-1- Alpha-N-methylation of amino acids The present invention relates to
synthesis of "N-methylated amino acids. In peptide synthesis, amide bond
"N-methylation often serves to abrogate proteolytic sus- ceptibility,
enhancing the stability of the peptide with minimal structural perturbation.
Methyla- tion of amino acids dates back to the work of Emil Fischer, who
was the first to achieve mono 5 methylation of a -amino acids (Fischer, E.;
Lipschitz, W. Chem. Ber. 1915, 48, 360.) Fischer's three-step synthetic
“route comprised the following three key steps: transient protection of the
primary a-amino group to leave a single N-H group, "N -methylation to
replace the N-H with an N-CH3 group, and deprotection of the transient
protecting group to liberate the now-secondary, "N-methyl amino acid.
Notwithstanding differenggs in-thenchasisalminutiae, the same three key
10 steps are still used in many N-methylation chemistries employed today,
some 100 years since Fischer's seminal work. Analyzed in detail,
FischeF'® origiral chenistigswasngrobleiVatic fotawomeasoids. First, his
use of a toluenesulfonamide (tosylamide) protecting group in the first step
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piimary mprovement in - /Nom on Chemustry was reporie et
26 which the Leukari reaction was used for the methylation of “N-benzyl amino acids (Quitt, P. In
Proceedings of the 5™ European Peptide Symposium Oxford, UK, 1963, p 165-169).

The mildness and chemoselectivity of this reaction - both eritical for functional group tol-
erance and, by corollary, general applicability - allowed access to stereochemically-pure “N-
methyl amino acids with a range (though not all) of the proteinogenic functional groups, as later
25  elaborated by Ebata et al. (Ebata, M.; Takahashi, Y.; Otsuka, H. Bull. Chem. Soc. Jpn. 1966, 39,
2535). As these reactions achieve Fischer's third step - N-deprotection - via catalytic hydrogena-
sion, catalyst poisoning by sulfur-containing amino acids, reduction of Tip indoles, and insolubil-
ity of the aminc acids in hydrogenation reactions are all problems which manifested in generally
low yields. Nonetheless, this chemistry set the benchmark for subsequent syntheses of stereo-
3¢ chemically-pure *N-methyl amino acids.



low yields. Nonetheless, this chemistry set the benchmark for subsequent
syntheses of stereo- 30 chemically-pure "N-methyl amino acids. -2- Since
the demonstrated efficacy of the Leukart reaction for N-methylation, a
number of other methods for this transformation have been reported over
the subsequent years, with varying degrees of complexity. These have
been reviewed in detail elsewhere, but were mostly innova- tions which
allowed access to specific structures, such as natural product synthons,
and were not 5 intended as generally2applicable methodologies for
N-methylation (Aurelio, L.; Brownlee, R. T. C.; Hughes, A. B. Chem. Rev.
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15 wiichchds AloRghBeen réuedrized 1o/bEincHrmpatible with solid-phase
synthesis due to the virtual impenetra- bility of the solid support to catalyst
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phase for peptide synthesis according to the Boc/Bzl strategy (Kaljuste,
K.; Unddn, A. Int. J. Pept. Prot. Res. 1993, 42, 118-124). In this chemistry,
the 4,4rdimnethoxyiiphenimaitsylschioride: (Dod-Cl)isusetcasdtie atkyreduc-

25 tive methylation could be emploved on the solid phase for peptide synthesis according to the

Boc/Bzl strategy (Kaljuste, K.; Undén, A. Int. . Pept. Prot. Res. 1993, 42, 118-124),

in this chemistry, the 4,4'-dimethoxydiphenyimethyl chioride (Dod-Cl} is used as the alky-

lating agent for the “N-deprotected peptide resin. In the second step, the now-secondary “N-
terminus is reductively methylated using formaldehyde and NaCNBH: as the reducing agent.

30 The final deprotection step is then accomplished with 1:1 TFA:CH,Cl; on the solid phase, liber-
ating the Dod cation and the newly “N-methyi terminal amino acid residue. The benefits of this
chemistry stem from its mildness - the absence of strong base, SN2 alkylation, heterogeneous

catalysis, and heat - and al} render it completely appropriate for on-resin “N-methylation in the
context of Boc/Bzl SPPS.
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lating agent for the 'N-deproteeted peptide resin. In the second step, the
now-secondary "N- terminus is reductively methylated using formaldehyde
and NaCNBH3 as the reducing agent. 30 The final deprotection step is
then accomplished with 1:1 TFA:CHZCI2 on the solid phase, liber- ating
the Dod cation and the newly N-methyl terminal amino acid residue. The
benefits of this chemistry stem from its mildness - the absence of strong
base, SN2 alkylation, heterogeneous catalysis, and heat - and all render
it completely appropriate for on-resinN-methylation in the context of
Boc/Bzl SPPS. -3- However, this chemistry requires a strong acid to be
used kotiredinak deprigte ctivnes teprotiiediptetestiontisf fihe dp:Dedon step; the
tefminusianahnbiate shprotonged-(@ b} sexposuog tohigh concaidtatiaRsraibns
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iInGerpatires i 0 i frnasdBuisR B&cy&mwﬁé&ﬁb&m%ove side-chain
cggggcgg@é}% gﬁ@p@@g@p&%&ﬁg@@@m@g&pve side-chain 5 protecting
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507-514). The incompatibility of Fukuyama's chemistry with Arg(Pbf) likely stems from the
similar pKa of the nitrobenzenesulfonamide and the Pbf sulfonamide, whereby the Phf-profected
guanidine 1s alkylated as well as the intended N-terminal nitrobenzenesulfonamide.
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Rivier et al., who opted instead to use Unddn's chemistry (in a Boc/Bz|
synthesis) owing to its greater side-chain compatibility (Erchegyi, J.;
Hoeger, C. A.; Low, W.; Hoyer, D.; Waser, B.; 25 Eltzschinger, V.; Schaer,
J. C.; Cescato, R.; Reubi, J. C.; Rivier, J. E. J. Med. Chem. 2005, 48,
507-514). The incompatibility of Fukuyama's chemistry with Arg(Pbf) likely
stems from the similar pKa of the nitrobenzenesulfonamide and the Pbf
sulfonamide, whereby the Pbf-protected guanidine is alkylated as well as
the intended N-terminal nitrobenzenesulfonamide. i-N H % H H-oonne H
H o o Arg(Mtr) Arg(Pbff)) 30 -4- In the years following the application of
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covalemtiydmadify:othrt: regieddues sutehyasol rhekibins sobsgENkir bisre10t afbyia-

effestivaalternativedie-tine smereciddabile Ag{Bhbng protected or unprotected nu-
cleophilic side-chains, notably Arg{Pbf), Met, Cys, and Trp.

SUMMARY OF THE INVENTION

The application provides a method for *N-protection of an amino acid comprising the step
of contacting a side-chain protected or unprotected amino acid or peptide with Dbs-CL

The application provides the above method, wherein the amino acid or peptide is coupled
to a solid phase resin.

The application provides the above method, wherein the amino acid ts Arg{Pbf).

