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NUCLEGSI DE CYCLI CPHOSPHATES Thi s application is being
filed on 8 June 2009, as a PCT International Patent

wa@ppbiisats on in the nane of Pharmasset, Inc., BCTIUSK009/046704

nati onal corporation, applicant for the designation of
all countries except the US, and Jinfa Du and

Dhanapal an Nagar at hnam both citizens of the U S.,
Ganapati Reddy Pamnul apati, a citizen of India, and
Bruce S. Ross and M chael Joseph Sofia, both citizens
of the U S., applicants for the designation of the US
only. Priori PEGRILATEIIMESHEES EIRPR GIOMBOUNDS| ai ns
priority to U S. Provisional Patent Application No.
61/ 060, 683, filed June 11, 2008, U.S. Provisional
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non-structural proteins NS2, NS3, NS4A and NS4B, and

NS5A and NS5B. The nonstructural (NS) proteins are

bel i eved to provide the catalytic machinery for viral

replication. The NS3 protease rel eases NS5B, the

RNA- dependent RNA pol ynerase fromthe pol yprotein

chain. HCV NS5B polynerase is required for the

synt heS| S of a doubl e- st randed RNA from a
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are expressed as a polyprotein that is co- and
post-transl ationally processed by both cellular and

waereassaegoded proteinases to yield the mat ur ePUI/D81009/046704

proteins. The viral proteins responsible for the
replication of the viral genone RNA are |ocated within
approxi mately the carboxy-termnal. Two-thirds of the
ORF are termed nonstructural (NS) proteins. The

genetic organi zati on and polgprotein processing of the
nonstructural protein portion of the ORF for
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This therapy is limted in its clinical effectiveness
and only 50% of treated patients respond to therapy.
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structure:wherein Rl is hydrogen, n-alkyl, branched
al kyl, cycl oal kyl, alkaryl, or aryl, which includes,

wheiodiiseiewt [imted to, phenyl or naphthyl, wWhRCEUS2009/046704

phenyl or naphthyl are optionally substituted with at
| east one of H F, d, Br, I, OH OR, SH SRl, NH2,
NHRL, NR 2,NHR 2 +, NR 3 +, heterocycle, |ower alKkyl,
hal ogenated (F, d, Br, 1) lower alkyl, hal ogenated
(F, d, Br, 1) lower alkenyl-3OrC2-C6, |ower al kynyl of
C2- C6, such as CCH, hal ogenated (F, C, Br, 1) |ower
al kynyl of AG2th€achhinwé insaliklispyo EQIDAEO: hal ogenat ed

(c'(:j\ng , Brg 1s| the BQWEH oRlnk@KWis OQQE@QD %ﬂ@@ R, _
) S

H,_ an opti ohdl Iﬁﬂ%*ﬁ ‘?%E%a% Y& m(tfl%‘&?f“%% Fi’%\)\gﬁkba to
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joined to form a heterocycl e corrprl sing at |east two

car bon at onms, wher e for i nstance of NR 3 +

each R conpri %B%E%PEPSQ&I?TW@ BHEFIGHRES ar e

|ndependent of one anot her or each R conprises at
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group of fornmula c' c' wherein for structure c¢', if Z
is a participant in a pi bond (double bond), Z is

i ndependently selected fromNor CG or, if Zis not

a participant in a pi bond (double bond), Z is

i ndependently selected fromQ, S, Se, NRL 1, NORL1,
NNRU 2, CO, CS, CNRL 1, SO S(O2, SeO Se(O 2, or
C(G 2; each Gis independently selected fromthe group
conS|st| ng of H haI ogen, (Pl 1, SR11, NRp 2, NR1 10R1
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as in structure c'; Base may be a structure ii ii
wherein RL 1 and G are defined as!in structure c¢';

wBa®e/ 15898 be a structure jj Jj wherein RL 1 aneiCTAUS2089/046704

defined asi in structure cl; or Base may be a
structure kk kk wherein for structure kk: Ris

sel ected fromthe group consisting of hydrogen and
Cl-C3 alkyl; Qis absent or is selected fromthe group
consisting of O S, and NH, grovided that when Qis
absent, V and NH are both attached to a CH2 group; V
isealige bERK parafcorn frdveragrand gogro fsdfsled napreset dphealosinCin@rvat
ifSlwRhEL Bk Jfrd@nhg fneurﬁtsewﬁe aRABSp&kithdgPfatil. and GG G
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{glulﬁa 181';1 g ng 8?} se gﬁ}[lsh%l ratgﬁ_{(?qggl atlfleor a subcutaneous
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from trﬂ@fo%%@ 608 SihSdnk AL L@éd ydhogen: Ab¥ghiaNy.! Boc: rert-

C4th|oa 0X substi t ut ed
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%Hl%oBacﬂfs%qﬁegEe &%4?111{}“5!; tS)Qn(!l & e, qr@lyn@'clpbtﬁfe @9 IA8EId

@%C%N;:pc(o gg)msul’m fr f‘?"‘l@%ljl { % t sppeies egqg@q_kﬁﬂyn to those of
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%ﬁélﬁ Qﬁ(%jthfrfgpmé 551 grleyﬁ% n$9BG BN 1264 © res%e?tmg,& '\htsulm can
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&ate@ - dpofaad. frop a apralsp uzee b bOSHRBRYY i b1 ﬁyn@eﬁl@ Yed
foralocddn d'hg mmpﬁmmlnﬁnmlmgwn%dhy dircbgle apy inydinakeyibative and/or

Glaufiaaeoxy, O Q thioal koxy, am no, substituted
amunoal % hal o; and Y is selected fromthe group

consi 4P Hyulyy analog oA | insglin defiyapyeis dgfwed herein gf prajoyy having
AbstuBii a@ivity ethIsubSthnﬁlaBﬁﬂfe serae alhmoaelldeequenicefas Gomaidgin but
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DEFI NI TI ONS The phrase "a" or "an" entity as used
herein refers to one or nore of that entity; for
exanpl e, a conpound refers to one or nore conpounds or
at | east one compound. As such, t he terns "a" (or

"an"), "one or nore", and "at Ieast one" can be used

I nt erchangeabl y herein The terms optlonal or

o s " g
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having the follow ng values: 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

WQ09281295, 26, 27, 28, 29, or 30. The term "EIF/WS2009/046704

alkyl" refers to an alkyl containing 1 to 4 carbon
atons. The term "l ower al kyl" denotes a straight or
branched chai n hydrocarbon residue conprising 1 to 6
carbon atons. "Cl-20 al kyl" as used herein refers to
an al kyl conmprising 1 to 20 6arbon atons. "C 10 al kyl "
as used herein refers to an al kyl conprising 1 to 10
JEO RO §304E0d PP €3/0633341 Kyl Pyemdyys. 3, 8 99865,5 Wufid6al. el &Ris,

Islm)ueﬂ 6L2.1,00 VTS 1 RlsK:3end BPPYRS N&,c bstdmmﬁa hyo, 5348t1:t1vl

R SRy aPAREK i H ol B SR Y RIERER L

tumluﬂeﬁ asylal depdrt, o ulihieper, aanlyl Ylatekogl insuli doteter, tiveinglivy |
%h%!ﬁe | Bur@Rirth@Bahd drrs UG int H&r@iq aRY ca&brﬁédﬂpoaﬁdsawmch can be

re e he. t
oRyer oot BB ah RO S nd Y S sp e ARG of such
k@plan@mddar@ [dedcribel ik e (&.8nPaténg Nogy SatS0148Asmd 6:9¢1,607. FA si@cific

%gampa@ dr sluch ;Bﬁnﬁcﬁlﬁm{n&;}n 3 oh@kmédw khe aﬁﬁg ﬁlrsﬁmt &té‘l11r
hal oa risin

o b veousgRTRL I aqdib B i en e SpeHalal FOGaine o
atdpyi dctingf ipswdintanalagsh dlhe &lriay [fasteaeping”’sind frapidtastific ’cas o

@ﬁt&@ﬁan@%l)ﬂﬁer&ﬁ agt réﬁkﬁadﬁﬁ Fnsulg ana%r%upl%ﬁﬁjcels a pra@ﬁ@f@h%e

..are no e
chfotfiti Rein atiahen utanﬁ%&ﬂﬁmatwlﬁ? isbapimaigy andvor
db)aixhibitometontyt duratioprod awsive ttip| humdn insalomagtehyibcutaneous

taﬂﬁlfﬂléﬂl‘aﬁmxl&ﬂplar} fabtc'ﬂh AR Ihio stlmlk;w@rfpdﬁ%hiaﬁ& insulin
triiodomet hy uor Ogi}?yarggfme[ﬁiv r oet

fnﬂ?%?nﬁl@f ﬁrg;lfast ictlng 8%@?% St Hgﬂng to dimerization or self-
Assobiktemoetdoyphysidlopicalmoadingis, Munoodoetnlylin an2lo@s are known in the
ff &ééoé Qe@@’i’ater% I\?o g Wf@@!s&f ot ]‘i\)&bgea@ Pgteﬂhl‘@' o (PgR! hﬂlkuhn

i i odonet, opr op
35 P OpnE giopomenq IriIGaRLY Hyy i thg proTDe S rpsition 28 of
plerw dd-type moeirhiychaiil (EQ B WO:! é}/ﬂ;idolad leyihé atrpeﬁmmszﬁ of the wild-
Stﬁk%s%hﬁ @ &@fnk{gﬁé(ﬂ)h\ﬁ) r2' ﬂgve%&pé'\hﬁlh&g &cc%f?in?glf %{sgﬁ’ﬁ‘hspro is

cycl o ycl opent
g‘%‘V‘bH@l}W“ by }o éﬁf%vﬁﬂ%lﬁ IL%F %{W R (e
dlymhmmlsﬂﬂyi Ly 808d9hemen msulef ewdB28ys BQ)@Btaimhiaylmsuhn
conpr 'Tﬁé {éﬂn 3cr5§§ 1Z1k9@ﬂ994ﬂ§ dlsﬁlﬁﬁg‘ﬁon@l@&gg%&te'eﬁ %‘tenlg: r@ﬁ@ues

%ﬁ%mﬁtawdﬁeé@rlm&w ﬁgﬁ?dtr@mig iy lﬁlf@osnt&%ﬁ%gﬁ %f% g Sé;w‘%% the

epgciod attpagitial @HNIKQ do MGl é abd idsyst@nedtgoabby7 ohSEQ ID NO: 2,
%let‘%JeETﬁ ﬁle @?&Qh@at 88fon 2Td“@f stE‘%%’\IIB N@ZI L}hc%g Wéme dt ?&‘%t‘io% foQf

SRR SL0 REBT NG R eHR NP 01 I N i e e

8t p@ijtion rl 1 bHOSEQ hB N@rinSihGRr1§ Iablk@ly}clrdss-ﬂlekeelrlssuﬂm lisgro
%Ilﬁﬁ&}ﬁld c ﬁ’cgﬂf b ﬁfsﬁ‘l?d@bén‘a b%gve%ﬁﬁ{(%(%gst?h osifibi7 B?ﬁ IDNO: 1

o_an al rrsin
éﬁﬁl B’SHY%?IB‘?@ powglhﬁpfi%‘i@ NG, %ﬁ?enél?eecmfstne |a1g l?ﬁst“@H of
tS(EQ W NI | arld-the gpemelat p&itiqarlOpé KN 1DAT0)A, indlsetween the cysteine
1§’dﬁtﬁ>ﬂ36|ofgﬁ p»ﬁh H3Ghd srsmnea%&ggﬁ,ﬂqﬁ %ﬁonelf%%

ers to an ri.sing at |east

Br afd ujed herep ?%%ﬁ?maga@ﬁwuhn bigrer & ?8%{%&%@%&%@
@dsfeﬂs tamohedndwid ligera obo derclatvarherack coadlerhignaitaghed rooanlsttone

r 2 to 5 carbon atons, and
@ﬁ%d%g%gﬂin%qﬁﬁuhﬁ% Vgg’%?k}é ‘term"C2-N al kynyl" refers
to anTh¢ R19W§1calcaawml?%qfﬁ1&ubn prsl iRSULia disRsA aﬁt%%est%@}eé e
iphragd“ingulie geivitgawith gespdve tof P E@platad invdinu@pro Bmpdundxf i,
7, 8, 9, or 10. The term"C C2-4 alkynyl" refers to an
al kynyl conprising 2 to 4 carbon atons. The term
"C2-10 al kynyl" refers to an al kynyl conprising 2 to
10 carbons. Exanples include, but are limted to,
et hynyl, 1-propynyl, 2-propyny|, 1- butynyl, 2- butynyl
or 3-butynyl. The term "hal ogenated al kynyl" refers to
an unbranched or branched hydrocarbon chai n radi cal
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non- car bonyl noiety. The carbonyl noiety contains a
doubl e- bond between the carbonyl carbon and a

whedenseaeom where the heteroatomi s sel ect ed PEDEB2009/046704

anong O, N and S. Wen the heteroatomis N, the Nis
substituted by a | ower al kyl. The noncarbonyl noiety

is selected fromstraight, branched, or cyclic alkyl,
whi ch includes, but is not limted to, a straight,
branched, or cyclic Cl-20 al&yl, C1-10 al kyl, or |ower
al kyl ; al koxyal kyl, including nmethoxynet hyl; aralkyl,
ipresrd dlivegtidsein mydndedatoyrhaan Yl deylity tossignificasthplesmoigereglhgas
QdveRNY ht ledsﬂ&lelg@h&mm%b‘{éd AR @ﬂl@lal Mo&d b&lddﬁﬂgt B n¥ fiited

hal o

08 3 gl yr it 1 HaDES ST iR B gl s nd
éﬁxaﬂnklyb weiicptroty | Therafor Uidiubig aptetityamdeieh fhonbility ofre’EGylated
R0 Ra 11§iir% g@%ﬁ@@@@gﬁeﬂﬁdﬁﬁ&ge totagé?tel/l)f 1@5) mg/dL or below ina
zég‘%gtrea%g ¥ p 10% Eﬁn§1n§ Ifliom ogtréplbq b%tg ﬁ&, ?Féf?tiﬂ‘/‘&(?s ‘1%}1‘\;5 after a
Wingle Sabcultaaa@ls igewioartd daye oﬂiﬁ& mnghkesent in the
non- cqfﬁ@@ﬂw‘pmt@m gllgcor’%r pﬁ@cﬁ’elrefe%dtotawyatk%n@gwbol

Faiui BFBeryiGe oo P HRE Ro-PRRE FsHS oh PG wit
wourding oi sctivatiwermeittieg] In 1Ts|'t§§p1t:é fernt, BEGiinelingar polymer with terminal
‘hpyok i ggbupe dndias ehel foehuldE S CH}GIH;(SJH@@H o) mHléH OcBI The

adm& ?3? %%gﬁxglﬁvg lvnn geHS{ l&?% S ap;gpm q{ Kog ljlolecular n¥ass

Neéschiberzip | Daltonsn & ypieHh REGpuzgents usdd@e prepg/rb PEGyhed ch@pounds
%@ﬁbﬁéeeame@er ﬁd)dé Gnix R @;Pyibs Mlhg@ dlfﬁél?enhmﬁ&x oKithylene
Cb{gk pur | nes :\Eé) lrl ﬁrégjgleﬁ@hgpur |g§%s ]ﬁﬁm ¢1di‘_FCH O)) of
dﬁlb@mnsnmﬁquWﬂ@h@ﬁym@sHm@awﬁmnﬁhhy&uyﬂmsmﬁ@mhrwmgnofme
PERZ WA %ﬁ’e‘n@@on he ﬁhrﬁﬁér% Gnappey Et@fch&?to tife mﬁmét&r insulin
nerca i ne, uracil aur.aci | I N
gIS]?I'P ﬁgl?l@(ﬂ,‘nﬁ% ?ﬂ @gsen&np&ﬂtlﬁ} ?Vl]ﬁ_]]%}feﬁlég the range from about ﬂ)% to
@belh .éﬂ()_(ydupymtsmPchfﬂdﬂy, tIESP G ofpylradid t]]le IPEleated insulin lispro
CompbUIM BYthé %lsgénpﬁwer%n %l‘?héﬂe‘?ﬂh Che¥ifde ot ABut 46071863 dut 750.

rrla gﬁg‘i’% 61 é{eaﬁ(b%])e, Pﬁﬁiylﬂeﬂénsu 1n lispro compounds of the

pESent ddloptyoni Wnﬂldlam@n in@Be taogkofr@y bait ddfeto aGBut SBD.- Miostypireferably,
Ry It}]?f}is?détga}eld ﬁ]@ﬂa?ﬁgké&fé}’éd 11%%%% {‘)%/ﬂr#él) jat apounds of the present invention
NQHQFVV1%ﬁ@?ﬁéﬁoa%E*QW¥®p 6-t hi opuri nes,

5- azatiymeiungdrivabveap8PE@@Nd pkthody foamelkiogihemdind ybnjugating
'tﬁgngﬁzacﬂrgtgﬁﬁ h&f eﬂ)ﬁlls’uhﬁ)}ﬁr 1591189%5110%@1&&6%,111 ﬁl@qrt and are sultable for

razo O rr.m ur I ases | ncl ude ot
|uﬁ%ntt%f‘dpr? nt ﬁfélﬂp%eSeea%nﬁE Intmﬁ%ﬁ?@rﬁnhépplﬁa%on Fub. Nos.
dvamil R, W(EZO%V(I?%%C W@ 20966t WRDIRGAG/AB0ALS; a3aligeky, S.

O R e O AR P
viéllf I poudAsSy anf Reteats ¥ ?HaLdl VWG@%@F%rQellvgﬁ%erlﬁW¥ G4¢g>9-476,

©2002redinyastidulakly pebiferetdPHhfox ydedn khglinvention is a PEG having one end of
ttMoWrﬁBr @ minetisg With a rfﬂﬁﬂfety'lbéﬂ Hbeh, pldny |a$(bvlléf |G blﬂ(bi}yéroup
%y UB and acyl groups such as ace
'alwhe ﬁ@tl%aaﬁ@%%lqﬂtﬂ’fyTP Gaﬁeam@%ﬂ@ﬂr%f@ﬁ@stmaﬁ B’WIG) vilHgh is a
théeamfoum fdEsTykdrein opg termigpepidhsrdlymer igg mgdety (@EHjrgroup.
rEfoeﬁﬁlE{)egﬂ fgﬂﬁlgsthe PﬁG éi' m tl@e 1nve%t10n % “;chvate&) fnPEG” in which

turated or unsaturated ring cont ai ni ng
S5 Bk AR R Ferpmrishuit 5 mefloak SKup ARGt ofke end terminates
iwithepesteatiloyp sgrqataedof soaplingre agedted stonsinsilingpofor on an
one, two, or three nitrogens, one oxygen and one

ni trogen, and one sul fur and one nitrogen and

i ncluding any bicyclic group in which any of the

defined heterocyclic ring(s) is fused to a benzene

ring; wherein the nitrogen and sul fur heteroatons may

be optionally oxidized, wherein the nitrogen

heteroatons may be optlonally quaternlzed and wherein

o o o o o o ey
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C such as CCH, hal ogenated (F, O, Br, |) |ower
al kynyl of C2-C6, |ower al koxy of Cl-C6, hal ogenated

W@ Egoos2128r, 1) | ower al koxy O Cl-C6, COR2H, CQO2EI/US2009/046704

CONH2, CONHR , CONR 2, CH=CHCO2H, or CH=CHCO2R1; (b)
R2 is H an optionally substituted al kyl (including

| oner al kyl), cyano (CN), CH3, vinyl, O alkyl,

O (lower al kyl), including OCH3, OCH2CH3, hydroxyl

al kyl, i.e., -(CH2)00H, wher€in ois 1 - 10, hydroxyl
| ower al kyl, i.e., -(CH2)pOH, where pis 1 -6,

ipro i Hipngy dwanw@blrwm%w orda@ip eflitatd Py latmmt gl a desired
(aQH%F& mEG 8Q spditic m@d@%ms@l‘ﬁl\%ro%m CH2ZNHCH3,

I k Y. su bst i ed),
or - ha o PP iR yeledBpd B oy R e founcs
CRIYIng@hi2¢me @gFR2,in OFB mql'ecubr w@|ght () ofXrdigariHskiDish thEart
%ralfﬂ)adeﬁ)cg%@s thB'ﬁl%lechﬁr W8ghi e P@@Sﬁtaé%d@o B@Jnlrﬁoﬂhdl by describing

CC rr n ri.ne

et g B g e P b SO RE R e
ORItIORST PEQbelatRSccm@ouﬁW Ampig 1R8 nanepisniiEperyd ehtebgrtihy averages,
Ghree 86 corhmo@l;luse@Rthe %u&he@serag& Q¥¥eht @rewge &Md ZReqz el Rl¥cular

b tute titut
%{% I u 4 Q/UNF%FQI @rasRIHﬁ?egagfé_ n%okﬁﬁ gr ylyelgH tlselin‘[% tg refer to
Itlm/wglalraky’age malleogzafnmgxﬂ whieh c@ be Beasuriel u$1mg\mhradm¢ywell
lkQueh nﬂhcl;(ﬁ‘ﬂ}ﬁklugngzbu%m lﬂﬁ{egg@ rﬂl@attl%gas@f: ted Hser c@ﬁorpﬁ&n 10nlzat10n

I ovver al k

%&%QP@%O%H% Specé’iomefr)' get%é%e%o?)%ﬁﬂ?fnaﬁg@? 8 Pother
Ilu\Aﬂrchmlrrlamgyap@ CthiGgyes Haht)@etmmgdeoﬁlﬁqu@ ultrBrentrifl)gahmwmd
K O HE 15EhuldFoREcufdd Rwei

&Fﬁg ('M’ II% ﬁ I( @d@%% g_fﬁn {Ifrtibéﬁn%ﬁl_g@ﬂmﬁﬁ; fra?\t'l:gn)
gﬁ‘,‘%‘k‘éd Iesr:\%lﬂmomlar weight M, csWélne kel The A0reylarfat edpulating
@umb&raverage molarle abtighi mayl wepreehice By (MINOZX(®6), where N. is the

:?Igd\}\(g rﬁ&&ﬁ%&ﬁ& @: m‘rn%& fl@élonkzﬁ A&&\é\ﬁlg%s gxéﬁlqﬂéﬂac&g %}g@% in the
[nowere. dlhk yatipl of @GRt SBragk mm@culat woght aﬁﬂ @Imis average molecular
%%9 fRnabes al %9&1151%‘}31‘[ 1ﬂdelng‘ﬁ2f Al %Ydega %g%dl%f the

F"é‘l&qz%“t&‘ﬂ%pp? Ff‘ﬂg?‘lﬁ?o%‘ft?'% t Oé gregﬁrpqu thggj%ated
apulio hglrd yorspolnsds dfulicadvanyich aaltypydally aolydippareiad.) yumber average
%U?e%h a¥ % fe &b It ave‘?'a[% %R)tlécgﬂﬁlvkﬂéhtsdf Q%ﬁoﬁ}l‘ﬁe@éﬂare not equal).

i ona substi t Gt ed

6’;5‘{ ?ra éii tP?/PQb% E d?a@antapwéi%qew?t ewﬂ@Pém%Pr qogppositions of
ithegiresastenaftidiRls 2ese thahlelbou 14, ddh piRRfocabhyp theskDIdbr P stagents
I
79 CYRP S R DOSRGRIE RN e s
bon atons, and where for the instance of NR 3 +
each Withongpectsethe @EGyha&sitmmhe 11§1‘orat:mnpmﬂnds:dsf ther @resent invention

:tlgbggi{t? E‘c%féhtlﬂtta%ﬁ‘@ nt@ V\ﬁ ﬁﬁn lﬁ’s‘broglggl@aﬁ% &R 'Ir%ﬁdrlect%ﬁa(r) ?Jﬁggt itn othe
rgﬂ}@?@ﬂ&&}@aeto eB% f‘? kPa g igdn the zange figey agalf%‘% to about

at)fmm thAIPEEY Iratan wedrapge nﬁd1®uBas/e1ghayf abeutd @l5&taedd hsammi@kDa.
%&&eblgfthé 9E6%9a1&111%ﬁ£ gb oagn?s%h% Hﬁ%gﬂ rn%leeule hhd a Boleduld

artic In a
|"Y%E’é‘ﬁ:é‘r¥ %ﬁlpgeyfr% |a§<&t é% kP? bRUGY0 kBacn igp thq rﬁngz frogn phopt 450
ao gaut 750 patht PEG has i aveeugd mpthouibi \eelblﬁrfd))n atﬁul ) kDa to about 30

'kﬁqe R)gdgg%felraé%ﬁ & %&Vglg%m Kf? eécde has a
i

e‘goclsczlar waight ltsﬂresralilg%f@@é%mhﬂ 0@@9@&5@6@ s ﬂ@rr%ftgﬁ
donsibetil 400 tofbdd 530abohe REGARL arlavefigd mblecNRpw&ghtNRAACIRL 7. 5
1, N3, COORL 1, CN, CONR p 2, C(S)NRp 2, C(=NR11)NR1 1
2, and R11l; and where any two adjacent Z are not both
selected fromO S, and Se, or not both selected from
CO CS, CNNR11l, SO S(0O 2, SeO and Se(O 2, wherein,

if Xis a participant in a pi bond (double bond), Xis
C or if Xis not a participant in a pi bond (double
bond), Xis CRL 1 or N; vvherein, |f RlO is a

—~A O~ " ~ ~
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R12 is selected fromthe group consisting of hydrogen
and Cl1-C alkyl; Qis absent or is selected fromthe

w@e@apsaensi sting of O S, and NH, provided the€T/vkzon9/ 6704

is absent, V and NH are both attached to a CH2 group;
Vis selected fromthe group consisting of N and C G
Zis selected fromthe group consisting of N and C Gl;

G and G are independently selected fromthe group

consi sting of hydrogen, am n8; am nocarbonyl,

nmet hyl am no, di nmet hyl am no, acyl am no, al koxyam no, -
S0Bnd gEupAiHRDa. Avips pecderbidnthali G oo vatsnily attdsbed o aniinyalin lispro
lﬂ%l&hlfétﬂ%éél%@);ﬁtbt welgmlutiﬂle rﬁﬁg@%m AbBLOL7. RIS ©XYANDORDa (n is

3 the A obreoun B e ey R BT IR A s ol weigh
ﬁﬁgeﬁhmﬂﬁﬁkwabhbmnﬂﬂkagen and carbon bound to each

groupyf &&Qi%(éhibtﬂéﬁhﬁéntfs QBéTPEGWtVeEl glsm@tt ko Qﬁgéﬁnds\’éﬂfﬁié é@@nt

P iromitbentd BB iind S RUKERUBRE Dy Bt e

ﬁm@ﬂmhhwegqupmobmhuswrﬁgrg&uhwdmdgwnsﬁmyaﬁmk@ngnmuhnhqno
G %%ﬁ&zﬂﬂlg ugmht Bhﬂﬁ&h!ﬁ@@(} T, the YRS atthdh@fnt on the

"?-F&E‘b Bt?&% dtﬁ‘ R?“écé‘taé Etps 8?’?6?%}%6@50&? gp 6%?&“%@%&?@9 ithigyis Je target
Hyrchttagherent, G- dSdireal| degries oG datpmodrdule ireorrpl canreaBds be
m@ﬁérrﬁﬁe(ﬁb}s&fe%ﬁﬂlgﬁ & thda¥h@ ﬁtnaecf %eﬁﬁl&uﬁwﬁcﬁu&é forRlparticBlar

BALREET yBls B U Brine] TG et oy

gnosipllelondiesti ng of am no, antnocarbonyl nmet hyl am no,
di et fy} r@fg}rg@@m@&iﬁhéf@ 'ﬂfé PE@Qte%lHnsu‘h%@sﬁrNE@m ounds of the present

B k%ﬁ%ﬂ%wﬁpf R g 7o n FANGEY YRR gy aniegyel

alndl-felediiaziupiogs avhBE@- anemlcb (my86agan) andmRiLG-this] @PEG-SH)

) gl@ulﬁlhﬁbﬂ) ‘tgffcoﬁ ﬁ[ﬁ'grt‘ﬁ)e @l gel&'twc‘!"ﬁ@ﬁ@teME@qg a R4 functionality
nitrogen and ar on

to

&%Eﬁ%@%wgett% i R P Par PRy Taet oot s Ay N-

yegcin@idyl-S tacatgithuopeopiomm (WAS P andN-Sarcingmhirdy & S-aceylinoadetate
WATR). %@relptlét&aﬁ dtﬁ@tétaoaé@ h@@beémt}@md tb%agﬁtwmch aPEG to a

can nmet h
§IE}BISRF‘|‘1{]UH&@ %R?‘tpﬁ) fnst“&}né‘sﬂtﬁllsc? @F%{i e“ﬂi‘%‘& %\eaa (%/)hﬁt) % (©)
ahdviBbedove not both NH;, D is NH, or -D-A-B- t oget her
forma -N=CHNH, -(C=Q-CH 2-(C=Q-, -
(CQ-NH(C=Q -, -(CXXCX 1HC=Q -, or -CH=CH NH group
where X' is halo; each Qis independently sel ected
fromthe group consisting of O S, and NH, R16 is
selected fromthe group consisting of hydrogen and
Cl1-C3 alkyl; T1 and T2 are independently selected from
the group consisting of hydrogen, hydroxyl, d-C

4- al koxy, d-Gthioal koxy, am no, substituted am no,
and halo; and Y is selected fromthe group consisting
of a bond, O and CH2; and each of WW.

