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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 a
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[5.4.0Jundec-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



OOHOOHO CI OX 14 bi sMPA 10wherein X is 0, NHL NR, or S, and R and R
generally represent groups conprising 1 to 30 carbons. The -COXR group can
for exanpwe,2origpsesent an ester, am de, or thioester dercragdinosa7rhe

bi sSMPA car boxylic acid. The cyclic carboqfte acid conmpound, MICOH, 0 (D).O
1500H( MTCOH) , provides great versatility 9n preparing functionalized
carbonate conpounds for ROP, simlar to (neth)acrylic acid for CRP. For
exanpl e, the reaction of an al cohol or amine with (nmeth)acrylic acid (or

Compound 1 S i keap 8O R 0B L TP TSRe ik e Bpat PR aME G 8P S8 ne

W th MICOHcyodie chitb®na6 itiskr@bi piaintlelllyaamav@estt. alkusde Gyred wereqam@@aﬁ €or@pd1@ids Or
cyclic carhonate anmide conpound for ROP. However, there are only a few

cyclic est éffr“@érﬁ%@%ésblﬁwﬁhwk&)m@mawac@a(bl@MPa‘})e a@@tﬂ@@rﬂﬁ%}#ﬂtﬂ@ bl fps
reported igolL paltibtleg& HbhRrs. F}%ﬁ%ﬁych@ c&r%ghéts c8 ISR of
a , can rom

25chl or of or mat e pen grou e syn eS|ze

tris(hydr Om)ﬁfémnlﬂfdn)cabﬂﬂaaIgmt(pINEachééB@dﬁ&lﬁEaﬂ)bxylatAﬂiave been generated from bisMPA

2011/ 135046PCT/ EP2011/ 056778
?Pratt etal 8‘%@171 Comm. 2088 114-116), Scheme 1.

Scheme 1.
@) @) O
HO OH OLO O)J\O O)J\O
O~ OH o~ OH o~ (i @) )l(
R
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,

X

o 0

X

15 O~ OH (MTCOR),
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
(meth)acrylic 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, MTCOCOCI, can be synthesized from
tris(hydroxymethyl)ethane (TME) (Scheme 2).
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5 Further substitution of the acyl 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 carbamate 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 biodegradable polymers are the ring-opening polymerization
(ROP) of cyclic esters (e.g., lactones) and cyclic carbonates to produce polyesters and
polycarbonates, respectively, illustrated in Scheme 3.
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wherein R' and R” generally represent hydrogen or a short chain monovalent hydrocarbon
substituent, and nis 1 to 5. As a class of biodegradable polymers, polycarbonates have
generally been found to exhibit significantly increased rates of biodegradation in the human

body relative to polyesters.

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 benzyl ester shown) can be
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 via the formation of an ester

linkage, an amide linkage, or the like.
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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
more versatile and straightforward approach to the preparation of ROP polymers bearing
functionalized side chain groups is needed, in particular polycarbonates bearing reactive
carbonate side chain groups. The reactive side chain groups should enable direct

functionalization of the ROP polymer.
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wherein each Y is a divalent radical independently selected from the group consisting of -O-,
-S-, -N(H)-, or -N(Q")-, wherein each Q" group 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 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 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

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):
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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,
each V' group is monovalent radical independently selected from the group consisting of
hydrogen, halides, pentafluorophenyl carbonate group (-OCO,CsFs), 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, ether groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons,
and the foregoing V' 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 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.

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 1) two or more carbons, preferably three or more

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

as
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Yet another method comprises: forming a mixture comprising i) a first cyclic carbonyl

15 compound comprising a cyclic carbonyl moiety selected from the group consisting of cyclic
carbonates, cyclic ureas, cyclic carbamates, cyclic thiocarbamates, cyclic thiocarbonates, and
cyclic dithiocarbonates, and a pendant pentafluorophenyl carbonate group, ii) a nucleophile
selected from the group consisting of alcohols, amines, and thiols, iii) an optional catalyst,
and iv) an optional solvent; agitating the mixture, thereby forming a second cyclic carbonyl

20 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.

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 1) 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
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20 chain comprising a pentafluorophenyl 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 detailed

30 description, drawings, and appended claims.
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The first cyclic carbonyl compound bearing a pendant pentafluorophenyl carbonate group is

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

with a precursor compound. The precursor compound comprises two or more carbons,

(PFC),

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



groups, and thiol group, and iii) the first polynmer chain conprises a first
repeat unit, the first repeat unit conprising a) a backbone functi onal
group selwotzed/f3s@m t he group consi sting of carbonate, errceaP20iaasizasmat es,

t hi ocar bamat es, thi ocarbonate, and dithi 8arbonate, and b) a tetrahedral
backbone carbon, the tetrahedral backbone“carbon being Iinked to a first

si de 20chai n conprising a pentafl uorophenyl carbonate group. Viewed from
anot her aspect, the invention relates to cyclic carbonyl conpounds for

ri ng-openin z nd_net arathon ereof . 1and nore
Spec 1 cal TGoREMERhb < hisPBaeR0 & din B i REEh Bl TRy oL
pentaf | uor ﬁn@ﬁm@/ﬁyde@rybg}aa@ GTWOCMQhe thfecastGhdrt @lcledpieliBlonyest the Prealisor
relates to the preparation of yner s havi ng pendant pent af| uor ophenyl
carbonat e BRI roget BhPAY tlsefp lrrmatcryi@lrc Gaskpaybaroup, Fngras Faleread ol ¢yedg

pol yneric ri bed and ot her features and advant ages
of the pre§§h§J ﬁ%gﬁ?gﬂﬁﬂaﬂﬁﬁﬁﬁggﬁg appreci ated and under st ood by
those skilled in the art fromthe follow ng detail ed 30description,

dr awi ngs, d appended cl ai s 2011/.135 CT/ EP2011/ 056778 9 DETAI LED
DESCRIPTICNE€V€PW€WH§PBEW9¢S%ﬁﬁﬁ%ﬂﬁ@gai 6'bsed conprising a pendant
pentafluoroph§pylyparbonate group and a functional group selected from

Yl ic carbamate, cyclic urea, 5cyclic thiocarbonate,

t&' cyclic dithiocarbonate, and conbi nati ons thereof.

Al so described_ Js, a sinple one step nethod (Method 1) for preparing a
cyclic carbonﬁ? onpound Havi ng a pendant pentafluorophenyl car bonat e
group, refe st rho her

i ool osed (2B oBRBE Fha ABuboFe bHRicalti L iRk D ERRBE s bby
conpound, blyiep@ﬁeﬁﬂmpteb@npendmatala&macaédltseleap@ﬁnm the @f&tpl’b@hﬁsﬂ@cﬁﬂ)m{ of
the first cyclic carbonyl compound with an al cohol, amine or thiol to form
a dPf f er enbHe N Hoaad NHR " cuhdpseipspe Br gr@upm@eard@aﬂaf@r%égtﬁ@émwwm wi t hout

altering t nd.
ach of t htar &oefem Y rolP LAl of Myl tloShe kGl EPlg ATMAGR ROH )

saf er thangmmpmoﬁmpmmmp6v1mganbagemw&hsﬁﬂhgaﬁgBhgﬂg@ﬂ@dmoﬂuuhwehaedlate
acid chlorides flrst and secon clic carhony ar e
potenti al | 9%&%%@95@ oBy! PRI W&&&%&&ﬂ%&ﬂﬁﬁg % @hfqag

pol ymer i zafhQRin(dn' id M cRBbhd G618 1 BRA B"aﬁéc@l@@% @a%hbé‘gfo'ﬁg bR ¢ 'Bér
functionalities and properties. The term "bi odegradable” is defined by the

Amgbi can Swsingleybondscatle 8( gmgp antgpdedeetly adpscsastsa ml@ngak&at adwalcsiested fiym

bi ol ogi cal t t b | eadi
2001 g 11 c e oA S dtabm B Pt G S gPRh oFare PRapSy B,
pur poses hgilRicE, alidyl @%L%’é b@ﬂnphﬁn@'l%lgg caday, alkehe %170 g@&ﬁﬁ BRYB0 carbons

bi odegr adati on Wi t'hin s in accordance wit The
first cycl tlkyeagospstorgumpaunty Heearbag, ayheraurrtongsingrq @&Wh@w,l ester

car bonat e O%BE cdrﬁpr%s?rp [ PFRAME gargé/nst Nfiidk %?ocl}ps %orngl;lslgg STk glfboﬂéj HARAsY!)

car bonat e:
20 groups comprising 1 to 30 carbons, urea groups comprising 1 to 30 carbons, carbamate

cyclic thid&ar

groups comprising 1 to 30 carbons, ether groups comprising 1 to 30 carbons, alkoxy groups
comprising 1 to 30 carbons, 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 pentafluorophenyl 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



(PFC) , with a precursor conpound. The precursor conpound conprises two or
nore carbons, preferably three or nore carbons, and three or nore

nucl eophiwocogrssps sel ected fromthe group consisting eCTalreahobeyst hiol s,
and am nes. One of the three or nore nucliophilic 30groups i s a hydroxy
group that reacts with PFC to form a pend nt pentafl uorophenyl WO
2011/135046PCT/EP2011/056778 10 carbonate group. This hydroxy group is
referred to herein as a pentafluorophenyl carbonate forning hydr oxy
group." T en hi.lic t rsor
Compound 1 S8t B C0n R LG e o Rl | SRuPiTR Tl oo
to as "cycl Bopregdmeaidy broups, MAputakdicQpSigs! T,2@hRmMpdiamirk gTb@spnecur sor
conpounds have the general formul a (1): R X3XR RR R wherein

t oget her t P@PXYiaERipe g&“@&cly‘irbll@n%?fﬁ@ﬁﬁm%f%ﬁmg‘l%ﬁ@ﬂ@'cﬁfﬁmsb 3-agiups, each

X i ndepend S a; | roup
consi st ngﬁ%%woég?&{pﬁ’fg%hﬁm Nﬁgﬁﬂ&?ﬁﬁ%’;&%@ﬂge@ﬁF%‘Bﬂp%}%&%ﬁ 4

i ndépendenplopaticd Rf@pENL-tcicapndypadpandl grawhscimeaselpest &ﬂtafnbbgnotljste cgsrtﬁmplne
conS|st|ng of aIk | groups . conp r|S|nq%1 to 30 c r bons, g

conpri si ngS®UPY lzbebaradynie! erongs1apd lhprogansdghie g@)ﬂlamfsv%sgr PR tgé%PRR/i th a

pentaf | uor gphemyl, tﬁ‘eaf’ope%'{i}g%%(fngﬁé? L] rQé’c‘i%HWtth‘lf(FJ Hméhﬂle ckéh@ca%on%fbsi nf 96

from1l to 10, wherein carbons | ab attached to "each
X group aref thi phet diolgetyhbe utzys fibm aiyrdltie dond diagaods, %rclgm@ﬂqaniatadéipmnde,nt |y
represents oval ent i cal elect d f the consistin

v ogon, - BOHEAPTU ORI Sab B Arecs POy ey Dop GUB e aoholpycy
graQgps Conmpydlig ithigcakbdRatdPrE6mI a0 B thelbk 8O 8mHoOHRSs, ﬁﬁmdlﬁlmlo%aﬁb@nﬁgs from

car bons, alkyne groups conpr|S|ngll to 30 carbons, | groups conprising 6

to 30 car bamsof theelaveghitbipps Hinp n@tlwgalgrqwswl@aﬁrdbl@ gblealni de groups
conprising 1 to 30 carbons, thioester 20groups conprising 1 to 30 carbons,
urea groups conprising 1 to 30 carbons, carbamate groups conprising 1 to 30
carbons, efrhige 1groups conprising 1 to 30 carbons, al koxy groups conpri sing
1 to 30 carbons, and the fwrnnnlnn R, groups substituted with a
pentafluor@ﬁﬂéﬂ@ﬂbéﬁﬁ%onat ng hydr oxy group, and at |east one of the
foregoing| R and/or R grOJpg/%fg rlses a pent afl uorophenyl carbonate

form ng hydroxy group. 25 R' groups can further independently
conprise A cycloaliphatic ’| n aronatic ring, and/or a heteroatom such
as oxygen| sulfur or nitroqen. In an|enbodi ment, the X groups of the

precur sor | Cgapoured are hydf oxy @roups capable of formng a cyclic carbonate

in areaction with PFC. WD 20 135046PCT/ EP2011/ 056778
NR
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11 Non-limting exanples of cyclic carbonyl form ng noieties include

1, 2- et hanedi ol groups, 1, 3-propanedi ol groups, 1, 4-butanediol groups,

1, 2- et harwOi2anii3eo4gr oups, 1, 3- propanedi am ne groups, 1pdTre@En®si7asn ne
groups, 2-am noet hanol groups, 3-anino-|§ opanol groups, 4-am no-| -butanol
groups, 2-nercaptoethanol groups, 3-nerc éto-l- 5propanol groups,

1- mer capt o- 2- propanol groups, 4-nercapto-1-butanol groups, cysteam ne
groups, 1, 2-ethanedithiol groups, and 1, 3-propanedithiol groups. Cyclic
carbonyl groups forned by the foregoing noieties in a reaction with PFC
I nclude cyclic carbonates fromany of the above diols, cyclic ureas from
any of theThbfme calilidbarRayl coifdufid Campasmegchd @FbaY niicty bc@bdHBm the

am no-al cohol s, cyclic thiocarbonates fromany of the above

ner capt o- aBOYREPRSISNGOF 6V ¢lic qaphasatesrarhe e bapegas. Helicofreasnheydisdhigcarbonates,

am no-t hi o] S ' Lihi - it hi :
These f uncriadiOePbihe, SO SARIARMALER, o JOhANK Bl hOZoE BRI EIALE
/ C &yclic tfthatwo X SroNRIICPECI dhedirfiagrelicecadbonyl Bbpount fitiedricomprises a
Thi RKT Y lic Thi

Locar barrgénedagt pentaﬂWropher%X %algbgnate Ig?o({l%r(?g.,nt te?no?ety -OCO,CgFs) derived from a

pentafluorophenyl carbonate forming hydroxy group of an R' and/or R" group.

The first cyclic carbonyl compounds are represented by the general formula (2):

O

PR

Y72y

10 @ Q @),
wherein each Y is a divalent radical independently selected from the group consisting of -O-,
-S-, -N(H)-, or -N(Q")-, wherein each Q" group 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 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 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, 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 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 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) . In an

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



)" ") Cyclic Dithiocarbonate 0 )C) WD 2011/ 135046PCT/ EP2011/ 056778 12 The
first cyclic carbonyl conpound conprises a cyclic carbonyl noiety sel ected
fromthe woaop/esmsi sting of cyclic carbonates, cyclic earlkeewtiese77€yclic
ureas, cyclic thiocarbonates, cyclic thiqggcarbamates, cyclic

di t hi ocarbonates, and conbi nati ons thereof, fornmed by reaction of the two X
groups with PFC. The first cyclic carbonyl conpound further conprises a
pendant pent afl uorophenyl carbonate group (i.e., the noiety -00Q2C6F5)

derived from a. pent af | uor ophenyl . carbonat e form dro roup of, an R
and or R BrdisRE Bl PR A5 Ao w SRR B TR S PR BR "Dy " e
general f oedhiprasck dbing@ pé¥dadt pediafidor@phdnytarbbnatbigloghn each Y is a dival ent
radi cal independently selected fromthe group consisting of -0-, -S-,

-N(H)-, or -N(Q')-, wherein each Q group is a nonoval ent radical

nd q | ¢ PO : o
| MSPEnaen S5l 0} LR TR Aol A SRS RIRLL ! 10
Q' groups sudgtstdpui@d tivd frbcuasckzpenbaid winoPPEayd a caitdbdnatdygr @O i lese. |

-002C6F5), n' is or an integer from1l to 10, wherein when n' is Q, .
car bons |at9§rcet&am0fglﬁﬂreeg%t8e(e}8» LIPS SR Cag@ﬁ shgranaisoommpogadh 5C isr oup

I's a monovalaRtafiRdbhidht ﬂoﬂﬁlﬁgﬁp%ﬂfré WhaB BeRGUEd SEXRT L DG rckiHeﬁl ﬁ%@%éxé} kg of

hydr ogen, hali des, a pentafl uofophenyl carbonate group, alkyl ‘groups
conpri si ngbdeasdy SOrahshppsl, asd kendedgrRIpdoss apragsiraglatorate r8frtioarbdmerkup

al kyne groups,.conptisin to 30, carhons,, ar 0groups. conprisin to 30
car bons. | oSt e aHhs Brig b o ene wrEe A R Gt s e T ng 1
t 0180 car bogiasile! RECRHiEandNQYRErTEQVPIhS hidrodhlbAc 38d CTNBRNYvah RS réuRb P
conprising 1 to 30 carbons, carbamate groups conprising 1 to 30 carbons,

et her groupsst eachgrmpexity af thereotiensr Hshpoteniialp widgr hapeprs@iprd $arige 1 to 30
carbons. Al R AShIR PR R PR, JoRET R g coten
conpri ses pgerpeMioadpheasIARpesict CRhY OVl i@ Rbiiion can be readily recycled back into
PFC.
15
Isomerically pure precursor compounds having a hydrogen attached to an asymmetric carbon
can be converted to a cyclic carbonyl compound comprising a pentafluorophenyl carbonate
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 compound comprises 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 formula (3):
X' X
T 3 ~ .
T ||_. T
OH 3,
wherein the X' groups together are cyclic carbonyl forming nucleophilic groups, m and n are

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



WO 2011/ 135046PCT/ EP2011/ 056778 13 a cyclic carbonate group. In another
enbodi nent, the first cyclic carbonyl conpound conprises a single pendant
pent af | uovophamgbo46ar bonat e group. The cyclic carbonyl gromr2@andsdhe
pendant pentafl uorophenyl carbonate nniehg are formed 5in one step fromthe
precursor conpound using PFC and a suitabl'e catalyst. PFCis less toxic
than other reagents (e.g., phosgene) in preparing cyclic carbonate
conpounds. PFC is a crystalline solid at roomtenperature that, being |ess

sensitive tq water .tha gsgene, . can he.easily stored, shi.pped, an
nandl ed. - Prendoutiiale Pabir 87 B BT 2rERT: pino S ehr R RS an s
Moreover, tductdehémfthd@oap benedtinb P rOHUSH,oNH, NghdCIWHT"'Z dhbRh ¢RAAIiON S
| ess 10vol atile, less acidic, and | ess corrosive than hydrochloric acid.

