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Technol ogi cal advances of all kinds continue to

present many conpl ex ecol ogical issues. Consequently,

wast e managenent and KadanNids@/F #mventi on are two very
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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 monomets
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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(1999) International Fiber Journal 14(3). -1 WO
2004/ 060987 PCT/ US2003/ 041283 [0004] Significant
effort has been invested in researching recycling
KA WOLYOWI for PET, and these efforts have PCOAS8/041283
three commerci al options; nechanical, chem cal and
energy recycling. Energy recycling sinply buns the
| astic for_ its calorific content. Mechanical .
[oog‘gcycl i Segnificant qﬁg’stthas\})@ewega@mgsﬁa@h@s,reqmm sratggies for
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r an inproved depol yneri zati on
[000fdt hod. Akccledihgly, thenadsa seediin the drt fayah émproved depolymerization
r r | i ] f |1 i.G.
o3 50y S8} ol Sl dop Aol st oo papiftops s of
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b DI OSURE OF THE | NVENTI ON [ 0006] The invention is
YRPtEEt ed to the aforementioned need in the art, and,

as such, provides an efficient catalytic

d ly i zati ti t hat I ild

dopol yrer i 22t 0n 22kl 2 ik IEVRLAR ™
[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




wher ei n producti on of undesirable byproducts resulting
frompol yner degradation is mnimzed. The reaction

can be carried out at tenperatures of at nost 80 C
MQ200408%lise a nonnetal lic catal yst is pref @HWS3003/041283
enpl oyed, the depol ynerization products, in a

preferred enbodinent, are substantlally free of net al
contanminants. Wth many of the carbene -

catalygts dlisclsmBerei the depolymetizetion sraction can e eagn%ﬁ Qi ah3 legperature
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tenperature C or even 30 C or
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as pfbﬁtu&bry $d cartseme corBpoangs,) asewm erdisenssed zrgﬁﬁn dstisaivéll understood in the
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omyvdm Electﬁ)%sd Ml@?ﬁﬂeﬁws‘ﬁeﬁ 0 oaa)rel ila@n@cémnppwt gbd@f - exaBphe d)ﬂcil‘be

| SCUsse Lntr 1S Wwe n 0 | ar
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duneswmvsramyarmhmiz%’ae@ 1k,rz;4tne4z@p3-wldehes it ¥3-$hixzol-2-

el ectrons. in its val ence shel Caj benes i ncl ude, by

ylidegey: ss¢ Beveigion € al. P00) €hery ﬁﬁmlﬁ%%r%e nes,

[000?]“ dazokinés EﬁE i ﬁéscﬁﬁlcﬂl of the synthesxs, isolation, and characterization of
di mesi t I mdazo déne and 1, 3-

stablgi qaégms;hy-Atrde E&ndrlengmetjdzﬂ 9912Jy44'?10@?¢@) Soc. 113:361; Arduengo
et al.l(l%ﬁ) J A}ngéﬂém. %’ox l_l_ﬁgg‘ﬁﬁ, th@&g)l(}raﬁaontcl? 'ttféfr%helﬁlcal reactivity has

become a major area of research. See, e.g., Arduengo et al. (1999) Acc. 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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yl i denes; see Bourissou et al. (2000) Chem Rev.

100: 39-91. [0009] Since the initial description of the

synthesis, isolation, and characterization of stable

W 9041058980y Ar duengo (Arduengo et al. (1991) pdTA82003/041283

Chem Soc. 113:361; Arduengo et al. (1992) J Am

Chem Soc. 114:5530), the exploration of their

chem cal reactivity has becone a najor area of .
suggestiomtooise c8benes as agtalysisrin nealepphiic dapalyradr»e8in rdactionhen

. 913 rj [4ere 00),. supra; .and .
reacifSls i il EpotyEUbhARME ForrBphind fkdads s AR B vitn o
nuckopliibeghgent ilhthepresenes/af avarbeheertalgstt ensi vel y

i pyesti gat nd ve iLn fact been established S
0odBYF o1 | e IR e bl g Rde friers o eaBaed Sarbenes or
predufdfsto Bach daftRAesN Thel heteloAd it Ratilized 3ar¥éded ABA/ROHRBre of

P@Tl US2003/ 041283 suggestion to use carbenes as
forq} 2

i.e

prsts i n nucl eophilic depol ynerization reactions,
., reactions in which a polyner containing
el ectrophilic linkages is depolynerized with a
® nucl eophi | [R—+egggrt—i'Q the gresgrge afy a carbene
catal yst. [00010] Suita catal ysts -for use herein
thus include heteroatom stabilized carbenes or
whegtieicur sors to such carbenes. The heteroat om st abilized

b ] I Rl .
(003 071 B N sk Gackbhity Sl adr TS, 4 P PR g 8%
hydrogen, ihptdwp kit enhdtsroargl, ® eyl aterindepétdemBEzerd) 1, 2,2, RikFare ssiebted

' y t [ kvl ... het
el g WHRSRER: o126 il O, I GH0RE B 2 0 o
other thap € o1 flen &' tuod Eheaytz linkedthsdugh e lieking mofetgithEhrovides a
' i N wh El d E2 th
T R e
[0001Rhki ngRhwmideRAar¢ indépendently setectai frdne banechey CsiGs, Kydrdaibyl,
[ E' 2 ' t ed . h t ;
subt il bsimen G b A ea B R R A o Rt Bt Bed o
hydﬂggabﬁgﬁﬂst(ﬁ%ted:ﬁ&exbiﬁdﬂh%tﬁfabﬂd' g bmﬁh&ﬁ?i-@bﬂ@dro%[rﬁﬂ?i}@gc Cs-Cso
- rocar . roat om cont ai ni ng, br anche
hyd’&a-f%@“%ﬁgb‘f’g8@?%9F'£§l¥§§’€?‘ﬁ’ﬁf&ﬂerﬁ%’é‘r%9aa&ﬂ%ﬁkca?npwg
hydiocabylved sGstitatéll Hajetsatsndethining ¥ Helic&,; &y hyaitocarbyl;
ituted cyclic C5-C30hydrocarbyl,

rocarpyl., ,suls [
000R¥{ - ol 2 pre ke §ORRIRIng d 16 sgaser atoms, ancara indppendentiy
selec¢tDfdrh hetetoRR] RbAMkOThA&BAtGE HyBrotaBylbte, SubsdRd
hz/déﬁcarg%l - [00013] . L' and L2 are [i nker s contai ni ng
hydreCaryleneshsterastoncgniaining hydeopasbylpps prchabstitpted heferpatemed

hhREHYELELOALREnd SUbSti tut ed het eroat ons,
throcar byl’ene, substituted
[00014] m and n are independently zero or 1, such that L! and 1.2 are optional.

[00015] Certain carbene catalysts of formula (I) are novel chemical compounds and are

=

con

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 NREand REis a heteroalkyl or heteroaryl group such as an alkoxy, alkylthio,
aryloxy, arylthio, aralkoxy, or aralkylthio moiety.




hydr ocar byl ene, het eroat om cont ai ni ng hydr ocar byl ene,
and substituted heteroatom containing hydrocarbyl ene;
and [00014] mand n are independently zero or 1, such
W(h2004/060387d L2 are optional. [00015] Cert ai nPCRMUS2003041283
catal ysts of fornmula (1) are novel chem cal conpounds
and are clained as such herein. These novel carbenes
are those wherein a heteroatomis directl bound to

[00}6]and/ &rartepe peerersorn eyitablle 2s eatalists hdsein ipojuds ftri-avbstifyted,
meﬁ@ﬁé@ ﬁgﬁﬁiﬁl@ st of‘fog'tlntﬂa %&él'ldﬁl hc‘avt}l %%ﬁ@%ctﬁé dfForthula

het er oal eteroaryl group Such n
(PIBy Wltqtﬁﬁ@s’ﬂt“mdyﬂ@ny having/the strusture(PIIIX oxy , or
aral kylthio nmoiety. -4 WO 2004/ 060987
PCT/ US2003/ 041283 [00016] Carbene precursors suitable
as catalysts herein include tri-substituted nethanes
havi ng the structure of formula (Pl), metal adducts
havi ng t h&®'strdbihares'st f op Krall3PHRY and
(PIx et rasubsti t ut ed olef?%§<EEV|ng the structure (PII1)
[RL (L')nmx_E1 E2 [(L2¥h Nely (P1) xI~"11IW [Rl
(L')mx_El Y E2 [(L2)A_ R2]Y (PI1) MLn)j (p [Rl
(LD)nmMx E E3 [(L3)h RB]Jv [R2 (L2)n)y E2 E4 [(L4)Kk
Rgl w wherein,. in fornulae (Pl) and (PIl): [00017] El
and E2 are independently selected fromN, NRE 0, P,
PRE, and S, RE i hy {ogen heter,pal k or
Ilgeteroaryl g anghﬂ Endeht iy 2 2%#0 1, or 2,
®Pnd are selected to corre pond to the val ence state
of El and E2, respectively} and wherein when El and E2
are other than 0 or S, tH¢HEl and E2 may be |inked
through a linking noiety that provides a heterocyclic
ring in which El and E2 are incorporated as.
heteroatons; [00018] R and R2 are |ndependently
sel ected from branched C3- C30 hydr ocar byl ,
substituted branched C3-C30 hydrocarbyl,

het er oat Brrcohii br anc d—eaﬁﬁse—ﬁhydrocarbyl
PIHybst i t ut ed heter oat o ai ni ng branched C4-C30
hydr ocar byl , C|IC - C30
y R4, Ef [(L—R
~ wherein, in formulae (PI) and (PIL):
[00017] 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 E2, 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-C3 hydrocarbyl, heteroatom-containing branched C4-Cso
hydrocarbyl, substituted heteroatom-containing branched C4-Csp hydrocarbyl, cyclic Cs-Cag
hydrocarbyl, substituted cyclic Cs-Csq hydrocarbyl, heteroatom-containing cyclic C;-Csg

- hydrocarbyl, and substituted heteroatom-containing cyclic C;-Cso hydrocarbyl;
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hydrocar byl , substituted cyclic C5-C30 hydrocarbyl,

het er oat om contai ning cyclic Cl-C30 hydrocarbyl, and
substituted heteroatoncontaining cyclic Cl-C30
Ha2e0d/460987 : -5 WO 2004/ 060987 PCT/ US2003/ 04 IA%US2003/041283
[00019] L' and L2 are linkers containing 1 to 6 spacer

at ons, and are independently selected from

het er oat q aubst i tuted heteroatons, hydrocarbylene,

[0083%)s i 1 i @ad L g diskers eRptainiag 1 ﬁreﬁ &aemam@m@w iridegpndently
selYEH RERAAMbABRS, s?%%gﬁ drbatd %@ pén ?{eﬁ" ni ng

hydr ocar byl ene; m an y zero
hydsccalbyle{ng,d@mqatcm-comalsmg daﬁfdre@hrbylm aidlsybsuuhed hﬁtﬂeitkml-

%{%! aral kyl, or heteroaral kyl,
o %hf‘ﬁ{’ eub%e%h at |east one el ectron-withdrawi ng
[00820]st | t weaid n arf HIBRHdeMyl Brocoritet al ; [ 00023] Ln is a

IOOP%ﬂand O’Zﬂwoa%’&hh%@dﬁ‘&ihwgrbﬁh éer?z%sh??rn S bound

heteruhﬁlkyl; sibsfitated h&th&S leh@ |oh@b!l’5¢tron{v@9ﬁ?a@&m§§1b§ﬁtﬂexﬁ4 are
Ooggl nedﬁs for and E2; [00027] v and w are def i ned
[ It or [00028] R8 and R9 are defined as for

[00B23]and R&asah ezgﬂd L3 and L4 are defined as for L'

ﬁzn L2; and 00030 ! h and k are defined as for mand
[00 4[0003131 therpambeg p prewadtosMrs nmay be in the form
(0003512 S corgbuldy &@o&ﬂ@fmﬁbﬁmeeﬁ&ﬁfﬁe&@ brel o3 FARSISE | Vel Y

charg g associ at ed wt an ani oni ¢ counterion,

lﬂﬂe%ﬁdh as Ejanhl | agedefingd ag for EBand B ) | a
[0061227)}8.“ ugr&@@%pm%%wopgm@ the |ike. [00032] Novel

calf bene precuysors herein | nclude conmpounds of fornula

[00938] ) | tﬁog%dRc@nﬂdimdasﬁxer‘emm& a (PH) in which a
mo(jﬁgeroat@%d C?S :éXsf?)FEn L”%d and/ or E2, and

se conpoun ormu in which a
loomeroab@ndksredieﬁe@td%fomgmﬂnto at | east one of FE',

(0083) &3, TROCurtine pBAE R el Be b teb B FhiThilin i lodseitie

preavssodisipositively chacgedand wisbdiatedwith neardetic caimmﬁby,rmcli @sad Hatite
0 a eroc cI| rbene having the
ion Qe $§ tgtl)mg héxgpu rggr?uﬁg c;ﬂ the file,

[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 F2, and
those compounds of formula (PIII) in which a heteroatom is directly bound to at least one of
E!, B2 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
@ 7

R'—(LY)m~—nN N—(L%,—R?
wherein: \/

[00034] R',R% L', L?, 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

-6-




an RLI-(L')m--NN -(L)n-R2 wherein: [00034] R, R2,
L', L2 m and n are as defined above; and [00035] L
ydrocarbylene substituted hydrocarbyl ene,
%96?063608% contai ning hydrocarbyl ene, or subRATES2003(41283
het er oat om cont ai ni ng hydrocar byl ene |inker, wherein
two or -6 WD 2004/060987 PCT/ US2003/ 041283 nore
substi.tuents gn adjacent ,atons wthin L may be |inked
G SRS O AReEHPS YR oy e diied o) addisionsl cycli
| uded to above, one inportant application of the
resent invention is in the recycling of polyesters
[00036) udi nds alindedipyaboye, ohe importantiapplicatien ofdhe present iavéntion is in

thelt r% ?R?tﬁ}io e}‘e é’ﬂ]@lﬂﬁmg 29%‘(}} a(iallg.ﬁgcogp OF ;Q)t‘ hmltatlgpi Cf’ET poly

(blm:lbl}ﬂ(tcﬁephib@atg] @BIyrpely(alfilencradipatsibcind @)euafopblhmers and poly(g-

o 85 o A o G50
sudhqjoameweilngo théinedmmbnerg aronobinersfand/grielatisely wWidriligomegeffagments

reactloncndltlon tallic catal ysts.
wi ﬁtﬁﬁeﬁé%eﬁlﬁrﬁﬁuﬁc @[’%@W] Figure 1
illustrates the organocatal yti c depol yneri zati on of
PET in the pregence of excess nmet hanol u3| ng

N- het er ocycl i c SR¥EESMSCRIE QF, THE DRAWJI

[OOEZ’HWF)' € Figure | QRR8SEs b Gi‘g%ﬁ‘oogtalyluk Héﬂdlﬁﬁé?&aﬁ&?of PET in the
catal ytic depolynerization of PET I
Pfeﬁ“rﬂg ess fegapgl using hfgr%rewcugmbenmswékyets @te,welua@d in Example
7. car bene catal yst, as evaluated in Exanple 6. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 00039] Unl ess ot herw se
[00038)i cat ddgure i%illblsvﬁ@sethp mnnqcs j¢ d¢rolsmesidatian of PEJ|ifi the

preRALY SBISylene GRycBER t§§c?1c c%%ecgag) o, beeRARAN Ex%nple 6.

or depolymeri‘zatio con 1 ons nol ogy
herein is for the purpose of descrlblng partlcular

embodi ments oypf,f! e limting.
00040] As Mcﬁﬁqﬁm Tﬂv—gl'lls'llgo he appended
[0083%i s, Iirﬂnss gthnng‘umndmmdaﬂns iayentiot ismot limited tbtshezdiﬁc polymers,

car d&l@ k&glggtggltﬂﬂ%phﬂ?cf r§£§ 5, ’rld@#ogﬁ-ﬁeer[; c%% 8?%?@‘%3 logy

erw se
used herpinliy foe the perposspfakeseibing patt'rcblanahbanlﬁmmts onlx and i€ nofintended

to bR fif SNt

[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 caté.lys " 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.




polymers as well as a single polyner, reference to "a
catal yst" enconpasses both a single catalyst as well

as two or nore catalysts used in conbination, and the
MQ0049688F41] In this specification and in t RETAIS20He41283
that follow, reference will be nade to a nunber of
ternms, which shall be defined to have the follow ng
neani ngs: [00042] As used herein, the phrase_ "having

(00043 £ or e dermoalkyl, 4 pyed hessin tefers fe @ibingar, brancheds or cyclic saturated
hyd#(ﬁ:gtﬁﬁg %g)uga‘?yﬂ?&llly lafthdulgh ﬂo%gﬁsgﬁﬂyéﬁl%iﬁﬂg 1-RLabd R YEbbn atoms,

erm "conprising" comonly used. -7 WO

preferably bieohert IRcmboszions, wah aggethyloetuy Fprong, iseprapyl, n-butyl,
. n n h H . 1
1sob61?}lljét§|%:l.\tyl?§btﬂs&gyl ﬁfg%ﬂl;ﬁ(f?gsgvg%&%y@io?ﬁg%u S Qﬁ(ﬁ:’ﬁg iz!?cgc')pentyl,

