WO 2006/ 023849 PCT/ US2005/ 029777 CATALYSI S OF DI KETOPI PERAZI NE SYNTHESI S
RELATED APPLI CATI ONS [ 0001] The present application clains priority under
35 U S.C 119(e) to United States Provisional Patent Application Nunber

60/ 603, 34 ofhdcdsaipigust 20, 2004. FIELD OF THE | NVENHQN:RRRZd7Thi s
invention is generally in the field of chem cal synthesis. Mre

particularly it is related to i nproved syntheses of N protected

bi s- 3, 6- [ 4- am nobut KITALYS1S-OF PIKEPOPIFERAZINE SBNGIEEISND TO THE | NVENTI ON
[ 0003] Drug delivery has been a persistent challenge in the pharnmaceuti cal

arts, particularly when a drﬁg IS gnstabl e and/ or poorly absorbed at the

| ocus in the body to which i E PAH d. One such class of drugs

i ncl udes 2, 5-di ket opi perazines having, the general siruct of Formul a 1.

0 N RIPOCHS RIS PrREAThAPRIFPD TS OGS W) o Har A tobigde been

shown tg.fag Fif;lé\%ishall Fﬂ?t@ﬁ%ﬂ%onégﬁwﬂﬁmbepemaggétaégrfhad higss éliﬁgoom.g acidic R
or . S. S.

groups (see exanpl e atent No , , 461 entitle

"Sel f-assenbl i ng di ket opi perazi ne drug delivery system"™ 5,503, 852
entitled "Method for naking Lp.! ONi ket opi per azi ne drug
delivery system" 6,071,497 entitled "Mcroparticles for |ung delivery
conpri 5[0%3/1 di Ko pryssiiani iscgensialy @ dha Tl of ehamicd synipeys- sMseit ut ed
di ket opj

g ] g PN-piBietibd Bis!I6-YU-BRiREPer ei n
by ref raﬁt’rcuggdlyﬁ?fst%%éﬁqﬁég é%?%q%%q.'?éﬁgt iqmt eac elg re arﬁilinéﬂ%’]

di ket o, pdikeipiparazindsdi ket opi per azi ne- medi ated drug delivery).

Di ket opi perazines can be fornmed into particles that incorporate a drug or

particles to which a drug R&%M RednvEliSogobi nation of a drug and a
di ket opi perazi ne can i rrparéﬁ-nm'cve'ﬁh'ug—?ramﬁl ty. The particles can be
|Io _2dm oahS ed B Rile hdsBleh BrsAMRtrBhérd Athe Shafthicd s, t hese
particularly when a drug is unstabie and/or poorly absorbed at the locus in the body
to which it is administered. One such class of drugs includes 2,5-diketopiperazines

having the general structure of Formula 1.
Rs N, O
Formuia 1

[0004] These 2,5-diketopiperazines have been shown to be useful in drug
delivery, particularly those bearing acidic R groups (see for example U.S. Patent
Nos. 5,352,461 entitied “Self-assembling diketopiperazine drug delivery system;”
5,503,852 eniitted “Method for making self-assembling diketopiperazine drug
delivery system;” 6,071,497 entitied *Microparticles for lung delivery comprising
diketopiperazine;” and 6,331,318 entitled “Carbon-substituted diketopiperazine
delivery system,” each of which is incorporated herein by reference in its entirety for
all that it teaches regarding diketopiperazines and diketopiperazine-mediated drug
delivery). Diketopiperazines can be formed into particles that incorporate a drug or
particles to which a drug can be adsorbed. The combination of a drug and a

diketopiperazine can impart improved drug stability. The particies can be
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be delivered to specific areas of the reépi ratory system depending on
particle size. The particles can be nade small enough for incorporation
into intravenous suspension dosage forns. Oral delivery is al so possible
using a suspension, or as particles pressed into tablets or contained in
a capsule. . These di ket opi per azi n . also facilitate absorption of the
associ a%ifa'%é}%ed*? BﬁrﬁqLPSA‘p ﬂ?$’8ﬁ5§tr%ttoé’p /I\‘?'l BX/Aewesisdhgge particles can

2, 5- di kigé eeiiRgeazb cifi&(‘éﬂé@g%ftths Tre8piPRBRALYQB 0N RE

bi s- 3,6-[4-am nobu{?%ﬁ 2, 5-di ket opi pgélamﬁg )[3 mﬁ eﬁaﬁ i?%]ond %gécti? 8lnzeof
|'ysi ne. T@npaiticiesnganc bemenadel smakhueactgh i fwg proocearatien uintd | inéravenous

benzy! cHyBRBER, fSage ol hisn oA e el pofsPlE PHES DRagesion cpRecess

ent ai | spartielati pres§dd ol widie drrbdﬁtﬁsh@aqh & Qfapéale22me§é Hikdtop pRFaAnes
and provides _DKP1 in an averag_@: tOf about 47.5% after
@$SQ938

recryst@l plsafagiitate éhﬁ"ﬁ'PB@n af 6€idug 0006] Therefore, it is an
ai mof the present invention to provide inproved nethods of synthesis for
di ket opi®§8bhzi ndscorswntiang! siepTire synihesis of J,5eiikgtofiperaziremse includese thé on

Proh ¢ rrePREIRE of el dBei HIES Sl hmit Ry PR ekl erney Bu Bt o
to Convﬁﬁde@@éiloﬁfcﬁn§§ﬁé ”B@Bl@\%rﬁbonapbbhrﬁéfﬁhltrhﬁn&i%ﬁ:ﬁlri}‘lﬁt r@ﬂcc:e;-‘éé‘::‘.e uRligsent

i nvention, phosphorus pentoxide, in a cyclocondensation reac

provi ded-Penzyiowvcayhamdslysingr di {@hmbilysirayi neto of pregiene y| ebt$~3,|6d(M- gher

St ep( 4 e RATpaorl BaBR el bR R raptRtrmine ERIED. TS prrcsssipmtaits

i nvent Im'atimgo%dﬂ_sly@m@im@ﬁ-c?é%oltf@? 1@22tﬁ@l§45569f16b|“®f1(?t099t &hd provndes
bi s- 3, 4- am nobutyl ] - - di ket opi }geram ne conprising the step of

heat i ngD Pdgnian @Meageaylam Abapeut 4¢58d aftesiraerystalizadioprieyarglaciat agetic
catal ysf.iyselected fromthe group consisting of sulfuric acid, phosphoric
aci d, andd phosphorus pentoxi de and a sol vent sel ected fromthe group
consi st of mcresol, ethylene col, toluene and xyl enes. [0009] One
enmbodi be f RBreiPres dhs i 3y @iy @gt ¢ oRfegest investinpdof Brovidse improveesi s

of Nprﬂbﬁﬁd@%f%ﬁﬁq@g@ f&ﬂdsﬁ&o’ﬁ%&%hés? 5-di ket opi perazi ne wherei n t he e-

Summary Of The Invention

[0067] The present invention provides methods for the synthesis of
diketopiperazines using catalysts s_uch that faster reaction times and higher yields
are achieved compared to conventional step(s)/method(s). Utilizing the catalyst of
the present invention, phosphorus pentoxide, in a cyclocondensation reaction,
provides for the synthesis of diketopiperazines of higher yield and higher pilrity in
shorter reaction times over that of conventional step(s)/method(s).

