the synthesis of a peptide having-a Trp residue 5 10 Technical Field Thig

i nventi onwied@isess1t 0 a process for the synthesis of a peptpEeiEipyiige® a Tre
residue using a solid phase. B ackground Art *159159* Luteini zing

hor none-r el easi ng hornone (LHRH) is a neurotransmtter produced by the
hypot hal anus whi ch stabilizes the secretion of |uteinizing hornone (LHRH)
and follicle-stinmulating hormone (FSH) frgmthe pituitary, which in turn
stinmul ates the synt oi d hornones, such as testosterone, from

t he gonads. Many LH%NNEW““MW@“N ogs (e.g., agonists and antagonists) are
currently sold for t @ﬁ nment of endonetriosis, prostate cancer
‘precoci ous puberty, and other hornonalDygsckh tnnﬂlated di sorders. The

synt hesi s of such LHRH anal ogs are difficult and expensive. Solid phase
peptide synthesis was introduced in 1963 with the intent to overcone many
'of the internedi ate - eNE e th_sol uti on phase
pepti de synthesis. Stewst F sis
(Pierce Chem cal Co., 2d ed ) 1984 Durlng SO|Id phase synthesis, an no
acids are assenbled (i.e., coupled) into a peptide of any desired sequence
whi | e one endleghmieal Fieldn (i.e., the Cternminus) is anchored to an WO
02/ 051861 2 PCT/IE01/00159 i nsol ubl e support. Chce t he desired sequence has

been | inked toget on. the su t he pe is t d

cl eaved) Promthe dBV?nu?Jlg‘a%%ﬁfQ p’l'\(llf%sg 1€ Syt ?L@‘?P}etl %Pif“i%es t he
synt hesi s of i ch e chalns of four of the ten

resi dues of t@%@%ﬁ?%‘?@?%gea#lbfgﬁég% (e.g., L-histidyl (tosyl),

seryl (benzyl), tyrosyl(2,6-di-C Bzl), and L-arginyl (tosyl)). Fbmever Coy,
et al., Int. J. Peptide Protein Res. 14:359 (1979) | at

synt hesi s of Backgroundohrtot her LHRH anal ogs in which nﬂWﬂN@lﬂ“l @ haln
protection, e.g., only salt protection of arginine (i

produced superior yield to the correspondi ng

Luteinizing hormone-releasing hormone (LHRH) is a

; e3exi udde<gXgfi 6i Ti WeMAD 02/ 051861 PCT/ | EO1/ 00159 Descri ption Process 2

"‘159 59*

neurotransmitter produced by the hypothalamus which stabilizes the
10  secretion of luteinizing hormone (LHRH) and follicle-stimulating hormone
(FSH) from the pituitary, which in turn stimulates the synthesis of steroid
hormones, such as testosterone, from the gonads. Many LHRH peptide
analogs (e.g., agonists and antagonists) are currently sold for the treatment
of endometriosis, prostate cancer, precocious puberty, and other hormonally
15 mediated disorders. The synthesis of such LHRH analogs are difficult and

expensive.

Solid phase peptide synthesis was introduced in 1963 with the intent
to overcome many of the intermediate purification problems associated with
solution phase peptide synthesis. Stewart, et al., Solid Phase Peptide

20  Synthesis (Pierce Chemical Co., 2d ed.) 1984. During solid phase synthesis,
amino acids are assembled (i.e., coupled) into a peptide of any desired

sequence while one end of the chain (i.e., the C-terminus) is anchored to an




| 0 protected synthesis. The present invention is directed to the discovery
that, despite the trend in the art to not protect the side chains of am no

aci ds in omrgsbesi s of LHRH anal ogs, the protection of ﬂdTﬁEbﬂMﬁ%@phan
resi due during solid phase synthesis does indeed inprove the yield of LHRH
anal ogs having a tryptophan residue (e.g., [DTrp6] LHRH). 15 Di scl osure of
I nvention In one aspect, the present invention provides a process for
maki ng a peptide of the forrmula (1), 2

Al - A2- A3- Ser - AS-D- Tr p- Leu- Ag-Pro-Al -RI, (1) 20 wherein WD 02/ 051861 3 A
Is pQu or NAc-D-~3-Nal; A2 is H's, Dp-C-Phe, or Dp-F-Phe; A3 is Trp or
D-Trp; ASis Tyr, N cLys, cPzACAla, or PicLys; PCT/IE01/00159 S A8 is Arg,

‘hArg(Et) 2, hpndilBble snizlzﬁécﬁ{.@lﬁ@ﬂi@deﬁfecl}!é@éﬂcb;ha@ bdeh lihlved fog8theoon ithe
deleted; and R is NHZ 'or NHEt; which conprises the steps of (a) attaching

a cesi um sal suppofipthepeptide N then dutasiesd (i.ef clBaved) froni thel sipport.
‘Al -i s-not-present;-onto-a chl oronet hyl at ed- pol ystyrene-resin to
yi el -d-Boc~--~- Al-resin or Boc-Pro-resin, respectively; (b) debl ocking

Boc AL Tesin or BRSUREARNG, Byl 125010 HA BRGefls R s oo
salt of H2N Mg i) wicR the R Uifaift€ of 158t bf Ble {d esidues of the LHRH
5 agonist are protected (e.g., L-histidyl(tosyl), seryl(benzyl), tyrosyl(2,6-di-Cl-
Bzl), and L-arginyl(tosyl)). However, Coy, et al., Int. J. Peptide Protein
Res. 14:359 (1979) later reported the synthesis of a number of other LHRH
analogs in which minimal side chain protection, e.g., only salt protection of
arginine (i.e., Arg.HCI), produced superior yield to the corresponding
10 protected synthesis. The present invention is directed to the discovery that,
despite the trend in the art to not protect the side chains of amino acids in the
synthesis of LHRH analogs, the protection of the tryptophan residue during
solid phase synthesis does indeed improve the yield of LHRH analogs
having a tryptophan residue (e.g., [D-Trp°JLHRH).

15 Disclosure of Invention

In one aspect, the present invention provides a process for making a

peptide of the formula (I),
A'-A%A’-Ser-A’-D-Trp-Leu-A%-Pro-A'-R,
@)

20 wherein



15 Pro-resin, respectively; WO 02/ 051861 4 PCT/I1E01/00159 (c)
neutralizing the organic acid salt of HZN-Al-resin or the organic acid salt
of H2N-Preyo®msigey th a base to yield H2ZN-Al-resin or H2ZN-pgIAEIL60150
respectively; (d) coupling HZN-Al-resin or H2N-Pro-resin with a Boc-a-am ne
5 protected am no acid, said protected am no acid corresponding to the

am no acid defined for fornmula (I) in the order showmn fromthe Cterm nal
to the Ntermnal, which conprises, (i) reacting HZN-Al -resin or
H2N-Pro-resin with the Boc-a-am ne protected anino acid in the presence of
a peptide coupling agent to 10 yield a Boc-bl ocked coupl ed product; (ii)
debl ocki ng the Boc group fromthe Boc-bl ocked coupl ed product by m xing the

‘Boc- bl ocked coupl eg pgﬁ@qt@brmiptb.@@p}g]jebl ocking organic acid to yield a
coupl ed product; (iii) reacting the coup1 ed product with a next Boc-a-am ne

protected 15 amno acid in the presence of a peptide coupling agent to
'viel d a Boc bl ockeds coppl r ct; (LV | ocking the Boc group fromthe
Boc- bl ocked coupl e& &Qgﬁﬁ-ﬁﬁ%aﬁlﬁiﬁ'@@ €hl ocked coupl ed product with
a Boc-debl ocking organic acid to yield a next coupled product; WO

021 051861 5 PCT/ | E0}100159
A’ is Trp or D-Trp;

