TARGETI NG VECTOR- PHOSPHOLI PI D CONJUGATES RELATED
APPLI CATI ONS [ 0001] This application clains priority
wao oooanardrenefit of U.S. Provisional Applicati oPCT™MIS2006/061793
60/ 833, 342, filed My 25, 2006 and U.S. Provisiona
Application No. 60/749, 240, filed Decenber 9, 2005,
the contents of each which are hereby incorporated
herein by reference. FIELD OF THE | NVENTI ON [ 0002] The
present invention relates to targeting
vector-phOSohoI|o|d conj u-ates and particul arl
targeT 2028 XEARHOR a DA AP LB £+ QR (PATESar e
useful in therapeutlc and dla nostlc conp03|t|ons and
met hods of prepa&ﬁﬂuﬁﬁﬂaﬂiﬁﬁéﬂéﬁﬂéliihe i nvention
i ncludes targeted ultrasound contrast agents, and
[0001] par t i Bhib application gleiresl privwtyco @b besctittof §hSi Proivistmat dphlication
targeting vector-phospholipid conjugates. BACKGROUND
No. 60/838,3PREfINVENTI OR006 008 . Aryovigeme s Applitation iNar. AL 14912 46f filcd
new bl ood vessels, occurs not only during enbryonic
Decembehe9,61000 mhe tcontedisnd eaell whidhsare hgrebyvinttogratated parein byputference.
is also involved in the fenmal e reproductive cycl e,
est abl i shnment andEd) OFEHABANVENDIO®gnancy, and repair
of wounds and fractures. In addition to angi ogenesis
[0002] t hat Diecpresernit invichgomcalarad td tatheting wattor-phephgBpidconjugates and
events are involved in a nunber of pathol ogica
partlculaﬂmwmg pepiideafiiospholipid cghjughtds,artd cireteastas iits thadeutic and
ot her conditions in which blood vessel proliferation
diagnostiScompsRipssthnd sutho@sofPrabeitich éfahé Bapat M inveniidbHicRdes
and arthropathies. In addition, angiogenesis is
targeted l&¥oLAN tontfhst Hifenty, ans biitieRladly t@gbiddBficfdb@Bbles which include
hyperplastic to neoplastic growh. Consequently,
such targdthighicciRphebprangioasnesids, has become an active cancer
therapy research field. [0004] Turnor-induced

angi ogenesi s gaACK BRUIMD! OF dependventibey production of
proangi ogeni ¢ growmh factors by the tunor cells, which

[0003] OVer CRARIREMNELs, IRrE8Ratidalf de@NSlob@ vERER, ocours not only during

A

embryonic development and normal tissue growth and repair, but is also involved in the
female reproductive cycle, establishment and maintenance of pregnancy, and repair of
wounds and fractures. In addition to angiogenesis that occurs in the normal individual,
angiogenic events are involved in a number of pathological processes, notably tumor growth
and metastasis, and other conditions in which blood vessel proliferation is increased, such as
diabetic retinopathy, psoriasis and arthropathies. In addition, angiogenesis is important in the
transition of a tumor from hyperplastic to neoplastic growth. Consequently, inhibition of
angiogenesis has become an active cancer therapy research field.

[0004] Tumor-induced angiogenesis is thought to depend on the production of pro-
angiogenic growth factors by the tumor cells, which overcome other forces that tend to keep
existing vessels quiescent and stable. The best characterized of these pro-angiogenic agents

or growth factors is vascular endothelial growth factor (VEGF) (Cohen et al., FASEB J., 13:



exi sting vessels qui escent and stable. The best
characterized of these pro-angi ogenic agents or growh
wo 2000679 s vascul ar endot hel i al growt h fact or PCVESHP6/061793
(Cohen et al., FASEBJ., 13:9-22 (1999)). VEGF is
produced naturally by a variety of cell types in
response to hypoxia and sone other stinmuli. Mny
tunors al so produce |arge anmounts of VEG- 5 and/ or
i nduce nearby stromal cells to make VEGF (Fukunura et
al., Cell, 94: 715-725 (1998)). VEGF, also referred to |
9-22 (1999)) VEEGRA]s prodesedtmhbeilbey azafi¢ty @ ¢rH fyares it reyppnsgdo hypoxia
i sofornms of 121, 145, 165, 189, and 206 ami no acids.
and som¥/&fBet 2imatid MEEGRLG6 el prlodusrlares anentppHYEHEEE and/or induce
particularly in tunors (see Cohen et al. 1999, supra).
nearby siv6ih] tllsks nakedSEGF (Bukainnire stddatk/b P4eXbng25(1978))7 VG#GF, also
t he VEG- gene and does not bind to heparin or
referred @49 VEEIH-A| Rrsyfiiesized asufine diEerRGH1ES. isEachs of 121445, 165, 189,
references cited in this paragraph is incorporated by
and 206 L8HLES 8188 VEGH,S a@dtVEGHK Y;s ark 00OGmkinMioGhs hardulcyd, pertyetaly in
act primarily by binding to receptor tyrosine kinases.
tumors (kék OSKEY dlal. 1900ERIRK). (WEGB:Nkxcks AdSES damain encoded by exons 6
gl ycoproteins having an extracel |l ul ar domai n capabl e
and 7 of@he WETH B&hORR Res HBI 8Ins RElRdphatia offe@whdelfud togutdx, wlike
transmenbrane domain (usually an al pha helix), a
VEGE; ¢k UKL GRE 38RrH08RdiRd (MARS BarkBRph €€ BidbAfordtey bp eeference in its
regul ated, e.g., by phosphorylation), a tyrosine
entirety XI N@se domai n (the catal ytic conponent of the
receptor), and a carboxy-termnal tail, which in mny
[0005] " ECEPVRGE fanilyMehbed ablpriBEPG U hi@Bin3RE réeptdr Bgrosihe kinases.
the substrates for the tyrosine kinase. There are

: | bl tdtdias h8E8P bAlexii ¢Sl @omain capable
In geneﬁﬁp rﬁg%é’g&%g%d\%ﬁet%haﬁﬁﬁd SRRRpiRs nFiRp e ). VEGFR. 2

of bindiéggg% 8{(&&:&( éﬂe)cigﬁg%\ﬁ}@@é%r%a(ktﬁnts@e\?h&éﬁé doridif (#SaRly an alpha

nown -as 2 or , ich are used
.\ dnterc Ln) i Iiti-8de 8S pi-he
e, 1SRRG phpeepbe sy i et ey e

poson Gy ARER B hB% (VST (ATl o B AR0daRl. o
ot DL i P TR B oS
substrat%%ﬁ)g&ﬁg {-ygcr)sijtag RIS uflile%e gr%%rdeie %gﬁgﬁ%ﬁ& cjeﬁzsﬁgﬁﬁtc réc%ﬁ%r tyrosine
kinases known to bind VEGF: VEGFR-1 (Flt-1), VEGFR-2 (KDR or Flk-1), and VEGFR-3
(Flt4). Fli-1 and KDR (also known as VEGFR-2 or Flk-1, which are used interchangeably
herein) have been identified as the primary high affinity VEGF receptors. While Flt-1 has
higher affinity for VEGF, KDR displays more abundant endothelial cell expression (Bikfalvi
et al., J. Cell. Physiol., 149: 50-59 (1991)). Moreover, KDR is thought to dominate the
angiogenic response and is therefore of greater therapeutic and diagnostic interest (see Cohen
et al. 1999, supra). Expression of KDR is highly upregulated in angiogenic vessels,

especially in tumors that induce a strong angiogenic response (Veikkola et al., Cancer Res.,

60: 203-212 (2000)). The critical rolc of KDR in angiogencsis is highlighted by the complctc



et al. 1999, supra). Expression of KDR is highly
upregul ated i n angi ogeni ¢ vessels, especially in
wa wone79rhat | nduce a strong angi ogeni ¢ r esponBEr/US2006/061793
(Vei kkol a et al., Cancer Res., 60: 203-212 (2000)).
The critical role of KDR in angiogcncsis is
hi ghl i ghted by the conpl etel ack of vascul ar
devel opment i n honobzygous KDR knockout nouse emnbryos
(Fol kman et al., Cancer Medicine, 5th Edition (B.C
Decker Inc.; Ontario, Canada, 2000) pp. 132-152).
lack of vhORBH HevdBprhkitna dortamaiws KoBiloeykow mense copprpgs (Fobgnan et al.,
amno acids in its mature form The glycosylated form
Cancer MiédiBR 5th Gidafies(B 6. DeclSDaeACHagel Conada, 2000 mpat Thi 52)-
mol ecul ar wei ght of about 205 kDa. KDR contains seven
[0006] | MUIKIDR QRiskieddrhkia rdgion) issndde uptaf 1836 raued keldam its mature
donmi n, of which the first three are the nost
form. Th@%g&&wted ForMESIK DRNeligigtes Go e SDS-P AGE 4 9¢th sugmpayent
VEG- itself is a honodi mer capable of binding to two )
moleculdfRRiPR FGBbES2 (S DAt KIDFOCItyins Tdven imsuinbglabulihdiketdaains in
KDR nol ecul es becone di meri zed upon bi ndi ng and
its extracil. R RBERND 0¥ katiéh theahethite afdithis oidEst émpattant én VEEF binding
i ncreased kinase activity in turn initiates a
(Cohen &l29N@obNg,Pa). WREFRALE iR dbaibefindriapsidRes padidg © two KDR
bi ol ogi cal effects of VEG-. [0007] Thus, not only is
molecultdEmYFEEFeRL R iITHE @G Mithat tRb KIDR rhdlestilyObetiontd difleriz@l upon
angl ogenesi s, but the ability to detect KDR
indi | 8 math 68k &ctRk. MhedBiresded kinase activity
]nnmng%%%é%%%%kgﬁn in%q%%n%ﬁgies woul d be extrenely
i PERRE b GliHayil | {atBP HIODR D B 19GIORRSI Sfects of
n furn 1 OC8§f%F?kP§££gﬁ%&§ﬁgaﬁn§%at gas fi?%%d uItragound
VEGF. Contrast agents are exceptionally efficient ultrasound
‘"reflectors for echography. Such ultrasound contrast
agent gy | i WG i rofid Rif VLS TR PS®
m007]such ggwggéggﬁyfegkn1crggﬁﬁ%?%gagﬁ%hggngiIIed m
. crobal | pans.:- j ' j rab Qitect
engioneff Gy &pt B 1Y A2 ckcet SO AR Rt L 1fed
1 scl.osure the term " - LG itorin
vearGbR RGE Colr Tt s SRR PR TG RE AR, plimonforine

. by .phospholipids). For instance injecting into the
anglogeﬁ%%gdst ream of

[0008] It is well known that gas filled ultrasound contrast agents are exceptionally

efficient ultrasound reflectors for echography. Such ultrasound contrast agents include, for
example, gas-filled microvesicles such as gas-filled microbubbles and gas filled
microballoons. Gas filled microbubbles are particularly preferred ultrasound contrast agents.
(In this disclosure the term of "microbubble" specifically designates a gaseous bubble
surrounded or stabilized by phospholipids). For instance injecting into the bloodstream of
living bodies suspensions of air- or gas-filled microbubbles in a carrier liquid will strongly
reinforce ultrasonic echography imaging, thus aiding in the visualization of internal
anatomical structures. Tmaging of vessels and internal organs can strongly help in medical

diagnosis, for instance for the detection of ncoplastic, cardiovascular and othcr discascs.



l'iving bodies suspensions of air- or gas-filled
m cr obubbles in a carrier liquid will strongly
WO 200n0emce ul trasoni ¢ echography i magi ng, thuspP@i/tib19g6/061793
in the visualization of internal anatom ca
structures. Imaging of vessels and internal organs can
strongly help in nedical diagnosis, for instance for
the detection of neoplastic, cardiovascular and ot her
di seases. [ 0009] For both diagnostic and therapeutic
purposes it would be particularly beneficial to
[0009] i ncoFpobathalidgnostigarsd thietdpeuticipumpasssihwoeldrierppsticularly
agents, targeting vector conpositions which exhibit
beneficidbitgincbipotite intafhs filled ultmsowndd esntrastiageamtsy tarS¢EECYECHY,
for exanple, KDR or the VEGF/ KDR conpl ex). For
compositoaphieh ekkibiignigindimgtagfinity frosusotd pirget Caushuagafos gxample,
and particularly targeting peptide-phospholipid _
KDR or €2 BGEIIEDR aynphex) LU Forlex ampleppegeting aegiet ephosphslifid|chaidgates
ultrasound contrast agents. In addition, it would be
and partipalatlly Gatpaiing/pdpeidelpheistolipdd banjegaet heylbe hond toargere targeted,
scal e production of highly purified forns of such
gas filled MASSUNILONEEItAEents PROSELIEbH {1t Gotldrieygati@darlySbeteficial to have
conposi tions and nmethods woul d all ow for production of
methods@8FRGS ddaRfroddioH BF highldl pagfies firts@f stdtetagpeingivector —
appl i cations such as, for exanple, precise targeting
phosphoBbid GRS, TRLEbbBBositioiirdoheabdagealdsaliof for production of
angi ogenesi s inhibitors to the target site. SUMVARY OF
composilibls fNVENH EbA 04 81 (1R RHE SEPlicatiBHEAIchEB, foir @xdimpls, precise
targeting vector-phospholipid conjugates and
targetind 6f fe SHLALb ¥ ALERL AdaPRRhsERwRRB S Bl s iBhibite Ath Wigetaget site.
Ich are useful in the preparation of gas filled
ul trasound contrast agents. In a Bref—r ed enbodi nment
the targeting SEPIMAIRRSASAEE IWUENLIONGat es i ncl ude
targeting peptides which, exhibj.t high KDR binding .
[0010] 5f f | nilagDugpfpt thigation erWé%quﬁngBﬂ%s?Fg?ﬁ‘é“°8Pﬁ%%f‘ Fg‘éngates and
. .agents for inmaging of angi ogenesis.processes. [0011 .
partlculmr%etap%%@g meptidfyRbasPBAURIA SOORERIS de 3&1‘”3 i b‘ﬁ%{Telel ‘%ﬁ aref’]amﬁ"n of
di meri c peptide phospholipid conjugates_ (al so.referred

ges illod AP BR DGR J55pn T SESSIERSH GHPSBeRL bGP PHPe PEpHde
preparing gas filled ultrasound contrast .a ts,.and .

phosphabipid penibgatesyintlyde fagetinenpentides y&&&r?&h%frhlgggbéﬁé@?%g affinity
whi ch target KDR and may be used for inmaging of .

and thusargivegfeh e@pgoxgptscégg@ggst agents for imaging of angidgenesis processes.

[0011] The present invention also provides monomeric and dimeric peptide
phospholipid conjugates (also referred to herein as lipopeptides) which are useful in
preparing gas filled ultrasound contrast agents, and particularly in preparing ultrasound
contrast agents which target KDR and may be used for imaging of angiogenesis processes.
[0012] The present invention also provides methods and processes for the large scale
production of highly pure monomeric and dimeric peptide phospholipid conjugates,
particularly monomeric and dimeric peptide phospholipids conjugates having high KDR

binding affinity.



[0012] The present invention also provides nethods and
processes for the |arge scal e production of highly
w@ewog/oemmonel i ¢ and di meric peptide phosphol i pp@I/US2006/061793
conj ugates, particularly nononelic and dineric peptide
phosphol i pi ds conj ugates havi ng hi gh KDR bi ndi ng
affinity.[0013] The present invention also provides
nmet hods and processes for the | arge scal e production
of highly pure dineric peptide phospholipid conjugates
having mnimal levels of triflouroacetic acid (TFA).
[0013] [ 0014TheTiresqut &wvention alve pravidesahetbogy and rieeesuestiRbihs lamge scale
synt hesi zi ng nononeric peptides in high purity and the
productionp§ hightyt por dihepepeitie phhsghohipid pimugaes hratpesminipp levels of
mul ti pl e peptide sub-units. [0015] The present
triflouroh¢vtiericidfIBA)x 0 provi des nononeri c pepti des which bind
KDR or the VEG-/ KDR conplex with high affinity, as )
[0014] wel | Bisc prekdm dovenfios yiss pesiidésngethnds fogisygthssizihg monomeric
mononeric peptides. [0016] The present invention also
peptidesfih G¥gHO@srityand ehecbnytri st fidpidn phasphobpidnbsjupgesfarmednultiple
from such targeting vector-phospholipid conjugates.
peptide S¥bchnitsar get ed ul trasound contrast agents are useful
for imaging target-bearing tissue. In a preferred
[0015] enbodTrepieserithevenabg else GrovitiEsanonntetopéptaies wagdriiisd KDR or
are targeted m crobubbles and the targeting
the VECHERIDK PHQSRAGYikPhigh GOfjitig at @21li d3GhetBeds @rsgaihiesiging and using
pepti des which exhibit high KDR binding affinity and
such monBHRridRpHe&f ul components of contrast agents for
i magi ng KDR-bearing tissue and particularly for
[0016] | MQi PHe BfestitTRYhtiBAUIBNE6 HESNRSI SedDilBaesHATonivR: Agelss
of preparing and using such targeted ul trasound
- £ 8§ o aBRT & ESCRERITFAISund
prep are%:%%{HaE&%FS%%HE V?%%l%&lﬁ—bl%ﬁi% 1 Ji FI ustrates a nethod
contrastia%%ntrs REe Pid j %% irtfg ilgé ’faf?geﬂmggﬂﬁé tiSsuRe A 'a%?efﬁﬂ?cg )@Jﬂ%diﬁieﬂt, the

nj ugat e | hear peptide nonomer
targeted ultrasound contrast agents are targeted microbubbles and the targeting vector-
phospholipid conjugates include targeting peptides which exhibit high KDR binding affinity
and thus are useful components of contrast agents for imaging KDR-bearing tissue and
particularly for imaging of tumors and angiogenesis processes. Methods of preparing and

using such targeted ultrasound contrast agents are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGURE 1 illustrates a method for the production of a monomeric peptide
phospholipid conjugate (1) from a linear peptide monomer (2).

10018] FIGURE 2 illustrates a monomeric peptide phospholipid conjugate (1)
including a peptide with high binding affinity for KDR.

[0019] FIGURE 3 illustrates a method for the production of a precursor dimer peptide

(16) from peptide monomers.



[0018] FIGURE 2 illustrates a nononeric peptide
phosphol i pid conjugate (1) including a peptide with
woegholiomdi ng affinity for KDR [0019] FI GURE BCT/US2006/061793

illustrates a nethod for the production of a precursor

di mer peptide (16) from peptide nononers.[0020] FI GURE

4 illustrates a nethod for the conjugation of the

precursor dinmer peptide shown in Figure 1 to

DSPE- PEG2000-NH 2 to forma dineric peptide

phosphol i pi d conjugate (11) containing peptides which
[0020] bi nd BAMGURM:# ghusifatesni gthod fDRe cpgogatjonrp pregursor dimer

illustrates a dinmeric peptide-phospholipid conjugate
peptide shbdp in digat Aito PIRPHPEGLS0QNEEHtotforrd awlimisrip pgptidefiiopphafipid

to KDR [0022] FIGURE 6 illustrates a nethod for the
conjugatp(Ouint0ning fpeptidesrwidelp bindepliobighokffpity te &dPRigat es

(such as (21)) having mninmal |evels of TFA [0023]
[0021] Fl GUREGURE suitstediesa dinetiogeptigd-hbekpholipidhenpgedudl) on

of di mer peptidephospholipid conjugates (such as (21))
containiﬂ?}ééﬂlﬂiemwfﬁlbinhQMEH Isigh b to[KOOR4] FI GURE 8

iTTustrates another nethod for the production of diner
[0022] Pept iEienhes phglitpites £oBihegdbeteprydngoniofidimtr geptidd-s

of TFA. [0025] FIGURE 9 illustrates another
phosphdl BRI S5 aads (4EcHRNQIPHabinReRinirdel 163} oha¥ANg a hi gh
PRosP b?nding affi%ity foEEKDR?@[OOZG] FIGURE 10 illustrates
[0023] @NOt NEIGURAONEukiCatBERdIe nRIIRSPRR thepbdacigdimef Bdptide-

whi ch includes the nononeric peptide shown in FI GURE

ipi Udatdd GHRER GhfyHaviRQWniABORS10E aFAed by using
phoﬂﬂu?ﬁgigﬁﬁe% pepti dep o?%holipid conjugate ( 11) (shown
[0024] | N_FTEIERR) j1hubirfel MR ThetREE HYr tBE probiich@sef difRr peptide-

(FTG 11A); 2) after 25 mnutes (FTG 1IB); and 3)

: I i hippe and free circul ating

ph"Sph‘g{}i’tt‘)‘ﬁF%@H%ér%ﬁé‘}fg%n%f%g%éﬁg S s 124 C show | mages

[0025] obt ai ﬁﬁgUEE Q'Iﬁiu@gat(aggn(ﬁpé}qgﬁreg&ﬁaﬁve monomeric peptide (32) having a
high binding affinity for KDR.

[0026] FIGURE 10 illustrates another monomeric peptide-phospholipid conjugate
(31) which includes the monomeric peptide shown in FIGURE 9.

[0027] FIGURES 11A-C show images obtained by using the dimer peptide-
phospholipid conjugate (11) (shown in FIGURE 52) in a contrast agent at: 1) baseline (FIG.
11A); 2) after 25 minutes (FIG. 11B); and 3) after subtraction of the baseline and free
circulating bubbles (FIG. 11C).

[0028] FIGURES 12A-C show images obtained by using the monomeric
phospholipid peptide conjugate (1) (shown in FIGURE 2) in a contrast agent at baseline
(FIG. 12A); after 25 minutes (F1G. 12B); and after subtraction of the baseline and free

circulating bubbles (FIG. 12C).



phosphol i pid peptide conjugate (1) (shown in FI GURE 2)
in a contrast agent at baseline (FIG 12A); after 25
worewane®7{ Fl G 12B); and after subtraction of P¢EUS2006/061793
basel i ne and free circul ati ng bubbles (FIG
12C) . DETAI LED DESCRI PTI ON [ 0029] Applicants have
unexpectedly di scovered peptide phosphol i pid
conj ugat es, which are useful in producing targeted
ul trasound contrast agents and whi ch have exceptiona
KDR bi ndi ng efficiency. Tmo of these conpounds are
nmononeri c pepti dBEJAIS RIPEHPNgat es whi ch
i nclude a linear peptlde mononmer whi ch bi nds wi t h hi gh
[0029] af fi PippYicims KR wieikbectedip dichesred peptidgi nhesplolipip etrgegates,
phosphol i pi d conjugate which includes two distinct
which ar80EEFIER produthig targetaliltasaudidrogntrast KPRits rmd adhdtibt haym exceptional
highly efficient methods for |arge scal e production of
KDR birRif{d diieldné 0 1&o of thidie sempomidsgat emnamdrip peptidespirospholipid
material s have been discovered. Such nethods include
conjugatt@nRhGALIELd HUn&r pRp s MonP@PE wWilihiodsphidh hjghch finity to KDR
conj ugat es haV|ng mnimmal |evels of TFA. [0030] The
while th@g@épﬁcél diRleHc 78 ]bﬁﬁll;ﬁ&j cbijogate hdrigr mumdeotves disiimg
of: p ospnatldy ethano am nes and nodified

monome? EQ&HP@ dodi hEldan Q) RIRN & AdaitionCHighly offipicat sietteds for large
ospho1|p|ds i ncl ude phosphati dyl et hanol am nes
libd 6, R¥idd BkhDOr Bicby el jtdd dhdRRbUFSIT thiterigls have been
SCdﬁpngggl %espo 1m)dlfled ghosp ati dyl et hanol am nes are

0 ' Einegtitd bRospholipid conjugat
e N A g

having IRTI?’E tléx%)t’é St-RaRol am nes where the hydr oph| lic

ano amne noiety is linked to a PEG nol ecul e of

[0030] \églrltonseip hﬁﬂiﬂl@ﬁﬁﬁg@%&é&% [%ogréftﬁé) 30 @oh Qst

L
phosph Wb ﬁ%i‘g %O%Haﬁ rtﬁgn Mn%s }}Qﬁﬁﬁ&ifﬁ}a 1Bkl£gra'ﬁyg§oﬂhnﬁ; polymer

e USG suc or exarrp e,

thereto. H:fémptqs)é/){fmﬂ%% at1 y%etﬂanogaﬁ%{rﬁ@gg{e?ﬂogﬁ%@ﬂ&%ﬁ@ almines

(PE) modified with polyethylenglycol (PEG), in brief “PE-PEGs”, i.e.

phosphatidylethanolamines where the hydrophilic ethanolamine moiety is linked to a PEG
molecule of variable molecular weight (e.g. from 300 to 5000 daitons), such as DPPE-PEG,
DSPE-PEG, DMPE-PEG or DAPE-PEG. DSPE-PEG2000, DSPE-PEG3400, DPPE-
PEG2000 and DPPE-PEG3400 are preferred, with DSPE-PEG2000 particularly preferred.
Note that a salt form of the phospholipid may be used, such as, for example, the trimethyl
ammonium salt, the tetramethylammonium salt, the triethylammonium salt, sodium salt, etc.
[0031] These compounds may be incorporated into gas fillled ultrasound contrast
agents, such as, for example, gas filled microbubbles to form contrast agents that provide
excellent imaging of target-bearing tissue. In a preferred embodiment, targeting vector-

phospholipid conjugatcs which includc targcting peptides which bind with high affinity to



[ 0031] These conpounds may be incorporated into gas
fillled ultrasound contrast agents, such as, for
wex@mpb®79 gas filled m crobubbles to form contPeEBUS2006/061793
agents that provide excellent imaging of
target-bearing tissue. In a preferred enbodi nent,
targeting vectorphospholipid conjugates which include
targeting peptides which bind with high affinity toKDR
are incorporated into targeted m crobubbles. As shown
herei n, such targeted m crobubbles selectively
KDR arel ipcaippragedaintckiBebmiamicnepubblesu éls shemm hersipguchiyeeigd of
such tissue, and, in particular inmging of tunors and,
microbulsirigs sdenivelydpodies st DR-hedrind) tigpuetnesaitppe feagiag of such tissue,
associ ated wi th neopl astic devel opnent. Mononer
and, in p@akjuligaineginGef amadts ynj 60@0peiapraedseprindiudiag those processes
description for the identification |abels shown in
associatdd @ith @sopllasti?,deYelapsiedd. Table 1 [0033] As shown if
Figures 1 and 2 the nononeric peptide phospholi pid
Monom&G@Ydigahe ()
N-acetyl -L-argi nyl -L-al anyl -L-gl utarninyl-L-aspartyl-L
-trypgeisly L-trypt ophyl - Laspartyl -
L-isol eucyl - L-gl utanyl -L-1eucyl -L-serinyl -L-net hi onyl -
L-al anyl -lL-aspartyl-Lglutamnyl-, .. . S
(00321 [ | eqEhte E pERGTeRA dssrdiey Ry G Sspaigatop siabgr g fipures
-L-1 eucyl - L- seri nyl phosphoet hanol am nocar bonyl oxy- (
2,9 andpR000) - ani nogl utaryl ] }-L-1ysinanide, is a
phosphol i pid conjugate. This conjugate is al so
referred to as Table 1
Ac RAQDWYYDEI LSMADQL RHAFL SGEEEEK( DSPE- PEG2000- NH J ut ) -

Dy Ak ) (e R AR TR N

Al
7\ AT LCUuU

2Ar gF Mo R AQDWHETIRILSSeA DQLRIGAVLSIOG G GRENHL| (BHIDEPEG 2)

E&2P00- N ut)-Nd 2. 11 ¢ ri amno acid

30 nke ﬂorﬁg%ﬁsoegzeﬁsﬁ glzr%arrylg—gﬁp(%{g% th3foiné (%?
N af Aty A QDaVYIYIEILEMA BQURHFLSGGGGGK (NHS-Glut)-NH; (SEQ ID
L- asp@.8Y| - L-trypt ophyl - L-trypt ophyl - L-aspartyl-L-iso

4E?ggbﬁh%?é%éﬁﬂ¥%ﬁg%%ﬁg%ﬁgpgﬁyI-L-aspartyl-L- | ut am nyl

- L- | é2ediktebdovhsmgigiygbrolhipbospdpkthanolaminocarbony oxy-(PEG2000)-amine

31 Ac-AQDWYYDEILSMADQLRHAFLSGGGGGK(DSPE-PEG2000-NH-Glut)-
NH,; (SEQ ID NO. 4)

32 Ac-AQDWYYDEILSMADQLRHAFLSGGGGGK-NH, \(SEQ ID NO. 5)

[0033] As shown if Figures 1 and 2 the monomeric peptide phospholipid conjugate
@) N-acetyl-L-arginyl-L-alanyl-L-glutaminyl-L-aspartyl-L-tryptophyl-L-tryptophyl-L-
aspartyl-L-isoleucyl-L—glutamyl-L-leucyl—L-serinyl—L—methionyl—L—alanyl—L—aspartyl—L-
glutaminyl—L—leucyI—L—arginyl—L-histidyl-L-alanyl—Ll—phenylalanyl—L—leucyl-L—serinyl-
glycyl-glycyl-glycl-glycyl-glycyl-{N6-[1,2-distearoyl-sn- glycero-3-
phosphoethanolaminocarbonyloxy—(PEG2000)-aminoglutaryl]}—L-]ysinamide, isa

phospholipid conjugate. This conjugate is also referred to as Ac-



L- al anyl - L- phenyl al anyl - L- | eucyl -L-serinyl-glycyl-glyc
yl -glycl-glycyl-glycyl-LlIysinam de, also referred to

W@ 200406 RADWYYDEI LSMADQL RHAFL SGGGGECEK- NEb  ( SEQ PCI/NE2002061793
and

Ac- Arg- Al a-d n- Asp- Trp-Tyr - Tyr-Asp-d u- I | e- Leu- Ser - Met
- Al a- Asp-
A n-Leu- Arg-Hi s- Al a-Phe-Leu-Ser-dy-Ay-Ay-Gy-dy-Ly
s-NH 2. This novel peptide nonomer binds with high
affinity to KDR It should be understood that analo?s
RAQD WarMIDEEE SMatTD QB R EAF L H@COEHIREP S RE-FESH3 98- (3 whoNHp (REQ 1D
conjugate (1) and the linear peptide nononer (2) are
NO. 1) dnatendeg-Ale-Gla-AspeTrpd Byr-Tit-Asp-GlhdlesbepSenMet-ida-Asp-Gln-Leu-
present invention. [0034] Figure 10 provides the
Arg-His-mlwﬁbm&-s(wefg-l?m@tw@lmm@ﬂy-typ@ﬂﬁmmwgQrﬁﬁﬁ@ua-Nﬂz. It
conj ugat e , _ '
compﬁsé&fmt rMinDlLaciLﬂ Hﬂﬁéjrt pblftgieliﬁm'ﬁm@ﬂ (2) Nasqeayltly-brginylfly-plaopllst
-L-tyrosyl -L-tyrosyl - _ ‘
glutaminyt-BSRPALYILE Liry@hd 3y Lrptosiol duesplartyt-Leisalyheyil-Isglujdmay]-Im
et hi onyl - L-al'anyl - L-aspartyl - Lgl ut anyl - _
leucyl-LlseliYICY Jndih @ {-0¥aldiryll1 Rasphitoiyll -dlutabamytE-leushl-Ll-arginyl-L-
enylal anyl - L- T eucyl - L-seryl -gl ycyl- glycyl-glycyl
istidvi-L Y MEY - Bh YA 1anyf MO tehidy12F Qbrigfl eay oyl gl gy gllycl- geyoyt-glycyl-L-
histidy pho%%%oe?ﬁﬁﬁbl5ﬁ?nocar%onyloxy-(PEGQOQO)-aninog!utaryl
lysinamilie; dtsd ¥FAST RMHsUEo-RAQIWSPNOEIDS M ATOQ] RGBAFL SGBGSGK -NH;
conjugate 1s also referred to as Ac-

\ m = Qe NuG ethiia-Asp-
(SEQ I%@D%%%%@WY@%EM Vet sp
Gln-Leuﬁﬁ%ﬁl%PﬁeJi'eﬁ\-ss%-r-&p-dﬁy!c;@yd}ryé@gr-ﬁystmkze “TgsnSet pifide

- - Asp-d n- Leu-

Sl Bi P y 4 i s la P
T L
derivatives ﬂdg %?&?g%%@k@%@?dﬁ&h%&%@qﬁﬁhgﬂé (DeAd tReRhdadBeptide

monomyt () i faiegc RGP AR Kious (U PRSI e OSY
[0034] | ;i;ﬁguiéié net Rl QM sihicRl2 0¥ hidth@SRBhi¥lis beglddABMdipid
conju ga‘fl:é @é?,l#—}%%t&%@;—ﬁt I yg-&_gll}‘féﬁ%%ﬁdgfaég %?;_ﬂﬁﬂlt%'pmgr.tz&%ﬁyi:mosyL
LaspacRibopvisery e St P 3 BB e iy
g]utamy{i\ftbﬂpgiﬁr{}a}ésﬂgﬁ@iﬁi D PP RpelRrY Lleucg Lsery-glyeyl-
g]ycy]-glgféyel EJg-l3ecr:yq :giiglrgy-l m:ﬁ?ﬁa%%%;o%ﬁ—rsh%lyc_ero—?a-
phosphoethanolaminocarbony]oxy-(PEGZOOO)—aminoglutaryl]}—L-Iysine-ami de, a
phospholipid conjugate. This conjugate is also referred to as Ac-
AQDWYYDEILSMADQLRHAFLSGGGGGK(DSPE—PEGZOOO-NH-Glut)—Nﬂz (SEQ ID
NO. 4) and Ac-Arg-Ala—Gln-ASp-Trp-Tyr—Tyr—Asp-Glu-lle—Leu—Ser-Met-Ala—Asp-Gln—Leu—
Arg—His—Ala-Phe—Leu—Ser—Gly-Gly-Gly—GIy-Gly—Lys(DSPE-PEGZOOO-NH—Glut)-NHQ. As
shown in Figure 9, the conjugate comprises a 28 amino acid linear peptide monomer (32), N-

acctyl—L—alanyl—L-glutaminyl—L-aspartyl-L—tryptophyl-L—tyrosyl—L-tyrosyl—L-aspartyl—L—



Ay-Jy-Ay-Gy-LyS-NH . As shown in co-pending
application, U S. Application No. 10/661, 156, filed
w®epreetoey 11, 2003, this peptide nonomer bi ndBCFWA1006/061793

high affinity to KDR It should be understood that

anal ogs and derivatives of the nononeric peptide

phosphol i pid conjugate and the |inear peptide nonomer

are intended to be included within the scope of the

present invention. [0035] As shown in the Exanples,

ul trasound contrast agents such as gas filled
glutamylAi-Gyobduepbldsudybmdrat-Bemethionyt-helsrhdnmesnasy pbpslirgeyl-L-

phosphol i pid conjugates (1) and (31) displayed high
leucyl-L$DRn - Ddiistigly Whi-dianylds phenfalamyd -lmicngl e hd el aptrigtycyl-glycyl-

exam nation of VX2 tunors in rabbits. [0036] Ideally,
glycyl-glyeylEBtydindnaide, whistus tliso nefofred leasnderoneri ¢ pepti de

phosphol i pid conjugate (1) or (31), the linear peptide
AQDWYBDEIESMAD QDR H AR S GOGG GK MeHp(SHR TR INO nS Yoanidk AcPHer3In-Asp-

conjugation of the purified Iinear peptide nonomer (2)
Trp-TyrmyrLA?s%)Ghoné-neum&m&%!amﬁbﬁwLbu&ﬁg-fﬂiGFAlﬁMwﬁlm—S%r—Gly-

pegyl at ed phospholipid in salt form e.g.,
Gly-GlylSRFaREGAO0, NiAZ dbesihebipehdingmpphitationstls. Apblicetien No.

thé | inker disuccrnmdyl glutarate (DSG, may be used
10/661,158, Rlc8\WeBRBRAATELA03, mpgéﬂ‘memmlbimﬂsdwmhigh@dﬁm to

(1} or (32). Met hods  of reparati on of Mononer
KDR. 1R8Bhicdss RIMRsRE ihRi £hafespiiaug WefsatiRYIT thd Mopsrapac pergide

nononeri c peptide phospholipid conjugates (1) and

ipid conf BE GRS RGO nioABrmief B%aAtentEY &Td BBluded within
phOSphog)lﬁg)c%/?oéﬁe}%:Ep%giast t he I%%I | ow ng advant ages: i ncreased

thescopxio?lﬂ‘g_ﬁ‘gseﬂﬁmviegf?Oéynt hesis; reduced extent of
racem-zati on; avol dance of previously observed

pi pcr i di ' i HANGnENQtBESE Suclpld das ifarRY
[0035] puri f‘i&ggwmo g&%%h@%g%s (51) ar?% (32;1? g

microbu%gir/]eg 'rgcglgrsﬁﬁ%g ggtnhgthg %‘5@2‘%“? A{eg{g&@gugpg@gg 3"%’2\%2?2?}?&%? (31)
ooy ORI RERL SRR PE e kIEL RSB g pabor o

'l{%ates (1) and (31) fromthe starting
= PEG2000- NH2 phosphol i pi d anmoni um salt (4).

[0036] Ideally, to facilitate production of the monomeric peptide phospholipid

tumors 1%%

conjugate (1) or (31), the linear peptide monomer (2) or (32) should be prepared in bulk.
Then conjugation of the purified linear peptide monomer (2) or (32) to the phospholipid,
such as, for example, a pegylated phospholipid in salt form, e.g., DSPE-PEG2000-NH>
phospholipid ammonium salt (4) via the linker disuccinimidyl glutarate (DSG), may be used
to provide monomeric peptide phospholipid conjugates (1) or (32).

Methods of Preparation of Monomer Peptide-Phospholipid Conjugates

[0037] In preparing monomeric peptide phospholipid conjugates (1) and (31),
methods according to the present invention provide at least the following advantages:
increased yield of peptide synthesis; reduced extent of racemization; avoidance of previously

obscrved piperidine amide formation during synthesis, cfficient purification of peptide
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[ 0038] Mononeric peptide phospholipid conjugates may
be prepared as descri bed below. It should be
wappreeiozd ed that the numerical val ues referr epPlCT/US1006/061793
this representative description of the synthesis of
nmononeri c pepti de phospholipid conjugates are
representative. [0039] Linear peptide nononers may be
prepared by SPPS. The sequence of the |inear peptide
nmononers nmay be constructed as a C-term na
car boxam de on Pal - Peg-PSresin (substitution |evel:
monome@s 2) anb(32)) develapriegs ogy nrasedie fapgoniesasior Ghprpiidrsgonomers (2)
usi ng Fnoc chem stry on a SONATA(r)/Pil ot Peptide
and (32)Spritfpesscts; anPdevslepraensrod pusitistjonapecobdhati wopld pllew the
process have been racem zation, inconplete couplings
ready separdiiqui plthi dicvenamicdepfide mhespbalipid zohjugatepih)emd (31) from the
contribute to suboptimal yield and purity. A dramatic
starting DSPEREE2000-WHe phosphetipahamfmotiue gilig@d.i di ne ani de may
be attained by the use of 25% pi peridine in DV
[0038] cont aiBhagerdtd fHitide@hbdbphcdipid benjngraggenty boprepared as described
renoval . Racem zation nay be consi derably reduced by
below. HShé\dd Bk GhpieBiatedisths e adiveviatlorliesrefensd temupls mpssemative
3 h coupling time using a four-fold excess of
descriptidh@raed iphdicsn JfmsioRiBrivopepeitie pibdphokipidicohpigueniangrepesbotative.
wi th anhydrous DMF (6x). Na-Fnoc am no acids nmay be
[0039] di ssoliest depalic ARhonrRrd el be petpalddity SRR Endlsequence of the
preactivated with DIC/ HOBt, in DM for 4 min and
linear pdftRBHAGIOhREs hdy bERoh&AGHEDEL A€X8@hinal lartoxardden Pal-Peg-PS-
acconpl i shed onh the Sonata instrument by |oading the
resin (subRtitfioh TR&1:87 ARn@L)d PepAl OsyriiRs@ithpbastdmptisBed Ssiof Fmoc
the i nstrunent and then programm ng the instrunment to

hemist DNBN ARE/PHNE pasteh LAk 8 EAkBMnhAbrleYiotkliTobserved with this
© ennsﬁﬂ%%llng of the soﬁﬁtioﬁfy[odaO] To optim ze the

process %ﬁh@é geentrE@enBEﬁmne, AR T8 Te TR L] %ng‘fg_iﬂel?ﬁirfeeﬁﬁiﬂe GekinhAApn, each

e synthesis of | onger peptides, ich can be

i bk ' G WP {rSthadFSrmation of
of whicfl EYREHAL'E Bl sl 114 34 LIFRL, OO UBMA L ERARE kxR Smation o
- . during . [ o f1: 1S ..
e piv SR T8 ARSRILL ESLE el o songiog oD
as,.di_ pept]des. i ns of 1] [
01 i PERALRF Falgd S8R0 R SR, Doy ARG, xuBy

using D@ﬁ-g(ggé%s r%% gér:'l;cg\gat[(i%raflor %’91%9 l:(i)ugygi%l%?;fa i‘ff Eo&ﬁlﬁ%rtilrae @QQg a four-fold

e repl ace

excess of pre-activated Fmoc-amino acid with an intervening wash with anhydrous DMF
(6x). N“-Fmoc amino acids may be dissolved just before their coupling turn and pre- .
activated with DIC/HOBt in DMF for 4 min and transferred to the reaction vessel. This may
be accomplished on the Sonata instrument by loading the solid Fmoc-amino acids into the
amino acid vessels of the instrument and then‘ programming the instrument to add DMF,
HOBt/DMF and DIC/DMF sequentially with bubbling of the Solution.