Ic saturate on-gr i cal
cyclohexyd anhthe dike. (izoersly mlthough egaimnotinacpssarily, elkybgroupsd®rein

confifl PRRBLE P orooR ol T dh ol Rll b B AR B o6

carbomaitathsy hnd the bpecific termccydloallddtintendoaeyclib alkyli geeup, apicakty |

as cycl oal.k [ s, such as_cycl opentyl . cycl ahexyl
havii RSy B e ot T e g e ot
subit&ﬁte@ $dthiohy or Bbr betﬁﬂfutemtrgsod@F,raah the tl@xgﬁlt"ﬁét&oﬁtoﬁ:éboﬁﬁﬂﬂﬁ g alkyl"

car bor ons. The rm "l owner yl" . intends an

and3f wSr ; a%%«raf’ o i whichah g pn e atom s EBSdpEE |
hetdr&dton." Eitot SBblaNde indiHiANES tedmS YAYIC ard Hoiber Ak§1*Rnclude linear,

typically having 4 to 8, preferably 5 to, 7, carbon

O

brangnegneycligyunspbstifytods mﬁwtedta@éfoahﬂsqoat meoptainingalkyljapgd lower

alkylUesdetiivélyed with one or nore substituent groups, and
the terns "heteroatom containi gfg alkyl" and
(008444t er odhgiprm "plisylene" mausgd fagtein rafepgtip e difanctipea) dineasanched, or

cyck m\%@%?%&é"éﬁ%m g%tggeﬂﬂeagb@e‘ heteroatom |If not

ot her I ndi cat’ed, e terns "alkyl" and "lower
[00045ky| " iThe tegr dalkenyE'aas useddersircisbads toaylipleargbranched, or cyclic

hyd.ﬁ:’é%pﬁ' g{ogﬁ&?ﬁ to a%HllR%ic FE %imngg t%(gli\{\lé rat le%ﬁt ﬁ?ﬁ c’louble bond, such

tero containing a
as ethesyl ee-propeny,. isdpeupeuyl ] n-tiktenyl.dsabutenylkgdtenyh deceaylutetradecenyl,

) ¥ . . . .
o LFLEHE i TGRS 28 B AR iy i
to algc_ﬁm 02 rbarhatorns r The'terink Bonydr alkesylll sxehds en elkenyt gioep ef 2 v @

I near., . o Ol | i,c hydragcarban group of 2 to
cartgh Af s, s AL 08 1ofh <Efoabmut S B R R B ety
having3do 8 sarbbn atams.cThectaym "substitutedbalkanly]” refespo alRenyy bybstituted with

n- but enyl. i sobutenyl. octen decenyl.,. tetradecenyl,
one i Betelriment Goilleai fhe SRkt keinelRy Fotaining ket g
"hetEoatkenyl'rbfer kdk&lketlyl @irwhidhSat Mastns cabod @om iPreplacedabigiid 12

carbon atons. The term "l ower alkenyl' intends an
heteEgaathy, ¥ T }fiswise mlicatsd he fesptalleaylh dad "lofer Alfeay!" include
line@PBighdHed, dyElidTunstbistindad, ketituted! dHdRI HeteRatoMCdonfaidhd ARyl and

roup, preferabl
lowé;r alkegyl, Pespectively. Y

[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. '
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having 5 to 8 carbon atons. The term "substituted
al kenyl " refers to al kenyl substituted with one or
nore substituent groups, and the terns
We2084/68383m cont ai ni ng al kenyl " and " het er o2CKR®E3003/041283
refer to al kenyl in which at |east one carbon atomis
replaced with a heteroatom If not otherw se
i ndicated, the terns "al kenyl and "l ower al kenyl "
[00048L| ydeThe Eﬂ@éi%ry " g uyed hergin, andunless othersvitespeaifiede pfers to an

arorfidtid Shibskitefi UO AL exﬁgflé %Bﬁﬁ@%«? %-flﬁﬁ]ﬁ Bridki& GRY that Afk

ower al Kkeny resp [ive term

fused 40 dethay ldemﬂy lated; oe mdheqﬂe! |hnk¢de(fsmhsh4t thedifférentracamatia gings are

boud (3o BRI oY U B e Brop R i grovs

conthmml 5kt0)29 ‘tarhen atomd amlaelﬁlenoneafcenahctrmg ar Qtod fuse(Derciidkgd aromatic
t.he term

ringh g e P, bBheriE b e PEF 2B e s g5 8RR
contaih@igeli 6 3 arc&hitidnﬂ 5, a8 pattitulaBrafeydaryt @0&2@@@%&@6&9&7

PCTI US2003 00048 as, used
_afoq‘r"é‘n"éﬁnﬁ““éré l}é QD gloRsy vé‘%’é“%ﬁﬁé@iyin régfyt?é?é‘iyém?t?tyan
subﬁhﬁmwﬂco&t&%idré SIDRitubif Blodpd) bAWth8 térinG MheerSdt GHRbAtRininigALY1"

mul tiple aromatic rings that are fused together,

or
and dli*ert?i%"tfl’ly rfffPrrfR @y inpwhiclygf; I?aé’cqqeyaqbph plem is wplaged wﬁh hefgroatom.

Unlé Bth@fvﬁggmaiﬁaeai%&eﬂsn&%ﬁﬁ@" "Rt GyRn&'RIRE gr oup
such as a_net % ene or ethylene noiety). Preferred

heteggagqmagie cypstituted aromsatic, 3nd wbﬂsu@éhﬁarﬁaraﬂ@%sp&wes ei t her

ar B W t S
OORSF 27 CFFS oG SRl o aBl
abovgi t h m)re preferred aryl groups ~containi ng 1 to 3

mat 5 d ' Rbief ' '
OO s L g Rl AP
alkyhtpoaferably $U|d» 8¢ allm selgtitients, and ékeenm "tamllmﬂ' rafeys to an alsylgroup with

an af}{l: plﬁntsﬁttuéﬁt e&géé’!% nal g{] @nd" Fte %&%&a %ﬁ%@&aﬂg&w ﬁrougﬂgclude,

terns’ om cornt al ni ng ar
for exhmples wenethlylphewil &% 4-timetryjpheny), Zahﬁ{tmnethylblemh agdhibe like. The

term Bk %r@o g.ﬁc??%%&qe.ﬂxbmrﬁtgd @mﬂ% Eﬁa@%@ w,hH@ e'ﬁ.ﬁtyl"

W|se|n ernms aro ary
"aryl"aurg/dtseieﬁhedabowde het eroaromatic, substituted

mat i and,, ubsti t,uted_ hetero peci es
10007 o) Th B kPRl 66565 10'F Pl 20 & Perip RIS a3, iy torm
"alkmmli(leT frefératoyd groups-Sald wﬂa%inl‘Rléﬁ allaiy®\tke tefqrﬁ) aakoky tefieds toa group
ar rs to agn aryl. group wt

0B hereipftisafaliithe fs7n “raRio SeRERe sty “§-R G B gt
[ooosu st | t TR tefims '?md Shgides raﬂa "hglo{gblk‘)ﬂre ?Je&inems cériveibnal sense

roup W an ar sybsti tuen . "
to regfﬁao aﬁﬂryr grogaoeg%o,&éfq éHPSBB‘G% T e wfogﬁaﬂpﬁoajkenyl
and "H3fdatkdRBy1" (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
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for exanple, p-nethyl phenyl, 2,4-dinethyl phenyl,

2,4,6-trinmethyl phenyl, and the like. The term

"aral kyl" refers to an al kyI group substituted with an

NQHROWTy . wherein "al kyl" and "aryl" ar e PAE/US2003/041283

defi ned above. [00051] The term "al karyl oxy" refers to

a group -O-R wherein Ris aI karyl the term

"al karyl th referstoa -S-R wherein Ris
hydggcgrhy |mtea4%é hv%rpﬁarsylaarm tepabon gomsgpd ths termo. R

“hy&‘x‘a@irsj'léheRlﬂt&ldélﬁﬁivlﬁbéht afb§l fbied cdh | 19'abb 1Rt 30 Cabb®
group -S-R wherein IS aralkyl [ 00052] The terns

| atomh areéerably EY %lwet 20 qaehorratomss Blopt pr%f@@blué de abcnlt { % garbon atoms,
mclﬁ&ﬂ%ﬁﬁ@ak Yo e&%ﬁ% shitrdt&f ﬁa nitated4REigs. ’ﬁ{quﬁh "lower
)stituent. yl

or 1040 su e ter
hydrdeatbylene! dntgndsa hydmarbhlanmgpwmm to 6(cewbon n@m@g élmsmthemse

T

subgrtﬂe:pandt’@shplemhiommmmg hydradarbyl aﬂddnrdtocmbglemé mbieaes
é atons in the group has been replaced with a
TeSHg tfvﬁg'gn atom [00053] "Hydrocarbyl" refers to

[00084} val eThe Ryt Motaoyih-condiniil' 4s HQThéttidhtdth-dontadninb ikl group”

13l PR SR RLSL L L 4 0SB 20 CELPEN e

"hetbfa)@}ywdgra@) lrdfere & a mbleaiile 1BMages M&Jub:ihtueﬁﬂih%ﬂélﬁ&me o@ﬁﬁre carbon
unsatu §$CIGS sych as al kyl groups, al ken

‘atorgg %bf‘é’ s Yorpothes hag c3rpony 8y agrogsrhaxmé» %wlﬁeé%hqsaéorus
or sili%lmtyﬂl&!l‘? Entrogeﬁ{@( Qok Qﬁﬁ?Sgln{ﬂg{( m%/'%@l%l" refers to an

hydrocar " I'ntends a hydrocar by
alkyd &‘P%B‘ﬁelﬁtt%i‘r@ heferatompreontaiping, theteep o‘e‘?gqpr% éeferSnt@ a ﬁ)ffélca

subﬁitﬂéﬁ{ @atis ﬂéf%ﬁSﬁ[c@ﬂauﬁE% ﬁfeXerﬁﬁ nﬁé‘ér@drplg arld her8R8Hktic30

car bon atops referab y to about” 20 carbon at ons,
respagiivelygeter tor' awl"yansl "gromatie wpbsileeéﬁrﬂkﬂéhreémt@mtom-pmg,r@d

the lilke) §amplk aﬂ&'fe%ﬂauq@gfd Wke)&nc% L ks 1%11%5%5@11 Bﬁiﬁad alkyl,

speci es The term

N-alkymeé@amgﬁlléfk@ng ﬂmlﬂceoﬁxamples & h@@rqmﬂ sehistitugnts uwluds pyrrolyl

pyrB G, A ER dpdd PR ey, ICBRGR! DYAimi@B0Y, temazoly
etc..cmt sxdniplesad hetarpatom-toatainingalsyslicgroups aiermymlidino,gaerpldlino,

. | o ' i
rr B HERBRLEN, MIFolIRLE e SOREE 42y PO
or mahmb'ebmd)mmccmdtfanthﬂr tigt iekeyocyglesiundy be(nadreoydlie; biesdlia or

ter aI k et erpat @m cont ai ni ng aryl
pdyé?(c fsgflgeg ﬁngr?@@reSpecﬁt&tg t8‘£m” group) refers to a
[00055) ecul By "dubstitatgd!, asdii "shibkiiiited hlﬁill‘dcajbl}!l ‘Whiubstitsedalioyl," mor e

s o e RS b 81038 5 ol s g 0o, i

meafit thitGf the hiylot4BY1] lkyl] drylD6iedther MO At st e ﬁy&ogen atom bound
Siml arlé{1 the term"heteroal kyl" refers to _an
to a carbon (or other) atom is replaced with a non-hydrogen substituent. Examples of such

|—P~

indifats
a

substituents include, without limitation, functional groups such as halide, hydroxyl,
sulthydryl, C;-Cy alkoxy, Cs-Cy aryloxy, C,-Cyg acyl (including C,-Cao alkylcarbonyl

. (-CO-alkyl) and C¢-Cyp arylcarbonyl (-CO-aryl)), acyloxy (-O-acyl), C2-Cag alkoxycarbonyl (-
(CO)-0O-alkyl), Cs-Cyp aryloxycarbonyl (-(CO)-O-aryl), halocarbonyl (-CO)-X where X is
halo), C,-Cy alkyl-carbonato (-O-(CO)-O-alkyl), Cg-Cyg arylcarbonato (-O-(CO)-O-aryl),

-10-




al kyl substituent that is heteroatomcontaining, the
term"heterocyclic" refers to a cyclic substituent

that is heteroatomcontaining, the ternms "heteroaryl"
AQI200406898Gar omat i c"  respectively refer to "acyhuS2msolizss
"aromatic" substituents that are

het er oat om contai ning, and the |ike. Exanples of

het er oal k %roups i ncl ude al kox
carhn (- GO iboRyIis (AT daiRiogy] (D Hapiraned Cafareiyl)

subRtitaded: caﬁgﬂoflr{ﬁﬁ?{) %CE?%W cﬁf(Ch@ %F%{s)r(]léﬁtltuted carbamoyl

substituents

-(COYN (G164 alkydha), nmhombsptuutqddm}'lydrbanmyd (-(F@)-NEitaryl), thiocarbamoyl

SN Xathamic NN AT om0 Sl (05000, 6381 0>
H),filyiofoiny-(0S)-Hnfihe (-Ntk), mopb-eidali{ ©eC; pikpipsitsiiteed aiifo,

[t shau e th t cligc
mobs 30 SR = B A B ar i ma AU kb nCar
arylaf8d ©(-NEYO0) Syl ) Biin ¢-ORHNIE Whére R = Ey&e/g%hlcclfcgau(zl Cs-Cpoaryl,
-EIOl cyqllc as described above vv|=th respect to the term
Ce Bl G amiony o bR (SR-NGkIT, Mgt by dogen, sl
aryl) MHU&@‘P @HJ)Y Jaryﬁnﬁn%t(@iiﬂ(ﬂlty@dwﬁérgk hydroge RSty t&'}leﬂkaryl etc.),

the like, as uded to in sone

st o RO e e e ST O b ity (5-
| alkﬁy&ig&ﬁaﬁ&wlalkyﬁmbw ary@mydnyl @S-aRi:NEo témie&t-afymﬁs?' élaé;(,

one drogen atom bound "to a’carbon (or 0ot

alk}’lgmﬁéldl(éﬁ Halyl, rCsasz%rMISﬂﬁdﬂdg(S@)-QUBsfln Coveaticylsu @)ﬂ]ﬁis@a
alk‘gﬁj rs%tLt?zg) Hl?(ﬁl i i) ) d}lﬁltﬁgﬁaﬂ%p%f (ﬁ'@g th]lg]h&altol:&gyl moieties
Cr-Suidthy g:ryﬂerabmﬁx@@ allétylkmmsc DGO ey bl o @prBRbIGCs
a.lk%%rtC (‘E‘} it y y?ﬁ: ggrgyl? d(ydébﬁkaylf'%ore érc%%b%&{ bgaﬁ&gy most
Prembllm@ -8 M Ba@bﬁmﬂlky(lyl (pml)'abdy @i"z}/d a)kynﬂﬁmlﬁﬁq)referabl))(f Cy-Ch2
- r - -
T TN

(pre(fer@al(s'@cxﬁlhtrkl) Jand e Oaralkal @tefggﬁiyé g?vaPéT a/raLlJléyl) 041283
100BSAT, 1y 1o S0ty e sl feitoctigstbfourite gty

perthit§, Gi@furﬂllelﬁl éubsﬂégt)&d) “Iilltﬁblllé:&%CZ O&le llasldhlhanais ﬂtgﬁﬁdntéligre@(g or with one or
car hano - - - . , dj - (Cl-

mof HyGiopRbyhstsipies bl ot P peaEy Eoall e Hus 0 ARplogpyl) the

aboR®fRntdHes hidroéaesy] aiojetie bR Bk thérsubsButdd itk M{e)or more

o B B g ol oo A0 NN

[0005’9‘]0f or "s&bs{aﬁ%ﬁlly"ﬂee of"d ptidut Ny ):of Eﬂéﬁﬁca.l @d’iﬁbound is meant
(C1-C20 al k 2 substltuted am n

thafcﬁ commmmora}r upt contginsloss d @t %{wfﬁléat s emapwﬂem@@bly
less(thd (vm} m@fe@éflmbl?@es% 1341, a4 %st%r%ﬁﬁlg%ss fHat0)1 wt.%.

i m no, TO en

For@sstme tlchpolym@nza@gmmﬂm |h9nem lsjesub:smhalliaﬁmf" rr@taé )

Al h?{ r

COnEF i | Eap'&#%ﬁgcﬁéf E‘w’ar :Q%%h%e@h&ﬁ-ﬁ e%g'
organomethllogempouakskyl , aryl, al karyl, etc.),

[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
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nitro (-NQ2), nitroso (-NO, sulfo (-S02-CH),

sul fonato (- SOZ o), Ci1-C20 al kyl sul fanyl (-S- alkyl;
also ternmed "al kylthio"), arylsulfanyl (-S-aryl; also
0 PROYOS0%]7y | t hi 0"), C1-C20 al kyl sul fi nyl PCT/US2003/041283
(-(SO) -al kyl) C5-C20 arylsulfinyl (-(SO-aryl),

Cl- C20 al kylsulfonyl (-S2- al kyl), C5-C20

I fon 0 and t hi ocarbon and
subli o, e § m@cﬁ?é@ééub%?eﬁzeawmy Deﬂeevreﬁea%qrw given
atoﬁlarﬁ}-&u@'tﬂfé’descrgbﬁ maruaésesh%bduyes Ghrfeira ﬁﬂnkﬂ/y'dro g€R Sdbstituent is

ef er abl , C2-C20 al ken (preferably

pre @P@“&Ftk’@ﬁ ere%r@nﬂwénos%w btitasnt 1P mew@hw nost

f A
OO ol Pk s U BESER! Rl
havineer baekhong caaigeg glertyaphilic lmmeezﬁhmlgqtroplph@ﬁrdmgm may be, for

byt 0, B LTI e s

(- Of(C@I)N[)) sub[stﬁt(i(aﬁ @tkthiane la_td«zlg¢5| (e(Du-(CO)}NRa,thremE st 4 ionbgdrogen

sy R RURADF effRbl ot e BRmish trBhes LD R Fined

amiflol linkdgen@(CR)FNRHOShedd R\ dshieﬁﬁlal paewoumc thideyef Baapayl(CO)-S-),

sl B SRAHS L0 G 350 BRERH biibte PSS Sroes be

cleaved/udisy fustebplsilic feugbts Vt'l.mbe dnw tb théke oPbrdimafyeskillmatd fhat

oraho R T et SHIAF G B R a9ancRy rlerenc o th
pertuféﬂltl@itélﬂﬁd [attratird. 'R pefymefuRREdoinfp Heblyin¥iatioh nfal 68kt or

nmeant that a conposjtion or product

bfaft?gi% ap @aY & hamonglymgr gf copplymes s pites)in anrdpm, block,

ulﬁmaéle APAmAtiAS So n&kk.e
s it 1A el Ay

thaty e bg ﬁlfé’P'a‘(Wéézedtqﬁ@g&@ﬂB?quié’f Anyspienseludre métheut s
limitagigRst antially free of nmetal contam nants, including
netals per se, netal salts, nmetallic co Iexes met al