Adis Tyr, NicLys, cPzACAla, or PicLys;
5 A% is Arg, hArg(Et),, hArg(Bu), hArg(CH,CF3),, or Lys(iPr);
A" is Gly, D-Ala or is deleted; and
R! is NH, or NHEt;
which comprises the steps of:

(a) attaching a cesium-salt of Boc-A'’, if A’ is present, or Boc-Pro if
——— 10 ---A%-isnot-present;-onto-a-chloromethylated-polystyrene-resin-to-yield- Boe——

A'-resin or Boc-Pro-resin, respectively;

(b) deblocking Boc-A!%-resin or Boc-Pro-resin by mixing the Boc-
A'-resin or Boc-Pro-resin with a mixture of a Boc-deblocking organic acid
to yield an organic acid salt of HN-A'%resin or an organic acid salt of H,N-

15 Pro-resin, respectively;



(v) repeating steps (d)(iii) and (d)(iv) until the N-term nal am no acid of
the peptide of formula (1) has been coupl ed and the Boc group of the

N-t er m nalvoanlos®efci d has been debl ocked to yield a protegcafesnsmset ed
peptide-resin; (e) cleaving and deprotecting the protected conpl eted
peptide-resin to yield the peptide of formula (1), which conprises: (i)
maki ng a solution of the protected conpleted peptide-resin in an

al cohol /inert polar aprotic solvent m xtuge; (ii) cooling the solution to
about 0 Cto about 10 C, 10 (iii) bubbling ammoni a gas or ethyl am ne gas
slowy into the solution and maintaining cooling until the solution is well
saturated with ammonia to yield a saturated solution; (iv) mxing the
-saturated sol uti ofcyméutealizingdhe nggdmic avbdsalt tE-HEMNHA-resimor the-ofganit free
met hyl ester is converted to the 15 correspondin anidﬁ, when anmoni a gas

i s used, or atid salt ofEihdhProgesinhyithm Hase wmnlég-fm-eém rresiyaer HoNs+Prad: and
(f) isolating said peptide fromsaid solution. A preferred process of the

f or egoi ng pr vednsrespeotieely; Al is Gy. WO 02/ 051861 6 PCT/IE01/00159 A
preferred process of the imediately foregoing process is where the
foll ow ng Boc-a-am ne am no acids are coupl ed successively fromthe C

LT T e S s S
Ve, N Bt 3650 BRSO VRSSO ol B,
preferred proeaiefthed 16r FOMRMaATIT I tl{eo&e&?'sﬂgvm A5 the &-Wiflifial Fthe N-

terminal, which comprises,

(i) reacting H,N-A'®-resin or H,N-Pro-resin with the Boc-o-amine
protected amino acid in the presence of a peptide coupling agent to

10 yield a Boc-blocked coupled product;

(ii) deblocking the Boc group from the Boc-blocked coupled product
by mixing the Boc-blocked coupled product with a Boc-deblocking

organic acid to yield a coupled product;

(iii) reacting the coupled product with a next Boc-ci-amine protected
15 amino acid in the presence of a peptide coupling agent to yield a Boc-

blocked coupled product;

(iv) deblocking the Boc group from the Boc-blocked coupled product
by mixing the Boc-blocked coupled product with a Boc-deblocking

organic acid to yield a next coupled product;




formyl protecting group of the Trp side chain is renoved by treatnent with
a 10 solution conprising anmmonia, a primry amne, or a secondary am ne and

an al cohoyyo fy/igherred process of the inmediately foregoipgepPeass | s
where said solution conprises ammoni a and net hanol. A preferred process of

the i medi ately foregoing process is where the 15 step of isolating said
peptide fromsaid solution conprises: (i) filtering said solution to
produce a filtrate; and (ii) concentratingssaid filtrate. A preferred
process of the inmediately foregoing process is where said peptide of
formula (1) is pdu-His-Trp-Ser-Tyr-D Trp-Leu-Arg-Pro 20 d y- NH2. WO

02/ 051861 7 PCT/1E01/ 00159 A preferred process of the imedi ately foregoing

‘process i s where Yvhyd I\Pembglmtsr(dx;ng andl(Jd)‘ﬁ\)) ustibiieoNuethindleamamyiatidng
N-a- Boc- D tryptophan( i ndol e-fornyl), N-a-Boc-L-tyrosine,

N-a- Boc- L- seri ne hyfthhetpeptide Of ﬁarBudat(I)/kMSDbdsemehpledOm‘kthe)Bov Igroup ofn

‘anot her aspect, the present invention provides a process for the solid

phase synt hesi s ofthe Neptindealaiminor aid duasbepn deblocked to yield a protected
Al - A2- A3- Ser - AS- A6- Leu- A8-Pro-Al-Rl, (Il) wherein 10 AL is pGu or

N-Ac-D-(3-Nal; A2 ccztnplletgdlpeptldb—rém or D- p- F- Phe;

5 (e) cleaving and deprotecting the protected completed peptide-resin to

yield the peptide of formula (I), which comprises:

(i) making a solution of the protected completed peptide-resin in an

alcohol/inert polar aprotic solvent mixture;
(ii) cooling the solution to about 0° C to about 10° C;

10 (iii) bubbling ammonia gas or ethylamine gas slowly into the solution
and maintaining cooling until the solution is well saturated with

ammonia to yield a saturated solution;

(iv) mixing the saturated solution without cooling for about 15-36
hours until >95% of free methyl ester is converted to the
15 corresponding amide, when ammonia gas is used, or the

corresponding ethylamide, when ethylamine gas is used; and
(f) isolating said peptide from said solution.

A preferred process of the foregoing process is where AV s Gly.



A3 is Trp, D-Trp, D-(3-Nai, or D-Pal; ASis Tyr, N cLys, cPzACAla, or
PicLys; A6 is D~i-Nal, D-hArg(Et)2, D Lys(iPr), D hArg(Bu), D 15

hAr g( CH2Gw®) i2/051861Hi s(Bzl ), D-Leu, D-Pal, D Ser(tBu), D Trmctar®i/beisd- Arg,
D-Ni cLys, D-PicLys, or DhQal; A8 is Arg, hArg(Et)2, hArg(Bu),

hAr g(CH2CF3) 2, or Lys(iPr); WO 02/051861 8 Al is Ay, NI ~NHCO or D-Ala or
Is deleted; and Rl is NH2 or NHEt; PCT/1E01/00159 wherein at |east one of
A3 or A6 is Trp or D-Trp, and said nethod @onprises tenporarily protecting
any tryptophan residue with a side chain protecting group which is labile
to a base wherein said protecting group is renoved during cl eavage of the
peptide of fornmula (I I%ﬂ;;romthe solid support by reaction with a base. A
‘preferred process Afprefaredpracess aifithe amsyediately foregaing probessds swiete The or
D-Trp side chain protecting group is an acyl group. 10 A preferred process
of the i medifellomingdegai-amipeamino dcidsware eospled shcpessivélyTromsth@eCehai n
‘protecting group is renoved by treatnment with a solution conprising

ammoni a, a prierminaldaithe N-dermirmécNrdaByc-drpreline,dNan-BocdhatginirsHEG
preferred process of the imediately foregoing process is 15 where said

si de chai n prNtedocd.-teunine) N-6<Bog<D-arptephan@ds nd sleformiyiy MNlo-BdaLi-on

conprising ammonia. A preferred process of the I mrediately foregoing
process i $ werasing, NsolBoc-L-sééneHyedfed N-o-Boc-tryptophan(N’-indole-
formyl), N-a-Boc-L-histidine(tosyl)-cyclohexylamine salt, and pyroglutamic

acid.

