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WD 2006/ 014673 PCT/ US2005/ 025644 1 nsul i n-ol i goner
conjugates, formul ations and uses thereof 1 Rel ated
wappisioasd78 ons Thi s application clains priorityPCO/USS/025644
i ncorporates by reference the entire disclosures of
U S. Patent Application Nos. 60/589,058 filed July
19, 2004, 60/619,153 filed Cctober 15, 2004, 5
60/ 632,578 fil ed Decenmber 2, 2004, and 60/ 655, 838
filed February 24, 2005, and 60%%55, 803 fil ed February
24, 2005. This appllcatlon al so incorporates b
r ef er encnsulie-dligomewicoriugaiss| fpemplagiegs apd é‘aesrfé%%ﬁt h
on 19-Jul -05 by Radhakri shnan et al. U S. Pat ent
lApﬁléﬁﬁfAﬂg? Insu11/184 668, entitled "Cation

conpl exes | in conpound co ates, fornul.a
Thin dpRlisetion claimp EBPrity tQuans! MEIpPERES %fﬂ? SrEGE it NE SOSRRS of U

Pt %ﬁ%héa%én 265t bd/bgthss | e 19) 200016076 XSoUSP filed] Ok®ber 15, 2004,
con

ates, formul ations .an eof
SHRTETE ThgshPrecaFoh 340 24 pﬁ?%jfyg%ﬁlegﬁ%bx}l% 24203, 4 60655803
ﬁl%@' ekbhaiyuh abomns Ty a@jﬂi@htlode:hlm/ Gifcyrpofatqsrbbt e¢farsnaen t_he following

epti des and uses t
N N
113"384' 458 Udnitifle D1 Cdtias dbiplean af ogulini @mpomdl wgjugaes formulations and uses
theﬁ:ﬂ}b} )e/[ig 8}en§tf§)r?h e, Iy e@!{g@&%%ﬁwﬁeﬁl afStint Qighbd QBmpound

nsul | conj ugat €s_an
cdrgx;gpiagrmﬁmﬂmom ahd figes riodreof’i; GRS, Patent bphention OYp- iLid ¥ ?%? entitied

o Arfilus@Shersbt.”
g G S G S e

commercially avallable for exanple, under the trade

nagesy HUMJL. I N(r) and HUMALOX(r). Zinc conplexed

insufin typically exists in a hexaneric, fo é lin analo
Thiainvention regttsdel gotehinaulincempernd cPpalFs f‘b?’h‘t’]hé“ fpein gy insulin analog

3 tr}?@d St I?l&tlhﬂbﬁtl@f al@Gyheé Rctatitisttmpiexes #fanch insulin
‘Szdonlﬁeq A Bl | cat | on 120010041786

pr% I"?@ﬁ“@ﬁ” 1a§gN6th@§nacB&pc R-nq_ax OB éxa:(l_:‘u ing %uch msuhn compound
cEiigalel Sfl/or BlAlfyibk a@Gtiacyl ated insulin formul ati ons"
descrlbes a fornulation with an aqueous solution for
parenteral delivery, particularly as an injectable

3f oBaukgtougd, With a pHof 7.1 to 7.6, containing a

fatty acid-acylated insulin or a fatty acid-acyl at ed
Zitfd%tﬂnplﬁxeﬂﬁﬁduﬁ@ ccambusd alsbhingredliyiaiaiapl Sor gikarapleyygder the trade names

Sy N REIGh | FinS AR oy R G0 %ar;t% g AR form

2006/014673 PCT/U82005/025644 Schaffer et ¢ acviated insuli
Vagisisgmgbds baviibean daenried for e 9se fging i b CWPiélﬂa‘?fff’&a of acylated nsulin.

Fgreé)éal\/lglte I QSp t&??&ti‘lfcgfo% 2@@1@04/1@@6 Y)B&lsh&f onl IFSNId-01L, by Mark L. Brader
CFInS In anaOS N-ter

coat, g GBI SRS B (O HTS” SRR JTHBGY g aaveous
{.%txdnyﬁr herp@Ridblivepy, E@xﬁcnlﬁg&s ah nﬁ&&ble&"or&mjdtlan ezdthuspl-hgf 7.1t0 7.6,

cosHbBRa GRS BREAES R BGRBI O B8 PR BT 1L b uiSyubiized wing

AR RNEERLbSG £ phRRuadsmpare UseParas6as ¥, fisveduge 178ept-02 to
the criystallization of acyl ated

1
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insulin. US. Patents 6,268,335 (31-Jul-01) and
6, 465, 426 (10-Cct-02) to Brader, both entitled

WO Rovsol4sld e i nsul in conpositions,” describe i nBOT/UB1085/025644
conpositions conprised of acylated insulin a
prot am ne conpl exi ng conpound, a hexaner-stabilizing
phenol i ¢ conpound, and a divalent netal cation. 10
Exi sting approaches are especially tailored for

S&lra%é'te@!ill 'a%%édotg o N@Itd is¥ 9\/3 RS Hlek nPéf)QMHOé#WQf deécH@éé labVatives

onpound anal ogs or for acylated insulin conpounds
oﬁamhn gommn@g@e@uhlr} zmg*ggq Vhegg @9N terglingl argigo gryup of the B-chain and/or

thd Q[Zinﬁﬁ)yé'ré\;pqg L3 Wokifo BPD @UOISB30TE 86 yBatd Susihg N@RELAR hidi6carbon
art for pharmaceutically acceptable conplexes

gﬁomhqymgﬁgﬂulért? %%\fai%atomﬁéﬂﬂ R CBRGETIRE ot her t han
acylated insulin conpound, such as hydrophilic and/or
Papatihee Bid phendlio Sethpotn&:aAPOLEE ddaiticd fdr neds theafydtaﬂl:{tlofl bf acylated

mgﬁ%bl%gz lPe]ngg§ g,%&%g&gl(zlto?ui 0 e%zg %h Iﬁg 4%6 lg%f 4})% tg %r%gru (()jth entitled

lmdhtbea 1nsum ncpm;g)alhe:s ”hﬁwnbgmsd’nmﬂe@s@dsxﬂmn@ ammrisabc»ﬂacmzedmsuhn a
plg)?ﬂ'l’glle %o ) e(z); I’ﬁg ce>un ﬁi.ﬁnge%galerr?e?—gtabl %1}1 [ E)eno %S ﬁ(éﬁ%%)?;té %d taodlvalent
nmeMum@wnulatlons that facilitate oral dellvery of
proteins and protein conjugates. Finally, there is a
A5, %—% J ? f Ql%bésg&glly QBBFéa%P cxtygallh%'bﬁ)\élf rﬂgtntehlﬁsuqlﬁ acJompound or
ai a protein, sSuch as insulin
lr@@mmmmund/\ma&gs 20 fpmeolapérialis campouRpy G9a@is Bcrgpsed lipophilicity

rdphiOt & HonCéQ:Wafég b8P E&M}B(ﬂﬁ@ aphete R0 h&ddiif t@Narl m?rﬂﬁ?&(lﬁﬁceutlcally
formulation to maximze the benefits for the ora

et cgmgexep riplwdings deriyatiBadniggilin sPopHEds rﬂﬁ@ﬁttha&nawﬁted insulin

cQRS8h@! suctt e h‘yﬂ%ﬁ‘ﬁ'ﬁd QRd/Gr Qﬂlb}ﬁ&%ﬂlcalngﬂﬁfp&ﬁﬁ@ohﬂp héﬂi}laﬂ@s akhd for
i nsul i n conpound conj uqate W th aq ulin cony

S%‘Bh?’&?g%‘i"é‘(ﬂylﬁtéd e R S Gt art o

névh rotéls Lﬂohjﬂgeﬁ& nmtil@dmcrgﬁe& (Mdauglaﬁlﬁtyl 6r oaplitedd Wwhhinaceutical

e cation. The insulin c ou
LMt T A ERE B ol AR wRene o A e Sigpiions ta
fdcimsamd orel debmo@pdnﬁemmh qtd;@enhmmrgatbm sHmiaillm thdrys proged for a combined
|nsul tifici

a}BJFoacfh %o 'mpﬁ%vmge%he ora#hlé)aféaél?blﬁtﬁ Vot ab n% eln nich a s 1ns£1%n compo@hd which
irex@ompleean hereved brabpretein qreibgdte matlrl@hassxe?bbd:tnm ifnpromed fewnulation

B L T

selected to render the insulin conmpound conjugate

4G mnh e InSOMR] Y sol ubl e as conpared to the
co§rg§p ?f ; Shconjugated i nsulin conﬁgund The 2 WO

Ipgroerh Memnmrmm@smz%ﬂwlud%dﬂpw coppoppd,congigate with an

RE16f LB SRLEEIAE 2 R dlrPRE Boicty 8nd &b, ﬂw}féfmﬁ@iﬁ&d d
1conjug%te atﬁlgﬁﬁt a.05fﬁ % 2§}hf]5, 1.75 2 o5 g npoum

cagyjugate4s cq;np\:"r,exe@ w1t13 t}g cagon 6l 153 1ns7zﬂm yogpougd ngy,5for gxamgiesge a native

mls@m chOan5msu1nl,anﬂlaﬁs5b]?xi&ple3-3f ﬁsullnlc%mpauﬁ}dg inchdle hfhadins@in, lyspro
tines nore sol ubl e coryespondl .

Hﬁﬂ&b Arsa ssee PRYE |PF9’PSE‘8hﬁ6’§1ﬁ’al DIPTSR &u oo PEpaIt may.

fcatexaatngwlb@i diadiai ineidl htioPfebed abinyhet ga@iproghistiyg ofFnAmb] My, Catt,

ﬁ.legted 1o, %qg r, 5 an insulin conmpound conjugate
g GaEbIE MeMubi ity that exceeds about 1 g/L,
2 g/L 3

The modifying moiety may be selected to render the insulin compound conjugate more, less or

equally soluble as compared to the corresponding unconjugated insulin compound. The
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/L, 4 g/L, 5¢g/L, 10 g/L, 15 g/L, 20 g/L, 25 g/L, 50

g/L, 75 g/L, 100 g/L, 125 g/L, or 150 g/L at a pH of
w@b@an14673. Further, the the nodifying noi ety PEI/US2005/025644

selected to render the insulin conmpound conjugate

equal Iy or nore soluble than a correspondi ng

unconj ugat ed insulin conmpound, and the water

soI ubility of the insulin conpound conjugate is

mo ] easo(:i‘g}/ psy]%r%fgrg‘lb_[ggg cttédqg ré}lfdexzthgﬁlsuﬂnr&oﬂjgoﬁﬁ Qtnli}géate at least 1.05,

ing noiety I's sel ected to render
ltfhe 51 h&URi 35, éoﬁ@duﬁd%éﬁjﬁﬂgét"é”eﬁ@éb19395o|10 nBeell, 11.5, 12, 12.5,

1 3S o4 oA kl|4 el 4t5h é‘thl Satlng‘eg lir{o?essgfﬁ@fi'tﬁbg a%%&?&d&%‘hﬁ&nju?&éﬁ #nhlin compound
On‘poun e wat er sol ubi I NSuU
inrpaRdolst A atler Pt aleelly i e AP e o render

anzllngh‘fm c&ﬂﬂouﬂ@%&ﬁugat%QJaﬂ% b E%e&fs st)lhﬁll@Qﬁ@ |e@éeds$1bglftﬁaé/E 2 g/L, 3
han t he water  sol conpoun

S 4 L LTbtREN 150000 Hbrs &bR a7 5Py WO he k! ritsg L ata

pI@hf LGt 7.0S Hhrkier, GRNRO B AGNInbigR i £ schete @TRANE thel iBsulid Bompound
corrsespondi ng parent insulin ngFound rel) is

CORLS ERARY I PR XTI BAR F EATEIBG R PP B VLR C?I?Pé)a?‘{ find the
waeNRABNEy 6O ﬂieU@s%hE%pxhﬁ(}ﬁhm @orgiipatenis Lﬂle¢rEhsﬂDb§Oﬂmmdldltlon of zinc. In

con ated tqQ a di f | e
aqoﬂ\?%ﬁ%osﬁqwm« g\?i“@f i s 8%‘?#)%6?1%5“ &dfb Ldb?movound conjugate
edimith by infvge RElEE yhdmavicroges@orf&xrgmmanjuga)édRmSWmPﬁ@pZum the water

sogtg)ﬂg%{)égl 1Ps?1ﬂ(m %mpgoru(r:%(ﬁI IS% Jlg;’[%t YlS %e%easeda %)? he rlig&a’lﬁ?rp gle BEJ Yand water
soﬂlﬂﬂﬁyénﬁthe amgbleX,is gubraay thap tlesetdr solitglity @ﬂpbtémj cpmpquhé In still another

uI | 0 I

1me Fé T :9[1ve dl g)%ﬁl%lﬁmg/ éé{a sod\%g pgap%ﬁd %ﬁ%&ﬁg;ﬁg &I‘npared to
ccmpesmwaiglwrenmmuumeonawM(b@hly Il orlgssgbgy, 1. 25 R2 is a
cappi ng group, such as -CH3, -H, tosylate, or an

yéﬁ%ﬁ BAtdo %fo%ﬁ@s n@%fj 1ns§thQn%gQ§i/ &%ﬂl@gtgs havin an 1nsu11n compound

CT/ US2005/ 025644 PAG is a l'inear_ or branc car bon
cqzmptﬂd e arqsEiag imfirton & °b PRIt the REERR: P@W%}nwhn compounds
cdWPi@td BFodifying moietyPiyAkk3HOR: NOi eties), and optionally
i hcorporating one or nore additional noieties selected
fromthe group consisting of -S-, -0-, -N-, and

-C(O -, and where -KH8 W@ﬁﬁg(ﬂ@nﬁhwlhas a maxi mm
nunberof3 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 heavy
"A¥&ms. In enbodiments of the invention, any one or
nore of X, Y and Z may be absent. Further when
Xp¥ eskhtre n)depéridaﬁd/smctez linkips Broupsrree pash eﬁémtl@fvﬂé Blegeat agl X, when
n one

plfe%gmds c @d’ to the?rgul_m c%m)poun@'b%ragﬁ\gileﬁlfe ‘?on!é nbodi ment. Z is
not preser] some enbodi ment s, IS Iovver aICF
atglpst @ 9fR 7ed Rprlse@éﬁ*?{lt afis SR ralkéh%‘d?%mlgna w2 %‘e a carbonyl
g1lo r 10 alkyl, and R is not present. |In another

yodi nent, the nodifying moiety nmay include a |inear

Rplrs a%gp%?n%lgo%p, suglbst bhg t—I?,qosylate, or an activating group, and
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carbon chain noi ety having a backbone of 3, 4, 5, 6,

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 19, 19, 20,
wWQ12006A246723, 24 or 25 atons sel ected from the BEDUR2005/025644

consisting of -C, -C, -0-, =0, -5-, -N, -Si-. The

heavy atons will typically include one or nore carbon

atons and one or 15 nore non-carbon heavy atons

selected fron1the group consisting of -0-, -5-, -N,

P/@é] 5 aTmear or ?rlanc%g{ B%n %ﬁa@ﬁc@ﬁl}qatﬂg Gné:(ﬁ'rnk&)‘?é’]almg %ly@é] AH¥eties (i.e.,

resent 1n a of at |east car bon
oxaalbahrkonmet\ﬁe)r ymch gptm@dlrybmnorpfe@tw oaF ommqst eddicap) yoigties selected

frén%%*gm%p &mﬁmtw@ R, RYRT)-NQR- carbon heavy atom
nor e “preferably at’ | €ast’ 3 carbon atoms for every

non- car bon heavy atom The carbgn atons nd 0
whirehe H@ﬁl&lwﬁpléélhﬁiﬂ praeBRmumRer 8 Pt So.dt bt 10 dhet 1 14 15,

160@1 honoadoom Horzemesyrsieaxigsn atom preferably at
[east’ 2’ carbon atons for évery oxygen atom nore

Inﬁ%ﬂﬁ%&%l%gﬁga | %%ﬁ% aﬁ%PIgeta{;%?fg%/O )grqs andigi Vger Mosen)’gygurﬁler when
préREPKITY and)srOinpsy bestidherdsntlyrselagdiefcbno+rC(O)H efar SC]:CSalnd -N-. In one

rﬁg Ce?}teg\}\ﬁ1 (J))( n&aegtf‘ MerBodid eg%%n%t 1Qg,modi fying

I'NC gens, and one or
nore of the hydrogens may be substltuted wth a
Infsbe erimdinfentsi & his josvenalked ong Rais oo inesents Fowhed epbrdirprats, R” is lower

M%ﬂqggﬁﬂm? i feiGavy atomin the foregoing 25 fornula).
yi'ng noi ety may in sone cases speC|f|aIIy

excl ude unsubstituted alkyl noietjies. The nodif g
Inpgpises iR b b RERBIT: THESCBUITEHE 8 TR A ARk o bsiuted

ca%oﬁléﬁauoﬂmfé{y 130 H O backEdnd of $UCH) 628 sam 19/M1Nm, g3, qu,pLs 86,17, 19, 19,
roxyl group or a free car%‘xyl ic acid r.oup Q@
P HeHIRT L o O

20@0?1y pept2Bded O 2. atotpy, sgleqigdn kieRg gy &y, 8 Sﬁ‘n% X
=02kh aIgHtSL TrHeSRakdns vall igicall eitiads onditr d@re @tbon atoms and one or
secondajy am ne u or ulfid ond. \The
ISR TR BeRvY ?ji‘émﬁg ?eﬁ?ﬁﬁ%ﬁ H‘”Ertg%%o%\’r':@n%%mﬁt go& ag ‘par t‘rm%f_O The
cdifta 8nsnand i doy-cGorMdaest yomd mreayp:m‘aﬁfr resentl irearitidioffenleast 1 carbon
at%nﬂg m&%g?ﬁ%—?%g%ﬂ%gvxl\éom rﬁr&gr]@‘tqo ﬁt le%ﬁs‘k %gargpn da%a%rxs fo? evehﬁrﬁ)‘i carbon
henmy etoyn, md)re\/l@eﬁﬁﬁl@/ dﬂl@ﬁmca@@/ i@%ﬁﬁ@%ﬁ@ﬂcamﬁhéﬁa"y atom. The
caé@o\ﬁ% otrﬂ Qfa bR !a,nueg&%s 41 Q&#) ﬁé)résgxﬁ lrﬂ A ﬂtlggfm%gﬁq carbon atom for every

ates Vln noieties wt formul a:
o;@geﬂ-{(t)nﬁ) mqfq:rat(lF@trlq:mﬂ %cax)qon )1toms foi eyeay exyieen afom, gnoregprefieragly at least 3

ca?t’g_})q a%rlilssfo%fveﬁs o@g% At Q. The n‘%@l%g% m%e@ n'él'ude_m{% or W Scapping
groupspsucly asdyram;hed or lmeaf rCles, branched or lmear or a carbonyl’ TI?Q goélgnnlgsmowty
will typically include hydrogens, and one or more of the hydrogens may be substituted with a
fluorine (which is a heavy atom but should not be counted as a heavy atom in the foregoing
formula). The modifying moiety may in some cases specifially exclude unsubstituted alkyl
moieties. The modifying moiety may, for example, be coupled to an available group on an amino
acid, such as an amino group, a hydroxyl group or a free carboxyllic acid group the polypeptide,
e.g., by a linking group, such as a carbamate, carbonate, ether, ester, amide, or secondary amine
group, or by a disulfide bond. The molecules in the linking group are counted as part of the

modifying moiety. In a preferred embodiment, the molecular weight of the modifying moiety is

less than the molecular weight of the HIM2 modifying moiety.
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It will be appreciated that the novel nodifying

noi eties, as well as the use of such noities to nodfy
wo e®aloi4s7and ot her pol ypeptides are thensel vesPEEpSINS 025644

of the invention. The invention also provides novel

formul ations including the insulin conpound conjugates

and/or 10 cation-insulin conpound conjugates of the

i nvention. The inventors have surprisingly discovered
THe R enGRrih@hdds ]Cn@ﬁltiéé iAGlif cYIRRBIhjuRAS 1RlRg Bﬁ)ﬁiﬂm@é‘h}@i’éhé& with a

useful, especially for oral delivery of th
fOlﬁféﬂlfypeptldes and pol ypepti de conj ugat es, such as

insulin and insulin conpound conjugates and/or ora

delivery of thepcation-insulin conmpound conjugate

conpl exes of thg invention. In one aspect, the

i nvention proviles fatéy Cld conposjtions with one or

nore satur , 15 C6, Cr2 GCs,

C9 or Clo ty acqy and or salt of such fatty

acids. Preferred fatty acids are capr fioreula Viy prlc

myristic and lauric. Preferred fatty acid salts are
wisedi WM B3lot 5 204 mGAPNY3,i4Gr 5:GaMeE C, Nyristic and lauric

acid. The fatty acid content of the conposition is

typically mnthky a range having as a lower limt of

about 0.1, 0.2,703, 0.4, 0.5 0.6, 0.7, 0.8, 0.9, 1.0,

1.1, 1.2, 1.3, (L. 4, 1.5 1.6, 1.7, 1.8, 1.9, 2.0,
2.1, 2.2, 2.3 ,;/s\ggy,o 7\ 2.8, 2.9, or 3.0 %
w w, and hH® ng agsoan upp If%%é%/z of about 3.0,
3.1, 3.2, 3.3, 3.4, 3.5, 3.8, 3 . @omgigVII, 0, 4.1,
4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.0, 5.1,
wheretn is 2; B3, Pord, amd-mis 122,8.0r 8- 7, 5.8, 5.9, 6.0, 6.1, 6.2,
6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 70, 71 7.2,
3 7.4, 7.5 7.6 7.7 .78 7.9

It éf:ﬂhbe gap\g:cxa@déhat gae?novg ng mogetles ag) wil'l ag) thf usg oésuch8 m%ltles to
m&fdins@inand &h& poSpehtidQ. a8:, th&ns&veslaﬁbe@ts ofiffle thyverition.2, 10. 3,
10.4, 10.5, 10.6, 10.7, 10.8, 10.9, 11.0, 11. l, 11. 2,

Th\::'ev;,llrwgﬁtio%)]a?ce) Proglr:%lgst Ihove::ll]forrr{%ﬂaéons e u]dgn(g%‘le 1%‘5% r? ?/on%gou%ogjuggtes and/or
ca@@RIGH O 46ﬁ1®uﬁli:a'dnhl@2te©@ﬁ1®25®4won db¢ chvendors kave swbritittgdy discovered
tha(i gpa(?r? éettt?oaglél %}m‘ﬂa&b&n@ 6?6 ﬁa?ﬁk%ﬁgl? Q%éﬁﬁg sgg'cuﬁlyl BWVGfa1 liéli%’t%/ of the

po]y.pﬁpndg_s apd pdlypeptide @njugatep, sug_h 5, ms]gln@and]gnsphn g_ongoom]_d @njugat@ and/or
ordl: d@hve?y (% ’the?cat:t)bn isufin cc?m]%um?cog gatgcoznpleg(esSOf tl?e 19ven@5n ﬁlchle {é’pect

w'w, and having as an ‘upper 1rmt about
t}lglngentlgn B 0V1ges5fat }gacgi coglprysmong wgh one ¢f mofe @aturgfte(i or stgurated C4, Cs,
C6 C-?’ Cg,‘b 4)1 C 1‘5& fagtvy aéld@andﬂ)r Zalts 4t Sch ﬂttt? acid: Pref@red fatt@ adids &e 3apryhc

caBrlc4 myBstg an%laenc é’qu'err%l fgtty 381dgalts-,arq)sodrylmgsaljtls?offap??y;hcgca%lyc A;nynstlc
and 1avric 46i@, The. ity atidBsonténtdDf 3. c@mpc&m];n is tﬁpl&lly&zlt&n Sradke havmg as a

togérgimigotabod 0g, 0d; 83, G I, 0% V1851611513 13519, 15 P61,

1.401.$,2.010.162.2, 23, 7.4, 18.28, 2.3(0.9,2.9] dr 10 ‘Vol\ﬂ/wlandillfhylﬁg aslah Wpper limit

11.4, 1 : 7, : 1 %
Ofﬁé%‘t?ﬂe%%étzt’]"]‘;agf‘d’%gﬁt%%t% Srohe & co 2ot b 67, 45,45,
5.0,\1 6.2) 4.3, 5g eamﬁ Shas, ahad, 6906.2,31, 649@5, OB 6.7948, ®% 7.0, 7.1,
7?673 91, 7f§?t6 93, 7?97958 09§1 eéb% 93; %46 89598% §9r8 3 99%"%"’9% 9.3,
94ry)ri, §t61 @70?8 I%&lrllo@, 1%1 1@ 251103, 110Heil(bi)f10 GTHJ@H lrﬁ)\iieri@ PoH 0, 11.1,
1132 #03. A1 Qv{19£$1 88 "709'1 ©f11 51238 b DO AN Bn A6 bGHRARLE She fatty

t’herim sé suppl émernting 1Tnsulin’ih a subject using
the |nsuI|n conpound conjugates, cation-insulin

conpound conj ugate conpl exes, and/or formulations of

the invention. The nethods generally include

adm nistering a
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therapeutically effective anount of one or nore of the
the insulin conpound conjugates, cation 15 insulin

wa@ ovpousds conj ugat e conpl exes, and/ or formnmul at PONESTNG/025644
the invention to a subject in need thereof. 5 Brief
Description of the Figures Figures 1-15B show
phot om crographs of various crystalline solids of the
invention. Figures 1 and 2 are photom crographs taken

acfﬂsﬂoﬂtgnt%f %@'c%pd%ﬁlbﬁwse\ﬂ&hlm 1%5%5 ORg a§QR)WePQm1T aboiP 8. 1@2 0.3, 0.4,
| ex of g concentrati on,

0.5 00 11t 04 Ll 42 P ol 4551 695 A DoRpek b Aph. 240 2:5. 26,

2.1, alkkeno us kg, @/vz%h(ﬁﬁav% aey@m;%emntﬁm%@me 39howi 3 3 : 35/@66 3.7,
onpl ex concentrati on

5 @3@%%} . tayht 4 6r 6’ 4% §96 Pk o &7 b asnieitys 5o
6.01%11N6.2,26. £, 145 6.5 L6, BV R, 619 c/'r(xpswp:e show ng s, UypesZno, 8.0, 8.1,

NN N LN DRI EL T

1020 16MPLe20.610.7,N0851(2% 1c.ontai ni.ng1.30PhHN gaNis, 11F7 qQUBEN.9, or

h
120 o B T P A SR By QAR OB R Bt 20 O
92193A94,49|3, %97/;/9&99; mﬁ OP. 6D AS 8,k 99.8¥sye/tvarl sngtef fansaacidy psferably
S R

on cr ographs of crystals of

vari ous R-type co-crystallized Zn conpl exes of H M
Thgneveninpregne prevedes method e ir¢ating sl mrdefigigncipd @5 odenpdsegirplementing
mJaﬁx w9 sbfie: mgﬂnglnggin%n@mmoﬁﬁ a@ag,ycaasn Eaglgmrc%&po&(a conjugate

B. Figures 16-20 show Muse % A ucose
Coﬁ’é%ﬁ‘st apdfop fonpmlwnaﬁﬁthex wvenhios Yhe mﬂtws s6repY e‘%b@e admlmsteﬂng 2
thér é&%ﬁllﬂ&f&h@%&ﬁ%o@é 938 BEMe BIeGhiduli® SorkRtnd tdMRigates, cation-
Figure 17 shows MBGA 6 WO 2006/ 014673

i FUPBEEI0DEEA I M6 BEH YA PTS| & Sreripentg (pype fEbiect in need
thdr&gul i n conmpound product R type. Figure 18 shows MBGA

bi opotency profiles for Zn H M insulin conpound

product T-type. Figure 19 shows MBGA biopotency
5 prBlfiéﬂIMleipﬂiothngdrl§ul in corrpound product wth

L I S TS da e oS S e S PR e
and @S ere Hhofeiduiog@aph? 1aked wsingw KBGAARICTNO dmesgorer shbwingsT-type Zn

o163, TP o eh e 1S R 467 bl B 5

phamhlczc&r@h dded oging k divps Sixisdgt pagerceps showinZ -typdven complex of of
HW ?fec%n&];ltrzgll&? drﬂ: ?sn%rb\?g 'rfor §: heg/yr ?%3%74 ?snzg lgo%orﬁimya%h taken

anp stu resu Zn-I'N 1 xes
US1ng\ﬂeZﬁ1ﬂSoﬁuovemrgleﬁ0é§pwwafm %@fpgr?éw%éemfa}%ﬂsﬂuﬂ&gm crystals
gr&vﬁhsf& b SiayfsO "Flg%% sHdQS Eﬁ%t(‘ﬁ&u‘nﬁgx‘aﬁﬁl% 't)% e SR tliNe 2@ Qéﬂlrﬁex of IN105
uf

acid 10 sodiumsalt in a hat e er w t hout
coplgi@ingi WrmloraeRici pFiehies 64F] P@ézv BhotasicrorBRhss RowréRyg R-type Zn

cobRRE o ity nﬁa%@ WihS oreMic SP@SL. dﬂ%ﬁ@% WAL fug ﬁ@bv%ﬁtomlcrographs of
cont ai ni.ng_6 of I N105_and 150ng_Manni t ol

crspis R AFIN RrvASieg el ] 7 oupRep e WM%HGJM%@% es 15A-15B

shbw URddiSicrographs of crystals of various R-type co-crystallized Zn complexes of HIM2 and
human insulin. The invention includes crystals having the morphologies shown in any of Figures

1-15B.

Figures 16-20 show Mouse Blood Glucose Assay results for HIM2 and various Zn-HIM?2
complexes. Figure 16 shows MBGA biopotency profiles for HIM2. Figure 17 shows MBGA
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Fi gures 34-37 show show dog clanp study results for

dogs dosed with prototype tablet 150ng and 280ngy
weapealss7s abl ets and with 140ng/ 140ng capr at e/ PEIIUS1085/025644

tablets. 15 6 Definitions The follow ng are

definitions of the terns as used throughout this

specification and clains. The definitions provided

apply throughout the present specification unless

blogp%ggwréﬁeé ﬂ])g Vo zﬁlﬁﬁ msEﬁﬁ @§m JARd pIQ)@LflClt "Regpé" eFl%ﬁr@ I@QH&NS MBGA

ani ng comonl y un derstood’in the art to whic
blqph@nqyaqrﬁﬁlgﬁefor &n FEM2" insndp jcprppsynd pwﬁ@‘ﬁ Toizesd Figuedf éP‘éY?cl\é[BGA

blépgteﬁ'cg' AOR1IBOfACH dIIRR AHERE Bompdded Pd8Et ®Xth PRGAHIAS Blzu@e shows
nore anmi no acids at either or both ends of the

ghisewqderrees adcchel i typgppieEecrBe 4P A HE S pEkit.
"Conpl ex" refers to a nol ecul ar association in which
Figh@ 20124 @wmeMBG&wwmteﬁ@rm@memr %1 86NBNH 920 IN-C2PO-AUPIG IN-189, IN-

nds with one or nore
17%*3.{“]&99%015?3 rg]rmsoﬁgb% Wé%g may exi st in solution
or as a solid, such as a crystal, mcrocrystal, or an
Flgmrﬁhﬁnds%s sHoivddog ¢1@anpthiésx ravilsst far &1-Hika neonglengsxefithe invention.
Fi S 29 %n& g show do cl?m;%t%dt qgs%ﬂgc%ncgm 195 %&n MEEBHEJ 1nl/é?lt1§l‘§
%lo?utlon or 1N S if Xes m Xt Ur es may, for

exanpl e, include conpl exes Mﬁth different insulin
Figoengdandid), shalv dpeeleme stidygerulinior ep derad web RY10§ &t &6 /v capric acid

so&“nfn S8t & latph%parté ﬁfﬁ%o@(ﬁﬁrtmnéﬂ efcdgant cation S,

nbi nations of the foregoing, and the I|ike. FNbrld

mpl ex" means a cation- insulin conp d con
FBURLER SHAVIIRY PHGABP SHOY B araioan o rnuth ok SApotRR e of
INGOSHAaN 50rhdSlethriifD], GOAPBUSEDL BN ] 43gR{RaBarte fviliOr B0H 641044 6,4 Jaurate.

PCT/ US2005/ 025644 " Conpl exi ng agent"” neans a nol ecul e
Fl%?éasty!gi%ﬁ'h%\%ggl Lol 'Ié:r}ﬁé %ttll nrescul(i}lsarrrt;%ﬁd?]) acgoger:]c} xBRh Pl%‘io%g tab?et 150mg
anEzamnhm@a&ﬁ&mmnmﬂamhmgkagbwngc&mmwabmetﬂdﬂsuse in the

present invention include protam nes, surfen, globin

proteins, sperm ne, spermdine albumn, amno acids,
6 cdbdfmitgérisc aci ds, pol ycati onic pol yner conpounds,
Th%%l?o%ﬁ%cagg 8&%&%8& bﬂﬁé terrﬂéqés%é&hl%ug&luy RRRbESRSion and claims. The
nuc anti sense. See Brange Gal eni cs
defhitipnspudvided erpipBianghout t%rf@%g@pew@avwﬂ%?tﬁwm indicated. Terms
nobgdstled RS Ondyd B8 feanibN&nBithiy B 1186 iR 8HdlLa t@Fhivhin6 Rrth Bertains.

i ncorporated herein by reference. "Conservative" used
.n reference to an addition, deletion or bst | tut e
Adflitign” ShemBseddp eeinrEngR o a%ﬁm’éla&f"ﬁSS‘Wen‘iTefnéﬁ‘H psions ol one of
mé&rd BSinb helBd 0 BitHeNorUdthadiiisd tieGkghetddas well likahsedmﬁSwnﬁﬁﬂi the sequence.

conpletely dimnish the 10 therapeutic efficacy of

Jdhe insulin ffi . o
Ctlpgzg{% e’if?erst 'ﬁ & rgcgpr%gr %srsomatlﬁn in 81 c?neel% ?n%&y m%ﬁ?){ tcﬁrgpounds or insulin

cotripeundpenjtgates drfr czoatdylat@fbosdslveﬂntqnf: prmbleymeted giopss gblops. Complexes
COQ}ESI‘,[ Chll éolﬁﬁl% draé?‘s ﬁs?lﬁio JRSRAN gr'gﬂﬂl E@érbc\ffsta'l N Uy dorphous solid.

neans
“@hweaotzmwét ngans @f miggtre haged G of mypre dﬁ%reph eoTpRdgxgq, whether in

ulﬁgﬁj pﬁb $lidcfo @&%lex@sein%&é}eg Bhaf RPN @kiel dmplexes with
wh 5 |c an /or _whi ch when at?ached t o_anot her
dlffqrfexmn@alpn compounds, different insulin compound conjugates, different hybrld complexes,

different cations, combinations of the foregoing, and the like. “Hybrid complex” means a cation-
insulin compound conjugate complex having two or more different insulin compounds and/or

insulin compound conjugates.
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15 entity, increases the hydrophilicity of such
chem cal entity. Exanples include, but are not limted
wo e0o6®ugas s and pol yal kyl ene noi eti es such as PCT/US2005/025644
pol yet hyl ene gl ycol. "Lipophilic" means exhibiting
characteristics of fat solubility, such as
accunulation in fat and fatty tissues, the ability to
dissolve in lipids and/or the ability to penetrate,
“c'o%l%ﬁg ? Wit H]eglg q/ rg(gle(;ufeat‘lﬂﬁrlﬁg a Dl }:ﬁigllt}c@é cha&@%datﬂﬁshnds to or
erm "lipophilic noiety" neans a noiety which
uop@lefcqsFy@tﬁhqlspintcog}p@yugrcowﬁg% Ewéﬁ@ﬁcwﬁw@ger{t@ultable for use in

th@predehBhveaiG G ade B8thhinYs, si-RE! BA5EHrolelS, SobRORNIJehibhY albumin,
of such chemical entity. "Anzphiphilic" neans

SR BTt TR X e Rt obieh SRR EAPe plgpepides, anionic
polypBiaty, Inuelkdtides, aRd dnbigenieer Mee "BRARE) phldaleﬁlcm ghifin compound,

nmean I et .ch and/o whi.ch, whe
SPRE SIS0 RO T2 HelB s Ty e rgHe B BEBEFHE e id herin
byiréfefeg@ses t he anphiphilicity (i.e., increases both the
hydrophilicity and the anphiphilicity) of the
ate, e.

Cronﬁm?z zve %secd ettfe%nce to an dl‘tlon Cl]@ acEn or S%Gfl’.g? (gnt %’f a]p ammo ac1% means
an mddh‘ecun, e;tlo'h Igommta[dnylh Hn maqn g:l(SQliagltthett do® dlobqompletely diminish the

S r c I
th%%%ﬁ‘tp: éﬂf" Eald%n%g Bhr? elhﬁﬁﬁl Sclor)(tzlf)oulﬂé ka)ig: 3 hge?eﬁl:eﬁy magcg r%:zilﬁaicéhe same, or
enigBsedCAEIAS 1o rthCfherapiitighrblicasy R beientiBieatls aserpisbletwnieel orch as a
coH%MgntaH\tqusulnlx LRGRInPr branched al kyl noieties
havi ng si x or nore carbon atons, e.g., C7, C8, (9,
Cc10, C11, C12, Cl13, Cl42 C15, Ci6, C17 C18, C19, C20,
“Byeophilty” mgemoaPiSiiBe Shfecieisdse raf isier olpbilibypnd B¢ term “hydrophilic

m&&preRnds a\i&ib&!’tﬁwﬁbloiéthya@&lﬂce{n@@)ﬂ twhieh whaeatfaarsa QA dher dhBmical
the m xtu ave the sanme nnl?cular wei

entlt.y,gaggzis% q Hp 1H61Wo<a°ls Cﬂ}é’P ey c]f"iaB]@g’ tgfcluge \ly\b are not limited
to %G@Gd Hd %ﬁﬂﬁkﬁéﬁ/nt&iﬁﬁ@ﬁfc@ Qéﬁ%thylﬁhé(glycfoﬁ ‘wad})ﬁﬂqa’omﬂﬁﬁ exhibiting
out per ce

g R, o B RN i s REC TGl i e s TR gy b oty to
disseinodh dipels sad/or dies ebilitye® penkiraté, Uinraof with ngdion dswvankee b@logical

er cent % t he conpounds in I? m xt.-ur e ,
mehn%ranei, ﬂncp theP ’rTDllp ephz ¢ 1ot V\g n%%ls a d)l%%whlc hsehpé)g rlrféc and/or which,

whe lagehibdato moqu:thmmcal ﬁmfs 1ncaeapft§rtb¢ Yipapbitiodli sherck eblemical entity.
ApIGHIE 52 PRRSHL SURCRGL L B0y PRy v e
“ampiiDkilic p@r’eé’édnwm oty wigetb st aamphiphilic wogjerr ehigh, when attached to a
poﬂ?éb%% %P%ﬁ% egﬁéé (ahd3® $noftalls %Béi %ﬁpﬂﬁhlﬁgﬁp@HnQ&réfé&@r&m the

| east abou ercent of conpounds I n

hygropltilifity aad e iﬂﬁ@l@d??éyw e Lﬁsalfm&«eqwteaﬁa §%rmn PEG -fatty acid

md¥RYi8E HoRliesSindUeial iRy adil B aifyidk AdBRsant i al Iy purely
nnnodlspersed n1xture is a su stantlally nmonodi sper sed

Xt but stantially nono d m xture js
g SR s e e e e S R
ond @ &k xhiiore atothbld.el, rtsut:i, m3,comwncd:6 C UHjighgiabRyIC GiepN@bdtisuted or
unsuﬁ)stlt%ed Elrg%aa onbranﬁlé% 0 ngesgmawn%%gjf)ul%?}eginbon qurgss etgI % %S,Cg,
C3nﬁnﬂﬂm€pehsédsC@ﬂhﬁnyhD@@dMSpersed or substantlally
purely nonodi spersed, but may al so be polydi spersed.

“Jlioszjh.y JS§W6 glges ergﬁﬂﬁ'e oﬁ:@?ﬁ}a&ﬂd@w & RoliSt Ob%eltcaﬁtof 1h§ c&gﬁounds

nonodi sperse stantia Yy m)no | sperse Fure
in ﬁﬁn@@i%é?‘@é@e sagre wologtaariaight. | ySt&a»fﬂerymwd segpeer S @eperibes a
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15 "Native insulin conmpound” as specifically used
herein neans manmal i an i nsulin conpound (e.g., human
WO pa@lor4s73 bovi ne i nsul i n conpound, porcine i nSECT/IS2005/025644
compound or whale insulin conpound), provided by
natural, synthetic, or genetically engi neered sources.
Human insulin is conprised of a twenty-one am no acid
A-chain and a thirty-am no acid B-chain which are
mith@P c&ﬁﬂ}ﬁﬁ&i v@ﬁéredalt el fabdﬂ@9@§ﬁ?&i§it ofAhdXo@Peunldy in the mixture have the
cross-linked human insulin in Iuggs t hree dISU|fI%§8 0
re about

sarp elgater Weight: bEFIREErPIRFSRA BESTRCS BB HePWRRRYS

10@9&0&3—& th&dtshpBurldR i e Redwe Bive A sainel mokbidlar vdighmd have the same
Insulin $ossesses three f
u

m@fulphgﬂ)y 1= al;huﬁea puggly @09 4 s[]?grsgdglrﬁ]&%r%ﬁga %onodls%ersec?. mixture, but a
mdnb@8hpeRBd ﬁhﬁmgé IQ lﬁﬁﬁneadssaﬂqfﬁi fukredyorldispergkd hﬁ)ﬂlular éS'Lebstamqﬂg purely
mcézrogtulsﬁezsg ;E albbes %I %rgnﬁﬂqg I'?f g{)]rgﬁ&ngs \ﬁ(gegr% Si& ge%g %%gt éss %Qent of the
cofdtinBd iitRgmixBedieayve alelsaros melﬁchmn cehbatisung yolp@laa[sqrw:@rq olhus,

a ﬁuhst%lgfigw%l nchoglléapelrs\é(? 1Xr%urg s%sta%il%hn&n%&%\é@ %)@cﬁire but a

O] R eV
sulsxehtidiiyt mmgadmp@sed ahixtugr 1semh aﬁ@@‘dﬁh/ca iswhistaytiatly | paealyy gropqstisgersed

mlﬁt%{?r ng c%m 1{nd\</:§ J%%Al%%l ﬁgoneﬁts 9f the QatiBQ hrﬁ@lﬁ%hﬁi@und conjugate

SEF ure man insulin wth one or
compvsalooems&are\fmhlwmomdlsn@ﬁféc fulstardigily merpslisperesdepyrely gonodispersed

or. sg)d Strlz}lﬁlg)gl%ﬁ ISlHllidd Bésedl e lﬂlxal_y r&ls@ﬁb@'p@@'&s&?s@d bePolydtspe; sed” means

nomn techni ques, Such as those d
havies & distresdtyittrat Ung mgdigrresebaisiaetly Ginadsrersshpa ey H@B%dASperse
Qheih pdesiRo@aeat i on for protein libraries,
mfﬁ% t gphh§ OZolﬂkthe nane of 30 Dahiyat et al.
Proinsulins, pre-proin ins, insulin precursors

]\é'if‘}’f’gf"é”lﬂh gﬁnﬁmmﬁ@ udsi We Céx Y‘”u%egrlgerebrf megng I‘Fﬁ%lgnaéﬁ% insulin compound
(30 MR BRuR) | UFRInS i@aEn a&aﬂmgéa pl)frcnﬂtnylsﬂfn tdngofirdr egwhalg insulin

are also referred nsu S
cog;,pgurﬁb rﬁ”%’ﬁ’ﬁﬂg}’ P%mra{ ﬁ)g{h F Hot gwg’tﬁcah}l s%rrelerre]g anac]‘%g Hurga:h insulin is
cokpaWd dffa tvhﬁtyad’nta e acidl msdms:samina tdeﬂtxawyuno Lanllde%shaln which are

ch 021%]?&\?1 cf W@Jﬁlﬂ onds lsy | n}%{'&% %%)8%1/“8(%5 gﬁﬁ\l\%ﬁnsﬁﬁsu iff il ludesVile€ diRulfide

briigH LS2RHEI0 25644 BTy efeoeiistten 2368 hndhB 19 lnh fiid bsifepmAo and
Agl; hhean %nsﬁ o Ws%le@s&é%g@ frééqﬁiﬁlr]b %ro‘ﬁﬁmuﬂgnylélaﬁnﬁés ad -Glycine, and

native i1 ns I hs and |nsuI|n
Bm’-lhjsmgs Theé Rl aygrid gropdpe atgpogjligns @Y 1"angd B1 pR@- ppifie groupsg The free amino

%éb :igio%%y §edh Pl S, #ﬁ?ﬂ%t %r&%e e dIIlSJllbplgiﬁlrlo 0 ﬁneQﬁSWﬁ)@ptlde exhibiting

ene gIyco rs such p I'yet hyl éne

sogieyajbd;r e@ﬁ%ﬁ@d acpnlyyplpt@pycb epaTegPopdioy n{tpp@suhn o3 Wi 1s converted in
m zvcy Qru}ny vzﬁy %}tgla %lgpe}gtﬁ)igcé“)(hlb@lﬂg o RMBl r&@%ﬁlﬁﬂ&dtah@ﬁ@ﬂfelatwe to a

anched ' ymers includ |n% "
ccm@mndlm na@M@ ingifling G, Wolmﬁ’té‘e drvingipetichret 2 b palin with one

orsh%%p c&%er‘z%@e QhinB Q€ a8lifoh € la8Btons Eﬂ%r@ﬁﬁsﬁﬁtl&ﬁl g tiethnhlogan be
PEG PPG PPG and PBG subunlts ﬂgp EF u es in tion N
ldnamﬁ@wlyg &ppiar teclriayeh esupbpYy gﬂ"i’@y S 3, iR piliggion No.
2@9@4@@” ApbteMBREASN Autdhdligh Gr BAﬁnU ﬁblbmesﬁ fded, 18' ME@Z in the name of
subunlt refers to a single eth ene g Y& uni t
% R chal msuh

et o 1 Eppierizey e PoBBREBOHY U EPRP SR S BN o o
hiRRnY HaGY hemen flinlodndundidgs ofary.of the(f@h@ﬁﬂé%@-lﬂ@leﬁerrahd herein as

malmrglt%nglggbsu Qsl atle Iﬁ{ﬁ?—{ﬁ%&gﬁ-ﬁ Eﬁél%} n g/}a%tn__glﬁmy 18@3%2%%9 LY §Ob (see
diSdHedicH He&)w’)] Baleisrohterd epecsiciistindicates dthEGs (og., PAEa specific insulin is

subunits, e.g., PAGs including al kyl side chains, such
as nethyl, et hyl

9
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or propyl side chains, or carbonyl side chains, as
wel | as PAGs including one or nore branched PAG
W@ adpani4633 such as i so-PPG or iso-PBG 15 " ProP€BUB1005/025644
conpound” means an insulin conmpound in which the
C-termnus of the B-chain is coupled to the
N-term nus of the A-chain via a natural or artificial
C-peptide having 5 or nore anino acids.
ref?renc%gr sgéhna% u*ul n%%mﬂ{}l'b? the DA tefm PH A NS ruﬂulﬁﬁ ARRkdEHoadly to
er inc ng a | eader sequence coupled to the
1n¢WEeﬁwrnﬂéﬁéﬁnQM%mBﬁ@ﬁ%¥n such as a sequence sel ected

to pronbte excretion as a soluble protein, or a
“PolySINSIMeCg s&reet edhd QefEﬂ'seMeﬁibstﬁmétj ld)g atnbubstitolkd,t Higear or branched

t 20
pobalkﬁ?gcg\?q%bﬁ%gﬂg sith 35 Gugiyces A PECh o RERERER syeol PO,

an& %ol@butﬁhﬁel ély&)ﬁ@fiﬁb ﬁﬁﬂ tim_ib)matlorSI thglec!f (elailinear rvs Upkdnphed polymers
npound, precurso r" 1
ql‘léig}gsco mlatlJ.'cha |of N %ran%rﬁ ﬁig?erenp V\ﬁ& Q\{n#g gcht %ﬁ% 3)3 gxg)ée different ‘
PAd]SmB'saB@édnfr({rﬁ) PE@, PR PCSt ed PHS shanity), hadnnnlgde;g thepmoralfsylether
of ﬁﬁ pﬁ;{gﬂ?ylac Iggrrsp%r SV %g P{A sulﬁlthn %xegls a%fn@e%@ udltse go‘kﬁ(ﬁglbunzt”

nor “a trunca
re@rsab akingls polytteyied ghtcolting, Kiet elCHEES)HyPAC s@ung” @ferﬂt"?{?mgle

t ¥ re s single
pogfpgcwglre ﬁlgls 1 dlnltélg u é@ﬁ d]rf]&ﬁrd:?enénﬂg KRR SRbAe, féf W & singl

avin or 4 am

poa{proqiylené yoot mm ne’ -(Céfﬁ(élﬂ§%%Hé))m %@ﬁaéld/@af Pé@rskbw’tﬁ,also include
su s%%ute%fpﬁ[(?s & IPQ‘% n_E%n"ﬁls QEéj ﬁﬁf@,%dﬂﬁﬁr%raﬂdyl {i8 &hains,fsh@bs methyl, ethyl

nant ’sour ces frmann, J. A, branched
oreptopal side Priot.of par@apskse@sqhaﬂs amrelbeﬁh’fwsclafl}l‘a?& one or mor¢ branche

pgggﬁﬁa%3§wﬂgﬁgpmx;&h§)ﬁmptan1ne conposi tion can be

provided in a relatively salt-free 30 preparatlon of

the proteins, often cal]ed "protamn a
« Pﬁ?‘éﬁ‘é’ﬂ é”l”V’B‘?f”ﬁd,n aeﬁtﬂﬁﬂgﬁm& cfogan?ndt 13 thl g % (2 ?eﬁrénnui 8{] f\l}%B -chain is
co%&@(ﬂoocﬂléfﬁlzc&nﬁ’ﬁg o8B QOB 0266 4 datutaPorodrigliond] Crpeide lheihg arrg more
anglgc? lé%/}ﬁsggfﬁl?(dgl 011%12{51 H%%)g)ﬁ%ugl era%lgan gl%st%ﬂl}{ c%%%&*nﬁ IQlixe[” %ﬁcﬁfdmg a

equences” o
leﬁdéy@seQﬁHﬂcde)uplai @ne N-&lﬂxginhs of ﬂR—B-ylpei suth awgsegue@mqgleetgd to promote

conf or mat | in the pr | & the N-terminus,
e"&{?ﬂﬁbﬁﬁ&d&l@ﬁ Jpﬁ)geér{ gr a Seguence S"%ﬁt@‘i ﬁ%?e%ergt aﬂg{\?x:&%} (ﬁf the te@mus or
a Csec[tﬁmidnd:lecisdl ¢h @Saqgh emoﬁcahbﬁr {¢t.gpa" seresans vathch pgaffinity to a
p%_]g{é%%gl’m 2. {n%[ l}é ntg%)?lﬁ in%ﬁn@ 9}1 -SurdoS 8L | Buiniproinsulin

ound conj uga hout a stab|I|2|n9
c@mmﬂ’nnhansswhs@g cpthmgqi in yhigh qhy gée@}mtpof 916(_5 tb@%preg( runcated

B nﬁé’m 0 E#J q €208 O?XLF Llﬂﬁg RIIOLAIVBE Fromofh B tekhin€ | ik Youpled to the
acceptabf e’ control ™ neans an experi nent al contro%ﬁghg 3 or 4

Nitermaros @b thebh-ehaitpora prieaish A-Gpin sperfepct 3 TGV iermpnys

arfnb aaﬁs WG URERGbenBId-5pti@, of 1il 2QKRRAIN®PEptide Bolingdr’, 2, 3 or 4
neans a state of matter in which there is

ampiyp e@dsdi nensi onal regularity of structure; the 10
termis used broadly herein to refer to both
%E%%ﬁhﬂiH&aeuﬁﬂhkﬁ&uﬁamﬁgphmusmﬁmmbd&mnawﬂmmmWUmdagL@m§pﬂnﬂ

of crystalline soli and r phqus d Purificati
o rs PSR AR PSR ConfUAns Lo egpn, fad Ppgcaton
1225083 didotmat Tiha cl?rcndmma acoo@bsiigm- tans be lpmvcbﬁp@ undelatively salt-free
prepar!itlo%%% 'Sme pIQ)EenIseg en Mleg O&Bt@ﬁnﬂl@%&g” éﬁdntl Qpl%paratlon including salts of the

proteins.
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nonoval ent or nultivalent cation. "Crystal" neans a
solid with a regul ar pol yhedral shape. "Crystalline"

WO ed0e/0s167D sol i ds havi ng the characteristics 0OPCT/US2005/025644
crystals. "Mcrocrystal” neans a solid 15 that is
conprised primarily of matter in a crystalline state
that is mcroscopic in size, typically of |ongest
di mension within the range 1 mcron to 100 mcrons. In

“ nE, Lase & 4 @l dclflty,l%flﬁl SabB hePein to refer to compounds
Pﬁﬁ? ocf’re'téeala?c11 J@%hM%s%iﬁg% ar e pﬁedga1n$%tly of a

ha$hgghiao @rqssmahdesgfraabhﬂt vo 20 ¥p E5T 1A | n sone
enbodi ments, the crystals of the invention are not

G Qe %tc@]rlﬁlex dRerh&loR formldl &f 1€ f)ﬁé&lhad dfiimsalin E(&lipemsi doojugate,
t e state of being a mcrocr hous”

a cpigpngend gl sfafilizipg ﬁﬁ{llé)ﬂ]?%llsu%tph%/@ no7f wRY ytg?agi f c?{Ielplex *lifcimation
forgﬁﬁ Mh N BreRBES BN irhlinO Ecthpgdany c&ﬁméa{e ind 4 heatioar wipana stabilizing

Istinguish crystals f on1anDr hous
CO@P(&]ﬁ@ é\g@ af é]aqqi;'lr ﬁ,u"lé gype %r —type &%ﬁi} IQay mcqa({e or ex%lu%e bll% aﬁxgqe
crystal |l ographic technlques scannlng el ectron
“SELHRMGARYephibleQPhirdlaneans an ogeopyntal'cgardl dlams)@pqpp@ble to a person

n xt ds. "Crystal
Ofﬁﬁﬁ?ﬂ?gﬂhﬁﬁﬁﬁgZéh%$meﬁﬁéé%ﬁ°ﬁﬁﬁ?%¥n?%é¢ent crystals
"Co-crystal" neans a crystal having two or
i f meant staresafinhattercio rbinaribise iribeerdimepgenal ’f?g‘ésﬂ% ShifBhe e

termolglqieg B ogcﬁ% Pexgﬁ ket g%oﬂh%%‘é!ahl'ﬂe &Qﬂp QAHBPh&ERRHILYNE combinations
e i nvention may provided in any

of tch/eta]ﬂlgq: edid$ my dmprprgusgiolidsn “Iﬁaﬁ‘[’lﬂ'é’g’"o‘fo’”@”%’do‘i‘”%?té srgfdf refers

to Saugolﬂd tQJt MRcludes §%Q§$n|-1¥1éﬂlh Q:Gmpcﬁ{ﬁarb%njﬁ@@é PeETENY codrdiamnel with a
re amno acid residues within the insu

m@@mi@u ot T yeleRcRtion ¢ FOANET msosapeoll Wil Toqulpn pglyhedral shape.

C?ﬂ‘?a?l%ze” tdgs BUBERsinhHhEHe atdRriaks of caysteﬁs a‘ﬂlza*oci ystal” means a solid
nct i onal eqU|vaIent res

that [ig eoppriped primaiily Of et Iubz?,]%xy%ﬁ@nebsgate tg?]t daip 1crc%scc<?10 in f31ze t}g)écally of

1o&RE& dnEhsioh Gﬂ&lﬁf M’l@tré\ﬂge ISﬂplhﬁinl tb UDD aisromsay Inbems edages;t thel individual
from ot her ﬁ@e of the clas

th ographic
crysipbs ©f tautnézaoc&)ﬁ{a c((’)fnaosbéo'noare rea&)r(mﬁlgh 1}9 I?)f afgm%le cr?/stall graphi

coldpy P mﬂwn&)emammmtﬁﬁledsysﬂa}s (olftlnd mvemmnwwt)@@roew@? 3The term
lggr[o/f'&gz%?%? i)r%:) 1;5?64%%& te Io gl’flﬁ %}1 ?rﬁ'&'b Eatl '();‘ngﬁ}i)gh%ke refers to a solid
méredd itenisne: cﬁxdmnd msfomof T]gmﬂ)eaqon@émdprgry skiHl wgthe ait @an distinguish
cq{Eﬁ%g agll S%ugssﬂéaé%ﬁfesldgﬁﬁ é&géafdafgg}?ln?q#g§¥ %blﬂ —ray crystallographlc
teﬂmlubﬂ \sednymg redacyerd ridsessoRy) oram?twel T S rch(d'd mikture” means a
m1x R&W dibYsdeNEL AN ngl}i‘a‘i" tliktiRe memsaRi@ge of two different crystals.
I vely charged (acidic) am no acids .inclu ’
@epmnu’r eneaisi alcraniel haging [y ShirEradfierent-ipgtia r“°’§‘8‘|’“ﬁ}6ﬁ dfgy nsulin
cogxli ou@(ﬂ%ﬁﬁ SesS Ak l@étloh-ﬁﬂéuhrﬂ&ﬂnﬁ)‘éﬁnd@ohﬁgm S2npldxel ﬁ‘faheeﬂiyenltlsn may
ennined 1n an aqueous buffer splutlon a% ﬁxms
bezpravider ey fhe doreRoRErPE bR KRR PR GERPTSh TR
invention provides cation-insulin conmpound conjugate
“QBWLW%@BQ 16{3&&&1@&% oﬁQﬂf‘)Qﬁlrhcbre regninol Bcid medidwgd mithiguidp insulin
npl exes, as. wel | éﬂﬁﬁ
oo bR R 0,0t
ﬁfn@ﬁonaldmuﬁblﬁﬁterdsxﬁlgng msakilent d@m@@mn cSubsmtutlpnpemgy ba corsprvative; for
e)@ﬁg: \égqﬁlléq?{ljaige gstlcf‘u%on C an Cue sLI00S ﬁo&y%erﬁlﬁ% df thk OB to which the

nsu n conmpoun ficlenc
substituted amino acid belongs Examples of nonpolar (hydrophoblc) amino acids include
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The conpl exes generally include a cation conponent and
an i nsulin conpound conjugate conponent. The insulin

W@ oimpousd3 conj ugat e conponent general |y i ncl udeGT/a82005/025644
i nsulin conmpound 15 coupled to a nodifying noiety.
Exanpl es of other suitable conponents of the conpl exes
and/ or conpositions include stabilizing agents,
conpl exi ng agents, and other conponents known in the

aladfnt, lg&[ne Liss(ﬁeu'm[ﬂe %l%aﬁrblﬂg }ﬁl@ﬁ}‘l:ﬂﬂmﬂzr R Rdphart MR ENESne. ER@nples

i nvention al so provides novel insulin conmpound d
of pela npieal evinaAeids iatlidp shesing FBRPIrEPIG S IFAT PHRTSPsBYgPe, an

gldtﬁl%h‘é ' @x&%omsﬁwy H%ﬁe@s(basﬂﬂ@hﬁl{o &b&tsllﬁ(ﬂudenéirg[hinél lysme and
onmpound conj ugat e conpl exe

ul i
o e S U G TR PHS TR i e
ghdtfisibhdid conpound conponent. The insulin conpound may,
for exanple, be a mammalian insulin conpound, such as

human i sqlln or an Y ound. - :
Wt B pnzaaiion® CelpiingIEPTESNE R L ol in an
agadolis biffeefobttibe et aipiisafl7i4an compound 25 anal ogs are those
whi ch include a lysine, preferably a lysine within 5
amino acids of the Ctermnus of the B chain, e.g.,
7 atDqiaidéd DeseriBon oz InBABIonB29 and/ or B30. A set of
ThseliI I vter?tpolne rox@c}l@ k&%ﬁ—lﬂsﬁlln\?\ﬁiﬁagﬁrﬁ%n h&t@nﬁl&@%@ QR8¢ c&rﬁ}g&ltlons
osure o [ |ncorporated herein by
1n<ﬂ$ﬁ1@ mb edomplvassi ag veHeasswethedsce wrkipg g PHLE SHBotATPpIcxes and

co@&%‘b& t mtcoﬁlpﬁxeé q}quef@%ldqdﬁﬁﬁétgﬁl% i&blin . &ﬂdcmr B BeauBent of

a, the am no ac resi due %
e midm| BRI, By 36 rcomiishs SoHE P G CrpBSbciene

TR co?r@?éxtesl OheBRHY ihoPudbl S cfon %ﬁbpoﬁehﬁ a@dVlai GnsaBa @oﬂhﬁcﬁﬂnd u;enjugate
at position 131 is Phe, , or deleted alone .o

coppprsih JiF S15uliR cCRPEng é?la‘faatﬁﬁoef’orieﬁte%e?eéwdﬁf ndgy a“ﬁa%’fl? fogppound

cobdled fohEn@yAL modedy. WRa2PI0HH QLA ?ﬁtaﬁ@?&rﬁﬁﬁ&%ﬁﬁ%@%lexm and/or
acid residue at position B30 .is

coRREFL§0HE s i 8 SETE T D B DUET {20 0Bl pOEa Kin in

arAR usdd nOprehafle t:ehﬁh—pﬁitdirh edimmé)&i; t iThe iB2@iocoralsB3Poviides Inyml insulin
Q her, exanpl es

ComEY o RE o8 AU ROt Petiad 3R Uil SORARP conugares
mﬁﬁuaﬁ8nhumﬁnmmp@mﬁn@mugﬂahaﬁﬂehﬂnan insulin, Al aB28

human i nsulin, AspB28ProB29 5 human insulin,

LysB28ProB29 hunman insulin, LeuB28ProB29 human
7ﬂnsUh$uhnﬁhﬁEmﬁﬁﬂoBzg human insulin, Al aB28ProB29

| n e insulin
Thseu S%L-ltngﬁlﬂ cbid ouﬁgf ciﬂﬁ&éateQ&IQf%?L@gl%lﬂr&Hlbg@nq cHﬁb(ﬁQ i higy li

ution U|de ines describ above. Insulin

copprpuiuna, far searenie e i meageptian HEHILeBPeHRE, Jurihpy Bgpap dnsulin, or an
B BRdb iRk, | Nsulin, B23-B30 human insulin, B25-B30
uman |nsuI|n B26- B30 human insulin, B27-B30 human
insulin, B29-B30 hunan |nsuI| B1- 2 hu d
Amdqgganﬁ‘m?él;psplﬁgc(‘ﬂrqpﬂun Blj}a B aﬁ) Bt enaé‘tu %erreglmﬁgn tompoun
a16pBBrel 6| Which (iRdA aClRahd) padferbiblyranlysins uhthm 5 amthot dv@ls Bf the
chain of h insulin Sg ther of
CGPiB LI SeTRre oo RHAPAge BaRib ey (et rEiatie
arfl@R€Rtdescribed in EP-A 1227000107 (the entire disclosure of which is 1ncorporated herein
by reference), having the sequence of insulin compound, except that the amino acid residue at
position B28 is Asp, Lys, Leu, Val, or Ala; the amino acid residue at position B29 is Lys or Pro;
the amino acid residue at position B10 is His or Asp; the amino acid residue at position Bl is Phe,

Asp, or deleted alone or in combination with a deletion of the residue at position B2; the amino
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Publ i cati on No. 20030144181Al1, entitled "Insol uble
conpositions for controlling blood glucose,"”

W@10080k4608; U. S. Patent Publication No. 200301PdE8SW5/025644
entitled "Stable insulin 15 fornul ations,” 5-Jun-03;
U S. Patent Publication No. 20030040601A1, entitled
"Method for making insulin precursors and insulin
anal og precursors," 27-Feb-03; U S. Patent Publication

acﬂé@esﬂ%g 9@1%9%98% ThE M1, tok 8etedaREthE hBR0ABI résQik & dition B is

I NS preparati ons havi ng i nproved stablllty,
Serzormnrr@@nde@t@t cifhgr RonitioBEEA BI§FHYS- entitled "Stabl e

insulin fornulations,” 22-Apr-03; U S. Patent
Ot@er@ﬁnﬁgﬁﬁlwlt@m& |1ﬁshﬁ&d cothpdafd bhaltes flﬁxﬂudem}mp%eldman insulin, Lys®*®
hug%rgf P%)gl;h%‘é)légu@ %gmlalrggltsjllgh? %1 5§ﬁ£%u1|§!%1§1}n2 1f1nagn 1hsuhn Asmero1329
hulh M S@bID 165 EORFB Siviao asufinr LaaBifrod] hunmg\ infpflipo¥al™ Pro™ human

9% 5 U= o atear R itutiorr guidelines
msuéxgﬁﬁ%%;l)vez]’ %B??nalp?ugh 25 fwell @S e?na ns prov1§ed L?Sl %Ehe s%gat; IrJt I?Qu deli

n am no
degBibekBibo(3; Inkdli. coﬁmxmntfragudaits maludeo hutNoe ncz @@Q@Q%MZ}MO human

mi‘Jﬂ% é}égglé)nli}ug%kgo%% L{Em ?‘ I le%hﬁll Paor Lgﬁ?nlg%h}l o2 B0

hugenpesid, iB2A9330 hbEaQitsul)R BltB?Shurmest lemlm,equ:Ea hgmapinsulin, B1-B4

ent I ! l ed Fat a S am o1 human
L LS AL L0 i e itk o

1nﬂmn|tled “"Met hod for making insulin precursors and
i nsulin precursor anal ogues having inproved

Stflle%tﬁgngﬁhﬁvgp of 158 teﬁi)le' fhsM%atSJ Kfundzﬁnafﬁ% 6312 be@oﬁmd Ratent Patent
cat1on

: entitled. :Stabilized.
Pubhestipy ANo. fo’J(Oﬁ%gléﬂSéﬁg, entlilgd Sgﬁolslzle qggositians %{ controlling blood
glietd i 6RNI08, 1B, 2&@2%812&9&0\110 e dloest3AlL Naaitled Fgable insulin

i nsul in conp 03|t|ons "
FoppaIn SREL B PR RTRBE Nor OAIC) SFi g Mehod o
ma&e@ Abhdd pratsidbrs And 1nluh]18&’1hal@§ prchSors, PaT-E6i-0%, 12638 ra@aambhcatxon

0 e Ln n osi.ti.on ieOmrove
NG a0 Ron R S s SRR AR gl g o
stabiiRy, hodarf @3 Unsakitaregt 6,551LH92B1, epiitied (fBtelde msdnnfonm@qtulonm 22-Apr-03;

U%r e]é}g 2? %3&%&?%1?&@2%' q)%dé E}P ngﬁr%gelg u}%%ﬂlﬁﬂk@tﬁ ngull’.)fll £&h Gosulin

I catlon
anﬁfd@sl’OMMi’lSW S. ePuttdnt E,é@jl A48B afrintiflede Ensalelle sereppsitingsfor gpntrolling

bli%d \é@cgs%%wl 3%96%& o Uggtbzﬁ?éig??gﬂ%i\befnﬁgég‘é |“§$lécg0e;,acylat10n of

0Al
ep@mmlecd etopps, iBhrdany03; ithS | Rafenk Pylicatics, No.g. 39901414081 entitled
?}t) 1I[y E%ﬁﬁh 'cﬁ@ttafsor%w%c OQOQ %OQ%@%@M@S 42@13,@ |énhﬂ}&|1 “Insoluble insulin
nso

I'nsul i n COﬂpOSItIOﬂS
copranms PuB-PetdRi RS- mPateZ]@méééy]é%lg @tltlegntFafty @ald-acylated insulin

anaME§ 2 9 de OJ -85, 1861 b AN nS P&y AiBn MRN QUEN0N $7 1405 |ehtmea AEikih g for making

U S. Patent 6,051, 551A .5 entitle »
mﬁlém paf@msw SRApyHg PRESTFA PRAPE S R Pry g AgPe ‘36,10“@}‘%? 1 yesst
2é°§épaﬁlt, @SOB@aQﬁAéﬂbnoamrﬂ tNoed 208L@bLEOANS ehtitled “Stabilized insulin

formul ati ons,

00; _U.S. . Paten 73A w
BTl IOVEERBES1 PB| PYRFITRG Nhe QTR0 Sy vited “Insohubl
ind@fim@einp&Riond ) Bi- Jdﬁé(lZﬁUtS Ei’a%Qé mﬁBEr@hﬂlﬂeﬂéMeﬂ% fa memingstering

aépaélérl’sglﬁsa?%ég@’ ) égy te,&cy’ at ean e% “%%\nhﬂ#f §ISUIP%%BBSIUOHS
+L3.01 U 89 PaldniSPubation oS 28BBOATRA L eniied | M HoWses ofking insulin
pligfuégnsgl{nixd: bns{;‘l %jof‘ec r?ofr’ Qa gg\%gsnatllg% ﬂnHR(f&lV T&llgen’lrégloh hﬁeld in yeast,”

I NSu
1Rabent; S 3PaeBIFBALcabert No.| é@l@%{i&@d gftltled ‘Stabﬂlzed acylated insulin
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mai ntai ning a di abetic patient's blood glucose |evel
in a desired range," 23-Feb-99; U S. Patent

WG 200601842A, entitled "Mnoneric insulin anal oBCT/US2005/025644
formul ations,” 5-May-98; U S. Patent 5,693, 609A,
entitled "Acylated insulin conpound anal ogs, "
2-Dec-97; U S. Patent 5,650,486A, entitled "Mnoneric
insulin analog fornulations," 22-Jul-97; U S. Patent

fo%u@a%? 2»4]%/-}\10\/66’11: itd, eﬁaté‘x@ é’u@f&%it%tﬂlél eZ@@NdB@QGOQn &ftitled “Pulmonary

oh-am no groups,
mSSIHSQrWQQBA-NCérﬁh P e dPatenpPalpligation; Nm %901%‘138%‘16@11 #H4leq rnsoluble

1n£ﬁ§|c9ﬁp6‘sft%§§ AliSvov-@A8-1Jan- Pafent U’ughcal?é'ﬁ %t 50(514)@'0732% entitled
entitled "Insulin analog for | at i

“Mgitgd for sinistgEg meRppieris dghipp PatlPan- O&f %?témz? Prd->o14,
enhtﬁb%lu‘l‘mahcfaommumns@éaﬁ!g Q@yl@téd/Sﬁsainﬁ” "1 8-2pADO;- 9@ Bat&nt 6,034,054A,

978A, entit]ed S n f lLations,.
cofRABDOgE Bt TSIGD: BIL A o P D KRS aYiegod of
delintsidl idu@n akRg” 20-cepyul st i E)am(%xi 5,934,200y, -e@biled UM nomeric insulin

N R T e

13°7hns U9 Fend 3EBRIATRS, enditidd “Um:wfexamelderm inrwlid pyrpoibeag® for improving

7 t (23 f
the bﬁ%ﬁﬂﬁ&ﬁ%?#&ikdflgsﬁl rﬁlﬁ’l 3? F\%a o7 or t ﬁgt&%trseggg rgrseSA egilled "Method o
malhtaib@p @siiaveid patlmé' biSed ginecdBlefd és & Hestred rapirat Waleb O Bt Patent

5 f,?}gr g?zLa t(t)ln?c' 1111191]13’] gnsﬁ%é aﬂﬁb‘ Ifgnnu%mou '3%&&%@ V@tS| V&atent
’ t?l ed’ h'a pase at havi ng an isoel ectric
5,§5816094, mnu@émcﬁatsd eSO bet abts, GrEnbR 6504564,

enltliled Flll/?é{l%{ng F\ﬁﬂlakléﬁoé %ﬁl@tﬁcﬁg” §§L|Jﬁ1597| .52 Patent 5,646,242 A, entitled

maceut i ca y accep tab exci |ent an
“Splebtapu agglhtjonhply hpszlpm@}mp@rgf@@ht Snkl-Ph Yfe F%{Fftjes ¥¥ §ip s, entitled

ﬁonloﬁt&blé %sﬁﬁpﬁﬁalc%?&‘ysgalsof 28-Zdnm7/ IUL$ iPRGhtUSI5 47294, entitled
I n COITpOUﬂ -

“Insmbm miatpg o IRtgsEFP-/meglooH)S: 5ﬁﬁé8%t’3?tﬂt5’d dPsergion pEstge zine

1n§ﬁ‘iﬁ hco‘ﬁl‘poﬁrﬁe alaQEE9NY” Pakis; AU nemi@ma leftea p‘@nisalne cnalog
her ei

by reference, partj y chin
foﬂﬁ‘éat’r?ﬁk g:Ps59Pnd - find? %?ﬁﬁp%gitq%&)lh’s elgft{e%aﬁ? VR ns“fﬂlyn analog
forBulARATO N O3 Y SPatdnn 8,42 1 G’BSApéﬂmﬂethrmEs&ot profircaigan ensulin,”

the catio d,
200966'% }} %P Platg%aééﬁtgé%g%?ﬂ gl &1&%}11 62 \Eets G Bgreég%{? Qiﬁg %ﬁjldmg
2¢ﬁ§1hﬂi, QURS Patent s, 177068 satital P@l&@iacﬁuncﬁh)formtah@d@r thq:,@q:a.ngent of

T

cdﬁ%ﬁﬂdﬁﬁﬁ%ﬁ@ﬁﬁ&iﬂdﬂ wﬂl’mlme@at@ﬁl aihd havigls 8 is@igcisigipoint between 5.8 and

8. %ﬁﬁ%&i%tzllga%p one %f %qﬂ-g'g%loéqgﬂy t%FQa%&?’s‘}i%g in g:pﬁaﬂ'gﬁceﬁttlcaﬁif ac70§ptable

ent 5,
extiptnt, esba tehievepy bighria¢ 10@@0]@¢nt \yath: tRnEe %@r@ RhpyE kg to about 200 pg of

Zig P QM11%nlg L{gH %UJnFJhnﬁ W%%}@H%ﬁ' 1RG5 3RdIARS hﬁgtmmArg-OH)

I ncorpora erence he A and B chai ns of rk ‘
Thorsulr disclompoah el bydormireab s’ BeBiFEbdt SYoPPRIcy herein by
re?ér&fc@ %)Hlltl'cﬂalﬁpﬂp Rl dok@ 1R REGG (S andRb@BstitRNOGT various insulin

singl’é chain insulin conpound precursor nolecule using
C?W@Fﬂcﬂnﬂlagﬁ DNA t echni ques. See Frank at al.

"Peptides: Synthesis-Structure-Function," Pr oc.
h&%ﬂ@oﬁﬂl&]sed Bq&épareﬁyé ldzpmn-nEd]&l cdmpoRidcévnpmgdeskcan Ge pspared by

(1981) ;. Ber.nd Gutte pt : h g
a%ynﬁ yccg‘tch(S)ﬁxgzed A?(? tdc% synt%l }setgcshn és g% é%l'aisgéf éfglg%gﬁ%letho S,
sdHaathase\Weaipda netmiAkyintbetic E’elheds @Etispc)mblnant DNA methods. For example,
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Fuaoc Solid Phase Peptide Synthesis: A Practica

Approach, Oxford University Press (March 10 2000); the
wenioeeteds scl osures of which are incorporated PEF/EEWONY25644

reference for their teachings concerning peptide

synt hesi s, reconbi nant production and manufacture. 7.2

Modi fyi ng Moi ety The cation-insulin conpound conjugate

conplexes i nclude a nodifying noiety coupled (e.qg.,

Ch%Qc‘é% zgg %; fenl Rﬁlﬁeﬁiohh@o b@/3§é1ﬁ)1' BisoHsh 720 BRI tBI’O714826

e rnsulin co und conjugate. 15 Nbdlf .
andrﬁe@lgme st at-e Unbi diefeats SSefyP edisdase tihfe Prepdgfiopn° C‘@ﬁlﬁ% H insulin

coﬁqp@[{nd RELYERE cbBfoubd sidld Qarﬁ@@&%n&ﬂrﬁdﬂat&ﬁ@ eRfbnce. The A and B
properties as describ 5 herein, For e

%5anple” tEg ik

charpdpff e mjulﬁfo@@tpym@a%lalog@a% st PePrRre Bt @ PEYPSHAAEToRF e

pr&ﬁrsgmﬁolgaﬁéj t::f Qin%lg FRAK R ?ﬂuhr? ﬁ(\&ﬁifoluml §re€iﬁ§ﬁr rdievalet ls?lr{gSI‘d@imbmant
rac and/ or,

DN A éeshmiquep. p2ee Fﬁ@]llﬂar ﬁ CPO?IR'B% gsmd ta}cgl a]ggnlc% ’hproc ﬁaventh Am.
PP Hyfub e8ds. fIOr Rick Rt E.\Orobl(1081); (Egrda@llﬂté baptitdze Splokainc®ructures,

o LA PR BRSO i o
Frhdresolin SﬂkhjenPépﬂdiBJ&bmﬂsm oh Prgsitad Abpromézt é]xfpr(’aUmversﬁy Press (March

208{;56‘ rbggq?lg}g:dc %Hﬂ%{r %’}N ;‘hl %r% Q&co graf‘é? %21%91 yolfefewﬂge for th Cflr teachings

ren |nsu i n conpoun
coEwrtnlngJepnqarsgrﬁhﬁmﬁdcmmaﬁtmrcrdgctrm|ae¢ ingmifagiuee. t hose whi ch

are anphi philic or hydrophilic, and/or which render

the insulin conpound conjugate anphiphilic or
721ydrMpﬂlfymg Meietyess | i pophilic than a scientifically
The Qa? Bl 1%5111?1 c%%g&f 8! con; ﬁéﬁ@éqc%le%escﬁﬁlﬁgesp%b‘éifﬁﬁg infofeu) bd‘dlpled (e-g.,

correspondi ng 25 unconj ugated insulin
coadmﬂamn doni@Hzinsl tBs insplins eAmmaBidetoniBTIEsy R gITvHR SerPRAUn fgpiugate
Mb&lﬁ}iﬁ Boﬁ@&pﬁy %l&fémcb{gﬁ&ie‘c@ 8 edsulin b&nﬁdﬂﬁd that provide the insulin
n

cat’l -1 nsul1n conpou ugat e _conpos ons

cofnpoyng w1ﬂ1 Qeﬁléedmgq)gegwp ﬁsgdeﬁg{béé]{legemt Rer eé(ﬁxpp Fetile modlgymg m01ety can

refic FleQsH e de danﬂl‘ &" tﬁhe&ﬁsﬁlhh B&ﬁ)ﬂolaﬁﬂ ﬁtﬁﬁoﬁ&hﬁtdﬁmbyts (such as the GI
ref er ence: ?ﬁ entitl

tract PRy CipegRm e s SO iR PR dgedst n e modiicd
foR AW 8d Bég&@le@ irO&e tabséﬁceagaﬁet S),odlfﬁfg- footetyOib ; su@0eyirSments.

Pat ent 214, 3 rel at.ed ar i G- .
Prﬁ@{rmi)(? @l%lﬁ%}?tiﬁ’@ gre%‘?of%wkxﬁ? piﬂu theungl il O?%O%{%Eén&g?t@%@%taln a
thBrapeliBeaB) Gignidindnit béreﬁtagb’\af e btigithl @tinpnefai pageniinsulin compound.

T L
whiSuteadea fitel igdulity cqmpoend'nogjuge(ﬂcp mhllphﬂk:@@j hydrephilgo or less lipophilic than a

scg:ggp ca914ccézlgiab1%én@2 9%8/ ag%ﬁ%ée%% n@fngtn?shﬁh Mp\’)ﬁﬂ?ir or a corresponding

atent 5,900, 402
urenmugalte@dns‘ﬁmbtmur@f reducing side effects assom ated
W th adm ni strati on of oxygen-carrying proteins,’

E)Qa%@é F9suithb19- mddABP L moitie® Hhd 8dshlin compound conjugates useful in the

njugation-stabilrzed therapeytic
ca@gmgl}nt GomRaund g PR YRR Ot %EB gotul’a{il g tp%’{pﬂsmllg% PaiepLs, the entire

ASQNERFek S RehiHARR , infbraidt idn 0f refeichdrg (ASId RaghnG,301)89, entitled

Same' 28-Oct-97; U S 5 Patent .5, GSZai 7496'oaecgtei E} |e§[9,, 16-Oct-01:
Bl loplfaaR e oD FRL BROBET G R BEInss bia@hie deefis ;

Ul)-rhinr §714,340; S‘Coeﬁhhﬁﬂind raat&i Zorh6i-baswit fotyinedc praditugs/&10-Apr-01;

;%Ir 5%%%%653&565 entf%g Y I,a e§§q uk{fx{écgneshf eglact ﬂ@%é g%oﬂa b(?(;loglcally
a@it hdalefisl, " 0523 ODONE. Reteht\5e8646% @myau wagmua@x iplie distidine-linked
conj ugat ed
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to biologically active nucl eophiles,” 22-Cct-96; U S.

Pat ent 5,405,877, entitled "Cyclic imde thione
wacewcwateesl pol yal kyl ene oxi des, " 11-Apr-95; anpPCTIUS005/025644

Patent 5,359,030, entitled 10 "Conjugation-stabilized

pol ypepti de conpositions, therapeutic delivery and

di agnostic formul ations conprising sane, and net hod

of making and using the sane," 25-Cct-94. Additional

prcgelrrl %Pﬂ% rI C%tl UQ%U %%%9’3@)' Y p?ef?én't @@@0 e Eatltiel PMERBA of reducmg

I nstant 1 nvention can_be found
side hﬁeq%mslmwingww @minsere e o PR CATYImRT O tetife 0ERP Y 05! Patent

fd MhinER,RAKE abiiE AoRPbAIRE BeFvelyNanay diagnosti
SE05, LSO AP loaic 06 optatod,bone s

forfrjulagighs 1 ©mprisiag (A0 and grethe® of wgking japd 414 HSems T
Pat]cgt/ 239, 73& _Jenmiédl “agh1 OBISe FéctQIZtcd E&&ﬁ}%ﬁenz @dided 1 108Hn-97; U.S. Patent

-Sep-07Z; and 097873, 797, fi
> t’d?ééfr @gtu}eé “Bfivehorgies phes Ry g% f»ﬂées fg,rar{%ﬁ@cgn%cﬁo slefides.”

