Description A METHOD FOR PREPARI NG HI GH PURI TY PCLYETHYLENEGLYCOL ALDEHYDE
DERI VATI VES Technical Field [1] The present invention relates to a nethod
for preparing high-purity polyethyleneglycol al dehyde derivati ves.
Background Art [2] Pol yethyl eneglycols (PEGs) are well known as
representative hydrophilic polyners capable of form ng hydrogen bonds with
water nol ecul es, along with natural polymers and synthetic polynmers. [3]

They are sol ubl e in many organic s are nearly nontoxic to
humans. Since PEGis conpletely st%qﬁp?ﬁgﬁmt er, it may be conjugated

with various medi GRIVIRTHOBD!FOR. PRIPPARING HIGH-PIGRITYe! C.) to

reduce the toxicity of the nmedication nolecules via steric hindrance and to
protect the aPOLYETHYhENEGLY COLAEDEREYDEDERIVATIYERst em of
t he human body. ;’I&\erefgge, it my be applied for various nedicines to slow
cl earance from Teehmcabhiel 4] Further, when attached to nedications having
good nedi gijnal efﬁee;ﬁ&sebuhv&ﬁbxmgaldusghhmetmlt@ meghringviighgpukigw sol ubi lity, the

resul tant PEG 215023%@%%6%@3{5?dlﬁlgg‘/d%%%'ﬂ%t y and reduced toxicity. [5] In

order to introduce various functional groups are attached at
the end of the BPakgimind Ar6] PEG pr opi onal dehyde is used to increase

and et hol) pec it ihARERER, (PR e ALLHAR ﬁ%se%ﬁ;eﬁg@‘ PAREk? ?‘%@e“yde
oxi di zi ng t he t€PHNe Oﬁvaaayégf?g‘f@rbe fgs With wries Be eFlH?Sp H%VVH “étﬁfaée V%.‘Frsgroup
fol |l owed by hydmdlsyighaic petymeesxanpl e, US Patent No. 6, 465, _694 di scl oses a
met hod f of3;prepapaliy ?&Sgglfﬁ%a%%%&{ﬁ%ﬁ%& Yk dr¥ ﬁéarly"éﬁﬁ{o‘iic% ﬂﬁﬂ}{gﬁ”sﬂ@é I'S

added to a m xture to oxid ze H group to
-CEO. However, Rﬁ%lsrﬁs@plﬁw Hretrigd B‘eW%!@ctSHﬁéjé’éG"%iH%Pé?d %%Yarw B’S@‘FGW“S
condi ti ons. Andprotdihﬁi pepttide eedyiner, gahesadic.peatalceghcwpicay of themedidatwh t he PEG

chai n 1S comrenghalt dIGaRRARLE RECHREREEAFLAR hedtaipingagine. (8]

Further, with regar at1on e coval e attac to a
drug, US Pat ent r%thezimemze sY3teny ¢ the umnanrhody cEherefrRpia Ay beiprlied &3 82308y ocess
of oxi di zi ng nEGidides k) slatvicheaMné fréma thprdgar e MPEG acet al dehyde and

attachi nlqw\evt 0 ﬁ@ﬁexﬁ WhY ta%cfné/cpcg 'n{%d{cg’tﬁ)@é hadih® ?%odc fRbditinl eﬁ%ctq}ugﬂéélgg fighyvery

syst em I'S "OXi I Oon reactl on
deconposi tion ¢xi¢ prdl IpE@adnwisplubilify, H@d?switaﬁ EGhdrug hacigmveied soiubitigta@di s not
so high, with §ef4cedwhritpw. [9] In J. Polym Sci. Ed, 1984, 22, pp 341-352,

br ombacet B dehyda. ol RRNE BEEOTMADE ARG A0 T 4R ol e o, g

to the paper, tolﬁéled) dwinsf activation of al dehyde at the terminal group

was about[6$5% WHM ptopRnaRERBIdBiNGed ﬁﬁ%ré@mmbmgrameuﬁtﬁa@ybeaku@yﬂy oy
groups. Thus, it BY be inapplicable to a drug delivery system w t hout

further purlflcl,aﬁlon [10] In US Patent No. 4,002,531 (The University of
Al abana ildl Hunt REG-pwpionaldehydy dndsagthoxy BlEp- mpl«médebm @FPEGhpropeaalddiyde) i s

substituted W inhylHe@Blaneti®gGkidiAng e Rrm{mBid HRuPLBEPERBEIHuSdiE@Rcied W th
a small nol ecul et av nngﬁ acet.al (3r OUF Cons %I’Ilﬁ% Fatﬁ‘rj';q%%%]j h gesad | ow
reactivity and apqlaliglow) y}iyéh of ?Xawp z§ & Hg g 09 &¢

nucl eophi | i ¢ suipghadtfor proparation of ?Eé‘rxqé@wé@detrmtlvetshwh@@gmwe@fgdabtdsld&attp@n

wi Il not | ar gehyix®id drdmenind 4 QRIfsb@toxi@RONE 8PHIOH %1011 @ )UHO SedwevEd he1984,
22, pp 341-352

, er. Pol ymers,
I nc) presented g rfz?ﬁ?d‘agyll?é%ESUBP‘?“WS“WEG‘QF%%%%E h(mv i 13@4)%?%}
sol ubl e pol yner§ar getd gionp at @aezyhefghe PG yhapts @msnerdamgmamdy@@e because
nucl eosi des, okjcgenumhent bhRasivd.1 pi ds, phosphol ipids, i posorres etc.)
havi ng anpne gr th nmers stahle in tion,
wi thout d8Gi 1y Ryare YIEs g@@ﬁ@&&? o8 PATRR R A Bl O GRS P
However, the pﬁatiemyl\l@ﬂ (PEG3al(Rieley fbsmighMermpany) ﬂneclescaprmC@sssméomdmrmbl e
(85-98% dependiprg; ANKf WRh bS5 Id BB £ORBEL RBSidehyde and attaching it to the enzyme

trypsin (PEGylation) for use as a drug delivery system. However, this oxidation

reaction may result in increased decomposition of the PEG chain. In addition, the



[12] WO 2004/ 013205 Al (F. Hoffmann-La Roche AG and US Patent No.

6, 956, 135 B2 (Sun Bio, Inc) presented substances having an al dehyde group
at the term nus of the PEG chain but corftai ning carbonyl groups or
nitrogens within the PEG chain. They may exhibit different properties from
t he substances having a PEG chain consisting only of oxygen and hydrogen.
Further, since the termnal functional group of the PEG chain is converted

wi thout inter negun@&ﬁogwfs'n%@édlﬁ wme%s&%elowﬂere is a high risk of

bypr oduct unr eagt n.