[0040] To optimize the yield, the problem of aggregation of the resin during the
synthesis of longer peptides, which can be devastating even when optimal coupling reagents

are employed, may be addressed. To reduce aggregation during peptide assembly the
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the single coupling of the pseudoproline dipeptide,
Frnoc- Leu- Ser (yM ' Mepro) -OH. Additional optim zation
worea7ioe79zc conpl i shed by reduci ng the nunber of PCT/US2006/061793
couplings by using Fnoc-dy-dy-dy-0OH and
Froc-Ay-Ay-OH, in lieu of serial coupling of
Froc- 3@ y-OH. Activation of -Ay-dy-0H segnents nay
| ead to cyclization of the activated acid function
with the distal ami de function to produce an inactive
di ket opi perazine; this may reduce coupling yields in a
strategy dfl usingippedoiaalinadipagides Thirsoprahiesflbngr KeSeiws dinsgtifes
addi tion of Fnmoc-A@yn-OH (n = 2, 3) to the reaction.
instead of eapehtisindupkogserfty ahd Tbdot XKemddfer, @Bt bagrdploy &l Ferdinear
activated Fnoc-d yn-OH may be intercepted by the
peptide th@fnherh nAglicoaplimu Ikef o8er appl oo’ aBe’ myy b zenlicsd by
to the diketopi perazine takes place. Wth these
the singlé BREMRBMhSpscubispraling HipepidgFridcmbar-SpépY T Ferayemdner s
may be conpleted on the Sonata Peptide Synthesizer on
Addition8] dRirfATzA8bn ﬁ]\égtba QstEnplishlee by[rédkllg tbtambehaf couplings by using
el ongation, the Fnmoc may be renoved fromthe
Fmoc-GR-GEL-EILb3H add PmBeB1y WBlyaDH, ldked sfRriahdoupligy ofipmoeyGly-OH.
be acet’yl ated. Then the peptide sequence may be }
Activatidl 6N -(ﬁl‘nyBHtsgngﬁ@ infhryABak RepFb-atdrest the hettyatddemifitnction
B" (TFA:water. phenol :triisopropylsilane, 88:5:5:2,
with the Yis¥d|WiYille Rifictifn bo pAUhES ad Hec6leaka@pipeandld; s tlag reduce
crude peptide may be isolated as a solid by
ingEBRARL i 1'BSis phdbilé hatyl tevefdetity addition of
Couphn%’e%gilggﬁlgg\l}m%haggieghﬁ?/l}%gtﬁ%er ang was hi ngl of the isb?)l id

-GRAL 2 | Do S Bn S iR Mial ABitRAYF DBt and DIC; the
Fmoc G&Qﬁ%ﬁ?kﬁi?ﬁﬁo lg%prtgi ée m'gy benpr eclcd:h;:épiuti éat eld fromthe

activated £ gl%tcl-%lﬁ/n—ﬁﬁx %rg’t&za,qute% Jte,td| h@freﬁﬁ-%t)ﬁﬂd arﬁiﬂ?o%f'roﬁﬁ)béfhﬁe

reacti o cting the solid thus formed and
oo RLEASATR e OB st o
e et

CN (40 pi/.Q9) :imd this solution may be diluted to final
onal0 Wé}r‘?é‘n@ém%ﬁa ¥L with water. The solution may then be
[0041] il ef&%%i‘ Cl;l;l.rllg elfoinlg'(tlt?orn? glesl*orlngg irr?ar}]r b"é%m%%e& ﬂggletﬁe ?ﬁ{e?mirﬂﬁ. The
peptide and the free amino group may be acetylated. Then the peptide sequence may be
cleaved from the resin and deprotected using “Reagent B”
(TFA:water:phenol:triisopropylsilane, 88:5:5:2, v/v/w/v) for 4 h. After the cleavage reaction
the crude peptide may be isolated as a solid by evaporation of the volatiles, trituration of the
residue with diethyl ether and washing of the solid thus obtained using the same solvent. In
another variation the peptide may be precipitated from the reaction mixture by addition of
diethyl ether to the reaction mixture, collecting the solid thus formed and washing with the
same solvent.

[0042] Linear peptide monomers may be purified as described below. Again, the

numcrical references arc representative. Crude lincar peptide monomers (0.5 g) may be
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preparative HPLC col um (Waters, XTerra(r) Prep M
C18, | Om 300A, 50 x 250 mm equilibrated with 10%
WERBOhEIom wat er (0. 1% TFA). After | oadi ng, thePCT/US2006/061793
conposition of the eluent may then be ranped to 20%
CTbCN-water (0.1%FA) over 1 mn, and a |inear
gradient may be initiated at a rate of 0.6% mn
OFCH3CN (0.1% TFA) into water (0.1% TFA) and run for
50 min. Eluted fractions may be checked for purity on
an anal ytical reversed phase C18 colum (Waters XTerra
dissolvedVB-CH;@N (4 @mL/EPaA thik, $lutioBOnanpe difetef tae finalielume of 100 mL
contai ning the product in >95% purity nmay be conbi ned
with watan drfe an e thenferfileaah P filtéred splotionnag bs lgadstl onto the
crude peptide 0.12 g (249 of |inear peptide nononer
preparatifB RIS 6Q0EInS(veRtlsy XTeah@Pag MSdC18,110 LpB @A, 3t PED mmm)
peptide in the sanme yield and purity. [0043] Synthesis

equilibra®dd QRH 96®] &1,0R0h vARer D3P Mol pisdics Mg tiescommbshidn of the
performed as descri bed bel ow. The nunerical references

eluent mgg ﬁ%eﬂg[%! Ign{?gf; E<g§@%t Al 8- wal&e0l BSTFAY 8Perl INmid)@nd a linear

esi' s e the conjugation of the phospholi pid,

gradient %%g%)egé&bag%%a XA 1D 653/ REBHAURN @dﬂ.@%}hpk? Rit6l wakkg 100.a%6

-NH 2 phosphol i pid amonium salt to a
l4i i . i of f alvti
e oI55 RBH BB 15 LEGFRA00 PpBky e i
reversedgﬁlg]ﬁﬁng!l %éolﬁl‘%g\l;{\g?tee% d)?fr%éé l\/g-@[ %f%, QIQMQQLLGQJ"H; ﬁmll)l af_nd fractions

0o0d, owever , this materiral” is a
. .distribution PEG. cont ai ni ng .speci C cept LRLd
Contamlﬁl%a’tef%o Wt ﬁpg CREH H&yg’g AT nganfg‘é%%&?l E(rifoxy
) units. The. conj ugat,i of #i ar _peptid
sl o S R 830 B 5 LA AR Bl e
~ be acco Iisheg by. preparatjan of the Je taric.,acid
Consmeﬁfr]ﬁbi‘?@%?ﬁ’i’nfg@qﬂﬂ Pﬂl‘igf)eetg‘lgg?pt g ths ?’?élé?’m% dgatnl%‘é)é] N nomer
and reaction of this with the free am no grou f th
[0043] phos pRETth eI EABANEHR BEAHAS PRAVRICHPH] aByEg gl petformed as
nononer may be reacted with DSG (4 ¢ .%.in intheﬂn
describagrhedasric g‘h@pumeEAal(rsfeé@_cys P58 rﬁpﬁsgwf tive, Je lpst step m the
mxture may be diluted with ethyl acetate, vvh{ ch g%a}étd
 synthesis eeayl e tha cprizepfen ait the Rhesphelel d it dfe G IStEaPicc? BLFd?'e
monoam de nono- NHS ester. The supernat ant conhgi ni.n d
phosphalipid st asdD BRIGPHI2008-Nide Bbspholpid HBOTHRSY e A dpgar peptide
pepti de nono- NHS ester . )
monomer. The PEG2000 moiety of DSPE-PEG2000-NH; phospholipid ammonium salt @
is nominally comprised of 45 ethylene glycol units. It should be understood, however, that
this material is a distribution of PEG containing species whose centroid is the nominal
compound containing 45 ethylenoxy units. The conjugation of a linear peptide monomer
with DSPE-PEG2000-NH; phospholipid ammonium salt may bc accomplished by
preparation of the glutaric acid monoamidc mono NHS cster of a lincar pcptide monomer
and rcaction of this with the frcc amino group of the phospholipid ammonium salt. Thus a
lincar peptide monomer may be reacted with DSG (4 cq.) in DMF in the presence of DIEA (5

eq.) for 30 min. The reaction mixture may be diluted with ethyl acetate, which may result in

precipitation of the peptide glutaric acid monoamide mono-NHS ester. The supernatant
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may be washed several tines with ethyl acetate to
renove traces of DSG Mass spectral data confirnms the
wo eoomaeioon of the peptide nono- NHS ester as a BPCBHHR2006/061793
product. The solid nono- NHS ester may be dissolved in
DMF and reacted wi th DSPE- PE&R000- NH2 phospholi pi d
ammoniumsalt (0.9 eq.) in the presence of DI EA (4
eq.) for 24 h. The linear peptide nononer ghitaric
aci d nonoam de nono- NHS ester may be used in excess to
‘maxi m ze the consunption of the phospholipid amoni um
containigait-rdpeted IS frayeepdesentad ki ihe interpediate neatide mepo-NHS ester
conplicate the isolation of nononeric peptide
may be voduhsp knletaditithesonithu gy baceitate ki tgivioye paees $IdPRO. e gpectral data
The reaction mxture may be diluted with a 1:1 m xture
confirmsthe fartretiof Of 1f6ren)ida mabrOHSHN-«SH4B @ Clean predug). The solid mono-
(0.1%FA) (-100 nl), applied to a reversed phase C2
NHS est60hby1Be (iSsslnedid DMF Bicepat2d with DEPBEEG2B0-NH2 pbosphrplipid
flow rate 100 rnL/niin) and the colum may be el uted
ammoniMishlt 0.8 ed.)h Midisreserfce WADIEA((@ .4 9B1A)4 hnTheHIEN CpE G
(1:1, v/v) (0.19%FA) to renove hydrophilic inpurities.
monomel BARadidI1&i @ btfideinidByohe- NHIS Eer msy be usedginatticesstto maximize the
CH3CN- CH3OH (1:1) (0.1% TFA) into water (0.1% TFA)
consum;?tﬁﬁleof@@ﬁﬁcisﬂﬁﬂﬁlﬁh 29aabhiam dbrbedaisaiffes phodpimlipnl drmmbehm salt
racti ons nay be anal yzed by reversed phase HPLC usi ng
may coxgﬁlic_%‘eeﬁhé 2lof oMbt aid Supsidt PRogpabEeidi conjuphtdsiehighly pure
esired product and the often difficult-toseparate
form. DSPE-PEG2000- NH2 phospholipid which has very little W
absorbance. This indicates the clear separation of the

[0044] MONOMBLI G DR &%M&fh@ hilpled we@N Ugahi&surad water (0.1%TFA)
DSPEPEGR2000- NH2 phosphol i pid. The pure

and CHRRQ@UE 018 @Pgaéggj gm&m&bi(ﬂﬁ]@o Y, Hplicokd £edvetbed phase C2

concentrate rotary evaporator (to reduce the

column n&r&a@%l@ %fr%n"E:z{‘ gg&l o d50f e E%ﬁﬁlﬂrﬂo‘%\ﬂrﬁg 1686 ﬁﬁl/gﬁh) and the

nomeri c pep phosphol 1 pi d conjugates as a
ot S5 S350 5 RSO B BRI Ry os 1,
O I T
gradien{]cg’r;epliggé]ggﬁlggoéﬁ gfgb g%tq?/%}#ngg”ﬁ n igvs Feg ?{)j‘:,ll%l) gE%? ?%/e%%@(&)gﬁmental
Section for details). The collected fractions may be analyzed by reversed phase HPLC using
an ELS detector which allows the detection of the desired product and the often difficult-to-
separate DSPE-PEG2000-NH, phospholipid which has very little UV absorbance. This
indicates the clear separation of the monomeric peptide phospholipid conjugates and DSPE-
PEG2000-NH, phospholipid. The pure product-containing fractions may be collected,
concentrated on a rotary evaporator (to reduce the content of methanol) and freeze-dried to
provide monomeric peptide phospholipid conjugates as a colorless solid. In order to prepare
the required quantity of the monomeric peptide phospholipid conjugates, several runs may be

conducted employing 0.5 g to 1.0 g of linear peptide monomer. In all cases the target
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(e.g., 57-60%vyield and >99% purity). D ner Conjugate
Cenerally [0045] Table 2 provides a description for
wao b@7iemme i fication | abels shown in Figures 3,BCENS086/061793
Table 2 1 1
AC- AGPTWCEDDWYYCWL FGT GECK( AC- VCWEDSWECEVCFRYDPGGK] -
Adoa- Adoa- d ut - K( DSPE- PEG2000-NH-J ut)]-NH 2 cyclic
(2-12) disulfide)-NH2 cyclic (6-13) disulfide 12
Ac- AGPTWCEDDWYYCWLFGTGGCK[ K( i vDde) 1- NH2 cyclic (6-13)
di sul fide 13 Ac- VOCWEDSWECEVCFRYDPGGGK( Adoa- Adoa) - NH 2

monometi¢gebtidd Bhabgholifiié abhjugeted maydreovetpiBolsedin lgh yield and purity

(e.g.,

glutaryl - peptide 12
57A60AGRINERDDMPYONRF) CGGK[ NHS- G ut - K(i vDde) ] - NH2
cyclic (6-13) disulfide 15 ivDdc-bc' aring dincr

Dimer Coajuledd TWCEDDWYYCW.FGT GGGK{ Ac - VCWEDSWGGEVCFRYDPGGEK] -

Adoa- Adoa- G ut - K(ivDde)l -NH 2 cyclic (2-12) disulfide)
GMEZgyclic (6-13) disulfide 16
Ac- AGPTWCEDDWYYCW.FGTGGCK] Ac- VCWEDSWECEVCFRYDPGGEK( -

Adoa- -J ut - K)-NH2 . | ] - I, i de~] - .
onas A58 £ 453104 302 G il PP i

3,4 and

| utaryl - peptide 16

C- AGPTWCEDDWYYCWL FGT GECK{ Ac - VCWEDSWGECEVCFRYDPGGK] -
Adoa- Adoa-d ut-K(NHS-A ut)]-NH 2 cyclic (2-12)
di sul fide)-NH2 cyclic [Tébi¢®) disulfide

11 | Ac-AGPTWCEDDWYYCWLFGTGGGK {Ac-VCWEDSWGGEVCFRYDP-
GGGK[-Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH; cyclic (2-12)
disulfidc}-NH; cyclic (6-13) disulfide

12 Ac-AGPTWCEDDWYYCWLFGTGGGK [K(ivDde)]-NH; cyclic (6-13) disulfide

13 | Ac-VCWEDSWGGEVCFRYDPGGGK(Adoa-Adoa)-NH, cyclic (2-12) disulfide

14 | mono-NHS ester of glutaryl-peptide 12
Ac-AGPTWCEDDWYYCWLFGTGGGK[NHS-Glut-K(ivDde)]-NH; cyclic (6-13)
disulfide

15 | ivDdc-bcaring dimer
Ac-AGPTWCEDDWYYCWLFEGTGGGK {Ac-VCWEDSWGGEVCFRYDPGGGKI-
Adoa-Adoa-Glut-K(ivDde)]-NH, cyclic (2-12) disulfide}-NH, cyclic (6-13) disulfide

16 | Ac-AGPTWCEDDWYYCWLFGTGGGK[Ac-VCWEDSWGGEVCFRYDPGGGK(-
Adoa-Adoa-Glut-K)-NH, cyclic (2-12) disulfide]-NH, cyclic (6-13) disulfide

17 | Mono-NHS ester of glutaryl-peptide 16
Ac-AGPTWCEDDWYYCWLFGTGGGK {Ac-VCWEDSWGGEVCFRYDPGGGK]-
Adoa-Adoa-Glut-K(NHS-Glut)]-NH, cyclic (2-12) disulfide}-NH; cyclic (6-13)
disulfide

18 | DSPE-PEG2000-NH, phospholipid

[0046] As shown in those figures the dimeric peptide phospholipid conjugate (11)

Acctyl—L—alanyl-glycyl—L—prolyl—L-thrconyl-L-tryptophyl—L—cystinyl—L—glutamyl—L-aspartyl-

L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl-L-cystinyl-L-tryptophyl-l-lcucyl-L-

phenylalanyl-glycyl-L-thrconyl-glycyl-glycyl-glycyl-L-lysyl[Acctyl-L-valyl-L-cystinyl-L-

tryptophyl-L-glutamyl-L-aspattyl-L-seryl-L-tryptophyl-glycyl- glycyl-L-glutamyl-L-valyl-L-
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18 DSPE- PEGR2000- NH2 phosphol i pid [0046] As shown in
those figures the dineric peptide phospholipid
weonwjogare (11) PCT/US2006/061793
Acctyl -L-al anyl -gl ycyl -L-prol yl -L-thrconyl -L-tryptophy
| -L-cystinyl-L-glutanyl-L-aspartyl -
L-aspartyl -L-ixyptophyl -L-tyrosyl-L-tyrosyl-L-cystinyl
-L-tryptophyl -1 -1 cucyl - Lphcnyl al anyl -
gl ycyl -L-t hrconyl - gl ycyl - egcyI gl ycyl -L-lysyl [ Acctyl -
L-val yl -L-cystinyl - Ltrypt ophy
cybtmylbgmwmwﬂfW@mwﬁ&ww@l Je;lﬁ?ky&rﬁwcybgveyll glgPlpch
yl -L-gl utarnyl -L-val yl - Lcyst nyl - L- phenyl al anyl -
Lysyl(disydarylpbyspboythatol amprctiphnexypPEIGA00g g )e-Sginyied3, ‘gﬂwPQtanoyl-
LI ysyl (
8-aminoel, 6 tdéaraptphogipdlsethidnbisabi modea chdiroRyl 2P EERdite]amige gydic (6-
nmo- 3, 6- di oxaoct anoyl -
13) disuBidanmondsts of hex anabaroy peptidd erajhs Whick $ind KBR: ¢e21 amino acid
cyclic (2-12) disulfide]-amde cyclic (6- 13)
cyclic ddiiSidefdefide moaames(ls) Afcety\ML—nailybIIBinsﬁnﬁdpth®pr®utamyl-L—
whi ch bind KDR a 21 am no acid cyclic disulfide
asparty {Iepdriy e -iRnepmil-glyk3)-glycyl-L-glutamyl-L-valyl-L-cystinyl-L-phenylalanyl-
Acetyl -L-valyl-L-cystinyl-L-tryptophyl-L-glutanyl-Lasp
L-argin@I-Wrosyl-L-aspartyl-L-prolyl-glycyl-glycyl-glycyl-L-lysyl(8-amino-3,6-
L-seryl-L-tryptophyl -glycyl -gl ycyl -L-gl utanyl -L-val yl -
dioxaoclan6ySglafho-B-HieRYdctdrdfYbmide cyclic (2-12) disulfide, and a 22 amino acid
L-argi nyl - L- tyrosyl L-aspartyl-L-prolyl-glycyl-glycyl-
cyclic d&thdél pe{ptlh&’ bnoARt (1) Acetyl-L-alanyl-glycyl-L-prolyl-L-threonyl-L-
di oxaoct anoyl - 8- am no- 3, 6- di oxaoct anoyl ) am de cyclic

’cryptopI{y:I2 'ng})stﬁi'yﬁELgIhﬂﬁl 1-1;3%p@ﬁ?ﬁL%bﬂ@ylﬂQ&@pfb}bﬁ&l—E-tﬁﬂo‘éﬂLthﬁe)syl—L-

ti'de fononer

cystmylAE %%koﬂhyﬁtaleuéyla YEly1dta Qydyl - dheagmylychi-plRyogRyY1-L-

i X lid be thdeRétopd th
1ysmaml'ﬁ[ éﬁ)_%%ll):/ )'%gisi’gltllhs%kitd% ?E?S%/rle& Eg?@ﬁ%&l_ﬂnkés PREKAld be hhdaREtEPH that
r I t

analogs Lan%l d}éﬁ{r Ry (c:)'fllﬁ}el ﬁq{;l%)};ﬂ: p%@iﬁ%ﬂ?l&gﬁ%{h ggﬂj}ﬁgytla (kntdhaeRaO¥clic
di_sul v,

soons ATy B Lt g o

.de phosphol i pid conjugate (11) and the cyclic

Pide pepti de nmononmers (12) and (13) are intended

b | ud
[0047] It gv eﬁtq %Soll'llflg 62%%%?%6?%‘!; g u% &%Q?ﬂ Ii &&?o&fb%ﬁe@f{ormu.lated with the

a8t agent's gas

d1mencFP§B ﬁagm%wéggﬂgl u)gatcegE]J df’g Eg?%bgﬂﬁélg}glbg%e o gﬁ}]l was
conﬁnT@Qélm%qcP%%raBlﬁl\é\%iﬁ%?ng% i p r‘é-.br%ortg?n Qbapht ¢

Methods of Preparation of Dimer-Phospholipid Conjugates

present (EZ)P‘%H

[0048] To accomplish synthesis of the dimeric peptide phospholipid conjugate (11),
the monomers used for this purpose optimally should be prepared in bulk. Then the
monomers may be tethered to each other using di-succinimidyl glutarate as a linker to form
the precursor dimer peptide (16), Acetyl-L-alanyl-glycyl-L-prolyl-L-threonyl-L-tryptophyl-
L—cystinyl—L-glutamyl—L—aspartyl—L-aSpartyl-L-try‘ptophyl—L-tyrosyl—L—tyrosyl-L-cystinyl—L—

tryptophyl-L-leucyl-L-phenylalanyl-glycyl-L-threonyl-glycyl-glycyl- glycyl-L-lysyl[Acetyl-
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Met hods of Preparation of D ner-Phospholipid
Conj ugates [0048] To acconplish synthesis of the
wa@leovwe17pept i de phosphol i pid conjugate (11), PEEUS2006/061793
nonomers used for this purpose optinmally should be
prepared in bul k. Then the nonomers may be tethered to
each other using di-succinimdyl glutarate as a |inker
to formthe precursor diner peptide (16),
Acetyl -L-al anyl -gl ycyl -L-prol yl -L-threonyl -L-tryptophy
| -
L-valyl-I-epstistyl-hytryptophylt lagittarhylekpaparil-Li-seaghphrirgptonhyi-glysy bk cyl-
yl -L-tyrosyl -L-tyrosyl -L-cystinyl-Ltryptophyl -
L-glutamlyl L evtyl-E Loy piveyisil-phanydlamylyleyiginyl irhyaosHl-gsnpelyl-Laroby-
I -glycyl -L-1ysyltAcetyl L-valyl-L-cystinyl-L-tryptophyl
glycyl—glybylfélyléy’:llli,-Wsyl.(Saﬁmiﬁb-iM—dbxaeﬂyﬂoyl—StaTprébﬁ-}dhm@pyf@W)ﬂg |
ycyl -
glutaryl-L=194y05 &fmde-dycNall2) disylSidePythide-qybin (d-a8 ediyhifide.arieny |
-L-tyrosyl-L-aspartyl -L-prolylglycyl -
conjugatin¥dPihe ShyEd prlectysydiater poptive-(36Htoti DSRBRBGRYA0-BHani n
o- 3, 6-di oxaoct anoyl glutaryl - L-lysyl) am de cyclic
phospholigiakéim&his Jailid@By asHifleiatlialctmirfityl Blutatheuhiy deused Therder to
conjugation of the purified precursor diner peptide
provide {nl @drelQiith HEREp RECHRKIBh Mipid cojag@bBel1)pi d anmoni um sal t
(18) "again via disuccinimdyl glutarate nay be used in
or der |68 ctib BeptfcgBlossholid Eorfe@ité (1), methods according
[004] phosglhlg)??%ﬁgﬂéécﬂ;nj uggt% ( %% .ﬂi[dcl)r&g] I'n pr g%e)lr i ng

to the pr%eﬁ?fn. gntﬁ)(ﬁ‘p%ﬂoqrﬁieoﬂ ISRk ifpi S B RHVARE s( 1ddreasdBtylttdisf
according to the present invention provide at |east

LA eql el ra d
automat%:{anafu?!e]]o %ﬁtﬂﬂl @ﬁlﬂ@?&?ﬁ%%eqhé’iﬁ%ﬁ@é&@ YieRlctlt Of raatrh DB

aln el ofigation o pepti de sequences; reduced

encountg?é{i) Igg%rrl] %ﬁ&?@a@@fd‘aﬂ%y&‘}ggﬁﬂﬁﬁff 88sd Pigesint Aesdestormation

_ pfeV|ous observed piperidine am de
during sglgﬁ&nsgg 1)? ?ﬁg}ﬁl %:‘IH Io%é}t(tff)? '_cgclgatiﬂﬁ" BF lifley RO BIe CdBthining

I'za near: di'-ctystel ne containing peptide
peice PSR Ta8 w 0e KRL L PG anspabl e
allowin%%#éx? g%%ﬁ%ggééé s?%%fel Igaﬁlgh]ag,g%f%i&mu%%‘agf; I%gl{ﬂé)‘ﬁgrrl]lgf peptides
N T T
o S b B SR e SRS P o
develop%lee%ta gfa It)limof?ca%gn tplgo%:ogo g ea];c would allow the ready separation of the target
dimeric peptide phospholipid conjugate (11) from phospholipid ammonium salt (18).
[0050] The dimeric peptide phospholipid conjugate (11) may be prepared by
automated synthesis of the peptide monomers (12), Ac-Ala-Gly-Pro-Thr-Trp-Cys-Glu-Asp-
Asp-Trp-Tyr-Tyr-Cys-Trp-Leu-Phe- Gly-Thr-Gly-Gly-Gly-Lys(ivDde)-NH; cyclic (6-13)
disulfide, and (13), Ac-Val—Cys—Trp—Glu—Asp-Ser-Trp-Gly-Gly-Glu—Val-Cys-Phe—Arg-Tyr—
Asp-Pro-Gly-Gly-Gly-Lys(Adoa-Adoa)-NHa cyclic (2-12) disulfide, their efficient coupling

using disuccinimidyl glutarate (DSG) to give an ivDde-protected dimer, its deprotection and

subscquent coupling to DSPE-PEG2000-NHo, also via a glutaryl linkage. Using procedurcs
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di meric peptide phospholipid conjugate (11) from
phosphol i pi d ammonium salt (18). [0050] The dineric
w@eprie®7phosphol i pid conjugate (11) may be prRPOHUSH0EY61793
aut omat ed synthesis of the peptide nononmers (12),
Ac- Al a-d y-Pro-Thr-Trp-Cys-d u- Asp-
ASp- TrP-TVr - TyT-CyS-TrP-LeU- PhC- A y-ThT-Jy-A y-A y- Ly
S(1vDdB) -NH2 cyclic (6-13) disulfide, and (13),
Ac- Val - Cys- Tr p- A u- Asp- Ser - Tr p- d y- d y- d u- Val - Cys- Phe
-Arg-Tyr- Asp-Pro-dy-dy-Gy-Lys(Adoa- Adoa) - NH2
according Y& theqpré@aildyenticn, Infardeser phpiides efidyi e wynthesizaponrgl 0 mmol
usi ng disuccinimdyl glutarate (DSG to give an )
scale withsiXt®uplichtat @dl diterdPLCipsrifiepiot may bonblaingddnbbew 2okt yield
coupling to DSPE- PE&R2000-NH 2, also via a glutaryl
and >95%4d psagesSudisinafops elted dirmsakcondimgationshed thesdisequent
i nvention, nonomer peptides nay be synthesized on a 10
conjugatiBiDio tEE phadphbliiaebmponphtipratiding fanatafnt e ditdetiCpeptide
purification may be obtained in about 20% yield and '
phosphotBRI6dRigatey(11Steche cariibOdat @il 4 gindicaty. Tler pragurser dimer peptide
reacti ons and the subsequent conjugation to the
(16) maRMRhdDiSmGREIRABATer PEStded i\Girkhy iBiboan329h yikldend e95%
peptide phospholipid conjugate (11) to be carried, out
purity. Phe &nfrRPepadd Ehos?ﬁ@lilﬂﬂ%ﬂfu‘g@lfe (@iy@by peptddieed fi6n thayrecursor
be obtai ned fromthe nmononer peptides routinely in
imer p&fd Yosyrialosl yild az®580@Ynirtty.. The di meric peptide
mnmrp%ﬁ%%gﬁgﬁipid conj ugat e (11${ng§ be produced fromthe
prec i I8 p{dl&njigdhted Indi086 Yephrdd andesediBed below.
[0051] puri???ﬁ?ggg%%ﬁﬁgﬁg%%c Beptiééﬁphospholy$Fd conj ugat es
It shouldB¥ a@ﬁeaﬁt%ﬂ AR th A3 HESSH VRS REERVM tolih 11818 @éPrEsddeative description
appreci ated that the nunerical values referred to in

of the S}; I f1ess1sr SRi&eRd ggﬁt%%gpslg)ﬁgiﬁqflg?& E&{]ugg’c& 48 r@&@ﬁe"ﬂﬁa‘ﬂv&. of

meric pepti d conjugates are

[0052] repregel %%J:l %gl'ov&[ %%g:%l;¥e(g§1ﬁt§1%€febﬁgthgﬁ Ikt S0Rd phase synthesis and

representative netl _ e solid phase synthesis
disulfid At é% %ﬁ%p&ﬁeﬁ@?%{l%?&%@é@ﬁ&mmtc{(slé).u-Asp-Asp-
- FRC IR S s T P BRI O g 1
d.isu.lﬁd%ga:né? p%t/i 5 l%{pb%%ea ?@ pﬁggfﬁﬁér%ea%‘;& %518;(%9)\1}5?(3 ly-Gly-Glu-Val-
Cys —Ph?ﬁséﬁgﬁigp%};yé ];yéé F}%—E’&g-;gs&cfgax&% a)S-'ﬁ“ﬁzS gﬁqil%e@ﬁ% Asulitde.
[0053] The peptides may be constructed as their C-terminal carboxamides on Pal-
Peg-PS-resin (substitution level: 0.2 mmol/g). Chain elongation may be accomplished using
Fmoc chemistry employing optimized deprotection and coupling protocols on a SONATA®
/Pilot Peptide Synthesizer on a 10 mmol synthesis scale. The optimized synthesis of the
peptides by automated SPSS may be developed by study of peptide impurities and the effect
of changes of particular elements of the protocols on the overall yield and purity of the
peptides obtained.
[0054] Analysis of the impurities obtained from nonoptimized syntheses of the

monomer peptides indicates that the major problems arc racemization, incomplete couplings
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[ 0053] The peptides nay be constructed as their
C-term nal carboxam des on Pal Peg- PS-resin
W@ sbseioruti on | evel: 0.2 muol/g). Chain el ongetT/O8200@§61793
be acconplished using Fnoc chem stry enpl oyi ng
opti m zed deprotection and coupling protocols on a
SONATA(r) /Pil ot Peptide Synthesizer on a 10 mol
synthesis scale. The optim zed synthesis of the
pepti des by automated SPSS may be devel oped by study
of peptide inpurities and the effect of changes of .
and piperfiinié hmideaformhirme(presunfibiyhda pnortonngdiate ysparemenelTglytarimide
yield and purity of the peptides obtained. [0054] |
intermedids) ¢4sh of ofhidtheonitritades toi seboptinal yield and eurito nd i ihitiedecrease
syntheses of the nononer peptides indicates that the
in formatiGl G'thp pofekidirk aatide fraydwiatatiediby thecsngl 20 piperidine in DMF
coupl i ngsand pi peridine am de formati on (presunmably
containingi FROBA (0. M/B 5B @k gena Spaiddcretevar Rylcamézaiin dey be
I'nternmedi ate), each of which contributes to subopti mal
consideratl$k&RBE b ukin g DICAIOBa AR tHetactiestbe Azendsh couplingsi onl 03 h
the piperidine am de nay be attained by the use of 25%
coupling inREhdif B Folrfo[IMx e b BirdiaB vt mo8-antihd asid wilttean intervening
reagent for fnoc renoval. Racem zation may be
wash withORflaeha PINF (SAUset By e bisingadliGhiioBE dissoltybe just before their
activator for nost couplings; and a 3 h coupling tine
ing4l £ QU404 i aSIETHON: iRTRVIEGS ¥ alie dndransfantdi® the
Couphngg%%d;&vﬁr%%grﬁvi nt erveni ng wash wi th anhydrous DVF (6x).
- am Eolspianed Re tH Ssdty edtdubisht befatdmgtthebslid
reaction %%%p i nkgé‘%a %e}%g&%? e-activated with DIC I—gt in DMF

Fmoc-arif) agidpiﬂto‘r’lﬂg F&lfrﬁ:na%ﬁc?{'féﬁgls L@ st @&t 200 theSsBbrankhing the

r
rrai? e acconplished on the Sonata instrunment by

i | pad] ' ' e QSoriAle Wilhe AHiAg oatHed
o RO O o okt b an g

. ipstru .to add DWMF, HOBt/DWVF and DI C/ DMF
SOlutlonggtaru%aﬁ: iagfgbft?%\'/vith bubbl i ng of the solution after each

[0055] gggir g (g?)Pﬁ&%%Qé% LRy %Pet{?] L7 BP%%@:@Itign oF R @Elﬂ?iu?irﬂ‘g@ﬁe

on of € resi uring € synthesis o
synthesila 8’? ?ﬂ%&[ﬁp ﬁ%gﬁ%ﬁ% éagne ne% ggvgr?%ﬁg%?%{/ gh%rpﬁgtgﬂ%gbo%ﬁﬂg reagents
are emp]g)grgéﬁ%gg g? ﬁcg(%esrs%g.u 76 I %}'e!ggﬁoﬁl Hﬁﬁ@péﬁﬂgag&mbly the
strategy of using pseudoproline dipeptides to incorporate X-Thr or X-Ser (X refers to the n-1
amino acid of the sequence) as dipeptides instead of sequential couplings of X and Thror X
and Ser, may be employed. Thus, for the monomer (12), Ac-Ala-Gly-Pro-Thr-Trp-Cys-Glu-
Asp-Asp—Trp—Tyr—Tyr—Cys-Trp—Leu-Phe—Gly-Thr-Gly—Gly—Gly—Lys(ivDde)-NHz cyclic (6-
13) disulfide, sequential coupling of suitably protected Thr and Gly (shown in bold above)
may be replaced by the single coupling of the pseudoproline dipeptide, Fmoc-Gly-
Thr(y™*™pro)-OH. Similarly, in the synthesis of the monomer (13), Ac—Val—Cys}—Trp—Glu—
Asp—Ser-Trp-Gly-Gly—Glu—Val—CyS—Phe-Arg-Tyr—Asp-Pro-Gly-Gly—Gly—Lys(Adoa—Adoa)—
NH, cyclic (2-12) disulfide, the pseudoproline dipeptide, Fmoc-Asp(OtBu)—Scr(wMe’Mepro)—

OH may be cmployed to replace the scquential coupling of suitably protccted Scr and Asp
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strategy of using pseudoproline dipeptides to
incorporate X-Thr or X-Ser (X refers to the n-1 am no
w@eiod/0egf7¢ he sequence) as di peptides instead OPCT/US2006/061793
sequential couplings of X and Thr or X and Ser, may be
enpl oyed. Thus, for the nonomer (12),
Ac- Al a-d y-Pro-Thr-Trp-Cys-d u-
Asp- Asp- Tr p- Tyr - Tyr- Cys- Tr p- Leu- Phe-@ y-Thr-A y-d y-Gd
y-Lys(ivDde)-NH 2 cyclic (6- 13) disulfide, sequential
coupling of suitably protected Thr and G.Ii/leé)shown in
(shown iDbbld fahioateyeraFultber apinsiegtbnonay he agjomyilis by redygingfthe
t he pseudoproline dipeptide, Fnoc-dy- o
number oFkb (RSN pusn)g Bidoc-EipGlgrGly-OHrandFmey-GlyrEdy-Obfin diga of
nmonomer (13), Ac-Val-Cys-Trp-Ad u- Asp-Ser-T
serial cougﬂn%-dﬂwn@-mwejﬂ.opxeﬁ@nioaﬂﬁpqurgaﬂy-@&p sdynoen@ gendlyd @ y-
Lys(Adoa- Adoa)- NH2 cyclic (2-12) disulfide, the o
cyclizatiGS SLHHE RERY dto@ aclt Fepitiot ayitH e ahishalph Bi)ncEeon (g Mudvbpan-mactive
OH may be enpl oyed to replace the sequential coupling
diketopigrazint; R In¥ayPieth eLRPLISE Kricddrdn Asirhs Hepumdhmnt thaxiudr f Ghis problem
above). Further optim zation nay be acconplished by )
may be dvBR#a HY%hddRRIIMEsc-Cly, COHIh =Ny B) by thesieagion vessel and sequential
Froc-d'y-dy-Ay-OH and Fnoc-Ay-Ay-OH, in |lieu of
addition SEHICHt £RUBIC:NHe 8dtivaNRIF KDY 6TH-ORGhiy BE imdércefted by the resin-
-Ay-Ay-OH segnents can |ead to cyclization of the
bound afo %{'ﬁgﬁ HeRcd gpﬁr@&%lb QPclMatiBn td@iediitdtapiparai-ie tikes ptacon After
to produce an i1nactive di ketopi perazine; this my

chain eldiu HGE isctg 124 tid RLdSninAl Bmbé PRrtéeRENEeR mARMBeémoved from
'S pro m nmay be avoi ded by addition of

oot RGN el asptany vesse, o

s 7 P S TR G e bt oy
i
monem S A O et Ut v

. do- hogonal 0r ot ec eLiVati N€ne of each of th tid
e e b T
unmaski ng of the. e-am ne, of. the et YRt
cmonomsgih RO HONEI AR B REBLTABL BN -t hr] e abeRhei, momomer
functi l'ization ich .also L m i TNe
13) or LR rare o EDEEE SPeTiE ERpEBde s SEmigp wovr
using 4 g(?l%galggtsto %hg Eﬁ]tolc gr?nino acid and 4 equivalents each of DIC and HOBt in

DMTF for 10 h. After completion of the synthesis, the peptide sequence may be cleaved from
the resin and deprotected using “Reagent B” (TFA:water:phenol :triisopropylsilane, 88:5:5:2,
v/v/wlv) for 4 h. After the cleavage reaction was complete the peptide may be precipitated,
washed with diethyl ether and dried.

