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of xmproved synthétw methods larger ring sizes and more mtngumg targets
have been successfully attempted.

n

In the past cych'c peptides have been prepared totally in selution or.,

selectlve]y acmvated and cychzed in solistion uiider

! R.J. Consden, A: H. Gordon, A. J. P. Martin, and R, D'M. Synge, Biochem. J. 41, 596 (1947)..
2K. D. Kopple, J. Pharsi. Sci. 61, 1345 (1972).

3A.E. Tanelli, in “Cyclic Polymers” (J. A. Semlyen, ed’), p-261. Elsevier Apphed Scxcnc:,
Londen, 1986.

*D. S. Perlow, J. M. Erb, N. P. Gould, R. D. Tung, R. M. Freidinger, P. D. Williams, and
D. F. Veber, J. Org. Chem. 57, 4394 (1992).
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176 METHODS FOR SOLID-PHASE ASSEMBLY OF PEPTIDES 9]

Cyclodimerizations and cyclooligoimierizations miy also occur even under
high dilution usually as unwanted side reactions but occasionally to bepefit
for certain symmetrical targets, as temperature, solvent, and the coucentra-
tion and structure of the linear peptide are other important factors:®*>
There are advantages to performing peptide cyclizations on solid phase
rather than in solition. A pseudodilution phenomienon is achieved by hav-
ing the linear peptide attached to a|polymeric support. Intramolecular
cyclization is favored over intermolecplar because the solid support-pro-
vides a large distance between chains.? Furthermore, reactions can be dtiven

to completion by the use of excess sojuble reagents that can be removed

by simple filttation dnd washmg, and in an automated process. - _
Theré are three classic modes of medium- and lo g-rangelactam ¢; hza-

tion of peptides. A ring may be formed via cyclization of the amino termi

to the carboxyl terminus, Thls mode of ring closure is called head ta .»aﬂ
or end to end. Alternatively, the functional groups of side chams usudlly
the amino group of lysme or ormthme can pro a method for lactam,

Alternatlvely, the carboxyhc ac1d functlon of Asp 1 Car
amine tcrrmnus Sohd phase syntheses of thesc ¢k ‘sses

This art1cle rev1ews the synthesm of cy‘ "c hom
phase methods with an. emphiasis on solid suppos
egy, reagents, side reactions, and the emerg,em_c;e of ¢y
torial libraries.®

Solid Supports

A wide range of polymeric- supports ~as;been-'suecessﬁmyeusied 10 pre=-
pare cyclic peptides such. as polystyrene (PS)-resins-and: cellulose mem-
branes.” With the development of milder orthogonal protection schefnes.

M. Rothe, A. Sander, W. Fischer, W. Mastle, and B. Nelson,. in.“Peptides: Proceediitgs:of
the Fifth. American Peptide Symposium”™ (M. Goodrman'and J. Meienhofer, eds:) -p: 506.
Wiley, New York, 1977.

¢ For a recent review on solid-phase synthesis of cyclic peptides, see S. A. Kates, N. A. Solé,
F. Albericio, and G. Barany, in *“Peptides: Design, Synthesis and Biological Activity” (C.
Basava and G. M. Anantbaramaiah, eds.), p. 39. Birkhaeuser, Boston, 1994.

7D. Winkler, A. Schuster, B. Hoffrhann, and J. Sctinéider-Mergener, in “Pep;ides 1994:
Proceedings of the Twenty-third European Peptide Symposium”™ (H. L. S. Maia, .ed.),
p. 485. Escom, Leiden, The Netherlands, 1995.
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a. side chain to srde cham

T g W R

NH- B’ coz.,y_:g?;, . X=O,NH

1. Rémoval of B" and B2
2. Cyclization .
3. Finat deprotectmn -and: cleavage

b. Nterminal to side chain

A-NH—~

CO,8. X=0;NH

1. Removal of A and B
2. Cyclization
3. Final deprotection and cleavage

c. head to tail

1. Removal of A :
2. Cyclization and concomita ,
3. Removal of protecting groups tn solution

ScuemE 1. C-terminal anchoring strategy for different classes of cyclic pephdes.

and more efficient reagents for cy
graft supports (PEG-PS) have |
PEG spaders alléw complete solvation of t LY CT
coupling efficiency for both linear assembly and cychzanon M@reover
PEG-PS supports do exist that are compatible with both $-fluorenylmethyl-
oxycarbenyl (Fmoc)/rert-butyl (iBu) and terr-butyloxycarbonyl (Boc)/ben-

8 G. Barany, F. Albericio, N. A. Solé, G. W. Griffin, S. A. Kates, and D. Hudson, in “Peptides
1992: Proceedings of the Twenty-second European Peptide Symposium™ (C. H. Schneider
and A. N. Eberle, eds.), p. 267. Escom, Leiden, The Netherlands, 1993.
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I. Through-carboxylic.acid

a. head to tail

O.
r— N
€=0 X=0; Asp, Glu
X X=NH; Asn, Gin

1. Remc\'{ai of A and B {usually two steps)
2. Cyclization
3. Finaldéprotection and cleavage

b. N termimal-to side-chain

1. Removal of A
2. Cyclization and concemitant release-al peptide from the resin
3. Removal-of protééting groups in solition

1. Removal of A and B {usually two steps)
2. C n
3. Finaldeprotection and cleavage

ScHEME 2. Side~chain anchoring strategy for different classes of cyclic peptides..
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a.:head:to-tail

1. Removal of A and B (usually twd steps)
2. Cyclization
3. Final deprotection and cleavage

third-Eurapean- Peptide ‘Symposiam” (M. L. S. Maia; edi); pr 271
Netherlands, 1995.
10 C. Mendre, R. Pascal, and B.'Calas, Tetmhedran Let 35; 5429 (1994)
V'S, Plau€, Jat. & Pept.-ProteinRes. 35;5
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fBu/allyl strategy for the preparation of a head-to- taiil. cychc peptlde 12 The
product purity from the on-resin cyclization is ‘grester. withithe lower loaded
PEG-PS support. In contrast, when the repeating umit of gramicidin S is
constructed on an oxime resin with 0.54 and 0;17 mmol/g loadings, the
resin of lower loading gives more dimer due to interchain reactions. 13 Cyclic
monomeric peptide is-formed at a faster rate and higher yield from the

higher loaded resin.

Handles

Anchors that bave been commonly employed for on-resin lactamization
of cyclic peptides are shown in Fig. 1. The selection of a-handle is governed
by the protection strategy incorporated into a symthetic scheme. Initially,
benzhydrylamine (BHA)- and MBHA-polystyréne resifis were used be-
cause of their stability to-strong acid (HF), which was commonly employed
for final deprotection of side-chain protecting groups and release of the
cyclic peptide from the resin.