30 The application provides a method for *N-protection of an aminc acid comprising the steps

of

a} coupiing an amino acid or peptide to a solid phase resin



20 in a peptide build scale up procedure requiring incorporation of an
"N-methylated Arg. Therefore, there exists a need for "N-methylation
chemistry suitable for on-resin methyla- tion compatible with Fmoc/tBu
SPPS and with amino acids bearing protected or unprotected nu-
cleophilic side-chains, notably Arg(Pbf), Met, Cys, and Trp. SUMMARY
OF THE INVENTION 25 The application provides a method for
"N-protection of an amino acid comprising the step of contacting a
side-chain protected or unprotected amino acid or peptide with Dbs-ClI.
The application provides the above method, wherein the amino acid or
peptide tertseinsld rredersolittphage Resifl The application provides the
above method, wherein the amino acid is Argg’bf)._ 30 The application
providB¥ PGB AR AORE TS S SRCETRITG LU Etcé%sp?fé'&@the steps

of a) cpupling an amino acid or peptide to a solid phase resin -5- b). )
conaciCE e Brotdt o e e LR IR e

the™st fact 1 bl . .
thie Above ﬁ‘i’e%é’ ,a‘\:/\}ﬁ%?lélaﬁn e amino acid 1S rgs’(Ej f). The application

5 proviogs a methad,fon Y- methylation.f anAmine A o8 PERICRCA s upseq
prisin ignp%ggggigf contacting an amino acid or peptide with Dbs-Cl. 5 The
application provides the above method, wherein the amino acid or peptide
is coupledpincaisolidhhase BsiA.kheapplicationpiayidesitheraboying the
methed.UrbereomRnising dagisien abeoniasingthe. aming.acid or
peptide with formaldehyde or a protected formaldehyde equivalent. The
applicatomppravidesdhieafhove-raethbel, furthe ceampsisingstheostepdfing the

10 canfacting dhepdd wmineacig: egspeptide with a reducing agent. The
application provides the above method, further comprising the step of
contaciimgthisaammo dcidhorpeptidawithrtnracidnFne @ppheatiomtacting the
providesithe ahove method, wherein the acid is TFA. The application
provides the above method, wherein the TFA is 5% TFA. 15 In certain
embodifneritscsiothacagevectrotisartrie TeteiBiig agent i¢ NaCNBH3 or

NaBH(OAC)3. . , _
he application provides the above method, wherein the TFA 1s 5% TFA.

15 In certain embodiments of the above method, the reducing agent is NaCNBH: or
NaBH(OAc).

In certain embodiments of the above methods, the amino acid further comprises a side-
chain protecting group.

In certain embodiments of the above methods, the amino acid is Arg(Pbf).

20 In certain embodiments of the above methods, the amine acid is methionine.
In certain embodiments of the above methods, the amino acid is tryptophan.
In certain embodiments of the above methods, the amine acid is cysteine.

The application provides a method for “N-methylating Arg(Pbf) on a soli¢ phase resin
comprising the steps of:

25 a) Fmoc deprotecting Frmoc-protected Arg(Pbfy;

b) contacting the product of step a) with Dbs-Cl:



In certain embodiments of the above methods, the amino acid further
comprises a side- chain protecting group. In certain embodiments of the
above methods, the amino acid is Arg(Pbf). 20 In certain embodiments of
the above methods, the amino acid is methionine. In certain
embodiments of the above methods, the amino acid is tryptophan. In
certain embodiments of the above methods, the amino acid is cysteine.
The application provides a method for N-methylating Arg(Pbf) on a solid
phase resin comprising the steps of..25 a) Fmoc deprotecting
Fmoc-protected Arg(Pbf); b) contacting the product of step a) with
Dbs-Gd; ) mgomtasiiagthe pepductaf siepibymdthafoimakdehy dendii@nyde
prateeted. formaldehyde equivalent; d) contacting the product of step c)
with a reducing agent; and e) contacting the product of step d) with an
acid. 5iTeeappibatioiupro\ddes the abgvennethrodpdvherein the acid is
TFA. The application provides the above method, wherein the TFA is 5%
TFA. TheupHhe 6P Hrovides theiksevedmethod, wherein the reducing

s agent jr%eNa .NtBH3 or. N%]B (OAc&%%he ?Flihcati%n %ovides a
compoundrdt EoPRE P AR N R Y ImPEo T Wissii' 'R is a protected
or unppiegied. aming.acidside:chaimeaeh.ts AndrX Isdadependently
selected from lower alkyl, halogen, lower alkoxy, or lower 15 haloalkyl;
and  The application provides the above method, wherein the reducing agent is NaCNBH;: or

NaBH(OACc).

The application provides a compound of Formula I

{X]

wherein:
R is a protected or unprotected amino acid side-chain;

each X and Y is independently selected from lower allyl, halogen, lower alkoxy, or lower
15  haloalkyl; and

mi and 1 are independently O, 1, or 2.
In certain embodiments of the above compound, m is 0.
In certain embodiments of the above compeund, n is 0.

In certain embodiments of the above compound. the amine acid side-chain is that of Arg.
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m and n are independently O, 1, or 2. In certain embodiments of the above
compound, m is 0. In certain embodiments of the above compound, n is
0. In certain embodiments of the above compound, the amino acid
side-chain is that of Arg. -7- In certain embodiments of the above
compound, the amino acid side-chain is that of Arg(Pbf). In certain
embodiments of the above compound, the amino acid side-chain is that of
Met. In certain embodiments of the above compound, the amino acid
side-chain is that of Cys. 5 In certain'embodiments of the above
compound, the amino acid side-chain is that of Trp. In certain
embodimemiscpbile:aloyeeampeungh ki iamnifie acidssidenghaimdsothat of
Gipghrcertain embodiments of the above compound, the amino acid
side-chain is that of Gly. In certain embodiments of the above compound,
the anmine@icichdidErehiain is thateobMalminticertain enhbddimrentsiof dhidet.
above compound, the amino acid side-chain is that of Ala. 10 In certain

embodiffEREs BRI Al ABGIREc e BhiRe°A6il Serettih s dHat of

Orn. |n certain rgbodim?nts of the above com oun_g, the gmino acip,r
- 1 certain eﬁn 18] ]flﬁ:ﬁtSCi the abtov.e COMPOULG, ¢ amno agid siae-cnain 18 thato
side-chaln is that o . In"Certain"embodiments of the above compound,

the aming agid.side-chain is thatof heandncerain.embadiments.of hen,

above compound, the amino acid side-chain is that of Tyr. In certain
embodimenis afithenshoMareampaingdothe aminaacid sidenehaimis dhat of
Phe. 15 In certain embodiments of the above compound, the amino acid
side-chairrientiraitcoin8es.ofl frc@rtai rrembod irents ofc thedalybaie ie i pormd,
the amino acid side-chain is that of Asn. In certain embodiments of the
aboveB6HHHBETHEPHREN LI HG REHG SHBEPRAGETRALO! Eifschii Sdpaif] Ala-

embo%iments of the above compound, théa rgmino aci side-chainhis tpgt of
11 cer%am 211 IBEnEs O he apoNe co OURd, o AMmino a S‘de:-c airr 18 that rH.
Thr In"certain"embodiments of the above compound, the amino aci

side-chain is that of His. .28 the application.pravidesAcomaeung.haing
the structure 8 o OH i1

In certain embodiments of the above compound, the amino acid side-chain is that of Lew.
In certain embodiments of the above compound, the amino acid side-chain s that of Tyr.
In certain embodiments of the above compound, the amino acid side-chain is that of Phe.
I certain embodiments of the above compound, the amine acid side-chain is that of Ser.
In certain embodiments of the above compound, the amino acid side-chain is that of Asn,
In certain embodiments of the above compound, the amino acid side-chain is that of Lys.
I certain embodiments of the above compound, the amino acid side-chain is that of Thr

In certain embodiments of the above compound, the amino acid side-chain is that of His.

20 The application provides a compound having the structure



/'N~ nN" ™N 0='=0 The application provides a method of synthesizing a
peptide on a solid phase resin com- prising the steps of a) deprotecting an
Fmoc- or Boc-protected amino acid or peptide 5 b) contacting the product
of step a) with the above compound. The application provides the above
method, further comprising the step of contacting the product of step b)
with an acid. The application provides the above method, wherein the acid
is TFA. The application provides the above method, wherein the TFA is
5% TFA. 10 Definitions The phrase @" or "an" entity as used herein
refers to one or more of that entity; for exam- ple, a compound refers to
compounds or at least one compound. As such, the terms

; “one gr more”, and "at least one" can be used

interch abiy hdrein. As used in this specification, whether in a

transitle phrage oein the body of the claim, 15 the terms "comprise(s)"
and "coy sing™are to be interpreted as having an open-ended meaning.
That is, the“terms dre to be interpreted synonymously with the phrases

"having at least" or "f- cluding at least". When used in the context of a
process, the termygomprising” means that the process includes at least
the recited steps, bug.k

the compound or cony position includes at least the recited features or
components, but &lsonclude additional fea- tures or components. As
used herein, unless spegifically indicated otherwise, the word "or" is used
in the "inclu- sive" sense of "and/or" and not the "exclusive" sense of
"either/or". 5 The term "independently” is used herein to indicate that a
variable'rs apptiticni preimporecipdsiameeewithourasgard todierpre senceror
absencaofia@svdriable having that same or a different definition within the
same compound. Thus, in a compound in which R appears twice and is
de- firdda¥ ritie peRaendyearoR- 6 Ateet “bSEIR's can be carbon,
both R))SCST%ZQCEI% t Iérjg’gcglgf 0(%rstep a} with the above compound.