[0057] The following procedures for cyclization of the linear di-cysteine containing
peptides may be used to provide optimal scale-up of monomer peptides. Generally the aerial
oxidation of linear di-cysteine peptides may be carried out at ca 0.5-5 mg/mL (for the

discloscd peptide monomers ~0.18-1.8 mM in peptide, ~0.36-3.6 mM in cysteinc thiol). In
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nmononers may be renoved using 10% hydrazine in DW.
Then Fnoc- Adoa, for nononer (13) or Lys(ivDde) for
worenwene97{ 12) may be appended to the exposed |BGI/N82006/061793
e-am no group using 4 equivalents of the Fnoc am no
acid and 4 equivalents each of DTC and HOBt in DW for
10 h. After conpletion of the synthesis, the peptide
sequence may be cl eaved fromthe resin and deprotected
usi ng "Reagent B"
(TFA:wat er: phenol : triisopropylsilane, 88:5:5:2, ) '
order to Wéi/atkighiffcantl$ hipheAbdrerentrhiions MBS Qgessistealotyichpatypsof di-cysteine
conpl ete the peptide may be precipitated, washed with
peptides di etk cotinpkiondd ~d0igast.th BAST peptites fip gb@i/\z:ngis in as little as ~50
procedures for cyclization of the linear di-cysteine
mL of sof@idhaiThicRgoieant LA@S limeyr dieyvsad deptifesonaylbe optliagdin 95%
scal e-up of nononmer peptides. Generally the aerial
DMSO-IR0 Gt 85 20bH! 8.9 @8imbient yesipeidigrep dbt iptegressent the cyclization may
carried out at ca 0.5-5 ng/nL (for the disclosed
be routinBEPbl166 < dBP RS §%¢c9ro@&5p]y and HINLE N Apdptgiteyclizatidbady Ge
In cysteine thiol). I'norder to work at
essentialié}I &?ﬂtﬁlét@@ﬁml% NitBh R cEONEERLFAH PHS g EMRhas L fodup to 48 h.
ycli’zation of 'di-cysteine peptides allows the
ikl BaL hOSHRE m iplth@d iftoneaik refpiohdeisnira byakidtion with
Thech%%%%gga%hgggg f?%ﬁ§%%§&£50 nL of solution. Therefore
rude: | fearnidi s ' RER d8eBe BBlYednel by filtiatied. This
CHsCN %ﬁ@%%%%gﬁ?%&?%l Cﬁ8¥§§&§%ﬁH 8. SQ}gt anbi entw
: ! g PNESE ErkdCyctidlpepidéray be
s a con\?eg{%ll?%%fh% d? gf Eg]\%e\gﬁ%y mas sﬁgsnﬁ)é%t rosc o}} py tgngﬂli—PL C
Al th ' IR #d (deycappl ete in ~
[0058] 36 haﬂ%ﬁgﬁﬁéééé?%ﬁgﬁ¥&tuggﬁﬁ§§§ggﬁdgigrgiIy stirred

AGPTV&{)(?%EQ‘JBBMéﬁﬁ%%%ﬁﬁ@ggggwﬁdéﬂ'-rﬁii? £1aR AR HCASEpIBERE described

tron"mxturé by dilution

below. ]gé%{lp%g%%ﬁ%@ i drg}ngto rd%?l#;lé%kcgg‘ oof e b & &fs@ﬁ‘e ?é?,idu@ that

I"ec iltration.” This is a
contrivufS5ap AT HER [ ouaar R A s Prare L Sl plian e uo to 200
SRS eS TR SRl Ik S R
alternatiyg, e EPaE GPRASS Q0PAISTPS TS Baraser SLRERHTH sotution

may be Bﬁgtgg t(i/_\ % tﬁgggxtroslurtng 0%“188 %lll\! gvi%'Z%"@ C%LCN]%ageli'.u (il'ﬁe le‘ahbﬁi ?nay be

filtered. The filtered solution may be loaded onto the preparative HPLC column (Waters,

XTerra® Prep MS C18, 10, 300A, 50 x 250 mm) equilibrated with 10% CH;CN (0.1%
TFA) in water (0.1% TFA), and the column may be eluted with 10% CH3CN (0.1% TFA) in
water (0.1% TFA) to wash DMSO from the column. The composition of the eluent then may
be ramped to 35% CHzCN-water (0.1%TFA) over 1 min, and a linear gradient may be
initiated at a rate of 0.5%/min of CH3CN (0.1% TFA) into water (0.1% TFA) and run for 50
min. Elﬁted fractions may be checked for purity on an analytical reversed phase C18 column
(Waters XTerra MS-C18, 10u, 1204, 4.6 x 50 mm) and fractions containing the product in

>95% purity may bc combincd and frocze-dricd. For cach purification of 0.5 g of crude
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m. of 30% CH3CN in water (0.1% TFA) have been
unsuccessful. Therefore, as an alternative, the crude
w@eprie®79 (0.5 g) nay be dissolved in DMSO (5 pdT/g$20a61061793
this solution may be diluted to a final volunme of 100
m. with 20% CH3CN-water. The solution may be filtered.
The filtered solution nmay be | oaded onto the
preparative HPLC colum (Waters, XTerra(r) Prep M5 C
8 10m 3(OgA, 50 x 250 mm) equilibrated with 10% CH3CN
(0. 1% TFA) in water (0. 1% TFA), and the colum nma
peptide Obleg em%)aﬂ)r\MZ)hAt%mmDDWA)*%FGEGQGMKIWF%N)'NHZ
to wash DMSO fromthe colum. The conposition of the .
may be igllatedit Repeenpamsicdions aapeblcndoddtoGhe Oie Wet pIptide congistaytly n
over 1 mn, and a linear gradient nmay be initiated at
the same &idlatd @lirif).. 5% m n Of CH3CN (0. 1% TFA) into water (0.1%
TFA) and run for 50 min. Eluted fractions may be

[0059] Chechkgd phpfiddmbhéneon1 BN Anal ytical reversed phase C
8 colum (Waters XTerra M5-C18, | Om 129A, 4.6 x 50

VC*WEDRW QGEVE SGLY DP&GIERL AddU-Ago i) ASHp hegtetpurificd 5%l paolitey as
may be conbined and frcczc-dricd. For each

describe®@rifebGat kdoRkr %:2)% efcdh tigdt HOERORct peptide Inay He2li8oldaglrin 20%
(12) " Ac- AGPTWC: EDD WYYC W FGTGRGK [ K(i vDde)]-NH 2 nay

CH5CN QE1%36 Q) 5. 193R8&5usPLirA (0.6 3l peptideNOY enTh éasicddoafaDMSO-
rovide the peptide consistently in the same yield and
inifdi Rt BhicderIRNRpREC k3 be 1ated onto th
°°ma‘m‘%i%%émv{rg@%ﬂﬁ%%%%ﬁ%mﬁ (Adoa- qgg)? NH§26rray_ be
preparatf(%l%g-;ﬂ]i@ doRith (ﬁﬁ LAl KA FeSEMPE DS f104:, BEIA | SiEx ODO aitR) flow

except that the subject peptlde may be di ssol ved

. y 'a"T i il ¥ . \ TRe Bolgmn may be
rate 100 %gﬁ/fxﬁgﬁe%i%lgﬂ\‘ ”{f? Wi 1&%)(:?1{!:1@ 1 %2846 2USTEEA (e Bolg y

I nstead of a DWVBSCcontai ni ng di |l uent.

b 0" ) Tnst n
stued v N A L  a e ey o

oAy 5 3By SRR cmk e
o i S B TR A N e e
TFA) m&é@%&ﬁ%%ﬁ%%l@%ﬁsﬁga&%egﬁun?% Lél%g }éﬁéﬁgy pQﬁiJqupgﬂpfeQeﬁ Qffted from the
column. Product-containing fractions may be analyzed on a Waters XTerra analytical
reversed phase C-18 column (10, 120A) and fractions containing the product in >95%
purity may be pooled and freeze-dried to afford the cyclic disulfide peptide monomer (13)
(0.12 g, 24% yield) in >95% purity. The 10 g of crude peptide monomer may be purified
serially in this manner.

10060] Described below is a representative method for preparing the precursor dimer
peptide (16), Ac-AGPTWCEDDWYYCWLFGTGGGK[Ac-
VCWEDSWGGEVCFRYDPGGGK(-Adoa-Adoa-Glut-K)[-NH; cyclic (2-12) disulfide]-NHa
cyclic (6-13) disulfide. The preparation of the precursor dimer peptide may be accomplished

by the tethering of the monomer peptides in a two step procedure. First, Ac-

AGPTWC*EDDWY Y C*WLFGTGGGK-[K(ivDdc)]-NH: (12) may be rcacted with
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over 1 mn and a linear gradient rate of 0.5% m n of
CH3CN (0.1% TFA) into water (0.1% TFA) may be
WO piovioetded, and mai ntai ned until the desired pRQL/US®06/661793

conpletely eluted fromthe colum. Product-containing
fractions may be anal yzed on a Waters XTerra
anal ytical reversed phase C 18 colum (I On 120A) and
fractions containing the product in >95% purity may be
pool ed and freeze-dried to afford the cyclic disulfide
peptide nmononer (13) (0.12 ¢ 2496yie|d%@in >95% )

disuccinimidyt ghutafite (DOGy Sch.)dr LAGF e phei tdesensn 6hBFEA§ epg for 30 min.
purified serially in this manner. [0060J Described

The reactioh avixiuse eaydyerdibist with vty hedetase, Weich pesepain prgeipiation of the
precursor dinmer peptide (16), o

glutaric #Gd ACROWERRIMENGINHESEESCK] tACYQWERS HBCEVOFRRYBREOEK IS
Adoa- Adoa- G ut-K)[-NH 2 cyclic (2-12) disulfide]-NH 2 )

unreacte@ I3 G CmbHbd Apceaitairid the moiheNIIB eptar atayde vodshedeeveral times with
precursor dinmer peptide may be acconplished by the

ethyl acdtfte @ Fdrigvofradeh of My Metaspgptirdekts condirtsthesfoemation of the
procedure. First, Ac-

mono-NAGREWE S E RN GrYldET GilsindKid 1edibsd fvedlih DMH 29d reayteavith
reacted w thdisuccinimdyl glutarate (DSG 5 eq.) in

monomdPMepiidle ABEVOF AFEDSW G E VCEAR YD GG IGK(Aido3 3 dviap NEBH@3) in the
reaction mxture may be diluted with ethyl acetate,

presencd\f BIEA S§ 6h}. SHPNCRE NP irésalth aitliefte tHRefoghaticr sfthadilte-bearing
nonoam de nono- NHS ester of the peptide. The

dimer, a8 H@ﬁfgﬂ@ﬁﬁﬁnpr@&[&ﬁ‘l‘ﬁé RO déepreretied ﬁﬁﬁﬁ,onﬂﬁy chenifie 6y edf the
and the nono- NHS ester may be washed several tines

dimer midl B &hBYLd BE 88 thOrdhBHMY RidtiRGRSh 8fdieSike (MBS in DMF for 20
spectral data confirnms the formati on of the nono- NHS

min. Th%sﬁ:i:)ﬁgiogsthén Gla§ L RIRHUEith THHAS altRYiIREd ket 1999 CEREN (0.1%

nd reacted wth nononer peptide

TFA)-wafet g&i %Pﬁ%éﬁé{g&@g%ﬁ%{ié@%b&e alHE &R (1P dolurhBend

presence o . HPLC and results indicate

puriﬁed:lraa/t]jGa %r%%féﬁ{ LQHoR f?‘ﬁ é&?%r%-gg g? b&arE R9ird 0854 a@qﬁ:oﬁ?] §FRAII 18 order to

or product. otecting group on the
o L Bl S S IR TP BESNERiyal dte
| employ%x% (}{gdilln PUSITg \ES}\%OI lIJ]E‘«}Ii 8%}& g_bg%ﬁ,q?%f @g/on?oqoglefr 'p@ﬁitlcygst o y/:eéy case the
required precursor dimer peptide may be isolated.i in ~32% yield and >95% purity confirming '
the reproducibility and scalability of the procedures.
[0061] The final step in the synthesis may be the conjugation of DSPE-PEG2000-
NH, phospholipid ammonium salt (18) to the precursor dimer peptide. As mentioned
previously, the PEG2000 moiety of DSPE-PEG2000-NH; is nominally comprised of 45
ethylene glycol units. It should be understood, however, that this material is a distribution of
PEG containing species whose centroid is the nominal compound containing 45 ethylenoxy
units.

[0062] Conjugation of the DSPE-PEG2000-NH to the precursor dimer peptide may

be accomplished by preparation of a glutaric acid monoamidc mono NHS cster of the
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TFA) -water (0.1% TFA), applied to a preparative
reversed phase C18 HPLC colum and purified by a
w@e@dioerro el uti on of acetonitrile (0.1% TFA) i PEDUS2006/061793
aqueous TFA. In order to provide the needed quantity
of the precursor dinmer peptide, the reaction may be
conducted enploying from0.5 g to as nuch as 1 g of
each of the nononer peptides. In every case the
required precursor dinmer peptide may be isolated in
~32% yield and >95% purity confirmng the .
precursor dipren dudirtidtionyof 4my vethathaifiekiamng grouhof hepkasphelipid
[0061 ] The final step in the synthesis nay be the i
ammoniwrosgltigBitische D RSRENREGRENGs0r Nihgtrsppte (1 Qiranbaisartigdhwith
salt ( 18) to the precursor diner peptide. As )
DSG (4 eenniVEdD phieepiestskef DIFA. (SEGH0030roiiet Ysdh the preparation of the
DSPE- PEG2000-NH 2 is nomi nally conprised of 45
precursoediydr @aptid the blutivh trsay b dibhedivith lpthylindeatstto pekcipitate the
however, that this material is a distribution of PEG
glutaric 480 inRdrdeAldSpeadesidkeseof trtdined(17} b hsolidnlhalupernatant may
compound cont ai ni ng 45 ethyl enoxy units. [0062]
be decanfiN YgabOthe Afn-tchete DB PELR 88 (O dhta?ictaoid thengrmeide memo-NHS
di mer peptide nmay be acconplished by preparation of a
ester of @ik Wimdri fepAad di 70 negNthee bavashdiHbvas! incoivithieeiylecetawdan
dimer and reaction of this with the free am no group
remove @4cel BEDBD NG dpRbEaiaRBmRi deatifdltic foftadsod bLthie\dDateric acid
beari ng precursor diner peptide (16) nmay be reacted
monoamifid RofRNH Y Q6 If th8 pBhdd dinfehes PeRaeparivel. DI EA (5
eq.) for 30 mn. As in the preparation of the
[0063] Pr €CUfRQfimd} PREarRERLd BRnbhgi RGhoid- MM EYer(@ 7 hinayibe dissolved in
with ethyl acetate to precipitate the glutaric acid
- ; ; - 3000} Bhodphdlipidem@onium salt (0.9
DME C@??&ﬁ%ﬂﬁ%g?@ﬁ%?Pﬁa?%e decag?ed ptl:io Ir)em)ve t he (
i ) ) § Est&C(19) FRPARMNsE®in excess to
o0y in R ERELSEDRER S et  shenans sy mgoaden
imi S et | i P ¥ee
maximi ¥ B SR BRR of TR o o S Bl S

phosphofél%{d%g% gg?ﬁféce%g g}%fg{ajﬁfgn a6d o [HE]BQ diler m ??Gchyég The reaction

er Imer as a clean produ [ 0063]

mixture %-;gas/ I%Ld}glﬁzedgx!v} b SNE#tigrn(%ﬁio/%l Tﬁﬂm&@ -CTRIH N_@) ?Gsﬁ &T P(A:B 7()4 00

SSO

mL), applied to a reversed phase C4 column (Kromasil® Prep C4, 10 p, 3004, 50 x 250 mm,
flow rate 100 mL/min) and the column may be eluted with water (0.1%TFA)-CH;CN-
CH30H (1:1) (0.1%TFA) solvent mixture to remove hydrophilic impurities. Then the
product may be eluted using a gradient of CH:CN-CH;O0H (1:1) (0.1% TFA) into water
(0.1% TFA). The collected fractions may be analyzed by reversed phase HPLC using an
ELS detector which allows the detection of the desired product and the often difficult to
separate DSPE-PEG2000-NH; phospholipid ammonium salt which has no strong uv
chromophore. This indicates the clear separation of dimeric peptide phospholipid conjugate
and DSPE-PEG2000-NH; phospholipid ammonium salt. The pure product-containing

fractions may be collccted, concentrated on a rotary evaporator (to reduce the content of
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DMF- CH2C 2 (8:2) and reacted wi th DSPE- PEGR000-NH 2
phosphol i pid amonium salt (0.9 eq.) in the presence
W@R00D0&EA7{ 4 eq.) for 24 h. The NHS ester (17) PEH/URM06/061793
used in excess to maxi m ze the consunption of the
phosphol i pi d ammoni um salt because any free
phosphol i pid may conplicate the purification and
i solation of the final product. The reaction mxture
may be diluted with water (0.1% TFA)-CH3CN- CH3OH (1: 1)
(0. 19%FA) (-100 nlL), applied to a reversed phase C4
methanoly ehd fire£d<dierbioi frovifle Eregin@s penddamaepplirghconivge i colorless
flowrate 100 nL/nmin) and the colum nmay be el uted
solid. with water (0.1 %9FA)-CH CNCH OH ( 1 :1) (0.1 9%FA)
solvent m xture to renove hydrophilic inmpurities. Then,
[0064] the [ olieeto prpabehetaquirdd gsimtiy af grealiingnpeptide phospholipid
OFCH3CN-CH3OH ( 1:1) (0.1% TFA) into water (0.1% TFA).
conjugatd kev&al heg hed Heraatiass employies Nzl tpZledig oy theaveeueer dimer
phase HPLC using an ELS detector which allows the _
peptide. d8LBGhiRRhOfargddidaspdptide phogihotipandnjigeteahiehe isolated in 57-
difficult to separate DSPE-PEGOOO- NH2 phospholipid
60% vielAIHHANh BODSANIrityh TeB biRsquatist sfdigetetiie piopiiolipid Jnjegate,
i ndi cates the clear separation of dineric peptide
obtained¥R58 RROdrR] Hin€ A8idHbRH Qb8 mRPBEoBREHAIDY- dikidlution of the product
phosphol i pid ammoni um salt. The pure
from theRh @ikt £O8§RE-BhiafoldRESdiRNs-wiey (ba:3)dbli@etEbly lyophilization.
concentrated on a rotary evaporator (to reduce the

The procgaaﬂfe%}fmﬁwﬁdﬁ nehta@PedineRiva-oitice dhibDmpy bk iagpli¢die the bulk
i mer peptide phospholipid conjugate as a colorless
sample 5¥qhé gimérg:gé%f)hdé Bh&¥pHBTipidLoRf RRRY; Eret BEol, efpitdeptwill be below the
quantity the diner peptide phospholipid conjugate,
Jimit of &%gﬁo%l. AMBR AB8Y cQfpSAMHEL L5 CHREOWERE WithinGhé Bcckpthbie
0 e precursor diher peptide. In all cases the
imits. sud | i i dephe iRk deSRRiveI M AT DRYT (e mass
limits, S‘.‘ngzﬂgg‘tg%g‘ei@%g%‘%doeo%ﬁifi el d and in >99% purity. The bul k
ugntL Ly, Qf r{&ﬁ[, 148 sRROSRNY thPlfh &R pEAE Bhospholipid
ﬂxxmﬂlg %ﬁ%ﬁg og?%#ﬁ eegggﬁgﬁgﬁuns escri bed abS%e ngy e T
. obtained by dissolution of the product fromthe
conJugAy 4 vi dual runs in t-butanol -acetonitrile-water

I(Elll rlr: ﬁeﬂfo%ls lﬂ%wg)a@(iognyomirﬂe&ﬁgg%ﬁnﬂqémg b Qc‘f\tw HE6inefLow or

BT ot quantrtatt ve estrmation or Tree ol nay
Negligﬂ?lg Laegglls IO?Q"FEAO the bulk -
[0065] The present invention also provides methods for producing dimeric peptide-

phospholipid conjugates having very low levels of TFA. While certain methods provide for
the synthesis and purification of such conjugates on a gram scale, formation of a lyso- vetsion
of the conjugates has been observed upon storage of lyophilized material at 5°C or upon
storage of aqueous solutions of the conjugates. It is believed that the lyso- compound 18
formed by TFA-promoted acid hydrolysis of one of the phospholipid fatty acid esters in
dimer peptide-phospholipid conjugates.

[0066] To obtain the phospholipid peptide as a stable material bearing a

pharmaccutically acceptablc counterion, highly cfficient methods for obtaining dimer
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sanpl e of the dineric peptide phospholipid conjugate;
free thiol, if present will be belowthe Iimt of

wW@l2aog
resu
assi

06790N. Ami no aci d conposition anal ysis gi REBUS2006/061793
Its within the acceptable Iimts, supporting the
gned structure of the peptide derivative.

MALDI - TOF mass spectral anal ysis al so supports the

pres
conj
Di me

umed structure of the dineric peptide phospholipid
ugate. Methods of Preparation of
r - Phosphol i pi d Conj ugates Havi ng Low or Negligible

peptide-phewsticdipid caFgdt@066] diivevped sdnch conmerittho AFA| sgls 0 the dimer

prov

i des net hods for producing dineric

peptide- Iﬂb@}bhcﬂ@ﬁm osijhgdie pirdng enjtabdapesutsansh do vealggdus whiaaseytical
of TFA. While certain methods provide for the

acetate sSIMBJ.

hegjrsseandivpwhitodiasritoof tikssmethods ajeugatidsd below .

gram scal e, formation of a Iyso- version of the

conj
| yop
solu
‘lyso
hydr
este
[ 006
mat e
coun

[0067]

7 and 8

z[%%ﬁezi arq%zic}egrealec%]s ob eorgn\éelé}hquerﬁc %%1?13 gaéoggsfshg\ava 1% Figures 6,

tions of the conjugates. It is believed that the
- compound is formed by TFA-pronoted acid

ol ysis of one of the phospholipid fatty acid

rs in dimer peptide-pésispghol i pid conj ugat es.

6] To obtain the phospholipid peptide as a stable
rial bearing a pharmaceutically acceptable
tcrion, highly efficient nethads for obtaining

M%IC

pept

f&@%@ﬁm H0e) v B FETidEekeacwer e di scovered
R, GORVUPR P& B [-ARBa N IMRIGlut-K (DSPE-PEG2000-NH-
| Gt ﬁ 1HoRb A 26 BRLHGERY Q\IHQEyc@féywsll?}') ikl Rie

prec

gal t
are

ttrsSors), lU anat ogous_pharmacedti cal _acetat e

(fSQ-ACRé“@Wé‘SFéhDWW@WO@a ﬁﬁ@K&KﬁVDﬂ?ﬁé\g{h‘@ﬂ% §2-12) disulfide
prioMidled bel ow. [0067] Table 3 pravides a

oy

(W~

Wer e , X, y4

rApt 59121}{;%13 gw&%gtﬁ@@@ﬁm@bﬁ@]ﬁﬂmyaﬁ (2-12)

cpcnul ng—onmtyophitizatiom condi tions.
8@0&@@€ﬂ$Bﬂgﬂﬁhﬁm@udﬁﬁ99d®§36 and 7, in certain

d FEOE S TRRASHBAIWV PORIW R GTGGGKNHS-Glut-K(ivDde)]-NH, cyclic (2-
12) disulfide

Ac-VCWEDSWGGEVCFRYDPGGGK (Adoa-Adoa)-NH, cyclic (2-12) disulfide
* yTFA

26

Ac-VCWEDSWGGEVCFRYDPGGGK (Adoa-Adoa)-NH, cyclic (2-12) disulfide
- zHOAC

27

Ac-AGPTWCEDDWYYCWLFGTGGGK[Ac- .
VCWEDSWGGEVCFRYDPGGGK (-Adoa-Adoa-Glut-K)-NH; cyclic (2-12)
disulfide]-NH, cyclic (6-13) disulfide « X HOAc

Mono-NHS ester of glutaryl-peptide 27

Ac-AGPTWCEDDWYYCWLFGTGGGK {Ac-
VCWEDSWGGEVCFRYDPGGGK (-Adoa-Adoa-Glut-K(NHS-Glut)]-NH:
cyclic (2-12) disulfide}-NH, cyclic (6-13) disulfide

29

DSPE-PEG2000-NH

Where m, n, X, y, z are variable depending on lyophilization conditions.

[0068]

Referring now to Figures 6 and 7, in certain embodiments monomer peptide

components of heterodimer peptide (27), namely TFA salts compounds (22) and (25), are

26




conponents of heterodi mer peptide (27), namely TFA
sal ts conpounds (22) and (25), aresubjected to ion
we@@hastye chr omat ogr aphy on t he macroporous suP¢DORIM06/061793
acid cation exchange resin AG MP-50 using a step
gradi ent of ammoni um acetate to convert themto their
acetate salts. Then the two peptide nononer acetates
(23) and (26) may be tethered through a glutaryl
linker to formthe dinmer (27) as an acetate salt.
Purification of the crude diner acetate salt of (27),
subjectedtp i6n Exdnappe phratitoEapiRL@ ths imrgrepdrpweayfogicii@ftion exchange
met hod enpl oyi ng CH3CN H20O each containing 10 mM
resin AGNVIPGRCuM©OY bidp pridientpfinemdinien agetetedd @019} them to their acetate
Conj ugation of this dinmer to DSPE- PEG000-NH 2 (29)
salts. ThaA@hd twiapepide nhdraidrapetates (289 and (2@ mixbetashdygd thraugh a
preparative HPLC using CH3CN H2O NHAOAc provides
glutaryl GRS B dimsr (213 ageeictae sat. t Purffi@68h offfreecrude dimer
speci fically, conpounds (22), (25) and (27) all bear
acetate sSlt SN ANCOA Pepithiive HPLG wilth alihew ggrdiensncthgl MRpBPIng
a macr opor ous cation-exchange resin, may be used to
CH,CN/BlLOMCHE B dtaRENLTE A NEHLEFAL provides it e dieepeptatd@s).
and to exploit the immobilization of the peptides via
cOnjugahES b (0@Ginter (B IPE-PRE2 JORNHL (28) SidDfiRd )purificAticadf the ofude
the peptides may be adsorbed to an AG MP-50 col um
i KL | i e/ L5 OV RO AB Y& dvisdiggbunil (1) as
mixture wz?ﬂe% %Er?%ra?ﬁ’lggﬂﬁe%%lggv%% a step gr adikpent O NH4OAC in
30% CH3CN H2O, depending on the solubility of the
theauﬁ%%%??des. The peptides may be el uted at about 600 mV
10069] e G P B P e ana ol o

Inp orm C fluorine analysis

nd e TER - | 130 Vs 1S LAY SRV iy may b
o R NV DL A as b e

v o R PSS SRSl g ataion o
e oot e FOREC i D AR SRR ARGl b
adsorbefl o a1 ALY N&BRCE@I@TGIP ol %old3BHhS %c}"%l% Qg}d; { R o Rhed with
water aightpeq SBbPAR LT FRGEBNE A ep D ooy Ggay . Wbending
on the solubility of the peptides. The peptides may be cluted at about 600 mM NH4OAc and
the acetate form of the peptides then may be obtained in pure form. Both IC fluorine analysis
and CE TFA counter-ion analysis consistently show very low TFA content of the peptides.
[0070] Preferred methods also include redissolution/relyophilization of the final
peptides several times to remove residual NH4OAc. Otherwise, residual traces of NH4OAc
present in the peptides may give rise to free ammonia i the presence of DIEA. This may
result in the formation of unwanted peptide-Glut-amide as a major product in subsequent

preparation of (27) from the monomers (23) and (26) or final phospholipid-peptide conjugate

(21) from the acetate salt of (27).
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(21) fromthe acetate salt of (27).[0071] Referring
now to Figure 7, another enbodi nent provides the
w@ewvee®ion of the TFA salt of diraer (27) to PEEUS2006/061793
anal ogous acetate salt by ion exchange chromat ography
on the macroporous sulfonic acid cation exchange resin
AG MP-50. This diner acetate then may be conj ugated
wi t h DSPE- PE&R2000-NH 2 foll owed by purification of the
crude material by C 3 preparative columm using
' CH3CN H2O' NEL1CAC to give the final conpound (21) as
[0071] an aRefeatisg saw to Fig0g 2] anihdrembediment Reridderdle copigsion of the
above and in Figures 6 and 7 provide excell ent
TFA salt bEgith$: 27} bdtssmelmpdunpptaashit hpdon dxshartrirematography on the
requiring fewer steps. Additional details are provided
macropol@k Quifbriic béie cENemptemngestsimAG Y0OYB] This dithergoeistc then may be
Fi gure 8, another enbodi ment provides nmethods for
conjugat@ W¥th HSIE-HEGR006-NER foligated byhavifigtion of thalcrudvonsesaldty C-3
TFA utilizing the size differential between the
preparatiR8 s RkR s SCHSON/HO/DUjO gatocgit @ fhe faratl cdBposh@1) phan
thi s enbodi nent 21* nTFA adduct nay be el uted down a
acetate s@lt.Z€ exclusion colum in the presence of anmmonium
bi carbonate buffer. The crude 21" nTFA initially may
[0072] be_f resbe af h&tBodyEReribaniigdntyn Pioaparaiid/e pidRide engellent
a Zorbax C-3 colum using a linear gradient of .
results, tBE S4BRH bpprlofcl MsAh¥aldeinta B ific@lifsg Sewistdps. ukiitemetidetails
wth 10 amoni um acetate. This provides separation
£ asidmdi cated by anal ytical HPLC
mﬁInUVF%S%E?W#%ﬁ?E??%g?ﬁggduce t he amount of TFA, the
[0073] At efq&ﬁ\%‘\}ng% R RPhd kR BnibdBaniasiedés Rbthoas fonpraviding

el ute h aqueous anmoni um bi carbonate sol ution. The

dimeric ?Jgrggéﬁemﬁg?mggﬁial 6 0ne Yo £ HRIAGat IR Relhetsianffadentinighetween the

I ons na pool ed and | yophilized to afford the
osi red; | InEFERNGAR! Th¥hik e8BoffmditAl8RMT M hitduct
phosph %411’??3@%%5#?!55@1 "Addi tional detail is provided

v R RIS B AL o o
buffer. Q‘Eg %Hd%%q e nTFA initially may be freed of the lyso- compound ‘by preparative
HPLC on a Zorbax C-3 column using a linear gradient of acetonitrile into water. Both phases
may be buffered with 10 mM ammonium acetate. This provides separation of the lyso-
compound as indicated by analytical HPLC.

[0074] To further reduce the amount of TFA, the material may be applied to a
Sephadex G-25 column and eluted with aqueous ammonium bicarbonate solution. The eluate
may be monitored by HPLC. Product-containing fractions may be pooled and lyophilized to
afford the desired material (21) essentially free of TFA and with high recovery rates.
Additional detail is provided below in the Examples section.

10075] Both the monomeric and dimeric peptide phospholipid conjugates described

herein may be incorporated into ultrasound contrast agents such as, for example, gas filled

microvesicles. Such gas filled microvesiclcs include, for cxample, gas filled microbubbles,
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herein may be incorporated into ultrasound contrast
agents such as, for exanple, gas filled m crovesicles.
wEeh/ogm39 fill ed mcrovcesiclcs include, for exeempUgs2006/061793
gas filled m crobubblcs,gas filled m croball oons, gas
filled mcrocapsules, etc. In a preferred enbodi nent,
t he peptide phospholipid conjugates may be
i ncorporated into ultrasound contrast agents
conprising gas filled m crobubbles. Mthods of
preparation of gas filled m crobubbles from
gay filledphizstvdloops,dss fitldd phoophmiles) dc c bmi prefees] emeodimenin theo
those skilled in the art. For exanple, m crobubbles
peptide phogyiotipidcdrjughies pagbeitcoipovend o ubeasotel goméast azgnisy
met hods described in any one of the follow ng patents:
comprisiig ghSARABmi $i6b /186 DABHo ds\df prePatatioNof gds, HAa] Wizdobuhgbis from
Pat. No. 5,578,292, EP 744962, EP 682530, U. S. Pat.
phosphol'ﬂﬁids bnd pBophOlipid.conjulbates aiﬂdcno@lﬁk@&h&‘b&,kﬂl.idf‘m thRadrt. Ror.
, 183,725, EP 474833, U.S. Pat. No. 5,271,928, U.S.
example PﬁloroMbble:& 22000 the Presfi@tinvdNdionTah Bd p%ﬁredleySmeﬂmdS
. 5,567,414, U.S. Pat. No. 5,658,551, U S. Pat. No.
descnbe@uﬁé‘x%n &3of tHe olldvdhg pMentsSED 5542 B3, Ay OLO4206R28H, UMb Pat. No.
443, U.S. Pat. No 6, 136, 293, EP 619743, U.S.
5.413,778817.S. Q. 190 HAS7845D, EP. B49PAIEP bE253, BN Fad No. Y, 56,630 U S.
No. 5, 686,060, U.S. Pat. No. 6,187, 288 and U S. Pat.

Pat. No. %46%1%0& $30¢ i85, EpcomBes ay el phy Noeb2r7¢)9ee, U.S. Pat.
herein in their entirety. The net hods di scl osed in WD

No. 5,3884196028% 21160 P11 640, . Yo I 9b 1 5671414, QD 6bat Nbt HBEH551,
phosphol’i pi ds i nclude esters of gI ycer ol with one or

U.S. Pati 8. %h?%ﬁﬁ 6§.50Paf Not ¥ 03¢ 088 Ut @ab M 60r1 0¢i4Bf BISMa). No.

and phosphoric acid, wherein the phosphorlc aci d
6,136 29"39%!9%%7@ R, bhyf !Nob%%@lﬁou% Mﬁw@dwcswmmyasm
sérine, inositol, glycerol, et hanol ani ne,

5,686 O()%)E% é I}Q tl Nlé G698 PHBS anfJ#, gyPeﬁCiq\IgSS 96@8?@%/1&1% Elt&eincorporated by

prds are i’n genera ong chain aliphatic

referencg%xgrem 11} *érﬂgl & a 1%#{/ C?ﬂé 1@16 E‘&? gfsgggké'ﬁi W 84/0885 08¢ particularly

era rom t may be saturated
f g may contain one or nore unsaturations. Exanples of
Preteti®Qyuitabl e fatty acids are lauric acid, nyristic acid,

pal m tearic
R S T
fatty aciyg (t?xe %g’l’gﬁlg E)% dﬁ%ergnh[g)gt?cp pho Bh oric ac1§ wherein the phosphoric acid residue is

in turn bonded to a hydrophilic group, such as choline, serine, inositol, glycerol,
ethanolamine, and the like groups. Fatty acids present in the phospholipids are in general
long chain éliphatic acids, typically containing from 12 to 24 carbon atoms, preferably from
14 to 22, that may be saturated or may contain one or more unsaturations. Examples of
suitable fatty acids are lauric acid, myristic acid, palmitic acid, stearic acid, arg.chidic acid,
behenic acid, oleic acid, linoleic acid, and linolenic acid. Mono esters of phospholipids are
known in the art as the “lyso” forms of the phospholipid.

[0077] Further examples of phospholipids are phosphatidic acids, i.e., the diesters of

glyccrol-phosphoric acid with fatty acids, sphingomyclins, i.c., thosc phosphatidylcholinc
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known in the art as the "lyso" fornms of the
phosphol i pid. [0077] Further exanples of phospholi pids
wanrepangphat i dic acids, i.e., the diesters of PCT/US2006/061793
gl yccrol - phosphoric acid with fatty acids,
sphi ngonyelins, i.e., those phosphatidyl chol i neanal ogs
where the residue of glycerol diester with fatty acids
is replaced by a ceram de chain, cardiolipins, i.e.
the esters of 1, 3-diphosphatidylglycerol with a fatty
acid, gangliosides, cerebrosides, etc. [0078£ As used )
analogs WREreiths resTide tod inostd sipdster mpibostty acids tesphicedh by a ceramide chain,
natural ly occurring, sem synthetic or synthetically
cardioliplise hartee egesdifdt, 8-dipladsphativybely enpl witle d feity had, ganghobldes
singularly or as mxtares. ' [0079] Exanpl es of
cerebrosfiRb,Wt@l | y occurring phospholipids are natural
| eci t hi ns (phosphati dyl chol i ne (PC) derivatives) such
[0078] @S, tAPILAlHeYein @Y terbegbsplioliids ivolulled eidicr biansally occurring,
Exanples of sem synthetic phospholipids are the
semisynfh@hit bAbyith&lcafllyiphspabirisrogenaitadcdesd staployes ethertsigularly or as
naturally occurring |ecithins. [0080] Exanples of
mixtureSynt hetic phospholipids are e.g.
di I auryl oyl - phosphati dyl chol i ne ("DLPC'),
di my re-Sinam sabalik dvbeial ipAesphoMdE a)s natural lecithins
100791 dlpaf%1toy%p€ﬁospha? dylchgﬁlnéﬂ? PC"),

k& Bty peall 9 Ik lecithi
(phosphgt'ng{ g?plgs P‘g nggﬁcgﬁed)déﬁghofltjrrg a(" DS@@% an or egg yolk lecithins.

