10

20

30

Pol yi socyanurates Technical Field The present
invention relates to polyisocyanurates and to net ho>ds
wo a009mBuskng t hem Background of the I nvention PCT/SG2009/000134
M cro>porous and nesoporous materials, such as
zeolites, activated carbon, sillica and netal organic
framewor ks (MOFs) are widely used in heterogeneous
catal ysis, gas storage, adsorption and separations. It
i s hoped that recent Rolyismpeyamirates/ner-based
m croporou-s materials rqQvi de. new opportunities
i n hydrogen storage andnﬁ%‘f’%"ﬂ ﬂé catal ysis, since
Or URRigk-eB&it §hvehtidn h@m&sQ@F&ﬁy@o@éﬁaﬁ&@%a (O YRk PEN RS making them.
waterlals M croporous pol yneri ¢ materials nmay have
i que surface profackaroummdtofthe Ipventionored to
d&lcmam@ue ra@dntsxeﬂicev@wusenaﬁsmlp,t $ush, assa;qméxt@t agtnvawd carbon, silica
at alysi s, hou d soft at es have
anﬁ b S e, SRRl R e B B B P ap S ptalysis, gas
stdiﬁgd, ads oiptivRRna %@ﬁarﬁhb@s)/\'& ik C&ﬁoﬁeﬁ&h&)’r@&é’iﬁf FeSelSpment 8fHolymer-based
materials with tailored porous structure and surface
MICHPRTQILY ymalssiglsy dnay rBIoVKle nhew oppPUtiNitesd 1nebyPopgsns storage and
S [ f I
neRBOUECEe UGS R SRS oEAHIAL 1 U RoRffiges over ot

matatials. MlCrdjioﬂfusgm"lmetly nfaRirkk)s may daveamqpe endiceel propemes that can
entir Iy of gruse ring subunits to provide a rjg
ben@h‘me nd? IRFiHHLE SREROSHPGIYEC AHEQUPLPB SAPAEALIOB ALYy tqaa%ysw Although
hafid m@%ﬁr@h@w&aﬁa@ bt \Wd%lﬁ" &5&19 $hd BRphdafibs Y s pHBGS materials. o
packi ng nod Hypercrosslin pol ymer s” represen
boanm-lkre rapplrwsaltdwsp ferd thei syamthesis mif qyaypay ousserjpdd ywigh ailored porous
| ar t‘(_)lng t.he &ﬂrosit% o% hyper cr ossl i nked
r 12t SPEagE § ORI BhIPORS SGOPPTHRi R Hvseporous polymers
syﬂﬁﬂéﬁzém | fYdTR 'mElR8hIAS bRAGHg | BIRIcks GkeBiil YaRBE [iRERY S rRecrerh polymers
formati on of dense and non-poroi xs systens. Generally,

Wit émmﬁ@smcr@pcmesmh@ib’isﬁ heveyqses pospant ertiralyoiif§ised-ring subunits to

SR o pAFRLBONEEL o 9L ot ! B BT macromoer

striut RirEe Witk ﬁne( ineilierit E@hcﬁﬁ&kﬁﬁgﬂﬂm H&ﬂ)etcﬂfsslfdk@djpolymers represent
netvvork wi t hout any soft" knots (A P. Cote, A

angihsr pla sy of\gregemayagtly | migroponeus pelymers JSimilgs te gg}Ms ahe porosity of

h%%%e@%ﬁ% ié %E%S gr;%f? ggﬂe ci'ossﬁhk%o théalﬁﬂlég po‘ivmer chains

pathydefiii cicdultly @nKeeéeent e fdhn%iag)lm of dsasemarn@OPorordldystems. Generally,
novel mater. al uct ed Dbj

268 The S .afe const
thé) BRIPIFR 9 HCTEOTIR: REEE (05 AR BTGBy wﬁowdmlag rigid units in the
poPHBertri= Rk ki Aatiis sCarbi %e&el&#ea yvAabst &s’ﬁﬁb 'ﬁ%&[e%@ﬂc% (COFs) that are
nature of the Teaction l'y erystalTine products
commpesest falivefirigid network WlthOllT any “soft” knots (A. P. Cote, A. 1. Benin, N. W.
Ockwig, M. O’Keefe, A. J. Matzger, O. M. Yaghi, Science 2005, 310, 1166; H. M. El-

Kaderi, J. R. Hunt, J. L. Mendoza-Cortes, A. P. Cote, R. E. Taylox, M. O’Keefe, O. M.

Yaghi, Science 2007, 316, 268). These novel materials are constructed by dehydration
condensation reaction of boronic acids. Due to the kinetic reQersibility and quasi-
inorganic nature of the reaction, highly crystalline products are attairied.

There is a need for a polymer xaving intrinsic microporosity which is relatively
simple to synthesise and is made fromx relatively readily available starting materials. It

would be preferred if the microporosity were controllable.
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There is a need for a polynmer rxaving intrinsic

m croporosity which is relatively sinple to synthesise
wanpwnsiswade fromrelatively readily avail abl ePGI/a6G2009/000134

materials. It would be preferred if the m croporosity

were controll able.Cbject o f tRBe Invention It is the

object of the present invention to at |east partially

satisfy the above need- Summary of the Invention In a

fi rst aspect of the i OBjett 6 thé BiventiorPr ovi ded a_
poI nuraée conpri sing isocyanurate rings |inked

s, abYeppEstEdntmtiondo At kepy gariliv pishs theabgve need.
ri ngs. The fol | ow ngg Pm,hgw dﬁ“ek?ﬁvﬁﬁg N
er

con unction with the Tirst aspect el I ndi vi dual |'y
a dimst @pc@tamﬁ the cinventian ithere 1§ peo\hdqdk:erp@ymupﬁamm}e comprisirg

|g!]ﬂ aromatic o eter romatic

150%#1‘ ey~ nay Iéﬁlé pt e e coeqpietd g th %gf:éﬁ qtgms of said rings.
Sub'fhe tfolfl @stinlg, éptpmbe rmd}elbe @edumSc@{Jumﬂbm Raikl Yhe first aspect either

. Ituted phenyl l%r oups. The

1 ‘11 %&?éﬂﬁ%?\é“ﬂﬁ% BRatospor ous Mesopor ous or

bot TheTiiak&PEHaPS mas dbéreﬁéep Or'IYSmay the %&%%%&%m%auc or both.
about 1 to about 5 nr-nin d| aneter. These nay

Thest maR donsxample be eidpanoptanallyisubgitaied 1t4h1@hlen}'i|@e¢ eroups or optional 1y
sug QLIRS 4 4° bfphg,gg,l%éﬁ,&ggyanurate may ha v e pores of

out 20 to"a nmin nean di aneter. The
poI %@ pclymoaya:tueatmaz bepnicsspoaousairahess pexoesonboth meicroporous and

|| f he res.an d/ r S n articl.es,| ocate
Sl gt B PR s B o R g SR s may e
deﬁ'ﬁmdht; the I“fﬁto@hnmﬁte&-ﬂi@*s ahd @d Ufiker iRGupIET@#e PBIYisbBYanurate may hawve

exa n or palladiuym The metal oxide may
| poggs{)? 292%%%9@ R wroBsesieskiansigr e i s provided a

pol yhs ﬁ%@?ﬁhﬁa@ D ToRPIRE a%e@p% biel & t3PQM4lis 3f P pores and/

in dianefer said polyisocyanurate conprising
oT jasorapgnatigies lpﬁta’ﬁgﬁm ith& pares. Yhe mgial sbéoidsemayr be pgtalyuc It may be a
r
méa%gtetgqnéet%b% |8?Te nln*htte ]?%Z@erﬁi;}g ?%reg{/amﬁ?é Eie a}&la&uﬁﬁn or palladlum The metal
oxpad¢ yiag beyemuoxade haV| ng pores of about 1 to about 5 nm

| <oy AnEP R e ¥ieE e St SRy b Betine gty of sbout 1 1o

abdu+ snhﬁrmlcﬁme@f GeiRg Ulyieddyiattikd yorﬁpkbﬁﬁbt 4bSfhnurate rings linked by
henyl groups coupled to the nltrogen atoms of ~

nvégﬁ’@k UPS FRURKHCN e WHBERN #ems of sad &SS. pr ovi ded a
pol i ﬁﬁ%@ﬂfb@ﬁﬁn&ﬁvﬂhgﬁb e Fc?v?id&f g&?iébcxjaﬁ&am%nép&@ of about 1

in dianeter, said polyi so yanurate conprising
to jaboul/anoy Jaltd;ameﬁ:g§ald moégdsqjyanurate comprisirg isocyanurate rings linked by

‘optionally substituted 1.4-phenylene groups or optionally substituted 4,4’-biphenyl

groups coupled to the nitrogen atoms of said rings.
In another embodiment there is provided a polyisocyanurate having pores of about 1

to about 5 nm in diameter, said polyisocyanurate comprisirg isocyanurate rings linked by

. optionally substituted 1,4-phenylene groups or optionzlly substituted 4,4’-bipheniyl

groups coupled to the nitrogen atoms of said rings, said polyisocyanurate comprising a
catalytic metal or metal oxide on the walls of the pores ane/or as nanoparticles located in
the pores.

In a second aspect of the invention there is prowided a process for makinz a

polyisocyanurate, said process comprising exposing a bist socyanate to an N-heterocyclic
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optionally substituted 1, 4-phenyl ene groups or
optionally substituted 4.4'-biphe p yl groups coupl ed

W@ o009h&15mé t r ogen atons of said rings, said PCT/SG2009/000134
Apol yi socyanurate conprising a catalytic netal or
netal oxide on the walls of th® pores an"i/or as
nanoparticles located in the pores. hi a second aspect
of the invention there is provided a process for

canizaie NQNHC p dbrysuf i@ tiraé and Sl shiffiti@ie Iemperapirt Sof gonversion of the
.ex osing a bisk socyanate to an N-heterocycliccarbene
bl?‘ﬂ%é)an?t 10 LePRIYISORYANUIae and at suffi ci ent '
t enps 8dllovAng 6?)1;&91@‘@5}5 b@Misel ih RBnFIRERACKRAAALE sb@nldNGspect either
. pol yi socyanurate. The follow ng options nay be useg'ln
indiypguatly oF & any shitathecembimationspect eit her individual |y

or F413 1Cs§ lah@fhE rﬁ%é Bl Qrou-s“&gr &%%%ﬂg?&%yo%%%ﬁ?ﬁﬁﬁgoporous and

may be porous o °r nesopgrous r m c XOpor o
mespgpormdsopor ous The sufficient tenperature may be from

P oni Bt i<h RatPebieson o8 T e iRl T GeTpe suffcien

tirh8 iy dtfedi abeuta Mot to abdat pdapess may conprise the

step of generating.the NHC. It may conprise generating
t he %hngY EﬁﬁﬁﬁéléﬁgﬁbEWE@%ﬁ§¥atLng t he NHC may

COMPKd PRodek€ AayN Loiprisd tﬂ@zﬁkfé ILHSPI ééh&ra%g N RE%e It Py comprise

‘It
bi si soCyanate may be a rigi Socyanate. I't may be
geaprating e NHGin heitie rlder vemof gedrsiingcthaiStE. mhy comprikse treating an

.. éﬂﬂﬁh a 1,.4-phenyl ene diisocyanate or a
m‘&%o;ﬁbl p etny di}ibiéggyanat e, each being optionally
SubEld thidissbyanmteddidyi da 4 origlde bisiwsysanaice Igr@uPsbe Bie aromatic or
.be .sel f h [ i stj f
S S SRS 0 e S By TSk disccyamate or
4,4>-BiphbsyldidsRydiate; ficBMEINEMYdnat ¢ Sutsdtiiield in addition to the isocyanate
t oi m dazol -2- ylidene an
ErQURR. bi s- ?- b>ut yl - 4, 5-di hydr oi ni dazol -12-ylidene. The .