The application provides the above method, further comprising the step of contacting the

product cf step b) with an acid.

The application provides the above method, wherein the acid is TFA.
The application provides the above method, wherein the TFA is 5% TFA.
Definitions

The phrase "a" or "an” entity as used herein refers to one or more of that entity; for exam-
ple, a compound refers fo one or more compounds or at least one compound. As such, the terms

nom

a" {or "an"), "one or more", and "at least one"” can be used interchangeably herein.

As used In this specification, whether in & transitional phrase or in the body of the claim,
the terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least” or "in-
cluding at least". When used in the context of a process, the term "comprising” means that the
process includes at least the recited steps, but may include additional steps. When used in the

contexi of a compound or composition, the term "comprising” means that the compound or com-



one R can be carbon and the other nitrogen. 10 When any variable occurs
more than one time in any moiety or formula depicting and de- scribing
compounds employed or claimed in the present invention, its definition on
each occur- rence is independent of its definition at every other
occurrence. Also, combinations of suhstitu- ents and/or variables are
permissible only if such The term "optional” or "optionally" as used herein
means that a subsequently described 15 event or circumstance may, but
need not, occur, and that the description includes instances where the
event or circumstance occurs and instances in which it does not. For
examplenctoptionallymhsuhstiutedtneansdhat the:optianaly substituted fea-
MRy BIAYMREErPorate a hydrogen or a sub- stituent. The term "about" is
used herein to mean approximately, in the region of, roughly, or 20
arounds Wadérrdheurérmsbebibully isdised ithoenjanstiomdvitt & wehreticainciv-
rangeseitsmotifits that nrang ehynexiendingf thehbouhdaries above and
below the numerical values set forth. In general, the term "about" is used
5 hereinTte RiBdipfeachinbrisasqaigsnsoidcan dhpel st istarae ValbeByita
vavismce o2 0%srdAs Bsedtverein sbaminol acietaddrsitg tayroup or a different
repfegenteithip yhR =ik @idtR) CIG)-R' c25parhvdreintedch aRbegs twice and is de-
inlepandsitindeydreging amabphatioqougnastbstitbiedRyiph aticigrouper
annaromaticagialpd anethe narino acid, a peptide or a substituted
aromatic group. Examples of amino acids include, but are not limited to.
10 alanin®hvaimeydeudtine;us oleudine caspar tic i toigiy ot dmicia didicoerimg de-
thsethineyrglutaimenolasparagine; angmprsstlysiresacnithizie)jonolinesyscur-
drexyralingsnahe nylalagingstyrestne; ey ptophar:, cystenepmathionin®stiu-
anghistidingiaR-caR Rem30chydipgenior a protected or unprotected
side-chain of a naturally-occurring amino acid. An used herein, naturally
occurrifg taminpiacid sidepgtraihs sinckidemrethyp{alanmapsigongy gpydribed
15 (valine); secbutyt (5ol euciae hoiGkhC HiE Chi3)2 ddetiecine pdehzikiances where
(phesyalaning)npaday deoxy benayh ity asme)h -CldesQbl. (Ferinakpie, "optonally
-G 3ntthrenning horeldi@r Jaielopk (PO mIOmaRsR -ChI&6QH: sub-
(agpaytic acid), -CH2CH2COOH (glutamic acid), -CH1C(O)NH2
(asparagine), -CH2CH2C(O)NH2 (glutamine), -CH2SH, (cysteine),
-CH1CHR S&H3nethionihereii( CH2M4 bHp2x fhesire )n HCrRIIB3MN HRughly, or
20 (ORRIERIN &)her] (EH)2HADHIC (FNERNHR {rgibine)an durfaHit2r Sxhmride@esties that
(hﬁﬁiéii'ﬂ?):-xiending the boundaries above and below the numerical values set forth. In general,
the termn "about” 1s used herein to modify a numerical value above and below the stated value by
a variance of 20%.

As uwsed herein, "amino acid” refers to a group represented by R-NH-CH(R}-C(O)-R,
25 wherein each R’ is independently hydrogen. an aliphatic group, a substifuted aliphatic group, an
aromatic group, another amino acid, a peptide or a substituted aromatic group. Exampies of
amine acids include, but are not Hmited to, alanine, valine, leucine, isoleucine, aspartic acid, glu-
tamic aéid, serine, threonine, glutamine, asparagine, arginine, iysine, ornithine, proline, hy-
droxyproline, phenylalanine, tyrosine, {ryptophan, cysteine, methionine and histidine. R can be

30 hydrogen or a protected or unprotected side-chain of a naturally-occuarring amino acid.

An used herein, naturally occurring "amino acid side-chains" include methyl (alanine), iso-
propyl {valine), sec-butyl (isoleucine), -CHoCH{-CHas), (leucine), benzy! (phenylalanine), p-
hydroxybenzyl (tyrosine), -CH»-OH (serine), -CHOHCH; (threonine), -CHj-3-indoyl (trypto-



10

25

30

35

5 Side-chains of amino acids comprising a heteroatom-containing
functional group, e.g., an alcohol (serine, tyrosine, hydroxyproline and
threonine), an amine (lysine, ornithine, histidine and arginine), may
require a protecting group to facilitate reactions discussed herein. When
the heteroatom-containing functional group is modified to include a
protecting group, the side-chain is referred to as the "protected
side-chain" of an amino acid. When the heteroatom-containing 10
functional group is not modified to indRide a protecting group, the
side-chain is referred to as the .unprotected side-chain" of an amino acid,
PrSteCtirig g et erEccsmBHIF TS & IA (e piiteaggh - THeSIQMHd thessiare
kneWhid; @Rt ofimeuged 65 ©reirmry-Practittiiér (tediekmimpletnian
suitabte grotedtivtd groupss andiiehots-fiSHING preparation: of pratect@doy!
arhingianids, can be found in Green et al., Protecting Groups In Organic
Synthesis, Third Edition, John Wiley & Sons, 15 Inc. New York. 1999. As
used Kteirithel tarie 15idteetiPG HEcUp o trarsiening rote Being oL a0
refersoldsarchmical grdupythainisarddbtediwitmramdnbourick torafundtionalk
grodprimasmoleceleitoaprewenttbeufunciitnat greumirdmupadticipatingdin the
subseguenbreaciions-osihemple auwgutivhichgreupcan cSuRSROkenyin
besremavad Jodbesehytegrperate thanprotested funetionakgioRontaining
Additiopal:rel20n6reneads mnadeitq fderd RistionanuofBiochemistry and
Melgeitar. BiRlogyim Q¥ far d-River ﬁ&é&ﬁeaﬁm@%r&éﬂ&&% ééaewge%ﬂ&em
(MaLPLOIRIDG.IIONR IS RueTRMElY gstapl DlSBRAN, ISIA.01 902G many

Ilmmbﬁ: aéotec%nmegr((:)%pmmo rt%?ie quge(:t gfgr tt;ooly El Irrg)%e 1e ckéllgg acad% tan be

uhf i 8recn ef al. Elr tecting Groups in e rcraenr;c es1 d Ed;ztaigllllr}o adl ons,

sujpe chain proiec‘teﬁ dperli’/atrlvg means an ural 5 or unnatt ura‘fvé{?ﬁlﬁg

> adld-oF 8 Y8kvtive thereof that further comprises a protecting group on its
side-chigin FoL G aglg, MIouL i 'Qn ATne AU, o o

pl‘c ;[c?rr%% m? ”t\{attl\slg a(!,{tl,d wM‘a anlev [IO i{;ﬁbﬁ?mamoia i 10, revcnt the
PloeehTomalieRde cuvelent '2“3 s do o, T2 gl
dioxorane, formadenyde ai acé? S SIS iy eroup Cln

é?é‘i%S“ﬁéP&f’SWﬂ‘é%%ﬁ%byéﬁ%?“ ed’i\n%"ﬁ%“i‘} ‘r?é?éfﬁf’“guﬁ?ﬁi&wmﬂ? ref-
s%‘ﬁ&%t’fﬁb"’&ﬁm PrEBREBHANE" TeRite e any “SoRdrismaseinags- tePtipdiver
WHRIEHAH &S HEi0e0 F plsptiieds SpihtHesel, Sttdemencliigatelist in field of
ot AN MmO Bioiz 6T SUPPURE SFtoimpasaes teinds SwehCas Tésifrtoc, Tre
"salitirhase”, "surface" and "solid support”. A support may be composed

of organic polymers such as polystyrene, polyethylene, polypropylene,
As used herein, the phrase "aminc acid or side-chaln protected derivative” means a natural

or unnatural amino acid or a derivative thereof that further comprises a protecting group on its
side-chaim. For example, without limitation, "amino acid or side-chain protected derivative” in-
cludes both Arg and Arg(Pbf).