These advamagedent sflicad indsaendsstly salertecbiipmdhs gipup Loptidingod gtiyba@upand
tentiall ' W i ' . d
Pontai i no bkt B FERREO BER! Bipdh BIEI] Bifork 16 HitEeifROUN S

bypsoduct gfloupheubsttutddzeith o pertefairoghenglboariumatecfaching hyeeyelgeeliphaadh T' it ©
PFC. 15 Isonerically pure, precursor coppounds having.a hydrogen attached to
an asymret PR HiEal indsBends e rteied B 165 BIOHE CERYHSR hzfgrﬁgem hafids.

conpri si ng r I 3 Lt
significanPé¥§§gﬁﬁggﬁggﬁﬁﬁﬁﬁ%f%é?%????%? %gﬁggg%%%g?g%g a eﬁe fQ%?¥Le in

achi evi ng earbenaakemngoils exgessngolf to§éadronspalleynerprowsspepiikingdl tby30of 90%

In 20 an enbopdi nent, the cycli.c rbon conpound conpri.ses ,an.as tric
Lo bon as otk L rups e G 8T e o RS Sy S R 430 S g
norg speci fhkRldryuf@re8atpitinghad 38Q%bohs tﬁﬂ%%o@mmpﬁ@ﬁgl b cadtfohl,Gurea

carbonyl conpound conprises an asymmetric carbon as an ( % isomer, in an
enant i oner goupxewsRrisgiehtetl ¢aibonsgoybamaie grasipe edmpising ¥ tqp@ aarbens, bthar 90%

25 More specific precursor,conmpoun are represent ed h ener formul a
(33 PERyp CorliPal RS E SRR RO Sol SRLSSEINA Iad RSN idhe, ©] Cus
than or eqatedifs Tlgro@RGhbsitutes wathnDpuavdluefiphe@dice@onatd depene Bydrbyy s@upct ed
fromthe groqﬁ‘conslstin of -OH, -SH, -NH2, and -NHT", wherein each T" is
a nonoval efftd k'deip sagle h‘?@gﬁéﬁd‘é qny ligleing grqag selested tioan the iprneeomsivdng pigalioyl

al kyl grou Ny a0k 2E RGNS S ol
carBong. ARy PREMPRRLE b ds ot RO i on LS RO SR BBy
car bonat e Eanphisigz hyd3®zarb@tspany] g@apdhcomprissnggd rO3hsab@EB] cstadiredls comprising
independen%ly @elgcted %%on1the group consi sting oﬁ.hydrogen, hal j des,
pent af | uor Oh&h§A Oy BBHEEOYRSRITIG S HFdriBx) caroelp, harksn EgYRAAPTPESIEIi Si ng
1 to 30 cashensonliks %gmﬁis %Hﬁ’i?riﬁﬁ th S0 R8rbdnd, 9a1%9mﬁt%r%?9%1coﬁ1£¥i¥iﬁ 19634PS
conprising 1 to 30 carbons, a yl' groups conprising 6 to 30 carbons, ester
groups conparbsisngndiether Boupsawbpnising 10adi0dertpnsups conprising 1 to 30
ca&Bons, t hi oester groups conprising 1 to 30 carbons, urea
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

formula (3) have the general formula (4):



groups conprising 1 to 30 carbons, carbamate groups conprising 1 to 30
carbons, ether groups conprising 1 to 30 carbons, al koxy groups conpri sing
1 to 30 cwokonsi3send the foregoing T' groups substitut e@CREPRO1A/056778

pent af | uor ophenyl carbonate form ng hydroxy group, and L' is a single bond
or a divalent linking group selected fronrthe group consisting of alkyl
15groups conprising 1 to 30 carbons, al kene groups conprising 1 to 30
carbons, al kyne groups conprising 1 to 30 carbons, aryl groups conprising 6
to 30 carbons, ester groups conprising 1 to 30 carbons, am de groups
conprising 1 to BO carbons, thioester groups conprising 1 to 30 carbons,
urea groups c '§Lng 1 to 30 carbons, carbamate groups conprising 1 to 30
carbons, and ef her gL oups conprising 1 to 30 carbons. 20 The T' and T"
groups can\f ﬁgﬁ dgpendent |y conprise a cycloaliphatic ring, an
aromati c rivig,?aNd/ or\a heteroat om such as oxygen, sulfur or nitrogen. In
an enbodi nent, noke of the T' or T" groups conprises a pentafl uorophenyl
car bonat e forﬁ4ng lbydr oxy group. In another enbodi ment, the T group
attached to carboﬁ | abeled 2 in fornula (3) is ethyl or nethyl, and 25al
other T groups @re hydrogen. In another enbodinent, the T° group attached
to carbon | abel ed¥2gn formula (3) is ethyl or nethyl, carbon |abeled 2 in
fornula (3) is ap asymmetric center, and the precursor conpound conprises
the (R) or (S) isgney in greater than 80% enantioneric excess. WO

\/ 056778 0 FF (4), wherein mand n are each

i ndependently 0 integer froml to 11, wherein mand n cannot together
be 0, and mtn is 2 nteger |less than or equal to 11, each Y' is a divalent
radi cal independént|yF sel ected(4)romthe group consisting of-O, -S-, -N(H)-
and -N(V')-, 5Swherein each V' gro i s a nonovalent radjcal i.ndependently
sel ected fVOFCIHB 297 Bap° %hél?@gfﬂﬂ#é%ﬂy%r@ﬂma%&%l&&rgiw@}eﬁﬁnfl ¥ 8o

car bons, aéa}ﬁln_ogtro%b't%r 100TRRY 847G dn LR RO IGRERADS eq@dl@o 1 fQEILYOisAG iVAlelT OUP
substituted wth a pentafl uorophenyl Tarbonate group (- OCO2C6F5), each V

group is aradivabindtpamdentydicteated frute pergtenp tonsistihg of €, £$-omMtthe angh ON(Y")-,

S(r)g Ipzt ngﬁxﬁérgpﬁd rcﬁq/e'ng’mlppails Iaqr?osﬂovgl%rrl]‘} r%Iiilca Olglg%régcrilgnltlycs%fegtgg?}o%l %%lflcg)dp al kyl

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

carbons, and a foregoing V" group substituted with a pentafluorophenyl carbonate group (-
OCO,CFs), each V' group is a monovalent radical independently selected from the group
consisting of hydrogen, halides, pentafluorophenyl 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 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, 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 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

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.



101 to 30 carbons, al kene groups conprising 1 to 30 carbons, al kyne groups
conprising 1 to 30 carbons, aryl groups conprising 6 to 30 carbons, ester
groups cownprosing4t to 30 carbons, am de groups conpri siPOl/EP2410/03€¥7€ar bons,
t hi oester groups conprising 1 to 30 carbgg urea groups conprising 1 to 30
carbons, carbamate groups conprising 1 to“30 carbons, ether groups
conprising 1 to 30 carbons, al koxy groups conprising 1 to 30 carbons, and a
15f or egoi ng V' group substituted W th a pentafluorophenyl carbonate group,
and L' is & nn elrlIolo ar di vIa ent 1rn |n 1rou% neafg }‘lrlomthgt group
consi sting of 8? 0u°p %8?%%? iy "B SHEsPLbRS T THokahs grstipadte
conpri si Nggrbup O IBkhokidd laﬁibsdmadnkmevgg@upattme@fd thi RErbdn 1adeRA ciarfbonda (Hr Y|
groups conprising 6 to 30 carbons, ester groups conprising 1 to 30 carbons,
ani de gr oupstiedaprcdivhgnd afl otlgn V¢ arpenare hyeragsst Btalgerah%mé@tnﬁﬁ\éuaﬁ@m to
2030 carbo LBy

corpr  of ngupepe] AP AP SRELENDE (b b3yt of BNt RIS

WO 2011/ 1351)4568(5&&%&&&@5&721&1 thé cly¢licavartemip Detinapziuing cﬁmpﬂ'sesghea(lg car(ﬁ) no A
group conpri ses, a pent orophenyl carbonate group anot her _enbadi nent ,
the V' gr oﬁﬁmat Yo P b '@1 e cBasRErICABE B hsari%hﬁfr@m?eﬁanm)eap% Yern r, o
met hyl, and aldosbR%ibela OinGHiR [ N HcEeNon dieh eRDRdIERNe i

group attached to carbon |abel ed in forrmula (4) 1s ethyl

car bon | abedmsditibg bhhydvogan, halisied,)andsiligh gespsmempiiong émne 80 carhogs. t he cycllc
car bonyl compound conprises the (R) or (S) isomer in greater than 80%
enantioneric excess. In another enbodi nent, each Y is -0-, and V at
posgption | abgl adre%fpbaﬁt P b @id Akbdng1 @orﬁwﬁuaherttycﬁ@eﬂdrsa{ate%qtaeﬁqgeﬂe &reralt he
group consi sting of hydrogen, halidés, and al kyl "groups conpri sing to 30
carbons. 10EyeRk (Are specific first cycllc car bonyl conpounds are cyclic
carbonat es having the general formula (5): O FF (5), wherein mand n are
each independenzgé O or an integer from1l to 11, wherein mand n cannot

t oget her be 0,O nis less than or equal to 11, R is a nonoval ent

radi cal sel ectgd om the group consisting of hydrogen, halides, and

al kyl grou g 1 to 30 carbons, each V' group is nonoval ent

radi cal indgpen \8el ected fromthe group consisting of

FF (%),
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
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 (-OCO,CsFs), 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
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 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons,

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



hydr ogen, halides, pentafluorophenyl carbonate group (-00Q2C6F5), al kyl
groups conprising 1 to 30 carbons, al kene groups conprising 1 to 30

car bons, wbkyneidsgeups conprising 1 to 30 carbons, aryl pgrmPpel1086TP8 i Si ng 6
to 30 carbons, ester groups conprising 28 to 30 carbons, am de groups
conprising 1 to 30 carbons, thioester groups conprising 1 to 30 carbons,
urea groups conprising 1 to 30 carbons, carbamate groups conprising 1 to 30
carbons, ether groups conprising 1 to 30 carbons, al koxy groups conpri sing
; e}[,]? a?loug?% gﬁg%&ﬂoﬁ@ Cé{l'% gvgieg g Ol{l}%grogllﬁ &Q%Bt‘éﬁ iroS Y %tglrotulf)t ceoclilsfé\gngghota alkyl groups
2011/ 135046865 ER20 Il AOBHBAB, difcrie EbiE @niRHON todB 0liaVidIne ik Jricidkbutd gr oup
selected fromthe group consisting of alkyl groups conprising 1 to 30 .
carbons, afepesigg bima0 exshisi SIhgouPt oMY Isig HEnz) cabaipnest s COBRPPINSi ng
1 to 30 ca I IS : e

corpr i si ng 1 PocsBok s BR RSy ERARHSHET. 8 d0RartinC A8 RR: orRh orBhRe o

t hi 6est er @0 carpsns; oreprgraipsgothptising 3o GarchdoSs, catbemagr ods coaippisingilng 30 to
30 carbons, carbanmate groups conprisin% 1 to 30 carbons, and ether groups
conpri si ngcAoens, &t ¢thstEaNYs comprigngifg S0 cah9Rst oget her forma first ring
conprising 3 to 10 carbons. Each V' can independently forma second ring
with a different V group, with R, with L', or 10conbi nati ons thereof,
wher ei n t hB' smtbruntogethee Gorpr & S ri8g compOsioaB bohe catbpnarEaehBbdament , t he

cyclic carbgnhate ¢ ound of formul 5). _conprises a,sjingle .,

et af | wor ERGHYP BAPAREE S G h A GO HGY Sodthaht BT i s
hydpogen. tdm@naidigih@earofhem Mt the R AAE rifg dbMpAGKEA tot1® chibodfd R is a
nonoval ent hydrocarbon group 15conprising 1 to 10 carbons. |In another
enbodi nent , is selected fromthe group consisting of nethyl, ethyl,

RI
propyl, 2-propyl,. n-butyl, 2-butyl., sec-butyl .£2-nmethylpropyl),.t: butyl
(1% o e ARGt i G baies ndt b T Y R 4 ikl
neo- pent yl pentafluorophenfARrboefeqsréis Clinfan6thtt Eribodident, GachaV'BORRIregdiOANEr S are
represented by the general fornmula 20(6): 0 (6), wherein mand n are each
i ndependentafhey cgpogingnsire gad nprgghual 1o, and Ryjey mprovileah By dossbeibgrotpget her
be Q, and i r : h5: i cal
cel'Sct od g ERE100RRRT 1FaGhet Stbhimfhy, k51 2IBOPHBLERE A G oups
conpri si ngcdnstsen@Of mathyrehyl, pép 202 ptoh3 b 4G RIT2 BaR0,1st¢-Ba6T (Bnitthydprdpyl), ti S a
single bond oy a djval en i nkin roup sel ected fromthe group consisting
of al kyl g\g‘&&i{)(sl’]c'gﬁ‘}ﬁ‘alilg?thbb’lni’%“%@gﬂ’éli“% r%spengrlkléw@ela% aﬁin APt sing 1 to
30 carbons, al kyne groups conprising 1 to 30 carbons, aryl groups
conprising 6 to 30 carbons, ester groups conprising 1 to 30 carbons, am de
groups conprémsinng sbetibfic 3dst caelmorashonati roestnears greoaprssantatdryi the ggnetaltfornmige
cakgons, u&ﬁa groups conprising 1 to 30 carbons, carbamate groups
cofprising“l to 30

0

1230
6 4+&
28

O

1
R L'

/
o

=0
o F
FF (6),
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,



carbons, and ether groups conprising 1 to 30 carbons. R and L' can
together forma first ring conprising 3 to 10 carbons. Each V' can

i ndependewol2gifieseda second ring with a different V' gregp/EPMtils@RTS with
L', or 10conbi nations thereof, wherein tgg second ring conprises 3 to 10
carbons. In an enbodi nent, mand n are eath i ndependently O or an integer
froml to 3, wherein mand n together cannot be 0. In another enbodi nent, m
and n are each equal to 1, and R is a nonoval ent hydrocarbon group

i Si 1 t.0 10 b . | . R i,ncl . 15f
et hyl - ot Mgt R S5 bo0 3y o SRR i Ger gt Mok i g R SUALBE Sy
(2- met hyl pgpys domprisidiit ¥ 3¢ darBord] ARéEAYdretFydomprRmento)y30, catoopsMl¥sne groups

3-pentyl, Iso- pe,nt}/I , _and neo-pentyl. In an enbodinent, the first cyclic
car bonat e eVURpEIMH] fs3Qeqrbensed v ETOHPY SRR IHIEO EoHEFasbensgesstr SrousFoBPAsing X

000O00O / . 9 t 1.
Preparatio EQOO$O F aﬁg&%i ?%e@%ﬁ% %@?€§%I tg@é %%%ﬁg qilz%%%k%%%l\@gﬁ) gém%)l tco)f
preparing 30 tarbsis, aealgr@ups @ompriyihg ¢ aopo adbohe gaibagat grendaninprising 1 to 30

5pent af | uor ophenyl Cﬁrbonate group conprises formng a first mxture
conpr i si ngcarbons, 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
independently 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 1 to 3, wherein m
and n together cannot be 0. In another embodiment, m and n are each equal to 1, and R'isa
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 is selected from the group consisting
of’

0 0 0
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bi s(pent af | uor ophenyl ) carbonate, a catal yst, an optional solvent, and a
precursor conpound, the precursor conpound conprising i) two or nore
carbons, woebhariabieg three or nore carbons, ii) a first REUMPYI1966709
capabl e of form ng a pentafl uorophenyl capbonate in a reaction with

bi s(pent af | uor ophenyl ) carbonate, and iii? two nucl eophilic groups (e.g.,
the X 10 groups in formula (1) or the X groups in formula (3))

i ndependently selected fromthe group consisting of alcohols, am nes, and
thiols, the fwo nucleophilic groups capable of formng a cyclic carbonyl
group in a rgaction wth bis(pentafluorophenyl) carbonate. The first

m xture i sgdgigated at a tenperature effective in formng a first cyclic
carbonyl co und. The first cyclic carbonyl conpound conprises i) a
pendant pent afy uorophenyl carbonate group and ii) 15a cyclic carbonyl

noi ety selectgd fromthe group consisting of cyclic carbonates, cyclic
ureas, cyclic bamat es, cyclic thiocarbamates, cyclic thiocarbonates, and
cyclic dithiopgcarponates . The formation of the cyclic carbonyl

noi ety and t heypéndant pentafl uorophenyl carbonate 20can occur in a single
process step—« mld conditions. The precursor conmpound can conprise
nore than one peut af |l uor ophenyl carbonate form ng hydroxy group and nore
than two nucl eophfrlic groups capable of formng a cyclic carbonyl group in
a reaction wth bis(pentafluorophenyl) carbonate. Consequently, the first
cyclic 25carbonyl nonomer can conprise nore than one cyclic carbonyl noiety
and nore tMmhome Beqﬂauﬁo:peﬁﬂmflhmr(zmhemalrbc@rlmmpmngr oup. In an

enbodi nment , i ISt cy li.c carbon 5046P /EP2011/056778 20
conpound cérﬁa? ﬁ%@; Mgthe pﬁ,mf afqpafd%f)ﬁé%ﬁwc %J%\af begringaindant
enbgdi nent pedidiRichdghehyIUlonGte RG RPN priSRAMRD @&rgpﬁiuaﬁl% QRBrEHS! i C

car bonyl nnlety I'n a specific enbodinent, a method conprises agitating a

first m xtbis@coipeiophenyl)i darlondisr &catalkysh almopqnmahsblmmmmnd@l mg:mrsm compouwrde
car bons, eferably three or nore c ons, and .t hree r oxy

aroups. i DRt e S SHRER g EARED a0 o e o e R S IO her eby

formng a Edrb&ds, Gy bt hg@oRP BRI cﬁ@iﬂP@M‘i@rrﬁ&@Wﬁeﬁta’ﬂﬂo%pﬁ@rﬂd@%omte ina
pentafluorophenyl car bonat e group. 10As a non-limting exanple, the

pr epar at i ofsaghiorcyith bis(Reatafiopmpbedhgssbanater MEbitD tve ni¢lcepltiliagredns (- sSthefe 5.

P by oS B Py Py e RIS & o R ST ol RSP B SRAERTP
wi th PFC. &aRkieBg bf aloohdD, @mifdd, #FAGhivdd, @le/tsio nucleophilic groups capable of forming a

cyclic carbonyl group in a reaction with bis(pentafluorophenyl) carbonate. The first mixture

is agitated at a temperature effective in forming a first cyclic carbonyl compound. The first
cyclic carbonyl compound comprises 1) a pendant pentafluorophenyl carbonate group and ii)

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 pentafluorophenyl 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



15F TMETMCPFP Carbon 5 of the ring is attached to a pendant nethyl ene

pent af | uor ophenyl carbonate group (i.e., -CH2OCQ2C6F5) and a pendant net hyl
group. Theonremciss@a can be conducted using 20about 2 toPrab@pRo12/0567n®| ar
equi val ents of PFC, nore specifically 2.2.to 2.3 nolar equivalents, for
each nole of tris(hydroxynethyl)ethane. nerally, 3 noles of

pent af | uor ophenol are produced as a byproduct (not shown) per 2 noles of
PFC used. Each theoretical nole of pentafluorophenol byproduct can be

recovered in 90%,to 100% vield for recyeli ack to,PFC.. I n_an,enbodj nent,

[ heoy P bt eSS esrons Bia PGB E s Pebu B SHbb i SR RRE T )

recovered fifk cy&iéw@iﬂoﬁgld %@@ﬁﬂ@uh@c&ﬁﬁise@%ﬁ?%ﬁc&aﬂ)o\t@i eictyeryst al i ne powder
eaq,

whi ch can be easily han mani pul at ed, stored, and shipped. WO
2011/ 135046PCT/ EP2011/ 056778 21 The use of PFC elimnates the nulti-step

process usj r | p i . b QF [ . of
expensi ve gﬁ%ﬁgfﬂﬁgggﬁﬁgﬁ%ﬁTigégﬁéggggﬁ%%g%pﬁgﬁg}§§{?%gﬁﬁﬁﬁpﬁgﬁg@ag%tefuI
wor - ups i pretigorpsoingpouad tomyiidihe twe op@bivaybdns, fayfetably thedchamadre cabopQundls .
By reducing waste, elim nating hazardous reagents, and using recycl able

mat eri al s, %wr&% érogvr%mwe@ahlﬁ@em PPICERN ERBAR R W¥ility of
Lhe procesmeRlyAEGRAL b T ciBR! LAl SRl LmbAlRERALRIAARANT opheny|
Exenpl ary precarsor onpounds for preparing cyclic carbonates bearing a
pendant pecarbédateogioppenyl carbonate group include but are not limted to
triols such as 1,1,1- 10trinethylol ethane (TVME), 1,1,1-trinethylol

propane, 1,2, 3-propane triol, 2-hydroxynethyl- 1, 3-propanediol,

2- (1oydr oxy AB b hwhimfiti EMplé,,tﬁeﬁf Ranén 6f &clic RubeRfe doRpSudd TMCPFP is

but anel, 2,4-triol, 1,1,1-trinmethylol butane; 1,1, 1-trinethylol pentane;

1, 2, 5- pent Bhstrated g1 Scheme 51 -TMEPRBtihiprakd he serreactipndf merteamaﬁlglecprqc,ursor

1, 2,6-hexane triq 1, .cvcl ohexane-1. 2 3-triol, cyclo ne-1,2. 4-triol

oyel ohexancabdyind. do-SREERRnE vkl Boyadd R I Migdydpihdncvinn

15t ri met hyppt. hept ane, 1, 2, 3-heptanetriol,

4, 5- di deoxy-d-erythro-pent-4-enitol, 3,5, 5-trinmethyl-

2, 2-di hydr %Vﬁ@t yl hexane-1-ol . Exenpl ary precursor conpounds conpri sing
nore than three hydroxy groupg include erythritol, pentaerythritol,
dipentaeryth5it8h, ditrinethyﬂ@l propane, diglycerol, and ditrinmethyl ol

et hane. 20AhPthel chatiGnge ¢ prepari ng cyclic carbonyl monomers, for
exanpl e cycl re~Car bormate?™f 4 3-diols, is achieving selective ring
closure without pol yF#Y$ati o5 whi ch depends on the nucl eophilicity of the
| eavi ng group aRk the catal yst~gsed. Advantageously, the pentafl uorophenol
byproduct is a weak nucl eophilejand does not initiate polynerization. In an
enbodi nent, the cyclic carbong” Torm ng reaction with PFC produces nore

than O to | ess 25than 2.0 . % of a pol yner byproduct derived fromthe
precur sor conpound, based on
F F
15 F
TME TMCPFP

Carbon 5 of the ring is attached to a pendant methylene pentafluorophenyl carbonate group
(i.e., -CH,OCO,C¢Fs) 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. TMCPFP is a white,