Alternatively, the Base can be sel ected from anong
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al,
am an, ao, ap, aqgq, ar, as, at, av, au, ax, ay, az,

ba, be, bd, be, bf, bg, bh, bi, bj, and bk, depicted
bel ow. ab ac ad ae af agah ai ak al Me aman ao ap ag
ar as at au av ax ay az ba be bd be bf bgbh bi bj bk
As can be appreciated fromthe structure represented
by formula | above, there are nyriad ways to express
the several enbodi nents and aspects of each enbodi nent
of the present invention. As seen below, the inventors
have di scl osed several enbodi nents, each having

several aspects, based on the identity of the nodified
purine or pyrimdine base. This is not intended to be
an explicit or inplicit adm ssion that the severa
enbodi ments are i ndependent or distinct nor should it
be interpreted as such. Rather, it is intended to
convey |nfornat|on Ll that the fuII breadth of the

oy o . T "
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instance of NR 2 or NHR + each R conprise at | east
one C atomthat is independent of one another or are

W@ oi0pask12® form a heterocycle conprising at | eBGI/US209/046704

carbon atons, and where for the instance of NR 3 +
each R conprises at |east one C atom which are

i ndependent of one another or each R conprises at

| east one C atomin which at |least two R are joined
to forma heterocycle conpri®ing at | east two carbon
atons. A first aspect of the first enbodinent is
directed t@a conpound represented by fornul

1- Iwherein Za) Rl is H n-alkyl, branched al kyl,
cycl oal kyl, al karyl, ~or aryl, which includes, but is
not Llimted to, or naphthyl, where phenyl

n{ | substi t ut ed | eas ne
of R, SH S WWNM
NHR rocycle, |ower Thal ogEhat e

(F, d, Br, 1), haIQgenated (F, d, Br, 1) |ower

al kenyl O C2-C6, |ower al kynyl O‘CZ CG such as CCH,
hal ogenated (F, d, Br, 1) lower alkynyl O C2-Cs6,

| ower al koxy Of C1-C , hal ogd@ated (F, O, Br, 1) I|ower
al koxy O Cl-C6, CO2H, CO2R , CONHZ2, C(]\IHR” CONR2,
CH=CHCO2H, or CH=CHCOZR ; (b) R2 is H, anvver al kyl ,

cyano (CN), vinyl, O(Iﬁwr al kyl), including OCH3,
OCH2CH3, hydrox kyI i. -OCH2) ROH, where
pis1-6, in& | ( :
fluoronet hyl ( F) | do @ , CH2NHZ2,
CH2NHCH3, CH2 ), 1, or 1H (c) is H,
CH3, CH2F, F\Jﬁﬁop (d) (R.s ~F, Ow,
NH2, or N3; andl (e)dR4, 'R5, R6 are |ndep dently H F,
a, Br, I, OH OR suchO as al koxy, aryl oxy, benzyl oxy,
substitut ed aryl oxy, and substituted benzyl oxy, SH,

N HR 2 + het er ocycl e,
aI kyI A Hﬁ%@%g@ﬂ%{‘l}go (FESPagps P%ﬂli\ﬁatﬁsi s plHlisPEy pou"l‘dé\ﬁ&he
a)kdsenyﬂveﬁm((ﬁznmﬁes NTich#d] addDRR to f@ﬁi\d-ﬂa,blﬁm\dleﬂ,er EANIRTh@reaction
\M‘lﬁélﬁ{y Elll)e%ﬂc%né ﬁk@%lb&%hérhﬁf&ﬁ&ﬂﬂ%ﬁg ift %eeﬂrgswloe O@Bther

ptr.onhally su stltuted cl oa an, option
SR groue ol Ok FYRpPIC. gﬂ’%wﬁlawaﬁ? § useiblsr iep a?tevateg mPEG for
prdperiyd PE@ylatedhineydini Iepal doyjugattrsdfithautredniaiaydnfio@nPreferably, the
%@ paﬁ@h b%g%%s& éf'ﬁl%ﬁrR élc%ﬁW@lﬂmﬂl derlm%@msﬁ)ﬁn ﬁsB?o relative to

[ nst nce NHR 2 + ea rise | east
C%makea%d? waf{rwie & rﬁ@@ﬁ%m@ﬁﬁe&m o R H@rrea&rwlzﬁaée also

Jpenfasrmzbdﬂoemfem il &.0heatl @10c¢ yhetemperptuiesfion ty tced0 Hoaas tThe wkress of

(ﬁﬁﬁﬁ)@ngatga ﬁﬁ(ﬁlcoﬁ'tggnﬂgb%ﬁt?de 19fea&1ﬂﬁseb£}§tteﬁ f6f tﬁ’é Plﬂ%‘olaﬁd ﬁl%ﬁﬁlct by

es at U one are i nae
GP6h ﬁ%ﬁpﬂé?onometﬁ%h E@@fe@ﬁw%@gmﬂétrequgs% forgﬁgywlae 8im
limyulidnligino atind @asited WOER-radl @miidei an@dbstmbeﬂ(ilf Bxanple 1.
het er g‘&}éﬁhﬁ eﬁl% 'fﬂeﬁﬂs q?e ?EGJ/I%ngﬁngﬁl\M)lm‘tb ofARTE ¢ Cre’[%resent

second aspect I.rst |recte
ARERURIATE efﬁpaé% SWusHtiFeAnRG I Rter MPRR él}aéis relptidelypgpegiic for
tmines aAkMatedhnmdatﬂé oy brimewly laodl deptcifi@Pk@ylytiqn offinsulin

éhrs 110'11?10\143 %Edlgdcgﬂ kblﬂ&plblﬁteg@EEld @A)egﬂ)ﬁf‘l%’ sup({flﬁﬁﬂf(!lylor

or.na are op tlona

DulBaer's (HRED P Ah TR é‘%tﬂl%‘ﬂél Obmeﬁhylbman@te (nHEG %[BQ}-‘PPEG'
@ﬁécmnﬁi'd,yl SGiRdona2PECHIR ), mRRGDenddtiiizale tarb bkt arl-d mPEG-p-

hal ogenated (F, C, Br, 1),
f?hgﬁygdr&;?l—gw%ﬁ(}algw ). lower al kenyl OC2-C
| ower MaprREGFGH crpadimengs of fhninyentioysythe %&V%‘b‘ﬁl&?@ﬂuie# forgy |
BEGylatioh of@suliallisydoyésudhiiCar 6y linl lﬁp\n@feo%léﬁﬁ]&)&tt%@ﬁ.m@nFEG
hal ogenated (F, d, Br, 1) |lower alkoxy O Cl-C6, CO2H,
CO2R , CONH2, CONHR , CONR 2, CH=CHCO2H, or
CH=CHCO2R ; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O (lower alkyl), including OCH3, OCH2CH3,
hydroxyl |ower alkyl, i.e., -(CH2)POH, where p is 1
-6, including hydroxyl nmethyl (CH2OH), fl uoronethyl
(CH2F) azi do (N3) CHZCN CH2N3 CH2NH2 CH2NHCHS3,

W NI N\ N ~1 S ~ N
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+, heterocycle, |ower alkyl, halogenated (F, d, Br,
), halogenated (F, d, Br, 1) |lower al kenyl OC2-Cs6,

wo omensAabkynyl O C2- C6 such as CCH, hal ogenat eRICT/BS2009/046704

Br, 1) lower alkynyl O C2-C6, |ower alkoxy O Cl-Cs6,

hal ogenated (F, d, Br, 1) |lower al koxy of Cl1-C6,

CO2H, C2R , CONH2, CONHR , CONR 2, CH=CHCO2H, or
CH=CHCO2R ; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O (lower alkyl), including OCH3, OCH2CHS3,

hydroxyl | ower al kyl, i.e., -(CH2)POH, where pis 1
ﬂﬁouglwchmdmlytg?aﬂmjatde(wva}mtmﬂ S(ucih-QS@ﬂ)amldd uthenefatyg known as

(aChidmhate pamdR, hl¥3dher @8 %w%ﬁ'ﬁid@?%‘g (als@h@%ﬁﬁearbamlde)
aaeh. SR s B b B R o o
arEREC ax e PEGEPNE iupenell whidh, refult ichn mS]i-]m 130rheingH®yalently
@ﬁ&h@(i(ﬂ) thWPEG @hrfudhS fF ethge (oﬂarbaﬁfate% b&ad Ften lalgy doRdifens

(s %&%@0%%5?4 B g™ o Vel gt v s

eCSIéBﬁOEthIH\ERHH)IGIQ NR 3 +, OC(O(C 1-20 al kyI), whi ch
include but are not limted to OC( O (CH2) SCH3,
NHC(O) (C 1 whi ch i ncl ude i .not
l'imted to'ﬁE@C%?CHZ)SCHS N(C(O)((@%%%‘Z, whi ch
include but is not limted toN(C(O (CH2) SCH3) 2, where
s is an integer select fromQ 1, 2, 3, 4, 5 6, 7,

8 9 10 11 12, 1 \ 15, 16, 17, 18, and 19
re an opt onal substituted al kyI
op@o aI i {0t eDgycl|oal Lb\aO%/@p @
subst tuted hkynyl , an i ona sub tu
al kenyl, or an opti onal substituted dacyl, an

opt i onal |y substituted al koxyal kyl, where for t he
| nst afbePBGyINRI isalin INpF @mpoaals of Re icemen setyatcallemsified
J OI %83@6&98& @Itlﬁda oﬂt@ &ith a@fon%?&aﬁ‘&%ﬁﬁﬁat ralﬁgresme

eroc cle CO rysin
ST %ﬂ@éogr %‘FBéChff%}Fat?%PhYn%Xdé %fmww@m

ehmhla’[%graphﬂphd@e&VatedHﬂm&t cheomeatégrgthe M oaiml Bregerogeneity of
@:?ﬁ%&lqﬁﬁﬁ n %prg @&nﬁ({l\lﬂ (ﬁﬁmﬁgr aﬁ@@ﬂ)pgﬂﬁﬁ ggﬁﬁéﬁﬁte&’qns%lm lispro

one atomin areJOIne
TCBIInH?"él f’l%efn@’faﬁ?éi)ffﬂnéa B% iy rﬁﬂmﬁfl) ip @43MPle GR beAstrsred using one
a>t masﬁe ofAhd following aspedy: cblforrtah)grafphy sleceophochsivpndss i Bpaectrometry

by formula 1-
MRS FIRRRLS 1B EOTRAI KR RRERRERY | o1
cycl oghwﬁuhnd}skr@rlwd tO@repawhe PEiyleiRd }nﬁ@tw@t@ cogppusds of the
pedserlt iinvehtih rhay, begingiaydd bgran af):iﬁfd'fﬂﬁ’[y ofwvepEzglnepyde snthesis

Q‘?oﬂﬁhﬂ%lm%ﬁcﬁnggﬁﬁdt%ﬂ %%lx_sfé n%ll_ﬁ;b%g H&I @%ﬁ%&t ﬁ%{@as%t %ﬁe
pgthogls,nd Kgrombipant A msthpay. &For pxame. M- Reyprtente- SdA&f 2d
((Ehan@ ct 8 ,and Eurob@ln@g&nam e 14 B26 @rangddr gt al.), disclog@rthe

glg}ell{}]% ? \gg?@ns&hg\ﬁ%ﬂog P)él/\élg 3 ci(h%s %Pﬁ?ul@m%ﬁ'ﬂay also be

|P6?\liaé1i€ éﬂalad;{glnﬂﬁln@_e @@culﬁ(&q TBejesiaR @@g(rpcon(l;mangpNA| tx)'achmques In
Ipeaferfedadntbodiyne@ls Glprohsul iaMdd, préOR B is udaNbithak &ONMRulin lispro used

H al
SR PR R R b = 1 ot
TW@PBIHVWIGP poyides aRrpoang of Formu@I - (CHR2) POH,

}leer e p i ﬁP lJL(A)QB) 1i ¢ral phdinngelialiiyoacy éptatidd dajtlthef&aiADidyqin:
uor onet hy CH2NH2,
CH2NHCHS, CH2N f%@lg%f@@n hsgé?@b )u s CH3,

CHRF, CHF2, CF33 1s(lp)B-xhdin ofingubin ligro %R é) and

i ndependent |y H F ad, OH OCH3, CH3, CH3-qgXq, where
Xis F, d, Br, orIandqisltoS, vi nyl, CQO2H,
CO2CH3, CONH2, CONHCH3, or CON(CH3)2; and (f) R6 is
sel ected fromanong OH OCH3, NH2, NHCH3, N(CH3) 2,

NR 2, OC(O (d-20 alkyl), which include but are not
limted to OC(O) (CH2) SCH3, NHC(O (CMO al kyl), which

i nclude but are not limted to NHC(O (CH2) SCH3,
N(C(O)(CHZ)SCI—B)Z vvhlchlnclude but 'S not Ilmtedto

P~ I\ SN S\ o o s . o o
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NR 2, NHR 2 +, NR 3 +, -OC(O) CH3, -NHC(O CH3,
-N(C(O) CH3) 2; wherein Rlis an optionally substituted

wa@bkwyhs212é optional ly substituted cycl oal kyl, BEI/US2009/046704

optionally substituted al kynyl, an optionally
substituted al kenyl, or an optionally substituted

acyl, an optionally substituted al koxyal kyl, where for
the instance of NR 2 or NHR 2 + each R conprise at

| east one C atomthat is indEpendent of one another or
are joined to forma heterocycle conprising at | east

two carbon at orbis a&R6 hahivge niadeculahweighisin drecengsfiraiRat®us17.5

&daho Eﬂe@pmzmas elsd Rherbift @§£nd®@re %@E@mmqﬁme@a@ P is attached

e nt e anot h rlses
|eg€¢§t 8 @ “}91“8 Y APE “%\‘?OHFS%@F 5% Ot E'Pj Oéa}?&iycme at
trosifigr hoithh dtdrincthe biphe empoigstupgf dte phemddlaningmt pgmumm of the
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F‘Kc}%}t}ﬁﬁlan ied l%cémﬁw hb Rk 3 ARDAHW 2R, e%ﬁt' 1@%11 | ¥ about 5 nM
stltulted Wi th | east .on
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abdxty 112 hbgwer aladuk d)4<br0u®f nmm -trépaddogiedvatdend alpdmt SE nm@rkg, or by

e JCQW ofgﬂ)\l&& bgog%hfg@se tb RlevRPoflaBout 100 AR EWAIRR ina STZ-
O PR o! EPEEOT GRSl obes) T el Houts bt 45

(hol)lrs RBoutss0@eB:s ( abputl 2i louis; aboed 84RbuaneboRbY @liars, about 108 hours,
'OP AeRe PERMulatll 2 fin l%ut%ugf fbc‘u@ﬁ‘é’f the dotnpbubPatd, dose of

n
B S BT Y @m%é%eg HIPoltss Do whic R
<D BBy 2ttadiiRl @, indHR1i@pre- yiaNRir@hane boﬁi{;((lﬁ)) Gei8pmpound is
N A8y ha\N( Q M%um%%’éﬁiﬂeg tdr BF @J@)upm i Raleky (c)

substi t ut ed al tiona
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(SﬁtZHoaamkilrg»t ds&ddsm altout &k ralhd{/kgydnd (drthacongptndn ahdrycterized by the
'otf‘l’éw%‘ijméﬁbélod gl%@os@ Y é fé@@i'o‘f){bcﬁl‘t”i’éd r'né/‘di%gbelow ina STZ

aI kox al ky ere st ance NR 2 NHR' 2
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wher e |1 nstance R 3.+ each ) rises
naedke. 01}4@“@%?% CREPEH af‘r@ e dpuhgl ﬁ?) off Ce iy a?%g?d to
MSuhlahstervm(ampaﬂnmebom (1) eths toropren Cisahanartemzediby hhviag a Ki for
ltl?@i’ﬁﬁnah%uﬁ'l re@%ﬁoﬂ Ransd 18 QMchrlé'E‘s E{cﬁﬁé &iso Gd R characterlzed by

rrsin f two car atons sevent as
iﬁ‘?&éﬂ ?hf?lg th@%@ﬁstﬁw tg Dd?o JtT @t B¢ Y1g- ‘éea&f&ﬁﬁd{‘}ﬁ%ﬁl R eSou
156 naskt; éb) thwycohponud ia cllardctastzed gy the fatjvitRdf losveling bloweglucose
3 Mével df%%ﬁ 1@6 Jﬁ ﬂroﬁbelofa in ngﬁgw@a ﬁhfdra@bw@% %Qgh
re e

IS no or na
RAPH r#wrs é‘? %t I%ﬁm awa48| lvurs?uﬁ@m @f}w@bﬂ woelh”al%ourse AR %‘h%ours
aboutlo6 kourClab&rt,108 houdk,or &dus 128BHouSRfteNHAn gl cytaiMduRinjection

Nrﬁe%oﬁgfd}ﬁ ag Jose %F&tﬁ)ﬁpﬁ‘égctgﬁaoe/klg 0&? I'(e) "i‘lllé% in‘rﬁ"@ Eharacterized

enat e
ay 0@6\1&9% & @Enl@@lon(hsbf h%@gm@erﬂhan( {oputrds hogrscﬂl@ut 3(00‘)0‘15% phput 32
Pﬁpul(s eaboirB4indrs Rboair 36 hondeﬁb]m]hm’] tbhopt #) hdrars, GHEhouCHBragksgn a

Sy 0 SR Y TS,

- OCH3* Accquglp gonsm@nﬁwnmﬂp 112V61pt10q\|p31 gmb_od1ment
-OﬂHeQ)\@hBQn ers@)rﬁibﬁ PECI}*j(lﬁéd])l@HB)lﬂpro\Abﬁlpeund cBmpasiaga PEG
optionally substituted al kyl, an optionally
substituted cycl oal kyl, an optionally substituted
al kynyl, an optionally substituted al kenyl, or an
optionally substituted acyl, an optionally substituted
al koxyal kyl, where for the instance of NR 2 or NHR 2 +
each R conprise at |least one C atomthat is
|ndependent of one. another or are JOIned to forn1a

T . oy . oy
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CONR2, CH=CHCO2H, or CH=CHCO2R ; (b) R2 is H, a | ower
al kyl, cyano (CN), vinyl, O (lower alkyl), including

wW@BHI15DBH2CH3, hydroxyl |ower alkyl, i.e., -(BHRVUSIOBR/046704

where p is 1 -6, including hydroxyl methyl (CH2OH),
fluoronethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, d, Br, or |I; (c) R3is H,
CH3, CH2F, CHF2, CF3, or F;, (d) Xis H OH F, Ow,
NH2, or N3; and (e) R4 and RB-are independently H, F,
ad, Br, I, OH OR SH SR NH2, NHR, NR 2, NHR 2 + NR
Javing hredwerage yolesulat woieht kot 17.h&Peagbnet?€dkDaFabod 25 18pa,
Ia%odtgmba Arki¥but 40 Q18 eo@lelﬁﬁy] NthacBEd refPor iRk @Qﬁ&lpha

S v RSP g g ko B3Rt 2PEb a1
digprio b dickajtha-agmnogbipeizhd ghesylbshint atmositiah kphthk B-ghain of insulin

Qﬂf@d}JtPlﬂeQUQﬁlintlel%(}l oaltﬂéeewlo,n Min oQgpéfftﬁ@@ané’ at position 28
S ut e )
?Eﬁ T e Bspcs@ et g pron-
@@ﬁylaRdommbn illsmro a¢tmprisas s PBadadngemametdgamolesular weight of about
i1ngaRRN&RN 200fDL ASouaPOkHE rabéem 39&9@ &Iag(ﬁﬁ gg 91;% gﬁd@h@d cither
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g AT U R
Icbas bf opdin@s poamthatrpsinsanene gtdapeﬁﬂj@hfsln@ﬁt oRigoaAd b fibe B-
%alﬁ @pﬁsﬁnqggﬂr%g NGRS Rﬁ?eritfg}a?ﬁoe ROR- @@tla@a mammhmgﬁ @hprises a
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sy By e oG aweﬁv ar S0 O e Vaelgla Sl s ppaor
rbph2fkDa amnbecétopheawiloreammagtwtwf thatysopta pm&ioh)Z8 of the B-
SHAS st ﬁlkﬂlﬁqlsﬁ\f’o}\(‘@o Riba- bE@iysQ@@m@ﬁihnHlsBFo) Aost p@@feraﬂ)l{y Fmono-
R TSy PEHAR e Eenep okt fiehof sbou
Rélkdgenathedito(ths epSllon-Bnino lgjoub ok laincanydsitohC2-oCthe B-chain of
lmﬁﬁ 11@3{&5%2)’ IPE@EQ% @smqﬁguﬁﬁ hlgigggye r hg: ogenag}edC 1( F, d,
nal og it Babedincits O b I BigERicaaRy Top €A g Tipro
@Gﬁbbun@@ﬁlﬁbl;lslw hﬁ@@-ﬂnole@@i@elglﬁﬂdﬁmﬁ kD4, about 20
( Qc)rouR?O 1H§a ok a‘tﬁ)u{ Wa &JVKMJIﬂy £4a0Q by or

E@FE‘;YGB%S/ li‘eo‘ax(i.é’r’eia aé‘PIR%/groufi’ Oégqycme(a(.‘tpgﬁ)l%-} 0%%‘%3%‘% jof ingulin
-116pr0 j the hlphid-mginh pdnpxoy the pbertyydlanfiCH2 @hd)tjonf I efelcoBrebdiy bf insulin

Fc)r th i@&l e{nm% gro%f:me | %OI%B% D& ¢ thg]izm 1nsu11n

a I%rthq:mo Od ECy‘erfttgd }qsula_]lspT@ coej%lseslql_l@(} ]&ﬁmqggl

almliec(lka) w%hmfdbdﬁﬁ 1a8 &Diandbepelddrt hl}OuHZS ]FDa @bout @kDa, or about

%:'Rl%a a%ed %r {M& &E‘h ﬁa%%%&'ﬁ%thg al % amb %1]1 lathnine at
@W@%y@he fisbnigiog inRali PR wn% gi9ep P f@}f« Bigine at

@bkition 280t thB-ichaiabt yiswdindispiot M@ei peycibiy Itlieythonoal?EGylated

%&1 119 HﬁJré) Yo dﬁHF sta{ Pllkfé ﬁgwf?é 5%@%&1’& ?R% ’)/5 kDa about 20

ute en 0, or an t1ona Stltu
éfaﬂ ib Oa e Brr?é’PPty“ é@asaﬁtmhﬁ@ éﬁthm@&szlgf ammgrowé ﬂ@ lyspe at
tpbﬁtld)m dnh:eeB{aﬁam\IRf Aswdin INpiR. Mokt patekabR, dempmosiE(atlated insulin

h@ﬁ%tco&ﬁesg& @Egrnamga ﬁxo%chﬂﬂ@&gﬂld&%o@&o RBE a@m%d%g fin "

rocycle conprising at le
S Oeéf%wra%?ﬁéhe G GRS EOR & Oftab [chei 4l SIS 23 fhe
@aEGhLRBedipulis Bgrals chaagtrizet by GavahOam alinicdhioahelf-life greater

i ndependent of one another or each R conprises at

| east one C atomin which at |least two R are joined to
forma heterocycle conprising at |east two carbon

atons. The third aspect of the second enbodi nent is
directed to a conpound represented by fornmula 1-2
wherein (a) RL is H n-alkyl, branched al kyl,
cycl oal kyl, al karyl, or aryl, which includes, but is
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(a) RL is H n-alkyl, branched al kyl, cycloal kyl,
al karyl, or aryl, which includes, but is not limted

W@ 2009psmes/l or napht hyl, where phenyl or naphtbhgl/US2009/046704

areoptionally substituted with at | east one of H, F,
a, Br, I, OH OR, SH SRl, NH2, NHR, NR 2, NHR 2 +,
NR 3 +, heterocycle, |ower alkyl, halogenated (F, d,
Br, 1), halogenated (F, d, Br, 1) |ower alkenyl

O C2-C6, |ower al kynyl O C2-B-such as C CH,

hal ogenated (F, d, Br, 1) lower alkynyl O C2-Cs6,
Itleanebowt 12k diyrs @b @1t-30douls adboefeiFdtons, gbiout 33 houy abop) 34 Teomesy
ab&R Xy h8frs, Gbodedo hoER Hr abSR B homl'izhunﬁgﬂbﬁl adntBNRtiod of a

a | ower al kyl
é%ﬁ&“%%ﬁ)“eo‘\? YA 0%%%%%%%{3 %qtﬁ%zf mg/ el udi ng ocHsy
OCH2 CHignothp derabogiméne therimahkyl proyides. comp o<y PQiprisikes mixture
Rf PEGHatel inshE lidpah &Qnﬂ%ﬁﬁjds%iéke dRtdnt AR EEY occurs at dlfferent

f I uor gret %@%‘ngqg; %Pgéygﬁi(d\%)ﬁ(}y% aﬂd(tg%lz}t% @ém

@sﬁfé COI@Hﬁ@dS GE3mplady compositipns lamdco(r@)lcemmaﬂﬁ iRGntagneare those
'cBQﬁﬁﬁﬁgjﬁﬂﬂeltﬂan%m EEGgated%uh Sthfbun P58 @8 ron M fefoup

X

Seporint oEHEB> ChaRy e 6&0%\?]@43&%1 YR RO PEG
dpsBAniasulip lisprosivi ditRESe Gy AlPheB kinsalpt lisprralv) ¢i-PEG-GlyA1LysB28-
Shké*aﬁﬁ th% 84 &mbomlebytysla@@ iRtk 9515% |a}id %H)bcﬁIPE‘GJG%IPheBI

Su Ityte
st e Mo BBkt PR Bt honst WA b tsutPet miure
a)lf RE@ylateﬁyaispllmhm@cmoun@eNhem aneater tOfin MRUOTOIMIBOR 83%,
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i nde n one anot her or.m

e SR S MR PR
\A}h@p@ltﬁoms of the piensit avewionfcoMRIY amigachoRIEHiqied wadindispro
c@ﬁﬁ&unﬁ@%h&eﬁtg%ﬁe\ﬂmaﬁ Bb& RodoNARRENIE %m@bo%r‘@ooﬁ{‘ﬁ%‘ ed} about

e RSP T Poucns L
compoungds oyl lats thapaboutt20, ataub ti¥o.ctboursl O‘VThlnDut b¥ot br ahswett of

Qﬁe tBﬁ?P]?@ﬁQt@&l 111‘§ﬁ'fﬁpl§jsbf56cr&np'o§nd§ laf&ft tP%@}yiaQeda EQ/%QWeferably
resente 1-2 whereln

2
5 pejtfons B? @ﬁﬁﬁéﬁ‘dﬁ gm} jon cappits RAsfure %ﬁ%w igsuligligpro
whimpbundneherdierealznthan sbcmbBO%; abotre’b %6, @poyp B8Yhy dboat 95%, or about
@@‘pmf h‘%' PE(ﬁhﬁéﬁnQﬁfﬁn%f)roQBmﬁﬁﬁﬁg b lpERy. E%@t% enalih IMSprOO—I Even

a'l@:g It)rlg chomean%gg ér%%glnvmgn Qomprlsﬂ@. ngxt_pre of PEGylated
lngsti B hspy@ t@mpduodverheadik yleatehthhrogenat086 abbyt 8Cho, atdut 90%,,about
I@@‘IV &F thtg’E(ﬁﬁted {nkulki Y%FCOHC%% FWJS of & K584 B2 8- insulin

OV\EI' E /f such nat ed E?
grpropey Flesviain %hOR b bpesd S meborb . TP RaRy CLAeHt 8, ofte
h(ﬁhld@é}}m:tﬁdlnsﬁn h@])r,o c&npodn)is hio\REG- GlylAXmysudlﬁ ligpre CByen more

g%wgpo?wwme@lﬁﬁmveﬁ@&ﬁo rlse%ﬁw&%@ﬁated
@F@llsprw@qundsd@pem grfﬁtabth'(lrr\éaout M@Rp éﬁ%h@oouf 90%, about
@B%Nbi?a,boﬁil—@?]%ﬂ-ﬂﬁe PISHRAMNCCHB)IR lisro dompotids aarPHG-L{B28RBsulin
:h§ g'-fgss a a]b&lt'ﬁ% ab @5‘% ?ﬁgﬁ“m@n ch%% 58 & abiut 3% %f the total

VIR aterﬁe@@n%spr@mpwnm&ﬁ@%wlm@l@Q and b gbout
R0%, sboan5% pari abonat 3P4y ofshibstal PEGetcdlidsylin lispno apidoomndlakd/di-

ﬁ@ia‘t‘{dqﬁs%ﬂn %%]%}L Q@Ihﬁ?ﬁlnds ef? B{olré)ﬁ}@fel#)bé U&ﬁ[gdsftlldhse&‘ the present

an o t ut'ed

wepwowrwb@mrapé %&19116 mawnblﬁpr%wa}pwn@ Osteit Fhori0%
alf kexytall iedylatwhiasdinflieprotchapounslt ae CEGolysRBR-2nsalin M, 2bout
each R conprise at least one C atomthat is
i ndependent of one another or are joined to forma
het erocycl e conprising at | east two carbon atons, and
where for the instance of NR 3 + each R conprises at
| east one C atom which are i ndependent of one anot her
or each R conprises at |least one C atomin which at
Ieast two R” are j Oi ned to forma heterocycle

oy . ey — e ' oy
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substituted with at least one of H F, d, Br, |, OH,
OR, SH SR, NH2, NHR, NR 2, NHR +, NR 3 +,

whedoensagel e, | ower al kyl, |ower al koxy O Cl- G3CT/US2009/046704

hal ogenated (F, d, Br, 1) lower alkoxy O Cl-C6; (b)
R2is H (c) RBis CH3; (d) Xis F, and(e) R4 and R5
are independently H F, CH3, CH3-gFgq, and g is 1 to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; wherein

R is an optionally substituted al kyl, an optionally
substituted cycl oal kyl, an optionally substituted
dPkyany PEG &y 4 prisolralidpyo, subshout ed diPKer§lyAlbysBRl-insulin
m@% o0 R Mor® lfbpéf&rhﬁlyltc%ﬂlpaﬁﬁféns o the PR r‘tﬁdehﬁ’onsdé%hbet yﬁl&%e
SLEF

t
e MR e MR L
iRy peldemvlin Gfpro nempmotihee PEG-1asB2§-oiswladlispw, hlorubd @ or less are

m@@@@mqh@hﬁ PIIRG] &l rago@ts% &qe%g 1std@E@G%ﬁL?§mﬁnsuﬁﬁ spro.
| NST an

B A BT R o P e U R
PECobaedd iRulin isgp cempouatls Weasin abng 9Coar grerienofithd el BEGylated

liRask hgﬁwc&po@lﬁ@s ar@P@@iyg@zé REMndispet @Jocaf:m |0?Iess are PEG-

TRt Gho. R Sy BRP RGP R bt bingo i
rvepreas®nPEG-IyyBEomyulinalisprd in chdniatdrizedley rygeg anglignination half-

Sited g&@{u&rtﬁanr HBHESERLR Jatd¥t FooTony @ooﬁt 9201%% é%tfaeyf hdusd, about 36
e 0O a

e third enbodi
TR hScin el TR ror 42 hoR 1S bR GoR aqumipisattion
io§ a Kingla salickiphgoub deseoli 8 cainkyditioncy 0128 aigikle, Malskaetetablyor
%Bﬂﬁ ositi¥hk 6Phi Prebdsd ﬁﬁemwtcofnﬁmrécatml&hm &ﬁdﬁdﬂatecpﬁlﬁﬂﬂﬂhsﬁfo

e, optl
CaBety bieepnf S5 s slaech REG ol BESog ing oo
CRnpoBHl arSREG-INKB 2 8- MR 1) 119, 2bounBiR @ less MRPEG- GlyAl 1nsu11n
i@[%l%ragl%fﬁé G |L9W8 ﬁMﬁ‘ﬁlhs rg?é Q9RpRLisd b(yElvawgg an Biminhtlon half-

MBS hghapvion e pout AHpogE oot o gt b sbout 36

@bout BE hour} abowtdfd habkymypbouDHZReWEH |n d lowven upbrk@dnyinistration of a
qngfk s%uh%ﬂ%@?et&%e(c%m g%nmrﬁ{t() oh) nlg@l%r\‘ al koxy
to

CH= 01?35@1493%52 RAS Use ii);lerpén r§e |b6§g}y %ﬁl}&ﬂE’Gylation
cyaanan. (”KCN)lore\Selngtivply(B—E(GmesﬂinH;sbl)o at thadysuati angos@H2,3 of the
%%%% 1nslil}{1‘{I [1%6/ l¢hd &X@lon gllICKIY(l be darrfedrout & {didhb Pﬁ;E'a MR’ Foups

Rf H@vlah@fﬂaugitwlz‘x gepéép ﬂ% NB 1 a@e@@ﬁg{%@w R4
ChiZNH@Isi3) caBHAN(c@E RN A cariedTut atBrpH gueatbr, thfic).0.RBrefesablf;, the
%la% Feactgﬂplfcon%&ed 4 IBHFfrong 9!30u%<8 530 Eﬂ)oug'i 5. F[n agx%amc

are 1 nd peEN ent

Ver}t t{lgj‘_qact C%Wuéglt ¢ Rr8§g)1;ce %ﬁ,%}]aég(vlt Bé'ﬁﬁty&gvvalent toa
@Klagﬁatﬁuﬂ@d Omcyllabtk)lo Tamdweatgbst i t ut ed benzyl oxy, SH,