The term "protected fornaldehyde equivalent” includes 1,3,5-trioxane, 1,3-dioxane, 1,3

dioxolane, formadehyde dimethyl acetal (or higher order atkyl acetals), paraformaldehyde, and
DMSO.

As used herein "support”, "solid support” or "solid phase” refers to any solid phase mate-
rial upon which an amino acid or peptide is synthesized, attached, ligated or otherwise immobi-
lized. Support encompasses terms such as "resin", "solid phase”, "surface” and "solid support™. A
support may be composed of organic polymers such as polystyrene, polyethvisne, polypropylene,
polyfluoroethylene, polyethyleneoxy, and pelyacrylamide, as well as co-polymers and grafts
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25

35 polyfluoroethylene, polyethyleneoxy, and polyacrylamide, as well as
co-polymers and grafts -11- thereof. A support may also be inorganic,
such as glass, silica, controlled-pore-glass (CPG), or reverse-phase
silica. The configuration of a support may be in the form of beads,
spheres, parti- cles, granules, a gel, or a surface. Surfaces may be planar,
substantially planar, or non-planar. Supports may be porous or
non-porous, and may have swelling or non-swelling characteristics. 5 A
support may be configured in the forralef a well, depression or other
container, vessel, feature or location. The term "resin” or "solid phase
reiiteoinélseresripoly (GtyrenacsBrdivitgl be szen el it P SYVIRY-nesigass (CPG). or.
potytethstenellghy ol (RPEGp basdd semins niwy brid' thedms corugdriseldtef, parti-
botks REGiland ggolystytene. comipenantScanch8ilodstangty planar, or non-planar.
methackrydaiesbased e sinspolhiesadesinsareallice 10-patible with-theuics.
Dhsfipeshylation sheanistiyte abilation regdyrtivenalkydationward vaild, feature
agidelysis. - because these reactions are performed under mild conditions
compatible with the aforemen- tioned resin types, since these resins are
made ohethers;sestersplanideseandpalimena Hackbordassinertde tirs-DVE)
reactianeondiionsgdascrined barainsuResinrinelvgesiwithau: spdtation and
PQYSHTRNS F8SIRS: SN RS PRr:DVB 488k -PEL :RASE ArTesingisHER A8 com-
CLEARWRSIR, SeheratiX iesift 5N RE GALES Q}kﬁé{% RIS R
PEG.20d BRI POSIYTEN G554 %J%ﬁé‘%%‘d%@% YRGS w0 ﬂae dforemep

SI|C ethacr Iate r(Fhsms ch as é/r}B nd Functlor%allge a&benes

10rie rebml F( (i m&;tﬁc sr;[a te €rs, es ers,
he term. "linker” I es, wi glé ml a];&ger;marg%c emlc

n fit
(:onneg)tst rgaglt}%rfncgn at(lz? 6 % 0 the Tesin, s‘ﬁ?ﬁw as G 'ﬂ“xalé%ﬁu %Stj
LifR8/ et fe %%gﬁlg‘fgrr%%ﬁ %P%?&%%?“Fo%%%‘&%ﬁf}%ﬁ%ﬂls DRPRIATx resin
b9 PSS REY (RIBT e Ra S a gﬁsﬁgym@m&mmm@e&xeow
acilitlicage IEARIUTIRE Fich 2ATRBRBE A% T esiErtiRaAgE@Wang Resin),
4-hydr met hen x acetic acid Ilnkage (She pard Lin

ey e OB R P AU Fgie
Arfii H’ﬁ%ﬂc "B A *é\%ﬁ%‘i‘ﬁ |{‘é?§ed1rﬁ’?5?ﬁo>2%ﬁe%‘f’8 li‘fx‘?ﬂé)eéﬁ‘éf
Ilni?é"r (PATTITKED. T‘Pfe phrase "E8tipledtd a sBifitFphdS&TasH " d¥iled
h&@W"ﬁ‘i@%@‘@éﬁ?fé&%@dl&ﬂ%ﬁﬁ@tﬁ*’é@Sﬁ@elPd%‘%ﬁﬁﬁ%r%@éuHn&i’é@a(wfm”
linketirFor éXafplarcaiaipint Zell coapled thnbagolid Fhaserdesihdfer), 4
cluclels withodt imitatidnzafV @i BeaeidR sl dhnas Rag(PHi), coidpledito and 4-
P S4bivBoresinl WithiacRinloamidetinkenci échnidall dnckscientific terms

used herein have the meaning commonly understood by one
The phrase "coupled to a solid phase resin,” as used herein, means connected or bound to a

solid support or resin via a linker. For example, an amino acid coupled to a solid phase resin in-
cludes, without limitation, an amino acid, such as Arg(Pbf), coupled tc PS-DVB resin with a
Rink Amide linker.

Technical and scientific terms used herein have the meaning commonly understood by one
of skili in the art to which the present invention pertains, unless otherwise defined. Reference is

30 made herein to various methodologies and materials known to those of skill in the art, Standard

reference works setting forth the general principles of pharmacclogy include Goodman and Gil-
man's The Pharmacological Basis of Therapeutics, 10™ Ed., McGraw Hill Companies Inc., New
York {2001}, Any suitable materials and/or methods known to those of skill can be utilized in

carrying out the present invention. However, preferred materials and methods are described. Ma-



of skill in the art to which the present invention pertains, unless otherwise
defined. Reference is 30 made herein to various methodologies and
materials known to those of skill in the art. Standard reference works
setting forth the general principles of pharmacology include Goodman and
Gil- man's The Pharmacological Basis of Therapeutics, 10" Ed., McGraw
Hill Companies Inc., New York (2001). Any suitable materials and/or
methods known to those of skill can be utilized in carrying out the present
invention. However, preferred materigls and methods are described. Ma
-12- terials, reagents and the like to which reference are made in the
following descriptiqnmangd exameplas:are ahiainahl e frm oML RL cxam-

SQUICES vHHESR RHRENRE-AAtEH-A heRd drawninie.fng system (as
opposed to connected at a distinct vertex) indicates that the bond may be

attached-tasamywattbesuitable singm@tems calbedearnisalialtas Us@thtes thas

herekpslianates.anisnhranched ardmanghedghain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term "lower

Salkyl" dbe moteSa&gtraightohdranshedschamtmydiet arbomesgidben, saturated,
caondaining|Heib-earboniatomsaiiGle|0 talkyliras: used. heeintefers:taian’ de-
alkyl-camposes ehdcte: tehsarkansbhxamplesahialiy! greupscinciude; duto
argiRotdimiteddenpwenalkuigieupsciagluding imettyhs et ORIy eroups
i- I%QFAML Bar 1 Bty lodbubd on RERtl sRReRN: neopenii. ReXW. -

zohecl?& » and.oetvl yl\MF:l ﬁ?yﬁhx‘?ol;@{{}l “Alodlds Ksedias @ suffixfollowing

anot er term, as in "haloalkyl," this is intendéd to refer to an alkyl group,
as definaghakove: baing isubstitutedwithionad Qdhiraa-subrms SttdQRMKy!," this is
seiﬁ&t@&h fomdhe atheyispesificalbrnamed:greupP sddXtee ok 8XaRI@sree sub-
h@t‘[%”ﬁﬂelg?ed neles,theniadicat BR .uherein Rrissachalogen radicaland.
&%@Eh@%&’ leng ﬁad\k%%le%sadﬁférh%%ﬁ Q%E? a}%'ﬁb EL‘%%S%@%Q%‘% gé%d
attac Engnt Pd%rﬁ?(%{‘ tcb %ﬁl[ %OI?IK Imrgn Ipe01¥11 oy i Cﬁ}qqaﬁ % m01 %\mﬁ be on the

ra dic z%? It gtgrm alkylene” or "alk ylenyl™as used herein ‘denot
div }1 ent saturated linear hy- drocarbon radical of | to 10 carbon atoms