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



wei ght of the precursor conpound. In another enbodinent, the cyclic
carbonyl form ng reaction with PFC produces no detectable polyner

bypr oductwOBhe/f36048t m xture conprises a catal yst suit alpCy/rPh@zas7vo
activate the nucl eophilic hydroxy 30func aonal groups and not the

el ectrophilic PFC carbonyl group. Exenplary catalysts include tertiary

am nes, for exanple 1, 8-bis(dinethylam no)naphthal ene, referred to also as

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

hal i de sal WO 35046PCT/ EP2011/ 056778 .22 of 0 |  el.enment
et oy e e ikt iR Tk dENE PTRE Bulf pitosip MebosrGli TR Dbdyns.
cesi um ( Csglimatck Ha e wieLgonyive bid/ONEazarddas idapaits, tahe chmirakdtghe haltGasi um

fluoride (CsF). The catalé;t,can be present in an anount of 0.02 to 1.00
nol es per Wostefubfvotkrapyindbeprerarbyysste pathwiah Fecyse cpidanae cgmpowslst By0. 50

nol es per e / I Gul 15
T 6 o a1 R SRTPRUD, A0 HERTDEBABE LA AL b
opt bonal | yimprobesdas oecrsid bivarvnnseutah cadpatéilitglvof dicofrocan of prepiriny funttiomalirminy

ot her solvents can be used as well), or conbinations thereof. Wen a

sol vent i sCYtigsaivenate GeMpeiicent rati on of precursor conpound in the

sol vent can be from about 0.01 to about 10 noles per liter, nore typically
about 0.02 to 0.8 noles per liter, nore specifically 0.1 to 0.6 noles per

liter, or BestplspgoedursalcbypOurdds foop@pahgnychs cpbondtésttenring m pemkant

enbodi nent, t regcti.on m xture consi.sts of the precur.sor conpound, PFC, a
o el s e s e S R HE R P ao UG E R RSP OIS 15 The
fingt m XtghigethpoPdhit(@ii@t 19,1@{&9&5@5%@%@1& 1 2B srop e tE8N eyt nichsy -

precursor conpound into a first cyclic carbonyl conpound. The t enper at'ure
can be from3-mopapediol, Loy doxpmahyb-Baethyl-1G-@opancsiiolChutanc-hdretriphdwkaniccal | y
anbi ent or,room rature i cal 17 30 C. i onal | t.h

reacti on_ mACP e e i papel BB el o petais 2 R oL -

20enbodi nefitmethyl6l hexaie e, 3uhexdns tasbi 2re-hdxanpefodtdycBhekaped  Bhatibld be taken
to avoid an initial mld exothermduring reagent m xing which nay lead to
g‘gﬁl %_—hexanetm@]i, Xé

t he for mat fiPhsraimhadrisigl gyelphexaned dpofinle?. bylimetbulnbe th-on of
the<first pi , . neri - 5
e T
enbodi ment 2,2atihydrdxyancthgheanddedle Exboplatppicouddr dvmposindd coangrisary more than

tenperature. The second mi xtyre conprises the first cycli.c carbon
conpound cgﬂﬁ’iﬁl?yéif‘?f‘@’ %rﬁlépsdeﬁag%@r%mlapmﬁ%ﬁrzstﬁﬁwlp%% tok 0@%@?&%&%

pent af | uor ?g&phi REAMEL ditrii&hf1bF SbargyCl | ¢ 30carbonyl nonomer can be
i sol ated using any known method of purification, including distillation,

chromat ogr aphy, extraction, precipitation, and recrystallization. In one

o o e S S AR STk AL sl
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 carbonyl 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 salts



23 pent af | uorophenol byproduct or the first cyclic carbonyl nononer from
the second m xture. In one variation on selective precipitation, the

reacti on woxpurs@enpri ses a first solvent in which theprPpraparizose7cOnpound,
PFC, first cyclic carbonyl nononer and pggtafluorophenol byproduct are

hi ghly sol ubl e. Upon conpletion of the réaction to formthe first cyclic
5car bonyl conpound, the first solvent is renoved by, for exanple, vacuum
distillation, followed by addition of a second solvent suitably chosen to

| | hengl d | i
S Bon) SCHHBATR, GRRaRE0 L IR RB b PYBL PRI L bl B e
to faciliteadseunp(@9] ¢ feaci@m(@f. tohhefdnitollirbatt thcCcataydpdaekiuaPfauRACOF). t he

pent af | uor ophenol byproduct fromthe second m xture as the reaction
proceeds. In yet 10another variation, after renoval of the

pent af | uor #RhERON UREOPHSLy if Querﬁﬁlbﬁat%f%véﬁ(tk/g GRATDRT KL SORIHAd gLt her

purified by recrysta ation. conpri se

t he5step oéomlﬁﬁmd,embf@atﬂlmmw 65 to@50 pldssqler o ofttie prefcmrsoﬂ’ etylundgndThe
yield of recovered pen %gluorophenol byprodﬂct fromthe 15secopnd m xture is

about 80% E¥NIBVGPaTHSHEIY Pl 0i 2} Mleopor MBle 13 dl% PISHL Y GHPPH! t heor et i cal
anount of pentafluorophenol byproduct forned. More particularly, the

pent af | uor ophenol byproduct can be quantitatively recovered for recycling
back to PFChe st hodul. offionalty mnkmldi:szasdlmnt oficht dsectFihydtofi@ya) eiceto@aril@c(nyihy

Compound 20Al so . di scl osed i | d nmet.ho t ho of rin econd
oy o ar B ST T D L. ©5 RO o gt o QU SBREBLRa Ry e
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such as an al cohol, amne, or thiol, without altering the cyclic carbonyl

moi ety of MRSy Kter,ayare |tm1@9élwta<bnyu 0. tepb b M estiiee Hisbymetsrspedificadlydl b 6

cyclic carbag ound I 0 actlon
the pendantiOsbpeh CaT R ARspHETRALED 3R PR Rdtn R B 0N T s eloddimint BEone
functi onal re@étﬂﬁﬂnﬁ@&r@@bﬂﬁs@ 6%@?@@6@%@%&! BFC ngcatilyst andanalves:. ah bes

t han pent afl uorophenyl carbonate, carbamates, and thiocarbonates. The
second fun@@hﬁh@ﬁmgh &ﬁV@ﬁﬁS@@hﬁﬁﬂ§e from1l to 10000 carbons. An optional
catgl yst can be used wi th weaker nucl eophiles such as al cohols when forning
t he second cyclic carbonyl compound. Cenerally, a catalyst is not required
for the red@ht fisnnottue iS@genchata tpeptature suitpleeiy torvartngrtad preguoipcontonnd
stronger nucleqphiles (e.g [

I , d
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have the general formula (7)
to 30° C. Optionally, the reactlon 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 to 24 hours at ambient temperature.

The second mixture comprises the first cyclic carbonyl compound comprising the pendant
pentafluorophenyl carbonate group and pentafluorophenol byproduct. The first cyclic

30 carbonyl 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



Z| ZZ (7), whereinn is O or an integer from1l to 10, wherein when
n' is 0 carbons |labeled 4 and 6 are |inked together by a single bond, each
W is a dvoabamt3sesadi cal i ndependently sel ected from 5t ReT@PoUP/066IAST St i NQ
of-O, -S-, -N(H- or -N(W)"', wherein eagh W group independently
represents a nonoval ent radi cal selected“fromthe group consisting of alkyl
groups conprising 1 to 30 carbons, aryl groups conprising 1 to 30 carbons,
and the foregoing W groups substituted with a second functional group

| d f f b h h .
pent af | uor BRI FoRGRERER:Cir O RS cSAIRAR A RARG AR s ixare

10gr oup i nHepRndeatidy ol SEESe @t@@ﬁﬂ@f«ah@fgactﬁcaﬂm&@hre%sh@m@ch firsoBlEdaeingr oup
consi sting of hégrogen a second functional oup selected fromthe group
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The method (Method 1) can further comprise the step of recovering the pentafluorophenol
byproduct for recycling. The yield of recovered pentafluorophenol byproduct from the

15 second mixture is about 80% to 100%, more specifically 90% to 100%, based on the
theoretical amount of pentafluorophenol byproduct formed. More particularly, the

pentafluorophenol byproduct can be quantitatively recovered for recycling back to PFC.

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 pentafluorophenol 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 carbonyl 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

pentafluorophenyl carbonate groups.
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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 carbonyl compound comprises no pentafluorophenyl

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

25 A more specific second cyclic carbonyl compound has the general formula (8):



| R2(9), 15wherein mand n are each independently O or an integer from1l to
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al kene groups conprising 1 to 30 carbons; " al kyne groups conprising 1 to 30
carbons, aryl groups conprising 6 to 30 carbons, ester groups conprising 1
to 30 carbons, 20am de groups conprising 1 to 30 carbons, thioester groups
conprising 1 toy30 carbons, urea groups conprising 1 to 30 carbons,
carbamat e groupg| conprising 1 to 30 carbons, and ether groups conprising 1
to 30 carbonsw/RLwW s a nmonoval ent radical selected fromthe group

consi sti ng of fRydra@gen, halides, and al kyl groups conprising 1 to 30
carbons; e G é?divalent radi cal independently selected fromthe
group consi sti of -0-, -S, -N(H-, and - 25N(R3)-; and each R2 and R3 is
i ndependent | yQa npnoval ent radical conprising 1 to 10,000 WO
2011/135046PCT/E?2011/056778 27 carbons; and the second cyclic carbonyl
conpound cont ai ms no pentafl uorophenyl ester group and no pentafl uorophenyl
car bonat e group.)ihe reaction to formthe second functional group occurs

W t hout di sruptixon of the cyclic 5carbonyl noiety, in particular the cyclic
car bonat e noi et of the first cyclic carbonyl conmpound. The byproduct of

t he di spl acenenR’reacti on(8)pent af | uor ophenol, can be recovered and
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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

15 comprising 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 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

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
alkoxy groups comprising 1 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



25Schene 6. 0 10 2 03 64MeOH 5 Oopti onal catal yst WO

2011/ 135046PCT/ EP2011/ 056778 28 TMCPFPTMCMe Non-limting exanpl es of

ot her al cwbabsi/sapabl e of reacting with the pentafl uor ophempkoiacasdronat e of
the first cyclic carbonyl nonomer wt hou56al tering the cyclic carbonyl
group 5include: i-PrOH, C6HSCH2OH, ,..."~ 0. .- ... ..... OHS5 OH5 10C IVOH 5
Br'-"OH MeOC)OH 5 t-BuSOH 5 HONHBoc 5 ..."...,.. HO(CF2)5CF3 5 , |

independently selected from the group consisting of -O-, -S-, -N(H)-, and -N(R?)-, each R*
and R’ is independently a monovalent radical comprising 1 to 10,000 carbons, and the
second cyclic carbonyl compound contains no pentafluorophenyl ester group and no

pentafluorophenyl carbonate group.

5
In an embodiment, each 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 compound 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
01)2]\30
R" |
/
0]
=0
)|(..
R ©),
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 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 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,
20 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 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; cach X" is a
divalent radical independently selected from the group consisting of -O-, -S-, -N(H)-, and -
25 N(RY)-; and each R” and R? is independently a monovalent radical comprising 1 to 10,000
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al um na, and polyneric resins such as those conmonly used

chronatogrﬁﬁﬁwl AY functionalized polyneric beads such as those comonl y
used for solid-phase synthesis. 25Non-limting nanoparticles include both
organi ¢ and inorgani c nanoparticles including those functionalized with
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forming a second cyclic carbonyl monomer and pentafluorophenol byproduct, wherein 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 pentafluorophenyl 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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WO 2011/ 135046PCT/ EP2011/ 056778 30 galliumnitride), sulfide nanoparticles
(e.g., zinc sulfide) sem conducting nanoparticles (e.g., cadm um sel eni de).
Non- | i m twogofwumsdssonal i zed surfaces include surfaces feaTiEPeMaloseesl wit h
sel f-assenbl ed nonol ayers. The nucl eophilg in Method 2 can be a polyneric
al cohol . The polyneric al cohol can conpr?ge from4 to 10000 carbons. In one
exanpl e, the nucleophile is a polyether alcohol, and the pentafl uorophenyl
carbonate group of the first cyclic carbonyl conpound reacts with the

pol yet her 2 to forma seconﬂkgﬁﬁlic car bonyl containing materi al
conpri sing dant carbonate |i to a hydr ophi li ¢ pol yet her chain.
Non-limting exanpl es of polyneric al cohols include pol yether al cohols,

such as po%yethyLene gl ycol (PEG, and mono end capped pol yet hyl ene ?chol,
such as noNeRBIH{NE exduHp P ths|alcohals cappblypiieatingvptghe pontpflporypimay

O her poly ' L qel i -
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gl yéol (MPRQudeCH3 CH3MPPG 20Still other polyneric al cohols include

pol y(al kyl ene gl ycols) of fornmulas (12), (13), and (14) described further
bel ow. GenbPHP y, the first mxture (Method 2) is agitated at a tenperature
of -78 C tp 3Q4y oy nore specifically -20 Cto 50 C, and even nore
specifically 210 C'to 30 C to formthe 25second cyclic carbonyl conpound.
In an enbognenP!l agitation to convert the pentafl uorophenyl carbonate to a
di fferent carbonate, carbanmate, or thiocarbonate is conducted at anbient
tenperatur%¢ggg$®in, 17 Cto 30 €. The first mxture is agitated for a
period of about 1’ hour to about 48 hours, nore particularly about 20 to 30
hoq@s at t@ﬁ/NMw%29%1/135046PCT/EP2011/056778 31 reaction tenmperature. In
an ‘enbodi ment, the first cyclic carbonyl conpound and the second cyclic
carbonyl cgmpowrd~gre each a cyclic carbonate. Generally, 1.2 to 1.5
equi val ents of the nucl eophile with respect to the pentafluorophenyl 5
carbonate are_usedojn the substitution reaction. \Wen a | arge excess

nucl eophi | ¥e0s usedLTEfihﬁ,nDre than 4 equival ents), ring-opening of the
cyclic carbgnate _capn occur as a side reaction. Typically, a solvent is used
in Met hod ??“%houghcﬁ*solvent is not required. Depending on the 10sol vent,

t he pentafluo%QpheNﬂE byproduct can in sonme instances precipitate directly
fromthe HO °c,
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Non-limiting examples of amines capable of reacting with the pentafluorophenyl carbonate

HO

of TMCPFP to form a pendant carbamate, without altering the cyclic carbonate group,

include:



reaction mxture as it is formed. The second cyclic carbonyl conpound can
be isolated using any known nethod of purification, including distillation,
chr omat ogwephyl/1380d6r acti on, precipitation, and recryst aPCrzeLe10/056778
General ly, however, the second m xture ii concentrated under vacuum and the
resulting residue is then treated with a 2econd sol vent in which the
15pent af | uor ophenol byproduct is not sol uble, such as nethyl ene chloride.
The pent af | uorophenol byproduct can then be filtered and recovered for

recycling baek to &ﬁ?: In an enbodi ment, 90%to 100% of the theoretical
pent af | uor‘uL/ wol” byproduct is recovered for recycling back to PFC. In one
vari ation, thé# derived second cyclic carbonate conpound can be isol ated by
washi ng thq\orqanic filtrate with a base such as sodi um bi carbonat e

20sol uti on filtrate with a drying agent such as magnesi um

sul fate or soc Ysul Fate, and evaporating the second sol vent under vacuum

In a anot her variation, the second cyclic carbonyl conpound is further
purified bgincohydamine aminedpogpydphincor recrystallization. In this manner the
second cyclic carbonyl conpound can be obtained in a yield of about 50%to
about 100% nore particularly about 70%to 100% even nore particularly
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organi ¢ catal ysts . and inorganic catalysts.. in particular the 30above

descri bed @§P§V%§¥§ﬁmﬁﬂ'1%5E?H§b§%ﬂfyﬁgk?yk%esiun1f|uoride. When used in
Met hod 2, the catal yst can be present in an anmount of 0.02 to 1.00 noles
per mole of the first cyclic carbonyl conpound, nore particularly 0.05 to
0. 50 nol eslmpeancrab|the efficadyeo ffthe substtpeiph ecacignsamedged 35 aererENLEPRD 1hY 056778 32
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w thout an internediate step to isolate the first cyclic carbonyl canpound.
The above- SFESHNG. PEMarE ARbiesopdasy plgahels eynbs BpTcedfostivemecdeopsiles thin gauedllyy a

wi de range i it [ LV Wt i npounds
o e nos ol B UEENARSIAL X OR RROREIL It B bEp RN
conpounds ¢{drbemsite goodp.or second cyclic 10carbonyl conpounds) can be forned
in_isonmerically pure form or as racemic mxtures. Mre specific second

cyé i ¢ carbonyl conpounds include but are not linmted to the follow ng
cyclic carppoal@dpRiTPesgSsin® the aldbb¥l GRBAD b1, b?ccﬁ?ﬁlﬁi’cg\ﬁ@'ﬂ%@éofrcéﬁb&a|

sel ected fromthe group conststing of hydrogen, halid
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 alumina, silica, hafnia, zirconia, zinc oxide), nitride nanoparticles (e.g., titanium nitride,



and al kyl groups conprising 1 to 30 carbons, and R5 is a nonoval ent radi cal
sel ected fromthe group consisting of hydrogen, halides, alkyl groups
conpri si yo2otioi32A6écar bons, fluorinated al kyl groups compTiErRoig/oic7ve 20
carbons, and acetoxy groups. 20Met hod 3. Eing Openi ng Pol yneri zation

Furt her disclosed are ROP pol yners obt ai ned by a nucl eophilic ring opening
pol yneri zati on of the above described first and second cyclic carbonyl
conpounds. The ROP pol yner conprises a chain fragnent derived fromthe

nucl eophi | i ¢,.i ni tiator f.qr the ol ymeri zation, .and, a.first | [

chai n 11 niedivB HECE R phiGadines e har e P RmERL s hiopRRITR e,
2011/ 135046 (1mR2RAMCH SEEHindEnd fundliGhalizef aurfages olubes@ifatedfunthiénalined i at or
fragnent. The initiator fragnent conprises at |east one oxygen, nitrogen,
and/ or sul Vifh splerssetbiedieeraleycat om which is a residue of a respective

al cohol, amne, or thiol nucleophilic initiator group of the ROP initiator.
The backbone heteroatomis linked to the first end unit of the first

pol gner ch@hangriephilt hreMethiah? cih bsepopthegdadicohdll Tok pohendricrasdohpbdapinmer
chain can be a.liyving end unit capable of initiating addjtional ring

openi ng powﬁ@ﬂ%ezfaqmgﬁt? 189000%1?%&11 QN9 GXFIRY SRsBisiFoR mﬁol%h%rarcgegh a
nucl eophi | | ISt d :

pri mary ant g PR AR BTl Rt R TS e AP QI R i
second endthgmiotyett®n alsehdrid dappestcond cyghiarcarbengliontaining matdiel REFpodgyarer, as
described further below .10 It. i nderstood that the initiator fragnent
has a diffB?Eﬁ?t%TWﬁ@Fﬂ( egﬂh%hYﬁQ&Pl?B?Wgﬁﬁrﬂﬁﬁ¥ of each ROP pol ymer chain
conpected thereto. The ROP initiator can conprise one or nore independently
chosen al cohol, amne, or thiol 15nucl eophilic initiator groups. Each

nucl eophi | Nenilmiitipgexampjesoefpodymncrisotlerhoilsintpde polyptheralephols guapeni ng

pol yneri zat i,0 Li kewi e initiatar fr n onpri ses._at | east one
backbone ney SrBLFBnENEF TSI p il e R 8 "syBh PR R RS e
of the bac&h@aﬂxhqb%mggn@ﬁﬁﬂﬁawanE(gerived froma nucleophilic initiator
group is link to a ROP polynmer chain grown therefrom Thus, an initiator
conprising/nléyek~gﬁﬁilic initiator groups can 20 potentially initiate
formati on of i ndepengerig. ROP pol yner chains, where n is an integer equa
to or greater than 1. As a non-limting exanple, a dinucleophilic initiator
corprising two hydroxy groups can initiate ring opening pol ynerization at

each hydro [ . t r .co i i nitiator fragment
Taked o Pas BRRise B e TR R S TE R s e s B ey Ve
from the hysivaxyed thefcbRkarh @renasnctd chil eagfel ppBipyosicne @igeol QEBP@Y: | east
one ROP polyner chain, referred to as the first polynmer chain. The first
pol ymer chain can conpri & a honmopol ynmer, random copol yner, bl ock
copolyner,kb@\@zﬁb%n i gf the foregoing polyner types. The first
pol ynmer chain conpkisés a first repeat unit conprising a backbone
functional group sefect ed f r oMRAP&E.gr oup 30 consisting of carbonate, urea,
carbamat e, thiocarbamate, thiocarbonate, and dithiocarbonate. The first
repeat unit further conprises a tetrahedral backbone carbon. In an
e di ment g ckhon i i i I ain
it S S R e S R B
car bonat e. d¢saribatbfurtber mhdodi nent, the tetrahedral backbone carbon is |inked
to a first side chain conprising a pendant pentafl uorophenyl carbonate, and
to a second side chain selected fromthe group consisting of hydrogen,
hal i des, aGQné%hl'f%|th@ﬁﬁﬂﬂ§xtﬁ&gnf%éé)ﬁl))d19)%a@@at@@a@@feﬁ@@ﬁﬂ(r@oﬂa%"m% 180° @r oup as
an

described in formulas (5) : '
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 (herein, 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



