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-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 differéHEB& T I REith A sSthe same three key
10 steps are still used in many "N-methylation chemistries employed

today, some 100 ears ince Fischer's Semin | work. Analyzed in detail,
FISa?\‘{ rec;ﬁrétllﬁlé' Hamid ﬁ? Wa p?%o em&'{lp(l,wft YIRS ARHRO AL irst, his
use of a toluenes ulfonan I O%)@M%mh e uBrOt ctin ng ‘%roup in the first ste

n P Fnt NCSIS, arii 11,0 te] i bro Proteolytﬁ: sus-
as trarsie otection mandates an exceedin gly nars epr

OB %tﬁ)"fﬁ“fﬁégt?ff‘rdt%ttw PP TP B ATR T8 f%?ﬁ%‘i??ﬂﬁﬂbhéﬂhy}a-
Hgpit AFHRP BB ERCARachtPaBe Witk iy bFotEpo Aty & des SdiivsacBisee mono-
motidiathe piethytationcchdMistey.if-tHépsdoont stépocBars! Ahd e stkrgKischer's
thedkoystapingnaiadcr aﬁeﬂﬁa&pﬂﬁlﬂ-ﬂ{@mtjﬁ@@@lﬁﬁﬂi%}ssm thesRIepseR8on of the
et symhetic sifastssingetbrNIAGRE N o auseR PR 'ilaﬁéi@\{ﬁé‘%@ﬁ‘%% an
N%ﬁ"@&!ﬂ% 8 ?J)?e%k?%fgif RISeS f] f0& B%ﬁ f%tegr{)g??tl?geugg %%Qn%e -Sccondary

rnm FOVG nt in tion c eml as reporte
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b e s o RS
SOREBErAA Bivlie Hets f(fcyeﬁt%yi@tiﬂ*i DFSEEEERTGY N tHET . EURSp@Aryears since
Fipgetide®ymposium Oxford, UK, 1963, p 165-169). The mildness and

chemoselectivity of this reaction - both critical for functional group tol-

eranéel wsd thjetdldlizahrr g erensl apphictbint Pabdwetcderessmgsons. First, his
usstefe cghermdiiyepide Ny anadhy baminogaoids withedirange (thouglametotection
malj-afsthe peetaingg enichfunstionabgupsnasilater @xelaporaied Dy Ehaaux -
whikRlis @Qﬂﬁat%@ TakahaghboNas %%?&CWI%& Leinenit il 88, Sec-
Dn%g g%%é%ﬂf’% Eé%;{ g %I%nse%gg 5 eﬁ I{?c':%&xt!;eu% er {1011?) dlk latmo and racemiza-

rotection - via tic - tion, cata
e o e A A e b -

cuqed on the development of milder mcthodologles for this same thrcc ~step reaction sequence.

The primary improvement in “N-methylation chemistry was reported by Quitt et al., in
which the Leukart 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 critical for functional group tol-
erance and, by coroliary, general applicability - allowed access to stercochemically-pure “N-
methyl amino acids with a range (though not all) of the proteinogenic functional groups, as later
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-
tion, catalyst poisoning by sulfur-containing amino acids, reduction of Trp indoles, and insolubii-
ity of the amino acids in hydrogenation reactions are all problems which manifested in generally
low yields. Nonetheless, this chemistry set the benchmark for subsequent syntheses of stereo-

chemically-pure “N-methyl amino acids.
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ity of the amino acids in hydrogenation reactions are all problems which
manifested in generally 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
StrugtidEes.e %ém@%ﬂ@emakwpgyﬁk&mmﬁeamw&revn%ﬁﬂ%%ﬂd%mer of

ot%&;vgvﬁ;{]%gkgs%lp%??@iﬁsmﬁﬁ 12%%?%%% pNﬂnzlecghéé'lﬁtaosﬂ]l?(ﬁAHJgnl%eals with varying
1" |acxlt qLave been 63Vié?_/] En m%t:taﬂ € ewhercreknle vglednos(?y innova-

de§meq aro an g as- salng, Lav
“‘N)I%‘d‘“@h%‘?ﬁ“?‘é)@%“ffo RSO BT} O & FbtABER BB LRt d were not

intsafitd rsckenvemhdaBrigeze litihodBestts e Chirbatindyioof Aeylanindavidse. R. T.
CwHigiheanekeHn(eneialv. pragaied, bysytisaedhwdnation fropana Hormaqite kyoEhas-
safuceandiben cadused topvigldahe TN 10 qretectadh: NaisamtinR mistries
ceﬁ%ﬁ Q%%Q&’Xz&az}{zmﬁé’x%q@f VM(!XI%QIQI@{& [?)1 §cyTﬂ[§@§gﬁg%% w%%9§ 'general

B g
CG b&ﬁ%clodéi%fg%ﬂ%%ﬁ A Gcnﬁo%emléfr En 1'1 C§U éh%lék(l P]C IV
prm%ﬁem%aw SHARPALE: ot BHBrGin A HER R ranedron Lett
1ﬂ?ﬁeﬁﬁaéaﬁété%tﬂaﬁﬁé@%ypc%lo%%iﬁoh WitteeyEIdpentadiened. foilbweg Chem.
1989, didid ¢ atalyetdr oypttoreversioh deds amentadutiotvde tiefdrdHdicls Alder reac-
tioh-wmetkiylamiayaaithidd (recdale .iPuaBRASAS - Aicdd@Hign GheyclBtadiene,
foﬁgwgy 6@&%&%1&'&@&}% é\fgrs%ﬁ] %n.tl@i%g ﬁh@éﬂbﬂﬂ?ﬁé&%@gﬁﬂﬂ%ﬂ}’mmo acid
gcponkgc%blﬁ tggm%hyl@tlorb%m h@ﬁo%@l mgs% 1%{ two principal reasons.
on, w

Flrst most em oy cataytlc ydrogenati has long been

recagnig ‘%9&%&%&%%@&9&%&% %94"339&%%&375%@&%&&9‘6& 1R lﬁ'r?at\{&'}}%' the
50, nap%Qq%tr or .Tw ”Ity of t e solid Ol’tt too%la E:a %F@g}) aarttl tezcs erglp %Xauon Whlch has
k ese reactlons e ondcafgor ihe 56 chemis % ‘i

long) OB ASCRRYZG S0 BS ROTTRHIBIT AL B %M@&.ﬁ%&%g‘aﬁ%ﬁ ,“m@iﬁﬁafm a-
bilfeppbietisHos tprigtaecotalyiis Red P Harelvadids twkickaatenhcsneadibler the
cherithytriramyat protesting sgrodipand peptidepsesindinkatesou sedlinahgdepanation,
thSRRS dsplidpbase pepiidenpnrthe-t5isheih Wassnahwntl K aijusis.and with many
pru&dglg grqua&?@p%@rw%mg%@é@w%mﬁt@pﬁga&@ﬁgea&%&p{ge synthe-

ethylation could be employed on the solid phase for peptide synthesis
accordlng to the
It was not until Kaljuste and Undén's innovation of a novel three-step chemistry that reduc-
tive methylation could be employed on the solid phase for peptide synthesis according to the
Bee/Bzl strategy (Kaljuste, K.; Undén, A. Int. J. Pept. Prot. Res. 1993, 42, 118-124).

In this chemistry, the 4.4'-dimethoxydiphenylmethyl chloride (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.
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-methyl terminal amino acid residue. The benefits of this
chemistry stem from its mildness - the absence of strong base, SN2 alkylation, heterogencous
catalysis, and heat - and all render it completely appropriate for on-resin “N-methylation in the
context of Boc/Bzl SPPS.
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Boc/Bzl strategy (Kaljuste, K.; Und6én, A. Int. J. Pept. Prot. Res. 1993, 42,
118-124). In this chemistry, the 4,4'-dimethoxydiphenylmethyl chloride
(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 NaCNBH3 as the reducing agent. 30
The final deprotection step is then accomplished with 1:1 TFA:CH2CI2 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

m”dﬂ%ex“ﬁﬁs@‘ﬁ@%ﬁﬁ? &Ew&%tﬁﬁﬁe‘a&l\@@'ES%@@Q&&%LQ@Q%@&%% step; the

de%%?eé/&éﬁ ek Agahs ARd AllLLendar %%R‘a%gtg'é’l %P)prxo e hg 82 M casions
f ?§5¥|at)on I&Shg CQH!.‘SSXtﬂ%f B}?CT/nSt 1'Pn fila3! Wlever W odern
O iR Fogiiren Srong alit £ BasiLdd Wrihmsnt “dép ?B?eé% §{5§7
Ffﬂ?é@é@%%’éa%ﬁf@lﬁﬂghwg Efd"té‘}ﬁ?ﬁ‘ﬁ?é fh&ridatiey! 6&%«?&@/@& (4Hpye s
presepastEEcty g e oheenthationsleobSTFAKB0% v/v in CH2C12). Thus, this
chemistry is fundamentally incompatible with modern Fmoc/tBu SPPS,
whéreinst e thighieb Aearttatisherafteid houracaffaptibelyipioyajunction with
Freigétohai S5vps dtactingr oupbeanadionitieaveal thibpeptid rksmninkagew, C. K.;
cilhedingt methylation eheouistsy cormpatibienwite-on-resimethylation AR, Chem.
S&ONPSACTAN ML okOeABU SKPSWag TUKUYAMES: Lett. 1997, 38, 7307-7310).
nitrobenzenesulfonamide chemistry (Fukuyama, T.; Jow, C. K.; Cheung,

