WD 2007/ 067979PCT/ US2006/ 061793 TARGETI NG VECTOR- PHOSPHOLI PI D CONJUGATES
RELATED APPLI CATIONS [0001] This application clainms priority to and benefit
of U S. Pvowogiwneb Application No. 60/833, 342, filed JRCY/UB200620063 and
U.S. Provisional Application No. 60/749, 240, filed Decenber 9, 2005, the
contents of each which are hereby incorporated herein by reference. FlIELD
OF THE I NVENTI ON [0002] The present invention relates to targeting

vect or - phosphol i pi d conjugates and particularly targeting

pepti de- phosphol i pi d conjugates, which are useful in therapeutic and

di agnostic conpositions and methods of oreoaratlon of the same. The

i nvention i ncl udEARGEENG YECTOREIHISPEL D QOMGALES particularly
targeted m crobubbl es mhlch i ncl ude such taroetlng vect or - phosphol i pi d

conj ugat es. BACKGROUND OF THELANNAENAPE Ci@uﬁf-tng|ogene3|s the formation
of new bl ood vessels, occurs not only durlng enbryoni ¢ devel opnent and noal
ti ssU80@kowt h aRBisrapplisationtsleims prigrishta anddiopefit ¢fiUShBrovisional Application

No. 60/833,342, filed July 25, 2006 and U.S. Provisional Application No. 60/749,240, filcd
December 9, 2005, the contents of each which are hereby incorporated herein by reference.
FIELD OF THE INVENTION
[0002] The present invention relates to targeting vector-phospholipid conjugates and
parti(;ularly targeting peptide-phospholipid conjugates, which are useful in therapeutic and
diagnostic composiﬁons and methods of preparation of the same. The invention includes
targeted ultrasound contrast agents, and particularly targeted microbubbles which include
such targeting vector-phospholipid conjugates.

BACKGROUND OF THE INVENTION

[0003] Angiogenesis, the formation of new blood vessels, occurs not only during
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:



femal e reproductive cycle, establishnment and nai nt enance of pregnancy, and
repair of wounds and fractures. In addition to angi ogenesis that occurs in
t he nor mawoi2e@liosiaal , angi ogeni ¢ events are invol ved i RCA/USQ0NH61703

pat hol ogi cal processes, notably tunor growh and netastasis, and ot her
conditions in which blood vessel proliferation is increased, such as

di abetic retinopathy, psoriasis and arthropathies. In addition,

angi ogenesis is inportant in the transition of a tunor from hyperplastic to
neopl astic growth. Consequently, inhibition of angi ogenesis has becone an
active cancer therapy research field. [0004] Tunor-induced angi ogenesis is
t hough??2 (I998PpSABGE s prastupedrekietily by ¢fvapies: Ofaedi TpeREHOBYR 1 VR Er s by
the tunor cells, which overconme other forces that tend to keep_existing
vesseind sgicesitentimatid eeaphenory hiso pextuce faeaemerntsed VI CE.riad@r induce

pr o- angi ogeni ¢ agents or growmh factors is vascul ar endothelial growth

f act afeafbyEsHioma] Celireto mbkaVEGHASEBuukIst al.3Ce/L\8: 715-725 (1998)). VEGF, also
2007/ 067979PCT/ US2006/ 061793 9-22 (1999)). VEGF is produced naturally by a
vari ekrefl t6 ek VEGPEs it syntlesipedae five diffpoxtispliantofoms oftlRbr 145t il 681 182, Many
tunors al so produce | arge amounts of VEG-, and/or induce nearby stromal

cel | sad@osrlaenYEERs ( MEGIYT s0deVEGE s aftethe m9d forfdspra@iced1@83ylarly/BEGE, al so
referred to as VEGF-A, is synthesized as five different splice isofornms of
121, duftBrs 665 Coh&9et ANTORN) Gy mwr). NUESE: 4 dackvEEabRdcumdn VE@Eté by axent fie nai n
forms produced, particularly in tunors (see Cohen et al. 1999, supra).
VEGFi g),d R6Kihed B@E igené R ilvesant biedo hypaitonsexbraaeliildr mhtrixhen\lEGE gene and
does not bind to heparin or extracellular matrix, unlike VEG-165. Each of
the regerencesckil @ deferbdlcs cal AGhRPaArdgsaghnic dn@epabed tyyrefeefrecémée in its
entirety. ?OOOS]VEGF famly nmenbers act primarily by binding to receptor
tyros&ggdglnases. In general, receptor tyrosine kinases are gl ycoproteins
havi ng an"extracel |l ul ar donai n capabl e of binding one or nore specific

gr omt @é}ﬁ%}ﬂt or s, vErdk RAST5 HlnARes A0 FRiAri(yEY 8lddingtd @bipher thidslne)kindses.

j uxta rane domain (where the receptor may be regul ated, e.g., by
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recepto n oxy-termnal tail, which in many receptors is involved
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are three erdothelr al pecific receptor tyrosine kinases known to bind
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cell ex ey i Onnéll%i ilffwlivil 'n%ngﬁl receft;t’ors(;EHNOlgéWﬁi 2o tlo‘lfpandg’ﬁh&%g@%%l)) '
OXRBRT 6 dom t is

Mor eoV¥ oug nat e € angl ogene fesponse and

t her ef ar f greater therapeutic and.dia hGq i t al.
1660, Seigpi LGS Elosl IEERE e AL AINARIAL LAL SIS o oo RS
vesse

(Ve kit o o SO ROCBHI el SRotSa (TR SRRLOAP R VERRIOIES
KDR | r(]FI%éP)g iF?tg? gﬁi l[a)l!{ %a]gci) Qéx!wg Qé[ %Gl})k -& b)? F?Ig—lﬂ)\l)v%}c% 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



WO 2007/ 067979PCT/ US2006/ 061793 | ack of vascul ar devel opnent in honpzygous
KDR knockout nouse enbryos (Fol kman et al., Cancer Medicine, 5th Edition
(B. C. DecWOn00m®79790nt ari o, Canada, 2000) pp. 132-152). PCOABRIKOR70Ki nase
dormain region) is made up of 1336 amino acids in its mature form The

gl ycosyl ated formof KDR migrates on an SDS-PAGE gel with an apparent

nol ecul ar wei ght of about 205 IcDa. KDR contains seven i munogl obulin-Iike
domains in its extracellular domain, of which the first three are the nost
important in VEGF binding (Cohen et al. 1999, supra). VEG- itself is a
honodi mer capabl e of binding to two KDR nol ecul es simultaneously. The

r esullicki of tahatlart develspRembindierhesy dous KRR kiapkertmausgsnbmph diatgmam gt al.,

aut ophosphoryl ate, becom ng nmuch nore active. The increased kinase activity
in t Wanckniviedtes 5t Bdigna By Drakenay.; Ovdarionsdinadae 0PMrkBR2d58ei fi ¢

bi ol ogi cal effects of VEG-. [0007] Thus, not only is the VEGE binding

act i iopgejof KDRKDR kinese doirtairceeigian) ismaiogea b33, arpige ackls ials matyret o det ect
KDR upregul ation on endothelial cells or to detect VEG-/ KDR bi nding

conpl Bxas THe Wytobdard tfoenef KR nefiatisan anrBIRPACIE ggl with apabpaseitng

angi ogenesis. [0008]1t is well known that gas filled ultrasound contrast
agent ort@laeweRAt bPituk 208 kDiac KPR cuhthinasevemdinredhedomis-flor dastiogiraphy .
Such ultrasound contrast agents include, for exanple, gas-filled m crovesid
es SUge@sclagad ddohas, o¥wihioh dibiiss thasoarg dis: hbktl ieghonact nFEEGE bislingzas fill ed
m crobubbl es are particularly preferred ultrasound contrast agents. (In
this @istech@salr e99d)8uben TWHGE [5dlEalivaidhespeebliafdliiding esivgniDEs a
gaseous bubbl e surrounded or stabilized by phospholipids). For instance

i Nj ectbNGulcdtAniihgcMlPPdshe ML G thhi toDROGbRSukY bpanse dinseriobd apoa  or
gas-filled mcrobubbles in a carrier liquid wll strongly reinforce

ul trageRie a%ﬁ'&ﬁﬂfpﬁ@é}}ﬁ&fﬁﬁi Bébonkifs smah Ghdig attivd. MEhevinsteabdddhaseractiity nt er nal
anat om cal” structures. 1magi ng of vessels and internal organs can strongly

hel p 1nntuﬁ?ﬁx%it?ﬁés Hi3AN0SI St 8 tHah SRR thORDRMSpatafiebbisicad bifagopt ast i c,

cardi ovascul ar and ot her di seases.
VEGF.

[0007} Thus, not only is the VEGF binding activity of KDR in vivo critical to
angiogenesis, but the ability to detect KDR upregulation on endothelial cells or to detect
VEGF/KDR binding complexes would be extremely beneficial in detecting or monitoring
angiogenesis.

[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.



WO 2007/ 067979PCT/ US2006/ 061793 [ 0009] For both di agnostic and therapeutic
purposes it would be particularly beneficial to incorporate into gas filled
ul t rasourMlOCeMca®® agents, targeting vector conpositi oRETMISRG/0ehS bi t
hi gh binding affinity for a desired target (such as, for exanple, KDR or

t he VEG-/ KDR conpl ex). For exanple, targeting vector - phospholipid
conjugates and particularly targeting peptide-phospholipid conjugates may
be used to prepare targeted, gas filled ultrasound contrast agents. In
addition, it would be particularly beneficial to have nethods for |arge
scal e production of highly purified forms of such targeting vector -

phos 9] pi d cdfgringtt disgBwtin ané thsyapauitio pyrrases Trstomitbe wotcyledy| ow f or
production of conpositions for use in diagnostic or therapeutic

app! beatficnisoSumhpasie ifiorgae fliep uérasonnd i atragiagentp.{gresting &PEPt er noi eti es,
tunorici dal agents or angiogenesis inhibitors to the target site. SUWARY
OF TidEmiphMENES GINich] 3@ita] Hiple bidéseaffinityfens desiregrtargridesch a% feraxagple,

vect or - phosphol i pi d conjugates and particularly targeting )

pept iKIBR e NEGHKDRCanjplgel dorwibtiple tagetsaf wactarn phhsphotipishgamiugstesof gas
filled ultrasound contrast agents. In a preferred enbodi nent the targeting
pept iadepaaspinely pigkiag pipirktsioosphelipideohjapgtes imy beeptd tepreptricdsrgeeti bi t

hi gh KDR binding affinity and thus are useful conponents of contrast agents
for igangileg ka8t egenssigenpl daeddition, [t0alld Thpapivelsdpbeneia@ait baval so
provi des nononeric and dineric peptide phospholipid conjugates (al so

r ef ernh&dodPrred8k Beads plodpanaps f 1 gbly pukifiet farmes efssethikarpeting epiori-ng gas
filled ultrasound contrast agents, arid particularly in preparing

ul t r 3HRYPKLIGRN L6 FSEata eNich cohipebitioas gad nisBRdarnduldylldve fugeddicioniafagi ng of
angi ogenesi s processes. [00121The present invention also provides nethods
and RIRERIRRMs FOF udkhe dl-3h8gicrah&apaariphliofiddk shtlgds, Yorpummpbnnores: ¢ and
di meric peptide phospholipid conjugates, particularly nmononeric and dineric

pept i tgFgeBHB oF Péﬂo'rﬂ%i’ 491 ERE) e flah a¥dnifoir@ibdsBRibinhéittgs &f the mirbyt. site.

SUMMARY OF THE INVENTION

[0010] The present invention provides targeting vector-phospholipid conjugates and
particularly targeting peptide-phospholipid conjugates which are useful in the preparation of
gas filled ultrasound contrast agents. In a preferred embodiment the targeting peptide-
phospholipid conjugates include targeting peptides which exhibit high KDR binding affinity
and thus are useful components of contrast agents for imaging of anglogenesis 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.



WO 2007/ 067979PCT/ US2006/ 061793 [ 0013] The present invention al so provides
nmet hods and processes for the |arge scale production of highly pure dineric
pepti de pNOpdvaleryyPd conj ugat es having m ni mal | evel s ofPCTAiSkessTATEL | C
acid (TFA). [0014] The present invention also provides nethods for

synt hesi zi ng nononeric peptides in high purity and the construction of

pepti de phospholipid conjuages frommnultiple peptide sub-units. [0015] The
present invention also provides nononeric peptides which bind KDR or the
VEGF/ KDR conplex with high afEnity, as well as nethods of synthesizing and
usi ng such nononeric peptides. [0016] The present invention al so provides

t ar gefi0@tBlul t r asEhﬁdr®9¢ftinmloag£§nm0¥iﬂ%@ﬁﬁ@dﬁ pedPIGeYses Eor daq gy scale

vect or - phosphol i pi d conj ugates. Such targeted ultrasound contrast agents

ar e usefludtioharf highdyipure dizregie beplide phmgrkolgyd eonjugaigs preng privimablayshidtent |
the targeted ultrasound contrast agents are targeted m crobubbles and the

t ar getriflogroseetiospt §EPA®I | pi d conj ugates include targeting peptides which
exhi bit high KDR binding affinity and thus are useful conponents of

cont r peldjagent s The préserghnentiébRItogaoiidgs tiesude famngnfwsizinguhendyericor | nagi ng
of tunors and angi ogenesi s processes. Mthods of preparing and using such

t ar gepepdided iortdgh podtcant thasbnsugetibs oﬁp@t‘@lquom}mﬂaipttbchnjmwﬁom% | ON OF
THE DRAWNGS [0017]FIGURE 1 illustrates a nethod for the production of a
Mo nonpdptice BEPuntle

[0015] The present invention also provides monomeric peptides which bind KDR or
the VEGF/KDR complex with high affinity, as well as methods of synthes‘izing and using
such monomeric peptides.

[0016] The present invention also provides targeted ultrasound contrast agents
prepared from such targeting vector-phospholipid conjugates. Such targeted ultrasound
contrast agents arf; useful for imaging target-bearing tissue. In a preferred embodiment, the
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.



phosphol i pi d conjugate (1) froma linear peptide nononer (2). 100181FI GURE
2 illustrates a nononeric peptide phospholipid conjugate (1) including a
pepti de WORWW GBI nding affinity for KDR [00191FI GUREC3/Uske0ds61783 es a
met hod for the production of a precursor dinmer peptide (16) from peptide
nmononers. WO 2007/ 067979PCT/ US2006/ 061793 [0020] FIGURE 4 illustrates a
nmet hod for the conjugation of the precursor diner peptide shown in Figure 1
t o DSPE- PEG2000-NH2 to form a dineric peptide phospholipid conjugate (11)
cont ai ni ng peptides which bind with high affinity to KDR [0021] FI GURE 5
illustrates a dimeric peptide-phospholipid conjugate (11) containing
pept i [9620whi ch BIGIdR#i4 #lukirghs afrfeihedtfpr the aepirgation of the precursor dimer

peptide shown in Figure 1 to DSPE-PEG2000-NH; to form a dimeric peptide phospholipid

conjugate (11) containing peptides which bind with high affinity to KDR.

[0021] FIGURE 5 illustrates a dimeric peptide-phospholipid conjugate (11)

containing peptides which bind with high affinity to KDR.

[0022] FIGURE 6 illustrates a method for the production of dimer peptide-

phospholipid conjugates (such as (21)) having minimal levels of TFA.

[0023] FIGURE 7 illustrates another method for the production of dimer peptide-

phospholipid conjugates (such as (21)) having minimal levels of TFA.

[0024] FIGURE 8 illustrates another method for the production of dimer peptide-

phospholipid conjugates having minimal levels of TFA.

[0025] FIGURE 9 illustrates another representative 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).



[0022] FIGURE 6 illustrates a nethod for the production of d.iner
pepti de- phospholipid conjugates (such as (21)) having mninmal |evels
of TFA. [0023]FIGURE 7 illustrates another nmethod for the production
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pepti de-phosphol i pi d conjugate (31) which includes the nononeric

pepti de einding HfiderRey. 9T'wp 06 thiepr¢@yRESdd 1B remmncipengdsplotsplalipéd

by using the dimer peptide-
conjugates which include a linear peptide monomer which binds with high affinity to KDR
while the other is a dimeric peptide phospholipid conjugate which includes two distinct
monomer subunits, each binding to KDR. In addition, highly efficient methods for large
scale production of purified forms of these conjugates and precursor materials have been
discovered. Such methods include the production of dimeric peptide phospholipid conjugates
having minimimal levels of TFA.
[0030] The phospholipid may be selected from the group consisting of:
phosphatidylethanolamines and modified phosphatidylethanolamines Particularly preferred
phospholipids include phosphatidylethanolamines modified by linking a hydrophilic polymer
thereto. Examples of modified phosphatidylethanolamines are phosphatidylethanolamines
(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 daltons), 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 filled 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 conjugates which include targeting peptides which bind with high affinity to



phosphol i pid conjugate (11) (shown in FIGURE 52) in a contrast agent
at: 1) baseline (FIG 11A); 2) after 25 mnutes (FIG 11B); and 3)
after subtraction of the baseline and free circulating bubbles (FIG
11C). [0028] FI GURES 12A- C show i mages obt ai ned by using the nononeric
phosphol i pi d peptide conjugate (1) (shown in FIGURE 2) in a contrast
agent at Rameirk MRofpblatad ik AdrgeR hitérolbbEs NUE v Hefin, ]s%@ tar lﬁ’%ﬂﬂ af t er

subtraction of the baseline and free circul ati ng bubbles ( 1 20) .
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bi nds wit |l e the other is a dineric peptide
phosphol i pjd conjugate mhlch i ncludes two distinct nonomer subunits,
each blndgk§9?81§¥%ﬁgg¥n addition, highly efficient nethods for Iarge
scal e production of purified forms of these conj ugat es and precursor

materi al s have bee vered. Such nethods include the production
of dineric peptide phospholipid conjugates having mnimmal |evels of
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phosphati dyl et hanol am nes (PE) nodi f i'eahiei t h pol yet hyl engl ycol (PEG,
in brief "PE-PEGs", i.e. phosphatidyl et hanol am nes where the
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DPPE- PEG, DSRE peEdY DAPE- PEG DSPE- PEG2000. - DSPE-.RPEG3400,

DPPEPEG2000 and EW@@#WE&I@SM@@M&L%&G@P&}BE@@@ NO. 2)

particul arlyjpreflerred, e that a sal{ tTorm of {hé phospholipid may
be used, suc Lg PO~ fe& of gl pRACHYINOBSHFAi um sal t, the

t et ramet hyl afmoni|ug-RA WYIYORILERADYGERIRRL SOGESEEK (N ] G@lﬂ}ﬂﬂh SEQ ID
etc. [0031]T$g2e qquggﬁas may be |ncorporated into gas f (EQ

ul trasound c ntrcs Igenrs* such as, forexanpre,gas fiited
m crobubbl es [fo f|d?TRECBRE2ANNHyshasshatipit provi de excel | ent i magi ng

of target-bearind itj §§id&royl-Hi-GByPhE! 3Eifh6§ﬁﬁoamginﬂﬁ&{arbohﬂ99§@ﬁ@200m -amine

vect or phosphotipifoconugates whr chtnctute target g prTaes—wniarcn

bind with hi¢gRlaf quaAQpW'@'YDEILSMADQLRHAFLSGGGGGK(DSPE-PEGzooo -NH-Glut)-
NH, (SEQID NO. 4)

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

[0033] As shown if Figures 1 and 2 the monomeric peptide phospholipid conjugate
(1) 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-Jeucyl-L-arginyl-L-histidyl-L-alanyl-Ll-phenylalanyl-L-leucyl-L-serinyl-
glyeyl-glycyl-glycl-glycyl-glycyl-{N6-[ 1,2-distearoyl-sn-glycero-3-
phosphoethanclaminocarbonyloxy-(PEG2000)-aminoglutaryl]} -L-lysinamide, is a

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



KDR are incorporated into targeted m crobubbles. As shown herein,
such targeted m crobubbl es selectively localize at KDR-bearing
tissue, permtting inmaging of such tissue, and, in particular imging

associ at e T meanr At e D A DB RS Rvmr e
L Tt D M ISR S TN o G L DS E B BEN AL RS 1
Ac- RAQDWYYDEI L SMADQLRHAFL SGGGEGEK( DSPE- PEG2000- NH- d ut) - NH2 (SEQ I D
NO. 1) ZOmriFssaXAenin asiHmerRpRtdsonaanr: N -psud-h-arajol-Ipylanyl-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-leucyl-Ll-arginyl-L-
histidyl-I.-alanyl-L-phenylalanyl-L-leucyl-L-serinyl-glycyl-glycyl-glycl-glyeyl-glycyl-L-
lysinamide, also referred to as Ac-RAQDWYYDEILSMADQLRHAFLSGGGGGK-NH,
(SEQ ID NO. 2) 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-Gly-Gly-Lys-NH,. This novel peptide
monomer binds with high affinity to KDR. [t should be understood that analogs and
derivatives of the monomeric peptide phospholipid conjugate (1) and the linear peptide
monomer (2) are intended to be included within the scope of the present invention.
[0034] Figure 10 provides the structure of another monomeric peptide phospholipid
conjugate (31), N-acetyl-L-alanyl-L-glutaminyl-L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl-
L-aspartyl-L-glutamyl-L-isoleucyl-L-leucyl-L-seryl-L-methionyl-L-alanyl-L-aspartyl-L-
glutamyl-L-leucyl-L-arginyl-L-histidyl-L-alanyl-L-phenylalanyl-L-leucyl-L-seryl-glycyl-
glycyl-glycyl-glycyl-glycyl-{N6-[1,2-distearoyl-sn-glycero-3-
phosphoethanclaminocarbonyloxy-(PEG2000}-aminoglutaryl] } -L-lysine-amide, a
phospholipid conjugate. This conjugate is also referred to as Ac-
AQDWYYDEILSMADQLRHAFLSGGGGGK(DSPE-PEG2000-NH-Glut)-NH, (SEQ ID
NO. 4) and Ac-Arg-Ala-GIn-Asp-Trp-Tyr-Tyr-Asp-Glu-Ile-Leu-Ser-Met-Ala-Asp-Gln-Leu-
Arg-His-Ala-Phe-Leu-Ser-Gly-Gly-Gly-Gly-Gly-Lys(DSPE-PEG2000-NH-Glut)-NH,.  As
shown in Figure 9, the conjugate comprises a 28 amino acid linear peptide monomer (32}, N-
acetyl-L-alanyl-L-glutaminyl-L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl-L-aspartyl-1.-

glutamyl-L-isoleucyl-L-leucyl-L-seryl-L-methionyl-L-alanyl-L-aspartyl-L-glutamyl-I.-



3 nono- NHS ester of glutaryl -peptide nononer (2)
Ac- RAQDWYYDEI LSMADQLRHAFLSGGGEEK(NHS- T ut ) -NH2 (SEQ ID NO. 3) 4
DSPE- PEG2000- NH2 phosphol i pi d

L SR SRS A g SRR

[ 0035] ASEHbICl F LAY HBde AR NG OGRS A pept | de phosphol i pi o

con ugat}\E}QDWYYDEILSMADQLRHAFLSGGGGGK-NHg (SEQ ID NO. 5) and Ac-Ala-Gln-Asp-
Trp-Tyr-Tyr-Asp-Glu-Ile-Leu-Ser-Met-Ala-Asp-Gln-Leu-Arg-His-Ala-Phe-Leu-Ser-Gly-
Gly-Gly-Gly-Gly-Lys-NH,. As shown in co-pending application, U.S. Application No.
10/661,156, filed September 11, 2003, this peptide monomer binds with high affinity to
KDR. It should be understood that analogs and derivatives of the monomeric peptide
phospholipid conjugate and the linear peptide monomer are intended to be included within
the scope of the present invention.
[0035] As shown in the Examples, ultrasound contrast agents such as gas filled
microbubbles formulated with the monomeric peptide phospholipid conjugates (1) and (31)
displayed high KDR binding which was confirmed using echographic examination of VX2
turmors in rabbits.
[0036] Ideally, to facilitate production of the monomeric peptide phospholipid
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 (31).

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
observed piperidine amide formation during synthesis, efficient purification of peptide

monomers (2) and (32), development of a procedure for conjugation of peptide monomers (2)
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(1)

N-acetyl -L-argi nyl -L-al anyl - L-gl utam nyl -L-aspartyl -L-tryptophyl -L-tr
ypt ophyl - L-aspartyl -L-isol eucyl -L-gl utanyl -L-1eucyl -L-serinyl -L-nethi
onyl - L-al anyl - L-aspartyl -L-gi utam nyl -L-1 eucyl -L-arginyl -L-histidyl-L
-al anyl - I phenylalanyl L- Ieucyl L- serinyl gl ycyl -gl ycyl -gl ycl - gl ycyl
-glycyl -{N641, 2-

ohosphoet RANGIEHMSRERBE ST SR TmbE e ot s o epingetsn A58ePids meram @
:Acl- s a pho F%gﬁ ela.rgercs%a e; an?i develéar}g]nllesnt g? pun%%atso% plrgtogcl)lss 81atr \%I)EIEI r«.ﬁﬁc()ngh% as
AcArgAIa - - Tyr-Tyr - AspGuIIeLeuSer-NEtAIassd{)GnLe
UAr g- Hi s-TaRdy- SPWE@tL %m@ﬁn@wﬂ% pbpsphejigid E%PWEU%@Z@ QuHbel ut
)-NH2. It conprises a 29 amino acid |inear peptide nononer

N- acet y| - SartingPAYE-PEGIOBMNH2 phgtpholipitl apumoniuzssli($ly | - L- t rypt ophyl L-tr
ypt ophyl - L-aspartyl -L-isol eucyl -L-gl utanyl -L-1eucyl -L-serinyl -L-nethi
onyl - L- al [4038]- L- as péaroyierit pebtide phosphdlifid tanpptes blay de grapgted las Hesstibedy | -
L- al anyl - L- phenyl al anyl - L- | eucyl - L-serinyl -gl ycyl -gl ycyl -gl ycl - gl ycyl
- gl yeyl - Lidigeai hnalmoutiehe @ipsaeiate thatrigohinteriasl values referred to in this representative
Ac- RAQDWYYDEI LSMADQLRHAFLSGGGEEK-NH2 (SEQ I D NO. 2) and

Ac- Ar g- Al @séaplioAsPth sPtidsis oFfionbsilri idé BhdsBhbliPR] cdMRicail are AR Rty
-Arg-H s- A apghe Leu-Ser-@y-dy-d@d @gy-%ygLy@NHZ Thi s ﬁ%gel
peptide nppgyrer bi nesaihdoddidRomts Iﬂayw 8&9&%@% sbbs, Sﬁ&yéeguaﬁe of the

under st ood t hat anal ogs nd derivative t he nononeric

nt ended T PR haf B0 I'I%ﬁuésf%%%? G ?@Lﬂaf’%r%?%%@. WSS

nggg]hgi i g§r1§( égﬁfgr ga\éxltlgvee ?mmotl/rgﬂ’m}; tlge synth%sqg %ng)ef II)e QPC%% eﬁ ugmg E"moc

N- acet yI -L-al anyl artyl -L-tryptophyl - ros -
rosyl - QISITI/P%W@%%% ?@Hﬁ%gmweeq é’a@v?mwg@mlye ﬁ“@ILNIIIS
L- al anyl L- asp art¥ gl utanyl - L-1 eucyl -L-argi nyl -L-histidyl-L-al an

- L- pheny| PR have Ffwegﬁml&at@ér ipramplgte ppunpkingsand pypeyidine a@l@@:ﬁ}mwyc@w
N641, 2-di st earoyl - sn-gl ycer o- 3-

phos phoet dfariitbaenitibutertb swbdptizngl fiPEERO 0Tty aki droyatist deesehsel in thel fpmiation afri
de, a phospholipid conjugate. This conjugate is also referred to as
Ac AQDWYYDE¢ higadInGy 4=hlAE haGEEaEE (EISREhEEEAA0%Nibdddire- 1 NDMP cdiffiitgng B OHD.
4) and

Ac- Ar g- Al (8:18)rs AgRreaplenit fbY Fmdy fenSaE ®aderhiz&idsablayO8s colfitierdbla r@Peddyn- Le
UAr g- Hi s- Al a- Phe- Leu- Ser-d y-dy-dy-Ay-Qdy-Lys(DSPE- PEG000- NH G ut

) - NH2. AsusﬁIgQWE/}lIOBFésQHé @ctﬁ/ato} b b RNLERIR; £PARBEARS tEheARirRH BB d
| i near peptide m)norrer )

N- tyl Rt l; t
osyl L. aced POk afied B OhnbuAARAN M b EEKp AR Wb RS 1Y
L- al I t

I eﬁc?lny (Igl}ls)glﬂ iﬁm% EHI“&? |ag\9?g%y3F dissatvedips beforedhsinsurting i gad pres ey -
gl ycyl - cz/ |l yc cyl.-dl I-LIyS|namde whi ch i.s al so
referred % "éig i r A st (s peaction Kessel 5 his gy

Ac- Al a- d n- Asp- Tr -Tyr-Tyr-Asp-G u-1le-Leu-Ser-Mt-A a- Asp- G n- Leu- Ar
g- Hi s- Al dzepﬁmré\a @501@@@%@ by laging vhe-splip Fmag-agiirsygsidsinto the
~co-pendi ng application, U'S. Application No. 10/661, 156, filed

Sept emberaning ackbpssels pif the fsprinei and henproghsnmaiog Wietinsthinint wfadid BIME, t o
KDR. It should be understood that anal ogs and derivatives of the
mononer i HPBYDMFeang A€ spipentallyj wiglabubbhmglof thesdhitiomar pept i de
nononer are intended to be included within the scope of the present

i nvent i or{00400035] AToobtimixeitie fibid, thy pripleasof aghlcp@baWItheaosih Basig Bgent s
such as gas filled m crobubbles fornmulated wth the nononeric peptide

phosphol ispilestostiioigat peptidds, waith dad bd déliaStrtimayRen hineoptiahhl Rbding Geaphtitg h

are employed, may be addressed. To reduce aggregation during peptide assembly the
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Met hods of Preparation of Monomer Peptide-Phosphor pid Conjugates
[0037] I n preparing nononeric peptide phospholipid conjugates (1) and
(31), methods according to the present invention provide at |east the
foll owi ng advant ages: increased yield of peptide synthesis; reduced
extent of racem zation; avoi dance of previously observed piperidine

i o 1 S
P bcedur PTG oE A FORTBE S E B fbioibiSer 5y 08 RPIYsS. Byt rsiger

scal e; and devel opnent of puri f" cation protpcal s Lhat,,woul d allow the

ready sepPHts BIOHIEIY KEUTHRLTPEPIRESOEbEY deepHBE HIBI 1351 d MEB R IRPAACESDY 1)
and (31) fromthe starting DSPE- PEG000- NH2 phosphol i pj,d ammoni um

sal t (4).h¢oudsiovphaestthe ppradepgbnghipephide IFpcd-corrMgat @&kl be
prepared as described below. It should be appreciated that the

numer i cal Addiianekoptiafizatios anay dbeiapcanirilishaddyyrednemgalnd munhte stequplingsrbyoing
the synthesis of nononeric peptide phospholipid conjugates are

r epr esenthatdcv@ly-Gloaa9|QH asdF mpe (y-Géy-0Hh onensf saial bewppng piFreck-Giy-OH.
SPPS. The sequence of the linear peptide nononers may be constructed

as a C-t exdrivigdn FaGheGBNDHaegReanaPRAd RSyehiafoh SRS hittvated @bid fensiba
0.2 mmol /g). Peptide synthesis may be acconplished usi ng Fnoc

chent St 1 YathaSNATHE Flicfbh & piBaRE bl oSV ISt Rkazife O 8Preduce

previ ously observed with this process have been racem zati on,
| nconpl et GoREIAGS a2tk BpPlahth e IS ph Ol ABthay 0k avBREN 1) badt st
contri butceultggllé%ébopt ian{aﬁ?e %gﬁ?}lan%&guﬁt yI.J o%cﬁ?{aﬁlal% g%cr gasdem? n the
formation, of the piperidinc,am de ma K? ttal ned Jhy. th %
pi peri di nrl:élg) qcﬁélﬁ'gﬁc nt%’i itontéle%ﬁortﬁ% %‘s‘?q‘ﬁ?glglraéiggl ﬁtO?Wﬁgn%??ét ¢
renoval . Racem zati be. consi derably redyced, by. using DLC/ | -10Bt
no o, acET ARG IE OB MRS Rp B e Loy e B PR R TREC &
four-fold excess of, pre-activated Fmc-amno acid with _an intervening
wash w t H’PHWFF?HF SYLiZpyign t(’élie) dikERIpSTRANIAK ST B last B@MBV%@PT&N%@?}F%@H
just before their coupling turn and pre-activated with DI G HOBl in
DVF for sypheane lineimspede menamesrs may peeinlged ot Spnaty Repidgeynthesizer
acconpl i shed on the Sonata instrunment by |oading the solid Fnbc-am no
aci ds i ntap & Wemmai syothasis sbaleessel s of the instrunment and then
programm ng the instrunent to add DMF, HOBt/ DM and DI C/ DMF
sequent i gho4ajwi t h RAdtebthaigelodgatiteg tisolrtidd r0sy be 04 0ddTivorm [titel Mitarmindse The
yi el d, the problem of aggregation of the resin during 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

numerical references are representative. Crude linear peptide monomers (0.5 g) may be
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synt hesi s of |onger peptides, which can be devastating even when
optimal coupling reagents are enployed, nay be addressed. To reduce
aggr egat i onydusdzngpepti de assenbly the strategy of usipgdyus2006/061793
pseudoprol i ne di peptides to incorporate X-Thr or X-Ser as dipeptides
i nstead of sequential couplings of X and Thr or X and Ser, may be
enpl oyed. For |inear peptide nononmers sequential couplings of Leu

| -Ser12 and Leu22-Ser23 may be replaced by the single coupling of the
pseudoprol i ne di peptide, Fnoc-Leu-Ser(rmepro)-0H Additional

optim zation may be acconplished by reducing the nunber of cqulin S
by usi nisspived inGHa@N ¥4 @/ OHndiis Ffpdenanyy B gilded 19 witpalgglugre ofd P
coupling of Frnoc-dy-OH Activation of -Ad ]y A y-OoH segmenLDlsa rgagq%g%d
to cyclwithaviten e sohdioagnayterbe fhegd s The fltepd §fleHon may By Lede
function to produce an inactive diketopiperazine;, this may reduce
coupl i ngeppiaive STHLE eoliwiome WhepeebaTEe Rafin . ChthiLQ11096 éfrrfal) e

avoi ded by addition of Fnoc-dyn-OH (n = 2, 3) to the reactign vessel
and sequettibreadd widldil BYoBHGEN EoReten (bl PIIEA) Hdtea daading te cppesitey ot

may be intercepted by the resin-bound am no group before appreciabl e
cycl i zatiephmep thendedhipedis FBp Qﬂﬁ@"‘b’%ﬁ%@-]}%ﬁ%). OXRF L rip gl linear

i mprovenents, the synthesis of IiQea[ pepti de nononers. ngg be ..
conpl etmetion maydedsiiated depte @8 0 SHimiesl GCI K- 2701 Fpic W 0d<r s
scal e. 10041j After chajn _elongation, the Frmoc be removed fromthe
N e i S e O, duped Ao o R B gea PGy BE RIS eq.
Then the peptide sequence nay be cleaved fromthe,resin_and .
depr ot aevaerdniprryCt Realyam (Vgters TEATRAMSCLEnEHo L 244 ‘?géﬁ%ﬁ%}? @9 Gprdions
88:5:5:2, viviwv) for 4 h. After the cl eavage reaction, the crude
pept i decomming thegBpdiceip 325% Peg @anye %\?aﬁ%%aﬁnﬂcfw%?-d??ﬁe 3I°8%4 | es,
trituration of the residue with dieth et her and _washi ng of the

sol i d trwitficapmeeiiby eed chemsRid:n 8 &?I‘{Vémfl.}mﬁ?r %ﬁﬁBf‘%lP“‘efg?‘i 8 5h the

peptide may be precipitated frgmthe reaction m xture. by.addition of
di et hy| copsiiEptly olafrd Jndawid RIR %Flﬁﬁaﬁi‘feclalﬂi‘ee%@f‘ieﬁadﬁ fad B%ﬁ“?’d t hus

mononor DORRy b pOFLHSS e e BB PORM OB T L e Rl S gl o
ray. bo. SHETSUTRIOB 7 SFOPETFIR BSOS PO CSR VRt R LB {0 7ot /0
ater | SRS e bR S it Sk e ey bR,
Cis,  10nroag0R S5n SR kU E s PR AP RS R PR
(0. 196 TEh sl Ll 8| S SRR LR iy, bRy oS0 b
(0, 196 TiAr B R Bel B Bl Sp bty KRk ke T
purity fs I%chﬁglaik Xtdiis‘fﬂigution 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 monoamide mono NHS cster of a lincar peptide monomer
and rcaction of this with the frec amino group of the phospholipid ammonium salt. Thus a
lincar peptide monomer may be reacted with DSG (4 ¢q.) 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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reversed phase Cl18 columm (Waters XTerra Ms-C18, 10n, 120A, 4.6 x 50
mm) and fractions containing the product in >95% purity may be

conbi ned angf ~gdried. For each purification of 0.5 f )
pepti de O.Tgoﬁ&%gﬁgggof | i near peptide nononmer may be c&%gﬁgygﬁﬁgﬁxs
isolated and will provide the peptide in the same yield and purity.