A preferred process of the immediately foregoing process is where the
formyl protecting group of the Trp side chain is removed by treatment with a
10  solution comprising ammonia, a primary amine, or a secondary amine and

an alcohol.

A preferred process of the immediately foregoing process is where

said solution comprises ammonia and methanol.

A preferred process of the immediately foregoing process is where the

15  step of isolating said peptide from said solution comprises:
(i) filtering said solution to produce a filtrate; and
(ii) concentrating said filtrate.

A preferred process of the immediately foregoing process is where
said peptide of formula (I) is pGlu-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-Pro-
20 Gly-NH,.



9 PCT/1 E01/ 00159 A preferred process of the imredi ately foregoi ng process
is where Al is pQQu, A2 is Hs, ASis Tyr, A6 is DTrp, AB is Arg, Al is

Ay, and Wo jg2msted1l n yet anot her aspect, the present inverddmamoei/eo1ss r ect ed
to a process for 5 the solid phase synthesis of the peptide of the formula

pd u- Hi s-Tr p- Ser Tyr-D- Tr p- Leu- Arg- Pro- @ y-NH2 conprising the steps of
successively coupling onto a solid support,the follow ng protected am no
acids: Boc-dy, Boc-Pro, Boc-Arg.HC , Boc-1eu, Boc-D Trp(PG 1), Boc-Tyr,
Boc- Ser, Boc-Trp(PG 1 ), Boc-H s(PG2), and Boc-pdu, where PG 1l is a
protecting 10 group Iabile to a base and PG 2 is a protecting group for

Hi d d b L ide f
support and reﬁ;&fﬁ dorogess 3%?@%1&%%@2‘@%05% Eecs<iit pre 1-

| ut f th [ |y,
Tor egoi ng.pr dokEekTadhinazals G0N 215 BEET Sn gc.uﬁuaa““iﬂ'sz.?é%_s@éd
Conpr i ses. amfOIEPD &% ey T?aﬁ ﬁ%mag&fre &-Botoheetied
process of t&&’ mTedl Iy foregm n es where said PG2 is tosyl.
20 A preferr 45 néef@g By ocess is where said

PG 1l is fornyl and said soI ution conpri ses anmoni a. WO 02/ 051861
PCT/ 1 EO1/ 00159 10 O her features and advantages of the present invention

will be agparent flngdther Q@je%'t'th@ gﬁ@%ﬂt'1ﬁ?bﬂﬁoﬂfprb{3ﬁldsrh\/ﬁx*ﬁde§§‘foﬁmé from

the clains. Abbreviations toxycarbonyl °5 Cit =Tcitrulline

CPzACAl a = cigplidt piase)syrthesik ol hp@yid@r@f]ﬂgﬂgﬂgl{ﬂgyl ) al ani ne hArg(Bu) =

N- guani di no- (but yl ) - hoffoar gi ni ne
N, N' - guani di no- (di net hyl ) - honoar gi ni ne

Al-A%A%-Ser-A’-A%Leu-A%-Pro-A""-R},
dn
wherein
10 A' is pGlu or N-Ac-D-B-Nal;
A% is His, D-p-Cl-Phe, or D-p-F-Phe;
A3 is Trp, D-Trp, D-B-Nal, or D-Pal;
A’ is Tyr, NicLys, cPzACAla, or PicLys;

A® is D-p-Nal, D-hArg(Et);, D-Lys(iPr), D-hArg(Bu), D-
15 hArg(CH,CF;),, D-His(Bzl), D-Leu, D-Pal, D-Ser(tBu), D-Trp, D-Cit,
D-Arg, D-NicLys, D-PicLys, or D-Qal;

A% is Arg, hArg(Et),, hArg(Bu), hArg(CH,CF3),, or Lys(iPr);



hAr g(CHzZCF3) Z = N, N - guani di no-bi s-(2,2,2-trifluoroethyl)-honoargi ni ne 10
HOBT =1- Hydr oxybenzotriazole Lys(iPr) = N--isopropyllysine ~i-Nal =

/ 3- 1- naphwieyd2alsgssi ne or | 3- 2- napht hyl al ani ne, unl ess ot herpdSgoi/nfks at ed
Ni cLys = NE-nicotinoyllysine Pal = pyridylalanine 15 p-C -Phe =

3- (4-chl or ophenyl ) al ani ne WO 02/051861 11 p-F-Phe =
3-(4-fluorophenyl)al anine PicLys = NE-picolinoyllysine Qal =

qgui nol yl al ani ne PCT/ 1 E01/00159 It is belieed that one skilled in the art
can, based on the description 5 herein, utilize the present invention to
its fullest extent. The follow ng specific enbodi nents are, therefore, to
be construed as nergly illustrative, and not as a limtation of the scope
-of the invention. lie Gy DFHINHICO: oeDridde ord deletedyamdil and scientific
terms used herein have the sanme neani ng as commonly understood by one of
ordinary 1 o skill in the art. Al publications, patent applications,
‘patents, and ot hemirgf nti oned herein are expressly incorporated
by reference. A pg%t$ e 3?ﬁ?ﬁgﬁﬁbrnula (I') can be prepared by solid phase
pepti de synthesis using Boc chem stry on Merrifield resin foll owed by

cl eavage of the peptide fromthe resign with ammmnia, a prinmary amne or a

secondary 15 véhgtein phlegst ane ofd)” enAyiis lapioreDr Tin, endesaid apethpdcamprisest ep

in such a process acgcording.to the invthion,is to, atta&h ) }
temporarily protecting any tryptophan residue with a side chain protecting

5 group which is labile to a base wherein said protecting group is removed
during cleavage of the peptide of formula (II) from the solid support by

reaction with a base.

A preferred process of the immediately foregoing process is where

said Trp or D-Trp side chain protecting group is an acyl group.

10 A preferred process of the immediately foregoing process is where
said Trp or D-Trp side chain protecting group is removed by treatment with
a solution comprising ammonia, a primary amine, or a secondary amine and

an alcohol.

Another preferred process of the immediately foregoing process is
15  where said side chain protecting group is formyl and said base is a methanol

solution comprising ammonia.

A preferred process of the immediately foregoing process is where A’

is Trp.



the cesiumsalt of the CGtermnal amno acid, Boc-Al, onto Merrifield resin
t hrough an ester |inkage. The cesiumsalt of Boc-Al is formed by addi ng
Boc- Al t owoaajosigsrcar bonate in a m xture of methanol and wacgfro1fdegse20
cesiumsalt of the Boc-Al0 is dried under vacuum and then allowed to react
WO 021 051861 12 PCT/1E01/00159 with the chl oronmet hyl benzyl groups on the
pol ystyrene in an anhydrous polar aprotic solvent such as dinethylformam de
(DMF). This reaction is run for about 24 tg 48 hours, preferably 36 hours
at about 45 Cto 60 C, preferably 50 C. The reacted resin is then filtered,
rinsed with water, a 5 polar aprotic solvent such as DVF, and an al cohol
such as nethanol, and then dried to a constant wei ght preferably under

‘reduced pressure. Alpgefbriatipreiss df%he%nﬁ&ﬁh&@y?@reﬁﬁé?g@@eﬁh@v@%‘g%l

content which is expressed 1n nmmoles of Al per dry resin.

cal cul at ed vadbp&lus AfsisdHiso Add alyr, B¢ isD-FignlA® iafAd1on BssaOR), indeRtd on

for subsequent material usage 10 and theorefical yiel'd calculations.