51nthe followng non-limting exanples, R -XH is a nono-functi onal

nucl eophilic initiator for ring opening polynerization. R -XH conprises a
nonoval erwoiznitisat4er group -XH, wherein X is a dival ent pgrawpoisebecs ed from
the group consisting of -0-, -NH, -NR"- 5 and - S-. No restriction is

pl aced on the structure of R or R with3{he provi so that the ring opening
10pol yneri zation produces a useful ROP polyner. Wien fornmed froma first
cyclic carbonyl conpound, the ROP pol yner conprises a pendant

fl h
ol ymor - ALK S ERBREC R RRRAB I oSt bR PuomRg b Sholf
first CyC|tﬁﬂ@@m@@ﬁwkmﬂgﬁQﬂEmeQﬁdi5EQﬂﬁuhﬂmh&k initiated by R -XH produces

a first ROP pol yner of rmula (2A), which conprises a first polyner chain
and an initiator fragment R-X-. Q 0Q IR-X( IL6 YQ 5Q 4", YHI

Q)d1 I | - X= e t he
first end ung%%k% q%ﬁ)ﬁggéPL %ﬁ§§€&m53gégwﬁﬁ lpgu CEﬁH%Q aggﬁ&9g¥¢ ggen or
sul fur het esrbadaomrofusédia the gﬂx@ﬁt}ntiorﬁr@eﬁmn dWaindl a Uarpé cxfesd meldophidé ispsed mer
chain is a living ﬁnd unit -Y-H in_fornula (2A) %% wherein -Y-His a
nucl eophi | {%2-ghetrghant é%ltl?é%lelft?)o e RECYRY aﬁthwﬁ%lﬂcsqaﬂmjla CARPAFEHE agidSup,
primary anmdig;gy oups, secondary am ne groups, and thiol group. Y, Q, and
n' are defined as above under

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 it 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 pentafluorophenol 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 particularly 0.05 to 0.50 moles per mole of the first cyclic



formula (2); thus, at |east one of the Q groups and/or Q' groups (of the Y
groups) 25conprises a pendant pentafl uorophenyl carbonate group

(- 002CoRED.20TiMBs®abscript d' is an integer from1l to 1P00MEP20ihes6epeat

unit WD 2011/ 135046PCT/ EP2011/ 056778 35 ( Yn aQ Q conprises a
backbone functional group sel ected from fhe group consi sting of carbonate,
ureas, carbamates, thiocarbamates, thiocarbonate, and dithiocarbonate,

det er mi ned by the independent selection of each Y group. The first repeat

unit further ri ses tet ahedr al 5 abel ed 4, 5

theh of ' neubSRlBRERRE B Stk R RIS 8 Pl RE R o ARF e
chain Q geﬁﬂﬁcambhghmﬁgﬁuﬁpnprlse a pent af | uor ophenyl carbonate group.
Further, each of these tetrahedral backbone carbons can be |linked to an
optlonal i ndependent second side chain Q group, as defined above under

formula ( 21 rant Ogho%gferﬂﬁ diffi thod E?in(ﬁ] dhOPb 1.l %efrfo#rggd g %‘]'m a sm

pol yneri za Irs cyc I'c car ony nmonoirer Rilk: |ated
by R -XH, macthicessd, witliailt aRORenpaldjaestepfo ik@amthafifsd fyclic cmihoﬁtnl woifpuhées a
first polynmer chain and an initiator fragment R-X-: VR-X( L nVc)THm
vv ,/ 00

The above-described methods provide a controlled process for introducing a wide range of
functionality and connectivity into cyclic carbonyl compounds for ring-opening
polymerizations. As stated above, the cyclic carbonyl compounds (first and/or second cyclic

10 carbonyl compounds) can be 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:

R® , and —;

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



o (4A). 15As above, the initiator fragment R-X- is linked to the
carbonyl of the first end unit of the first polynmer chain by the oxygen,

ni t rogen wo 28ulB3s46het er oat om of the X group. Y, L' VPCTIEPaNIA/0RG738 €
defined as above under forrmula (4). The ggbscrl is an integer from1l
to 10000. The repeat unit WO 2011/ 135046PCT/ EP2011/ 056778 36 F conprises a
backbone functional group selected fromthe group consisting of carbonate,
ureas, carbamates, thiocarbamates, thiocarbonate, and dithiocar bonate

det er m ned. i endent sele n_of Tetrah

DU A E T A T I I T R T

pent af | uor gph@)gkn, GafrO@NALR]/ G QUDr babkbs Rt rabtoRackRANSa eaidiend flhabpkeded

can optionally be |inked to an i ndependent second_si de chai Esr;ln\qufp&;?roup, as
e

def i ned abglgehalraaine fesithig] suciepphilicrinitinter BEquPOEAkpREP ipikatoky PPRC ring
la (5
openi ng poh%{&@{oﬁﬁs'h%ﬂe&% e Mt%hﬁi %ﬁ%ona §t%%%er]c QIh h%ieféo%ﬂ”}d a (5),

initiated roduces a po n o ormJ whi ch
conpri ses sccbhd sid ywdl yfivhe ﬁcsln@olynmonimrm samb)e alipokadnbooaiabldafdkinarieg and an

initiator fr gn'ent R - X-: 1/1 5046PCT/ EP2011/ 056778 37
defi ned asadidRne! (IRgapPeYRg m}m@@tmm esg ¢t Ippe gecond g upih CIYBHSS fom 1
to 10000.

T 8edpRRRA oMM idiccted from the group con51st1ng 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, a dinucleophilic initiator comprising
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 comprises 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



F conpri ses a backbone carbonate group. Tetrahedral backbone carbon | abel ed
5is linked to a 5first side chain conprising a pentafluorophenyl carbonate
group, amdotetia3saeond side chain R defined above undercCrmpouliasd7sy .
Tetrahedral backbone carbons |abeled 4 a 6 can i ndependently be linked to
I ndependent first and second side chain groups, as described above under
formula (5). 10l n another exanple, the nucleophilic ring opening

pol ymeri zation of a first cyclic carbonyl nonomer of fornmula (6), initiated

by R -XH, I b f f 6 i ch [
e e L N IR A
(6A). WO QKel/td IFR4GRECToheM2Q i AB6 A/fknddnt Ipehtaflad@phdnyhedrberatdl anto 4 S

| i nked by the oxygen, nitrogen or sulfur heteroatomof the X group to the
car bony| ~ ofccprdside ghaimpelecied frpm the pipua cpBding of hafipgem halides, and alky giounse

Lo 10000 TROTabntt Unr POl @es ek T ARATUSARENR B ol RO FAERSE o O™
Tet Sahedral backbone carbon | abeled 5 is linked to a
In the following non-limiting examples, R'-XH is a mono-functional nucleophilic initiator
for ring opening 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 formula (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, 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)

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



first side chain conprising a pentafluorophenyl carbonate group, and to a
second side chain R as defined above under fornula (6). The ROP pol yner
can conprweeotvmss@as nore | inked pol yner chai ns. Additi oralripp20ieasdr’s

10pol ymer chain can be a honopol yner of 3 respective first repeat unit, or
a copol yner conprising a second repeat u ?t, t he second repeat unit
conprising a second backbone functional group selected fromthe group

consi sting of ester, carbonate, urea, carbanate, thiocarbanate,

t hi ocarbonate and dithi ocarbonate, which is derived froma cyclic carbonyl
cormononer. The firat oléner chain can be a random copol yner or a bl ock
copol ynmer 15gonpri én t fiirst and second repeat units. Simlar

consi derati olyners prepared froma second cyclic carbonyl
compound, extept that [the pol ymer chai n does not conprise a

pent af | uor ophenyl carppnate group or a pentafl uorophenyl ester group.

| nstead, the ROP pol yrmer conprises a 20repeat unit conprising a side chain
conpri si Ngc@mgrdkhanati®odé auRtieh grouphalkcRrd Moal theQron @myistifas bemisdmite,
carbamat e group, or thiocarbonate group derived fromthe pendant

pent af | uor BishesgIbamaicbdhiwcabamaigp tgltoca angte.ragd dithiocarboraie. Kistoymined e . WO
2011/ 13504GRCTL RERQLALOSOITARY S8y | TSk RdLATGRANT SUGHLG CATRARY'
conmpounds can undergo ri ng-opening %o yneri zation ( to Torm

bi odegr adabdckbpd sanesns 1dtalidrg Sdintl foe rEanh of thetd ickb@g. caftioas tarcbe Byleditohact i ¢
and isotactic fornms_of {he polynmers can be produced that depend on the
cyclic nonBispqesnt ﬁrﬁ@lé%féﬁ%&@érﬁw’i“ﬁ}}?h SR OIHEISH 8 PG RE v%aphmg%maﬁ ons.
5 The ri ngg&ragnpﬂﬂh&%aﬁﬁ%% e {:8h clonk fasrbghg Mﬁg& (E A ORI
conpound can occur Wwth substantial retention of the pendant

pent af | uor mdhgmdentcacdndrsatoschgmoQerowp, tak defreddibote RERr fopie2). whi ch is al so
referred to as the first ROP polyner. The first ROP pol ynmer conprises at

| east one repeat unit conprising a side chain conprising a reactive 10

penpaf | uor pphgme: ceanonat GudesRtic rifofdnindt pdiReRALYABE a fitkt Lhalc RN ses

a backbone segnent derived fromthe ring opening of the first cyclic
car bonyl cowpouadef formulb &bk butascdlagReNH, peldacesedfiifst BRPttodyrgerad forsmns (464)i.ng

of pol ycarbgnates, .pol ycarbamates. .pol yur.eas | yt hj rbamat es,

pol vt hi ocalBELSPRETG AL TsiE s Do et B ke ol yrer can
further conprise a pol yéster backbone segnent when a cyclic ester (Ilactone)
conononer 15is YWsed v'n theyring opening polynerization. Each of these
repeat structyrigs i 4yn Yable 2. The R group in Table 2 is a backbone
fragment forngd %}pﬁ the ring containing the cyclic carbonyl
group. Table 2. Pol ygst (1) o R)

/U
o)
-
O

F F

F F
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', L', V', n
and m are defined as above under formula (4). The subscript d' is an integer from 1 to

10000. The repeat unit



n Pol ycarbonate 0 () QALOR n Polyurea ( R 'l ?R) NR Nn Pol ycarbanmate
( R" 13 ) NOR n Polythiocarbamate ( R, 9) Il NS-R
WO 2011/135046 PCT/EP2011/056778
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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 (5), 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-:

F (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 WD 2011/ 135046PCT/ EP2011/ 056778 40 Pol yt hi ocarbonate 0 () QILS-R n
Pol ydi t hi ocarbonate (0 Il sSR) n The nethod (Method 3) conprises formng
a first mvetworie3saapri sing the first cyclic carbonyl corpomedoicosgrs sing a
pendant pentafl uorophenyl carbonate groug7 a catalyst, an initiator, an
accel erator, and an optional solvent. Thé'first mxture is then agitated
with 5optional heating to effect ring opening polynerization of the first
cyclic carbonyl conmpound, thereby form ng a second m xture containing a

o oeg: a0 RIS o<1 oL 00904 DEDASHEJRBP) RORAE™Y

pol ymer chajpbata@irpri sing a first repeat unit, the first repeat unit
conprising a side chaipn conprising a pendant pentafl uorophenyl carbonate
group. In a 106pecichReandinent, the side chain has the structure:

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

bi odegradabl e first ROP polyner. In another enbodi nent, the first repeat
unit of twe 2hiwss04ROP pol ymer conprises a tetrahedral bachklre@insson, the
tetrahedral backbone carbon linked to i) first side chain 15conprising a
pent af | uor ophenyl carbonate group, and |ﬁ? a second side chain group
conpri sing a nonoval ent hydrocarbon radical. The nonoval ent hydrocarbon
radi cal can conprise from1l to 30 carbons. Mirre specifically, the

nonoval ent rocarbonr ect ed f omt he cons

et iyt ot RUYOOFRETEN RSCW el Sy dfe 57510y LuBhrhEsPEOR A BER rer
retains at HoRp %6 m‘écb%boayld)mm @@ﬂﬁmﬂth@?&)lkyyaraénalt@a&ﬁn TRYL', @ n®N et dBAihed
speC|f|caI%y at | east 90% of the pentafl uorophenyl car bonat e roups

relative t# &i9sc pajradernys (& Jélﬁusv@aﬂptr%m gryatoppf Eemdyte|1080Q g lafomﬁat unit

conmpounds. WO 2011/ 133046PCT/ EP2011/ 056778 41 As a non-limting exanple,

TMCPFP under goes ring ¢pening polynerization in the presence of a suitable

cat al yst and cleophilic jni |ator benzyl al cohol to forma first ROP
Elm

pol yner, ? wherein BnO is Schene 7. 0 OLO
catalystO BnO' ( TL \ ™| BnCH tlator) 0/ 0>0

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

R' as defined above under formula (6).

The ROP polymer can comprise two or more linked polymer chains. Additionally, each
10 polymer chain can be a homopolymer of a respective first repeat unit, or a copolymer
comprising a second repeat unit, the second repeat unit comprising a second backbone
functional group selected from the group consisting of ester, carbonate, urea, 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 second 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 pentafluorophenyl ester group. Instead, the ROP polymer comprises a
20 repeat unit comprising a side chain comprising a carbonate group other than
pentafluorophenyl carbonate, carbamate group, or thiocarbonate group derived from the

pendant pentafluorophenyl carbonate group of the first cyclic carbonyl monomer.



In the nam ng notation used herein for a ROP polyner, |-[P(Mnonerl,

Mononmer 2, etc.)], "I" is the initiator, "[PQ"' indicates a polyner chain
formed bywoi2zog/peni ng pol ynmeri zati on 10of one or nore @®g¢TIEPROICASETONY |
conpounds listed in the parentheses, and is the nunber of nucleophilic

initiator groups of the initiator. For ex nple, if the initiator is benzyl
al cohol, the initiator fragnent is a benzyl oxy group (BnO), and the nane of
t he ROP honopol ynmer is BnOFHP( TMCPFP)]. The ROP pol yner can be prepared
under mld.copditions to achi.eve,hi gh nolecul ar ight. and |.ow

ol ydi sper 41t Pt AP sesiagd T71ic Effoteetso fp s % ufere) i EB0em8¥ ant i a1y no

metal cont ?@w@ﬂkatme{mm &P rethivddehadable PoGanss Bating YiFterent R tivitide Mtactit,t y
and ease of nmanufacture of the first cyclic carbon conmpounds (and their

cor r espondfgioregticsaf yseiacsy fopmeed tharadpmess sarbe sradysed tatrdapryd emihs cyeles ul
o pont e ' . i
cster or oul o GRERG; B BofRTP pldi thle BEX Incliah Ry SRAPORLD ©F 3. Do an et s ve

pentaf | uorophenyl carbonate side chain group 20represents a significant
advancenent_ in the state of the art in_preparing functionalized ROP
pol ymers. Therpg PRINIRY mlw%wn23%> PE@@%M@%?%‘?O% EPRIBYHY BROCHB

limted to,4ARRReIRE gy Y i roup
consistingwgg cyc%?%ﬁgﬁﬁggg?ﬁgg F?%ﬁy3%&%%%%k%%%8§%%%$%%%%§§%%%%g?%gﬁﬁ%

esters, cyBOPopodpnérowhichss alsy cdferceduoeashe Gt ROE podyrbandthe SirstR@P palymer

t hi oureas, cyclic tpi?carbonq;es, and. c cIL& g%;hiocarbonates. Exempl ary
corpnomer sCTHYINGE A" 1S PHS fSPEY, i) REIPTHIE 2pidq @t PEIPTSEEA 8ol act one,
deljpa-val e @h@fmo@@ﬁm ReH0ABCAGIP | Bifet RBER OP o NBAR YBRe combRRat Rckkapchy|
5-nethy1-2?oxo-1, Td?%Xane-Sfcarggxylate, etﬁ?ﬁﬁﬁ o ¢
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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 0
@) —R%
n
Polycarbonate O
OJLO_R%
n

Polyurea

Polythiocarbamate

(g,
Polycarbamate O
{ELO_R%
n
{ien)
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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. In a

10 specific embodiment, the side chain has the structure:
O R F
FF

2

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 1) a first side chain
15 comprising a pentafluorophenyl carbonate group, and ii) a second side 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 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 pentafluorophenyl 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 BnO is an initiator fragment.

Scheme 7.
X
0 0 0
catalyst
ﬁ) BnO*GkO O%
BnOH (initiator) n
O
0 >:O
F F O
F F
F F
F F F
F
TMCPFP BnOH-[P(TMCPFP)]

In the naming notation used herein for a ROP polymer, I-[P(Monomerl, Monomer 2, etc.)]w,
"I" 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 (BnO), 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 succinimidyl 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, cyclic

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

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

trimethylene carbonate, methyl 5-methyl-2-oxo0-1,3-dioxane-5-carboxylate, ethyl 5-methyl-

2-o0x0-1,3-dioxane-5-carboxylate, and other derivatives of MTC-OH. These and other

examples of cyclic carbonyl comonomers are listed in Table 3.

Table 3.
o 0
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Ao oo
Lichim
m=1, Trimethylene carbonate (TMC) 07 OR
m=2, Tetramethylene carbonate (TEMC) _
m=3, Pentamethylene carbonate (PMC) E _ Eig;oy%e(iﬁyé?ﬁg)
R = t-butyl (MTCO'Bu)
R = ethyl (MTCOEt)
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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,
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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 carbonyl 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 aluminum, 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), tetracthoxy 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, triecthoxy

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 compound such as antimony pentachloride, zinc chloride,

20 lithium bromide, tin(IV) chloride, cadmium chloride and boron trifluoride diethyl ether;
alkyl aluminum such as trimethyl aluminum, triethyl aluminum, diethyl aluminum chloride,
ethyl aluminum dichloride and tri-iso-butyl aluminum; alkyl zinc such as dimethyl zinc,
diethyl zinc and diisopropyl zinc; tertiary amines such as triallylamine, tricthylamine, 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 a trialkoxy aluminum compound.

30 Organocatalysts for the ROP polymerization.
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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, tellurium, polonium, and metals of Groups
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, yttrium,
zirconium, niobium, molybdenum, technetium, ruthenium, rhodium, palladium, silver,
cadmium, lanthanum, cerium, prascodymium, neodymium, promethium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium,
hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum, gold, mercury, actinium,
thorium, protactinium, uranium, neptunium, plutonium, americium, curium, berkelium,
californium, einsteinium, fermium, mendelevium, nobelium, lawrencium, rutherfordium,
dubnium, seaborgium, bohrium, hassium, meitnerium, darmstadtium, roentgenium, and
copernicium. Organocatalysts can provide a platform to polymers having controlled,
predictable molecular 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

as mono- and bis-hexafluoroisopropanol compounds).

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

monomer include N-(3,5-trifluoromethyl)phenyl-N’-cyclohexyl-thiourea (TU):
CF5

Belse

H H (TU).

Another metal-free organocatalyst comprises at least one 1,1,1,3,3,3-hexafluoropropan-2-ol-
2-yl (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

example an alkyl group, substituted alkyl group, cycloalkyl group, substituted cycloalkyl
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Doubly-donating hydrogen bonding catalysts have two HFP groups, represented by the
general formula (11):

CF3 CF3

HO I R —OH
CF3 CF3 (11),

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.
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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

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 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 polymerization (or
polymerization with a comonomer) include acrylate, methacrylate, alpha, alpha, alpha-
trifluoromethacrylate, alpha-halomethacrylate, acrylamido, methacrylamido, norbornene,
vinyl, vinyl ether, 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.



WO 2011/ 135046PCT/ EP2011/ 056778 48 group, heterocycl oal kyl group,
substituted heterocycl oal klyl group, aryl group, substituted aryl group, or
a conbi navpoanittizsiseof Exenpl ary singl y-donati ng hydr ogerCiompdiingseas al yst s
are listed in Table 4. Table 4. Doubly-d Qating hydr ogen bondi ng catal ysts
have two HFP groups, represented by the 3 neral fornmula (11): CF3CF3 HOR3CH
CF3CF3(11), wherein R3 is a divalent radical bridging group containing from
1 to 20 carbons, such as an 10al kyl ene group, a substituted al kyl ene group,

et o1 ocycl kg ey U8R Ak MRS Tt I AT Bl Bioup, an

aryl ene gr opYOsY2SBSt Mdéti@d: @, YW eD®)S998I4Y; ADen 8 GO TE08Y 02528 Sredmeof
Represent ative doubl e hggéo%en bondi ng catal ysts of formula (11) include

those i st ¥iyazawFghile 33 fb cikerpateiebo af srErmed Rolymeregndegtiirenbid or
Ut e GRE LR OIS S 017 IR U LARTE AL SDTR L
5. 5 CF3 OpblysicAdOshiphart MRGH IKIEE-GGup., BxidhleSbf 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;-C;; alkyl, C;-C;; 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.