Probl em 1 %An obj e@? %ﬁgﬁ&]qesén? kP nven?i"g%é gce?%dehpxeeggge&gp e%tqg(%ﬁ?or
preparing pol ye{eh‘yloéwéﬁﬁﬂjdél‘l K()PE@)bf%m%hty@éh)d’értQ D@Pﬂvgg%ﬁt&blﬁéb@@d by
converting the sy |Ace60mWp tdfhe Pher.afie @@tde\v@ihithatondRal@hyddwe ! teaiedl

Cnr oinaf ter . o Ruye PRy oo AP B s et ISR

obj ect of the pglegzénfhusménmbemapshqablem@) IiuéélelaVepY @ﬁ@ﬂa‘ﬂﬂéﬂ‘l‘t ﬁ%‘ﬁ‘%ﬂucapabl e
of econom cal | yrifida@p@r i ng PEG al dehydes or al koxy- PEG al dehydes from PEG or

al k OXy- PE@(@? ¢ 2 r JS]S[%&TE Etc%é‘ft% 4%62 §§ fﬂlllls %911\;[6%\,\;}/ rrﬁ A?Y)gmg ?n HQII%tIS\;lﬁéS t?lg ﬂ;idloyﬁrl

efficienc chi'm
Sol ution [15] Tereup ah n@ro§ tlmPHGm@lapmés@muureﬂweﬂthlgmy rmvfeveftblah(js’émmﬂmat

Eﬂe rFJ)rE (c);duﬁ“ on When RB@TE'r@&tﬂd&%th%nﬂﬂ'ltmdﬁ&ﬁl&@&ﬁ@dmQﬁetlhlf'geoﬂﬁCﬁm&hg ian of
e chain ni.m zed e C r

al koxy- PEG) unglgébgﬁ'f‘ﬁsdi lg%ﬁ%alc Von n?If’tfIS fp%]rlﬁﬁ/b%/afét%&’tgm I%l uEeEbgz:Sﬁvert
the terminal hydeaphific Sng@GWOnotaﬁXmCGéﬁWéiegﬁeQ@pOf ativigon; \wilrn@ elg a

hydgI oxy ( C3- C10) attkht 0@ Hiat Aporddan VEPIHA e, B, B@@;@z |3KD85(2PEﬁbﬁnd t hen
oxi di zi ng

und a mJld att Xl dat convert
the term F\fa{lt] hyd >}<j gy L?;d%p ggzlrclﬁlﬁi’%‘gﬁer Eglr}a}ﬂ Bup.” PEey" e‘f‘th‘aem‘for ed;}}afr PRl
met hod in accorlﬂi%(ﬁleléewdthtotah@ﬂptweé &ater s@wtéﬂpqﬂmeu%épmee@me@wamebmrer cially
appl i cabl e econgmi degﬁirﬁ'%ddﬁ%Cnﬁiéﬁ:@sﬂ&eoﬁg%hﬂ@l&ﬁﬂdes'ihlﬁﬂb%hoﬂ:(h@la'ﬁd@f

macr onol ecul es can u?g tativel %/) r&ﬁgrte i nt P‘é (g_leous
wi t hout deconpddiPfTBH> OF-) PRENGERNE BLVRS PB‘?pdflﬂgep? &3EY eqiﬁl s
comrer ci al | y avalutiab) witeubstsanbekolyzabte groepsi aig.eteadn theaoblyimencldors not

require speci al HN&Q@&@ m@y baed hlﬁé]?@es( §iv&1 in IRVEXLAPRE IsAlakE e (S3L98%)
etc. n a first enbodi nent, the present

temperature, C% grP essur e,
i nvention provi %8s ¥ 6EFa?t6?" p gt‘?r ng PEG al dehyde represented by
Cheri cal F8I mul aWO 23041083205 At (Fa HoEGade i\ Rache/4G) emst B8 EatcadNh .04 A6 B3l

Formula 2 with (@lhﬁ@ﬁd’!&c i-é's&f?éﬁ st @RE: MV %ﬁ%& aapgltmerwﬁnus[ome
[ Chem cal FormfﬁEZ} 0|c %Fl )m 1-0- (cFl &'Ef% ‘],,VFFEEI—IO[ZO]
[ Cheni cal For ait t]co n on ?‘;’ﬁ?@l—é‘t’)‘)’ge fwh¥ei n
[ 23] n represenhsy exhitintifeent ﬁropmmes foo RO Ostaaced hpPiag a PECehriosentisgingn
integer from2 511%/ éfQ)xygen and hydrogen. Further, since the terminal functional group of the PEG
chain is converted without intermediate purification processes, there is a high risk of
byproduct (unreacted PEG) generation.
Disclosure of Invention

Technical Problem

[13] An object of the present invention is to provide a method for preparing
polyethyleneglycol (PEG) aldehyde derivatives capable of converting the hydroxyl
group of PEG or derivatives one of the alcohol groups at the end of the PEG chain of
which is substituted with alkoxy (hereinafter, alkoxy-PEG) to an aldehyde group.

[14] More specifically, an object of the present invention is to provide a preparation
method capable of economically preparing PEG aldehydes or alkoxy-PEG aldehydes
from PEG or alkoxy-PEG such as mPEG, which are used to improve solubility and ef-

ficiency of drugs by attaching thereto, without impurities.



[25] In a second enbodi nent, the present invention provides a nethod for
preparing PEG al dehyde represented by Chem cal Forrmula 10 by reacting a PEG
derivative represented by Chem cal For mia 11 with di net hyl sul f oxi de and

di cycl ohexyl carbodiim de: [26] [Chem cal Fornula 10] [27]

R20- (cH2cH20), - (CH2), Thi-cHo [ 28] [Chem cal Fornula 11] [29]

R20- ( CH2CH20) , (CI—|2)mCJ—| [30] wherein [31] n represents an integer from3

to 2000; [32] 1) E8% integer from2 to 10; and [33] R2 is selected
from (Cl-C aIkyF ég @gﬁﬁhr(C1 C7) al kyl . [34] 4 [ 35] Fbrelnafter t he

embodi nent ]of tﬁ@le@géﬁ@f thipigsrnt Betion hascornssut Flﬁé@ewwda@t%q loyz6]
Unl ess defi ned blbailativeght BEG daged®y (lien2bditiiodigioh eﬁimlpm chaimctasbeenti fic

terns d h : - of
ordi Ay ski 11 FnpRaY 8§, G RE PRy CE A SR EOTIAR, wHs alimply Pne ©
feat ures and te&ﬁﬁqu@?ﬁﬁﬁyhhﬁhﬁﬂﬁﬂ@@ﬂﬂFbxﬁvﬁf eﬁﬁﬁ@@%@%@ﬁ?ﬁﬁ“ﬁﬁ§bﬂ?lng t he
present ed enboomdahpwgm&@ 6} byl veroamitpachydenxy @3epa)ilkgl LEG alidabydsusaccor di ng

D coner " or oup dRd R Qe D% BEPSERLRL 1 VERk LARIERAGS AL ARAARO] | he

al cohol group of oun represen ornu to al dehyde
Wi t hout deconpoXidation tefonvie ﬂﬁE@%h%lhﬁdm{‘ﬂéf%;fo ahalgehydg epfepar at i on of PEG
al dehyde r@pres emeqdeﬂayaueﬂ gf#Eiodlin kebRkha vlithwhé bre!ﬂalng hlvaurdntlydeemea A doass

oo on SpERL B LAENL iy Al e b i o261 o
- (cEum.., - c.) - (i@ Eyn by @sztatrmly eonyertqdiplp ap @Wéhf(k?aamlﬂbw dogonp-41]
[42] Wher ei N position of the PEG chain, most of the reactants are commercially available substances,
and the involved reaction does not require special preparation facilities (e.g. low tem-
perature, high temperature, high pressure, etc.).

[17] In a first embodiment, the present invention provides a method for preparing PEG
aldehyde represented by Chemical Formula 1 by reacting a PEG derivative represented
by Chemical Formula 2 with dimethyl sulfoxide and dicyclohexylcarbodiimide:

[18] [Chemical Formula 1]

[19] OHC -(CH3)m-1-O-(CH2CH;0)q—(CH3)m.1~CHO

[20] [Chemical Formula 2]

[21] HO—(CH5),,—O-(CH,CH,0),—(CHy),,—OH

[22] wherein

[23] n represents an integer from 3 to 2000; and
[24] m represents an integer from 2 to 10.
[25] In a second embodiment, the present invention provides a method for preparing PEG

aldehyde represented by Chemical Formula 10 by reacting a PEG derivative rep-
resented by Chemical Formula 11 with dimethyl sulfoxide and dicyclohexylcar-
bodiimide:

[26] [Chemical Formula 10]

[27] R>0-(CH>CH50),—(CH2)m.1—CHO

[28] [Chemical Formula 11]

[29] R>O—-(CH>CH50),—(CH2),—OH

[30] wherein

[31] n represents an integer from 3 to 2000;

[32] m represents an integer from 2 to 10; and

[33] R, is selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.