M. ilf;emairl&mﬁn@nlyetbelﬁﬁfw%@n@3235;@3%&1% llefin S- Gri2ScanlaPochzeadeskifonyl
cl‘lﬁmdghﬂl%e %(98 st gtie 1‘&1&)1]%%91% 1%%‘9 Qnﬁ }atéc_al ﬁﬁé‘r‘ ’SﬁZ IDr Mitsunobu con-

Tetrahedr 7307 73 Inthl chemis
di Q %
e rminuS i ?égs%affon n mo? 2 |n| ro aénﬁg%hesu?fo%lmghfo ide thf polid

Phitse Mesfliphpudiee ﬁéh“é‘rﬁ?d‘é?ﬂ‘é?&@b#%‘%%f’é?& SETRBRANG N Ry terminus,
TN EGABH Conthaitiones aobyistcr e IR el sumtbin fhigey, Thike side-chain pro-
tegutfopanmidents thshldeprotectecon theusolly pheisgetynafthiolBuciébphilel has
bestGRaasithiophenakipavingthe-aewseconsany Iirdethyl terminusid Hhise, as
wghmmp@ﬁ%mme@@fﬁ ohbeing, Whelﬁlmrmgﬁm%w IHePH, %6%313
B%quChﬁk dl,[l)el SJKeEysr%%rgriQuﬁﬁr a OP % d(% c%gc%rﬁﬂg r?g% ?‘E'i@mé’ , E..

een use the preparatlon o

em clt
KCS’S r smgle h?éhi/?(gr% ?1% A d)s on the solid phase, as well as

q& %eé)tlde§ 1L|n’th>é bil tp %;c {ioh on %s‘]hg/l 1;|;1‘etrahe29;rs Q)\Iﬁr?tt Oooher spar-
ki) iron, E.;'Chatterjee, J.. Kessler jvournal o' Peptidé

D e v e “PFI‘:‘JDP@}@ RS sy Met
anylgﬁrgg}g@Bfgg)c chemoselectivity probiems have been subsequently reported elsewhere by

chain

Rivier et al., who opted instead to use Undén's chemistry (in a Boc/Bzl synthesis} owing 1o its
greater side-chain compatibility (Erchegyi, J.; Hoeger, C. A.; Low, W.; Hoyer, D.; Waser, B.;
Eltzschinger, V.; Schaer, J. C.; Cescato, R.; Reubt, J. C.; Rivier, I. E. J. Med. Chem. 2005, 48,
507-514). The incompatibility of Fukayama's chemistry with Arg(Pbf) likely stems from the
similar pKa of the nitrobenzenesulfonamide and the Pbf sulfonamide, whereby the Pbf-protected

guanidine 1s alkylated as well as the intended N-terminal nitrobenzenesulfonamide.

. ¥ oo
E\NKN”F;%}C}MC "‘:“NJkN-—s‘; /on
HoOoH T e HoOH T N—

Arg(Mitr) Arg{Pbf
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20 However, even in the first publication on this chemistry, it was shown to
be either spar- ingly or completely incompatible with amino acids bearing
nucleophilic side-chains, notably Met and Arg(Pbf). These
chemoselectivity problems have been subsequently reported elsewhere
by Rivier et al., who opted instead to4ise Unden's chemistry (in a Boc/BzI
synthesis) owing to its greater side-chain compatibility (Erchegyi, J.;
Hoeger, C. A.; Low, W.; Hoyer, D.; Waser, B.; 25 Eltzschinger, V.; Schaer,
I3 Be; ascattioRinReubiphliCariRivigrtht Fulduided. Sbemu2C0S A8, Laplante and
C = SUATALI
B G I R ffane, .
Hall, 1§ i ?—e@ §Péb;}»tﬁé%b’r%teé%eaveg’aarﬁ%%shgf%wafé@%%@naée/ complex
and emhb)]’rﬁt@mmwmmabmmﬂzanesﬂﬁMammmNHthNemm%Mde chains
such as SleRdd it kHdd Arg(Mid Ai9ERED 3T 1find &ﬂhﬁzﬁ%aﬁ?% Bﬂ%%éﬁﬁs&y
e

application of the Fukuyama chemistry to SPPS, Laplante and Hall

IF?p?ﬁngg aSWﬁat'qpeOqug I\Qﬁf%es% ;ga{gar}_%%ﬁ%nt for§3f5%3/ 7 4% the 2,2,4,6,7-

ylation &ﬂ plante, C; Hal go%
pentanTq iy LBy TS CHETSy FUSBEER p Co O ‘Shil AP OgsapeAabirdeprotected
under oXidad yreaihehobak deresulttivis coaditipatiblétiaith dxidizebletsiderehpinseinogenic

functloﬁﬁm a%m%'s%gpo?ﬁ TR dpgk ﬁéhﬁfﬁi@{(sﬁﬁf@t% g&q&&ggtﬁiﬁoc -MeArg(Mitr)-

e chem In Fmoc SPPS, the Arg side in I5_.commaon
O n e R3S RSt IR e I AR et oenzene-
sulfam(%grgmwmmmﬁ bé)mﬂmtltﬁwad’ep}dt@cse@ ohdereslatiVémetildation entirely.

Howe@@b@g@ﬁfif?ﬁ@@lmra G@&Kiﬂl@ﬁ&x\m@%%d@%’%ﬂgﬂt tmﬁ%&g&ﬁ%@(ﬁg@g dSbal deprotec-
ties. In sis es bearing N-me residues,
tion st rEIclc:)c ?/I%I I% ?P% %&&?j y be ﬁgée%% ncorpof;a rﬁ% %ﬁmrgo? 5%6?&%1%? Which re-

sult in AnpraeRIRYLD 13“6 WH&H&}FB@W?@#@ durariaerppbie ingigrbop) ddese problems can
be ascspedhonie avoick the mgﬁf)&ﬁtfﬁ@@lb{rpﬂ@xﬁmﬁwﬂhﬁjmw@mé"@W@Mﬁg’) resv:iues be-

cause tﬁ‘f&*%%@dﬁl %éu\ﬁqp k‘ﬁﬁ“ﬁ %'%%B?ﬂ&é%?ﬂfﬁ%ﬁs 1%9% S g{l? m?nt during

frotec tIQn Step In the presence of iS attén Yy a num

the elo gl RS PB AR AR W EREALIET Vst ¥y e it s occasionally
only pmﬁmaﬁmhmmmphmwedmﬁdmuﬁnegbmmim oavulently modify other resi-

dues such as Trp. Thus, Arg(Mtr) is not an effective alternative to the more acid labile Arg(Pbf)

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

According to a first aspect, there is provided a method for *N-methylating of an amino acid

or a peptide on a solid phase resin comprising the steps of:
a) contacting a amino acid or peptide with 5-chlorodibenzosuberane (Dbs-C1),

b) contacting the product of step a} with formaldehyde or a protected formaldehyde

equivalent,
¢) contacting the product of step b) with a reducing agent; and

d) contacting the product of step ¢) with an acid.



15 be ascribed to the use of the Mtr protecting group on "N-methylated
Arg (MeArg) residues be- cause this protecting group is highly acid-stable,
requiring harsh, long-term acid treatment during the global deprotection
step for its removal from the Arg side chain. Moreover, it is occasionally
only partially removed, and the thus-rgmoved sulfonyl cation can
covalently modify other resi- dues such as Trp. Thus, Arg(Mtr) is not an
effective alternative to the more acid labile Arg(Pbf) 20 in a peptide build

Boalgppicpiocgturedequinathidchnptvasiorof an cRamathiylatetdAemprising the step

of conthBEEETD @dé@faﬁﬁﬁ%&é&ﬁ%‘?% p&é‘@a@&%{ﬁ%ﬁ%@%éw{?lb&g%x.

