CATALYSI S OF DI KETOPI PERAZI NE SYNTHESI S RELATED APPLI CATI ONS [ 0001] The
present application clainms priority under 35 U S.C. 119(e) to United

St at es Prwoizseconad4o Pat ent Applicati on Nunmber 60/ 603, 340 pCirtusdoosogarst 20,
2004. FIELD O F THE I NVENTI ON [0002] This invention is generally in the
field of chem cal synthesis. Mire particularly it is related to inproved
synt heses of / V- pr CATALYISIS OF DIKEVORIRERBZINE|ISYNTHESI8et opi per azi nes.
BACKGROUND TO THE | NVENTI ON [ 0003] Drug delivery has been a persistent

chal  enge in the pharmaceuti CE arts lparti cularly when a drug is unstable

and/ or poorly absorbed at the My to which it is

adm ni stered. One such class of drugs inc]udes 2, 5-diketopi perazines having
the gefRGM] st rlle Riesest amlmﬂplac@lms&r»%lmuad?ro%hﬂ-é-%\&&&65?0 United

2, 5-di iRer.azi ; el ebbyLry,
part 1 cOTAPT § oY enap Bl AR E I YR OIS T FPIRLE: oy
Nos. 5,352,461 entitled "Sel f-assenbling di ket opi perazi ne drug delivery
system " 5,503,852 entitled "Ketb@F Tyl INVENTION sel f - assenbl i ng

di ket opi perazi ne drug delivery system™ 6,071 ,497 entitled "M croparticles
for |upgnetg! i verhis daverticH g gbinkediypimehaziield; 6f ahdmicad 3dyntBasis.enMdreed

"Car bon-substituted di ket opi perazi ne delivery system" ch of .whi is
i ncor popEicstarivet & Felated: ter iaEped ?‘W‘th%e%ﬁﬁ\fv'@ qtg?b&q-ﬁ?ﬁ-&agnﬁl%@khes
regar dh@d@%@iﬁ@a&ﬂe@” nes and di ket opi perazi ne-nedi ated drug delivery).

Di ket opi'pérazimes can be formed into particles that incorporate a drug or
particles to which a drug can be adsorbed. The conbination of a drug and a

di ket opi perazi ne can i npar BAGKGROUND TO THE WIVENTIONt y. The particles can

beadm ni stered by various routes of adm nistration. As dry powders these
parti cl[@so3]jan IRrudedéliveretias beepecpéisistemtezimalienge fire theeppamaacauficalyattsm

d di ticl ize. Th ticl b d | I f

i ﬁgﬁ?plggggq%&{@?&p'gﬁiqigf@fémaeu E%e{ndllc():r ggorfyagbsoerbgg at tﬁg?ocuselrr}%grbod?/r

to which it is administered. One such class of drugs includes 2,5-diketopiperazines

having the general structure of Formula 1.
OENI&
R, N, o
Formula 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 entitled “Self-assembling diketopiperazine drug delivery system;”
5,503,852 entitled “Method for making self-assembling diketopiperazine drug
delivery system;” 6,071,497 entitled “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 particles can be
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suspensi on 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 pgoariaess4gan al so facilitate absorption of theprasdaseoaesy7dr ug.

[ 0005] A conventional step in synthesis of 2,5- diketopiperazines i ncl udes

t he preparation of L/-protected bi s- 3, 6-[ 4- am pobut 5- dlketoplpera2|ne

by t herddRninistaiad by MerigHs sputes af admiviskation.i Hs4rY 6 %F*bﬁserﬁﬁfm%tcﬁf‘l ng
processgs d

Dl 905 DR ellvpRE o SheaiERiaO 8 Y AARKaar) KoL [deridnd Shikiic dreduce

( DKP1) ThEhlpﬁrt}itﬂ@@ew ele: amwehsmnélhgerﬁughud)rysnwmratmm reteolintrarenb@is22
hours at 160C- 170C, a ro DKP1.in, an av i eld of about 47.5%
Dorer SusPoayan dosass amhe-onirgl deliry i Bl PR ot &) SusRendrDr or a8 1 o
an ob e 1 r th

for di té‘%%spg?gszsréﬁe@%ntable{éeﬁ SEH?HH%OFN@\@W&J?OOW e-rrrﬁ‘é@%ﬂ’és%%% gt hest o