(e.9., (GH2An)ota hranghed saturated divalantbysiro; sarbansadicabal. 2.
' J0 SARIRAIPITE (28 PR, L CHACH( POGHS) gs{msgmngmg%%
20 nflcated, Exseptin (g cace of melhyEne, ﬁeﬂge»ryn CE.0 i
ene are not a aC e td:t e Same atom Xa reS (0] ene
Sy R BT TS AR e S5l ﬂefmp%mgi%ﬁé?t
o R ORI ™ SHTRIENY rﬁéweﬁ@cﬂu ;ﬂgﬂ% o A RTINS, P
abBtediatish: W@"@T zé%eta)éléﬁoﬁgf’@?n refbrety ?%Hf@?oﬁ% ﬁ%&ﬁgﬂg?ﬁﬂg’e

The abbreviation "Dbs-Cl" as used herein refers to 5-chlorodibenzosuberane,
The abbreviation "Dbs,” as used herein, refers to dibenzosuberane
25 The abbreviation "TFA," as used herein, refers to riflvoroacetic acid.

The abbreviation "Pbf,” as used herein, refers to 2.2.4,6,7-pentamethyldihydrobenzofuran-
S-sulfonyl,

Commonly used abbreviations inciude: acetyl (Ac), azo-bis-isobutyrvinitrile (AIBN), at-
mospheres (Atm), 9-borabicyclo[3.3.1]nonane (9-BEN or BBN), tert-butoxycarbonyl (Boc), di-

30  tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn), butyl (Bu), Chemical Ab-
stracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl ditmidazole
(CDI), 1.4-diazabicyclof2.2.2}octane (DABCO), diethylaminosulfur tiflvoride (DAST), diben-



The abbreviation "Dbs," as used herein, refers to dibenzosuberane 25
The abbreviation "TPA," as used herein, refers to trifluoroacetic acid. The
abbreviation "Pbf," as used herein, refers to
2.2,4,6.7-pentamethyldihydrobenzofuran.- 5-sulfonyl. Commonly used
abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN), at-
mospheres (Arm), 9-borabicyclo(3.3.1fnonane (9-BBN or BBN),
tert-butoxyearbonyl (Boc), di- 30 tert-butyl pyrocarbonate or hoc anhydride
(BOC70), benzyl (Bn), butyl (Bu), Chemical Ab stracts Registration
Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole-
(GPibEnlsdediazahig yciafi2: 2 2joctareBABGOIDEiet hydaminesul gy 4.0tundec-
trifleri @@Aﬁi)dggk@%ﬂex}}gar&)di%&eaﬁ@tgﬂQ dha)orocthane (DCE), dichioro-
1&@1&%@@@@?'&%@ Rlnen:Rsane. (BBA;, J&;&s@@%ﬁﬁiﬁbf&k@f@ﬁ#ﬁﬂ@ﬁﬁﬁ@‘) di-
73606(R ﬁH%um%rﬁ@xﬁ ensxchgfggél idg (DG zgﬁs;lalqm NQ -
5 ([acﬁ\llgt)dyga%n A ?.nf I‘R%Mgth %hry p@%g gé %{{% @n%’t%&)dmamlde

@’EEV%P Xdkﬁ‘&? (dﬁho %%% mhy “ 1'bis-
||so opy t

éd;Ph € Oﬁnr\l P {‘g% %h ?)h 1arran08; B ylcarbo urmge Lydro
NC oa \é{n(ﬁ(tjeet )a NFS"@ xy-2H-quinoline-1-
1 (T"ﬂﬁ@j(ﬂlﬁﬁ%%hﬁgﬁh S?Qhaﬁg%pﬁ@r iEiZCBl {7 azabeﬂzotnazole Fyi-N,

10 (%@nvmgﬁhﬁqmﬁ@@g%@wmﬁﬁate acetic acid (HATU), acetic acid (HOAc), 1-N-
1i(Buidinhetiy!iviin SHRBOY B meblessimidedsyho CEPIGTide-tRDEY) (TPA).
ethiyiuELy ethylyhdstated EIBAD)) ethansl (FEOH), Bi6tl oxip: 2Rb g Mefshhent-
carbaxylic acitlvethiyh estentEEDQINiethyloaihetdEsRO)yid (MCPBA), mass spec-
Odfnazaly &ﬁ&@ﬁ[i &EQJ}Q‘B:M]B)‘ NaiEEN N iN-tetamethyd urariy M¥-carboxyanhydride

15 hexafluorophesphatgmeceticasid (HATYasatigacishitOAmdnNpyrrolidone
hydgxy BeRZAKRZAIRLHORD (iah pressine HOckeRromaiageanyh;, propy:
("H%’r&%ﬁ %i}? §%L!(!E R TN 3%55‘ %ﬁ?é(é '3§ 1azane LLHMPR)o: rT),
m% Q'ut}gdl Vi H E'EQI\P%’ t E’?Q‘B r:et yl mme ¥Egl’ MShﬁQ?th,y
(Mtet s a(éhe OI’]I fi e ?0}\\? opergenzmc '\Téésg EB%C-

hethyf bty N B REbrg o
20 Ntetraget%} eﬁuhana- B}%%}é |S| o -Ch?OI’ S%Zl?énrcgggrzsgglg(ﬁén ) tegramet Viuronium
N-FHEEATITR %"?ﬁh@ﬁ?&”ﬂ\‘}‘i\’h MP}”N“FH%W&W&T&SH%NW By HdfRiupmety -
ctﬁ&ﬂd%ﬁﬁ&%ﬁ‘é@ﬁﬁ@é)mfﬂ?%?ﬂﬁﬁ?‘a@ﬁPa?ﬁ%ﬁée@ T phER: (PHY: RS

(P 40 (Bropytaipy; petivrisperstidiRGheh (psi), pyridine (pyr), room
temperature (rt or RT), tert-butyldimethylsilyl or t-BuMe2Si (TBDMS
truethyl%?ﬂuﬁ%’f‘f"éﬂ“g’?ré R, 505 e 8%%% ViBiBetiding lokyme Y (secs,
2 (TEVEC Y rfate st ’EEB‘%"@?“S(WYLT%E%??@B gogith an alkyl mmety (. Ri-
teﬁ%ﬁi’e‘f?@lﬁé’ptﬁﬁ@‘? GV%P%&WMH@};MJC Chemistry, IUPAC 1979 Pergamon Press,
O-Péprgotriazol-1-yl-N,N,N',N'-tetramethyluronium

In general, the nomenclature used in this Application is based on AUTONOMTIM v.4.0, a

Beilstein Institute computerized system for the generation of TUPAC systematic nomenclature.

30 I there is a discrepancy between a depicied structure and a name given that structure, the de-
picted structure is to be accorded more weight. In addition, if the stereochemistry of a structure

or a portion of a structure 1 not indicated with, for example, bold or dashed lines, the structure or

portion of the structure is fo be interpreted as encompassing all stereoisomers of it.