18RAent UaPPhi-aa 3601252, |eﬁt1tleﬂ1 Cﬂﬂwfb’nafaad/alb& pﬂyeﬂk)h)gne oxides conjugated

to {‘gg)fg‘%qea]gyc ?QF(S‘fd‘i(’) ;19;}1%3‘1 {Fffe g? g&’ ﬁ.lrg.o r[LC & fyfibg 8717TD en? ttletde%grchc imide
thioBY attivaled d]ﬁ)l}\&ﬂ@léné) roxiliegr aldalqirésj Iandk dgés |Hatet11h él369 030, entitled

backbones d
Cﬁyﬂgf’é‘ﬂ/ftf’@éﬁegy pﬁ&@?’ggﬁl gp qmpof%aonés r&eﬁf’i‘@ h’{f%r ﬁnd diagnostic
fogiluytiohd de@npristar LarAtke] n&aﬁtoérqf uaklb@mad eusmgdthe heamp,i” k&-Oct-94.
ich are suscept.i bl S | h
G0 B3R 0 M UFLOLAENE , B B AIRLRRCH e
1nmt1<ghtanf‘medgmrﬂmhghe felawpl &5S.opateny @pphcgtéﬂny niBe §ntle apecifications of

whcllc S%r%ilrpcegpb{ate(ar u%é?ﬁte?ereﬂc? IBJS Paﬁaﬂf ﬁ licBtiohoNosZ 1(39/134 803, filed

ire disclosure of
14vmug—:9$ i W/01R8E9, phiedt @dDWé}lellrQ/Zé§/3$]ef@F‘érﬁ:5egep§ée ipas2t, filed

OSLée? OZP % e(Sg/ 7@ 73991*]19(1?’64 J\InQ)l 2P BN biRGostte & each bhﬁhe foregoing

ire osure of whi i S |ncorporated herel11 (}/
pareefsenfém’é@t amhéatlﬁwis fryplﬁ@ra% Peeip by BF{CrPIRE FAdRFTafR e oncerning

m&x&gq&ﬁltghgdlwog@éﬁaes l'i pophilic noieties, anphiphilic
noi et1es, sal't-formng noieties, and corrbl nat i ons

t hereof. Representatiye ophi |.i ip .
The; lﬁﬁ‘bﬁ'fqgl 18015teﬂs )}Wé’r ch 3¥F Wﬁ%(d?rf gﬁxa E%h%l%afg S _in tIHelr lbac‘kbc?ﬂ@éj Fo
ex@@ple) ihbethGsnNcaiOineudiehydidlytioglyowstablé. li»hkagebiymcb ph ilactige, glycolide,

Vbl eti es 30Ex npl f sutableh [ [
ca ‘ti,?ezlltﬁoeéteb )&@b %tafl(ggq qg{F’he}w}h ar&rsus [b?eog llgjd{:o rgg efﬂl@?pproach
alBug alic pnbynﬁs ©she qakydsiorbave rmdccetar wlghfaﬁl@grr@oﬁblﬂmmiﬂ%@f such

(é%? iarka d'escrlbééo 02r%9(61{1%%%1§ {J.?’S g%guég%/l Oéﬁﬁéfl to ﬁu@oeﬁ et al., the

ene letle re CO oun S with
entxe:pﬁﬁ;tosvale kzg/wmtexs dflcyrpotated hereig by Fefersusere S@lﬂ%ﬁ@d—f Preatent 6:304433, to

u n Irll;o et%ﬁ P@éxlhrqn gﬁ%k CALn s Qlcorpg B Rereif BfPeferdde. Ot her

yl'ene units are dlfferent (e.qg.,
polyethylene co- propyl ene or PLU
TIRhwo@Bingvepisty can s&de AAY St eqy%tﬂ poitics: Bpoppie “é);%‘ﬁgmaglphlphﬂw
mifgL:e it mﬂnﬁlﬁe n@?%héise AR d cREERYbRN ehetist. de Raplesentatlve hydrophlhc
co- pol'ynerj zed branched_ or JPEG
s 90 QP RhePADEeR A P Herfioteh s P dLgrore A below.
appl i cations because it has highly desirable

7.2.1 Hydrophilic Moieties
Examples of suitable hydrophilic moieties include PAG moieties, other hydrophilic polymers,

sugar moieties, polysorbate moieties, and combinations thereof.

16



10

15

20

25

30

properties and is generally regarded as safe (GRAS) by
the Food and Drug Adm nistration. PEG generally has
wo b@sotsnul a H (CH2CH20), , -H, where n can rangeCT/D82005/025644
about 2 to about 4000 or 10 nore, though the capping
noi eties may vary, e.g., nono-nethoxy or di-hydroxy.
PEG typically is colorless, odorless, water-soluble
or water-m scible (depending on nol ecul ar wei ght),
at nert, hydrolytically stable,
72?@ genéﬁgil&en%gﬁ?%ﬁ%&x% Gis also bioconpatible,
P /5Giglart ycpnmhdswlthlde@atrﬁéltqu@li sliedamniin InFAnn enposispsiss e jupits are all

1d£rl't]1%alb(ggy PECY &f ?[E('gedlnpggr egpdo@ﬁﬂeﬁﬁ e Calll@%ge 1121%92 arjel:- gthffé}ent {e.g.,

19
pobGihyfEae- cozaropme ehyaol, q@’LﬁO}ﬁ@S 7 7’f’he zgymez@ cangly renglpm cgpolymers
(fgf%xar%‘}e where et?hglene%&ide%ﬁd plggylen@(gmdé dre cé—%olyrﬁ&izeé)"o.r bhBehed or graft
, or nore PEG subunits. The PEG nay
C0!1?@13”i41‘?)"13|od|spersed substanti al |y nonodi spersed, purely
nonodi spersed or substantially purely nonodi spersed
PEK® isth pref@SedP AV, MU WeflERMid1bpehl b}}phtdmenﬂﬁpidse ambshighdy desirable

U. S. Patent 9/ 873, 731 / 87
PrRRS S £79 18 gen5! xafi%a%id R ity B SRl el Syl PeG
geak@llPkhs i tRCOfrpod Ht(@ﬂlzmoe,; 1, blyere etar engefono about 2 to about 4000 or
ol ydi ersed. One.advant age of usj .
B A L L
istdolyleds 0odvriesas whiyr- sdbtb]ermdvat@ﬂ]nﬂqét édenmdwmnemolecww@kght) heat
sta fi‘n ghaeﬁﬁléail&rakgrbg%gd?ol%%gl e}p dslfh%lebl a%ds¥ﬂ1%gﬁﬁl §onﬁﬂg: FDIQEG is also

I'i near w ydr oxyl group
blactorr@atdﬂe ed tybinally dobreriad prodimsi an gmueer] igepansdn the bpfe Preferred PEG

mgﬁ{’@'nﬂ: %105 3”0% knsuld QOCH”PP@@% 15”1@ 19'5&‘; @@@0611892 23, 24,

an a 'stuch ‘as’ net ?éﬂ)»/ % 9
25Aﬁér2€,2§né9t3@ar3rh Wué-” i34, 33, 3% PA3BY §707|4he4|2t 43 ‘ﬂ(é‘)?;f%g?oﬂfr 49, 50,
olfordpEG kiigar or branched OCl_6), while the other

termnus is a hydroxyl group (that is coupled to the

I nsulin conpou The PEG G al so_be branc ed i ch
Theak EFn B e HETD: SEPS e s GHE BRIt o
subRaAilEhurBy hepsdaperdde.a, fgnéviably (clésyﬁbdda)brlt};e appiicyﬂn;/mrw §) Patent

o5 ST SRS WS SRR L P B AR Rt

inc@porwtad Yeréio by edelanca) on puiydlispers@0 Anepidealtdgy oﬂ psifg th@ relagively low

5 7 9 1, 12 4
mﬁﬁcu%z f\’reigﬁg ?noa%dlspﬁx’iedl Iﬁ)%ymeé%ls ?‘h%&t]}gy g&éﬁ&} ﬁggé(? goil}u%%tﬁ lt%lecules
whBish cad4acilBBe b@BrepR@dpcil38synB@sis ahd FD4X1app14)2al 43, 44, 45,
46 47, 48, 49, or 50 and 17 WO 2006/ 014673
dé(l}'@ﬁl%%nggr%ﬁl h};dﬁ)xkleﬁr)ﬁﬁﬁr&&l ttexlﬁﬁmﬁ l{%f&@ bhe @&ﬁ%ﬁted to the

ran e maxi mum nunber of attachnent
rematnégzoft pnsplfnecopppundy gehs PECEgR Hsthbe opaiE Bavthie mslppy-PEG

o?'inP@Gf) foleRMhe RRFinGAD 2 RELEY E’Heﬂ@tk@ﬂy grb@ (e@Xx andt & bran\dhderCI 6)s
ethers and/or esters. The pumber ar ns |€qcan r

whilhe ehsrdmiys if afudierd arosp (thay fSéoupéW&O U s <Pl
the term nal hydroxyl groups can be coupled to the
ThEPEGH Baedlsodfe bidheheldwshitt din i oxxosibodinent W@rrefptshmedmsSRy-PEG-,0H)n,

.suhj.ect t hem cal dificati Qh b h
ik oS0 T BRSS9V 5 A AT ARA T,
156103 Oe IR ) PRp&senwhiae eurpber ©f DEG suliniy argl, caR veydoesehern and is

typ}sccl?gfsgﬁ%scgréggsﬁﬁhlo "i‘ﬁ 1hY S 08 197190 Y G8 @) 20,30DH2203, 24, 25, 26,

27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 and
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as carboxyl that is subject to ready chem ca

activation. Still another branched form the pendant
WORIBs/0h®#33 r eacti ve groups, such as carboxyls, BCDOS20051625644

PEG backbone rather than, or in addition 10 to, the

end of the PEG chains. Forked PEG can be represented

by the formula PEGE -LCHX2),,, where L is a linking

group and X is an activated termnal group. 7.2.3

m %gl%?ents gxr{bglsof Hﬁ% S{E%ng@ fp(gn mEH il fn@ﬁmgﬁ%ﬁﬁlbé%ﬁatﬁ@ﬂrﬁénﬂsuesz

e sugar hol eties. gfenera t he sugar
onrﬂm ®@teyageits Eachdaarrb@ papche dizeesape Qﬂ(@} grer@fan%gaq be Agmirgjsg. for example,

ﬁféﬁ%‘h@@xees%so Yie niRRRE EERAL Al da¥ SanflIFeh 1R 18k |h@xﬁ1redl>5 more, and
“inc but are not limted tg, glycero|l noietie
ongngh Eore o the tqrmjnal hydpRy Yo BPRRI 4R OR&PYT to the, gpmainder oF the insulin

coﬂﬁ&ﬁﬁga&%ﬁl@iﬁﬁlé@%%}&%’ﬁ)rhhé}ﬁlczﬂtnﬁﬁﬁiaﬁﬁm al ycogen cel l ul ose
and pol ysaccharide guns. Specific nonosacchari des

cl ude C6 d fe
Ot ytrinso e PrBt b Rhgiisaey Yanapse o SRR 2 e »
eqﬁe@sﬁplﬂﬂpl{u&}ﬁéﬁeﬂts zdd:entrﬂ I’&dretsﬁdh&&l}ﬁllna pi glgsrol,aod Zldﬁre;sm]itset grap such
al
as gb(fxgptégt)ls gli‘?beﬁt tg geagxl%}f%glgcgﬁgzgc Obgtgl ano h%rstf %IBB@% fg{nﬁl k'ﬁleypendant
PECﬁlhhmz&:nVéZ@omdsublaisf darbosys, alcog fhe FEG t@FkaEQ rafpersthgmpr in addition
to gﬁ' S Icgjlbel IﬁEGdc g?nré' E%rg %g%éj% k?etr s%nt@d g?&re%c]ﬁ'nula PEG(LCHX,),

I're disclosures
wmwamhaambngg@mppﬂﬁ@&@@mMEﬁgﬁﬂﬂbyﬂg@@@rence. 7.2.4
Pol ysorbate Moieties The nodifying noieties nmay
i ncl ude one or nore pol ysorbate noieties. Exanples
7.2.8¢c| ud8ugadylbietiah esters, and pol ysorbate derivatized
t arl-iﬁdléiﬂs ﬂﬁ Vi el i@t s@gar moiet
i) R0, MBI B0 £ B G443, PR RS R ot
is B, PRhpiTe rsatct5ofBdepBone taqehaEnse iSFRPd %@F%“éiﬁ“@% Sggr moieties

m(\ﬂ@dec Butdd& nbERHROLA LGN ah&kilks, biodosf @Y, @Rs and Bll@s&charldes and
Bi oconpati bl e Water-so] ubl e %? ycatlonlc N%ng N ¢ ecifi
pobstshasteo ettt Sarchiso slirsat i Bt POBPRTEce Fitns. " Specifi

mRbAeREHIQNhGudRat Y48 BoveapreReablis€fio Cgﬁb@,@ﬁmpai asbglm:ose fructose,

méw%g%gaia%{ouqk;l&;e%g&)ngﬁ%t : opr]kﬂs%?iglaxggls%cghan es 1%0?110 e %Oéettles dhavmg two
orhl@%@ﬁ@@&‘dcﬁ(ﬁdahﬁlaqﬁleﬁraasr cgecmda rtchos eugpsse, ceNdtiae, maltose, lactose,
an§°| f%%goﬁ‘é“?‘@tﬁ }ﬁﬁlg%r mmfatﬁes is é%eec%ﬁ)?sg}ﬁar?reggls 15U, 5:438,040,
ankdB|369,930, the sotirel Bk @osures altpiteduse m@tbrmrnt@@rensbucﬂqfewce

buffered saline or buffered saline with small anmounts

of added organic sol vents as cosolvents, at a
7.2dnper XolyserbabeMatsties 20 and 37C. I n sone enbodi ments,
Tﬁehﬁx %B{gﬂgf %bﬂéﬁ’esrﬂ? In)fluhé S& br bdreWiysoibhikihdi&Rt.] Yexamples include

queo s solutions per se but is brought
soriftaw exiet, and mswatg Aarfvetiaeg with pelysretBylenso (Copipgatign Using polysorbate

mgig{léé @Jécrﬁls’&ﬁ (RFPIRES SCRAR NS 5, 45X MIPhifRIS, 35008 @R entire disclosures of
havi ng_ami ne groups on ei ther the

ﬁg@yanlnes
e ricorgomse Bersin BrEdBBe or the nodifying noiety side
chai ns, such as poly-L- Lys and other positively

charged pol y CIdS ur al synthetic am no

736 a9 diorahuererape PalFEonie sl g
P @bd [Prdb¥&ident§) Obﬁéédﬁfpﬁﬂlﬁlhlvt‘r&ﬂér,solp‘ﬁib yﬁo@ycgt)qmcalpdlymers can be used.
Blrg(c)clmpatl{)lg tv&!ai(:jelr—n l?lb’le paorl]}%at?o%?cp po?ymers include, for example, any modifying moiety

having protonated heterocycles attached as pendant groups. “Water soluble” in this context
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pol yam nes such as pol y(am nostyrene),

pol y(am noacryl ate), poly (N-nethyl am noacrylate), 10
w@odog/o{4d7et hyl am noacryl ate), pol y(N, N-di met hyPCT/US2005/025644

am noacrylate), poly(N, N-diethylam noacryl ate),

pol y(am noi net hacryl ate), poly(N nethyl

am no- net hacryl ate), poly(N-ethyl am nonethacryl ate),

poI y(N, N-di net hyl am nonet hacryl ate), poly(N, N-di et hyl

means {ﬁq € en%?err}{écﬁig\%% ’moﬂrgj ¥ gcﬁ&lﬁ'@’ n%&?éoﬂé %ﬁj)cionspQJcH B el saline or

rnar
buﬁeﬂey (s2nN, e miattetivyhiaef b roydagic sokypiltops epsglyents, at a temperature

Rﬁey Gh gﬁ§ Ryacr Ml AW AARLARKAL IthdBloBiYyin ARBRAI i8N islBot sufficiently

or | J and natural or synthetic pol ysaccharides
sobgleHin agueetsi OBIARS. Pey Qb IDbroREht ERfel ST Hybriapite S atpheluble

pom JkNgs PF &Iain@sE%iﬁléll&%db 'ﬁgﬂyéiﬁiiﬁes%hiﬁ aliye r'g@)ﬁﬁd dnl éther the
ymers. Exanples include poly(ox eth E,c?lted oIs

m@,@@wgwﬁbbv&m@f Hw%ngwn@r%&r%q‘e) 2BHSYLIR Y8 A%3f other

p0§19(/@¥] tc@dréed @Bﬂmlrﬁoiciﬁé QX vatday l)lai}@ﬂleigj Mﬁlﬂs @&uis &Oiny((m‘dzsngﬂ amino
al co car

t
e e g Ao B oL AT i
dlyﬁﬁﬁiﬁmsﬁﬁh e }Qﬂ}]t(arﬁlﬁwr%mﬁ r@lyﬁilihdnoab@l’amj pdhge (Nrnilitﬂ)sb airnmnacrylate),
€ nono t he above poly I chnaln
po&% anched qﬁ§§“¥g‘fr¥r}°8°r§]§ Shpl es of? mgy&ﬁ ) gld ditiond fnoacrylate),
poﬂ)ﬂNmEﬁylhﬂﬂﬁlb&bdﬁate)b pctly(aih&lomefhadryl ae) @Qiy(ﬁ\bl;nethyl amino-methacrylate),

Po%g*%/fijgﬁ a{?}q%% %F%ﬁ% Hgly(‘i\i NE g me‘y amln%nethacrylate) poly(N,N-diethyl

aniadrydthacitylekedy r pqhﬂ'(etdyiere)rmh@VPpc)lym@k/P odn@uaternary amines, such as

p({l’)ﬂi\%\g lg)%rz;}lr%&{} Qr?l)loa%l:y?at%l\‘f:}h%nd%ﬁ gth X&ggrﬁldbﬁo%ﬁm% 1 ef?rﬁﬁjomum

prep ar ar ent

chideide), mdlnatutal seaynth@isenlysasehaiides SWW@ Pldbas. and use are

described in U S. Patent 5,629,384 and U. S. Patent

5,631, 322, the disclosures of which are incorporated
7.84r ei nQﬂleIrHVé'f(mhd@Mﬁleﬂhfel r entirety. 7.2.7

Ti%| %&tﬁ@r’fé YidicRed Mﬁ?'a‘f&@' 1901{3@ @t‘héreﬁydgﬁih{h@' }ﬂ)l}ﬁh&é@J OpRuhpl&s include

YMEr s appear pot ent i u%g bi o?&g sive
pqér(@gyéﬂlﬁa@é P°1E9<1§)n?’t}?be§ POQ@X@?thiéﬂ%glwr%} ?lg 0 fgFoitoD), an
p(flﬁf)xﬁ‘?ﬁmh %lucése) P@lﬁvmry)ﬁil&lhbl) @ PAAP); I aran] @rﬂ\szfzdﬂatebaséipolymers

mers containi ng car box
a“@ethﬁ llke'poWe( QQV’S‘?FP can, e §omopQImET  oThiAy ‘g’&% %{ng; obolymers and
tefpoBRRFsbad on tht IoWéh OO iba G/ D1 HET, LiSA0M5inG2 tiGHhed. and
are also readily conjugated with the insulin conmpounds

d
S%e)% géyéanga es o? su?t bQG acﬁeh%azg 6¥13m§1]s Qn%[u(ag bla e R 1}{1“@& D L}; Eﬁ&xazohne),

b degr adat
dlﬁmbwhmi}:(@oail(mnqut)l (M poing aﬂlgvgjg' pg@!&,h%gmiﬁ PVP”). PVP and
ptﬁg(f))}/agol ne?gg’ ()vg% Browd glyﬁ‘leﬁg 3 Fﬂe Qg QH@ ﬁl'eﬁ‘ Erepﬁét%ﬂ%ﬁ be reg_(hl'?f%ﬁparent

ners” can e US Iver th insulin COﬁpOUﬂ S
tottbe ikﬂ@d gaisty FiaeMeatjith sinthesigend uspare ﬁ?ﬁéﬂ@d ol PrBatent 5,629,384 and

1@591 5 65{]% %mlﬁ?SQ&éseofC@{l&p%Xllﬁ&r@%teq HFeBUBSrefence in their
ena e themto adhere strongly to

engizdY-r oi ntestinal tract, and can ald |n the delivery of
the insulin conpound conjugates 7.2.8 Lipophilic

Moi eties In sonme enbodi ts the nodi fying noieties
72rc| udBieaihegive Ralanionirdnieties i eties. The

Certain hydrophilic polymers appear to have potentially useful bioadhesive properties. Examples
of such polymers are found, for example, in U.S. Patent 6,197,346, to Mathiowitz, et al. Those
polymers containing carboxylic groups (e.g., poly(acrylic acid)) exhibit bioadhesive properties,
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i pophilic noiety may be various |ipophilic noieties

as wll be understood by those skilled in the 10 art
w0 p@bationyy, but not limted to, alkyl noietiesPCHURBNYD25644

noi eties, alkynyl noieties, aryl noieties, arylalkyl

noi eties, alkylaryl noieties, fatty acid noieties,

adamantantyl, and chol esteryl, as well as l|ipophilic

pol ymers and/or oligomers. The al kyl npiety can be a

agyr the §438 aRshed &H&Y&A'CR idl
oo ggoagsg)r ge(%%[yc Egﬁ%%%n%ggﬁemg ogl?&rrgé)nt S, the al %/ i
blmvcbltly belgmars that Jexpape Barbgyli acgl goupp( on fiegradptiony 3such  as
p(%)glactiltélco %g«:olildz), po%énh%ghde;gand %Qlyora‘t%este%%’arezegso l%éadhgs@e polymers.
Tiges; pokgerycen b psed aadeliyer thegmsulim gomppynds Agthe wm@tﬁ’st&al RS ehs the
p&ﬁﬁéQQ&g?a'iiQ NRey ﬁ%@f@k@&rﬂoﬂﬁlc%ﬁl S&ipt! E(ﬂérﬁﬁie tﬂewt@&ﬂh@é Kl)bhgly to

noi eti es such as neth rop yl, pent

thp, ég@?plnteﬁgﬁlttgppt ar&id:fng,ind 1q1tbtﬁ§)alhver& lscr. ns W&g@mund cw&t& |
tridecyl, tetradecyl, pentadecyl, hexadecyl,
octadecyl ALo) ecyl and eicosyl; saturated, br anched
7218y | *ﬂW&W&&gﬁgﬁg%sas i sopropyl, sec-butyl,

Int Rfe- elﬂﬂbb&ihl.entg tﬁ@hﬁyﬂf)bmg ybictids@ndludeedik o ,ma2d lipophilic moieties. The

T 5 LT L) AT b o i
ardﬁﬁlh&ﬁﬁgﬂ bfnr iiinhel tajedivé mertiesr dkagl lad)lktgpls atyh@trpageties, aryl moieties,

arilalg(ml Ig(r),}gt%b ag(yi)r{i mow}tllesm f%tﬁ/qlc}domm ¥1es )édelma% }1t¥/i and dcholesteryl as well

aszmpplmmijmerslamd/ot ﬁgpmsﬂbodl ment s, the aI kyl noiety is
a | oner al kyl nmoiety. In still ot her enbodi ments, the

n%}l m%%%ﬂ bé ac'saﬁlreQed &ngﬁn At&l\’\@ﬁeal Blakdbled %Pb}%hy hydl“(ﬂ:arbon chain.

ments, the nodif % moi ety specificall
Ind@@semmdlré@tﬁst@talkﬁlfmaﬁyw la|2k3y| s &% D G 11, 12, 131415,16,17,

18R8CHf 21C8 by, Ao 2@@*7 BORS G310, 88, |3@V95f36ﬁb’7<)8k FIEYHY, 42, 43,
or s eC|f|caII do hot consist of an al kane ﬁgidéramﬂ

A%545s ﬂ)@c‘Wf #&at% Wdtﬁé%orﬁ Gibeopemst Egtmpley waade sty
mBRIi&tsMeh akReeii, l%lﬂyl FRVIPBut@lapensl, thlay%ﬂ Heptyl) I’(}Stylb Sy, ldi%@ﬂi undecyl,

or substituted w re s itu
ol Wit FBER S ey DR FTRESHGOBE T RGP Faps s
bMﬁthd kgl mRidiad SuchasSiydiﬂr(h@EI.s@c-Blftylt h&t—bulﬂnpuﬁtyﬁmt}mr tert-pentyl,

t t h t
na F i tﬁ?gﬁy@g# ﬁtgylg?j(y IZ\#L{? 1pe I ta)re}d gngsre]lhlf)age% aﬁl?yl moieties
de-iwed abinythbl aboveechtuthtéd alaylpmoktanstmﬂgdny, dup nglolimged; v, vinyl, allyl,

SR e A6 TSh b PR LSO B s, e i

maddq it b oovek alhﬁrmqwty ehf @ﬂmﬂ‘gr e@@dm@n@g@@ ARYI4®IEGy is a C, to C; lower
alﬁﬁ-%olljé?%o%% Qr?ese%‘b%dl TﬁHtp Sthé Md&ﬂfn?g mdi gt‘? sE&:ﬁﬂE‘ally does not consist of an

tertering aracteri zes the substituents as
alhﬁtmcetty,mrrtatcuﬂvglbt fass npleepssithiof atlgwasfalkyhipoicya et sspifcally does not
REisReLE ke %o‘ie@y BLHRLABNE BoclhdiRofsRBoRNOKE S RKaR mdilty.S
I nventi on. I'it pophilitc noiety may be a fatty acid
noi ety such as a natural or s nthailc sat ur at

e
Th g R b EED TR oGP AR B e Y SPGB CyP s, and

s@@@bs@iﬂﬁﬁ)@lﬁﬁﬁfaﬁy dithe bty indelet Whh @hd/ mefholta st Zyntlaasls of the
4, 5, 14, .15, 16

c%@lgatgi) or f%mlr?% 8’)?3%10]?&108:.]1 O?C%Wr 1? él};\r Bgﬂugg{ea rrBPOtTnZIhl 7 1ﬂterfer1ng
fuachaditient B suithigy ﬂm)d]l:efdwlﬂga pi{oteetiqg S@@ciof ds gakdnyerdbe fimctionality

n?ri]gltgggf%g‘tsgl 2%819 su t1tu?ntt tn%tiy 2{3 tO{}tlona su%éti’tut A wﬁlp g(%lt onglaﬁog)fnterfenng

4, 5 6, 7, 8, 9, 10, 11, 12, 13 14 15, 16 17, 18,
19, 20, 21, 22, 23, 24 or nore carbon atons.
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When the nodi fying noiety includes an aryl ring, the
ring can be functionalized with a 10 nucl eophilic

wo eveiwnnl group (such as OH, or SH) that i s PCT/US2005/025644
positioned so that it can react in an intranol ecul ar
fashion with the carbamate noiety and assist inits
hydrolysis. In sonme enbodinents, the nucleophilic
group i's protected with a protecting group capabl e of

supsfi uegts h1"¥1d rte%my 4 grq %rﬁgrfegh ’e(,rh\élllaﬁgnzg? %{easqggitdegts Wk Vi@ el%ihhing the

Fesul t protecting group is
fea:téa;dnm@w eaacnohwrbg pyirgedin a@qqéia@qynyn@g@réocewé this invention.
resultant rel ease of the parent insulin conpound, is

T}%Qipfc)@mlé ann@Eyexg fd b%&g&&@%l&§ safh Ui hakhieorn®aih el E@Jrated or

unggerggeg)?;eelr 2)? nggch qyﬁm(ca_r?l%etm fnes‘top)gsen](b}g gls%clgec}_?t?r acid m01ety
18P0 di s1BNY 3, o tidel 1ﬁ@ﬂllﬁy14ngs rml et y8, i1mcloyzie 32,@8, 24, or more carbon

anphi philic nolet n ners and ol i
atefpse 1 APIRS %?hOIdWmSﬁH%@@dlﬁF‘g% it1¥ P5106 fz%l%’ fogs o %ﬁ’gf ffc'a fatty acid
m&Etgn&'@ llff%@ﬁodo)éiTllﬁ{t SorBfst TQT adthity achiongiety }im':iﬂﬁhBhfatS, %I’Vc Budéo, 11,
rop ic a p c,,moietie ich can be in
1% ?4% 1f &Pfﬁ%ﬁ 1@%3&,@?2& gfh’d?flé?mﬁfﬁcﬁlrs‘?%?a ““Fuch as Iinear
chai n, branched, or graft polyners or co-polyners. The
waem hiepiﬂbdﬁyﬁxgrrmdnen‘yymnlgddsmnearwle sngratye iring| agniebe functionalized with a

\ﬁgecr)%j[lhcaﬁm rclr?al Of%lgg%ﬁer elbﬁe OJ éﬁ)ﬁtﬁ%ﬁ' 1L l{p?SltﬂBgd sch%gtr@ sz Ilech n an

I es esc yl ng noi eties
inteyilecalat yfashmcl witle thet cdrerarste oisty 28l pféatm vie ydisbsisond some

en(*x:’or ?#{lrg htsf Rt "é]t;m 1S gras)l 2 pr&xgefdo%i)ﬁll Iﬁ%&ﬁg éf&ﬂpoéapable of being

nic aC| car boxyl 1 c acid, |socyanate ep oxy
hxéstlﬂpd Olaﬂl@r\vlh@ddgraréed inwhypCHi e toplheiigthas whery e prafectigegroup is
degfotécgﬁ kgﬁ inyM lof e c&?bg%te}’ and KBRSt FRAG IR JakbR€hbddin @bmpound, is
roups be used attach a lipophilic linear or
fapiigigdhed chain al kyl, al kenyl, al kynyl, arylalkyl, or
al kyl aryl group, or a Iipophilic polyner or oligoner
OthBESEaN ed JTEHRBIS infdgiffiRembies Pltiude COH,0H):{ NEH (OBEORY; -OYCH:)s; -
nnlety (and thereby rendering them 30 generally
CH ﬁﬁﬁzphlllc) 21 WD 2006/ 014673 PCT/ US2005/ 025644 The
|Ip0phI|IC groups can, for exanple, be derived from
no- i c acids, or where appropriate,
act i @H‘ﬁ@%agﬂ¥é “of carboxyllc aci ds such as
Inafohly cnbodimenns, tiechetifyhigondide sicludBeamrmpipbphidit mnigty- alleey polymers
ar%ro%%c!)'lr{le‘? Ohie ar%ﬁgphtﬂg:u Tlhﬁ%@%f%h)fﬂeﬁ f}lo&r g)%ﬁfn@fsebrgﬁ:ﬁgd B@l?ﬁngs or graft

propi tyric acid, rirc acid, 1so ric
ceaypilyhpers thatrmchxyle éw@ppmhca@nddhpqpbzm agetiss i whiche gagr Y9 figthe form of

ol%%{ngrs aF(g ﬁr rp%@mac I 53181'1 Do tinBar cRaif BRGEHRA, 6 Fﬂft tpgl%érs GO&-folymers.

myristic acid, pafmtic acid
stearic acid, behenic acid, Ilgnocerlc aci d,

atic. ..
The PrPhiRhist BPvEnEampigtios| yshEade compitations; & gy r?gﬁ%i bpehilic and

hitedpililic 2nd3diay bexra lel%m aSuicHl mo@ifﬁhgl moktié, ty}ﬁteﬂ:]lyriﬁﬂh&le(at least one
acid, linoleic acid,

MRS E NI ERTE NI T —
a&@lSEo@franﬁtat ép)éxy’;l(éktéi' atdadhb like, | wHidht it ybftaﬁatda, tetrmimg eod bf fhatnogifying
mggei;yyl T}}S?yeg@?cgwe ﬁ;gfth giélt ?q%g Icgﬁc‘?e dusemka é‘l’%?ich a );)éllf’élgfngazr or branched
clefit slphditeall] alkynyl, arylalkyl, or alkylaryl group, or a hpoph111c polymer or oligomer,
thereby increasing the lipophilicity of the modifying moiety (and thereby rendering them

generally amphiphilic).

21



10

15

20

25

30

10 anhydride, terephthalic acid, isophthalic acid,
adi pic acid, azelaic acid, sebacic acid,

w0 edosadeds opht hal i ¢ anhydri de, hexahydr opht hal PCT/US2005/025644
anhydri de, succinic acid and polyolefin carboxylic
acids. The term nal |ipophilic groups need not be
equivalent, i.e., the resulting copolyners can include
terninal I'i pophilic groups that are the sane or

T l CP n?k[ ﬁp%rbu -ghzgn f&rQQBHﬂ)lé & erN%H @I%mcrﬂghobgr ﬂ%B%M}%ﬁc aé@s or where

an’'one nono or di-functional al %y
amgtdpeniy| reachivi yeayivalentsy ef eabaeylic agils bughkap| angydridgy oy [agif yqhlorides.

EJ&%%@ oﬁﬁntgﬁg 'pﬂ:@lgso@sbig}/ fhe hgoﬁnlr’lﬁ%&@%@h@ﬁc aMa b Mbdi@acid, butyric

Moreties The nodif X noi‘ety | i near or
adif}, sirlerfredidpiertyse pe ﬁ%m@waq%wcwgca@ﬁéc i FRBPRC P gptancic acid

capfic Q&@%H?g@n@%@d Nk dc RIS mPAGHC QEid ONBMBE 2518 Bealib Ekﬁ@,rbemec acid,
ranched, substituted or unsubst.i t ut ed 20 a

ligngfeaiciagig, ceratic @eifs @prﬁan@gsaégi 1sggicapic ﬁ,ﬂp,elf(?n@gangl{:écl% 2-ethylhexanoic

a&d Nb3did 8@ i RIvRIY RN, |Hn61@1c|’1&i/(\@\ﬁﬁcﬂen1¢ h@d,PAGiaBdd, adoltyehn fatty acid,
noi et i es (%?be varied to r$ %1 uch noi et i

hl]‘SF‘iﬁlofﬁW il(il(& ydWé;afﬁVOf?%?ﬁl tty 8%g,ttgr?gnoﬂefatty amg, sunflower
fa&yr‘raadl JAETOGs fakth acﬂDed:k}flﬁtlaB@, mahmlcsepelc irhietadnhydride esthophthalic

ConSI§QM9fh%“hgﬁ$ ﬁnlet é% (%ﬁggiﬁugmflmm%og%mm:amd

tenﬂtydmplﬁ’cﬁalﬁt aithfydixte, aiekm«ﬁopmlnaht yanhydlfhie Ré@inimiaeidi esl ipalyolefin
one. e odi nents include 1, 2, 3, 4, 5, 6, 7, 8, 9,

PN, 13 14 15, 16, 25 17, 18, 10, 20, 21, 22,

23, 24, or 25 PAG subunlts arranged in linear or

Thy tarmo bvé dpdrdi insroPhenA! hesieviles iien thegrmitaprisenplymsri cgn include

tehﬂ%ll'iggp}ﬁﬁ%og @xa@%/ tﬁ’er saﬁ)@%‘r SHRIAL t Phe l_iggﬁhlﬁé Eﬂb{l S can be derived

noretres in di ments preferably have
frgm mgore 7than80negmorpoor gi._lj_funcj_lgnal eyl ajrkeng_ls alkllgyl y;zloalkgl aw@'lkyl or

ﬂﬁ?myggo Qgﬂw@ygng The al kyl noieties are preferably
kane noi eties. The nodifying noiety may include a

cappi ng noi ety, such as -OCH3. Further, the nodifying
7hmiget Y PRRY-alifg MistRfying mxdnéalror)hobl c group, such as a

Tﬁ%ﬁ;’@%&%{gﬁ&éy ]?nay };m'a Qeear grz %\1%?%}7 g‘_lg_ g“?}f ydlllavxxg e or more linear
oMﬂcU&Qﬁ&é/rﬁlﬂé&ﬁﬂénd/ormé GHRl))ﬁ efrCidEH2IRN psulsti@yropngutRituted
al }Il__l%frx)pleh&s Ig cergh c?ses,sshc}gmm%_]t&s a f%cr)n%{flﬁregl elglelﬁ CLehc &%wevir 11’16 PAG and
allcyl mdi8ies hy be 2BriedAd reridd, su@BmoRtdes Bée 112@h11270r n&8e hy:dgophlhc In

ceéftgin CE%)Ole‘JgfltS %ﬁ%mgcfl vn% &0139 5pe§1¥'1ba1§r§?oes3190é cé‘hgrs é]f]an a T moiety and

e ast ne
inodfthep gmipodamahtsgthe sodifyidggagety Specifcally dgq:ﬁdlchog;ﬂ@ of an alkane moiety.
i ndependently 5 selected from-C, -0-, -C(O)-

Thcclsgé’u 91016&65%(9);6 emboMernts mNdQX Oh: 3, 4286, 7 @f(@)lb"‘l‘l; 1808 1R 15, 16,
or an a referably ‘a I'ower . al
lbrléf 165 bR 2&&3;154} or gﬁhféf%(\}, souaifs| aangsd 1rblm§:ﬁd>r araa(i,hgd form The PAG
nﬁfeﬁghﬁﬁ %erhé/ eﬁ?dd?rﬁén%‘inélﬁﬂew}i@ ®¥re ah&/&mlsﬁﬂugltso I'The alkyl moieties in
a ic modifying noiety, e prefera
S BB PN B £ b ¥ haub 1 Hoitpadnd. £ L1 d) b 19, or
26 ARSI @RKY 1The aley] nddiddias BB blefegablysithhé Moieties. The modifying moiety may
include a capping moiety, such as ~OCH;. Further, the modifying moiety may include a

hydrophobic group, such as a pivaloyl group.

In one embodiment, the modifying moiety has a formula:
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conmpound conj ugate, preferably a nonoconjugat e,
di conjugate or triconjugate. In one preferred 10
weedvodi4sent for an insulin conpound conjugat e MIT/TR2005025644
to be used for basal insulin conpound naintenance, o,
p and g are selected to yield a PAG which is proxinal
to the insulin conpound and an al kyl noiety which is
distal to the insulin compound. Alternatively, 0, P
and Q may be ¢ selected to yield a PAG whi ch is distal
to the insul Téﬂ@b‘eﬁprdﬁ@?d*zﬁ'ﬁd));aﬁ (GEzdeyd R n‘\glpl ch, | pr oxi nal
to the insulin. In an alternative e %nhen R Is a
pi val oyl group or an al kyl - pi val oyl group. 15 In a
wheet atpadd e abadicpaadéntlyOhk 2nhdi 5,9 h§, AoPeltlylhds 14, 15, 16, 17, 18, 19,
I > 63 I
2({]\%{ 0B 24 9‘1 2%%7 gs 2%%%31”%2%%%%5‘3‘5036 02(8': géi%fg} Aéigs 44, 45,
46147, 4]3549 bﬁﬁO hﬂd atl@st ag,of p0p ar@lq is 2pleaspd. X2 X andZ 26 indepegdently
o 20t oc 0. f Y ¥t 5
se%rce§ gro%b 0%(%)9 c@ﬁ@ %@(@) ﬁﬂ q\u@@q MLE. e COMNH- and Ris H
orld alkyd, prif‘girablygt loyygr algjﬂ,’ mglle prgfgrablzgnet}g,}} a]he ngabks O P and q are
pregrably Prected g}@ld a hy hili¢ Nﬂp@p‘hlhc Qﬁodlfs%g dy a&p ax@%fembly

| ower al is preferab

se@c@ﬂ ap agpt%pn e qxslqlug éﬁ}@p%lag ég Wb 2 lbygfqgglﬁg, |or g)qu?b@hﬂlc insulin
cc(mpg(lrg) cohjubRY pRErAP £ BlonocdRidgaid) Bicorjédald) or tiiddhiRbate. MR Yond Qreferred

coupled to an available group.on an am no cid,
crgso R Y BRI <GB CapFPES i AR FFG OB *@%‘%a rompound
mhifteRanpd, &f £ Brfdli‘qj ar@ Rhesidne @{eﬁi d if’]@(l} :Mdﬂhflyprﬁgnﬂl)ﬂo&lﬁeymshﬁﬁ cémpound
structure selecte the foll ow )
it SR 2050 D673 BRI GO SR Gt & Q ey be
scldRe e yadleh yAprvacads aigalmo dicfigingeompbaidynd sn giogphied it moximal to
th? g’llsn@}r}]r g% gnt'l %tlexggt?\iemggilmerg eR I8 ra%fc’véot ] grllr prgg 0o Cl%g lpy‘%&);}ql:%(l)u%.

the i medi ately precedi ng nodi fying noiety is coupled
Intaorelhtadrembddivsant, ithe ractdifBR@ motetyehas Sforeglel ti ng

nonoconj ugate is referred to as H M2). Any of the
foregoing noietieg may, for exanple, be coupled to
human i nsulin at g nucleophilic residue, e.g., A, 131

T A e S0

be absent or

a
wheremis 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
and n is from 2 to 100, preferably 2 to 50, more preferably 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25, X is -C-, -O-, -C(0)-, -NH-, -NHC(0)-, or -C(O)NH-,
and Y is lower alkyl or —H. X is preferably O and Y is preferably —CH;. In some cases the
carbonyl group (-C(O)-) may be absent, and the —(CH2)— moiety may be coupled to an available

group on an amino acid, such as a hydroxyl group or a free carboxyllic acid group.

In a preferred embodiment, the modifying moiety has a structure selected from the following:

I
}{C\/\éo/\;jo\m
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| ower al kyl nmoiety, and the -(CH2)- noiety may be
coupled to an avail able group on an am no acid, such
w@32008/06d3 oxyl group or a free carboxyllic aci BCUS205/025644
10 I'n anot her enbodi nent, the nodifying noiety has a
formula: O OC,,,-X-PAG' PAG'-X-Cm (Formula I11),
where each Cis independently selected and is an al kyl
noi ety having m carbons and inis 1, 2, 3, 4, 5, 6,
bt B rivegbily dreshEmodBmaiiak ot ey Sy trghg o 25, e
reﬁA@gmnmoyJUM&/nsr@errﬁdeJHW% and nis 1, 2, 3, 4, 5,
6, 7, 8 9, 10, 11, 12, 13, 14, 15 15, 16, 17, 18, 19,
20, 21, 22, 23, 24,qor 25; each X is independently
sel ected and is a | {[nki ng ggo] ety coupling PAGto C
and is preferabl -Ni&, -NHC(O -, or
-C(ONH. In so tg&f, -Xm)ietyis
absent, and the PAGE ieylstermnate,d with an -COH
noi ety or an -OCH3 noiety. For exanple, the PAG may be

(w:frgn g-le %nneglatn]]gn arttécggn? dl}éggf Yet}a]%rc%];ul}ggcf %gmﬁ%% iné%gx iagg29, the
res'lﬂtmghﬁono&cﬁmtgﬁteﬁ@ e dRAG SUBDMIT SAny nﬁih@orpiwgoiﬁﬁE@oieﬁmnéy, for
excxmp Qb@(:o pc?edS %qﬁlma}l Ic’ns]ﬂ&nnatgq{ﬁgleﬁﬁﬁﬁsfeﬁt‘ rlQp rﬁ/]' orBRUAN some

ace an a ety,

caps effecqagtiohyl ga»uhacﬁﬁ@) }atnky be amﬁrétoyrepmdohthmwllﬁé mogehiy pre&epbdly 2

g ' 1 an amino

1oh % A0 BERL ELEe PP ARl R UpRe e BELIOE D o,
ac\wl)'@b)@fﬁd MZD@W-BT@@’P# USQ@@SDIO@@B‘B@@ e nodi fyi ng noi ety
may, for exanple, have a formula: OO o0 PAGY X 0o
m(aE&ﬁéMnﬁodlﬁ{ém MBS By BRGIIdy has aifsigeRENdENt |y sel ect ed

and is an al Kyl noi éty having mcarbons and mis 1, 2,

3, 4, 5 6, 7, 8 9, 10, 1 12, 13, 14, 15, 16, 17

18, 19 or 20; and each PAG S i ndependently 5

sel ected and is a PAG noi ety having n subunits and n

is 1l 2, 3, 4, 5 6, 7, 8, §0, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, @2, > 24 or 25; Xis -0-, or
-NH; each o is independently selected and is 1, 2,

3, 4, 5, & 4.pfs 9. 10,111, 12PAC§~3X cl4 or 15. For
exan‘pl e, t PAG | ve @Omﬁdaﬂ 8 9,
10, 11, 12, 13, 14, 15, 16 17 18 19 or

subuni ts, including PEG and/ or. PBG subunl ts.

whesprerck Seindeprrdentiy s5tsaigd arglrlwbaﬂtyl e:’(OG}y havigg gysamheps 319 nfﬁé 2,3,
4 PPNy O 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20; and each PAG is independently

selected and is a PAG moiety having n subunits andnis 1,2, 3,4,5,6,7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25; each X is independently selected and is a linking
moiety coﬁpling PAG to C, and is preferably -C-, -O-, -C(O)-, -NH-, -NHC(O)-, or -C(O)NH-. In
some embodiments the C,-X moiety is absent, and the PAG, moiety is terminated with an -OH
moiety or an -OCH; moiety. For example, the PAG may be methoxy-terminated or
hydroxy-terminated PAG, having 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or
20 PAG subunits, including PEG, PPG, and/or PBG subunits. In some cases the carbonyl group (-
C(O)-) may be replaced with an alkyl moiety, preferably a lower alkyl moiety, which may be
coupled to an available group on an amino acid, such as a hydroxyl group or a free carboxyllic

acid group.
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10 attachnent may be absent or replaced with an al kyl
noi ety, preferably a | ower alkyl noiety, and the
WO ¢@6iA)467310i ety may be coupl ed to an avail abl ePQr/OSPODIRS644
an am no acid, such as a hydroxyl group or a free
carboxyllic acid group. The nodifying noiety may, for
exanple, have a fornmula: OI'V O O Om X-PAGH,
PAGh, - X-Cm (Fornula V), 15 where each Cis
n al kyl noiety having m
erg%ipfg]gggﬁ%}yma?yel“o?gfa%leaﬂgfeb%rﬁﬂla& Y 8.9 10 11
12, 13, 14, 15, 16, 17, 18, 19 or 20; and each PAGis
i ndependent |y el ect ed [ PAG noi ety having n
subunits and niis 1, 2, —7, 8, 9, 10, 11,
12, 13, 14, 4 15{_16, 17 20, 21, 22, 23, 24 or
25, each X i85 i ndeparagr tIy S Iected and is a linking
noi ety coupling PAGto C, and % preferably -C, -0-,
-(O-, -NH, -NH(O-, or - ;20 each0|s
|ndependently selected and is 1,” 2, 3(FommuislVlg 7 8,
9, 10, 11, 12, 13, 14 or 15. In sone enbodi nents the
w% )%CH@ 1?%1}5 \ﬂeﬁ%@ﬂﬁ’f&ﬂ:&md QIMS Eﬁ‘ﬁkﬁ'ﬁg‘letmkl Ynéa?oons andmlsl 2,3,

- noi ety

4,e§456nﬁ] & 9, t1pel IPAG }%94 be, Apt WOJ(%# 1t9é:}r l%pn%ﬂdee&clb]?AG 1¥ mdependently

J&é% i b 1 @Iﬂé&?ﬁavu%%s\é@n@@@@’@iﬂﬁz73 .5,6,7,8,9.10. 11, 12,13, 14,
us2005 025644 havi n , 2

19,1610, 1315, 422193, 2141 o5 3460171 Nk e 0y mﬂ%?@%f}é@ly selected

aMbYN 8 5 4, Ecé Ud10n91 E’lﬁ@?, RRGB15. aE&i/eQz(mﬂ?eB@eS[’mb}J]:ﬂa}H&ve 12, 3, 4,
sorre cases t e Ca ony oXI A

5t+héd: pot-n0> b 14t 1c3aéﬁn]éml6 g‘&yﬁgégé’&ghﬁh {i‘h 1, hmdUd(l?ﬁ—E?G PPG,
2B &IBG BEMnie ﬁpuﬂlee@sésothamaraml lgevlop &- C(gypmxml am the point of
am no amg such as

aigashpeRk PrY %a‘tﬁﬁr}t qr Pl&?fﬁ vé/ gf ox}f(gln%?lﬁ g,rprgfgn%@a L& t1' alk%llhmmety, and
{HEDTH - ﬂ@letmkle}t Iya dasaplema\aa agailhoie golup bn an d@IRL acq(d PG 48 2 frydroxyl

For nu X, Y and Z are independently
sloab Bk B TP g

011

ouBs and each is optionally
present, and X, when present, is coupled to the
Thﬂmu&ﬁmgumnwmmmﬂf@ymamﬁeﬁaméﬁ@nthd 10 at | east one
of R and R2 is present, and is |ower al kyl and may
optionally include a carb@nyl group, R2 is a capping
group, such as - sylate or an activating

group, and PAGls a Ilnear or br he /t,(arbon chain
[ ncor porating one or m)r noi eti es
(i.e.,
Cm-X-PAGn\)\/PAG -X-Cp,
(Formula V),

where each C is independently selected and is an alkyl moiety having m carbons andmis 1, 2, 3,
4,5,6,17,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20; and each PAG is independently
selected and is a PAG moiety having n subunits andnis 1,2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25; each X is independently selected and is a linking
moiety coupling PAG to C, and is preferably -C-, -O-, -C(0)-, -NH-, -NHC(O)-, or -C(O)NH-;
each o is independently selected and is 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14 or 15. In some

(o}

embodiments the Cm-X moiety is absent, and the PAG,, moiety is terminated with an -OH moiety

or an -OCH; moiety. For example, the PAG may be methoxy-terminated or hydroxy-terminated
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oxyal kal ene noi eties), and optionally incorporating

one or nore additional noieties selected 15 fromthe
w@e@dplwensi sting of -S-, -0-, -N-, and - C( O - PCEHO#2005/025644

where the nodifying noiety has a maxi mnum nunber of 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, or 25 heavy atons. In

enbodi ments of the invention, any one or nore of X Y

PABILAid¥BY 208 sabsent 3, oFug, tlh"ef’h iwhenis pe agen, 19 Xr 20fPAG subunits,
and/ or _Z may be |ndependentl selected from -

mcbldmg P§G PP angﬁrdPBCN_subu]uﬁ B)nsgme StFeRig 6ﬁpqﬁ¥hgroupz( %‘(éj) ) proximal
to th Sdint-of htciRA@t ReY beeibra hiemt —(CH2i-Smalet ny 66 &ﬁhbled {onan available

sone enbaqdi ment s i.s | ower a S
ZSFR SR MR FHih 2 %&w%& or %53% %THO@a}é“r ac“iﬁf

Rl is not present. |In another enbodi nent, the
mandihyentbgdimehtethy modifyingiodietd eaghdve adamulr br anched,
substituted carbon chain noiety having a backbone of
3, 4, 5 6, 7, 8 9,10, 11, 13, 13, 14, 15, 16, 17,
19, 19, 25 20, 2rXB2Y-RPAGZR (Fomslaibms sel ect ed
fromthe group consisting of -C, -C, -0-, =0, -S-,

“h&%’ -Si-. The heavy atons w | typically i ncl ude one
or nore carbon atons and one or nore non- carbon heavy
atons sel ected fromthe group consisting of

-0-, -S-

X, Keand Z g ingyperprly SOEFiBTBG ERORAET SebEHiRsHY Bt B, when
PRl Y LodSIENS (R AONGBHRAY afw@a‘l@lt ®hnas are typically
present in a ratio of at |east carbon atom f or

SRR S for Boety b eaf 6@9@3 ety el el  corvony

gugf erably at | east 3 carbon atons for every

non- car bon heavy atom The carbon atons and oxygen

a e p I | east 1

R A Sl YD BB B B bRk B Pl y

| east 2 carbon atons for every oxygen atom nor

PABE# elingst o beanchied gbonghaig FcpppraBitegms of Bere alkelese %xeylgré?ietles (e,

o?}taﬁmene-:r BRicaRSl fodi PoddR ichrpbBYnd Bt AR NRGAbnaMBHoRties selected
ing groups, such as branched or |inear Cl_6,

frBFlé & epsitipgeas - N 24r&GHy rd The modi fyi ng
noiety wll typically include hydrogens, and one or
wiBe €heQhodiffiag W(Hﬂ@easnmmnﬁmn&ab&ti 18 ed7,\8 9,h10411, 12, 13, 14, 15,

et DE AR B 3 R BT, ool 4008 B )

The nodifying noiety nay |n sonme cases specifially
Ireatodobgents 1€ the Stviettisneahy @hk yil momerof &t ¥ esd Z T brrobtiefty iFagher, when

pg?én?t}é/ YT or IZ %{a?{l géﬂﬁ%mﬁiemp}ﬁse %&E’Jfr&g Eﬁ]))a No astiI lCa Qllufe N-. In one

on an suc as an a grolp
elh?(dhlowy 1Z ig r @y &r angthpr eebodiznehlo% s riof rresget d g rou p t he
pol ypeptide, e.g., by a linking group, such as a

I&@%Q%&ﬁmerﬁ@ RbR n@ztfe@ alk§l BRR? iE%t HEsent2 M B8er eBlbodiments, R is lower
secondgry am ne group, or by a disulfide bond. The

alegh AR ésnof AreteRle 1§ nki ng group are counted as part of
the 15 nodifying noiety. In a preferred enbodi nent,
It Bbthep |e316nbﬂuaént VWb gludifahg tdoeetyrady fineludg antirieat g 1i>r8nchéde Sebstituted

A TR L LR TR P 0.0

20avi, ngz a23‘ o24moet &5 atoms selected from the group consisting of -C, -C-, -O-,
=Q, -S-, -N-, -Si-. The heavy atoms will typically include one or more carbon atoms and one or

more non-carbon heavy atoms selected from the group consisting of -O-, -S-, -N-, and =O. The
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OHOO n (Fornula VII), wherenis 1, 2, 3 or 4, and
inis 1, 2, 3, 4 or 5. 20 The invention includes

wore@cyionyy noi eties having a formula: O O HPQ/IS2005/025644

(Formula VI1l), wherenis 1, 2, 3, 4or 5 andinis
1, 2, 3 or 4. The invention includes nodifying

noi eties having a formula: 27 WO 2006/ 014673

PCT/ US2005/ 025644 OO0 OO0 O NH HO-C-n 0O~

cén%@ﬁ G?dffn@ aﬁﬁon-éﬁﬁ%ﬁ %eewg aﬁmils’arezt @allgﬁpres%nt 1§’a thno gﬁ atgeast 1 carbon
10, 11, 12, 13, 14, 1 %p O and n is

aE)m @r e‘sery gron cgrbon éeayy gtogl R}@feraj?]jy at iezst 2103rbog_ 4tomi gor eygy non- -carbon
hl;?vy aldh, rifle Qfefethbly dthigast B\amBbid ﬁ’teméﬂf&(kvb@(}JoHQ@rﬁon heavy atom The
d|f ng .noi eti es haV|n% a formu ? ?
FOS1 (51 TR0 587 2O 6 YRS Sl PAGH It BP9 o o every
osylé@hl Bﬂohﬁpraf&dlbm at B:asi?. cz&bon%ton'{]s for&ver@ ,ox37gen &oQOork Qr efeleﬂb.ly at least 3
% ],[ .20 and 1,
cgr brha ox%s fcg e{/efy Oéygeg) atOTOThelTOdl g r_nl%ety 3y e fBe orln?ore capping
gildBips, 2&hak bra2dhed Gt lnesr Qok, &fr@b]ﬁeﬁ@r l‘mrdt oy h Bngdiily] EIthleaﬁ)dlfymg moiety

WIP %iplcaﬁy 1nc]ode {;Qrogens an(p one or more of the hydrogens may be substituted with a
fluorine (which is a heavy atom but should not be counted as a heavy atom in the foregoing
formula). The modifying moiety may in some cases specifially exclude unsubstituted alkyl
moieties. The modifying moiety may, for example, be coupled to an available group on an amino
acid, such as an amino group, a hydroxyl group or a free carboxyllic acid group the polypeptide,
e.g., by a linking group, such as a carbamate, carbonate, ether, ester, amide, or secondary amine
group, or by a disulfide bond. The molecules in the linking group are counted as part of the
modifying moiety. In a preferred embodiment, the molecular weight of the modifying moiety is

less than the molecular weight of the HIM2 modifying moiety.

The invention includes modifying moieties having a formula:

O
/“\9/ OV\ a/
HO 0]
n m
(Formula VII),

wherenis 1,2,3 or4,andmis 1,2, 3,4 or 5.

The invention includes modifying moieties having a formula:

A

wherenis 1,2,3,4or5,andmis 1,2, 3 or 4.

(Formula VIII),

The invention includes modifying moieties having a formula:
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O HOO4 OO HO O 2 28 WO 2006/ 014673

PCT/ US2005/ 025644 O HO O3 OHOO,---3 O HOO3 O
w@aeo@643 O and Q5 The foll owi ng nodi fyi ng nBCBUBHES5/025644

can be particularly preferred for use in a basal

insulin conpound replacenent reginmen. O Q(nmPEG 7 HO
, 29 WD 2006/ 014673 PCT/ US2005/ 025644 O Q(nPEG 7 HO
OO0 HOQPEG3 OOHOQPPG3 OO

o) EO
(Formula IX),

wheremis 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15,16, 17, 18, 19 or 20 and n is1,2,3,4,5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20.

The invention also includes modifying moieties having a formula:

o) o)
HO/“\O PAG /“\$%/
( m . (Formula X),

where PAG is a PAG moiety having m subunits and mis 1, 2, 3, 4, 5, 6,7,8,9,10, 11, 12, 13,
14,15,16,17,18,190r20 andnis 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14,15, 16,17, 18, 19 or
20.

Other preferred modifying moieties include:

0
o)
HO o ™~
3
0
o .
HO 0 ™~
4
0
0
HO o) ™~

2
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The following modifying moieties can be particularly preferred for use in a basal insulin

compound replacement regimen.

0

O(mPEG);

kg

HO
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2
-0
OMPEG,

-CH2- O CH2
CHZ2-CH

45 R- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2

2006/ 014673 PCT/ US2005/ 025644

-0 CH2

5
5
5
:
<
5
5
:

CH2
MPEGO,

CH

- CHR:

- CH2 CH2
CH2- CH2- CH2- CH2- CH2- CH2- O CH2- CH2- O- CH3

e

CH2-OCHZ2-CH?2
G

RCH2-CH2-CHZ2-CH2-CH2-CH 2-

H 20C H 3,

RCH2-CH2-CH2-CH 2
31
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R- CH2- CH2- CH2- CH2- CH2- CHZ- CH2- O- CH2- CH2- CH2- CH2- CH2- CH
3, 5
WORE@blA1 462 - CH2- CH2- CH2- CH2- CH2- O- CH2- CH2- CH2- GP2F/CBIB)05/025644

RCH2-CH2-CH2-CH2-CH2-CH2-CH2-OCH2-C
H2-CH2-CH3, RCH2-CH2-CH2-CH2-CH?2- CH
2-CH2-OCH2-CH2-CH2-O-CH2-CH2CH3 R-C
H2-CH2-CH2-CH2-CH2-C 2-C H 2- 2-CH
2-CH2-OCH2-CH3, RCH CH CH -CH
2- CH2-CH2-OCH2-CH?2
R- CH2- CH2- CH2- CHZ- CH2- CH2- CH2 CH3 R
HZ-;'(,)LHZ-CHZ-CHZ-CHZC
2-C H2-C H2-C.H OR- CH2CH2-
cfﬁpz-@/ﬁ\é-%/g\ﬂ/g-vcﬁ/za- _CH 2- H2 Q R C
H2- CH2- CH2- CH2- CH2- C H2- CH2- O CHZ- o
2-CH2-O- CH3, R-C H2- CH2- CH2- CHz-C
H2- CH2- CH2- O- CH2- CHZ- O- CH 2-CH3, 15
R- CHZ- CH- CH2- CH2- CHZ- CH2- O CH2-CH2-O-CH3, R-C H
S“an%%nﬁl?lg%n%t%lwlﬁ‘gz CH2-0-CH?2CH 3,
RCH2-CH2CH2CH2CH2-CH2CH20OCH2-C
RGHBCHz -G TR QH#CZiz@HZCﬁHQHCCFIQC zc%ze(“d;is
Wf@‘r@z@r@cﬁb@ﬁcﬁbr 2-CHZ-0-CH,
32 _CH2-CH
:?’% :%2%2_
%-C ch 2- zg"zé —CZZ' HC Z'g::fg H 2-CH2-C
k- CHZ-CH CHQ—CH -CHZ-CHZ -CH,-CH,-O H,
Qg CER,- - CHZ- CH2- CH2- CH2- CH
R-8H,-C l%@izlrctrl%dazidH%C& HHZGEDZ €HR2-C H2-OCH2-CH

R-BHLCH- QHZCCI”H @H,CHA G- CHRCB,-CR-CHHOZHEOHEHE H 2-C H 2-C
R BHQCHBCHH Q'f'z@"@ Wz@*ZGHHCQ'E'@HHCEZ'@qu“E"@—B 25
- CH3,

o g%z?%% et
Hboﬁtc s Eho c“z:": Sy ‘é”*ﬁ%

. HJ.) CH2- CH2- O- CH
R-@HZ-CRZ @ﬂ-bl% @iZH:I% C(EIzHl-B_-OGzHHZ-O@H:I-CZkC H2-OCCHZ2-CH
R-ZHECH,-GH,-Gifl,-CH,-CH,- CHZ—CHZ-CHZ—CHZ -O-CHs,

RRHEEIEz cmcm-@:lz@uz- €H2 CH2- O- CH2- CH2- CH2- CH2-
CHZ' Hy 2- oc H2-C
I §§h2§§?c§14 ,3ZCHZCH
R- HZ-C - 2 CH2-CH
Jcb@H2 A;OCH2-CH
@CH?C'?@ zG:H-ch%z@Hz -O- crﬁ§~@lzkd:i£ C H2-CH2-CH

R@'HQCHZ—@Hz-mﬁﬁf@z@Hﬂ-%@l‘H@GWC*@ -Q{CP-CHH 2- C H
RRHEEP,-CHR CIHRH AR CHCHRP L Q- SHFCHR-COow CH2- CH2- O CHR
RS H,-CRe-CHIHCHa- EHEC @wzqg Q-G CH2-OCH2-CH

E%ﬁ?%ﬁz:@ﬂ?fé%ﬂrcﬁigz SR

R-CHy-CH,-CHo-CHy-CHy-CH,-CH,-CHy-CHs,
R-CHy-CHy-CHy-CHa-CHy-CHy-CHz-CHp-0-CHp-CHy-CH,-CHp-CHo-CHg,
R-CHy-CHy-CHy-CHy-CHp-CHy-CHa-CHp-O-CHp-CHy-CH,-CHp-CH,
R-CH,-CHp-CHy-CHy-CHy-CHy-CH;-CHy-0-CHy-CHp-CH,-CH,
R-CHa-CHy-CHy-CHp-CHy-CHz-CHa-CHy-0-CHy-CH,-CH2-0-CHp-CHs,
R-CHy-CHp-CHy-CHy-CHy-CHy-CHy-CHy-0-CHy-CHp-CH,-O-CHa,
R-CH,-CHp-CHy-CHy-CHy-CHy-CHz-CH,-0-CH,-CHo-CHs,
R-CHo-CHy-CHa-CHy-CHa-CHy-CHp-CHy-O-CHa-CH,-CH,
R-CHp-CHy-CHa-CHy-CHy-CH-CHp-CHy-0-CHa-CH;-0-CHy-CH,-CHs,
R-CH,-CHy-CHy-CHp-CH-CHy-CHy-CHy-0-CHy-CH,-0-CH,-CH,
R-CHy-CHy-CHy-CHy-CHy-CHy-CH,-CHy-0-CH,-CHp-O-CHg,
R-CHa-CHy-CH,-CHp-CHa-CHp-CH,-CH,-O-CH,-CHs,
R-CHa-CHy-CH,-CHa-CHp-CHy-CH,p-CH,-O-CHa,
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RCH2-CH2-CH2-CH2-CH2- CH2-OCCHZ2-CH
2-0CH2-CH3, RCHZ2-CH2-CH2-CH2-CHZ2-CH
WQ206014d72-C H 2-O-C H 3, R-C PCT/US2005/025644

H2- CH2- CH2- CH2- CH2- CH2- O- CH2-CH 3, 40

R- CH2- CH2- CH2- CH2- CH2- CH2- O- CH3 RCHZ2-CHZ2-CH

2-CH2-CH 2-CH 3, R—CH2-Ci—|2CH2-CH2-CH
2-0CH2-CH2-CH2-CH2-CH2-CHZ2-CH2-CH 2-C
R H?’-C _-QC } CCI—ITI(%JZQJI-H 2-CH2-CH2-OCHZ2-CH 2-C
R brech B2k ik St H 2-C H 3,

RIBHCOR, EH2C - PHD-CH O HREIGHEH, CHR- (B 24, C

RJdEly CHZCEBL——BHZ—@JSZ CH,-CH»~0-CH,-CH,-CH,-CH,-CH,-CHg,
R-RHEER - CHRCTH2H SH2-CHD- G}l@};ﬁz—-@HZCf@I-@ﬂsw CH2-CH3, R-C
RﬂHzCﬁz QHz'zC@‘z FH2C -Gl -EHCH- 63 -CH2-CH2-CH

@@x‘gmaﬁ RO
BRGSO an ren

CH3, 2-
o @ L €.OH, SHCCH, 2HD- C H 2-C
@HZCCHﬂ @42-(50H2-CH2-0 CH,-CH,-CHs,
RR'I-@HEIQ CHZ2 e B-ZH CER-CHHAS-CHEER - Q- CHZA- O Hi3H2 - CH2- CH2 -

RIRHECH,-ZHECHL-CHLC-COHO-BH2CIE-PtCPeGHE H 2-C H 2-C H 2-0
R-CHQH2Cl- PH@C@ FHACH Q- @HHCEz-@qkfsz CH2-CH2-CH
R*EH@C&-RHZC @ 2 c H2-OCHZ2-CH 3,
H@:?‘ﬁc ] 'H - OCH2-CH2-CH

2‘2 j 3R—CH2CH2-CH2CH2-CH

,q§¢h2 OCH2-CH3, 55
CQ«i‘EH X2, OHOER, CHREIGHR L @ICHS ), R-C H 2-C
RHI-Q-CGz-EIHZCEBz EH2C K- BICRL-OHECH, QHAC - OHATHY, 3, 32 WD
Rm{}@m@mwsg -DETCIS-OBI5CH2684aH-GHACHY, 2- CH2- CH2- CH2- C
C - CHpO-CHZ CL-FH2CHCHR - CHI

R
LS : - Hbgag_-é-CHz -CH CH3,CH2C:|_|3

CH2- O CH2- CH

R33H2 C5IZ—CH2-CH2-CH2 CHZ—O CHZ—CHQ-O CH2 CHy- CHQ—CH?_—CH3,
RW&CHZ—CBEQHBBBTQEI%-QHQHZCWW CH2- CH2- O CH3,
REHZIGPL-CH2-CEMHBH - Cpl @-"@I-QQECH2 CH3, RCH

Ré?qutiz@H@CHz §H§W9C@zﬁHzo- ©H2-OCH2-CH
- } 2: - ; 1 H2- CH2- O- C
gggﬂz 2__ Hz__ i __C “C H2-C H2-O-C
2

HQ@FQ FC

c H T@d@r r@t—QOCHZCI—QOCI—B R-C
RH:I—@-@ZHHZJCQZ BH2cE,-0C®H,CHHY 2- OCH2-CH2-OCH2-CH
R3Z;H2—CH2—CH2—CH2—CH2—CH2—O—CH3,
R-CH2-CHy-CH5-CH,-CH,-CHj,
R-CHZ-CHQ—CHQ-CH2—CHz-O—CHg-CHZ-CHQ—CHZ—CHZ-CHZ-CHQ—CHZ-CH;;,
R"CHQ-CH2"CH2-CHZ'CHZ-O-CHQ—CHQ'CHz-CHZ'CHg-CHz-CHz-CHg,
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S SRR cﬁgHz CH2 CH3, 40
J3ealed QH% e e %‘\%’j
%%%g%é Z-UH?qu;dﬁ ez oCH % A

Z—CHQ-O -CH;-CH,-0-CH,-CH,-CHs,
RRWCWH@W—CBHZH@@B%@- A2 CH2- O- CH 2- CH3

RFBHG-QHC B> CHA-D ZHRCE-BH20CHACHO-CI3, H 2-C H 2-0 -C H 2-C
R@rg L q;H?30 CHg5H,-CH,-0-CH,-CHs,
C@L@H H@@h’zwow&e RCH2-CH
Q- 22:_2‘5 _H H3, RCH2CH
8:: Sl {tt%#*ﬁz_c HE3'CH20CH
P "CH2-CH3, 50
c@}@m @ﬁc C2+2@H-2-@Hl;]2CH2CH2-CH2-C
RH:!—?Z-CE-I:HL QH{ZDHI—&CGZ-H @,CHA@HC H 2-C H 2-C H 2-C H 3,
RREHG-QHCB O G OH ZHEOHP12-G121Q-QHETIH- cszecrH 2-CH2-CH2-C
RE$H=QECHp- Qﬂ@ﬁ@?@zﬂ Gﬁz@ﬂerosCHzRC -OCH2-CH2-CH
C

Rf'tchc gH Cﬁ g 2(919“2-(: H2-CH 3,
%% 2 : lg 2-CH2-CH?2-CH 2-
CHCH
- CH2- CH2- CH2- CH2- O- O3,
dﬂcaz-@;omgCHZCHchchchchzc

RH:PE-GSCHIZ B3, 35 WD 2006/ 014673 PCT/ US2005/ 025644 R-C H
RLH>@ECHL.2-C H 2-CHZ-CHZ-C H 2-CHZ-C H 2-CHZ-O-C H 2-C

vJE'erg’R 1B—Pp UHZ 'C(ﬁzOﬁ' Jd‘l—ﬁOﬁ’)z,l'lC%O@H" @Hz@(bb(ﬁ-i Gr b z?e‘tl%tﬂﬁlg gfoféty, such

as a carbodnmlde a m1xed anhydnde or an N-hydroxysuccinimide, or a capping group. The
invention also includes such moieties attached to a protein or peptide, preferably to an insulin
compound. Specific conjugation strategies are discussed in more detail below. Of these
modifying moieties, prefered moieties are those which render the insulin compound less
lipophilic and/or more hydrophilic than the corresponding unconjugated insulin compound. The
invention includes such modifying moieties further including one or more carbonyl groups,
preferably 1, 2, 3, 4, or 5 carbonyl groups; the carbonyl groups may be inserted into the
modifying moiety, or an -O- or -CH,- may be replaced with a carbonyl. Further, any of the -CHo-
or -CH; moieties may be substituted, e.g., with a lower alkyl or an —OH or a PAG chain having 1,
2, 3, 4, or 5 PAG subunits, which may be the same or different. Preferably R is selected so that
each -O- is separated from the nearest -O- by at least 2 carbons. The invention also includes
branched modifying moieties in which two or more of the moieties are attached to a branching

moiety, such as a lysine.
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RCH2-OCH2-CH2-CH2-CH2-CH2-CH2- CH 2-C
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Wo2®e467H 2-C H2-C H 3, 5 PCT/US2005/025644
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OG0 S v e g P e b egbsicphsigiosioal pH or in
pl%ngHZTQ {emtion Iﬂ%b%ﬂc@ﬁ@nﬁb@th@‘%%@fﬁn%wtl& @uiﬂed to a
-O-CH2-CH2-CHZ2-CH If-laﬁbl éﬁ%HZ
p%w@@em@fmb&y MS@H@%@M cF—rf G @P}f@d%defs the
yiebdeCGhdekieol bl d B ar G EomChid lvRdpGE @By a ﬂﬁlltlpher of
i A o T
115, 312815 ,H3 28303, k4 21-4(3 bt &5 Q, Irﬂoﬂrfﬁlg-ln&,etyl%f@leHn@nﬁbrﬁnH - @upled,
H H H2-CH2-C.HZ2-C 2-C H 2- 3. .
A 65 OGS & Eid S E b S o
atBrckinddt. 2A @refdnB8d p@ht of attachment is a nucleophilic residue, e.g., Al, B1 and/or B29.
R- CH2- O CH2- CH2- CH2- CH2- O CH2- CH2- CH2- CH2- O CH3,
R IR AT IPORSR pgh i P
miefieges, surh @ P00k IEnikg-tor- H@Hat@s of-Poronlay-y IR Ve @ cghgxylic acid
f(BnC F’Glrtger Q\'J}gre'_{hg ngdl'ﬂdc%ﬁlg%ﬁggnc%dléb £ c%&&f%ﬁzlpltﬂag pEcddveried to a
me@avlpyén@aed F‘fa%@‘b"ﬂl grangnq groupot ppeRlid © opFalp.AcOpugAIgyoRtaining an

axlﬁﬁdg ‘r@n&‘l %n eBbt@eerr%ce@mG kﬁezca@okkllzgr@lﬂ*cgr e Heﬂe@w@h'zwe@erlﬂoluble
R—CHZOCHZC CH2-CH2

cazb@nmldg o e ) G I i PIOGU PR S EE §m ¢ bonds.
C3medrrehil? tHikvkldi ot (deactirdBed forms of the novel moieties presented herein, such

as activated forms of the modifying moieties of Formulas VII and VIII and other novel oligomers

of the invention, such as carbodiimides, mixed anhydrides, or N-hydroxysuccinimides.

In some cases, the modifying moiety may be coupled to the polypeptide via an amino acid or
series of 2 or more amino acids coupled to the C-terminus, or a side chain of the polypeptide. For
example, in one embodiment, the modifying moiety is coupled at the ~OH or —~C(O)OH of Thr,
and the mm-modified Thr is coupled to a polypeptide at the carboxy terminus. For example, in
one embodiment, the modifying moiety is coupled at the -OH or —C(O)OH of Thr, and the
modified Thr is coupled to the B29 amino acid (e.g., a B29 Lys for human insulin) of des-Thr
insulin compound. In another example, the mm is coupled at the -OH or —C(O)OH of Thr of a
terminal octapeptide from the insulin compound B-chain, and the mm-modified octapeptide is
coupled to the B22 amino acid of des-octa insulin compound. Other variations will be apparent

to one skilled in the art in light of this specification.
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R- CH2- O CH2- CH2- CH2- O CH2- CH2- CH2- CHR- CH2- CH2- CH2- CHe-

3, RCH2-OCH2CH2CH20-CH2CH2-CH

WQ@2@6MIBTC H 2-C H2-C H 2-C H 3, RC H 2-0 - CPEI/BSH0sA25644

2.CH2-OCH2CH2CH2CH2CH2-CH2CH 3

R- CH2- O CH2- CH2- CH2- O- CH2- CH2- CH2- C H2- CHR- CHB, 40
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atjireluding tyt potdinpited 1@ cpurbszxs@te @dann@qul 2Ingowme mbodimppipwiere the
rﬂdd%q }ﬁn&e@' 11%']1@'6&1 ﬁltszlgllﬁ%_l%o&thg idshln édn%o&%d'@og}ug’tfgs |ﬂrowded n

sglpfory. cmmesmrr@@m@ttﬁlze ipsylip cempyupd cpiugayedipssesigted wittca ppitable

p%n@a&@c’éllyzac&p'tﬂbl% c@nfdm%an \Quhbe%n&rsht%Hgt@s&&kare@lﬁhaargn@udmg,
50 'R- CH2- - CH2- CH?

R BT TERBTCRT S5 oD REpepa 0daRPEOSPPage, (0ctEts farbonate,
silfafe, Wsyaté; altl esyRtdCotboditik 1das ke adsddiudry, p&dasciutd, Qadurdy 1#hium, and

RCH2-OCH2-CH2- OCH2-CH2-CH2-CH2-CH
WU C H2-C H2-CH2-CH 3, 55

R- CH2- O- CH2- CH2- O- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2- CH2-

CH3, R CH2-O C H2- CH2- O C H2- CH2- CH2- CH2- CH2- CH 2- CH

2- CH2- CH3, 36 WD 2006/ 014673 PCT/ US2005/ 025644 R-C H
TEF g% Hg %X%’ll}}ls O%&ﬁﬁ%z&é—%&g ﬁlgzlﬂégdeg a|§| ll?uS&:Ell_tlHS %&%ﬁlﬁcnot be
tajerpasGitpiting @ #y2way. HOve gillgd dn thepprgwill Req@nige phat gyitapie phoieties for
c%jt%atlf!)nzto %h%vyp%ﬁgjleﬁ ﬁ?ncgoﬂ'lhté' v&gll He %ﬁsg’bl@ \xgthlg tﬂ: l?o'ugisl'(;f ?he chemical

R OCHZ2-C 2-CH2-CH2-CH2-CH_
C%ulgawnsnechwlwdﬂqzb@d@mswﬁé@mz Aerprdigply. @ipiogglgoieties can be
se%c@dHnd’ZﬁsQ ch}dl%g%thle gm{&p@slal; éésc@sk& waddZ-C H3, RCH

3, R CH2-O CH2-C

mocmwwowwwcmwoﬁ, R C

7H2- OCan'd%aﬁnHStr@te@léle CH2- CH 2- O CH2- CH2- CH2- CH2- CH 3,

C}Il—lz S:HZ O CH2- CH2- O CH2- - CH2-
Fac(gors such as tgé ee of conjugatlon with mc%_grmg moieties, se ection o conjugation sites

on the molecule and selection of modifying moieties may be varied to produce a conjugate which,

for example, is less susceptible to in vivo degradation, and thus, has an increased plasma half life.
For example, the insulin compounds may be modified to include a modifying moiety at one, two,
three, four, five, or more sites on the insulin compound structure at appropriate attachment (i.e.,
modifying moiety conjugation) sites suitable for facilitating the association of a modifying moiety
thereon. By way of example, such suitable conjugation sites may comprise an amino acid

residue, such as a lysine amino acid residue.

In some embodiments, the insulin compound conjugates are monoconjugates. In other
embodiments, the insulin compound conjugates are multi-conjugates, such as di-conjugates,
tri-conjugates, tetra-conjugates, penta-conjugates and the like. The number of modifying
moieties on the insulin compound is limited only by the number of conjugation sites on the '
insulin compound. In still other embodiments, the insulin compound conjugates are a mixture of

mono-conjugates, di-conjugates, tri-conjugates, tetra-conjugates, and/or penta-conjugates.
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acti vati carbodiimd e, a mXxe
tha syl dochpoung it S hablechop b sd Feioi e of oy Bf Beyppdifigne moictics
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attached to a protein or peptide, preferably an

the rpdgplity o npgBYiRg moseciof the RS} GefaRIUBhH T8 b8t 1@5105@6%{? gut have
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noj eties, prefered noi etj es are thos m@‘%@ r ender 5
Gl B LTE P Som the BT P EPAl Ph PR 0 the body nd one
omﬁldfeoﬁhﬂhé |n§bdifﬁﬁlg‘1 mloltfieL BI 1168 PRI REnd¥BE BdfnUPatigdlin compound by
ul.i.n ound. The invention includes such

hﬂ%ﬁﬁ*?? reties further including one or nore
car bonyl groups, 40 preferably 1 2, 3, 4, or 5

r bon .0u Ll ted
150 o K BBHET Dok Y by MEREBoRBbRE, 5 1T e
Theel}nbda,fymg maid¢thisgprafearidp mnlalentl?}uqqlﬂed' to theupsudih cprh@un@—&lcredhan one
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mgy E?n@):shmimim@e owﬂmdﬁdm’e@abdﬁebm&ﬁeorsmwemf thi MOér %rﬁifferent bonds
t%@r&ﬁ @(Qﬁlﬁéat%n sﬁes§e| ected so that

In some embodiments, the insulin compound is coupled to the modifying moiety using a
hydrolyzable bond (e.g., an ester, carbonate or hydrolyzable carbamate bond). Use of a
hydrolyzable coupling will provide an insulin compound conjugate that acts as a prodrug. A
prodrug approach may be desirable where the insulin compound-modifying moiety conjugate is
inactive (i.e., the conjugate lacks the ability to affect the body through the insulin compound's
primary mechanism of action), such as when the modifying moiety conjugation site is in a

binding region of insulin compound. Use of a hydrolyzable coupling can also provide for a
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coRPEmRA ikl fe amecefcﬁ‘rtsagmomgmgmgy agefgﬁblmgtj]efisy 188 WS et-§.d575, 2,
re_in d S [ I I dis I e e
2853, ?Fré t%gng ?ﬁ a5 JI\IJI/Z_];S'r %& . 38 36@ fi, Eg% aler 12\/\% akers s, 14,
14(56&)@9!5” tieest hate ®libleathhre theppasgnt eyuhrg rcomqulﬁji dbat e ”JOfr@spondmg

un\%?ntnfﬁatﬁg xﬁs% 1rtb Icgr}lr':pld)sn% le na&t Aq&%@g S&MUC}N | f‘orb&alﬂﬁﬁ Shiebi@plexed native

eni cal conj ugati on
hures iravlindis a eilgditp s Smelh! el @I}h%fcﬁbﬂé r7 éi he e ghayg pysprisingly

dlSan\(ljelréd %@IL?JT&* cgﬁlblgﬁngﬂﬁnaQQnsuﬁx?Lcﬁlﬁig%s ARdrd56¢ soluble than human
ng I‘InCIE%eS as dis oed her ei 6 7.75.8,
1n®<bnﬁmgamltmher$lf ptdfaé*glu sl Padtol &5-2uih 3 %%‘héSd%érSe@ oir
8.5QNh K93t {0 1 Witk B, 1¥0EH £ b NG shpi, @4 5,@815.5el ection of
cohj Ugat i on Sites ~on the nol ecul'e and sel ection of
& e T Kk
c ﬁgétahébhﬁgwntiqwoa@@wbm thardceeisuisg/LhaigLah gilng g/éaé efl., 20 g/L, 50

F h
g &P ﬁ:bﬁ’ﬁl? %é)oéli, 6t 9 rla{l(ﬁlg) tjéom abtgutf% ﬁoﬁﬁ&ﬁn% :’}Jgg}"%mﬁgg Hl@féﬁably apH

rah B frorh AisoRES tofabattt 7.5f ideatly pBof ahonig/. 45| tes on the i nsul in
corrpound structure at appropriate attachnment (i.