L

of

on-resin methyla- tion compatible with Fmoc/tBu SPP with amino

cids bearing protected,or unprotected,nu- cleophilic side-chajns, notably,
B B o R R SRR TR B bepaaeis coupled
to a solid pHASRI§Y a first aspect, there is provided a method for "N-methylating

of an amino acid or a peptide on a solid phase resin comprising the steps
Bfehrpdntdictngr ey atnsrbeadid ar ipeghtidewhitheinchtonoditend s beraRef).
(Dbs-Cl), b) contacting the product of step a) with formaldehyde or a

Tretgplechfivimaldatysde reaubatenti3pr6)-eantasing AR8rY adidct @hstRfhg the steps

b) with a reducing agent; and d) contacting the product of step c) with an
acid. -4a- The application provides a method for 'N-protection of an amino
Zcid con][Prising the step of contacting a side-chain protected or
nprotERtEE amifo ad '8P petide with DHRSBYPhe YpplicatiotPHfoviddise
the above method, wherein the amino acid or peptide is coupled to a solid
phase resin. 5 The application provides the above method, wherein the
amino acid is Arg(Pbf). The application provides a method for
'N-protection of an amino acid comprising the steps of a) coupling an
amino acid or peptide to a solid phase resin -5- b) contacting the product
of step a) with Dbs-CI. The application provides the above method,
wherein the amino acid is Arg(Pbf).

resin
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The application provides a method for N-methylation of an amino acid or
peptide com- prising the step of contacting an amino acid or peptide with
Dbs-Cl. 5 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, further comprising the step of contacting the amino
acid or peptide with formaldehyde or a protected formaldehyde equivalent.
The application provides the above method, further comprising the step of
contacting the 10 amino acid or peptide with a reducing agent. The

apRjcRHARREAMIASSHhe aRrye methed, further comprising the step of

contacting the amino acid or peptide with an acid. The application

proyides i hayswBaliRdowSHEIRING AGIGH 3l FAmo e APRISAEEN

provides the above method, wherein the TFA is 5% TFA. 15 In Certain
embrdipenisaf QM@EQHQ@E‘&BQ&’ Redecing 3psNtLIsNaG BHRRlde com-
prNABHIQArIB-dRLEHRIN SRR dRSPIR AldhG APBYE Apethods, the amino

acid further comprises a side- chain protecting group. In certain

embedimeeia of thsabove BetbatadheamRe ACHIR AIGFRD A% coupted
to%%ﬁ?d'}»}?a@ét%&%mems of the above methods, the amino acid is methionine.
In certain embodiments of the above methods, the amino acid is

try [eX ime t ove esmo S, the er11 g:id .
D ol iyt g
on & solid phase resin. comprising the Staps SF 384y gt aBtotecting

F - rg(Phf). b) contacting the product.af step a) with )
D?ff%fﬁ%fi%gﬁgoﬁ&é%%“% R o 0. b pgeme e
PO tESa RS IER A& 6088 t; d) contacting the product of step c)

with.a reducing agent; and contacting the product of step d) with an
acighe apghcam% pgovuSes 916 a %ve me%‘xod,%urthelp comprising the Eteg of contacting the

amino acid or peptide with an acid.
The application provides the above method, wherein the acid is TFA.
The application provideé the above method, wherein the TFA is 5% TFA.

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

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).
In certain embodiments of thf,; above methods, the amino acid is methionine.
In certain cmbodiments 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;

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

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



5 The application provides the above method, wherein the acid is TFA.
The application provides the above method, wherein the TFA is 5% TFA.
The application provides the above method, wherein the reducing agent is
NaCNBH3 or NaBH(OACc)3. According to a second aspect, there is
provided a compound of Formula | xjg.JOH RY 10 wherein: Ris a
protected or unprotected amino acid side-chain; each X and Y is
independently selected from lower alkyl, halogen, lower alkoxy, or lower
di5coateciiing; Gadpmodind nfiedndepernitiefithnidsiod2. tn eertitected formaldehyde
equivaffpodiments of the above compound, mis 0. In certain embodiments of
the above compound, n is 0. In certain embodiments of the above
ompQun e amjno. acid side-chain is that of Arg, -7- In certain
@rﬁ%% ?%19 %Eeo?rﬁ%ug (())(f:v%e oF bwé‘{tﬁn%ﬁﬁ%cgl if Iegaf('iiEcilnside-chain is that of

Argélef . In ertaigpemb diments qf the ghove compound, the amino acid
g "ﬁgigﬁfah%‘fo A&t StPLksiH é@mBYiments of the above compound,

the amino acid side-chain is that of Cys. 5 In certain embodiments of the
S Hisoirberipp el iges Binrhe s ain.onbaein tharsidripTicertain

embodiments of the above compound the a. ino acid h of compound L..
TrelaxGiaitids thavidés terthiovemibddidevitsrefitiie: ATovéscBmpdund, the
amino acid side-chain is that of Gly. In certain embodiments of the above
Tanpplicdidheraniite adisideebaiddséhatedh YRl redEREaIRent is NaCNBH; or

NaBH&FAl%‘idimems of the above compound, the amino acid side-chain is that of
Ala. 10 In certain embodiments of the above compound, the amino acid

Aside- hain is that of Urn. . .
ccording to a second aspect, there is provided a compound of Formula [

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.
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.
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In certain embodiments of the above compound, the amino acid
side-chain is that of lle. In certain embodiments of the above compound,
the amino acid side-chain is that of Len. In certain embodiments of the
above compound, the amino acid side-chain is that of Tyr. In certain
embodiments of the above compound, the amino acid side-chain is that of
Phe. 15 In certain embodiments of the above compound, the amino acid
side-chain is that of Set. In certain ergbodiments of the above compound,
the amino acid side-chain is that of Asn. In certain embodiments of the
abaye &AM RABELNE 3PN AIBERAI IS MAL 9L ke IRESHAIL o
diments of the above compound, the amino acid side-chain is that of
hr In certain embodiments of the above compound, the amino acid
side-chain.i . ' icati rovides a,compound havi
the e R o B O R L S SRR R S

thegg dér@f%ﬂ%%ﬁkéﬁ@ﬁ?%%%@&%ﬂé&gg, Ny %B}l%eag@ s{ildes-gliaqnep % of Cys.

resin comprising the steps of a) deprotecting an Fmoc- or Boc-protected

amineaaGid QhivapidR o tkGONACHRY MG PIRANGHO LSRN tRat of Trp.

above compound. The application provides the above method, further

compsising shesieRef sontasing dheppraduct ahsiep-R)withan acid, They,,
application provides the above method, wherein the acid is TFA. The

appicatiain grovislesnther aboue voethduh) eeithe i Aiie- %tk Aar 10Gly.
Definitions The phrase "a" or "an" entity as used herein refers to one or
mokhe cefttihatraintitycios edharbple, caraprand uidareterscio GMecasinekRat of Val.
compounds or at least one compound. As such, the terms "a" (or "an"),
"one errrioreth@linetiet 46 det abned canmpdvad) sechinter abidngieahlyshe tRinet Ala.
In certain embodiments of the above compound, the amino acid side-chain is that of Orn.
In certain embodiments of the above compound, the amino acid side-chain is that of Ile.
In certain embodiments of the above compound, the amino acid side-chain is that of Leu.
In certain embodiments of the above compound, the amino acid side-chain is that of Tyr.
In certain embodiments of the above compound, the amino acid side-chain is that of Phe.
In certain embodiments of the above compound, the amino 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.
In 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.

The application provides a compound having the structure
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As used in this specification, whether in a transitional phrase or in the
body of the claim, 15 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 context of a

Mtegg specifically indicated otherwise, the word "or" is used
imgeNinclu-sive” sense of "and/or" and not the "exclusive" sense of
br'. 5 The term "independently” is used herein to indicate that a
tabile is appligd in any one in- stance without regard to the presence or
absence of a varigble having that same or a different definition within the
same compound.-ghus, in a compound in which R appears twice and is
de- fined as "i’ﬁraepei‘ﬁdently carbon or nitrogen”, both R's can be carbon,
both R's can be rifrdgeh, or one R can be carbon and the other nitrogen.
10 When any vagighle oceurs more than one time in any moiety or formula
depicting and de-{scrifjjng compounds employed or claimed in the present
invention, its defnmigA o each occur- rence is independent of its
definition at every otlier pccurrence. Also, combinations of substitu- 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
NERAIEN IS ATBEY dimere Hsecdvanpoiretcummshadcel sxethesiainsindemidsson a
solid plrnsehicinitdoesisiat; thesexample, "optionally substituted” means that the
optionally substituted moiety may incorporate a hydrogen or a sub-
a§ldenBtedihe BIMmabost HiscusrALRIE IR MRAN ARRiQxiMately, in the
region of, roughly, or 20 around. When the term "about" is used in
bGRBIACHRD WP 8 dimeical kanae, ILonadilied Jhal.(aRge by extending
he boundaries above and below the numerical values set forth. In
Tg%gieéﬁé%a he%t %\?r&'ﬁ%gg%tt ggo&aglir%e%%)rg,l I%L;[ig)thrg}_ogé parigllrjlgt rclecs%!ff)/ aoly gontacting 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.
Definitions