Synt hesi s of NMHpeptide of formula (1) can be perfornmed on the Boc Al-resin
contained in a glass reactor with sintered glass disk filters at the bottom
of the reactor. The reactor is stirred with a nechanical stirrer and

1571 qui de. t nr ough ol b elielh e T o iRTeition IR eBeBiaid Prasiondor
o ek S Shihashe PRt BEHRe BF BB A GRIPHRTARS L, o o
fo dag'(l)'Ff\) 252%ﬁ?@%@ﬁf‘?ﬁéﬁl%;E‘";r;cﬂﬁﬁ%ﬁﬁgsésa?ﬁ’%%ﬁi ;{f{eéﬁi:@ﬁﬁei h
e e e .
?fréiﬁligﬁ?ntmjce mith a base fn an |nérp §orvg%?§}bggp§r;gsy§§éé%_e" ce
oL S LU IR PCEN B oINS AR VIR PR A

10  group labile to a base and PG-2 is a protecting group for His, and said

process comprises both cleaving said peptide from said support and
removing said PG-1 from said tryptophan residues with a solution

comprising a base.

A preferred process of the immediately foregoing process is where

15  said PG-1 is an acyl group.

A preferred process of the immediately foregoing process is where

said solution comprises ammonia, a primary amine, or a secondary amine.

A preferred process of the immediately foregoing process is where
said PG-2 is tosyl.

20 A preferred process of the immediately foregoing process is where

said PG-1 is formyl and said solution comprises ammonia.




13 The resin is. then coupled with 2.5 nol ar equival ent m xtures of Boc
aam no protected am no acids, corresponding to the am no acids defined for
formul a (Wwo @uisi@ifromthe C-termnal end to the N-term ngc@igindisd N9 a
pepti de coupling agent, preferably diisopropylcarbodiimde (DC), in polar
5 aprotic solvents, preferably DVF/ DCM m xtures as a reaction nmedia. Each
coupling is followed by rinses wwth DMV and DCM The resin can be tested by
Kai ser Ni nhydrin for each coupling conpl efpon except for Arginine which can
be tested using isatin to detect the secondary am ne of residual uncoupl ed
Proline. The Boc group is renmoved fromeach coupled am no 10 acid foll ow ng
testing as descri bed above. The foll ow ng protected am no acids

-correspondi ng to Othenféatorescimbadvaritagesibfitl{d pregert mvehdioabivill beed in a
synthesis of the present invention: N-a-Boc-L-Proline, .

N- a- Boc- LAr gapparentiffomthe ddtailéd desaription of the invention, and from the claims.

‘N- a- Boc- D- Trypt ophan(N -indol efornyl), N a-Boc-L-Tyrosine, N a-Boc-L-Serine
hydrate, N-a-Boc-L 15 Histidine(tosyl)-cycl ohexylam ne salt, and

Pyr ogl ut am c@%@ﬁir oxybenzotri azol e (HOBT) can al so be used (3-5 eq.)
when couplin ted derivatives of D-Trp, Tyr, Sex, and Trp. The
tosyl side chain protecting group of Histidine is renoved with two
treatments of HOBT in DMF for one hour (each) after the final am no acid
coupl i ng. BoBQE Drhutpxpear®enyhd Boc- L- Trypt ophan are side chain protected
with fornyl on the nitrogen of the indole ring. The fornyl is |ater renoved
during cl eavage of the peptide fromthe resin using a base. WO 02/ 051861
PCT/ | EO1/ §01%8t Hcitrlilgngonp! et ed peptide-resin is rinsed into a taxed
sintered glass funnel with an inert chlorinated sol vent such as DCM rinsed
twice with an al cohol such as nethanol, and dried under vacuum The dried

peptide-resing ransferr to a.one |liter, three-nec [ bottom
flask. A m x@@@fl%@li'ﬁgﬁﬁﬁ%l%ﬁ@?@xm° go%ﬁiyp@f eper gr am of
the peptide-resin is added to the round bottom flask. The solution is
cooled to about < 10 C, and, if the Gterm nal am de formof the peptide is
desired, anmmirAz(Bap = N-guenidino(butyly-hamoarginimeg cool i ng until wel |
saturated (about 1 hour addition time), wherein the peptide is |iberated
fromthe resin in the formof |0 a free nethyl ester internediate. The

dur i ng whi ch TR N B A Rle “ooter i = conver ed

to the correspondi ng am de product. Reaction progress nay be nonitored,

e.g., by using, high_pressure liquid, ghraonat phy, (HPLC) ,.. and nay, he

t er m nat ed \Aﬁb‘?&l‘g Heki erNlﬁl"@klﬂ@ m@?b@d%%i,grﬁﬁlvqrgeaxlkﬁﬁmm’é%ne
product is filtered in solution with a sintered glass funnel, and the resin
is rinsed with nethanol and DWF several tines. All rinses and filtrates are
condensed ot 0 HOBTY {{Hodr®tybenzohyazsleet ate i s added and the solution is
triturated to solidify the product, decanted, and trituration is repeated
again with ethyl acetate. The crude product is 20 dissolved into nethanol
and an equal yol of 4N acetiwe acid is added. The solution is

concentrat ed ]:fxsdi'.gﬁb—\-,i\l é’f?ﬁﬁ%ﬁ’ﬂ%ﬁé The product is diluted with 4N acetic
acid. The C-termnal ethylam de formof the peptide can be obtained by
substituting ethylam ne for amonia in the procedure of the i mediately

WD 02/ 051861 BIN#IGT B+ EaaphftislahinecoofZnaphthyladarine windess othetwisedngdisatadur e

the solution is maintained

NicLys = N°-nicotinoyllysine
Pal = pyridylalanine

15 p-Cl-Phe = 3-(4-chlorophenyl)alanine



bel ow about < 16 C during saturation of the solution with ethylamne, and
preferably between about 5 C to about 15 C. The crude material can be
purified o oxsessied reverse phase 5 preparative chronmat ow@ERikofof1snNs and
| yophilized to give the final product. It will be apparent to one skilled-
in the art that other solvent systens may be used, including, but not
limted to, |ow nolecular weight alcohols_ such as ethanol, propanol,

i sopropanol , butanol, isobutanol, t ent - bul nol, and the |ike, other polar
aprotic solvents, and m xtures thereof. 10 Mbdes for Carrying Qut the
I nvention The follow ng exanple is described for purposes of illustrating a

met hod of the present,invention and js.not to be construed to limt the
present invei?t"EI ?ﬁ%ﬂ@'ﬁ%@["l’gﬁaﬁﬁp Synt hesi s of

pd u- Hi s- Tr p- Ser-Tyr - D Tr p- Leu- Arg- Pro- d y- NHZ ([ DTr p6] LHRH NH2)

[ D-Tr pb] LHR. H-NH2 was prepared by solid phase peptide synthesis using Boc
‘chem stry onPli@Ir,ngNF.q;ic@ﬁﬁ@uy:dih@wed by cl eavage of the peptide fromthe
resin with nethanolic amonia to yield the title peptide. WO 02/ 051861 16
PCT/ 1 E01/ 00159 The first step in the process was to attach the cesiumsalt
of the Ctermnal am no,acid, Boc-glycine, to the Merrifield resin through
an ester Iin&%e’.‘qﬂ%&é’@mesalt of Boc-glycine is fornmed by reacting
Boc-glycine {40.9 g) with cesiumcarbonate {3 7.9 g) in a mxture of

met hanol and water (80 mil/40 nl). The cesiumsalt of the Boc-glycine was
dried under vacuurdt anbeli¢ned that oneckilled &nthe arttdant basechbnithedebgtiptienzy|
groups on the polystyrene beads (Merrifield resin;, Advanced Chentech, 88.2
g) in anh§dr deseini, wiilingl the presandany@ntion o fisifisjlestientent. e¥heifoHowdngr un f or
about 36 hours at_about 50 C on a Buchi TM Mbdel 110 rotary evaporator. 10
The reacted specificambodiments arey therefarestaibaiconstiued as noerely dddstrasivesnol |
and was then dried to a constant weight at T < 35C in vacuo. The dried
resin was th&mdiretasia lignitation of the seapaotthy invientiodont ent which is
expressed in mmoles of glycine per dry gramof resin. The cal cul ated val ue
of 0.872 mmol esl gram was found and used to determ ne the exact scale of 15
the assenbly reactijafess defitiedstBeRse Bl tecMicSaUE ssiedtiFiecefasvzal yiel d

cal cul ations. Synthesis of the peptide was perforned on the Boc-glycine
resin (12.5 herein have the same meaning as commonly understood by one of ordinary
10  skill in the art. All publications, patent applications, patents, and other

references mentioned herein are expressly incorporated by reference.