[0008] According to a first aspect, the present invention provides a method for the
synthesis of N-protected bis-3,6-[4-aminobutyi}-2,5-diketopiperazine comprising the
step of heating a solution of e-amino protected lysine in the presence of a cataiyst
selected from the group consisting of sulfuric acid, phosphoric acid, and phosphorus
pentoxide and a solvent selected from the group consisting of m-cresol, ethylene
glycol, toluene and xylenes.

[0009] One embodiment of the present invention provides a method for the
synthesis of A/-protected bis-3,6-[4-aminobutyl}-2,5-diketopiperazine wherein the e-
amino protected lysine is (A/-benzyloxycarbonyl)-lysine (Cbz-L-lysine) and the



am no protected lysine is (Nbenzyl oxycarbonyl)-1ysine (Cbz-L-Iysine) and
the 2 product is

bi s-3, 6-[ (fV-benzyl oxycar bonyl ) -4-am nobutyl ] -2, 5-di ket opi perazi ne (DKP
). [0010] Anot her enbodi nent of the present invention provides a nethod
for the synthesis of N protected

bi s- 3, 6-[ 4-am nobutyl] -2, 5-di ket opi perazi ne wherein the solution is
heated to a target tenperature of about 16000 to 17000. This target
tenperature is preferably achieved in about 4 to 6 hours. [0011] According

to a secppdu@spast, Hid1e AN ASESIzyideRitons!)Rr-amintbsidl-Bidiadopiberazire
synthesis of N-protected bi s- 3, 6-[4-ami nobutyl ] -2, 5-di ket opi per azi ne
conpri sitBtthe step of heating a solution conprising 6-anino protected

ysine 3faof CRABRAGS BhfhcRRhYANr he Jrbl.RIARHIRR Rbyides BlAbNoH N N
synt hesis i substantially conplete wthin about 10 hours of reaching a
target tomiersiE of ¢vgmdiecishe biskhohdlapphobyikib2 Tdketapinesazine iwetsepatiDl e
solvent. [0011a] r referab t ynt I Sa} i) npl ete
wthin TS HUrS B Kare P T 7ERgL TebIgRTRR: s EalH: 0o

target temeraty @ priRsibly perikesai ybodthelosyhbimesi s is substantially
conplete within about 1.5 hours of reaching a target tenperature. [0012]

Accor di a LLd. aspe e j i 0, for
the synt RO FL PR R 85 SpopiE BT e BIRKER! oM olaR e FRATRE i ne
conpri sifog ke %ﬁ@ﬁe% hgatfpeotacedl Wik Ye-(PERINGEURd]-2 5aiTkdtBpipe Rizits ed

| ysine and a conpatible solvent in the presence of a catal yst such that
sai d syngdiaphisindiése stepifeledting agsahatiosr cdrhprisiag %-améhonwetesited fysingpdmas phor i ¢
acid is an inconpatible solvent. [0013] Another enbodi nent.of the present
i nventi oa poropatitde solwenthodnf the thesangat 19ésa scatglysiN-yheseisc syathesis is

bi s-3, 6-[4-am nobutyl ] -2, 5-di ket opi perazine in the presence of the

cat al vt SYIRGRIIRDY GoMpRste Wi abrel 1O REUR: PHERGHNGR BRRIABPES SR de | s

about 5%to,.10% J[0014]. These and ot her,. ai dvant ages and features of
t he i nveWPPGHD RPtI)VP'[' jhohﬁlaé" mwna‘?{HB?@?@égR’&Hg appr egi ated by reference

to the m{dﬁt’ttlgf ﬁx?oefgigrie?e%‘;ialﬁn&e synthesis is substantially complete within about 8
hours, & hours, 4 hours, 3 hours, of 2 hours of reaching & target temperature. Most
preferably, the synthesis is substantially complete within about 1.5 hours of
reaching a target temperalure. |

[0012]  According to a third aspect, the present invention provides a method for
the synthesis of N-protected bis-3,6-[4-aminobutyl}-2,5-diketopiperazine
comprising the step of heating a solution comprising s-amino protected lysine and
a compatible solvent in the presence of a catalyst such that said synthesis has a
yield of greater than 50% and wherein polyphosphoric acid is an incompatible
solvent.

[0013] Another embodiment of the present invention provides a method for the synthesis
of A/-protected bis-3,6-[4-aminobutyl]-2,5-diketopiperazine in the presence of the
catalyst phosphorus pentoxide the concentration of phosphorus pentoxide is about

5% 1o 10%.

[0014] These and other aims, advantages and features of the invention will be
more fully understood and appreciated by reference to the writien specification.

o]
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3 BRI EF DESCRI PTI ON OF THE DRAW NGS (0015] FiG 1 depicts a flow chart of
2, 5-di keto-3,6-di (4- fumaryl am nobutyl) pi perazi ne (fumaryl

di ket opi perazi ne, FDKP) synthesis according to one aspect of the present
i nvention. 3a WD 2006/ 023849 PCT/ US2005/ 029777 [0016] FIG 2 depicts a
fl ow chart of bis-3,6-[(N benzyl oxycarbonyl)-4-

am nobutyl ] -2, 5-di ket opi perazine (DKPI) synthesis according to one aspect
of the present invention. [0017] FIG 3 depicts the conversion of
(N-benzyl oxycar bonyl )-1ysine) Cbz-L- lysine to DKPI using the sulfuric
acid catal ysis nmethods a@reerdDegerionion ©rasEattawigst he present invention.
[0018] FIG 4 depicts the conversion of Cbz-L-lysine to DKP1l using the

