS LR TAUPA {ARP ey I % r %8‘“8‘5'51%&‘@%%"%)
abpeet roscopy. 13 Vol atile starting material was
renoved and the yield was determ ned by difference of

wei ght. Reaction perforned at 0 OC. b) Conpl exes 12 &
ddnplbe@s) gaversteamscarerrateudeids ¢ft7927% 68rInghB0pe MeHFr ene

c%ﬁ%%%ﬁ?etr%aé&:anQ') and styrene oxide ( 1 mmol) under

on di'oxide at 26C and 1 atnosphere pressure unless
ot herwi se stated bel ow. The reaction was carried out

EBnslES©0) yavetjrbfe 62PBHaRx PGS 6 @415, aTranal 64% over four
propyl ene carbonate (0.85g) in a sanple vial fitted
GANEPFUHVEEGRI S stirrer bar. Styrene oxi de (200 ny,
1.66 mmol ) was then added and the

Example 6

(a) Synthesis of [Al(salen)].O electrostatically supported on clays.

Clays (0.5 g) were activated at 120°C for three days prior to use. After the activation,
the clay (0.5 g) was added to a solution of aluminium complex (21) (0.140 g, 0.08
mmol) in DMF (30 mL) and refluxed for 30 hours. Subsequently, the mixture was
filtered and washed with DMF (4x20 mL), EtOAc (4x20 mL) and dichloromethane
(3x20 mL) to yield a powder which was dried under vacuum for 24 hours.

[Al(salen)]:O supported on Bentonite (30): Pale brown solid, yield 99%. Vmax 3540,
2150, 1987 and 1659 cm™.

[Al(salen)]:O supported on Montmorillonite K10 (31): Purple solid, yield 99%. Vmax
3500, 1659 and 922 cm™.

[Al(salen)]:0 supported on Al pillared clay (32): Pale brown solid, yield 99%. Vmax
3500, 1654 and 1034 cm™.

(b) Synthesis of styrene carbonate using [Al(salen)].O electrostatically
supported on clays

Styrene oxide (0.2 g, 1.66 mmol) and catalyst (30-32) (0.5 g, 0.1 mmol/g support) in
propylene carbonate (0.84 g) were placed in a sample vial fitted with a magnetic
stirrer bar and placed in a large conical flask. The conical flask was placed in an oil
bath thermostatted at 26°C. Cardice pellets were added to the conical flask which
was fitted with a rubber stopper pierced by a deflated balloon. The contents of the
reaction vial were stirred for 24 hours during which time the balloon inflated as the
cardice pellets evaporated. The reaction was filtered to remove supported catalyst
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sanple vial was placed in a large conical flask. The
conical flask was placed in an oil bath thernostatted

w@r0028@76%ar di ce pell ets were added to the conPCHIGB2009/000624

flask which was fitted with a rubber stopper pierced
by a deflated ball oon. The #éaction was stirred for
the required length of tinme, then filtered to renove

th u rted cataly i ch, was washed t hor oughl
BT SR S By G e T e e s ShgET it o
styrdmnemaﬂboaaué evaporated in vacuo and the residue
anal ysed by 1H NVRspectroscopy to determne the
conver si on of styrene oxi de to styrene carbonate. The
t | fonversidi(fdt coul d be returned to the sanple
goal andsgeused, ag shown with the repeated runs .
g?l OW. Engry Catalyst Run Tinme (h) Conversion (%o/.)\
- DCf°21$t 309->c¢,d 12 1st 3 17 ob,c,d O 12
Zad 39 2¢ 12 1st 3 37 5C 12 1st 6 67 6C 12 1st 20 100
T 12 2nd 3 5 8C 12 2nd 6 37 9C 12 2nd 20 86 10 12 3rd
3011 12 3rd 6 20 12 12 3rd 20 63 13 13 1st 3 11

Example 7

(a) Synthesis of modified SiO:

(3-Chloropropyl)-triethoxysilane (0.16 mL, 2 mmol) was added to a mixture of
activated SiOz (2g) in dry toluene (25 mL) and refluxed under N: for 24 hours.
Subsequently, the mixture was filtered and washed with EtOAc (4x50 mL) to yield a
yellow powder (95%). vmax 2505, 2160 and 1975 cm™.

(b) Synthesis of [Al(salen)].O*CI- supported on modified SiO.(33)

PN
L *#f 4

22

—

Osmca

33
Modified SiOz (0.1 g) was added to a solution of aluminium complex (22) (0.175 g,
0.15 mmol) in CHsCN (40 mL) and the mixture was refluxed overnight. Then, the
mixture was filtered and washed with EtOAc (4x50 mL) to give silica supported
complex (33) as a yellow powder. vmax 3500, 1649 and 1070 cm™.
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14 13 1st 6 69 15 13 1st 20 100 16 13 2nd 3 0 17 13
2nd 6 37 18 13 2nd 20 94 19 13 3rd 3 5 20 13 3rd 6 25

wQ291®788d 20 70 a Determ ned by GC. Reacti onPCT/GB2009/000624

performed solvent-free. ¢ Reaction perfornmed in the
presence of 2.5 nol % of TBABZ d Only 0.5 nol % of the
conplex (12) was used. The use of propyl ene carbonate

a solvent s congpalible with the catalytic system
@"5 S&Bﬁ‘ﬁ?@%&"ki@?“)ﬁd ¥ seppiRt e meodit '&aﬁiﬁ‘) (29)
were tested atN¥2. 55l % in the in the
styrene oxi (1 ol
1 at nospher ressur
carbonate [(5 eq35 1 solvent
eachr eactyi an The conﬁl;
recycl abl gy “Ihe et hog
(28) gave
60% over fo consec ve reactio
styrene carbgnate yiefds of 79, 7
four consecutinte regetions. Exanpl e synt hesi s of
[Al(salen)]iﬁ ectrostatically supp ted on cl ays.
Gays (0.5 g) &.activated at 1200 for t hree days
prior to use. After the activation, th&"€l ay (0.5 g)
was added to a sol’Ution of alun1n|un1coﬁblex (21)
Té&rebatylegnmeni®8 bromide (193 mg, 6 mmol) was added to a suspension of