i nvent ican giswfscilitaterabtsoptiort of thelessegiatdtediug. of di ket opi per azi nes usi ng
catal ysts such that faster reaction tines and hi gher yields are achieved
conpar 0005) conwamniven’ad)nasltﬁppsw swithesié sof. 2\3-diketipigerabimesainalugss ik t he
present invention horu xi de, i y¢l acondensat i on jeaction,
pr ovi dé’ief?ﬁ‘f?t'?'heo ?t§do 'Sd:I)’ Bé[gt%i‘ B@P%\g’i' ?eg KeRPRRERZINE ¥y e gher

purity ﬂ élﬁ'@éc}m of %g{é o dvERBoRNCEorh R cigl n?é?{h‘fﬁé’thgﬁgéﬂrocesses ut#hze

step(s) nmet ho e present 1 nvention provi hod for the
synt heiNsberfzy!depanh:Deyt)éwBIbes 3, (Cbizd--tysinegbut yio] - 2, pradiuket opi erdaGilie

i Si h f h f d |
Che pr SeBrdaRirarasbdfaBobuts Sk bRPefeziSe JPaanals Pioseor BtiRur
aci d ( Hgatiy Cb@hqwh@rinc r’@@féll‘.o( HsP@8)22 Higs HtOSEHRT- wonentaﬁwﬂ@v(d%%OS)

[ 0009] One enbodi nent of present invention provides a nethod for the
synt hedKP biin gn- @YQfEQGt)é@ldefsa@lﬂ 45 npitenrcrystatiization keny glanialacatie
wher ei Q,lccpe eam no

[0006] Therefore, it is an object of the present invention to provide improved

methods of synthesis for diketopiperazines.

SUMMARY OF THE INVENTION

[0007] The present invention provides methods for the synthesis of
diketopiperazines using catalysts such 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 purity in

shorter reaction times over that of conventional step(s)/method(s).

[0008] 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
of e-amino protected lysine in the presence of a catalyst selected from the group
consisting of sulfuric acid (H2SO4), phosphoric acid (HzPO4), and phosphorus
pentoxide (P20s).

[0009] One embodiment of the present invention provides a method for the
synthesis of N-protected bis-3,6-[4-aminobutyl]-2,5-diketopiperazine wherein the e-

amino protected lysine is (N-benzyloxycarbonyl)-lysine (Cbz-L-lysine) and the



protected lysine is (L/-benzyl oxycarbonyl)-1ysine (Cbz-L-Iysine) and

t heproduct is

bi s- 3, 6- [WO/20dmana84boxycar bonyl ) - 4- am nobut yl ] - 2, 5- di ket epirpse@ziozs7{ DKP1 )
[ 0010] Anot her enbodi ment of the present invention provides a nethod for

ihe synt hesi s of L/-protec bi s- 3, 6-[ 4-am pobutyl ]-2,5-di ket opi per azi ne
wher ei PTPRECts ol UBi on%'%%r@et(g’gaeQ@'%YPaL%YB}‘QﬁBW%QJIY'@?&% ibateatne 1 o
1700C. (Pg%fq target tenperature is preferably achieved in about 4 to 6

hours. 1%] In yet another enbodi nent of the present invention a nethod

for th hesj} /= . . .
bi s- 3, 40P38E ot waliofer prsRtictyBhiL BE the present inveption; rovides;, metigd 567 (i,  ng
a sol utsypthesls eofal-ptectot ebisedl6HesamimobotyiHa Satikstopiperatina wheedifsthe s

provi ded wherein synthesis is substantially conplete w thin about 10 hours

of read®yHprais Begld WeRparentuedPavpiuse miedlkaulnl §0°G i WPhtned s fasget
5ubSt Ak el RO Bl HehitRRGH bR 4E | hdurgour s, i hour's, 3 hours, or

2 hours reaching a target tenperature. Mst preferably, the synthesis is

bst . . I (1 . :
tenper 4007 ¥ oBiTBsC gt M En BB S BBt AT B Brotioues
net hod dypthddhe of Wiphestted dbis{3,64p4-einsinbleatyl]-2,5-diketopiperazine comprising the

bi s- 3, 6-[ 4- am nobut yl ]I 2, 5-di ket opi perazi ne conprising the step of heating
a sol utstem obheating aaluion plos-antire Proteried lysinein MRe pregsansel of 3 eatelyshia ) -

| ysi ne k- Fe) aurd he.p I '%Hﬁgla haf us
pent oxirgg{,ﬁa\%,he%?hé?@y%dﬁ%%g Iﬁaéﬁgg[%ﬁg?@f oc? ng?%%t g’?ﬁjmﬁan 6%?0 %ﬁg]&{