_phosph_orgg@-;g%l d mat al ysi s Jasidaods pAccapgi NgchfHt ongraspeslgigdicidwdpaesent
i nventi oh. 0019] FIG 5 depicts the conversion of Cbz-L-lysine to DKP
usi ng t hemasivesprorig)nireraaiede (tmaiyly s dikefpniprigginrgc corldkip  teyndmsisaspect
of the pre in L Oon. <l | .depicts a conparison of the three
catalystémgﬁgégg#%égg%b%%éﬁtgség%nggb?ﬁggbresent invention. [0021] FIG 7
depicts the reaction sequence of the P205-catal yzed cycl odinerization
according to one aspect of the present invention. [0022] FIG 8 depicts
the overall yield of DKP1 versus tine using the phosphorus pentoxide
catal yst of the present invention (5 liter scale reaction). DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0023] The present invention provides nethods
for the synthesis of diketopiperazines using catalysts such that faster
reaction tinmes and higher yields are achieved conpared to conventi onal
step(s)/nethod(s). Utilizing the catalyst of the present invention,
phosphorus pentoxide, in a cyclocondensation reaction, provides for the
synt hesi s of di ketopi perazines of higher yield and higher purity in
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shorter reaction tinmes over that of conventional step(s)/nethod(s). [0024]
The conventional synthesis of diketopiperazines useful in drug delivery,
such as 2, 5-di ket 0- 3, 6-di (4-fumaryl am nobutyl ) pi perazi ne (funmaryl

di ket opi pw@gob@@_,,3849FDKP) comonly begins fromthe thegi@hsinosnzrrr

cycl ocondensation of E-am no protected |ysine, for exanple

(N-benzyl oxycarbonyl )-1ysine (Cbz-L-lysine) (see FIGs. 1 and 2). The
uncat al [ﬁﬂéﬁ] r eablG.or2 i depigagtanyflovt 8-cBarthair dis-RibtNpeoiiexypadeonyfiedo and in

somne t e Lons, a I IV, | ow

o1 ol ds FRLEPRR Tt maE e JER BT B SRRG e PiiaBb Ry e

appl i capresost indeion2006/ 023849 PCT/ U52005/ 029777 [0025] It is appreciated
t hat others have used phosphorous pentoxi de (P205) as a catal yst and

pol yplhmomz]ig RIS d3aﬁpﬁdﬁ§ tb@bﬂﬁﬂérlsggl?Df iga%?fﬂgmg?@mpwh?pﬁbﬂ% _
exanmpl es see soc in et al. erein
The " aUWHIRd0 ST 1500 S Ry 3R SR Eiollrds HOHIP 3 OB aspRE O

pr epar %bqj}egéntgﬁm,aﬁ al ani ne, |eucine, isoleucine and phenyl al ani ne
di ket opi perazi nes; see also ARKIVOC 2001 (ii) p. 122-134, Kappe et at.

wher ei r'[sobha SYNEfESSias q8bicR %é\%dmegs% 6f0®b%1LUPI¥§ﬁﬁaeﬁ3 YSKipg E&R@ '&1@8 the
pol ypho pha e ester) as a cyclocondensation/dehydration reagen

descri bieftsphadt eciseatalysis mtmodsacgordm taene mm:t obthednsserd m\@nlﬂanger
"Phosphorus pentoxide as a reagent in peptide synthesis." Described

t her ei n[00§9P205FtGw Bh dppicisndiie dioswagionyafr e -ybioepts tiPlisesing athea
reagent e nment s.
ovevorPhPhERE Benfxdder o 5 ABkIoS adil 3 Xiiel ot 19 A5 phebedl™r o
reacthnvem:mndltlons and sol vents described in the above cited references
resulted in degradation of the (N benzyl oxycarbonyl)-lysine starting

mat er i a[DG&O]JI t hBEG.werdepidts o cpaipatisen vaft thet theed eataysty aicobrdinte teraesent

i nventi on ITJ&)& a cat al\)/ . that could speed the reaction and generate

hi gher " §TRAQS r@?ﬁf&l‘ﬂ e”f%ZG] One errbodl nment of the present invention

I ncl ude po. on, of .a i nto the_ahove-nated reactlon to
increas@’f#ﬁ DB of deBtSaty ofcarh: crodienes aot oS nECoretsd

per centam.mtenmﬁwpé@amg toorRNAssELt of the prisaf .ﬁ\fynh@w ng reagents were
eval uated for their usefulness as catalysts for this dehydrative

[00622]  FIG. 8 depicts the overall yield of DKP1 versus iime using the
phosphorus pentoxide catalyst of the present invention (5 liter scale reaction).

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention provides methods for the synthesis of
diketopiperazines using catalysts such that faster reaction times and higher yields
are achieved compared fo conventional step(s)/method(s). Utilizing the catalyst of
the present invention, phosphorus pentoxide, in a cyclocondensation reaction,
provides for the synthesis of diketopiperazines of higher yield and higher purity in
shorter reaction times over that of conventional step(s)/method(s).

[0024] The conventional synthesis of diketopiperazines useful in drug delivery,
such as 2,5-diketo-3,6-di(4-fumarylaminobutyl)piperazine (fumaryl diketopiperazine,
FDKP), commonly begins from the thermal cyclocondensation of e-amino protected
lysine, for example (N-benzyloxycarbonyl)-lysine (Cbz-L-lysine) (see FiGs. 1 and 2).
The uﬁcatalyzed reaciion is lengthy, 18-33 hours, with yields under 50% and in some
cases as littie as 25%. Such lengthy reactions and relatively low yields lead fo

undesirably low reactor throughput in industrial applications.
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cycl ocondensation reaction: sulfuric acid (H2SO), phosphoric acid
(H3PO4), and phosphorus pent oxide (P205) using mcresol as a solvent. The
term "substantially conplete” as used herein with regard to the synthesis

of the prasfRbedygntion refers to at |east about 80%(91fmd§29 34A5ting
material being consunmed within the prescribed time perio eactlons wer e

carried out with each of the potential catalysts. The consunption of
Cbz- L- | jofi25% anH ig hppmpﬁm that ettets hage 8séd phdsghenayd pemtondquma)-as

ber T of nAICEAVSE A RPN SR Gy D PePEPnt ReRESIRHPC RN k" (i s

react i ogxarfiples aleRCy.CAm. tﬂmmpmggbé 8, 4:801-80 Riinskyase al, t\ﬁhéﬂeml the
cal cul ated. [0027] The presence of sul furic acld as a cat aly resulted in