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

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

(d) Synthesis of benzylated [Al(salen)],O*Br- supported on modified SiO,(35)

(I‘,HZPh CH,Ph
NEL, Et,N NEy,  ELN
Br Br
t t
| Bu 'Bu ] i 5y By ]
N o} o N N o o N

/N
p
o)
by
/
~‘~>."
e}
b2
_/

Bu ‘Bu

Br
NE BN
Br o tz'}l
CHPh

+,
g VB ELN

Osilica Osilica

34 35

Benzyl bromide (0.09 mL, 0.72 mmol) was added to a suspension of supported
catalyst (34) (0.240 g, 1 mmol) in CH;CN (40 mL) and the resulting mixture was
refluxed overnight. Subsequently, the mixture was filtered and washed with EtOAc (4
x 50 mL) to give silica supported complex (35) as a yellow powder. vmax 3410, 1633
and 1078 cm™.
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mol) in DMF (30 nmL) and refluxed for 30 hours.
Subsequently, the mxture was filtered and washed with

(3x20 nL) to yield a powder which was dried under

vacuum for 24 hours. [Al (sakén)] 20 supported on

Bentonite (30): Pale brown solid, yield 99% vmac3540,

%50 987 and 1659 cm 1l . [Al(sal en)]20 supported on
RSE 11 onite K10 (31): Purple solid, yield 99%

(e 8ynBe8is of ihodifiat Al Pildredidlidy . [ Al (sal en)] 20 support ed

Bl B ind 3206 ) BV SRR o e P

setiypled &\l pilated gk 2 ginngy thileis 5aml))]|d@ the mixture was refluxed

sﬂqo%m;%tzatwoaél J’I'M%ns gﬁcat %{I@t@é@ﬁ%@g@gn%@% e (4x50

W%IO/Q!]VGSQJmibMQOVWdﬁr EEBPyhedeIzanbtiRf et 0. 84 g) were
placed in a sanple vial fitted with a nagnetic stirrer
bar and pl aced in | arge conical flask. The conical
fh) Sypthgsis ¢ [é&é@!em&z%ﬁ' suppastaden medifiedtAlpiltared clay 638).
Cardi ce pehl etsnyere added to the conicalgfl a V\,hl ch

was fitted with g_rubber stopper pierce b flated

bal | oo he cots of the reaction

stirrgd>forsu24u 5 durd ng whi ch ti

i nfl t‘ed’ as the (Partﬂ::3 ellets eva ed Th h
tto

r eact | ol was i riefe enove sup orAt;ed—e@t—aJ—ysxga d
the s@l utign apallyse

Y gd by CGE®to det er'i t
@ ne oxi de into sty .
Conver shon(% 30 5%5 3 1 3% 7%
NEt,  EtN NE{

Oclay

36
Modified Al pillared clay (0.1 g) was added to a solution of aluminium complex (22)
(0.175 g, 0.15 mmol) in CHsCN (40 mL) and the mixture was then refluxed overnight.
Subsequently, the mixture was filtered and washed with EtOAc (4x50 mL) and
dichloromethane (3x 50 mL) to give clay supported complex (36) as a yellow powder.
Vmax 3410, 1627 and 1031 cm-.

(c) Synthesis of benzylated [Al(salen)].0*Br supported on modified Al pillared
clay (37)

Et OAc (4x20 mL) and di chl or onmer¢EGB2009/000624
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wa@oaedod7es a m xture of activated Si Q2 (29)

(a) Synthesis of nodified Si O
(3-Chl oropropyl)-triethoxysilane (0.16 nL, 2 mvol) was

toluene (25 nL) and refluxed under N2 for 24 hours.
Subsequently, the mixture w4 filtered and washed with
Et OAc (4x50 nlL) to yield a yell ow powder (95% . vmax

B3PI B B hen et Dl ek s 100 ma
Wyl )fwerd agieto(20solutigh oauppartiatibabniptexa(38)(0L220 @ 1 afmol) in

? %wo%ymm@h%s(m%@ (xQuréZv’és |u%&évévlﬁg§w sh& Gq%‘ﬁy the

T'UXEd
Phéuraiwes (iteredasd Wﬁﬁh&@'r‘@tﬂ' E:tﬁdc \(\ﬁ@ﬁé@!—)m give Ela@&upr(omwo
-as a yell ow

e o o e 098 e B hed s of
[ Al (sal en)] 20+Br supported on nodified Si Q2 (34)
ErdrhplR: SyAtHERIY MBeRItaBoh4R%sy séhiBrRld catd) Joi éiﬁc.lmd

a suspensi on of supported conplex (33) (0.220 ¢

) in CH3CN (40 nL) and the resulting m xture mas

sytdnexaitiequerd) i @8tmmd @y catdhst (G55 bk (39) }lmsfg Iotgﬂ!ﬁm@h/%md
lve Si orte
URREu e lsos R & sdyie Uil bt ™ Viarieta 5% beboY Aieed in

aﬁl?@e conichl flagkdTheSyantdakitaisk waé plaeed w &t @ithbath thermostatted at

R ERIRH PG Hore HRES £ SRS i RS EheD b ER B
erRalpiReaddy %@Qf@teﬁ%”@&ﬂ'hq cprrzemS gf tha remetidr) vialweBHSIENd
foft94 mfﬂ)ars 0fn éf \k}ﬁlcﬁ ﬁr%é”t H%lgct) lﬁﬁé{&? ade Jaﬁfléfe%%(ﬁgts Syanorated.