[ 0043] Synt hesi s of nononeric peptide phospholipid conjugates may be
performed as described bel ow. The nunerical references are again
representative. The last step in the synthesis may be the conjugation
of the phospholipid, such as, for exanple, a pegylated phospholipid
such ascoRBRkn PERARd MdRphag phaletqpitd adtbnintamesdibte peptide fupnedlES ester
pepti de nononer. The PEG&000 noi ety of DSPE- PEG2000- NH2phosphol i pid
ammoni Uk B tvadhé)l st\eral cimen alittyethyinoetrisdo rapfov4 Srapesyll 136, Ylapeshecuridats
It should be understood, however, that this material is a

di st ri betifiens tie fREGto0 f Gienieptjdsmeno-2§ISvnts es s eleen pialurs Thssohdmionad
conmpound contai ni ng 45 ethyl enoxy units. The conjugation of a |inear
pept i deNHSnswemanbt HisBERE REIRTUOdN R adhodpREPE FIEF A AoWiluphosehdlintdy
bc acconplished by preparation of the glutaric acid nonoam dc nono
NHS est anmofiua daltri@eqp épthcdeesroerrfl[Eand qaodet 20k &he lingas poptids t he
free am no group of the phospholipid amoniumsalt. Thus a |inear
pept i demporrosrsiutatyadié moagemisls mprchNBEEsenmay by upad ipprcsh tq |aximize the
presence of DIEA (5 eq.) for 30 mn The reaction m xture nmay be

di | ut edcasistipéerhgd thaphasakelipidpmatenirmy salidgryse fiee phesitplip 4 ErErrror™ 6HE
peptide glutaric acid nonoam de nono- NHS ester._THe,supernataqh WO
2007/ 0679y 9PEriws2be GrbEe7 98 mosrmarin PR RhP e tRd cPRIBEHES uehly pure
decanted and the internedi ate peptide nono-NHS ester may be washed
several fPfes with ethyl acetate to renpve traces of DSG Mass
spectral data confirns the formatiqn

a cl eanl®8huct . T LHPIFEHE 71 c@@%@%Qﬁﬁgsgi%§§@§%$6%%£$¢Eﬁkﬁé%ﬁg
oot 3 i L) B 000, F, SlegRDol o mmat b seLL (g0 )
L AN T
ronore b b SIRLORER S ool RO PR Ty Sor S FBHGE
A A P
250 nm BFAYGH! Pares i1 End et he? EoF G ey be ‘Mited a 3:1
Femove. St 15 nbt P ER Ao et o kb pT L C i
Deper | mEREAT CRET S Pt 1yt LERL (o MBI Pu R mpBeR>
analyzeq by, [ B‘é?ﬁfsfﬁéeb e@?ﬁ@f—l"‘_ﬁ%&gﬁ%@@wﬂ h g‘v%ﬁhztﬁé% MBI Al ITans

the det 8&t10n 0 sire and t

difficu E%&ai%%ﬁ@@@&%aﬂ?z?ﬁ%npﬁé’ Q0 N2 PPG3RE Bhb Sl REHupRASs MRAITYSPE-

little | sorbance. This indicates the clear separation of the

nononer ip:PEREhIE JANGHRRBId. Pitd FP0HMEadR8n@REhe fractions may be collected,
DSPEPEGQO&%@NHZpﬁggb%%Pi%id. Tﬁg'p%re productf%ontaining fractions

may be ¢8llaGhEd on & YRGS Uvaps@thr ¢ Bdicetied dbnRnapPiatherioll b fedbatiet ke
content of methanol) and freeze-dried to provide nononeric peptide
phospholyHli&k ﬁﬁﬁﬁﬁg}ﬁt&ﬁﬁé@ PRospROIH 8&FHuSMdy [ o cblbrRECSIIdL Gn prepRITRefhe
required quantity of the mononeric peptide phospholipid conjugates,
several dRguitRYquas$ QTehCh68bBEmd Q3B pRbsph@lifid cdnjlui@esQbevietalBAK may be
pepti de nmononer. In all cases the target WO

2007/ 06 234 AREH 2064 081783 .0 ¢ of linear peptide monomer. In all cases the target
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nononeric peptide phospholipid conjugates may be were isolated in
high yield and purity (e.g., 57-60%yield and >99% purity). D ner
Conj ugat e GgRaeh@hk- [ 0045] Tabl e 2 provides a descripti ’
identification | abels shown in Figures 3,4 and 5 Table gibjfilﬁlgzo‘k%ms
Ac- AGPTWCEDDWYYCWLFGT GOGK{ Ac- VCWEDSWGGEVCFRYDPGGX| - Adoa- Adoa- @ ut - K(
DSPE- PEG2000-NH-d ut)]-NH2 cyclic (2-12) disulfidel-NH2 cyclic (6-13)
di sul fide 12

monomeric peptide phospholipid conjugates may be were isolated in high yield and purity

(e.g., 57-60% yield and >99% purity).

Dimer Conjugate

Generally
[0045] Table 2 provides a description for the identification labels shown in Figures
3,4 and 5.
Table 2
11 | Ac-AGPTWCEDDWYYCWLFEGTGGGK {Ac-VCWEDSWGGEVCFRYDP-
GGGK[-Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH; cyclic (2-12)
disulfide}-NHz 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)]-INH; cyclic (6-13)
disulfide
15 | ivDde-bearing dimer
Ac-AGPTWCEDDWYYCWLFGTGGGK {Ac-VCWEDSWGGEVCFRYDPGGGK][-
Adoa-Adou-Ghit-K(ivDde)|-NH; cyelic (2-12) disulfide}-NH, cyclic (6-13) disulfide
16 | Ac-AGPTWCEDDWYYCWLFGTGGGK[Ac-VCWEDSWGGEVCFRYDPGGGE(-
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-R(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-glyeyl-glycyl-L-lysyl[Acctyl-L-valyl-L-cystinyl-L-

tryptophyl-L-glutamyl-L -aspartyl-L-seryl-L-tryptophyl-glycyl-glycyl-L-ghutamyl-L-valyl-L-
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Ac- AGPTWCEDDWYYCWLFGTGGEK[ K(i vDde) 1- NH2 cyclic (6-13) disulfide 13
Ac- VOWEDSWGGEVCFRYDPGGEOK( Adoa- Adoa) - NH2 cyclic (2-12) disulfide 14

nono- NHS esyvgro@fostizeit aryl - pepti de 12 PCT/
Ac- AGPTVICEDDVW/YOW FGTGGGK] NHS- G ut - K(i vDde)] - NH2 cyclic (6-13)
di sul fide 15 ivDdc-bearing dincr

Ac- AGPTWCEDDWYYCWLFGT GGEEK{ Ac- VCWEDSWEGEVCFRYDPGGEK] -

cystinyl-L-phenylalanyl-L-arginyl-L-tyrosyl-L-aspartyl-L-prolyl-glycyl-glycyl-glycyl-L-
lysyl(distearylphosphoethanolaminocarbonoxy-PEG2000-amino-8-amino-3,6-dioxaoctanoyl-
8-amino-3,6-dioxaoctanoyl-glutaryl-I-lysyl) amide cyclic (2-12) disulfide]-amide cyclic (6-
13) disulfide , consists of two monomeric peptide chains which bind KDR: a 21 amino acid
cyclic disulfide peptide monomer (13) Acetyl-L-valyl-L-cystinyl-L-tryptophyl-L-glutamyl-L-
aspartyl-L-seryl-L-tryptophyl-glycyl-glycyl-L-glutarnyl-L-valyl-L-cystinyl-L-phenylalanyl-
I-arginyl-L-tyrosyl-L-aspartyl-L-prolyl-glycyl-glycyl-glycyl-L-lysyl(8-amino-3,6-
dioxaoctanoyl-8-amino-3,6-dioxaoctanoyl)amide cyclic (2-12) disulfide, and a 22 amino acid
cyclic disulfide peptide monamer (12) Acetyl-L-alanyl-glycyl-L-prolyl-L-threonyl-L~
tryptophyl-L-cystinyl-L-glutamyl-L-aspartyl-L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl-L~
cystinyl-L-tryptophyl-L-leucyl-L-phenylalanyl-glycyl-L-threonyl-glycyl-glycyl-glycyl-L-
lysinamide cyclic 6-13 disulfide tethered by a glutaryl linker. It should be understood that
analogs and derivatives of the dimeric peptide phospholipid conjugate (11) and the cyclic
disulfide peptide monomers (12) and (13) are intended to be included within the scope of the
present invention.

[0047] Ultrasound contrast agents (e.g. gas filled microbubbles) formulated with the
dimeric peptide phospholipid conjugate (11) displayed high KDR binding which was

confirmed using echographic examination of VX2 tumors in rabbits.

Methods of Preparation of Dimer-Phospholipid Conjugates

[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 gluiarate as a linker to form
the precursor dimer peptide (16), Acetyl-L-alanyl-glycyl-L-prolyi-L-threonyl-L-tryptophyl-
L—cysﬁnyl—L—glutamyl-L—aspartyl—L-aspartyl—L-tryptophyl~L—tyrosyl-L-tyrosyl—L-cystinyl—L—

tryptophyI—L—leucyl—L-phenylalanyl—glycyl—L—fhreonyl—glycyl—glycyl—glycyl-L~1ysy1{Aoetyl—
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Adoa- Adoa- @ ut - K(i vDde) 1-NH2 cyclic (2-12) disul fidel-NH2 cyclic
(6-13) disulfide 16

Ac- AGDTV\CES%\@X GGA C Ac- VOWEDSWEGEVCFRYDPGGEK( -

Adoa- Adoa- G ut - % -ﬁﬁlZ cyclic (2-12) disulfidej-NH cyCPIClTé{:US(zgiﬂ-('_ufgl)793
di sul fide 17 Mono-NHS ester of glutaryl-peptide 16

Ac- AGPTWCEDDWYYCW.EGT OGCK( Ac- VCVWEDSWGEGEVCFRYDPGGECK] -

L-valyl-L-cystinyl-L-tryptophyl-L-ghutamyl-L-aspartyl-L-seryl-L-tryptophyl-glycyl-glycyl-
L-glutamyl-L-valyl-L-cystinyl-L-phenylalanyl-L-arginyl-L-tyrosyl-L-aspartyl-L-prolyl-
glycyl-glycyI-glycyl~L—1ysy1(8—amino~3,6-dioxaoctanoyl—8-amino—3,6-dioxaoctanoyl—
glutaryl-L-lysyl) amide cyclic (2-12) disulfide]-amide cyclic (6-13) disulfide.. Then
conjugation of the purified precursor dimer peptide (16) to 2 DSPE-PEG2000-NH:
phospholipid ammonium salt (18) again via disuccinimidyl glutarate may be used in order to
provide the target dimeric peptide phospholipid conjugate (11).

[0049] In preparing dimeric peptide phospholipid conjugate (11), methods according
to the present invention provide at least the following advantages: increased yield of
automated chain elongation of the peptide sequences; reduced extent of racemization
encountered during synthesis; avoidance of previously observed piperidine amide formation
during synthesis of peptide monomer (13); cyclization of linear di-cysteine containing
peptide precursors of (12) and (13) using procedures amenable to multigram scale yet
allowing efficient and practical sample handling; efficient purification of monomer peptides
(12) and (13); maximized yield and purity of precursor dimer peptide (16); development of a
procedure for conjugation of the precursor dimer peptide (16) on larger scale; and
development of purification protocols that 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-The-Gly-Gly-Gly-Lys(ivDde)-NEH cyclic (6-13)
disulfide, and (13), Ac-Val—Cys—Trp-Glu-AsP-Ser~Trp-Gly—Gly~G1u—Va1—Cys—Phe-Arg~Tyr—
Asp-Pro-Gly-Gly-Gly-Lys(Adoa-Adoa)-NH, 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-NHz, also via a glutaryl linkage. Using proccdurcs
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Adoa- Adoa- 3 ut-K(NHS-J ut)]-NH2 cyclic (2-12). disulfide)-NH2 cyclic
(6-13) disulfide 18 DSPE- PEG000-NH2 phospholipid [0046]As shown in
t hose figur®® 26H&@™Heric peptide phosphol i p| d conj ugat eP((TlU_$2006/0617)3
Acetyl -L-al anyl - gl ycyl -L-prol yl -L-t hreonyl -L-trypt ophyl -L-cysti nyl -

gl utanyl -L-aspartyl -L-aspartyl-L-tryptophyl-E-tyrosyl-L-tyrosyl-L- eys
tinyl-L-tryptophyl-I-1cucyl-L-phcnyl al anyl -gl ycyl -L-thrconyl -glycyl -g
| ycyl -glycyl -L-1ysyl [ Acctyl -L-val yl -L-eystinyl -L-tryptophyl -L-gl utany
| - E-aspartyl -L-seryl -L-tryptophyl -gl ycyl -gl ycyl -L-gl utanyl -L-val yl -
WD 2007/ 067979P%r/ Us20

6/ . . o ,
Dyt A el R B honomer pentides miy be symiasiced ona dpzpmol

| - gl ycys!cgg' me'ut Jéo%pﬁ%ggg{ :§ndeﬁe¥ k@ﬂ%gﬁ%&ﬁ&@&'amma&%w%% YoRERQ0

0- am no- oxaoct ano

8- ani nog %]>Qj5% gﬁﬁg; %Qbé‘é@o’v}’ hmlrﬁ #féfrgﬁé ibn ALLEGSCYE ltﬂecsu@)geq%lgﬁt

di sul f| di s consi sts of two nononeric

Dt ey mhgghégbﬂalﬂ@&mﬁo%& BV PRt A r Sl S phpfiade

Acet yl QP | YikmdrpeBhidd -
L- tryptﬂgf:?\r%gl%d% ycy ﬁsté}g; L%(rgaléf-}it'1 ai nylhnkggdgyécl%mll_ Tcﬂfsl??ﬁ?f&L phéﬁgl al a

nyl - L- argh nyd ﬂe&byen@e%yﬂmrh—c@éﬁaﬁém& pepRE&) rMﬁﬁr&lWﬁ)é'onﬂW teftl syosks |y
syl (8- am ho- g di oxaoct anoyl- 8- am nho- 3, 6- di oxaoct anoyl ) am de cyclic

(2-12) E&rﬁgl ffhé’@nme@f&%eﬁhd@plﬁﬁbﬁtﬁm@&b&y@é@ (1¢) Ghpod ﬂo@ﬁcmm(ﬂ[&a pTeCUTSor

nononer

Acetyl - &u@r@&&tl&e&i&'}qwﬁlﬁ)%?ﬂewadd:tdsll%!@[}ycy L-trypt ophyl - L- cysti nyl -
glutarnyl -L-aspartyl -L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl- L-cy

sti nyl - joosLy pt ophplmdrid Rptyd phosphelipid abmapgetesghaydyel préparbit eodepbrlgd\beiov.
gl ycyl -gl ycyl -L-lysinam de cyclic 6-13 disulfide tethered by a

gl ut ar yit shoulk ®& apprecisth tad tHeenmrdienistabed réfbatd @nakiog spassdntaigrd deatiptos
of the dinmeric peptide phospholipid conjugate (11) and the cyclic

di sul fi dethpepithelés ofuivesny septiti2 phaspiiolidid roringatesire neckettatipe i ncl uded
within the scope of the present invention. [0047] U trasound contrast
agents [0858] gas DPedckibed belowdbalbiyresptafio: mathad &t thi sdliditheselssmtheiig and
pepti de phospholipid conjugate (11) displayed hi gh KDR bi ndi ng which
was conflisnified cudizagorectrogpsigh mpneragn{ia ticokle¢ily\Pxo-Thasp-€ ys o aprase:

Trp-Tyr-Tyr-Cys-Trp-Leu-Phe-Gly-Thr-Gly-Gly-Gly-Lys(ivDde)-NH, cyclic (6-13)
disulfide, and a peptide 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.
[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 & 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 are racemization, incomplcte couplings
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Met hods of Preparation of D mer-Phospholipid Conjugates [0048]To
acconplish synthesis of the dineric peptide phospholipid conjugate
(11), the rs.used for this purpose optinally shoul repared
in bul k. Tﬁgﬁgpﬁéﬁﬁﬂioners may be tethered to each otheHQU@%H§M%%JB
di -succinimdyl glutarate as a linker to formthe precursor diner
peptide (16),

Acetyl - L-al anyl -gl ycyl -L-prol yl -L-threonyl -L-tryptophyl -L-cystinyl-L-
gl utanyl -L-aspartyl -L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl-L-cys
tinyl-L-tryptophyl-L-1eucyl-L-phenyl al anyl -gl ycyl -L-threonyl -glycyl -g
L ycyl - ghy g¥pkribimk ¥avdd Beakndo (pradn 619 11:06A27IRETASROOHARE br @Bitarimide
L-val yl -L-cystinyl -L-tryptophyl -L-gl utanyl -L-aspartyl-L-seryl-L-trypt
ophy| - gleeddiab)y eash-deveth e emtbuteswakyoptimay sitidrpt plriphehyitealadnyibcrbasgr
gi nyl -L-tyrosyl-L-asPartyl-L-prolyl-glycyl-glycyl-glycyl-L-1ysyl (8-am
i no- 3, 6a djrﬁm&e&,ﬁmexsgm&dmaﬂ@deamey i otcAnet BNy Lsad AR5 yipetidihg iy PME

am de cyclic (2-12) disulfide]-amde cyclic (6-13) disulfide.. Then
conj ugabhtemigl HOBE (RuM)fab ed rpegeauibs Gnodienevalp datcEnlgalid®inay de a

DSPE- PEG2000- NH2 phosphol i pid amonium salt (18) again via

di succicphdiidyblygtdicad by asinpPlOEIOBed thnawiveer farangst oxiptiess lvad e driget

di meric peptide phospholipid conjugate (11). [0049]In preparing _

di mer i copglptg itlae phiag p ol fidkxces jofi get wrtifditd Fmestaoesayd eshdinngier g™ iige
present invention provide at |east the foll ow ng advant ages: X

i ncr easexdh il ehhyfroas DOMR(GEI S Tinmpcdiming aqiiimabge giseolyrshiuptdistore their
sequences; reduced extent of racem zation encountered during

synt hesiosplimy/ioimdamme abtiyatealvish PIG/ PR iR F Sprbminnferaifeged to the
formati on during synthesis of peptide nononmer (13); cyclization of
| i near mictioysessehelloe mayibaispeprpdisheden he Senria Gistugenyiplpa %lfhffsﬁd
usi ng procedures anenable to nmultigram scal e yet al ﬁyﬁn efficiegt

and pr dondcaninomeisisdnthibairning 2cidrerEi ety ey pRO FeBPTHBAEHES e
tid 12 d (13); imzed yield d i d
ept | deingtiaydnt el Gt HOBIDMF sre CHGI M St aar L gab HBheGHE e & ™"

precursor diner peptide (16) on |arger scale; and devel opnent of
puri fi cRivtieR abEbeast rditicRat woul d al | ow the ready separation of the

BHIL9R BEOXSESIS Phat woul d al | ow y on of the
ot WWSA | ( 1650 OpOBBIAILE HEPI TR B F RO BB B AL hhat o

(13) "R R P RS ke A S LRUOIERAS Ol 416 QERLA U5 TRRGBRk
i - & ey ot v Gy e geidh S e e
"G ) a g By Skt M b o R el e
! OhREHELIR, HSLOR PRSI Bk e RS coxaly muan
DSPE- PEGZ000- NeR . lng Ry 4 27 RusIFt iR bndrh@KRBE AUSARGGIRIIE SHAITeS-Cys-Glu-
Asp~Asp-Trp—Tyr—Tyr-Cys—Trp-Leu—Phe—G]y—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(w*™°pro)-OH. Similarly, in the synthesis of the monomer (13), Ac-Val-Cys-Trp-Glu-
Asp—Ser—Trp—G1y~Gly-Glu-Val—Cys—Phe—Arg-Tyr—Asp-Pro-Gly—Gly-Gly—Lys(Adoa-Adoa)—

Me,Me

NH;, cyclic (2-12) disulfide, the pseudoproline dipeptide, Fmoc-Asp(OtBu)-Ser(y pro)-

OH may be cmployed to replace the scquential coupling of suitably protected Scr and Asp
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WO 2007/ 067979PCT/ US2006/ 061793 according to the present invention,
nmononer peptides may be synthesized on a 10 mol scal e w thout
conplication and after HPLC purification nmay be obtained in about 20%
yield a >95% Lty.. Such et hods. al | ow di mer fornpti reactions
2nd t he CHBLRHIBH Fed RpisTe R e R G ON Feam B Q Rr e icing (he
providing formation of dineric peptide phospholipid conjugate (11) to
be car riBEbSH gP%‘pHI%? W%&%F’é‘?“ﬁﬁé‘%b’é@ﬁr@ﬁ angif o slyfalyt PHeinlieg)of
may be obtained fromthe nononmer peptides routinely in about 32%

yi el d arsarizlgnoplng ¢ Kmocrhdy-fibhedtitvapepof delyphlysPHokipeats conjeadat e

(11) may be produced from the precursor dinmer peptide (16) in 57-60%
yi el d angclz28%n pfithctagtivitodbdifl Dinreibh ovipherpé dideal plakruedtionitd peaice gatRstive
may be prepared as described below It should be appreciated that the
numer i caliket@lip&@szih@itelkned fe@udetotiPliss JiERE fSLRkR YRS ARARET @RisQhoblem
t he synthesis of dineric peptide phospholipid conjugates are

represe rhgﬁlp - evﬁoideh%?%h%%;bﬁwéﬁﬁf-% b‘? =3 LERMkS Feg&f&n;yegse%‘éigg geqlu]:aﬁ{al

t he soli ase synthesis cyclizatiron o
nononer

o e adip o HOBrang TG the a5tixatsd Reygt:Glyr(lH. mgy beyaterernied by tisriesiey

-Thr-@y-@y-3y-Lys(jvDde)-NH2 cyclic (6-13) disulfide, and a

pept i de%ﬁﬁﬁ%ﬁ@l’m(gj{'@‘ﬁ? before appreciablé cyclization to the diketopiperazine takes place. After
Ac- Val - Cys-Tr p- @ u- Asp- Ser - Tr p- d y- d y- @ u- Val Cys- Phe- Arg- Tyr- Asp-Pro
- d y- 4 yh@nhyldnggiodisaonbgd MelN-tyminat FpRe pRitedinggrdipheay pO 6533vEH drom
peptides may be constructed as their C-term nal carboxam des on Pa]-
Peg- PS- reedi of the physiidet uid tie flee\@lino QroRp e HeQieetyGh@i.n el ongati on may

be acconplished using Fnoc chemi stry enploying optim zed deprotection

and couphdsg Pr ot qgRlBe -G IRSDUIA( I_Srbtegﬂgti laelivAPRRL PI‘A?Cv %@&éx{%g g%gfy&

10 nrnol synthesis scale. The optim zed synthesis of the pep

Phelort SRR bR 1ARVEL BRaL Ry o ALY DRl BSRE CICLIRLE UL 57y

the effect” of ¢ es o cular elrenments o _ﬁthe

Che. | mpreies b1 etk ar SHBpLPHebEY T eRacasOor ERBapTae

Ipﬁg gkgﬁzpéx%gzl@gghﬁ; é\églc?é[ grtogg 01r1n15:1 .eoer-anglirn%t?alf ?i?es C%rﬁmgﬁ (f;?s%ezc% eiagl? of the peptide
monomers may be removed using 10% hydrazine in DMF. Then Fmoc-Adoa, for monomer
(13) or Lys(ivDde) for monomer (12) may be appended to the exposed lysine e-amino group
using 4 equivalents of the Fmoc amino acid and 4 equivalents each of DIC and HOBt in
DMEF 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,
viviwiv) 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 a concentration of

approximately 0.5-5 mg/mL (for the disclosed peptide monomers ~0.18-1.8 mM in peptide,
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WO 2007/ 067979PCT/ US2006/ 061793 and pi peri di ne am de formation
(presunmably via an intermnmedi ate aspartimde or glutarimde

i nternedi ate), each of which contributes to suboptimal yield and
purity. A dramatic decrease in formation of the piperidine am de may
be attained by the use of 25% pi peridine in DVF containing HOBt
(0.1M as the reagent for fnoc renoval. Racem zation may be

consi der aPB§-3réadicisayHine dilelyy 1DlaplanGBrokst sifeifigantlyhighsy cansentragigns
couplings; and a 3 h coupling tine using a four-fold excess of

pr e- act i DM$0afsianat-cyofization of di-oysteine aeptidas dlowsrihayclization el +-H0 aahireir ous
DMF (6x). 1,4-1 Fnoc amino acids nmay be dissolved just before their
coupl i Ng iih&dr Peidds Pr@oa§ieldsdh adlink bh~5 6L WORtiutian. MiEref@e the cnide liamat di-
transferred to the reaction vessel. This nay be acconplished on the

Sonat a i RekdikdEIMiddVmdyoRdiveG.ddhe 95RIDMS BIRC- @HING) AGHISS htdmbitte
am no acid vesséels of the instrument and then programm ng the

. d . fodal B0 sk
| ns E Ir ;Jggqgg?gefaﬁﬁg T@l\ff‘%,lg%ﬁ@@cﬂgﬁmg i @%oﬁﬁ[glg?@ﬁd\ﬁéd by st !

e so ter ‘ea tion. 055] To optim ze the

N et A S R L
| I . b d d. T .
o LA 55 SR AT Y e A o ER e Benics o

pseudoprol i ne di peptides to, incorpoyrate X-Th -Ser (X refer 0
the n-1 aﬁpﬁslpaetpfa%sm the, Eagiinp RITEES b%é‘?‘ﬁﬁob%‘ﬁ‘icﬁggﬁ mdttaéE?S‘e}fmg Off-winit
sequential couplings of X and Thy or X and Ser, nmay be enpl oyed. .
Thus, f orrudneolipephidas nqayj;e,collecte by filtration. This is a convenient method for removing
Ac- Al a- @ y-Pro-Thr-Trp-Cys- A uAsp- Asp- Trp- Tyr-Tyr - Cys- Tr p- Leu- Phe-Q y
- Thr - A y DRI§E Goyr thy sifude Bridic-pepiidecycl i ¢ (6- 13) disul fide, sequenti al
coupling of suitably protected Thr and Ay (shown in bold above) nmay
be repl ageasspy t hePwifuglien aatigdlativg dindnheepeptido pY20) Anre di pepti de,
Froc-d yThr(rOpro)-0OH. Simlarly, in the synthesis of the nononer
(13), AGPTWC*EDDWYYC*WLFGTGGGK [K(ivDde)]-NH; may be accomplished as described
Ac- Val - Cys-Tr p- @ uAsp- Ser- Trp-d y- A y- G u- Val - Cys- Phe- Ar g- Tyr - Asp- Pro
- A y- Ay G bRd AJOR1A0PRrein Nﬁ?deﬁi%ﬁéﬂoﬁ «02> dfdrs B SisteldQesiddranat
pseudoprol i ne di peptide, Fnoc-Asp(Q Bu)-Ser(vnmegepro)- OH may be
enpl oyed . €y ent ol 4 | / teat gkodCr
CE)I%F}I[)&QJ A% dﬁ&.{o i'fgdest?oﬂﬁ. Q.btrﬂeﬁ Ss?@@@éd@%.?%o%bkﬁﬁl&%ﬁeﬁfd@ E%e o

and Asp shown 1'n font abov urther optimzation my

cccoml S0 B LR RALED DUTPR0 S SRR Y 10 o
f F -Ay-0H Acti i - - - I X .
O oS, Sl hle e Rlos S S S EEATISE S ERL i

function to produce an inactive diketopiperazine;, this may reduce
coupl i ng HaYSeduted tea ﬁnﬁéoa@mfdgﬂfnmhgf?% CHy 8- prtgh| B Shigiop gay be
avoi ded by addition of Fnoc-Ay-OH (n = 2, 3) to the reaction vessel
and sequénteied| Timddiarédosehuion EBtbedeaiieOpmo thetrscraeative HreE iwen QVytasoH
may be intercepted by the resin-bound am no group before appreciable
cycl i zat iXFerta8 PrapeVi8iCK 8t b, Fe0AZ0ne2 Wake sequildraed With &p%cHIIGN (0.1%
el ongation is conpleted the N-term nal Fnoc protecting group may be
renmoved fTRAMieaater (X 1% M& Apepilitiles landmb be Eined waihi 1ide GHoLP (il TH\) in
acetyl ated. [0056] The pseudo-orthogonally protected derivative,
Froc- Lys (watdde) v Amay waeh D3SD fromaheddleni. hehess@hpotitive oftheaikmtienahay
the c-amne of the Ctermnal |ysine of the nononer and di ner
pept i des Q@nghntdaab 55BUISENLORter {UMETFRANG ek 7 Alih,QRd a WAk L prali&® nia e be
optim zed. The ivDde group on the c-amne of the Cterm nal |ysine of
&

each of t; j : eaved US| . j i
DIVF. Ther% ‘ﬂrtrtg%&tﬁii oa,@b@%ﬁgﬁ%%g or L?é%?v&égﬁ%%%gﬁeﬂg%g%

may be appan %?u(gedt f‘r)acEiQr?s I’Ielf)i.<}p B &%c&éﬁ%pﬁuﬁi m&&ag&iﬁ?ﬂgﬂ%ﬁea%}l&se C18 column