25 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[5.4.0Jundec-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),



co F3C* HO F3CF3C 3,5 -HFA-MA  F3Cs HO F3CF3C 1,3 -HFAB ¢3 OH 1,4-HFAB S
F3t, , F3C Hrs, Hur3 CF3 1In one enbodinent, the catalyst is selected
from t he woaup/esmsi sting of 4-HFA-St, 4- HFA- TelCT/HrEwiB/ 05N B,

HPI P, 3,5-HFA-MA, 3,5-HFA-St, 1, 3- HFAB, 14- HFAB, and 5conbi nati ons
thereof. In particular, catalysts beari né 1, 3-bi s-HFP aromati c groups (such
as 1,3-HFAB) were found to be efficient in catalyzing the ROP of TMCPFP

wi t hout concomtant reaction of the pentafl uorophenyl carbonate side chain.

1,3-di-i-propylimidazol-2-ylidene (Im-5), 1,3-di-z-butylimidazol-2-ylidene (Im-6), 1,3-
bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-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.
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Py) N,N-Dimethylaminocyclohexane
y
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Z>N |

4-N,N-Dimethylaminopyridine

(DMAP) trans 1,2-Bis(dimethylamino)cyclohexane

(TMCHD)
N
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7-Methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene
(MTBD)

1,8-Diazabicyclo[5.4.0]Jundec-7-ene
(DBU)

oo

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

(-)-Sparteine
(Sp)

H N__N
YNxN\( N

1,3-Bis(2-propyl)-4,5-dimethylimidazol-
2-ylidene
(Im-1)

1,3-Bis(2,4,6-trimethylphenyl)imidazol-2-
ylidene
(Im-2)
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The ROP reaction mixture also comprises an initiator. As stated above, initiators generally
10 include nucleophiles (e.g., alcohols, amines, and thiols). The initiator can be
monofunctional, difunctional or multifunctional such as dendritic, polymeric or related
architectures. Monofunctional initiators can include nucleophiles with protected functional
groups that include thiols, amines, acids and alcohols. A typical initiator is phenol or benzyl

alcohol.
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Di azabtgyéiydLomfo@idirdatg € pemtin pEAAUSrd¥Nedyl carbonate is an alcohol. The

alcohol initiator can be any suitable alcohol, including mono-alcohol, diol, triol, or other

Cc
1
4-
1,2
1,8

polyol, with the proviso that the choice of alcohol does not adversely affect the
5 polymerization yield, polymer molecular weight, and/or the desirable mechanical and

physical properties of the resulting first ROP polymer. The alcohol can be multi-functional
comprising, in addition to one or more hydroxy groups, a halide, an ether group, an ester
group, an amide group, or other functional group. Additional exemplary alcohols include
methanol, ethanol, propanol, butanol, pentanol, amyl alcohol, capryl alcohol, nonyl alcohol,

10 decyl alcohol, undecyl alcohol, lauryl alcohol, tridecyl alcohol, myristyl alcohol, pentadecyl
alcohol, cetyl alcohol, heptadecyl alcohol, stearyl alcohol, nonadecyl alcohol and other
aliphatic saturated alcohols, cyclopentanol, cyclohexanol, cycloheptanol, cyclooctanol and
other aliphatic cyclic alcohols; phenol, substituted phenols, benzyl alcohol, substituted
benzyl alcohol, benzenedimethanol, trimethylolpropane, a saccharide, poly(ethylene glycol),

15 propylene glycol, alcohol functionalized block copolymers derived from oligomeric
alcohols, alcohol functionalized 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 BnhMPA, derived from 2,2-

dimethylol propionic acid, a precursor used in the preparation of cyclic carbonate monomers.

OH OH
O

o)

20 L@ (BnMPA)

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 is not limited to
poly(alkylene glycol)s and mono end capped poly(alkylene glycol)s. Such initiators 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.
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The polyether alcohol can be a poly(alkylene glycol) of the general formula (12):
HO-[CR)(CR).CR0L-H  (12),

wherein a' is 0 to 8, n is an integer from 2 to 10000, and cach R’ is independently a
monovalent radical consisting of hydrogen and an alkyl group of 1 to 30 carbons. Thus, the
ether repeat unit comprises 2 to 10 backbone carbons between each backbone oxygen. More
particularly, the poly(alkylene glycol) can be a mono end capped poly(alkylene glycol),
represented by the formula (13):

R°O-[C(R)(C(R")2).C(R"),0],-H (13),

wherein R® is a monovalent hydrocarbon radical comprising 1 to 20 carbons.

As non-limiting examples, the polyether alcohol can be a poly(ethylene glycol) (PEG),
having the structure HO-[CH,CH,0],-H, wherein the ether repeat unit CH,CH,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-
[CH,CH(CH3)O],-H, where the ether repeat unit CH,CH(CH3)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 methyl end capped PEG (MPEG), wherein
R® is a methyl group. Other examples include poly(oxetane), having the structure HO-
[CH,CH,CH,0],-H, and poly(tetrahydrofuran), having the structure HO-
[CH2(CH3),CH,O],-H.

The mono end capped poly(alkylene glycol) can comprise more elaborate chemical end
groups, represented by the general formula (14):
Z'[CRNACRN)CRN0Ln1-H - (14),

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
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 Z" is MeOCH,CH,0O-. The dash
on the end of the MeOCH,CH,O- 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,O-. In another example, one end unit of PEG is an aldyhyde, wherein
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N N111110 41
Z" can be OCHCH,CH,O-. Treating the aldehyde with a primary amine produces an imine,
wherein Z" is R””"N=CHCH,CH,O-. 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 imine can be reduced to an amine, wherein Z" is R°NHCH,CH,CH,O-. In another

5 example, one end repeat unit of PEG can be oxidized to a carboxylic acid, wherein Z" is
HOOCCH;0O-. 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. In a
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—L"—

HO  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

15 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 ether, 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 particularly
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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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.
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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.e., an
intramolecular reaction) or another polymer chain (i.c., 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 (e.g. ester, carbonate...ctc.) of the polymer main chain and lead to

macrocyclization or segmental exchange (by transesterification for example). Such
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t her 15bi ol | | ti t h t
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pent ane, hex ta
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to 5 nol escapsb@nartfi 1idg chaghigronp 0é thsaate 41481 ptrameleeulor agtipn) ofapatieryolymert er .
In 13 Speci %ﬁ ain ﬁ%b%wlﬁ'@ﬁﬁole&bﬁ rEgc@l%{l _?_Iﬂtr%feu{iﬁr i[e%tlc}nh&n S'cglce %%991%“' ng
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tenperature that .is abaq I ent tenperatur gher, nore specifically
a t enper at (VR R o8 n@ﬁ%&%@@@% bty R%&P&quapbozﬂeteéléeoc B gEoups
Reaction tidi®sniMgY. YAgain, strongly forcing reaction conditions can allow these nucleophilic groups

to also react with the carbonyl groups (e.g. ester, carbonate...ctc.) 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
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rate, pressure, and equi pnment, but in general the polynerizations are

conpl et e wot2hiwmi33o460 100 hours. \Whet her performed in solparierroiansé7ns bul k,

t he pol ynerizations are conducted in an igert 5 (e.g., dry) atnosphere and
at a pressure of from 100 to 500 MPa (1 5 atm, nore typically at a
pressure of 100 to 200 MPa (1 to 2 atn). At the conpletion of the reaction,
t he sol vent can be renoved using reduced pressure The opti onal

nitrogen b se accel er.at e rese rese n upt qf 0.1 to
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car bonyl cSﬂm@uﬁd For exanple, if the nolecular weight of the initiator is
100 g/ nol e an he initiator has 2 hydroxy groups, the equival ent nol ecul ar

wei ght per r xy group ks 50 g/nole. If the polynerization calls for 5
nDI@6hydro e of nDnon@ho %f initiator is 0.05 x
50 = 2.5g per nDIe of 20npmone n a spe |ch enbo@ i/men the ring opening
catalyst is present An an anp about 0.2 tg 20 nBI@b t he optional

accel erator is preeent |n an anount of 0.1 to 8.0 nol % and the hydroxy
groups of the |n|t| are present in an amoffqt of 0.1 to 5.0 nol % based

on the 25eqU|vaIenB nDIecuIar wei ght per nucle Pic initiator group in
the initiator. Thejring opening polynerizatio forns a ROP pol yner
conprising a |iRg pdi ymer chain. The |ivinglpol ymer chain can conprise a
term nal hydroxy p, termnal thiol group, "or term nal am ne group, each
of which can i mt™ate~gurther ROP chain growh, if desired. At 30l east one
repeat unit of thegROP polymer conprises a side chain pentafl uorophenyl
carbonate group. WO 2011/ 135046PCT/ EP2011/ 056778 57 The ROP pol yner can
conpri se aBhORelXMJdIREPRI, a cyclic polyner, a graft copolyner, and other
pol ymer topol ogi es. The ROP pol ynmer can be a random copol yner, an
alternating copolynmer, a gradient copolyner, or a block copolyner. Block
copol yner i atirpy ie1dephAe QYoM KEYeR toidtivig ROLORSLS, ZinfiBesdiHfi b1 Mat

cyclic carbonyl nononers or
10 combinations thereof, wherein R" is without restriction with the proviso that a useful

polymer is obtained. In an embodiment, R" comprises 1 to 10000 carbons. The
functionalized second polymer can be prepared having essentially no remaining

pentafluorophenyl 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, a 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 nucleophile,

20 thereby forming a functionalized second 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-
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properties to first ROP polyner. In an epjhodi nent, the ROP polyner has a
backbone conprising a pol ycarbonate honopol ynmer, a pol ycarbonat e copol yner,
or a polyestercarbonate copolyner. 10 In a preferred enbodi nent, the
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When multifunctional nucleophiles 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
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nunber - aweoaga/wed4ecul ar wei ght of usually 1,000 to 200pPOOEP20MI086778
particularly 2,000 to 100,000, and still ?Dre particularly 5,000 to 80, 000.
In an enbodi ment, 25 the first ROP polyng chai n has a nunber average

nol ecul ar weight M, of 10000 to 20000 g/ nole. The first ROP pol ynmer chains
can al so have a narrow pol ydi spersity index (PD), generally from1.01 to

1.35, nore ticularly 1.1 to,1.30 nd _even mmore ticularly.1l.1 to
125 sonerlahtisBY el Srme ik bedRonrb iR I Eeb Ml rprds,
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carbonate side WD 2011/135046PCT/ EP2011/ 056778 59 chain group of the first
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first ROP polhavenn abage diaimelct 0T fromg @xaspO@nmt Mée fnungiartioiad danabimpris©both
first ROP pol ymer BnOHAP(MICPFP)] usi ng. nuclegphile R'-XH is illustrated in
Schenme 8. 8iahispad grorganignanqppiisermes) Ftlww?ﬁmﬂgn%l%aw@dtﬂﬁp%orse| ect ed
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t her eof , erein is without restriction wth the proviso that a usefu
pol ymer i spaptmarineshophrticis, deridadiensatd stR' padpmprsi $ewgdnit 0arbPd0les amdhadeshut The

functionalized, seco ol ynmer can .be prepared.having essentially n
Formi ni ng. BERCLRTIS SpREHIIC LaraeHe bR D S e hES ERRg R Rt ol grow
conpri ses {DiGREAPA 6 thétal oftRetR 18 d ROMBId) Sbdk hdM@pirtitRS (RSP Bilica,
conprising a pentafl uorophenyl carbonate side chain group, an optional
second cat b#fyry zirepnrging @rzsme{,ént@éﬁ agnapdrtiolesite ghditagiwn pittide gal tinmgitrade),
al cohol s, aqhnega(}gﬁpk§ ean%ncoqgjqﬁ}£8Q§dt %{qg%> ﬁﬂq>a&:opg£%ﬂal
sol vent. The §1 PEPPHX 5Feg?s 85? g?eg a%&lgﬁfﬁ%naPPy fhed é%’?g‘eW?ect
reaction ofclédige)p@ah@fonurcdroemyds ieandr Bat fe go0lipitad ohsirbeedfigteanlirdde,
20t hereby form ng a functionalized second pol ymer conprising a pendant
functionalW&hé@§a§@ﬂ$@¥bﬁo$ﬂﬁﬁ¥%he group consi sting of carbonates ot her
thag a pentafl uorophenyl carbonate, carbamates, thiocarbonates, and
conbi nati ons thereof, and pentafl uorophenol byproduct.

The reaction of the first ROP polymer with a nucleophile is generally conducted in a reactor

under a dry inert atmosphere such as nitrogen or argon. The reaction can be performed using
an inactive solvent such as benzene, toluene, xylene, dioxane, chloroform and
dichloroethane, methylene chloride, tetrahydrofuran, acetonitrile, N, N-dimethyl formamide,

20 dimethylsulfoxide, 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 pentafluorophenyl carbonate groups. Subsequently, an additional
nucleophile and catalyst can be added to the second mixture to effect further

25 functionalization 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

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
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mul tifunctional nucleophiles are used (e.g., diamnes, triamnes, diols,

trij@l s, or Qpﬂb- I t ' i ' ' {n
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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 controlled 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, radium, aluminum, gallium, indium, thallium,
germanium, tin, lead, arsenic, antimony, bismuth, tellurium, polonium, and metals of Groups

30 3 to 12 of the Periodic Table.
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pol %meri zation to formthe first ROP polynmer (Method 3)
2 polymer, the functionalized second polymer, or 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 various additives, including for example nucleating

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



conprising a pendant pentafl uorophenyl carbonate group, and the subsequent
reaction of the first ROP polyner with a nucleophile to forma

functi onavozed/sswend pol yner (Method 4) by di spl acenentCofEPRéI8/056778

pent af | uor ophenoxy group of the pendant %gntafluorophenyl carbonate, are
conducted step-wise in a single reaction-vessel, w thout an internedi ate
step 20to isolate the first ROP polyner bearing the side chain
pentafluorophenyl carbonate group The above- described met hods provide a
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to afford a polymer with pendant cyclic carbonyl groups. These cyclic carbonyl groups can



64 lubricants, antistatic agents, stabilizers, fillers, strengthened
materials, fire retardants, plasticizers, and other polyners. Generally,

t he nol diwQ 200mBs®ikt | ons conprise 30 wt. %to 100 wt. %Pom/Eroeia/oed778 he

pol ymer based on total weight of the nol ding conposition. Mre
particularly, the nolding conposition conprises 50 wt. %to 100 wt. % of
the polyner. 5 The first ROP polyner and the functionalized second pol yner
can be forned into freestanding or supported films by known nethods.
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i nclude a suitable solvent necessary to dissolve the polynmer product. 15The
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nucl ear naigradtord ape Rad {unRNabpdcartamagnkid @gebpai ned at room
tenperature on a Bruker Avance 400 spectroneter. The follow ng Exanple 1
illustrates the nethod of making a first 6-nmenbered cyclic carbonate
conpound, EM:HHP.1. Brepupdtndfi(5nusiiyl 2t &o-1,balicmihod)obtthibdriigo@phdnyst  S-
menbered cyclic carbonate conmpound, G.CPFP. Exanples 3 to 8 illustrate
mehods of Carbenap{TAEREP he PFP carbonate of TMCPFP to forma variety of
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conpounds conprising different carbonate or carbamate groups. Exanple 9
illustrates a nethod of displacing the PFP carbonate of GLCPFP to form a
second cywbi2eiigcas@enat e conpound conpri sing a car bamat e pgr@mppoi11az@npl e 10
illustrates the polynerization of a secozg cyclic carbonate nononer bearing
a reactive side group. Exanple 11 illustrates the 20pol ynerization of a
first cyclic carbonate to create a block copolyner. Exanple 12 illustrates
t he post-polynerization functionalization of the bl ock copol yner of Exanple

11 to afford olymer with functi l.i.zed carb te si r S.
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the crude product” that was purified by reCrystallization. The crude product
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at the sane_tenmperatur and, the resulti bt was I dt ool to
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yield). mp. 130-131 C. 1H NMR (CDCI3, 400Hz) 1.22(s, 39 4.23(d, 2H, J =
11Hz), 4. 3m{ist stppipg the sghitien oypinightthe whity crysGftinquipdnc] ¥ CPFRspps scparated
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perfluorophenyl carbonate CAEPE) ) 2oHz), -162.6~-162.7(m, 2F). *C NMR(CDCL,
100Hz) 16.8, 32.6, 70.3, 73.0, 125.4, 137.9, 140.1, 141.3, 147.4, 151.1.

20 Example 2. Preparation of (2-oxo-1,3-dioxolan-4-yl)methyl perfluorophenyl carbonate
(GLCPFP).
O
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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 heterogencous, but after one hour the



0 0)-00 F QGCPFP G ycerin (1.0 g, 0.011 mml) was conbined with
bi s(pent af | uor ophenyl carbonate) (9.8 g, 250.025 nmmol, 2.3 eq) and CsF
(0.49 g, wosB/mamk, 0.3 eq) in THF (15.6 nL) and stirredTfEPeoiB/obeaas s at
roomtenperature. Initially the reaction 39@3 het er ogeneous, but after one
hour the WD 2011/ 135046PCT/ EP2011/ 056778767 reaction formed a cl ear
honogeneous sol ution. The reaction was concentrated, and redissolved in
met hyl ene chl ori de After sitting for 10 m nut es t he pent af | uorophenol

byproduct fell sol ution. femya of the b t

(7Pt pacon <t brRes YRR S i thh o PR on a5 g se AR e

separ at ed aRdsslike®h dythNeSO8hloride AR Witiignfod m@sm@t@mmbdnadmrdphe@@lve t he
crude product. The crude was dissolved with n-hexane g and a seed

crystal waByriadksg fallout o thegolitiosnA ftay iemovidead shanpyrreduics by ﬁitraélﬁnatﬂle motheror

h 83
one hour HRGSEXSH ke R RERALEE 1 L LOALABDARLRT o B ctyon
ca[1 bgnat e W{eé a'd\rfBElﬁl tratedtoQzite th@'EMHEtpr&MerTha ctlrde Wﬂstd@gbzl&aé&x?fhﬁfﬁdﬁ&he I(2 mL), f
n rous e ano S adde (0] e solutron o
'?'NC)IQFP (0. &g sqgd gaysrﬁ(frmay %4%?& é%wmtﬂnugﬁﬁﬂléeewgdégs utign ) moneil@un
15eq.) in &@Fggs%al%)ss%pa%emﬁufa%owwg§rs%%f0r 1 day at room

t enperat ure ter

Example 3. Preparation of ethyl (5-methyl-2-0xo-1,3-dioxan-5-yl)methyl carbonate
10 (TMCEt).

