1 PROCESS FOR RAPI D SOLUTI ON SYNTHESI S OF PEPTI DES The invention rel ates
to a new and versatile process for rapid solution synthesis of peptides,
wherein the grow ng peptide need-not be isol ated before the assenbly of the
desired sequence is conpleted. Peptides are synthesized either on a solid
support. or. in solution. In both approac%es coupling and deprotecti-on steps
repetitively alternate and may be separated by intermttent purifications. ‘
In the solid phase approach,. a sequence i s assenbled conpletely while
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reagents are needed. In addition, all reactive side chains of the growing peptide must be
protected: since no intermittent purifications take place, side reactions due to the presence of
unprotected side chains may lead to impurities in the final product. The solid phase approach IS
difficult to scale up and it is costly in terms of reagents and materials.

| The classical solution phase approach, on the other hand, is easier to scale up and is less
expensive in terms of reagents and materials. Fully protected amino acids are usually not
needed, since by-products resulting from side reactions of unprotected side chains may be
removed by intermittent puriﬁcations. However, the solution phaee approach requires sequence-
specific protocols and the production of a complete sequence is very time-consuming.
Because of the drawbacks of these approaches there is a need for a process which combines the |
advantages of both these classical methods, in particular for large scale syntheses of peptides. A

- new process should be rapid, easy to scale up and generally applicable.

In solution phase synthesis, a slight excess of an activated carboxylic component is preferably
used in each coupling step to ensure quantitative coupling to an amino component; thus the
occurrence of deletion sequences in the final product can be avoided. It is usually assumed that

the residual activated carboxylic component is destroyed and removed during the intermittent




used in each coupling step to ensure quantitative coupling to an am no
conponent; thus the occurrence of deletion sequences in the final product
can be avoided. It is usually assuned that . the residual activated
carboxylic conponent is destroyed and renoved during the intermttent 2
aqueous work-up. Insertion peptide sequences, however, are often
encountered as inpurities of the final peptide due to i nconpl ete reanaI
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of the scavenging method. In addition to the use of a polyamine as a scaverniger the amino-
protecting group 1,1-dioxobenzo[b]thiophene-2-ylmethoxycarbonyl (Bsmoc) was applied in the
process. The Bsmoc function has very high lability towards base. As a result thereof, —resi(liua.l
activated carboxylic functions are scavenged and Bsmoc functions are removed in one and the
' | same step using a polyamine. The use of the Bsmoc function has been described as a significant
improvement for the production of .(oligo)peptides using rapid éontinuous solution phase
techniques allowing the assembly of a peptide in a single series of steps within a relatively short

. period of time.

A new process has now been found for rapid continuous solution synthesis of peptides, wherein
- a’scavenger is used which allows an essentially arbitrary choice of the am1n0~protect1ng group
(the protecting group at the N-terminus of the activated carboxyhc component). In contrast to
‘the Carpino process, deprotection of the N-terminal function does not necessarily take place
under the same reaction conditions as the scavenging of excess of activated carboxylig
functions. Therefore, the process _of this imvention is much more generally applicable than thé

Carpino process.




-period of tinme. A new process has now been found for rapid continuous

sol ution synthesis of peptides, wherein a'scavenger .is used which allows
an essentially arbitrary. choice of the am no-protecting group (the
protecting group at the N-termi nus of the activated carboxylic conponent).
In contrast to the Carpino process, deprotection of the N-term nal
function does not necessarily take place under the sane reaction
conditions as the scavengi ng of excess of activated carboxylic functions.
Therefore, the process of this invention is nmuch nore generally applicable
than the Carpino process. 3 In a first aspect, there is provided a
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wher ei ncdiporeagvenger may al so be used for deprotection of the grow ng
peptide (i.e. _the peptide that is being fornmed), .(c) one or nobre aqueous
ext r act (b Asluarehipg step inwhigh aseavenges epusedite retnpreaesidual adiwtamartpag e bl y
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an am n@e peFRId thht'id bRinkTeenaNi on or a latent anion is used as a scavenger
of residual activated “carboXylic functions. In a second aspect, there is

provi de@) enserthort dqueowsoxbiactinorichl synt hesis of peptide libraries using
the split. a zif nethodd wherein the process as defined above is applied.
In a tHRIgnaly,dd} 2 sqPaEAiedsreotprtionistrpdPessthly Frllpvediby-nue ormorelagisbes i on

synt hesd,g..08,Repti des, wherein the process as defjned above is applied.

characterised in that the process comprises at least one step (b), referred to as step (b°), in which

an amine comprising a free anion or a latent anion is used as a scavenger of residual activated

carbo;iylic functions.

In a second aspect, there is provided a method for combinatorial synthesis of peptide libraries
using the split and mix method, wherein the process as defined above is applied.

In a third aspect, there is provided a method for automated solution synthesis of peptides,
wherein the process as defined above is applied.

During the process disclosed, the growing peptide need not be isolated until the final peptide
sequence (i.e. final product of the process disclosed) has been obtained. Therefore, the process
-can be significantly less time-consuming than the classical solution phase processes and easy to
-scale up. The process disclosed may allow for highly.efficient removal of residual activated
carboxylic component without encountering the hydrophobicity problems of other prior art
processes in which polyamines are used as scavengers. Thus peptides of high purity may be
obtained.

Preferably, in step (a) of the process the molar amounts of the reagents used are in decreasing
-order: carboxylic component, coupling additive > coupling reagent > amino component. Further

preferred is a process wherein in step (a) a pre-activated carboxylic component is used.