(Waters XTerra MS-C18, 10, 1204, 4.6 x 50 mm) and fractions containing the product in
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-0.36-3.6 mMMin cysteine thiol). In order to work at significantly

hi gher concentrations DMSO assi sted cyclization of di-cysteine

peptides allows the cyclization of -10 g of the linear peptides in

good yields in as little as -50 nL of solution. Therefore the crude

| i near dicysteine peptides may be cyclized in 95% DVSO- H20 (5 nl/g)

at pH 8. % J NG Y L i i may
93%; [ BRY bd ESRRAAE dMdGrecAd )il @FF %E% pﬁi%«%ﬂgﬁ? (‘ﬁ‘g &éoﬁhluag

be routinely foll owed by nmass spectroscopy

mxture e Be HERr ATy e AV AGP TR By y A g SRR TRIM R e

pepti des jpitated fromthe reaction m.xture by dilutian.
PTh Grodt st R aRe R BRe PR BBsMidf B Bertide Comnprtla
col | ect e?A‘ b% fi lr]%atd' on. This is a convenient nethod for renoving
DVBO f r ot BT UUR RN c peptide. 10058] Purification and isol ation
of nono eptide_(12), Ac- AGPTWC* EDDWYC* W.FGTGGEXK [ K(i vDde)] - NH2
may be g‘j@lﬁgbl i sheah"afégpi:}é%@rf’{‘%ﬁ Héhod¢- Note that as used herein the
designation "C*" refers to a cysteine residue that contributes to a
di sul f i d&/ GIHEDS HGERDE EFR YPBCEEH (hdoBAdoa)-NH: matebecpuuified pepisbldedian up
to 300 nL of 30% CH3CN in water (0.1% TEA) have been unsuccessful. -
Ther ef or describedafior pdntide manpmer (12 hexcept titke theaphizd eeptide nayd) dissylvéakin 20%
di ssolved in DVSO (5 nL/g) and this solution nay be diluted to a

final vollHyENGD.1 ODFALinwi. 1% a2 CHBOK @ theptideM0e niolitkdaddf FEREE
filtered. The filtered solution nmay be | oaded onto the preparative

HPLC col uomaitM@ideticnt. Fereb@fifg soRiRR oVBrubd Beptild Bray 80 @de POt 120 MM
equilibrated wth 10% CH3CN (0. 1% TEA) in water {0. 1% TFA), and the
col um ngbepmlﬁl MPEd c¥futnlt (POYrCHBN ¢ Prega‘%oglér g@,tl'r?g, i é@%{)&%ﬁ& Lol 0

wash (I;)IVB romthe colum. The ‘conposit _ ¥ en rfaé_ e
my. be ?ﬁﬁff?ﬁﬁw%@?go%agé%wﬂ%i@@;%n%%%%l fof s ERFObRAg ater
0.1% TF ' -

o ol ERNR O TER UM B R0 MR Ees i P e

M5- C18, 10 20A.. 4.6 x 50 and fractions containing the product
' osob Bt abyreishiettmey Rotmangtor e s b (47 T wReH0.1 %A
purification of 0,5 g of crude peptide 0.1 20%1) for (12),

Ac- AGPTVIEXEDBWR e i peat eragient Ris QfBchYy ming£C (el % JEAatirtd ware (kb
purifications have been found to provide the peptide consistently in
t he same!§fbmay Bhiditigtad end mpioRss] Thid thegssiretbpaptidoisenmps)y ebed from the
VC* WEDSWGECGEVC FRYDPGGEK( Adoa- Adoa) - NH2 nmay be purified and isol ated
as descr ¢dbean.f Rrodynepontdiaingdimetiens ridyXe axlgeqatont @ atet I TatHnaBticpept i de
may be dissolved in 20% CH3CN (0. 1% TFA) in 0.1% aqueous TFA (0.5 g
pept i de/ 20&sal phasenSt @ actuain (20;ONBOA) S@ftaaiisstandininbeant prolihg ik 894kt i ng
sol ution of crude peptide may be | oaded onto the preparative HPLC
col um (Méiresy beF&SEBdndR¥FRRe- - ; w
rate 100;)/@”&3”1 %)é%qui i br a?edh%o?%%%%%%e—géﬁlggﬁu%?g?&%%i%%gﬁs}f%gl!?)oThe
col um nmayi2kes8)h Uiae i %yCH, 19 % TFA). at
100 ni/ m@n ?gr@éqrf{ﬁ.l%%gﬁ]p?ﬁ corgr:gg%i(bﬁlﬁggg@t{d e Oglﬁﬁlglg?%ﬁé%/p%@eg
ramped Qi3 m @B a4l 1% TFA) /water (0. 1%FA) over 1 mmand a |inear
gradient rate of 0.5% mn of CH3CN (0.1% TFA) into water (0.1% TFA)

be i@hédiat ed, 1R i.ned until.the desired tide i )
conpl ot AU ¢ e RRAER bGP Bl s e e o R beiges Bios sy
b I ical d ph C- 18 col
(ou 1 IBRRer AREE S C PR B iG585 pur ity may
b I -dr.i fford th lic disulfid tid
mononer (GREDRY GEESCHRIIR IR R Ao sgam el ) Sl el
pepti de nmononer may be purified serially in this manner.
[ 0060] Ds¥efs Beld) BisklEqe i %heaprpﬁaa@t@sreﬁﬁlmrwmdim pépside pray e b eunpllisted

by the tethering of the monomer peptides in a two step procedure. First, Ac-
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AGPTWC* EDDWYYCF WLFGTGAEGK- [ K(i vDde) | -NH2 (12) may be reacted with

di succinimdyl glutarate (DSG 5 eq.) in DMF in the presence of DI EA
(5 eq.) for 30 Mmm The reaction m xture nay be diluted with ethyl
acetate, which results in precipitation of the glutaric acid

nonoam de nono- NHS ester of the peptide. The supernatant, containing
unr eact ed DSC‘B)V gaﬁ be decanted and the nono- NETS ester may be washed
several ARV ERDS 1y WEEFCHGO K- [Kénpda]-NHh 83 may besracteysth
spectral data confirnms the formation of the nono-NHS ester as a cl ean
product . dskpoinipidy] Betaree (138G veq) indNBVIn the greserge pERIEAR (heqipfooiemin.
pepti de Ac- VC* WEDSWEGEVCF FRYDPGOOK( Adoa- Adoa) - NH2 (13) in the

pr esence Tbf re@EtoN fiixtuzeinay be Bll@edwith Byl aetalet whichdésabd i@ prévdpifadomed thon
of the ivDde-bearing diner, as a single mgjor product. The ivDde

prot ect i pintgicaoid momokihéleanam-NHS @fted 9fshadfeptitie Themeperm@mntbentagtimyed by
stirring the reaction mxture with hydrazine (10% in DVF for 20 nm

The sol utih@hctédBSG Yy Bedaantdd fidede WohdNHS vsiP thaflibk WalthdWeddtal HA4 with
CH3CN (0. 1% TFA)-water (0.1% TFA), applied to a preparative reversed

phase Cl ir§q j ' :
Boet oni 11T CeCae TR M BOS M R bt Miplion ofine

e necal G4 Ao oL LUepRIGEVTSR JHTLIRGRL fn S SRR, ™

be conducted enploying S muc _ he
may b i SerarEap A SYR R eSS R n o Bl e R R BB ™
duci bility.and i lit f th d . 10061] The_ fi nal
Stop i n PREnesHEREE: &Gy PRGN g ae o B TpmsEoPebooR e FEns
phosphol i pi d ammpnj um sal t (18% to_the precursor dinmer peptide. As
ment | one§Eed PStRelsymaphrodicty blyoivRgs Brojecting migmEomthezaannppdlysof the
nom nal Iy conprised of 45 ethyl ene glycol units. It should be
under st oBiner Redy eamoveA Y stiing thraeastion mixtyreavith hydrazingt(l @h) wfDVE®T 20
cont ai ni ng speci es whose centroid is the nom nal conpound contai ni ng
45 et hyl amox?hewpmign thef 08 He @oidjfieg atithoTF Afnd diltddSHE REGZORONNB% 0
the precursor dinmer peptide may be acconplished by preparation of a
gl ut ari c TRA)-daD(OEATTEHA ) rapplicdNdS afaeitivefevihel fHaee Ol SHPLAIcBRmmAd
reaction of this with the free am no group of the phospholipid
e R e e
eq.) forp30idgi. i : i : i i de
?1% idEHR neétfed (%F}?ﬂtk{? op{h@?EéfcgiishrchmQF pe g(?eéﬂ{qué&rhﬁg fnal bg‘égnc{ﬁﬁtg&

the solution may be uted w ace to preciprtate

glutaric | ] 3 e [ t he di nmer 7),. as a solid.
The supe?ﬂr’@%) gﬁgﬁﬁgﬂg%d%grgﬁctheuﬁ tE't)detr"3 %‘%h‘:{ Iﬁgnolﬂrrlﬁrrpg%t%%drnﬁé‘ay cf“'f?etl’e
solid glutari.c acid nonoan de nono-NHS est of the diuer peptide,
(07 © s Sl B BERER a0 el Syt ik Tk byl entimine
traces of DSG,6 Mass spectral results confirmthe formation of the
glutari cﬁ‘ﬁﬁqpﬁoﬁa’éﬁﬁ'ﬁﬁscﬁ%ﬁ]&”\ﬂ%ﬁ%%@%ﬁd”w- the peptide dimer as a

cl ean product. 10063] The dinmer glutaric acid nmonoam de nono- NHS ester
(17) mayl®Belldi ssolfrednplstapne e pathesiy{ gaphe dpdoniezative af RSPR-PEG2000-
DSPE- PEGR000- NH2 phosphol i pid ammoniumsalt (0.9 eq.) in the presence
of DI EA H2 pipsphoipid pampniumisalt (13teibe precyrsar)dimerypepda shmentionsd ess t o
maxi m ze the consunption of the phospholipid anmoni um salt because
any fr eeprptiogsih diei iiGRORE yndoypf DERE-FEGR0BNIL i matihadly cnghrissidfati on

of the final product. The reaction m xture may be diluted with water
(0. 1% TrA)yDI3GNeOinith30tdh{dld by vaderd 86 Ay weved, Bkt tHiy matapglis e distrbudion of
reversed phase C4 colum (1 Cromasil(r) Prep C4, 10 x, 300A, 50 x 250
mm | oWPEGE@tdifg Spocies Whosdénirbid iCOk HMind B uRd strining 48 cipfeRbxy

(0. 19%FA) - CH3CNCH3OH (1: 1) (0.1%FA) solvent mxture to renove
hydr ophiqitg i mpurities. Then the product nmay be eluted using a
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and DSPE- PE&R000- NH2 phosphol i pi d amoni um salt. The pure
product-contai ning fractions nmay be collected, concentrated on a
rotary evaporator (to reduce the content of nethanol) and
freeze-dried to provide the di ner peptide phospholipid conjugate as a
colorless solid. [0064]In order to prepare the required quantity of

t he di ne tide phospholipid njugate, several runs nay be
conduct eilmggﬁl oyi ngfreuestign ?8“13.13%%8- %@HQ‘W%‘&WWW%@@%E%@@@&YI n
al | caseg the target dinmer peptide phospholipid conj I%%ate may be

i sol at ed °f resmpligigddy peparatipof yelsenogqid mongamidhmopy NkISqsten ol thy  of
di mer peptide phospholipid conjugate, obtained fromthe serial runs
descri bedareayensalimery anskregitoniof s wish e e pminogmounf ofttheephosaliptd f r om
the individual runs in t-butanol-acetonitrile-water (1:1:3) followed
by | yophihingaiumosalt. Thes the o bearingf présursondinfeo peptida (t6) tredyibe@eacted with
estimation of free thiol nmay be applied to the bul k sanple of the

di meri c P&ptHde.) phbMfFhalthepresena g \IERES cfy) €@ 30 Asiid thepegantionbt the
be below the Iimt of detection. Amino acid conposition analysis

gi ves r egubirSortihéripaplidhd saemiraphyend dimLeglsﬁi%gm%&at@% BrB&pigasingned

structure of the peptide derivative. MA mass spectral anal ysis

al so supp@fatie adif %wﬁﬁ%ﬁo&}-ﬁﬁ@tﬂe?ﬁé?%{g&gr gl:]ﬁ%‘é L SolRE pfﬂe%ﬁgf%matant may

phosphol 1 pi d conj ugat e. reparation

phosphol on) : - Ligibl e Level s of, - TFA
s R R S AL A

dimeric tkde-,. phosphol i.pj d_conj ugat e aving.very. |l ow | evel s of
TEn i PR SE TR SR R PRB L rat et RS SRy RS Yl g6r e et on
of such conj ugat es a.gramscale, formation of a |yso- version of
the conj IRvELdraat BEGH Miss aresicd essinoamabitonratpal e slviate s or | al
at 5C or upon storage of aqueous solutions of the conjugates. It is
bel i eved™PPRMI{GBONGNES estshplin aentide fisrarasia plgampmadust.onot ed aci d

hydrol ysis of one of the phospholipid fatty acid esters in diner

pept i de- {9B6¥phol i gite diestjaliganicessid mpoReticToorsBVES msteh@ 7piogp phdissopied in
peptide as a stable material bearing a pharnaceutically acceptable
count er i BMF-GigH} (8:Bfahd cdaeted Wittt DRRESPEG20000414d ptosghotiplieimmonium salt (0.9
pepti de- phosphol i pi d conjugates were di scovered which convert the TFA

sal ts ofeq)hetldipreenqeedDIBA-(9lR0J PIrCKINDITHe SIOTY diGa T EN) nF bBM¥eSiHIk @ B
precursor(s), to anal ogous pharnaceutical acetate salt(s).

eSS ks 0 ARSI BINBSE

shown i mhpbkhalisia oy complicate the purification and isolation of the final product. The reaction
mixture may be diluted with water (0.1% TFA)-CH;CN-CH;0H (1:1) (0.1%TFA) (~100
mL.), applied to a reversed phase C4 column (Kromasit® 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-
CH;0H (1:1) (0.1%TFA) solvent mixture to remove hydrophilic impurities. Then the
product may be eluted using a gradient of CH;CN-CH;0H (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
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7 and 8. Table 3 21
Ac- AGPTWCEDDWYYCWLFGT GGEKI Ac- VCWEDSWEGEVCFRYDPGGK| - Adoa- Adoa- d ut - K(

DSPE- PEG2000-NH G ut )] - NH2 cyclic (2-12) disulfide}-NH2 cyclic (6-13)
disul fide 22 Ac- AGPTWCEDDWYYCW.FGTGGXK[ K(i vDde) ] -NH2 cyclic (2-12)
disulfide nTFA 23 Ac- AGPTWCEDDWYYCWLFGTOOOK][ K(i vDde)]-NH2 cyclic

(2-12) diaﬁdjbgPg—@EG&b%mgzbhospholipid ammonium salt. The pure product-containing
fractions may be collected, concentrated on a rotary evaporator (to reduce the content of
methanol) and freeze-dried to provide the dimer peptide phospholipid conjugate as a colorless
solid.

[0064] In order to prepare the required quantity of the dimer peptide phospholipid
conjugate, several runs may be conducted employing 0.5 g to 1.0 g of the precursor dimer
peptide. In all cases the target dimer peptide phospholipid conjugate may be isolated in 57-
60% yield and in >99% purity. The bulk quantity of dimer peptide phospholipid conjugate,
obtained from the serial runs described above may be obtained by dissolution of the product
from the individual runs in t-butanol-acetonitrile-water (1:1:3) followed by lyophilization.
The procedure of Ellman for quantitative estimation of free thiol may be applied to the bulk
sample of the dimeric peptide phospholipid conjugate; free thiol, if present will be below the
limit of detection. Amino acid composition analysis gives results within the acceptable
limits, supporting the assigned structure of the peptide derivative. MALDI-TOF mass
spectral analysis also supports the presumed structure of the dimeric peptide phospholipid
conjugate,

Methods of Preparation of Dimer-Phospholipid Conjugates Having Low or

Negligible Levels of TFA

[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- version
of the conjugates has been observed upon storage of Iyophilized material at 5°C or upon
storage of aqueous solutions of the conjugates. It is believed that the lyso- compound is
formed by TF A-promoted acid hydrolysis of one of the phospholipid fatty acid esters in

dimer peptide-phospholipid conjugates.



nono- NHS ester of glutaryl-peptide 23
Ac- AGPTWCEDDWYYCWLFGTGGEKI NHS- @ ut - KOvDdekNH2 cyclic (2- 12)
di sul fide 25 Ac- VOWEDSWGCGEVCFRYDPGEEK( Adoa- Adoa) - NH2 cyclic (2-12)

di sul fi TFA 26 Ac- DV\GGE\{CF YDP%GGK Adoa- Ad - NH i

( |2_Sl{2) ! 36@%&: i de ﬂ_&@% p%lospho ipid peptide as g sta 1% matgl?gl bear%ngc 31/ crie

Ac- AGPTWCEDDWYYCW.FGT GGCGK[ Ac VCWEDSWEGEVCFRYDPGGAE C( - Adoa- Adoa- G ut - K)
-NH2 cy dhaengeguticily areapiablelermipziopykighly efcigig)methedsi for oletainjogiimer 28

peptide-phospholipid conjugates were discovered which convert the TFA salts of the dimer

peptide-phospholipid conjugate, or any suitable precursor(s), to analogous pharmaceutical

acctate salt(s). Representative embodiments of these methods are provided below.

[0067]

7 and 8.

Table 3 provides a description for the identification labels shown in Figures 6,

Table 3

21

Ac-AGPTWCEDDWYYCWLFGTGGGK {Ac-
VCWEDSWGGEVCFRYDPGGGK[-Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-
Glut)]-NH, cyclic (2-12) disulfide}-NH; cyclic (6-13) disulfide

22

Ac-AGPTWCEDDWY YCWLFGTGGGK[K (ivDde)]-NH; eyclic (2-12) disulfide
« nTEA

23

Ac-AGPTWCEDDWYYCWLEGTGGGK[K(ivDde)]-NH,; cyclic (2-12)
disulfide » xHOAc

mono-NHS ester of glutaryl-peptide 23

Ac-AGPTWCEDDWYYCWLFGTGGGK[NHS-Glut-K(ivDde)]-NH, cyclic (2-
12) disulfide

25

Ac-VCWEDSWGGEVCFRYDPGGGK(Adoa-Adoa)-NH; cyelic (2-12) disulfide
« yTFA

26

Ac-VCWEDSWGGEVCFRYDPGGGK(Adoa-Adoa)-NH; cyclic (2-12) disulfide
« zZHOAC

27

Ac-AGPTWCEDDWYYCWLFGTGGGK][Ac-
VCWEDSWGGEVCFRYDPGGGK(-Adoa-Adoa-Glut-K)-NHs cyclic (2-12)
disulfide]-NIH, 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, 1, X, y, z are variable depending on lyophilization conditions.
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Mono- NHS ester of glutaryl-peptide 27

Ac- AGPTWCEDDWYYCWL FGT GGGEK{ Ac VCWEDSWEGEVCFRYDPGGAE CH- Adoa- Adoa- d ut - K(
NHS-GQ ut.)]-NH2 cyclic (2-12) disulfide}-NH2 cyclic (6-13) disulfide
29 DSPE- 000- are vari abl e dependi ng on

| yophi I il%%& on co%ﬁfﬁaﬁgow *?56%%?%@? ih e W R BOHMG RS dRone ek geptide
in certain enbodi ments nononer ti de conponents of heterodi ner
pept i de CPPPYnenRfeiejer mesamtsiedé sunes TE2yaltanampos)ds (3d)end(Bfeereed
to i on exchange chromat ography on the macroporous sul fonic acid

cati on enghded® iveskchaA MRobRtagsiphy oa thd mpergpadiuentlfoafc aoareaticnrexchange
acetate to convert themto their acetate salts. Then the two peptide
nononer ragehat BP-{Rwin@i ttep 26MidmeY BEMbeRRLIREh 1 RUIEt thedl MltBEY heetate
linker to formthe dimer (27) as an acetate salt. Purification of the

crude digfes TaeRlA @voﬁ?éphdé’fno(lg&r %:Hga c@'(?&ﬁ) eFOHd E@Lﬁgy ¥&redteréa ﬁll_?t(%){égn‘l\&}l

| i near gradi ent nethod enpl oyl ng cont ai ni ng

NH40AC ier cet ate

i ot tﬁf%@ﬁﬁhgb%’%%ﬁﬁ&g%%f i afl.aﬁ%fﬁtea%ii PRLAGAEH of fethudelidae

m xture b r at HPLC usi CH3CN H20/ NRI QAc pr ovi des
conpound® %ﬁ égfr@ﬁg bé(c(létl PESPEEtive P{%@G‘@?%@ nep grdiant Aetlipd eeniptoads
(22), (25 andgéZ?) all bear side-chain carboxylic acid and am no

gr oups cach Gpatr e B usMAdi(he provhien e mesilimermagtatboé2lsed t o
allow full penetration of the resin by the peptides and to exploit

t he i nmAbnjugatdn aithsfdihbetodepl E-@ESG200ANHERY) haldfie] panficwioand the crude
guani di ne) groups. TFA salts of the peptides may be adsorbed to an AG

MP- 50 cealiiire {50l % Q8bdiaied HPLOMRingard, ANYELOMMIA OB vRE s Wes @M@zﬁjﬂas

water and then eluted with a step gradient of NH4OAc in O or
CH3CN H 1a09[§ ending on the solubility of the peptides. The peptides
may be eluted at about 600 nM NH40Ac and the acetate form of the

and ic‘éef‘wkgﬁguﬁ?é RFs APt huBef o2l Bnda s b el V'

content o t| des.
caILoxyqlc acl and amino groups. AG MP-50, a macroporous cation-exchange resin, may be

used to allow full penetration of the resin by the peptides and to exploit the immobilization of
the peptides via their basic (amino and guanidine) groups. TFA salts of the peptides may be
adsorbed to an AG MP-50 column (sulfonic acid form) and the column may be washed with
water and then eluted with a step gradient of NH4OAc in 0 or 30% CH3;CN/H,0, depending
on the solubility of the peptides. The peptides may be eluted at about 600 mM NH,;OAc 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 NHyOAc. Otherwise, residual traces of NH;OAc
present in the peptides may give rise to free ammonia in the presence of DIEA. This may

result in the formation of unwanted peptide-Glut-amide as a major product in subsequent
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[ 0070] Preferred nethods al so i nclude redissolution/relyophilization
of the final peptides several tines to renove residual NH40AC.

O herwi se, residual traces of NH40Ac present in the peptides nay give
rise to free ammonia in the presence of DIEA. This may result in the
formati on of unwanted peptide-d ut-am de as a major product in
subsequent preparation of (27) fromthe nononers (23) and (26) or
final pHEYpHErRpf @7pEpmithemeneers 3s aqd(@P) eufnal phivsphadipidapeptidaanjughte
(27). [0071] Referring now to Figure 7, another enbodi nent provides

t he convébdiwmthefacetite satFel@2).t of diner (27) to its anal ogous acetate
salt by ion exchange chromat ography on the nmacroporous sulfonic acid
cati on df¥Hange r 8sferringGovPoT0gurd Aj modienenbodihedna pvidee thermayvelpdon of the
conj ugated wi th DSPE- PEG2000- NH2 fol | owed by purification of the
crude NEIFY $aktlof imdeA37)p6 @p anadddovieadeid ban by Sdr gk cking o QiR en the
give the final conpound (21) as an acetate salt. [00721Whil e the

met hods HRsshide %I%W&i@éﬂiliﬁh @xc"ﬁﬁ%}é"r@ﬁn acang.s0. AhRvditier KXl thﬁ%ay be

results, the second approach has e advantage of requiring fewer

st eps. %gjh%étmth HRPRLPEGA0E-NAL.OUAG O%ﬁﬂcétﬁn%@%&%%:ﬁ%&i Bf E)Zi-.'p n.

[00731 Turnihg to Figure 8, another e i'ment provi r

3I Turti g to Frgur er erbodim s"rethods To
Phe i 2d arrTes e HRE SENTRON RIS R AR sBrbifptiyane " 21)

and TFA i§Q§. !n this enbodi nent 21. nTFA adduct nay be el uted down a
size exTFSH colum in the presence of anmoni um bi carbonate buffer.
e freed of the |yso-_conpound by

The cru . NnTF Lnitia%gy y @ ft ]

pr epar aﬂﬁ%% HPLC &hily thegp stgagcr gd ehave ged Wgigres %@%7 pPLde exfellgi

acetonitrile into water. Both phases may be buffered with 10 nM

amoni uffsale the scomppgrogeiylasdessadyapageafirenyirom fewer sapsoAdaisonsl detaids

i ndi cated by anal ytical HPLC. [0074] To further reduce the anmpunt of

TFA, t haramoeddedbelovain the Expppleestction. a
[0073] Turning to Figure 8, another embodiment provides methods for providing
dimeric conjugates having minimal amounts of TFA utilizing the size differential between the
phospholipid-peptide conjugate (21) and TFA ions. In this embodiment 21 nTFA adduct
may be eluted down a size exclusion column in the presence of ammonium bicarbonate
buffer. The crude 21 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 Iyophilized to

afford the desired material (21) essentially free of TFA and with high recovery rates.

Additional detail is provided below in the Examples section.
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Sephadex 0-25 col umm and el uted with aqueous ammoni um bi car bonat e
solution. The eluate may be nonitored by HPLC. Product-contai ning
fractions may be pool ed and | yophilized to afford the desired
material (21) essentially free of TFA and with high recovery rates.
Addi tional detail is provided belowin the Exanples section.

[ 0075] Both the nononeric and dineric peptide phospholipid conjugates
descri bd@05¢r ei n Bath the moncmenxoandtdideriaeptidd ghoasholipid coaptatesdesatiedt s
such as, for exanple, gas filled mcrovesicles. Such gas filled

m cr ovedietdieMay BEndst@oratedrin@xdraRbend @agast ideh®dudh G R vlh RS gagABed
filled mcroballoons, gas filled mcrocapsules, etc. In a preferred

enbodi Maksovbdied SAbh de mhaspbRNERiig lﬁa@d@ﬂﬁkﬁaﬁnﬁmgapﬁuwmﬁm'b%@d
into ultrasound contrast agents conprising gas |"ed m crobubbl es.

Met hods f hf?&?xﬁ%&ﬁ)tall&ﬂls %as 984 Hidb &8s JESCEthHPab;Br@§ Pglgbé’é]&%ﬁﬂ;%' pi ds

and phosphol i pird conjugates are kno to thos rnt

For_exanhe LG ARHIOL A3 ALCREIRC o B8 AT FRSIN IYSRL 88,60 Do

prepare I'n"any oW ng Pent s

554213, V\DO4/069 o U 5 413 774 . S. :

5,578, 2§§m1°’éf5“37§%§§f}d “i‘éﬁoéé‘é@?o“’{\%"%* Sfppiebargiin céj %%%F%ﬁfa@%ugblemm
No. 5, 84 p%}o S Pat. No. 6,183,725, EP 474833, U S. Pat. :
5,271, 9 Lpidippd phogpholpidggnisgajes agye knovipdp thavg skiledinfhaysp, Fcu S.
Pat. No. 5 567,414, U S. Pat. No. 5,658,551, U S. Pat. No. 5,643,553,
U.S. Patexaigle. micobubldopaccerdme tpaie progsnt igvention epade preparedmyt metipds

6, 136,293, EP 619743, U.S. Pat. No. 5,445,813, U S. Pat. No.

5, 597, 54Bscribedsin appone Nothe SIBBENDBIENUER SSHHG, W®04/869287, USsPataNel U, S.
Pat. No. 5,908,610, which are incorporated by reference herein in

t hei r erft413&7¢. U FhRatidd HoEES, 22 sEP 344562, BP 482588/(08 I2BAN@I56556,610, U.S.
particularly preferred. 10076] Suitabl e phospholipids include esters
of gl ycampiNows,8l6,018; 10S. HanviNd6]188,0b £ FPof748 30, UyS. #at. . § DhEIBRNES. @ht.

di fferent) and phosphoric acid, wherein the phosphoric acid residue

is in twdsbendes (1.9 @i W@G%'T“%D%gr}%!mo 3%*?4@43 1 R0P4t NGo. SBRISHE,
i nosi tol, giycero et hanol am ne, and ke groups. Fatty aC|ds

present (g ﬁa?@\goog%i@@% 'IP’Sdlsaftaiw 5'9;1@95'% §'Pak‘%ﬂ96clhé'4ﬁ3%bp§ﬁtﬂggl y

acids, typically contai'ni'n 24 car’bon at oivs,’ prefer

from 14 £0,24; ﬁé{@%?ﬂ?% er AAYIALLR 9. gagaé‘:t\gogtsaﬁﬁ‘? 539508 PN

unsat ur atirohs:’ ['@s 'of sui e Aci d

nyrlstl i I aci d, acid, ni c
oo oo B8 Fup 4 st iiécfrfv R éﬁ?éggﬂ@lﬁwﬁwca@?@%%
phosphollplds are known in the a as the Q"
phospholr¢igieace feagyy 1 thes FﬁgPtYe@ﬁme@@de)fhﬂﬂwé ﬂhwq B‘H@@”&F are pamcularly
phosphatldlc acids, i.e., the diesters of glycerol-phosphoric acid
with fateesfersesh ds, sphingomyelins, i.e., those phosphatidyl chol i ne
anal ogs where the residue of glycerol diester with fatty acids is
repl aced05g] a cer wiathte phospho)ipida itivdt esgéem of glyceso! wikieorestr ¢éws mofecdles of
3-di phosphati dyl gl ycerol with a fatty acid, gangliosides,
cer ebr oshitdesidsgthe sarh®O/@ffAsnt) asdlpltapleiris acilrehdrein nhepiosyiok iapid dsidue is
i ncludes either naturally occurring,

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 aliphatic 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, arachidic acid,
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sem synthetic or synthetically prepared products that can be enpl oyed
either singularly or as m xtures. [0079] Exanpl es of naturally
occurring phospholipids are natural |ecithins (phosphatidyl choline
(PC) derivatives) such as, typically, soya bean or egg yolk

| ecithins. Exanples of sem synthetic phospholipids are the partially

or ful | ybehsitlt Q@& RESELLid]@hbMaLdcioe Sndlinoldae: Raf Wigld ééte@&@fLﬂhbéﬂhghpzds are
| eci thins. [0080] Exanpl es of synthetic phospholipids are e.

di I aur yli@ybm pds RRAS HRY4&B0LIrAe of thPbRSpholipid.
di myri st oyl phosphati dyl c}ﬁo l'i ne ( tDI%)/E &55) o

di pal ni tygiyt7) Phos phakiedvl.ahakd h6 T % hosphatidic acid he diest
di ar achi do 7Pphosphat| dyl@%I fﬁ? (Sngl are phosphatidic acids, i.c., the diesters of

T myr; s T AREp Rkl SR obigBphigormips et PhpsplaidyEhgle .
rlryL a|S %O%Qg}@ggg in%t%gﬁ%ﬁltﬁﬁgg Sﬁ mg&p gff{)d‘[’l gtt)( aqggptze)placed by a ceramide chain,

1-stearo al m t oyl tldlchllne
di ol eoyl%%i(‘)(ﬁ ﬁ'ﬁtliedy}%’é‘i‘?gl cﬁ‘ﬂg? ?Fﬂj&lﬁéﬁ ylgiycgro w1thafa2ty acid, gangliosides,

Di st ear oyl - sn-gl ycer o- 3- Et hyl phosphochol i ne (Ethyl-DSPC),

di | aur yI85Prosides gtat i dyl gl ycerol ("DLPG') and its alkali netal salts,
di ar achi doyl phosphati dyl gl ycerol ("DAPG') and its alkali netal salts,
di nyri stl8818phos phas ety hgtejm dheoterng pmimdamtludes ciglick aatirafip bedurg t s,
di pal m t oyl phosphati dyl gl ycerol ("DPPG') and its alkali netal salts,
di st ear ckmphathghatrisgyhelcgltepebared PoGRE' thataad be tmplaléddithensh@ilarbadr s,
di ol eoyl phosphati dyl gl ycerol ("DOPG') and its al kali metal salts,

di nyri stgiyxfurgghosphati di ¢ aci d (" DVMPA") and its alkali netal salts,

di pal m t oyl phosphatidic acid ("DPPA") and its alkali netal salts,

di stear hosph idic acid
DA s O P ihe P A s R A0SR

phosphat
phosph at(%)lﬂ%{)l’ga:nﬁgig&}l (ﬁ%) fer&a@é&fw}:}a Iasg g%ltsgyal bean or egg yolk lecithins.

phosphat

(" DVPS' ﬁx%#a%?é@%&ﬁ%ﬁfﬂeﬂﬁgﬂos@?ﬁé das are th Igﬁgrh %gﬁﬁ?@@%& tgg &Wa{lve%
phosphat | di st ear oyl phosphatl dyl serine ( DSPS ),
di ol eoyI ;ﬁ% g{i{}cﬂ??%flg §ﬂEmbCPS ), di paI m t oyl sphl ngonyel in

(" DPSP") d di st earo sphin elin DSSP").. [0081] Sui tahl e
phosphol PEhs T ur ERERPILT i Sbe GrrRomE Pt HE oo Ry LY PhaREHGelne
hydrophilic (g h%msr thereto. Exanples of nodified phospholi E?bds are
phosphat(llaly]f D mnaﬁyinb@p{m@ylchﬁmeﬂ TadPH") Hipglont wﬁ’ -Riyosghajidy ebelinePEG) |
in brief "PEPEGS", i.e. phosphatidyl et hanol am nes where the

hydr ophi(1‘IDEP(§t)J"£ﬁar@¢fa7q}ﬁyhﬂ10ﬁmﬁaédxlcli®in¢ (") oliscaRBGphodpbatidyécholine
vari abl e nol ecul ar weight (e.g. from300 to 5000 daltons), such as
DPPE- PEG'DSIEPE- PhéiistDNEPEp2inioplphdpRifidPkebo | nat{E&iBPOAPE-paknitoyl-2-

1, 2-di arachi doyl - sngl ycer o- 3- phosphoet hanol am ne). The conpositions

al so maym@ERyRhosphhiBichaid{“PMHG™S, IcpmitsytdssidafBiipidspiatidfiekolinast ance,

fatty acids, such as palmtic acid, stearic acid, arachidonic acid or

oleic aq1‘}£gpc$§ qr@@oy@qp&nﬂg@iﬁh@gpﬁﬁ@k%hm@ sEstsrs of sterols with

fatty acids or with sugar aci gl ycerol or gl ycerol esters

i ncl udi ra%laiyxﬁ,]swnwo%hﬁ@ EBlopcrgh irsﬁliro?! S AGERS Q*Etﬂirliﬂ%%wchohne

tristearate cerol” dinyri st ate, ycero trinyristate, ycer ol

di | aur ag%l}y%)gﬁg gha&ﬂbm&}{s a }Emd E SﬁBR*‘I)%PgaJ ARG eali Wl 5@y OF

quat ern

(ii ;t S?[ra %@Xpy?ggtémv i u‘rg;%r opatgg];ﬁbbmﬁalahd m xtures or
enst "o g el 00?&&5&5’%?% Akl BT o °

phosphatidylglycerol (“DPPG™") and its alkali metal salts, distearolyphosphatidylglycerol
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acid, Ethyl-DSPC or DSTAP, preferably in a nolar amount of |ess than
about 50% Particularly preferred fornulations may include m xtures
of two or nore of the follow ng conponents: DSPC, DPPG DPPA,

DSPE- PEGL000, DSPE- PE&R2000, palmtic acid and stearic acid. Sone
preferred phospholipids and fornulations are set forth in the

exanpl es Any of the gases disclosed herein or known to the skilled
ar t i san (fRSPW? amhitd adyadtmethsativ dicledyipbipsphatidsda ycesel (HDAQBGERad s alkali
perfl uorocarbons |ike CF4, C3F8 and C4F10, are preferred, optionally
i n admi xietni ealtaj ditnydsthgrphgsishesdis acit (RMBAT), andiits athgk metad xaltyedipgmitogr bon
di oxi de [0083] The preferred m crobubbl e suspensi ons of the present

i nventi (pﬂos?ﬁﬁaﬁidlit&acw @papad) drddmafilatispdd lsilpl disteasiingokphaitic peid Ca33E"),
such as a freeze-drying or spray-drying solutions of the crude
phospholgiapicRio}1 h@%ﬁnﬁﬁdi@%iﬁ (PAPEMan@iits hn;iametahm@,rmaﬁ@@g lgh@slph&tﬂiyl-h
in EP 554213; 04/ 069284; U.S. Pat. No. 5,413,774; U S. Pat. No.