IOO%PI oys, p@ﬁ@l@lﬁng errphibelates) suck avfistratade PE ml@fmopolymer made
from t%hééﬂm’éne gBlcol BRtdrhtHati¥ aciFEBRHe- gﬂ@é PE’P P{E@&Jt Phased

descri b Ci rcunst ance may ‘Of na
on naqn@efhélgm glpeal.derephilelio deid, andothen g@sonmmsesucm 1sophthahc acid,

oA aATARRYE 0 DR P O B

tefcmwm2003/041283 substltuted means that a

0GRS " ARG RA S e T T B
adipatb),andpnl;s@lenmm'idne adlpaw); hydrogen substituent is

00 SE " oA B AFESD AR NREITD | e
[0006B) ent i pmy(ﬁmteﬂes ebacatesRiublogs foly(ettiipgd ¥bREtey;i N a

V|n bac e _cont.ai ning el ectrophilic
10003%619 o rietdedord sﬁmqy@ “HPRINAGRS)may be, for
[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'-d1benzoates) such as poly(ethylene sulfonyl-4,4'-

dibenzoate);
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exanpl e, ester linkages (-(CO-0O), carbonate |inkages
(-O0(CO-0O-, urethane linkages (-O(CO-NH),
substituted urethane |inkages (-O(CO-NR, where Ris
YOIPeeI8Agen substituent such as al kyl, ar PCT/US2003/041283
al karyl, or the like), amdo linkages (-(CO-NH),
substituted am do linkages (-(CO-NR- where Ris as

defi ned previously, thioester Ilnkages (OSCO S
[00068] f oni Bolz@rrhenylpasialigdene dicarbox dates))suchuascpolyige-phemyiene ethylene

ectrophilic |linkages that can be cleaved
dlca&%s({*ﬁfat ?ﬂcl eophilic reagents will be known to those of

[0009%i nar polg(ians-1idreyclobexantdiyifalkyleng divaboxyiaes) statyas poky(trans-
14838#%”}&“3& &Qﬁgnee%g/ OC{XP'&% be readily found by e

erence texts and literature.
[00¢78] yner pcbm(de# q&loﬂlgxmieﬂhhgtmy&dsdeaﬂdyleaa divasbokgatks) 3edhras poly(1,4-

h I r or copolyner, the
ey st e ARV ARHPOBRRIC € bl ok and
[00(W|1] ern apd»ly(gz 2. QPeicyaw&aneim -$ielethiyRh6 alkglesk dibRboyletes) such as

b ol d
pol (20 HeRasi80r B | Gy PR ACEIORURE) W ¢ hout
[006712]11 t at j2eti acﬁ@&@*ﬁﬁ&rs Eﬁ& %@Wfs%ﬁ& ésqgﬁmgl%d@t@@) -politide,

i ber-grade hornopol ynme

-polm%mthxlgléfﬁéldg) %bpo x@mtlfl@%gimqhdp) andyci d) ,
[ood8j tl e- wlmoﬁﬂs &mgp%smw% &gﬁ)@%ﬁguol @n3 3t 5 5.

and’ of hér

monoet eneu%I ycol , “terephthalic
teﬁ@b‘ﬁ’&b&ﬁ%ﬂ“@ Bl SsS-tqtmmethyibisphenob8l d,  cycl ohexene

IOOWPE‘% haé}ﬂgm s“‘?ﬁ afi E’Péhﬁy"'“g% ﬁﬁﬁgﬁ&égﬁéﬁlﬁ%ow 1]

[00478] y ( al Raly(elkalenelpqsbanatsy) syqlc#s mb'(pmpxl(ﬂ@t dagHopate);

[00(% P ?L :éol%\g%éﬁfeé sﬁlchgg h%' f&%ﬂab ?rg%u 2: ’tra@e[ﬁ?mﬁ(BTyéeﬁe and

yﬁl?oﬁmat&w?r @mpdsram prod y(et hyI ene suber ate); [00063]
[00 (Pﬁ y(al E%tylgrlﬁ% e?t% c%)? %13 6}10 %gﬂ@f% lhgle ém&‘er the tradename

acat
Bayﬂm?ﬂcﬁh BamOohnmtmn.e) [ 00065] pol y(al kyI ene

ht hgl h ht hal at e).:
10047800 o) BRI e e 5 i 3 PRI B8 in e
pressnee lof Qﬁuqbﬂiphﬂleﬁ‘é'agblﬁmﬂd Rcﬁalyst.ablhtlb@hﬂfc_aezcgeﬁ@,r S bat e) ;
ek BRI SR e
thioR %a@ﬁ &%&ZS :R@'&Uﬁlﬁg Q84 Grag adain B@ﬁ@lﬁfﬁthcleopmhc nﬁowty or two or
morg %oah.lgtﬁ gq%hggg ggthﬁéq%ﬂesu?fhygy or%ngg gr?)llljlg:s T%S

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 pﬂmai'y alcohol, most preferably a C,-
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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di car boxyl ates); [00069]

pol y(trans-1, 4-cycl ohexanedi yl al kyl ene

di car boxyl at es) such as pol y(trans-

woRop4sP8hexanedi yl et hyl ene di car boxyl at e) ; PCDOSZ0H/041283
pol y(1, 4- cycl ohexane-di net hyl ene al kyl ene

di car boxyl at es) such as poly(l 4-

cyclohexane di met hyl ene eth ene dlcarboxylate)

imidagole?ylidepes, {2[4ctrigz séideb}ea thiazak2-ylidengs, gayalig| ene
dlaxﬁfnbé‘c{rﬁeﬂ@s Ao RE BR%YcaiBines, l41‘1591:1ﬁ%lmnothlocarbenes c%chc

pol y([2.2.2]- blcyclooctane 1; 4-di net hyl ene éthyl ene

dibatylcarbenss,yacyalie liborieutrps, lphwphmosaldlcarbpmswer s and |
R, |
PhO%)%?ﬂ%Pt{gg‘?r am#ﬁ)‘@{l&%ﬁféﬁlﬂﬁ%ﬂ&r@lﬁ%}hﬂ&m& A sBLyf-act i de,

pentafibigrothivcanbete: See Ruyissuiuietial) (2000)cicifed0@#3] Preddrjedantbornaiases

b te{r’%{%?ﬁp ﬁ?‘#bﬁagbﬁﬂ‘?r?%}ii dlfcrxr'r%tdréXrbeﬂes rtra]c%?s?)lrs a'?‘é pr%bt?rsdrg tos' )
heteBoatom-stabilizddadarbanast hjﬂ-dgbﬁb&ﬁﬂﬂh A4rbdria) Guith| N-belejtandlid@arbenes
such as pol y(p-phenyl ene terephthal am de) (Kevlar(r));

mos pyg - pol y(al kyl ene carbonat es) such as

[00030] Y ( P GidHeRABodigle RO RakBMoml LMEE] caBdnesifttabiags such
as those avail abl e under the tradenanes Baytec(r) and

depelymerizatipy catglyshhersiy Bavedhs $uenrs Yhormua(ly 00077]
pol yur et hane/ pol yest er copol yners such as that
avai | abl e under the tradenane Baydar(r), from Bayer

() Cor por at i ow!'—{-QORF8}—depol yneriz@pj-onryf the pol ymer
is carried out, as indi d above, in the presence
of a nucl eophi lic reagent*and a catal yst. Nucl eophilic

wheraim iervrrous gubstifuents bes as Sglloweci at ed by those of ordi nary

[006":8'1 i m%zﬁetsmdégr@fﬁ eﬂgisé?&%@’o%f{ bEﬁ aga 9 dRE is

yol s, am nes hé P

| hydwayn, beteroaliyl, ar Iiterodri, andct adptere mdemdmtly zero, 1,Wo 2oemd are
sele&&? E}h&g‘gi ?R(P tlc’jé] &aléHEE ?t'éfe%% E! 81&2 LFE%@E&E%’ | Vo rhllill elmcc:l E? are

or_am no group
other dagéh@r S, ﬁles El‘ mdlézdnatytbedmkﬂis&pmgmalmlunglmom uhammides a
el egt h|| i1 nk esmthe ackbon sych
b Bt e BT R ol VR R B Pt e
heterc&ycliddmgl nmy brelahphmg er abmitie ahd mhyagmtalfmbsmmmhml/ora

0 cleved at ..t he, es es wthin
hetefohi | herhit, st B GPME Ml et B 6 e REF o
[00Q82] mar yF@'rI egahglk, in l’ﬁp@éserﬂﬁtﬁfe&bﬁbbgﬁdﬁommﬂé (Honohydri c

Zﬁﬁ ci&\ﬁ%ﬁ et hanol , isopropanol, and t-butyl
hi s e appreciated that such a reaction
cI @z;vg’slsNhglﬂsh@{El isMkpa@as E% a a transesterification
as _wl belllustrated infra. [00079] The

rea
pr Q%eﬁrléy E&t:’a%@sﬁl\d@r apefiot Heksdl yimer i zati on reacti on
ar e4)CEYiPRRESx RNJand E' and E? are not linked; or

) E!is NRE, x is zero, and E! is linked to E2.
{00083] R! and R? are independently selected from branched C3-Csq hydrocarbyl,
substituted branched C;-Cjzp hydrocarbyl, heteroatom-containing branched C4-Cs
hydrocarbyl, substituted heteroatom-containing branched C4-Cs¢ hydrocarbyl, cyclic Cs-Csg
hydrocarbyl, substituted cyclic Cs-Csg hydrocarbyl, heteroatom-containing cyclic C;-Cso
hydrocarbyl, and substituted heteroatom-containing cyclic Cj-C3o hydrocarbyl. Preferably, at
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carbene precursors. Carbenes include, for instance,

di aryl carbenes, cyclic diam nocarbenes, -13 WO

2004/ 060987 PCT/ US2003/ 041283 i mi dazol - 2- yli denes,
WO2084/960983 7 0| - 3-yI i denes, 1, 3-thiazol-2-yli d@ﬁ@glszoosmuzss

acyclic diam nocarbenes, acyclic am nooxycar benes,
acyclic am nothi ocarbenes, cyclic diborylcar benes,

leash RSN 40 R yagaggggéggwg?%SE 15 4 TN EE Sy groups,
particdl IS Bdnchdd byl GhAEEhS MbsARE Bﬂd/oﬁ{éfér&%xﬁ-@@ﬁthmng alkyl), aryl

ent afI uor ot hi'ocar bene. See Bouri ssou et al

(includingubstisited arph; beteropryly andhsubatituted heteroaryl), alkaryl (gncluduzg
subélﬁﬁ@& A A PRl AR &&%ﬁgm&gss AaflcRiie! B5ihg %cﬁ%feh@egﬁy bulky

recursors are precursors eteroat om stabil i ze
groups rtd protest the htghkygewhwcarbunn cengerdias been deundvig kinetically stabilize

erocvyelic carbe m)s ferr
singlet SRR Y e SRET P S bl Tongon B batt bty
grogpsithad bleguitsble ﬁ&{i @hy RP are bptwnhtly elﬁtsﬁﬂu;edtaﬂd/belle&ematbmwentammg

o maigh iy cE bl Grod eicah st of Gy e i o

Cy2 @Rl alkPCACH aﬂ@@qr ﬁ'ﬂdﬂmyl ptefBRbd® ﬁl‘h%datfei- eubsiituetiere eRemplified by
et

- Phewétoaﬁeﬁﬂy F“bSHWEFd%“'é‘r%“’;?O dheiorissple aJeﬁ%(fP}O‘%fé.a&yl Joweg plkoxy,

and 2alogét] afd @us HEEE FRdxhfple Gi-meh Fil@ﬁéhyl ,0,6-dimet@phese, and 2,4,6-
. state of El _and E2, respectively Wien E and E2 are

thbrmhe%éfﬁesetyaf S, then E and E2 may be |inked
[00dg4j ough Laaﬂd Iﬁﬂﬂr@ﬁ’rﬂ&}%‘ RhMinkiAL tol PAdef BOmS. anB @feqﬁ&‘f)}sﬁfdehﬁy

rin and E2 are i ncorporate

seleh@d gqom@tcr% sypstituted heteraatos, h}tdmsarbm@p% ISBWE%t"rdc ring

Pﬁn@lhk@%fohﬁcdﬁialﬂﬁé’ﬁ@frb&:b yiag aﬂ@yu&ﬁ?ﬁkﬁ'h@teroatom-
subs It dents and/or heteroatons. Generally, such

contairng liydeeatbslens:iand womd aiare Bdenendsntly syo At brracanfrg s zf}ch of L'
and T@4s (ﬁfﬁ?ﬁ?l Prefén%d %e &E@%&@ﬁés‘ﬁ?ﬂ&d&”@y%é}d&f eQEmﬁle dePcslléhe
alkeny?ea«n @ryfene; asalkylnm@e anyt of viich 1pa) beewtqr@tqm-cstntwgmg an%(mj E
sub%ﬁ%ecgér o &d/rBQEL H gk eg hetglfb)ato%uhl%aws’gr ?\Iéié% substiffiéll Heteroatom

are no X 1S zero,

suclaasNH, NR{whére Rdsjalk)d &9l, ofheig@stalRyl, eted, ’RPRa pd

epen ent I 1
[00(#1% roca Ib?ﬂe etmb[ogltm leEr gn @ﬁi%g%?%ﬁ%\}' é\l rocar baqd are
not lislkted| amah drat the nzirhd:n’elmgl WihateodaeytliCdart3@. 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)
D) | / "\
R'—(LY)—N \/N—(Lz)n—Rz

wherein R}, R%, L', L%, m, and n are as defined above for carbenes of formula (I). In carbenes

of structural formula (I), L is a hydrocarbylene, substituted hydrocarbylene, heteroatom-
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hydr ocar byl , substituted heteroatom contai ni ng
branched C4- C30 hydrocarbyl, cyclic C5-C30

hydrocar byl , substituted cyclic C5-C30hydrocarbyl,

het er oat om cont ai ning cyclic Cl-C30 hydrocarbyl, and
substituted heteroatom contajfing cyclic Cl-C30

hydr ocarbyl. Preferably, at -14 WO 2004/ 060987

PCT/ US2003/ 041283 | t e of R and R2, and re .
coning PRty malERe rer sui e R @ato-o6tyaiig Iniraapoyiene linker,
WhGERURS, or nidte bhssihahlsonidptehietomb Kithin 1 %Jg%' 1Hked to form an

substituted and/ or heteroatomcontaining alkyl), aryl
additiane] endliagrenpbdt istadtydebcarbyllenehaibetitutedylydraratbylene, heteroatom-

conBifiRk nhoEfo Sk of SibhbieZbdRiotlont seirH el raegrtytengfpker.
whebinayelor enorésubing tirtelonsddpices@tdts RithkyL nfyPeRmkE® to form an

protect the hi %hl y reactive carbepe, ce t ef hastee _
additipmabicyclic igrave: ifearxampledbmay be -CRiRgCR{R car beR&=CR -, wherein

3 whigh, ar ' t sLs herein
A e S R O LR R S SRR S
whasinRnyawd oRR> e ROpind®fahaybe Bnledttbgatiicedo 8t HEubstituted or
het er o(?t omcontaining C3-Cl2 alkyl, tertiary C4-Cl2
unsybstifijted, satugafed of unsatupgted ee. ol karyi, and C5- C12
ficycl i b e 4¢ 6~ Cld, 3aldear
looggdr]ti cu|§$ﬁ°$ﬁ‘%?‘gf§£‘?'§%?s TR AACKPoEER AR e carben has the
struetueerpf fofmeld (HY) phenyl optionally substituted with 1
to 3 substituents selected fromlower alkyl, |ower
al koxy, and hal ogen, .an® kHfs ipcl ude, for exanpl e,
p- met hyl phenyl, 2, 6- (ﬁylt, and 2, 4, 6-
trimethyl phenyl (nesityl):q780084] L' and L2 are
l'i nkers cont aigni LYy to\6 spager @ Qne.g2and are
i ndependently sel ected xaat het ér at ons, substituted
het er oat ons, hydrocar byl eng, substituted (1)
in WHEH @&3nmpkis RS dollBl BoRal 39468 al Md ;s Qgﬁ%ﬁcla ltﬁ@ﬁroviso
and substituted heteroatom contalning hydroéarbylene;
thatarlgnrg iapeesentas end e pemdant Wherr@isabeent,1s amigtaané g t hat
h of L' .and L2 is optional. Preferred L' and L2
100G o1 e Loz GHicTich gre ey Hiemisal rpBoundsiapd arfeclaimed as such
hereith. KER3EE @REsonI M8 Raviid fhk KL QDR ofF8¥NBE (IHeR i hefoatom is
._heteroat om contaiping and/or substituted, or L'
diregthpenndito ErapdieeEa Hegse nowel satbsnesrara thode ghe®in hetaroatom is

. | £ oat om .such.as .NH NR (where Ris
cire gy Bt B! RELEER g Tonlde By wy SF HMBIE cafpttes of formuta
(@) 10RE8H' ahdopBEisNRY gid RYisenipetb MR or Heterdd§ll gE3uRE&h as an
i ndependently N or  NRE and are not |inked, Such that
alkoppeal B ey P8y, aty Kiibaralk s & pragkydthicompisty. | Qthensichearbenes

' I 1 re N and.y are 1
e 8080 GHESH  BIPGY BRFlepa ) oL BV ES Rlr i ARarh or e
likeswidreinith¢ hétb@amat Withia L 'sandror I hediesctlg Wobh € tBY HfiInG-E2,

N- het erocyclic carbenes suitable herein include,
resSpGERVESGt 1 mitation, conpounds having the structure of

[00(f8‘8! mul a I(épha)sentative 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