4 cﬁﬁﬁi RYdfopMRREH Jerivati
Exampl%s'%ﬁhﬁ%&y%&% &%ﬂ&sl od;&gﬁgggﬁgg [ %Iyl ché [ ge PI\/PC E);Iwa e

- ' 1igad oyl phosphati dyl chol i ne ("PSPC"),
ofﬂu:n%uﬂﬁ@g%g8¥ﬁg%g§ nﬁ{oyl phosphatldylchollne (" SPPC"),

[0080] di O| eﬁ\xlé yp%? Bpgfrgﬂéty gJ}BEIBE %gg) dllllugyloyl-phosphat1dylcho11ne

ear o ycer phosphocho i'ne

“DLPC(’ Edj%&%%g%bs&atﬁ?&:ﬂ})ﬂgé mC:‘t N Hgﬁlﬂ]ﬂ&%‘:ﬁ{d@bhahdylchohne
oo BRI B A T g
o 1S 5 o, o
myristoylp gsphaggyla{lolsn al {“?’Mlg(lj %t -paf%ru}/(%tf-%ﬁga%&ll%ﬂ)%ll*}éﬁg{j’lgholme
(“PSPC?), 1-stearoyl-2-palmitoyl-phosphatidylcholine (“SPPC”),
dioleoylphosphatidylycholine (“DOPC”), 1,2 Distearoyl-sn-glycero-3-Ethylphosphocholine
(Ethyl-DSPC), dilauryloyl-phosphatidylglycerol (“DLPG”) and its alkali metal salts,
diarachidoylphosphatidylglycerol (“DAPG”) and its alkali metal salts,
dimyristoylphosphatidylglycerol (“DMPG”) and its alkali metal salts, dipalmitoyl-
phosphatidylglycerol (“DPPG”) and its alkali metal salts, distearolyphosphatidylglycerol
(“DSPG”) and its alkali metal salts, dioleoylphosphatidylglycerol (“DOPG”) and its alkali
metal salts, dimyristoyl phosphatidic acid (“DMPA”) and its alkali metal salts, dipalmitoyl
phosphatidic acid (“DPPA”) and its alkali metal salts, distearoyl phosphatidic acid (“DSPA”),

diarachidoyl phosphatidic acid (“DAPA”) and its alkali mctal salts, dimyristoyl phosphatidyl-
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("DSPG') and its alkali netal salts,
di ol eoyl phosphati dyl gl ycerol ("DOPG') and its al kal
woreaoal6®®ad t s, di nyristoyl phosphatidic acid ("BNPBES)006/061793
and its alkali nmetal salts, dipalmtoyl phosphatidic
acid ("DPPA") and its alkali netal salts, distearoyl
phosphatidic acid ("DSPA"), diarachidoyl phosphatidic
acid ("DAPA") and its alkali nmetal salts, dinyristoyl
phosphati dyl et hanol ami n- e ("DWE"), dipalnitoyl
phosphati dyl et hanol am ne ("DPPE"), distearo
ethdnoldphnrsfp GRMBE), difwmisoy yhiospl{atidgletttanolagiing E“I%%@ D), distearoyl
phosphati dyl seri ne ("DWPS"), diarachi doyl
phosphaptiplsspthatqldyinsQ?DEEE’(’), BaRBistoyIdihesphetitdplperine (“DMPS”),
phosphati dyl seri ne ("DPPS"),
diarachidiod tphasghatiphlesiraf DRSO d1peln(1foDBF18?bphat1dylbenne (“DPPS”),
di ol eoyl phosphati dyl serine ("DOPS"), dipal mtoyl
distearoglphosphatighdbdrine((“DBBB™), didesy iphaspetidyideriap KTPQBHe Hipalmitoyl
("DSSP"). [0081] Suitable phospholipids further
sphingoiiyelit (DO REIOY phvdl digtealsy napiiigoaalychiys ('DRRPY a
hydrophi i c pol yner thereto. Exanples of nodified
[0081] Phospb@itdbid @Hosphelipiie Sphiadriickihed piosphalipidesoBed by linking a
nodi fied with pol yet hyl englycol (PEG, in brief
hydrophi IREFEIGEer tHerdto. IDROGNOOT Sy digicd phospholipiels avhier e t he
hydrophi lic ethanolanmine noiety is linked to a PEG
phosphadtialy RenHnS1e{in¥APE) bh&ii Ao aaitl palynsil elply dod (REGS,rin iid D OPE-
to 5000 daltons), such as DPPE-PEG DSPE- PEG DMPE- PEG
PEGs”, Q. SPREFh At e l2niRAPRhE® the Bydtophitic Ritdaylantng ioiey @s linked
3- phosphoet hanol ami ne). The conpositions also my
to a PEG Si18dule 6f NETabBRBiRHak | %1%‘@ R URsS 300eb 5000 PaltdiB), such as
i nstance, fatty acids, such as palmtic acid, stearic

DPPE-F&t S P $, GNP~ O T arhdte DI O B52-d54i6¢hiasyl-sn-
chol esterol, or esters of sterols with fatty acids or

glycero W I(g:lPJ gﬁ&ﬁﬁa&@e{rﬂﬁq G YN Cc%ﬁ&u'osﬂ'bng L¥6 &le9! coBli€ bfher amphiphilic
Ing glycerol tripalmtate, glyCerol distearate,

compougliy ﬁ%ﬁl&iﬂg% IS {ngt]%ﬁ@é ?att}glic}{ﬁ§ sQln £ ﬂyﬁﬁtﬁ:t & stk @8IdD hrachidonic

cer ol aur at e, ycerol trilaurate,

acid or (9]1 i a[cqglste‘iiblg agu%ta?'i:ﬁolegtgfog' xﬁ're\éte‘?sr o%&ﬁr\ﬁ% Yatty acids or with

dmmoni um sa
S 9%'01‘%a’ae%@?s&%?@%ﬁi%%?ﬁl&%?@%&%? b e
glycero{%g% or ero gtape g/t %)rl %91&1?{1&0négl‘g/cgr{)?ﬁﬁﬁﬁmeyglyceml

I on C onponent
trilaurat%,eglgflcgl%] 81?)alm1tate, ter’nary or quaternary alkyl-ammonium salts, such as 1,2-

distearoyl-3-trimethylammonium-propane (DSTAP), 1,2-dipalmitoyl-3-trimethylammonium-
propane (DPTAP),and mixtures or combinations thereof.

[0082] Preferably, the formulation comprises at least one component bearing an
overall net charge, such as, for instance, phosphatidic acid, PE-PEG, palmitic acid, stearic
acid, Ethyl-DSPC or DSTAP, preferably in a molar amount of less than about 50%.
Particularly preferred formulations may include mixtures of two or more of the following
components: DSPC, DPPG, DPPA, DSPE-PEG1000, DSPE-PEG2000, palmitic acid and

stearic acid. Some preferred phospholipids and formulations arc sct forth in the cxamples
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overal | net charge, such as, for instance,
phosphatidic acid, PE-PEG palmtic acid, stearic
wa@eiod/oeBrhyl - DSPC or DSTAP, preferably in a noP@r/us2006/061793

amount of |ess than about 50% Particularly preferred
formul ati ons may include m xtures of two or nore of
the foll owi ng conponents: DSPC, DPPG DPPA,
DSPE- PEGL000, DSPE- PER2000, palmtic acid and stearic
acid. Some preferred phospholipids and fornul ations
arc set forth in the exanpl esAny of the gases

Any of tlth @séodisclobet leireinar khowwo the skiltedgkiisdnadanbe pealpyagyhowever,
be enpl oyed; however, inert gases, such as SFe or

inert gas@g Eﬁdhwrmwrhﬁf&udrommﬁﬁ4ﬂce@fﬁ Erick DR AF 10, areepreferred,
preferred, optionally in adm xture wi th other gases

optlonallii_lilﬁf Bdmsxtatel with bthed gases sechygear, mtrmnb@xygdn ox cabof d38dje
he preferred m crobubbl e suspensi ons of the present

[0083] | NVentheGRefdByd Beiciibapsle 8 dspensonpbidisip podsept idsentwinmgay be
known processes such as a freeze-drying or

preparedsf%rﬁ)ﬁhg&pﬂdh?m{%(ﬂsﬁig 11 nQfrotdssesaiuubles pliespidtyiipg disspiray-drying
suitabl e solvent or using the processes set forth in

solutlonsEtﬁ" tﬁééﬁiﬁ% h\g%l%gy%agaémt%l@solﬁaﬁt orNRinghthd pcédbés sdll. fSth in
5, EP 744962; EP 682530, U.S. Pat.

EP 5542'}'9 Wﬁ) 55/@65@-@1 WsSpatPab. 503 754848, BABNoUs5 378 paL; EING44962;
83, 725. EP 474833: U.S. Pat. No. 5,271, 928: U.S.

EP 68255@tU Nt N385 551800, U S pabatoe. 46, 515315984 Nbl §18Ra25; EP
567, 4147 U’S. "Pat. No. 5,658, 551: U.S. Pat. No.

.37.84 9580378; Uk Pat.Ras..5,991,080; U.S. Pat.
474833’33'% 3*313%3 5%72,92@2%}3 % l\g’ 136, 293: EP (?19743 U. S. ¢

- aUN®. 5/8a1,972;
vo-55 Qg FgldB DB T o gm SE5 QRS o

USs. Pat'\ﬁ-o. éq?@ﬁzt?lﬁ S\ s, %rl%e'j%oﬁﬁ%ﬁgwﬁ by, pef RLeHARs 813; US.

heir "entirety. "Preferably, as di scl osed in

Pat. No. nﬂcﬁ ). ‘[Pﬁai)atpﬁ%egkgé‘ﬁé’é ¢ at pANNNO; G457 988241 U@ Pat. No.

emil’sion can prepared whi ch contains the

5,908 6]ng1| %}9 %;{epl %orRSrate% bIE})ftSP% a‘ﬂ"%/ h%%ngé)elﬁnéé}tﬁg%geﬂéféﬁbW 194
dlsclose I&Fr&?%?[l?ﬂ rpg&@%lg%%h allco%%g/ﬂ%@bge t a]%? ﬁer?ﬁéllglr(])gfctaré Pe

I
prepare(gyvg%ﬁ%lpt Ingaggﬁgh)é pho @@@gﬁr{' %IB%IL(S an g? oﬁn 64? &%yﬁ?ctg% dw1th a
sorro AL o B B SO P

mlxture(s)fthe%eo% ags/ l%dgcrateld m defaﬂ hereinafter) and optionally other amphiphilic materials

(such as stearic acid), dispersed in an emulsion of water and of a water immiscible organic
solvent. Preferred organic solvents are those having solubility in water of 1.0 g/l or lower,
preferably lower about 0.01 g/l, and include, for instance, pentane, hexane, heptane, octane,
nonane, decane, 1-pentene, 2-pentene, 1-octene, cyclopentane, cyclohexane, cyclooctane, 1-
methyl-cyclohexane, benzene, toluene, ethylbenzene, 1,2-dimethylbenzene, 1,3-
dimethylbenzene, di-butyl ether and di-isopropylketone, chloroform, carbon tetrachloride, 2-
chloro-1-(difluoromethoxy)-1,1,2-trifluoroethane (enflurane), 2-chloro-2-(difluoromethoxy)-

1,1,1-trifluorocthanc (isofluranc), tctrachloro-1,1-difluorocthanc, pcrfluoropcentanc,
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preferably | ower about 0.01 g/1, and include, for
I nstance, pentane, hexane, heptane, octane, nonane,
waele@ane797d - pent ene, 2-pentene, 1-octene, cycl openusIves/061793
cycl ohexane, cycl ooctane, 1- nethyl-cycl ohexane,
benzene, toluene, ethylbenzene, 1, 2-dinethyl benzene,
1, 3- dinet hyl benzene, di-butyl ether and
di -i sopropyl ket one, chl orof orm carbon tetrachl ori de,
2- chloro-1-(difiuoronethoxy)- 1,1,2-trifluoroethane
(enflurane), 2-chloro-2-(difl uoronethoxy)- )
perfluorohedant; perflbrohepenbarecfliérsnéname gpecfluorobenzene, perfluorodecalin,
tctrachloro-1,1-difluorocthanc,
methylpepfludrobiaty tiosrt methypenrflliomisohetybatiesr, ghy pefbooeiagylaher,
perfluorononane, perfluorobenzene, perfluorodecalin,
ethylperfiRirbiybinaythen tob uiiyluetsrtaercof. The peptide-phospholipid conjugate of the
nmet hyl per f | uor oi sobut yl et her,
inventioretdiybeainiik s® tadlettey Wathhie phedphylipidrfbimingohs oherby bsitlbsr
and m xtures thereof. The pepti de-phospholi pid
envelope§ @Nihd @@t eafuldibe. ProRestly om apBousaussimisioacd fitbg petiie-
with the phospholipid formng the mcrovesicle's
phosphoBpM@bafGatei AhdldTe FE-PECE@EY. HSPE-PRGebe0)ibiflyst mepaaededuch is
suspensi on of the peptidephospholipid conjugate and of
then adnfix&EroBEkef ®itl-anBeRERRFINO riussidd c@hpriNiep ereqsthospliiliphd and
is then adm xed together with an aqueous-organic
the lyop@MakiaL QPet OPRIdEbRGald @ iphoORMIRLIcRAdarittating, e.g. form about
| yoprotecting agent. Preferably said mxing is
40°C to 8ddcect ed under heating, e.g. formabout 40C to 80C
0084] Prior to formation of the suspension of
[0084] M CT GLPR) BSrii¥ioflicTRES SisPbhsidh FMREMRBYERs G disREsiod itan
freeze dried or spray dried phospholipid powders are
aqueoust"‘c%me?,cthg Gl d fid br Pra PO HosPRSipi VBER ISR AL AEIRELYA tikh air

e aqueous carrier the powdered phospholi pi ds whose

or anotht%f,Jl %gllléc Whéh %ﬁﬁa&&?@zﬂﬂi tﬁ%1 gcpfe\%gs rhibr 8 HAWdRFERI YRk PRSI whose

nharized segnments t [ stabilize the

structurenlilacsrb%?llil BE'H%%C(? (’Vlﬁ I]f} Eﬁle@ﬂaﬁ@&f glqgn‘ﬁnga Beord Bit$ tHE LM Gtabilize
permts production of suspensions of m crobubbles that
. t - @0 - i o d
e i G s BN 305 pagRd st o
! | | h Ligpl . s and are
suspensig o P et BAST e T LRGeS TERIeREQ fligds and

I'ng or -any eﬁt
. tation. [0085 ivel. ' .
obtamecg&%%ipleg&ﬁyhgﬁ%rbé%%e%dg’lregq%rlg%sr{l%}‘l%?doprﬂé)%i;ﬁ&%m 8§h19ﬁ‘ Batbeen

stored under a desired gas) without shaking or any violent agitation.

[0085] Alternatively, microbubbles can be prepared by suspending a gas into an
aqueous solution at high agitation speed, as disclosed e.g. In WO 97/29783. A further
process for preparing microbubbles is disclosed in WO 2004/069284 , herein incorporated by
reference, which comprises preparing an emulsion of an organic solvent in an aqueous
medium in the presence of a phospholipid and subsequently lyophilizing said emulsion, after
optional washing and/or filtration steps. Some preferred preparation methods are disclosed in

the examples.
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aqueous solution at high agitation speed, as disclosed
e.g. in WD 97/29783. A further process for preparing
wore@roterbl es is di sclosed in WD 2004/ 069284 , PAIEUS1006/061793
i ncorporated by reference, which conprises preparing
an enul sion of an organic solvent in an aqueous nedi um
in the presence of a phospholipid and subsequently
| yophi lizing said emul sion, after optional washing
and/or filtration steps. Sone preferred preparation
nmet hods are di sclosed in the exanpl es.[0086] The
[0086] f or mThatfommlfigrm fon theprepamtion ofithefgasfidled agciobpplelgs may
m crobubbl es may advant ageously further conprise a
advantageyaghp ifirilea comprisea Lyophdizason hddisva suglyeran agephwith
cryoprotective and/or |yoprotective effect and/or a )
cryoprotéutlvisiang/oa dieimpiotedtire effeatrphdionn baliingmgeui, forsuemplsan amino-acid
gl ycine; a carbohydrate, e.g. a sugar such as sucrose,
such as gifding;tadarboBlitns e, g. tarsehat ek as gharoses eanhidel oploss, trghalose,
cycl odextrin, or a polysaccharide such as dextran; or
glucose, fadisie )@ laygolodstiein, asa pellyyaichatlidnmch by detirapeoga polyglycol such
PEG 4000). [0087] Any of these ultrasound conpositions
as polyeﬁlpfézhle%l;aiﬁ e.LPE@200OY. as possible, isotonic with
bl ood. Hence, before injection, small amounts of
[0087] | SOt Ok FopBes Eirimbeoafdeidiohostnyd difo BEGMar as possible,
ul trasound contrast agent suspensions. The isotonic
isotonic d8IBISod ety BéRlOH| &fibnS@hall 408 ts 6NI¥OMNIC aRath may be added
medi ci ne and they conprise aqueous saline solution
to any of SbovPuNedotnd CofRMsOh e E@peifbil. ITH isetdhidaxtii®ag: physiological
solution, etc. AddltlonaIP , the ultrasound
solution$ O5MADh iy RS ARl MiPmhe) 8BEBFist RIRETRLEHE selatiby (0.9%
acceptabl e additives, including, for exanple,

NaCl), 2‘?6’%'(%%5&&1%81@1%&%{‘5% A8 SO thtod R fA ®liSenally, the ultrasound
cry otectants, |yoprotectants, bul king agents etc.

it | QEPALLALE, Sadifivdshencluding, for
Conm0$%$8ggggﬁﬁ%u%%%tras?ﬁggenfgﬂ%?' ﬁg&?ﬁggﬁtion. The teﬁ%
example %%fsi L AT Il‘Hg(!ﬁﬁgl%sc r&é&'@aﬁﬁéwotectams, bulking
¢irnclu |ﬁﬁz%1xfures substantralty in gaseous form at
§e nor mal human body tenperature. The gas may thus
hcl ude, for exanple, air, nitrogen, oxygen, CO2
ar gon

An%r( {]oocgm%%ﬁglreyg%g %Qi’y gel weh ii&%%%%&%ﬁﬁ& contrast agents of the

agents eIE
[0088]
invention. The term “gas” as used herein includes any substances (including mixtures)
substantially in gaseous form at the normal human body temperature. The gas may thus
include, for example, air, nitrogen, oxygen, CO,, argon, xenon ot krypton, fluorinated gases
(including for example, perfluorocarbons, SFs, SeFs) a low molecular weight hydrocarbon
(e.g., containing from 1 to 7 carbon atoms), for example, an alkane such as methane, ethane,
a propane, a butane or a pentane, a cycloalkane such as cyclopropane, cyclobutane or
cyclopentene, an alkene such as ethylene, propene, propadiene or a butene, or an alkyne such
as acetylene or propyne and/or mixtures thereof. However, ﬂuoﬁnated gases are preferred.
Fluorinated gases include materials that contain at least one fluorine atom such as SFe, freons

(organic compounds containing onc or morc carbon atoms and fluorine, i.c., CFs, C2Fs, CsFs,
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(i ncluding for exanple, perfluorocarbons, SF , SeF ) a
| ow nol ecul ar wei ght hydrocarbon (e.g., containing
wo e@mod79td 7 carbon atons), for exanple, an al REMESHOON61793
as net hane, ethane, a propane, a butane or a pentane,
a cycl oal kane such as cycl opropane, cycl obutane or
cycl opentene, an al kene such as et hyl ene, propene,
propadi ene or a butene, or an al kyne such as acetyl ene
or propyne and/or m xtures thereof. However,
fluorinated gases are preferred. Fluorinated gases
C.4Fs, C4FL ) CTIBHHS, QELEBY, G at CBodiFa) andaperflueroradaes. f Thavicrhe
atom such as SFO, freons (organic conpounds contai ning
perfluoro@FBoRfefBRIt6 compbaiisabatmniag dnfyl aadromand fluasine agpys agd mcludes,
, C3F8,C4F8, CAFi 0, CBrF 3, Cd 2F2, C2AF5, and CBrd F
in particufar, @EtaRA! (hiaairaedy dnsclid perflueravapems. Tbe sttarabash
refers to conpounds containing only carbon and ]
perﬂuorof:e!uﬁ@ﬁzj,, Réhidh QRFusaslt) pracdriedeBavel the famtule Chidt2, whengmats drpm 1 to
unsat urated, and cyclic perfluorocarbons. The '
12, prefetBhyfr8Ceid Y, hd4@ E&‘E@ﬁlﬂ?rﬂi}m Bhb Ghandreden sivad pseferably from 3 to
preferred, have the formula CnFn+2, where nis from1
6. Suitatl® pé&luo%c%ﬁﬁfn@%d[ucfeﬁ P e atnPle]l CF MO, OfoC@Fg’a4§'10f Cdin,ILeF2,
to" 8 and even nore preferably from3 to 6. Suitable
r can d ¢ ch9br @xaphae cCifrisds23G,0r@
G, Gl A e ol e s e 20,
perﬂuoro'XQFbton%%%E%rda}%% 8o SodistBIRS MKt W) Bs, COFR] CERSCER,,0CFia,
a perfluorocarbon selected fromthe group consisting
CoF, wi B G fEpar SRy pORiRed, GRlakso FLFHAQOTRENGO auis3857, WO

particutarly preferred. See also WO

98/1849%&%@5@2@4%@’[@%@% Mvg ggljl %g%ggyo%/g%%gg\gg?sﬁm, WO
08/17328p b stetkimel %51%8%[&&% E}Fﬁegasieérifﬁg)gis_@?ﬁﬂlf BESBRS RO A emixture

I ona mxture w air,

.. . hitrogen, oxygen.or carhon dioxide. [0089] In certain
with air, gty ?%ﬁ%@ggfp&%gf%%éggesirable to include a
[0089] {J L Zf ;15 %gtg%xgcgac g‘%?a?logssi‘h gn%b %ead’%gl?%lgg tFincliflle W‘Hr@édr;%r toa

el onver to a gas I n vivo,

e f d.;L ; 1 . | vo, often
gaseous gllliléi%%]é}rg e(ﬁgg é&?@tg?alg:ﬁa&alf ﬁ%ﬁ%ggagéfﬁfeﬁg <gcf VA rted {oezi Eﬁsqg Wivo, oft

uces are
physi ol ogi cal | y, acceptabl e. The _gas_pr . ‘
referred ENet gwrgﬂfrs%hbf%pge&aqq% gl%e R p[rgcr}gsegr% azlx?xg ;ﬂlées Cstll 0 tdgge,s are

physiolo;ggdllyiocgepetébalgp lTEé ggse Igrteglijrgorp 853‘; Lg %f—lggcq{vg%a?pﬂ@é{-agﬁvﬂé(ﬁd
temperature activated, etc. For example, certain perfluorocarbons may be used as
temperature activated gas precursors. These perfluorocarbons, such as perfluoropentane,
have a liquid/gas phase transition temperature above room temperature (or the temperature at
which the agents are produced and/or stored) but below body temperature; thus they undergo
a phase shift and are converted to a gas within the human body.

[0090] As discussed above, the gas can comprise a mixture of gases. The following
combinations are particularly preferred gas mixtures: a mixture of gases (A) and (B) in
which, at least one of the gases (B), present in an amount of between 0.5-41% by vol., has a

molcoular weight greater than 80 daltons and is a fluorinated gas and (A) is sclceted from the
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tenperature activated gas precursors. These
per fl uorocarbons, such as perfl uoropentane, have a
w0 p@aiedgas phase transition tenperature aboveP@DUS2006/061793
tenperature (or the tenperature at which the agents
are produced and/or stored) but bel ow body
tenperature; thus they undergo a phase shift and are
converted to a gas within the human body. 10090] As
di scussed above, the gas can conprise a m xture of
gases. The follow ng conbinations are particularl
group copsigter ofedr, gaseen, nittgss; caabon dipide apfl myaBERS thayeoh ﬁ%e pynce of
in which, at |east one of the gases (B), present in an
the mixtwebemg gof Abet ween 0. 5-41% by vol ., has a nol ecul ar
wei ght greater than 80 daltons and is a fluorinatcd
[0091] gas &mdesA)cdnsaiseh bypegolhrioed gdsckpovptacsayire spesipl gforage
ai r, oxygen, nitrogen, carbon dioxide and m xtures
conditionshthed pbphilizel fratactasayobe stbwed o transpdresidrgitipag nged of
[0091] Unless it contains a hyperpol arized gas, known
temperathf doagol sRitsEedicamet andgepactnditit ong betshpplisdopliiokpitadeiand
product may be stored and transported w t hout need of
physiciahEEPp 6h 31tel FnaMRdOIntD4 rdalig-tenué admimbsitablnohspension without
particular it may be supplied to hospitals and
requiring? S8 UBEB RS hbRS sgedias bloeagdendilitiey. i Rvaferatilp imsuchadyest §-cas be
adm ni strabl e suspension w thout requiring such users
suppliedtif tHAf6EmTFAGhLcorhsyrRgekit, aghith taeimiclide elvesapryteiconineks or a
a case it can be supplied in the formof a
dual-chab¥WRr EGHIRRBE NI thb FormMticedt wiaferdbl¢ tied@ntalterde paoatsational
contai ners or a dual -chanber container. In the fornmer

septum-§&ARA WAISHEERR thelhal AMALP Ble lySpiflicanicaidht 0N lep b) is sealed
septum seal ed vial, wherein the vial containing the

with a sdp(@RMolLZ8 dhi@Sihd¥ar e 1hRIPmEY) bé fjsead ednybi BpRomdigtpsetilled
hrough which the carrier liquid may be injected using

syringe. 2 B b QR th¥ sPlifdd hdeBds 0 dA@Bnerl IF tBdISR 0Ad 688BokdAC s also
syringe used as the container of the second conponent

used thebﬁ‘%raﬂln‘ge%ﬁﬂg ad {pensf éegenjc. Nin86L 149 LRE, SRR thA@@ichahPer

tter case, preferably the dual-chanber container

containﬁl;;zss & g eég%h;a%@%ntg%%/aég%gﬁ%ﬁft%ﬂ%ﬂﬂﬁﬁzart@ﬁaé YRR IsakuEd and then

suitably m xed or

L S A L L
agent. Igg%ﬁf ctéaisggmggnso ok %}rteétiinnggor%hﬁﬂé Egﬂic%tioﬁ WEEL R bubble
forming energy into the contents of the container are provided. However, as noted above, in
the stabilised contrast agents according to the invention the size of the gas microbubbles is
substantially independent of the amount of agitation energy applied to the reconstituted dried
product. Accordingly, no more than gentle hand shaking is generally required to give
reproducible products with consistent microbubble size.

[0092] It can be appreciated by one of ordinary skilled in the art that other two-
chamber reconstitution systems capable of combining the dried powder with the aqueous

solution in a sterile manner are also within the scope of the present invention. In such

systems, it is particularly advantagcous if the aqucous phasc can be interposed between the
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form ng energy into the contents of the container are
provi ded. However, as noted above, in the stabilised
W@ 069 agent s according to the invention t heCHUE®06061793
the gas m crobubbles is substantially independent of
the anmount of agitation energy applied to the
reconstituted dried product. Accordingly, no nore than
gentl e hand shaking is generally required to give
reproduci bl e products with consistent m crobubble
size. LO092J It can be appreciated by one of ordinary
water-insskibléd g dnd thdhenvaronmtehhitto sudresse shpl Hegrafdhe product. Where'a
reconstitution systens capable of conbining the dried
material p@eskary firtfbrmting tequemtuast agehtisinohalierdy psesspy ndhogopiainer (c.8. 2
are also within the scope of the present invention. In
targeting $igahd &ysd Billgd t the shqspholipmd darihy rerdustittigpotisan pe paekaged
aqueous phase can be interposed between .
with the &iheMedrBfonensAf i kit,gasfesatdy ihe femurontpirer adepied to facilitate
i ncrease shelf life of the product. Were a materia
ready cof8RRESAKNH tBE oftef Bbmgoidnes chtht kitst agent is not
al ready present in the container (e.g. a targeting
[0093] | i gang §RciiR dohtlikeds, vialtdreoptiasiph e}stais aguequiged; the present
reconstitution), it can be packaged with the other
inventiorf QRERSvedfiodd Qoktatnerf veflef@bidaptiens. alhicosnty oequirement is a
contai ner adapted to facilitate ready conbination with
good seal PervRihele GOFMRPREN IR Rhtdih€. Kike.qubRYBT]thd\eeal pearifare, becomes
contai ners, vial or connection systens are required,
a matter BPE iR &M el YR HEQAd IR JESLaIGRRYARL dikabll@onhdtstebr,
vial's and adapters. The only requirement is a good
substanci €/ eREINE SRt NE2 REARPR asBitihd 6 B9 W GRS retehbien is essential for
quality of the seal, therefore, becones a matter of

productspsct(%}{%{'éq :ﬁ%ﬂ‘ﬁ)@é or AMcEEPFRHAL RMhstire $8Rant P& irkdpnstitution.
co a

ow undesi rabl e substances to enter the vial.

The stoplggr 1%%? P}%i&%gﬁp%g?& gyfﬂuﬁl@ccﬁﬁﬁﬁl'eh{ fo¥muMB6H BARJARInEAE ¢l8doinst, such

sén oducts stoppered at anbient or reduced

o TSR RTER P2l 2 Prove, e Lt

00941 S A RA ABo Aen Nl y prspiit
stabilizal TGP b7 G AP T IR £F SRUBB o S g (TR aunt of
phosphoz%ﬁjﬁyiljg’c $ A i% (iiﬁ tlfeq'rangeex&ﬁcl) %00 iu%/k%%o%? x§é{§1’ﬂ, fnl%%ra'lglgefrom about 0.1
to 30 pg/ke.

[0095] Ultrasound imaging techniques that can be used in accordance with the present
invention include known techniques, such as color Doppler, power Doppler, Doppler
amplitude, stimulated acoustic imaging, and two- or three-dimensional imaging techniques.
Imaging may be done in harmonic (resonant frequency) or fundamental modes, with the
second harmonic preferred.

[0096] The ultrasound contrast agents of the present invention may further be used in

a variety of therapeutic imaging methods. The term therapeutic imaging includes within its

mecaning any mcthod for the treatment of a discasc in a paticnt which compriscs thc usc of a
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phospholipid injected is in the range 0.1 to 200 ny/ kg
body wei ght, preferably fromabout 0.1 to 30 ny/kg.
WO 0@96¢798 t r asound i magi ng techni ques that canP@BEUSREE 061793
in accordance with the present invention include known
t echni ques, such as col or Doppl er, power Doppler,
Doppl er anplitude, stinmulated acoustic imging, and
two- or three-dinmensional imaging techniques. |maging
may be done in harnonic (resonant frequency) or
fundanental nodes, with the second harnonic preferred.
contrast iHRQ8H) adhie (elet foasiaduiveyndfiaditrapgeint sgeof to heelgnteseagptor or
invention may further be used in a variety of o
tissue), ahd) hERHE chfabl B HENegtingpomhie dasporidiblette rnert héiclpgigeli gffect in vitro
i magi ng includes within its nmeaning any method for the
and/or intVi €t TRMpedfic andiifgane ddfadagailgric askocited ethrihs eantrolled
the use of acontrast imaging agent (e.g. for the
localizeddRkir¥&Ioh & thd ghfiANapPeidib testdenk.¢ by ancsk ef tedltmenmgtipst at
or tissue), and which is capable of exerting or is '
high acoh §RA28SLR! @yfia18XEkherah i Hl@BE @herally eaipldyed v bowdestructive
and/or in vivo. Therapeutic inaging may advantageously
i G ﬁ‘%f[h ain8ds MR cbhgoltRinddsalibiash mag dk ng&d] for instance, for the
dwgnosgést%uc I on o%)the(bas-filled m crovesicles, e.g. by
treatmen?ﬁ@ﬁl%o fcfcﬁg] gﬂegﬁxﬁﬁ@eﬂ% Rived adbordiieBndoBiE),| aptiphabsinr e
typically higher "than the one generally enployed in
combinaf}8f! '\xﬁﬁftfaé g&%'n\é@d AiBg0ess bﬁtdb[@a@ﬂefhg;eﬁﬁ& heohs)Altckhitely, said
controlle estruction may be used, for instance, for
i BB F1e PhORG:vE R85 frRr RGN hSHAE irab S6llK BOMResult of a
therapeutztalg%g%%%ghr o ygi s§, op{y?onal Ii/atpi n co%éhi nation with
ient A8 . £l8855: 8 Rusul IRl RILBSI BPeLLb&IBEERIrst of the
ummmm&E§%¢%§§ﬁ§éﬁ§§£§%€% fherapeuti c i maging ray incl ude '
; Lh LLyer v Qb PEILHGaRIERr iR AR A& ofgenetic
m1crove§18§:a1dfhlg¥e€%¥ iqrugr?glll {e)%tﬁ Ee?rlé rdal\%% perneabi | i zat | o]ﬁfeg}tS t he
1Gel Hlar, L evel hnd ! L 284 i UbSbiftioh Reth genetic
material jiior B¢, §&lis PREonafY; gg‘%%c%‘ibcﬁ’ﬂgph@gﬁél yER 8 gompirdtion With ge
. instance, for an effective ' 3 Lk Gatient (e.c. i
ruaterialy s A G e GRS Bl G R RERL oo BPREEaignt (e in case
Iocallé delivered in conmbination with genetic
of tumopBeRtMel). { hus al | owi ng a combi ned

[0007) oA MR o e %@%ﬁtﬁ AL AYes QU ittifl s RRLan G ary SuBlstahd?,
composition or particle which may be used in any therapeutic application, such as in methods
for the treatment of a disease in a patient, as well as any substance which is\capable of
exerting or responsible to exert a biological effect in vitro and/or in vivo. Therapeutic agents
thus include any compound or material capable of being used in the treatment (including
diagnosis, prevention, alleviation, pain relief or cure) of any pathological status in a patient
(including malady, affliction, disease lesion or injury). Examples of therapeutic agents are
drugs, pharmaceuticals, bioactive agents, cytotoxic agents, chemotherapy agents,
radiotherapeutic agents, proteins, natural or synthetic peptides, including oligopeptides and
polypeptides, vitamins, steroids and genetic material, including nucleosides, nucleotides,

oligonuclcotides, polynucleotides and plasmids.
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[0097] The term "therapeutic agent” includes within
its neani ng any substance, conposition or particle
wokiochervey be used in any therapeutic appli cat PORUSEO€O061793
as in nethods for the treatnent of a disease in a
patient, as well as any substance which is capabl e of
exerting or responsible to exert a biological effect
invitro and/or in vivo. Therapeutic agents thus
i ncl ude any conpound or material capable of being used
in the treatnent (including diagnosis, prevention,
al | ety anghAnplvtichi Methods cur e) of any pat hol ogi cal
status in a patient (including malady, affliction,
[0098] di se&sb ehassooreastionsychmoy)atogEaehip pesficftionrad JPRILE apalyses were
agents are drugs, pharmaceuticals, bioactive agents,
E. Merclc@hnai grdde sayentssrora NeWBt Gepepyioa@fussChester, PA). N-
radi ot herapeutic agents, proteins, natural or
Methylp gyl dieshec(NMEP) hold D], NidinkthgifognahidgdPAF) wes ahained from
pol ypepti des, vitam ns, steroids and genetic material,
Pharmcol Meluds DE. (Biokasidd€T), ahdohee pepttd:, syalliegBryredemtlpaes,
pol ynucl eoti des and pl asm ds. Materials and Anal yti cal
water/aniVBé-HRE Bih QA9 8ladSepuueit Pipeidine@edicnbihg grhde madisttedi€0) and
purification and HPLC anal yses were E. Merck Omi
trifluoro&dedid & cRIQTYFRN(Spdctro phoMRefely diodabd @auéndtnd gladeswere,obtained
PA) . Nl\/gt hyl éy% rol Fléli none (glill\/P) a%g
from SighhaMA tH Bt COHH b RlHFR TV Ry LMV, ) WYYeSr €rd2h ted FiRbta (0hemidh Bxivision of
roducts Inc. (Brookfield, CT), and were peptide
Sigma-AINA b8SioPatiliAdENaDilsepropeiaiioaiiies (DEY, Pt o), ade-
quality. Piperidine (sequencing grade, redistilled
diisopro &1808e LHTEA YU ORERIpkSpyRilatle (TiSHwere purchased from Sigma-
specCtrophot onetri c grade or sequenci ng grade) were
i . f S 5 oGl ROH8b1oBAe AMebyradtk Bioc-Asp(O-
Aldrich %Pgﬁg%ﬁ% oﬁraﬁ dt%h ?%%i@%ﬂg%acﬁ?ﬁ Di vialgi on o b e
Serpl B9 Alyrd @i o5 D Wik hidHigle
T R e e s L PR S R
. 7 ) N p -
(HOBY) %)Iége - Sihins8 ?{oggwggéﬂlé%d gs!naﬁ DItEE CRY £Ras8arh oM, 6

rporati = c-protected am no
dioxaoc rgulr)%;af}edo(%éé%g )Qvfagl(_)'b%%asglr_fpnogg &&gméggf\feﬁ%g%%%@ﬁ Cérn%uven Life
scerce\ RS T o R O BT B e
3-phospho-ethanolamine-N-{amino (polyethyleneglycol)2000] ammonium salt, [DSPE-
PEG2000-NH,] were obtained from Pierce Chemical Co. (Rockford, IL.) and Avanti® Polar
Lipids (Alabaster, AL), respectively. Fmoc-Gly-Gly-Gly-OH and Fmoc-Gly-Gly-OH were
prepared in-house from the corresponding triglycine or diglycine by the reaction with Fmoc-
OSu. An AG MP-50 ion-exchange resin was obtained from Bio-Rad (Hercules, CA).
10099 Analytical HPLC data were generally obtained using a Shimadzu LC-10AT
VP dual pump gradient system employing a Waters XTerra MS-C18 4.6 x 50 mm column,
(particle size: Sp; 120A pore size) and gradient or isocratic elution systems using water 0.1%
TFA) as eluent A and CHzCN (0.1% TFA) or CH3CN-CH3O0H (1:1, v/v) (0.1% TFA) as

cluent B. Dctection of compounds was accomplished using UV at 220 and 254 nm. The
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di oxaoct anoi ¢ acid (Adoa) was obtai ned fromNeoMPS Corp
(San Di ego, CA) or Suven Life Sciences (Hyderabad,
wo pai7@3797Di succi ni m dyl glutarate (DSG and  PCT/US2006/061793
1, 2-di st earoyl -sn-gl ycer o-
3- phospho- et hanol am ne- N-[ am no
(pol yet hyl enegl ycol ) 2000] ammoni um sal t, [ DSPEPE&G000-
NH2] were obtained from Pierce Chem cal Co. (Rockford,
TL.) and Avanti(r) Polar Lipids (Al abaster, AL),
respectively. Fnoc-@y-dy-dy-OH and Fnoc-d y-d
purity ofWes fhgspRpityiePHGphptidseddrivetivesheacdateradpeshel ng MC -4 (SHM»
triglycine or diglycine by the reaction with Fnoc-
3004, 4.681250AmACoMRmbEr dronZerteh 300 SH-63i(3. 5wk 390RaBretbd wom
Bi 0-Rad (Hercules, CA). 10099] Analytical HPLC data
column Y¥iEa SBDEALS ligleaﬁmﬁlglEétBQOﬁ(lﬁlID)mdz\Mith e\ Oagteyter.
dual punp gradi ent system enploying a Waters XTerra
[00100] M5~ Clpr8pfats oHBOCTWRSCRIndTted (parshinhdzusi@SA Bugl plagrgradient
pore size) and gradient or isocratic elution systens
system e%iﬁig)agd Vaihes SK0-10%V BA) dasciel flead withande@hi3oht flowIHl.
FA) or CH3CN-CH3OH (1:1, v/v) (0.1% TFA) as clucnt B.
Generallyah&631:@6h chntﬁﬁnq%qﬁe dfudegepReSREPlcaditontusi regershd plitase C18,
20 and 254 nm_ Thepurity of the
, OliL RindirPFf heRbi euﬁ&ewa&w@ﬁs,mgmtmfmm@aumned to
C40rc£€&%aﬂl héfllﬁJI m%l 300A, X 250 mm colum or on a
» BB A(RraP Qfent Iyterhd QA MF)the sdlution of the crude
theprep%gflﬁégg;h%%%éx 55 Ligh Sc%?t eri ng Detector (LSD) and

' ¢4 Ye pePHAQ0d P en@hh vie: tdbto&svents and
proc{uc’[?%%%ﬁ%?"g%/a%ﬁ&g Eéhlerr%dgu LC- 8A dual punp gradi ent

solvents e}f?}ﬂggécﬁﬁl&ﬂl@ﬁg é’ﬂchgs %1@?%1’ BPMYoUV et iatddaforh ithd &slumn at low

preparatlve fiow cel|. Generally the solution

organic nggste%o é)% tlroﬁe T‘é%lg% PRREY g%d\ﬁ@tsw%)ﬁg%q 3 gradient elution of

everse ase A or col um, dependi ng on the

h 1 & urly a
o SRR e s L

deterrmﬁ%/(il%f grléa ﬁé &_] 391{11%& ﬁ%‘gcﬁgl aBQISrsﬁ r *;tﬁg cQﬁf’BMtfractlons were

reparative HPLC col umm the
ction Iv nt.s and 48 Ivents enpl oyed as dil uents,
freeze‘é‘{?gﬁogg Ejiﬁ:thg,%' ﬂﬁgad’ vve?(e eluted fromthe col um at
| ow organi ¢ phase composifion, k Biotechnol
[00101]produ %gcglcﬁf@ﬂ’sﬁ@ éls?ysrvge eé)n?f IﬁF&%lon of el uent &Y

nto el ue Pr od tain C nine
Resour | oHaéarylé]é%&eAgﬁnfeﬁ% "E\B Veln H]fg Ma?s stpeggzci J¥e! Kere obtained

from MScan Inc. (606 Brandywine Parkway, West Chester PA 19380) or obtained in-house

on an Agilent LC-MSD 1100 Mass Spectrometer. For the purposes of fraction selection and
characterization of the products mass spectral values were usually obtained using API-ES in
negative ion mode. Generally the molecular weight of the target peptides was ~3000; the
mass spectra usually exhibited doubly or triply negatively charged ion mass values rather
than [M-H]". These were generally employed for selection of fractions for collection and
combination to obtain the pure peptide during HPLC purification. In some cases fractions
exhibited dominant peaks attributable to [M-2H]/2 + 57 or [M-2H]/2 + 114 in the mass

spectrum. Thesc peaks arc duc to the formation of adducts of onc or two molccules of

