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2002 alone. The worldwide production of PET has been growing at an annual rate of 10 %
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per year, and with the increase in use in electronic and automotive applications, this rate is
expected to increase significantly to 15% per year. Interestingly, the precursor monomers
represent only about 2% of the petrochemical stream. Moreover, the proliferation of the use
of organic solvents, halogenated solvents, water, and energy consumption in addressing the
need to recycle commodity polymers such as PET and other polyesters has created the need
for environmentally responsible and energy efficient recycling processes. See Nadkarni
(1999) International Fiber Journal 14(3).
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[0006] The invention is directed to the aforementioned need in the art, and, as such,

provides an efficient catalytic depolymerization reaction that employs mild conditions,
wherein production of undesirable byproducts resulting from polymer degradation is
minimized. The reaction can be carried out at temperatures of at most 80 °C, and, because a
nonmetallic catalyst is preferably employed, the depolymerization'products, in a preferred

embodiment, are substantially free of metal contaminants. With many of the carbene



nonnetal lic catalyst is preferably enployed, the
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[0009] 0009] SSicadle inttial deactlpmn csyr;shersm isotatipneangychetaetgtigation of

s‘cableI cséqube{flltesI 1%9 Anﬁleng ./grﬁ%ecﬁg%relt %ﬁt(iﬁﬁ) 9 Am. Chem. Soc. 113:361; Arduengo

et al. (1992) J. Am. Chem. Soc. 114:5530), the exploration of their chemical reactivity has

become a major area of research. See, e.g., Arduengo et al. (1999) dcc. Chem. Res. 32:913;
Bourissou et al. (2000), supra; and Brode (1995) Angew. Chem. Int. Ed. Eng. 34:1021.
Although carbenes have now been extensively investigated, and have in fact been established

as useful in many synthetically important reactions, there has been no disclosure or
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stabl e carbenes by Arduengo (Arduengo et al. (1991) J

Am Chem Soc. 113:361; Arduengo et al. (1992) J Am
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chem cal reactivity has becone a major area of

research. See, e.g., Arduengo et al. (1999) Acc. Chem

Res. 32:913; Bourissou et al. (2000), supra; and

suggeﬁi’oﬁid@ ubcl &86dncAagealyth armucl gvphilicdiep&lftheridatiohQ2dctions, i.e.,
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tant reacti ons,
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catal ysts i.n nucl.egphilic depq t t
precussors o SactABPh ol PR ES Bl B BRI Fgptuorire of
formuﬂ@ft rophilic |inkages is depolynerized with a

eophilic reagent in the presence of a carbene

catal yst. [00010] Suitable catalysts for use herein
I thus i nclude heteroatom stabilized carbenes or
D precur sor R'te—giigh—easbenes  EFhe-[hbi-er64 om st abi | i zed

car benes have the struc of formula (I) (1) [R~

(~~)ymx E,,",. E2 [(L2)n"R2ly wherein: [00011] E
wheregmd E2 are i ndependently sel ect ed fromN, NRE, 0, P,

E, apd_S h | kuE , E.
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hydrogéif] hatefoaBigil &t thetroaliyl, £ and ?amﬁideﬁeﬁd&ﬂiﬂ/ 268, @N61E2, ?ah&faﬁ: selected
of El and E2, respecti,vel )r?e and wherein when El an 5
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heterohyd:l&rm@ mrmhlc][x Bbﬁmﬂf, &Ra irmochor2ed asahetemietpmsd ently
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substi t ut ed het er oat ont cont ai ni ng branched
hydroh@rbylo substitpted hejerbatomanEdtng hyadelesae b bo, hyduaserbivt, wyelae Cs-Cso
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hydrobabell aad ﬁmsﬁmfadaiewrmOrﬁsb@htamﬁ‘éc@i@ d1yO%, bgdrobatbyl;
gf0013£a and L2 are |linkers containing 1 to 6 spacer
[0001 ped br areilinlens epnfaining 1 tOs,@ pRAGEIAOMS, Gl are independently
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ene roat om cdnt al ni ng
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[00014] m and n are independently zero or 1, such that 1! and L are optional.

[00015] Certain carbene catalysts of formula (I) are novel chemical compounds and are
claimed as such herein. These novel carbenes are those wherein a heteroatom is directly
bound to E! and/or E?, and include, solely by way of example, carbenes of formula (I)
wherein E! is NRE and RE is a heteroalkyl or heteroaryl group such as an alkoxy, alkylthio,
aryloxy, arylthio, aralkoxy, or aralkylthio moiety.



[00014] mand n are independently zero or 1, such that
L1 and L2 are optional. [00015] Certain carbene
wae ai0aloyss of formula (1) are novel chem cal cpPOPUSIVAE041283
and are clainmed as such herein. These novel carbenes
are those wherein a heteroatomis directly bound to
El and/or E2, and include, solely by way of exanple,
[00016far ben€arbehe hreiisbB stitdble haitatyns reinsintiRlie ahshbBfuted a

h | kyl h h
meth aggilge,i{qu?g ‘Q}g Strag egfe rrﬁﬁﬁ%{PIﬁ ,rngpl’claléiiaﬁ%ﬁﬁs 1r?£}h%ls’lc(rgc%re of formula

(PID, %@Fﬁéﬁ%&%@ﬁf* h[e%ﬂlglG] Caﬂ'g ﬁ%gr ecursors suitable

as catalysts herein include tri-substituted nethanes
having the structure of formula (Pl), netal adducts
having the structure of formula (PII), and
t et rasubsgi t ut ed ol |ns havj ng the stpu cture (PITT)
[Rl(L)fﬁeréZ’_[eEE J&{Pl)g ~ 7[RL
®D (L1)nx E1 E2 [(L 2)n (PII) MLn)j [Rl (L1)mx
El E3 [(L3)h R$]v (Plh?) =F< [R2 (L2)nly E2 E4
[(L4)k R91w wherein, In fornulae (PI) and (PIl):
[00017] EI and E2 are independently selected fromN,
NRE, O, P, PRE, and S, RE is hydrogen, heteroalkyl,
or heteroaryl, x and y are independently zero, 1, or
2, and are sel ect ed to correspond {o thg val ence
state of ElRamd-(ExkTe&pect i &y —@ndwHieyei n when El
(PII) and E2 are other than O S, then EI and E2 may be
l'i nked through a |inking iety that provides a
heterocyclic ring in whichugh, and E2 are incor porated
as heteroatons; [00018] R1 and R2 are i ndependent |y
sel ected from branched C3-C30 hydr ocar byl ,
substituted branched C3-C30 hydrocar byl ,
het er oat om cont ai ni ng branched C4-C30 hydrocar byl ,
substituted heteroatom containing branched C4-C30
hydrocaryl, ¢yclic ¢5-C30 hydrocqrbyl substit ut ed

cyclic E5-T3¢ hlydrocar byl | ter oWt b cOMt ai ni ng
(Pm)cycl ic C -C30
[RE——(L%),ly —F? E* (L ——R®

wherein, in formulae (PI) and (PII):

[00017] E' and E? are independentl}; selected from N, NRE, O, P, PRE, and S, R®is
hydrogen, heteroalkyl, or heteroaryl, x and y are independently zero, 1, or 2, and are selected
to correspond to the valence state of E! and B, respectively, and wherein when E! and E? are
other than O or S, then E! and E* may be linked through a linking moiety that provides a
heterocyclic ring in which E' and E are incorporated as heteroatoms;

[00018] R! and R? are independently selected from branched C3-Csg hydrocarbyl,
substituted branched C3-Csg hydrocarbyl, heteroatom-containing branched C4-Csg
hydrocarbyl, substituted heteroatom-containing branched C4-Csp hydrocarbyl, cyclic Cs-Cso
hydrocarbyl, substituted cyclic Cs-Cs hydrocarbyl, heteroatom-containing cyclic C;-Csp
hydrocarbyl, and substituted heteroatom-containing cyclic C;-Cso hydrocarbyl;

-5-



hydr ocar byl , and substituted heteroatom contai ni ng
cyclic Cl1-C30 hydrocarbyl; -5 WO 2004/ 060987
wERIMOSRED3/ 041283 [00019] L' and L2 are | i nkep€BUS2003/041283
containing 1 to 6 spacer atonms, and are independently
sel ected from heteroatons, substituted heteroatons,
hydr ocar byl ene, substituted hydrocarbyl ene,
[00019]et er ot MidRICané Hhkirs gortyidingdamltydpace atany aad betindaperdently

BN AT TN
| t
hydro %aé%r% ﬁé‘c%:li? )a}{?)%—g&ggiinﬁéluhtyggf cgmfbly}]éﬁg dQabittutedhdteldttomOr

oar a ., Su t least one
contaiging bydiovarbilchetr awi ng substituent; [00022] Mis a
metal ; [0Q023] .Ln is a.ligand; and [00024] | is the
[0002Q),, vp e r M M%gmgfgp?}}slﬁﬂ%}’% O%F 11 00025] In conpounds of
or mul g7 {RLjekied fonSalkyD BEetddRA, Sirll Bet@Dadyd! AN,
[0002{100026 el fonat LA neg@}f;g S e
heterop@AlkG2 &jibstiteind withaat écadtefrieredattras-vithdrawiag gulstitueht0028]
8 and are defined as for Rl and R2; [00029] L3
[00025nd L4N§$él“&%?]i’ned as for L1 and L2; and [00030] h

[000285"d Kk Bh @ fefdnaeshds for in and n. [00031] The carbene
precursors may be in the formof a salt, in which case
[00024]he piische monbarof hgandsibpandtoMar ged and associ at ed
ith ap ani oni ri ; [ Lan (I,
oonzd) " P S5 SERPLSRLOTR, PSARy M L RD
[00026100032f> NaVE! are dehiestieasfoeBLUARIOES her ei n i ncl ude

conpounds _of faorpula (Pl), those conpounds of fornula
[00027)p) | ) v Andwi &6 definesiasfoX 894 Y>s directly bound to El

d/ or pE 7 oypgg2.0f formula (PIII) in
[Ooozgﬂi ch § ec%gr%gtdg?nﬁl&gasg@?gct y pbound to at |east one
[00020f EI I’ &2l LESe dafivedss, forhtlamelh/; bed i n the form of a

It as noted ve. [.00033] Ildeally, the carbene

[0003§ﬁt al yglan‘ggéﬁe ‘?‘%ﬁ‘ggﬁf hﬂé’? P wi th the present
[0003€EPO! YIRE bABEAO bR hﬁ? besn 8 fvh 6t £5416 Y€ WhithGasdmee

having the structure of formula (I1) . L(ll) r i
precursor is positively charged and associated with an anionic counterion, such as a halide
ion (I, Br, Cl), a hexafluorophosphate anion, or the like.
[00032] Novel carbene precursors herein include compounds of formula (PI), those
compounds of formula (PII) in which a heteroatom is directly bound to E! and/or E?, and
those compounds of formula (PIII) in which a heteroatom is directly bound to at least one of
E!, B, B3, and E*, and may be in the form of a salt as noted above.

[00033] Ideally, the carbene catalyst used in conjunction with the present

depolymerization reaction is an N-heterocyclic carbene having the structure of formula (II)

L

(H) 7 )

R'—(L")pn—N N (L3, —R?
wherein: \/
[00034] R R% L', 1% m, and n are as defined above; and
[00035] L is a hydrocarbylene, substituted hydrocarbylene, heteroatom-containing

hydrocarbylene, or substituted heteroatom-containing hydrocarbylene linker, wherein two or
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RL-(L I)m---NN-(L2).-R2 wherein: [00034] R1, R2,
L1, L2, in, and n are as defined above; and [00035] L
WO 200a/0b0p8T ocar byl ene, substituted hydrocar byl ePer/US2003/041283

het er oat om cont ai ni ng hydrocar byl ene, or substituted

het er oat om cont ai ni ng hydrocar byl ene |inker, wherein

two or -6 WD 2004/060987 PCT/ US2003/ 041283 nore
more SubsBtukhts ©htadjadent athinaceithindl mag badihkddtolfonmyn héditiom# egelic

to forman additional cyclic group. [00036] As
groupPg| | uded to above, one inportant application of the

esen

10003 27 bar ng HEY 6300k ohf imblifnt ENELA G0 e PR TR Ronis n
the recEjE:ng pﬁbques(td‘:rsl,t mdzladmgi ey WF’Y‘ bf‘lﬂi]lusirfébon(aﬁa'ﬁ))t limitation: PET; poly

s B b 5P BT B BRI R v

caprola@t‘bﬁ@)t IR RS mh@frivem&nsmmaaml BicHAORRAR 1o WEde
ymer s into their con‘ponent mononer s and

such podyraers v gheshmmpookntgoemmars amcugmlﬂtlyelywhoﬂﬁ ohgometecdfragments
for tremerea |onc d|t|on L lic catal ysts.
withopiree g ﬁ‘ﬁfé"ffﬁp?/&\m [’%Ealff‘? Figure 1

illustrates the organocatal ytic depol yneri zation of
PET in the presence of excess nethanol u3|ng_

N- het er ocycl i cCBREFHMERCRIP: PETHEJIRANVENGSAt ed i n
I
[ooosgfggﬁof ag(uzc-ls 1 %19%93%% gf o%gz{rns)zcéttaiyltlc ldg;%&l%é?ﬁza{tﬁfl of PET in the

presefve@F@RESs ficthahblyilstipeN Qiese@@dychs tarberl¥-daedl wst,as eehluated in Example
carbene catal yst, as evaluated in Exanple 6. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 00039] Unl ess ot herw se

00038]'d1 Cage b MRrhidY 81 dr@dholeZtaBk dbf d%@ diRnRPET ihh

[ pgl nmer s, Tecg?%gﬁggcafg?ysfsaﬂﬁUc b ﬁ%c Peagenfs,e

preseme orf eﬂo'llepﬁglycmhusimg]Nehnwocycbn sarb¥hecatayst] asodvelpptedis Egample 6.
herein is for the purpose of describing particular
enbodi ments only and is not intended to be limting.
[00040] As ugsgrdiles DescReeioN sRiiPIvandiée appended
clains, the srngurar_torns "a,  _-an,  and 'the"

[00039hc| uddnitss pthierwise éndigated, this mventiands @@ﬂtmmd ol spegifig polymers,

T
carbeﬁi% gatpt)%&s;‘jt S Lleg%ﬁéﬂdﬁgeagelﬁy or de%oﬁr%ﬁnn ?ﬁ%h%bﬂ&lﬁ&?{ efh%e[elf‘n%nology

ses a ¢

used Iebiréih &y fopthe ;Fi@lb()smblf desegibitgl Jartichlar efibo@ingenodntyrend is not intended

reference to "a catal yst" enconpasses both a single
to be limiting.

[00040] As used in the specification and the appended claims, the singular forms "a,"
"an," and "the" include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to "a polymer" encompasses a combination or mixture of different
polymers as well as a single polymer, reference to "a catalyst" encompasses both a single
catalyst as well as two or more catalysts used in combination, and the like.

[00041] In this specification and in the claims that follow, reference will be made to a
number of terms, which shall be defined to have the following meanings:

[00042] As used herein, the phrase "having the formula" or "having the structure" is
not intended to be limiting and is used in the same way that the term "comprising” is

commonly used.



catalyst as well as two or nore catal ysts used in
conbi nation, and the like. [00041] In this
wa@p@giobiosati on and in the clains that foll ow, Pef/EsmIEeL1283
will be nmade to a nunber of ternms, which shall be
defined to have the follomﬁng nmeani ngs: [00042] As
used herein, the phrase "having the fornula" or
[00043}havi nFhé tbelns'hlkujc'tagrueed heseinnofers totaditded btanchsl, bi oycllic mgturated

N e T e
prefer%ﬁgqéltg]ab%J{Qf aﬁ;nifsy gutihaa% IﬂétﬁgiF glﬁg rer 1858prbPy13n-butyl,

ear ranc I ¢ sat rocar bon
isobutgl, odbptyl }qaqd,alelcyl ahd ﬁlﬁl]lr];h asovel hasoeyskatkiyl groupmla:hms ngclopentyl

cyclokéé%rlg@ﬁbtg? Iﬂgé OGeglg yggﬁnfqgéﬁ ’9gaif1) rggt;r%rcgs%%ﬁl}ﬁgr ébltsgy roups herem
contalhslote ra%’l}ﬁl 12 Atla¥dms. TIRORHE Ylowek 2 I"Mhten@scz{rya{lkﬂcé@&)’ﬂ of 1t0 6

l'i ke, as well as cycloalky gr oups suc
carbom: ytomspmd the specd@ocﬂenh écoyclloaﬂqd nmdls alegcliccdkd readupy typically

Lt hou cessar al k
N U R A RN g e
substifthédvith bfié 6 ESredMbsH ot g8ty H,Qan@fthétehﬁs EhetrastbRcontAfilg alkyl"
and the specific term"c oal kyl " intends a cyclic

yc

and "Imtqryalkgl aefer totajigil émwhieh ap leastanegathgn gtonp iseeplpedd wyitlsat o
heterotaton}il Lt%%?o %Er?e Jtn-dr{zzg’gheﬁlg]tergaﬁgg%(&f"%rﬁglo% Xi(kly%"lr}ggnltﬁﬁé linear,
brancldo Bydic, ﬁmﬁibith&teﬂ Sfubgitifed} sidiatheter@nnhabniaingngalkyl and lower

and "heteroal kyl" refer to alkyl in which at |east one
alkyl, gegpeefivelt om i s repl aced with a heteroatom If not
[000491 her V‘”I‘ﬁ@t L poiy ﬁfﬂrﬁe%g"' ad &%dth@f regél'ls kv dlf@r%onél(ﬁfﬁér branched, or

|nc ude Tl near, ran cyclic,

cychcmﬂs}d tgmup; whect, "a1=k1yb‘ss g drtﬁnd;d ahodd. or

t
00043E s pecdmedin oo e s g B Dachpdegf cveli
hydroB&66ih Brdu Pfo@Q&o hpouil 2d Icax%eﬁtatdhﬁbadontalmﬁgm lefit 3A€ B&Sble Bénd, such
cyclic alkyl group, where "alkyl" is as defined above.
as ethl?msdozrs]owmel xsepmperml,wehbytpnylalfyo @rwlmte@wh deesnyl detrageeenyl,
I he [ h .
nexacgh ST e LR s S YAERHRY BB SRR By hin 2

to abd¥® N2 carbug Btonds Taik hehyllower apk@germtends s:oﬂkéme gydup of 2 t0 6

n- but eny| |sobutenyl oct enyl .. deceny t radecenyl
carbop alpatse BkHP SPRSTiAGISERY Fyclealkenyk GaIsR|Y 2 kg oy} §rRep. préferably

havmg> g %% %rcmnﬁltc;ﬁ#yi‘he%ﬁﬁ‘ bRl 1%921“‘ %f@rsﬁc{) g%légrslﬁté%%m&t%d with

on atons he ter ovver a
one oahkmgnlbstguerurgrmfps,?atﬁdhcﬁtenna f'lhnberoammqmntaamdg alkenyl" and

"hoted iG] Frter @AUSPYLIn ASIA 167t B can S trieced HE A

heter&sagtflfg‘t IIitﬁid):t’ gfh!eFVWS@ fhaglateanihl terhRf"a1ken$10 afd NER¥ alkenyl" include

linear, branched, cyclic, unsubstituted, substituted, and/or heteroatom-containing alkenyl and

lower alkenyl, respectively.

[00046] The term "alkenylene" as used herein refers to a difunctional linear, branched,
or cyclic alkenyl group, where "alkenyl" is as defined above.