N"Q‘H@%Héené%ﬁ&bk&eé\ﬂ%@ 1?‘!)1&1 HELY &%u@ ROAIERL! Gf leacébg)s-mestyl-élj-

It may b a non-polyneric (e.g. a‘iononmeric or di neri

dilizoimidazel-Zytbbanarent  t h-eisi(3.6pdievipderyiphenybes Salifydrroimidazol-2-
R R B R PLES R Y 30y b o s
NH(pHenydydibe soppavatie NICh Ibéndyg bephi edidpdlymeric (e.g. rmonomeric or
dhsnlélblgtw'ed in addition to the isocyanate
In an embodiment there is provided a process for making a polyisoc vanurate, said
process - comprising  exposing a 1.4-phemylene diisocyanate or a 4,4°'-
biphenyldiisocyanate, each being optionally substituted in addition to the isocyzinate
groups, to an _N-heterbcyclic carbene (NHC)vat about 25 to about 150°C for sufficient
time for conversion of the bisisocyanate to the pol yisocyanurate.
In another embodiment there is provided a process for making a pokyisocyanurate
comprising: A
e treating an imidazolium salt with a base to generate an NHC; and
e exposing a l,4-phenylene diisocyanate or a 4,4’-biphenyldiisocyanate, each being
optionally substituted in addition to the isOcyanate groups, to the NFHC at about 23

to about 150°C for sufficient time for conversion of the bisisocyanate to the

polyisocyanurate.
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groups, to an N-heterocyclic carbene (NHC) at about 25
to about 1500C for sufficient time for conversion of
W0 b@ohssicocyanate to the polLyi socyanurate. | nPERSGINE9/000134
enbodi nent there is provided a process for making a
pol yi socyanurate conprising: #reating an imcLazolium
salt with a base to generate an NHC, and exposing a
1. 4- phenyl ene diisocyanate or a 4.4 :
" - th phieind dhpaT R RvERionaBERe REHIOTideRts® Bathe Yol yisocyanurate of th
substituted in addition_to the isocyanate groups to .
firgthasPRftC Iat Stomegs 0bs 938 dbogErs BEYCHS dydrogen Ehase ist alge provided a

dtRbd ©TNURS LR Bhs ! S 'S e, t Qi -
fnpol_yi socyanuér)at ggs I'cﬁﬁlglﬂtségi i&rg%)%gig e?:t&oggllgtg e lllrr%sgn?ﬁcgﬁdm" to the
Inyentien it heogasd sdieredte thef palyisopyhmirsschamrupateesizg stdtethat it can store

fi st ct for_storage of as. JThe gas may b
ol R TR bR S8 ST SO By om s
coppsisingTpaid sfasepus xubsthmg:, said ghiviceszCatampHsiiLeosdrdlh polyisocyanurate

~ _to.he invention to th as, wherein the ‘
CHEIAIE IS g'ﬁrfﬁ‘?%?té’%fgssa&ieﬁagr whsrsm d%ﬁ’tixlff&tyalin{ra@ahas a pore size such

th&tli0E Sairél sgidSgasdbifrsabbtincd! WohdpOYisdeshrirdtB QUi a pore size such
scrubbi ng a gaseous substance from a gas conpri sing

thafd} @angagedors dbpsroameaenisaf thpeasess conpri sing
exXPs il [ & 1356 o . .
i nvention t%?)lg%l{[i %qg%@?}é%“er el nq% ﬁt&%%ﬁtdyél)%%&?/oamrﬁs Afe'ce compnsing

thehisocyanpunte ofithefissiespechat it can store said gaseous

su .JTIh | yi socyanurate may. ti.ave ore size
Sudh BREF asp i o e ERPABGR s PR st R LB oS anurate o th
firgepedti aia batalyishwasRacthegblyt fdch ek icomprrised £EAtdic metal species
provi ded as stor ge devi ce conprising the
°nit£‘63’9ﬂ15r9f?t5% BOTSP apf/ar p§ pappadpeles loggtedan the poienspect

of 1hhe diRtheRddetn of IR thvedtidth OMledeGs :ﬁ@vi@éd bNRethod for conducting a
pol yi socyanurate of the first aspect as a catal yst

reagiien ef n2 stadinsongiesiakipanprodecet, thed cempaismig\eriposing said starting
. al i , . .
il SRS EPIRE bt WISTRPRSRL2 il 38y ppyisccsamua

confprisdse 4 ramhticometabrspediss pm ovhededlla ofethh mdesf aicl/or as nanoparticles

conduct.i ng a reaction of..a starting nhaterial t . )
oG PR R s T s i S P Ve R o8 M abebl of sagalysing said
redioer Irdlant éxamie| the seepanagbfabkCal fhyDtali@ bhe ¥inkBhalide and the
aspect, ghere_l n the pol yl socyanurate conprises a

TeRRORIY 1§ OURMH AOURHRE FRASTiRh Lok i eRpEIpks theriéenpel €3posing the starting
maAABSH] Ofoa%@?ﬂgg%édaﬁl!xﬁﬁ l.grPpReks! BxphEnd HhES t%gij%gf material to the

wher ei n sai tal'ytic netal” species Is capa

pobyasosy gBurRie thihg presgoed ofan artylberosicaanid er a vinglbotranici avgd.
material is an argl ' P\ | and the
reaction is a Su z%ﬁ?@%ﬁ%ﬁ?%éo'?é’géﬁ %o%&%'r?%?hi S
ex dmgflearédembodiments oftomestgnt in@esti@r wilhgow be described, by way of

an example only, with reference to the ac companying drawings wherein:

Figure 1 skaows PA-FTIR spectra of (a) A. and (b) PICU-A;

Figure 2 shhows PA-FTIR -spectra of PICW-B synthesized in DMF at (a) 80°C and (b)

25°C, () 1n Dthetrahydrofuran (THF) at 80°C, and (d) in DMF/toluene at 80°C;

Figure 3 shhows SEM images of PICU-A synthesized under (a) static conditions and (b)

stirring;
Figure 4 shows SEM images of PICU-B synthesized (a) in DMF/toluene at 80°C, and in

DMF at (b) 80°C, (c) 150°C and (d) 25°C;

Figure 5 is a TGA curve of PICU-B;
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material t o the polyisocyanurate conxprises exposing

the starting material to the polyisocyanurate in the
w@e@sasises of an aryl boronic acid or a vinyl borBeii/8G2009/000134

acid. Brief Description of the Drawi ngs Preferred

enbodi nents of the present invEntion will now be

descri bed, by way of an exanple only, with reference

to the acconpanyi ng drawi ngs wherein: Figure 1 stiows
Fightfe I6Tik R THMGinage of PI@)U-B.and (b) PICU-A; Fi gure 2

.Sti PA- R spectr Pl B synt hesi zed i n. DNE at
Fighiss "B0E ATRD (BeB8 el PG Urh ENRABS R dRyer andiarm T
Figake 80HowsSRID (fttehs oPMPIOLB €060 Me §9F6rm FalY(6) i DMF;
_skiows SEM images of PlICU- A synthesized under (a) stat
Figuge oia @iNitogen adspritior iesorpting isothegmrand pogrei sigesdigEibution of PICU-
.1 mages of Pl CU-B synthesized (a) in DVF/tol uene at

"800C, and in DWF at (b) 800C, (c) 1500C and (d) 25C
Figaire u0as & NigrogenT&isorpiior-desorptiGisBtierm wf PIACUsAa TEM

| .of XJ- B. i Fj haws XRD pat t f
g A° p AR o g BT s P et TGl o
Fig&g?m SKBRs ﬁaé‘?leﬁfagesgff Ri)@deIN_ t(CH)Bhranarqe) RlyPIOUMB-22864d
. | . -l gur e ]S a | Trogen
F‘%ﬂ‘?olrsgﬁ %Méégﬁf)fmlgf'ﬁér m gnd_ pore size
di stri but bgghiRid Bbg:'?ibtigh%Ftﬁell?régélé%d"tﬁﬁgaﬁnents,

adsor ption-desorption isothermo CU-A Figure 11 is _
a TR pigsers ipverppnmroryiges] a \piolyiseeyRourhig adi gy pofyisbcyanurate may ‘be

kg, Fi ows . I i f Pd/ PJ -1 .
rof s AR L PR e SR, Bl mirporos
anPhBiopordlis. Deay | lednBesapdrpits. dn nofy bdsarfdgedrens.eld may have pores of
E i ment s, The.present invention provides .
abogl 16 Bt Pt T BEEI5D £ FEBLy LU FaL o g™ Be'opiye diamerer ¢ ¢
abddt DBY.5be, MBECEOPSI HUE Dbr BhmRYdiRBe¥E SO Wi s@yanirate may have a
may be both mcropore u s and nesoporous. It may be _
AV HRET 8 . AiTtiibYEAR. bd ha sproPb e Prlyisagy apuRe peavele substantially
. O 1 1 t d " .
R GRS B bl E Al ). ) e o imuc
porg, 5ize3disigibBtion) or 4 pols/medd more sizdi dswibetionThAe such a distribution, the

o1 ¥ SAGHA 8 Tt G ABETS PRESTRTE: o gy of e v
moglisst A | sndalley fandik spenmdd (ayve.bealshbstmntiAly pedodd®dispersed. T he
polg?zoc%%ngtg %gyaar?digci)naarl‘?gf %5 )alterlntati\rzrgg{ crc])fan\}/)%sg gggrgso g\l/ing a mean diamester |
between about 20 and about 200nm. These pores may represent the larger of the two
modes of a bimodal distributiom. These pores may be abowt 20 to- 150nm, or about 20 to
100, 20 to .50, 50 to 2(_)0, 100 €o 200, 50 to 100 or 100 to 150nm in mean diameter, e.g.
about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170. 180, 190 or
200nm. They may have a broad pore size distribution. The pores in the range of about 1 1o
about 5nm may be a direct consequence of the chemistry of the polyisocyanate, in
particular the size (length, diaxmeter) of linker groups betwveen the isocyanurate grouaaps.
The larger pores may be = consecjuence of the process used for making the
polyt socyanurate.

