WO 2011/135046PCT/EP2011/056778 CYCLIC CARBONYL COMPOUNDS WITH PENDANT
PENTAFLUO@,9li’d—llg.kls}g;6 CARBONATE GROUPS, PREPARATIONS THEREQO L, AND POLYMERS
THEREFROM FIELD OF THE INVENTION 5 The present disclosure is generally related to cyclic
carbonyl compounds for ring-opening polymerizationsland methods of preparation thereof. In addition,
the disclosure also relates to the preparation of polymers therefrom, which can be further reacted to

form fithctionaljzed polymeric materials: ABAGKGRQUND QF THEWVENTION In.gsneral, the
structural variety of cyclic carhoayl compounds.far ring opepingPRlymetization (ROP) is significantly

less than the number of compounds available for 15 controlled radical polymerization (CRP). However,
as the effectiveness and operational simplicity of organocatalysts improves, a wider variety of ROP
compounds is sought to generate polymer microstructures unique to ROP methods. Initial efforts to
employ substitured! IpatenasraaNVBERDIOers for ROP were hampered by the 20sensitivity of the
organorgatalysts to steric bulk of the substituent groups, particularly those at the alpha-position. Since
the alpha-position of cyclic esters is the only site capable of a general substitution reaction, this

approach provid®d freiestidisalenyes & eruseliylrebiap Buiigic THeomsbrAERRMdrifAEtRreRE* B&rbonate
(TMC) was efficignty-poivone izeehaNoardapegAtalisitsieh a8 addition, the disclosure also relates

thiourea/l,8-diazagic%clo%a.4.0%Lfmd1ec-7-q£ e (érl' U/DBvriligh%g I;LBSQ,E]}t%gtg%%§é€lgyol_9n[4.4.0] dec-5-ene
(TBD) was encdtf eg E)p SPAD REREBRE: irst, Thcike compounors can be derived from readily
available 1,3-didbstandizatprintie h@edidis can be chosen so as to only bear substituents at the

2-posifion, which becomes the 5-position in the cyclic carbonate, where the substituent does not
interfere sterically with the ring-opening polymerization. 30 A number of cyclic carbonate compounds
have been gen%%@%@ﬁgﬁmﬁﬁggﬁ by more conventional anionic or organometallic
ROP methods. Excessively bulky WO 2011/135046PCT/EP2011/056778 2 substituents (e.g.,
2.2-dipheny) inghe.d.2igl can Mmake.g arsein.eLike casspandinaayslG farbonale

favorable f nds

thermodynamically unfavo . Thus, efforts were focuSed on compou erived from
2,2-bis(methylohprepiorisadBQBidhmerilicrrbriesobaBdemt b of sorpraeshiaiaiE &&ndrimers. For
example, cyclic gathoratadampopndsyvith aCrReNbaraidifiersatfncionsak ghdupsraitaehed to the

carboxylate havg baen I8N S rated TR DITMRA R TAk Pt Ak Ie RGP Io A0R8: il 45). Scheme 1.

generate polymer microstructures unique to ROP methods.

Initial efforts to employ substituted lactones as monomers for ROP were hampered by the
20 sensitivity of the organocatalysts to steric bulk of the substituent groups, particularly those at
the alpha-position. Since the alpha-position of cyclic esters is the only site capable of 2
general substitution reaction, this approach provided limited numbers of useful compounds.
The finding that trimethylene carbonate (TMC) was efficiently polymerized by
organocatalysts such as thiourea/1,8-diazabicyclo[5.4.0lundec-7-ene (TU/DBU) or 1,5,7-
25 triaza-bicyclo [4.4.0] dec-5-ene (TBD) was encouraging, for two reasons: first, TMC-like
compounds can be derived from readily available 1,3-diols, and second, the 1,3-diols can be
chosen so as to only bear substituents at the 2-position, which becomes the 5-position in the
cyclic carbonate, where the substituent does not interfere sterically with the ring-opening
polymerization.
30
A number of cyclic carbonate compounds have been generated and polymerized in the past

by more conventional anionic or organometallic ROP methods. Excessively bulky



Scheme 1. 0 OHOOHO CIOX bisMPA 10wherein X is 0, NH, NR, or S, and W and R generally
represent groyRs £2Nising 1 to 30 carbons. The -COXR group can, fos&aimplg.deRiesent an ester,
amide, or thioester derived from the bisMPA carboxylic acid. The cyclic carbonate acid compound,
MTCOH, 0 010 1500H(IvITC014), provides great verszatility in preparing functionalized carbonate
compounds for ROP, simila to (meth)acrylic acid for CRP. For example, the reaction of an alcohol or
amine with (meth)acrylic acid (or (meth)acryloyl chloride) provides a (meth)acrylate or
(meth)acrylamidebsampouiad. fer28RRelyvikentise ] fhdivbativakeimp-apbitrarylatechokeproRdamine with
MTCOH (or its %eﬂ&&k%ﬁﬁl %%ﬁpﬂat&wm&%mm@s eg%&ﬁ@&r&lé%&ﬁé&%‘ﬁ%lﬁp@ﬁl&e

compound for ROP. However, there are onya few i/c ic ester compounds hearing pendant carbonate

or carbamate gfjﬁﬁﬁ%dr@?)@r%e?d% bR ES PEE AHHIE A eyroresy Buiing Blagki
250hIoroformatem@@ﬂﬁ{ambgrwﬁnMé[ré?@&@ﬁknpandyelﬁwathammlﬂmmsﬁhydrmmmyl)ethane

(TME) gSchem %%ere\/\{%nc%onc/l}gr%gépcgtg[x %Pozt%% y%@c@?%e%&b gs}gn%enémted from bisMPA

(Pratt et al. Chem Comm. 2008, 114-116), Scheme 1.

Scheme 1.
ch/;H Y Y f
bisMPA
10 wherein X is O, NH, NR/, or S, and R" and R generally represent groups comprising 1 to 30

carbons. The -COXR group can, for example, represent an ester, amide, or thioester derived

from the bisMPA carboxylic acid.

The cyclic carbonate acid compound, MTCOH,

o 0

X

15 07 "OH MTCOH),
provides great versatility in preparing functionalized carbonate compounds for ROP, similar
to (meth)acrylic acid for CRP. For example, the reaction of an alcohol or amine with
(methyacrylic acid (or (meth)acryloyl chloride) provides a (meth)acrylate or
{meth)acrylamide compound for CRP. Likewise, the reaction of an arbitrary alcohol or

20 amine with MTCOH (or its acid chloride) can generate a cyclic carbonate ester or cyclic

carbonate amide compound for ROP.

However, there are only a few cyclic ester compounds bearing pendant carbonate or
carbamate groups reported in the literature. For example, a cyclic carbonate bearing a

25 chloroformate pendant group, MTCOCOC]L, can be synthesized from
tris(hydroxymethylethane (TME) (Scheme 2).



HO OH 010010 H CIX0 TME MTCOCOC1 Further substitution of the acyl chloride can afford
functionalizedggrhonalg gompounds; however, the chlorofoimate intermediatg syfigrs{rom the known
limitations of acid chlorides (sensitivity to water, release of corrosive hydrogen chloride gas, difficulties
in shipping and storing), in addition, this synthetic route is labor and resource intensive, uses
significant amounts of solvent and reagents, and is not environmentally "green." Therefore, a need
continues for improved methods of synthesis of cyclic ester compounds containing pendant carbonate
or carbamate gfsbgse Biodegradable polymers are of interest for use in a variety of applications
including drug 15delivery/target thergpeutics, imaging agents, and tissue engineering The two most
common approachesaa the synthegis-ef biodegra Jpolymers are the ring-opening polymerization

(ROP) of cyclic e (&gﬂaston@?nd—eyeﬁeaea ates to produce polyesters and

polycarbonates, respectively, illustrated in Scheme 3, Scheme 3. Cyclic Esters

OH C O
CI/J*o g(’& 0
R
TME MTCOCOC]
5 Further substitution of the acyi chloride can afford functionalized carbonate compounds;

however, the chloroformate intermediate suffers from the known limitations of acid
chlorides (sensitivity to water, release of corrosive hydrogen chloride gas, difficulties in
shipping and storing). In addition, this synthetic route is labor and resource intensive, uses
significant amounts of solvent and reagents, and is not environmentally “green.”

10
Therefore, a need continues for improved methods of synthesis of cyclic ester compounds

containing pendant carbonate or carbamaie groups.

Biodegradable polymers are of interest for use in a variety of applications including drug

15 delivery/target therapeutics, imaging agents, and tissue engineering, The two most common
approaches to the synthesis of biodegradabie polymers are the ring-opening polymerization
(ROP) of cyelic esters {e.g., lactones) and cyclic carbonates to produce polyesters and
polycarbonates, respectively, illustrated in Scheme 3.

Scheme 3.
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0 R2 nx WO 2011/135046PCT/EP2011/056778 4 wherein Rl and R2 generally represent hydrogen or

a short chain ggnevalenihydrocarbon substituent, and nis 1 to 5. As a,lagsqf biggegradable
polymers, polycarbonates have generally been found to exhibit significantly increased rates of

biodegradation in the human body relative to polyestets. 5 MTCOH-based polymers have been widely
reported with a variety of side chain groups. In these polymers, the side chain groups may be
incorporated prior to polymerization via the synthesis of a functionalized monomer. Alternatively, cyclic
carbonate moneiinees thdsed Bheanpraie ctew seatiantafhFG-Obtt(thosteomyaioniytieddnzy| ester

shown) can be 1@polymetzed ardaiesied sisiiuent ,9&9@@%@4&5@1@%@5&%@%@%@ via post-

polymerization modification (as shown in Scheme 4). This post-polymerization modification process
typically encompasEay i RSB GO Prom e By L Sipsas i sB St group to
the carboxylic daidyostufyadiagbisdasmation of an ester linkage, an amide linkage, or the like.
15Scheme 4.0 0 However, as a result of the limitations of the known art, few polymers bearing

subst tuent groups attached by side-chain carbonate, carbamate, or other such linkages are known. A
MTCOH-based polymers have been widely reported with a variety of side chain groups. In

these polymers, the side chain groups may be incorporated prior to polymerization via the
synthesis of a functionalized monomer. Alternatively, cyclic carbonate monomers based on
a protected variant of MTC-OH (most commonly the benzy! ester shown) can be

10 polymerized and desired substituent groups later added to the polymer via post-
polymerization modification (as shown in Scheme 4). This post-polymerization
modification process typically encompasses removing the protecting group followed by
coupling a new substituent group to the carboxylic acid group vie the formation of an ester
linkage, an amide linkage, or the like.

15 Scheme 4.
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However, as a result of the limitations of the known art, few polymers bearing substituent
groups attached by side-chain carbonate, carbamate, or other such linkages are known. A
20 more versatile and straightforward approach to the preparation of ROP polymers bearing
functionalized side chain groups is needed, n particular polycarbonates bearing reactive
carbonate side chain groups. The reactive side chain groups should enable dmect

functionalization of the ROP polymer.

25



20more versatile and straightforward approach to the preparation of ROP polymers bearing

functionalizedggiflg ghaip@roups is needed, in particular polycarbonatesppgghing {/gastye carbonate
side chain groups. The reactive side chain groups shquld enable direct functionalization of the ROP

~ polymer. WO 2011/135046PCT/EP2011/056778 5 SUMMARY OF THE INVENTION Accordingly,
disclosed is a composition, comprising, a first cyclic carbonyl compound of the general formula (2): 0 5
(2); wherein each Y is a divalent radical independently selected from the group consisting of -0-, -S-,
-N(H)-, or -N(Q9EMMARNCHAERTIMNGBYP I8N monovalent radical independently selected from the
group consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons,
and the foregoing Q" groups substituted with a 10pentafluorophenyl carbonat %roup, ni g or an
integer from 1 8B MR HTIRsEhIH 2 OB PRE BN AN ERE 4 %ﬁ% B AT AR BTEREY %? Single
bond, each Q' grauplissamieddyalent radical independently selected from the group consisting of
hydrogen, halides, pen@fluorophenyl carbonate group, alkyl groups comprising 1 to 30 carbons,
alkene groups comprisimg 1 to 30 carbons, alkyne groups comprising | to 30 carbons, aryl groups
15comprising 6 to 3@1 ns, ester groups comprising 1 to 30 carbons, amide groups comprising | to
30 carbons, thiqgste 6gl‘0§l s gpmprising | to 30 carbons, urea groups comprising 1 to 30 carbons,
carbamate grou;g S| §,I to 30 carbons, ether groups comprising 1 to 30 carbons, alkoxy groups
comprising 1 to 30 carant, and the foregoing Q' groups substituted with a pentafluorophenyl
carbongte group, andivi@rein one or mqpe. of 20the Q' and/or Q" groups comprises a

P ot b e e SRS S R0 BRI o RPLRIE IR g coronare
-8-, -N(H)-, or -N(Q™)-, wherein each Q" group is a monovalent radical independently
selected from the group consisting of alkyl groups comprising ! to 30 carbons, aryl groups
comprising 6 to 30 carbons, and the foregoing Q" groups substituted with a

10 pentafluorophenyl carbonate group, n'is 0 or an integer from 1 to 10, wherein when n' is 0,
carbons labeled 4 and 6 are linked together by a single bond, each Q' group is a monovalent
radical independently selected from the group consisting of hydrogen, halides,
pentafluorophenyl carbonate group, alkyl groups comprising 1 to 30 carbons, alkene groups
comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups

15 comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to 30 carbons, thioester.groups compriging 1 to 30 carbons, urea groups
comprising 1 to 30 carbons, carbamate groups comprising ! to 30 carbons, ether groups
comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the foregoing Q'
groups substituted with a pentafluorophenyl carbonate group, and wherein one or more of

20 the Q" and/or Q" groups comprises a pentafluorophenyl carbonate group.

Also disclosed is composition, comprising: a first cyclic carbonate compound of the general
formula (5):



WO 2011/135046PCT/EP2011/056778 6 OF (5); wherein m and n are each independently O or an
integer from 1§a,L1, Whglgin m and n cannot together be 0, and m+n is [gsgdbanRs@aal to 11, Rl is a
monovalent radical selected from the group consisting of hydrogen, halides, and alkyl groups
comprising 1 to 30 carbons, 5each V' group is monovalent radical independently selected from the
group consisting of hydrogen, halides, pentafluorophenyl carbonate group (-0002C6F5), alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to
30 carbons, awl group$icomprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide
groups comprising carbons, thioester groups comprising 1 to 1030 carbons, urea groups
comprising 1 to 30 cafboh ,scarbamate groups comprising 1 to 30 carbons, ether groups comprising |
to 30 carbons, aik ) mprising 1 to 30 carbons, and the foregoing V' groups substituted with
a pentafluorophefiyl tafhonat¥'group, and L' is a single bond or a divalent linking group selected from
the group consisting @f akyl groups comprising 1 to 30 carbons, alkenc groups comprising 1 to 30
carbons, alkyne groups ¥5comprising 1 to 30 carbons, awl groups comprising 6 to 30 carbons, ester
groups comprising 1 to30 carbons, amide groups comprising 1 to 30 carbons, thioester groups
comprising | to 30 carbols;irea groups comprising 1 to 30 carbons, carbamate groups comprising 1
to 30 carbons, and ethej growps comprising 1 to 30 carbons. 20A method is disclosed, comprising:
forming a first mixture compfising bis(pentafluorophenyl) carbonate, a catalyst, an optional solvent,

Ho 4@ Precursor compound comprising i) two or more carbons, preferably .
three or more carbons, ii)ajrst hydroxy group capable of forming a pentafluorophenyl carbonate in a
WO 2011/135046PCT/EP20E1/056778 {aeaction with bis(pentafluorophenyl) carbonate, and iii) two
nucleophilic growpsdindependentlsasicledtechfioniythergroupgosisting ofl aldehotsmamimes, and thiols,
the two nucleoplyilic, oronRs. GARRARIR A1RTNINY G416 CRBATY RIIONRLIRALRAC IR Willected

bis(pentafluorophenyl) carbonate; _agitating the first mixture, thereby forming a first %yclic
from the group consisting of hydrogen, halides, and alkyl groups comprising 1 to 30 carbons,

5 cach V' group is monovalent radical independently selected from the group consisting of
hydrogen, halides, pentafluoropheny! carbonate group (-OCO;C4Fs), alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups
comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising
1 t0 30 carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising | to

10 30 carbons, urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30
carbons, ether groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons,
and the foregoing V' groups substituted with a pentaflucrophenyl carbonate group, and L' is
a single bond or a divalent linking group selected from the group consisting of alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups

15 comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising
1 to 30 carbons, amide groups comprising 1 to 30 carbons, thiocster groups comprising 1 to
30 carbons, urea groups comprising | to 30 carbons, carbamate groups comprising 1 to 30

carbons, and ether groups comprising 1 to 30 carbons.

20 A method is disclosed, comprising: forming a first mixture comprising
bis(pentafluorophenyl) carbonate, a catalyst, an optional solvent, and a precursor compound,
the precursor compound comprising i) two or more carbons, preferably three or more

carbons, ii) a first hydroxy group capable of forming a pentafluorophenyl carbonate in a



5carbonyl compound comprising i) a pendant pentafluorophenyl carbonate group and ii) a cyclic

carbonyl moigpnsglgstegfrom the group consisting of cyclic carbonatespgygicdiigasgyclic
carbamates, cyclic thiocarbamates, cyclic thiocarbongtes, and cyclic dithiocarbonates. Another

method comprises: agitating a first mixture comprising i) a precursor compound 10comprising two or
more carbons and three or more hydroxy groups, ii) bis(pentafluorophenyl) carbonate, anda catalyst,
thereby forming a first cyclic carbonate compound comprising a pendant pentafluorophenyl carbonate
group. Yet anotisestivretriddbstrenrifesotbamihgalvigtur@esmprisig et gpene carbonyl 15
compound comprisiagiaAyGle Gl e Qiety selssiad fomdhagrauRr-conaistion, afoxslic
carbonates, cyclic urea,?,, cyclic carbimaatgos, cyclic thf'ocar amlates, c%clic thtiocar$1(])nates, and cyclic
dithiocarbonate® A8 W5 SF RN CHRERAAL SYSBRB AP EAFSENATR 'GFOUB “RHEHSHATE selected from the
group consistinyigpalethotsplamib esstana thigisyam: dptibntintstady Steahy fivpangepiishalcsolvent;

agitating the mié&%ﬁ%&ﬁ%ﬁ@@é{l}% o vl SRRRRYbRASOmRRMAD aadReatafiorophenol

byproduct, wherein the second cyclic carbonyl compound comprises a second functignal group formed
by a reaction ofHESERPANt BeistEATEr ) R AR U W AP I S4 DRIES A HE &R cond
functional groupggilectad o thelignbipconsistingyoiicaibonatesathed tyaticpiniafluorapienyl
carbonate, carbamates, and thiocarbonates. 25 Still another method comprises: agitating a first
mixture comprising a catalyst, an initiator, an optional accelerator, an optional solvent, and a first cyclic
carbonyl compatthenmRasiRs FeRP et 38D A SHSITBEFNE FRBPGIHD) HEFSBoFAREAROP polymer
by ringgopeningpalymrEzaioR abibe:fistydinearkankesmpoypthuiheiiROP polymer comprising 30
a chain fragment derived from the initjator, an e%{irst I r chain; wherein i) the chain fragment
comprises a firs : g%%%c%%%rg%@a om, ha ?il}%tl ac a[%#é%%‘%%a%% %%ab ttgyg%rg%%%rgtﬁnit of the
first polymer chedmpthadirstipaickigorieivets iratafinygerdetstoirdan it wo
2011/135046PCT/EP2011/056778 8 group consisting of oxygen, nitrogen, and sulfur, ii) the first

polymer chain comprises a second end unjt camprising a nucleophilic group selected from the group
consisting of hy8f6%5°gHs ‘fﬂboriiﬁ%?%?ﬁ?ﬁ?i%ﬁ%ﬁp%%‘é%%ﬁ&%@ﬁﬁﬁ&% ﬂﬁgéc,héir%r %/Iligroup, and the
First pdlymer chainpoondprisesisirfirstyeeed: ot theifirstetepedfromiticognprisioryisiine 6flsadibone
functional group.gelgied diof ihe. 010Uk Cansinting el darhiRnalG MRS, CRIBRRAISHOGabamates,

thiocarbonate, and dithiocarbonate, and b) a tetrahedral backbone carbon, the tetrahedral backbone

carbon being lifeHcBRIRFatbeRIEEHA RRIHE R A PR RO AU 8ib iR BB D Further
disclosed is a bigtiegmiiahlapatyipesncennpusisicoiashaimiragniehi land) arfisptional catalyst,
and iv) an optional solvent; agitating the mixture, thereby forming a second cyclic carbonyl
20 compound and pentafluorophenol byproduct, wherein the second cyclic carbony! compound
comprises a second functional group formed by a reaction of the pendant pentafluorophenyl
carbonate group with the nucleophile, the second functional group selected from the group
consisting of carbonates other than pentafluorophenyl carbonate, carbamates, and
thiocarbonates.
25
Still another method comprises: agitating a first mixture comprising a catalyst, an initiator,
an optional accelerator, an optional solvent, and a first cyclic carbonyl compound
comprising a pentafluorophenyl carbonate group, thereby forming a ROP polymer by ring
opening polymerization of the first cyclic carbonyl compound, the ROP polymer comprising
30 a chain fragment derived from the initiator, and a first polymer chain; wherein i) the chain
fragment comprises a first backbone heteroatom, the first backbone heteroatom linked to a

first end unit of the first polymer chain, the first backbone heteroatom selected from the



polymer chain; wherein i) the chain fragment comprises a first backbone heteroatom, the first
backbone hetgrgate Jigked to a first end unit of the first polymer chain phefirsh bagkhpne heteroatom
selected from the group consisting of oxygen, nitrogen, and sulfur, the first polymer chain comprises a
second end unit comprising a nucleophilic group selected 15from the group consisting of hydroxy
group, primary amine groups, secondary amine groups, and thiol group, and iii) the first polymer chain
comprises a first repeat unit, the first repeat unit comprising a) a backbone functional group selected
from the group esngistmdsoiarbursste niiress. eadtynlvatekithfssrpamriteinfiovarsenate, and
dithiocarbonateséaeﬂdt&lélaﬁrr@&ﬂﬁrahga%b%m%@mpmew&mrﬁé Eﬁfdﬁ%ﬂﬁsﬁﬁéﬂﬂﬂ being linked

to a first side 2Qc Bém comprisi apentafluoropheg%/ carbonate grou V{le edf rom a Sttﬁer aspect,

the invention refAté&tH LYthich %8%%‘%%%%%%6 Frhg-operi é’ pofi/mérlz%f’ SR B mEthods of
preparation thefesf palycdndrespeuificesly fostyalistaanb dieafescorgebuntieoaviniggapendant

pentaﬂ's'OfOphe%x&%&owﬁ&@g&wqag&@mm@awmm Brelalss. 0 thepreparation of

polymers havmg pendant pentafluorophenyl carbonate glrou pS WhICh can be further reacted to form

functionalized poRpHHE niERSARRYS e BIR5YRWaE AL oGO fedt RS irahstiintages of the
present inventidnaakbbixecarbon apptacinted anckboersiond by ghioked skill égsinitkelainfrom the following

detailed 30description, dr ng n ' WO 2011/135046PCT/EP2011/056778 9
! §§é~?¢% Al u&“ﬁ%ﬁﬁ %%Qa%?r{%%m

DETAILED DE yl compo are disclosed comprising a pendant
pentafluorophenyl carbonate group and a functional group selected from cyclic carbonate, cyclic
carbamgte, cychgigalikuyehiciivcarbonae, Iﬁyt}ﬁ&:ﬁrﬂa@aﬂaa@aatemy@ﬂcg@hktﬂioﬁarbﬁmte and
combinations therFof Ahdonde crlbe tlgea srm Ie one str{efprrgeth d Igldc one]lgbgem r%oaﬂng a cyclic

t
carbonyl compc}jun}&nhavmg a pgrr(f’ ant pecn aﬁopel%leﬁ?/ Bonate group, referred to ‘herein as the

first cyclic carbdinyt b@kﬁpoglhdeﬁaﬂhéﬂdtgﬂwéh‘i@adm@thﬁdhﬂ\ﬁmoﬁm&ﬁﬁ@fa second cyclic

carbonyl compasaghdit FeRERGHTRE R Bﬁ‘é}}ﬁﬂh&%ﬁhﬁ bearhanateHaarosa afithe ﬁyrst cyclic
carbonyl comp %Wlth an alcohol, amine or thiol to é)rm a dlfferent cartlI I?IE a carb ora
thiocarbonate rég?) PRl BT RRERRE the i HLTRT RS BYHISORRLP &/ & ﬁgonyl

compadiénd. Eachicof thegdegcribsttimett bgdisnatdyhighnasldinge mlwvmmdaenmiyesafer than
methods 'nVO'Vlg&ﬁg@g%'{ﬁratg@@u@sm%qﬁ@%;s%mm%mmqseb @m%w%&rsa@%second

cyclic carbonyl compounds 15are potentially ¢ é;&}ﬁb e of formin blodegra able polymers y ring

opening polymefRpEHi SR (RPY SRS AR AIBE RS HIBH HOYh ﬁ‘@%@?&h@%@i‘?&ﬁﬁ?‘f&ﬁ%ﬁlﬁahtles and
properties. The ¢efonidnodearadaialeitis, definatddmathehinercanSocieihforaflesting add)Materials as a

degradation cayged, by RIRIOGIGA AHMNERRERRANY BYRARYVANG AR IRAHINY. 19 R side

20 chain comprising a pertafluorophenyl carbonate group.

Viewed from another aspect, the invention relates to cyclic carbonyl compounds for ring-

opening polymerizations and methods of preparation thereof, and more specifically to cyclic

carbonate compounds having a pendant pentafluorophenyl carbonate group. In addition, the
25 invention also relates to the preparation of polymers having pendant pentafluorophenyl

carbonate groups, which can be further reacted to form functionalized polymeric materials.

The above-described and other features and advantages of the present invention will be
appreciated and understood by those skilled in the art from the following detatied

30 description, drawings, and appended claims.



20significant change in the chemical structure of the material. For purposes herein, a material is
biodegradableyifitgipelaigees 60% biodegradation within 180 days in acegrgdanea wiiyASTM D6400.
The first cyclic carbonyl compound bearing a pendanbpentaﬂuorophenyl carbonate group is
25prepared by the reaction of bis(pentafluorophenyl) carbonate: 0 00 FFFF(PFC),  precursor
compound. The precursor compound comprises two or more carbons, preferably three or more
carbons, and three or more nucleophilic groups selected from the group consisting of alcohols, thiols,
and amines. OriEGPH&EhFIESERIEIENucleophilic 30groups is a hydroxy group that reacts with PFC
to form a pendant pentafluorophenyl WO 2011/135046PCT/EP2011/056778 10 carbonate group. This

hydroxy group is referred to herein as a "pentafluprophenyl carbonate forming hydroxy group.” Two of
the three or mo&é’ ‘fiﬁc‘i%r S 805?8%%@ So“)frfi%&é?’esg(ﬁfso(%pggl%%gg ﬁ%ijr%ga?%%n\;va%ﬂlg?%%%%%%&%gclic
carbonyl group gemg amé sdfiectaddaasy oyclit¢adonyt fottaibesaciEdphiidgretsp syt iR R%1), wherein

togethey the X QaHps: Y& BYaHe CatrenyLiormingNeReo RIS arouRsR, SaCButinteRRABHY
represents a monovalent radical selected from the grou%{cié)ns'sting of -OH, - 0? , -NH2, and -NHR",

wherein each RM§PSEFTRGE pehtiBhin RspreRaitlos Ybshld MrRGRAINSASEIEE B e group
consisting of alkyhgiaugshoonprisingdte3t:teshohsndndrsospsoomprising ® te:d3d: eathons, and the
foregoing R" 0rgips Beliniech witly a.nsniafieranrod carbenale QURRCINERRALGIoND. ' is O or

an integer from 1 to 10, where nn'is 0 carbons labeled 1 and 3 attached to each X group are
linked together #FoP¥iHg feBomnd cenprvrd grolracieciie Rerbiy heBnrayher bRkt radical
selectegl from thesgpupHeaRsisting ofbytydgemdpeadtafivaicphanyleaibondiadlferbingahydroxy group,

halides, 2l RS SomRISINO 1o S0.cerbens. Altene draups,cammiaing b g 0 gacbans, alne
groups comprising 116 30°Carbons: awnilgr_oups comprising 510 30 Car ons, ester groups comprising 1
to 30 carbons, amigexgrovipty ebhpfisimydics@boastbonsothtbdste 0be dapss beshaptady s to 30
carbons, urea grQIPEERMBHSIRN G G-3AR FRHRANS, eAMAM AR BFGHRSHARNESIE: iR carbons,
ether groups comprising | to 30 carbons, Ifo}i(X grgﬁpgc?m risin%il tol.30'c€rbolns, and t(be foregoing
R’ groups substRERF T FiSEREAH O G R RRR S B SR ATE BTG My Aoy §rouy. SR ari&hst one of
the forggoing RisnufentRilyrepybiccdrivprisedm frentdfhiopopamy by artorreeriopriimaehiyeioxy group. 25

(ROP), in particular polycarbonates having unique pendant functionalities and properties.

The term "biodegradable” is defined by the American Society for Testing and Materials as a
degradation caused by biological activity, especially by enzymatic action, leading to a

20 significant change in the chemical structure of the material. For purposes herein, a material
is biodegradable if it undergoes 60% biodegradation within 180 days in accordance with
ASTM D6400.

The first cyclic carbonyl compound bearing a pendant pentafluorophenyl carbonate group is

25 prepared by the reaction of bis(pentafluorophenyl) carbonate:

F F F F (PFC),
with a precursor compound. The precursor compound comprises two or more carbons,
preferably three or more carbons, and three or more nucleophilic groups selected from the
group consisting of alcohols, thiols, and amines. One of the three or more nucleophilic

30 groups is a hydroxy group that reacts with PFC to form a pendant pentafluorophenyl



The R'and R" groups can further independently comprise a cycloaliphatic ring, an aromatic ring,
and/or a hetekggtom siehkas oxygen, sulfur or nitrogen. In an embodimegpt; #pe, 1t aewps of the
precursor compound are hydroxy groups capable of forming a cyclic carbonate in a reaction with PFC.
WO 2011/135046PCT/EP2011/056778 11 Non-Iimitiﬂa examples of cyclic carbonyl fainting moieties
include 1,2-ethanediol groups, 1,3-propanediol groups, 1,4-butanediol groups, 1,2-ethanediamine
groups, 1,3- propanediamine groups, 1,4-butanediamine groups, 2-aminoethanol groups,
3-amino-Ipropanwbepsagsyup-afiisdyisbrtanotrogfsicd-inbeeap esat heatiycoups gl sadrergito-1-
Spropanol grougsm}ier&dRIA< Ry AR AR URS: drmercartRobibianal arauRs prais@mine groups,
1,2-ethanedithiol groups, and 1f€\j_lpr8panedithiol grou]p;s. yclic cargonyl gﬂrou{gs for‘rnei{ by the
foregoing moief8ZER MBS AV PEEMA GG SERO LA B HR Y FERCERY A% S5de diols, cyclic
ureas from any @fttbhey bfoavergianioesileyshiosdrbamates from any of the above amino-alcohols, cyclic
thiocargonates from any of the above mercapto-alcohols, 10cyclic thiocarbamates from any of the
above amino-thiols, and cyclic dithiocarbonates from any of the above dithiols. These functional

groups are listeBPfPTEBIE0T corapungs bygitheesPRghBE (Y clic Urea RNN Cyclic Carbamate 0

Cyclic Thiocarbahmatgz 03)C QIL, Cyclic Thiocarbonate

RN SR

n
RR (1),

wherein together the X groups are cyclic carbonyl forming nucleophilic groups, each X
independently represents a monovalent radical selected from the group consisting of -OH, -

10 SH, -NH,, and -NHR", wherein each R" group independently represents a monovalent
radical selected from the group consisting of alkyl groups comprising 1 to 30 carbons, aryl
groups comprising 6 to 30 carbons, and the foregoing R" groups substituted with a
pentafluorophenyl carbonate forming hydroxy group, n' is 0 or an integer from 1 to 10,
wherein when n' is 0 carbons labeled 1 and 3 attached to each X group are linked together by

15 a single bond, each R’ group independently represents a monovalent radical selected from
the group consisting of hydrogen, pentafluorophenyl carbonate forming hydroxy group,
halides, alkyl groups comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons,
alkyne groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester
groups comprising I to 30 carbons, amide groups comprising 1 to 30 carbons, thioester

20 groups comprising 1 to 30 carbons, urea groups comprising 1 to 30 carbons, carbamate
groups comprising 1 to 30 carbons, ether groups comprising I to 30 carbons, alkoxy groups
comprising 1 to 30 carbouns, and the foregoing R' groups substituted with a
pentafluorophenyl carbonate forming hydroxy group, and at least one of the foregoing R’
and/or R™ groups comprises a pentafluoropheny! carbonate forming hydroxy group.

25
The R' and R" groups can further independently comprise a cycloaliphatic ring, an aromatic
ring, and/or a heteroatom such as oxygen, sulfur or nitrogen. In an embodiment, the X
groups of the precursor compound are hydroxy groups capable of forming a cyclic carbonate
in a reaction with PFC.