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

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

As used in this specification, whether in a 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

context of a compound or composition, the term "comprising” means that the compound or com-
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a variance of 20%. As used 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 substituted aliphatic group,
an aromatic group, another amino acid, a peptide or a substituted
aromatic group. Examples of amino acids include, but are not limited to,
alanine, valine, leucine, isoleucine, aspartic acid, glu- tamic acid, serine,
threonine, glutamine, asparagine, argiine, lysine, ornithine, proline, hy-
droxyproline, phenylalanine, tyrosine, tryptophan, cysteine, methionine

pRAGRIGE 200 e A RYIgen oF 8 protecied Of UNDIOtECted | i onal fea.
side-chain of a naturally-occurring amino acid. AR USe Hfﬁerem natura tﬁo

tures or com 1T n
occurnné’ amino acid side- chalns include methyl (alanine), iso- propyl

(vakn%%b gmblut &Eggegccn tlc—ilgg eucm ) benzyl
‘% en anlneg droxybe Elreoswtle ed”ﬁr S Ié)use'd in the "inclu-
st ﬁé%élﬁf%"?{ Fe&‘}ﬁﬁgsf ?:PFZE%S ﬁ‘i}lo%?P(‘Frﬁ? Bﬁfﬁfi%han) -CH2COOH
(aspartic ac,ld -CH2CH2CO lutamic acid), -CH2C(O)NH2,
(a:|zf))harttag|ne‘)nél KPR 26(6‘3(%%%1@ ﬁt’gﬂﬁ‘fﬁ@)ﬂ‘%ﬁ‘ﬁ@@&(&ﬁ@ figdjn any one in-
SUARSEBIIISEIHS (MEXhRSFIFIST, Of(EEPRa DY TSR HEy [N e a differont
defgifmh ifiehin [he BRIARBICEN AR targimineg)daindviBH R- Ssirticiazdog and is de-
fingdigtidimigpebdBitle-cliainsrofianaint, a6iblR cRENBESIAG @, both R's can be nitrogen, or

onbRIepataAIEANAIRDYHNgiaBal group, e.g., an alcohol (serine, tyrosine,
hydroxyproline and threonine), an amine (lysine, ornithine, histidine and

argiviee hnmeyileRUiteus PIGeEHaG G axR 1 Jagiliatey saclinng fél?%! d de-
scrﬁlﬁﬁ@'@@ﬁﬁ‘&ﬁﬂsﬂéﬁlpn%@m@é%eﬁqmﬁ@ !;S}QSEHPEH@%:S E%U&%iﬁﬂb% lif %gchooccur—
m,i&clyql%%r&&ﬁ%tmg B ey g o Substic

_Side-chaln qo an amino acid. When the heteroatamm-eoritai
T G ] geQHWﬁﬁigﬁaﬁBHfB“ff&ude a protecting group, the

&dﬁ)CQam lS E,%Q e%{tq ats th unprot‘?%ted, side-chain" of an amino acid.
Protecting groups are cd ma my &sed ih éeb?ldléCWnth?ﬁésﬁ'ébé?ﬂ?eﬂgsgeﬁi’éb"'d

e"ffzﬁéswf&ima o Bg%%f%v%ecava.ﬁ% FSharRsFER i moinRden eaneraryhere
thesplieAbRE PietEEHRgCEUpSirdnidstatiodsvibickhie dreparation ofaprotectedonally
subgtitinl oicmischat the doicmelly Grepaet abieBreiecingraupsHIQFgRBIG sub-
stithmithesis, Third Edition, John Wiley & Sons, 15 Inc. New York, 1999. As

used herein, the term "protecting group” or "transient protecting group"

refets teca Ghendical gedupdiattis reasteshwitheang BouRd 10id TcHiena, or
aro@FQUIV R RRABHLIE-IR PSR th€onjunction with a numerical range, it modifies that
range by extending the boundaries above and below the numerical values set forth. In general,
the term "about" is used herein to modify a numerical value above and below the stated value by

a variance of 20%.

As used herein, "amino acid" refers to a group represented by R-NH-CH(R)-C(O)-R',
wherein each R' is independently hydrogen, an aliphatic group, a substituted aliphatic group, an
aromatic group, another amino acid, a peptide or a substituted aromatic group. Examples of
amino acids include, but are not limited to, alanine, valine, leucine, isoleucine, aspartic acid, glu-
tamic acid, serine, threonine, glutamine, asparagine, arginine, lysine, omithine, proline, hy-
droxyproline, phenylalanine, tyrosine, tryptophan, cysteine, methionine and histidine. R can be
hydrogen or a protected or unprotected side-chain of a naturally-occurring amino acid.

An used herein, naturally occurring "amino acid side-chains"” include methyl (alanine), iso-
propyl (valine), sec-butyl (isoleucine), -CHCH(-CHai), (leucine), benzyl {phenylalanine), p-
hydroxybenzyl (tyrosine), -CH,-OH (serine), -CHOHCH; (threonine), -CH>-3-indoyl] (trypto-
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functional group from participating in subsequent reactions of the
molecule but which group can subsequently be removed to thereby
regenerate the unprotected functional group. Additional ref 20 erence is
made to: Oxford Dictionary of Biochemistry and Molecular Biology, Oxford
Univer- sity Press, Oxford, 1997 as evidence that "protecting group” is a
term well-established in field of organic chemistry. Some common amine
protecting groups include Aloe, Cbz, e, Fmoc, Trt and t-Boc. As used
herein, the phrase "amino acid or side-chain protected derivative" means

ph@ﬂa@@t@é@fawl%ﬁi) '@ﬁ]z%ﬁ%@lﬁ( &‘A?‘E“é%é?eﬁi) E(I%E t(hsp::lragme}

Cﬁ&?ﬁ%ﬁﬁ?’?zﬂ.ﬁa? %1% ?‘Eé.?a S’:o% e IS b e S
lyﬁx“‘ §%§ S5y tacivnay arsht Cic Ruiseidazoy!

(higt] IBﬁ’frloxane 1, 3 dloxane 1 3- dloxolane formadehyde dimethyl acetal

(or higher order alkyl acetals), paraformaldehyde, and 30 DMSO. As used
her?éf?? St '“m%lﬂﬂ“g&ﬁ‘ﬁfﬁ?f‘lsﬁ}é" sdrEshissecrfiringofnslicelidrphmses., an
algeflelseratoupunswhi dydiprk zpriline auidl traveptitieais syinthegired pattatheHistidine
anfigagizdho), othervgsie inprookiidiz edos up PRI QRCRAPFSSESAREBITSHED B en the
hetéﬁﬁtﬂ%&@!&aﬂ@&ﬁﬁsﬁﬁg@ﬂﬁ% -a%éﬁ&mﬁu’s%pﬁgz i‘éoté&pp%lton’ﬂ)ayip Stde-chain
is f@gﬁegssqs%gr &@9'&{93%%“%? %?%8 itxr%”wo%e dhxlemafom-comalmng

ferieoxy. an

fllIE‘.?é/rBili R?‘y lqu ho 3 891 AJ %rgl%ltli;(y len?‘o ect élﬁsthi iiﬂfﬁ%rbfs Efgﬂ'%@rﬁs the

as we as Cco- pO ers an
8‘1% IBE-fraiytlien e a9 é’é’éﬂ%}ﬂé&r?}mﬁml@anﬁ@réygﬁégr(@@@e syn-
theélfs %@%‘rg@-aﬁé‘g@%ﬂm achefiearfied atidie ofdireuppoertifivayrbéinethsflornmany
suigfbbe ps;coph erespparti- wlekgranules pageition arspiRERd IUHACESIN YN be

folnd planeds sLbs @Ol IRAR: BIOIRMMRIBDRL:RUPRRAEMMEY, BRI RUSLE ons,

Ind)RRPRES;539d may have swelling or non-swelling characteristics. 5 A
support may be configured in the form of a well, depression or other
containes, N&@fne|th@%§%e'pﬁﬁ49§§é'%fbu-£h%xteqynsfgﬁl%0 ct&%“gr&ﬂa &fers to a

Sin

c 1 |b unctiona 0
nefRAY GRS Pg%g&y‘;%e '?gjbgh\éi@ e3|$1%2(:ec?ml)l §| ed’ot both 5@% "2 REFvent the

r._thylene P.
SR S Rt e ask vt o o
bﬁ-?élga%Bﬁ{gr&%ﬂanﬂc&‘aﬁﬁe&vofﬁ%a%réwﬁ YR PitsérfsniayRaaber etre Awitipnal ref-
ereaq:ﬁypamgﬁe fedustivé @1mammf%gchm@md9@/mlecular Biology, Oxford Univer-
sity Press, Oxford, 1997 as evidence that "protecting group” is a term well-established in field of

organic chemistry. Some common amine protecting groups include Aloc, Cbz, Dde, Fmoe, Trt
and t-Boc.