SR, g\éhlf?.‘ .
het er EJE%CI e ’6‘?@'? ng& ﬁuﬁdﬁg %’g@ﬁi?fé akN% ang (,Eyl%st?fl mFSh“
I‘@M@FO‘QPWO MW kenyl OF C2- C6, hal ogenat ed (F,
ad, Bp;[(A)yB)poes p}ahk&leyﬂlcahi a@ﬂpt%e sdlohatofawkyroil  of
C2- C6 SUChA?sSthQQ'!iham)'f% %dﬁi:QIgNo , 1) lower

al kynyl ower a enat ed (F
a, Br, 1) PSC%B caﬂlwﬁylswn leprocE é@éip ?@cﬁ%
CONHR , OONRa FEG EHRGHGER b ulo weit BHEORER frorf m)ouzzo DAt

9150% kD%r_lci(lild %re@A a dRﬂ g@o&ﬁh&%@@ llﬁlkeg%kg ﬁnegtaghed%a an

équg]%ne C(P]\gieabléﬁlgtﬂéale (epsﬂomamn@r groyn 0f| t]éﬁ,\]é@meaqltwﬁltlor’ ey B which
abkpiiyek reattifg2hésilbrahoge gaiue df (he lystle,at Bosjition)28lo6 Bewith

al kenyl of C2-C6 , lower al kynyl of C2-C6, hal ogenated
(F, d, Br, 1) lower alkynyl O C2-C6, |ower alkoxy

O C1-C6, hal ogenated (F, d, Br, 1) |lower al koxy

O Cl-C6, CO2H, CO2R , CONH2, CONHR, CONR2, CH=CHCO2H,

or CH=CHCO2R ; wherein Ris an optionally substituted

al kyl, an optionally substituted cycloal kyl, an

opt| onal | y subst i tut ed aI kynyl an opt| onal I y

L T 1 1 . " N 1
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| ower al kyl, | ower al kenyl O C2-C6, hal ogenated (F,
ad, Br, I) lower al kenyl of C2- C6, |ower alkynyl

w@e@2A8828uch as CCH, hal ogenated (F, C, Br, PQT/US209/046704

al kynyl O C2-C6, |ower al koxy O Cl-C6, hal ogenated (F,
A, Br, 1) lower al koxy OCl-C6, CO2H, CO2R , CONH2,
CONHR , CONR2, CH=CHCO2H, or CH=CHCO2R ; (f) Zis N or
CR9; and(g) R9 is an H F, OH ORl, NH2, NHR, NR 2,

| ower al kyl, hal ogenated (F-1%l, Br, 1) |ower alkyl;
wherein R is an optionally substituted al kyl, an
opnoonhbiypolrstlénegyed) oydirerdkky) carbarataptBEGnNPCYhaving a
%&ébﬁlft hicke %o@éclaww&ghmn@&h Ia@cnﬁ bd ¥D§ thﬁéwoﬁm(ﬁd)a in an aqueous

| | t
SHEFRAL 13 be B ot Ls o R C S o e By beoveen
iahatt 2hCE and allgrt 30 6r. MefR¥ablysthe ablbof Rie reastipn isenizaingdatyeen
QB&ut $0 38t 1.1,Shd ﬁb%?]l@ﬁdﬁlﬁx%ﬁﬁnoﬁfis QRucACk Beéinp@fat@é Between

B3 B oL M) RG] R TRB AR Yy R

end the Rutiogd G N8 Cae inselaslisporie mGhatamm bdtivedn shpe 1.0 and about

Isrml &R %?e@éra@? ﬂ@@\%m@m%aﬁge ﬁBleaa&hVefgxﬁ SRk inP88;-RPC is about
omiln | C

o5 B, B B By 8 MR e 000 s alobbl b6 fhe
atanisionAcachir d casjueted atof temheatuty betvesnbbait A AE andabout 30 °C

%lrae;feh@sﬂ of ﬁn@b&@%%aa 2ra%ﬁ ra@&f% i ﬁS’urﬁ)ﬁnﬁ He M Ao kPR G-NPC to
nc

reliplined Min Qg beor sl 10 GHTBRY R Eiorpie Tyl the
wdG infulintlisprotnm larphtenty fin the ramg@hettwwn, abuiter eanghabonyt[4. 50 the weight
%&%E%M&le@ﬁ'la@ vRiht ONAL pEBURSE iy a"éBﬁ@O%@bH'o@%t H?l%mn

t ) '

ReACHOTLIE ?@I“Eam?dd%‘?eeﬁ% 90??1 &P‘gﬁ@ﬁbﬁe{j ﬂ(‘alﬁ‘m’@mm‘@rOf
Ivagydg®natagtdor( & ma@itgindrhetwden labywe 25 & kishaHoutCYICZ> 063 period of

| VR vl XISBﬁIt 3 gl(ggoo% §(Hﬁ‘fh M&st %ra‘tﬁ |tﬁ)69@@§1ﬁghr{ III:SpI'CQIIOIaI'

r aI
ﬁ%ﬂ%‘@ﬁﬁg‘f @Gg? ‘%‘*‘twéﬂ a %ft 2 q 3ndog%ér %@ i%gééﬂo “GEJEH
GERIRt of tGONHRG- NmIHFafbput(ml‘ﬂRa B¢ pHI-dfmd(ﬁ@)Hk‘ttlomrreactlon is
%Mtwee(l%oﬂo 5 %m!l"abo%t p@\’ea'hd ﬁJeKMh eraﬁﬁ(r@%@th@ M‘uon is

OCH2CHS3,
it bepmaba RS C e w555t M By o e s 1
- 6, | HolesichdnRE Grylaked doghlimhesproydompQHRIO) thefptelsﬁrtmventmnlhaving
Ql%gr%tﬁso?e%hlqu&%% cancﬂ'el%gﬂlt ari A NER i quSHANRSHS one skilled

dntgdS)ut)Qo ]émqu:d t@_gel ﬁltr(amchrﬂpgograﬁ)hyﬁg&%é ongxchange
ahnbrrﬁa)gmphy i Hicke pao slantélfiltegtiok chiGmatoBraphyt may bt us@Rtq fractionate

%%B p@%ﬂm&p KNPEQI?&%%’ ;sxd trloﬁ@éylh@& ynsulﬁﬂbsfo}sd Réo%p%qnds on the basis

irﬁlé@elr dﬁ?@f@g lor welgN@z?‘éhem élﬁ étf@r%le%qréequnémse%lﬁuw the
had¢ragranate@dhr (WejghCbf th8PEG lujed io \ﬂErPEa}ykayion rdaotivar). Abresmytple, in
o %&garr E%E?&Z\V%[r 141%1%2@1_5&?%’ con#}) ale@ YR QL@W&P@J} having

ogenat ed
@R averpge mglecujoy wetﬁﬁle‘?f BPRyA Fessegne IGS%@P w%&s&w contain
OhfihdiG6d inkaindierodtaemg @olédular Beight §f abawe80& [Dabxins, mono-

gﬁ:%n% 'ﬁ'spr CHC%I%H%? Sﬂ%ﬁﬁ Wel%i‘g IHRabO%t 25, %08 Daltons,

RoPESYd Hisukm hmtp hapypg anwagwﬁeculmezght pEAhert [Daltons
@l g niatPEdiy(aked ifshulin Bepro havih@aesveabkyblecuwllrer @gin oRabous
|
33 8@@%9&1@ h%w%?’éi’atf E&L{éé géi ﬂ@tlrahﬁéll tec ﬂl?@gts{:}%st T é&fnpognds based

substituted ¢ I on

PRy PRy nagye st maa%:?ﬁ(}ylétfséﬁspm@ao inigAtpfl to gymBEG having an
apéragenadibgnls wedtht dikbedt 28dyia, wid migtel doriag pal fﬁmﬂmh at ait ed

al koxyal kyl, where for the instance of NR 2 or NHR 2 +
each Rlconprise at |least one C atomthat is

I ndependent of one another or are joined to forma

het erocycl e conprising at |east two carbon atons, and
where for the instance of NR 3 + each R conprises at

| east one C atom whi ch are i ndependent of one anot her

or each R” conprl ses at | east one C atom | n \Nhl ch at

oy " o [e— ] M T .
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instance of NR or NHR 2 + each R conprise at | east
one C atomthat is independent of one another or are

W@ oi0pask12® form a heterocycle conprising at | eBGI/US209/046704

carbon atons, and where for the instance of NR 3 +
each R conprises at | east one C atom which are

i ndependent of one another or each R conprises at

| east one C atomin which at |least two R are joined
to forma heterocycle conprisi-ng at | east two carbon
atons; A fifth aspect of the third enbodinent is
dpprexitattlyt & Dxppsoudsshitcdpyiag empethgoyndesplanivaight of about

:QS %V)@ SLERIM. b% slaﬁed i8 thd arfw&l1K M)lpectkhrcﬁf%laQﬂ-P@@ﬂélted specws

oa al kar

ORI DY Tstey e Py SR g b
rdai‘tﬁmrh yigratian Qrpttmtm)a Itllngcs sldm’gng fouthedt poiifitatiat ahdarstuansifisation.
of H F, d, Br, I, SH, SR1, NH2, NHR1, NR 2,

het t L .ad, Br, | :
g1 . At AL LSS0 Fr 1 Bl
lod the rdregd lky&rwciodﬁocizﬂ 0B oAt asn DEHatiny oggdernaidl “¢lmina@ion
B1f- 1R lVﬁl\éﬁ Eoﬁésm |to ¥ (Am Rl Lok BNE: rAd lff@f])imgtlgﬂ Hose of skill

g?ﬁl%%enat ed g 7 jfe 1%#@%%%@&%%%%& as a funcfion lalf both
@lda@mmvomr@ dmtrﬁutwrs Taw topsi‘onalded”, SlobgtT, utiedeased”

abdevih the@bhleR@f Iﬁycllsma ahKERYr ehﬁlﬂﬁﬁéﬁ’ﬂaﬂf 19 afd L{S&%M%lrdfﬁ(ﬁgeably

grleglhaellggl?edﬁgﬂ%d to @ar&%at&ﬁ%g W statlétéca;l@ sg%&gw |1ncr961¥e in the half-
Gfe At tadt korpaink yd.g., { PHGR2ted msiHin lsp3 relaypanothgCN)the reference
YﬁJ‘éélule (&. %lz'rﬁuhn lgb%det%ed uﬁéérqgmﬁah@le C(gdzt% CH2 N3

C:élea’(a&}?e 1§<tﬁe§nel§5“r% 8§ %Hg fé’n%labﬂgy 4 %lmi“ﬂ'ﬂ‘ébgﬂ‘ée %t@ Iclf’a‘iﬁlnce
Iapcr@tsps Bre, fol exa@ile, @Rnodicatinsate aalrkg kylf-literwdubklys expected to
A OPfé/wev%H Ase fetcﬁ%l?o%gl r@l%‘bf&{%ﬁ% is & ane o% fntthr€ no change in

benz?f%% désmt?‘%‘\%r Ag?%% apPiQX] %%WEPS‘&S é@et@eyﬁ@ern}wal log-
ligggs hal ltﬁfwt/,) Hlepraice £ e pRA Vol Qfd@trltw&% H¥ragagn py-the
@huanBﬁ t, ~)0.490EICIg) maydnc@ﬁoeﬁlﬂot iflficatd ovemuetl &y ikl being

‘such a enat ed | ower
5?111% ufdﬂ&fré% %?15'%9%18 Clt%s(glﬂ% %Q@ﬁ%ﬁ gt yeuld
Ghye tBibe copleelpdreedlokdy thchduncﬁ),r tHECRik inaGOR RClcai@uiNHIR ,
G o G pCHAREL O CEGHORR | () 715 N
or CR9 an é IS an f H%’P NHR
NR 2, ThelRER ARt Waltrsﬁéﬁaf‘%k!ﬁe?_' pereigyrefes to t )ma1n6%€€}ent and
ahﬂey)If a petivat levimgiiabetss anhyppitgilyooalal §r ahelo sorditunedr whiklyinsulin

%Hmﬁfi’sttllaﬁm llydlc%tékasffﬂ théjﬁtﬁ'gos%%@k alﬁ}{}l; or ﬁfévﬁ@ﬂg %%kdnys and

substitute anotlo stitute

gplpa@wrlonsc?g t%%eg%@twﬂ%ﬂrﬁ %t‘fﬁwnﬁtﬁwg cqppounds or
(cpmpmtajnls yf thebsbdntt uivelmoaltckpneyait HlplonsanDMpEMS drleemplications,
anéxtuﬂ t o nﬁ%n‘?s & rco]ﬁ%ﬁaéon ﬁae% nﬁtlﬁg{mrdﬁs%fse aéon!hﬁ@l? bor

one IS I ndent of one anot ﬁr or_are

Jdeinhd@a ths pefisiy %&a@ﬁ&wﬁl@m&b ARt preferglyat hymapsheingag
car boMhaPB@wglatedimdulinhiépe dontpotuliB off AstaihcClear©é ARy Sintreating

%ggé? géeglgma ﬁls%hn%ﬁpaaﬂatlgﬁ}qn eaaﬁeﬁo%'t&bap%ﬁ&w effective

one er or each Rlconprlses
%QW Ob ARC € RATE AYTRPUR A oshulp badt uieiderRn the RS ned
t“thefapeutical jheffeetiacanaduet’ cﬁmm) ghiangnmaint dfeaiGtlaed marlindizpro

ggﬁg&ndﬁf ?bl)ﬁ{uﬁla 1aogrQ %i(?t ong nf%retopélf 1301%“@?@?“@{3%1603 §lucose ina

resente

WS B {eéab m thegapﬂltwﬁ ey rRoun E%xl%%i insylgfispro of
&okyllar iglfronoaboar ¢0 1 nblikgho hiwwak Labasmollkgt Mase proferdbiynit ed
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at | east one of H F, d,
Br, I, OH OR, SH SR, NH2, NHR, NR 2, |ower al koxy
Of C1- C6, hal ogenated (F, d, Br, 1) Iower al koxy of

C - C6, wherein R is an optionally substituted al kyl,
cycl oal kyl, al kenyl, al kynyl, or al koxyal kyl, which
includes but S not I|n1ted to, O 10 al kyl, C3-7

~NES A PN o ~NES A PN o ' | - ~A A N
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includes, but is not limted to, Cl1-10 al kyl, C3-7
cycl oal kyl, C2-10 al kenyl, C2-10 al kynyl, or Cl1-10

W@kewossabkyl ; (b) R2 is H (c) R3 is CH3; (d) DPCT/ESTNI/046704

(e) R7 and R8 are independently H F, d, Br, I, OH,
OR, such as al koxy, aryl oxy, benzyl oxy, substituted
aryl oxy, and substituted benzyl oxy, SH SR, NH2, NHR ,
NR 2, NHR 2 +,NR 3 +, heterocycle, |ower alkyl,

hal ogenated (F, d, Br, 1) lbwer alkyl, |ower alkenyl
O C2-C6, hal ogenated (F, d, Br, 1) |lower alkenyl of
Arrapedticallp piiectiag kyouyit is@FoBRalogt @OLte shgutGO@Riolkg. Even more
I'ﬁ?éf@rglﬁ & B 6kafduticddly ofB¥tive |ah10hﬁ%§frorﬁ|awﬁﬁ|0gt&afoﬁﬁzo ARV,

%{Vﬁlbglére(-&r _e[ra y a @Eﬁﬂg‘%ﬁ%&e (i{f gte)aﬁ'gw'u t&j‘\l‘lpﬁ. ab'o}% to ibout 10
@RIKCORYN nre, OHEQHIBOR Rcrapgfitjcally ¢fechivoem@ROjs famtlatiog) 0.1 to
B@odt3 58ftdTike FEv&no refelubl% a tﬁ@?‘%eun&lﬂ %ffeétﬁ%ﬁloﬁ{t Ifsyﬂrom

ng qg:ailgqqllt § nionﬁﬁ& (ﬁ }éra%egﬁb%yfi theéarl?e%twpyb?,gqcpve amount 1s from
gb@s Oisttatleat & polobld. Kydwevan itoptoi benadldrytogltbattthe amauit of a

qﬂEk}ywéd 1n§i1'ﬂn wrb @&ﬁ;%duyld %Hb@&ﬂlﬂdém%ﬂ cahlkﬁsmgl one %f mfe PEGylated
u

SUpsS ti.onal. ti
SRS D Gty st B e uSP Mg Hggth Hhignt
@éd’h refevapbeuinstencgt incbesig tom@n@tian bemg tretedi (sc., the cause of the
gf.g@wﬂﬁﬁyt th@fpaﬁeﬁa%@&&ecrf P@Gyﬁ&&i ihQlin ﬁsiprs Or %Qﬁm.@ mixture of

AREPltiin B Rep Bl it e Shemiibnet ac
logmstis® teboatdormivibicd thaclwsémuieméand enmtte off adonasteation ke age,

%@1@% %p&ﬁ&a'm Eﬂég(?ﬁghalltpg@?% arlrﬁﬂﬁe §év@1t1t9f8f tHa pW‘én@psy%ptoms
aBRs bt 1 By Gade g ot BRSSP at e opeagon in

@hy mener.hi rd enbodinent is directed to a conpound
r eEr e ﬁ@ﬁlﬁgseb‘yuffi&Emé) ?eg&l’at% b%b%rgﬁceseé %)eaﬁglthﬁt%dfﬂmlf!tﬁ‘t’i@ﬁ ofa

I I ower ar or i ncl udes
S hipind of EtRsit o simi el Mg RSl S BRGHE Teyel. A
rEphdlhyloraaldasoipg pkasmzh glyccsel bstliis 0d-¢tO mitdh. dtclinealy namel
%Bstf)'fvan(i: al pgsma%!ucoée Neverts 18 than méﬂb NH2 NHR NR 2,

I"ower hal ogenat ed | ower
al kox§° @5 CW”%‘@P&?W Bl re S arﬁ;;qnp‘yvn to oc)cur upon
Stobskel Thik @chy ddadyd the dyroladal dfyrhglecalds evbydh, ar@lledsyaative andr

%1{891?@1@' 151}ﬂun0% jcGhcH J%Qile%ﬁ%onqﬂcgddc‘% aH?%ghérrHl&l&Qda} Qreight

y
awaﬂ§fwy}at10%Pr0@10tﬁ@ ga%%zwh%wers (YR Cﬂmpte%nsré@ Sfugy on
THdThehdpl stabilgty Bf he)linRY given ORY, JesuRrangesn 8$tidolty,of Insulin”,

%\é?ﬁ%@&?gﬁ@ PYbIRK 1S, 1@9@ Sfﬁe sHUe Hecalr YASQPﬁy ro@'&(és is malnly L d
RABPYTT RO 118 faﬁa&a? o v%%§$%%mga CligRg g pmens
@ptd toma déspits th $dct that mshlm;coinpadnh«y;b areaypicly isnal dt y low
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ﬂ%oﬁﬁﬂﬁ15“ﬁ@ﬁ@¥ﬁ@?&ﬁ@yconpr|3|ng at | east two carbon
atons. Aninth aspect of the third enbodinent is
directed to a conpound represented by fornmula 1-3
wherein (a) RL is Hor lower alkyl; (b) RRis H (c)
R3is CH3; (d) Xis F, (e) R7 is OR, such as al koxy,
aryl oxy, benzyl oxy, substituted aryl oxy, and
substituted benzyloxy and Ris NH2; (f) Zis N and
wherein R is an optionally substituted al kyl, an
optlonally substltuted cycloalkyl an optlonally
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wherein R is an optionally substituted al kyl, an
optionally substituted cycloal kyl, an optionally

waawstsaie ed al kynyl, an optionally substit ut eBCT/US2009/046704

al kenyl, or an optionally substituted acyl, an
optionally substituted al koxyal kyl, where for the
instance of NR 2 or NHR 2 + each R conprise at | east
one C atomthat is independent of one another or are
joined to forma heterocycl el&onprising at |east two
carbon atons, and where for the instance of NR 3 +
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defined in the Summary of the Invention section above.
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hal ogenated (F, d, Br, 1) |lower alkoxy OCl-C6, CO2H,
CX2R , CONH2, CONHR , CONR2, CH=CHCO2H, or CH=CHCXZR ;

W@ RYIRR212& H, a | ower al kyl, cyano (CN), vinylPCT/US2009/046704

O (Il ower alkyl), including OCH3, OCH2CH3, hydroxyl

| ower al kyl, i.e., -(CH2)POH, where pis 1 -6,

i ncl udi ng hydroxyl nmethyl (CH2OH), fl uoronethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCHS,
CH2N(CH3)2, F, d, Br, or 1-:19c) R3 is H CH3, CH2F,
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of HH F, d, Br, I, OH OR, SH SR, NH, NHR, NR 2,
NHR 2 +, NR 3 +, heterocycle, |ower alkyl, hal ogenated
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(b) RR is H -CH3, cyano (CN), vinyl, -OCH3, -CH2OH,
-CH2F, azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCHS,

W@ 2, F, C, Br, or |I; (c) R3 is CH3; apdI/Uso0¥046704

is F;, wherein R is an optionally substituted al kyl,

an optionally substituted cycloal kyl, an optionally
substituted al kynyl, an optionally substituted

al kenyl, or an optionally substituted acyl, an
optionally substituted al kox3ml kyl, where for the
instance of NR 2 or NHR 2 + each R conprise at | east
daea gH at baranga froingbpyi deélie ablan €.50 M an eredaradilh ¢lre tnffenhas a pH
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optionally substituted acyl, an optionally substituted

al koxyal kyl , where for the instance of NR 2 or NHR +
each R conprlse at Ieast one C aton1that IS
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(d) Xis H OH F, Ow, NH2, or N3; wherein R is an
optionally substituted al kyl, an optionally

waawstsaie ed cycl oal kyl, an optional ly substi t BEBUS2009/046704

al kynyl, an optionally substituted al kenyl, or an
optionally substituted acyl, an optionally substituted
al koxyal kyl, where for the instance of NR 2 or NHR 2 +
each R conprise at least one C atomthat is

i ndependent of one another ell-are joined to forma
het er ocycl e conprising at | east two carbon atons, and
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ptaresot, dhlercsebd cinettly lparaanacabaigm t dhérisit,rau @ tcoimbmation, of two or more

of thfese cQ)mpBunds Mog%pljéfera%lyd ([:Pe h@xan%g fqﬁbﬂﬂmg Cﬁmﬁounh 18§ IﬂfenM m-

L@F@SOllcla){C“&ﬁfPhFﬁ’H &%@éom{mé‘#% thergofy P@frg@y 4, PhArmagegifical
eoapasivea odlthe)ihyentycdonalrkssl hetvadek about | noNT asd Y3 mMadal i,

i ncludes, but is not limted to, phenyl or naphthyl,
wher e phenyl or naphthyl are optionally substituted
with at least one of H F, d, Br, I, OH OR SH SR
NH2, NHR1L, NR 2, NHR 2 +, NR 3 +, heterocycle, |ower
al kyl, hal ogenated (F, d, Br, 1), halogenated (F, d,
Br, 1) lower alkenyl O C2-C6, |ower alkynyl O C2-C
such as C CH haI ogenat ed (F, CI Br ) Iovver aI kynyl

NE NN NS ~NE ~A P~ - o e
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OCH3, OCH2CH3, hydroxyl |ower alkyl, i.e., -(CH2)PCH,
where p is 1 -6, including hydroxyl nethyl (CH2OH),

w0 bawonseres hyl (CH2F), azido (N3), CH2CN, CH2N3PCITZHRNBIR046704

CH2NHCH3, CH2N(CH3)2, F, d, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) X is F, wherein Ris an
optionally substituted al kyl, an optionally

substituted cycl oal kyl, an optionally substituted

al kynyl , an optionally subst2xuted al kenyl, or an
optionally substituted acyl, an optionally substituted
deteory atoey | mMvaet abofitcy) mMealcvgt, deoeeniboRl aMoandNER2S5-mM
AR nRb&RBR dbs 8t AhM a@@%oa 13 nf® @AIEHL B@lsveénsabout 2.5 mM and

t .of
G e BE BN Sl fliSph 3 Sidy kAeb Bl Bhigen phou
Bfenil dndraboutt @0 i ralpiom, bdtwiR Bout SealdanRabao A mM eaciam,
|b@%ten Qcﬂﬁt £l 10 0L AR alchEe nﬁaﬁt%fe@ﬁly 2BRREIRA]

or rises at le one
BB g RAPEOh TS BB 4P S AUt g0 ot edium.
conpr l\/élltngsedornméawns vftbe plarbageuatabemnpotitieny ¢ffthdpressplect
Qfvehiish thayf a{lgb c%ﬂgﬁldd ISF@J(‘:"Vah$e dTHeQ&h?“f)rés@rv@tnfé@ PN RSk compound

SIS BPLSBar i Ty Bt s e AReER s o Ampe,

@reséryvatgyes knpown, injthe art@s being wifeqtive end gcemeble in pgrenteralu, v,
%rrﬂﬁlat])éns Ze b@BalkBflum Chloridd be®Rthohitim, %@rofﬂaldlhé hdnlol, m-

alky
P A RN M N A .S )
ichibragdegl, plizuyIniescunonittaienihirectosab belpztmemfld ard vaapi migkyres
ek s @Qﬁeﬁy bh&Bll@ﬂQﬁW{/eSa&l@h Q%Eﬁﬁﬂa%nsmgl' Eﬂ&rﬁgresol are

th at ast

Wn W omug Ikcﬁﬁsuim llkﬁlﬁloéecg es tgi:r(s{;yt@lné uce B%Qrmatlonal
ah:ings thhtahcug@m ant@d plifysicalCir ch@nigcallsyapilityalooheth &fee de. . A3 ir®laym,

BT |e} all %;mcékzlftf%ﬁy ResOCIQS % ’(ld99Wah@él l@l’tﬁlﬁﬁlontcé Cgt a@

R S e A R DA S
Ip)leﬂoth\mcreailk@mysoo‘[ﬁire@ ,chIgEiR ks ol OBRMRY Ipai@isivtizn d r@i@NiER thereof.
Cf%l oLervithie GHEGR H)rmgfatlg's': omylatécpi}lsﬁ% Hsﬁro lHomp&Gds of the

a%?&m %@Y yg{mhfno enz%ﬁ@%ve @421%«%%9@3‘535% as gﬁlfﬁﬁrent
dron the héx@meRFabiBzifHymanold. (REeferébiys the;pheviodic preseriRitivie $s mn

QREHIQJR ?hétﬂél SMQI%tp'réfyltaﬁ? ﬂﬁﬁhace@tﬁa%‘iﬂ %ﬂﬁbﬁsyof the present
subst i an aop tlonall%/ subst

ut e
AMYEYHIN CO“@HWWSP@%@¥V nagisseliat Hegeiakeh Pm 4 ?“tgr} to about 75
aptliaomatekgrvaivb st d pHifreoh ahoytl 7,0 @nbaptpHIN@| Eyenswins priefertbéyd a
ghlﬁ%&‘&hk&i' omm%&l Jf ﬁfe ;tnggnt' 1%&1@519&11%1&@%h@n0@ End¥in2rebol at

r};prl se one C ato at Is
iTaRISBIRIOATO8T 209 hop! fgﬁg?ﬁép ngY! a5 BrPYYHYA 2t HPH Gpm agout 7.0 to
hbtwe pHB/T | Ieveo ompe prsferedplya b pherasteutivwd caapdsaivnaf drpresand

\M\%Bﬁonf (%'fn h'é“% Iph&"?b\/ﬁﬁﬂ?ﬁr rf?fcreWa?’a é‘on%%gﬁtlgg' QHQBJ.)lﬁqg tabout 40

| east one r e 1 n e nt of one ano %I'
SHMasg erﬁ&“éadw& P RIS frqm 4 8‘gs7t 83808 PEt o FEnRAre A Y. a
Iphaﬁ{acetuml Rompwsétignaif fiegrésontfimremien dvatpeik@ghehad and/or m-cresol at

%%p ehﬁ%t[&? ﬁ%du?@@ﬁﬂ\/f%p@ﬁfr ab&he o abde ﬁ'%t m%%&%fe&ably

diment Is recte toa npoun
@@Bi"r&aé‘?‘rt“é%} CBYPPPRRIRATE DALY CBHOT HETBASEPIFR0l 4nd/or m-cresol
st & cakartatisedbbedofuidra apHignt dbeust. 3 wctboutgd] ¢, d'
e, f, A menmoﬂed ai)%v’e 1.Jﬁe gﬂarlggaeupcal Q?I?Ifbsnﬂns if theg]]arestent MvenYmn

VK\IIy@yXCQTprl%i;rdﬂvafll%t %@L@tlowp]é ?snznecagr cﬁg_a%i tgat}quvp B%éplerlzatlon of
anhskijih or dthaveise afakijik@inydlin compauingk., "Ialerdt netad katth@s mebnstthe ion
is not limted to, phenyl or naphthyl, where phenyl or
napht hyl are optionally substituted with at | east one

of H F, d, Br, I, OH ORl, SH SR NH2, NHR, NR 2,
NHR 2 +, NR 3 +, heterocycle, |ower alkoxy O Cl-Csg,

hal ogenated (F, O, Br, |) lower alkoxy O Cl-C6; (b)

R2 is H -CH3, cyano (CN), vinyl, -OCH3, -CH2OH,

CH2F azi do (N3) CH2CN CH2N3 CH2NH2 CH2NHCH3

W NI WS\ N - ~1 N
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instance of NR 2 or NHR 2 + each R conprise at | east
one C atomthat is independent of one another or are

W@ oi0pask12® form a heterocycle conprising at | eBGI/US209/046704

carbon atons, and where for the instance of NR 3 +

each R conprises at |east one C atomwhich are

i ndependent of one another or each R conprises at

| east one C atomin which at |least two R are joined

to forma heterocycle conpri®i-ng at | east two carbon
atons. A sixth enbodinent of the invention is directed
top icas tehpotiphte edowseedneplexoyith o muliiphicity ofiprethin etvlachles. The
%@ﬁﬁmrﬁn&aﬁttﬁ@ﬂk%@ nel€ ﬁﬁcﬁt‘ﬂe fIkQIc2aRR ﬁle{aﬁ%regéxraﬁlﬁfebl bESetals

albat arggmmgla to gfm c%{gple)gg ’\Vlti\}ﬁsugla borgliounii/ Thg %fansdtrgnagrgétals are

ek ferbra, Pifieratply, thdhivalbit mdtgl catamds e, or depd eff thelcatibmselected
m%ftﬁb @ro&% corB?stmé@f 21128 céper, Yolaltenidlet |n{h%§aﬂe§b hﬁgnesmm

n sect
a?%

SR i e e RSB AT b SR B 2 s known
dentpetatit foemties ehexdmiry of wewhinl aad lof varionhinsilint dneloBagd/dr s