30



0)C U Cyclic Dithiocarbonate 0 )C WO 2011/135046PCT/EP2011/056778 12 The first cyclic carbonyl
compound coggysaR Agyclic carbonyl moiety selected from the group gengistingfeyclic carbonates,
cyclic carbamates, cyclic ureas, cyclic thiocarbonates, cyclic thiocarbamates, cyclic dithiocarbonates,
and combinations thereof, formed by reaction 5 of th lwo X groups with PFC. The first cyclic carbonyl
compound further comprises a pendant pentafluorophenyl carbonate group (i.e., the moiety
-0002C6F5) derived from a pentafluorophenyl carbonate forming hydroxy group of an R and/or R"
group. The firstNyelimgaberhponmoprits aerddresartowisfichagederd-fturmdal(@p0sL0 (2),
wherein each Y, is_g.givalent (adical indepgndentivsslectedfrantha@rayppgonsisting of-O-, -S-,
-N(H)-, or -N(Q")-, wherein each Q" group is a monovalent radical independently selected from the
group consistin@r@?aﬁﬂgﬁ‘ﬁ?&%g%n?pﬁ@mﬁ@% Emn%',awoﬁf’%ﬁﬁi%%?ﬂ% é?ﬁ&n%“ﬁé 30 carbons,
and the foregoipgticdraups stbstiotedwitharbbpe Atatunrophikmgl gariondteagraup-(i.e.,
0002G6rS). TSRl BRUCISEEaMIIo A0 MOGIRIBUASALIAP: bR S afeled dandid are nked

together by a s , each Q' group is a monovalent radical independently selected from the
group consisting ity trogjaseHEh Q%Rﬁei‘ﬁéﬂ%PW@WT@%S%%e%’%&WIﬁBBB% comprising 1
to 30 carbons, alkepetyrodps-eainRrismgid i Skeadions Rikynegieupsicenipiaiag fotn 8¢ carbons,

awl 20groups COMPIISIG 4,30, G DS RERIEL AL FATRIAIAAS (A ROSAIDANS. ATHIdR, roupsS

S 0, 1015 I .
comprising 1 to 30 carbons, thioestér groups comprising 1 fo 30 carbons, urea groups conprising 1 to

30 carbons, carfahsabe rouis cdiphsisingictGieobanstn Seatiay gfdipbeviising -leeB-carbons,
alkoxsfal grou pﬁ Q@?Meriﬁmr%a&ga%& %f@@gﬁoaﬂn@ 4@&@%@@%@;fmmi§u9§§?mdnwub@m
pentafluorophenyl carbonate group, apd wherein one or mare of 25the ' and/or Q" groups comprises
a pentafluoroph ﬁ?égerb‘" %‘éetglé?é?ﬁpafhese [%unctaoﬁap;,roupb dreehatec% m ab% I,

Table 1.

Cyclic Carbonate

§ (O

.1 Cyclic Urea

>:

A
Z
Z
A

1C

Cyclic Carbamate

A

101

Cyclic Thiocarbamate

A

Cyclic Thiocarbonate

Cyclic Dithiocarbonate

Cr




The Y groups in formula (2) are derived from the X groups of formula (I) . In an embodiment, each Y in
formula (2) is vy anghtRgdirst cyclic carbonyl compound comprises WOpcT/EP2011/056778
2011/135046PCT/EP2011/056778 13 a cyclic carborﬁte group. In another embodiment, the first cyclic
carbonyl compound comprises a single pendant pentafluorophenyl carbonate group. The cyclic
carbonyl group and the pendant pentafluorophenyl carbonate moiety are formed 5in one step from the
precursor compound using PFC and a suitable catalyst. PFC is less toxic than other reagents (e.g.,
phosgene) in preparing cyclic carbonate compounds. PFC is a crystalline solid at room temperature
that, being lessggnsiivedte waten thampbosgens:ernhe aasiiisioreds hippedandhanrdled. PFC
does not require elaborat% reag;tio .and qu{<up ccipdcig_ ns. goaegl\llcelrl,régse J)%HE I%oargphgtgsol byproduct
of the cyclizatiof TeAHBN LI 2 Sy SARE & Q5L ARG Tes L Eofrasive than Nydrochloric acid.
These advantaggsicstincetimoatost iy dtirmskekonsios.thel reaetiotiranbesoteimiy Wiswativie scope of
the stagting matgripls,iQ Kcldds; Gampeends cantaining Anighsensithiareuns: aagdition, the
pentafluorophenol byproduct of the cyclization reaction can be reaéilé/ r g}g;l@d ba&%into PFC. 15
Isomerically pu@%@ﬁ?ggﬁﬁmﬁﬂ & %ﬁ?gglé"}lﬁ/gr%gtgﬁ Hsbhet S 2SRt Arbon can be
converted to a gyslidloarpbeaytcorhpatnihoonginsingepentafluoRopinEmR Cgribanate group without
undergoing significant racemization. The esterification conditions are effective in achieving an
enantiomeric excess of 80% or more, more specifically of 90%. In 20 an embodiment, the cyclic
carbonyl compdisdiE RIpHEEE oA SOMPABIAL X8 FES R g PYR)G S6RERY, firaHaddintiomeric excess of
greater than 80%, more&specifically greater than 90%. In another embodiment, the cyclic carbonyl
compound comprises ajj asymmetric carbon as an (S) isomer, in an enantiomeric excess greater than
80%, more specificaltyf grgdter than 90%. 25 More specific precursor compounds are represented by
the general forng ):5X4' OH(3), wherein the X' groups together are cyclic carbonyl forming

nucleophilic grougs; re each independently O or an integer from 1 to 11, wherein m and n
cannot together be O,Q’ o WO 2011/135046PCT/EP2011/056778
10 (2),

wherein each Y is a divalent radical independently selected from the group consisting of -O-,
-8-, -N(H)-, or -N(Q")-, wherein each Q" group is a monovalent radical independently
sclected from the group consisting of alkyl groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, and the foregoing Q" groups substituted with a

15 pentafluorophenyl carbonate group (i.e., -OCO,CgFs), n' is 0 or an integer from 1 to 10,
wherein when 1’ is 0, carbons labeled 4 and 6 are linked together by a single bond, each @
group is a monovalent radical indepeﬁ.dently selected from the group consisting of hydrogen,
halides, a pentafluorophenyl carbonate group, alkyl groups comprising 1 to 30 carbons,
alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl

20 groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising | to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups
comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups
comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the foregoing Q'
groups substituted with a pentafluorophenyl carbonate group, and wherein one or more of

25 the Q' and/or Q" groups comprises a pentafluorophenyl carbonate group.

The Y groups in formula (2) are derived from the X groups of formula (1) . Inan

embodiment, each Y in formula (2) is -O- and the first cyclic carbony! compound comprises



14 min is an integer less than or equal to 11, each X is a monovalent radical independently selected
from the grougygosigtiagsof -OH, -SH, -NH2, and -NHT", wherein each g¢igseénpssgvalent radical
independently selected from the group consisting of 3 yl groups comprising 1 to 30 carbons, aryl
groups comprising 6 to 30 carbons, and the foregoing T" 5groups substituted with a pentafluorophenyl
carbonate fowling hydroxy group, each T' is a monovalent radical independently selected from the
group consisting of hydrogen, halides, pentafluorophenyl carbonate foiming hydroxy group, alkyl
groups comprisirtyclits@bresemneD alRepeticto Saieiprish §1 fb0 eaPIBHORIRYHE groups
comprising 1 to 3@64haNg ALY ARHNSSAMPHSING A tarBthearbons, ester groups comprising 1 to 30
carbons, 10amide groups comprising | to 30 carbons, thioestcr groups comprising 1 to 30 carbons,
urea groups comprising | to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups
comprising | to 3oecadiions;batkdxyogrougshearrsingniafio@orbanpbrshenatt theidhratydinge' groups

substityted with;a perntaflioropbeny cabeRHSfRMIRIMIIIRXY drRu. ansk: iPacinglg bond or a
divalent linking g{}?ﬁjg?%?lected from the group consisting of alkyl 15groups comprising 1 to. 30 carbons,

allcene groups AL Ter et A For AN R B SR SHGOTYS R BHI8HsE Bryf groups
comprising 6 tqﬁ@;@&ﬁb@m&lﬁﬁm’ogmmmmpﬁhmg)mla@ mslﬁd;restpamﬁd&k_g@tpsgmnmising 1to
30 carbons, thiqegnoOHEE SAMRLINGAZ0 ARSI e ArOURRLATRISNG L0l garbons

carbamate groups comprising 1 0 carbons, and ether groups comprising 1 to 30 carbons. 20 The
T' and T" group&eaditqnrndpirispabrienis/eorpitae! eyeisiphis c g tion HRsHME fg, and/or a
hetero@tom suchoasioxXygeriEt i 0sssittegere ihamerbbdinant) NORsoidthalianddugroups
comprises a pentafluarophenyl caghonate, forming hydroxy group..In anoth nbodiment, the T' group
attached to cart:():g%t flé%é“fgn&ﬁf%%grfr%ﬁ Iﬁ%ﬁ%ﬁ‘t‘ﬁ%’%%ﬁﬁ% Eqétenr?olgtkﬁcs"ac pgtﬁ?é{rh%rr%ar%gﬁs are hydrogen.
In another emboitséstt telecindg rompennde Herlaea Asshstabiélei i foFmddite). idiethyl or methyl,
carbon labeled 2qinfinfoniiae(3) b5R0RSYHRMEICIEaNa AR ARBIBEFALERT SOMBOUNG GaMprises the
(R) or (S) isomer.in greater than 80% enantiomeric excess. 30The corresponding first cyclic carbonyl
compounds forme by the precursor compounds of formula (3) have the general formula (4): WO
2011/135046PCT/EP2011/056778 15 FF(4), wherein m and n are each independently O or an integer

from 1 to 11, whesein:m AN SRENQLICIGHIGR AN ANSITHD-S aRdnieoer e a5 than & &aieal to 11,

each Y'is a divalent radical independently selected from the group consisting of-O-, -S-, -N(H)- and
-N(V")-, SwherefTectPRPeRid ihaSya Ih6HBVBIE A TROTCI IR Y R LRICORI O MRE froup
consisting of allybgpouipseamprising lijoitnarteniatoyl Foupsdimpesimgditim8@carbons, and a

foregoing V" 9rquR sbsHIMIE I:-REMAfuar aRhen eR/banale. 0P - AROACRIRR aeh V group

is a monovalent raélcal Independently selected from the group consisting of hydrogen, halides,

pentafidoropheriyicatipfimate GrotsliaaPersLiseresmpsepRyises an asymmetric carbon as an (R)

isomer, in an enantiomeric excess of greater than 80%, more specifically greater than 90%.
In another embodiment, the cyclic carbonyl compound comprises an asymmetric carbon as
an (S) isomer, in an enantiomeric excess greater than 80%, more specifically greater than
90%.
25
More specific precursor compounds are represented by the general formmla (3):
X' X
TEF K T
T li“'
OH 3,
wherein the X' groups together are cyclic carbonyl forming nucleophilic groups, m and n are

each independently 0 or an integer from 1 to 11, wherein m and n cannot together be 0, and



10Ito 30 carbons, alkene groups comprising Ito 30 carbons, alkyne groups comprising 1 to 30 carbons,

aryl groups compsisinga4o 30 carbons, ester groups comprising 1 to 3Gea00s:RgHgde groups
comprising 1 to 30 carbons, thioester groups comprisjng 1 to 30 carbons, urea groups comprising 1 to

30 carbons, carbamate groups comprising 1 to 30 ca#ﬂons ether groups comprising 1 to 30 carbons,
alkoxy groups comprising 1 to 30 carbons, and a 15foregoing V' group substituted with a
pentafluorophenyl carbonate group, and Ti is a single bond or a divalent linking group selected from
the group consistingsehatistalotrsbaaomprisirig 1l 16280 Eastsonenaikenaagiot padeprngnising 1 to 30

carbons, allomegroups-GaTRHsing bis3ALaraons. s&!ylwplm cQmpPTising Sntes301egshons, ester
groups comprising 1t a@ 30 carban ide grou 1 to 30 carb n%ﬁj]hloester groups

comprising 1 to XS CEI: RUngpﬁ?r%ﬂﬁg’éfélﬁ%ﬁS.ﬁa%ﬁ‘ R ARSI e 2 BAM AL Bfoups comprising
1 to 30 carbonsgmmetigtizer tgrﬁﬁme@ommSmgujzstmwmnbérts JW@bons, and the foregoing T"

2011/ 15°’5046P%IJ&P%%%%%?@]F%A{A%BB?QQ%@Aﬁ%a‘i@fbfmﬁﬁ%‘!&ﬁﬂ&’y%ﬁ’&{p QIOKR-Gomprises a

pentafluorophenyl carbonate gr n another embodiment, the V group attached to the carbon

labeled 5 in forMaRLYANHE agifAlé ﬂﬁlflflﬂir?ai%ﬂf@[ﬁ@‘in\?h‘@ﬁfﬁ‘ﬂéﬂ?é‘ﬂ?@r%‘é‘f‘ilr‘i’ﬁeﬁnhém%dlment the
V' group attacheenteitarbgrdgbelednatindaringlay(4)-ig ethyl atkmethyhscarhoisiabeled® in formula 5(4)

is an asymmetrlc %engegni%ch ’tTgUIIﬁganl:)C ﬁgg rbonyl Lom H}ggpq}%ﬂg%{ %h d‘ IA{3) 3§omer in greater

than 80% enantlomerlc excess mbodiment, eac e[;)r((g)smon labeled 5 in
formula (4) is a fHbABYAIShEFadiceIBRIsERH Wéﬁ]%@@?&)ﬁ%@ﬁﬁ@tﬁ?@lﬁlﬁwﬂo@ Heiés, and alkyl

groupscomprisingde t9030sCamans gl DbV imae spreilie firsttyalissamkonyd compedsgare cyclic
carbonates hav'”%u%@%%g&ﬁgé fp{gr‘%l %ag‘ggng) Qa%:b%n‘ilotégén%g/ comprz(snzg 1 to 30 carbons, ether
groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the
foregoing T' groups substituted with a pentafluorophenyl carbonate forming hydroxy group,
and L' is a single bond or a divalent linking group selected from the group consisting of alkyl
15 groups comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups
comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising
1 to 30 carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to
30 carbons, urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30
carbons, and ether groups comprising 1 to 30 carbons.
20
The T' and T" groups can further independently comprise a cycloaliphatic ring, an aromatic
ring, and/or a heteroatom such as oxygen, sulfur or nitrogen. In an embodiment, none of the
T or T" groups comprises a pentafluorophenyl carbonate forming hydroxy group. In another
embodiment, the T' group attached to carbon labeled 2 in formula (3) is ethyl or methyl, and
25 all other T' groups are hydrogen. In another embodiment, the T' group attached to carbon
labeled 2 in formula (3) is ethyl or methyl, carbon labeled 2 in formula (3) is an asymmetric
center, and the precursor compound comprises the (R) or (S) isomer in greater than 80%

enantiomeric excess.

30 The corresponding first cyclic carbonyl compounds formed by the precursor compounds of

formuia (3) have the general formmia (4):



wherein m and n are each independently O or an integer from 1 to 11, wherein m and n cannot
together be O gpd,mAskigsless than or equal to 11, Rl is a monovalent radigal sglasiess15from the
group consisting of hydrogen, halides, and alkyl groups comprising 1 to 30 carbons, each V group is
monovalent radical independently selected from the Poup consisting of hydrogen, halides,
pentafluorophenyl carbonate group (-0002C6F5), alkyl groups comprising 1 to 30 carbons, alkene
groups comprising 1 to 30 carbons, alkync groups comprising 1 to 30 carbons, awl groups comprising
6 to 30 carbons, ester §roups comprising 201 to 30 carbons, amide groups comprising 1 to 30
carbons, thioester gre omprising 1 to 30 carbons, urea groups comprising | to 30 carbons,
carbamate groups comp# igg 1 to 30 carbons, ether groups comprising 1 to 30 carbons, alkoxy
groups comprisivi Nons, and the foregoing V' groups substituted with a pentafluorophenyl
carbonate group,’an is W® 2011/135046PCT/EP20111056778 17 a single bond or a divalent
linking group select 1 the group consisting of alkyl groups comprising 1 to 30 carbons, alkene
groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups comprising
6 to 30 carbons, ester groups comprising Ito 30 carbons, amide groups comprising 1 to 30 carbons,
thioester groups compris)hfugz)l to 530 carbons, urea groups comprising 1 to 30 carbons, carbamate
groups comprising 1 toG30 cafbons, and ether groups comprising 1 to 30 carbons. Rl and L' can
together form a first ring prising 3 to 10 carbons. Each V can independently form a second ring
with a different V graur Fwith L', or 10combinations thereof, wherein the second ring comprises
3 to 10 carbons. In an epibodiment, the cyclic carbonate compound of formula (5) comprises a single
pentafluorophenyl carbbnatefgroup. In affdther embodiment, each V' is hydrogen. In another
embodiment, manpei arenaquad tack iAngBadsis Nenevalent:mkacarboRy BERIPH BEPMPrising 1 to 10

carbons. In another embodiment, Rl is selected from the group consisting qf methyl, ethyl, propyl,
2-propyl, n-buty??%%ﬁﬁﬁ?tgg%ﬁﬁtﬂﬁm%%%?%%n}%sﬁh%ﬁf% i?%gﬁh)gfiécihﬁ)fsﬁ-%%ﬁ . 2-pentyl,
3-pentyl, iso-perdykzhindepeodpehtytiected fFovethenorespesificirst -€cht-cafidnatd mMoHOmers are

represgnted by fhe ganerghje E%ldﬁgg@n&a%ﬁ radical independently selected from the group

consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising 1 to 30

d

carbons, and a foregoing V" group substituted with a pentafluoropheny! carbonate group (-
OCO,CsFs), each V' group is a monovalent radical independently selected from the group
consisting of hydrogen, halides, pentafluoropheny! carbonate group, alkyl groups comprising

10 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30
carbons, aryl groups comprising 6 to 30 carbons, ester groups comprismg 1 to 30 carbons,
amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea
groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether
groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and a

15 foregoing V' group substituted with a pentafluorophenyl carbonate group, and L' is a single
bond or a divalent linking group sclected from the group consisting of alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups
comprising 1 to 30 carbong, aryl groups comprising 6 to 30 carbons, ester groups comprising
I to 30 carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to

20 30 carbons, urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30

carbons, and ether groups comprising 1 to 30 carbons.



FF(6), wherein m and n are each independently O or an integer from 1 to 11, wherein m and n cannot
together be Oyuang,{Niidgsless than or equal to 11, R1 is a monovalent grdigabsglested from the group
consisting of hydrogen, halides, and alkyl groups comprising 1 to 30 carbons, WO
2011/135046PCT/EP2011/056778 18 and L' is a sind bond or a divalent linking group selected from
the group consisting of alkyl groups comprising | to 30 carbons, alkene groups comprising 1 to 30
carbons, alkyne groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester
groups comprisingoleteb@dimarbond, arnitanoops ewmpeising £16 Boedrbunscttlsederdgtoups
comprising 1 to30 CHRANEBBMIRLRS RO MRLISIAGH:R-3 QoGatRANS ndA B Ate BFRURT Homprising |

to 30 carbons, and ether groups comprising 1 to 30 carqons. . Rland L' cant er foun a first ring
comprising 3 to' 18 %%%ﬁé’a?ﬁ i‘ﬂ]g ﬁr&gdg88Wféﬁ§§ Sl Bk oeﬁ%g ﬁ%&%ftﬁ%ggrﬁé?gﬁt V' group,
with RI, with LTstecibicordinatidné:theie bfmubeiBin thieysecondying:bomppides Bitdor@darbons. In an
embodiment, mand.n are each indenendentv e aRiMe9shiamiLigRwhgreiRy 3L &hd n together

cannot be 0. In another émbodiment, m and n-are each equal to 1, and Rl is a monovalent
hydrocarbon griSeBEermBREMGIFIFL G BHIEIRETE SaRiptaly) BPERS SPLIHERTEE 4%k dr BxQmptd, methyl,
ethyl, propyl, Z-WQ@dsiﬁelnutyéblé’dbuMomﬂat(myt @fmmmtf@pxyﬁaltsdmﬁyﬂ flofr diengttuplethyl), n-pentyl,
2-pentl, 3 Peniyhia0:Perivl 80, MR A D ANERBHASAL 1N g 01000000F

IS selected from t

carbonate compoun € group-consi

10 Even more specific first cyclic carbonyl compounds are cyclic carbonates having the general
formula (5
0
070
V—58 4 € Y
AV V'
R" \.

o/
o>: °

F

F F (3,
wherein m and n are each independently 0 or an infeger from I to 11, whereinm and n
cannot together be 0, and m+n is less than or equal to 11, R’ is a monovalent radical sclected
15 from the group consisting of hydrogen, halides, and alkyl groups comprising 1 to 30 carbons,
each V' group is monovalent radical independently selected from the group consisting of
hydrogen, halides, pentafluorophenyl carbonate group (-OC0O,CFs), alkyl groups
comprising 1 to 30 carbons, alkenc groups comprising 1 to 30 carbons, alkyne groups
comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising
20 1 to 30 carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to
30 carbons, urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30
carbons, ether groups comprising I to 30 carbons, alkoxy groups comprising 1 to 30 carbons,

and the foregoing V' groups substituted with a pentafluorophenyl carbonate group, and L' is



, and WO 2011/135046PCT/EP2011/056778 19 yt, 0 F Method 1. Preparation of the First Cyclic

Carbonyl Congpound-Aspagthod (Method 1) of preparing a first cyclic carhepv-aamRredRd bearing a
pendant pentafluorophenyl carbonate group comprises forming a first mixture comprising

bis(pentafluorophenyl) carbonate, a catalyst, an opti(}rzal solvent, and a precursor compound, the
precursor compound comprising i) two or more carbons, preferably three or more carbons, ii) a first
hydroxy group capable of forming a pentafluorophenyl carbonate in a reaction with
bis(pentafluoroplsiwgid boadboralizs andivkinn gelep pHiited foup $heespuprenkistogpb albssligrfopmula (1) or

the X' groups "!:39{5%‘1?%(?)% %ﬂ%@%&%@?@@g%ﬁ@% £10EPMPEARRISHNGRIAkaROlS, amines, and
thiols, the two nucleaphilic groups capable of forming a cyclic (gﬁrbog‘#lfbgrouE in a reactign with

bis(pentafluoroSHERAEHIOARRPAAS P EBRYFATE RN AY IR SPR LS MO W orming a
first cyclic carbanylitampaeisnembhefiigs eyolicisagboinyi contpos nticormuises Yoapendahto
pentaflyorophenyl carbanate grauR anghililed &yfdiGa?%JRs?@Xqu}Qi?%r%ﬁiﬁ%%ﬁﬁﬁ% th ggoup

consisting of cyclic carbonates, cyclic ureas, cyclic carbamates, cyclic thiocarbamates, cyclic
thiocarbonates,caRarey it dhgrisreshenmragng | to $9&48pRtation of the cyclic carbonyl moiety and the
pendant pentafluorophenyl carbonate 20can occur in a single process step under mild conditions. The

precursor compeound can comprise. more.than one pentafluoraphenyl carb rming hydroxy group
a1 £ Cdﬂ?ﬁ f,erler%orm a.eﬁlbt %Ifg COrtf 1‘131% g?OqB F%%n“ d%lg%t‘ec 8

and more than two nucleophflic groups capablé€ of forming a cyclic car onyl group in a reaction with
bis(pentafluoroptisneayienihénee sconsenu ey dHERmE\Cyrrer sédrBoriyiiorfdmer can comprise

more ffpan one gygligmeashomy PR ihLaRdneih anonependant pentatiiarophenyl carbonate group.
In an embodiment, the first cyclic carbonyl WO 2011/135046PCT/EP2911/056778 20 compound

comprises one pentafluorophenyl carbonate group. In another embodiment, the first cyclic carbonyl
compound combrisesbnéimyutidheanstinyhrbroigtcompound of formula (5) comprises a single

pentafluorophenyl carbonate group. In another embodiment, each V' is hydrogen. In
another embodiment, m and n are equal to 1, and R' is a monovalent hydrocarbon group

15 comprising 1 to 10 carbons. In another embodiment, R’ is selected from the group
consisting of methyl, ethyl, propyl, 2-propyl, n-butyl, 2-butyi, sec-butyl (2-methylpropyl), t-
butyl (1,1-dimethylethyl), n-pentyl, 2-pentyl, 3-pentyl, iso-pentyl, and neo-pentyl.

Even more specific first cyclic carbonate monomers are represented by the general formula

20 (6):

FF (6),
wherein m and n are cach independently 0 or an integer from 1 to 11, wherein m and n
cannot together be 0, and m-+n is less than or equal to 11, R! is a monovalent radical selected

from the group consisting of hydrogen, halides, and alky! groups comprising 1 to 30 carbons,



In a specific embodiment, a method comprises agitating a first mixture comprising i) a 5precursor
compound cogmgHsifgsiwe or more carbons, preferably three or more carppag@AfEsihfee or more
hydroxy groups, bis(pentafluorophenyl) carbonate, agug iii) a catalyst, thereby forming a first cyclic
carbonate compound comprising a pendant pentafluorophenyl carbonate group. 10As a non-limiting
example, the preparation of cyclic carbonate compound TMCPFP is illustrated in Scheme 5. TMCPFP
is formed by the reaction of the biocompatible precursor compound, tris(hydroxymethypethane (TME),
also known as #nt L-{siersénild blethane dwiprPiEGng eramec B gHOOMPEOD eopspidg of@y! 15 TME

T1VICPFP Ca@@@?@hﬁ%lﬂgg is ?@t@&h&@ t%&%ﬁ@%@dﬁlﬁ%@@@ entaliusrophenylgaihonate

roup (i.e., -CH20CQ2C nd.a nt meth u rea tion can be conduc
g P ( comprglzng ? %(?carbo groups coy nﬁﬁﬁng 6 to 30 carbons, estcr groups compgles%g sing

1 to 30 carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to
5 30 carbons, urca groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30

carbons, and ether groups comprising 1 to 30 carbons.

R and L’ can together form a first ring comprising 3 to 10 carbons. Each V' can
Hiﬂdependently form a second ring with a different V' group, with R', with L', or

10 combinations thereof, wherein the second ring comprises 3 to 10 carbons.

In an embodiment, m and n are each independently 0 or an integer from ! to 3, wherein m
and n together cannot be 0. In another embodiment, m and n are each equal to I, and Rlisa
monovalent hydrocarbon group comprising 1 to 10 carbons. Exemplary R' groups include,

15 for example, methyl, ethyl, propyl, 2-propyl, n-butyl, 2-butyl, sec-butyl (2-methylpropyl), t-
butyl (1,1-dimethylethyl), n-pentyl, 2-pentyl , 3-pentyl, iso-pentyl, and neo-pentyl.

In an embodiment, the first cyclic carbonate compound 1s selected from the group consisting
of:

o o 0
A

0
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20about 2 to about 2.5 molar equivalents of PFC, more specifically 2.2 to 2.3 molar equivalents, for
each mole of {tisygdissyeethyl)ethane. Generally, 3 moles of pentaflugtapieool@esproduced as a
byproduct (not shown) per 2 moles of PFC used. Eacllg theoretical mole of pentafluorophenol
byproduct can be recovered in 90% to 100% yield for recycling back to PFC. In an embodiment, the
theoretical amount of pentafluorophenol 25byproduct is quantitatively recovered for recycling back to
PFC. TMCPFP is a white, crystalline powder which can be easily handled, manipulated, stored, and
shipped. WO 201:1/135046PCT/EP2011/056778 21 The use of PFC eliminates the multi-step process
using protectiorﬁgotection reactions, eliminates the use of expensive and/or hazardous reagents,
and eliminates t ultiple wasteful work-ups in the prior art synthetic pathway to cyclic carbonate
compounds. By redycing waste, eliminating hazardous reagents, and using recyclable materials, the
process 5improvesthe overall environmental compatibility of the process of preparing functionalized
cyclic carbonate c p8pnds. Exemplary precursor compounds for preparing cyclic carbonates bearing
a pendant pentafluokaphenyl carbonate group include but are not limited to trioLs such as 1,1,1.-
10trimethylol eth .@ 7, 1,1,1-trimethylol propane, 1,2,3-propane triol, 2-hydroxymethyl-
1,3-propanediol, 2-% yadtoxymethyl)-2-methyl-1,3-propane diol, butane-1,2,3-triol, butanel,2,4-triol,
1,1,1-trimethylol bu ane,Fl,l-,l-trimethont pentane; 1,2,5-pentane triol, 1,1,1- trimethylol hexane,
1,2,3-hexane triol, 1,2,6-hexane trio’, cyclohexane-1,2,3-triol, cyclohexane-1,2,4-triol,
cyclohexane-1,342¢hial1 2 rawpsnaiby bl Sibe> @ty iObrbohyll-Cduiimeiylol heptane,
1'2'3'hepta“e”1£t'w§€§é§ ﬁfﬁiﬁ@ﬁ'&éﬂ‘%&%ﬁ%&é‘&%”i%(gii%%a%b%ﬁmdi Olazla bearing a pendant

2,2-dihydroxyme ary precur mpoun mprising more than three hydroxy

groupsinclude eeytHobPenIhesmpiHe SeFeasrth BRI A st RS 6R/Pes glycerol, and
ditrimethybl ethgg.20ARREEIAIBRaRE) Prepsdngntlimaateny| moagrearsofeoexample cyclic
carbonates from 1,3-diols, is achieying selective ring closure without polymerization, which depends
on the nucleoplfd BF BRI §Pamp A e A S LR A Sty So sl The
pentafluorophereabbyprodubtsidaiwsakmurlewpblite Hhtniaes notahitsephoay Me2aton 2in an

embodiment, the cygliccarbopviofiRgsasionwitPEERredvceaMameian (@ jess.2bthan 2.0
wt. % of a polymer byproduct derived from the precursor comg)ound, b?&e‘ggo%ég%\av%ght of the
Wi

precursbr compBaHes it eth BS dinsEmP iR RTRNE EXPBIRACRS g PEY produces
no detectable pedymieinpypaodtcts, hinfisstmhikivte tho mpriseetikalystsuitpbhjcctdsento activate the
nucleophilic hydroxy 30f4nGtiena) areyes ARARGtRG SlesloRpll: ARG cathenhumRxRmMPlary

catalysts

=

is agitated at a temperature effective in forming a first cyclic carbonyl compound. The first
cyclic carbonyl compound comprises i} a pendant pentafluorophenyl carbonate group and it)

15 a cyclic carbonyl moiety selected from the group consisting of cyclic carbonates, cyclic
ureas, cyclic carbamates, cyclic thiocarbamates, cyclic thiocarbonates, and cyclic

dithiocarbonates.

The formation of the cyclic carbonyl moiety and the pendant pentafluoropheny! carbonate

20 can occur in a single process step under mild conditions,

The precursor compound can comprise more than one pentafluorophenyl carbonate forming

hydroxy group and more than two nucleophilic groups capable of forming a cyclic carbonyl

group in a reaction with bis(pentafluorophenyl) carbonate. Consequently, the first cyclic
25 carbonyl monomer can comprise more than one cyclic carbonyl moiety and more than one

pendant pentafluorophenyl carbonate group. In an embodiment, the first cyclic carbonyl



include tertiary amines, for example 1,8-bis(dimethylamino)naphthalene, referred to also as PROTON
SPONGE, a tpgematks@lsSigma-Aldrich. Still other catalysts include hakde sadts 1ANEI7s
2011/135046PCT/EP2011/056778 22 of Group | eIer%nts, particularly lithium (Li), sodium (Na),
potassium (K), rubidium (Rb), cesium (Cs), or francium (Fr). In one embodiment the catalyst is cesium
fluoride (CsF). The catalyst can be present in an amount of 0.02 to 1.00 moles per mole of the
precursor 5compound, more particularly 0.05 to 0.50 moles per mole of the precursor compound, and

even more partiomapyRd oxpsigenskaiverorisey bthensie singor Borpa e THE s hhixture
optionally includgg ayspivariosychapdatmhyakatusan: agalopittie (mansteather solvents can be used as
well), or combinations thereof. When a solvent is present, the 10concentration of precursor compound
in the solvent can be from about 0.01 to about 10 moles per liter, more typically about 0.02 to 0.8
moles per liter, mergspicHidaljnGtto OctrdclesseliteitabnimdssspecifiesiirDs583)6.25 moles per

liter. Inone embodimant,the (ScHAR AR CORHIRISREIRE HRAGURSPILABPAAt: PTG, angatalyst
and a solvent. In one embodiment the solyent js an%gﬁﬁ;. S The first mi tLSCre is% itated at a
P& & “‘r??/

temperature sult4RTE %D RS EIIE DA ht@rg{ﬂﬁf”caﬁk it LA B8N compound. The
temperature carhfretfydmnmia@ st LOGIC;0bent:80CpReC confdESnor morers petifidaliprheylent or room
temperature, typically 17 r%lq 30 C. Optionally, the reaction mixture is agitated under an inert
atmosphere. In one ZOe%'n diment, the temperature is ambient temperature. Care should be taken to
avoid an initial mild exotherm during reagent mixing which may lead to the formation of unwanted
dimerigycarbonate byopnadiseis cxamplg)ibtiorepirthiedfisstyolituseboancheapnddcTatOlitPaiperiod of 1 hour
to 120 hours, 5 MOW ZPIPRA S aRGOLesRedicall tahokie 4 RAAMRR gheRmbodiment,

agitation is conéluct ours at ambient temperature. The second mixture comprises the
first cyclic carbonyinesndptyisthy dempresingathens Rt fertasmbro gk yTiestbdnlstb2arotiptand
pentafluorophepgibyproduct. The first cyclic 30carbonyl monomer can be isolated using any known
method of purifigzﬁion, including distillation, chromatography, extraction, precipitation, and
recrystallization” fA°Blfe’ embodiment, the first cyclic carbonyl compound is purified by selective
precipitation of the WO 2011/135046PET/EP2011/056778

HO  OH PEC T2~ 3

—— g

catalyst 6 5 4

OH o
o’l*o
F F
F F
15 F
TME TMCPFP

Carbon 5 of the ring is attached to a pendant methylene pentafluorophenyl carbonate group
(ie., -CH,OCO,CeFs) and a pendant methyl group. The reaction can be conducted using

20 about 2 to about 2.5 molar equivalents of PFC, more specifically 2.2 to 2.3 molar
equivalents, for each mole of tris(hydroxymethyl)ethane. Generally, 3 moles of
pentafluorophenol are produced as a byproduct (not shown) per 2 moles of PFC used. Each
theoretical mole of pentafluorophenol byproduct can be recovered in 90% to 100% yield for
recycling back to PFC. In an embodiment, the theoretical amount of pentafluorophenol

25 byproduct is quantitatively recovered for recycling back to PFC. TMCPEP is a white,

crystalline powder which can be easily handled, manipulated, stored, and shipped.