[00047] The term "alkoxy" as used herein refers to a group -O-alkyl wherein "alkyl" is
as defined above, and the term "alkylthio" as used herein refers to a group -S-alkyl wherein

"alkyl is as defined above.



one or nore substituent groups, and the terns
"het eroat om cont ai ni ng al kenyl" and "heteroal kenyl "
WO 260106987 al kenyl in which at | east one car bonPEI/UA2003041283
replaced with a heteroatom If not otherw se
indicated, the terns "al kenyl” and "l ower al kenyl"
i nclude |I|inear, branched, cyclic, unsubstituted,

[00048}ubst i THetteshn "ﬁyﬂlas nséthereinadrmonontas biiemvisg slaﬂcﬁ'mdytefa‘ﬂ tb an
| ower _al kenyl respectivel [.00046

aromatmawbéwp@ﬁ@m%n%g sipelearanitic ré%? LBIPEG APPARG Hpg iy are
fused tk) g{{ﬁé}r dli‘r&”d?'rlﬁﬁk@&‘ npI fu?c{lre%bﬂf llhl?edads Ylbt @E QP retMARIr@atic rings are

i's as I ned above. 047] The term
bound 't@h kmmbn@soupsmdh hea meth;ﬂ@femrgthydnena miotyp P@featedyryl groups
above

i 5131 Bk el 5 S MR, Ao o
rings, é‘\’%T;) ﬂ%' Log 04¥1 bgﬁl [Obghﬁf th&afe aﬁﬁifﬁlore‘&eféﬂeaa%/gﬂﬁ@987

048] The term “aryl" as ‘used
contaitiag &ite 3 asordatiningssarst pretiwlarty prptuietliand groups epatainingahor 2

ramat i i t.uent congak ni.n by
omafi A 7 T G o s a0 R B TR b
substitdie&FitH dhd drik@d substitient zioass, layd Ithertkﬂ@ls '(}ﬁtwéhtéthai)nﬂahﬁng aryl"
different aromatic rlngs are bound to.a commpn %P
tg& eteroatom

and "hetgeaargl referotanyllin mecly at dqartane rartes; alew) is replags v
Unlessacgt lervx%e 18?%ate8 Rk @eerls 5311091a§9, p Qanf‘*aQﬂEn@’rlﬂclﬁ&é her

ring d or ed aronmatic
heteroaﬂoﬁgtﬁc, @bgltuteﬂiaﬁnwuc m&bhﬂahg{ﬂutedmepﬂnmymmuamcteﬂe like,

more preferre |nln
[0004%]r orrat The termg grylcg,yg r%rﬁ’isttf’g EV@P‘}BB’d yis aﬁ%ﬁﬁﬁ%d
aboveCONt ali n| ng 1 or 2 aromatic ri ngs and 5 to 14 carbon
atons. "Substituted aryl"” refers to an aryl noiety
[0005@;]u bst i The ‘edn\}\/alkhrytb'hefen tonar arykgroup wvutb@mteagtrcme pad typieplly 1 to 6

s, bS5 TS SPAORERB R G 2l A58 o gy v i

an aryf 3[B@MeR! FRkictn TR a8E hINg1! Bredus fﬂl@ﬁﬁécpzﬂio@m All&dlﬁjfl%&&lps include,
otherwi se indicated, the terns

and
for exaraple emsthylphenibi@.4- wme&mh@he@wa814@6-tr§9ﬁhrlphwé&nd the Iike. The
o TR B PO OB PRSPBL oo oo
"ary "\&fkezts&ieﬁnecaab'dve is as defined above. [00050] The term

al kar f t I th at. |
onsi e b5 e o RPN A
" b dqt
5t KSR g SO IR AR 85840 s s
(O-R whebulieit ksydralka} ¢hegtsrm éﬁralkekﬂhlabmfers toAR Igm‘upl Sk vhprsin s aralkyl.

[00052]?2[ gﬁﬁg? for h Whéidgp'bag‘ﬁt F%@E %%%%?QFH thg 8n¥?§1é1onal sense
to refdrité 8 chﬂ;ﬁﬁ, bromo, ﬂuoro, or iodo substituent. The terms "haloalkyl," "haloalkenyl,"
and "haloalkynyl" (or "halogenated alkyl," "halogenated alkenyl," and "halogenated alkynyl")
refer to an alkyl, alkenyl, or alkynyl group, respectively, in which at least one of the hydrogen
atoms in the group has been replaced with a halogen atom.

[00053] "Hydrocarbyl" refers to univalent hydrocarbyl radicals containing 1 to about
30 carbon atoms, preferably 1 to about 20 carbon atoms, more preferably 1 to about 12
carbon atoms, including linear, branched, cyclic, saturated, and unsaturated species, such as

alkyl groups, alkenyl groups, aryl groups, alkaryl groups, and the like. The term "lower

9.



term"aral kyl" refers to an al kyl group substituted
wth an aryl noiety, wherein "alkyl" and "aryl" are
w@sgoode6i9sed above. [00051] The term "al karyl oxpCT/U81003/641283
to a group -OR wherein Ris alkaryl, the term
"al karylthio" refers to a group -S-R wherein Ris
al karyl, the termaral koxy refers to a group -OR
hydrocaftgleinfenBs b hydroadrsyl grotbef 1 &r ércdrbombtoyss dridothe tarfrer s t o

"ydrocp e infgaRs BEmvaleahbyATIGH BYAROIEl; conBERE f o fhigi 30 cabon
atomsﬁf?@fé%i}; P%boﬁ?ﬂ? @agb&?aﬂbﬁlfseﬁm&ﬂyr&‘eﬁmyof £ atdP [Pearbon atoms,
1 uoro,” or | su The t

odo stituent. erns "hal oal kyl,
includingdinead, kenyhed, cydicdsativated ahd ynsatirated speciest ddererneower
al kyl ," " hal ogenated al kenyl , " " hal ogenat .
o St BSOS S L o,k B st
indica%ﬁ?ﬂi@ terfnB SHf&Béa\fsizly and Mydid&bbyidnel aRsb beeteretbd8s including
ydrogen atons i'n the dgroup has been replaced with a
substitutedogdfor heterpatondo0Eainingyydrenaenibgnd hydspearbylere moieties,

gnilval ent hydrocarbyl radicals containing 1 to about
TeSpecy¥C¥ar bon atons, preferably 1 to about 20 carbon

[00054]t ONS, THOfefin Ph&ERBRR -¥ortainthgd RO U a Tter6aoMasdnedigiag alkyl group"
i'ncl udi ng I|ne9r, brancped, cyclic, saturated, and
(also temmaesta,hetesepllof e gtonn) omsa distereatomrqeplaingps aiys sroapk galsA termed 2

e BT Gl B0, S MRS im0 aton

atoms hysdlgepmaéd)with ah atogﬂdlﬁleﬁthhly dainb()ﬁ,rd:gd nityo %Eml; oRygeh, $Ldﬁﬁ,(’jphosphorus
carbon atons, and the ter " hydrocar ene” i

or siliggny BPETHLY RYERESR-APHPF ADTREY éaﬁlf%ﬁnﬁ’ﬁég@ rerplal” o8 to an

alkyl ﬁn@étf{ﬁéht t ?gggel'tergét‘éﬁle&ﬁﬂiﬂiné, 1he t#ROtbteARyeRd e Rer CHCF%[clic

prefe y 1 to about "12 carbon atons, includi'ng
substitueniethat, is betervatoedcorggininge thedermsr "atterbanyl § anchbeiengaromsgic”

speci es. The . term"l ower, rocar byl ene’ intends a.
respedl oy GEist 1y PEH e ] SEA T b L PRHE Bl Behing. and
the 1ikat [FREMbES of hetBloSRY B Sroupdinclude Akox o, alkglsblfhriyl anbstituted alkyl,

"hydr ocar bél ene" are to be interpreted as .i ncludi

N-alkglated iming dylased e like: ExamplsrrEbgtierapi H@Sﬁwméaqlggq pyrrolyl,
d.h | et €5 - & i
oo YRR AL TRATHE Bl ST LRI, s,

etc., andekahglad ihetRddtainrjongridih ylicygtio gmups &l yorolidinweohogpholino,
. "heteroal kyl " g{toup) 8r a "het er oat om%.ont ai ni n% ar él
piperagingn poending.#t¢. cit hild be npfed that 3y ﬁ?t@m@)l {§p B & ompgunyl may
i | b pf hGlbc AR, BlcySmY, 8
o me b Eyek RS0 0 HREEBAL g RGO, o
polycydictas desceibgd abavietwitdgespecosoythe termstatyfldr, phosphorus or

[ Iicon, ,typi.cally nifrogen xygen, of, sul f.ur. "
100058 7 | oy safeiBitedsyagin Frapaiter ydoesibyl; Subitiged alpiey
"substtaRRAAF VRN thdRike, h§aliRle8 OBl IMLThRAMBIeMbntibhe] ddinMions, is

"heterocyclic" refers to a cyclic

meant that in the hydrocarbyl, alkyl, aryl, or other moiety, at least one hydrogen atom bound
to a carbon (or other) atom is replaced with a non-hydrogen substituent. Examples of such
substituents include, without limitation, functional groups such as halide, hydroxyl,
sulfhydryl, C;-Cyg alkoxy, Cs-Cao aryloxy, Co-Cao acyl (including C,-Cao alkylcarbonyl
(-CO-alkyl) and Cs-Cyp arylcarbonyl (-CO-aryl)), acyloxy (-O-acyl), C2-Cy alkoxycarbonyl (-
(CO)-0-alkyl), Cs-Cyp aryloxycarbonyl (-(CO)-O-aryl), halocarbonyl (-CO)-X where X is
halo), C,-Cay alkyl-carbonato (-O-(CO)-O-alkyl), Cg-Cy arylcarbonato (-O-(CO)-O-aryl),

-10-



substituent that is heteroatomcontaining, the terns
"heteroaryl" and heteroaromatic" respectively refer
WO 003860987 and "aromati c" substituents that arBCT/US2003/041283
het er oat om cont ai ning, and the |ike. Exanples of
het er oal kyl groups include al koxyaryl,
al kyl sul fanyl -substituted al kyl, N-alkylated am no
carbo:aj {‘«SEIOOH!P darbbeylhto KeCOBRacpbanoyf(- (h]ﬂ)éﬁ Bay mono-(C;-Cyp alkyl)-

subsugwq Qﬁrlt??;ﬁg;l ZTQ%DE)S-:NUI%%r 2;) %ﬁ‘éﬁ%ﬁl d1-(§ E}%k r§Jl¥lrls’cituted carbamoyl
(CO)elgg@a(? s?mé”#)"-% nfond-shibdtRdel ¥yl BihA @ 20)-NEEkyD), tiBhrbamoyl

et er oat om cont’al ni ng a|IC clic groups are

€ (cswﬂmlcaﬂuamdo ANEBED)NBL), cpirpéCaN ayanplod iGN foratit (-(CO)-
FD), B RD: B4R B0 a6 Coeal bl apipo.

mono- 5&?&&[(@%}@2 81)- éﬁBé‘tlt{%d BWXELGZS alkPlafi&d (-NH-@QO)-alkyl), Cs-Cyo
['ycyclic as ‘describ above wth respect to the term

po
arylatigoy(NH-(CO)es8), iBjno’ (sGBsNH whend'R ﬁshydn@gexs bt ey &s-Croaryl,

Co DRSS i B3 A ey DL B Sl ato
aryl, a’ﬂ&&&p eﬁr)tba@nﬁﬂlcd@mawar?mwhm Rh Hﬁ?&bg&r{) atkyn rarylhakarﬂ etc. )
rocar er noil e

nitro @3’{ O Pty NG, S S R SelSerti OO, S ke any! (-5-

g RGPS SRR SSBT, BBt B Frcontcsr

alkylsfulﬁﬁ}/ﬂ I(-QSIG} aEWDu@gsCMﬁsﬂﬁnﬂa(L(S@ arj?iy C(Eleﬁlzolalkylsulfonyl (-SO,-
sul f hydr oxy,

alkyl) pn—gzwyl?gglf } @@2 §;|aélg ,ﬂg,lgﬁ%rpony(l i%%ﬂwaarbyf%owﬁes

Cl-ngl'kgg) %%b&?@c odrlll§/ 1; rﬁ&’e"’}frwe}éb’ly @E—ﬁlfaﬂéyl( m@s%ﬁé’i*e)ably C1-Cs

alkyla CyiCax ylsemy leyfera(bli C@)Cl alkm}m)monaircfcmbboﬂyﬁlu(almyl Xnost

prefer\@l’g&(‘g{g I%Igfq)()go )Czo %y%%p %%%lgc(g @(ynyl more preferably C,-Cia

alkyn{t, %sﬁﬁkfe%lﬁg ¥ )Cs aﬂ%ymﬂzz@%ﬁgg%%&aﬁ%m&z@% , @428 3lkaryl

car boxy (- carboxyl ato

car bano
(Drefapal SO EIRer P € CEaCHBIE (¢S Bt e,

onf; 2 ISR PRy o s Sy

permif®) e fisttes tuistitueet witly bﬁﬁblbl&ﬂmyddd(trcﬁlﬁﬁhnwdrml giloyips or with one or

moreilgltléq%g%arr gﬂg;le!ua,%ﬁépcg S@;@c ca }P gpr%?%a d@% C?;Ba[l\logo%sly, the
abov%?ffeg%%[ %d{ﬁcéﬁg mbletic@fa ‘Be Sur'fﬂé? bubsHRAGE Witk Qne or more

substit am no, nono-
functibinal( geburSa R addiyibhal suyecarbyt mdleam siwh aCthoSR @p@iﬂ@}llla eivgoerated.

100074 o' (EFERHRIALY S9ROT YR Poat EBG ol igppant

that a%)ﬂposmgﬁ'o A)dﬁétl&%ﬁﬁéins 163-103 .22 o kiaY bhenfib 4l c))mpound preferably
kylitmno (-CR=N(al kyl), where R = hydrogen, al kyl,

less tmrys wt.24, mypxef@aldy)less &taplh Wi %oalqd mRsim(r@tiegab}y lesﬁbmaaoﬂa wt.%.

For 1rtst%)tﬁcgﬁ?p(o al %¥ ti %dg?ﬁ)feaene ssavé &jgbtl)all% Erfzé éfr’] Ip %tal
contafrrifis, PrludifelmeRl e ky lnsethlf ARY, ImdtalBe complexes, metal alloys, and

organometallic compounds.

[00058] "Optional" or "optionally" means that the subsequently described
circumstance may or may not occur, so that the description includes instances where the

circumstance occurs and instances where it does not. For example, the phrase "optionally

-11-



al kyl; also ternmed "al kylth 0"), arylsulfanyl
(-S-aryl; also terned "arylthio"), Cl-C20
wa@bdoglosnest i nyl (- (SO -al kyl), C5-C20 aryl sul fiPgT/US2003/041283
(-(SO-aryl), Ci1-C20 al kyl sul fonyl (-SO2- alkyl),
C5-C20 aryl sul fonyl (-S02-aryl), and thiocarbonyl
(=S); and the hydrocarbyl noieties Cl-C20 al kyl

substitiifpde hﬁH‘aﬂ@ihﬁt £horChdragdtydubstivneret mxty&fren@hhqz bEpreSaiRt on a given
al ky nost preferablcil@ Cl-C6 al kyl) 0 alk t){I .
atom, angl, éh@rﬁ)m sqriplion gchy éﬁWlei%Wé‘eﬁﬂ%? E?%BY Oges gupstituent is

prseof P o0 Shere B AR BB M prosie 20

[00059}2- C1 2Acairhlmgw therm&tntlpn ddaturabh me@RAd6r ddplolymdrizing a polymer
having § PEROPRLI OB E Er-APRLES Picetih st leo P et lay be, for
examﬂl? S PliAlR ks S@C@ﬂ-@ )a"cﬁjblﬁﬂalté llnf(e%gg @-@ (C'l(D) @Whﬁdﬂiﬂﬂe liR&ges

or enent ioned functi onal groups nay, a particular
(-O-(Q)eNH), spbsmuteg urédsan hink hgas (mgoom-ewhwetmlsmnbydrogen

R S G BT 18RRI 20 1. W

amidoSHARS, RY §her®Fe]sQd Aufihad prétidusl hmoesteﬁmagese(d(cm -S-),
hy drocar(gm)albrml eties ’é be fuI;ther Zubstltut ed with
£

sulfonm@temlmim@ (fRet-Ponand e dikips Oder slegirephsbiglinkages that can be

cleaveg ﬁ%fnq{cpeébhﬁ? 6%@%&? v&%ﬁ‘ %E‘ %w{‘ ﬁ'xﬁaﬁs@e& Iilfnh@agkily in the art of

organil@&hémimiymdtpw@m@fsmellit&rmdair canbpadidy fcﬁmm néferembato the

03|t|on or product cont ai ns Igss 10 wt..% of tlﬁg
pertingnidgte apd Lisrien dbe pelymsr widepeoing depol Hasriagtign may bidingar or

brancl&{gle B&Bﬁ?& ¥e Ia?ﬁﬁmé@l?{ﬁle} oo %‘1 h@@act{er plcfi@iARhYoh e918ck,

nst a he depol ynerizat i on
multitdockd and altwnaing dopolymels tea{pnlymletsyaﬁd the lié." Emlalles of polymers

cont am pants, .i ncl d|n sal.t,s
tat g fapp B ks s e et Do BRE i Bhad Sl
limitaG@@Pounds. [00058] "Optional” or "optionally” rreans

t hat the subsequently described circunstance may
(000682 nopokyeaimlenestgrephéslatqabsw@e fibpt-£i8fic PREI(ghiesopolymer made

o {54 05 S U TR 05 AL O e
on monbdth\¥ene 88461 e&hthaAChtidSatDShercbadonersxsith haiiseptithalic acid,
cyclolgrgcggc?s @grg:,%l;angh rég:n)g Q%lg r,ﬁgl%g]gg%?e?%@aﬁtm%%d pn?}%hexamethylene

tereph‘ﬁ%?) jptl on includes structures wherein a non-hydrogen
st’tuent is present and structures wherein a

[00061pN- hy goly¢dkylensostipates® sichi s pobit(ethylese adipatp)) po59],4-butylene
. Accordi the. inv ion features a nethod for

adlpa&ﬁ&ﬁyﬂg’&%‘@ﬂﬁthile%?&ﬁ% > havi ng a backbone cont ai ni ng

[00062] ect r %QM&lkﬁeﬂlé %é&?e%) su-EB%s %b%tﬁﬁ@ﬂﬂd sldb@ratd)n kages may

exanpl e, ester linkagés (-(CO-0O), carbonate
[00068] nkag sl (AIIBECIebBpics) bt anb ethyikagbacatc)
[00064] poly(e-caprolactone) and poly(B-propiolactone);
[00065] poly(alkylene isophthalates) such as poly(ethylene isophthalate);
[00066] poly(alkylene 2,6-naphthalene-dicarboxylates) such as poly(ethylene 2,6-
naphthalene-dicarboxylate);
[00067] poly(alkylene sulfonyl-4,4'-dibenzoates) such as poly(ethylene sulfonyl-4,4'-
dibenzoate);
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(-0 (CO-NH), substituted urethane |Iinkages

(-0 (CO-NR-, where Ris a nonhydrogen substituent
waewh/oemsal kyl , aryl, alkaryl, or the |ike), aP€TiUS2003/041283

I i nkages (-(CO-NH), substituted am do |inkages

(-(CO-NR- where R is as defined previously, thioester

i nkages (-(CO-S-), sulfonic ester |inkages

[00068]- S( O pol{@p)phediidné hikylenk dicaBokylates) ech mo pbiy(-phenylene ethylene
I'i nkages that can be cleaved using nucleophilic
dicarbpd@gent s wi |1 be known to those of ord| nary skill in

00082, ol 9B AL A RO 55954 ol

1,4- cyplehéXanedltyl éth)(lbﬁe émakbbxylehe};t ure. The pol yner undergoi ng

| e
(00078 5, Moo SHIR SRt AR aliens ERBROTHED darte Poly(L4-
cycloﬂeﬂﬁ}g:o&ﬁne g@éi{é'eth elditheskiaté@nd al ternating

ymers, and fhe like. Exanples of
[0007 ﬁol yrrep(ﬂy([ﬂ ﬂaﬂ]-bamldmetadeﬂd @arrmthyigm allsylens digasboxylates) such as

poly (R Ao B Rt gear sty Bt Eroithal at es) such

[00078 fi bReigsiad goifx}ﬁﬂérs(aaa Reley®ich BB.49)-pdlylastde, (R, S)-polylactide,
nonoet hy Ieneeg ycol and terephthalic aci

poly(tttmqtbssgllya@ﬂed d(mlsqu%dgrﬁ%gly@ah@)bﬁsied on
noet en I I '
100073 o S Bories i b i R e b g R A TS 5-
tetrac}ﬂbmtsbmlle 3%30?,)3 -tenﬁinythh@lhnﬂpylbmleu eL ephlt hal at e)
and po exanet ene te t 061

[000715;b| y( tapqxlwr@hﬂ@s g‘éﬁhp?étpé@) pohenlane tﬁ%ﬁﬁ%@ﬁﬁé %evlar%? !

i pa Ak
[0007312 g&g?m lfe]cr?gb Jgg{eyatﬁgﬁ 7 ?%gﬁ‘&zxf?l %%I y( é)lnﬁtf ene
[00076) ber apfylmremmbs %sh s lho)@ea‘#a]llﬁb]nemdenildhc smﬁe)rxlame[s Beges] and

RO ne sebacatges) such as po t

Bayﬁ]se%é’é‘iaéﬁx’ SOTH? R artfgl y( c- caprol gct ggg) gngne
[00077P! y( ( BolphRiHapkABHRAEY copoBRRESIuchk YA katlaBRunder the tradename

opht es) sSuch as poly(ethyl ene isophthal ate);

Bayda[rﬁ(fﬁﬁﬁpapcﬂ%rabmb@ne 2 6- napht hal ene- di car boxyl at es)

T e MERHA Y T O

preser® o Wél@@%lﬁh@fb% g&it |af1@ ay:htal%/st‘} Nudlédphilraeigehis, aﬂ@llm
2004/ 060987 PCT/ US2003/ 041283 [00068 ol yp yI ene
appregifiRy b Hhosgl OE ardieney Flsitlds thesiic mckidesae ygtn Hols, polyols,

thlols,e};rmﬁr? Qﬁnné%', SR 8 )fﬁéle,az{nﬁ%ay contain a single nucleophlhc m01ety or two or

more nucleophilic moieties, e.g., hydroxyl, sulfhydryl, and/or amino groups. The
nucleophilic reagent is selected to correspond to the particular electrophilic linkages in the
polymer backbone, such that nucleophilic attack at the electrophilic linkage results in
cleavage of the linkage. For example, a polyester can be cleaved at the ester linkages within
the polymer backbone using an alcohol, preferably a primary alcohol, most preferably a Cs-
C4 monohydric alcohol such as ethanol, isopropanol, and t-butyl alcohol. It will be
appreciated that such a reaction cleaves the ester linkages via a transesterification reaction, as
will be illustrated infra.