A peptide of the formula (T) can be prepared by solid phase peptide
synthesis using Boc chemistry on Merrifield resin followed by cleavage of
the peptide from the resin with ammonia, a primary amine or a secondary

15 amine in an alcohol to yield the title peptide.

The first step in such a process according to the invention is to attach
the cesium-salt of the C-terminal amino acid, Boc-A'?, onto Merrifield resin
through an ester linkage. The cesium salt of Boc-A'? is formed by adding
Boc-A'? o cesium carbonate in a mixture of methanol and water. The

20  cesium salt of the Boc-A!? is dried under vacuum and then allowed to react



g) contained in a 500 m glass reactor with sintered glass disk filters at
both the bottomand top of the reactor. The reactor was filled fromthe
bot t om 20wardstsaken by inversion (rotating 180 degrees i pca/E6060I5s) -
First, the Boc group was renoved (e.g., deblocked) fromthe glycine resin
by mxing the resin twice with 175 m of 25%trifluoroacetic acid (TFA) in
di chl oronet hane (DCMy (2 m nutes and 25 m nutes) followed by draining aided
by nitrogen pressure. The resin was rinsetRthree tines with 125 m of WO
02/ 051861 17 PCT/1EO01/ 00159 DCM and two times with 125 ml of isopropyl

al cohol (1 PA) and then three times with 125 m of DCM The resulting

am no-TFA salt was neutralized twice with 125 m of 10%tri et hyl am ne base
in DCM for fiaith thenchlesorwthyldrehayl greupsgaithe polystytemesin an ahhypdtduss The
resin was then coupled and debl ocked with 2.5 nol ar equi val ent m xture of
the fol |l owi npoBsaproticesol ventavich@sadimiethiytformamide (DIMF). This reaction is

dii sopropylcarbodiimde (DIC) in 16 mM_ of DV and 47 ml of DCM 5.84 ¢
Boc- L- Pr ol i ntyn $onabeuisde to 48-hpursnprafierably 367heumsat-abous dé’ feto 60DCy
Boc- D- Trypt ophan( f or mél é 7.64 g Boc-L-Tyrosine, 9.0 g Boc-L |10

Trypt ophan( f Breferablys 508 Gy Thereacted rasin ks then ltenesl, girsed-with water, a

Hi stidi ne(tosyl).cycl ohexylamne salt, and_ 13.5 pyrogl utam c aci d.

1Hydr oxyb2nz pekarapsoticsabemt such as BDdhsaad @3-&10&91) such g3 methanp}y ander |

and Trp couplings., 75 m of dinethyl acetanjde ( ) was used in place, o
DVMF and DCM ithprtausditﬁgﬂ m@s.tanwe@ﬁime%ﬂgwy mgg\ mdﬂweémreweoﬁw teiedhd
tested by Kaiser N nhydrin for, coupling gonplejion. The Bo¢ group S
renoved fronf€BRE testediia %teaanaeglae @@@cﬁ%@@lﬁ&%v@.w 1% EXBIGSEC si de

chain protected with.tqgyl i ch was. remmoyed wi.t h treatnment,s of 4.16 g
of HOBT i n-188npleset Atberdny SR G et die saleulated vakieaIsEh Ao aci d
coupling. Bog-D Tr.yptpophan angd.Boc- L-Trypt ophan.were side chain.20

robect ad wi CRIBHHRIRACAl S SAEmE BeACH EPHPSSaUR MALHAIGISAEE fr om
t he resi The lete tide-raesin was rinsed into a tared sintered

gl ass fuﬂ?}el W&ﬁ%%}cﬂﬁgﬁ& GY18HORS+ h et hanol , and dried under vacuum
WO 02/ 051861 PCT/ 1 E01/ 00159 18 The dried peptide-resin was transferred to a
one liter, three-neck, round bottomflask. 15 m/gram of the peptide resin
in 9:1 nethanol / D¥ynthédis mf af peptide of fdrnsulal () cm%eqmtﬁoimmd ohdhé Bode. The
solution was cgoled to about < 10C, and ammpnia gas was s|owy bubbled with
strong cool i fy tnesid cortaingl ima glassagactoyouith simteved gtass disln filtenept thehe
solution was _allowed to further m x wthout cooljing for about 15-36 hours
until >95% ofbottose ofdhayeacer.cFheweactonisestireed wath airdechaniealcstirser and
determ ned by npnitoring, with high pressure Ijquid chromatography, (HPLC).
The product Wiained by applying doettgasprassure such asaitrogghpressuradeiforegnd t he

{11 rat 635verelgntureugh 6 Snissed dits Syine HorGn ik Sripiopg be 60N idhe
A0 B aSobe il RS A S VBRI ) o o
over ni gt -andbadksrresin Dy saodhg e B Subin tidge Wtk & mixtufe of an brgafic’acid

in a chlorinated solvent, preferably 25% trifluoroacetic acid (TFA) in

dichloromethane (DCM), first for about 2 minutes and then for about 25

20 minutes followed by draining aided by nitrogen pressure. The A'’-resin is

rinsed three times with DCM and two times with an alcohol, such as

isopropyl alcohol (IPA), and the resulting amino-TFA salt is neutralized

twice with a base in an inert solvent, preferably 10% triethylamine base in

DCM, for about 5 minutes each and rinsed again three times with DCM.



15 di ssol ved into nethanol (0.07 liters) and an equal volume of 4N acetic
acid was added. The solution was concentrated to renove all nethanol on a

rotary evapapaker at T<40C. The product was diluted to appc@rdBdRsy 35
grans product/liter with 4N acetic acid. The crude material was then
purified by repeated reverse phase 20 chromat ographic runs and |yophilized
to give the final product (8.4 gm 59%yvyield) as a white solid at >99%
purity. WO 02/ 051861 19 OTHER EMBCDI MENTS PCT/ | E01/ 00159 From t he above
description, one skilled in the art can easily ascertain the essenti al
characteristics of the present invention, and wi thout departing fromthe
spirit and scope thereof, can nmake various changes and nodifications of the
‘i nvention to Tuepesin is thernveoupled witk 2. 2mblapeditvalest mixtuses of Bec o-

enbodi nents are also within the clains. WD 02/ 051861 20 d ai ns:

PCT/ | EO1/ 001%8niho pratectedsaminmr acidk, cogresponding ¢o dhe amine acids defingd for

‘A - A2- A3-Ser - AS-D-Trp-Leu-A$-Pro-Al -R, (l) 5 wherein Al is pGu or

N- Ac- D- ~3- Nalfpramla élp Hraingfromaherderminabemdrorthe; NAgrminatendouisingra p; A5
is Tyr, N cLys, cPzACAla, or PicLys; 10 A8 is Arg, hArg(Et) 2, _hArg(Bu),
hAr g{ CH2CF3) peptide gaupling agent, psef@ra}blytdlmoqpr@pylgoarmdw (aKd),An palanp

or N 5 aprotic solvents, preferably DMF/DCM mixtures as a reaction media. Each

coupling is followed by rinses with DMF and DCM. The resin can be tested
by Kaiser Ninhydrin for each coupling completion except for Arginine
which can be tested using isatin to detect the secondary amine of residual
uncoupled Proline. The Boc group is removed from each coupled amino