over ni ght . uent e mxture was

Hess1eaation was @@ (Qtnqve%pmrsedtcata@swqaﬁhp|selatl@uwe@ay
GO ldeterrhidd theddonderdoh bosw RA¥ERHe mYdT&yre%é%Qrboﬂ-ﬁ33 and
1078 cmi 1 .Exanple 8 (a) Synthesis of nodified A
pillared clay (3-Chloropropyl)-triethoxysilane (0.16

m _, 2 nmol) Neataayj;ded to a |goriversion{%pct jvated Al
p| | | ared C| ay (2 a) in rlrfonI vene- (’)R d \ and the

m xture was re P?uxed hhhh
21

Example 10
(a) Synthesis of modified MCM-41

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

i N PETGB2009/000624
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under N2 for 24 hours. Then, the m xture was filtered
and washed with EtQAc (4x50 nL) to give a yellow

w@owdan97695%) . vmax 3512 and 1028 cnrrl. (b) SRar/G82009/000624

of [Al(salen)]20+C | supported on nodified Al pillared
clay (36) Mddified Al pilléPed clay (0.1 g) was added
to a sol ution of al um ni um conpl ex (22) (0.175 g ,

the t hen
(s ol onspraRonioctstiteit of Modeie el
filtere fslzrnd\%ﬁl ed with Et OAc (4x50 ni) thd EN
di chlo t hane_A{3x 50 nL) to give cl ay upporte
conpl 36) as el | ow powder, vmax D, 162 d
1031 flenf 1. (c) Sy theiE of benzyl at § d

[ Al (Sa)én) | 20+Br suppqrted on nnd»flg'lﬂﬂl plllaréd j

cla (38) Benzyl ) : & rgm)I) anf
t et r dhuty! ammon; br om dgw?@é@ ny, 6l 1) wer eladded
to a siol ytion upported conpl ex (36 . 220 1

O m.) and the resultin m xt ur &Ywas
refl uxedneyer minght . Subsequently, the m xfdre g)
filtered and washed with Et OAc (4x50 rrLf o give clay
support ed conpl ex (37) as a yellow powder. |[vhax 341 5,
1627 and 1028 cml . Exanple 9: Synthesis of “fYtene
carbonate using supported catal ysts (35) and €37)
Styrene oxide (0.2 g, 1. 66 mml) and catal yst (35) or

é% éoo. 03308,, %).5 ol / upport) were placed in a
-SaArePropva mopiiied MeMt FP %wq dé(tﬁﬁ?levorw&@'ugwaum
cﬂrmmad(z'amaﬁd 0o bl hatH{aNslo. mihad eeninkalre fdlagda was

gt bt heTopaif bl HERSARR] Bl b A Gl GRS o
Ifeav& M@MAM humaortedahmnpl@t @ppas a pelmamavdey (0860 88 e« 3122,

Pe?ia'?@ tents of the reaction vial were

i f ?éf ours during which tinme the balloon

i nfl ated as the cardice pellets evaporated. The

(s s%fh%e.svmews@a ?ﬁ!uwe@%@gﬁ sapRoRLd &H rrﬁﬁﬁf?édylﬁbwlaw
e sol uti on anal ysed erm ne

B8hver si on of styrene oxide into styrene carbonate.
HPh CHPh

e Ex
*? K f% o

- N Et, 2 ELN"
CHyPh

Etz

SI(MCM 41) Sl(MCM 41)
38 39

Tetrabutylammonium bromide (0.20 g, 0.6 mmol) and benzyl bromide (0.13 g, 1
mmol) were added to a suspension of supported aluminium complex (38) (200 mg,
0.15 mmol) in CH;CN (30 mL) and the mixture was refluxed overnight. Then, the
mixture was washed with EtOAc (4 x 50 mL) to leave MCM-41 supported complex
(39) as a yellow powder (0.22 g, 98%). Vmax 3452, 1634, 1052 and 947 cm™. ICPMS
(5 mg of supported catalyst digested with 5 mL of 1M HCI) gave an aluminium
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Exanple 10 (a) Synthesis of nodified MCM 41
(3-Chl oropropyl )-triethoxysilane (0.16 nL, 2 nmol),

wor@Aacdetl to a suspension of activated MCM 41PCRGBR009/000624

dry toluene (25 nL) and the m xture refl uxed under N2
for 24 hours. The mxture wd8 then filtered and washed
wth EtOQAc (4 x 50 nL) to give a V\,hite povvder (949 .
vmax 2(%.81, %g)% 1, 1057 and 807 cm 1 Synt hesi s of
BHICER%TUER ] 2R TPPBFTEPRAMINg O ﬁﬁatafvsaaammww( BgY°! BY
gra@hdfauppsropyl nodi fied MCM 41 (0.52 g) was added to a
sol ution of alum niumconplex (22) (1.50 g, 0.45 mol)
in CH3CN (40 nL) and the m xture refluxed overni ght.
Examplet e Synthesis @f styaend ¢arbenatd usiy svagioetedwiataty SE{EX)\c