[00079] The preferred catalysts for the depolymerization reaction are carbenes and

carbene precursors. Carbenes include, for instance, diarylcarbenes, cyclic diaminocarbenes,
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[ 00069] poly(trans-1, 4-cycl ohexanediyl al kyl ene
di car boxyl ates) such as poly(trans-
wa e40y8Dhexanedi yl et hyl ene di carboxyl ate); PODOFDP3/041283
pol y(1, 4- cycl ohexane-di net hyl ene al kyl ene
di car boxyl ates) such as poly(1, 4-
cycl ohexane- di net hyl ene et hyl ene di car boxyl ate);
1m1daio@-Q%ﬂiﬂ]sn¢SQ I 2(4-RiaZo]2}-yhil&ies, 19D tHiamd-2lyldledésyateyicene

ene di carboxyl ates) such as
dlarmrwpsfbe{x% goyslic BpEpOK B PAsE-2EY ALCATRBOhincahenes, FYlisne

o o B R e ™ o1 U1t f de

phosphiabyidsphoricmiienty Isylcfmyildeﬂuoramelthylcarbene and sulfenyl-

ol y(] acti de-co- colid d r bgnat es
pentaiﬁmr%f%oﬁw@ﬁlaﬂ Sge B gu%ssoa ch 4%93@1 g ?@% ¢s are
heteroﬁf?)c'r[ %ﬁllﬁh? (P&H?éﬁ'a@m éfer&d%arb’én@ﬁe&&%@'ﬁ?é 1:1'%&@'?@”0'

such as nyl ene
heteroamnepthblha‘t(htmrbbﬂ)es ( mwgar-cm)talmng[caﬂm@], Wb Ny-batekgdyeliecarbenes
gqrbonat es) such as pol ypropyl ene carbonate); [00076]
most prgke et hanes such as those avail abl e under the

[00088Y adenﬁf@fe Bdaaédt) ha@idatoBamhbilitdd carenessBayR as
rporation; and [00077] polyurethane/ pol yester

depolyrogrisiatine eajalysie hergin havathestaichus pEfogmualar(Dx he t r adename
Baydar (r), from Bayer Corporation. [00078]
Depol yneri zati on of the polymer is carried out, as

@ |nd|catedl§bov§£ﬂén t pregﬁnc f _a gpucl eophilic

reagent a lys w%ol’eophl ’b re gents, as will
be appreciated by those0f ordinary skill in the art,
whereh[‘ﬁl'e %Qﬁo&%ﬂﬁ?cﬁgéd@%\% g?&ﬁxise diols, polyols, thiols,

primary am nes and may contain a S|ngle
[0008tLic| eophind B atrellmiepemientlyvselea:ted fromaN,WRF,ddFhiPR cand S, R” is

d | f hyd d/
rydrofi sl Tt ¢ ahh Gt B e, TR nd e
select&Pfor(%%Mdtt@ tHeRRIdRRE Llaf WA agl 821egRBiiVdlE WHek3 asd B are

polynmer back one, such that nucl eophilic attack

other ‘dmantOw@r %Ith;fmt]i oapiH ey tlrerinﬂfgé thrle@gh 2 inking H&é@ﬁ% groyides a
F
heterogggl{ct{é ngelﬁtquc Er ecf( %%cg?po?&g«% 8 ltieet%rogt%ﬂls % E{gqﬁweqq:ase the

Mer bac

heterdd?él[t&ni’%;majr B® b]l%hatl@ bf ﬁl%ﬁﬁhbyarﬂ i d‘mﬁain alsdhehts andstk
prefera a C2- C4 nonohydrjc al cohol such as
heteroatommn cﬁﬁeneraéldpmb@r?dphc gioyb t“ﬂB GOWPING FSHBRS APMSy; | | pe

[ooosﬁfprechv&t St tin ?&eﬁtaﬁ f‘ﬁrﬁa@ﬁgﬁé SRRk eSt er

nkages vVia a'fra sesterl nreactlon wi |
bél)i Ef is<d vaf and ki t;a. [ 00079] The preferred cat al ysts

c2oEnG Drbed: 881 L REIRBLREE | nol ude. for | nat ance.
dicHyr ¥} 5% B80S anCl CAddE dird b NR&KRALENES,
(4) E'isNRE, x is 1, and E! and E* are not linked; or
(5) E!is NRE, x is zero, and E! is linked to E*.
[00083] R! and R? are independently selected from branched C3-Csp hydrocarbyl,
substituted branched C3-Csp hydrocarbyl, heteroatom-containing branched Cy4-Cso
hydrocarbyl, substituted heteroatom-containing branched C4-Cs hydrocarbyl, cyclic Cs-Csg
hydrocarbyl, substituted cyclic Cs-Cs hydrocarbyl, heteroatom-containing cyclic C;-Csp
hydrocarbyl, and substituted heteroatom-containing cyclic C;-Cso hydrocarbyl. Preferably, at
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-13 WO 2004/ 060987 PCT/ US2003/ 041283
i m dazol -2-ylidenes, 1,2,4-triazol-3-ylidenes,

wa 2@4bi98zol - 2-yl i denes, acyclic di am nocar beP€BUS2003/041283
acyclic am nooxycar benes, acyclic am nothi ocarbenes,
cyclic diboryl carbenes, acyclic diboryl carbenes,
phosphi nosi | yl carbenes, phosphi nophosphoni ocar benes,

least of&Ibf Rhald RY, iahd HRE©pRIRNIE Bbtiheml&mdaﬁdamuélhﬁmy bulky groups,
entafluorothloc ene. See Bourissou et al gZOOOP,
partmL&arbél@;agqud@lkyﬂa(l@@lgdmg Subsiityed, and/of heteroatom-containing alkyl), aryl
r
B
substlta&ﬂbtﬁ%s hetétohfdiag-édihtﬁmntgeurﬁlkyﬂg, andraieywds, Usirtghsuch sterically bulky

Eroupn@rlRHIaRY HERD, oHE COReB AT PoeaoRis bR cally Sabilize
smglets‘%.'rﬁeﬂgé Svifich arg ﬂéﬁeﬁelﬁ&%%& 1 A ?alkﬂi%ﬁﬁk E’cefiéﬁlﬁf bulky

e stfucture or mu (1) [RL (L) x HE
groupy tha2jre siERible asR'ramid Rt dneoptamaﬂyl substibged lsteacpaéomspontalmng

crd bR Lo B 2 o LAMSBATHSIALY SRSt .

Cyp arf18h8 rCQf@ g)ﬂkaryq’ E)altﬂi%ﬁl%ﬂ? %Eéﬂsrredi NtheafiéiGulsttidhts are exemplified by

I ndependently zero, 1] 2, and are selected to
: phenybmmgl@mdasumtqdn@lﬂv Ated @@bsélwn@ selectetl frpmiloper alkyl lower alkoxy,

and ha G gl ¢ H%%E]él\cli\hﬁ%)r %%anﬁaﬁ‘d Poeflfbhed 1th dﬁrggtﬂxg)h%%d Se%nd 2.4.6-

mmetﬁ}klpﬁe@[@m@tgg a heterocyclic ring in vvh| ch El and E2
incporporated as heterpatonms. In the latter c
[00084lhe bt eblcia fiEkars AeNAEPEIeoh BRI Ao s adspendently
n
T T L
hydroc¢arbngemsd, hmroatdhﬂﬁﬁﬁ]nnﬁryhydxmnﬁjymne; emdrsabstets‘edﬂlatemaeom-

conta@mg(pnz' r}%grbg, nfq é}l %&g?en&glﬂiyl %‘?{{)e%r]t gne%g%g)%]g%tsegﬁ:h of L!
and Lq i3 obluoﬁ%ll' Pre%erreﬂrlg %ﬁ 12 @1@01&%seiﬁﬁu&laob?f ot Kﬁ”@xarﬁﬁi)e dikylese,
x 1s 1, and and E2 are not (5) El

alkenylmetxmleme, arglkylkene, anmﬂ wiiich rgay bmkfé@rom@nEQont{ugmg@g]l/om

substf, L BT SRR e B e oL Re3b ER PR fptdatom

such 28 QLR (WHrs s ALK, gy 1D hBchRiEo by, ), oy GR@Gﬁd byl ,
substituted heteroatom cont 31 ning br.anched C4- C30
[00083)y dr ochy exf prefeyred pmbegiment E and E” are independently N or NR” and are

not linked, such that the carbene is an N-heteroacyclic carbene. In another preferred
embodiment, E' and E? are N, x and y are 1, and E' and E? are linked through a linking
moiety such that the carbene is an N-heterocyclic carbene. N-heterocyclic carbenes suitable

herein include, without limitation, compounds having the structure of formula (II)

@ - L\\

R'—(L"ym——N N——(%,—R?

N

wherein RL, RE L 1.2 m, and n are as defined above for carbenes of formula (I). In carbenes

of structural formula (II), L is a hydrocarbylene, substituted hydrocarbylene, heteroatom-
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hydrocar byl , substituted cyclic C5-C30 hydrocarbyl,
het er oat om contai ning cyclic C -C30 hydrocarbyl, and
W@ wg061981 ed het er oat om cont ai ni ng cyclic C, - Q30T/US2003/041283
hydrocar byl . Preferably, at -14 W 2004/ 060987
PCT/ US2003/ 041283 | east one of Rl and R2, and nore
preferably both RlL and R2, are relatively bul ky
contaifih@ hpdrocarb@lche,ilsabdtiyutbd hstedoednatdnthin{ngngidttdartylene linker,

substituted and/ or heteroat om cont ai ni ng _ al kyl ryl
whereit; tho| Qi i SwhRbEtents RreiageRh a,tom%v@itbﬂalr ma,%_bsﬁwiea to fordian
i GBI U5 B3 PO by, S AR B0ep oty
contaiging Gydiocarbyldae,ng sebstituted betbmatoiny-cimihiking lydmepshylane linker,

protect the highly reagtive carbene center has,been
wherefriecprBOTR SH Y 97 VSBT3 58 VA B> B BBRA form an
additi«.‘g{aa; ER1REow. af _rekﬁrﬁ}al';?,e% Sﬂlﬁg;t{é CRERI Y RCRENBLERP=CR-, wherein R?,

t1 culmar “steri cal groups that are suitable
R*, RPagndR°® amdndkpemtentlp peleatodifibm hydhegent hilegéna@eCor alkyl, or wherein

any t\;\gﬁecbﬁ?? b R Ci%lco g?b{a]tly %g%ipgdgt%é? %Lt@%ofn&tﬁ gﬁl%%%@{dz% un%%bzstituted,
saturaflliof ¥RddtGratediring, C5- C12 aryl and C6-Cl2 al karyl

particularly preferred. The Ia%gpr subst j tuents are
[00086} enpl Attardingly, whies hyis -ERIR oRRIR y o5 R FGRit.dbe ¢irbene has the
S,[ruc,[t 0 ﬁ sukl)ﬁatﬁgyents sel ected from |l ower al kyl, |ower

uf RR I 4l ogen, and thus include, for exanpl e,

p- met hyl phenyl , 2, 6-di net hyl phenyl, and 2, 4, 6-

trimet hyl phenyl, (m&dit yi°) . Hs00084] L1 and L2 are

li nkers cont ai Bi lto épécer atons, and are
(II0) i ndependently sel eek’f rom het er oat ons, substituted

het er oat ons, hydroganbylene, substituted

hydr ocar md_q,pﬁn,_h t er oat m_(:@qnt_a.iRmi ng hydrocar byl ene,

and substituted het om cont ai ni ng hydrocar byl ene;

and mand n are independently zero or 1, neaning that
in whigRGs 8 optlonaRBSutiE bR, 9B 2efN8d 1, abH € isSsek @6 1, widilhe bPoviso that

noi eties include, by way of exanple, alkylene,
when glikpresdnarseandgayd zeme, andvdieryl ie Asenh gyndt asgti ch may be
100086 7o €t b ien e lem SRR e Qg such herein
TheseSi® &drhpdiinds hinah e a0 Blurssfifbrrasla KhiwhsRif wheteoakom $s directly

al (k%l, aryl,, other hydrocarbyl, etc.), .or, PFi;E and 1
bound o @sf/or § ope- prirthe proyise i dihsisseatons digeptlybogpdto E, E*, or
to bot%l ?é GhE paentd ¥ndleld't baﬁqn%{/ lgei inAd fdl@%%lt%%n tlﬁz{l: Ais

carbene I's an et eroa i c carbene. 1n another
positipele trarpedandeavbadited with aHegatictlyEchasged dupnieriamd Thesa move]

and E] and, E2, are |inked through a_linpkin i er)
carbensg @Fe 1IR3k WRAHBINAHYAEOMS Qﬁe@?@aﬁ 6%5;?4(_@@&%? pihgciude, solely
by walr TRk ARPEYSb&ics 8f RPRAER (HUAREhE' aN8OLLENIS NRF MUBR" is a

W thout” ITmtation, conpounds having the structure of
hetercfatiryirot Betériokdyl gtaup stich as an alkoxy, alkylthio, aryloxy, arylthio, aralkoxy, or
aralkylthio moiety. Other such carbenes are those wherein x and/or y is at least 1, and L!
and/or 1.2 is heteroalkyl, heteroaryl, or the like, wherein the heteroatom within L! and/or L? is
directly bound to E* and/or E, respectively.
[00088] Representative of such novel carbenes are compounds of formula (I) wherein

E! is NRE, and RE is alkoxy, substituted alkoxy, aryloxy, substituted aryloxy, aralkoxy, or

substituted aralkoxy. A preferred subset of such carbenes are those wherein E*is N, x is
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R1- (L1)m-NN (L2)n-R2 wherein R, R2, L1, L2, m and n
are as defined above for carbenes of fornmula (I). In
w@aobeews7 of structural forrmula (11), L is a PCT/US2003/041283
hydr ocar byl ene, substituted hydrocarbyl ene, heteroatom
-15 WO 2004/ 060987 PCT/ US2003/ 041283 contai ni ng
hydr ocar byl ene, or substituted heteroatom containing
zero, yhigdr ahE bad de}EfEarb linket throughersabstitoted opnnsubstiuted lower alkylene or

lower @]%ggﬁgﬂiﬁ%gﬂ(taégggl Iggljgac etn 139/@ W%ggtéﬁﬂ SEI%{ Qal{‘bLffnglsa e tﬁose vgherem RE is
lower EH{@&? 6AMBMOGREBe aﬁi‘l‘-@ﬁﬁéﬂhﬂ&?ﬂ)ﬁé}‘ gﬂ{@ﬁ}’f‘ @)Qnﬁ'};é are linked through a

er%atom cont ai ni ng hydr ocar 4{ Qr substi t ut ed
moiethIRTRILERR e onCGR FfDRé Mrammar Bn@nlduRnkaeer indepdndeutiynselected
on a

from KyiEoedh, HAacan L Cr G & Rdals RGNer SlkaiERe, ot X Ts mogpeyelic

aryl oﬁéﬁ%%’t'u%d norl&RYcl W@ﬁtl d’d’scn%m%es, ofWBRERInfative
4, R5, and are i ndependently selected from

compmmswl@fémthl‘s@r@mn, Cl-Cl12 al kyl, or wherein any two

f , . d.
[00089]u bsR?i f&{é} ?%dd(%g?d }?}E\éﬁ@@ﬁ s[u¥tf1€18 cafag}éﬁﬂ”(rng t?lg gﬁ‘eggﬁt cfegolfyﬁ{engnon
reacti¢t 8 alsb PpeRUrsolNg. ca{&ﬁ@ss Blefdablo padcnesoys toastetociylic and N-

- CR3R4- CR5R6- or - CR5-, the carhene has the

heteroggyolig camenass I @n%mmélmepy Urepreqycs 158 rigyRstityied ppthane
comp%ugld&av&g'%ﬁé\jstﬁ{cﬂrg o ﬂngl}]a\(’jﬁb?)ch q is an optional double

nd, s<i's zero or 1, is zero or 1, with the
proviso that when q is present, s and t are zero, and
when g is absent, s and t are 1. [00087] Certain
carbenes are ngw chemi cal coppounds ang are clained as
@D such her&m (Linesefare coppoundsIitavifig the structure
of formula (1) vvhereln eteroatomis directly bound
to E1 and/or E2. e.g ;the proviso that a
het eroatomi s directly bouﬁd to E1l, E2, or to both El
and E2, and wherein the carbene may be in the form of
a salt (such that it is positively charged and

as at ed ne at i vel t
wheroRh Bk moveRs Foal hared s et SoHEl bf Firors ol byl formula
O, an'dSWngé‘lﬁ RV iy, se@&%@@lq‘r&rﬁ aﬁéyl EHQEyr@JlkﬁzaryP Bgtefd'éi;}l'l U'Qﬁlakyls ok e' y

by way of exanple, carbénes of formila (1) wheréin
heteroaradltydyandds substiiedawith BEeast one elaetran- wahmya]wmg substituent such as
[0009 ;FLQ @ugré)r g{lgrﬁ%yyéy%yi{}% yer I&Ié%)é }|ﬁX1|r<)t rr]ﬁtrof acytyl. It will be
appreciated that the foregoing list is not exhaustive and that any electron-withdrawing group
may serve as a substituent providing that the group does not cause unwanted interaction of
the catalyst with other components of the depolymerization mixture or adversely affect the
depolymerization reaction in any way. Specific examples of R’ groups thus include p-
nitrophenyl, 2,4-dinitrobenzyl, 1,1,2,2-tetrafluoroethyl, pentafluorophenyl, and the like.
[00091] Catalysts of formula (PI) are new chemical entities. Representati\;e syntheses
of such compounds are described in Examples 13 and 14 herein. As may be deduced from
those examples, compounds of formula (PI) wherein E' and E2 are N may be synthesized
from the corresponding diamine and an appropriately substituted aldehyde.