[34]



[43] n represents an integer from3 to 2000; and [44] mrepresents an
integer from2 to 10. [45] More specifically, the above reaction is
performed by m xing the PEG derivative r4epr esented by Chenmical Fornula 2
wi th dinethyl sulfoxide, trifluoroacetic acid and pyridine and then adding
di cycl ohexyl car bodi nni de. Optionally, follow ng the reaction, the product
may be crystallized using a heptanes-isopropyl alcohol m xture and

r _eC{ ystal [354]edGUHitnﬁmaﬁ&,t tﬂ@.&hf@mmm 6f &é\bbesdglétéhydﬁghvhgw besefib&rin (dMEBE% )
m xt ure. e od for preparin al dehyde accordin e
Fi st erbbament USRS esRse MiTBR IR g AhFTSAT AR 80 i
al dehyde havi nghezgeicBavell® saind etepaiag g eupnenly widersteadiypns oberdpr kybinithq cal | y
- conprises: intrQducihddesdripiohl @¥ilsG3 well&hawk ¥dat@ésQud tehnitji@ h8¥ odmteddd PEG
represented by a(‘:,g%rpl'nceacle £of. n(}fl)lsgn.% oep[f_rsgﬁ)tg& e 8 Prgg]tgeri vative represented
by Chemical Formula 4 -afnd”oxrdi zghb BENe VS T8 [ epr esent ed by Cheni cal
For mul a 4[37$i ng "thermethgd fos preparinisdiECaridehdile yasprghexty thedirbeanbiodingat efdhgr epar e
[PES] ange?étig cnr4 qgéﬁﬁHﬁﬂﬁe‘ﬂﬂoxb%ag%_QﬁiiﬁﬁgnﬁffE}Ifélhhc%hali gé'%lf]ﬂdf theipoaad repREdHMda 3]

~H [ em c nnul a . .
HO- ( CF12) k- 0- ( é—‘?ﬂﬁﬂ%‘iaﬁ: ?‘Jﬁﬂ% :glodﬂ e[hg(% W&Wﬁ(’é‘ f gélcﬁ!'ﬁg%zonn()frﬂée PRI % DA nt eger
from 3 to 2000;enablihg[pBPprakion el S eldekydamepreserieeby Chemicd ulg 1 with lfign]
Specifically, theyreideds RpurRicefrhadBwheleRRS WagitPaG, PRGIRR egent ed by
Chem cal Formul a L cgr&y ses: P%L?ﬁ%dﬁi cti.ng PEG represented by Chem cal
Formul a 3 with EAMSAI RN EOPaAT AR @C‘Eﬂﬁ‘ém cal Fornula 5 to prepare
cyanoal kyI38PEG rl€pemiselttosniuleyl] Chemi cal Fornul a 6; [56] b)preparing

PEG- car bopygl i ¢ @atddrepf eseatasino)Ch@nsal-drasmul a 7 from the

cyanoal ky A EG ﬁr esented by Chenmical Formula 6; [57] c)reacting the
PEG car bkl i ¢ dergFai8@BAEed by Chenical Formula 7 with al cohol
representlédd] by KPeifCti),, For@H£HQ)q—10CEpRReOl PEG est er conpound

repr esentgg by %ferl]g-ﬁal Forrmula 9; and [58] d)reducing the PEG ester
conpound e‘ar esent ed by Chemical Forrmula 9 to prepare the PEG derivative
representlddl by anepiceats apdntaeardrom 3 (o007 a0deni cal For nul a 3]

[44] m represents an integer from 2 to 10.

[45] More specifically, the above reaction is performed by mixing the PEG derivative rep-
resented by Chemical Formula 2 with dimethyl sulfoxide, trifluoroacetic acid and
pyridine and then adding dicyclohexylcarbodiimide. Optionally, following the
reaction, the product may be crystallized using a heptanes-isopropyl alcohol mixture
and recrystallized using an acetonitrile (AN)-methyl t-butyl ether (MTBE) mixture.

[46] Of the method for preparing PEG aldehyde according to the first embodiment of the
present invention, the method for preparing PEG aldehyde having a C3-C10 aldehyde
group at the terminus of PEG specifically comprises: introducing a
hydroxy(C3-C10)alkyl group at the terminus of PEG represented by Chemical Formula
3 to prepare a PEG derivative represented by Chemical Formula 4; and oxidizing the
derivative represented by Chemical Formula 4 using dimethyl sulfoxide and dicyclo-
hexylcarbodiimide to prepare PEG aldehyde represented by Chemical Formula 1:

[47] [Chemical Formula 3]

[48] HO—(CH,CH,0),—H

[49] [Chemical Formula 4]

[50] HO—(CH3)k—O-(CH;CH,0),—(CH,),—OH

[51] wherein

[52] n represents an integer from 3 to 2000; and

[53] k represents an integer from 3 to 10.



[60] HO (CH2CH20)"-H [61] [ Chem cal Formul a 1 [62] HO (CH2) k( CH2CH20) , ,
(CH2)k OH [63] [Chemical Fornmula 5] [64]. k-3 [65] [Chem cal Fornula 6]

[66] NC -(CH2)k / - - (CH2C H20)n -(C -CN [67] [Chemi cal Formula 7]

[68] HOOC- (CH2)k ,-0 (CH2CH20),,-(CH2)k ,-COOH [69] [Chem cal Formula 8]
[70] R1-OH [71] [Chem cal Formula 9] [72] R1 COG -(CH2)k_1-- 0O-(c

H2CH20) ,"-(CH2)k _, -C OOR, [73] wherein [74] n represents an integer from3
to 2000; [4] k sgpifRsen i mdhddfoegeparingaiin BEG deribh@tiveareprefenfdd Hyl Cliemic| ect ed
from (Cl-C7)al k Amgl 4(3% )ar(Cl Cr)al kyl. [77] Wen preparing the PEG
derivative represen deg em cal Forrmula 4, follow ng one or nore of the
steps b) {Dld), @ retcape BEG seneseytphhy Chemisiidipmayla éy‘/@é—galﬂ%ﬂieﬁ@rep@a@tt?ﬂbn
byproduct, espej @hdnyicdPE6naigls Rfemed q;anbmkm@mmeplesbn&miyamgmmesomqm| um
may be further éncl uded.

[56] b)preparing PEG-carboxylic acid represented by Chemical Formula 7 from the
cyanoalkyl-PEG represented by Chemical Formula 6;

[57] o)reacting the PEG-carboxylic acid represented by Chemical Formula 7 with alcohol
represented by Chemical Formula 8 to prepare a PEG-ester compound represented by

Chemical Formula 9; and
[58] d)reducing the PEG-ester compound represented by Chemical Formula 9 to prepare

the PEG derivative represented by Chemical Formula 4:
[59] [Chemical Formula 3]
[60] HO—(CH,CH,0),—H
[61] [Chemical Formula 4]
[62] HO—(CH,),—O-(CH,CH,0),—(CH,),—OH
163] |Chemical Formula 5]

[64] ///\6/):(_21\]

[65] [Chemical Formula 6]

[66] NC-(CHy)¢.1—O-(CHCH;0),—(CHy)4+—CN

[67] [Chemical Formula 7]

[68]  HOOC-(CHy)1—O-(CH,CH,0),—(CHy)y —COOH
[69] [Chemical Formula 8]

[70] R—OH

[71] [Chemical Formula 9]

[72] R,1O0C-(CH.), 14— O-(CH,CH0),—(CH2)4—COOR4

[73] wherein

[74] n represents an integer from 3 to 2000;

[75] k represents an integer from 3 to 10; and

[76] R, is selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.