40



deternined by analytical HPLC and mass spectra
anal ysis. The conbined fractions were freeze-dried to
W@e@vien7e he desired product. [00101] Am no ack@r/Us2006/061793
conposi tion analyses were performed at the Keck
Bi ot echnol ogy Resource Laboratory at Yale University,
New Haven, CT. Mass spectral data were obtained from
MScan Tnc. (606 Brandyw ne Parkway, West Chester PA
19380) or obtained in-house on an Agilent LC MSD 1100
Mass Spectrometer. For the purposes of fraction
trifluoroaSeicaetd per asidcwbaf aetpeptidat Afnr afrefuh eolivctidn of Srasiey by
spectral values were usually obtained using APT-ES in
comp aﬁn? RORtdsvifts bd HPDAEpuriies and lflegzd-tiey/imppecedsas smell gmougt of the
he target peptides was -3000; the mass spectra
isolated FHSHAolN vRashiifolved ifl MaldrY(0 Srmiy/iIp andriematd with g dedyeeicpepgeous
ion mass val ues rather than [MH . These were
N-methqugf%qﬁéﬂdﬁﬁe ¢0Bl Vg d Thidlsofiftloacldsthabized badiHIah gnd WS for final
collection and combination to obtain the pure peptide
purity res‘ElH%1 bgﬂlegp FieRWepfills AtdpRie sbRMtiSAIE 188 peSefideadtiN-omshyl-D-
exhi bt domi'nant peaks attributable to [M2H /2 + 57
glucaming l4id %ﬁ@éﬂh’i t g\/l;lﬁ*fl]/i R st7ke (WR2H]/S RETLS wilss vhlegsgeapeakthe mass
arc due to the formation of adducts of one or two
spectrum”ﬁlls%gig l8Se eE(e'dL[M—Qﬁ?@%@t[MESH?:B Gepiey whRlsteetved.of t he
peptide. ter careful collection of fractions by
[00102] OMPFht ggllé@n'g%ﬂ'-ﬁ[ﬁitﬁgdaﬁa'ﬁlpfes&%{rihé @gdi@Bgal detail on efficient
;{efge- rr!ag process, a small "anpunt of the isol ated
N < . _ y )
procesey ?seegtféaog&;&%n%ﬁ?ﬁ%ﬁ?hi%ﬁ%%%%‘ ey, B o ucamne (=
.. 0. is S ana ; PhiFendd/Bedoo
th
dimeric gep ?Q%Bﬁ%ﬂhf@i plrdgés? U“Hgg &Smﬁ ep lﬁl ll%l]?l?tég p}g&;t i dsg%{l Pe ps{ciﬁg o
S0 ions in. the pr ) - ' g
preparanﬂsp“r‘mﬁ%@ﬁlﬁﬁpﬁt%ﬁfﬁ%ﬁ@%ﬁuﬁ% e e e
. . peaks int ss.spectr j
oo SRS B SR AR D PR PR e o
tageted FRyDRO S BT BRP B0 Ot SO F o P! Alnic bindine

cesses use or obt ai ni ng 1 arge

: uantij ties. of .highl ified f oL
tests on %h}ﬂ*ElsaiFn%ffF& C'SlélEE? : ‘ﬂj%%b"%g; E&I% %x%rlnofeggﬁ%egrytgg%rﬁ}%fr{ gggdlﬁahon of
non-limtin a ' ] . '
B SRR S ey Sy L e S
odel t hese nmononel i ¢ and

EXAMPLES
[00103] Examples 1-2 below refer to the monomeric peptide phospholipid conjugate
shown in Figure 2. A process for synthesizing this compound is shown in Figure 1.
Although these Examples refer more specifically to the process for synthesizing the
compound shown in Figure 2, a similar process may used to prepare the monomeric peptide
phospholipid conjugate shown in Figure 10 and the linear peptide monomer (32) shown in
Figure 9 as well as other monomer peptide-phospholipid conjugates. Additionally, co-

pending U.S. Application No. 10/661,156, filed September 11, 2003, sets forth methods for
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di meric peptide phospholipid conjugates. These
Exanpl es al so descri be the use of such targeted
worR@roterbl es in static binding tests on PCT/US2006/061793
KDR-transfected cells and dynam c binding tests on rh
VEGF- R2/ Fc chineric protein. The Exanples further
descri be the eval uation of ultrasound contrast agents
cont ai ni ng KDR bi nding |ipopeptides in a rabbit VX2
tunor nodel. EXAMPLES [00103] Exanples 1-2 bel ow refer
to the nononeric peptide phospholipid conjugate shown
the prepatafioflTo@tHetpeptiddnpmnonessaridis irppridres( by meferdwics bewsipButd
is showmn i Figure 1. Although these Exanpl es refer
entirety. MOre specifically to the process for synthesizing the
conpound shown in Figure 2 a simlar process may used
EXAMPLE Pr epare the nononeric peptide phospholi pid
= conjugate shown in Figure 10 and Kggnlggggr nggkﬁe
Solid Phd3B BoMMBEsi§ BPHmdrPurificEliguoEL@carsPoptidp BReT c-
RAQDWW%SMQ%QWGQQI@%j(&lg@tl@sNOAaﬁAtc'r@rrgaMay,Gln-
Asp—Trp-WQ‘@Q—'N&Q-Gluﬁ-le—AB@JSeﬁ-MétQ”&iahMp—(Eﬁi—B@j;,AlE&hsfAllaé%,he-Leu—Ser—
Gly-Gly-S8RiGyieay-1hs N2 Q3N- ety fantyi-Ivgtodsyl-dradpertyl-L-tryptophyl-
L-tyro Sylpj;_@ﬁ@gﬁm—@@p&fylllhglumﬁylyId&‘soﬂﬁjﬂgh&lsu%—seth@pﬁb@Né&
alanyl-L-Qé(p a?@t—@tgﬂ%ﬂﬂ!-@é%yl-D-dr@iﬁyEDtli_ls‘tﬁiyjl-l.J_—Wﬁh&nﬁ@lﬁnﬂ—L—
leucyl—L—Fs)%ﬁ%B'&ll'\l%ﬁ%?l-gly(:ﬁE@%yl@ﬁc}Rlﬂ—lﬁsiMﬁhd@ n of Linear
Pept i de nonmer (2) Ac- )
[00104] RA@M&’EE&&%}%B@ RAeLBEEIGES-sMtb2siz¢ EENan pstblishpyl automated
Ac- Arg- Al a-d n-
protocol 68 B'SUNAW?’EYdt-B%‘@ﬁdGSynthbsizdreﬂh@éflnmPabAng-Rg pesth (0.2e
u- Ar g- Hi s- Al ‘a- Phe- Leu- Ser -
mmol/g) FMholpYottdi¥d Enindhaidd yst Dl mediated HOBt ester activation in DMF.
N—acerI-L-aIanyI-L-gIutaninyI-L-aspartyI-L-tryptophyl
The peptide sequence was synthesized in stepwise fashion by SPPS metl}ods on the Fmoc-
L-tyrosyl-L-tyrosyl-L-aspartyl-L-glutanyl-L-isol eucyl -
Pal—Peg-lf’Slrgé‘fﬁ,y piea®E oM la-1lo-RioD boany/ | Thepdrainylacid couplings were carried out
L-aspartyl - L-gl utanyl -L-Ieucyl -L-arginyl -L-histidyl-L-
with a 4.30RWX%Leds RBEBY halRMdid bdete PIC-HOBt reagent pair in DMF.
L-sery?-glycyl-glycyl-egcyI-egcyI-egcyI-L-IyS|nan1d
e [0 i . K lixa I ORI 0f(d2y DMIB per gram of resin
001051 £ e ot o0’ T &

was used. The total volume of DMF, calculated on the basis of resin used, was allocated
among amino acid, HOBt and DIC for solution preparation. For example, for the synthesis
involving 50 g (10 mmol scale) of resin, the calculated volume of 250 mL of DMF was
distributed among amino acid (150 mL), HOBt (50 mL) and DIC (50 mL). The amino acid
vessel on the Sonata Pilot Peptide Synthesizer was charged with the solid dry amino acid (4-
fold excess with respect to the resin). At inception of the coupling step, the software of the
instrument was employed to deliver successively the chosen volume of DMF (for dilution of
the amino acid) and HOBt (4 eq.) in DMF and DIC (4 eq.) in DMF and mixing by nitrogen
bubbling was initiated and conducted for 4 min. This served to pre-activate the amino acid
and to insure complete dissolution of all components of the mixture. After activation, the

software mediated the transfer of the solution of the activated Fmoc-amino acid to the
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protocol on a SONATA(r)/Pil ot Peptide Synthesizer
usi ng Fnoc- Pal - Peg-PS resin (0.2 nmmol/g),
wWo-2weAHEnt ect ed am no aci ds and DI G- nedi at ed HEBt/USRDE061793
activation in DW. The peptide segquence was
synt hesi zed in stepwi se fashi on by SPPS net hods on the
Froc- Pal - Peg-PS resin, typically on a 10 nmol scal e.
The amino acid couplings were carried out with a
4-fold excess each of amno acid and the DI C HOBt
reagent pair in DMF. [00105] In a typical coupling of
reaction eesselrmontring the Bsinl Adterdrapsionmap e@mg&ﬁﬁheﬁ'easé@g wigs ggidated for 3
used. The total volunme of DWF, calculated on the basis
h with reofirrerg siitnogesduipblims AFtentwtlel couping tamd. e weingvasiepthed
and DIC for solution preparation. For exanple, for the
thoroughsy atitha3& (G nviolgy 6x)grrEthg clebOagef]the Eabejgrodp wes performas with
cal cul ated vol une of 250 nL of DMF was distributed
25% pip@&iiding iraDMIo(Sanlz)(cbhtinthy HOBBYD. (MD(21)0 miy). Db r¢80 was
m.). The am no acid vessel on the Sonata Pil ot Peptide
thoroughBy Mablesi wil DME (8 hdl/gesk)wb bisuideomspletedethoyalarfi miperatinglfrom
(4- fold excess with respect to the resin). At
the resiniifl pesplatRondbr thB@nsibP ki &die Rouplhg. dothicerse obFntoeeGly-Gly-
i nstrunment was enployed to deliver successively the
Gly-OH @Ha $8&b MGl -of 1, BN prefaetivatidriini the amindt dvéd battleovaaio)
and HOBt (4 eqg.) in DMF and DIC (4 eq.) in DW and
conductdl Fi JHe¥ nithihieg & Dubkibhgr d@stopipetdzatcathrmgdhe activation time
conducted for 4 mn. This served to pre-activate the

as discu®Bl APHRGEA. AMErdidre] MSUER: GRITAE, ehetNofiidng of @mimf add,| HOBt and
conmponents of the m xture. After activation, the

DIC wersdi¥R I LhBRicabs delsbPsdqumed Bl andfthd BSuplibprodRs Gfas toiRducted
activated Fnoc-amno acid to thereaction vesse

with “in SUM fhiQhigh the resin. After transfer was conplete the
vessel was agitated for 3 h with recurrent nitrogen

bubbl ' AR LN VB Erina
001061, e L Ty T R L& TG, ) e e
. l.eav Eoms f W Wi
amino s SBT3Ee 8 H\ GBS AR MER 8 DVE

(vide Slfﬁ’il‘f?‘g fﬂ% %—‘;g?rginég gfljn%ov\@éd TleQ ﬁ%ﬂ%h%%dg?f %?Qni@h{ int%sﬁgf prepared

sure conplete re pi peri di ne
o RS 5 o PGPS S0 BREA B AR GO e
ml/g O%g?i%l},g %%(E n%%tq_'A'&e% Qoemee%fag Gk jtﬁ/eegeipgge E}%‘Jl&%, A QA Areated
with the cleavage cocktail, ‘Reagent B’ (TFA:water:phenol:triisopropylsilane, 88:5:5:2,
viviwlv) (10 mL/g of resin) for 4 h. The volatiles were removed and the paste thus obtained
was triturated with ether to provide a solid which was washed with ether (3x) with
intervening centrifugation (to compact the suspended solids in order to allow decantation of
the supernatant) and then dried under vacuum to provide the required peptide as an off-white
solid. A 10 mmol scale synthesis of the linear peptide monomer (2) gave 33.82 g (103% of

theory) of the crude peptide. The greater than theoretical yield was most likely due to

moisture and residual solvents.
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conducted in order to mnimze the formation of
di ket opi perazi ne during the activation tinme as
walk@mene®ed in the text. Therefore, in these t WCTDHSHES6/061793
the solutions of am no acid, HOBt and DI C were added
to the reaction vessel sequentially and the coupling
process was conducted with "in situ' activation.
[ 00106] After chain elongation was conpl eted, the Fnoc
group of the N-termnal am no acid was renoved in the
standard manner followed by the standard wash wi th DV
PurificatioviofehsUprea) Pepthie Nibte@neri(Baicam no acid was t hen
RAQD WY DEIL VA D QA RHAFLIGCIGGEKSKHy ($E@FRNEQA. 2k étophea-dmClo-
Asp-TrpHystTyreA {0 GhMIIadatui Seravibly Ata- dep-Dn-I25MpHHis-AlvdPIo-D e HET-
Gly-Gly Bt GliynGONEY SNHo/; gNabetiyBEFaldnyl A -gl@@niny hL-dSbttléyl-L-’Fryptophyl-
L—tyrosypﬂffpfc%y'l-QJ_’-hs@ﬁrtylhE—glﬁﬁmyHE-isqlmdyé-lﬂj-ke,ucylhle-w]a'é-ﬂﬁmﬁlgonyli-
alanyl-Liasat@d ‘ehithmyhe-leldy aggingdekhiatidyl-1 ReagbhtphBhylalanyl-L-
1eucy1-L(s$§/Kga@&ﬁrglwwggldyt-glybgpggyeﬂylaydimm‘,de88: 5:5: 2,
viviwv) ( 10 nmL/g of resin) for 4 h. The volatiles )
[00107] Wer e X e0uvegoaind of e radé Endanpepiide monementdy was dissolved in a
triturated with ether to provide a solid which was
minimuiasiedt F CRLeNner0 @aX) Thetvolime ef thersohgionevrsradfustgst toord 00 mL
(to conpact the suspended solids in order to allow
with wade s@Dbabidymgf tHifiepusnpienatutiph waaridadddemtals redrsgd gbase C18
vacuumto provide the required peptide as an off-white
preparatf@! do%mﬁ{%tm"l‘&%@' Taef WS 028] 50 af 3000%, 0 n250 mpeFtavdeate 100
nmononer (2) gave 33.82 g (103% of theory) of the crude
mL/nﬁnf%EMh%g bERR o QAliBbratddaith NERr EHICRin Watdr O MES TRRSL The
I kel'y due t0 noi-sture and residual
if | | ldNBaE a tide oMERQERIple solution.
cotumn §5 MDA L e e 7 52 T v
] K i X i ition of the eluent was
After th g%m@%ﬁglro%sgggg?d qulle Icgl-u Elend }}gecro-m C{S- Al a- Asp-d n- Le
ramped f5 %99\)_&{35(?161‘9&5%' 1o2Yr B8 bver@ Hhinlata @ idietd Yralletr 4Fatdds

0.6%/mis SSEYER D ALAPEAY b8 WHATONYh TEA WA ih¥fatdd dbiRAiRRME for 50
. - | -L- | - - =] - -] - -
min. Fr%gt}ué&?@% pE:L)S\tg%/r%lorg’ Pﬁ%}’ %c‘c)’ll?e%ﬁd}/{s&#%%;}fétwlmﬁaé SO IRHGYdrof

I on
L- | - L-qgl | - L-| l - [ = 1St ] .
product glhg%{;f []L@/epfr?ilﬁg‘Fg&%% r}sLxT/eerg: (%)r?x?lyzé‘d 84 diP¥rs s 5@%1%31
reversectiak?aesre)g—-l g |c>c/>{:u>rlllni 8" pylg:a¥’tlic_1g,l lyﬁ%sI f)(9r|e¥ gﬁq in%ld gtyéoh%éillli%g Ifr%%ﬂbrgs of

>05% purity were pooled and freeze-dried to afford the corresponding pure linear peptide
monomer (2). Typically the purification of 0.5 g of crude (2) afforded 0.12 g (24% yield) of
the desired product (>95% purity).

EXAMPLE 2

Preparation of Monomeric Peptide Phospholipid Conjugate (1) Ac-
RAQDWYYDEILSMADQLRHAFLSGGGGGK(DSPE-PEG2000-NH-Glut)-NH, (SEQID
NO. 1); Ac-Arg-Ala—Gln—Asp-Trp-Tyr—Tyr—Asp-Glu—lle-Leu-Ser-Met—Ala—Asp-Gln—Leu—
Arg-His-Ala—Phe—Leu—Ser—Gly—Gly-Gly—Gly—Gly-Lys—(DSPE-PEGZOOO-NH-Glut)-NHZ; N-
acetyl—L—arginyl-L-alanyl-L-glutaminyl—L-aspartyl—L-tryptophyl-L-tryptophyl-L—aspartyl—L-
isoleucyl-L—glutamyl-L-leucy1-l—serinyl—L-methionyl—L—alanyl—L-aspartyl-L-glutaminyl—L-
leucyl—L-arginyl—L—histidyl-L—alanyl—L-phenylalanyl-L—leucyl—L—serinyl—glycyl— glycyl-glycl-
glycyl-glycyl-L-lysinamide
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[00107] A ~0.5 g portion of the crude |inear peptide
mononer (2) was dissolved in a m ni num anount of CH3CN
W@ 200/06119y2 The vol ume of the solution was adj uBCEUS1006/061793

-100 nL with water and enploying a third punp the

sol ution was | oaded onto a reversed phase Cl18

preparative colum (Waters, XTerra(r)Prep M5 d 8, 10

m 30gA, 50 x 250 nm flow rate 100 rnL/m n) which had

been pre-equilibrated with 10% CH3CN in water (0.1%

TFA). The columm was not eluted with the equilibrating
[00108] €l Uenhe Sdhbingriappptideitiosphalipid benjeguip(1D, sot ut i on.

After the sanple solution was applied to the col um,

RAQDWYRD LR Mnﬂmeﬁmsm%@apwma»@g%mz (SEQ ID
CH3CN- wat er 1%TFA) over 1 mn, and a |inear
NO. 1), vk digRRld RSt (8), 806 dTifariOk CGid3Ebhq0nidem¥mayNHSester of

water (O. @6 A was initiated and maintai ned for 50
peptide rrmaneE E%C WHANSSEE-PEaiooovneHe phasphislipiyl agohbeatreitd).ng
0 nmas an indicator of product elution. The
[00109] © °' i %%ﬁﬁ‘d b A6 i @ M MBE B S8R M BthoBeti Astibifae nad ¥feumaap was
anal ytical reversed phase CG1 8 colum (5m particle,

charged s]eégéltﬂﬁ SYiefah ﬁ?%%&eﬁ@%ﬁhm (7 15a6l), alisucofnimBy¥glutarate

re pool ed and freeze-dried to afford the

(DSG, 0 %9 %r & %F Mbﬂ Unf EiSoprbPERMyRERKE (R 10BNOTB mi0d)) with stirring.

icall e purification of 0.5 g of crude (2)

Solid hn%l}g)gg)‘i’c? d&n&%ﬁ%&%%@%@)ﬂ]&&l)w@ +48sd pediopkagis the above

urit 2 Preparation of Mononelic

Pepti de. B Ay, OO HIRAs btlkedor 30 min at ambient
solution pg m@%ﬁ%“oﬁ% SE5EEEK( DSPE: PEG2000- NH- G ut ) - NH

temperat}i‘lée 258 I'Sleth& xk%re vsi_as dlli;ted to ~ 50 mL with anhydrous ethyl acetate; this

yr-Tyr-Asp-d u-1|1’e-Leu- Ser - Met
resulted N@reﬁ?ﬁtg’cﬁn ogrllflxe fitgrmediate gpanodVHS geter @), the glutarie a(c1[<):'ls e
monoarjden 62819% S, %f;;l)eptl%é l'j't%ggnle% gﬁ) l’_I‘hgssogJﬂon yas centrifuged fo bring
o T BT P R s

decanteq_gg];a;t%ﬁ 9c|)m laﬁ%:@ mlH%nOEo m%y?teﬁ_(% wg%%/ w S a%/a[m d1s|pgrjgc)1/ n ethyl
acetate, lEen%reiir:ul.ggg g lw)gl(s: ld_ t%wxg ereg‘!oyrem vg ﬁ}/e remaining traces of DSG. The
solid intermediate mono-NHS ester (3) thus obtained was dissolved in anhydrous DMF (10.0
mL); diisopropylethylamine (0.10 g, 0.78 mmol) was added; and the mixture was stirred.
[00110] Meanwhile, DSPE-PEG2000-NH; phospholipid ammonium salt (4) (0.38 g,
0.14 mmol, 0.9 eq.) was suspended in dry dichloromethane (2 mL) in a separate flask and
trifluoroacetic acid (2 drops) was added to protonate the phosphodiester oxygen facilitating
solubilization of phospholipid ammonium salt in dichloromethane. The clear solution was
then evaporated on a rotary evaporator to remove the volatiles and dried further under
vacuum.

[00111] The solid phospholipid ammonium salt (4) was dissolved in DMF (5 mL) and

transferred to the stirred solution of mono-NHS cster (3) and the resulting mixturc was stirred
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gl ycyl - L-1ysi nam de[ 00108] The nononelic peptide
phosphol i pid conjugate (1) 5Ac-
WORRQDWYDE! L SMADQL RHAFL SGGGEGEK( DSPE- PEG2000- NHC/US2006M61793

2 (SEQID NO 1), was prepared by conjugation of (3),
the glutaric acid nonoam de nono- NHS ester of peptide
mononer (2), wth DSPE- PEGRZOOO NH2 phosphol i pi d
ammoni um salt (4).. [00109] A round-bottoned flask
equi pped with magnetic stir bar and septum cap was
charged sequentially w th anhydrous dinethylforman de

for 24 h 7arBbieh) temgieswei Abgirehetiogmixbrawes dibsed t© 190Gy, wghzsl:1
nmol ) and dii sopropyl ethylam ne (0.10 g, 0.78 mmol)

mixture of CH:OH and Gig:CSowair (1:hewv) pebihe desolmbienwere(jer¢d). Half of the
0. 152 mmol ) was added portionwi se to the above

filtered sobbtivn was lowdrd entpemreoatsaf pliseriCA prefuestivievoligon (KicompsiaPrep
stirred for 30 mn at anbient tenperature. The

C2, 10 1, 8804, 30 x50t mhe) wieish Hid béeathre@quilibated wivhit3nl aniyohixause of
ethyl acetate; this resulted in precipitation of the

water (0l 1% €F AR gh ACELOPROENBN @st,8/v,(03)%THEAS agd Bbrate ITI00 mL/min.
nonoam de nono- NHS ester of peptide nononer (T). The

Note tha%z @ljlé"édl%n%% o€ th{édfwlﬁﬁ thd éa%klmr%gi@mhﬂmﬁag RS behe
3)) as a colorless solid. The supernatant containing

sample. e}iﬁﬁslﬁe D6 Masniisa %&qugac{erd‘%% EOEnmORARiREd Satt Me equilibration
nono- NHS ester (3) which was again di spersed in ethyl

o SEDAH {408 0teaN R HRM b 68 tHEMIRerlt v d5@BRPEI to 70%
eluentujqﬁle&l@g’?rual ni ng tracegteof DSG H%@Sel solid inter rregl atréS ?

CHgoﬂ{Elﬁg;:dﬁ“t@le 564 T(li%? ovdel @Smﬂlbixﬁ' ﬂ%ai“@?ad%? 590 \779%/@ of CH;OH-

rous di i sopropyl et hyl am ne (0

e fygfo MR 5P S
(15 mL) @E‘x%%(%ji'é’%é@h&aé %h(f as &1?11 of %d%ﬁ@&u&loﬂ\.’aﬁracﬁons were

suspen or OITE ane a separate

Chcc}{cap%"BPBﬂ ch1 %1{1%‘{ bﬁ Eﬁ%geegﬁ%rm gxygenrflgl? FWFat | gj%%dAté% x 250
S 'aﬁ@%ﬁ%?@”w%%%‘%ﬁ%%ﬁ AR pih). e
detector\%mslﬁol}r fi\%égsdeé’%glogqc{ t@ ﬁbgﬁo@g@{;ﬁs&glgﬁ"d ammonium salt
(4) which has very little UV absorbance at 220 nm. Product-containing fractions of >98%
purity, and devoid of DSPE-PEG2000-NH; phospholipid ammonium salt (4) were combined
and concentrated on a rotary evaporator to reduce the content of CH;OH. The concentrated
solution was then diluted with 10% CH3;CN in water until a faint flocculent precipitate
formed. The resulting solution was freeze-dried to provide monomeric peptide phospholipid
conjugatc (1) as a colorlcss solid. The sccond portion of crudc monomeric peptide
phospholipid conjugatc (1) was purificd as described above. The combined yicld of the
target monomeric peptide phospholipid conjugate (1) was 0.40 g (47% yicld).

[00112] Examplcs 3-5 below refer to the dimeric peptide phospholipid conjugate
shown in Figure 5. Representative methods of synthesizing the dimeric conjugate are shown

in Figures 3, 4, 6, 7 and 8.
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[00111] The solid phospholipid amoniumsalt (4) was
di ssolved in DMF (5 nL) and transferred to the stirred
w@doanemm of nmono- NHS ester (3) and the resul tPEIUS2006/061793
m xture was stirredfor 24 h at anbient tenperature.
The reaction m xture was diluted to 100 nL with a 1:1
m xture O CH OH and CH3CN-water (1:1, v/v) and the
i nsolubles were filtered. Half of the filtered
sol ution was | oaded onto a reversed phase C2
preparative colum (Kromasil(r) Prep C2, 10 m 300 A,
EXAMPRE X 250 mm) which had been pre- equilibrated mﬁth 3 1
(v/iv) mxture of water (0.1%FA) and CH30OH CH3
Solid PhasoBynthes BBRPSHICyglization ped Buigficatiog offLM@mmcrl\BﬂéldPh é’cz) Ac-
AGPTWECHEDEBWYAC RS- F{OE CEGK [Edivindehl-NRe a8 (1Di4s-at i ng
VC*WEBBWEAGEME TFR)Y DB&iGig(Adoar-AdodNpPke. After the sarrpl e

sol uti on was | oaded the colum was washed with t
[00113] eqw Thisrlimepopeniidgevera sypihesigpd by |da§bfé¥>hétbr9¢ Wdémreaocol on
% conposi tion of the eluent was _ranped to 70%

% CH
a SONATAS (RGN qptide Syothesiperaysing Bmnog-Pyi- Besaﬁé Tgsip K%amnol/g), Fmoc-
gradient of 0.75% min of CH3OHCH3CN (1:1, 0O.1%FA)
protected arninowidsr anddDECLETPRAYA O Bt Rbter 2atbgtion DY £ ‘61@6 peptide
mn. Fractions (15 nL) were collected usi % é220
sequencewr) thad moc-PadPeaPd resid wps sxtuibesizadinistpwirrigehips Ry SREPe
checked for purity on an anal ytical HPLC system
methods ¢tgmitaltynon ¥ B nGnd] scalem THRGENIAY adidgooxp B waspartist pyt with a 4-
at 220 nm and an evaporative |ight scattering detector
fold excdskleSED) of athimol a&id ard HEI-EQBrre¢gEnsD) DM enpl oyed to
det ect DSPE- PEG2000- NH 2 phosphol i pi d amoni um sal t
[00114] (4) \ihiactypicabcougtivg bf &4 heidd\acib sothbapqeenat, 220 afigcy DMF per
Product -contai ning fractions of >98% purity, and
gram of B8itDWas afedDIN=-tFREGRARNAD YRosgibdhicdio therbams offmesialused, was
(4) were conbi ned and concentrated on a rotary
allocateEMBPOE Bindio 46d,FEOBEend DEC dandobutionGrepidalibn. The example, for the
concentrated solution was then diluted with 10% CH3CN
synthesi$ hvoBELE 50Rtdflresin ftht BilchlbRdcihent oP2ET il dfaDRIH wandistributed
The resulting sol ution was freeze-dried to provi de
among aﬁﬁﬂ@ AEHi (¢ 50 eft) HOBTes B19/dnpits CC@0j Rt Ehd dthindsacil vessel on the
colorless solid. The second portion of crude nononeric -
Sonata @’@IBEP iRNOERRG AP nids € n%ékga"itﬁ thd JolWB&ryRiihb keid (aold excess

descri’bed above. The conbi ned yield of the target
with resPR W BI r@mﬁ? pA{ fRepiRsiRe ERiing QRipY 8t @iokdn valasic @ BMF and

47% yi el d
HOBt (4 eq(.) in DI)\//IF and DIC (4 eq.) in DMF were delivered successively and after each
delivery mixing by nitrogen bubbling was conducted. After the last reagent was delivered
mixing by nitrogen bubbling was initiated and conducted for 4 min. This served to
preactivate the amino acid and to insure complete dissolution of all components of the
mixture.
[00115] After activation, the solution of the activated Fmoc-amino acid was transferred
to the reaction vessel containing the resin. After transfer was complete the vessel was

agitated for 3 h with recurrent nitrogen bubbling. After the 3 h coupling time, the resin was

washed thoroughly with DMF (5 mL/g, 6x) and the cleavage of the Fmoc-group was
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[00112] Exanples 3-5 below refer to the dincric
pepti de phospholipid conjugate shown in Figure 5.
wReprecmmnt ati ve net hods of synthesizing the diPEF/U82006/061793
conjugate are shown in Figures 3, 4, 6, 7 and
8. EXAMPLE 3 Sol id Phase Synthesis (SPPS), Cyclization
and Purification of Mononer Peptides (12) Ac-
AGPTWC* EDDWYYC* W.FGTGGEK[ K(i vDde)]-NH 2 and (13) Ac-
VC* WEDSWGEGEVC FRYDPGGGEK( Adoa- Adoa) - NH 2 [00113] The
| i near peptides were synthesized by an established
performedul g BS Echiperidine ol DMF & SO TAGRninEHQBt (OeptD) thex 10 min). The
Synt hesi zer usi ng Fnoc- Pal - Peg-PS resin (0.2 nmmol/g),
resin wad{BERIAlEEhskdaniinDME (sl AgbxDE asye conalete@Bnowa sy
activation in DMF. The peptide sequence on the
piperidineTRSin B rehl@dn PEepagsion fonthesyniihg sinisdadid couplpw. so the case of
fashi on by SPPS methods typically on a 10 mmol scal e.

Froc-Glih61y, a0l 0 R& P &Rl nGlyWaH, therpie-acdi Gionin tie amibo abpl pttle
éxcess each of amno acid and DI C-HOBt reagent in DW.

was not cSHILAAH ih Brddr by Rikiddiz€ B Fbimgioafofalikacpiperaamicdiuring tthee
sequence, 5 nL of dry DMF per gram of resin was used.

activatiohfnd & B5cuéMIHIBLE texlPMPherefdre,Uh #ead 100 chits, thasbhitioh of the
resin used, was allocated anong am no acid, HOBt and

amino a&, Q—If)@rt an@ blt}' WeeRagdAhe %hctl&ﬁ){fes@m{l@naﬁlgranﬁhbe coupling
synhthesis involving 50 g of resin, the calculated

process %Qé ugted%(ph i @ PYRaMeS Akst éﬁéDxU tRdgaitngaacomgleted, the
. m), HOBt (50 nL) and DIC (50 nL). The am no

' ﬂéémﬂlb Qaatv@(;&é &iddah tReghh@led Bydtinbesilloekd by
fmoc gr 6¥t§§§ %hﬁﬁﬁg solid J?y amno acid (4-fold

) A8 Sdrinal Anih & G6ALYQthe cdpped by
the Stm£gé§§%?%gdlgr%%&s§ﬁ Lh)gsen \?ol une %?‘ DMF and HOBt (4

treatmenethn%h KO \?‘Z/F repd élI%IC%ﬂeﬁlo qn%]ctdr@ (R Y&Rkie HBeldy®s, ed25M DIEA

essl yran er each del'ivery m xi ng by

and 0 Og&gg—g%l?{] qﬂlglgz’ | Q\%é?’gg’f?n&%ﬁfgkgg nrlljlaz 1; grge:'lhgulbgff ng was
ool SRR e g Br TR LY b oo
monomgrI pse?)gld gst (ng‘l ?Inoguxd caSRAHE Igltnﬁc ifys&bﬁde) as required) was
accomplished by first removing the ivDde group of the e-amino group with freshly prepared
10% hydrazine in DMF (5 mL/g of resin - 2 x 10 min). For appending of Fmoc-Adoa or
Fmoc-Lys(ivDde) the coupling time was increased to 10 h. After completion of the peptide
synthesis, the resin was treated with the cleavage cocktail, ‘Reagent B’

(TFA :water:phenol:triisopropylsilane, 88:5:5:2, v/v/iw/v) (10 mL/g of resin) for 4 h. After
evaporation of the volatiles under vacuum, the paste was triturated with ether to provide a
solid which was collected by filtration washed with diethyl ether and dried. A 10 mmol scale
synthesis of (12), Ac-AGPTWC*EDDWYYC*WLF GTGGGK[K(ivDde)]-NHa gave 30 g
(103% of theory) of the crude peptide. In the case of (13) Ac-

VC*WEDSWGGEVC*FRYDPGGGK(Adoa-Adoa)-NHy, a 10 mmol scale synthesis gave 28

48



m xture. [001 15] After activation, the solution of
the activated Fnoc-am no acid was transferred to the
WO 2@ecn6Tm vessel containing the resin. After tPENESM®N6/061793
was conplete the vessel was agitated for 3 h with
recurrent nitrogen bubbling. After the 3 h coupling
time, the resin was washed thoroughly with DMF (5
nm./g, 6x) and the cl eavage of the Fnobc-group
wasper formed with 25% pi peridine in DMF (5 nl/g)
containing HOBt (0.1M (2 x 10 mn). The resin was
g (107% éfeqyybf yrudaphaitiowi Tie dostey thamihegretior) vields arsmest likely due
conpl ete renoval of-piperidine fromthe resin in
to moistufy #RaksHhanofventst he ensui ng ami no acid coupling. In
the case of Fnoc-Ay-Gy-Ay-CH and Fnoc-Ady GI%
t he py&liAtbhbatHedrintar DHeEystrina Bepiidad toémchemaé foPeptides
conducted in order to mnimze the formation of
[00117] di Ket9pliPgikarids pepliddsngert pecpacdd fvahitoncdrravpording linear di-
di scuSsed in the text. Therefore, in these two cases,
cysteine f)egﬁ 1 dSObYDINISO Assibiee oxfbafion aging, DIVSBYwated (VL wie). éThe crude
ded to the reaction vessel sequentially and the
linear pe UL A B s RTRLIGS Shd\estv SRR GLre 5 WLYE) inianvidle tmbuth beaker, and the
ctivation. After chain elongation was conpleted, the
Ns herint a@dmamrbmnmqmnml-]begmmnem
pHOfthéiy&éﬁﬁﬁ?Kgﬁsﬁ%ﬁﬁer fgl | oned by the standard wash with
portions. DMl:e gegﬁg g SUREAS wad BErBH F§I¥ @ andTeiiQe@péEtusas Thé eolution
y EfTeat ment Wi t h freshly prepared acetyl ation
188 miLrudwhd Skl RAA Kind 1M solid
was then%rte%\%t%g&é%ﬁﬁgt(;@gnglfngyg{sdl n)@ 2% 50 mn. [00116]
{ SRR G PHR dRth{-ettedrihd dkied.
cyclic dliuqﬁgé ggrml éﬁgedgﬁg?tg& bg%rrgﬁ%rrer peptides ( valq th

Frmc ﬁd%ﬁg%l %gﬁdlfang&gppg%a{elsdee) as required) was

accorrp rst ving the ivDde group of the

Peptid WPII‘M:%Eﬁﬁm(?m@@ﬂ%’@mm(@meﬁ-mm, Ac-

A?I;—l(}le stin )i;'OT s—T FOL c@ PRl Thrafiy-Gly-
it

L&
- e coupling time was
Gly-Lys L&% ease 2 fgpﬁ ter conpl eti on of the peptide

[00118] SYnt h&&b% g&%oﬁ%'tﬁb Yade by aal @shiIRilé Pegitie mbmavagqe2) was
cocktail, eagent B

PRY S ThaRBlun&BefHthd sdlution was
dlssolve&;fﬁﬁ'ﬁ‘ﬁ@ﬁ{mQﬁl%ﬂ?goiglfbivirﬁ?ﬁ) fgr haH uAfter sdlution w

adjusted to ~100 mL with 20% CH3;CN-water and employing a third pump, the solution was
loaded onto a reversed phase C18 preparative column (Waters, XTerra® Prep MS C18, 10 p,
3004, 50 x 250 mm, flow rate 100 mL/min), which had been pre-equilibrated with 10%
CH:CN in water (0.1% TFA). During application of the sample solution to the column the
flow of the equilibrating eluent from the preparative HPLC system was stopped. After the
sample solution was applied to the column, the flow of equilibrating eluent from the gradient
HPLC system was reinitiated and the column was eluted with 10% CHsCN-water (0.1%
TFA) until the DMSO was eluted. Then the eluent composition was ramped to 35% CH3;CN-
water (0.1% TFA) over 1 min after which a linear gradient at a rate of 0.5%/min CH3CN

(0.1% TFA) into water (0.1% TFA) was initiated and maintained for 50 min. Fractions (15
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evaporation of the volatiles under vacuum the paste
was triturated with ether to provide a solid which was
waeoeiozeered by filtration washed with diethyl epP¢EUSHNE061793
dried. Al Omol scale synthesis of (12),
Ac- AGPTWC* EDDWYYC* W.FGTGGEK[ K(i vDde) ] -NH 2 gave 30 ¢
(103% of theory) of the crude peptide. In the case of
(13) Ac- VC*WEDSWECEVC * FRYDPGGGK( Adoa- Adoa) - NH2, a 10
nmmol scal e synthesis gave 28g (107% of theory) of
crude peptide. The greater than theoretical yields are
mL) werenpsinublik edNectrdeusing Wi «1200 amamday wdicdtmiof prdpehelytion. The
Cyclization of the Linear Di-Cysteine Peptides to
collecteddyadtions Bicseihidl gedRent Wehizs's KR rh Zhalgyichl revatbesi plase/e-18 column
pepti des were prepared fromthe corresponding |inear
(5p partitiieg Y21R poee) pagprathet-bynt HVEE frations ef>dXiogaritowersgiasded and
DMSQ wat er (95/5, v/v). The crude |linear peptide was
freeze-dléSR0lfRed thdcdhapsnling oy cliv disuifide pEptide/rgyndomer( 1. Jeypically
nmout h beaker, and the pH of the solution was adjusted
the purific@tiSn 5f DY & bEcrade pepiife mdnddri(12)\fiimtibg D10 GOl gividof the
in portions. The resulting m xture was stirred for 36
desired flo@ict@PsRHurit@yper at ure. The sol ution was then
diluted with acetonitrile (50 nL/g) and the m xture
Peptide NRBofel (19N E-VCAVRDSW GGEVKOIHRYY DY GG EK (h dal- Ale)-NH; ; Ac-
Val—Cyspﬁﬁ}tGﬂleAg-Seﬁ—qirﬂ)—Qﬂﬂf@y@uf‘l’él?@ﬁirPl@e{lArg\Hth-@d;pWrblGly—Gly-Gly—
Lys(AddiRubyINED, hescria el 19y igaifidbur i f1cation of Monomer
Pepti des Peptide Mononer (12)
[00119] AC- AGRINiERINIICE W r ST 6Iadk & fdrvibe €JHIL-(Npiufication of peptide
Al a-d y-Pro-Thr-Trp-Cys-d u- Asp- Asp- Tr p- Tyr - Tyr - Cys- Tr
monomd (2§ ihfORuaScycliddiséiide GEptideGhyndnial (gphicvDde) ] - NH 2
cyclic (6-13) disulfide [00118] A ~0.5 g portion of
VC+WEDSWGIE¢ ce YRV 5P GeiK (Aidde- Ry Nde, (o graisso(ed)in@a% CH3CN-
: di ssolved in a m ni mum anount of DMSO (~3 nlL). The

water mpHETR 0@ nth NPasSiBhadd Sflo WasyeashdusiasslCll® prepldfhtivk colulnin (Waters,
20% CN-viat er and enploying a third punp, the