The preparation of head-to-tail or a side chdin-to-tail cyclic peptides
requires ‘‘semipermanent” protection of the termtinal carboxylic acid func-
tion (for definitions of the different protectinig groups, see Protection
Schemes). In standard linear assembly, the a-carboxylic acid is used for
attachment to a solid support. Therefore, construction of these two classes
of cychc peptides demands side-chain anchonng of a tnfunctlonal ammo

cyclic peptides has "been accomplished by attachment of ‘the w-carboxyl‘-

groups of Asp or Glu to hydroxymethyl or benzhydrylamine resins.'* The

with attachment of Boc Asp(OH) OFm (where Fm is 9 ﬂuore

2B F McGumness S. A Kates 6. W. Grifin, L. W. Herman N. A. Solé, 1. Vag_ner F

Albercio, and G. Barany, ix “Peptidés: Chemxstry and Bmlogy, Proceedmgs of thie Four-
teenth American Peptide Symposium” (P. T. P. Kaurmaya and R. S. Hodges eds.), p. 125.
Mayflower Worldwide, Blrmmgham UK, 1996. . )

3 M. Bouvier and J. W Taylor, i ‘Peptxde Chemistry- and onl' 7y Proceedmgs of ‘the
Twelith Ameétican Peptide Symposium”’. (J. A. Sinith-and 3. E: Rivier; eds) p- 535 Escom;
Leiden, The Netherlands, 1992,

P, Rovero, L. Quartara, and-G. Fabbri, Tetrahedron Leés. 32,2639 (1991)

15 A, Tromelin, M. H. Fulachier, G. Mourier, and A. Mérez, Tetrahedron Lett. 33;:5197 (1992).

linear peptide was assembled on a phenylacetamido (PAM) resin: startmg :




(9} SYNTHESIS OF CYCLIC HOMODETIC PEFTIDES o 181

~oxime,
NO,
CH30 .
HaN-CHa -"Qo{cw;,-conw
cH0” /

1/4 o- C&CHZ—.—O(CH»TCONH'

active carbonate resin

. BAL
Fie. 1. Handles used for the preparatlon of. cychc pepndes

and the C-terminal Fmoc group and cychzanon HF clea ge afforded a '
cyclic peptide i which the Asn residite was derived from Sp’ grotp
initially-attached to the resin. :

The 31de cham anchormg strategy ‘for head-to-ta_

(b) Fmoc ASp(.PAC PEG PS) OAI at pesmon Asp-7, and:

1) S. McMurray, Tetrahedron Lett. 32, 7679 (1991).
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Asp(OPAL-PEG-PS)-OAl at position Asn-8. In strategy (c), Asn-8 was
derived from an aspartic acid with its 8-carboxylic acid bound te.the resin
via the 5-(4-aminomethyl-3,5-dimethoxyphenoxy)valeric acid-(PAL) Han-
dle. All four strategies gave the desired peptide; the best yield and purity
(71%) were obtained with the Asn-8 strategy, and the Glu-10 strategy gave
the highest level of by-products.”’

Stde-chain anchoring an amino acid to a solid support has been accom-
plished most frequently through a carboxylic acid function, which restricts
linear sequences to those containing Asx or Glx. As an extension te this
approach, Alsina et al.’® prepared an active carbonate resin to which the
side chain of Lys was attached. The novel solid support was prepared in
quantitative yield by treatment of PAC resin with N,N’-disuccinimidyl
carbonate- and ‘4-dimethylaminopyridine (DMAP) followed by coupling
with Fmoc-Lys-OAl in the presence of N,N-diisopropylethiylamine (DIEA).

Procedure. PAC-PS resin is suspended in N,N-dimethylformamide
(DMF), and disuccininidyl carbonate (10 equivalent) and DMAP (1 equiv-
alent) are added under Ar for 2 hr. The resin is filtered and washed With
DMEF. Fmoc-Lys-OAl (10 equivalent) is dissolved in DMF, added to the
resin i the presence of DIEA (20 equivalént), and allowed to react for 4
hr at 25°. The Fmoc group is removed with piperidine-DMF followed by
peptide chain elaboration. Allyl removal is cafried out using 1.9 M
Pd(PPh;), in dimethyl sulfoxide (DMSQO)-tetrahydrofuran (THF)-0.5 N
aqueous HCl-morpholine (2:2:1:0.1, by volume), for 150 min at 25°.
Following Fmoc group removal, the resin is treated .with bénzotriazol-
131 oxytns(dlmethylammo)phosphomum hexafliorophosphate (BOP)/1-
hydroxy-7-azabenzotriazole (FHOAt)/DIEA (5:5:10 equ ts) in DMF
for 2 hr at 25° to'effect cyclization. The product i5 ¢ i the resin
with concomitant removal of protecting gfoup side chiains with reagent R
(TFA—thioanisole—1,2-ethanedithiol-anisole, 90:5:3:2, by volume) for 2
br at 25°.

The above methods rely on the concept of side-chain anchermg an
amino acid to a resin via a carboxylic acid or amine:
the sequences that can be cyclized on a solid support.. ‘The - handle
(backbone amide hnker) has been developed . for Frmaoc/Bu. methods to
attach a peptide chain via a. backbone amide nitrogen.!®

7S, A.Kates,N. A. Solé, C. R. Johnson, D. Hudson, G. Barany, aitd F. Adbericio, Tefrahedrom: -
Len. 34, 1549 (1993).
By Alsma F. Rabanal E. eralt and F, Alberlcm Tetrahedmn Lett 35 9633 (1994)

Chemxstry and onlogy Procecdmgs of the Fouxteentb Amcncan Pepndc Symposf n’*
(P. T. P. Kaumaya-and R. S. Hodges, ds.), p. 30. Mayflower-Worldwide;. Bifminghsi,
UK, 19%6.

nction, which restricts-

-example of
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the use of this handle involves the attachmem of Fmoc—(BA -OH)Ala-
OAl to MBHA resin. Usmg the BAL anchor, head-to-tail cyclic peptides
devoid of a trifunctional amino acid residue can be readily constructed.

Anchoring the first amino acid to'a PAM-type handle for;the synthesis
of head-to-tail cyclic peptides via a Boc/Bzl/OFm strategy has’been investi-
pgated.?® Coupling Boc-Asp(OH)-OFm to hydroxymeth: PAM resins with
N,N’-diisopropylcarbodiimide (DIPCDI)/DMAP using various conditions
gives low yields:and high levels of racemization. Nucleophilic substitution of
bromomethyl-Pam handles with the cesium and zinc sats of Boc—Asp(OH)
OFm substantially improves the anchoring yield and:lowers the amount
of racemization.