[77] When preparing the PEG derivative represented by Chemical Formula 4, following

one or more of the steps b) to d), a step of purifying the product by separating reaction
byproduct, especially PEG and PEG acid, using an ion exchange resin column may be
further included.

[78] The method for preparing PEG aldehyde according to the second embodiment of the
present invention enables oxidation of the alcohol group of the compound represented



[ 78] The nethod for preparing PEG al dehyde according to the second

enbodi nent of the present invention enabl es oxidation of the al cohol group
of the compound represented by Chem cal® Formula 11 to al dehyde wi t hout
deconposition of the PEG chain, thereby enabling preparation of PEG

al dehyde represented by Chem cal Formula 10 with high purity, with |ess
inpurities such as | ow nol ecul ar wei ght PEG PEG acid, etc. resulting from

gggogpu(_)é ICHZS? ofy ¢ieniEFEoehidd M tolakRhy é{qe%@muﬁ@éémﬁpésm%&)f le]PH(SE]]am thereby
a
R20- ( CH2CH20) | g’?@#ﬁ)“ﬁ@dﬁ“ﬁ’%%ﬁ b ‘gﬁ%ﬁdghyd%[‘mre%w‘?énwé%‘é‘%%lsp ok At &G om
to 2000; [85] nrurigpmaddess mpinitiensushes low-mrlegulpipwaight P&@P[E%fldRetci s sel ect ed
from (Cl- C7) al kppdui@g tkSe®abedhbadifidalor@i{d Pk ¥hain:[ 87] More specifically. in

- Chemi cal exerrpl ified by nethyl, ethyl, propyl, butyl
and benzyrﬁ [88a[q%)8?%9 Oéff%fa L1y, the above reaction is perforned by

m xi ng t hBBOPEG Ge?i(GHtGNL W edrebente® by Chemical Formula 11 with dimethyl

sul f oxi deygiri flm%gﬁgﬂtdrﬁmﬁqug and pyrl di ne and then addi ng
di cycl ohei%g car o(g Cq]'q:q_] ? yfollowi ng the reaction, the product

may be cr al | |%e P?es-l sopropyl al cohol m xture and
recrystal [83ted uwhéngnan AN- ML. 13E m xture. [89] O the nmethod for preparing

PEG al dehpgd acclpfegiéggltgg,lmggergﬁﬁpglq)mmwl ment of the present invention,

t he net hogﬁjor ar i ntg h)ﬁd Baw ng a C3-Cl0 al dehyde group at the
t er mi nus PEG‘§1 P At %t r oduci ng a hydroxy( C3- CL0) al kyl
group at [36é terlhama@ecmefdfa}rkdinPE(Byielpﬂ%s‘ém)@éﬂb(}ﬂ@lk&n cal Formula 12 to

prepare a7l Koxy,REGeGgLiy ahiChemi@PEG RN BIRDMaEDeSicalifiE0b byl 3ihyRNd
oxi di zing the derl i ﬁ%ﬁl sented by Chem cal Fornmula 13 using dinethyl
sul f oxi de and 0ﬁ‘8@>’1%‘ﬁ Q?fi odi i nide to prepare PEG al dehyde represented

by Chemi cE88] For tMbee spexififali9] th¢ SwerireatiorFe patidraned By nfiging tRAE deriva@CHREPY n H

[92] [Chem cal £k ChdhidhPrRrmBR0r (WHREHR A1 sullfekidd Krifibdioacetic acid and
pyridine and then adding dicyclohexylcarbodiimide. Optionally, following the
reaction, the product may be crystallized using a heptanes-isopropyl alcohol mixture
and recrystallized using an AN-MTBE mixture.

[89] Of the method for preparing PEG aldehyde according to the second embodiment of

the present invention, the method for preparing PEG aldehyde having a C3-C10
aldehyde group at the terminus of PEG specifically comprises: introducing a
hydroxy(C3-C10)alkyl group at the terminus of alkoxy-PEG represented by Chemical
Formula 12 to prepare an alkoxy-PEG derivative represented by Chemical Formula 13;
and oxidizing the derivative represented by Chemical Formula 13 using dimethyl
sulfoxide and dicyclohexylcarbodiimide to prepare PEG aldehyde represented by

Chemical Formula 10:

[90] [Chemical Formula 12]
[92] [Chemical Formula 13]

[93] R;0-(CHCH0),,—(CH2)—
[94] wherein

[95] n represents an integer from 3 to 2000;

[96] k represents an integer from 3 to 10; and

[97] R, is selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.

[98] More specifically, in Chemical Formulas 12 and 13, R, may be exemplified by

methyl, ethyl, propyl, butyl and benzyl.



[94] wherein [95] n represents an integer from3 to 2000; [96] k represents
an integer from3 to 10; and [97] R2 is selected from (Cl-C7)al kyl or
(C6-C20)ar(C1-C7)al kyl. [98] More specifically, in Chem cal Forrmulas 12 and
13, R2 may be exenplified by nmethyl, ethyl, propyl, butyl and benzyt. [99]
Specifically, the nethod for preparing the al koxy-PEG derivative
represented by Chem cal Formula 13 conprises: [100] a) reacting al koxy-PEG
represent g by Chewifically, Beriashal féZpriapdring cheadionly iitedarepii eseptededpy Cheni cal

Formula 5 to pr Qitrile compound represented by Chemi cal
Formul a 14; ’fe%%?al%gnﬁlrlé(gfya pE%( - PEG car box¥: ic acid represented by
€

Cheni cal B8P | aa)I‘:“FCfIP%)#i(?PW r@@;@yew@m@mlﬁé BRpo IhY i epredktitetPby
Chemi cal For nul @schéd b&maﬂmcal) F2malai Sng pidpareahlatoxy PEG ri@ild@xypousd aei-d

represented by Chem,g, IChe 'Bé% eé% gralcg?rgglumrjerpr esented by Chem cal

Formula 8 to prepare epresent ed by Chem cal
For nul a 1601hnd IE)EGBT“%WI‘@HMTE{EE@“{‘?%Y%H ik ipPeERY tskhy éf hegyigab bottl4 EpieBent ed
téx Cherr} cal FOI’tHblhlﬁoﬁgﬁPE(G njifile pampoindeefrésende by Catiicel Foepuadent ed by

em ca G H
[106] [Ch RO Fakdcudahe Ji‘j“{"[g igi?j %E‘BF?%%EE%‘%L“&%%%%%%FFW%% cal
Formula 5] [ 1091100h2113pwer by GhemricahForrylag fogrepate gnpikpry-PEG ester compound
R20- (cH2cH20) , -refskEhted by ONemical Formula 16; and

[103] d)reducing the alkoxy-PEG ester compound represented by Chemical Formula 16 to
prepare the PEG derivative represented by Chemical Formula 13:

[104] [Chemical Formula 12]

[105] R,O—(CH,CH;0),—H

[106] [Chemical Formula 13]

[107]  RpO~(CHCH0)n—(CHz)—

[108] |Chemical Formula 5]

109

[109] /\(\/)‘/(gN

[110] [Chemical Formula 14]

[111] R2O-(CHxCH20),—(CH2).1—CN

[112] [Chemical Formula 15]

[113] R;0-(CH,CH;0),—(CH3)x.1—COOH

[114] [Chemical Formula 8]

[115] R4—OH

[116] [Chemical Formula 16]

[117] Ry0O—-(CH,CH,0),—(CH3)k.1—COOR;

[118] wherein

[119] n represents an integer from 3 to 2000;

[120] k represents an integer from 3 to 10; and

[121] R;and R, are independently selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.