The polyisocyanurate may be particulate. The particles of the polyisocyanurate may
be approximately spherical, or they may be irregular, podyhedral or some other shape.
They may have a diameter (or mean diameter) of about 0 .2 to about 2 micron, or about

02t01,0.2100.5,0.51t02. 1 to 2 or 0.5 to 1 micron, e.g. about 0.2, 0.3, 0.4, 0.5, 0.6, Q.7,
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pore size distribution or a pol 3onodal pore size
distri but io n hi such a distribution, t he pores of
w@bwati3b46 0 about 5nmin dianeter may be the sh@l/5€2009/000134
(or smallest) of the rsvo nodes. The small er
(smal l est) node may be substangéially nonodi spersed.
The pol yi socyanate nmay additionally or alternatively
conprise pores having a mean di aneter between about 20
0.8rw9 ahaut 10003, THEES, Pl eg, MRY1. DQMEﬁﬁﬂﬁonEhﬁxéy%%eBe s-ubstantially
of the trwo ‘nodes of a_ bjnodal distribution. These
mopdispersgd BReYamay be mlx%spfstﬂdnifh@)rp@w@eﬁywqt@ mzycbe a condensed
t I
5050002 U )b S oo Bt s 20
nnx@n d@@et@oor oot 200, 1(1(202,0 ©380, 50 t©, 20050,0016R001EG0 to 100nm, e.g.

a0 Bt a8 e 9Bo Rt TR HiRL T2 G dabof bl TBbr 0. 180190 or
7(mhm1ﬂh5y1ma|vmyvéaa brodd seetdistdbagguence of the

f th t articular t
o s o Rt S el sopReS MreiangRYB IS IkeR pyker eroups. An

isbSanyaRUfing & ﬂr@liﬁémba_@& rlirﬂi' 9f whik®4 §itrdEsh Qt%m% alternate ~with carbon
consequence of the process “used for neking t
atgs of §§é9%¥lllﬂ“a‘{‘ﬁs DiEIepn sepumaabe Cﬁ’alyleééo various species, in the
pr@é%:‘h’é b S RE She Tk 'u?g eﬁo@éan‘:{bﬁeé’ Gy %‘é%@%&% (ixgﬁy: trimers of
be approxi mately sphertica be I rregular
isguyaydtesirde polyis orpamiraer ofstheppresetin emvmuyommag @mprise a network of

' ter) of about .0. 2 to about 2 .
R B8 sOBR oo B e Bles Rptprigng ghie<308yapiiane rings, each
pa& @If Bo&yahrakmirghgd i joinedoby . Pinkék ?grm%; 4In Qh15 structure, the

7.0.8, 9 1, 1.1, 1.2, 1.3, 1.4, 1
micrezcyoleSsmai s pOTRY dp o PPheSPRepuRRe. S TBa et LTpYAps may be
couBRAGH IRE hfiffen TABMs@M4iPEinBO! Dt SRRES %ulpll?ﬁn? b%ncrlci The linker

polylsocyanurate may be a condensed nass
STRERSONSY PAIOMAthE QoRBeroaremeAlici erayotia e menr sa @fmdablmltmlc linker. It

mghot AP UL FLORH SuAAAUTLEL a0luRURLh, Bl %yt omatic rings

(optvondlly 2pstB0ted 400 a&cﬁlﬂoﬁ@p tHO BsocPihearb@Oringd)0 pofhﬁ(hnl)lﬁﬂvmg the two
180,.. 190 200nm The

h
ikt 0% St A P oo T e Sy RS (rcy haptathalene 2.6

diglo apthr&eneé-S@CJi§1r ¢t Jt OtHer RGRablE Maebr BtolpkRIudE DIPESK ed chains of
An jsocyanurate ring is a 6-nmenbered ring in V\,hl chi

ARPAHOHEES -l A Pef PAte2RPMANC CHIFONNAYBIE c3Fh dgpAgR}mal aromatic

rifl RUBsked T8 eadﬁbéhﬁ’%@s %?Oﬁ{@ Egrl’)orp%tﬁﬂllé E e 4 0an¥ios | Béiﬁons and each

speC| es, in the pr eSe I nst ance t grou
tem@@&mmaamemgmy likedi owen 1sosyayctate Tingj hysrtlse @arbon atom in the 4

pds f?)?lyt Exax ﬁa Tg? QIQJhy' Sol‘ft)ﬂ%nu I%t eakoi)%p glp%ﬁS Ptgroup and a 14-

I nven nprise —
dipleeniytheypdnesd’ 4eawh Gﬂ.fups(aled a rpaterpjeyyll asitic bofds @i thg 4 fyse€ions of both

RRRLARRD S B B B e SRR LB i
groups or opt10na113 substituted 4,4’-biphenyl groups. The linker groups of the
polyisocyanurate may e the same as the group j oining the two isocyanate groups in the
bisisocyanate used to mnake the polyisocyanurate. or may be derived therefrom. The size
of the pores in the polyisocyanurate may be controllable. It may be controllable by means
of the linker group. Thous in general, a longer linker group (i.e. a larger distaance between

the two isocyanate groups of the bisisocyanate) will result in larger goores in the

- polyisocyanurate. This may be modulated by sidee groups on the linker group, which may
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2, gn"' hé FArykdt mayoemsongrie

macrocycl es may define pores in said polyisocyanurate.
The Iinker groups may be coupled to the nitrogen atons
wo@Roogasd46 i ngs. The |inker groups may be ri gi dpCTB€2009/000134
| i nker groups may be aromatic or heteroaromatic or
both. It may be a rigid aliphaltic linker. It may be a
rigid alicyclid linker. Suitable |Iinker groups include
linear fused aromatic rings (optionally substituted i
pratrugld dintoi d.hetpmesh ethersby yatherr aeducingghir stznop mModifgivie niieir surface
the two. | inkages to the isocyanurate rings diagonally
Cheé'ﬂlﬁgé ?(ﬁﬁe gnot her (e.g. naphithal ene-2,6- diyl,

antrhe p@%o@ﬁuﬁﬂté’baﬁb@mbnsaefﬁét& thdorda| €gl 4 météiecsr a metal oxide or
groups include L4-|ink;ed chains of aronatlc rings

SOI{!% qgper pnefal salf ony thy wally b daei pores-nljgnay qomATiesh meaeRarticles of the
me'EHT %Péc%@léﬁltecfiﬁﬂ'ﬁ@ bfes! It @rﬂly‘ éo{r@ﬁ%@ thd Iﬁeﬁg;kgﬁgﬁﬁt b&d‘.h 3Sthe walls of

he carbon ato in the posi ti1 oXl
theemhs a@msmanoaanmSulecmdqgl |tbe pprﬂseahc oncial species may be catalytic.

Thle %8&%1;5}%”%?‘%? J}faﬁgnlp ¥e HPSUC ao Ip 1r1r11n|1 Oy tglaﬁi or iron. The metal oxide

pOSI are=

malyi ehaaoxl 1dé of 'any long bf)t]qasﬁﬂd & &04-

R TR RO T £ I L

bxsidocyéﬁﬁfe 06 04! PS-hBRYoRE1i € ichibef O QUHO) afol Ysufitdsk i d+Hee8nd at sufﬁment
1 4-phenyl ene groups or optionally substituted

tempeats; ipreanpvegigupishe phisosy AREP 1 suplyisecyanaate.
POyl %@&%Wﬁﬁ%%é‘&\ﬁdﬁct@d LS HOAEs 85 a 1%161& 180%UR3 about 25 10 100, 25

ol Nt n e two' I socyanat e roups In e b|S|SOCyana
to S 104 mkl@onhdsp@rﬁom; Ay ertabout 27, 308340, i, 50260, 70, 80, 90,

h fr e ore n.t he
10§ F{/(fsc%ga 3-Jr?atl é ﬁ’\'ﬁyl n‘rt%? %I from"aboyt; 1 hppur to about 5 days,
depmidtﬂood»hathb &eﬂhpeﬁ&&ﬁ&ndfthd ha thre rdfethe Pidstevankld Bfdi WHC, or about 1

ener al onger Lintcer group alarg
hoyy; 1 ﬂ'éfélﬁjé’t)mgg?]lgh mgt%%t%%%ﬂamgfmga%fl?ﬁ@ days, 3 to 5 days,
12 BloSits3OY ARPS 612 W 24 né @S W 4. ABodtar aes, oY, €513 Br-11B%hours, or about 1,
ol yi socyanurate. This % be nodul ated by side groups

u@qer (FROPETI AEMPFRbEre; kieg. nitrogen, helium,
ne®?’ &Son ! B?r e%)ﬁxﬁir@ I?)?ra.r{ve em Sr{;&%' fher o%e%tofn?h be conducted under

noci rfying their surface c
anipairgissoondniomat é"hnﬁyaontxmpnayeba cnradactted; pnaca saled. \@ssea Thus, after

coffif foe Froflo B8 Ve G B e TP e ol (or they

mabhte tﬂiﬁkiérr&pﬁﬁa Spatai€ atRél Winidhie spBseGentlyt sea@y>.
conprise, t he rret%Jp sp eC| es. both on the walls_ of the

poleBa¥nbe Fenduaicsh i ¢ iselveRt | beapelyenhme depypeanurHy anhydrous. I

ma@‘%eadnea) Eﬁb? fo HRYinlRe F@a&@éry t1tGnay'BE a%iv@ht %Xblfﬂof)f dlssolvmg one or
exanpl e [ at 1 num or pal adlun1or gol d I ron.

MOoFRt QPUQXIIaHﬁ Ay de then reagents olﬁseénylton@yofb"t heselveet gm which the

polﬁas&%%%lunr-aggkg g%ﬁk@ﬁ?&fﬁn Msglgx £, of or ! ﬁgmp g%?c%n {he %) Ei{f‘ltsb%urate can

y €exposl I'SI'socyanat

prefifimtece daayey be anasdrete scﬂM:Kt‘,) If araysbé hippilandolvieane Itamdy be a dipolar
aprottlc solfxlfé:r{tenltt may for example be dimethylsulfoxide, dimethylformamide,
hexamethylphosphoric triamide, hexamethylphosphorus triamide, propylene carbonate,
ethylene carbonate or a mixture of ans’ two or more of these. 'Thé reaction may be
conducted under substantially anhydrous conditions.

The bisisocyanate may be a righid isocyanate. It may hawve a rigid molecular
framework ) oining the two isocyanate groups. It may have no ﬂé)gible moieties between

the 1socyanate groups. It may have a stracture such that the two 1sOcyanate groups of the
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tenperature for conversion of the bisisocyanate to the

pol yi socyanurate. The reaction may be conducted at
wW@bwmat33% t 0 about 1500C, ox about 25 to 100. PSI/$62069000134

50 to 1 50, 100 to 150 or 50 to 1000C , or about 25,

30, 35, 40, 5, 50, 60, 70, 80,890, 100, 110, 120, 130,

140 or 15Q0C. It may take from about 1 hour to about 5

days, depending on the tenperature and the nature of

blsidaﬁ;yahﬁte&@w afled oABALMNE rePitivalie WacH ofher!! Ittrﬁayabé’ldﬁ afomatic, fused
. 1to 12 hours, 1to 3 fciours, 6 hours to 5 days,

amﬂlaéc 5 OF) alyaferogropmpatiy &é;@ocn@arfeuﬁg ta pydsjme (fiisppyangte, a furan
du%ﬁﬁ’ﬁfcs § %)heﬂ?lgh’et 1d1égoa:g§.naté - %k&ﬁa%gigflﬁ%&fﬁnate or a

yS e con
blpbndefrldlmcymet, eat:mtsphgr@tmmayy smhstlm@nmhaldluom to the isocyanate