Protection Schemes

The success. of solid-phiase synthesis of cyclic peptides is based on the
proper combination of temporary, semipermanent, and permanent pro-
tecting groups (Table I) and the corresponding methods for their removal
(Fig. 2). Temporary groups are for N*-protection; senuperm-"anent groups
are for Lys/Orn-Asp/Glu side-chain protection, and permanent.gt
for side-chain protection and resin—peptide anchorage. Two of 1 -
of groups that are removed by differing chemical mechanisms in any order
and in the presence of other classes is called an orthogon.al;protectlon
scheme. This discussion is organized according to the fo]lewmg format:
semipermanent/temporary/permanent/handle (anchéring strategy and
class of cyclic peptide, based on Schemes 1, 2, and 3) accompanied with a
brief experimental section. '

Oxime/Boc/Bzl/oxime Handle (Scheme ic)

A polystyrene-based resin frequently used:is the; p-nitrobenzophenone
oxime-resin®?? which actsas both a sennperm‘ mefit and permanent pro-
tecting group for the C terminus. This resin provides a method for prepara-
tion of head-to-tail cyclic peptides: ‘with.concomitant cleavage from the resin
via intramolecular nucleophilic dlsplacement; £ the amchonng lmkage by
the amine terminus of a peptide.”#* This str
acids for linear chain elongation because oxime Tesins are not co-panble
with secondary amines used for N*-Fmoc removal. To avoid premature
cleavage of the peptide from the resin, coupling of amirio acids is accom-

Y M.-L. Valero, E. Giralt, and B. Andreu, Tetrahedron Lett. 37, 4229:(1996).
' W, F. DeGrado and E. T. Kaiser, J. Org. Chem. 45, 1295:(1980). -

2W. F. DeGrado and E. T. Kaiser, J. Org. Ghiem. 47, 3258:(1982).

> G. Osapay, M. Bouvier, and 1.-W. Taylor, Tetrahedron Lén. 31, 6121 (19%0).
* G. Osapay and J. W. Taylor, J. Am. Chem. Soc. 112, 6046 (1990).

I,
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2. Side-chaln protecting groups snd r'asln—pqptlde anchorange.("permanent”)
b. N%Protecting group( “temiporary”)
c. Lys-Asp/Glu side-chain protecting groups (" semlpermanent")

F1c. 2. Protection scheme for synthesis of cyclic pepuides.

plished with BOP in conjunction wnh in situ nevtralization using DIEA.
Although final products have been obtained in high purity, a limitation is
that the lability of the oxime residite can result in peptide fost at each step,
resulting in low yields.

Procedure. The linear peptide chain is assembled on Boc-Leu-oxime
resin (0.11 mmol/g). The Boc ‘protecting group is removed by treatment
of the resin with. trifluoroacetic acid (TFA)~CHzCl, (3:3, v/v) for 30 min.
After washing, the appropriate Boc-amino acid (5 equivalent), BOP (5
equivalent), and DIEA (5 equivalent) in DMF are added to the resin and
allowed to couple for 2 hr. Couplings of Boc-Asa-OH and Boc-Gin-OH
are repeated using 2.5 equivalents of reactants. After the final coupling,
the Boc group is removed from the N terminus as described above and the
resintreated with DIEA (1.5 equivalent) in CH,Cl, for 24 hr. The protected
cyclic peptide is isolated from the solutxon phase and purified by chromatog-
raphy.

The selection of the amino acid to be anchored to an oxime resin
influences the yield and purity of the desired target. CyclofArg(Tos)-Gly-
Asp(OcHex)-Phg] (where Tos is 4-toluenesulfonyl, cHex is cyclohexyl, and
Phg is phenylglycine) has been synthesized and the monomer to dimer
ratio:studied as-a function of the order of attachmient of the amino acids
to the resin.>® The highest yield of monomer is achiéved when Phe is the
C terminus residue, whereas Arg(Tos) gives the lowest yield, -

Oxime resins in conjunction with . phenacyl (Pac) and allyl (Al) pro-
tecting groups have been used for the preparation of protected side chain-
to-side chain cyclic peptides.”® The linear peptide is anchored to the oxiine

% N. Nishino, M. Xu, B. Mihara, T. Fujimoto, Y. Ueno, and H. Kumagai, Tetrahedron Lett.
33, 1479 (1992).

% A. Kapimiolu and 1. W. Taylor, Tetrahedron Lett. 34, 7031 (1993).
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resin via the B- carboxyl £

(3 equ: alent) and DMAP (01 eqmvalent) m '_
(DMA) for 2-7 days.

Fmoc- Fm/Boc/le/BHA Handle (Scheme ]b)

Fehx ‘eral: Have described:the-B
tion of...s_l.de. chain- to—smie ch‘am €

using plpendme-—DMF (1 4 v/v) cychza
desired:product. R

Procedure. Boc-[Asps(OFm) Lyslz[Asp il
resin (0.4 mmol) is deprotected at the Asp side chain using piperdine? -
(1:4,v/v) (once for 1 min and once for 20 min) and then washed successwely
with DMF, methanol, CH,Cl,, and methanel {1; i
cychzed by addmon of BOP @25 equwale

with E _ ;
tion-of ‘HF, washmg W1th ethyl acetate ex_ ACH
and trituration with ether.

L. S. Rickiter, J. Y. K. Tom, and I. P. Burnier, Tetrahedron Let 35, 5547 {

A M. Felix; E: P. Heimer,-C. T, Wang, T. I. LaniBros, A. Fournier, T. F. Moy ines,
R. M. Campbell, B. B. Wegrzynski, V. Toome, D. Fry, and V. S. Madlson Int J. Pept
Protein Res. 32, 441 (1988).
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Boc;tBu/Fmoc/leZBHA' Handle (Sch-emé Ic)

using Boc/le chermstry The cyclic peptlde is obtamed from the resin on
HF treatment. e o .
Procedure. The linear peptidé is censtructed on
terminal. N*:Fmoe of ©m- retaingd: Fig t '
v/v). to.remove, the side chains of- Orn. and -Asp.r
neutralization-using. DIEA—CH,Cl; (149, vAv):
cyclization is..conducted: by.-addition. of A
(DCC) (5 equivalerit) and 1 ‘hydroxybenzot:
in DMF over a period-of several:days adding:fr
48 hr. The N:terminal Fmoc group-is: removed 7
(1:1, v/v) and the final residue coupled in the usual manner. The.:pep
released-from thesolidisupport with removalof the: le side- champrotectmg
groups ‘with-HF. '

Dmb/Finoc/tBi/ PAC Handle (Scheme 2a)

carboxyhc acid. of ,Glu in conjunctlon with
reported.’® Followmg linear peptide chain elaboratl ]

side- cham protecnng groups but not w1th Trt (trltyl) protection for Cys‘

* P. W. Schiller, T. M. Nguyen, and J. Miller, Int. J. Pepz. .Protein Res. 25;171-(1985):
¥P. W. Schiller, T. Mi-D. Nguyen, L. A. Maziak, B. C. Wilkes, and C. Lemieux,.J. Med.
Chern. 30, 2094 (1987).