In the development of a method for *N-methylation chemistry suitable for on-resin methy-
35 lation compatible with Fmoc/tBu SPPS and with amino acids bearing protected or unprotected
nucleophilic side-chains, notably Arg(Pbf), Met, Cys, and Trp, it was opted not te use Fuku-



tetrafluoroborate (TBTU), thin layer chromatography (TLC),
tetrabydrofuran (THF), trimethyl- silyl or Me3Si (TMS), p-toluenesulfonic
acid monohydrate (TsOH or pTsOH), 4-Me-C6H4S02- or tosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA). Conventional nomenclature
including the prefixes normal (n), iso (i-), secondary (sec-), 25 tertiary
(tert-) and neo have their customary meaning when used with an alkyl
moiety. (J. Ri- gaudy and D. P. Klesney, Nomenclature in Organic
Chemistry, IUPAC 1979 Pergamon Rfess, Oxford.). In general, the
nomenclature used in this Application is based on AUTONOMTM v.4.0, a
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15 nitrebénzenesul foramideckemistity Proveddmtractalble; Whileysomeffectively
deskedipredustoaspbtainet:odhisythemistrynuals lowwyigldingandkric hin-
certainkyonabsealeable skffasts turned to the original Unden chemistry,
which is completely compatible with tosylamide-based Arg side-chain
protecticnneamiNonkeempioyedinBoe Bih 8 PRSiceowé vad, ithéretativelyor
harshidpicbiyticrdept dtection endiionsmbededdomnpestmethyation Of te
20 "Nuboddepraieciion arelincompatiblewith thextide-ghatin praie Glit-ando:,
peptide-resin-anehQrpge dse drdhe mneiBuchamisty. dwas therefore
1Q.intended. todgandify analtemative. tiansient ¢Ndpsaiecting: group-thatibery!
copig e Lemeved wder:milder. cRdiRons (1R Al BN CRUGHS @iary
Cqy BRIV Eht‘éﬁ?&% PERSSRYE NG IDIRAiD, QL IQIEEHNG WAURS, BHER on,
as Ar b@l % dy ﬁ&uF u}dt VYﬁﬂb@Ea tla(c%rsr’e\%%gp yarSpQRrggdl< aéb‘ arrpclig)?nel IIQ’D %{Etmﬂ
W IC Ig C %ai\t/qeiab iy to g:l;g gsggndac%!zgygce y r§£a¥]%}011'ﬂh less, cjoplc]vn&rtlo %ta
1976 59 499- 512, Hong, C. Y.; Overman, L. E.; Romero, A. Tetrahedron Lett. 1997, 38, 8439-
84472), it was previousty known to be labile fo ca. 10-20% TFA (v/v in CH;Cl,), which is too
high for the present application but acceptable for its usual application as a peptide-resin linkage
30  agent cleavable in a global deprotection step. Use of this protecting group as a transient “N-
protecting group, as opposed to the standard secondary amide nitrogen protecting group, as well
as the corresponding minimum acid lability of this protecting group has not been reported previ-
ously and 1s described herein.

As described in further detail below, the Dbs group has successfuliy been employved as a

35 transient “N-protecting group, as, it is smoothly deprotected by dilute TFA, which is compatible
with Fmoc/tBu chemistry, side-chain protecting groups, and the peptide-resin anchorage. The
three-step methylation sequence - protection, methylation, and deprotection - was performed us-
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20

trityl amines are deprotected under extremely mild conditions (1% TFA,
v/v in CI-12C2). How 15 ever, it was found that - in agreement with
Unden's observations - "N-tritylation effectively shields the a-amino group
from reductive alkylation, presumably due to the extreme steric hin-
drance from the bulky trityl skeleton. A transient "N-protecting protecting
group with a high degree of acid lability required for Fmoc/tBu chemistry
and less steric hindrance around the a-amino group was required. Of the
20 many protecting groups and linkers.used in organic chemistry, one acid
labile linkage agent, Ramage's tricyclic amide linker, is based on the
dikenz osybemne-dahsiskaletan KRamagendp: phéinginid:. AMOBINES:Gle-
Tatrehedren d.6ff. 1993184 6996602 The.nN-gibenzasuleryl amine is
considerably less sterically crowded than an "N-trityl amine, as the
a-carligneisl tettimey in the former vs. quaternary in the latter, and is
therefore more accessible for reductive alkylation, 25 on a par with the
Dod gﬁ@qplLA_l_tngruR h Dbs-has been plteviously reperted as dn
amine-prptetting group@ue pdue to"Mts |ability 18" atltolysts. anttc catalytic™ "
hydrogenation (Pless, J. Hely. Chim. Acta 1976, 59, 499- 512 Hong, C.
Y.; Overman, L. E.fRomero, A. Tetrahedron Lett. 1997, 38 8439- 8442),
it was previouto be labile to ca. §0-20% TRA (VIVIEH2CI2),
which is too hig the present appllca n putaceeptable for its usual
application as a p”é‘b‘tlde resin linkage 30 hgent cleavable in a global
deprotection step, Use, %Em 5 RIALCENG AR5, [ANRIENN: compec .
Pratecling grou Do Z0RR0SE d10.0ie Sandard secondaly apide pitogen,
protec m@ rou he Corres ng minimum acid fan of

on
thﬁ%‘%&‘?@&ﬁ%%‘?‘%ﬁp"ﬁﬁ% %‘o‘%ﬁ%éﬁw"%ﬁ‘ E‘E%"‘ﬁ“ﬁ?e"\?f’dwgi’y‘%{H‘oﬂﬁ%aﬁ‘ég%’hﬁfewp
hétdifo AL HeECHBERaN Rt tetel B e B IS Hggesin interor, as
SUEESS STy BesH SripI6YRENHS WrasctraysiantmN-protebtint gt tip'caemary
is e st e isteedaisyrditeiTRAdy e peistederphtibleh Mt BRTOtHBY
chrergisteyrsidanehain ysroteoting g roupshexcthe:pbpti desresivEnt hdfages
TheCk¥hfegsste primetiiylation sequence rprodedtion, Dieshykationaaned by nin-
depdetectionusivas pesformetidsndlh-inigetheaBaigraup (& eneinmary amines
Seheme) dh iExampler ncthauprplilerasinafier Heg(Pf)okiN9GHRes take on a
pratecigkwaieasi: N-alkytatadwith 2 bs-fuliihihe Hreseneguef dEbdhro-

NMRs Genalalor them endiNasihRRS: G HH GHQ (AR N-Linker-Resin
Obs~N N-Linker-Resin Dbs Y-Linker-Resin

After the on-resin methylation step, a Gln residue was coupled and a sample of the resin-
bound Fmoc-QmRY-CONH, was cieaved and assaved by RP-HPLC. This material was found
to be of comparable purity to the purified tripeptide obtained using commercialty available
Fmoc-MeArg{Mir)-OH, suggesting that methjlation was indeed quantitative, and reductive alky-
lation conditions did not contaminate the peptide-resin with precipitated salts which would have
impeded the subsequent coupling. Chain assembly was then completed to the N-terminus, and
the purity of the pepiide was compared using both the on-resin Dbs methylation route described
herein and an alternative route using Fmoc-MeArg(Mir)-OH. After cleavage, purification, and
lyophilization, the crude material from the Dbs/on-resin methylation route was significantly
more pure and the isolated yield was nearly three fimes higher.

Peptide syntheses employing Fmoc-MeArg(Mtr)-OH often afford complex mixtures, diffi-
cult chromatography, and low isolated yields, particularly when the target sequence contains Trp,

Met, or unnatural amino acid residues. These problems can often be ascribed o the use of the