[00092] Another carbene precursor useful as a catalyst in the present depolymerization

reaction has the structure of formula (PII)
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aral kylthio noiety. Qther such carbenes are those
wherein x and/or y is at least 1, and L1 and/or L2 is
whedoanemBkyl , heteroaryl, or the |ike, wherei nP€TES2003/041283
heteroatomwithin L' and/or L2 is directly bound to
El and/or E2, respectively. [00088] Representative of
such novel carbenes are conpounds of formula (1)
wherein El is NRE, and e is al koxy, substituted
al koxy, aryl oxy, substitute% aryl oxy, aral koxy, or
(PID) substituﬁ@d—aﬂéMkaff A preferTé#)subBét of such
carbenes are those wherern E2 is N, x is -16 WO
2004/ 060987 PCT/ US2003/ (41283 zero, y is 1, and E
and E2 are |'inked throu Lnf substituted or
unsubstituted | ower al kylene or [|ower al kenyl ene
i nkage. A nore preferred subset of such carbenes are
hose i | 5 R 1 b @Sl i6r carbenes of
[0009§Ar yl - su sglﬁt%‘fggxfg’\/\%r’Rgﬁégjl,ﬁﬂ’él)ﬁdg%aéggg are Ifsnked -
structurdl fomgHa &), Mois e metal GRER4eIGREREE, other MBRBZICRG metalh ot diapsition

metalsrl?grgp ?;’e ﬁ?ﬁéﬁ(&g @HRc? Fg rﬁgneié[l?yggrgped %Ew e]JiS E‘iltf%ﬂj(ll_, zgfefrl%reﬁly an
anionié th’;ﬁéutl%l fydrRiNRat rAYCorRayl SotHe ARE4edd 45 -Eb-[(lll)mglkg,é or -EX-[(LH),-

,. su stituted nonocyclic aryl. Exanples 8 - 1 scri be
R%),. Generallys earboie prepirears af forimuta (PED epmbeeanthesized fropmg garbene salt

roup...[.00089 i ndi ¢ aprayi l. ' l e

and o BERERY Ao g b R PECERS R KU PRI, o
[000943" € al Sl picEcatbeie hrRcGbIRINEEle ap b ebpolaibyzatioa catabyat Berein
. to N-heterocyclic and N- heteroacyclic carbenes. In
is a tetpsubyitped pk@%th,avmaéhepﬁg@wg of formulp @) subst it ut ed

met hane conpound having the structure of formula (Pl)

(PI) XR 7 wherein E1, E2, x, y, Rl, R2, L1, L2, in,

and n areg,as defined _for carbenes gf structural

ﬁD(Tﬁl'g'ﬁ] Fo st

formul a ~Ldrd whékei n R7fs selebted from al kyl
(PIII) het er oal kyl, aryl, hei}zga:(, aral kyl, or

het eroar gk kyl , ,and i s2substi buted w, i h _at,s] east one

el ectr on@(vvi t hdLr)QW ng substit ué:nt smgﬁk as R ]["00090]

fluoro, fluoroal kyl (including perfluoroalkyl),

hloro,.nitro; tylyi i (wild Db '
10009430 °F oFBESITE 1FeE ¥ & e Lsianbind BRE §RA B Mfbenes of
structtﬁhl%hg@lﬁ'(ll)‘% ﬁh?‘{dﬁﬁ 4?9 d@ﬁrwdgls forEy' at&ﬁrﬂfgav and o B¢l ?smﬂerduas ifor x and
provj di ng_t ha e gro oes_pot cause unwanted ,
y: R® gndilt e dpipedgs for lfqlear@al%_tbglygﬁd b w5 dfire B ek’ agd b and k
are def&ﬁgd iod lny R, “Ats QB fth A rr@acﬂlﬁ FBNES 5 X, tcii&&i- .aﬁlﬁq\I,N-
egpol'yneri zation reaction in any way. Specific
dialkybXahqtesydic dabege salpant hustrongbasedgpipally an mopdraim/base such as a
2, 4-dinitrobenzyl, 1,1, 2,2-tetrafl uoroethyl,
rnetalﬁl&iﬁﬂélf:iuorophenyl, and the like. [00091] Catal ysts of

[0009%3{*‘&13%3 gﬁ{h) thBESHRRY pEN SITHERE caBtyk{ freSursJRERABSEINe BlriMEire of

formula (PII) or (PIII) in which a heteroatom is directly bound to an "E" moiety, i.e., to E',

E2, B, and/or E*, are new chemical entities. Preferred such precursors are those wherein the
"E" moieties are NRE or linked N atoms, and the directly bound heteroatom within RE is
oxygen or sulfur.

[00097] The depolymerization reaction may be carried out in an inert atmosphere by
dissolving a catalytically effective amount of the selected catalyst in a solvent, combining the

polymer and the catalyst solution, and then adding the nucleophilic reagent. In a particularly
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of such conpounds are described in Exanples 13 and 14
herein. As may be deduced from those exanpl es,
w@orpooss of fornmula (Pl) wherein El and E2 arP€T/NS1003/041283
be synthesized fromthe correspondi ng di anmi ne and an
appropriately substituted al dehyde. [00092] Anot her
carbene precursor useful as a catalyst in the present
preferchelmmibodixnér ahavoever, thapdlimer, Iti&smtchze’phﬂicueagene and the catalyst (e.g.,

2 carb 1%%&14 Tarfépl I&e}q*%gz)rﬁezood'/ oggl%%] lﬁza,c\)?gl%/ﬁl?l?%o %g,m ond
depolmg%ﬁl)n‘fﬁiﬁro%bﬁs%aog@-ste reaftio® » R2, L1, L2, in, and

are as defined f carbenes of structural for rrul a
[00098] ), I\/Preferablryetlalrﬁao@og mixiyed id agiated 6.g., girreed), amdithe progress of
roup tals, or.tr |t|o . et al Al
the regﬁlongﬁlang;e_-gl &étﬂ@fiah i Odl S (,ﬂl{%lbﬂéﬂ Y@uaé%ﬁp%i%a 1S generally

sufficRaN eisdtdr ¥s Afrandir QR Ir@acﬁsn ﬂ@utweqhdlbatg@ﬂﬂt the @)blg'ﬁ?éf h8¢ degraded to
may not be the sane as-EI-g J)mMR]x or -

an extreaf spfficenide allcb\y all slagiadatéonpr sstorge ipfo sobrien) &Ixelnp cp of
solvelgt§( ﬂ'ﬁgmag ég usedS 1élztﬁéj P%lrgpnrgnga %gélg)asc?gré z%rlﬁtlc}? odgamgl d)e?éc » I aquieous

solvertX eHaphie idett uxﬁd};@ BAdepSlyimdrizatiat dvaditivas, bR aPirefidfis Bydrocarbons
sui tabl e as a depol yneri zation cat al yst herein is

chloripgted h¥dpeearbenp, é@em azlmhatlﬁ hmrﬁ@arbw, gt ipdwigs hegof. Breferred

e G I, bl g1 8t o,

gasoling, and Inixti2es thegeofinSuperaitiealddfidswady also be me&b&slseh&atspﬁvith carbon
. tructural for la\gn}?; E3 .and E4 are def.i o
dioxidg TopgSEPnERE 0B AVP Rieachipi roperaigies 2redn gmp abapt 0 °C
to abd%? 1@(5 eC d?fpid&ﬁ? a@ﬁlogtogO d@ p?é}&aﬁ%' 608 &rl@WEﬂ aﬁ& %ﬁﬁﬁr‘ef&%ly 30
and”L2; and hand are defined I n
°C orém& amd tlTehmqlcm taxhe mall aﬁmralbfdm inyhd angedf ahoutriZ to 24 hours.
N, N- di ar.yl nd .N. N_di ycl i c carben
Pressifg) roEg L BP Rt oS o DRI LIS rirbuidionShf
super&@tcaal A6ids, wﬂ?ﬂ@'pr&eﬁ@d(pﬁgsuré BOROBINABhMd h t he
rbenes per se, those catal %‘st precursors havi ng t he

[0009§l r uct lirie tobe undsrsipodithaiphije e igvontipn hasbegn degeriged in
COH_]LLF& o%rvgiﬁ{ %?p'r%gl%& ﬁ%}: e %ﬁ%ﬁﬂnétﬁ% gl\%regﬁ éclrhﬁghff&f?ﬁon%%edescnptlon as

well d@rﬂﬁ @faﬁfpd’es&h@ﬂ’fondiwﬁ(aw mmnSecﬂroallnhm&eM éintit thbecoptof the
es are NRE or

1nvengglgI @hﬁé\sgqcé%@gﬁmgeﬁ d&%gtti kit gbé ggpg @{tﬁe 1nv¥:nt10n will

be apparent to those skilled in the art to which the invention pertains.

EXPERIMENTAL:
[000100] General Procedures. 'H and >C NMR spectra were recorded on a Bruke-
Avance (400 MHz for 'H and 100 MHz for *C). All NMR spectra were recorded in CDCls.

Materials. Solvents were obtained from Sigma-Aldrich and purified by distillation. Other
reagents were obtained commercially or synthesized as follows: poly(propylene carbonate),
poly(bisphenol A carbonate), poly(1,4-butylene adipate), 1-ethyl-3-methyl-1-H-imidazolium
chloride, ethylene glycol, butane-2,3-dione monooxime, ammonium hexafluorophosphate,
pentafluorobenzaldehyde, and mesityl diamine, obtained from Sigma-Aldrich; 1,3-(2,4,6-
trimethylphenyl)imidazol-2-ylidene, synthesized according to the method of Arduengo et al.
(1999) Tetrahedron 55:14523; N,N-diphenyl imidazoline, chloride salt, synthesized
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[ 00097] The depol ynerization reaction may be carried
out in an inert atnosphere by dissolving a
we@ adoaloystal | y ef fecti ve anount of the sel ect ePICT/US2003/041283
catalyst in a solvent, conbining the polynmer and the
catal yst solution, and then adding the nucleophilic
reagent. In a particularly -18 WO 2004/ 060987
accordtfg toHR BRB]AST XBanzlipk ef &r (1961 edigedi Thern., 7h4é9%aet Wantiick et al.

(19620 dnr. Chrgine T BB ang N anriigk BERIb DTt B St Rt dec
tr1ben%§lg1%' f&&iﬁ%‘?e sPniflpsi dta%%lﬁn%%‘ﬂ?er}hethé@ 8f Arduengo et al. (1992) J.

rizati’o occurs i n one-step reaction.

Am. (heR0Sa] 15653, atdd/suptdne reaction mxture is agitated
(e.g., stirred), and the progress of the reaction can

be nonitored by standard techni ques, although visual

i nspection is generally ggihpleqi ent, insofar as a

transparent reaction mxture 1ndicates that the
[00018Hl y me Deholymerizatide of Poly(propzlene sarhonatd) {Merit 50.60Q) wishy

o) R RPRR I AR B M P

dissol¥&PHmitbRend (0cd ﬁ'ﬂi@ M@ﬁb@ to Pstitddmix@ire 8A0SQUSE podpbrophlene
that are inert under the depolynerizatjon conditions,

carboraie)in seluened @ mlo, wder deafBegiring for 5pinytes gt room temperature, 2
mL oﬂ%ﬂ%%ﬁ% g‘ddeﬁ?@ﬁ{g ﬁ'foh@lgi So?\{/ae/tﬂ% %eg@ﬂ% W%{) rou%ht to 80

ur es ereo erre uae

°C. StifihB Yva8 Rentitted fordEhoure folied befth ewapormebh yf tHe-sb]Me;ﬂl in vacuo.
the | solg asoline, and m xtures there
The Ié@pé 6 NMI gpectrp shayeedihg Desserseiod a suigle Iagn%%éﬂltl@hyl [1.3]-

r such sol vent.
dloxo@nac? A @gwnﬁgrtg%%ggegé 2?@%2@%@? g\gge of about 0 C
GC-M®: about 100 C, typically at nost 80 C, preferably 60

1 P FogaRbniss (5B e a5 5t Bhour -
b) 1%1& éshﬁ@fn%n ﬂrée(%éwms (SANUG (8‘)@'1‘@60503’@@@ 65 (3)951 (5)

res I cal used in conjunctio

c) s lnp(a (8ﬁ%)t 6. %53(} miﬂ B |ld% (1504 8'h(4tOD1,958|c(2@)‘ ev I(HH))W@B)S @rasluct.

I L R S VN SO e el O AL

(14), w(llmgtdge(spr eferred specifi c errbodl ments thereof, that
ore80|ng descri ption as the exanples

IHNM&IH@ By B9 &, 1H), éﬂﬁj@duﬂb“r&(ﬂméﬂ)ate and not |inmit
13CN‘1\R§ sl%g)%e76>£ t7I3e43 |1 %/Eg]tl on. O her aspects, advantages
an

fIC 'ons’wi t'hin the scope of the invention
will be apparent to those skilled in the art to which
the invention pertains. EXPER MENTAL: [000100]
General Procedures. 1H aB¥amBANR spectra were
0o1pgfor d Wo G of PORIBRphARS AVEbbRkte] MARIGSLO) with
(000 I\zE fo?ﬁfgg)n?er%ral RIVR %g‘ct Pa Wer e recorgigk/ﬂ n CDCl% '
isolated carbene: 7 mg (0.02 mmol) of 1,3-(2,4,6-trimethylphenyl)imidazol-2-ylidine

dissolved in toluene (1 mL), was added to a stirred mixture of 0.5 g of poly(bisphenol A
carbonate) in toluene (10 mL), under N,. After stirring for 5 minutes at room temperature, 2
mL of methanol were added to the reaction mixture. The temperature was brought to 80 °C
and stirring was continued for 18 hours followed by the evaporation of the solvent in vacuo.

The 'H and *C NMR spectra showed the presence of two compounds identified as, bisphenol
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Material s. Solvents were obtained from Sigma-Aldrich
and purified by distillation. G her reagents were
wobaocaiosn®s7 commer ci al |y or synthesi zed as f ol | oR&T/US2003/041283
pol ypr opyl ene carbonate), pol y(bi sphenol A
carbonate), poly(1,4-butylene adipate), '
l-ethyl-3-nmethyl-1-Himdazolium chloride, ethylene
A and @@t acibiut[dAerd2og-ptieoyld- 1yl ethrpl]-phemd gistent-[1-(4-methoxy-

pheny inec - R RED] B9 RBA o1 e gRCAF A RS

Gcc-M§: 3-(2,4,6- trinmethyl phenyl)im dazol - 2-yli dene,
synt hesi zed according to the nethod of Arduengo et al

Q)  (e99Y)etiFahiedr Hi6 @8), 185 53; IN(IG0L THEMAS Bhidd48hl i ne,

b penkeaPonnssit 6L PSaY T BAMINEAT R G sLe

c) %/26(60%21;49%4) mﬁﬁg Qm gs@y ens (1’60)49139 ars?t %a(m@j IM?djoﬂ.*oroélhct
(19 4:128 (%963%

d) @11/@{130%@:16 096 na@z449513®,, 833 ﬂl%e?hl?y@ol 29%@3 i o 21>

200 GEATHITAY R ASEO00E, 18 40D M, AaBClinee = °

g NMIRATE €138 (51?0@1(2591 3 Dﬁml §.mer6.8 &), bh—af3 @l y ( pr opyl ene
car bonat e) 50,000) with isolated carbene: 7
ng (0.02 nmol ) of

1,3-(2,4,6-trinethyl phegyl.)idit §azol - 2-yl i dene
di ssol ved in toluene (0. [ was added to a stirred
[000103] xt ur Pepslyfefizatiat oﬁamlyﬁg@bytydm adipatep(y )12,090) with

ot - D 2RSSR 5 D P s pan
dlssolﬁe‘élqﬁ @%1&&1&(*1 %nlt)e %& b@dbdth % iskfred aigutd 6 It EFPEpEY I, £ budtene

t to C. Stirring was continued for 3 hours
adipaté)dh It«ziuamb @9 mIbDeuadqibbr Afteostirgng faréd mismies gt raom tegpgepture, 2 mL

he 1H a C.,NVR d the Qres 8o °
of me v%cr%(ﬂj&ﬁg? theie?élpﬂﬁlx Ufe. g?-lvﬁ%{p%g{%t] el%ﬁgghqfto Cand
stlrrm%;@\)@@ ¥§ﬁtmute@ %1% NREEfHoReaks tlhene\Ia rafibn Bﬁhe G6Tvb in vabuo The
. mn =106 (42), 103 (5), 100250
'H and B NI@R s(t@)vedsue pi8yenpy ofd gmglegn;gd@t gg@t}m qﬁc \(ngt)wo
05 (30), 103 (8), 91 (100), 77 (8), 65 (5), 51 (5)
produ y iz (85% 6.750 min = 102 (15), 87 (40), 58 (20).
GC-MY- (100). Major product. d) mz (5% 9.030 mn =

o L39I0L dzs (100), 438, (10 1R0E0 Nk S Dirotfh 6517
12), 8%8&3&%2%%3% g, 3ok B . 50 (D), 35%60). M b

b)  m/z(5%) 12.199 min =201 (4), 161 (6), 143 (100), 129 (32), 116 (12), 115 (25), 111
(70), 101 (12), 87 (10), 83 (15), 73 (34), 71 (12), 59 (14), 55 (42).

'H NMR :1.67 (m), 2.32 (s), 4.08 (5).

BC NMR : 24.26, 25.18, 33.74, 63.75, 173.23

Example 4
[000104] Depolymerization of Poly(propylene carbonate) (My, = 50,000) with in-situ

carbene: To a mixture of 7 mg (0.047 mmol) of 1-ethyl-3-methyl-1-H-imidazolium chloride
in tetrahydrofuran (THF) was added 4 mg (0.038 mmol) of potassium t-butoxide (t-BOK),

under N,. After 30 min stitring, 0.1 mL of the reaction mixture was transferred to a flask that
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Exanpl e 2 [000102] Depol ynerization of Poly(Bi sphenol
A carbonate) (M,, = 65,0000 with isolated carbene: 7
wOorgood06087 nmol ) of PCT/US2003/041283
1,3-(2,4,6-trinethyl phenyl )i m dazol -2-ylidine
di ssolved in toluene (1 n.), was added to a stirred
m xture of 0.5 g of poly(bisphenol A carbonate) in
was charetewith 0150z Oiboly(mdﬁyleﬁ&car%ﬁrtam) 510 mli oTHBr THe reaction mixture

m nut es at, room t enperat ur n__ of t ha
was SGRGILIDY 10 ARG R ERPRIANTE EallaeHYahe aHbBPROLS Blygkmethanol.
stirrift b o é&ém kit foP I HBS. SQULWRerhled'dhd the 'H and

our s e evaporation of the solvent
B¢ NWiR symectra ShevedHhe pdasdr&@ otﬂmrgl:aembduct,s%uw@dflﬁ h,é] Flmskan@eone

Howegeyo b 9008 Fpes oL gelvsniine 5T M. AAE Blis rétigi mixture showed

6d1ffé]te{1t]cohﬁg[lﬁd§_/ phenyl ) - 1- met hyl - et hyl ] - phenyl ester
4-11-(4-nmet hoxy- phenyl)-1-nethyl-ethyl] phenyl ester.
GC-MBwever, GC-MS indicated 4 peaks. GC-Ms: a) mz (5%

o (ay2(sPoeotsn s o sy ) 9. (551 108°
b) (392 5%p§4SB}mn9=ho@J@@ 1037 o§ 59)0 (5§5577((5),,59F(10(I)538 (1@% 57 (10).
m z §60°/() 301 min =

©)  9m/e{t%) w%mnprd@a&ow 2,5(83(@% S%GIQﬁpaMmqaspmms

o o 0 9 259 (25

d 31y 7shShn 73 e 5 G2 339 ST (T00) Lo
e) (1) (49918.60Dmin =120MNRL), 133 (310) 103&38)P0 (A48 E)D), 53.(260), 58

%% 6.7 - 6.8 (t), 7.0 - 7.3 (m. Exanple 3 [000103]
(12) Myrrerl zation of Pol y(l 4- butyl ene adi pate) (M, =

1 i t e

D Ly@00) wosbmibSolmia 1Es(BeE! 19,068 0 7 RO, 9100,
58 (5db%¢Dl ved in tol uene (1 nm.), was added to a stirred

B 2034 B U, o P

3 NNIRUtI8D 60 8208 4 eeR8t ure, 2 nL  of nethanol were
added to the reaction mixture. The t enper at ure was

brought to 80 C and stirring was continued for 6

hours foll owed by the evgggﬂlﬁi 5on of the solvent in

vacuo. The 1H and 13C d the presence of a
[0001@5]19' el)vpmymmzaam df Poly@his prersdl dvenrbonmte) (Vi eaSt()0) with in

5% 5. 099
situ cglllypnej@? a Irllgmlrf( gﬁbsng Q47 (11;1@919 off %—f%j(ygg)metggfl- F-H(-lmldazohum
chloride in THF (1 mL) was added 4 mg (0.038 mmol) of t-BOK, under N,. After 30 min,

stirring 0.1 mL of the reaction mixture was transferred to a flask that was charged with 0.5 g

of poly(bisphenol A carbonate) in 10 mL of THF. The reaction mixture was stirred for 10
min at room temperature followed by the addition of 2 mL of methanol. Stirring was
continued at room temperature for 3 hours. The solvent was removed in vacuo and the H,
13C NMR and GC-MS spectra showed a mixture of monomer and oligomers, where the major
product was bisphenol A.