Anot herreadtingi aetargetf terhpemteeent Mony gurefarablyr dhe demthesist isodubsiantialby

synt hesi s of L/-protect bi s-3, 6-[ 4-ani nobutyl]-2, 5-diketopiperazine in

t he pr«.fsoé?ﬁ@teo’r"'tﬁ'ﬁ‘eat&%‘{t%d%?rSp%oEBH[‘\@r AN éx‘? s’tﬂ'égchﬂ‘rtfﬁrﬂf rSPTYR9 &
phosph | i N e % L4k Shessh i S,
advant gg’ébs%tgﬁg ¥ ee;cgﬁg}'ey%?cq*%fee??/%@éﬂ?o@nn%g?%%es nor e t%?lcyrﬁ'ﬂstefg‘{tggg and
appr eciatiosdi 1y howfsarfeaaehing attacgatrtemperatepssci fi cati on. BRI EF DESCRI PTI ON OF

THE DRAW NGS [0015] FiG 1 depicts a flow chart of 2,5-diketo-3,6-di(4-
[0012] Another embodiment of 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 of an e-amino protected lysine, such as (N-
benzyloxycarbonyl)-lysine (Cbz-L-lysine), in the presence of a catalyst, such as
phosphorus pentoxide, wherein synthesis has a yield of greater than 50%.

[0013] Another embodiment of the present invention provides a method for the
synthesis of N-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% to 10%.

[0014] These and other objects, advantages and features of the invention will be

more fully understood and appreciated by reference to the written specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 depicts a flow chart of 2,5-diketo-3,6-di(4-
fumarylaminobutyl)piperazine (fumaryl diketopiperazine, FDKP) synthesis according

to one aspect of the present invention.



fumaryl am nobut yl ) pi perazi ne (fumaryl diketopi perazi ne, FDKP) synthesis
according to one aspect of the present invention.[0016] FIG 2 depicts a

f | ow charwoahodni23s48, 6- [ (L/ - benzyl oxycar bonyl ) - 4- am nob PCT/US2005/029777
utyl]-2,5-di ket opi perazine (DKP1 ) synthesis according to one aspect of the

t i tion, [0017]. FIG 3 depicts th '
(L/ - bold1&lcy b ) dppistncg Bo L PhaRnett dDRITIOEIMINYCANAI: aci d

cat al ysi dSe ae | ln I+ QtF. +H0018]
Fra 4B AERbatde. ARPATRTPincRis, HPEoBR] & o Rt A e or ¢
aci d caprederdiisvergionods according to one aspect of the present invention.
[0019] FIG 5 depicts the conversion of Chz-L-lysine to DKP1l using the

phospheoo7ipentpiG.dg dulicts Yibescomidisidn ef ¢NHsEngloxgcaenghysite o ChizHe-
present invention. [0020] FIG, 6 depicts_a conparison of the three
cat al y&sineie R hysing thrsulfypie acid raiahusisp malieds pRGYAINGIP oPe@spectoic 7

depi ct ot equence of the P20b-catal yzed cycl odi nmeri zation
accordi?rﬁéng%gegﬁE\}aegggcﬁ:t of the present invention. [0022] FIG 8 depicts the

overal | vi&el d P1 versu I e I.ng the-phqs ru [ | yst
of 1 e I8 n it e A5RERS by Enb8ishd \odo GRSl PR b PG o
THE | NYRYSpRSYid¢ 86iddatdipsis Pigthes acouivid Roms agpeeofims pratent inventien.

synt hesi s of diketopi perazi nes using catal ysts such that faster reaction

times ;?théj' ghe|yi gl depris tAENCEMASKSIRMAT EBzLIQlyeRiEY @8t DR using the
step(s)/ nethod(s). Uilizing the catalyst of the present invention,

phos phehosphentsorentioxidencatatypis swathdds soconding daceneaspgebef dee presente
synt hesi s ?I di ket opi perazi nes of higher yield and higher purity in shorter
reacti JNVGVPEs over that of conventional step(s)/ nmethod(s). [0024] The

Con eDIFRR] o P e RRABRLT T 15 P Mo ol A € "

di ket opisPeEEEH A8 present invention.

[0021] FIG. 7 depicts the reaction sequence of the PyOs-catalyzed

cyclodimerization according to one aspect of the present invention.