a vyiel dakbtho’é?o%ﬁ‘?“ snd prl¥phasphaiic Arid WilePeenips the pfen@r@ﬁmvfagly@@a

reactio % 8‘%’7& FI G
3) asI calanar\(,a\%\ﬁt% {)nef Fﬁgie?gﬁ%eénrﬁ @{néhylé’@ﬁv\og% géﬂg&ﬁé?ﬁg%@ %%5?77
uncat al H {iDadq.i ol22-13es Hepper o adlouwheseinodhe wspnthbeist &3 Biginedi t o
achieve ea iel d nt a T osphoric acid
cat al yze@yrogmgﬂhmgoﬁg wasﬁ%'hgst%?l(% al($ g g@gp 025?’%'%%3{ r']"%Fé?‘ﬂadIocéi?ns dned at
I eaz]t ab;nhco&ﬁ%sﬂtlcmmel”@bmﬁbnl y&'g&at by désr?nﬂ)edhr eﬂajdll:flmagy iéte J. DF‘S@; was
st abl e en e u er on and t i el d was
ound t ONER1 g Heetilhe, Hhrgeh o ProsBbays e 88 rorroeBL i bSptils

cat al yzeghthasis! irmsschibed mgmgd’z@pwth Q&%oleleth?ﬁwﬁhigéﬁ phtEpRReAYsel hour

and consuned al npst all of the Cbz-L-lysine by about 1.5 hours At this

poi nt, #h& (Aagent Ms"'@&“ér%“ﬁ@ﬁ" E’EPSBBd%ttf%nﬂ PePisgtes camippcacid)fragmenis.  all |
three cabakyst $t %9 @uhsrsa@fw niwﬁé@awtwsr@a%mveﬁtowgndﬁﬁétré&ft ion nand

phosphoric acid phosphor ous pentoXide also increased the yie
percent@@'éjlthnéie@ﬂrdl @Nen’@ndeme@’ in . thgalpbevel . ciiednpeieranses ofestifedl inzed vs.

uncat al Y 5 ¢ ield

e NIRRT, gD AR DT R Uiy oD GRA G verd
incompatible with the teachings of the present invention. Thus, a catalyst that could
speed the reaction and generats higher yields was sought.

[0026] One embodiment of the present invention includes the incorporation of a
catalyst into the above-noted reaction to increase the speed of the reaction and to
generate higher yield percentages of the present invention. The three following
reagents were evaluated for their usefulness as catalysts for this dehydrative
cyclocondensation reaction: sulfuric acid (H2S04), phosphoric acid {(HzPO.), and
phosphorus pentoxide (P20s) using m-cresol as a solvent. The term “substantially
complete” as used herein with regard to the synthesis of the present invention refers
to at least about 80% of the starting material being consumed within the prescribed
time period. Reactions were carried out with each of the potential catalysts. The
consumption of Cbz-L-lysine and the appearance of bis-3,8-[(N-benzyloxycarbonyl)-
4-aminobutyl]-2,5-diketopiperazine (DKP1) were monitored by high performance
liquid chromatography (HPLC) at time points throughout this reactlon At selected
time pomts DKP1 was isolated and its yield calculated.

[0027] The presence of sulfuric acid as a catalyst resulted in a yield of about
35%, which is within the range of the uncatalyzed reaction. However, this 35% vield
was achieved in only 4 hours (see FIG. 3) as compared to the conventional



H3P04 165 4 55 P205 165 1.5 60 [0030] Solvents suitable for use in the
reactions of the present invention include, but are not |limted to,
m cresol, ethylene glycol, propylene glycol, toluene, xylenes and

equi val en{ygp s 0 those skilled in the art. Additi Of@ﬂrb%oesﬁﬁg 11 be
apparent to persons skilled in the art, various solvents have different

boiling tenperatures and polarity and therefore reaction tenperatures and
r eact i oungatatgzedregaciian flinmes okteom ahsiuy 46t kourg t\@bR0DB3 B8 & achieve a

PCT/ Uszg%/ggg%.g%ygwﬁgﬁaggganpl e 1 Phosphorus Pentoxi de Catal yzed

Synt hesT's

benzyl o bonyl ) api nQpr.op - -di ket gopi perazine (DKP1) I 0 1 00 O-H ~
OH NHztbé;gis, m%‘?%?g“l’sf’?.’g’é'céég ‘Eﬁ%a'%?ﬁtﬁqcﬁg" Efﬁﬁs”b&%ﬂg'%(@%mlﬂﬁte 'T?f%a’fo 0
[0031] if&hédhnﬁﬂkudae&,altrléasﬂ@bbm$@ﬂmoffth@€}bzﬁl_ﬁlybm@q(5yl lﬂbéxﬂ tArdEeRGLA8] GRe |
stirrer t her moc ete rature readoutlcontroller, nitrogen gas inlet,
and shoPKPlavss Sﬁ%ﬁ)i"“lﬁﬁat‘?@@ﬁiaﬁﬁg&ﬁ‘taﬂ'&fg & ehileg@gctipn gnddbe yield was
Cbz- oM {dhhA%e bd abolt 5%RBESPI®r4)s pent oxi de, and 300 nL of mcresol. The
stirrer and nitrogen purge were 'started. The slurry was heated to 165C

5C. ATt Rin2BPT Mt Bhalpiity G0 FBhBkRe Lkl Rl ool hAx ARk LY HpliPodnut €s)

the mxture was held at for an additiona m nutes. eating
mant | e Qeibe bty i Hwus @indttopsuiped ladiosicaliboiGhe Lbzalysirte by hbouton was

prepar efl 51 i, B 204G poiRE AKE"yidi WlsShdtBmitba a8 B 260ut 6% Y58 Fic. 5).

Thus, ali three catalysts significantly increased the speed of the reaction; and
phpsphoric acid and phosphorous pentoxide also increased the yield percentage
(see FIG. 6 and Table 1).