10  acid following testing as described above. The following protected amino
acids corresponding to the amino acids of formula (I) are preferably used in
a synthesis of the present invention: N-a-Boc-L-Proline, N-a-Boc-L-
Arginine-HCl, N-a~-Boc-L-Leucine, N-o-Boc-D-Tryptophan(N’-indole-
formyl), N-a-Boc-L-Tyrosine, N-a-Boc-L-Serine hydrate, N-oa-Boc-L-

15 Histidine(tosyl)-cyclohexylamine salt, and Pyroglutamic acid.

1-Hydroxybenzotriazole (HOBT) can also be used (3-5 eq.) when
coupling the protected derivatives of D-Trp, Tyr, Ser, and Trp. The tosyl
side chain protecting group of Histidine is removed with two treatments of
HOBT in DMF for one hour (each) after the final amino acid coupling. Boc-
20 D-Tryptophan and Boc-L-Tryptophan are side chain protected with formyl
on the nitrogen of the indole ring. The formyl is later removed during

cleavage of the peptide from the resin using a base.




whi ch conprises the steps of WO 02/ 051861 21 PCT/ 1 E01/ 00159 (a) attaching
a cesiumsalt of Boc-Al, if Al is present, or Boc-Pro if Al is not present,

onto a chivey@meisgy! at ed pol ystyrene resin to yield BocAl - igiigo060159
Boc-Pro-resin, respectively; (b) debl ocking Boc-Al -resin or Boc-Pro-resin
by m xing the Boc Al-resin or Boc-Pro-resin with a mxture of a

Boc- debl ocking organic acid to yield an organic acid salt of H2N Al-resin
or an organic acid salt of H2N Pro-resin, jg4espectively; (c) neutralizing
the organic acid salt of HZN-Al-resin or the organic acid salt of
H2N-Pro-resin with a base to yield HZN-Al -resin or H2ZN-Pro to resin,
respectively; (d) coupling HZN-Al -resin or H2ZN-Pro-resin with a

Boc- oc-ani ne’ pr ot qeeompleed Pebiidesreith ReRRA o aTanal Sivitstedqilags pondi ng

to the amno acid defined for 'formula (1) in the order showmn fromthe

C-term nal tdufihel Witheanninat chiohlmthed s6kiens e6ch 46 CM,réasdd tvgickRMthhar esi n

‘or H2N-Pro-resin with the Boc-a-am ne protected amno acid in the presence

of a pepti de abenhwliswghagemetianol) sidideeBamder valksadnt e drdedpedtide;refin )
debl ocki ng the Boc group fromthe Boc-bl ocked coupl ed product by m xing the
Boc- bl ocked dotmheferped thiatona liter,athBesndek) mounidigottdmofiasini A mixture ofyi el d

a coupl ed product; WO 02/ 051861
5  9:1 methanol/DMF at about 15 milliliters per gram of the peptide-resin is

added to the round bottom flask. The solution is cooled to about <10 °C,
and, if the C-terminal amide form of the peptide is desired, ammonia gas is
slowly bubbled with strong cooling until well saturated (about 1 hour
addition time), wherein the peptide is liberated from the resin in the form of

10 a free methyl ester intermediate. The solution is allowed to further mix
without cooling for about 15-36 hours during which time approximately
>95% of the free methyl ester is converted to the corresponding amide
product. Reaction progress may be monitored, e.g., by using high pressure
liquid chromatography (HPLC), and may be terminated when the desired

15 extent of completion is attained. The product is filtered in solution with a
sintered glass funnel, and the resin is rinsed with methanol and DMF several
times. All rinses and filtrates are condensed to a very thick oil. Ethyl acetate
is added and the solution is triturated to solidify the product, decanted, and
trituration is repeated again with ethyl acetate. The crude product is

20 dissolved into methanol and an equal volume of 4N acetic acid is added. The
solution is concentrated to remove all methanol. The product is diluted with

4N acetic acid.

The C-terminal ethylamide form of the peptide can be obtained by

substituting ethylamine for ammonia in the procedure of the immediately



22 PCT/1E01/00159 (iii) reacting the coupled product with a next

Boc-a-am ne protected amno acid in the presence of a peptide coupling
agent to wiogalhsseBoc bl ocked coupl ed product; (iv) debl oclkiciarbheniBoc group
fromthe Boc-bl ocked coupl ed product 5 by m xing the Boc-bl ocked coupl ed
product with a Boc-debl ocking organic acid to yield a next coupled product;
(v) repeating steps (d)(iii) and (d)(iv) until the NNterm nal am no acid of
the peptide of formula (1) has been coupl &l and the Boc group of the
N-term nal am no acid has been debl ocked to yield a protected 10 conpl et ed
peptide-resin; (e) cleaving and deprotecting the protected conpl eted
peptide-resin to yield the ﬁept ide of formula “%ﬁ wherein said cl eavi ng
‘and depr ot ecforegotagrparagraph( wheneiki thg tampsrafre thasolutionjs snagitaige

conpl eted peptide-resin in an 15 al coho]/inert pqlar aprpti.c .sol.vent
mxture; (ii %emlabegltﬁié Yoduringrsaturaiio @ ﬂleéfﬁutlaadgktﬁle%’léﬁmpﬁ and

‘bubbl i ng ammoni s or ethylamne gas slo nd mai ntai ning cooling until
t he sol uti onm@iaeﬁgbalb’ bm@p%%?@é%gﬁuﬁdlgé’&yi el d a saturated sol ution;
WO 02/ 051861 23 PCT/ 1 E0O1/ 00159 (iv) mxing the saturated sol ution w thout
cooling for about 15-36 hours until >95% of free nmethyl ester is converted

to the correspondiTig aidématdri] caBparified b r(sfyjﬁatbd roverephase espondi ng

et hyl am de, when ethylanm ne gas is used; and i sol ating said peptide
from sai dssolgseparative chromatographic runs and Iyophilized to give the final product.

It will be apparent to one skilled in the art that other solvent systems
may be used, including, but not limited to, low molecular weight alcohols
such as ethanol, propanol, isopropanol, butanol, isobutanol, tert-butanol, and

the like, other polar aprotic solvents, and mixtures thereof.

10 Modes for Carrying Out the Invention

The following example is described for purposes of illustrating a
method of the present invention and is not to be construed to limit the

present invention in any way.
Example

15 Synthesis of pGlu-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-Pro-Gly-NH, ([D-
Trp®)JLHRH-NH,)

[D-Trp®]LHRH-NH, was prepared by solid phase peptide synthesis
using Boc chemistry on Merrifield resin followed by cleavage of the peptide

from the resin with methanolic ammonia to yield the title peptide.