AetHVEL %%d&%'n@s‘&h@ fsgr. omeqammy FJ‘@oﬁiﬁ\Fal}Efﬁ LB 8s @h adfinc or

ggbaltdp phaéglacegﬁéal 8Q}hpogﬁion%l{>(f thgj&feseg%mv%mn bseto feﬁgltats gdrmatlon
t@rlf hexagnersioi theEGytted iaswdin bikpro depp@mndsiofzbopresentvneengion and/or

ihulifk oﬂnﬁﬂllkﬁhaloﬁﬁﬁlﬁ 99&@'@121@%5&11 corﬁﬁd‘slt%ﬁlcgﬂlbmsmg a

o
3’% SstrinRlin Pt ey ob e PE SR e ogy THI RERTI: P

@ptrobin atelsgrvawb,shemruetréotnwlbmmay b¢ Beditataity twingidg tife, pHObT a
%51ut1(l)n co%rls$phar§"‘seu§&l cMﬁ?@anHRof th&\ﬁe?ent M‘G@tl%n 'i'nto m%' ndutral

het er oc a
R erG! (AT g0y e G Sri,gH hdy kst eusied
[t@the mewtak yagyon. ﬁmalﬂ,ﬁ thenahio abzi, indulih ogemamédnfubn agllog,
%ﬁd/ of I)E(IS}QX’@([ 1n§‘LIlIKMﬁ¥}0 Hnggurgﬁs bhRES 2t hIB%Yr 1§thihy ot 0.33,

o, SCCBR ST e GRS g O ed
@hdumh-mmthqm(nbl) RRrd [gefekably, thowsio elziag tq insylarmomp@id, insulin
\éheﬂb!é an@ol(ﬁmgte@ingml&hspforb%w%ﬂaqs @&H%bowd%%@oout 0.67.

drox ower CH2) POH, ere s 1-6,
iEr g eﬁ@%@’r%&&??‘}/ﬂgpﬁﬂe Qﬁﬁl%dﬁ? COW%‘B% ctes with the
(PCHFfor zawibiioli(gNjch aCHR @M or @Hi2NBite, CHiZédeldt, BIERNEHTEB)ove the
%Mtqé@ea ’forﬁrexe_ﬁ:}lerlzgﬁon rﬁdfy ﬂe deglpa)olel%g rﬂo?e debon eré:Hz F

g R & [0 8 ‘bgo gyl PW%%’BQ{‘P%“L}P atrlog. »%W o an
MGyl ihgnlis kst corap@ad Epol abaltkyd 3, to aboud PI8B 0 ebd, yxcess zinc
%Hi\%tthe{ Mh&sle ﬁ’éehé/cpﬁ()} hex@ﬂleﬁﬁhbﬁ) E‘aﬁll ﬂe%r %%Iﬁ hf)h"}rﬁgceutlcal

r_anoptiona
SB@P%SH}JHHIQE

_{‘3

t@%@?‘?&%‘t"*@@%?ﬁ%&% mﬁﬁm ‘@r”é‘i"f’oéi? chamical and
iphgdi@hgtebibfy, tNRmprovAHRsZndabelitg T a1 p@riplyi ts extatd fireasdttioone
(ﬁllﬁ{ep n@)ﬁ lt'h%totﬂef hérﬂd%gs@g/@ ralxtnloﬁ’lfts BfnAil gftﬁ?eror%ﬁ sgflﬁe buffers

j al ned forma er oc e conprisin
e é? BieEiPIation Ogﬁ‘é? SH G/ gD %glﬁ%%@pwwma@ wlfas
eaoln.R conprises at | east one C atom which are

: gggtp ﬁg%g&%a&t’ M%%"Hﬁh"‘%l?@ 36l nﬁy 16 QPREt SE e & ulatlon

atomin east are J olne

HAEORE fren 3egH O mYfs dbsPinymales P“éé‘éﬂle ?wuegrla%wn analog,
ahdBGylitke iiselinligralspentr. Mort peefaibly, rirerbpdiareintthd s
%h{uﬂﬁ%ﬁc&l 2ol SATROUIS Pdle E&@Jn@ ﬁl%@ﬁtf%q iP¥n Jrggdﬁvhemlabw 0,3 mole

cture selected froma
4¢ theet Limels pgpmolgcof toa msa  Ingulin gpplogg pnd RRGylafed malﬁm ligpro
apxangin, Ead, ma@ap preégably rzmcasSpre@ht inalg phatmacaxticalbyompaditions of
ba, be, bd, be, bf, bg, bh, bi, bj, and bk, depicted
above, wherein (a) RL is H n-alkyl, branched al kyl,
cycl oal kyl, al karyl, or aryl, which includes, but is
not limted to, phenyl or naphthyl, where phenyl or
napht hyl are optionally substituted with at | east one
of H F, d, Br, I, OH OR, SH SRl, NH2, NHR , NR 2,
NHR 2 +, NR 3 +, heterocycle Iomer al kyl, hal ogenat ed

o o o o,
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(b) R is H a lower alkyl, cyano (CN), vinyl,
O (lower alkyl), including OCH3, OCH2CH3, hydroxyl

WO omwensabkyl , i.e., -(CH2)PCOH, where p is 1-6,PCT/US2009/046704

i ncl udi ng hydroxyl nethyl (CH2OH), fl uoronethyl

(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCHS,
CH2N(CH3)2, F, d, Br, or |I; (c) R3 is CH3, CH2F,

CHF2, CF3; and (d) Xis H OH F, Ove, NH2, or N3;
wherein Ris an optionally substituted al kyl, an
optionally substituted cycl oal kyl, an optionally
sheqgesentuinention kyanypmoustrfranpeionh@B mplestalebaeut O (ftragle per mole of

%tKlQﬁ‘éﬁ'lm iulid AnAEL, bANREG at%al bsbiid 1%%&%& mt referably zine

1l bstituted
PP s ks D SR SR e Enb il oy grom
@batt Orh mélato dboui (hifepeln germat obmeulmnmsaranalog.zand PEGYhed
tiRufi® nipr@hc%ﬁl@f O GhiR c61%BMn|d5tharﬂ groa«tdeé £as for &mr&@ﬁtb%ntlon

e nst anc
S e Bkl s ORI e ar B FHieB G GBRE gyuli
orpaatiotshieknaym ie dehRicarpharsesuatally eesptabineo@adame.n

‘Wéf&ﬁb@tmﬁ&@?hvm@@ af% salt! §ich A ARG iftef ﬂﬁm}ﬁ’orhﬁt ﬁﬁco&cwa{eezmc
two carbon atons. The fourth

S48 c?ln‘b?’%g? Xi ﬁm‘éﬁlﬁr&tc‘]’r ment is directed to a conpound
r epr e senfugtiertpnbbdiment & the innenwhin die phiveaBaiealicsmposition of the

%?Jsékﬁtlﬂ’l}reﬁtloﬁlefhﬁﬁér%me)ﬁs‘éﬁrbl?ém%br& Bﬁfa@ttaﬁt's' CTHE Bfn BRrfa@fint” as
aed IgFeln élgc’lugg ageg@ thaélrfdu%%(the gwfac%tfnm%of aﬂ@m%&r’ adﬁg?tlon at

blic, aiblgquidinferfocg. Hxampkadf bkfactdgpinctudel vathovidjmdtien gionionic
(sﬁ'l)facalats' ﬁlch'as Potokdates (@}E fjoa%l é@ydr 019¥&$Q@bd§y15010xamers

I kar
Tob lunger o nbne o & J\%H@P ed%ﬁ wapolas?tﬁﬂ AN hpT YRR
@htcbb Azl ¢opolymesstaf eihylee andtpmopdenk gbsol (ege pfonids, FE63LI For
%&arréﬂle tmur%nt caQ-IH)e %ent 15' a atlhlﬁ&utlc&l'%br% osl\ﬁ'(ﬁ' 0% thie present

+,. heter OC I (0] en
@?Vemll‘jn in RAPEGER g}oab(avl;t OV\®1 0. %5 c.§ ) r@n&ﬂ]gqut gbg grﬁ/l’: Prqerably
OicGarfagant Iusmien tlalplhwryibelﬁﬂzmﬁﬁosmmhf ds Benthatengeniat ed
Eloxgler 1%@ Mo}e ﬂr@fé@a%lya{hléXﬁ‘rﬂctaq g:%oﬁamérqﬁ@ I'at e@éo'ﬁ@éﬁ(ranon

t@felgﬁoouﬁgé%gde %gﬁ @a{l%etwmq@a | @g%kputéo mg/mL between

GHRERGOR Myouot0 GEnTHBERREY atob) 3 Rl dbsutHO rae/mbyiatwadnkybyt 4 and

GY¥&NQ0 &@&L b‘éhwéh abcﬁh G 'aﬁ’cY\@Jouﬁfs Hﬁg}n}L bbb gl Xddbout 5
ovver al CH2 wher e

OCH2 P

ﬁlg/@%t%@enla ﬂtéd‘iﬂﬁ@ ohlya Q‘%}/J‘, aﬁgpwleen( d_ﬂngg'bout S mg/mL.

f | uor fﬁh@inhgﬁtmﬁ a2 oyidag # @BGYAGY insUHPIBINro riiNBnd GHERONKIRZIA I or
%lt [f_heregf for %Ee 1nct’llie tl‘eatlﬁ&l)t oﬁg}pbgly%a

wher el n 'S

%%P‘bﬁq%glteﬁ @%‘?ﬂyt Ut a%ﬁ kyI ah opti onal I y
s u bst Fhainechtioy alsoatokides a HEGplpted onalin yspsmd:mtpounn edFormula I or
Xﬁﬁﬁk 11‘[1@51 g&ﬁ& %?é éa tﬁe%? E‘drtukg ﬁ%@h ure a ﬂéhlcameat for

t1 ona acyl, an gptionally substit
Ef‘)%%anﬁ ypaﬁwfeénl? 6‘}‘1 b PEATEP G REB3Sor NHR 2 +
eac h Rharmamlm;ﬂ; eomposit@astongmBinG adBEaiyididuahsulia lispro according to

ﬁflatnn&{ m ﬁe Qﬂﬁh@t@fed%'éreﬂ{eﬁv%q nttsﬂlliegﬂmﬁlclé
het er OC§3 e conprisin car onat ons

WisatFent Jrarepnfegal @%W&H&féondw\im pyrforaed by SpAQUGRERYS siagamyscular
loe astavanioes i@ MMMMM o gringd epondns paf-lilengriageodher

e
l‘?lléecfs?aﬂl?&l 51\%,9 rﬁg&t& ﬁ}t%églv@%séag%@rg dg%@%aglgg }MH ‘t?el'beﬁ{)rmed by
CRERPY i dpfu Wlwé%%t two carbon atons. The fifth aspect
of the sixth enbodinent is directed to a conpound
represented by formula | in which the Base is a
structure selected fromanong the structures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am an, ao, ap,
aq, ar, as, at, av, au, ax, ay, az, ba, be, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above, wherein
(a) RL is H n-alkyl, branched al kyl, cycloal kyl,
al karyl, or aryl, which includes, but is not limted
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(N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F,
A, Br, or I (¢c) RBis CH3; and (d) Xis F;, wherein R

WO gooansaps i onal |y substituted al kyl, an opti one¢T/yS2009/046704

substituted cycl oal kyl, an optionally substituted

al kynyl, an optionally substituted al kenyl, or an
optionally substituted acyl, an optionally substituted
al koxyal kyl, where for the instance of NR 2 or NHR 2 +
each Rlconprise at |east one2s&c atomthat is

i ndependent of one another or are joined to forma

het erocycl e conpri si ng aPrépeasgionthvo car bon at ons, and
where for the instance of NR 3 + each R conprises at
[(@ps1-BH(H CHCéminsalie ispmod3) anddpsBa®- kS (31, Céh € Cameulivelispro
@4) each R conprises at |east one C atomin which at

| east Oh%nﬁl@dfcﬁ of PHIRH Lol @@f—m{aNh@HI%&&%‘ib’&ﬁlﬁnde (NHS), and
conmprisin east twd carbon atons. The sevent

A ppEapylspr %pﬁlenl@lp 1) eww@d rehnLiMB ferS@magutesoto avrepare Trt-
S OHrdOMNFBY @@e ntCad-ténth fororof iasulinilisprehs diksotvied HBHISIQL |0§ 5%

Qr %ﬁylgngltng E\"l‘eEg % §(9 {"5 LSS npgrgls fl(?ed%ti nl’llr(}ltoyac?lvatg 2
A

fteé hogﬁ at ggm t%l?per%tgre @g] meeéhanB@mnﬁgls added to
rmn‘mQ: thbh:acthnn Thg reaetrmh ik furddie meotdédteélwh @Q\nﬂewfé{ O ondl)

ge 0 a 18 cohl§1¥1l f(frlpu}AlEca l kéﬂle aéré agpgr{sy f &.?/ 80{‘]11—

ﬁ%%{zéé g lblispﬁ%\ LSS 51 e oA

Vflattlmnatof Geadt TroS€HEHO-Fsul@ lispBr (1) hre pGhled m]lyolﬁh-hzed One-
N HR. 2

%R%h mmgﬁ%f ([I\IE'RéZ)di Ic:)f'&dlv Ap 8 mlﬁlé]tskl ort%i'gmngjla% r%l[ of': 1¥1 03{“8%\/8 and

&mwf CHODLCoBS by A8 TP ke ismgnevsd mqsvapawaoq ey e

irssidrapl wipBdeeis kB ins50amL oth%JA@N iy H5,0b Sth restledg sdlitydn, is gpplied

JEb BB PR e e B AR Fye Bl SR Gl pooted ana

abkenlly., lymhlland optionally substituted acyl, an
optionally substituted al koxyal kyl, where for the
instance of NR 2 or NHR Brehagffdn R conprise at | east
one C atomthat is independent of one another or are

iPRkB RSISCa CH mlmhﬁhgmqhe conprising at |east two
carbon at ons d where for the instance of NR 3 +

each Rne ée@fbpl?lmgb%f iggulin Hapge isghsoleedind i pictyo dE4 in DMSO. To
ltlﬁwls@nmaﬁl aniddaf 0.D AtncBpdihet- b@ﬂylcmaﬁmﬁhmm @&r ahour at room

Sﬁbs Ifan?rn ? }ngig 5lamm|1§: Qidg(?‘] to tg at(—t: the rea '[} %ir&lgﬁio
e &qu gk}‘étﬁ?{qn LB arRD e 8 fﬁi’]; Bﬁ%g PRy T b

Ip§r1ﬂ¢al’[16ﬁ)t Bk degiredl E&H@lﬁlﬂﬂ@oﬁﬁﬂiﬁﬁ ot g6 sR-fn@liu sprolare pooled
%\%{51?’1 176 tg m%r (? 1§th HmeE}r ﬁlr&lssgfj\l/eé }{1 ﬁl)c Eég?y I'[%A mn

T ali i il P T ke 2

e asiebmeshfyather 0121 i dthanoklidecaneddicdio BLMISRE R Maction. The
Q&Qﬁmmr@hu@& cﬁlﬁueh hﬁthrm bARio MudiplidSint pkpd@pg coqafmn

he conpound formul a © i r’whereinO0OO0 0
F@Lr Pupificgbion- Ehe deSth ﬁl@llpnﬁmrbp@l@l anedy (obiliae @élled]l-leher e
FSYJH @Hg(éod’ééBh@d)C%ﬁﬂwél MBoaldovB2 8- DOaBmMEEProARM il cSTIRATINGN| of (6)
1s (Ps 0 ed% m{Lgll%tA con{mmré% tL (ﬁftmto%}ﬁso?e[ an%%néf mtn¥ent i on

at nent of any
élfnsqm@pylﬁﬂm@ﬁ Aeligs o gnmuT%\l lesfé@pVhébje Pwpgran@n drihorshidiad peptide

qpmnlt i8 go ¢h1PofR oS Aex enHLG. alfHe)tes@ﬁﬁlg R&1EbrELs Hﬁﬂiewlﬂa aRP-C18
sgl ecte

GG 4P R S BB cpoofRiaht Blormfiedif g &
include its salts (acid or baS|c addition salts),
hydrat es, solvates, and crystalline fornms can be
obt ai ned, represented by formula I . It is

contenpl ated that the fornulation of the eighth

enbodi nent can contain any of the conpounds
contenplated in any of the aspects of the first,
second, third, fourth, fifth, sixth, and seventh
enbodlnents elther alone or in conblnatlon mnth

oy o o a1 e L, . o
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with regard to the intended route of adm nistration
and standard pharmaceutical practice. A

WO pivanseaeeut i cal |y acceptable salt” form of anP@oUb2089/046704

ingredient may also initially confer a desirable

phar macoki netic property on the active ingredient

whi ch were absent in the non-salt form and nay even
positively affect the pharmacodynam cs of the active
ingredient with respect to 26 therapeutic activity in
the body. The phrase "pharmaceutically acceptable
Fahmpleok: BEGplation otthind-degratized insuhin isprndntarmediates hat

is pthﬁ&%@tﬁbiﬁ@E(hM&EﬁﬁﬁﬁgﬁM ScABImbRAIaRPS SRS Sout MEKDa

LBl it B Tt B ST vrf i oy i L B b 00amy
ﬂﬁhﬁ@dwﬁbﬂhHMﬂ@D@ahAGNaéﬂdQﬂBM®ﬁpaw¢hpﬁadnﬁkbnv%matmdﬂm
hi¥ ko OE Oinfpoasd @), ($)u blf sCad%Gd &, thcﬂéoth[tioﬁ 26 féacuon may be

3@?3\5@5%%%3@?&5%‘% na ® oo mper L Qg LA™ ©
Aeprgximpiphphheur amlwe ig laléfiddmtm%;:%w apelied, onm@w@
a6hufhn fgﬁfutrﬁEétf‘onaqhg desfrbd frh&loﬁscérg pocted #hd lyﬁhlllzed to yleld the

enzoi c .a
D R SRR YA FaRraRas g P e S b in PR ComipSunds
Drepawtl hadmc@beéuuh Examipde haticdhov2n bafalv ax(B6)h 436 HUKDRI(AD)),

éH:ﬂ(g)), (@@(ﬂﬁemgf%ﬂgg%fé%lg théde PEG?I%@Q %ﬁ@rpﬁﬁ)% &%Eoﬁnds will
Rt i S e oo S A e gl RS TGP B e

ghsubio hipzo eﬂmpbun@l willdever aghdrangafroro ybout 4@(tiodboun’¢@nMore
%@éf&ablﬁ Nfest bﬁelylake@ u%hﬁ Bprd @oﬁhﬁouﬂ&’sdxkzﬂl' R S8 he faﬁgéfﬁgm about

u es of an ni c am
b ot BT Vel e o bR EEGy et deulR [RD FoustaiSvin
datd roofi abomelﬂf) enkrtous®lOe Civedmbreqgme famblygthdda -P,EGﬁlla,tedMgﬁl-hn lispro
Brpounttia R K n'Bf aﬁorﬂlt W4y &0 aﬁ%dt So@ I@%st%ré&rgﬁﬂgf tﬁ&g PEG‘yﬁtted

er sel ect ron1a
é@f&ﬁlﬁspﬁ%cwgp AT HAD PN 07 er ehces Lo
phar maceutically acceptable salts include sol vent
addition forns (solvate or crystal forns
(pYI ynor phs) as dgLnggjﬁgrein, of the same acid
addition salt. B&I'id ¥or mPHeparations include, for
exanpl e, powders, tablets,Ipills, capsules,
supposi tories, and dikpel(N @lEhgf amuleslispxosol id
carrier may be one or nore substances which may al so
act as diluents, flavoring agents, solubilizers,
| ubricants, suspending agents, binders, preservatives,
tabl et disintegrating agents, or an encapsul ating
material. In powders, the ¢larrier generally is a
fidlel y divided soji el sy nixture with the
finely divided active conponeht hi tablets, the active
conponent generally is N car I haV|ng
the necessary binding cgpggg %ﬂﬁﬂﬁﬂgusléﬁ hnq portlons
and conpacted in the shape and size deS|red Sui t abl e
carriers include but are not limted to nagnesi um
carbonat e, magnesi um stearate, talc, sugar, |actose,
pectin, dextrin, starch, Iatln tragacant h,
nmet hyl cel | ul ose, sodlun1c boxynethylcellulose a |l ow
ey ting wax, cocq@ bab{gpﬂla the like. Solid form
preparati ons may 8ntain, in dition to the active
conmponent, col orants, fIavor abiliz buffers,
artificial and natural ?ﬁ@éﬂ@ﬁ@@ a)&PébgPégﬁf%
t hi ckeners, solubilizing agents, and the |ike.
Exanpl es of solid formulations are exenplified in EP
0524579; US 6, 635, 278; US 2007/0099902; US 7, 060, 294;
US 2006/ 0188570; US 2007/0077295; US 2004/0224917; US
7,462, 608; US 2006/ 0057196; US 6, 267, 985; US
6, 294, 192; US 6, 569, 463; US 6, 923, 988; US
2006/ 0034937; US 6, 383,471; US 6, 395, 300; US
6, 645 528; US 6, 932, 983; us 2002/ 0142050; US
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conmpound represented by fornmula | in the manufacture
of a nedicanent for the treatnent of any condition the
wo e®ahs2ied an i nfection by any one of the fol |R@l/H§2009/046704
viral agents: hepatitis Cvirus, West Nile virus,
yel |l ow fever virus, degue virus, rhinovirus, polio
virus, hepatitis A virus, bovine viral diarrhea virus
and Japanese encephalitis virus. The term "nmedi canent”
means a substance used in a-Ifethod of treatnent and/or
prophyl axis of a subject in need thereof, wherein the
suigghpnce includes, but is not limted to, a
conposition, a fornulation, a dosage form and the
i ke, conprising copmpound of formula I . It is

t ne
contenpl ated that jfhe cqnmpound of the use of the
C O rmula Din the manufacture
of a |[medi camgnt for the aLHEEmLOf any of the
r

antiviral conditions d{’scl oSed e %ﬁh of the night

enbodi nent can be any of the co s.contenpl ated in
any of the aspects of the fiFﬁYgREgE%H&?ﬁﬂﬂﬁgqumpﬂ)
fourth, fifth, sixth, and seventh enbodi nents or those

spe¢bh) cal |y exenplified, either alone or in

conbi nation with anot her conpound of the present

i nvention. A nmedicanment includes, but is not limted
to, any one of the conpositions contenplated by the

ei ght h enbodi nent of the present invention. A tenth
enbodi nent of thg prégent invention is directed to a
met had of _treatnfint and/ or proghylaxis in a subject in
need € s au N\h conpriflses adm ni stering a

th peutifcal Iy ef feetiveSandtdntNef the conpound
representéd by formfa | to the %ub'ect.A first aspect
of the tenth enbodi ment i sGdyAdENéalphe)insstindispad
treatment and/or prophylaxis in a subject in need

t hereof said nmethod conprises admnistering a
therapeutically effective of at |east two conpounds
falling wiwthin the scope of the conpound represented
by(jﬁnpula | to the subject. A second aspect of the
tenth enbodinent is directed to a nethod of treatnent
and/ or prophyl axi sNin & subject in need thereof said
nmet hod conpri ses terngtively or concurrently

adqbntstﬁfi N cally €ifective of at |east
two” conpounds fglling jn thelscope of the conmpound
represented by fornul

| toSthe“subjiect. It is

i ntended that a subject in need thereof is_one that
has any condition the resul@0@52§ENK%@%5¥5$ﬁnﬁﬁuhﬁ§PER
the viral agents disclosed herein, which includes, but
is not limted to, hepatitis C virus, Wst N le virus,
yel l ow fever virus, degue virus, rhinovirus, polio
virg ~.hepatitis A virus, bovine viral diarrhea virus
or ( éﬁénese encephalitis virus, flaviviridae viruses
or pestiviruses or hepaciviruses or a viral agent
causi ng synptonmspequityal ent or conparable to any of

t he bowg-listed“MLL . The tierm "subject” neans a

~ Whi Fhclud E% LS $¢ limited to, cattle,
pi gs,” she 6{ chi cke tur Key, bu|IiIo, | lama, ostrich,
dogs, cats, and hu s, p h ' I;
human. It is contenplatedisﬁg?gpﬁxgﬁgﬁﬁgrﬁgﬁﬁ%#h§pﬁ)
treating a subject thereof of the tenth enbodi ment can
be any of the conpounds contenplated in any of the
aspects of the first, second, third, fourth, fifth,
si xth, and seventh enbodi nents or those specifically
recited in the tables above, either alone or in
conbi nation with anot her conpound of the present
invention. The term "therapeutically effective anount”
as used herein nmeans an anount required to reduce
synptons of the disease in an individual. The dose
will be adjusted to the individual requirenents in

N o o ' S — g I o L L R




2003010141, WD 2002057425, WD 2002057287, WO
2005021568, WD 2004041201, US 20060293306, US
WQO®80392¥49, US 20060241064, US 6784166, WD PCT/US2009/046704
2007088148, WD 2007039142, WD 2005103045, WO
2007039145, WD 2004096210, and WD 2003037895); HCV N4
I nhibitors (see WD 2007070556 and WO 2005067900); HCV
NS5a I nhibitors (see US 2006276511, WD 2006120252, WD
2006120251, WD 2006100310, V¥3-2006035061); Toll-1ike
receptor agonists (see WD 2007093901); and ot her
[ ngtors (see WD 2004035571, WD 2004014852, WO
2 4313, WD 2004009020, WD 2003101993, WO
2000006529). A fourth aspect of the tenth enbodi nent,
to a nethod of eat\tent and/or prophylaxis in a
subj ect her epf said t hod conpri ses

t her apeut i M ound represented by
formila | "and anoth ant Svi ral ent to the subject.
It i1s understood tiat the tine between alternative
adm ni stration can range bet Eﬁ@Fﬂ urs, which

i ncl udes any sub-range in bgiﬁgﬂﬂﬁ ing, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, issulidispis, 16, 17, 18, 19,
20, 21, 22, and 23 hours. It is contenplated that the
aaﬁkg}r antiviral agent such as interferon-a ,

[ eron-b, pegylated interferon-a, ribavirin,

| evovirin, viram dine, another nucl eosi de HCV

pol ynerase i nhi bitor, a HCV non-nucl eosi de pol ynerase
i nhibitor, a HCV pr tea{t i nhi bitor, a HCV hel i case

i nhi bitor or a HCV i nhi bitor. When the active
conmpowdnd @ der v | or sal@® are adnministered in
conpy-fia n a t|v rajl agent the activity
may be incr sed over t § t/ugﬁgound When t he
treatfent is conbinatiqn ther Py, h adm nistration
may be concurrentor sequenti al mnth respect to that of
the nucl eoside derivatives. "RuweRijNG@pha)]
adm ni stration" as used here|ﬂ§ ?ﬁ cludes
adm ni stration of the agents a e same time or at
different tines. Adm nistration of two or nore agents
a(l12®P sane tine can be achieved by a single
formul ati on containing two or nore active ingredients
or by substanti al si mul t aneous adm ni stration of two
or nore dosage fo with a single active agent. It
| that refgrenqgs herein to treatnent
as||to thecjreatnéht of

elf the tgrm"trgatnent”

N . . r
treat nent or prophyl [
associ at ed mrtthr me |ate by

diti
' or t
clipjcpl syiptaNs theseof. nbodi ment of
th esmgnt ve t on is dlrected to

proc
pf eparfig e ound of formula I|,2which Q§§Bﬁggﬂ§qsﬂonﬂ

reactiing I'nmrth R1IOP(NR2) 2, and ten oxi dilBs Ephﬂﬂ@o
form| according € the follow ng schene mll wherein
Rl, R2, R3, X, and Base are defined above; wherein
RlOP(NR2)2 is a dial kyl am no- Rlphosphite , Bis a
Brdnsted base, and [Q is an oxidant, such as, for
exanpl e, m chl oroperbenzoi c acid (MCPBA), hydrogen

per oxi de, NO2/ N2O4, etc. A twelfth enbodi nent of the
present invention is directed to a product, 1,
prepared by a process which conprises reacting |1

with RLOP(NR2) 2, and then oxidizing Il according to
the follow ng schenelll Il wherein R, R, R, X and
Base are defined above; wherein RIOP(NR2)2 is a

di al kyl am no- al kyl phosphite, B is a Brdnsted base, and
[ is an oxidant, such as, for exanple,
n}chloroperben20|c acrd (NCPBA) hydrogen per oxi de,

A1 | R 1S 7N A o, S~ I N | o —

i nchu \ _}}}1
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triturated with EtQAc (10 ni/mmol ). The precipated
tetrazole salts are renoved by filtration and the

WO pdovnsaies i s concentrated under reduced pressuPEr/UT1089/046704

residue is chromatorgraphed to give cis and trans
cyclicphosphites b in about 1:1 ratio.To a stirred

sol ution of the phosphate b ( 1 equiv) in

di chl oronmet hane (10 nL/nmol) is added a 77% m CPBA

(1.2 equiv) at roomtenperat2f-re. After 5 min, the TLC

i ndicates the conpletion of the reaction. Solvent is
dixappiead: P Gyiatianhd insadin disproj usinghm @reatetigrxapélpe thydine glyzol) p-
giitvephegyll dackongtd (A GEHNPG)o gi ve pure product as a

white solid (20-25 %overall yield, 2 steps). 1H NWR

i ndi c @h@%nthﬁlot NQIRMRAMGGS diSsohvdd & 20 ML WEE 2 bbMR buffer, pH

t I h h
e X E e
N&IcAé?bbs aidsled] kd the acviutbbneVlﬂeagttrewB spiritty. POCKeagtiqnas pogideredby

tmneHm@ LepPSEdeArsng fa)tagﬁa@é] b BourdWhERAMURA 'ﬂn}?ﬁdfé' 15 £AdiF&Mo pH

dehydr at i hosphat
gl wcaatcwﬁwdv?p@ gﬁwrag%ﬁ? R r g e Thp dsird
pilaemm oe oble asklyoghulized s yiFEAnond A yilate SIE G2 mswndspro in a
%l%gmg%ﬁl%'té B59.€ TRE RleMt ﬁ%t}nﬂe%ﬂﬂ}m@i %ﬁ@l@mﬁ SEC,

P EAPHIRTISG ThY wlif L Pk afthe}d RO A U ot S dr B aBact by
|t11rr: arfagintegrabonpl of fre@arabginend Bl chajn relebs:bd aC@brethe trd@86nt 0P Ghe
%gsﬁﬁln%%&gué’a@wmr%@ogaé%;aﬂﬁ) B%lghn?é( hﬁﬁ?ﬂcﬁf&n@é €r CEP) The ratio

fog m%%o}{lgé é%]ﬁ@.ﬂ%l hrs%froglrﬁtg?ngl?lpso e Brioauct %s%b%%men otJ monohPeEGylated
land (215 GdRe GReTRY. TER)reattibih pld igovc@asthe fityepedifierat HPEGRlagsun.

%st&?ﬁl&%&%§ﬁ&méggﬁ@% about 12, compound (11) becomes the major product.

Sl e o B
Iwefgh2 B, By tOR, KEIR) (» 3 dbloutot50), dhehytly (¥ H)Fe (12) is about 85:15.