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

The term "protected formaldehyde equivalent” includes 1,3,5-trioxane, 1,3-dioxane, 1,3-
dioxolane, formadehyde dimethyl acetal (or higher order alkyl 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, polyethylene, polypropylene,
polyfluoroethylene, polyethyleneoxy, and polyacrylamide, as well as co-polymers and grafts



10

15

20

25

30

- because these reactions are performed under mild conditions compatible
with the aforemen- tioned resin types, since these resins are made of
ethers, esters, amides, and polymeric backbones inert to the reaction
conditions described herein. "Resin" includes, without limitation, polysty-
rene resins such as PS-DVB resin, PEG-based resins such as CLEAR
resin, ChemMatrix resin, 15 and PEGA resin, 'hybrid' resins - part PEG
and part polystyrene - such as Tentafzel and HypoGel, and
silica/methacrylate resins such as SynBeads and Functionalized Silica.

thel . tﬁrmpﬂ!ﬂ?‘k 'QEBJQ@&O‘P&HQUE’JH%E"L%%%S Wc&hﬁg]ﬁﬂgﬂ%? BHlté/ éﬁ@@ (CPG) or

ea eptide to the resin, sych.as t
re&:?g%( g%gs% mxca r'Ph %I‘C % % (91 (HI a, suc?én 1? Sb H) ﬁ 5{nons O?Ef’lé,g\ eres parti-

that IS sta It perio O concen
e IO S8 e TSRS IR, 0GB g 1 g planer
S“alef?&%.ﬁﬁé@é POTARA 5B TIYA] ﬁéﬁ@@h&%%ﬂgféﬁmmg@qw@g@émmsucs

A gy oyayrhe tieyiherionyhe &t af id vielkatper¢Sheppantidr ickesyof- vessel, feature
or heetiyibenzhydrylamide linkage (MBHA Resin), Rink Amide Resin, Rink

Amide Linker, and 4- (4-aminomethyl,3,5-dimethoxyphenoxy)butyric acid

linKébe (BrAllerikKer) " Jdhd phrasesiic dugheit tpdysojidphasé vegibehaad)SPSIDVB)
reshR[QINy (BAARECONNALIGHOT bAYNd:tons BohsalicbsPRER O8N M&@EG and
poﬂ@ ém!: %xﬁﬁ@l@?ﬂ aiﬁ'ﬁsﬁﬁun%g%tﬁg&ﬂﬁg Egs@dsx%gglp h%fﬁ&c{ ?%Hﬁ%@ all com-
pat%gdw% \Mﬂfﬁ) ﬁln rgé %gld SUC d%ctwe g 210 d e11(§ acidolysis

B resin Wlt nlcal an C|en’t ific

- boemse tgFé‘?rfer?éi(}(é“fh%eni?g‘gﬁ'iW& c‘&‘ﬁ%é‘ﬂ@ ﬁﬂ@@f@?ﬁ&&%@%ﬂé Gisian Homwen-
tiopgql TSR tE B s EE Hivet B1ad5 Yt athers siessaatidesviiebrabyiasig, backbones
ineRdfetfenceciaB@®ndaneshieitbtd variousRedthondldgie s mndmiateniats polysty-
rerknesins tadhaseLhsEIsithergtbStandard safeenaerunarksisettineh ioithx resin,
andE08NEIR! BiRsPles Rl @Qﬁ@ﬁ@%@ﬂ@gw ley &9095&@5'5 Fugk il m@@{ﬁxﬁe}

and 5. DREACRIRGIEAL S5 S PhElaPE K B cheCra Hi

Companies Inc., New Yor ny suitable ma erlafs and/or methods

kn@m&%%ﬁﬁm&@&%&{t %ﬁgﬂgh g%réﬂglglg e %‘gégo nec the amin(]
acu:p Ventl%ﬂ 10 3 1\'{3%{11 psl{l%%erre r’ﬂa eg\a S a e?t (t)ha? B or penods of
12 -Rénials, reagents an ke 0'W re Srencs are ﬁ}fﬂ%

10“f0||(ﬁ?ﬁﬁ818%t§5}‘?ptld)ﬁ an%FéxanPe[%]s ar%f%‘btaﬁ‘f&‘l")‘@ froWE‘é‘ﬁ‘ﬁWerc%‘Psm) 4-
hydiggreedinirisdasthie ividdirewsd FA Mo hibehawm Alitoxsibep sy steten fmbage (Wang
Regpposeditpivonmettgdhataxdistinct veridx) indhicates thiskepperbond.imlay)be 4-
medatiaehed deyrmidelihe guilableA RgialORIBk Amide Resin, Rink Amide Linker, and 4-
(4-aminomethyl,3,5-dimethoxyphenoxy)butyric acid linker (PAL Linker).

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 to PS-DVB resin with a
Rink Amide linker,

-

Technical and scientific terms used herein have the meaning commonly understood by one
of skill in the art to which the present invention pertains, unless otherwise defined. Reference is
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 materials and methods are described. Ma-
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5 The term "alkyl" as used herein denotes an unbranched or branched

chain, saturated, monovalent hydrocarbon residue containing 1 to 10

carbon atoms. The term "lower alkyl" de- notes a straight or branched

chain hydrocarbon residue containing 1 to 6 carbon atoms. "C1-10 alkyl"

as used herein refers to an alkyl composed of 1 to 10 carbons. Examples

of alkyl groups include, but are not limited to, lower alkyl groups including

methyl, ethyl, propyl, i-propyl, n- 10 butyl, i-butyl, t-butyl or pentyl,

isopentyl, neopentyl, hexyl, heptyl, and octyl. When the term "alkyl" is
wSedan ASHliND G A0oIRL IR SR, dosivd it Jtendep.

Itoarrgf&r{t%a%r%%[lé%l[%gu r,e% de medai ove Bemg_su ShtUfed With oha'fo
Pl P O S L R e Y S R QPSS RYAAS -named group.

;2%%39& SRS -hg'ﬁ?E%L%XQ de %Qéﬁ%othgnr%‘ét'ggaé% gﬁﬁg{%%%% gﬁﬁga?es that
e

a
r.ﬁgen radical, an isan aﬁk ne radical as
on.the alkylene

RS TREARAME AN DR SRRHEATISGIRELY the halolalkyl moiety will be
derfljgfege%ndiea Int ST ESING: e oLvBBRIFARE

radical. The term "alkylene"” or "alkylenyl" as used herein
GERE IFOFRth Tt
mopRiEnt gy sl sratiiniag SitulRtseban alent b ceronrisorer alkyl" de-
noifci srishR a1 dedydnintorocebyn rGldMaoniu@id2CH (i RYGHDNs. "C1-10
aliytlesssothenise: 20 indicatied . coxpeeiiioithecCEseatfometByAaHR:sthe. AR Froups
in&ﬁi&ﬂﬁ@%@f?ﬂiI&{WEQ@éﬁf@;&&ﬁ Q@Bﬁéaﬁ@&hﬁ% E?}_a&ﬁ%,séfg}i? o ;I i-propyl, n-
\ g n uf are not limite methyl- ene,
bu%ﬁ@'ﬁ%}g’% pgrolgyler%,ﬁ%i é%hy%%r%ggle e, f,lé}( -d%%%%@fet%%é’ne, butylene,
2-athibuiylene ke fhREgLioR ein fet " this i
imgﬁggy%orgh@ngg%a@e- Tf%gﬁ@;)if%%ﬁ“gg s oo -r%;%%’%fléf?“ y
10 dibenzoauberane 25 THE Shbraviation T EANE ;UbtHied with one 't tige sub-
S oroatatid AR TR RIS FRAAHR ARG & AP usEhdPe i apatisrs gloalkyl " de-
noigshe Bidical R mathsRih dichletiogsturadics.- snddnye @olvimmipdisdds defined
hergisbvéshi dvorslinshndimzabatiie( Atk tamorpeiis aif ubyrpdiituiley ( AlBAE), witt be on the
alkmasphdiras (Arm), 9-borabieyclo[3.3.1]Jnonane (9-BBN or BBN),
tert-butoxycarbonyl (Boc), di- 30 tent butyl pyrocarbonate or hoc
anfiydride (BOC2O)pbatizyb{Bnyshued (B Ghereicaliddlcsiratiated linear hy-
droRegistraiion dunbes (bR ez YIoNyGaHR AV ASRL s ulle FARANY hydro-
cargd_)lﬁmgﬁ@a@l_@f ﬁQPib ém%ﬂif%M?X%'O[%ﬁﬁl‘?%‘iaf&é%ﬁ%aﬂr) unless otherwise
mdgc,'e%@y'%%'éb?%‘ l&iler ct:gﬂcuo Irgceth l?é%e,aé %ka%%nvéi]é%_ces of an alkylene group are not at-

tached to the same atom. Examples of alkylene radicals include, but are not limited to, methyl-