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

20 yield). m.p. 68-69° C. "H NMR(CDCls, 400Hz) 1.15(s, 3H), 1.33(t, 3H, J = 7Hz), 4.14(s,
2H), 4.15(d, 2H, J = 11Hz), 4.23(q, 2H, J = 7Hz), 4.34(d, 2H, J = 11Hz). *C NMR(CDCL,
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-oxo0-1,3-dioxan-5-yl)methyl carbonate

25 (TMCBn).
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reaction, the solution was concentrated in vacuo and redi ssolved in

nmet hyl ene chl oride. Upon standing (-10 mn) the pentafl uorophenol byproduct
preci pi t avedofwisaodsol uti on and was renoved by filtrati oRrCT/EPROIGNSCIES pr oduct
was purified by colum chromatography (e%?yl acet ate/ n-hexane = 1/3) to
give TMCEt as a white crystalline powder “(0.11 g, 63% 20yield). mp.
68-69C. 1H NMR(CDC13, 400Hz) 1.15(s, 3H), 1.33(t, 3H, J = 7Hz), 4.14(s,
2H), 4.15(d, 2H, J= 11Hz), 4.23(q, 2H, J= 7Hz), 4.34(d, 2H, J= 11Hz). 13C
NMR( CDC13, ; 100Hz) 14.2, 16.9, ,32. 3. 64.7, 67.8, /3. 147. 154, 7.
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15net hacrylate (TMCEMA). 0 O O O
Example 5. Preparation of 2-(((5-methyl-2-ox0-1,3-dioxan-5-yl)methoxy)carbonyloxy)ethyl

15 methacrylate (TMCEMA).
O
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Under a dry nitrogen atmosphere, 2-hydroxyethyl 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 redissolved 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 purified by column chromatography (ethyl acetate/n-hexane = 1/3)

25 to give TMCEMA as a colorless oil (0.03 g, 35% yield). '"H NMR(CDClLs, 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(CDCls, 100Hz) 17.0, 18.3, 32.4, 62.0, 66.2, 682,
73.2,126.4,135.7, 147.5, 154.6, 167.1.



yOc)) OTMCEMA Under a dry nitrogen atnosphere, 2-hydroxyethyl nethacrylate
(0.037 g, 0.28 mol, 1.0 eq.) was added to the solution of TMCPFP (0.1 g,

0. 28 mmolwoand/sesisum fl uori de (0.013 g, 200.084 mol, @CI/EPQO/0s6T7THF (1
m.). The m xture was stirred for 3 days Z% roomtenperature. After the
reaction, the solution was concentrated d redissolved in nethyl ene
chloride. Upon standing (-10 m n) the pentafl uorophenol byproduct
precipitated fromsolution and was renoved by filtration. The sol vent was

removed ingvacuo . tq afford a.crude oduyct ~t hat s further rified by
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colorless OIMC{ER)03 g, 35%yield). 1H NVR(CDC13, 400Hz) 1.16(s, 3H),
1.96(s, 3H), 4.16(d, 2H, J= 11Hz), 4.17 (s, 2H), 4.34(d, 2H, J= 1l1Hz),
3.39-4.43(n102kb, 5.63(bs, 1H), 6.15(s, 1H). 13C NMR(CDC13, 100Hz) 17.0,
18.3, 32.4,5 0, 66.2, 68.2, 73.2, 126.4, 135.7, 147.5, 154.6, 167.1. WO
2011/ 135046PCT| EP2011/ 056778 69 Exanple 6. Preparation of isopropyl
(5-nethy1-g>82§, odi oxan-5-yl ) met hyl carbonate (TMCGPR). 0 0 O TMC Pr
S5Under a dry nitrdgen| at nosphere, anhydrous 2-propanol (0.025 g, 0.42 mol,
1.5 eq.) was adde® to the sol uTM§iPof TMCPFP (0.1 g, 0.28 mol) and cesium
fluoride (0.013g, 0.084 mmol, 0.3 eq.) in THF (1 nL). The m xture was
stirred for 1 day at 55 C. After the reaction, the solution was

congent r at Bddanddry adisen |aﬂﬁ6kphékeﬂﬁﬂ1'9ﬁf0@@@-piglb@ﬂ’ol @e0254gon2shmddi InDed.y d&s m n)
t he pent af |l uorophenol byproduct precipitated fromsolution and was 10

removed byaddedito erisehl.tiorméTwl?@%(O-M&?%W@v&haudrpeﬁiaau%uqr@eéﬂﬁé%@ 008 ude

product th 3 mN : %g#¥ e
acetate/n-ﬂ%%%ﬁ§35&§}gg nggpdéq$ﬁg%ﬁﬁﬁ%§ggﬁ ﬁﬂgpg?’ ta |5%e3§§“:8r (0.03
0, 46% yi etcdgtionnthz. sobdiod wds.coiddnivivie( GECERissd ROt mithi&hs chidH)e. Upd4d(d, 6H,
J= 6Hz), 4.14(s, 2H),. 4.17(d, 2H J= Hz), 4.36(d, 2H J = 11Hz)
4.92(sep, &tﬁ-‘r}cfla&(ﬁﬂqul.n) i@cpemﬂe@iﬁ@ﬁ@}ojf %wﬂéyctfﬁcaelfa?ﬁ%?ms@m?n fdgas 72, 9,
7318, 147. femoked BY frathor@ M 8o lhentRiRRRFBYELH 19F w0 to afford a crude é’mdu“ that was
(5- net hy1- 2- oxo- 1; 3-di oxan-5-yl ) nmet hyl benzyl carbamate (TMCNBn). 0 OAO
further purified by column chromatography (ethyl acetate/n-hexane = 1/3) to give TMCiPR
as a white crystalline powder (0.03 g, 46% yield). 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, /= 11Hz),
4.92(sep, 1H, J=6Hz). *C NMR(CDCl;, 100Hz) 17.0, 21.7, 32.4, 67.6, 72.9, 73.3, 1477,

15 154.2.

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

(TMCNBn).
@)
OLO
E><£,Owrn\/Ph
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 TMCPFP (0.1g, 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 in vacuo to afford a crude product that was



H yN Ph OTMCNBn 20 Under a dry nitrogen atnosphere, anhydrous benzyl am ne
(0.039 g, 0.37 mol, 1.32 eq.) was added to the solution of TMCPFP (0. 1g,
0. 28 mmolwoand/ssesisum fl uoride (0.013 g, 0.084 nmol, 0. BCEFPROILOSTH- (1
m.). The m xture was stirred for 1 day a; roomtenperature. After the
reaction, the solution was concentrated Ad redissol ved in met hyl ene

chl oride. 25Upon standing (-10 mn) the pentafl uorophenol byproduct fel

out of solution and was renoved by filtration. The sol vent was renoved in

vacuo to a rd a rodu 35046PCT{ EP20

70" ur t her il P colisom bR eGSR L L) el LN
to give TNQ!BEbl&Ses@oﬂQOOM@SS%‘V@ylbldQOII@MR(@@%W(EHIZB)1ll['i NRGGDCE, 3H,460Hz)
1.11(s, 3H), ﬁ-|§ 1]) % 5% 4. 32 d 2H, J= 11Hz%
4.38(d, AT §S;2Ié) é@%MH B 1 1H2)28 3%(d38{ln =SiH2). AZ0 Al epEbs! - 3aouHy )
17.1, 324 5132, 61~12 1 1 5 7.
Exanple 8. epégggggéDc @H#é%%],3%%b§%34%§? 93&&%?§z§%)ﬁé?§§?1“%&

4- vbonyl pheidd.¢arslsaimat e (TNCNSt) 0 10 TMCNSt  Under a dry nitrogen

at nosphere, 4-vinylaniline (0.87 g, 7.3 nmmol, 1.3 eq.) was added to the
solution of TMCPFP (2.0 g, 5.6 mmol) and cesium fluoride (0.26 g, 1.7 mol,
0.3 eq.) i 1 r r
tenperaturEXFgﬁe@sgkﬁ??%%mﬁgs§ggﬁ§g%f%g¥2§(gﬁﬁ%ﬁﬁgr%ggydue gé%ég%?%gﬁﬁed
i n net hyl eGBMEMNSox.i de. Upon standing (-10 15m n) the pentafl uorophenol
byproduct prgcipitated fromsolution. After renoval of the byproduct by
filtration, he not her |iquid was washed wi th aqueous sodi um bi carbonate

(pH of aqu | ayer; -8) and brine. The organic |ayer was separated and
dried over anh droua sodlun1sulfate The solution was concentrated to give
t he crude p fs purified by recrystallization fromtoluene (40
m.) to give TMCNSt! as rystalllne powder (1.3 g, 2081%yield). mnp.
120-121 C. 1H NMR(CDC gOHz) 1. 14MENSH), 4.19(d, 2H, J= 11Hz),

10

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(CDCls, 400Hz) 1.14(s, 3H), 4.19(d, 2H, J = 11Hz),
4.21(s, 2H), 4.38(s, 2H, J = 11Hz), 5.20(d, 1H, J = 11Hz), 5.68(d, 1H, J = 18Hz), 6.67(dd,
1H, J = 18, 11Hz), 6.98 (bs, 1H), 7.36(s, 4H). *C NMR(CDCls;, 100Hz) 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-oxo-1,3-dioxolan-4-yl)methyl benzylcarbamate (GLCNBn).



4.21(s, 2H), 4.38(s, 2H, J= 11Hz), 5.20(d, 1H, J= 11Hz), 5.68(d, 1H, J=
18Hz), 6.67(dd, 1H, J= 18, 11Hz), 6.98 (bs, 1H), 7.36(s, 4H). 13C

NVR( CDC13wo200HaB50487. O, 32.4, 65.8, 73.8, 112.9, 118.7, PCZAPAN11DH3I7L,
136.0, 137.0, 148.3, 152.7. WD 2011/ 135Q46PCT/ EP2011/ 056778 0O AO0O0\
0) HNO GLCNBn 5-nenbered cyclic ca bonat e (0.2 g, 0.61 mmol ) and
benzyl amne (0.098 g, 0.91 nmmol, 1.5 eq) and CsF (0.028 g, 0.18 mmol, 0.3
eq) were conmbined in THF (1 nmL.) and stirred at room

O

A

o 0

=0

HN

GLCNBn

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 filtration, the mother liquid was washed with
aqueous ammonium 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, y. 56%).

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

TMCNSLt.
o) o)
] FsC CF5 %ko 5 H
o~ o o)
n HO CFs CF?H ©/\ n
(-)-sparteine
o} BnOH (1 mol%) o
=0 > =0
HN in CH,Cl, HN
r.t.
15 — —
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,



Stenperature. After 18 hours, the reaction m xture was concentrated, and
redi ssolved in nethylene chloride. After sitting for 10 m nutes, the

pent af | uovophamcko4bypr oduct fell out of the solution. APCEmEPe@mosals of the
byproduct by filtration, the nother |iqui 9 was washed wi th aqueous ammoni um
chloride. The organic |layer was separate and dried by NaSO4. The sol ution
was concentrated to give the crude product. The crude was recrystallized
from 10met hyl ene chl ori de (2 m_) and n-hexane (1.5 nmL). The crystal was

comer e <5 gd bIH ST A0 gt P TR g P SPRL AP ©
TMCNSt BnOl—HlBﬂfl}l@B@ﬁJ]orld&\Q 2@1@/518)5\9&6 B%bﬂ%&%iﬂ@ﬁ@a?nﬂ&tm%& {6k D486 srerdom 0. 05

eq.), benz al cohol, .97 mcroliter, 0.009 nmml, 0.01 eq % and net hyl ene
chl ori de ( miaﬁrat@fetsw Recyeshsi the gomisrsio odsid05ndThg palymer BePHS days at

t Q0% 4T,
o0 el AN AN R il RN s 3@ iy O 3005 TDRRobyret
g/ mel . PDI1#251. 62 Exanpl e 11. Preparation of BnOH—[P(LLA—b TMCPFP) ] bl ock
copol yrer. FF (0.25 eq) 24h, rt

Example 11. Preparation of BnOH-[P(LLA-b-TMCPFP)] block copolymer.

OH
(-)-sparteine (3.1 mol%)

(0.0146 eq)  1,3-HFAB (6.9 mol%) Q_\ Q
N . 0 0 >>
O}H
CH,Cl,
9 X

0
16h, rt

0
o BnOH-[P(LLA)]

0
L-Lactide (LLA) j\
0”0

S TMCPFP

F F
(0.25 eq)

0
02\0
F F
F F
F

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



0) HO O BnOH [P(LLA-b-TMCPFP)] WD 2011/135046PCT/ EP2011/ 056778 73
L-lactide (1.92 g, 13.3 nmol ), 1,3-HFAB (376 ng, 0.916 mmol, 0.069 eq),
(-)-spartwonel(B84y, 0.417 mmol, 0.031 eq), and benzyl palrmph@li/ofZis ny,
0.194 nmmol, 0.0146 eq) were conbined in %chl oronmet hane (15nmL) and stirred
at roomtenperature. After 16 hours, T P (1.19 g, 3.34 nol) was added
and the solution was allowed to stir at room 5tenperature for an additional
24 hours. The crude bl ock copol ynmer was isolated via precipitation from

the oot uti bt Cfags PP cr Tl R By Re A oS B et Loy °

TMCPFP.  Thgiguhemnhdl001051 ¥@s atMV@peyiad@thot @ 10hy,&. 19aemblo0@k0 1d6RY) WaRy
BnOHAP( LLA- bTMCPFP) ]..  Appr oxi materla]zj 99% of the pentafl uorophenyl carbonate

groups wer eorpned eHchlommeghang §bimk) ¥yl stiried gt fovpbicnparaiyei ofter LahqwsPrp) :
Funct i onal | DSAn e Bronk PUYOE AR e ooy SEFRE Thcere) |
5 temperature for 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 n-hexane (15 mL) to remove unreacted
TMCPFP. The mother liquor was evaporated to give the block copolymer BnOH-[P(LLA-b-
TMCPFP)]. Approximately, 99% of the pentafluorophenyl 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-TMCPFP)]
NH,

CFs
Ot o2
(1.45 eq)
L
IS y CHACN
e} 21h, rt
o)\o

BnOH-[P(LLA-b-TMCPFP)]

o
k©/ch

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

15
BnOH-[P(LLA-b-TMCPFP)] (0.25, 0.069mmol (as-C¢Fg carbonate)) and 3-



0 NH BnOH-[ P(LLA- b- TMCPFP)] (0.25, 0.069mmol (as-C6F6 carbonate)) and 3-
(trifluoronethyl)benzyl am ne (0.018g, 0.10 mml, 1.45 eq.) were dissol ved
i n acet orworniie3s0A 2011/ 135046PCT/ EP2011/ 056778 74 (0. PBE)EP2MhAS6TTXt ur e
was stirred for 21 hours at roon1tenpera5§r After the reaction, the
functionalized second pol yner conpri sing S|de chai n carbamate group was
preci pitated from n- hexane. Percent substitution: 87% Residual

pent af | uor ophenyl carbonate: 0% , = 10,400 g/nol. Mv = 11,000 g/nmol. PD

ar 1 oul ar Cbrsdar He AL ey 4 ilﬁf&ﬁ?‘%f L pouft hebaCBURRR Al fiERGRIQH, A%

i nvention. ﬁlﬁ&tlmﬂed]ﬁfc&d\folyﬂ@r SoEHbiRY a §i06 BBain darbamatd gréipdwad fecip@dted
i ntended to include the ural forms_as well, unless the context cIearIy

i ndi cates 8@1&9@% Xgae. P@rcwtlsub%@tmr BHer Ravidual sewatuarapheny hearbanagas 0%. M, =
conprlses ﬂ&?éﬁ%l%gicgq?bbégﬂﬂﬂ pﬁen H§ed in this specification, specify
a e

t he presence ed featur gers, steps, operations, elenents,
andsor conponents, but do not preclude the presence or addltlon of one or

nore other_feature i nt egers, s, operat el ene conponents
and/ or gro‘d{s (e kg usoth Beic iy Zﬂ{gge puphsel d'@ R arpf‘é%@ dgpenty aplye
using two hiditgy m(e%dgd to l?e l?rH g;&?'{ﬁe AAht0RY &s BscdHEEN thakih aroiforr%{s ppmto Y

ppm where X and Y are 15 unl ess ot herw se st’at ed e val ue can be
any nunber "an'tahd hthb‘hae matﬂgcke,d to lincﬂau@ttm plirdlifonnis aSiwedl, pnlkssathe ¥yntoft ddaelyr ange.

The descri t'o of. the present .i nventjon h been sented for r poses of
e sty ot Biticalhs Stnstie D FREDE ey Bhdsitoof el e fer bl et At G B
l'i npt ed to"cto%risﬁl\ge'ni/h&lrhsbﬂ' it & JpREif AR, s e pridaye sPdAEH eatires \A%nd

variations wil'l be apparent to those of ordinary skill in the art.
2011/ 135048 TISERRPSL 0pOBETBgeZEmems And®r components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, elements, 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 ppmto Y ppm, where X and Y are

15 numbers), 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 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 .



1. A conposition, conprising: a first cyclic carbonyl conpound of the
general fornmula (2): 0 YYQ -J64Q 5Qn Q Q Q wherein each Y
is a di vaverviwasi46al i ndependently sel ected fromthe gPomEPe@n®s&rs ng of
-0-, -S-, -N(H)-, or -N(Q")-, wherein eagg Q' group is a nonoval ent radi cal
i ndependently selected fromthe group consisting of al kyl groups conprising
1 to 30 carbons, aryl groups conprising 6 to 30 carbons, and the foregoing

Q' groups substituted 10with a pentafl uorophenyl carbonate group, n'
is O or an integer from1 to 10, mherg%g ENEP n" is 0, carbons | abeled 4
and 6 are |inked together by a single ﬁ‘, each @ group is a nonoval ent

radi cal i ndependently selected fromthe group consisting of hydrogen,
hal i des, pentafl uorophenyl carbonate group, al kyl groups conprising 151 to
30 carbonsl- al kBrfeMPesitips. WHMPIIG ng 1 to 30 carbons, al kyne groups
conprising 1 to 0 (o} I, 5} 30 carbons, ester
gr oups conprisi%ggﬁ%9%R§%ﬁ%gﬁg%%ggﬁégggg%éggégghﬁgﬁg#?ging 1 to 30 carbons,
t hi oester groupsConprising 1 to 30 carbons, urea groups conprising 1 to 30
carbons, carbanmate groups conprising 1 to 30 carbons, ether groups
conprising 1 tg yarbons, al koxy groups conprising 1 to 30 carbons, and

t he 20f oreggQing'Q 3 rgyps substituted with a pentafl uorophenyl carbonate
group, and i or nore of the Q and/or Q' groups conprises a

pent af | uor oghenylp /gar®@onat e group. 2. The conposition of claim1l, wherein
the first cyclic/&arbonyl conpound has the 25general formula (4): WO
2013/ 135046PCT/EPE)11/ 056778 (2);

wherein each Y is a divalent radical independently selected from the group consisting

of -O-, -S-, -N(H)-, or -N(Q")-, wherein each Q" group 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 foregoing Q" groups substituted
10 with a 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,
cach Q' group is a monovalent radical independently selected from the group
consisting of hydrogen, halides, pentafluorophenyl carbonate group, alkyl groups comprising
15 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, ether
groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the
20 foregoing Q' groups substituted with a pentafluorophenyl carbonate group, and wherein

one or more of the Q' and/or Q" groups comprises a pentafluorophenyl carbonate

group.

2. The composition of claim 1, wherein the first cyclic carbonyl compound has the

25 general formula (4):



0 FF (4), wherein mand n are each independently O or an integer
froml to 11, wherein mand n cannot together be 0, and mtn is an integer

| ess t harwonoragual4et 0 11, each Y' is a dival ent radi cal pcnd@p@ndsstrs y
selected fromthe group consisting of-O, 5-S, -N(H- and -N(V')-, wherein
each V' group is a nonoval ent radi cal inagpendently selected fromthe group
consisting of al kyl groups conprising 1 to 30 carbons, aryl groups
conprising 1 to 30 carbons, and the foregoing V' groups substituted with a
pent af | uor ophenyk car bonate group, each V' group is a nonoval ent radi cal

i ndependent |y s;ﬁscted fromthe group 10consisting of hydrogen, halides,
pentafluorophep

al kene groups cb
carbons, am

Qarbonate group, al kyl groups conprising 1 to 30 carbons,
nﬁrh§ing 1 to 30 carbons, al kyne groups conprising 1 to 30
wnprising 6 to 30 carbons, ester groups conprising 1

to 30 car bovs, de “groups conprising 1 to 30 carbons, thioester groups
conprising 1 to/3Y8 carbons, urea groups conprising 1 to 30 carbons,
car banat e grodbs comprising 1 to 30 carbons, ether 15groups conprising 1 to
30 carbons, al koxy groups conprising 1 to 30 carbons, and the foregoing V
groups substituted with a pentafl uorophenyl carbonate group, and L'
is a single bond??&ca di val ent linking group selected fromthe group

I

Q

consi sting of al gf oups conprising 1 to 30 carbons, alkene groups
conprising 1 to carbons, al kyne groups conprising 1 to 30 carbons, aryl
groups conpris&no go carbons, ester groups 20 conprising 1 to 30
carbons, am de' groupg conprising 1 to 30 carbons, thioester groups
conprising 1 to 30 carbons, urea groups conprising 1 to 30 carbons,

car bamat e groupsFcongrising 1 €, 30 carbons, and ether groups conprising 1

r ns. . . . .
to 30 carbons wherein m and n are each independently 0 or an integer from 1 to 11, wherein m and

0

n cannot together be 0, and m+n is an integer less than or equal to 11,
cach Y' is a divalent radical independently selected from the group consisting of -O-,
5 -S-, -N(H)- and -N(V")-, wherein each V" group 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 foregoing V" groups substituted with a
pentafluorophenyl carbonate group,
each V' group is a monovalent radical independently selected from the group
10 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 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
15 groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the
foregoing V' 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 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups
20 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.