GC-MS:

a) m/z (10%) 12.754 min =212 (30), 198 (20), 197 (100), 182 (10), 181 (10), 179 (10),
178 (10), 165 (8), 152 (8), 135 (10), 119 (12), 103 (15), 91 (12), 77 (10), 65 (5).
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(12), 83 (25), 82 (12), 74 (36), 73 (26), 69 (10), 59
(72), 55 (60). Major product. b) mz (5% 12.199 mn =
wWQ0om4/040087 161 (6), 143 (100), 129 (32), 116 (1pQT/USHB3/041283
(25), 111 (70), 101 (12), 87 (10), 83 (15), 73 (34),
71 (12), 59 (14), 55 (42). IHNWR :1.67 (m, 2.32 (s),
4.08 (s). 13C NWR : 24.26, 25.18, 33.74, 63.75, 173.23

b) Bmiib%) 4360004 286N 28 mer0)7285 @) 220 (o), 22@(4@9;&16“@0), 213

100 L G G5t B0 ey Lok TS U280 s o 150.29), 133
©), 120N PR AT 203 00 I ST PR G B0 1. YPGi0), 65

(8) (t-BOX), under N2. After 30 min stirring, 0.1 nL of

L e et e T LR T A R

(20) "1’05(59 of (1@9'M%9m5|(§pmgairm3@&e) in 10 mL of THF. The

¢tion mixt was stirred for 10 min at room

d) temizéﬁ%m@.w%mmwezc%l@o)t B AaYiA71 ¢h0WF 227 (), B2 (5), 197 (3), 183
irring was continued at room tenperature
@) B IR G ven

vent was renoved and the 1H and 13C
e) Nz p@%ﬂswsmmd thzo)r SSP0R, 305 (@0@2@@? magctyﬁtz% (3), 211
- di oxol an-2-one. However
2, lﬁé@vh& ]tfh”e(z},dﬁ\?é@b 12h€?~)£§i—@$ B(ADH @)-ude reaction
m xture showed 6 different conmpounds. GC-Ms: a) mz
(15% 6.268 mn = 119 (4), 90 (100), 75 (4), 5? §25).
b) Mz (5% 6.451 mn =1@4afpld6 103 (30), 90 (5), 77
(%), 59((£%0), 58 (10), 57 (10). «c¢) mz (70% 6.879
mn =102 (10), 87 (25), 58 (14), 57 (100). Major
product. d) mz (1% 7.565 mn = 103 (40), 89 (5), 59
(100) 8 (5), 57 (8). e z (A, 8.502 mn = 207
(14), B3 (10), 103 (3 0 89 (10), 59 (100),
58 2, 57 (14). f) nl %) 8 6 mn = 148 (8),
118 (8], 117 (15), 103 (2d), 77 (60), 72 Es_)r
(d 3.9 (t,

(100),N, 58cS) 1, S (5) MNR b
8
70 E %'213 154 EEN

[000106] Depolymerization of PET according to the above scheme: 20 mg of t-BOK

|/\OH

and 45 mg of N,N-diphenyl imidazoline, chloride salt, were placed in a vial with 2 mL THF
and stirred for 15 minutes. Ethylene glycol (2.3 g) and PET (0.25 g) (pellets obtained from
Aldrich dissolved in CHCl; and trifluoroacetic acid and precipitated with methanol to form a
white powder) were combined to form a PET slurry. The catalyst was added to the slurry
with approximately 5 additional mL THF. After 2 hours, the solution became more
transparent, indicating dissolution of the components of the depolymerization mixture. The
admixture was stirred overnight, yielding a completely clear solution the following day. the
THF was removed, yielding 225 mg of white solid. 'H NMR *C NMR, and GC-MS were all
consistent with bis(hydroxy ethylene)( terephthalate.
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[ 0001051 Depol ynerization of Poly(bisphenol A
carbonate) (M,, = 65,000) with in situ carbene: To a
worzoo06@8Df 7 nmg (0.047 nmol ) of PCT/US2003/041283

l-ethyl-3-nmethyl -1 -Himdazolium chloride in THF (1

m.) was added 4 ng' (0.038 mmol ) of t-BOK, under N2.
After 30 mn, stirring 0.1 nL of the reaction m xture
was transferred to a fl aEkampki7 was charged with 0.5 ¢
of pol y(bi sphenol A carbonat e) in 10 nL of THE The
reaction xture was stirred f 10 mn at room
terrperatu e fol l oned by the ad |t|on|$Eﬁ;m_ of

nmet hang t rrl ngt co ed at tenperature

for 3 our r enpy ed—-A—vaglio and the
18C N and Geﬂqﬁ spealra AhowggHa@Hxt ur e of

rmnomer Nd ol i goners, where tifhe maj or ¥ product was

blsphenol A GCMs: a) mz (10% 12.754 min = 212

30), 198 (20), 197@( 100), 182 (10), 181 (10), 179
[0001&11)) D@pgly(rm)zan% RE;";T accgglgng ®)the glg@ze(s;bc}me 12®n1(gm)1 3-

e300 PSR o P BB AR PR o

and s@84d {01 0¥ m1ﬁ5Me(t189)nol 2| ﬁ)]a(ih):l PEA2B08 46D, as ZlBxdndbl} 6) #é
(1Q0), 208 197 (30), 191 (5), 181 (5% 179 (5),
combipge \Yl @2"1“ I-i}’g)o follggm(uz@)lublelgup(t(@5 yLhe £atalyst gl)lxtutpgmas filtered

into tlé%ET%r%e%za%gglﬂnx}%l%( é%(fgeQZ}_}loglg %e(rg'g%s a?-g 1&:@% e 1ﬁ§r§£s?:§%%
transpbden2$.6 Atfien 1 $h@B8, th8 4Jlntid wag &ﬁl)ple’rﬁllyaldrﬂi@)lemik%d cRhr. The
solveesa oyl i Bl ot thyeld st by silienhdict 4 ). 'H
NMRGK&}:ated?Z(?mﬁl@é)oonggrgloﬁ%@Qﬁneﬂ%azer@@malgt%z (5), 197 (3),

183 (2), 169 (3), 133 (3) (5). e) mz (10%

15. 983 m n = 344 20) 330 (20) 329 (100), 285 (5),

[0001§gg (6 % %ﬁﬁl Q‘Ta}f BE)( ge)tt?r] c%r%tg’%cbb}( erggg ﬂ_él?eesy%lﬁ%ehc route
used fo prepare e OET dnd BeKposel¥te-dddolyimddatiéd broducts obtained therefrom. The
PET obtained in each example was prepared by synthesis according to a two-step
transesterification process from dimethyl teraphthalate (DMT) and excess ethylene glycol
(EO) in the presence of a metal alkanoate or acetate of calcium, zinc, manganese, titanium
etc. The first step generates bis(hydroxy ethylene) teraphthalate (BHET) with the elimination
of methanol and the excess EO. The BHET is heated, generally in the presence of a
transesterification catalyst, to generate high polymer. This process is generally accomplished
in a vented extruder to remove the polycondensate (EO) and generate the desired
thermoformed object from a low viscosity precursor. The reaction takes place according to

the following scheme:
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I ~ / 1 6 [000106] Depolynerization of PET according
to the above schene: 20 ng of t-BOK and 45 ng of
wORM4de@EBENYl | m dazoline, chloride salt, wereP@l/as8md3/041283
inavial with 2 nL THE and stirred for 15 m nutes.
Et hyl ene glycol (2.3 g) and PET (0.25 g) (pellets
obtained from Aldrich dissolved in CHC13 and
trifluoroacetic acid apnd precipitated with nethanol to
forma whi® ) Rer e combined to igrm a PET
slurry. Toe ¥ate «Ls_ﬁddeﬂ AhesTurry wth
approxi mat@ly 5\additiofl nL THF. After 2 hours, the
sol uti on becane Iﬁgrre trankparent, iB8icating
di ssol ution of t conponepts of the depol ynerization
m xture. The adm xture wap stirred overnight,
yielding a conpletely cleal solution the foll ow ng
day. the THE was renoved,yyielding 225 ng of white
solid. 1H NWMR 13C NWVR, and GC-MS were all consistent

wi th bi s(hydroxy ethyDene erdpht hal ate. -23 WO
GE

2004/ 060987 / US200B/ Q apple OHN CN\>: PET
t-BOK CN TH ; 1 Depdl yneri zati on of PET
according to the above schengygpz5 ng of 1, 3- dinethyl

i mdazol e, iodide salt, anf 11 ng of t-BOK were pl aced
inavial with 2 nL of THE[ and stirred for 15 mn.

Met hanol (3.11 g) and PET {308 ng, as in Exanple 6)
were conbined with 5 nL of THE to form an insol uble
m xture. The catalyst mxtyre was filtered into the
PET/ met hanol m xture. After 1 hour, there was a

noti ceabl e i pcrease iqD transpaggncy. After 14 hours,
the sol ution|was conpletg onpgeneous sapd cl ear. The
sol vent wasHT&wqued by Ty evaporation to yield a
white crystalline product . 1IH NMR indicated
conpl ete conversion to di net hPETt er epht hal at e.

[ 0001081 Exanples 6 and 7 may be better understood by

[ooomg_rre r enge differé M@ payiy AL thdnitAUbE clig 8k rberRfA1Pa0E tHe Hase
PET and the possible de}pol nmeri zation products

monopisrsHiDNT anth EG01 glpealysinhel PEEpackjo HHE, deqompesitiern el b with
S prepared hesi ' ;

prop {518 (RSP Bl P rcthp DS e Pl BF PR PRIl BISER: o form

“unsatig4ta® poiyadtate for BVE) reriforced cemposteh hddeogippsidbn with glycols,

followed by reaction with dicarboxylic acids to produce polyols for urethane foam and

elastomers.

[000110] In Example 7, PET powder was slurried in a THF/methanol solvent mixture.
N-heterocyclic carbene (3-5 mol%), generated in situ, was added and within approximately 3
hours the PET went into solution. Anaylsis of the degradation product indicated quantitative
consumption of PET and depolymerization via transesterification to EO and DMT. The
DMT is readily recovered by recrystallization, while EO can be recovered by distillation
(Figure 1). Alternatively, and as established in Example 6, if EO is used as the alcohol (~50
to 200mol% excess) in the THF slurry, the depolymerization product is BHET, which is the
most desirable and can be directly recycled via conventional methods to PET (Figure 2).

The N-heterocyclic carbene catalyst platform is extremely powerful, as the nature of the
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(EOQ in the presence of a netal al kanoate or acetate
of calcium zinc, nmanganese, titanium etc. The first
W@ t@p/ogeBer at es bi s(hydroxy et hyl ene) terapht hedBUS2003/041283
(BHET) with the elimnation of nethanol and the
excess EO. The BHET is heated, generally in the
presence of a transesterification catalyst, to
substigenshat & pringtnged|eyfrer on daltdlgst ptabilieg and sctiyétyeswardy different
acconplished in a vented extruder to renove the
substrgtepy condensat e (EO) and generate the desired
r mo
OO P e e R BRIy B Tl smced
schenmtibalyebelo?4 WO 2004/ 060987 PCT/ USZOOB/ 041283 O O OH

\p\ pi + HOEO DMr OO HO~ ~ O~ OH ~~p BHET H
,,,,0~~ 00 ~, ~p_o ET [000109] The different
opti ons fo%chem cpl )Qr@ji_p regeneration of the
base nono ycol ysis of PET back to

BHET, deconposition of FiEEfTvmth propyl ene gl ycol and
reaction of the degr ad-atl on product with naleic

anhydride to form At ur at ed pol yesters" for fiber
reinforced c npo deco osition with glycols,
di carboxylic acids to

fol | oned by, react
aggg/{ﬂjﬂﬂ(aners.
slurried in a

produ&e ofyols fo urehane foa
re. N-lheterocyclic carbene

[000116? I/n” Exa powder
THE/ net hanol sol
situ, was added and w thin

(3-5 mol % generaNsd i
e PET nt into sol ution.

gn progduct i ndicated

approximatgly 3 O S 4
Anayl si s of \t he dd
gquantitative

0 Q i R OH
\o/L@_\ko/ HO\/\O/L@J\ 0
+  pMT _Jon  BHET
~_OH HO
HO O
EO

The following Examples 8-11 describe synthesis of new carbene precursors as

illustrated in the following scheme:

+ X 2: R=Me, X=
N S N-O0 R—Xx At 4: R=CH,Ph, X=Br
Ph — N” SN-O-R
Ve NH,4PFg
PH H 3:R=Me, X=PFq
1 5: R=Ch,Ph, X=PFg
Example 8

[000112] 3-Benzyl-1-methoxy-4,5-dimethylimidazolium iodide (2): Methyl iodide
(0.5 mL, 7.8 mmol) was added via syringe to a solution of imidazole-N-oxide 1 (1.0 g, 4.9
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consunption of PET and depol yneri zation via
transesterification to EO and DMI. The DMl is readily
w0 e@aweret by recrystallization, while EO can BET/US2003/041283

recovered by distillation (Figure 1). Alternatively,

and as established in Exanple 6, if EOis used as the

al cohol (-50 to 200nol % excess) in the THE slurry,
mmol)tifiea. dl@ﬂﬁL wieHlatdoapopndt wes prepaiidiiom W3 ehriteszylhe

nost desirable and can be direct.l rec cl.ed v

[1,3,5]i6AineRe Pshaanect AkenetBomerpERgg e procestie of Atduengo etal.

r
(1992) '\y\%e&ﬁ ﬁf,@?gédl %gt&gs;xéa‘égglﬁ’le%%ro@h%%&%%(%ﬁ?gég%f g’t?ffﬂe}hoval of

the volE(i[Eé USR03 /afféﬂd?:ﬂa threkl lystlow od i suitebbe purpy onguwedstermined yield.

HNMR (6 1R ‘ﬁf}%ﬁfﬁi N2bochafimedie Gl WS NC); .38
G 3 R PRy L R L P %"#E@a”%' ff’oﬁ o H 0+

PET OH N g NHO -  OH CAD NO 00H-00/\

O\i OH + DM + OH BHET HOB' HO'-/ EO EO The

foll owi ng Exanples 8-11 e synthesis of new

[0001fsqr bens: BRuSALI-ERHFxH,5dimbthiliafi@skoliani hexaflablepliosphate (3):
sChenme: + X 2: RFMe, X= | /-NNOQRXnn+ 4. R= H
Crude jodide Pvapkaken np i deioniped\{lppigter gwhigh Warq@qjﬂag product from small

amounts of a dark, insoluble residue. The water solution was decanted to a second flask and a
solution of ammonium hexafluorophosphate (950 mg, ca. 5.8 mmol) in 10 mL of DI water
was added in portions. An oil separated during the addition, and the supernatant solution was
decanted out. The oil was crushed in cold (0 °C), and subsequently recrystallized in
methanol. Yield: 1.3 g (73 % from 1). "H-NMR (8, CDCls): 8.67 (s, 1H, N-CH-N); 7.39 (m,
3H, C¢Hs); 7.29 (d, 2H, CsHs); 5.24 (s, 2H, NCHy); 4.21 (s, 3H, OCHz); 2.27 (s, 3H, CHs);
2.17 (s, 3H, CHs).

Example 10
[000114] 1-Benzyloxy-3-benzyl-4,5-dimethylimidazolium bromide (4): Benzyl
bromide (1.2 mL, ca. 10 mmol) was added via syringe to a refluxing suspension of 1 (1.0 g,
5.0 mmol) in dry benzene. A dark orange oil separated after refluxing for 6 h, and cooling to
room temperature. The supernatant was decanted and the remaining oil was dried under
vacuum overnight, which caused the product to solidify. The solid mass was crushed in
pentane, filtered and dried under vacuum. Yield: 1.34 g (63%). 'H-NMR (5, CDCls): 11.04
(s, 1H, N-CH-N); 7.6-7.2 (ov. m, 10H, 2 x C¢Hs); 5.59, 5.58 (s*s, N-CH,, O-CHz); 2.09,
1.94 (s, 3H, CHs, CH3). BC-NMR (8, CDCl3): 132.8 (OCH,-'CsHs); 132.5 (NCN); 131.5
(NCH,-'C6Hs); 130.6, 130.3, 129.2, 129.0, 129.0, 128.9, 128.0 (""*CsHs); 124.8; 124.1
(NCCN); 83.9 (OCH,); 51.2 (NCHy); 8.89 (CHs); 7.11 (CHs).
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1 5: R=Ch2Ph, X=PF6 Exanple 8 [000112]

3-Benzyl - | - net hoxy- 4, 5-di net hyl i m dazol i um i odi de (2):
woraohpboospdi de (0.5 L, 7.8 mmol) was added VPEI/US2003/041283

syringe to a solution of imdazole-Noxide 1(1.0 g,

4.9 -26 WO 2004/ 060987 PCT/ US2003/041283 mmol) in

ca. 20 nL of CHC1l3 (conpound 1 was prepared from

1,3,5-tribenzyl - [1, 3, 5]Exdampleddne and

ane- - dirqne _nonooxi e, using the nrocedure of
100038 e B en 35 i i R Mo ko spate (5
A bateR&f &utlé bthidé 4GNS LIHEEYEbredRyiAY 8hMraRAtuunBERERYdlsoBfed in DI
the volatiles in vacuo afforded a thick yellow oil of

waterggdexpded withihgxanes.akhe aqueausayen sves yepsrated and-s s@iiqreof

GRSy, DS e B 8 B i
The yeliBy ;0il21epOsifed, on3ht waltiB)f thElaskpwves @s§ddALA Harm methanol and a few
3- Benzyl - | - %Eaédr 5-di met hyl i m dazaol i um )
dropsyRd PEXATIFs MSEh elingyto roqm {Fmperasareddfopdegkaff-rhite arygtals of
i e ! _ y d<the nhQ e
pure f’rqgtgn&is%TI gém%%}lts 0 Egn %\@ﬂrl& mgg{(’ﬂlb éYﬁéeigi @ge/g%h]el)' H
NMRv@; EDCEDI 81?2 @) IHaN-@HﬁN)jt ??5-1713 5;’:17h 3@ ‘(ﬁsﬂ dn,f(t(%ﬁié 5081520 (s+s, N-
0 i gn _of ammoni um hexafl uor ophosphate (950 ng, ca.
Ci, é‘éﬁ}%gllﬁ (B H; 35 (5 3Hafdb). was added in portions.
An oil separated during the addition, and the
supernat ant solution was decanted out. The oil was
crushed in cold (0 O, dixhmpled2quently recrystallized
in nmethanol. Yield: 1.3 g (73 %from1). 1H NWR (S,
CDC13): 8.67 (s, 1H NCHN); 7.39 (m\_3H Co6H5);
7.29 (d, 2H, C6H5); 5.24 (s, 2H, NCEBZ_)}Ql .21 (s, 3H,
OCH3); 2.27 (8.@3H CH3); 2.17 (&, SHNCIB), Exanpl e
10 [000114]
1- BenzyIP(SX%_/;Sg’Q@rlzgl Fh 5- 98 hyl i mi dazagii sgBkr oni de
y

(4): Benzyl Nbr € (1.2 nL, ca. 10 ) was added
via syringe refluxi ng suspengjon off 1 (1. Fhg,
5.0 mol) in" dry benzene. A dark or NFOs€par at ed
after refluxing for 6 h, and cooling t oom

tenperature. The supernatant was decamt edM\and the
remaining oil was dried under vacuum overni ght, which
caused the product to solidify. The so”®d nass was
crushed in pentane, filtered and dried under vacuum

ool B s e Frahiplant 03
dibrobfoh$genthfel). Thlddtene %r&grsor 6 was prepared as follows: A mixture of
silver oxide (128 mg, 0.55 mmol) and imidazolium bromide 4 (396 mg, 1.06 mmol) was
taken up in dry CH>Cl, and stirred at room temperature for 90 minutes. The dark orange
suspension was filtered through a pad of celite and evaporated to dryness, yielding an orange
powder. Crystallization from THF afforded a white powder (2 crops). Yield: 291 mg (57 %).
'H-NMR (8, CD,Cly): 7.47-7.32 (ov. m, 10H, 2 x C¢Hs); 5.23, 5.22 (s+s, NCH,, OCH,);
2.01, 1.95 (s, 3H+3H, CH;, CHs). *C-NMR (5, CD,Clp): 136.2 (NCN); 133.3 (OCH,-
'CsHs); 130.8 (NCH,-'CsHs); 130.7, 130.0; 129.3,129.3, 128.5, 127.1, 123.9 (*™PCsH; +
NCCN); 82.6 (OCHy); 54.0 NCHy); 9.4 (CH3); 7.8 (CH3). Anal. Found: C, 47.56; H, 4.26;
N, 5.79 %. Calc. for C3sH40Ag:BraN4Oa: C, 47.53; H, 4.20; ; N, 5.83 %.
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1.94 (s, 3H OCH3, CH3). 13C-NMR (S, CDC13): 132.8
(OCH2-' CBH5): 132.5 (NCN); 131.5 (NCH2- ' O6H5): 130. 6,
wa 348609829, 2, 129.0, 129.0, 128.9, 128.0 (nmpCBEBYS2003/041283
124.8; 124.1 (NCCN); 83.9 (OCH2): 51.2 (NCH2); 8.89

(CH3): 7.11 (CH3). -27 WD 2004/ 060987
PCT/ US2003/ 041283 Exanple 11 [000115]
[000BL7Be nz yEExameniBydmixh4- deséritehi prepanatidondfaidddiohalroarbene precursors

.l uor te.(5):.,A batch of crude pbrom de 4

from AGR SRR HRHRRR, B oS b B scdiminiovas

di ssolved in DI water and extracted wth hexanes. The

aqueous | ayer was separated and a sol ution of

ammoni um hexaf | uor ophosplzampledd 1.3 equiv.) was

added dropwi se with constant stirring. The yellow oil

deposited on the walls of the flask was dissolved in

warm met hanol and a few drops of hgxanes were added.
Cooling to room tenperature g fordd off-white

stdl s ‘of 5, whicrt Nsed with 1p(}arptane
' naSHfl Hp NpSOgVvR

i edin aAcuum i g % f r onSH2
CDC13): 8 s, 1HF M. 7.45-7.35, 7.18 (ov.
O6H5): 5.31, 5.20 (s+s, cHl, ocH2): 2.13 (s,

3H, CH3); 2.05 (s, 3H, CH3).r Exanple 12 /--O-N N\ Br
OPhl Ph Ph ~N”"Q+ - OPh Ag2
Ph NNOG6 [000116]
Bi s(| - Benzyl oxy- 3-benzyl -4, 5-di neth

ilver(l) dibronoargentate (6). The , urs

6 was prepared as follows: A m xture of er 'oxi de
(128 ng, 0.55 mml) and i m dazol i um lBro 3 (396 no,
1.06 nmmol) was taken up in dry CH2Cl2 ape-gtirred at

roomtenperature for 90 m nutes. The da k onange

suspension was filtered through a pad of celfte and

evaporated to dryness, yielding an orange powder.