T]?ggsu;lx f oun gﬁé)palnl’ég %Ie%)uy% otaga?ab‘i"eqhta%mrﬁ‘laf tQEn a s01ent1ﬁcally

e aSSOC|at|0n of a no Ifyln noi et
adcyeablo nonnsy waly asf 2 exappPeElings yedenigateda piselit 6H‘j“&‘§’ﬁ¥ 1 offt other
er%l&qdﬁgenga%qumﬂ 'c&ﬁpcﬁﬂd @gﬂjﬁhgtqu infbre &llY BRhEBle BUCRN®S than a

I'ne amno acid residue. |In sone enbodi nent.s, the i In
sqlemsﬁ¢ailv1 agashiple Hentiob i dhgast e SOTTSFRINFRH BRAG A %P@@tl&i%‘ n ICﬂmP°“n

cé?{aﬁeegnboﬁfﬂpﬁg la PR :idn of th@mlsxﬂi%lél)ﬂnﬁbuﬁ@ Wﬁ €0 ds iigatuesl by plasma
ar e nultl-con ugat es such

vl LR PR B S ERT kb uget o8 | JANT BEUE g LeRigg of
whddBjukdtdi8nsultEontpetidontedl. Nodi fyi ng

It will be appreciated that while in some aspects of the invention the modifying moiety is selected

to render the insulin compound conjugate more soluble than a corresponding unconjugated
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noi eties on the insulin conmpound is limted only by

t he nunber of conjugation sites on the 30 insulin
weompousds I n still other enbodi ments, the i nsEET/NS2005/025644

conmpound conjugates are a m xture of nono-conj ugates,

di - conj ugates, tri-conjugates, tetra-conjugates,

and/ or penta-conjugates. 39 WO 2006/ 014673

PCT/ US2005/ 025644 Preferred conj ugation strategies

. . r |

11%{.\1%% %olgrl%grgnd\é\@cogﬁe\r/ I gtpgétsdt%]g r g(%{gty meag %H} ﬁlgeg%&gﬁavegrdbeas elected to

readef therietiliatdompbime monslgategqmaﬂal QI deorA| hyﬂrmerlmthﬂnsa cpiresponding

I ﬁ%ﬂﬁh

uﬁ%ﬁ%%%%{ﬁgug{lzceglﬁ%% ’F}ﬁﬁllle@ etgié {éagﬁ lat glgt a%%eoﬁ%gd;d to render the

insplit @pipRynd ARBLERE Hmrfeﬁeplrléampé‘{aﬁt a cgregpondingaeisaingatgdginsulin

cBp&Auno functionality on a C peptide conponent or a

Ieader pepti de conponent of the insulin conmpound. One

or nore_ npdi fying noieti a.single or a

hbrserrl%uernrgfmarn%m P3O Qj’shlﬁi &Wogledr ﬁ‘B‘é‘t%F*és‘i"mﬂi‘{fii i5 ggually as water

s61a81p| R dmbre WAl& bddrsuld ithhn CQIRO dfkspohti@g NAebrhpyiéxd@ insulin compound

i et i in the pluralit re preferably t.he sane.
Pevel) 4 erreoide ittt eis B ERGR R B GG sdor © o
cbipdspdniddg coriplédee binludécalughtyd m@yinbendddndli f f erent from one

another, or, alternatively, sone of the nodifying

Ina gl)re%err%g' E?Podgrlaentt QkWﬁLI‘I sterbl{Tﬁy of tﬁ)fi 1n£1.hl§ cgﬁg&#ﬁg&d§g%@s decreased

byrheedidigion af &n'G o lpioed embodlmhles,rthrﬂsmbdlfymtgommm mposelepted fpangnder the
n%ghrpgcz% gﬁrﬁlbc]oﬁju aﬁ’e Cﬁ]l‘ﬂﬁ}l & RAE scﬁﬁbl E€a Qﬁrrés{;}gj qh(f/ogr uQQed insulin

noi et | lin COI’TpOU yza
choprysd, afﬁlé thfowpree S@nlehta rof iy &syin rorlraoomidrcrnyrghtg lrnéfxéftaﬁ@sby the

B RdN& ARSYh bﬁﬁe@&ﬁ%@%ﬁtsv‘@hé H)O@%ghﬁ’lgkl?lly Q&‘re@ tp QRES the insulin
Al'ternatively, all of the bonds coupl

CRIRRAVAS | COYUEHE FaRalY yIT nEoTTDToEIbice @aroa PWSP%@% rrlcomugated insulin

cslgﬁeaﬁw rm;é WY sf18biliy GF Bk Yzah] @mpéind f&@lﬁ@gate\ﬁﬁﬂééieﬁﬂad oése eHe@B&tion of
, one

zahi l ity such that, for exanp
Zef aeﬁ nr%ﬁrﬁwway b ihecriion complex 15raatst ﬁlerl (Psrv‘g?ter épérbalrty f of insulin
cblﬁmﬁe dn fab&har tabgect, Mgelinéulin GOMPEIAD Godfygattyid ra0fals b&d lasyldidiinsulin

one .or. mo eti es
capin ! B R4 op dhuacns B oo gty oh WA RghE conugate is
dlagtdas@ll Msﬂﬁ ddditibh @f higdyinc. 20n ZtllB aflothep Ltpibbdhgleﬂf thebidéulliy | dogpound

corll‘]ue%a éc¥15a %? atty amH }Hat% nPu?m COIin%O&ln? F{PF Xuaﬂg onglor%t\yater solub ¢ than a

cova y Ccoup ernurnco
chz‘bersmntiing mnwnﬂgatmmmeﬂly compduhd tirowdiifnyis mige,mpil dtewanmyolblahty of the

ERIPLERLLY GIMAIA0aLR 08, ISHid SOTBRUT. Counl i g

ol yza non yzabl e bonds or
m Xt ures of the two (i.e.,.drfferent bonds at )
Injperipiarpegierred gppediments thedippedlicity p5thp psylargompapngddionisgriesrelative to

tﬁe%rr&e@ﬁﬂhlhg p&MHMcdn?po&ﬁqpll %{dlegsoth&h? 'ﬁmrdtaﬂ'\}erlﬂ)ophlhclty of the
nmoi ety usi ng hydrol yz d (e.g., an ester,

Héélrfbmf’@ldoﬁomﬁ%‘r B W%Ire% t%%anﬁeﬁ%ﬂdeg@awai) insujg gorgpougd (K.) can,
61y SHaRbMZ BB | RteERHE = GolWwk! k&r evide,.an- |t0|5V&},&.LaL n & nwwa delative
conjugate that acts as a % appr.oach
hmﬂb‘gy Heageru @ wﬁe?&ro{iwg R%% (ﬁgurrh Zé‘bgﬁb‘ﬂﬁ%l i#B dpiQrmaRpe liquid
cRRnebYrafHY Yot ) iéeratic elution at 40° C. The following mixtures can be used as
eluents: 0.1M sodium phosphate buffer at pH 7.3 containing 10% acetonitrile, and 50%

acetonitrile in water. Void time (i) is identified by injecting 0.1 mM sodium nitrate. Retention

time for human insulin is adjusted to at least 2t, by varying the ration between the mixtures of
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inactive (i.e., the conjugate |lacks the ability to
af fect the body through the insulin conmpound s 30
w@eoor@t4s73rechani sm of action), such as when t hBCT/US2005/025644
nodi fyi ng noi ety conjugation site is in a binding
regi on of insulin conmpound. Use of a hydrolyzable
coupling can also provide for a 40 WO 2006/ 014673
PCT/ US2005/ 025644 tine-rel ease or controll ed-rel ease
(c)§K gn%%){n)adﬁkt@ﬂaﬁ& & iRge LMo dintak! th@re@a@iﬂp%ﬂlh&’t&eiﬁ albut equal to 1
perifod as one or nore nodify ng, no ?
or griess thae dveebitantidlt lesi thany le dp & Ptafsrrsd F%?ﬂnpﬁﬁ he'insulin cormpound is

hufh @A danﬁ%' (Bt BRHIRY 1§1@s@]tl§h@ﬁt @PeférabiP ﬂl@‘v‘éldﬁfeﬂlb@hlhclty is

t I th di |
oS G o euh et ey, Hhe LA 10 i o

tecﬁmql%:s '?(Qrﬂlet@]}ﬁgfhﬂé y@tﬂﬂlt? albﬂﬁ%péﬁlﬂﬂlty ofinsudin -ahtyﬂmﬂ)ﬂnytmhgae:s are set
car bamat e

forgpig- theyH,So Pg}grgéﬂéb 6%%’16‘“1[45(; L cé/?abq%elfl%l gmssued ?o Hare]tund et al., on 12-
MR 13 bhRe tidtl@leoMwhibiefsapetpbiacahtryindy gritrtice.ant
anounts of the insulin conmpound conjugate to circulate

In gnegem og1ene{1 g;g {e g/n’ld%orplfnh%gy 1? Xg (gpgg'ﬁ)gd Q&)% 9191 théjlfnoél 'moiety is a

mnistration. Bon used
caibOn dﬂitﬂiaang b ).6 G,CB.J }9] ®¥.1h é2,| Bsid, ilh 16(;1;7@@& gebaeng, Iﬁ:éem the carbon

Ch?li} IS?IE%/ + ¢ of W%)gyg?gﬁg YiZakh @hef s Nin QRotBer @mbodiment,

ed Tﬁon1t roup consi sting of
the:maawemoptbmtd(ls@s desggbarabeisi aad tl@snodéarlwﬁlé%s FrfTRAn cByn having

5, %24, haral qO@x‘bgﬁs %Eeé*em a4 chl?oom'hﬁﬁ IcESpraeda, 3?5@4“6@' oups 1nserted

ami’ne “noi et es. fying noiety nmay be co

therbie. | Insau alatedc GpRIiPRAL, attle val#tive d@oﬂﬂ%qﬂéo‘ﬁr?ﬁ | 4eiCHP%C§ ?‘aﬂy%sand the
m#cﬂﬁ] # Q'lg};ns&oi 3 UM ted, 800 oNUEbO@RLenE @lyb‘}ldjhﬂé(yin another
|ons and/

or am no_functions._ Nucl eophi]
relaipd rebydimenin e84t SIPRRIVIIHE 1 GErfETPYY até%Y%.r?g dhe Spdifying moiety
conBfided €, AR/ BIyethYERSINRE] Un@SiddUes or Al pisbyRuicigopiuiitsi C
am no functlons may be found, for exanple, at
hi sti di ne and/or Lys reS|dues and/or at the one or
7501 eVibtal €t Conffonkhiand Ghalactelnahmofdfomplexésns ulin

T}rq_cptéq%#{rl]sr%hg y(gl’[?prc]) & co?'nlglfgeli.tff é}ﬂ@?exes mgt (%Ie aifsleteﬁ %}i'te)lne gu&a%letnl;b(?al cations
foptifag thalehtion cf)mpcmsntancﬂaele amwlmetyl camrncepabTeh@” cnmpllﬁlyg, raggregating, or

upl.ed s RO 1At mdalf &fon b
Crysé‘}-‘lzé‘{go‘rﬁ’rgly ﬂée Sghuni by P20 fcc())Plrﬁg"{rﬁg la# Ell)rgfgs ter, thioet her .
mﬂmksuiﬁumaheMbDammomhbamEQM6yﬁngkwnﬂ@ﬂWﬂﬁﬁVmb%C%Uﬁﬁ“@ﬁ The

¥ d in o -ie., no
a%:x%n is Pre%era‘%ﬁr ?]ori] ﬁ%ﬁ{ﬁggﬂ'ﬂﬂf ox\ildlﬁné)ﬂ?mgr mflec APLE QhRBRS - t

sulin incl he am no groups at
OWIZIHQ.(Blhm@nBE@ the|cpmplgees mg@prﬁ%melessafor t}ge;lw@}eéded purpose.
nodi fying noiety is coupled to a single am no group on

nt 38 bMABithhtC BERRN Chtioh B BEBHPAIIe. e dHad is bIdAﬁtnpatlble if the

modi fyi ng moi eti es are each connect ed o a. dl{fﬁ‘ﬁ L och as a
catipi MEFSEHOBD UBHHLY Fignifieant Jelgleriqps o ﬁ%ﬁ)‘&?ﬁo‘ © PR R&Pe
sigficahMRhnhREIb§iYdl REhctiBR £ tHeafjction pite deS\@evawdl véitiiba @ppreciated that in

S S o2 TRl B 9 il by e

bdelity BEhS cady-idhlin dempbld dajnEatoconposidmme armirthemfm@ napfy bee eceptable
pol yner.s may b be different fromthe others. Various

updet FEHE Y Shes of coupling of polymers to insulin
conpounds are described in U S

The suitability of metal cations for stabilizing biologically active agents and the ratio of metal

cation to biologically active agent needed can be determined by one of ordinary skill in the art by
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Pat ent Application No. 09/873,899, entitled "M xtures
of insulin conpound conjugates 30 conprising
w@odogaldeyd ene gl ycol, uses thereof, and net hodBCDUS2005/025644
maki ng sane,” filed on 04-Jun-01, the entire
di scl osure of which is incorporated herein by
reference. 41 WD 2006/ 014673 PCT/ US2005/ 025644 In

still other enbodinents a partial prodrug approach
n‘DI e{%‘g al{égn%{/ 81; gi!gbl p gg(%sgﬁéfﬁ&yﬁg%e ng@pgéctrxl%ﬂa&sw isoelectric

fo@u@m B38sa mh@rcmhnometognaplm andt PLCernilyses divs datislgs eof metal
fon mblg&momagm& RAFBLED N Eof i Vo li GRS fRGS mzé/\@ﬂlgchon and/or
escribes nodifying noieties having hydrophilic and

m“@@ﬁbh@1lc conmponents in which the lipophilic

conponents 5 hydrolyze in vivo to yield a

T GkRPEegYh abBsbned rﬂuﬁw Ricludesnd oDANRE Enbﬁ)(ﬁfal@flt Moglkdty bri@ivalent
Mbi ety and Properties of the ul.i n-

m@ah?au@%ﬁ ¥ CB‘P?Bm@b’ﬁiﬂhéri%fs Iﬂrﬁ@fﬁ@&fdc’ em@dwm f .Hr?&? mﬁ%w Group II
oNMBahsilien HeheGiaw E@mpre@ i fl@atlkediviled caiohy inbludeBnt, 0t hEa"™, Fe™,

N LJ GO a nd co xes, ther eof,. Fopot
Ner dttor P SBaeS - AGieibf BEraeRh et Qur BERER § B TrERgLy e 11" or
Kt. h’Ehd daged ik @refeiﬂlycaﬂﬂms nRdaliBtic as alchibti® dracadie abjiecst sreferred are
Sllﬂléﬁéthan t he aqueous solubility of the insulin
‘‘n the absence of the nodi fyi ng noi ety,
preferably at least 1.05, 1.25, 1.5, 1.75, 2, 2.5, 3,
T8 BolakraticjofBnsulin c@p@uncﬁ:onj@g@e toZatiop, ibtypi@allyeByeergaboty, 151 and about

1%@0 tpi"e@ergaly g‘e]cweeill ]aFos.\b %?an an t lﬂ'%nd ﬂjgre%reféIrAtily bek@een: ab&fté 2 and

I Mes nore soO par ent In CoO oun
aoht 1.7 or et &8¢ b bdp A h@ or e O} BRGHER cinhasiient Zn - is used as the

csﬁ@ﬂ'@%ﬁént Iifis ﬁl%vﬁgdjﬁgliﬁlc %Qloﬂ%bﬁﬁbnexﬁ@& 1n§lﬁ1§@ptln und con ugate molar
uncorrgl exed native human i nsulin has a so

ragip of POORY/IpH angh abautpth% PPy Yetweenahautj Ly @t 6‘?‘%“ ﬁé@peand more
PRI BeivReh Yooudi: S4RUEERY: 73 BB uNOS 19f 1.901p |18 big7. human
insulin conjugates that are nore sol ubie than hunan
hngzgdoln g:og%onient B prg{e)rgtlgagrga&ergﬁa%&ogt. g(il%ba s%g.:ll% catlf)n, 91013 as Zn".
PBferabBy, the cBjon & dcatet Bhan AuBY5%4 D9%1dr.98.9%17Z™. 12. 5, 13,

13.5, 14, 14.5, or 15. In certain enbodi nents, the
P@egéb%yxlegganggbﬁkty céngal&gé %g@ﬁ%o&g%l{ngg%@%%q% l(:)w }qﬂm degradation
ist glaatele)tl@e cilis cjgygptwps@ dgetadat®ng pL theq cgﬁe@pongmg / l{!yco;@@exed insulin

e W

ol Rty FEARA e RbeY Pl TakiBlel RS cibAAT M Aat o
chyaeg s fessdetionoetersier dhanlibriehymogypsinddegradgtiopofahe sesegponding
an}f}eerﬂﬁuth t&llﬁéﬁﬂpg&% &PNj ug ite can be nore

orally bloav able in a mammal than a scientifically

acceptable control, such as a correspondi n

bﬁ]@&}ﬂleﬁi@dalflgﬂm cH@mupﬁ c%qgﬁ@d:'ﬁra e [pre (9Fﬁ¥ rbloa ble in a mammal than a

s@dﬁbﬂ&hﬂlmt@tabteh EontrBIS BhéhN a€ Qnmmnmﬁgl j dkgRdpRexd FONE compound
oral | y bigaval han a scie

cSuatsy I8 1B BB Tertse B R By PR G BRI gorbei i more orally
biginalhjeugai étimem Shani o smemtn‘mlryd accl:pftabléf: eodt@i, nsuch as a corresponding

unc8mF1%xe 1nsu§ﬁ comp%l%{ é[olrﬁ]glgateo In aergam en?bodljm%nt% O%Pogl)l'{lon oif th? ﬁomplexed

ingwiny cugadnad cmra;ugte, d B8 tneas.ut'ﬁd bg pla@nﬁleve{& of e onjogatedistaf lews 1.5, 2,

Z.Q,r’a‘? §t5,e<§r 4ttﬁ?eg gxtegltgr tﬁ%g %h%ragsto Mdn gf an%complexed insulin compound conjugate.
p
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unconj ugated insulin conmpound control. 30 It will be
appreciated that while in sone aspects of the
WO pwefi46e0 t he nodi fying noiety is selected tPRPCT/ERIEF/025644
the insulin conmpound conjugate nore soluble than a
correspondi ng unconj ugated 42 WO 2006/ 014673
PCT/ US2005/ 025644 insulin conmpound, in other aspects
t he nodi fyi ng nDiety nay al so or alternatively be
Tﬁg éof tleecg n?ulln C%l%ﬁ&[ dec rﬁu a cng h@mgg@a(ﬁy%goagaq ulgﬁtn?ammal than a
ﬂ or nore dr ophiTic than a co respon§
sq;mﬁﬁqllu gateptdble n:smrql,muelo APO YPrEspARdIng hfewlezteﬁémhwdrpﬁfyw@ insulin
CS%O%L&/ H}H&hfgeenﬁ)%hlﬁlgﬁtg qhé 90115;@69{9@ Ens&lnlecorﬂpeérﬂll éoﬁjugﬁm%&g orally
conj ugate nore anphi phil han a corresponding
bigavadnhjeugat dumian Shan A scvsntef@hlbbawtahlﬁ ceuirb Bithodi ameprresponding

c&rﬂﬁe)&@-tbhpGndoﬂ%égtédnmﬁﬁlm%gm‘aonJ[ﬂJg@Haﬁl &%inﬁ%ts' ?osorptlon of the
equal |y as water soluble or nore water soluble

COT@?"CQ%‘&W@%@W&|Cﬁfgugﬁﬁc%&p43é9€éﬂlr?dﬁ§’l]’llqsﬁa @aﬁb@fd}*ﬁdwmugate is at
16QNiMgat €.3, 68) ord G LSRN HEYaBBS BN RBmABELA but unconjugated
unconjugated i nsulin conpound, and/or (c) a

sy CEBIRE ng conpl exed but unconj ugated insulin

conpound 10 In a preferred enbodi nent, the water

olug§ of the insulin conpound conjugate is

ecr CQURIEXIRRAgeS Aqdition of Zn++. In sone

hemﬁECélxﬂﬁﬁecﬁitrﬁmts tt@caﬁ&dinﬁlyiin@mﬁ@in&hghﬂ@te%ﬁ@@h&d ifiddude one or more

er the insu und con, ual | re
&5 THie 4 hin T2 B0 2 BBRAIAG B G lEd s Hell PP ienion
irctdp quistaininesn utflre  glaltierprgeaihyy bsplemee, ofpertriiding pBulninn amino acids,

c%ﬁ%&% qu%?’ﬁ}g&%%g Bg?mngr %ﬁlﬁ@%ﬁg CQX) }cg)%lyﬁgbqigést !n?&nc éolypeptldes

ng@dotiddseehd mtiseneeiSet Bengn §u|(ﬁahen@5 of dnybu rompayng, u@zameer-Verlag,
I 4

Bglﬁig 2%1 dxuléagrr e( [;?%r]ﬁ g%%*n#@ dggh%ge[hf Svhgcﬂ id ﬁéog}?iwa e?é?éd;%relrbby referyence The

syfabifityeofj camplexing emﬁdehaamlmﬂw@ap@n@%ltldweégeiete@ynqdﬁy one of

oﬁ‘;}gbl HAND iPkhe &l E}Ptheal@t L %eV\@rEs%ﬁt Siidstie! T fnysopfe ct,nli‘t%dlments the
cation conplex is greater than the water solubilit

cytiem iR casmRpRLATaIvEYFroRAS tivet sreeiBerdly, SxlFre O AT pYRT ¥1'cﬂly devoid
ofOIRPUAGaRAL. UJate is a fatty acid acylated insulin
conpound the cation is zinc, and t he wat er solublllty
he, i nsul i n conpound conju s 2 crease

AHE PTG SR G BPAETe 1 SePH] oRRoih a0t i ably be
pickedt inmﬁblitBl’l toahqﬂm lllﬁdnolz&@ﬂjol.tg"&rtsehn Sngotial it prodeaiink, more preferably
bou{&qtto abo aIC r% Oﬁea‘ﬂ agoutt lc} mglgruraklo r? Eo rEDe ebodnnents the

er so dble ?ﬁan a4 'cort &dpondi g ulicSnj ugat e
catiog-irsiin mmpmdrrdmjugdi@ommsnt@ns precificatly exdwdd or e swbstamtially devoid
ogﬁ%ﬁgl"ty of the insulin conpound conjugate is

et eased by the addition of the zinc. In certain
preferred enbodi nents, the |ipophilicity of the
Amiraupdids BoiRlet el tssdnsLrgaplexing |aggnisy 62, 21yems, glpine, valine, leucine,
1s9ﬁﬁcﬁ1§ee§é?ﬁ9 %%ﬂ)@aﬁlﬁﬁ'}h alaﬂﬁk’lﬂramgot%%ﬁﬁgl h@arliglﬁé L@a?rﬁc acid, and
than 1. e relative icity of the Tnsu

h@@ﬁﬁ@@ﬂd*é@ﬁ?%ﬁéﬁ@*&éd@gﬁﬁéred to corrsespondlng
parent insulin conmpound (krd) can, for exanple, be
Caobslithd@hragsd saltdbius: usk kdonpleking @gﬂntsg@(blﬁples include acetic acid, and

bl BBl Bronr bt RboT B OB Ry o

performance |iquid
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chr omat ogr aphy colum by isocratic elution at 40 C
The followi ng m xtures can be used as 30 eluents: O 1M
waodsiomephosphat e buffer at pH 7.3 contai ni ng ROBAIS2005/025644
acetonitrile, and 50% acetonitrile in water. Void
time (to) is identified by injecting 0.1 nM sodi um
nitrate. Retention tine for human insulin is adjusted
to at Ieast 2to by varying the ration between the
7 sga%.;] 43 V\D 2006/ 014673 PCT/ US2005/ 025644
c) ( ). Preferably, in these enbodinents,
Int stmmereeibadmvxes Itheprapchi-lhsimh tympasnd@bniate quragositionslinclgte ong or more
Stﬁbl?%slré%t’ h%gtsen%¥e dﬁ%%g tta%ﬂ{ngl <Jig¥,nt §§C2Ud% Z@g%oﬁﬁ d&!o&g@‘unﬁa r?g% aromatic
cwnwuhdsn Prefiaded plenelel @imipoends |apo;phildl,i wictepolj and| reparalpenggy mixtures
refe r I
th%gaop ?% %g&l X gg%gnt Iﬁ%ﬂgé %rgggédogpagg atn%tlﬁtythét %mgllogeisstaﬁonﬁ)}n of the
cgiog-insulgy cc@npggnd OHEYS §p1@ppst§1pn35refd§t€|~m| %qweegttﬁqg}ly acceptable control,
sgzﬁta? r@oHstB&td%t%l éd{%d lingtﬁﬁn Q:Bgf)&ﬂld lcbr?%{y Join‘f)bét%nqg tl'lena%gcj:ncg of the
insulin conjugates are set th in the U S
“ﬁah@¥ﬁ3&§ﬁ750 499 entitled "Acylated insulin" issued to
Harelund et al., on 12- May-98, the entire disclosure
of which is incorporated herein by reference. In one
TdnboBretenatiop gbCompleXey e | i pophilicity is as described

Tgtb%lxﬁpl%g rhdyebér@divfdya m arraﬂyetoxﬁdl Such as CAKRRANEMRI fire powder of
avin

P TR B A7 ¢ Re R BB TR Gripioeaeprivent
sadid ﬁong‘lwlth';sothfﬁ pthla&;utl&,llycheﬂtﬁble)éymgfnemps The1s@fifl@ds may also be

nbodi ne
bR Y P oot e MOVE: MR e Bl Pl m st
medinmty is a carbon chain having 5, 6, 7, 8 9 or 10
carbons, wherein the carbon chain conprises 2, 3 or 4
oxy groups inserted therein. In a related enbodi nent,
T{He 1 elSelidfermpesitpiwusl i city is as described above and
Y l ,
T BQ@& 1 glllllfn cjo{%;gftgg ec dy%?gegcmﬁ fﬁ?etelgia}zbe nﬁoavrl]%ed ag ?s %séohrz eTh% soltl may,
foes ﬁmlqﬂpnv a dried siate oran o peskiisolvedcsiate/injag agpsogagpion etgamc Solvent
elﬂ{ﬁg&? nﬁ&gerﬁdﬂ'ﬁoﬂTQIdAhfeyﬂoﬂgmg@fo%y conprises 1, 2 or 3
pol yet hyl ene gl ycol units and 1, 2 or 3 polypropylene
gl ycol units. 4 Metal Cation Cbnponent and
ICARgr ereodinest |ﬂ&f’s CSPnEISA BTSN PR GATIPIRES, iSi pfovided as a pure
poBRRALBEY 6&151;10’5{@&1 enCOpRE @ibeéssddméhw elémstioR] ele 18drir@b of insulin
Sui tapl e nmetal cations a[ se gﬁlthe catégg y d
BB SR [U GG FBEE]Y 8 i EagaBt (insulin compoun
@@npkﬁmkmgaMﬂggBeg@ﬂmmgs1efMam@ammyﬁtalI|Z|ng with the
i nsulin conpound conjugate. It is preferred that t he
t ' . I ul C OIS
8 iRt RL bR B TS0 SRR (I chlbh ol BRI conpente and
withauit protamgnep rilef levlatbtas'yo efgpsulin gmﬁomhwjugat@m @l lﬁgypw@lly about is
;@t&suy St 4. 010G8 &eﬁu bnd doniBate: A8k Y. 325 Rbout 3:1,
he extent t at t e conplexes areé rendéred usel ess
of igeally plequi 3l nneiecssyst pe s@d T pramagberapasies @ith cfien, insulin
céﬁ;o@ﬁd &ﬁ}u@@t@ aﬁcﬁprbﬂaﬁ%ﬁl@’ ! ﬁﬁtrﬁ@elr@atw%f b co@rﬂ%hrﬁrbogﬁFate to cation is

bi'oconpatib 25 cation presents no un
tygiceihi PPt toaé%t’)@é (aﬂa@meopméwg cepugptySatiaBy rBRus AL t% about 3:1, or
KQQngmﬁth as a significant inmmunol ogical reaction at
the injection site. However, it will be appreciated
that in sone circunstances, the risks of toxity and
ot her del eterious effects may be outwei ghed by the
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benefits of the cation-insulin conpound conjugate

conposition, and therefore may be acceptable under
wa@a@ka/ocierunst ances. 30 The suitability of netBCT/US2005/025644

cations for stabilizing biologically active agents and

the ratio of metal cation to biologically active

agent needed can be determ ned by one of ordinary

skill in the art by 44 WO 2006/014673
hg ggllc)ég&g Séug% é@ddzl R—t?lf‘e; QQ&Q g&l stlx‘bir'll r (:vﬁtéy |G g{mr, olﬁﬁl‘(i)l? eé;)gl ound and

Sia@b@meé@mm@nd feeﬂ:’LPsPh?QOhCrf@V’@P@é) |@h yethety rpmmlmjr tptplar ratio of

i1B0%h b@%u%%rﬁ@a& B8NcaR& tdnC {yﬁalglf raH&t #tbm about 3:4.5 to about 3:0.9,
cation-stabilized biol ogically

active agents FI‘I or to
PEEARAR O RYOBN P thaopt TR dp Eémﬁ%ﬁﬂid%ureoﬁ’hé%o‘ (ultralente) compostion

(RFC 3R] ﬂlﬁdlﬁneon}%omeaﬂaegteﬁ)thzﬁ@t doﬁlﬂmﬁl@rﬁ@ @ eanf)heﬁéﬂct &Rlp¥und), and
incl udes one or nore npnoval ent di va ent,
VHPOY} ROine) Bt Bolag fip Ghwsulig o eriTeido P‘H@P &@fF typica{ly range

fembelerines gRNBCHIN MO, 3:4.9) @rofRith} atoad I:OR dbSutB:4F, HéRe prbferably

gquvg{éga? 0(1,15? Igél Itlglr%(?cg%[%‘? Eﬁq- 50 1%%{@/3? p%gﬁ&' c{ggl_%lg_setmn (with cation,
uﬁlulirrl-con@ddnﬂ, an@Q;ﬂa'blhgiﬁg Icompdvgd te. g Whehdolkc Eﬂhﬁﬂ\ﬁﬁi) eqd protamme) the
I.ncl ude it is

nif el Brneoprerarine® bl Mol Foechin B 4o sbou
38hprofieiatly about AQed abet sab, tmoramsteraply ebar 3:6@ tasteut 1904.ZnC12

and ZnAc. The nolar ratio of insulin conpound

1: 1. an

S IRLE SO GEULP L, BYRIGALLE ASLYER SR B
C@U%Qmt@ﬁﬁom@ﬁéobﬁeﬁéﬁﬁthMbéﬁmeen about 1:2 and about

1. 7 or about 1:2, 1:3, 1:4, 1:5, 1:6, or 1:7. In a

S@lﬁf Sdnfpedidns %MQhﬁﬁﬁﬂm mAN 1ok eksinplS SEnRR cblfositoAS ISR as powders,
onent, it is pr ovi ded at a zinc catlon Con”ponent

"’Fbldinﬁ RSPt CoRPATRGL QBI85 A0¢ 8t wipRsIngHin pgmpoRnd Gorgpgalgifgmplexes of
the: idveaah. &bﬁbkbblﬂﬁ thQ3lid péefositiakl e et iaen a%ﬂ@x%acémgally%@&ptable
g t 1:12, nore pref. rabl bet ween  about nd
leg (93 {)ur%fy,-}, .€ O{iree 88Rtaniln92nts \zihl unaﬁ_c.egtabll d]gnmg],thq_suﬁablhty of the
cot@sidadsifaruscampomaent i s preferably greater than about
90@6a single cation, such as Zn++. Preferably, the
IJf'l mb?dn%%ng% :: < %nghs&tzon(s) ?a?c? uﬁéovg%% 1P 2\?{7%1 I(t)lﬁ]es c?gﬂon—mszlnn compound
cq;mrgpte wnmp(m@ntj g geter then etrpn®A% ypstialthnd egiaddy geater 6 htput 95%
GRME "mdD et By C t 0
mggrresﬁgﬁdﬁﬂe uﬁbo &ﬁgx%%pﬁbgﬁqﬁﬁr%ggklggndﬁb%ﬁﬁbenmommmﬁs
CERROpiEpRE @reyprio‘ééqum #hick ﬂ)@fcatmen@bwn@/@e@ fongdte pomponent is greater
fHe R HRAH DY, (&%fp‘ﬂglﬁt s%h&so prefelbADLENRShdd a@@&%@%ﬁ&ﬂhd@ solids, more
greater than the chynotrypsin degradation’ of
m@@ﬁ?@§ﬁ@ﬁﬁﬂﬁ@am% pt @aeiosutclidncof j ugated insulin
conpound. The conpl exed i nsulin conpound conjugate can
Inb&ilinehe eﬁi’b@sﬂﬂnﬁnthl dbﬂl‘;ﬁadltﬂ*ﬁb @rel oAddaBATRicH thaRatfon-iRslin compound
scientificall tabl.e control, suc

cEpierts §BIBBWWd¥ QF?E XU &Fﬁoﬂ’hﬁ‘ﬁﬁﬁgﬁn‘ﬁld CoHylingaplids. For
edamplet theratie msﬁmﬂmrmmnh sqhdttdﬂ eryﬂﬂmiH @X@ ﬁhay BSfibih lﬁb@rﬂ Mo lttﬂﬂ)out 10:1,

n [ Y
or ﬁ)s{l:tlulgéﬁ{ %blou: al or gl(g:)ogg 8 t bou gm r %SIU’SW agg l{rga]n or a out 1:6 to
atoor & lgs)pdwdt hgto about 5:1, or about 1:4 to about 4: 1 or about 1:3 to about 3:1, or about

1:2 to about 2:1, or about 1:1.
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unconpl exed insulin conmpound conjugate. In certain

enbodi nents, absorption of the conplexed insulin
W@ oipousdd conj ugate, e.g., as neasured by pl asPEI/US2065/625644

of the conjugate, is at least 1.5, 2, 30 2.5, 3, 3.5,

or 4 times greater that the absorption of an

unconpl exed i nsulin conpound conjugate. 45 WO

2006/ 014673 PCT/ US2005/ 025644 The conpl exed insulin
Fur&rgljnoo:flen %ﬂl%ﬁogltlogsaéa%ebﬁ?pq %eg {[ﬁ{ng a{lg ;étgl els )66 Pg%?\éxﬁsklﬁrg k(ﬁnﬂoﬂmﬁ solids
haamgaliffaoent asmon@hrrrpgurcd@,mptlexsed scmsitmth@waugatré@lm gpsWPINY With 2
sofid E[BRlldﬂg 'ms!ll{h 8 g&fnd%% teg%?gtﬁpds Bllaﬁdlﬁg HfR’J 1?[5){1ﬁg célﬂ%ﬂhd &bnjugate

compound conj ugate is re orally bioavalable in a
witusrentid irfvhiding 2 dufeeant infulip aptpgoupde@EYB| e control, such

as a corresponding 5 conpl exed but unconjugated

Mof2SHr | He %H@ﬁ)@ REA inslIA c%ﬁf;&@ﬂ/ﬁhs@lﬁfb&ﬂipﬁﬁf&tc%njugé@é E9nPohN may all

of the onpl exed. i nsulin co e.
V%agﬂreéﬁnlﬁiﬁ cAMASHent %@\?éﬁeé’rw ngﬂj?‘iﬁﬁ&?‘ém‘#l% %‘gp"“nc? crystals
ushr%élﬁﬁve]ms@hn gomp%mﬁ and amSrphous @lsulth dohiimtﬁxd@bl@aga&ﬁ dr hahpotsiﬁens can

beg g?ﬁ%%{%alj‘g%h?fl COI’Tpl %ﬁsg %Sgﬁtﬂlg nc%gl%{)wggéﬁlgs usmg rllatlve insulin
coMpo Ol WnirﬁstalﬁﬂéleGﬁtdh@rbomp&uidl donfREARI0 usmbh mixtures may be used to
SR R S At
pHafmdchiengic@s@itt | nventi on incl ude protam nes, surfen

gl obin proteins, sperm ne, spermdine al bumn, am no

Thaeczgv%%ge 8%@&? 9{%( lo% Ithcé s%ﬁ&iisda?e ?ér%%akll a0 'r&lgp gk ¥bBet 0.1 to about 100

Ionic po ype ani onic
mpmny,pecpc prgtesbly Inticmistons, diéls mowmaef%mltly $@n gucrorseidedy g iggnicrons.

S all Faq;é‘élg E‘ihéé%né}f be! &Meh% %%%ﬁghzag&{ b&ﬂﬁ&nsv %ﬁrlcly’lg fyln%,Smllhng,

I n Herdel berg (1987), the entire di sclosure o
V%hlmﬁrﬂng,ﬁr%éftﬂfﬁégmdé@elﬁférel n by reference. The
suitability of conplexing agent's for stabilizing the

Inc&ﬂk Iml b(ﬁlhl@[ﬁsth&@ﬁqpbﬁtlcﬂleméﬂmmdcc?}ﬁn@ rg@ean thaﬁ) faBdud @6% w/w insulin

ski in the a t

cOEML T g LB o (oot S, o s (R . ey fn amotter

1B EUARAAN GheC OMhpbFitibE C@REM0 Bilidd, QOstaigP eg@eafer ahdnl yboax Oll Ud e/vorinsulin
are bst anti.al | e ent

ot Potent Aoralr i 5 08y 0 1o GRS IR R b ARG g iy About 0.2

tof abiotin 5% eéwpthedoh milm @etvunbﬂherpsrﬁfoémbﬂ the banpqmm@s,ewhenl dried, contains

grte%er tElant ab:cL)uttE&/a WRAlf'I ;[nsu]hn cfog?a f c%r%t.n%l?e ?rfmil ?§ I0| d3 69”@%"%9 0.2 to

am née, to about
atrool 4':% wihvating ,fromda@alt I03.2 taw@ut 141/o W/wptogamineg th pet anqthes erpodiment the

co QQbmteﬁ" ’dn&h %ontglﬁg ﬁexl ﬁ?ﬁj laﬁoﬁ]l QW%‘HSuIm compound conjugate,

nj Ugat econp oéltlons speci excl ude or ar
frsmlﬁbolarﬁ)t%ap Il,y0 te\oidd toaboys élfﬁ’ ﬁ’é‘c fogn phevhB24e |3Pf§1t hhye ww

}aﬁm@nebﬁld%ﬁldab&ﬁ 0SQRIEX] FPwASEHAS, €. 9., glycine,

ani ne, valine, |eucine, |soleu0|ne serine
t hr eoni ne, phenyl al ani ne, proline,

Ingangtheragntodimegy ¢ sqwRo e ovhety figed, }ﬂC’é‘f“?S i on %@1 to about 2% wiw
ZR1 | Q@pepsh dasut o asiedabast 194 gl plhemel, pxeafdawydm gboach.sls ahost 1.3%

\/ v{z]%g u;%ll éabl Q}lt glr}l tgsagcg)ﬁ§7% npw Sh &g I%epget:fs r’abl? )ﬁom grea%er than or
equal to 1 to about 3.5% w/w Zn™, and from about 0.1 to about 3% w/w phenol, and still more
preferably from greater than or equal to 1.3 to about 2.2% w/w Zn"", and from about 0.4 to about
2% w/w phenol.
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hydr oxycar boxylic acids, such as citric acid,

3- hydroxybutyric acid, and lactic acid. 46 WO
wWQO@600b646573 PCT/ US2005/ 025644 7.6 Stabil i zi nBCHYSIWS025644

In some enbodi nents, the cation-insulin conpound

conj ugat e conpositions include one or nore

stabilizing agents. Preferred stabilizing agents

i ncl ude phenolic conpounds and aronatic conpounds

T g ggmeprl I‘ngd cdn en?ovu?ed in a nds arr p%reg.lﬁ) x4 m a pre tted dried
At parapen or M Xt ur es e B PP ?

len@gytyfeeprgpaetond €d is provadey naﬂmnmmmtt rhAigding frqmn aboeis0. Stoaalbmitlwyw/w and
I 0
o PSPl b e RRRLI AAPLUAZI R SRR L | o v
wis being onyuls pomooung coaitgain - ildrslly,i for eodrisd Umde-tionjpergareiéon, Zn is
pl%%”?&)ﬁl' 4l a%buhﬂaﬁghx?gf AR %ﬂcﬁ? 08fto tai%%t z SYARM hifd f anﬁ‘gseﬁ}lesent in an
.7/ Presentatio exes he conpl exes may
alpm@ e s drompatgpi 0.5 do rcﬂzput 8 G%hW@s Vathstb% siEgalol ‘V’Wp'ml@ insulin
cHRES cofugateat i on-insulin conpound conjugate, or a
powder |ncIud|ng a cation-insulin conpound conjugate
solid along with _other pharnaceutically acceptable
Tﬁ%ﬁ%%%ﬁ% gan bFHEOVéQfﬁﬁ’P é&@@aﬁﬁtﬁ‘t&e s%epsréhonpr%eaaé’ep % rin g preferred
dﬂédSﬂt@dléh&dtyﬁd ﬁéﬁrdtlﬁn &!ﬂd@ﬁdﬁd&iﬁn ah gﬁmne raﬂgdg 6B goadf mﬁn or equal
as u n such

S
B B RS AR et it PR o TR Gl e e efiyd %o wout 3%
wmnwiﬂem rmmmb@ 7 @/x;w deidg aﬁsums camﬁcﬂind d:onﬁﬁgeee sodidanly nfey,a dried

ulérfalg{ltg typgggzﬁargtbo&e%bg PLS V}de§j joan amglrlrg gﬁllg élg ?rgfn \%eafer §nan or equal to 1.3
toeabohit 2L 20h w/wriacd glenal lispresant iman ﬁhmmt nogiaglfrore dbdun®.frio dbout 2% wiw,
w%{] ﬁae?&rz}ga?nm thr/w bgl gl g\ﬁltnl R J)u?lﬁ gJ) I'l% afelTpoun d conjugate

onpl exe pr ovi rded- as a Bure 2 processed solid
conp03|t|on In a pure processed solid conpostion, the

ar n g1 conpound conjugate to cation
7:7?? typnggHa@é 4 to about 3:0.5 (insulin

Tb@?ﬁb@t@:méuhn@@mpe@dtcemug@@t dopnlexesaprye raovales ag eprapigpepts undissolved

catnpbner® of daRLdY %}O&Em e Lthe NuR 1B£}QG§%§ Sudabd @ol&%' iHcluding a
T-type conpostion (w cation, insulin conpound

cignjnEin eovanennd wnms@fatas BrISTCRIRe)T, e FRIORMISEEN pemRognd fonjugate

niagﬁéj bﬂoﬁd@@ﬁ@éﬂ%ﬁoﬁéﬁﬂb%ﬁﬁ&n&&i "éﬁﬁﬂsﬁ%ﬁ ot ﬁncﬁ'd’&‘lu%fﬂnl Yrhe liquid may
out is ypically about 3:4 to about

algq elnds %Sseléiﬁjp@ﬁlﬁﬂne% R} ergpleaes, @8‘?5 Wiy the %‘b*ﬁ?l"‘ﬁ CSmBOHF’HS
about 3:1, or ideally about 3:1. In a processed pure
t m ne conpostion (wth cation,
7%ﬁ£ullﬁdgﬁ§ﬁﬁgﬂﬁgg Eate and protam ne), the nol ar
Theﬂ.ctdmpoﬁflorls g uiennmeﬁtmmpmyn thr exunjplg afcldé conyAdx wtures, solid mixtures,
AV call%ma(put B?Q to about 3:0.5 (insulin conpound

%on u %F cation about 3:5 to about 3:1, or
|deaIIy about 3:2. 47

Thus, for example, the invention provides compositions which include two or more insulin
compound conjugates and/or unconjugated insulin compounds. Further, where the compo;itions
include solids, the solids may have different forms. Thus, for example, on solid may be
crystalline and another solid may be an amorphous solid. As noted elsewhere, the solids may be
provided in a dried form or may be provided as solid components of a liquid mixture. In a
preferred embodiment, the mixture of the invention includes two or more different insulin
compound conjugates, and the different insulin compound conjugates have different solubilities.

In one embodiment, one of the complexes comprises a lipophilic insulin compound conjugate and
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WO 2006/ 014673 PCT/ US2005/ 025644 1 n, a processed pure

solid R-type (lente) conpostion (with cation, insulin
w@ompousdd and stabilizing conmpound (e.g., a pPenUB1005/025644

compound), and w thout protamne), the nolar ratio of

i nsulin conmpound conjugate to cation can typically

range from about 3:4.5 to about 3:0.9, preferably

about 3:3.9 to about 3:2.4. In a processed pure solid

the Otﬂ}égﬁoﬁ]g l'rlljsésr ahg/? ?w lZniSlh noc%En gu@ld%o JIC% e In ?111 anﬁtherlo %?D?ldllm%nt, the

omw’rp@u rmh)y m@lm‘.t leﬁIt&htomsuhp rcrotnamnriec)onJugen@, rmblaronr: atr¢ onopf of the

t LODbERD. HoWRI G h

chith B COTRAMRLY SARGYIR ol DETPIERDIENR G or more e

cgmlé@@rs il aycieghlotion 18dfdife thatis gignifiganty greatephen ﬁxe@fretﬂa@n yalf-life of

t}%tméitco %lgx o aatgﬁféﬁ el?hbéhlﬁcnt Ioﬁe 8f Rk QW%Qhﬁlérrgpﬁ Q&t ng profile and

R-type protam ne conpostion (Wth cation, insulin
apcslirp oL Hhelcomrnipxst bk Infedivmgodenapeina arafike: &urthemnoph errgfite complexes

12 ARRUYASHIe su@ile Ryrr BLaMhASh corﬁﬁﬁné—&nﬂ@ﬂ Wilelafdth® hst a proﬁle suitable
i hsulin conp ound Conhu ate catl on can %%@lca

f?ré’ﬁﬁ@raﬁliilélrﬁl‘éjﬁﬁﬁﬁon@@ll eare%@aiﬁ%res age mixtysesf SHBMpppd las%latmlxmres

oBIéﬁVK% ﬁhdqp@@g ngxtﬂreﬁef Imi?ﬁﬁar{aﬁﬁ?ﬁ{ &ﬂlp)éulﬁbﬁ)l}ﬂtuhrgs &1810650nd fatty acid
abou For a_monoval ent._cati on ucn a

oS RO B B DIUZ aed Y Rsig GVeS el r?mé%ﬁ’;}%wfl acylated

i3 ElRs Uzgatd%schﬁedliﬁ ir@nfollaking 0. phous, B¢ Gnie @hMdtredioB. which are

RS VRS PSS B S s 0SB o

cd)rfmS)lHng nbls@in‘gmum ” Cisdujed! gIatM&-oandl r Patatti RB37,97$ ulentitled “Selective

acylafi sﬁo f ul at eupC o’ngueedeB Jan E3 IB EePatenyg %§ 4& , entitled “Insoluble
T:Y éf’%? aty E RS BT At a

conposSi Tl ons ‘are praovi
nphlar ntnmsltwrrsﬁl ikspedrd G-EOpPt-CL [ES. Pagane 6,484, 64tiu rentitged ‘Fatey. amd—acylated
n%sF]henean% £o %%&?ydg %}5 %%V\@ Is¢ patg}g ?:3?5 5,310 %?tﬁf%h a‘p/ie}ﬁogi Ifgp ﬁb?rhstenng
a¢plaiain SnSUIHn” sietwed ehtblontoRe it % Petontp 6868, 339N senaﬂ@ ph@ﬁﬂlﬂde dinsulin

cb MLGY kmd%é}tﬁup& '@gubatghtm%ﬁdenna& GBS0 &r Cadministering

onent 1Is greater bout 90% crystall'i ne,

amaéffdelrlwbn, lsgveéalﬁe%prioﬂa%saWE 5.620675 conjidecaAcylaied InpplireAnalogs,”

isRtaf BrraRdy g8, qiﬂe‘ﬁf 5 t7(|51)99'ﬁ)4a§ﬁ%15d %eﬁ‘afaﬁbfnc' t)?lirl hd%‘atedlﬁi‘otem powder,”
ot her enmbodi men n‘g ons are provided ch

issyrd 28 Ater9h-§- ﬁsliﬂtqnhS é?ﬁsé& Lmﬂtl@o Hcvlgiad @S\émﬁaﬁ@ﬁmm@ " iSsued 02-
]E!':ﬁ’a?@ P?tﬁth@bm,%ltegt&%%’wsa&mﬁ@wﬁn&obﬂ éﬂﬁlon&hﬁﬁcﬁﬁr&kﬂsy issue 08-
ater an _abou anor s.sol.idgs, re
B LR Do ot Vet RABISIHE 28 89 A K BUIC s uciein ssued
2I)JMa§I9WJ E SoPhedt EIFOM, Ritled, Moo 0F lactyﬂaﬂhﬁ@ péyftidesPdna \Hotke deylating

t in u
st oiart [T o len et &t hode BREeDf s RL  sgpec ga-temoo:
U Paeny S T3, 49[7;1@1’:151@;‘1 akg/latdddnsulie xGampdde 12-Mag-98.aUiSo Pattnt 5,905,140,
eatq?%gp?oec aIE)/% 81 I acll n fj,ne %SI% Iule trllfaifs ! Itlg9d;g¥ S. bleaégni%%@l?&)u entitled
“Ibdintdedva8vesy labcm$ep8161 ZOQSE Uaﬁa Batent B;231,8%, abled “IHsulin deyvatives,”
1s e(al:ﬂ]n 6 0 PU l%gtléﬁt :1"1449 nt Q@ g b}e g‘bnEtetr Q@fﬂguli‘ﬁ' ge'pargtﬁons for
té a f out- 1-3 Yo about S:I), or
paltmmry d@@/exm ’ZISQUGd é\m@b 29911 U. %rPaEfbb@ﬁlOl%i engied\fBulmonary insulin
CI%IQQIQ,"’Oilsﬁlgc? 3O<EC-§6,U§€(Q95JHQ 2884 % tent 6,174,856, entitled “Stabilized insulin

compositions,” issued Jan. 16, 2001. Especially preferred mono-fatty acid acylated insulins

having 12, 13, 14, 15, or 16-carbon fatty acids covalently bound to Lys(B29) of human insulin.
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Furt hernore, conpositions can be provided using

m xtures of cation-insulin conpound solids having
waledober4ms i nsul i n conpounds, such as a solid PODUSZNOFRS5644

native insulin compound with a solid including

i nsulin conmpound conj ugates, or solids including one

i nsulin conpound conjugate wth a solid including a

different insulin conpound conjugate. 5 Nbreover t he
Ins(gllﬁjl dat%(%/ 121 nt, atﬂe glﬁeenﬁl n I;%aowcc'l n%Jcoouprgs/te{l r?lg’\énloglr '[QNOC(P f?g%?nl{ msuhn compounds

argimposiit |com§ouoar¢oﬂgegapasovﬁrcfexdblv\hha: bo- mmmluaxélbfm onggufmore of the
fo?lg&rglg ucrﬂgragtgr}/sﬁ alsﬁbstaﬂtﬂll& ogr% én\éﬁs Idﬁg'ollut OH £ %[Eg]%uﬂdw{%n glssolutlon

amor phous 1nsulin co onj ugat es, conposi tions
cwem andfer psioglé deadf M@bpdymla @@ﬁlmol?rpﬂqubcozmatah%erb icprerystals of
HEAROUAE b LSS e NGod, B5HUdl: o IR IPOMAhs@ibompouna.

crystalline i nsul'in conpound conj ugates. Suc

m xtures may be used to 10 achleve,varlatlons‘ln, )
Ipepsimebapimepia fhecrerysit inchidessliiemn desulh S84 CocvEAlipgR ik human
in@EY 10ducdahd @tdbﬁﬁ}soﬂ the criplAkABREQ K ﬂH@Edhﬂallﬂfl of 4 l:c@respm&ng crystal of

average particle size of the solids are prefer

the frsulith g oRd capiBete: o £retBer SBBRtaBabe th ey ! ‘ﬁssrlélman insulin,
afdl &f @ysedilztick vigh AirgdnaASin Ybdrdabes e SNHiIRY ©F ablcyystht Zhtive to the

ron i deal 1 ns. Small particle sizes

S B SRR ST BT AP TRoORd fBREEEndI &1 on.

spray drying, mlling, 15 vacuumdrying, freeze

Irrhnytihﬁgmﬁ)ndimbﬂrtethé tkeystdl ncordes .ontid ditivpépid Hlearing, and/or highly potent

mélg{%) (\(:I)\;n\}ijltoun Slﬂn];uﬁag éljnrdI ggon t alslr(]>§v ngaglﬁ d}o!'J %ng@p ?&Ent insulin

c@n@Bnd Gonjlugatd). f&ferdﬂy the zotcwsabhagta HIQ/&’melep nlgtablb rfor post-prandial
Bt L when dri ed,

gﬁ&gggﬁﬁg“gggggér tﬁg%h%1%8?88§J mﬁﬁn?nsulln conpound

conj ugate, fromabout 0.05, 0.1, 0.15, or 0.2 to about

Iru%owewe@b%mer&n@e FRVSPY DOYIAE, D IPTE §T FBETEEEH Whigh an insulin

c&ﬂ%ﬁﬂﬂ conkuxat¥ 88 iRRALN /L SURAHINBAL ot h§Hr& ARPASI Th@ﬁnxtures of the
when drie contains  greater than about 82% w

InVRRYaR PHY EEREDITREIERT! (e mPP B a0 Tesgmixgeg may inciude an
inQulthomPéund. cinlljﬁg'e\te A abl tmc%%h}ﬂtéﬁ iBdul€ corﬁ%oﬁm a’ﬁ%uialxﬁreg nfa@ include
. 14 % w/ w pr ot am ne not her odi nent
d’?%@nt TR STROP RS ORI Hy dé%’r n&’(?ﬁ‘?l&cﬂ@p(ﬁ‘ln ater than
about 71 % w w i nsulin conpound conjugate, from about
F@1He5  thDin¥entiOn poyvides c@nRexeo hatrgutwoldifievtny izduhic cothpaumil conjugates

andgo? %1 1% %n {)omp% 19&”'%on‘%xég}?)\ﬁ%\gwﬁpHréﬁ%jﬁga%}dﬁmgﬁlg ic%%b%né.r Y invention
penidesdhiyirea co-tiveale ofrpos itréeorr, mah differtni welilini cawberd sonjngates. The
m@ QIHL Qov}dv\,% q &E‘g%% }%Y/fhé'/ }qlerégn c%ﬂouﬁlﬁ Q:Uh;@%%&u%mf? ag Eimt:é.fljug'a‘[ed

out ‘1% 'y Trom abo
matﬁmmompms% T\mf WVEﬁlona’ﬁd’Me?) Acersisiel wtmtwomralmjﬂlf@relz%ydrophlhc

VI Jaﬁl?&fﬁld'coﬁ]{?éa?es posfe mpé S erb R M6 RRLR linsh i Boround conjugates;
equal bout 3. 5% w w Zn++, ‘and from about 0.1

twowrarw&ﬂlffg%wnwnafn%@fulm SPIEPSES paniugEFe 2dudsPRtieiosmlinpompound

cdnff2ite gz{n@aﬁ proﬁlﬁlﬂﬂ i3l Qﬂlﬁf)oub@ o];njggattc@ @W;?&H)p}ﬁh@(]?s\&ﬁrw compound
eno

Zn++, rom about a 2%
cqmggt@@ec} m%?gu@@ﬁllﬁgbﬁewm iﬁM2 together w1t an unconJugated insulin
compound; IN105 together with an unconjugated insulin compound; HIM2 together with IN105;

HIM2 together with insulin compound and IN105; and other combinations of the foregiong

elements. As mentioned elsewhere, the complexes may be provided as dried solids, as dissolved
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The conpl exes can be provided in a |lente-type
preparation. For exanple, in a preferred dried

WO e0Ubo146§pe preparation, Zn i s provided in an BODURL005/025644
rangi ng fromabout 0.1 to about 2% w w and phenol is
present in an anmount ranging from about 0.08 to about
1%ww, with the remaining % w w being insulin
compound conj ugate Ideally, for a dried lente-type
cgmglg)%r t utan d{or%s E%dgsts&védd@gn\;\)}/&ese}rq ao%go oéﬂtallan&nQOngatlotns may,
forrexample, armupit)yeld angbvide  qoomiealooent-cristal h@mgﬂn@wn@d podfile.
ww, with the remaining % ww being insulin conpound
conj ugate. The conpl exes can be provided in an

T t r Sobwbility of femplexsa phthednvention exanple, in a

PPJf&&ﬁ& Eh%qque@ﬁ§ Sthvl) sﬁh@%%n-ﬁﬂéﬁl% REBBHdAhA te &J’me& at a pH of
0 I'n an anount ran /3 rom greater

&quaﬁ is ffgm glpuy 143 146 olt3: 3 W W10ahe l&éﬁol/@u 1;4,5 UP to about 0, 1,

2ps.es8ng 7 B, ARr ANPkALs thaffibng s&ﬁ@mg%b%tun&nlpletx@d 2Bt compound

3%vv/w with the remai ni ng % w eing _insulin

c%%@u F{Sdlycfaﬁ)})ﬁ@tg)trlé)f thed“grggqlgg URPEy ang lﬂv}zqr @ignits 1s within the scope of the
intkiitfonl eRWeve: YRR RARAIR Y Bt abBL 1/85 @r@vmd@q)réfamans about 1/10 to

n eaterthan or equal to.l.
g%lbgt 562{]?@ QR g(llg O g] 811 Gicuiady fjur”éréggﬁta%eﬁt Oam’eé%ﬁtl‘ﬂ“ the aqueous
sélasiiyng the eivabedlin @)mﬂaoﬁrﬂ @bjaptte 26oMtoh at WIthOﬂ dveut 7.4 is often

[ % wW.w bei lin, compound conju
Gy ek i e bR b BB oS e R a yion a o
pHioot] abgatt 24.C Glvplexeis withye kpprpdocd dedinasrito mpvxbmhmems the aqueous
ﬁl)inlgiltss?kh\éecgtbon-m r? Qoenq tmsm gonalll lte gutlo For %afrgloouf 7. £ may be the
rd SUS S8 ohohet A

sgad b9 r%wim}: uthim C!;Cﬂtl’pmmndlyc prjtayg e ts aaumue@plphhm ef, ther insulin
chfifouibd: At BSihii0y £ QTR A, PRI Ugate  may be provi ded

as a conponent spensi on, emrul sion or

m croenul sion. The liquid may 20 al so include
Iy presyrpvisiae eBpysipehttae asreqp apttalte of the| caing-ipfuin cerpgound conjugate

cORSlE:S 804 WEdoCARBONE NS Substhniialld 10 ¥hadr @S samm@o@fcthy %s@ésﬁondmg
The cogioo& tions of the invention m exanp
1

upGoEIPlres IRGIP FRIRPORP fUBY e insglufipp 3 fégout 7ﬁy§5]td|ﬂ%f cation-insulin
cGRFRhEX@fga8 doridexGreMhBlofible BigtSater{tih aBXANY, 8,4, 5187, 8, 9, 10, 11,

e R o5 20r BERR a0 i lban B 0% 1P L agueos

smmmamjcmg;atlﬂdrahgnsm@mmng arpou 3ds 5.6,FUT, t518e5.9, aMaer eztchae 6.4, 6.5, 6.6,

o] .t ons ud [ [
6.& gﬁt end ute7 ?,?gr‘?z)ga ‘5 ?% i 92,0{?% 4n§¥e806 8.7, 8.8, or
36 yxsima hiathee eralmdlrmnoﬂhequesuﬂ soulbﬂuyofbl& catiorainmiip homlsaund conjugate

cg'n?%lé)g% A'IS—I dd}?i{)c%g7 gllsss%\g@aq%gﬂy lggqhaé%dﬁ s%ﬁjbgg%/ 131? copresg)gncﬁix%gsmsuhn

mor ma rovi
cgfipognd c@mgde m selutipreat alpﬁﬂ e aqut efteand gl cedyeidiuiie nompctuhdacomugate

%}Q@i%ﬂe&aiﬁi sl ?ﬁdt:%%’@tgﬂh&%{‘aﬂoﬁ‘tcﬂ ydes, §Vo ;0§ 9”%’ 1,12,13,14, 15, 16,

erent ins conpound conj ugat es,
i1£ B GH0] #s 0168, ToRPAINEIOCHIN Liaar a0 kiwia agiepsapiifien across 2

pERhARIHh 4688t 5.8 lohbORS. £ PRAGILIERoss 9B rgﬁgetﬁ% £014, %eébout 8,

conprises a lipophilic insuli'n compound conb at e and
oty REFerbleriy s Py e Tmp byt 6256 pkout 7.8. [QUESTION: s the g/L

solubility measured using the weight of the complex or the weight of the insulin compound

conjugate?]
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the other conprises a hydrophilic insulin conpound

conjugate. In still another enbodi nent, the conpl exes
woregoeionsraide di fferent insulin conpound conj ugeCEES2005/025644

where one ore nore of the conplexes has a circulation

hal f-1ife of fromabout 1 to about 4 hours, and one or

nore the conplexes has a circulation half-life that

i's significantly greater than the circul ation

Ph e%%’ab&Y he 1?su{1n COl’l’lpO]LmC{ %onjsutgatgso rﬁéﬁ)l(eelélV nglgn gre rsgecetledie tOé)% oduce crystals in

agtregﬁs Jobitiamdt a pld othimdris equat h@l conaplueRéswhas tha concentratlon of insulin

t r
TR 100701000 A § ISR Sy 008 Bl B
abfmfrﬁ@ Qila/ehlcm@rt? Pmlferahm dbeutd A el to hbwit 30 peofli 4nd t@tﬁrxsabfoenulaﬁon
bgé:fﬁs t8 9§ctur era@&ﬁl '334 01954%1 W%a&fﬂqg fn@t!lhn <P I ?&ﬁlﬁr %gu%cﬂe)(w&@ fhe cation
are m xtures of’ and i nsulin, ures
isapreferaNg 05 - Pﬁeﬁetamyesys@ts FNPOS R aum@erqnwgee B rotamine in an
aaﬂezsts%eﬁopa apﬁlr%lr%rﬂ%nf Aol a@udz 14% cﬁlwd S hiRA 5 Asubisty 5.5, 5.6,

m xt ures_ of fatty aci d | ated insulin.

5§tﬂrt5éb1>referaatﬁayp% ef @oa%ytp é@ éoprefrrﬁelor |at><n% 4 i -0 Besdsrbherpout 4.2 to

abdt 5 th@t IRy Wosut QAkERbS sthe P@éf&rht’fl? stk 88 %@&n for a
of which_are incor porat ed herein by reference:

disqpingptc Bitheghprofamine éﬁﬂlt qijahert 8- iR 51 YibFEerebnheu) 1 PS’r?QO‘ftérS more
pEBIRMDIP latbdung obtb caeshtgl ZJC!Bfe&.ra'bl}l afgvuﬁd aelprbBfit- Q82 thikobjugate without

Pat ent "'S t atio

PR T SR AP bou%[ el ds- i eals e Rhaturou 35 o
abqudb5B, 426, entitled "Insoluble 15 insulin

conpositions,"” issued 15-Cct-02; U. S. Patent

6,444,641, entitled "Fatty acid-acylated insulin

Tdahl ogR-typesCommgle®d Sep- 02; U. S. Patent 6, 335, 316,

! ,
P?egésr%béy ﬁg iq\%/g&sllglgbﬁl og’f}l%ga%és %I? %dng)geé %% n?s'tl r?cdnﬁ)%\gldl c%n;ugate at
a"pHnefabeis|7¢ Hapm g winign of donpldste tabenh 450" g/LsslgledJr@“qame hbo@ 20 to about
l% §L rﬁ’@r@ ﬁ&%era%i}pa%&ut%gk ab@tﬂtlllé F/?,dmgljg%tetﬁé? dyfeﬁ)()ut 35 to about 60 g/L.

adm ni stering~ acylated insu i ssued 18-Apr-0

U.S. Patent 5,922,675, entitled "Acyl at ed Insulln
Preieatiby the aqurgus soligilidy qfather B tyrggsn @llelexmétleﬁflsut;n PO conjugate

wWeil ik dthifible atRr GBI AohtOT Bs 23Angd GY hisdue th werbtnel 110 BOWEIRFe preferably
ent. 5,693, 60 entitled

a{’%&%‘?fﬁt“é‘aﬂge g/&vaearr%w&ﬁe eytaffeRrout Pelyed 02- Dec97:
U S. Patent 5,646,242, entitled Selective acyl ati on

epsid.on-amn roups,” issue 08- Jul-97; U S.
78%%entf@%@?%g@ﬂglgghtltled "Reduci ng gel ation of a
Pfedkirsbly the hqheasysblabiby of thetTetyps Zn ¢coapleachf th Gesiviryecaippurld. cBnjugate at
a 6}% c?na %ug ’7;}%11 5 %ov Etlb()t tI f)qo aﬁ@% tf%d%@{ rélgn%%re?et:rabqg about 50 to about
1@YySspnaﬁfﬁquﬂb&aﬁ@num@HOIQQDO7 entitled "Acyl at ed
insulin,” issued 04-Jan-00; U.S. Patent 5,750, 497,
P?e@éréﬂl;t ﬁg ag&%ﬁ@ é%tu%ﬂlt}t S'IStHJ: 'Trt)gjg ﬁ%%tex%%tﬂ\éﬁﬂsu% coer%nd conjugate

Pat ent 5 0, entitled “Selective acyl ation

wﬁépmé@nme qttsasgj—égf qba\}t H4ghas pggrge ofjabgut ﬁh{o@bputéS@g@, 7Ry, preferably
a&m b do&8out "1 @84 nbre geetvérmt AD661530"to bSRH ELb g%ﬁnoré—@refe?a@%bout 35
S. Patent 6, 251, 856, entitled "Insulin derivatives,

9 @gﬁé&] gun. 26, 2001; U.S. Patent 6,211,144, entitled
"Stabl e concentrated insulin preparations for 30

pul nonary delivery," issued Apr. 3, 2001; U. S. Patent
6,310,038, entitled "Pulmonary insulin crystals,"”

I ssued Cbt. 30, 2001; and U.S. Patent 6,174,856,

entitled "Stabilized insulin conpositions," issued

Jan. 16, 2001. Especially preferred nono-fatty acid

acyl ated insulins having 12>* 13, 14, 15, or 16-carbon

fatty acids covalently bound to Lys(BZQ) of human

i nsulin.
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51 WD 2006/ 014673 PCT/ US2005/ 025644 1n one
enbodi nent, the invention provides a co-crystal having
wo mwedifefer ent i nsulin conpounds and/ or i nsul PET/US2005/025644
conmpound conj ugates. Preferably the co-crystal
exhi bits one or nore of the follow ng
characteristics: substantially honogenous di ssol ution,
a single in vivo di ssolution curve, and/or a single
gﬁgk q@é an1c rofile. Preferred co-crystals
7 'ﬁaf YPPEXES v and insulin, co-crystals of
PHifdvEb1 e adubthQ SQluh'lﬁt-belf yﬁﬂ\a’ﬁﬁtypﬁ colrﬁilei 047 t}&ﬁﬁhuhm Sdi]hﬂonnd conjugate at

a%ﬁlﬁﬁ%ﬁoﬂﬁgél }HPS ﬁ%g%%g Eglﬂb e‘ﬁ) iibouta {\S(a &ﬁf %%%ﬁ%rﬁ ﬁ@ﬁ algou?S to about
1Qmsuhmnnmﬁdudﬁ@bthnﬁU]mbb@n@@gbf the crystal relative
to the solubility of a corresponding crystal of the
i nsulin conmpound conjugate. In another enbodi nent, the
7¢0- cPhatmiaceuticalRiepettiesan i nsulin, and
I n h [ i :
glpﬁ%ax %{1 ‘%If tf(l)efz 9}%1?%121 ((::o\r{)ﬂ 'is){l}lad &:Urgﬁl:e %zat{e ?@{gl Jt:agox? %Qx{e?a‘fi‘lg ergsuitp & improved
pbmnmpﬂlqat mpﬁmas ©6 rthe dnsokd icogpeny stoajugdyé, tehéve gl sqientifically
HQ(Q y%tr@lowcly gat c%rreépgnd?r&qﬂlt@ﬁpl(%g@ ngdlﬂ%gﬁ)poutnb @onJ ugate.
“co- crystal |ncludes a rapid acting, rapid clearlng,
and/ or hi otent i nsulin conpound conj ugate
I%Sqnt?rfés-eéé’?‘i P eé?dow%lp SHPPIYRY comitgris Pilh Y n;festeéﬁ*ﬁd B Sherwise
altdd&d pK Nprof1e MeRER 1 @nyclég@ically RE@pieblakboytrdlneuck OrsCd ¥ok@bonding
has % PK/ PD profil e suitable for post- pragﬁ%al . o
ugfomRlsY Lot P ERGEI BRSEr o g?ﬁffalﬁafééﬂs Bshit ipppiile will exbibit a
ligRoIRpAL16.0 PK pRdfile ddn benssaied twly seaitad inent expélhﬁents e. g ., in mice,

EaPT A PEBHBoUNE S T BT T oT G O msutio

corsouhd mnmgatb yepriexes ars atl aspect dinke invextiolr es of t he
invention may include two different insulin conpound
d ' i o1
THODLHAG Ty SRR Sl LMiH TR s BB 6 stabliy can be
a@mrﬁdposmlgéherﬁomw ésvaryenp apsay; Fepduiongijuelf esrthgppresepes of plasma, the
pfe%wwot%éu WAk &Snof Rvd Ihfnfn@geﬁa& th@aleéeh& GORRRUIAS ions, and
Further, the invention provides conplexes having
ﬂte\mesmw pldpdin eondiens iStabdisyip emered &3ty dsompipigf pulgrpompound

cbrﬂ@a{elwheﬁ QEBIAK tﬁ@wm@&&n@m @&pmmh g ﬁldanlynﬁbj bi fore of
onpound. . The i nvention _ _provi co-crystals

tspe 548 CordioBb s Greaivp e Sd?bfl’ft?é?%h? W}CH@P}F’WH H@B%@&W&und conjugate in

{HeOfAjnd OBh@Bons ThE préfEyINdskBNfoP le¥int@Sg StabiBfPInCa0 heddié REvironment
i nsul in conpo ate th an uncgnj ugat

.an nd, con .ed
“1"H1§Eﬂ ?Xﬁosg’éﬁlbeo‘i?ﬁlﬂ’ij"*xﬁ%‘@s‘ihjﬁ\?g‘ﬁlﬁua PO e “dc?B- EYs? gt of 2 for
atichdd 2t Mrsp vhérerdecrebiséd edoeadhtionydd I‘tﬁ)ep barhpl €xe@ Snsults tdrhpgdund conjugate
und coni ugat es e different. hydrophobi.c ..
RGBT 1 tERMSG R UG APRER g BreoOPR- Y PEPBRp-ed msulin
anmhh@hmhgaqhmsuhmnmmmnmﬁwuds@bthQ&W@spwawhymab@hét$¢u>wn
sta‘tp?rglo Sﬁla&%qiﬁl?u tg)tlh& 8 Jhg gg{quexr?d ?ns 1n g) ?nlrc]ll clcc:> lrarl]ef; %élb@ tested by
emmrm@aheaaamhtfannah treaaf ugxaleetdnd mmnanwn cothpo amwpﬁlaﬂe lventrol.
together with an unconjugated insulin conpound; |N105
toget her with an unconjugated insulin conmpound; H M
T18geMeshodwkMakingos; 30 HI M2 together with insulin

TROMRAARSh and MRy andaRlNer RAbI BRbh-aRSIIP cokPSind conjugate
foreglon el emrents. As nentioned el sewhere, the
C

s%iﬂ beée%r g{ﬁ a@@o%genaqallé awg]apq %tactgg one or more insulin
di ssol ved
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52 WD 2006/ 014673 PCT/ US2005/ 025644 conpl exes in

sol ution and/ or as undi ssol ved conpl exes in sol ution.
wyarkous7Eonbi nati ons nmay, for exanple, be enptDYsI05/025644

provi de a conplex or co-crystal having an extended

profile. 7.8 Solubility of Conplexes of the Invention

Preferably the aqueous solubility of the

cation-insulin conpound conjugate conpl ex at a pH of

C%}%?I’?CP ?P‘Téﬁesl? gcrescilpgﬁpeg;ﬁ% W%{JJ? /ogé or%nqijé" Catlo?sl g’s‘ (%)eg'gnjﬁg%herein to form
agohd3, 4, 5, 6, 7, 8, 9, or <10 tines the aqueous
sol ubility of the unconplexed insulin conpound

F&O{fldﬁf’agé?ﬁ @a'tlomychcag IZH-HI’I@L R0 Ao Bhﬁthg glgﬁ’duﬂg cSHpRGle 1&@P8on used

[ower TImts Is wthin the scope of I nvent on. )
toHpRAe \eer composiroafie i féﬁequaﬁ‘@]ethnsw a@msabrbmmm@ewwn@m ranging

BB 280 rzqﬁ%ﬁlr Rthbbs 58 k?x%l deh HbidaBy raa@@ﬁt)m%bodt da38!(inkin compound
about 1/10 to <0. In gartlcular y surprising aspect

C%lﬂugﬁ‘ﬁéatioﬁi/‘@ﬁt"?%ho“tlﬁefe’é @b 1:2de 9PURT- 1ity of the

cation-insulin conpound conjugate in solution at a pH
To hmaRdIDUlpe Yolid (Wih &fibeihd iﬁdﬂlbﬁ tafjoldd doyjubes Sndtvhﬁnﬁuttphﬁamme) in the

ueous .sol ubi.lity o: sulln coO con
PSSP BTt atioty bt e, e o SRBEYR SPRbt St 0
campp ﬁsepl‘eﬁtaeﬂ' dbbati: 1. htocBBtlaeaﬂyehdnmdtZtTe’m gipke heypaqulabuzeth cation,
msﬁ}n Cf)mgounx fanJ statbq 21 Cat IBgOQJtnh gﬁs ul a 1enoglc (‘t?rilfpgogmcﬁg aﬂn% l\{gtgct)u% prlopamine)
ing the adg@eout tsakutloro rcorsiubsst dedciibdd| gboger, eth¢ amoldrhatg of Higsulin compound

co"’}lit%%%lﬂ %a§'81!1 tr%l%gég rgb\’f ggou{ {]E th p%lf)lrrlffg tb} ?Do‘t:lgf@ 9ou{t)gut 1:9 1deally about
1§urpr|5|ng enbodlnent t he aqueous solubility of the
cation-insulin conpound conjugate conplex at a pH of

TERRAK T ? 4 to‘f’anﬁﬁ@s%h@- Nflthada 1b/n irﬁ%&uﬁ@@d&hﬂo&ﬁi éﬁjugmé Jlﬂdtp\‘ot%me) n

t he correspondln uncqu exed insulin conmpound
the 3fijeaEfarelitiph coglétﬁet% Greriaed sbopw e melgio o imsulin AyrRoHed conjugate

toCatibrOR-prétetbll Rbou€ QIO NG, GRRAjIH QE‘UuEl Qorml BkeTRRBE Pfotamine solid
lubl e at greater  than

vg&a &a@on, 11Tsu1120:011190unisand ftﬁ%kfli@g cilgpoufe} (e &é a é@no?léd:omg@md), and
prdQmided in GEL ac]ﬁ@us&})lutlgﬁ) coddidons 1db&tribd2@bRE, k3 On@4rlratio) of insulin

Clg)un cogmg% caggrg%%ge gbl% al%élt [19 n(g?é? %gef%rgblggbfu %?go out 1:9
Kﬁd@abmﬁJE 6. 1 or 6.9 and ending at about 7.5, 7.6,
7.7, 7.8, 7.9, 8, 8.1, 8.2, 8.3, 8.4, 8.5, 86, 8.7,

T§e ﬁ'lu%l%lr congiog?d L(ﬁ% Catlgg) éfgglgl ﬁ@e(adt'omﬁptbutgerhlﬁ a%q&tﬁ&]ﬂts which is

n-1 ns I'Tn conpoun conj
Q‘l@iﬂtﬁdet)@ aghiews prprgéntabuin e 4anigs 0§L;‘iit991t amtt?raﬂhtryZIteehout 100 g/L,

Jef%?alﬂlytfib‘?n gLl £ tey70f othen RULERIPYNT inRge hBEMbI {yrfrognsabout 10 to

gpound conjugate i'n'solution at a pH of abou
O#¥%e cation-insulin conpound conjugate conpl ex
remai ns sol uble at greater than about 1, 2, 3, 4, 5,

Where 7the &atidd, is 1@valehid {e. %g angla% gﬁ 1% glngel?ﬂy add%d 611 &n alrﬁ)gnt which
, 0
%ﬁutatﬁdﬁo 8‘%&@8%"%&‘?‘“@??"% thepeof fomapoyt ﬁ??‘g‘ 10 TPl drererably
frbm 8bdu®0 al&oa])butS @L 1melﬁlefeﬂxb]y)froaﬂd‘b6&8) 2eto phbuk ag@e Fbif Dgpe crystals
nDre r ef er abl
of BRE PRSI SB TS dbsotetah SueETeGngs TPESTICRE el phom about
0.64 to a&@utsloglubmbmq)yefmm shroad0.Usa stguit he gliei Ey)hR-t@ﬁe drystals or R-type
pr%%gﬁ)ne cgst%l} tthQ @atlon cghh gntr%tlon Q%re%e@%l‘}l fnrthe rg% lflﬁgm about 1 to about 5

g/L more preferably about 1.5 to about 4 g/L.
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53 WD 2006/ 014673 PCT/ US2005/ 025644 Preferably the

i nsulin conpound conjugates of the invention are
w@edoeoi4sd t 0 produce crystals in aqueous sol UPCDOSENS/ER5644

pH which is equal to pl +/-anout 2.5, where the

concentration of insulin conmpound conjugate is from

about 0.5 ng/m to about 50 ng/m, preferably about 5

rrg/m to about 30 ng/mM, nore preferably about 15

W}%g the ca 1%n & & %%H(%Jvral’% B)?éferatﬁ? gt B HMstRwnice EM]@édl t@Bchfeve a

) or 5%ww catio b
concmltatlcvmn tonrpas nﬂfr@f@ apayy@pEto %‘Rﬂél“% eimereterplydipm ¢ 1.4 to about

20 %%8&%%&%&85%@{@@ Mb&liY6Lal s are present for a

hoconj ugate wi thout protanine in an aqueous
solutlon at a pH rangi ng .from G I
Theymethod may gﬁtgg? ingfude con@)%gng 8 S %Pgn% agéélt émt% t}ge .?gtion qérlﬁslnsulln
cor{%go%ﬁ@ rc@gbg/ateat mdtedd akiding Aagélﬁs @ﬁ: Besciiredf sboadh| yWhdpouged, the

to <b. referably ab
e T L
thaf E@ac%@a‘éi&ﬁhg fRfkarde rkﬁ)gedﬂs @myea@ah eothtohsolutthqmbsﬁnmfnl@ S@ﬂblhzmg

pH of ef er abl o
agq:;t 5\(?)Vhﬁ%rﬂée staﬂyﬁ]éfng rfigcmt aa%% uc*hc fg%g?unx éeg% Séﬂe%oel)’ fﬁ IerlaIQ%QItab ),
caPbeafaesab by arﬁdﬁmsﬁaﬁglﬁg ﬁcrne ahmeﬁ)em ebdub§0% Wi, ineamprefigebley from about
ZO\é\cA} atéurlg)o ué& oqur%%e{aggfl %18%% t§ atloBt 359 Wiw. In a more preferred

nore preferably about
emBo@mtm, thabt@bthzn:ﬂg &entris 8. p]}eIth ygepo@gﬁﬁﬂ g pheno],gn-cresol, m-paraben),

P ef(ﬁ mo aﬂggnt%glg%%%msﬁ)loﬁ'tw d1i b Yot 16989/ R &MQ%rezéﬂably 0.01 to

i n conmpound con} ugate at a of N
ababcsm wiky 4stitlarsora prefoigdy 801 apebrvt 18 vioV-aBBt M1 9ty ?j?hedlment the

melidd 1n\%ﬁv%% %rﬁg e i ﬂl@lﬁfﬁt cofPorln@ c@?g%htte a k3EbnOhl a stBiliging agent in an

preferab t o about , .nore referablﬁl h
aqmosutsols@ort o atgbhtheewlgv ElsuthP%msP%fb|°9nJ?4?§ 2{8 gHign, where the

co§19 T tyéﬂaeﬁf soluBBzeR c 6k e Ehdfd? BRbENinOdr nbiterybtittind sofds.
npouncf1 onjugate wth protamne at a pH of about

7 4 has a range of abou 0Oto bout 110
g by DA DO b BE Gt s & pOBhife, which is
COQIB%E& ratdl e ab@at andOintudin adaaipbundOcogiulgate, a?hd8op210ﬂ'a-llyyq§9@ includes a
Conmpl exes Preferably the aqueous solubility of the
stapilizipg@8%Ph conpl ex of the insulin conpound conjugate at
a pH of about 7.4 has a range of about 30 to about 175
Tgplepartrarselip irefrenqiobyy salvtiont heingt © PHbiBhe rapgpoyaiout pie about 8,

pr?trﬁlgng IsfPQeeraﬁg g{%&lg&? in L.Q aﬂx?ﬁﬁf Eeléltélg tndelin %@n}%ﬁlﬁcﬁ &fnﬁ@llty of about 4

eous -type Zn conpl ex }1
tolahou 45% \E/wn@mmdnqélomhagamﬁoun% PrfeRbbt 2Rt aa(bo‘g% ¥ Yy, more

prer%%Hlty azm? ohg o‘at S RN YRy, QlicaBP Mt ﬂ(ptota@o@bQ%tw/ﬁz5 Fogtdype solids, a
re‘prefera about 20 to about

prpﬁeeédg}p& kringe gﬁ‘m abopt § 19 2hBE P mfg&pr@f)arebly ﬁg?“é 5 6(?%08} %\%’I still more

pr%%{%yfﬁsaggué 55;18t§ %gﬁiﬁ k. SGQezgllgLabmﬁ‘}S N2 QQ%@M@S?3 preferred pH range is
from about 6 to about 7, more preferably about t¥> agougg.rgpstlﬁ more preferably about 6.4 to

about 6.6, ideally about 6.5.