Table 1. Comparison of catalyzed vs. uncatalyzed DKP1 synthesis

Catalyst Temperature °C Time (hours) % Yield DKP1
None 165 24-33 25-35
H.S0, 165 4 35
HaPO, 165 4 55
P05 165 1.5 60

[0030] Solvents suitable for use in the reactions of the present invention include,
but are not limited to, m-cresol, ethylene glycol, propylene glycol, toluene, xylenes
and equivalents known to those skilled in the art. Additionally, as will be apparent to
persons skilled in the art, various solvents have different boiling temperatures and
polarity and therefore reaction temperatures and reaction times may vary between
solvents.



met hanol : water (1000 nlL). The warmreaction solution was poured into the
stirring nmethanol (MeOH) solution and the resulting suspension stirred
for 30 minutes. The suspension was filtered through a nmedi um porosity
sintered el and the filter cake washed seq h 250 nL
MeOH, 250@@(%«}23%?260' water, and 2 x 250 nL MeCH. Tﬁlg&fds]%:ogt e%’ ?)r oduct
was dried overnight in a vacuumoven (50C, 30 inches of nercury). The
crude product was recrystallized EXBMRAGS ic acid and dried in a vacuum
oven to give 58.5 g (63% of the desired diketopi perazine. Elenental

Anal ysis: Cale C'62.89 H6.50 N lmm C 62.15 H6.64 N 11.09 1H NMR
Anal ysis: (d6- Dwg 2 - 7. (H); 6 7.08, 2H
(NH: 8 5.01, 4 = g MY CH2) ; 8
1.60-1.70, 4H (Moﬁcérbéﬁvuarﬁ%oékbmmﬂzs-dketwu@Qﬁﬁa?@ﬁ#@)1

PCT/ US2005/ 029777 Exanpl e 2 Phosphorus. Pent oxi de Catal'yzed Synt hesis of

DKPI 11 [00 2] A 1-L round bottom flask equi pped with a nechani cal
stirrer, rt- path disgillation apparatus, a thernocouple tenperature
read- out/c(;J nltrogen inlet was charged with Cbz-L-1ysine

s0l (200 g) Zhd phosphorus pentoxide (7.5 g). The reaction
red, héated PHsa-warlget tenperature of 165C, and hel d at

1.5 hours.Sed%[ G4.7. o[ 0033] Aftemn conpl et

(100 9),
m Xxture wa
t enperature

heati ng peri t he reaction solution s all ovved to cool oom
tenperature (22-25C) and quenched w t NSO o nelei oni Zee” wat er (100
m.) and MeOH (400 nlL). The resultinglsus ension tirred 30-60

m nutes and then filtered through a i por osi sIster ESV&!ESS funnel .
The filter cake was washed sequenti al | th 250 MeOH, 2 x P50 niL

dei oni zed water, and 2 x 250 nL MeCH. 34] The wet cake was dried in a

vacuum gven_at 50C. The recovered nmaterial was analyzed by HPLC and

recryst B0Btked Ardmeek dcharounddietion diagk (eruippast withod mechanical cdioer)
accor di figmhScdupfe fieipeldil® RESRAMDAtoIERE nftFdyeh 95¥ inlet and short-path

distillation apparatus was charged with 100 g of Cbz-omithine, 7.5 g of phosphorus
pentoxide, and 300 mL of m-cresol. The stirrer and nitrogen purge were started. The
slurry was .heated to 165°C x 5°C. After formation of a complete solution
(approximately 30-60 minutes), the mixture was held at 165°C for an additional 60
minutes. The heating mantle was removed and the solution cooled to 50°C. A
quench solution was prepared in a 2000-mL beaker consisting of an 80:20 mixture of
methanol:water (1000 mL). The warm reaction solution was poured into the stirring
methanol (MeOH) solution and the resulting suspension stirred for 30 minutes. The
suspension was filtered through a medium porosity sintered glass funnel and the
filter cake washed sequentially with 250 mL MeOH, 250 mL deionized water, and 2 x
250 ml. MeOH. The isolated product was dried overnight in a vacuum oven (50°C,
30 inches of mercury). The crude product was recrystallized from acetic acid and
dried in a vacuum oven to give 58.5 g (63%) of the desired diketopiperazine.

Elemental Analysis: Calc C 62.89 H 6.50 N 11.28
Found C 62.15 H 6.64 N 11.09

- "H NMR Analysis: (ds-DMSO):
58.97, 2H (NH); 5 7.28-7.37, 10H (CH ¥; 6 7.08, 2H (NH); § 5.01, 4H (CH,); § 3.79,
2H (CH); 5 2.99-3.01, 4H (CHy); & 1.60-1.70, 4H (CH); & 1.46-1.57, 4H (CHy)



DKP1 in acetic acid was heated to reflux in an Erlennmeyer flask equi pped
with a thernoneter and a reflux condenser with nitrogen head and outl et
connected to a caustic scrubber. After 5 to 10 mnutes (to ensure that
conpl ete n occurred), the heat was rennvedlﬁﬂﬂj &% 1%} ure
cool ed toqgﬁégaggigture of less than 100C. Deionized wa é% T%%féram(ﬁ
crude product) was added to the flask and the resulting suspension was
cooled to room tenperature mnth sEkmmg@ggover a period of 6-18 hours. The
precipitated soli ) ' sintered gl ass
funnel and washed M ' Py C d acetone (3 X
100 m.) recrystall e we, ke was drled at 50C in a vacuum oven.
Exanpl el oﬁggtl rfgza |W4)é fﬁﬁ?&r%‘%@t‘ﬁﬁh @eméﬁ?wiﬁéf'r@nﬁmp%t of DKP1
[ 0035] "d Bﬁila@@ﬁ)ﬁﬁ{y%‘tﬁé‘aa%éﬁhéé&:p?é‘ién?dé?étb@%h@fb%oﬁ?éﬁéf ancPh 'ﬁﬁr 5f orm

DKPI  was eval ua as_a function of reaction heating tinme and

char ge. infgt awas sharoedewith cabzildysipat (108 g regesp! 1208rg) 1 en Hmsphms\m
based op, ﬁ{aﬁ %fx 53)”eﬁhe"‘fetaf&tlor‘{%rkfﬂ\‘@wgg%tnh@@ ﬁé B3 t& Eafg@%%mg%ﬁg at a

i ndi cat’e d and

2006/ 02381E%° QCEmdB@d%kmwmmre[fﬁﬂ‘BS]ho&m§eqtfé6t 7exper| ments were desi gned
to identify optimal conditions for the 7.5% phosphorus pent oxi de

cat al yzi@38pnv eAfiercronugleiiine of tHeykeatiagtperiDiPthe reAdtitbn isoluﬁbm wastaliewed