é@réhe%;( d&o) 6k %rﬁcﬁf‘\f@gl%%}l%%ﬂﬁ’@ Rintd %%fg%'?@df%g Qg%g%@

el | ow powder VImax
(—9%4 gveéwﬁceck'e)a ssy'ﬁtené% figedwittha megneticeirpibar saf leppd in
2 QrE corfdapiadikt Bk sonicaPilisk Wad M@% ﬂ'ﬂan(c?ﬂ%at@ﬁe%statted at

SET, BRlthod TR Rl T §2 rF&l’B!C?' fk whis ol Tt G 2 rubber

stoppes miEroml myfa @aﬂpmrbbmbnatrumemwn Wasgired fc(r&a)hooa%%th

Bl Tl O80T W

Eﬁ@qave(rm&og@ow? tq eyclieeareondtniTae r@mﬁpweteed conpl ex
(39) as a yell ow powder (0.22 g, 98% . vnax 3452,
1634, 1052 and 947 cm 1 1 CPMS (5 ng of supported
catal yst di gest edime{outshi | Sonversiom(%) gave an

al um ni untoncentrmati on of 2ZH5 ppm coryesponding to
a catal yst | oadippg—of-0.47 mypl per gr of support.
Exanpl e 11: Synt|fesis of sth#ene carbonate using
supported catal Yy (39) Styfsne oxide (1, 66 mmol),
catal yst (39) (0-041i5—mol)landpropylene carbonate

Example 12: Synthesis of ethylene carbonate using supported catalyst (39)
Catalyst (39) (0.0503 mmol) and propylene carbonate (1.0g) were added to a
reaction vial to which pre-cooled ethylene oxide (2.01 mmol) was added. The
reaction vial was fitted with a magnetic stirrer and placed inside a stainless steel
reaction vessel along with sufficient cardice pellets to pressurise the system to
approximately 6 atmospheres. The stainless steel reactor was sealed and the
reaction left to stir for 24 hours after which the reaction mixture was taken up in ethyl
acetate and filtered to remove the catalyst. The ethyl acetate was evaporated under
reduced pressure and the weight of the residue determined. The relative composition
of propylene and ethylene carbonates was determined by GC/MS and used to
calculate that a 93% conversion of ethylene oxide to ethylene carbonate had been
achieved.



(0.845 g) were placed in a sanple vial fitted with a
magnetic stirrer bar and placed in a | arge coni cal
wo b@sko97¢he conical flask was placed in an oi | PGEGB2009/000624
thernostatted at 260C. Cardice pellets were added to
the conical flask which was4fitted with a rubber
stopper pierced by a deflated balloon. The reaction
'\éuas slt i,nred for 24 hours with sanpl es being renoved
6 and 24 hours for analysis by GO Msto
maSgntheats df fjal(sa0en)ROSCIosumgorteploot segélq4@)ycl i c
carbonate. The resgy|ts were: Exanple 12: Synthesis of
et hyl ene carfbohat e’ Usi ng support ed %t al §8¢, (39)
Cat al yst ( (0.0 nmol ) and prpyl ene rbonate (

1.Qg) wer ded t eaction vi to whi

pr e- cool t hyl ene xn\ple (2. (Fll Dl ) was The
reactio VIAIMS—H—HAed wt-h ﬁ ma%netlc str and
pl aced i M$i ¢e a staifil @§s stee ré@ctlon v%s gﬁ al ong
wi th suffhersent car pel |l et st pr essur | he
systemto r oxi ma 6 at npsp @ 3 ai nl ess
steel reactar was seal ed and {he rgaction o stir

for 24 hours"&ft e™Mhich the §eacta, muiare was
taken up in ethyl acetate and filtegad to renove the
catal yst. The ethyl acetate was eve rat ed under
reduced pressure and the wei ght of &°h i due
determ ned. The relative conp(EIsn tion fsa\p opyl ene and
et hyl ene carbonates was deteri ned by LG and |used
to calculate that a 93% conversion of ethyl ene—oXxi de

to et hyl ene carbonate had been achi eved. Exanpl e 13 (a)
Synthesi s of [Al (sal enyls2t¥&dmatlyaported on sol gel (40)
nat eI
LB BRI o 915 e g 85 o soligpof
glamingohel eamplex @25 (6.5 d, Orb Mol i@ HeC N (A Ccrobpdrebhé B@iction was

(B Grerrynp T'ﬁgpltt)e dolbe Hﬁ%‘egﬁ%gem& IFQ)%da bBGudt %&H\AP%

was refluxed over he solvent was re
digsqlveghja Eg)r#)gzmm@( pdhﬂ@,ggj_ 5 mmol) was added to this solution and

the mixture stirred for 2 minutes at room temperature. Then, H;O (3 mL) and NH,OH

(3 drops) were added and the mixture was vigorously stirred for 5 min. The mixture
was left undisturbed for 5 days and then placed in an oven at 110°C for further two
days. The resulting solid was washed with isopropanol (2 x 25 mL) and CH3;CN (2 x
25 mL) and dried overnight at 110°C to leave the solgel supported catalyst (40) (0.42
d, 41%). Vmax 2914, 1633 and 1067 cm™.