The inventors have surprisingly discovered that T-type complexes can be converted to protamine
T-type complexes in the absence of a stabilizing agent, such as phenol. The T-type complex is

made by complexing Zn with the insulin compound molecule in aqueous solution in the absence
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Preferably the aqueous solubility of the NPHtype

conpl ex, of the insulin conpound conjugate at a pH of
w@b@an146731 has a range of about about | to aboRCT/LISD05/025644

g/L, nore preferably about 5 to about 120 g/L, stil

nore preferably about 10 to about 90 g/L. 5 7.9

Phar maceutical Properties Conplexation of the insulin

conmpound conjugate with cation generally results in

g%agu dotg%ﬁm%rlnglfe%ugd?egi]algt i {/gepttetilt LTet c con%ptﬂefxl m{(l)l a[ {/)rogmme T-type

camMepuamhmmemmpmUMgmsmehdasﬂaddmw¢espondlng
unconpl exed insulin conpound conjugate. In some cases,
e. C

Tg% gx%%g‘g}gﬁﬁﬁg?ﬂt 21? e%tg\z)ﬁlgmg@a l%ng?ée %glﬂl-neco {)dnd%&ﬂh@te a cation
apced gampexingrgent 9 pe paviedus salutign facyeecbthamt@ncwtm ePrpogpd ponjugate
cSapoditie® N f e end bdHbinat HYE QAR | ﬁéﬁ@ (iol'uf)]l%h ' cemﬁlgfc@ oéﬁﬁf(l)r crystalline or
conLu gate. In certain cases & profil
aERPQYE solids- |1p apstsr |emﬂe@dna%ftﬁ= életha InyPES ?@bearfg vaeﬂm compound

cHFRBRSLChtES) mn@teeﬁg agéﬁt 1aBd ¥ istBBXP SehiB b %queeugsoaunb@ to yield
mce, . rats, do humans.. Assays described here

e gptiocRdawhE F%@’OP%C%P%? SRAE i VBSiE TSSO Hagiop ey sield solublzed
cERPTRRYNA/ £ atgad @ a60FRbRXEssar e an aspect of the
i nventi on. 15 The conpl exes may exhi bit inproved
Ichen1caL(§ ty Var.i ous att{hbutes % LY of suitabl
Tt A SRRl I BYPRRINGS K PREIS SHETER ‘V?So vé?m%"' O suftable
p&mychsommd‘elbemsl dehbl, phydrivegbprzeis ecid esteré ghicarshreStaltiliming agents,
12 ehem% m- cr%) (%Ioetxn o ee?rérl]bg%el hcg gOCI eng 13 n 5%rtvat1§fﬁss Gl}élcea)l and phenol
a:tehetaplyeémagethhr tbamaccemomdmtqb@h@fect&eam lity is
i mproved rel ative to unconpl exed insulin conmpound
O%PL«&{%B&MWH% ﬁtp"f]f%lcnllﬂgttﬁe &fhdg B@lu&éqgm!nﬁe(@éénﬂs rk%éﬂ éeraCl glycerol,
conpound conjugate in any one or nore of
aphgeppsaseltflasi ons is greater than stablllty of the
unconpl exed i nsulin conpound conjugate in the sane
TEO Ekfglb{; h&ﬂlﬁ} conptef @ﬁ&fu@éﬂe @(ﬁﬁ@)éanf l@f)lcﬂ@t}ﬁrfﬂiﬂi ¥deatively quickly. For
st abi |ty in_an_acidjc enyironmne nvol ves. ex in
R e B B QY ESOR HUDE QPG @PFD VT8 oF TRt mey
bh@dsirablk ia sqit iaftanded t0 Klowalie rbaA&E dodn MOoHA& to ii@s@ crystal formation.
decreased degradation of the conplexed insulin
TR mtlll)n% ner?cnclf a1£ eennon h%tsel}/ e%or%neﬁ %{ %rc]) tgﬂnge?e!ulnx (25° C) without
acce Pe™con s 4 corresp
rﬂﬂm@ugﬁbl@p@&iﬂurﬁ rr_sdulctlcm 2(5 mdlwpxguprdmm@npru @étsehdSl s For example, room
érrl?)gllaﬁl A Lfeddile hﬁr@{ Qldsf gp l(:ljlygtyls ITHe %éin Qra']%‘l%sf%ly solif Fmation is

e use tote sta For ex

prefeadbiyl 4bpyt Ogp abdved@ Spleteradly abﬁ@dﬁ itnabevini®d Gn@d@@mﬁv prgfatably about

28 BNHOE 27 RS LRI PIout®%¥PESUre to the gastrointestinal
tract of a subject and conparison with an appropriate

control. 7.10 Method of Making The invention al sQ
Iong Fritedimentn B MEGObICHLR CHEPIRIAE ingH-2APROHT Tolptien A BiiHiig compound

c&%ﬁﬂégﬁ& & met0 refi@ﬂml&b‘hﬂ@zﬂ Sy_aBS drRedrpheisebid. Tikequeous solution
net.no ener.a i nyol ves, contactjng one .

e St I S S S
beidighti@shavag ad)EISﬁ tichatte beylef ﬂne mAiiJliri‘boﬁmeuIﬂrcomﬂga&a +/- about 1.5,
p%%tre{b?ynpsl ’+/-aa%01% Sl%rore pre elgﬁ}rf Si L about 5 2 Mhelt 3 ranges glso apply to T-type,
R-type and protamine complexes. However, for neutral protamine complexes (NPH-type), the

preferred pH is about 7 to about 8.5, more preferably about 7.5 to about 8. Once the metal cation
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For a divalent cation, such as Zn++, the nolar ratio
of insulin conpound conjugate to cation used to neke

WO b@soowpdsi ti on in an aqueous sol ution with aPCT/DNS2005/625644
conmpound concentration ranging 5 from about 2 ng/m
to about 50 ng/mM can typically range from about 1:15
(insulin conmpound conjugate: cation) to about 1:0.4,
preferably about 1:9 to about 1:2. To nmake T-type

is \%?c{eﬂ th% Wt i Cf% e)sh%ﬂt%{ 10§ Wl q{}—é o %ﬂlst‘é@n«i Bk eI ranges

pro Jamn solution conditions
desheibet dbbed wumpeenohmeormmp@ds there imgy 9 2i ISRl Rbh g e dirhepn acid or

bascegpn Fle?&%(?ga?&ust(f@tthéﬁréfeﬁdﬁﬁggser ably about 1:1.5 to 1:3,

To make R-type solid (with cation,
10 |nsuI|n conpound and stabilizing c
Dl s iosuEo ATBIRER CoREe T HUNEBIDE AR Bt il pesably
1 RGBS S Intbhd ProfeFdRdictsl tBASHILSES I bﬁﬂlaabﬁk\dm ntoh@:oﬂjngm with
rati o of insulin cofpound coné %§#e %&%tg ?1 an insulin
nepirad AP MRISHEH tmcaAIYthaVﬁa 8! g HAPaI 4 "a st ‘i‘” re"
dlﬂﬁgﬁteslthg pl 6@ i ypahiop4 25 4/-.85. A homkeindulinypenpgatsatie perange
MAth cation and insulin conpound conjugate and
is pypiselan %@3 2¥'n 15 the aqueous sol ution conditions
descri bed above, the nmolar ratio of insulin conpound
E;&@Jpjeu gta:ﬁlﬁabld Hilffelastyktans inslugbr apfreemétinh yecatsdutfor] sofiivan phosphaig, buffer,
tr1 g}r‘t?% ﬁléliure 0 tSO(iL u POSH a@&% a% éxgﬁl dﬁgtgtte asmhﬂl% a%@cllt‘a @uffer mixture

conpoun stabilizin
of_csodmm aerthte mdgtm,moalupmq@ﬂe; and @@m@@mlwffel ap\cbanymf g{egﬁqegf@)g buffer
syltstgms prgla%g légnq 1§1ng°‘ %ﬁﬁu %/o‘f 9&%&%119 3] @%S Gf Rk RIROWEA:B of about

IOO Insulin oun conuatet
1:¢ &t btont usl)p fetser wikririjing lsenget of: ‘e peention that %F é?t@nabﬁuyn compound

coﬁﬁgﬁ% sdid’ cah B0t idaf aqgegué 8@l YorddiQHE ad ofbanid RBlvent, such as

I'n conpound conjugate is preferably added to the
emmWK%P“Wmﬂah anmount which is calculated to achieve a
concentration in the range of fromgreater than 2 to
Ogé)giéiﬁue]-@a%%ﬁ/ b thgplﬁqeefnﬁblﬁbﬁ Yhat KO ﬁﬁcailixmugo &;owt/)ldmnguseﬁ], catjon-insulin
or t o about nore, prefera
conipors” catioite somaFcs. Sis Vs RO CBpFAG g mpfgl) &) fireting
caﬁlsn leuhnZibrhtmﬁa)conJhgateB Sfropf ekatjaaley 1rad]decbmp|qurahn dlmepmgrtufacturing
whi ch al cu

eve a o
prlo%[aﬁb eIIb]t%lsr Pr8fﬁssa§ R 18n zi“l{ cop Oul?dn %8&1& t?s[ tl;an e& ?ated out of
sdidtiomand tigtsolbilizddamadogugated igghllin cqrmoenqwagf't@rrg@pgpdfhyd'ﬁﬁratlon for
ex?{npt%pgglr%%ea I glmlna‘iesi ggg%'m tﬂ:eo anﬁfatc%&eof%s}fﬁ{ aﬁlr@ourﬁirconjugates the

rotan ne Ccrys e catlon concentration 1s
cmeMmmmbkyamhmthQMMMMQ@Hﬁm fron1about 0.04 to about 1
g/L, nore preferably about 0.1 to about 0.3 g/L. For

Px%césyelaep&[;: Yshid! SnPbsifd YR§ B0 BhRiamie sahysd ak&mqﬁﬁﬁ such as

cation concentration is preferabl in the
cdnprifeaatioroane/on fikgtioghfollpwesl b%gVaLhm%r% “ﬁﬁhéfhé?%[mag?%a%@ gyophilization

011va§uutnpdrg %UM 18AashimB mi§b2 6 {Qlif6i HBenol and/or cation content.
PCT/ US2005/ 02 44 Where the cation is nonoval ent, it

is preferably added in an anmpunt which cal culated to
7qqhi e¥And@atie@ncentration in the range of from about

Tgcbs(mp e?cesarkr)lgyultoe fé})(r)lmgated fo? ragxIliglrsngioX il‘f A %ﬂgrr%gc%gtgcapcﬁﬁetr ® accordance

with known techniques. See, e.g., Alfonso R. Gennaro, Remington: The Science and Practice of
Pharmacy, Lippincott Williams & Wilkins Publishers (June 2003), and Howard C. Ansel,
Pharmaceutical Dosage Forms and Drug Delivery Systems, Lippincott Williams & Wilkins
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20 g/ L, nore preferably fromabout 0.8 to about 16

g/L. The nethod nmay further include conbining a
wGar@bloiwrhg agent with the cation and insulin PGI/US2005/025644

conmpound conj ugate. Preferred stablizing agents are

descri bed above. When used, the stabilizing agent is

added in an anpunt sufficient to provide a greater

degree of solid formation than is achi eved usi ng the

e reage Giion ¢ ition e. absenc
P%?lslﬁeﬁs %glt (? It(?)l négﬁggen%nnrv%éc?osu{eﬁ Bla el Enlcon EQ ({s hetrem by
reif@enge [fhrethelr itecldogypaucgnife tlg: $elqghcan@1ha,kmg}andesmg of pharmaceutlcal

n aben), can be added in an anmount ranging from
dos%%eat?mfo to about 50% w w, nore preferably from about

10 20 to about 40% ww, still nore preferably from
Theheourole2s, typicalbygn the36ws ofjapamprphensipn erystpjlieg sofif.eegn be combined with

a %HQ&Q&HE&MW abdBrait 3Bk ZTROCR98 Hhust Se @cRPENOki Ghe sense of being
conpound (e.g., phenol, mcresol, mparaben), can be

comeRatlble iVAthay shtest rerydisnli R ghe peammagseiirel pomppsifien apsbehould not be

urld %P A eVri o6 ﬁleﬁ{ﬂg&@ rrélmvﬁé t@Oh8 bedeBt pr@@@é&tby% VY m@&héﬂt(s) The
nore preferabl about 1% w w. in_gn

ORI 1Ry 1PE ﬁtSOhdt‘Fié hqwét crﬁc?athl W@P&?@gabbYofﬁw#ﬁt?ﬁlgas f§8igps formulation,
fo? @f&ﬂw d 1R tgahe, do@g@ Bith @iy € e rpleaintairZ frétg alagemtn or 0.5%

yeous solytion.to yield the cation-jns
R AT BRO 5SSl T B GHEPBng FEmPIEh e et
cd@bsﬁdbr@ rfﬂaija|pwjbhﬂed edl ar@OdfﬂﬂldBWﬂBkzﬁaWd/t@:thtﬁé} of phhakharg nﬂ:lludmg, but

crystal.l.ine solids. The urther includ
G S STl SHRL SOH e BHBraRoReDy 1 Hients
which is conbined with the cation and insulin
Exompo i shicoln purgateeyticahampptifian aiclule thossomada dbredddsregal, inhalation
a I [ T I a
G 3  R A0, 10 TO,PLERANS 58 | P, RN
maamuqmﬂl@m afmad\femﬂls 1@@&@#@@@%@% igleapetitanealy ingpastehtal, intraarterial,
tﬁ%n&?sgtf\%}n'cﬁs lxﬁub&alc QHEQ&A”an%GJ uQﬁ)@a@ Qlﬁfa&@)o l'htasafjf suxtfé%es and

out rotam ne/insul i n conmpound “algre erab
tla@éwalsadWI%m The 9ol siitableorete 1 Hp?néffgé‘fealﬁ?sﬁ ependon fée nature

arﬁib&%ntg Q%:Hé// Mnd]tlgﬁgéllll%/ 1réRQAUInd 18 $he ndlRUr e Yarhbithr E®dn-insulin

T-type solid a preferred pHrange is fromabout 5
CRRPORB RS BT Beh1 GrBTey HGAFPBIIoES A5 GARPes igns prepared for
m%&dsltlblll ;bffﬂl% Quigéet. pId%ﬁl@r ﬂlB'OYal a&ﬁ}bﬂslt@nslaré Qrepzb&i«lfofsﬁrval,e or substantlally

I gea out referred
swﬁﬁgas%/age t ?u(g%t}gbs{ﬂﬂac% ag } to é;Blalallsetely orﬁﬁl?sgmg lgfcg{ngls Vp dissolve in
tha heredtin® fot deﬁv@b@ﬂthe&cﬁve ﬁgrledhlentrrtﬁ)@mph‘f:ef)ﬂmﬁibﬂ)ly tratdetinal systems

The inventors

mﬁlﬁge ulgfflo BF: |1%11t??§f”37ﬁ°d f‘%dgpc?vc é ¢ 818" efy X?tenTs type co npl exes can

be converted to protamne T-type conplexes in the
Inaxiys esyee, tbé ingengivaprioVidesi fatty saiglentoposiiivohccagpripihe i or nibkresaturated or
u&at‘h%&% C%,Qﬂ.p(IJ eé A C9 %pC E?a%? apx)fs &3P La%b chzﬁtt}\/\ﬁcﬁdg i’{%?erred fatty

I NSu qgqueous soO utron I n
acidssan @@rylw cm,mmleﬁn@mnpcf/r@gMO@mo%@Mts agf sodium salts of

ca%@,@ogapmp @Rl dfaen added to convert the T-type
conpl ex rnfto a protamne T-type conrpl ex. Armunts and

pH r anq%gs are as_described, above. H{; {1
Pré%s@ Atid copResiRrsHBAde R sielrea DL b SHHES fﬁ%rcmalt and do not
incRIPQUsEhtieHM o bEsthad fARatidfor fatty acid salts. In one aspect of the invention,

the fatty acid content of the composition is greater than about 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 99.5, 99.6, 99.7, 99.8, or 99.9% w/w a single fatty acid. In another embodiment, the fatty acid
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and a conpl exi ng agent in an aqueous solution to yield

the cation-insulin conpound conjugate 5 conposition,
wob@emi46he combi nati on may yi el d sol ublized cop@l/83m85/025644

and/or crystalline or anorphous solids. In another

enbodi nent, the nethod invol ves conbining insulin

conpound conjugate, a cation, a conplexing agent, and

a stabilizing agent in an aqueous solution to yield

c V\rﬂegnrt %fa{hﬁ %Qm%oﬂsbmlﬁ élst wﬁ’h 9&1%@9 hav?ngl %qggfrclze dgfsabtout% L 2a 0.2 0 3,04,
Oén@ﬁdl7@ﬁyéﬁa]®HﬁelérléddtpﬁoU@lébﬂBdé9 1@2Hn2§dhé24 -5, 2.6,
26TDQd) TRAE 5.0, LAE A6 'aE:gQG%eFﬁlg toPEHOL0, 3.1, 3.0, 3.3, 3.4, 3.5, 3.6,

pfeservatives. Exanp preservatives
3iTné B 4Betiyt 2 dﬁzéﬁo‘! 3 45 Ry dt- &)é*ﬁaér@zéilé acix58st g, 5.7, 5.8,

59! Y664 Pls:n, §§a@11|6'526'386@953é1%@ 70%52@3%@3@ 7.6,7.7,7.8, 7.9, 8.0,
m cresol , ar a ¢an al’so be’ use

80 83e-beltd ¥es 80 %iceh 819, &R bSR3, 9-4r 25, sglﬁ t967bP§ AUdég 101,

16@9@31@6&@5&@@@”&97 angi michiobiall, ef beqts veness, 14 her, 113,
nmponent's useful in preparing the solids include

1} g,oqrolﬁro A)avﬂgmlg ye%@eﬁeragnqqg@ent él]eyfétgf %ﬂld coniengt ofi{e composition is

mmmcg@mwlhgd@sa low&8inG@dbb@. 1, 033 mmoﬂp@@m c8nj.gar el 1.2,
sol i be forned re

t [ | t ki
(bl &, 18417 B Gendts B T2 Tey b 1A Capliet s et and
hirhiieR afl ayser lighitabsut B0t R, 1B.24.3n0ur3S5, 36t 3.Mp8/8, 31984.0, 4.1, 4.2, 4.3, 4.4,

gl s g Lot s oot b {8 Lan B0 o
66’nﬁ®,cﬁ et 7.0§7.2, 168, TAVERIOMT, 1.8e.% 610] 818, &1, 8.3 & ed 8at 8.7, 8.8,
0981 a?EeJ ALUI 85 (20 9G) o WgtIOME 1020, J LYk rl'orltgm s, 106,107, 103,

nper te’reductTon for  irnducing preécipitati
1@9JHd$llFoMJkihRﬂHé—lr@dﬂw tbﬁﬁéﬂath&ewﬂ$0é$anmmv¢eﬁMyamd

T
cgn‘?{ntgt't ¢ Bt %gig%n fs thgrr e%r}e/%tg 9? 9] 2&9‘38%’25 a%olﬁf%;fgé,&gs, 99.6,

9@?é$§saﬁpy%mwﬂﬁsm9k@@Y%hbut 30 C, and nore preferably
about 22 to about 27 C, ideally about 25 C. In one

A%Mhﬂ&ﬁ:ﬁts of mgseq&{iﬂﬁqoﬂsriﬁngﬁﬁe € 2Rl Bguﬂcsnjﬁ)élted complexed or

agueous sol ut| on an insulin conmpoun 25 co ug ate and
uBcomBteatd R Ande RsPENAd é’reéeliefiy%?tam el PR 1B i described
h&6ihl OrefelB@ cafiieRYiSe Fkdtdeb@iBed IR, atraenE Joh@leké@%w thd¥e described
conpoung?con%ygate 1.0 which the cation

e .
herging,  fgp CIROSFPRS, B CIBP U CTHPRERTh é“gﬁ“f—fofl ﬁ’yt tﬁ% subject.
Idealig ehe®fal pdmpokitibli@rd paGidted fo ﬁl@\l‘ﬂaﬂiﬂ @Ldasﬁﬁ)ﬂfﬂlly @lﬁf/lee p'dssage through the

abouyt 5, ferably. bout I
sredd e iS58 S hill rodngdy Ao ip i SR EyRaeY or e
ad®ivt yrpgeed&nd Trrecfomimlatien eoyph mcasdsbmﬁhukeran chieric pretitg, ahd in some
czPsBs hte laggrggllles)lg%lﬁécglll\l excfuxg er) terlc Eﬁ)a’% heefC(e)J%&)eq{oB is préc’ferably

payded a8a tablet @owha, Ired a¢latma¢ap@ﬂ¢ 06831"&/@1@@016168@13@46@@1 other forms
dE&Tﬂeh’ﬁﬁgﬁl%{ Qﬁéa%#ﬂasvde . added, the pH may change

sl ght may be adjusted to target the pH
ran descri bed above Wth phenolic conpounds,

Tbﬁ@?té agith gorpRosiont of e ipHeigRaPRyEncTeds datrcidciciated insyiag eExamples

of daB16 tHSCRid RyRt UsdulidOart RescRbRfig rtﬁeeﬂmsﬁﬁg Qﬁs Iments the entire
val ues for_.insuljn conpound conjugates

t
GPeTes T R OF TEXEORH RO S sF e o a%reg}t 5%31,448, entitled

“Insoluble compositions for controlling blood glucose,” issued 11-Mar-03; U.S. Patent RE37,971,
entitled “Selective acylation of epsilon-amino groups,” issued 28-Jan-03; U.S. Patent 6,465,426,
entited “Insoluble insulin compositions,” issued 15-Oct-02; U.S. Patent 6,444,641, entitled
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5 less than about 6, nore preferably |l ess than about
5.5. Human insulin nonoconjugates with neutral

wo@kiyionyy noi eties typically have a pl range PET/ERINS/025644
4.75 +/-.25. For human insulin diconjugates, the pl
range is typically 4.25 +/-.25. For human insulin
triconjugates, the pl range is typically 3.5 +/-.25.
Exanpl es of sui tabl e buffer systens include anmoni um
E t?y]Ea%tdeac tfa ec{ 1alsdé1n S?a %% dllguglstﬁrg%t E%,:J(g E;Iﬁa Gdngl 6ri$r%h3t léTﬁntltled ‘Method
facdatstering ochilaien 1amétlatmu¢dtmﬂem -02; 1. Xt Rarept 6,048,386,kntitled “Insoluble
11%81 ! acto%pgsntg)nﬁmr?&xe&m}ﬁﬁl?bgt & s. a@’gterﬁl %rOBPS?CI Qmpé‘g f‘%Xe‘thod for

any of or egoi ng Buffer ns SO

admmtsanng Agylastdhimsrdin, ”atﬁfdlﬁd; l8-apef@nV ﬁr Patent [ ]22,6@5, centitlegt “Acylated
Irgﬁqupgﬂéhoé’s atlésgecph J%l &) qﬁ Sade%{ 5 760 §04t gltlﬂp(lp L‘i;re];lagﬁlgﬂ of AII: acylated

I'S a surprising aspect invention th
Prodein pewwden? dssiad BdMpedling-S. detepluyed’e08 otniibede deylstedfingubip @nalogs

Greﬂlte%n’ 1@9&@@@60%’ X8l r@teﬁmé‘r@zm Qgtltﬁ@ “Qd QAR &yﬁﬁ’é)nv&" rel:f)sﬂon -amino
such as 15 et hanol or acetonitril One uni g

grogny usaregtd-uhd; i v ePtsh R 8834 h &fltltleﬁ §6@1°tn|g03ﬁ’laf1%“ of a fatty acid-

awie@éa ghokeh,"Ussgfed | 2000thy-oNn-1 RS Bhikdl 6, 4:5:1@@ U&ﬁﬁtl&p HM%@J @f acylating
npl exes, the |nvent|on al so provi

P%’B%ﬁa&f‘ POvS! aclatingggeRths fider | 87 Hoﬂ B%fﬁ‘}téé’é{ %%7 FIF‘HFH “Acylated
mmﬁg%dugcameﬁmopamymeaosrqu chiftleld hﬁcﬁﬁéﬂiﬁ@ﬁh GEdnR@: 12-May-98;

cess hi s cess, e. cation;ins
BT Eaos a4 il REERSS et Bir08T Dot QB CRSalg. Paten
616b& 7800 kenthled madmmﬁmjvbsgaisﬁﬂd ISE}S L1|6J 006 OUSO Bateht G131 BES, entitled
iélfuq% ﬁg}m@ﬁ% s%mé(? }Sl,mlo%]s 12{)16)1r tg@t lé-{%4 Pthtgzglt‘ gtﬁﬁe concentrated
msuirrmepadltlmmfpwancmsry dehezry,’tmméﬁpxr a12001 (58.dateaingB 10}088, entitled
ih}fmg a sy 11"1 Opysfcé e’plss I‘ Ogcqsgst [%n§ o(l.lbd Pgt%rgpgﬁjﬂﬂéS%,n entitled
Ibt?'flor ned U t echhi ques, such as
“ &temzedﬁruglat qoumoamh/s,ﬁ nssrﬁquJarr 46,1260, Hspidciabypaidypd e stvnedptty acid
| )
a&\;gaé% J%ug%s;l{;ﬁlgg 'ﬂé‘ﬁ?i {4‘8’?@6 &F )6- %ﬁbgsfgtﬁfgagﬁg (l:eévér;éléﬂ uncgg 196(829) of
hyhareiuliand/ or cation content. 7.11 Fornul ation The
conpl exes may be fornulated for adm nistration in a

Pﬂﬁﬁ‘;ﬁ&ﬁﬁ‘&p&dnﬁ)@ém&@ rsfuta@fe hiNorAGARIELARER mMW BelhrdsBAM YN discrete units,
t echni ques. See, ., Alfonso R Gennaro, Rem ngton:

seeh s SppSElt ¢ahRe lwe&s&sr EetaBlfs: epliaioRERIRe A PpisicHaged amount of the

i thre loBiiBuli& cirpduhd Sonfighred; Sh@}ﬁ(ﬁvdéﬂdt@ﬁm&@@ 39 a sodftidn bloawag@nsion in
C. Ansel, 30 Phar c tical \?\ﬁaxge tForrrs and Dgul% . Such

PR §f ST pBITRUS CE. Wt 12 W AR O, AR Gl CUBgoRp Sue

fcﬂﬂﬁﬁt’lcﬁﬁlkﬁl}?oe %EAIUHSB@@EJ} Bi25d nethbd bf b]&hﬁe[c? whidhhin€tales the step of

QCct ob 199 %} t he. enti scl osur es of
bx(lrh%r%:gr 1noor aé SOC1 % fé rthee ﬁnxglilre of Sgllrme ﬁ%népo]u ccfrll]]u&ates taréc!; % I,]slmﬁaé)ge carrier

(woeic epnicogait lvee e oot hqoe’s,soryakgrqr@ena;na}k nogadrapord).  Formulations may
1&“{%% ’I@s%? WL E %lff solflfS p‘{1 L Of Whion TGS ?%If?}%o%&(& Ton g{%ﬁ%& CLﬁ)'CJ)lXplexed

orm of an ’ano ous or crys ine s
algiye engrdienteld-ewinetive iBuln privaponek éelinceimpyund cowpgates), end mlxtures of
ﬂ{%?&géeoﬂ]gg The carrier nust be acceptable in the sense

In general, the pharmaceutical compositions of the invention are prepared by uniformly and
intimately admixing the complexes with a liquid or solid carrier, or both, and then, if necessary,
shaping the resulting mixture. For example, a tablet may be prepared by compressing or molding

a powder or granules containing the mixture of insulin compound conjugates, optionally with one
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conpati ble with any other ingredients in the

phar maceuti cal conposition and should not be unduly
waledoeersidus to the subject, relative to the beeEUB1005/025644

provi ded by the active ingredient(s). The carrier nmay

be a solid or a liquid, or both. It is preferably

formul ated as a unit-dose fornulation, for exanple, a

tabl et. The unit dosage form may, for exanple, contain

fromabout 0.01.or O. out 95% or %
LG e R BB on R REGT A WBRpBtN & CBTpreLrs Tigrsine. in
sptaarermacchme |theainixtum po $kd-flonsg ey, behps e pawéa dn)graauiys aftionally
n%xei% V\ﬁh i 1n ubncgrgtg‘lm%g ﬁgue{lﬁfgnc@%ﬁs%%%%%{;tgv?%osgg%lg% %gfe?tgst). Molded
tabietd m@br hﬂgm@qfﬁeb}omolﬂmg,emalc&sledé@mychiimgﬂle goeddral confprsiql weistened
Wi ﬁﬂeﬁ%ﬁﬁx@b{%&r maceut i cal conpositions include those

made for ora rectal, inhalation (eg , V|a an

aerosol) buccal (e.g., sub-lingual), g%%
Phaesruifah comRosigons i foarvaenahs S“‘ang“ﬁ]t) rgmpsEafioarinclude lozenges

cbﬁ%ﬁsﬁ%ﬂﬁé@lxturé PihRBA EdrgduA! conjuBltésAR 281G ed base, usually sucrose and
raperitoneal, inracerebral, intraarterial,

apastaros Fasretndy and pRstites comprisingsag mitire efcaglip icwewq&aﬁl Pfguugates in an

1@1%Ysu511»l:{sfg@ﬁﬁ§ And gmgﬁd orSskiérf)@Caﬂﬁ aca@id d BxdrkAdi ol @ifxBle formulatlons
nlsératlon @DSI suitable route in any div

C%‘hg]%f‘wl P Hépel?ﬂﬁenb AR oAl Gr &0 UReP Yo dhpmpedicd fgmulation:

20@3003 410D (Mg od Qoft hitt el tl@ﬂﬂ:le@ﬁ prb@e At bkt Anedfrelbdde compositions™);

2Rt Eiadif s Gradb ot o BREe & B ogeny hate bereor:

20020p33e4¢ (‘fPotces? ori they prsparaion oy pblhlﬁelﬁiakﬁdeﬂitamdddehhsle Yompdiions™);
2863@'1 W%Sflaua&) %ven[ extx%cté élsnéeqeo zﬁldsn%lgxi\(}/)p%rﬁcles sqroduce%therelay’ ); as
) asdmsl @ta’@hty 6d80 $41b6Ca1npqsa¢ ga;,l mlomvpztrectlal as adlisspingiple qarriers”);

' r l, LYoff ve i ngredien ”.
6%?2%{‘3‘%&#&? afnﬁ %IH&I o hd '}%m?o%%ﬂé/ ngehtvlélgcﬁglélg Lompound”);

SUIta rans erna
6(7B9.5 HsGMulsi-arindhinci shinhonarcas veldgbat heldgbe Y 61695 8§7S t Winthods and

c&lﬂp&ﬁl%nsaﬁp %ﬁltmongrp %ellnré}@e&t fngpm FJCTOQ]}%LQ]@% % %gd Y69a(01’g‘nculate delivery

np05|t|ons conpri sing one or nbre sat ur at ed
Szﬁﬁgygta@ﬁ g&eﬁ;@dsgg]f us@@, 6,738,561 St@@ glessy gpte gpwder éqrmylag@jsd§,592 904

‘qjiﬂ;/eﬁfbles %latzl%m@fecﬁéj CBmp&tiiods aGd dgethdds e ik pi"eﬁirﬁ’rﬁ/on and use”);
are caprylic, capric, nyristic and ladric

645%?%% FaRray 4ptng o cnagromplecdesogpradit ihnlsadlg dry gpwders™); 6,565,885

(‘O IoE spr&a@ying phdﬂﬁﬁdeﬁt‘idapccﬁhﬁﬂmh&id’l’)* 6, 51%392? (“]E’IFnyo%ére(ﬁspersmg
e rTa

a&)%g:t%gq% Ir]%g{%?i/ gi}}e%l lggﬁ 0, éﬁdﬂgé W?rlatrlll ﬁ)&ci wa f)&ls faor dlspersrmg dry
poWdEs iniedichradntsA) BI5MS, 33 90(F‘D@t Ih:ﬁrdelf @ntpysiadhs Bavity nﬁpmxxe& dapdrdvity”);

t t »
3R, heR ol ARG cBimtsiiont B Ml goier Jfent Memabt ded wse:
6309,0051 (“DBPicesO@mpBeition® mand Abethddy , forQ e Iﬁﬂmorﬁa/ Behv@@ &, aerosolized

at t

mgeﬁiggrﬂen?s 5 n%l3%540 &%’cam 1ﬁd\l\b!];oa{:t%ver}xg%)lar3{10né(? %%@69 i’é,763423 344
(‘POSPetyBR0 0BL10R88Ade  compdsiions @ﬁd trighade nfpo gl erepargtion and use”);
6‘63"75 E‘ésr’(“ﬁeﬁlgrﬂ%? sﬂ?%ﬂarﬁg%s‘gmg Shgé(‘ﬁ;fdrdé)hgﬂdé @n‘ﬁﬁo Qz%&’*)“é 3%9 71 (“Stable
glpssy stage Ig)wdqr fqrmuiatlgns”)_[ 6@09 §237(“St1blgzed Preparatpong forglsqm petgred dose
n%alérs”)z ¢ho430b (“ﬁetﬁod of: p?oduané’mc%?l'%loggﬁllys uQifo(?nMn%oc@%‘qles and

havi ng as an upper limit_ of
rrgcrgfcap%lleS prqgiu@d byghr; meghog”) 8, 297 1% @Povzﬁeg_ ﬁllupg 'Lsystqnsg apparatus and
néthﬂds”)4 (5258445( S@abl% gléssyg stat@ ;%wdéf ermﬁat%ns”?, (2,182571§ (“F@wér filling

65 66 67 68 69 70 71 72 73 74 75

7.6, 7.7, 7.8, 7.9, 8.0,
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8.1, 8.2, 8.3, 8.4, 85, 86, 87, 8.8, 8.9, 9.0, 9.1,

9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8, 9.9, 10.0, .1,
wQa0008/0146@3 3, 10.4, 10.5, 10.6, 10.7, 10.8, 10.PCT/182005/025644

11.1, 11.2, 11.3, 11.4, 11.5, 11.6, 11.7, 11.8, 11.9,

or 12.0 %ww. In yet another enbodinent, the fatty

acid content of the conpositionis wthin a range

having as a lower |imt about 0.1, 0.2, 0.3, 0.4, 0.5,

opghus pnd el Beirigs 51pacy Coisglyghrenyiod): sobpgiions an
m2thdds BuBtheip. Bepantiond.add Useihwe, 130e5S Hddddng @ deviaspfoerdelivering

aeléi)ééjiéeg arg%%ﬁmgntg’z; %1(%’2127%(2%6@00%21@%‘}1/“%3 g@r ﬁr%(éf:@siﬁg %inersible fine
pabvRrs”) . ()39829) (“Apparatus apd RiBds Horddisgreng SryBpovBler megicgnents”);
628(97216(“9ulm@n§ry (féh?ery Q)f %ctv@ ﬁagn@ené of0 pzﬁ’ath%rgld7hon§io§b’)7 6,051,256

(@m@ers@lelmagomole@leg corgp%mo)gs gnd 8ne@10d8 fqr tlg:lrgprepgatgpn and use”);
681@9689(1é183§51g'18 agtll%d%%oﬁ]iposgroés ansdt ﬁethgds7for e Opr%aagaﬂon and use”);

5,.9%7, Qﬁ@ (g\/letlquls @nd @pp351t1q11 fop pulmnfnegy dq_llferz( of &1§_ulgl coq_lmov@d”) 5 ,993,783
(‘Methba dhl- %yparlﬂis Yor BllmdsarP aYnWisWatiRNEE R pévadet MpIRCl-Mhtitrypsin®);

5,@22n3t’5§2(t‘Mgt§0<}s ggrd g}%ﬁgmofg%érg%gsnllg;%sprag%} eé@tpg\?wq%g 5) 9 u§26é83 @Powder
filg Syste@is, £HParDe MdhethoBS MG, 24 f0t {YuldGhaly de%‘/teﬂy\be active fragments of

PR ORa R0 ) L e GOaU BN COPERE O SCREipPEdBaPovte

mRdiedneint3); angh,@e (ﬁﬂahdﬂj:eﬁ apfhraisefor laﬂirnm’faqt sinisisteariod off dry powder

al@%ﬁ]t ﬂgg?%sgr{” ﬂ?%go g‘ﬁ% ou 2% cgdealcﬁ é(%rgdlcle el‘lfy% Eeg‘oest) reé ?n%dlcaments”)
50emplegdppaites hith sethdés tfwrl iggtrsivgr éiynpovidee ngdicedents” Rl 5,654,007

(%&)eq{)ﬁsz antéllﬁostc]esm A Sro%egs (? )})CI‘S Eesﬁn%rg &ES 2? By ?H’]es %?rgapy delivery
oba@paﬁeginqn@ csfwawthyemd) ﬁlowbét),ahﬁfidl?’w M@thwi g qeaise fyyedelivering
EELR%Q hnécﬁ%%fnerﬂ (gt,%Pd( %?dr&g% clle%';/&j ¥rofd" chitosan and p fy(e’chylene

stanti SSO velnthelntestlne

glotedl) werrglated nohélerSa)etqndeS 962 di Muktiarmpr e mopelaatigral,opolymer for

cABNnd B &Q@ul&aeﬁﬁssu'riﬁé‘e's ydepafhel @lﬁé‘ﬂl@ s&‘s%?rfeﬂ r}geas@ rfgrniuﬂltlons are
sone 25 case mul at i On W | (‘jgeCl i cal

OB SECHAPR e CUS BHEN 68 SHe Ry SR Peltad risote pharmacential

pﬁpﬁitﬁ)habdsyed 10IRY.DSI @t eABre AistiBE5fwhRAWEBEorpdi@ETheg@ & feference.
or.soft gelatin sul e, thoug% E}her forms
Fh

sul e,
SHEGE, PHEpeHle o FmFions s AB1oBoeS MuSPIerten e S iyigmaieny Petent
Pﬁlﬂiﬂﬁ%ﬁl WD@Z@% 049, mmeeﬂtiﬂw Filie@BdsRM plﬂmicwdeseﬁlaﬁﬁ Yheaibhﬁiatlon and

. ac i nsul.in S sy I

SBEYaeE PR > kAR geoqg Suian Bigh st I ttions are
dpattent s, Sp}hﬁcg Nihé. Ise Int@fhtidn CPabsitl rmh@ﬁomm@mw @51,304, entitled
“%i?%%&s?\%r eh{;]e%% 1ey|stgm tr1]1 Selglfan%el gas%nc retgéx IPatnghsgled 06-May-04.

controlllng bl ood gl ucose, " |ssued 11-Mar-03; U. S
PlRanenstticRETIPOstions aenatding te¢nbhinents pfbe iygitian isetablffor parenteral
acﬁfﬁﬁlsﬂra‘?l'an %Eﬂlﬁ%e g{eﬁ#%ﬁueoué %ﬁl%q aa&ot}saﬁfegtgon Mu%onspﬁ{tﬁéqgomplexes
6, entit I nsol ubl e insulin conpositions,

wh@% uve@a%orw@e pferaylysisotpaie erith Be lned g the Erded gegipiegly These
pmrgtggﬁ/ng}%zgﬁmpgﬁ/ ds&l%@@ ShRRE Hcteriosiats t dhd Aeluiks aEHibRt@6er the

i nsul i n_anal ogs. i ssued 03- S%g 02; U. S. Patent

ogupgsifomipgonip AU oo ks Giende ot rh e japynon-aqueous sterile
sidprkidhSay MSkbd ﬁxspenﬂlﬁg? deslishd JabeRidg akén®. TRtBRbositions may be
6, 268, 335, entitled "Insoluble insulin conpositions,'’
i ssued 31-Jul-01; U S. Patent 6,051,551, entitled

“Met hod f or
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adm ni stering acylated insulin," issued 18-Apr-00;

U S. Patent 5,922,675, entitled "Acylated 5 Insulin
we@bous73 i ssued 13-Jul -99; U. S. Patent 5, 700PQDUS2005/025644

entitled "Preparation of an acylated protein powder,"

I ssued 23-Dec-97; U. S. Patent 5,693,609, entitled

"Acyl ated i nsulin anal ogs C}anted," i ssued 02-Dec97;

U. S Patent 5, 646, 242 entitled Selective acyl ati on

prlogf%‘elnlgﬁ §0 4 gig%:m 2]20}111:1 SFI ?Iffénaers, I%?é C?}dampqe seéllg 2 Poupes a?d vials, and may

bd abrég/maacﬁr«éze &y I(izordlizpd)abmlitnn 'requirsigealyDe Mdifiod Bf thtsi§ile liquid
cal?rallér exam ?el sglzl% r%ttér—tf&—el%ect% tirlﬁ%gdi&gly%%l‘ ?ot L9 é)gemporaneous
pept des and “hovel acyl ati'ng agents, " “i'ssued

inie?tx@qulu@rzns abl SispeRsipmsThayde @leparod Fom etatifetrbwdbrs, Awgilestand tablets of

| o 4 e

thg ﬁr}ﬂt *r@\aoqﬁks F {Bee(g F%@%a&ﬁt&:e&}]&ﬁ echy @ire é'tcrtble'5 s%ﬁfe & os1t10n with a
mPdire nf co@p@@@s 11 4 @nit despge forwgin® aSealettqntﬁ@ea@w @q @reﬁded The mixture
oﬁ%&ﬁﬁgces ch§sbge;90\%’éﬁ 18he 1297 of Ucl %opﬁﬁga%“whlcﬁ 1@2& Z@eoof being
entitled "lInsulin derivatives," isSued 5

recpstituipd (vafhita grtgllq p@\;@ace@tﬁﬂa]ly p@gptablq FRETHET | tﬁ form a Tiquid composmon
srgﬁﬁlb Y@tltjt¥<§§n intd §§ﬁ’c§§:t J¥he ?agélterzﬁ QB doddgeStoriRaygally comprises from

211,1 entitled "Stable concentrated 15 insulin
a&ﬂﬂbbame’psramswfae?m pAIRB Ay HERTS e omplexes ydgende cogplexes are
s@@r@rﬂhallﬂw&er—ﬁ&ﬂ@lﬁ a@ui&l@nt&%&unt&ﬂtehﬁl sBgng addul WRIBAIsphysiologically

insulin cr ed Cct. 30, 2001; and U.S..
s Y DY FRSE B THBl By B PH e SRS i an aqueous
cB TP 08¢ §uch il elndSBag agan is phbsphafd@ilcholzgpeci al | y

preferred are nmono-fatty acid acylated insulin having

Absol’ld dps%%]leﬂn %E%réfadm]gmstﬁ gl bonlcgll tﬁchudgsC %%ﬁ E’%Ogl}/?rla rtrg IEatl%gta ?OO mg,

preermptysibout <m sgseitonts]se nfgordea(blwaboua@nnnl tostbpatlil o mg wﬁshe banplexes.
presented in discrete units, such as capsul es,

Pﬁa@rﬁ&%ﬁtﬁzal éo%gﬁtg&l§ ’SUIQIIBICHQPJC%I’ atﬁﬁ&ﬁraﬁ@rpgﬁb?éf&gbl? presented as unit
predeterm néd anmount of the mxture of insulin

desg rpenepitbrie njThepa ey beagrepargsoNg efmiging fha aefnees ydthgone or more

ccQbdibh D BolRlcarfie USIRERSHIO Lok dA bufdd, Al HRA HSpRAL HIROQURARRHSe.
liquid; or as an orI-rn wat er or water-in-oil

emul si on. Such. for tions, ma r e n
P GURE SPPRPTD A MGy b ATEHAPh  THEG PREL dffegpe fomm
o2 bihiniegi, damNoor) $IAE i gal, Isprﬁy tahtbscm %t ¢l eCatiers vehidhi May be used

. C oun carri.er mh ch.ma
oG B siiaobt hore: Lhce By TRpRehRL ko’ B Spolon of
tvaboweye théreafnul at i ons nmay i ncl ude suspensi ons of
solids, conplexed cation-insulin compound conj ugates,
Pﬁ%ﬁ?&eﬁtﬁé@éﬁgomt SE éu\{tgbl'l: RY &%ﬂh&&h a(lgnngst 'atl&ll% af\ﬁ% pte@éﬂgd'ap discrete
oun |n conpound conj ug ates m xt ures
pztjthes pdapted briegon rrgmtna@te Eentage el B eplflﬁensmf alﬁmeemt if@rag prolonged
p&ﬁ%@ﬁtn%' @G&p&ftmﬁpﬁnﬂaﬂy ?Jl‘ttlla{?sr&eﬁfaﬁacﬁﬁl th?tﬁl@ﬁj Y also be dehvered by
uni form nd intinmately adm xi ng | exes
iogtophagerisdSasr ¢ Iog grmple Ehgringrentien! Rétfﬂrrh 3a(ﬁH3 1@%%6))1 qud typwaﬂy take

thd Sfof® SﬁraYl opt1§m9|‘tﬁﬁfelteh eaqﬁ&ﬁ&«”sblhﬁlgl BE MeUknfiurd (bf insulin compound
examnp

be. prepare
cqrﬁrgat% gSmtablf) @wae‘rtleﬁ CRMisHFigate ebhr@rsrhU? éip P& 5 Spgpplveter and
céxtaid A&HDI1 o CoVReURLantigat es, optional Iy with one
62 WO 2006/ 014673 PCT/U82005/025644 or nore accessory
i ngredi ents. Conpressed tablets may be prepared by
conpressing, in a
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suitabl e machine, the mxture in a free-flowng form

such as a powder or granules optionally mxed with a
whreder4673 ubri cant, inert diluent, and/or surfBCEUS2005/025644

activel/ di spersing agent(s). Ml ded tablets nmay be

made by nolding, in a suitable machine, the powdered

conposition noistened 5 with an inert |iquid binder.

Phar maceuti cal conpositions suitable for buccal

In (a 6)1’6 erredne%ll)a(%ﬁu rﬂdme r&)r‘% l[;»?e% apé’]adnjrfﬁgt&g@ ad WQ&% of sohd falty acid

I nsul 1 n conpound conj ug
formulaaorfslaavlgagnmd lbéls% Pﬂglﬁl AipplcasercNos 60/a71f21 allst Pa %f*“g’m by
Optai;vgg ?tc ‘f‘”t%@enn?é“ﬂ gR@l?rte bf L&ish & gﬁpﬂbbﬁie@ Hertii By MArfénee.€ Of
Insul'in’ conpound conjugates in an inert base such as
gelatin and gl ycerin or sucrose and a&a0|a {?‘ F from th
In g¢rtaryprabedineent ol prifsain ePomy areHe MY G @Tqviieds@atately trom the

catPcﬁta%Hfor Ruk! c'oﬁq@&ieﬁ’t@ D84 t020Rs %%9@%2 For' Bhmprpte titsiloatompound

formulation"); 200302361 d|f
copjagaten §8Y &ed;frpylgpdoqs & Jagd;s (ﬁ@d (ap g\.gfe& SP}B aon P% 8%1%;; tllf'e cation,

stagﬁ)i%g Qg&@ Tlesbrvivet hﬂdoxﬂéthe{ﬂ rc&ﬂpkﬁieﬁtgn@iu‘tliﬂ'@rmhdnd spmrettq:lgl seghat the

usczr rpq,yo@ggnlglleﬁ}bq?ges%%te g{)]lg%og]?%i |°2$f%§fce ﬁ% 9 catlon-m%u(i)m gl%gc%lnd conjugate
comprkal ned rel ease conpositions"); 20030118660

(" Resi dual solvent extraction nethod and

m croparticles produced thereby"); as 15 well as U. S.
'7Bnteuamoasma@amﬁmn( Conposite gel microparticles as
Thg%gtlo\ﬁ?m{% 1r|1 @gm ougd ?cﬁiélrghtg rct?‘m osmoﬁss’ Z.lg %orgl%ﬁtlénsl\tﬁérw d= REH in the

I ons I'monar'y ivery insulin
tregiprepioefediiditions 8, V?Hi@l @@daS(ng Kael amjoupirofcistudniing B oppeeuad 4glative
to g‘x l'!lgloglg FM Rl F}\/ &b 'sﬁ;J &Binkhe a@s&@émf%@gmﬁstx%@nhﬁ@ﬁulﬁi’lﬁmpound from
nposi tions for pu monary delivery of insu
ancqmmmosoyme)ew@@oa degatle ETapUsic (OB P S@&grcele?f?ct YR8 iegapeple the
COMWJ’&QQ% %fe T‘;‘Eeel IRt 8@53893&@ ffedﬁt)é&' AJdQF ASIEYolIS sAideome. In

er fornul ations; 2,904 ?er5|bl ¢ diab ;
A HeecoBARRR 137 O AGDIRRG P tﬂ’}a‘gat SYTRIpRgE ot diabetes. In

anBhE&PahRd i3t 3R cdigRsilions Be 28RindkeEed( tosppﬁﬁlalddtlylsﬁ@ewfm order to
macr onol ecul’es to roduce i nhal eabl e dry powders");

P“S@@Gsdégﬁheﬁnﬂﬁﬁﬁﬁ ®of spray drying pharnaceuti cal
conpositions"); 6,546,929 ("Dry powder di spersing

TIRRPRERE Ushoan df metdadesindudin cofpiund ussiigpte BMBABion4fer administration

d t hods..f or mixture, an
AT B L1048 30308, R i, s
subjabti to1 gubjee podreidl ddpemp ep@i fagtory sYch ap Gre@gsang, cgggtlon of the subject, the

ersi b Si (278 d

ro{xiﬁ D‘f 38 vergpaclr tgl @%ﬁ tigg géércé{?&i)&‘a SE& gdggagg%%n %@%g%?%lgﬁs accordance

wmmpmsup&wrmgolml preceligdsknpyp tq th@se sllefon ﬁwrtda ivery of
aerosol i zed nedicanments"); 6,433,040 ("Stabilized

Apé %&tha r@pc@{tl@ﬁ) ah 3tal @RgeeAEh MRLIOES tOhbMSE Dh/kdofheiBieIddedient
sper si bl e macronol ecul e conposj ti ons . and gﬁé %H) d
§ ﬁ@rhetc%wateﬁ) lpbava thempewiy@tiiragn yith alf weighls beige palqilqiqd pgged upon
the fwe%ﬂlr @Yh&ﬁﬁfu&g)f %sdlﬁﬂ@n@ﬁﬂlda:oﬁwgh’t@p habére pafaradraagd idl'4haut 0.06
671 ("Stable 30 %J Y state qgg? bout 0.5
tofaé?"r?ﬂl |ng(1$g0ﬁ)§ af) cveg MERPTEiSHEC d? BeAHI°P ‘il@e BB 2T
for use in netered dose inhalers"); 6,294,204 _
A(paMiteﬁDdos@ée tpgicily canges fou phvot 6.§ingdkk Ity ahspni 9. @rrm{kg, with all weights
mcr e C e
R G o P e T L RIS P ROCE g ha Blftes. A o
prafeprad ahgess et 1 uwtg*tod@h) 10061g2<58 341 ("Stable glassy

state powder formulations"); 6,182,712 ("Power filling
63 :
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WO 2006/ 014673 PCT/ US2005/ 025644 appar at us and
met hods for their use"); 6,165,463 ("D spersible
wa@paosloomy3 conpositi ons and nethods for their PCT/US2005/025644
preparation and use"); 6,138,668 ("Mthod and device
for delivering aerosolized nedicanments"); 6,103,270
("Methods and system for processing dispersible fine
powders"); 6,089,228 ("Apparatus and nethods for
1?1% %E&u%%éﬁfgr ya%rg%qisﬁrgl%éc?ns{s &gx%g:y: ?)?er\;gwnﬁtz,fogl é}i‘&eeeﬁiirglésggg ’da7y2c:>Lr as necessary to
cp@rod thh yorglhitgn hatteronisély, th&qaf&kin286 cofip ding pet\ghislcempositions may be
lLecul € mesSi tions f hej o
aplr glfps%@tbsocﬁhtgnﬁlg&gg%&)o{l ‘Fge’ %ﬁgggggh% x%lgné ggéegl Sb(fnetlhe type of insulin
campqubddyficanp bsing itorisd andmaebhdasasflong ashtherlife of the subject. The
cOhH1Bas Qﬁa!y,o for %?Qnﬂé eoe) édmir?stg%?wﬁﬁliﬁ O( tol\®t Hl%q&? %ng to a meal. The
or p e 0 in

conposi tions ul nonary l'tvery I NSu

ceBpipsE dy,)for exargg by gdninistergd wivbia Oded heypperroatoksdiingg.

pul ronary adm ni stration of dry powder. al pha. 1
-antitrypsin');, 10 5,922,354 ("Methods and system for

8pr Syathehip iixg rsible fine powders"); 5, 826, 633

The ROWRRE exdniplds bRGrSdBddah BiusifRNAR 8tpisn ABthveRiRods" ) ;
5,814,607 ("Pul nonary delivery of active fragnments of

par at hyroi d hornone"); 5,785,049 ("Method and

SaAPpashthesit 06f Préfeeredi MPRE T Yoligomee! (3-{edi e JrgRYB Méthoxy-

5, 78@tHdLeh-£thbeyf| NORo 3N IRRRREMoNF]-EtRExPUIEPIOAIY acid  tert-butyl
adn1@y§§rat|on of dry powder alpha 1-antitrypsin");

5,775,320 ("Method and device for delivering

aerosol i zed nedi canents"); 15 5, 740, 7940(" Apparatus Na
anbret bodsOf or gispersingd r@HpOMerwqf'c nment s
5,654,007 ("Methods and system for process|ng THF
di spersible fine powders"); 5,607,915 ("Pul nonary

delivery of active fragnments of parathyroid 41, 58%
hor none"); 5,458,135 ("Method and devi ce for

delivering aerosolized nedi canents"); 6,602, 952
("Hydrogel s derived from chitosan and pol y(et hyl ene
glycol) or related polyners"); and 5,932, 462

SMul tiarned, monofAincti gnal I for 20 couplin
e} ne&:.d, & o pQly pling
‘%d‘ﬁ%ﬁécu es afd uffaE@ngﬁ\Fﬂsmﬁer‘ Suit abl e
sustained rel ease fornul ations afe described in

Cardinal Health's US Patent 5,968,554, entitled "A
sust ai ned rel ease pharmaceutical preparation,” issued

-(ct-99, th ire disclosure of which j
Ve atoat BReP Ol hecy | ael ehce o epi (0316 & 1.69 mmol) wer
diggotved fradryi TE Re(10 atTiu [Sadiind st 0@ ke DN b bewbl) was S@drtd €, solution.
l.nc..'s l.nternational Patent Publication "
ARGy BB 45" Sooem Sitporet et RS B 42 gusached b (s addijon of 1
M HCt (& miLo r Fiteet quenvherdedacbn mgoiratvasathencdktrimiteivahalH,Cl(Bs 50 mL, 1 x

29&%' ’glg:gog%a?igg % %’Q%gﬁg WE%(?;B nﬁi(k:) ogc%g?aﬁ?d VA%teE ?\Eor{r?gl%t%tnlbgf N¥ica gel

are érna
cipemepgrariby Kithst acctatans WOERD 0R pOB LSt 3@<lobtaimkdias hreef] (0.832 g, 58%).
" Bi oadhesi ve drug delivery systemw th enhanced
gastric retention", published 06-May-04.

Phar maceuti cal conpositions according to enbodi nents
of the invention suitable for parenteral

adm ni stration conprise sterile agueous and

non- aqueous injection solutions of the conpl exes, 30
whi ch preparations are preferably isotonic with the

bl ood of the intended recipient. These preparations
may contain anti-oxidants, buffers, bacteriostats and
sol utes which render the conposition isotonic with
the bl ood of the intended re¥ipient. Aqueous and

non- aqueous sterile

\
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15

suspensi ons may i nclude suspendi ng agents and

t hi ckeni ng agents. The conpositions may be 64 WO
wWQO@600b646573 PCT/ US2005/ 025644 presented i n upCT/USIEH025644

or nulti-dose containers, for exanple seal ed anmpoul es

and vials, and may be stored in a freeze-dried

(l'yophilized) condition requiring only the addition of

the sterile liquid carrier for exanple saline or

8.2 ngré%I %&: t IM% I ot Brddo d 9—[2'%2-{2 [2-(2-Methoxy-
%;%Bﬂg‘i)@r“éﬁ%y gthoxy 8 o&?% ﬁé{ %gmgﬁ‘ RYBRSRR)ONS

tablets of 5 the kind preV|oust des rlbed FOF
exanp a0 ect abl e stald.e Q¢y+e ee#aesr%&eﬁ—*—
Wit ao "M xtur € of conplrexes in unit dosage formin
a seal ed container may be provided. The mxture of
conmpl exes can be provided in the formof a 45min,87%
| yophilizate which is capable of being reconstituted
with a suitable pharmaceutically acceptable carrier to
forma li 0S t| St Hor injection into
a §§l /qvéﬂ rTp@ﬁtberaloumt do age formtypically
conprlses fronrlo about 1 mcrogramto about 10 ng of
the m xture of conpl exes. Wen the conpl exes are
The vbsiur teitar (DY 6 et 6438P mewdidsalepratested bY Btirarg atapgsy HROPERLUTe in
nul si f t | td contfift @RfRNDE2S g,
R D T R P L e P e ¢
87%dnpl exes in an aqueous carrier. One such useful
emul si fying agent is phosphatidyl choline. A solid
dosage formfor oral administration typjcally
8.3 r oSyatwsis of the acévaied MPEGeChg hgor&ﬁsf {é}r@ éb{rz ‘éﬂ&“’xy'
10 rethdxy)-ethoxyl- abwmgethmérathoyyh%ery}zwownf‘b »>-dioxo-
110 pyprodidint-heyl egen)| exes.  Phar naceut i cal conp03|t|ons
suitable for rectal admi nistration are pr@ferabl

presented as unit dose Suppo I tories, ese may %e .
pPepaped by adm Rimyothe® compl exes mntH ORe or nore
conventional solid carriers,°for exa cocoa PM

butter, and then shaping the resulti®g m xture.

Phar maceuti cal conpositions suitable for topical
application to the skin preferably take the form 20 of
an oi ntment, cream Iotron pastef gel, spray,
aBroset - dr o ™ OearoTers~hi ¢H may be used i ncl ude
petroleumjelly, lanoline, PE cohol s, transdernma
enhancers, and conbi nati ons two or nore thereof.
Phar maceuti cal conpositions suitable for transdernal

Thae%@d% géd %tl I79 DhfBRY: anﬁ & Wdﬁﬁ?ﬁgﬂmﬁﬁ Il rgel @7 mpl)GHasdissolved

remaln I n intinmate contact with the.
inelpy QR @5 o1 ¢ Ryl deptpylanpopeny! earbpdgmigh judrochigidg G P-343 &

1.4 HoH%vas CRIERO i} Qﬂﬁngséﬂr&cﬁimeﬁlp&@tﬁlret dvaxlﬂﬁgﬂe tidAkaction mixture was
ddmnrsiration may al so be dellverg nto hO{eSIS

dilued ittt GH:Gx ey, whek Wil ST Gaf 4 By o] g dried
MRk caathiladR kA dndtardt kL. Hhieproarcnwesfana»ﬂ (@mh D). y
buf f'ered aqueous solution of the m xture of insulin
compound conjugates. Suitable fornul ati ons conprise
citrate or bis/tris buffer (pH 6) or ethanol/water and
contain fromO.1 to 0.2M active ingredient. 65

68



WO 2006/ 014673 PCT/ US2005/ 025644 In a preferred

enbodi nent, the conpl exes are adm ni stered as
waeomponesns s of solid fatty acid formnul ati ons BGT/US2005/025644

described in U S. Patent Application No. 60/494, 821,

filed on 13-Aug-03, by Opawale et al., the entire

di scl osure of which is incorporated herein by

reference. In certain enbodi nents, the insulin

nmpung conj pgat e b i,ded separ at ¢l romthe
c aglg Bﬂ’eé'ﬁ P g r t%Sf] ﬂg&g&i‘p&i&e&gﬁtn é’i‘ﬁgﬂe’f o&éf#‘ @T@‘Meth‘”‘y‘
sol i ¢hoxphethaxylasihexy)athoxyhpuonianic dpdderHP ubesteyat

may be provided as a dried solid, and the buffey,

sol uy on_i ncl gdi hepgat ijon, abilizing agent,
pre§eFV§FF5€/gﬁ6?%? ot%gr conb%ﬁ%%@ be provi ded
separately, so that the wuser may cohbi ne the §Hparate
conmponents to produce the cation-insulin coanHnﬂmé
conjugate conplexes. 10 7.12 Methods of treatnent The
cation-insulin conmpound conjugate conpositions and

formul atianset her eof are -usef in the treatnent of
condrffaﬁg\fn\ﬁﬁkgﬁ\fnE?ggﬁiHSL?he anount of

circulating insulin conmpoufid (relative to the anount

provi ded by the subject in the absence of

Mt feiradtinydetnt glycad (1.0 psigoi mmalp aqaoernduthir arplatald. 30X 9 R4000S0]l) were

' i r.able t ' :
> B 0 Al R oS AIRE IS 00 v e e s
Afteedirent fored/h Beodhy aipératoR; thy rectioh nditab etae gyengiree i tib edditson of 1
MARE @s _rrﬁB.t @Peocglle&héc}éﬁ%igﬁixtdrgwasotﬂ% g(qpcqgil \IJEE{EH Cﬁzg?x 50mL, 1x
Co al | mpt’ons “of”

ositrons are admnistered to eviate sy
28l médeleesorganie laygnyesdsied @vis¥al amtroncentiged: oftro pirificatirs: tersdica gel
cROMbDE GG htaRe RIRIR ARk fiud YRk Skinddy o Qi?p %%, 79%).
prevent or delay the onset "of diabetes. The ef fect i v
anmount of the cation-insulin conmpound conjugate
10 8G0NPEHAthes of Othe MIPETELT AidoMbr 284 3BRLBLAY2 M ethBEy-ethoxy)-
et he@dx At eth 51 LAY pPopibhiclacii§’ Y sonewhat from

m xture to m Xture, "and =~ subject to subject, and w ||
depend upon factors such as the age and conﬂﬁ%ion of

t he subjeet,~heé 0 Li and—the conditi»on
bei ng treaf%d. Sagﬁqgﬁgages cAn be determ ned in
accordance wth routine pharmacol ogi cal procedures
known to those skilled in the art. As a gdbherial91%
proposition, an oral dosage from about 0.025 to about
10 ng/ kg of active ingredient 25 (i.e., the

conjugage) W L1 Rave thergpeuti ¢ efficacy, with al
wei ght § Bér\'ﬁEéPbﬁTHYEH/§§§%HWUpon the wei ght of the
m xture of insulin conpound co®jugates. A nore

preferred range is about 0.06 to about 1 ng/kg, and
Theen reeMeiy1 resee (P B @ rexdoly g lehStedbd Hf' | s8rrihg St tr@or@R@MSerature in

eRhBaTr IR0 Aot S b e i SR 057 &

15 9188 ng cal cul ated based upon the weight of the m xture
of insulin conpound conjugates. A nore 30 preferred
range is about 1 pg/kg to about 100 g/ kg. 66 WO
2006/ 014673 PCT/ US2005/ 025644
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The frequency of admnistration is usually one, two,

or three tines per day or as necessary to control the
waeomdiot46en. Al ternatively, the cation-insulin POIps2ns025644

conj ugat e conpositions may be adm nistered by

conti nuous infusion. The duration of treatnment depends

on the type of insulin conpound deficiency being

treated and may be for as long as the life of the

subj ect. The 5 conpl.exe for exanple

8'édm§¥|“§ll"é}sed’fv\nﬂi%ir$t‘ﬁata }F‘r?h@[ e ’ggﬁgfaz(s% -g-{%é(gl-lr.[;th(;xyi
The ethormyethosyl-ahoxyirethouRpuppienic, o alidy; Asfigy gy roiidin-1-y
wi t HESEYD to 2 hours prior to bedtime. 8 Synthesis
Exanpl es The fol | ow ng exanpl es are pmresent ed:g0

illustrate and expl ajn the inventdon. (8.1 Synthesis_of
protégréBONPégSC@/BFP§6ﬁﬁ?H + N beM

(3-{2-[2-(2-{2-[2-(2- Met Roxy- 10
et hoxy) - et hoxy] - et hoxy} - et hoxy) - € hoxy] - et hoxy} - propi o
nic acid tert-butyl ester) =& Ol Na OH+ O THE 4h
58% O Met hyl hexaet hyl ene glygol (1.0 g, 3.37 mmol)
and tert-buty| acrylate (Q.2 g, 1.69 mol) were 15
di sso V@&p7ﬁ€% yOfFEériEW%l odi um metal 0.4 ng,
0.016 mml) was added t o°t lution. After stirring
for 4 h at roomtenperatufPe, the reaction m xture was
guenched by the addition of 1 MHO (15 nlL). The

T%fg‘}g% iﬁ.@@g%ﬂoﬁ)ﬁnm;l]f/xﬁydfog}és\ﬁﬁcﬁniﬁlme ﬁO.EXlt ¢, a3l tére dissolved in
X .. X . . ar. nj c aye

ORI (A 50) CAR O ERTPHEEY, SR o TR SAN 409 &

2.$4 hinfo® viHe ladde@hrgR LRGSR IYyonf eldpyhinacetalght, als rehaientjxture was

the produc s obtajned. as an oil (0.8 9. 58%. 67 ..
s D) Hdo s WeTH RSO0 3980t 15 BhIey Mgl perfog i
c@lckgargto Amintar SrefeRt: [TRe pRdycR whPan(cB-(VBED RY%).

et hoxy) - et hoxy] - et hoxy) - et hoxy) - et hoxyl - et hoxy} - propi o

nic acid) TFA O 45 mn, 87% OH O The text-butﬁl
84st eSyithesi6Sofg thd. 088@tadrOVIPERRE: deligamerc t(3@2-Dfethoxy-ethoxy)-
sti rpiopfonit a¢cidtent-banglestature in S trifluoroacetic

acid (2.0 nL). The contents were then conggptrated to

a constant weight (0.125 g, §
/O\/\O/\/OI('l + \)LO—I‘ >
THF
4h, 89%
\O/\/O\/\nzo‘,‘
o)

Methyl tetraethylene glycol (5.0 g, 41.6 mmol) and zert-butyl acrylate (2.66 g, 20.3 mimol) were
dissolved in dry THF (20 mL). Sodium metal 0.47mg, 20.8 mmol) was added to the solution.
After stirring for 4 h at room temperature, the reaction mixture was quenched by the addition of 1
M HCl (30 mL). The quenched reaction mixture was then extracted with CHCl, (1 x 100 mL, 1
x 50 mL). The organic layer was dried (MgSO,) and concentrated. After purification by silica
gel chromatography (ethyl acetate as eluent), the product was obtained as an oil (7.5 g, 89%).
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87% . 8.3 Synthesis of the activated MPEGSC3 ol i gomer
(3-{2-[2-(2-{2-[2-(2- Met hoxy-

wetwonyde7et hoxyl - et hoxy} - et hoxy) - et hoxy] - et hoxR¢F/PRIPS/aR5644
nic acid 2,5-dioxo- pyrrolidin-1-yl ester) O EDC HOB
ODCM 0O O10 0O The acid (0.660 g, 1.79 nmol) and
N- hydr oxysucci ni mde (0.2278 g, 1.97 mol) were
di ssolved in dry CH2Cl2 (15 nlL). Ethyl

m n b h
5. 3 %vr*‘wsw €§;e%¥4%<f%ﬁ§a@2}d A UG PSR o
terrp%'i’0 fmisa9Per ni ght, the reaction mxture was

diluted with CH2C12 and was shed wi t AbAat er (2 X 45

nm.). The orga c laye | a ﬁ{fe

concentra(e oOa consta i ght. The product was an

oil (0.441 g, 53%. 68 WO 2006/ 014673

PCT/ US2005/ 025644 8.4 Synthesis of tdwmmpfot®gct ed

MPEGAAC3 ol i gomer (3-(2-{2-[2-(2-Methoxy-

et hoxy) - et hoxyl - et hoxy} - et hoxy) - pr opi oni ¢ aci d

tert-butyl ester) ~° Ol Na_ Ot OTHE 4 h, 79% O

Vet hyl t et rdettybene Yiyeor©(1. 0 g, 4.80 mml) and
tert-butyl acrylate (0. 30 g, 2.40 mmol) were 5

di ssolved in dry THE (10 nL). Sodium netal 0.6 ng,

0. 02 I e ' ter |
i Pl 105, RSP ol ot 80 stinfle £r0%h (bhjchfbre in
triﬁluenmqécdactﬁy(ﬂoh@)aéf u«: tangsnts yferelthen\dopi@ntr{tadsio gicpnstaphyweight (0 652 g,
Cgagnched reaction m xture was then extracted wth

a2 (1 x50nm, 1 x 25 n). The organic |ayer was

dried (MgS04) and concentrated. After purification by

i1 ofS[2086 Boh SubxAcohaloe(Hs_el uent),

t§he %@ggﬁééﬁ vvalz obtlg)lgﬁg% agﬁg%l oi | ﬁ(l zglté) (f? 79% . 10

8.5 Synthesis g

(3-(2-{2-[2-(2- Met hoxy- et hoxy) -

et hoxyl - et hoxy} - et hoxy? propi oni ¢ aci d)
Triethylene glycol (19.5"g, 0.13 mol) was dissolved in tetrahydrofuran (150 mL) and sodium

NG

hydride (2.60 g, 0.065 mol) was added portion wise over 0.5 h and the reaction was stirred for an
additional 1 h. Then 1-bromopropanol (8.0 g, 0.065 mol) dissolved in tetrahydrofuran (30 mL)
was added dropwise via addition funnel and the reaction was stirred overnight at room
temperature. Crude reaction mixture was filtered through Celite, washed CH,Cl,, and evaporated
to dryness. The resultant oil was dissolved in CH,Cl, (250 mL), washed sat. NaCl (250 mL),
H,0 (250 mL), dried MgSO,, and evaporated to dryness. Column chromatography (Silica, ethyl
acetate) afforded 1 a yellowish oil (2.24 g, 18% yield).

8.10 Syntheis of carbonic acid 4-nitro-phenyl ester 2-[2-(2-propoxy-ethoxy)-
ethoxy]-ethyl ester

/\/°\/\0/\/°\/\O)I\O©/

4-Nitrochloroformate (3.45 g, 17.1 mmol) and 1 (2.2 g, 11.4 mmol) were dissolved in CH,Cl, (20 .
mL). After stirring for 10 min, TEA (2.1 mL, 15 mmol) was added and reaction stirred overnight
at room temperature. Crude reaction was diluted with CH,Cl, (50 mL), washed 1M HCI (50 mL),
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TFA O+ O45 min, 91 % O The tent-butyl ester (1 g,
3.42 mol) was deprotected by stirring at room

W espLaraire in trifluoroacetic acid (6.0 nl)PCTNB2005/025644
contents were then concentrated to a constant weight
(0.87 g, 15 91% . 69 WD 2006/ 014673 PCT/ US2005/ 025644
8.6 Synthesis of the activated MPEGAC3 ol i goner
(3-(2-{2- [2 (2- Met hoxy

- et hox ropi.oni c acid -
155 S FR0 IO T arRebg e B P S Rpengy e i
aotafs / HexdDes, 5 Z)Fetf@rad |2d y(ilfﬂwﬁs}g;ll (2514, a¥bohigldand
N-hydroxysucci ni mi de (0.271 g, 2.35 mmol) were
di ssolved in dry CH2C12 (20 ni). Ethyl
8dilne Simthasis red mavipyriic @anioé,érdmxcdpymﬁdmdﬂvb eitele 2¢[Emethoxy-
0. 400thgxy)-&hdxjy]+etil estems added. After stirring at room
tenperature overnight, the reaction mgxture was
diluted with CH2A Z and was washed w t ter (2 x 45
m.). The organic _layer was dried (MSQ) and
concentrated to a ednsiantweighto product was an
oil (0.563 g, 69% . 10 8.7 Synthesis of the protected
MPE(AC3 oligoner (3- (2 thhoxy et hoxy) - propionic acid
t bu ester

Taetfllexﬁ 1 monome&lyl ether (1.0 g '6'1 mmbl) andq\l N’ nguCCIHImlﬁ}q car%onate (1.87
g, 7.3 mmol) were dissolved in acetonitrile (10 mL). Then triethylamine (1.3 mL, 9.15 mmol)
was added and the reaction stirred overnight at room temperature. Crude reaction was evaporated
to dryness, dissolved in sat. NaHCO; (50 mL), washed ethyl acetate (2 x 50 mL), dried MgSO,,
and evaporated to dryness. Column chromatography (Silica, ethyl acetate) afforded 1 a clear oil

(0.367 g, 20% vield).

8.12  Synthesis of carbonic acid 2,5-dioxo-pyrrelidin-1-yl ester 2-{2-[2-(2-methoxy-
ethoxy)-ethoxy]-ethoxy}-ethyl ester (1).

Q

\0/\/0\/\0/\/"\/\)]\0/

Tetraethylene glycol monomethyl ether (1.0 g, 4.8 mmol) and N,N’-disuccinimidyl carbonate
(1.48 g, 5.8 mmol) were dissolved in acetonitrile (10 mlL). Then triethylamine (1.0 mL, 7.2
mmol) was added and the reaction stirred overnight at room temperature. Crude reaction was
evaporated to dryness, dissolved in sat. NaHCO; (30 mL), washed ethyl acetate (2 x 30 mL),
dried MgSQ,, and evaporated to dryness. Column chromatography (Silica, ethyl acetate / MeOH,
20:1) afforded 1 a clear oil (0.462 g, 28% yield).

8.13  Synthesis of but-3-enoic acid ethyl ester

A
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O Methyl tetraethylene glycol (5.0 g, 41.6 mmol ) and
tert-butyl acrylate (2.66 g, 20.8 mmvl) were

wale@sol4sesl in dry THE (20 nlL). Sodi um netal O0.HB@NYS$2005/025644
20.8 nmmol) was added to the solution. 15 After
stirring for 4 h at roomtenperature, the reaction
m xture was quenched by the addition of 1 MHO (30
nm.). The quenched reaction m xture was then extracted

PSR b8 A0 o Tk BB S st i

(U inf.] @t o) 936 adidddl Ghe reg&lon ehas baedd agrediphior ¢ @t [yhde reaction was

cet at.e el ue he .pr S jne S .an, Oi
RGEL AR o500 b5t B PR DS B et teso,
aByevipregedstodf yntda eo RGO ea oil (olTey, 2306). d

(3-[2-(2- Met hoxy- et hoxy) - et hoxy] - propionic acid) TFA

O45 min, 91% O The tert-butyl ester (1 g, 4.90 nmol)
Svids Gepthesie ctfedt {by2--Methaxy-edhoxypethoxahrpidiosylubetyrin ackd ethyl
triflester coacetic acid (6.0 nL). The contents were then
concentrated to a constant weight (0.653 g, 89%. 8.9
Synt hesi s of 2-[2-(2-Propoxy-ethoxy)-ethoxyj -ethanol

RS

(1) Triethylene glyCol (185 g o
di ssolved in tetrahydrofuran (150 nL) and sodium 10

ride.(2 60 0, 065 adde tion wse '
TRVBHEG R Bieendt AL Th B nBORR RA% GRS e i
0l inbl) oveed digsollved i emhykidfaremtipmapaMbén 1oSp Maly0.000 BBE13 mol) was

aéﬁ‘%g %jndj ﬁ1§ ?’eg(LtYo%qv&g Igtél%e%tfgrw d&f&ﬁé;%%%?é] glgs {gﬂ?}lchﬁmﬁ}\}\g@% (20 mL),

W se via a on funne reaction
vgthied clbpl agetele 1t YRR mdd. Prewe layenperarubiecd @ddehed eabtH,Or2 x 10
S . :
o) 8 802 4 it R, L restas TG i
di ssolved in CH2Cl 2 (250 nlL), washed sat. Nad (250

shis) . s}l'éth'é%gof l@ﬂ[ﬂﬁ—Mﬂd%t%th@?ﬂeﬁ%ﬁﬁ%%ﬁq abi

dr yness. um chr omat ograp ilicCa, ethy

acetate) afforded 1 a yellow sh oil (2. 24 1g, 18%

yield). 8.10-Sy ei 2 of _-car bani oa\gi/%ro-phenyl
ester 2-[2-(2}Brop Xy- € hox%//t;?\éoho y] - et hyloHest er NO,
JIO~ 20 4-Nitrochloroformate (3.45 g, 17.1 mmol) and

4i{ﬁ{?—(ﬁ?@moﬁ&etﬂox@}mhdxgﬂﬁh?g%ﬁw %{_cgdi e;[hgl eslrd2 Qlﬁ; (égz a.0 rlnmol) was
d%oix?eg éia Qgrl\gg%i 4:1@ Ig@? Ia%cﬁtlilg {e,la?tgg S&’a% gg}eﬁ I(ﬁa'I%]h r’e"rhde reacggergs diluted

with sat. NaCl (40 mL), acidified to pH ~2 with conc. HCl, washed CH,Cl, (2 x 50 mL), dried
MgS0O,, and evaporated to dryness to afford 3 a clear oil (0.945 g, 94% yield).

8.16 Synthesis of 4-{2-[2-(2-Methoxy-ethoxy)-ethoxy]-ethoxy}-butyric acid 2,5-
dioxo-pyrrolidin-1-yl ester

\WO\/\/\/MDQ

N-hydroxysuccinimide (0.55 g, 4.8 mmol) and EDCI (1.15 g, 6.0 mmol) were dissolved in
CH,Cl, (7 mL). Then 4-{2-[2-(2-Methoxy-ethoxy)-ethoxy]-ethoxy}-butyric acid (0.940 g, 3.8
mmol), dissolved in CH,Cl; (2 mL), was added. Reaction stirred overnight at room temperature.
Crude reaction was diluted with CH,Cl, (21 mL), washed 1M HCI (30 mL), H,O (30 mL), dried
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at roomtenperature. Crude reaction was diluted wth

CH2Cl 2 (50 nlL), washed 1M HO (50 ni), 71 WO
wWQO@600b646573 PCT/ US2005/ 025644 H20 (50 nmL), PET/882005/025644

MySO4, and evaporated to dryness. Col umm

chromat ography (silica, ethyl acetate / hexanes, 3:2)

afforded 2 a yellowsh oil (2.57 g, 63%yield). 8.11

Synthesis of carbonic acid 2,5-di oxo-pyrrolidin-1-yl

R e L T L SRR S R PN [P g B850 e 4.

chanﬁmoaﬁﬁgwﬁwwwﬁﬂsu00|n|n1dyl carbonate (1.87 g, 7.3

nol ) were dissolved in acetonitrile (10 nmL). Then

triethylamne (1.3 nL, 9.15 mvl) was added and the

% edoepaation of Coutplexes ni ght at room tenperature. Crude

I\ﬁ&ﬁﬁg '\9&?6 Vi@s%st MR Oifoﬁttﬁéj é)tekgraﬁjd’ny BE S ggn?p?&gsv %g ;ﬁﬁhﬁ a«:tompound

acetate
camp@éﬁswgsod\lemo Iampdevagmea@@al tdodr é%d C@Pt@?ﬁh used  for

cGBﬁlmB@%mu&%fllﬁsﬁﬁn co%{pgvyrld 298 ﬁfslﬂ;n%mﬁtg\fng ﬁgﬁ&s ]we{f‘e developed
clear oil @ﬁéﬁ 20% y d). 2 Synthesis o

e Hekorre C%q fai 3 o%B%ySr% B‘ImPf’d'l lﬂsuim yHongopgate wih a modifying

midtPedugied 2B iRidthe BbABKEIMERNRX Yile 6l MY atrugihldy |
ester (1). 0 0 15 Tetraethyl ene gl ycol nononet hyl

ether (1.0 g, 4.8 mml) and N, N -di succini m dyl
carbonate (1.48 g, SIF nol ) were dissolved in

acetonitrile (10 nL driet qu}ne (1.0 m, 7.2
mol ) was added and- ct red overnight at

room t enper at ure. Crude reactlon was evaporated to
dryness, dissolved in sat. NaHCO3 (30 ni), washed .
Faithey boragl@deat ere p2pateBRinFlINI 05, 6 Minea DY hon@Bugate with a modifying

G0 RRLER bR e oo SRhme R AT SRt °F

(O 462 g, 28@6y|eld) 8.13 Synthesis of but-3-enoic
acid ethyl ester 72 WD 2006/ 014673

PCT/ US2005/ 025644 nyl acetic acid (10.0 g, 0.12 nol)
was di ssolved in %@QQL/fzéh ~conc. sulfuric
acid (0.75 ni, 6 14 ol) s added. TN% reacti on was

heated to reflux for 4 h. Crude reaction was dil uted

\%t Pt ?%%Wl%g)t e I‘é‘égotmr}gé&T \{\}%gheagd h!}%(?yp(eZO ngL prote%gitné” cation

complexes of insulin compound conjugate solids.

9.1 Preparation and Analysis of T-type Solids

9.1.1 Attempted Preparation of T-type Zn Complex of HIM2 (2 g/L)

A HIM2 solution at approximately 2 g/L was prepared having a final pH ~3 with 10% HCL
Glacial acetic acid was added to a 10mL aliquot (20mg protein) of the above solution to a final
concentration of 0.25M. Twenty (or forty) pL. of a 2% w/w ZnCl, solution was added to the
sample. The pH was adjusted to 5.1 (or 5.5) with concentrated ammonium hydroxide. The
solution stirred for 15 minutes at room temperature (or +5°C) and then stood for one day at room
temperature (or +5°C) to allow solid formation. No crystals or precipitation formed after
allowing the reaction to stand one day at room temperature (or at +5°C). See Example 2 of U.S.

Patent 5,504,188, entitled “Preparation of stable zinc insulin compound analog crystals.”
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and evaporated to dryness to afford 1 a clear oi
(3.17 g, 23%. 5 8.14 Synthesis of

wWd 2400478 2- Met hoxy- et hoxy) - et hoxyJ- et hoxy} - buPgT/1082005/025644
acid ethyl ester O Triethylene glycol nononethyl
ether (4.27 g, 0.026 nol) and But-3-enoic acid ethyl
ester (1.5 g, 0.013 nol) were dissolved in
tetrahydrofuran (10 mi). Then lunp hb(o 030 g, 0.013

2 b G et C oo MR ARG ERir ™ 20 ) .

A/\Hﬁ‘h@elolﬁ(dnyalt apcetiattey (18 g 26s preparedayaugiachidabylgr-s wigr B% HCL
Cﬁfgcn‘gace 1C acga]ge\i/s\é\’gge::(]ig? eg’b %nlﬂ ( )%éeé%t)e(lp%glg%l@ gje%{;(%/%QOIution to a final
cyrgkttaiipsdf BIIM. (Ror@ 1Lt 230% wivelnd)l2 sol@iot SvaSydve esths sagfple. The
pﬁ[ Viag a%gs't{dg) %/?5 %ﬁ( ¥6n%%x Zﬁn%&t]&%‘l%%drg)glﬁ]@ XMl}a 'sgﬁltwﬁrvéfag stirred for 15

acl
minyie-af PA°C2ndbemhaleyedtoting for vhdaryit-Sthimellpw belidyfprimation.
acid ethyl ester (1.07 g, 4.0 mmol) was dissolved in

TaM DA hLl@irdTihs %}E}Qfehjé@ td Q%Gﬁthﬁge \t‘@)“:é a8l 'céﬁtﬁﬂﬁédoit 0H RPM for

Crude reaction was dil uted i
18@ingict-i By SPlaﬁwaszle%meﬁ ardohie solifieps wokshwuyh é:PEICSIO? f}fzwazer This
s&0tdilyas BhtkifGed M}ﬁ@% RPENEr ev axﬂﬁ)tﬁ@t&‘ﬂor§ CheOfald¥8ES de@nted and the

ford 3 a _clear oi ield 8. 16
f f”ﬁ@é’fa e letg another 5 m co% DI \9ater galf\ll the sa)nple was centrifuged at about

2600[ RPN Zor( aBolva D h@xiesaicfonx iy 160 hax Yebagtd) ORhE}sataplt Yarak G/ashed with 5

R hrestyeiontis g bRub A 0od b RE1 S ol o2 Fygit

depantéd. OTHeRmhy)le wey died insslpdphdder to1proGHR GhiZe fold.mL) . Then
4-{2-[ 2- (2- Met hoxy- et hoxy) - et hoxy] - et hoxy}-butyric
acid (0.940 g, 3.8 mmol), dissolved in CH2C12 (2 nl),
eE  addBdypeRaaComplexsuf iHIM2 (20veZE. G gieentaatieorpom

ggﬁﬁgﬁ%ﬁ% 15;50;( %%25 ?gb%n%’} Hb‘g@dﬂk@gt etﬂﬂ"bﬁ 3%%% HCL
Gl@la‘l/\@e!z@@@i V4643 (PCT) wSAAWH0286nUaliqngf SOe abayd solution to a final
c@r}é@rﬁﬁﬁéﬁ &b 4501 dﬁ%ﬁ'@?ﬂi of g?b%'mw%bp 'I&Bﬁ’cg{ \93@ RYdel R b QaQnOple The

acet ate forded 4, clear oil (0.556

p%i, \éq)gdi}ljustgd Br 2parik p@ﬁermateé:@mogy(@sh}ﬁ@gqﬁéd d hgvg(plét?on stlrred for 15

iR St HBabedmEDoddts: tHirARRMRAH-eNo AowZdoli€ fr@shexes of
i nsulin conpound 5 conj ugat es. New net hods,

Tge):( (r:eeagtsolnolggclmret gfa %Jrrf.kl)nls erreg go erlr%tergrcl)iqlge tu%e ancfl centrifuged at 2600 RPM for
20minutes. The solution was decanted and the solid was washed with 5 mL cold DI water. This
solution was centrifuged at 2600 RPM for 20 minutes before the water was decanted and the
solids were washed with another SmL cold DI water. Again, the sample was centrifuged at about
2600 RPM for about 20 minutes before the H,O was decanted. The sample was washed with 5
mL 200 proof cold EtOH and centrifuged at 2600 RPM for 20 minutes before the EtOH was

decanted. The sample was dried in a tyophilizer to provide white solid.