23 pentafluorophenol byproduct or the first cyclic carbonyl monomer from the second mixture. In one
variation on sglgGliyg;pggipitation, the reaction mixture comprises a firsi@phent isehich the precursor
compound, PFC, first cyclic carbonyl monomer and pgntafluorophenol byproduct are highly soluble.
Upon completion of the reaction to form the first cyclic 5carbonyl compound, the first solvent is
removed by, for example, vacuum distillation, followed by addition of a second solvent suitably chosen
to selectively precipitate the pentafluorophenol byproduct or the first cyclic carbonyl compound. In
another variatiofhethee fifdtEoRlannant berggiesipio ke i Eststd s mEtePslic carbonyl
compound or thepeniaflueraphengAVREREG: ko dbes secend, mixuraiaadng¢eadtipr proceeds. In
yet 10another varriwat'oE, after re.mt%val of '%?te E{ﬂt quo&theinol qYEg%c?uc%tctgg firs&n%)écl't? carbonyl
compound is fu‘f‘fﬁxé?%b MBS PR PRI L O T REIHEtHod (RTethod 13 cah further comprise the step
of recovering theducimaftasroplenelity proddorforegsetrcling Iiheryiaid: b regsvele dp entefitiorophenol
byprodyct fromthe 1asegond g izRRANL AR mI PRI SRe pHlicall 3% 19:102%0, based on

the theoretical amount of pentafluorophenol byproduct formed. More patrticularly, the
pentafluoropheBILSFBRRRE EXAPBE ERiantitatively recovered for recycling back to PFC. Method 2.
Functionalization of the First Cyclic Carbonyl Compound 20Also disclosed is a mild method (Method 2)

of preparing a Secod ey Gl SAIPOIML AP RYBEL oM. e I SL &Sl CRNAM pofaRpund by seleciively

reacting the first cycti onyl compound with a nucleophile such as an ol, amine, or thiol,
without alteringipréadyerRrBerBGHYIMBREPBr tREURSPE R CAIBERT T BIRD St theréby forming a
seconghcyclic carhemylsiampaumuiand pantaiikorapheosiiey pmsiueipincthislredstisexyhetpéndant 25

pentafluoropheq)gj_cgbd%ggtq g{ﬁlu rios),( con%g 8t_%c_i foase qﬁl}g tg}gcﬁlii&n | aroup,sglagted from the group
ert ‘arbo { 'S,

consisting of carbonates other than P Nt ropheryl ca ate, cdrbamates, and thiocarbonates.
The second funbfichaidgrbdp tamatariapHsiedeom! 1l t6mebOl awiios 1 Ar vpighaiédtdlyst can be used
with weaker nuglgaphilesisugh asadophels when fosminentheisespnshevsiicicashepyl compound.
Generally, a catalyst is not required for the reactipn of pendant tafluorophenyl carbonate group
with stronger n&é’Fé%%ﬁﬁﬁ%’ ](g(ét ﬁr??grli)/ﬂgﬁ’ﬁﬁeé%)lg?ﬁt%or? gf?ﬂﬁ% ?Fﬁgﬁff%%éﬁ%%lg?ﬁ%ké;é i’éc carbonyl
compatind compiisabyie pemad]UctdphetmbrarbdiatsleprouhsryivoOmRo4/A850 AeFETIENRD11/056 778

24 The second gyclig cRHROMYEAMMRRUNGS CRANRYE R AR0R ) BEMIeb Al GsikEmore than
three hydroxy groups include erythritol, pentaerythritol, dipentaerythritol, ditrimethylol
propane, diglycerol, and ditrimethylol ethane.

20 Another challenge in preparing cyclic carbonyl monomers, for example cyclic carbonates
from 1,3-diols, is achieving selective ring closure without polymerization, which depends on
the nucleophilicity of the leaving group and the catalyst used. Advantageously, the
pentafluorophenol byproduct is a weak nucleophile and does not initiate polymerization. In
an embodiment, the cyclic carbony! forming reaction with PFC produces more than 0 to less

25 than 2.0 wt. % of a polymer byproduct derived from the precursor compound, based on the
weight of the precursor compound. In another embodiment, the cyclic carbonyl forming

reaction with PFC produces no detectable polymer byproduct.

The first mixture comprises a catalyst suitably chosen to activate the nucleophilic hydroxy
30 functional groups and not the electrophilic PFC carbonyl group. Exemplary catalysts
include tertiary amines, for example 1,8-bis(dimethylamino)naphthalene, referred to also as

PROTON SPONGE, a trademark of Sigma-Aldrich. Still other catalysts include halide salis



wherein d is O or an integer from Ito 10, wherein when If is O carbons labeled 4 and 6 are linked
together by agiheieR9Rds €ach W is a divalent radical independently selegigelfiomssihe group
consisting of -0-, -S-, -N(H)- or -N(W")t, wherein eac}} " group independently represents a
monovalent radical selected from the group consisting of alkyl groups comprising 1 to 30 carbons, aryl
groups comprising 1 to 30 carbons, and the foregoing W" groups substituted with a second functional
group selected from the group consisting of carbonates other than pentafluorophenyl carbonate,
carbamates, and thioadrblomanss perichiZ iy grenslindesinn Nty pejsregavis impbidvadhiadical
selected from thegrpupsRSsINGOfY droga Ry seeend functionaligreupsaieeted drem the group,
consisting of carbonates other than pentaftuorophenyl carbonate, carbamates, and thiocarbonates,
halides, alkyl groups comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne
groups comprisihg datdy30ceatbonsicaryl grompstofithising .8ho@8sgrriyaris pétite prgrotios comprising
1510 30 Carbogémsgﬂ{%?ﬁ&%%feﬂmwl&m&@.%m@gasmerybg{mcﬁam%ag&ﬁdz%@ carbons,

thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30 carbons, carbamate
groups compristHef TR REHB R LR P grotp e BRI A e Sy S BYHRO Wikoxy groups

comprising 1 to 30 carbons, and the foregoing Z' groups substituted with a second functional group

ranase alhetnen.alRaniaflio/peRamicathanate,

selected from t egﬁ?l.fl%égnsi tip&lgg L car
carbamates, an fhiocar olrl_lrgte%f Inda%an(lecmubodlment, the second cyclic carbonyl compound comprises

no pentafluoroptibsyrésmp erobpuicd aswdaPrmmbkaiesssbaeafiu by es b sratetgiup (.e.,
-0CO2RFP). 25A1nanespesiicsesend sysiscarberyheampovaddasihe gonerabsacmula (8): WO
2011/135046PCT/EP2011/056778 25.(8 erein m.and n are.each independently 0, of an integer
from 110 11, WSS A R et e B, o e e, o 1 e
independently replesentsdivalenstradichtabldcté & ficth medeg pouli Eonsisting b dingniNticor NW",

wherein 5each W, group-indepsRdaiHishiesRblssianavatent adical selecieddomihe group

consisting of alkyl groups comprising 1 #1050 carbons, and aryl groups comprising | to 30 carbons, and
the foregoing WRSIBR 5l EBH Y4 88 ond functional group selected from the group consisting
of a catbonates other than pentafluorophenyl carbonate, carbamates, and thiocarbonates, L'

represents a single hond.ora divalsntlipking. grouRQselecter Ham e KN cRBSisHRE Alialky!
groups comprising 1 to 30 carbons, alkene groups
into a first cyclic carbonyl compound. The temperature can be from -20° C to 100°C, 0° C
to 80° C, 10° C to 50° C, or more specifically ambient or room temperature, typically 17° C
to 30° C. Optionally, the reaction mixture is agitated under an inert atmosphere. In one
20 embodiment, the temperature is ambient temperature. Care should be taken to avoid an
initial mild exotherm during reagent mixing which may lead to the formation of unwanted

dimeric carbonate by-products.

Agitation of the first mixture can be conducted for a period of 1 hour to 120 hours, 5 hours
25 to 48 hours, and more specifically 12 hours to 36 hours. In one embodiment, agitation is

conducted for 15 1o 24 hours at ambient temperature.

The second mixture comprises the first cyclic carbony! compound comprising the pendant
pentafluorophenyl carbonate group and pentafluoropheno! byproduct. The first cyclic

30 carbony] monomer can be isolated using any known method of purification, including
distillation, chromatography, extraction, precipitation, and recrystallization. In one

embodiment, the first cyclic carbonyl compound is purified by selective precipitation of the



comprising Ito 30 carbons, allgne groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30
carbons, estefygralipssoprising 1 to 30 carbons, amide groups comprgifgdsinadEarbons, thioester
groups comprising 1 to 30 carbons, urea groups compyrising | to 30 carbons, carbamate groups
comprising 1 to 30 carbons, and ether groups 15(:orr]r‘\%ising 1 to 30 carbons, each Q' group
independently represents a monovalent radical selected from the group consisting of hydrogen, a
second functional group selected from the group consisting of a carbonates other than
pentafluorophengiteBrbmpaeas chirpradvates therdfd stipdarbuberssmhatesiam il gisaps Bsmiptising 1 to

30 carbons, alkpNsIAHRREITRIRING HriRiBR6aEDARFRUMNRIGHAYRSHRTRIISING %ﬂ:&&)iﬁarbons, aryl
1de groups

groups comprising 6 to 30 20carbons, ester groups comprising. Ito 30 carbgns, a

comprising 1 to"36°84 B8}%}‘{?{?68%‘1'8’?&?%1%%0%%&%? ng kol %% @8?‘6’3‘%f’&%@gn@a%oﬁgpcc%%prising 1to
30 carbons, cathamédtet grobigblgonigrisirdphioc@dptanbonShe thertgrowgsoampisingclico 30 carbons,

and alkoxy groups, GAMRHSINGHY, 1839 $ERANS: FAABY §f %@é@ﬁg@!@%@i@@&ﬁ%@sﬂtuted with a

second functional group selected from the group consisting of a carbonates other than
25pentaf|uoropﬁ%ﬁ%@&%ﬁ%’t@%ﬁ%ﬁﬁ?&%@‘éﬁ%%ﬁ%%ﬁ%ﬁé‘%,Seé%féﬁf%"Rgeﬁlﬁiﬁtﬁlgﬁt radical WO
2011/135046P @dnfzR20dihEhb by b dndepefidenjityiceideied tronpdinel gioapodansistingoHe-, -S-,
-N(H)-, and -N(R3)-, each R2 an IS indepen mo J ggi%g 0 10,000
carbons, and th%bs?g?:%ﬁ 8§%ﬁ§ bc%?%%n@? %‘8?:5‘%%%} %&%%é}%%@%%%ﬁlg%ﬁ%gﬁsl es erl%(?oup and no
pentafluoropheAytEaisiriierepins] symodnce FoHiprerriC BER P 45 the repeionsoserinty &gtlic
carbonyl compaupgldsarayric aasbenate) oinaneienonpraisnenrdhe Qhg i altrcaadig the carbon

5 in foimula (8) is ethyl or methyl, and all other Q' groups are hydrogen. In another embodiment,
carbon 5 in formula ?&%ﬁw@%ﬁ%g ﬁlclg’%léen ??‘é‘%é?%%% cyclic carbonyl compound comprises the (R)

or 10(S) isomer in greater than 80% enantiomeric excess. Even more specific second cyclic carbonyl

compounds deriyeq-{rany eciush Ay clis £FAIRPBYHMIABRSIAIT fENeFRBRPRIeIAN Himagneral
formula (9): 001 2306 4-5 (9) ,15Wf}}erejrlén8and n ar eag}ﬁ mdegen %rﬁ]g% 0 or.an |tnteger from 1 to
11, wherein m RHEFPPREROIEGEE e BE B A RET R S RS RISBE AP f8 4 o1 Pipresents a
single1sond or a«divellenttinkingbgrotfyseledtéd from sheridicelip Ynsistifgobaliddygtbups comprising 1
to 30 carbons, alkGRAIQHBSEATRIRIALLRAN SaRRAIEE RIDE SABHIR ERARNSiRg 1 to 30 carbons,

aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, 20amide groups

comprising 1 toPSOFEHYE RSPl SERRIuGH SUb e CHMBHENYT 4P 50 Cap Srry clipg fack to PRC.

Method 2. Functionalization of the First Cyclic Carbonyl Compound

20 Also disclosed is a mild method (Method 2) of preparing a second cyclic carbonyl
compound from the first cyclic carbonyl compound by selectively reacting the first cyclic
carbonyl compound with a nucleophile such as an alcohol, amine, or thiol, without altering
the cyclic carbonyl moiety of the first cyclic carbonyl compound, thereby forming a second
cyclic carbonyl compound and pentafiuorophenol byproduct. In this reaction, the pendant

25 pentafluorophenyl carbonate group is converted to a second functional group selected from
the group consisting of carbonates other than pentafluorophenyl carbonate, carbamates, and
thiocarbonates., The second functional group can comprise from 1 to 10000 carbons. An
optional catalyst can be used with weaker nucleophiles such as alcohols when forming the
second cyclic carbony! compound. Generally, a catalyst is not required for the reaction of a

30 pendant pentafluorophenyl carbonate group with stronger nucleophiles (e.g., primary
amines). In an embodiment, the second cyclic carbonyl compound comprises no

pentafluoraphenyl carbonate groups.



groups comprising | to 30 carbons, carbamate groups comprising 1 to 30 carbons, and ether groups
comprising 1 {g33.GA50018S; Rl is a monovalent radical selected from thecgyaeiogegsigting of hydrogen,
halides, and alkyl groups comprising | to 30 carbons:,zgach X" is a divalent radical independently
selected from the group consisting of-U-, -S-, -N(H)-,"and - 25N(R3)-; and each R2 and R3 is
independently a monovalent radical comprising | to 10,000 WO 2011/135046PCT/EP2011/056778 27
carbons; and the second cyclic carbonyl compound contains no pentafluorophenyl ester group and no
pentafluorophefiyt sextvdrratdioperbpnst iserrpeiwls sao Forribhecasebaulidiidnal group occurs without
disruption of the cycligg5carbonyl moiety, in particular the cyclic carbonate moiety, of the first cyclic
carbonyl compound. me byproduct of the displacement reaction, pentafluorophenol, can be recovered
and recycled, typic v i i h yield. The second cyclic carbonate compounds are potentially capable of
forming ROP p and other polymers by ROP methods. The ROP polymers can have
unique pendant Rinctifralifies and properties due to the wide 10variety of available materials for the
pendant -r-R2 grouZinZormula (7), formgig (8), and formula (9). The method (Method 2) of preparing a
second cydlic cathonyl compound, comarises aghatng. midure comprison bedishausli carbony/
compound comprising a'l pen}i{aﬂugropﬁenyf carbonate group; an optional solvent; an optional
catalyst; and a husiéspiilecelactied ¢rornditach Bl ééﬁ@?@ﬂh@@?ﬁlé@ﬁﬁ%@%ﬁé@?@ﬁ&%Is, thereby
footlingsa secong.Gyslis &adkenylmaenomerrng-nentafiugrephens kypwodustywiiepeiadhe second
cyclic carbonyl monomer comprillses a Sefon fpcpétgtior% €I;D%rou selqgted chlthe roup consisting of
carbonates oth&PH D AMSHIG SBHAKSE R B rate LA N R Ad S Uthiocarbonates formed by a
reaction of the penpafiingrophdhyibansomgterorpt g witis e Inta e ophites. Al dhefekapig ey TMCPFP

can be converteg e, GAtkESAAVYNEL RS VML GaHLIQRGIR MG RoAcsoIEHG 1 Bahegs 6. 25Scheme

carbonates other than pentafluorophenyl carbonate, carbamates, and thiocarbonates, each Z'
10 group independently represents monovalent radical selected from the group consisting of
hydrogen, a second functional group selected from the group consisting of carbonates other
than pentafluorophenyl carbonate, carbamates, and thiocarbonates, halides, alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups
comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising
15 1 to 30 carbons, amide groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30
carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30
carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30
carbons, alkoxy groups comprising 1 to 30 carbons, and the foregoing Z’ groups substituted
with a second functional group selected from the group consisting of a carbonates other than

20 pentafluorophenyl carbonate, carbamates, and thiocarbonates.

In an embodiment, the second cyclic carbony! compound comprises no pentafluorophenyl

ester group (i.e., -CO,PFP), and no pentafluorophenyl carbonate group (i.e., -OCO,PFP).

23 A more specific second cyclic carbony] compound has the general formula (8):



03450MeOHO010264035'0 optional catalyst 90 Me WO 2011/135046PCDEP2011/056778
28 WO 2011/135046 PCT/EP2011/056778
25

(%),
wherein m and n are each independently 0 or an integer from 1 to 11, wherein m and n
cannot together be 0, and m-+n equals an integer from 1 to 11, each W' independently
represents divalent radical selected from the group consisting of O, S, NH or NW", wherein

5 each W" group independently represents a monovalent radical selected from the group

consisting of alkyl groups comprising | to 30 carbons, and aryl groups comprising 1 to 30
carbons, and the foregoing W" groups substituted with a second functional group selected
from the group consisting of a carbonates other thar pentafluorophenyl carbonate,
carbamates, and thiocarbonates, L' represents a single bond or a divalent linking group

10 selected from the group consisting of alkyl groups comprising 1 to 30 carbons, alkene groups
comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urca groups
comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, and ether groups

15 comprising 1 to 30 carbons, each Q' group independently represents a monovalent radical
selected from the group consisting of bydrogen, a second functional group selected from the
group consisting of a carbonates other than pentafluorophenyl carbonate, carbamates, and
thiocarbonates, halides, alkyl groups comprising 1 to 30 carbons, alkene groups comprising
1 to 30 carbons, alkyne groups comprising I to 30 carbons, aryl groups comprising 6 to 30

20 carbons, ester groups comprising 1 to 30 carbons, amide groups comprising 1 to 30 carbons,
thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30 carbons,
carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons, and
atkoxy groups comprising ! to 30 carbons, and any of the foregoing Q' groups substituted
with a second functional group selected from the group consisting of a carbonates other than

25 pentafluorophenyl carbonate, carbamates, and thiocarbonates, each X" is a divalent radical



TMCPFPTMCMe  Non-limiting examples of other alcohols capable of reacting with the

pentafluorophgv¢psbgpate of the first cyclic carbonyl monomer withoutaitgshag 2g-eyclic carbonyl
group 5include: i-PrOH, C6H5CH20H, OH OH 10CIQH Br MeeOH 15HO-------- (CF2)5CF3 ,and/

BocNOH 20 Non-limiting examples of amines capablg of reacting with the pentafluorophenyl
carbonate of TMCPFP to form a pendant carbamate, without altering the cyclic carbonate group,
include: WO 2011/135046PCT/EP2011/056778 29 5Non-limiting examples of thio Is capable of
reacting with thaxreretentiPseRcadionatbetarfoprroasiing afit@hiotarbitHitendithtRDaleath& the cyclic

carbonyl group ipgldg:meihare: thicsihane.thiokiphesvihiol; hepzutofickend the like. In general,
the efficacy of the substitution reactions proceed.in accordance with Ehe
second cyche carbonyl compound contains no pentafluorophenyl ester group and no

pentafluorophenyl carbonate group.

In an embodiment, cach W' is -O- (i.e., the second cyclic carbonyl compound is a cyclic
carbonate). In another embodiment, the Q' group attached to the carbon 5 in formula (8) is
ethyl or methyl, and all other Q' groups are hydrogen. In another embodiment, carbon 5 in
formula (8) is an asymmetric center, and the cyclic carbonyl corspound comprises the (R) or

10 (S) isomer in greater than 80% enantiomeric excess.

Even more specific second cyclic carbonyl compounds derived from the first cyclic carbonyl

monomer are cyclic carbonates of the general formula (9):

O
6 _ 495
e

R" L

R ),

15 wherein m and n are cach independently 0 or an infeger from 1 o 11, wherein m and n
cannot together be 0; and m+n equals an integer from 1 to 11, L' represents a single bond or
a divalent linking group selected from the group consisting of alkyl groups comprising 1 io
30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30
carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons,

20 amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea
groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, and ether
groups comprising 1 to 30 carbons; R' is a monovalent radical selected from the group
consisting of hydrogen, halides, and alkyl groups comprising 1 to 30 carbons; each X" is a
divalent radical independently selected from the group consisting of -O-, -S-, -N(H)-, and -

25 N(R®)-; and each R* and R is independently a monovalent radical comprising 1 to 10,000



10nucleophilicity of the nucleophiles. For example, stronger nucleophiles such as primary amines are
more effectivg;ihap ygalsgr nucleophites such as primary alcohols. In apeihes.example, primary and
secondary alcohols can be more effective nucleophilg than sterically hindered alcohols such as
tert-butanol in a reaction with the pendant pentafluor Zhenyl carbonate group. 15 The nucleophile
comprising the alcohol, amine, thiol, or combinations thereof can be attached to larger structures
including oligomers, polymers, biomacromolecules, particles, and functionalized surfaces. Non-limiting
polymeric structaresinenddeclinesd relifctickh iy} prerbeand keatasyecoaertaierisivéksigraft, star, and
other known polymersirke e ahansinitinthhiopagromolecules include proteins, DNA, RNA,
lipids, phospholipids. The particles can have dimensions ranging from less than 1 nanometer to
hundreds of micrometers in circular cross-sectional diameter. Non-limiting large particles include silica,
alumina, and pdiymericisesifsrsuith ssanbiacominonly osedsfertbbrodratogeaphthangtfanctionalized
polymeyic beadéafefg%%%m?ﬁ sanman.usedfonsalidRhass mibesis csallendimiing

u

nanoparticles include both organlc and moraanlc nanoparticles including those functionalized with

ligands or stabifieieppesly s ByNBieAfiHg GrRyAFRE T ASAE IR e el TRRRIARY- G8s¥inked polymeric
nanoparticles, denderaeisd antcsiartpabamenrshiNopidiciting saanghoclinaatpasticlesipochidermetallic

nanoparticles (e, golt, I AL 3R MEIs, 0. GTANR 13 1D CIRURAP Alals Of e

periodic table), B nanoparticles ¢ ina, silica, hafnia, zirconia, zinc oxide), nitride
nanoparticles (€t¢ RPR oMy R¥e haxkoBgEperdse fam tonatiboond ey s s iy Hiride), sulfide
nanopgyticles (&gie%iBEsuifidR) S0 RsuElpendanoRaRICkesufagfoeadMinNTERIenide) atdon-limiting

functionalized :;#)rfaclesg clude surfaces functionalized with self-assembled monolayers. 5The
nucleophile in M&tdd 2¢an be a polymeric alcohol. The polymeric alcohol can comprise from 4 to
10000 carbons. In one example, the nucleophile is a polyether alcohol, and the pentafluorophenyl

carbonate grouq@m%ggs(q\%@g g%tpg{gﬁlaggglp%&qiQg@g&%@@@g}&@{h@g@ﬁg@@l to form a
second cyclic carbonyl containing material ¢ Prisigg a Ei)eé}#ant carbé)nate linked to a hydrophilic
ARl

polyether chain 2818 fHitiG RRRRBIe < S By SIETREa& PR/ Etf et alcohols, such as
polyethylene glyeolafREG)haryd carbme e ebepppeniiolyietHytenegiyptoha sathizs: sroiomethyl
endcapped DO'VT‘%EHA/{%@)%%%{ &;%&M@ﬁ@%ﬂ;?%%%ﬁg%?’a_@%‘éfspﬁxﬂé&ré‘ﬁ@lﬁfaﬁb?ﬁé%@de

&
polypropylene glyco mono endcapped defivatives thereof; such as monomethyl end
capped pOlyproﬁy@"ﬁ@ w&@ﬂmphf@)’ﬂ@% monomer and pentafluorophenol byproduct, wherem the

-second cyclic carbonyl monomer comprises a second functional group selected from the
group consisting of carbonates other than pentafluorophenyl carbonate, carbamates, and
20 thiocarbonates formed by a reaction of the pentafluoropheny! carbonate group with the

nucleophile.

As one example, TMCPFP can be converted to the corresponding methyl carbonate

TMCMe, according to Scheme 6.

25 Scheme 6.
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0 CH3MPPG. 20Still other polymeric alcohols include poly(alkylcne glycols) of formulas (12), (13), and
(14) describeqysnen elew. Generally, the first mixture (Method 2) is agjitaiadat/aséerdiperature of
-78C to 100 C, more specifically -20C to 50C, and evgﬁ more specifically -10C to 30C to form the
25second cyclic carbonyl compound. In an embodimént, agitation to convert the pentafluorophenyl
carbonate to a different carbonate, carbamate, or thiocarbonate is conducted at ambient temperature
(herein, 17 C to 30 C). The first mixture is agitated for a period of about 1 hour to about 48 hours, more
particularly aboliVEP® 30 hours at the WO RdEMeE35046PCMP2011/056778 31 reaction temperature.
In an embodiment, the first cyclic carbonyl compound and the second cyclic carbonyl compound are
each a cyclic carbonate. Generally, 1.2 to 1.5 equivalents of the nuclegphile wijth respect to the
pentafluorophe NS EHHBE TR RFE ¢ Hefri‘]“iﬁ’é@ﬁﬁ@fﬁ SErféﬁt&%?{f'tW%%ﬂegt%}‘é’éo ?1(%13%5 nucleophile
is used (e.g., monddhan of tedisatanlis);aingrdpeningaftibooyelicvarbenatbccarrorduwrag a side
reactiogl. Typically, a.solvent is used in Method 2, though a solvent is not required. Depending on the
10solvent, the pentaﬁuorophenol byproduct can in some instances precipitate directly from the
reaction mixturd-8& s formed. The second cyclic carbonyl compound can be isolated using any
known method gfpicHigation, including distillation, chromatography, extraction, precipitation, and
recrystallization./Gengfqlly, however, the second mixture is concentrated under vacuum and the
resulting residués en treated with a second solvent in which the 15pentafluorophenol byproduct is
not soluble, such_ as ragthylene chloride. The pentafluorophenol byproduct can then be filtered and
recovered for reﬁg/c ing back to PFC. In an embodiment, 90% to 100% of the theoretical
pentaf}Horophermkbypmdm,t is recovered for recycling back to PFC. In one variation, the derived
second cyclic carbgnate compound can be isolated by washing the organic filtrate with a base such as
sodium bicarboﬁamwion, drying the filtrate with a drying agent such as magnesium sulfate or
sodium sulfate, andwgr\a}f@qthe second solvent under vacuum. In a another variation, the second
cyclic carbonyl éfpound is furthpurified by column chromatography or recrystallization. In this
manner the secppg.eysliesgrbonyl compound can be obtained in a yield of about 50% to about 100%,

more particularly about 70% td 100%, even more particularly about 80% to 25100%.
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Non-limiting examples of amines capable of reacting with the pentafiuorophenyl carbonate

1

of TMCPFEP to form a pendant carbamate, without altering the cychic carbonate group,

include:



The optional catalyst of Method 2 can be selected from typical catalysts for transesterifications,
conversions gf;gahopatgs to carbamates, or conversion of carbonates {@-thipsaihepates. These
include organic catalysts and inorganic catalysts, in particular the 30above described catalysts, and
most specifically cesium fluoride. When used in Mettod 2, the catalyst can be present in an amount of
0.02 to 1.00 moles per mole of the first cyclic carbonyl compound, more particularly 0.05 to 0.50 moles
per mole of the first cyclic WO 2011/135046PCT/EP2011/056778 32 carbonyl compound, and even
more particularl tg®25 moles per mole of the first cyclic carbonyl compound. In an
additional embodim#nt, Method 1 and Method 2 are performed step-wise in a single 5reaction vessel,
without an interpnediate, step to isolate the first cyclic carbonyl compound. The above-described
methods provid gghprocess for introducing a wide range of functionality and connectivity into
cyclic carbonyl com uNds for ring-opening polymerizations. As stated above, the cyclic carbonyl
compounds (ﬁrﬁhﬁ%{/ﬁ’{rxﬁﬁ&%ﬁ ﬁXﬂ%ﬁQ&ﬂ{Qonyl compounds) can be formed in isomerically pure
folin, or as racemic nixtures. More spécific second cyclic carbonyl compounds include but are not
limited to the following cyclic carbonate compounds: 0 OLO 010 HN R5, and 15wherein R1 is a

monovalent radical-seleatedkiopredhe kaumpaisistingeobhydioge nedualid BBP antalkyltgfoups
comprising 1 to 30 carbans, and R5 is.a valent radical OB the : isting of
hydrogen, halidaeg?na i@%%&%%%%?n“@%‘%%%oHzl%gé%ar%%%cs% E%&?r%?gu %ﬁ%iﬁ%@ %%qr%%?ising 1to 20
carbons, and ac8texytijeoupsnNes thae 3 Urthgro gnikes Polymerization Further disclosed are ROP
polymers obtained by a nucleophilic ring opening polymerization of the above described first and
second cyclic c?rbon IEct mlg%lndsﬂge OFt> po{lymeg.com rise iI%cchcz;liigafra i‘ﬁ% derived from the
nucleophilic initlAte7 for the ﬁcﬁ'c()’lymeesr'ilzgﬁélni?aﬁe cal?ﬁyépﬁ)gfifimer ¢han Tinked to the chain fragment.
The ch@in fragmeditophilicity of the nucleophiles. For example, stronger mucleophiles such as primary

amines are more effective than weaker nucleophiles such as primary aleohols. In another
example, primary and secondary alcohols can be more effective nucleophiles than sterically

. hindered alcohols such as tert-butanol in a reaction with the pendant pentafluorophenyl
carbonate group.

15
The nucleophile comprising the alcohol, amine, thiol, or combinations thereof can be
attached to larger structures including oligomers, polymers, biomacromolecules, particles,
and functionalized surfaces. Non-limiting polymeric structures include linear, branched,
hyperbranched, cyclic, dendritic, block, graft, star, and other known polymer structures.

20 Non-limiting biomacromolecules include proteins, DNA, RNA, lipids, phospholipids. The
particles can have dimensions ranging from less than 1 nanometer to hundreds of
micrometers in circular cross-sectional diameter. Non-limiting large particles include silica,
alumina, and polymeric resins such as those commonly used for chromatography and
functionalized polymeric beads such as those commonly used for solid-phase synthesis.

25 Non-limiting nanoparticles include both organic and inorganic nanoparticles including those
functionalized with ligands or stabilizing polymers. Non-limiting organic nanoparticles can
include crosslinked polymeric nanoparticles, dendrimers, and star polymers. Non-limiting
inorganic nanoparticles include metallic nanoparticles (e.g., gold, silver, other transition
metals, and Group 13 to Group 16 metals of the periodic table), oxide nanoparticles (e.g.,

30 afumina, silica, hafnia, zirconia, zinc oxide), nitride nanoparticies (e.g., titanium nitride,



WO 2011/135046PCT/EP2011/056778 33 is also referred to herein as the initiator fragment. The
initiator fragmgt-6PMpiges at least one oxygen, nitrogen, and/or sulfurgyagikbane,hetgroatom, which
is a residue of a respective alcohol, amine, or thiol nycleophilic initiator group of the ROP initiator. The
backbone heteroatom is linked to the first end unit ofthe first polymer chain grown therefrom. A
5second end unit of the first polymer chain can be a living end unit capable of initiating additional ring
opening polymerization, if desired. A living second end unit comprises a nucleophilic group selected
from the group gdhsistirigdsh. rytfideyageoupclpsitaanzaxnindslcs soomdadycsing mesnrand kot group.
Alternatively, the, second epAyNcARARS EeeRREAAQ inkatstaiitysteabe RRBAeRer. as
described further below. 10 It is understood that the initiator fragment has a different structure than the
first end unit of B4R S BBIHHEP A onnected thereto. The ROP initiator can comprise one or
more independently chosen alcohol, amine, or thiol 15nucleophilic initiator groups. Each nucleophilic

initiatorsgroup cag. RAIEAIRY inNjaeA G ARSING.RONTELAAT AR, Likeuize b ligior ragment
comprises at least one backbone heteroatom derived from a nucleophilic initiator group. Each one of
the backbone het@rsitdra that 19 eI ol AN GEIBERhiTe PRGN YRt RS NFREPEPIPROP polymer
chain grown thefgfteipedthfitoBphigiliniabenm REsinG N eplliicifibaio cgrpuipsi car 2O iotentially
initiate formatiop of n independent ROP polymer chains, where n is.an infeger equal.to or greater than
1 s o i B e e e e e g
opening polymexizdaithashasatrinkeit txy isophiifhec préichROP polymer comprises an initiator
fragmegt linked to two ROP polymer chains through the two backbone oxygens derived from the
hydroxy initiator groups. 25 The ROP. polymer comprises at least one ROP polymer chain, referred to
as the first polyw]%é}’ é‘ﬁgiﬂg ?ﬁdg’ﬁgﬁ Y ?/%%%‘glcﬁhc%%l%c;%ﬁ% |§%’€§ %?‘%%’E%l?;r%“e%? Tandom copolymer,
block copolymerpigetbpinisightionh@BEihenforegoinng puipeiertypbgeihe st polymarchairtobmprises a
first repeat unit comprisi @EQ{;}@&Q {,me@ | group selected from the group 30 consisting of
carbonate, urea, cglr%%mqé%e, thiocar a%:nate, thliac?carbonate, and dithiocarbonate. The first repeat unit
further compris 8ral backbone carbon. In an embodiment, the tetrahedral backbone carbon
is linked to a first side chaiff coMii{sing a pendant WO 2011/135046PCT/EP2011/056778 34
pentafigorophenyl carbonate. In another embodiment, the tetrahedral backbone carbon is linked to a

first side chain comprising a pendant pentafluorophenyl carbonate, and to a second side chain -
selected from tﬁg[g%’ﬁg@ﬁﬁg‘gﬁfﬂ&%f%%}ﬂ%%&%%?ﬁ?gﬁ%eg,ggfﬁa?a{ﬁlg/(?’ ?%‘lgf)né) r(1:0oemmé):€r"i1 " Pr?§ 1 to 30 carbons
(e.g., the RI groispiasivesteibed swformmdasSdredd 63pped polypréplitningyrariMRittng examples,
R'-XH is a mono-functional nuclegghilic initiator for ring opening polymerization. R'-XH comprises a
monovalent initia;nggﬁqQ{& , wherein X is a divalent group selected from the group consisting of -0-,
-NH-, -NR"-, and - S¥ No ¥estiiction98 placed on the structure of R' or R" with the proviso that the ring
opening 10polymerizatior*peoduces a usetR®OP polymer.

20 Still other polymeric aleohols include poly(alkylene glycols) of formulas (12), (13), and (14)
described further below.