Crystallization from T THE afforded a white 7powcler (2

crops). Yield: 291 ng (57 %9. 'H NWR (6, L£D2C12):

7.47-7.32 (ov. in, 10H 2 x C6H5); 5.23, 5.22 (s+s,

NCH2, OCH2);
[000118] Synthesis of carbene precursor 7 (2-pentafluorophenyl-1,3-diphenyl-
imidazolidine): 200 mg (0.94 mmol, FW = 212.12) N,N'-diphenyl-ethane-1,2-diamine was
placed in a vial and dissolved in 5SmL CH,Cl,. A catalytic amount of p-toluenesulfonic acid
and 50 mg of Na,SO4 were added, followed by 230 mg (0.94 mmol, FW = 196.07) of
pentafluorobenzaldehyde. The mixture was stirred for 8h. The Na,SO4 was filtered off and
solvent was removed under reduced pressure to yield a light brown powder 395 mg (FW =
436.2), 96% yield. '"HNMR: (400 MHz, CDCls, 25 °C) 6 =3.7-3.9 (m, 2H), 3.9-4.1 (m,
2H), 6.5 (s, 1H), 6.7-6.8 (m, 2H), 6.8-6.9 (m, 1H), 7.2-7.5 (m, 2H). FNMR: = -143.2 (s
br, 2F), -153.7- -153.8 (m, 1F), 161.7- -161.8 (m, 2F).
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2.01, 1.95 (s, 3H+3H, CH3, CH3). 13C-NWR (6, CD2C12):
136.2 (NCN); 133.3 (OCH2- 'C6H5); 130.8 (NCH2-' C6HS);
wa3@4/h609880. 0; 129.3, 129.3, 128.5, 127.1, 123POI/US2003/041283
(mGC6HS5 + NCCN); 82.6 (OCH2); 54.0 (NCH2); 9.4 (CH3);
7.8 (CH3). Anal. Found: C, 47.56; H 4.26; N, 5.79 %
Calc. for C38H40Ag2Br2NAC2: C, 47.53; H, 4.20; ; N,
5.83 % -28 WO 2004/ 060984 AWS2003/ 041283 [000117]
Exanpl es 13 and 14 descri be preparation of additiona
carbene precursors from N, N-diaryl -substituted
diamnes as illustrated in the schemes bel ow. Exanple
13 FO _ FO0-1 CHHC12, H¥, NaSO4 NH HN\ / HF F F
NN FH FF FF 7 [000118] 'Synthegis of carbene
/ Rent af | uor aphenyl - 1, 37di phenyl -

200\ my (0. 92 W= 212.12)
R e,

Y

fol l'owed by 230 ng (0.94 mmol ,r FW = 196. 07) of
pent af | uor obenzal dehyde. The m xture was—§tirrm f or
8h. The Na2SO4 was filtered off and__#

removed under reduced pressure to yie
powder 395 ng (FW= 436.2), 96%yield.
MHz, CDCl13, 25 C d =3.7-3.9 (m 2H

8

[000119] Synthesis of carbene precursor 8 (2-pentafluorophenyl-1,3-bis-(2,4,6-

trimethyl-phenyl)-imidazolidine): Mesityldiamine (512 mg, 1.7 mmol) was placed into a
vial, equipped with a stirbar, with pentafluorobenzaldehyde (340 mg, 1.7 mmol). Glacial
acetic acid (5 mL) was added and the reaction was stirred at room temperature for 24h. The
acetic acid was removed under reduced pressure and the product was washed several times
with cold methanol to afford the product as a white crystalline solid (543 mg, 65%). 'H
NMR: (400 MHz, CDCl;, 25 °C) 6 : 2.2 (s, 12H), 2.3 (s, 6H), 3.5-3.6 (m, 2H), 3.9-3.4 (m,
2H), 6.4 (s, 1H), 6.9 (s, 4H). ’F NMR: -136.3- -136.4 (m, 1F), -148.6- -148.7 (m, 1F), -
155.8--155.9 (m, 1F), -163.0- -163.3 (m, 2F).
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2H), 6.5 (s, I H, 6.7-6.8 (m 2H), 6.8-6.9 (m | H),
7.2-7.5 (m 2H). 19F NVR 6 = -143.2 (s br, 2F),

WO 2®3/050987 153.8 (m 1F), 161.7- -161.8 (m 2F)PCFRS200§041283
2004/ 060987 PCT/ US2003/ 041283 Exanple 14 F O + H
gl acial acetic acid NHHN\ / 1 FFFH FF FF 8
[ 0001191 Synthesis of carbene precursor 8
(2- pent af | uor ophenyl -1, 3-0iLsmis?, 4, 6-
trimethyl-phenyl)-imnmdazolTdine): Mesityldianne (512
ng, 1.7 mmol) was placed into a vial, equi pped with a

Stqr )

A L R e
electophitit Ilmhagw,&oﬁ'tprisrr@&oﬁtacflﬁg)mbtpel‘mmr &tithr aEnlidIJEEopBﬁh: reigem
ac C aC|d renmoved, under reduced Q@essure and_ t

and a @ip@ $j

£ that el %wngwéwamre ustsdhat,gre fpbstapha IﬁbffPFaﬁ’fdpetal

cont %ttg ord the product as a white crystalline solid
543 ng, 65%. 1H NWR (400 MHz, CDC13, 25 C) 6: 2.2
(s, 12H), 2.3 (s, 6H), 3536(m2H) 3.9-3.4 (m

2:%9 %metﬂcich%tl cggnm ﬁ, 4\ghegfe1(1ﬁ]i1eI_glg<jtropI§ﬂL_E¥§ﬂ<ggéIssagg ydgp?q%?ht?y

select%&)ﬁfom & 1Pkageh SrBor{afd lnﬂfa)ges u%aﬂ@ll%ﬁ%e/ 50RBARfited urethane
CT/ US2003/ 041283 CLAIMS: ~1. A net hod T or

llnkagfépplwpha’@ linkpgen apuidy hekagha\subﬂgltlaecb awkdedinkagesy ﬂﬁd)astemg
I h I I k .1 Si tacti t
linkafs ARG ke R 353 o PR TR eSO 201 1 N9 the

3. The method of claim 2, wherein at least some of the electrophilic linkages are

ester linkages, such that the polymer is a polyester.

4. The method of claim 3, wherein all of the electrophilic linkages are ester

linkages, such that the polyester is a homopolymer.

5. The method of claim 3, wherein at least some of the electrophilic linkages are

other than ester linkages, such that the polyester is a copolymer.

6. The method of claim 3, wherein the nucleophilic reagent is a compound
containing at least one nucleophilic moiety selected from hydroxyl groups, amino

groups, and sulfhydryl groups.

7. The method of claim 6, wherein the compound contains one nucleophilic

moiety.
8. The method of claim 7, wherein the nucleophilic moiety is a hydroxyl group.

9. The method of claim 6, wherein the compound contains two nucleophilic

moieties.
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and a catal yst that yields depolynerization products

that are substantially free of netal contam nants. 2.
wab@4met9BDd of claiml, wherein the el ectrophiP€T/US2003/041283

| i nkages are independently selected fromester

| i nkages, carbonate |inkages, urethane |inkages,

substituted urethane |I|inkages, phosphate |inkages,

am do Iinkages substituted am do |inkages, thioester

I|nka su] fonate ester and- conbi nati ons
Theghodrpiclam hogheaein éhleaw?ezph\hﬁ SQitiesare hydigxyl

grouq%om? of the electrophilic |linkages are ester
i nkages, such that the polyner is a polyester. 4. The
met hod of claim 3, wherein all of the electrophilic

I|nka es are ester _|inkages, ch. that t pol yest er
i stla @Pcy a1, WIRSCTREAE AT icTeliorddrorRaPERds: at

ilic |linkages are other
carbelfnﬁ gﬁécm%efge Eﬁlﬁna& a6 e E g

n ester ages, such that the polyester is a
copolyner 6 The nethod of claim3, wherein the

n hi I i§ a cont.ai ni ng at

"o e et oGRS S EH M nyar oxy!
gr oups, an1no groups, and sul fhydryl groups. 7. The
met hod of claim6, wherein the conpound contains one
nud edsimethed ofrabaiar 12, véhereih therpartienel has the stiigture, of formula (T)
wherein the nucl eophilic noiety is a hydroxyl group.
9. The nethod of claim6, wherein the conpound

I) contains t Gl eo iC 2et| -3, WO
O 5004/ 08008 PCH @2‘%5/\@4}1};? =TolCiRs Wkt hod of cl ai m
9, wherein the nucl eophillc noieties are hydroxyl
wher@hoUps. 11. The method of claim 1, wherein the
catal yst is selected from carbenes, carbene
pr@‘camdﬁ%rasa indeyibndenity sebectedrfsont nbm&f O, R2PRThead SBRﬁmI
erei n the catal carbene

hydrogien BT o9t feipioh X S TiepsdtEdy FaRel g gikare
selectel &&Y BérdsBorif toftRE albiee(state of B ard?, fdspdcfibv¥lyEarflwhdrb)vhen

E' and E? are\/\ﬁ)qtlelgretil;n O or S, then E' and E? may be linked through a linking moiety
that provides a heterocyclic ring in which E' and E? are incorporated as heteroatoms;

R' and R? are independently selected from branched Cs-Cso hydrocarbyl,
substituted branched Cs-Csp hydrocarbyl, heteroatom-containing branched C4-Csg
hydrocarbyl, substituted heteroatom-containing branched C4-Cs¢ hydrocarbyl, cyclic Cs-
Cso hydrocarbyl, substituted cyclic Cs-Csg hydrocarbyl, heteroatom-containing cyclic Cy-
Cso hydrocarbyl, and substituted heteroatom-containing cyclic C;-Csq hydrocarbyl;

L' and 1. are linkers containing 1 to 6 spacer atoms, and are independently
“selected from heteroatoms, substituted heteroatoms, hydrocarbylene, substituted
hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted heteroatom-

containing hydrocarbylene; and

m and n are independently zero or 1.

14. The method of claim 13, wherein E! and E? are N.

-32-



El and E2 are independently selected fromN, NRE, O,
P, PRE, and S, RE is hydrogen, heteroal kyl, or
whedosne®syl , x and y are independently zero, 1PCDUSDN3/041283
and are selected to correspond to the val ence state
of E1 and E2, respectively, and wherein when El and
E2 are other than 0 or S, then EIl and E2 may be |inked
t 5 ouBhmathbd K bR 0] Whateinthaid are\i SRBE aardueeiro tikdd C
ring in which El and E2 are incorporated as
throughes linkdng maisty wrchaba theocasbeciingeldistanaeyclic saibers.ed from
branched C3-C30 hydrocarbyl, substituted branched
C3- C30 hydrocarbyl, heteroatom containing branched
C16.C3be nititbdosfaldisnl 15, sblesdin theMNpdetericgclandantene diag theni ng
branched C4- C30 hydrocarbyl, cyclic C5- C30
structyyp @f BEBYRAAD substituted cyclic C5-C30 hydrocar byl ,
het er oat om cont ai ni ng cyclic Cl- C30 hydrocarbyl, and
substituted heteroatonmcontaining cyclic C,-C30
hydrocar byl ; L1 and ars |inkers containing 1 to 6
spacer atons, and arfe i ndependently selected from
uy het er oat onsR'subhgttNt ed heterpterts, hydrocar byl ene,
substituted hydrocar ne, heteroatom containing
hydr ocar byl ene, and substituted heteroatom containing
whereftydr ocar byl ene; and mand n are independently zero or

1,114, ,7he .net ho f claim.13 . wherei | yand E2 are
R a0 08 N GaBy s o e OB AS (s b ockRel
substititdd$rehdied O; & sphtdkoc B @l BétBrodtoaiontaiaing blanchsd CEC;and

E2 are linked through a |linking noiety such that the

hydrogarbyesibsiititedrheterortomraseipining beaehnsfer Cadydmacarbybcpielée Cs-
Confgbh ) T L RS PR Eane o
Cso hydiathrbyl, RAd substitieedheteoamndcdRaiaing cyclite@ eQgdntdrgcarbyl;

< GHS I e e R Calociod TRy BESTpaypYehe, substituted

hydrob&hRERA heit 200 RbMa e LRGSR 164 Q@sub@ﬁ'ﬂfe@%fg%dtom-

substi tuted heteroatom containing branched C4-
containingriydenchsbly]ene iok érg witret8vahyrdnore anbspityentudisadjaaghiatoms

...cycli - dr ocar,byl het er oat om cont ai ni n
withirf) S e G R, B R AEERDp SEhGERROT ot ed
hejnelopat et COM RiWek BltyRne hh@ thHebtle? s W Blkalely bi O; and

m and n are independently zero or 1.

17. The method of claim 16, wherein:

R' and R? are independently selected from secondary Cs-C;; alkyl, tertiary Cs-Ci2
alkyl, Cs-Cj; aryl, substituted Cs-C;, aryl, C¢-C;sg alkaryl, substituted Cq-Cy3 alkaryl, Cs-
Cy; alicyclic, and substituted Cs-C;; alicyclic; and

L is -CR*R*-CR’R®- or -CR?*=CR’-, wherein R?, R*, R®, and R® are independently
selected from hydrogen, halogen, C;-C;; alkyl, or wherein any two of R}, R R, and R®
may be linked together to form a substituted or unsubstituted, saturated or unsaturated
ring,

such that the N-heterocyclic carbene has the structure of formula (IIT)
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Lis the linking noiety, and is selected froma
hydr ocar byl ene, substituted hydrocarbyl ene,
whedoa/0e®BDN cont ai ni ng hydrocar byl ene, and subBCT/US1003/041283
het er oat om cont ai ni ng hydrocar byl ene |inker, wherein
two or nore substituents on adjacent atonms wthin L
may be linked to forman additional cyclic group; one
of L1 and L2 is |ower alkylene and the other is | ower
al kyl ene or 0; and @han®k®n ape i ndependently zero or
1. 17. The nethof~af |cl aijm ,hmherein: Rl and R2 are
(1) i ndependently sel ected—fr m secondary C3-Cl12 al kyl,
tertiary C4-Cl2 alkylg -Cl2 aryl, substituted
Co-C12 ar¥gt_@§-g1§Nalkar +_§@ stiputed C6-C18
al karyl, - y allb%ggyc, and "substituted C5-Cl2
alicyclic;, and L is -CRBR4- CR5R6- or -CR3=CR5-,
wherein R3, R4, R5, and R6 are independently selected
from hydrogen, hal ogen, Cl1-Cl2 al kyl, or wherein any
in whicha istin Btiofalidowde bamd R6 nay be |inked together to
forma substituted or unsubstituted, saturated or
unsaturated ring, such that the N-heterocyclic
Capbene A% dldIRIadhychmeRiRf formula (111) -33 WO
2094/069987 PCT/ US2003/ 041283 R4 R5 R3 ( )s (R6)t
| R and R are indepradqnitly)salenteNl fion2{5-C12 |YL, manowtsii.camddriflewer

a ti pnal, doubl.e bond. 18. The t hod.of claim,17,
ey bsP B CRC iR B i e et 08 B Ber i,
substigiemg.@{édkaryﬁono-, di, and tri-I|ower

al kyl -substituted C5-Cl12 aryl, C6-Cl2 al karyl, and

nhand n aie zeeand rj - | ower al kyl - substituted C6-C12

a # are zero; and R3 and R4 are

h%%%%gn?fgltg}.a%lgﬁg' nmet hod of claim 13, wherein E1 and

E2 are independently N or NRE and

19. The method of claim 13, wherein E! and E? are independently N or NR® and

are not linked, such that the carbene is an N-heteroacyclic carbene.
20. The method of claim 13, wherein E! is NRE.

21. The method of claim 20, wherein:

RE is alkoxy, substituted alkoxy, aryloxy, substituted aryloxy, aralkoxy, or
substituted aralkoxy;

E’isN;

X is zero;

yis 1; and

E' and E? are linked through a substituted or unsubstituted lower alkylene or

lower alkenylene linkage.

22. The method of claim 21, wherein:

RE is lower alkoxy or monocyclic aryl-substituted lower alkoxy;
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are not |inked, such that the carbene is an

N- het eroacycl i c carbene. 20. The nethod of claim 13,
wobk@resSEl is NRE. 21. The nethod of cl ai m 2BCT/US2003/041283

wherein: RE is al koxy, substituted al koxy, aryl oxy,

substituted aryl oxy, aral koxy, or substituted

aral koxy; E2 is N, x is zero; y is 1; and El and E2

aRe ahd Em@ 1&!&&@&%\1%% SmbRty 10R3Rd CRORONGUICTELCRE £ herein
J r yl ene or ower al kenyl ene |inkage. 22. The

R h@d Rgfar@ ingiepergentxpedecigdrrommy yﬁ@gp@\h@logank@ﬂ;ﬁloﬁlu alkyl;
mpnocyclic aryl -substituted | ower al koxy; -34 WO
2002/060987 PCT/ US2003/ 041283 E1 and E2 are |inked
tﬂlf‘(ig,llgbveﬁalmlleﬁé)andCRBR4 CR5R6- or -CR3=CR5-, wherein
R3,, R4, R5, .and R6 are ndependently sel ect ed from
h P ASGEROCYRHS Bgber S@ﬁ@“@ﬂ@@cﬁ?w nis 1l L2is
| oner al kyl ene; and R2 is nonocyclic aryl or
substituted nonocyclic aryl. 23. The nethod of claim
123. Theneithvodtdfelaiatldl whtereirstha catalybeisa cprbene psonrso24.
The nmet hod of claim 23, wherein the carbene precursor
has the structure of formula (PI) (PI) [R (L1)mx-E
é (e W1t of cleﬁﬁ 2IBE R he %&b@ﬁ@p@&n@&ﬁlas the structure of
ependent |y selectéd fromN, NRE, 0, P, PRE, and S
formuRE(BI}; hydr ogen, heteroal kyl, or heteroaryl x and y
are independently zero, 1, or 2, and are selected to
correspap, +t.he val ence t at ., and E2,
(PI) respect ﬁvel y&)ﬁ]hd kh E\?\hen )EI EAnJéI E2 are ot her
than 0 or S, then El E2 may be |inked through a
i nki ng noi ety thatH}‘:)ro k7des a heterocyclic ring in
where‘i‘ﬁi ch El1 and E2 are incorporated as heteroatons;

E! and E? are independently selected from N, NRE, O, P: PRE, and S, RE is
hydrogen, heteroalkyl, or heteroaryl, x and y are independently zero, 1, or 2, and are
selected to correspond to the valence state of E! and E?, respectively, and wherein when
E! and E? are other than O or S, then E! and E* may be linked through a linking moiety
that provides a heterocyclic ring in which E' and E? are incorporated as heteroatoms;

R! and R? are independently selected from branched Cs-Csq hydrocarbyl,
substituted branched C3-C3¢ hydrocarbyl, heteroatom-containing branched C4-Csg
hydrocarbyl, substituted heteroatom-containing branched C4-Csp hydrocarbyl, cyclic Cs-
Cso hydrocarbyl, substituted cyclic Cs-Cso hydrocarbyl, heteroatom-containing cyclic C;-
Csp hydrocarbyl, and substituted heteroatom-containing cyclic C;-Csphydrocarbyl;