9.14 T-type Zn Complex of of HIM2 (30 g/L. Concentration)

A HIM2 solution at approximately 30 g/L is prepared having a final pH ~3 with 10% HCL.
Glacial acetic acid was added to a 50 mL (1.5g protein) aliquot of the above solution to a final
concentration of 0.25 M. Six hundred pL of a 10% w/w ZnCl, solution was added to the sample.
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conpl exation/crystallization of insulin conpound and

i nsul i n conpound anal ogs, were devel oped to nmake zinc
wa@omploets7df HI M2. HI M2 is a human insulin nonoPORUSIpas/e25644

with a nodifying noiety coupled at B29, where the

nodi fying noiety has the follow ng structure: 0 11

0---~7 5 10 Further conpl exes were prepared using IN

105, a hunan insulin nonoconj ugate with a nodifying

@Eéﬁ;%isl a%l'lllgtﬁg go ? . UC urcgncegtra?edf ﬁ%mc%?w%égg{ck Jgdenotheg%lutlon stood at

+§?Q)fo'rﬂeecﬁavmoe§owrmhdf¢rylpml, "T-type" and "R-type" and
"protam ne" cation conplexes of insulin conpound

150 wa&%trﬁxﬁ@ \!véiscrangfére% & a Fé%ﬁﬂﬁg@wbg an@%ﬁe@hw@oq{m for 15
T-type Sol | tenpted Preparation o

ng@pHgs) e é&flutpq]nwgas (dgcagt,eql_)ancw HFNP Vs [ washed ibrag times with PO mL cold DI

\xﬁFéP rcemhf@%%aﬁ(d deciHiibg n@:ﬁz@re%a&a%ﬂ Iﬁﬁé’éa%leawafs Itﬁealwas}iéd H3ee times
d acial acetic acid was added t 1071L

AP 202008 I B Y61 PR B S\ASOG B fobs pipuigs and decanted

afiérRadh waSRNORRLAAE WUl il 12§MIi-dWe ployidt hitd QGEY) L of
a 2% w w ZnCl2 sol ution was added to the 20 sanpl e.

stk s Sere B b AT P ops oV g crystls
giawaUibe 34 diburk. oam__ggp_r e Wi g@tal @i‘ze fﬁ@prc&mdatélh am.3sjiMael length and
oom ﬁgger ure
agpr?xuagelgg%l\?gln 1ar1ﬁ6er 1 ? ttlbe 3126 &g{?l 6ryf 1 on eq?tjblrs r§%paox1mately
1518 iyt in laigthcamd approdigatelg 2t M im dianstrand tmeda%eatystWe right
-1 t | & PaLent
LSRR O B0 P 0, BRI L R e "BRAL 5
phm@uilcmgraplohb@ummg adakofxicreytgtigloscope Mwmcz@@ﬁlg@)mm days. In
TEMVA I

bR g TR

g/ L was prepared having a final pH-3 with 10% M
oG fcCi a'T-?ﬁﬁtznpcaﬁi i’exvtﬁ%filﬁﬁ@ﬁ(sb /EC%Qcéﬂtra(ti]()Ql?' ng

lgroteln al i quot of the above solution to a final
Hide lvtiopiabgprepringiichn ] ek gtas grepargskio g fipgopHld Wit (BYoHCL Glacial

a&Ak bid Q8 va& t@d dechitMqldd6f BN Esolttds tda Rl ¥&8entration of 0.25 M.
adj usted tao 20 with concent regt ed anmoni um hydr oxi d

TORGUEBLL Gt IOl PG FOROS ' (e e, L PHSEs dieicd 0 523

wiith e&loaxhtfaﬂéd&dmtoﬁluﬁi Iﬂiﬂﬂ)xfder Thé Mﬁutﬁﬁ%&s afirretiC+$ oC @drl 18Whinutes and
m.xture was transferred

RSB RE s G pn e SR b PP el 3000 ReM  or

The reaction mixture was transferred to a centrifuge tube and centrifuged at 2600 RPM for 20
minutes. The solution was decanted and the solid was washed with 5mL cold DI H,O. This
solution was centrifuged at 2600 RPM for 20 minutes before the H,0O was decanted and the solid
was washed with another 5 mL cold DI H,O. Again, the sample was centrifuged at 2600 RPM
for 20 minutes before the H,O was decanted. The sample was washed with 5 mL 200 proof cold
EtOH and centrifuged at 2600 RPM for 20 minutes before the EtOH was decanted. The sample

was dried in a lyophilizer for three days.

9.1.6 T-type Zn Complex of of HIM2 (1 g Scale)
A HIM2 solution at approximately 10 g/L was prepared to a final pH ~3 with 10% HCl. Glacial
acetic acid was added to a 50 mL (500mg protein) aliquot of the above solution to a final
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10m nutes. The solution was decanted and the solid was
washed with 5 nL cold DI water. This solution was
wa@ewbnifeoyyed at 2000 RPM for 10 m nut es bef or eP€T1ES2005/025644
wat er was decanted and the 10 solids were washed with
another 5 nL cold DI water. Again, the sanple was
centrifuged at about 2000 RPM for about 10 m nutes
before the H20 was decanted. The sanpl e was washed
with .5 I c f t Onple.
coRhh o2 bR Bipdful Tt B s mbich o St diChy
Ths aHple adjagedipiseld WIﬂn @ndeyioghén dnprpaniunt bydsexélei dae iplptas was stirred

at %}g‘ld gr 59 m&mt%s él;ldttlyeg%tog@ at%“@lf&)%e\%tl d!ﬂls Wal(o%@ogé formation to occur.

ncen ration) 15 A H sol uti on at approxi mately 20
g/ L was prepared having a fi nal 0%
Thelreielical migtses 15 EEPETHS 2oRTEEEHEE SIS a&‘g C?Pﬁﬂft‘%‘fé &85 xow for 20

milhed er‘h%)solahdrﬂ\%tde@afmeh hed ab @Mﬁi $6| whsheanwittol Bmf. icoidIDI H,O. This

concentration of 0%
oG A HAdEH REMI A oot toe TP et d Bpgwater
walsiRes Verd refatel tvﬁﬁzﬂi@fﬁﬂﬁaﬂ atnes EHRRBHpLE mahmekr washetewithil HiemL 200 proof

Cofdgétgha%g Cg“té'lg’ég%t at gg@ }[%ng\/lﬂ &llj\}tng’&si e? eff’ rg ?I on@gsn éﬁ%(ad Two

mdr€ AROH ORashasXHtte &attizd duf @rsfetered bdoma tbenimplé wge plagisbon the

and cenﬁryifg&gg at 2600 RPM for 20m nutes. The
lyephiligeritey 84nted and the solid was washed with 5

L cold DI water. This solution was centrifuged at

M f t ed
9.8 t ni S PpIpPL LSRR 2 AP N HPHES eSEe OPAN
A BAVR rsoludgait pprofimatsiynifl gL wagpr@p;qqqq'tpfadgaghp}ér.% Aig 0% HCL. Two
ml% gters o?Pg{IOI/%nC%bs%fﬁlﬁg @aﬂd&&ﬁ {%Sthcb&m[ee e %HH!?Q MRAGed to 7.05 with

e was washed wt 200 pr oof.
coomnmat&t Orieign bzedanlef u@@do@tlowwﬁﬂmtffe?m SORFTaE grnight to

Sokl.@bywas decanted. The sanple was dried in
aulg% Oeﬁw}l% ger tou provi de white SO|Id 9.1. 4 T type Zn

Iexof of H M (30 /LConcen tion
Tlgaomﬁlfy] GrHEY2 éﬁﬁ?c&(ﬁnﬁzg{rg %%})Og]é gV/aE Pl F’ %@I‘Tﬂ“ fine-fritted

@lsial) aREIfimAel WEhdh GLAYAdTH02-28Ch @t atanme)t iThe fittiath weasonected ina

e o B LA AT 910y Sl O oy o
wib!délﬂsrvﬁdldo B céld 1%%nm2vmnzm@]iﬂtrae talkeitehsepmatelyd dbel cako wah washed
W%g%d% {581 tcgav“%%rz gg j}e %4{1{21 eswag(a\’-ra{ny%s (?gd O[%%Q“k% waIQl@o Qﬂhed with

con ed ammon
anydditiondl den m]l' lke-cotall 100Yoarthasdl @oditha filtratesi@sfeoltectef \sbécediﬁ% Tlep final

w?sk gﬁﬁ% eﬁ(e Was Ewnﬁa gfl fr%%kr po?d gvgt@lcatnh a1 éﬁthﬁltlrgt@co\{@&ed The cake was

rre 0O a cen uetuean entrlfuge at
dr%ﬁ&ﬁdeRPMuﬁm pndld airpdrindipess | b Thiousso |After dpingiiBe ¢pke Hp sgped off the

1 2 tP1 O THL &Ql:tg iltrate
TS A g, LS S T it e

frova gfe. Vaﬂ'm w@mpewmglsp pbshed N fried ?‘Tnn’f’ééhwof“ﬁmﬁ“’n of the

IOPELanlgﬁ/IiJ&\Qﬂ% tﬁ%‘zﬂr(q:egt Qe filtlativRelaQNY £ 5% 4gR Fnddontd@0RthRRMverall
m nutes and decanted after each wash. The

visidiwpP®owas dried in a |yophilizer to provide white
solid. Figures 1 and 2 are photoni crographs taken

using a Zeiss Axiovert,. njcLoSCope .S | al s
9.1.8 J —type Zn Complex of ﬁhﬁ& a% neutral plif\(gola%lg schSés
A HIM2 solution at approximately 10 g/L was prepared to a final pH ~3 with 10% HCL Two
hundred pL of a 10% ZnCl, solution was added to the sample. The pH was adjusted to 7.06 with
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growmn for 24 hours. In Figure 1, the crystal size is

approximately 11.3 Min length and 10 approxi mately
WG 2@6M46m3 di aneter. In figure 2, the size of tPET/US2005/025644

crystal on the left is approximately 15.1 Min |length

and approximately 5.9 Min dianeter, and the size of

the crystal on the right 1is approximately 9.1 Min

| ength and approxinately 5.3 gMin dianeter. Figure 3
C(I?ﬂ%%rﬁ%gag nglglggﬁ%\W%éggep y"ltg)t% 57 gtlogl? \%gtni{eéi ?gSQ' %)5/_\3(mmlu§as and then stood
ataispfectvp dbfseo allvwesalid rmatinckudes. cryst al s haV| ng a

nor phol ogy as shown in Figure 1, 2 or 3. 15 9.1.5

TEW- {Véaﬁ)n %ﬂx&%r(l?és %)énﬁérreg 'Q"CM%?&EQ tugé %na%ﬂ&l §at iS@@ )RPQI for 15

sol'ution at approxi mate repar ed
mgnufdsn dhe paiitio8 wek dprantedgidahe S@da’@ﬁ a‘fasheéc?\éfbllé Hdemﬂd W&!‘Jzo This

scﬂggﬁq}vag Qerﬁ-lflt%drgt- 2@0'W'for qu Iﬁlﬂﬁesac*aﬁ)\‘eethé @II (ythaQ Hec‘éugeda The water

final concentration of . Two hundr ed g
waghos Fere1peaes tu'puaéwlwbtlra%d é"ae ﬁ@pﬂwa%%ﬁwaéhedm@ 16 HlL«\%%) proof

cAAIcuSt 88l bR trFuld at Yob RrEP R SBLHiAl QD AIURRIBAON was decanted. Two
hydr oxi de. The solution was stirred at +5 C for

15
RN BCES vaphes Ve eEH QEtobEl same gy (ofopt theotpliayes placed on the
lydbhi @M &Qky B Y@@ i on to occur. The reaction mxture
was transferred to a centrifuge tube and centrifuged
at 2600 RPM for 20 mnutes. The solution was decanted
94w th&Ré‘sﬁlts ﬂ)rvﬁﬁypb%bhﬂdjdﬂlﬁdhtﬁﬁis coI d D Hzo_. Thi S

with an%i her 5 N‘Lsob‘bﬁo’@“eﬁ)l H2O, AHéﬁ n. t he sarrﬁ‘i/%vvas
centrifeaged at 28008:&LRM 25 for 20EMI nutes bef OEH t he
H20 vvas9 ggcant edWhTQS%h@an'pl e vvasNM@shed W|th &EﬁL 200

dried ifld IyophWhlt?S@Fdfor threelf:ﬁavs 9, 1. 6 'P6t5voe Zn
Conpl ex9.06 of HI MRit{sbliqy Scal e) A1ed M2 sol uti on.sat

appr oxi gt el y 10vwgfilsom@s preparegpt o a final pHyNS

w th

50 nmb—L nuo nrnf n%tes\c’h%l 1 mlnf of he a_b,g;;g_g_g_l_uf_i_g_n_t_o
a fi NEM= et pgyeboptrioh 4673 PCT/ US2005/ 025644
concBRtTHe f%h of 0.25 M Two hundred L of a 10% ZnCl12
solution was added to the sanple. The pH was adjusted
9120 SPhhavhiidh mﬁﬁﬂlﬁyﬁlﬁbﬁﬂ-t@m&hdﬁn hydr oxi de. The
solution was stirred at +5 C for 15 mnutes and then

t ood +5 for sev al l.o id fornation
9 occ?# C?"éﬁ'&ﬂ’g ]m x‘?"ﬁf’gh a%ﬁﬂ;ferred to a

ACIEIMY solutige att appexiatattlyce gLrvwas popekedito aZﬁQOpRPMvsflthrglaZIal &eetic acid.
TH]V\%tg hlﬁ]égesfmrgq%?eisgg#ﬁ%%%ﬁgeﬁ 8% dec Qef:lﬁg a%d t etlleqlug’toof the a%ve solution.
ThepH wadf adjyedd &t 5.360M0 dQEWhimq:d @@nmuﬁuh}@mxmef @n@hltnhl@d HR@pL of a
&
1(\9@ gv/? %ép tsglgﬁonmg aq%g (tecg tgﬁ'p W W;l;h‘é’?ﬁlgtﬁcrn\%gag %{érggl V&E }Qﬁm t8mperature
fq1r1_152ﬁ)@utm '@dfthen@@IOd aEtoOk tamperaenatier thiggdaysde aR@QGroRANECipitate to
t8r 20 minutes before the EtOH was decanted. Two nore
Et OH washes were carried out the sane way before the

sanpl e was placed on the
The reaction mixture was transferred to a centrifuge tube and centrifuged at 3400 RPM for

15minutes. The supernatant was decanter and the solid was washed with 5 mL cold DI water.

This solution was centrifuged at 3200 RPM for 15 minutes before the H,O was decanted. The
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10 Iyophilizer to dry for four days. 9.1.7 T-type Zn
Conpl ex of of HIM2 at Neutral pH (5 g scale) A HHM
w@odoabiem at approxi mately 10 g/ L was prepar edP€DUS2005/025644
final pH-3 with 10%HO. Two mliliters of a 10%
ZnCl2 solution was added to the sanple. The pH was
adjusted to 7.05 with concentrated anmoni um
hydr oxi de. The solution was stirred at room
sarr&pcuvevgsa ur{ %as%v wplzght %@prr(éog C(:: Ilcj);%(\ﬂ%s)o(l Iccgntrgf?%eg%l ITIB_%UB I{P(?\/I for 15
rramdad)efora'th@EhQstaStcbceateBS Ggtin fhicnangfle et wgthed Witlos BUITE cold EtOH,
[ f [ )
B4 1 BRIEL-SETRE, 285 A0 Endfe (TR € Rk hlor ¢ and
thegp plagddrig the apegd machwp teaiput  4-6 hours. As an option, the
cake may be washed with 100 nL cold 1% ZnCl2 and the
filtrate coll ected separately. The cake was washed 20

i-Z h 1Rreptrationof &- wpwztne@(’maha of FAM2 2t 202'E was agai n

AC@iMﬁs%hﬁQn TBG o RkRIy WIS/ 1AL A PrapRed Rt fal fH ~Bflith 10% HCL. Sixt
addi ti onal * 81?)0 i Ce- ?o %Oég?/fet hangl d the ity six

HEjof Hiqusfied ng%ol G ?délé‘i ea @ﬁéealw%h% the?Pféfeﬁ?lh%qn Thep' vt adjusted

td 883 GakoMeRarAQDMm&fiud he&bxills e TR duidddeive@®PdiLt dTa 10% ZnCl,
final fil rate col l ected. The cake was dried und

SUERRH AARFIGP DFRIRIF | GBF 5GP Y55 e, o fogm iogefure for 15 minutes

afilf fie@oodtah@ o adoepete BEfoap®Es Bfaflow here pratipietk 1o forh.ghed,
and noi sture/pr ot ein contents were neasured via HPLC

Jhe collected filtr 25fr rious t
Thbatn aB by et Al * R S plf e RSP 208 KERP o 20
ngonse rihe atlatm efs detrpted lapd the AplidHvadPwadbied wih § nd. EridDe&IS0. This

0By 0480 1 . A AL AL o
vat wesbed wii anofe( SU0erid BERICE)Asink ihvBarem¢ wasicoptrifiged at 2600 RPM for
2@&9}?}9@9%&@ h¥ 1—118 VQJS Iﬂeé’XEﬁEd pﬁ"ﬁ@éﬁ(—{p% \?é‘g @asﬁéd%h} yh!L 30 proof cold

Yo HC1. ~Two ndr ed
B4l and esntrifieesd aldBYRPY o) mimiiss éeforﬂrﬁ@ Eﬁ@H\M&‘Q d@e‘@jlte%t B sanaple
wWaQ1yéptE-e i PureedhysVWO 2006/ 014673 PCT/ US2005/ 025644
concentrat ed anmoni um hydr oxi de. The sol uti on was
stirred at +5 for 15 minutes and then stood at +5 for

otA® Sa}'l&eb@ra?ioh%\ﬁ'l@%b‘an@(?rﬂpleixgﬂfllmm%f /LfThe
react| m Xture wa ransrerre (0] ce rl ge
A oRtiPR il ApRRgxigpate E?(?(QIRWR/? prgparefifo a%ﬂﬂw?le *%ihleO) HEE Ninety
nf6 Initcblaas valsqueRalaph el waiuddéde a0 nil Callya& oS hshe whltithonl Ohe pH
O. This 5 solutio s.centri d at. .,
W5 T e Beratut PrlSied it tdine R 10% zac,
sdlitenwet eddedas hlesmqﬂc eT]ﬁea@Rlabred'ast stiored elidiod damaleraturavfes 15 minutes
vas, w th.10 o) cold
o 2R oot Senk BB R BPRG M by e R RE Aoy 01
the Et OH was decant ed. Two nore EtOH washes were
Teargerteng oWt es Sanvierpdyo befuriege hbe sadnoendrifnges 3512460 §PM for

Z%nﬁlgg Tl'le%gﬂhbrl \kfgs%‘ecakf%d qﬁ&/ thfa- Q1w v&géﬁéé 'Wl'[iig IgL J:ol@ DI H,0. This
Results for g d Conpositions

solution was centnfuged at 2600 RPM for 20 minutes before the H,O was decanted and the solid

was washed with another 5 mL cold DI H,O. Again, the sample was centrifuged at 2600 RPM

for 20 minutes before the H,O was decanted. The sample was washed with 5 mL 200 proof cold

EtOH and centrifuged at 2600 RPM for 20 minutes before the EtOH was decanted. The sample

was lyophilized for three days.
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Reacti on Cbservations Solubility (mg/nmL) % w w Zn

9.1.1 No solid formed VA NA 9.1.2 Wiite solid NEM
WORM6/091613 3 VWhite solid NEM NEM 9.1.4 Wiite spCT/USNEM25644

0.53 9.1.5 Wiite solid 146 0.66 9.1.6 Wite solid

109 0.55 9.1.7 Wite solid ND 2.50 9.1.8 Wiite solid

ND 1.63 NEM = Not enough material ND = No data 9.2

Preparati on and Anal ysis of R—type Solids 9.2.1 R-type
an r& anﬁlows 3811d HIO(\)I\K//)IE(’I %Irc\rfra : 2?5’?; I_plcture gr eta%erneam%%NEsts Axiovert
rrh¢rnabp€p FHhe &ewgt langjh af:tha¢ryazdens lamr(ammdely 9‘I7hMr ty three

mrcoliters of |iquefied phenol was added to a 10 nL

al i quot of the above sol ution. Thewg& was adjusted to
92.89 wi Ruepaxationof Ratyed Zanmemplemoh dMatdd g/bne hundr ed

ASHﬁ\];Iy st-l-utf?)B a@app;l&r{?léf@lyv 5 @%@l@asﬁﬂéﬂdfieh QN a i p@-ﬂgﬁa dith Q0d.N€C1. One

I’Tp . he sol ution was stirred roomtenperature
hﬁwedl%’“hﬁﬁ‘aff’é@(’léﬁﬁ of hetsfied pjsacl aras raé‘éﬁﬁh tp éntdephliguet pothe above

sbi@e ’I@l@}éﬁ waQ a@hétéa\/\’o mfz%ﬂfc%gdeﬁﬂmkéata%uﬁ&mna?ﬁ)yd?&w@ Eis @hundred
reaction m xture was transferred to a centrifuge tu

Mhrdf % eWer40Clgrodntiop Ve ddsdpip) the samp! 6111 Fist sgltion s stirred at room

teﬁﬂﬁéﬁ&f@fo@mj MiaSesda@antLito@Nd bhie t&etablrdVds M@Sh9d oMty more
m_cold DI water. This solution was centrifuged at

p‘ffﬁ’@ﬁatﬁg@%r 15 m nutes before the H20 was decant ed.
The 78 WD 2006/ 014673 PCT/ US2005/ 025644 sanpl e was
Thé e&’act\i’t&SIh'ﬁdlraNiwhdﬂ tr&lsf&re&(ﬁﬂa peoofuge olbe abd @ﬁtlﬁiﬁnged at 2600 RPM for

26&1) n reé f"ng;eglufa ntwag (KRPM an? E}he sghd vrvn snv%f'latshee% ‘ﬁmg colgt%h I—%O This

ecan Was Was
smtutlcmfwas od:rmthge@Ht 260R @\M@r 20 mtnumsefm@tthedéz@t wasfdagpedd afidibe solid

w;i% glas‘ijlteﬁﬁh Qx}oln%}“’? (Iinﬂ 901 ﬁ& hl ee%gantl hﬁe Q ﬁafeq’g;r %Entlgﬂgedt Bl ggOO RPM

aced in t S vacuum
f@28 piamétISibef@redhe RQ Wﬁedezame@o ¢ @mp@fwaﬂmmeéwﬁhé rgf/ 200gproof cold

E%ﬁ/@ncﬁ&héﬂlﬁg@@ at%o@RPM%ﬁ ;ﬂ%ﬁh&és Bor8/ile MBS W QPAREE TR sample
|naz\ﬁg 0% HC . Sixty six gL of liquefied
“ﬁhb’ﬁ@lh for Hers é‘ﬁysto a 10 nmL aliquot of the above

sol ution. The pH was adJ usted to 6.43 with
concentrat ed ammuni um h drOX| de. Three hundred twenty

2-2f a Prepgration of RegpeZndromplex aHHIM2 3 1 gydcale np) e
ATH;EM§ hiioh @NappRsingdidly 1@ @/Lakas et TP Ehatplr €3 Ak 10% HCL. One

hurgd?e%t s%(sty five mircoliters of liquefied phenol was added to a 50 mL aliquot of the above
solution. The pH was adjusted to 6.42 with concentrated ammonium hydroxide. Eight hundred
uL of a 10% ZnCl, solution was added to the sample. The solution was stirred at room
temperature for 15 minutes and then stood at room temperature for seven days to allow more

precipitate to form.

The reaction mixture was transferred to a centrifuge tube and centrifuged at 2600 RPM for 20
minutes. The solution was decanted and the solid was washed with 10 mL cold DI H,O. This
solution was centrifuged at 2600 RPM for 20 minutes before the H,O was decanted. Two more
water washes occurred the same way. The sample was then washed with 10 mL 200 proof cold
EtOH and centrifuged at 2600 RPM for 20 minutes before the EtOH was decanted. Two more
EtOH washes were carried out the same way before the sample was placed on the lyophilizer for

four days.
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10 and then stood at roomtenperature for four days to

allow nore precipitate to form The reaction m xture
wowentsnsferred to a centrifuge tube and centPCT/USHAS/025644

at 2600 RPM for 20 mnutes. The solution was decanted

and the solid was washed with 5 nL cold DI H2O. This

sol ution was centrifuged at 2600 RPM for 20 m nutes

before the H20 was decanted and the solid was washed

t her, 5nLcol d ) ain, the sanple was

9&4“ ri UGS 28 c%&ﬁx ﬁbﬁlllmgrza?f§%ll?ﬁ nutes before the
AI-]ZI@ImmtldxeetaippreﬁmafElwel 0ANphepra@seduas fied pHl 43hwibkh 10 BOD Fifteen
h!%ldﬁe(étnélgcoLte oﬂ;}%&'ﬂé"@ %C?ht [ éc{datgggﬁ? q%% a@gvl\él sf)ﬁo [1on2 OFhe pH was
adbysquho [7ilzweith doocentriiedeemmdeysn h@iréxi&:. %gp@n altmdm:ﬂ pdf of a 10% ZnCI2
solutloxr%veas % g?ml ggg’n ?{ ’Hle'\égluﬁgn %Qs 4-r|ed @t r%Men?p%JaE#é %p 1§¥n1nutes

appr oxi rra ‘el y gp was prepare to a
awl thén s1OIRHOIM teNiprtuge ovR@ight nellew mors! nrqcemtgte@ffohn quefi ed

phenol was added to a 10 nL aliquot of the above

TROLAL ogrberfa—llﬁﬁd Q%ve\’\@a% %ﬁ” Wt ﬁlgeetﬂtrﬁzoﬁztrlmt Iin tria} one the reaction
concentrat ed anmoni um hydroxi d The 480 of 10%

mopibest 3 SR PORENEe RIS dPE e @(ﬁ%ﬁ%wﬂhrh é%gapl}tspleﬁon The

MRS alSHak HF &00vatni ghORMVE SR Sl etibh. e TRQecoha tidl M Bere®@r a medium
then stood at roomtenperature for four days to allow

s &t eeslvgoRaing! filF RPSThENTBRATF ORAPRE Hishedgdh cthanol and
whicRnRfdged 8@rdi @t Fa CQAkA iff @ 6n. t IRy ARélihg e Mal WwhigRebdairough a fine

260Q RPM f 0 es.. The sol ution was decant ed
g M PRI T aiton 450 R0 Heshe i Rt G er. This
maRhaltwad Hsovried oedhiphtfuddpe dlacatm Zif8oRPM f or 20 mi nut es

before the H2O was decant ed and the solid was washed

W +h ahe : ig(é”dfgﬁ?

o f ol "G InEiES befTiabs tine-fi20

centrifuged at
Emés?—. WaS M @dva%)t h ﬁtﬁﬁ/Hz@waShes)

was decant ed.

W/ 0, . . 9
PCHW/ 82006/ 025644 0.BBgure 4 shows4solid grown fié 4

days. The picture was taken using a Zelss Axlovert

it ox RGP Sompeg M EALNARE iR, of 'R type Zn

AGG)]HVDJ etutioh atHiphbxadatdb0 1@ L/L v@as Iﬂrd‘lﬁreﬁd’ﬂ bl fin@rpHat3 with 10% HCL One

BB R BRI e St f b gpron
Thanqtmaf ugdrep dnaiterwaba aetd édCtz eolanczmwmdaédl tqlﬂhﬂsamblet ff@e pH was

bov, ' e

o?us?edq(r)] gflg { é cg&entp- l&% a%%h g’ﬁlgnx‘iﬂgtolﬁﬁd% gh\% gqr%\ﬁfog %atgﬁ ¥o|8m tFm%erature
f@@%@mﬁbmlg\mbmﬂpmmd@mdded to the sanple. The

solution was stirred at room tenperature for 15

Tﬂ@ RELBSE nRRre WIS MraSl @R 1@ cLRQTLS ROP @Jdaée%el E@ b is@ol ]RPM for 20
days to allow nore precipitate to form

migce  BRvveveix ther wateind dec} apfsfedlertadhs gottpg eﬁtﬂﬁ Wg aitjaf]pgnd was
thefebr& @Rithifufddantatdti 2600s. RBM {offtion was decanted and the solid was washed

with 5 mL cold DI H,O. This solution was centrifuged at 2800 RPM for 60 minutes before the

H,0 was decanted. The water wash was repeated two more times. The sample was then washed
with 5 mL 200 proof cold EtOH and centrifuged at 2800 RPM for 60 minutes before the EtOH

was decanted. Two more EtOH washes were carried out the same way. Material was cloudy
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20m nutes. The solution was decanted, and the solid

was washed with 5 nL cold DI H2O. This solution was
wa@ewbnifeoyyed at 2600 RPM for 20 m nut es bef or eP€TYES14BEN25644

was decanted and the solid was washed with another 5

m. cold DI H2O Again, the sanple was centrifuged at

2600 RPM for 20 m nutes before the H20 was decant ed.

The sanpl e was washed with 5 nL 200 proof cold 15 EtC)—|

a%{g %sct&gi]%t:g)&gg%%éﬂg}i 25 a%egrﬁ:%/l hg%f{xégat%&’ﬁﬂl g Elosfvgl}e reactlons to
sdithere@e. dBheSolveht Habddedeqiicnd the anteaihil wes tplppel adnhaOpenbllesr faf2 days.
HIM at 1 g Scale A HIM2 solution at approximately 10
g/L was prepared to a final pH -3 with 10% HC1. One
98undr eResubts forfR-typerfoliddlampositioars | i quefi ed phenol was

added
The pHﬂmloade}@?B’dt'Qfl§ 6. ﬂég h co%a\ém'irlat ecPhemabni um

hydr oxid Erot Tunared ¢ a—10% 250t T was
aédEd fﬂd;l%']hﬂ gﬂl\hhlesopd solut-ion \Anﬁe |rrndLLElfNPr oom

terrperat%?r% “forVhis S‘fﬁdnut es*f then st’od at d8M
t enper atazre forwseveid daysse® all ow nore precifitate

to formygthe re@ggls(q;a mxtgg@; was trmferred @Q a
centri M

m nut ¥=
washed V\H‘h 10 ‘theé‘élldd DI Hﬁ@) Th| sSeegéﬂV‘i’Jtl oﬁe%ﬁ@e
centrifuged at R6RGHRPM f orNR20 m nut @s74bef ore tée H20

was deCRBREIN.t BT aRaWal T WaShes occurred the same
way. Thepsauph# was then washed with 10 mL 200 proof

cold EtOH and centrifuged at 2600 RPM for 20 m nutes
‘%Sfore t he Etgt—fi s dec nted. T re EtOH washes

Ivter ePEeparation 1‘1'(¥S‘§8 r%%&‘"ﬁ’ t he sanpl e was

pl aced on the |yophilizer for 30 four days. 80 WO

92006/ 0 Ptearabion. bbsa@ﬂémxﬁﬁﬂﬂex of BIMI2Ryitly Peotdmiweatd @dic pH

of H M2 at A, HI S I,0n_at . appr.oxi mat.ely
ey nagosd Bpdp an varaophora M B ARRO GV s e
Ghicat eetic achiuwd pédtd nd ¢ tohl kquet @00 ing groeedin)ed the hisrve kolvias to a final
conaen%rattlon dOf% 1 ”l\cl)&vot %urﬁgrgﬁgng(\:/r?htgg o%ltag%n%o%nme oﬁﬂams 8dded to the
sa@pg:ﬁh t e pHhwas ddjeded wigdf coaceh @8 Zan@ichign Qy;dr«mdedm apHs-5adbesblution
wgsosti‘ijjac? atsf-agﬂé ?r 15T1§§1ut%§)£ﬂdttﬁeggto@@§ +%t°brf&e[qro Alyst PRV solid formation

tenperature tor m nut es fhen stood at room
toraseipper at ure overnight to all ow nore precipit at eto

form The reaction performed above was split into

ThdWeS&ioh InlitthRtv 8 MrabdtdrRbl o a |c5htﬁﬁ1g@fubé3&ﬁi cehiti@ugb® RCIHORPM for 20
m xture was filtered through a fine fritted funnel and

TSR, S H oW Yeh Oeeaniog ZHGASSCUA s ashed Tifl 10t eg B LLO. This

sdll\@ﬁ)n :Si«ab e&n?m@mt 2400 KPlMion ag uhme‘slblefofeatm HIO wih@cHR&I0 Mavo more
i a S |

ne O fitted. filter
e PEYHLE ARt | T PR e Teeed it Aol ggroot col
Etdre ﬂld\l@ﬁﬂﬁﬁ@e&\hﬂ%O@MWf 2(amdmtemaefe thEtGH wastdecanted. Two more

Eﬁ,’[f %Fslh\%a\%er%/ d; Oélghl]f: lut r (ﬁ %13 samp WXS placeg on ttllle {yophlhzer for

two days.
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fritted funnel, washed with a 1% ZnCl12 sol uti on and

al so washed with ethanol and water. This material was
wa@bk@e/ottred over ni ght under vacuum filtrati on. PAF/USL00$/025644

(fine-frit, Trial 2 (filter paper, Trial 3 (fine-frit,

ZnCl2 wash, not mediumfrit, EtOH H20 washes)

H20/ Et OH wash Et OH H20 wash) Yield 74% 93% 58% w W%

Zn 1.99 2.83 2. 06% w W% Phenol 0.033 0.45 1.28 9.2.7

o5 Y OB 28 e S S o v

final r?lﬁ[-S vvlth 10% HCl. One hundred sixty five
ANHISIOdolutie St PhrokinGtetf 30egL phae pabaredd aaiﬁideﬂHt~O3 &0h nd% ofCl. One

t.he ahove sol uti undr m cr. rs of . .
o SRS b1 3h RS AR EBREHC P e o FRap it
Siwaamdradl jrﬂ]l&bl&éis tod a7101/82n¢15 kolctamncedst ardd«tdeﬁb thmnmannﬁollowed by the

he soI n.sat at oomt I
({by 110N Gpg ‘.Ag mlﬁgglrﬁms O ro amine \¥as a n{u”%%t t6L§I’5 w1th foncentrated

ecl pl ta The r'eac
arminxtium éydmwsdet agrtd macrtied stood £vr ¢‘e¢1ﬁ¢y|s fute°¢ ubaloarsdlid formation to
0&3{1trifuged at 2800 RPM for 20 m nutes. However, the
‘erial did not settle to the bottom of the tube

initially and was therefore, centrifuged for about 2
Theotgpation TS Ofag fpeveried <o 8 cedmbesiiuhhend dsariged of 3688 RPM for 20

ghehe Winlidn Vabbegtbdadd ind &P whBinSste@bwith 10 IWeRd DI H,0. This
centrlfuged at 2800 RPM for 60 m nutes before the H20

saiion gee seriTHEged TheOORAT foRdQ Finies brfsjseht B wavodsried Two more

HbA WRfed JBBr APt WAS. tTHE BariAS REIMm&DwNhEdwith m@-mZOZDo proof cold
ﬁ;{oof cold Et OH and _centrifuged at 23800 RPM f

Fhendesniparest & R REMOar 2Omautre beRed B Riio™ éané‘fioliwo more

EMAS RaSedNdre caadd dubthe Githe WdiebefoadMBe Wayple Whltpickd®dn @B ophilizer for
| oudy 81 WD 2006/ 014673 PCT/ US2005/ 025644 after the

C
¥9%59%¥ Et OH wash and was placed in the refrigerator
overnight to allow the reactlons to settle nore. The

O3 S A28 R P R AL P
ASBIMZ] sdlatimpos i approxisia@yat g/@nw@bgepav@tuomﬁn@qﬂijblﬂ wttly 1%/0 HCI.
LI (B 5y A2 P DA i
THOpH 9f nh.e?mact)omwas gljgted withi qoacesisit¢ddarggorun hydoxide ®2 pH ~ 6.57.
T&elge éicygl]iitetrseofsc‘quo%%n@?f leugiorp\@aSQdéeﬁ to the reaction followed by the addition of

225 milligrams of protamine. The reaction mixture stirred at room temperature for 15 minutes

before it stood for two days at room temperature to allow solid formation to occur.

The reaction mixture was transferred to a centrifuge tube and centrifuged at 2800 RPM for 15
minutes. The solution was decanted and the solid was washed with 50 mL cold DI H,?. This
solution was centrifuged at 2800 RPM for 15 minutes before the H,O was decanted. Two more
H,0 washed occurred the same way. The sample was then washed with 10 mL 200 proof cold
EtOH and centrifuged at 2800 RPM for 15 minutes before the EtOH was decanied. Two more
EtOH washes were carried out the same way before the sample was placed on the lyophilizer for

two days.
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9.2.6 Wiite solid ND See above See above 9.2.7 Wite

solid ND 1.74 1.62 NEM = Not enough material 5 ND =
woloodat#79. 3 Preparati on and Anal ysis of Prot ar@TeS2005/025644

Solids 9.3.1 Preparation of T-type Zn Conpl ex of H M

with Protam ne at Acidic pH Protam ne was added to a

10 g/ L stock solution of HHM2 that had a final pH -3

with 10% HCO . dacial acetic acid was added to a 10

e L L

mcroli®@rs of a 10% ZnCl12 sol uti on was added to the
/5 8P esolufibie atpippiea Bnadedly UG tedd wak bh:pﬁ@dlﬁﬁﬁltﬁn@lt 61l ~apmBini 109 HCL

hyd i,de H - qut| S irred at +
P At s B s B 1 Do o 88 Bl Bp d0% zach
sblotial vawadsied tadreh@ionebliord btyah@addwran Ciigr] mgép&ttzirmne The pH was
a(q.I ué%cy W’f%l],l con enttrtata ga%%%&%%lhggmxg%% EEI-II ﬁ]y %ﬁ been?%[c}on stood for three
dsnlautqomnemmhdewaﬂb\edoldrfdntah@ solid was washed with 10

m. cold DI H2O. This solution was centrifuged at 2600
TBEMaE@Jn I&Qtum \%t tﬁaﬁsfgrﬁéd% % ctellﬁﬁfu'é'g (Qouasa Qe%ﬁﬁages d; 2§%B\OQQPM for 15

nor e O washed occurred the Sane

THPHEPS- \Eélgﬁ@aﬁ% w4 de@nigd andihe peligoras O’t‘s‘ls}éfd Vb ralnaold DI H,0. This
s@lﬁt‘iﬁnr\’vzfs ugeeuadd 2686 I&FIW'f(grqu n%QutéE' Jeeh &8 PED a8 déc@rﬁecﬁt% more

decanted. Two nore FEtOH washes were carri ed

H2Qewa§5?fé>0%5?d Bersare vehel wp@ Wha ghep vaghed Yk SP e 00 Proo cold
BrO@RAd bdnZahget Qf ZSOBQPMV‘@r cayshuted e MR tﬁ@@@fﬂw&gamed Two more
PCT/ U 2005/ 025644 3.2 Preparation of T-ty

S FFreIPRBhe Y ﬁheﬁelaf HY ROghoNampe s plﬁwd/san rtnewophhzer for
tw®ldgk.i on at approximately 30 g/L was prepared to a
final pH- 3 with 10%HCI. One mlliliter of gl acial
acetic acid was added to a 50 nL aliquot (1.5 g
3.5t ei NResalts fdrePrakmniae Solid CoatposithnSi X hundr ed

r eaGhdiom f ol | owmekviions he acﬁﬂl“}’ﬁ“@n of 225wmizal | gr amspfiol

prot am.ne  The nH \WAS ndl LS r‘n 0 6 95 with

concehit rat ed  arhitesrlidm hydr oXibde and t hed.§éeacti on NA

stoath.f or two dmyssat +5 C tamal | ow sol igef or mati on wm

0CCL&3.3 e r ea%}lltg hgﬂ X1 ur e :%/AIE}§ Transter [ T0 a 98
cent+ tge—t tHre—anad—eentrfdagetd—at—2600—RF
m nit p4q The sATHEsUR was d ted and M solid wad®EM

was h&EMyr Nat epgughimageseld DI H2O. This  sol uti on was
cent NDFuljedatat 2600 RPM for 20 ni nutes before the H20
was decanted. Two nore H2? washed occurred the sane

93@%?/6 PFRArafePhsd Waslysid 8P CORPISds ¥ Indul® CBmpdERa BiQRfjugates

9.4.1 T-type Zn Complex at Al and B29 Insulin Compound Diconjugate

An insulin compound diconjugate having a modifying moiety -C(O)(CH,)s(OCH,CH,);OCH;
coupled at B29 and Al of human insulin (DICON-1) was added to solution at approximately 10
g/L and prepared to a final pH 3.15 with 10% HCl. Glacial acetic acid was added to a 3.75 mL
aliquot of the above solution to a final concentration of 0.25 M. Then 15 pL of a 10% ZnCl,
solution was added to the sample. The pH was adjusted to 4.90 with concentrated ammonium
hydroxide. The solution stirred for 15 minutes at +5°C and then stood for six days at +5°C to

allow solid formation (yielded a white solid).
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Et OH and centrifuged at 2600 RPM for 20 m nutes before

the Et OH was decanted. Two nore EtOH washes were
weanpioed7dut t he same way before the sanpl e waBCPUSes025644

on the lyophilizer for 15 three days 9.3.3

Preparation of R-type Zn Conpl ex of H M2wi th Protam ne

at Acidic pH A H M solution at approxinmately 10 g/L

was prepared to a final pH - 3 vvith 10% HCl .

i qui f e
oo oRHRE LRI AmiPLHERT hpd BRo H18H okl plbniyzate
DIGOHN: heay gided joownluiias ataa@pnq@netstlwdot ML eoheeprediogdiinal pH 3. 15 with

109%{” %@o&yﬂr Xlofdﬁg% /9%@&1&?01 w%‘k fed &0a EW@MM@ ali uot of the above

mcroliters o ution was added he
solugarc t TherpH whsl adivedd kyyS. et gticenitaigd apmonipmg 1%11]01“% r %zﬁ%/ uL of 2

10t‘>}f ZA4tS Of AL ﬁ? oe-ircﬁgd QRE Lk PR, MR kdihifonSds sH@& a@?oo&rﬂl@ﬂi})erature for

Aper at ur e m nutes before it stood fo
15darystemndrtb@mtqoémpmom gpeeretyredpr ghdas|te a“cf%m‘?’&tl?rs‘??l?‘& to form
(yRREYS whit\Blideaction m xture was transferred to a

centrifuge tube and centri fuged at 2800 RPM for 15

m nutes. The sol utjion was ant ed and [
Thggedshen Wi He ges Kins HFCHtOIj cepﬁ;%.lge-faﬁae S'and Q%nthglgg Ot It OZ%OO"‘@&M for 20
miaed. Tﬁé&&t@o@%a@&&@qtm&ﬁm sohi® wak mdthes whikfsonk coldd@IHRO. This

somgn g%fgg%g%q @%(ﬁg]%lﬁ éﬁ%ﬂ%ﬁ%ef% Ct%igr(? gvasrz%ga&e%%? the solid
w&%a@hedﬁhﬂ'&ln&lﬁ& SClﬁDtcbllde_IgBd) aatgaﬁ’l8fh6 s&e vy cemﬁlﬁrgeﬁ@ﬂt@ﬁo RPM

fov\zq, 1§1n8t§? Fei%%ra td‘gé—ll as Qecar?tn& eﬂxe s%nép € (}EQJ \% hgvgt_lk %ﬁ@@§ proof cold

e “gane fe sa

Etpliome dermmfugddeat IZQOQpTHNI fz 8p nﬁmxtes blefm% tﬁeﬁ@H 83 df@nted The sample
q %91 v éUSZOOS/ 025644 9.3.4 Preparation of

VRS Cf’onp éx of HIMRwith Protamine at Neutral pH
A HI M2 soI ution at approximately 10 g/L was prepared

% n@w\/\é@ t%gldﬁzy\cl MAgg HO . Liquefi ed phenoI

rrL reacti on. Then
DIﬁON I iwae ;addedfto goluims, aZr@mrszlesteb/ol O0ug/F- gmd \kééia%fdléﬂlf% phenol was

a(fdﬁcﬁofﬂe i Rl d]gé%ﬁﬂo Bys4 148 castehtatc@Rm@ionit HyB@xige OTIRATIB@ L of a

was adjusted with concentrated a

1%@7151,( isqjvéthndvaé aéq.qddq; the smple Tﬁge ?0@518{1 Istaﬂéngt?rB%ra ten&)rerature for two

widRE B8i10WaNR faimali@P ot RAPRIRE diité @lid). | ow sol i d
formati on. The reaction m' xture was transferred to a
centri fuge tub

trif d.at 280
S RS PP Y0 AT BRC b UGN T S0P RGLS 4R for 13
mwagke dhasdhhiob @vamdedaﬁtb(ﬁ afdl th¢4&Dd Wik iveshed Qhreptimesi with fuad- cold DI
f d at M { was
Hgggg&%le%)&ﬂg% ggs ntr 5 %z)r’lé 1n111<% a'E‘béBé M Ql‘?({ @Jcﬁntéd%eﬁ?agl h.

vvas es occurred sane
Thﬂympwms ﬂlamwhsbeme memwmag e R0NPIoRt B BOH dgaipsspmple was

c%%ﬁ&ed a% (E?M ﬁ)@tlrS d%fﬂgtgg 28t aC3ROREM,f Qtn st THE 8smple was

canted. Two nore EtOH washes
lymﬁnlezedﬁqrtwcedﬁyeut the same way before the sanple was
pl aced on the lyophlizer for two days.

9.4.4 Diconjugate B1, B29 (20mg/mL)

DICON-1 was added to solution at approximately 20 g/L and 66 microliters of liquified phenol
was added. The pH was adjusted to 7.65 with concentrated ammonium hydroxide. Then 320 uL
of a 10% ZnCl, solution was added to the sample. The solution stood at room temperature for

two weeks to allow solid formation to occur (yielded a white solid).

85



10

15

20

25

15 9.3.5 Results for Protam ne Solid Conpositions
Reacti on Cbservations Solubility % why Zn Phenol

WO agbid673 9. 3.1 White solid ND 0.66 NN A 9. 3. 2PAWIUS05/025644

solid ND 2.47 NNA 9.3.3 Wite solid 36.78 1.22 9.87
9.3.4 White solid NEM NEM NEM NEM = Not enough
material ND = No data 9.4 Preparation and Anal ysis of
Conpl exes of Insulin Conpound Di conjugates

1h el R o A e A CORBEU A a?i%eﬁgﬁgé'é? g ﬂ%? JiRfy for 13

nAnftsd I'lfhy Isﬂgtldﬂinveetcbtca-la@(l @hd (BH%))IS_I( mHiZfﬁhﬁi) BREAes @Bl eld cold DI

Ha é1 d %0 \910{1 Wéis r(ﬁng;( I fggtq%rl r{al_ utes é g(\)qul%l?‘aé%’g?cg ? afger each wash.
The saaiplepHs e &amed hlr%%els-l@th 5®Iam0anlrooac@d Etf)facAgthQs sample was

c?an?lﬁ edtaq f%()g’ R%'g/{ I%gnl 52%11 rgl%:g gn%{de %(ri] %?tgrv ach Q\#ra%l ct)sgmgie was

concentr
lyopigiizd fgovatdyen was added to the sanple. The pH was '
adjusted to 4.90 with concentrated anmoni um 25
hydr oxi de. The solution stirred for 15 m nutes at +5C
9nd Prenrratiovand dnalysi ofidytypedNIEGolids al | ow sol i d
formation (yielded a white solid). 84 WO 2006/ 014673

I'Us € C u 0 i1} n
%?9- I ngﬁ?ﬁ{]%ﬁ@%ﬂhr}]& (glg%%s del?e&n mi@é/\%/%ngé t?é}ﬂ) )

ASIBIL0 pobion et a@p@fﬂ&@f%koeg/&( P@mg)/ Was rpaise éiyafrgeadﬁltabp% % Wit 10%
Hd1n&d upét a30ddw M A1, sl)Ql%{@ﬂ'Qs ad&QQéﬁhe Ldmpie. ﬁhe'ﬂmfaﬂﬁged to 7.52

phenol was added to a 3 al i quot of the abqv
Wét&ca]@qela)tﬁte Woﬁ}]}%}é@r%&ieuﬁhé &lopg)y g)lupgn Wias ﬁtlrred and then allowed to

sBANGER RYel raf bk yoHloxisolal fophaiby L of a 5 10%
ZnCl 2 sol ution was added to the sanpl e. The solution

Tl d at t t
ThE Sl o s AR seip s BB and Soplioeh §PaRP R for 15
ninne. th@xoiqnbm absletantflendnhe eqhdewasl gdshad whh 86 Osmit ¢adl DI ther. This
t f : f
sol§tg)%cvléa% tcrerll gé'ldr a%a%%g g%%ﬁ%gl\lﬁ ;x%lr Ob%fo?he %E%aéér V%L%Sleéagtgg and the
sglgh weieomasialswitheowtheepbrendoftdald RBlowatet. Wk sevaslh dwn wias waghed with

3%%0 6%19 %(g) I\ﬂog'f'@lg)gt&@ L ce&tgg%?cl éﬂtzb(fbrkﬁ’i@'_lg%% %Ju'tefs "691%{!: tr?et EtOH was

m nut es ore was decant ed
deganted. Hhesnmle woserg cupasditsd tagreidearotelselid 80ma)- col d DI
H2O. Again, the sanple was centri fuged at 2600 RPM
for 20 m nutes before the H20O decant ed. The sanpl e

e waskhrbpedn fomplgx oS dy1p3 %moewagata(tﬁlssﬂa
ACBNDS sfaacht aﬁpr&&ggeﬁﬁlb’l 10128 Qadpraphr&Sto ed Al sH t-Bevifat 04 HCL

was decanted. Th anpl e
Five hundred pL of a 10% ZnCl, solution was added to the sample. The pH was adjusted to ~7.4
with concentrated ammonium hydroxide. The cloudy solution was stirred for 15 minutes and

then allowed to stand at room temperature for ~2 days before filtration.

The reaction mixture was filtered through sintered glass funnel (fine) under house vacuum. The
sintered glass funnel with filtered material was placed under vacuum in a glass dessicator over

night to result a white fine powder (900mg).
9.5.3 T-type Zn Complex of IN105 Monoconjugate at Neutral pH (5 g scale)

A IN10S5 solution at approximately 10 g/L (5g, lot#Nobex040706L) was prepared to a final pH ~3
with 10% HCl. Two mL of a 10% ZnCl, solution was added to the sample. The pH was
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was | yophilized for six days. 15 9.4.3 Diconjugate BI,

B29 (10ng/ L) DICON-1 was added to sol ution at
wappsoxionat ely 10 g/L and 33 L of liquified phreDUSHWaS025644

added. The pH was adjusted to 5.34 with concentrated

amoni um hydroxi de. Then 160 L of a 10% ZnC12

sol ution was added to the sanple. The sol ution stood

at roomtenperature for two weeks to allow solid
adiugtrg@? Ll ~7OAP w1It ¥ oglc(rz:e%%ll’atec( I?%nﬁ S’? h?dr Xypde: g’hgg é){nﬂ% SF)} gng\-igggeﬂaeneallowed
to amat emrrruerﬁlp@ed”e aver@go o #eM sbixd fotrBatioprbefore didratifhe

solution was decanted and the solid was washed three

THel IS0 Vﬂehgrgéfl Thove Wagsp@l intd #6d mI NEntSA é’tubé%rbn&\@ﬁtlally centrlfuged at

centr| 15 mnutes at 2800 RPM and decante

3280 REM Bno oS, The TSEREIG: b8 ONENETLARES KRNe 20 minutes
anli sI0RA alMethyver dignt 2005 L%@I%%nt%ls BeckltEdhnd AGALII 46y SIRIARYIA 10 mL

was centrifuged at 2600 RPM for 15 m.nutes
coligHCHEPT $20B b A L TWRES Here TN &g et e 330 kont for~ 1 howr

bekafé) RRifjoz @6k dRintddMhdARY Solid9 whredwddh&ORjik gadtier BA mIB2Ad DI H,O.
(20ny/ m). DI CON- 1

ded to s
A AR RlE BPy oDl Sl BEVhiPey DR Bredbe 1Oty egagied. The
saPPRARE waikds wal de1d. mIT b Iﬁ)drtbf\ﬁalﬂ E&Oﬂﬂ Hﬁd c&dtnﬁ@ec? atSEOQI\RPM for 1 hour

SaR LR 8 ATRD MY IE dgShy L  1

(18#106Ex 07300 of @hjiepoatdet e for 30 tvvo weeks to all ow
solid formation to occur (yielded a white solid). 85
WO 2006/ 014673 PCT/ US2005/ 025644 The reaction m xture

9.8as trMl&rfneﬂ”-WpeMt@iﬁ&rﬁd@g@pb&iﬁ@l%nd centrifuged

ar—28686-RPMfor—35—nrnrutes—The ;un Ut TOIT WS decarrted
and the solid was washed threé"l’t' W;E "5 m, cold
DI H2@eadihe sol ut i Owemvaonsent i l\lil 2 Plfa r 15 i &s
at 2800 RPM and decant ed after ea myash The sanpl e
was—ther—washetd—three—tines—wth A s proof cord
EtOH  Agit-h the QFIWE]FGQSO]\I s 5 centri¥ig ged at 2600-RPM

for 15 n-htes andWealit ed after Ka®h wash. Thel7
sanmpl e was3 | yophi Whzedid or two day® 9.5 Prepariisi on
angd—Anmarysis of T-type I NIUS solids 9 5.1 T-type Zn
Compl ex of 1 N105 Mpnoconj ugat e /L concentration)
9.6 | NEGwasaion ansgAnalysip ph Rty paithy (055 dy/ L (100mg) was
prepared having a final pH -3 with 10% 10 HCl. 50 L

9 gflea Ia qezwsye\azdﬁgtlagldeiq.& mnwcwﬂﬁngaﬁdﬁﬂl Pﬁfﬁdl ?tsmm}ae pH
wa u concentr.a 0
olfphy PR BEE T @Zcﬁ%%&y e PERTOL AGGY ST et 10% HOL

a0 Hurddh@ni Adrl10%esh AL, Qnd $¢ 0 doff 1Qfuefied pBerdRy S aatiedrto @®above solution.
te erature to allow solid %ormatl 0

Th ea
B RAE0 {4 Bs VO R G BBR YT PG bl S olution sat o
rdéﬁiriétﬁ hekdnge ehr atday? 9O8oRRMid fFmatn befbmdiliesion. The sol uti on
vvas ecant ed and the solid was washed with 3x10 nL

’I%e reactlon rmxture was Pﬁered through sintered glass funnel (fine) under house vacuum. The

sintered glass funnel with filtered material was placed in under vacuum in a glass dessicator over

night to result in a white fine powder (440mg).

9.6.2 R-type Zn Complex of IN105 Conjugate at 5 g Scale
A IN105 solution at approximately 10 g/L (4.2g, lot#Nobex040706L) was prepared to a final pH
~3 with 10% HCL. 1.5 liquefied phenol and 1.8 mL of 10% ZnCl2 solution was added to the
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15 solution was centrifuged at 2900 RPM for 10 m nutes

before the water was decanted and the solids were
wor@kaetiens t h anot her portion of cold D wat er. PATES2005/025644

sanmpl e then was washed with 3x10 nL 200 proof cold

Et OH and centrifuged at 2900 RPM for 10 m nutes before

the Et OH was decanted. The sanple was vacuumdried to

provi de white solid (90rrg) 9.5.2 T-type Zn Conpl ex of
abolge F%Utlof‘}g?g? gfl{ flg cﬁlts %!tg 7S£ 1t§l?necen6tlrrAtelg %I{%O%nlﬁgllhﬁngoggﬁ%e very
clo@iywiohitionl®8dd Gloom tﬂwem@mmt LY aﬁbw anofleQSyecami@et 2o form

sol uti on was added to the sanple. The pH was adj usted

TL reacz oit gerf&rﬁn@i a%gvrécv%gts%lﬁtnﬁg4mnéeﬂmﬁt@é%bgg(érfantlz;ﬂ}%enmﬁlged at

tion was stirred for mnutes and
3%{]0I @?Mdort?oh@!%nﬂlea@atwb At e enérifisged af 01000 XPh{ps 20 minutes and

stQI%ﬁ Qr &cf dvbt Figike! % sugaﬁat&@ 6l 1IN ¥ldUhe saa\@svafswag&e &fth 10 mL
hr ough si ntered % ass funnel (fine) under house
[

C%P& bﬁzﬁ frypgachyupes The Wheave igycsted eitheantrifpged 253209 BFdor ~ 1 hour

b&BLaRd ﬁLo YRS dBaRE® dndiind @511& aa&‘e%'%dh@d ﬁlltﬂ'flﬁ&ﬁerCi@SrﬁL Galas1 H,0.
over ght to result a white fine paowder (900ny

Agais, the Sl zwtre%gfmaé?@OBfl@M@os ittty g L s " decaned. The
saNGIE | waptidd (Wath@x Bt @Do ArobMNbRISEtOHabl batrifaded at 3200 RPM for 1 hour

tely 10 g/l, (5g,, | ot #NobexQ4QO was. .
o PR G et Thsaiiele Wi FrTD ST 2 5 ChEivf-34g of wite
pde.ZnC1l2 sol uti on was added to the sanmple. The pH was
86 WD 2006/ 014673 PCT/ US2005/ 025644 adjusted to -7.4
W th concentrated amoni um hydroxi de. The cl oudy
995d ut | MesukisforfeTypé IN]{%SoltdcﬁmhpmitiQts room
" :

filtratda@mn The DBaektaR pe '}9]‘ d abewsy 2@s Splvi/ Phenol
i nto 4x50 . centrifuge t o dlhlfla||\l

centrifugéd at 3’@’@@PSRI1Mfor NP total 218burs., The237
mat eri ay.6.nwas thenweenbid f ugeth-st 9000 RPM for 20 2.66
nMMures 5 and stored at _oC over nignt. The

super nafjpiny@s, decanted and the solid was washed w th

10 mL cahd pBlorkik 1.4 piBspakhuittoe. The tubes were
i nverted and centrifuged at 3200 RPM for - 1 hour

before the H20 was decanted and sol ds were washed
i t nPEeparafian angd apalyys af Protapine 1&3{}3 ﬁ"h he sanpl e was
centrifuged at 3200 RPM for ,,. 1 hour before the H20
ovras deqaepadtiodNef Féyfid Fnwaomplenest WNILOS 2XbRodtnjidde with
proof ggbehnEh&ak ABdicsmt ri fuged at 3200 RPM for 1 hour

10 before the Et.OH wa ecanted, T
AdPL & oriPn f%plaﬁ%te{yc}%g%?% PEPEAY a?ﬂ&fﬁrﬂ%éé&"@%ﬁ%@ Kjaifed
plﬁ&qolvvma L) ROMIET to 29154 alRRSIL $BmE @foteln)toy e abdNk @5iuikal iTte pH of

HARRI g PO B ™ bul oy 4 o 4. Ore microir

obzhliﬁ@ﬁﬁ@l@ sdiutfdnés added to the reaction followed by the addition of 22.5 milligrams of

protamine. The reaction mixture is stirred at room temperature for 15 minutes before it stood for

two days at room temperature to allow solid formation to occur.

The reaction mixture is transferred to a centrifuge tube and centrifuged at 2800 RPM for 15
minutes. The solution is decanted and the solid is washed with 5 mL cold DI H,O. This solution
is centrifuged at 2800 RPM for 15 minutes before the H,O is decanted. Two more H,O wash is
occurred the same way. The sample is then washed with 10 mL 200 proof cold EtOH and
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9.5.1 Wite solid 80-85 0.0 9.5.2 Wite solid 10-20
1.67 9.5.3 Wiite solid ND 1.88 9.6 Preparation and
W@ Psi633 of R-type I NLO5 solids 9.6.1 R-type PEI/US2005/025644
Conmpl ex at 1 N10O5 Conjugate with Phenol at Neutral pH
15 A IN 105 solution at approximately 10 g/L (500nD)
was prepared to a final pH-3 with 10% HCl. Two
hundred L of 10% ZnC12 and 165 L of I|iquefied phenol
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allow solid formati on before filtration. The reaction
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Sol ution. The pH was adjusted to -7.4 with
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TGP AT G A BR 0 Gra 1bS oy et ot gt Ry for 15
miflee Phesilylioh & @&ched MidMhe sTBIﬁ& wae aathed withertf of neld RIDd¥e This
trif |1
e T O L
wish&nreantrrddfihegetie aty. I0RGaRpMisftiom RGhediwith 58 02298 Pr®f cold EtOH
to a
an% gnt{lﬁiée& atsz% Y@f\/l Por E nam;lt-&e%e‘?oggﬁ{e%ﬁ% d%@ﬁ't}_g ?‘?/Q'ﬁ%ﬂe EtOH

sol | was was old
w@hesharet abed ofiike samb &3y hefore thersraple sdaemth dieheover fwiglats: at
3200 RPM for - 1 hour before the H20 was decant ed and
the solids were washed with another 10 nL cold D H20-
9.Agai n, PreparstiomppERvizne Eaytaliing gaCappley oDl for - 1
Ah:% 1@1@1@%@11@6? smtgn%ﬁtaﬁ!ﬁ&%%e&ﬁanﬂh%as L 8edB8S.47 using 1M

roof co

HEb rﬁoilﬁ Phﬁ@@dﬂaaﬂneﬁgb@ oD Korarer brBupd B8 S5 B digido ppon fask

TH@SO Qﬂ?@fm‘%damdﬂb@ a%laémk Qn@@%ol\l\@&ﬂwm siabee {e@dho%’. day $H of the
sults for

I
sood s st Soh 1 BoaHB I PN SHRER 1 TR P RE. 10mL
alfqiHé Wiepe P10 kﬁethTov&%lgl\fSH\ivﬁﬁbs% 850, Brena) 5.6,3.866.0, 6MI6t4eand 6.6.

T]%l%lallng Nvlif)ﬁéfﬂioweg to sit w181out s%rrmg fgr%4 %c%ré q\leegle %Tsce crystaills were observed

under a microsope.

9.74 Preparation of R-type Crystalline Zn Complex of IN105 Containing 30%
Organic

A fresh 15mg/mL solution of MPEG; propiony!l insulin compound was prepared in 250mM
ammonium acetate buffer and the pH was adjusted to 2.81 with IM HCIL. Liquefied phenol,
0.040mL, and 95% EtOH, 4.25mL, were added to the solution. Then, 0.400mL of a 4% acidified
7nCl, solution was added to the reaction mixture. The pH of the solution was adjusted from 3.7
to 5.4 using 50% NH,OH and pulling 1mL aliquots at each of the following desired pH: 4.0, 4.2,
4.4, 4.6,428,5.0,5.2, 54. The samples were allowed to sit without stirring for 24 hours. The

89



10

15

20

25

30

15 *In a pH of about 7.4 phosphate buffer 9.7

Preparation and Anal ysis of Protam ne |INL1O5 solids
w@200601487kpar ati on of R-type Zn Conpl ex of | N1IBSI/US2005/025644

Monoconj ugate with Protam ne at Acidic pH A I N105

solution at approximately 10 g/L is prepared to a

final pH- 3 with 10% HC . Liquified 20 phenol (248

uL) is added to a 15 rrL aliquot (150 ng protein) of

mlgosca?egp\éc rg’sto tﬂlyezr:l 8ﬁ%re2ﬁt rcnér Ehdywed neednqu Ié%gayg gsee isgure 5! frolgil the pH

r&ng645©3501e mcroliter of a 10% ZnClZ solution is

added to the reaction followed by the addition of 22.5

mlligrams of protamne. The reaction mxture is

96k3 r r edPraparagiom eole dobipgt Grystalline 1&n fomplexs fel¥@ jn 100mM

st ood fammonimm AeststedBuifayddd.t20mpdr 1 addOB) al | ow sol i d

{ QERBI M, QoIBEEUr MBE G BhAhiE Gal

Atrﬁg%g%e re %g%gtogl %:entgr? Er%go{?ﬁ ! cfé%utrl “ude arectl i 100mM

aR@OBIURRIVEthig rbuffe ang thmstasm@sf@@ Itmt2+8o\wth éMdIé@anL@eIef@ﬁ cphenol,

O%E@mﬁ %Llﬁ gS% %td‘l@s’r%ﬁilLV\@vérQ a(ﬁiemco tﬁ@éo@{l‘u@h ’H?e@ 0. é-lrd@hﬁ; of a 4% acidified

solution is centrifuged at Mfor 15 m nutes
Zpek slationtyes pgded tosthe) esagiivn érgxturpwa" hﬁ@lﬁ @f 1o sylyiipatvas gdjusted from 2.9

@5@\4{15 ﬁdmﬁoﬁ%&? mmgos‘ﬁtle 1886 hiRadnSoritRen Gretiptha.2, 4.4,
G G T S S0 0a) Bty
4{5(:4’/8@@035/562@641 he sagppies ieifgdl@wad toosionthREMErEe f11524 hours. The
nirbdebspi@tOfaRent dier B Kddrd SoWeCakRlRike THRaldBoH thE H¥ range 4.4 to

4Washes are carried out the sanme way before the sanple
i®s vacuum dried over two days. 9.7.2 Preparation of
R-type Zn Conpl ex of 1 N105 Conjugate Wth Protam ne

AafresNelfintgahl. pbtuthonfofl MRDG,; @@bmhjﬂ Amsublit cerppiuok ivam tpedpyred @ 100mM

mlt‘)rd%S efe% t@a}ﬁeno?n% t%gpjénﬁﬂf a%%ugte% gode t\!vﬂ]nhl%éf 1%5' Liquefied phenol,
Oloé@tnl,laod] 95%5@11 262(5mm ©ere bqldeé tosthgfolwion. 0VbeZNCIRmE aif atVorsidified

Z.hélz sﬁgtg)%%ag Qdcfeﬁ_?octtné %Qctfog lnl Tgé/ 8\%{ %ﬁth@g(q{ltwn%s Qcﬁjusged‘rfrom 2.9
ng protan1ne. t concentr at
tanfroniauM YEed )@IICUEIH’!I@ OaSn‘gmluflotsrat@@)ch of e foltoareng dspired pH: 4.2, 4.4,

%' h@"‘@@' S0 59t apd TBQEalﬁplﬂa‘% &fere :ﬁl%%éd A sit L s%H&%rfé&t 3 ours. The
to allowdolid formation. 10 The reaction m xture is

miressefediqtaes telsn afte @k heyrs thgwed itsls-1ka grvetaln fipmthegdtrange 4.8 to 54,
2800 RPM for 15 mnutes. The solution is decanted and

At hieshtsgllﬂgdmy\@autmsctf?dpm; bro@ogyé ghslggﬂc?nﬂungg& pldphr8d in 100mM
solution Is . centri or nul es
R RS SRR 1 g B Eh S P8 PO G aLidissed phenol

006@hlL,raadlodh EtC&BHHSﬂmywerg_hﬂieék am@é @hitisn.t Tien, OMBhE bf Wi tdncidified
at 2800 RP
250 e 08 P BT RED o S 2800, M o
toB. ©hbingl BV WakOE sndyrudlingdr smlediqoalt attehed of drdolivawngalefied @H: 4.2, 4.4,
he,s l£.,S:.va

5t Eoet TR o7 S RTH Bales Stp e W3 Bl st or 3. The
m&crcacwamt@nsgvam alﬂhdl%hcsm dpwehnedndise myﬂ@ls 2880thy pdminge 5.0 to
swas pH adjusted to 3.47 using 1M

9.7.6 Preparation of R-type Crystalline Zn Complex of IN105 in 20% Organic
with 0.1 and 0.2% Phenol

A fresh 15mg/mL solution of MPEG; propionyl insulin compound was prepared in 100mM
ammonium acetate buffer and the pH was adjusted to 3.0 with 5M HCl. Liquefied phenol,

90



10

15

20

25

30

HCl . Solid phenol was nelted in a 40-60C water bath

and 0.218n was added to reaction flask. Then 0.4nL
woRoodAames di fi ed aqueous ZnCl2 sol ution was adPeriUSZH05/025644

reaction. The pH of the 20 solution was adjusted with

IMNaOH to a final pH of 6.6. Wile adjusting the pH,

10mL aliquots were pulled at the follow ng pH val ues:

4.8, 5.0, 5.2, 5.4, 5.6, 5.8, 60 62 6.4 and 6. 6.

O;E(?rﬂlg ngb&%@i@& e7 f‘m[kovggeda é?d tf) éhe sV\fu uf;he deég)lbmﬂ%f a 9% acidified

e°bbsér und
2t sdsipevas 9ddéd 4o Re e:paroahmxmreofrthpH ypthe Grlytaalds Iad]esttii’from 3.2

tocgg@%me XS]\? I]—lllj(lt}j]:—ll %ﬁd Ig?ﬂﬁ@é@}nglqg(%{ %t ﬁ%ﬁ% olgr”q%u{;ﬂo%n‘fg (Ieglﬁe%ﬁlﬂd! 4.2,4.4,

4Waé 8F. @éaar, éd, b.6. 250 sAviplea meomillered betitavighobiudtifrang faanH hdyes. The
; ) . ) |

BRI RoFh M YR B SRRl o e

solution. Then, 0.400nL of a 4% acidified 2ZnCl2

As Bipslit 15en/ mlasoluérteef MBEGharopiend tinwhn pReqing way fpecpiyed ¢ 100mM

aﬁﬁ%mﬁgrl déétht@ rbuifiﬁsan@%él §He\9astdﬁﬁfe§ td 3 60wmp 5161 écusmgefé@%henol
L a |geots at each

ORI 4> R Cop st 9o s Solepy Thop, OAJOBL o 476 cidiid
ZﬁC@ solBtioh-wald B&le8 aMpk @‘éctibﬁ hextale] QWEHH bOhS kdlutWntv¥e Wljusted from 3.3

P PR o8 s i LU e e IR P2 44,

4169448 s5.8swed, needhe sdnipks viél‘eyzﬂloafled& to( SteeithotiguiftgSpr 14 Iirs. The

B A5 e a0 o8 BB RSB OB 1R e 052

Acetate Buffer (30, 20 and 10% EtOH) 5 A fresh 15ng/ m.

utl nsu u
pr epar gn aﬁﬁ@ E[‘ stahme k{n C 1%?)?%&21%& 8'_(? gram
was adJ aZ' BWe Fﬁﬂ“ Li quefi ed phenol,

A0 fr&A Orfing/naln dol@iﬁﬁrb CEtMPEGAprzﬁlnhyl imelie cadptedd tvas lpl‘@ared in 250mM

asglfnlil L mgaﬂcet\%g a g‘ligeo }'HE‘I v9as a% ucs:ttéa g)ﬁ brgn \51(1 hﬁ?l\él I;{?Jﬁlgl ﬁfﬁefl phenol,
211 L sapld (96 VoditOWa 825ad ), u@teeeddefdrto rie2soBition. 0 TEEnG2 Ludyiin gf &#ho acidified

ZPJEI? %M%% léldliédntg tlQ: 1’@%01;1’11'1%9 t th@f)H %T’li% sglfutugrh@as adéusted to 4.8

' ow ng desired
uging| SMoNK,OHrh @he setpioaswasealleved tooSAbﬁlthQ?t gtrrrmgnfor r?duhours before the

cl%zEthlﬁ bR BadvOted2 MBS crybRB wetd QPGP Be =6 M&éoﬂe%
after 24 hours shovved needl e-1i ke crystals fromthe pH

range 4.4 t 8. A fresh 15ng/ nL sol utign of (%

Tpe erprrte}ﬁ yrerq eisrih o SRH e rrégn%r@lﬁs%rreeﬂﬂq PP entrilvge tubes.

TASMBE Wit ametanl GOORPIIeH:r @nthutds @t [T Wareadld tiptrastart vad d&anted.
: . A

T ntdg eg t’é%ﬁas%ﬁ@%ﬁ%éﬁ%@ﬁ!ﬁ%ﬂ%eﬁo@e %‘%‘ch’figgﬁ%%%ﬂg in%(? 2/0 tubes. The

céhirff0grocess vars 4Yeaal dicd ined wiih ChA vaiak bitd tofrewase wtdetd EtOH. The

oA B Y B DB 07 B prgece oo

yBldgwiw)atlatiye od the aartmgmhtexma‘i. the foll owi ng desi red pH:

4.2, 4.4,

9.7.8 Preparation of R-type Crystalline Zn Complex of IN105 at 1.5 gram
scale, pH 4.8 and Room Temperature

A fresh solution of MPEG3 Propionyl Insulin compound (IN105) was prepared by dissolving

1.52g of solid IN105 in 100 mL of 250 mM ammonium acetate pH 7.5. The solution was

adjusted to pH 2.8 using SM HC1/ 5M NH;OH. Solid phenol was melted in a 40-60° C warm
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4.6, 4.8, 5.0, 5.2, 5.4, 5.6. The sanples were all owed

to sit without stirring for 24 hours. The m croscope
WER@b01433 t aken after 24 hours showed circl e- | PREUS2005/025644

crystals fromthe pHrange 4.8 to 5.4. 20 A fresh

15mg/ mL sol uti on of MPEG3 propionyl insulin conpound

was prepared in 100mM ammoni um acetate buffer and the

pH was adj usted to 2.8 with 5M HCI. Liquefied phenol,

W%%l%ampoﬁ’r% é)ﬁe? I%qu_{ r‘?ﬂ(} 4%?1%% Hgﬁ,é?cl?tgafl eé”g a&c%% &?ge reaction flask.

THeo kb iod#s\weidifiadl shgelouts InChevas edied ioolhe mictibu flask. Th@repmirtgfsolution

W%%Eﬁea_?%lu%l%é on P%% %&gm?\gﬂ (f)f:IonPhg r§act1$now% to?n Uz oGsz ﬁMn without

quots at eac
stlfroiglmeSﬁgulﬁ ésﬁore@dysp:ld wete 12arve4tedL Nowlledlikg, cry4tanor15at1@n wgs gbserved
aft%{f‘lhogrsﬁnara—lc“r% Ci pl es were all owed to si t w thout
I'rring for 2 ours. The mcroscope pictures taken
after 24 hours showed needle-like crystals fromthe pH
Theanygials5vege hagvesisd By smijiting gF e e3etoarsiuey 2PnaRt KRl cenirifuge tubes.
Th(;r tM%E %xle sﬂﬁl it aPMbEXR B thNLAR. IThe 3@&@aﬁﬁ%s@hemﬂe&aﬁted The
: an 2% Phenol 30 A fresh 15 ol uti on of

eﬁahcsﬁaedmﬂ washedivith! # SmpaiinHet ge-ml‘iHaQ thn s 2HEHIRREM
foamp ITth Fl%l@ﬁfaﬁﬁtevab wfeh acamad deeatm-dhmsshﬁgd spfihg ptodeddreOvith 1

W I uefi ed.
P RDOYSIEPBb hes i %1&% B GII%BP\ngedﬁ9d6 b %ih%eméyftéﬂs were
thekied it Ovathien &edidatdr overnidiieNhe RocdBebroddced 7340/l (divf)irdalive to
ZnC12 sol uail on was added to the reaction m xture. The
e EAHEE PHE% ol uti on was adjusted from3.2 to 5.6 using
5M NH4ACH and pul ling 0.5nL ali quots at each of the

9 égl | O\MPner L % H 4C2 %Stél}l e Zn (?dm]iim? BIgﬁ’OSS 2t21.5 gram
stirri ﬁ 1‘?’&%‘&% mm?ﬁ'@p%r Fﬁl Croscope pictures taken
A a*fetsle thﬁ{bn () lMIEG%hhwdn}ct ibrsolire cdriffoend: (05 | ve:s forapaned b dpbolving
%? scz)lhdl4 H\IIBS ? f'OO mﬁ Jf I‘2(15‘§ Enl\gisaqgéo%ms QJegtel ﬁ?{%f 'MDEs%tion was
Bpi hy1 i nsdlin compoun repare
adgmmsam o 2afc extiret BV LGS eﬂohémhlenphwaSpmielwasn adi08t Edware @tq bath.
40?‘&1]{_‘7 n{%@ﬁeﬁenok d fSBﬁdlijf@Q% bH weQe 91%9&% theatrégct1gx5%{35@ %n 4mL

to t ut i on. .
of% aidifiédfdqpebus Zp(Cil rasesided fodhe Kﬁﬂ%l%ﬁeﬁé‘d Tlh6 r@tswén% @&E*PP (‘.Yﬁs then

(fiﬂsfgi wﬁ—l 4 108 P4 @sfHJ)ﬁe Tﬁ@%eh@tloﬁ? Q/aé/\ﬁgn zﬁ@iwb’cﬁfo%ﬂ vxflth&mstﬁngg for 22
6 using 5M NHAOH and 9 5m_ al i quots at
hcelssch@fom cryds VeF heesig- M}%@Ofmﬁﬁdl@r ke crysta) formgtiy ang prscipitate
wa: ShservedZafteP 2 hours VB micRRccp8MAIE Sead@inemxbdr®YRdark® toShd completely

Wi thout stirring for 24 hours. The mcroscope
Crizﬁtaé]t“li’ra@%rztlé‘R@ﬁ“éﬁl%rPSCEEF hours showed circle-like

crystals fromthe pHrange 4.4 to 5.2. 9.7.7
T @ddl Sbrér® ﬂar@ésteR—btyytpesféBny@malréaicm dinryGormpl e25@EL tdfiFge tube.

Tl?ae]t,tglgehvgﬁg,ﬁ%/m tla elrtq&OBM]?/I%R}%g&lRoﬂl@sg ee% a%%&rt enld%cﬁted The

on o I NSu
crgdtpoera dasvad with £pad ed aligud@ SﬂnMolfaHrﬁ)thﬁmmuaeteltOéD@ RPM for 8 min.

T}Eeusfufgeer{[\ataerlx? wa%ttﬂgn ecaryé%ts fge%%atﬂe%ttﬁéjw% gb?%/E%%%intg r&%u'r_g\ylveﬂ? 1x20mL

€eno 25nmL
alaqdeteﬂ lqeecotdhléaosfd)bmmtbﬁ x 2Phwh aliguts3yticeioldaEQHh andiachime] by 20 mL

aliquot of ice-cold H,O. The crystals were then dried in a vacuum dessicator overnight. The

procedure produced 67% yield (w/w) relative to the starting material.
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ZnCl2 sol ution was added to the reaction m xture. The

pH of the solution was adjusted to 4.8 using 5M
wWORMGHI46THe sol ution was allowed to sit w t houPCT/US2005/025644

stirring for 24 hours before the 20 crystals were

harvested. Needle-like crystals were observed at the

T=0 m croscope picture. The crystals were harvested by

splitting the reacti on rri xture into 6X250nmL centri fuge

The t.ube ORPMf I in
9 g\tIBlOCPB‘éR%?EO‘E have msé@" dien 8t RS, it 4§ ram
each t d5dle Rigd Saﬁiﬂie]ao?m RESAYTEDO bef or e
ACEHIS ediindat drn@PE B PR plobd @8sul it teOmpbub &l BE 05) W prepared by dissolving

ggntrl %ﬁf@g@ggp}g&@{sﬁ rgg[t ed once L[’Fgaie%%n ;w @% To%utlon s

adpBted td pren.4 dsihesMwalhSaiddaadol aps halep i 402@1*’ Cfmnrm Jagtalsh. 2.13

3RS LRSS L BN, LSLRLNE P13

of@% sdidifitd spectn Z@0hplexdded tol thid B5ctmb flasks e agwnitisg ajhelon ek then

4. n Q9m T 4
GO PRSI LR PEL P A
hatirsteilry crpgals 86re harS@tpd o Theshdtign KOS appsartd® beicompleiply@rystalline

P{E% L ym acetate pH 7.5 The solution was adj usted
o gﬁﬂg %%u%sr%n% 5M HC1 / 5M NH4OH. Solid phenol was

melted in a 40-60 C warm 91 WD 2006/ 014673 ,
TiRCTysUbB0s ho 2564 4y siiting thegetiion Ao aBpnandlt edmbrferpfose tubes.