0 [ . ur e _qof .a two _or
& lﬁ’%g/%%gggg% GUC un er %ﬂ%%r%v sls%cg %rﬁgps ﬁedlsmsed along a
comaaot i axis. rrﬁhusbéor: eramqilediti hag bead elVéde@ﬁ‘y‘skehe dilsé8yanate, a 4,4°-

bR RO R et PRPORB G By BRact Rog AdyPYibediisocyanate. The

potef @m&f@fr ﬂﬁdpdl?ls@cyfiﬁzﬁér ﬁia% e 86 Blastif bhrf Rdntrolied by the nature of the
subsequent |y seal ed). may be conducted in a

bisiseperanatic. forecxaminie AY tﬂn@ydlﬁ@n% thstvagani the ItypvaatppaaRAlg groups thereof.
Th tbf&?%c?ﬁlagé' g %oﬁhl&%é@ﬁbhﬁu{ea eaddﬁi%ﬁglgpto Jd{e {B¥vanate growps.

e a solvent c e of disso one

The pﬂl'lhstlaiehp(s)atnlay foxf eﬁampleebfg hah&su(&@ F, @l rﬁty dnel@xy (e.g. methoxy,

sol vent in whic cyanurate i s substantiall
et b or IO A B P RRY B SRR iy dpge Bifire far'one of hese
as FuesstRicngd. eOther tmﬂ@méﬁs aerncﬁpwtzu A -BethyRAlebid(bhéBY B6cyanate) and

olgr ol vent a di pol ar aprotic solvent.
tol?][é) chgxfso%);@gﬁﬁ Welsa %ﬂuﬂgt m|p§¢m\.fchp%porous polymer products. The
bistHHBlaR¥ief BERINPEse R@é@%&%ﬁ@@%ﬁﬁ@?dlﬁe& rtbaMifer croup. The linker

hexarret hyI phosphorus triarm de, propylene carbonat e,
Qr%ml ;naéf asaiepuhedsabierafonihet mlewg@vaamraye t oomay bewierved therefrorn,

{8y, d :
subst ant | aInFy anhr?gnous lc%@ln tgl g%&?%ﬁ _lgflg%zgyglde?e It may Be a
1. 3rdysubstimtad fg-uxdldazoiglyéeat dt niay eay ditgydsoiea idazdlgiidene. It may be a 4,5-

ecul ar franme ni ng.t WOISO
iR AR BTN, v el NP R AP e Jhamay be a 13-
disuBReitacdues -gihodRimidaizol@yyiine. Thetlr ued B %usstﬁbeﬁtb qbf either the 2-
i socyanat e ]groups of thebi sisocyanate have a
lmat{ly@& Vigleng (s Go-fidpadrpipeidagolelyidencharay ke thgysamee. akhey may be
diffd ARt Tiey HA§ast ﬁﬂm&&uﬁfen&etﬁ{eoﬂ% be ster%callv stabilised. "The

b|S|socyanate e.g.. a pyridine diisocyanate,
Subﬁﬁ@@@tyam e b@npﬂiﬂé reghain elﬂdsrll ssibstymerts.cl heay maytbe Caltefdl2 branched

] ST B8, ORI OR/EN0 5, PR G e ssimens

»inognda pisoplbpy]m:’tyrtkimq&. bl Sl-chﬁiey}w*lﬁlfo@vl rntvhi c1h2 Qhetrhmthylpropvl They

| SOCX g?tlxtl%x [ O ér?a[n? ' IyS 2% [(Sl‘f-?g‘hgﬂt&% Rronsatic, They may be for
exadﬂ;ﬁ@fl,‘ﬁacﬁﬁieﬁlylﬂméiyl at 2 ,4,6-tr1methy1pheny1.

The NHC may be a stable NHC. It may be a polymesric NHC. In this case the NTHC
may be recycled for subsequent reactions. It may be a soluble NHC. It may be an NJHC
that is separable from the polyisocyanurate. It may be a monomeric NHC. It may be a
dimeric NHC. |

" The NHC may be used in a catalytic amount. It mxay be used in a molar amount
relative to the bisisocyanate of about 1 to about 10%, or about 1 t0'5,1t02.21t0 10, 3 to
10 or 210 5%, e.g.about 1,2, 3.4,3,6,7. 8.9 or 10%.
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bi phenyl di i socyanate, a 2, 6-napfat hal ene diisocyanate

or a 2,5-pyridinediisocyanat e. TThe pore size of the
w@eiogilsdeganat e nay be at | east in part contr oPCEEGHNI000134

the nature of the bisisocyanate, for exanple by tihe

di stance between the two isocy&nate groups thereof.

The bi si socyanate may optionally be substituted

additionally to the isocyanate groups. The

SUbEKeI teaetiér SaynRyonipHse etha e ob @e@tdtiE@Sthe ENHIC. FTheONHC may be

, or al koxy (e.g. nmetho”xy, ethoxy) grou or . some
geaméqd Igr%tefpghwwrﬁ@ybbes%eé@y@rf@ﬁ@ ‘iﬂhé’\? Bas gied ability, o is

urﬁfabkh I€m3$ &%ﬁﬂﬁ?%k&k@?t@hermﬁgﬁguﬁﬁe@ WGBiIRS, or is unstable,

- met hyl enebi s( I socyanat e
untdct yheereectzoxﬁcqndﬁmy arsed donmrabingabedpolyisocpatucae. The NH.C may be

mA& i uegﬁf V\ﬁoc%rygegho?{ ?gﬁ‘l p%or-rtrc])eco f’)' Soc¥ta%a’ﬁleg1nai¥msocvanate The

cConpri se socyanate grioups
regetimmpmail be dohdﬂcﬂedrwghmnpsdﬁayoxhe)r mmeacpuﬂi)ﬁchtﬁa[ bf e NJHC. Thus

therﬁﬁ{(rtq ﬂ0|¥ soc%g\nur or }ér?g% (?%r,v gé! ee;egcourgn . ein
order t3icAavat ﬁielb@hegseydﬂater@m@ﬁslyaso %&@aﬁeu bsti tuted

2 i m dazol yl i dene It may be a di hydroi m dazol yl i dene.
t g/ NHE may be seengraigd) b&s.e@@%ﬁw {andendazoliumyepjt t9e hpse. The base

mév Be di b Yaleirf 4@81 bﬁ é’fkdndl'?&é&?hhf g@yﬁ ki?nﬁly]foi?’%amp]}e e hydride

di sub>stituted 4 roim i den
(eagn dsosiublsthydmm s I(thM| difsopraofyéanfide, medalznbxalda dene potassium tert-

h , 5- m 0 ene) ma e .sane, '
bigga o S RL PLRRAC Hats s, RBE A by Sirbtl PR o lar amount
relBhiee W(helTEIHCber hey bealstd uﬁﬁ abgﬁtlrﬁcsthr ekbe€ssselpsidst HRaAtos about 1, 35,

substituents,  They may_be

b

' hed ctiain al k)
1@¥ 3@% aéﬁt‘fﬁ@ﬁs iTRact owpavslepogpp Wi i a éolgentc"ﬂge Same range
- oftRIvets ify bOusdd s @bschite@ abBve %%'thémoﬁvé‘x‘ékb%t st e 'F)’is?sogvanate to the

i ncl ude i'sopropyl, tert-butyl, i met propyl
palyisocyanyrate. E'hetrﬁypfpmgw bﬂcnné}wtgd: tﬁtabpuéatt@ aheyt EC, or about 0 to
'75_?Q)C}H@b' Gt%fb%yto”%f f@ 023(8"@ téléIBStl'Ot#)t% %m§°tc e.g. about 0, 5, 10,
hey exanp eny

1220, 85 or Bﬁftﬁ feyicdyebsy bond%&dhﬂd@atﬂaysbab@t%abhmtéﬂblﬁ} atlitaast about 1,
| thi t
Ly 8 el BRI R i pRuc hORE BT pbai T % TEihy b 1o 52109

orNHG. 3 hbursey/g. b®doan O HC 1that 2i55 38 @ar4ahbeorf 5 abukhe may be conducted

pon socyanur at e. may be a nononerjc NHC. It may
t{?ﬁ FRIPE CFAREEC. Ofrﬁgnﬂﬁ%eh?éyasoée%éa?%ﬁb%wc &Rrathp P@Werswn of the

blﬁg@é{ﬁhate b thePh&Vyi fyégﬁﬁté Mt Ehaf A oATRYEY uﬁ@ér@idh‘ﬁ@roh? conditions.

“bi si socy anat ® 0 bout t 0 about 10% or aTbout
Thﬁbsqivenl may bz dried befoge use trbthmr@aranom of 8w NH(g Tbabmrtazohum salt

m%%%%?% énctlge stl?a%l Co'? LEERer a?gil ng %ﬁé{;’ﬁ% Ilﬁxﬁegﬁlglézﬁbni}dazom salt. It

mh:yebgerle’i—éisebktiitmtesii Z-timldﬁlzohll pay/ Ihaaysl&f zuthhiydrcnm@olvl sal t. It may be.
a X\g (Elﬁy JHal_zlcolg Ssaft fp may b§ taa ldiﬁ)ydro ciazol 2-yl salt. It may be a 1,3-
disubstituted 4,5-dihydroimidazol-2-yl salt. The 1 and 3 substituents (of exther the 2-
imidazolyl salt or the 4.5-dihydroimidazol-2-yl salt) may be the same. Thaey may be
different. They may be bulky substituents. The imidazolium salt may be sterically
stabilised. The substituents may be branched chaim alkyl substituents. They m ay be C3 to
C12 branched chain alkyl substituents, e.g. C3 to C6, C6 to C12 or C4 to C8. Suitable
substituents include  isopropyl, tert-butyl, 1.1-dimethylpropyl and 1,1.2.2-

tetramethylpropyl. They substituents ‘may be aromatic. They may be 2.6-disubstituted
aromatic. They may be for example 2.6-dimethylphenyl or 2.4,6-trimethylpheryvl.



10

15

20

30

unstable. It may be useful in cases where the NHC has
limted stability, or is unstable, under the reaction
weoenditsisaths used for making the; polyi socyanur BEESGH0®000134
NKC nmay be 5 nade i mediately, or a short tine, prior
to conbining it with the bisidfcyanate. The reaction
may be conducted w thout isolation, or wthout
purification, of the JHC. Thus the NHC may be :
geDeiriag atheafehetibe i Rinmoty apatyisagafttat, tBE rtaétib biifture may be
reaction mxture in order to convert the bisisocyanate
agigteq |08 1 ENgY Rsc yargifaiade It masy NMcvigyosly geralrd®d lhymay be gently
agi@fROSTHeCa QitaBor, IfMsd8ZAlal WHrSBlite SArrdhD i ghé:orfﬁﬁﬁné?, mixing or
may be a strong base. It may be a non-nucleophilic
sorgg gther formprgf agigatingcanpl e b e hydride (e.g. sodium

hydrd de) L thi I.Lsqpr . d - hu i ' o
(eggs . %gogélgS§W£%tEug of?%g%)ﬁly z%sr(r)ttle&g% hglr ttfsgg(uis%glgfﬂg used i its

prdsiaseon, thendyaprecipitaye remuthe deacti@bmiktue i maly de adivnigeous to cool
relative. to t NHC, or be.ysed in a.slight _ nolar

o a e HRigkind Flichvinh sl Eolpb of th reacton Ty fgdime subsequent

maiifpuddtiof X6€Sthe rEACHGE ACIKNA aFRY Ny TR Pfecipitafion of the product
spl vent. The_sane range s of solvents nmay be used as

POlYESOLYATBE-Ea IO PTFOPIERE PESIE AL pegfepaiied from thee reaction mixture,
e.g0b§ | SARANAIEIdAnile ROkMaRLHY W&&h‘?‘fu&éﬁ&é r'b? gg%(?ﬂ% other suitable

may be conducted t abcdut O to about 30

- mehpd2 8t m@st themobe vasbed BvithOa t wadi0 solvent Sud@ple2@astn sebvents are non-