[0022] FIG. 8 depicts the overall yield of DKP1 versus time 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 to conventional step(s)/method(s). Ultilizing 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 uncatalyzed reaction is Iengthy, 18-33 hours, with yields under 50% and in some
cases as little as 25%. Such lengthy reactions and relatively low yields lead to

undesirably low reactor throughput in industrial applications.
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FDKP), commonly begins fromthe thermal cycl ocondensati on of e-am no
protected |ysine, for exanple (A/-benzyl oxycarbonyl)-lysine (Cbz-L-Iysine)
(see Fl Gswolo@nd3®2y. The uncatal yzed reaction is | engt hpCTAB2@3/0keyar s, with
yi el ds under 50% and in sone cases as little as 25% Such | engthy reactions

and rel atlvely |l ow yields | ead to undesirably |ow reactor throughput in
i ndust 19825kappl it inPBeSIgled Mgt qthersshaysprerd RhesPhargys Pertpdd %'925

hosph gsr th
G0l vent ERE B SR BB B b ot A e P coc.
1957, 4Gaffples se@alllAskyPMmalAssdwr‘le%T t463391J-Bh<ﬁ$m$k§sce’u dle wiwreig the
| yph h d th I h
Feuet né s dascr he Uiie BRERGPMEHIcTaciBMIB: Badp it=APp aebataEn s voc
3001 (idlaniRe dléaglnég’fkoléﬁﬁﬂ@aﬁtg gﬁlen é’{é‘?{r‘?‘é Bh iSeaLines! Se@hidd ARRAVOC

hyr opyri m dones usi ng P2Cb e pol yphosphat e ester) as a

cycl occitﬁl@éns(an)l an/ de3Brdid4ht | Bappeagdntali swdj\ewm be. syathesionalf| Bigimelll.

1061 . 26 2534-6_ Fr| ' Ph
" peptiBEoRYHTHEeS. » SBgcr Faa ¢ o eithei sPOUPROTRITR barEhol it o

hydrog%@cl@ﬁ@ﬁ@@héﬁbnﬁ&@d@&mﬁh '@ t id OfledBribeRY aAHdlﬂ@ﬁéll)d'éé%OtJ d@r@rom
protected am no aci nments. wever, it was surprisingly discovered by

the_pr &hem. o ooy 253461 Ellnader tBbpapharin antoNde Bets oYL 16 TRAE neq
(L1 VR sy B O GEEAEis s (Wit Dt BFrIBAT, htelen REBsPPIRIRER 1 bl

with the seagegentsoromaiiig ariereintdipayidy fiom pTdm@tedaaar&h@Iacﬁd fidemterntoul d
speed the reaction and generate higher yields was_ sou [ 0026] One

onbodi AT 1t SERRNNgH KisaavsFed Rl (ecBraseet .IW@@?%H&@F e beagion
cat al y hnhoRst Qﬁda*gemn&ﬁ crifagt |n°”ché°ab89é CéiRd tr‘é’F‘ehréHE sukd8 in

reaction and to generate higher yield pércentages of fesent Tnvention.
The t hdegraddtioowiohghee @gbenzyloryareory! 1bisad fsdnrtmgematenaéfanmdbss agere

catalysts for, this, d drat. clocond nsati.on reaction: @é uric Cld
C o SO TNCasmeRts Mt e aphiabee) e, RS ATt i08. & of W 8} By
meeS%‘ c88 the FEAMRM and' @@nérﬁfémltgﬁépy?'bﬁﬁ\lﬁé %Mu@ﬁ’t”p' ete" as used here| n
W th regard to the synthesis of The present invention refers

[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 (H.SO4), phosphoric acid (HzPO,4), and
phosphorus pentoxide (P2Os) 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-3,6-[(N-benzyloxycarbonyl)-
4-aminobutyl]-2,5-diketopiperazine (DKP1) were monitored by high performance
liquid chromatography (HPLC) at time points throughout this reaction. At selected

time points 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% vyield

was achieved in only 4 hours (see FIG. 3) as compared to the conventional



to at | east about 80% of the starting material being consunmed within the
prescribed tine period. Reactions were carried out wth each of the

pot ent i alwoab@lozst4s. The consunption of Cbz-L-Iysi ne ang#crhs2@spearance of
bi s- 3, 6-[ (L/-benzyl oxycar bonyl)- 4-am nobutyl]-2, 5-di ket opi perazi ne (DKP1 )
were nonitored by high perfornmance |iquid chronmatography (HPLC) at tine

poi nt's W?‘Eﬁh@%feaﬂﬁ'g@ trags of g}r‘;).m ,on%ﬂéch%sttprﬁ@%i% EO‘IDI%FiP aeldeve & at ed
and 't%"*"ﬂ'%ﬁ?%ﬁ?’e% Bgrceﬂ'l /] The presence of sulfuric acid as a