Tl?qubeé gvelférﬁhurpﬁntl%/ﬁt b, G KEeVI€ordRd ThOsupBiBathiR 868 ih@rﬂdecanted The
T 4ml of 4% acidified aquegus ZnCl2 wa

craﬂ%iw e Phevreetie P lask MR eblIErRY S0 e gt 2t 10000

RPEStol ) @ith. arljeseBfdtahOwihheh dcabbddNBefehed\itd Glabhinkh €pinning procedure
reaction

was It t t t f
i hob L darepbcer o bal Bonatted e Bitiths @ispledigant « i
1 &_ﬂ}l)&hlabhcfuﬁf mﬁd-@m Has 'OKES@SIM&QWGIE tixhtdeied 2la treuuns dessiaator for 2
m croscope. The ¢ tt
ot TR eaie o] 1% JoR Rg P Kb Shumtp iRt "
tubes. The tubes vvere spun initially at 1000 RPM for
9? gL owar%%% stilﬂﬁgézg.e%%‘f% of €105 at 10.0 Gram
of | ce 83 edp ?'}1 %IBunen}ﬁeré b RPM for 8 min. The
Asfupk soiaticndf MBRGI hepiodd dasvlie etomRelpé A8 aS)t We epstei rpg/dissolving

o e T T
adjusyestiabl 2\iariog SMHERL Srolidpheie] ves wtieaimn 6681 @ gy water bath. 2.7
mgv Hg enoﬂﬁ% . 1 9&6&%5% %H%F&ngd%JQ%lrchﬁ)n(f%WThen 27 mL of

ativ estartlngrraerla . reparatlon
4%facﬂ1fte9 peue@asy%mfai Prsheddgth tod@maetﬂ@noﬂaslf NIbSreé‘tlt“!S lugpm fas then

a(ﬁ&@édq%pée@ b g4sifte SANIROPMTHE PR ALWHAE Bred Allcvell FRSviBOht Wlidi@R for 21
Propionyl 1nsulin conpound (1 N10O5)

was
hoyrebeiire gysﬁgls Uprg §@ﬂvgs|tqqg Thelres(@log nypfture gpRegred Nlt@gopﬂletf]gdrystalhne
affle 28fhod® Oia i rad¥BENi UM acetate pH 7.5. The sol ution was

adj ust ed to pH 2.6 using 5M HCI Sol i d phenol was

Tgeclzrgls%a S were %arvesteg%y splv@ngmhe reactlon sﬁlrry among 6 x 250mL centrifuge tubes.
The tubes were spun initially at 10°C , 10,000 RPM for 8 min. The supernatant was then
decanted. The crystals in each tube were washed with 1 x 10 mL aliquots of ice-cold H,O, and
consolidated into 2 x 250mL centrifuge tubes then spun at 10°C , 10,000 RPM for 8 min. The

supernatant was then decanted Repeated the washing/ spinning procedure with 1 x 30 mL aliquot
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400L of nelted phenol and 42.5nL of 95% Et OH were
added to the reaction flask. Then 4nL of 4% acidified
wWaouweous7¥nCl2 was added to the reaction fl askPCTN82005/025644
resulting solution was then 20 adjusted to pH 4.4
usi ng 5M NHAOH. The reaction was then allowed to sit
W thout stirring for 22 hours before crystals were
harvested. A m xture of needle-like crystal formation
ﬁ‘\%gf‘ggg‘:&)@‘tat@ 2rx\é\%§ ﬁgﬁl&%t\é'%?%f?%ga tge%rgdrfma\{l x 30 mL ahquot of
iccenidl IéztOeI The cryytsls avdrd hen afitdensizsl a hn@mnhwpvly@hmlzm 6sCofeys. The
The . ri ng the
oS eV 0 DL RELGHa e LEABRAREL Y Lo” o5
The tube was spun |n|t|aIIy at 10, 000 RPM for 8 mn.
€ PHARLRAsRAha YRR gaait EBfpef lof HIMS udfk
9\/€-Elgsh§&&5]ﬁ&? ‘é&% r?% e‘ffl ot o d%lcl:e cgled H20 %u borganic
spun at 0,000 RPM for 8 m n. The supernat ant was
t hen decanted. Repeated the washi ng_/I i nni ng
9% bced Frepavation bf R-gpedin CanplgestofdlIMze- col d H2O t hen
with 2 x 20 nmL aliquots of ice-cold EtOH and a final 1
x 20 mL aliquot of ice-cold H2O. The crystals were
At fesh 18m#/ed) sohntion olidiMAvebaseriated tip 5 (e ppinghitm atigie buffer and the
pﬁ NG eclgfdgtgd Br%ﬁg 51@71-?/@1)/ : L@%lgﬁédgﬁlh%ol rﬁuﬁt dn\ﬂ@S%oEtbﬁe 3.5mL, were
tarting nateri al 4673 PCT/ US2005/ 025644
a@;deql 1o te pplatnar diben r@O@fL qrﬁ at 4jp acidifigk Laftly sofsior wagaifpd txthgfeaction
nluhthS 18t pB. & 1fd RMkiowead Kii usReh' fbnB3. @DQ) &Q@gmlér W@Mn% pulling

fresh soI uti on of MPE pi on I nsulin conpo
5?(]“&1@5‘}0%%@%%6&%0%% %Sg%ddﬂw 413@8%&516—%&1@ 68 3.0,5.2
sUN8QTibte 8BS 5"61—5 9f6 @ Sthe¥ihgemiRé AlTBwaE R satvathBid sifriBg fof D& hours.

sol ytion was juste H24
Tb‘h BHBPSCoRgPITHEPY @gen. arftea-?‘gé%b féwﬁiéflﬁﬁd\%&ﬂ% rmﬁ"&[—% 123 ‘&43 The pr
rdfike B6m ABl 6.0 hdwiene) crdfalling Bk salidsaff vahUe fhgdslatesirs.added
to the reaction flask. Then 21.3 nL of 4% acidified

A esul F m%{Z 1 Soﬁm? i 8%1%&\22339?#36 tape i gibf I\é nHIOL% }Cﬁatlg %uffer and the
pHMdlemd PhaoY eitlc ﬁMdﬁClwatsqueﬁ@mmhdl,oma, etnd 95Vt Bt B\émL, were

%h td {hQ golﬁt‘?orn Zﬂien hl@b{fLS ﬂej of Eﬁdlﬁgcy %ﬁ@ll scb]ﬁ@@rl %vaF AMER tﬁg reaction

eacti on m xture appeare
nmrtyxst dih¢ pHeof theOsobitipre wapadiested Sropi H23rioct- %ga@@éM T%QH and pulling

S | t r
ST LS PSR RS B0 09,409 2951 S i 1)
5wes.6, SPEA. The sanmles yewtalld QA0 Sit RPMuE girrigs faf 2 hoTitse The microscope
pﬁ:HJEt% ek gl 2\4@1§Igg Sl h&%‘faﬁi Qﬁie sc-)ml frofn i, §|6§) df Rarfit E}xapes and

wer e washe 10 m. aliquots i ce-col
siBO t hen spun at 10,000 RPMfor 8 min. The
supernat ant was then decanted Repeated the washi ng/

AS@éerISIﬁgnﬂrs@ﬁﬁgrU&eHﬂ*@ ‘Wist ﬂiepkre?ﬂ ng-QSUiﬂ-M ankfdbieh Hftate buffer and the
ice-cold H2O t %)Posoflcec

Pl Ao S0 Laueted dhotts G @ Seot HOBp o, were

a?_dé@ tcgthy 3&1&&;@1 \%&@ 20Mn%ﬂr4% dmalgecazmapmmﬂ &GS hdiad @ the reaction
or a e roceau roau 87% vyi e

i 16 DYt LEaD IR a5 & 50 P Er IS g puling

50duL Riitpydaeat &&sfaielfbmﬁnmeﬁfmmﬂex 204.4,1481 @5, 0 (SkO Fibuse IW), 5.2,

5.4, 5.6, 5.8, 6.0. The samples were allowed to sit without stirring for 24 hours. The microscope

pictures taken after 24 hours showed crystalline-like solids from pH 4.4-4.6 of various shapes and

sizes. The pH range of 4.8-5.2 show more uniform, needle-like crystals.
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Scal e, pH 4.8 and Room Tenperature 20 A fresh sol ution

of MPEG3 Propionyl Insulin conmpound (INLO5) was
w@e@patsd by di ssolving 10.06 g of solid | NLOBCT/HSB#025644

mL of 250 mM amoni um acetate pH 7.5. The sol ution was

adjusted to pH 2.6 using 5M HCI. Solid phenol was

melted in a 40-60 C warmwater bath. 2.7 nL of nelted

phenol and 285 nL of 95% Et OH were added to the

RSB TR el BB S o o
pElovagtadpredvas2. Qshmuh 29 1&dj Usquetled ghepdt 40uB, mmgo BNH, 2. 6mL were
a<’i\|<ié|ﬂ %_lthe -ls:g]letiorn.e g@%ﬁ,%@m}’ﬁa gf tﬁPo ra]mgiH:ao Eo%tl%h tWa 3338’ H)t the reaction
StIrring tor hours before crystafs were harvest

mikterer él‘éc tHor th sotutioe wap p@@teéd‘ronrw bé tcofpiieg 8MyNH,0H and pulling

stal af.t.er urs rpsc e .

SS(I)GL athg\lots z\%ee?%l cﬁ' é}}evfgs?mag esn‘ed Q; jT] ﬁgl {9 ﬁelp ér)g a%g.a,() 5n4 (See Figure
@_) Lﬂ'ﬁ' ¥.89610 I’@e@arﬁpl%ﬁ@éﬁ.alm@/ﬁd fol sft N@lﬁoﬂt sireisg for ThBouksu M®S microscope

Pl R Bt DRy i 2 SRR o PR B |

each tube were washed with 1 x 10 niL aliquots of
A ft&sh d6ing/ 20 utiom of BIMIBS ohd whataeed in AN amnPbidnd acetate buffer and the
v%sra.(l'l L 9F t,’i’l &e \%1’&% lelq—lélp l’tq %hedl @‘gndl %OQI(I:{,O%Q 9':5\)30 (OB |,2]%rnL, were
e SUpEr na was ecante epeat e
ad@ém thg/solsipnnnrii ﬁldc@fdiﬁ"/@ awilﬁhd 4n(d, Slutioh Wais adqiﬁd)to thg gaction
0 4 / 4
mﬁx‘% g@;{e (B%l o@?f?é JD ﬁﬂorllljgt%g chésgel%?g)%'lc% 0540 6@%31&53 dldlallﬂ]gl@}f Qﬁmpulhng
SQOLG(hhqtotsadtle@phatf tl@ffollq“ch@- dvokd pk HZG 4 Frfe%r §8(=edl igageé_), 5.2,
h [ d a
? @ Sdgr’, 06?8 he eprg)leg axggegglg\%g s )S/]i¥ g/ k Ltﬁgg 1foxo 4a}§blu%eﬁe microscope
tchveesstalantaftcrg%merﬁhawed Be@e-Prepatat talddh Gryatnlalltlgwplsdscﬂt pH5.2
g&ﬁﬁtsﬁ&i’ﬂdﬂ@ h@cr(}s%?%;SHS’.ﬁ. H M2 using organic 5 solvent
‘1 Preparation of "R-type Zn Conpl exes of H M2 A
fresh I5 /mL solution of H M was prepared in 250nmM
gk golpiiof of HINRgvas Wéeparﬁﬁ M priReRigmagetate buffer

ad 818 pwv&ab ac%Mté‘dQJ) 2.9k waiHeM Bdl. HheRHtd phéfbl L40u1§t naeld 9§%/<Et0H 2.6mL,
Et OH, were 10 added tq the

ol ut
Ao e AR, RGOS0 b FA AT P Gkt G o ided to he
réagtﬁ)nrrﬁlagﬁdf omerpw(ctﬂmcesolu‘t}bﬁ wpﬁad;ﬁstddlmnsmbsutd OO ush@s5M NH,OH and
adj ust e rom3.14 t g 5SM NH4OH a
B FOORT- DIt B1ch 0L T AP M b B Sh fkure 94)
54)832 f_:él %. f(, 3@96 bl gus Eanﬁfés,weﬂe flowdd &, sxt5w19)out55t12nng oe 2.44 hours. The
ee ure

R AL Fat@wffeﬁ gﬁthogrf|SPWEﬁglefﬂﬁ?-1ﬂ?4gﬁ%ﬁsr i erppad ke sold at

pAMGrsscope pictures taken after 24 hours showed
needle like crystals at pH 4 4. The pH 15 range from

A fresh lgmg/ ihs%WnLr? B%I%Mf\rzv}{ss}gr a¥ed N§ %%d:[lﬁ\ﬁ %?ﬁ_lnqi% ag%tate buffefr and the

vari ols®s si'zes
pHI W2 adxaseqohoe?p%r\edl M HZBO ma‘mmmwa@em &b EIGTe . 2amd, were

a&%ﬁ dﬂhgl’? tzggl% & 324/9 §(§H¥ﬁgdﬁl Zl’ﬁi\{l g_(!gtron lV‘)gg Hc%fe& &)dt e reaction

Ul ‘and
nsxiunqt |T&m PHTH éliiP solioy Izvamdmted%oat¥ a7 ta 53& ustpgCaMA I%IIQH Mrpulhng

sHRE, ARERH at Qctt PEME 8@ esired pH: 4.4, 4.6, 4.8, 5.0, 5.2, 5.4, 5.6, 5.8. The

samples were allowed to sit without stirring for 24 hours. The microscope pictures taken after 24

hours showed crystal-like precipitation from pH 4.6-5.8
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m xture. The pH of the solution was adjusted from 3. 22

to 6.0 using 5M NHACH and pul ling 20 500uL aliquots at
weawh/oof673 he foll owi ng desired pH 4.2, 4.4, A4P@1/U82085/025644

5.0, 5.2 (See Figure 7A), 5.4, 5.6, 5.8, 6.0. The

sanples were allowed to sit wthout stirring for 24

hours. The m croscope pictures taken after 24 hours

show crystal line-like solids frompH 4.2-6.0 of

PR SR N e T D ol AP0

pHhweas aﬂjﬁstﬁﬁ-to\m vaﬂhj DM HEN T iuedied phanot, HOBMakdP5% EiQ@iUefdsed., were

aé’%ﬁg lhb scA)Il erb Ggé‘]?o q_% 2{93/11? %:HI_ %n(?e gogmﬁgl%%g gddtei? ’[0t 19% ﬁeaction

nmgreadrdie @Htcxﬁ therﬁelutlelama a:chlustqm frormu$.80 toThe upkg o Nih&H and pulling

SQ%g,uatllﬂll(l)qrt]s éltv%gché)ggleﬁct)lg)lgvlrf rcf%flre% éo%lgeac g 4% g%!e Q%ofzf\’{)s%%xﬁre 9B);

SdieSB.r €k qaiﬁpledwa;e allowkd t(4516w1t1¢118§t1rr51g601(8é19uﬂ§i Jbe eicrdSjope pictures
.2 %%! re allowed to
ta%el% afler ?%ﬁdufs Sh?%erd rcrygfal I& ?pr%ij n% (1)031 rs. wr%l croscope 30

plctures t aken after 24 hours showed crystalline-like
Asiesh d gmg/mbreojukion o 4HIVI G west prepared diu 350514 jgemnopitig acefpte duffer and the
pHNGas thuét@d‘tgez #fwith R1 22 £ Qé’ﬁeg:%ﬁé:ﬁop RHIIOLAA 036 BLE '4' 25161% were
Perystal's. 94 WO 2006/ 0146 / US2005/ 025644 A’fresh
s the saiont ot g0 i Aitp aci e A dasolyion BeRtided to the reaction

nﬁﬁﬁ@mmgﬁﬁcﬁtﬂﬁt L1ubbd 88 adRebatdie 3.p5kos uﬁﬁ% S‘ﬁtm @-pand pulling
95 wit Li quefi ed phenol, 40uL

SR 1R g Sl e TS COrRIE b 461 B, S Brich S bGGuES. The
s&thpl@ vwde AGlvel bise ditEsEdidrisolor b4 Birs\ahe &ﬂd&doﬂe@ndﬂﬂ& taken after 24

eacti o m xture. The of the | ution was adj usted
bW OO o o VoS Fifg @ E{}WM@% ing 5 500ulL

al iquots at each of the followi ng desired pH 4.2,
A4frébh 18mgmLAoBitiorbofIHIMR. R3s frepirefl Se2sSOriMg Hmelom&A)a,cetﬁe Guffer and the
si
ﬁ Wafrs rag]HSQedf totle@ E’@l\’?%c‘f"%gueaﬁed gi@"%@l 12IS’uL %dc%@u}r gRﬂ{ 4 25mL were
aafetlecr thp 401htomr ShehdWesd. dflaagt’) agdibedk Zl:ﬂiesouuﬂhe was Weétosthe reaction
Hfl){tgllg] H’E'e A}]SHGOf gneA’solue‘oJ Gvgssgh dséﬁlﬂom‘?) §910 Lu§ gﬁngo%lgwm pulling

prepared’in MV anmoni Um acet at e er a
S0 aadqlomﬁsatt exth oHth f@Ewime tdrsilS /P HICH4, 41_@@&@@@@@@0_4) 52,54

BB, 5SS il ye ol sl o SRS O gt po e
miasscabd@cluteo tdkkre aftee 2228t hodrs srhibwédm@dleme cgb{abfat tplle5.0 and various
sol uti.an ust 0 6.0 using 5M NH4COH
Shaﬁ%s andFIFeS Cry%% T na{ﬁ gﬁggsseéach of the foll ow ng
deS|red pH 4.2, 4 4 4 6 4.8, 5.0 (See Figure 8B),

Asfreh 158g/mL sglugon & IM2Gws, prepiaesd sapPimdd apmpriurl acdyie guffes and the
ﬁ'v&as% hdott 2%'\51{hlﬁ/9HtprL1%éeff39 Bﬁe?lol I&l{i Qﬁ&gﬁﬁﬁﬁﬁ? 4.25mL, were

ctur es taken after 24 hours showed néedle-1Ii
§q e solgtfonp [iherp 25¢yofta% p qlcpéﬁeds%ﬂqw%ﬂugpn Mac@led tpghe reaction

n@ﬁ'ﬁ’r f @t prr W oRkEr IWhd<sj &feﬁ%ﬁJ Soddo PHasifh S@NTI @annd pulling
fresh 15rTg/m_ sol ution o ared in

SR CBTaR e (HIPRInG ST OHe deh P ek ot st adh 08, 55, The

s & wikd dMowdd oGk withdud stefih £er Dﬁhﬁﬂﬁéj /Thé Qlibrosc @R GhicBbIdtaken after 24
oI ution. Then, 200uL

EtOH 2. 6nm, were ddeg to t
heyprs Hoysd qusiiiks HEHR ‘§’6)Pldt‘1 vvas added to the
A fresh 15mg/ml solution of HIM2 was prepared in 250mM ammonium acetate buffer and the
pH was adjusted to 2.76 with SM HCl. Liquefied phenol, 20uL, and 95% EtOH, 4.25mL, were
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reaction m xture. The pH of the solution was adjusted

from3.09 to 6.0 using 5M NHAOH and 20 pulling 500uL
wa@bioguotess at each of the follow ng desired pH: PAT/BS2005/025644

4.4, 4.6, 4.8 (See Figure 9A), 5.0, 5.2, 5.4, 5.6,

5.8, 6.0. The sanples were allowed to sit w thout

stirring for 24 hours. The m croscope pictures taken

after 24 hours showed needl e-like crystals and cryst al

B SR S P AT BOL LD B

niif@e. Zhe pHl @ salljiots tvesdadiiated fdth WY to BIVLdHE SM LN}@%IT indcpulling

nal ,  40u % Et : tQ t
sABEiPhigk e e B vk Bl 1 ehE AT o 361 o The
sewaﬁes addedoval tb kie witka stiromg fonP4ticurse Tha lnrgsbbpe fpictunes taken after 24

SO m297t058u3|n95MNH4C]—|
h%{]rs Owﬁqve\rlvaﬁﬂ%ﬁgs %lﬁg?oglgégts at each of the follow ng
deS|rede 4.4, 4.6, 4.8, 5.0, 5.2, 5.4, 5.6, 5.8.

ATiesh 1 Srastplegluiien & M 20vs rapered i 230Ny emmosErap il by and the
ﬁ%vag Qtlﬁ{lscfed tg—lie/ﬁ %ﬂ‘qfs@@ ﬁ@p eLth&fe&' bEsioll kBN af 3585 Et%ﬂ{ 438mL, were

our s “'showed cry stal - })YGCI pltatlon from
P

A6 HEGS BB 100 20D GRS 13RS TRGTOH TBBem e Ried e resction

b8/ Mhe $10108 QB HhMjRE ﬁf@)ﬁ‘lefp@f 8.4 BsikdSMWH,0H and pulling
anmmoni um acetate buffer and t was a é‘ust ed to

SPubglighathat SR the [ q“aw@&déaresw@néﬁ 4&0“% >Gmef- 95p 6 58 The

sa%{ shwefk A5WEd to WE Kvthoud Qdﬁﬁ’g o024 hefirsS Aihbl i @kcopt pfures26Mhl bfter 24
a4%aC|d|f|ed% solution was added to the

h?‘E%ts&‘f’W%"eWﬁtQT Yl E 0l of the sol ution was adj usted

from3.06 to 5.8 using 5M NHACH and pul ling 5 500uL

Aatkdsh) l]lﬁﬁg’m&tsomamhofd{IMQI‘l\easfpméﬂamMm@SOdéd; pInendnipial acefatd puffer and the

péﬁaga‘s gdﬁhs%e‘[d to 2076 w1t‘h§5il\/|l ?ICfl £ Se%ed Flge%rlt?ﬁgﬁ) and ;S”ﬁ Et(ﬁ{ § 25mL were

es were ovvedt St1Trri I'ng
a®id Itmﬂhc solutthe Thew OB Eofe 4m @Qld;ﬁ@sZan:adoémomvamddeﬂfto the reaction

m%gbérgs ngglﬁ%? el ﬁl&@'l }g qi%!m% 6@% I §3§]u§clﬁgogﬂ/lﬁﬁi4OH and C})ulling

res utlon 0 prepare
5QQuL250wAtA atreaeinofithe ﬁélewalgelebwﬂfpélr 4dnd 6t 1‘1& 3. ﬁbH M§ 5.6, 5.8. The

%g%éé ngeg/egalEIE)%e_'d’?to 43 \&Xﬂl&ﬁ] strihd ot 24 kvt et 86 RBEIR PhoturdQaklen after 24

] 25n., were 10 added to the sSolution.
hquseshowadsEoLlitds crastaldkasalids-f i ed Znd 2 sol ution was added
to the reaction m xture. The pH of the solution was
adjusted from3.09 to 5.8 NHACH and pul i ng
9§00u§°eﬂr}’ﬁﬁ]@)‘?%t“ﬁ’tOfe%%\qzaf’dﬁﬁéggﬁ’?tpﬂm%g desired pH:
4.4, 4.6, 4.8, 5.0, 5.2, 5.4, 5.6, 5.8. The sanples

ower e alfhrepmation of Ritype Uaowystanizéa ZagCdmplees of BIIVE2 ankhEN105
m croscope pictures taken after 24 hours showed

st al f i zes and shapes from pH 5. 0-5. 2.
9 52/ r@ @3@ ﬂﬂf@& ution of HHM2 was prepared in
A25&H1Vblamsmmﬂ HIvAeelt BN165 Ivaf fp&parad] ty delvigg 3 Wasg &idM0 shéd6.4mg
6 W HCl Li quef e
it {5t oS\ g5, 2820 My 20

uphg M &1%1 asaldiphéretivZn@led mal 40t6006 waas W&@d@@ t &61tlnd melied phenol

o) ' |
SRR T B B AL O RP A B
Zalh geotdicdto baedctvh flable Thyl proef thy S@@Qnr‘@d ﬂpf-Pl adjpstgd from 3.19 to
5.450 lemg 5161 Nﬁ Jgu 5@%115@ @U06mL. qpﬁuots@rt Zachdf the following desired pH: 4.4,

4.6,4.8,5.0,5.2, 5.4 and 5.6. The samples were allowed to sit without stirring for 4 hours. The
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20 (See Figure 10B), 5.6, 5.8. The sanples were
allowed to sit wthout stirring for 24 hours. The
wonR@eossepe pictures taken after 24 hours showedI/UuS2005/025644
needl e-1i ke crystals at pH 5.0 and various shapes and
sizes of crystalline material frompH 5.2-5.6. A fresh
| 5Smg/ nL sol ution of H M2 was prepared in 250nM
ammoni um acet at e buffer and the pH was adjusted to
oAt et S0 S8 A
Qulicefk. a 4% aci difi ed ZnClZ sol uti on was added to
e reaction m xture. The pH of the sol ution was

d f
A%ﬁghiothg]lop &EZ—{E& a[ngeac%fvs w?s ]? %\%"ﬁéﬂ'@' d}aig?nrgglg l\lli 5‘191 35.9mg
N 0% in 4mb, of 258 M amoHud, ac@atdeH %, The splutiphavas gémmdefg pH 3.03
using 65?/1 lg{% O%\é\ﬁgFﬁe?olsvlzats m\@’lti(ng gtﬂ,? %éd ¢ &Bﬂgwitgr bath? 1%9E %?melil-ela%henol

ures t en a hours showed
andry/§tlof 95% étQH wenepdaleéttcp e rerartmmﬂpm Ahgn, 50 of3Fe gidicglqgueous

Z1J1C':_f ngés%dédoéo%é 1%90‘[ fﬂ'ffykNQTh cﬁr tﬁepﬁﬁxfﬁgn has dref Hﬁﬂlsted from 3.38 to

moni um acet at e er an lo was ad usted t
5 60 PoraniN BN pullipg; 0&9Grele almetﬁé eaclzeﬁﬁle mlrgsdyglred pH: 4.4,

%‘ %’%%QE 96 OFZRPE19B#67Band 5.6 (Sec Figure 12A). Th
4'% Ué)Z(Sgg EL)’asgzg(esd‘ 0 the sgl Ut i on. (I'ee 25000 I) )
saoiblea waBhatio el thists ovi AT R E fartd horrsyndde idesgorediqies taken after 4
! | hoth UERe iRyl GbutdlE r5Rhstd OB swas _adj ust ed
ho#?sgs%‘ggggly{%&% uesn ng ry& ; I—Iﬁlaa@pand %LI ling 500uL

al i quots at each of the foI | owm ng desired pH 4.4,

9636 478,30§HQ1\/[2511\2105§ 4, 5.6, 5.8. The sanples were
lowed to sit without stirrin foré1 ogrs.ﬁggé 4232
Arﬁeél? srletipeof B2 And dNE Qs RFE by 4158 VIG dp dmg B nd 232 me
II\VI@F Yri k indrt (I)f@Sl@_l :iﬁi\ﬁ taﬂllm'ohiiuiﬁeac&&k pEs7.5. égmﬁsﬂ&htloh%/aﬂjusted to pH 2.62
solution o repar
AT S b S BLE By €70 ATIP 4 e o
ar@l\ﬂ ’/HQL of b7 wehH e@repiaediab the 2@ution fasid BeAHSBLIOH, 494 a@difitd aqueous

ut on 0Qu
Z%l@? 8’?% ?adga(? ?ﬁéﬁﬁ’ag@flfﬁgf ”l' dtge (Sjph%?hon Las ?lIen %dﬂ! %d from 3.02 to
5.60 xding M NHOHpHdghulling 6. 5901th h]lqmtswasaca@f ustfel@“ﬁmg)dm@daﬁ 4.4,

+oek S ThDS R SR ' e g P R g e
stRridy f051 AourbThe m&rc&cop}'lptbtures aakph efter Wehoer shbw gwvigls tigessind shapes of

st rr| for S The m croscope pictures
Crty%{?ég 8‘??‘8’?“12121 gbr gra?% lﬁat very little crystal-like

solids. A fresh 15ng/niL solution of H M2 was prepared
Al fresB 50nfidnarfibiv2u mdaldd D atves brspired badigsolvies ShfpgdidM2 and 24.5mg

H\?l%g l{%%%gtg%ﬂg nil@ Za\éHn] OQIU%’MCEQG fHL’}’ ﬂuelf}fe edupieRs! aadjugtgélb pH 2.89

m., were ded to the solution.
usfrgeiM HODOSlid pheng] wagaadtedlinfa 49076 @RI gi8teripatty n 1 qud<of snghedphenol

aﬁcgl 38, Jf@@‘%tﬂt@ﬁ v&@rexéd'd&ﬂo th-Q}@ac{%'rl ﬂhfsk t’hﬁn Sﬁﬂ’)'uLJ tof On aMidiSied aqueous
usted from3.06 t .8 usin

Z0les s sobe R BR of It oF BF PON A e BRI o 328 t

540 4singt 5100 NE, O and. (Rllin@ - 0%:001’51_, Aliqtstat efrh&f thEhlloviRgMdse&l pH: 4.4,
were allowed to sit wi thout stirring for

4 ¢80580p2 (PedtianessIdk ért afiret e SW&ﬁSsW%g@eéV&a\}%F’y without
stjnhﬁé b8 10Ho¥S t BilethickeBcop@bicifes taken after 1 hour show mostly various sizes and

shapes of crystal-like precipitation from the pH range 4.6 to 4.8 and many, short, needle-like

crystals from the pH range 5.0 to 5.4.
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20 9.9 Co-crystallization of HM2 and IN1O5 with zinc

9.9.1 Preparation of Rtype Co-crystallized Zn
w@eovploetes of HI M2 and I N1O5 9.9.2 50: 50 (H MCT/NS53/025644

A fresh solution of H M2 and I N105 was prepared by

di ssolving 37.3ng HM2 and 36.4ng |IN10O5 in 4 nL of

250 nmM ammoni um acetate pH 7.5. The sol uti on was

adj ust ed to pH 2.84 25 using BM HCl. Solid phenol was

40- 60 C warm water bath. 16L of nelted

9Bh‘enol 391’7(9 (HIWNW)QS% Et OH were added to the

Al'RAE kbiowbnf drasie dfaemi1080ks pfepAd Wﬂﬁddﬂl@ZWHUﬂ” and 54.7mg
nC12 vvas ad ed to the reacti glﬂzgl a%l ts%lThe

t
IG5 it # 31 Sl R AT RS P 106 B furkd oay 254
udMHANIHHEN CBQ!HH iphdno w43 . n5eBdnin aallo+6qUO tnarna tvatedisath. 0T6p1LhJé melted phenol

) 5 5.
i e SR Bl fearfasiuy™, e ioBug B pafed sqoons
Z8tl, whd siged @rthd rdacion SlaskT hEhe 37 o 20@Hh 04 B8 adjusted from 3.27 to

5 ﬁ(gr L Usglﬁ 8%15anlcli4 éllhrsrp brs9&H0 gﬁ%uﬁ S aﬁ %Iarcﬁﬁnf {h%kfglﬂwﬁlggt ?JS]IE% pH: 4.4,

vari o Zes an cryst
46h@8 PH, sPahgends.4 Tie Bmbles Aefe raés\hedsm Ismwutlmt ofrring P 1 dpoe. The

osgcﬂgﬁ pl(i%f\lg O%Qé}f ﬁ% tiyho% §I§§J Yo n%ﬂz %Zloﬁmze'élaw sﬁgﬁgs of crysta] -like

amoni um acet ate
prEcipifatidin&oms dheutt mngwea% toaid} ustier neetipikezrpgls oy e n§ rEgE 5.2 to
sEd . Solid phenol was nelted in a 40-60 C warm wat er

bath. 16L of nelted phenol and 1.75nL of 95% Et OH were
added to the reaction flask. Then, 40uL of 4%

AceeHispee efibELEd D yanaisraetial dsw b2 ng FIA and 54.9mg
ngl'oggﬂf 4 miNer %8' N1 ahi?&gi&@i Aéka@PEVAS. thie rsoladqym?ss@djuﬁ&@m pH 3.09
0 usj ng ul lin
ugirg YL %ﬁlld@BE‘ﬁl Bt pedigd mﬁoﬁpﬁg@%w g%a%b H%)”ZL oj melted phenol
axfsh 1275nﬁ,dc8 595‘%& ﬂ%ﬁS&g Jdagio ﬂleiéaéﬁon thsi? Tkﬁﬁ,@lOEL gﬂ4%§ aéhdlBaed aqueous
an ce | re
Z}é(l'llp g\ﬂ%ﬁddp% togthe rwq%%@fk 1%[1 ﬂ% Iﬂ? S%utwnhv% rthen ]ﬁlsted from 3.47 to
5180 @506 SETJOIL indr peding ASOOmA fati@rotsat ezlrchwrfshesthldnmnm&sirgd pH: 4.4,
short ed/ e-1] rystals 0 he to, .
13,88 50078 5B SF i TleRaS 4B The SRl T Bl st it
stafifk hNL ﬁ&lr \Nalie Iﬂi‘cﬁﬂaubeﬁctbyis chkasailen 1 hanr Qﬁmﬂm@tlﬁlkuaﬂd:ular sizes
3.2 ni_u at
Oé‘.’r@sita@%‘é PICEP %‘?}ioﬂ E‘oﬁ}a? Blgjrfiﬂsgfed1 o pH f%’gl fgg S%np% b@?\ﬂ sizes

frbiglihe phblahgt Spherisl was nelted in a 40- 60C war m wat er

bath. 16L of nelted phenol and I.75nL of 95% Et OH were
added to the reaction flask. Then, 80uL of 4%

98¢ di f iRrdpagbionws R-FpCCr-wastalided dntComplexesed EHVbhand IN105
flask. The pH of the solution was then adjusted from

0 P2 g5 @A ﬁ N?OS?M NHAOH and pul ling O. 500rrL

ali uots at” e hefollovvlng deswedg
A4fr®h sqlugon &f BIMB apl PNI8% wap grapered DRyliss@vimg Ahtmg HéMZFH% 35.9mg

n@ﬂm}h 8 SuBF B503h OB hntuth SdefateWH NOUL TIR Qoftibd msrwmfs@a tolpH 2.60
hour. The m croscope pictures taken after

uging M K1 S&ﬁ’éé’h&r}‘i’ﬂwgﬁfﬁ%@% ngF40-Q0p 9§¥agp wla}ek‘@ath lgpL of me?ted phenol
all EEnfll $ateonofivaim ddaed ehhdreigén dask TiRnP0BL of 4% acidified aqueous

7ZnCl, was added to the reaction flask. The pH of the solution was then adjusted from 2.15 to
5.60 using 5M NH,OH and pulling 0.500mL aliquots at each of the following desired pH: 4.4,
4.6,4.8,5.0,5.2, 5.4 and 5.6. The samples were allowed to sit without stirring for 24 hours. The
microscope pictures taken after 24 hours showed crystal solids of various shapes and sizes from

pH=4.6-5.6.
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A fresh solution of H M2 and I N105 was prepared by

di ssolving 53.6ng H M and 24.5ng |IN1O5 in 4 nL of
WQ3deoMearmoni um acetate pH 7.5. The sol uti on MBEUS2005/025644

adjusted to pH 2.89 wusing 5M HC1. Solid phenol was

melted in a 40-60 C warmwater bath. 16L of nelted

phenol 25 and 1.75nL of 95% Et OH were added to the

reaction flask. Then, 40uL of 4% acidified aqueous

ZnCl2 was a the reaction flask. The pH of the

990l ut | JH‘Z\MgHSﬁéh\%&péjbust ed from3.28 to 5.60 using 5M
ANF4 kb6 WHIIMZW@dOLI\BOQWaS plepetDb B dddolvemC 5. @Jflg Hive2 and 24.5mg

H)[}:ll%l y og‘nﬁ_g%s{’% Hnglﬁbadéét%tﬁ é) a?‘rpljgle sglutldél 'c}s ad 0&138(? 0 opH 243

usdig SMVHCID o%lid pBetnloY Wasngelt‘éd)m aBOFOUE wailh evatai lnaﬂosbﬁmme)f melted phenol
1%' lc’} i esf 9%‘2 g&g&%lfafe¥eear(id?d tP %rr %P %1¥¥1ea£ﬁ?p e%{l t4IY)gI% I aé{i ﬁgdsaqueous
Zm@-lp_ wvamgidedlto&ht cadiod fasid ﬁa:rpﬁ ofsthe stﬂutlme’eidltl@nladjuéed from 2.92 to

ST GUIRAEPIRE 0P i s .0

(YetFidire DA 1.845.0,r5¢0s hd and 1é.i Dire S@rhplbdl W dlvdved NisQ5vitherg stirring for
ared by di ssol Vi n / |

2PREEE B arort it e 22 o Bo R opelte SRt prr so-
SSOI ution was adjusted to pH 2.84 wusing 5MHCL. Solid
phenol was nelted in. a 40-60 C warm water bath. 16L

of nelted phenol 5 and 1.75nL of 95% Et OH were added

998 t he 0THMBIYR:ENHS)X. Then, 8011L of 4% acidified

A 1 %B’lﬁtlor%ﬂuitq{lg@‘ VAARI ﬁﬁl@? Qal 9re$x9@d ’6? ﬁﬁgdlx@% 4. ﬁﬁé‘ HIME %ncp bk 8mg

he ion was then ad uste from

Hﬁ@ﬁ n:g45rm PO rERmeGIuN aﬁgtaf@ PEOOML Bﬁusalumnswaétad@até% tOd?H 235
u§ntfg651\fi ‘PIICII oﬁfﬂllﬁ%h&l%ﬂvz[sqgelﬁﬂn 10%60° C Wvafin whteShatlD - QS uL5)f 2nelted phenol

les were allowed to sit!
ot 7r5ff*1rf@” S5 QP st et thesactionsiostp eThh-GOuk e g Hed agueous

7RG Qhs dddBOLY ths RAWICTREL YTMASH Bitigie SoZRS vl hes hajgsd Bbm 2.60 to
crystal-like 10 pr CI

fromthe_pH nge 4.4 t
560 o MGHOHhEd o | téggreir 9@1“3 fst Farcgrﬁf %él&ﬁ?%%e@léed pH: 44,
438; 23190 @e@lglﬁ‘ef lﬁ)'l 520k utdn@rs.0f Tid M&p&@dvefd\ﬂl%e&\/&sm without
pre pared by dissolving 24.8 H M2 an (h"z
stfrﬁng4f0ﬁ12_4 BefurQ 5516W@Fﬁ%ﬁplﬁ?ﬁegg@éf%%f&r ~ﬂ»_| ?Jrs‘ssho%%%need e-like crystals
fs@lputs.@pn2was adj usted to pH 3.09 wusing 5MHC. Solid
phenol was nelted in a 40-60C warm wat er bath. 16L of
nmel ted phenol 15 and 1.75nL of 95% Et OH were added to
9plte r edaepamatibh ask R-fiipen Cod@istollizddo Aci orbpldesagicHIM2 and
ZnCl2 wmemasitdesdliho t he reaction flask. The pH of the
sol ution was then adjusted from3.47 to 5.60 using 5M

00OnL aliquots at each of the
91I§g{ldﬁlow%ﬁgog@M£g‘H5‘) 4.6, 4.8, 5.0, 5.2, 5.4
Aafiedh 5016t1c(nSEfeHIIMngdeInslﬁB)was Phpasdbpldesolviey 89.2aht 6iEd ahd 36.7mg
Sit Wt r|n for h T 1 GI 0SCO
I ul%: i r4er£]9 0 mlk/I; u aceélate Sl%g?/vs'nb@}%lsgﬂlg{anr\?%u@ﬁmed to pH 2.53
ugng O\ HER. &ohzleher@owufm@ue@'mtaalo -0 Kevapn seliephattat 1. of mshed phenol

aﬁch% S?IﬁL Jf@@%%téH%vehe adg?_?oto %qea%ﬁMa@L STh\éﬁ roQUSt @’h & Bed aqueous

and sizes " from rang .
ZnCl, was added to the reaction ﬂask The pH of the solutlon was then adjusted from 2.82 to
5.60 using 5SM NH4OH and pulling 0.500mL aliquots at each of the following desired pH: 4.4,

4.6, 4.8, 5.0, 5.2 (See Figure 15A), 5.4 and 5.6. The samples were allowed to sit without stirring
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9.9.5 Preparation of Rtype Co-crystallized Zn

Conpl exes of HH M2 and IN105 9.9.6 50:50 (H M: I N10O5)
wo2doemests750l uti on of H M2 and | N1O5 was pr eparBdI/D§2005/025644

di ssolving 37.4ng HHM2 and 35.9ng 25 IN1O5 in 4 nL of

250 mM amoni um acetate pH 7.5. The sol ution was

adjusted to pH 2.60 wusing 5MHCI. Solid phenol was

nelted in a 40-60 C warm wat er bath 16L of nelted

phenol d 1.75nL of 95% Et to the .
P doront 1 BiesCoPR BT AGET O AT Wegaafaoahgﬁa%* and sizes of
citiilide WaIRI fasded s b and He Maa/ﬁhlly,()ﬁ:e(ﬂé Akkerystdevgptbeérvédee pH 5.6.

solution was then adjusted from2.15 to 5.60 using 5M

NHACH and pul ling 0.500nL aliquots at each of the

9fodl1l oWMGXéHMZamspHn)4 4, 30 4.6, 4.8, 5.0, 5.2, 5.4

a]?esh solutlonf @?TE deﬁlsu\fﬁ _lyﬁas %Léﬁ]gr\é?g gi%s%{ug% \% glflfIM(% kaéld 20.2mg
Irafilinein 42mL ko6 uiOSmMImwe@lm ytatel pFS 66 dﬁlecsbluvgnr wosuasiusted pegH 3.23

%ﬁﬂ%&%ﬁ Og}l@%@%ﬁwﬁ%e@e@ 04026% ?Qrafr/g qr?(ﬁg%% 7'136 pL of rrllr]elted phenol

angbl. Uniloef 9610 HPNDveaadldedNo flggeaghen fnske pHrcadiOp 08%§@rhﬁie¢©queous
Z§812 Q&Hy addeM @B Qjeagt‘d(mEﬂEQk ’kw of ﬁle éol%ncqfas%ﬁ& am\ﬁted from 2.82 to

amoni um acetate pH 7.5. The solution was adj usted

5§ uping SM 1&%4%a®muﬁeg 0, %BmL aliggesrié raches theelPievng ﬁesaed pH: 4.4,

4 %04 8G s Waf Met € rTHR 3dbles bitke Aowb®lots ditHR BRkin® @ DM hours. The
75mL " of 95% Et OH were added to.the reactlon | ask

nq%ﬁﬁopemwewk%%ﬂa& Pheurnehond uaioes shepes aad iges Hffapsiike solid

ﬁﬁﬂﬁ@,ﬂffﬁ@&{dlsqgﬁ flask. The pH of the solution was then

adjusted from2.92 to 5.60 using 5M NHAOH and pul ling

0.500nmL aliquots at each of the follow ng desired pH

959142. 4@7(X($HM2:'hgmliﬂ) 14A), 4.8, 5.0, 5 2 5.4 and

5 Th | d t it
o0 TR RD SRS b b Lo g6 3 2me

Ilvditr 8 4sthbDweé a5nekicdnendnivdoe acrayesital §. f Tlansp}yhbrswa}r adjp@te& t®pH 3.23

FiEo R0 BRI 0 118 SEALPR L A0 s
2581, Bim. ofl IHIBOHwede avkledip 5 erctitv RavkroHicnm0ab ef #tecigified aqueous
Z%-%? Waigfd %‘PJ 11}'11‘;2 'ré?i 10‘Naf§aslgd J—?gf e scﬁmlo% v@a@ théﬂsadﬁgte(? Wom 2.93 to

eno was ne In a C war m wat er
5168 tuping iMLNIé@Hmdtm@mg Wei%mL RHquefcht taChmheofPH%% figsed pH: 4.4,

4\5e4 8 a19eds § pset bfg_qfee]%) Q% &.| ARkamdiBERere Aifbwe@to d%ithout stirring

acl difred aqueols ZnUO 2 was added to the reaction
fer |24, SiRurs-Tie igrasgore ReEss|iaken affer v dorngrvadflgstreatipiedife crystals
PRt At p 50 theR ivAg a 2 NHACTL AR WhdvAGe- ﬁke&Q@Zﬁls From pH 5.2~

al i quot s at each of the foIIovvl ng desired pH 4.
Séﬂeere yergmany gy rsgdle Bk yIsopEveds 2 5.4 and 5.6. The
sanples were allowed to sit wthout stirring for 24
oyrs. T 1.G[ O ictures taken after 24 hours
lﬁhéﬂaaowtféa%ﬁh e??’rﬁ?g@p&xgs 20 from pH 5.0-5. 2.

Two hundred microliters of 0.1M Phosphate Buffer Saline (PBS, filtered, pH = 7.4) was added to

a 1 mL conical reaction vial. To this vial, a small amount of sample was added slowly until
saturation is observed. Periodically, the solution was vortexed. Upon saturation, the vial was
placed in a small centrifuge tube and the sample was centrifuged at 2000RPM for 3min at RT.
After centrifugation, 10uL of the sample was removed from the supernatant and diluted in 490pL.
buffer (0.1M PBS). This diluted sample was analyzed via HPLC to determine its’ concentration.
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9.9.9 Preparation of Rtype Co-crystallized Zn
Conpl exes of HHM2 and Hunman Insulin 9.9.10 50: 50

w@ khov@146msul i n) A fresh solution of H M2 and | PEIUBI005/025644
was prepared by dissolving 39.2ng H M and 36.7ng 25
Insulinin 4 nL of 250 mM amoni um acetate pH 7. 5. The
sol ution was adjusted to pH 2.53 wusing 5MHC . Solid
phenol was nelted in a 40-60 C warm water bath. 16L of

Znd 2 was ad@t@@ﬁt 0 therea@@m%’anl ask T‘Vﬁe DHHfA t he

sol ution wagniNhen adj ustsegmiremgZni82 t 044%. 60 ousteng 5M

NH4CH BT Pyl i Ag 0. SUOTL Bl ots at 5agh o (e
0] S ) 0
Fi gure 15A) HT&HC 5 al 18%&d to

sit without stirri ng 100 WO 2006/ 014673
1PCH H%%Q%/y%ﬁﬁé&fstaﬁce @x%ﬂ,mefalsZn Tmomm&@pe

pi ctures taken after 24 hours showed various sh
ingpiin coppemd gpojugatey ENAPS) meregrater ép Yo spiivs péosa%e @ff&r (a pH of

aﬂ}&ny 4§ bl{zmheln Q& bRralibs Bved M dralied WO EPIRDERY ddiond ap Idﬂuted with
9.11 70:30 (HHM2:Insulin) A fresh solution of

bﬁfeff/ﬁo ﬁlﬁ‘oeqPW?Eﬂf PRGOS F%T’p‘%i’r‘%?f‘e B a<fn51ga5qn{,?rﬁlgcogqgga§ﬁ§g 50-0 mg/mL).
Li8pMRizenchyRQurdi¥Bh en2ychd &4l desuspendell il @M REDtordV Rt ddnaf ~7.53

tate 7.5. The sol ution S 23
B s T P P B cone
tubed. rﬂamleﬁfverb afsied inldipliate ateigtved fpdrenotol tuaascbeﬂ.saﬁﬁ»td_ Aoifquots were
'inggt%}f&) L2 ge (Ijlglgrgné(%rufg; pﬁm %Cf/\g_gnag a5 d(l)<f ch siﬂ%}i’zl‘yme was
added ot eadnsaﬁipbskbe 'Hne HbHf & imM ] seb added v andscqnhdnube Immediately

| ust |
GBI AT, ol LR FDHCHL B0, BB e
indo 20 L€ 144 @A wregoushy, diqudedput Btoteninfigsuges. This saampicerss as T=0.
were allowed to sit without stirring for 24 hours. The

TH GELPRELREcRNE FoH BRI Bk L8 el NRRYI(En ﬁt%?‘éﬁ&jlnsuhn compound

vari ous shapes and sizes of crystal-like solid
(tppylas igsubi, gorgpognd) gvag repatgdatzihe e’qﬂpwgm@wlﬁ n 201§ e]szh 15, and 30

ngxﬁitédt }rmoaﬂ‘rcg?}dgedu%;\?aslrépwgd {4} g&@g‘élldi\ﬁ@golﬂfeﬁ)dls’lﬂu 8, 15, 30 minutes. For
I SSOIl VI Ng M2 _an nsul | n
Toype280 RIS ARbIET R PEeE L ER Bosg R eat ARhEE Tt AT E 12,50,

4@61{1(11@1 el Did %8&?: prot8dgfod Mel‘ﬂgﬂ cogﬁﬁxbsdw@?é}ﬁ@ﬂled ng‘e following
.nelted j 40-60. C warm wat er bat h. of.nelte .
e 15l o1 it SO i ol ot e tan ocour vi

HPeac tHRUC wdsasiformei e detdiitle pefcedtdegradatid rddiva Gudo uspective T= 0

mS%g]I% 1[%r eacﬁ d1 esg t %181% naa’ct Ie?lelo% efgt%t Ilpgrcr:]e glreg'%ﬁlgng-rhag pgogeé) t/ergdg? e and a

lih&d;ﬁ,@gr@mdl pul for ﬁgchOdlge@t)nﬁhfalhalq litt wasatale@dtdd wingt 1he equatlon toy
@ s'\{_}qpngdeswede 4.4, 20 4.6, 4.8, 5.0, 5.2, 5.4
( I'gure 15B) and 5.6. The sanples were allowed to

sit without stirring for 24 hours. The m croscope

pi ctures taken after 24 hours showed fl at,

snowf | ake-1i ke crystals
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at pH 4.8. At pH 5.0, there was a m x of needl e-1ike

and snowf | ake-1i ke crystals. FrompH 5.2- 5.6 there
wowre/onsny tiny, needle-like crystals observedPCL0S2005/025644

Aqueous Sol ubility of Zn Conpl exes 25 Two hundred

mcroliters of 0.1M Phosphate Buffer Saline (PBS,

filtered, pH = 7.4) was added to a 1 nL coni cal

reaction vial. To this vial, a small anount of sanple

wa agggd ﬁl ow % until saturation is observed.

% X —— *solution was vortexed. Upon

sat ur at isgRplet he vi al wasr i aced pinc@omERl | CaiehbifdégRnt
3ni n legelipmpoualt er cent fPfigati on, 100 of the sanpte

<
30 buf feW1¢D. 1M PBS). Thissnigh | ut ed s&fpl e was anal yzed
Vi a HPL@ntfeedeterm ne its' concentration. 101 WD
2006/ 014pi@s PCT/ US2005/ 025644 Conj ugate Sol ubility Zn
Phenol MR -26my/ m. VA N A Znl N105 15ng/ nL -

SP/bU/o thl\émlng)sb =249 ik, 0., 61% 1. 11%
3%1 04% 11 In V|tro

thel r colrlﬂé@nt rations vve"r4é‘ st er mi neth "/by/WHPLC (t he
sol utivpngncaperled) | uted with buffer so that equi nol ar

conpari sons can be made between parent and conjugates
-0.6 ng/nL). 5 Lyophilized chynotrypsin enzyne was
resuspended in 1 MM HCL to a concentration of -7.53

1 %Tm@]aagﬁix &)@égl quot of each sanple was added to
sa

e tubes an 850 nL into control tubes. Sanples

were tested in duplicate along with four control tubes
1pdr Ligwid Eormplagigptfxampdes i ncubated at 37C in a
t hermom xer for 15 m nutes. Then 17 pL of chynotrypsin

s 1202V Pigfr RAARA P REAGHe 23PN BuBer shidye pL of 1 nM
HCO was added to each control tube. Imrediately 10

foll ow ng Ihe add|1;| Qns, 200 pl was rem)ved fromthe

1 % TFalbpnio@wlmusmoyphalel quot ed out |nto cennmﬁaglge :
tubes. ThisSinsafRh&: serves as T=0.  The ;gaRldonsits)

cerol ) 16.0m

was r epeatetomr-Ciefd fol | owing intervals: G.0m8 5 8
12, 15, and 3@c m nutes. The contr 0l.o3pne CEdurveof\vadin)*
repeated at tjpe followng intervals: O, 84t0175&**30

+BpH 1Bay bl ddjus@@with K 1609 6hdRPsoBiu Uy BSide ThE contr ol
procedure for the Zn conpl exes was repeated at the

| owi intervals: 0, 12 4Oangﬁ§10 'nl{%es. N
o taf e e Ref b Canr stnamiere” A ErEigion o Liauia
Vi a
We transfered approximately 60% of the required sterile water volume into a suitable container.

We added the appropriate amount (as indicated in the table below) of tromethamine, trolamine,
citric acid anhydrous, and sodium hydroxide pellets to the container and mixed well until
15 dissolved. We adjusted the temperature to 21 — 25° C (or room temperature) and measured the

pH of the liquid. We adjusted the pH to 7.7 — 7.9 as necessary using 1N sodium hydroxide or 1N
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HPLC. HPLC was perforned to determ ne percent
degradation relative to the respective T= 0 mnute
wo evoseai3 di gest. The natural [ og of the percePCT/US2005/025644
remai ning was plotted versus tinme and a 20 |inear
regression run for each digest. The half life was
cal cul ated using the equation: t V,: -0.693/sl ope.
102 WD 2006/ 014673 PCT/ US2005/ 025644 Results at 0.6
a hal f Zinc co t Pheno
SRR Y e S B TR 0ot C DY ARRE pp ggplate and
mhifNAded (b té_m}fﬂdﬂﬁre OWe then added i cﬁp‘r&ei):ldltd\l‘]:@ Warbd salutioh ami 10ix&d until
GRS 258 RGP G mC DrisBlaa e RabS “oe & gychbeBratue
anll n@asednhapi2 o3He Fquid. V\AS xﬁdadetdyweachmsmd tipop¥plogX) - 1. Rlllsiﬁg IN sodium
oppl.e
o G o et et 5 oleh sk pE BEGGPIER ke e dded
appropatd amoxﬁu@ﬁsanlesmtantto @malﬂ@@% R6tht yaqeiredryolmyRnBnixpewell.
St udy Con'ponents Amount in 1 m- solution Dibasic

Sodttom Fllum%loﬁe £ 88 Ty st LUIW&Mng\?%WI\&Ig (J.UU

untts) 6 0—Tg—Phemot—(or—r Cresor )3 011y
Zinc 0 ﬂQ7&WmFt¥anwr} \Ad wof insuli n\* nl—l 74 2fr-\ 7 8** %

Adj ust ment _gfolanes_anount of Zinc to 0.037%8/nd per
3. 7ng/ m cirrksuddiannyayouaddi ng Zi nc chl ori de sa&;ad to be

based tg&m;]lmmg,gmeﬁgst I'n the Z| nc H M2 51Q;|8I d. ** pH
o ide

1 ﬂf% apric >~ Acid .
Lauric Acid 0.50
Sodium Hydroxide, 1N As Needed to Adjust pH 7.7 — 7.9
Hydrochloric Acid, IN As Needed to Adjust pH 7.7 - 7.9
Sterile Water Dilute to Required Volume

IN105, HIM2 or ZnHIM2 was weighed out in amounts necessary to achieve appropriate
concentration for dosing studies, e.g., 1 mg IN105 (of protein) was weighed out and combined

with 1 mL of formulation to yield a 1 mg/mL IN105 in formulation.

12.1.3 Preparation of Oleic acid/capric Acid/Lauric Acid/Cholate Formulation
Oral Liquid Diluent

An oral liquid formulation of R-type Zn HIM?2 was prepared having the components shown in the
following table:
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10 12.1.2 Preparation of Capric Acid/Lauric Acid

Formul ation Oral Liquid Diluent W transfered
wappsoxionat el y 60% of the required steril e watRCT/USI005E25644

into a suitable container. W added the appropriate

amount (as indicated in the table bel ow) of

tronethamne, trolamne, <citric acid anhydrous, and

sodi um hydroxi de pellets to the container and m xed

to21 - 25 COMRANPom + anperat ure) ARdCHBARE WM pe

pH of the ITrwiheran adj usted the pHto 7% - 7.9 as
necessary usirigniteN sodi um hydr oxi de or | N.22103 WO
2006/ 014@@5@@4@2&95/ 025644 hydr ochl or(m acid. V&

t fren auj,S%QlchEydg)lgéﬁb pet ature—to 45 0 8uy war mng

oh_a ho nt

t hen addedsqdhlél%‘aletﬁ c acid to the warm sat®tion and
m xed until oididwicapric acid was di ssol veicho W
adjusted the,fgRpgrature to 21 - 25 C (org00m

tenaa-efa{—wel—aﬁd—n?astﬂ“edﬁ—w—of—ﬁm]—sn—qm—d—ﬁs—
needed. . _\we ?‘Yinﬁéflgd the nHto 7.7 - 7 O ||\|0nr1 1N

sodi um SSHPWldﬁechlrl@e %t 1IN hydr ochl ori c_aci®80 V\é t hen
m xed t he sgoludty Bvof Or 5 m nutes. We addexho

2P OPT T GLE, ARBG, O STTTT e WRlaivLo; qju,@me%@f
Per cent af AT et han ne 4. B4 A KL 5

Ctric Aci dStaidhWesrous 6. 72 Sodi um FRﬂd‘ieMed‘éfe‘P‘é?]Wm s

1.88 Capric Acid 0.50 Lauric Acid 0.50 Sodium

Hydr oxi de, IN As Needed to Adjust pH 7.7 - 7.9
Ok Giie Rhgp1sCwé€ iptbparddNioAsnidiaed ﬁ@/nﬂOperanqhwp‘lbht of R-type7Z19 HIM2

ril ter 'ItetoR uir
il d6° Gt Bt S R IR et ehay s e or and
aligiet aprdoft @o r6@n cﬁﬁﬁeraatrd: o flomg/chdspraginséquidialest, ofeZglIM2IR was
1N105 rote ghed o in
Pt 1 ot i AP Do bR PRF e oA R RN BRI, on, 50
nfLosfnarhlaliquiindiludf 43, tianﬁe@detp@rtm conpind a@f gendly swirled to mix. The
| d/ ' ' [ ol
s@%g)gitg&gpﬁ%ﬁga% k2 u?isﬁxg SO Aler b g%gmnpaas E@bension
(d4uNp ama@arpp)e Faipeid dhmﬁ» thg selhiéoncappentis Avisled fro @ SqCWdﬁ Fpeensure the
scfhglolrl% ngﬁl@é@h&hs st@ftion. For ZnHIM2-R, the protein content was 78.6%, 1 mg/mL
protein equivalent, quantity = 5 mL. Amount of ZnHIM2-R = (1 mg/mL) / (0.786)} * (5.0 mL)=
6.4 mg. ZnHIM2-R Concentration = (6.4 mg)/(5.0 mL) = 1.28 mg/mL (equivalent to 1 mg/mL

adjusted for protein content).

12.14 Preparation of Capric Acid Liquid Formulations

We transfered approximately 60% of the required sterile water volume into a suitable container.
We added the appropriate amount (as indicated in the table below) of tromethamine, trolamine,
citric acid anhydrous, and sodium hydroxide pellets to the container and mixed well until
dissolved. We adjusted the temperature to 21 — 25° C (or room temperature) and measured the
pH of the liquid. We adjusted the pH to 7.7 — 7.9 as necessary using 1N sodium hydroxide or 1N
hydrochloric acid. We then adjusted the temperature to 45 — 50° C by warming on a hotplate and
maintained this temperature. We then added the capric acid to the warm solution and mixed until

the capric acid was dissolved. We adjusted the temperature to 21 — 25° C (or room temperature)
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(0 786)} x (5 Onm) = 6.4 ng. ZnH M2-R Concentratlon
5.0.n) = 1.28 / .euvalen ]1

H?H]O/ rfﬁas RS tolétdlnfa UIR}F 8?c§?3ﬁryngg At ft pprilflaie %)ncentra ion for dosing

stadieq afgall RIINOGS (CRybicd) MAas wkighed) bltitdnd:@mﬂﬂﬂe&bvhtb i gnI\# formulation to

transfe er 60% of the required sterile

yWL‘faef %@im&olﬁ?%mﬁ é‘f’u tabl e container. 15 W added

the appropriate anount (as indicated in the table

19%' P w) ezgprta %ﬁits/m%%ﬁe igrlgﬂo zﬂg Buft‘é{‘ Lﬁlilﬁd ?ﬁhﬂulatlons

anfydr ou ydroxi
Pmmtimmé‘rw@nd/l fpdied Phesphate/Redfdr, pHJIV §v0BeWe tippsienttid sl eeiams of

MdR8sdig ﬂnwé mm}y%éte toz%?-L(ha(ler%PQm;tag@&mL UF ﬁém@mer was

neasure

agdegt and mlxgd gell w@é aigsobiicq- W§|ﬂn?@ addqd 3648 armnh yifagivgRhogihatg {pibasic

Hggﬂﬁﬁ% Hdl hix@CHE i dshgnrdadimet edviihige WRARRARLWHIE® ah® mixed
50 C by warm ng on a _hotpl ate and
well. Filtered through a 0.22 pum filter. We adjusted the pH to 7.8 or 8.2 with 1IN HCI or IN

NaOH.

For IN105, we transferred 60% of the appropriate volume of the phosphate buffer pH 7.8 or 8.2
into a suitable container. We then added an amount of caprate calculated to produce 3% w/v of
the final solution and mixed well until dissolved. We then adjusted the pH to 7.8 or 8.2 with IN
HCI or IN NaOH. We diluted to the appropriate volume (e.g., 100 mL) with phosphate buffer
pH 7.8 or 8.2.

Component % wiv

Sodium Caprate 3.0
100 mM Sodium Phosphate Buffer, pH 7.8 or 8.2 QS to 100%
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Wi t h T100kanOSodfumPhdsbiateBofertptl 7.8yi el d a 1 Qfgé MA0% N105 in
Lgrrruiqdu oM. 12 1.5 Caprate and/or Laurate in
osphate Buffer Liquid Fornulations _Preparation of
12100 mVLEnd Barpalasien atith Arginge or Jirolaming, g o\

Pr&l\%ﬂaﬁ&fx QF e onlgodGﬁIﬁ'FEosgﬁate BarrdppEsDl W Hhelsphiat @7 grams of
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addéSHamied welbniigso add ek Béh iBedp4cidezramds o$6dd1mmPhosphate Dibasic

H%@é@?gt@% r[r)llﬂké 3%6 dm{l_F cp %7{?)]1 %ﬂeﬁ\[}ﬁ%ﬁtosvtoe mxeev%th\’\%ltrlle H/Qt%} lxnd mixed
wll. X@ebrediRbbgh affi A2t @x Blekr tWie adjgted she@H2R 7 vith 1IN CI CV‘éN NaOH

adjustedthe pHto 7.8 or 8.2 with INHCO or IN NaCH

Wl 21 aﬁs%%n ][%O%%OSP theh o}gatr{?%gté fv%f ﬁ%f %@h%gphgtla %uﬁ&%ﬂp PRIiAbS suitable

Into a
costairbabMe aldet @w ramroprw ammnt @ wéwata@m i s itle Bylowagfragigine or

trcﬁéarlclll%g oqg «%n‘aﬁepgn%q}ﬁ%& weff ﬁMtlY d@Jolve& heefihdhalideiOh Whlo@t of caprate

di ssol ved. W then adjusted the
cajrelated (@ oot 36 Wi el saiopend NI W direliedg We then

Lﬁteh I?{e) RY ’P@ Htﬁ‘tlﬁ I—l’(gl?dr' IR N - Wel0Qiell Rlthe Whpkdpriate volume (e.g.,

ospha .8 or 8.2. Conponent % w v
1@@@)mﬁh®bwmtebléfeopfl 7.8.
Component % wiv
Sodium Caprate ) 3.0
Arginine or Trolamine 04o0rl2
100 mM Sodium Phosphate Buffer, pH 7.8 QS to 100%

IN105 was weighed out in amounts necessary to achieve appropriate concentration for dosing
studies, e.g., 1 mg IN105 (of protein) was weighed out and combined with 1 mL of formulation to

yield a 1 mg/mL IN105 in formulation.

12.1.7 Liquid Formulation with Caprylic Acid
We transfered approximately 60% of the required sterile water volume into a suitable container.
We added the appropriate amount (as indicated in the table below) of tromethamine, trolamine,

citric acid anhydrous, and sodium hydroxide pellets to the container and mixed well until
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t
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added_LhP_a.p.p.L&QE]EEﬂ%ﬁa.mml_@as_Ln.di_ca AW the
tabl e bel ow) offrogretimiene or  trol am ne t o42he

cont ai ner and nmimxeehineel | until di ssol ved. s¥¢ t hen
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v

di ssal ved WiUanB'ﬁm)jid;eP,ﬂlﬁtﬁ,qf ed the pHto 788 with IN
HO or | N NaOHCapdicdicldut ed to t he appropri¥dte vol une
(e.q. 100 sm])lm\myalhm&hn\sphate buffeAsn%heZtﬁAdJustpH
Corrponent "/01% \ .
Tr ol am 4 Bo eeh-um-Pho
pH 7.8 (S tQ 1W}lelweﬁf’ Was wei nhpd oTPr
necessary to achi eve appropri ate concentration for

Hdﬂﬁl W we?éhg&j b&Sin afrofnts nélcew t(g\'aé}ﬁ)e@e (a?}groﬁfa%t &Jnégntrm for dosing
i ghed out and conbi ned ty foormul ati on

Ssvihéi, g2al Pedyy}Gr(of malen) Vi W%&hﬁ‘ij?‘éﬁ?do??mbz’@d y3h § mf. ofj ﬁawl&tlon to

yleRIraMih @il QR 104 th forkealfiot. i ¢ Acid We transfered
approximately 60% of the required sterile water vol ume

into a suitable container.
12.1.8 Liquid Formulation with Linoleic Acid

Preparation of 100 mM Sodium Phosphate Buffer, pH 7.8. We transferred 1.17 grams of

Monosodium Phosphate Monohydrate to a 1-L flask. Approximately 500 mL of sterile water was
added and mixed well until dissolved. We then added 24.58 grams of Sodium Phosphate Dibasic
Heptahydrate and mixed well until dissolved. Diluted to volume with sterile water and mixed

well. Filtered through a 0.22 pm filter. We adjusted the pH to 7.8 with 1N HCI or 1N NaOH.

We transferred 60% of the appropriate volume of the phosphate buffer pH 7.8 into a suitable
container. We then added an amount of linoleic acid sodium salt calculated to produce 3% w/v of
the final solution and mixed well until dissolved. We then adjusted the pH to 7.8 with 1N HCl or
1N NaOH. We diluted to the appropriate volume (e.g., 100 mL) with phosphate buffer pH 7.8.
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15 IN105 was weighed out in amounts necessary to achieve appropriate concentration for dosing
studies, e.g., 1 mg IN105 (of protein) was weighed out and combined with 1 mL of formulation to

yield a 1 mg/mL IN105 in formulation.
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warm ng on a hot pl ate and mai nt ai ned
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needed, v@dlamLEt%‘tf%d the pH to 7.7 - 7.9 u%ing IN
sodi um hydr ovdngie®l or | N hydrochl oric acid. 2¢¢ then
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4.24 Trolamne 5.22 Citric Acid Anhydrous 6.72
T§9 dissbmbly dserel W8 c%’l@ie% %ﬁtsusﬂig%&JSIfé’b?Eﬂaﬁs Q‘Qﬁsgohgloanml- %ﬁarsnedlum

9 Lauric Acid O, ) ) So |uml—%/drOX|
Wﬁ%éfél‘é’d Prdglesapdsr M an%rf@?éwrrbwh@l%ﬁséo oy Ade f @&Jélan samples
wef® Ally2t8 by pﬂﬁm%&ﬁg b kﬁdl%ts?d'tenq_ OT1RAfHIE gﬁhséécobmatérsmh 0. 1% TFA
| N1O5 was_ we n anounts {gﬁgess tO aChI

(3Rl BsF 49 éﬂd@gﬁ%ﬁ%w G5 (gekiiepgase e&adleét Wi lzedlwas 0
fiBhitdsN00R dbOE piREOA L1 INhinRS 6398 hBbieoptase A, aﬁdnlﬁmé&Howeﬁoblle phase

A\fmlé Qlin%teg&O‘%fmobeg Igﬂélléea}i,l 19 r;ni;[m?es 100% mobile phase A. The wavelength was 214

nm and column was a C18 (150 x 2 mm). The following tables and graphs summarize the

dissolution data obtained for the dissolution testing of Nobex-Zn-IN105 Tablets Formulation
[854] containing 6 mg Zn-IN105 (protein), 286 mg Mannitol, 58 mg Sodium Caprate, 57 mg
Sodium Laurate, and 30 mg sodium starch glycolate (Explotab):

Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [854], % IN105
Dissolved

Sample Time Vessel 1 Vessel 2 Average
(Minutes) (% Dissolved) (% Dissolved) (% Dissolved)
5 71 72 72
10 86 94 90
15 87 96 92
30 89 96 93
45 90 96 93
60 87 96 92
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pi ece of weigh paper and blend thoroughly. Transfer
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The vvavelienqth was 214 72nm and col uith was a C18 {450 x
2 mm. The follow ng tables and graphs sumrari zeot he
di ssoI ut |1§)n data obt ai rged for the d|9§sol ut| on testing

58 |nq Sdéil um CaDrate 887 rm 20 Soatum Laurate 90and

30 ng sodbum starch gl ycol ate (Expl etab): Data Semmary
for the Dissofution ProfiTe of NODEx-Zn-TNIOS Tablets
8541 % I NLO5 Di ssol ved Sanmpl e Tinme_Vessel 1 Vessel

d lggjn ) r ti Caprate
Di Ssg{\agﬁt)m Rﬁﬁgg%taurate g)ellﬁ'l’?l‘#a‘l%lﬁﬂ M O(lh/ftﬁ@g %a" (%

Preparation of Formulation Nobex-IN105-[856]

Transfer approximately 143 mg of sodium caprate, 140 mg of sodium laurate, 150 mg mannitol,

30 mg of sodium starch glycolate, and 6 mg (protein) of Nobex-IN105 onto a piece of weigh
paper and blend thoroughly. Transfer the blend to the press and compress at approximately 350

psi to form a tablet.
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Sol i d DoséagemBgrpte( Tabl et) Formul ati on Pr%‘@ar ation 143
gy Caprate Mafado1140 ng Laurate per Tabl et1sPreparati on

of P L AL G0N, DOARKGIL05- 18561 10 Tr ansker

PR oA Tt O1 DUUI o Capl d.l €, J.L|- Ilg Ulr
sodi um NabfE 185(pi“’%"7‘f‘k}nn menni t ol 30 g of° sodium

}Etcfri's!’sglﬁ‘u(%I té%gé g&? S\e}ermdouﬁ uiik £ Qgptaﬁlaﬁa):us@f diNeR8¥r hdNl Ofhe medium
|
was water, paddle speed 50 rpm, and the medium volume was 500 mL. The dissolution samples

were analyzed by HPLC using a gradient system. The mobile phases were water with 0.1% TFA
(mobile phase A) and acetonitrile with 0.1% TFA (mobile phase B). The gradient utilized was: 0
minutes 100% mobile phase A, 11 minutes 65% mobile phase A, 15 minutes 20% mobile phase
A, 16 minutes 20% mobile phase A, 17 minutes 100% mobile phase A. The wavelength was 214
nm and column was a C18 (150 x 2 mm). The following tables and graphs summarize the
dissolution data obtained for the dissolution testing of Nobex-Zn-IN105 Tablets containing 6 mg
Zn-IN105 (protein), 150 mg Mannitol, 143 mg Sodium Caprate, 140 mg Sodium Laurate, and 30
mg sodium starch glycolate (Explotab):

Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [856], % IN105
Dissolved

Sample Time Vessel 1 Vessel 2 Average
{Minutes) (% Dissolved) (% Dissolved) (% Dissolved)
5 43 31 37
10 66 53 60
15 81 72 77
30 98 97 98
45 98 99 99
60 96 98 97

Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [856], % Caprate
Dissolved

Sample Time Vessel 1 ) Vessel 2 Average
{Minutes) (% Dissolved) (% Dissolved) (% Dissolved)
5 36 32 34
10 68 57 63
15 89 79 84
30 105 103 104
45 105 103 104

60 105 104 105
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paper and bl end thoroughly. Transfer the blend to the

press and conpress at approximately 350 psi to forma
w0 adwemi467311 WO 2006/ 014673 PCT/ US2005/ 025644 PSDUBIN05/025644

Dosage Form (Tabl ets) Fornmul ati on Nobex-1 N105- 18561

143 ng Caprate and 140 ng Laurate per Tabl et

Conponent ng per Tablet Sodium Caprate 143 Sodi um

Laurate 140 Mannitol 150 Explotab (sodium starch

gl ycol ate) 30 Nobex-1N1O5 (protein) 6 The dissol ution

testing was carried out using a USP apparatus 2

peiaSSahMhivOir W Dissolit®nBEHild0f Nbex-alIRE05 PAsIEs §853RSB A aurate
D';ggolwam and the nedi um vol unme vvas 500 nL. The

1556 o sam. es "" e—atrad-y y—HPEC—HS &
PV eTl Vesse 2 Rve Soe

gradle mﬁé’i em The, ,5@%,6(% phase sy Wgf &g\at eroWidllyeq)

A0l

170 II—I-\S\IIUUI I'T p||a5c3 alfuy atccl Ublj Il € W LIl 170
TFWW@%@W‘W] Was: s

mnutes 100% nobi e phase A 11 m ndat es 65% nobi be

phase A, 35 m nutes 20% nobil e phasé A, 16 m nufles
20%_mobi I4§: phase A, 79}n nut.es 1000/(91m'1h| Le nhncp92A

==

2 mm. The foll ovm ng tabl es and graphssummrl ze the
10 di ssol ution data obtained for the dissol ution

1283t i nGofihl DENAS Foml etj—m&ﬁlﬁatﬁﬁnl’ gﬁi‘zﬂi}nﬁlﬁ'ﬂ mg Caprate

Zn- IN1QRy (lapREEi n), 150 mg Mannitol, ng Sodi um
Caprate 140 gy Sod| um Laurate, and 30 ng sodi um
it pex- N 185Y859Dat a Sunmary for the

Tgneeoapy;okmeﬁr 9@ e ' opzodmp e A AR P55 it

D ssol’ved Vessel Vessel
gl(ymlmta@%§ MEARTPICES @ﬁ N/@@} D(be%ﬁ pRi9Sdticse a§ weigh W%@éf‘ b’éerj thoeughly

€1 T om X1 (+] a 98
Tgagsfg%theg%o dé%)thg e@%n@@ ks Btlapprdxifubiely330 98 tOHrR 8 tabftR

Solid Dosage Form (Tablets) Formulation Nobex-IN105-[859] 143 mg Caprate per Tablet

Component mg per Tablet
Sodium Caprate 143
Mannitol 150
Explotab (sodium starch glycolate) 30
Nobex-IN105 (protein) 6

The dissolution testing was carried out using a USP apparatus 2 dissolution unit. The medium
was water, paddle speed 50 rpm, and the medium volume was 500 mL. The dissolution samples
were analyzed by HPLC using a gradient system. The mobile phases were water with 0.1% TFA
(mobile phase A) and acetonitrile with 0.1% TFA (mobile phase B). The gradient utilized was: 0
minutes 100% mobile phase A, 11 minutes 65% mobile phase A, 15 minutes 20% mobile phase
A, 16 minutes 20% mobile phase A, 17 minutes 100% mobile phase A. The wavelength was 214
nm and colummn was a C18 (150 x 2 mm). The following tables and graphs summarize the
dissolution data obtained for the dissolution testing of Nobex-Zn-IN105 Tablets containing 6 mg
Zn-IN105 (protein), 150 mg Mannitol, 143 mg Sodium Caprate, and 30 mg sodium starch
glycolate (Explotab):
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Data Summary for the Dissolution Profile of

Nobex- Zn-1 N105 Tabl ets 18561, % Caprate Di ssol ved
w@a0oploetcTs ne Vessel 1 Vessel 2 Average (M nutPGY/US2N5/025644

Di ssol ved) (% Di ssolved) (% Dissolved) 5 36 32 34 10

68 57 63 15 89 79 84 30 105 103 104 45 105 103 104

60 105 104 105 112 WD 2006/ 014673 PCT/ US2005/ 025644

Dat a Summry for the Dissolution Proflle of

O A t s S s Z = ‘ 0
| Ved) (% Di ssol Ved\ (% Di ssal ved) '—3 35 25 30 10

61 A44aBple Time74 61 6‘89553’0' 93 88 9‘19339)? 93 91 92"‘3"‘619 93
92 93 (antBSb 3 Solilé maeqa Eor ({°

PreparatiPon 413 g Caprs a¥s :- Preparo .- s
5 8 . 0

Fernauta OH—NOBDEeX—11N S; 859 arsi L PP OX BLeT Y

14 Ok, SOUT T apr agsE, 01y rrag};nltm 3U Nog70T

sodium sgarch gl'ycol ag€, and 6 ng §gprotein) of ss
Nobex- | NdO5 onto a piege of weigh péper and bl entd
thoroughly. 10 Transfer the blend to the press and
conpress at approximately 350 psi to forma tablet.
Sol [ d Dosage Form Tablet s) Formul atllon

Dajia ¥ Ny (fE polissolution Profie of Nobex~Z 191 E4 Y aprate
Qﬁ@ﬂﬁér Tabl et Sodi um Caprate 143 Mannitol 150
Expl dadtpid Bodl um St avedsenl ycol at eYyessel 2 Average
(Minutes) {% Dissolved) (% Dissolved) (% Dissolved)
5 61 43 52
10 93 72 83
15 99 05 97
30 99 100 100
45 99 100 100
60 99 100 100

12.2.4 Solid Dosage Form (Tablet) Formulation Preparation 286 mg Caprate
per Tablet

Preparation of Formulation Nobex-IN105-[860]

Transfer approximately 286 mg of sodium caprate, 150 mg mannitol, 30 mg of sodium starch

glycolate, and 6 mg (protein) of Nobex-IN105 onto a piece of weigh paper and blend thoroughly.

Transfer the blend to the press and compress at approximately 350 psi to form a tablet.

Solid Dosage Form (Tablets) Formulation Nobex-IN105-[860] 286mg Caprate per Tablet

Component mg per Tablet
Sodium Caprate 286
Mannitol 150
Explotab (sodium starch glycolate) 30
Nobex-IN105 (protein) 6

The dissolution testing was carried out using a USP apparatus 2 dissolution unit. The medium
was water, paddle speed 50 rpm, and the medium volume was 500 mL. The dissolution samples
were analyzed by HPLC using a gradient system. The mobile phases were water with 0.1% TFA
(mobile phase A) and acetonitrile with 0.1% TFA (mobile phase B). The gradient utilized was: 0
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Nobex-1 N105 (protein) 6 The dissolution testing was
carried out using a USP apparatus 2 dissolution unit.
wab@eoegraim was wat er, paddl e speed 50 rpm aPdI/URE05/025644
medi um vol une was 500 nlL. The dissolution sanples 15
wer e anal yzed by HPLC using a gradient system The
nobi | e phases were water with 0.1% TFA (nobil e phase
A) and acetonitrile with 0.1 % TFA (nobil e phase B).
t z utes: 10
RS SfoR SPus e e TEmI e 61 s BERER A e Ry 0B mati phase
Amib) lt’dlIﬁJ’[qS Ra%enobAe plkée A Iuhiewe20ompdbilk ahapchas é’hcAwavalZ:ngth was 214
t 0 l.ep v t
nm ghlfﬁ O 8%5101 %g gSOC‘?_g n??g\o J] %)ll\ém@éng ta?lhe% afno}l£ ghs summanze the
dtsacbiltem datn @bigimapfos ﬂsudmmozeesntgaofmb@t £ 6V 05 i Tobled amaammg 6 mg

ht.ai i .. .
AR, e S gl Aoy 25 LR s
ghaplpie(iiplotabt3 g Sodi um Caprate, and 30 ng sodi um
starch glycolate (Explotab): 113 WO 2006/ 014673
D26l SlndfaPp 1280 issoldtioR PRUREI WJbek-zh 1R 143 §“§ﬂ|et‘étlkaﬁ % IN105
Diksolved € Of Nobex- Zn-1NIO5 Tabl ets 18591, U1 NLO
Di sso ved Sanpl e Time Vessel I Vessel 2 Aver age
AN 0 a D) (072
~Sample Ti o0 ~Ves 1 Vosde o o ahver
11 2634 5 183 },iove4 0 gl Siegp o o e %V §

Profite g Nobex=2Zn= |\|5 abtl ct s 1991, Y-Capt cu4§-:
DiSsof veds sanpt € Tine

(M nutes)o(% D ssol ved)2(% D ssol ved) (% D| ssol ved) 5
6 45 [s) 9

00100 18 60 99 100 20 93 93

Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [860], % Caprate
Dissolved

Sample Time Vessel 1 Vessel 2 Average
(Minutes) (% Dissolved) (% Dissolved) (% Dissolved)
5 29 35 32
10 52 66 59
15 70 84 77
30 99 99 99
45 99 99 99
60 99 100 100

12.2.5 Solid Dosage Form (Tablet) Formulation Preparation 100 mg Caprate
per Tablet

Preparation of Formulation Nobex-IN105-[861]

Transfer approximately 100 mg of sodium caprate, 150 mg mannitol, 25 mg of sodium starch

glycolate, and 6 mg (protein) of Nobex-IN105 onto a piece of weigh paper and blend thoroughly.