Q .bout 0. 5 10 .15, 20 :
soi3thes o g ofebes ot o TRRG My Yor Eaplille O of the suable
sol3éntridasctifised abbovat ad beiap saimivie flor the Feautiod iwelff 6 tBéy may be some

oﬂ%? rgui{aag%%t)rga'n?c %&g?x?t%%{:l& g%gg&g}%lé&g E oa gg{hlgr:o?cg}n;_ c%l'ethyl ether, ethyl
acélit®>¢than@ 15 methandl 65 a domBindti OB of 3n9 twh ordndre @F HRROYHS product may

It may be conducted under the sanme range of )
be eFedhasorfes 642 Bedl ‘Mo veimey. andeaely wagrg spapfindependently,

usd BewhinfsS OYARRt R ?}& 1iB& QQ&)Y/ES g6y %QH:B.? Ethel SrodB¥%t Bay be washed
conduct €d under an ygrous condi t I ons. e sol vent may -
sudgessayelie WV HEf glimethsg farmamelepr eppchiatonmthafe tahé ¢fHEr. THodlowing the

Wa'slﬂ]n %9 1" u %%g, DBYL&P" ?AS oa{]}gbt 8_ ! Qe NG };et "HX‘(b.e. in a.noveh)
SHDE R UAT ey e dned LIRF Huada0S a5 gleyatsd [mperare (5€
at b temyerixre df; &cgitsiﬂ)lbﬁalt atiout e P Bt d&g@ﬂ 50 t¢abo.. 1100 w8l50 or 80 to
di hydr oi m.daz aLt. It may be a
12 B TSR e e D1, o gyt T00mBer, or e

thah MR 02 20, 18- ¥t 15@Bhr. It inARbePERindied- indh SWEEH bPLEd e.o. air or
4,5-di hyd-toimdazol -2-yl salt. The 1 and 3

nitengR Of ¢ardvnsdipwide or pApixr e T2nYtwp g zegrp Suitaliie g@ses: he
4. ' i.g - 2- .he t ] o
g D Pare, AR&Rtied v 2lad BYARYs i o BB quaniurive

viekhef ithei petyikocyansmid based dn eisiservianate! The ydtldbhdaiysked at least about

he suybstituents -be by anched chain al kyl
80%‘&8%?:%%%%%@.“%‘%?@#e‘f’r)?%e C3 to C12 branched chain
aL Kyt pslybisdetanarts of thegpreserrttifivésionGBay Be Gdell foF §t6rae® of a gas, for

C8.. Suitable '
example%yclirogen. As the pores of the polyisocyanurate may be tailored at will, specific

products may be designed for storage Of specific gases by adjustimg the nature of the
bisisocyanate used to make the polyisoc yanurate. The polyisocyanur-ate may be used for
absorbing or scrubbing one or more gase s from a gas mixture. In this case the pores of the
polyisocyanurate should be suitable size to fit thé gas(es) to be scrubbed but not other
gases in the gas mixture. In some instances a mixture of polyiscyanuzates may be used to

absorb more than one gas from a gas mixture. In some embodiiments ™wo or more
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substituents include isopropyl, tert-butyl.

1.1-di nethyl propyl and 1,1, 2,2- tetranethyl propyl.
wabh@y/1315bst i t uents may be aromatic. They may bRCT/SG2009/000134

2,6-ciisubstituted aromatic. They may be for exanple

2, 6-di net hyl r>henyl or 2,4, 6-tii net hyl phenyl . Duri ng

tine reaction to formthe polyi socyanurate, the

reaction mxture may be agitated or it may be
dlffﬂféﬁt péllydcyarduratey hienyi @iffetsts|por@dizeatRel BE uséd i ¥onfnction (e.c.

tly agitated. The a.gitation, if used, may conprise
<f} 1] GTECT 1QIFERATA, B ﬁbeatopﬁ Gitferent grs TR sHmEXHEner

f OrAR &e ﬁcgyfsawaﬁgmté@est&?oeeghdafbaqg XRRGAEARS go&&mbbécum level,

i nsol ubl'e i n t'he sol vent us In 1ts production, it
then«ayluptee«@ﬁ Ppgasathat maphe almsorbed aindém seargd by & id corresporbingly relatively

corrp ¢ BIRAME Rl &flgg [‘ be nc%%%l g&ngqyn%ngcu% itﬁa{bé)w't Y% by weight of

hydrolzeagoreat tmahUup éloaB?/(o nomcatoul Neo adaat 3% norrabdutrietod)d to 5, 3 to 4 or

b facilitate preci ati.on f the duct
4‘%\/ i QoW r%%ga pr &ci pi a‘f éc?rpi?/r gﬁﬁe%%hydooen may be

stoﬁ&{)ai’[aﬂ&%téd ﬁfﬁsﬁﬁr@t&d r&ﬂﬁfcb@ RefipEtatire, Itemﬂay Rt example be stored at
settling and decantin filtration

abuin20 19 abeut INYbex: Ob?b%hég & REP: 2Qitq é%p’é%tqnmbar |§-g. about 20, 30,
4073, 566, Be, 9Gesh ?6?3% 1R Ra s RectOd % fﬂélow%&f%@)k’ﬁ ¥BS5dibw about 10,
SO vent S S

are nonsol vent's or poor sol vent

20,p$@dé|@t30 'ﬂ@eVOn&Q/ F0oor wa@m dheun fyto 610G aruibioabDeo -50, -50 to- -

s R LT I

80,049}h| nod -QOQEﬂI V%ﬁtabﬁ‘dhbhh dﬁ’ﬁoﬂﬁihby Ee lﬂ"@r &tingld 8@, baﬁ at - 7|8°C The gas stored
. oror.orm I et et her et Yy at e, ano

in 57 10 FOC@PD%I%H%W 5t FoiRassa anyil 1S i e ingisd ey beating thae
pol%o@faﬁdﬁ@é h&BNg BR ﬁﬁﬁe PBFR thhdBf RNCSa 15b18 terdperdturé The rate -of

57tinmes, and each washi ng may, independently,” use a
relmmg theo| ga6 nmaxs beleadtisisdd bab adirstipy rthex dppperate to which tine

oggé r%ﬁ ea?@ga g e %gt & Bor %@#e%f \ ﬁ&&g{i LByl of the gas may e

ane an Cl er | 'oW ng
achziasrhd nigy trhplapmgdt]net gam}byba sedoad. gdhivdighayhdse g gmater afﬁmty for the

evat ed rat an. ove at .
rolfe S TPt Fhisiatt Bl Bo dEnVEbhe Ymflving  roggm or reducea
(rela@ivOfd tHe ﬁﬁ}atq@ pl'és@ur@} 9ssude ﬁ@&poﬂvlsoﬁ‘&hmbl@te having the gas in the
conduct efd reduced pressure, e.d. _ less than abqut
PofesOHisEFol- dhe el Of isAS St e stns DaY be@df sigd fgapdivging the reduced

pre@ﬁiﬁreb@ &Hi@ﬁlﬂﬁ‘é ﬁ‘(ﬂyisﬂc 5eMvife 8 %es Rrlle ﬁ’drés Qfereof 1s exposed The
nitrogen or carb ioxide or a mXture o

gagrgnay g relgsised @as@éh rrhng ithe duperanes gnﬁbmuamv@e rmyssure under
W, c%ﬁ\ﬂléj Qi B ﬁﬁgmé f&g%ﬁ f Ona{)aleq lf%'?tekmg:%le\éea %@Es%cg%naxrate having

e po ylsocyanura I ' Si'socyan
hyah&ygdmestm:d [ dhset pabx;ﬂhbréﬁ%t SOrbaatat I-wétmab aelica@SsubSantially all of €he

hy or 99;@%{; ytlg%?:}%? nur g% gg@_{t OEPQ% %ﬁg&?ﬁye and/or reducing €he

pressure to about 1 Bar.

The polyisocyanurate may” therefore be used in a gas storage device or a gas
scrubbing device.

The polyisocyanurate may also be used as a catalyst. It may therefore be a cataly~tic
polyisocyanurate. In this application the polyisocyanurate should have catalytic groups in
the pores thereof. They may be attached or immobilised to the walls of the pores. They
may be in the form of a catalytically active substance suchy as a metal species, e.g. metal,

metal oxide or other metal salt, disposed in the pores. In this event the metal species mmay
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exanpl e hydrogen. As the pores of the polyisocyanurate

may be tailored at will, specific products may be
waele®ogsisde f or storage o f specific gases by adP@EsGHY9/000134

the nature of the bisisocyanate u sed to neke the

pol yi socyanurate. The polyi socdanurate may be used for

absor bi ng or scrubbing one or nore gases froma gas

m xture hi this case the pores of the polyi socyanurate

beshad foricofninbpltecied. ZRetsQbéthhcd M8y BRYCSSEe Q0 M pores by the shape
scrubbed ut not other gases in the gas mxture hi

of $herdorsss iR disdah mas be fer e}sarpehewaéle%m (< elatznym pr gold. The oxide
m#S6dirbR o8RROr b nore than one eas froma eas mxture.
- I'n some enbodi nents two or noredifferent

pol 4i eatdlytin (podt Iocyanuratg maﬁlf be emtdepdlye nwakines armylyhnecyanurate as

[ .0 order e
AT T TR TN e T —
berfotmed octhaporeatef dlespbﬂyxb@@ahefw& )4 px%dllblhﬁio@rdﬂryé‘ctlon For example a

or.ous. at lecul ar | evel, the vol.u of Y
‘pafjagopsioaged PUSHSORARIRLS Poy ke ByPaed; & g SPbitpafiadium salt

(elg€ bﬂﬂédi&llr]YaoGﬂaﬂi'D inkH @hd Poyds ST %I@&Scﬁﬁri@@ aﬁ@ %@Qdu?o to a suitable
of storing up to about 5% by weight o t%drogen or

terepe&aaﬂatfem suitablegume oA a@awcxanel‘c‘atfaﬂea@e withgr solgblgplatinum salt

ity e i’y B st b

rech}qﬂmg@m auyitable redt@dr@a@nt ehcévatsediméxmh}eiridad

re er at i for store
aboticho ARG B Foprele Pt e 507 viei1g8 2gatign of o saning
mﬁ@nﬁ)lr toda Groduct OlTae, co@dglon@hﬁuiucBQL re?&tloﬁomlﬁ@f cblrse depend on the
0, or | OQvar y be s ored at bel ow about

na&*g:o dhe B a‘ﬁo%‘ﬂtaéle Teachipn wiyc @p,yé;)@ caga(ip'seqld)y zggolwsocyanurate
hagﬁl(%oggalﬂlgﬁmoﬁ; the ﬁﬂ@éf’ihepec;f‘i’s a 39919(1 Qoug[ma l?@ééhog bEQNeerrig.n aryl halide

0o- - to -80, or -7

: andgg@@rvleb@omgb@gld Ol ypigally s@cxeng@olymgcvang@te .vaﬁ be mged to have

By o0 G R 0 RIS B0 1, 20
to ﬂ% yTlEcnt;ylm amatst vl polyésacgheaaredvititd epent .onTthe i;oaalmm pal ladium on
d by h ' t L | 1 t.e, h
RSB e ALe R L ey e il
grdéeﬁéleth@n fabotl8eee opbrehtte tRASS IR0, DS 0808951 ESk Bie taken to achieve this

ad{)u?ti gthte ((if?éatureto which tfcie ) )
mEBoPY IS PUt & A PlgleshElnagaksor 0.9 ndaysos-8sabie Oebfl. i or 2 days.

oteateshioRs! @aseoﬂi‘ertaﬁlpﬁﬁé PR e \ﬁﬁf'ﬁEheYﬁﬂspycatalysts that may be

repl aci ng thé gas .by a second gas wh great'er
imgnebilisedyin and/er) dneths apayres of fom @pb{t@qvenm@ter glagaaleel be Iqonducted in

L ——

bvpﬁ]u;alnsnc;eimng/alaah‘ang I’tg:ntrifaom ¢ta. It hayper easheidn e@dder to remove
The .rat e .of ﬁléefr_lease of the .gas rra be ﬁ%‘u'St ed .b

reségﬁxzﬂ Stp?tﬁaa]ts &fl.ﬁ?e\éenﬁ’r %@Q ng matenalyor reaggent etc. It

mPOHENSINC pasedr idh & fidsbdigent B&cﬂ@ﬁ C&rﬁﬁ@rﬂp%@& ¥1Eh&Obe a significant
IS exposed TTie gas nmay be released by both raisin

logspef ¢asahyue ALY Sk fs@zﬁ%vm} Teps Qfreheseatalysin@lgedess than about 10%

loss, or less than about 3, 2 or 1% loss).