IS



o

and Hisresidues. N*: Fmocte
the. Tesini -anc
TFA-phenel;

il

cychc pep‘ade

anid- gel ﬁltratlen ‘to-femeve 0. .e:

mmolig) -7usm'g* a DM
assembly of the desued linear s

addition of BOP/HOBt (3'cqmva
(6-equivalent) fors hr. After DMF ‘
with TFA-~phenal (95 |5, v/v); to give the..cychc»peptr e

Alloc-Al/Fmoc/tBu/PAC-PAL Handle (Scheme.2a). -
ciak and: Bannwarth®l and by Alber

rBu/ allyl scheme. Allyl<based protect.
y introduced-independetitly by

Zhang**and are removed smoothly and
catalyzed transfer without the undesited back-
result when carbocatxons are: gemerated Fu

more efﬁcxently than do tBu-b ed de _
Fhe Fmoe/Bi allyl strategy has-beco)

synthesized by initially-attac
to PAL ' PS 34 Lmear assemblv,

based methods has been- a

' A, Trzeciak and W. Bannwarth, Tetrahedron Letr. 33, 4557 (1962).

2 M. H. Lyttle. and-D. Hudson, in “Peptides; Chetnistry:al
Twelfth Amercan-Peptide Symposium” (J.:A. Smiith. andJ E.R
chden The Neétherlands, 1992.

3 A. Loffet and H. X. Zhang, in “Innovation and Perspectives in Solid Phase Synthesis:
Peptides, Polypeptides and’ Oligonucleatides™ (R. Epton; ed.), p: 77. Titércept, Andcwer
UK, 1992.

*J. Lee, J. H. ‘Gtiffin, and T. Nicas, J. Org-‘Chen:i61; 3985 (1996).

335, A. Kates, S. B. Daniels, and F. Albericio, Anal. Biochem. 212, 303 (1993).

)6
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S

pended pallachum catalyst whlch is.not feas1ble o4 batch and contlnuous-

the results give comparable_ punty to. that obtak
cyclization manually.

Procedure Automated s1de—cham debl@c j

th-iocarvbamate in DMF (10mm, 6 iﬁl?/fﬁa’iﬁ-)"’anfﬁ '
The N“-Fmoc group of the ﬁnal -amino-acid:1 rem@ved

prec1p1tated cyclxc peptlde is washed Wlth ether di
and lyophilized. ;
After: assembly of a hnear peptlde o - HA résin (0 4 ol/g) the‘

@3 ml/ g of resm) 3 Tnbutyltm hydnde (3 equlvalent) is then added and
-allowed to react for 5 min before washing GHRCly,; - tnethylamme-
CH,Cl, (1:9, v/v), CHZCIZ, methanoel; and-C 35ClL . .

Dde/allyl/Fmoc/tBu/PAL Handle (Scheme 1a)

A branched, cyclic peptide-has been prepared by: Bloomberg et: al 37, WlTh '
an Fmoc/tBu/allyl/l-(4;4-dimethyl-2,6-dioxot¢yéclohex- lfyhdme:)_et«" iyl (_Dde)

% 0. Dangles, F. Guibé, G. Balavoine, S. Lavielle, and A. Marquet, J..Org. Chern. 52,4984
(1987).
¥ G. B. Bloomberg, D. Askin, A. R.. -QGdrgaro,and M. J. A Tanner,. Tetrahedron LetL 34,
4709 (1993). . :
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protection’schiéme. The first branch' is as:
of Frno¢-Lys(Dde)-OH, Fmoc:Ala-OFH; Frioc
Cys(Trt)-OH to PAL<PEG-PS followed'by ac it
is removed thh hydrazme and the second branch is

mg- of resin) andPc
tlon) for 3 hr g a

tmsobutylsﬂane (92 3: 2 2: 1 by volu”_
cipitation-With- etlier.

N-szde Dmab/Fmoc/tBu/PAC—PAL

tyl (N—wae) group for amme protecne
tectmg groups are. orthogonal tor Fmo

group. is removed by reactlon Wl, -hydr
Cyclization is carried out by :addition ef D BMF
product cleaved from the resin using TFA— CH,Cl, (1:99, viv).

CAM/Fmoc/tBu/PAC Handle (Scheme 1b) |

Statting with Fmoc-Trp—PepsynK resin, Mendre. et. al. have assem e
a head-to-side chidin cyclic peptide.** To avoid aspartumde ormation, dimer

*¥D. 1. Evans, B. W. Bycroft, W. C. Chan, and P. D. thte, in “‘Peptides 1996: Proceedmgs
of the Twenty-fourth European Peptide Symposium™ (R. Ramage, ed.), in press. Mayflower
Worldwide, Birmingham, UK, 1996.
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Fmoc Asp([Z] Dpr CAM) OH (CAM carboxyamxdom" yl) is prepared

resin wuh concomltant removal of tBu based side
give the desxred taxget

TMSE/Finoc/tBu/PAL Handle (Scheérne 1b)

The tmnethylsxlylethyl ester (TMSE) group las been -used:forside- -
chain carboxyl protection m a three-dimersional orthogeiial scheime for;
preparing cyclic peptides on Rink amine resin.3® Fmoc-Asp(OTMSE) OH
is first coupled to the resin following. standard.. elo 01 1
elaborate the linear sequence. Tréatment of the :
1 M- tetrabutylammonium fluoride (FBAF)+ ME1é i
TMSE sside chain and-the Ne-Fmoc group, cychzatlon and cleavage* pive-
the. desired target.-

Procedure Fmoc Asp(.v-:rfvfm' )<OH. is'

terminal Fmoc: protectmg groups
with. BOP (10 equivalent) and:
Treatmert with reagent K rem
groups-and relgases the cyclic peptide from t

Adpoc-OPp/Fmoc/tBu/PAC-PAL Handle (Scheme la; b)

2-Phenyl- Z-propyl (OPp)
ayl (Adpoc”) At am e"pr

¥ C. K. Marlowe, Bioorg. Med. Cher. Lett. 3, 437 (1993).

/9
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tively, have been introduced as a thzrd level of orthogonahty in Fm@c/tBu
methods.®® Linear sequences are assembled on p-alkoxybenzyl alcohol and
§-amino-10,11 - dihydro-5H-dibenzo[a, d]cycloheptenyl-2-oxyacetyl-Nle-
methylbenzhydrylamine resins for C-terminal acids and amides, respec-
tively, and the OPp and Adpoc protecting groups are removed with TFA-
CH,C), (1:99, v/v). Neutralization, on-resin cyclization, and final cleavage
yield the desired targets in high purity.

Procedure. Adpoc and OPp deprotecnons are conducted by mixing the
resin with TEA—CH,Cl, (1:99, v/v) six times for 10 min. The resin is washed

with CH,Cl, (twice, 1 min), DIEA~ CH2C12 (1:49, v:v, twice, 1 min), and

DMF (three times, 1 min). The peptide is cyclized with TBTU (1.2 equiva-
Jent) and DIEA (1.8 equivalent) in DMF three times for 1.5 hr. Treatment
of the resm with TFA-water—p-cresol-1,2- ethanedltluol—Z—methylmdole
(75:5:5:12.5:2.5, by volume) gives the crude peptide.