XTerra@ﬁlegtﬂag 6 480 OBREHN 010 Q FArki QY. eI00R0p B 286w €8 100 mL/min),
preparative colum (Waters, XTerra(r) Prep M5 C18, 10

which bl 8%%@52%%3.}?‘%%9 gﬁﬁdl% ;ﬂgﬁicg&@. 190TPAY [ Witer Wi % e
During application of the sample solution to the column the flow of the equilibrating eluent
from the preparative HPLC system was stopped. After the sample solution was applied to the
column, the flow of equilibrating eluent from the gradient HPLC system was reinitiated and
the colummn was eluted with 10% CH;CN-water (0.1% TFA) for 5 min. Then the eluent
composition was ramped to 30% CH;CN (0.1% TFA)-water (0.1%TFA) over 1 min and a
linear gradient elution at a rate of 0.5%/min of CH3CN (0.1% TFA) into water (0.1% TFA)
was initiated and maintained for 50 min. Fractions (15 mL) were manually collected using
UV at 220 nm as an indicator of product elution. The fractions were analyzed on a Waters

XTerra analytical reversed phase C-18 column (4.6 mm i.d. x 50 mm, 5u particle, 120A pore)

and product-containing fractions of >95% purity were pooled and freeze-dried to afford the
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CH3CN in water (0.1% TFA). During application of the
sanple solution to the colum the flow of the
weeowilostorat i ng el uent fromthe preparati ve HPLECBHYS1006/061793
was stopped. After the sanple solution was applied to
the columm, the flow of equilibrating eluent fromthe
gradi ent HPLC systemwas reinitiated and the col um
was eluted with 10% CHsCN-wat er (0.1% TFA) until the
DMSO was el uted. Then the eluent conposition was
ranped to 35% CH3CNwater (0.1% TFA) over 1 min after
correspodih€ Byddicl dinigfide peritieanonanera13)t Byrodally. thopniificatiqp@i 0.5 g of
(0.1% TFA) into water (0.1% TFA) was initiated and )
crude peplicthéidies (BPLFESRledion 2 F(2ob iyiwhd) of tandgsined peodreh (FASYy purity).
coll ected using UV at 220 nm as an i ndi cator of
ExXAMPR/@guct elution. The collected fractions were anal yzed
~ _on a Waters XTerra anal ytical reversed phase C-1 8
Proparatiof lab@MPrufiSivatiar of RkeyrsdZndpareptidntl o) raduct - cont ai ni n
AGPTWUBDI WorsCOL PGS SGIBK | Ay WV EDSTOGEE GOIdR ¥ DRE e GH( 1/ edpa-
Adoa-GIHAKSEREE, dytie(2s 0Ly disylaitel- N, cydid (6- d)stidlfide jeepdd-thby-Pro-
Thr-Trp BB AL R }p-THydiyeatyryCytsHBrpplLini-Phes 6y -Gihr-61ly 4315-@lydiys[Ac-
Val—Cys-CFrHQﬁuQ@ﬁJ-Ségi‘T HRPG8Sy-GldV M}GFEEdAfg—TygA@ﬁm-ﬁlmC&ly-Gly-
Lys(-Ain—AtdBS-Cﬂﬁﬁng%N}lip@gk&fb (8125 Uasplitdet Y H, Pedic (Gel Molrukide
(13) Ac-VC* SWECEVC* FRYDPGGGK( Adoa- Adoa) -NH 2 ; Ac-
[00120] Val - Qusshibivir i6l Figbe s, Stsuedinimiay el @ayate(RSUah 28y Opgenmpl) was
g- Tyr-Asp-Pro-G@ y-dy-Ady- Lys(Adoa-Adoa)-NH2 cyclic. ‘
dissolvedl 21 #2Yedtingiylifoud €lih OB 1B mroide RiONYL} drel girsopeahyiethylamine (0.11
: enpl oyed for the HPLC purification of peptide nonomner
g, 0.85 thibl) WddasdidLorkysdrtion dThei folitepapeiie mtheonmn (MrA¢-13) -
Ac- “VC* WEDSWGEGEVC* FRYDPGGGK( Adoa- Adoa) -NH 2 (0.5 Q) '
AGPTWRE SS9 viegy 0/ vR0RG CER I K vDYeXENHe (01590g, L) 7 waol) was added in
| oaded onto a reversed phase C 8 preparative colum
portions(tMe_eé'tﬁ‘yed)%ﬁftfoﬂ(df)D% R eMBp&ldH, ofF0roxmb 0A fien stitfingrfor 30 min at
particle, 30gA pore, flowrate 100 nL/m n), which had
room tel\%g%nﬂé,ech@ StLtibie Gk Astud it Ay S ety adSafERA)~ S0nmL, (this
ter (0.1% TFA). During application of the sanple
served t3 ?L’é&#l&?& i b1t O hidAB-NHS eftbPi149f. Thbengfpuinltineatdsrgntrifuged
efuent fromthe preparative HPLC system was st opped.
and the &ﬂe@ﬂat&tﬁ Qv WA Red RlavidaRteWRSdiaRRh&RANES &4 (14) as a colorless

solid. The solid was resuspended with ethyl acetate; the solution containing the suspended
solid mono-NHS ester (14) was centrifuged to separate the solid and the supernatant was
again decanted. This washing process was repeated twice to remove completely the excess
DSG.

[00121] The solid mono-NHS ester (14) was dissolved in stirred anhydrous
dimethylformamide (2.0 ﬁL) and diisopropylethylamine (0.11 g, 0.85 mmol) was added.
Then solid peptide monomer (13), Ac-VC*WEDSWGGEVC*FRYDPGGGK (Adoa-Adoa)-
NH,, (0.50 g, 0.19‘mm01, 1.12 eq.) was added in portions to the stirred solution over a three
min. period and the resulting mixture was stirred for 18 h. The reaction was monitored by
mass spectrometry; after the complete consumption of the peptide monomer glutaric acid
monoamide mono-NHS ester (14) was confirmed, neat hydrazine (0.1 mL) was added to
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colum, the flow of equilibrating eluent fromthe
gradi ent HPLC systemwas reinitiated and the col um
wo®7eb19red with 10% CH3CN-wat er (0. 1% TFA) f oPCHUSING6/061793
Then the el uent conposition was ranped to 30% CH3CN
(0.1% TFA)-water (0.1%FA) over 1 min and a |inear
gradient elution at a rate of 0.5% mn of CH3CN (0.1%
TFA) into water (0.1% TFA) was initiated and
mai ntai ned for 50 mn. Fractions (15 nlL) were manual ly
coll ected using UV at 220 nm as an i ndi cator of
remove Y B tprétectingorroud bétheriaDide desrimpdimnca (bf)ynddho migure was
Waters XTerra anal ytical reversed phase C 18 col um
stirred fof 40 nifi footh teXapfati@® 5m particle, 120A pore) and
product-containing fractions of >95% purity were
[00122] POO! aWe apIhibh GRS Ercirdcailfit® balifapvdsd aiblidor eSPBAdindghe mixture
cyclic disulfide peptide nononer (13). Typically the
was dﬂute&l 'id {0E AL WAL 20%0CH,ONGD. 166 TEe ) e plated €0.1BnTRB). TBY solution
forded 0.12 g (24%yield) of the desired product
was ﬁue&a%%[ﬁwé Stlicul REAMRL Falf oPiRRAEddab atiod Wasrlbidclairitoa
Precursor Dincr Peptide (16) Ac-
(L E GREEF AR NOMEDSVBBEYOHR. IR GOEHS 60 AdLH) mm,
reversed%ﬁ% 0a-G ut-K) [ - NH2 cycl ic (2-12) disulfide]- N
' th A0YALB3@NYn Ragr (0.1% TFA). During
flow rateﬁ@ "jﬁ‘i/ﬁg %}é@ecﬂhiﬂs%tégcs@ B Ty Tyr Oy S A e
the flow of the equilibrating eluent from the
apphcau%fl-g@&/ega ng Qéi@%s%wgéeréﬁ% &yody- Gl quaI - ng Pho- Ar

column gﬁﬁg@xﬁe@? 1(1:)1(}:l Illréafﬁ dlquglg \gat%t_ d f‘% WX%@%QO ﬂush DMF from the

d| i sopropyl et hyl am ne

column. (gﬁeaglﬁg%? %fil rmno n%ué"?f%ﬁ)%g%?%t&ﬂhg @ﬁleﬁpédrﬁﬁﬁbﬁmmﬂs increased

to 20% ﬁﬁ%ﬁ%\/g‘é O’%I’a"élh a’inﬁ ge%%%gﬂa $ e st U eggcs%%lrj%l%r% 1%% of
f t ° A collecte
L L

L RS EEILER 3 StER S
reversedegl:tla{sgc? CTS )égllillrngl X\% gtelgsel{}ltsr Ié’l,gleéj mm i.d. x 50 mm, 5p particle, 120A pore)
and the product;containing fractions of >95% purity were pooled and freeze-dried to provide
precursor dimer peptide (16) as a colorless, fluffy solid. The remaining crude precursor
dimer peptide (16) was purified in the same manner. From 0.5 g each of monomer peptides
(12) and (13), 320 mg (overall yield 33%) of the desired dimer (16) was obtained (> 95%
purity).

EXAMPLE 5

Preparation of KDR-Binding Dimeric Peptide Phospholipid Conjugate (11) Acetyl-L-alanyl-
glycyl—L-prolyl-L-threonyl—L—tryptophyl—L—cystinyl—L-glutamyl—L-aspartyl-L-asp artyl-L-

tryptophyl—L—tyrosyl—L-tyrosyl—L—cystinyl—L—tryptophyl—l—Icucyl-L—phcnylalanyl—glycyl—L-
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and the supernatant was decanted | eaving internediate
nmono- NHS ester (14) as a colorless solid. The solid
wor®7nedrspended with ethyl acetate; the sol ut PORUS2006/061793
cont ai ni ng the suspended solid nono-NHS ester (14) was
centrifuged to separate the solid and the supernat ant
was agai n decanted. This washi ng process was repeated
twice to renove conpletely the excess DSG [00121] The
solid nono-NHS ester (14) was dissolved in stirred
anhydr ous di net hyl formami de (2.0 nL) and
threonyl—g’gEﬁ%@%wlsn-miyrmcé@l—lea@yl-ncsstmmm-yrymshﬂmmtamyw
en solid peptide nmononer (13),
aspaﬂyl—lﬁgérggi% W@RWIA&WIAG@an—LMﬁtinjl@@be@{lalany1—
0.19 mmol, 1.12 eq.) was added in portions to the
L-arginy1§£1t§{o§§il_ﬁQkﬁﬁﬂ&-ﬁw-éy@ﬁrgeﬁ)mglycyw| od and the
resulting m xture was stirred for 18 h. The reaction |
- ' DYiHBESHERR G LIFRBEI0Nsmiiot Samite3 Gatipt aicemoy]-
Iysyl(dlst\t%%ﬁ?l}%gﬂﬁl@%g the pepti dg nmononer glutaric acid

8-ammo-E&g&%ﬁwﬁa@%ﬁﬁl_ﬁ%@ﬁ) §dfde HYREC €DND) disBididepaatde cyclic (6-

razi ne wasS ‘added torenpve the ivDde

13) disulflﬁg &Ct A ASTH CEB DRIy tew yodes et { Ag- vl WD (WEBGEMWAFRYDP-

m xture was stirred for 20 mn at room
Lo el AlUG - 2 1] - bien(act il fide} -NEL
oo AR RS m el an sog,  anca T fiad) X
- diut ed-t 0 J0Q: Wb HTil0 % TFAYp-Tr- Wt Elys-Trp-
cotic 5 TS AR RETIRI CESOgoA I ot s T

to renove

| luf A ' L 651u-Val-
Leu—Phe@&%ié%yéﬁ%-%%-@}QLg?é o akggg-%@tﬁm ASASSOT L GBAGHAGIu-Val

0-“a rev ed p 8 preparative colum

Vat P AdD A0 ] NH-
oo S AR IR G L Pl mec o

Glut)—]-léflég Ea’?%l%;n@%lé’z)t h/ H e 28 PERS SRR O b arr g
. C [ P cursor
oz 5 7 BRSO P LSS st
dimer PG}H@EE@ Wﬁgﬁ‘?‘@gik&é ?‘)t;l gt Mﬁ?%é@gﬁ%‘gﬁngﬁsl :Intjt ed
i 10% CH3 . 1% TF ' :
VeWERS B E R CEn N OOk o da P hrigh RO PR et (2. VB iR ac N,

conpl eted t he el uent 0sjtiqgn . i.ncreas
cyclic (6-1 Z?;pdisulﬁde, with DSPE-PE&%)‘EJO-']?]II&Z p%osl\a/@o%m ammongg'n salt (18) as

shown in Figure 4.

L

[00124] Solid precursor dimer peptide (16) (0.5 g, 0.092 mmol) was added portionwise
to a solution of disuccinimidyl glutarate (DSG, 0.15 g, 0.46 mmol), and
diisopropylethylamine (0.06 g, 0.47 mmol) in anhydrous DMF (3.0 mL) with stirring over a
period of 3 min. Then the solution was stirred at ambient temperature for 30 min. The
reaction mixture was diluted to ~ 50 mL with anhydrous ethyl acetate; this resulted n
precipitation of the dimer glutaric acid monoamide mono-NHS ester (17), the glutaric acid
monoamide mono-NHS ester of the precursor dimer peptide (16). The solution was
centrifuged to pellet 6 (m/z, neg. ion, 1887.3 (M-3H)/3, 1415.1 (M-4H)/4, 1131.9 (M-5H)/5)

as a colorloss solid. The supcrnatant cthyl acctatc laycr containing cxcess DSG was decanted
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to 20% CH3CN over one min. and the elution was
continued with a linear gradient rate of 0.6% m n of
WERBORE10® 1% TFA) into water (0.1% TFA). FractPONBES1005061793
m.) were collected using W (220 nm as an indicator
of product elution. The fractions were anal yzed on a
reversed phased C18 colum (Waters MS Cl18, 4.6 mmi.d.
Xx 50 mm bmparticle, 120A pore) and the
product -contai ning fractions of >95% purity were
pool ed and freeze-dried to provide precursor diner
from thepentpaded ¢46J daserazluttiontidgsondaidé JogotNdS eFige (17) which was
remai ni ng crude precursor dinmer peptide (16) was
again requspérideeth tthy! fetaementrifaget andhwasined heicg neee o ofmove the
nmononer peptides (12) and (13), 320 ng (overall yield
remaining3$4ce®bf DBE. dHiss sotid idicmedibib@lutads aciltraomathiden®5eeNHS ester
purity). EXAMPLE 5 Preparation of KDR-Binding D neric
dimer ddPRAtIVEA RS RIS daCaRpslged B dnhifirous DMF/CH,Cl, (8:2, v/v) (3.0
Acetyl - L-al anyl gl ycyl -
mL); duhc;ﬁspﬁy Eri-atﬁlﬁé ER0Y k; b.AY AGIY RAY ladlledCytst the yblution b atiykd.
- L- aspar L-aspartyl - Lt rypt ophyl -
[00125]L- 1 yrmyﬁwﬂmé Y PEG20YS-INRY pHospholi@ Bﬂlyrhonlurhwkt!(ls)l(e 235 g,
phcnyl al anyl - gl ycyl - Lt hreonyl - gl ycyl - gl ycyl - gl ycyl - L-1
0.084 miRY, |d.d¢cg. ?Was lsndRindbd L &y ShdborordetHaiy P2 eqIly. mla-slepg’autf&ﬁk and
- Laspat
TFA 2 Hro?? Yhs !rd&e@f@ %Bbﬂte %é’;ﬁ%lsplﬂicﬂé'sl’ér -dxygéiltradlitatibg ¥alupllization
stinyl-L-pf eny al anyl -
of phosﬂ'l}o"ﬁ%a ﬂﬁ{nygi}ﬁﬂ §Q8YI8) kn BRRRESMthbndd I Pheydie st pGitlonglascy| -
concenﬁ%‘testf t%qgléﬁépg' MQ&IQ@M AR REREDANRY ¥aklse2000- am no- 8-

di oxaoct anoyl -

[00126]8 an ’f‘ﬁ?? golgcrz{)iﬁ gﬁﬁ&%&gﬁﬁé tséi"t iS)RVAsycﬁyéo)ve%th ¢EMF (2 mL) and
ulf |

cycl C|IC -

transfen(eg\ , ‘ Tt3 %%@%nene—NHS ester dimer
derlvaﬁ(% 8:?7% ! Se%e%fll,tllgn nﬁgér Ve e(cgpg'i?t} pi\ C?f alrjriﬂkgrg t&}{ﬁérht‘ﬁre. The
reactlonAl?Pcﬁure wasydlf ted w1h[£ a SORIT.I% of 90&}6 éﬁ?()ﬁs Ps Jr(_BHTQ‘ﬁ a-ﬁ){ %) %’@ater
(1:1) to §Leho @E@ndé{%ﬁb@ Jv%%ﬁt}ére%yﬁéé%f% ai%Ea URES WabiRded
oo S Il RIS B s 2020

which 1anbaen baed o N G 1 mlx%}re OO Sad CHLON (111, 0.1%TFA)

and water (0.1%TFA) at a flow rate of 100 mL/min. During application of the sample
solution to the column the flow of the equilibrating eluent from the preparative HPLC system
was stopped. After the sample solutién was loaded the flow of the equilibrating eluent was
reinitiated and the column was washed until the plug of DMF was eluted.

[00127] The composition of the eluent was then ramped to 70% CH3OH-CH3CN (1:1,
0.1%TFA)-water (0.1%TFA) over 1 min and a linear gradient of 0.75%/min of CH;OH-
CH:CN (1:1, 0.1%TFA) into water (0.1% TFA) was initiated. The elution was continued

after rcaching 100% B in order to achicve complcte clution of the product from the column.
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[00123] The KDR-bi nding dinmer (11) may be prepared by
conjugation of precursor diner peptide (16),

WA 0ACHFTPWCEDDWY Y CWL FGT GGCK| Ac- PCT/US2006/061793
VCOWEDSWGGEVCFRYDPGGEK( - Adoa- Adoa-d ut-K)[-NH 2 cyclic
(2-12) disulfide]-NH 2 cyclic (6-13) disulfide, wth
DSPE- PEG000- NH2 phosphol i pi d ammoni um salt (18) as
shown in Figure 4. [00124] Solid precursor diner
peptide (16) (0.5 g, 0.092 mml) was added portionw se
to a solution of disuccinimdyl glutarate (DSG 0. 15

Fractionsd1 5QnBfweiebo)lectad dsidi IS0 g2 2ipyihpaded iadicater O pOBlugt elotidy and
nmmol ) in anhydrous DMF (3.0 nL) with stirring over a

after the BRI P& vhasElied Fhetiod belltibhitias con@sied for seagrahminutes in
anbient tenperature for 30 mn. The reaction m xture

order to MRSre U dtoneSt ta@e amdOni¥le FWiakiinpitusghalitdd etniyini anetB(ES).

this resulted in precipitation of the dimer glutaric

Fracuons’ﬂ&«bfé JRBARAITL AR A MR8 1Al HPLT)systehe(cgluntmriICaCh 45 uM,
nonoam de nono- NHS ester of the precursor diner

46 Gt S50 il A NS apSrativd figlgaditeriigl detsctér
008, 4 b T b ) 4

1 G8dRtd-EH8 PEQYEGROGDHNES Wasinadsativeak
(ELSD)'e%ﬁéL a%g%%%tg{%! é)mgj? }gegnt ai nlcng excess DSG was

chromop%%?eaﬁtﬁgf e 'Pr&&ﬁ:t %Bﬂtﬂﬁﬁﬁg @raét%ds%f SHoR®y et thif &d devatd 6f DSPE-

e nmono- NHS ester (17) which was again

PEGZOOF) eﬁﬁs Bﬁ&gﬁ@%& MAmx@]&%ﬁ%ﬁWe&%&ﬂHﬂéﬂ%ﬂ R NESEER reduce

renove the remaining traces of DSG The

the conten(% of % E)tl-?r déo%t r%vHé ?‘E h)cﬂll'ﬁfédqvf@ﬁ) m@%m}ﬁﬁ:mﬂ QrabdiSntil a faint

di mer erl va Ive hus obt ai ned was

ﬂocculelaﬁ RrggB}r’{%% ;‘?m% %n hﬁi%r %?%%W ﬁ%cz?e-dr\féd/‘r)) Affor8 tHd-dimeric

yl'am ne mol ) was added

peptide Ehgﬁém ut | d\ﬁsassa# rltgr? glg)(p 1’12@ selggﬁ@}%‘ft ofvof crude dimeric

OSp | pl ammnl um sal
pepide ébésmﬁalé%ﬂ@quﬁgéw OBy i 8 T‘feg%%"%f%%ed vieldof
oo 50 S LN 1 %8%"% AR, Tpe s
o oS oL 16 0 ) PR ROG FOR L upation
runs welt‘jer ;I)oeocliedf tlfl)rggtrt]lgrr dysggl%red 1na ’?el%tlllmtanol—acetomtnle—water mixture and re-
lyophilized to provide the dimeric peptide phospholipid conjugate (11) as a colorless, fluffy
solid which was further dried under vacuum.
[00128] Examples 6-8 below refer to the preparation of the dimer peptide-phospholipid
conjugate shown in Figure 5, wherein the dimeric conjugate contains very low levels of TFA.
Figures 6-8 illustrate the methods described in the Examples below.
EXAMPLE 6
Preparation of Dimeric Conjugate Having Low TFA Levels Via the Use of a Glutaryl Linker

Preparation of (23), (26) and dimer peptide (27) acetate salt by conversion of (22),
(25) and dimer peptide 27 ® nTFA salts to acetates by AG MP- 50 ion-exchange resin

[00129] For compound (23) an AG MP-50 ion-exchange resin (1.5 megq/mL resin bed)

was suspended in 20% of CHzCN/H20. The suspension was packed in 23 x 30 cm glass
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[00126] The solid phospholipid ammoniumsalt (18) was
dissolved in DMF (2 nL) and transferred to the stirred
waetoanem™m of glutaric acid nonoam de nono- NHS BGT/E82006/061793
di mer derivative (17) and the resulting m xture was
stirred for 24 h at anbient tenperature. The reaction
m xture was diluted with a solution of 50% CH3OH, 25%
CH CN and 25% water (1:1) to ~ 100 nL and the
i nsolubles were filtered. Half of the filtered
sol ution was | oaded onto a reverse phased ¢4
column gpddhe fingli wodume vawr 50 KirlonBké tqlrinnpyapcommected Oy PBOD AN 2
50 x 250 mm) which had been pre-equilibrated with 1: 1
conductivity treteg. Of CrS@kbted dvidHBION of CH>CIN/H20. at 19GEAmin flgweateyntil
(0.1 %9IFA) at a flowrate of 100 niL/m n. During
the cond@g@plitycaid Dlowfl jidhan s @opipeusd (2R)i(DH0 trp) twae dissblvath it &6 of
flow of the equilibrating eluent fromthe preparative
cmcwﬁ&tb&swﬁl %ﬁuwa@re%ﬁ@@ﬁ@sh-uﬁeﬁm@ 164 d38 MY @1s@h UtTheBoh@m: was
I ed the flow of the equilibrating eluent was

e USRS B, g

NGB 90 S OB s o
250 mL ga dlﬁw co p(oe)lné 6574?%]&9 8f60W8M0( ?IIIIHE’ 2?:’(1;!)1{91— %Ax)e analyzed

0 ‘wat er was initiated. ut1ton was
by HPL(S O n,(%)' nuogn%é I%]:ﬁt t%mn%@%@hﬂ%o%%%&? d’}nlg}glgﬁ En& Bioﬁﬁihﬁgé{ Several
I t
times unﬁﬁ%hea\gmgﬁt Cflth?%gaf ort O )f)?%s ugt 17 eCon a#g t%alg(égpwas
t f | ect

ovined{ B REAUE B8, ThE) El JEFELLAD coliection ves
[00130] g A GBI R TS ESEP L n S Tep DB A G, 'p%ﬁlfr Tige: 56

[yt | HPLC t I .
i oS B AT G S T S i,

evaporative light scattering detector The

120 A porst Brentiotedish (1 o g (RS 66 4 2 TRASPENSID (05N

whi ch has a weak chronophore at 220 nm ) )
conditiopy d8%cB, B aradiony 16+58¢ Borvsr 8imingBhavpiate:t § mldpidn; Detection:

devoi d of DSPEPE&000- NH 2 phosphol i pid amoni um sal t
UV at 22@pmyeYless Spditrmd: RI-EXndedr:r Negativegoreldidd & EMeH/2, 960.9

content of CH3OH The solution was then diluted with
[M-3H}/B0%G I dalysisn comtter-ionbwt./vet. )f i estimated to be 0.3%; acetate 1.1%.

[00131] For compound (26), following the same procedure for compound (23), 300 mg
of the peptide TFA salt (25) in 80 mL of water was loaded at 17 mL/min. to a 150 mL of AG
MP-50 column, which was washed with H,O to conductivity of 1 us/cm. The column was
then washed with H,O again after loading, and the same step gradient of aqueous NHsOAc
into H,O as employed for the ion exchange of compound (23) was applied. Lyophilization of
the combined fractions to a constant weight afforded 200 mg of the acetate (26) as a white
fluffy solid. The yield was 66.7%.

[00132] Additional parameters and results were as follows: HPLC: Ret. Time: 5.6

min; Assay 97.0% (area %); Column: Waters XTerra MS-C18, 4.6 x 50 mm, 5 p particle,

56



flocculent precipitate forned. The resulting sol ution
was freeze-dried to afford the dineric peptide
W@b@gpbmrd pi d conjugate (11) as a col orl ess soPCTHUSZNE061793
second portion of crude dineric peptide phospholipid
conjugate (11) was purified as descri bed above. The
conbi ned yield of the target dineric peptide
phosphol i pid conjugate (11) was 0.39 g (57%yield).
The sanpl es of the dinmeric peptide phospholipid
conjugate (11) nmade fromdifferent sanple purification
120 A pokaiMudR! & :pHeD€d.10OTEARGS:, CHi:ES0(VBETFA); Elution: Initial
tert-butanol -acetonitrile-water mxture and )
conditior): €1 3¢9 B linb&agadienPI BYOHEB dhe &dinirg Hlow peiet i3del/min; Detection:
phosphol i pid conjugate (11) as a colorless, fluffy
UV at 229 %rh;IVivkd SPectedmf ULRTHES; Mbde dNegadae ivaclisn g NQIg), 890.8 [M-
Exanpl es 6-8 below refer to the preparation of the
3H]/3; CH Ay e RLUART REOSINOW P UF AR igaidao DedMP/s} acekitgdi2es; IC
5, wherern the dineric conjugate contains very |ow
- | f TFA. Figures 6-8 illustrate the nethods
anabmmé@%’??ggd in the Exanpl es bel ow. EXAMPLE 6 Preparation
of Di | LaifRRipd 2N Rde kQWsibhiferlt@\igd provedurt i@ ddagpound
[00133] of a@ﬁ%ﬁ?ﬁﬁf}égﬁa IIZ>?epar ation of (23) ,§(26) and
S}gﬁ»’ i Iy aGRl ad18meflvhs IsEQNWRR 00N GHCNE}O until
(23Lang“ aﬁgaﬂ?ﬂgﬁégég?%gg g%§ n#FA salts to acetates by

the condﬁ%ﬁ%@_\%& f%eggﬁvelx ﬁg?(lgx%% d [(%ga%%iles TRA GAPRENg (P) mL of

I ont ange resin .5 meg/ nL resin bed)

. S nded in 20% aof CH3 [ a
30% of QERIIRA S G oplegfonth iy S o LR RS aT i ne same
was 150 pi.. The col s ,connected to
ctuent vt EPIPEHY BB PTOIo e Gs A P 2o SR ORL % of
CH3CN H20O at_ 17 rnL/mn flow rate until Lhe s ound was
CH;CN/EbRdata 34%00f GRESCNERO\Was THE A& T C5meafd {5225“ PO 1PRY
was di ssolved in 20% of CH3CN H20O (80 nLh.ang tgﬁm
eluted at easaflOmNGNEBOAG chhaeesnhipediEactions prree bowhiired #Ag hen
col um was washed again with the sane el uen until.itﬁ)4
relyophitieedisayeial itinyeswadi! Bl wetenalifsniaeds @né@]n&‘mel t‘NP—Ta?B&E mg
in 20% of CH3CN H20O was applied at 200 mM 400 nmV 600
of the purbinaerteli 807 M ammtmsaé‘facﬁ?e YFol WasiPo(iftd came out at
600 mMVWNH4QAc. The fractions were anal yzed i
[00134] Additional parameters and results were as follows: HPLC: Ret. time: 5.2

min; Assay >99% (area %); Column: Waters XTerra MS-C18, 4.6 x 50 mm, 5 n particle,
120 A pore; Eluent: A: H;O (0.1% TFA), B: CH;CN (0.1%TFA); Elution: Initial
condition: 20% B, linear gradient 20-60% B over 8 min; Flow rate: 3 mL/min; Detection:
UV at 220 nm; Mass Spectrum: API-ES; Mode: Negative ion; 1816.3 [M-3H]/3, 1362.0
[M-4H]/4, 1089.2 [M-5H]/5; CE analysis (counter-ion %wt./wt.): TFA estimated to be
0.2%; acetate 0.15%.

Preparation and purification of the dimer peptide (27) acetate salt from compound
(23) and compound (26)

[00135] To a solution of disuccinimidyl glutarate (18 mg, 0.055 mmol) in anhydrous

DMF (0.1 mL) was added a solution of compound (23) (61mg, 0.021 mmol) in 0.2 mL of
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by HPLC and the ones containing the conpound were
conbi ned and | yophilized several tines until the
waowrioghe79ed the material was constant. 176 ng oPCT/082006/061793

pure material (23) was obtained as a white fluffy
solid. The yield was 83.8% [00130] Additi onal
paraneters and results were as follows: HPLC : Ret.
Time: 5.6 mn; Assay > 98% (area % ; Colum: Waters
XTerra M5-C18, 4.6 x 50 mm 5 mparticle, 120 A pore;
El uent: A: H20 (0.1% TFA), B: CH3CN (0. 1%FA);

anhydrotd DMBdropimiiet (pBl 8,aentthlizedrty IDNERA)B, THd clemmsolrtmadi veuststirred at RT
15-50% B over 8 min; Flowrate: 3 rnL/mn; Detection:

for 0.5h.UMPRIC &0MSnghoMed shéSpanipletion oARE r&Stiolvb8elvehiegas remeoved i
ion; 1441.7 [M2H /2, 960.9 [M3H /3. CE analysis

vacuo al CRIOR E(8 Ml wWisaddad o prédipitas thotatethetiatdd@4). The mixture was
acetate 1.1% [00131] For conpound (26), follow ng the

cenmfuﬁ%dm&&ﬁg&'f&rehﬁfve(‘e&ﬂm Wielarath3) This B0 Y welshingevas repeated 3
peptide TFA salt (25) in 80 nL of water was | oaded at

more tinleh arnﬂltﬁéT}égulnhg s8lid WRis Mkic@ s alMi=n@ ofdiryfittrogshi Ghwasathen
washed with Oto conductivity of 1 ns/cm The col um

dissolvelt@s oi3hah otashedons bV Boagein ale)ars6lead.onl mai) fheadded

sanme step gradi ent of aqueous NH4QAc into H O as

Eﬁmf%[@&)lﬁt% &/Q@ 48X 880 984i8bn 69 MBUNArHeZsd)lutVédSwas stirred
and the i ed Lyonp hi | ?z"atleon ofyt he1 cgrrbl ned fractions to a

r affdr R t alcatell29, ion of
for 16 h%?ﬁ&“qmr?& }[r/g ngel‘ ek a?ﬁyeil%ig%l d\}gg %%13%5?&1 [ ootfgz] hopidtio

the reacéﬁgg '3@2 &i al%%%?gfegﬁ% I—E%S Al L1 MR EixfRe hRlslsBWRd for 5 min to

say 97.0% (area % ;
cleave tB%}v% %‘o&&q&i%g;ag{lo%pn%%léi\s é‘b’g&'gézi %9’{%&;%1@1\%8 which
i G U 5 2 a5
(001361151 - £ BeE B R ThRS Pt PERRS G RS R i
TR E e N
cluents 8@%16@5};1{2% 3(? ]ﬁg\E E\%Igi(g!g&?tﬂ? Bqudg %ﬁggg?] 271.)urea \(z:v%ts e apphed toa
reverse phase C-18 preparative column (Atlantis C-18, 5 pm particle, 100 A pore, 30 x 150
mm, flow rate 30 mL/min), pre-equilibrated with 15% B (A: 10 mM NH4OAc in H,O; B: 10
mM NH4OAc in CH:CN/H0, 9/1, v/v). The column was washed with the same eluent until
the DMF plug was eluted. The eluent composition was increased to 25% B over 2 min. and
then ramped to 65% B over 40 min. The fractions were analyzed on an analytical reverse
phase C-18 column (Waters MS C-18, 4.6 x 50 mm, 5 pm particlg, 100 A pore, flow rate 3
mL/min) and the product-containing fractions of >95% purity were pooled and freeze-dried
to afford 25 mg of the dimer peptide (27) as its acetate salt as a fluffy white solid. The yield
was 21.8%.
[00137] Additional parameters and results were as follows: HPLC: Ret. time:

5.2min; Assay > 99% (area %); Column: Waters XTerra MS-C18,4.6 x 50 mm, 5 it particle,
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(23), an AG MP-50 columm (100 nL wet vol une) was
washed with 30% CH3CN H20O until the conductivity was
whedoams7s/ cm  Conpound (27) as the TFA sal t, PCT/ES200§061793
in 80 nmL of 30% of CH3CN H20O) was | oaded onto the
col um and the colum was washed with the sane cl ucnt
until the conductivity was stable at 1 ns/cm A step
gradi ent O NH OAc 30% of CH3CN H20 i nto 30% of
CH3CN H2Owas run as for compound (23) and the conpound
was el uted at ca 600 mM NHAOAc. The conbi ned fractions
120 A po¥e&Eudntophi HiQ €8l 1% TOFANGh CELEDD 1% ERY);Jdveeni Intittes
until the materi al di spl ayed a constant weight to
condition? D%k B 1704t dridiedt 20h60% B evere wir; dllow 2atp: 3snmigcPetgreon:
salt. The yield was 86.7% [00134] Additiona
UV at 22!%@%@” Sp @il © AALLES; WEb ¢e: A e fani vieduns [MHBBILG; 1R&.0 [M-4H)/4,
5.2 min; Assay >99% (area % ; Colum: Waters
1089.2 [Wﬁ&]“/él Ve Eﬂ»ﬁ%snél 8&uﬁte5@oxnmwt5wm)pa*m etienatcdPig badessahan 0.2%;
El uent” 1% TFA), B: CH3CN (0. 199FA);
tion In|t|aI condition: 20% B, |inear gradient
amﬁﬂel?d?'0968 over 8 mn; Flowrate: 3 nL/mn; Detection
t & Mass Spectrum API - ES; Mbde: Negati ve
EXAMEDE 3 e W 3rT/ 3 13620 [MA4H /4, 1089.2
Preparaﬁ{ol}{l'o'ir ibrer PQ}%&Ulaﬁdégh@hﬁl@ OUbHjEateOHadnk Lowt TFATEAels Via Ion
ExchangEXds[fat ed to be % acetate 0.15% Preparation and
purlflcatlon of the dinmer peptide (27) acetate salt
[HRAEATRAURE £ A8bn @ the phosphiakipid 26tilO 00:§6RatT ¢2b) as its acetate
s§@EMhi@Rm§&w§h@y@nplﬁﬂuéyﬂiglutarate (18 ngy, 0.055
mml ) in anhydrous DMF (0.1 nL) was added a sol ution
[00138] Of COr®RENdtié23) disudcirgmifyiGRitarmeDSG (8. Do, Al.3 pmol) in
of anhydr ous DMF dropwi se (pH 8, neutralized by D EA).
anhydroJ@El\@[b BRI nS0) Wid didcdaSoRitioh lof dedtialZEd dame(pephide KD @cetate salt,
showed the conpl etion of the reaction. Sol vent

(15 mg, %% c":[ pm? Y Gy RRAHMAFAOD, B Ao p iseL T he@sactidd 86lution was stirred

pre ate the |nterned|ate (24). The m xture was

at RT fo;l‘.ﬁrg E{rl’é%%dan%ggls%%v\g ?@?tgfsggtree ?Srrgé@%tﬁ?mngislulgﬁ%@fvﬁg the
completmntcg&é% Ee%ciis 1911 ?he\al\?ﬁvent 'v\?ag eugf)cﬁgtea anll @E@Ilﬂcf(% HQLr,)Vwas added to
precipitate the intermediate (28). The vessel containing the precipitated intermediate (28)
was centrifuged and the liquid layer was decanted. This procedure was repeated 3 times to
remove the excess of DSG. The solid was dried with a stream of dry nitrogen and then
dissolved in 0.3 mL of anhydrous DMF. DSPE-PEG2000-NH; ammonium salt (29) (6.5 mg,
2.33 umol) was added in solid form and the pH of the mixture was adjusted to (28). The
reaction mixture was stirred at RT for 16 h. The mixture was analyzed by MS and HPLC
with a Zorbax 300 SB-C3 column and this indicated that the reaction was complete.