10

15

20

di ssolved in EtOH (2nL). Si(OEt)4 (1.12 nL, 5 nmol)
was added to this solution and the m xture stirred for

wQ200ne7es at room tenperature. Then, H20 (3 nkQT/aBE009/000624

NHACH (3 drops) were added and the m xture was
vigorously stirred for 5 nid8 The mixture was |eft
undi sturbed for 5 days and then placed in an oven at

C.Jor f rth Lhe resulting soli S
(R SHBirRls or HebadreshiRuPaan.o BE syppotspaotestael )5 s
m.) and dri ed over night at 1106€-to Ie}eve d I;e—eol gel
suppor t ed cat akyst (t0) (U. 42 g, 41992 v *2914, 1633
and 1067, cnt' |1. (b) Sypthesis of benay ate Al (slal en) ]
20+Br suppoftgd on ~@g; (41)
appr oxi nat 10 Tet m™abyt yil anmpnj
0.6 mol Gand benzyl btrom/de_LO

br om .20 g,
1 mol rie

added to euvpeﬁmtﬁupporte@i—at—u-m—nwmmo pl ex
(40) in (30 M nd thel M xbure refl

over ni ght . n, th Xt ure as hed wi Ac (4
x 50 nL)| to ave soO | Supporte atal ys 41)| as a

yel | ow powder, (0. 52 & 969 vimax 3562, 1629 and 1052
cm1. |ICQPVB §9 hg of supported catra1“&Fét Gﬁz est ed with
10 nmL of| IM Hgl) gave an al um |ni um c cent tion of

o>

13.65 ppm cou#d onldi ng tjo a catal § | o d| ng aof 0.51
nmol per| gram of §48 port. [Exanple 14: 'theSIS of
styrene [car bonat|e & 1 ng supported cat (41)

Styrene loxide (1. 66 nm)l_)_rn catal yst (4 0 0415, nmol )
and propyl ene carponate (0.845 g) were placed in a
sample vial fitted with a magnetic stirfter bar and
placed in a | arge coni ®adarerpirgiely 'The conical flask was

pém@némmmggongae (0. Zdth@,rom&hﬁi!)ltaﬁfdlb@hzky?cgﬁnidﬁ@.@ ge1

e e .a e to. t C . AS | C S

Pt ST F34c%.6 Pt Sl Ry ooy (i eron
(652 mlo)camd tehmixtuea oflioad evesnighti Theadthe omixt@ee wesuwashad whith

ERE&U %( éb%lf}%gj %ggécggel%ﬁéﬁgﬁeﬁ ca?a a@f‘gﬂ?és Qge”o%rgo‘&yder (0.52

anaIyS|s ctrosco
80IVer maoﬁSQﬂ‘ 16%6@106150&2@% Y (CRNS ¢amgof atmportath eatalystul t s

&Eé&eéﬁ%ﬁﬁ‘% %L%’?q Mﬁé(é\z Q &h AmARAY ESRENRABR B 65 PsthNg
supported catal ysts
corresponding to a catalyst loading of 0.51 mmol per gram of support.

Example 14: Synthesis of styrene carbonate using supported catalyst (41)
Styrene oxide (1.66 mmol), catalyst (41) (0.0415 mmol) and propylene carbonate
(0.845 g) were placed in a sample vial fitted with a magnetic stirrer bar and placed in
a large conical flask. The conical flask was placed in an oil bath thermostatted at
26°C. Cardice pellets were added to the conical flask which was fitted with a rubber
stopper pierced by a deflated balloon. The reaction was stirred for 24 hours with
samples being removed after 3, 6 and 24 hours for analysis by GC/MS spectroscopy
to determine the conversion of epoxide to cyclic carbonate. The results were:

Time (hours) | Conversion (%)
3 10
6 20
24 52
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(35) and (41) (a) Catalyst (41)(Q O3 mmol ) and
propyl ene carbonate (1.0g) were added to a reaction

waQ 2@b/1006mhi ch pre-cool ed et hyl ene oxi de (2. 01P@TrGBR009/000624

was added. The reaction vial was fitted with a
magnetic stirrer and placed4®nsi de a stainless steel
reaction vessel along with sufficient cardice pellets
to pressurise the systemto approximtely 6

at nospheres. The stainless steel reactor was seal ed
Enamplect & Syuthesis dfethylene sarbondteusivy supposted fcatalysié (29,
?5}3 zmtlon m xture was taken up in ethyl acetate and
iIl'tered to renove the catalyst. The ethyl acetate was

&) St € 09503 sieraaing nrﬁ@/l%ucgmon@tp (1.Re) wersiadded to a

%tcamlmawhwh Br-Sdohdd MRYIERBRR (ioa %@%@é@@&d&nﬁgnd

t hyl ene car onat es was determ nqe)a ?%j
Fepelar el R e R 3 resemeticsiver e IBTHR P SIS iR
taactidrhydses alangmbmatfeuehachrweepelawb puduriselihe Emrﬁlbftavg
a e
BRAGEOHIS ¢ SiaiBictel he led Y 10k 034 nbilgg P the
eeachionlatt éo st foz r24dnou@aaﬂter which thegeadtio® mixtanerveas téken Uphe ethyl
a@&aﬁ Rt %&gmoere%%e e dpet T‘Netelﬂw Q&e@étg%a (eééaorskea* in

resulted i n 81% conversion of ene ox

KEGHPI28H dhecupighyPhths rasitie d%tewm T relqtive cempgmﬂqﬁmir s.
Emm@h@ adPethisie edrodriatdlad @e@&nﬁiﬁdaﬂyﬁ(ﬁlﬁlﬂ ShdoaY &6 &alculate

B LR o S 5P B S e ogen acnevea
illustrated in Figure 1. Ethyl ene oxide was coll ected
(53T BoBRITELL b il G L1998 Bl b =
senviersign df gihylena oide t@e@wenmarp@r@te:afmr @deazctmo timg of 2@ Gpurs.

stai nl ess steel pressure vessel (3). The vessel was
t hen seal ed. Nitrogen and carbon di oxi de gases were