%lgeagent‘sjforé;Cychzatmn t

Once a protection scheme has been chosen and successfully incorpo-
rated-into a synthetic strategy, the penultimate step for on-resin cyclization
requires an-efficient coupling reagent (Fig. 3). Initially, carbodiimides-were
used for ring closure. In the first report for the assembly of side chain-to-
side chain cyclic peptides, representative opioid anal@gs were treated with

DCC (5 equivalent) and HOBt (5 eqmvalent) in DMF over a period.of-.

several days adding fresh DCC and HOBt every 48 hr, to give 6-22%
yields.”

A comparison of different activators for lactamization was studied by
Felix er al*' Cyclization of ‘a linear :peptidyl-resin with 6 eqmvalents of
DCC/HOBt in DMF required 6" days for a megative ninhydr
the cleaved product was contaminated with side products. Altematxvely
treatment with 6 equivalent of BOP in DMF containing excess DIEA gave
a purer productin 4 hr. Bis(2-0xo0-3- oxazolidjnyl)phosphinic chloride (BOP-
Ch- andgdlphcnylphosphoryl E’:Iz1de*§(DPPA‘)!"ﬁi”ed1ated cyclizations gave
even less efficient cyclization in compariSen to DCC as measured by quanti-
tative ninhydrin. In-a similar study, Hruby et al. investigated‘the cyclization

“°F. Dick, U. Fritschi, G. Haas, O. Hissler, R. Nyfeler, and E. Rapp, in “Peptides 1996:
Proceedings of the Twenty-fourth European Peptide Symposium™ (R. Ramage, ed.), in
press. Mayflower Worldwide, Birmingham, UK, 1996.

‘T A. M. Felix, C. T. Wang, E. P. Heimer, and A. Fournier, Int. J. Pept. Protéin Res. 31,
231 (1988).
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[vcean 57 5 memnl™
' HsC™ .

CH,.

DCC ' DIPCDI

. ‘ : N
/
N

OH
v@ HOB! ik

I » ; :
" _
N\ ~ N N \
/IN I ,,N | / ,’N
N < N N o
/k pFG— /k PFS_ ' )\ PFG
(CHa}N ““N(CH,), (CHaN“TN(CHa), C)N’?D

HBTU HATU HAPyU

PFs™
R

(CHs)oN—P—N(CH3);
N{CHa)o
BOF] - PYBOP , PyAOP

Fic. B&Clgggpling feagents used. for on-resin cyelization:




[9] SYNTHESIS OF CYCLIC HOMODETIC PEPTIDES 195

of model peptides.*? To facilitate ring closure and. misimize cyclodimeriza-
tions, D-amino acids were incorperated in.the demgn e lmear peptxdes
were assembled on chloromethyl -and MB: 1 ai
0.45 mmol/g. For on-tesin ‘cyclizations, BOP"was found to-be SUpenor to
DIPCDI/HOBt and DPPA, and to solution methods.in terms of product
yield, purity, and reaction rate.

Plaué found that BOP/HOBt/DIEA-mediated cyclization- of a mode]
peptide occurred i 2 hr, whereas with DIPCDI/HOBt
quired 3 days for completion.’! The same ratio of cyclic Ionomer to chmer
was obtained, but the amount of polymeric material formed was greater
when using the BOP-containing mixture. For the f@rmatxonpf large 1
peptides, cyclodlmenzatlon occurs at.high resin lo
rate is slow (DIPCDI). Polymerization occurs at high loa ing when cycliz
tion is fast (BOP).

McMurray et al. studled the 51de reactlons of head to—taﬂ cyelizations

BOP- and DIPCDI/HOBt -ag _vated cychzations gave hlghef yxelds but the. -

reaction proceeded more slowly.
Applications of 1- hydroxy-7 azabenzomazole
{N- [(dlmeth‘ lamino)- 1#- 1,2 tnazolo[4 5-b};

phoniﬁm [7-azabenzo
ﬁuorophosphate (PyA'

symhééﬁ o'f' dlfﬁCultbp ». 1€
amino acids and hydroph@,

“'V.J. Hruby, F. Al-Obeidi, D. G. Sanderson, and D. D. Smith, in “Innovation and Perspectives

in Solid Phase Synthesis: Peptides, Polypeptides and Ohgonuclcetldes (R. Epton, ed) .

p. 197..SPCC, Birmingham, U.X., 1996.

©J. . McMurtay, C. A. Lewis, and N. U Obeycsekere Pept Res. T 195 (1994)

“S. C. Story and' J. V. Aldrich, InL J Pepr. Protein Res, 43, .

453 A Kates, L. A. Carpino, and F. Albericia, in “P '
ings of the Fourteenth American Pcpndc Symposmm T,
eds.), p. 893. Mayflower Worldwide, Birmingham, UK, 1996

22
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TABLELID
CoMPARISON OF COUPLING REAGENTS
FOR THE LACEAMIZATION STEP OF
Cycro(Asp:Tyr-6Ttp-Val-pTip-bTrp-Azg)

Coupling method.  Linear (%), Cyclic (%)  Purity (%)

PYAOP/HOAL 5 74 61

PyBOP/HOBt 5 69 .51

HATUHOAL 5 70 56
S

-HBTU/HOB! 63. 44

HAPyU Wwas more dlﬂicult fo rembve dun
the phosphomum based rgagents BOP PyB

NMP' (35 &5, v/v) DMF, andDMF CHZCI2 (-1, viv) s CH; ;-
(96:4, viv).

“ S, A. Kates, C. A, Minor, H. Shroff, R. C. Haaséth, §. Ttiola, A. El:Faka
and F. Albericio, in *“Peptides 1994: Proceedings of the Twe
Symposium™ (H. L.'S. Maia, d’); p. 248. Escaid, Leéiden, The Ne erlands

“7S. Arttamangkul, B. Atbogast, D. Barofsky, and I. V. A.ldnch Leti. Pepr. Sci.’3; 357 {1996).

4w Zhang and T, W"Taylor, Tetrakiédron Lett. 37 7173 (1996)

/@d@%
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'Cychc Peptlde Libranes

usmg Boc-arm (e% ac1ds with

added as the Fmoc deriva ive. T it
terminal Asp residue during cham elon : U
couphngs was used Removal of Fmoc and Fm..gr

HOAt acnvanon Cleavage of pepnde m1xtures from the
out usmg HF. v :

BOP/HOBt-mduced coupitng of Boce- aimno acids to. Aca-0x1m,_, resin..Afte:

removal of the N-terminal Boc group, cyclization was effected by treatment

with acetic acid~-DIEA. A combinatorial library based on this structure in
which Ser was replaced by Lys, Gln, Ala, Glu, Pro, Val, Tyr, Phe, and Trp
was constructed via both the “mix and split” and mixture methods. For
the mix and split technique, the cyclic peptides were formed in almost
equal amount throughout the couphng and cyclization reactions. The mixed
protocol (0.3 equivalent of each amino acid) gave simildr results except
lower yields for Pro and-Val.