[00139] To minimize the potential contamination of the product with TFA, the crude
reaction mixture was purified by preparative HPLC equipped using a new Zorbax 300SB-C3

column (21.2 x 150 mm, 5 p particle) which had never been exposed to TFA. The HPLC

system was pre-washed by CH;CN/H,O/NH,OAc extensively to remove traces of TFA. The
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di ssolved in 0.3 nL of anhydrous DMF. Conpound (26),
(56 ng, 0.021 mmvl) was added and the pH of the
w@00aneTm was adj usted to 8 by addition of DI BACT/Ukm®06/061793
solution was stirred for 16 h at roomtenperature
after which by HPLC and MS anal ysis indicated
conpletion of the reaction. A 30 nL aliquot O NH2NH2
was added and the m xture was stirred for 5 mn to
cl eave the ivDde group. The reaction m xture was
anal yzed by HPLC and MS, which indicated conplete
reaction pexriowaivap loadad onipe cojrmupyhib b 968 Pre-Bedibbmted with 20% B (A: 10
purification of the diner peptide (27) acetate,
mM NHgQAt iin F-0a B : t Hkmivl NbLOdcdh (THANCNERR, PHev/wh ol aflow rate of 30
preparati ve HPLC system i ncl uding the colum wth
mL/min.TFAe torenreivae piugsd «CHI8 ON/HEOWiD thdvisdiide @Arnt Titd the plog of DMF
reaction mxture was then applied to a reverse phase
was elutéd. 1Bhpewpar amhuaitivnl wasthéiincerakedstoGIL8 B &veand par dndahen
100 A pore, 30 x 150 mm flow rate 30 ni/ m n),
ramped @ 8% QbVdrH0ahid Thetdadlld&ed BatonshOerainhlyr¥OAe an AndtiAifyal
B: 10 nM NH4QAc in CH3CN H2O, 9/1, v/v). The colum

reverse M@t‘ée 23 BeRn @rmesmmcgl ULNB0 Withj 3.5, 138 pBivicl P BUY Agste, flow
el uted. The el uent conposition was i ncreased to 25% B

rate: 0. SQME/rxmﬁ) R Kkre ﬁ%cﬁ&?&}ag %Bﬁﬂllk&d%ﬁ‘i &rZ%QHH‘aﬁH agf he

fractions were anal yzed on an anal Yy i cal reverse phase

evaporafive B lﬁ%hgﬂﬁ?lbr%%&'i& (E@Sﬁg 1Bhe Aa&ichs %anﬁﬂmé tHE'Bure product were

art cle A pore m1rate 3 nL/mn) andt

pooled arﬂﬁ ?(gfiﬁﬁg 1t Righ ﬁg o) g%‘%fgﬂi pggé:h{&tggﬂ e%&éta‘f@ga?t was obtained.

poo ‘freezesd the di ner
27) as its acetate salt as a fluffy white
The yiel s %k yield was 21.8% [00137] Additi onal

[001401P2" a%ggﬁ%n%%ﬁglﬁ&g%s a%&é@iu s %?‘eré% %o‘i@ 'ﬁ#ﬁ% Res- ; Time: 13.3

min; Asgy %ﬁ/p IY%ca %})I;)OC(OBHT% ngfm%%és%t | gg(i% 223) é uB’xo 80 A porc;
e 55T 007 TN AT R g conson

. ran, Mass Spectrum AP|-ES _ gatiy?PV

60% B, iia?@r qrmis'pﬂ 0390% 3k ovey 3[1mn4 k9w ratgn 8o @"Y?fm% e/t?)ct")@E at 220
anal ysis (counter-ion %wm./w): TFA estimated to be

nm and E@g ﬁ%ﬁnelyg%(counter-lon Yowt./wt.): % wt. TFA: 0.3 %; % w‘t acetate 0.4%.

EXAMPLE 8 — Figure 8

Preparation of Dimeric Conjugate Having Low TFA Levels Via Sequential Purification
Using Zorbax C-3 RP Preparative HPLC and Sephadex G-25 Gel Permeation
Chromatography

[00141] Materials used and conditions for the analytical HPLC system include the
following: Column: Zorbax 300SB C-3 ; 3mm i.d. x 150 mm; 3.5 pm particle; Eluent A :
H,O (HPLC Grade with 0.1% TFA by volume); Eluent B: CHsCN (0.1% TFA by volume).
Elution: Initial condition: 50% B then a linear gradient of 50-90% B over 3 min, hold at 90%
B for 11 min; Flow rate: 0.5 mL/min; Detection: UV at 220 nm. Ret. time: (Compound (21)):

6.77 min, Rt (lyso): 4.06 min.
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acetate 1.1% EXAMPLE 7 - Figure 7 Preparation of
Di mer Pepti de- Phosphol i pi d Conj ugates Havi ng Low TFA
wh.ewele79% a | on Exchange Resin Preparati on andPCT/US2006/061793
purification of the phospholipid peptide conjugate
(21) as its acetate salt fromdinmer peptide (27)
acetate salt [00138] To a solution of disuccinimdyl
glutarate-DSG (3.7 ng, 11.3 muol) in anhydrous DMF
(0.1 nm.) was added a solution of neutralized diner
peptide (27) acetate salt, (15 ng, 2.75 nmol) in
Pasphay:dive USIPDICF sthg? prtp)aratiireo Poilse. CFBecolemut itonremove the lyso-
cembuindfioma@1ptirred at RT for 0.5 h. HPLC anal ysis
with a Waters Xterra C 18 colum and MS showed the
[00142] conplTteiconmdeofortemderastlpated sTheosesniration ph s 0yt & ed
and EtQAc (8 nL) was added to precipitate the
Materials n$eelramelcioatigion 8jcludeh eCorelsiEels: €olunzn: W aigrs Frerbax 300SB C-3;21.2
precipitated internediate (28) was centrifuged and the
mm i.d. ki1§0intn) RY eim pasictbe Ehurtned Elddnt 4: pr.O0@IRIrE Grade wihdaneld
3 times to renove the excess of DSG The solid was
NH,OA¢) ErgnviBt OHBCBYHER9/0f(fitdNHiQ Ao gerceatrdtioh &6 ndVi9s ol ved
in 0.3 nL of anhydrous DMF. DSPE- PEG2000-NH 2 anmmoni um
[00143] sal t 1RVon{shiotthf tRe SRenmvds) theashamgde tb #5%sBlover ¥ wimmthen
and the pH of the m xture was adjusted to (28). The
the coluf@adsi eDitedriwithl ot g r-alidnt b€d5-a00 BT Bf ®fer 46 rhin; Flev rate: 30
m xture was anal yzed by M5 and HPLC with a Zorbax 300
mL/minSBefedtisBUNMt 20@ndnhi s i ndi cated that the reaction was
conplete. [00139] To mnim ze the potenti al
[00144] CONt aMid@hii®BorBpod (100 @6k GhasviidsbIvEdAn 25 6L of ddelution of 30%
reaction m xture was purified by preparative HPLC
B. The [ﬁg%ir@tﬁ%yﬁcrégst@nﬂ%% i r%ted QO SB/A3. TRl ¢oMpdudll. vdasoaded on
1 mm 5 mparticle) which had never been exposed to

to the ZdibAx CINEoIFRICTRY SANMARsPERPREIRCGRYraGAT3ENE H5% B over 2 min.
QZNHAOAC extensively to renove traces of TFA

i i iR sMoes & forthe cRabd &R (24 The product
A e EGERR LTRSSy O30 o U 20 o e

elutedbg%gen%jl% M NHAOAC in CH3CONfFH2O, 9/1 v/v) at a flow
rate or 3

[00145] The fractions that contained (21) were combined and lyophilized to give a
white fluffy solid. This was dissolved in water-acetonitrile, then lyophilized again. This
provided 70 mg product devoid of the lyso- compound. The recovery was about 70%. After
chromatography was completed, the system was washed with 95% B for 15 min at a flow rate
of 30 mL/min. The column was then washed with CH;CN/H20 (50/50, without TFA or
buffer) for 30 min at a flow rate of 15 mL/min. The column was then stored at room
temperature for future use. Analytical HPLC confirmed the absence of the lyso- compound
in the isolated material. Further analysis confirmed that no lyso- compound formed after 5
days at room temperature. The material still contained significant amounts (4.2 wt %) of

TFA.

Removal of TFA from (21) by gel permeation chromatography on Sephadex G-25
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m./mn. The colum was eluted at 30 nL/mn wth the
sane eluent until the plug of DMF was el uted. The
we@bkmens79conposi ti on was then increased to 40% BCDUS2008061793
mn and then ranped to 90% B over 50 min. The
collected fractions were anal yzed on an anal yti cal
reverse phase G- 3 colum (Zorbax 300SB-C3, 3 x 150 nmm
3.5 M particle, 300 A pore, flowrate: 0.5 nL/mn),
where detection was acconplished using UV at 220 nm
and an evaporative light scattering detector (ELSD).
[00146] The fA Sepliadas Ge2htalimin((00 becpueagsiod 26¢8emetosd glebyolume ~
and |yophilized. A 6.5 ng portion of the final product
500 mL, C3limrEkeiEhe: 7 sal) tvaseguitibtaededth 4Thef 50 wMiamand@n bigarbonate.
[00140] Additional paraneters and results were as
Then (219 de) ﬁv%s ‘wadRigsolvBe tn 30 Te (finkB v3lume) of 68 s@y a2800fi(iay kigarbonate
um: Zor bax 300SB-C3, 3 x 150 nm 3.5 mm 300 A
in 10% a@lgé@ub dektdpiitile. Ahe KRGO whs FliEFo) andBherId3 @3 e @HE/SEphadex G-
0. 1%9FA); Elution: Tnitial condition: 60%B, |inear
25 colunSH qme%im@&w%@%@u%cwan 58 tAl N muinbANYt BicesboRats baEfenivith
Detection: UV at 220 nm and ELSD; CE anal ysis

collecuoglciﬁ"'i'@trﬁ[. 'ﬂfagﬁon@\’tl“ ht bllectdd Mhctiohk Averd mdnUorelbbat anabyeical HPLC
% EXAMPLE 8 - Figure 8 Preparation of Dineric

ViTRg rbQWs TFfpbeMel $n Yaible Jesplent i al
(UV det uﬁnf%lg?gtglnglﬁ qugilgng Zor bez?; C-3 RP Preparative HPLC and
Sephadex G 25 Gel Perneation Chromat ography [00141]
Materi al s used and conditions for the anal ytical HPLC
system i nclude the fol | owapg:4 Col um: Zorbax 300SB C-3
; 3 mi.d. x 150 mm 3.5 nmmparticle; Eluent A: H2O0

(HRLC_Grade with 0.-1% TEA by velure)—Frdent—B—CcH3GN
(O tPAcHbA#DY VERIMI®IL) F @dsmp@und preddng (byCHRECt dnatysis5 (%
B then a I ipear gradiepht of.50-90% Bagia) 3 m n, holid
at[90% B Tor IImn, Flpwrate: 0.5 /mn; Det ecti of:
WM_at_220 Ret0 't b -s Hr— Rt
(I'yso)z 4.06 mi mgreparative HPLC usNBg preparative
Zofbax C-3 columm to renove the Iyso&onpound

6 10 0

9 10 No

12 10 No

15 10 No

18 10 No

19 10 No

20 10 ' Yes

21 10 Yes

24 10 Yes

27 10 Yes

28 10 ‘ Yes

29 10 No

[00147] Fractions 20-28 were pooled and lyophilized. The lyophilized material

obtained was re-dissolved in a small volume of watcr and the solution was frozen and
lyophilized to remove residual amounts of ammonium bicarbonate. The final weight of the
desired material was 58 mg. The recovery was 83%.
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from (21) [00142] The crude conpound was | oaded at a
concentration of 30% eluent B. Materials used and
w@ovdiosioens i ncl ude: Conditions: Colum: WAt erBCZUS1986(061793
300SB CG-3; 2 1.2 mmLd. x 150 mm 3.5 nm particle;
El uents: Eluent A: H20 (HPLC Grade with 10 mM NH4OAC) ;
El uent B: CH3CN H2O, 9/1 (final NH4OQAc concentration:
10 MM ) . [00143] The conposition of the el uent was
then changed to 45% B over 2 min, then the colum was
eluted with a linear gradient of 45-100 % B over 40
[00148] N N; TElagweértand te eBRctivd meinvyaDef BEA| i saigyleavapbjestad to CE
[00144] The crude conpound (100 ng) was dissolved in
analysis 138 TFIA #fd fcetat itk OThedfF 806 IBarlyT heesprtdpdireattiniog HRtIal (4.2%)
system was equilibrated at 30% B. The conpound was )
according RAGIE roAolPaskhlg wWilehiis Hardy deleured.(026) afddrithe gpiresmeation
conposition was ranped to 45% B over 2 min. A linear
procedur8l! 8@ RBlatd 1AM ARl B over 40 nin was used for the
elution of (21) The product eluted between 26.5-33
AR ch Ok By ADpotfisiasd bpBéridl Takbaxont3apepdal EHPLErand
s%@[ﬂﬁ%?%ﬁz@%@@éfﬁﬁh}ﬁéﬂ&ﬁsmh@)gwpt@ a white fluffy solid.
I's was dissolved in water-acetonitrile, then
[00149] | YOPhihterH vagRim coblditionp fevdoliedtind amgy tprab date indedepi Bluorine
of the |yso- conpound. The recovery was about 70%
alysis ¢ TORTBY hysoas ACe ke ks Speetraiyist MmhadsMALDI-
analy \;\ﬁ;as%zd(gvm’t;h Q%hg(mfor 15 mn a)? a flowrate of 30
TOF; Mdte. %ﬁt-iv&rlﬂ&;cﬂé#% MEIS chlhen s hadcisil s GHBCHeHRMcal PEG2000
(50/50, w thout A or buffer) for 30 mn at a flow

mass disfrBhfioffcupvd WhdbtervERe HIOLOMBysRSn W EbIGHAT Bekbak 30QRBNC-3 ; 3
tenperature for future use. Analytical HPLC confirned

mm i.d. £AS0 %ﬁeﬁ‘%‘éuﬁf e Y EPT ACOWRRLNHPIIC Gheleiviit] Al #0TFA by
materi al . ur€her anal ysis confirmed that no lyso-

vl TRV L OLFTAAG1 1503 Sl OnmAteBri 0% e on
linear gr?l/aiegg ofoOA—@O% B over 3 min, hold at 90% B for 11 min; Flow rate: 0.5 mL/min;
Detection: UV at 220 nm. Ret time: 6.77 min; Area %: 99.6%. System B: Column: Zorbax
300SB C-3; 3 mm i.d. x 150 mm; 3.5 pm particle; Eluent A : Water (HPLC Grade with 0.1%
TFA by volume); Eluent B: Acetonitrile (0.1% TFA by volume). Initial condition: 50% B;
Elution: linear gradient of 50 - 90% B over 3 min then ramp to 100% B over 12 min. Flow
rate: 0.5 mL/min; Detection: LSD; Ret: time: 13.98 min. Area %: 99.3%.

[00150] Table 5 below provides definitions for the abbreviations used and the sources

of materials referred to in Examples 9-12.

Table 5

DSPA.Na (Genzyme) I[UPAC: 1,2-Distearoyl-sn-glycero-3-
phosphosphatidic acid, sodium salt

DPPG.Na (Genzyme) IUPAC: 1,2-Dipalmitoyl-sn-glycero-3-
phosphoglycerol, sodium salt

DPPE (Genzyme) ITUPAC: 1,2-Dipalmitoyl-sn-glycero-3-
phosphoethanolamine

DSPC Distearoyl-glycero-phosphatidylcholine (Genzyme)
IUPAC: 1,2-Distearoyl-sn-glycero-3- phosphocholine
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Rermoval of TFA from (21) by gel perneation

chr omat ogr aphy on Sephadex G 25[00146] A Sephadex G 25
w@ 200a0679¢L00 g resin, bead size 20-80 nm t ot aPCTEE2006/061793

vol unme 500 nmi, columm height: 27 cm) was equilibrated

with 4L of 50 mM amoni um bi carbonate. Then (21) (70

nyg) was dissolved in 30 nL (final volune) of 60 nM

amoni um bi carbonate in 10% aqueous acetonitrile. The

solution was filtered and then | oaded on to the

Sephadex G 25 colum. The colunn was eluted with 50

DSAG . Blanoni um hi(Ganbpmelt B/AUC f B2-Distebrayblsh-gdideom3of 10
nL fractions.| pHasplalieei/etdiumedlt ons were noni t or ed

DSPE-BREIN YO0 cal| istetrdytdlydetepidsphodhandiming)N- The
resul ts are prasmheefpbRethidng ofydosi1000 (AaditePdlaf)00147]

DSTEPEGR060 20-| A8iswars1-R8RkRIpiadiighbsteiblahiedN- The
|'yophi i zcd mahsmby(psRtaiyied anR0odiAsaltvrdain a

StSERLY VoI ume 08 ¥@kLSteaRt a3 0l U1 ON was frozen and

PEQARD T T 280 T[q b RN fede TSPV VA TBEO (BLuh) ammoni um

M ﬂtifa:l_uuncu c. I(IM bndl We'l gn[ o the desired materi al

AOA-O-4—A-O-

*the acid hﬁ? "? 3 Iél Sl S 'féoyl? Y%%_i?ﬁ’i{% OB 138 i bbbl éﬁ're[hons

el fenoval sanple was subjected
to CE analysis for TFA and acetate ions. The TFA is
clearly present in the starting material (4.2%
rding to the previous assay, while it is hardly
Egggmg@éﬁ&cted (0.2 %9 after the gel perneatlon pr ocedure.
1 € ] data for (21)
Preparatgg& geted ) e HPLC and

Ehidgx G—25 gel perneatlon chronatography [ 00149]
used and conditions for collecting

T i i o R
Me MALDI TOF,; .\ . . -
consss ot B < R o ag&séf?ﬁwﬁﬁec%@%%aﬁ@%% 176

and 19. Sggéslg)ﬁgﬁll S%&g@%r J\égge\%%%glgfﬁgg vg% 4%2&?} WioTR sﬁ]ﬂhblhzed
particle; Eluent A ; Water (HPLC Grade with ? 1% TEA
in 120 gtgf bl geho ERRAREC, B 2 water B?ﬁht rTmeéOklﬁww qglin vials with 0.8

volune). Initial condition: 50%B; Elutiq
mL of solution each. The samples were frozen at -45°C and lyophlhzed The air in the

herein.

Q

headspace was replaced with a mixture of C4F1¢/Nitrogen (50/50) and vials capped and

crimped. The lyophilized samples were reconstituted with 5 mL of H,O per vial.

Example 9B

[00152] Example 9A was repeated using a mixture of DSPC/DPPG/ and the
monomeric poptide phospholipid conjugate (31) shown in Figurc 10 (molar ratio 49.5/49.5/1,
corrcsponding to 182.8, 172.3 and 28.2 mg of the thrce components, respectively)
EXAMPLE 10

Preparation of Tarected Microbubbles with DPPE/DPPG Envclope

Example 10A
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l'i near gradient of 50-90% B over 3 min, hold at 90% B
for 11 mn; Flowrate: 0.5 nL/mn; Detection: UV at
WQ2®7/067979 Ret tine: 6.77 min; Area % 99.6% BCI/EM0B6/061793
Col um: Zorbax 300SB C-3; 3 mmi.d. x 150 mm 3.5 nmm
particle; Eluent A: Water (HPLC Grade with 0.1% TFA
by volune); Eluent B: Acetonitrile (0.1% TFA by
volune). Initial condition: 50% B; Elution: |inear
gradient of 50 - 90% B over 3 min then ranp to 100% B
over 12 min. Flowrate: 0.5 nm/mn; Detection: LSD;
[00153] Ret : An adicoiSslPemiion o ADSREBEQ®UD. 43004 50)- 24 aiylode)Bnd the
bel ow provi des definitions for the abbreviations used
monomeRitthephige plisphaitpia tonatetei(al sshoefen Féghrt d 0i(A.0Er@ rll. B pmole)
9-12. Table 5*the acid form i.e., stearic acid, can
was prefar&DinFDous.ed distilida yvér 4tl66°dite sbkitbbiniceileepapatsions
her ei n. MPLE 9 Preparation of Targeted M crobubbl es
[00154]W t h @%E&@%g@fmps.emg ExargphiaoR4) 4-0BRSG (323mpy 507 panoles)
m xturée of PC/ DPPGEG and the dineric peptide
were dispBRSPNIC iqhsoLONmbGIALE 1034 in ERAV witeH (20018 25 7070 F@r20
ratio 49.75/49.75/0.5, corresponding to 187.1, 176.4
minutes 2k didpBsibH wak thdiecdoME® oompempaiatire. Tesfiesiohyethiyd (161l ) was
PEGr4d%O (22.6 g) were solubilized in 120 g of t-butyl .
ifigl GPAQ! it B WalL&Ype Bihbmo 416z QP ol irBR PABS00, probe
emulmﬁ?!li Frlpglg aﬂﬁéo\}lﬁ%@%eﬁﬁéo% m{J of sol %—ti on@()eagh. The P
diameteP 8PLET ﬁcyielrﬁirft{tgétefDS@b rpADE ARdy by ephididzed. The air
[

n the” headspace was replaced with a m xture of

[00155]C4|:i OffNL {?IE I QP%J,&EQAS?% waBdddddab $hEaRPRInINM tBE Fd¥RREhg mixture

The |yop Ze anpl es were reconstituted with 5 nL

was heagdd,t 90% ForV Bbur Lﬁﬁ@f@irﬁngBA[f%g é%%lgéé{@ﬁg{hlge?l eﬂé’ﬂﬁe (1 hour), the

repeated using a m xture-of
ctin R, P PISERIEL B e s 030 oo
was frozen at -45°C for 5 minutes and freeze-dried at 0.2mBar for 24 hours (Freeze-Drier
Christ Beta 1-8K).
[00156] Before redispersion, the lyophilisate was exposed to an atmosphere containing
C4F10/mitrogen (50/50 by volume). The lyophilized product was then dispersed in a volume
of water twice the initial one by gentle hand shaking.

Example 10B
[00157] An aqueous suspension of DSPE-PEG1000 (0.5 mg — 0.27 pmole) and
dimeric peptidephospholipid conjugate (11) shown in Figure 5 (5.3 mg — 0.63 pmole) was
prepared in 500uL of distilled water at 60°C to obtain a micellar suspension.
[00158] Separately, DPPE (15.8 mg —22.8 pmoles) and DPPG (4.2 mg— 5.7 pmoles)
were dispersed in a solution of PEG4000 10"/(; in distilled water (20mL) at 70°C for 20
minutes. The dispersion was then cooled to room temperature. Perfluoroheptane (1.6mL) was
emulsified in the aqueous phase using a high speed homogenizer (Polytron PT3000, probe

diamctcr of 3 cm) for 1 minutc at 10000 rpm to obtain an cmulsion.
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corresponding to 182.8, 172.3 and 28.2 ng of the three
conponents, respectively) EXAMPLE 10 Preparation of
waangesmd M cr obubbl es wi t h DPPE/ DPPG Envel opePERESIE061793
| QA 00153] An aqueous suspension of DSPE-PEG 000
(0.43 nmg - 0.24 mmole) and the nononeric peptide
phosphol i pid conjugate (31) shown in Figure 10 (3.0
ng-0.5 mmol e) was prepared in 500nL of distilled water
at 600C to obtain a mcellar suspension. [00154]
Separately, DPPE (15.8 ng - 22.8 mmol es) and DPPG (4.2
[00159] MU - The Fnibsiii esgpetsion wais apdsdsedhe rmalssal and tha resplting mixture
mannitol 10%in distilled water (20r) at 70C for 20
was heatéll SEORE. fol NBoGH GRef stirfingAsiet berlingdo recin tampeyature (1 hour), the
tenperature. Perfluoroheptane (1.6n) was enulsified
obtained EMulfi6n 3@ QANEIVIRS By WehtRidugationgR0GY bedinhe Ripgeniengifuge
(Pol ytron PT3000, probe dianeter of 3 cm) for 1 mnute
3K 10) toXirdilR8hd BBebofPHogpHblipid. el ssharated[pRaEGpntFining emulsified
m cel |l ar suspension was added to the enul sion and the
'microdrorg?&éjbf $d18edl] WhiNeBoViRed BeBiLchspénddGritiothe IniiaLivolumaer a 10%
tirring. After cooling to roomtenperature ( 1 hour),
PEG400@_?§%&}&E§BF&%&€W| sion was divided in 4nL fractions in
round bottom fl asks. The emul sion was frozen at

- 45C 0l 15701 i f Shitd BUNER v0a12 (IBAL/viddy. T2én vial
[00160] hour sfk%ﬁbg%%@%hﬁglrﬁ%ﬁ Sgltﬁﬁ%g a 1-8K). [ 00(1]%%]]: Be); or erl Ve
re cod1SHLEREEE | Efrist B} g XROSedetdicant 25°C and
v co SRR CH e SR oL v Paponaan: 25C o
0.2 rnBal\‘a/l Polft)&]%qdur;- ?Jﬁhlamh H{xh{fgﬁeﬁ EPM a1 then i spensed in

uime of water twice the initial one by gentle hand
vias  SE3KR GRATTAod Bl ik eyt mpos shonioh) o
ept i dephosphal i pi ' ate Dbl Bial b
e, AEPHEREERASMILE SOTLSR) 6 LN EL oM i onc
distilled water at 600C to obtain a mcellar
%@%‘g}gon.

gentle h

EXAMPLE 11

Preparation of Targeted Microbubbles with DSPC/DSPA Envelope

Example 11A

[00161] An aqueous suspension of DSPE-PEG1000 (2.5 mg— 1.4 umole) and dimeric
peptide conjugate (11) shown in Figure 5 (7.0 mg — 0.84 umole) was prepared in 1 mL of
distilled water at 60°C to obtain a micellar suspension.

[00162] Separately, DSPC (16.3mg — 20.6 pmoles) and DSPA (3.7 mg - 5.15 umoles)
were dissolved in cyclooctane (1.6 mL) at 80°C. This organic phase was added to a PEG4000
10% solution in water (20 mL) using a high speed homogenizer (Polytron T3000, probe
diameter of 3 cm) for 1 minute at 8000rpm, to obtain an emulsion.

[00163] The micellar suspension was mixed with the emulsion and the resulting
mixture was heated at 80°C for 1 hour under agitation. After cooling to room temperature (1

hour), the obtained emulsion was washed once by centrifugation (15002/10min - Sigma
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[00158] Separately, DPPE (15.8 ng - 22.8 mmol es) and
DPPG (4.2 ng - 5.7 mmol es) were dispersed in a
wa@odoanemm of PEGA000 10%in distilled water (2BIM/ySEDG/061793
700C for 20 m nutes. The dispersion was then cooled to
room tenperature. Perfluoroheptane (1.6nL) was
emul sified in the aqueous phase using a high speed
honogeni zer (Pol ytron PT3000, probe dianmeter of 3 cn
for 1 mnute at 10000 rpmto obtain an
ermul si on. [ 00159] The m cel |l ar suspension was added to
centrifugé BE16yMel dintinatentle étvesy eftht phogphnlipiduTee wepsirdiedsupgrmatant
80C for 1 hour under stirring. After cooling to room
(containidEERBLHdRictodkopletsrof solveet) ebisatcadrenaldseonspeaded in twice the
washed once by centrifugati on (200g/10m n-Si gma
initial voR@& &  1B8 P3IKE 4000 dqueold solmide t he excess of
phosphol i pid. The separated pellet (containing
[00164] €Ul §hE b@ﬁh{ed%@%n@iéh%&_seﬁlpw eNDINSR s/idleClomer/edalpithen
re-suspended with the initial volunme of a 10% PE&000

vials wer@ Q56184 %o _Ssd%t(g%st EQ0I560] 1 7The FedizaiDiger) ant fistmndrivaisat -25°C
sanpled into DINSBR vials (InL/vial). Then vials were

| 12 Afit Spinhsd it Pit R°824a8 71 afaefddyiRiys.
and02[§%1f§$g€%£F§8§%d 5? -2 %&2% 0.2 nBar for 12 hours

Vials weﬁg J’:{E)o@e .orﬁ%l atﬁ%@‘ﬂﬁége Sfnily SROSNARsheR. (35mB2% vfoﬁlfm@ and
ours. Vials were exposed to an at nosphere contai ning
sealed. CAF10/ nitrogen (35/65 by vol une) and seal ed. The

| yophi i zed product was redispersed in a volunme of

The lyop% EE%P%? Bfrag ﬁleh@igpie?sled?ﬂ] 8 vBYingeHt St Bde &l’éﬂﬁi’cﬂﬁ_ﬂone by

eparation of Targeted M crobubbles with

P PA Envel ope Exanple HA [00161] An aqueous
genﬂeha??&%’?élﬂs%n of DSPE- PEGL0O00 (2.5 ngy - 1.4 mmol e) and

EQEEP[if epti de conjugate (11) shown in Figure 5 (7.0
=0 nmol e) was prepared in 1nL of distilled

wat er at  600C, t o abt ai | 6 - GRS 20b@?é§8]
[00165] Separ‘?giagff\?? 9@%%56?[%‘7‘%% g‘-‘tn'%?%b'ﬁmﬁsde% o TR (%78
pmoles) ggd 1 6,3 I'n%%f rgnng)rlo?nse)ric peptide-phospholipid conjugate (1) shown in Figure 2
(0.26 umole) to prepare the micellar suspension.

Example 11C

[00166] DSPC (16.3 mg — 20.6 pmoles), DSPA (3.7 mg — 5.15 pmoles) and
monomeric peptide phospholipid conjugate (1) shown in Figure 1 (1.6 mg — 0.26 pmole)
were dissolved in cyclooctane (1.6 mL) at 80°C. This organic phase was emulsified in a
PEG4000 10% aqueous phase (20 mL) using a high speed homogenizer (Polytron PT3000,
probe diameter of 3 cm) for 1 minute at 8000 rpm to obtain an emulsion.

[00167] The resulting emulsion was heated at 80°C for 1 hour under stirring. After
cooling to room temperature (1 hour), the obtained emulsion was ‘diluted with 20ml of a

PEG4000 10% aqueous solution.
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wer e dissolved in cyclooctane (1.6 nlL) at 800C. This
organi ¢ phase was added to a PE&4000 10% sol ution in

WwWORE0067029 L) using a hi gh speed honobgeni zer PEDUF106061793

T3000, probe diameter of 3 cm) for 1 mnute at
8000rpm to obtain an enul sion. [00163] The mcell ar
suspension was m xed with the enmul sion and the
resulting m xture was heated at 80C for 1 hour under
agitation. After cooling to roomtenperature (1 hour),
the obtai ned enul si on was washed once by )

[00168] Cent Thé ygatsianwid &afgkd amb DINSBIGatad mil/ Vit gBhBialg vere
to elimnate the excess of the phospholipid. The

cooled aiSBPAT atiatht PppsAtI2MS Kreest Biyehrmpdeinezsidiiedat -25°C and 0.2
m crodropl ets of solvent) was recovered and

mBar for' & EHePERE N dipihg step A€309C dda0. 1 vaBanfer Gthoarsl 0% PEG
4000 aqueous sol ution. [00164] The obtai ned suspensi on

Vials wiB%xp8dHal ©0an RbAcsINERcHitaintng TAFLO/Mitvogrhn) (35Mtehy wioklse) and
were cooled to -500C (Christ Epsilon 2-12DS Freeze

led. TRENESOnid b &8% vk @Epdied i22G/dnthe Of Avarhiatvitothe 1fitial one by
seate houfé,lmﬁtﬁﬁa final dry?ng step at 300C and 0.1 nbar

fQrndicilgurs. Vials were exposed to an atnosphere
genﬂehébﬁ%é?hgng CAFi o/ Nitrogen (35/65 by vol une) and

E)Q&NHﬁﬁéhgd' The |yophilized product was then dispersed in

ume of water twice the initial one by gentle hand

Pregarat‘ﬁo:%%lg F:%etaéﬂl%oﬁul?'ﬁlgs Wﬁ%c@&%ﬁﬁé entélfp¥as repeated,

. nmol es) and 1.6

Iggnpﬁepﬁgonéric pepti de- phosphol i pid conjugate (1)

Figure 2 (0.26 nmole) to prepare the nmicellar

[00169] >1SPEAZ 5&%@&@?@%&% %%Q%lﬁﬁd}zéﬁf’sfzé %,% 300G.mol28)-4d the

15 mmol es nmononeric
B
in 660uf, 6F Sisfihda #atd P60 Il SR IR hicMAPIRpYRToLM ST T ed T
[00170] Separately, DSPC (18.2 mg —23.1 umoles) and stearate (1.8 mg — 5.8 umoles)
were dissolved in cyclooctane (1.6 mL) at 80°C. This organic phase was added to a
PEG4000 10% solution in water (20 mL) using a high speed homogenizer (Polytron T3000,
probe diameter of 3 cm) for 1 minute at 9000rpm, to obtain an emulsion.

[00171] The micellar solution was mixed with the emulsion and the resulting mixture
was heated at 80°C for 1 hour under agitation. After cooling to room temperature (1 hour),
the obtained emulsion was washed once by centrifugation (1500g/10min - Sigma centrifuge
3K 10) to eliminate the excess of phospholipids. The separated supernatant (containing
emulsified microdroplets of solvent) was recovered and re-suspended with twice the initial
volume of a2 10% PEG 4000 aqueous solution.

100172] The obtained suspension was sampled into DIN8R vials (1 mL/vial). Then

vials were cooled to -50°C (Christ Epsilon 2-12DS Freeze Dryer) and freeze-dried at -25°C

and 0.2 mbar for 12 hours, with a final drying step at 30°C and 0.1 mbar for 7 hours.
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PEG4000 10% aqueous phase (20 nL) using a high speed
honogeni zer (Pol ytron PT3000, probe dianeter of 3 cn
wo 200706797Nut e at 8000 rpmto obtain an enul si OPCT/US2006/061793
[00167] The resulting emul sion was heated at 800C for
1 hour under stirring. After cooling to room
tenperature ( 1 hour), the obtained enul sion was
diluted with 20m of a PEG4000 10% aqueous
sol ution.[00168] The erul sion was sanpl ed i nto DI N8R
vials (Inm/vial). Then vials were cooled at -50C
Vials wefdBigosdd TRl dunosphel ¥t Hnmez@ My Nirdgea(dls/bp by voluine)egd
at -25C and 0.2 nBar for 12 hours with a final drying
sealed. step at 30C and 0.1 nBar for 7 hours. Vials were
exposed to an atnosphere containi ng C4F10/ nitrogen
The lyophP/e@Prdicy RhidBperdétllinse adlathe ofvexténitagidu the nedalpmedycgentle
was redi spersed 1n a volunme of water twice the initia
handshdﬁﬁ%.by gentl e hand shaki ng. EXAMPLE 12 Preparation of
Targeted M crobubbles wi th DSPC/ St earate Envel ope
el g 2A [00169] An aqueous suspensi on of
‘DSP%E%EGZOOO (2.5 ng - 0.9 mmoles) and the dineric
phosphgl iRl ¢ & Qs 4egMaed Bylie ﬁ# khe Qirrér@dpeptide pRoSphistipid
I:()0173]-0.?> nnnlgs) massprepar;§;i5§%6 m. of distilled water
nj te1 PR q L § LiReiHd G8lel rafatisd sReNSn@tnt bOGE Hildnomeric
Comugm%éég}%ég%y?%%%%c (f8.2 ny - 23}1 nmol es) and stearate
tide Shkse . 8 Lwieharigi;e90!l ved in cycl ooct ane
EBPUde%%ﬁgmggya§@m8%ugﬁtﬁﬁis orgé%%% phase was added to a
Ig%gﬁqg 2éO%sqution in water (20 nlL) using a high
Speed tionogeni zer (Pol ytron T3000, probe dianmeter of 3
cm for 1.m LRPDSEC ALy a3 eMhSESNsodium
(00174}, oon%anﬁ%% 1?néégﬁsﬁg?§ag%c?ut i oDné ST b 70 hrm{lheg
| sio nd er | 4] ] r | ke 8A9Gh i
stearate { [ o3 13 i Ml Bl Pt o YARIRER Al (3 Shown n

hag| ion. At g to room
riure 4 ERELAHER bl 1y SR SE B B

9000rpr$1.elg%t£rl cfo%%gg to room temperature (1 hour), the obtained emulsion was washed

once by centrifugation (1500g/10min - Sigma centrifuge 3K1 0) to eliminate the excess of the

phospholipid. The separated supernatant (containing emulsified microdroplets of solvent) was
recovered and re-suspended in twice the initial volume of 2 10% PEG 4000 aqueous solution.

EXAMPLE 13

Static Binding Test on KDR-Transfected Cells

Plasmid production and purification
[00175] Full-length KDR was cloned into the pcDNAG6 vector and the plasmid was
amplified in competent DHSa. E. coli. Plasmid amplification and purification was performed
using E. coli JM 109 and a kit from Quiagen.

Transfection of 293H cells on Thermanox® covetslips
[00176] Cells were grown on poly-D-lysine-coated Thermanox® circular coverslips in

24-well plate. Transfection was done as recommended in the lipofectamine 2000 protocol
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3KI 0) to elimnate the excess of phospholipids. The
separ ated supernatant (containing enulsified
worR@roenepl et s of solvent) was recovered and PCT/US2006/061793
re-suspended with twice the initial volune of a 10%
PEG 4000 aqueous solution. [00172] The obtai ned
suspensi on was sanpled into DINSBR vials ( 1 ni/vial).
Then vials were cooled to -500C (Christ Epsilon 2-12DS
Freeze Dryer) and freeze-dried at -25C and 0.2 nbar
for 12 hours, with a final drying step at 300C and 0.1
(Invitrogdra catfdrl 668-bd>9|)1&mg hlug ofENEARPERSA6HE DR /pemosysdine(1.3 cm?2)
cont ai ni ng CAFi o/ Nitrogen (35/65 by vol une) and
in 0.1 mie dradfeclibe way dphe ini eesnfredunediayths tdhspaimedagent mix was
vol unme of water twice the initial one by gentle hand
removed Rald ¢ls afeaPpbers baB réflded3) iticxapipr serlidAcovesinirepaedieth. Some
by replacing the dimeric peptide phospholipid
of the cEDBHAEAESYefslibl whie©wdck Arankfpdted (SvithirolDNAY. Bleamext day, expression
relati ve nolar anount of the nononeric peptide
of the KPIFQ $§Rplok Ri=8 asseBiet B3titntunocseemishyfing uliebiddingxasgy was
12C [00174] Exanple 11C was repeated with DSPC (18.2
perform@H, - 23.1 mmol es), sodiumstearate (1.8 ng-5.8 mmol es)
and the dineric peptide phospholipid conjugate (11)
BlOWR vidihd S4ke 5 (2.2 ng-0.26 nmmol e). The agitation
speed for emulsification was fixed to 9000rpm After

(00177100 | Age 1@n§PQBY LARRGERM D alcl WRKKIDR idigetelhatdbabbles
ermul si on was washed once by centrifugation

resuspeﬁn%ép@lgfol}@ Hinﬁan ﬁb&g@n PRRt Fbf #38n&ilatiOn Wi tBE trihdTedied cells a
excess of he phosphol i pid. The separated

small plégﬁ?v aNENdLQBh 3isE NG s PR RS a T £108LARII8 Sdahe cap was

was recovered and re-suspended in tw ce the

coves Qe A O SIS i conac
with thect%lréeted microbubbles. After 30 min of incubation at RT, the coverslip was lifted
with tweezers, rinsed three times in PBS and examined under a microscope to assess binding
of the targeted microbubbles.

Determination of the % of surface covered by microbubbles
[00178] Images were acquired with a digital camera DC300F (Leica) and the percent
of surface covered by bound microbubbles in the imaged area was determined using the
software QWin version 3.1 (Leica Microsystem AG, Basel, Switzerland). Pictures were taken
of each Thermanox®coverslip. For each preparation of Examples 9 and 10, the binding
assay was repcated a minimum of two times thus obtaining an average valuc of the surface
covered.
In the following Tablcs 6 and 7, the binding activity of the microbubbles preparcd according
to Examplcs 9 and 10 above arc rccorded.
[00179] As indicated by the Tables, the same peptide may show different binding

activities when included (as a lipopeptide) in different phospholipid formulations forming the
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Pl asm d production and purification [00175]
Full -l ength KDR was cloned into the pcDNA6 vector and
wo b@7pb73m d was anplified in conpetent DHS5a BPCT/UK1006/061793
Plasm d anplification and purification was perforned
using E. coli JM 109 and a kit from Qui agen.
Transfection of 293H cells on Thermanox(r) coverslips
[00176] Cells were grown on poly-D-Iysine-coated
Ther manox(r) circular coverslips in 24-well plate.
Transfecti on was done as reconmended in the
stabilizihg poédepeari the n2&0bulhlet diotoblibblet caganingd@PR binding lipopeptides
11668-019) using 1 ng of DNA (pc- DNA6-f KDR) / per
of the incentssbinp spdcifcatlyp KIDRO:=xpreshing Tehnehde theynlidast binde
in serumfree nedia, the transfection reagent m x was
apprecidtgyrvedclt framfedtd selnf ter 2 hours and repl aced with
regul ar serum contai ni ng nedium Sone of the
EXAMPER tg£0at ed coverslips were nock-transfected (with no
DNA). The next day, expression of the KDR receptor was
Dynamid 58858 Gedd¥n HIVHGICRRACNERinsdrid/Praftih t he bi ndi ng assay
was perforned. Bubble binding assay [00177] The

Pfe@&éﬁ%ﬁB?ﬁcﬁ@d}ls-RﬂecE&té&é‘d%?Jl?Q -with KDR-targeted
m cr obubbl es resuspended in 50% human pl asma in PBS.