) S Be RRRVerRreaadLtA wwéﬁeg byt wittheaalyst (3R 288 fﬁsfutseq' B3 1mit s

Cdnvedsish df ReHylent @%iEE €S Etiflehé B@BorHRs SRSl atr@adtiBR timel B h4 Bburs.
the pressure vessel (see diagram. Al tubing used in

the system was conposed of stainless steel with an
Erammpleal6: Usa vt inemobiliseg patalysisatostonvert ethylene oxide into

ethylene carbonate under continuous flow conditions

The flow reactor is illustrated in Figure 1. Ethylene oxide was collected from a
commercially supplied cylinder as a liquid in a cooled beaker at -78°C and placed,
with a magnetic stirrer bar, inside a 360 mL pre-cooled (-10 to -40°C) stainiess steel
pressure vessel (3). The vessel was then sealed. Nitrogen and carbon dioxide gases
were supplied from cylinders via mass flow controller units (1) and their respective
lines merged to the inlet of the pressure vessel (see diagram). All tubing used in the
system was composed of stainless steel with an internal diameter of approximately
1.6mm. The temperature of the pressure vessel (3) was controlled by a cryostatically
cooled bath (2) to provide the required rate of evaporation of ethylene oxide at a
particular flow rate of N, and CO,. This was determined by passing the vessel outlet
line directly into a GC system (6) fitted with a column capable of separating the three
gases. The vessel outlet line was then connected to a stainless steel tubular reactor
(4)(15 cm x 10 mm) packed with a solid supported catalyst and plugged at both ends
with a small volume of cotton. The tubular reactor (4) was either kept at ambient
temperature or immersed in a thermostatted water bath. The mixture of CO,,



1.6mm The tenperature of the pressure vessel (3) was

controlled by a cryostatically cooled bath (2) to
w@e@vilages he required rate of evaporati on of ePOGBA®I/000624

oxide at a particular flowrate of N2 and CQ2. This

was determined by passing tB8 vessel outlet line

directly into a GCsystem(G) fitted wwth a colum

t Th I
SRR S a0 e 6P B8P S BB e
e ouithet ofrtbama@tor (W Essoomecedli0 ameplep gtbse dial5) hiaa reebiedo

EMB ﬁy%@n%g 'i'ocﬁl'ag l!ﬁi it%g%{ﬁfnt Oﬁrgdtﬁz@gescewiklg \Bgssed to

vol u react or
8iGthesstame (R watch a«?@. L@ﬁ@ tq daigraling the €onseniratinns 9880k ANzand

thger® 6%idd inark ¥ALET: g@@%ttﬂean:f h@e sty bBtaPbd Wik b8ih dlick ah&
ou e reactor colum

?lyséyrg?%gwog?%t ?té areTq%erng{eé‘Plngmq RRbler eact or (4)

was connected to a sealed glass vial (5) via a needle

to—goHect—any—horrgaseous—produets—he—outletf+rom

t he {pr odu&t recept pcl e passed tzp a GC system (6) which
was (uged to determne the con@&ntrations@of CR| N2

and |eehyl ena p&de| in theleffiuent gas sﬁream }TF@
resyl £s obtain w téh Siot h_g:i r ¢ca and posystyrew%
suppoEted takysts fare giveng n the foIE'ovvi ng | 5

t abl|eSCLAI 7 3 .;A dijree.i c @uiﬂ mi unm( sal eﬁ) cat al yt of
forﬁp.nﬁa |:| gher@ing 3-8 i3 fi€o r CREIRC2- N?Eﬂl,
wher eésRC1, ;—E&Gi“and Fﬁ\llnar e Hndep dentlyose,Lect P fom
i hLa(‘I_‘,’o opki @allyu'-_sussti t@d| 20 al k&l Uopt @hall y
subgtituted 5. 20 ru!‘:-' efhnr%! Jmi'lrfJ t-he

ubstPt uentd R 32‘,4%3, RAD R5| 16, R72 ,“th 044 g, 0.15%
R11 (:REE | R1B, Rl4 R15|, and|R16 . is i ndependent |y
CTC ed fi"‘rl H h upl%nnall ouuot ”{ehl ’19 o
al kﬁl, opt izgnalz?y sdbstltuggd Ch- 30 ar yl mbbé%ifi 01810?)9’ 0.1%
subst(i.8%t ed CB-20 heterocyclyl, |ether and nitro| X1

gllu )ég ar tr 2|5| IS.BEH I%t ty thtzi,fEI JQIQB a \lza.n?olém}&y ?-'1:?69-3%

chailn ch | s optionally Substituted one o

gr od[ﬂ:ﬂ@el ected frpm Cl1. 4|al kyl {and C5- 7 aryl, pr a

41. 335 25110 [-10 0.15 96 ambient 159, 4%
(1.17)

5 35 25110 -10 0.15 46 ambient 249, 21%
(3.52)

6 35 2511.0 -10 0.15 25 50 3.4 9,53%
(3.52)

7 35 25|1.0 -10 0.15 7 60 1.49 g, 80%

(3.52)
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bi soxyal kyl ene chain, which is optionally substituted
by one o r nore groups selected from Cl.4 al kyl and

fromC5-7 arylene, C5-7 cyclic al kylene and C3.7

het er ocycl yl ene, which may Be optionally substituted,

(i) (a) at least one of Rl, R2, R3, R4, R5, R6, R7,

R3, RO, RI0 , R11, R1, R13, R14, R15, and R16 is

CEABS ed from L-A where L is a single bond o r a

C1-10 al kyI ene group and Ais an anm)nl um group paired
réa nt.er i Iec ed . fro Br and |; and/or