e n

catal yst resu a yieldof about 35% which is within the range of the

uncat al re I Vel | %, VI was ,achi.eved in,only .4 hours
(see FI[@igl) agﬁi%ﬁﬁg?mcogé%ggg%ﬁﬁ%hﬁ g@éa%%%@\ﬁyé%?&m%ﬁ? '%itpr@ts of
from aliondd E8ndamed dtdeadtaaioudB0NH uf $hd Chadhiyeiee By Jbdut Birebatiirs 0OThd €l d
percentage. [0028] The phosphoric acid catalyzed reaction was substantially

conpl eKibh Wiagstable whencoyaluaed Wkhingh §puEm bl ihespsactipnt and i Vield yéisne by

about [ ss6t abl e when evaluated within 4 hours of the
reacti gﬁ“ﬁ@?ﬁéﬁwgﬁﬁbﬁs&f%hﬁto be about 55% (see FIG 4). [0029] The

phosph pentoxi al yzed,reaction h consuned, about 90% of

oo L ROUESE by He RBaPRAT e ol wHees Moo SoBimed SR O8% abou
1.5 howfshe Bbztysim® by, hblveand ebiswsd SirhestalineptHeoChe-LaRsime BPYbosEee

FIG 5). Thus, ail three catalysts significantly increased’the fﬁ;{)eed of the

react i dr® heues-pHYsibifo PPt athedyiglddwas siiaanioed teche @bioyt 68 dseaqdl@aded t he

yield e S Tapl e [ of catal yzed
Ve unag BT e TaRn e e B o ot e S PEG, RERu8h, e
react i phesphorihi@ciyl enenphosphonbu pentudidelalsd iicreased@he lyisidt petceatage

mcr es?l i Ewy%eng _Iglt%!cgg propyl ene gl ycol, toluene, xylenes and

equi val\&f §'RnOAACL'PXR0se skilled in the art. Additionally, as will be
apparent to persons skilled in the art, various solvents have different

boi | i nd adeeampatdsemafl gripkzed ysawacatayized B> 1 swathesis t enper at ures and

reaction trmes ”b%sé/d' y uFeLmV;VFeFa{fur%va et ﬁ'in'fmg'ﬁll-‘s S

Cata % Yield DKP1
None 165 24-33 25-35
H2S0, 165 4 35
HsPO4 165 4 55
P20s 165 1.5 60

[0030]
but are not limited to, m-cresol, ethylene glycol, propylene glycol, toluene, xylenes

Solvents suitable for use in the reactions of the present invention include,

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.



Exanpl e 1 Phosphorus Pent oxi de Catal yzed Synthesis of 3,6-bisr4-( L/-

benzvl oxvcar bonvl ) am nopr opvn- 2, 5- di ket opi perazine (DKP1) | [0031] A 4-neck
1-L, roumstokzoddiass4bl ask equi pped with a nechanical stirpemjustévsnaocoupl e
tenperature readout/controller, nitrogen gas inlet, and short-path
distillation apparatus was chargew&% g of Cbz-ornithine, 7.5 g of
phosphorus pentoxi de, and 300 mi ol. The stirrer and nitrogen
purge were started. The slurry was_heated to 165C 5C. After formation of a
conpl ete sol ution (approxi rrately sﬁ_ﬁmglﬁ_hut es), the mxture was held at
165C for an addi r,\,armved and the
sol ution cool ed O d—t+1—a 2000- nL beaker
consi sting of abe@icﬁ@cmbdnﬂ)anmﬁomﬂlamﬂ dlkbﬁirmﬁeréiWDKP’b)l The warm
reaction solution was poured into the stirring nethanol (MeOH) sol ution and
the resulting suspension stirred for 30 m nutes. The suspension was
filtered thPough a medi up porosity sintered glass funnel and the filter
cake vvashed/”\ie nt iall th 250 m _ MeOH, 250 nlL deionized water, and 2 X
250 mL MeBH. The isol afed BFoduct was dried overnight in a vacuum oven
(500C, 30N nchgs of nemgury) p,dhe-cesdide product was recrystallized from

acetic acid dried in a vacuim o en Lo give 58.5 he desired
di ket opi per & 3. El enental Anal ysi c C 62. 89 ;
62.1 5 H 6.64 11. 09 1H NMR Anal ysi s %@
7.28-7.37, 10H (CH); d 7.08, 2H (NH)
d 2.99-3.01 , 4H (CH2); d 1.60-1 .70,
(CH2) Exanpl e 2 Phosphorus- Pent oxi de Ca [ 0032]
A 1-L round bottom flask equi pped with aWyethani cal &tirrer, shorx-path
distillation apparatus, a thernocouple tenperature read- out/cont roller, and
2 L eemy O A 288k ML 998uNAHRIERY bk YtUTSpdd W) rBAGRRE Si74P 9)
thermocouple temperature readout/controller, nitrogen gas inlet, and short-path