WO 2011/ 135046PCT/ EP2011/ 056778 77 3. The conposition of claim11, wherein
no V' group conprises a pentafl uorophenyl carbonate group and no V' group
conpri seswea pani3afsdsuor ophenyl carbonate group. 4. The eommeeiiossT7of cl ai m
1, wherein the cyclic carbonyl conpound is: 5a first cyclic carbonate
conpound of the general fornula (5): O 72F (5); wherein mand n are
each independently O or an integer from1l to 11, wherein mand n cannot
together be 0, and mtn is less than or equal to 11, R is a

nmonoval ent ,r adi ¢al sel ect ed omith Lou onsisting of hydrogen, halides,
Toand atkyP gr odpseTBRBRIE b s NGREhp et SoBHaS LT GGy
monoval ent carBétisagroupdedasvetdup @eipeistLdpdntaotdihcayl@diboaeRgirsip. ng of
hydr ogen, halides, pentafluorophenyl carbonate group (-00Q2C6F5), al kyl
groups conprising 1 to 30 carbons, al kene groups conprising 1 to 30
car bons, a) kyne C i B . . conprising 6
to 30 car blé'ns, gg% Ee)(yﬂ Orsggdéggf{cc zdrlr%?%’ i’\fhtﬁgeui%fcc? gl?gga?%%%g%%?é%%ng gr oups
conpri sing 1 toa86stcaellaarashonkiei coapoaid of thugsneanfprmelaiig): 1 to 30 car bons,
urea groups conpprising 1 to 30 carbons, carbamate groups conprising 1 to 30
carbons, ether gioups conprising 1 to 30 carbons, al koxy groups conpri sing
1 to 30 carbon d the foregoing V' groups substituted with a
pent af | uor oph y? bonate group, and L' is a single bond or a dival ent
| i nki ng gr e el g fromthe group consisting of 20al kyl groups
conprising Jyto rnpons, al kene groups conprising 1 to 30 carbons,
al kyne groups ¢ rising 1 to 30 carbons, aryl groups conprising 6 to 30
car bons, esterR@roHps conprising 1 to 30 carbons, am de groups conprising 1
to 30 carbons, thyoester groups WO 2011/ 135046PCT/ EP2011/ 056778 78

O

FF (5);
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,
10 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 (-OCO,CgFs), 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, 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 V' groups substituted with a pentafluorophenyl carbonate group, and
L' is a single bond or a divalent linking group selected from the group consisting of
20 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



conprising 1 to 30 carbons, urea groups conprising 1 to 30 carbons,
carbamate groups conprising 1 to 30 carbons, and ether groups conprising 1
to 30 carwonsi1/135046 The conposition of claim4, wherein trhe/RPyalioss7car bonat e
conmpound conprises a 5single pentafluoroggenyl carbonate group. 6. The
conposition of claim4, wherein each V hydrogen. 7. The conposition of
claim4, wherein mand n are equal to 1, and R is a nonoval ent

10hydr ocar bon group conprising 1 to 10 carbons. 8. The conposition of

claim4, where ected fromthe gr.ou S met h et hyl ,
propyl . 2 PG Td,  FSS: e of s SOSREiGH P (ST R PBomTE ¥t )
(1,1- di metdnipradity | Yo Smcd'J)BdSHsmed ch@eRbuls.coBmpisE )l to 30serbeant yl , and

neo- pentyl 15 9. The conposition of claim4, wherein the first cyclic
carbonate conpound is selected fromthe group consisting of 100X00

OF 5. The composition of claim 4, wherein the cyclic carbonate compound comprises a

5 single pentafluorophenyl carbonate group.
6. The composition of claim 4, wherein each V' is hydrogen.
7. The composition of claim 4, wherein m and n are equal to 1, and R' is a monovalent
10 hydrocarbon group comprising 1 to 10 carbons.
8. The composition of claim 4, wherein R' is selected from the group consisting of

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.
15
9. The composition of claim 4, wherein the first cyclic carbonate compound is selected
from the group consisting of
O O )(?\

o 0 O)J\O o 0

1

F F F F
F F F F F F F . and
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, and WD 2011/ 135046PCT/ EP2011/ 056778 79 10. A nethod, conpri sing:
formng a first mxture conprising bis(pentafluorophenyl) carbonate, a
cat al yst ,wenonpiss@aal sol vent, and a precursor conpoundpPCThP2qnAsITSor
conpound conprising i) two or nore carbogg, preferably three or nore
carbons, ii) a first hydroxy group capabl’é of form ng 5a pentafl uorophenyl
carbonate in a reaction with bis(pentafluorophenyl) carbonate, and iii) two
nucl eophi l i ¢ groups independently sel ected fromthe group consisting of

al cohol s, the two nucl eophilic groups capabl e of
formng a @@LIlCIE%B%%ﬁ&FmS?%ﬁp in a reaction with bis(pentafl uorophenyl)
carbonate; agit f&frmitg; 4 Kt fifteic dBMPrdG, bis(Peiteyord ey N adohdté,of cail @t 4h

car bonyl compound 10conprising i) a pendant pentafl uorophenyl carbonate
group and PRtjonal eant.and armewAor ARMBeYNds Bcdteior CoMPEHY! RBNIBINEIhSTSel ng

of cyclic S ggﬁ¥§§
th|ocarban%lt%Feb‘:%l?@);n‘cﬁ:1re ﬁh%gg ona]£C%ﬁ%hg fPrlc |é?@§ cﬁﬂ%eOf%TgmgThe
met Bod of @bammﬂ&ﬂQNMM§r@MMnmhﬁnpnaanﬁ®mﬂﬁmapaumﬂmhagxmpbc@@bﬁmahmduo

15formula (1): X X R R R R wherein together the X group re
cyclic carmwclqoahm%ajowev%ﬁmqnﬁa S@Pﬁﬁ%grome & BTOKD; B NERRY, ﬁﬁq@w%

represent Sarﬂmgprh%%l%ﬁt thb b ﬁﬂ&le@@ﬂ@&@%ﬁg{l %a%?iﬁl epe(%gg P a EXIR! B HIoR 1%5%

-SH, -NH2 , Whereln eac represent
nDnovaIentnmada@nﬁrwmhbmﬁedmﬂnommhha&gmdumamons|st|ng of aIkyI groups

conprising 1 to 30 carbo r risi o 3 rbons, and the

for6goi ng R or ouls GUHaDE Fey Al s AT RTAREdon Spel Foroa REPeur m ng

hydpoxy gr @fprising 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, cyclic thiocarbonates, and cyclic dithiocarbonates.

11. The method of claim 10, wherein the precursor compound has the general
15 formula (1):
X X _,
R'\1 53 R
R' R
n
R'R (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, -SH, -NH,;, and -NHR", wherein each R" group independently represents

20 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 a single bond,

25 cach 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
1 to 30 carbons, amide groups comprising 1 to 30 carbons, thioester groups comprising 1 to

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



nN" is 0 or an integer from1 to 10, wherein when n' is O carbons |abeled 1
and 3 attached to each X group are |inked together by a single bond, 25each
R group wodepemrsemt | y represents a nonoval ent radi cal eelrare@d/ofd7osn t he
group consi sting of hydrogen, pentafluor%Bhenyl carbonate form ng hydroxy
group, halides, alkyl groups conprising to 30 carbons, al kene groups
conprising 1 to 30 carbons, al kyne groups conprising 1 to 30 carbons, aryl
groups conprising 6 to 30 carbons, ester groups conprising 1 to 30 carbons,

am de grouabnngtélrsin to 30 tg,,% 1S+t ester ro sclo r| blnto
3030 cr borgoo0y Bht e Bt o i g SR oo ot

conpr i si Ngard the f&egoMPR2GbUHS IFRAGRATEP2 ga;ﬂtmﬁﬁam&nmaewnamrmg g troxy

groups conprising 1 to 30 carbons, al koxy groups conprising 1 to 30

car bons, a#®@UPh#ddf oregoing R groups substituted with a pentafluorophenyl

car bonat e form - d "

foregoing R an %8¥y§ﬁgém%§%§%§%wggi%5%“&‘ 3 #P“ﬁ}oﬁﬁgﬁ&Faﬁﬁb&%wh

f or 8 ng hycirbonatgfooming hydrokyerowmi.hod of clain110, wherein the first cyclic
carbonyl conmpound has the general formula (2): 0 Q -J6 4 Q@ Y123YJ" 5
Qn Q@ Q Q(2), 1l0Owherein each Y is a divalent radical independently

sel ected oM tgs Al of eA%HIH! BrBh hOfirst cx¥tic culobiyT corounh@ o geitfier ei 1
each Q' group is a nonoval ent radical 1 ndependently séfe ted fron1the gr oup
consi st i ngfasfubl Ry groups conprising 1 to 30 carbons, aryl groups
conprising 6 to 30 carbons, and the foregoing Q' groups substituted with a
pent af | uor ophenyl{ carbonate group (-00Q2C6F5), 15n' is 0 or an integer from
1 to 10, wherein en n is 0, carbons |labeled 4 and 6 are |inked together
by a single bo¥d,” .Y each @ group is a nonoval ent radical independently
selected fI® @ consisting of hydrogen, halides, pentafl uorophenyl
car bonat e gr.odp, , groups conprising 1 to 30 carbons, al kene groups
conpri si ng to bons, al kyne groups conprising 1 to 30

Q ),

10 wherein each Y is a divalent radical independently selected from the group consisting

of -O-, -S-, -N(H)-, or -N(Q")-, wherein each Q" group 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 foregoing Q" groups substituted
with a pentafluorophenyl carbonate group (-OCO,CgFs),

15 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

20 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
foregoing Q' groups substituted with a pentafluorophenyl carbonate group, and wherein

25 one or more of the Q' and/or Q" groups comprises a pentafluorophenyl carbonate

group.



20car bons, aryl groups conprising 6 to 30 carbons, ester groups conprising
1 to 30 carbons, am de groups conprising 1 to 30 carbons, thioester groups
conpri si yoRotioi33@6car bons, urea groups conprising 1 toP80/EParihosGE;S
carbamat e groups conprising 1 to 30 carbgT et her groups conprising 1 to
30 carbons, al koxy groups conprising 1 t8 30 carbons, and the foregoing Q
groups substituted with a pentafl uorophenyl carbonate group, and wherein
250ne or nore of the Q and/or @Q groups conprises a pentafl uorophenyl

0. “whor oi B hoTh i 86‘?#3@ B R RECResir o Ry 8 el iBgilia (57

wherein thg)X' groups together are cyclic carbonyl form ng nucleophilic
groups, 5mand n are each independently O or an integer from1l to 11,
wherein m and together be 0, and mtn is an integer less than or
equal to 1 X 1s a nonoval ent radical independently selected
fromthe gﬁp Eg of - OH -SH, -NH2, and -NHT", wherein each T" is
a nonoval e i ndlependent |y selected fromthe group consisting of

al kyl groups conprilsing 1 to 30 carbons, aryl groups 10conprising 6 to 30
carbons, and the foPe90|ng T" groups substltuted wi th a pentafl uorophenyl
carbonate forning fdroxy grou), each T' is a nonoval ent radica

i ndependently se| ecte omthe grou S|st|ng f hydr oge hal i des,

pent af | uor ophenvker@glrtgsﬁég@upm%g%r %‘ {;}1 Oraul{%/ gﬁoahwg g i si ng
1 tg 30 carbonsy, lHkENE A HOHBS AQEHRE (Sor u'lfteg& @&nqac() BONSherRinkd AR 'cRMR?
15conmprising 1 to 30 carbons, aryl groups cofnprising 6 to 30 carbons, ester

groups conbgﬁ@@h@:&fmdDSBIEaHMMngnlaﬂﬂdm(gmqwﬁso¢hnpr|S|ng 1to 30 carbons

(nfoester 6 oUnE SR SRR ol SRR L PUBR R R 2 3

conpr i si NgOH, LOHINIEARRPISHT'B RN BEMUPS s & POk SleMTadichlAn&Pehd@np9RSlectead
t he fore90|ng T groups substituted with a _pent af | uor ophenyl carbonate

fornmi ng hy&pexdhe 204 sapsistagdt alkyl groups comprising 1 to 30 carbons, aryl groups

10 comprising 6 to 30 carbons, and the foregoing T" groups substituted with a

pentafluorophenyl carbonate forming hydroxy group,
cach T' is a monovalent radical independently selected from the group consisting of
hydrogen, halides, pentafluorophenyl carbonate forming hydroxy group, 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, 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 T' groups substituted with a pentafluorophenyl carbonate forming hydroxy
20 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
25 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.

14.  The method of claim 10, wherein the first cyclic carbonyl compound has the general

formula (4):



L' is a single bond or a divalent linking group selected fromthe group
consi sting of al kyl groups conprising 1 to 30 carbons, al kene groups

conpri si yoRotioi33@6car bons, al kyne groups conprising 1 troTdP@anbans, aryl
groups conprising 6 to 30 carbons, esterggroups conprising 1 to 30 carbons,
am de groups conprising 1 to 30 carbons, °Chi oester groups 25conprising 1 to
30 carbons, urea groups conprising 1 to 30 carbons, carbamate groups
conprising 1 to 30 carbons, and ether groups conprising 1 to 30 carbons.

WO 2011/ 135046P EP2011/ 056778 0 FF (4), wherein mand n are
each independengﬁg O or an integer from1l to 11, wherein mand n cannot

t oget her be 0,y vaidt is an integer less than or equal to 11, each Y' is a
di val ent radi cpl pendently selected fromthe group consisting of-0O,
5-S, -N(Hw @55 Y-, wherein each V' group is a nonoval ent radical

i ndependentVy 2eKect &drfromthe group consisting of alkyl groups conprising
1 to 30 carbons/ aryl groups conprising 1 to 30 carbons, and the foregoing
V"' groups subMitut'ed with a pent af | uor ophenyl carbonate group (-002C6F5),
each V' group is ﬁ nonoval ent radical independently selected fromthe group
10consi sting of Qydrogen, halides, pentafluorophenyl carbonate group, alkyl

groups conpri sing¥x=p
Q F

FoF 4,
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,
cach Y' is a divalent radical independently selected from the group consisting of -O-,
5 -S-, -N(H)- and -N(V")-, wherein each V" group 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 foregoing V" groups substituted with a
pentafluorophenyl carbonate group (-OCO,CgFs),
each V' group is a monovalent radical independently selected from the group
10 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 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, ether
15 groups comprising 1 to 30 carbons, alkoxy groups comprising 1 to 30 carbons, and the
foregoing V' 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 1 to 30 carbons, aryl groups comprising 6 to 30 carbons, ester groups
20 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.



1 to 30 carbons, al kene groups conprising 1 to 30 carbons, al kyne groups
conprising 1 to 30 carbons, aryl groups conprising 6 to 30 carbons, ester
groups cownprosing4t to 30 carbons, am de groups conpri siPOl/EP2410/03€¥7€ar bons,
t hi oester groups conprising 1 to 30 carbgg urea groups conprising 1 to 30
carbons, carbamate groups conprising 1 t8°30 carbons, ether 15groups
conprising 1 to 30 carbons, al koxy groups conprising 1 to 30 carbons, and
the foregoing V' groups substituted with a pentafluorophenyl car bonat e
group, and L' |,s $i.0 nd. or a | ent I| Ki [ elected
Promthe gtdup DanaelPrds Tt af JRAGSaeT vl iy LR g g BPy S

al kene gr oppSo GNP FAdEEagcldctt @3t tﬁagﬁmpSconﬁétiﬁxgrtﬁ“hgﬂwg@ﬁ Haaady, ksd zﬂ@yll to 30
carbons, aryl groups conprising 6 to 30 carbons, ester groups 20 conpri sing
1to 30 cag%@ﬁ%?mﬁﬁﬁﬁgb @Hgﬁﬁpr|5|ng lto 30 carbons, thioester groups
conprising 1 to 30 carbons, urea groups conprising 1 to 30 car bons,
carbamate groups conprising 1 to 30 carbons, and ether groups conprising 1
to 30 carboms. TM@%&/oiBEﬁﬂﬁB’G%eEEE&H&ﬁ%W&I& ddiboh§l cinepouad idcyadiccl ai m
14, wherein each Y is - and V _at 05|t|on | abel ed 5 is a nonoval ent

r adi cal seF%@?%%F?94¥ﬁupﬁ@f8WdﬁBa@bﬁ§W§ AY of hydrogen, halides, and al kyl
groups conprising 1 to 30 carbons. 516. The nethod of claim 10, wherein the
first cyclic car onyI conmpound is a cyclic carbonate conpound of the

gener al fornuug 0 FF (5), wherein mand n are each
i ndependent |y Tor ag integer from1l to 11, wherein mand n cannot together
be 0, and Mk s ess—Vhan or equal to 11, 10R is a nonoval ent radical

sel ected frém?®h grop consisting of hydrogen, halides, and al kyl groups
conprising 1 tQ43Q carbons, each V' group is nonoval ent radi cal

i ndependent |y eIebTed fron1the group consi sting of hydrogen, halides,
pentafluorophenyl/carbonate group (-00Q2C6F5), al kyl groups conprising 1 to
30 carbons, al ke@e groups conmprising 1 to 30 carbons, al kyne groups
15conprising 1 to carbons, aryl groups conprising 6 to 30 carbons, ester
groups conpri si ngy

F F

FF (%),
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,
10 R' is a monovalent radical selected 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 (-OCO,CgF5s), 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, 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 V' groups substituted with a pentafluorophenyl carbonate group, and
20 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



1 to 30 carbons, am de groups conprising 1 to 30 carbons, thioester groups
conprising 1 to 30 carbons, urea groups conprising 1 to 30 carbons,

car banmat ewgroupss@enpri sing 1 to 30 carbons, ether groupsT®EPEnioséing 1 to

30 carbons, al koxy groups conprising 1 tg 30 carbons, and the foregoing V

groups substituted with a pentafl uorophe §I carbonate group, and 20L' is a
single bond or a divalent |linking group selected fromthe group consisting
of al kyl groups conprising 1 to 30 carbons, al kene groups conprising 1 to

30 carbons, al kyne. gr s.,.conmprising. 1 to.30 rbons, aryl ,groups

corpr 1 ot nocesnpetaE! 8 AL ERRGRIREL B SabPushe § R PRE o B Yn Mol ami ce
groups conpdrhgridige 1td 30 SRb&R! HanGhertdib@RToRIprigihgurs 30\6&bons.

2011/ 135046PCT/ EP2011/ 056778 84 conprising 1 to 30 carbons, urea groups
conprising 1 to 30 carbons, carbamate groups conprising 1 to 30 carbons,

and et her 970 DT roh%if@ﬁir% 1b°va§8eﬁ1%?ﬁgk§ Fxsrcli;c%g{/bgﬁ?lc éBEﬁc@‘rBlgd of g;}c‘?iicm 10,

wherein the first cyclic carbonyl conmpoun ona conpound
of the genesrbbnaiocompoand 6f theQze@bral Drdduk (68) , wherein mand n are each
i ndependent!ly, O or an integer from1l to 11, wherein mand n cannot together
be 0, and T;ﬁLiS | ess than or equal to 11, R is a nonoval ent
radi cal sel ed fromthe group consisting of hydrogen, halides, 10and

al kyl grou rising 1 to 30 carbons, and L' is a single bond or a
di val ent I?%?&%gbgroup selected fromthe group consisting of alkyl groups
conpri sing t\o 30 carbons, al kene groups conprising 1 to 30 carbons,

al kyne groups Eonprising 1 to 30 carbons, aryl groups conprising 6 to 30
carbons, estef groups conprising 1 to 30 carbons, am de groups conprising 1
to 30 carbondX thioester groups 15conprising 1 to 30 carbons, urea groups
conprising 1 oq%p carbons, carbamate groups conprising 1 to 30 carbons,
and et her gr&yps,/conprising 1 to 30 carbons. 18. The method of claim 10,
wherein thel\z p %or conmpound is a triol selected fromthe group

consi sting of Y, I-trinmethylol ethane, 1,1,1-trinethylol propane,
1,2,3-propang:tr |, 202- hydr oxynet hyl- 1, 3- propanedi o1,
2-(hydroxynethy|)-2-nethy|-1,3( ropane diol, butane- 1,2,3-triol,

but ane-1, 2, 4- 1 r{, lreinlmhndnlakd é&%bﬂc}]e%ncfydﬂ?@% ak 4&e%€rtffm&&yi,%tﬁ?§ﬁ ANfid
1,2,5- pentane triol, 1,1,1-trinethylol hexane, 1,2, 3-hexane triol,

1, 2, 6- hexaneartnoi gigetheyod o rexdamelis2¢s3-thani @tqudyellbhexane-1, 2, 4-tri ol ,

cycl ohexane- 1, 3R5fstarrlnglllo’vage’n?fa%llcg?gerlgc%e-(il frozm?ﬁehgr)éﬁg (cagnrslis%lng of hydrogen, halides,

10 and alkyl groups comprising 1 to 30 carbons, 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

15 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,
20 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,