( hyd r @F%ﬁ' P%G %(ﬁ(?nolﬁaecﬁ@ﬁ AL 8 VAR bidb Bl Ai¥dtd PMIal ﬂ&l%ffered

@WOHUOI‘W&& w&&ialai ét%ﬁ%fdﬁw%wna%%brw%ﬁl Owﬁmon of
ANOVQH.| Wher{ ddndudtgd ihalnbowhetferby aqueous solution using mPEG-NPC
lﬁhvc‘l(lé\laﬂ\léxgkdgé %’Ie@ﬁ’ﬁﬂ @Eﬂgﬁ‘t@f BRSJYH RO SR {h@ f—IQS %Zﬂ-lta[[ﬂ-ed at about

tu e.
@F%Hpﬁp&? &ﬁy&twﬁ rﬁaﬁ%onsttr WSﬁ@clwét@f).aa %&1%%0 o sbout 82:8.
rPoeferplolly arompoadiu@ 1 swillHaee » eabt range from tabwwe 40@® about 1000. More
@9&&9&9 r @%@?Wwﬁl%@%ﬁﬂnﬂé B3 84:6m bout 2Mo o.about 750, Even

tur e residue was trit r at ed OAC
(e H@?@rabiyef?ra%wng (43 wﬂé Beddp freraies r%%b@uff 190tte %t 530.
afvEn moct iréferabliyl tongtoendrdd) edheent vhibedt 400de abmmﬁl(ﬂﬁ: dtyen more
@E&é%l& ecom-lp_&?ndr(? f)' \%ﬂ%aw@;’? 0%5%5 ahd 5%9{12%0 C‘i?ésggr(e%%ﬁ)%/,

% Et OAc/ hexanes dgradient to give pure pr

r?@ljﬂp%lél (Rxeilpavegrotgpeide?- 182 (102 ng). 1H NWVR
confirmed that the product 2 is a single isonmer of the
requi red conpound. Stereochem stry is not determ ned.
To a stirred solution of phosphite (30 g, 0.09 mmol)
in dichloronethane ( 1 nmL) was added a 77% m CPBA (26
ng, 0.1 13 nmol) at roomtenperature. After 5 mn, the
TLC indicated the conpletion of the reaction. The

sol vent was evaporated and the residue was

chr omat ogr aphed using a short silica gel (2 g) columm
with 70 - 100 % Et QAc/ hexanes gradient to give pure
product as a white solid (21 ng). 1H NMR i ndi cat ed
that the product (1) is a mxture of isoners
designated as | a and Ib. Data for la: 3 1P NWR (162
MHz, CD30OD): d -1.54 (mnor diasteroner), - 2.30

(maj or diasteromer).; 1 NWR (400 WMHz, CD3CD): d
7.60-7.58 (m IH, 6.36 (d, J=20.8Hz, IH), 5.76 (d,
J=8.0Hz, IH), 4.787-4.484 (m 4H), 3.85 (d, J=12Hz,
3H), 1.44 (d, J=22.0Hz, 3H); M5 (ESI) mz 337 (MtH) +.
Data for Ib 31P NI\/R (162 I\/Hz CDClS+DI\/SO) d -3.82

P e
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experinment, 0.3 nmol) in dichloronmethane (3 nL) was
added a 77 % m CPBA (78 ng, 0.35 mmol) at room

W@ eotpasaesire. After 5min, the solvent was evapRCHUSM09/046704

and the residue was chromat ographed (Anal ogi x, SF10-8
g colum) using 0-2.5 % MeOHZCH O 2 gradient to give
pure product as a white solid (23 ng, 18.6%two
steps). Data for 3 : 31P NWR (162 MHz, CDC 3) : d
-1.26, -3.58; 1H NMR (400 M- CDAl 3) : d 7.45 and
7.44 (two s, IH), 5.45 (d, J=20Hz, IH), 4.89-4.41 (m
10H), 3.93 (app. t, J=I 3.04z, 3H), 2.49 (bs, 2H),
1.39 (overlapping d, J=22.4Hz, 3H); M5 (ESI) mz 4 15
( M+H) +_Prepar atii on of @

Z-Mﬂif%k(gf —6R TR &R~ f | Uor 0- 2- met hoxy- 7- et hyl
-2- ox@-tetrahydro-2 |

|5-furo[ 3,2-d][I, 3, 2] ipoxanhosohini frs@1inl )sp9b+ pur i n- 6-
ol (4) To a stirred solution of
2-am no-9- ((2R, 3R 4R, 5R) - 3-f | uor o- 4- hydr oxy- 5-

(hgdr oxymnet hyl ) - 3- net hyl t et r ahydr of uran-2-yl )-9H purin
-d1é1 (116 ng, 0.33 mml, 1.0 equiv) in dry pyridine
(1.65 rnL) was addedoa 0.45M sol ution of tetrazole in
acetomitriley(1.8 nLjj 0.85 mml, 2.5 equiv) followed
by QWijﬁ%@y a IHo) met hyl phosphite ( 114 mi,
0. 396 ol , 1.2 uj rqQom tenperature. After
stirring the m x$ r’%yé\{(aatrl%hoaﬁf nesﬁlglglﬁéstpﬂ?e for 2h, TLC

i ndi cated the di sappearance of starting nmaterial and a
non- pol ar product. The reaction m xture was
concentrat ed under reduced pressure at room
tefpPrature and the residue was triturated with Et OAc
(5 nm). Tetrazole salts precipitated were filtered off
and the filtrate was gpncentrated under reduced
pressur The above rdki due was redissolved in

di chi%rlonet hank, i n @ chT¥#onet hane (3 L) and was
added a 77% m CPB ..395 l,,. 1.2 equiv) at
roon1tenperature.ﬁ)‘%%%[ hﬁgﬁ?Pngggggfé%ted t he

conpl etion of the reaction. The sol vent was evapor at ed
and the residue was chromat ographed using a short
silica gel colum to give pure product as a white
sol@#) (3.4 my, 9% overall yield, 2 steps). Data for 4
: 31P NMR (162 MHz, CD3QD): ldysB2.83B;(edddoNYRIns406 Mz,
CD30D): d 9.03 (s, 2H), 7.81 (

s, | ,
J=20.4Hz, IH, 4. 66&{(’ 3=9. 3 .1@, | Hy, 4.62-4.54
(mo2f 4029425 (L 14, 562 ad VBFE0 3~ 0
3. 37 (qui ntet, J-6.4H \'2H), 1‘. 22 (d, W=6.4HzS 3H) “"MS
(ESI) 'mz 376 (MtH) +. F‘re aratl on of

4- Ami no- | - (( 2R, 4aR, 6R PR2PARYIGYA uor o- 2- net hoxy- 7- net
hyl - 2-oxo-tetrahydro-2

| 5-furo[ 3,2-d][I, 3, 2] di oxaphosphi nin-6-yl)-1H pyrim di
n-2- one (5)To a stirred solution of

Zxamphed: |[Ir (Vi2dRRB8ERpAR AARhB- f | uor o- 4- hydr oxy- 5-

(hydr xaeaRk By 3s AR Y hdrBlmadyidp P&H&ﬁﬁh@s‘dﬁ%@drﬂdﬂl 1By

sy PN frecrelniEaharesings g il ebpror 018 or
thetam K@ -¢ récaptac@i @il R). | Biedig@ dffmities SreSletrmingd Rorb aequpatitive
Trolid-AWed ok a%éaP"uNiig LRIRR hRRY] REANanTBE-PYHRABS RV £4)-

1. . 6 1.2 equl v bs. J.00 nper a e.

kel Cpp @/nggﬁ? S 6%%@%@?&5%@@8@ bfr000
Tl@maeidi Brtaedy mas perérnedgithatS@Ai radth@inding PVANPIPeteared Type A
product. The reaction m xture was concentrated under
reduced pressure at roomtenperature and the residue
was triturated with EtOAc (25 nlL). Tetrazole salts
precipitated were filtered off and the filtrate was
concentrated under reduced pressure. Colum

chr omat ogr aphy of the crude conpound (SF25-40g,

Anal ogi x 0-20% MeOH/ CH 2C 2 gradient, 1h) gave pure
product as a white powder (334 ng, 27 %yield). To a

A ~r-

6.17 (d,
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The preferred approach becane the S y2 type reaction
usi ng a hal o-sugar and a salt of the purine base.

wogaons2iehe chal |l enge of this approach was how@DUS2009/046704

obtain an e hal o-sugar stereospecifically in high
yield to take advantage the inversion of configuration
expected with S 2 type reactions. A typical nethod
treats an anomeric m xture of the 1-O acetate of a
sugar with HO or HBr in acetl-c acid. However, this

met hod resulted in production of unfavorable anoneric
niheetigess agdRetdire bawgled IS Al bredso i A(assay. buffii (66 mM ARFE-HOBwH

Q)53 180 mRﬁldaClN) 1% BR A ) vidslWedBPAT Rh&$it grepatatibng. athrle- fbfld serial

fi.cat
iR OEr b B0 S Zp e PR B bPRRILONER 2
anereniEze sottoo(Teormnapdizdsled toXtwitll whige, clamopgtomahictopiates

I(@sﬁlﬁrg/do%)ar)muﬁa CRinRR (BEKEaE r;%ﬁre&l) fl(éamh%ﬁiﬁeﬁ@hlbﬂﬂé’ssand

RpATFoleil wlit 5%%%%5&5@5@%%@]8%@ R G

swiubationrat room tepashtyreatho mslidagegtyna détermonwe udisg t iMicdbdta Trilux
e@rﬁrﬂhdul@ﬁ bsiRtdrNURRbMEN nSulRURProdsd Qhe%urarmt NRRRLREd 1n§leach
%}215& Pa{s oéﬁ V@LAI@I Q%r\/vkgﬁﬁf‘olfrsﬁ%éé&%ﬁve?o e on%‘?& LAImREq

f@ﬁo{:paralﬁbtbnlroglnm aorlinchn regrghicaranglysip Mﬁ@tmyswnwrtt I(rKl) is
Naiefh Rl BSHGR msrﬂvqpae bANEPLp A REMGRF0ARI = YR ASHERS whe: D

t er eospeci uantjitative
e FeERREh bR usa oAy AP R4S on
cquibriino hmdine rEinity icehtanhef thelradglijkndrdetrosined from witdeation
%hﬁ@g am?mr@rd foP hACAIIIEGRY RqS 0 ASDRG o TRV WepEQIv Wﬁﬂle

enera om nat.i o CcO n of
LT I R AN RN o BoLagh
(AGBrag} (id+ &7 +Hadz .kat) ald, thaGambed of iGhapamdentlGHSimetts (1) is
%ﬁea%nhan Wodletioh her, GaRR ntoiegrlb%loglf w1ﬂ§1‘e§1ﬁcﬂ'¥§thﬁﬁﬁ!n§f¢ﬁ: 1, n is two.

vent mai nt ai n
R A S AN M L
whemnpletl hevadegionetticonhdap Kidesstran BanMoinweshIB ogali rerastaly alascribed
%QOV%’ cdnﬁboﬁn(}’ i(ﬁhppr%ar&irtﬁﬁ‘l%qnea{rm& NPAL r%P«Ellg a(ﬁaﬁ&ﬁge molecular

eI|ev t hat ere are literature. prec

Qe P bﬁtj ‘&Oﬂit% FERROMNG, a%?f@?ﬁé wneines 1?55‘5 &ﬁ% hirdng an
raeaegd rovledwqp eveighnof dbeunt 40rkdet canglounb B¥eMatpaomd waag biftnabted
%K@Mﬁd aqlfa@eﬂageorrbreahar%gm gedbotddridL Eiound o)

eraturg condi tions, such as, m)st p{efer bl y

P%’é)e 2102 B3RP RG-YiRd: euing ap awcige srpieylenteight qf&bout%ba
sbinpaad 9&d) pm)as:d mmnghnqaos@iEﬁl-MAM}taemg tah evergpemhad¢autan weight
tOIP chfu?@(ﬁdbap reln &ﬁﬂ@uﬁ@§ b?% Jﬂéfe'd% Blg ﬂﬂeaﬂnPﬁE AL havmg an

r onosu su c t hr oug

s'wrrr%,eam%eruler rrlglrté?tf ?@E Do |I%Wﬁ%‘%ﬂ@éP5FB§r®w%Siaws §Prnpeald

@¢d) praphed briogbsaagaPEGtMAS. pvag thih eadrdge nstlainlae weigktofabout 40

r L

FORfA! oL, PE?RE%%E%%?S oF e t?%‘ﬁ%*é@?o%‘ﬁ”% 4133y BleRAhfka.s
5 S Egopsmnedi ) rzeyethrlér n%f%ﬂﬂaqnéﬂx SIFTOpIGUp BWﬁ]@ted

tnlnselug Bspes pldodyuy ganeraed wplidsogbadet Rrandé 2 Being alisedar alPEG-NPC of

(elt@!'r I40 f())aBr 2 180%%9 gﬁ/n%lcllﬁgaplﬁ 10E ﬂfaﬁ%@ ]pﬁ/fjlnttﬁ‘eehIR

ronosu ot assi um sa
OHdgIegs Y Fﬁcﬁ‘ edp%rpr% enjthe lfIRmdarr&ﬁsswe%érdo%horr jipsglin lispro
Thea g@actricancahGalof 0221 .@72wié kt SEManbidenin thehjoFRatindiggassay

E@&rlg%aaﬁ)k#@ rdllWiiﬁle gﬁ)tr Iﬁ@nﬁglgedtcg ??%ntdg hﬁ\%@% ﬁltnEt B eQn % g1]3ater

rtra puritica
daan 7pinM mfruaﬁné%F Ur3s 2 eeranelionean ki okl >ét1 & WA& BV n-2).
isolated in 63%yield in aratio of 14: 1 blou The
/ 3-anoner (12) coul dbe selectively crystallized out
froma nmethanolic solution to give the pure desired b-
anomer (6) in 55%yield fromthe bronosugar (10). Wth
the key internediate 12 in hand, conversion to
unprotected 2-am no-6- substituted purines (e.g.,
13-16) was acconplished. Cyclic phosphate derivatives
(e.g., 17-19) _were prepared as descrrbed |n Can J.

A NN ~ - r—- o o
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IC
ware@snasitey, 6.01 (s, |H,

8.02 (m 4H, aromatic),

2H), 7.53-7.43 (m 4H,

H1), 5.28 (dd, |IH JPEBUR009/046704
5.6 Hz, H3), 4.88( IH HH4), 4.77 (dd, IH J =

3.2, 12.4 Hz, H5), 4.61 (dd, IH J = 4.0, 12.4 Hz,
H5), 1.73 (d 3H, J = 21.6 Hz, CH3) . Synthesis of

((2R, 3R, 4R, 5R) - 3- (benzoyl oxy) - 5- brono- 4-f | uor o- 4-

nmet hyl t et r ahydr of ur an- 2-yl ) i¥-hyl benzoate (10)

Anhydr ous di chl oronmet hane (5.6 L) was charged into a

r eact dhesadeta syt tdt RIS HRIE positipreBRreduces hiIR affinity by about 10-

To1uphsaay. ﬂa&,@w@ yRed(sB@Besb  thsulth TP WRlagh@sts BOHSHIR Orhe

I ent and the suspensi on £
PR CpRiln VRO SRRt PSP EP B s Braf R B Re LG i Propgics
gothischsfayrumdevalesadaddionp t he col d sol uti on and stirred
for 15 mins. Carbon tetrabrom de (278.2 g, 0.839 nol)

d whi | ' ini ng .t.h . .
BT o BR o At 3P o YRR 105B Lifio nsige g Insutin
RedeptoaPlidsphorytationtWhae ey dssayappr ox. 30 min). After

f I nis lirh@gE@mte@qghﬁﬂ @sg rd¥onfpBlidis of R pt QBN eHAhiEmMNAR:

aj.se 170 oM The reactio S
Rt b hBE b B T Mo T S 03
(fh))ron@trR&Sfl;aacmenﬂiod azﬁleEtemallye(Rahmsﬁlmeﬂ) h @rmﬂn@QBHEK
%elhstavlep&pmm meedngt ek &@e@-ﬁa‘r %fert%mhae@aﬂaqﬁﬁ@d at 60 000

E]Fs/ Blné)glyﬁ[s ¥sg}?s(‘)oatee}-ﬁ@[}5‘a§qar osi§" ﬁ(? ﬁ} ésugé@ture plates 1n serum-

|fmd>dat(§1FM) pRyEad with 00dg futta apddreoBSei)| Thacojelultfré dlrtay re
licuBated dvelnigltat & ¥tlingl @3 Sndibeton eAntf-insuiél r.ece'ﬁttﬁ‘; Af-¢tHatir @B

concentrat ed. under reduced essur out
et coleenirated under, Leduced ressure. Lo 8 Bt bl o6-well
wasrofi@r flawstradedemainrgbtlatisy” ChHHMMR nlf @D@tl igyulid receﬁoBB chain
(n§Ab @lg S(')'(!)s MEA . 46?1 al. (B%chpm 9235*)1 99- 3- ' g}dﬁaﬁl\@&mmermall

RN N BT e
ehibvede. (MicanA81 lidaaptue nldtesaarcswwmﬂ foar gmadivieinf0 aMITREn pH
QfS 196 mPPA a(&wﬁrgd%f/?"gﬁ%gn {T@ﬁﬁmﬁoc@ﬁly%nboﬁﬁ%b §04._The

r non- pol ar. | rrp 9%

A e s s Pkt ER v P hoshaC i (6 BSK
iBsdu tftec biotlang ithegeabtuagilato mswaskedetwice ot B38BT totroméwegexcess
fHRACLIRRR. oﬁ@é‘tﬁ%&p‘iﬁé Qte%‘ﬁl%e Bl@d&%ff& Ql?éééﬁ%ult&é bR are

under vacu

denoyef fom ¢ ? ubawé ap ‘P%@l’%‘ﬁto(ri@? te@lpe@g% c”}l’lledeﬂﬁ@ﬂaﬁunds
Thheseablphdiluteslome ISF8. yB1 il ulaeditdphospharysatiah lof tho itsulomreodptor,
tSb‘rﬁL(HfIthe%{éd%sﬁHQégéQt leadcg% {he 'eelﬁﬁx&a@er “@ﬁ&%o%n&héfﬁ

hi n pl at es, (g Qéh beta i soner
feRIPeraiEy tfrerrswlan Hi S%{pa? bYoﬁ‘Sp‘é?tB‘ﬁéP GiteHeLRPHGY it
(addhng bainsamlednl2ik déysid msfer @ed We4(, ve0 mivhTRIS, gHVet, 300 mM NaCl,

fk%gﬂ’é ?émpl%@mvgrot%gsgl éﬁﬁd}!\@mé ﬁﬁﬂ&f QI{H A%M { S}Q(Qte)%ft r §b

ImputgsrlBMS}s ufferga;t?qno]rgg:m(pﬁﬁat e, n}) B0 uLyof I'lﬁS)lte 187traz31§fe{rﬁq6 tog q_plocked
angone platdcohBin(iog 304, oG Elhl))pluﬁ N)lﬁl-al(tdﬂhosﬁl’rdtyr.nd-BYm antibody,

%uﬁgl' ﬂYg? (P{emm %l é) Gackh Q%ﬁ‘n M&,g%oes 15@ IIMN aél 3nd

@é%ngc;n Thée rglxg_uge mcubatql togl b I)at rq@nbtgmp?ffltu? fpﬂlowed by 6
araolms )Wlth?fm té I&ﬁox(e nmb@imEua¥ 6AY 20 and. bD1ykatd 2 Flgwidg H,

?ﬁc‘ﬁ[ﬁt on @1% p(Lsof ﬂnléﬁt %nt?o '}Iug%g%rk(l;é %lme}gkgr ?@gﬁﬂu’tes‘%mﬁis

Qﬁerlqﬁt)tent g_ha];iglg(aatheglgppl 1@.@)3 Opg&, n l}qé)gp%)h@ﬁ/lated insulin receptor is
(O 2Rt34d bRgHRY alBrc (W etoz oy gORiyne RésdlVelelinarefpehq@duropdum settings.
nmet hyl t et r ahydr of uran- 2-yl ) net hyl benzoate (11) To a
solution of compound 8 (1 g, 2.67 nmol),

tri phenyl phosphine (700 ng, 2.67 mmol), and i m dazole
(180 ng, 2.67 mmol) in anhydrous CH2Cl 2 (10 nli) i odi ne
(680 ng, 2.68 mml) was added. The resulting mxture
was stirred for 30 mn and poured into a silica ge
colunn and eluted mnth EtCﬁc hexanes ( 1 4) to glve a

L

1H-NWR (CDO 3) d = 8. 13-
7.78-7.50 (m aromat
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The three solids were judged to be of simlar purity
and they were conbined to give 13 1.2 g of white

w@eoapst1sd1k8 ne product 12, (55% from bronosugar , P@BDYST00W0M6704

lactol). M 160.5-162.0C. HPLC purity 99.5% i ncl udi ng
0.20 % al pha. 1H-NWR (pure /3-anomer, CDC3) : d =

8.03 (m 2 H arom), 7.93 (m 2 H arom), 7.88 (s, 1

H C8-H, 7.60(m 1 H arom), 7.50 (m 1H, arom),
7.44 (m 2 H, arom), 7.33 (33- 2 H, arom), 6.44 (dd,

1H, d'-H), 6.12 (d, 1H, C3'-H), 5.35 (s, 2 H NH2),
Fhophorythtion lemel iQHIcuAYd as4, 78 6f thayesponse f€4' mamally s§Gulating
(ddﬁi:. of 1-ns’ﬁl1n 0 ‘nm) Th@-pé’t&m(é@ of t'-ﬁe Hlsuﬁ;k@alo l Lﬂ'eNMgul@ted as the EC50

égseljbsmgél falir p(aFﬁ)mefr gt O%[E%%‘?Sf resgo%% ?]%ﬁ]}%itﬁfi 111§P18hl]15}3r0 cf)ng)gunds
(pnqpaﬂ;laHas éqsgmheﬁ n Exashg)le( hrhaving-in l“a@f@mt)less tHhag 95 oM in ZheHssay
@Eﬁ'ﬁ’bad in®Ex3m le@df Jinchudd IO}fé)pTe'ﬁ)ired ﬁsﬂga (ﬂiléir m:PHG AT Hding an

FoapsegnoigSiiveit O Do tabhnase! v o ke CppL
hawBg frlaveBgkimolie@lnr weigytrof hleit 40 kiPa, 9(a) prepared using a linear mPEG-
(2R, BRifRa>Rkra g ﬁ%re@ﬂhmelgu%h qups@kbp \Whd 9(1,9 pibdredasing a

ben I or -4-met h ro - 3-
§wneaa§ﬁ¥6§@é‘\"ﬁaﬂ DS S S O
cloyrpberhid Bxaihils @, eagmpoBn@Bappropared mslr@ﬂrxaarobléEﬁM@L bds. 28 EC50
) 0. ¥eRe. added RRhassd th@ﬁlsﬁlnﬂfsp?oﬂﬁochﬁ%%eﬁer&te@% d&scribed in

Trgaads! g sl CaRyEy b et TR REY gl gfgbout 40,

rrboutt 30 .eorabait 30 kPa eldo have®0 EL40Cf Iess thars BalM din thabssay described in
dayspRAd ACQNSEMHIr30ed ﬂthuY@&%@mﬁI)ﬁn@rS(ﬂ%ﬂaﬁld Iuglﬁ% b @flcar

X
T AT b 3 bt e el RO S S ppapad 960
ooapped neing 2 lii@0 mivg G-NM3%) haamg an wixirege rienular @ycrghh@“subsutdﬂ kDa
(al%ghg% aﬁ%&@o’f@sg il fﬂq 1@111(&%%5% ‘aes%ﬁf)&uiﬁ 'EQaI% ¥ |4) Tifthe same

REp b 04 il i ﬁ{m&a'@f %o Sad t"ﬁ\@ﬁesafctwely

conpo ﬂihejdalalsl(oﬂy tBat @EGY1a6i8g powition B8 reduvet IR Gk vigrbQctitily by
%&1‘[ 3098950 Mﬁﬁlﬁ?ﬂhgsequdyﬁ‘ﬁe&ﬁﬁl@in (lll-prgz &ies %fe%a%mms)of hiIR.

I ent "tenperature. S
H:nhﬁtp E%ﬁa%ﬁéén%‘t"il f?PéHSHﬁB‘FS EHPY %%@H{ap[ﬁggﬁ ]ﬁb E%o
Phepertesi due was purified by silica gel colum
chrorrat ography (hexanes: EtOAc = 2:1) to give conpound
(n% 1@1 o‘flﬁn %Wo&e‘zﬁ n&QﬁW’PhMcHEﬁkﬁc Pf'oﬁl S of
R, 3R, 4R 5 3

purin-9

2
&)&Q?’l ed EWBP W“Mé‘t ZhW')MQdﬂé’lf IWP%/EPF% dr of ur an- 3 oI
(13) Ten-ave@5@d malediiarlan SpradudDewioyreds fHaalsk Tndignapbia) g&8EH280g

Gog§r %B ﬁ‘tRar'é &seﬁ n(tlzavenously 1nt0 thelr tall ein with 45 mg/k stre tozocotin

g H purin- Y)enz yl oxy 8 -1
|<%T%>dn 93 M&lm ﬁcg{ PHHyY ﬂg?qﬁ%{hp@ow S%%h%at &t ti-a Start ?f e
gtud{ dnizBlsrmadoyted AnhgrduslascaawnbadwoiveigBGintbloodghicad ©aly
?ﬁ%ﬂa?s \WEH ﬁlgoé%ﬁ&%‘@ﬁét&@en% IF;Sng ar ncﬁlggﬁ 1nQ§é)4t\g(§r' QR the

S, odi oxi d 0
RASPINE “ddcﬂ‘:f’é'c{ﬂn\‘}?%{s Keeiyge %9%1? ﬂ&’émﬁ?ﬁ?@? inecipn 9%5%‘ﬁst
abmp&mﬁet ene Asavid prealecudined daset.i Remioticxity deplisats blood samples

fr&glttﬁ}ertaff véin Qn@&oll@%&? 1n#dqt'ﬁbésec%ﬁtfa nﬂf}, d%ﬁluﬁpﬂﬂjfgt Blood

ostartln nateri a as S
H’éosrﬁ Ieyelirage Wﬁassu’é?éd‘fl@d‘ gsrAetes Aol %Séﬁﬁse?%]ﬁ?}% r%}ﬁahe vein
&t sahplgdnb y cadalbiciatin acfilable agiishliacdioirmmasdiaskag & uskd to

S i 1
’%et\éﬂﬁﬁ@ he ?’év’eg E@L@&%r?(??@gﬁneﬁg\ggyﬁné Yo a&éattﬁud%r 6he ‘cué}/e for
biqof ghpcgs Ovalhteﬂ B Hrealgulptsd dorypadsiadivipyal apinal alilfgls used
was |oaded in line with a silica gel cartridge and
separated via columm chromat ography using a gradi ent

of methanol in dichloronethane O to 15% MeOH. The

product eluted out at 12% net hanol i n dichl oronet hane.
The product containing fracti ons were comnbi ned,
concentrated under reduced pressure and dried under
vacuun1(0 2 nn#g 50C 24 h) to a mhlte pomder SO|Id

~NNn 7 o A NSNS NN NN [ P —



10

15

20

25

30

35

dri ed over Na2SO4. The suspension was filtered and the
filtrate was concentrated under reduced pressure to an

W@2009/158288 due. This was purified by col um PCT/US2009/046704

chr omat ogr aphy (Anal ogi x, 0 to 8% gradient of MeCH in
DCVM . The product eluted at 4% MeOH in DCM The

product containing fractions were conbi ned,

concentrat ed under reduced pressure and dried (50C,

0.2 nmHg, 17 h) to a white fdmsolid (4.57 g, 11.7

mol , 77.2% . 1H NWR (DVMSCW6) d = 8.18 (s, 1H, 8-H),
Torsglor-mranigigr 10gific regremorlto deferg@acth@ADHOn In3hipfassay, compound
@(@@éﬁhred@mﬁ a(lﬁear &P@G Mhavﬁﬁ @R a((éila chiblecdlar Wlehght& aBdut 40

2
%ﬁa qgﬂpalﬁ )[fgpa(%lt 1n:g|_a| hn& avgn%az) a(\/ﬁﬁagezmpﬁecdlar
@zb‘lg.hHo&rbgut@' IDdajnd c@meur@l %Hb) I(rmare_‘dl-msm@@lmeemm)PEq MOYL having
(ag aRve3 \md¥ecutar Qﬁt ofﬁlﬁﬂﬁt@@m h@ff a potency (EDSO) of 241, 138, falncll,l 69
GPOVEE TR Dby R TSR e s PR PRl b o
(coBpounds wes@Dlertd logfer blogd glocayd ihBE4-trratetl fafsde k langlghat is normal
lipagledafnld ratsl(]l 00 mgAf: &%em Ifdr-at I%EH%BQ BQLH§ wﬁﬁ%@in@fe%ubcutaneous

et hang 65%62%&“03}&23%‘? dij gr? tdfnﬁ 8%&@%@ ﬁlg{% ucro(s)eufsor 5-6

élDuns niedic ab e hesay eith at56¥ s@olindkanglnddse.ogen for 5.5 h.