[122] More specifically, in Chemical Formulas 5, 8 and 12-16, R, and R, may be ex-
emplified by methyl, ethyl, propyl, butyl and benzyl.

[123] When preparing the PEG derivative represented by Chemical Formula 13, following
one or more of the steps b) to d), a step of purifying the product by separating reaction
byproduct, especially PEG and PEG acid, using an ion exchange resin column may be

further included.



[112] [Chem cal Fornula 15] [113] R20-(CH2CH20)"-(CH2) k_1-000H [ 114]

[Chem cal Formula 8] [115] R1-OH [116] [Chem cal Formula 16] [117] R20
-(CH2CH20),,-(CH2)k i -000 R [118] wher & n [119] n represents an integer
from3 to 2000; [120] k represents an integer from3 to 10; and [121] Rl
and R2 are independently selected from (Cl-C7)al kyl or

(C6-C20)ar(C1-C7)al kyl. [122] More specifically, in Chemcal Fornulas 5, 8
and 12-16, R andvkn @q;ﬂ*é@tgplifi ed by nethyl, ethyl, propyl, butyl and

benzyl . reparjng the PEG deri va ent e em cal

For rrﬁl a 1%12’ Jol I ﬁ\/ﬂ*‘ggegﬁ%{n& ““r‘?B’rfé’ly&%Y? Hee ¥‘E°ib‘§sllf%£‘? 3 ]ﬂ%¥5>/’6'%

purifying the priddydds doypreppar fatm B@Gr«maﬂmW}ﬁEﬁyplmgtumanatmpimhdydw ¢9e@- and
advant ageots EJaps TSI FRIRERSL BypRMITpTRlced fobbiUAYei g rieton ©

( PEQ) a?dehydeseSB‘?C‘ai'Iy l@é’é@?%ﬁ%%%ma‘ﬂ‘@l J Eb%ﬁpéﬁ“@? Eé°?5+°n %&y PEG
t hrough cyanat i anpn bydingleysiiscolesi. dihe tarmatal @nohol eup bf macramdleg)ésdaniben.
Byproducts pro ﬁﬁ’taﬁ& Jyeiely 8 SadRde ERAP GhithoR de@rﬁﬂﬁﬁitx%hbf’thﬁ’lﬁﬁ(}and PEG

acid, can be m nim ze ﬁé} separation 2 ur| flﬁgtl on ysin 0y ondexchange
resin col um. ing &h raté’l“d'&i%& ‘@P%ft? REISE (et ‘E‘a‘ﬁ grgnec a
quanti tativel y cwomweciblddappticie @;bninimyaieneghcmh@cmse thoutacthets anpoeindranlyyf t he

PEG chain. The AL ?%Tbkt%}:eyﬁ Cagllnlvglvgff\e%tgﬁ%@s mtrl&]u;lp Speliafpie ratidhVROt i on

is deened a com*rer cia e econom cal t hod because the reactants

are comrerci al I“y‘uaf‘\?é‘?gdBWée"éﬁfﬁaé‘ErﬁﬁE@éteﬁlﬁﬁaf“ﬁ“e igrli‘\Pb‘fs\silE& §Ghcti on does not
requi re speci almm@rtheqnvéﬂﬁbhl ties (e.g. low tenperature, high
tenperatu ress etc. | nv. 125

exanpl es é@él %@? 9\?‘1 TXPR ‘B%Wa]g% éeb%e C”bFH 'ﬁTecfPﬁOWV\'AL Jé’??l?‘?palngs and
experinments ar eexpeummtsi usfcrralﬂusmtl\pmug@sgsmdmmd f thtended iOdtnelhdtedcm of thei t

the scope of thg.qhEaRAtoh WAL L RWifielBIHRERisS PEGAot8 thddpher Wi se, % denot es
nmol % [12[61561 [ 127] [Exanpl'e 1] Preparation of PEG propi onal dehyde

[127] [Example 1] Preparation of PEG-propionaldehyde

[128] oN KOH/H,0
HO—(CH,CH,0)p—H + A~

NC~CH,CHy(CH,CH,0),CH,CH, -CN

0-5C
1) conc. HCI CH30H
——— > HOOC-CH,;CH3(CH,CH,0),CH,CH-COOH - ———— >
2) 2M KOH Hy804
NaBH,4
MeQOC-CH,CH,(CH,CH,0),CH,CH,-COOMe ————— >  HOH;C~CH3CH;(CH,CH;0),CHaCH, ~CH,0H
CH3O0H

TAA/DMSCO/pyridine
» OHC-CH,CH,(CH,CH,0),CH,CH,-CHO
DCC

[129] PEG-propionaldehyde was prepared according to the above reaction scheme. A

detailed description of each step will be given below.

[130]

[131] Cyanation

[132] PEG (number average molecular weight = 3.4 K, 100 g) is dissolved in distilled
water (600 mL) in a reactor. KOH (45 g) is added and the mixture is cooled to 1-5 C.
After the cooling, acrylonitrile (16 g) is added and the mixture is allowed to react for 3
days. Upon completion of the reaction, the mixture is extracted 3 times with MC (400
mL) and the solvent is completely removed.

[133] Yield: 110 g

[134] IH-NMR (200 MHz, CDCls): PEG backbone (m, 3.20-4.20 ppm), -OCH,CH,CN (t,



[128] KOH H20 HO (CH2CH20),, -H + NC CH2CH2( CH2CH20) " CH2CH2- CN 0- St 1)
conc. H@ HOOC CH2CH2( CH20OH20) . CH2CH2 2) 2M KOH CH301-1 H2 sO4

NaBH4 Me00OO - CH2CH2( CH2CH20) nCH2CH2- 000 7 HO

H2C- CH2CH2( CH2CH20) " CH2CH2- CH2OH CH30OH TANDMSQ pyri di ne_

OHC- CH2CH2( CH2CH20) " CH2CH2- CHO DCC [ 129] PEG pr opi onal dehyde was prepared
according to the above reaction schene. A detailed description of each step
will be given beépwm) 130] [131] Cvanation [132] PEG (nunber average

nol ecul ar{%] ght = 3.4 K, 100 g) is dissolved in distilled water (600 i)
in a reac