Generally, the first mixture (Method 2) is agitated at a temperature of -78° C to 100° C,
more specifically -20° C to 50° C, and even more specifically -10° C to 30° C to form the

25 second cyclic carbonyl compound. In an embodiment, agitation to convert the
pentafluorophenyl carbonate to a different carbonate, carbamate, or thiocarbonate is
conducted at ambient temperature (herem, 17° C to 30° C). The first mixture is agitated for a

period of about 1 hour to about 48 hours, more particularly about 20 to 30 hours at the



When formed from a first cyclic carbonyl compound, the ROP polymer comprises a pendant

pentafluorophgpylearpapate group and is referred herein as the first RQRaghyimeis¢s one example,
the nucleophilic ring opening polymerization of a first_cyclic carbonyl monomer of 15formula (2)

initiated by R'-XH produces a first ROP polymer of fo%ljnula (2A), which comprises a first polymer chain
and an initiator fragment R'-X-. Q" Q"4 5 H Q'(2A). Initiator fragment R'-X- is linked to the carbonyl of

the first end unit of the first polymer 20chain through the oxygen, nitrogen or sulfur heteroatom of the X
group. A seconttationusitrethvectirst polgibrstiopintis fasivirndiermbanit dospoyndaig tberpreRngd2A)),

wherein -Y-H i%%ﬂyg;mml&&%ggdsg@g&pafgmct%&m@ consisting of hydroxy group, primary
amine groups, secondary amine groups, and thiol group. Y, Q', and n' are defined as above under
formula (2); thus, at least one of the Q' groups and/or Q" groups (of the Y groups) 25comprises a

pendant pentafliaropleny earfonmieagroupl HROO2OERE) withecspiys triie derg sdndnipgeyfrom 1 to
10000'5The repghdHt MQZOT IR0 R G RS 1%9737@1'&@5@(6658 nucleophile is used
(e.g., more than 4 equivalents), ring-opening of the cyclic carbonate can occur as a side

reaction.

Typically, a solvent is used in Method 2, though a solvent is not required. Depending on the

10 solvent, the pentafluorophenol byproduct can in some instances precipitate directly from the
reaction mixture as 1t is formed. The second cyclic carbonyl compound can be isolated
using any known method of purification, including distillation, chromatography, extraction,
precipitation, and recrystallization. Generally, however, the second mixture is concentrated
under vacuum and the resulting residue is then treated with a second solvent in which the

15 pentafluorophenol byproduct is not soluble, such as methylene chloride. The
pentafluorophenol byproduct can then be filtered and recovered for recycling back to PFC,
In an embodiment, 90% to 100% of the theoretical pentafluoropheno! byproduct is recovered
for recycling back to PFC. In one variation, the derived second cyclic carbonate compound
can be isolated by washing the organic filtrate with a base such as sodium bicarbonate

20 solution, drying the filtrate with a drying agent such as magnesium sulfate or sodium sulfate,
and evaporating the second solvent under vacuum. In a another variation, the second cyclic
carbonyl compound is further purified by column chromatography or recrystallization. In
this manner the second cyclic carbonyl compound can be obtained in a yield of about 50% to
about 100%, more particularly about 70% to 100%, even more particularly about 80% to

25 100%.

The optional catalyst of Method 2 can be selected from typical catalysts for
transesterifications, conversions of carbonates to carbamates, or conversion of carbonates to
thiocarbonates. These include organic catalysts and inorganic catalysts, in particular the

30 above described catalysts, and most specifically cesium fluoride. When used in Method 2,
the catalyst can be present in an amount of 0.02 to 1.00 moles per mole of the first cyclic

carbonyl compound, more particularfy 0.05 to 0.50 moles per mole of the first cyclic



comprises a backbone functional group selected from the group consisting of carbonate, ureas,
carbamates, thigeyhpmaies, thiocarbonate, and dithiocarbonate, detergigag Ry ihgAdependent
selection of each Y group. The first repeat unit further comprises tetrahedral 5backbone carbons
labeled 4, 5 and 6. Each of these backbone carbons ¥an be linked to an independent first side chain Q'
group, which can comprise a pentafluorophenyl carbonate group. Further, each of these tetrahedral
backbone carbons can be linked to an optional independent second side chain Q' group, as defined
above under foirmbtan{Ryoipenranati erexamplerthearlydlddphilld finmg lopesing lpoliveliizhation of a first
cyclic carbonyl @8@%6@1@ la,&4), initiated by W-XH, produces a first ROP polymer of formula
(4A) , which comprises a first polymer chain and an initiator fragment R'-X-:  (4A). 15As above, the
initiator fragment R'-X- is linked to the carbonyl of the first end unit of the first polymer chain by the
oxygen, nitrogeh ai sddftistaeterbatmmnoftehXdgl auh Méthiod ¥'arn mnfhmedregefine thasiapove under

formulg (4). Th%e?x O%C{};'Qge? %ﬁl’&d’(‘&%@&%xfﬂ%ﬁhﬁet&e&@@ gglag—enﬁerﬁﬁ?@{?éﬁ@iga}@/&yl compound.
2011/135046PCT/EP2011/05 backb |p

6778 36 V' comprises a backbone functional group selected from the
group consisting of carbonate, ureas, carbamates, thiocarbamatcs, thiocarbonatc, and
dithiocarbonateTretesmided insthec-theepapddat selection @b eashY irgaliping atrabedrgkhdackbone

carbon labeled 5 is linked to afirst[%?;lge.lﬁhain com risin% a gentgxsflyor?her%l carbonate group.

ty, i 1 [ - Tigp- . .
Tetrahedral bac B%hoélaclawgn Tabeled 5 can optiona 3? e Tinked 1o an inc gﬁgndlé%t second side chain

V group, as defpesargtisiionsnderstareh ahe @) hrczisthiebendnoprec thes hiclesiiriscrng 65diking
polymeggization of 8dfikgtee¥ple CRIRARYE formed in isomerically pure form, or as racemic mixtures.

More specific second cyclic carbonyl compounds include but are not limited to the following

cyclic carbonate compounds:

o 0C

RE}:O ?i
4

o:g:
R® ,and =7
15 wherein R' is a monovalent radical selected from the group consisting of hydrogen, halides,
and alkyl groups comprising 1 to 30 carbons, and R’ is a monovalent radical selected from
the group consisting of hydrogen, halides, alkyl groups comprising 1 to 20 carbons,

fluorinated alkyl groups comprising 1 to 20 carbons, and acetoxy groups.

20 Method 3. Ring Opening Polymerization
Further disclosed are ROP polymers obtained by a nucleophilic ring opening polymerization
of the above described first and second cyclic carbonyl compounds. The ROP polymer
comprises a chain fragment derived from the nucleophilic initiator for the ROP

polymerization, and a first polymer chain linked to the chain fragment. The chain fragment



10monomer of formula (5), initiated by W-XH, produces a polycarbonate chain of formula (5A), which
comprises a figgd prlyrgichain comprising a polycarbonate backbone gigh@pniti@iordragment R'-X-:
R'131-X (654 11 C))d, HV'V'L'0 (5A). WO 2011/1§ 046PCT/EP2011/056778 37 defined as above
under formula (5). The subscript d' is an integer from™lto 10000. The repeat unit R' comprises a
backbone carbonate group. Tetrahedral backbone carbon labeled 5 is linked to a 5first side chain
comprising a pentafiuorophenyl carbonate group, and to a second side chain R' defined above under

formula (5). Tetetsdrftteickdsrdocabeitialos iGtemah dTE e v HereiRarah A BEIRHE 19
independent firshapgd sacaneh side.chainigaupsRhdesihed.akove drdanifomuepétivd Oln another
cxample, e g COMC g SRS PRSI ERLen ol e benyanage of ol O
polycarbonate thgirawd atiikitdcahérfighreduRt-xEthe first polymer chain grown therefrom. A
5 second end unit of the first polymer chain can be a living end unit capable of initiating
additional ring opening polymerization, if desired. A living second end unit comprises a
nucleophilic group selected from the group consisting of hydroxy group, primary amines,
secondary amines, and thiol group. Alternatively, the second end unit can be endcapped to
impart stability to the ROP polymer, as described further below.
10
It is understood that the initiator fragment has a different structure than the first end unit of

cach ROP polymer chain connected thereto.

The ROP initiator can comprise one or more independently chosen alcohol, amine, or thiol

15 nucleophilic initiator groups. Each nucleophilic initiator group can potentially initiate a ring
opening polymerization. Likewise, the initiator fragment comprises at least one backbone
heteroatom derived from a nucleophilic initiator group. Each one of the backbone
heteroatoms that is derived from a nucleophilic initiator group is linked to a ROP polymer
chain grown therefrom. Thus, an initiator comprising n nucleophilic initiator groups can

20 potentially initiate formation of n independent ROP polymer chains, where n is an integer
equal to or greater than 1, As a non-limiting example, & dinucleophilic initiator comptising
two hydroxy groups can initiate ring opening polymerization at each hydroxy group. The
product ROP polymer comprises an initiator fragment linked to two ROP polymer chains
through the two backbone oxygens derived from the hydroxy initiator groups.

25
The ROP polymer cornprises at least one ROP polymer chain, referred to as the first polymer
chain. The first polymer chain can comprise a homopolymer, random copolymer, block
copolymer, or combinations of the foregoing polymer types. The first polymer chain
comprises a first repeat unit comprising a backbone functional group selected from the group

30 consisting of carbonate, urea, carbamate, thiocarbamate, thiocarbonate, and dithiocarbonate.
The first repeat unit further comprises a tetrahedral backbone carbon. In an embodiment, the

tetrahedral backbone carbon is linked to a first side chain comprising a pendant



R' o/L'to (6A). WO 2011/135046PCT/EP2011/056778 38 Initiator fragment R'-X- is linked by the

oxygen, nitroggeg % siigrsheteroatom of the X group to the carbonyl of thergpshunitatdhe
polycarbonate chain. RI, L', m and n are defined as a3t34ove under formula (6). The subscript d' is an
integer from 1 to 10000. The repeat unit R 5comprises a backbone carbonate group. Tetrahedral
backbone carbon labeled 5 is linked to a first side chain comprising a pentafluorophenyt carbonate
group, and to a second side chain R' as defined above under formula (6). The ROP polymer can

comprise two opsniefdinRbnpoRvasichairsorgimdndipeeats TOpbigHdeRzIPecarPoeia
homopolymer of,a /e e ey ifithEaPaALHRILOL SFRRONMEN CABMRESINGdSREORdrepeat unit, the

second repeat unit comprising a second backbone functional.grqup selected from the group consisting
of ester, carborf’gf@flﬂ?lséﬁg, 92‘5 ﬁﬁlﬁﬁt%? gﬁ%?é?ﬁé‘?ﬁ%f’é’?fhﬁ%n ?B%%garfjp eékh%%ffﬁslb%nar%%ﬁa%u%%ich is
derived from a cyciicisiaghonylcomtonomes.iihR' fiystp ebydersribbbin foamuve £ randi6M-copolymer or a

block copolymer 15comprising the first and second repeat units. Similar considerations apply to ROP
polymers prepared from a second cyclic carbonyl compound, except that the R[lcl), %po,l mer chain does
e

not comprise a PeRedRUBrEHHAYI LS FABRFUD SFE R aaRsERArES 19&tead, the

ROP polymer ctympfifseseing polymerization. R'-XH comprises a monovalent initiator group -XH,
wherein X is a divalent group selected from the group consisting of -O-, -NH-, -NR"-, and -
S-. No restriction is placed on the structure of R' or R" with the proviso that the ring opening

10 polymerization produces a useful ROP polymer.

When formed from a first cyclic carbonyl compound, the ROP polymer comprises a pendant

pentafluorophenyl carbonate group and is referred herein as the first ROP polymer. As one

example, the nucleophilic ring opening polymerization of a first cyclic carbonyl monomer of
15 formnula (2) initiated by R-XH produces a first ROP polymer of formula (2A), which

comprises a first polymer chain and an initiator fragment R'-X-.

2A).

Initiator fragment R'-X- is linked to the carbonyl of the first end unit of the first polymer

20 chain through the oxygen, nitrogen or sulfur heteroatom of the X group. A second end unit
of the first polymer chain is a living end unit (i.e., -Y-H in formula (2A)), wherein -Y-H is a
nucleophilic group selected from the group consisting of hydroxy group, primary amine
groups, secondary amine groups, and thiol group. Y, ', and n' are defined as above under
formula (2); thus, at least one of the Q' groups and/or Q" groups (of the Y groups)

25 comprises a pendant pentafluorophenyl carbonate group (-OCO,CsFs). The subscript d' is an
integer from 1 to 10000. The repeat unit



20repeat unit comprising a side chain comprising a carbonate group other than pentafluorophenyl

carbonate, cafagraaig:gsaup, or thiocarbonate group derived from the pgagapiqestafigorophenyl
carbonate group of the first cyclic carbonyl monomer, WO 2011/135046PCT/EP2011/056778 39 The
first and/or second cyclic carbonyl compounds can un%ergo ring-opening polymerization (ROP) to form
biodegradable polymers having different tacticities. Atactic, syndiotactic and isotactic forms of the
polymers can be produced that depend on the cyclic monomer(s), its isomeric purity, and the
polymerization conqgtions. 3 The ring opening polymerization (ROP) of the first cyclic carbonyl
compound can oc with%u staﬂ;ial retention of the pendant pentafluorophenyl carbonate group in
the product RO ,6 ‘ ﬁueferred to as the first ROP polymer. The first ROP polymer
comprises at least one repea uhf'co prising a side chain comprising a reactive 10 pentafluorophenyl
carbonate group. The first R@P polymer further comprises a backbone segment derived from the ring

opening of the INh e SHRGIVAGAMAR NG, o RackhaneReaMp b ARG [mAhe 9Toup

consisting of po(i?/réig%onates, polycarbamates, polyureas, polythiocarbamates, polythiocarbonates,
and polydithiocHFesneadsmeiss. firecrbymyssnhies e sy Boiaprbenash dRfesidicB deBone segment
when a cyclic esieqdacianel-casmnoneser LispSertifirihefiaguandningr pofypriesizatioindzach of these
repeat structures is,shown.in Table 2. The R group in. Table 2.is a backbone fragment fooned by the
carbong of the ??ﬁ%ﬁ%%nr?t5?ﬁ?ﬁast%%?:e§c?fc%39b% n%i1 gr%%?ﬁea%ljafé{ %OHB 8?3%%%%%?3(1 (% ‘fiqg%ﬁ% t?l “arbonate
Polyc( independent first side chain Q' group, which can comprise a pentafluorophenyl carbonate

group. Further, each of these tetrahedral backbone carbons can be linked to an optional

independent second side chain Q' group, as defined above under formula (2).

10 In another example, the nucleophilic ring opening polymerization of a first cyclic carbonyl
monomer of formula {(4), initiated by R'-XH, produces a first ROP polymer of formula (4A) ,

which comprises a first polymer chain and an initiator fregment R'-X-:

F (4A).

15 As above, the initiator fragment R'-X- is linked to the carbonyl of the first end unit of the
first polymer chain by the oxygen, nitrogen or sulfur heteroatom of the X group. Y, 1, Vi, n
and m are defined as above under formufa (4). The subscript d' is an intcger from 1 fo

10000. The repeat unit
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comprises a backbone functional group selected from the group consisting of carbonate,
ureas, carbamates, thiocarbamates, thiocarbonate, and dithiocarbonate, determined by the
independent selection of each Y' group. Tetrahedral backbone carbon labeled 5 is linked to
5 a first side chain comprising a pentafluorophenyl carbonate group. Tetrahedral backbone
carbon labeled 5 can optionally be linked to an independent second side chain V' group, as

defined above under formula (4).

In another example, the nucleophilic ring opening polymerization of a first cyclic carbonyl
10 monomer of formula (3), initiated by R'-XH, produces a polycarbonate chain of formula
{5A), which comprises a first polymer chain comprising a polycarbonate backbone and an
initiator fragment R'-X-:
R

(5A).

15 Initiator fragment R'-X- is linked by the oxygen, nitrogen or sulfur heteroatom of the X

group to the carbonyl of the first end unit of the polycarbonate chain, R', L', V', m and n are



In WO 2011/135046PCT/EP2011/056778 40 Polythiocarbonate (O\ Il 0S-R | n Polydithiocarbonate (0\
H $S-R In ThgymgihgghiMethod 3) comprises forming a first mixture coppiishyg ag,figst cyclic
carbonyl compound comprising a pendant pentafluoré)j)henyl carbonate group, a catalyst, an initiator,
an accelerator, and an optional solvent. The first mixture is then agitated with 5optional heating to
effect ring opening polymerization of the first cyclic carbonyl compound, thereby forming a second
mixture containing a biodegradable ROP polymer, while retaining the pendant pentafluorophenyl
carbonate grougxfifké RERpolydneictonpiised = fivbspohdherohrtigetimfirstipddpRierBisain comprising
a first repeat qupggqlﬂﬁst repeat unit comprising a side chain comprising a pendant pentafluorophenyl
carbonate group. In a 1OSpeciH,c embodiment, the side chain has the structure: OFF

comprises a backbone carbonate group. Tetrahedral backbone carbon labeled 5 is linked to a
5 first side chain comprising a pentafluorophenyl carbonate group, and to a second side chain

R' defined above under formula (5). Tetrahedral backbone carbons labeled 4 and 6 can

independently be linked to independent first and second side chain V' groups, as described

above under formula (5).

10 In another example, the nucleophilic ring opening polymerization of a first cyclic carbonyl
monomer of formula (6), initiated by R'-XH, produces a ROP polycarbonate of formula

(6A), which comprises a first polycarbonate chain and an initiator fragment R'-X-:

F (6A).



wherein the starred bond is linked to a backbone carbon of the biodegradable first ROP polymer. In
another embaggmgnt: 1hgéfirst repeat unit of the first ROP polymer compsisggrasiglsahadral backbone
carbon, the tetrahedral backbone carbon linked to i) gflrst side chain 15comprising a
pentafluorophenyl carbonate group, and ii) a second sgde chain group comprising a monovalent
hydrocarbon radical. The monovalent hydrocarbon radical can comprise from 1 to 30 carbons. More
specifically, the monovalent hydrocarbon radical is selected from the group consisting of methyl, ethyl,
propyl, butyl antifetntya@omtd-EnibbdieiEht hexpetpnierretaivssalf i Asesawmnahidenore specifically

at least 75%, a@f&@a/%m{@9&%&{3@6@%'&&@&&@%&%@%@%@@%owmemﬁn@afla@r&ml&roups
relative to the repeat units d r|ve @m@ {}/ (# ¢ carbon gf Oﬂ\ﬁ 185 V(Vﬁ it
2011/135046Pé°’r‘9/@5§6’i Sﬁr] g el rﬁ% FSRENRY opening

polymerization in theopresenc of a suitable catalyst and nucleophilic initiator benzyl alcohol to form a
first ROP polymer, ajpotycarb nate (Scheme 7), wherein BnO is an initiator fragment. Scheme 7. 010
In the naming ne«a&ég br?__OP polymer, I-[P(Monomerl, Monomer 2, etc.)]™ "I" is the
initiator, "[PO indicates a pol{§imer chaur' formed by ring opening polymerization 10 of one or more
cyclic carbonyl compounds listed in the parentheses, and w is the number of nucleophilic initiator
groups of the initiator. For eéémple, if the initiator is benzyl alcohol, the initiator fragment is a
benzyloxy group (Bn0), a'ndrtan_e,@ame of the ROP homopolymer is BnOH-[P(TMCPFP)]. The ROP

polymer can be prepared under mild conditions to achieve high molecular weight and low
polydispersity. Additionally, the ROP polymer can have 15substantially no metal contaminant when
prepared with an organoc#talyst. The wide utility and ease of manufacture of the first cyclic carbonyl
compounds (and their cg ing ROP polymers) makes these monomers considerably more
useful than similar compoungls comprising an acyl chloride group or a succinimidyl ester group. The

efficient method, of trng RF paiers havinon.Actiepenisluaraphem sakafale de chain
group Orepreser{{1 a S|gn| iCant advance In t e s%ate of the artin preparlng functlona ized ROP

polymers. The first mm@mmmrm@@%mﬁé&%ﬁwﬁ g ned fhditseens edmdndmers
comprising a fupcliong.giouRselsstes fam the group consisting of cyclic ethers, cyclic WO

2011/135046PCT/EP2011/056778 42
The ROP polymer can comprise two or more linked polymer chams. Additionally, each
10 polymer chain can be a homopolymer of a respective first repeat unit, or a copolymer
comprising a sccond repeat unit, the second repeat unit comprising a second backbone
functional group sciected from the group consisting of ester, carbonate, urca, carbamate,
thiocarbamate, thiocarbonate and dithiocarbonate, which is derived from a cyclic carbonyl
comonomer. The first polymer chain can be a random copolymer or a block copolymer

15 comprising the first and sccond repeat units,

Similar considerations apply to ROP polymers prepared from a second cyclic carbonyl
compound, except that the ROP polymer chain does not comprise a pentafluorophenyl
carbonate group or a pentaflucrophenyl! ester group. Instead, the ROP polymer comprises a
20 repeat unit comprising a side chain comprising a carbonate group other than
pentafluoropheny! carbonate, carbamate group, or thiocarbonate group derived from the

pendant pentafluorophenyl carbonate group of the first cyclic carbonyl monomer.



esters, cyclic carbonates, cyclic ureas, cyclic carbamates, cyclic thioureas, cyclic thiocarbonates, and

cyclic dithiocaghpnatiassdeemplary comonomers include: L-lactide, Dlagtigegfbastide,
beta-butyrolactone, delta-valerolactone, epsilon-caprglactone, trimethylene carbonate, methyl

5-methyl-2-oxo-1 ,3-dioxane-5-carboxylate, ethyl 5-m thyl2-oxo-1,3-dioxane-5-carboxylate, and other
derivatives of MTC-OH. These and other examples of cyclic carbonyl comonomers are listed in Table
3. Table3o ---11-.00 00---.C1(MTCONClHo A0000.."...Br (MTCOPrBr)0 AO0O 0.".---, I
(MTCOELl) 0 -The &t ang/g: second cyclic carbonyl compounds can undergo ring-opening

polymerization (ROP) to form biodegradable polymers having different tacticities. Atactic,
syndiotactic and isotactic forms of the polymers can be produced that depend on the cyclic

monomer(s), its isomeric purity, and the polymerization conditions.

The ring opening polymerization (ROP) of the first cyclic carbonyl compound can occur
with substantial retention of the pendant pentafluorophenyl carbonate group in the product
ROP polymer, which is also referred to as the first ROP polymer. The first ROP polymer
comprises at least one repeat unit comprising a side chain comprising a reactive

10 pentafluorophenyl carbonate group, The first ROP polymer further comprises a backbone
segment derived from the ring opening of the first cyclic carbonyl compound, the backbone
segment selected from the group consisting of polycarbonates, polycarbamates, polyureas,
polythiocarbamates, polythiocarbonates, and polydithiocarbonates. The first ROP polymer
can further comprise a polyester backbone segment when a cyclic ester (lactone) comonomer

15 is used in the ring opening polymerization. Each of these repeat structures is shown in Table
2. The R group in Table 2 is a backbone fragment formed by the carbons of the ring

containing the cyclic carbonyl group.

Table 2.

Polyester o]
b o-gr

Polycarbonate o
odo-r

Polyurea

Polycarbamate

Polythiocarbamate ‘é %




0,,, 1 (MTCOEE) O --1-. 0o L[cH211 m m=1, Trimethylene carbonate (TMC) m=2, Tetramethylene
carbonate (TEMG) VT3¢ eNtamethylene carbonate (PMC) 0 A 00 OORcRerhiydieger (MTCOH) R =
methyl (MTCOMe) R = t-butyl (MTCO'Bu) R = ethyl (%TCOEt) WO 2011/135046PCT/EP2011/056778
430 A00"r.0ClI

Polythiocarbonate o
%O AL S—R }f
n

Polydithiocarbonate o
%S—E—S—R%
n

The method (Method 3) comprises forming a first mixture comprising the first cyclic
carbonyl compound comprising a pendant pentafluorophenyl carbonate group, a catalyst, an
initiator, an accelerator, and an optional solvent. The first mixture is then agitated with

5 optional heating to effect ring opening polymerization of the first cyclic carbonyl compound,
thereby forming a second mixture containing a biodegradable ROP polymer, while retaining
the pendant pentafluorophenyl carbonate group. The ROP polymer comprises a first
polymer chain, the first polymer chain comprising a first repeat unit, the first repeat unit
comprising a side chain comprising a pendant pentafluorophenyl carbonate group. Ina

10 specific embodiment, the side chain has the structure:

wherein the starred bond is linked to a backbone carbon of the biodegradable first ROP
polymer. In another embodiment, the first repeat unit of the first ROP polymer comprises a
tetrahedral backbone carbon, the tetrahedral backbone carbon linked to i) a first side chain
15 comprising a pentafluoropheny! carbonate group, and ii) a second side chain group
comprising a monovalent hydrocarbon radical. The monovalent hydrocarbon radical can
comprise from ! to 30 carbons. More specifically, the monovalent hydrocarbon radical is

selected from the group consisting of methyl, ethyl, propyl, butyl and pentyl.

20 In an embodiment, the polymer retains at least 50%, and more specifically at least 75%, and
even more specifically at least 90% of the pentafluoropheny! carbonate groups relative to the

repeat units derived from the first cyclic carbonyl compounds.
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As a non-limiting example, TMCPFP undergoes ring opening polymerization in the presence
of a suitable catalyst and nucleophilic initiator benzyl alcohol to form a first ROP polymer, a

polycarbonate (Scheme 7), wherein BnQ is an initiator fragment.

Scheme 7.
X
0”0 o
catalyst
BnO*'(JJ\O O%
BnOH (initiator) n
>:O Q
ol >:0
F F o
F F
F F
F F F
;Z
TMCPFP BnOH-[P(TMCPFP)]

In the naming notation used herein for a ROP polymer, I-{P(Monomer1, Monomer 2, etc.)w,
"T" is the initiator, "[P(}]" indicates a polymer chain formed by ring opening polymerization
of one or more cyclic carbonyl compounds listed in the parentheses, and w is the number of
nucleophilic initiator groups of the initiator. For example, if the initiator is benzyl alcohol,
the initiator fragment is a benzyloxy group (Bn0O), and the name of the ROP homopolymer is
BnOH-[P(TMCPFP)]. The ROP polymer can be prepared under mild conditions to achieve
high molecular weight and low polydispersity. Additionally, the ROP polymer can have
substantially no metal contaminant when prepared with an organocatalyst. The wide utility
and ease of manufacture of the first cyclic carbonyl compounds (and their corresponding
ROP polymers) makes these monomers considerably more useful than similar compounds
comprising an acyl chloride group or a succinimidy! ester group. The efficient method of
forming ROP polymers having an active pentafluorophenyl carbonate side chain group

represents a significant advancement in the state of the art in preparing functionalized ROP

polymers.

The first mixture can comprise comonomers, including but not limited to comonomers

comprising a functional group selected from the group consisting of cyclic ethers, cyclic
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esters, cyclic carbonates, cyclic ureas, cyclic carbamates, cyclic thioureas, cyche

thiocarbonates, and cyclic dithiocarbonates. Exemplary comonomers include: L-lactide, D-

lactide, DL-lactide, beta-butyrolactone, delta-valerolactone, epsilon-caprolactone,

trimethylene carbonate, methyl 5-methyi-2-0x0-1,3-dioxane-5-carboxylate, ethyl 5-methyl-

2-0x0-1,3-dioxane-5-carboxytate, and other derivatives of MTC-OH. These and other

examples of cyclic carbonyl comonomers are listed in Table 3.

Table 3.
o o]
o A
O $<\fo
O ~Cl O _~_-Br
(MTCOPrChH (MTCOPrBr)
i X
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O @)
o o
|-[CHzI]m af
m=1, Trimethylene carbonate (TMC) 0P or
m=2, Tetramethylene carbonate (TEMC) _
m=3, Pentamethylene carbonate (PMC) g - gﬁ;‘;ﬁgﬁ%cﬁg)
R = t-butyl (MTCO'Bu)
R = ethyl (MTCOELY)




StBu 0i 0o *ro 0".-"7NHBoc 0 010 0 0-----,-- NO A 00 OH
WO 2011/135046 PCT/EP2011/056778
43
1 0
0" 0
OJ\O
’ >
o
Cl
O
MTCC) )
(MTCOBn)
0 o
O)LO O)J\O
%O 5(%0
0_0.
o) 0" N(CF)sCFs
e i
0" o o’u‘o
o %o
P
O~ CF3
(MTCTEE) 0TNZ
5 )
O,lko o)ko
oN\F OO~ 0Me
o o
o N
%fo 5?0
OMStBU O/\\/ NHBoc
o) o)
oo O)LO
5?0 o
4
oSN O/_Q_’ on
o o)
o A
|
%fo o
o O‘[fj o—_NBoc




001000 00NBoc WO 2011/135046PCT/EP2011/056778 44 0 A 0o HN O A OO RR R = methyl R =

iS0-propyl 41Qyq 20111135046 PCT/EP2011/056778
44
X X
O)J\O o 0
5?0 0
HN R’N*R
@ R = methyl
R = iso-propyl
O
Te: 0
R
R= H; n= 1: beta-Propiolactone (b-PL) o)
R= H; n= 2: gamma-Butyrolactone (g-BL) Pivalolactone
R=H; o= 3: delta-Valerolactone (d~VL) (P“‘:/;aL(; actone
R= H; n= 4: epsilon-Caprolactone (e-CL)
R= CHa; n= 1: beta-Butyrolactone (b-BL)
R= CHj; n=2: gamma-Valerolactone (g-VL)
O @]
@ )

o

1,5-Dioxepan-2-one S
(DXO) %

5-{Benzyloxy)oxepan-2-one
(BXO)

£ e

5-Phenyloxepan-2-ong

7-Oxooxepan-4-yl 2-bromo-2-
methylpropanoate (PX0)
(BMP-X0O)
O O
O Q
O
O
5-Methyloxepan-2-one

(MXO0) 1 ,4,8-Trio xa(4,6)spiro-9-undecane
(TOSUO)




N 0 R R= H; n= 1: beta-Propiolactone (b-PL) R= H; n= 2: gamma-Butyrolactone (g-BL) R=H; n= 3:
delta-Valerolagtong {4sMkd R=H; n= 4. epsilon-Caprolactone (e-CL) R=geli@phiTidsbeia-Butyrolactone
(b-BL) R= CH 3; n=2: gamma-Valerolactone (g-VL) 0 Pivalolactone (PVL) 0 1,5-Dioxepan-2-one
(DXO) 0 5-(Benzyloxy)oxepan-2-one (BXO) 7-Ox06§(epan-4-y12-bromo-2- methylpropanoate
(13MP-X0) (PXO)

O

Q %O

HO HO
7-Oxooxepan-4-yl 3-hydroxy-2-
(hydroxymethyD)-2-methylpropanoate

(OX-BHMP)

5-({Benzyloxymethyloxepan-2-one
{(BOMXQO)

O

BN
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:
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) e

.

O
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(Z)-6,7-Dihydrooxepin-2(3H)-one
(DHXO)

(MTCU)
QO

5

o)J\i/CH‘" O/UYCHa
o

H3C’J\( © H3C)ﬁf

O o

D-Lactide (DLA),
L-Lactide (LLA), or
racemic Lactide, 1:1 D:L forms (DLLA)

meso-Lactide (MLA)
{two opposite centers of asymmetry,
Rand S)

Glycolide
(GLY)

e

(MTCOMPEG)

The ring opening polymerization is generally conducted in a reactor under anhydrous

conditions and with an inert atmosphere such as nitrogen or argon. The polymerization can

be performed by solution polymerization in an inactive solvent such as benzene, toluene,




40 5-Phenyloxepan-2-one 5-Methyloxepan-2-one (MXO) c0 1,4,8-Trioxa(4,6)spiro-9-undecane

(TOSUO) WQ,4041/13pR46PCT/EP2011/056778 45  sli 5-(Benzyloxypefipnxspang2-one
(BOIVX0) HO HO 7-0xooxepan-4-y1 3-hydroxy-2- (rlrydroxymethy0-2-methylpropanoate (OX-BHMP) 0
(2)-6,7-Dihydrooxepm-2(3H)-one (DHXO) 0 A 00 6

xylene, cyclohexane, n-hexane, dioxane, chloroform and dichloroethane, or by bulk
polymerization, The ROP reaction temperature can be from 20° C to 250° C. Generally, the
reaction mixture is heated at atmospheric pressure for 0.5 to 72 hours to effect
polymerization. Subsequently, additional cyclic carbony! compound and catalyst can be

5 added to the second mixture to effect block polymerization if desired.

Exemplary organometallic ROP catalysts include tetramethoxy zirconium, tetra-iso-propoxy
zirconium, tetra-iso-butoxy zirconium, tetra-n-butoxy zirconium, tetra-t-butoxy zirconium,
triethoxy aluminum, tri-n-propoxy aluminuim, tri-iso-propoxy aluminum, tri-n-butoxy

10 aluminum, tri-iso-butoxy aluminum, tri-sec-butoxy aluminum, mono-sec-butoxy-di-iso-
propoxy aluminum, ethyl acetoacetate aluminum diisopropylate, aluminum tris{ethyl
acetoacetate), tetraethoxy titanium, tetra~iso-propoxy titanium, tetra-n-propoxy titanium,
tetra-n-butoxy titanium, tetra-sec-butoxy titanium, tetra-t-butoxy titanium, tri-iso-propoxy
gallium, tri-iso-propoxy antimony, tri-iso-butoxy antimony, trimethoxy boron, tricthoxy

15 boron, tri-iso-propoxy boron, tri-n-propoxy boron, tri-iso-butoxy boron, tri-n-butoxy boron,
tri-sec-butoxy boron, tri-t-butoxy boron, tri-iso-propoxy gallium, tetramethoxy germanium,
tetracthoxy germanium, tetra-iso-propoxy germanium, tetra-n-propoxy germanium, tetra-iso-
butoxy germanium, tetra-n-butoxy germanium, tetra-sec-butoxy germanium and tetra-t-
butoxy germanium; halogenated cormpound such as antimony pentachloride, zinc chloride,

20 lithium bromide, tin(1V) chloride, cadmium chloride and boron trifluoride diethyl ether;
alky! aluminum such as trimethy! aluminum, triethy] aluminum, diethyl aluminum chloride,
ethyl aluminum dichloride and tri-iso-buty} aluminum; alkyl zinc such as dimethyl zine,
diethyl zinc and diisopropyl zinc; tertiary amines such as trialiylamine, triethylamine, tri-n-
octylamine and benzyldimethylamine; heteropolyacids such as phosphotungstic acid,

25 phosphomolybdic acid, silicotungstic acid and alkali metal salt thereof; zirconium
compounds such as zirconium acid chloride, zirconium octanoate, zirconium stearate and
zirconium nitrate. More particularly, the catalyst is zirconium octanoate, tetraalkoxy

zirconium or & trialkoxy aluminum compound.