ene, ethylene, propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-ethylbutylene.
The abbreviation "Dbs-Cl,” as used herein refers to 5-chlorodibenzosuberane.
The abbreviation "Dbs," as used herein, refers to dibenzosuberane
The abbreviation "TFA," 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 (Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), tert-butoxycarbonyl (Boc), di-
tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn), butyl (Bu), Chemical Ab-
stracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), 1,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur triflucride (DAST), diben-
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zylideneacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN),
1,8-diazabicyclo[5.4.0Jundec- 7-ene (DBU), N,N'-dicyclohexylcarbodiimide
(DCC), 1,2-dichloroethane (DCE), dichloro- methane (DCM), diethyl
azodicarboxylate (DEAD), di-iso-propylazodicarboxylate (DIAD), di-
iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-propylethylamine
(DIPEA), N,N 5 dimethyl acetamide (DMA), 4-N,N-dimethylaminopyri dine
(DMAP), N,N-dimethylformamide (DME), dimethyl sulfoxide (DMSO),
1,1'-bis- (diphenylphosphino)ethane (dppe), 1,1'-bis-

f
nyﬂh[ﬁlagdgi/clg@ cﬁﬁ'ﬁ"ﬂ@ & gﬂ% gl non— »en 2) 10?1%?% [5 ESI4 Olundec-

3 I thyicarb
& fﬂ Hoah ﬁ’%&%fi?* ey SchiEge IR R fichoro
meé % %ﬂzg &@{Nwdéﬂq%-ﬁa{gggaodlcarboxylate (DIAD), di-
ls@qviazaﬁémﬁr&%o@Mﬂ\lorl@mmwﬁetﬁammymmmne (DIPEA), N)N-
dithetkglflastaphie SPhdte, acblis-anid ik Adidpadditie auidAFOAS)dnMNthylformamide
(Dh;njroxyb@ﬁsaotzr&ﬁwi@e(w@&;@bhithpﬁ%ﬁaﬂﬂ%%ﬁmame), 1,1"bis-
(dxﬂﬁ&kgﬂoéﬁﬂlﬁ)@ﬁ?}%élQﬁ%ﬂl't:;?ﬁﬂ%mﬁn%&%wﬁ zag HRMR%)(:? hydro-
Chg;%é.%gcsgxﬁ%e EE? ! ?1?0 ope Ménz%a}'cjzoa %?%)C%ﬁt g‘é Qipe-1-
RO & Eelstut 91%%( RebrEiod i ey 013 1-yI-N,
NN NEAehaRgdwhyenive &B‘%ﬂl@ﬁ)’hRﬁRﬂ%%ﬂé@mﬁﬁ%@m?m acid (HOAc), 1-N-
hydgonyethyhtriorplediiGEB (N MEH pridsme thyl gy rholid e graiMBPLOY ridinpdspancl (IPA),
litidtto hechremate (REE) (DHIMDEmetichio mase ki, e ki rzhemi (5)) MY (me-
syl(Br ML§%‘E@§Q3@\@'@P @aa@ﬂh‘tﬁ@s(pﬁm UGy %ﬁ;béwzﬁé’rz{@@ﬁ\&@@z@?oﬁms spec-
mﬁfﬂﬁgr%ﬁﬁ rk %G@szw eého\fn%'i. !:C{lr'.lt B N}ﬁ%ﬁ (-IGBE: oxyanhydride

TEA or - tet amet plpendlne 1-0Xy
<N{%%M &E THEE S

rrrel hB %eszMM}, N—methylpynohdone
MR Ry Wwﬁ@ﬁ@@@fg;}éﬁgr@ i pp[:yfhmum dichromate (PDC), phenyl (Ph), propyl
<Pr®wewmaz@mwmsmmswmtmmwmmmmmﬂmmmm (rt or RT),
ter(hBFdlndthiyi ddgle oehr@metagraptBOVISE ), trtiamysiiefuremaTHFEGN), 2,2.6.6-
teriiiReiNylpsibthor Medgi (FidSrertoluangsulfenic-asighpongydrate yic » ¢ 6.
tett@%ﬁk@bﬁﬁ@@ybncﬁlé\ﬂe %§020%re£9§%lag)§)l 1 NLN.N' N'-tet methgiuromum

e-N- onal ngmenclatur
tétﬁlz\rd]f%: udin tgora érﬁﬁﬁes nofm f:l(minglast?)g(l A%%grpgl :Fgg ofursiy (& ripimethyl-
sl 633 Fé@%a\}e lyrsrLisaib At amf?@ TAER: M@@H‘*SO}
or %iéﬁﬁ) (Y- rethgatdfycamexmanty dids&YyCNbmenclature in Organic
Chemistry, IUPAC 1979 Pergamon Press, Oxford.). In general, the
nOTIEHEMRIA RRBRPSHH vgﬁir@atrbﬁ RECH A8 H0NA T N GN TR NARD, Gec-),
terRey$tenin [mstingtehewemipeiterizahaystermnfog thiegessl atitnofal kP AGiety. (J. Ri-
gaglysiedrintie. IKImesICINbitienclature in Organic Chemistry, TUPAC 1979 Pergamon Press,

Oxford.),

In general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, a
Beilstein Institate computerized system for the generation of IUPAC systematic nomenclature.
If there is a discrepancy between a depicted 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 is not indicated with, for example, bold or dashed lines, the structure or _

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

In the development of a method for “N-methylation chemistry suitable for on-resin methy-
lation compatible with Fmoc/tBu SPPS and with amino acids bearing protected or unprotected
nucleophtlic side-chains, notably Arg(Pbf), Met, Cys, and Trp, it was opted not to use Fuku-
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30 If there is a discrepancy between a depicted 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
is not indicated with, for example, bold or dashed lines, the structure or
portion of the structure is to be interpreted as encompassing all
stereoisomers of it. In the development of a method for 'N-methylation
chemistry suitable for on-resin methy; 85 lation compatible with Fmoc/tBu
SPPS and with amino acids bearing protected or unprotected nucleophilic

ya?ﬁqg fb%ﬂﬁrﬁ;%@g‘ll{sﬁfgx(%ﬁf & M)?qug %i\fe adza-.lr- g eg\;x/oswqf e%dazh%lcaﬂa)xylate re-

n Flliltlé an]dAL ama's. 2 -dmﬁ)obenzenes onami

T i
SUSRYCiFRSHIK o‘f‘tr?ﬁh%n%ﬁo%?fﬁ’}é%md@“%%ﬁ%%ed‘%ﬂmeﬁdsMB}iﬁma s 2-
nioheRrsASSH Yuiidsivhermishe AiisEY tarthBimnehds asexbeintd drdaukuy ambisined,
thiz-chitrittenzaviesuticidamioe chremistipprakadiiniaciablencdhiles0mEnal Undén
chepsited pradugt WapleliRi BeHpi b SHRE IS MAS Q- )4&;'%'&9 anth protection
cogﬁ«ﬁ@%ﬂab§&alﬁ%%@/ﬂ§ff§ﬁ%tuw&;s’e%%rﬂ}ﬁe%%m }Jﬁar &0 Ch%@é srotection

el %frllslsngé) % (gom'g tlple lE lamide-based

protection commbniy er 81%% in BAc/ eﬂrgfﬁggn ﬁf&/{fé“\?@}pﬁ'ﬁ% é‘fﬁﬁ\}gf’y“de'
%‘&rﬁ?‘&%‘i‘&&lﬁf@&% 6?8&‘&&#?‘3%%%%}6% RaBeiEm el shemistry|dtigis terefore
inieQdpshp ddsptttettiiearSiisCoperibIN-WRistee st chairqwdtbe ioncapd under

- myjspideditmin @hEhorfadd aseCithefbmacitBingheristigull westhenefareority

of Hotateing @ebipsidokif analennativewramsignt "NWeprRtaating GronRsthatc Amide

inkenIdibenrareryRg ua&:& mBQgéchw%étéﬂaQ UG THAINGHRCIZ f9A N-
| feserve Il I'OU

tnB@ a%x%!‘lte"‘é@ﬁ'&é’é’% u?er extre gsnfl %fc% cy t:on Q%}eé:#&g ?ﬁ%%r@r How-

é%ﬂ é_. as we ers, suc
cv\‘aixl}h Ch'l s c? av e ProBy "H‘E\c?d“i?@ﬁtﬁli’éﬂ't”ﬁlcﬁ’r‘ghe%&ﬁ&@ﬂﬂ‘hﬁg\%@“’ely

shigjdg . Wwwﬁmﬁ&%@%wﬁowﬁéa%na@ﬁwwmmm evrditiofsic hin-
drgnapofomphe iy @HQ@‘IQ)’ICHOW 15 ever, it was found that - in agreement
with Unden's observations - "N-tritylation effectively shields the a-amino
grobi s e TS Bk pratRsHR D essumYebiy Hish thdtve ebarehiasbiterienired for
Frghdisectronisthyeindi lkys tritylcSketesor:. Aduahsient: Mprofeaipng Rrateei#agors the
me@KO b Ak g hs dag raaxed acid |§b3@éﬁ@%ﬁé§ﬂsw & 9&63&%&@ %Hyacééyagent
Raﬂﬁge‘@%@cﬁ"&ﬁ@%f@g fARGE RIOMDS theya- é&ﬂ%&(&%&%@%e"‘@% s(i(lé E?on &grtnqgc R.