5,578, 2 %aﬁ%mﬁﬁg GAPER, %g;lﬁg@%%ﬁ’o§>ha{?®tzethhﬁlanﬁnéégpgﬁ%gﬁéﬁgfat :

No. 5,8 . Pat. 25 "EP 474833;

Pat o Phgsphisy Efbaoiine BLAPR 5 byt piRbnardseiet BMERS), U2 o
6 136 2dErBisoR R G ernpr ARG Gamudd BuotinevisBnd Chprd:

Pt o dsagyphab GRS LIRSy Gioway Ehethbi Rera B ispfifont

their entirety. Preferably, as disclosed in |nternational patent

app! i catsplingoppyetn (BYFPEY and digteatopksphingpakeldnDBE Br epar ed whi ch
contains the phospholipids (e.g DSPC and/or DSPA) in adm xture with a
| yopr ot ¢@81hg ageSuitapuptpsplsolipidsfurthes inglide phasphdipidsdnedi®ed bydinging a

al cohol s, polyglycols and m xtures thereof, as indicated in detail
her ei nafhyéwphidagolemts themtd. Exahples ofanplifigphosphohpitieareal s (such as
stearic acid), dispersed in an enulsion of water and of a water

i i sci hespRitgRtiansanyes (PERhefiféd @ith prlganylengh@olV@E, iarneief fRise
having solubility in water of 1.0 g/l or lower, preferably |ower than
about  0.pQk559/; ke, paBshatiBfkBERIarhREs WRSE BRESdroPRNE afeholfiEMa RRictNR MnRAE,
oct ane, nonane,” decane, 1-pentene, 2-pentene, 1-octene, cyclopentane,
cycl ohe 0 - Y Pane e,

et hyl beﬁ‘ggggf} niéigéu% %ﬂ%igéﬁﬁ%@%?%ﬁgghngﬁg%énzeng,gl% |S§’b{ﬁdth§aI@
ether a e | orQf,Qr r t. 0 |

2 chl o PR RIS EDn B E B0 o PP PR DAL it Rt oy on
2-chl oro-2- (difluorqgnethoxy)-1,1,1-trifl uoroethane (i,sofl ur.a ,

C et r achiEbiEeo L B BRUB R e sampostinns BBh R aompa e apEFiEREhe.
per f 1 uor ohept ane, perfl uorononane, perfluoro enzen,%, . Cr
perflu OCORBRHIE mciqﬁiﬂghﬁqrmapp% ‘i‘tab"lﬂ‘%ﬂ %191]‘1%9(1?3 mitic acid, stearic acid, arachidonic
met hyl per fl uor oi sobutyl et her, ethyl perfluorobutylether, .

et hyl peratidws plsicsasisy sipfods, lech 255bolpdtseoly prestarnelistegdls Withdatty acids or with

pepti dephosphol i pid conjugate of the invention can be adm xed

t oget hersugirabids; lgbycplobspgipterqiedtefsonstidiog glhesrotitdpaiméatc cglicesol dipleatabpe,

in the mcroemul sion. Preferably, an aqueous suspension of the

pept i de-ghresphisteanic] gyoaplidiatyesatredgigiera tihy REGe (ghyagrol DERFaPEAPROD) i s
first prepared, which is then adm xed together with an

aqueous-iAlgat, glyedrul dipAmiaeprtiasi sigubidtmaphdisHaeimqniwn sald, duak as 1,2-

| yoprotecting agent. Preferably said mxing is effected under

heat i ng,dieatbyl BAFifety Rm i tpforR DI 12084] Pdifaimiteyl-b arifethy bmndiniunbe
suspensi on of m crobubbl es by dispersion in an aqueous carrier, the

freeze gibed. O5pRy k) dileitaRhaSANRkIA hopender s are contacted with

air or &n gas. en contacted with the aqueous carrier the

powder eq,aesphol pRidR,IYWhRS HrShlaHSE HWrfprliesar RGS bnd cShpBeafbditihg af OF M

overall net charge, such as, for instance, phosphatidic acid, PE-PEG, palmitic acid, stearic
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[ 0086] The fornulation for the preparation of the gas-filled

m cr obubbl es may advant ageously further conprise a |yophilization
additive, such as an agent with cryoprotective and/or |yoprotective
effect and/or a bul kin ent, for exanple an am no-acid such as

gl yci neacid. BaybbRYEr at ISST Pgpreferahly it 2 b amwusiefilesdhamehont 6,
mal t ose, trehal ose, glucose, |actose or a cyclodextrin, or a

pol ysac@haicilddy puafbrrasfodextatians may irclylelyigtyrendf tsoah nase pdihgabliywiage
glycol (e.g. PEG 4000). [0087] Any of these ultrasound conpositions

shoul d abporkats: BSPUAD RS, MIFe, D EPE-PEOY 00U, DINME-PEGD om] a!ﬂ‘ﬁﬂ@@eld and
before injection, snall amounts of i sotoniC agents may ge added

any of 911391\7@ &b, tgo%?ééqﬂ 1%93) 15%511@@? Bhd ﬁ&f@ﬂ%ﬁ%hé’ﬁ% setTfﬁgh i Rl p F‘I

agents ar e p ySIO ut'i on COﬁﬁDn used i n medi cine an

conpris gous sa ine Iutlon 2 6@6 eroI t|on
506 fext 000 T BeflitGR el ﬁ“a?ﬂ%éclﬁf fiotn e ORByeT oy
may inc|ude stand rd har maceuti c IIy accept abl e additives,

i ncl udi HE' 99855 B4EaIS Goeﬁﬂﬁs‘PWW%@“%l]&@fﬁ:@ CoF sy, Aisarreleard,
cryoprotectants, |yoprotectants, bulking agents etc. [0088] Any

bi oconpaptidiady ga@.dmﬁwwuiséblelugasqswdua& Finggrogdncovygeast capgendioxioe
the invention. The term "gas" as used herein includes any substances
(i ncl ud{t®g3m xt ur €hg pselidrsddantcirabublslei snsigasiensist the prasadt ihVeatine hislbe
human body tenperature. The gas may thus include, for exanple, air,

Ni t 1 0gePrepOel G plidaBholdli GOising R BocdssdsRieNas 4 Fl@LlN9lghr 439t
(|nclud?%g for ex%np 1?q%erffﬁ%roca} o%s SF6, aSSeF6)ea ?o%'&nﬁagulgpg

wei ght Ly g gearhon. (& 1osgﬁcrﬂrgﬁ 1'ﬁ'arkgut% 9%1%1&%1 (isif rﬂlfeoﬂ}ogt%s (%Es)ﬁt fotrt‘ﬁ

exanpl e, an al kane suc ane ane prop e or

Cyel opeht ane Lan ol Bne Yk SRaRRyPAREP PR YA Ny ool 67 -

but ene, _or__an aIk ne such _as acet | ene or opyne and m xt ur es
Dher oot ERssatg U e s e RS ELY il S B Bd 01 B N g oep

i ncl ude naterlals that contain at |east one fluorine atom such as
SF6, fré&s3(drydai Noc oo id8sUcoRetaiNei hg8aned,ds.SnbBateNead,boho%; dns. Pat.
and fluorine, i.e., CF4, C2F6, C3F8, CA4F8, C4F10, CBrF3, Cd 2h

C2Cl F5, Nanfl5€Bd G, R2F. BandNpes,b5 865 gdas bun.sNo. B! 3t B3mUpe rHak. 00g. G [990;
refers to conpounds containing only carbon and fluorine atons and

I ncl udeg,s.ipat. &Y. 6119 0l4an; USAtPe }6,139PoREY aieds; B pay 8ld. 6 445 813:US.
per f | uorocar bons. The saturated perfluorocarbons, which are usually

preferr f

br of or aﬁ%*- B R LR e B TR G SE SN TN
prefera m3 to 6. Suita I rqu rocar bons include,. f

Pl o Obi1 O e Teghepiie o i Bisers Bergan ey Chrrelvafy
Co9h0. Mpst preferably the gas or gas nlxture conprises SF6 or a

per f | uofisglaradon latemaliereal pﬁ?eah@nnhéatg-‘rnow& QUheI 23t nmigperrisen canpg,
C4F10, C5F2, C6F12, C2F14, C8F18, with C4F10 being particularly
prefer rleldparséwhlaills@nmsgthb zhﬁﬁﬁplip‘l@s &8¢ DSBS AndMODERY/ADSY 88mitDe with a
98/ 18495, WD 98/ 18496, WO 98/ 18497, WO 98/ 18501, WD 98/ 05364, WO
98/ 1732Kopiotectinpagé(sird ag o thstRed, chidehgistes QP4 sS04 fdl0g9tolSkid
optionally in admxture with air, nitrogen, oxygen or carbon di oxi de.

[ 0089] | pyi et lcted? 4:GHABLEA & 8erh h@@ﬁaﬁ@r) des bﬁ@éﬁapy toﬁ el Q&?Hﬁ&%uﬁ materials

precursor to a gaseous substance (e.g., a mat erla apab

bei ng C@SU(YleES %I’ e e @ %}f&ﬁ&d m ag GI'I"RJSEOD Ofr\gatglaallt a%vae%gl lﬁ’ll'ﬂlgéa le organic

precurs as precursor dan gas | prodauces are

phyS|oIo |caI ce table The recurso be C
phot o- atd Y%t Eﬁ/? ertf‘é’rf%%%“a? &‘?‘8‘3‘5&?ﬁgexfg‘?%dla"‘eﬁé‘f’f“?gﬁyék‘éfﬁ%} %fa béyl ?%Wef
per fl uorocar bons naéﬁbe used as tenperature activated gas precursors.

These peicfarydy brerlansabostie A1 &4, wutinrlude. dpinstarce, perigiee, Aexanguhapiagas

octane, nonane, decane, 1-pentene, 2-pentene, 1-octene, cyclopentane, cyclohexane,



[ 00901As di scussed above, the gas can conprise a m xture of gases.
The foll ow ng conmbinations are particularly preferred gas m xtures: a
m xture of gases (A) and (B) in which, at |east one of the gases (B)
present in an anmount of between 0.5-41% by vol., has a nol ecul ar

wei ght greater than 80 daltons and is a fluorinated gas and (A) is
selected fromthe group consisting of air, oxygen, nitrogen, carbon
di oxi de cmibabeting tlumethyt-dyelochotanet ieazdna talneee, ethylbbreens, 1idiencligitrgzegas A
100911Unl ess it contains a hyperpol arized gas, known to require

speci al 1gtdimathelbepsaak, idi-butg] cthdrand viopbprbptietoner chctefonpyarbe tstravhadand
transported w thout need of tenperature control of its environnment
and in pahlokew(@flubomeBisxPe! s uRptlieekthae (QFRtna), S-cAReb-physi ci ans for
on site formulation into a ready-to-use adm ni strabl e suspensi on

wi t hout (JiQuthihbeRGkySH I -USRIoFockiind Elé’&lu?a‘?l% ,?%&clﬁ&%tlﬁg—@%ﬁtﬁﬂeh{cﬁ% es.

Preferably in such"a case it can be supp inthe formo

t Wo- CO ng%ggé}g%%ﬁne Mﬂ?}ﬁeﬁ%‘[& B?rhﬂﬁghefp%e,g&mo?én%n%%;faﬁﬂH&‘Bﬁen?énea

qual-ch _ ai‘ner ormer “case preterabl e con alher
| yopni | PIERpEE e, SRR AR S e e BR A Bl s o whi ch
Mt it R T

second conmponent is also used then for injecting the contrast agent.

I n the Phaspialivideonjugpieef deapysptiomeandy aimetsd ingsther with dherbpsnbelipid
dual - chanber syringe and once the |yophilizate has been reconstituted
and t hefereirigithdinicronesield’somveleps, inyths rakesmulsine Rrefarabivnen aqpgeusbe used
directly for injecting the contrast agent. In both cases neans for

di r ect i agpamsicpei thetpepinde-ghppphotipid conjugdte snd dfiadlte AEGH el IDEPE-BEGRORP) is
energy into the contents of the container are provided. However, as
not ed aliay grepired, thichsit @ehlatimdadd ¢appthepsith agaksusaagiicengsion cobfrising
invention the size of the gas m crobubbles is substantially

i ndepenggiho oﬁﬂ]@m@a@ugéopeﬁte@iq'ghgén!c.@mef@a&wm@ﬂﬁin'g@ﬁeffe@temﬁder
reconstituted dried product. Accordingly, no nore than gentle hand

shakingh&ﬁngﬁgggghgﬁ?ﬁggybqggOQp gi ve reproduci bl e products with

consi st ent e size. [0092]1t can be appreciated by one of

n T ob _ can | y one
Cyst oms AL ) o° et BeBbdont it SREGoL At FATRRES o] BSRASAL pith °"

| uti ' teril ithin.th f_the | t
vent | BAeOR B b FelBRReY pF et pRPAY I BV Spsoue il

aqueous phase can be interposed between the ter-insaol ubl e gas . and
the envPFBIMHEREES. DEhem cOPRSLed W aba catirqus catiey %%‘f’%“d%fi?hosgb?i? 3 /hose
mat eri al necessary for form ng the contrast agent is not already,
pr esent strysturp baschspn dismpted (vdll gormplamgllayized arglamingaiped seemps thahwilstabilizene
phosphol i pid during reconstitution), it can be packaged with the
ot her cérponwhtislesiof theczak disperprdehereiab Mpisinmetizodf rgrmitoprodentivaicher
adapted to facilitate ready conbination with the other conponents of
t he Kit suspQBR&} dbmpawibblcs thavat aiable eggn whealstoped oo proéoigedpersyls tehege ar e
required; the present invention may use conventional containers,
vi al s apbtamedpy gnple disselutioh yf hedtied Ritntizédphosgotidids éahichhivedem t he
stopper and the container. The quality of the seal, therefore,
becones sRrddahli@ra debirddl daf Pk thdi® BKaRIng jor anyvidiegagdatdnon of seal
integrity could allow undesirable substances to enter the vial. In
addi ti ongggs) assurARGnatvely iidrfbub¥RE B Be 4R b kubfen@ins @ Bhd iato 4nOT
products stoppered at anbient or reduced pressures to assure safe and
pr oper [ . r -

%@%ﬁgﬁ#@ﬁh 5 gltlll_ ﬁatlggglgagﬂ, as 'ﬁﬁ}ﬂo?el% %Wgﬂ’g9’ﬁ§r3é S/‘k further

mul tico ormu on an el astoner, suc

pol y(i sghutylcene) o, Bt ¥hubb iR P& discids QO DL 08 fobSRAU NG APRL S SR8 87

reference, which comprises preparing an emulsion of an organic solvent in an aqueous
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[ 0095] U trasound i magi ng techni ques that can be used in accordance
with the present invention include known techni ques, such as col or
Doppl er, power Doppl er, Doppler anplitude, stinulated acoustic

i mgi ng, and two- or three-dinensional inaging techniques. | maging
may be done in harnonic (resonant frequency) or fundanental nodes,

Wi th t herediomdn theliResahdd of aphefdbligid and SBOGHINE 1WPhilasRNAH GONLi6RSter
agents of the present invention may further be used in a variety of
t her apeyptichal WeRBin @ndVBt fidGon tBR. S8MBpldRSFARRHatabioh FREHOBS are LIRS
within its nmeaning any nethod for the treatnent of a disease in a
patientﬂﬁQgﬁﬁwggnprises the use of a contrast inmaging agent (e.g. for
the delivery of a therapeutic agent to a sel ected receptor or

ti ssue) d whi ch,.i I erting.or is.responsible to exert
a biolo QIOC | eff e’@l{e flg%rﬁ@#?’?lgg ratﬁ%i;’ %ﬁmﬁtﬁlonvc?\}}g gaﬁﬁélr; gB@‘g‘P l|§ucbt1?“’|&'C:rsré’[ba‘ly ng may
advant a Ou%%%“@ﬁ agsoci at ed Wﬁ t he contr ol | ocal i ze

th, | ed
dest r ucf{'8R §2erped mp(?fh('f@té(g’i twe, Y2 Wgﬁrétzfﬁ of an
ohe. genBr AP BIRUPE PR STOE ISt MG o KRR S LT MBI Phgmino aoid

met hods). This contrall ed destruction may be used, for instance, for
the tredichenelypine. 3 gewhrdratese. g W SHEhATSueIPico mRARIigh matose, irehalose,
sonot hronbol ysis), optionally in conbination with the |ocalized

r el easegiveoss lauvse abh eyelpdaxirire at 4 polpgeriarideyuck pndexirar| of 2 pobiglycol such

t herapeutic imaging may include the delivery of a therapeutic agent

i nt o cedd ®]ycthyleae ghsal (&.goPEG@-400@nsi ent nenbrane perneabilization at
the cellular level induced by the |ocalized burst of the

m crovepistles. Thimy dfeiediaiibdsouad domSositi@sl shduld aliotwl afalas fovgiblan
effective delivery of genetic material into the cells; optionally, a

drug capo®gichagaidod. dRinty BeRek kG ARk AW i8O8 dnE MRIR A
t hus all owi ng a combi ned pharmaceutical /genetic therapy of the

pati ent (8y ar e El%%?o‘ﬁ’hp Séﬂé{gﬂg\?g{ehfsﬁl J%8bas. Th@@s%?oﬁ@zf‘gcﬁt%é{@ Aarlllgséiological

"t herapeutic agent™ 1nc Its meani ng any su

conposi i iLcle .which.may . bhe used.in any therapeuti o

app ot ne ErRAOHL Bt AN R 3RPr ety IR BB 1
pati ent 1 . as any sub ce which is capahl e .of .exerting or
s ponsiefl 15 el ity sy ELroLFFIGR Fis RArBrRa G v o
Therapeutic agents thus include any conmpound or material capable of
bei ng uSBRPOSIHORYBY inglifpatardard H‘@F’Béﬁemfgﬁﬁ aefispiable addjtiusseieluging, for
alleviation, pain relief or cure) of any pathol ogical status in a
pat i ent exaiples Emwifigngragentsy visedsity medifists, crpmetesiants.dyorspiegants.julking |
Exanpl es of therapeutic agents are drugs, pharmaceuticals, bioactive
agent s, ageptsetcoxi ¢ agents, chenot herapy agents, radiotherapeutic
agents, proteins, natural or synthetic peptides, including

ol i gope[igles andirgdliypaiphatible gas May bemised in thé eltascind andrageapeits 6f the
mat eri al, including nucl eosides, nucl eotides, oligonucleotides,

pol ynucieettiofe Shefen phas ik dsed hMRUEintIals aansubdRaley (inclabinkiikees)

substantially in gaseous form at the normal human body temperature. The gas may thus
include, for example, air, nitrogen, oxygen, CO,, argon, xenon or krypton, fluorinated gases
(including for example, perfluorocarbons, SFe, SeFg) 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
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[ 0098] Sol vents for reactions, chromatographic purification and HPLC
anal yses were E. Merck Omi grade solvents from VAR Corporation (Wst
Chester, PA). NMethyl pyrrolidinone (NWP) and N, N-di net hyl f or mam de
(DMF) were obtained from Pharnto Products Inc. (Brookfield, CT), and

ver e pepd Ade & pesiyhe dhdde nPktuled thetgdre Hoxevaie 116 8eatE S1s8& ke Pratiged.
quality. Piperidine (sequencing grade, redistilled 99+% and

trifluo et L T i S LN
or ade) P araEy e pep s RSl QReah WL chie BB, BprREEEESFofiyons
or fromthe.Fl uka Chem cal .Division of ﬁi ma- Al rE%h _Corpore?:tl:i 8w C.F
N, N - Di FSEPPORTRAPED EP T RPHE BIEOTHRY %1? atpgiggyc Huorme, 1.e., Ly, Lol ks,
N, Ndi i sopropyl et hyl am ne (DI EA) and_triisopropylsilane (TLS) were

pur chased’s GFW’&@%‘%»(A@EF%@}QC r P @B1(dh) apdpetiyortcations Bh¢ issmaci ds,
pseudoprol i ne di peptides, Fnoc-Asp(0- tBu)-Ser(yne' nepro)-OH and

Froc- G perftheiopirren nedens ¢ c@ibpaund's Nomgidigaibe aarbom iz Dleinet@Bhy andeineludes,
obt ai ned from Novabi ochem (San D ego, CA). Fnoc-8-am no- 3, 6-

di oxaocimgnoiailaciairbldpa)sanesedbhdicngit FerbuorMaoddnS. The pat(Rsnl Di ego,

CA) or Suven Life Sciences (Hyderabad, India). D succinimdyl

gl ut ar a%@ﬂ(l@%@rb@lﬁ’sg which are usually preferred, have the formula C,F 2, where n is from 1 to
1, 2-di stearoyl - sn-gl ycer 03- phospho- et hanol am ne- Ndanm no

h I
o S TSR R, AP BT o
L P A Sy Sl SRR L L BB B A e o,

triglycine or diglycine by the reaction with FrocOSu. An AG MP-50
i on- exchdngdsk éﬁs?“ify (efso-obtost preterably Hhesies Oreas URERE GP1BBLISEERY s or a

10099] Anal ytical HPLC data were generally obtained using a Shimdzu
LC- 10ATpavPuclosdrbpu spegedtiperthe gyspemestiplgayiChls, £.MaCel s, Sdfer €1 VE-E18
4.6 x 50 mMm colum, (particle size: 51.1.; 120A pore size) and

gr adi enCyRg, wigoCIrR§ béing bitticolarls yedfemed. Usdei@sovWi0ey7/2 0788 Y63 A3/53857, WO
el uent A and CH3CN (0.1% TFA) or CH3CN-CH3OH (1:1, v/v) (0.1% TFA) as

el uent &1 8xeieqld 98/19495ONPCIFITSI00aS/(ROGOI 7 SNEDSURLNY WY F0244, asedl
254 mm The purity of the phospholi pi d- PEG peptide derivatives was

determ Y - : 0 B X NarCO .0

Zor b 3507 28: B Plrraiedmbpbitn iR e o e e oy
Li ght Scaét eyi.n_g Det ect or ( LESQES)?) dﬁnd with a UV detector.

1001001 P18 Aar BHPeR- OBy ENRLAERMACESY on a Shi madzu LG 8A dual punp
gradi ent system equi pped with a SPD-10AV UV detector fitted with a
pr epar amﬁé f 1 ow Bedertaingarrapmsianges ihway §F desitnledo nndidd apreewsodpdde
pepti de was | oaded onto a reversed phase C18, C4 or C3 colum,
dependi gggeans subgamen(p.guadnahasldodtes capbble of beisp ngnertetite d gpaumpyivo, often
attached to the preparative Shimadzu LC 8A dual punp gradient system
After thersdlitbs @ngfprefigsarydeeRiadiiitl Jak icvioM@sl tBPphd i grddacdshee
preparative HPLC col um the reaction solvents and sol vents enpl oyed
as dilu ) 0 ) h 1 | ow
o gani cF e e T R e T R LR g
a gradiegnt elutio B i

el u; n _of uent to el uent+A.  Product-cont ai,ning
o aee s oRiogBhtt kRl Bl T sPuhBb el o GL ARG
anal ytical HPLC and ss spectral__anal ysis. The comhi ned fractions
wer e f r GBPELAHITE A1y 'r%aé\ﬂr ke HESE Péﬁ“ﬁ‘%ﬁge?% Sggbafdﬂii‘t‘ﬁr%ﬂ%‘?d

conposi tion anal yses were performed at the Keck Bi ot echnol ogy

Resour ckaveabsiid/gasyphase tyanisetianricmpergiurg abayewo M yanperanre (onshe ipperatusg at
data were obtained from Mscan Inc. (606 Brandyw ne Parkway, West
Chest er wRiah 119388 tsaire ploddatatehdior-shoedduobelaw bady tamperdt@el/Bhs 1HQQinkags
Spectroneter. For the purposes of fraction selection and

char act gphathi@hndfard behvRitedtl Sashiisisin SREGIniAl bodg! ues were usual |y
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[ 00102] The followi ng non-limting Exanpl es provide additional detai
on efficient processes used for obtaining |arge quantities of highly
purified fornms of the nononeric and di nmeric peptide phospholipid
conjugates. These non-limting Exanples al so describe the preparation
of representative targeted m crobubbl es which include these nononeric
and di I.c peptide phospholipid conjugates. These Exanples al so
Goscri pibfiL’ P, Afa HEHFAP o 116 8515 COBBRE W IXtHe of BPe. ThedoHangne
tests on |CDR-transfected cells and dynam c binding tests on rh

VEGF- R2 PRRDIBH{oRR pie ParicBlagly mreferrrd spscapiwress appixiupeel qgessdA) prd @hdn

eval uation of ultrasound contrast agents containing |ICDR binding

| i popepWhisdsatilggstzone gbBietgasexgB), trasent fparedmoumeiipbrgn OpDO6 By Frlames ©s
1-2 below refer to the nononeric peptide phospholipid conjugate shown
i n Fi gumeleularweghigesaerftioan 80ydalthisssind iisvgfledrinsted gagpoxdnd) issekbedviromrthe
Figure I. Al though these Exanples refer nore specifically to the

pr ocess gfoap cansistingst 4, pgyddenitro goipeiiich ddiddandinikiugesrtRerdof, fe balBhdedF
process may used to prepare the nononeric peptide phospholipid

conj ugatR nskeWbeing dak@ure 10 and the |inear peptide nononer (32)
shown in Figure 9 as well as other nononer peptide-phospholipid

conj ugaj@ey) Addi tirQakd dntaR A PLbPGritddSas ARRYA EAkNAR Mcia kR 4EL. 156,
filed Sgpté%ber 11, 2603?33e€§@?§??%nneta% s for the p e%gra{%%n of

t he peptige. . I Sy i Ipinits
ent i 1oty ERRRRET P B phse DAY B8 BB Vbl SHRBuAREELY L1 oo
H:)n ﬁgr %?ngtcrla e (I:\(/)t%lrt]}__%pgfr its(e% iré&%%%ﬁkﬁ%% Iszllfp% 19(? %-s&ltHa%s} an%SEQ

-Arg-Al a- @ n. Asp-Trp-Tyr-.Tyr-Asp-G u-11e-Leu-Ser- Met - Al a- Asp-G n-L
0 g P igaas el s gty g § ety SegpsngBlerpapension Wi
N-acetyl - L-al an I-L-%IutaninyI-L-aspa[;yI-L-tr tophyl -L-tyrosyl -L-ty
rosyl - LIe4iHaE ﬁ'#-qﬁ@r@ Qhaygypecial stomge facilitics. - Prefveaply n-syey 4/vase itwan bg ony!l -
L-al anyl -L-aspartyl -L-glutanyl-L-1eucyl-L-arginyl-L-histidyl-L-alanyl
- L- phengupaliethipithy r@aéytwctcmpcyﬂemdqltymgichgmymylludgt\wgzpargteyoytlamgﬂspcy| -L
-lysi nam de 1001041The |inear peptide nononmer (2) was synthesized by
an est athhal-sheeabeacensaingre dn the former case preferably the container is a conventional

septum-sealed vial, wherein the vial containing the lyophilized residue of step b} is sealed
with a septum through which the carrier liquid may be injected using an optionally prefilled
syringe. In such a case the syringe used as the container of the second component is also
used then for injecting the contrast agent. In the latter case, preferably the dual-chamber
container is a dual-chamber syringe and once the lyophilizate has been reconstituted and then
suitably mixed or gently shaken, the container can be used directly for injecting the contrast
agent. Inboth cases means for directing or permitting application of sufficient 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 reconstitfuted dried
product. Accordingly, no more than gentle hand shaking is generally required to give

reproducible products with consistent microbubble size.
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protocol on a SONATA(r)/Pil ot Peptide Synthesizer using

Frnoc- Pal - Peg-PS resin (0.2 mml/g), Fnoc-protected am no acids and

DI G- nedi ated HOBt ester activation in DVF. The peptide sequence was
synt hesi zed in stepw se fashion by SPPS net hods on t he FnocPal - Peg- PS
resin, typi caIIy on a 10 mml scale. The anmino acid couplings were
carried W t f ol d exc S eac 0 dandt e DI C- HOBt
r eagent @gh in e(ﬂf)’?f?g]ff 308198?@31‘1&%’%&69 Bfmalﬂf‘té hg©acid, 5
mL of dr [B{\ﬁ/F am of resin was used. The total volume of DW,

cal cul af‘é&* fee‘waﬂ §P§Y%€fmw§?h{e piscombinipastha riekpavidsr 3t ke ageovs
acid, HOBt and DI C for solution preparation. For exanple, for the
synt hessautionippvicals Bamgr fre @lsavdthinsthesespe of the prssent invietiaralln sitcat ed

vol une of 250 nL of DMF was distributed anobng am no acid (150 nL),
HOBt  ( 56ysteinds, #irchabDicClafiyGdwdniageTina! triameeoncplasa emdelintetpotdicheSona tie

Pil ot Peptide Synthesizer was charged with the solid dry am no acid
(4- fol daexisslablighhandabpentironMmebt® in@&dsa shelfAife oNbe ptddast, Ofhdrbe
coupling step, the software of the instrunent was enpl oyed to deliver

success gty deb&sfh esEBmYiag X ont: (fsﬁbtaqt'eh 8R3nOh thd ReAR:
acid) and I-l|CBt (Zﬁgq ) |n1 %)IVF gn as%n I ﬂHIIhDIVE arﬁd m §<| ngngtl:))gya1

ni trogeprRuhblibd (YWBS 1ihkbdlb ﬁfegﬁ ﬂ:@ghﬁﬁ’ﬁ ﬁgongﬁ)t'b i8 )n?t | Ssé(;\% @kl gy ved

to pre activate the am no acl to insure COI’Tp et'e on of

al | t ti the soft

medi at gg’?tﬁﬁ[% O?I%cgn 4‘ g#S )&Ef eei(sltoprefe?a % fv%‘%& coimal ggapﬁ%ﬂ il
acid to_the reaction. es cont ai nin Hg\ae resin. After transfer was
conpl et ga‘fhﬁ‘ém@’é% ik %181 P8ORS ‘th recurrent nitrogen
bUbbllnﬂk] fter theB?coulln time, the resin was washed

t hor oug th DNEReSTifCrRfaingsy) vigly C‘P’H’é‘:téﬂnéaﬁiﬁﬁ%aI’GFeCtUPfédslih‘bEfﬁ@ﬂbup
was perforrred W th 25% pi peridine in DM (5 nl/g) containing HOBt

(0. 1M {mzentipy mAyriFe copyentians] epnigiers, hishseud AdaptanisHebnly requiBiient & anl/ g,
6x) to assure conplete renoval of piperidine fromthe resin in

pr epar agdodrsedl betwehe thestapperpnd thenmnadied Feuphklityef tHersesihtierfise bofomes
Frmoc-dy-Ayd y-OH and Fnoc-d y-Ad y-OH, the pre-activation in the

am no agindit&ef plimanasnodh; w9 ddgadRidnionsdal degritycotidulgivagdédable
formati on of di ketopi perazine during the activation tinme as di scussed

in the §ipsbnced Mm@ @eyiall Mn hAtBSEh HWOsuEAS 8Snilith NRAcHRh Wid 2138 i OfssARhINer
acid, HOBt and DIC were added to the reaction vessel sequentially and

t he Coupfl 1 (?] Eﬁ:ﬁ% WRBiefQR Mtk & shAs 1d %mﬁé %]éfe rb &tl’éC%HSt%tutIOﬁl.