Side Reactions

Altheugh fluoride-labile protecting
loped as an extra Ievel of orthogon

Glu(OtEu) and Asp(OtBu) contammg PepUdes fluoride jons were foundi: '

“K.-H. W)esmuller S. Felenag B Fleckenstem, S. Kxenle D Stoll M ngrmann,_, and G.

Germany 1996.
0 A. F. Spatola, K. Darlak, and P. Romanovskis, Tetrahedron Lett. 317, 591 (1996).
' H. Mihara, S. Yamabe, T. Niidome, and H. Aoyagi, Tetrahedron Letr. 36, 4837 (1995).
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52

to convert a-pepudes to therr corresp@ndmg 'y- of B rearranged sequence

wash-was not reqmred :
Epimerization during linear assembly was identified to be probletiatic
for strategms that include side- cham anchenn‘ -of As "resmi 35. C

by the amifio a01d sequeice.

528, A. Kates and F. Albericio, Lem. Pept. Sci. 1, 213 {1994)-

By Ioana ANnis, BaLazs HARGITTAL and GEORGE BARANY

Introduction -

hormones enzymes gri

I M. Thomton,] Mol. Biol 15L 261 (1981)

2T E. Crexghton BzoEssays '8, 5T (1988)

3 N. Stinivasan; R. Sowdhamini, C: Rifiakrishian, and P. Baiaram, it T, Pep Pratem Rm‘
36, 147 (1990).

Copyright © 1997 by Académic Press
All rights of reproduction in any form resérved.
METHODS IN ENZYMOLOGY, VOL. 289 0076:6879/97 $25.00

2V



. Clarke, Modet & C° | \Q,\

COLOMBIA

SENORES

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E S. D.

REF: EXPEDIENTE No. 06.020.917

SOLICITUD DE PATENTE A NOMBRE DE NOVARTIS AG

Yo, JIMENA ESCOBAR URIBE, identificada como aparece al pie de mi
firma, domiciliada en la Carrera 11 No. 86-53 Piso 6, atentamente digo a
usted que sustituyo el poder con que obro a la doctora DILIA RODRIGUEZ
D°ALEMAN, domiciliada en Bogoti, D.C., portadora de la tarjeta
profesional_wwNo. 2@(2,.§24, con las mismas facultades con que me fueron

conferidas para eSte caso. = ™

e . [ 3
% Fre

e SR~

C.C. 39.779.452 de Usaquén
T.P. 68.228

.

Acepto sustitucion

DILIA RODRIGUEZ D "ALEMAN
C.C. 41.654.882 de Bogota
T.P. 20.824




g ement eyed f aas
HOSENAGH &

TRY

¢i

VTSR]




A 00 0 A0 TR

WO 02/10192 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Burcau

(43) International Publication Date
7 February 2002 (07.02.2002)

PCT

0 OO OO

(10) International Publication Number

WO 02/10192 A2

CO07K 7/00

(51) International Patent Classification”:
(21) International Application Number: PCT/EP01/08324

(22) International Filing Date: 30 July 2001 (30.07.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data;

0018891.2 1 August 2000 (01.08.2000) GB

(71) Applicant (for all designated States except AT, US): NO-
VARTIS AG [CH/CH]; Lichtstrasse 35, CH-4056 Basel

(CH).

(71) Applicant (for AT only): NOVARTIS-ERFINDUNGEN
VERWALTUNGSGESELLSCHAFT M.B.H. [AT/AT];
Rrunner Strasse 59, A-1230 Vienna (AT).

(72) Inventors; and

(75) Tnventors/Applicants (for US only): ALBERT, Rainer
[AT/CH]; Wartenbergstrasse 21, CH-4052 Basel (CH).
BAUER, Wilfried [CH/CH]; Hohli Gasse 7, CH-4432
Lampenberg (CH). BODMER, David [CH/CH]; Rot-
trotenweg 8, CH-5313 Klingnau (CH). BRUNS, Christian
[DE/DE]; Ziegelhofstrasse 120, 79110 Freiburg (DE).
FELNER, lvo [CH/CH]; Robinienweg 59, 4153 Reinach
(CH). HELLSTERN, Heribert [DE/DE]; Im Backacker
9, 79423 Heitersheim (DE). LEWIS, Ian [GB/CH]; Gren-
zacherweg 309, CH-4125 Riehen (CH). MEISENBACH,

Mark [DE/DE]; Dorfstrasse 33, 79591 Eimeldingen
(DE). WECKBECKER, Gisbert [DE/CH]; Loliring 31,
CH-4105 Biel-Benken (CH). WIETFELD, Bernhard
[DE/DE]; Dichleweg 27, D-79588 Efringen-Kirchen (DE).

(74) Agent: BECKER, Konrad; Novartis AG, Corporate
Intellectual Property, Patent & Trademark Department,
CH-4002 Basel (CH).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, Fi, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, T1, T™M, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,
ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, TE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

—

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer (o the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazelle.

(54) Title: SOMATOSTATIN ANALOGUES

(57) Abstract: The invention provides cyclo[{4-(NH,-CoHs-NH-CO-O-)Pro}-Phg-DTrp-Lys-Tyr(4-Benzyl)-Phe], optionally in
protected form, or a pharmaceutically acceptable salt or complex thereof, which has interesting pharmaceutical properties.

D,

4
\o




United States Patent [19]
Veber

(1] 4,190,648
[45] Feb. 26, 1980

[54] PEPTIDES HAVING SOMATOSTATIN
ACTIVITY

[75] Inventor: Daniel F, Veber, Ambler, Pa.

[73] Assignee: Merck & Co., Inc,, Rahway, N.J.

21} Appl. No.: 20,148

[22) Filed:  Mar. 13, 1979
[51] Int CL2 wovrcrrmrreen A61K 37/100; CO7C 103/52
[52] US. Cl vooceevsncsemnsrsssssons 424/177; 260/112.5 S
[58] Field of Search ........r. 260/112.5 S, 112.5 R;

. 424/177

f36] References Cited
U.S. PATENT DOCUMENTS
3/1979  Veber ., 260/112.5 8

OTHER PUBLICATIONS

Immer, H., Proceeding of Fourteenth European Pep-
tide Symposium, 471-476 (1976).

Shemyakin, M., et al., Angew Chem., Int. Ed. Engl,, 8,
492-499 (1969).

4,146,612

Primary Examiner—Delbert R. Phillips

Assistant Examiner—Blondel Hazel

Attorney, Agent, or Firm—David L. Rose; Harry E.
Westlake

[57) ABSTRACT
Peptides having the structural formula:

CH; CHy—
O

Il
CH;—~C—D=Phe—~A—D—

—CH;+ CH;

—Lys—L—Trp=B—C~~NH=CH;

and

CHa CH;—

i
CHz—C—D—fys—A—D—

—CHg = CH;

~Lys—L=Trp—B—D=Cys=NH—CHj
S |

wherein

A is D-Thr, D-Val;

B is D-Phe, D-Tyr;

C is D-Phe, D-Tyr, O-Me-D-Tyr;

‘Wherein the ring formed by the peptide backbone con-
tains 26 atoms and pharmaceutically acceptable non-
toxic acid addition-salts theteof are"preparéd-by:the
solid phasé method; These peptides have the property
of -inhibiting release of insulin, inhibiting growth hor-
mone release and inhibiting glucagon release in humans
and animals without materially affecting gastric secre-
tion, They have a longer duration of action than
somatostatin.