2. .
E‘isN, x is

834421-1



R -(L" )m-N~N-(L?),,-R2 wherein R, R2, L', 0, m
and n are as defined above for carbenes of formula
(I). I'n carbenes of structural fornmula (I1l), L is a
hydr ocar byl ene, substituted hydrocar byl ene,
heteroatom -15 16 containipg hydrocar byl ene, or
substi tuted heteroat om contai ni ng hydrocar byl ene

zexjo' PEEL,and M GHE EP a} Al tﬂgﬁ k‘lh%hhft&?&t &sg(ﬁﬁtﬁ'ﬁide@ alkylene

toms’'wthin L ma I|nke orm an t1ona
or lw@lr laﬂcegylonq)lmltagcs Aanhxgedlrcfeae&)ythlmnmf saclbedrbénes ack those wherein

R Y o Rl EORGT R Aol s THieH ARG Slkgul b s o mked
thrbuglk@ﬁmetmwrcmﬁw oF cw&@Réu Qﬁ{eféﬁlﬁmlﬁ“ R A fEceot

atons wth may be linked to form an addltlonal
mdgpmdpntl)gsthped from hydeogpn,dhaldgenpandde;-C CRERA-- 10RIRE? isdlower

alky e A it P ReSieDe 25 oF st et Bgaseyo R gl chxarepler g4 1

~ des@Hiby bynti¥ses (Vﬂ@{)x%kéht:ﬁﬁéé copolhdsRPithiffhis BRoupand R6 may
be linked t her to forma substituted or

[0008%lubst i Agtrdicatethprayiguely, witablasatalyststfedtheipnesent dpob@jerization
rea RS R e KA gl B T RGeS oy Ppleiactis M -

het%aéﬁﬁ?cbarbahes( L'YmNN-(L2)n R2  (Ill) in which gqis
n optlonal doubl e bond, s is zero or 1, andt is zero
[00890]1 hﬁrterf-'@l%’fiawrgothe PISHISQRIST? th-Substifnted amethang cgmpound

h Y ¢ is absent, s and t are 1.
avf(%%ﬁ?&%gﬁretog?n ca?gpe es are new chem cal conpounds
and are cl ai mRl'—ag"sirehE! her e ‘r—{ilipse-REf, e conmpounds

havi ng the structure of fo la (1) wherein a

heteroatomis directly Pou d’to E1 and/ og;IFZ These
novel car benes are those wherein a heteroatomi s

whegpindt t By xbwd R oL EL” andindm f@ as d@lfﬁheldrfolt caaegnes of stryctiogl
fornfh (B i PRBe RS RICHET i R B Farey ot Helerapgh agatiot. o

hetddeaIU]ﬂtyIi Wad isssubaituted vt least dnd dldtitdn-waitbdr¥ihg substituent such as
ylthi g, aral koxy, or aralkylthio noiety. Oher such

ﬂuoesca rfb@ﬁ&ky émélqdn@d@rﬂmp@kﬂ)whémql witroyacytylalt willzwetappreciated
Ao A5 1 SAREL LAy BBy B may s

as adubstttdny phovididg tiat it g ddes [dt 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. Representative
syntheses of such compounds are described in Examples 13 and 14 herein. As may be
deduced from these examples, compounds of formula (PI) wherein E' and E? 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)

[R\LIBZZ]726807SGspeci.doc:GYM



respectively. [00088] Representative of such novel
carbenes are conpounds of forrmula (1) wherein E is
NRE, and RE is al koxy, substituted al koxy, aryl oxy,
Wh2P4/860282d ar yl oxy, aral koxy, or substitut 80T/US2003/041283
aral koxy. A preferred subset of such carbenes are
those wherein E2 is N, x is 834421-1 17 zero, y is
1, and E and E2 are linked through a substituted or
unsubstituted | ower al kylene or |ower alkenyl ene

I nkage. Apinor gnpref rred sphset,20f h carbenes are

IIjthose mhereln &&% |sgl g?ko&ypor nocyclic

aryl -substituted | ower aJkoxy, E and E2 are |inked
through a noi-ety - CR3R4-ICR5R6- or -CR3=CR5-, wherein
R3, R4, R5, and R6 are Ndependently sel ected from
hydrogen hal ogen, and C1-Cl12 alkyl, nis 1, L2 is

| d |
0009365 ; ¢ bt Fortie ot R Rar i L8 p 8% o8 4o capbepss of
strucyral fofinela (I()fMﬁﬁaDme&F; agagomml@emmmﬂﬁn \etdup infetdld) oftransition

rouy 089] ., As .indi cat ui tabl e
me‘ag%u“a{%fsi% § Gorand F@glé%ﬁfffyorggf% %@ﬁ L isateend dagersliem
aniofic ®r A& AR RERE a5 Bk 01t19 Rt 1be AR SemP LT AR YR ] SCBE-FOP)-

ta N—heterocycllc and het er oacycl i c carbenes.

R’ly{ Genwaily: o wr@qﬁeﬁum at(RH) epnde syrfhesized frgm a carbene salt
andﬁfdefa?%ﬁé 'sEéJE%j u{s%Rymﬁ&% [}{jdetahlaﬁi'EEEinﬁ_g(DSt ructure
)M x E

formul a H-~~\
[00094:] (PI) Stlﬂ/\ﬂ@ﬁ@r p,arl@ne pregursey, suijableas a qqgolyqr_xenza gn cam.lysg herrein

P! I f I
s rfieielpEbselfgie iyt forml s

, and IS se I kyl ,
het eroal kyl, aryl, heteroaryl, aralkyl, or
heteroaralkyl and is substituted wwth at | east one
el ectron- MVrhdka&rngf ubst i t yEmt—Edeh—=Rl f | uor o,
(PIIB | uor oal kyl (i ncl uding uor oal kyl), chloro, nitro,
acytyl. 1t,will, be appfecia tha; the foregO|ng
list is Bt exhibsiive and tﬁgt any
el ectron-w thdrawi ng group may serve as a substituent
ovi di h 0es S
000850 e, PR Fng MICHE, £l ’Vlﬁtahd APl At Grvengyof
structural foemoa Wlam;hE‘f o6 dcﬁmeﬂasﬁ)rﬁll evamdyamfcreﬁned dstfer x and

Y Rda){@%?/agee egll%le otgi; %ﬁaﬁl@tl{ gﬁ’saqﬁ Ocigg%ed asrfc?r if ng and hand k

are defined as for m and n. These olefins are readlly formed from N,N-diaryl- and N,N-

dialkyl-N-heterocyclic carbene salts and a strong base, typically an inorganic base such as a
metal alkoxide.

[00096] As with the carbenes per se, those catalyst precursors having the structure of
formula (PII) or (PIII) in which a heteroatom is directly bound to an "E" moiety, i.e., to E',
E2, E®, and/or EY, are new chemical entities. Preferred such precursors are fhose 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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nitrophenyl, 2,4-dinitrobenzyl,
1,1,2,2-tetrafl uoroethyl, pentafluorophenyl, and the

091] Catalysts of formula (Pl) are_new
wtﬁméogkggnt ities. Representative synthesesPol/U8 Q{41283

conpounds are described in Exanples 13 and 14 herein.
As may be deduced fromthese exanpl es, corrpounds of

prefe%ﬁr%ﬁoc(uﬁ!a HovevE ﬁle?o}yrﬁfél.s te éﬁfegplgh éﬁf and the catalyst (e.g.,

heS|zed e and
a caéqw opa cabmewrmgt) |amtoeﬂ>lrad dachdistolved [m')ﬁ) 28@ble Aoimdn,emd

d §§,me9 ung ur.sor. usef uk gocat alyst in the present

P i |zat°°%lﬁsfna°c§’te’s RS he structure of formula
[00()93]1) [ RPebf8AHTy /6 Badtinapiature id agita@d\e YOs206H, 8 @RFfogress of
the!;e%T q]_'n;]]c)%}% Q 3 8}3&%? Eméﬁug%q,]t[e@m QIL )aEapu'gg v1sp§ ugs&ctgog I1:\;2éc:nerally

sufficlent, thso@eb‘ds B t[aﬁ@aﬁﬁt 1d&dtion fektine hcﬁ@tdé@ﬁh@ﬁle%lymer has degraded to
structyr.al formul Mis a netal

an G4 g Hcigt ﬁ%@%ﬂﬂdﬁdaﬁbonrﬂ;?dace to g9 ing idiony %ﬁamples of
soNEﬁisQlﬁa‘i mabé hseﬁgn th@fmly%enz&n r&or ﬁcl‘éi&é‘@r"gﬁhlz Yrotic, or aqueous

preferred, and Ln is a ligand, generall g ani oni ¢

solygpts aat; are Apert yngamie dmﬂyrmyatwp capditionst sush ag 4rematimhydepsarbons,
chlorfna %3[1 ﬁ\&d&caﬂ%n}s’ etfrkrrs hm:@a{blgfl{‘)%} Hrix E‘ﬁ{e%lo% Ypreferred

carpene precursors O can e syntheS|zed
solventsinclude dolbensemsthylene elmnda tatsahyHrofucan] enetlyd ebutgl egher, Isdyar,

gast%%’x% %%%&tuﬁ&%ﬁéré&e g n%e?crﬂ%&ﬁ’lu dsI g?st%r%lu@ed]a% sol[erQQ %Jh carbon

anot her carb recursor
dioxidprspresenting ene such sclveut. thacmmtennperaWS are in the range of about 0 °C

to a &hﬁ@tﬁ ?é;ﬁc#];}e{iﬁidsf %d Jbﬁlf(]?eﬂégﬁﬁgﬁeﬁl 3; {o%; ?{(f m?zt pgﬁerglﬂy 30
°C {)t(les)skanaﬂime@(m@ﬁﬁﬁﬂe will gereerally bE'in thE2angx pf gb,ouﬂ?, to22 hors.,

fi
Prefsfcr e BpmPutané b PRoudS eient Mot Eanifheson win o
supﬁbnﬁmﬂﬂllﬁﬂs thha‘hldpmfeﬁeda pesshterteihgagndspheric. and y; R8 and

o0 15wl B L

confuction. witths preﬂrteﬂ speRifitletnbbdiddhis Yhekr vt B4t the fordgoing description as

il e Skl e st e

inventi6hl GRBeraspedB} dllvardthded ¥hdiBodifications within the scope of the invention 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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[00096] As with the carbenes per se, those catal yst
precursors having the structure of formula (PII) or
‘\{SI)II) in V\/nl ch a heteroatomis directly bound to an
RyPeeBf i . e., to E E2, E3, and/or , PETAISHOF(041283
chem cal ent|t| es. Preferred such precursors are those
wherein the "E' noieties are NRE or Iinked N at ons,

sccping o Py et s S Ayl J2 08 RN ol

(196%) A)@@fvl eﬁénpaa :128) aAd Wanslidk eamnasss’)@r@mbser 96: 362211 Y3y a
tically effective amount of the selected

cat al
mbew&[i%ﬂmﬁ%m&n% Srnfaesized aesapiing ta ghaprthod pf| Arduenga sl (1292) J.
AmCehé) Yot 1385550, effed saprh. t hen addi ng the nucl eophilic
reagent. Tn a particularly -18 WD 2004/ 060987 -
PCT/ US2003/ 041283 preferred enbodi nent, however, the

pol ynmer, the nucl eophili Fx Eﬁﬁﬁqm and the catal yst

(e.g., a carbene or ac recursor) are conbi ned
[008tM] di sdEpolytheriaatiomsefi Rody(peopyleine embpnara)j(Mw = 50,000) with

ol GaHSk, 27 Qe Hion B Fe bR rP PP SRR oafline

disqobved in tomenee (OG&ij) md adldea tp4 stiffedssixtate oftOleg bﬁaﬂy(pmpyleﬁm

be nitore t andar.d chnr al t ho Vi su
carinalfo e A0 RS ACEr ATkt S il oogbehpereture, 2
mLtof afe#faasienire ddded to tﬁél rdaéﬁﬁntmlmmhdctm te@pérhiate Wikcbrought to 80
poI ymer. has LlE)(grad an extent sufficient to allow

Stirrmgas sentiguehios ﬁéleurétfgllwd@és therfvaposasiogtof Ehe solveatiip pasyo.
_Th@'h AR YERMR §ﬂa@&a B el the\prcibhck Bf 4 BiRo10 HoUSREL 4%étm[1 3]-

reaction include organic, protic, of aqueou$ solvents
dioxqlen-2-ere: Howegver, thesrewere HeeaksgothgeG-MSat i on condi ti ons,
GCSM&h as aromatic hydrocarbons, chlorinated

hydr ocar bons, ethers, aliphatic hydrocarbons,

a) m Mr(é%)tﬂﬁ)@?m 1P6 £422,108 5), 8b(10 ?’é(&)rﬁﬁl(ﬁhélt(ﬁil uene,
b) ”Et&i&'(%?’g s%bﬁ{lﬁd%sﬁ&%fﬁs@gﬂgo{w @ho1 g%bjg é%)f 8455Y 51 (5)

aso tlre

c) Su @fzd&’r%j 0 Iﬂllnliﬁ w2 (irﬁ)y87a(4§)3 5B £20).s9d160. M@jov eroduct.
Wty ??% B30 H1r2 ;(L ﬁgld)eﬁs‘%fﬁdit ﬁg%@hﬁzos(%h agi;@ﬁg& ()91

Reac enpera s7arétin ge o
(14),67&111);&5 (3P0 C, typically at nost 80 C, preferably 60

H reacfl o@e?}‘h@b‘vj&t’q?ﬁ’ge%r alﬁr ng él | tﬁeoralngzsof aggohne

BCNMVIRa 1396010425 73.4Rr164 881 es range from at mospheric to
pressures typically used in conjunction with
supercritical fluids, with the preferred pressure
bei ng at mospheric. [0009BiarhpleRs to be understood t hat

[ e inventio en descri hed | con i.on
oolfth°: ea?'werlrewnsogi’dﬁﬁev'&m cnhmmate] (g 5#%3{5%
lsolhféﬁ chFHeRELOY By (0.93 Eirhdl) ON3- @4,6%&& ch 6&@? Hdine

that follow are intended to |IIustra e and not I|mt
dissolyed intglyenesf! nplpewas 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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i nvention. O her aspects, advantages and nodi fications
wWithin the scope of the invention will be apparent to
W%sog /?{&8'7' ed in the art to which the invention

i EXPERI MENTAL: [ 000100] General Pr 8E&F§208%041283
"H and 13C NMWR spectra were recorded on a Bruke-
Avance (400 Mz for 'H and 100 MHz for 13C). Al NWR

vver e oDt &l n‘Eu lﬁ@%ﬁ? %ﬂe@ ﬂ gr %gﬁ{)daﬁ%réﬂi?% x5
phexryﬂbt-tﬂeﬂm-ethml] pltniybester. rlkamnlt, ﬁGAbiSeimﬁbﬁtt@i padks.
GC. $mer0| ally or synthesized as follows: polypropyl ene
bonate), pol y(bi sphenol A carbonate),

a) Pohyf (5%9 33%&%06@40)@103)(5) 91 (100), 77 (8), 65 (8), 51 (8)

) 4 Seaso B ke s LR P A
c) hexaf{ 60%3 wmsxﬁmai B3 (3@62113841 b@)omk(%r)z 8l Q@b‘Mﬁor 6dkct

nesi tyl di am ne, obtained fro
9 1w éosmeé 0@6 iRt GAbAZS (MR EED. 9P, BEHE). 259 (25),
d t al
239?83 I%Q%T irahe ml %)%2551 &ﬁ;l\?@)j 9Egln036/\lr :annggzgl | ﬁe
HN,MRorrl@e 1e8e(y), 2,é99mt3rﬂ§s(s)zéd DO 2ODA(0B0987
PCT/ US2003/ 041283 according to the nmethod of Wanzlick
et al. (1961) Angew. Chem 73:493 and Wanzlick et al.
(1962) Angew. Chem 74: B2@mped Wanzlick et al. (1963)
Lr
(0GB, . Bouopiatiifin be P oL bRGRAY saodye? 0 12 OBONGRE,
lsolz(twaﬁ‘})en]e 006 méﬁ\mﬁoﬁ:of 1],3:42,5,53ﬁmethylph&lhybm}ndazol-2-yhdme

cisg ARy R osgBny AR a b e HSLiI BRI AR,

adlpé@) ﬁZolméml ()O 0iL), under N,. After stirring for 5 mmutes at room temperature, 2 mL

th hen dazol - ne
of m&tbe%wmaqdﬁﬁ togtﬁ @ﬁ@ﬁe@lﬂ&ﬁ mera wast BOUEhE {080, °Cfnd
stirriho Xbad 6&1t91ﬁ1ec0fo56 ﬁoﬁé fdMRWEd BY QiYW adeatiof of (A Bl énk m Vacuo. The
.lHagglyene (10 , under N2. After stirrin ‘{9. for

OW%WF pressss af 3 fingle prodygt, agd they Mﬁﬁh%vsﬁi gwo

proddgided to the reaction mxture and the tenperature was
brought to 80 C. Stirring was continued for 3 hours
GC{M%¥:| owed by the evaporation of the solvent in vacuo.

a) ;hn .vrgsgg@ 0@3&%35(?@0 4?@6@?!‘?@205 Heq Qroﬁnggio?fm@ (65), 87

noner

(12)1-833/@6)3 82 (DM DT E(26), |§8 &40, 172185 @) Wjopmodist:  a)
mfn/é %5559%5998@ g,;il 11?{5? }é)“?@ 16@3%95&% 916 (ﬁ%}égi gzé} 111

(70)..08 (429037 (11)0)33((33% 73EXI4X II301)2) 59'(1‘0855 (48p (5), 51(5)

TH NMR :1.67 (m), 2.32 (5), 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 stirring, 0.1 mL of the reaction mixture was transferred to a flask that
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c) mz (85% 6.750 min = 102 (15), 87 (40), 58 (20),
57 (100). Major product. d) mz (59 9.030 mn =

1365 ﬁd 135 (100), 134 (70), 120 (85), 117 29%21- 103

814), 77 (10), 65 (5). 1H NVR : 1.4 (P§T/USp§P3/041283

9 (t, 1H), 4.5 (t, 1H), 4.8 (m 1H). 13C NWR:
18 96, 70.42, 73.43, 154. 88 Exanple 2 [000102]