1001061Af t er in e ongati on was conrp ete roup 0

A R i e e e

was then c nt. with freshly prepared acetyl ation

m xt ur % (R?%EEE%Q%/‘?% ﬁwn’?ﬁ‘})‘&% 0.125M DI EA and 0. 015M HOBt in DVF/ 6
m./ g of 2 x 20 mm After conpletion of_ the peptide synt hesi s,
t he resioﬂg‘a/as t r S l@sqyng ﬁpﬁlﬁé“‘él}sé%%ga% aegaisdprmed tyahgapholipf

(TFA: wat er phenol : triisopropylsilane, 88:5:5:2, v/iv/iwv) (10 nL/g of
resin) elizgd micrphebblesican be administesed; m@@planadmesmgha thetagpunt of
obtained was triturated wwth ether to provide a solid which was
washed phiosphodipldanjegiekis inditetrangstlel oD mg/kg dndy weightapiebamally romoirpatdx |

t he suspended solids in order to allow decantation of the

super natoafitlg/kgnd t hen dried under vacuumto provide the required
peptide as an off-white solid. A 10 mmol scale synthesis of the

| i near [@6ps]i de nibfipaennd MagipvechdduSLthar dal 03 Ueedfin hdeofiakde With the @reednide
peptide. The greater than theoretical yield was nost likely due to

NDi St ur @vaiiidn hRRidd kadws facmwﬁx&e% subhlbd ddlrTdpPler %u&h@oﬁﬂl&e@bpﬁ@‘pt i de
Mononer (2) AcRAQDWYYDEI LSMADQLRHAFL SGR000K- NH2( SEQ 1'D NO

Ac- Ar g- MhAntdeNsiifiRatdd Reohtic iTMEmMBSRd Fvb- dr el theﬁﬁ'bnM&aé}hgchﬁﬂqL@s n-Le
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[ 00107] A -0.5 g portion of the crude |inear peptide nononmer (2) was
di ssolved in a m ni rum anmount of CH3CN (-20 inL). The volune of the
solution was adjusted to -100 nL with water and enploying a third
punp the solution was | oaded onto a reversed phase C18 preparative
colum (Waters, XTerra(r) Prep M5 C18, 10 j.s, 300A, 50 x 250 mm
flowrate 100 nL/m n) which had been pre-equilibrated with 10% CH3CN
i n wat efmggingi%eyTbeAjone Tihbarmohisriresovast fiafuerelybefdndinidata hedequithitier at | ng
el uent during application of the sanple solution. After the sanple
sol ut i osecomdhapphit @ebféreedt he col um, the conposition of the eluent was
ranped to 20% CH3CN-wat er (0.1%FA) over 1 min, and a |linear gradient
at a rapmmosff 0. 6% HRukrRburdd3ethst Beeh®oF ki) présBhtQnViatieh rad fkded B se S
initiated and maintained for 50 mn. Fractions (15 nlL) were manually
col | ect ' : - i, ndi nr 0 b.0n... The
£ Jarits SndMpAtic %ﬁ%ﬂg‘h@tﬁo@{‘ gh@gh@\g{egﬁgﬂ glragﬁlg (fr'icll]ﬁ:iey AR -its

coll ected friactions were anal yze a-anal ytica
. 1icl A d
oo BB SRR MR OO pHEARE EhuBRLh o v ot

freeze-dried.to.afford, the. correspondi n ure |linear pti,de nmonomner
(o Ty SR SaiRe G0 9 Pt P ACBRD00S HerBifs st oA R b rGERo0T 2 g
(24% vyiel d). of, the desired product (>95% purity). EXAMPLE 2 =
Pr epar atis8n: 1 Kthotrerpablefsesidias pris s55posib @ ceohp Giphasical gffect in vitro
Ac RAQDWYYDEI L SMADQL RHAFLSO0000K( DSPE- PEG2000- NH- G ut ) - NH2(SEQ | D NO.
1); and/or in vivo. Therapeutic imaging may advantageously be associated with the controlled
Ac- Arg- Al a-d n- Asp- Trp- Tyr-Tyr-Asp- Q3 u-1 | e- Leu- Ser - Met - Al a- Asp-d n- Le
UAr g- Hi bealizad Btseutten-oSeine ga3sfillgll mibyesi@ley-o@. Py sy TOREIREGREI0GNE: G u
t)- NH2;
N- acet yhigh acuugfiaptbsstiregtypivglly highbuhanthayte denasppemyloydd ihmppidegtuydivel - t r
ypt ophyl - L-aspartyl -L-isol eucyl -L-gl utanyl -L-1eucyl-1-serinyl-L-nethi
onyl - L- ahamyiic ha@ﬁ@aﬁéth{éds?:‘Mﬁﬁﬁoﬁﬁ@all&)ﬂ'c{ehnicﬁ&?ﬁihy be aded] foY Instanddi, fof iy | - L
-al anyl - L- phenyl al anyl - L- eucyI-L-serlpyl-glypyl-glycyl-g!ypf-glycyl-
gl)% fﬁg;%r%dt%%t %@gﬂgg@clb%%‘?é%ﬂéﬁaﬁe AT a6 sRRRIrbHEIPNS BRIk #

REh NPT B COSPE: CERIOR-DE il NIBLSRAY. 0,000

), was prepared by conjugation o ric aci oani de
-N t .of . tid (2 i t h DSPE- PEG2000- NH2
ohosphol BPH S OHR e AT R Ae Oy 65 R PR PRIREIBBCTBAE F) Ll of 2

equi pped with magnetic stiJ bar and septum ca har ged

sequent FESIE)t Hpp aa%nwamﬁzaa@%k thw‘%f%&&wfdg l(cg@ﬁy ﬁf‘ﬁ?caﬁzed burst of the
di succinimdyl glutarate (DSG 0.25 g, 0.75 rrrm[g% and )

di i sopr BiFPEsiaies. disfechndquegag be psed goranpipncenior An sifgotive deJivesofiganaticnear
pepti de nmononmer (2) (0.5 g, 0.152 mml) was added portionwi se to the
above swmhtgtiplontodheesells; qpaicnadly, ofrug cai be lotcdikyrielivezediol combimatiomwitk génetie d
for 30 mn at anbient tenperature. The reaction m xture was dil uted
to - 5O0materinl thios siiiwity @ uembihéy/ phaaasdcatic)/gdnkiisthempubf the phtient (e.g. in case
precipitation of the intermnmedi ate nono-NHS ester (3), the glutaric
aci d noppaimbegeaidady. NHS ester of peptide nononer (2). The sol ution
was centrifuged to bring down nono-NHS ester (3) as a colorless

solid. fjng7jsuper Naeadtn GRhpbufl m%@ifa@&&s REGEN RS enaRNing dulist-ag, t he
conpacted solid nono-NHS ester (3) which was again dispersed in ethyl

acet at egoaeifith bHEREI8DAINASRA sl RSy Rlefpb@id HPBMEIob N SRR
traces %ﬁ‘ DSé The sol i dli nt ér medi at engg{r?oPNHg aggit?er 0(3) ct hus )

obt ai ne i j orhich §

di i sopr %ﬁwg{eﬁfﬁe zl%fvnagﬂf%gell%rhg}s ﬂ%ﬁ% %S%@Sghe ew;w}élr?dcéltjéﬁlee 0rfi xture

oot S efe s Pgpot SR Bl ol Gt e RET RO MREoAROAR Phicfei TR
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 pafient
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0.14 mml, 0.9 eq.) was suspended in dry dichloronmethane (2 nL) in a
separate flask and trifluoroacetic acid (2 drops) was added to

prot onate the phosphodi ester oxygen facilitating solubilization of
phosphol i pid ammoni um salt in dichl oronet hane. The cl ear solution was
t hen evaporated on a rotary evaporator to renove the volatiles and
dried further under vacuum 1001111The solid phospholi pid ammoni um
sal t (4jincrdinglingledy, wétiction, Biveas¢ fesioh or toputyt Ezarsfilesr ofabertmeutib egentsiare ed
sol ution of nono-NHS ester (3) and the resulting m xture was stirred
for 24 trupt, pharnaenticdle ek atdugents, ldyetsxdagden® cheimsthera@y wgshtsli | uted to
100 ML with a 1:1 m xture of CH3CH and CH3CN-water (1:1, v/v) and the
i nsol ubtagitheeipentid dgbms aoteina) datu@dl ok Bgntielik hestiids, SndALOS1 tideaaad
onto a reversed phase C2 preparative colum (Kromasil{(r) Prep C2, 10
is, 300 i ' ; s id /] ; ' Facl
(V) ST S e R R B A P, Mo

at a fl ] .hat the colum was not el uted
W th th@mggﬁlﬁtﬁéséﬁ%ﬁ%%dﬁgﬁ trlef%ﬁlg&I oadi ng of the sanple. After the

sanpl e sol ution . caded, t he. col.u was washed with the
equi libration el apriald g Analicalbetis DVF was el uted. The

conposi f of the,eluent was rapped to 70% oH CN (1:1,

0. 1%’FA§09g@er 9 Ohveaﬁgmafeﬁflﬁwggma@a@ﬁ@cW%?Bafw%? HPLE sesspiorson
(1:1, O0,1%FA) into water (0.1% TFA) was initiated and run for 40
min.  FrBdMpigk &npm grage solyeriefren| MR eapationg West Caprii))- Ms an

i ndi cator of product elution. Fractions were checked for purity on an
anal yt i Methylptrdlidipeted MMRoind iaiN-dvvgh dfetmamide. (DMB 0@ re\pbtdingd ftorB50 )
using UV at 220 nm and an evaporative |ight scattering detector

( ELSD) . PHdnacd Biotieats bhet @rbakfie[d-CIN)andvasregrplidesydihtds gatieetlow

DSPE- PEG2000- NH2 phosphol i pid ammonium salt (4) which has very little
W absowhaiieinéired Bibteum gr&ﬂ’emum&fr epatiding [s8gLchting biaaf SedbtilR 8% BYidd vV,
and devoi d of DSPE- PEG000- NH2 phospholipid anmmonium salt (4) were

conbi ne@m@&@a@eﬁegﬁapﬁm@p&% dighaty gﬁM@&%é‘ﬁe‘ﬁEinF QrddBNES obfified

content of CH3011. he concentrated solution was then diluted wth

10% %%is%%gf‘cﬁicﬂ Q,toh#orﬁiofnmrwae ds%fg}‘ﬂpcrﬁorﬁonp{h%%jhﬁé tc%te%iJagfng{?s?%&h ©

resulting s I'on was tTreeze-dri VIde rononert ¢
phosphol.i pi d .cgonjugat .a_col rlessl'g The gd% rtion
b Oor uat eruie FPRiefet ol Ty Baffelipratedf (i BT R NRE £ o
as descr.i bed above. . Th opbi ned yield of the target nononeric
pept i dedlﬁﬁﬁrgﬁﬂatﬁrlﬁm&le@% apddripsoyroppsiiane &HS{;W@W%W@#%O;H Sigma-
[00112] Exanpl es 3-5 below refer to the dineric peptide phospholi pid
conj ugafkinghgaiporatior; fupe-rsteqrshhntnerids pspadopselnedipeptidesy FneesdFPng
the dineric COIQ' ugate are shown in Fihgures 3, 4, 6, 7 and 8. EXAMPLE
3 Sol | Buplerte” Siprop&3 sndForRrgply- Ty or'“Yano)edHand NPuydréiybenzoiazalt
Mononmer Peptides (12) AcAGPTWC EDDWYYC W.FGTG3OK[ K(i vDde) ] - NH2and
(13) AcHOBERSWEGERUEIFFRMDNGEB(chca dSadviajo, KA. Fmoc-8-amino-3,6-
dioxaoctanoic acid (Adoa) was obtained from NeoMPS Corp (San Diego, CA) or Suven Life
Sciences (Hyderabad, India}). Disuccinimidyl glutarate (DSG) and 1,2-distearoyl-sn-glycero-
3-phospho-cthanolamine-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).
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[01:1113] The linear peptides were synthesized by an established

aut omat ed protocol on a SONATA(r) /Pilot Peptide Synthesizer using
Frnoc- Pal - Peg-PS resin (0.2 nmmol /g), Fnocprotected am no acids and

DCl - nedi ated HOBt ester activation in DMF. The peptide sequence on

t he Fnoc- Pal - Peg-PS resin was synthesized in stepw se fashion by SPPS
met hods typically on a 10 nmol scale. The am no acid coupling was
carri ed[06%9] wi t h AmaljtictlGRL @ date sereqmadraity otaaihedousag a0S dmadznl 1 G- HDBT
reagent in DMF. [001141ln a typical coupling of an amno acid in the
sequenc¥P daalipumpfgraliisnt Difenpertipl@yama 0 atére XTarrd4S-0$24.6 xI$Eminofilimn,

vol ume of DMF, cal cul ated on the basis of resin used, was all ocated
anong affafRleaiedsy; HOBA parckidedl tnd @hdismlod isb @Bt PEI SRR F5te R usih® WaRX AL €,
for the synthesis involving 50 g of resin, the cal ¢cul ated vol une of
250 mL ' . ONt 8] 1.y Al ,oé—iﬁ% 50 L)
and D C?l%%ﬁ)&ﬁﬁgr%}éé g%glg (ggl/‘gﬁ\%}gggmggl ? Lé&%g%g&a/ﬂ()b'l [ ojtk) epti de
Synt hesj i t 1 g dry 1 J z d cess
wth r o5g p Bl OEtheblchilos R, ot MIP st 351 Rt TS
chosen vol u of, DMF an t (4 eqg.).in and DI C ( d-), .. n  DVF
were: debPBPENS BirRaL BRREG Rentiddetuboatur retinspna M By
nitroge ubbl i ng was conducted, After the |ast reagent was delivered
i xi g 1P AnfOroGRmBLBHIRRGY o ZPThrt P08 SR Card e dUtA et | B rmm

This served to preactivate the amno acid and to insure conplete

di ssol utalymn efingd SERBKpEHdshtScattering Oeteicior (Ir5D) and GathsIAY detector.
activation, the solution of the activated Fnoc-am no acid was

t ransf elPE]t o t Mecpamdive HEhOnessehdeadtoaiarfhingadzh & O-84% idnal pAnberadient
transfer was conplete the vessel was agitated for 3 h with recurrent
ni t r ogesystenttighipped with & SPDEHRAB UV detiepdr ifived withe prdphativefibw cvids washed

t horoughly with DMF (5 nL/g, 6x) and the cl eavage of the Fnoc-group
was per Gederms 1 dofutidd Kot d@ld ifé Hiadd fg‘bp%wﬁﬁome/dgjhmc@ﬂawe}w phese Rt
(0.1M (2 x 10 min). The resin was thoroughly washed with DMF (5
g, _ : S di o in
o epar ad] art eIt ERiig Charki Rl L HRT bR GRS
Froc- A y- QA v- G y-&k Fmpg- 3 v-d y- Ok re. ' i on ANt
i oAb el A OB R gy e AR G R ot Sl
formati on,of diketopiperazine durin activation time as di scussed
0 {he mBg ! miEaRS RSt Mt seataile HRECES b SheaniR RS B “an o
acid, HOBt and DI C were added to_the reaction vessel sequentially and
the coultieRt epwlesas dilenieotialiat BMEATTIMSY nvere elited fram (igerbimn abjaver
chain el ongation was conpleted, the fnoc group of the N-term nal

anm no awBthigphase emprosiionn Thenethe desiigd prpdueinae elutes| Usingeadzrisdient ution of
standard wash with DMF (vide supra). The N-term nal am no acid was

t hen cagwmdBbyto ehesit e Atodusttdonfaimighiractiprsepae ecnlboat ydsed ootheiriputity e
(0.5M acetic anhydride, 0.125M DI EA and 0.015M HOBt in DVF -6 nlL/g of
resin), deferxiné@ biraialytiQOHPEC R efabupadtial adale. dhe thabedffedidngveop of
C-terminal Lysine noieties of the nononer peptides (wth Fnoc- Adoa or

Wit h Friagzd-dsdd v Paeidese deadl Hrdictwas acconpl i shed by first renoving
the ivDde group of the c-amno group with freshly prepared 10%

hydrazi@6101) DVF Alosindhéig c%fés@t%nrhna@se:é_mgege ﬁérﬂ%hneféi&h@@&%’”fﬁbfé%n%fo% n

Frnoc- Adoa or Fnoc-Lys(ivDde) the coupling tine was increased to

Ater OguBiet| Ak RlnlR ?a&%ibgﬁt%mﬂﬁ@:ﬁ@ﬁ Nl Bl al e LERILEHMI L

t he cl eavage cocktai'l, "Reagent wat er phenatri 1 sopropyl sil ane,

88:5: 5! @mn Mé’clawn\{:) (66&%rm‘c{yg/il%fPa?ﬁ?if?%egt%heétepPA'%5@’) 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
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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 nmol scal e synthesis of
(12), Ac- AGPTWC* EDDWYYC* W.FGTGGCK[ K( 1 vDde) J- NH2 gave 30 g (103% of
t heory) of the crude peptide. In the case of (13)

AcVC* WEDSWEGEVC FRYDPGOOK( Adoa- Adoa) - NH2, a 10 mmol scal e synt hesi s
gave 28np@ss(shebidouhallyRQRILIA @’cfubﬁr &Qﬁpl? %E]%ahdély cH3EedibR faSd véhﬁ@ 'Pather

t heoretical yiel ds are nost 1K 0 nobisture and resid

sol vent g BIVIS T se w@écg!eggergﬁ]'f %@%@Jﬁd (@‘eﬁ f fi 6hELdIRe dtll:)o%%!j des

to Cyclic ePept| e pepti des were

prepar egonfd{ I?A(?OB ?0 %b(%? hags ]Rl?@ﬁégbt PLCH Elgg?lcéglel g ng%)_t ésgzs? ?racgéns

DVBO- assi oxi I"on ‘usi v/v) e cru

| i near t. was dIS oIv ( in a

wi de m&qﬁ"{?ggi@}“an‘a‘?‘i’a ié\'b@fm Bﬁeﬁﬁ&l 5 %Méé ’gaﬁ 135 f’&?s% 5 by
the addition of sol Iaﬁl( th yl -D-glucamne in fportl ons. The resulting
mi xt ur eSREEEWR Thesg geaxsare eﬁ@@@f%ma@fl@h?f addygieriang oetwormelegdes afi on was
then diluted with acetonitrile (50 nL/g) and the m xture was stirred
for 2 niiflugreacetiolatid peympleeule btk pemide pAfet eheefierolleation of fractiopy by
filtration, washed with diethyl ether and dried. Purification of
Mbononer cargptingl 55 ieaptsiadé HRb.Oqmeitie( dhd ffreeze-drying process, a small amount of the

Ac- AGPTWC EDDWYYC* W.FGTGGGK[ K(i vDde) ] - NH2;

Ac- Al a- isblytePrlQffY bslidTwas- dyss vell ms&apr(Aspngmm Ty traydd- M’{SaaoP-OEwmaﬂe' a
y-Thr-Ay-Ay-Ay-Lys[Lys(ivDde)]-NH2 cyclic (6-13) disulfide

[ 00118] Am@hA-I8 gReshine 0~ 0fs Niperigs wli;ﬁmﬁ»@ak bl ea wp@@ RRNIE 4% frrnomer
(12) was dissolved in a mninmum amount of . The vol une of

the sol tfr’{% ﬁﬁ%&% Lp‘h?itfﬁ ﬁ%}ﬂld'elggptﬂ? 38“1{1&1 %ﬁ%%%&ﬂeﬁwﬁ dp.

enployihg a t sol uti on was a reve sed phase

Cl18 pre at.i v 300A,
50 x" 2eBtiaing P 58 ALAISE A7 30 Wb A5 mRB A ot ey o
W th 10%CHBCN|n ter % licajion of the sanple
sol ut i ofPeEER: Hlégtf@s ‘%%d W&H Or{ﬁ;’r}b&ﬁqﬁ%ﬁwgﬁ) $eduent fromthe
preparatl ve HPLC system was stopped. After the sanple solution was
appl i ed¥®¥2he cdi he .ﬁ@ilovt%nqn-%wt@g Egaroples prewide addidenabagtail poefiicieet
gradient HPLC systemwas reinitiated and the colum was eluted with
10% CH3@RRasges aped(for aiaimma)largs auantiti¢seo! bighlD maidiee farme of thEmeonomierc anduent
conposition was ranped to 35% CH3CNwater (0.1% TEA) over 1 min after
whi ch adilnerie peptige ablsehlipgd canjugates. BhesO n&d4imitingEA3Milek Alsd YesEFPY the nt 0
water (0.1% TFA) was initiated and nmaintained. for 50 mn. Fractions
(15 ni) pféﬁ@frﬁloﬁmxut?kdsynt@mldt@@b@alnﬁ&bmméymtchzr?@udmhég nihomBAd &rit or  of
product el ution he coll ected fractions were anal yzed on a Waters

XTerra apahyh Op%aé phEYRSIFEd AR Rs gplée BAMAE, d1PeRE el fid & 3%2%\ pore)

and product - talning actl ons >95% pur| ty were po

f

romoey s B8l i roBltbs i L GRALERIAR KISk f%écﬁeddc'eﬁ%ﬁrfcdr%g‘*%%&#ﬁ%e
12 1 9% | f.t duc >95%

g\lgrni)/gg;teét Il{havd%C?FR?{%ge hutl%ipsztmry The %)xargples Hl?th e'sér e é)vapuaﬁo( £9

Ac- Val - HFaSORd coafrpst Agenteegn aﬁlbg Eﬁ%ﬁ%}ﬂ@z TppreRiidegina shbit XX9-HPPL Asp- Pr

o-dy- Glm%/ eﬁ] y- Lys(Adoa- Adoa) - NH2 cyclic (2-12) disulfide

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
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1001191Fol | owi ng the procedure enpl oyed for the HPLC purification of
pepti de nononer (12), the crude cyclic disulfide peptide nononmer (13)
AcVC* WEDSWEGEVC FRYDPGGEK( Adoa- Adoa) -NH2 (0.5 g) dissolved in 20%
CH3CNwat er m xture (100 nL) was | oaded onto a reversed phase C18
preparative colum (Waters, XTerra(r) Prep M5 C18, 50 x 250 nm 10 p.

par ti ¢l eomBRRAsHNEN Fiduod I 811 QRodbd ity Used O pREEReric pept
pre-equi l |%£ragt ed with élO% CH30N 001/0 l__y'\)se erv?t&ér (0. 1%e 5)eptlde

the cquPt Brapd SRy T AT J%%"é%?g ofptp BRo YRR (2 FahAth

f °5’vp§?“§ﬁ‘£f9ﬁsg%32{%f%%@Blﬂae%%'ﬂ?ée'gﬁ&%%Swﬁﬁhd'csﬁ%"t e Ryiuiase

reiniti at co t th 109 (0. 1% TFA)
For 5 mPHIDRILY, AHEICEHIHE. CaposhoH e #%3*3’% aet@%%%@g@@s@@ 19
TFA) -water (0.1%FA) over 1 min and_ a Ilnear radient elution at a
rate of thS PEDARHioN offt TPERtie onQsTE AR ISiiRROEPORRiEEYY [EEFraE FETAY invias
initiated and maintained for 50 min. Fractions (15 nL) were nmanually
col | ect &@irgi¥i ng UV at 220 nmas an indi cator of product elution. The
fractions were anal yzed on a Waters XTerra anal ytical reversed phase
C- 18 coEXAMPUEG nmi.d. x 50 nm 51,t particle, 120A pore) and
product-containing fractions of >95% purity were pool ed and

f r eeze- BolidRhaseoSyatifesis SR a0d Prefqaton oflgneay Eeptile dMenonfer (&) Avept i de
nmonomer RAQBW Y YPHIESMIAD QILRH ARL S GGCAGIONHf (SEQADUNOf 2 )eA erdeg-pépGinde
nononer Agk Bip-Bfrf yr-deg-GludR-Deu o4 FetathAeth-Wsp Gin R6-AdgHit-@0h-PRedlCSer( >95%

puri ty) GhEXAMAEG14- R aRemeal), 0 N-ae6)]-Elllddyl-Calhhtaning]-L Bsge -8ty phphRL

E\gp;lgg_?_b(tﬂr@éyl L~tyrosyl L -as a.r?rl -L-glutamyl-L-isoleuc éEL -leucyl-L-seryl- ];-me’fhmnylag,—GI Ut K
)L -2 féMc%JUcheE& 1%@ nga@ﬁilxgﬂl % W}ﬁ d@g oG

Ac- Al a- d y- Pro- Thr yr Q/s Tr p- Leu- Phe- Q@3

3& lhrp hgwggﬁ irshgﬁﬁéa% dy?de éﬁ%%gﬁaa %1 ,ﬁ@%gé%s }rp ih@dx]n@hg}ﬁéfa'
cyclic é[%toggl)o 'S%ﬂ!}\‘rﬂe nﬁ%( 85&6 13gI-gx"xoSf§lL |ch6p§(éo%@h&s shown

in Fig i'succintm
i .SZSLY%" Ve Bppifie ido%%%gaéd%a@&ii&mﬁat%@bﬁaaéa SRR M on.

Then sol.id peptide nononer

Ac A@Tv@@msev&fequﬂ[eﬁ@%m@ﬂmmﬁ@hm by §PES mpthods parfie)Fmpss
added in portions to the stirred solution of DSG over a period of two
m n. Af PdPegPPresimdyrienlly 90 anilimme! sedon kesmiae a¢id ceuplinaeweis|cawied uinas
diluted with anhydrous ethyl acetate to - 50 nL, (this served to

pr eci pi wih e4ifold exerssiemh of npino-ahidSnd gted?ICCHOB) reagémé p&ntri PMFNi xt ur e was
centrifuged and the supernatant was decanted | eaving internedi ate
mono- NHB0&S] er ( 1#) typécabcapliog bssantind add, 5Thie oS ddyiRMRAg@sr grasiuws patded
with ethyl acetate; the solution containing the suspended solid

NONO- NHBawst®r THeltdihl ¥E8mE BNDMHE, bgadatt oS BPBEK 6F b4 used| Wik ARdatbhe
supernat ant was agai n decanted. This washi ng process was repeated

twice tondm@mBNg &UTBICSEIY DI0GoexaRSS plepitatidD Ot bkathife 36 thel symiers NHS

ester (14) was di ssolved in stirred anhydr ous di met hyl'f or mam de (2.0

M) andingbivRgBO GRS RlidY bATE) BErekil; the clleulBePvolIRE bt 2MPRL IABREF 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 amine 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
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Then solid peptide nononmer (13),

Ac- VC* WEDSWGCGEVCF FRYDPGGGK( Adoa- Adoa) - NH2, (0.50 g, 0.19 mmol, 1.12
eq.) was added in portions to the stirred solution over a three mn.
period and the resulting m xture was stirred for 18 h. The reaction
was nonitored by nass spectrometry; after the conplete consunption of
the peptide nonomer glutaric acid nonoam de nono- NHS ester (14) was
conf i r midg amiiwarcidh paid HOBié4 ¢0) th DT and P16 (oer) in @ME pd/mixifyeby nibdgen
protecting group of the ivDde-bearing diner (15) and the m xture was
st i r r edbibbiting@ @aninitiatet] and oonduerep doralt ruine ThisGOl2@jofre-astdlatd the ami@ckihen
acidified by dropwi se addition of TFA and the m xture was diluted to

100 nlL idith irkQfocohipe difsohMoh Al tainpiab@s of Be ARNRAAftef BRI vEGb tHeON
was filtered to renove particulates and half of the clarified

sol uti ogyfiase haasedie 'i‘ltaﬁsf@r 6fQH@§o‘ﬁﬁ%nB?ﬁé§ct§%@édﬁfn&F&%ﬁhb ¥&d &Pﬂgg"“
(Waters, XTerra. Prep M5 C 50 x nm rowrate 1

m./ 1
2ppl 22{@?%%n§?**%§9%§%p%"@%% F‘hf%ﬂ% eﬂs‘é@éﬁ‘e RS sﬂa‘i”d“ for 9
equilib ak

nt fr mthe stem was stopped.
Ater chOBE msvaﬂ 3Btaseh P0G R5PREE nebShiie s Hinrcoh has nrsiet o
equilibratl e t the gradient HPLC s stem was reinitiated
and t hetigiuay AT & i Sube Greess SbEFmOORT PAPRTOTSI OGP o
flush DM fromthe colum. After elution of the DVF plug was
conpl et &Y piperiding wrPME dpele e} contrinieg HORE (R R@ %18 HZOI% '@H&Y@’f&n Be®er one
mn. and the elution was continued with a |inear gradient rate of
0. 6% mi thorhgldyH3aEdhedGvitoDWIEAS mlnp bxhat assuré Coripletd FokovaFobgipérniie ffchd nl)
were collected using W (220 nn) as an indicator of product elution.
The fr aht reinsin piperatitaioy 2iecknelin@amiv atid @ tufiings BrthCtSe I FiFB-AIYMHLLr S
M5 C18, 4.6 mmi.d. x 50 mm b5n particle, 120A pore) and the

pr oduct SEA0H ahd F@cG1ACH{- UM tRf pre-28eaist intie MEIHE aBQOLRM v Hot
freeze-dried to provide precursor diner peptide (16) as a colorless,

fluffy spbhded ifReier &8N RE t}?eri‘dgﬁatgﬁg? Hﬂ{étg@ﬁgja?ﬁé dl%@'%&hggcﬁ(vg‘@

purified in the same nmanner. From r pet|
20 AR AR AR T A2
acotyl DI RS 1o R Bh S et Ryt e corghinecsmss vevspetoh - -

glutanyl -L-aspartyl -L-aspartyl-L-tryptophyl-L-tyrosyl-L-tyrosyl-L-cys
tinyl - Lw’cﬂi*y’bﬁ‘gbﬁW"aFmPeucyl L- phenyl al anyl - gl ycyl - L-t hreonyl - gl ycyl - g
|l ycyl - gl | -LlIysyl [ Acetyl -L-val yl -L-cystinyl -L-tryptophyl -L-gl ut arryl
-L- aspal® glﬁ{ 6] - semyier thain ¢longatioy wag baraylbted; itheckihod grgimmofthy N-termviadly | -

ysti nyl - L- phenyl al anyl - L-argi nyl -L-tyrosyl -L-aspartyl -L-prolyl- egcyI
- gl ycyl angihy ayidl was teyswykd dh the standakpinesphbdibivadby teistadad basiowith BEFR000-
am no- 8- am no- 3, 6- di oxaoct anoy1-

8- am noidle Gusth)0 X (N-G@iHat ghinb atidlwab ey e¥iped 8tid@meNChite frésdtylpktpared
di sul fidel -am de cyclic (6- 13) disulfide ;

Ac - ACPTAMEHBVI YAk G SREAC anfGaM¥eDB. 125M DIEA and 0,015M HOBt in DMF/6
WGGEVCFRYDPOGOK] - Adoa- Adoa- @ ut - K( DSPE- PEG2000- NH G ut)j-NH2 cyclic

(2-12) i sWrtdHg) c
e ytgg gﬁﬁ, 2; %B&Y .Jgt& &)ﬁl’gsic%)m dr ﬁh’ rb%ﬂ_tﬂ@ ?}_'ntl;/ersm the r m \Esésutrelghe ay

% Xgr VGI \Ef‘&%ﬁ! _cf_?a\}ééé}fécktall é(eag%-n &[’ FA: a-jrater @eno{/tqlso&/ogaylgﬁancp\% :5: 21’ Asp- P
Cyclit @*’%%(Y%%%?#?ﬁgﬁéﬁ PR L O b iy P
EIDE;EPI ng% %\@)ﬂg ét?igr to p}/ovl? e 4 SOEB arhnec ba% waohédl“\lg tl?er (Qx) vgllr ceursor

Ac- AGPTWCEDDWYYCW. E GGOK[ Ac VCWEDSWGGEVCFRYDPGGEK( - Adoa- Adoa- @ ut - K) |
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

43



to a solution of disuccinimdyl glutarate (DSG 0.15 g, 0.46 muol),
and diisopropylethylamne (0.06 g, 0.47 mmmol) in anhydrous DVF (3.0
m.) with stirring over a period of 3 mnm Then the sol ution was
stirred at anbient tenperature for 30 mn. The reaction m xture was
diluted to - 50 nL with anhydrous ethyl acetate; this resulted in
preci pi §oaidl AN odhmblRadisiihesH SR lifcaBsehHddMORAE: ¢8 JI0O93 BY 5 (1D3954rer

(17), the glutaric acid nonoani de mono-NHS ester of the precursor

di ner pgps ﬁ&tﬁelmde &g}ﬁdéoh&ét Blter ﬁaﬁmﬁg%g&(ogfw%@ g nfr,

neg. ion, 887 /3, 1

colorle atant ethyl acetate | ayer contalnlng
excess %ﬁ&?ﬁgdﬂqég%gﬁ §%R§%£n1the conpacted solid dinmer glutaric acid
nonoam de nmono- NHS ester (17) which was agai n resuspended in ethyl
acetate, centrifuged and washed tw ce nDre to renove the renaining

traces}_@%DSG Teg\jll |tn d|a tarlc acid rmnoamde
nono- N vvas di ss din
anhydro ?H‘ré%i? %;:] ; 1%; &bﬁ}@hﬁ ‘ﬁ?fgé ah B 0. 06
g, 0.47% r-4sadHv; W&a tﬁ‘tli’* éﬁprv‘é%-Lglf g -Ala he-Leu-Ser-

[ 00125] FRaEKHGIY Ly SepkyeRho Oo-rstpighralspd-Elgraninyidoniparty|daftyptonts)-

(0. 235 krtyrosyb84yienytL-agpagykkrglutaay- Is@g ydrbdengyl-drspridilemebiooet-hane
(2 ni) almysLespaivileglntemykl mt}'TFEArgm’yldJr kup@yl-\h/adara@lﬁa@henﬂalpmdﬂonat e

t he pholspiybdisest-glycpikgiyent-glcakglyctladycpgldysinabiifld zat i on of

phosphol i pid anmmoni um salt (18) in dichloronmethane. The clear

sol ut i olf0¥} conderl.? gtredionef therrmde linkar peptidatmdnomen() was disebl¥adrie her
under vacuum [00126] The solid phospholipid amoniumsalt (18) was

di ssol vethimom BMeuftaf TH,Chine20 rdns The vedaing of thésolstidn waddisied to ©I00aiL
glutaric acid nonoam de nono-NHS ester diner derivative (17) and the

resul ti Rh Wakt AdGmRGy @% & M GPuimprthesbhitiontvad MaTaNENté & Pavefsad plige CThe
reaction m xture was diluted with a solution of 50% CH3OFI, 25% CH3CN

and 25%; t@%trﬁ{vﬁ Cdfurbh (W2 é ters 308118 pan s g’gg 15039'396’1&% Mo%%hhéﬁ dﬁé&oo

Hal f of iIltere utlon was ‘| oa to a reverse ase

pr epar at Kr onasi .300A, A

thion kbR B R Pf%?%ﬁ@%ﬂfeé i 1% cHbEN R @ﬁééfff‘inﬁ‘é’ﬁm
(1.1, O. %I'FA) and ter at a flowrate of 100 nlL/m n.