3 Claims, No Drawings -

§f




3
and the pharmaceutically acceptable non-toxic acid
addition salts thereof.

Illustrative of acid addition salts are hydrochloride,
hydrobromide, sulfate, phosphate, maleate, acetate,
citrate, benzoate, succinate, malate, ascorbate and the
like. The zcid addition salts can be conveniently pre-
pared by dissolving the above novel compounds in

water, adding two equivalents of appropriate acid and

Iyophilizing.

4,190,648

5

4
TABLE I-continued
'BAW - butanol-acetic acid-water
CMW chloroform-methanol-water
.DMF |, dimethylformamide
THF - tetrahydrofuran
CMA - chloroform-methanol- .
’ " concentrated NH4OH

In accordance with the present.invention, the novel

The abbreviated designations, which are used herein 10 somatosta_tinianalog‘sﬂgggggptepareg;bygfcyglizixi ;corre-

for the amino acid components, certain preferred pro-
tecting groups, amino acid activating groups, condens-
ing agents, reagents and solvents employed in the pro-
cess of this invention are as follows:

15

20

25

oy

sponding linear. peptides.” The linear peptides are pre-

Barsa By ising the solid ‘phase sequential synthesis tech-

nique. Accordingly, the process for preparing the
somatostatin analogs of the present invention comprises
(a) preparing a corresponding blocked linear peptide
attached to a solid phase resin; (b) selectively deblock-
ing the N-terminal amine group; (c) removing the linear
peptide from the resin; (d) treating the linear peptide
with a cyclizing agent to obtain the cyclic peptide; and
(e) removing the remaining blocking groups. -

When the linear peptide is prepared on the resin, it is
not critical which amino acid is selected to be at the
C-terminal position provided only that the sequence of
amino acids in the linear peptide corresponds to that in
the desired somatostatin analog. Once a linear peptide
has been cyclized one can no longer determine which
amino acid was at the C-terminus of the linear peptide.
As an example to illustrate this, either of the two fol-
lowing linear peptides, when cyclized, will give the

30 identical somatostatin analog:

(O—le)""D—Thr—(e-Z-Cl‘-CBZ)"-D—Lys—L—'Trp—'D'-'Phe-.-D—Phe—Aha’“D'—Phe— N3

D Phe= Aha—D==Phe—(Q=Bzl)~D=Thr=(¢.2-Cl= CBZ)—D=Lys=~L—=Trp—D=—Phe=—N3

cyclizﬁtion

- cyclo[(O?le)-*D—Thr—(e-Z-Cl—CBZ)—D==Lys—L—-Trp—D—Phe—D—'Phe—Ahaj_
‘ ‘ lj;Phe]

TABLE I
Abbreviated
Designation Amino Acid
Lys L-lysine
Phe L-phenylalanine
Trp L-tryptophan
D-Trp D-tryptophan
Thr L-threonine
Aha T-amincheptanoic scid
Tyr L-tyrosine
O-Me-Tyr Q-Me-L-tyrosine
Val L-valine
D-Lys . D-lysine
D-Phe D-phenylalanine
D-Thr D.threonine
D-Tyr D-tyrosine
0-Me-D-Tyr O-Me-D-tyrosine
D-Val D-.valine

or .

Cys L-cysteine
D-Cys D.cysteine
Acm-D-Cys acetamidomethyl-D~cysteine
Abbreviated
Designation Protecting Groups
BOC tert-butyloxycarbony!
Bzl benzyl )
2-Cl-CBZ 2.chlorobenzyloxycarbonyl
NHNH; hydrazide
Abbreviated '
Designation Activating Groups
HBT I-hydroxybenzotriazole
Abbreviated
Designation Condensing Agents
DCCI dicyclohexylcarbodiimide
Abbreviated
Designation Reagents
TFA trifluoroacetic acid
TEA triethylamine
DIPEA diisopropylethylamine
Abbreviated
Designation Solvents
EPAW ethyl acetate-pyridine-

acetic acid-water

45 agillustfatéd in"the’first"of the'two examplesaboveshas 3

50

55

65

Itis'evident that since the lincar.peptide is going to be. .,

cyclizedyit.does not matter,which amino acid is used to
start the chainsStarting with D:Phe at'the carboxyl end,

an.advantage over-the,second ;example.sInithe. first.ex-»

ampleyTTp¥ wﬁiéh'rucﬁiﬁﬂ%til%ﬁbﬁ'ﬁﬂiﬁs .
.formed-when-BOC . groups:are:removed; is*in-position »

closer*tothe*N-terminalsamino:acid randsthus.willsbe»

subjectedsto -aslesser.number:of -exposures sto s t=butyl -

carboniumsion* o - S

The synthesis of the linear peptides by the solid phase
technique is conducted in a stepwise manner on chloro-
methylated resin. The resin is.composed of fine beads

.(20-70 microns in diameter) of a synthetic resin pre-

pared by copolymerization of styrene with 1 to 2 per-

cent divinylbenzene. The benzene rings in the resin are -

chloromethylated in a Friedel-Crafts reaction with
chloromethyl methyl ether and stannic chloride: The
Friedel-Crafts reaction is continued until the resin con-
taing 0.5 to 5 mmoles of chloride per gram of resin.
The amino acid selected:to be the C-terminal amino
acid of the linear peptide is converted to its amino pro-
tected derivative. The carboxyl group of the selected
C-terminal amino acid is bound covalently to the insolu-
ble polymeric resin support, as for example, as the car-
boxylic ester of the resin-bonded benzyl chloride pres-
ent in chloromethyl-substituted polystyrene-divinylben-
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analogo somatostatina ciclica y sus intermediarios mediante ciclizacion de un péptido lineal.

Para solucionar este problema técnico la solicitud en estudio proporciona un procedimiento de
preparacion de un analogo somatostatina ciclica y sus intermediarios mediante ciclizacion de
un péptido lineal en forma protegida.

IPC: C07 K7/00
4. De la solicitud de Patente
Reivindicaciones (articulo 30 D 486)

La reivindicacion 1 referente al grupo protector amino y donde se realiza la remocion del
grupo protector, el cual no se encuentra definido; encontrandose de forma general ya amplia
dentro del campo de los grupos protectores .Se sugiere al solicitante restringirlos

a una razonable generalizacion de los que se encuentran ejemplificados

La reivindicacion 6 se refiere a la reaccion comuin de formacion de péptidos a traves del
enlace amida, se sugiere al solicitante restringir a una razonable generalizacion de acuerdo
con lo que presenta ejemplificado.