KOH (45 g) is added and the m xture is cooled to 1-5 C. After
t he cool i Hgo! acr@@&ﬁ@ﬁﬂfﬁi@ﬂ is added and the mixture is allowed to
react for[i37paysc-HOpP@E0GANNS &ide®d 8 cdnbentfaeaGEsiaue,(11(hg) anil eun@irsisext r act ed
3 times wth N[z:ﬂl()év to regct e g)orglr%emgegatb(rg %r i c?ayg %Epelr %&@Ac}/mé SHERMXE 911th MC (400
mL), MC is completely concentrated. 10% KOH solution (600 mL) is added to the
concentrated residue (95 g) and the mixture is allowed to react at room temperature for
2 days. Upon completion of the reaction, the mixture is extracted 3 times with MC
(300 mL) and the solvent layer is concentrated. Ethyl ether (1.2 L) is added and white
powder (88 g) is obtained through crystallization at O C, filtration and drying. The
dried white powder is purified using an ion exchange resin column.
[138] Yield: 52 g (HPLC purity: 99.94%)
[139] IH-NMR (200 MHz, CDCl): PEG backbone (m, 3.20-4.20 ppm), -OCH,CH,
C(O)OH (t, 2.60 ppm)
[140]
[141] Esterification
[142] MeOH (400 mL) and H,SO, (2.25 g) are added to the purified PEG diacid (52 g) and
the mixture is allowed to react at room temperature for 2 days. After MC extracting 3
times with MC (300 mL), the solvent layer is completely concentrated.
! [143] Yield: 51 g
[144] IH-NMR (200 MHz, CDCl,): PEG backbone (m, 3.20-4.20 ppm), -OCHs (s, 3.50
ppm) -OCH,CH , C(O)OCHj; (t, 2.60 ppm)
[145]
[146] Reduction and purification
[147] MC (30 mL) and MeOH (30 mL) are added to the concentrated residue (51 g). After
stirring for 30 minutes, NaBH, (3 g) is added and the mixture is allowed to react for 24
hours. Upon completion of the reaction, most of the solvent is removed and, after
adding 1 N-NaOH solution (400 mL), the mixture is stirred at an internal temperature
of 80 C for 1 hour. After cooling, conc-HCl is added to adjust pH to 1.5-2 and the
mixture is extracted 3 times with MC (200 mL). White powder (42 g) is obtained by
crystallizing with methyl tert-butyl ether (MTBE, 600 mL), followed by filtration and
drying. The dried white powder is purified using an ion exchange resin column.
[148] Yield: 30 g (HPLC purity: 100%)
[149] GPC: M, (3023), PDI (polydispersity index) = 1.02
[150] 'H-NMR (200 MHz, CDCls): PEG backbone (m, 3.20-4.20 ppm), -OCH,CH-CH »
OH (t, 2.62 ppm), -OCH,CH, CH,OH (t, 1.83 ppm)

[151]
[152] Oxidation



[133] Yield: 110 g [134] '14-NWR (200 MHz, CDCl13): PEG backbone (m
3.20-4.20 ppm, -OCH CHCN (t, 2.63 pp [135] [136] Hydrolysis and
purification [137] c-HClL (500 nL) is added to the concentrated residue
(110 g) and the m xture is allowed to react at roomtenperature for:2 days.
After extracting 3 times with MC (400 m), MCis conpletely concentrated.
10% KCOH solution (600 m.) is added to the concentrated residue (95 g) and
the m xture3sis aPE@mymcdhaam gdts diseoImed iQNPENSY MLE Afer adlisapBISA9en

conpl etion of the )r=| tm%fé}%gl tgmﬁ)ergtul% iToXE %0 6.8 %ﬁf&?&&d%@f&l E{%§ g\ﬁr%dgtrgﬁg( 0o

m.) and the sol Ve concentrated. q{ ed and
whi te powder (88agjic Id%}d OBt A dthe mixughs tiripd ebibe pareg ewperatrofor] heyr ¢ ¢ at i on
anld dryi F%38irh$Aﬂelfrla@&in icky aommafboalﬁmpu(%@cem ) Sthé ghigtireiiOfllosved hargea at esi n
col um. e r 0

CDC13): PEG backB nc}geem Tathg g“"% Uéér(ﬁ “’%‘Pé%?i@"f h%g‘% 18%’% é‘%g d‘%

[ 140] [141] Eslteéylnfelaélaflvmﬁ IFrand w&owt(ono’ﬂlwftelamvmsmrqure §an%§r e
aflded totthe pbifd;ﬁd)ﬁqjalE’&{Blle&M'ﬂ?: (61%, 9)ssanD) i heddd ant wolel produt lsobtcheti dyr eact
at room tenperatu i (300
m.), the sol vent > régyan(a Clrbésm%zga Fso%iol?lf:egr?{{agclge%&qf%ﬁ%m 15] g [ 144]

"H NVR (200 MHAriedDC13): PEG backbone (im 3.20-4.20 ppm, OCH3(s 3.50

ppm - 00- L2 C( Oy Rfa-3§ b;ZNﬁﬁ{ ). do4b) [146] Reduction and purification
1147JMC (ﬁ%srt) @IQE(NFE 3% A5 ?gged to the concentrated residue (51

g). After

[156] GPC: M, (3010), PDI =1.02

[157] IH-NMR (500 MHz, CDCl): -C(O)H (s, 9.80 ppm), PEG backbone (m, 3.20-4.20
ppm), -OCH,CH, C(O)H (t, 2.60 ppm)

[158]

[159] [Example 2] Preparation of mPEG-propionaldehyde

[160] mPEG (number average molecular weight = 20 K)-propionaldehyde was prepared
from mPEG (number average molecular weight = 20 K) in the same manner as
Example 1.

[161] Yield: 60% (from mPEG, by NMR purity: 99.73%)

[162] IH-NMR (500 MHz, CDCl,): -C(O)H (s, 9.80 ppm), PEG backbone (m, 3.20-4.20
ppm), -OCH,CH , C(O)H (t, 2.60 ppm)

[163]

[164] [Example 3] Preparation of mPEG-acetaldehyde

[165] mPEG acetaldehyde was prepared from mPEG (number average molecular weight =
5 K) through the same oxidation process as in Example 1. A detailed description will
be given below.

[166] mPEG (number average molecular weight = 5 K, 50 g) is dissolved in MC (100 mL).
DMSO (100 mL) is added and the internal temperature is lowered to 0-5 C. After
adding pyridine (5 g) and trifluoroacetic acid (TFA) (7 g), the mixture is stirred at the
same temperature for 1 hour. After adding dicyclohexylcarbodimide (DCC) (15 g), the
mixture is allowed to react at room temperature for 24 hours. Upon completion of the
reaction, precipitated dicyclohexylurea (DCU) is removed by filtration. Thereafter,
previously prepared heptanes-IPA (7:3 vol%, 1000 mL) is added and solid product is
obtained by cooling and crystallization. The solid is recrystallized using AN-MTBE
(5:1) and dried.

[167] Yield: 95% (from mPEG, by NMR purity: 99.73%)

[168] IH-NMR (200 MHz, CDCI;): -C(O)H (s, 9.67 ppm), PEG backbone (m, 3.20-4.20



stirring for 30 mnutes, NaBH4 (3 Q) is added and the mxture is allowed to
react for 24 hours. Upon conpl eti on of e reaction, nost of the solvent is
removed and, after adding 1 N NaOH solut on (400 nL), the mxture is
stirred at an internal tenperature of 80 C for 1 hour. After cooling,
conc-HCLl is added to adjust pHto 1.5-2 and the m xture is extracted 3
times with MC (200 nL). Wiite powder (42 g) is obtained by crystallizing
with nethyl terpgpnutodt stoeH (¢, MIBERpnH00 nl), followed by filtration and
drying. The dried white powder is purified using an ion exchange resin
colum. [148] Yield: 30 g (HPLC purity: 100% [149] G°C. M (3023), PD
(pol ydi spenity index) = 1.02 [150] 'H NWMR (200 MHz, CDCl13): PEG backbone
(m 3.20-4.20 ppnm), -OCH2CHICH 2 OH (t, 2.62 ppm, -OCHICL-12CH2OH (t,
1.83 PPm) [151] [152] Oxidation 10 [153] PEG propyl alcohol (42 g) is

di ssolved in MC (80 nL). After adding DVBO (94 nlL), internal tenperature is
|l owered to 0-5 C. After adding pyridine (3 g) and trifluoroacetic acid
(TEA, 4 g), the mixture is stirred at the sanme tenperature for | hour.