30 Organocatalysts for the ROP polymerization.



0 OHN HN 0 (nt,u) 0 OcH, H3cO 0 D-Lactide (DLA), L-Lactide (LLA), or racemic Lactide, 1:1 D:L

forms (DLLA) Pt 18s3di3C) tro 0 meso-Lactide (MLA) (two opposite cepigisefiasmmetry, R and S)
00ilh 0
47

Other ROP catalysts include metal-free organocatalysts, defined herein as a catalyst having
none of the following metals in the chemical formula of the organocatalyst: beryllium,
magnesium, calcium, strontium, barium, radium, aluminum, gallium, indium, thallium,
germanium, tin, lead, arsenic, antimony, bismuth, telfurium, polonium, and metals of Groups
5 3 to 12 of the Periodic Table. This exclusion includes ionic and non-ionic forms of the
foregoing metals. Metals of Groups 3 to 12 of the Periodic Table include scandium,
titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, yitrium,
zirconium, niobium, molybdenum, technetium, ruthenium, rhodium, palladium, silver,
cadmium, lanthanum, cerium, prascodymium, neodymium, promethium, samariumm,

10 europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetmum,
hafiium, tantalum, tungsten, rhenium, osmium, iridium, platinam, gold, mercury, actiniom,
thorium, protactinium, uranium, neptunium, plutonium, americium, curium, berkelium,
californium, cinsteinium, fermium, mendelevium, nobelium, lawrencium, rutherfordium,
dubnium, seaborgium, bohrium, hassium, meitnerium, darmstadtium, roentgenium, and

15 copernicium. Organocatalysts can provide a platform to polymers having controlied,
predictable moiecular weights and narrow polydispersities, and minimal metal
contamination. Examples of organocatalysts for the ROP of cyclic esters, carbonates and
siloxanes are 4-dimethylaminopyridine, phosphines, N-heterocyclic carbenes (NHC),
bifunctional aminothioureas, phosphazenes, amidines, guanidines, and fluoroalcohols (such

20 as mono- and bis-hexafluoroisopropanol compounds).

More specific metal-free organocatalysts for the ROP polymerization of the first cyclic

monomer include N-(3,5-trifluoromethy)phenyl-N’-cyclohexyl-thiourea (TU):
CFy
L0

Another metai-free organocatalyst comprises at least one 1,1,1,3,3,3-hexafluoropropan-2-ol-

(TU).
25

2yt (HFP) group. Singly-donating hydrogen bond catalysts have the formula (10}:
R*-C(CF3),0H (10,
wherein R” represents a hydrogen or a monovalent radical having from 1 to 20 carbons, for

30 example an alkyl group, substituted alkyl group, cycloalkyl group, substituted cycloalkyl



0 Glycolide (GLY) Me n (MTCOMPEG) The ring opening polymerization is generally conducted in a
reactor under,gghygrous,gonditions and with an inert atmosphere such gemisagensef-argon. The
polymerization can be performed by solution polymerization in an inactive solvent such as benzene,
toluene, WO 2011/135046PCT/EP2011/056778 46 @Iene, cyclohexane, n-hexane, dioxane,
chloroform and dichloroethane, or by bulk polymerization. The ROP reaction temperature can be from
20 C to 250 C. Generally, the reaction mixture is heated at atmospheric pressure for 0.5 to 72 hours to
effect polymerizatign hSatvsgcjodhthgracdisidmatucstictoarbonyldormponrdyd e aatalgitetd be 5added
to the second mixture to effect bipckipohumerization f-desiked-Exemparaganamstallic ROP
catalysts include teframethoxy zirconium, tetra-iso-propoxy zirconium, tetra-iso-butoxy zirconium,
tetra-n-butoxy ﬁ?&%}‘ﬁﬁﬁfet%ﬂ%@%];ﬂwﬁzwcomum triethoxy aluminum, tri-n-propoxy aluminum,
tri-iso-propoxy aia)mmum tri-n- butoxy 10alum|num tr| iso-butoxy alumlnum tr| -sec- butoxy aluminum,
mono-sec-butg i =t >tate [
tris(ethyl acetd
tetra-n-butoxy|ti
tri-iso-propoxy
boron, tri-n-prog_oé -]
boron, tri-iso- propox galllum tetramethoxy germanl m, tetmethoxy germanium, tetra-iso-propoxy
getmanium, tetra-n-prépoxy geimanium, tetra-isobutoxy germgnlum tetra-n-butoxy germaniu

tetra-sec-butoxy-ggrmenium and tetra-tbutoxy germaniéidt Aalogenated compound such as antimony
pentacmoride Zinec. phlnrlrln 20lithiym-bromide +|n(1\ \ chloride cadmium. ehlonde-and - bo rifluoride

Vi) \.;IIIU \,, CTOTTImoTTT \;IIIUIIU\.' T T IJUIUII \

diethyl ether; & l||§¥ aI rﬁ m such as trimethyl alumlnuit_nc‘rl_!e_ ,Lalumlnum diethyl aluminumichloride,
ethyl aluminum dichl rlde and tri-iso- butyl aluminum; alkyl ¢ stch as dimethyl zinc, diethyl zinc and
diisopropyl zing; tertiafyt amines such as triallylamine, itriethylarhine, tri-noctylamine and
benzyldimethylaipifig; heteropolyacids such as phosphritigstic acid, 25phosphomolybdic acid,
silicotungstic gci } i i i i te-ehloride,
zirconium octgnp AL*z_r&pnlum stearate and zirconium nitrate. More particularly, the catalyst is
zirconium octgnoate traalkoxy zirconium or a trialkgxy aluminum compound. 300rganocatalysts for
the ROP polymerlzatloi‘t

HFIP

Doubly-donating hydrogen bonding catalysts have two HFP groups, represented by the
general formula (11):

CF3 CF3

HO | R ! OH
CFs3 CFs an,

wherein R? is a divalent radical bridging group containing from 1 to 20 carbons, such as an
10 alkylene group, a substituted alkylene group, a cycloalkylene group, a substituted

cycloalkylene group, a heterocycloalkylene group, substituted heterocycloalkylene group, an

arylene group, a substituted arylene group, or a combination thereof. Representative double

hydrogen bonding catalysts of formula (11) include those listed in Table 5. In a specific

embodiment, R? is an arylene or substituted arylene group, and the HFP groups occupy

15 positions meta to each other on the aromatic ring,



WO 2011/135046PCT/EP2011/056778 47 Other ROP catalysts include metal-free organocatalysts,
defined hereiR,as,& £afalyst having none of the following metals in the chepyisal;iarspuia of the
organocatalyst: beryllium, magnesium, calcium, strontium, barium, radium, aluminum, gallium, indium,
thallium, germanium, tin, lead, arsenic, antimony, bisﬁ?uth, tellurium, polonium, and metals of Groups
53 to 12 of the Periodic Table. This exclusion includes ionic and non-ionic forms of the foregoing
metals. Metals of Groups 3 to 12 of the Periodic Table include scandium, titanium, vanadium,
chromium, mantghiese, iron, cobalt, nickel, copper, zinc, yttrium, zirconium, niobium, molybdenum,
technetium, ruttreriun; riigdium, pattadiam, sitver, cagmium, fantzanum, cerium, praseodymitm,

neodymium, promethiam; arium, 10europium, gadolinium, terbium, dysprosium, holmium| erbium,
thulium, ytterbjum, lutetium, hafnium, tantalum, tungste ,Crhen osmium, iridium, platinum,|gold,
mercury, actinjum, thoriujn, protactinium, uranium, neptdniwa i toRit®i; americium, curium,
berkelium, cal (?:n&ium, Jteinium, fermium, mendelevilith, Ckawrencium, rutherfordittm,
dubnium, sealorgitig; befiriwmChassium, meitneriumy, darmstadtidim, roentgenium, and
15copemiciumn. d)'F?_; oc stsican provide a platfornd.foffolyfiers having controlled, predictable
molecular weights and narfow polydispersities, and njinimal metal contamination. Examples df
organocatalystsifbitiie-HOP of cyclic esters, carbonates and siloxanes are 4-dimethylaminopyridine,
i carbenes (NHC), bifunctiomataminothioureasgsphosphazenes, amjdines,
guanidines, arjd=fltiorog ols sFuch 20as mono- and bis-hexafluordi Shol compounds), More
' st% for the ROP polymerization of the first.cyclic monomer include
-*Eyclohexyl-thiourea( U): CF3 F3Cj:::: H H 25 Another
group.

Fé H(10), wherein R2
from 1 to 20 c&fbtens; for 30example an alkyl
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group, aryl group, substituted
In one embodiment, the catalyst is selected from the group consisting of 4-HFA-St, 4-HFA-

Tol, HFTB, NFTB, HPIP, 3,5-HFA-MA, 3,5-HFA-St, 1,3-HFAB, 1,4-HFAB, and

IKly!

3 combinations thereof.

In particular, catalysts bearing 1,3-bis-HFP aromatic groups (such as 1,3-HFAB) were found
to be efficient in catalyzing the ROP of TMCPFP without concomitant reaction of the

pentafluoropheny! carbonate side chain.

10
Also contemplated are catalysts comprising HFP-containing groups bound to a support. In
one embodiment, the support comprises a polymer, a crosslinked polymer bead, an inorganic
particle, or a metallic particle. HFP-containing polymers can be formed by known methods
including direct polymerization of an HFP-containing monomer (for example, the

15 methacrylate monomer 3,5-HFA-MA or the styryl monomer 3,5-HFA-St). Functional

groups in HFP-containing monomers that can undergo direct potymerization (or
polymerization with a comonomer) include acrylate, methacrylate, alpha, alpha, alpha-
trifluoromethacrylate, alpha-halomethacrylate, acrylamido, methacrylamido, norbornene,
vinyl, vinyl cther, and other groups known in the art. Typical examples of such

20 polymerizeable HFP-containing monomers may be found in: Ito et al., Polym. Adv. Technol.



aryl group, or a combination thereof. Exemplary singly-donating hydrogen bonding catalysts are listed

in Table 4. TaRls 4 fA4kdy-donating hydrogen bonding catalysts have twq ik g6es4ps, represented
by the general formula (11): CF3cF3 HOR30OH CF3CFE3(11), wherein R3 is a divalent radical bridging

group containing from 1 to 20 carbons, such as an 183Ikylene group, a substituted allcylene group, a
cycloalkylene group, a substituted cycloalkylene group, a heterocycloalkylene group, substituted

heterocycloalkylene group, an arylene group, a substituted arylenc group, or a combination thereof.
Representative2886blé by dfdodi:Bonding ddtaRpds offodiftfial (1) Iredbidéotticde listed in Table 5. In a

specific embodimentsR2isBN Alens a1, subsitssessarylans oraupyanshheskiie. gigups occupy

15positions ta.t h ic ring.
L5positions melg. (0 each o1e) SRS AP Itk IV Q AN AT R 0R S T/ FROLHOPO778 49 Table

support surfaces can be modified by chemically bonding an HFP-containing group to the
5 polymer or support via a linking group. Examples of such polymers or supports are

referenced in M. R. Buchmeiser, ed. “Polymeric Materials in Organic Synthesis and
Catalysis,” Wiley-VCH, 2003; M. Delgado and K. D. Janda “Polymeric Supports for Solid
Phase Organic Synthesis,” Curr. Org. Chem. 2002, 6¢12), 1031-1043; A. R. Vaino and K. D.
Janda “Solid Phase Organic Synthesis: A Critical Understanding of the Resin”, J. Comb.

10 Chem. 2000, 2(6), 579-596; D.C. Sherrington “Polymer-supported Reagents, Catalysts, and
Sorbents: Evolution and Exploitation — A Personalized View,” J. Polym. Sci. A. Polym.
Chem. 2001, 39¢14), 2364-2377; and T. J. Dickerson et al., “Soluble Polymers as Scaffold
for Recoverable Catalysts and Reagents,” Chem. Rev. 2002, 102(10), 3325-3343, Examples
of linking groups include C;-Cy, alkyl, C1-Ci heteroalkyl, an ether group, a thioether group,

15 an amino group, an ester group, an amide group, or a combination thereof. Also
contemplated are catalysts comprising charged HFP-containing groups bound by ionic

association to oppositely charged sites on a polymer or a support surface.

The ROP reaction mixture comprises at least one catalyst and, when appropriate, several
20 catalysts together, The ROP catalyst is added in a proportion of 1/20 to 1/40,000 moles
relative to the cyclic compounds, and preferably of 1/1,000 to 1/20,000 moles.

Accelerators for ROP polymerizations.

23 A nitrogen base can serve as catalyst or as an optional accelerator for a catalyst in a ring
opening polymerization. Exemplary nitrogen bases are listed below and include pyridine
(Py), N,N-dimethylaminocyclohexane (Me;NCy), 4-N,N-dimethylaminopyridine (DMAP),
trans 1,2-bis(dimethylamino)cyclohexane (TMCHD), 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU), 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD), 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-

30 5-ene (MTBD), (-)-sparteine, (Sp) 1,3-bis(2-propyl)-4,5-dimethylimidazol-2-ylidene (Im-1),
1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene (Im-2), 1,3-bis(2,6-di-i-
propylphenyl(imidazol-2-ylidene (Im-3), 1,3-bis(1-adamantyl)imidazol-2-ylidene (Im-4),



HO OH F3Ci$ CF3 F3C F3C HO OH 3,5-HFA-St F3CF3C 3,5-HFA-MA F3CO0 CF3
WO 2011/135046 PCT/EP2011/056778
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1,3-di-i-propylimidazol-2-ylidene (Im-5), 1,3-di---butylimidazol-2-ylidene (Im-6), 1,3-
bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazot-2-ylidene (Im-7), 1,3-bis(2,6-di-i-
propylphenyl)-4,5-dihydroimidazol-2-ylidene, 1,3-bis(2,6-di-i-propylphenyl)-4,5-

dihydroimidazol-2-ylidene (Im-8) or a combination thereof, shown in Table 6.

5
Table 6.
N
O e
Pyridine _
¥ N,N-Dimethylaminocyclohexane
Y
(Me2NCy)
Z N [

N
¥ 0
i ) \N‘\‘

4-N,N-Dimethylaminopyridine

(DMAP) trans 1,2-Bis{dimethylamino)cyclohexane
(TMCHD)
N [\N/j
(N\//Q N//kff
1,8-Diazabicvclo[5.4.0Jundce-7-ene

7-Methyl-1,5,7-triazabicyclof4.4.0}dec-5-ene

(DBU) (MTBD)

os

1,5,7-Triazabicyclo[4.4.0jdec-5-ene
(TBD)

H NN
s :

1,3-Bis(2-propyl)-4,5-dimethylimidazol- 1 3 pig(5 4 6. trimethylphenyl)imidazol-2-

2-ylidene
(Im-1)

ylidene
(Im-2})




F3CCHOOH F3CF3C 411 1,3-HFAI3
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1,3-Bis(2,6-di-i-propylphenyl{imidazol-
2-ylidene
{(Tm-3)

(BRee

1,3-Bis(1-adamantyl}yimidazol-2-yliden)
(Im-4)

A\
T
1,3-Di-i-propylimidazoi-2-ylidene
(Im-5}

A
e
1,3-Di-t-butylimidazol-2-ylidene
(Im-6)

oh

1,3-Bis(2.4,6-trimethylphenyl)-4,5-
dihydroimidazol-2-ylidene
(Im-7)

&

1,3-Bis(2,6-di~i~propyliphenyl)-4,5-
dihydroimidazol-2-ylidene
(Im-8)

In an embodiment, the accelerator has two or three nitrogens, each capable of participating

as a Lewis base, as for example in the structure (-)-sparteine. Stronger bases generally

improve the polymerization rate. In some instances, the nitrogen base is the sole catalyst in

a ring opening polymerization, such as 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU).

Initiators for the ROP polymerization.

The ROP reaction mixture also comprises an initiator, As stated above, initiators generally

include nucleophiles (e.g., alcohols, amines, and thiols). The initiator can be

monofanctional, difunctional or multifunctional such as dendritic, polymeric or related

architectures. Monofunctional initiators can inciude nucleophiles with protected fimctional

groups that inciude thiols, amines, acids and alcohols. A typical initiator is phenol or benzyl

alcohol.




CF3 1,4-HFAB In one embodiment, the catalyst is selected from the group consisting of 4-HFA-St,
4-HFA- Tob T THeNF1B, HPIP, 3,5-HFA-MA, 3,5-HFA-St, 1,3-HRABpbA1f=iBs and
5combinations thereof. In particular, catalysts bearing |,3-bis-HFP aromatic groups (such as
1,3-HFAB) were found to be efficient in catalyzing th 3ROE' of TMCPFP without concomitant reaction
of the pentafluorophenyl carbonate side chain. 10 Also contemplated are catalysts comprising
HFP-containing groups bound to a support. In one embodiment, the support comprises a polymer, a
crosslinked polyvees tredehiaty.torgamopirtibieinr epenomiidypnikidoHE e Sraiihg polymers can be

footled by known mgthedsineiidingidirestRabmpatizatinnet.an Hbrseniainingrpnomer (for
example, the 15methacrylate monomer 3,5-HFA-MA or t%e styryl or}&z)om [ ,57I-p!FA-§t%. Functional
groups in HFP-R5AERIHHERIOHE Mt Rl B J6 B R8s BEIg AP Ao R SiPaty fidization with a
comonomer) inphigd, actildtepmneath derylatehabphd skhjtva dadp hat Aflveosdmethetohdate,

a'pha—*3&'Omeﬂ;@%@%&a&mmg&ymsi%%ﬂmgm%@ﬂm%%mem&ﬁ{l&gra@@d other groups

known In the a /pical examples of such 20polymerizeable HFP-containing monomers may be
found in: Ito et ARYPORRPRAYS TERRMLIECTIH DA B8lasb G RIS E /78!S0 261581 7 (2),
104-115; Ito et aéndelvinPalymdiSen 13005 pdidredB4 5y o wisal, LISR0O6ARI 24850, Masda et al.,
W02005098541; Allen et at, U820070254235; and Miyaz et al. W 21(3 qg %ZO ﬁg natively,
pre-formed polﬁg?élpé ?nﬁ%%ﬁé?%&i?f&%ﬁ%%%ﬁ#gc (s}{l ?a%%%ﬂmgﬂi féedggy %adémoﬁlcawl %o%irjing an

HFP-containingstbeis tosthiag pgrersl.drtanpb drnach maklidcoivwpredaisphal vrstekdslymers or
suppoys are retgneREnE, Mudd:BuchipeiseryatolBolwmesc Materials:is D igania, pyitesis and

Catalysis," Wiley-VCH, 2003; M. Delgado and K. D. Janda "Polymeric S rts for Splid Phase
Organic Synthe lf'so,hﬁﬁ“ F?@&“Mﬁﬁé?ﬁ%ﬁz,&%?ﬂﬁs %%Pa?ﬁoﬁi ,&9%%3'};]%8%05 f&glﬂggﬁénda "Solid
Phase Organic Siphtitie sisnatSrilicaibrdeletantding afdhbeRagintycloGoianel 0cpeaindcod, 2(6),

579-596; D.C. Shesringian Rolyingtanporied iResaRMS: fatslysis.And Bespantsifuelution and
Exploitation - A Personalized View," J. Polym. Sci. A. Polyni. Chem. 2001, 3%%@%982’;’%%@77 and T.

J. Dickerson et X028 A6l B AT R SR 5 IR BERRIBF B I C REAN 5RO > Chem.
Rev. 2602, 102(16)y38255384 3lcExamplesel linkirgograpplyimciutie G4 fonPodiyhed-C12 heteroalkyl,

an ether grOUp’a?c%@&@l%&%ﬁ%&ﬁonaiized branched polymers derived from branched alcohols, or a
combination thereof. Monomeric diol initiators include ethylene glycols, propylene glycols,
hydroquinones, and resorcinols. An example of a diol initiator is BaMPA, derived from 2,2-
dimethylo1 propionic acid, a precursor used in the preparation of cyclic carbonate monomers.
OH OH
O

0
20 C (BoMPA)

More particular polymeric alcohol initiators are polyether alcohols, such as a poly(alkylene
glycol) or a mono end capped poly(alkylene glycol) which includes but 1s not limited to
poly(alkylenc gtycol)s and mono end capped poly(alkylenc glycol)s. Such mitiators serve to
25 introduce a main chain hydrophilic first block into the resulting first ROP polymer. A
second block of the ROP polymer comprises a living chain segment comprising a side chain
pentafluorophenyl carbonate group, the living chain segment formed by ring opening

polymerization of a first cyclic carbonyl compound.



15an amino group, an ester group, an amide group, or a combination thereof Also contemplated are

catalysts comppising ¢hgiged HFP-containing groups bound by ionic asgegigfian iesppRositely charged
sites on a polymer or a support surface. = The ROP reaction mixture comprises at least one catalyst

and, when appropriate, several 20catalysts together.sﬁhe ROP catalyst is added in a proportion of 1/20
to 1/40,000 moles relative to the cyclic compounds, and preferably of 1/1,000 to 1/20,000 moles.
Accelerators for ROP polymerizations. 25A nitrogen base can serve as catalyst or as an optional
accelerator for a'catalystin @cihg operinggubimndrizatiom! ExXeheplengraliftogen Bases are listed below

and include pyrjgin WQ(&ENFSL@ ydﬂmoc(){glghexane (Me2NCy), 4-N,N-dimethylaminopyridine
(DMAP), trans 1,2-bis(dimethylamino)cyclohexane (TMCHD), 1,8-diazabicyclo[5.4.0Jundec-7-ene

T

(DBU), 1,5, 7-tri¥B&Kieyci5[%a DIuscs BAe ey P-hdiHy 12 &9 il MSRIOHEY bldec- 305-cne
(MTBD), (-)-spai@ioe:|{Epidisar bistdmophil)ddbedime tnyiRyitianop atyliderte{tho:k), Thus, the
ﬁ{j@@@c {402, %&-@&%&%&-QJ&W&Q%@Hi%apg-z-ylidene

1,3-bisg2,4,6-trinﬁclathl)él h?”&‘ i 'dlq QI22t-
(Im-3),1,3-bis(1-ac arﬁ%%t%%% zgffz-y ene (Im-4). WO 2011/135046PCT/EP2011/056778 51

1,3-di-i-propylintritigary hsaety @Hbres beaisuBainiieassid Saehaolilyieregtyeol),
bis(2,4,6-trimethadpianydtd Brdibiysinaipnigazol-2-ylidene (Im-7), N
(inyeromisazcl S k8 K S EAhation (FBiBoh Shown i Table 6. TABIE 6. ... 1 7., 5-
Pyridine (PY) ?whaIBmIERR iN: Disnethlpridoyirtctibramsdigiaenoysing N o 20, capbons,
10
As non-limiting examples, the polyether alcohol can be a poly(ethylene glycol) (PEG),
having the structure HO-[CH,CH201,-H, wherein the ether repeat unit CHyCH,O (shown in
the brackets) comprises two backbone carbons linked to a backbone oxygen. The polyether
alcohol can also be a poly(propylene glycol) (PPG) having the structure HO-
i5 [CH,CH{CH;)O],-H, where the ether repeat unit CH;CH(CH;)O comprises two backbone
carbons linked to a backbone oxygen with a methyl side-chain. An example of mono end
capped PEG is the commercially available mono methy! end capped PEG (MPEG), wherein
R® is a methyl group. Other examples include poly{oxetane), having the structure HO-
[CH,CH,CT;01,-H, and poly(tetrahydrofuiran), having the structure HO-
20 [CH,(CH;),CH,0],-H.

The mono end capped poly(alkylene glycol) can comprise more elaborate chemical end
groups, represented by the general formula (14):
ZCRM(CR)WCR R0L-H - (14),

25 wherein Z" is a monovalent radical including the backbone carbons and oxygen of the end
repeat unit, and can have 2 to 100 carbons. The following non-limiting examples illustrate
momno end-derivatization of poly{ethylene glycol) (PEG). As described above, one end
repeat unit of PEG can be capped with a monovalent hydrocarbon group having 1 to 20
carbons, such as the mono methyl PEG (MPEG), wherein Z" is MeOCH,CH;0O-. The dash

30 on the end of the MeOCH,CH,0- indicates the point of attachment to the polyether chain.
In another example, Z" includes a thiol group, such as HSCH,CH,O-, or a thioether group,
such as MeSCH,CH»0-. In another example, one end unit of PEG is an aldyhyde, wherein



4-N,N-Dimethylaminopyridine (DMAP) .."N NE I trans 1,2-Bis(dimethylamino)cyclohexane (TMCHD) C
N C 1,8-DiazgbjrysloissghfLlundec-7-ene (DBU) .,-----.N.---.," 1 7-Methybdppbalfiagapicyclo[4.4.0
Idec-5-ene (MTBD) NN H 1,5,7-Triazabicyclo[4.4.0]dec-5-ene (TBD) H (-)-Sparteine (Sp) -(
1,3-Bis(2-propyl)-4,5-dimethylimidazol2-ylidene (Im-15)5/:\ . NxN lip
1,3-Bis(2,4,6-tethylphenyHimidazol-2- ylidene (Im-2)

Z" can be OCHCH,CH,0-. Treating the aldehyde with a primary amine produces an imine,

wherein 2" is R"N=CHCH,CH,0-. R’ is a monovalent radical selected from hydrogen, an

alkyl group of 1 to 30 carbons, or an aryl group comprising 6 to 100 carbons. Continuing,

the fmine can be reduced to an amine, wherein 2" 18 RNHCH,CH,CH,0O-. In another

5 example, one end repeat unit of PEG can be oxidized to a carboxytic acid, wherein Z" is

HOOCCH,0-. Using known methods the carboxylic acid can be converted to an ester,

wherein Z" becomes R°OOCCH;0-. Alternatively, the carboxylic acid can be converted to

an amide, wherein Z" becomes R-NHOCCH,O-. Many other derivatives are possible. Ina

particular embodiment, Z" is a group comprising a biologically active moiety that interacts

10 with a specific cell type. For example, the Z" group can comprise a galactose moiety which
specifically recognizes liver cells. In this instance, Z" has the structure:
HOH,C

HO O—1"—

MO  ©OH
wherein L" is a divalent linking group comprising 2 to 50 carbons. The hyphen on the right
side of L" indicates the attachment point to the polyether chain. Z" can comprise other

153 biologically active moieties such as a mannose moiety.

The ring-opening polymerization can be performed with or without the use of a solvent,
more particularly with a solvent. Optional solvents include dichloromethane, chloroform,
benzene, toluene, xylene, chlorobenzene, dichlorobenzene, benzotrifluoride, petroleum
20 cther, acetonitrile, pentane, hexane, heptane, 2,2,4-trimethylpentane, cyclohexane, diethyl
ether, t-butyl methyl ether, diisopropyl ether, dioxane, tetrahydrofuran, or a combination
comprising one of the foregoing solvents. When a solvent is present, a suitable cyclic
carbonyl compound concentration is about 0.1 to 5 moles per liter, and more particularty
about 0.2 to 4 moles per liter. In a specific embodiment, the reaction mixture for the ring-

25 opening polymerization contains no solvent.

The ring-opening polymerization of the first and/or second cyclic carbonyl monomer can be
performed at a temperature that is about ambient temperature or higher, more specifically a

temperature from 15 °C to 200 °C, and more particularly 20 °C to 60 °C. Reaction times vary
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1,3-Bis(2_,.6-di¢@,—(p§@g)ﬁl_gtag@yl(imidazol2-ylidene (Im-3) 1,3-Bis(1-adamaintypinidameti-yliden) (Im-4)
)< .1,3-D|-|-propyl|dazol-2-yliderte (Im-5) )-N, "N-- 1,3-Di-t-butylimidazol-2-ylidene (Im-6) /---\'ifit N . a
N lip 1 ,3-Bis(2,4,6-trimethylpheny1)-4,5- dihydroimidazol-2-ylidene (Im-7)

with solvent, temperature, agitation rate, pressure, and equipment, but in general the

polymerizations are complete within 1 to 100 hours.

Whether performed in solution or in bulk, the polymerizations are conducted in an mert
5 (e.g., dry) atmosphere and at a pressure of from 100 to 500 MPa (1 to 5 atm), more typically
at a pressure of 100 to 200 MPa (1 to 2 atm). At the completion of the reaction, the solvent

can be removed using reduced pressure.

The optional nitrogen base accelerator, when present, is present in an amount of 0.1 to 5.0
10 mol%, 0.1 to 2.5 mol%, 0.1 to 1.0 mol%, or 0.2 to 0.5 mol%, based on total moles of cyclic

carbonyt compound.

The amount of initiator is calculated based on the equivalent molecular weight per

nucleophilic initiating group in the iitiator (e.g., hydroxy groups). The initiating groups are
15 present in an amount of 0.001 to 10.0 mol%, 0.1t 2.5 mol%, 0.1 to 1.0 mol%, and 0.2 to

0.5 mol%, based on total moles of cyclic carbonyl compound. For example, if the molecular

weight of the initiator is 100 g/mole and the initiator bas 2 hydroxy groups, the equivalent

molecular weight per hydroxy group is 50 g/mole. If the polymerization calls for 5 mol%

hydroxy groups per mole of monomer, the amount of initiator is 0.05 x 50 = 2.5g per mole of

20 MONOMer.

In a specific embodiment, the ring opening catalyst is present in an amount of about 0.2 to
20 mol%, the optional accelerator is present in an amount of 0.1 to 5.0 mol%, and the
hydroxy groups of the initiator are present in an amount of 0.1 to 5.0 mol% based on the

25 equivalent molecular weight per nucleophilic initiator group in the initiator.

The ring opening polymerization forms a ROP polymer comprising a living polymer chain.

The living polymer chain can comprise a terminal hydroxy group, terminal thiol group, or

terminal amine group, each of which can initiate further ROP chain growth, if desired. At
30 least one repeat unit of the ROP polymer comprises a side chain pentafluorophenyl

carbonate group.



ITh 1,3-Bis(2,6-di-i-propylpheny1)-4,5- dihydroimidazol-2-ylidene (Im-8) In an embodiment, the

accelerator hgswQ.Qsihyee nitrogens, each capable of participating as g-leg\is; baseyas for example
in the structure (-)-sparteine. Stronger bases generally improve the polymerization rate. In some

instances, the nitrogen base is the sole catalyst in 5a’fing opening polymerization, such as
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU). Initiators for the ROP polymerization. The ROP reaction
mixture also comprises an initiator. As stated above, initiators generally 10include nucleophiles (e.g.,
alcohols, amine&cdt@Pthidis)erTdae faitiptoe edincbepripnefimctidinglyldifienctignélcopahuitifuamstional such

as dendritic, polyperis Qi Q,gagghhtﬁgkﬂs%o&{lmapw{ﬂsyqr}%k&emf&ﬁ%ﬁﬁgz\,ia}pmﬁl%geor)hiles with

protected functional groups that include thiols, amines, acids and alc typical initiator is phenol
or benzy! alcohEPNNESD G L1ITSBIRARERFE BB RTS8 - MUPS SRR 1R8 Witidfor for the ring
opening polymesiziatianhekeqecfitaligyaignmathanyiftampouhd bebsitygaopemndant pgntafluorophenyl
carbonate is an alcohol. The alcahol injtiat Lcan.he anys itabl 3189&%. lllé%lg M0 Icohol, diol,
triol, orglother pobf;%q?%ﬁ%‘?ﬁé%?&ﬁ%%ggpﬁenghS%e _OF ali\ct)épg’%%f(_ges not é‘éﬂ\};ersely aff‘ect,tﬁe
5polymerizatiorP$ieRs! pelyriaprisolvdiablicigtet sty onitre RiebicasrsanetiaHie sPAREPIRYSical
properties of thensesultinglyshiR @ pelpaehilhealeoholcandrupuliiiuactianaleumghsig, in
addition to one or e hydroxy groups, a halide, an ether group, an ester, group, an amide group, or
other functional%(?glsgé I%\’%ﬁffron‘éﬁ ae%‘éarf%lg?fo&? gﬁ%lﬁg cld eg%%et&é)r%q?% a%’o?, propanol, butanol,
pentanol, amyl pééshdlomaprybalvokoloTopalyeticolgionadeaydsmeanol, undecyl alcohol, lauryl alcohol,
tridecylhalcohol, myristyl alcohol, pentadecyl alcohol, cetyl alcohol, heptadecyl alcohol, stearyl alcohol,

nonadecyl alcohol and other aliphatic saturated alcohols, cyclopentanol, cyclohexanol, cycloheptanol,
cyclooctanol antl BIFEFIFLRRREKTER: HESHORS: SHERE S BURCIEL RENGIE b&RS SIEhol
substituted benaylhaleoliel chennenedintethamot¢niphéthyloipedpeiliecarsat chtanicdesblsietiplene

glycol), 15propy] &%a%%ﬁ&&ﬁagﬁém%m@z&%@pshﬁgQah@%srylm?%gtﬁ@mim@ric alcohols,

alcohol functionalized branched {ool mers derived from branched dlcohols, or a combination thereof.
i

Monomeric diolHiGarSrSTHERTES R ol ast sy RO . FRrstaemY aAdesorcinols.
An example of adheldnitiattor is B VIR AidervweghfeanyZa 2o diraibit ytol pisppidtiés agite a precursor used
in the preparatlg}l‘rln%iésclxgélp g?ﬁpg%nc%tnevéps onn%r\nv é% 'ﬂ% l?'eig)tklrezt%ncentration of monomer is low,

reaction with pendant pentafluorophenyl carbonate groups can occur with subsequent

broadening of the polydispersity.

20 If the reaction conditions permit (e.g., when a strongly activating catalyst is used), the
growing chain end (e.g., a nucleophilic alcohol) can react with the pendant
pentafluorophenyl carbonate side chain group of an unreacted first cyclic carbonate
monomer or a pendant pentafluorophenyl carbonate side chain group of the same (i.c., an
intramolecular reaction) or another polymer chain (i.e., an intermolecular reaction).