Transfer the blend to the press and compress at approximately 350 psi to form a tablet.
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12.2.4 Solid Dosage Form (Tabl et) Formul ation

Preparation 286 ng Caprate per Tablet 10 Preparation
wo@RookoL4s03 at i on Nobex-1 N105- 18601 Transfer PCT/US2005/025644
approxi mately 286 ng of sodi um caprate, 150 ngy

mannitol, 30 ng of sodium starch glycolate, and 6 ny
(protein) of Nobex-1N1O5 onto a piece of weigh paper

and bl end thoroughly. Transfer the blend to the press
Salndconpr ess at]a DI OX | matel [

Nobex- INloab,qqg@,%tZ%rrg Capr ate per Ta,labgngaGmfrponent

Expl ot ab (¥ G#7%¥t arch glycolate) 30 Nohd% I N 105
(protein) 6Mehetodi ssol ution testing was catxied out

usi n@xﬁotmgdﬁﬁrg@rc@gy@ag) d| ssol ut i on un| t ﬁhe medi um

ate per Tablet

HPLC usi ng' a gradi ent system The nmobi | e phases wer e
water with 0.1% TFA 20 (nobil e phase A) and

TBE 8tQRkibA {eEtﬁlgVWaE RarBed %t-[lﬁ:ﬁg 6M§Pi dpParttiads GisButiod hiit. The medium

gradient, utilized was; 2006/
s R8s S A e BS Y BOSBEYT égﬂéﬂgs Snoispipion sample
whilenbilgsd 659@1]@ Riih@a phdse sPteml SThinvbil€shaO YocreDiitdr évith 0.1% TFA

Aigeeretn e aret R A RELA EUBER e S PR od vas: o

mix@ked rmo%m)bﬂe 165]1& 4.113Gnixutes 65%) moﬂi]%@hﬁs@lﬁl AvinngtdsRVegobile phase

a[]é:l m?xﬁﬁ P %P%/g opile ile prhlaszee telz {mnuges%?(g Ran){n(I)e ‘ﬁl 1@%tv%lv§?%h was 214

10 nmoemﬂ aolinngva an@l%(lm xll\lix@@ (Preobkewing tabES) apd) givplsrumplarize the

dl%%%)ﬁltl gz?g tégeld] g&lgso@@gte%%%ﬁgg nﬁ\ﬁbélg Sestso oaltalin(i)nﬁg 6 mg

ZPﬂIﬁfQSI (@rcmeﬁn)l\léﬁbngMamNmOBOQ' ael é@%unlg@mte 954 RA.@® sodium starch
E;( npl e Tinme Vessel | Vessel 2 Average

gl?knﬂ? Eﬁg ?{? ¥ Di ssol ved) (% Di ssol ved) (% Di ssol ved) 5

28 19 24 10 53 44 49 15 70 68 69 30 92 90 91
Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [861], % IN105

15 Dissolved

Sample Time Vessel 1 Vessel 2 Average
{Minutes) (% Dissolved) (% Dissolved) (% Dissolved)
5 77 41 59
10 94 84 89
15 96 90 93
30 95 91 93
45 95 91 93
60 97 89 93

Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [861], % Caprate

Dissolved
Sample Time Vessel 1 Vessel 2 Average
(Minutes) (% Dissolved) (% Dissolved) (% Dissolved)
5 97 77 87
10 101 99 100
15 101 103 102
30 101 103 102
45 101 104 103

60 101 104 103

20
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45 92 92 92 60 92 93 93 10 Data Summary for the
Di ssolution Profile of Nobex-Zn-1N10O5 Tablets 18601, %
w@2a@eat4s73 Di ssol ved Sanpl e Time Vessel 1 VessePCRUS2005/025644
Average (M nutes) (% Di ssolved) (% Di ssolved) (%
Di ssolved) 5 29 35 32 10 52 66 59 15 70 84 77 30
99 99 99 45 99 99 99 60 99 100 100 15 12.2.5 Solid
Dosage Form (Tabl et) Forrrul ation Prepar ation 100 ny
Caprate per Tabl et atjon nul atjon
13 8ex- ISﬂEés‘)‘?LSSSQ.Lf"W‘a bl ﬁab'fla “ﬁﬁt eya'if’éb’"an bfig Caprate
sodi umPebgrBlee, 150 ng mannitol, 25 ng of sodium
a?lg lgorgJuYa?lQL ﬁ%ﬁex—l@figs- (pr otein) of

Pl €ce O 9 paper and bl end
T{ahqﬁrcﬁggqqpylately-rﬁgﬂgg @frsotilﬁgl quréiﬁd %Oomg ﬁ)@nrﬁob s mgof croscarmellose
QP LES S nl (prRRAY OXNORKENY053RE Ppikcel v&fe@h'ﬁaﬁer Taﬁ’cbi)leﬂd thoroughly.
115 WO 20 6?014 73 PCT/ US2005/ 025644 __Sol.i d age
Trepieh trerolpndde &y pregsrand PO ESH ANBE R AR GRY PB &ffmiet? ¢y
Caprate per Tabl et Conponent ng per Tablet Sodium
Sélawahe Kb (TMaaw) RoPnulhfion ExquNabs (ssmldnsu mgsﬂ.':aalrﬁh per Tablet

LA O

DCTA=TINIUJ \pl otel II) 6—Ttredissotrution

gHycotate)—25—Not
testi ng waS°®BP"Ed out using a USP apBars: \fRles
di ssol uti apgistRtiprateThe medi um 5 was wat er jspaddl e

speed 50 rprﬁangtgf rThe medium vol'ume was oS@gy mL. The

gr adEapebdGeearrelofiedifhi | e phases were wdfer with

0. 1% TEAVobéxriybiSI(motpiidase A) and acetonitril® with 0.1%
TFA (nobi e phase B). The gradient utilized was: O

Tlrﬁnq](ggst@ﬁl}sg\or} %g%%.ln\%gltc!@gegg@:uglﬁg ia ILé:‘l)rﬂ?B%%ESe? digsso%)tirgr? ?nlult eThe medium

was water, paddle speed 50 rpm, and the medjum volume was 500 mL. The dissolution samples

were analyzed by HPLC using a gradient system. The mobile phases were water with 0.1% TFA
(mobile phase A) and acetonitrile with 0.1% TFA (mobile phase B). The gradient utilized was: 0
minutes 100% mobile phase A, 11 minutes 65% mobile phase A, 15 minutes 20% mobile phase
A, 16 minutes 20% mobile phase A, 17 minutes 100% mobile phase A. The wavelength was 214
nm and column was a C18 (150 x 2 mm). The following tables and graphs summarize the
dissolution data obtained for the dissolution testing of Nobex-Zn-IN105 Tablets containing 6 mg
Zn-IN105 (protein), 150 mg Mannitol, 150 mg Sodium Caprate, and 25 mg Croscarmellose
Sodium (Explotab):

Data Summary for the Dissolution Profile of Nobex-Zn-IN105 Tablets [862], % IN105
Dissolved

Sample Time Vessel 1 Vessel 2 Average
(Minutes) (% Dissolved) (% Dissolved) {% Dissolved)
5 76 41 59
10 93 87 90
15 95 99 97
30 96 98 97
45 97 98 98

60 98 97 98
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A, 16 m nutes 20% nobil e phase A, 17 m nutes 100%

nmobi | e phase A. The wavel ength was 214 10 nm and
wa@olodomerns a Cl8 (150 x 2 mm). The fol |l ow ng PEbUSR05/025644

and graphs summarize the dissolution data obtained

for the dissolution testing of Nobex-Zn-1N105 Tabl ets

containing 6 ng Zn-1N10O5 (protein), 150 ng Mannitol,

100 ng Sodi um Caprate and 25 ng sodi um starch

IyCOI ate TRLY, £ 1% S@ehUbd @prate

DOVI ved Sarml e Tinme \essel
(M nSeeghk Tims Di ssol v\é?f)selﬂ% Di sso| {eEde
7741 (Houtesh aq g4 (hdisselkedyg g g Bisse p )
91 93 60 97 89 93 Dat¥ Summary forSit he Di ssol utqgon
Profile mf Nobex-Zn-1NBO5 Tablets [#8611, % Caprage

Dirssotveq barrpl € || me géessel 1 Vessgel 2 Average 98

97 77 87°% 10 10199 108 15 101 2 t03
102 45 401 104 103 6% 101 104 10F8 20 116 V\D 98
2006/ 01473 PCT/ US2005¢48025644 12. 2086 Sol i d Doseage
Formr{Tabtet) Formutatton Preparati on 150 ng Caprat e
per Tabl et Preparation of Fornul ation

Nobex- 1 N105- F8621 Transfer approxi mately 150 ng of
1% obi witre Eapyae Resispocerxamplebt ol , 25 ny of

1n§l;rh %81 Jﬁﬁ(ﬁ Lé?lﬁl%atess(}ﬁlglg} WLk p@@i@ecﬁmr’fg f\D E&ilﬁﬂl Eﬁos ate buffer (a pH of

N1O5 onto a piece of % P:P and
ahohtdréa @gchqhylr concentrations are determmed by HPLC (the solutions are dlluted with buffer

so that equimolar comparisons can be made between parent and conjugates ~0.6 mg/mL).
Lyophilized chymotrypsin enzyme was resuspended in 1 mM HCI to a concentration of 7.53
U/mL. A 1.53 mL aliquot of each sample was added to sample tubes and 0.850 mL into control
tubes. Samples were tested in duplicate along with four control tubes per sample. Aliquots were
incubated at 37°C in a thermomixer for 15 minutes. Then 17 pL of chymotrypsin enzyme was
added to each sample tube. Five pL of 1 mM HCI was added to each control tube. Immediately
following the additions, 200 pL was removed from the sample and the control tubes and placed

into 50 pL of 1% TFA previously aliquoted out into centrifuge tubes. This sample serves as T=0.

The sampling procedure for Insulin (Zn free), HIM2 (Zn free) and Insulin (regular insulin
compound) was repeated at the following intervals: 0, 2, 5, 8, 12, 15, and 30 minutes. The
control procedure was repeated at the following intervals: 0, 8, 15, 30 minutes. For T-type and
R-type samples, the procedure was repeated at the following intervals: 0, 5, 8, 12, 30, 40 and 60
minutes. The control procedure for the Zn complexes was repeated at the following intervals: 0,
12, 40 and 60 minutes. Samples were stored at -20°C until analysis can occur via HPLC. HPLC
was performed to determine percent degradation relative to the respective T= 0 minute for each
digest. The natural log of the pecent remaining was plotted versus time and a linear regression

run for each digest. The half life was calculated using the equation: t : = -0.693/slope.
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Transfer the blend to the press and conpress at
approximately 350 psi to forma tablet. Solid Dosage

wao-or0ai0{4babl et s) Fornul ati on Nobex-1 N105- F8621 RESDURI05/025644

Caprate per Tablet Conponent ng per Tablet Sodi um
Caprate 150 Mannitol 150 Explotab (Croscarnell ose
Sodi um) 25 Nobex-1N10O5 (protein) 6 The dissolution
testing was carried out using a USP apparatus 2

@i Sl§0| %l on uni f . The nmedium to was water, paddle
5 t .8 mg/m prg

i o™ HE t he nedium vol une was 500 nl. The
di SS_0| utdampresanpl es Wer?hémal yzeginR¥oh2hC usi P¥En8l content

% TFA (ABBL) e phase A) Add®acetonitrile with 0.1 %
TEA (nmobile phase B). The gradient utilized was: 0

m nut es (Z%‘]E?Eg mobi | e pha¥d>A™ 11 nminutes 65% nobil e~
phase A i nutes 20% nobil e phase A, 16 ninutes
20% nobeshie. Y¥ase A, 17 Mihwhes 100%tdbive phase A~
TheRGRFErEAHIAIAs 214 15 nm and col urm was a C18 (150
X Z mn. ugi ol oW ng nabm@s and g SUMabl %%.234Mw
di ssdt-uteziorrordidda obt ai ned for the dissolution testing

P PP
NUIUT AT

.y oufﬁﬁgmcm’(m Manni to!m’ 150 g Sodium Caprate, and

JG5 o NTU

o Croscalkne 0SE Soal um (Expl otab). Data Summs
f |Lutian Profif’&@mdf Nob&RZZAMPNLOS TaB St
[ggﬁg%(%ﬁlt%%éo%% Di ssol ved Sanple Time Vessel 1
Vessel| PIG&Fer age (M nui*é@syin{ % Di ssoMed) (% ND

Di ssOF V&G 9D ssolved) 5 76 41 59 10 93 87 90 15
95 99 97 30 96 98 97 45 97 98 98 60 98 97 98 II7 VWO
2006/ 014673 PCT/ US2005/ 025644 Data Sunmary for the
Ropdsal 0,8 pymPpodtéine of Nobex-Zn- |1 N105 Tabl ets [ 8621, %

Caprate,_DI ssol ved barT'pI_P | e vessel lt vessel _Z
S . Th P |
Aver age P PRPnut es) (% Di 5280 ved) EUSGPUER| yed) PlR)R! content
Di ssol Veld?ulin 4-5 mins - -
. (zinC free)
HIM2 7-9 mins - —
(zinc free)
Insulin, USP 7-8 mins 04 to 1% w/w

(regular insulin compound)

HIM2 19-21 mins 1.1% wiw 0.1 to 0.25% wiw
(R-type zinc complex)

HIM2 12-15 mins 0.55 % wiw
(T-type zinc complex)

14 In vivo Examples

14.1 Extended Mouse Blood Glucose Assay (MBGA)

Six paired-dose groups of 5 male CF-1 mice (Charles River Laboratories; 25-30 g) received
subcutaneous injections of either the insulin compound conjugate (test article) or recombinant
human insulin. The test article was reconstituted with phosphate buffer (0.01M, a pH of about
7.4) containing 0.1% w/w bovine serum albumin and dosed at 100, 66.6, 43.3, 30, 20, and 13.3
pg/kg. Insulin was reconstituted with phosphate buffer (0.01 M, a pH of about 7.4) containing
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584 51 68 10 98 88 93 15 98 97 98 30 98 98 98 45

98 98 98 60 98 98 98 13 In vitro Enzyne Resi stance
wax@apl433 5 i nsul i n conpound conj ugat es ( H M) P@BUS2005/025644

provided in 10 mM sodi um phosphate buffer (a pH of

about 7.4) and their concentrations are determ ned by

HPLC (the solutions are diluted with buffer so that
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Fig@GClq)sitowis MRGAYibmtaan podigarfoy Z&HW@@HSUHPLO@HPM@ product with
prgﬁntngn%r !;E%gré % gl%%[? ;;lgl(ﬁg logx%ﬁ§§§%ecldtﬁg{1@9@ﬁﬂofaﬂur{e%Llﬂf)l'my £ 30%nd 90
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minates) pest dosog Thyse raselissheve fhet the MaPoiens) oﬁ\HB\%%)lsmot Bgnifeapidpgduced

b§ &aﬁﬁﬂemﬁon%m AL TELEERE SR ind Wl Q' (sRaGhuE] 19 @9l shotdGreater
['1fe was cal cul at’éd using the equattion: y:

glu@segéwproﬁé() mjnpges Wen 29 erert4673 PCT/ US2005/ 025644
Results at 0.6 ng/m protein Sanple T half Zinc

Flﬁ“ﬂjelt qa"ggtgr&hﬁ 00l sh6 W MBGA bidpBehldyl fRofflesHfo NS 86, IN~194,ZINAO, IN-191,

IN- 18696?1\1 SNE\I %33 ﬁ\ilgﬂ, I¥-185, 1196 and IN-197 having structures as follows:

B1 monoconjugate, IN-186:

0
HD/L/\{O/\)&\

B29 monoconhugate, IN-194:
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(zinc free) Insulin, USP 26-29 mns 0.3 to |%wWw ---
(Regul ar insulin conpound) H M2 51-78 mns 1.1 %ww

W@ 261001603 25% W w (R-type zinc conpl ex) H M2 BAT/DB2085/025644
0.55 %wWw--- (T-type zinc conplex) H M 95-120 mins
2.0to 2.1 %ww5.3to 6.2%wWw (Rtype
zi nc/ protam ne conplex) DICON-1 24-26 m ns ND ND
(R-type zinc conplex) Results at 0.3 ng/nlL protein
Sanpr%e T hal f Zinc content Phenol content Insulin 4-5

mnsy-- - (zinc free) HM2 7-9 mns -- -- (zinc free)
I ns USP 7-8 mns 0.4 to 1 %ww--- (regular
i NS _ Jlrrinsll%vv/wOlto

HO."25% npkex) HIM2 12-15 m ns 0.55
YwWw --- (T-type zinc élormlex) 14 In vivo Exanples 5
14.1 Extended Muse Bl ood G ucose Assay (MBGA) Six

ai red- dose qro s of 5 male C1 mce (Charles River
ia@%?iﬁ%ﬂ??é%*—z@u 2 0 g) received subcutaneous

i njegtions of either the insulin conpound conjugate
(tesf article) or reconbinant human insulin. The test
arti

ikl e was_reconsjituiedyw th phosphate buffer
: pH Aﬁtﬁt\%iﬂ\qont aining 0.1% w w bovi ne
Serum al bum nyand dosedzat 100, 66.6, 43.3, 30, 20,

Hb

and 13.3 10 Itg/kg. Insulin was reconstituted with

hosphate buffer (0.01 M a pH of about 7.4)
_E‘bw%a-awg&—xﬁg‘l&o 2006/ 014673 PCT/ US2005/ 025644 0. 1%

w w bovi ne serum al bum n and dosed at 50, 33.3, 21.7,
15, 10, and 6.7 pg/kg. After

J

# %,
G ] o, } -
NN ‘M%/ ngﬁ/
kY i“i 3

B29 monoconjugate, IN-190:

Ho/"\/\/o\(/\o)j

B29 monoconjugate. IN-196:

HO)L(O/\,EO‘\//\\
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recei ving a subcut aneous dose in the pocket forned by

the thigh and groin, animals were returned to their
weagedifees 30 m nutes at roomtenperature and POEDNSHeS/@25644

qui ckly anesthetized and termnally bled. Blood

sanpl es were collected in heparin tubes for glucose

assay. If glucose 5 assay was del ayed, the tubes were

stored in ice water and re-warned to roomtenperature

before ,assay. Plasma glucose was neasured with a
5@?@@3ﬁ@@8§£%i§32¥ One Touch(r) Basic; Lifescan), which

was O calibrated at the begi nning of each day of use
ding to the manufacturer's instructions. The

of the knsylin conpound conjugate was then
b@d’%ék@&kﬁé‘tg the standard curve that 10 was

d for thé reconbi nant human insulin response.
Cal cul ati ons were based upon the assunption that

econmbi nant mpa. insulin has a potency of 27.4 |U ny.
Eég@%$¥gmg$g&§ﬁg§§:in Figures 16-20. Figure 16 shows

MBGA) bi opot ency profiles for HHM2. Figure 17 shows
bi opot ency profiles for Zn-H M insulin conpound

H

s

R-type. % Fhgure 18 shows MBGA bi opot ency

fil #F3¥E2n2Fﬁ insulin conmpound product T-type.
Figure 19 sh s MBGA bi opotency profiles for

Zn-H M2 insulin conmpound product with protam ne.

Fi gure 20 shows glucose |owering effect of R-type

protam ne conplex at 30 and 90 m nutes post dose.

These results show that the biopotency of HIM is not

142 9nbh¢ eddhp $rdgdguced by conpl exation with Zn++. The
R-type protam ne conplex (see Figure 17 171) shows

reater . glucose reduction at 30 m nutes than 90
l‘ﬁ?'ﬂut ednitighHEVE2 Studies £ gres 21-24 show MBGA

DbBisORe} @NGY wRfeOprbpatSl JuftficallN(ib&Birank NndsBidsia)l By pREng a catheter in a
I N-191, N-189. IN 178, 1N-193, | 4, 1N 185,

PR g5 AT PRI BT GOFGET S ddePaftPoTach gy vere fstd

oRRIEhE Bt stugladden the Nerk8i6us staid. QAfterid 60 nlin-equilB2Bion period, there was a 20

SR s OSSR R oy gy

cdnpOundH@asOtested in a buffer solution, prepared as shown in Example Error! Reference

source not found.. In addition, R-type and NPH-type complexes were tested in oral liquid
formulation that contains caprate acid and laurate acid, prepared as shown in Example Error!

Reference source not found..

All 3 test samples were tested at only one dose level (the dose level were identified based on the
previous experimental results). The plasma glucose level was then be clamped at a euglycemic
value by infusion of D-20 through a leg vein for 4 h. Blood samples (4 ml) were taken at -20, 0,
5, 10, 20, 30, 45, 90, 120, 180 and 240 min for measurement of glucose, insulin compound and
C-peptide. Arterial blood samples were obtained as required to clamp the plasma glucose level.

A total of 72 ml of blood was taken in each experiment.

The following measurements were performed: glucose infusion rate, insulin compound

concentration, C-peptide concentration, and plasma C-peptide levels (to allow an estimation of
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5 B29 nonoconjugate, IN-178: 'y'') a 6~ B29
nmonoconj ugate, IN-190: 0 HH 10 B29 npbnoconj ugat e,
WO DB0806t673 0 HO 0 0 121 WO 2006/ 014673 PCT/ US20PET/029681425644
B29 nonoconjugate, IN-191: O HO O B29 nonoconj ugat e,
IN 189: OO HOO--~~4 5 14.2 Dog C anp Studies
14.2.1 Initial H M Studies Dogs (n=3 or 6) were
pr epar ed surgically (i soflurane anesthesia) by placing

eréqog%l&%setu%esr%h é‘,%m?/Oéllr’l(? ]ggl:easi)ea;_’[%egéucose ﬁ?smn mate re(%uhred to maintain
emgwanh@ﬁmewsmmﬁmmwémmughbmanddsﬂmdled |n t he consci ous
state. After a 60 min equilibration period, there was

Fgﬂo%gngmhﬁ eﬁ%ﬁ&@rﬁlthéoﬁéel éﬁq o@ftl{eecrath@f@ G dubea g[bglgaryg@lg'slygén\ﬁetﬁe dogs

Zn++-H type Insulin conpound
Wp@sﬁile‘meda i regoten foi évo @@ﬁka pligsho angtheprdydn H8ick A éﬁ?reinhtest article was

ufe QAR 1sFr ek b AdoReA8 [ RIdEEand %gaaraq&alra)@g tifn@4 Mbtal ndiBber of dogs was 6.
addition, R-type and NPHtype conpl exes were tested iIn

or al I|qU|d formul ati on that contains caprate acid
Figupes|23 and,20shqwithe eyl par ed as shown in Exanpl e Error!
15 Reference source not found.. Al 3 test sanples

1&2&2 f ste Fﬁi%ﬂﬂaﬁggngnd?ﬁg | evel (the dose |evel
previ ous experi nment al

Theﬁhﬂytv&‘a)s coﬁﬁhﬁgcmrﬁ;ﬁ;)n(ﬁ) g\bebtﬁglﬁ &sﬂeeycellsciMSncﬁlgxehdcige whichhpiten fed
Bl SRRy BSR4 B 52 T o
ani@@l, hfll a silastic catheter inserted into the femor al artery as described elsewhere (1)
approximately three weeks prior to the experiment. On the day of experiment the catheter was
removed from its subcutaneous pocket under local anesthesia. Test article: Nobex-IN105 (Lot.#
KJ-173-095 & XKJ-173-116) was provided in the oral fatty acid formulation (Nobex-IN-[753]-
040422) at a concentration of 1.0 mg/ml. Each dog received 0.25 mg/kg oral dose of Nobex-
IN105 (1.0 mg/ml@0.25 ml/kg dosing volume). Nobex-IN105 was given at t=0 and glucose (D-
20) was infused through a cephalic vein in order to maintain euglycemia. Arterial blood samples
were drawn for the measurement of insulin and glucose as previously described (1). After the
experiment was completed, the arterial catheter was buried subcutaneously as it was during the

initial surgery.

During the experiment, one dog vomited immediately after the dosing and only a portion of the
dose administered. Therefore, the results from this experiment were reported with and without the

data obtained from this dog.

Arterial plasma insulin levels rose in all six dogs, including outlier (Oral-2i), following the oral
administration of Nobex-IN105. Mean arterial insulin rose from 6.0 = 1.4 pU/ml (6.3 + 1.7
pU/ml, n=5) to a peak of 109.4 + 31.4 pU/ml (127.8 £ 30.1 pU/ml, n=5) at 10 min post-
administration and then fell so that by 150 min all dogs returned to baseline insulin levels

(Figures 27 and 28).

Euglycemia was maintained by glucose infusion. The glucose infusion rate required to maintain

euglycemia as greatest in the animals with larger rise in arterial insulin (Figures 27 and 28).
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5, 10, 20, 30, 45, 90, 120, 180 and 240 mn for

nmeasur enent of glucose, insulin conpound and 20
w@2epid6de. Arterial bl ood sanpl es were obtai nPAI/ES2005/025644

required to clanmp the plasma glucose level. A tota

of 72 m of blood was taken in each experinment. The

foll ow ng neasurenents were perfornmed: glucose

infusion rate, insulin conmpound concentration,

(RELL 48 SUOERRHLALAAM 106y BL AR, Cucat s L ove sytmi
(6PTTEWSR008kePE6445) endogenous i nsul in conpound

rel ease). The glucose infusion rate required to

mai ntai n__euglycem a provides an index of insulin
143Apoutalid Fprmplatiens | owi ng t he experinent the free end

F&hulaish s?@éeﬁﬁg Qfudida SisiBl &neeglu&dbeluxh}anﬁmals lvpreadadddelee dﬂO@&mlght

were allowed to recqv ek ior to,
fagied, BRASTIOPS PRGN Qogﬂl"’fht’g‘r%’ﬁt %ﬁéﬁ m@‘r‘t %ﬁgg WH8tes f?j/ Beiyarate

1495% R bsd 56 Ebérandendz@d weiphtl 0%eh afitlalused sﬂhsﬁ@taﬂiete@fns&ted into
tinmes. Tot al

g e Ao a8 drraned eroghes® TR oo alfings JFHE 158r o we
e@érudc)ht was ﬂmgl e Eﬁﬂnmént ShexcaftBler @eeremiogdit frdnaﬁt @dbcutaneous pocket
consci.ous .ha
urﬁlﬁ%oﬁ?lo;ingﬁﬂhem @3 ca b%r 5% rcoélamedd}leglg/g% ? § n\@og qs%yﬁ%;ent liquid
foﬁmklaronbasie@ng)asf L Q5 poe baphitle ofaldér. Ed¢h dpgiimeMeryreaperanent received an
t cat h [ r
ora Sfl dg ePprg)%Aﬁatelg '6?? Iﬁgﬁ% orrgxi?prséd? gT tfaﬁ@tﬁJoﬁ'tjalnglgtS%F Xmgﬁf IN105
twyigei mrsuctcgsstoh,etheﬁpe ri treftand Gre chadday 01f20 axipées fiuspset(Re20) was
1nﬁ§%£t?&o%%% 2 hatlc ﬁ%rcfef %&B&&HQ?&M”%@%&&% %Eldy time was

anest hesi a. Test article: Nobex-IN1O
extqnded #fter foping Adhepobe gifgeylagydbeyed) 13kaginpien virgad blapd spraples were
AR korftlﬁet ﬁléﬁsﬁgfhglt ben aélﬁc%ﬁ‘a inlaktb TlheNZs d}%é}%u’slyQé@fh?e%)(1reference
0

at a concentration of 1. g. recei ved
Do AfBr frg FRRGTBFEIYag 6@@91‘6?(1 Nk?tﬁ*éiﬂaisaﬂilqﬁﬁo‘es {eplagedripip e@Poptgneous
tid¥hd Kg dosi ng vol une). Nobex-1N105 was given at t=0 and
glucose (D 20) was infused through a cephalic vein in

order. to tain euglycem a. Arterial
P e o, 00 At RO LER B GRS OF 4 MG BT LAga o
ao@d?s pufBrs, Odikibnts dad (Zli‘sinl@dm(sl)l"o Whirgive tvbmblee,xme rhqmlnandv\@s solid

ggtﬁégog%wp conmsEen evels of(ajﬁ\)? andt eﬁlcsexcﬁnetn? g?apnc Laurlc Caprylic,

I\/Bfﬁstﬁ)ublnmlglc), Ittms eammg Ionﬁe mlte relotie euir@gntv offatip deifl pentait, érp@q:rydlluents

(rr?%\%ﬁol o‘ir hmq%lg ggjs{%_ﬁlg? %g?ogé)y arﬁiécg Sigstéﬂd%?asn‘? T(E%ph)%ab?] dﬂl%eglucose infusion

ragepé 1V HE nbsovior (nlaspe ftswleh iwinuno-agadtiviiy} drgaivere h‘@lua@étﬂ@ compared

Wg?gghﬁggdfFﬁ&&&gls dog. Arterial plasma insulin levels
rose in all six dogs, including outlier (CXaI-2|)
following the oral A adm nistration of Nobex-1N10

Infjiely, APETBREIWFH oY 4 snplityrang refine the gptigird ’(qaldéoanulatlon

(réfe%r%ce%@ to:lg-yolﬂimd iﬂmﬁatlb@that Weakbethord 8difly codvlertdd @/ sotid dosage form.

st _adm nis
et Frafeare Y BB ‘a%ff%%“mg& %(rtmwageSP%‘t%tngﬁg g ez
ce@ﬁs @did Feplabdlisiil soliumeMgrhis) as well as removing the buffer components (citric acid,

trolamine, tromethamine, sodium hydroxide) that were deemed to be no longer required.

Additionally, the effect of other fatty acids such as linoleic, caprylic and myristric acids and the

amino acid, arginine, were examined for their effects on the absorption of IN105.
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(Figures 27 and 28). Euglycem a was nmi ntai ned by
gl ucose infusion. The glucose infusion rate required
WO o00aRi4srRi N eugl ycem a as greatest in the anP@EIUS2005/025644
with larger rise in arterial insulin (Figures 27 and
28). 123 WD 2006/ 014673 PCT/ US2005/ 025644 Mean
Ar ea- Under - The- @ ucose I nfusion Rate Curve (AUCO 240)
was 578.5 144.5 ng/kg/mn (669.4 137.7 ng/kg/ mn,

=5 .. 4. E
b8 ot LAY 8050 S0 il O BERE v
foomlgivey werglstlect&l 4rd§cseﬂd in @ﬁ@mn@h@gm@qﬂéﬂ detfgise i @pability and
r 46% car bohydr at e,
Coﬁggﬁ/§ ? g[%vgegln éﬂjalélg/lgs aﬁggg%@ggsag%&gsﬂ dry wei ght. Each
animal had a silastic catheter inserted into
AR it YoV P S VORI R RUB oL  variety of
caRBRL O ARLEIY tolehf18Re WRBKSoPfrbMIEs fANT1Fend 8% PfyiatiEontetd.
the day of experinent the catheter was renoved from
i ts subcut aneous pocket under |ocal anesthesia. The
T8rticle contained 1. Ong/ ML Zn IN105 in different
Inl the| Ghitdall&pbdments,adoigo desed rwith- BIGS of 3%N&/®5cap@cr agd psiine salt in a

pIgP%ateb? g{ﬁ avEtg% Stea%%gona e)%é{ enl;,r}{s sﬁ? l@@hesr ig—gb)\é? q%n%ﬂr response

congpsd kethe bpttrmbddéthId(fmtmlﬂdtle gon&mmg By ofaptiNadbin Trolpwime/Citric
acup'lir%%x%t%aer%fgl /Qkiur droJuEles’ \%UB_@E 6%13‘(1@901%95{?& tlﬂgt Aﬁe%%@ﬂgl sait ofi the fatty

use rough a
aciefolra béhevas erpmpararblmow@raqdd"ommdttw e @ddjtigneleinfiar copporsgiglid not

ext ended after dosing where the
CO%?@g%ttéﬁjast eg‘ [E&yond 120 minutes. Arterial blood
anpl es were 15 drawn for the neasurement of insulj .
Ingw@r@tg etuditel CTyipe ialenae e I HlisTsttbise b egprate with either 3%

a%fﬁf: 8L€BCS, liddleic &Ju! @kitHeP6r (BXDRFbIRE E;dmsd ﬁgrﬂﬁ&aat &fdets. The use
he arterial catheter was replaced into

ol asiEed ipiteded fOﬂawafna‘éﬁradﬁ@V%%ftgngss P R vagipg limoleic
ack®dibl dotdema Q@reﬁlﬂﬁﬁ@any\gﬁfcﬁse piEfepar wgeestirtgliacttof feﬁe‘ce MBoth formulations

o RGeS0 B 5 S Lo s
reldieclg 0d bedlefitdn FTRONMN1AS lewels cont ai ned consi stent | evels
of IN105 and each excipient (Capric, Lauric, Caprylic,

Inwg hrslinl %tll'élgso%o%dcf))nnaﬁan&ﬁ Wl é‘JaElgtfe? QJ Yot ?cﬁvcfexei)l@ﬂd' Mfed into hard

acl cont ent uents
gf(latmmapiutﬁls apd taiq»ietﬁr @nmreymi iy Hiand ugieg p lﬂaw§le}’r688aﬁa¢ gapsules, powder

bl((.éill]dS 5%?%@@1@% %Rk te&\ﬁ)alen{l-tbezﬂ}gﬁfg? Sth] P Dt @bbraté A5 mg laurate

gtlon [asma 1 nsu
oo SFasifsuit\A)in dbR Arshepenteuimiau ilednss AE ol dpeead dosing @

sitifitineatt Vdégso%@r\fe@ il (B G RNecondrehi Wit A1DY absErpR&T W]i@éﬁhs levels
were carried out to sn(ggln‘ and_refine the opt.i

Wpreqmllcpbpﬁ%paspll@ﬁ for{nr o} rias. 2T)hlst (Bltaasuggeatﬁl ariable %ut potential
dd18JisBds O ﬁ\ha5 MR Ic@bstme JeREe fdnﬁadmkswuﬁanww byl slightl@ delayed
sol jd dosage form q)fl é}arrled O%ﬁ 9{ ; trofi
with ks Ferse ﬁ@latﬁfretof the, dablelsy %@103 ahew RY t eht e to no in-vitro/in-vivo
c&RIdiespondi ng sodiumsalt (e.g. capric acid replaced
by sodium caprate) as well as renoving the buffer

Inc%g%%{] qnptrg’tot o Eagf-e{: sc?eceingg studies, tablets containing 6mg of IN105 and 150mg
Mannitol , 30mg sodium starch glycolate with 143mg Caparte with or with out 143 mg laurate
showed significantly higher GIR and IN105 absorption than the same tablets with 54mg Caprate
or/ and 54mg Laurate (Figures 31, 32, and 33). This suggests a reasonable dose response of

125



10

15

20

25

30

trol am ne, trometham ne, sodi um hydroxi de) that were

deened to be no longer required. 30 Additionally, the
we@tdoemi4603 ot her fatty acids such as |inol ei c, PCEPR00F/@25644

and nyristric acids and the am no acid, arginine,

were exam ned for their effects on the absorption of

IN105. 124 WD 2006/ 014673 PCT/ US2005/ 025644 After an

initial set of prototype screens using one to two dogs

hi ef G‘T’%( gqg)'gtéveﬁs r(‘%lla?% o dlé%/rt al%lcr)lﬁ %U géjcjfactcl r&@%an%te The tables

shd'etchanmameartdrpenm &R tespopsegtings to (t;}@r&]ﬂ%ft @k@yaﬁ@pmﬁmonally, the
L% dodAdgiegsol uti on
107 S EARNG ook B rROMT A ol aieR20 et o
carrl ed out on a variety of 5 candidate forrrul i
Intayerésy af T sugics élapanpteﬁamepﬁa'aftu fprgags s (Rer s i L o contaimed 143

mé @Eﬂr:ﬁe A 09 £ONRMARE B60] RBESlded 28d Mg chiRaté, Mhdl [FR]) contained 150 mg
eriments, dogs dosed with 1N105 in 3%vv/v ca

caal@ ed W§r6d‘Flﬁ?st@f f:vailura}tl%p 1np5m9§?)ﬁa<{1 erﬁrmd]o%sr ow:alc}hg Blatlon) to assess
th@géjisfsﬂe&ﬂ’aif p@¥Einfice (KifureS M&‘@dAJ(téﬁag}blﬁﬁﬁ 115’59}118&)Jelﬁrose in all 3 dogs

simlar respon re zed
and At 2t} | 14t 4085 @df?ﬁ%\%? E%?eé%/g\ﬁ/ &Sﬁsaijaﬂ? @ ‘ffl‘resrﬁ)onfﬂng BIR response
fo-ll_é\ﬁhgl e el GlithihisGatib@ of 6ing (Thsudimetyki eaténr)eyf BStISUmukdetirdox ittebeablets

uffer strated t SOdI t
CoPHHF S OB NG e Ry e el ot 32 ana
3&4). Theatpepie laddi (hg/ml‘)ai;vlﬂb w()ﬂigrand @&ngq@pta@ tefilefs, tiggt average (n=2),
co Lbute t o t he. ! par
SR LARTRE iy bl P pED oS R0 T BERROD bl 85 dosing and
0. a:ap(v 8% ® W2 h 0 inHly sc88hd ®a1pg,ydnd ovidaci40me/i 4(3g ww@/l@%r@;te tablets,
sho (90 flglot()lgqg E tdl?z (%hhf?fh@%ﬂ c‘i’o@lﬁg @ﬁq"d) pé L@@S to 0.18 £0.01. This is
si gni |cant ec S. e use caprylic acid
indiggive toédupprpswfeoﬁqﬁa»gptrde sedredin tfr@nw@ei opmgraas peipgylisofghe exogenous
Hgbyﬁgénghlle the use of linoleic acid did not result
I'n requiring any glucose infusion suggestlng | ack of

effect. Both fornul ations__showed rel ati

Al dhyreq BrowoiPa fablst fosmulars of AVTO0A shovefdi sy Siobdivd pOft105 absompion
aﬂaoxrémhﬁil gihg:oéy BFuRion 9ats heerd dose€ hitt iwitkh Yand Getbeseddgs, iacluding on
G@Ror IN105 levels. In the primary studies, solid
lffﬁlieﬁﬁﬂa&gtl ons were eval uated as both powder bl end

filled into hard 20 gelatin capsules and tablets
Dmﬁxfgihceﬁm studiys, avidchusis m@6 dogSaveveartiliRyde g, doF Kdog dapssnérienced less
e8po§§ Wl}}kg]; ncljc{ %ndSS%{TQ dos]gg I\Elooéxor@ ?&g%él%e%%%ny ﬁleq&'ﬁ}ts the data is

caprate
pisteoiad ovith end wgimivf re@uimfroe"f ¢osc#l3 Paia fipa dopy that d@rb@,qt FR§eilipa peuplete

dés%?d!h ? é’?V\/\é %B itifl tea?mf}ﬁ& Q;ﬂig%é{ll%l iAQ1iRare Shng2lf I cant

Fved wth the G R concurrent with | NLO5
absor ption vvhere the levels were well above the ba .
Dispqhetiopgrady:0 Represenptytivg spaployef tablgtstand Spryyes ere sukjegt |t%alissé’1““°n
teMHs (BQLBRY hdhe)25 del ayed response in IN1OS in the
capsul e dosage form Dissolution was only slightly
deI ayed wth the capsule relative to the tablets
Discyssi8igh there may be little to no in-vitro/in-vivo
TERE ebia kiaﬁonsﬂme tiae thenprotbigbe PYIOE tiypecotiainingtcaprete e reaprgfe and

laurahle sog uin saﬁl 1Et3h ?nar(l:ncx’{c])} dnth glsigggra&fso&l}l}lgﬁar&nﬁyc%ﬁ%%d containing

6mg IN105 (approximately 0.25 mg/kg) delivered orally resulted in significant and consistent

elevation of arterial plasma insulin that required glucose infusion to preserve euglycemia.

A
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Manni tol , 30ng sodium starch glycolate with 143ng
Caparte with or with out 143 ng laurate 30 showed
wae@aioidecant | y hi gher G R and | N105 absor pti onP€Tras20hie25644
sanme tablets with 54ng Caprate or/ and 54ny Laurate
(Figures 31, 32, and 33). This suggests a reasonabl e
dose response of 125 WD 2006/ 014673 PCT/ US2005/ 025644
higher GIR and |1 N105 levels relative to increasing
Thegé/ ?rof% ta%%% Srgsgl ?qgl (g"jl%\geis agﬁ?gﬁtr%t%gelt Gr‘egsttaﬁ EQM@%deﬂely"to be
ba‘tueﬂ theni tieea g é@mule\umstqooﬁqamgycomphreble Ileely5oft eaplatet @ laurate. The
prggg)gg gb?@ f(ﬂ’ﬁlts & n@a n tBJa ’33% tul;ﬂ Iﬁ@ﬁlé Br thﬁp§r5t|l| Hqﬂld'f&nﬁ\kaltlorg QS relative

series of fi studies, three prototy g
omlalbbefﬁcﬁcarqﬁmheaieleetﬂ% pI(OF@mﬂﬂabéﬁéﬁqrﬁlﬁlaP% 6F-2-¢ SPme 1wdd >4mg caprate

co%taﬂgngctgiﬁgtéltne6 aﬁ@c G 49@_U1f1<’;“aﬁd 5(5@@%]) s 3b BEBtidBMan liquid
ng caprate, and [862]] cont ai ned ggpgcaprat

e
fosrmplationt (5-8.G B{VaAaDg F8hiiquif @%@@%@5 PRk dl]égﬂé"z and 198
+f195. each formulation) to assess the consistency of
perfornance (Figures 34-37). Awterial pl asma insulin
| evel s rose al
o SsFEra i Heac RaaRe SOt FRLS P ORT R R it
mﬁlﬁﬁtBDaﬁiS €he disohdgtint, Bglidnharol gbcmcmldslﬁer watfuldn theffurrydevelopment

ui val ent S5f |_at
rfsg[;? g?sggelggla %f use R )ﬁldmcal tstHJies ?é% Al s@gggg (5hap Ins!ﬁ% levetls following
the bralélﬁﬁijjétfaﬁ&n@f INaQﬁan tle/stlaciedatraotfpd (@gﬂaegabms_fg@lsdmmm caprate at

Clglg]b apr g meg) :%fx!“l %{gadﬂ? \I}gvgtklé téﬂqc% 'ﬁn%x at\égl)r(;&d %ﬁg{ﬁgg&p ﬁiose and a

Cﬁlecm" ebsie59.0 eR0Aannd 62.9.i2a25.4 Mls/ndfln@O@OiOS@ OBe plepn@, ipsplin levels
I

1‘681 81%d QIQ? 'tegg:éotg% %n éé gﬁltzsnlg %g?ci c?al\%q{uﬁgis}lanﬁ a@o‘g%rgr%a@ 160619 %rc;aghout

1Xamimafodpviag reaghedasg blhst QIR regwmganga@]}g egglm@mgaouqylg)@ese tablets

regchgg Tﬁ%ﬁét%garkﬁlﬁ 36 k$io ARsh Hn 8 Ha B8R trrgx Qa'écﬂe@ aloa\ﬁ’!aﬁge of 8.4 %

IS 1S i ndicative of suppressi
1.69 presioh 412 eme/ke/mim The éablet frsagsdorers é%%“r%?sm%hé%ﬁmt Cof= ed-4 vs-

4 %QS SRQ YSuirdd\L0Rsd BeidnMor Aldngbhdi@RioRI(300L2Y Akiné 8| 68190min) to
formul ati ons of | N1O5 showe conslstent | evel s of

meiRpaseughear bbbl ortimyzsddigif famragiucose i nfusion rate
anmong doses and wi thin and between dogs, including on
IO ohdperisen twitt ayt&rial Pladont insudin tidvels of histbrigt 8diaedinhaled inkuliohit appears

o35 e S PRSP b N AP gy cever
afios@g®ks anliosulid pefikconpatiéd tp thag pﬁlelsmdunsuhte(mléﬂﬁl)- t he
data is presented with and without results from dog

ng’ gm%@ é;ﬂieq g %%ntts I@aégegé the ns,gltectEd3 &%koY}g)e QR &hifable as solid

gavage, vom enous
dosageu farmulations dpi furider. e\@i@w aﬁ 5 swithd ;ﬁuturRé}SV%@@fﬁpfafq fReus on

135 gl%schﬁlfcaltfa'glluﬁﬁ& tﬁﬁ(éaﬂ-"@egﬁéﬂu@eﬁl wiRk & ta%léb%r@s@t to
Issolution 25 testing (described abov Di scussi on
These studi es denonstrate that the prototype | N105
tablet containing caprate or caprate and laurate
sodiumsalts with mannitol and the disintegrant sodi um

ThHis @ﬁ&!}ic%ayqubi@ﬁlgd BRSERNE RlRbiddfect for ease of reference only. Sections and

subject headings are not intended to limit the scope of the invention. The embodiments

described herein are for the purpose of illustrating the many aspects and attributes of the

invention and are not intended to limit the scope of the invention.
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6ng 1 N105 (approximately 0.25 ng/kg) delivered orally
resulted in significant and consi stent 30 el evation of
wW@eaoe0i#l73 pl asma i nsulin that required gl ucosePCTHUBRODORS644
to preserve euglycema. 126 WO 2006/ 014673
PCT/ US2005/ 025644 These prototype tablets resulted in
THRIOSAMeYel s and G R rates at | east as good and
likely-to be better than the liquid fornul ations
cont.ai ni ng conparabl e levels of caprate or |aurate.
aimg ot ot ype tabl ets forms maintain the absorption
profile of the oral liquid formulation. The rel ative
10r Alcoplex enfpriciagy of the sel ected prototype tablet
formul ations (e.g., 280ng and 150ngy caprate 5
cont @)ni ngn tdhliret@yponmbBeonAlgale fcompi@Eifgandiagilib Zompehnd conjugated
500275 /ﬁ)l%ears to bg better than liquid fornulations
(e. g0 BOSYRE BYBYi®%cid liquid formul ation, n=5, AUC
for IR =18292 and 198 119). The data suggests that
t he t#bl ef$*E8nt ai ni ng sodi um capr ate as the only

fatt cid nni t ol nt egr ant,
so‘ﬁ%‘%?rﬁgfrg\ﬂgjhcm&%ngl Cgigug% oul° lgxegs e%hnﬁe(% ] he further
2ot °%p"ﬁépa%}%%sl°%2$%ea SH R R Tl el omn insin
I eI s f
tﬁiéhescqmgi 408 LoBe? B sPUPLOYEE) OPule bhpbR, (einsutn
ceiapruati enaddg. elther 150rrg or 286ng) peaked steadily
with a typical Tmax at around 20 m n post-dose and a
4Crfﬁhe @hplh ofitlaB93 WheGhelingrid c6@2p@ind apdoglis Uningws inghlin With Lys™®
hwdoses The plasma insulin levels renmained
evat ed close to the Crax | evel for 10-15 m nutes and
1 QWaf I

ea i 8005peé}J 9‘{1%\5%?& \ngfrg:{%g erirlgll g%]é%ﬁﬁnéﬂae }lgycera}l% protnsulin
caspeypdt hese tabl ets reached Tnmax at or around 30 to
40 min in both doses and G R Crax reached an aver_a]ge o
60f Tig: dpmplek, GlamcP Fhete theping@inmyivpgynd analoFhe an atsifigiel proinsulin
glgé(a%g forms required higher AR Crax (7.4-8.4 vs.

4) and required glucose infusion for a | onger
duggl i, AR AR $he GRABOTRIouh® anfBh NE & i I
7eug yc g’él(%gen the opti ?ﬁhezegu?] qurﬁ%ouforar?ulgatl on. m18r01nsum
compowdpemprisos ali-péptide havitigdl orgesagmimoiaeidul i n | evel s of
hi storical SQ and inhaled insulin, it appears that
8t hdbe cpmplentof séaim ab vaers the dvsiiie CORBRIUA) TN i R afies Bosulin
c§ﬁ1§3l.{nﬁﬁla\;1ﬁ)g efl%aci%f‘ﬂe h@é‘@hl@ﬁls@fewa\sfew no@a@aJaaéenbl es an

rrparab e to that of inhaled insulin
of F'!l“lgéléo%ﬁ)l f?bﬂlm 3Tglﬁer9 sl &EM&GCO%Q\IHQ': a3t 8¢ biMBATfRial proinsulin
suggests the selected ﬁrotot pe tablets are suitable
campeyot havingiolsadsepdrsfniiigh isegvabisror po-¢lapiebley al uat i on
of IN1O5 with future devel opnent to focus on
18y Berucpmpjen of | dlavpc | whest the HSHEh compaund Faleg i rao a%e@msulm
ol ][oélﬂld%oﬁl AR/t press. This specification is divided
Into sections with subject for ease of reference only.

Sectins gntpeptiddhRal; SNeadl AESo akig; not i ntended to
li mt the scope of the invention. fThe enbodinents 30

descripyed helded fep@deStiis bBSaPd bPsecl@hatld. | ustrating
the many aspects and attributes of the invention and

131 ehd\Rimpl Rl BIFRLB Rerk tIidsulid €onsifo@iEanafog i ¥eprt-Pro@RliOEbmpound
comprising proinsulin compound and a leader peptide or carrier protein joined at the

C-terminus or N-terminus of the proinsulin compound.

128



127 WD 2006/ 014673 PCT/ US2005/ 025644 THE CLAI M5 W
claim 1. A conplex conprising: (a) an insulin

W@ oipousd3 conj ugat e conpri sing an i nsulin conmpPCAUS2005/025644
agnjugated to a nodifying noiety, and (b) a cation,

ere the insulin conpound conjugate is_conmplexed wt .

1EnBieCsRrTRAK, o itk WEB RS TRORR e s o Fegle chain insulin
cbfiSdtinl HrEQPPO UHHEp MY MedinCcEPIRid SeshaUBBRRih, NShbré fhe A chain
3. The conmplex of claim1 where the insylin c mo nd .
apdpr] 18 Ghtie 1B Rp HaEiedph therfSmt oh 2aCBRBY i the gty gﬁ. P30 3 amino
adiage conplex of claim3 where the insulin conpound
analog is human insulin with Lys28 and Pro 29 5. The

1601 evnpMx & @hif 8 wibRr e tl¥€lid BSHpuhd GO Ngh RBEINO@mpound
is a_native prainsulin conpound. 6. The conpl ex of
COPRTHES [GleT REPHEFECTIAFRTET PO Bnpound anal og is an

artificial proinsulin conpound. 7, The conpl ex of L
181 Bientornifiet e el P HEEI F PE BRI L teyrender the insulin
cBhpduRll Okddiughte NmofeO WRRH NBIUBRNHaL S k NErdsgon@8P  indenjfaddn ghsulin

5 or lLess amno acids. 8. The conplex of claim3 where
cPHeYAsul i n conpound analog is a native proinsulin

conpound havji ng a | eade epti.de which is cleavable or ..
InohicrEplantiec!a. | Thee éﬁ%ﬁ@@&ﬂ%ﬁ Bl o8l FL s e fnsulin
cbiSdtnt RoGOFHROMAE 126 ah @ hi/dropilictthid 4 t&tesponpingiuAsdafughted insulin

conmpound having a | eader peptide which is cleavable or
P feavabl e. 10. The conpl ex of claim 3 where the

insulin conmpound anal og, is m ni proinsulin. conpoupd. .
1eohsr ?%‘?Hif@“@f( gy &‘,‘%Efé 3’?? 3@5% RgeE Brse{e‘étgii, thFﬁT*ﬁ% the’insutin
c8&pERd cdbgatt th@aa@phipied thelea Ydtie§iondisg choeapaitEin®lin compound.

non-cl eavable. 11. The conplex of claim3 where the
171shd éomplexngrasinel 1anelleggthic Snalifping i@l Rsseldcrd co Mpdettte insulin

SorReustag PRl 1S v semound 20d 2 legdet peptfds s o

8N beo 5] 1130.6f 11 he spryiipspii, n3spmadsdor 128m¥Gnore soluble than a
2006/ 014673 PCT/ US2005/ 025644

corresponding unconjugated insulin compound 1 an aqueous solution at a pH of about 7.4.

18. The complex of claim 14 where the modifying moiety is selected to render an insulin
compound conjugate having a solubility that exceeds about 1 g/L, 2 g/L, 3 g/L, .4 g/L, 5 g/L,
10 g/L, 15 g/L, 20 g/L, 25 g/L, 50 g/L, 75 g/L, 100 g/L, 125 g/L, or 150 g/L at a pH ranging
from about 4 to about 8.

19. The complex of claim 1 where the water solubility of the insulin compound conjugate is

decreased by the addition of zinc.
20. The complex of claim 1 where:

(a) the modifying moiety is selected to render the insulin compound conjugate

equally or more soluble than a corresponding unconjugated insulin compound; and

o) the water solubility of the insulin compound conjugate is decreased by the

addition of zinc.
21. The complex of claim 1 where:

(a) the modifying moiety is selected to render the insulin compound conjugate

equally or more soluble than a corresponding unconjugated insulin compound,;
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12. The conplex of claim3 where the insulin conpound

analog is a single chain insulin conpound precursor
w@ouvpoisrhg i nsul i n conpound A-chai n-B-chai n, MPUS2005e25644

A chain and/or B chain may be truncated at the point

of attachnment to the other by 1, 2 or 3 am no. acids.

13. The cdhprasr sfutiityionts RFdpSomped fomreHe Sotfstsag by the

anal Qgditisn &¥idchsddl i N conpound conprising a | eader

peptide or a carrier protein. 14. The conplex of claim

1 whepe t ReudrReiubiiynd tHdoaip¥exii§ g@abeGhethe tnditck es1AI8 Tyt @nsulin

insulin cqonmpound conjugate nore water soluble than a

corr €8PBAIing unconj ugated insulin conpound. 15. The

cong:ex ?f %I aim1l where the nodifying noiety is

2 el Rctonwi st Flab ¥ e i nsulin conpound conj ugat e

equal |y or_npre hydrophilic than a correspondi ng .

unc orﬂwugatﬂéeam%‘ﬁg ghppUng EYRPEAITAS 235y @S&@m&ﬂﬁ&?gﬁ

claiml where the nodifying noiety is selected to
rendgbthéh‘???gﬁﬁlisﬁm%aé‘ﬁpound conj ugat e nore

anphi philic than corr ondi.ng unconj ugated.insuli
comdtind. theryalersaloliiol Be BRI RE LA SRRGELS fsriroreased by the
nodi faddifgn sMhetiye.1 S sel ected to render the insulin
conmpound conjugate at least 1.05, 1.25, 1.5, 1.75, 2,

23, Phe dmphxDf céim Bwhere5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5,

9, 9.5, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14,

14. 5,(a)or 1be ldsti@s compoand @bhjdat: ishan agylat@bins@iposithonad that is

unconj ugated insulin ound in an agueous sol ution

2t SRS i veier sy Bahet Comstheltn PR Eiriin Ympound:
wher enfthe nodifying noiety is selected to render an
insulin conpound conjugate having a solubility that
excegbs ahbdadatidn gling; addg/ L, 3 g/L, ; 4 g/L, 5 g/L, 10
/L, 15 g/L, 20 g/L, 25 g/L, 50 g/L, 75 g/L, 100 g/L,

125 géL, ake ¥5@r glibilay o tipHnsvdingomgountirconugdh® ist dedretsed by the
about d{_‘li. 19ft The conplex of claim1l where the water
sol u e3P €% i nsulin compound conjugate is

ecsr eased by .the addi.tion of,zinc. 20..The. ganplex of
o T SR e iy el PG ot & B8 Bl Smpound
cominghed retatiee totisdoirsesgoding padntoosin gabunégualr legs ten hror e

sol ubl e than a correspondi ng unconjugated insulin
2601fho wodipleand clfib) 1t Wieerevaliee relaiok Uipophitigityodf theeinbuimutanmpound
oG B8 S ol L PR Lyl oo ik} 8 s than s
whedkirf: yi ng noiety is selected to render the insulin
conpound conjugate equally or nore soluble than a

cor r égpondi-r(thgonflifat.edto;nsul i n compound; 129

(b) relative lipophilicity is measured on an LiChroSorb RP18 (Spum, 250 X 4

mm) high performance liquid chromatography column by isocratic elution at 40° C
(c) the following mixtures are used as eluents:

6] 0.1M sodium phosphate buffer at pH 7.3 containing 10% acetonitrile,

and
(i) 50% acetonitrile in water;
(D void time (t) is identified by injecting 0.1 mM sodium nitrate;

(e) retention time for human insulin is adjusted to at least 2t; by varying the ratio

between the mixtures of (¢)(i) and (c)(ii).
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WD 2006/ 014673 PCT/ US2005/ 025644 (b) the water

solubility of the insulin conpound conjugate is
waewspaesl by the addition of zinc; and (c) WeCBUS2005/025644

solubility of the conplex is greater than the water

solubility of insuljin_ conmpound., 22. The conplex of

26t Ahssornifre glaing 2) whasen thedelptive LRl ds 206H; Lty atse the 1.

an_acyl ated insulin conmpound; (b) the cation is zinc;

ZAndhq oprig¥eot GlgineeS ¥BieiBi 1 ity of the insulin conpound

conj u%)zte | s. decreased by the. additjon of the zinc.

23. The cdhplaitingPmaear @“Wﬂé‘}slél%n’f"é% the insulin

CoMPOTY SRLARR!E LR8N S gL Lol T corpount
di ' d i [ und;
Soteshond ng. oo voat 5o Lnculif Sompund, 200yl 07

0. 9re 0.0 DH4 Mo ompowuad oc@pj.ugat e i s decreased by the
addition of the zinc. 24. The conplex of claim1l where

N @hd @hdpldx\o€ clainp2PRhdréis ey @lifyinB endidhsid hbinGikypavia.
conjugate relative to the corrsespondi ng parent

30NShid ¢omplexripoldingl23 whéreia thel iecdi fylngamvicty is25carbbh ehabosplpeXing oxy
of claim,1 where the relative lipophilicity of the

SRS IHEMFIUnd  conj ugate as conpared to

LSRR RIS S BEARUNE (KLEL ) s 7,

& 0) 10( t huoprs, 14,t16) 16, (D pr 1Edadhdny,eviieteiofhbicdrb@i dhyiini cemprises 2, 3, 4,
red an Li ChroSqrb RP18 (5m 250 X 4 nmm) high
%g’??gﬁﬁhg@miyi%‘ﬁ’améme HFBYr aphy col um by isocratic

Ut i t 400.C t fol.l.owi ng m.xt ed
5o ths (e ot ey g5 bibretodfe MO pREE AT Y ke RS s 6.7
S ot K aartogs, Wdeithd aiihonrchhie com@ives Z,i3ior 4 DRYgroups inserted therein.

acetonitrile in water; (d) void tine (to) is

33de&hd ¢ohmipieet dilainn P& ehéertig the todiiVirpadéietncomprisat 2,3, §.3, 6,7, 8, 9 or
1roet g,nltki on %icrgg f.gr human insulin is adjusted to at
@38t ?lf% 3FOUHP i ng the ratio between the nixtures
39rf Tflec go(rrlxplexao?glagrg % Iwhgréin]ﬂ?ezomodifying moiety comprises 1, 2 or 3 polyethylene
glycol units and 1, 2 or 3 polypropylene glycol units.
35. The complex of claim 25 wherein:
(a) the cation is zinc, and

® aqueous solubility of the insulin compound conjugate is decreased by

addition of the zinc.

36. The complex of claim 1 where the solubility of the cation-insulin compound conjugate
complex at a pH of about 7.4 is less than or equal to the solubility of the insulin compound

conjugate.

37. The complex of claim 1 where the solubility of the cation-insulin compound conjugate

complex at a pH of about 7.4 is greater than the solubility of the insulin compound conjugate.

38. The complex of claim 1 where the solubility of the cation-insulin compound conjugate
complex at a pH of about 7.4 is greater than 5 times the solubility of the insulin compound

conjugate.
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WD 2006/ 014673 PCT/ US2005/ 025644 26. The conpl ex of
claim25 wherein the relative lipophilicity is about 1
wWorokOs®73 han 1. 27. The conpl ex of clai m 25 WhET/852005/025644
(a) the insulin conpound is human insulin, and (b)
the relative |lipophilicity is less than 1. 28. The
3ot eommddx o cdizh Dwheih dreejohpbilive of die gatiopangulip spRpengjcpyjugate
c'oﬁ‘lgieg Sp at Gf 900%9 7. 4QS %%m 900%? 1/ 15 Qo %thm& o sol@blﬁﬂl of the insulin
1, . . The conpl ex of claim 25
CmmEWéﬂﬁomhgthdlfylng nnlety i s not an al kyl nnlety
30. The conpl ex of claim25 wherein the nodifying
4RoTes sompdexgofcdgimonwheiaithe obwpity of Hg caigp-ingtip &a@pound conjugate
c'ofﬁﬁféf; 'éteéj%)ﬁ BELRWY.4 Rlfrond BSouE PAPL LR 2 Ghayi 1R %’l—’ubm? Bﬂh@ insulin
he nodifying noiety is a carbon chain having 5,
CEmpgmdﬁgmugwf 12, 13, 14, 15, 16, 17 or 18 carbons
wherein the carbon chain conprises 2, 3, 4, 5, 6, 7,
43. The ccgrpple_gqoofd:)k%ymglr ‘ybgg thensoBibiliy of he caliqq-insgin cyypound conjugate
CQBHE;( &Xa %f—l & Bbip 724515%@5 %b(ﬂlt [ h@ tUQd(b fideDthe @Iuﬁﬁﬂ’y b{Sth@ insulin
carbon chain having 5, 6, 8, or 10 carbons,
opmeeud goripgatee ar bon chai n conprlses 2, 3 or 4 oxy
A&houps inserted therein. 33. The conplex of claim?25
Ehesanrlereofrpnt iy wheye Hisi wiupilisn ahihp satzongansuln cgmpgyind gonjugate
czm Rx aPa PH oflé%oﬁ)co'}' ya hf@iheg?(%teg |t1Ya?1°Jb01Hnl|/ f(ﬁthe %Glublﬂpeof the insulin

conplex of claim 25 wherein the nodifying noiet é
cemhpdserjugate 2 a gH of apit %ttmnbétﬁrélalhgleyfc%@n thmpalebilip@f the insulin

c&nﬁ&méc&g%%&ﬁ@9¥h%@gxﬁkyqol units. 35. The conpl ex of
claim 25 erein: (a) the cation is zinc, and (b)

ABAHROLE PG iRt wwgére mesowaﬁw bitng Qﬁmﬁl&ﬂﬁhﬁ Qsmy&ﬁa %onjugate
i s decreased by dition o e zinc . e Cco

comPiE a P SR Ths SomUBIAT (o ol CikeisoHbE Ry o sl

ERAPRAHREniEM :Hg%tfpof a%@ﬁpﬂ £1% eghal o HHeQitnARMMo1ubilfty bBthe insulin
| ess than or equal sol'ubility of the |nqu

ce@awdﬁanJu&aéﬂﬁta@HtOéab@?74The compl ex of claim1 where
the solubility of the cation-insulin conpound
4ohhauepatndex & d%%‘lnelxwh?fe shepylubilinaplotie catiop-ipgili cemped conjugate

cuﬁal@x the S9ltkibhitt ¥4 Qf stti@niidlg Ut MerCOARP NIRRT, WPAEE insulin
The conplex of claim1 whére the solubility of the

celat)@@ﬁﬂprnqulﬁ S%trﬁﬁl@uﬁaH@éhﬁ%%\ﬂe conpl ex at a pH of
about 7.4 is greater than times the saolubility of

4PhEbs sRERAIPrPTARBouTEeTe é‘t?rﬁob’ﬁélt%"f 18 £iRpy IDVB OGRS conjugate
cB’ﬁ&EﬂekﬁZQﬁ%@%@Aﬂl is substantially less than the solubility of the insulin compound

conjugate in solution at a pH of about 7.4.
46. The complex of claim 1 where:

(a) the solubility of the cation-insulin compound conjugate complex at a pH of
about 7.4 is substantially less than the solubility of the insulin compound conjugate in

solution at a pH of about 7.4, and

(») the cation-insulin compound conjugate remains soluble at greater than about
2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 or 130 g/L in

aqueous solution across a pH range from about 5 to about 8.5.

47. The complex of claim 1 where:
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39. The conplex of claiml| where the solubility of the

cation-insulin conpound conjugate conplex at a pH of
wW@b@an14673 is fromabout 1/15 to 5 tinmes the sPCTIOB100$/§25644

of the insulin conpound conjugate. 40. The conpl ex of

claim1 where the solubility of the catiaon-insulin

conpéiind clsniolifine of bespfesnadin gopreUat combec CPHH’kiXsat a pH of

from,ghetls idébQakiRnpROUharZnt | bd’fﬁﬁh %ﬁ'ﬂ?th@ leh'llﬁ‘l dondpypuRf cohf@ate in

insulin_ conpound conj ugate. he conplex of claim

1 whepletiqnas agHafpbauf 14 aé}fi the cat| on-insulin conpound

conjugate conplex at a pH of about 7.4 is from about

1/ 10 (blo < thy Qafl%§5?1%°§’@P‘ﬂ1§| qopipgatefentaps spiyklgial greater than about

CONMPQUING RN MY 1 &ion 4eross BT GAFAHEX 5 8o Moai g3.1 where

the solubility of the cation-insulin conpound

480N UQBHRx oEARR] B¥héé: @ pH of about 7.4 is from
greater than about 1/10 the solubility of the insulin

conpesnd  GRNUBALE ofthe datRiAiffulidROMbouhd 4oij@eate complex at a pH of
substantially | ess _than the sol ubi |ty of the insulin

conp@betd 766%?‘1@?65‘?’@“&{%%{}’%116FOI‘&B]&MP P gnsulipcompgpnd conjugate in
conplsexti& at 6 Bl Tudouvngrpat he solubility of the
cation-insulin conpound conjugate conplex at a pH of

aboutpy/. 4 tlhescaflélgiﬁ‘slgfn%hﬁburﬂ%fbugﬁ@t&nai‘r/s kObiBet greater than about
sol ub|I|t of the insulin npound conjﬁu gate at a

of aBoutl0Pr 20 g Hém}lawtselu%?n ESRS PHF02E FEmLo) taabfmt?y
of the insulin conpound conjugate at a pH of about
4% 4he a%nplwdegﬁﬂwélﬁreof claim1 where the sol ubility

of the catjon-i compaound con Iex at a

pH of@abod suplig ok fis S lwmgiﬁ@%? SRR PR 2 @ PH of
sol ulbdit t7y iOubkth@iall N Etd thih the CIPREH df €6 Rjstigddompotind conjugate in
solution at a pH of ahout 7.4. 45. The conpl ex of

cl ai ﬁ?T“W?éF‘QHt%éb%‘bY tAPflity of the cation-i nsul i n

compound con ate onpl e H of about

Cobottine : Sk GHF Sy Coand [y opophal et b about
conpausid o o€ 20/ UGRbduedd sSltidH dces 8pH danétfrom 6a0Ebout 74.

46. The conplex of claim1 where: (a) the solubility

50f The@mpRk ioOelaiBwhdrel conpound conj ugate conpl ex at a

pH of about 7.4 is substantially |ess than the

sol ulga)l i t Yheddomipltr id aaRuitypecamyipoumtd conj ugate in

solution at a pH of about 7.4, and (b) the

cat i @) i nsuh pH of abguo @ mplthe oqueugﬁtombﬂmymﬁ the c@nmerbis droat about 10
greater t

ioroekb 0Bl Bty gy B ooppeaCgiont g rd Bgpipgo . o

|n apueost 35ad siiouné) gLr o0ss a pH range from about 5 to
about 8.5. 47. The conplex of claim1l where: 132 WO
520016 DipE¥X 3f 86H USROE5/ 025644

(a) the complex is an NPH-type complex; and

() at a pH of about 7.4, the aqueous solubility of the complex is from about 1 to
about 150 g/L, from about 5 to about 120 g/L, or from about 10 to about 90 g/L.

52. The complex of claim 1 where:
(a) the complex is a T-type complex; and

) at a pH of about 7.4, the aqueous solubility of the complex is from about 30
to about 175 g/L, from about 50 to about 160 g/L, or from about 70 to about 150 g/L.

53. The complex of claim 1 where:
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(a) the solubility of the cation-insulin conpound
conjugate conplex at a pH of about 7.4 is

wadvsoawrs al |y | ess than the solubility of thePCTESI005025644
compound conjugate in solution at a pH of about 7.4,
and (b) the cation-insulin conmpound conjugate renmins
sol ule athepomatesis anfatyrabe camplax qouIPriFing BGtAEBRS and
solution across a pHrange from5.8 to about 8.5. 48.
The ¢onpl ka2 oY of pkguay 4. fip agusous(sgiubilieoliBe cipniet i figm about 10
the @@5309@1‘1'0%%’,‘ lrlofh £HGNTRO WEhoGOT MO B EromUBRLBY t@boft /L.
of about 7.4 i's substantially less than the

580 RiokibleY oPEaikNEwh&sUl i n conpound conj ugate in
solution at a pH of about 7.4, and (b) the

cati @f- i N$id doPhpeQRARPLLAGe ZRLbHEIE Sl RIRE PRotaahdikhe at
grea?{e}r thanoagout 1%%, 1OIH%r 20 g/ Lg?n aqueous

sol ufh)on Ak PR S abdatt? B aMe 8qleb@Bofib ity 6f B Bdthpl&k is4Qm about 10
The conpl ex of claim1l where: [

a) the solubjlity of
(he EatIShLIORgltiom DR A% Lk EPrE ST Skiodbon THpeL o
of  aheMbodt-3% tb Soitdasyantial Iy Iess than the
solubility of the insulin conpound conjugate in

580t doRBleRlof QaifH Wher@bout 7.4, and (b) the
cation-insulin conmpound conjugate renmains sol ubl e at

greatgr t g in@A0 Wdmpohnd Sonjukte® a @Ond@bhjudafe; agieous
solution across a pHrange from®6.9 to about 7.8. 50.

The ¢l Qﬁ%l &ﬁnp@x@é&ﬂ(u%gs%ﬁ[a% in(a@)aqhdd@s cEneX pHﬁofaiBout 4to <
R-type conpl ex; an at _a pH of abqut 7.4, the

aqueds Tog} ey Rt §f ahgut i< ééng?rﬁﬁ{’(?“é Qgrt%?hoélb%ﬁrt 10 to
about 150 g/ é f{o? about 20 to about 130 g/L, from
S4pbiftcompler 9T SFBUL WAT® g/ L, or from about 35 to about

60 g/é. 51. The co Ie(>i< of claiml where: (a) the

conpl®x i dheAsuRpEPTRRATAd EUMSEES 2 BAWCPHIEAS a pH of

about. 7.4, the aqueous solubility of the conplex is
from(]é)boutthelcafl%“lgé‘ﬁ‘&ffld15o g/L, fromabout 5 to about

120 or from about gsto about 9

/L, [L, ,52., The
compl(®x  ofOBPSK RCFISRREY S L AfIYRE uscsoog“ﬁ’l%g g %bgl%zf Artodhost 52
onpl ex; .and. (,b) at f about 7.4, th .
SR 5 PP B e e USRI g
adudbugdolutiof hioMpHAWhidh iszqudl @ tadpltluslobthigisl2,5. or from about

70 to about 150 glL. 53. The conplex of claim1l
58hEliescompRI oNDiZ0DGhHE4673 PCT/ US2005/ 025644

(a) the modifying moiety comprises PAG and/or a PAG component coupled to a
lipophilic component, where the lipophilic component is selected from the group

consisting of alkyls, fatty acids and linear or branched lipids, and

)] either the PAG component or the lipophilic component is coupled to the

insulin compound.

59. The complex of claim 58 where the modifying moiety is coupled to one or more amino

groups on the insulin compound.

60. The complex of claim 58 where a modifying moiety is coupled at the caboxy terminus of
the A-chain and/or a modifying moiety is coupled at the caboxy terminus of the B-chain-of

the insulin compound.

61. The complex of claim 58 where a modifying moiety is coupled at the N-terminus of a

leader peptide which is coupled to the B-chain of the insulin compound.
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(a) the conplex is an R-type Zn conpl ex conpri sing

protam ne; and (b) at a pH of about 7.4, the aqueous
wa@olodloiders y of the conplex is fromabout 10 tPRCHDS2005/025644

110 g/L, from about 20 to about 85 g/L, or from about

30 to about 70 g/L. 54. The conplex of claim1 where;

6@ aTher ¢nanpderngs] @aimi 8 where o yRRSIEYWE dRHETY dsCUBIFAE &7 Agino acid side
RIREABERES or (b) at a pH of about 7.4, the aqueous

sol ubi I'i ty of the conplex is fromabout 10 to about

63 50h Hoklek bPAhiaDRHe2) t 0 about 130 g/ L, from about 30
to aboutp 110 g/L, or fromabout 35 to about 60 g/L.

55. The ceonmh&Xin0bmpdudi BnlpridbedmeimikPgrodd @ A1NB UlahdYor B29; and
conmpound conjugate 1s a nonoconjugate; and (b) t he

conplex p ra%ﬁigfé&ﬁocﬁﬁ&’r%tlﬁdn&y lilcaple@ IS Ol sle SOindt gr&.ﬂ) & th@ hsulin
of about 4 to < 6.5, from about pH of about

5. 8, Cf)%%néebwoswoa sqleptedtiEsim the Suyup qsistget nB e’%d 8@9
claim1 where: %\yt he insulin conpound conjugate is a

Sfro hescoRPlsg &F gaim Y5y Yhe cation is zinc: and (c)

conplex produces cryst Is I n an aqueous sql ution

about3a, 1 HGhRBB GoRus coeHia BB e o TG Ak

mhere the insuli ound ¢ ugat e roduce cr tals
To oo a e SIUGATBIe A Rt ‘gi’f“?né‘ B

plus m nus claim1

(a) (Re m?c?FW% nﬂgdx@s%wle@dw%géo PAEENEP Y a@%\e

onent ¢ to a |ipophilic conponent, where
6%h (iOB](B[?FII ?ggmt fent is selected fromthe group

b andhed Trgral iRl ERCY EHE BaE Seabdtint or

he | hi l
compitha. ssrieiagnaasy §eSE i atuhdrarf. "
Ggglﬁfpy %’ {Eﬁ §E r% g%lv&ihgr%gagnlgrogdgf t 2 on%y og}o)lgg a ?nhee an]gmo group in

tied iasulin b@npdued & farme dirbanatgband. ety is coupl ed at the
caboxy termnus of the A-chain and/or a nodifying

emoTiet gmipkx ©O cipinetB witeré:he caboxy term nus of the

B-chain of the insulin conpound. 61. The conpl ex of

cl ai ()58 wireingilia complivhys cegpnipdsetfiee hydreoliptospl 2ad t he
N-term nus of a |eader peptide which is coupled to

t he Bb)haianmofifyilge vl is reovgebounie fit84yWoxyl group to form a

2006/ 94384, Bl 24830498344

68. The complex of claim 58 where:
(a) the insulin compounds comprises a free —SH group, and

(b) a modifying moiety is coupled to the —SH group to form a thioester,

thioether, or sulfonate bond.

69. The complex of claim 1 where:

(a) the conjugated insulin compound molecule is acylated to the modifying
moiety; and
) the modifying moiety does not consist of a fatty acid, an alkyl having more

than 2 carbons, or an amino acid.

70. The complex of claim 1 where:
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62. The conpl ex of claim58 where a nodifying noiety
is coupled at an am no acid side chain functiona
w@e@ap14668. The conpl ex of clai m58 where: (a)PChEsS2005/025644
i nsulin conmpound conprises an am no group at Al, B 1,
and/ or B29; and (b) a single nodifying noiety is .
coupl@d t &cacosiuggiPe insinsoRPomE BAlcER 15 ﬁ@éﬂ“’r%to the modifying
conpgﬂﬂgygﬁda position selected fromthe group
conS|st|ng of Al, Bl, and B29. 64. The conpl ex of
cl ai pg)58 %@ﬁ(ﬁlﬁgﬂﬂ%}noﬁéﬂ}edde‘é‘%&l doBs P BRAMRE 2 CRFREH SRS Nhaving
anlno group at [ or B29 (b) a first nodifying
n0|eﬂvﬁﬁémb%@ﬁyéﬂmﬁ%oéﬁl%Wmﬁﬁnﬁroup at B1, and (c) a
second nDdlfylng noi ety i s coupled to an am no group
7ht The2gmples of hain cloffhPExthef catiethicAn BB Hh EFRRTISE Ifl?féwalem or
s ekt &QRR4Nd conpri ses an am no group at B29, and
(b) a single nodifying noiety is coupled to an am no
79 PRI RZH: 188 1 TereCBRLEh &fmpohdit oRBriddher Gomdvalent metal
nDdlfylgg nmoiety.is cqupled at a free amno group in
catiqe slpeied from Narhbud X o form a carbamate bond. 67. The
npl ex of claimb58 where: (a) the insuljn conpoun
7% o?ﬁ?rqog’ééexé’ff’ alpd VHPER @Rfﬁtloé‘r%ﬁ‘ﬁone&haowesaa et ‘Wd cation
sdTRk Rt Yonl e ERUP LEHistiR: e MR, Y drRXYNIgIRUPCHY ahoRga
carboxyllic, ether, or carbonate bond. 68. The conpl ex
795 Tifel BinPleR 8f W8T Bhe@ihe thRnichspdoch oRFRRLRAS. conpri ses
a free -SH group, and (b) a nodifying noiety is
7501l BfipteR of Bigim B heleAbtdcaion EahpBnanttidIt@@&t Bin about 90, 95, 99, or
thloegher or sulfonate bond. 69. The conpl ex of cl ai' m
99.9%Her e: (a) the conjugated insulin conpound nDIecuIe

is acylated tqQ the dlfy and
i YPRE Y QH HOREHBUITE e G iin PRy sepligat 4 cton
c@hohkntNAVdNELBER 1: 1t hdRbeut G ANDMBSut 107 ardrbadti 1R, &Cdbut 1:2 and
70. The conplex of claiml where: 135 WO 2006/ 014673
a‘w@i'}U52005/025644 (a) the conjugated insulin conpound

| 29
75mTh%Cc%|m%lelx Sc’)f clai m %%retrg&g‘[Qn%e g?&lle chrlnBlgxed 1nsuF1 cbmpound conjugate
to chymotrypsin degradation is greater than the chymotrypsin degradation of the

corresponding uncomplexed insulin compound conjugate.

78. The complex of claim 1 where resistance of the complexed insulin compound conjugate
to chymotrypsin degradation is greater than the chymotrypsin degradation of the

corresponding complexed but unconjugated insulin compound.

79. The complex of claim 1 where the insulin compound conjugate consists of human insulin

coupled at Al, B1 and/or B29 to a modifying moiety having a structure:

|
E@fc\\v//A\£o//A\\v}:O\\Me

80. The complex of claim 1 where the insulin compound conjugate consists of human insulin

coupled at B29 to a modifying moiety having a structure:

o
'l 0
&y WON? N

136



(b) the nodifying noiety does not does not conprise a

fatty acid, an al kyl having nore than 2 or 3 carbons,
woeooan01sns no acid. 71. The conpl ex of clai m 1l MPUS2005625644

cati on conponent conprises a nonoval ent or

mul tival ent netal cation. 72. The conplex of claiml1

BihhBicesommisx At TRigh! HEFH Hivaptulie PMRqUad SOl es FausteRfthuman nsulin

Il at AG3hd B Bel LS SR o Mithg alshrferu@nd K+. 73. The

conplex of claim1l ere the cation conmponent

conprises a divaleot netal cation selected fromthe

group consisting off Zn++, Mi++, Ca ++ Fe+}, N ++,

CuCo++ and My++ 4CH%E$/BQ¥D%§x\g;>9bQLn11 where the

cati on conponent-Tonpri ses \Zh++ , Themeonpl ex of

claim1 where the cation conponent is greater than

bout 90, 95, 99 r .99.9% Zn++ 76. The conplex..of . .
sE B hoDlGGR ekl aPere 416 ER TR ForRERISGORGr of Homan insulin
cOPHLEATL BT MmdGABROM a GEdIRMEeNiety Sagt a@ebugbout 1: 1

and about 1:100, about 1:2 and about 1:12, or about
1:2 and about 1:7.077. The conplex of claiml1l where
resi stance of the cﬁnplexed i nsulin conmpound conj ugate
to chynmotrypsin degca [ i's at er Mehan the
chynotrypsin deg ati f e brésponding
unconpl exed i nsulin conpdbund conjugate. 78. The
conpl ex of claim1 where resistance of the conpl exed
i nsulin conmpound conjugate to chynotrypsin
degradation is greater than the chynotrypsin
s8lehircadaiplernf dbint hehere te nedifgng nogtydesp fexed: but
unconj ugated i nsulin conmpound. 79. The conpl ex of

claim1 where the ingulin conpound nj ugate consi sts
of human insulin Q

o) nd/or B29 to a
modi fyi ng moi gty havi _ Stirucyur o Il 2/Q\~

(OOMe 80. The]jc I ofﬁﬁ ai 1l ere the insulin
conmpound cofpugat e E§m§T5t© o%)hunan insulin coupled

at B29 to a nodifyi'hgOmoi ety having a structure: 0 11
LVAQ\W O--1/ 3 0\M 136 % 2006/ 014873 1. )

PCT/ US2005/ 025644 81. The conpl ex of Ia|n1£xmhere

the insulin conmpound conjugate consists of human

i nsuwharemis1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 and n is

1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19 or 20.

84. The complex of claim 1 where the modifying moiety has a formula:

o) 0
HO)]\O PAG )J\M/
{ n " (Formula X),

where PAG is a PAG moiety having m subunits and mis 1,2, 3, 4, 5, 6,7, 8, 9, 10,
11,12, 13, 14, 15,16, 17,18, 190or 20 andnis 1,2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19 or 20.

85. The complex of claim 1 where the modifying moiety has a structure:
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coupled at Al and B29 to a nodifying noiety having a

structure: 0 ~Z~-Q\\~Q/// | 3 o\Me 82. The conpl ex
w@Roosloaions 1 where the insulin compound conj ugaP€&r/US2005/025644

consi sts of human insulin coupled at Al, B 1 and/or

B29 to a nodifying noiety having a structure: Ol |If

CM ~ 7 O83. Theyconplex of claim1 where the

nodi fyi ng noi ety s aformulaz: OO0OO- OOO HO OF

- NHO (Formul a | IS 4, 5, 6, 7,
o/f/i\I¥>/%8\\$9 or 20 and
, 9, 10, /81, 12, 13, 14,

8, 9, 10, 11,4
nis 1, 2, 3 4 5, 6 7 )

15, 16, 17, 18, 19 or 20. 84. The conplex of claim1l
where the nodifying moiety has a fornula: O O HO

86 Frecpmpian of |airntivhersdhe mﬁﬁéwég PAE; hes 3 SPPKETDi et y
havi ng m subunits and mis 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, , 15, 16, 17, 18, 19 or 20 and n is
1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19 or
the nodifyin
2006/ 014673 PCT/ US2005/ 025644 O O O 3 86. The
conpl ex of claim1 where the nodifying noiety has a

structure: OO HOO . .
87. The complex of claim 1 where the modifying moiety has a structure:

O
HoMonO\ |

88. The complex of claim 1 where the modifying moiety has a structure:

Ho)]\/v NN, |

89. The complex of claim 1 where the modifying moiety has a structure:

Ho)Léon O\/\_

90. The complex of claim 1 where the modifying moiety has a structure:

o)
Ho)j\<o/\9§ O\ |

91. The complex of claim 1 where the modifying moiety has a structure:
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87. The conplex of claim1l where the nodifying noiety

has a structure: OO HO O 2 88. The conplex of claim
wQa 20061473 he nodi fyi ng noi ety has a struct ur e: PCIOUR005/Q5644

O 3 89. The conplex of claim1l where the nodifying

noi ety has a structure: O HO O 3 90. The conpl ex of

claim1 where the nodying moiety has a structure: O
HO O 3 O 91. The conpllex of claim1 where the
syr
HO

nodi fyi ng noi ety has uctyr e: 8 WD 2006/ 014673
O he npl ex of claim
O

PCT/ US2005/ 025644,
1 where the nodifying noilety has a@‘*structure:
Q nMPEG 7 HO 93. The conplex of claim1l where the

jfyin iety. has structure: . O Q.7 HO.
932%‘?%8“’%5:%?%@%?&%? g“lerrnn © %CWH%P é’le%%as%%“:o 1i/rlz"'ng noi ety
has a structure: L O HO Q(PEG 3 95. The conpl ex of

claim1 where the nodi fying noiety has a structure: O
°HoAras j]\/\/\/
O(mPEG),
HO .

93. The complex of claim 1 where the modifying moiety has a structure:

0

/“\/\/\/\/\/\/ OmPES)
HO :

94. The complex of claim 1 where the modifying moiety has a structure:

O O
HO)]\O(PEG)a/“\/\/\_

95. The complex of claim 1 where the modifying moiety has a structure:

0 0
HO/“\O(PPG)S)j\/\/\ .

96. The complex of claim 1 where the modifying moiety has a structure:

@) O

3

97. The complex of claim 1 where the modifying moiety has a structure:

0]

M

HO O(PEG),
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96. The conplex of claim1l where the nodifying noiety
has a structure: O O HO QQPEG 3 97. The conpl ex of

wW@e k@b 7where the nodi fying noi ety has a str uRCT/US2005/@QR5644
HO O(PEG 4 139 WD 2006/ 014673 PCT/ US2005/ 025644 98.
The conplex of claim 1l where the nodifying noiety has
9% $he eastplgxef clgim Hphese F*E@)“Ehfg@.gmﬂféy%ﬁﬁméfgur&f claim1
where the nodi fying noiety has a structure: O HON
H MPEGO4 OVMPEG4 100. The conplex of claim1 where
t he difying noiety has a structure: OOO O OO
Q=== H O Q- T81,_The. cormhex of el aFfitd where LhE ™~
i%sulin(g%ﬁbound conjugate is coupled at Al, B 1
and/or B29 to a linear or branched PEG noi ety having
from2 to 20 PEG subunits, from2 to 15 PEG subunits,
9O The @Mplextod cliih Plers tHeuidifSing Hdzety Hhs@amn@s: m Xt ure
conprising the conplex of claiml. 103. A solid
m xture conprising the conplex of cbaiml. 104. A
hybri d conpl ex conprising the conpl gx of claim1l.

105. co-crystal co the cojjpl ex of claim 1.
106. I thQn ¥hg to ex of claiml
wherein t conposition is pr O\H ded afla | yophi li zed
powder. 1dy. The conplex of claim1l in m xture

havi ng a pharmaceutical |y att0.apbl e | | of OMPEG,

100.  The complex of claim 1 where the modifying moiety has a structure:

NH
0 77\:
101.  The complex of claim 1 where the insulin compound conjugate is coupled at Al, Bl

and/or B29 to a linear or branched PEG moiety having from 2 to 20 PEG subunits, from 2 to
15 PEG subunits, or from 2 to 10 PEG subunits.