The present invention presents a simple protocol for the catalytic s_vhthesis of
microporous and mesoporous polyisocyanurates. These polymers possesss robust
microporosity and me soporosity constructed from porous organic sheets. They have been
demonstrated as catal yst supports for Pd(Il) complexes, as well as for Pd or Pt metal

nanoparticles.
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which the gas is stored in the polyisocyanurate. For
exanpl e, a pol yi socyanurate havLng hydrogen stored in
wao b@opsrses thereof at 50 bar at -78C may" rel eBGESG2009/000134
substantially all of the hydrogen by increasing the
tenperature to about room tendérature and/or reducing
he pressure to about 1 Bar. The polyi socyanurate may
therefore be used in a gas storage device or a gas
SCITHibisBediyi e tHa PoPMol SAGYA tidieDebR ¥ymth&stzeB€ with rigid porous
used as a catalyst. It may therefore be a catalytic
n-‘3B‘t?f?rg1socyanurate In this application the

I
e
hetengenemss:@alym@ngmnegy applieationy: Ibepmulaxeﬂfem nm- pbeaf interest for
hyﬁl%g@h%{o&& !el Xnda% XIFII\%{J ?&ﬁﬁ? forH %raﬁg alic rr%({mall)les‘z(gf’t and metal or

oxdhsmmqednchsthe pores. In thiis event t he net al

spegi es maybe in.the formof nanoparticles TQF. .

o Ub BRI VEien, wet AtRlamefl g0 the opBEsS Of oIk igmed at design and
systhadi€ ohovElecoRaleds orghiR flh @wdfRy witd ﬁlﬁétl(ﬁféﬁ@%hﬁs so that the porous

Bsg%lladlumor pl ati num or g}gld The oxide nmay be iron
PobsmeIeProduciagam e desigrad, fos i padrsirad appligations n“ﬁ}efeprsysent specification
th I+BOC a [ n

R Qe RSy BOCKAL R pHERER) B IR i mesoporous
pohygsaglyapaksse somposed Mlth‘rmlidn catvenpenésnigrogert metvorks. These new

T L R A g T

heterc&g@hed:abbeﬂeoﬁdH@ a&t s@hlybt. ePpMéo@tfﬂhﬂﬂﬂﬁ dabe (@<t widely used in
I NtO

IIad um. acet t ores of
enBeRL e ARG B“)é’ﬁ’aleﬁé’éfi{}gs 3 Fiptenalf tpeqgpedog the  thermeal resstance,

flahRefaftabich fald achstiiéa- RisgstanBE. ckﬁr@&éﬂétﬁ:@cyﬂ%ﬁ&l? mMacroporous
| paded with a soluble platinumsalt o ed|%§ ati num
d

PObHFrQWWé}T%Wthﬁ@%tS@'“@WW alhasn besnmstugl akazu, S. Kapri, S.

| FO ORI, b d Wiptrh t gbl E?H? g
geeyntﬁguch aé@g%?dl g?(?n?bgf%tatgj\ﬁ d\gﬁ %u%#ﬁﬁ i 'fak% P9 Takeo, JP
209&%@&0?&6&) atoéaumaynb@pwub fand me&@bymlsngolmsoegamuram have not
e _condi.ti ons

d
hitf uc a s g&i’ h taWiE PPV%¥p9%%ﬁB£e§ % ?@tBBH‘éaQ‘é)HS e tWa?fﬁ’?ee"ted with these

nooél thiterialeacti on. A suitable reaction which may be

-cat olyis yanur te s havi ng pal ladiumin
eﬁiﬂg g"?‘%}er ‘%F‘ i 91 BSuEﬁl?a ABupPiABCGREHEYS off  Mmany important

traﬁﬁbﬁﬁﬁfbr@sn Hetknthal iide waRd 80T YinaPORIRES 8% de:fﬁmenﬂ\ catalyze
ﬁ B ically sufficient poiyisocyanurate will be used t
cy 8

pERLd o ispesentes 40 Aloont a 1pkapdr shemenbgrent heterocvchc ring
U‘?.%e LS ’Aoﬁu&pcp% 9. éogs]o 74780 %),LO gn/ °2%F)4 06 §6t7§)a 1T/ Bis reaction was

ual “anoxnt  of i'Socy anu?
adariied Ibpatien greséntpmlybxadrﬂ,lm smntH&mzp) qi(yomso pylymer alteewoﬂhse by replacing

si ‘ig‘ﬁtsoc%n“@é a’%kt”d%\égcwrgn Qs yIS% gx%e 01f ifn us {elsn at a ?Ddéjr%{:ls C/N organic

framework could be generated using NHIC organocatalysts. When rigid aryl diisocyanates

were used, rigid polymer frameworks were achieved. Several diisocy~anates (A, B) were
employed in this work, and various NHCs were examined imax the synthesis of
polyisocyanurate networks. It was fouand that the NHCs of 1,3-bis-mestylimidazol-2-
ylidene (IMes) and 1.3-bis-(2,6-di-i-propylphenyl)imidazol-2-ylidene (IPr) did not work
for this synthesis. NHCs of 1,3-bis-m estyl-4,5-dihydroimidazol-2-ydidene (SIMes) and
1,3-b1s-(2,6-di -i-propyiphenyl)-4.5-dihy droimidazol-2-vlidene  (SIPr) showed low

activities in this reaction especially for xnonomers with ortho-substituents, such as B. 1.3-
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0 greater than about 801 . or greater than 85. 80. 95
ot 98% The tine taken to achieve this nmay be | ess
wao bap/13dseut 2 days or less than 1 or 0.5 days, PET/§G2009/000134
about 0.5, 1, 1.5 or 2 days. O her reactions, e.g.
ot her coupling reactions, whidh utilise catalysts th
a.t may be immobilised in and/or on the pores of- the
pol yi socyanurate may al so be conducted in sinlar
Bistraishtyds, 5-Billyideoimi@azob dpF Bidren (SFBh) &howedt wery thigh activities for a
catal yst may be separated, e.g. 5 by fiItration,

vanely'qf; %‘g‘)%’é &nting, centrifugation etc. t may be
washed in order t o renove residual ma@l al s sucfci

as sol vent, [33 uct, unreget £ed star erial or
reagent etc. nmay t hen Besreused &%equent
reaction. Cormnonl y there will not acs i ficant
| oss of catalytic activity on a subsequent reuse of
the catalyst (e.g. |ess than about; 10% | oss, | ess
than about 5, 2 or 1%loss). OT € )present |n nti on
presents a sinple protocol for th chat alytic, nt hesi s
of m croporous and nesoporous po ocyanu These
pol ymers possess robust YEEr ,é@
constructed from porous or Ec sheet soa\nﬁbgy have t;e,exg,

denonstr at ed-as cat akyst sup orts for 1)
conpl exes ™ E1°l —as f or ST Pf" et
nanoparticl es. Th|S|sthef> st tine thate Oyt

pol yi socyanur ates have 232? sy
porous network. These n poly

et /@d"cer Fs”’qrtg of@\
i nterest for absorbent, gas store&ge °heterogen ost
catal ysis and energy applicati ons.n parti cuI , they
ma_y be of interest for hydrogen sfforage, and as :
catal yst supports for organonetallic conpl exes, and
netal or oxide nanoparticles. The presenfsjnvention
was devel oped in the context of work ai at, design
and synthesis of rkrvel coval ent organj Tt—r fxewor ks
with functional groups so that § ~ po %)L,QE’
product can be designed for thte& gesiired appli cal g
The present spegification therefdrk c,descrl bes tF ®
synt hesi s ang_g ' Sporous,,and
mesopor ous pol yi anurat es conpgy a Wi th T gi Tod)
carbon and nitrogen networks. Thegsg neW mat er i -gbvaype
derived by cyclotrineriza_ -tion O [ socy\an ’s«“@
(bi si socyanat es) using Nnetero F ) as
catal yst. Pol yi socyanurates have been WI d.el,’g/ used in
enhancing the physical properties of dlf t materi
al s increasing the thermal resistance,

retardati on and chem cal resi st ance char act eristics.
SchgmmedugtynthesivpbPHE-A and PICU-B

Typically, porous polyisocyanurate (PICU) was syntlzesized by dissolving 1 mmol
of monomer (B) in 5 ml of N.N’-dimethylformamide (DMF) in a pressure flask, and 0.0 2
mmo1 of SI'Bu NHC was added. T'he reaction flask was closed and heated to 80°C for 24

h. Thhe reaction could be conducted at 25°C to 150°C; a lormger period of time would be
needed for the completion of the reaction at lower temperatixres. Due to the low solubility
of A in common solvents, the reaction was performed weth a suspension of A in hot
dimethylsulfoxide (DMSO). The polymer product was collected by filtration ~and
washing, and subsequently dried in a vacuum oven. In all syntheses, quantitative vielcds

were obtained. Due 1o the low solubility of the starting materials and product, the reaction
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pol yi socyanurates with foam structure has been studi ed

(N. Masai kazu. S. Kapri, S. Hajinme, JP 2005213303,
wQe®s/131546¢ Hi deki, M Hi sashi, T. Takanam , F.POTEHEGW09/000134

JP 2003246829, 2003), robust m croporous and

mesopor ous pol yi socyanur at es have not hitherto been

devel oped, and novel properties or applications may be

o B B S B B B e ot
helerGRBEOITBIIORE s\REGEMHeYNHIC! cHaRy stk QB ¢hik Rade Milit @@fate onto the

erfficiently catdl yze cyclotrinerization of . .
polysugrynsteoss andh ¥natnate dhg ingwaratgiytic reynliys r Bapthadtoustae Fohiier-transform

. kin r re . _A.. Dua J . S J. .L .oui.e.