%wbé drere lg?m'ﬂﬁ"g ﬁta ﬁtooff@mf’ a dival ent C3.7

het erocycl ene gr oup,R contai ningr& ring atomwhich is a

quaternary ni tzﬁen atorﬁspEﬂzred Wi tE4a counterion

sel ected from and | ; and’ o c) at |east one of

or acCl3

bi soxyal kyl ene O'hal Y SEBStR't Ut §o by a group -QL-A,

where Qis E‘IthQ;{ -g=0-0, -Co= O)Q NH- o r a single

bond; and/ or (K&K} (,a;}—gne—gf——Rl——Ria RA' R5, R6,

R7, R8, R9, RlOQRl , R1B® R14, R15, and R16

is L-A, where lyislas @efhed dbové and A is a

amoni um | i nki ng solid support and

paired with a cqun Qn,sel,ed romd, Br and I;

or (b) one of Rl"and X2R sRa diVal eRt C3-7

het er ocycl ene groupR'contai ningr¥ ring atomwhich is a

}%Fater nary nitrogen formng part of a n anmoni um
HRY'ng group bound to a solid support and paired with

-TBOREN onCRERECNRY, Wiie@e RS, R°Bindamd ate inGegenténtlyGeRcted

-5 al k
T R N T
and irgzat al yst according to claim1, wher ein Y-Qis
ERot e substituents RY, R2, RS, RY, RS, RS, R7, R?, RY, R™°, R, R®?, R, R*, RS,

and R', is independently selected from H, halo, optionally substituted Ci.z0 alkyl,

optionally substituted Cs.2o aryl, optionally substituted Cs»o heterocyclyl, ether and

nitro;

X' and X2 are independently either (i) a Cos alkylene chain, which is optionally

substituted by one or more groups selected from C... alkyl and Cs.7 aryl, or a Cis

bisoxyalkylene chain, which is optionally substituted by one or more groups selected
from Ci.4 alkyl and Cs.7 aryl or (ii) represent a divalent group selected from Cs.7
arylene, Cs; cyclic alkylene and Cs.; heterocyclylene, which may be optionally
substituted;

() (a) atleastone of R, R?, R? R* R®, R¢, R’, R% R® R, R", R'?, R", R%, R,
and R'® is selected from L-A, where L is a single bond or a Cy. alkylene
group and A is an ammonium group paired with a counterion selected from
Cl, Br and |; and/or

(b) at least one of X" and X? is a divalent Cs.; heterocyclene group, containing a
ring atom which is a quaternary nitrogen atom paired with a counterion
selected from CI, Br and ]; and/or

(c) at least one of X' and X2 is a C. alkylene chain or a C.s bisoxyalkylene
chain, substituted by a group -Q-L-A, where Q is either -C(=0)-0O-, -C(=0)-
NH-, or a single bond;

represent a dival ent group BEl/eB@d/000624
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3. A catalyst according to claim2 , wherein RCl is
selected fromH and Cl1.4 alkyl. 4 . A catalyst
wa@e@onai’egy to claiml1l, wherein Y-Q is CRCLRC2-NRI/NB2009/000624
and Rc \ RC2 and RN1 are H. 5. A catalyst according to
any one of the preceding cl &8ns, wherein R4 = R8 = R12
= H 6. A catalyst according to any one of the
%ﬁcedl ng clains, wherein those of Rl, R2, R3, R5, R6,
'Ro, RI0 , R11 , R13, Rl4 , R15 and R16 which do
(ip{a) cargufi B'e R? LR*ARY RS LAY, RE RS, R%H{é’pandrem RY, BelREgtaad R is
fromH,, i I n ifro. at al
accorlaf\n%feye ,s@édefn%(?er{ovgagdrgcgé Inmo urn“h ln%réﬁpP%und
L is tam asph@amqntamﬂ@alr@ww abdxtyitearne sglegtsﬂd from CIpBr and |; or
calRl orglof @@ %ﬁé St 3% diPa ba %lﬁ@eﬁgycﬁ%% g‘?%f{)c %%Htglgwﬁg laarEgBatom

where (a) | east one of
R8, Rghlcfnf@ quaierpary Rifrpgen fR1ging RAM of 71 FMMEAMMRINGING group
sel echs@ld s @Bblle Aippa hd@paifc@withta doBAGHOPBOe®éd #m XN kBr
X2 is c di val ent C3-7 heterocycl ene group, containing
ari nﬂ"' dt¥m which is a guaternary nitrogen atom paired
Wi(th @necd X Bed Xb1s es@seatitytstie thainoCh C.BoisanydlkylenactHirgr
(c) e nd X2 is a C2.5 al kyl ene chain
or aa%bg@a%h bg%yga?%yl)&éng ‘chain, substituted by a group
-QL-A where Qis either - C(=0- or a single bond,
bs | NERBbLYy b?%@or‘?i‘hg%% Ih € PR YLQ b RAE, by the use
of steric ects or yeectrostatlc binding.9. A
catal yst according to any one of clains 1 to 8 ,
gher eA Bat@Rst ko t681ainkB, wHadein RS, is B6lectBd froRAH afPC..4 alkyl.
R10, R11, R12 , 3, Rl4, R15, and R16 is sel ected
fromL-A and A is selected from-NHCH 3)(CH 2)-,
4 NH( Cilcéiklysy) a%):(»@(r@tb 3ipiy) 1, wheliCMaQ) I2QCRHRZINRN! - AR, R
;r%ﬁ»)%@% 2CH2) -, and -NHPh(CH 2)-. 10. A catal yst
according to any one of claims 1 to 8, wherein X1 or
X2 is substituted by -Q L-A" and is of forrmula: QA

5. A catalyst according to any one of the preceding claims, wherein R* = R® =
R2=R"*=H.
6. A catalyst according to any one of the preceding claims, wherein those of R?,

R?, R?, R® R®, R7, R®, R, R", R™, R", R* and R'® which do not comprise -L-A or L-
A’ are independently selected from H, Cy; alkyl, ether and nitro.