Iw?r%lnéa?ﬁy Mﬁgﬁ&n%gg) %paﬁegpo% Iipekter§9g§eg4lnﬁg§<g%{?2]na§f§ S g n hgr?zc?subewl

amage's tricyclic armide er,’1s

k ent
anuang ésn%%lss@[) Ibzﬁgs(ﬁﬁ § CE&%%‘P ‘E% zgle I&tnty amine, as the o-carbon is tertiary

in the former vs. guaternary in the latter, and is therefore more accessible for reductive alkylation,
on a par with the Dod group. Although Dbs has been previously reported as an amine-protecting
group due to its lability to acidolysis and catalytic hydrogenation (Pless, J. Helv. Chim. Acta
1976, 59, 499-512, Hong, C. Y.; Overman, L. E.; Romero, A. Tetrahedron Lett. 1997, 38, 8439-
8442), it was previously known to be labile to ca. 10-20% TFA (v/v in CH,Clp), which is too
high for the present application but acceptable for its usual application as a peptide-resin linkage
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 is described herein.

As described in further detail below, the Dbs group has successfully been employed as a
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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Irving, S. L.; Mclnnes, C. Tetrahedron Lett. 1993, 34, 6599-6602). The
"N-dibenzosuberyl amine is considerably less sterically crowded than an
"N-trityl amine, as the a-carbon is tertiary in the former vs. quaternary in
the latter, and is therefore more accessible for reductive alkylation, 25 on
a par with the Dod group. Although Dbs has been previously reported as
an amine-protecting group due to its lability to acidolysis and catalytic
hydrogenation (Pless, J. Helv. Chim_Acta 1976, 59, 499-512, Hong, C.
Y.; Overman, L. E.; Romero, A. Tetrahedron Lett. 1997, 38, 8439- 8442),
inti;,t W@ﬁ@rW@%MQ\@%%Q}? IﬁPﬂQaIQp?@i,]tgézé%gﬁ&éE{gkﬁ/ /a\ftérr] %&1)21} oc de-
e e B T Bl
P application asa pept? e-resin linkage 30 agent cleavable 3 i)obal

deprotection step. Use of this protecting group as a transient "N-_

protecting group, as opposed to the standard secondary amide nitrogen
protectirfg group, as well as the corregsponding minimum acidflab' ity of
this'Bretevting.greup has-ret bgeepsried, preyi- Sdsiand isdescribed
hereink As described in’ftirther detai befow, the Db&¥tbup has ;
successfully been employed as a 35 transient "N-protecting group, as, it

is smoothly deprgtected by dilute TFA, which is compa;? qu\{rEAr}ncFrTc]lOC/tBu
chemistry, @@@u rotecting group%ian the pepti -resmsamrf:h’)rage.
The three-step méthylation sequence - peotegtiore fivethylation, and
deprotection - W48 performed us -15- ing the Dbs group (General

Scheme). In Example 1, the peptide-resin after Arg(Pbf) Fmoc de-
ool BRI GAER NIRRT DY Pt e REBS o Beomplt o
terNN A S ETATAPSERE Ml AomapRptedise s aunpigton RdeyrsINTRe rpductive methy-

latjdp kiep Ressitpdried\p3seoDIERESh's it reRueisim dNeNAd-wiDitls addition of THF
as lal dcistkemResinrRrR b date THA indGirkGh! HIN (RotpiamintiiNbinksi Resinr, as

weltl as with a reduced water content to improve resin swelling. A slightly aliered stoichiometry

was also employed to maximize methylation yield, but nonetheless the methylation step was re-
peated to ensure guantitative methylation. The Dbs group was then removed with 5 vol% TFA
in CH,Clp (5 x 1 min), after which the resin was free-based with DIEA and then assayed by nin-
hydrin. Although both primary and secondary amines react with ninhdyrin, only primary amines
allow for the formation of the soluble Ruhemann's purple adduct; secondary amines take on a
famt reddish color on the resin. The absence of the Ruhemann's purple adduct therefore pro-
vided confirmation that the methylation reaction proceeded quantitatively.

After the on-resin methylation step, a Gin residue was coupled and a sample of the resin-
bound Fmoc-QmRY-CONH, was cleaved and assayed by RP-HPLC. This material was found
to be of comparable purity to the purified tripeptide obtained using commercially available
Fmoc-MeArg(Mtr)-OH, suggesting that methylation 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 peptide was compared using both the on-resin Dbs methylation route described
herein and an alternative route using Fmoc-MeArg(Mur)-OH. Afier 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 times 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 to the use of the
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-bs-Cl A 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

Mmglwqypmrgtﬁatwaénrea&%é@&é%%mﬁg ﬁH?e’H&E@t Y&1el l%s'?&Jasmated
rou thenthrltgrﬂgved WIIhlé vol% TFA in

e v“&"fé Cg Tesin was free-based with BHCA S ﬂ?i‘?%% éf(%ﬁsbne jiflc build
SC%?‘&%HS%%B RSB D SIS A el R A s r B8kt Wlﬁ%ﬁhﬂ‘ﬁﬁﬁemis‘
ol iy sas Ao rrate fermisiio foo s o ubiey Ridyeim deregniext of
SHESrpRrsitidiycin Seedidd ahymistinebdake-omandGifdintvaitdisDoolor eaghe can be
repsid. WitehbsenseohieaRubenpons| pumip.afdtst HaraiRymprarvided, mis
ch@mmmmm%t&ed@mw@&@@orﬁée&mmgca@&%ﬁywtm@y@ /é}i&s is also

comﬁa%er%%ﬁégﬁw lf%gep %‘P&H 1%1%51{%{ e?n%':“ a?m\évas ((::%u mc(:jj g'm I@Ie ag%/}g andf Trp.
,,t eres oun Fmoc- Y/ H2 was cleave sga
ﬁvﬁpﬁf PHSE gﬁ%‘ﬁm?as%ﬂﬂmoe%%c%‘fe&ﬁ?ﬁﬁ%ﬁlé‘ﬁﬁﬁﬂ?‘fb Tdwiation of
Hig i ceriise ptitiehod aih ser tRsrgtc ahifmbiveiany bl/asénrerey the same observation
usmenHes(eni ig (Wryoorkt st digeStm GRSt Mbithyteltiom was incidel) be circumvented
bydfumgtitativids-ahdrechuative atkire [Hiosidzanditionsdid wricEepiamiBaigahely be
enpRRidenresisithapecipitalacasalls whichuiweldrnayg.inpeded 40 enain protec-
noﬁléﬁéégi‘é?”t coupling. Chain assembly was then completed to the
N-terminus, and the purity of the peptide was compared using both the
onggsibs methylation route described herein and an alternative route
using Fmoc-MeArg(Mtr)-OH. After cleavage, purification, and 25
lyophailigation, the crude material from the Dbs/on-resin methylation route
was significantly more pure and the isolated yield was nearly three times
highsrNBeptideisyntags escesmp yingderyas-beseg (VN Hofise: alertkn cam
25 SRR eI MRSy liffla Ghilt @H@@?@S&ﬂ@ﬁ%ﬂw’@iﬁ?%é?O'%ﬁ% é?a!g(‘?ns are per-
for%?eﬁ g;[ulatb hen lc:ll:"]& targzeé[sssu?‘gueg% moq alns was e:es r%r %8 thha nin
amino ac reS| se problems can ﬁerﬁ)e T af
StiRe Rigio tﬁd%@u’ﬁ%@%f‘gﬁﬁro‘f%%) BEEARSE THin saddf Rl H;\Hréaéélgl‘ -AMS
resiiblid RRFEDT) is not associated with these complications, this Dbs

on-resin N-methylation methodology facilitates peptide build
General Procedure

The following general procedure applies to the “N-methylation of any amino acid except
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 linker, as defined herein, to any resin, as
defined herein, for “N-methylation of the terminal amino acid according to the following 3 gen-

eral steps:
Step 1 - Dbs Protection:

After Fmoc deprotection, 1 equivalent of an amino acid or peptide on resin is washed ap-
propriately with DMF and drained. 5 equivalents 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.
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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 Boc/Bzl
chemistry, the non-commercially available Dod-Cl reagent can be
replaced with the commercially available Dbs-Cl. In the context of
Fmoc/tBu chemistry, this chemistry is the first to be demonstrated to be
completely compatible with Arg(Pbf),@nd is also compatible and effective
for N-methylation of other amino acids, including Met, Cys, and Tip.
Howgyer. RbsiaR:sgsin methylation chemistry effectively results in
side-chain methylation of 10 His(Trt) residues, which is not unexpected,
as Kalusieanchy Rdnsapaiiithe $ape,absenatinf NS ISP INiBRalents