5. Determinacion del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:

e Fecha de presentacién de la solicitud prioritaria: 08 de Agosto de 2003

Considerando que la fecha de presentacion de la primera solicitud de patente de la cual se
reivindica prioridad es: 08/08/2003 se encontraron los siguientes documentos del estado de
la técnica relacionados, que pueden afectar la patentabilidad del objeto de la presente
solicitud:

N° Documento Titulo F egha c_i'e
publicacion

D1 WO 02/10192 Somatostatin analogues 07/02/2002

D3 US 4,190,648 Peptides ha‘a’l'cnt?vft‘;’mat"smt'”e 26/02/1980

6. Analisis de patentabilidad (articulo 14 D486)
Nivel inventivo (articulo18 D486)
La reivindicacion 1 consiste en:

Un procedimiento para producir el compuesto de la formula:
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caracterizado porque comprende la ciclizacién de un andlogo de somatostatina lineal, de la
férmula 1l, en donde la remocion requerida del grupo (s) protector, y la recuperacion del
compuesto de la férmula | de esta manera, se obtiene en forma libre o en la forma de la sal.
H N-CH-CO-Phe-(4-(R,-NHCO-0}-Pro}-(D or LIPhg-DTrp(R,, YeLys(4-NHE, )-OH It
CH, R,

E| Estado de la Técnica mas cercano es D1, que da a conocer el proceso de preparacion de
analogos de somatostatina de formula | y, ensefia el compuesto A (Ver resumen, pagina 1,
lineas 3-11), el cual puede ser producido por ciclizacién de un péptido linear protegido de
formula Phe-{4-(NHR1-C2H4-NH-CO-0-)Pro}-Phg-DTrp(Rz)-Lys(e-NH3)-Tyr(4-Bzl)-OH, unido a
polimero o en forma no protegida de tal forma que el compuesto A es obtenido cuando
opcionalmente se remueve los grupos protectores (Ver pagina 3, lineas 18-22)

n,,/\,nYc_g:f“u T
< L1 ‘M

ST

e cyclof{4-{NH-CoHs-NH-CO-0-)Pro}-Phg-DTrp-Lys-Tyr(4-Bz1)-Phe},

Compuesto A -D1 _
D1 ensefia que generalmente no es critico cudl aminodacido es seleccionado en la posicion C-
terminal para iniciar la cadena de péptido a ser ciclizada, pues solo se proveen los
aminoacidos que hacen parte de la cadena lineal de péptidos que corresponden al compuesto
A y que la construcciéon de la cadena de péptido puede ser efectuada en la forma
convencional, por ejemplo usando unidades de amino&cido donde el grupo amino terminal es
Fmoc-protegida y los grupos de aminoacidos de cadena lateral, pueden ser protegidos con un
grupo amino protector diferente. El péptido lineal es ciclizado de tal forma que se produce
una union entre Tyr(4-Bzl)-OH y Phe por ejemplo Phe-{4-(NHR-C2H4-NH-CO-0-)Pro}-Phg-
DTrp(R2)-Lys(e-NH3)-Tyr(4-Bzl)-OH o un derivado funcional.

La ciclizacién puede llevarse a cabo por los métodos conocidos como por ejemplo por via
azida, un éster activo, un anhidrido mezclado o carbodiimida.

Los grupos protectores pueden ser removidos por trifluoroacético o por hidrogenacion. (Ver
pagina 4, todo el texto-D1)

El proceso objeto de esta solicitud se diferencia del procedimiento de D1, en que la conexién
del péptido se realiza entre los aminoéacidos 4 y 5.

El hecho de realizar la conexion de los aminoacidos 4 y 5, causa un procedimiento de
preparacion alterno de analogos de somatostatina ciclica, sin ser toxico.

El Problema Técnico Objetivo era como proveer un procedimiento de preparacion alternativo
de un analogo somatostatina ciclica, realizando la conexion de los aminoacidos 4 y 5, sin ser
toxico.

D3 describe una manera de solucionar el problema técnico, pues ensefia la preparacion
de anéalogos de somatostatina por ciclizacién de péptidos lineares. (Ver columna 4, lineas
9-12) y donde no importa cual aminoacido va a ser utilizado en el comienzo de la cadena
del péptido linear a ser ciclizado (Ver columna 4, lineas 42-45) y donde las sales de
adicion obtenidas de los compuestos, no son tdxicas (Ver resumen)
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La reivindicacion es obvia, porque el Experto en la Materia enfrentado al problema de
“proveer un procedimiento de preparacién de un analogo somatostatina ciclica y sus
intermediarios mediante ciclizacion de un péptido lineal conectando los aminoacidos 4y 5, sin
ser toxico”, incluiria “la conexion de otros aminoacidos” cémo se revela en D3, en el
procedimiento de preparacion que se ensefia en D1, logrando de esta forma el proceso de
preparacidn objeto de esta solicitud. Por tanto, la reivindicacion 1 no tiene Nivel Inventivo.
Las reivindicaciones dependientes 2-7, no mencionan alguna caracteristica que haga
inventivo el procedimiento de preparacion de la reivindicacion 1, por lo cual se considera que
no tienen nivel inventivo. '

7. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

o 0 Reivindicaciones .
N Documento N afectadas Requisito que afecta
D1 WO 02/10192 1-7 Nivel Inventivo
D3 US 4,190,648 1-7 Nivel Inventivo
8. Respuesta a los argumentos del solicitante:

El solicitante afirma en el Folio 128 que la conexién de los aminoacidos para la formacién del
péptido, conecta los aminoacidos 4 y 5; sin embargo en D1 se afirma que no es critico el
aminoacido en la posicién C-terminal empleado; sugiriendo que el experto en la materia
puede iniciar la ciclizacion a partir de cualquier aminoacido en la cadena lineal.

El solicitante en el Folio 128 ademas se refiere a que el arte previo falla al sustituir la azida,
sin embargo ya se reportaba en el documento D3 el empleo de agentes de acoplamiento de
péptidos como los empleados en la solicitud, sin usar azidas durante el proceso de
produccion.

El solicitante se refiere al problema técnico y su solucién en los Folios 129 y 130, donde se

refiere a los reactivos empleados como HOBT y HBTU, sin embargo el solicitante no los
refiere en el capitulo reivindicatorio.

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad Andina,
se le indica que debe. dar respuesta dentro del término de 60 dias contados a partir de la
fecha de notificacion de la presente comunicacion. En caso de no dar respuesta al presente
requerimiento, o si a pesar de la respuesta subsistieran los impedimentos para la concesion,
se denegara la patente.

Notifiquese el presente oficio conforme'a lo dispuesfo en el numeral 5.2, literal ), del capitulo
quinto del titulo primgro de Ja Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Direccién de Wuevas Creaciones (C )

1.4 58 2mp

El anterior requerimiento fue notificado por fijacion en lista, de fecha

EXAMINADOR TECNICO

CONCEPTO TECNICO No. 0292 Caédigo No. 202070

Expediente 06-020917-2° 45