infep8 PR IR 55 tHosdoni pgo\iadh 4 fined ool pibivityrBg s progress of

isdeyanhdi€ conegaot tonhePobyrfier Proauer ARGk €l BiIvodithePslon@Blibration peak
networ ks by replaci ng sinple isocyanates with

of dhdcyanajmphitess ~ 33Ae pm 1 This Resk disapreamed tin hqyBAJUEIRARetrum of the
po%%rgdrgdlyé fﬁé\bﬁfkvﬁﬁﬂé gng‘lﬁf o&ggﬁﬁ%&féa 4ot 8 d\l/\lg rt% the presence of

ocat al'ysts. en ri i socyanat es
the) G (ON-gedum oF-ygae 2f iliaseaes ke PFTTRC bpeteth oSPYEUBB synthesized

di i sgcyanates .(A, B) were enployed in this work nd i
unggr SERIGeR s ﬁe%.mlﬁr@atrpcmffem@ymﬂ@}éﬁlggwf PICU"A materials are

b RS & r : h 1
cIBSAETEY SRRE, ISR Sl DN (IR 2 OHHPICT-A
syhthefized (RAG- static- pomdipyhsp tbeydolymerd Azuhed ay bradelmeal structure on the

| Pr) di work for.this synthesis. N .of
submigrlp Sedlec R PpFiatng st wh PO HOPENE SPBEyduct Showed &
m&%cﬁggr,egated and condensed structure. The morph ology of PICU-B could vary from a
L3-bi's-(2, 6-di-z-propyl phenyl) -4, 5-di hydr oi mi dazol -2-y
partigpdaie-bessidPsuchuoe@igusey 4edi 10 e eayomy néiwork diigurorf(c)) or more
especi al far noner ith.ortho-substitaents uch
cofBet Pstnlpa® TRURGT" Sl ik BTAC b ST Copuflfohs.  Toemal
gridinedit) asd e TG LY hdidagdd tat thél iehesek atrustard ef theQfolymers derived
nmononers. Schene 1 : synthesis of PICU-A and PICU-B -

remained s12ble unior 309° G &rigigodyanurate (Pl CU) was
syn Sy . i 850l v 0 . 4 TN
of TR AR B 220008 MR A bnibBhsdele Beliibility for
C 1 JISY 1S BESS g TSOWOou. e aifficult 1
redialliGatibmsuithesis S dBustiNHae bolckd chr gbhre pedame 1d be difficult if
fl ask s ¢l osed andncg ated t.o .80QC for .4§ rxe )
nof dRPPFSHNCc ot B Ea%att@p By ryiegae /N g‘h"&éerwork products,

buP €8id0thadhod 118 Y0itHe BR&HGSASHint Opo 1 1ReC HRRV &L OTHRS sigmificantly
the reaction at™ | ower tenpefanxres. Due to the | ow

dismtierod layeyedoftriacture elopotpisosinueriesswas hBustesaast botrangmission electron

erfor i .a_suspensi.on A jn _hot .. . .. .
ForsoryT Gath 55 B BREGS W0heB! 1) bR srimgrsongh gieid orgamic sheers
b loaBt eficby tbi fiintigdd SiBe,ahndd siaRdd it dadétdd SRS REIE BEithy short-range
ried i n a vacuumoven hi all syntheses quantitative )
orgergng |1de interlayer distance of PICU-B was estimated by TEM to be abouat 3.57 A
This value was slightly larger than graphite (3.35 A.), and Yaghi’s COF-1 (3.33 A) and

COF-5 (3.46 A); this might be due to the twisting between phenyl rings and C3N3 six-

membered rings (M. B. Mariyatra, K. Panchanatheswwvaran, J. N. Low, C. Glidewvell, Acta

Cryst. 2004, C60, 682).

The powder X-Tay diffraction (XRD) peaks of  PICU samples were rather weak and
broad, and difficult to index (Figures 7 and 8). It was interesting to note that the partially
ordered nature of PI€CU-A and PICU-B was fully reversible. When the polyrmers were
immersed in solvents (e.g. DMSO and DMF), the X' RD peaks disappeared. Upon drying,
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were obtained. Due to the low solubility of the

starting matexi al s and product the reactionwas
we@s®ensisaé | y conducted under a het erogeneous PCT/SG2009/000134

c-ondition. Unlike the conventional heterogeneous

catal ytic system the NHC cataléysts i this case m ght

m grate onto the poI ymer network and initiate the next

C ti.c cycle. toa ic Fourier-transform
thg %ﬁﬁéﬁ)&%}w eﬁﬂﬂgﬁﬂ i éfl%@%oﬁ}at POSFREFS dighti g ¥ecpecame swollen by
abS&bidthe Ofo KRR ﬁ{?)‘iécﬂﬂast B4 Fh ﬁ%?el‘gf hhw ?é/s?%ﬁ'&&mal order. As the

conveérsion t o the polymer product. "Fi gure
sobenomgs wrhoatd.ahe [aekingf of the cmudﬁmemiodhl aetw@ Jager 1nay therefore

Th'b%ﬂﬁeak di,sa ea]g“eid [ é ETIR sgggé%ngggcﬁ

170phe rnalunt:»e ah@ &@s@}v e&emcngt hed -MEWN-wae OléBnﬁrmed by N,
Figure 2 illustrates the PA-FTTJR spectrum of Pl CU-B

adgqmtlﬁ@@azlﬁému Aderasdiptbesigeh pedymaiers wers, depagsed at 120°C for 16 h, and

ﬁftpoéa{i géfsﬁ{p%gga%orﬁ%rpsgﬁgggéf/(aﬁécﬁp f‘gpn?&?y';%ns?:owed an isotherm
ty;ﬁlEzlngf e Iﬁl):rth@ﬁs E’h&dam(mmé Wit heﬁaszs Brunglers-Ea aldtCTeller (BET)

conditions, the polymer formed a branched structure on
suffage &gpAf ¢ O é%amdea PoVReYPEmE PEBEP P 6 {gadvhidy WerenEmeh higher than

mé{ﬁﬂ%cyozégense gltsr uct u%%eé%g\r/\%%yol 0g an ew%gg{ C%—Q Eeg‘mge of many

micmplotousazeydliteso and cpebohs.c Hbate-cbaPEAUSB rwast lese poFawgiae compared to

VARG OB U8 and PiDh et el BbR o LR, N. W Ockvig, M.

0 'Kee%fé L0 NIRGEL] eNM. YRERNBL: SHBVOMB! 516 AR8): ycﬁsscould be due to its
(TGA) indicated that thé networ-k structure of

showirgmger erdgwr dndeslipmeduongenic sthedsite thep lteeulﬁ@iolrﬂébr(lﬂ]gmp@smble pores.
PR el BB 45 (8,808 Rt S0 L B i o

Figyret h@s:ms 1@6th@frbi}5tﬁ| %h@&ioﬁﬁﬁé&ld eﬁ‘xe@d& ©f POLHERIS (from r-plot

woul d be difficult if not inmp | e he i nventors
anglygishorithean average geeydiemeiss aﬁ (@pm EFE relggleoms).
TOd—Pﬁé %ogg:g Igh ngﬁn %rEeﬁ H 85&%? gl%é%' l.lén %Ild mesoporous
pol ymer "net wor S|gn| can ayere
nesworlic $tricar 16 amdl gsbsmmmu rfﬁﬁeﬁomsmultsl UHIeR atelld bye targeted towards
ansn1SS|on el ectron n1§$oscopy (TEM (Figure 6). It
app{;*cattwaa g chdragen; staragsoadrorherats sl hert?r@g%rlw &wtad ysis. For example,

PI@T?—@ SadH80EIPR ¥s & Za Fd\}mgtsfqlﬁgbrpf&qgetﬁl gcﬁnp@gg o}t&féf@qlanopamcles

in layered structur ciort-range orderin
Pajlladian] agetate ahd PAQTeBowe| 0ixBd viasDNER ambtsadedynt TIﬂM(I overnight. A

veljfpRr¥ier PUEIGYTE D WE At dae Birkiot himd Hha drving. The
TEEubve(o¥ BE/PACU-B Swith 8Pl 108 dtHécott ol € nibBé ierhowré in Figure 11.

bet ween phenyl rings and C3N3 si xmenbered ri ngs (M
Whenvthe \ssnehkesisk wapaprsframed hias WaMS0. & blapk p_qwder CPd/PICU-B-2 was

obgulng Weﬁhémo/'\ﬁ&% gﬁ’eyrs'educf2 (910 f %&I)6§02)Pd(0) nanopartkcles. TEM images

showed that there were no palladium poarticles in Pd/PICU-B-1, whereas many Pd
nanoparticles of 2-3 nm were observed in Pd/PICU-B-2 (Figure 12). Both Pd/PICU-B-1
and Pd/PICU-B-2 demonstrated good activity and reusability (see Table 1). Pt/PICU-B
was also synthe sized by mixing PICU-B and Pt(II) chioride in DMF a‘t 80°C, followed by
reduction with sodium borohydride (Figure 13). '
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that the partially ordered nature of PICJ-A and Pl CU-B
was fully reversible. Wen thd7pol yners were i mrersed
in solvents (e.g. DMSO and DMF), the XIRD peaks
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absor bi ng sol ven | ecul es, y thereby_hay,
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t he packithg of the tWoO-di mensi onal bage wor k Izﬁ)‘e may
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tion analysis. The as-synthesized polymers were
degassed at 120 OC fo g, an Fr nitrogen
adsor ptli on i ot herms were col | ectdd at 7BXK. Pl cu B4 99
stiowed an i herm tg@q;' of | ¢gr\opor ous materi al
(Figuré& 9). ?\% has a Brunaﬁer-ErQth-T@Q er (BET)14 98
surface area_of 569 nﬁ@zgﬂd a ol une of 0.355

cn8/ g, Swhi chBuere nuch 1f gher th ny 18yered 14 99
material s (e.%.graphP dc!@@_ nd were in th_e

range &f man¥ ni cropor oud zeol it d cadbons. 14 98

However, PICU-B was | or oxi%ggonpar ed to

Yaghi ' ® COF- 8 (1590 n2lg’ and 0.9 brvg)8@A. P, Coflé, 99

A | . Benin_ T\ . W g, Q Keefe, A J.

Vat zge, O Rl YaghL ce 2008, 310, 18@6): this18 99

could be due to its short-range ord and sl i pped

organi ¢ shtegts thatBrT@/srU?rt ed i%j@ i nagoessi bl e 2g 99

pores. PICU-A showed an even | ower~surface area (45

n2/ g) and pore vol unx 207 cmigg) §Pe Figure 10 for

i sothe®m) . I B was domi Mgted by mesefores 80 20- 4 01& 12
(fromf-plot analysis), with a n aggrage pore di aneter

of 22 A (from DFT cal cul ations). The novel nmaterials

reported herein possessed nmicroporous and nmesopor ous

network structures and isocyanurate functional units.