Dur i ng T Wat A% Al Wie 5&%? érta%e%ﬂurtn@ap plication aihe £RRPIS Feions
the equili bratl ng eluent fromthe preparative HPLC system was

st oppedAfigfthesamp ogémlws@@mlmiﬁ@rheml@mmo@aé@mﬂ%émqfxvhe(ﬁlumh@as
equilibrating eluent was reinitiated and the col um was washed unti |
t he pl ugmpéd ONPBYWaH:;@Nowatat (0.0 BOTAT pWdrd mionposi lineargradienthea staednt was
then ranped to 70% CH30OH CH3CN (1:1, 0.1%FA)-water (0.1%FA) over 1
m n and).s¢min@ACHgCHA0.0 TEA) ito Adkérn(0.1n %0l F HB4sHiaENafd indintahel ¥oF4)
into water (0.1% TFA) was initiated. The elution was continued after

r eachi nginl GR8iBhd @5 HIEHeré MamGilly QYIBchARBIng U £1220 nfasah ikdigatg@iodduct
fromthe colum. Fractions (15 nL) were collected using W (220 nn

as an 'ﬁg&&@élgﬁmpfﬂﬁrcgﬁ&ﬁéd BAMbhORera Bkl 6 atmeMIf&nQraf?ﬂ%l was
eluted fracti on coll ection was continued for several mnutes in order

to i ”5”1§§er$e{c_i Al o4 célhﬂxﬁ?slﬂgiéﬁgg,slfzgg p%h b {ld R@aRAe %EHLQfB]ldff}}-a@n E'Cum

salt (1 ions were 'c y on an ana ca

b %f?%%ﬁh oDt end Bsblead s #ﬁ@@@%ﬁzﬁggﬁe gpﬁfﬁ%ﬂfﬂwf}grﬂ%m nm
chr oo pHERRES( D)2 TP BF SHGTIEEAL o AORGORT GUETToRSS B2 233 gt s,

and devoi d of DSPEPE&000- NH2 phospholipid ammoniumsalt (8) were
conbi netlie desred pivd et (7Ee 8uHE).-r educe the content of CH3OH The

solution was then diluted with 10% CH3CN in water until a faint
fl occul EXAMBIdEZpitate formed. The resulting solution was

Preparation of Monomeric Peptide Phospholipid Conjugate (1) Ac-
RAQDWYYDEILSMADQLRHAFLSGGGGGK(DSPE-PEG2000-NH-Glut)-NH; (SEQ ID
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[ 001281Exanpl es 6-8 below refer to the preparation of the diner

pepti de- phosphol i pid conjugate shown in Figure 5 wherein the dineric
conjugate contains very low |levels of TFA. Figures 6-8 illustrate the
nmet hods descri bed in the Exanpl es bel ow. EXAMPLE 6 Preparation of

Di rer i cNGoh); uyerteg ety Aol PERY it Bvred - Glual le-heu-Sse Met- Ada-@sptGlnylleu-

Li nker freedsAlarRre-bfu-6a3¢]y-Ghehlanly-Gilyrbys-JeptE-d€CRRUY)-Nid-€1lat) N HaN-

by convaeesi-drarginy(-22lany(25glusmad ngliRaspapgpLiegpt@ohyl -Lithotspi vl € -dspartyl-L-

acet at eisolbycyNG-Reand/lilouexdherigal- I esdtiiohf 0124 oL -aggrpeundufad3hylan

AG MP- SQudy)- @ landesti®8 i1 Raladyl T PREHyHlatye 3 - Rubed)- 1 E -gifel-
20% of @?%& Q_L_I'ygqg:&%épe?\si%n Jggs ygma?:lgg% [ F\l@)g 3SX O%ﬁpg?lggg e

colum and the final volune was 150 nL. The colum was connected to a

punp anréoi’osﬂOndUOFEeVAqBMolﬁaii@}Sepﬁh%guc }*W@é%ﬁgﬁﬁﬁgf OXp0f CH3CN/ H20 at

17 mL/min flowrate until the co wl 1.1s/cm

Conpou i i 9

Cher s e dn BRI B A MR KK RREA B0 R AR CHENIER Ry e d1D

washed ain with the sane. el uent til its. conducti vi, was ow 1

p /el i DB GTcHlle ehiliblhastapriondP S
an eacn. e COo oun cahe ou a

600 nV RaRddpEonger 2p.aith Brvs Evidli G2 40aNz phiospholpd @r;gmimh ealbfes

cont ai ni ng the conpound were conbi ned and | yophilized several tines
until t[6816Mi ght Afrourtebareiedi fdsk equeppansttiantagnditGtinaodndtshptupucap was
material (23) was obtained as a white fluffy solid. The yield was

83. 8% JHarstdQ¢diidliyonah aRay @R EmStE st (3.5 Wa)e discdigihli@MSluthiteC
: Ret. Tine: 5.6 mn; Assay > 98% (area % ; Colum: Waters e

: ffa
VS- C18, mhohKanBdfis e MNPV B o B ol Avi 69 1%
N 0 T A AR AR,

TFA) , 0. 199FA)";  El ution: tion: 15%

9,01 T RAS B Gl s Gtk e T4 o SRR e

360' o ([) I\/hB:Ll] 3 CEE' n(%] 2/}%;118' tée%%ﬂg goeitrlt_i(;no \Qas()/gtvitrfe/d\%f 20 m-irnEaA‘E a?nsi;[itialga ted to

e 0. 30 EOBOXPEA BE ;

temperature. The reaction mixture was diluted to ~ 50 mL with anhydrous ethyl acetate; this
resulted in precipitation of the intermediate mono-NHS ester (3), the glutaric acid
monoamide mono-NHS ester of peptide monomer (2). The solution was centrifuged to bring
down mono-NHS ester (3} as a colorless solid. The supernatant containing excess DSG was
decanted from the compacted solid mono-NHS ester (3) which was again dispersed in ethyl
acetate, centrifuged and washed twice more to remove the 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
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[ 00131] For conpound (26), follow ng the sane procedure for conpound
(23), 300 ng of the peptide TFA salt (25) in 80 nL of water was

| oaded at 17 mL/mn. to a 150 nL of AG MP-50 colum, which was washed
with H20 to conductivity of 1 Rs/cm The colum was then washed with
H20 again after |oading, and the sane step gradi ent of aqueous NH40Ac
into H20 as enpl oyed for the ion exchange of conpound (23) was

appl i edthed ynaphiated vatironrodvapdretot Ribinoeché veletleons dried durtenatdnt

wei ght afforded 200 ng of the acetate (26) as a white fluffy solid.
The yi el duwrs 66. 7% 1001321Additional paraneters and results were as
follows: HPLC. Ret. Tinme: 5.6 mn; Assay 97.0% (area % ; Col um:
Water s Mﬁlga '\/B‘I@é%ﬁoép_‘lg;gﬁoﬁgid@ﬂméﬁlﬂn i) wad Bissohd iADRAT & mE) 448Nt :
A H20 (0.1% TFA), B: (0.19%9FA); Elution: Initial condition:

15% B, Lj . “Eno ] o _ .
Dot eot | SR 8 A5G DR i BB RESEME 1) o Mejicifis il e bimed
1336.9 2...890. 8 3HI.4 3: ' . tehsi 9 fwt. )
TrA oot Phaf B PUIEE gt apd S tprRefe s G Spast Wit g™ )
100133] For the. di j 27 t lt,. siml t

pr ocedUPBUE Pt EaHPOARICT 2SN e tel ) 3t 5 Mo Ra Dl ek HAdhcs

was washed with 30% CH3CN H20 until the conductivity was bel qw 1

ps/ cm {Ofgsbihtiop ey lopdeq prto Freyversad phase €2 prepgrative goimp (oromasid, Ryep
CH3CN H20) was | oaded onto the colum and the colum was washed with
t he san®2,d0yedd0 &nsl ¥ 28hmmyovideichad\beenyprovaguibbratot avitht3: 1L (e reixtureofst ep

gradi ent of N1-140Ac 30% of CH3CN F120 into 30% of Cl-13CN FI 20 was

run as Wwaer CAMIRA)GNI Z3);081RGHE S (L0 0 WIds TES) 4 b foadartofd6) HQMniM
N1140Ac. The conbined fractions were |yophilized and then

r el yophibie 2166 13 Q¥ RER wis A% Slutédtvith thd€quit Aink dlucHi GiRingY&™ing Farst ant
wei ght to provide 104 ng of the pure material (27) as an acetate

salt. T&Wa %alﬁierwﬁgf%@eé%mikg%gﬂf&&&dthé bah waS vadiRH S¥ith BOChuIfRatoh S

wer e as | ows: et. time: 5.2 mn; Assay >99% (area %;
por o: £ L 6 B R elted TheRich GuRFQR Mg et Ao
;SRR O e i1 EHEr AN Ao B A et as e B P Rfoharor B O e
anary s CH(GR kit CFERAVHC hoiet PrTSERALE: il spbriaop OBy, deekart
gaﬁf %])‘ r g%%%g;y%%%legt;gyggé I@JVL(%?@L;{%R gsozgrgtg;l]igatgli or?i)rro u%tp éhilt(ijoef\l. (F%e?c)tior?scweérg te
checked for purity on an analytical HPLC system (column: YMC C-4, 5 p, 300 A, 4.6 x 250
mm) using UV at 220 nm and an evaporative light scattering detector (ELSD). The latter
detector (ELSD) was employed to detect DSPE-PEG2000-NH; phospholipid 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% CH;CN in water until a faint flocculent precipitate

formed. The resulting solution was freeze-dried to provide monomeric peptide phospholipid

conjugate (1) as a colorless solid. The second portion of crude monomeric peptide
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[001351To a solution of disuccinimdyl glutarate (18 ng, 0.055 nmol)
in anhydrous DVF (0.1 nL) was added a solution of conpound (23)
(61mg, 0.021 nmmol) in 0.2 nL of anhydrous DVMF dropw se (pH 8,
neutralized by DIEA). The clear solution was stirred at RT for 0.5h.
HPLC and M5 showed the conpletion of the reaction. Solvent was
removed in vacuo and EtOAc (8 nlL) was added to precipitate the
i nt er mekfeapholipi epnjugate (hiwas preficghas degsnibed ahaye dThawprehieeditiad of e r erove
excess glutarate. This Et0Ac washing was repeated 3 nore tines and
t he restrgel nenasesric@enals rhosnbalipidicanjugstetl) wand 46 sdéPonieldlogen. 1t was
then dissolved in 0.3 nL of anhydrous DMF. Conpound (26), (56 ng,
0. 021 n®BIN2]|was &dawdlend tickhey phirod the densolpaptiderphasshiobipidesthjeghtd 0 8 by
addition of DIEA. The solution was stirred for 16 h at room
t enper athowe iraFigere SvMReprestytathiiRlntetiavid oMy ndRaking itte dimeli€adnpithataidhetvhon
of the reaction. A 30 1.1L aliquot of NH2NH2 was added and the
m Xt ur einWagrstd, 8y &d hew. 5 mn to cleave the ivDde group. The reaction
m xture was anal yzed by HPLC and MS, which indicated conplete renoval
of the gxkaepIgr gup. 1001361Before purification of the diner peptide
(27) acetate, caution was taken to carefully wash the whol e
pr epar add|MehERyntLst BIPHSY A yiBnt 448 PaAiEHTRN W Mondinéy PERRISHYFRES,
CH3AN FR@P’WJG*WWQ%*W%%%H@R&KG@%I&) -ﬂ%ﬂi{gﬁfﬂ@s tlﬁe“ app{ﬂ' ed
L0 a 1 eYerperRNASEE T ERPSRRIGRIAR COLUIII AL ANt 'S 18, 5 um
particle, 100 pore, %xl Frowrate 30 m./ mn),
pr e- equinhi {2k at ed . t; 9 . | = Ac
" cradU B & T ks BeRe® Rere (b b A R R NN,
unti | P Th I 0 Siti was,, \ncr eased
o 250t avar n2 ot PUE bl e P SR BT B B2 S g
fractions e analyzed an.angl ytical reverse e .C-18 .col um
(vt or SRSt a0 3eadf G BRr el MR Rter BV iin RNE: Bt #opil r at & 3
m./ m n) and the product-containjng fractions of >95% purity were
pool ed SMFIFs FEhe FEordgl-Fee-BP resigvassypiyesized imgenyipsiashienby 8P 27) as
its acetate salt as a fluffg white solid. The yield was 21.8%
[ 00137]Methedsitamenlly paraifenmpkscalad Thesuinp scidepepling Was chrong outhiith 4-Ret .
time: 5.2mn; Assay > 99% (area % ; Columm: Waters XTerra MsS-C18, 4.6
X 50 mmipldsixdesp aachiof kminolR{] adJHCEIOBE wegent inAXME320 (0. 1% TFA), B:
CH3CN (0. 1% FA); Elution: Initial condition: 20% B, |inear gradient
20- 60% [BOIMEr 8 i miypihbsupBsigeol 43 afdiddddy inled ®qhdnoe:5 hl o8liryZ2NF 63
Mass Spectrum API-ES; Mde: Negative ion; [M3H /3, 1362.0 [M4H]/4,
1089. 2 drith 9t relsin/ s usdd. ARl &1 ol oSN Eallatd orf the basis difrésieadel NRdsed
to be l'ess than 0.2% acetate 1.1% EXAMPLE 7- Fi gure 7 Preparation
of Di Qe i ' ' : I a
Tefi1oER0E Al RRRSPRGA, HRYBE: ARV & dg‘gpfg@graggmt%%gﬁﬁ@a f8r Yk ¢

| on Exchange Resi'n Preparation and purifi osphol 1 pid

ggg: :af' gsyggxﬁd'[i%%ﬁin{g%ﬁ)g Aedit, nAGRLALR vifllnte Je290H! SEBMRSRL aflGitueh)
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 chosen volume of DMF and
HOBt (4 eq.) in DMF 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
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[00138] To a solution of disuccinimdyl glutarate-DSG (3.7 ng, 11.3
prol ) in anhydrous DMF (0.1 nL) was added a solution of neutralized
di mer peptide (27) acetate salt, (15 ng, 2.75 mmol) in anhydrous DM
(0.2 nL), dropwi se. The reaction solution was stirred at RT for 0.5
h. HPLC analysis with a Waters Xterra C 18 columm and M5 showed the
conpl etion of the reaction. The sol vent was evaporated and Et OAc (8
n) wasprazitieste the aprincaqid i © ihduee dontplatergiciohition O28) conlpuients S5tk
containing the precipitated internediate (28) was centrifuged and the
l'iqui d méynee. was decanted. This procedure was repeated 3 tines to
remove the excess of DSG The solid was dried with a stream of dry

ni t rogemoars] t hemaeduasativedhd B1fiod O%CQ&I@&HM&%IMCM was transferred
DSPE- PEG2000- NH2 ammoni um sal t (29) (6.5 ng, 2.33 ulnal) was added in

sol i d for ARdich @ssmoﬂfan{lﬂfthg‘ré(sﬁd”‘fﬁ%ﬁﬁju@fh_,sf_tcgﬂ feR the Bdssel WS

reaction mxture was stirred at Moxt UF & was anal yzed

by M5 a{&bt%a{?:'ﬁ) 6§ A it &ﬁ&ﬁ%@%@gf&l&% KRLHEDS quplnnlg% ﬂ‘eggstf §ad Dt

the reaction vvas conpl e nrmze

q .
o TRl Rl A h Rl o M SRS e
colum (2 5 .u particle) whi had. never been exposed

TFA. Thléer mz@l w&?%ﬁ%&dwﬁén wEhedaky) @W&E@ﬁﬂiqw)\@ XY BV \Té?y

to renove traces of TFA. The reaction m xture was | oaded onto the
col urm iRRPEYES thesoushly-wastied wish BMII(SnkAa. 2090 Bspracompleravenerabag in H20;
B: 10 mM NI - 140Ac in CH3CNVH20, 9/1 v/v) at a flowrate of 30 nL/m n.
The col piptridveestrat theadsimin ﬁ@mﬁiommr thé ¢risuinb emmmeidedoupling. Unthe cagend
plug of DVF was eluted. The eluent conposition was then increased to

40% B olesc-GlynGly-alyeOHad Frmogidd-Glo-OM) Yhelprovatvabiéh imthe dhio acit bhegleed
fractions were analyzed on an anal ytical reverse phase C-3 colum

( Zor baxwa{yBBorddctedin‘ord&Qo MMimzeXhé Briaidnl oF Hﬁeeto%%ra%w@@hﬁn%flﬂz ow rate:
0.5 nmum n), where detection was acconplished using W at 220 nm and

an evap&'h%tloﬁ%lﬁé ﬂlaﬁscﬁé%@& tahd Rt dﬁ{e?e%l@ lin Qt@sesg)o cay%ethta rs@l@lﬁbx@&ﬁhe

containing the pure product were pooled and |yophil | zed
portion, o )
yiel d ms“%éaﬁm}§0§€%fﬁ%WAd ta?%#a* A gake 38 0 ﬁm%‘uf%b@% °°e5‘f‘?‘§
follows; HPLC. Ret 990 area ¢
Zor bax R e onusycd B fsiod hfiions iR Aottt comielibieo 106
TFA), B. CH3CN 1/1 Y% F Elutio l.niti condi t | 0% B
R T e A e P St?n@afﬂf}’/aﬁ{'ﬂf A on
W at 220 am and ELSD; CE anal ysis ,I(counter-l on, %wt . ): %w. TFA
0.3 9% U wendeekvasovith DHF @idsvper). slhe Netegminal ismnpﬂféﬁa‘faattheaﬁalaaed by
Di meric Conjugate Having Low TFA Levels Via Sequential Purification
Usi ng Zesabasnt @it frehippeqpared tepaiplatdruaixturel (S8 heatisanly2Ble G 1 2 PiRALt | on
Chr omat ogr aphy
and 0.015M HOBt in DMF - 6 mL/g of resin), 2 x 20 min.
[00116] Functionalization of the e-amino group of C-terminal Lysine moieties of the
monomer peptides (with Fmoc-Adoa or with Fmoc-Lys(ivDde) 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/w/v) (10 mL/g of resin) for 4 h. After
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[00141] Materials used and conditions for the analytical HPLC system
include the follow ng: Colum: Zorbax 300SB C3 ; 3 mmi.d. x 150 mm
3.5 p.mparticle; Eluent AA H20 (HPLC Grade with 0.1% TFA by vol une);
El uent B: CH3CN (0.1% TFA by volune). Elution: Initial condition: 50%
B then a |linear gradient of 50-90% B over 3 min, hold at 90% B for 11
mn; Flowrate: 0.5 nL/mn; Detection: W at 220 rim Ret. tine:

( Conpouwsvdpdraion)of tHe. vbTatidsinddtvabluws e padte O@s mrittrateBrvethaatiadr ity proiRe € -

usi ng preparative Zorbax C-3 colum to renove the |ysoconpound from

(21) [ OQLd3hithevas coltkted Bt bnWAShddosded]ctBy] othet @RTC A, & 1 @Rl sc3R%
eluent B. Materials used and conditions include: Conditions: Colum:

Wat : v+ WLEGEG ; . i ;
et 3 O T A R DN B gl

CH3CN il_@%% %ffneélfﬁ%a@ﬁ}w B0 PG e N e F]a%é Ef’g#%m\/‘ ). [00143] The

conposition o el uent s then change 0 45% B over 2 mn, then
t he col Y Lpear gr.adi.ent 45-100 % ver
ol PPV YR R e RO 20 Dotior Pl et B
conpound 0 ) di,ssol.ved_ jn 25 of a sojution of 30% B. The
o1 opar d (1 RETEbw B aiie A UG, i e dindbecd A e e e S DM s
| oaded on to the Zorbax C 3 colum. The nobil e phase conposition was
ranped &R BiFaitud SEYEIX | i near gradi ent from 45-100% B over 40
mn was used for the elution of (21). The product el uted between
26.5-33 mm [ 00145¢lzeton phibe Linsar DinGysteinsrRentidrsdo Caaljc Misnléide Bemtidered
and lyophilized to give a white fluffy solid. This was dissolved in
wat er - d08t1Ghi t r i Ceelia disrfide/paphiildsi weelprpmediroThecoprespaindiag linear aiy
product devoid of the |yso- conpound. The recovery was about 70%
Af ter odyseinapegidapby DMBD-asigddetxédtion tengshsiSEiwavas(Ofasveyl Tietdmd@5% B
for 15 mn at a flowrate
linear peptide was dissolved in the solvent mixture (5 mL/g) in a wide mouth beaker, and the
pH of the solution was adjusted to 8.5 by the addition of solid N-methyl-D-glucamine in
portions. The resulting mixture was stirred for 36 h at ambient temperature. The solution
was then diluted with acetonitrile (50 mL/g) and the mixture was stirred for 2 min. The solid
cyclic disulfide peptide was collected by filtration, washed with diethyl ether and dried.

Purification of Monomer Peptides
Peptide Monomer (12) Ac-AGPTWC*EDDWYYC*WLFGTGGGK[K(ivDde)]-NH;; Ac-
Ala-Gly-Pro-Thr-Trp-Cys-Glu-Asp-Asp-Trp-Tyr-Tyr-Cys-Trp-Leu-Phe-Gly-Thr-Gly-Gly-
Gly-Lys[Lys(ivDde)}]-NH> cyclic (6-13) disulfide
[00118] A ~0.5 g portion of the crude cyclic disulfide peptide monomer (12) was
dissolved in 2 minimum amount of DMSO (~3 mL). The volume of the solution was
adjusted to ~100 mL with 20% CH;CN-water and employing a third pump, the solution was
loaded onto a reversed phase C18 preparative column (Waters, X Terra® 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
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of 30 mL/mn. The colum was then washed wi th CH3CN H20 (50/ 50,

wi t hout TFA or buffer) for 30 mn at a flowrate of 15 niL/mn. The
colum was then stored at roomtenperature for future use. Analytical
HPLC confirned the absence of the |yso- conpound in the isolated

nat er i %hmgl%%m»%h VA3 ?ﬁﬁécﬁtoqﬂ@éélﬁﬁﬁdthé Rty Jf%qhﬂi%%"n g%mayﬂemftﬁé BRdicnt
after yS at room enper ature e mat erial stil cont ai ned

signifi 21
tC)}yzgeI I%lgﬂr’tt:rm tlowa?: érlglplré e\gﬁarl'l g% ygoé%_rﬁ@ EI ted%%@ﬁfo‘%ﬁfgﬁ”ggﬁhgex)
5¢c n d 0 t ot al
. col N i GRiOM Sw'e’ﬁi e Th heifid aafrﬁ??qsr%%ﬁwaﬁgfa%%%ﬁf it
bi carbonate. Then (21) was dissolved in I nal vol urre)
of 60 n@ERINP b Pé%lrlb@?ﬁh{l%l ivhigtoading éb'@éenééfe% ’@Fﬁ erq %/mmr%Hs
solution was filtered and then | oaded on to the Sephadex &25 col um.

The col(Qrife TEA) aiteatkr §@.1 % BOA hivhsrmitondduandbha atabed doweS uirf. drragijank (135
collection of 10 nL fractions. The coll ected fracti ons were nonitored

by analnfL) &ale niuell{ bblddaidagiiganvat 2200mngkn iddieatsrasprdducaslatipn. oVhaled
in Table 4 below. Table 4 Fraction # Volune (nL) Conmpound present

(by HPLGuaRad Hedtonfveld AGlARAbnh Waters XTerra analytical reversed phase C-18 column

(5u particle, 120A pore) and product-containing fractions of >95% purity were pooled and
freeze-dried to afford the corresponding cyclic disulfide peptide monomer (12). Typically
the purification of 0.5 g of crude peptide monomer (12) afforded 0.1 g (20% yield) of the
desired product (>95% purity).

Peptide Monomer (13) Ac-VC*WEDSWGGEVC*FRYDPGGGK(Adoa-Adoa)-NH; ; 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

[00119] Following the procedure employed for the HPLC purification of peptide
monomer (12), the crude cyclic disulfide peptide monomer (13) Ac-
VC*WEDSWGGEVC*FRYDPGGGK(Adoa-Adoa)-NH; (0.5 g) dissolved in 20% CH;CN-
water mixture (100 mL) was loaded onto a reversed phase C18 preparative column {Waters,
XTerra® Prep MS C18, 50 x 250 mm, 10 p particle, 300A pore, flow rate 100 mL/min),
which had been pre-equilibrated with 10% CH3CN (0.1% TFA) in water (0.1% TFA).
During application of the sample solution to the column the flow of the equilibra‘lting 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% CH3CN-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)

50



10 No 3 10 No 6 10 No 9 10 No

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, 5p particle, 120A pore)
and product-containing fractions of >95% purity were pooled and freeze-dried to afford the
corresponding cyclic disulfide peptide monomer (13). Typically the purification of 0.5 g of
crude peptide monomer (13) afforded 0.12 g (24% yield) of the desired product (>95%
purity).

EXAMPLE 4

Preparation and Purification of Precursor Dimer Peptide (16) Ac-
AGPTWCEDDWYYCWLFGTGGGK[Ac-VCWEDSWGGEVCFRYDPGGGK(-Adoa-
Adoa-Glut-K)[-NH; cyclic (2-12) disulfide]-NH, cyclic (6-13) disulfide; Ac-Ala-Gly-Pro-
Thr-Trp-Cys-Glu-Asp-Asp-Trp-Tyr-Tyr-Cys-Trp-Leu-Phe-Gly-Thr-Gly-Gly-Gly-Lys[Ac-
Val-Cys-Trp-Glu-Asp-Ser-Trp-Gly-Gly-Glu-Val-Cys-Phe- Arg-Tyr-Asp-Pro-Gly-Gly-Gly-
Lys(-Adoa-Adoa-Glut-Lys)]-NH; cyclic (2-12) disulfide ]-NH; cyclic (6-13) disulfide
[00120] As shown in Figure 3, disuccinimidyl glutarate (DSG, 0.28 g, 0.86 mmol) was
dissolved in stirred anhydrous dimethylformamide (2.0 mL) and diisopropylethylamine (0.11
g, 0.85 mmol) was added in one portion. Then solid peptide monomer (12) Ac-
AGPTWC*EDDWYYC*WLFGTGGGK-[K(ivDde)]-NH; (0.50 g, 0.17 mmol) was added in
portions to the stirred solution of DSG over a period of two min. After stirring for 30 min at
room temperature, the solution was diluted with anhydrous ethyl acetate to ~ 50 mL., (this
served to precipitate intermediate mono-NHS ester (14)). The entire mixture was centrifuged
and the supernatant was decanted leaving intermediate mono-NHS ester (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 mL.) and diisopropylethylamine (0.11 g, 0.85 mumol) was added.
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Then solid peptide monomer (13), Ac-VC*WEDSWGGEVC*FRYDPGGGK (Adoa-Adoa)-
NH,, (0.50 g, 0.19 mmol, 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
remove the ivDde protecting group of the ivDde-bearing dimer (15) and the mixture was
stirred for 20 min at rcom temperature.

[00122] The solution was then acidified by dropwise addition of TFA and the mixture
was diluted to 100 mL with 10% CH3;CN (0.1% TFA) in water (0.1% TFA). The solution
was filtered to remove particulates and half of the clarified solution was loaded onto a
reversed phase C18 preparative column (Waters, XTerra® Prep MS C18, 10 y, 50 x 250 mm,
flow rate 100 mL/min) pre-equilibrated with 10% CH3CN 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% CH;CN-water (0.1% TFA) in order to flush DMF from the
column. After elution of the DMF plug was completed the eluent composition was increased
to 20% CH3CN over one min. and the elution was continued with a linear gradient rate of
0.6%/min of CH3CN (0.1% TFA) into water (0.1% TFA). Fractions (15 mL.) were collected
using UV (220 nm) as an indicator of product elution. The fractions were analyzed ona
reversed phased C18 column (Waters MS C18, 4.6 mm i.d. x 50 mm, 5 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
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{12) and (13), 320 mg (overall yield 33%) of the desired dimer (16) was obtained (> 95%
purity).

EXAMPLE 3

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-aspartyl-L-
tryptophyl-L-tyrosyl-L-tyrosyl-L-cystinyl-L-tryptophyl-l-leucy!-L-phenylalanyl-glycyl-L-
threonyl-glycyl-glycyl-glycyl-L-lysyl[Acetyl-L-valyl-L-cystinyl-L-tryptophyl-L-glutamyl-L-
aspartyl-L-seryl-L-tryptophyl-glycyl-glyeyl-L-glutamyl-L-valyl-L-cystinyl-L-phenylalanyl-
L-arginyl-L-tyrosyl-L-aspartyl-L-prolyl-glycyl-glycyl-glycyl-L-
lysyl(distearylphosphoethanolaminocarbonoxy-PEG2000-amino-8-amino-3,6-dioxaoctanoyl-
8-amino-3,6-dioxaoctanoyl-glutaryl-L-lysyl) amide cyclic (2-12) disulfidel-amide cyclic (6-
13} disuifide ; Ac-AGPTWCEDDWYYCWLFGTGGGK. {Ac-VCWEDSWGGEVCFRYDP-
GGGK[-Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH; cyclic (2-12) disulfide}-NH,
cyclic (6-13) disulfide; Ac-Ala-Gly-Pro-Thr-Trp-Cys-Glu-Asp-Asp-Trp-Tyr-Tyr-Cys-Trp-
Leu-Phe-Gly-Thr-Gly-Gly-Gly-Lys { Ac-Val-Cys-Trp-Glu-Asp-Ser-Trp-Gly-Gly-Glu-Val-
Cys-Phe-Arg-Tyr-Asp-Pro-Gly-Gly-Gly-Lys[-Adoa-Adoa-Glut-Lys(DSPE-PEG2000-NH-
Gluf)-]-NH; cyclic (2-12) disulfide}-NH, cyclic (6-13) disulfide.