DIEA N.CNHHs R /\p 54 SPA in CH,Q, / H~ (5 x]Mn) N-L'u,kcrAesie
Dbs-CI R 5 This reaction was easily monitored by the ninhydrin test and
was found to be complete af- ter overnight reaction (and later
demonstrated to be complete in 6 hours). The reductive methy- lation step
was modeled based on Unden's original reaction conditions, with the
addition of THE as a cosolvent to coordinate borate salts and prevent
their precipitation in the resin interior, as well as with a reduced water
content to improve resin swelling. A slightly altered stoichiometry 10 was
also employed to maximize methylation yield, but nonetheless the

methylation steRviasse- Realedioensue Auantitate methyladion dhfic
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& ig] ming or the formation of the sa U em(r b
R S LT
e b R R ﬂH%’#ﬁé’ﬁ’ﬁ@ UPpls STETECIHAITSIE PrE Vet

ccfH‘Ffﬁ‘ffé?hBH"fﬁﬁt‘t‘ﬁéﬁﬂ@ﬂ‘fﬁ%ﬁ‘h‘?&’é&ﬁ?ﬂﬁ“ﬁ%&@é‘a@tﬁﬁa&%Iﬁn“t%‘f}@ g fteso
th@%?ﬁ?%lﬁ"‘f*ﬁéfﬂﬁ?}’ﬁﬁ@h Ntaphaatsm AeSigiaipaseEbusrEd antie: Sample br
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10 REiP) Gsidisis whiater abwas:fouiet] 23 bpief eshiparableepdrityets tpecrvation
pusifie ditvipeptid éobtamed BsiriyictimindigiadiytdaratallenQriy be circumvented
Frao:Med giddineo bostggestingithatinethylatiencvasindaedise plausibly be
quaipiative Fapdredpctvie-alkymlalioncongdiians didinotcontanisale the:.c-
paptidesgsin with precipitated salts which would have impeded the
subsequent coupling. Chain assembly was then completed to the

15N-ternHraspland the purity of the peptide was compared using both the
on-resin Dbs methylation route described herein and an alternative route
using BHigEMeArg(Mtr)-OH. After cleavage, purification, and 25

Iyophlllzatlon%:he crude material from the Dbs/on-resin methylation route

was sigfl VM FHEHSBUTE bnd ISty Was ﬁ@é‘?lg’f%ﬁ?é@?ﬁ%’e%‘“#
higher” P ejtie S RS RS BTy g iR - M@‘A@é"ﬁ\ﬂ%h Ot} GHtEH &6 P
cORTPRHIIPES M Eu R eitEniatogPaphycand rsnrisalatet et a 1 min
Zﬂpa‘?‘ﬁéﬂm%héﬁ m@%@@%@m%.CEWQMS ﬁﬁip’used is Polymer Labs PL-AMS

resin, 1.0 mmolig.

General Procedure

The following general procedure applies 1o the "N-methylation of any amino acid excent
Histidine, which undergoes excess methylation onto one of the imidazole side chain nitrogen at-
oms. The amino acid or peptide can be linked by any iinker. as defined herein, to any resin, as

defined heretn, for “N-methvlation of the terminal amino acid according to the following 3 gen-
eral steps:

2
i

Step 1 - Dbs Protection:

After Fmoc deprotection, | egarvalent of an amino acid or peptide on resin is washed ap-
30 propriately with DMF and drained. 5 equivalenis of Dbs-Cl is dissolved in sufficient DMF to
allow for resin swelling, to which 25 equivalents DIEA are added, and the solution is then added
to the resin, which is then stirred for 4 hours. Ninhydrin is negative at this point. The resin is
then washed (5x DMF) and left suspended in DMF until the next step.



Met, or unnatural amino acid residues. These problems can often be
ascribed to the use of the -16- Mir group for Arg protection. Because the
use of the more acid labile Arg(Pbf) is not associated with these
complications, this Dbs on-resin N-methylation methodology facilitates
peptide build scaleup using the inexpensive and widely available
Fmoc-Arg(Pbf)-OH. Moreover, the chemis- try is by far the most generally
applicable chemistry for on-resin methylation in the context of 5 SPPS.
Similarly, in BocBzl chemistry, the nofi-commercially available Dod-C1
reagent can be replaced with the commercially available Dbs-Cl. In the
contextsdFFEMBEBY chemistry, this chemistry is the first to be
demonstrated to be com Igtel com atible with Ar%( t%f) and is ?I
compaflbre AhE SHesed it Beit
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througsl"g the %Eé)f a number of specialized His side chain protec- tion

strategle s %as Materials NaCNBH3 (Aldrich cat# 156159),

forma‘ﬁ%r})!g@ frb Wé]:/ o (1 23013 WRLRE M@M&%@&%@%&es of DMF from
1027 t‘ﬁ@ Q!fﬁd&% Gé%h‘ QEJ@“%‘}(Q@%@JM&'@E% 99%5%%%@%&% QRETAHARS iy
St W[%‘[ e mg?‘ tw%@eden&tﬁﬁ‘@?rat&’ TP ERPHES: dlSa pvisxﬁgin?{)sr%ubsequenl cou-

almin 20 stlrrlng perio Il percentages are
ur%lel%ig tﬁé%mre? in used is Polymer Labs PL-AMS resin, 1.0
mmol/g‘X Q,elral Procedure The following general procedure applies to
the "N-methylation of any amino acid except Histidine, which undergoes
excessspathplatien-ento one of the imidazole side chain nitrogen at- 25
oms. The amino acid or peptide can be linked by any linker, as defined
15 hereinpfoamyeresinoagidefingddheréimofdnNAngthldtion ofthe- tevaiieal, the
amio vacigascommyitethefeidvibg3igen 2 eV Sieps iGtep 10.0Dis! Dbs-Cl
Preiectieni=ad in 150 ml DMF, to which 50 mL 1:1 DIEA:Toluene was added. This solution
was then added to the resin, which was then stirred for 4 hours. Ninhydrin is negative at this
point. The resin was then washed (5x DMF) and left suspended in DMF until the next step.

20 Step 2 ~ Methylation:

The following Methylation Reagent Solution was prepared immediately before use: 300
ml NMP, 80 mb. THF, 20 mL Formaldehyde solution (0.246 mol), 4 ml Acetic acid.

The resin from Step 1 was drained, after which athe Methylation Reagent Solution was

added. The resin was then strred 15 mins to preform the methyl imine. .1 mol (6.2 g)

25 NaCNBH: was then weighed out and added in one portion to the stirring peptide resin via pow-

der funnel, with a minimal (10-20 m1.) chase of NMP as necessary. The resin was stirred for 6

hrs, after which it was drained, washed (5x DMF), drained again, and the entire methylation pro-

cedure repeated with a fresh cockail, this time overnight (~18 hours). The resin was then
drained, washed (5x DMF)}, and [eft suspended in DMFE until the next step.

30 Step 3 - Dbs Deprotection:



After Fmoc deprotection, | equivalent of an amino acid or peptide on resin
is washed ap- 30 propriately with DMF and drained. 5 equivalents of
Dbs-C1 is dissolved in sufficient DMF to allow for resin swelling, to which
25 equivalents DIEA are added, and the solution is then added to the
resin, which is then stirred for 4 hours. Ninhydrin is negative at this point.
The resin is then washed (5x DMF) and left suspended in DMF until the
next step. -17- Step 2 - Methylation: The Methylation Reagent Solution is
prepared immediately before use as_2% equivalents formaldehyde in
approximately 3:1:0.05 N'MP/THF/AcOH. The resin from Step | is drained
and thesxMathyation Reageninaniienisadded,dherestie rdeihenstirred
fapseverakminutas daprefors thasmethid:iming: shQRquIvRIeRts:8f s% TFA in
NaGNBH3 is ﬁh?@;@qgl@ggto Hhe-SHrinNg REPHIe L0 MBAROWASK AR hen
and, stired for 56y E&v%ﬁeﬁ@’ﬁm uhgxﬁlsr%l &g m%tzsgtxw CE% Mz

and left susp nde F until th ste bs Deprotectior

5 commences an moc protection, dcriant nneD esl%ﬁy én t}21 élcace ast 8 gen ine

Thefesint rogy‘ Siep 2 s drained and At 2 1o remo
traces OPBWII from ?Lb fhie resin, and drainéo agaln The resin is then

treateghin g, NHISE: SASNQRWHD AR TE AR G262 WILR SHIHIR, and ex-
WQ:%E&@% 9;3 %%mraqdmgumxhwﬁ @ves@%ljs té%r;@gfb%%ﬁ%w A %Jm
p“ﬂgnwaand modxgcpiwgs %%‘zlg dy ﬁl::E)c(eaﬂm :[hm]fhe Sggpe oi[t)hesapr?gr(;) e a:ms ere ore

Fmoc eprotectlon
10 Hg (\-S’S ST-P od U =0 rﬁg dﬁqcrﬁtion 18 ﬁ)}tendeci to be 1H§strat1v% a;al not restrictive.