t t d '
Chove. (it SO0 (PRBeRIPETRtIE (Aares ) ST BReRRES it £ Foltiion Bt PeipidpRz0s
(7.5% wamwmnr_r) awmecvmzmmml_t)orrad résutiidg St pbasion v stinid fér B80S -
Duri ng thl S 3(? erature was mai ntai ned at 165C 5C.
At quotindesed hendierhyad ROERPIE SseTe GlgnR fruel« TRe Ftaict f on,
quencheghpad \»513 ﬂasmm %en‘f@ﬂﬁ%ﬁ%bm MeCﬂ-‘i‘G!Z % h%o%@@é%uéea%a%éﬁ%nay

filtration. HPLC analysis of these sanples suggested that the yield of
DKP1 r e2¥#58 nal MeGhum after heating for | to 3 hours (Table 2). After 4
hours at 165C 5C, a 7-8%decrease in DKP1 yield was observed. [0037]
Havi ng 10884t i f i Bp weg anber wasdnagkinopt Varsbmy even iabrbQ°Cae, Theetesougred

reacti OfiSerial was analyzed by HPLC and recrystallized from glacial acetic acid (3

mL/gram of crude product) according fo the following procedure. The crude dry
DKP1 in acetic acid was heated to reflux in an Edenmeyer flask equipped with a
thermometer and a reflux condenser with nitrogen head and outlet connected to a
caustic scrubber. After 5 fto 10 minutes (fo ensure that complete dissolution
occurred), the heat was removed and the mixiure cooled fo a temperature of less
than 100°C. Deionized water (1 mL/gram of crude product) was added to the flask
and the resulting suspension was cooled to room temperature with stirring over a
period of 6-18 hours. The precipitated solid was filtered through a medium porosity
sintered glass funnel and washed with deionized water (3'x 100 mL}) and acetone (3
x 100 mL). The recrystallized wet cake was dried at 50°C in a vacuum oven.

Example 3
Opiimization of Phosphorus Pentoxide Catalyzed Synthesis of DKP1

[0035] The dehydrative coupiing and cyclization of Cbz-L-lysine to form DKP1
was evaluéted as a function of reaction heating time and P2Os charge. Reactions
were cartied out using 5%, 7.5% or 10% P20Os (wi'wt based on Cbz-L-lysine) with
various heating times (Table 2). The data indicated that yield and purity were
maximized using 7.5% P0s.



(100 g scale) were conducted to neasure isolated DKPI yields within this
time period. FIG 8 shows that the maxi mum DKPI isolated yield (60.9%
was obtained after 1.5 hours. HPLC analysis showed this naterial to be

>99. 5% DKRY 2084053 reactlon was repeated with conpara nanel y
DKPI (100.0 area %}59 I solated in a 60.3%yield. Tﬁﬂe&r@%@#{(}%%m/as al so

performed using heat rarrps of 4 hours and 6 hours to sinulate the | arge
vol unme [tmaﬁ] ng SubsspueThegerinesds wens dgsigred Yo Eledtifyodpiin®al G¥nditidnSforl %

t T 2 Tahl e ,2 f phos t di .
sty TN R e
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**6 houtimadbe reauitipn ternEeradoe MEE3BANIFNGTI BISPETS/ H2907 Aliqhee I8 mweere

optim z di % P2 : S nonst r at ed

tw ce afeqn ra S(s)[?;\féd %Ogg %ibgéi]?ogl thén%araaﬂéﬁ’hb &ﬁérbergtp %\;vgr «gg O«QF‘F&%’oyed to

si mul at watdméthmo!ngn@rthél pedaoplisojated iby fikadtoct i bﬁﬁ’[.ﬂ)lana’qms dothese

Lgsgt | OQe?mE:!ee rsggggsﬁed iha? ﬂ%ee ?nlé&c} of Bqulreac %ta }n%xm]iurlﬁ as'l‘Fer heatin h%rr1et%0t ' ons
3 hours (Table 2). After 4 hours at 165°C £ 5°C, a 7-8% decrease in DKP1 yield was

observed.

[0037]
(100 g scale) were conducted to measure isolated DKP1 vyieids within this time
period. FIG. 8 shows that the maximum DKP1 isolaied yield (60.9%) was obiained
after 1.5 hours. HPLC analysis showed this material io be >99.5% DKP1. This
reaction was repeated with comparable results, namely DKP1 (100.0 area %) was

Having identified 1-3 hours as the optimal reaciion time, several reactions

isolated in a 60.3% yield. The reaction was also performed using heat ramps of 4
hours and 6 hours fo simulate the large volume heating times. These reactions gave
yields of 59.6% and 63.1%, respectively (Table 2).

Table 2. Summary of phosphorus pentoxide studies.

cEZLys(a)| %P0, | Timeperod | Teme | OverlTield) - Puty
100 10.0 0.5 165 52.90 100
100 75 1 185 53.30 100
100 75 15 165 60.90 100
100 75 15 165 60.25 100
100 7.5 2 165 59.20 100
100 7.5 2 165 57.90 100
100 10.0 2 165 54.50 100
100 7.5 3 165 54.90 100
100 10.0 3 165 48.90 100
100 7.5 4 165 53.30 100
100 7.5 4 165 51.60 100
100 75 1.5* 165 59.60 100
100 75 1.5% 165 63.10 100

*4 hour heat ramp

**& hour heat ramp




overall yields of 58.9%and 58.4%w th purity conparable to the current
process (99.8%. [0039] Unless otherwi se indicated, all nunbers
expressing quantities of ingredients, properties such as nol ecul ar

wei ght, rgafhbonsgendi tions, and so forth wused in th%ﬂﬁﬂﬁﬁh&hﬁﬁ%+on and
clainms are to be understood as being nodified in all ‘instances by t

term "about." Accordingly, unless indicated to the contrary, the

nunerical paraneters set forth in the follow ng specification and attached

clains ar a oxrrratlo r d on the desired
propert[orggsl‘ogg he thPtflfﬁ!Ze 8\%’885 b@ y . ‘Eéﬁ njcg E?‘b’ﬁ ) weres fenyer y
least, 3pdoRQtai8d Riketh ﬁfo"S L %ch!em ‘AgaFrh% mhr %H' QrB-ﬂf)urt Pﬁn?%ér*e' ne of

eqU|vaIents to the scope of the clainms, each nunerical paranmeter shoul d
at | easemployedriot simathte the |i@|arm@fproﬁ@ ¢roplowed G nf@@rdﬁtrosdvohsmgm f Bethnt

digits d chni g that
the nunlArias FERHcs Metaah, SR, HECPT SRR, R: SLAEhSIEND | e
i nvent i overaﬂarym!@q)pf %l%tar@ﬁ&@m@vmumycrzmlmpeahblestos’ére $wordrih procadse