Al t heaRitRhEd Mesﬁﬁ&rﬁ%fﬁﬂar&%d%ﬁﬁ@ﬁﬁ%é&rtsttﬂ@fneiﬂ me by
omte

Qh%&‘ﬁﬁ“&ftlﬁ,ggralﬁlﬁe{ \éarhéea ltbla{s for-l-tﬁg Cf)]i‘np?l.‘.ngf are,dete 1necf us1ng the
nigpticat tiledd aipple a8l rmaonkinefic gdrametals amoetcupted obidg (R IS2

glidebald&m?etmg WAL PR efﬂh@@@lﬁﬁnglﬁgﬁﬁa‘%@klﬁ&esp%%eter values
e reS[J due was dj ssaql Vedﬂ’n nmet h V&ﬁlg and m xe

§ QY Bpligetrity asyiginggion offlgsey Thepangg ’E‘}POIE‘?AL?é?ge%’PB‘LWct
ghamecokimtic ge;tiammgvatlmea gsiceatebtyeenaln: leghpttydosatetted hgé

e%l/ﬁg)%a%%ésha&eg% ﬁfﬂb#@j chr omat ogr aphy (Anal ogl X
220 ¢ radi en

to. a
pr od ugP‘Q?}WnT@ ctigye OTZEMRO i%‘g H?CNFﬁdélé‘lnga llfl%ar’ff? EG-
MABAa 689 an Acsige onttcviai vaglsof hiebundEkDsoldabted a fimee maximum
Q:Oﬂldéﬂﬂﬂat(oih@% Ne@tingfrddbi12 D, dfapphreainteardncd Sitcdo MK Fging

f | d third
Sopt AP BT 06y BNSFETIES: o b TRAS R Bk B 25
gy keantl ancliminaiophalf-lifedt of rpgingEP® St 3hibl eosi de. HPLC
purityyo haﬁﬁ%ﬂﬁl&lgt%sﬁé Yr cyﬂ' g‘\ﬁj}afed%m a‘ﬁngar

%%{l’dn T{:?\fe?ge %?)éegagr % t 0 gatﬁ& of 1%“0urs
IGL/6 rangmg fromy).8530.43 HEV ket ViFrran@ag fiopn 0.3 0 281/1%,8 ‘{nnth/z @nging
rﬁmpgtﬂgrlo nd C5'-Ha), 3.71-3.66 (m 1H C51- Hb), 1.36

( nt h'é“ ¢ ghagpac%Lmetlc 1>esults folr cgglpgun’d 9%a)Hp’repgf2ed_u9r_1g)a linear mPEG-
eM/%»Jz aeyigg # gveipee gwlcculaRy @ght pRabraRiQ D¢ indispied 2 Trp tranging-from
A2mathhy CLat ﬁaﬂ@ﬂ@fr@m 0.06-0.2 L/h/kg, a V/F ranging from 1.0-7.5 L/kg, andat,,
furo[3 2-d E 2]d| oxaphosphi ni n-6-yl)-9H purin-2-yla

gﬁJFRS% Brecursor to 17
( 2R, SWhéfR,lrﬁﬁl)n Esp(Qrs Aimihdy Gd@ainétdrell tonhalySFHurdtert @es\ak J64

nfdoWRE, @t 2-of about 1 h and a CL/F of about 1.2 L/h/kg is measured
hydrox msth | -4-met hyl -t etrahydro-furan-

(14, 40
ny, eﬁﬁﬁ}ﬂ}n der ssamiasly alindyiegYiogde E%Z .tr&?tﬁ%rafcset doses
rwrygl%tfr%wb% %ﬁéS naphder at i oéranging o . Ga. 1 dfangd a48./pf about 0.8-

I acetonltrlle (5.5 nm, 2. 5 nnDI) was
1;%&@&%@%@% bis (N, hUllsopropyIa

net hy PHR#ss! %‘?%’ri”%ﬂ‘i“tsén %“9 Pharpacokinefics s ayparqiﬁ Elnfptigsiegveen
watsmértand emﬂn[ﬂztry anbiyrnt itsalip&spad cerepduads dkd diffiferehhdepending on
sol vent was concentrated under reduced pressure and

the residue was triturated with ethyl acetate (20 ni).
The resulting precipitant of salts was renoved by
filtration and the filtrate was concentrated under
reduced pressure. The residue was purified by silica

gel colum chromat ography using a gradi ent of ethyl
acetate |n hexanes (40 8096 The product contalnlng

L, o o o o oy o, a o
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acetonitrile (2.55 nL) was added foll owed by bis
(N, Ndi i sopropyl am no) i spropyl phosphorani dite (0.16

worg090s3%8 mmol, 1.2 eq). The mixture was al | owedI/U82009/046704

sl ow y warmto ambi ent tenperature over 3 h. TLC

i ndicated a conplete reaction. The reaction was
guenched upon the addition of water (0.1 nlL). The
reaction solution was concentrated under reduced
pressure andthen the residue3snas triturated with ethyl
acetate (5 nL). The resulting white precipitate was
tleedpyeube yorfthd deteamingfiora nidowdyer, thielstudzes desgribed in Example 5

GRAGEhikedpIHRAeG ﬁ&i&ﬁﬁﬁnﬁ%&%%%ﬁwn—&@@onﬁ téli%d 28 or 40 kDa

h t
SR e £ C%%h@ldg <P ol SRt ﬁet?mﬁﬁfp%%‘fz' "
hydicabdrbeuc e (70% in water, 0.19 nlL) for 5 h at
arrbl ent tenperature. TLC indicated a conplete

t I trat d
b Sy PP B AT ERE R R
ﬁiaumemmcsalhltlfa@ylapﬂynqunn dibpryi in a Rt lh@t)da:l ofi Exe@rRiabéte)
to g%rhé’ ubdd ac;;ﬁﬂ 8%& ASH@Y RANBUS kbl%ﬁea@@g(e}é@b)
S | S
1515 SERRACLS; bt TSR Bl
rlledcu@e af prhedsemgot @Bahort 8 7gwiol/dg of algirewr@usmg adfeganEG-
diLRE %@D&%ﬂﬂvefa@@%le@ﬁ% M%%R%f 200 40 92 §e11€r Mleé 4% ollected

Oﬁ—ﬁ ar c& 1n?tlfsan8 fpﬂrma%OdT?a(Tla chagagcteélfatﬂ)nHzA sqlglﬁ su%cutaneous
41d17ii31-lsdlra6<2ﬁ ¢frhl 7 akpl/kglofPha) pogpadedusing @ lingar niPH)G-MA 2avingih
(a%raée"l')ldeclcﬂﬁ Yeicht SFabomR 40K to RO e/l rats R 2ss8cibied w1th

%stlc%m 1%amgugps%zowei1pé %@ﬁ E&%neb‘ir at%ﬁ@@f nEfi1 ags (I@atwe

tspladdtl;, p®.063 Conpaifl 9(ad pRPpargd psidg =liRar @PEE;MAH)having an
%,Vgl'é' 'eqnagcuﬁdpwe ®f a‘ﬂ)oétQO(léba e%ﬁosﬁre‘ks 'eﬂ%o Vf%ﬁbable%vé%ééen?d?iys.
THL e

30(d J—3 Hz QE ,J-228
ﬁz&am:mﬂ mneml)esermtzve@zatmn[m q=|}32-8(92mé\1sw)ueflumel§pr0,
fidsulii Gispranor d Bidxtare(70¥PPES S} ensgelo ot %9 aink8in peo:30%
fol | owi ng conpaunds were prepare Has on the
bﬂ‘%&‘%‘ﬁ?ré‘%ﬂkfn&é?‘i“ﬁ‘éﬁ‘eﬁ%lr‘&ﬂf? reseafipPierohal 1988s pr epar ed
by catal ytic hydrogenatl on of Exanple 44 and in a
si m | aREGyay %p 5) maslnplslﬁpar ﬁl@ulfﬂlismoﬁxaiﬁml'&d418a

e 3‘9“%52 0 Bl RIRRTR PR, Py

ﬁ@lﬁcekﬁﬁ%\m foreptbergaotaindt r4iagintle asgd en pmm @@éPnPE@{EA D

|(M§Hl—L IJT‘)S 1@&1\%’%'\(@159 1sQﬁs§§l%H wi tﬁ“l’ﬁﬁt $Qhedr €l ﬁ%ﬁﬁlg a
| el d of di abetes. | cu ar t he
SWG]éFﬂ g Pl okt g C%@E}ir%{toéﬁ 1 %@pya%of the cobalt stock

so]np@u(ﬁd st dea¢ndargarphinghd prosol aob&eatramrmh) raaddedan OeXxh e pebedin
eaa]]gmnl cmha%g hﬁﬂ ma@raﬁsw&fﬂﬁu o B mxﬁlﬂﬁ&gma%gbr ual to 4. To

no ecu es, arnmaceuti ca OSI I ons cont ni ng

arlcin eé%er%ﬂ% disPORENS el F®313§%0f61f13%‘151611?618%§}ﬁs WGWdEOHItPFFd at
ofdem a dunadén efphemdic pedserghtreenhantrativau Spevificeiy, acen®@ntrated
ﬁaﬁﬁ{o@?&utioﬁ’l @' %§4 912 gsdmfa%dn% Ald 1%15 oﬁﬁro&h@@@dt%nﬂﬁng ﬁﬁébm};

tern o enous I nsull n.secretion I n norm
aHaWﬁ ey hat therﬁealda ume apthe spgpidhs dsatiogdpgniit pxseed 0.84 mL.
IThs tihalofutioic ks yatr@sfoan chidmombd 26 epanatagidr ¢aok eliquaoof phenol and
RS ﬁle slts rgw th%%ﬁ 0 4 L%al&t&%g)e mwéﬁ@ 31110 U GoRbance

|nsu l'ucose
%7& i CP‘hVé’“%@tm%leeéP’b‘ttiOG §o53Heien b e/ P a

$b§irlaamt‘1@bt§/ taerBlisit’-cobrdinmasd|cbbultmoliegutatratidiepat thehexamerlc

gl ucose output for maintaining optimal fasting bl ood

gl ucose. Accordingly, effective insulin therapy for

di abetics generally invol ves the conbi ned use of two

types of exogenous insulin fornulations: a

rapi d-acting, nealtine insulin provided by bol us

injections, and a |onger-acting insulin, admnistered

by |nject|on once or tmnce dally to control bIood

o o s 1. . o s
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suited for basal insulin replacement reginens. In
particul ar, soluble basal insulins that are m xable

wowraok/ifieghdi al i nsulin formul ati ons, have ext ePciBUS2009/046704

time-action profiles (i.e., able to adequately contro

bl ood gl ucose |l evels with an once-daily or |ess

frequent injection), flatter activity, pharmacokinetic
profiles (i.e., lower "peak-to-trough" ratios),

reduced intra-patient variabid-ity (i.e., nore
predictable time-action profile translating into

edeit eohcentpitide mudipdied by pogayekm the birdylalge vat gmewg al miieties
AN Ain ARSSEE coMIiBEEI QD EVal@t mbfal oAd. | IR 1RIpréRtoN BOTD/30

[ [ ort re whe di
LSRNy oon M RECL DS M1, Yl

sl b s pae, thmrghm ipBisyhech phdthen gibglt o a)dd@tbfdlv‘a@d Ipetgration with
@ﬁgﬁmggmaggyk@ted insulin I|spro conpounds t hat have

t her apeut i c ctive bas nsul .ac
ot cabe ot B AR r e pin® R nofics By b gving o
phyigproB Yk ceazlersgi-hs camgired toawidd-tyipg ivhen wilin. Bhikeversal leads to a

%&mﬁﬁm%ngmﬁ PR radieahmamev bf e fs%wlt@& bt@fg@ally_ﬁhﬁers the ability
rov, or

InV ntion
‘Hﬂ oYt San i B N B Ty BB Bl ugprsant i
ttecabfy a fakter fi 300 As ¢anpated VSAt-hthIOIﬁ Wdﬂ typedwimam insulspride results,
(sEiEz@ inrable1, ﬁbllpatBthaSPE(hz% BB(Z I, 40 Lol (7 63/ nlﬁwhlnﬂlsﬂ)no&pl{ Qurprisingly

PR il Pl bri s S T2 e et o
andiphvneheprsenhevéammhgoB taf@mplaopeconditonossd lin HiusalogRidn

RpitSofahd @efecd cﬁ" 'six%rklﬂ' ﬁ]ﬁ?ﬁlbﬁétl&rcohﬁlgét&ﬁﬁé& dthe ﬁlr@ad? weakened,
coval ent. bon

va %1 P a- an1 L h &[C|ne
A58 Mldgype “th{lsulﬂfhé‘ I’éﬁfﬁﬁ%o %p AHYP" gYPre-petoreover
pRSRysEeH Pﬁ@%@kw& boisor* b saf DB lndksprpr@éd Byelin RoAion o

Qb RUR AL tﬁchﬁnﬁty & fofn ‘ﬁ&xaﬁ%ﬁb bd el WictBu B-(l;}?thg hEp&Ation of
invention als

€s. C OSItI
SRS R S RO STy RBE T i acting
¢ompounds wherein greater than about 75% of the
PEGyl ated insulin lispro conmpounds in the conposition
arekﬁono PEGy| at ed conmpounds of Fornmula |I . The

Jﬁf invention-also nrnU|Hac rnnpnclflnnc

STt

CONPKdndi N8, RNO- PECWSQJ;HQQEGQM-BZB&WWH@Q)S ak,, For mul a
I ngqhﬁ m_greater than.a out 50% of the nong- PEGyI at ed

co ; insplin HepreonBosit SBH have a PEG coval W0 Nixture
atfached|either dirlectly or indirectly to th
epcﬁﬁon-aﬁinn grou %gf the lysine at positi 2)28 of
thayB-chdunl The prlesent invention al so provi des
pharmaceutical compositions conprising a PtLylateo
i NsQRin llispro of Fornula | and one or nore
ph ceutical | y aciceptabl e preservati ves, ton|C|ty
aga‘if?H 5?%L—LgnsT—QL—buLLeLsT—Ln—QeLLain ﬂzgod!nentc
of me |nggmtion phar maceuti cal conpositionsizs

CO[TPI T Si % a PEGytated insuttm tispro of Formola + and
onel-6r nmpPe7 phar macleifti cal |y acceptabl e preservatives,

i spt oni ci Y agent s, ﬂ@tal ions, or buffers f rEher
copprise E—LheLapeuLLgaLLy—eLLeGLLye—anDunL—éé—an——————

i nspthi n angd og. The present invention al so provides
nmefhods of treating hypergtycem a, diabetes et titus
or| hést atl B&hal di abet®es conpri sing admini sterd¥dg to a
patjent a erapeutjical ly effective anount gf a
phaLgageuéégaL—ggnpQg@LLQn_gganLsLng—a—EE£yLaLed——————
insulin lispro conmpound of the present invention. The
present invention also includes the use of a PEGyl ated
insulin lispro compound of the present invention for

t herapy. The present invention also includes the use

of a PEGylated insulin lispro conpound of the present
invention for the manufacture of a nedicanment for the
treatment of hypoglycem a, diabetes nellitus, or

gestati onal diabetes BRIEF DESCRIPTICN CF THE FIGURES
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"rapi d-acting"

"f ast - act

i nsu
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"rapi d-acting"
w0 poenshigghgeabl y herein.
anal og" produces a prandi al

The terns
are used

A "rapid-acting insu

gl ucose effect t

lin anal ogs.
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hat (a)

begi ns sooner after subcutaneous adm nistration than

human i nsulin,

and/

or (b) exhibits a shorter

dur ati on

of action than human insulin after subcutaneous

adm ni strati on.
i ncl ude "nononeric insulin anal ogs"

that are

Exenpl ary fa%¥t-acting insulin anal ogs

fasfgacti

gg4because

ol if

they are generally |ess
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Patent No. 5, 700, bbZ, 4
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p?g act
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acl 1
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c insulin analog in whi
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i3670n 29
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eh2swi {
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e,art
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od 1
Ht 00—

by various
l veR29Q

i gnations including, b
20 hinm rncrl

Wr4not

Lys8B88Pr ¢

O
O Yy S DZ Ol

nB29- hunman

I UI_)L\I ||U|||u.|| LELELE=A LI II,
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ra3shuman

i nsulin.
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ween cyste

Cross-Tinked™ means disu
i 98 residues. For instang

11 de bonds
e,

ex
roper |l
p ‘P'Fix

dl Dulll

%i pss- i nk

nad het

ween—the
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@

DN
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NQ 249 anc

>t Ween t he
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f
I
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*en the cys

rvot Al na At
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Q7
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D
P

Sipiilarly

CTriTe al

y\)
, pr oper
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t
a
n

11 _of CEF\IF\I\I('
=

HUOI |BN VAN L Ul NG

lggocr oss- | i nked insulin |

V.

i spro

coffpound
cys

1% ne | 865

talns 4
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disult1de bond between t
P4 of SEOID NO 1 and t

he
he

cys

£ ne

at pOSItIO
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N4 Of SEQ ID NO 3, bet
O

7

WB%B t he

1
o1 II\,
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H
PUQI L9}

886 positio
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1
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a

C
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’ine at pos
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Itron 6o or SEQ IU NO
n 11 of SEQID NO 3.
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herfa

B&Q conjug
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+ naorl

eggylated

in\)ullll I

roenr A"
—SPT O |\.|
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H

N o
mour it £=J

hi
e Ss—to—hRdhah

derivative thereof covalently attached to at
Rxe@mpis: p@ﬁ:ﬂﬁﬁﬁbﬂl@exlaﬂﬁtﬂc Srataet PE/G; )5) 4B28}54 ygAl n}?)-lnsulm

Tt it i Zine Bverth andf

|nsuI|n
l‘“’Pnsulln ac

LI/ T

| east one

I Spro
tivity"

with respect to a PEGylated insulin |ispro conpound of

t hepr egeffendiddy @Rt120 alSinluld @M%sto@ iR anki REmaRihiid dhalogs

o Fonah By i o0 dseais et et PBles s rgtutith die abiliy t

ﬂmnmumuﬂg$MbuﬂlmmhnhummnedwmuﬁmmhefaanahmmndnhSZﬁ?orCOH)
EM@EM%OE@HB&%@@V% 9&%@ﬁﬁ§§c@§ﬁ EMQ§Qm9ﬁhﬁﬁhoﬁAgﬁgﬂw

respectivel nsuj I n

é@WFWF? ygﬁ%@ﬁﬁ%@g?H@EﬁﬂﬁﬁW?émﬁ*“ﬁkﬁﬁggﬁg¥éﬂn?ﬁ§ul|n

100" P At oBet oy 0 rRAER A PPATBRIRTRE o fRX bRl

100 a perio
rp@ngakga%jsqgm)/@bg gt}) itkuli® ugpso tvﬂthai stdrﬁ@gslsro@bmé)hce%ﬁath&%%d on

2{%% 8 6S I nlg ﬁlgﬁﬁpnoﬁ%ﬁ g %E%C Fafg d]ilsu 116 ﬁSPf%E@Jugate%n]? at

refers to a polyalkylene gl ycol conpound or derivative
thereof, with or without coupling agents or
derivatization wth coupling or activating noieties.
Inits typical form PEGis a |linear polynmer with

term nal hydroxyl groups and has the formula HO CH
2CH2- (CH 2CH20) CH2CH2- OH. The nunber of repeating
subunlts e |n the PEG |s apprOX|nated for the
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1.05. Wth respect to the PEGylated insulin lispro
conpounds of the present invention the PEG coval ently

wa@eaaasme8 to an insulin |ispro nol ecul e has a POI/E820H046704

wei ght in the range fromabout 17.5 kDa to about 40
kDa (n is in the range from about 400 to about 1000)
or the PEG has an average nol ecul ar wei ght of about
17.5 kDa and about 40 kDa. Preferably, the PEG
covalently attached to an iR¥4lin |ispro nol ecul e has
a nol ecul ar weight in the range from about 20 kDa to
ablouT i1s3iirlyeRd i watprsoviemight e Theahg gzl porteia rothen diB@edtvoith water to
AR the/RBkinontdn@afifiGo B M@ ML) QD.@Q&%@E@U&t&fpr%ing ht

ih8 e7|

fram about .20 k to.about 30 kDa. ref er abl
TR P TRy G bitbn s bR F P Mih Bls et e
wohauudtenheishaphvsplacuivdicr stel0ght! and mtdresot rige hg/min The zine
R Etodid sotuttoRas b digavidaidcdbxid ih 0.5t of BRIRIfKQM

t 400 to ab r@‘? 55 the P

TN N Ty T T
VD tirquiae flishaipny (CR)heal pEGIC prepbred ity vatyirgcitedonentitions (0 to
1406 UM) By |rﬂi§iﬁé@56@i Bk @Eh@o&a%m@i_&gml(ﬁ{z WRLEhYt alpRottine
range fro out, 17.. Da .t o. about. 20 kba (n n. the
BB 260tk mh e st o Aok Sl bl g
avkimagé zmo btedudcdutioneildpdt= 3.5 poabpuntaleh¥tost Haionsopea BB Ghoka-

ERSERYA L GARLA RXBARIANTET 8L of e 4LHIUDREEBLTASULA T
S R S R S B G E O o T
N&@g@%ko@@@hwinmmghpmtoo irisnlgylis'plp is mgdp:rtcr.ed _ﬂfhhe near—.UV
leBaRhd BhrGORH 130908 ofr Qo ERM IR th AGuifAS BhdnBed, LSRY £0 Mol cell.

ry dependi upon the particul.ar P enpl oyed, the
S ety Pt IR S ORD ST 4R of Ffse G pRrgnoles kmer.

par ti ¢hé Rbullsydewalin TAACH! MRhGHRHUORaHIG | NSRdd N AL o -
lispro that is the target for attachnent, the §&&7red®”

disy e eanstopisiagly 201 8pexpegiefly #eoqiftk as hexpmenicaemplexdi thy prsence
detenlehtiedaliyns@né pisdablid @dsecirvatit i farmiulatioptcbmdit@d analogous to

i : It (NN - I
TREpL IR B 100l dr o Bhec D DR P Bl AR Bt Bfhicd near
ithslicady wsaketer nslating fogvld-type laﬁl@ngkﬁuﬂlpé@npwaf%domm of igsulin
pkgber red enbodi ments, the PEGylated insulin lispro
conpounds of the present invention are prepared by
i ndi r ébe Inypaetord jheparteripgion andbgand dindeh groREGrmplatabilgy of
IPEICRY, bV Y, 1 1YIAQ), 5.5 k@A IVIRxSHE Prétfotih g RRERT Bl 86TTIVELE also

_MPEG- VAL). thiol (nMPEG S lin |i
DS gt T (g Rom e oa do e et 7 o
tthroh] dengteiionaidigsywas 740 nmdscayeei wian found the @deriih ignal change
WS E.fseiaﬁr hi220 e sl 1982508kt N&tiP the Hnd1 bindIRIddi&! Set HeGHal

dyl -, S tyl thi [ SATP d
APty el sZapy Fidheh du i PR g e o iiea.
Phetfnet sdah ylata ah210zam ineal moh quPEE verrpt@igetdd from$oabent | y
approcithagty G ?nﬁ tip Rt SuHENYGhYY for BICAURNAB), WG dlséd rate

I | G nal 1. h b).

ahB e bl Gty g P drd et tsnbntis SF s (Ednas

Pihemzal dengtuREGY [date ethyiba pletied ad hogipthe ravostpal frddegat 24then) and
n j . . j 1 1 . un . obs f nat

”;f;f&gg%@“’%?ﬁg?&%%%ﬁ? R o P berrr o

i #{ Ak Sat(’g] ace under mld conditions in the presence

theprf: ' :
SR TE AL RATY B QRS ffin SHEHR R, agd Yo ) and Yan D
Fredpsrt Sy apErpnaciehe pryeprhunplded brseliiss deraedivelys Thhe

[ f$dng orisetvtemnpdratnre ifdefned adxhy tentphatuREByW hadh QR begins to increase
procedure uses a nol ar excess of a thiol-derivatized
insulin lispro relative to nPEG mal eim de to drive the
reaction to conpletion. Preferably, the reactions are

al so perforned between pH 4.0 and 9.0 at room
tenperature for 1 to 40 hours. The excess of

unPEGyl ated thiol -containing peptide is readily

separated fromthe PEGyl ated product by conventi onal

o o o, o p— I Y
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about 12 hours, or about 14 hours in a STZ-treated rat
dosed at about 568 nnol/kg, or by the activity of

woO owens21eg8 bl ood gl ucose to a | evel of about 10BCTGA209/046704

or belowin a STZtreated rat for a period ranging from
about 4 hours to at |east about 36 hours, about 48
hours, about 60 hours, about 72 hours, about 84 hours,
about 96 hours, about 108 hours, or about 120 hours
after a single subcutaneous-injection of the conpound
at a dose of about 568 nnol/kg. Even nore preferred
donpibe ndiycdpelinhdse=ion aphilehmidgait tempegatargvusathe tenipgrature at
Higahed g9 insulin lispro via a urethane bond; (b)
the compound is characterized by having a Ki for the
human CDntBerinahd enetoeyibw expefimaie pérfckted Msartialle ssdesc(rib)ed bbwye
Qﬁ@ﬁdﬂ%t R tﬁé}%ﬁs‘%&bﬁﬁt %FQFF]@%@D %TQB&Q/ )%‘12796'/'} fﬁ'sﬂ[lfh e%lners is

eat er tha ours eate
delsEatiglty g a@ CHBRIGHHE LYSRER lispryh e@@)ﬂ@f@ Adie BHp G{ﬁ"?émi 9§ y
dbvarudetdden il edV BRIS, pel A2, BL ng/ynl af-cie@hend ngc.bFadgrmore, the CD

_lél‘l‘ﬂglsc@ngtgra@od cﬁés cf%fect@ﬁ’gggnﬂ:ggnt '3%‘3 Al ¢ h@é/\{oh'a 1?centrat1on
enfle nelcaseln Pn 3 lﬁeerralltlcl)re for, %é)m a olu 1 su?i% lispro

op T eastapolt # rs, abou 201@0 sare. glsout

mdmx sot skdvayt Mélre kpasifieally ieuins Q Gery@ritere oftrduitlingG&is observed to

RQUARG+C 9{163@% Ris20 HOUS $ rdfihfih oS A S St ARGOUS

injection e conpoln

SEraAtikyly tRiyse %r%h%?mow}ﬁwﬁa\gn&?%m%%@umﬁhlﬁﬁfi%hA
(cailaPeffect oavetservtd ¥ tht t ohelkt dddition®ONa@l (25 &M @ M0an NaCl)
%tﬁér'?ﬁdﬂ%a{%%fcm&?% t§ 1€ FGRITRAYR dThe?efSFéaéa@&ﬁrﬁr %g(%&dchp&ﬁd ay
havi n igl

uman, |nsuI I N recep or o
PRIVERY upﬁglshex TRYT- T PROEG RS ERITALS s PhefTRRca R} fopmgsifgns comprising
W&, e, Bas-asulim nproicemperids inf rdes teyingrenserthe ¢hamia! #g(nr physical
i - ST 568 nnol / kg; (d)
tsﬁgﬁlggor%%%%ﬁ%%g% ar?gﬁjérgﬁ%@{ép tg%llj S acti vi ty of
| owering bl ood glucose to a Ievel of about 100 ng/dL

?I%Bfﬁqi%%% MRS el GaL AR EL R R Thh oA R gt ratio

hours, about 72 hours, about 84 hours, about 96
ho“kﬁ efPPUt 108 hour syper about 120 hours afggp @
sijn é) upcut aneous injection of the conpound at a
dc>§'§xwerabd’l]?thaﬁsBﬁﬁuw,fk§4/)awllpélfpltohe conpoulial lisgro
chamawhe®r | zed by having an elinination half-ljfe |
gieater t han abilggree am’iuno} sesidugyyy it 30 | Hdseriess cmadgpaliresigpe)
hoyr s, aboqt16§63 hours, about 36 hours -PB3.shgurs, about
40—hotrs,or—about—42hours—+Hm—a human—upon
ad@isni st r pIBBAHE a si ngl e parenteral | eR9984at 0. 225
ny/ kg. /—\C"OI‘ Ing to features and principles. consistent
Wthlhgt he g‘ﬁﬂg an enhodi nent pnf F?% i %%Pnti an

prq\y des 219989 PEG]I ated insulin [Ii sprﬁsoﬁgpound

PR H £
C()II}JI S II:J A I'L\JId.VI Ilg an—avetr agc IIUI Lbul ar—wet glll. Ul

ab@ut 17. p-2kBAa2 about 20 kDa, about 25-Bd79about 30
kDa, or apqut 40 kDa covalently attached directly or

| hgfl rectly2Pr?fhe al phaam nao group of i'fhe at
pogi tion -2@§ 7§@e A-chain of | nsulin | |4§7@r5<gz( PEG d yA
i st DPIU), e alpha amno group—or—tne

phenyl al ani ne at position 1 of the B-chain of insulin
|Exgppde I PEGidPatdl ofi P, i, B2 spr oY1, pFinsiiia lispro

epsi | on-am no group of the IyS| ne at position 28 of
the B-chain of insulin lispro (PEG LysB28 insulin
lispro). Preferably, the nono- PEGyl ated insulin
lispro conprises a PEG having an average nol ecul ar

wei ght of about 17.5 kDa, about 20 kDa, about 25 kDa,
about 30 kDa, or about 40 kDa attached either directly
or indirectly to the al pha-am no group of

phenyl al ani ne at position 1 of the Bchain of insulin
lispro or the epsilon-am no group of the |ysine at
position 28 of the Bchain of insulin lispro. Mre

pr efer ably, the nono- PEGyI at ed | nsul | n I | spro.
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lispro and | ess than about 20% about 15% about 10%
about 5% or about 3% of the total PEGylated insulin

w0 e@pnseieonpounds are PEG G yAl -insulin |ispreCT/ES209/046704

nore preferably, conpositions of the present invention
conprise a mxture of PEGylated insulin lispro

conpounds wherein greater than about 80% about 85%
about 90% about 95% or about 97% of the PEGyI at ed
insulin lispro conmpounds ar e4(PEG LysB28-insulin

lispro, |less than about 20% about 15% about 10%

about A3¥ffenyolrion gont@9ingfl S /! sastivh pIREYAteadibatic and G iniM
|ED§[93[ R nG ARk ﬁmogﬁﬁ'ﬂﬁbgﬂbtﬂﬂﬂ%ﬁé'té ﬁeidl a%‘fi@r @Mfion with a

s.tha %, about or a t
FERB SEagracel T LR b SEREBUA T i A
REMer e betlwnsludthont 4 arslgr €, mrﬂpohﬂpdscw@eﬁorﬁ@mg/mw are slowly
RO&Les aRlbY freCRRPEStE bANRS P &DR HHRBENLT d B8Rt QNuring
conp LI se a m xture of PEGylated insulin I'Tspro
o UiR9YRRer ei n about 80% of the total PEGyl ated
i nsul Mvnpinsthexypolyfrolend glyark pPEGPhysB28bIme(PREG-NPC)

|hh§iﬁ PEGIPO Wi ?/ﬁv%fa%e RlefecGhy@bic htlo%wultmklbawa@out@ma is

R o it N T

cr@mppcil sgeownt nf chillpdevapdr iIPE@sbaL agdatinggo kicate laivepiexp and slowly
%eimgguﬁgﬁlpmq'@m Bo@m o HRKOf tgé et to QfsutcRBedu@teahd rapid

SEet DR BB EPINET P et B R Shag Pl dippsgiongogiderable ai

PG ayAfcleasadsutbitie Yessp lbg mihh-IAPO solutid iothe vessl is sllowed to
Q- a?ﬁ@b@\%'% by Mﬁninﬁék"d‘eﬁbnﬁi %%luﬁa‘éen nore

prefe tlons rese nvent

P o TEem i AP R sl Pieegfidttage RHGH e P spghnally
cagnq:o@ijad@tedhesseh ﬁf habcﬂatl 19096 wnengpddart recaswemtitef teotpatature and
Pﬁ%l Al id ﬁl%%hédw d ﬁﬁfd@rdQQlBE% Bgéatﬁf Gta Reynolds number in the

oA R A N S
i veREGa B i (Ahddrtsd®28rd ofdatwean B its p houra rdhe whngresiture bhtbe jacket is
PG A%8vdASelifAg %Io@ aﬁ@maﬁngq@ ALl I ARDHON ARG is

an.elimnatio gr ea t about 24 ho

A %%??Pgoggﬁ‘bh 03'@’ 664(% lo“afggllﬁre%ﬂreﬂ duppant Og% dp0 mM
36ditno phesphab oribiasid Bufiou e PBO duddddDuhio thedinabPEGihwulin Upro
B Sat s fhtﬂé‘% eb@@&nazdmom gtration of a single

subcuta e COo sition at .0.22 .