L' and L? are linkers containing 1 to 6 spacer atoms, and are independently
selected from heteroatoms, substituted heteroatoms, hydrocarbylene, substituted
hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted heteroatom-
containing hydrocarbylene;

m and n are independently zero or 1; and

R’ is selected from alkyl, heteroalkyl, aryl, heteroaryl, aralkyl, or heteroaralkyl,
substituted with at least one electron-withdrawing substituent, and

further wherein said contacting is carried out in the presence of a base.
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R and R2 are independently selected from branched
C3- C30 hydrocarbyl, substituted branched C3-C30
whyanoec®sbyl , heteroat om contai ni ng branched (BcTZBS82003/041283

hydr ocar byl , substituted heteroatom contai ni ng

branched C4-C30 hydrocarbyl, cyclic C5- C30

hydr ocar byl , substituted cyclic C5-C30 hydrocarbyl,

het er oat om cont ai ni ng cyclic Cl- C30 hydrocarbyl, and

substituted heteroatomcontaining cyclic C, -C30

h8r bamsthod of claim @31 wherein the parbene Rrestrsgr hiah thestrugtuge of
fommzag@gﬁr atons, and are independently selected from

oat oms, substituted heteroatons, hydrocarbyl ene,

substituted hydrocarbyl ene, heteroatom containing

hydr ocar byl-eng.') gnd guybst it geed h&f-eradf om contai ni ng
(PID hydr ocar byl ene; m and i ndependently zero or 1;

and R7 is selected from al kyl, heteroal kyl, aryl,

heteroaryl, aral kyl, or heteroaral kyl, substituted

with at | east one electr%%@MAthdramﬁng substi tuent,

and further wherein said contacting is carried out in
whereite presence of a base. -35 WD 2004/ 060987

PET LLEROGR Q2RI 3e1o HOPAERINOURDIO G 3IRM 25k s Wi n

t he carbene precursor has the structure of  fornula
hydrogé, hpte¢dalky), dr Retefdatylnk andy afindérendently zepp, 4} or 2, Moy

select%&%%%@%ﬁp%dﬁ%&% Vgﬁe@%rggtatg%qﬁﬁ %rﬂﬁ;f';g,trrlg ?{&\l/ g,t o azg{e%}n{l %hen
E! an®@F? BRtoKed Manl 0 oXS AMéh B! aiEE meepenaleatthibuzgl b inkihg hdiety

2, and are selected to cqrres?onq to the val ence
that peavides adetemicygligirimin whish & apd B gre inerapavaisd @b Retgrratpms 1
and are . t I d e
oA R Al ERamRelnoRl o bR 208 It
substifgédbranstediG-T:,) hgdriotarbil, bteidatonndotiZinkigebramubed 0a+Gb ed

as_heterqatons; Rl and R2 are independently sel ected
hydropqrbHh, rbsHiieLheessorn- Hyinuan Prpeied Gt puiRcaipyl cyelie Cs-

@d}ﬁ{}ff‘ i IO Rt B M Y clic C;i-
Cao h}ktgi?anc e’%ugit%g c%%d(?sogg)%gﬁ'o,cg@ggg tituted g¥elic C;
Cso hyieterlnydt andhsulostietech hetgroatoam corgainidg-ogelic Gy-Ghduairdnarbyl;
cyelic €5- C30 hydrocarbyl, substituted cyclic - 30
B L Bk CRMB O (5 CBER ey o6 Eeeadely
selectBY HORCIRIRYAtom3 NbSHBRH bt RebRE hoaB4B a6 BBt Mg
cyclic Cl1-C30 hydrocar bKI X )
hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted heteroatom-
containing hydrocarbylene;
m and n are independently zero or 1;
M is a metal;
Ln is a neutral or anionic ligand; and

j is the number of ligands bound to M, wherein when j is greater than 1, the Ln

may be the same or different.
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L' and L2 are linkers containing 1 to 6 spacer atons,
and are independently selected from heteroatons,

W@ aiw806(981 ed het er oat ons, hydrocar byl ene, subspPCT/UB™A3/041283
hydr ocar byl ene, het eroat om cont ai ni ng hydr ocar byl ene,
and substituted heteroatom containing hydrocarbyl ene;
in and n are independently zero or 1; Mis a netal;
L6l Tha nivehidrficlddmn 230 ivdBietn the @amdhe prdbursor s HIREstARE bf
of ligands bound to M wherein when j is greater than

formula (RIH¢ Ln may be the sane or different. -36 WO
2004/ 060987 PCT/ US2003/ 041283 26. The nethod of claim
23, wherein the carbene precursor has the structure of
formula (PI11) R (L1)mx E1 (Pild) [ -(L2)"]y E2
E4 [(L 4% T ‘wrkaher g , ng‘éhgj?h_aﬁg%vas ar e
(PHDindependentIy sel ect ed , NRE, 0, P, PRE, and S,
RE is hydroge het er,dal kyl N or hetegroaryl, X, y, v,
and M/arﬁglndég%hdent%y zero, B 1, orﬁﬁ% an%hvare
selected to correspond to the val ence state of El, E2,
E4, and E5, respectively, and wherein when El and E4
whetelile other than 0 or S, then El and E4 may be |inked
¢ . s nkd . i CORE L] .
o oo ke RIS R R NIRIRG) OF LR g 398
is hydesgamabetroalkiyh loe Hetetoandgh ya vl andikv arg indspengently zeny, i er 2, and

L [ ng; R d.R9 .
are sl R RRFEP Yt P aplohoq TR oD Part nBa e Fodprpectivly, and
wherdily heg 8 biyd E* ars Witsd it @ dr b) @ee BEahd B 3P bb ViflkQL@fdigh a
het er oat om cont ai ni ng branched C4; C30 . hydrocar byl ,

linking neietytto ferm #betetogzelsming, ArwhemE ardl care @thenthaa® or S,
o i o I, bt ut ed
e S48 o 50 SRR
CRE| RE R, and@lrb jrtiepemiehyty selevetl Sotdiraricliedds-Cso hydrocarbyl,
substied bR SH o by BTl P RHTROATAGIE 8o s
hydroﬁﬁx%?ﬁ sutiBehtdd l?eterbﬁgﬁp&ﬂﬁzﬁﬂﬁl?%raﬁﬁhﬁﬁ?-@ﬁ{/ B carbyl, cyclic Cs-

et eroat ons, substituted heteroat ons, rocar Byl éne,
Cso hsluvet il rubstithted cpdar Gy Cerhydrdeetbyt, biateorat@opataimimgcyclic Ci-

Cso hyd\fgcrar qu,r a?%ll substtutad get%f'lo% Jrﬁ-%grtltg%ing cyclic C;-Csp hydrocarbyl;

L', L2 L% and L’ are linkers containing 1 to 6 spacer atoms, and are
independently selected from heteroatoms, substituted heteroatoms, hydrocarbylene,
substituted hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted
heteroatom-containing hydrocarbylene; and

h, k, m, and n are independently zero or 1.

27. A method for depolymerizing a polymer having a backbone containing
electrophilic linkages, comprising contacting the polymer with a nucleophilic reagent and a
catalyst at a temperature of at most 80 °C.

28. The method of claim 27, wherein the temperature is at most 60 °C.

29. The method of claim 28, wherein the temperature is at most 30 °C.
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het er oat om cont ai ni ng hydrocar byl ene; and h, k, m and

n are independently zero or 1. 27. A nethod for
waolealoyayeT i zi ng a pol yner having a backbone coPCHUS2008/041283

el ectrophilic |inkages, conprising contacting the

polymer with a nucl eophilic reagent and a catal yst at

a tenperature of at nost 80 C. 28. The nethod of claim

27, wherein the tenperature is at nost 60 C. 29. The

nmet hod of claim 28, wherein the tenperature is at nos

. . t
306 0c. The-aethogofxieny 6 ogwreiptsr elespopbilio dinkaees agpindqpradently
d [ | .
seloofFf U0 o BN oo, MR BTk A, A Gl e
linkagesy ploosphate lihkdoag esnido tirkdpesn asubstitktad emidoslidkaibed, tiieekter linkages,
uret hane . |inkages,. .phosphate |inkages, am do
sulfopate, R%’(@‘g%ag?fbéli GRS Eizs?rwfn kages, thioester
| i nkages, sulfonate ester |inkages, and combi nations
thereof. 31. The nethod of claim 29, wherein at | east
sdie Tdfe métbodeditadsinohivilieceih binlkas ssma pEtheedtcaophilic linkages are

o RSRECR AR  BEER L,“oFL %

el ectrophilic Iinkages are ester |inkages, such that

the polyester is a honmopolyner. 33. The met hod of

cl B g methprboleglaimpd 1, vdwgeain gld péthefelackreplhilie tinkagshiatd ester
. i nk re .other than ester |inkages, such that the
kgl B8 ool i § RRPo ST RErr o et hod of cl af m 30

wherei n the nucl eophilic reagent is a conpound

containing at |east_ one nucleophhilic noiety selected

f r36m Hgdrehed offlainp3l, véherae alesstt pame ghtne elagirpplilie Jinkages are
. cl.aj rein the
ot R kgl SRR Rk etforier e L1
nmet hod of claim 35, wherein the nucleophilic noiety is

a hydroxyl oup.. 37. .The met hod of...cl ai m 34, wherei

© i st Siim A v e rpbiE aseriat hsbmpagd
contaitifg BEEAP IndhuddphiNcIoicBletied HFdne t_ll_ﬁtl‘%kﬁ(%&hc}is', fmino groups, and

noi eties are hydroxyl groups. 39. e nethod of claim

sulthpdryl geupei n t he catal yst is sel ected from carbenes,
carbene precursors, and conbinations thereof.

35. The method of claim 34, wherein the compound contains one nucleophilic

moiety.

36. The method of claim 35, wherein the nucleophilic moiety is a hydroxyl group.

37. The method of claim 34, wherein the compound contains two nucleophilic

moieties.

38. The method of claim 37, wherein the nucleophilic moieties are hydroxyl groups.

39. The method of claim 27, wherein the catalyst is selected from carbenes, carbene

precursors, and combinations thereof.
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-38 WD 2004/ 060987 PCT/ US2003/ 041283 40. The met hod

of claim39, wherein the catalyst is a carbene. 41.
wab@4metoBpd of claim 40, wherein the carbene heST/UR®03/041283

structure of formula (1) (1) [R- (~~)mx E1~E2 [(L2)n

R2] Y wherein: El and E2 are independently sel ected

fromN NRE O, P, PRE, and S, RE i s hydrogen,

helDe rTtha Inkethod affcldiet 39, odieydin the catatysyisarcarbendependent |y

zero, 1, or 2, and are selected to correspond to the

val ence state of El and E2, respectively, and vvher ein

V"hﬁ” T'i'elrﬁé?go i) 463"“?11% elﬁ Eé%aﬁ)eﬁé ha¥ thé ngfﬁb 3 Rbnkea

rough a Ing nolety t
heterocycl iC r| ng i n whi ch El and E2 are incorporated
as heteroatons; Rl and R2 are independently sel ected
D from br andRee—@3nE36-Bydr oc ayeby[dHbstR?, ut ed
branched C3-C30 hydrocar het er oat om cont ai ni ng
branched C4- C30 hydrocar byl substituted
wherg¢iny er oatom cont ai ni ng br anched CA- C30 hydrocar byl ,

oy o £ B T oensb AR R TR il R MR L of s R b s gRE S crogen,

heterdulel] Oﬁﬂfe&h‘éarylaﬂ @nd §lab§1n|dt:1§5nﬁgntt§eie% A2 bPP mdkSbdldddll to
cyclic Cl1-C30 hydroca E@a/ L' and L2 are linkers

corregi9ne 40 tieryglence fesate of Baeed Eatespectivel and evhereirepbeiBhand E” are

other %l%(!?r oég S’D%}Fﬁe ﬁ%ﬁé&%g {iﬁ(dedstﬂlgﬁg :ljiéﬁqlgl}l%lg&Q%t provides a

heterdrtm:hxr fiag omwhioh EAknd BY aﬂ@)&d&@p@ﬁﬁﬁla@ hetcroaﬂﬂnss ubsti t ut ed
er qat,om cqnt ai_ni drocar byl ene. and mand n are
" RIGR arf g By el frony REAPRRRHoC oy BFsrThYS pabsituted
bm%f?%?%o RS E ety g ARG AL iRt
substitited hanoawm-CMalnglgrhyarmhyd €ur€hp bytrocarwd, cyatib €36, Bydrocarbyl,

substispa DR a8 R FOOM B ey B £ r S ety and
substitited h&t&@b@hpwﬁémmlg%@e@@csa@@@dm@rbsﬁ ructure of

f (ir mjli %2 grlel lznkers contalmng 1 to 6 spacer atoms, and are independently selected
from heteroatoms, substituted heteroatoms, hydrocarbylene, substituted hydrocarbylene,
heteroatom—containiﬁg hydrocarbylene, and substituted heteroatom-containing
hydrocarbylene; and

m and n are independently zero or 1.

42. The method of claim 41, wherein E! and E? are N.

-~

43. The methqd of claim 42, wherein x and y are 1, and E! and E? are linked through

a linking moiety such that the carbene is an N-heterocyclic carbene.
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R1-(L1)m-NN (L2)n-R2 wherein: RL and R2 are
i ndependently sel ected from branched C3-C30
whyanoec®msbyl , substituted branched C3-C30 hydporasivgs/g41283
het er oat om cont ai ni ng branched C4- C30 hydrocar byl ,
substituted heteroatom containing branched C4-C30
hydr ocar byl , cyclic C5-C30 hydrocarbyl, substituted
cyiel | TheGnethdl ohylding 43y Wivdreinibd Nriadrocfclio Bhmdbbid R the structure of
cyclic Cl1-C30 hydrocarbyl, and substituted
formya{Jb} oat om cont ai ning cyclic Cl-C30 hydrocarbyl; L is
the linking noiety, and is selected froma
hydr ocar byl ene, subspgituted hydrocarbyl ene,
(II) het er oat om cont ai ni Vé(hydr car byl ene, and substituted
het er oat om g'coptyai niy\ng hydy rpylene |inker, wherein
two or nore sugs)rtﬁji_?ue\n(%)n a jgcelﬁt atons wthin L
wherdlgy be linked to forman additional cyclic group; L'
and L2 are |ower alkylene; and mand n are
i Riepd Riant indepepdentlyr selected4Fom Bremchest Go6:dfydedcaityl sbbstituted

ein: and are i ndependently. selected fro
brancBEEER: kel T RbRon GRERADS bren bl Calpiarocamsiy o
bstiit¥ll hetSrdatint- i 1 | kel
st utgﬁ@t%%g%%%ﬁgg ok 12@%@&&??1?85 G by drocarbyl,

substiyipd eyaligiledCoby &ocarhyl, bstetoatom-goniainingscyclBRERE s (IRBRG:arbyl, and

= - erein f ,..RD nd R6 are
sobst g et R Ve Ch T aB8R Tl ogen, c1- a2
altkiglthe Biking@ibRity) afdYs deletedl frdRe a hfdrochDylean ubsitiRy
be |inked together to forma substituted or

hydrogabyleae, hetprestomsepninining Bydpcarhylsne ead sebstitusest hateroptom-

j 30 F QCY . . oq e
conta._ﬂoﬁ?%r hﬁd%@c(aﬁﬁfﬁeq Rel gﬂegmﬁf g&«? %&ot&?ﬁﬁﬂb%@ﬁaﬁg @TS&@{% rgrt]foms within
L may b&ZJitkddxo fomm ahadditicpal sydic gopap;onal doubl e bond. -40

W)Ialzo% 2068\}%87 P {USZOOS/ 041283 46. The nethod of

i 45 argpxyesaliylere: Ay R2 are i ndependently

S@h 8hd 8drel ih@Peh@entyZeAS Kl 1. mono-, di, and tri-Iower

al kyl - substituted C5-Cl12 aryl, C6-Cl2 al karyl, and

nono-, di, and tri-lower alkyl-substituted C6-Cl2

45. The method of claim 44, wherein:

R! and R? are independently selected from secondary Cs-C;; alkyl, tertiary Cy4-Ciy
alkyl, Cs-C3 aryl, substituted Cs-Ci; aryl, C4-C;s alkaryl, substituted Cs-Cg alkaryl, Cs-Ci
alicyclic, and substituted Cs-Cy alicyclic; and

L is -CR®R*-CR’R®- or -CR?>=CR’® -, wherein R®, R* R’ , and R® are independently
selected from hydrogen, halogen, C;-Cy; alkyl, or wherein any two of R?, R*, R®, and R® may
be linked together to form a substituted or unsubstituted, saturated or unsaturated ring,

such that the N-heterocyclic carbene has the structure of formula (I1I)
s (R R

R \I V(Rs)t

iy q
R'—(L")py—N N——(3,—R?

7

in which q is an optional double bond.
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al karyl; mand n are zero; and R3 and R4 are

hydr ogen. 47. The nethod of claim46, wherein El and
w@2o0a0e098ndependently N or NRE and are not | iP&BUS2003/041283

such that the carbene is an N-heteroacyclic carbene.

48. The nethod of claim4l, wherein El is NRE. 49.

The nmethod of claim53, wherein: RE is al koxy,

substituted al koxy, aryloxy, substituted aryl oxy,

aral koxy, or _ substituted .aralkoxy; E2 is N Xx is

ze‘%o;The;m%t@%ﬁ%dalEﬂ%ﬁﬂw@mare l i nked through a

Sust it : | € Ky > of 2
e e R Lot R A AP R, Gl b PtElover ally-
substvthvied €15+C 1, Byl G-Cpwiitary] kakiyions-, 4 mutyislomer alkyl-substituted Cg-Cp
yl -substituted | ower al koxy; El and E2 are |inked
alkar?]rhr ough a noiety -CR3R4- CR5R6- or -CR3=CR5-, wherein

R3n 2 n arro:atd R6 are independently sel ected from
hydr ogen, hal’ogen, and C1-C12 alkyl; nis 1; L2 is

| RieandR laye bydrpgemd R2 i s nonocyclic aryl or
substituted nonocyclic aryl. 51. The nethod of claim
39, wherein the catalyst is a carbene precursor. -41

Q72004 REASBEf iP5kl 4520034041 RPE? %-ind%@nﬁ%lggﬂoﬂﬁRE and are

claim51, wherein the carbene precursor has
not ligked, sedlythatghe carbeneis an Nehgterpaeyclit eympne. E~ EZ [ (L2) n
R2)v (Pl) XR 7 wherein:

48. The method of claim 41, wherein E! is NRE.

49. The method of claim 53, wherein:

RE is alkoxy, substituted alkoxy, aryloxy, substituted aryloxy, aralkoxy, or substituted
aralkoxy;

E?isN;

X 1S zero;

yis 1; and

E' and E? are linked through a substituted or unsubstituted lower alkylene or lower
alkenylene linkage.

50. The method of claim 49, wherein:

RE is lower alkoxy or monocyclic aryl-substituted lower alkoxy;

E' and E are linked through a moiety -CR*R*-CR*R°- or -CR*=CR’-, wherein R, R?,
R’, and R® are independently selected from hydrogen, halogen, and C;-Cy, alkyl;

nisl;

L7 is lower alkylene; and

R? is monocyclic aryl or substituted monocyclic aryl.

51. The method of claim 39, wherein the catalyst is a carbene precursor.

41-



El and E2 are independently selected fromN, NRE, O,
P, PRE, and S, RE is hydrogen, heteroal kyl, or
whedosne®syl , x and y are independently zero, 1PCDUSDN3/041283
and are selected to correspond to the val ence state
of El and E2, respectively, and wherein when El and E2
are other than 0 or S, then EIl and E2 may be |inked
t BRodyb niethdddeicgmli, @ihgreidit caibend giRGurdor IS LIRS QRNalrE 6f
ring in which El and E2 are incorporated as
1bﬂn%%@%?oatons; RL and R2 are independently sel ected from
branched C3-C30 hydrocarbyl, substituted branched
C3- C30 hydrocarbyl, heteroatom containing branched

C4- C30 hydrocarbyl, _;substituted hetergatom containing
RS AT e ye

PI br anched Brar byF cycfie T 30
(D hydr ocar byl , substitut cyclic C5-C30 hydrocarbyl,

het er oat om cont ai ni ngHe‘S/c te Cl- C30 hydrocarbyl, and
substituted heteroatontcontaining cyclic Cl-C30
hydrocarbyl; L' and L2 are linkers containing 1 to 6
pacer atons, and are independently selected from
€t eroat onms, substituted heteroatons, hydrocarbyl ene,
s W ahd Bl eedndopdn@adlybyleetee fronl 8t RREAOOPYRIO b 8] RYis hydrogen,
hydr ocar byl ene, and substituted heteroat om containing
heter A9 Re X apd X9 wdapeadenibyctsen de at 2-yand @rgseldgeter: to
[ r ' : 1 2
corme POAL Bb SpRALEEHE L BB 7, bR o Whkicin R B apd B are
other WiantO at S] thasE' amkE ahache limedithiodglawlinking mixsiétiy ttheet provides a
and.further, whegein_said contacting is carried out in
hete“ic‘ﬁfgh‘b’?‘é%%h‘@é‘%g% A ES e ngprPorpiEd AS BRGHABMS | ai m 51,
WRE a8l R2 aREin8RgARI e RN TRIm BasichddeC S@{? Wo8rR. substituted
formula (PlI1) -42 20047 060987 PCT/ Us2803/ 041283
branched G3-Cprhydgacaybyi xheroampqon@yjmringRbianttadr§4-Csoklydragiarbyl, El

s i RREIS YR €L B LG DTS, Gifirocart,
substif@é®Eyatic Ys-Cay hpdidcarb@l Eetélﬁd@ﬁﬁ&ﬁﬁﬂhin% FEHOC,-E5 Bidrotarbyl, and

and_are selected to correspond to the valence state
substigtedcheteregtoppcontaniwg ey phieCy Cadiydragadwdi n when El and E2

are b . . [

Cr guBl S R chnflnidh ) R Shetr A0 2R BBl
from hétergatomsywhibstitutdd letedoE@ma rhydioeariyjrne adubstitated hydrocarbylene,

het er oat ons, . .
heteroatom-containing hydrocarbylene, and substituted heteroatom-containing

when%

hydrocarbylene;

m and n are independently zero or 1; and

R’ is selected from alkyl, heteroalkyl, aryl, heteroaryl, aralkyl, or heteroaralkyl,
substituted with at least one electron-withdrawing substituent, and

further wherein said contacting is carried out in the presence of a base.