specifi§%§%@ |l es are reported as precisely as possible. Any nunerical
val ue, r, inherently contains certain errors necessarily resulting

fromth nday d devi gtion found . eir respective.testi

reasur oIROREE, [ BOST SN VBEngaigstod Al dpmbeE” SXhiseSingg ey of

r ef er enggredisifts, % pbhRs SRAtAXndMculiaswaight, Teattitd condidnsPandaePrReihal 1y in
the context of the foll ow n% clainms) are to be construed to _cover both

t he si ndsAchin Hiegsnacdicgtion ant @Wﬂ@s@reoion@‘? windarstegeye being meditied iBrallc) earl y
cont radrngia%e%ycm@t% -‘3869 ﬁb&ﬁdfﬁgl WA |ﬁBlc¥@oUﬁ§theh§6J%rei?Y' fhgerely

intended to serve as a s ort referring 1ndivi y to each
separ at Bumeatical pesameiers mttfnrth im tee follawying anﬂt:é”@é’ﬂm AR witaehadhelrioes ave

hereln as
e PR Y ey VBLY BohSnditd BRBR I} Yool BroBEr SEIdM HERECT O3
be per f oblairetdi oy meypreaemtathtmrdeAt thernvery deast, hwrd/\,nsfbas adrammml t:brehn'ml n or
ot herw se cle cqn cant.ext use of
exanp! e PSRN Ch b dnguas <ot edavaietls.te 1t sbife i BE FBRE readhs
i nt endedu:@i@ﬁ@ématr@nb@ tsRbuldl dtushdtaicecdriverubi e mgmmf thB hudflRS of péparRRe a
limtation_on 10 WO 2006/ 023849 PCTI US2005/ 029777
significant digits and by applying ordinary rounding te niques. Noiwithstanding that
the numerical ranges and parameters setling forth the broad scope of the invention
are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resuliing from the standard deviation found in

their respective testing measurements.

[0040] The terms “a” and “an” and “the” and similar references used in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. Recitation of ranges of values
herein is merely intended to serve as a shorthand method of referring individualiy to
each separate value falling within the range. Unless otherwise indicated herein,
gach individual value is incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable order
unless otherwise indicated herein or octherwise clearly contradicted by context. The
use of any and all examples, or exemplary language (e.g. “such as”) provided herein
is intended mersly to better illuminate the invention and does not pose a limitation on
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t he scope of the invention otherw se clained. No | anguage in the
specification should be construed as indicating any non-cl ai ned el enent
essential to the practice of the invention. [0041] G oupi ngs of

alter natlv‘%ﬁh@&g@,s or enbodi nents of the invention ﬁﬁﬁ%}zﬁ&‘fu@g gzrel n are

not to be construed as limtations. Each group nmember referred to
and clained individually or in any conbination with ot her menbers of the
group otheosbapye ef dreimentionnthémviss claimed.i sNanahguage du thd apeoifieation nor e

" easonasaruid BrfeRPBwEEds MRtk o A tpiied Sefiaih exti el Femibetn o

del et i opf heGwWdhtiohhe specification is herein deened to contain the group
as nodified thus fulfilling the witten description of any and all

Mar kushjamaayps grespings ofcaltrnamee GighaitsSor [ebisbdimBh®el of rRd mudbeinTent s

of this invention_are described herein, including the best node known to

t he i nveiseloped hereinarer f}‘?"r’f@ bgwgonstiaed as dmitatiens. @a@bgm memger Blabld}fﬁs on
those pF&Eﬁéé e asirbedhed .emélk, 65 AT BRBMABR vifh bhes beis o]

skill in the art upon rea ‘g e foregol ng description. I nven ors
expect graupl carcoth@rreleaman’@ foun mpraiy. ﬁlmanwatad ithai onesorappreopeidess oand t he

i nvent o \Y t kce t

speci fi éaqr%)m) %q%c{rxlgb%%u edr he$n&n%!§t§(rjd%r?g’l r&%:fés} rl%r?\%én ﬁnﬁgﬁﬂecqh%s al |
nmodi f :j canﬁbnpa’@nﬂabﬂnw \Aﬁ-lemr%rw mjcrtsh'dusrubjoedtalelmahtoecursemd qnbc:ficatubﬂgg cl ai ns
appende er ermtt iC ver n combi nati on
oPPe e By eduad 1 Eatain (. abus BRI sdthocd i Hupliph 3R Sirined Neschigm | o
enconpaasa@yém shRiatiaiearoops UsdERmIhe bppsndcrictaing. cat ed herein or
otherwise clearly contradicted by context. [0043] Furthernore, references

have bepjpazpde PrRfORéPRIfboIMAeRE GTHRAR insMionCab dkeribba HesdiaUinch@iny

specification. Each of the above cited references and ?I’I nt ed
publ i catheohestamade dnewn ﬁ%mwlwaaiorwfqrww gk dhajnveatien.e féecpursenei r

entiret Vanat{oggﬁﬂ]thé ﬁﬂe?&ké&ﬂﬁmbbd?nﬁani@wfﬂ%éé@ﬂ%rééﬁgmtta%0% d?ahgfyege 212 >

of the invention I scl osed herein are i1llustrative of the princip
t he presilhin thesemtipon readihgrthe forgghingeadasonptianh a¥ herdyvelrdore raxpeyieskiltade

Wi t hin f | f ot of

0, BRsRE AP Erile Bl DNRA R e Boag, oS AR ey B

uti | i zethvientiare wobel praxticed tdthdriamse thaalspegiichlyy destribAd dmreinnghocordingly,
this invention includes all modifications and equivalents of the subject matter recited
in the claims appended hereto as permiited by applicable law. Moreover, any
combination of the above-described elemenis in all possible variations thereof is
-encompassed by the invention uniess otherwise indicated herein or otherwise clearly
contradicted by context.

[0043] Furthermore, references have been made to patents and printed
publications throughout this specification. Each of the above cited references and

printed publications are herein individually incorporated by reference in their entirety.