[oolso]FOf t Bfass f&e%}aﬁﬂsqaowuhhn dnendte2 B REI8 dn€ EBLBeAPANRISA) were

plastic cap was filled with a suspension containing a

coated Wit ¥ iRk 88mAR VEEROAR: BRENGRVSOREL MR &D Qﬁ,tems) according

inverted Thermanox(r) coverslip so as to put the

the £ 11,5‘{, & I1's in contact with the targeted
o ES‘% g%(?gs&eAfter 30 min of incubation at RT, the

[00181]C over % éu‘?f Wags hhﬁéng%nwm& 3PBETEHS delihREESn HHY A8sstdoireslip

exan1ne under a m croscope to assess

using a?#)]&(%%}qg?rﬂér @bﬁ tf%flﬂgﬁc?gﬂ 0?% @%@E bl?%)g& FLT iR fad Lg/?nli)fn PBS

surface covere y mcro 00178]

was depﬁf 9&%51 B S ﬁ%um&daryv%&é}fl%h@i [ib@ton ﬁ@e%@%@gﬁﬁ yres

ercen sur ace covere

asp1ratetr£|hreep?ace9 l% o> mﬁl $K sohll'[ca 51 dfﬁégq ARy ﬂief’lgé IU (51565/(Zi Wéeﬂ%O pH74
and incubated for 3 hours at RT. Then the coverslip was washed three times with 5 ml of
PBS-0.05% Tween 80.

Binding assay
[00182] Binding studies of targeted bubbles were carried out using a parallel-plate
flow chamber (FCS2, Bioptech Inc., Butler, PA, USA) with a chamber gasket of 0.25 mm in
thickness, with a customized adapter for upside-down chamber inversion. The coated
coverslip was inserted as a plate of the flow chamber. Microbubbles (5 x 10° bubbles/mL in
50% human plasma in PBS) were drawn through the flow chamber using an adjustable
infusion pump (Auto Syringe® AS50 Infusion Pump, Baxter, Deerfield, 1L, USA) with a 60
mL syringe (Terumo). The pump flow rate was adjusted to 1 mL/min to obtain the desired
shear ;‘ate of about 114 s'. After 10 minutes, the flow was stopped and pictures were taken

randomly at diffcrent positions on the coverslip (on arcas of about 0.025 mm?) using a 40 x
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software QAN n version 3.1 (Leica Mcrosystem AG
Basel, Switzerland). Pictures were taken of each
wab@nrmerex(r) coverslip. For each preparati on PET/US2006/061793
Exanples 9 and 10, the binding assay was repeated a
m ni mum of two tinmes thus obtaining an average val ue
of the surface covered. In the follow ng Tables 6 and
7 the binding activity of the m crobubbl es prepared
according to Exanples 9 and 10 above arc recorded.
[00179] As indicated by the Tables, the sane peptide
objectivesgndshG@Ddinphieghaeme pimaian(@-¥iew Ui Bofedmeging Sysiemgdegrmany)
(as a lipopeptide) in different phospholipid
connecfedrtorgh aitveoted GlpmpinbX SAesicedscdpezi ng envel ope of the
m cr obubbl e. M crobubbl es contai ni ng KDR bi ndi ng
[00183] i popdfitcimietbeodl tieobuhbéer droerchipicuspeas dateralihgd, rgeraged with
KDR- expressing cells while they did not bind
respectag featotad hlibenofmctkirdsraad sheobtenhed ehlus . waHldPLiFided by ten (to
Dynami ¢ Binding test on rh VEG--R2/Fc Chinmeric Protein
obtain fBeephipat,ii @nthefavea gy HabuhZo tinahe dnicobabbles par fniiid0]
d ass coverslips (40 mmin diameter, Bioptechs Inc.,
[00184But | erBor RAcHSAparatseof Brireplewl | And e2.0fbbiialiig fsaRm/as repeated
VEGF- R2/ Fc Chineric protein (R&D Systens) according
four tirhd¥@hhObbiomintadBichadol0gyor thO8bd] A surface of
di mensions 14 x 25 mmwas delimted on the gl ass
[00185F OV er STlidxklais BfreferiPaeiribblebikéing (4386a tRefi} e RAbsHE:. For
of Fc-VEGF-R2 solution at 4 ng/nL in PBS was deposited

instanc@a §18pSvAHE bAS adidfidstthafdh ANpddd IRl rﬂ @xtgaﬁibﬂfbuameé Gras bound
the solution was aspirated, replaced by 0.5 nL of a

on the &t ERRr I iBRA AU Al o FEI1ERadAA1E8 & BB caphtify 4f bubbles

and incubated for 3 hours at . Then the coverslip
to bind4¥8 thBFRE Und B RSy LddMSod th 5 m of PBS-0.05% Tween
, 80. B

Bi ndi ng assay
[00186] In the following tables 8 and 9, the binding activity of the microbubbles
prepared according to Examples 11 and 12 above were illustrated.
[00187] As inferable from the tables, the same peptide may show different binding

activities when included (as a peptide-phospholipid conjugate or lipopeptide) in different

phospholipid formulations forming the stabilizing envelope of the microbubble.

Table 6
KDR-
Example KDR Mock Mock
9A 28.6% 0.4% 28.3%
9B 28.0% 0.3% 27.7%
Table 7
KDR-
Example KDR Mpck Mock
10A 23.6% 0.2% 23.5%
10B 28.0% 0.0% 28.0%
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[00182] Binding studies of targeted bubbles were
carried out using a parallel -pi ate flow chanber
W@ B0FA¢79B) opt ech I nc., Butler, PA USA) wth apChusives/061793
gasket of 0.25 mmin thickness, with a customn zed
adapter for upside-down chanber inversion. The coated
coverslip was inserted as a plate of the flow chanber
M crobubbl es (5 x 106 bubbles/nL in 50% human pl asna
in PBS) were drawn through the flow chanber using an
adj ust abl e i nfusion punp (Auto Syringe(r) AS50
| nfusi on Punp, Baxter, Deerfield, IL, USA) with a 60
Table gL SYringe (Terump). The punp flow rate was adj usted
= to 1l nb/mn to obtain the desired shear rate of about
114 s 1. After 10 minutes, the flow was stopped and
pi wer e tlake ndomy at different positions on
llggéﬁgglbllp (fon 2?@35 about 0.025 mmR) using a 40
xobjldétive and la C®2nonachrome canera (F-View |1,
Sofqlbnaglng Systen§ﬂ Gerpany) connected to an
rnver ted—Gynpys X 50 croscope. [00183] The nunber
of _nlilér obubbl es on &8ch picture was deterni ned,
averaged with respect to the total nunber of pictures
and the obtalned val ue was then divided by ten (to
Table Bptain the "slope", i.e. the average amount of bound
m cr obubbl es per ninute). [ 00184] For each preparation
S ) g bi ndi ng assay was repeated
f oJeXamples t hus gbt ﬁlfﬂ?eng n average val ue of the
sl opgqaoa[ 00185] The slbqgpe riepresents the bubbl e binding
rate on the target substrate. For instance, a slope
val ud2Bf 8 indicatesdthat n average of eighty (80)
m cr gbhgbbl es was |bourc on t he coated coverslip in ten
m nutes. A highéer stope indicates a better capacity of
bubbles to bind to the target under flow conditions.
[00186] In the following tables 8 and 9, the binding
activity of the m crobubbl es prepared according to
EXAVBIFMSes 11 and 12 above were illustrated. [00187] As
inferable fromthe tables the same peptide may show
dir Mive Exaludfiondofiglizasey ptsashAER argedns A2
pepti de- phosphol'i pi d conjugate or Ilpopeptlde)
[00188{li f f erTdhstability of ultrasound contrast agents containing KDR bmdmg lipopeptides

of the invention to bind to KDR-expressing tissue in vivo was assessed using a known model
of angiogenesis: the rabbit VX2 tumor model.
[00189] A known model of angiogenic tissue was used to examine the ability of the
KDR-targeted ultrasound microbubbles to localize to and provide an image of angiogenic
tissue.
The VX2 rabbit carcinoma was serially implanted in the dorsal muscle of New Zealand
rabbits (Charles River Laboratories, France) weighting 2.5/3kg.

Preparation of tumor homogenate
[00190] Tumor was surgically removed, placed into McCoy’s culture medium

containing 10% fetal calf serum, antibiotics, 1.5 mM Glutamax I and cut into small pieces
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phosphol i pid fornul ations form ng the stabilizing
envel ope of the m crobubble. Table 6Table 8 EXAMPLE 15
w0 pooviogr7Eval uati on of U trasound Contrast AgePCBUS2006/061793
Targeted to KDR [00188] The ability of ultrasound
contrast agents containing KlDR binding |ipopeptides
of the invention to bind to KDR-expressing tissue in
vivo was assessed using a known nodel of angi ogenesis:
the rabbit VX2 tunor nodel. [00189] A known nodel of
angi ogeni ¢ tissue was used to exanine the abilify of
that wergan4epto repeje baod pnd debyin dlhendvwspupisress(3iie 3 @ alwez@pldced ina
to and provi de an i mage of angi ogenic tissue. The VX2
50 ml Fadgomitubeegndiintiee’ Wasokwmpete ynqdiphadte dumner tiysae s ggound
nmuscl e of New Zeal and rabbits (Charles River
(Polytrombtia no mass solid piesey wesi \gsibien§hommrigk guidpy egpeantifuged for 5
of tunor honogenate [00190] Tunor was surgically
minutes efifdgdnd phaswdniatem diss@oled s Sevint mE-eofifredh mmedtemtvaisridded per 5
10% fetal calf serum antibiotics, 1.5 m}V| dutanmax 1
mL of peilkt.cut into small piecesthat were rinsed to renove
bl ood and debris. Then tunor pieces (3 to 5 cnB) were
pl acedumpramplamdtidral con tube containing 5 nL of
conpl ete nmedium The tunor tissue was ground
[00191{ Pol ytRabbjts tsteivtedrftrsh@B enls of Veirjigmilg @ caproenazisd, Bheofi, injected
The murky fluid was centrifuged for 5 mnutes at 300g
intranm@sddlatii parsiperctatm bhesthesead el .an Sevanustulfinjkewshof
medi um was added per 5 nL of pellet. Tunor
KetaminBIb $Xydd i (MR8 dHa Aaiiiing) h@&@ﬂe\(@ d/1blxﬁ§/&n]9 037 iL/RE).

Vet ranquil (Acepromazi ne, Sanofi, injected

One h@ﬁ%éd%ﬂ?&ﬁé@@fﬁﬁﬁﬂn&‘ﬁﬁ&n&% Qte%%ﬁ@@eﬂ%ﬁ@a%éé&la@l} Fifteen
I ntramuscul ar injection of Ketam nol(r)5/ Xyl azi ne

days aﬁ{?ﬁnggahgﬁfoh%fwlt&ﬂw , it Pert 304sHEIBA ThainQvith the same

mixture, plus subcutaneous injection of 50% Urethane (2mL/kg, s.c.) (Sigma) for imaging
experiments.

In vivo ultrasound imaging
[00192] VX2 tumor imaging was performed using an ultrasound imaging system ATI:
HDI 5000 apparatus equipped with a L7-4 linear probe. B-mode pulse inversion at high
acoustic power (MI=0.9) was used to evaluate accumulation of targeted microbubbles on the
KDR receptor expressed on the endothelium of neovessels. The linear probe was fixed on the
skin directly over the implanted tumors.
[00193] After bubble injection (0.1pL/kg of gas) using the preparations of either
Example 16 or Example 17, insonation was stopped allowing bubbles to accumulate for 25
minutes. Then, insonation was reactivated at high acoustic power (M1 0.9) destroying all the
bubbles present in the tumor. The amount of free circulating bubbles was then assessed by
recording the signal obtained after 20 sec accumulation without insonation.

Video frames from VX2 tumor imaging experiments were captured with video-capture and
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One hundred mcroliters of VX2 tunor honogenate was
injected intranuscularly. Fifteen days after
w0 p7aenmozd i on of VX2 tunors, animals were anespdiBEUS206061793
again with the sanme m xture, plus subcutaneous
i njection of 50% Urethane (2nL/kg s.c.) (Sigma) for
i magi ng experinments. In vivo ultrasound inmagi ng
[00192] VX2 tunor imagi ng was perfornmed using an
ul trasound i magi ng system ATL HDI 5000 appar at us
equi pped with a L7-4 |inear probe. B-node pul se
analysed mitdrisiage-Pao PhisghO acwaitei Thepuowae 1¢Mesetdie irpylaging Gubbles
eval uate accumul ati on of targeted m crobubbles on the
was sublBRed doeptherinagp obeged ad A5 tiie, torpdovide i immpgs representing bound
neovessel s. The |inear probe was fixed on the skin
bubblesdi rectly over the inplanted tunors. [00193] After
bubbl e injection (0. 1nL/kg of gas) using the
Referriflf ©Fg @i 10 svhaéh dioWsahe fesaltpivith 1ite prepivatiopo€ExZmple 16) and
i nsonati on was stopped all ow ng bubbles to accunul ate
Figure f0(wa8h BAdWA 1S restite Rvith the prephiabion Wi Exnepdd 1 atRighrat 11A and
hi gh acoustic power (M 0.9) destroying all the
12A shdW B i@sePpEBRIBubble infietibbl (Biiselidd)SFigupssrit] Boind I2eshow retention
C|rculat|ng bubbl es mas then assessed by recording the
of bubbid EfdlasiORliRE ARELEIS Binuldd pPeCinpeaUALdndl Fighirewilll it 12C show the
i nsonation. Video frames from VX2 tunor imaging

result oﬁl?élﬂféﬁ' HRPESHMREIBN 68 RIcWablind ahh fedSRub@RE BiiBbles and represent
andanal ysed with I mage-Pro Plus 2.0 software. The

bound t{BRESIHER rc%ﬁ%.'ﬂhh? KR EBofephiabd AlcoRin® ublegFedd@binvention.
subtracted fromithe i nage obtained at 25 min, to

ExampEE QE ' 1‘4’eanﬁr131 961 L8081 SRR ehab Q}Hbgom&irﬁ&st 4RhRehAfl such
to Figure 11 (which shows the results with the

KDR bfﬁﬁiﬁ&?xﬁ 19§] 1&51{8%@% g eg}esﬁﬁg (fﬂcgtlﬁ{@ aﬂg%o%é’ﬁi&)ctﬁsﬁi@&%imal

ts wt he aratron of Exanple
modelsFlgures 11 A and 12A show an i mage before bubble
injection (baseline); Figures 11B and 12B show
retention of bubble contrast in the tunor 25 m nutes
post injection; and Figures 11C and 12C show t he

EEE!EQﬁégﬁﬁ obtai ned after subtraction of the baseline and

i rcul ating bubbl es and represent

[00194] Example 12A was repeated by replacing DSPE-PEG2000 with DSPE-
PEG1000 (2.7 mg, 1.54 umol) and using 2.5 mg (0.31 pmol) of dimeric peptide phospholipid

conjugate (11) shown in Figure 5.

EXAMPLE 17

[00195] Example 16 was repeated by replacing the dimeric peptide phospholipid
conjugate with the same molar amount of monomeric phospholipid conjugate (1) shown in

Figure 2.
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bound m cr obubbl es contai ning KDR |i popepti des
according to the present invention. Exanples 15-17 and

woe@ane®7dl and 12 confirmthat ultrasound conPCEHES2006/061793

agents bearing such KDR binding noieties localize to
KDR expressing (and thus angi ogenic) tissue in ani mal
nodel s. EXAMPLE 16 [00194] Exanple 12A was repeated by
repl aci ng DSPE- PER2O00 wi th DSPEPEA OOO (2.7 nmg, 1.54
mrol ) and using 2.5 ng (0.31 mol ) of dineric peptide
phosphol i pid conjugate (11) shown in Figure 5. EXAMPLE

What isThijnod195] Exanple 16 was repeated by replacing the

1.

;and

di meric peptide phospholipid conjugate with the sane
Agleptidapiespholipidronpigetei selepted i itlilqogld up @nljlaysjmgeaf( 1)
shown in Figure 2. Wat is clained is:

pept i de<phosph oI| L€ co Jugat . sel ect, t he group

conS|st'nofo un co‘hﬂégikgg

conposi &i o, n ugé%;;aﬁ cliai'm 15 The
Y t

i 6n of cIa|n12 ei n contr ast age

conpyi ses a gas-filled mcrovesicle. 4. The ;
conpesition of claim3, wherein the gas filled ﬁm

m crovdsi gl e conprises a phospholipid. 5. The
conmposilt f%h of claim3, wherein the gas-filled "

m crqvesicle further conprises two or nore conporghfs
formthe group consisting of: DSPC, DPP
DPPA, PA, DPPE, DPPG DSPE-PEGA 000, DSPE-PEQO

pal mt? »Xacid and stearic acid. 6. The conposi ti oh of

z@ﬁ%gﬂﬂfﬁ ﬁﬂﬁﬁﬂ—«@%

H N\ALO NYN -----

. 2
NH, H
: OQ-\OH
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AGPTWCEDDWYYCW.FGTGGEK( AC- VCWEDSWEGEVCFRYDP-
GGX[ - Adoa- Adoa- d ut - K( DSPE- PE&R2000-NH- G ut)]-NH 2
W@ y®7ie79(®- 12) di sul fide}-NH2 cyclic (6-13) diBai/Usme6/061793
and the contrast agent further conprises DSPC and
DPPG 7. The conposition of claim5, wherein the
conjugate conprises SEQ ID NO 4 and the contrast
agent further conprises DSPC and DPPG 8. The
conposition of claim5, wherein the conjugate
conprises SEQ ID NO 4 and the contrast agent further

conp sesmEBPE-PEG 00Q.. DPPE and PG 9. The
" 0 t| &a|n1 mhere n th cacon ug@

A@FbTV\l:EEDVWYqWF ( AC C\/E

X - Adoa Adoa- t-K(DSPﬁ S OOO-NH-G ut)] o
cyclic ( clic (6-13) disulfi RO Ol
and the contrast agent further conprises DSPE-PEG o (mmmi
000, DPPE and DPPG 10. The conposition of claimb5, "
wherein the conjugate conprises Ac- n
AGPTWCEDDWYYCW. FGT GGEK( AC- VCWEDSWGGEVCFRYDP- N

GGaK[ - Adoa- Adoa- G ut - K( DSPE- PEG2000- NH- G ut )] - NH 2{
cyclic (2-12) disulfide}-NH2 cyclic (6-13) disulfid
and the contrast agent further conprises DSPE-PEG "
1000, DSPC and DSPA. 11. The conposition of claimb5
wherein the conjugate conprises SEQID NO 1 and th
cont rast agent further conprises DSPE- PEGR2000, DSP€\,

. %2. conmposi tiongpf cla 5, mherein the
ery

SEO‘ll-‘m J;an

s D Dsggzzﬁggthe o ol

np

conposmxbon of clai m 5 mh e|n conj tigat e
coﬁprlses Ac- aK Qe
AGPTWCEDDWYYCW.FGT GEGK( AC- VOWEDSWEGEVCFRYDP-

GGK[ - Adoa- Adoa- d ut - K( DSPE- PE&R2000-NH- @ ut)]-NH 2
cyclic (2-12) disulfide}-NH2 cyclic (6-13) disulfide
and the contrast agent further conprises DSPE-PEG000,

PC t it -G @iy
o B B Sy g TS SRR g e ol 1

3. The composition of claim 2, wherein the contrast agent comprises a gas-filled

microvesicle.
| 4. The composition of claim 3, wherein the gas filled microvesicle comprises a
phospholipid.

5. The composition of claim 3, wherein the gas-filled microvesicle further
comprises two or more components selected form tﬁe group consisting of: DSPC, DPPG,
DPPA, DSPA, DPPE, DPPG, DSPE-PEG1000, DSPE-PEG2000, palmitic acid and stearic
acid.

6. The composition of claim 5; wherein the conjugate comprises Ac-
AGPTWCEDDWYYCWLFGTGGGK {Ac-VCWEDSWGGEVCFRYDP- GGGKJ-Adoa-
Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH, cyclic (2-12) disulfide}-NH, cyclic (6-13)
disulfide and the contrast agent further comprises DSPC and DPPG.
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and the contrast agent further conprises DSPE-PEG2000,
DSPC and stearate. 15. The conposition of claimb,
wob@re671974 he conj ugate conpri ses Ac- PCT/US2006/061793
AGPTWCEDDWYYCW.FGTGGEK( A C- VCWEDSWEGEVCFRYDP-
GGK] - AdoaAdoa- d ut - K( DSPE- PE&R2000-NH- @ ut)]-NH 2
cyclic (2-12) disulfide} -NH2 cyclic (6-13) disulfide
and the contrast agent further conprises DSPC and
stearate. 16. The conposition of claim5, wherein the
TACP TV RORCP S SR AT TSE S S erpperises SEQ ID NO. 4
GOXK[ - Adoa- Adoa- G ut - K( DSPE- PEG2000- NH- G ut )] -NH 2
and the copthitagent fuptheysasmprisee PPPOpl RYRG: ¢ (6-13) disul fide
and the contrast agent further conprises DSPE-PEG
81000, THRSR@pasiion i pleamed, WhpreiTTize ¢ampRsss e9mBprissp SEQIRINO- 4
5, wherein the conjugate conprises S%gélD NO. 1 and
and the ddngrastorgenafirthageornpriisgs DINEE- ngﬁéﬂ%é%? ped PEES000,
DSPC and stearate. 18. The conposition of claimb5
. ur t HEbe compasitsimnef deimonpdvesin thetaiugade FemRIItsRAgr oup
consi sting of: sugars, polysaccharides and pol yol s.
AGPTWEDDVEY Y@ va S TGRGEH Ach aCWHIBS WHEENGFRWIPE- GGGK[-Adoa-
conponent is selected frommannitol, dextran and
Adoa-GREKYSISPH-BRESGDYC-OH-Q6X)]- Wk opoipsil 2) disulfifle e Nalzmy¢ids (6-13)
wherein said gas conprises a fluorinated gas. 21. The
disulfid€ aNpOSicohaast agyntdaeh@afconipristaDFBE PG 1 (001 ®Rfesd PP Ge
gas conprises C3F8, C Fioor SF , optionally in
M X e @owipobitiah lof chith I5pg@BreiDigenj@atc@migpises Ac-

di oxi de. 22. A method for inmaging KDR-cont ai ni ng
AGPTWCEPUSVTY @MIEHGTEG GGRIC-$ CVIEDSIV GGENCFRYD&A GGGK[-Adoa-
effective anmount of a conposition of claim3 to the
Adoa-GRIE SENPHEGRO0 NgH e Iy cli2 82-12) distilfidd} NH, cyclic (6-13)
detecting or inaging angi ogeni c processes in a nanmal
disulfid€ UNRthS b RHBL A Sirfel BGmBiAseS TSI PEE W00UDEPGfand DSPA.

conposition of claim3 to the manmal and i nmagi ng the

{RMTRlrye composition of claim 5, wherein the conjugate comprises SEQ 1D NO. 1
and the contrast agent further comprises DSPE-PEG2000, DSPC and DSPA.

12. The composition of claim 5, wherein the conjugate comprises SEQ ID NO. 1
and the contrast agent further comprises DSPC and DSPA.

13. The composition of claim 5, wherein the conjugate comprises Ac-
AGPTWCEDDWYYCWLFGTGGGK {Ac-VCWEDSWGGEVCFRYDP- GGGK{[-Adoa-
Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH, cyclic (2-12) disulfide}-NH; cyclic (6-1 3)
disulfide and the contrast agent further comprises DSPE-PEG2000, DSPC and stearate.

14. The composition of claim 5, wherein the conjugate comprises SEQ 1D NO. 1
and the contrast agent further comprises DSPE-PEG2000, DSPC and stearate.

15. The composition of claim 5, wherein the conjugate comprises Ac-

AGPTWCEDDWYY CWLFGTGGGK {Ac-VCWEDSWGGEVCFRYDP- GGGK][-Adoa-
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24. A nethod for detecting or imaging tunor tissue
containing KDR in a manmal conprising adm ni stering an
we@bdogoeiove anount of a conposition of claim3 POI/UN®6/061793
mammal and i magi ng the mammal . 25. A pepti de nononer
conprising Ac-Arg- Al a-G n-Asp-Trp-Tyr-Tyr- Asp-d u-
Il e-Leu-Ser-Met-Al a- Asp-d n- Leu- Arg- Hi s- Al a- Phe- Leu- Se
r-Gy-dy-dy-dy-dy-Lys- NH2. 26. An ultrasound
contrast agent conposition conprising one or nore
nononers sel ected fromthe group _consisti ngz of Ac-Ar%-
Adoa-Gly-K (S RE-PE( 2 0R0pN I/ B Lty NHAGYsIiG(2=112) displifleT-NHa cychic (6-13)
Ser - Met - Al a- Asp- G n- Leu- Arg- Hi s- Al a- Phe-Leu-Ser-d y-d
disulfideyar@ the Ghyirat pegntunher cagprises DSPC and stearate.
Al a- 3 n-Asp-Trp-Tyr-Tyr-Asp-Q3 u-11e-Leu-Ser-Met-Al a-As
16- G Fheeomogitish ©f slazmPh aherein the conjugate comprises Ac-
~ Leu-Ser-Ay-Ady-Gy-Ady-dy-Lys-NH 2;
AGPTWAEDD WYY ¢ WL BC TRGAKHAMC HERSWBGEBCFRY DP- GGGK[-Adoa-
Tyr - Tyr- Cys- Tr p- Leu- Phe-d y- Thx-3 y-d y-d y- Lys(i vDde)
Adoa-GluNH(DSPEHEG2 (-5 GilityuNHb dyglica@el 2) disulfide}-NH cyclic (6-13)
Ac- Val - Cys-Trp-d u- Asp-Ser-T f :
disulfide Gh thelcpnichdt-apedt-ftheRiverphiisgs DFPEANHS FOA), @SPC and stearate.
G y-dy-Lys(Adoa- Adoa)-NH 2 cyclic (2-12) disulfide
127. Tihe oaipeiicni afitldh 5 vaiereil the wingugitncdthprises EQE? NO. 1
agent conprises a gas filled mcro vesicle. 28. The
and the &RFRSSHgEhOfMrtBEr €draprite? NSPEAPEE( 006 A)SPQasd seaptd.ses a
fluorinated gas. 29. The conposition of claim 28,
1fur t hee &Qﬂé‘ﬁﬁsi’tﬁ:jr{@ Aaiph® aphel t@inprisilf a cohpoaempekicteddiom the
of claim 29, further conprising two or nore comnmponents
group cor@lsBeg 66 shgamﬁp%&9sa@&me§eﬁ@paybmg of : DSPC, DPPG,
DPPA, DSPA, E, DPPG DSPEPEQ OO0 DSPE- PEG2000,
al m Tﬁ&ccﬁlgé&itﬁﬁﬁofﬂﬁa{ 1€ vaehéln s@d bomPoaeadppeistttd Gom
of claim 30, wherein the gas the gas conprises C3F8,
mannitoSHEkEPindFo19Phl RABLIVYo1 N adm xture with air,
nitrogen, ‘oxygen or carbon dioxide. 32. A

REPL I F8s RRRSRNR B HaitP 13, UL &in GRS ShRPriedea AlorM& gas.
pepti de nononers

21. The composition any one of of claims 3 or 7-18 wherein the gas comprises
CsFs, C4F1o or SFe, optionally in admixture with air, nitrogen, oxygen or carbon dioxide.

22. A method for imaging KDR-containing tissue in a mammal comprising
administering an effective amount of a composition of claim 3 to the mammal and imaging
the mammal.

23. A method for detecting or imaging angiogenic processes in a mammal
comprising administering an effective amount of a composition of claim 3 to the mammal
and imaging the mammal.

24. A method for detecting or imaging tumor tissue containing KDR in a
mammal comprising administering an effective amount of a composition of claim 3 to the

mammal and imaging the mammal.
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of claim25. 33. The pepti de-phosphol i pid conjugate of
claim 32, wherein the phospholipid is selected from
w0 b@7g610ap consi sting of: phosphati dyl et hanol ardTES20861061793
nodi fi ed phospati dyl ct hanol am ncs. 34. The
pepti de- phosphol i pi d conjugate of claim 33 wherein the
phosphol i pid i s DSPE- PEG000. 35. A nethod for inmaging
KDR- containing tissue in a mammal conpri sing
adm ni stering an effective amount of a conposition of
claim26 to the manmal and imaging the manmmal. 36. A
23718t hadhehbtide tehewer cumprisingedye-dgeargi@gemnc Thr-sred ¥eésp-Glu-
in a manmal conprising adm nistering an effective
Tle-Leu-SerDikitAlaf A sp-Ghnbesidrp diisof ladthai naupBert Glyt Gly -Gy -GErd-ys-
I magi ng the manmal . 37. A nmethod for detecting or
NH,, i magi ng tunor tissue containing KDR in a manmal
conprising adm nistering an effective anmount of a
26.0NP RS lir@dbuafl cehipdsin @t icomipbaitionromprising oneeginege Teaomers
mammal . 38. A nethod for preparing a gas-filled
selected Fb&IAY 8fhuel RnsioNRY bBA B R-AhaSphaki-Fi Twhilyh-Asprpiu-Bes.cu-
the steps of : a. preparing an aqueous-organic
Ser-Met-AMBUASH AMNCIONPALE HIG All)-PRE-12GLB0GTy+Eigh Giy-Glye Gl pigr NH,; Ac-
water, ii) an organic solvent substantially inmm scible
Ala-Glo-Wish MR RLTyrl A dp-Giu- BB ARG Mietl Ald-Bp-&Bln-Leu-Arg-His-Ala-Phe-
pepti de-phosphol i pid conjugate of claiml and v) a
Leu—Ser—@ff—@@I@l?IG@gG@gE%Nm; Ak i Piorphrs BripdC e Gilis-Asp; AspeTrp-
obtaih a’lyophi'lized matrix conprising said

_Tyr-RROSRBAl & PbKh. GE-TRRBIRE T8y IajsdvDuepNiliczelic (@13) disulfide,
T T SRS, o EOOAAC) 3 DA

and Ac—Val—Cys-Trp-Glu-Asp-Ser—Trp—GIy—Gly—Glu-Val—Cys-Phe-Arg—Tyr—Asp-Pro—Gly—

Gly-Gly-Lys(Adoa-Adoa)-NH, cyclic (2-12) disulfide

27. The composition of claim 26, wherein the contrast agent comprises a gas filled
microvesicle.
28. The composition of claim 27, wherein said gas comprises a fluorinated gas.

29. The composition of claim 28, further comprising a phospholipid.

30. The composition of claim 29, further comprising two or moré components
selected from the group consisting of: DSPC, DPPG, DPPA, DSPA, DPPE, DPPG, DSPE-
PEG1000, DSPE-PEG2000, palmitic acid and stearic acid.

31. The composition of claim 30, wherein the gas the gas comprises CsFs, C4F10 or
SFs, optionally in admixture with air, nitrogen, oxygen or carbon dioxide.

32. A peptide-phospholipid cohjugate comprising one or more peptide monomers
of claim 25.

33. The peptide-phospholipid conjugate of claim 32, wherein the phospholipid is
selected from the group consisting of: phosphatidylethanolamines and modified

phospatidylcthanolamincs.
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d. reconstituting said Iyophilized matrix by
dissolving it into a physiologically acceptable
wa@euwenem™7carrier |iquid, to obtain a suspensi oPCDUSHaé/aH1793
gas-filled mcrovesicles. 39. The nethod of claim 38
wherein step a conprises the steps of:a. preparing an
aqueous suspensi on conprising a pegyl ated phosphol i pid
and the conjugate of claim1; b. preparing an
aqueous-organi ¢ enul sion conprising the aqueous
medi um the organic solvent, the phospholipid and the .
34.y opTht eeptidegplagpholipid aomjugate aflplaxin 3§ warein dogplznggholipid is
suspensi on of step al with the enul sion of step a2.
DSPE-PEG2008. nret hod of nmking a peptide phospholipid
conj ugate conprising, conjugating a peptide selected
34 or mat heth@ddupintaiss KDRgorthinSiEQidsDe NG m2mnig -comprising
AGPTWCEDDWYYCW.FGTGGGK[ K(ivDde) ] -NH 2 cyclic (6-13) )
administ&HiSdf &fiestivAGm oV ERSWHERRYEREGIEKE f\thChe Av@analNpd imaging
cyclic (2-12) disulfide, SEQID NO 5 and
the mamAat AGPTWCEDDWYYCWLFGT GGEK[ Ac- VCWEDSWGEGEVCFRYDPGGEK( -
Adoa- Adoa- 3 ut-K)-NH2 cyclic (2-12) disulfde]-NH
36YC 28 nfefirokiBor dbsilifd slambistdy Mgpfpeaphabiqid ndInaiiel
met hod of claim 40, wherein the phospholipidis
comprisiR§ A h@tiSdring 2n efR&VERIAAG 6 2 6babbtidod of Whain 6o tHeemammal
pegyl at ed phospholipid is DSPEPEG2000- NH2. 43. The
andhma@ﬁ%ﬁ&ﬂn%&n&h@i”‘42’ wherein the conjugati on conprises
eacting a nono NHS ester of the peptide with a free
33M NOy G OMI Ry dbREHRNOSRR A duchoy disbue dhtaifingB DR @fmammal
nmaki ng a pepti de phosphol ipid conjugate having | ow
comprisilng\égl‘rﬁnigfering an effective amount of a composition of claim 26 to the mammal

and imaging the mammal.
38. A method for preparing a gas-filled microvesicle comprising a phospholipid
which comprises the steps of :
a. preparing an aqueous-organic emulsion comprising 1) an aqueous
medium including water, ii) an organic solvent substantially
immiscible with water, iii) a phospholipid, iv) a peptide-phospholipid

conjugate of claim 1 and v) a lyoprotecting agent;

b. lyophilizing said emulsion, to obtain a lyophilized matrix comprising
said phospholipid;

c. contacting said lyophilized matrix with a biocompatible gas;

d. reconstituting said lyophilized matrix by dissolving it into a

physiologically acceptable aqueous carrier liquid, to obtain a
suspension of said gas-filled microvesicles.

39. The method of claim 38 wherein step a comprises the steps of:
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TFA conprising the steps of: converting peptide diner

TFA salts to an acetate salt via ani on exchange; and
w@ewjngare ng the peptide dinmer to a phosphol i ppdr/ug®06/061793

The nethod of claim44, wherein the peptide conprises

a peptide diner.46. The nmethod of claim45, wherein

the peptide dinmer conprises Ac-

AGPTWCEDDWYYCW.FGTGGEK[ Ac- VCWEDSWEGEVCFRYDPGGEEK( - Adoa-

Adoa-d ut-K)-NH 2 cyclic (2-12) disulfide]-NH2 cyclic

(6-13) disulfide. 47. The method of ‘cl aim 44, wherein

the ani onpeepetingge aqhrCONELPGRDI YOBBTHINE $aseilatqdgipospholipid

gradi ent of ammoni um acetate. 48. The nethod of claim

44, wher eknd theecophesphal digindl;i s pegyl ated. 49. The

met hod of claim48, wherein the pegylated phospholi pid

i s DBPEPEGRGAfng Mh2quéiis-odganst bodlsain erakpragngthe aqueous

pepti de- phosphol i pi d conjugate having | ow | evel s of

TFA conpr ingddig eihetorgei@sqientt te phospbphipid griddhe lyoprotecting

conjugate and TFA ions in a size exclusion colum. 51.

The met hodgeit.;andi m 50, wherein said eluting is in the

presence of ammoni um bi carbonate. 52. The net hod of

cl ai @ 50, avhgkigkRaidiRubaptsusisensioasHlsEpi 41 Wit thyj agdsien of step
conpri ses a pegyl ated phospholipid. 53. The nethod of

cl ai m 52, jgaherein the pegyl ated phospholipid is
DSPEPE&2000- NH2. 54. The nethod of claim50, wherein

e P RoG bf el &t 4. whar2in the pepti de
. . , pepti de
conjugatflgd BpetRIRREIERE 66N the group consisting of SEQ ID NO. 2, Ac-
AGPTWCEDDWYY CWLFGTGGGK[K(ivDde)]-NH; cyclic (6-13) disulfide, Ac-
VCWEDSWGGEVCFRYDPGGGK (Adoa-Adoa)-NH; cyclic (2-12) disulfide, SEQ ID NO.
5 and Ac-AGPTWCEDDWY Y CWLFGTGGGK[Ac-VCWEDSWGGEVCFRYDPGGGK(-
Adoa-Adoa-Glut-K)-NH; cyclic (2-12) disulfide]-NH, cyclic (6-13) disulfide with a
phospholipid.
41. The method of claim 40, wherein the phospholipid is pegylated.
42. The method of claim 41, wherein the pegylated phospholipid is DSPE-
PEG2000-NH.
43. The method of claim 42, wherein the conjugation comprises reacting a mono
NHS ester of the peptide with a free amino group of the phospholipid salt.
44. A method of making a peptide phospholipid conjugate having low levels of
TFA comprising the steps of:
converting peptide dimer TFA salts to an acetate salt via anion exchange; and
conjugating the peptide dimer to a phospholipid.

45.  The method of claim 44, wherein the peptide comprises a peptide dimer.

82



AGPTWCEDDWYYCW.FGTGGECEK| Ac- VCWEDSWGGEVCFRYDPGGEK( - Adoa-
Adoa-Qd ut-K)-NH2 cyclic (2-12) disulfide]-NH2 cyclic

W@ 20018379 sul fide. 56. The nethod of clai m 50, PEUTESE061061793
t he pepti de- phospholipid conjugate conprises a peptide
nononer . 57. The nethod of claimb56, wherein the
nmononer is selected fromthe group consisting of: SEQ

I'D NO 2, Ac- AGPTWCEDDWYYCW.FGTGGGK] K( i vDde) ] - NH2
cyclic (6-13) disulfide,

46 sulThedeshaha G 1o e pele diner Coimprites e 12
AGPTWCEDDWYYCWLFGTGGGK[Ac-VCWEDSWGGEVCFRYDPGGGK(-Adoa-
Adoa—Glut—K)—NHz cyclic (2-12) disulfide]-NH; cyclic (6-13) disulfide.

47. The method of claim 44, wherein the anion exchange chromatography
comprises a step gradient of ammonium acetate.

48. The method of claim 44, wherein the phospholipid is pegylated.

49. The method of claim 48, wherein the pegylated phospholipid is DSPE-
PEG2000-NHo,.

50. A method of making a peptide-phospholipid conjugate having low levels of
TFA comprising elutiné a peptide phospholipid conjugate and TFA ions in a size exclusion
column.

51. The method of claim 50, wherein said eluting is in the presence of ammonium
bicarbonate.

52. The method of claim 50, wherein the peptide phospholipid conjugate
comprises a pegylated phospholipid.

53. The method of claim 52, wherein the pegylated phospholipid is DSPE-
PEG2000-NH>.

54. The method of claim 50, wherein the peptide-phospholipid conjugate
comprises a peptide dimer.

55. The method of claim 54, wherein the peptide dimer comprises Ac-
AGPTWCEDDWYYCWLFGTGGGK[Ac-VCWEDSWGGEVCFRYDPGGGK(-Adoa-
Adoa-Glut-K)-NHj; cyclic (2-12) disulfide]-NH, cyclic (6-13) disulfide.

56. The method of claim 50, wherein the peptide-phospholipid conjugate

comprises a peptide monomer.
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57. The method of claim 56, wherein the monomer is selected from the group
consisting of: SEQ ID NO.2, Ac-AGPTWCEDDWY'Y CWLFGTGGGK[K(ivDde)]-NH;
cyclic (6-13) disulfide, Ac-VCWEDSWGGEVCFRYDPGGGK (Adoa-Adoa)-NH; cyclic (2-

12) disulfide, and SEQ ID NO. 5.
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