Af ter addi ng di cycl ohexyl car bodi hnide (DCC, 10 g), the m xture is all owed
to react at roomtenperature for 24 hours. Upon conpletion of the reaction,
preci pitated dicycl ohexylurea (DCU) is renoved by filtration. Thereafter,
previ ously prepared heptanesi sopropyl alcohol (IPA) (7:3 vol% 1088 nL) is
added and solid product is obtained by cooling and crystallization. The
solid is recrystallized using AN-MIBE (5:1) and dried. [154] Yield: 25 g
(by NWMR purity: 99.73% [155] GPC (nPEG: M (3156), PDI = 1.02 [156] GPC
Mh (3010), PDI = 1.02 [157] (500 MHz, CDC13): -C(O)Fl1l (s, 9.80 ppm, PEG
backbone (m 3.20-4.20 ppm, -OCH2Cl- 21 C(O)H (t, 2.60 ppm [158] [159]

[ Exanpl e 2] Preparation of nmPEG propi onal dehyde [160] nPEG (nunber average
nol ecul ar wei ght = 20 K)-propi onal dehyde was prepared from nPEG ( nunber
average nol ecul ar weight = 20 K) in the same nanner as Exanple 1. [161]
Yield: 60% (fromnmPEG by NWVR purity: 99.73% [162] 'H NVR (500 MHz,
CDC11): -C(O)H (s, 9.80 ppm, PEG backbone (m 3.20-4.20 ppm, -OCHCH,
C(O)H (t, 2.60 ppm [163] [164] [Exanple 3] Preparation of
nPEG- acet al dehyde




[ 165] nPEG acet al dehyde was prepared from nPEG (nunber average nol ecul ar

wei ght =- 5 K) through the sanme oxidation process as in Exanple 1. A

detail ed description will be given below [166] nmPEG (nunber average

nmol ecul ar weight = 5 K, 50 g) is dissolved in MC (100 nm.) DMSO (100 mL) is
added and the internal tenperature is lowered to 0-5 C. After adding
pyridine (5 g) and trifluoroacetic acid (TFA) (7 g), the mxture is stirred
at the same tenperature for 1 hour. After addi ng dicycl ohexyl carbodi m de
(DCC) (15 g), the mxture is allowed té’larfn ct at roomtenperature for 24
hours. Upon conpletion of the reaction, E) ci pitated di cycl ohexyl urea (DCU)
is renoved by filtration. Thereafter, previously prepared heptanes-IPA (7:3

vol % 10 m.) i s, added and solid product is obtained by cooling and
cr ys(% al | ngat i orinethpd §6|RFGP%"9 Sgr@ﬁmhxdfe@nﬁgwﬁeowynéhgnﬂ@l1§orm1da dr bed.

167] Yield: i Ry AR 4. [,1 - > ,
[CDC1]%) " S 0) %%giﬁ k33 %‘E ,"‘%Eéy@@ﬁ%%érﬁéé{? ntqg’g g‘%@'ﬁé'zgglrgg% NW&E@@%M
(s, 4. 18 ppmsulfpxideGhnd dyflohsxyteatbodiimide:pr epari ng PEG al dehyde

t ed ical F la 1b ti PEG deri vat |
?58?523‘“ od E@gﬁ@%@?m&@é%lg 4 with dimet hyl Ssul foxide and
di cycl ohexyl di(on de: ' F H P)k_i--0 (CH2CH20
(Icﬁz/;: kfi egoctg&@gm(ngqﬁar—[nﬁg@ %Hﬁg)?uc@ﬂ%}"bl(%gjzé)ﬁ[(ng k- OH a

wherein n repgOReftsl Foinud gper from 3 to 2000; and k represents an integer
from3 to 10. The net hod forb_Erepari ng PEG al dehyde according to claiml,

wherei n t he PHEO d€eHyhtT Qe (CEpCddsO) ed (Gl fe@idal Formula 4 is mixed with

di @hyl sul fo$<i de, trifluoroacetic acid and pyridine, and
di ::n;l | ohexyl ¢¥PH&8] i mi de is added thereto. The method for preparing PEG

al dehyde accaj figsdts BhahiBgbr i8PB4b Bo0Hokh@W N the reacti on,

crystallization'is perfornmed using a heptanes-isopropyl alcohol m xture and
recrystal | i zat iepresentpanfiotegedfrosi Bdgo 40. acetonitril e-methyl t-butyl ether

m xture. The method for preparing PEG al dehyde according to claiml,
wherein the PEG derivative represented by Chem cal Formula 4 is prepared by

a proce43] commpe Mefttsd for preparing PEG aldehyde according to claim 1, wherein the PEG
15 derivative represented by Chemical Formula 4 is mixed with dimethyl sulfoxide,

trifluoroacetic acid and pyridine, and dicyclohexylcarbodiimide is added thereto.

[3] The method for preparing PEG aldehyde according to claim 1, wherein, following
the reaction, crystallization is performed using a heptanes-isopropyl alcohol
20 mixture and recrystallization is performed using an acetonitrile-methyl t-butyl

ether mixture.

[4] The method for preparing PEG aldehyde according to claim 1, wherein the PEG
derivative represented by Chemical Formula 4 is prepared by a process

25 comprising:
reacting PEG represented by Chemical Formula 3 with cyanoalkene represented
by Chemical Formula 5 to prepare cyanoalkyl-PEG represented by Chemical

Formula 6;
preparing PEG-carboxylic acid represented by Chemical Formula 7 from the

30 cyanoalkyl-PEG represented by Chemical Formula 6;



reacting PEG represented by Chem cal Fornmula 3 with cyanoal kene represented
by Chem cal Formula 5 to prepare cyanoal kyl - PEG represented by Chem cal
Formul a 6; preparing PEG carboxylic acid represented by Chem cal Fornula 7
fromthe cyanoal kyl - PEG represented by Chem cal Fornula 6; 13 reacting the
PEG car boxylic acid represented by Chenl al Formula 7 wth al cohol
represented by Chem cal Formula 8 to pr %are a PEG ester conpound
represented by Chemical Fornula 9; and reduci ng the PEG ester
conpound represented by Chem cal Fornula 9 to 5Sprepare the PEG deriv ti_\ﬁe
represent ed bgacingnitoal PEGrearbaxylic pcisk rerrgiseptsdmiya Copmiesl. Foempia0)Hth 1

[ Chem cal Fornula,4] HO k 0- ( - el
5] K3 | CnemPUIOKERRGRa BT MECTEIDS A DRI BoP T By o oot [
Formul a 7] 1556XsehtddKEhenficdl Pd?ilial@0amd - ( CH2) k- i - COOH [ Chemi cal Fornul a
8] R1-0H [Chem cal Fornmula 9] R100C (CH2) k1- 0_(CHZCE|2083H &(}M COO?
20wher ei n reducing the PEG-ester compound’ represented by emical Formula 9 to
5 prepare the PEG derivative represented by Chemical Formula 4:
[Chemical Formula 3]
HO—(CH2CH20)n‘_H
[Chemical Formula 4]
HO—(CH,),—0O-(CH,CH50),,—(CHy)x—OH
10 [Chemical Formula 5]
AN
k-3
[Chemical Formula 6]
NC-(CHy)x4—0-(CH,CH,0),,—(CHy)¢ +—CN

[Chemical Formula 7]

15 HOOC—(CHz)k_1_O_(CH2CH20)n"‘(CHz)k_1_“COOH
[Chemical Formula 8]
R,—OH

[Chemical Formula 9]

R,00C-(CH,);_.1—0-(CH,CH,0),—(CHy),.1+—COOR4
20 wherein

n represents an integer from 3 to 2000;

k represents an integer from 3 to 10; and

R, is selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.