§.01 '-d3p9 2H(CH)

distillation apparatus was charged with 100 g of Cbz-ornithine, 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:  (de-DMSO):
§8.97, 2H (NH); § 7.28-7.37, 10H (CH ); § 7.08, 2H (NH); § 5.01, 4H (CHo); § 3.79,
2H (CH); § 2.99-3.01, 4H (CHy); & 1.60-1.70, 4H (CHy); & 1.46-1.57, 4H (CH>)



pentoxide (7.5 g). The reaction m xture was stirred, heated to a target
tenperature of 165C, and held at tenperature for 1.5 hours. See FIG 7.

[ 0033] Afwenroamrpdset i on of the heating period, the reacPCcoruss@soee7on was
allowed to cool to roomtenperature (22-25 0C) and quenched with a sol ution
of deionized water (100 m ) and MeCH (400 ml ). The resulting suspension
was stirred for 30-60 ninutes and EX@RAPEIZt er ed t hrough a medi um porosity
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acid was heated to reflux in an Erlenneyer flask egw loped with a
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di ssol dti on occurred), was renove m Xt'ure coo

t enper aifuBE°Of ahdhsldtataemberitre fori 0B hoars. BaecFIQ. 71 nL/ gram of crude
product) was added to the flask and the resulting suspension was cooled to

room t oP83at Urgfta¥ édmpletibhi dTahe \Hatifg RRirioad i réactidnhsbiitfon Was allowed
precipitated solid was filtered through a nmedi um porosity sintered gl ass

f unnel tarf@ohde eemvienmperaiwai (28Rl and gusnaleyl with arselutiost ehdeiosized100

m.). Th ' t L e i ]
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[D&SS] rﬂ“dmeteiaedmdil ﬁ?iwmre?mmdugg an?ddum Ipored iiyfn@?e@@b_és—ﬂm&%lm%?gﬁl&ﬁf m
was eval uated as a fupctia reaction heating tinme an char ge.

React | GRECWEATWasRed saduprtialy Wit 359 i MaQH 2 5435k deipniaed waler 2

Cbz- L- 'Z)Sb@@%WéDHari ous heat ig"ng times (Table 2). Thqe data indicated that

yield and purifty were nmaxim zed using 7.5% P205.[0036] Subsequent

exper i ggsg Wer-phdlGdtItad Whd ARBY! hYa QRLTR o%8AYLE 565, T $he recovered

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

mL/gram of crude product) according to the following procedure. The crude dry
DKP1 in acetic acid was heated to reflux in an Erlenmeyer flask equipped with a
thermometer and a reflux condenser with nitrogen head and outlet connected to a
caustic scrubber. After 5 to 10 minutes (to ensure that complete dissolution
occurred), the heat was removed and the mixture cooled to 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
Optimization of Phosphorus Pentoxide Catalyzed Synthesis of DKP1

[0035] The dehydrative coupling and cyclization of Cbz-L-lysine to form DKP1
was evaluated as a function of reaction heating time and P-Os charge. Reactions
were carried out using 5%, 7.5% or 10% P,0s5 (wt/wt based on Cbz-L-lysine) with
various heating times (Table 2). The data indicated that yield and purity were

maximized using 7.5% P20s.



the 7.5% phosphorus pent oxi de catal yzed conversion of Cbz-L-lysine to DKP1
. Additionally, these reactions were nonitored for the di sappearance of
Cbz- L- | yswoeoodi268495 shows data obtai ned froma study i RCEhiSednsoReE77
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sinmul ate the large vol une heating tinmes. "These reactions gave yi el ds of
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heating profile enployed in production volunmes. Both reactions reproduced

the reqpbs 5]80btﬁé\ﬂﬁ iddntifiea 113H10'iﬁ§|a§ thd Bgtm@a?éac@uaﬁ tid esevepalabhetitrg) ds of
58. 9% and 4% wi th purity conparable to the current process (99.8%.
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so fort
HPLC analysis showed this material to be >99.5% DKP1. This

after 1.5 hours.
reaction was repeated with comparable results, namely DKP1 (100.0 area %) was

DKP1

isolated in a 60.3% yield. The reaction was also performed using heat ramps of 4
hours and 6 hours to 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.