25 Reaction with a pendant pentafluorophenyl carbonate side chain group of an unreacted first
cyclic carbonate monomer will result in the formation of a macromer, which can
subsequently be polymerized to make a comb or graft polymer. Intramolecular reaction can
produce a cyclic structure, while intermolecular reaction can afford a branched polymer. If
strongly forcing reaction conditions are used, the growing chain end can also react with the

30 carbonyl group (c.g. ester, carbonate...etc.) of the polymer main chain and lead to

macrocyclization or segmental exchange (by transesterification for example). Such



(BhMPA) More particular polymeric alcohol initiators are polyether alcohols, such as a poly(alkylene

glycol) or a mgnp,end.capped poly(alkylene glycol) which includes but igglispitaddtagooly(alkylene
glycol)s and mono end capped poly(alkylene glycol)s. Such initiators serve to 25introduce a main

chain hydrophilic first block into the resulting first ROP'polymer. A second block of the ROP polymer
comprises a living chain segment comprising a side chain pentafluorophenyl carbonate group, the
living chain segment foilLed by ring opening polymerization of a first cyclic carbonyl compound. WO
2011/135046P CIu&ER26 11d086% A8hded Hepolymthér mivbiko behmbe wiffotytaididdme lyiydal) of the

general formula“[clrgg 'a':ﬁ géW%W?)Z)aC(R?)ZO],, -H (12), wherein a' is 0 to 8, n is an integer
71s

from 2 to 10000, and each independently a monovalent radical consisting of hydrogen and an
alkyl group of 1 to 30 carbons. Thus, the 5ether repeat unit comprises 2 to 10 backbone carbons
between each bﬂ@ﬁb&ﬁ@lﬂwgeGmMﬂEﬁepaﬁﬁmﬂﬁnyﬁdb'ﬁmwwl@dﬁiﬂﬁogJMQ Gam, X BiERY end
capped poly(allc !?4 colz}13 rese q.p f [ la (13); cafl henyl

R801C(12.7)2(C( ‘ﬁ %(E nl—? %gzgrnSR%ms am rii}ggla (Eelr%jte Irl];dlrlggéprbegn radical comprising

| to 20 carbons C%@%?}%@#PIﬁ&ﬂﬂ%ﬁ@%‘i@aﬁfﬁ‘lé@%@‘b@ﬁé’tﬁé@%‘?@éﬁ@I%ﬁ?’%éd& 1615 @tRtgIRE glycol)
(PEG), having @%ﬁwﬂmﬁ%@iﬁ%&&h@ \Ameéelﬂ, thelesbelicapeaisuhit Ghl2GH 2@ skown in the

brackets) comprises two b kbone ns lin a backbo 0X 1er alcohol can
also be a pon(é’rﬁ y’IleIR’cnt (6] Bé cgéc\)}llﬁ{g he ég%nc f&%%t%ﬂf@ﬁé%? where the
ether repeat unHrQIIﬁSZ@H@HQ)G mmmm@bam&@ém@ﬁﬁﬂ|ﬁke@mﬁsb8@m4@@§(ygen with a
methyj gide-chaigy, ﬁ %@&lﬁﬂfd@gﬁ&m@rgmw@ﬁlﬁg&lagpc@mmmﬁuydaw@bﬁﬁlmmo methyl

end capped PEG ( wherein R8 is a met Other e les mcljtug%e ngoxietane)
having the struéir& ﬁ@%ﬂ?&ﬁ@@hﬁé‘]‘ﬁhﬁmﬁﬁ%ﬁf %Pr(g'f’u?m C)P WavinG ruc tire HO-
20[CH2(CH2)2@it20}hkHic groups can also react with the pendant pentaﬂuorophenyi carbonate side chain
groups of an unreacted first cyclic carbonate monomer or a pendant pentafluorophenyl
carbonate side chain group of the same (i.e., an intramolecular reaction) or another polymer
15 chain (Le., an intermolecular reaction). Intramolecular reaction can produce a cyclic
structure, while intermolecular reaction can afford a polymeric crosslinked network or gel
(which might or might not have any residual pentafiuorophenyl carbonate side chain groups
rermaining). Again, strongly forcing reaction conditions can allow these nucleophilic groups
to also react with the carbonyl groups (c.g. ester, carbonate...etc.) of the polymer main

20 chains, although this is generally undesirable.

The first ROP polymer can be a homopolymer, copolymer, or block copolymer. The
polymer can have a number-average molecular weight of usually 1,000 to 200,000, more
particularly 2,000 to 100,000, and still more particularly 5,000 to 80,000, In an embodiment,

25 the first ROP polymer chain has a number average molecular weight M, of 10000 to 20000
g/mole. The first ROP polymer chains can also have a narrow polydispersity index (PDI),
generally from 1.01 to 1.35, more particularly 1.1 to 1.30, and even more particularly 1.1 to
1.25.

30 Method 4. Functionalization of the First ROP Polymer.
Further disclosed is a method (Method 4) of converting the first ROP polymer into a

functionalized second polymer by reaction of the pendant pentafluorophenyl carbonate side



The mono end capped poly(alkylene glycol) can comprise more elaborate chemical end groups,
represented by, ghe ggagial formula (14): Z"-[C(12.7)2(C(R7)2)"C(R7)204:4b4dAhsépwherein Z" is a
monovalent radical including the backbone carbons and oxygen of the end repeat unit, and can have 2
to 100 carbons. The following non-limiting examples ffustrate mono end-derivatization of poly(ethylene
glycol) (PEG). As described above, one end repeat unit of PEG can be capped with a monovalent
hydrocarbon group having 1 to 20 carbons, such as the mono methyl PEG (MPEG), wherein Zu is
MeOCH2CH20<hFihedashf3: dnst REIB pet lphth ev e G CHBE MRGordicalés thahedigandfattachment to

the polyether chajn, 1n.an %i%@dﬂ@l%é;'mle%ﬁﬁmqlme%M@@M&ggz&%}m@r a
thioether group, such as MeSCH2CH20-, In another examale, one end unit of PEG is an aldyhyde,

wherein WO 26H% /A 9538bBET /At TITEETS S8BT S HECL B! MB AR the aldehyde
with a primary aié-[rodiCERPa ukininey adbpdirRZ-XE R INGHGEH? EHR0e.8R9 is a monovalent radical
selecte§l from hg&rglggg_, an alkyl group of 1 to 30 carbons, or an aryl group comprising 6 to 100
carbons. Continuing, the imine can be reduced to an amine, wherein Z" is RONHCH2CH2CH20-. In
another 5example, ong end repeat unit of PEG can be axidized to a carboxylic acid, wherein Z" is
HOOCCH20-. J%?Qg n s the carboxyli'maeiék 5ﬁ‘erted to an ester, wherein E'
becomes R900CCH20-. Alternatively, thereagpoxylic acid can be corlyerted to an amide, wherein Z"
becomes RONHOCCH20-/Many other derivatives are possibté. In a particular embodiment, Z" is a

group comprising a biologci"%ybactive moiety that interacts @Qwith a specific cell type. For example, the
la JEe

Z" group can comprise a o} ctose moiety which specifically pgé8gnizes liver cells. In this instance, Z2"
has the structure: HOH2c| HOOH wherein L," is a divalen¥inking group comprising 2 to 50 carbons.
The hyphen on the rightstte-of L" indicates the attachmentghooint to the polyether chain. Z" can
comprise other 15biolog I active moieties such as a mannose moiety. The ring-opening
polymerization can bd per ormied with or without the use of a solvent, more particularly with a solvent.
Optional solvents include dichloromethane, chlorofo benzene, toluene, xylene, chlorobenzene,
dichlorobenzenBnBEhEEMTIGBHBE, petroleum 20ether, acetonitrile, pentane, hexane, heptane,

2,2, 4-trimethylpentane, cyclohexane, diethyl

R"-XH is a nucleophile selected from the group consisting of alcohols, amines, thiols, and
10 combinations thereof, wherein R" is without restriction with the proviso that a uscful

polymer is obtained. In an embodiment, R" comprises 1 to 10000 carbons. The

functionalized second polymer can be prepared having essentially no remaining

pentaftuorophenyl carbonate groups.

15 The method (Method 4) comprises forming a first mixture comprising the first ROP
polymer comprising a pentafluorophenyl carbonate side chain group, an optional second
catalyst, 2 nucleophile selected from the group consisting of alcohols, amines, thiols, and
combinations thereof, and an optional solvent. The first mixture is agitated and optionally
heated to effect reaction of the pentafluorophenyl carbonate group with the nucleophite,

20 thereby forming a functionalized sccond polymer comprising a pendant functional group
selected from the group consisting of carbonates other than a pentafluorophenyl carbonate,

carbamates, thiocarbonates, and combinations thereof, and pentafluorophenol byproduct.

The first ROP polymer can be treated with a variety of nucleophiles to form a functionalized

25 second polymer. Exemplary nucleophiles include but are not limited to polymeric and non-



ether, t-butyl methyl ether, diisopropyl ether, dioxane, tetrahydrofuran, or a combination comprising

one of the forggping salygnts. When a solvent is present, a suitable cycliggapapnyseagpound
concentration is about 0.1 to 5 moles per liter, and mﬁée particularly about 0.2 to 4 moles per liter. In a

specific embodiment, the reaction mixture for the ring-"250pening polymerization contains no solvent.
The ring-opening polymerization of the first and/or second cyclic carbonyl monomer can be performed
at a temperature that is about ambient temperature or higher, more specifically a temperature from 15
C to 200 C, angwharerjsatticul b, vhdeaid 6. Rwsbtd fithre sbpapymggOMethod 2 and Method

2011/135046PG TARR2Q11/Q564 45108 Milsalventolrmpsrativeragirtionmtg. pregsure, and
equipment, but general th%olymerizations are complete Wif}?é{; 1 to. urs. Whether performed in
S

10Q h
solution or in bR RREP AT RRERYLHS BEWA SN &R | f’%hﬁéc.é’.?qﬁer%e%%aé%phere and at a
pressure of from 100 to 500 MPa (1 to 5 atm), more typically at a pressure of 100 to 200 MPa (1 to 2

atm). A the CO”E‘R%%E%EO h‘iﬂecéﬁ%téﬁé?cUﬁ%ﬁQ&‘é@&Bﬁi@&@%ﬁ%H&i’@éﬂs&bﬂQQf'&%%%?Qﬁl%%a%h&(@- The

optional nitrogen base accelerator, when present, is present in an amount of 0.1 to 5.0 10mor/o, 0.1 to

2.5 mor/o, 0.1 tbyf%"e%lh)&h@?@.ﬁ’fﬁ)@%ﬂlﬁol%,lt%sel?}Sﬁ“fﬁi‘i‘é.‘pr‘n‘glé%*%’fiw&f@ B8y ompound. The
amount of initiatgfiis ealciaieehpased-aiche equivalent mbiec iiasweight peicavdieoie. initiating
group in the initjgtor hydroxy aroups). The initiating groups 15pr 1d0en.amaynt of 0.001
to 10.0 mol%, 0. e%of%%%ﬁ%%ﬁitg 1 d'rlﬁg g,hilar?(? é‘@ %ng.S rﬁ%ﬁ% g‘%&%%%nﬂo al moles of cyclic
carbonyl compoigriihtsof exberphéreeenepddizdaravweitil 6 tHadeRTEGTOIEH0 g/mole and the initiator
has 2 fyydroxy groups, the equivalent molecular weight per hydroxy group is 50 g/mole. If the

polymerization calls fogasﬁgmpt% Ig{lpgxg rougsagtﬁr.m le of mo omer the amouptdof initiator is 0.05 x

50 = 2.5g per mle B S ORTER SIS SR S P A S R SRy Satal&t is present in an

amount of about@i2:p 2Bineoitn!tvenvptitylaiepenigratstyissresiit dveidyaroentfemod.to 5.0 mol%,
and the hydroxyégwﬂg%gﬁmﬁ#%@%ﬂ;ﬁe%&@@1}&%@0@9}1@&?,(&%@, amelYmbrsed on the

25equivalent molecular weight per nucleophilic initiator group in the initiator. The ring opening
polymerization %?Wﬁ@é%ﬁn‘?@?l%‘?ﬂ 3SRy g%\??ﬁé 6%9%%@?51\4%“1‘%“?1‘%}‘%95 B%f)e/%er chain can
comprise a termidalidvdroxyigegupptermminatthiclsges fip, additgrmisabanuioe yrdip;asac hofoghich can

initiate further P&f pﬁﬁi& (glrgiq]gée'f p?ﬁ(ﬁ%’%&rﬁ%ﬁﬁﬂuﬁ@%@&%ﬂjﬁ@it of the ROP polymer comprises
a side chain penta%fuoropheny carbonaté group. WO 2011/135046PCT/EP2011/056778

The nucleophile comprising an alcohol group, amine group, thiol group, or combination
thereof can be attached to a larger structure including oligomers, polymers,

20 biomacromolecules, particles, and functionalized surfaces. Non-limiting oligomeric and
polymeric structures include linear, branched, hyperbranched, cyclic, dendrimeric, block,
graft, star, and other known polymer structures. Non-limiting biomacromolecules include
carbohydrates, proteins, DNA, RNA, lipids, phospholipids. Particles comprising the
nucleophilic groups can have an average diameter ranging from less than 1 nanometer to

25 hundreds of micrometers. Non-limiting functionalized surfaces include silica, alumina, and
polymeric resins such as those commeonly used for chromatography and functionalized

polymeric beads such as those commonly used for solid-phase synthesis.

When multifunctional nucieophiles are used (e.g., diamines, triamines, diols, triols, or
30 aminoalcohols), the functionalization reaction can result in the formation of a functionalized

second polymer comprising a crosslinked network or gel. The multifunctional nucleophile



57 The ROP polymer can comprise a linear polymer, a cyclic polymer, a graft copolymer, and other

polymer topolw%nmg)ﬁOP polymer can be a random copolymer, an gitggaatingconolymer, a
gradient copolymer, or a block copolymer. Block copolymerization may be achieved by sequentially

polymerizing different cyclic carbonyl monomers or bg’/lSsimuItaneoust copolymerizing monomers with
the appropriate reactivity ratios. The ROP polymer can comprise hydrophilic repeat units, hydrophobic
repeat units, and combinations thereof, thereby imparting amphiphilic properties to first ROP polymer.

In an embodiment tiheRGPvpehyrmearstias iaghackbanesongvigng aaiolyoatbar atstortopolymer, a

polycarbonate coRolymeh fk3RelNEsIRIcaLRRNate copolymer. 10 In a preferred embodiment, the

catalyst, accelerator, and reaction conditions are selected such that the growing chain end (a
nucleophilic alcohol) will not react intramolecularly with a pendant pentafluorophenyl carbonate group
of the same polyaepsatiainiodaeshiyclipiivizise ato e amoke cbilsl lyrwithbén péndanteot,
pentaflyoropheiyl (IDANAIE AHOUR L ANRNSE 1 30RIVIBEY whalthJa bl Ingan Aghumglm with

controlled polytflspersmes canbe synthesized. At high conversions when the relative concentration of
monomer is lowATEERisHBA Wit aETHRAPHEHEATTERSTMETRY PC ARSIRatEZSHotbs RS &ur with
subsequent broagdgning g theepolvdisprrainop2IE e deaction, canditioasipib(@rgssivken a strongly
activating catalys(i}i(ﬁlusedz the %liowggg chain en&isg. a nuclqgghilic alcohopdcl%g\ﬁr}% gk \%h the

pendant pentafRP ﬁﬁ%ﬁlﬂﬁ“@aar%oﬁ%te” s%l(reng Yain groﬂ d%%SUnre%%% I%?Pé)tr)gycilc cargonate monomer

or a pendant pemtafitdrupticnyhgalisonatesivéctitatn geiiupleiaheaivasiien aeidlstehoiesnlar

reactigp) or anoghies BRI¥ES AhRINM Qe RBdaIeIRAls Rk reastiambiATRe astiannwithspendant
pentafluorophenyl carbonate side chain group of an unreacted first cycltic dcarb?.nate.{n&) omer will
result in the forfFABBN SF A 6 AT WHTEAC R DB iy B BT A HAKES comb or graft
polymer. Intramaléidalascgadiids cap.podudide)cpolicosthudiogeawdpie irite (erpleedieinreaction can

afford a branched polymer. [t sianal.ferringJaaetiancorAlians al & uss b s.ao¥ing.ghain end can
also react with the BOcarpongi?%roup e.g. ester, carbonate...etc.) of the polymer main chain and lead

to macrocyclizatih ik PeRERAfe (by transesterification for example). Such WO
2011/135046PCT/EP20111056778 58 conditions should be avoided if one wants to produce polymers
with controlled molecular weigh rfg) olydispersities, Alernatively, L fFnanemer compsising
additional nucler?)%ﬁ f(lzcacr%ﬁpst% Eg% )%%Xm%)‘%#s usle}‘@%nﬁ%e Srégar?;ltlsgn of the first ROP polymer
comprising a pemfiaciophehgimosphere such as nitrogen or argon. he reaction can be performed using

an mactive solvent such as benzene, toluene, xylene, dioxane, chloroform and
dichloroethane, methylene chloride, tetrahydrofiran, acetonitrile, N, N-dimethyl formamide,

20 dimethyisulfoxide, dimethyl acetamide, or mixtures thereof. The functionalization reaction
temperature can be from 20° C to 250° C. Generally, the reaction mixture is agitated at
room temperature and atmospheric pressure for 0.5 to 72 hours to effect complete
conversion of the pentafiuorophenyl carbonate groups. Subsequently, an additional
nucleophile and catalyst can be added to the second mixture to effect further

25 functionalization of any non-reacted pentafhiorophenyl carbonate groups. Alternatively, an
additional nucicophile and coupling reagent can be added to the second mixture to effect
functionalization of any hydroxy groups that have formed by hydrolysis of the pendant

pentafluorophenyl carbonate groups.

30 Typically, the first mixture comprises a solvent, although this is not required. Depending on
the solvent, the pentafluorophenol byproduct can in some instances precipitate directly from

the reaction mixture as it is formed. Generally, however, the functionalized second polymer



carbonate side chain group, then these additional nucleophilic groups can serve as initiator groups
(which initiate gplymgtHhains), as well as nucleophilic groups that can rgaghwvith HRependant
pentafluorophenyl carbonate side chain groups. If the additional nucleophitic groups only serve as
initiator groups, the result of the synthesis can be a 8t ROP polymer 10comprising a
pentafluorophenyl carbonate side chain group with a branched, hyperbranched, comb, bottlebrush, or
other such structure. If the reaction conditions permit, the additional nucleophilic groups can also react
with the pendantpenisflictdptrermibitaiborate sidéadiingsolypst stdrruisppaprlirkt ®jclic carbonate
monomer or a pendant PRNRIHErORNGEYAERS ,t@dmeostm@dqwja&é Hrareame Y & asbht

intramolecular reag:tion) or another polymer 15chain (i.e., an intermo gcg/;lar _reg&ion)k(}ﬁyamolecular
reaction can prodicer s prutRibiahe tivitiie thidPioRYET RP IR BUTISH BRI AHE Y & BoliHiaric
crosslinked network or gel (which might or might not have any residual pentafluorophenyl carbonate

side chain groups.ImAII: AR SHNAI IR TNBRA% A condians £ o thesg.aucteophili
groups to also react with the car | tl

he carbonyl groups (e.g. ester, carbonate., .etc.) of the polymer main
20chains, althofdiF4RiesierisAteatFOEBNPAINE: STREWIRE RO P HONHEP B 356 RORRFSER mer,
copolymer, or biagk ¢apaly@iganthe:pIohyast tanhdyeapui)bepaiaagaamoteedacmtetyht of usually
1,00010 200,000, more particularly 2,000 to.100,000, and,still mare particularly 5,000 to 80,000. In an
embodiment, 2§d%ﬁghfffs?eg8§{p%1§érhﬁg?%ﬁc§ﬁuh%fs}u§ rﬁﬁem%gé%}eg\}lé?gé%Rrﬁpigglrﬁgryuvl\‘/%?g ﬁtciaﬁ:%tf 10000 to
20000 g/mo le. cEhé<irssROP polpmer ehitstedbIseltas arapcuriokrrepersipfamiEx (POI),

generglly from 104 iipole3Re OFRPRBE UYL, Intocha0c@ndyavensmse pakticwanyid dr te: 1.25.
30Method 4. Funetionalizatjon of the First ROP Po{%/ er. Further disclosded iS a methad gl\/llethod 4) of
R e

converting the firSE RGP BSNHIP P S RS S &R O AR TS A AR Pendant
pentafluorophefyilscarbdhateside Wi dold¢I3B046RET EFROEL 056 T8 ForemiRgPoup of the rust
ROP polymer v@&%&yitable nucleophile. The method can be perfoimed using mild conditions, without
disruption of the backbone carbonyl groups of the first ROP polymer. As a non-limiting example, the
functionalization of first ROP polymer Bn0131-[P(MTCPFP)] using nucleophile R"-XH is illustrated in
Schemg 8 5ScheanexditioBa &M T B Fad el tibrisosforucieofisd 8 OB ipdie:-friovedvel Gloup

consisting of al¢aals A RER IR MG SACRIDIRGYIRNS RGReRl: YISIERniSIAH ARSI ction

with the provisoc?ﬁg)tra polymer is obtained. In an embodiment, R" comprises 1 to 10000

carbons. The fuiietiBRRIRBYRGECOHR FER AR BEprdEardentiarheresdamiamns Ablegmditing
pentafluorophepylipibonaia grudfntafluorophenoxy group of the pendant pentafluorophenyl

carbonate, are conducted step-wise in a single reaction vessel, without an intermediate step

20 to isolate the first ROP polymer bearing the side chain pentafluorophenyl carbonate group.

The above-described methods provide a controlied process for introducing a wide range of
functionality and connectivity into polymers formed by ring-opening polymerizations of
cyclic carbonyl compounds comprising a pendant pentafluorophenyl carbonate group. The
25 first ROP polymer and the functionalized second polymer are particularly advantageous
because they can be obtained with minimal metal contaminant when produced by an
organocatalyst whose chemical formula has none of the following metals: beryllium,
magnesium, calcium, strontium, barium, radivm, aluminum, gallium, indium, thallium,
germanium, tin, lead, arsenic, antimony, bismuth, tetlurium, polonium, and metals of Groups

30 3 to 12 of the Periodic Table.



15The method (Method 4) comprises forming a first mixture comprising the first ROP polymer
comprising a geniaflygsprhenyl carbonate side chain group, an optiona,seg@ad Saiahést, a nucleophile
selected from the group consisting of alcohols, amines, MiloLs, and combinations thereof, and an
optional solvent. The first mixture is agitated and optfl;’nally heated to effect reaction of the
pentafluorophenyl carbonate group with the nucleophile, 20thereby forming a fiinctionalized second
polymer comprising a pendant functional group selected from the group consisting of carbonates other
than a pentaflubrpptienyd cabodinates.chelfashBeR pthivcadidiatds femdicvisihstionbdlienanf, and

pentafluorophepgl BYPIAJUEL: (han 1068%515%%59&9%&9@: AnpeieRtrgwith-A¥etsk abaucleophiles

to form a functionalized 25second polymer. Exemplary nuc eog

ehiles include but are not limited to
polymeric and REHETARIOP cPeF P18 BRI T AR b Y BB BT 78988 FOINE AR BIBIS B, and amines

described furtherdahoee vedesiviethodpantive tiod-3liih emphesiuic|edpbite isatpatyether alcohol,
the functionalizgd SECONROMELEAMRIRES AGIHE ANAINLARANRIGOGHA.CONMRLIRING a hydrophili
n, A , tHatit i, Head, arseric,

polyether chain.agﬁ'l}% nucleophile canturther comprise isotopically enriched versions of carbon,
nitrogen and hy:a¥&aeT; Hemdn giorierapaumertsretdenféaoms dieshmitadsHednddds: The
amine can alsorepBpfise Afadigactivewmaieiyhaciodingrtheay: metak radigsal ve-isotepe. Method 2

described above can also include a.nu I&gy hile cgmﬁ)ri isofo ica,[l% nriched versions of carbon,
. c%n%entratlon Tiot lﬁ(ceedm g n the rst 'ﬁ%) er, U ctiona 1%8 cCon .
nitrogen, and hydrogen, as well'as a radioactive moiety. nucleophile can further comprise

additional reactpgdyfusrctivbrihgWhpsamoididideg hydid g neprsoomhiolclpinylctatonseopaitiyPacetylene,

azide,glycidyl, fdsanxgfieuilicaciials peliRC et g: MY iPbgRvsaiRy kgianes wigyl@ther, crotyl,
fumarate, maleate, maleimidc, butadiene, cyclopentadiene gycloh%gd' ne, and derivatives thereof

These 15additiGHAPFEREHEGRO T L) BERIS LR HOLRSPATRi AR L HAEY s B ication through
Diels-Alder or Huisgen stx@wilipo laurtycl oatdditiehsyifone gaipie iddiem tiolbophitercenprisimg an alcohol
aroup, amine gfgnp. gl aIRkiR. . smBNAtiAR:heisAl fan b eshastia R iagstieture including

oligomers, polymers, 20biomacromolecules, particles, and functionalized surfaces. Non-limiting
oligomeric and PBfiefiabkiismreacatRe R bian i arry perstincharey reyeidimeric,
block,graft, stappand gihab ko, pokraemsteuckticat: Mopdimitrigpiom sier dneokenititedymelude
carbohydrates, RUGIORRNE BINGy IBIR.PRPBRROIBIAR. FRILARR CaRtiaing g, slapphilic groups
can have an average_z dlameter ranging rrom less t an 1 nanometer to 25hun reas of micrometers.
Non-limiting furietenialtze seaeefelceBnmdridR surad inslurimatien G458 IghHes 1o R8RS Beel B those
commonly usec:igESRERmAs0RRMaNY fupcHeRalize® OPlyserie hrads Guoblasitheseicommonly
used for So“d-p{)]o%sff%esfy&t %gtﬂs Tn another embodiment, the first ROP polymer, the functionalized second
20 polymet, or both comprises less than ! ppm of every individual metal of the group consisting

of beryllium, magnesium, calcium, strontium, barium, radium, aluminum, gallium, indium,

thallium, germanium, tin, lead, arsenic, antimony, bismuth, tellurium, polonium, and metals

of Groups 3 to 12 of the Periodic Table. To be clear, if the limit is less than 1 ppm, then

each of the foregoing metals has a concentration of less than 1 ppm in the first ROP

25 polymer, the functionalized second polymer, ot both.

The polymer products of the ROP polymerizations can be applied to conventional molding
methods such as compression molding, extrusion molding, injection molding, hollow
molding and vacuum molding, and can be converted to molded articles such as various parts,
30 receptacles, materials, tools, films, sheets and fibers. A molding composition can be
prepared comprising the polymer and variouns additives, including for example nucleating

agents, pigments, dyes, heat-resisting agents, antioxidants, weather-resisting agents,



When multifunctional nucleophiles are used (e.g., diamines, triamines, diols, triols, or .
30aminoalcohgls), the:fipctionalization reaction can result in the formatjeigb# fpgbanalized second
polymer comprising a crosslinked network or gel. The multifunctional nucleophile WO
2011/135046PCT/EP2011/056778 61 can thereby séfe as a crosslinking agent by reacting with
pentafluorophenyl carbonate groups from different polymer chains. Nanopart culate nucleophiles
comprising an alcohol, amine, thiol, or combination thereof, 5can have an average diameter of from 1
nm to 500 nm. Titemanoeisticiesgeats. commprise, Bots ortgagiband indrgdnicneasiapianticles, including

those functlona{;?ﬁ@c%@ HQ@B‘%%%%@%EZ'@%B% W%@&Q@H&nﬂ%@%ﬁét&lﬁﬁr%@dwl%% but are

not limited to, crosslinked polymeric hanopartictes, dendrimers, and star polymers.. Inorganic

nanoparticles indRiaE Kuraret of ihnRek s ReEaRe i Speht R ey UHE GO RROSH Bt Kl Fansition
metals, and Groupiddid tern&rotiingGonptaldsnf dhepPeriddied &ble), (0xide’haftbpasiiates. (e.g., alumina,
silica, hathia, zirconia, zinc oxide), nitride nanoparticles (e.g., titanium nitride, gallium nitride), sulfide
nanoparticles (e.g., zinc sulfide) semiconducting nanoparticles (e.g., cadmium selenide).

Functionalized %Pfﬁf:é?\@?cn%ﬁé“%tﬂléﬁéﬁéﬂﬁﬂ&éﬂ%S%CGFfééélé(‘ﬂ?ﬁéﬁ%H%ﬁ%’é‘%FW%ﬁ assembled

monolayers. 15s€Eh@ir[§@&@ﬂ&fs@ﬁlﬂﬁﬁ%ﬁ%ﬁﬂﬁfs%rﬁlﬂﬂﬁ@ﬁ&ﬂﬁ@tge’mﬁ:[aﬂypeﬁecﬂiucted ina
reactor under a%qn}t: inert tmos here such as nltrorgen oL argpn, - F% eac Jﬁerfmmed using

an inactive solv Q’Slu%u enf%m S?gfucé)ﬁéngiyfé eco i ne, c oroﬁl)%m eneac]i\tr’hﬁoroethane

methylene chlon@iémmﬂtpaiwdﬁmaman@t@rﬁtrﬂé W Q- %@rﬁ’ét?fwf@hmﬁm@f oetivietbipisvgishtide,

dimethyl acetargidg, &{a&%%ﬁ%mﬁf@%&@%J%ﬁﬁﬁ@%%@ﬂ&ﬁlﬁg%ﬂmiﬁmﬂ%ﬁﬁfw%scﬁmb% from 20 C
to 250 C. Generall the re r%ta tion mixtuyre is agitated ?é\ tem erature and attﬂgs(%herlc pressure for

0.5 to 72 hours ®° f?@ct/‘b IBROBSh ORISR B¥Thes 0?8‘]’0 RO Ae §ratioee
Subsequently, annaeiditionalenuelbogdhil@dndecatatysie calydne mddee Yot ldesseoothd roirnsre to effect
further 25functigpalization of any non-reacted pentafluorophenyl carbonate groups. Alternatively, an
additional nucleophile and coupling reagent can be added to the second mixture to effect
functionalization of any hydroxy groups that have formed by hydrolysis of the pendant
pentafisorophenykcasiopnasengreatips G0 Fypieathslibeditst mitivee etanpiisessasatetite although this is

oL e, oIS S A B S e
second polymefimiting examples of additives include surfactants, ultraviolet hght absorbing dyes heat
stabilizers, visible light absorbing dyes, quenchers, particulate fillers, and flame retardants.
Combinations of additives can also be employed.
20
The second cyclic carbonyl compounds, particularty cyclic carbonate compounds can also
bear polymerizeable functional groups which can be polymerized by ROP, free-radical,
CRP, or other polymerization techniques. For example, monomers TMCEMA (Example 5)
and TMCNSt (Example 8) bear unsaturated groups which can be polyrmerized via free
25 radical or controlled radical polymerization techniques, including nitroxide-mediated radical
polymerization, atom transfer radical polymerization (ATRP), and reversible addition-
fragmentation polymerization (RAFT). These monomers can be polymerized through the
cyclic carbonyl group, the polymerizeable functional group, or both. The cyclic carbonyl
group and the polymerizeable functional group can be polymerized in any order (e.g., ROP
30 of a cyclic carbonate and then polymerization of the functional group, vice versa, or
simultaneously). Alternatively, the functional group can be polymerized (or copolymerized)

to afford a polymer with pendant cyclic carbonyl groups. These cyclic carbonyl groups can



WO 2011/135046PCITEP2011/056778 62 can be isolated by precipitation using a suitable non-solvent
such as isoprgpanQl.4athis manner the functionalized second polymer gagRsqbiainad in a yield of
about 50% to about 100%, more particularly about 70% to 100%, even more particularly about 80% to
100%. 5The optional catalyst of the first mixture (Meﬁlﬁod 4) can be selected from typical catalysts for
transesterifications, conversions of esters to amides, or conversion of esters to thioesters. These
include organic catalysts and inorganic catalysts, in particular the above described catalysts, and most
specifically cesition Husrided Whmrndsadups tlhehirse miktu ié trevatalyst caves peasions if an amount of
0.02 to 1.00 males;per panle.of G¥cle.cAReRYL MeROmeh LS ed iR RIeRA SRR I aLRRP polymer,
more particularly 0.05 to 0.50 moles per mole of the cyclic carbonyl monomer used to prepare the first
ROP polymer, SATEAEF more particularly 0.15 to 0.25 moles per mole of the cyclic carbonyl monomer
used to prepare the ROP polymer. 15In an additional embodiment, the polymerization to form the first
ROP pglymer (mg :%Scomprising a pendant pentafluorophenyl carbonate group, and the
subsequent reaction oth e first ROP polymer with a nucleophile to form a functionalized second
polymer (Methdérigpoipdiraiaedriaricopirie e Rtan bs eHREnSBPYEUS Bithd Fefdsture is at
pentafluorophepyhsarhanassaremapaieRd sigpnvise tdasiRgio teagliofovessekantheucan
intermediate step 20to isol he first ROP polymer bearing the side chain pentafluoro yl
carbonate grou%?dr%pgéoét%%%grifﬁlég %%ﬁ%é%“%&"( & gq%‘grﬁef(rio eéIn%)1 §rcoéié§°¥%%i}? 88%%? g a wide
range of functioketithdrichddremsethiy: it oy erk Taplis cohgnetinapemipNofmBNsEtions of cyclic
carbofy! compaundsEaRptsios-RaapdantaaniaiiveEpRaRY RarhRBRimERUP. The 25first ROP
polymer and the fimctionalized second polymer are particularly advantageous because they can be
obtained with minimal metal contaminant when produced by an organocatalyst whose chemical
formula has norf@ofihefol Gwinglnettistrhesyhium:timdaghesking adalktiGmesbortyrelibarium, radium,
aluminum, gallium, indiun Hallil PyeiPamm,ih |RAGRSERiG-ABE RN RiSMHDs tellurium,

polonium, and metals of Groups 303 to 12 of the Periodic Table. WO
2011/135046PCRESII LIRS 67786 i prardtedt&hbodiiamplesd &t et pstbadarhndior the
functigpalized sgigpinelROKATMEP caibtains OIVIORF FhafaOQ0vpiny (Factspeeyelilicnbopreferably no more
than 100 ppm, mOfeoil%,%sgfﬁg-%%s@I? TREIN0-49,R00 KL AR PisISARlY gl fhan 1 pom, of

every individual'meta | roup consisting of beryllium, mag)&agls um, calcium, strontium, Sbarium,
radium, aluminavathgdwidispineinghaRBRictrbogaineAMbhT Rl ol lae, aeserttc i rebRRaismuth,

tellurium, poloniwmpand pogtaisief Srauns.dterdid oftheReniodictablendpsipxampienibthe limit is no
more than 100 p dthen each of the forgggn metals has a{goncentﬁ:atg%g\ Notexcee ing 100 ppm in

m
. Second eyplic carbonate mon CHrll a4 reacilve Sl groun., i CUIUSIrates
the first ROP polymer,the finctionanze seconc]fngtflymer, or both. When an in |V|8uaai metal

conceMration ispbbiowizhtiectiOnfesipabllitgasborBivds eretmcblaniatens bmeard arie tHe concentration is
expressed as 0;ppMxR ABPIEholymerization functionalization of the block copolymer of Example 11

to afford a polymer with functionalized carbamate side groups.