a&BFoS ?Pét%fli}’ié&vﬁﬂﬁfs SR EESER 5% ‘Efﬁ‘ﬁﬁ‘ “8?18%%%&%“@‘6%%8&*’""@ de-
DB%B@&H RS HESAIsEr e 195 TR M, fﬁ%ﬁféﬁ%@eﬁﬂ}%"fﬁﬁl@ﬂﬁ%lﬁ%ﬁé
wasddadheTrissahufistt \Wart et sl a8l tBitheiesiifledvhich was then
stirred for 4 hours. Ninhydrin is negative at this point. The resin was then
washed (5x DMF) and left suspended in DMF until the next step. 20 Step
2 - Methylation: The following Methylation Reagent Solution was prepared
immediately before use: 300 mL NMP, 80 mL THF, 20 mL Formaldehyde
solution (0.246 mol), 4 mL Acetic acid. The resin from Step 1 was drained,
after which athe Methylation Reagent Solution was added. The resin was
then stirred 15 mins to preform the methyl imine. 0.1 mol (6.2 g)



25 NaCNBH3 was then weighed out and added in one portion to the
stirring peptide resin via pow der funnel, with a minimal (10-20 mL) chase
of NMP as necessary. The resin was stirred for 6 hrs, after which it was
drained, washed (5x DMF), drained again, and the entire methylation pro-
cedure repeated with a fresh cocktail, this time overnight (-18 hours). The
resin was then drained, washed (5x DMF), and left suspended in DMF
until the next step. 30 Step 3 - Dbs Deprotection: -18- The resin from Step
2 was drained and washed (5x CH2GE2) to remove traces of DMF from
the resin, then drained again. The resin was then treated in a batchwise
fashion with 5% TPA in CH2Clz (5 x4mi#) with stirring. The resin was
then washed (2x CH2C12, 2x DMF), and then subjected to the
subseguent éouplintfwid"DICHION ehenmsiry Usimprisncatermatadioytle
whithe Seeommencesiwith-ahibditerdeprate ciiorWwhich is unnecessary in
this case, as the piperidine treatment usually serves to liberate the
N-terminus abra e st herhsrep Bint v erit orPras beenreseAlsEd in
5 soimesdstail by way of illustration and ex- ample, for purposes of clarity
and understanding. It will be obvious to one of skill in the art that changes
and modificaliGiaHE) bt ddiceBFP R AR S EpE bE e SR a st P of
cl&fn S THEbeTore PO RSB e T StO 0 THat-THEP RBBYR: deSttRio RS
infEpded e ve illustrative and not restrictive. The scope of the invention
should, therefore, be determined _not with reference to the above de-

scriptiéin, butgﬁgﬁm{’ ﬂgt%}g‘a’ Bé%éf’é??ﬁiﬁﬁl@di\ﬁ/ﬁf‘??éfference to the following
;o appended claims,alopg with the full. scene aosfoﬁ'cﬁﬂlgﬂé’s%l%%s_ to which such

claims are entitled. -19- Claims 1. A" method for 'N-protection of an amino
acid comprisinigdhe-stenof-cantactind.a~amacacid or peptide with to
5-chlorodibenzosuberane (Dbs-Cl). 2. The method of claim 1, wherein the
aminozacid ompeptitkel is deupled4ovaesolite buphass! resimis3s ddhe-rhathod
ofiedaimed@t 2, wherein the amino acid is selected from the group of Arg
(Pbf) [Pbf = 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonamide],
methidhine, tifptoctisidah cepstcine ughT empresthpticofelaineriaeyng the ammo
15 comiprispgitheigtépsaichyde or a protected formaldehyde equivalent.

7. The method of claim 0, further comprising the step of contacting the amino acid

or peptide with a reducing agent.

g, The method of claim 6 or 7, further comprising the siep of contacting the amino

acid or peptide with an acid.
20 S, The method of claim 8, wherein the acid is TFA.
10. The method of claim 9, wherein the TFA 15 5% TFA.

11 The method of claim 10, wherein the reducing agent is NaCNBH; ar

12. A method for “N-methylating Arg(Pbf) on a solid phase resin comprising the sieps

a) Frnoc deprotecting Fmoc-protected Arg(Pbf);

b} contacting the product of step a) with Dbs-Cl;



10 a) coupling the amino acid or peptide to a solid phase resin b)
contacting the product of step a) with Dbs-ClI. 5. The method of claim 1 to
4, wherein the amino acid comprises a side-chain pro- tecting group. 6.
The method of claim | to 5 further comprising the step of contacting the
amino 15 acid or peptide with formaldehyde or a protected formaldehyde
equivalent. 7. The method of claim 6, further comprising the step of
contacting the amino acid or peptide with a reducing agent. 8. The
method of claim 6 or 7, further comp#8ing the step of contacting the amino
acid or peptide with an acid. 20 9. The method of claim 8, wherein the acid
is TFA) 90Ty Hathdetiof shaim ivitraredahtide of FxdsBgdamddegdeThe
nretinedof claim 10, wherein the reducing agent is NaCNBH3 or
NaBH(OACc)3. 12. A method for 'N-methylating Arg(Pbf) on a solid phase
resin compri§grpeg S PEch HIPRAGE dEPFGRECHEE B oc-protected
Arg(Pbf); b) ontactig%qﬁhe 0Brodl.ijct of steB a V\}Igh Dbs-ClI; -20- ¢)

contacting the f)or%a let of E{eﬁ%ﬁ)v@ﬁﬁ%‘?ﬁna? é yde or a protected

s formaldehydey equivalent.d) coniagiingthespreduct of step c) with a
reducing agent; and e) contacting the product of step d) with an acid. 5

13. The.methnd efalaim:kay vehereindhe aeidiisd kA 14. The method of
claim 13, wherein the TFA is 5% TFA. 15. The method of claim 12 - 14,
wherein. the réducitigdagenitid Nal@NBe3nore NaBis @Ac))3NIETBIE: A
copdema of Formula | ~xI. N,

16. A compound of Formula I

[Xl

{
,Q |

[¥],

10

I
wherein:
R is a protected or unprotected amino acid side-chain;

cach X and Y is independently selected from lower alkyl, halogen, lower alkoxy, or lower
15  haloalkyl; and

m and n are independently €, 1, or 2.

17. The compound of claim 16, wherein m is {,
18, The compound of clawm 16 or 17, wherein n is 0.
19, The compound of claim 16 tol8, wherein the amino acid side-chain is that of Arg,

20 Arg(Pbf), Met, Cys, Trp, Gin, Gly, Val, Ala, Orn, lle, Leu, Tyr, Phe, Ser, Asn, Lys, Thr and His.



ox REY m 10 wherein: R is a protected or unprotected amino acid
side-chain: each X and Y is independently selected from lower alkyl,
halogen, lower alkoxy, or lower 15 haloalkyl; and m and n are
independently 0, 1, or 2. 17. The compound of claim 16, wherein m is O.
18. The compound of claim 16 or 17, wherein n is 0. 19. The compound of
claim 16 tol 8, wherein the amino acid side-chain is that of Arg, 20
Arg(Pbf), Met, Cys, Tip, Gin, Gly, Val, Ala, Orn, lle, Lee, Tyr, Phe, Set,
Asn, Lys, Thr and His. -21- 20. The édmpound of claim 19, wherein the
amino acid side-chain is Arg(Pbf). 21. The compound of claim 20, having
the stAlctureTde RPOROFHART sty 19, froreinthomming pratHddOf s yFEsing a
peptide on a solid phase resin comprising the steps of 5 a) deprotecting

an Frfdc- or BEEPHOTEEEd ammoachs 8F papstiie b) contacting the

prising the step of contacting the product of step b) with an
ethogl of claim 23, wherein the acid is TFA. 10 25. The
‘Réd-wherein the TFA is 5% TFA.

232, A method of synthesizing a peptide on a solid phase resin comprising the steps of
5 a)deprotecting an Fmoc- or Boc-protected amino acid or peptide

b) contacting the product of step a) with the compound of claim 21.

23, The method of claim 22, further comprising the step of contacting the product of
step b) with an acid.

24. The method of claim 23, wherein the acid is TFA.

10 25, The methed of claim 24, wherein the TFA is 5% TFA.