2. A process according to claim1l1, wherein Al is Gy. 3. A process
according to claim2, wherein the foll ow ng Boc-a am ne am no acids are
coupl ed swer@msisel y fromthe Gternminal to the N ternm nalper/ageio1s9

N a- Boc- L-proline, N a-Boc-L-arginine~HC, N a-Boc-L-Ieucine, 10
N-a- Boc- D-trypt ophan(N -indol e-fornyl), N a-Boc-L-tyrosine, N a-Boc
L-serine hydrate, N-a-Boc-tryptophan(N -indole-fornmyl), N-a-Boc-L
hi sti di ne(tosyl)-cycl ohexyl am ne salt, andépyroglutamc acid. 4. A process
according to claim3, wherein the fornyl protecting group of the Trp side
chain is renoved by treatnent with a solution 15 conprising amonia, a
prinmary amne, or a secondary amine and an alcohol. 5. A process according
'to claim4, whereiThesfitrst step it thenprovess wesstozattachi theavediumt dalinof thecC- A
process according to claimb5, wherein said peptide of fornula (I) is WO
02/ 051861 24 texghinatiamifiomcidy Bog+glpeiliep 1o the Meyrifield @ginNbPough an estercess
‘according to claim®6, wherein 1 PCI/1EO01/00159 hydroxybenzotriazol e (HOBT)
i s al so used ligtkagec dlin¢ cesjutn salBof Baa-ghtain imformedhbipireadtingdBoc:glycine
N-a- Boc-L-tyrosi ne, N a-Boc-L-serine 5 hydrate and
N- a- Boc- t r ypt(4pifag] With aeinm carbepate (357.9 g)inecmixture oftmethaspl angd veater
synthesis of a peptide of formula (l1), A 1l-A2-A3-S er-AS-A6-Leu-A8-Pro-A 1
-R, (11)510 (RAank#R ml). The cesium salt of the Boc-glycine was dried under vacuum

and then allowed to react with the chloromethyl benzyl groups on the

polystyrene beads (Merrifield resin; Advanced Chemtech, 88.2 g) in

anhydrous dimethylformamide (DMF; 200 ml). This reaction was run for

about 36 hours at about 50° C on a Buchi™ Model 110 rotary evaporator.

10  The reacted resin was then filtered, rinsed with water, DMF, and methanol,

and was then dried to a constant weight at T < 35°C in vacuo. The dried

resin was then tested to determine the Boc-glycine content which is

expressed in mmoles of glycine per dry gram of resin. The calculated value

of 0.872 mmoles/gram was found and used to determine the exact scale of

15 the assembly reaction for subsequent material usage and theoretical yield

calculations.

Synthesis of the peptide was performed on the Boc-glycine resin (12.5
g) contained in a 500 ml glass reactor with sintered glass disk filters at both
the bottom and top of the reactor. The reactor was filled from the bottom
20 and shaken by inversion (rotating 180 degrees in 3 seconds). First, the Boc
group was removed (e.g., deblocked) from the glycine resin by mixing the
resin twice with 175 ml of 25% trifluoroacetic acid (TFA) in
dichloromethane (DCM) (2 minutes and 25 minutes) followed by draining

aided by nitrogen pressure. The resin was rinsed three times with 125 ml of



Al is pQu or NFAc-D-(3-Nal; A2 is H's, Dp-C-Phe, or Dp-F-Phe; A3 is
Trp, D-Trp, D~i-Nal, or D-Pal; ASis Tyr, N cLys, cPzACAla, or PicLys; 15
A6 is D ~woNalosiger hArg(Et)2, D-Lys(iPr), D-hArg(Bu), D hAf{#idGhiake.

D-H s(Bzl), D Leu, DPal, D Ser(tBu), D-Trp, DCt, D Arg, D N cLys,

D-Pi cLys, or D al; WO 02/ 051861 PCT/ I EO1/ 00159 25 Ag is Axg, hArg(Et)2,
hArg(Bu), hArg(CH2CF3)2, or Lys(iPr); Al is Ay, NHNHCO or D-Ala or is
deleted; and R is NH2 or NHEt; wherein al7l east one of A3 or A6 is Trp or
D-Trp, and said nethod conprises 5 tenporarily protecting any tryptophan
residue with a side chain protecting group which is labile to a base
wherein said_protecting group is renoved during, cl eavage of tge pepti de of
formul a (11) DCMhandéwediimessuithd2S my of dsepropyl alqcthé%IﬁAéan then Phrseess
according to claim@8, wherein said Trp or, D-Trp.si 0 chain protecting
group is an &iayes witbub2S mal ofADEMG ddhis resuliing aminer &iﬁ@f’fg‘,"’aﬁﬁé}l@?ﬁzg id
‘Trp or D-Trp side ¢hain_prot | hg.group Js remyv reatmept with

sol uti on conpwics Wgt?h@%ﬁ‘iﬂa()? ib%gﬁéhyijmasﬁrmigggé&%ﬂ?&? IRHRHES 8860 an
al cohol . 11. A process accprding to ¢l al , Wherein said side chain 15
protecting g@Bdginsedagamt tlgﬁsd"’ﬁgi&@- a met hanol sol ution conprising
ammoni a. 12. A process of claim1l, wherein A3 is Trp. 13. A process of
claim8, wherein Al is pQu, A2 is His, ASis Tyr, A6 is DTrp, A8 is Arg,
Al is Ays and R Tl pddtn was then coupled and deblocked with 2.5 molar equivalent

mixture of the following Boc protected amino acid with 4.2 ml of
diisopropylcarbodiimide (DIC) in 16 ml of DMF and 47 ml of ]?CM; 584¢
Boc-L-Proline, 8.93 g Boc-L-Arginine-HCl, 6.77 g Boc-L-Leucine, 9.0 g
Boc-D-Tryptophan(formyl), 7.64 g Boc-L-Tyrosine, 9.0 g Boc-L-

10  Tryptophan(formyl), 6.06 g Boc-L-Serine hydrate, 16 g Boc-L-
Histidine(tosyl).cyclohexylamine salt, and 13.5 g pyroglutamic acid. 1-
Hydroxybenzotriazole (HOBT) was also used (3-5 eq.) in D-Trp, Tyr, Ser,
and Trp couplings. 75 ml of dimethylacetamide (DMA) was used in place of
DMF and DCM in coupling Arg. The resin was rinsed with DMF and DCM

15 and tested by Kaiser Ninhydrin for coupling completion. The Boc group was
removed from each coupled amino acid as described above. Histidine was
side chain protected with tosyl which was removed with two treatments of
4.16 g of HOBT in 105 ml of DMF for one hour (each) after the final amino
acid coupling. Boc-D-Tryptophan and Boc-L-Tryptophan were side chain

20 protected with formyl which was removed during cleavage of the peptide

from the resin.

The completed peptide-resin was rinsed into a tared sintered glass

funnel with DCM, rinsed twice with methanol, and dried under vacuum.



WO 02/ 051861 26 PCT/1EO01/00159 14. A process for the solid phase synthesis
of the peptide of the formula

pAd u- H s- Waro2mgisslyr - D=Tr p- Leu- Arg- Pro- A y- NHZ conpri si ng gdieiesi/66se Of
successively coupling onto a solid support the follow ng protected am no
acids: Boc-G@y, Boc-Pro, Boc-Arg.HC, Boc-Leu, Boc-D 5 Trp(PG 1), Boc-Tyr,
Boc- Ser, Boc-Trp(PG 1), Boc-H s(PG 2), and Boc plu, where PG1l is a
protecting group labile to a base and PG Pgis a protecting group for His,
and said process conprises both cleaving said peptide fromsaid support and
renoving said PG 1l fromsaid tryptophan residues with a solution conprising
a base. 10 15. A process of claim 14, wherein said PG1 is an acyl group.
16. A procesThefdi¢dpepfilie-rebier was tranisfersed to a@mediteprthses-neckpround a
prinmary amne, or a secondary amne. 17. A process of claim 16, wherein
said PG 2 i sbbusmh flasR. 13 mV grams ofdhe peptide késinvined: dimething | /BVIF (380 mlny|
‘and said 15 solution conprises amonia. 19. A %rocess for making a peptide

of the fornuffer {0)9 niMescale)dvdeadded to the flaskn hewﬂaumnwwa ¢qgoled to about
herei nbefore descri bed and exenplified. A . Al e A&s . e. AH

A . AsR AH L<AI08C, and/ammna 2% Was., s&owlﬁbubbiedawﬁhosuomg sooling uxidl well" E
. As9e. AsL. AY () egj zu3>g;

o) L hc] & c apbmalerbiabop ) bogreadditipime). CEe sojptigpewes elippeadct Bather cal ¢
aleral calcal (ir/;gc] gv? %?l]t %goll(r:lg]f%rR;%]o%? ga3g hours until >95% of free methyl ester
was converted to amide product as determined by monitoring with high
pressure liquid chromatography (HPLC). The product was filtered in
solution with a sintered glass funnel, and the resin was rinsed with methanol
10 and DMF several times. All rinses and filtrates were condensed to a very
thick oil on a rotary evaporator at T<40°C. Ethyl acetate (0.08 liters) was
added and the solution was triturated to solidify the product, decanted, and
repeated with 0.08 liters of ethyl acetate. The hard, gummy product was
soaked in ethyl acetate overnight and decante(i. The crude product was
15 dissolved into methanol (0.07 liters) and an equal volume of 4N acetic acid
was added. The solution was concentrated to remove all methanol on a

rotary evaporator at T<40°C. The product was diluted to approximately 35
grams product/liter with 4N acetic acid.