I P I
wel GG VRl Ak oF Boblarbiyist bRt pm e300 1] o mixeure
wad stired Torll 0ominrait Pﬁbtdminp&ﬁmyd ﬂ)llmvdﬂijﬂhc 2dditidntf2enL of methanol.
.dj ssol ved, i-n, tol uene ( } % (ﬂedtoastlrred 1
Stirpng W3S sowu%ﬁajr@orafe%rwﬁ ar 3ihaps) Solvent wasspeyed andithe 'H and
B avmepectiakBowdd the pR&ke Hfa su{glé ﬁr’bd&k‘ J-Inbﬂﬁ l-[fl(?»']-d:rbxolan-Z-one

m nutes at room tenger at ur e, handol were
Howgyracbefese thsaempevad of Bp selvsat W@C'Wft%wfm%ﬂﬁén waxgure showed

6d¥ffe9éb9@$m;lﬁdhn§@ C and stirring was continued for 18
hours followed by the evaporation of the solvent in

GGrM;S,lo The ' H and 13C NWR spectra showed the presence

) oo L ALE S e E BT TS (L SABICL oo we
b) 4- [T{w@ 6451 mu?ﬁyoa @), rt_ez rap) t9@t(ﬁ)_( Z}' (@mml D0)es8 Gﬂ)s tsg Ir(10)
B ORER Bt RGN ) sF S X e i), Rigseh ?é;oﬁf 5%
d) 5 1672 (%6 7563 fin £ 409 (40,39 (£)539 (190), 64.05)) 57 (3Y.

e st o 0.1 45 (RPN Dy Do

(121,609 4. 301 i n = 228 (30), 213 (100), 119 (15), 91
%) 16. 016 m.n = 49
D 3oz G I T4 BT TobEl &ey Penat) 5y leaal Bysg aoo,
58 63957((3)3) 197 (40), 181 (12), 151 (12) 135 (100)3, 9(1319
IHE‘@& bg%d Sﬁg)@gﬁ)ﬁ\)' 454 }H)7438((q,,§H§ Exarrpl e :S% '[000103]

Boenw Y196, 7042,98.49f 1588y (1, 4- but yl ene adi pate) (M" =
12, 000) wth isolated carbene: 0.006 g (0.02 mbl) of

1,3-(2,4,6-trinmethyl phenyl )i m dazol -2-ylidi ne
di ssol ved in tol uene (1 mﬁ}m M&s added to a stirred

m xture of 1.0 g of Iene adi pate) in
[000H)Sliene Depoly mfflza‘i!ﬂm@rl"’xublsllh“él sarhonpted (Yo 65,000) with in

sitd CaPbRSTE b ndiRRR o § FREOD4 P ol Pof e thy 3 - B RN ALinMELSlium

added to the reaction m xture. The tenperature was
chleridsig FHF (b md() was adrigd 4 mg'(0.038 mmol) of t-BOK, under Ny. 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,
BC NMR and GC-MS spectra showed a mixture of monomer and oligomers, where the major
product was bisphenol A.

GC-MS:

a) n/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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stirring was continued for 6 hours followed by the
evaporation of the solvent in vacuo. The 1H and 13C
NMR showed the presence of a single product, and the
WO NEHWABRed two products. GO-MS: a) mz ( BSHPSHOPSS
mn =143 (80), 142 (20), 115 (20), 114 (100), 111

(70), 101 (e65), 87 (12), 83 (25), 82 (12), 74 (36),

b) 1y EG0 13 6pbatn Akt @fl@ 153, A%, B8 Lt cats ihenrs

1403208 (303,61 97120), 141 ,(1355 1579%5), 169010), 191 () 1 /
( 0;@ (30) 1-“5()) 1@) I; J(2) 59% gsQ;Sh(s() 1%)5(29 134,25), 133
(S)N Gy 189 5\09.,)115210321({3430) % G (7§§), 96 650 NNRO), 7 45)2757(10), 65
@8)25.18, 33.74, 63.75, 173.23 Exanple 4 [000104]

Depol yneri zation of Pol (propyl ene carbonate) (M,
9 50 9%635%)11ﬁ2$61mg1f 228 64984 €20).72 34 100)AIE), 865 ()15 (5), 119

BT T B 0

ori uran

d)(O M3ﬁ%ﬂ)ﬂ§1&ﬁ‘mpo=t' _2853(!20)12120@2),21%1 d?OI,E2B(35)212_(SI);IﬁH(3),183
stlrr'lng, . (0] the reacti on

(Z)m xtﬁtl%\gzoltlgla@sferred to a flask that -21 WD

e) 2004/0B0BBT5.F3ThldS2ORL0¢ 37B30), m(mbﬁagﬁ%\m@q@pm @), 211

@ lslE) S BT SR 3T ut? B st oom

tenperature followed by the addition of 2 niL of
methanol. Stirring was conti nued at room tenperature
for 3 hours. Solvent wasEX3®Bledy and the 'H and 13C
NVR spectra showed the presence of a single product,
4- et hyl -[ 1, 3] - di oxol an-2-one. However, before the
renoval __of the solvent thaGC- My of the crude reaction
m xt unge owed 6 differ c nds. GC-Ms: a) mz
(15% 68 mn = 119 (4 Q3), 75 (4), 59 (25).

b) mrz 5% 6.451 nin = 1q4 (40) 103 (30), 90 (5), 77
(5), Ig% 58 &1 (10) N—¢) MPETO%N 6 879

i 25 7

Lnrng ) m)z )li (40) 3(5) 59
(100) K ) N /0) 8.502 RAHh = 207

8 ( 5) e z (
3 (10), °105 (35)(50 (i, 89 (1@5* 59 (100),
57 (14).

[000106] Depolymerization of PET acéording to the above scheme: 20 mg of t-BOK
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 CHCI; 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 shurry
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(thydroxy ethylene)’ terephthalate.
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f) mz (5% 8.936 min = 148 (8), 118 (8), 117 (15),
103 (20), 77 (60), 72 (8), 59 (100), 58 (5), 57 (5).

2%"3%4 R igb 963 30(22 1;|)3 43 515321 ss%gﬁ%ﬁg"“g"glm

[0001051 Depol yrrerl zation of Poly(bisphenol A
carbonate) (M, = 65,000) with in situ carbene: To a

m xture of 7 ngy (0.047 fy
1-ethy|-3-mathy| | - ng%%pr%u'm chloride in THE (1
nm.) was added 4 ny (O 038 nm)I) of t-BOK, under N2.

After 30 n, stirring 0.1 m of thﬁéglgction m xture
was trans ﬁrreqto% ask riged with 0.5 g
of poly bIS pol _A ) R ].O_nd__o;THF The
reactio ure wagy ﬁtlrr CDHat room
tenperatu ﬁ foll owed by the aﬂﬂltlonl-g

u

met hanol . Btirri ng was continued at roomterrperature
was rempved in yacuo_and the

l0°5f971 13%’%#@%% 1%%0{@?& preetding te AVESChYME: ($ma Pt 1,3-

duﬂmpﬁiﬁﬂaz@&dm@idle gafraﬁ@u m@ of ﬁBDKQvJIBgEEed iRaQsH %m\aﬁm of THF
bi sphenol 754 mn = 21

A
and(S@G?d fogd> )Meﬁlel?ol & bz)g) ang Q&T(@@) mg, g in E&@l}ple é)mere

contbibd withly AL 6 THFYE Porm(dinsohd e hidture. 1BR %s (vlgbilvt
103 _(15), 91 (12), 77 (10), 65 (95) 22 2004/ 060987

intrtay PEBPOERRolmizRze. Afertihouy, gmye »1@ aemombh: incresg in 5)

e b O b o
solyentyvas redoveddy rota@SevaRBitiontd me(dzayhitem;a;kh(&)s%rod%t6)(2(§g;n,g) 'H
o g copfbl b Jg kit cinbattee. 7 €014 e

mn = 228 (34), 214 (20), 213 (100), 197 (5), 165 (5),
ooy et 479 e Byl bl 133 i o
used mggrc;paZe?ﬂ;i (’%’0 @id the Bss{tdy depBlythefization pduéts )Jbtaxh&Bﬂlex(eﬁ)m The
P oS chcdhpbis okt Grgieq b s b Biding B D, ¢
trans&}erifiddtion pf@pss fidiBdigidihyl teeiphthalate (IDMSF) (aﬂil excketifydone ghizal
(Eo()%ﬁ the preséncz bfa metgilg.lkanoate {)r gcetate o%nglcmm zinc, manganese, titanium
etc. The first step generates bis(thydroxy ethylene) teraphthalate (BHET) with the elimination

ed

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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CNC t-BOKNNPET -H_~- CN>=<Nr'0OH OH\ 1 " /
I [000106] Depol ynerization of PET according to the
above schenme: 20 ng of t-BOK and 45 ng of

YRGBy i i dazoline, chloride salt, wer ECHU§2083(041283
inavial with2nlL THE and stirred for 15 minutes.
Et hyl ene glycol (2.3 g) and PET (0.25 g) (pellets
obtained from Aldrich dissolved in CHO 3 and

trifluoroacepic gcid am@ precipitated with nethanol to
forma whité oo@ fer e conbi ned t 9OHor m a PET
slurry. Theo€at a wasogddell HPthe slurry with

approximately 5 additional |nL THF. BDter 2 hours, the
sol ution becane MME trangparent, indicating

di ssol ution of the conponepnts of the depol ynerization
m xture. The adm xture wa$ stirred overnight,
yielding a conpletely clea§ solution the follow ng
day. the THE was renoved, yielding 225 ng of white
solid. 1H NVR 13C NVRO ang ¥ were all consistent

wi th bi s(hydgexy 1 -23 WO
2004/ 060987 PCTPUQEa Eggnple 7 PET t-BXK
CN~ THE N CN> N CH3OH [00 1BHET Depol yneri zati on of
PET according to the above|schene: 25 ng of 1, 3-

di net hyl im dazole, iodide|lsalt, and 11 ng of t-BK
were placed in a vial with|2 nL of THE and stirred
for 15 min. Methanol (3.11|g) and PET (308 ng, as in
Exanple 6) were conbined With 5 nL of THE to form an
i nsol uble m xture. The catal yst qmxture was filtered
into the PET/pethanol i NE - ter 1 hour t here was
a noticeabl eH}-0¢r eas &a F - €Ty Obkfter 14
hours, the sotution S CHm iy honbgeneous and
clear. The solvent was renovBET by rotary evaporation
to yield a white crystalline product (250 ng). 1H

[000109] The different options for chemical recycling are regeneration of the base
monomers (DMT and EG), glycolysis of PET back to BHET, decomposition of PET with
propylene glycol and reaction of the degradation product with maleic anhydride to form

“unsaturated polyesters” for fiber reinforced composites and decomposition 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 recrystallizatibn, 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 recyclgd 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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NMR i ndi cat ed conpl ete conversion to di nethyl

terephthal ate. [000108] Exanples 6 and 7 nay be better

understood by reference to the synthetic route used

WO W0e998982 t he PET and t he possi bl e depol ynePCTarS20081041283

products obtained therefrom The PET obtained in each

exanpl e was prepared by synthesis according to a

two-step transesterificatjon %rocess fromdinmeth
substituenis s prenoungsiirifet 9n calrlyastabilitygndastivigy tpwards d(
su&ﬁh&@e presence of a nmetal al kanoate or acetate of

| cium_zinc, manganese, titanium etc. The first

[00915;} gerdeREISlepolznenaationseactiony pEframples G:apf 7 1aee Bussrated
the elimnation of nethanol and the
SChélgg{g;%yE%BaThe BHET is heated, generally in the
presence of a transest erl fication catalyst, to
generate high pol y Y3 process is generally
acconpllsheUF ol égr to renove the
pol ycondensat e (EC» and ggperate the desired
t her nof or med obj ect fr"bm a I OW Vi sScosity precursor.

The reaction takes ' a according to the follow ng

schene: -24 200 0.098! PCT/U82003/041283 00+
HO~/ OH EO ~~p BHET 0 O H
O, ys NG ~p O PET 00109] Thg i f@t ent options

for chemcal recy regeneyr a Pon of the base
nononers ( and EsEgigh col ysi s] of PET back to BHET,
W

deconposi tion of t propyl/ene gl ycol and
reaction of \t he d <
anhydride to™orm

ct wwth maleic
rei nforced conp05| a d deconposition with glycols

pol yesters" for fiber

0 0 o) O oH
No” <:> ~0~ HO\/\O’L@J\ o
=+ DMT + OH BHET
/\/
H O/\/OH HO |
EO EO

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

illustrated in the following scheme:

A 2: R=Me, X=1
/_—N N-O R-—X : At 4: R=CH,Ph, X=Br
Ph H /—N N-O-R :]NH4PF5

Ph H  3:R=Me, X=PFg

1 5: R=Ch,Ph, X=PF

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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foll owed by reaction with dicarboxylic acids to
produce pol yols for urethane foam and el astoners.

00 In Exanple 7, PET powder was slurried.in
Lf‘&t}"gi{]@%}%%m sol vent mixture. N heterocycli &€ g&syg.}{@ms

(3-5 nol %9, generated in situ, was added and within
approximately 3 hours the PET went into sol ution.

ayl sj f degr adat.i pr.o
mmg 5 28 etont g ERBO R Dt el SRR a1 o
[1,3\5]t@iatin@iea8 batahd-2,8-didne ImanO)E@e asing Bdprocdduze oDAMHuergo et al.
% S B AEhet F HEh Tl P Sy oh . Kot o
the PYHAtRESTA VMR axfor@a d tiask psloatdil cﬁhﬁthbldj)uﬁl(yﬁﬁﬂh an&temﬁnea@lem
is used as the al coho 00nol % excess)

|
. bl BByl SRR i T GeB S (o, 2 W 438
d be di tl
MR e copig b ergnd can be chrect 'y

The N- het erocycl i c carbene cat alyst platformis

extrenely powerful, as tm?@ gre of the -25 WO

2004/ 060987 PCT/ US2003/ substituents has a
[00Q113houn afﬂzbnejlflembth@m-détthmyﬁwhsmwblitimylemfbma@nhowwe 3):
0 ' [
Cru&cleefég{dg 29\1?:4'5& a%lq gﬁ hlr dee§o &Iﬁlt) K te vggn%f%égrgte % pgt% ct from small
amauhtsw§ b dadkeidsolshidesidng. d&b Wwptebsdhation v@s @ecanted GHa sepomEﬂ'ask and a

solaif oy egaoroppiolte st £ S3 ftnfhy i (0 B pf b
was@dded id @srtiohd e\n&ylrsbﬁmalb&dm_fngﬂﬁm&ﬁioh,emé ther sapernatant solagon was
decalrnltelduosu rﬁlte% vsllag c}us eedfu? Icc|)18 \m g@’ a?ncd su g%quently recrysBal_hzed mx =
methanol. Yield: 1.3 g (73 % from 1). 'H-NMR (8, CDCls): 8.67 (s, 1H, N-CH-N); 7.39 (m,
3H, CeHs); 7.29 (d, 2H, C¢Hs); 5.24 (s, 2H, NCH,); 4.21 (s, 3H, OCHs); 2.27 (s, 3H, CHs);
2.17 (s, 3H, CH). | |

Example 10
[000114] 1-Benzyloxy-3-benzyl-4,5-dimethylimidazolium bromide (4): Beénzyl
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 (3, CDCl;): 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,, 0-CH,); 2.09,
1.94 (s, 3H, CHs, CH;). PC-NMR (5, CDCl;): 132.8 (OCH,-'C4Hs); 132.5 (NCN); 131.5
(NCH,-'CsHs); 130.6, 130.3, 129.2, 129.0, 129.0, 128.9, 128.0 "™ C¢Hs); 124.8; 124.1
(NCCN); 83.9 (OCHy); 51.2 (NCHy); 8.89 (CHs); 7.11 (CHa).
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[-N NORX n+ 4. R=CH2Ph, X=Br Ph Ph/-N\ NOR

NH4PF6 3: R=Me, X=PF6 1 5: R=Ch2Ph, X=PF6 Exanple 8
000112] 3-Benzyl -1-nmet hoxy-4, 5-di met hyl i m dazol i um
OcROBHO6P98Y - Met hyl iodide (0.5 nL, 7.8 nmol PCHES2003/041283

added via syringe to a solution of imdazole-Noxide 1

(1.0 g, 4.9 -26 WD 2004/060987 PCT/ US2003/ 041283

nmmol) in ca. 20 nL of 13 ound 1 was prepared
from1, 3,5-tribenzyl - Mzi nane and
[0068tHne- 23-Btenhybﬂ'| dwemgaxyx‘igz MimahylgnidhmTh lﬁhﬂﬁiﬁ?ﬂﬁ&@ho%phate 6):
n al, . . . ra. ). e resulting mxture
A A EPR, Blondive 4 GHL4 & Pt Ahummider o b pived in DI
watehandsodrasted @ith hexaver. Uhe &fubstsU8€r Wad Sehsilited 88d L¥WIRich gf
urity in an undeterm ned yi el d. H-NI\/R(O,

am%%%; logophipgphatei(ea. 3 eqpiKy wayadsigd drppwie withgiaB3tant stirring.
Th iteAGirighe; di ;

RN e =
drogs efdicxgnes Yerreadtesk (oaline tarons tegpbuatugaatbirdedmfr-white crystals of
P o auor b paveb aod g b, Jiff o P lD
NME @nCQ@w)l 18.4 26+l N CEE N ﬂg&-kss,immc(b. ubié,e%;lmﬁ Egm,esdz(mes, N-

: l n a secon askK anda a
¢ é’o|_§ﬁ%g'lgké’§pﬂ{ﬁ§%§ﬁgﬁ%§2§gﬁt Pophosphate (950 ng, ca.