102. A complex mixture comprising the complex of claim 1.
103. A solid mixture comprising the complex of claim 1.
104. A hybrid complex comprising the complex of claim 1.
105. A co-crystal comprising the complex of claim 1.

106. A composition comprising the complex of claim 1 wherein the composition is

provided as a lyophilized powder.

107.  The complex of claim 1 in a mixture having a pharmaceutically acceptable level of

purity.
108. A composition comprising:

(a) the complex of claim 1; and
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purity. 108. A conposition conprising: (a) the conpl ex
of claim11; and 140 WD 2006/ 014673 PCT/ US2005/ 025644
w@ bjosaisexond i nsulin conpound conj ugate or PCT/US2005/025644
unconj ugat ed i nsulin conmpound. 109. The conposition of
cl aim 108 where the conplex of 108(a) and/or 108(b) is
provitded aaesord wgilingomporgd cqmiggaeyBeisHRd Heulig camppund.
108 where: (a) one of the conplexes of 108(a) and. . .
1098 ( Bhe ¢osnnepition efedpind 0% wherp dhegrmples of %@ and/grips(h) js provided
JLhenugther is provided as an anorphous solid. 111. The
conposition of claim 108 where the conplex of 108(a)
1809/ 9fc INSBMiod & PEAVDYGHere:as a crystal line solid.
112. The conposition of claim108 further conprising a
thi  ghy COMBh e 1EOIMHISLASE 10@@? 281080t providemaaktalline solid;
conj ugate conprising an insulin conpound coupled to a
&Eirémhgdifying noi ety, and (b) a cation conponent,
ere the insulin conpound conjugate is conpl exed
wi t h(®he &wtoihspis propsied ghn W%{?gg t19li8n of c{”éi m 108
where the insulin conpound conjugates. of th . .
1 lorrplT s EaRpbarn sl By s () 0Bl of L iepe g WD) is provided
ad D&WihcQmpounds. 114, The conposition of claim 108
where the conpl exes of 108(a) and 108(b) conprise
198 T f eh&myoRiBibh bit1EATDY BittleCORpHYAE £third tdibplex E@nprising:
conposition of claim 108 where: (a) the conpl exes of
108( @) andn M (M onpeiarcbsiodld Edngfising ah Ul ddnpowpRicdnsled to a
conjugates, and (b) the different insulin conpound
conj HoEreRdtmg &%ty £8% ent sol ubilities. 116. The
conposition of claim108 where; (a) the c . exes. of
108( &) and °PHEY BY RBHbr 1VEE® i Flé\ghél)n%onf%?ﬁ) E%J%Wp% (§Rgplexed
conj ygakessati?and (b) one of the conpl exes conprises a
i pophilic insulin conpound conjugate and the other
105, t MBe GRAPLEIDS of ORRY | 198 Swigerd1 Yl @3tilid icompdvddl dopjugates of the

conpound conjugate. 117, T iti [
c9m]5?}g_s 09 108?a)Jan<§3 ?08?b) comprise dﬂ' CIE%‘[OHIEISPHI cto}n%cr;un%];. claim108
114.  The composition of claim 108 where the complexes of 108(a) and 108(b) comprise
different insulin compound conjugates.

115.  The composition of claim 108 where:

(a) the complexes of 108(z) and 108(b) comprise different insulin compound

conjugates, and
(b) the different insulin compound conjugates have different solubilities.
116.  The composition of claim 108 where:

(a) the complexes of 108(a) and 108(b) comprise different insulin compound

conjugates, and

) one of the complexes comprises a lipophilic insulin compound conjugate and

the other of the complexes comprises a hydrophilic insulin compound conjugate.
117.  The composition of claim 108 where:

(a) the complexes of 108(a) and 108(b) comprise different insulin compound

conjugates, and
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(a) the conpl exes of 108(a) and 108(b) conprise

different insulin conpound conjugates, and 141 WO
WQO®6N0H4673 PCT/ US2005/ 025644 (b) one of t hePCT/US2005/025644

conpl exes has a circul ation haIf-Iife of from about 1

to about 4 hours; and (c) the oth | exes

has @)ci r 618 Gt PeRORBIFTEsIRY & CPRkion o2 1&%?!2% REGY g about 4
circyhati.an half-1ife of the first conplex 118. The
conposi tion of claim 108 where: (a) the conpl exes of

108( @) an @helﬂ% *é} t&%bleﬁ@ 1k b fcet@fioniHABUTE MaiCio FRAtN than the
conj ugat es, of the conpl exes has a

r api ﬁlr%%"t“ioﬁﬁalfi}l@fqt Fbg ﬁrﬁﬁ%‘“’(lﬁ’j the other of the

conplexes has a nediumto-long acting profile. 119.

lithe dBRps@csiionobfaRllSF P88 where: (a) the conpl exes

of 108(a) .and 108(b) . co rlse ferent insulin ..
conp&ind Heo gﬁ?%gf gﬂ"ﬁ?m?ﬁbaggﬁﬂ1@§@§(WQ§mmd
pr of chfugitstabl e for basal |nsuI|n conpound control;

and (c) the other of the conplexes has a profile

sui t @bl e b oMBSéoniPlarbiiadb rgidigbisgproanindol . 120. The
conmposition of claim 108 where the conposition is a
crystgl exfeidaie bNge oitpl@des ha¥@meedivim-tokiend atih©pofilg.
characteristics: substantially honogenous di ssol ution,
189.Si MgE onhpdsivibiy 6f claling®®titieon curve, and/or a single

peak pharnacodynam c profile. 121. The conposition of

cl ai (a)108 twhemnepldxbe of 00§iPSirdi M8(H) Sompde- diffyishiainsudih compound
H M2 and insylin conmpound. 122. The conposition of
clalﬁWﬁﬁﬁfﬁﬁgﬁe the conposition is a co-crystal of

wher & ne ROTB PEReT % £ RAL Rt B ! (B Tghbina contol

i nsulbhdr conpound. 124. The conposition of cl ai m 108

where the second active ingredient is insulin

conp@ynd, tlenethavheried tongdexes Yist alptafitasuitable Kbrt posi-praadial rglucose
conpo ]3 1reduces the solubility of the «crystal

rel af?¥®to the solubility of a crystal of the insulin

1% er ? g%lﬁé)og; tl(())g tf%Ia o %58 w-lll-clgrg tC O %Is&nl)noﬂ &{r?/s%l %kﬁﬂ)ﬂigg one or

I ve
more of the following charactenstlcs. substantlally homogenous d1ssolut10n a single in vivo

dissolution curve, and/or a single peak pharmacodynamic profile.

121.  The composition of claim 108 where the composition is a co-crystal of HIM2 and

insulin compound.

122.  The composition of claim 108 where the composition is a co-crystal of HIM2 and

IN105.

123.  The composition of claim 108 where the composition is a co-crystal of IN105 and

insulin compound.

124. The composition of claim 108 where the second active ingredient is insulin
compound, and wherein co-crystallization with insulin compound reduces the solubility of the

crystal relative to the solubility of a crystal of the insulin compound conjugate.

125, The composition of claim 108 where the second active ingredient is insulin
compound, and wherein co-crystallization with insulin compound increases the solubility of

the crystal relative to the solubility of a crystal of the insulin compound conjugate.
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conpound, and wherein co-crystallization with insulin
conpound increases the solubility of the crystal
WO edoai46e3t 0o the solubility of a crystal of theCT/HS2005/025644
conmpound conj ugate. 142 WD 2006/ 014673
PCT/ US2005/ 025644 126. The conpositign of claim 108
13her dhe compgdtion P £poH % RéeienctyHalbgHpd g nsulin: compound
cGfaHIM e maRELohd cRCARLdRE! drY Qelbdigll ROh@Re Ar @®-crystal having a
sélected to achieve a co-crystal having a desired
desied Hp@OtIte 2agtityvi ty. 127. The conposition of claim
108 where the conposition is a co-crystal conprising:

123) dhe eqmresisier phdpimrlQpdere ELPMRRIIGS hFGHYS 2! FOPRATRE:

i nsulin conmpound conj ugat e, b). a | ong-acting, slow

cl eaf®ng, 2GPIGHERE JabEER S %%@i’lyﬁoﬁsﬁh‘gﬁﬁfﬁ&"%&?ﬁna gapeeate,
128. The conposition of ¢laim 108 where the )
conpé¥i t i 8AcTEActng O clrating oHpporly PRRY!BSUliheogRopRt conjugate.
suitabl e for post-prandjal glucose control. 129. The
1¢bnpdér cpmpesigion Of gl 185 Nne b EHRPOSHp st £PGRSIpshag @ PI/ED
pfsFIEIu I for PaspRAndK fRidosdtoaléll € sui tabl e for overni ght
basal insulin conpound control. 130. A conposition

189 NPIThs ich@posii@dd df REiE AP lvesreahe Ebrapaditida inmdo-Lijtakiies a PK/PD
unconj ukga% ed insulin conpound. 131. 'll'he conposi tion of
PEgtlg SHtatInoh AT el hasal BEUiCAMBIRESUHE i s human i nsulin

or lys- pro.insulin conpound. 132. The conpl ex of
189-ai i PIPSHEM SPRESPHo di fferent insulin conpound

conjygates. 133, The complex of claim 1l conprising an
insuILé‘%n cgﬁﬁB@ﬁﬁX@EﬁFlH’gf;‘g’é‘?and an unconj ugat ed

i nsul in compound. 134. The conplex of claim1l
compiPsi n@“ﬁi nﬂ??t?‘glr‘%‘ﬂ][‘lcfnﬁg‘lﬂn n conpound conj ugat es

npri sing two di.ffer jnsyli.n conmpounds. .135. .Th
8B mpIE5 BTosltan F SR i et T rEP Rt TR TR or b
pEoRpMyRemp@nfiugat es. 136. The conplex of claim1
conprising an insulin conmpound conjugate and an
18N coTjhe gatysek éfiekith il Rowpmghgiwvd diffedt infiim comppindxoghgates.
claim1l provided as a conponent of a hybrid co-crystal
183. tvithe @idplear ehiclaimsuldompdong auntiswionpegaed . coljdgate and an

aim 1l provided as a conponent of a

The.corgglg iocf cIund

URSBFEYCE B R SPRY™Sf three different insulin conpound
nj uygates.. 139. .The. canpl.ex of clal . OV] S..a
G anere Bl it b @B Ry TRk G Ehpbhod offugecs
compritingrtwo diffsomhthswdimrtongainds .

135.  The complex of claim 1 comprising two different insulin compound conjugates.

136. The complex of claim 1 comprising an insulin compound conjugate and an

unconjugated insulin compound.

137.  The complex of claim 1 provided as a component of a hybrid co-crystal of two

different insulin compound conjugates.

138.  The complex of claim 1 provided as a component of a hybrid co-crystal of three

different insulin compound conjugates.

139.  The complex of claim 1 provided as a component of a hybrid co-crystal of a different

insulin compound conjugates.

140. The complex of claim 1 comprising at least two different insulin compound

conjugates.
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140. The conplex of claim 1l conprising at |east two

different insulin conpound conjugates. 143 WO
wWQO@600646573 PCT/ US2005/ 025644 141. The conpl PRT/082005/025644

claim1l conprising a co-crystal of at |east tmo

different insulin conmpound conjugates. 142.

18bnplTés complex & faim dosgmarsivag BnEYTHsY 4! Heaéb%béﬁ%fem insulin

C&gﬂﬁﬂg@&ﬁmgﬂg further conprising an unconjugated
i nsulin conmpound. 143. The conplex of claiml

189MPrTiLS 'CBQFEQ P Iclasth NYcdnhRisind T4k 1iRbulR THEpHIEd CORhk@atRd further
in a conplex t;aether W th an unconjugated insulin
COBPFOETE, UNIUeatth BSEBASMEUYf claim 1 provided as a
conmponent of a co-crystal conpri si di fferent

183 dr dpRPPTRISY Pl CaPpsas aor%ﬁ}%ég% pgulin cgmpoupdconjugate in a
c6APRk B%etBr vAihah MhdonRig@¥d ﬂl@ﬂmaﬁmﬁo&ﬁ”p onent of a

co-crystal conprising a hydrophilic insulin conpound

1@@ nJ %@Q@m@l@g o clalnP ARVl dsNS ednhgdn&f P QUIdCL i jcb@ipiieng two
he complex of claim1l provided as a conmponent of

dgﬁﬁﬁﬁé$?§$§PI@HWbﬁmgpﬁﬂiﬁmﬂﬁ?a?ophlI|c i nsulin
compound conju%ate and an unconjugated i_nsulin

ldnpditEompler TR CHREVERI GF A FRMNTL B G Pgiys@lscgpprising a

hG@EpaRERkulRoRp &R 661 Sdaftl ans @ phsicRgutih ddnpound conjugate.
crystallized together with an unconjugated insulin

1@6’ MPOwe Gomp AR - of WEMCD FRIvakd Qf L l:cﬂﬂlp'bhant IQi’fQN tsle@stalScanprising a
nponent of a co-crystal conp r|S|n

Nl
kA P8 ORBREE REF TR Ah TSADBE SIS E C?IH%O&P? n
d. 149.
léanpgl%g ﬁ?mblf:x af @@%Cfgglfnlélg Xa%%ﬁ%@n%lqglarwg}gy%gfl compnsmg HIM?2

cBshiBtzad fobdRd Wit ge Whhjupdttdinkin 0@poub80. The conpl ex of
claim1 provided as a conponent of a co-crystal

18QNPIIiLs ich@plek bRclaify ¥ Slodided Zsﬁad cdr@@)ﬁéﬂ'ﬁ Q)E a\bb-chystansdmhrding IN105
ound a d IIN 105. 151. O-Cr conprising the
c@@%ﬁ

va&waﬂfawgﬁﬁ?fmgﬁagﬁ§VP ném@‘F@ ded profile.
he co of clajm21 further cQ
Do W A B i S GroHL T TR o QLRI P BT M
cHRelzenpLaxd-nghagerst is selected fromthe group a
consi sting of protam nes, surfen, globin proteins,

1sper ﬁﬂh@ eomplpe bittleinne pﬂ)lvbllddiﬁama canpdnentadiad®;crystal comprising HIM2
car [ 1i cat i | ymer conpounds,
Bt Hﬁ tc?geﬁ%lr &SPH@%O pﬁB’i“%/?’\%]lg }1@0 ani oni ¢

| ypeptid nucl. eq i des nse.
BBrmis Sef’%fal?lmngsﬁ%%mﬁx._ RPeor e ERSBer R buedurons
1%5‘.5 T g%mﬁ}%wxpofec)l(al f&lhaelr (%n}pr{s{;lg arc]:gmlfalgxnmg ggfenta sol | d'

153.  The complex of claim 152 where the complexing agent is selected from the group
)

consisting of protamines, surfen, globin proteins, spermine, spermidine albumin, amino acids,

carboxyllic acids, polycationic polymer compounds, cationic polypeptides, polylysine,

anionic polypeptides, nucleotides, and antisense.

154.  The complex of claim 1 substantially devoid of protamine.

155.  The complex of claim 1 in the form of a solid.

156. A composition comprising the complex of claim 155 in the form of a crystalline solid.

157. A composition comprising the complex of claim 155 in the form of rod shaped

crystal.
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156. A conposition conprising the conplex of claim155
in the formof a crystalline solid. 157. A

W@ vposi6rs on conpri sing the conpl ex of cl ai m 1BSI/UR20051625644
formof rod shaped crystal. 144 WO 2006/ 014673
PCT/ US2005/ 025644 158. A conposition_conprising the .
168 mpl4e sorafosiEpa PR RL the eoppleaiplagn 185 &y (e fgm quéxﬁwgal having
it uB9 Wodthot¥Ry. Phol ogy. 159. A conposition conpri sing
the complex of claim155 in the formof a crystals

188V NG corfbsBYE SRR sl MEL BTk @ialh 159 RARARAH b § cBsth® having
about 40 m 160. nmposi tion conprising the conpl ex

A co
2 AV pasi FAMEST rqnging framfalphOorto apYPE fARE- having a
nor phol ogy as shown in Figure 1, 2, 3,.4 or 5. .161. A .
168 d's FETRORILIER FRATISING dhe JoBIPLe Ab Claim &5 i)t torm sECyHals faving a
h RPHBISYy adsHIGM iSPighkb 1, 262 4 oAsconposi tion conprising the
conplex of claim155 in the formof a mixture of

18001 RDEYASHoSAGh Empsikik HieRBmpRk bASaimlBS in e ERMPE idkyl BHd.
conprising the conplex of claim155 in the formof a

1820 StARbhAsltdn cHipEsiONE @bmpk@4Abf chirf AFPQS kiel BFin of a mixture of
conprising the conpl ex of cFai m 155 in the formof a

apeiRbars aod Srsirilias 3498 cation-insulin conpound conj ugat e
solid and one or npre additional . pharmaceutically )
18¢cept SUPROSKBRSHRRINDE, i gomrigy eﬁﬂﬁsls i 8% BiPraL & Hstantially
iR oGaep! ex of claim 155 as an undi ssol ved conponent

of a liquid. 166. A conposition conprising the

160pl £X%o@bostlodl dBmbibin@Shed cffifled Pr cRif 158 i@ thé gotindof a powder

célgg%m&l%gg%?a?tntll n a&g{}gé@ ié:?%ﬁggatgee eﬁ%ﬁé‘f‘g{%ﬂgﬁ ogeif, 0(1:”I I%iorrg :!égcgtional

P&l ORIt 12602 ptaBl6 8ompdaents.onpl ex of cl ai m 155 where in
a dried state, the solid conprises: (a) greater than

18boUutA 86ipowitivh Edgitising t1LUIROIRGE €l0iR] LEFak an udligtolvédJomponent of
from about 0.05 to about 4% w w Zn++ 169. The conpl ex
ad1ud ai m 155 where in a dried state, the solid

nprises: . (a) greater th ag ut% % wW w insulin .
G8mp ek icBH LaEog By PoT AbSHE 908" ¢ HeHBt 1 1gpid
W w é{} and.t. 1%.%? fr om, about 1 0. g Lo ahout 5% w W o cushension
endt SRR HENRESE MSOBPIeE PLFIAT™ b A &PTEPIHS Lt § sjsggpsion,
eftuition,or id@og@ildi¢h. conpri ses: (a) greater than about
82% w/ w i nsulin conpound conj ugate,
168.  The complex of claim 155 where in a dried state, the solid comprises:
(2 greater than about 96% w/w insulin compound conjugate, and
(b) from about 0.05 to about 4% w/w Zn*".
169.  The complex of claim 155 where in a dried state, the solid comprises:
(a) greater than about 91% w/w insulin compound conjugate,
(b) from about 0.3 to about 4 % w/w Zn"~, and
() from about 0.2 to about 5% w/w phenol.
170.  The complex of claim 155 where in a dried state, the solid comprises:
(a) greater than about 82% w/w insulin compound conjugate,

)] from about 0.5 to about 4% w/w Zn'™, and

(©) from about 0.2 to about 14 % w/w protamine.
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(b) fromabout 0.5 to about 4% ww Zn +, and (c) from

about 0.2 to about 14 % w w protam ne. 145 WO
wWQO6N0BA673 PCT/ US2005/ 025644 171. The conpl BXT/U82005/025644

clai m 155 where in a dried state, the solid conprises:

éa) reater than about 71 % w w insulin conmpound

1¢bnj Ugaeenplex oficlaim dp whisetn aoirisd sigteghe R1IAAOMMSKES Zn++,

(c) fromabout 0.2 to about 14 % w w protan ne, and

(d) @Pom &raist then oopb7 Igh (it PIHHAMRPBNSARIEA® 72, The

conpl ex of claim 155 where in a,.dried state, the solid

conpit®ses fromabputG i apb 4t WWEY 0 about 2% w w Zn++,
and 2b) fromabout 0.08 to about 1% w w phenol. 173.
The Bnpl &50meFPow 07 12 LAy FrRfaRing 4%dd state, the
solid _conprises: (a) fr?q;%gouh 0,5 to about 1.3% w w
Zn++ @ b) TePAbPEHAC 2bO% 126 "ABBHFID. 79 w w phenol .

174. The conplex of claim 155 where in a dried state,
the Jbf FRiGNficiadRd Wﬁ%ﬁ g e Rl athe FOI‘%ﬁg’iﬁ‘p%sreS'equal

o aibut Ao rERabot 19 G ebipl ex of clai m 155
or eaddr "« R By Sbogt eaTan et 2. 206 ww s
e abnbreRSTr A i P tRE BrH e G bat or
compi@yof oGl PSS YREIE T HE 4Bl d T gr eater than
A RO R
B e X
conj ygat e?ﬁro?rggreal%%ﬁrlgaw olflgci?&afetg) 1 tg QBQ’Olﬂlt ég% /?‘{Te}L%?g %%1 6180. A

phar ngceu C ositton conprising x of

clai m155.. 181. The, phar.npc ' conposi tion of
cl ai @)180 f{/%near 8" 'Etogg%gg’x‘gfg;od#%ﬁlé,es a solid present

9. B e e SR TSR0 ©
(a) from greater than or equal to 1.3 to about 2.2% w/w Zn'", and

(b) from about 0.4 to about 2% w/w phenol.

176. The complex of claim 155 where the solid is greater than about 90, 95, or 99%

crystalline.

177. The complex of claim 155 where the solid is greater than about 90, 95, or 99%

amorphous.

178.  The complex of claim 155 where the solid comprises a mixture of amorphous solids

and crystalline solids.

179.  The complex of claim 155 where the solid comprises conjugated and unconjugated

insulin compounds.
180. A pharmaceutical composition comprising the complex of claim 155.

181.  The pharmaceutical composition of claim 180 where the complex comprises a solid

present in a liquid.

182.  The pharmaceutical composition of claim 181 where the solid is present in a buffer.

146



146 WO 2006/ 014673 PCT/ US2005/ 025644 183. The
phar maceuti cal conposition of claim 180 further

W@ wpisThg a stabilizing agent. 184. The PCT/US2005/025644
pharmaceuti cal conposition of claim 183 where the
stabilizing agent is a  phenaglic conpound. 185. The
I8har nie ebarecenti b RpRoPiiPR Af rimdPA b mpHEpRa pipkilizing agent.
stabilizing agent. is selected ,fron1tpe oup. ... . .
18bnsi 1S | HETHCCPBKenempogien Of flaigntf3py %fﬁgh? Sl%élél.zmﬁ\ agent is a
piatohecorfoup®ki Ng a cation-insulin conpound conj ugate
conpl ex, the nethod conprising conbining in an
18§lUEauS pEAbtduehl abnpdagidh oNcleRNMPBUA OB stdBidtitg agt B selected
cation. 187. The netpod of claim 186 where the
fooe o B UR SE S P RBTHF PEECAPPGPEAM ¢ sol vent
di ssol ved therein. 188. A nethod of treatnent
180nmprt S1eHGd iR ér‘iaWQl“tngE& CqBPW RS @ISy Bi5fmethod
cBmpidiay JEBGRtikd i6 ah hyheakGeRtiabAEnaNR Usthpdahd BorGpaTRla8X a Odtion.
claim11. 189. The nethod of claim 188 where the
13Ub] gtk nethod odiicRbBet 8€ . whkB0the ARoEbhGion 0fmisad M dBshic solvent
where the conposition is admnistered by a route
ARG tBde™f r om t he group consisting of oral, oral

ingestion, parenteral, buccal, subl.ingual, nasal,

I8 RPal P09 oo PIATE GRPREIDE. HRSPRE o lIea o fhereof o
ph8BavhiacglyhbeprbRshlt oM cinpladfichist ered as a

conponent of a pharmaceutical conposition is

18or mithatetholl of claidm 8Bivaiefcahd Dbjetr)s aditlatite sel ected from
the group consisting of oral, oral ingestion,

1par ermhe mithod i caah 1 3% whdre figuahposittsmat adrhinB3atedttiyciroatadelected
ftra sder mal . 1?2. ghﬁr ceut{cal co sﬁti%n Wlineual 1
OB SRy PHEEBHoEM i°6h BF L ai PR L d H T a PP B 1asah
iARBtio il thha@emgeut i cal conposition of claim 192
formul ated for adnministration by a route selected
101.0mMThb énedioa bp clamn s3SSitliengthe tortyaattion Bradhmidingedis adddomponent of a
arenteral, buccal., sublingual ., .nasal,, inhalation and
PP R PP R T E At R RO RD AT S Tom the
gedudi dohslidg fod bl | cddl énkektivnapdranternls bheed] adlihgualnhdag inhalation and
t%rgﬁgxﬁonsisting of solid dosage form suspension, and
1 '95. An insulin conpound coupled to a nodifying

i ety ,havi ng. form%g - X-.R = Y- PAG 4&§anma
17, © hpRactSichp o ou o R S AR e carrier
i nki roups.and each.is t. o [ nt, .and. X
{Ghen 18 aBREES R SRR o PR o iR B B o »
rooy sdleetet] floonitle grolid Gonsisting of oral, oral ingestion, parenteral, buccal, sublingual,

nasal, inhalation and transdermal.

194.  The pharmaceutical composition of claim 192 formulated in a form selected from the

group consisting of solid dosage form, suspension, and film.

195.  An insulin compound coupled to a modifying moiety having a formula:

X-R'-Y-PAG-Z-R? (Formula VI)

where,

X, Y and Z are independently selected linking groups and each is optionally

present, and X, when present, is coupled to the insulin compound by a covalent bond,
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WD 2006/ 014673 PCT/ US2005/ 025644 either R or R is

is a lower alkyl, optionally including a carbonyl
w@e@dplsand when R is a lower alkyl, R2 is aPCHppINH025644

group, and PAGis a linear or branched carbon chain

i ncorporating one or nore al kalene glycol noieties,

and opt i #he Kyori i Aoser ﬁgﬁybﬁatwﬂw@dglam farkony) group, and

noi ety1eg rS6d @Eﬁv@ﬂalkilfﬁﬂbﬁ% 8k eHRpGaAsi sting of -S-,

-0-, -N, and -C(O-, and mﬁere tﬁe nDdlfylng nnlety

h Xi mum n r of 4

128 i3rmlA43milslg nlil%%r ?Efncl%é car?gn5 c%l m?(irpor?tz?ng’ %rgéroorzr%g're 61}.kalene

25 heg@%)zﬂl Bbieid; an ptiorAlIP Ry PERlddRe 6OMbidgaliBonal moieties selected

conprising a polypeptlde conmpound pled to a linear
or  HFEhEREEP SPMsStRG Rfteu- “Farbordchgin o i ety having a

backbone of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, vihére thOmodiByingBoietdhas 2dhaxididm mifhber of 294,38 6)75 8, 9, 10, 11,

Ee'e%geﬂsﬁkﬁ?‘ﬁgfzgﬁgﬁgz5 nsus%%pQﬁKQ%hﬁ%&waméonjugate

conprising an insulin conmpound coupled to a |linear or

9. anch @elypepubs tdnfughe tompiisitia polgpeaptiddRippuithstiupgd ®o a linear or

b?%l%ﬁeiig gu%itgflte(i @rﬁ%%hi@%ﬁoi%i hasvﬁga’ }zﬁ%lgdog% %%Z}, 4%%’ 6ag7 3%1140 11, 12,

13? I£ QB 16, 17,0 19)200119ap, 23c onsi Bt dttr@s @decte@ fronChe grolp consisting
198. The insulin conmpound

‘gdﬁJngPe 8f"f§iﬁ§ﬁ97 where the backbone conprises

1% re camgﬁn at onms and. one or nmore non-c

“oBPRLE S8 P BRGS0 Qb ForETRET g B o @ fnar
or@ranche&- substﬁ*hted aiitbn=Bain bty Hdvéng disidkiione 6DRPIOBNG] 7, 8, 9, 10, 11,

onj, ugat ' 97 ere th r.bon cha
ol FEa8. Bhioinde Wb BhetE cbudt i a3 Mospiosiepid tom Yo group
dofsdiinf Bf €Y APOWRP=0 0B}, Ugats- of claim 197 where the
carbon chain noiety does not includes a single
1l98 anC]h].e iMilin co@uhd Satljiighte @O DA L7 ‘@Iixﬁlqz t.hga)btﬁkboﬁe @n#pirisas one or
where the carbon chain noiety i

‘%@ CarpR, AR, T o R BT 178 alieévyo f“OE’IS aﬁe Cti% %‘i{h gipegroup

cohgstingokioons-,i-Ngbhwtte8. one or nore carbon atons and

one or rore non-car bon heavy atons selected fromthe

19p.ouThedmmtn sdmpgmoionjOzae Mclai@nd7 sthere2B8 carbdrectainsmbicty does
nd conj u te of claim 197 where the backbone

Ipﬁ%ﬁﬁ%ggygngi 6, 7 8, 9 or 10 carbon atons and

%8 43 a énsuhn c?m%ougg Co%lﬁﬁ% i cu c‘?almdl 99 ev&;hveve etﬂ? cah boaj?m v\ﬂmeté/ does

i nsu conj ugat e Gf
rmhadhaﬁhbngklnnmhudes 3, 4, 5, 6 7, 8, 9 or
carbon atons and one or nore non-carbon heavy atons
20¢! eclthe dnsiitin norvend) coayypatecd wkirs fl P hghat the@arb@n@haif) moiety is not

an alkyl.

202.  The insulin compound conjugate of claim 197 where the backbone includes one or
more carbon atoms and one or more non-carbon heavy atoms selected from the group

consisting of -O-, N-, and =O.

203.  The insulin compound conjugate of claim 197 where the backbone includes 3, 4, 5, 6,

7, 8, 9 or 10 carbon atoms and 2, 3, 4 or 5 -O- moities coupled between carbon atoms.

204.  The insulin compound conjugate of claim 197 where the backbone includes 3, 4, 5, 6,
7, 8,9 or 10 carbon atoms and one or more non-carbon heavy atoms selected from the group

consisting of -O- and =0,
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148 WD 2006/ 014673 PCT/ US2005/ 025644 205. The insulin

conpound conjugate of claim 198 where the carbon atons

wa@r@e/onwm3 car bon heavy atons are present in a PEL/US200$/025644
at least 1 carbon atomfor every non-carbon heavy

atom 206. The insulin conpound conjugate of claim 198
20her &he Hesubiar eRmPosRh FRIULEHF Oﬁd*ﬁal@aﬂ%%ﬁvfﬁ@aw 547Bs algms and
nBE-ES 68 heh ¥y Aoti@hirk Pre@dnt & a 128891 atdeSRT BRBONH I BorfeQéry non-carbon

every non-carbon heavy atom 207. The insulin
heaprgtotind conj ugate of claim 198 where the carbon atoms

and non-carbon heavy atons are present in a ratio of
28¢ | dastingilig asaRunt GAYUSHT CSVEHY Adh ST cHRYy gloms and
1n84-O4hord8vy A18s 4rB $HbdnDinCORBROHNE 16 A7) BBk Brofk féileRérind@8arbon
conprising carbon atons and oxygen atons in a ratio
hegvyaton; east 1 carbon atom for every oxygen atom 2009.

The insulin conmpound conjugate of claim 198 congrising
204r ke JPBWR SAMPOBRY GeRUSH] SRl &7F athel Hie SEbpgigpts and
nén- AL aR! ABESs £r0 breSUEInYa QXY SR 1688t BMBarbdd Bromd & elv&S Wbh-Barbon

conpound conjugate of claim 198 conprising carbon
hgavgiomand oxygen atons in a ratio of at |east 3

carbon atoms for every oxygen atom 211. The insulin
28% np dlA dnseighf PRt SrIugrgioRtags 193 ompEsiAg caRon ¢piey end oxyeen

ahRWPa Fafo WhiiGdst 1t Aol 'ato'knsfoﬁ&}égj &YgdnQutdnne i nsulin
compound and the -Cis coupled to a |inear carbon

20f1ai Mhe AawliN&nhoudd cjughe of cla 198 cothpeisin 0itbét A68s @toxygen
or. 4 oxygen atons in the formof oxy groups.

2, 3, or

atops in REO Pha gty QEPESHY XK GREER 8Pl ai m 197 wher e
nodi fyi ng noi ety conprises,. one._Qr nore cappin

240 ou e 1k compgund SINER A6 ABBLAY CHRT A FEOT P ovEen

atoBb MR RS oM ddabtyd AAgbol@iots YoreQ8p bk RS atoRNe Or nore
cappi ng groups selected fromthe group consisting of

2b1.anathe ¢hs@lin ddnfpRakd dohjuate 3NElaimal 98 afiddaIMA an -Z18)0-THBup in which

i nsul in conpound conj ugate of claim 197 erei.n the .
theodi i3, FHglefbe ﬁwnsugﬁ paiad apd ths —&m%ob%}%a %b?ﬁ'@ﬁ garbon chain
baVNE Q) 4,UNict 3, B 9loarbdn @fond 42012y B &PY been gloys @b tHentbins of oxy

215. The insulin conmpound conjugate of claim 197
gy fying noiety is selected to render the insulin

d i ugat | ] 0] ubl ore soluble .
% fran 14° NI SHRRRIPA GOSN QR B VHSGFIoR Y B giRg comprises

034 6r mdrB eappiiggkdups.conpound conj ugat e of cl ai m 197
wherein the water solubility of the insulin conmpound

2¢®N] uBatissulis coegiuadsedudiye aichitn M7 wierd A@JfYiNE moiety comprises
one or more capping groups selected from the group consisting of branched or linear C;., and

a carbonyl.

214. The insulin compound conjugate of claim 197 wherein the modifying moiety

comprises 1, 2 or 3 polyethylene glycol units and 1, 2 or 3 polypropylene glycol units.

215.  The insulin compound conjugate of claim 197 modifying moiety is selected to render
the insulin compound conjugate equally as soluble or more soluble than a corresponding

unconjugated insulin compound.

216.  The insulin compound conjugate of claim 197 wherein the water solubility of the

insulin compound conjugate is decreased by addition of the zinc.

217.  Aninsulin compound coupled to a modifying moiety having a formula:
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217. An insulin conpound coupled to a nodifying noiety
having a formula: 149 WO 2006/ 014673

wWERAIOBBAD5/ 025644 O HO O m where n is 1, 2,PGI/0R2045/025644
and mis 1, 2, 3, 4 or 5. 218. The insulin conpound of
claim 217 where the nodifying noiety is: OO HO O3
219. The insulin compound of claim 217 where the
nodi fying nmoiety isjfj OO HO O4 220. The insulin

conpound of claim t e (fyi noi ety is:
ffn co und ofp¢l ai m 217 where
the nodifying noiety i nO O*HO 0)-3 322, The

i nsulin conmpound of claim 217 where the nodifying
noiety is coupled at: (a) B29 of human insulin; (b) B
1 wherbomaln2j houl, amm orl, 2,3 4Br1 and B29 of hunan
insulin. 223. An insulin conpound coupled to a

2B, (s 08uTB B A g P Emoatkifle HGAES) 010

2, 3, 4or 5 anddnis 1, 2, 3 or 4.

HO/“\/\éO/\% O\.

219.  The insulin compound of claim 217 where the modifying moiety is:

O
HOMO/\;j O\'

220.  The insulin compound of claim 217 where the modifying moiety is:

O
HO/“\/\éc/\%o\.

221.  The insulin compound of claim 217 where the modifying moiety is:

Ho)J\/V N, |

222.  The insulin compound of claim 217 where the modifying moiety is coupled at:

(a) B29 of human insulin;
)] B1 of human insulin; or
(©) B1 and B29 of human insulin.

223.  Aninsulin compound coupled to a modifying moiety having a formula:
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224. The insulin conmpound of claim 223 where the
nodi fying noiety is: OHO O3 O 225. The insulin
woaopousd3 of cl aim 223 where the nodi fyi ng noi BCY/USS005/025644
O HO O 4 O 226. The insulin conpound of claim 223
where the nodifying noiety is coupled at B29 of human
insulin. 227. The ifsulin conpound of claim 223 where
the nodifying noietylis coupled at: (a) B 1 of human
insulin; or (b) B1 B29<of hupmmn jnswin. 228. A
met hod of treaty asulin I Ci in a subject
in need thereof, the thod conPrisi &dni ni stering
to the subject a therapeutically effective anount of
an jnsulin con‘pouna of claim 195. 229. The net hod of
cl whews p g e &F 7 A& hsuf Ph*def i ci ency has a cause
conprising: (a) diabetes; (b) pre-diabetes; or (c)
20t alyak insulsydoeipon. of 2@ 22Bheherithb 8@ didfinghnaietni? 28
wherein the insulin conpound conjugate is adm ni stered
to effect post-prandbal glucose control. 231. The

met hod of cl aim 228 erein the insulin insulin
conmpound i s admi stere y t hi 0 hour prior to a
meal . 151 WO 2006/ 6 &QW{/ 028644 232. The
nmet hod of claim wher&in the in3ulin conpound
conjugate is adm nistered to effect overnight glucose
control. 233. A nodifying noiety having a fornula: O

205.HO T®e msulitvcowipenmel of clagn 223 whergthe modifyisgydoiety i:'s 1, 2,
3, 4 or 5. 234. The nodifying claim233 having a

f or mul a: O
o)
Ho)J\<o/\7\j N

226.  The insulin compound of claim 223 where the modifying moiety is coupled at B29 of

human insulin.

227.  The insulin compound of claim 223 where the modifying moiety is coupled at:
(a) B1 of human insulin; or
® B1 and B29 of human insulin.

228. A method of treating an insulin deficiency in a subject in need thereof, the method
comprising administering to the subject a therapeutically effective amount of an insulin

compound of claim 195.

229.  The method of claim 228 wherein the insulin deficiency has a cause comprising:
(a) diabetes;
b) pre-diabetes; or
(©) metabolic syndrome.

230. The method of claim 228 wherein the insulin compound conjugate is administered to

effect post-prandial glucose control.

231.  The method of claim 228 wherein the insulin insulin compound is admistered within

one hour prior to a meal.
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O HO O3 235. The nodifying claim233 having a

formula: O HO O 4 236. The nodifying claim 233
whaneogieas fornmula: O HO O 2 O 237. The nodi f pETYS2005/025644

claim 233 having a formula: OO HO O3 238. A

nodi fying noiety having a fornula: 152 WD 2006/ 014673

2p&T/ 820t 256aim 228 voyerquphemiulig cqptpepm spnjugatg is asimirgstered fo

efte @bvenig@pthichlel Bntdol. 2, 3 or 4. 239. The nodi fying

noi ety of claim 238 having a formula: O HO 0"---3

2340. ATRS4iRE hok) BaiR £Lym@f: Ccl ai m 238 having a

formula: O HOO4 241. An activated form of the

nodi fyi ng noi ety of ccl aim 233. 242. A net hod of

conjugating an insullin conpound, the method conpri sing

activating a nodifyj ety of claim 233 and

coupling the activat |§/~§1/g/ﬁﬁi\qt o the insulin

conpound. 243. Hsol i d\ phar madeut i cal gposi tion

formul ated for oral adninfstration by ingestion,

conprising: (a) fromabout 0.1 to about 75% w w fatty

aci d connonent o where the fatfy sacid

234,  The modifying claim 233 having a formula:

O
| HO/“\/\@/\)/BO\.

235.  The modifying claim 233 having a formula:

O
“OM o/\%o\—

236.  The modifying claim 233 having a formula:

O
HO)J\/\&O/\%O\.

237.  The modifying claim 233 having a formula:

Ho)}\/v N, |

238. A modifying moiety having a formula:
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conmponent conprises saturated or unsaturated C4, C5,

c6, C7, C8, C9, C10, Cl1, or Cl2 fatty acids and/or
wGe20b®14873 such fatty acids; (b) a therapeutic BOEDNE2005/025644

244. The pharmaceuti cal conposition of claim 243

conprising fromabout 5 to about 65% ww fatty acid

conponent. 245. The {pharmaceuti cal conposition of

cl ai m 243 conprising| from about 40 to about 60% w w

fatty acid conponen 53 2006/0146743
PCT/ US2005/ 025644~ 246%pThe phaghacedit€al conposition
of claim243 where the ‘therapeutiic agerdt™is a protein

or peptide. 247. The pharnmaceutical conposition of
claj m 243 where the therapeutic agent is a protein or
peﬁ??ﬂ%“ﬁb@f%é°f?6ﬁ921¥6’gg@r%nino acids, from10 to
65 am no acids, or from25 to 55 amno acids. 248.
23he pihanagEhg neRty TP S3Y hadimgafforalul: m 243 where the
therapeutic agent is a selected fromthe group

consi sting of insulinOconmpounds, calcitonins,

interferons, growth or nones, growh factors, G.P-1,
PTH, somatostatins, L{RF/ natriureti¢ peptides, BNP
ANP, exenati de, ?%% ro L*ﬁg\hg§¥hg\kgss t han 200
am no acids, antibody fr gnents, gacci nes, and

anal ogs of any of the foregoing. 249. The
pharmaceuti cal conposition of claim 243 where the
2d0er dipe utodidyiagmntetyi f chim gbhjayggtddnptot ei n or pept.i de,
an acylated protein or peptide, or a PEGyl ated protein
or peptide. 250. TheOpharnmaceutical , conposition of
clai m 243 where the tlerapeutic agent is a conjugated

i nsulin conmpounds, callci Yonins, intesferons, growh
o GLP- THsonat ost at i ns,
BNP, AP, exenati de,

hor nones, growth
LCRF, natriuretic peptides,
eryt hropoeti ns having | ess than 200 am no aci ds,

anti body fragnents, vaccines, and anal ogs of any of
the foregoing. 251. The pharnmaceutical conposition of
claim 243 where the therapeutic agent is an insulin

2@ 0p Quudtivad&Piornd bhhadifgpetibdietgal cleianysssi ti on of claim
243 where the therapeutic agent is a conpl exed

2p2.0t el methbd pe pinjbatiny arfinSdipdoapethds thia jngladdadmprighe bativating a
or,. pepti de. 3. e pharmaceutical, co sition,o .
TROUPRE SETHAERE™ A tRerAmeth Pt g8t TTETGnE BT g meulin

compatdndn conpound or a conpl exed conjugated insulin
conmpound.
243. A solid pharmaceutical composition formulated for oral administration by ingestion,

comprising:

(a) from about 0.1 to about 75% w/w fatty acid component, where the fatty acid
component comprises saturated or unsaturated Cy4, Cs, Cs, Cy, Cg, Co, Cyp, Cy1, 01 Cy2

fatty acids and/or salts of such fatty acids;
(b) a therapeutic agent.

244.  The pharmaceutical composition of claim 243 comprising from about 5 to about 65%

w/w fatty acid component.

245.  The pharmaceutical composition of claim 243 comprising from about 40 to about

60% w/w fatty acid component.
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254. The pharmaceutical conposition of claim 243 where
the ionized or non-ionized fatty acid content of the

W@ iposicrs on i s greater than about 90% w w a SPEDIUS2005/025644
fatty acid, about 95% w w a single fatty acid or
about 9996m/m1a single fatty acid. 255.
ZBhrar nee ehracarticeh FRTRS PR AL %rlmc%‘%rrvﬁrmls tbrl eparce%ﬁetﬁdb a protein
cbpéptiave passage through the stomach w thout
substantial |oss of the therapeutic agent and to

289bs iR hhambhyeuGIMBiceii¥n oﬁdlzﬁﬁlwy &htid tﬁehﬁerbﬂéh@cs:lgleﬁtas a protein
for deIrverg_of t he therapeut gent

BRSBTS Eam th8r?88§fnt“?°o??1ddf ab éigmtﬂ"eaﬁalﬁve‘li ffgn 25 10 55
aBlifovdcig, passage through the stomach w thout

substantial |oss of the therapeutic agent and to

238Ibs taet gratnhpegionpoaipebivion b541M0 221@0\51/16961416:7‘316rapeut10 agent is a
PCTlugZOO / 025644 djissolve_in the intestine f

SHEF P EPT BF SfHR QRETRE 9T BPHEICeRPOINHh &P K PR interferons, growth
HoRRMRS | drbvarh f’ac&orsSGDBIlaTMTHa|sblMatQ£atﬂh dL O F, eatr@irdtie peptides, BNP,
coating. 257. The p naceutl al conpositi of. cl aj m

AN pERAifer raf%rﬁsrrteﬁ ving lesgt e 0% aﬁrron@mgs Fgbodygagments,
VRO RREE ial R br £9WPASifdeinOf cl ai m 243 | acking or
substantially lacking an enteric coating. 259. The

2ahar nae gibbintatutie INEREotilioN o0 fclagh ai40 Wib3e CRNIEIaPéUNg dEent is a
di | uent selected fromthe group cons t|n 3%}

B HEREFISPrOEH S P1 reaa?earrrsacylrlterlrpé?ten iRl &1 O Lhspisishpistein or
paptiddant s, flow enhancers, conpression ards col ors,

sweet ener s, preservatives, suspensi ng agents,

2do.spamsi pt]gnnaaaelpttscontﬂokmﬁ @r refarns ,246 Oflidrd @, thblapat@e Sagent is a
i.nks, cel] ul oses, S, nannLtoIs

I‘I ntin
CP%!E%%@e’gS“ I GO ORGS0 e P OSBRI Frof BEBsfactors

G601, TR, phaniseaut, qmmom@rasteht opepartiespl BNlPl 2A8P, exenatide,
prepared in a formselected f consi stin

cBHinbBR Rt & Ving 55 200 SERReoLl f}%dygfa 5, i) . aloss

o®hmySTfiile fBRbGhE. N capsul es. 261 The pharmaceuti ca
conposition of claim243, wherein the fatty acid

26 onpame r}ﬂlalinﬁlcetﬁlazﬂr(joﬁlpaﬁil(dl andhaf 2hBwhe A€ itebrapathicsigent is an
gts of prrc acid and/or lauric acid. 262. The
caI conposition of claim 243 conprising a

B e sl S s o Dhelgtat font o Al

c6mpleked pagtifl obpHpfi@y or aabslpleedéd@nbasa preeinwt p&tide.263. The
phar maceuti cal conposition of claim 243 conprising a
2681f f @the sAbimasaltiedt @thpositioohickite 243 bufde tenferapgusici degnt is a
n.a Iocalde of

t f ab bt t t
BBl SR o tpe st st Lo P o bt o_about
t f
SZI} ov&grg ghaggrac%uﬁ %;’ltga%{?p%sfélgﬁﬁﬁﬁ n‘pz’gl% WhegeQH%Qtogl%Fc? oF r,fornrlpltlzed fatty
a2i@Tontdh @f fhe acmpeeioch ic@taterahmobbitiS0v wiv cdisdlerfai4 3cid, about 95%
W9W a smngé fn t%l aacpd Iorn grlltl 9B° oCVtolmj aoslilrpg(lie fatty acid.

255.  The pharmaceutical composition of claim 243 prepared to survive passage through
the stomach without substantial loss of the therapeutic agent and to substantially completely

dissolve in the intestine for delivery of the therapeutic agent.

256.  The pharmaceutical composition of claim 243 prepared to survive passage through

the stomach without substantial loss of the therapeutic agent and to substantially completely
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conj ugate conprising an insulin conpound coupled to a

nodi fyi ng noiety. 266. The pharmaceutical conposition
W@pRoosloaions 243 conpri sing an insulin conpound POUPE®A5/025644

to a nodifying noiety having a fornula

-X-R1-Y-PAG Z-R2 (Formula_ VI) where, Y and Z are
disprdesp & the rintesfing e delBgry] Pihwﬁr?gﬂgf‘r a@&ém&h dvhsEc Hiej mposition is

sREab@IRldbYoid B £&EBLoatiafd X, when present, is coupl ed
to the insulin conpound by a coval ent bond 155 WO

220061Qd 48 f3adR Qﬂai&%@@§{1%@ﬁﬁn 283 ohB& cBnpSind¥d dnerit Soating.

| ower alkyl, optionally including a carbonyl group,

2801d b %ﬁarﬁqacéuﬁcaﬁi cb@W&tioal dfydlaimR431 Bcl@ngC 3P RibSEnt@TIP Ufkking an
and PAGis a linear or branched carbon chain

RiFADTPBMAL i ng one or nore al kal ene gl ycol noieties,

and tionally incorporati one_or npre additiaon
2501 eileBIBIEEiBHOMOB i TP BN S Elela}rsele%ted from the

grogpa conMstingd R bifdekd) -disi@BeaM) fiBert, heiluvag] fllYBrf&&ﬁﬂDgl(ﬁIayts flow
has a naX|nun1nunber of 3, 4, 5, 6, 7,

eglgncers coqqressm aldfﬁco of 3z SWiﬁéenelfgpre%Vatlﬁ sug@enm?% ageg@ éhgfersmg

agentd) GBY YorfeRMBoatigf flavbie piktale THIGES bdlnkats, GREROShiiRR, Ritoses,
¢l ai m 243 conprising a pol ypepti de conjugate

disephpionsnhrgess: god ypspanglessdonpound coupl ed to a |inear

b hed bst
i e & i e
ddp cdifistideof tﬂtﬁets, 3 8nitaB8) ,pov'a&ers, hard, gelaﬁn ca%éul@;[ orsoft gtlefiScapsules.
Fected romthe group consisting of -C, -C, -0-,

26:p The pharﬁiaeeu‘u@ll tompodfidn oirbl@mi) h&g, e ihe Eﬂttty acid component is

conp05|t|on of claim 243 co I Sl i nsul j
cBtpedrad olarjangarad et Pis "Efgf aghin PARLIFHE Eohpound
coupl d to a linear or_ brapched, substi.tut car

26hal AORBhERGCeHISH Fi s et REOHE 4P cqmpisinga g‘gffer *73119 lecigd from

tﬂe%m\ﬂzgﬂconélsgmg bBphodghateaffer] Budivky phobShate] Bis bdf¥er, ciltik, acidduffer, and
4 or 25 atons selected fromthe group consisting

e@ﬁn"l@llne@‘ffef 0-, =0, -S, -N-, -Si-. 269. The

har tical 03|t|on 0 m 268 .co
Rher d ¢ E%&%ﬁf\m mResHHOR; o ¢leing &35 SPORPTES gﬁ?ﬁ%{ Al sgliged to
acHiEe QIR fling BAp & ith @Nhe sité@aboemivy tahaminsabet bHG! frommbout 4.8

éﬂ@ﬁiﬁﬁg@%&ﬁ oR5 é‘%ogﬁbgos.";. on’ol ol'a mazgfahe?é‘k he
240 o BT 2 Sl PR RB 4 Pp poorisie

s&hiddoli B4 wher e the carbon chain moiety is not
branched. 272. The pharmaceutical conposition of claim
2884 whe rghatolrecitiadl bamposiaom offelaigh Y248 sconptising an insulin compound

conjugate comprising an insulin compound coupled to a modifying moiety.

266. The pharmaceutical composition of claim 243 comprising an insulin compound

coupled to a modifying moiety having a formula:

X-R'-Y-PAG-Z-R* (Formula VI)
where,

X, Y and Z are independently selected linking groups and each is optionally

present, and X, when present, is coupled to the insulin compound by a covalent bond,
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an al kyl. 273. The pharnmaceutical conposition of claim

234 where the backbone includes one or nore carbon
wat@®1sndl one or nore non-carbon heavy atons BET/881008025644

fromthe group consisting of -0-, N, and =0. 274.

- The pharmaceytical conposition of claim234 where the
backbonéithiead qa&s igis alowsr alfyl, optiongly “gclping ¢ campad grou, and
at\pig rANGa %wer?’alk , 1is @ capt ?H i#®8 coupl ed between
car bon atons. 6 WO 20 /8 4673 PCT/ US2005/ 025644
275. The pharnaceutlcal conp03|t|on of claim 234 mherf
t he backB&ns 3 lﬁﬁfiﬁﬂe@a@ ed40ar@)n (énaln 1i7cor%)ratg1g(ﬂne £ more alkalene

a%mfan RS 28N pRAEIP rnca@bﬁnﬁgoanec@rﬂa@rra daedval AdMIBs selected
ected fromthe group consi sting -0 and =0.
2ﬁ§m3$ﬁéﬂﬁﬁ59ﬁ§8@%@?§ar e&ﬁbﬂglp(ghfﬁﬁ cl ai m 234 where
the carbon atons and non-carbon heavy atons are

IO resent wihBreaherrﬂ&d@n@fm@éty h&ashaximum) nudb&rof 4, £,8rQans, 9, 10, 11,
om for eve non- car.bon m 277. The

e
DhEr b Bl Qo Ch ot of 35cs 2h 0% BB 1 5i ng
carbon atons and oxygen atons in a ratio of at |east
2a7h ,Tﬁé pﬁiméce@a&abfz&nﬁisnmfo@rclm eny comy@ﬁnzg atpom)epﬁgs conjugate
The pharmaceutj cal co t.ion_.of [ 4 .inc i .
c%prlse?(gé) ypaﬁxtgla ﬁoria]ﬁo SR edtt?]ghbearp brerg:hﬁ(f él.aas{}tgjtea ﬁ%rp)gn chain
nofkthadvih cGOsHRKHORE o BRd, §,16 75 & 9, $0,d01H, @8, 14015 1b) rvea9 19, 20, 21,

carbon chain aV| 3, 4, 5, 6, .

23 o atsms gelegss %%ﬂvgmpg?w&ng e Dt o8, Q“y Si-
roups. 279. The phar naceut osi t.i.on of. cl

285 0 e b iseriicy e O Gt o E s Paarongrit S, jpfuf ' Bmpound

C&Qﬁghld&n@ﬁﬁh@ﬁl B8 compnp baupledee s tihdanbr lahals kubstirtedtarbon

ot Boagprig - raupe o b Ba FeUMiRE b b8 ol ion. 20

20f 2br anchedoons| hib@arscledied, fr@n dihe CablaOrRphsistidglof The-C-, -O-,
Egar ceytical composition of claim 234 wherein the
tﬁ?"“g noi ety conprises 1, 2 or 3 polyethylene

ycC units and 1, al. 3 yl ene. gl ycol its.
A e T SRy SRYLENS By CBLe YAl LSiabone
cﬂiﬁﬂﬁsfes/ biRGr mﬁbrceéadenSatcﬁl@ #8 bedort vore andledrbont Heevyi aiend seiected from
und conj g@ﬁg ual as sol uble or nore sol uble
ﬂFﬁﬁ Péoﬁ%?W%gg ngﬁ J%Jugated |nsuI|n conpound.
V\ﬁ%er ér;gﬁ p{’ léénlf}]i(’:otaﬁ%’iofll ?p Ry lt?’% & hefe ﬁlgeu ﬂﬁonc%am Jugigy does
n&ﬁﬁﬂﬂ@ﬁ&?nh@ﬂdﬁﬁﬁﬁased by addltlon of the zinc. 284

The pharmaceutical conposition of claim 234 where the
27 hsulThe pranpautic] canyosigiat ef claim 234 where the carbon chain moiety is not

branched.

272.  The pharmaceutical composition of claim 234 where the carbon chain moiety is not

an alkyl.

273.  The pharmaceutical composition of claim 234 where the backbone includes one or
more carbon atoms and one or more non-carbon heavy atoms selected from the group

consisting of -O-, N-, and =O.

274.  The pharmaceutical composition of claim 234 where the backbone includes 3, 4, 5, 6,

7, 8, 9 or 10 carbon atoms and 2, 3, 4 or 5 -O- moities coupled between carbon atoms.
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consi sts of human insulin coupled at A, Bl and/or B29

to a nodifying noiety having a structure: 0 O\ M
WQ@BWs/0T48e3 phar maceut i cal conposition of cl ai m PGHUSIes/@25644

the insulin conmpound conjugate consists of human

- insulin coupled at B29 to a nodifying noiety havi
2% 1 UB RS ICTEOROOBI T Sngn P S BB DS 3] 4,5, 6,

E{ oG Yo car§%01§§ﬁxd ohB®r thf%r HRGCSBbA Bly GO0 Q8 kdiddoRor®the group
‘cl'aim 234 where the insulin conpound conjugate

cqueigiestisOofndriran i nsulin coupled at A, Bl and/or 829
to a nodifying noiety havin structure
2%87. T%@haﬁﬁwﬁeféuﬁqwm%n%oglﬁm 4 ohege a‘thn %ﬂ@@%ﬁ@?’é and

n&ﬂqc,eclrﬂg'ﬂqieg\)&' DEM IR §te @S 2 Fatiof BlafMehadi1, §) Lor HHEAEXPASH Rrlevery
(Formula X), where PAGis a PAG noiety having m

nesutsehwnthigavadPm is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 11
12, 13, 14, 15, 16, 17, 18, 19 or 20 and n is
2g. 4Th<5phagnacyut1031 ccg)npoilt;()n gficla1§[12234fgmp11s4ng aag;bonlaéomslapd oxygen

at%&s inlaQ8 02P1ea4 88>, 31hQ chibak ABHIsvERoxpRIREEL. t i on of
claim 234 where the nodifying noiety has a structure:

2%3. ) The pharmaceutlcal eompglﬂgrE@) claim @Y %&ﬂldm-ghlﬁ —C(0)O- group in which
phar maceut i cal )osi tion_ of cl a| m 234 vvhere t he

HRuSH PR e yaSHU cqmpestd gt 6 1 CoYPIFGCY ey grbon chain

having 3, 4, 5, 6, 7, 8, or 9 carbon atoms and 2, 3, or 4 oxygen atoms in the form of oxy

groups.

279.  The pharmaceutical composition of claim 265 where modifying moiety comprises

one or more capping groups.

280.  The pharmaceutical composition of claim 265 where modifying moiety comprises
one or more capping groups selected from the group consisting of branched or linear Cy., and

carbonyl.

281. The pharmaceutical composition of claim 234 wherein the modifying moiety

comprises 1, 2 or 3 polyethylene glycol units and 1, 2 or 3 polypropylene glycol unis.

282.  The pharmaceutical composition of claim 234 modifying moiety is selected to render
the insulin compound conjugate equally as soluble or more soluble than a corresponding

unconjugated insulin compound.

283.  The pharmaceutical composition of claim 234 wherein the water solubility of the

insulin compound conjugate is decreased by addition of the zinc.

284.  The pharmaceutical composition of claim 234 where the insulin compound conjugate
consists of human insulin coupled at Al, B1 and/or B29 to a modifying moiety having a

structure:

0]
ﬂ 0
:’7{ \/\<O/\>3/ N

285.  The pharmaceutical composition of claim 234 where the insulin compound conjugate

consists of human insulin coupled at B29 to a modifying moiety having a structure:
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290. The pharmaceutical conposition of claim 234 where

the nodi fying noiety has a structure: 158 WO
wWQO@600646573 PCT/ US2005/ 025644 O O HO Q PPG) 3p@PLS200$1625644

pharmaceuti cal conposition of claim 234 where the

nodi fyi ng noi ety hgs a structure: O HO Q PEG 4 292.

The pharmaceuti cal jconposition of claim 234 where the

nodi fying noiety has a structure: OO HO O( PEG 6 293.

The phar maceutiég; qu;pﬁs\'r\gg)pm/\ot\,}/ra 234 where the
nodi fying noiety has a structure:’0 NO HO

MPEGOD4 OMPEXA 294. The pharmaceutical conposition of
284.ai Mhegidrmbental dnposigod bl ?po wiheke clenjpautjatempdusd conjugate

o, e B P 0t P02 0 s B0 e

siRkcfargubuni ts. 295. The pharnmaceuti cal conposition of
cl ai m 243 havi ng a pharnaceutically acceptable |evel
of purity. 296. A I9Pquid pharnmaceutical conposition
formul ated for oral “adrri ni stration by ingestion,

conprising: (a) &rom 0.1 abymelo%vv/v fatty
aci d conponent, ere fa g~ conponent
conpri ses saturated or' ¢hsaturated ¢4, C5, C62 C7, Cg,

3 A O dlI, or Cl2 fatty acids and/or salts of such
28t t Yhaehdsacehbnl \WEnAQQEhOH4baid PETWIIS2 685hQREGgdmoiety has a

formula:
).]\ O
HO O(PAG)m)J\Mn/ (F

where PAG is a PAG moiety having m subunits and m is 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12,
13,14, 15,16, 17,18,190r20andnis 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20.

ormula X),

288.  The pharmaceutical composition of claim 234 where the modifying moiety has a

structure:

o)

/“\/\/\/\/\/\/ OmPES)
HO .

289.  The pharmaceutical composition of claim 234 where the modifying moiety has a

structure:

0] O

HO/“\O(PEG )j\/\/\

3

290. The pharmaceutical composition of claim 234 where the modifying moiety has a

structure:
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(b) a therapeutic agent. 297. The pharnmaceutica

conposition of claim 296 conprising fromabout .25 to
wW@bwan169 w v fatty acid conponent or from abpCr/U$2085/025644

to about 3.5% w v fatty acid conponent. 298. The

phar maceuti cal conposition of claim 296 where the

t her apeutic age is a protein or peptide. 299. The

phar maceut i cal nposi tionfjof claim 296 where the

t herapeuti c age is a pr i n epti havi ng from

2 to 200 anmHpo aci ' ' or 25

to 55 amno acids. 300. The pharnmaceutica

conmposition of claim 296 where the therapeutic agent

205 aThs ehethedtifal compdsgiogrdupeinoltdi glidra heohodifysgl mpjety has a

£o ounds, calcitonins, interferons, growh hornones,
SUFSHER factors, GLP-1, PTH, somatostatins, LCRF,

natryuretic peptides, BNP, ANP, exenatide,

erytjhr opoeti ns having | ess than 200 am no aci ds,

ant ijpody fragpents, vaccjnes, and anal ogs qf any of
MWMW

g. .
C ain1ég%£%here the therapeutic agent is a conjugated
protein or peptide, an acylated protein or peptide, or
a PEGyl ated protein or peptide. 302. The
2phar ffhe @btrmeeduticad rpopdsiticpnofoflaig 254 nwixes thetreediyingemoiety has a
Sﬁpgﬁgpeutic agent is a conjugated insulin conpounds,
cal citonins, interferons, growt h hornones, growth
factprs, GP-1, PTH somatostatins, LCRF, natriuretic
pept]l des, BNP, ANP, exenatide, erythropoetins having
| esgl than 20Q_am ng_aci ds, antihody fragnents,
ci peciNd og any-of f oreg0i NO~~303.

The pharmaceutical conposition of claim296 where the
t herapeutic agent is an insulin conpound. 304. The
phar maceutical conposition of claim296 where the
20her dpe whiroaegytienl cpwpesiticanorfpilanetP4pyisteths Bedifyas meisty has a
Qlcul,s @ conpl exed conjugated protein or peptide. 305,

e pharmaceutical conposition of claim 296 where the
therapeutic agent is a conplexed igsulin conpound or
a conpl exed conjugated insulin conppund. 306. The
phar maceuti cal conposition of clﬁggﬁgié where the
i oni z ioniz€th{ at ci g cont ent of the
composi ti is gréater than abo 90%
fatty aci greater than about 95% w
acid, or greater than abouturge¥, ngl e fGmrEG,
acid. 307. The pharnaceutical co claim 296
prepared in a formselected fromthe group consisting

of sem solids, suspensjions, mcroenulsions, and .
2841 JihgRBarmagsgtical composition of claim 243 where the insulin compound conjugate

is coupled at A1, B1 and/or B29 to a linear or branched PEG moiety having from 2 to 15 PEG
or from 2 to 10 PEG subunits.

’_'a
Th
@
3
[ERN
(=)
>
(@)
Q
¢)
o
2]

w a single
‘a-single fatty

295. Tlie pharmaceutical composition of claim 243 having a pharmaceutically acceptable

level of purity.

296. A liguid pharmaceutical composition formulated for oral administration by ingestion,

comprising:

(a) from about 0.1 to about 10% w/v fatty acid component, where the fatty acid
component comprises saturated or unsaturated Cy, Cs, Cg, Cy, Cs, Co, Cyg, Cpy, 01 Cp2

fatty acids and/or salts of such fatty acids;
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WD 2006/ 014673 PCT/ US2005/ 025644 308. The
phar maceuti cal conposition of claim 296, wherein the
wo 2106914¢3 d conponent is capric acid and/ or | BUF/U82005/025644
acid and/or salts of capric acid and/or |auric acid.
309. The pharmaceutical conposition of claim 296
conpPsi ng therapeceeendal t sel ected from the group
consi sting of phosphate buffer, sudium ate,_trijs
2501 7 Ahe PiEsiere APPSR clor ST B BB P br 25 RSt 6%

wiv $a8Y Ritd 8 peBedp b f&th abodd D5 toldveuti® Bk RRERUY b&@tomponent.
conposition of claim296 conprising a buffer salt in

26d) ampYMarmbcdhited] Ahpesifich Achig Y% whdeifht eetapeutizapat ista/protein
at the site of absorbtion to maintain a | ocal pH of

okpegideabout 4.8 to about 9 5 or about 5 to about 8.

311. The pharmaceuti cal OSI of. ai m 296

2o th DA AGTPR GOV SR 20 SUFRT 28 TEGPPA et goein

01“&,I 8lY haviikdroml D& PITBLHTBES Bdids, ﬁ‘ain 1©Q8186 Sinliiotdeidef orcdsab 85 amino
wherein the nodifying noiety has a fornul a:

aC@EC-R’ Y-PAG Z-R2 (Formula VI) where, X, Y and Z are

I nde ﬁg%ﬁggg%@%%}nggﬁﬁg@fl aﬁl@% 8$1 é"a’@%{] ’916 tgera%eggaf agent is a

sél&teggﬁorh NE kol fé@ﬁ'ﬁ&ﬁﬂ@ df liﬁéuléh EaNRu e cﬂﬁmﬂuns Bitdrfagins, Rirowth
or isisalo

wer |, optionally, jncludi a .
HEEIB R e AP e R TR B o R R b pies, BP,
ASED Rk B8, HRhropdEin A ihS 18s |thahe a0 afmindr suidsh estitedy Heigments,
chain incorporati ng one or nore al kal ene gl ycol
V%i”éfiala’é%an@ﬁﬂ‘)fc?ﬁi’f’ e fHSEMEcor por ati ng one or more

@]gglsf Ig? Irhal?%mgfpf!utelgl ec%m%c?sllt?(:t efd clgf ! g%v%ereg{hgntgermeélp% a?‘ﬁ’é is a
chH}@gafeWﬂ}&efﬂDdr%e)étﬂ@Sn acyTRxd Ii’ﬁ:tj‘ﬁélﬁl wiestidef o832 PEGyltedbprotein or
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

P%Tdezz 23, 24, or 25 heavy atons. 313. The

har naceuyti cal osi tion f cl ein the .
¥her dpe 1?r81a3%18h%?%@8%?9n5 ClgmbgPé/n F}éﬁe t@gﬁﬁ)e&b%taéent is a
c&ﬁ@fdd&hﬂﬁn 2oRPbyHas Pdalciteniag Mettnse rupltie dotntnas, | grev@hrfactors,
G&‘gclkb gﬁ‘ Chggr%atgs%%%%l g ggltn?rgtrllc ige% 1%3?”0%%&))/ %@iﬁl 1%(enat1de
efyfhropb@tinslhéving Jess #Hn 280 amﬂll) acid, anfBody 2thg@Ent® SaadimeaBand analogs
Ots_el ected fromthe group consisting of -C, -G, -0-,

Leyy of e foregping._ g~ 314, The phar maceuti cal

onp on of .claim 296 rein e th euti
3@%?@&@ SO o et 2 Gt ThE REpeicoHER i an
instistédntpoarpound coupled to a linear or br anched
substituted carbon chain noiety having a backbone of
384. 4,Thb,phbrmadeutiBsl @mposifich of claim 296 where the therapeutic agent is a

complexed protein or peptide or is a complexed conjugated protein or peptide.

305. The pharmaceutical composition of claim 296 where the therapeutic agent is a

complexed insulin compound or a complexed conjugated insulin compound.

306.  The pharmaceutical composition of claim 296 where the ionized or non-ionized fatty
acid content of the composition is greater than about 90% w/w a single fatty acid, greater than

about 95% w/w a single fatty acid, or greater than about 99% w/w a single fatty acid.

307. The pharmaceutical composition of claim 296 prepared in a form selected from the

group consisting of semisolids, suspensions, microemulsions, and emulsions.
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WO 2006/ 014673 PCT/ US2005/ 025644 10, 11, 12, 13, 14,

15, 16, 17, 19, 19, 20, 21, 22, 23, 24 or 25 atons
w@eleoisd fromthe group consisting of -C, - QCT/AUB2005/025644

=0, -S-, -N, -Si-. 315. The pharnaceutica

conp03|t|on of clai m 314 where the gackb ri ses
3¢he dhe PppccEifrbetreiEa: ChHYoHE: 8 effﬂr?slrt tﬁ agidrqggonent is

czﬂ)%@\ééﬁd @ﬁc@éﬁaﬁi@la&@taﬁgoﬂ‘ sERYBrichRicGE@URd/ofigisd :81d g of
, and =0. 316. The pharmaceutica

3@93an§& ﬁﬁa@rﬁa&ﬁtlcﬁi &nfPoAféh yhera 2obeoGpifRG L BilTRt Ehlmleetkd/ from
does not include any ring structures

31
ﬂﬁrﬁ?%@ég}ft}n@aqf p&l@%@}glbﬂfgﬂ s%lliun& P ?Wﬁ@énﬁ\,ﬁ%ﬁ% sflmé: acid buffer,

BN PRInChHF afPirRihYlalnfe®atter. br anched. 318. The
pharnaceutlcal conposition of claim 296 where the

3R beRe ﬁﬁh%hﬁbeﬂ%aﬁ&dnﬁo&tlé}péf clzﬂﬁi Bb &Mhpnﬁﬂgga bﬂ?&ﬂ? salt in an amount
phar maceut i cal nposi tion of claim %ﬁ

C%‘é%@%?ﬁoﬁ?é‘cblﬁ%q wé“gena& gaPaeity Figecsiie ézf B?Pﬁf 500 f&malﬁ@mo%lé’cad PH of

ORI B0 AIB-16 AP 5 REMOM RboBBut €l ect ed from the group
consisting of -0-, N, and =0. 320. The pharnaceutica

3 Pp ”p 95é tph%a@efutl@eh &ioﬁ‘ﬂpé’s%’onV\Gie eRint 1266 Ramshane ah rigdutitl @®mpound
7, 8 9 or 10 carbon atons and 2, 3, 4 or

C@mk@toﬁﬁWQ¢%§ﬁ€@@ﬁled bet ween carbon atoms. 321. The

3D ckBBr B HEFBaL g poatiog o g 311 Bherge b ToTSARBRcY bos

ﬁﬁh@ﬁB and one or nore non-carbon heavy atons sel ected
fromthe group consisting of -0- and =0. 322. The

phar maceut i cal cor;p@gn\pl rG%fREI SI m ﬁﬁ] where the

carbon atonms and "non- ca are present
inaratio of at least 1, 2 3 or 4 carbon atom for

every R@srecarbon heavy aton1 323. The pharmaceutica
conposition of claim234 conprising carbon atons and

oxygen N, LN a.rati f at | t 1, 2, 3 or 4. .
carbon 3 onirbr 0t ey s g o theYact s optonally
phaedFRe 21dtX, Galen RO doupled wfth«ihailime@@gount b a dovagpneiond,
-C(0)0- group in which the O- is coupled to the

o bon”" EHETRC R 40557 SRR SR l LRERN s,
at@majéﬁdaﬂmmﬁmkﬁrkﬁs@mygmggampnmdln the form of oxy
groups. 325. The pharmaceutical conposition of claim

234 WherP%dT% lfn%/e gr c%&y ﬁaggc{gp{haﬁlelicor?&&m%pong%g Shore alkalene

cappi ng" groups. rmaceutt ca osition o
cl dyaol 23vktinh) @né optminaﬂyy lmgrpmatlg yneconppiesdditionsh enatios selected

trr%rghap Aungoggﬁ%g é? 61\? Jd:j_%%)t_’rﬁdgr oup consi sting

an

where the modifying moiety has a maximum number of 3, 4, 5, 6,7, 8, 9, 10, 11,
12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 heavy atoms.

313. The pharmaceutical composition of claim 296 wherein the therapeutic agent
comprises a polypeptide conjugate comprising a polypeptide compound coupled to a linear or
branched, substituted carbon chain moiety having a backbone of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 19, 19, 20, 21, 22, 23, 24 or 25 atoms selected from the group consisting
of -C, -C-, -O-, =0, -S-, -N-, -Si-.

314. The pharmaceutical composition of claim 296 wherein the therapeutic agent
comprises an insulin compound conjugate comprising an insulin compound coupled to a

linear or branched, substituted carbon chain moiety having a backbone of 3, 4, 5, 6, 7, 8, 9,
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a carbonyl. 162 WO 2006/ 014673 PCT/ US2005/ 025644 327.
The pharnmaceutical conposition of claim234 wherein

w0 b@otoodi7 yi ng noi ety conprises 1, 2 or 3 pol Rer/ngioesa2s644
egcoI unlts and 1, 2 or 3 polypropyl ene egcoI units

Pharnaceutlca conposition of c

19®H+f%ﬂﬁg‘h6§é?yY7§9s%ﬂ%%é%dz¥3iﬁgﬁﬁg?a“?ﬁée$ﬁ§bﬁ?%theg“mP
c&ggggy@ﬁccngggeﬁp -equpal Isy. as sol ubl e or nore sol ubl e
than a correspondi ng unconjugated i nsulin conmpound.

3829. ThO ghPRAIBRE U fositiof 6NN 314 6ihetd the bﬁdkmr%%mpnses one or
wherein the water solubility %f the insulin c gp
& Q(P g@othe group

OB PR BlOTS e G965 BOG ynoa& PR 20t 2PRe SHPH
C&anﬂ@@ﬁ@mcgun¢3@M=Qpnp05|t|on of claim 311 where the

i nsulin conmpound conjugate consists of human insulin
3¢QUPTRE pRdrmAenti®l cafisbision B2 8lain® 296 et fitd §¥gbotdheihYmoiety does
having a structure: 0 Il 2/Q\\\~O//~3 O M 331.
nyhecifraprHeSHEC RS conp05|t|on of claim 311 where the

i nsul.in conpound, conj ugat e sts of hu
%upﬂaa plarmpesiisah TSP T il ﬂ@“ﬁw@l et3Frhigic 55‘ Opchaiy fotel} is ot
behénegt ure: 0 \OMe 332. The pharnaceutica
conposition of claim234 where the insulin conmpound
3CON| Tgabarmecasdas tenskitibhl 6Bl i3l wiitr< G ph®oh aliaitAnpieBlis not
an /or B29 to a nodifying noiety having a structure:

apal @ ~ 7 0 333. The pharnaceutical conposition of
vvlgeqle aﬁ he mggj Y0 et l?ackf o r11}1'Icluades one or
SEsal EERESTRRE e eEa o) 4%

more carbon atoms and one or more non-carbon heavy atoms selected from the group

consisting of -O-, N-, and =O.

320.  The pharmaceutical composition of claim 234 where the backbone includes 3, 4, 5, 6,

7, 8,9 or 10 carbon atoms and 2, 3, 4 or 5 -O- moities coupled between carbon atoms.

321.  The pharmaceutical composition of claim 234 where the backbone includes 3, 4, 5, 6,
7, 8, 9 or 10 carbon atoms and one or more non-carbon heavy atoms selected from the group

consisting of -O- and =0.

322. The pharmaceutical composition of claim 234 where the carbon atoms and
non-carbon heavy atoms are present in a ratio of at least 1, 2, 3 or 4 carbon atom for every

non-carbon heavy atom.

323.  The pharmaceutical composition of claim 234 comprising carbon atoms and oxygen

atoms in a ratio of at least 1, 2, 3 or 4 carbon atom for every oxygen atom.

324.  The pharmaceutical composition of claim 234 including an —C(O)O- group in which
the O— is coupled to the insulin compound and the —C is coupled to a linear carbon chain
having 3, 4, 5, 6, 7, 8, or 9 carbon atoms and 2, 3, or 4 oxygen atoms in the form of oxy

groups.

325. The pharmaceutical composition of claim 234 where modifying moiety comprises

one or more capping groups.

326. The pharmaceutical composition of claim 234 where modifying moiety comprises
one or more capping groups selected from the group consisting of branched or linear C.¢, and

a carbonyl.
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WD 2006/ 014673 PCT/ US2005/ 025644 where in is 1, 2, 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
wa0en014@ and nis 1, 2, 3, 4, 5 6, 7, 8, 9,PADUSHE5/025644

12, 13, 14, 15, 16, 17, 18, 19 or 20. 334. The
3§£arnaceut|cal conp03|t|on of claim311 where th

di flP¢ rRpamscatigal heampesitipp rafuplaim @6 Wm"b(tbﬁ@%lfwng moiety

; 1
c&rﬁ%ﬁs%t g oi% gol‘%@\?ﬁl@riep g@%o 1%1’1@ 2}?’%2"&8’8%5%@%%&%:{%&1 %nits

31§ Tilxé)’pha%ﬂaceﬂ{@)al dfapodifion dBlaih D30 Enoaﬂylﬂ@ﬂloﬁzt}l 13 sélecteZl to render
4, 6, 7, 8, 9, 10, 11, 12, 13, 14,

17
gty SGppgH 985U kB (5t Rl Bt brioppondine

uﬁé@%tﬁgSM%Q pbpg. modi fying noiety has a structure:
O 3 O 336. The conplex of claim 311 where the

3p®di fryé pHariRRtidk] Q@&p@ltﬁ)hrdf@dﬂleﬁél vhein ki fhtdr SRubility of the
The pharmaceuti cal nposj ti gn. of %I aim 311 where the

Wm@mpﬁ@ndﬁ@%ﬁ%}e ﬁé@craase%‘?}f%j’é’cﬂﬁiﬂ@ eFEf- HO O 2 338.
The pharnmaceutical conposition | ai m311 where e.
33 di fpf V¢ ARprRecrlicyl spaapositions &?ewﬁéwﬁifeih@m eﬁgww&émugate

CBQIE&L&%&&%A Qr?s@ﬁﬂéou@d@t AOHD &dB3B29Tba Iﬁbkﬁfyli@CﬁblﬁeﬂyQﬂk/mg a
conmposition of claim 311 where the modi fying noiety

SIS struct ure:

n
SN N

331.  The pharmaceutical composition of claim 311 where the insulin compound conjugate

consists of human insulin coupled at B29 to a modifying moiety having a structure:

I
}lxc\/\ég/\%o\m

332,  The pharmaceutical composition of claim 234 where the insulin compound conjugate
consists of human insulin coupled at Al, Bl and/or B29 to a modifying moiety having a

structure:

I
}({CMO\/%O e

333.  The pharmaceutical composition of claim 311 where the modifying moiety has a

formula: '

oy T‘J‘N

(Formula IX),
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O HO O 3 340. The pharnmaceutical conposition of claim
311 where the nodifying noiety has a structure: O HO
w@Q@64643. The pharnmaceuti cal conposition of PCHUA08I025644
where the nodifying m)i ety has a structure: O HO O 4

342. The pharmaceuti conmposition of claim 311 where
vibpie s Pyl Agd r?o?é%)? %éldz kb rlf’;rclt5u}6e17dgd%¢5é@)&?dn151 2,3,

"""'Ks 9 10; 11, 12,13, 14, 15,16,17; 18,190r20. - - « v n ..
..... HO 343. The phar maceut i cal conposi t| on

of claim 311 where the. nodifying noiety has

334 L ABEPETTR b COTREH A B U B GpeBirine wppicty has 2
SXBEG 7 HO 344. The pharmaceutical conposition of

clai m 311 where the nodifying noiety has a structure:
OO HO QPEG 3 345. The phapnmaceutical conposition of
claim 311 where tlje nodifying noiety has a structure:

O O HO (PPG 3 346. The phajjmceutical conposition of
claim 311 vvhere y has a structure:

0O (Formula X),

where PAG is a PAG moiety having m subunits and m is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15,16,17,18,190r 20 andnis 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20.

335. The pharmaceutical composition of claim 311 where the modifying moiety has a

0
HOMOA% O\'

336.  The complex of claim 311 where the modifying moiety has a structure:

0
Ho)j\/\éo/\;j O\.

337. The pharmaceutical composition of claim 311 where the modifying moiety has a

0
HOMO/\% O\‘

338.  The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

structure:

structure:
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HO (PEG) 3 347. The pharnmaceutical conposition of

claim 311 where the nodifying noiety has a structure:
W@2006i01467K O PEG) 4 348. The pharmaceuti cal conpOBUB10051025644

of claim 311 where the nodifying noiety has a

structure: 0 HO Q(PEG 6 166 WO 2006/ 014673

PCT/ US2005/ 0256 349. The pharnaceutical conposition

of claim 311 whgfe the nodifying noiety has a

structure: O

o0 ) MPE OVPEA
i osi tl of C m 311 where
the nodifying moiety has a structure: 00& O 0O

350. The phay

0'~~ HO,NH O OO0 351. The pharmaceutical conposition
of claim 311 where the jnsulin conpound. conjugate s
3¥bupThe Phtrmagentiqa} copppsiion R ¢amg A1 | hga e GO s Ry has @
stREargoi ety having from2 to 20 PEG subunits. 352. The
pharmaceuti cal conposition of claim 311 where the

i nsulin conmpound ¢onjugate is coupled at A, Bl

and/ or B29 to a linear or branched PEG noi ety having
from2 to 15 PEG [jsubunits. 353.,The pharnaceutica
conposi tion of r % ' | ™R_compound
conjugate is'®oupled®at A, Bs and/or B29 to a |inear
or branched PEG noiety having from2 to 10 PEG

)

340. The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

0
Ho/n\éo/\>§ N |

341. The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

0
Ho/lLéo/\)j N |

342.  The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

0

/“\/\/\/O(mPEG)7
HO .

343.  The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:
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subunits. 167

WO 2006/014673 PCT/US2005/025644

o)

O(mPEG),
HO

344.  The pharmaceutical composition of claim 311 where the modifying moiety has a

O O
HO)J\O(PEG)?’/“\/\/\.

345.  The pharmaceutical composition of claim 311 where the modifying moiety has a

O O
Ho)j\O(PPG)a)j\/\/\.

346. The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

structure:

structure:

0 O

M

HO O(PEG),

347.  The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

A

HO O(PEG);

348. The pharmaceutical composition of claim 311 where the modifying moiety has a

structure:

0]

B

HO O(PEG)g
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349.  The pharmaceutical composition of claim 311 where the modifying moiety has a

\\\///l\\\///OMPEG4

structure:

MPEGO,

350.  The pharmaceutical composition of claim 311 where the modifying moiety has a

\QO)\\/\/
r\?H

structure:

0O
H O)J\ O/\/O\/\ O/\/O\/\ O/\/\/\“/

351.  The pharmaceutical composition of claim 311 where the insulin compound conjugate

is coupled at A1, B1 and/or B29 to a'linear or branched PEG moiety having from 2 to 20 PEG

subunits.

352.  The pharmaceutical composition of claim 311 where the insulin compound conjugate
is coupled at Al, B1 and/or B29 to a linear or branched PEG moiety having from 2 to 15 PEG

subunits.

353.  The pharmaceutical composition of claim 311 where the insulin compound conjugate
is coupled at Al, Bl and/or B29 to a linear or branched PEG moiety having from 2 to 10 PEG

subunits.
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