[00123] The KDR-binding dimer (11) may be prepared by conjugation of precursor
dimer peptide (16), Ac-AGPTWCEDDWYYCWLFGTGGGK[Ac-
VCWEDSWGGEVCFRYDPGGGK (-Adoa-Adoa-Glut-K)[-NH; cyclic (2-12) disulfide]-NH;
cyclic (6-13) disulfide, with DSPE-PEG2000-NH; phospholipid ammonium salt (18) as
shown in Figure 4.

[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
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| yophilized. The |yophilized materi al

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 in
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 colorless solid. The supernatant ethyl acetate layer containing excess DSG was decanted
from the compacted solid dimer glutaric acid monoamide mono-NHS ester (17) which was
again resuspended in ethyl acetate, centrifuged and washed twice more to remove the
remaining traces of DSG. The solid intermediate glutaric acid monoamide mono-NHS ester
dimer derivative (17) thus obtained was dissolved in anhydrous DMF/CH,CL, (8:2, viv) (3.0
mL); diisopropylethylamine (0.06 g, 0.47 mmol) was added and the solution was stirred.
[60125] Meanwhile, DSPE-PEG2000-NH; phospholipid ammonium salt (18} (0.235 g,
0.084 mmol, 0.9 eq.) was suspended in dry dichloromethane (2 mlL.) in a separate flask and
TFA (2 drops) was added to protonate the phosphodiester oxygen, facilitating solubilization
of phospholipid ammonium salt (18) in dichloromethane. The clear solution was
concentrated to remove the volatiles and dried further under vacuum.

[00126] The solid phospholipid ammonium salt (18) was dissolved in DMF (2 mL) and
transferred to the stirred solution of glutaric acid monoamide mono-NHS ester dimer
derivative (17) and the resulting mixture was stirred for 24 h at ambient temperature. The
reaction mixture was diluted with a solution of 50% CH3;0LH, 25% CH3CN and 25% water
(1:1) to ~ 100 mL and the insolubles were filtered. Half of the filtered solution was loaded
onio a reverse phased C4 preparative column (Kromasil® Prep C4, 10y, 3004, 50 x 250 mm)
which had been pre-equilibrated with 1:1 mixture of CH;OH and CH;3;CN (1:1, 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
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obt ai ned was re-dissolved in a small volune of water and the solution
was frozen and |yophilized to renove residual anmounts of amoni um

bi carbonate. The final weight of the desired material was 58 ng. The
recovery was 83% [00148] To ascertain the effective renoval of TFA,
the sanple was subjected to CE analysis for TFA and acetate ions. The
TFA is clearly present in the starting material (4.2% according to

t he pr exdsclpppals Sefier thatsaingleisblutisn has haeddied Rew efithe @quilibtating d1ednt be gel
perneation procedure. No acetate ion was detected. Analytical data

for (2Rinitibfeabitlie BY USRIV RIwaéRddamy] Ge BluBloE PMRvhyEutdfL C and Sephadex
G 25 gel perneation chromat ography [00149] Materials used and

condi tijguye7f or Cphd &%ﬂo@ﬁoﬁ@ﬁ!&%lu@ﬁt'wa@%cﬁ rhzﬁﬁéstQQO%F(tHRfH @;fr-lgéﬂqhx si's
(IC by QTI) 751 ppm (0. 15% TFA wt/wt); Mass Spectrum
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8461 the typ| ca mass ut| Curve was observ HPLC.

Sléfi oI dh C%jd; DA ?mﬁtﬁfgmevvlw e e rih o%?‘vazg?%w@sé“
5 VBl uerE e ng%qéabég?&w@gh% ool loi o TmOR LRI 45 GORD { o1
11 mn; Flowrate nL/ m n; Detection: UV at 220run Ret tine:

6. 77 mbrackprs{ 15mly 9vee%0“s§ﬁ§@ BinRY VESELRm) 328 inskiset g od Sraslues ehitio apdn i d.
x 150 mm 3.5 1.1111 partlcle El uent A: Water (HPLC G ade with 0.1%
TFA by afien thevapin prodyehwagelutag &*@@mntcﬁilac@oxq oasoenimedyr seybrahminutes i t i al
condition: 50% B; Elution: linear gradient of 50 - 90% B over 3 mm
t hen r angsr toon 90O B oufErace Rmims offstapting phioepholipid amntonium sddedl8kt i on:
LSD; Ret: tinme: 13.98 min. Area % 99.3% [00150] Tabl e 5 bel ow
provi d@sactledis weré tipeRed foF pinfte oflah aeytRbl IPISC bseth @otherim & N0 O4ceaMof
materials referred to in Exanples 9-12. Table 5 DSPA. Na
3004, 4.6 x 250 mm) using UV at 220 nm and an evaporative light scattering detector
(ELSD). The latter detector is employed to detect DSPE-PEG2000-NH; which has a weak
chromophore at 220 nm. Product-containing fractions of >98% purity, and devoid of DSPE-
PEG2000-NH; phospholipid ammonium salt (8) were combined and concentrated to reduce
the content of CH;0H. The solution was then diluted with 10% CH3;CN in water until a faint
flocculent precipitate formed. The resulting solution was freeze-dried to afford the dimeric
peptide phospholipid conjugate (11) as a colorless solid. The second portion of crude dimeric
peptide phospholipid conjugate (11) was purified as described above. The combined yield of
the target dimeric peptide phospholipid conjugate (11) was 0.39 g (57% yield). The samples
of the dimeric peptide phospholipid conjugate (11) made from different sample purification
runs were pooled together, dissolved in tert-butanol-acetonitrile-water mixture and re-

Iyophilized to provide the dimeric peptide phospholipid conjugate (11) as a colorless, fluffy

solid which was further dried under vacuum.
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(Genzyne) 1UPAC. 1, 2-Di stearoyl -sn-gl ycero-3- phosphosphati di c acid,
sodium salt DPPG Na (Genzyne) |UPAC. 1, 2-Dipal mtoyl-sn-glycero-3-
phosphogl ycerol, sodium salt DPPE (CGenzyne) 1UPAC.

1, 2-Di pal mtoyl -sn-gl ycer o- 3- phosphoet hanol am ne DSPC

Di st ear oyl - gl ycer o- phosphat i dyl chol i ne (Genzyne) | UPAC.

R (oIS b G e g IS R ST
D st ear Gy EaT SRR BIFSES SR e ST RAPHBSIVAR Y I vl of TPA.
glycol )F]fgou(l)z% 6(86‘ Mﬁ‘lgttral;te Ei%ln?erﬂ)lods 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 pepiide 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 meg/mL resin bed)
was suspended in 20% of CH3;CN/H,0. The suspension was packed in a 3 x 30 cm glass
column and the final volume was 150 mL. The column was connected to a pump and a
conductivity meter. It was washed with 20% of CH3CN/H,O at 17 mL/min flow rate until
the conductivity was below 1 ps/em. Compound (22) (210 mg) was dissolved in 20% of
CH;CN/H,0 (80 mL) and the resulting solution was loaded to the column. The column was
washed again with the same eluent until its conductivity was below 1 pus/fem. A gradient of
NH4O0Ac in 20% of CH;CN/H,O was applied at 200 mM, 400 mM, 600 mM and 800 mM,
250 mL each. The compound came out at 600 mM NH4OAc. The fractions were analyzed
by HPLC and the ones containing the compound were combined and lyophilized several
times until the weight of the material was constant. 176 mg of the pure material (23) was
obtained as a white fluffy solid. The yield was 83.8%.

[00130] Additional parameters and results were as follows: HPLC : Ret. Time: 5.6
min; Assay > 98% (area %); Column: Waters XTerra MS-C18, 4.6 x 50 mm, 5 p particle,
120 A pore; Eluent: A: H,0 (0.1% TFA), B: CH;CN (0.1%TFA); Elution: Initial
condition: 15% B, linear gradient 15-50% B over 8 min; Flow rate: 3 mL/min; Detection:
UV at 220 nm; Mass Spectrum: API-ES; Mode: Negative ion; 1441.7 [M-2H]/2, 960.9

[M-3H}/3. CE analysis (counter-ion %wt./wt.}. TFA estimated to be 0.3%; acetate 1.1%.
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DSPE- PEG2000
Di st ear oyl - gl ycer o- phosphoet hanol am ne- Nnet hoxy( pol yet hyl ene
gl ycol ) 2000 (Avanti Pol ar) Stearate* Sodium Stearate (Fl uka) PE&000
(pol yet hyl ene gl ycol) MW 4000 (Fluka) Mannitol (Fluka) *the acid
form i.e., stearic acid, can also be used in any of the m crobubble
preparations herein. EXAMPLE 9

[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/rnirj.. to a 150 mL of AG
MP-50 column, which was washed with H,0 to conductivity of 1 ps/cm. The column was
then washed with H,O again after loading, and the same step gradient of aqueous NH4sOAc
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,
120 A pore; Eluent: A: H,0 (0.1% TFA), B: CH;CN (0.1%TFA); Elution: Initial
condition: 15% B, linear gradient 15-50% B over 8 min; Flow rate: 3 mL/min; Detection:
UV at 220 nm; Mass Spectrum: API-ES; Mode: Negative ion; 1336.9 [M-2H])/2, 890.8 [M-
3H)/3; CE analysis (counter-ion %wt./wt.): TFA estimated to be 0.4%, acetate 4.2%; IC
analysis (F%): 0.26.

[00133] For the dimer peptide (27) acetate salt, similar to the procedure for compound
(23), an AG MP-50 column (100 mL wet volume) was washed with 30% CH3;CN/H;O until
the conductivity was below 1 us/cm. Compound (27) as the TFA salt, (120 mg in 80 mL of
30% of CH3CN/H,0) was loaded onto the column and the column was washed with the same
eluent until the conductivity was stable at 1 ps/cm. A step gradient of NHsOAc 30% of
CH;CN/H,0 into 30% of CH3CN/H;0 was run as for compound (23) and the compound was
etuted at ca 600 mM NH4OAc. The combined fractions were lyophilized and then
relyophilized several times until the material displayed a constant weight to provide 104 mg
of the pure material (27) as an acetate salt. The yield was 86.7%.

{06134} Additional parameters and results were as follows: HPLC: Ret. time: 5.2

min; Assay >99% (area %); Column: Waters XTerra MS-CI8, 4.6 x 50 mm, 5 u particle,
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Preparati on of Targeted M crobubbles w th DSPC/ DPPG Envel ope Exanple
9A [00151]383 ng of a m xture of DSPC/DPPG and the dineric peptide
phosphol i pid conjugate (11) shown in Figure 5 (nolar ratio
49.75/49. 75/ 0.5, corresponding to 187.1, 176.4 and 19.8 ng of the

t hree corrponents respectively) and PEG 4000 (22.6 g) were

solubiljized in 120 g of t- but)/ al cohol at 60C,_in_a water bath. The
sol ut i dR0ReRoTe:Hlncsd ﬁn HP404 Yk 4, B: £H:CNSP- 190l i) Blvtienc Initiathe

sanpl es were frozen at -45C and |yophilized. The air in the headspace
was r epladiten: i hBalinrax gnadien'ci0-€4FBovii § moy Elow B8 S0nLamid; Detedtion:
capped and crinped. The |yophilized sanples were reconstituted with 5
mL of HPYap2R0 mn;Mass Bpectpte: HBI-ES; BREE2 NEpatinpion; 99 oM BERBat3®d.0usi ng
a m xture of DSPC/DPPG and the nononeric peptide phospholi pid

conj uggive4K(34,)108 0 \{-3HI)/ ;i QBragalyeis (cvRhes-ioh 3t wirwh.$. BF Astirhdted to be
corresponding to 182.8, 172.3 and 28.2 ng of the three conponents,
respecty el adale¥ANPL.E 10 Preparation of Targeted M crobubbles wth
DPPE/ DPPG Envel ope Exanple 10A

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
anhydrous DMF dropwise (pH 8, neutralized by DIEA). The clear solution was stirred at RT
for 0.5h. HPLC and MS showed the completion of the reaction. Solvent was removed in
vacuo and EtOAc (8 mL) was added to precipitate the intermediate (24). The mixture was
centrifuged and decanted to remove excess glutarate. This EtOAc washing was repeated 3
more times and the resulting solid was dried using a stream of dry nitrogen. It was then
dissolved in 0.3 mL of anhydrous DMF. Compound (26), (56 mg, 0.021 mmol) was added
and the pH of the solution was adjusted to 8 by addition of DIEA. The solution was stirred
for 16 h at room temperature after which by HPLC and MS analysis indicated completion of
the reaction. A 30 uL aliquot of NH;NH; was added and the mixture was stirred for 5 min to
cleave the ivDde group. The reaction mixture was analyzed by HPLC and MS, which
indicated complete removal of the ivDde group.

[00136] Before purification of the dimer peptide (27) acetate, caution was taken to
carefully wash the whole preparative HPLC system including the column with TFA-free
eluents, CH3;CN/H,0/10 mM NH4OAc. The crude reaction mixture was then applied to a
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 NHsOAc in H,0; B: 10

mM NH4OAc in CH;CN/H,0, 9/1, v/v). The column was washed with the same eluent until
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[ 00153] An aqueous suspensi on of DSPE- PEGLO00 (0.43 ng -0.24 jinvole)
and the nononeric peptide phospholipid conjugate (31) shown in Figure
10 (3.0 ng -0.5 unole) was prepared in 5004 of distilled water at 60C
to obtain a mcellar suspension. [00154] Separately, DPPE (15.8 ngy
-22.8 unol es) and DPPG (4.2 ng -5.7 unoles) were dispersed in a
solution of mannitol 10%in distilled water (20nL.) at 70C for 20
m nut eshe DWE plligspesreditah Ties:ltdnecprgosilien wavincesed tte Bjfé (Badver 2 min. and
Perfl uoroheptane (1.6nL) was emulsified in the agueous phase using a
hi gh s peedariyexing 65flieaver RO kit.r The FIHOROyerp andigredioan® hedlytithl Bvard for
| mnute at 10500 rpmto obtain an enul sion. [00155] The m cell ar
SUs penghfs QMBScondhke 0whierstie Cerglusd 050 AR5 Lhepar@stdl 1D AGpdi, oW Bte\¥as
heated at 60C for | hour under stirring. After cooling to room
t enper L | b Yy ' 1y

" BiLafh) e 10 YHouot fah A AN LIPSO S AIbb AR Und Bedllirieg

fractions | round n was fTrozen a

(oo BUrERS BhFR W B PSS Rthef BB b8y SO e

| yophi | i sgflgo was exposed to an atnosphere contai ni ng CAF10/ ni trogen
(50/ 50 ™3y #’urre). The | yophilized product was then dispersed in a
vol unme of water twice the initial one by gentle hand shaking. Exanple

108  [#38714An Aélidensd papmplersand reseifs wepes PoysoHPLE: Retging. 27
prnol 6)5.2(15111?:?; Assay > 99% (area %); Column: Waters XTerra MS-C18, 4.6 x 50 mm, 5 p particle,
120 A pore; Eluent: A: HZO (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; [M-3H]/3, 1362.0 [M-4H]/4,
1089.2 [M-5H]/5; CE analysis (counter-ion %owt./wt.): TFA estimated to be less than 0.2%;

acetate 1.1%.

EXAMPLE 7 — Figare 7

Preparation of Dimer Peptide-Phospholipid Conjugates Having Low TFA Levels Via Jon
Exchange Resin

Preparation and purification of the phospholipid peptide conjugate (21) as its acetate
salt from dimer peptide (27) acetate salt

[00138] To a solution of disuccinimidyl glutarate-DSG (3.7 mg, 11.3 pmol) in
anhydrous DMF (0.1 mL) was added a solution of neutralized dimer peptide (27) acetate salt,
(15 mg, 2.75 pmol) in anhydrous DMF (0.2 mL), dropwise. The reaction solution was stirred
at RT for 0.5 h, HPLC analysis with a Waters Xterra C-18 column and MS showed the
completion of the reaction. The solvent was evaporated and EtOAc (8 mL) was 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
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di meri c pepti dephospholipid conjugate (11) shown in Figure 5 (5.3 ng
- 0.63 nmole) was prepared in 5004 of distilled water at 60C to obtain
a mcellar suspension. [001581Separately, DPPE (15.8 ng -22.8 gnol es)
and DPPG (4.2 ng -5.7 gnoles) were dispersed in a solution of PEG4000
10%in distilled water (20nm) at 70C for 20 mi nutes. The di spersion
was then cooled to roomtenperature. Perfiuoroheptane (I.6nL) was
enmul si fdissalvehinhbmbqdeousirgisd9dF U DSRE-PEG0hNED eruh duivmp sn(29)(6.5 mg,
(Pol ytron PT3000, probe dianeter of 3 cm for | mnute at 10000 rpm

t o obt &.38 janolpwasd sided in {olid I&@ildidahapi of thamisuepensiustedas(28)daE t o
the emul sion and the resulting m xture was heated at 80C for 1 hour

under  stdckibh Mbturfiag tieQPAtIRGfoF 06 hOTRe hEARE WAl Mabyzed b O dnd HPIRC
obt ai ned enul si on was washed once by centrifugation ( 00g/1 Omn -

Si gna Qﬁmgzérya@smbstceluelﬂ&u% Tdcht‘é‘d %F@é?ea% pog @Qfﬂ id. The

separated pel | (containing emulsified nlcrodro vent) was
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hours with a final drying step at. 30C and 0.1 nBar for 7 hours. Vials
wer 6 exBEEH2E 8 X0 dTos R REFEleL BERNH PRy e oRroed B (BE/ . Gy

vol une) and seal ed. The |yophilized product was redispersed in a

vol une spftemanae pretwisbed bih€Hs GNH,QVNIJHA dsxtapeintllydo reamneye staedsioi§ FAEXAVPLE
11 Preparation of Targeted M crobubbles w th DSPC/ DSPA Envel ope
Exanpl eedtfidn mixture was loaded onto the column which was pre-equilibrated with 20% B (A: 10

mM NH,0Ac¢ in H;O; B: 10 mM NH4OAc in CH3;CN/H,0, 9/1 v/v) at a flow rate of 30
mL/min. The column was eluted at 30 mL/min with the same eluent until the plug of DMF
was eluted. The eluent composition was then increased to 40% B over 3 min and then
ramped to 90% B over 50 min. The collected fractions were analyzed on an analytical
reverse phase C-3 column (Zorbax 300SB-C3, 3 x 150 mm, 3.5 pm particle, 300 A pore, flow
rate: 0.5 mL/min}, where detection was accomplished using UV at 220 nm and an
evaporative light scattering detector (ELSD). The fractions containing the pure product were
pooled and lyophilized. A 6.5 mg portion of the final product (21) acetate salt was obtained.
The yield was 33.0%.

[00140] Additional parameters and results were as follows: HPLC: Ret. Time: 13.3
min; Assay >99% (area %); Column: Zorbax 300SB-C3, 3 x 150 mm, 3.5 pm, 300 A pore;
Eluent: A: H;0 (0.1% TFA), B: CHiCN/MeOH 1/1 (0.1%TFA); Elution: Initial condition:
60% B, linear gradient 60-90% B over 3 min; Flow rate: 0.5 mL/min; Detection: UV at 220

nm and ELSD; CE analysis (counter-ion %wt./wt.): % wt. TFA: 0.3 %; % wt acetate 0.4%.

EXAMPLE 8 - Figure 8
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[ 00161] An aqueous suspension of DSPE-PEGLO000 (2.5 ng - 1.4 [nole) and
di meric peptide conjugate (11) shown in Figure 5(7.0 ng -0.84 gnol e)
was prepared in 1 nL of distilled water at 60C to obtain a mcellar
suspensi on. [00162] Separately, DSPC (16.3ng -20.6 unpol es) and DSPA
(3.7 ng -5.15 unol es) were dissolved in cyclooctane (1.6 nL) at 80C.
Thi s organi c phase was added to a PEG4000 10% solution in water (20
m) usifiRpaetinh ghDigrsie CanineptsdiavinarLonPbl 4 Lels Yadoauensabbsifightioret er of
3 cm fUﬁanlZQﬁli’%ﬁ é Rt PreprogivsHPLioangiftephaden B-Bnieldleomeatipn0163] The

m cel | dfremaipgsediyon was nixed with the enulsion and the resulting

m xture was heated at 80C for 1 hour under agitation. After cooling
to roorff@ldbber at Meterials usesiany condibonsiferthhara! el B g systesn imalsdetheonce
by centrifugation (1500g/1Onin - Sigma centrifuge 3K10) to elimnate
t he exdaebsving: Cdlamphdehiol(0SBAC-3 Theus épar Hlenmshp eumpdracele; Kloam®ai ni ng
enul sified mcrodroplets of solvent) was recovered and re-suspended
in tw ¢ROt(HELCrIhdeaitl 0)1TEF Ay acll); PhtendB OOH AT 6N THRA it vodiime).
[00164] The obt ai ned suspension was sanpled into D1148R vials (1 niL /

vial) . ERiRR: Mital SontRidd: SOREeded lee‘ép aﬁ@&rdf%b 969«513 Lbo& 3nin2kSH ez e
Dryer) and freeze-dried at -25C and 0.2 nbar for 12 hours, with a

final dypi M0 ERvAtate38S ANhi: ﬂeﬁa{l r%g bt Zz((g}gly égm il ﬁ@oﬁ@?&dﬁ%ﬂ?sed

to an at nosp e containi ng C4E10

seal ed i roduct was then dispersed |n a vol une of
wat er tsvay(@gmt]%ﬁ%l# tcilégﬁmgne by gentl e hand shaki ng.

Preparative HPLC using preparative Zorbax C-3 column to remove the lyso-
compound from (21)

[00142] The crude compound was loaded at a concentration of 30% eluent B.
Materials used and conditions include: Conditions: Column: Waters Zorbax 300SB C-3; 21.2
mm i.d. x 150 mm; 3.5 pm particle; Eluents: Eluent A: H,0 (HPLC Grade with 10 mM
NH,0Ac); Eluent B: CH3CN/H,O, 9/1 (final NH4OAc concentration: 10 mM ).

[00143] The composition of the eluent was then changed to 45% B over 2 min, then
the column was eluted with a lincar gradient of 45-100 % B over 40 min; Flow rate: 30
mL/min; Detection; UV at 220 nm.

[060144] The crude compound (100 mg) was dissolved in 25 mL of a solution of 30%
B. The preparative HPLC system was equilibrated at 30% B. The compound was loaded on
to the Zorbax C-3 column. The mobile phase composition was ramped to 45% B over 2 min.
A linear gradient from 45-100% B over 40 min was used for the elution of (21). The product
eluted between 26.5-33 min.

[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
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Exanpl e 113 [00165] Exanpl e 11A was repeated, but using 0.7ng of
DSPE- PEG2000 (0. 26 unoles) and 1.6 ng of nononeric

pepti de- phosphol i pid conjugate (1) shown in Figure 2 (0.26 unole) to
prepare the mcellar suspension. Exanple | IC [00166] DSPC (16.3 ngy
-20.6 'nmoles), DSPA (3.7 ng -5.15 unol es) and nononeric peptide
phosphol i pid conjugate (1) shown in Fi%yre 1 (1.6 ng -0.26 unol e)

wer e dPg%fg‘F‘Ir@Hni ecopRImypwisthen washed with CiCHGRO (PRISY, witkhpuhTEApmase was
enul sified in a PE64000 10% aqueous phase (20 nL) using a high speed
honogehifze} fof Bdmn atanflew 860, L Spnlbun.diha relumn vk U8nestred grodn mi nut e at
8000 rpmto obtain an enul sion. [00167] The resulting enul sion was
heat edteatpe®0®: fopfutirehoer Avdgigeal BPLCcbnfiymedftectbsawebf thg 1so0- ¢oagund
tenperature (1 hour), the obtained enul sion was diluted with 20nl of

a PEGAD0e kORbed grigiab Fuethertdanalysis boHIMSd fhaenciftd- sbAPoASTomaddRifteds i nt o
DIN8R vials (1m/vial). Then vials were cooled at -50C (Chri st

o | S 0 B et el e 415 oo
hours. 1pa.
Removal of TFA from (21) by gel permeation chromatography on Sephadex G-25
[00146] A Sephadex G-25 column (100 g resin, bead size 20-80 um, total gel volume ~
500 mL, column height: 27 cm) was equilibrated with 4L of 50 mM ammonium bicarbonate.
Then (21) (70 mg) was dissolved in 30 mL (final volume) of 60 mM ammonium bicarbonate
in 10% aqueous acetonitrile. The solution was filtered and then loaded on to the Sephadex G-
25 column. The column was eluted with 50 mM ammonium bicarbonate buffer with

collection of 10 mL fractions. The collected fractions were monitored by analytical HPLC

(UV detection at 220 nm). The results are provided in Table 4 below.

Table 4
Fraction # | Volume (mL) | Compound present (by HPLC analysis
of fraction)
1 10 No
3 10 No
6 10 No
9 10 No
12 10 No
15 10 No
18 10 No
19 10 No
20 10 Yes
21 10 Yes
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Vials were exposed to an at nosphere contai ning C4F10/ nitrogen (35/65
by vol une) and seal ed. The |yophilized product was redi spersed in a
vol ume of water twice the initial one by gentle hand shaking. EXAVPLE
12 Preparation of Targeted M crobubbles with DSPC/ St earate Envel ope
Exanpl e 12A [00169] An aqueous suspensi on of DSPE- PER0O00 (2.5 ng -
0.9 urnol es) and ifhe dinmeri ¢ phogpholipi d conjugate (IT) sfipwn in
Figure 5 (2.5Lng2% 3 imoledd was| prepared in¥B8Qul of distilled water
at 60C to obtgaina7he micel hgr suspension. [0G4¢0) Separately| DSPC
(18.2 ng -23. Mol es) and_steargte (I8 g -5. 8 unoles) wel e

di ssol ved in pycldoctane (196 nl) at 80C. Thi¥sorganic phase was
added to a PE(400f 10% sol ygion [ n water (20193) using a high speed
honogeni zer (PotytTonm T3666,—probe—drameter—ot—3—em—For—~1— nute at
9000rpm to obtain an emul sion. [00171] The m cellar solution was

m xed #@147} he ehnattging 20&8dverdipoalaismt iyophilintd The &yophitizéveattedalat 80C
for 1 hour under agitation. After cooling to roomtenperature (1
hour), obhmeobiaaiadickobrdlis b enavecume shegteamnd ehdxolRRA twak Fregatdnan
(1500g/1Omin - Sigma centrifuge 3K10) to elimnate the excess of

phosphaydphilided to FaBovaRatdd] eflodMPef Mah@lim biatohBi TH REINSLAI@the
m crodropl ets of solvent) was recovered and re-suspended wth tw ce

the i nigedial m4RkdIRaOts Ag HAWEEG.AQRA s3gueous sol ution.

[00148] To ascertain the effective removal of TFA, the sample was subjected to CE
analysis for TFA and acetate ions. The TFA is clearly present in the starting material (4.2%)
according to the previous assay, while it is hardly detected (0.2 %) after the gel permeation
procedure. No acetate ion was detected.

Analytical data for (21) obtained by serial Zorbax C-3 preparative HPLC and
Sephadex G-25 gel permeation chromatography

[00149] Materials used and conditions for collecting analytical data include: Fluorine
analysis (IC by QTI): 751 ppm (0.15% TFA wt/wt); Mass Spectrum; Method: MALDI-
TOF; Mode: Positive lon; Average molecular weight detected was 8461 the typical PEG2000
mass distribution curve was observed. HPLC: System A: Column: Zorbax 3008B 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, 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
3008B C-3; 3 mm i.d. x 150 mm; 3.5 um 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%.
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[ 00172] The obtai ned suspension was sanpled into DIN8R vials (I
m./vial). Then vials were cooled to -50C (Christ Epsilon 2-12D5
Freeze Dryer) and freeze-dried at -25C and 0.2 nbar for 12 hours,
with a final drying step at 30C and 0.1 nbar for 7 hours. Vials were
exposed to an atnosphere containing Un N trogen (35/65 by volune) and
seal ed. The |yophilized product was dispersed in a volune of water

tw ce t[0ESDhiti aTakdne béigwoentide dafmdosfaktegbbréiainnl eseliaBd the sources

[ 00173] Exanpl e 12A was repeated by replacing the dinerie peptide
phosphaf imaietials osftigixbén Exdmplsh®ad in Figure 5 with the sane relative
mol ar anount of the nonomeric peptide phospholipid conjugate (1)
shown in Figure 2. Exanple 12C j40dy4] Exanple 11C was repeated with
DSPC (18.2 ng -23.1 Rmles), sodiumstearate (1.8 ng -5.8 [noles) and
the dineric peptlde phOSphO|IpId conjugate (11) shown in Figure 5

2.2 -
i xed To JDOBTBN A ter ':g%"gf;}zhf"f‘{f’”t‘b‘f” iy F’” %@"‘*f”o Four).: the

obt ai ned Oha idic acia, spgiuh
Si gma centp ?§3g 3K10) t
The separ ated-supernatant—{ror

sol vent) w&¥FEecovered ctrﬁgeli”ém@hgﬁ’ e{dz PFP"{W@’&S’E“H@WIEIT% aI
of a 10% HEG_ 4000 aqueoqu@hasphostienslamine

vol uni

DSPC Distearoyl-glycero-phosphatidylcholine (Genzyme)
IUPAC: 1,2-Distearayl-sn-glycero-3- phosphocholine
DSPG.Na (Genzyme) IUPAC: 1,2-Distearoyl-sn-glycero-3-

phosphoglycerol, sodium salt

DSPE-PEG1G00 Distearoyl-glycero-phosphoethanolamine-N-
methoxy(polyethylene glycol)1000 (Avanti Polar)
DSPE-PEG2000 Distearoyl-glycero-phosphoethanolamine-N-
methoxy(polyethylene glycol)2000 (Avanti Polar)

Stearate* Sodium Stearate (Fluka)

PEG4000 (polyethylene glycol) MW 4000 (Fluka)

Mannitol (Fluka)
*the acid form, i.e., stearic acid, can also be used in any of the microbubble preparations
herein.
EXAMPLE 9

Preparation of Targeted Microbubbles with DSPC/DPPG Envelope

Example SA

[00151] 383 mg of a mixture of DSPC/DPPG/ and the dimeric peptide phospholipid
conjugate (11) shown in Figure 5 (molar ratio 49.75/49.75/0.5, corresponding to 187.1, 176.4
and 19.8 mg of the thrce components, respectively) and PEG-4000 (22.6 g) were solubilized
in 120 g of t-butyl alcohol at 60°C, in a water bath. The solution was filled in vials with 0.8
mL of solution each. The samples were frozen at -45°C and lyophilized. The air in the
headspace was replaced with a mixture of C4F¢/Nitrogen (50/50) and vials capped and

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

Example 5B

64



EXAMPLE 13 Static Binding Test on KDR-Transfected Cells Plasmd
production and purification [00175] Full-length KDR was cloned into
the pcDNA6 vector and the plasmd was anplified in conpetent DH5a F.
coli. Plasmd anplification and purification was performed using E.
coil JM 109 and a kit from Qui agen. Transfection of 293H cells on
Ther manox ﬁr) coversl i [001761Cel | s were grown on

pol y- DI98i§Ehe- coRsampler E@mm@ﬁc} uging ewbdwre oBPEPSRMYYiand the- wel |

pl ate. Transfection was done as recommended in the |ipofectam ne 2000 -
pr ot oc alonpinpx¢ paptige phosphalipid dBbeat18)) shewmin Figyre §0 ¢holbatio 49.5/49.5/1,
(pc- DNA6- 11CDR) /per coverslip (1.3 cn2) in 0.1 nL. Transfection was
done i rosepontidy tod 8308d1 &3 a2 8 Y mp of the thredcong@geant, réspictivaly) r enoved
fromcells after 2 hours and replaced with regul ar serum contai ni ng
medi umEXSoRLE 10t he cel | -coated coverslips were nock-transfected
(wth no DNA). The next day, expression of the KDR receptor was

aSSGSS?%nHﬁétlbmmgﬁ&d)Mﬂﬁ%%Iek ﬁﬂﬂd)ﬁplm@@éhwo@ssay was per for med.
Bubbl e bi ndi ng assay ransfecte S were incubated with
KDR-t ar get e bbl es resuspended in 50% human pl asma in PBS. For
t he incubat%&%‘?gﬂt he transfected cells a small plastic cap was
filled wth a suspension containing a 1.3x108 bubbl es and the cap was
cover ed00ib3lh an AmegrepedsuFbasivandRSPE-PEGIE0G(0.43 mg —&24tiongdeitant ke
transfected cells in contact with the targeted m crobubbles. After 30
mm of imvmutatid paptidé pidisphdlipgd cooyigas|(3] shaen 1o Higneel 1043.0 nigne® 2 amsle)
rinsed three tines in PBS and exam ned under a m croscope to assess
bi ndi ngva@brepired inr5(9a1.e4 ditinEORBDAt @8°C to obtain a micellar suspension.

[00154] Separately, DPPE (15.8 mg - 22.8 pmoles) and DPPG (4.2 mg — 5.7 pmoles)
were dispersed in a solution of mannitol 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
diameter of 3 cm) for | minute at 10500 rpm to obtain an emulsion.