5.8 nmol) in 10 nL of DI water was added in portions.
An oil separated during the addition, and the

super nat ant sol uti on wastx2 ed out. The oil was
crushed in cold (0 C, and subsequentyy gecrystallized
in methanol. Yield: 1.3 g (73 %fro . "H-NWR (6,

CDC13): 8.67 (s, 1H N-CHN): 7.39Q+N_ _IH, CBH5):
7.29 (d, 2H, BEPS): 5.24 (s, 2HPANCH2)] 4.Ph (s, 3H,

OCH3) ; 2PR7 (s~@BH, ); ARO17 (s, 3 ki Exanpl e
10 [000114 N”'\N—o—/@}|18 R h 2
1- Benzyl oxy- Mﬂzyl - 4, 5- di met hylj i dagol i um a oni de
(4): Benzyl ’bronmide (1.2 nL, ca' ™SQyfo)owds added
via syringe to a refluxing suspension 1 (1.0 g,
5.0 mol) in dry benzene. A dark orange ®il separated
after refluxing for 6 h, and cooling to room
tenperature. The supernatant was decaf ed and the
remai ning oil was dried under

[000116) Bis(l-Benzyloxy-S-benzyl-4,5-dimethylimidazolylidene)silver(l)
dibromoargentate (6). The carbene precursor 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 (5, CD2Cly): 7.47-7.32 (ov. m, 10H, 2 x CsHs); 5.23, 5.22 (s+s, NCH, OCHy);
2.01, 1.95 (s, 3H+3H, CHs, CH3). *C-NMR (5, CD,Cly): 136.2 (NCN); 133.3 (OCH,-
'CsHs); 130.8 (NCH,-'C¢Hs); 130.7, 130.0; 129.3, 129.3, 128.5, 127.1, 123.9 (°™PCgH; +
NCCN); 82.6 (OCHy); 54.0 (NCHy); 9.4 (CH;); 7.8 (CHs). Anal. Four;d: C, 47.56; H, 4.26;
N, 5.79 %. Calc. for CagHs0Ag:BroN4O,: C, 47.53; H, 4.20; ; N, 5.83 %.
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vacuum overni ght, which caused the product to

solidify. The solid nass was crushed in pentane,
filtered and dried under vacuum Yield: 1.3.4 g (63%.
WO 2084960987 CDC13): 11.04 (s, 1H, N-CH N); 7P@L/YS2003/041283
(ov. m 10H, 2 x C6H5); 5.59, 5.58 (s+s, N CH2,

OCH2); 2.09,  1.94 (s, 3H, CH3, CH3). 13C NWR (8,

0GR+ Brptesi3g8 14 G55 prpfiodn bl ghlpracsipene precursors
frofrPI8 N diaryR-SubBtiuGdFAGHKINYs; as IIRBtrated thake scherhd¥Peldw, 83. 9

(OCH2); 51.2 (NCH2); 8.89 (CH3); 7.11 (CH3). -27 WO

2004/ 060987 PCT/ US2003/ 041283 Exanple 11 [0001151

3- Benzyl - 1- benzyl oxy- 4, Sggi Ryl i m dazol i um

hexaf | uor ophosphate (5): atch of crude bromde 4

(still as an oil before drying under vacuum was

di ssolved in DI water and extract d wi t h hexanes. The

aqueous | ayer was separated and aoI ution of
/a w\- m Rexaf )+ g caXl. 3 equiv.g was
= O [oiwA @ I rring. =Y 43Bw oi |

depOsi ted on tY / N~ask was dissolved in
war m met hanol and a few drdgps of hexanes were added.
Cooling to roomtenperaturefFafforded off-white
crystals of pure 5, which were ri Rw
and dried under vacuum Yield: (82
(6, CDA3): 8.42 (s, 1H, NCHN; 7 :
m C6H5); 5.31, 5.20 (s+s, N CH2, O CH2)s
3H, CH3); 2.05 (s, 3H, CH3). Exarrpl%
Ph A O Ph~N"O+ -O~ h gz Ag+ AgBr2 " Phi
[ 000116] E
Bi s(1- Benzyl oxy- 3- benzyl - 4, 5-di net hyl i m dazol yl i dene) s
ilver(1l) dibronpargentate (6). The carbene precursor
6 was prepared as follows: A mixture of silver oxide
(128 ng, 0.55 mmol) and i m dazolium bronilde 4 (396
ng,' 1.06 nmol) was taken up in dry CH2Cl2 and stirred
at roomtenperature for 90 m nutes. The dark orange

[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 SmL CH,Cl,. A catalytic amount of p-toluenesulfonic acid
and 50 mg of Na,SO,4 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. "H NMR: (400 MHz, CDCl, 25 °C) § = 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: 5= -143.2 (s
br, 2F), -153.7- -153.8 (m, 1F), 161.7- -161.8 (m, 2F).
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suspension was filtered through a pad of celite and
evaporated to dryness, yielding an orange powder.
Crystallization from THE afforded a white povvder-(02
L”szﬂg“/“ﬁ“%’e| d: 291 ng (57 %. 'HNWR (6, CDBEY/PF2003/041283
7.47-7.32 (ov. m 10H 2 x C6H5); 5.23, 5.22 (s+s,
NCH2, OCH2); 2.01, 1.95 (s, 3H+3H, CH3, CH3). 13C NWR
(6, CD2C12): 136.2 (NCN) . 13 .§ (OCH2- ' C6H5); 130.8
(NCH2-' C6H5) ; 130.7,130. &XamB823 " 129 3, 128.5, 127.1,
123.9 (0OnPC6H5 + 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 C38H40Ag2Br2NAQ2: C, 47.53; H, 4.20;
N, 5.83 % -28 WD 2004/ 06098 PCTI 882003/ 041283

ciRC12, |- 1+, Na2SO4
. N-OOHFF FF 7
[ 000118] SyntheSis of carbeneFprecursor 7
(2- pent af | uor ophenyl - 1, 3-di phenyl - im
ng (0.94 mmol, FW= 212.12)
N, N - di phenyl - et hane- 1, 2-di am ne was

p-tol uenesul fonic acid and 50 ng of I\P e
added, followed by 230 ng (0.94 mol, FW
pent af [ uor obenzal dehyde. The m xture was.
8h. The Na2S™ was filtered of f and F

[co

[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) §: 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 (5, 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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sol vent was renoved under reduced pressure to yield a
i ght brown powder 395 ng (FW= 436.2), 96%yield. 1H
NVR: (400 MHz, CDC13, 25 C 6 = 3.7-3.9 (m 2H),
W®2084/86098%  2H), 6.5 (s,1H), 6.7-6.8 (m 2HPCTHSHOH049283
(m 1H), 7.2-7.5 (m 2H). 19F NMR 8 = -143.2 (s br,
2F), -153.7- -153.8 (m 1F), 161.7- -161.8 (m 2F).
-29 WD 2004/ 060987 PCTI US2003/ 041283 Exanple 14 F F
/ \ + Hglacial acetic ackdAME HNFF FFH FF F
F 8 [0001191 Synthesis of carbene precursor 8

(2-pent af | uorophenyl -1, 3-bis-(2,4,6- .

t ri dedrystbosengapplymeriaing elpotymeehavingashackbosie gontaining 51 2

: | i I ak i with a
elcFophliclisis cofBFil BERARE IR pPlymk Fin o SRR gl
angrarptylyst Gratpickls deppdyamdrization modustsithat awessbstatdially fresloftneal

'tgn was stirred at roomtenperature for 24h. The

et e aci d was renoved under reduced pressure and the
product was washed several tinmes wth cold nethanol

DL R VI
selécted fiatrpsterdinRades, cafblhate Bnlbupds, Greftiahe QNIJIN%-EGS’ i{lggﬁtgte& ug_egﬁémi

. .4 . AH), 6,9 (s, 4H). 19F NVR .
linfeages, PESSPhé@h’s‘@gzs’ @%‘e.l%w,z%wlmd amjdo Hukagqs; thiapster,
linkdpps, sulfdddte @ster 1ifkdged, 4ddcombinationd theY¥ar 2004/ 060987

PCT/IUSZOOB/ 041283

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 sulfthydryl 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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CLAIMS: 1. A nethod for depolynerizing a pol ynmer

having a backbone containing electrophilic |inkages,
r|S|n contacting the polynmer with a nucl eophilic

Wéb Bt{ge09 gnd a catal yst that yields depol ymePCEAS2087041283

products that are substantially free of netal

contam nants. 2. The nethod of claim1, wherein the

el ectrophilic |inkages are independently selected

fromester |inkages, carbonate |inkages, urethane

| i nEagEEe methibéfi dldihed %é@hhﬁ@@cléobﬁh@%&ﬂepﬁgﬁg

I i nkages, am do |i nkages substituted am do |1 hkades,

gIqUWRf-oest er | i nkages, sulfonate ester |inkages, and

C

)

wh

conbi nations thereof. 3. The nethod of claim 2,

wherein at | east sone of the electrophilic Ilnkages
ar e 11.eEheanethedialpim 1, wherhinttheatatalysbispelkgteefromsaenes,

aBl N ?&,% claim3, wherein all of
t he "el ect éﬁ“ﬁg l%EI)Ii%?;l%ge(%g&are ester |inkages, such

that the poI yester is a honopol yrrer 5. The net hod of
cl aj4n }{‘Qﬁ theeectrophlllc

| | nkaggnse ar e({de(;flg b lb’an% reé%&@ yﬁﬁgggggr “@uch that the
pol yester is a copol ynmer. 6. The met hod of claim 3,

cont ai Pt S aBER To et Gaertel foeEbg e Srpals O

from hydroxyl groups, am no groups, and sul f hydryl
groups. 7. The nmethod of claim®6, wherein the conpound
cont ai ns on&’—ﬁuar)aopHEIWF-e{—y(ﬁ)n%ﬂ;,e met hod of
claim7, wherein the nuc philic noiety is a hydroxyl
roup. 9. The nmethod of Tlaim®6, wherein the conmpound
St ai ns two nucl eophilic nmoieties. -31 WO

2008 AT 88 iftfepérldenBORkd 28% NIORE, D)e, PR, Bﬁ&'sqiﬁ il al m

hydgﬁ) wherein the nucl eophilic npieties are dr oxyl

gpcterqatiyl s betgropryb ok asd yareindependeptl mp ,Oh@ and are

f ] €,
T O R R T S

B g B

|agg qther than\therrS ﬂwntﬂi @n¢ Bt may kst linked thiraugh laémkmg 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-Csp hydrocarbyl, heteroatom-containing branched C4~Cjq

hydrocarbyl, substituted heteroatom-containing branched C4-C3o hydrocarbyl, cyclic Cs-

Cso hydrocarbyl, substituted cyclic Cs-Csp hydrocarbyl, heteroatom-containing cyclic C;-

Csp hydrocarbyl, and substituted heteroatom-containing cyclic C;-Csg hydrocarbyl;

L' and L2 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 E2 are N.
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13. The nmethod of claim 12, wherein the carbene has

the structure of formula (1) [R (L' )mMx-E EZ
[(L2)"-R2[y wherein: El and E2 are independently
selected fromN, NRE, 0, P, BB, and S, RE is

hydr ogen, heteroal kyl, or heteroaryl, x and y are

i ndejsendeTtie niethod of cldim 04, wheréintt ande aré ¢) ark B'oaridE? are linked
correspond to the val ence state of El and E2,

thropgh a dinkingmyoietyifiictyihat dierathsaeis am N-heigracyclie earbenser
thangd o rTh%r?étﬁgf?]ﬁl(lmﬂpij Wheldty t%eN-lh'e{%?cgllcfig ERHALL 1hs the
y at  provi

i nki'hg nol e es a neterocyclrc rrng in

strubturdoffbrmauld (R are i ncor porated as heteroatons; R
and R2 are independently selected from branched C3-C30

hydrocar byl , substitute r hed C3- C30 hydrocar byl

het er oat om cont aipni_ng, brgnched  C4- @30 _hydrocar byl ,
R ?‘?ﬂco agﬁan@

substituted heteroato htainl'ng hed C4- C30

hydr ocar byl , cyclic C5- C30“hydrocar byl ,Bubstituted
wheydhl ¢ CS- C30 hydrocarbyl, heteroatom containi ng

cyclic Cl- C30 hydrocarbyl, and substituted

het & aad Bhercandeiendamlycyhcied ffom biGAGhddyCH-Ogatydydcartlyl,

sufffefhidhdied sy bvdRrubyL b frogimevurBime ranched .-G
hy@¥Babill sitRHRL IREG84t6RBcontAlh B%@Hé@@ﬁca Styaf&%afqﬂﬁl,exg'clic
ydr acar byl’ené,

_Z%drocarb | ene, heteroat om contai ni ng :
Cs-4nadhydroerbylysubstitntedesyolic CsrCsclydraedarh yhcheberdatomacdmydining cyclic

. and nd n are independently zero.or 1. .1 h

Crla iR, Sl b YRR B et <G indte otc Gr-Co Btrggurby;
15. LThehemkitgnsibtyshii isdibctedMi®hLA RydtodddByl¥nél sBbstitutad
El and E2 are |inked through a |inking noiety such

hydregarbylene, beterpatam-cantaining hydresediyese; sndsubptittited heroatom-
o8 ik A PSS e
within. L maybe linket toi form Bh additof cgelie groaigpendent | y

sel gxfeto% lfé§1 Tz?sr l%\r)]v%p glﬂyl(é:?lé gc? ﬂllg%%{e? ?sal%\bw%lr alkylene or 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 C;-Cy alkyl, tertiary C4-Cyz
alkyl, Cs-Clz aryl, substituted Cs-C; aryl, C¢-C3 alkaryl, substituted C¢-Cig alkaryl,
Cs-Cy; alicyclic, and suBstituted Cs-Cy; alicyclic; and

L is -CR’R*-CRR®- or -CR?*=CR’-, wherein R?, R?, R®, and R® are independently
selected from hydrogen, halogen, C;-Cj; 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 (III)

RYs R
R? R

N—(L3),——R?

N -
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substituted branched C3-C30 hydrocarbyl,
het er oat om cont ai ni ng branched C4-C30 hydrocarbyl,
substituted heteroatonm containing branched C4-C30
hydrocar byl , cyclic C5-C30 hydrocarbyl, substituted
cyclic Cs-C30 hydrocarbyl, h3 eroatom containing
cyclic Cl1=C30 hydrocarbyl, and substituted
het er oat om contai ning cyclic Cl-C3o hydrocarbyl; L is
the linking noiety, and is selected froma

in wilyigh gdsaboptemal deubbesbaondy s @dzermyldlr @odit iydeemer 1, with the proviso

eroat om cont ai,ni n and bst.i t ut ed
thafighe] O BHeRE g o ! v po SaR yf ARt P ndl &2k er o1 n
tWOlB)r NMPhEmetHRAlort1aeAtly, Wherd: acent atons within L

e |ipked to forman additional cyclic group; one

of B araqu arg independepily selgtty fremeCakick arylemonpedi-i gnd tri-lower
Y 58 o, T A0 B! PSP it

CG-B;ZZ dkagyl;ndependent |y sel ected from secondary C3-C12
' al kyl, tertiary C4-C12 al kyl, C5-Cl2 aryl,
s ub@and gy ase zerg; aryl, C6- C18 al karyl , substi t ut ed

C6- Cl2 alicyclic, and substituted
%E%Mﬁ:{l cycb' and L is -CR3R4-CRSR6- or -CR3=CR5-,
V\,her95| n i mBhod B5claind3 Réhareia B rwlém%raebemtlbpendsxﬁlﬁdtoeNRE and

from hydro hal ggen, Cl1-Cl12 al k wher ei n any
are pylinkedegsicH gt ¢ waﬂamal N r%cyrs 68 Neoget her to

forgg.a snpffjﬁ,b Hi ef 19 tpt Esat ur at ed or

unsat ur at rtlthng < t’ha 1HE‘1§ et erocyclic carbene

has21. he "Eltermctthudefdﬁlm@ﬁnmlhaet(ll ) (R4)s R5 R3 (RO)t

| Bzé s%;él.?ﬁ%tb‘ Bt dpisnd. ?4?% fedpryory aggfkoxy, or

subgnﬁgegajﬁm&@ubl e bond, s is zeroor 1, andt is zero or .
1, wth the proviso that when q is present, s and t
areEzléﬂ‘b and when q is absent, s and t are 1. 18. The

lg)f claim17, wherein: R and R2 are

epen éntly selected fromC5-Cl12 aryl, nono-, di-,

anolyi‘srll ahdwer al kyl -substituted C5-Cl12 aryl, C6-Cl2

I d dtri-|
g| @{%gdﬁég& k@egdhm@gh @f@basgtptgg{ ng 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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mand n are zero; and R3 and R4 are hydrogen. 19. The
met hod of claim 13, wherein E1 and E2 are

i ndependently N or NRE and are not |inked, such that
WMO204M6098he is an N-heteroacyclic carbene. 2BCT/Hr003/041283
met hod of claim 13, wherein E1 is NRE. 21. The nethod
of claim 20, wherein: RE is al koxy substi tuted

al k xy, ryI oxy, substituted ary )%o ar al kox

y

outBTa inked through a mpisty - GER SEIGR=C' 4 wharein
R Q&“Okfénm@ax%déﬁeﬁdédﬂp %éléctwﬁéﬁd E?d:ageﬁumsgeh%d:mu alkyl;

’unsubstituted l'ower al kylene or’ | ower kenyl ene

| i mkigde. 22. The nmethod of claim 21, wherein: RE is

| ower, ocyclic aryl-substituted | ower

W‘S%%Féxﬁg‘kz%)d;zesmsespeci doc: GYM WD 2004/ 060987

PCIR iS00Gyl @ IPr sEbstitutadl EGhoayadic kivhk ed t hrough a

noi ety - CR3R4- CR5R6- or -CR3 CR5-, wherein R3, R4, Rs,

and R6 are independently selected from hydrogen,

hal 23g @he neettdd OF elaih? 1 Bivkigtein the citalyst jis d Girbese preosxsor.

al kyl ene; and R2 is nonocyclic aryl or substituted

nonocyclic aryl. 23. The nmethod of claim 11, wherein

t heg4¢ atha nedod io§ claint 20, MBRIPHhE 6atb&R fprecdrdor hbk ehesinbtagt oFf
cl al&@ZS, wherei n the carbene precursor has the

formpla@®D yre of formula (PI) (PI) [R (L')nix-E E2
[(L2)n-R2]y H~~""", wherein: El and E2 are
| ndependerttyygheet'ed fr HUDRE-RY), P, PRE, and S,

(®PIRE is hydrogen, heterqatkyl, or heteroaryl, x and y
are i ndependently zeL\@“,' 7 or 2, and are

wherein:

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 E2 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-Cs hydrocarbyl,
substituted branched C;3-Csp hydrocarbyl, heteroatom-containing branched C4-Csp
hydrocarbyl, substituted heteroatom-containing branched C4-Cs39 hydrocarbyl, cyclic Cs-
C30 hydrocarbyl, substituted cyclic Cs-Cs hydrocarbyl, heteroatom-containing cyclic Cy-
Cso hydrocarbyl, and substituted heteroatom-containing cyclic C{-Cso hydrocarbyl;

L! and L2 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 hydrocarb}"lene;

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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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 El and E2 may be |inked

WO 2904/060987] i nki ng noi ety that provides a hePerwsyo/omn2ss
ring in which El and E2 are incorporated as

heteroatons; Rl and R2 are independently selected from
branched C3-C30 hydrocarbyl, substituted branched

C3- C3o hydrocarbyl, heteroatom containing branched

h S ut e heteroa m.,cont ai ni
£ g WS s SRS b L BLAT RO 9
fonlnytir(]amar byl , substituted cyclic Cb- C30 hydr ocar byl ,
het er oat om contai ning cyclic Cl- C30 hydrocarbyl, and
substituted hetqroatom cont ai, ni n& cycljc C-C30
(PIhydr ocar by R T g 1& B Akdfta coﬁt]val ning 1 to 6
spacer atons, and are in ependently sel ected from
het er oat ons, substituted{heteroatons, hydrocarbyl ene,
substituted hydrocarbyl &t®; het eroat om cont ai ni ng
hydr ocar byl ene, and substituted heteroatom containing
wheoiat ocar byl ene m and n are independently zero or 1;
andg! s B I E
ot eradry P TAEE ROy SR EL R D OPP ML S
hydmgeh, Merdwélaé,tor hcteroetlyb, a:tand ¥-avs m&ﬂjmdmthgzcmtis of 2,uadtre

sele%%q t(g yg&egﬁgnd%@r %1 csé%iage oct%g 38%27 gg art Idwaeloeliﬁ whéh
MBZWMQ&B th’Z:ﬁEl ‘EhdaEﬁnayHmdmkéd mkcmglmlﬁihng/hﬁﬁc&y n

that %&f S| lﬁcﬁnl’}brgsug {’VEJC% f I(Eiigré ;JnCt llf)'rg{%s hﬁ}freﬁsops

Wh dt emd R? e indeglerid2ntty ldcted GpﬁﬂﬂmhédleseﬁoQ@ﬁ@darbylp m N,

subfing Brapdied Ch T Syl eSS rigbconitin Yasbes Cror of

hydZacafbyl] sebstituted BeReafeh- &dhtzﬁﬂihg Bﬁﬁﬂfdd CiC34 ByRIrotattn) efclic Cs-
c B te l?f and E2]Il1 {:‘ {J!ﬁ and wherei n, when, El1
I JHYord Y&rs g eyehicys Siftepatorpy &OIE%;PYH@ Cr-

Cso hydrb&eoyll, mh@ ulﬂiauﬁtdd Iheiétdaammsn%m et CRUCy,
hetqro&g:“ in which El and E2 are mcorqE)orat ed

as o%e taiHee R G.¥acsr AvBsed it indersadeatly ed
selete@ Mol @f&&&?&n%@ﬂtsﬁh@fcﬁﬁﬂhﬁﬂy&oc&%?ﬁh& tsisBithted

br anc hydrocarb het er oat om cont ai ni n
hydmcgquﬂga h@gro&ggl-co%tmmng hy ocarbylene and substituted heteroatogn-

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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hydr ocar byl , substituted heteroatom contai ni ng
branched C4-C30 hydrocarbyl, cyclic C5- C30
hydr ocar byl , substituted cycl i c C5-C30 hydrocarbyl,
WOHUO¥H cont ai ning cyclic C - C30 hydrocarPESHUSZQQWQKIZ%
substituted heteroatom contai ning cyclic Cl-C30
hydrocarbyl; L' and L2 are linkers containing 1 to 6
spacer_atons, and are independently selected from
het &-o ednethodsqficlaim 23+ wherein thercarbergprecunspa hascthe yictmeof
forsiib uted hydrocarbyl ene, heteroatom containing
hydrocar byl ene, and substituted heteroatom containing
hydrocar byl ene; mand n are independently zero or 1;
‘Mis a netal; Ln is a neutral or anionic ligand; and j
is the nurtB’er—tﬂf‘)mlxrg-aﬁ s boungE+e—Mywher®pi N when | is
(PIfHeater than 1, the Ln e the sanme or different.
-36 WO 200@; 060987 PCT%1 S2008( 041283, 26. 9The met hod
of cl ai m & —wehlermEhe car bEmepriddumrsdiv has t he
structure of formula (PITT) [R -(L'").& E E3 1(L)n
R8Jv (PITT) ==< [R2 (L2)n]ly E2 E4 [(L 4)k Relw
hﬁﬁ’é’r ein: El, E2, E4, and E5 are independently sel ected
frop K2, E‘*“ﬁd Eéareli’ndeBE%ﬁen@ngéle&ed Rem NSM'%‘E/@J PIPRY, and S, RE

or heteroary W ar e

ero kyI y, V,
1 agr RETI PMca  cee Sidemendaacep, .or 2, and
m@aea&ﬂa%ﬂes&aend 3qhe I SRE Gate BF B &2 CE“ eE{d B’ Egspggé‘vel}agﬁ]d

respectively, and wherein’
WthFWeWhePIEaﬁn@E e ghert themOpr Sthen 4and§y nisg be linkeskthrough a
o [
il U g s L koL BEGLRY Bl S
theEE *ﬁ‘é‘)ﬁ @@Ylheﬁlnb@ thieughyg Hinking innictyrtg f<mn aheferocyclioring;a

het gghdqg g eciﬁ%"dde r orfﬁ% ﬂ%ﬁ] %2@ ‘?:gb' Cs0 hydrocarbyl,

Subwmeé branthyl Cr-Gouhyairacarbyl dobroatonhank Ging Randyd CoGag byl

YeSUbs P%@g@?@ﬁ%@k&k& om é%ﬁlﬁ ‘glgﬂafu%dbgga il dgg %y[,:g%clfc Cs-
Caohydtoeashil pbstitweddyickic C5'C3m&0hgtﬁyldmw¢m-cﬁmngtc§mml-

Cao ﬁi&ké&by@nﬁ@osﬁ%@d%%%mayom-con 2{11(13’1{18 Q)t'c%c -(agg l%’ld?olc%yl;

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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C30 hydrocarbyl, and substituted heteroatom containing
cyclic C1-C30 hydrocarbyl; L', L2, L4, and L5 are
| inkers containing 1 to 6 spacer atons, and are
VOLWANENt | y sel ected from heteroat oms, subBETUSARYP41283
het er oat ons, hydrocarbyl ene, substituted
hydr ocar byl ene, het eroat om cont ai ni ng hydr ocar byl ene,
and substituted heteroatom containing hydrocarbyl ene;
and h, k, m and n are independently zero or 1. 27. A
et 8@ ATHeQtiethsisfclaia 27 ZWiitgein tHe@let AGhiliAuikAgesArdBAdpeARAtly
containing  electrophilic |inkages, conprising

selectedt fxom psier hnﬁégeﬁcﬂasmﬁ%te linkages, urethanelinkagss, substitited wrethanel

linkage$ PheSphsit liditagss Bﬂﬂa%ﬁ&é&%u?}fﬁnﬁéd AR&s h!g&r%ggs, tlﬁ(?esteﬂg&giages,

nethod of claim 27, wherein the tenperat I's at
sulpate esteplinkagascandwpmbinatidns thesdofa 28, wherein the
tenperature irs at nost 30 C. -37 WD 2004/ 060987
PCTI US2003/ 041283 30. The nethod of claim 27, wherein
t he3 k| Betmathd dfickinh 2R kvelpesin atrleast sodepé Hatetdctryphilit Bukiaged are

f t ] carhgnate | inkages, urethane
eSt{ri lfr%lg}ia% g’ss ‘,aghs%%)tgﬁ ?altgogfné%f 1%5 81 K%S&eé' | i nkages, phosphate

| i nkages, am do |inkages, substituted am do |inkages,

t hi er |ink S syl fonat e. ester |j.nkages, and
cord iR 8 31, et L oh4BS o Etiropile Plagen G0 ester
linkafgey; such tieit tHe@abiest&ds® horhopogneé] ect rophilic |inkages

are ester linkages, such that the polyner is a
pol yester. 32. The nmethod of claim 31, wherein all of

t he33e| e nielidiof clain B NkAQRMN AAsEdH8 bf theleRkBGNSlic IHKEELS are
nopol ymer. 33. The met hod of

t hat the .polyester is a ho

Omﬂﬁ?WS?i}l&Wﬁ & ﬂéﬁtﬂ}eé’&B'FSt%rdﬁécQﬂ"lW‘rFé- el ectrophilic
I i nkages are other than ester |inkages, such that the
pol yester is a _copo 34. The nethod of clai m 30,

| ymer.

whetei The msthod of Plé’élb%‘i Whereinsthe ayaleophilig reagers émepmpound
confih@htNéd30orR nublesphiliciRGie QPRbh | ' %Lrgﬂt;

fr omthdr oxyl groups, anﬁgﬁgggr oupdé,h?gﬁjgﬂ%g%ﬁlp%hy r y?gups’ and
sulfyydryl@oupss " The net hod of claim 34, wherein the _

compound cont ai ns one nucl eophilic noiety. 36. The

met hod_of claim 35, wherein the nucleophilic noiety is

a Hdribg yethgd efigaim 3% whewein the edweppund capltadisong auclpdpbilisi n

mofelje conpound contains two nucl eophilic

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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noi eties. 38. The nethod of claim 37, wherein the
nucl eophilic noieties are hydroxyl groups. 39. The

%&8@ ?% claim 27, wherein the catalyst is sel ected

oM EYPBenes, carbene precursors, and combFRHUPYIRR041283
t hereof. -38 WD 2004/ 060987 PCT/ US2003/ 041283 40. The
nmet hod of claim 39, wherein the catalyst is a carbene.

41. l.gi in the carbene has
the@th?heﬁétgééﬁég af“ﬁg’%u\%é}%‘ﬁhmg y%isf‘fa’}’ _E ~EZ
[(L2)n R2]Y wherein: E and E2 are |ndependently

sel ected fr L NRE. O, P, PRE, a RE is

i o e, el el s Wi gy s e iyt prguta (@)
i ndependently zero, 1, or 2, and are selected to

correspond to the val ence st ate of El and E2,
(I)respect i vel g'—and.pherd] n wheh—Ehihprd—E3, are ot her

than O or S, then El an may be linked through a

I i nking noiety that provitfes a heterocyclic ring in
whegeiieh E| and E2 are i ncor porated as heteroatons; R

andpRmdaP Gre iMLPRRIAGN o ted RPN EGRE @“Cg%a %ﬁﬁ]ngl{E gﬁggen

hydrocar byl , substitute branche ’hydrocar
hetprealisyloer starennylt )aami snge md&mnldeulyczemca@r ﬁymdmaseﬂbpted to

corfdii b e Hehies 0 Py A N B e
othentbéri @ o€S; tﬁaﬂh mabjob lmlgad:ﬂa?mgt alinkivpheietyitig pryvides &
het%?erog%gg{rﬁo@%r 12:F n| %%Jo'ﬁorlﬁ é&teﬁm‘%ar byl ; L'

an dR d®? (arddmddpmcbnttylos;l(lftddlﬂm?lr lg)raﬁdhedﬁ CsRadsdrozuds substitdted
braligd O ERTARERLLY naRREN ol hel 65 Conbtiortrtied

subbtycdted hamtoyﬂommmmg mte@m -Coytiydiodirbyl, Enctie M&lwu@eﬁbyl

s R P em Co AL DY O DI

subﬁhibd)ﬁet@foat@hléﬁoﬁiaﬁﬂng WNOB¢ €|-TyaydrRbgbfE? are N. 43. The
gl m 42, wherein x and y are 1, and FE

HeQAINDE 4 T ¢ FH@FW@“% W@@éwepﬁmﬂypﬂécted
fromMi &Eﬂ@ﬁﬁfbrﬂs§su@§htuﬁﬂechﬂét&6ﬁ6fﬁ§ |Hy@Bro6@bREMe substkBted Bydrocarbylene,

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 E2 are N.

~

43. The method 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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44. The nethod of claim43, wherein the N-heterocyclic
carbene has the structure of formula (11) L~ R~ L1
-C2)n-R2 ( )m(Il) wherein: R and R2 are

i ndependently sel ected from branched C3-C30
hydrocarbyl, substituted brggched C3-C30 hydrocar byl ,
het er oat om cont ai ni ng branched C4-C30 hydrocarbyl,

nycritar o Ay BEEEL Rkl B MRS i Corits g e

straytatd of fohmdlRQIhydr ocar byl , het er oat om cont ai ni ng
cyclic C1-C30 hydrocarbyl, and substituted

het er oat omt cont ai ni ng Cng/CL -C30 hydrocarbyl; L is
the |inking noiegy, @nd {s selgcted frama

hydr ocar byl ene, Is?ubé,lf ?"t u ed\/hydrgl‘gbgﬂ b%mene,

het er oat om cont ai ni ng hydr ocar byl ene, andDsubst it ut ed

wHigdigr oat om cont ai ni ng hydrocarbyl ene |inker, wherein
two or nore substituents on adjacent atonms wthin L

may Rdent iRfleeslintiepehderntlyasel atidi frar beanchadoCi-Csdydugrar iy,

and L2 are |0 I | ene; .and mand n, are
sufS R hRRT I e PEocEDTh Stermib iSO NGRS brangherh GreCo
hyBRELY susinAd oo ofh-LARRRIERIhE ELCSERRAp O cxlc
Csdpy hydrocdsbyl; substititedscyctio CaiGsb hydpeeaiid, bétkmntpn-containing cyclic

bst it ut Cbr C18. | C5-Cl12 .ali [ 1
crRERR A, B SR e S LA el
or LGR#r(Rking mbRtySand Blelebttd 3o a APdrob&beleRe, substituted

i ndegendent |y selected from hydrogen, halogen, Cl1-Cl2
hydgpearbyleng, heieeratom-canipininghystroqebyleue, ambsubstititedeheterpgtom-

' ; bstit or, .
corRnt MR T oI By R bl on et atoms
\mt?hﬂlt nTaly&)el‘iiln:ked &f( %Z%d@hig&diti@h?%?ﬁli@%@ltlp?ﬁ )St r llilﬁt l(,IrL)e OE)Z
or a )m n
.. EFF‘P‘%I(“J ﬁ)lﬁmral}w 1y optional double bond, s is

Zer  £id nlare #pbndefitlf 868 11. 1. Wi th the proviso

45. The method of claim 44, wherein:

R! and R? are independently selected from secondary C;-Cy, alkyl, tertiary C4-Ci
alkyl, Cs-Cy3 aryl, substituted Cs-C; aryl, C¢-Cy3 alkaryl, substituted Cs-Cig alkaryl,
Cs-Cy; alicyclic, and substituted Cs-C12 alicyclic; and

L is -CR® R4-CR5R6- 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 (1)

R%s R°
R® (R%

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

R\ LBZZ 726807SGspeC| doc: GYM WO 2004/ 060987

100368893/ 041283  46. The nethod of cl ai m 4BCT/US2003/041283
wherein: R and R2 are independently selected from
C5-C12 aryl, nono-, di, and tri-Ilower alkyl-
substituted C5-Cl12 aryl, C6-Cl2 al karyl, and nono-,
di, and tri-Ilower alkyl-substituted C6-Cl2 alkaryl; m

and 48. a"h@méﬁbwoféﬂﬂmsR%h&@ﬁ R4 are hydrogen. 47. The
meth of cl ai m 46, erein El and E2 are

i nd @péﬁ@l hare jndependentvselsetad fpm Csrfbt ayl, moads, di aodtri-losveer alkyl-
susmts@eper;w 15, &hc%ﬁié%@aﬁéf AHASNG At subbifued o C,

hod of rern
all@rylm ai m 53 wherein: RE is al koxy, substi t ut ed
al kgx Yngsubstituted aryloxy, aral koxy, or
substltulfd(;xz%Lé%(;’ra%l1 koxy, E2 is Ny x is zero; yis |;
andREhnchRﬁarEﬁychognl i nked through a substituted or
unsubstituted | ower al kylene or |ower al kenyl ene
| i nkage. 50. The nmethod of claim49, wherein: REis

| owT. famdqmuodamf clExA @6y Wwhdréin @' ¥hd EURS indépeh@shily WS NRE and are

2are| ked through a noiety
noflisiisn Fengign ctoroggyeliesapens, R4, R5, and
R6 are i ndependent |y selected from hydrogen, hal ogen,

and IkyI nis 1, L2 is |ower alkylene; and R2
is %LB'?F;}E‘? in"cfr"l?i‘m&ﬂ WhEsR F it -monocyclic aryl. 51.

The nmethod of claim 39, wherein the catalyst is a
carbene precursor. -41 WD 2004/ 060987
pCTHusthsaustindiof glgim 53, wherein:

REis 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.

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, RY,
R’, and R® are independently selected from hydrogen, halogen, and C;-C; alkyl;

nis1;

L2is lower alkylene; and

" R%is monocyclic aryl or substituted monocyclic aryl.