53. The method of claim 51, wherein the carbene precursor has the structure of
formula (PII)
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Rl and R2 are independently selected from branched
C3- C30 hydrocarbyl, substituted branched C3-C30
whyanoec®sbyl , heteroat om contai ni ng branched (BcTZBS82003/041283

hydrocar byl , substituted heteroatom containing

branched C4-C30 hydrocarbyl, cyclic C5-C30

hydr ocarbyl, substituted cyclic C5-C30 hydrocarbyl,

het er oat om cont ai ni ng cyclic C,-C30 hydrocarbyl, and

subst it ut gd—hejgpoatemn cont aizning 2gyclig C, - C30
(PIIT) hydrocarbyl; L' and L2 I nkers containing 1 to 6

spacer atons, and are independently selected from

het er oat ons, substitutedlheteroatons, hydrocarbyl ene,

substituted hydrocarbyl ef™ het er oat om cont ai ni ng

hydr ocar byl ene, and substituted heteroatom contai ning
Wheffﬂ%r ocar byl ene; mand n are independently zero or 1;

Mp! JerdeRdd f I @Np CpbE  pR '

e B N N Clirar AR ¥ inkrogen,
heterepllgds @rhetdroaryl] x anflg armindeyendemtlst rezo,slane2 cmddicé $edected to

coregt 1 IR B 120 S Bl SRS e
other (han)"bx S FhefEl BAd EImby¥e (ikidddnthrdagh EdinkinkhdiefFIhy 2p‘ré\;ﬁdes a
WO 2004/ 060987 PCT/ US2003/ 041283~ wherein: E", EZ, E4,

heteregyglierng irewhish &) endi B eteyinenspeseted ds heteroalomsRE, 0, P,

PRA, S, . RE | dro het er pa , 10r .

ot arfR gpe indepepSeny P GGG o SR RRL R b P sy, sybstiuted
branchéd €;-Cagllydascrbyd et bomt neting SRMOEed O,-Chethydad RASE

state of El, E2, E4, and E5, respectively, and wherein

substifpesh heterogioun-pontaipmedupnched fantsohysro@rbylhesielieICs=rrd hirocarbyl,
icdked inkin LELY. oot O ¢

s 340 B U e RSBy Ryt

substituteGhetbtvetontERomaidingwyolie Ch€; hyidadoachyl;hr ough a I'i nki ng

e BB SAET 5ot B 5,
from R¥EFoRFAID Wlbstitubdditdrbatbad 13K n@ss'u@g@tuﬂ’ﬁgfgr@f&'émﬂene,

het er oat om cont ai ni ng branched -C30  hydro byl ,
hetereaidygtconiginseg hystrecadktlens, sachsubstifutey HoteaoatroeoQipii89

hydrotgxr%g,%%g;r byl , cyclic C5-C30

m and n are independently zero or 1;

M is a metal;
Ln is a neutral or anionic ligand; and
j 1s the number of ligands bound to M, wherein when j is greater than 1, the Ln may

be the same or different.

54. The method of claim 51, wherein the carbene precursor has the structure of
formula (PIIT)

[R'——(L")ply——E! E®——[(L%,—R?®,
(PIII)

[RZ——(L3)ly E? E* [(L—R®),
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hydrocar byl , substituted cyclic C5-C30 hydrocarbyl,
het er oat om cont ai ni ng cyclic Cl-C30 hydrocarbyl, and
W@ aip806(981 ed het er oat om cont ai ni ng cyclic PCT/US2003/041283
Cl- C30hydrocarbyl; L', L2, L4, and L5 are linkers
containing 1 to 6 spacer atons, and are independently
sel ected from heteroatons, substituted heteroatons,
Wmﬂaﬂdrocarbylene substituted hydrocarbyl ene,

R el A e

hydro QI? H%te?{;aefkr])kl q‘%?e{i]?a;'g 28504 Y ard 1nd%5?rhdAntl zerg, 1. or 2 ?nd are

er oa rbene havi n ruct Ure o}
selectb@® td‘rwrﬁbsﬁdr)d to (tlhe) ve{l&ce (staté of &, E2 EZar[cKES résf)chivysly, and whereln
ere re indepengently selected from

whenfghand 5 Mh@%%n (pr %sthﬁg}@r agiﬁ map; b inked byoughay (iking moiety
to forﬁlea{ ﬁé't%f:yél c thg3, t\gfh&f B AeNe 0 06RE 1dn €63, tilen B¥ anf/E® may be

nd are se ecte correspond to the val énce state
hnkecbﬂlrcﬁfghaﬂmlﬁ& mo&@p&d’orm alhyetercmydhEhngnd E2 are |inked

18&?’ Ezsa | ] 9%6@@)! s¢ eqt%{:gp cglaﬁ‘ gg' lc&frloclza%byl

substf‘ﬂlﬁé@ Bﬁﬁ&lﬁ@t‘s-@é h?@ﬁl)cﬁ%yﬁ %@te&dﬁ@&ﬂ%ﬂ%ﬁﬁﬁ@’bﬁﬁé}ﬁet@% rom

branched ydrocarbyl, substituted branche
hydrocabgh3 @ubsylmt@blaat@yatonhwEmnmgm@hcd Gir-fs gy dvocantos egyclic Cs-Cao

hydrog L R e SR RN G Bt by B PR BRCE SR Bl
hydrod&B41, 80 Siibétifatety et 04 3M0bhefising %lmldcgbqgﬂﬁwhnbyl
substjtyted gyclic C5-C30 hydrocar byl

hdt ek'okt =cﬂﬂiﬂ\dclo arelinkierycanjaining 1.6 spa®r pipmsoend a5g lindegenylently
s B LSO SESRIAID SRR AL T00RUE Bl

hydrospdgkne &tetﬁiﬁatoﬁ%n&hﬁng hydrpeartigleid, yind sustinitbhdtéromom-

heter subs C{)I tut ed heteroatons, hydrocarbyl ene,
cm“%ﬂH%ﬁX lmﬁy@? car byl ene, heteroat om cont ai ni ng

h)hdk%aér{ayﬂ%@%deg%eﬁﬂ§3§gﬂotdiltled het er oat om cont ai ni ng
hydrocar byl ene: and mand n are i ndependent |y zero or

1, with the proviso that a heteroatorn is directly

oaPbahtePatomistaniBied Griseitnviae Micsoyghie SProntfs

O [R1——(L1)m1x—E‘\/E"’——[(Lz)n—Rzly
wherein: |

E' and E? are independently selected from N, NRE, P, and PRE, RE is hydrogen,
heteroalkyl, or heteroaryl, x and y are independently zero, 1, or 2, and are selected to
correspond to the valence state of E' and B2, respectively, and E' and E? are linked
through a linking moiety that provides a heterocyclic ring in which E! and E? are
incorporated as heteroatoms;

R' and R? are independently selected from branched Cs-Cso hydrocarbyl,
substituted branched C;-C3p hydrocarbyl, heteroatom-containing branched C4-Csy
hydrocarbyl, substituted heteroatom-containing branched C4-C3o hydrocarbyl, cyclic Cs-
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57. The carbene of claim56, wherein RE is al koxy,

substituted al koxy, aryloxy, substituted aryl oxy,
w@e@iloaney? or substituted aral koxy. 58. The car@ENs200$/041283

claim57, wherein RE is | ower al koxy or nonocyclic

aryl - substituted | ower al koxy. 59. The carbene of

claimb58, whereini E2 is N x is zero; vy is 1; and

Cso hﬁi‘o@dﬁtﬂylEé’ub@ﬁﬁltédl dykBél Ctu; phiaito i kl&ltérbétbfh%dﬁ'ialmng cyclic C;-
unsubstituted | ower al kyl ene or . | ower al kenyl ene

Cso hyqlrﬁkaabﬂ? m@bsubﬁ%@teédwﬁémomfwetamlm selic\(helra hiidrogarbylad

In g&é [@%&%{o&%ﬁg@ 1 gﬁ '6eshgcer %%R@%?@nde%endenﬂy

selected deme hetervatomss albatituted] Heteroatbinds lodescarbyddnegarbstiwited
is | ower alkylene; and R2 is

I is.l; L2
hy&%hyi%nsfh gra?tym-eﬂntagmtﬁy@m@r@% épb%m&?«}/heteroam
PCI/ US2003/ 041283 61. The carbene of
conta?@é§n$6 , gﬁé‘?eeuaﬁaa and E2 are |inked through a
nmohehy n arddR8eyéRBently62ro 3hE car bene of clai m 61,

ol IR POV et hh i Sali R el batndgs B 75 pr o ot Era

E2 carbene of claimb58, wherein: E2 is N, Xxis zero;
yisl;and El and E2 are |inked through a substituted
or unsubstituted | ower alkylene or |ower alkenyl ene

et 8 cattne O fpilom Uendpdt v N B m. Crore o
- CR3=CR5-, wherein

57. The carbene of claim 56, wherein RE is alkoxy, substituted alkoxy, aryloxy,
substituted aryloxy, aralkoxy, or substituted aralkoxy.

58. The carbene of claim 57, wherein RE is lower alkoxy or monocyclic aryl-

substituted lower alkoxy.

59. The carbene of claim 58, wherein:

E*isN;

X 1S zero;

yis 1; and

E' and E? are linked through a substituted or unsubstituted lower alkylene or

lower alkenylene linkage.

60. The carbene of claim 59, wherein:

E' and E? are linked through a moiety -CR*R*-CR’RS- or -CR3*=CR’-, wherein
R? R R’, and R® are independently selected from hydrogen, halogen, and C,-Cy; alkyl;

nis1;

1.7 is lower alkylene; and

R? is monocyclic aryl or substituted monocyclic aryl.
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R3, R4, R5, and R6 are independently selected from
hydr ogen, hal ogen, and C -Cl2 alkyl; nis 1; L2 is
wo oae6@Bkyl ene; and R2 is nmonocyclic aryl or PCT/US2003/041283
substituted nonocyclic aryl. 66. The carbene of claim
55, wherein x and y are 1, and El and E2 are N and
i nked through a noiety L, such that the carbene has
t e, Jthe YaibefieofodlaittD60TWiRrdih E) ahd EX re)linked {Hebigh a Moty
(L2),,-R2 wherein: L is the linking m)|ety, and is
-CR>¥@Rect ed from a hydrocarbyl ene, substituted
hydr ocar byl ene, het eroat om cont ai ni ng hydr ocar byl ene,
and substituted heteroatom -46 WD 2004/ 060987
PGE/ UE2QAdLAAILAAmM 60 nvitrisin RY ahy B ardrydydgene | i nker,
wherein two or nore substituents on adjacent atons
within L may be linked to forman additional cyclic
gr@u@he%&%eﬂé oi*-clalﬁf‘ ekéin ROWRY RALIVE €0 _the
other 1s 0; and and n are mdependent y Zero or 1.
67. The carbene of claim55, wherein L is
Rg‘:fgﬁi‘ ?{g’ ?ng% C%S 5-.,. wherein R3, R4, R5, and
Eetdetith C&ted from hydrogen, hal ogen,
quﬁlﬁ al kyl, or wherein any two of R3, R4, R5, and
R6 may be Ilnked together to forma substltuted or
urxsiabemol t ut ed, saturated or unsaturated ring, such
t hat .t he N-heterocycl ic carbene has the structure of
rﬁﬁt d(III) R3 (R4)s RS (RE)t q (Il1l1) R-(L"),-NN
( [E2)and B2 atolinkladl etotigh & siRtieiid habubidaiibdElohepalkyRnk sr
zero or 1, and t is zero or 1, with the proviso that
lowerghlegmyleng dinkagesent, s and t are zero, and when g is
absent, s and t are 1. 68. The carbene of claim 67,
wherein R and R2 are independently selected from
s&Sotharcyrbee 6flddaial &4;lwhetednt i ary C4- C12 al kyl, C5-Cl12

s Rt o e e, oS e

R®, RS YOS hid RE 86 ifRp&ikiénf 5Q¥Gtd fom hydrogen, halogen, and Ci-Ci» alkyl;
nisl;
L% is lower alkylene; and

R? is monocyclic aryl or substituted monocyclic aryl.

66. The carbene of claim 55, wherein x and y are 1, and E! and E? are N and

linked through a moiety: L, such that the carbene has the structure of formula (II)

a

an R'— (L") ——N
\/

(%), —R?

wherein:
L is the linking moiety, and is selected from a hydrocarbylene, substituted

hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted heteroatom-
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69. A carbene precursor having the structure of
formula (PI) [Rt (Lt)mx E1 E2 [(L2)n R2]y (PlI) R7
wob@nos0987 El and E2 are independently sel ect edP€T/OR20b3/041283
NRE, P, and PRE, RE is hydrogen, heteroal kyl, or
heteroaryl, x and y are independently zero, 1, or 2,
and are selected to correspond to the val ence state
contabfindhydibehrbdend 1a8RE Gilievéth Ywo anthold sudbubs 8h @djabétt 8ms
- .-47 WD 2004/.060987 PCT/ US2003/ 041283 through a
within Lipashbe Weedtg farmpan gsidéiiangbeychic|geauw ocyclic ring in
' b 2 E ' t h roatons; R
\gr?é‘ggﬁﬁa?@&]?ng%%@%ﬁ%%ﬂ@%@%@t‘)?%rﬁgm (fanched C3-C30
hym and akate/independdislyi ders @dl.br anched C3- C30 hydr ocar byl ,
het er oat om cont ai ni ng branched C4-C30 hydrocar byl ,
substi tuted heteroatom containing branched C4- C30
hygr agar, i (e YR IR S Yp stk tged
c¥§r9?@8§¥%%%5%§??53§5@§?,n?é?é?%??%%?@%n?gﬁ%$ﬁgﬁg’
whereig &) R, BT ; anldRF dry irdependeyly seerdedsfitnatbiytitteen, halogen, C;-Cs

het er oat ont cont ai i gyclie C1-C30 hydrocarbyl; L'
ally L IR FTORER S Recho HhRa gl HEmsed Jeeier BB and
substfit8d bNHRREHRRE] Mtursed 8LERAtEL00TNS BEIP AP N-heterocyclic

substituted heteroatons, hydrocarbyl ene, substitut eé
carbepy Hasoibe stiydtens@f foraruda GH) om cont ai ni ng hydr ocar byl ene,

and substituted heteroatom containing hydrocarbyl ene;
and mand n are indepegpdent]y zero or 1, with the

provi so that a heteago sm s Répectly bound to El, EZ2,
or to both EIl and E2\J70. carbene precursor having

the structure of for \zz%( 1)y (PI1) [R (L1)nx E Y

in: El and E2 are
i ndependent | YR séact g r ga'\N—KRE'RP, and PRE, RE is
hydr ogen, heteroal kyl, dr heteroaryl, x and y are
i ndependently zero, 1, or 2, and are selected to

in which q is an optional double bond, s is zero or 1, and t is zero or 1, with the proviso -

that when q is present, s and t are zero, and when q is absent, s and t are 1.

68. The carbene of claim 67, wherein R and R? are independéntly selected from
secondary Cs3-Cy; alkyl, tertiary C4-Cy3 alkyl, Cs-Cy3 aryl, substituted Cs-Ci, aryl, C¢-Cig
alkaryl, substituted C¢-C;3 alkaryl, Cs-Cj; alicyclic, and substituted Cs-Cy, alicyclic.

69. A carbene precursor having the structure of formula (PI)

[R'——(L)ply—F! E2—1[(L%),——R3,
<
& 7

H R
wherein:
E' and E? are independently selected from N, NRE, P, and PR, RE is hydrogen,
heteroalkyl, or heteroaryl, x and y are independently zero, 1, or 2, and are selected to

correspond to the valence state of E' and E?, respectively, and E! and E? are linked

-47-



correspond to the val ence state of El and E2,
respectively, and El and E2 are |linked through a
wo 2ovkiosnysToi ety that provides a heterocyclic rPemUSIW03/041283
whi ch El and E2 are incorporated as heteroatons; Rl
and R2 are independently selected from branched C3-C30
hydr ocarbyl, substituted branched C3-C30 hydrocarbyl,
throuple b inRikl Q016§ Mk iphdvidest RAGHOR1ICAMEID whithdr '0sArE ke
) substituted heteroatom containing branched C4-C30
incorpgrated @ahefproatosyss| i ¢ C5 C30 hydr ocar byl, substituted

cygl j - cent.ai ni n

TR RS g ra e RN
substheted beathed Ce05)dydidegrbsy, tHetetodtdm C30tahiiak Braachud C,-€48

WD _ 2004/ 060987 PCT/ US2003/ 041283 L' and L2 are )
hydrqepyhiyh sybstigHechhetrigtom-centanigranchad G 30 hydroearhyl, cyclic Cs-

' d : ctedAr s )
Cuon{ SR SR S) 5L o L ABSHEE R o ok e .
Cso hjrdrdeanbdr ind sabstjtuted heteomit@mcontairdngéyedic I dT:9 hﬁlrbydrlbylsa,

and sybstituted heter.oatom contai ni ng hydrocar byl ene;

_mr}ar‘f'é‘gﬁ‘ AP KSEOB AR 1 JO S SPRFeppioms, arqu gre independgptly | n
selected fﬁ)n{‘ﬁéi&'b@ﬂonﬁrs@@ﬂiﬂﬂe‘d%eltér%gﬂé, RQfbchrtyfont NGHBMTRE" Of

I'i gands bound to M wherein en’j Is greater than 1,
hydrqmg)yl_qme, hetgrossemt dontaiiing hpdrodirbyleng angd swstitutedbetproatois o

t hat, a, het roaton&is directly bound to EI, E2, or to
contag)drtlg]h ro%lgy and 4

m and n are independently zero or 1,

ler}% :

with the proviso that a heteroatom is directly bound to E', E2 or to both E! and

B2
70. A carbene precursor having the structure of formula (PII)
1ty 1 2 2 2
(PID) R (L mk E E [(Ln Ry
M(Ln);
wherein:

E! and E? are independently selected from N, NRE, P, and PRE, RE is hydrogen,
heteroalkyl, or heteroaryl, x and y are independently zero, 1, or 2, and are selected to
correspond to the valence state of E!' and E2, respectively, and E! and F? are linked
through a linking moiety that provides a heterocyclic ring in which E! and E? are
incorporated as heteroatoms;

R! and R? are independently selected from branched Cs-Cso hydrocarbyl,
substituted branched Cs;-Csp hydrocarbyl, heteroatom-containing branched Cy-Csg
hydrocarbyl, substituted heteroatom-containing branched C4-Cso hydrocarbyl, cyclic Cs-
Cso hydrocarbyl, substituted cyclic Cs-Cs hydrocarbyl, heteroatom-containing cyclic Cy-
Csp hydrocarbyl, and substituted heteroatom-containing cyclic C;-Csp hydrocarbyl;
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L' and 1? are linkers containing 1 to 6 spacer atoms, and are independently
selected from heteroatoms, substituted heteroatoms, hydrocarbylene, substituted
hydrocarbylene, heteroatom-containing hydrocarbylene, and substituted heteroatom-
containing hydrocarbylene;

m and n are independently zero or 1,

M is a metal;

Ln is a neutral or anionic ligand; and

j is the number of ligands bound to M, wherein when j is greater than 1, the Ln
may be the same or different,

with the proviso that a heteroatom is directly bound to E', E, or to both E! and
E%,
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