Example 1. Preparation of (5-methyl-2-ox0-1,3-dioxan-5-ylymethyl perfluorophenyl
25 carbonate (TMCPFP).
O

N

0" "0

3
§ed

F F TMCPFP



embodiment, every individual metal of the group consisting of beryllium, magnesium, calcium,
strontium, barj fadium. aluminum, gallium, indium, thallium, germanip;iq i6ad7 8 senic,
antimony, bismuth, tellurium, polonium, and metals of Groups 3 to 12 of the Periodic Table has a
concentration of O ppm to 1000 ppm, O ppm to 500 pﬁ?n 0 ppm to 100 15ppm, O ppm to 10 ppm, or
even more particularly O ppm to | ppm in the first ROP polymer, the functionalized second polymer, or
both. For example, if the concentration can have a value in the range of 0 ppm to 100 ppm (inclusive),
then each of thedarégfbing mettlsthas fedon dehtrationiokoimliaeoo @he. ittRefieh RSP polymer,
the functionalized second:Ralmsr.ALa0R-ANraaheLamPodiment.the HISLRORAAMmeT, the

functionalized second 20polymer, or both comprises less than | ppm of every jndividual, metal of the
group consistin&"@f“ﬁ%@ll%r%r,W%ﬂ@sﬂﬁﬁ@éfbﬁ?ﬁ{%ﬂﬁﬁ?ﬂﬁ%’%&ﬁmf&%ﬁj@,%ﬂﬁiﬁﬁ%, gallium,

indium, thalliumstgemaatiumhdin ieadnrarsepictantimonly Bismuttiotethsrherropetemuntperidmetals of
Groups 3 to 12 of the Periodic.Table. T.q lear, if thelimif islesshan Lnrms han-gaghof the
forego%g metaf)snﬁggué%gﬁ%ie&n Paﬁgtﬁ:egfdlggggtﬁan% Ei:)pm ir3 the1 first ROPC 25pol 5mer,ethe functionalized
second polymef: sedsot OF enddsy A% Fprod thasestiierRabspbishiR At AR sl o
conventional melgingmethods EHeh, as.GRMmpIessiPMDIF R eXusipmroitingsnjéetion molding,
hollow molding and vacuum mg|din d can be converted to molded article Jous parts,
30receptacles, ?%aﬁtléeﬁ%,ﬁi%l sglfﬁ?nﬂgﬁgﬂjeee so%ﬁgl Bers. A mo 8%%0‘1 _up?ég?t%? glgrh\) %%r%%pared
comprising the floty¥fieranaiakionls efciditives lasetrdingSfardakeniplé irtdamny aentdicpigments,
dyes, {ypat-resigjj ﬁg%ﬁswﬁmé oantsdweaiheer esiSHRAAGRMES, si¥f:. The solution was
2011/135046PCT/EP2011/056778 64 Lubricants, ?n'gistati%a(ggnts stqtff'li% rs, fj{llcleer%fus(gengthened
materials, fire réfREARRC R EHEDS AR B B HE PEIVTE S REFAH S the olding compositions
comprise 30 wtplediathOR ditsdiyalrimohgl ebthaee iodymiorbaed onHotahwé il ofisaddodding
composition. Mote paitcadye e, OIATPG ARRIRSRIER. CRATIRES SR oAl Rl the

polymer. S The first ROP polymer and the funcfionalized second polymerfan be folioed into

freestanding or &fpBHEREAIH LB RN IHE IR RSP IRSHOGY W FONHSIBABITEd films
includesdip coatipgilapidcCrRiing Bpiaydoating] detio? BladingME eabEly] Wiith taatmgbompositions
comprise 0.01 wt, 9 d}%}?q wt % af?;[_lgz(tgglpf a 31’3@'@8%}1 qatﬂtﬁkyveégmﬁg%ﬁgggg)%ﬁg composition.

More particularly; the’ mdlding co ition Comprises 1 wt. % to 50 wt. % gf the polymer based on
total weight of tRé4cbatibty XonibositibhSFHE cbatRbRorHidyittie Gamdrally @iy iHEREE a suitable
solvent necessaiyie-fligsplve she pohwoer prodisct s 1bine coating Tompositions can further include
other additives selected so as to optimize desirable properties, such as optical, mechanical, and/or
aging properties of the films. Non-limiting examples of additives include surfactants, ultraviolet light
absorBihg dyes Hheapktabfirprsatinsivi€light- 2B sbesmepdyesmglisheti8psr glisiot RaeMiérs, and flame
retardants. Compjpafipps of additives can also be employed. 20 The second cyclic carbonyl
compounds, particularly cyclic carbonate compounds can also bear polymerizeable functional groups
which can be polymerized by ROP, free-radical, CRP, or other polymerization techniques. For
example, monomérgx>TMCEMA (Example 5) and TMCNSt (Example 8) bear unsaturated groups which
can be polymeriz ia free 25radical or controlled radical polymerization techniques, including
nitroxide-mediated Bdical

O F
F F GLCPFP

Glycerin (1.0 g, 0.011 mmol) was combined with bis(pentafluorophenyl carbonate) (9.8 g,
25 0.025 mmol, 2.3 eq) and CsF (0.49 g, 0.033 mmol, 0.3 eq) in THF (15.6 mL) and stirred for

6 hours at room temperature, Initially the reaction was heterogeneous, but after one hour the



polymerization, atom transfer radical polymerization (ATRP), and reversible addition-fragmentation

polymerizatio?élgﬁﬁ@mwese monomers can be polymerized through the gycli¢,%akbgny! group, the
polyrnerizeable functional group, or both. The cyclic carbonyl group and the polymerizeable functional

group can be polymerized in any order (e.g., ROP 300f a cyclic carbonate and then polymerization of
the functional group, vice versa, or simultaneously). Alternatively, the functional group can be

polymerized (or copolymerized) to afford a polymer with pendant cyclic carbonyl groups. These cyclic
carbonyl groups:saion\En204 /63 5046REDIE R0 0BG E8E6nthencoecrateted #adappend groups to

the polymer. For 6xarple, HRg:aReNING feaclions AheyRIa 6ahanates with.prithaskersIsecondary

amines are well known to produce hydroxy carbamates. SEXAMPLES UE ess in Tﬁ:ate otherwise,
Y

parts are parts B{PREIGhEIOMBE B ROTh ATisEpra s se SichBn FIBHE S AR AR eT
Bis(pentafluoropfienyRcatbriiaitnamhobiginie d:fronyS eqtseit Gl ass dtied, Hytthafapadhy sellitibre other

starting materialg wete Qbiained (1 anfvdins A0S LasSIR) AR MG Ghecal g, 1+, 15C
NM ' btained S

and 1 nuclea‘?ra%%ognﬁgtllc resortance (NMR) spectra 10were obtained at room temperature on a
Bruker Avance 406 spdctipinbres aiped folBasR I abE Eanie Bt e AR ST IRaleHY a first

6-membered cygli¢,cahonateampoymtIMGEEPg Example 2 illustrates the method of making a first
5- membered cyclic carbonate compound, GLCPFP. Examples 3 to 8 illustrate methods of
15displacing the PFP carbonate of TMCPFP to form a variety of second cyclic carbonate compounds
comprising diffdemparbdirateraicarbahyate-griups-Sseahpiiogaisyiinsdrsl fEtptcof displacing the
PFP cgybonate g 3PFP to form a second cyclic carbonate compound comprising a carbamate
group. Example 18 illustrates the polymerization of a second cyclic carbonate monomer bearing a
reactive side group. Example 11 illustrates the 20polymerization of a first cyclic carbonate to create a
block copolyme& EX@ample 12 illustrates the post-polymerization functionalization of the block
copolymer of E% 1 19 afford a polymer with functionalized carbamate side groups.

Example 1. Preparation 4f (?—ﬁethyl-z-oxo-l,3-dioxan-5-yOmethyI perfluorophenyl 25carbonate
(TMCPFP).0010 F © TMCEt

Under a dry nitrogen atmosphere, anhydrous ethanol (0.06 g, 1.26 mmol, 1.5 eq.) was added
to the solution of TMCPFP (0.3 g, 0.84 mmol) and cesium fluoride (0.038 g, 0.25 mmol, 0.3

15 eq.) in THF (3 mL). The mixturc was stirred for 1 day at room temperature. After the
reaction, the solution was concenirated in vacuo and redissolved in methylene chloride.
Upon standing (~10 min) the pentafluorophenol byproduct precipitated from solution and
was removed by filiration. The crude product was purified by column chromatography
(ethyl acetate/n-hexane = 1/3) to give TMCE as a white crystalline powder (0.11 g, 63%

29 yield). m.p. 68-69° C. "H NMR(CDCls, 400Hz) 1.15(s, 3H), 1.33(t, 3H, /= THz), 4.14(s,
2H), 4.15(d, 2H, J= 11Hz), 4.23(q, 2H,J = THz), 4.34(d, 2H, J= 11Hz). “C NMR(CDCh,
100Hz) 14.2, 16.9,32.3,64.7, 67.8, 73.3, 147.7, 154.7.

Example 4. Preparation of benzyl (5-methyl-2-ox0-1,3-dioxan-5-yDymethyl carbonate
25 {TMCBn).

0. O

o] TMCBn



WO 2011/135046PCT/EP2011/056778 66 To a 100 mL round bottom flask,

1,1,1-tris(hyd§%3£m§ )Q')%hane (2.0 g, 16.7 mmol) was combined With ;1. zp2011/656778
bis(pentafluorophenyl)carbonate (15.1 g, 38.3 mmol, 2 3 eq.) and cesium fluoride (0.76 g, 5.0 mmol, 0

3 eq.) in anhydrous tetrahydrofuran (THF) (11.9 mL) %hd stirred for four hours at room temperature.
Initially the reaction was heterogeneous, but after 5o0ne hour the reaction formed a clear homogeneous
solution. The reaction was concentrated in vacuo (100 mm Hg, 30C) and the residue was dissolved in

methyleng chIoﬁd&(-ﬁﬂ}mﬁi}n@qmimma,gz@i@rmeﬁhﬁ.piet?&uaﬂwcﬁ@gm&@hln_pqﬂrddum.pmsipi_tated
from solution angWag gﬁ%ﬁ{ﬁﬂ brflestipno Bhe malslilar wasasaed Wits agugoyisssodium

bicarbonate (3 x 50 mL) until the pH of aqueous layer was -8 and then with brine (1 x 50 mL). The
10organic layerivhd d&faratet) addcdrstrsvstsaiivaBud ddithmsdirdécthesutitoitias
concentrated tq@i¥@iheastede:-pragddchihatwas alrfiaeby-reenstallizapens fingrude piduct was
dissolved in ethyl acetate (24 mL) at 65,C. n-Hexane (35 mL) was,added at the.same te rature,
and thé resultintées%ﬁﬁ %ﬁ”vg\?%“‘é‘ﬁg%’a“’ flc]il %36‘?%18?‘%%%%1&?&%158@?5 ﬁ'ré. &%{g?‘gﬁ?#ﬂ@%‘ﬁ@%’gﬁf@ﬁ overnight,
the white crystdilifdiptrodude PIMbRRRuwasas epakedatithBaycitiatdi(gbe % (idiel). m.p. 130-131
C. 1H NMR (CRGRoA0RI2)-§) 22638k 236hieHy ok 7 kbAahd 3T ikt 4 38(skrdl, J = 11Hz).
19F NMR(CDClz, 376!—%} - 1%.3;;154.3(m,‘ 2F), -I5'7.8(E/c,) 1F, .:Ez 2""2%_'? ?62.%:.—%{62.7 m, 2F). 13C
NMR(CDC13, TO0HZ) 154 356 589" 74 o188 P § E A0 T P4 7 A RSP P S BE ample 2.
Preparation of {2-oxoydt;3Hdiorolanutngrretayt farfloariopAdtyBoasbonkte (GHdRRPY¥OIG 0 0 GLCPFP

Glycegip (1.0 g, NOALWRS £ambined-with RistReniailuerpbenykeatkgnaial {98 g 250.025
mmol,[ QS eq) a(ﬁg% s’l&%&%w&%g??n?ﬁ?ld%s eqé in THFL/(15.6 %I%a%d%r;gﬁé’r ’h{)urs at room

temperature. InHi-hafectilb AL AEhehoddHEb s KuLkher SHe TeHh - WONMR(CDCE

2011/135046PCIUEB2011 A58 6RS, 70.3, 73.2, 128.6, 128.7, 128.9, 134.6, 147.5, 154.6.

Example 5. Preparation of 2-(({5-methyl-2-ox0-1,3-dioxan-5-ylmethoxy)carbonyloxy)ethyl
15 methacrylate (TMCEMA).
O

A

o 0
O

OTO\/\O

TMCEMA

Under a dry nitrogen atmosphere, 2-hydroxycthyl methacrylate (0.037 g, 0.28 mmol, 1.0 eq.)
was added to the solution of TMCPFP (0.1 g, 0.28 mmol) and cesium fluoride (0.013 g,

20 0.084 mmol, 0.3 eq.) in THF (1 mL). The mixture was stirred for 3 days at room
temperature, After the reaction, the solution was concentrated and redissoived in methylene
chloride. Upon standing (~10 min} the pentafluorophenol byproduct precipitated from
solution and was removed by filtration. The solvent was removed in vacuo to afford a crude
product that was further purificd by column chromatography (ethy! acetate/n-hexane = 1/3)

25 to give TMCEMA as a colorless oil (0.03 g, 35% yield). 'H NMR(CDCls, 400Hz) 1.16(s,
3H), 1.96(s, 3H), 4.16(d, 2H, J = 11Hz), 4.17 (s, 2H), 4.34(d, 2H, J = 11Hz), 3.39~4.43(m,
2H), 5.63(bs, 1H), 6.15(s, 1H). “C NMR(CDCh, 100Hz) 17.0, 18.3, 324, 62.0, 66.2, 68.2,
73.2,126.4,135.7, 147.5, 154.6, 167.1.



67 reaction formed a clear homogeneous solution. The reaction was concentrated, and redissolved in
methylene chlpride . Mtersitting for 10 minutes, the pentafluorophenol hyqrggugt felaut of the
solution. After removal of the byproduct by filtration, the mother liquid was washed brine. The organic
layer was separated and dried by NaSO4. The solutioh 5 was concentrated to give the crude product.
The crude was dissolved with n-hexane (2 mL), and a seed crystal was added to the solution. After
keeping the solution at O C for one hour, the crystal was separated by filtration (2.97 g, y. 83%).
Example 3. Préparatiof. ofretiaydt{G: nictaytepybioasBudidxan-5 3Ajomtivt damistivaterbo@rICEt). 0 010
Oy0 OTMCEt -@, dry nitrogen atmosphere, anhydrous ethanol (0.06 g, 1.26 mmol, 1.5 eq.) was
added to the solution of TMCPFP (0.3 g, 0.84 mmol) and cesium fluoride (0.038 g, 0.25 mmol, 0.3
15eq.) in THF (3 mL). The mixture was stirred for 1 day at room temperature. After the reaction, the
solution was contendtrated in vacuo and redissolved in methylene chloride. Upon standing (-40 min)
the pentafluoro Iobyp‘]r)oduct precipitated from solution and was removed by filtration. The crude
product was purifiettby golurfin chromatography (ethyl acetate/n-hexane = 1/3) to give TMCEt as a
white crystalline powderq0.11 g, 63% 20y#ldx m.p. 68-69 C. 1H NMR(CDC13, 400Hz) 1.15(s, 3H),
1.33(t, 3H, J= 7Hz), 4.14(s, 2H), 4.15(d, 2H,1 = 11Hz), 4.23(q, 2H, J = 7Hz), 4.34(d, 2H"1 = 11Hz2).
13C NMR(CDCI3, 100Hz) 14.2, 16.9, 32.3, 64.7, 67.8, 73.3, 147.7,154.7. ample 4.
Preparation of bBA%A @@rﬁgﬁ%ﬂl‘?j&?ﬁp&%ﬁ-’dﬁ%g?ﬁ%mié%%ér?a%“%’fﬂ% C%;ﬁ%p‘@fo OyO

O0TMCBn added to the solution of TMCPFP (0.1 g, 0.28 mmol) and cesium fluoride (0.013g, 0.084
mmol, 0.3 eq.) in THF (1 mL). The mixture was stirred for 1 day at 55° C. After the
reaction, the solution was concentrated and redissolved in methylene chloride. Upon
standing (~10 min) the pentafluorophenol byproduct precipitated from solution and was

106 removed by filtration. The solvent was removed in vacuo to afford a crude product that was
further purified by column chromatography (ethyl acctate/sn-hexane = 1/3) to give TMCiPR
as a white crystalline powder (0.03 g, 46% yicld). m.p. 64~65° C. 'H NMR(CDCls, 400Hz)
1.18(s, 3H), 1.34(d, 6H, J = 6Hz), 4.14(s, 2H), 4.17(d, 2H, J = 11Hz), 4.36(d, 2H, J = 11Hz),
4.92(sep, 1H, J = 6Hz). *C NMR(CDCL;, 100Hz) 17.0, 21.7, 32.4, 67.6,72.9, 73.3, 147.7,

15 154.2.

Example 7. Preparation of (5-methyl-2-ox0-1,3-dioxan-5-yl)methy! benzylcarbamate

(TMCNBn).
o
O)LO
> o R
o TMCNBn

20

Under a dry nitrogen atmosphere, anhydrous benzyl amine (0.039 g, 0.37 mmol, 1.32 eq.)

was added to the solution of TMCPFEP (0.1¢, 0.28 mmol ) and cesium fluoride (0.013 g,

0.084 mmol, 0.3 eq.) in THF (1 mL.). The mixture was stirred for 1 day at room temperature.

After the reaction, the solution was concentrated and redissolved in methylene chloride.
25 Upon standing (~10 min) the pentafluorophenol byproduct fell out of solution and was

removed by filtration. The solvent was removed ir vacuo to afford a crude product that was



WO 2011/135046PCT/EP2011/056778 68 Under a dry nitrogen atmosphere, anhydrous benzyl
alcohol (0.06 g,,0,n%,mmel, 1.0 eq.) was added to the solution of TMCPgH 434948k mmol) and
pyridine (0.04 g, 0.49 mmol, 0.89 eq.) in THF (2 mL). The mixture was stirred for 3 days at 55 C. After
the reaction, the solution was concentrated and redisSolved in methylene chloride. Upon standing (-40
min) 5the pentafluorophenol byproduct precipitated from solution. After removal of the byproduct by
filtration, the mother liquor was washed with agueous sodium bicarbonate (pH of aqueous layer -8)
and brine. The tuganig:tijeryasisepatated agemdideioverdrbydrovssodilineitfalé/GhBrsolution

was concentratgd, (g, gly& dhe @fa@brgpfe%%lwcﬂa AR RusedibyLBC SR liRRtion(foluene/n-hexane
3:1) to give TMCBn as a white crystalline powder 10(0.03 g, 20% ml%) p. %-7722(%7%PIMR(CDCI3,
400HZ) 1.14(s, B2 13(4 251 182¢ ALy 2 1@ i-éﬁﬁ%. ('é,""ﬁ%(,z?i_zf 7Y 81, 2™
7.38-7.39(m, 511 13C NMR(TIDG|300APHZ) 113204, 32 2,668.1737/9. 8, 773. 27 128 5. 1.28§/0,128.9, 134.6,
147.5, }54.6. I gﬂple 5. Preparation of

2-(((5-methyl-2-o>§(‘)-’1, -dioxan-5-yl)methoxy)carbonyloxy)ethyl 15methacrylate (TMCEMA). 010 0
OTMCEMA Under a dry nitrogen atmosphere, 2-hydroxyethyl methacrylate (0.037 g, 0.28 mmaol, 1.0

eq.) was addedde: 30l piign:efi I CR R (31120:x0-28-titnet) Ragsasilrmingdpite 0H:8ng,c200.084
mmol, 0.3 eq.) '{}Taﬁs(t mL). The mixture was stirred for 3 days at room temperature. After the
reaction, the so u% was concentrated and redissolved in methylene chloride. Upon standing (-10
min) the pentafludfophenol byproduct precipitated from solution and was removed by filtration. The
solvent was ren@o\l}Ed in vacuo to afford a crude product that was further purified by column
chromatography.(ethyl acetatc/n-hexane = 1/3) 25 to give TMCEMA as a colorless oil (0.03 g, 35%
yield). 111 NMR T%r 1.16(s, 3H), 1.96(s, 3H), 4.16(d, 2H"l| = 11Hz), 4.17 (s, 2H), 4.34(d,
2H, J = 11Hz), 3.39-4.43fm, £3(bs, 1H) 8,45, 1H). 13C NMR(CDC13, 100Hz) 17.0, 18.3,
32.4, ?g.o, 66.2, 68.2, 73.2, 126.4, 135.7, 147.5, 154.6, 167.1. WO 2011/135046PCT/EP2011/056778
69

Under a dry nitrogen atmosphere, 4-vinylaniline (0.87 g, 7.3 mmol, 1.3 eq.) was added to the
solution of TMCPFP (2.0 g, 5.6 mmol) and cesium fluoride (0.26 g, 1.7 mmol, 0.3 eq.) in
THF (11.2 mL). The mixture was stirred for 2 days at room temperature. The solution was
concentrated and the residue was redissolved in methylene chloride. Upon standing (~10

15 min) the pentafluorophenol byproduct precipitated from solution. After removal of the
byproduct by filtration, the mother liquid was washed with aqueous sodium bicarbonate (pH
of aqueous layer; ~8) and brine. The organic layer was separated and dried over anhydrous
sodium sulfate. The solution was concentrated to give the crude product which was purified
by recrystallization from toluene (40 mL) to give TMCNSt as a crystalline powder (1.3 g,

20 81% yield). m.p. 120~121° C. 'H NMR(CDChL, 400Hz) 1.14(s, 3H), 4.19(d, 2H, /= 11Hz),
4.21(s, 2H), 4.38(s, 2H, J = 11Hz), 5.20(d, 1H, J= 11Hz), 5.68(d, 1H, /= 18Hz), 6.67(dd,
1H, J= 18, 11Hz), 6.98 (bs, 1H), 7.36(s, 4H). BC NMR(CDCls, 1060Hz) 17.0, 32.4, 65.8,
73.8,112.9,118.7, 126.9, 133.2, 136.0, 137.0, 148.3, 152.7.

25 Example 9. Preparation of (2-0x0-1,3-dioxolan-4-yl)methyl benzylcarbamate (GLCNBn).



Example 6. Preparation of sopropyl (5-methyl-2-oxo-1,3-dioxan-5-yl)methyl carbonate (TMCIiPR). O
010 0 TMCiRy,3hingena dry nitrogen atmosphere, anhydrous 2-propapst Q2 pds@sd2 mmol, 1.5
ed.) was added to the solution of TMCPFP (0.1 g, 0.28 mmol) and cesium fluoride (0.013g, 0.084 _
mmol, 0.3 eq.) in THF (I mL). The mixture was stirred Yor 1 day at 55 C. After the reaction, the solution
was concentrated and redissolved in methylene chloride. Upon standing (-10 min) the
pentafluorophenol byproduct precipitated from solution and was 10 removed by filtration. The solvent
was removed in Vdcuo to afford a crude product that was further purified by column chromatography
(ethyl acetate/n ne = 1/3) to give TMCIiPR as a white crystalline powder (0.03 g, 46% yield). m.p.
64-65 C. 1H NM DC13, 400Hz) 1.18(s, 3H), 1.34(d, 6H, J = 6Hz), 4.14(s, 2H), 4.17(d, 2H, J =
11Hz), 4.36(d, Zﬁg 11Hz), 4.92(scp, 1H, J = 6Hz). 13C NMR(CDC13, 100Hz) 17.0, 21.7, 32.4, 67.6,
72.9,73.3, 147.7, $5154.2. Example 7. Preparation of (5-methyl-2-oxo-1,3-dioxan-5-yl)methyl
benzylcarba ate (I‘ RBn). 0 0A0 Oy N Ph OTMCNBnN 20 Under a dry nitrogen atmosphere,
anhydrous benzyl amine (0.039 g, 0.37 mmol, 1.32 eq.) was added to the solution of TMCPFP (0.1g,
0.28 mmol ) and cegium fluoride (0.013 g, 0.084 mm 1, 0 3 eq.) in THE (1 mL). The mixture was stirred
for 1 day at roo \ perature. After the reaction, the solution was concentrated and redissolved in
methylene chloride: 25Uporp§{aﬁgﬁ19 (-10 min) the pentafluorophenol byproduct fell out of solution and
was

5-membered cyclic carbonate (0.2 g, 0.61 mmol) and benzyl amine (0.098 g, 0.91 mmol, 1.5
eq) and CsF (0.028 g, 0.18 mmol, 0.3 eq) were combined in THF (1 mL) and stirred at room
5 temperature. After 18 hours, the reaction mixture was concentrated, and redissolved in

methylene chloride. After sitting for 10 minutes, the pentafluorophenol byproduct fell out of
the solution, After removal of the byproduct by filiration, the mother liquid was washed with
aqueous ammeonium chloride. The organic layer was separated and dried by NaSO4. The
solution was concentrated to give the crude product. The crude was recrystallized from

10 methylene chloride {2 mL) and n-hexane (1.5 mL). The crystal was separated by filtration
(0.080 g, v. 56%).

Example 10. Preparation of BnOH-[P(TMCNSt)] by ring opening polymerization of

TMCNSt,
O O
Py FSCZ/QXCQ S JH\O O},H
o 0
n HO CF5 CF?H ©/\ n
{-}-sparieine
O BnCH (1 moi%) G
=0 - =0
HN in CH,Cly HN
13 =55 e
TMCNSt BnOH-[P(TMCNSt)]

Under a dry atmosphere, TMCNSt (296 mg, 0.924 mmol), 1,3-bis(1,1,1,3,3,3-hexafluoro-2-
hydroxy-prop-2-yl)benzene (19 mg, 0.046 mmol, 0.05 eq), (-)-sparteine (11 microliters,



removed by filtration. The solvent was removed in vacuo to afford a crude product that was WO
2011/135046%TJJE[B72_,Q&%/056778 70 further purified by column chromgipgranhv ARy
acetate/n-hexane = 1/1) to give TMCNBn as a colorless oil (0.044g, 56% yield). 'H NMR(CDCb,
400Hz) 1.11(s,3H), 4.14(d, 2H, J = 11Hz), 4.15(s, 2H3;24.32(d, 2H, J= 11Hz), 4.38(d, 2H, J= 6Hz), 6.23
(bs, 1H), 7.28-7.36(m, 5H). I3C NMR(CDC13, 100Hz) 17.1, 32.4, 45.2, 66.1, 73.9, 127.6, 127.7, 128.7,
138.0, 5148.0, 155.7. Example 8. Preparation of (5-methyl-2-oxo-1,3-dioxan-5-yfimethyl
4-vinylphenylcatiiamateo(TME MEL) b&HAB bho TN ENStrdlitrted . 808 ymitk dg@ineathmagphere,
drvinyianiine (O ref R0l B IUASACURAIRING JMMORPIEMERFF A Grod ) mmol) and

f
cesium fluoride (0.26 g, 1.7 mmol, 0 3'eq.)in THE (11.2 mL). The mixture was stirred for 2 days at

room temperatUfEPTIE ol OMB8 Calsddhrcantrsion ihReréSiaudhiaeYauERidd in methylene
chloride. Upon skansiog £t Ovd:5ich theprnitathaast phgroldngredictpyedpiaigaidtotrmselution. After
removal of the Qypyoduct by filtration, the mother liquid was washed with aqueous sodium bicarbonate
(pH of aqueous layer; -8) and brine. The organic layer was separated and dried over anhydrous
sodium sulfate. The solution was concentrated to give the crude product which was purified by

recrystallizationgfgamptoluene A fioh biwgive-TIVIC NI aseraygtalbinecpavdes(1.3 g, 2081% yield).
m.p. 120-121 C. 'H NMR(CDC13, 400Hz) 1.14(s, 3H), 4.19(d, 2H, J= 11Hz), 4.21(s, 2H), 4.38(s, 2H,
Jr? 11Hz), 5.20(d,%—=—\[1H2), 5.68(d, 1H, J= 18Hz), 6.67(dd, 1H, J= 18, 11Hz), 6.98 (bs, 1H),
7.36(s, 4H). 13C NMR(CDE€13, 100Hz) 17.0, 32.4, 65.8,, 112.9,118.7, 126.9, 133.2, 136.0,

137.0, 148.3, 152.%O_g5g@mplé‘%f‘ﬂ?;@%§ﬂéﬁw§?(2-ox foxolar4-yl)methyl benzylcarbamate
(GLCNBn). WO 2011113504 n<0l 0 O ol-n
2wz

0 o) X

16h, rt
Okf
)\ro BnOH-[P(LLA)]

L-Lactide (LLA) j’\

g TMCPFP

BnOH-[P(LLA-b-TMCPFEP)]
10



710 OHN GLCNBn 5-membered cyclic carbonate (0.2 g, 0.61 mmol) and benzyl amine (0.098 g,

0.91 mmol, 1.3 693,375k 5sF (0.028 g, 0.18 mmol, 0.3 eq) were combineglifgbhif (k%) and stirred at
room Stemperature. After 18 hours, the reaction mixture was concentrated, and redissolved in

- methylene chloride. After sitting for 10 minutes, the p@ltaﬂuorophenol byproduct fell out of the
solution. After removal of the byproduct by filtration, the mother liquid was washed with aqueous
ammonium chloride. The organic layer was separated and dried by NaSO4. The solution was
concentrated tolgiweithé1ctUdel produst)) The diide WismedhEiatized fro6d tQmetsydenmatride (2

mL) and n-hexape gl,p o TH8-arysialyasserataiod By Alration (R84 gi Xs 2p%-Example 10.
Preparation of BNOH4P(TMCNSO] by ring opening polymerization of TMCNSt.
TMCNStBnOH-ﬁ@mﬁW@NBéf%ﬂa@ngaaaﬂaﬁwgﬁg?eﬁm PHSAGC0 %% MBI

1,3-bis(1,1,1,3,33drpafiu0r@; 2- Jayestxyzpadpe2 skl hen zemso (hOamdlpOLK6 simotpodud5 eq),
(-)-sparsteine u%er@;i%{acr)tli!ltl%r]%r an additional 24 hours. The crude block copolymer was isolated via
precipitation from 2-propanol. The crude product was dissolved with dichloromethane
(8mL), and the solution was added dropwise to r-hexane (15 mL) to remove unreacted
TMCPFP. The mother Hquor was evaporated to give the block copolymer BnOH-[P(LLA-b-
TMCPFP)]. Approximately, 99% of the pentafluoropheny! carbonate groups were retained
10 after isolation. Incorporation ratio (LLA/TMCPFP): 95.8/4.2. M, = 10400 g/mol. My

=10,800 g/mol. PDI = 1.04.

Example 12. Functionalization of BnOH-[P(LLA-b-TMCPI'F}]

O NH,
CF, -
O
{(1.45 eq)
P o g —tho ol
I, v CHACN
o 21h, 1t
o
F F
F F Y
F

BunOH-[P(LLA-b-TMCPFP)}

Oj\NH

!.\ CF3

N
15
BnOH-[P(LLA-b-TMCPFP)] (0.25, 0.069mmol (as-CsFs carbonate)) and 3-

(trifluoromethyl)benzyl amine (0.018g, 0.10 mmol, 1.45 eq.) were dissolved in acetonitrile



WO 20 /135046PCT1EP20111056778 72 0.046 mmol, 0.05 eq.), benzyl alcohol (0.97 microliter, 0.009
mmol, 0.01 eqv)o ingnr}%gmylene chloride (2 mL, 0.5M) were combined inafask,apg stirred for 3 days
at room temperature. IFI NMR revealed the conversion to be 90%. The polymer BnOH[P(TMCNSO)]
was precipitated in methanol. M" = 4269 g/mol. M", =8935 g/mot. PDI = 51.62. Example 11.
Preparation of BnOH-[P(LLA-b-TMCPFP)] block copolymer. FF (0.25 eq) 24h, it
BnOH4P(LLA-b-TMCPFP)] WO 2011/135046PCT/EP2011/056778 73 L-lactide (1.92 g, 13.3 mmol),
1,3-HFAB (376(MzRL). 96 mixtote 0:868eg) fd: Fsparte mec(88 tmpddadid Mfrrokth0©3teq)lhand benzyl

alcohol (21 mg f&&%ﬂm@@!ﬁgﬁ%@%gg@%&%@9@9 dnsdichigiamethane alclad pimed at

room temperature. After 16 PFI 9q, 3,34 mol) was ad nd the solution was
allowed to stir ISR SN pRYERTS BTN ditionaF S Aot EoehsaY HIERIEEE O Meras
isolated via precipitatigmétom2=propamghnd herDiude qoduct was dissolved with dichloromethane
(8mL),5and the solution was added dropwise to n-hexane (15 mL) to remove unreacted TMCPFP. The
mother liquor was evaporated to give the block copolymer BnOH-[P(LLA-bTMCPFP)]. Approximately,
99% of the pentafueraishiagy| wafdsrndsdrs tisswepscretdpedbraaneiqsaiaasi dinesiporition ratio
(LLAJTMCPFP ), 9%, 8 iétcl¥ica 10800atmobrMe m16:800 almetdRbtm, 1h@4ingular forms ",

"an" and "the” are intended to include the plural forms as well, unless the context clearly

indicates otherwise. It will be further understood that the terms "comprises” and/or

10 "comprising,"” when used i this specification, specify the presence of stated features,

integers, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, clements, components,

and/or groups thercof. When a range is used to express a possible value using two limits,

(e.g., a component can have a concentration of X ppm to Y ppm, where X and Y are

5 numbers), unless otherwise stated the value can be any number within the range, or a stated

limit (i.c., X or Y) of the range.-

The description of the present invention has been presented for purposes of illustration and
description, but is not intended to be exhaustive or limited to the invention in the form
20 disclosed. Many modifications and variations will be apparent to those of ordinary skill in

the art .