Most ieﬁd tﬁe PE@&B@J&PI% .ﬂamn}g)?%?te@ﬂ@atﬁwég aﬁegwﬁg@ rgjiutes
ct@hepweenezsd Criiny 801 f @ aaf thPE@yt et reidturnis idcubatéd & phraptemperature for
%B&RQ‘%@ WhES é thﬁ’@ﬁ%ta%q@ ¢ pd 3@%@& atut 101t Bb&!11.0. At

II’lS ISI‘OCO ounds ar
ﬁlrf%éyi s ub+IRR pfriog. Pgﬁa%on A6 > Sy shed lyghe addision of 2x
PBEEEer@l §0ANM aoidicihdidisddipaetatapt 4henPEGitd sBR Beisasela buffer
Ite) b 51 pg §onﬁﬁéfv€’t§?@ﬁ %&Q% t?éh‘ék SR (£ | E%y i@t i on

e greate ours 30 hours
about é@rehﬁwpénmaﬁdapursfke w&a&géca%c%f agge chapmaiperapny (CEX)

leoluns,packded wtith4d aporupisate @BinddguFasdRlotvaPr prhenoﬂ rbximya The

léﬁﬁﬁm@@{}%ﬂcﬁéoﬁ&ﬁﬂekﬁ@o Qgecﬂle%l?%t@eé%%gﬁ‘ttﬁqg Qﬂgo%é 30 &f, of

SeHHPEIo Hah 198 MM g/ (RTHR T bread fog e e Rt g reggtion
tnhietuREONR @it predudat@aditréson at [be pFbfabos &l5acbbaehy) RE@upmbpriate
'ff&%ﬂe Q)f Bét@ggnoab%t dohs al!m){l? bé‘ﬁ-ﬁﬂt TROSbJ- Pjﬂ}ﬁ ﬁ?far gﬁk‘? and

sulirn |1sp action s

a%eﬁ%capremn REpfersntidlly bé‘l‘dp‘P’PéO télﬁf%l \@1? m@tlﬁfﬂqyw fypproducts
lah& proessatdpsiitanios @yl pags thepebtienatvath. Buffean, wigudidussalt
sol vent or co-solvent, basic conditions neans the
reaction is carried out at a pH greater than 7.0.
Preferably, the PEGyl ation reaction is conducted at pH
fromabout 8.5 to about 11.5. In an organic solvent,
the reaction is carried out in the presence of a base
with a basicity equivalent to a pKa greater than or
equal to 10 75 in wat er . The present |nvent|on also
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in the art appreciate that half-life is a derived
paraneter that changes as a function of both cl earance

waeahomsdiesre of distribution. The terns "extendecl/S2009/046704

"l onger", or "increased" used in the context of plasnma
half-life or elimnation half-life are used

i nterchangeably herein and are intended to nean that
there is a statistically significant increase in the
halflife of a test conpound-4{le.g., a PEGylated insulin
lispro) relative to that of the reference nol ecul e
(cenagntration$2)-3hmM)sipruesyd tasyaghedveyrminn evdakin eidserbergpafi dhiGylated
&b dub@ %no@dq@rgamen bﬁu&h@sl e (02 EVewhR d¥re8sed salt

| d
e SEL I ol %?m%%ﬁ* € CH T Y from he
heslirf whilef kesepiog by becagtep ersttan onto therpotueas Ehe plotiey ercolledtddg 3-5

[@0iaRl 8eablufflidth des Witk bl SereX ffth h2hlsMt M@éhntah&{ @00 SaMo
chan e in i e vol une of distribution. A useful

a‘iﬁﬁ? RIS YPEY SR onshi p between the termi nal
| ogl i ie@CEXKabfuninjhanstrea (3-6 IC3araHE eng(1@L s subjedicd &l atmegential

qfowme&ttdnhy iﬂcease(lwcohéengatvo%no y-gt nfg/rﬁg Uadhé Qﬂan&émrﬂat sheet

ance i ndi cat e
9&3’“}‘&\% gk??ﬁ “’r‘oé é??{e‘ﬁh‘t (& ng PG Eﬂ”ﬂ?%,o"éf’ ta-an initial
lsbidentgptoa lfolfdwingibystidfer ezschM%SJ@hdd’mamemratubmtD thyongddred
Qaﬂc%nwloka ermg:%@h& tﬁlfo%gﬁou@fhe%&gsst@maﬁe%a fhef@En 10180

TP R B PorU Gt (PSR g iy grigee (TMP)
bsegehaost b toebertS5pe. t he managenent and care of a

pati efthe RAY b&ﬁema@éaeduﬁeac% Mﬁ&hﬂcﬁﬁﬁ?édwﬁ(soﬁfﬂbﬁ fs frozen at
m. Nl Stra |

condition for

FRATESRBE FOPSTE Dl oSe! biC B Ha HaP PP B Hefgre
5{32ﬁﬁf300rs70a°ﬁ301 conplications of those conditions.

Treating i ncI udes adm ni st er| ng conpounds or

|t| of the res nventiqn t revent the
Srabpon: Bapmoritt eSair ol Grlateddndollitnrngy phes
sy npt dOwe-four yeamd feomtei Bnag],e dogs, &10rkgady weightheedosdase,
%%bq{ahédﬁgly vath @i 95195&% ‘of 3_{13%1% {e%nipgurﬁﬁ Pérﬁ%ﬁﬁc%ﬁgt/ Ib¥ocd

refera uman bel n
S'ﬂgﬁaq AR d §‘p¢) ﬁ“ffgﬂ g S&E"*ﬁ%‘fsﬁi?l“a?n Cg egtegfnftg qtﬁe%%onltaﬁnmg
tdlseénumriﬁ)]’w pBlaghy s enil@tedroadie neis boid sgniilnganpatememercially
20aiRBRIndNE Fa@l?bﬁmﬁ'iuﬁ&@é'a? %’s’ ‘iﬂse@l% hé’tel‘ﬁfllﬁeetﬁé 1eV&s By Q(ﬁmlgfstered

one OI‘ re co oun ) use herein

gsmay RE? freegPTO%leé@F@e%rmeeré otermpied for cach of
ttlee 1bhmz1ngamm1ﬂar§af:orapdaﬁdg/¢ramae@ﬂ dssesitibliynasidesspibed indixpopled:
ngg Wll% ég | uf}ﬁg'@ ﬁﬁéa} hPRS Ith(? 'h%iﬁg A fa%é fdfeclifr weight of

cose|n§ atient. Preferably, a

ta @Pé@%@f‘a a@ﬁ‘i‘tl wdiePow 28/4bant of a PEGyI at ed
i nsul lerinaemrxetmparﬁnetms werd calcalatadaiging lnedt]-i0d€pindenométhkigds

t(@’nﬂ@&ﬂ‘ih P%%OC% Bé Or1 afed Rk %ﬁlﬂ&lr EG—NP having an avera e
%olecgﬁgt%g ht 06}1 %ﬁ}t‘% ﬁ(B e)liﬁ'iglte%qlq etorn$ X l‘%lf céf:}l Qﬁ{}atl n max) ogf

ven nore
tapeosipatdy ahduys, exd ai@atenuc&eaaa"mu nite (C8/Frod ap;&bnmate[y 0a46t o
alv&mdg a28hx ) |c()ﬂKQntr£N)ﬁ'OC DI aﬂfr@ilﬁlﬁ@@l MhnM, and an elimination half-

g{@ggg pH% %uﬁel %ﬁgtlve amount is from about 0.01 to

ven nore, preferably a

t her apenpowmal1ll pr@ﬁfeé obiny e liagup PEG-SPE havin@éoavkera@e inoteoular
&&M@lﬂt ot7ab5ut| Bﬂml llfaKQ}lzubeMBﬂT mbﬂappﬂfxﬁﬁﬂél?bhh zﬁ(éL/F of appr0x1mately

effect unt, i.s f.rom abo to
TG EPEH ot Pb ST SR & rRELDBA b
effective anmount is from about O 5 to about 5 nrml/kg
However, it is to be understood that the anobunt of a
PEGyl ated insulin |lispro conpound or a composition
conprising one or nore PEGylated insulin lispro

conpounds actually adm nistered will be determ ned by
a physician in light of the relevant circunstances
i ncluding the condition being treated (i.e., the cause

of the hypergl ycem a) the partl cuI ar speC| es of

s~ 1 1 | o Y



of time at various tenperatures in various

phar maceuti cal formnulations nmay be assessed by nethods
wawrdovAakneswn in the art, including nmeasurenment PET/EHS2009/046704

sanpl e' s apparent attenuation of |ight (absorbance or

optical density). Such a neasurenent of |ight

attenuation relates to the turbidity of a fornulation.

Turbidity is produced by aggregation or precipitation

of proteins or conplexes in-4he formulation. O her

nmet hods for assessing physical stability are

wel | - knopeundd 1 phepared usingie liogic gy E¢Gr- N D@ havsgs esaerage sotsfular

preéghe nCaboot 40aiimenbibitaf a Par vf appasinvatelp P4 et @CAFi afigpproximately

foi BE i | L, £ or i T afil.ayi.n T :

r?i d?rg oL él{c/%%; .dm&dl’fgf?ﬂrgﬂbn%%ilyrrg nlgts{’ % a? ‘I‘?eOf{afﬁé/%g%ﬁ% % pr ovi de

phar nmiselit detahir wvenpodany angnistict abfeematedieagle dogs at a dose of 18.9

adwi/kg, shd athibredad _a ofapireximatelyalr.? haw) a€CLF of epmoXioamly 0.12

i NG, oM, iSi i.cale : ' unt

Rl R b L SR PR

dfabledinlikta the camgarable panamptersen giealogaeamiwialspycific RIA utilized for

AWKERLAN R1RU Yol BT FateinkHRNPro Y EARLSnouIBLaln. | ONS,

or carriers. Such pharmaceutical conpositions are

typically, though not necessarily, parenteral in

HablerldL. Rikdparametves for E&ivédedinsalinylispiro i dog i ety of

t echni ques using conventional excipients, buffers,

diff uents, netlal_jons,. or rriers for rent er ai .
o BATRE i dROSPR PG kAl PRt he| 4Da BRGa ugeinewin
PEGy| at ed i ngebmpound bk 0 | coanpaunidd of canypupdd$ enjt detemir
i neentipn are jary water-ggluble, a ppargaceuticigds 4,
CO Ub( tTom gf _the presemt inventioninctudes a

! TL
(o] hpi Qn r&ﬂﬁrq sing waldt 0as t he 034#ﬂry sol \/91"13?:—"0-6
PE®y) éred i nguli+B | i spro|ee@mmounds af 2@+t ot al 3.5+0.7

COMEOLMADOT At 13 | P21 o1 ST 21 13080 & T fBrs 20

at | And raVal d
LA %A1 J Tygr i T T LU IIHI LILIL ™ AS T

g HF (Ia(hr/kéésﬂtM:EG: RS, 04827 Ed98 250.020 71,003t || BbBX10.02
3 s, | east 40 ng/nL, at
Iggg?hﬂgﬂ%%%ﬁksaﬁ%ugggggﬂgg/I@#%L, or greater and a

pharmaceutically acceptable buffer wherein the

phar maceuti cal conposition has a pH from about 4.0 to
about 8.5. Preferably, a pharmaceutical conposition of
the present invention has a pH between about 6.0 and
about 8.5. More preferably, a pharnmaceutica
conposition of the invention conprises PEGyl ated
insulin lispro conpounds at a total concentration in
the range fromabout 2.5 ng/nL to about 60 ng/nL and a
buffer wherein the conposition has a pHin the range
fromabout 6.0 to about 8.5. Mire preferably, a

phar maceuti cal conposition of the invention conprises
PEGyl ated insulin |lispro compounds at a concentration
in the range fromabout 5 ng/nL to about 50 ng/ni and
a buffer wherein the pharnmaceutical conposition has a
pH in the range fromabout 6.5 to about 7.5. Even nore
preferably, a pharnmaceutical conposition of the

i nvention conprises PEGylated insulin |ispro conpounds
at a concentration in the range fromabout 10 ng/nL to
about 40 ng/nL and a buffer wherein the pharmaceutica
conposition has a pHin the range fromabout 6.5 to
about 7.5. Even nore preferably, a pharnaceutica
conposition of the invention conprises PEGy| ated
insulin lispro conpounds at a concentration in the
range from about 15 ng/nL to about 40 ng/nL and a

buf fer wherein the pharmaceutical conposition has a pH
in the range fromabout 7.0 to about 7.5, or from
about 7.0 to about 8.0. Even nore preferably, a
pharmaceuti cal conposition of the invention further
conprises a therapeutically effective anmount of an
insulin. Even nore preferably, the insulin is an

I 1 e I p— I T 1 " I 1 o
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have one or nore isotonicity agents which produce a
formulation with an isotonicity in the range of about

WQI®vasm2sbout 330 nOsm More preferably, the PCT/US2009/046704

isotonicity agent(s) is glycerol, sorbitol, sucrose,
NaCl, trehal ose, and/or mannitol. Even nore

preferably, the isotonicity agent is glycerol,

sorbitol, sucrose, NaC, and/or trehal ose. Even nore
preferably, glycerol, sorbit4i-, sucrose, Nad, or

trehal ose at a concentration from about 100 to about
F3ompid 11s Hrogesten of meanhdlapiesy’ apnd dogeiic Ahmoosposi ti ons

of tha 1&9 %ﬁféﬂbn foﬁaxﬁﬁ@fobéarbasﬁy&ahm&ﬁppfseﬁeemhy yo achleve a truly

SRR iR Ehorer Hubiles DRt nEbST PeF R B fihgd os o

ofak-tieigh (BBeantio dfivle dtoi pwposey efrcomprisopr BF etiah¢ajculated from
%:Mﬁfsﬁécpi’K BofAesGRATE BT k9 i dEkRAP800Ub- 2](5@5r grargmo Uthe rat and

S har. i C SI tions
PRYelstRISEE s Sd IF rRRSLTBE LIS T SPIRRE 16k S
gkgro@aylcompowmds amcieswlin dtfemir Warofit tad euM T PE0mbdrlsa baameterized
I R &, OL&S|Rty /. nEéch@KpJaearnﬁ@& epi ik ah ﬁ@%%ﬂbﬁlbtﬁ@%quanon

of t es vent i Ve r
PR B0, MBS e g I BS Sl B 2 e §F
msescmm:ly; adtdnea phed pragetitri Mdan bompossititiate gre@btaired for each PK
PhiasRit, ah@kﬁﬁﬁia‘tl@ﬁb g8 mﬁl?pl%ﬁﬁeg ES1RRH da”?%sn@é indhumans.

ncen f.rom abou
Eﬂg@émf Pt &F%&%EF%@P&@B Dhdbs et i tispro
prgsgts, thnviendations ar/slstwnoméf r a(bk]y@ PREGRtedinsylin lispro, 40 kDa
@@@%wdrlastunlﬁ 'ESIQB AP RRnfIM 1S <R 8RR gén@ratéaqndlcate that the

r nac rese I nvent1 on.
R TRtk bR o o PO A5 B B SRR sty Ehp s are
idrangaticalyrflattasthad ®oinsdint d&itamia $iewburens-redultb hleiskowrgin Figure 1.

corrpom%teghfor Bﬁfn%ﬁg themﬁmamse%&*ébEby&teagnsﬁmw@qmred
S to no prot ceous, ecu ar .wei ght

‘Eﬁ‘ﬁ)ﬂlstt?m Hie &sthant© ‘218 CP‘P?B”F‘E S&l“é CIPIRIC| ASiaR TG C8““01
ammpmamffs:aqf moded vothebemsumpricarthdt dre relative fagonayrbetiveen
@’%@R@a‘t&lﬁhﬁﬂn $i43b Gnd Al dBiCRShe % MGde] SRR to GORRRe

DI . P BeR e L4y QA L Bl oD ey glini

amdbpéterindd wingonpiolindimg epatibn:cul arl y phenol, phenolic

preservatives, resorcinol, 4'-hydroxyacet ani | i de,

4- roxyl-&aenza and 2, 7-di hyroxynapht hal ene, are
e he*&ﬁ-‘éﬁ‘—&g&ﬁm zi ng conpounds for insulin

mBP€eul e§Csopref@rdbley, the hexamer-stabilizing

conmpound i s phenol, mcresol, o-cresol, p-cresol,

| orocresol | cj.u hl ori de, or
Gk onot o0l 0L Lot B CoL LMY Sl B0 O e
pbefned ablaple vh el leexlatmerappdraliiclcarmnergat@rfpowaoiplasy PEGylated
RGP lisprTBEERRin thE Bt Go¥Thd St (bAfectds ard GAPRINATLRL V.
thereof. Preferably, a pharmaceutical conposition of
the invention conprises between about 1nM and 75 nmM
cal ci um bet ween about 1nmM and about 50 nmM cal ci um
bet ween about 1nmM and about 25 nM cal ci um bet ween
about 5 mM and about 50 nmM cal ci um between about 2.5
nmM and about 30 nmM cal cium between about 2.5 nM and
about 15 nmM cal ci um between about 2.5 mM and about 10
nM cal ci um between about 5 mM and about 30 niV
cal cium between about 5 nM and about 15 mM cal ci um
More preferably, a pharmaceutical conposition of the
i nvention conprises between about 2.5 mM and 10 nM
calcium Milti-use formulations of the pharnmaceuti cal
conpositions of the present invention nmay al so contain
a preservative. The term"preservative" refers to a
conpound added to a pharmaceutical fornulation to act
as an anti-mcrobial agent. Anpbng preservatives known
in the art as being effective and acceptable in
par ent er aI for rrul at| ons are. benzal kon| um chl or| de

oy o o o o o o
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PEGyl ated insulin lispro conmpound from about 0.33 to
about 0.83. Also, excess zinc above the anpbunt needed

WO o09hsaesreri zati on can be present in a phar meEREUUB98$/046704

conposition of the present invention, and nay be
desirable to i nprove chem cal and physical stability,
to inprove "suspendability", and possibly to extend
time-action further. On the other hand, excessive
amounts of zinc in citrate et4-phosphate buffers m ght

| ead to precipitation of zinc citrate or zinc
ghbkdatRelativespreeniratpn-based patdnky akPEGglatednnsulin lispro
BRAESROSN Wil ddh&nRieBRNat | Nvention, zinc may be
present in the fornmulation in an anmount from about 0.3

rmletnohnf')rmlgongr rmlgnfinolin oyl 1o
uuuuu O e T

anal od, andCpi@yiad &d i nsyl |Pnpténc§pxtlm MMGMQ
preferably, Z|nc |s present in thengnﬁﬁﬁgﬁ%utlca

conpogrtToms U —thepresent T TIvertT O T 1T oI armouTTt

from ab%ﬂhl‘D%)PEGn’BF‘éﬂt]@Pa%c ut 1 nol el ¢t 0f8 e of tot 4l

i nsuliln n. a alo gnd PEGyl a Insul1n Trspfjo
hexa 30 @%Ekhﬁ é‘%& ably, zi ncb‘lgg_FrQ sent in tﬂre
phar necwkbggk(pﬁgggﬁlhs&,wrs of t he pgggemt%r nvention|in

an a orabout Aol-e—to—about Fe-e—per
nol e of total |nsuI|n |nsuI|n anal og, and PEGyIated
AV RbILAR i@L}rFeF%@iq?for insih d@(eﬁﬁﬁi)ﬂ I[y}ﬁ'tedzllnﬂgln Rpro
present I n e pharmaceuti cal conpositions o
SPBBRMRAS| nvention in an amount from about 0.3 nole to
about 0.55 nple per nole of insulin, |nsuI|n anal og,

and PEQyl ated 1nsulin ['1spro hexdrer . P z»nc _
compouhd t h{, RLAYA FES Zi NE1fiPRad fb%g ELLF.H}‘@}WH on
may bel|any pharnaceutical |y accepta nProjeotedund.

The adfifTTom of—ZzZimc To T iSUr T grepararfons 15 RN
i n thel|al kDaREGamsulphisprepeub.Scalll y 2 cept abl B3 sour)l\ggs
of zing., Preterably, zinc|Is _projyided asfa salt, such
as zi nt4&kPs BEG-insqliplispre b | dinéGcefate 4Vinc

citrate, zinc oxide, or zinc nitrate. In a further

enbodi nent, of, the i nvent.i on e roaceuti cal.

oo LR e e e BB o PR R e Rl G s o
crtenases fham dalde vV the an dose Phgectiensniot BEG flated amelin lapraused
REHiBEdles ih H&hdﬂﬂ e84, @Qﬁﬁé § nﬁm&g fopdidos kbh en@zrtr r@&pEGylated

t | -

iR Pbe@lomthodl Speth s TRE bt it G i daity
Idlmsztlalmemf 13ramiodkg osslur degaminm rsporsd ¢ér Tape pdiapsiorpstEsin
(R @tomiPRbS WHRALEHh Ol ti PN e 89as1deréel @ HABIRIm

SecsBegni B0 ums ataaog g dor -l ﬁ%ﬁérmﬁrw i, e best case

tlopotapminisalgidsetstipkierer than2d Wpo ) kbagsngH) 6Dk P(Eé}ygted insulin
s SO @B G Sate KEOS 2070 a8XATPIQd 1618 1B dakt &misan be
present in a pharmaceutical conposition of the present

i nvention in an anmount from about 0.001-0.5% e.qg.,

fixe mpbidu t Gl c @6 10fuSivn RatesfadtenBingle Admeinistratias irmHealtlyed
I\Tblﬁlh&rpl'm%e-lMB g al., /Qogggsintsulﬁfﬂl@i"o @ GRirgBe A dministration
invention is S gre eralyrb;ﬁ{ecgO

sur f att'85e PF‘% B‘R%fh‘é?se 188y ps conugleciie sy 8t Heen
@@&@Dﬁ@(m&@w ingginfispieL(L YD Btcpgeheapiigtly as desgribed in

3R0Mp1e 50 pAE %%clu@e%ttﬂ\%g Sty fodg 119&9109 pt%cts]rgcemd '1‘—

bet ween about. 0 about, 4
SRRFULBBAYE l&é lﬂlﬁ?t fﬁg’t “rﬁé"e‘ﬁ‘ t%%%ﬁr P"’Ilogz M\g"ﬁg‘lhy ag Thyegtigp of
hestiie elargivizalote @. Sald/dtg)aulncblm seGonageritd, ainethese fdloabdbit arBingntion
about 5 ng/nlL, and between about 4 and about 5 ng/ni.
The invention al so provides a PEGylated insulin |lispro
conpound of Forrmula | or a pharmaceutically acceptable
salt thereof for use in the treatnment of hypoglycem a
and/ or di abetes, preferably, in humans. The invention
al so provides a PEGylated insulin |ispro conpound of
Formula | or a pharmaceutically acceptable salt

thereof for use |n the manuf acture of a medi canment for

I T o ' e 1 .
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prepared as described in Exanple 1 are shown bel ow as

(8(a)), (8(b)), (9(a)), (9(b)), (10(a)), (10(b)), and

w@ 1®0a3128 Pref erably, these PEGyl ated insulin PCEPR2909/046704

conmpounds will have n in the range from about 400 to
about 1000. More preferably, these PEGylated insulin
i spro conpounds will have n in the range from about
400 to about 750. More preferably, these PEGyl ated
insulin lispro conmpounds w H45-have n in the range from
about 400 to about 550. Even nore preferably, these
DE@ydﬂmréér dons il thanthiril peniasl. PerhPoursde opgtl labd asieglndawe, two
£te ﬂ&%a@ @ﬂdfﬁ%ﬁlc@ﬁ@wct@(&@wg@ﬁ SinPle @Bs%roa @Jyym bbﬂifb%ﬁods

I
e aEan AP SH0 D TP Lr G aPanry Oyl giod. singt
LISEY ﬁm@dqumsm kompdrateipeantrolbevipoudydis winich suthepereeeiefd a single 0.5

a@t@ SAake ot YAn bne{ M3l Rhed Jm%é‘ﬁ glu/r lsc ABLQf lnséaﬁzfargme in

silon nsu |IS L nsu
PSPl S et BT EFt e My BrPag e () pitiod in
@ym a[ld\l@aim@héc)IQgen dvgation Iﬁuﬂ toSprhn) g19¢oag c)lamp procedure in each period
Ly 8B28[ NyaPRiaiRihidterb sk theolsPhLa Mgﬁe BRS W Pdis A, B and C as
I |EG%fro(10(a)) PheBl [ N(al pha)] Tnsulin lispro ( 10( b))
N (al ph insulin lispro (15(C)) Exanple 2:
PEGyI at i onPamfA idosserl 0.0925 i BQI26, U750 0. 325 mg/kg body weight

nmonomet hoxyRos yéLt: r(r)yll5e@§25g}n§/q(gl ) pnl trophenyl

carbonate§ (Jzigr %) e-tent insulin lisprois

di ssol ved 13 26° 802 M borate buf fer, pH 10.5,

and 1S@@eqs arPE@EiNRCrdlaasimge dose alvibe B§6ylatsd msu]nahsmeccglmound
Qfa %le'ého%cbf Kdatid Plardbheh. SAARY)ia8 2 3GHEHathCanti R0 B! sHIg!eQﬂ)se of

orou tirrin The Feaction i s nonitored
ool b SO R Sk SRy Y GGy SR chmy
rpefa;cdlurc) formp xt W hiersafollgving edhtigsupiHc&apound imegtiaic eGlucose

%Qo@ﬁ?&s ‘(’@Hi 'a?@adﬂﬁgg Itds‘ré@%a'ﬁ'i:&gl Qénﬂmlmﬁptg% doecumented GIR over

pur i n fracti'ons .ar and
s o e 0P PPEvE SranOlpapTad B PELIBIE et elucose
Iclagpripta maiataii eegldcaeamgﬂlrcglgh ghxm)sz Onfhoont&E¥r thEhdmindention yf a
ansk A4h hIISMhﬁ%&an)QﬁH ' I'E H%quméd Rt Hﬁhg%nogﬁ{l;sulﬁﬁgcretlon and hepatic
@Mﬁ’&ﬂsﬁ PRug ar&l é‘%”é‘ ‘1539“36 gé‘c%?? t 156?%%‘?%{69 SHEO%IFG g?@ée
Apchdia ghrdscdBnetaivdibail) isshediseetdcambdqgaence hétht ndatnmtatd odgenous
tlﬁ!;‘ﬁhﬁ %H |dIRn19thYs%,§éJ\91@1tb% tijd &1 T%ﬁéco‘d&ﬁa%ﬁ@ ((@I@)’rﬁ%ﬁﬁ%tomﬂe)imﬁgé action

rocni or|

rati o of
aser tﬁ%ﬂuﬁ Ihel P‘E%?E)Flﬁmaéiug‘ﬁﬁéfﬁé’§rf?‘ﬁ@d ﬁre%rcm@tver& ght gp bﬁ’t i on
apprmxinatcBECyduas. elin tha dhoainin &Gt sttdyd a spelt calster Thigaced into a vein

0?9&4drﬁﬁn1d95ﬂly99\ﬂ%raﬂ§ ctugﬁalsfé)stsg SRR tRkibY 0£I0% extrose solutlon

| ation. nc Ses o out 8 to a
giria it f)*«utwie%?f&dre e C%TOBP%YOEW@PC DY e Ctheter i
Ipeacd, ideally & thowdstor Behdebr ywhiods®licovd sampiREGINPCehaheagl with
%Qva%ﬁﬁlr&g%gﬁcé%l gﬁﬂ&ﬁ{atéw ? ?Eor‘cs‘ I %ptellfatl%e(( %ngﬁ"s bl%Od

1
ﬁ?@dﬁ@@meaﬁm QHtarnrsgef't tﬁ%hedaxé% &ripEy %ﬁ&@@r%ﬁl% of BV?‘B]@ blood

@dmd&mioe&ntrmcms ngnmg fudut @nad dotosoosddsotedhiique. Byfter basal blood
o n}?ﬁl%' aﬂh 9 gta%lﬂgatﬁh' IE)QIfI?C{ J}%Bﬁl%ﬁ?ﬂa't 3%&% eeagy subject recelves a

uous a en con ed in

(e3- A itsH R empoy i BN srad sy tanequsly- Ebe@amp@hﬁ éWCHan%mls
anjettagef mlnaﬂml campuwidghiefotd adxirat z2Q Rilawidy doenptdaen pH

id§551 Illp&ﬂl orfa&ltl?ﬁgctl‘%nﬁgﬁbo}i]f Siphﬁr%t% %@ﬁ}eﬁkhtocﬂ blood glufcose

reacti.on ucts | |nara|

S50t inp ‘@e lﬁttréYeé‘P VaVé‘H & [ (OF¢ tanpintaipppglypacma for up
tténe4 oradtgeufsradion iakdintaddbistitadormbout 1000. More

preferably, conpound (11) will have n in the range

from about 400 to about 750. Even nore preferably,
conmpound (11) will have n in the range from about 400

to about 550. Even nore preferably, conpound (11) wi ||
have n of about 400 to about 500. Even nore

preferably, conpound (11) will have n of about 450 and
about 500. I\/bst preferably conpound (11) wll have n
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aver age nol ecul ar wei ght of about 40 kDa, conpound
15(c) prepared using bifurcated nPEG MAL havi ng an

war@pasp2$ol ecul ar wei ght of about 60 kDa, conp@U/Es2009/046704

9(a) prepared using |inear nPEG MAL havi ng an average
nol ecul ar wei ght of about 30 kDa, conpound 9(a)
prepared using |inear nPEG MAL havi ng an aver age

nol ecul ar wei ght of about 40 kDa, and conpound 9(b)
prepared using |inear nPEG M¥- havi ng an average

nol ecul e wei ght of 20 kDa. In the hlR and hl GFR

bi ndi Btpodssapling ocompenpnekiggtaly emrepanémlttssfpn@prqm*emly 30
n&?ﬁ%\{mer RAYOs TG afd cANIBH RIS el BEM ] ndHes \f&lﬂgmrstozf hRBOer

net
AR R SR S on Ao e s 2 i 00 i reduced o
dét3@mmivte dhtermatbip tortbspdatficlampy. Addi tional |y,
het er %ﬁl?ﬂh@ ng@élcﬁaﬁlﬁ)dtHe %ﬁiébéerinfubﬁﬂfa@e 1@%&5%{&1 ® maintain a pre-

ener.at de
R R PSR g ol B e a1 s "rferebty, he
deprtsbdentratpans dosclteths fashanblaod givdse TlveailloRthyi ghatiosegrlamp

%gcgg(ﬁr% ggs Fiaf@fh 8P ‘Bgoﬁd Ighﬂeoslteg%n&hﬁ%glgﬂng%g% 1385 he pre-dose
Kregalye. 22‘“0 lé%ﬁ ﬁnai §'§A9l f??") mef“ha? r{ﬁ?ﬂﬂﬁé‘wse Thus,

thicedighgomseasenttgsns psddptalonsiant waild: thefGIR hyeried. Therefore the
%&E@@ﬁ&g@iﬂﬁgloﬁ%@@ﬂe%ﬂﬁ%ﬁl o@ﬁ{%r{@s‘i fksSlin @A potid.

t 7 d hu onetric
R dhfeont el i ey o e I e BEvdR L g or
tdhatmdBE®y | ati ng position B28 reduces hlIR affinity by

about A]Sgudy c@ﬁ&ﬁcteﬁ%b’sbﬂgﬂl& Heg&criePh Bk AEh1S PEGERs@ted, in
ro. wea hI'R The PEQyI.ated

i,nsul i i
gy frot b2 Borede pad red s by Al Tbtied ot eron. o
[afgpeiRerit higf-hghi rn@ngg e 2#i4d drsiand bhdabclassayistinder, atphdstough

(fﬁﬂ)ddftlésg)ﬁﬁn 2 ﬁﬁ@bﬁ Aadifyah 14 ahd QRat¥n Jf Ia@uo‘ﬁ(fglelp‘? ¥ lQﬁger than

using an Ins n C
SRS DRI B0 (VB 2 e RS ot E e G R L e e
[was jas©theo AP6 ddvrsksna Shdvmg whichsesiilamv enbétenthamylatyne. Finally,
BHRLHALAR O o P F‘b@% SRGV IO mEART AR LU plomtor LY
ARG A el A S pat s A
&HRIr&pom&erfer@mgms@ hy/Mghéathowralowmsul i n r ecept or are
trypsinized and plated at 60,000 cells/well in

ar wel |l tiss
ﬂﬂ!ﬂﬂgrPei%f% RGiEA3hg S 0l 51160 %%?@w@ﬁ%t/ﬁﬁg‘m“
Oisfix¥o Flent by cautical-G onepos BEOAS . The cell culture plates are
i ncubat ed overnight at 37 0Cin a CQ2 incubator.
Anti-in r. %n%,l% 3 captyre p S
are a sggslc{rlgedégeg%ﬁes ﬁandtl;?éhlév ore @%@ﬂér%g (ﬂég%dg(r” lefnghﬁl
anspm chx aassérmeﬁﬁasmelhelxammxrammpﬂeann fleat@ence € ditvaldntoncedl morg lahd

n%hg gte\é\é th@@n mrmﬁ)ltitl(ﬂmoh 1|t191|§soualélhlrd%§u% qg%&% 019 él?lglgdgm

@fsgé)ngIYa%m% Plg‘l Rigyhine @@?]éw yPudigsqn i Cheros B Hhinagedispro
Iforenu)atiCadndimilgge porhzﬂﬁ&r,claﬁa;dluﬁoﬁdoMmlallongaﬂfniJsullm lidf@o (i, Humalog®
%91&1 mo 19@&@ Fere & %g §§en41€ra1 %amlwﬁanés@fiﬁﬁm%eﬁmal

our ti mss W t
rf%r@ulatlaﬁ Fapcomideid éwe?t?@gﬁn%%nfféawa%yn VaitoutipreLHaR
$)Bop]:141es WhedawdledSRni the ¢rafidl tine poinate thesindibeal Woregkediod atthe

rﬂﬁ? | ng, gahﬂﬁysr Isﬁysféal%%bm& Qf at’|1ém§§ﬁniggeuq_§§¥ornﬁﬁaﬁ%ﬁ ggsl_

{cenyderRoNAS e@i@@@slgu@smlw %ﬁ%qswm Theati¢leiev g phsgrved prdygnon
is in the blocking buffer, the cell culture plates are
renoved fromthe incubator and equilibrated to room
tenperature. The test conpounds are serially diluted
into SFM To stinul ate aut ophosphoryl ati on of the
insulin receptor, 50 nL of the diluted testing agent
is added to the cell nonolayer. After 30 m nutes at
roomtenperature, the reaction is stopped by
asplratlng off the t est conpounds and addlng back 50