CBZLys(g)| %P0, | Tmeperiod | Temp. | Overt ¥ield - Pury
100 10.0 0.5 165 52.90 100
100 75 1 165 53.30 100
100 75 1.5 165 60.90 100
100 7.5 15 165 60.25 100
100 7.5 2 165 59.20 100
100 75 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 75 4 165 51.60 100
100 75 1.5* 165 59.60 100
100 7.5 1.5** 165 63.10 100

*4 hour heat ramp

**6 hour heat ramp




used in the specification and clains are to be understood as being nodified
in all instances by the term "about." Accordingly, unless indicated to the
cont rary,woheoamsspi cal paranmeters set forth in the fol lpomusgoespewifi cati on
and attached clains are approximations that may vary dependi ng upon the
desired properties sought to be obtained by the present invention. At the
very | east, and not as an attenpt to limt the application of the doctrine
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from t hewesdlpyiéd of ©8.9%i and 584% wmtht ity donsparabler éo ttles tdungnirgascessnent s.
[ 0040] Theo}erms "a" and "an" and "the" and simlar references used in the
cont ext(988%kscri bing the invention (especially in the context of the

foll ow n8 clains) are to be construed to cover both the singular and the

pl ur al ,[0089kss Unlesswiothermifg cindiaptewdr allh BIMBEBarexpressing aduanbidepyof

Coxt. Tty L OT -
o sriny Bk e BRs st AEF Bs nokRLRESWAGHE BabofBbliohS, BRI tperve
fal i nqusaidt ini thet sedifivation did eksmetdrertol ise unddrstade dishbeiagrmodified in all

i ndi vidual value js incorporated intg the specificati if it were
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clearly contradicted by context. The use~of any and all exanples, or

exenpl approdintiags that gay"wary depsnding opoddbe ldesied prepertiesnstaghirdo dley t o

better illumnate the invention a oes not pose.a lLimtation onthe.scope
ot he QH0BRESN s HEsRNL EVENiPRadt (8 Vemhdtdeant noheSut et Bedio Smhon o
be consheugshiratibR BiCtHd HBcAMe BPediiviiond & Henicopesenthél claifd, héach
practice of the invention. [0041] G oupings of alternative elenents or
enbodi mumneriesl paameter shoulshat least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Notwithstanding that
the numerical ranges and parameters setting 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 resulting 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 individually to
each separate value falling within the range. Unless otherwise indicated herein,
each 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 otherwise clearly contradicted by context. The
use of any and all examples, or exemplary language (e.g. “such as”) provided herein

is intended merely to better illuminate the invention and does not pose a limitation on
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di scl osed herein are not to be construed as limtations. Each group nenber
may be referred to and clained individually or in any conbination with

ot her nmerwensocR3g4dhe group or ot her el enments found her eiPnT/USR0NS®29777
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made t dgreinetieemedhdo pontaire the goupcas modifiechthasghbiling thieswdtber ideiscripticm.

Each of .th b it f d ' ublications are herein
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| osi L b d .00d . that the enbodi nent f the inventipon
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t he inventi on. us, by way of exanple, but" not of limtation, alternative
conf i guadiations oo fthoseeprafersed embodimentswilidecomeuappareatita those ofoddinary wi t h

e o5l B "51 Hfo. ASEG Hohea S BEBAS IR, EREDHVARHS cFBlel b 0
artisans to employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically described herein. Accordingly,
this invention includes all modifications and equivalents of the subject matter recited
in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless 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, alternative 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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1. A nethod for the synthesis of L/-protected bis-3, 6-[4-am nobutyl]-2,5-
di ket opi perazi ne conprising the step of heating a solution of e-am no

pr ot ect edwbysiane3g4m t he presence of a catal yst sel ect edpCmrarsease2group
consi sting of sulfuric acid, phosphoric acid, and phosphorus pentoxide. 2.
The nethod of claim1 wherein said e-amno protected lysine is