WO 2011/ 135046PCT/ EP2011/ 056778 85 1,1, 1-trimethylol heptane,
1,2,3-heptanetriol, 4,5-di deoxy-d-erythro-pent-4-enitol, 3,5, 5-

t ri met hy Iw,28t1disbosdr oxynet hyl hexane-1-ol, and conbi nat i eas/Erh@nssd77s 19.
The met hod of claim 10, wherein the catalyst is cesiumfluoride. 20. The
met hod of claim 10, wherein the first cy§ i ¢ carbonyl conpound is selected
fromthe group consisting of 00 AAAO O0OO0000A XXO0 O Y 000 0000 FOFOFO
21. The net hod of claim 10, further conpri sing: agitating a second

i xt i sing i), the fi Li.c. | d._ji | hi |
R B R A g e L
optional cainadtst2, 2l didkynthydiikked alolwak ¢ehibinatibey @byeof or mi ng a second

cyclic carbonyl 15conmpound and pentafl uorophenol byproduct, wherein the
second cyclic carbonyl conpound conprises a second functional group forned

by a reactjgn OfTh%*h?etRogi‘ﬁ% PR We%e‘i&?{h%%&%t %sgcggipﬁ)lrfﬁ}o?irg‘ig.r oup Wi th the

nucl eophi | €," the secon nal” group se romthe group
5

20.  The method of claim 10, wherein the first cyclic carbonyl compound is selected from
the group consisting of
O
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21. The method of claim 10, further comprising:
agitating a second mixture comprising 1) the first cyclic carbonyl compound, ii) a

nucleophile selected from the group consisting of alcohols, amines, and thiols, ii1) an
optional catalyst, and iv) an optional solvent, thereby forming a second cyclic carbonyl

15 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.



consi sting of carbonates other than pentafl uorophenyl carbonate,

carbamat es, and thi ocarbonates. WD 2011/135046PCT/ EP2011/ 056778 86 22. The
met hod ofwol2aiwm32ds further conprising agitating a thir@CEFEPRUIASEO$PT i Si Ng
t he second cyclic carbonyl compound, a cg%alyst, an accel erator, an
initiator, and an optional solvent, theréby form ng a polyner by ring
openi ng polynerization of the second cyclic carbonyl conpound, the polyner
conprising a repeat unit conprising a side chain functional 5group sel ected

fromthe group nsi sti,n f rbonat es ot her than nt af | uor apheny.l

car bonat o 2ar biPeUo AR g im e 3t AP Be Grud I oA PO TabtEs AP D g e
backbone segorMtydielcetordl doinPBuhdler @GrDuR, M6 StiodGanOhitREry AR AUPELAS,

pol yur eas, pol ycarbamat es, pol ythi ocarbanates, pol ythiocarbonates, and

pol ydi t hi otdy@briherely formpm arpelymet hoking PPIiRg pelymerivgionsf thoa sseondyaligst i s
an organoc . ¢l ai : I: oy 4 ndicyi

rot ol Coet oCP BT bampfitid. ARGeMRhA st P ol AR RIS EY UL I R
strénti um givap iseiogted Adinthy galuprionsistinggdlchibonutes otiettimn porabflicsophegelr mani um
tin, lead, arsenic, antinony, bisputh, te|]lurium 15pol.onium and netal s of
Groups 3 t EATRONAkT CriRaMpiss; agithioqaBeratetadncithe SRAYEIT FaPBHNE A DReidORR FSEmSNt of

0 ppmto 1@3&Mom%ﬁ_’e %ﬁuﬂgéﬂ%nﬁg?glgl Eﬁb@&tesﬂi?%ﬁﬁgkﬁ%ﬁrcgﬂbﬁﬁlﬁte 1xture

conprising 1) a precursor conpou rising re 20carbons and

t hree or npolgthincdrimratayr palpthjochibpnitcs (apeé polyflitmoroptetgsl ) car bonat e, and
iii) a catalyst, thereby formng a first cyclic carbonate conpound
conpri sing a pendant pentafl uorophenyl carbonate group. 26. A nethod,

compr i si ng23 25f PhehRehod ofckiHNe, *RER the Blallydt iRah bfdhoy4ydtC car bonyl
conpound conprising a cyclic carbonyl noiety selected fromthe group
consi sting of cyclic carbonates, cyclic ureas, cyclic carbamtes, cyclic

t hi ocar ba es, cl j,c .t hi pcar,honat es, and. cyeclic _djthi,ocarbonates, and a
bondant _portar i S5y SR CBERBa ARk S o B infXfdyPrlel SUSTR! ORI EE0uR" o
the group c&i’sﬁ;ﬁﬁ% bABer9fiiugd, aeatsum adldes, stimeuhblisy, radiun, alingRimonal
catal yst, and iv) an optional 30sol vent; .agitating the m xture,

t her eby f og#Hiwg, wdgwpd llwcgqr@aelamb@ﬁyhea%mawwtwmgﬁwm iRdhewReRNO

bypgoduct , ;WBEHE, Ind RRtFEHEBuFY S 2 GAHLPBYLIE FIPRHALa COMRMSER i the
polymer of 0 ppm to 100 ppm.

25. A method, comprising:
agitating a first mixture comprising 1) a precursor compound comprising two or more
20 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.

26. A method, comprising:

25 forming a mixture comprising 1) a first cyclic carbonyl compound comprising a
cyclic carbonyl moiety selected from the group consisting of cyclic carbonates, cyclic ureas,
cyclic carbamates, cyclic thiocarbamates, cyclic thiocarbonates, and cyclic dithiocarbonates,
and a pendant pentafluorophenyl carbonate group, ii) a nucleophile selected from the group
consisting of alcohols, amines, and thiols, iii) an optional catalyst, and iv) an optional

30 solvent;

agitating the mixture, thereby forming a second cyclic carbonyl compound and

pentafluorophenol byproduct, wherein the second cyclic carbonyl compound comprises a



WO 2011/ 135046PCT/ EP2011/ 056778 87 second functional group fornmed by a
reacti on of the pendant pentafl uorophenyl carbonate group with the

nucl eophiwe,2otimeseecond functi onal group sel ected from Phe/EPe@ups3€onsi sti ng
of carbonates other than pentafluorophen%g car bonat e, carbanmates, and

t hi ocarbonates. 527. A nethod, conpri sing: agitating a first m xture
conprising a catalyst, an initiator, an optional accelerator, an optional
solvent, and a first cyclic carbonyl conmpound conprising a

bpen ng por ey 1ursian 2T Bas G hEp it ReBralRn T rabiept "

pol ymer cogpup stithdh@nadledphilt) thg f®vhd ‘ﬂlﬁfcltltéfm g&dmelda%dlffbnm tHel @6@F condREn@
first polyner chain; wherein i) the chain fragment conprises a first

backbone het @Fbnnetsmother theninestelluerorhetyb carberato sedrmpicikand thigcabepatex end
unit of the first polynmer chain, the first backbone heteroatom sel ected
fromthe group consisting of oxygen, nitrogen, and sulfur, ii) the first

pol gmer chai.n campeths®sompsisiagnd end unit conprising a nucleophlllc group
sel ected fron1the roup. consi sting of hydroxy group, primary a roups,
15secondary ani MEtEGRSaAESt iXHIE ﬁ‘?TBP“ﬁ%%lﬁataQﬁtdalil P}“)lat%én PP‘il%I’ca B‘Eﬂefﬁhgg?r &hai n

conpri ses @ﬁdnaﬁolfe‘?ﬂaeﬁﬁ aLPH'ktt cfibar %6%?(:01‘}1 SER corPrisinG r‘;?:wta?t!ueﬁb pRind

backbone function group se cted m t group con i ng of carbonate
ureas, car babetagsgrotihitberabpfomentiness ROlﬁ’l retendydryate omnmgq]oﬂymemzatlbm nfthe ﬁrand

b) a tetrahe ral _backbone c rﬁ tetrahedral a one ¢ rbo rJfbelr}%
) niced t o9 F LUDORGATERAN B NG RS PR LA G B S eriEe
gragp. 20 Z@iathean®es Aed pQIrynfelr Bhdth:2¢her¥hef 5) %erbhtaﬁlefrzignﬁeﬂt c&ﬁiﬁme@ aGR§tABNbone

nonomer has the structure wher ei n

each Y is heteovigieic fﬁrablb@gboneﬁ@éqieﬁd@dmkyd L) étst el@ti mlbt% thi ér&j pelyper

consi sting ;250f F% é %

ronoval ent PabitG T kBl byoudeselaan ne e yPs6ii shanderBrbier”

al kyl grougsd mmpm)swﬁrs&pdlgzmaﬂcmf Eigrisca b ¥ecodt @HP Sni€ 06MPpiiSh N nﬁclb&plﬁl@c

carbons, and the foregoing Q groups substituted with a pentafl uorophenyl

car bonat e giogn }gelected from the group consisting of hydroxy group, primary amine groups,

15 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 consisting of carbonate, ureas, carbamates, thiocarbamates, thiocarbonate, and

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

linked to a first side chain comprising a pentafluorophenyl carbonate group.

20
28.  The method of claim 27, wherein the first cyclic carbonyl monomer has the structure
().
O
Yi2Y
Qs , 4J—Q
Q' n' Q
o Q @),
wherein each Y is a divalent radical independently selected from the group consisting
25 of -O-, -S-, -N(H)-, or -N(Q")-, wherein each Q" group 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 foregoing Q" groups substituted

with a pentafluorophenyl carbonate group,



WO 2011/ 135046PCT/ EP2011/ 056778 88 n" is 0O or an integer from1l to
10, wherein when n' is 0O, carbons |labeled 4 and 6 are |inked together by a
si ngl e bow0,208213M04¢) group i s a nonoval ent radi cal i ndepemadwraipsees ect ed
fromthe group consisting of hydrogen, hgg i des, pentafl uorophenyl carbonate
group, al kyl groups conprising 51 to 30 rbons al kene groups conprising 1
to 30 carbons, al kyne groups conprising 1 to 30 carbons, aryl groups
conprising 6 to 30 carbons, ester groups conprising 1 to 30 carbons, anide

oroups com 15! b et aTRRFLTRAT T IJSRAFRRLRHER, BONRURTR £t IR

conpr|5|nghﬂgﬁqogﬁmﬁawaqngﬁee@mgr groups conprising 1 to 30 carbons, al koxy
groups conprising 1 to 30 carbons, and the 10foregoing gr oups

substituted witPAch QEHIURFS 8 cRBIONEAY! raélaaluaﬁeale@d@vlwelectagcﬁr%@ﬁ@rwpone or

aroup, 200 HsuARE Rlastuo hANRS, SR RRSRe R REBOHL LR8P R o i SRR e

conpri ses atmy@barbo@a]aeﬂmgmhpmmmmnml to BQcarbldne, diegrieqaowfs o@h@mmgﬂ to 30
wherein the first oly copo] ymer conprising a secon peat

unit, the SBRYWdW g@&?s Wﬁﬂ%@ﬂ%@% %Ss%%?frﬁﬂmﬂ)é(?%’@ﬁémgd%t <9ﬁ n@roup
sel ect ed férﬁmetgl?&dﬁ Bk ngmgq'tétsbrégr gﬁs eib&ter gf;@iod%eﬂltpﬁsm rl%%o cﬁﬁ{oﬁégﬁéaﬁs

t hi ocar bamat es hi ocar bonat e di t hi ocar at e he met ho
claim 27, g\twpecmnpttwlghtoa}@wbdrs, eatbangagoeas adypitising 320 30 ba&bme;l; bthdr of

clain131, wherei n ever uaI tal selected.fr e grou

Sbaons st i HBUBY CmRTe Lin S ufes] uft Ao smE il AT efiR e e i um

al ygi num  gakddi %@dﬁbmstﬁth@hlwlm pERLR phhytdafbonh@ 3ou R b S@Wherein

anti nony, bi smnut urium polonium and metals of Groups 3 to 12 of the

Peri odi ¢ Tabl e tsoramersied dre Q'zetnidésn Q'rgrouns CROPripe aprataforaphpprhcedond® ppm
3033. The net hod of claim 27, further conprising: agitating a second
m xture co%ﬁppsing the first ROP pol ymer, a nucl eophile selected fromthe
group consi sting of alcohols, amnes, and thiols, an optional catalyst, and

an WO 2011/ 135046PCT/ EP2011/ 056778 89
. The method of claim 27, wherein the first mixture further comprises a cyclic

15 carbonyl comonomer.

30.  The method of claim 27, wherein the first ROP polymer is a copolymer comprising a
second repeat unit, the second repeat unit comprising a second backbone functional group

selected from the group consisting of ester, carbonate, ureas, carbamates, thiocarbamates,

20 thiocarbonate, and dithiocarbonate.

31.  The method of claim 27, wherein the catalyst is an organocatalyst.

32. The method of claim 31, wherein every individual metal selected from the group
25 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 ROP

polymer of 0 ppm to 100 ppm.

30 33.  The method of claim 27, further comprising:
agitating a second mixture comprising the first ROP polymer, a nucleophile selected

from the group consisting of alcohols, amines, and thiols, an optional catalyst, and an



optional accelerator, thereby formng a functionalized second pol ynmer and
pent af | uor ophenol byproduct, wherein the functionalized second pol yner
conpri seswea wae¢Bpdef uncti onal group fornmed by the react ipom/ErRottiloss778

pent af | uor ophenyl carbonate group of theﬁgide chain with the nucl eophile,
the second functional group selected frofiYvthe group 5consisting of
carbonat es ot her than pentafl uorophenyl carbonate, carbamates, and

t hi ocarbonates. 34. A bi odegradabl e pol yner, conprising: a chain fragment;

and 10a first | yner. . chai n; erein ). the.chain fragnent conprises a
frrst backbOig i ERlasdioMeRmndoRifef AnkbBBiE Rk GBRER ket 1o a first
end unit opertdRRuoldphehoISpydtRIEt, Ghdidin theF@ndtiohslizeB3sdodape yedrebmptiyasel ect ed
fromthe group consisting of oxygen, nitrogen, and sulfur, ii) the first

pol ynmer chgicand Bistiprad groapd Yethe regstion ebike praiefeoraphuny] espenatg groyp efip
selected f r I.S1q:n9..0f r - drQ 'ng ) oups,
155econdargggkkggagfﬁﬁggﬁ?gg%gﬁhgbﬂgﬁﬁg%%fﬂé%gg?##gmf%%é |r%?ag%$§ﬁg chain
conpri ses eorsistiag of eppb@tatasrithicr thdnepehiafladrophpedicarbondte,caraniasésngnda) a
backbone fuynctional group selected fromthe group consisting of carbonate,
ureas, car fogates-hi ocar bamat es, thi ocarbonate, and dithi ocarbonate, and
b) a tetrahedral backbone carbon, the tetrahedral backbone carbon being
linked to a first side chain conprising a pentafl uorophenyl carbonate
group. 20_35.'ﬂm%ﬂﬂqymhbh¢@bmqummmﬁﬁngﬁ claim34, wherein the first
repeat unit hasa%ﬂﬁn%%é%&%?&ﬁiq (0Q It YQ Q

10 a first polymer chain; wherein 1) 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 group consisting of oxygen, nitrogen,
and sulfur, ii) the first polymer chain comprises a second end unit comprising a nucleophilic
group selected from the group consisting of hydroxy group, primary amine groups,

15 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 consisting of carbonate, ureas, carbamates, thiocarbamates, thiocarbonate, and
dithiocarbonate, and b) a tetrahedral backbone carbon, the tetrahedral backbone carbon being

linked to a first side chain comprising a pentafluorophenyl carbonate group.

20
35.  The biodegradable polymer of claim 34, wherein the first repeat unit has the structure
wherein each Y is a divalent radical independently selected from the group consisting
of -O-, -S-, -N(H)-, or -N(Q")-, wherein each Q" group is a monovalent radical
25 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 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,



wherein each Y is a divalent radical independently selected fromthe group
consisting of -0-, -S-, -N(H)-, or -N(Q')-, wherein each Q" group is a
nonoval erworadial4e25i ndependent |y sel ected fromthe greop/EPengiosd7i7ig of

al kyl groups conprising 1 to 30 carbons, ﬁryl groups conprising 6 to 30
carbons, and the foregoing Q' groups subgPituted with a pent af | uor ophenyl
car bonat e group, n is 0 or an integer from1l to 10, wherein when n'
is 0, carbons | abeled 4 and 6 are |inked together by a single bond, WO

2011/135046PCT/E%§Q%1/05Q778 90 I trdFth é%nﬁg%u%e%gtﬁ pvngéalent radi cal
i ndependent |y sSIBH &P MRELVYFauRIEs R RepFg s rele'sf §98h e B Pdes,

pent af | uor epRBaNE o£ BRYRIOFE RaldfcOURntaBlulsidphiyd ¢RSosABRIJup] 418y 1lerb@hsIOntprishens,
al kene groups conprising 1 to 30 carbons, al kyne groups conprising 1 to 30
carbons, at @ 3Qeahens. alspn grepirosmringol ©ai0ysHons ekl HPHIFeMPsPEi lsPRg 1
to 30 carb 5am - G | §d t - 4 hi ups
conpri o ng 0y~ 48! £ AR FALPY &) Bbchst Suctdr B 8frish0 3630 Shrsdh

car banat e gnlidpsogsrEpmipsiking 11030 c3hoasanbioassr geddsrcogipoing 1ctodProationg uted o
30 carbons, al koxy grouPs conprising 1 to 30 carbons, and_the foregoing Q
groups subSiUPHEFBPINRS! P %Qa?ﬂr I}Su‘&r%ﬁé’éﬁﬁ’fou@éfs%ﬂ%ﬁl’ég (QLH CABPRp- fein
one or nor : gols 'dﬁﬁ% t

car bonat e %Sgﬁ%iﬁﬁplggé?ﬁﬂg!ﬁ%a(%%lgéﬂgg}laeggo yémer os?n g@f@i%{éﬁ‘ﬁ@ i Ae}?gl}{%l t he
first repeftregomg Qhasupshebstitnied wuthea pervafBlorgphieni derbonate group, and wheeer ei n m
and n are each independently 0 aqr integer froml 11, wherein m and
150 cannot toget et TECG BAQ FPTIL SFHIAOREErS LD A HE RSP A GAnES 11,
eaqh Y' isgRyufival ent radical independently selected fromthe group
consisting of -0-, -S-, -N(H)- and -N(V")-, wherein each V' group is a
nonoval ent radical independently selected fromthe group consisting of

car bons, an  nant bPuggrby CrotgmE T M Bl AR TR CEP b P8 et Py

carbonate group (-00QAC6F5), each V' group is a nonoval ent radica

i ndependent |y ¢el ecyed fnom t he group consisting of hydrogen, halides,

pent af l uoro oup, al kyl groups conprising 1 to 30 carbons,
al kene group ) 1710 carbons, al kyne groups conprising 1 to 30
car bons, aryl conR;ising 6 to 30 carbons, ester groups conprising 1

to 30 carbons, L'
/
0]
—
0]
F F
F F
F

wherein m and n are each independently 0 or an integer from 1 to 11, wherein m and
15 n cannot together be 0, and m+n is an integer less than or equal to 11,
cach Y' is a divalent radical independently selected from the group consisting of -O-,
-S-, -N(H)- and -N(V")-, wherein each V" group 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 foregoing V" groups substituted with a
20 pentafluorophenyl carbonate group (-OCO,CsF5),
cach V' 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 comprising 6 to 30 carbons, ester groups comprising 1 to 30 carbons,



WO 2011/ 135046PCT/ EP2011/ 056778 91 am de groups conprising 1 to 30 carbons,
t hi oester groups conprising 1 to 30 carbons, urea groups conprising 1 to 30
car bons, wenbamss®egr oups conprising 1 to 30 carbons, ePOEEPIII00OPETS
conprising 1 to 30 carbons, al koxy groupg conprising 1 to 30 carbons, and
the foregoing V' groups substituted with 3 pent af | uor ophenyl carbonate
group, and 5L' is a single bond or a divalent |inking group selected from
t he group consisting of aIkyI groups conprising 1 to 30 carbons, al kene

gr oups co 1 to 30 c rou S co

o bons.  alPI P so BB PEd R DR B e -G OFRr e dpS OSSR ¢ty 1
to 30 car bg[rafa edthSkesity PUPS) €RPIHs| SdrBdnake bROUBY cEAPRANS 1 td B 08B! cBEOUPS
conprising 1 to 30 carbons, urea groups conprising 1 to 30 car bons

car bamat e giovDpeompEsdiet tOstQw@arhortsOalgqxsc%rpbm@mwgel 19630 esrlanssanddhor i si ng
1 to 30 ca h 0 b i ein the
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antinmony, bisnmuth, tellurium polonium and netals of Goups 3 to 12 of the
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15 38.  The biodegradable polymer of claim 34, wherein the first repeat unit comprises a

carbonate backbone functional group.

39.  The biodegradable polymer of claim 34, wherein the first polymer is a copolymer
comprising a second repeat unit, the second repeat unit comprising a second backbone
20 functional group selected from the group consisting of ester, carbonate, ureas, carbamates,

thiocarbamates, thiocarbonate, and dithiocarbonate.

40. The biodegradable polymer of claim 34, wherein every individual metal selected
from the group consisting of beryllium, magnesium, calcium, strontium, barium, radium,

25 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 biodegradable polymer of 0 ppm to 100 ppm.

41.  The biodegradable polymer of claim 34, wherein the polymer undergoes 60%
30 biodegradation within 180 days in accordance with ASTM D6400.