51. The method of claim 39, wherein the catalyst is a carbene precursor.
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52. The nmethod of claimb51, wherein the carbene

precursor has the structure of formula (Pl) 1R

&? mx-E~ E2 [(L2)n RR1ly H "~ "~~Rr wherein: El and
6 ependent 1y selected from N, NRE, 0PCHUSHN#041283

and S, RE is hydrogen, heteroalkyl, or heteroaryl, X

and y are independently zero, 1, or 2, and are

seI d t es nd tq the val ence state of El and .
> 5% o EinanpoftoERRg, Viverla the <apbene Repoussne hasthe pesctur of
forﬁmlaem) than O or S then El and E2 may be I|inked
through a linking noiety that provides a heterocyclic
ring in which EIl and E2 are incorporated as
heteroatons; R  .and R2 are mdependently sel ected from
Is):ganched dB‘CEG)HML\agE{E *sutéditoR8d  branched
® C30 hydrocarbyl, het at om cont ai ni ng branched
C4- C30 hydrocar byl , Rt,ut ed het er oat om cont ai ni ng
branched C4-C30 hydrocarbyl, cyclic C5-C30
hydrocar byl , substituted cycl i ¢ C5- C30hydr ocar byl ,

whBRjer oat om cont ai ni ng cyclic Cl- C30hydrocarbyl, and

substituted heteroatom containing cyclic
C1- E3oMyR] arsdndepgndently selasted|f@nelNeNRY, 6k @5 BRE and 8j R i gydrogen,

ety B P00 RSB gl il

cortegpmdda thiewklence, stase /bR 'iahd Eédespydwdgmﬂywlegm when E! and E? are
i LIt

ooHEhE 00 EOR 10 il S R af o

hetemcis&henﬂgntWMchE'ramd afle; ineodpbritéd asshetepdatsrthed from

et or 9 G oo elstoa o s Peflatgihsicosl, substited
brandhed Cmaahydtdaﬁiﬂbmmero&uﬁsdohtayﬂg brarfRed tucsoh@a:demgyleu n

out the presence of

sobfd e mef il g eSS piody LoqEVORAFE s ConlpBERwo,

subgtiteed egodic 0345, Byl Béterogofic faﬁﬁrf@kl, héE -Clo hythdc 31
@94/ 00 Pmy?ﬁ’ézog%{ 04128 O?PED ) , doy eyl and
sub
L

ISRt SPRYHIDY Gy cliGu st wibpdrocarbyl;

' and L? are lmkers 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.

53. The method of claim 51, wherein the carbene precursor has the structure of
formula (PII)
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El and E2 are independently selected fromN, NRE, O,
P, PRE, and S, RE is hydrogen, heteroal kyl, or
heteroaryl, x and y are independently zero, 1, 2,

: g’rﬁb‘z“%’@"éél ected to correspond to the val enB@T@ﬁm%Mlm
of El and E2, respectively, and wherein when El and E2
are other than 0 or S, then EIl and E2 may be |inked
through a linking nmoiety that provides a heterocyclic

ring in whigh El and E2 are |ncor orated as
et er oat om® —RIL kO @r%d’énﬂ?ly sel ected from

branched C3-C30 hydrocar I, substltut ed branched
C3- C30 hydrocarbyl, heterfoat om cont ai ni ng branched
- C4-C30 hydrocarbyl, subsinyuted heteroatom containing
branched C4- C30 hydrocar byl, cyclic C5-C30
whpsglly ocar byl , substitut ed cycl ic C5-C30 hydrocar byI

het gr Qat C l,i P d ar

cubEL SR By Rk o e ERE SR Brogen,
hetbrpalikplc aur Heydroaryl, x ambly 4rd MEpEnHeﬂglyQﬁi) C, Cﬁﬂlt?.s%:{dl dg@selecteﬁ &

S enden el ecte
coriBeda s taRece s 18 end BEerRra P e BHE” e
othsuhat Otousaﬂemu'cbrne@ﬁﬁiay beﬂﬂced ek dlﬁﬂdﬂ?rﬁ&@tty%sﬁ Ri¥ides a
het carb ‘g}ﬂgh ﬁqr}]g%ubst i tut ed et er oat om cont a| ni ng

ﬁ% 85?%?’1 aff 18¢qEPqr; ﬁsetﬁéfé?ﬁ?‘?s’zer o or 1;

M i R! adrétasd mddendeﬁtl)asdl‘&t&lrﬁUm BranchBd E1.cS, ﬂykiﬂﬁ% 1, 8tituted

gE nunber | i gands bound to I\élla wher éi n Eljn I'S
brapghed CCho Bdpoaroyh heipRomegpnisiing renched Ge-Geo hriiopaban:
sub%ute&ﬁ@teﬁﬁ%ﬂx%n [m&g'tlﬁ'hﬁ@héé-&- & o@arbf] )‘(EgE @e'???_\yydrocarbyl

precursor ructure o or mu

subst(tEtesl cyclic QS-CE@ yeracatphil, ketprpatomegontajningoeyclio € nCy hdropatbyl, and
" subbtitlstéd heta%&t’ﬁin é!)ﬁtamg(ggﬁ d@gg%%ﬁ%&% 2003/ 041283

wherei n: e | ndependently sel ected
fr o[maﬂd LNng hnlgers @ntq:mgg 1 tmispecer Rtomss andrayelindependently selected

ﬁorﬁ%%ﬁfo@ﬁahﬁ}’éubsﬂ?ﬁte@ﬁét&ﬁﬁ@ﬁly hgd%cargyleﬁé’ s&%fﬁgg ?g%to%arbylene,

i ndependently zero, 1, are
het%%t@@srys@tﬁ@mg@ydmearbﬁﬁmm ssbaiitwedlietaEbatorERontEibingand ES,

hy&&%ﬁ?&hé,vel y, and wherein
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.

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

R'~—(L Yk E! B} ——[(L%—RY,
®m >
. R*—— (LA, = E! (LY—R%,
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when El and E4 are other than O or S, then El and E4
may be |inked through a linking noiety to forma
het erocyclic ring, and when E2 and E5 are other than 0
&P@?"Q“ﬁ’@ﬁ E2 and E5 may be |inked through BCTUMOPHY1283
noiety to forma heterocyclic ring; R, R2, R8, and RO
are independently selected from branched C3-C30
whE]édr.ocarbyl, substituted branched C3-C30 hydrocarbyl,
ter oat om cont ai ni ng branched C4-C30 hydrocar byl ,
subgt, i, *eshd!BS Ry ifddperte G0y éetdciid TbnPNANR PO PCAREMAA S, RE is
: hydr ocar by|, cyclic C5-C30 hydroparbyl, substituted
hydrogan, etergalkdporihgieraseda ) V. apd Weare indenendestly aemai h@r 2, and are

i - , aptl 5t ; ;
IR ol ALY b B PR ey i
- whepE" and E"areothes thand) o1 §iithend” eodh Eamay bejlinked éhréugbredinking moiety

o BTG BISIRRESRL s BUATRAT, B e Rt ey o
linleditbroiighud xkingoliety ¢a fopml adreeerodyelieringat om cont ai ni ng
SRR LEE wferptatt S 50 BB B So B

substitued branthed<H-Csphtrdcartyd thettrcatoab tdritatidls bankiRAC @Yyi ng

he structure of fornula (] m )
e P oA g e DEREReOLe - Cop gy ovcic CoCio
hydrocheyyg destitdtad ?eﬁmﬁeﬁll(lﬁdll@mrﬁyl,hﬁ‘d%t atdﬁl-céd"tﬁinﬁl g,ca'gﬁc &REC30
s rogen, . er oa , . or, hetergaryl, x an ar e
by LA Sy iES b gtomcnialning el Gr Gty oyls
corr'esf @A chali 0 bhrld@inkéth EAftAniHE 3466 Sfacst atohi akePare independently
respectLver, and E' and E2 are_|inked through a
selqcfeditomyhsierpaems. shbstityrdirteneatoms, Redreqashylene; substitvigd i n
hydglri]ﬂd 1dge, Iﬁ&%aﬁ%x—@&rﬁaini"n? GPIBOLBYIGH, 87 SRR ATBatorlK

1d are independently sel ected from branched C3-C30
confainipg Bydragarbyleng agdt i t ut ed branched C3- C30 hydr ocar byl ,

hetig oAl L0 inabthidhi) z8R30R¢d CA- C30  hydrocar byl
substituted heteroatontcontaining branched C4-C30

hydrocarbyl, cyclic C5 -44 45 C30 hydrocarbyl,
su [ C L5
bt | A HiEdatehStbRizEPe emmﬁ%f{l_@%g%éhﬁg 8f fonnulg )ﬂ)’ and

het er oat om cont al ni ng cyclic rocar
substituted heteroatom containing cyclic Cl-C30
hydrocarbyl ;, L' and L2 are |inkers containing 1 to 6

spacer at oﬁ'?s‘,_aﬁﬁdnlmEtI\KdEgeﬁsznﬂ-zy—sészct ed from

het er oat ons, substituted et eroatons, hydrocarbyl ene,
wh%glg:st I tuted hydrocarbyl ene,

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 E, 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;

Rl_and R? are independently selected from branched C3-Cso hydrocarbyl,

- substituted branched C3-Cjg hydrocarbyl, heteroatom-containing branched C4-Czq
hydrocarbyl, substituted heteroatom-containing branched C4-C3¢ hydrocarbyl, cyclic Cs-



het er oat om cont ai ni ng hydrocar byl ene, and substituted
het er oat om cont ai ni ng hydrocar byl ene; and mand n are
i ndependently zero or 1, with the proviso that a
heteroatomis directly bound to E1, E2, or to both El
and E2. 56. The carbene of gkaim55, wherein E1 is
NRE. 57. The carbene of claimb56, wherein REis

5 Pt R, e B b e
C1a35% hymeca{ayp b mbéﬁmtm@baoﬁadnsaduﬁgeyclw 8pEy I9krocarby;

nnnoqycli? aryI substituted | ower al koxy, 59. The
car Bedad bf are likerspntappag ite6 spacer atoms; ar;d arg lrzd@r)%pdengly selected

e

heﬂeroakmg-eontﬁﬁungﬁ@rmh&m afid slibaumﬁ&etewaoml-mtdﬁungnd
E e I|n d through a noiety - CR3R4- CR5R6- or
hydr erein R3, R4, R5, and R6 are

i nd Eﬁe'lﬂd«:ﬁ)@h@&ﬁl?%for&rﬁ‘ hydrogen, hal ogen, and
C - ClZaI " L2 1s’| owner alkylene and R2 is

rmnmgbdhe proa(rsplthajra Istdvsdtomus ddeoﬁyrhwyd to E' szycbr to both E' and E%.
BZZ 268 7SGspeci . doc: GYM sr}ﬁé The carbene of
cI aPth 60 ﬁﬁ%r EfTO 12, I’i‘iheéer"é ISfRBd. t hr ough a

noi gy 19833168% of &Am 6] Qvlﬁ?éixbﬁﬁ% élfm)?}i 3hBBtiked alkoxy, aryloxy,
wherein R3 and R5 are dro 63. THe car bene of

substituted @yloxyrralkpxy, RB sm @na&com C12 al kyl . 64. The
85 e Tl SRR e e ROTy R Sds R pile Sflg o

sut@,ﬁfult).ﬁﬂewbﬁﬂkbkbe structure of fornmula (Il) L

59. The carbene of claim 57, wherein:

E2is N; ’

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 58, wherein:

E' and E? are linked through a moiety -CR’R*-CR’R®- or -CR?=CR’-, wherein R’,
R4, R’ , and R® are independently selected from hydrogen, halogen, and C;-C,; alkyl;

nis 1;

L% is lower alkylene; and

R? is monocyclic aryl or substituted monocyclic aryl.
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R- L1 -C-R2.. (Il) wherein: L is the Iinking

noi ety, and is selected froma hydrocar byl ene,

substituted hydrocarbyl ene, heteroatom containing

hydr ocar byl ene, and substituted heteroatom containing

hydr ocar byl ene |inker, whereiggp two or nore

substituents on adjacent atons wthin L nay be |inked

to rm ' I n

5 o OBer T o che S uinf S \iferdh B fing B e 1386t £ moiety
-CR. endently zero or 1.

L iy B SR8 s 5t o RS

whegei n A ARt cted
fr o?nghydﬁgggﬁﬁe%éﬁfocégg%lg%%{i&l R gﬁ&’P V\Eer EI}ﬁ any

t wo64f = RThe RarbeiRsof chaith 5% wm;eube ahd lylae@ll am@E{ nm Et are N and

substitute nsu sat ur
tinkgd{ Bhchet iy soc Dht A SEroeheha (o bipidg of Rtk (1D
carbene has the structure L ornula (H) (R4)5 RS R3
(R6)r R (L)mNN-(L2) ~ inwhich g is an
opti onal doubl e Rlontl,)zs— WM_O«_ i—Bhd t is zero or
1, with the proviso that en g is pregept, s and t
are zero, and when g is absent, s and t are 1. 66. The
whetgihene of claim 65, wherein R and R2 are

t o pREME o BT LRt obloy REROPARINAPTIENC sfbdfiied
hydasqarhylereh héizfdatdnk-aonthinirg ihalrodattiydsheCond SWBstitutedheteroatom-

C5-.C1 lic nd substituted C5-Cl2 alicyclic.
é@%o %‘%Qeﬁ?b N erﬁgwwwgort%eﬂb%em@rmawnt atoms

w1tﬁ19g4?féh:a%bé Hhked foforrh hn hditiofal cfdid fbdp;n- R21y H' R7 (PI)
one of L' and L2 is lower alkylene and the other is O; and

m and n are independently zero or 1.
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El and E2 are independently selected fromN, 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 valence state of El and

E2, respectively, and E1 and4f2 are |linked through a

l'inking noiety that provides a heterocyclic ring in

whi El S 4 3 5

(RalT527 T?l%‘*sﬁ’% S R 3 R S GRS S CR'=CR",
wheramaé aehmldpéndenﬁljos&icmmﬂom}ydﬁigen halogen, C;-C12

dro arbl subs 14 Ut ¢hed : hydr ocag byl ,
5 POR AT nik R aAEh by Y BEJBXR R IEE Folprh
sutﬁﬁgﬁéd &U'.gﬁ%ﬁﬁﬁt‘é‘ QahPATEE O iih i dted Hﬁ% R 8 thafthe RBeterocyclic
ydrocar byl, cyc C5- C30 hydrocar , Substituted
carbymd has tﬁZSst@BuOJrhybﬁfcnnmim@H) het er oat om cont ai ni ng

cyclic Cl1-C30 hydrocar by| 4 and substituted

het er oat om cont ai ni ng gycti’e [C1- C30 hydrocar byl ; L'
and L2 are |inkers co [ 6 spacer atons, and

" substituted heﬁELQ@ppHEh hydr yjeneﬁgsubstltuted
hydr ocar byl ene, heteroatbnbzbntalnlng hygﬁﬁcarbylene
and substituted heteroatomt¢ontaining car byl ene;

in WK Qi8RE o gtl(ﬁ{a? doTHIEBEREE N Jeo AL Oa.nﬁrt 1§zer8\’b¥' th M?E the I_:proviso

proviso that a heteroatomi's directly bound
thabwhemwq Iopriesdat, seand tBR: zerégnd Avheargbie absept, sand ¢ are lhaw ng

[ (L85 R3PS g oty Whghis & A0 1 T pdipsndenyly selected
ﬁomryés&ﬁm%ecs oy, ﬁﬁ&lefeheﬁyf@cm hlkyNI@g,CIE’arﬁrﬁbBREsedRﬁ €S aryl,

heteroalkyl heteroaryl, x and y are

dr ogen,
C6'ﬁ%d@b@'ﬁl}l SHpstijutod E@Cls_allsm Csdad aapi@l@ew@o%uéaltpwd Cs-Ci2 alicyclic.

I t
OO BE PORCabfhak U ALERE Sl bl ST
I i nki ng noi et ){Rt—hm‘)mq;r—e*ﬂ‘di\ij—het(éoreeyﬂl c ri ng in

which E1 and E2 are incorps{ated as heteroatons; R

and R2 are independent |y Sel¥¢ted from br hed C3-C30

hydrocar byl , substituted branched C3-C30 dr ocar byl ,
whéreiner oat om cont ai ni ng branched C4-C30 hydrocar byI

ﬁ;g f %(gfl%yqre 1 S%I? ntqy sglgc%cf‘ h‘gllnr}g IQIr{g I}F!a}l(:"c{jPlg'idr R™1s hydro gen,
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 through
a linking moiety that provides a heterocyclic ring in which E' and E? are incorporated as

heteroatoms;
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C5- C30 hydrocarbyl, substituted cyclic C5-C30

hydr ocar byl , heteroatomcontaining cyclic C, -C30
hydrocar byl , and substituted heteroatom containi ng
cyclic Cl1-C30 hydrocarbyl;

[ R\LBzZZ] 726807SGspeci . doc: G&V WO 2004/ 060987

PCT/ US2003/ 041283 L' and L2 are linkers containing 1
to R! méireaﬁ&gendeaﬂ s@ledied HORPRAAGHRHC4-C5 h§&iosskbyT, om

het er oat ons, substituted heteroatons, hydrocarbyl ene,

substifisted;brarched Chrtle bxthWbsénleetemenom-qmt@m&ﬁmhnd ﬁfg-c3o
hy AR G B R e G hlabthe BB G5 Traf G R, Ry

C Mol deodaEsyd| subdtituted cfclOL-Ca hydfocary mecerbat@@%ntaa;ﬁd kyclic -
d HSye nuny‘ger of 1i Z% ds boungﬂfo yq)\/\/lwereln when j %

Ci- gsoéwgrcathvérﬂnsﬂ subqﬁléutrzdx hetﬁwt%cwfélmcbﬁ CatiGs6 hY@ﬁearbyl
]gl &nlag;parrg Hﬂ?eos %&%ﬁ% n%ghlgttﬁ(}r éf)%éeqryt(&g S, %{i Gl lhaed%ﬁaéh%y selected

from hetcroatoms substituted heteroatoms, hydrocarbylene, substituted hydrocarbylene,

)
-]

heteroatom-containing hydrocarbylene, and substituted heteroatom-containing
hydrocarbylene; and
m and n are independently zero or 1,
with the proviso that a heteroatom is directly bound to E', E or to both E' and EZ.
68. A carbene precursor having the structure of formula (PII)
[R'—(L")ml—E" E>—[(Ln—R?,

M(Ln), (PID)
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 Ez, 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 C3-Cso hydrocarbyl,
substituted branched C;-Cs¢ hydrocarbyl, heteroatom-containing branched Cs-Csg
hydrocarbyl, substituted heteroatom-containing branched C4-Cs hydrocarbyl, cyclic
Cs-Csp hydrocarbyl, substituted cyclic Cs-Cso hydrocarbyl, heteroatom-containing cyclic
C1-C;30 hydrocarbyl, and substituted heteroatom-containing cyclic C;-Cso hydrocarbyl;
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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,

- 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!, E2, or to both E' and
E%,
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