The crude material was then purified by repeated reverse phase
20 chromatographic runs and lyophilized to give the final product (8.4 gm, 59%
yield) as a white solid at >99% purity.
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5 wherein
Alis pGlu or N-Ac-D-B-Nal;
A? is His, D-p-Cl-Phe, or D-p-F-Phe;
A is Trp or D-Trp;
A’ is Tyr, NicLys, cPzACAla, or PicLys;
10 A% is Arg, hArg(Et),, hArg(Bu), hArg(CH,CF3),, or Lys(iPr);
A" is Gly, D-Ala or is deleted; and
R! is NH, or NHEt;

which comprises the steps of:
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~resin or Boc-Pro-resm respectively;

(b) deblocking Boc-A'’-resin or Boc-Pro-resin by mixing the Boc-
5 A'%resin or Boc-Pro-resin with a mixture of a Boc-deblocking organic acid
to yield an organic acid salt of H,N-A""-resin or an organic acid salt of H,N-

Pro-resin, respectively;

(c) neutralizing the organic acid salt of H;N-A'-resin or the organic
acid salt of H,N-Pro-resin with a base to yield H,N-A"%resin or H>N-Pro-

10  resin, respectively;

(d) coupling H,N-A'%-resin or H,N-Pro-resin with a Boc-ai-amine
protected amino acid, said protected amino acid corresponding to the amino
acid defined for formula (I) in the order shown from the C-terminal to the N-

terminal, which comprises,

15 (i) reacting HoN-A'-resin or H,N-Pro-resin with the Boc-a-amine
protected amino acid in the presence of a peptide coupling agent to

yield a Boc-blocked coupled product;

(ii) deblocking the Boc group from the Boc-blocked coupled product
by mixing the Boc-blocked coupled product with a Boc-deblocking

20 organic acid to yield a coupled product;
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(iv) deblocking the Boc group from the Boc-blocked coupled product
5 by mixing the Boc-blocked coupled product with a Boc-deblocking

organic acid to yield a next coupled product;

(v) repeating steps (d)(iii) and (d)(iv) until the N-terminal amino acid
of the peptide of formula (I) has been coupled and the Boc group of
the N-terminal amino acid has been deblocked to yield a protected

10 completed peptide-resin;

(e) cleaving and deprotecting the protected completed peptide-resin to
yield the peptide of formula (I), wherein said cleaving and deprotecting

comprises:

(i) making a solution of the protected completed peptide-resin in an

15 alcohol/inert polar aprotic solvent mixture;
(ii) cooling the solution to about 0° C to about 10° C;

(iii) bubbling ammonia gas or ethylamine gas slowly and maintaining
cooling until the solution is well saturated with ammonia to yield a

saturated solution;
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corresponding amide, when ainmonia gas is used, or the

corresponding ethylamide, when ethylamine gas is used; and
5 (f) isolating said peptide from said solution.
2. A process according to claim 1, wherein A'° is Gly.

3. A process according to claim 2, wherein the following Boc-o.-
amine amino acids are coupled successively from the C-terminal to the N-
terminal, N-a-Boc-L-proline, N-a-Boc-L-arginine-HCI, N-a-Boc-L-leucine,
10  N-ca-Boc-D-tryptophan(N’-indole-formyl), N-a-Boc-L-tyrosine, N-a-Boc-
L-serine hydrate, N-a-Boc-tryptophan(N’-indole-formyl), N-a-Boc-L-

histidine(tosyl)-cyclohexylamine salt, and pyroglutamic acid. -

4. A process according to claim 3, wherein the formyl protecting
group of the Trp side chain is removed by treatment with a solution

15 comprising ammonia, a primary amine, or a secondary amine and an alcohol.

5. A process according to claim 4, wherein said solution comprises
ammonia and methanol.
6. A process according to claim 5, wherein said peptide of formula

(D is
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' 7. A process according to claim 6, wherein 1-

hydroxybenzotriazole (HOBT) is also used when coupling N-o-Boc-D-
tryptophan(N’-indole-formyl), N-a-Boc-L-tyrosine, N-o-Boc-L-serine
5 hydrate and N-a-Boc-tryptophan(N’-indole-formyl).

8. A process for the solid phase synthesis of a peptide of formula
dx),

A-A%A’-Ser-A%-A%Leu-A%-Pro-A'-R!,

(D)

10  wherein
Al is pGlu or N-Ac-D-B-Nal;
A?is His, D-p-Cl-Phe, or D-p-F-Phe;
A’ is Trp, D-Trp, D-B-Nal, or D-Pal;
A’ s Tyr, NicLys, cPzACAla, or PicLys;

15 A® is D-B-Nal, D-hArg(Et),, D-Lys(iPr), D-hArg(Bu), D-
hArg(CH,CF3;),, D-His(Bzl), D-Leu, D-Pal, D-Ser(tBu), D-Trp, D-
Cit, D-Arg, D-NicLys, D-PicLys, or D-Qal;
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R' is NH, or NHE;

wherein at least one of A or A® is Trp or D-Trp, and said method comprises
5 temporarily protecting any tryptophan residue with a side chain protecting

group which is labile to a base wherein said protecting group is removed

during cleavage of the peptide of formula (II) from the solid support by

reaction with a base.

9. A pfocess according to claim 8, wherein said Trp or D-Trp side

10  chain protecting group is an acyl group.

10. A process according to claim 9, wherein said Trp or D-Trp side
chain protecting group is removed by treatment with a solution comprising

ammonia, a primary amine, or a secondary amine and an alcohol.

11. A process according to claim 8, wherein said side chain
15 protecting group is formyl and said base is a methanol solution comprising

ammonia.
12. A process of claim 11, wherein A® is Trp.

13. A process of claim 8, wherein A' is pGlu, A”is His, A’ is Tyr,
A®is D-Trp, A®is Arg, A" is Gly, and R is NH,.
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protected amino acids: Boc-Gly, Boc-Pro, boc Arg cl]-ICl Boc-Leu, Boc-D-
5 Trp(PG-1), Boc-Tyr, Boc-Ser, Boc-Trp(PG-1), Boc-His(PG-2), and Boc-
pGlu, where PG-1 is a protecting group labile to a base and PG-2 is a
protecting group for His, and said process comprises both cleaving said
peptide from said support and removing said PG-1 from said tryptophan

residues with a solution comprising a base.
10 15. A process of claim 14, wherein said PG-1 is an acyl group.

16. A process of claim 15, wherein said solution comprises

ammonia, a primary amine, or a secondary amine.
17. A process of claim 16, wherein said PG-2 is tosyl.

18. A process of claim 14, wherein said PG-1 is formyl and said

15  solution comprises ammonia.

19. A process for making a peptide of the formula (I) given and

defined in claim 1, substantially as hereinbefore described and exemplified.