[0044] In closing, it is to be understood that the embodiments of the invention
disclosed herein are illustrative of the principles of the present invention. Other
modifications that may be employed are within the scope of the invention. Thus, by
way of example, but not of limitation, allernative configurations of the present
invention may be utilized in accordance with the teachings herein. Accordingly, the
present invention is not limited to that precisely as shown and described.
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present invention is not limted to that precisely as shown and descri bed.
11 What is clained is: 1. A nethod for the synthesis of N-protected

bi s- 3, 6-[ 4-am nobutyl]-2,5- diketopi perazine conprising the step of
heating a solution of s-amino protected lysine in the presence of a
catal yst selected fromthe group consisting of sulfuric acid, phosphoric
aci d, amghtpheepboOiUS pent oxi de and a sol vent selected fromthe group
consisting of mcresol, ethylene glycol, toluene and xylenes. 2. The

met hod of cliai m 1A imbhodtontieaidhsGisaliVipootprat et e44-hymbmneyll-23,.5¢ N-

benzyl oxycar bonél ) -1 ysi ngh(Cbz-fk- It.}{si nel. 3. _The net h% 1of. claim1l wherein
sai d cAtREFpLeraribe sopurising dheigp et Bopting f solptignipl gammo eI YSiier ei n sai d

cat a: ySh tHe%re@ﬁQS Qi&&dtﬁysﬁﬂddtediogﬁﬁ@grﬂﬂi cﬁﬁﬁistﬁl%ﬁﬁ htﬁfufﬂ: aﬁimher ei \rIth sai d )
catal yst i s phosphorous pentoxi de. 6. The t of claimb erein the
concenthaihent Bi b’f‘i’dg’ﬁﬁ’é‘f”‘&‘ép?}’é?ﬁ%ﬁﬂgés‘?lgenf ?%ﬁeggw%e FOR (Wt /wt). 7. The

et hod c@ﬁsi&ihébf%@réé@l?étﬁ%éhe@l‘ﬁol}Q}'Il_féﬁé\h[d%iyileﬂéb. of phosphorus pentoxide is
7.5%wt/wt). 8. The nethod of claiml wherein the solution is heated to a
target tenper at urkhe@iethod 60&aitmol AHHDEN sBd s-Amenopedtbood Igdinedt &-m 8 wherein the

target tenperature.is.achieved.in 4 to 6 hours. 10. A nethod for the
synt h?Sﬁeg%@qu@‘%@g{)%{lggg%ﬁ-lg—?gmg?[ 4-ani nobutyl -2, 5- di ket opi per azi ne
comprising the Stap 0l Resinio: Sncith it LG IRLiRNGE am no prot ect ed
| ysine and @ conpatible solvent 1n e presence of a catal yst wherein

synthesi s i s, SUbsEaNhAll Y. GOIPLELS: i ik A99ULAR dgur s of reaching a

target tenperature an reirn polyphosphoric acrd is an inconpatible

solvent. 11..The f@%@%&%ﬁ%@hﬁ mé?]rglln\ré\nggéﬁé\%ﬂ%?ngihgsp%&rogse};engogﬁper ature is

160C to _170C§' 12. tho n“said synthesis is _
substant i al |y cOgglgoich Mt SundOHUS: cohdne BF o AR hebAl: AGmvner ei n

said synthesi's is's y conplete wt
5% to 10% (wt/wt).

7. The method of claim 6 wherein the concentration of phosphorus pentoxide is
7.5%(wt/wt).
8. The method of ¢laim 1 wherein the solution is heated to a target temperatore of

160°C to 170°C.

9. The method of claim 8 wherein the target”{emperature is achieved in 4 to 6 hours.

10. A method for the synthesis of N-protected bis-3,6-[4-aminobutyl]-2,5-
diketopiperazine comprising the step of heating a solution comprising e-amino protected lysine
and a compatible solvent in the presence of a catalyst wherein synthesis is substantially complete
within about 10 hours of reaching a target tefnperature and wherein polyphosphoric acid is an
‘incompatible solvent.

11. The method of claim 10 wherein said target femperature is 160°C to 170°C.

12. The method of claim 10 wherein said synthesis is substantially complete within §

hours.

13. The method of claim 10 wherein said synthesis is substantially complete within 4
hours.

14.  The method of claim 10 wherein said synthesis is substantially complete within 3
hours.
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14. The method of claim 10 wherein said synthesis is substantially
conplete within 3 hours. 12 15. The nmethod of claim 10 wherein said
synthesis is substantially conplete within 1.5 hours. 16. The nethod of
claim 10 where in said catalyst is phosphorous pentoxide. 17. The mnet hod
of claim 16 wherein the concentration of phosphorus pentoxide is from5%

to 10% (wt/ .18 T d .iQ‘I' .at 1 on of
phosphor us \[I)Vie%t oxll%ae e:ag’dgg;@& ](ﬁye\?\%tlr?éagﬂlé% g{sr%t oéélﬁg% 812?%@%5@ where in
said c-phhe. protected lysine is Chz-L-lysine. 20. A nethod for the
synthesis of N-protected bis-3,6-[4-am nobutyl]-2,5- diketopiperazine

conprising the St QihdieRhRd PviRe ke QxBIQHR frdbih8rads AlktdRRicPr ot ect ed
|l ysine and a conpatible solvent in the preSence of a catal yst such that

sai d synthesizs haghedndidlod cRfn 160KRALIR the LBRRNRRYA aﬂsimm;eﬁ@'géht@ﬁdemphosphpri c
acid is an inconpatible solvent. 21. The nethod of claim20 wherein said

cat al ysfrom 8%pnbE¥phovsils pent oxi de. 22. The method of claim 21 wherein the

concentration of phosphorus pentoxide is from5%to 10% (Ww/w). 23. The
met hod of cl &%m 2 ioh clemel Tubredn the spicsprasien phelophsrig seperdedki de i s

7.5% (W g 4. The nmethod of claim 20 wherein the c-am no protected
| ysi ne%s%ﬁ’-l ysine. 13
19

The method of claim 10 where in said e-amino protected lysine is Cbz-L-lysine.
20. A method for the synthesis of N-protected bis-3,6-[4-aminobutyl]-2,5-
diketopiperazine comprising the step of heating a solution comprising e-amino protected lysine
and a compatible solvent in the presence of a catalyst such that said synthesis has a yield of

greater than 50% and wherein polyphosphoric acid is an incompatible solvent.
21. The méthod of claim 20 wherein said catalyst is phosphorous pentoxide.

2. The method of claim 21 wherein the concentration of phosphorus pentoxide is

from 5% to 10% (wt/wt).

23.  The method of claim 22 wherein the concentration of phosphorus penfoxide is
7.5% (wt/wt).

24, The method of ¢laim 20 wherein the g-amino protected lysine is Cbz-L-lysine.
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