25 [5] The method for preparing PEG aldehyde according to claim 4, further comprising,
following one or more of said preparing the PEG-carboxylic acid represented by
Chemical Formula 7 and said reducing the PEG-ester compound represented by
Chemical Formula 9, separating reaction byproduct using an ion exchange resin
column.

30



n represents an integer from3 to 2000; k represents an integer from3 to
10; and Rl is selected from (Cl-C7)al kyl or (C6-C20)ar(Cl-C7)al kyl.

25[ 5] The nethod for prepari ng PEG al dehyde according to claim4, further
conprising, followi ng one or nore of said preparing the PEG carboxylic acid
represented by Chem cal Fornmula 7 and sagiyd reduci ng the PEG ester conpound
represented by Chem cal Formula 9, separating reaction byproduct using an

i on exchange resin colum. 14 [6] A method for preparing PEG al dehyde

by Crom B11 ALPTRCH T8 ol Mty e, Aehidks s dnigd by Chetar'Fomtlla By °°
di cycl ohexyl ceadtvgj anPES déﬁl?ﬁmecﬁéprgé)érﬁlbliab)l@hemlcal Formula 11 with dimethyl

5R20- ( CH2CH20) n- (CF12) m f- CHO [ Chemi cal Fornul a 11]
R20- - ( CH2CH2 BYHoxide @nddiexalphemlcarbodiimiger esent s an integer from 3 to 2000;

10m r epresen m2 to 10; and R2 is selected from
al ky al ky e method for preparing
(Cl-C7)al k It[é é’@&d}@gﬁma -Cr)alkyl. [7] Th hod f [ PEG

al delyde accoRgOrqCte,CHa 07}16( Ej‘ ej+CH®@ PEG derivative represented by
Chem cal Formula 11 is mxed with met hyl sul foxi de, 15trifluoroacetic

acid and pyrl[@hfPémC&'chprmL&@dﬂbhexyl carbodiimde is added thereto. [8] The
nmet hod for ding to claim®6, wherein, follow ng .
the reacti on Eﬁ,é@%q :)'bnl@fg_F rf%gﬁmed usi ng a hept anes-i sopropyl

al cohol m xt unne,@nd recr yst al li zati on is perforned using an

acetonitrile-methyl t-butyl
n represents an integer from 3 to 2000;

10 m represents an integer from 2 to 10; and
R: is selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.

[7] The method for preparing PEG aldehyde according to claim 6, wherein the PEG
derivative represented by Chemical Formula 11 is mixed with dimethyl sulfoxide,

15 trifluoroacetic acid and pyridine, and dicyclohexylcarbodiimide is added thereto.

[8] The method for preparing PEG aldehyde according to claim 6, wherein, following
the reaction, crystallization is performed using a heptanes-isopropyl alcohol
mixture and recrystallization is performed using an acetonitrile-methyl t-butyl

20 ether mixture.

[9] The method for preparing PEG aldehyde according to claim 6, wherein the PEG

derivative represented by Chemical Formula 11 is a PEG derivative represented
by Chemical Formula 13:

25 [Chemical Formula 13]
R,0-(CH,CH,0),,—(CH,),—OH
wherein
n represents an integer from 3 to 2000;
k represents an integer from 3 to 10; and

30 Rz is selected from (C1-C7)alkyl or (C6-C20)ar(C1-C7)alkyl.



20ether m xture. [9] The nethod for preparing PEG al dehyde according to
claim6, wherein the PEG derivative represented by Chemcal Fornmula 11 is a
PEG derivative represented by Chem cal Fornula 13: 25[ Chemi cal Fornula 13]
R20- (CH2CH20) n- (CH2) k- OH wherein n represents an integer from3 to 2000; k
represents an integer from3 to 10; and ;30R2 is selected from (Cl-C7)al kyl
or (Co6-C20)ar(Cil-Cr)alkyl. 15 [10] The nethod for preparing PEG al dehyde
according to claim9, wherein the PEG derivative represented by Chem ca

F I .k
reprosertih by ReRRAhEd SYaRaBras PG SRR Sarting 8 LARERcRPef R FEC
Cheni cal For nmmmvéomvre@aﬁtedab aCkemicdPHeormdlai he ®o drs Pr &Spriceds by
Chem cal Fornmula 14; preparing al koxy-PEG carboxylic acid repr esent ed by

Cheni cal For ieA™BPASINGY om t he al koxy-PEG nitrile conpound represented by
Chem cal For X by
Chem cal For %agtui@ a_L’é) ﬁEg’ ‘ﬂ%lsgb%%r }esgenﬁ7 ?%éjoﬁé%@# czaa‘t:2 %Wgﬁ@&#gﬂe
prepare an alleprgscPie bytCGhemizapbondulaed te pespae A1y alkbrRWREG nfefeudmpdbind

and reducing the al koxg este co ound represented by Chemi cal Fornul a
16 to prepar Xr(‘lri\%'f"P@ Qr éént ed by Chemical Fornula 13:

[ Chem cal FOrrﬁﬂébénﬂé]alk&mG(cgfg&%g)amd*represented by Chemical Formula 15 from
the alkoxy-PEG nitrile compound represented by Chemical Formula 14;
reacting the alkoxy-PEG carboxylic acid represented by Chemical Formula 15
10 with alcohol represented by Chemical Formula 8 to prepare an alkoxy-PEG ester
compound represented by Chemical Formula 16; and
reducing the alkoxy-PEG ester compound represented by Chemical Formula 16
to prepare the PEG derivative represented by Chemical Formula 13:
[Chemical Formula 12]
15 R,O—(CH,CH,0),—H
[Chemical Formula 13]
R,0~-(CH,CH,0),—(CH,),—OH
[Chemical Formula 5]
A
20 [Chemical Formula 14]
R20-(CH,CH;0),—(CHy).+—CN
[Chemical Formula 15]
R,0O-(CH>CH,0),—(CH5),.1—COOH
[Chemical Formula 8]
25 R,—OH
[Chemical Formula 16]
R>0-(CH;CH,0),—(CH5),.1—COOR;
wherein

n represents an integer from 3 to 2000;

30 k represents an integer from 3 to 10; and



[ Chem cal Fornula 13] R20-(CH2CH20) n- (CH2) k- OH [ Chem cal Formula 5] CN k-3
20[ Chem cal Formula 14] R20-(CH2CH20) n- (CH2) KA CN [ Chem cal Fornul a 15]

R20- ( CH2CH20) n- ( CF12) k- i - COCH [ Chem cal Fornula 8] 25R1-0H

[ Chem cal Fornula 16] R20-(CH2CH20)fl-(0-12)k-i-COORL wherein n represents
an integer from3 to 2000; 30k representk’ an integer from3 to 10; and 16
R1 andR2ar ei ndependent | ysel ect edf rom( C1- C7) al kyl or (C6- C20) ar ( C1- C7) al kyl .

[ 11] The nethod for preparing PEG al dehyde according to claim 10, further 5

conprising, fpllowhhag qoe o r i re i t I k -
carboxylic aci dr epr esent edégégocﬁg%?ggﬁélﬁ%{)rru?‘%é&%gamkﬁ%@i do()f@é]dééfﬁr!lléylt he'
al koxy- PEG est@s-C2naGaeCT)atkyksent ed by Chemical Formula 16, separating
reacti on byproduct using an ion exchange resin col um.

[11] The method for preparing PEG aldehyde according to claim 10, further

5 comprising, following one or more of said preparing the alkoxy-PEG carboxylic
acid represented by Chemical Formula 15 and said reducing the alkoxy-PEG
ester compound represented by Chemical Formula 16, separating reaction

byproduct using an ion exchange resin column.