T rr A PN R ——p— gy
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nnmol / kg, respectively, froma typical dose response
curve. Additionally, those conpounds were able to

wo omenstibood gl ucose in STZ-treated rats to a PEWEE2009/046704

that is normal in this strain of rats (100 ng/dL or
bel ow) for at |east 36 hours with a single

subcut aneous injection of 568 nnol/kg. Insulin detemr
on the other hand normalizes glucose for 5-6 hours in
t he above assay with a 568 mbl / kg single dose. In
addition to assessnent of pharmacodynan c paraneters,
tabressmearbyphuae ook finerticenqe amenvetopy ny fbuilecs gelfomzetion fvos
togﬁvegorrpounds are determ ned using the duplicate

bl ood Ph Ki.net t .
cal ouP BCBR RN HOAG Re Brar Bt RSHL D i aRt Pl o
PEG) o TBRS- meémlllspmglme/miagimlnei | cmp/arlamerepl, veffaebwith

%hwpﬁ%hm@ eracrltraty a@sH 7. %%H% efspééas&y Jé@@ &ﬁeﬁ‘&?an@ftested for
neti.c

R SR i e L A T T S
tee@tlmlth(e B8 Bachoftliricday)stabidy.t Sremplovee st (dogeed( gl garticles after

kik@ety T Hlemnafa)@gteﬁgekﬁkegl?es teﬁutfsﬁov&e‘armg%ﬁﬁﬁﬁgﬂglber of
Rt PR D S ar BB o by st Bt S &g
whsaphaterbefieredastwedlt ds @mc/(n$m)fomalﬂvglpnﬁgshbwm16ulal2 h, an

%ﬁ&ﬁ&ﬁ%yﬁ&a@%ﬁﬁ%t fiRt8cciraté C9° E)coﬁ@{i&i zﬂgloﬁ mﬂrate buffer
1.S

ar
PR ERFFHE PO B PO i Ry e chresal el
Hiadufin lispfre c¢rttro) formnigiiorgrefpimpd ed- Bothitnte dthlgohosphate buffered
Ff&ﬂfuﬁ%%%eﬂ%bt%té&&%&e%ta%fé%hé‘rﬁﬁ@l%%ﬂﬁ? {@PCRECR B 3 months.

usi ng |1 near nPEGQVAL. havi ngt o, an averagto e

ol ec SHPER S UFRIORTINdISHIE Stk PRETP M BTl e Mgk
pfoni@edgrlinggniwlzenCombinedwgh ﬁ@GﬁomafBZS -1086Hi0 liyBo kbthpdsgd aral
%}5055@%911@&6&1&_&%@ (623:®), Llan*Jgestl v@rfén }g-cﬂéﬁ)n Ao gudbl RﬂhPEG

netic results for co
dlciy Tshiged waouerRg e pe ﬁ@gflewéémeqm% i Ste he
asngreggro. e nol ecul ar weigto ht of about 40 kDa
' ndi cgfiRd 1R pTothggwﬁl%Qﬁl@atfoHQ&ﬂngu'ilﬁ s kd a2t corﬁer%eﬁtable

f
saBitel & g B sh  SpreA  Fresiraied epbesiogen,
Bhamatausiodlicompositjpme cospriving HELhy.-R2RYi i/ 8t e thstilin sple
%Iép&dn@?&%n‘é@&t&g%pt%@&i &%ﬁdak&d pﬁy&calétgbﬂ{y A0 Qutabik

about measur
CH‘%‘H’le’fcﬂf‘ la%}toé‘r?f p PP@“@‘WHY F‘%P‘Iniﬁteg%irﬁ%ﬁ‘i“?tc‘é‘ft@al f%ﬂ%}% were
S¥klépedat ed rats at doses ranging from 18. 9- 568
nmol / kg, foﬂo&vmy fgmﬁlflatlro &'P‘EQ}Z&%OBQ ;f)/g 50 /t‘ 111@@1911 l?spg-(/ 15

of a
He%qué%at?d#%wb bfmdrpzw stab fé fﬁ‘b‘ﬁlgr"@ﬁ]f al§0 °C,
rfatdne molnét andeé AC det thrematid aeXet@hlaad for PEGegight mdnthns sl 400

i Spr . Fﬁ@ﬁ*}#bﬁf& H}ﬂ{ 1681 ﬁ‘é m@??ﬁ&%%ﬁloﬂ@é 26 nfBARE sugar

used term nati on. However I es

GRSEPs pErhalesehcy 5% i wztreoh st O éaa@ %gﬁrlomole
PESylat B bngdl in, lnﬁlslﬁlrléﬁp’@orrpounds conj ugated to 20-

or 40,k %n{ﬁﬁ@ﬂsﬂmfe@ﬁﬁmo@ 0210 iRy %@&kﬁloﬁh@ﬁﬁg

C Nt

%Bl%%e er 3 &g&%ﬂ@ér&M? c‘éesoE ugtn?oéenzm e?-[%\fn SOKDa™
Iﬁl?lgais%@‘?‘ll(gé) lAﬁJthinélﬁpfAnd Phar macoki netic Char act erl stl cs
°f PE@"S% hb@ﬁé{b ﬁ‘ffér 79, 13%1ﬁ‘M M’ed§'

b1e§es Ihe 9 uco C. actly %
R R G AR Lo
fmﬁlﬁmhnﬁms (n=4 rats/group) follow ng a single
subcut aneous injection of vehicle control (PBS) or 5
17 nnol / kg of 9(a) prepared using a |inear mMPEGVAL
havi ng an average nol ecul ar wei ght of about 40 kDa.
Serial sanples are collected for both pharnmacokinetic
and pharmacodynani ¢ characterization. A single
subcut aneous adm ni stration of 517 nnol/kg of 9(a)
prepared u3| ng a l'i near nPEG MAL haV| ng an average

o I ~ a2 o o —r—~"r—- O |



The chem cal shelf-life and in-use stabilities of

insulin and sone insulin anal ogs benefit fromthe
W@Riovi1s3128 o f or m di screte hexaneric conpl exes PEI/US2009/046704

solution. The ability to hexamerize insulin or insulin

lispro, in the presence of divalent netal ions (Zn+2

or Co+2) and phenolic preservatives (phenol or

m cresol ), slows deani dation of AsnA21 and

subsequently m nim zes high-4f6l ecul ar wei ght particle

(HMAP) formation. To assess the ability for

PEQ2 0K Danullaye BOG-AHB whd-B2d b spAd-dpinfdimhishexanemsng hexamer

RREM PRz BE8(192. 4 YU dcAn-drsoP Wiha éa‘ﬂ;sh% g&lekdlﬁrz&ﬁbné’& gr!@at@}

arting rote concent tl 0 ase
ﬁ% ql%'{lﬂ elinicgiﬁiaé)} HY- egpec ygt g@vapé@p%aég% n%{alﬁl(ﬂl of calcium,
Ichbpdeoarﬁim‘ana@ditOG?EﬁzoszaBZﬁdgﬁo)/KI -8, -thisality ipdb formwlati@s containing
R TRl 0 res Tﬁl?thgj eﬂhéﬁ%@&jthg 'bﬂ};s?dapsté‘tﬁhtgf Ia?fbrlthla{f&{% @é}%s&hm

mater to ag U protein con ration to

SIS Chef C%@Eﬂa’éff TP TRQs?: rlP fMagut ‘é?r?FE ufiﬁ?rﬁ@(
Borhfugrtiost gokraBp bxdtbied ldss piprseplastabilitathap ARTS Byffaned flormbigions.
final the concentrations of the phosphate buffer at 40
nmv and mcresol at 12.8 ng/nlL. The zinc oxide stock
solution is prepared by dissolving zinc oxide in 0.5
mL of 1IN HO then diluting wwth water to a final zinc
concentration of 0.097 M Sol ution sanples for near-
W circular dichroism (CD) analysis are prepared with
varying zinc concentrations (0 to 400 mM by m xing
450 nL of the PE&0kDa-B28(92 4% /A (7 6% -insulin at
a protein concentration of 4.6 ng/nL with aliquots of
zinc stock solution (the maxi numtotal volune of zinc
stock solution added = 2.5 nL or equivalent to 4 zinc
i ons per PEQ0kDa- B28(92 4% /A (7 6% -insulin
hexamer), and 150 nlL of the 4x phosphate buffer stock
solution. The final pHis adjusted, if necessary to pH
-7.0. Hexaneric association of the

PE&0kDa- B28(96% /Al (4% -insulin lispro or insulin
lispro is nmonitored in the near-UV circul ar di chroism
at 250 nm a region sensitive to disulfide changes,
using a 0.2 cmcell. The nean residue ellipticity is
plotted versus a ratio of noles zinc per noles
hexanmer. The results, shown in Table I, further

i ndi cate that PEQCkDa-B28(92 /Al - insulin can
surprisingly and unexpectedly associ ate as hexaneric
conplex in the presence of divalent netal ions and
phenol i c preservative in formulation conditions

anal ogous to those of Humal og(r), in spite of the
presence of six 20 kDa PEG noi eti es conj ugated near
the al ready weakened, relative to wld-type human
insulin, dinerization domain of insulin |lispro. The

i mpact of hexanerization and |igand binding on therm
stability of PEGQ0OkDa-B28(92 4% /A (76%-insulin in
hexamer pronoting test fornul ati ons was al so
investigated with CD thermal denaturation experinents.
The wavel ength used for the thermal denaturation
studi es was 240 nm because it was found the overal
signal change was greater at 240 nmthan the 250 nm
used in the Zn2+ binding studies, yet the total

sol ution absorbance woul d be | ow enough for high
quality CD data to be obtained. Thernmal scan data at
240 nmin a 1mm cuvette were collected fromb5 0Cto
approximately 95 0C (final tenperature varied slightly
for each sanple), with a scan rate and data pitch of 1
C/ mnute, bandwidth of 1.5 nm and response tinme of 8
seconds. Thermal denaturation data nay be plotted as
both the raw signal (ndeg at 240 nm and the fraction
apparent unfol ded (Funf), which is given by: F11 (T)=
[Yobs(T) - Ynat(T)] / mhere Yobs(T) is the observed

o o, o Ol NZ 4 ff w—w— N 1
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colum is packed with resin to a bed hei ght between
about 15 to about 30 cm equilibrated with 100 niv

wososasaieg e (buffer A) and | oaded with the di | REETS2009/046704

reaction mxture (5-8 gmproduct/L of resin) at |ow pH
(about 2.5 to about 4.0) at an appropriate flowrate
of between about 50 to about 90 cnm h. The

nono- PEGy| at ed product and unreacted protein
preferentially bind onto the4desin while

mul ti - PEGyl at ed by-products and excess reagents nostly
P¥eelainer ough t he colum. Buffer A with dilute
saltconcentration (20-30 mM, is used to wash away any

weakl S i.ng,.mul ti - PEGyI oducts, foll owed
oy b KB B B S et b e PFeRRSS By wi o

i ncr eB4e4-(Bal. vr cmoesrentidallp accBeblF rlnthreefowherein:

prefer entl@hémemmrﬁ%frdgernﬂ%@/d @eedoproduct away from

the resin r tein onto the
i TR RSl A 1&8{%3%@3“% @M ¢ he

col um i s RvasHY vvitg dondlearar Aveight tn thi ghgstdm about 20 kDa to
GERE QD 'kbéta!n@ hertH0A B Blaf dr Qrdd 5111ﬁl€e"a%§13| lgortra&@dma an

y
SBpaECueteEe BT B i ¢ g'(m Bir-fivine Bl h o ehfbne Begsiion 1
iof 8., thorpomemat gnwﬁﬁtmhwlﬁgﬂm-at@srm@ lhofSR, am theredsifon smino

shegtof RMANE pésiion Kgpmol ecul ar wei ght cut-off). The
process is carried out via an initial concentration
foll owi ng by buffer exchanges and final concentration
t 02t Hhecempéund df clemc Ewheraini thnP ET nenttaghed atal angurdthamg or thioether
t hEQUERPMndtHe @f)s(i’l%ﬁ—%ﬁnﬂos%r&ﬁi SR 68 RebWRSAOE20
liter per meter squared o | ter area per hour (LM
and transnmenbrane pressure (TMP) between about 15 to
aboutThg soppound Dhenyf ankaf cleiosden 2rvetieds furthkr eetactegzed by having
RharoRG R i%alin 1RPGr 8But §@hMtdrq>rrsl s frozen at an
approprlate tenperature (-20 0OCto -70 0C) and stored
n..appro rraetenp rature Q. 0C.to -70 0C

‘ﬁpﬁ CROPOHAE HHCORCREEITE 9P gri TS G raarﬁéaed by having
IarKsrLfbnlrmrrtanslpubn reneBDogd abown 20 oMrory@ar ol d femal e Beagl e
dogs, 7-10 kg body weight, are dosed subcutaneously
Wit Ag, cng(g{ﬁ’ild/oll§ Qnyodne F QQMS%‘% 2tv@rﬁ(t,h i\ mgf“’agﬁactenzed by having

Per.l odi ca e rawn fromthe cephalic
Groidey Bu‘éu%’feﬁef’é‘ﬁd)?glgqult i%{ﬂe[d)rlfﬁfo t ubes cont ai ni ng

di sodi um EDTA. Plasma is collected fromthe vein bl ood
S an@ | Th@ goﬁﬂ&hnﬁ of &Gl O Bhdn¥ lat\f i1k € fdrﬁﬁ%f“’éﬂaﬁcterlzed bfy having

olnnu say was used determne t evel
taﬂé lsgersiion ‘aflelied greaeugan o S Dy Byl 2- r%?drrﬁfé SRicHat ghout 568
pret/kg.es and paraneters were determ ned for each of
the foll ow ng exenplary conpounds prepared essential ly
as descri bed i n Exanp . conpound 11 prepared usi ng

| T il compnd Nﬁeyrﬂ.r\fnor‘rdaeﬁ 149 & Tt iBeigntde laper glapd
(giucahcm beld® 1kDang/dAhio atSTZOrdelod ratefonch p]ablodl tang2g Kiloa about 4 hours

Phar
(b?t l%gg‘FﬁJg{enB%fqﬂ gﬁ%ﬂﬁg{'ﬁﬁgé %bwguﬁgﬁfi %H (?qhéj&nlrﬂ&goldr}]d dat ]3: ]dose
~a linear rrPEG NPC havi ng an aver age
m)I ecul ar vver g ht of about 20 kDa exhibited a time to
max3. nin wapoent sfahy o ¢f\clirax) toof whipp isexifitihedoyodd blood
Qb to BQO@HB@ML 1ﬁ| Wat%ﬁ:d r@rtfgr n&;n/og }a g{nﬁ from about 4 }bours

pr oxi nmat el 046 maxi con tration (
Yo 6fleaéb85r05%8ﬁmler aﬁerlazrsmﬁbr S@ﬁda%ﬁeu%rnr eqtiomefitereompopng @ dose
(ORaali7 jotafma@fpr oxi mately 14 hours. Conpound 11
prepared using a |linear nPEG NPC havi ng an average
nol ecul ar wei ght of about 30 kDa exhibited a Tnac of
approximately 24 h, a CL/F of approximately 0.027
L/ h/ kg, a Crac of approximately 18 nM and a X1 of
approxi mately 23 hours. Conpound 11 prepared using a
I i near nPEG NPC havi ng an average nol ecul ar wei ght of
about 40 kDa exhibited a Trac of approximately 24 h, a
CL/F of approxrnately O 026 L/h/kg, a Cnac of

. ~ o - T . YL
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Vol unt eers: PE&0kDa-B28 5% /A % insulin |lispro and
d argine Admnistration A three-part first-human-dose

W@ rwdgsmes conduct ed using a single dose of PCT/US2009/046704

PE&QOkDa- B28(> 95% /A -insulin lispro (LY) prepared
essentially as described in Exanple 9. Part A included
three study periods, in which subjects received a
subcut aneous (SC) injection of LY dose in the first
peri od, followed by an injeeil-on of insulin glargine
dose (0.5 U kg) in the second period, and then

f 019 oWeadcompoanl dfnjpeond Grebfimahtst hehich ¥ fuiles chaactdyzed by
thhiing a@&[ﬂnﬁﬂmn%@fﬂhf@g%@e& t8h MBI RRANR o BiME &odaShgle

AP G5l BROL G TS REBEY porfous util) 2ing 24 and.

36- hour gl ucose clanps. Part C was an open | abel, two
per il d he spmpduad dd sy, onk jok eldinsdcfu Ervdech is further characterized by

%vagaraélﬁﬁma%thmh e eﬁEMHéh AD3utd HolrsSH R BEL SpbiEE ﬁhg’l@d
%)2 e of LY in one period and
SiyhReds dogtaed

s%‘g “insulin glargine in the
ot her period. Subjects underwent a 24-hr glucose clanp
pr olle dihe goinpovad ©haipermi ofclamsPap 1§ whewmdhCPBG dasa inolegdar

ik {nRe faHPe £r6m 300175 ADYEORRuEIAFa, Pr ocedure i n each
perl od in Part B. LY was adm ni stered subcut aneously

F e N o
m@hmtﬁ’arangﬁr@mgb@nmmsto do@25 kiy/ kg Part C dose:
0.5 ng/ kg Subjects are adm nistered a single dose of
t h €1 3PER¢ahElint R sy dhe o&‘ élQﬁx% 10 TP Q4B irOthe SovalcRoRd dose

|ns I| glarginé (0.5 kg) as a conparator and
é{‘ MEP%Yi ngl e dose of LYlnthe 3rd period. In all
treatment periods, subjects undergo a euglycaemc
cl akp The cpggundeoffay oupottaeidd 1 361 hivwthe chahitowied §y éadhg a

Hﬁﬂlab&lﬁ‘e‘ﬁ Hﬂﬁjacb&yngﬁ:ﬁc' Qﬂxcﬂ@tﬁ"ﬁe@§ 2o ﬂr&lng %tBrbf 'ié%g §1§n 2 upon
usIed to maj ntﬁ1a| n eu yyq%ge m a, Wlt?:}
E’F@H f/ é@lm ISETIO6 &3 @ PRRR! g Br\"}Pf‘dﬁ“ﬁaa Ctpe ajpouy éheof

icompdund. acti on. The ai m of the euglycaem c gl ucose

clanp is to maintain euglycaem a through gl ucose

| nf 157198 W& diGeohBu AR S ALlaR Plo @ O iDhodfy.

i nsul i n conpound. I s assuned that endogenous

insulin secretion and hepati c gl ucose out put are

m niGrathe asdoftalvampamyd dflanc esefchabs | ® drfandé owaifedureuf a

Hedldfie MRS FotRARSf hipoftyeoh UEESE Bt abol | sed) i s
direct consequence of "the adm ni stered exogenous

insulin. The GRin this case wll be the glucodyn mc

( GD)/- rfeBlmEeeRtical FRINNOAKIGR FoMBRITEGHFOBPEIG G FRY ong qf claims 1 to

dhusdee @mhampplstmagicetscatly ecqoptathlo exxiecras, iddnenas) onsaerans. ght

fast of approximately 8 hours On the norning of the

st ugy, Tél@ gﬁ{ﬂ?‘]a};euﬁ@% E(l;sn 9{?97 Jwﬂér@m e}é?eir thaR b RR65% of

ta
&&ﬁ%@%t?damﬁlaw 6Pr02@%>a@39ﬁ P@é’@‘@zﬂﬁﬁ ?36‘?@ ( buf fered to
near neutral pH) under the control of a volunetric
puny. TArophdrenacanztdled@positRnplf ageche of diemhd 1y7 tb M8 thereinrdradter
Qﬁanrﬁ@&g 96‘% on lzgé&Jl‘gQﬁﬁ lﬁﬁlmlohlggundg-ﬁé\% aquQ}acdé gntly

heated w t evi ce to approxi nmate 0 0C
fHpchediadhs ﬁéﬂ%‘l’%félrnP grquwaﬂ\?éxm@ Brsgtsw 28 éod sarrpl es
are obtained at the bedside for immediate
det 2 Mihe @haroacaiticalbohpositlon @ aigl ances elatonidant 9 atrihonsmprising
{
a0 offlralh QLR G RS fan QAR Rl 76 W Ao sl TR
approxi mately 30 m nutes, each subject receives a dose
of insulin compound adninistered subcut aneousl y. The
start of the subcutaneous injection of an insulin
conpound is defined as tine zero. Follow ng conpl etion
of dosing, in conjunction with frequent blood sanpling
for neasurenent of blood glucose, glucose is infused
|ntravenously at a vari abl e rate |n or der to nalntaln

R e oy ~ A o ~r~ 1 s Y
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pronoted gel |l ati on when conbi ned with
PE&0kDa- B28-insulin |ispro conposed and exposed to

woe@b/1saeperature (> 25C). Interestingly, whenPCGFUSBEDI46704

was added to nPEG al one (activated or non-activated)

gel particles did not result upon exposure to high

tenperature. When the prototypical formulations of
insulin lispro did not confer acceptable stability to
PEG20kDa- B28-insulin |ispro-glenpounds at el evated

tenperatures, pharmaceutical conpositions conprising
PicROKkiDa pB28 eal%ha/rm)ldemlcaé c@popition ssufkdnm abhqusphl G.0 to about pH 8.0

%ﬁmemﬁ&aedmtyra@&ﬂt PebdubiRg AVt fikotaRnPivsdea about
g&g}d %1 ¢ 3#? bIe for commercialization as a

é i 5 Wani BPSPer ed phar maceut i cal fornul ation

wer e devel oped. The followi ng fornul ati ons of

PEGA0KIba pBag@ca@scyl cyhppsitionBf any ¢nesdiFlaims 739 20 fyrth§r comprising

RhBdphatd BHRGSE 4 %&%tﬁﬁ@ﬁ&&ﬁ@laﬁ?ﬂ&ﬂh&&h 5ad «P6s BARhM and

SRRt Vil S i g Ty sk Ay B g D ootk 7.5

rohatHeasagne3s@@icity)agdid pradudirg Ssdjutidnerith quSO'rtom)GlB' l@twek@ about

@Wbﬁ@sﬁféﬁﬁ*aﬁ&lt@ﬁ@%@smm mg/ mL sugar (sucrose or
trehalose), 3 nmg/nL (28 MV mcresol, and 0.5 nole

r nol.e PEG 20kDa-.B28 59 )
? o e pfismaligy) S S RO Aikeons of rlﬁl’}sﬁw%.l@@r%? thg gptal
ehvhaatraion of BRGplricd ésuld hygptadonpobndsastrom aBourg s mg/mi2 & about

mmn%gresol and 0.5 nole zinc per 1.0 nole PEGOkDa-
B28 A W,-insulinlispro 3) 5rr1\/|phosphate

buqéegﬁhe%?ar?ma?wg S BN Thoh CF S of Mol 32 il coppogising

efthdPEERIalln < BRE vO BIYUnADLT msulmslupnon | i sproFormul ati ons
of PEQ&0kDa- B28( ~95%/Al (~5% -insulin lispro
Con§4a"[r1]1|e Bﬁarﬂﬁi‘&ﬁ&ﬂ cBhRSRIon Y al?}x&iemfglrdfn% 1780 93 furﬂﬂef‘é‘omprlsmg

bRV 5%?%%19 SORES ckspoltadpie sty nag ol of e
éllemnmrsed insehpensatiopedog, AdtPEGdaecdnsdal lmpwr‘petwhe_trmbpui_ez 5 mM
%H&ié&ﬁu Nadvi éa%uﬁﬁ%%%fﬁ%%( 95 / )/A ( 5/ )-insulin
I'tspro formulations containing zinc and mcresol
furth hanced the physical stabilit .
for%ﬁre%rpﬁrrgla%fwﬁe% Eombes om R aparg e Slate 1??60 gtfther comprising
gpbateccutibalhtdvecmablephepbl@gpitatvetiarshd @h bmate obzihé arfécdent to
c%sgltﬂeq{]i(%na?tecgﬁﬂﬁﬁlq %r% cEhpPbilal RchekGRgiRhYsi cal
stability than TRI'S eredforrrulatlonsv\éclarm 1.
A PEGyI at ed |nsuI|n Ilsprolf?orrpoun the for
P- [{%)he B§rmagrutical GHEPOFHIoR oF PRya91cy 8 Esph/dppe f ‘Ecompﬂsmg
tbhsweenihount¥rreMrund Abdws 1 5haMANaeBlabatwedn abnsidl 5 mM arsipbaout 25
(Ircrﬁgalkgnf\lgld l:}elweeﬁ aboc’uttﬂ%g/%LCM' Bodfs rhfgﬁﬂﬁl Jr P okaﬁﬁ’errq 38.
(SEQ I D Is a PEG having a ecul ar
n the ran e fromab ut 20 kDa to _abqut 40 kDa,

d%m%rébrrnﬁceélﬂ BO%P%HBMEM gﬂe&.‘? 6launy 7R e UMY s
&btt\x&eﬂmﬁﬂ)uvl anganlL andedbbatfemgimit fule@tleerdscoval ent bond to
the al pha-am no group of the glycine at position 1 of

A, 5§“efh@|pl?£} 9&%&9 chB ééPuoﬁ of %ﬁoﬂ%‘%ﬁ’@%inﬁ' B Q‘??é}h%nsmg

position am no group, o
|b9@ieﬁléabfrlt %6%114 $ Blﬁlez 8f %jrlc l@r n@le offé dtponrdndisrrel ai m 1
wherein the PEGis attached via an urethane or

t hi Wethaethodvidrearibg bhyrcklYemide d@pstct Dra-paremon gredvpsueh a

ttr'%@tnle tskriqu@{hoﬁgocﬁlﬂr g‘{%ﬁ%&#ﬁgteﬁg tg’a Itlik%t Hﬂga@f Jﬁe%fve

one 0 Rer c ar a teH
REVHH T & PRerMpesutical RRPGSHION of ﬁ“yr%’@@rg?]é‘rmsolf apdut 30 nM
or less. 4. The conpound of any one of clains 1 to 2
which is further characterized by having a Ki for
human insulin receptor of about 20 nMor less. 5. The
conpound of any one of clains 1 to 2 which is further
characterized by having a Ki for human insulin
receptor of about 10 nMor l|less. 6. The conpound of
any one of clalns 1 to 5 mhrch |s further

- o L, . 1. 1 r 'L
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270 mOsm and about 330 nOsm 22. The pharnmaceutica
conposition of any one of clains 17 to 21, wherein the

W@ exoafisaemcent rati on of PEGyl ated insulin |isppP@I/US2009/046704

compounds is fromabout 15 ng/nL to about 40 ny/ ni.
23. The pharmaceutical conposition of any one of
clains 17 to 22 further conprising a therapeutically
ef fective amount of insulin lispro. 24. The

phar maceuti cal conposition ef2-any one of clains 17 to
23 further conprising about 130 nM mcresol, between
about 2 and about 4 noles of zinc per nole of total

hexgmyrems nkhodds bhin29, Whstéhd Me pRRKhOEY treABPfPESYd @l Bdlitus.
insulin lispro, between about 2.5 nM and about 25 nmM

cal d a.surf ceu
corflos e rBifdRs SH SnaTgtn e pienis BEaCCRT FjA R disbetes.

conpr|S|ng a pharmaceuti cal | y-acceptabl e phenolic

pr e¥erA/piorsse obmekinga BRGyIated ofsuln ispraeshfrosidefithe Hrodese

t he PEGQUA &gt ol DstikhitelificaRy 9cc‘é ARO Widerb S, RRXERES | Z€.

SRR SRS AR Y S%Sz A oot 100
mM and aboBis th&B-chivin NAGsylindepwe 8AQAPAN®: R, H1dnM and

about 25 mpAGated h‘iﬁng@flﬁol@@ﬁ h@QPLHé range 115t Abo@P¢ kDa to

t ut I
BB R PR T iR BB it ory 0B B Ay
MGMWeemmabmuhnmimgknpmmndnmhuybqﬂﬁhgihmn@@mmmaanSQ@Bwhwh
28mprliee raa&ﬂfgrm@@ﬁgmmhmg %ma SF the BRirRefat MR 0B with

cl al ns en_abou
R LU DieRD artT g BB AT NP L o
2@ighfaveedch owblasfilat welghtl af @empleatgiuywrﬁaaaudrabmtdl pdDegn am
aqRAtL &Ment £ a'b@p&t\%en%é&n 83 dnll §BSHE NG and &t BRRt 25°C and

ol a2 b7 By SR el heh She R e Lol DhdPraceut i cal

conposition of any one of clainms 17 to 28.30. The

W%?O@h@ﬁrogésébmlﬁ% 32%1%?&1‘1 fhe PRE;:iRAHH #Rro 'n%la{r Rt ieth tLQfange
glabetes nfs &q¥)h%é he net hod of claim 29, wherein
ARVCpLEGoUht S pad 3083 Rd for gestational diabetes. 32. A
process of making a PEGyl ated insulin Iispro conpound
Of 34, h?hé @ro@éég 8¢ c1iml A 36 Bhbreinthe @e% ) %@ﬁ%le&ﬁlﬂj Weight of the
&ﬁ? e sal thereof wher ei n: S e A-chain of
I D NO 1); Bis the B-chain of
|nsuI|n Ilspro (SEQ IDNO 3); and P is a PEG having a
noB&c Thaprosessglitny enetoli elamarigeo B4 ehe@inabi pi2 0f thBecattoon is

"ﬁ?a%&mfkpatlﬁ%ee ulMies &lanbbyidand B are properly

cross-l1nked and P is attached via an urethane
cov t bond 0 the epsilopn-amno group of the
? PYBFFS%Q BY OB A ERs 3% o wheeetp 3%96?*10?}@“ Fﬁ@n‘}/ cte

@p&mbmaboammﬁtc grdabputdb °CHer dbygst nleuat position 28 of B
wi t h mononet hoxypol y(et hyl ene gl ycol) p-nitrophenyl
carbonat e (nMPEG NPC) havi ng a wei ght average nol ecul ar
wei ght of between about 20 kDa and about 40 kDa in an
aqueous solvent at a pH between about 8.5 and about
11.5 and at between about 25C and about 300C for a
period of time between about 3 and about 6 hours. 33.
The process of claim32 wherein the PEGinsulin lispro
nmolar ratio is in the range between about 2.5 and
about 5.0. 34. The process of claim32 or 33 wherein

t he wei ght average nol ecul ar weight of the nPEG NPC is
about 20 kDa. 35. The process of any one of clains 32
to 34 wherein the pH of the reaction is maintained at
bet ween about 10.5 and about 11.5. 36. The process of
any one of clainms 32 to 35 wherein the reaction is
conducted at between about 25 0C and about 30 OC for
about 3 hours.