[00155] The micellar suspension was added to the emulsion and the resulting mixture
was heated at 60°C for | hour under stirring. After cooling to room temperature (1 hour), the
obtained emulsion was divided in 4mL fractions in 50mL round bottom flasks. The emulsion
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/nitrogen (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
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Det erm nati on of the % of surface covered by m crobubbl es
[00178] I mages were acquired with a digital canmera DC300F (Leica) and
the percent of surface covered by bound m crobubbles in the inmged
area was determned using the software QN n version 3.1 (Leica

M crosystem AG Basel, Switzerland). Pictures were taken of each
Ther manoxi | koversl i p. For each preparation of Exanples 9 and 10, the
bi ndi nd0&Fhy wadneaprsas suspensivnnf MMFESEG MO0 (0. freng -t WS pwblehami ng an
average val ue of the surface covered. In the follow ng Tables 6 and
7, the diinerdti pegtidaphpspholipid totjhgrtaildy sowb i Egupriedrreg -dcSqmblegvdso
Exanpl es 9 and 10 above are recorded. [00179] As indicated by the
Tabl es,préfasedsm 680 degitdi ditledanpites hoadediid dtedie aimibdllRtinrpgemdhl vi ti es when

i ncluded (as a |ipopeptide) in different phospholipid fornul ations

f or m nqo6138] st abgégaziialg, BFPE(1GRemOL 20 Benbli&) akbPbE (4. Mﬂbﬂh%%)
cont ai ni ng KDR bi nding |ipopeptides of the i1nvention bind

speci f Imé Hi¥pelr @ d KPR QMRS ESFIFB066 h 403 Mbﬁffedtv&%ef {fbﬂg;ﬂ?bo*ﬁ R 20

appreciably to nock transfected cells. nam ¢ BI ndi ng

o S G T SIS A A
di amet eeqﬁulst'ie F}n %% asqutlsortlx% phas%lﬁgmg alngllz'l) speeli:{%'a%ogenlzer {Polytron PT3000, probe
diameter of 3 cm) for 1 minute at 10000 rpm to obtain an emulsion.

[00159] The micellar suspension was added to the emulsion and the resulting mixture
was heated at 80°C for 1 hour under stirring. After cooling to room temperature (1 hour), the
obtained emulsion was washed once by centrifugation (200g/10min — Sigma centrifuge

3K 10) to eliminate the excess of phospholipid. The separated pellet (containing emulsified
microdroplets of solvent) was recovered and re-suspended with the initial volume of a 10%
PEG4000 aqueous solution.

[60160] The obtained emulsion was sampled into DIN8R vials (ImL/vial). Then vials
were cooled at -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.

Vials were exposed to an atmosphere containing C4F10/nitrogen (35/65 by volume) and
sealed. The lyophilized product was redispersed in a volume of water twice the initial one by
gentle hand shaking.

EXAMPLE 11

Preparation of Targeted Microbubbles with DSPC/DSPA Envelope

Example 11A
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coated with reconbi nant human VEG--R2/Fc Chineric protein (R&D
Systens) according the foll owm ng nethodol ogy. (001811A surface of
dinmensions 14 x 25 mmwas delimted on the glass coverslip using a
speci al marker (Dako Pen) and 400 in, of Fc-VEGF-R2 solution at 4
ug/nL in PBS was deposited on this surface. After an over ni ght

i ncubat | t 4C, the solution t [ epl ac b 5.mL of a
ol ut 1 ONAT Bsa A9AIRpoR FopSIAg O B 8012 HRET. s K1Y R BB EG
for 3 hours at, RT. Then the coverslip was washed three times with 5
m of FPB@% coBvEaTEds sigovn ingiigar £ &/ A88ay- $00ees) eRIERgeSinUdnk st of

targeted bubbles were carried out using a parallel-plate flow chanber
(FCS2, ditidpd water 31A0°C tapehtaipe mipsllar yepgnsight h a chanber gasket of 0.25
mnmin thickness, with a custom zed adapter for upside-down chanber

i nver si[8H62]The C&@ﬁ%in@ﬁ?@(li6ﬁnvm20.®amnbekhné§)8i’ﬁp13al mgofs. Shendlépw

chanmber. M crobubbles (5 x 106 bubbles/nL in 50% human pl asnma in PBS)

ver e dretaditsohed gheych@clahol . € hdlyaes0°0sTHigorgmiaghdss abhdict id ABEQROORUND
(Auto Syringe(r) AS50 Infusion Punp, Baxter, Deerfield, IL, USA) wth

a 60 miosydoluligh i Waer(P0)mL) IRt § Eamma;%@mm PAGirsSTRIOL obe ML/ M N
to obtain the desired shear rgte of pabo 14 ss{I SiiAfter b&m nut es,

the fl Qumas 085 CRPES latﬂglufé'a@kwtfﬁn"l@'b faﬁlaageﬁluiﬁd}ﬂomy at different

positions on the coverslip (on areas o out 0.025 mR) using a 40 X

obj eCMMﬁ&g mny%%@ﬂﬁ%ﬁé %o&%&?&&eé @th’t%"\ér&dlswr?ﬁ@tg%%@xﬁhﬁ'

SySt e nnect e to an 1 nvert mcCr scope.
001831 T h b t d
Lvor oG e heRh ML BPL AR B R RRED. Ap shiifets %EOOé‘ﬁff“%Pﬁ‘é‘ fa

obtain Wasthndlwde y ten (to_.obtai s| ope i.e.
Che- avepPubahs st o TEghigs QBB eLh BB h0E T Bo T8 or  each
preparatiaon of Exanples 11 and 12, the bindi ngrassay was repeated

f our t|°ﬁ*§§f‘{gﬁé§1%?§llﬁi“ﬁ'§e th exases of dlee RhapRbelipifl. Thecseriraipd supernatant

{containing emulsified microdroplets of solvent) was recovered and re-suspended in twice the
initial volume of a 10% PEG 4000 aqueous solution.

[00164] The obtained suspension was sampled into DINSR vials (1 mL / vial). Then
vials were cooled to -30°C (Christ Epsilon 2-12DS Freeze Dryer) and freeze-dried at -25°C
and (.2 mbar for 12 hours, with a final drying step at 30°C and 0.1 mbar for 7 hours.

Vials were exposed to an atmosphere containing C4F¢/Nitrogen (35/65 by volume) and
sealed.

The lyophilized product was then dispersed in a volume of water twice the initial one by

gentle hand shaking.

Example 11B
[00165] Example 11A was repeated, but using 0.7mg of DSPE-PEG2000 (0.26

umoles) and 1.6 mg of monomeric peptide-phospholipid conjugate (1) shown in Figure 2
(0.26 umole) to prepare the micellar suspension.

Example 11C
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[ 00185] The sl ope represents the bubble binding rate on the target
substrate. For instance, a slope value of 8 indicates that an average
of eighty (80) m crobubbles was bound on the coated coverslip in ten
m nutes. A higher slope indicates a better capacity of bubbles to
bind to the target under flow conditions. [00186]1n the follow ng

tabl es and 9, the binding activity of the m crobubbl es prepared
accor di[ﬁ%}@b Exahﬁ?@&é_tgm&nﬁzolezuﬂﬁlﬁ@elj\ﬁ%ﬁ@-? mers$ A aregles) 3nd0187] As

inferable fromthe tables, the same peptide may show different
bi ndi ngraemesi¢ pentige phesahelinid eandupatedd) shoye pit FideregHd Sphet 0@ibdeds)j ugat e
or lipopeptide) in different phospholipid fornmulations formng the
st abi | iveirhgjssehved iogys!wktanh €l .Gunt.) etRIBOI Ehis digiriepl@ise wex emplsifiek DR
PEG400G 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.
[00168] The emulsion was sampled into DIN8R vials (1mL/vial). Then vials were
cooled at -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.
Vials were exposed to an atmosphere containing C4F10/nitrogen (35/65 by volume) and
sealed. The lyophilized product was redispersed in a volume of water twice the initial one by

gentle hand shaking.

EXAMPLE 12

Preparation of Targeted Microbubbles with DSPC/Stearate Envelope

Example 12A

[00169] An aqueous suspension of DSPE-PEG2000 (2.5 mg - 0.9 pmoles) and the
dimeric phospholipid conjugate (11) shown in Figure 5 (2.5 mg - 0.3 pmoles) was prepared
in 660uL of distilled water at 60°C to obtain the micellar suspension.

00170} Separately, DSPC (18.2 mg - 23.1 umoles) and stearate (1.8 mg — 5.8 pmoles)
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.
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Mock KDR- Mock 9A 28.6% 0. 4% 28. 3% 9B 28. 0% 0. 3% 27. 7%

[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
3K10) 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 a 10% PEG 4000 aqueous solution.
[00172] The obtained suspension was sampled into DIN8R vials (I mL/vial). Then
vials were cooled to -50°C (Christ Epsilon 2-12DS Freeze Dryer) and freeze-dried at -25°C
and (.2 mbar for 12 hours, with a final drying step at 30°C and 0.1 mbar for 7 hours.
Vials were exposed to an atmosphere containing C4F¢/Nitrogen (35/65 by velume) and
sealed.
The lyophilized product was dispersed in a volume of water twice the initial one by gentle
hand shaking.

Example 12B
[06173] Example 12A was repeated by replacing the dimeric peptide phospholipid
conjugate (11) shown in Figure 5 with the same relative molar amount of the monomeric
peptide phospholipid conjugate (1) shown in Figure 2.

Example 12C
[00174] Example 11C was repeated with DSPC (18.2 mg — 23.1 umoles), sodium
stearate (1.8 mg — 5.8 pmoles) and the dimeric peptide phospholipid conjugate (11) shown in
Figure 5 (2.2 mg — 0.26 wmole). The agitation speed for emulsification was fixed to
9000rpm. After cooling to room temperature (I hour), the obtained emulsion was washed
once by centrifugation (1500g/10min - Sigma centrifuge 3K10) 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 a 10% PEG 4000 aqueous solution,
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Table 7 Exanple KDR Mock | COR- Mock 10A 23.6% 0. 2%

EXAMPLE 13
Static Binding Test on KDR-Transfected Cells

Plasmid production and purification
[00175] Full-length KDR was cloned into the pcDNA6 vector and the plasmid was
amplified in competent DH5a E. coli. Plasmid amplification and purification was performed
using E. coli JM 109 and a kit from Quiagen.

Transfection of 293H cells on Thermanox® coverslips
[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
(Invitrogen, cat# 11668-019) using I pg of DNA (pc-DNAG-fKDR) /per coverslip (1.3 cm2)
in 0.1 mL. Transfection was done in serum-free media, the transfection reagent mix was
removed from cells after 2 hours and replaced with regular serum-containing medium. Some
of the cell-coated coverslips were mock-transfected (with no DNA). The next day, expression

of the KDR receptor was assessed by immunocytochemistry and the binding assay was

performed.
Bubble binding assay
[00177] The transfected cells were incubated with KDR-targeted microbubbles

resuspended in 50% human plasma in PBS. For the incubation with the transfected cells a
small plastic cap was filled with a suspension containing a 1.3x10% bubbles and the cap was
covered with an inverted Thermanox® coverslip so as to put the transfected cells in contact
with the targeted 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
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23.5%1 OB 28.0%0.0% 28.0% Table 8 Exanple Sl ope 11A

[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 repeated a minimum of two times thus obtaining an average value of the surface
covered.
In the following Tables 6 and 7, the binding activity of the microbubbles prepared according
to Examples 9 and 10 above are recorded.
[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
stabilizing envelope of the microbubble. Microbubbles containing KDR binding lipopeptides
of the invention bind specifically to KDR-expressing cells while they did not bind
appreciably to mock transfected cells.
EXAMPLE 14
Dynamic Binding test on rh VEGF-R2/Fc Chimeric Protein

Preparation of Fc-VEGF-R2-coated coverslips
[00180] Glass coverslips (40 mm in diameter, Bioptechs Inc., Butler, PA, USA) were
coated with recombinant human VEGF-R2/F¢ Chimeric protein (R&D Systems) according
the following methodelogy.
{00181] A surface of dimensions 14 x 25 mm was delimited on the glass coverslip
using a special marker (Dako Pen) and 400 uL of Fe-VEGF-R2 solution at 4 pg/mL in PBS
was deposited on this surface. After an overnight incubation at 4°C, the solution was
aspirated, replaced by 0.5 mL of a solution of BSA 1% w/v in PBS-0.05% Tween 80, pH 7.4
and incubated for 3 hours at RT. Then the coverslip was washed three times with 5 ml of

PBS-0.05% Tween 80.
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8.2 113 8.1 11C 5.8 Table 9 Exanple Slope 12A

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, IL, USA) with a 60
mL syringe (Terumo). The pump flow rate was adjusted to 1 mL/min to obtain the desired
shear rate of about 114 5™, After 10 minutes, the flow was stopped and pictures were taken
randomly at different positions on the coverslip (on areas of about 0.025 mm?) using a 40 x
objective and a CCD monochrome camera (F-View II, Soft Imaging Systems, Germany)
connected to an inverted Olympus IX 50 microscope.
[00183] The number of microbubbles on each picture was determined, averaged with
respect to the total number of pictures and the obtained value was then divided by ten (to
obtain the “slope”™, i.e. the average amount of bound microbubbles per minute).
[00184] For each preparation of Examples 11 and 12, the binding assay was repeated
four times thus obtaining an average value of the slope.
[00185] The slope represents the bubble binding rate on the target substrate. For
instance, a slope value of 8 indicates that an average of eighty (80) microbubbles was bound
on the coated coverslip in ten minutes, A higher slope 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 microbubbles

prepared according to Examples 11 and 12 above were illustrated.
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9.0 123 8.0 12C 7.8 EXAMPLE 15 In Vivo Evaluation of U trasound
Contrast Agents Targeted to MDR [00188] The ability of ultrasound
contrast agents containing 'CDR 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.

[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
OA 28.6% 0.4% 28.3%
9B 28.0% 0.3% 27.7%
Table 7
KDR-
Example KDR Mock Mock
10A 23.6% 0.2% 23.5%
10B 28.0% 0.0% 28.0%
Table 8
Example Slope
11A 8.2
11B 3.1
11C 5.8
Table 9
Example Slope
12A 9.0
12B 8.0
12C 7.8
EXAMPLE 15

In Vivo Evaluation of Ultrasound Contrast Agents Targeted to KDR
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[ 001891A known nodel of angiogenic tissue was used to exam ne the
ability of the ICDR-targeted ultrasound m crobubbles to |ocalize to
and provide an i mage of angi ogenic tissue. The VX2 rabbit carcinona
was serially inplanted in the dorsal nuscle of New Zeal and rabbits
(Charles River Laboratories, France) weighting 2.5/ 3kg. Preparation
of tunmor honogenate [QOlgg&Turmr was surgically renmoved, placed into
MeCoy' 408k ur e HhecRbiliY ebnlitrasawnd gontpshegeninsontating KBRubindiaaiipeneptidess,
1.5 MM Gutamax |and cut into small pieces that were rinsed to renove
bl ood &fthedmisniien to binsho I exprsigdisf@ in vive warB)sessed asipd akexvi model 50
m Fal con tube containing 5 nL of conplete nmedium The tunor tissue
was gr ofiagidgendsist roamabbinViX2 tmoonmodel.sol i d pi eces were visible. The
murky fluid was centrifuged for 5 mnutes at 300g and the supernat ant

di scar @@d89]Sev enA ithowh riodelsIT angiegdnld tvese vaddeel BekaRinglitheodbilng bl @ -
Tunor inplantation 1001911Rabbits received first 0.3 nmL of Vetranquil

(Acepr gF-tRgedSaRRblnd ir¥hbBEs 10NblaBPdRGHE BFdvide aRtadedAntiBShic
anest hetized with an intranuscul ar injection of

Ket am geltr) 5/ Xyl azi ne (Veterinaria AG Sigma) m xture (50/10 no/ i,
0.7 nmL/kg). One hundred mcroliters of VX2 tunor honobgenate was

tunor s e VAR AP E A e LB SRR F e Rerp RO ANt s
e RS ALRATE, * o) 5o 1
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
that were rinsed to remove blood and debris. Then tumor pieces (3 to 5 cm®) were placed in a
50 ml Falcon tube containing 5 mL of complete medium. The tumor tissue was ground
{(Polytron) until no more solid pieces were visible. The murky fluid was centrifuged for 5
minutes at 300g and the supernatant discarded. Seven mL of fresh medium was added per 5
mL of pellet.
Tumor implantation
{00191} Rabbits received first 0.3 mL of Vetranquil (Acepromazine, Sanofi, injected
intramuscularly) and were then anesthetized with an intramuscular injection of
Ketaminol®5/Xylazine (Veterinaria AG/Sigma) mixture (50/10 mg/mL, 0.7 mL/kg).
One hundred microliters of VX2 tumor homogenate was injected intramuscularly. Fifteen
days after implantation of VX2 tumors, animals were anesthetized again with the same
mixture, plus subcutaneous injection of 50% Urethane (2mL/kg, s.c.) (Sigma) for imaging
experiments.

In vivo ultrasound imaging
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[ 00192] VX2 tunor imagi ng was perforned using an ultrasound i magi ng
system ATL HDI 5000 apparatus equi pped with a L7-4 |linear probe.
B- node pul se inversion at high acoustic power (M=0.9) was used to
eval uate accunul ati on of targeted m erobubbles on the | CDR receptor
expressed on the endot helium of neovessels. The |inear probe was

fixed cw t()ge ski n((gl rectly over the inplanted tunors, [Q01931After
bubbl e PHP&kt i onV {8 Mmey iRgeine “@é§9rf<e1§1ieﬁ% gsipmHE Yirapandimaging wstemiA Her
Exanpl e 16 or anple 17, insonation was stopped all owi ng bubbles to

accunu IIﬁ?IeSO%flPPZBmm equtpped withe . 7-4 insemire beo i3-mede pelseinversivadt kigh hi gh
acoustic power (M 0.9) destroying all the bubbles present in the

t unor . aRRetieproen (MEE0. P was used Levalbatn gedooivbities ofiaszetck anicmbeddsed thny

recordi ng the signal obtained after 20 sec accurul ati on w t hout

i nsonatkilAreciftcieapfesi®a the adbitf(un uhiiovessElgi Tig 1% REITHBERESHWE 08 the

captured wi th video-capture and analysed with Image-Pro Plus 2.0

sof t wakkin di-B&lyl ovegihe E[@ﬂﬁﬁg@ﬁﬁﬁdﬂg free circul ati ng bubbl es was
subtracted fromthe i nage obtained at 25 mn, to provide an i nmge

repres q:(mllg bouRfleliBblk§SectBR(6: '%&L/‘ﬂ@ of Easgh% thie éﬂcgér‘éhbxﬁ%f?% o ht he

results with the preparation of anpl e and ure 1

shows @%ﬁ%ﬁ@q glo ﬁxé’fﬁgﬁl@ Zpgsroggltgcﬂmb%afstsh%ﬁecpgl oW1 bgleg' act:vflﬁhlgf‘érfgf%é 1A

and 12A w an | na J ec 0 ase I'gures 11B
and 12 w of bub rast i.n
post 1 minery iR e?n%mﬂu‘?ﬂeﬁsfe et gé‘@°g%sasvp?wal M e mare
after raction the sel i ne d free circul ating. bubbl es and
r epr s LIS Sy wa? o 5irr R B E@B%H?ﬁ YR asitsesh i ng
to the prese ‘i] invention. npl es 15-17 and Figures 11 and 12
conf i r AYOHEHE Fﬁlﬂ&%@hﬁ&lﬂé@ﬁﬁr%ﬁ@c apamEltion wHIoRY IRARIORDR bi ndi ng
nmoi eties |ocalize to KDR expressing (and thus angiogenic) tissue in
ani mal Vidrediames BxpVPKE targor ilgaing axEximepls svetapwess! widlpeide@dapbye and
repl aci ng DSPE- PEG2000 wi th DSPE- PEGL000 (2.7 ng, 1.54 isnol) and
usi ng 2ndyseg witb IRagevPiml Bluo?.0 dofiveare.(The éptgedeprpdratmhivéd gicdlatonpubdbs e
(11) shown in Figure 5.
was subtracted from the image obtained at 25 min, to provide an image representing bound
bubbles.
Referring to Figure 11 (which shows the results with the preparation of Example 16) and
Figure 12 (which shows the results with the preparation of Example 17) , Figures 11A and
12A show an image before bubble injection (baseline); Figures 1 1B and 12B show retention
of bubble contrast in the tumor 25 minutes post injection; and Figures 11C and 12C show the
result obtained after subtraction of the baseline and free circulating bubbles and represent
bound microbubbles containing KDR lipopeptides according to the present invention.
Examples 15-17 and Figures 11 and 12 confirm that ultrasound contrast agents bearing such

KDR binding moieties localize to KDR expressing (and thus angiogenic) tissue in animal

models.

EXAMPLE 16
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EXAMPLE 17 1001951Exanple 16 was repeated by replacing the dineric
pepti de phospholipid conjugate with the sane nol ar anount of
nononeri ¢ phospholipid conjugate (1) shown in Figure 2. Wat is
clainmed is: A peptide-phospholipid conjugate selected fromthe group
consi sting of: ; and

[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 umol) 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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2. An ultrasound contrast agent conposition conprising a conjugate of
claim1l1, wherein the contrast agent conprises a gas-filled

m crovesicle. 3. The conposition of claim?2, wherein the gas filled
m crovesi cl e conpri ses a phospholipid. 4. The conposition or claim
2, wherein the gas-filled mcrovesicle further conprises two or nore
conponents selected formthe group consisting of: DSPC, DPPG DPPA,
DSPA, DPPE\T SSEELRESE 00 DSPE- PEG2000, palmtic acid and stearic

aci d. Le conposition of claim4, wherein the conjugate conprises
AcAGPTMCEQDmWY WEEEV

Adoa- Acl oa- d ut'* W‘%mﬁﬁiﬁﬁagcmﬁ@ﬂlm ?C“"Iq%ofé”‘c?ﬂ?‘fpc"o@?‘s‘i"z‘%OF

di sul fide}-NH2 cycli.g (6-13) d|§ulf|de and t he contrast agent further
conpri ses DSPC and P 6. T, e wn of al @4, whe

conj ugate conpri sesy|, AEDSWEEEVTHRYDP-
GGK[ - Adoa- Adoa- G t?“-cK(‘DSPE""PEGZOOO Nk G uft);Ju,. NH2 cycI i (s 12)

di sul fi de}- NH2 cycl c (6-13) disulfide and the contrast agq%} further

conpri ses DSPE-P 0. DPPE and DPPG. 7. The conposition claim
4, wherein the conjugate conprises u
AcAGPTWCEDDMYYCMLEQfE?GIC[AC-VCMEDSMGGEVCFRYDP— °%
GGd gAdoa- Adoa- @ ut’ DSPE- PEG2000-NH-J ut)]-NI-12 cyclic (?alZ)
di sul fide}-N1-12 lic (6-13) disulfide and the contrast adewnt
further conprise E- PEGLO00, DSPC and DSPA. )
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8. The conmposition of claim4, wherein the conjugate conprises

Ac AGPTWCEDDWYYCWLEGT GGEEK{ Ac- VCWEDSWEGEVCFRYDP-  GGCXK] -

Adoa- Adoa- 3 ut - K( DSPE- PEG000-NH-d ut)]-NH2 cyclic (2-12)

di sul fide}-NFlI2 cyclic (6-13) disulfide and the contrast agent
further conprises DSPE-PE&R000, DSPC and stearate. 9. The
conposition of claim4, wherein the conjugate conprises

Ac AGPTWCEDIMYYCW.EGT GGEK{ Ac- VCWEDSWEGEVCFRYDP-

GGGvAdoa- Adoa G ut - K(DSPE- PEG2000-NH-d ut)]-NI-12 cyclic (2-12)

di sul fide}-N112 cyclic (6-13) disulfide and the contrast agent
further conprises DSPC and stearate. 10.The conposition of claim 4,
wherei n the conj ugate conprlses Ac- '

AGPTV\CEDDVWYQ/\L FGT C% S CFRYDP— ,
GaAdoa- Ackgy t11 1@ i 2)
dISU|fIde}“§" "hC f$T1 ﬁ%ﬁﬁ" b%ﬁiﬁ¥hrther

conpri ses DSPE-ﬁECﬂOOO DS tear | DwThe @ortpdisi ti on

claim4 further conprising a conmponent sel ed fromthe group“
consi sting of: sugars,gbehwﬁmﬁﬁﬁﬁ+fkﬁ—aﬁdsbolons 12. The -~
conposition of claim1l1l, wherein said conponent is selected fr wwm,
mannitol, dextral) and pol yethyl eneglycol. 13. The conp05|t|o o
claimll, wherein said gas conprises a fluorinated gas.
conposition any one of clains 2, 6, 7, 8, 9, 10 or 11 mhereln t
conprises C3F8, CAF10 or SF6, optlonally in adm xture with alr?
ni trogen, oxygen or carbon dioxide. A net hod for inmaging Q
1
?

I’l

e as

&z

o

KDR-contai ning tissue in a mammal conpri sing adm nistering an
effective amount of a conposition of claim2 to the mammal and
i magi ng the manmal .

::I:Ji%—ﬂ—‘iﬂ%ﬁwﬂiﬁﬁgﬁ—&ﬁ—%ﬂmﬁ - g

1 \LH 0
HO "O N, H
\ \
2. An ultrasound contrast agent composition comprising a conjugate of claim 1,

wherein the contrast agent comprises a gas-filled microvesicle.

3. The composition of claim 2, wherein the gas filled microvesicle comprises a
phospholipid.

d4, The composition of claim 2, wherein the gas-filled microvesicle further comprises
two or more components selected form the group consisting of: DSPC, DPPG, DPPA,
DSPA, DPPE, DSPE-PEG1000, DSPE-PEG2000, palmitic acid and stearic acid.

3. The composition of claim 4, wherein the conjugate comprises Ac-

AGPTWCEDDWYYCWLFGTGGGK{Ac-VCWEDSWGGEVCFRYDP- GGGKJ-
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16. A method for detecting or inmaging angi ogeni c processes in a
mammal conprising adm ni stering an effective ampunt of a conposition
of claim2 to the manmal and imaging the mammal. 17. A nethod for
detecting or inmaging tunor tissue containing KDR in a nanmal
conprising adm nistering an effective amount of a conposition of
claim2 to the manmal and ineging the mammal. 1S An ultrasound

cont r ast @%qtf\cpoqrmﬂ (HePR ?@‘Fj@'ﬁ)bé NIEGRNA-92 IPNR (FORPIENIS SENss! ed

fromthe group consisting

Ac- Arg- Al a- - Tyr ) Ser éﬁ d n-Le
U- Ar g- Hi s- A&lcn(lgﬁzeﬂlsu geymcétl% caAFPs&jl endmt%a (ipnr_]%}ges'\%ficz‘ 1@%8 ﬁ

5); : . . .
Ac- Al a- G 1: Asp-TTF 5ORPRSIHRN QLALLM HhETeln e foriugatq Bammisss ASpQ n- Leu- Ar g
-H s- he- L - NH2 I D NO 6 Ac- A
S A A e B W Y e TG S AV W s N GG E R Y Bpe Gk

y- Pro-Thr-Tr p- (é/s A u- Asg Tr -Tyr-Tyr-Cys-Trp-Leu- Phe-G@ y-Thrd y-
G | y-G | yZdopsidogideley KNRSRE-PEER0 Q:N(PBGLB) -Nit 3 oy dlic de- 1 2 BHeY fife INDHZ) |

and

Ac- Val - CysyTlicp6 @30 d ks lidSend Trepo@iast Qept @rtheaim@pes PRRE-AREGHTY0.-DRAE Pr
0-dy-dy-A3y-Lys(Adoa- Adoa)-N1-12 cyclic (2-12) disulfide (SEQ ID NO
8). 19. ThencOmpasiti on of claim 18, wherein the contrast agent
conprises a gas filled microvesicle. 70. The conposition of claim 19,

wherein sai d gase cOAPssisRSoralfihuohhbattfe g@ﬁugza?éeonﬂmemw%l tion of
claim 20, further conprising a phospholipid he conposition of

o 23 LTI Y Y ATSE TBeCRRUBIL 4 G ¢
DSPE- PEG20Q3,. b 81hd & (1960 € pRBY 083-RA-LR AT cyclic (2-12) disulfide}-NH2
cyclic (6-13) disulfide and the contrast agent further comprises DSPE-PEG1000, DSPC
and DSPA.
8. The composition of claim 4, wherein the conjugate comprises Ac-
AGPTWCEDDWYYCWLFGTGGGK{Ac-VCWEDSWGGEVCFRYDP- GGGK{-
Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH2 cyclic (2-12) disulfide}-NH2
cyclic (6-13) disulfide and the contrast agent further comprises DSPE-PEG2000, DSPC
and slearate.
9. The composition of claim 4, wherein the conjugate comprises Ac-
AGPTWCEDDWYYCWLFGTGGGK{Ac-VCWEDSWGGEVCFRYDP- GGGK[-
Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH2 cyclic (2-12) disulfide}-NH2

cyclic (6-13) disulfide and the contrast agent further comprises DSPC and stearate.
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The conposition of claim 22, wherein the gas the gas conprises C3F8,
CAF10 or SI 76, optionally in adm xture with air, nitrogen, oxygen or
carbon di oxide. 74. A nethod for inmaging KDR-containing tissue in a
manmal conprising adm nistering an effective anount of a conposition
of claim18 to the manmal and inmagi ng the mammal . admini stering an
effective anmount of a conposition of claim18 to the mamual and

gl ng 1t he, amRlcomBluitod ! 18t £ el BELLATAL HlIBAOGL UMDY LT ssue

containing KDRin a conpri'sing a MRSt ering an effective

amunt of 2EPIRITL WYY Ol FA AR (hVOTETRWBLENIRYEE B8kl
Adoa-Adoa-Glut-K(DSPE-PEG2000-NH-Glut)]-NH2 cyclic (2-12) disulfide}-NH2
cyclic (6-13) disa.llﬂde and the contrast agent further comprises DSPE-PEG]OOO, DSPC
and stearate,
I, The composition of claim 4 further comprising a component seiected from the
group consisting of? sugars, polysaccharides and polyols.
12. The composition of claim 11, wherein said component is selected from mannitol,
dextran and polyethyleneglycol.
13, The composition of claim 11, wherein said gas comprises a fluorinated gas.
14, The composition any one of claims 2,6, 7, 8,9, 10 or 1| wherein the gas
comprises C3F8, C4F10 or SF6, optionally in admixture with air, nitrogen, oxygen or
carbon dioxide.
13. A method for imaging KDR-containing tissue in a mammal comprising
administering an effective amount of a composition of ¢laim 2 to the mammal and
imaging the mammal.
16. A method for detecting or imaging angiogenic processes in a mammal comprising
administering an effective amount of a composition of claim 2 to the mammal and
imaging the mammal.
17. A method for detecting or imaging tumor tissue containing KDR in a mammal
comprising administering an effective amount of a composition of claim 2 to the mammal

and imaging the mammal.
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18. An ultrasound contrast agent composition comprising one or more monomers
selected from the group consisting of Ac-Arg-Ala-Gin-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-
NH2 (SEQ 1D NO 5); Ac-Ala-Gln-Asp-Trp-Tyr-Tyr-Asp-Glu-Ile-Leu-Ser-Met-Ala-Asp-
Gln-Leu-Arg-His-Ala-Phe-Leu-Ser-Gly-Gly-Gly-Gly-Gly-Lys-NH2 (SEQ ID NO 6);
Ac-Ala-Gly-Pro-Thir-Trp-Cys-Glu-Asp-Asp-Trp-Tyr-Tyr-Cys-Trp-Leu-Phe-Gly-Thr-
Gly-Gly-Gly-Lys(ivDde)-NH2 cyclic (6-13) disulfide (SEQ 1D NO 7), and Ac-Val-Cys-
Trp-Glu-Asp-Ser-Trp-Gly-Gly-Glu-Val-Cys-Phe-Arg-Tyr-Asp-Pro-Gly-Gly-Gly-
Lys(Adoa-Adoa)-NH2 cyclic (2-12) disulfide (SEQ ID NO 8),

9. The composition of claim 18, wherein the contrast agent comprises a gas filled

microvesicle,

20.  The composition of claim 19, wherein said gas comprises a fluorinated gas.
21, The composition of claim 20, further comprising a phospholipid.
22, The composition of claim 21, further comprising two or more components

selected from the group consisting of: DSPC, DPPG, DPPA, DSPA, DPPE, DSPE-
PEG1000. DSPE-PEG2000, palmitic acid and stearic acid.

23, The composition of claim 22, wherein the gas the gas comprises C3F8, C4F 10 or
SF6, optionally in admixture with air, nitrogen, oxygen or carbon dioxide.

24, A method for imaging KDR-containing tissue in a mammal comprising
administering an effective amount of a composition of claim 18 to the mammal and

imaging the mammal.

81



2
LN

A method for detecting or imaging angiogenic processes in a mammal comprising
administering an effective amount of a composition of claim [8 to the mammal and
imaging the mammal,

26. A method for detecting or imaging tumor tissue containing KDR in a mammal
comprising administering an effective amount of a composition of claim 18 to the

mammal and imaging the mammal.
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