S ARENLOf Bas(RZ SRRS:. Thisspihiemmaysimilarly be circumvented by

foregoing side-chain protection on the His side chain, a tactic which could

alsqrlausinl Re sl Qyer INFMEcAR PRESHIMOUIBIEMHSE 0. The resin

._number ecialized His side chain protec- tion strategies..15 E .
o R S R L e AR e G, i
thigh 5Bt YATHHES espisssan 972 ekt disehZBAuBRpd e dspablours. afier
whiklifichleirgdesesBeRy IR IPOPe AIIRS HresHesd 18 rmdt withrnerster-
temperature, pressure, and atmosphere. All washes are 200 mL, with a 1
SRt PN ORI percentages are volume %. The base resin

used is Polymer Labs PL-AMS resin, 1.0 mmol/g. General Procedure The

follOWirG PerigPat BorEdlite dotifed RHHE IR sty I8 AER OF ARyt from
thg egiaxedptaimstiare,; Whick Umieliddsesedss hicthyisitrbmsghe%ITA in
Cthelimidazolengideghvdinidittdgeh apd2BMimend heramivei latlid for péptigent cou-
sieanhaliokedyianystinker, as defined herein, to any resin, as defined

herein, for "N-methylation of the terminal amino acid according to the

foll@wamgpB gen- eral steps: Step | - Dbs Protection: After Fmoc

deprotection, 1 equivalent of an amino acid or peptide on resin is washed

ap-338 propriafelewith- DMF and drained. 5 equivalents of Dbs-Cl is

dissolved in sufficient DMF to allow for resin swelling, to which 25

equiviliehry DiERcHe o terl N thensb ithbriig Hérlat{dag-Rink- Abx-Resin, the
resin’ was washed appropriately (2x DMF, 2x CHCl,, 2x DMF) and drained. (.05 mol Dbs-Cl

was dissolved in 150 mL DMFE, 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.
Step 2 - Methylation:

The following Methylation Reagent Solution was prepared immediately before nse: 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)
NaCNBH; 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 DME until the next step.

Step 3 - Dbs Deprotection:
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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 25 equivalents formaldehyde in

approximately 3:1:0.05 NMP/THF/AcOH. The resin from Step 1 is drained

and the Methylation Reagent Solution is added. The resin 5 is then stirred

for several minutes to preform the mgthyl imine. 10 equivalents of

NaCNBH3 is then added to the stirring peptide resin via powder funnel,

andrgineed fanseuerakhoursnafters which tsis draingd, Washedwith, BMEE from
th@ ?QJE fl.thg’xy ﬁ%?&%%%a&% DIMé: r&ml lw%l%h@% %}e‘%{&P in%tggtc%ﬁr :Pquql%cenp (ﬁ%ﬁ %% rIIFA in
cyﬁ find from SiP& s draiﬂ?‘%%ﬂ%‘é%%ﬁ?ﬁ%&!ﬁé‘dcﬁ2%125’. SSDUE, and 0

riceSof DMEHOMm “18'the resir and arafe i G Sn The tauirid tHen ond then
SURSEYE TS BRI PABITS Y it SO AbRInIE 26112 4hit e eycle which
copparsineds \With @HILCE2daprdtBNIE; slehhe iiveapsitable foissulssetgubntipryidine
rqlingnviaRIE Ad@Atchiemisthe. Examiple dStépel bakdhs Protection: 15 After

Fmoc deprotection to yield 0.01 mol _

H2NhA fig{ElofieTypndBie): Rin locdih ddRedin theoresiptaildy waghédlustration and ex-
ardPprophiatelye(2x Dy, 2% whk2Ehdingx DM dsainednODomah the art that
ch%iqu W@&ﬂ%&fﬁﬂﬂ rEe]-éQcm'edeMﬁnt@éM@b%@ QQi{@g-p h%ed claims. Therefore,
it QIE'%E}T&,'HESHSO\Q’%%@}HQ %%VIQ'C%C%%H Inolré 1‘&9&2}3%9 baf:dﬂ%s r'%l%f? gn[?x%? }'e_.?_tlglictive.
cvhich was tehienr\]e%yrreg f}o 4@0%5_. Négg%/{c“mn_ Is negative at this point. fhe

1e&iRLAS TR ASh&d (’6@( RAES"Sindf 18HSUEEEER 1 BSNIENGhtR e 88 de
SCERARO BUS B RS IRAEH VAt HSH R e OTIBVIFIG RAETHG | ditfo F Ieae AR S BAIGH s ims:
algpasvpreparfed srmppetitateiylbasorevbsd: sBO0cmsNMPtBRINML THF, 20 mL

Formaldehyde solution (0.246 mol), 4 mL Acetic acid. The resin from Step

| 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
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N j O%C he method of claim 1, wherein the acid is

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 CH2CI2) to
remove traces of DMF from the resin}%hen drained again. The resin was
then treated in a batchwise fashion with 5% TFA in CH2C12 (5 x 1 min)
with stirring. The resin was then washed (2x CH2CI2, 2x DMF), and then
subjected to the subsequent couplind¥éeBIC/HOAt chemistry using an
automated cycle which 5 commences with an Fmoc deprotection, which is

unnecessafy Tt pa demaE REns eraRena Rsit TG Readtpms solfodiee resin

coibpsng theskperfninus as a free base. The foregoing invention has been

described in some detail by way of illustration and ex- ample, for purposes
of IAFRY LB AHE MGV RR. obvidersdbowreswiestin (RahElart that
changes and modifications ma% be practiced within the scope of the

e p
appERaRECERE RS PRdRFETbiEP 20t tdtivg e e Ber id s apprisigde

e@gdsihtion is intended to be illustrative and not restrictive. The scope of

the invention should, therefore, be determined not with reference to the
abdV& TE LR B BGE rsmby it beivetesnsAed with reference to
theécillowin appended claims, along with the full scope of equivalents to
which SUgH" Fa%ﬁgrg?gcé?ﬁﬁﬁ%”&j-‘i’éh- BI&fHls 1. A method for N-methylating

of an aming,acid, o1 A, pentde on. solid phasaasin comprising the steps
of: @) contacting'a amino acid or pephﬁ’e with 5-Chlorodibenzosuberane

(Dbs-Cl), 5h). gonfaching.ihe RiRdus! ol %%@% xlormaldehyde or a

protected formaldehyde equivalent, c) contacti e product of step b)

with a reduging.agent; anghd) Ganiasting e dr C&%ﬁ%@%@;ﬁ%&rﬂho ;

of claim 2, wherein the TFA is 5% TFA.

5. The method of claims 1 to 4, wherein the amino acid comprises a side-chain pro-

tecting group.

6. ~ The method of ciaim 5, wherein the amino acid is Arg(Pbf).



4. The method of claims 1 to 3, wherein the reducing agent is NaCNBH3
or NaBH(OACc)3. 5. The method of claims 1 to 4, wherein the amino acid
comprises a side-chain pro- tecting group. 15 6. The method of claim 5,
wherein the amino acid is Arg(Pbf). -20- 7. A compound of Formula | x
pgp ‘a(r) A1OH [gy]m | wherein: 5f)is a protected or unprotected
amino acid side-chain; each X and Y is independently selected from lower
alkyl, halogen, lower alkoxy, or lower haloalkyl; and m and n are
fndepenjg%ggg%%%%d O%?é%;lg? compound of claim 7, wherein m is 0. 10

9. The comp of claiti 78r'8, wherein n is 0. 10. The compound of

claims 7 to 9, wherein the amino acid side-chain is that of Arg, Arg(Pbf),
Yi&tlCys, Trp, GIn, Gly, Val, Ala, O, lle, Leu, Tyr, Phe, Ser, Asn, Lys,

wherein;
5 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
haloalkyl; and

m and n are independently 0, 1, or 2.

8. The compound of claim 7, wherein m is 0.
10 9, The compound of claim 7 or 8, wherein n is 0.
10. The compound of claims 7 to 9, wherein the amino acid side-chain is that of Arg,

Arg(Pbi), Met, Cys, Trp, Gin, Gly, Val, Ala, Orn, Ile, Leu, Tyr, Phe, Ser, Asn, Lys, Thr and His.
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HN"k~N 0=5=0 O 13. 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 12. 14. The method of claim 13. further
comprising the step of contacting the product of step b) with an acid. 15.
The method of claim 14, wherein the acid is TFA. 10 16. The method of
claim 15, wherein the TFA is 5% TF%.1

11. The compound of claim 10, wherein the amino acid side-chain is Arg(Pbf).

12 The compound of claim 11, having the structure

i3, A method of synthesizing a peptide on a solid phase resin comprising the steps of

a) deprotecting an Fmoc- or Boc-protected amino acid or peptide
b) contacting the product of step a) with the compound of claim 12.

14. The method of claim 13, further comprising the step of contacting the product of
step b) with an acid.

15, The method of claim 14, wherein the acid is TFA.

16. The method of claim 15, wherein the TFA is 5% TFA.