They could b e targeted towards applications in

hy daddepical e¢azton caddachrnlss aitb] et RIbOGRELOY equivalents of CsrCOs,

L5 faraons g St Bl R RO e B Ao P URIET -1 B PAPICU-B2. [c]

Redi41e@ahdalyat.es. Pal | adi um acet ate and PICU-B were m xed

Expdribn1diSkeibh r€d at 800C overnight. A yellow powder.
Pd/ PICU-B-1, was obtained after filtration, washing:

andAlr salvents Bnd Ch@fnicals veenf uBel] Bk @btBndd \i-oim aomehercial suppliers,

| oadi.ng of about 1 | /g is .shown jn Figure 11. Wen
vl © ﬁ&ff%ﬁiﬂ&%%@he t%@&i%‘@lﬁ@&?ﬂ&gm FERVBRlaters tsed for the
set | iog/ BF GeaBichsWaes SR §pLetrd &Stk t fdgrdet OFR t hﬁ,gl_r_ilab FTS 7000 FTIR
reduction o f Pd(Il) to Pd(O nanoparticles. TEM

sperirggeaser equipped with a MTEEC-300 photoacoustic detector. TGA was performed on
Perkira-Elmer Pyris-1 Thermograv-imetric Analyzer. XRD was performed on a Philips

X’Pert PRO Xéray diffractometer with CuKa radiation. SEM images were obtained on a
JEOL JSM-7400F electron microscope (10 kV). TEM experirments were conducted on a
FEI T ecnai G” F20 electron micros cope (200 kV).

Synthesis of PICU-A. In a glove box, A (160 mg, 1 mmol) was suspended in
DMSO (20 ml) in a pressure flask, and SI'Bu (0.05 mmol) was added. SI'Bu was

generated in situ by mixing 1.3-bis-t-butylimidazolinium chioxide (0.05 mmol) with NaH



(¥,

showed that thiere were no palladiumparticles in
Pd/ PI CU-B-1, whereas nmany Pd nanoparticles of 2-3 nm
wowee/1stsger ved in. Pd/PICU-B-2 (Figure 12). BopdiI/SG2009/000134
Pd/ PICU-B-1 and Pd/ Pl CU-B-2 denonstrated good activity
and reusability (see Table 1) 18Pt/PICU-B was al so
synthesi zed by mxing PICU-B and Pt(l1) chloride in
art 80C,_ followed by reduction with sodi um

Of3rwmpdt it OME Qupemifortah, efore Smnskerrmgn thrreaction flask. The
t4 I, Pl t % Re a
285 1, X o, B iy A 0y AU s
collected by filttatneh, ashed vattbDiviR | CIa{Cls ab tatldreand®dried in a vacuurm oven.
equi val en C3. 1,5.equivalents OC 6H5B 2.
ittt R O?E}Ei.%“%ﬁ’/%r’_@aﬂ% 1; B Pd/Pl CU-B- 2.( OFZ:]
Recgywdidsic 8 PI0BLB. B RENLIEBLAIB 0L AnlnciPlue st§olved i-n DMF

.and chenmicals were used as obtained fromcomercia
(58 uph| Inez prasanre stask.hand\SEBu (6t lethmdly wawratedtin syl was addeed. The

e BRRLS, Uk 5D Sk BB S 485 ! Rl 5SSl - v

- cold&ed 89 GiltratdR, SResHetd e BME qUH TS SndM diRerdahdl e 802 vacuurm oven.

phot oacoustic_detector. TGA was perforned on
Quagtifgtiye pigid of I N-B wep ebigiitgfay' i netric Anal yzer. XRD
was performed on a Philips X Pert PRO X-ray
diffractometer with CuKa radiation. SEM i nages were
obt ai ned on a JEOL JSM 7400F el ectron m cros-cope (10
kV). TEM experinments were conducted on a FEI Tecnai &
F20 el ectron m croscope (200 kV). Synthesis of PICU A
In a glove box, A (160 ng. 1 mml) was suspended in
DMSO (20 M) in a pressure flask, and SI Bu (0.05
mol ) was added. SI1Bu was generated in situ by m xing
1.3-bis-t-butylimdazoliniurn chloxide (0.05 nmmol)
with NaH(0.05 mmol) in DMF (0.5 m) for 2 h before
transferring to the reaction flask. The reaction flask
was seal ed, and placed in the oven at: 1200C for 3
days. PICU-A was col lected by filtration, washed with
DM, CH O and ether and dried in a vacuum oven.
Quantitative yield of PICXJ-A was obtained. Synthesis
of PICU-B. In a glove box, B (980 ing, 5 mml) was
di ssolved i-n DM (50 m) in a pressure flask, and
SI1Bu (0.1 mmmol, generated in situ) was added. The
reaction flask was sealed., and placed in the oven t
800C for 3 days. PICU-B was collected by filtration,
washed with DM, CH C 2 and ether, and dried in a
vacuum oven.
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Quantitative yield of PICXJ-B was obtained. d ai ns: 1.

A pol yi socyanurate conprising isocyanurate rings
WO povkaslisey | i nker groups coupled to the nitr OPENSGL09B00134

of said rings. 2. The polyisocyanurate of claiml

wherein the linker groups arel9igid. 3. The

pol yi socyanurate of claim1 or claim2 wherein the

| i nker groups are aromatic or heteroaromatic or both.
CMimsthe pol yi socyanurate of claim 3 wherein the |inker

groups are._ejther optionally substituted 1, 4- phenﬁgene

gr dups 2o POdYISPEYRIVISIe SOFMTISINE ETOYanULak] mewmkgd pdinker groups
cotpled RSP HkoBOR YRR G GicindNY ONE Of claims 1 1o 4

IS mc oporous or nesoporous or both m croporous
and. nesldpgraytsocganutite op olajmd omlarmn sheelimifer graipsmate rigid.

di
e DS ety S R WAl e

amnﬁata: > trdigter@@rdmatidoontibotR00 nm | n msan d| amst er . The
yis anurate of an of clai X
df RPIUSAGANYF %f&n ey %p‘@g‘%@g‘ &e tl%emrrcglps are either

opﬁf)milhﬁ sﬁ@sftﬁﬁltéiﬂdll Shhendent2Boas &1 & Qﬁ)‘doﬁﬁﬁ’}t es‘illbktﬁu@@ 4 4’-biphenyl

pores. 9. The polyisocyanurate of claim8 wherein
gTP%al species is catalytic. 10. The polyi socyanate of

cl a m Sy oh O%Sfﬁé&y%;ﬂﬁa@&%@én@@ﬁ&' &sclﬁﬁ?sal to rﬂa%ho{s %ucroporous or

met al yI socyanat e clai
megopenows or hdrth mraponoss pmdamempummspal | adi um 12. The

|p(r)|on o ana&fésocxaxbtfr Ollax\émx} ISﬁr&%vﬂ)gt lgc():"res o% alboutxf %o about S nm in

dunﬁd:tyn socyanurate sai d process conprising exposi ng a
s7| anate to an I\I-heterocycl i.c.carbene (NHC)
ffici

for
su tPPIVIROCHRRAE OT S18H; TP rilaims R Mg pares ofF about 20 to about

20@9,@/3{1%5@11(1%&@19 bi si socyana. t e to the
Iegyl socyanurate. 14. The process of claim 13 wherein

sufihegpelisocsaprarigtafr anyi enef radrplaibsul (@5 additimelty comprising a
oS8 o 4N A0 AT oA e
whéx ei MhehmolyidGeyauirats ef claim & wsdicediy theematabspcies is  catalytic.

10. The polyisocyanate of claim 9 wherein the metal species is & metal or a metal
oxide.

11.  The polyisocyanate of claim 10 wherein the metal is platinum or palladium.

12, The polyisocyanate of claim 10 wherein the metal oxide is iron oxide.

13. A process for making a polyisocy anurate, said process comprising exposing a
bisisocyanate to an N-heterocyclic carbene (NHC) for sufficient time and at sufficient
temperature for conversion of the bisisocyanate to the polyisocyanurate.

14.  The process of claim 13 wherein the sufficient temperature is from about 23
to about 150°C amnd the sufficient time is from. about 1 hour to about 5 da-ys.

15. The process of claim 13 or claimy 14 wherein the NHC is wsed in a catalytic
amount.

16. The process of any one of claims 13 to 15 wherein the bisisocyanate is a rigid
bisisocyanate.

17. The process of claim 16 whexein the bisisocyanate is an aromatic or

heteroaromatic bisisocyanate.
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16. The process of any one of clainms 13 to 15 wherein

the bisisocyanate is a rigid bisisocyanate. 17. The
wprweesis4of claim 16 whexein the bisi socyanat ePCBSGI009/000134

aromati c or heteroaromati c b>i sisocvanate. 18 . The

process of claim 17 wherein th20bisisocyanate is a

1, 4- phenyl ene diisocyanate or a

4, 4' - bi phenyl di i socyanate, each being optionally

suligti t Thedpiodesadef toldi t 7 t BBetedd AHANREISoTRRHRS is 1D 1.4-phenylene

The process of any one o f clainms 13 to 18 conpri sing
diispryagiaip 0bp gt rmplaﬁny}@spﬁérm egrh beimphentipnald mssubstituted in addition

'to%qugc%es t a sthe step of generating the NHC

conprii |ng a n imdazoliumsalt with a b>ase.

2 19. THbéeprowessf afy emy afndaimd 13 k@i SreothBrisim Pthe step of generating
intfcie NHCis selected fromthe group -

conS|sting of

, 200i s The Prydesd ob cthiith Y4 aiviigreaz the-stery bf 8&@Bfating the NHC comprises

1 .3- bi 6-
)ﬁll ‘p‘ﬁé‘s éﬁ‘&ﬂh}"nhsaét Withy ;a5€ni dazol -1 2-yl i dene and
L3'2k1| S- IThB rddesdodanll Shed 'di'élﬁﬁzg 10220 tht@ﬁln&e &?—IC is selected from

Use of the pol yi socyanurate of any one of clains

thg zregp eansistine off1.3-bifeme srg-4. Sts@by@remmqh@—xbd@mgu 1m>2bls -(2,6-di-i-
@f?ﬁ%ﬁ&lz r‘r%gr] Iﬁgxgﬁﬁ) dagéﬁd mgﬁ@enezénd 1, ﬁgqsou?,?{/f4%gc%h]ydroumdazol -2-

e pol'yi socyanur at

'yh&Mﬁns 1tol I . . Use of the polylsocyanuxate of

12 as ,a catal

o Rondeet e ¥18%°a?matsf°f§nét°aﬁf> Pl B 14119F gogpee of agas.

pr Qduct Ussabcbr&mgh@dlaﬁﬁw wm@@nwg@l@ﬁyc&agﬁlst arti ng
material to a polyisocyanurate according to any one of

ol s & 8 Sotagsilerier foTamesing (e PpiseFNRguLaES @é@awc@e of claims 1
toQfi catal ysing said reaction. 27. The method of claim2

wherein the starting material is an aryl halide or a

vi Af . hiise ¢& therpblyisecyrpiarate o ans oac Sfiglakis T tupgRiasg catalyst.

reapd OP\ }M@ﬁ#%defo? toﬁ&uc%ﬁ:%p orfea cﬂlogf Q%tarpu?o LA é%ln% a product, said

materi a ylsocyanura r|se§’ex
méthed saommnsmg wqioemgahldtmrﬂmg pmltqnask m:y pllyl‘sat}eanﬂiratdm:cordmo to any

1% é)? &‘igﬁr?s wahe¥<|e1g %gl LK ta?cslpgcxgsr 1s%a1\3/'(|1bq¥ oP c?art%g’smo said reaction.
27. The method of claim 26& wherein the starting matergal is an aryl halide or a
vinyl halide and the reaction is a Suizuki coupling reaction, wherein the step of exposing
the starting material 1o the polyisocyanurate comprises exposing the starting material to

the polyisocyanurate in the presences of an arylboronic acid or a vinylboronic acid.