(Noenzy| oxycXpabisyalaimadisi ne (Cbz-L-1ysine). 3. The method of claim1

said catalyst 1 pHEAApdfaThE yheBR G brotE KR B0 a2 o
cat al ysdiketspipeesgite compripiagt theisdep obhedting asbhubionalf cedraino frotdutecdi n t he

concentrati on of phosphorus nt.oxide iis from about 5% t.o ahout 10% 7. The
ot hod NS AR B SRRBES oA CRAVE Rt B H TSt S OB SRSIUET A A uTde. | o

7.5% 8id. hBRE a8fd. ShaidRokphbRIsSidhtdigesol ution is heated to a target
terrperatcdr’gﬁ]gfgsagouta 1600C'jtﬁo E?OOCS,‘.EH 9. The nethod of claim8 wherein the

target tenpeyaturg.d ' o Ha_ : d for the
synt hesi s o?iL/ - [;fnoét @g,?g%ﬁ gf:’@ggﬁ 2| 4- gmsﬁ%' gtépi?ﬁ;s@te%?ig@%gﬁ%g?gm ne
conpr i sharzyldxgcarbenyipilydiea(CbrLdysiokut i on of e-amino protected |ysine in
the presence of a catal yst wherein synthesis is substantially conplete

wi thin about3 10 hrHy mefiod 8REIBINMY Wwhéralrosdid icatalpstas BuRuriddcidThe net hod of
claim 10 wherein said target tenperature is about 160C to 170C. 12. The

met hod of clgi m Hhaheigbdofdhln IWMAIEH Saill Tataipsttiaphbabhoricasm! ete wi thin
about 8 hours. 13. The nethod of claim 10 wherein said synthesis is

substantial Iy comyLiRiNAd Bf BafhaUhhételMPsKid catalyst is phosphorous pentoxide.
6. The method of claim 5 wherein the concentration of phosphorus

pentoxide is from about 5% to about 10%.

7.  The method of claim 6 wherein the concentration of phosphorus

pentoxide is 7.5%.

8. The method of claim 1 wherein the solution is heated to a target
temperature of about 160°C to 170°C.

9. The method of claim 8 wherein the target temperature is achieved in

about 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 of e-amino protected
lysine in the presence of a catalyst wherein synthesis is substantially complete within

about 10 hours of reaching a target temperature.

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

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

complete within about 8 hours.

13.  The method of claim 10 wherein said synthesis is substantially

complete within about 4 hours.

14.  The method of claim 10 wherein said synthesis is substantially

complete within about 3 hours.
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14. The method of claim 10 wherein said synthesis is substantially conplete
w thin about 3 hours.15. The nethod of claim 10 wherein said synthesis is
subst ant ivabl2gosonsgabet e wit hin about 1.5 hours. 16. The metrhmsdoosfzariai m 10
where in said catal yst is phosphorous pentoxide. 17. The nethod of claim 16

wherein the concentration of p_hoaﬁhor us, pent oxi%e is fromabout 5%to about
10% 18. ThdSvet Hde Bethadehslaim dpahareinigaid sypibesisriastbstastialbhosphor us

pent OXiéagl'u%léte?wi?r?f?\ a%%g’%ﬂfh%md of claim 10 where in said e-am no

protected'Tysine is ine. 20. A nethod for the synthesis of

L/ -protecte i s-3, 6-[4-am - - di ke i perazin rising the
step of hea’?liGﬁg Orp%ﬁ]ogﬂbfgcﬁg@é ihql”f@rgﬂ%g%' t%agglblg@ls%qsﬁh%ﬁ)@gpresence of a
cat al yglenthigdei n sai d synthesis has a yield of greater than 50% 2 1. The
met hod of claim 20 wherein said catalyst is phosphorous pentoxide. 22. The

net hod of cl@gi m er%a WRET BF ¢18fn 46 MRIEMAhE ToneEnRERSPBPPKSsPRRIHXI de i's
from about 5% to about 10% 23. The nmethod of claim 22 wherein the

concentpentoxithe &f fromospht 596 tpahodx1We. is 7. 5% 24. The method of claim 20
wherein the e-am no protected |lysine is Cbz-LIysine.
18.  The method of claim 17 wherein the concentration of phosphorus

pentoxide is 7.5%.
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 of e-amino protected
lysine in the presence of a catalyst wherein said synthesis has a yield of greater than
50%.

21.  The method of claim 20 wherein said catalyst is phosphorous

pentoxide.

22. The method of claim 21 wherein the concentration of phosphorus

pentoxide is from about 5% to about 10%.

23.  The method of claim 22 wherein the concentration of phosphorus

pentoxide is 7.5%.

24. The method of claim 20 wherein the e-amino protected lysine is Cbz-L-

lysine.
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