7. A catalyst according to any one of the preceding claims, wherein L is an
unsubstituted Ci.s alkylene group.

8. A catalyst according to any one of the preceding claims where (a) at least one
of R, R?, R%, R, R®, RS, R, R®, R%, R™, R"", R™, R, R"™, R, and R'® is selected
from L-A; and/or (b) at least one of X' and X? is a divalent Cs., heterocyclene group,
containing a ring atom which is a quaternary nitrogen atom paired with a counterion
selected from Ci, Br and |; and/or (c) at least one of X' and X2 is a C..s alkylene chain
or a C4.3 bisoxyalkylene chain, substituted by a group -Q-L-A, where Q is either -
C(=0)- or a single bond, is immobilized on a solid suppor, either by the use of steric
effects or by electrostatic binding.
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11. A catalyst according to any one of clains 1 to 8,
wherein X1 or X2 is a divalent C3-7 heterocycl ene

w@e@apowrent ai ning a ring atomwhich is a gquat ePEEGH2009/000624

nitrogen formng part of an ammoni um | i nki ng group,
and is of formula: , where BNl is selected fromH, G -
7 al kyl and C5-2oaryl and where RN4 is a Cl1.7 al kyl ene
group. 12. A catalyst according to any one of clainms 1
to 9, wherein X1 and X2 are independently sel ected
9.r omA satalySrac2dndingds anydnedfic)nts Orq 8,avh@rein bise & BF, 3, RS,

5 [Qqel 87 1280fhke 3. oA catak ysd Q. di i ™
B o e s B AEP 5 E RSNl Sy T A
iaselestad frgmt-biHi@ks) Gitk)- oNHICH(GH)HC{@HL)-, vilEHek(EHYE, and

XHCHISIERERGRM, - Yad R REHPREIM,).CO cyclic al kylene or

benzyl ene. 15." A catal yst accordl ng to any one of
claims 1 to 9, wherein X1 and X2 i ndependently

T®P r7 etsea&ltal_ya aébiv(ralngm@ awmd fagtnﬁ@t 18, fwnélmnlﬁ:&* dr )@ﬁ%' ene,
-1 C Ic a ene, .an eterocyclylene and is
%ﬁ@ﬂﬂ@%&WU@édA‘%m %9U8W3W§st according to any one of
cl ai 'l to 15, wherein the anmoni um counter group is
17 A process for the production of cyclic

carbonates conprising contacting an epoxide wth
carbon dioxide in the presence of a dineric
al um ni un(sal en) catal yst according to any one of

£.ai & cdtalysr akeordh-io Zrkgeor@r&@@ﬁﬁs Po & viierid X1 ovkPas BldValent
é cat al ed reaction is: 111 vvherelnRCSand R 4
:i»?

et‘?‘iﬂ‘é}’ﬁ SQFHWP)F%@I%%W%?%“WCM%?|q8ﬁ‘§ma§?/ hitrogen

foriag batybesh &mMoQlual likking g@idb] araed byfosnilnat i t ut ed C3-20
heterocyclyl and optionally substituted Cs-20 aryl, or

nd RC4 form an optionally substituted Iinking
0 between the two carbon atons to which they are
r e[p hgtlvely attached.

%M

, where RV is selected from H, Ci.7alkyl and Csz aryl and where RM is a

Ciralkylene group.

12, A catalyst according to any one of claims 1 to 9, wherein X' and X® are
independently selected from is -(CHa)n- or -O-(CH,)p-O-, and nis 2 or3and pis 1 or
2.

13. A catalyst according to claim 12, wherein X' and X? are both -C,H,-.

14. A catalyst according to any one of claims 1 to 9, wherein X' and X2

independently represent C; cyclic alkylene or benzylene.

15. A catalyst according to any one of claims 1 to 9, wherein X' and X2
independently represent a divalent group selected from Cs.; arylene, Cs.; cyclic
alkylene and Cs.z heterocyclylene and is unsubstituted.



19. The process according to claim 18, wherein RA is

H. 20. The process according to either claim18 o r
w@b@pmrey wherein RC3 is sel ected from opti onedT/%GB2009/000624

substituted Cl1-4 al kyl and optionally substituted C3-7

aryl. 2 1. The use of a din®tic al um ni un(sal en)

catal yst according to any one of clains 1 to 16 for

% g‘ € pl& 8‘%%@/%’(' a%gorglfng%y gt%yl oCneCo rc a?rrrllsa¥ ?031 g , E/v%renre?rP t?\)é Ia(rjn(?nscinium

counter group is Br.

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

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

0
e o/”\o
\ ARM + co, —— H
Rc3 RC4
Ii 1
10  wherein R® and R® are independently selected from H, optionally substituted Ci.1o
alkyl, optionally substituted Csz0 heterocyclyl and optionally substituted Cso aryl, or
R% and R® form an optionally substituted linking group between the two carbon
atoms to which they are respectively attached.

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

20. The process according to either claim 18 or claim 19, wherein R is selected
from optionally substituted C.4 alky! and optionally substituted Cs.; aryl.

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