Example 12. Functionalization of BnOFHP(LLA-b-TMCPFP)] NH2 BnOH41)(LLA-b-TMCPFP)]
BnOH-[P(LLA-b-TMCPFP)] (0.25, 0.069mmol (as-C6F6 carbonate)) and 3- (trifluoromethyl)benzyl
amine (0.018g, 0.10 mmol, 1.45 eq.) were dissolved in acetonitrile WO
2011/135046PCT/EP2011/056778 74 (0.28g). The mixture was stirred for 21 hours at room
temperature. After the reaction, the functionalized g&cond polymer comprising a side chain carbamate
group was precipitated from n-hexane. Percent substitution: 87%. Residual pentafluorophenyl
carbonate: 0%. M. 10,400 g/mol. My, = 11,000 gézml)l.SPDl = 1.05. 5 The terminology used herein is for
the purpose of describing particular embodiments or'{fy and is not intended to be limiting of the
invention. As used herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that the terms
"comprisE&e BEMEPR eiEBpising,” when used in this specification, specify the presence of stated
featgres, integers, steps, operations, elements, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps, operations, elements, components, and/or
groups tﬁe%%‘??]\ﬂﬁ?étﬁ’%’ AOTgE g adTEst EXphesarhpossmnpoundeofiding weoalifotmule §): a component
can have a concentration of X ppm to Y ppm, where X and Y are 15numbers), unless otherwise stated
the value can be any number within the range, or a stated limit (i.e., X or Y) of the range. The
description of the present invention has been presented for purposes of illustration and description, but
is not intendgafr@ be exhaustive or limited to the invention in the form 20disclosed. Many modifications

and varia jonis will be apparent to those of ordinary skill in the art. 75

o e n
Qo

10  wherein
each Y is a divalent radical independently selected from the group consisting of -O -, -S-, -N(H)-
» and -N(Q")-, wherein each Q" is a monovalent radical independently selected from the group
consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons,
and the members of the foregoing alkyl and aryl groups substituted with a pentafluorophenyl

15 carbonate group,
n'is 0 or an integer from 1 to 10, wherein when n' is 0, carbons labeled 4 and 6 are linked
together by a single bond,
each Q' is a monovalent radical independently selected from the group consisting of hydrogen,
halides, pentafluoropheny! carbonate group, alkyl groups comprising 1 to 30 carbons, alkene

20 groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups comprising 1
to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30
carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons,
alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl, alkene,

25  alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy groups substituted with a
pentafluorophenyl carbonate group, and wherein

one or more Q' and/or Q" comprises a pentafluorophenyl carbonate group.



Claims The invention claimed is: 5 1. A composition, comprising: a first cyclic carbonyl compound of
the general formula (2): (2) 10 wherein each Y is a divalent radical independently selected from the
group consisting of -0 -S-, -N(H)- , and -N(Q")-, wherein each Q" is a monovalent radical independently
selected from the group consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising
6 to 30 carbons, and the members of the foregoing’alkyl and aryl groups substituted with a
pentafluorophenyl 15carbonate group, n'is O or an integer from 1 to 10, wherein when n'is O, carbons
labeled 4 and 6 are linked together by a single bond, each Q' is a monovalent radical independently
selected from the group consisting of hydrogen, halides, pentafluorophenyl carbonate group, alkyl
groups com PRSP gndsipisnd; akeisin 20cditstpectormshising dotap80nddioths, @mikymk groups
comprisingrhdR @.carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30
carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea
groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups
comprising 1 tg,30 carbons, alkoxy groups comprising 1 to 30 carbons, and the members of the
foregoing alkyl|lalkene, 25alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy
groups substitfed with a pentafluorophenyl carbonate group, and wherein one or more Q' and/or Q"
comprises eﬁnﬁ uorophenyl carbonate group. 76 2. The composition of claim I, wherein the first

cyclic carbonylcompound has the general formula (4): 0(4)
Voo

wherein
m and n are each independently 0 or an integer from 1 to 11, wherein m and n cannot together be
0, and m-+n is an integer less than or equal to 11,

10 each Y'is a divalent radical independently selected from the group consisting of -O -, -S-, -N(H)-
and -N(V")-, wherein each V" is a monovalent radical independently selected from the group
consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising 1 to 30 carbons,
and the members of the foregoing alkyl and aryl groups substituted with a pentafluorophenyl
carbonate group,

15 each V'is a monovalent radical independently selected from the group consisting of hydrogen,
halides, pentafluoropheny! carbonate group, alkyl groups comprising 1 to 30 carbons, alkene
groups comprising I to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups comprising 1
to 30 carbons, thicester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30

20 carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons,
alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl, alkene,
alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy groups substitnted with a

pentafluorophenyl carbonate group, and



wherein m and n are each independently 0 or an integer from 1 to 11, wherein m and n cannot
together be 0, and m+n is an integer less than or equal to 11, 10each Y' is a divalent radical
independently selected from the group consisting of -0 -S-, -N(H)- and -NW")-, wherein each V" is a
monovalent radical independently selected from the group consisting of alkyl groups comprising Ito 30
carbons, aryl groups comprising 1 to 30 carbons, did the members of the foregoing alkyl and aryl
groups substituted with a pentafluorophenyl carbonate group, 15each V is a monovalent radical
independentlyselecteddiqn &%ﬁf@%maﬁ%sgﬁm%m f@%%@%ﬁ&%c&%?&ﬁﬁag QropbanybegEbonate
group, alkyl groups comprising 1 to 30 carbons, alkene groups comprising Ito 30 carbons, alkyne
groups COMBHEIRG | 18 %%C&Q%%%é}k&ﬂﬂ GOHBCEBIRETRMNG 6 19 SR IS MEHP ProifsErEsHBrising |

to 30 canbens) airiees iR RSEPIRIISHITAIE 20earhenss, hieesiRnpiuuRs sempNisingyl to 30 carbons,
urea groups comprising 1 to 30 20carbgns, carb%mate groups comprising 1 to 30 carbons, ether

groups CEMBRSIATI S HREHHBRES b8 S GBS o S SSIHGRIOHD BEPBEB YRS, ' the ¥ifibers of

the foregeiag:alityt, @kpneinalkyoastanhestarabmite: thiapstermprimcatodnatebifhendatalkoxy

groups substituted with a pe fétglgbrglg)shenyl carbonate group, and 77 I] is a single bond or a divalent

linking gFroup %8?36%@?%@?%8 group consisting of alkyl groups comprising 1 to 30 carbons, alkene
groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups comprising

60 30 %@Eé‘éoﬁ%%'{t%ﬁ%{g%ﬁ?n UHng: 10,30 SarBons, aan%%jrgf%%()régﬁe%%? Mising,d {0, 30 carbons,
thioester groups comprising 1 to 30 carbons, Surea groups comprising 1 to §°carbons, cdrbamate
groups cawhpeisitigampri8es earbsalivee etind cgrovpéecpmyprising 1 to 30 carbons. 3. The composition
of ¢laim 2, wherein no V' comprises a penta uorophenyl carbonate group and no V" comprises a
pentafluorophenyl carbonate group. 10 4. A composition, comprising: a first cyclic carbonate
compoufid‘eftHergiienarforpaliiags) g, eyclic carbonate compound of the general formula (5):

(5

wherein m and n are each independently 0 or an integer from 1 to 11, wherein m and n cannot

15 together be 0, and m+n is less than or equal to 11,
R' is a monovalent radical selected from the group consisting of hydrogen, halides, and alkyl
groups comprising 1 to 30 carbons,
each V' is monovalent radical independently selected from the group consisting of hydrogen,
halides, pentafluorophenyl carbonate group (-OCO,C¢Fs), alkyl groups comprising 1 to 30

20  carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons,
aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising

1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30



wherein m and n are each independently 0 or an integer from 1 to 11, wherein m and n cannot
15together be 0, and m+n is less than or equal to 11, Rl is a monovalent radical selected from the
group consisting of hydrogen, halides, and alkyl groups comprising 1 to 30 carbons, each V'is
monovalent radical independently selected from the group consisting of hydrogen, halides,
pentafluorophenyl carbonate group (-0002C6F5), gxﬁ<yl groups comprising 1 to 30 20carbons, alkene
groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups comprising

6 to 30 canaRs, ARIRN FOUPS CAPRLEING & 03IABBRONY MDIEHIRT FRRRISING. L4Q 80 carbons,

thioester groups.comprising 1 to 30 carbons, urea groups comprising 1 to 30 carbons, carbamate
groups st Gt EdfboRidsiblog Bt ¢ ﬁ?ﬁgﬁ‘ﬁféel ¢ goarBdeBE S WIkexsHrgaps
comprising 4@ sR-Crtkepisrandanenenbars aithe foregoing alkyl, alkene, alkyne, aryl, ester, amide,
thioester, urea,.carb m%tez ether, and alkoxy groups substituted with a pentafluorophenyl carbonate
group, ahd't Ai8e ‘?r%fé 5O gﬁ%‘&ib&?ﬂﬁ% FRRRSYRSTRY SoRcisham ERRsEibn e sHeib BT alkyl

groups SeonppitBing lo®AGampHIRMKeDRYIOLPSRARNIISING $4Sk G0 SIS SFeuRS

comprisi 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30
carbons,Pg%]?icér%oﬁlﬁsa%%ﬁ?}éﬁﬁofl %I%% r@éns?%%sst‘lésilﬁr%{?b‘gsc%‘?ﬂ%@ﬁé H‘b% carbons, urea

groups comporisingilteliwarbops;starbantie ghoupsitomspigingds B3P Garzone, anckeihes, groups
comprisi Q 5.he.composition of claim 4, wherein the gyclig carbonate compound
comprisel&ls%g1 %g%lgif% %%%?é%%ﬁoéggﬂggﬁ%g? %r%gsgaérr%l? ﬁg.mél p ‘T‘ﬁ%mcﬁgfﬁglgslltt?gnﬁgf Hqg?nl%s’ ?‘?ﬂ%g?%ﬁn each
V' is hydgogms. cosprisitiel dopositions.of claim 4, wherein m and n are equal to 1, and le is a
moypvalent hydrocarbon group comprising 1 to 10 carbons. 8. The composition of claim 4, wherein
Rl is selected from the group consisting of methyl, ethyl, 20propyl, 2-propyl, n-butyl, 2-butyl, sec-butyl
(2-methylpFes\masstyProd ciimetnyibersin, the peniylc@bpanis/Lodpewnycisoppsetyl sagte neo-pentyl. 9.

The 90W%m@rgf,ﬁggm¢%%ﬁ§(@é@0{q§ first cyclic carbonate compound is selected from the group
consisting o ‘

6. The composition of claim 4, wherein each V' is hydrogen.
15
7. The composition of claim 4, wherein m and n are equal to 1, and R' is a monovalent

hydrocarbon group comprising 1 to 10 carbons.

8. The composition of claim 4, wherein R is selected from the group consisting of methyl, ethyl,
20 propyl, 2-propyl, n-butyl, 2-butyl, sec-butyl (2-methylpropyl), t-butyl (1,1-dimethylethyl), n- -
pentyl, 2-pentyl, 3-pentyl, iso-pentyl, and neo-pentyl.

9. The composition of claim 4, wherein the first cyclic carbonate compound is selected from the

group consisting of



10. A method, comprising: forming a first mixture comprising bis(pentafluorophenyl) carbonate, a
catalyst, an optional 5 solvent, and a precursor compound, the precursor compound comprising i)
three or more carbons, ii) a first hydroxy group capable of forming a pentafluorophenyl carbonate in a
reaction with bis(pentafluorophenyl) carbonate, and iii) two nucleophilic groups independently selected
from the group consisting of alcohols, amines, and7t?1|ols the two nucleophilic groups capable of
forming a cyclic carbonyl group in a reaction with bis(pentafluorophenyl) carbonate; 10agitating the
first mixtur therebyf Ermlng a first cyclic carbonyl compound comprising i) a pendant

pentafIUQ henyl ca ate group and ii) a cyclic carbonyl moiety selected from the group consisting
of cyclic b\ar nates, cyclic ureas, cyclic carbamates, cyclic thiocarbamates, 80 cyclic thiocarbonates,
and cyclic/dithiocarbonates. 11. The method of claim 10, wherein the precursor compound has the
general for ulas (1) . hereln together the X are cyclic carbonyl forming nucleophilic groups, each X
mdepende “represe @ monovalent radical selected from the group consisting of - 10 OH, -SH,
-NH2, and*NHR", whéteineach R" independently represents a monovalent radical selected from the

j ) of groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons,
and the membérs of th egoing alkyl and aryl groups substituted with a pentafluorophenyl carbonate
forming hydroxy group? ' is O or an integer from | to 10, wherein when n' is O carbons labeled | and
3 are linked, 15 together by a single bond, each R' independently represents a monovalent radical
selected frdm)the grou conS|st|ng of hydrogen, pentafluorophenyl carbonate forming hydroxy group,

halides, ?ky groups @ﬁr@orlsmg | to 30 carbons, alkene groups comprising | to 30 carbons, alkyne

groups comprising 1 to130 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1
to 30 carbops, amide 2 roups comprising 1 to 30 carbons, thioester groups comprising Ito 30
carbons, urea-groups c prlsmg 1 to 30 carbons, carbamate groups comprising | to 30 carbons, ether
groups comy rising 1 to 30 arbons alkoxy groups comprising 1 to 30 carbons, and the members of
yI alke yne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy
red W|th A pentaﬂuorophenyl carbonate forming hydroxy group, and

10. A method, comprising:
forming a first mixture comprising bis(pentafluorophenyl) carbonate, a catalyst, an optional
5  solvent, and a precursor compound, the precursor compound comprising i) three or more

carbons, ii) a first hydroxy group capable of forming a pentafluorophenyl carbonate in a reaction
with bis(pentafluorophenyl) carbonate, and iii) two pucleophilic groups independently selected
from the group consisting of alcohols, amines, and thiols, the two nucleophilic groups capable of
forming a cyclic carbonyl group in a reaction with bis(pentafluorophenyl) carbonate:

10 agitating the first mixture, thereby forming a first cyclic carbonyl compound comprising i) a
pendant pentafluorophenyl carbonate group and ii) a cyclic carbonyl moiety selected from the

group consisting of cyclic carbonates, cyclic ureas, cyclic carbamates, cyclic thiocarbamates,



25 at least one R' and/or R" comprises a pentafluorophenyl carbonate forming hydroxy group. 81 12.
The method of claim 10, wherein the first cyclic carbonyl compound has the general formula (2): K)(2)
5wherein each Y is a divalent radical independently selected from the group consisting of -0-, -S-,
-N(H) , and N(Q")-, wherein each Q" is a monovalent radical independently selected from the group
consisting of alkyl groups comprising | to 30 carbofi$, aryl groups comprising 6 to 30 carbons, and the
members of the foregoing alkyl and aryl groups substituted with a pentafluorophenyl 10 carbonate

group ('%?Qi%@lﬁl%@vb%hia?t&,%éQ%fﬁgﬁ{hfﬁ%ﬁ}b%ﬁ%é@’ wherein when n'is 0, carbons labeled 4 and 6

are linked together by a single bond, each Q is a monovalent radical independently selected from the
group consisting of hydrogen, halides, pentafluorophenyl carbonate group, alkyl groups comprising 1

to 30 carnorrs'maﬁe@mﬁzJa'?g[gamo;%ﬂaréﬁmgelpﬁgcég&aé%géu%me&%w&ﬁqmﬁ{mf)1 to 30
roon

carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 ca s, amide
groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups
comprising |.to 3Q carbons, carbamate groupg>comprising 1 to 30 carbons, ether groups comprising 1

to 30 ca s, alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl,
alkene, 204l , aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy groups substituted
withsa pentafluorophenyl carbonate group, and wherein one or more Q' and/or Q" comprises a

pentafluorophenyl carbonate group. 13. The method of claim 10, wherein the precursor compound

has the general formula (3): 25 hu.
. wherein

together the X are cyclic carbonyl forming nucleophilic groups,
each X independently represents a monovalent radical selected from the group consisting of -

10 OH, -SH, -NH3, and -NHR", wherein each R" independently represents a monovalent radical
selected from the group consisting of alkyl groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, and the members of the foregoing alkyl and aryl groups substituted
with a pentafluorophenyl carbonate forming hydroxy group,
n'is 0 or an integer from 1 to 10, wherein when n' is 0 carbons labeled 1 and 3 are linked

15  together by a single bond,
each R' independently represents a monovalent radical selected from the group consisting of
hydrogen, pentafluorophenyl carbonate forming hydroxy group, halides, alkyl groups comprising
[ to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30
carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising I to 30 carbons, amide

20 groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups
comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups
comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the members of the
foregoing alkyl, alkene, alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy
groups substituted with a pentafluorophenyl carbonate forming hydroxy group, and

25  atleast one R' and/or R" comprises a pentafluorophenyl carbonate forming hydroxy group.



wherein the X together are cyclic carbonyl forming nucleophilic groups, 5 m and n are each
independently O or an integer from | to 11, wherein m and n cannot together be 0, and m+n is an
integer less than or equal to 11, each X' is a monovalent radical independently selected from the group
consisting of-OH, -SH, - NH2, and -NHT", wherein each T" is a monovalent radical independently
selected from the group consisting of alkyl groups €bmprising 1 to 30 carbons, aryl groups comprising
6 to 30 carbons, 10 and the members of the foregoing alkyl and aryl groups substituted with a
pentafluorophenyl carbonate forming hydroxy group, each T is a monovalent radical independently
selected from the group consisting of hydrogen, halides, pentafluorophenyl carbonate forming hydroxy
group, a%l%ﬂﬁg‘%ﬁﬁr laipyl P, tW@%’&Fb%ﬁéStﬁk‘éﬁngmpé comprioihbas tee30rcarbbrsiddkyne
groups qqmprlsmg 1 to 30 carbons, 15 aryl groups comprising 6 to 30 carbons, ester groups
comprising 1 to 30 carbons, amide groups comprlsmg 1 to 30 carbons, thioester groups comprising 1
to 30 carbons,urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons,
ether groups/o%@prlsmg 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the members
of the forgg |ng Ikyl, alkene, alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy
groups sy 20 with a pentafluorophenyl carbonate forming hydroxy group, and L' is a single
bond or a d|v | pt Ilnklng group selected from the group consisting of alkyl groups comprising 1 to 30
carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl
grodps c@ﬂﬁﬁriﬁ’@lng 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprisignil o 0RIRANEHURSHIRH GIQURR SOUPAG 1Q FRERTIANG,£B Lfeg DIRuBR GomIPrising 1

to 30 carbons, carbamate groups comprising 1 to 30 carbons, an er gr ps comprising 1°to 30

carbons 8@ rHEhsreinSachiQdia II@nWWé%‘iﬁameaﬁr@#@y@t@eﬁm@i@ﬂt%mwg@the general
formula Es{éin® ¥ hRIRIBBRAND MATEIRAERINERRANARNIN 00580 &Eﬁgﬁgiﬁg@t& 18 dApigerein m

and n cannot together e 0, and m+n is an integer less than 6r equal to 1
and the members of the foregoing alkyl and aryl groups substltuted with a pentaﬂuorophenyi

10 carbonate group (-OCO,CyFs),

n'is 0 or an integer from 1 to 10, wherein when n' is 0, carbons labeled 4 and 6 are linked
together by a single bond,
each Q' is a monovalent radical independently selected from the group consisting of hydrogen,
halides, pentafluorophenyl carbonate group, alkyl groups comprising 1 to 30 carbons, alkene

15 groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups comprising 1
to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30
carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons,
alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl, alkene,

20 alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy groups substituted with a
pentafluorophenyl carbonate group, and wherein

one or more Q' and/or Q" comprises a pentafluorophenyl carbonate group.

13. The method of claim 10, wherein the precursor compound has the general formula (3):
25



each Y'is a divalent radical independently selected from the group consisting of-O-, -S-, -N(H)- 10
-and -N(V")-, wherein each V" is a monovalent radical independently selected from the group
consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising 1 to 30 carbons, and the
members of the foregoing alkyl and aryl groups substituted with a pentafluorophenyl carbonate group
(-0002C6F5), each V' is a monovalent radical indegéendently selected from the group consisting of
hydrogen, 15halides, pentafluorophenyl carbonate group, alkyl groups comprising 1 to 30 carbons,
alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups

ising 1o § ), carbons, ester groups comprising 1 to 30 carbons, amide groups comprising 1 to

, toester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30 carbons,
carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons, 20alkoxy
groups comprisig; 1 to 30 carbons, and the members of the foregoing alkyl, alkene, alkyne, aryl, ester,
amide, thioester, urea, carbamate, ether, and alkoxy groups substituted with a pentafluorophenyl
carbonate group, and 84 L'is a single bond or a divalent linking group selected from the group
consistingefralky! groups comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons,
alkyne groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups
comprisitig £t A A REC R JpUEBRBIHREM o%eiearbons, thioester groups comprising 1
to 30 carheng natd eaBIaURSEMNDISING h ndBeeaihansocarbamate groups comprising 1 to 30
carbons, and ether groups comprisin 1(&2 30 carbons. . 15. The method of claim 14, wherein each Y'
is -0-, ar@?f%{lﬁ%gﬁé’ﬁ ‘Tglf)‘é%g’%e%eégh‘?o GOLIBRE SRR AT SERAsE P ERE o8P bonsisting of
hydrogessdhaXtias, mntoatkiyhoralips cotaprisiagld s d030reanangolp chhasmethedm clgim 10,
wherein.the firs cwﬁuf «carbonyl compqund is a cyclic caybonate compound of the general formula (5):
15 (5) W éf‘eall%&iﬁ and ’nwahreereéagﬁcg epehBSAty 08t %@?ﬁé&%%ﬂ%ﬂ?@%’oﬁlf?m@m}hﬂﬂﬁ &4 cannot
togetherchas@iiagdfalkyliglags thampoisaguiatds A tarbonk | ds/hgmapovatent sadicabseleatbenfiom the

groyp consisti r ides, and, alkyl 20 groups comprising.1 to 30 carbons, eqch V' is
o A B A R i o sl
pentafluerdismeiniccanbe fiatb groarEn002C6F5), alkyl groups comprising 1 to 30 carbons, alkene

groups %@@W%Mr&o&%@g&ﬁﬂﬁﬂa ﬁ'l@fﬂ&@éﬂﬂ'f) Sty %Hgtﬂ'etgr§9pcc%r1%?§15ﬂg of hydrogen,

halides, pentafluorophenyl carbonate forming hydroxy group, alkyl groups comprising ! to 30

carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons,
15 aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising
1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30
carbons, alkoxy groups comprising I to 30 carbons, and the members of the foregoing alkyl,
alkene, alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy groups substituted
20 with a pentafluorophenyl carbonate forming hydroxy group, and
L' is a single bond or a divalent linking group selected from the group consisting of alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising
1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30
carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons,
25 urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, and ether

groups comprising 1 to 30 carbons.



85 aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to
30 carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons,
alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl, 5alkene, alkyne,
aryl, ester, amide, thioester, urea, carbamate, ethet and alkoxy groups substituted with a
pentafluorophenyl carbonate group, and L' is a single bond or a divalent linking group selected from
the groupcamgistingoafaaliaaroyReHAmPHRiRgsl 4930 LABRNS. ANRDESEUBR %gﬁ%pzﬂm&‘lato 30
carbons, alkyne groups comprising 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester
groups ﬁwprlsmg I to 30 10 carbons, amide groups comprising 1 to 30 carbons, thioester groups
comprising | to 30 carbons, urea groups comprising 1 to 30 carbons, carbamate groups comprising 1
to 30 carbons, and ether groups comprising 1 do 30 carbons.  17. The method of claim 10, wherein
the first cyclic carbonyl compound is a cyclic carbonate 15 compound of the general formula (6): (6)
wherein m angﬁgare each independently O or an integer from Ito 11, 20 wherein in and n cannot
together be m+n is less than or equal to 11, RI is a monovalent radical selected from the group
consistiri ¢h, halides, and alkyl groups comprising 1 to 30 carbons, and 86 L' is a single
bond or a d|v nt Ilnklng group selected from the group consisting of alkyl groups comprising 1 to 30
carbons, alkene/groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl
groups comprisi 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to carbons thioester groups comprising 1 to 30 carbons, 5 urea groups comprising 1
to 30 carbons, Garbamate groups comprising 1 to 30 carbons, and ether groups comprising 1 to 30
carbons. 18. T thqd of claim 10, wherein the precursor compound is a triol selected from the
group consistin T, 1:trimethylol ethane, 1,1,1-trimethylol propane, 1,2,3-propane triol, 2-

F F

wherein
m and n are each independently 0 or an integer from 1 to 11, wherein m and n cannot together be
0, and m-+n is an mteger less than or equal to 11,
each Y'is a divalent radical independently selected from the group consisting of -O-, -S-, -N(H)-
10 -and -N(V"}-, wherein each V" is a monovalent radical independently selected from the group
consisting of alkyl groups comprising 1 to 30 carbons, aryl groups comprising 1 to 30 carbons,
and the members of the foregoing alkyl and aryl groups substituted with a pentafluorophenyl
carbonate group (-OCO,C4Fs),
cach V'is a monovalent radical independently selected from the group consisting of hydrogen,
15 halides, pentafluorophenyl carbonate group, alkyl groups comprising 1 to 30 carbons, alkene
groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons, aryl groups
comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups comprising 1
10 30 carbons, thioester groups comprising 1 to 30 carbons, urea groups comprising 1 to 30
carbons, carbamate groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons,
20  alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl, alkene,
alkyne, aryl, ester, amide, thioester, urea, carbamate, ether, and alkoxy groups substituted with a

pentafluorophenyl carbonate group, and



l'Ohydroxymethyl-l,3-propanedio|, 2-(hydroxymethyl)-2-methy1-1,3-propane diol, butane-1,2,3- triol,
butane-1,2,4-triol, 1,1,1-trimethylol butane; 1,1,1-trimethylol pentane; 1,2,5-pentane triol,
1,1,1-trimethylol hexane, 1,2,3-hexane triol, 1,2,6-hexane triol, cyclohexane-1,2,3-triol,
cyclohexane-1,2,4-triol, cyclohexane-1,3,5-triol, 2,5-dimethy1-1,2,6-hexanetriol, 1,1,1- trimethylol
heptane, 1,2,3 -heptanetriol, 4,5 -dideoxy-d-erythrépent-4-enitol, 3,5,5-trimethyl- 15
2,2-dihydroxymethylhexane-1-01, and combinations thereof. 19. The method of claim 10, wherein the
catalyst is gesiunyflupride, » 439 Ehﬁnﬁﬁﬁg? claim 10, wherein the first cyclic carbonyl compound
is selected from the 20 groua coneéisting 0 %@The.m%thgglo%glgﬁ%t%ﬁ?%lr%n %fg%k n%oél.ps
agitatingtaraRHsHe hikgitcEbmpridiiage)meafirspeyrsiingat oty cobepeaiklyii srowseophilisibselected
from the ko aensis!ng,AlalsaNRlmATINGS (250 Uiglesllan ARIANALGARLYSL ARd S 1) an

optional solvent, thereby forming a second cyclic carbor]yf compound and pentdfluorophenol
byprodut YREr &Rt SRS SeepEiTedr Fedipbihacsbmpioges weweshts futrcidsatyrsup fanned

by sreagtionehtheansamPenatuarephe @M&lﬁﬁfﬁ%’eﬁlg{ RMtLthe Rugleqriilg, the saepnd
functional group selected from the group consisting of carbonates other 5than pentafiuorophenyl
carbonaf XSSV NP i@ BBhates. 22. The method of claim 21, further comprising agitating
a third mixture comprising the second cyclic carbonyl compound, a catalyst, an accelerator, an
initiator, n_optional solvent, therehy forming.a polymer by ring opening polymerization of the
second (%T:Cht? %glrgtéﬁglofs cao%lgéuwg, il f)%‘ig}rlggf'sdg)rﬁﬁﬁgﬁ g% PePEaR iheeBm Bt Mg Gidichain
functionaddjreliivetedtizarfrdm gheng rougisnsistingobearhaiie sathtrthaspeniaiivaanheny!
ca%on??,cca% amates, and thiocarbonates, and the polymer comprising a backbone segment
selected from the group consisting of polycarbonates, polyureas, polycarbamates, polythiocarbamates,
polythiocarbonates, and polydithiocarbonates. 15 23. The method of claim 22, wherein the catalyst is
an organgeaialityed o FbRIMINanalSlr S haieln SYRly individualmelsl elected fiom the
group consisting of beryllium, magnesium, calcium, strontiunt, barllﬁ)m, radglum, afumlnum, gallium,
indium, 2oeRanishe! deggrasrahiotinulesd; arsenic, antimony, bismuth, tellurium, polonium, and metals
of Groups 3 t0012 of the Periodic Table has a:goncentration in the polymer of O ppm to 100 ppm. 25. A
method, comptjsing: agitating a first mixture comprising i) a precursor compound comprising two or
more carbon, three or more hydroxy groups, ii) bis(pentafluorophenyl) 25carbonate, and iii) a
catalystwth;L’@;yé@r‘pjng a first cyclic carbonate compound comprising a

V' o 'y
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15
wherein
m and n are each independently 0 or an integer from 1 to 11, wherein m and n cannot together be
0, and m+n is less than or equal to 11,
R' is a monovalent radical selected from the group consisting of hydrogen, halides, and alkyl

20 groups comprising 1 to 30 carbons,
cach V' is monovalent radical independently selected from the group consisting of hydrogen,
halides, pentafluorophenyl carbonate group (-OCO,CFs), alkyl groups comprising 1 to 30

carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising 1 to 30 carbons,
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aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons, amide groups
comprising 1 to 30 carbons, thioester groups comprising 1 1o 30 carbons, urea groups comprising
1 to 30 carbons, carbamate groups comprising I to 30 carbons, ether groups comprising 1 to 30
carbons, alkoxy groups comprising 1 to 30 carbons, and the members of the foregoing alkyl,
alkene, alkyne, aryl, ester, amide, thioester, urca, carbamate, ether, and alkoxy groups substituted
with a pentafluorophenyl carbonate group, and

L' is a single bond or a divalent linking group selected from the group consisting of alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising
I to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30
carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons,
urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, and ether

groups comprising 1 to 30 carbons.

17. The method of claim 10, wherein the first cyclic carbonyl compound is a cyclic carbonate

compound of the general formula (6):

(6

rY L
/
)
9] 13
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F F
wherein

m and n are each independently 0 or an integer from 1 to 11,
wherein m and n cannot together be 0, and m-+n is less than or equal to 11,
R’ is a monovalent radical selected from the group consisting of hydrogen, halides, and alkyl

groups comprising 1 to 30 carbons, and
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L' is a single bond or a divalent linking group selected from the group consisting of alkyl groups
comprising 1 to 30 carbons, alkene groups comprising 1 to 30 carbons, alkyne groups comprising
1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups comprising 1 to 30

carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to 30 carbons,
urea groups comprising 1 to 30 carbons, carbamate groups comprising 1 to 30 carbons, and ether

groups comprising 1 to 30 carbons.

18. The method of claim 10, wherein the precursor compound is a triol selected from the group
consisting of 1,1,1-trimethylol ethane, 1,1,1-trimethylol propane, 1,2,3-propane triol, 2-
hydroxymethyl-1,3-propanediol, 2-(hydroxymethyl)-2-methyl-1,3-propane diol, butane-1,2,3-
triol, butane-1,2,4-triol, 1,1,1-trimethylol butane; 1,1,1-trimethylol pentane; 1,2,5-pentane triol,
1,1,1-trimethylol hexane, 1,2,3-hexane triol, 1,2,6-hexane triol, cyclohexane-1,2,3-triol,
cyclohexane-1,2,4-triol, cyclohexane-1,3,5-triol, 2,5-dimethyl-1,2,6-hexanetriol, 1,1,1-
trimethylol heptane, 1,2,3 -heptanetriol, 4,5 -dideoxy-d-erythro-pent-4-enitol, 3,5,5-trimethyl-
2,2-dihydroxymethylhexane-1-ol, and combinations thereof.

19. The method of claim 10, wherein the catalyst is cesium fluoride.

20. The method of claim 10, wherein the first cyclic carbonyl compound is selected from the

group consisting of
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21. The method of claim 10, further comprising:
agitating a second mixture comprising i) the first cyclic carbonyl compound, ii) a nucleophile

5 sclected from the group consisting of alcohols, amines, and thiols, iii) an optional catalyst, and



10

15

20

25

88

iv) an optional solvent, thereby forming a second cyclic carbonyl compound and
pentafluorophenol byproduct, wherein the second cyclic carbonyl compound comprises a second
functional group formed by a reaction of the pendant pentafluorophenyl carbonate group with the
nucleophile, the second functional group selected from the group consisting of carbonates other

than pentafluorophenyl carbonate, carbamates, and thiocarbonates.

22. The method of claim 21, further comprising agitating a third mixture comprising the second
cyclic carbonyl compound, a catalyst, an accelerator, an initiator, and an optional solvent,
thereby forming a polymer by ring opening polymerization of the second cyclic carbonyl
compound, the polymer comprising a repeat unit comprising a side chain functional group
selected from the group consisting of carbonates other than pentafluorophenyl carbonate,
carbamates, and thiocarbonates, and the polymer comprising a backbone segment selected from
the group consisting of polycarbonates, polyureas, polycarbamates, polythiocarbamates,

polythiocarbonates, and polydithiocarbonates.

23. The method of claim 22, wherein the catalyst is an organocatalyst.

24. The method of claim 22, wherein every individual metal selected from the group consisting
of beryllium, magnesium, calcium, strontium, barium, radium, aluminum, gallium, indium,
thallium, germanium, tin, lead, arsenic, antimony, bismuth, tellurium, polonium, and metals of

Groups 3 to 12 of the Periodic Table has a concentration in the polymer of 0 ppm to 100 ppm.

25. A method, comprising: agitating a first mixtare comprising i) a precursor compound
comprising two or more carbons and three or more hydroxy groups, ii) bis(pentafluorophenyl)
carbonate, and iii) a catalyst, thereby forming a first cyclic carbonate compound comprising a

pendant pentafluorophenyl carbonate group.