During the process disclosed, the grow ng peptide need not be isolated
until the final peptide sequence (i.e. final product of the process

di scl osed) has been obtained. Therefore, the process can be significantly
| ess tinme-consum ng than the cl assi caBasol uti on phase processes and easy to
scal e up. The process disclosed may allow for highly. efficient renoval of
residual activated carboxylic conponent w thout encountering the

hydr ophobi city problens of other prior art processes in which polyan nes
are usegras ﬁcavengers. Thus geptideg of high purity may be obtained.
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that of the tenporary protecting group present at the N-term nus of the
growi ng peptide. This may allow the deprotection 4 of the scavenger
~yielding the anion and the N-term nal deprotection of the grow ng peptide
to take place in a single process step. Especially preferred is the
process as disclosed wherein the tenporary protecting groups, present at
the N-term nus of the growi ng peptide and optionally present in the
scavenger, are hydrogenol ytically renovabl e groups whereas the pernmanent
protecting groups are acidolytically renovabl e protecting groups.
Preferably, said tenporary protecting groups are of the benzyl type, e.g. -
(substituted) benzyl and benzyl oxycarbonyl groups. A preferred scavenger
~is aprimry amne conprising a free anion or a latent anion, and in
particular a Ctermnally protected am no acid derivative. Besides




carboxyl ate, the scavengi ng am ne may conpri se other anionic functions such
as - but not limted to - sulfonate, sulfate, phosphonate, phosphate or
phenol ate. A highly preferred anmino acid for use as a scavenger is
(3-alanine or a derivative thereof (e.g. an ester or sily ester

derivative). The nost preferred,scavengér I's benzyl (3-alaninate or a salt
thereof. A thiol conprising a free or a latent anion nmay al so be used as a
scavenger instead of an amne conprising a free or a latent anion
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~ comprising a free or a latent anion according to the process disclosed.

The scavenger is preferably used in a two- to sixfold molar excess with respect to the residual
active component that needs to be scavenged.
.The use of a scavenger disclosed herein can lead to hydropﬁilic scavenged compounds which
may be actively extracted into a basic aqueous phase after the deprotection step: upon
| deprotection (if applicable), hydrophilicity may be enhanced by the presence of both a free amino

function and a free carboxylic function in the scavenged species. Thus, the process may result in
a very effective intermittent purification due to the possibility of actively extracting a hydrophilic
scavenged compound. In addition, a possibly present excess of carboxylic component which was
not activated and whose temporary protecting group was also removed during deprotection, may
be extracted from the reaction mixture at the same time.

- According to the process, at least one cycle, but possibly more cycles of the pfocess comprise(s)
a step (b’) wherein a free anion or a latent anion is used as a scavenger of residual activated
carboxylic functions. However, according to a further embodiment, the process may comprise
also‘ one or more cycles wherein in step (b) a polyamine, such as 3-dimethylamino-1-
propylamine, is used as the scavenger.

Another preferred process comprises oﬂe or more cycles wherein in step (b) depfotection does

not occur (}hus the circumstances are chosen such that the scavenger is only




a scavenger) and the subsequent step (c) conprises sequential basic, acidic
and basic extractions, which are preferably perfornmed in the presence of
sodi um chl oride or potassium nitrate. This process conprises a subsequent
step (d) which conprises deprotection and sequential basic and neutral
extractions; these extractions are preférably’perforned in the presence of
sodi um chl oride or potassiumnitrate. Another preferred process conprises
one ‘or nore cycles wherein in step (b) both quenching and deprotection
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for the production of peptides. A highly preferred organic solvent is ethyl acetate. Also preferred are
mixtures of ethyl acetate and other organic solvents, such as dichloromethane, I-methyl-2-
pyrrolidinone, N,N-dimethylformamide or tetrahydrofuran.

The process disclosed herein may be performed at temperatures well known in the art for such steps
in classical soIqﬁon phase peptide synthesis. However, preferably the process is performed within a
temperature range of 0 to 50 °C. and in particular at ambient temperature.

The process disclosed herein is very suitable for combinatorial synthesis of peptide libraries using the
split and mix method. Couplings are performed separatelyl while the individuai coupling mixtures are
combined for extractions and deprotections.

The process disclosed herein may be suitable for automation since standard protocols are used. The
new process of this invention is a highly efficient process which may conveniently be used in the

production of oligo- and polypeptides of high purity.

A suitable process disclosed herein is the coupling of an excess of a carboxylic component to an
- amino component, wherein the carboxylic function is pre-activated
- or activated in sifu using a coupling reagent and, if desired, an additive. Following the coupling

step, residual activated carboxylic functions are scavenged by adding the scavenger to the




am no conponent, wherein the carboxylic function is pre-activated or
activated in situ using a coupling reagent and, if desired, an additive.
Fol l owi ng the coupling step, residual activated carboxylic functions are
scavenged by addi ng the scavenger to the 6 —reaction m xture and m xi ng,
usual ly foll owed by aqueous extraction.&Subsequently or during scavenging,
tenporary protecting groups are renoved using suitable nmethods known in the
art, usually followed by renmoval of the scavenged compound by aqueous
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- 3-(3-methyl)pentyl (Mpe), 2-(2-phenyl)propyl (Pp), 2-chlorotrityl (Clt), diphenyl(4-

pr

pyridyDmethyl (PyBzh), dicyclopropylmethyl (Dcpm), 9-fluorenylmethyl (Fm), allyl (AlL, 2-
(trimethylsilyl)ethyl (Tmse), 4- {N-[1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-methylbutyl]-
amino}benzyl (Dmab) esters and enzymatically cleavable esters [Roeske, R.W. (1981)7 in: 'The
Peptides’, vol. 3 (Gross, E. and Meienhofer, J., eds.) Academic Press, New York, pp. 101-136; .
for Mpe: Karlstrém, A. énd Undén, A. (1996) Tetrahedron Lett. 37, 4343-4246; for Pp: Yue, C. |
et al. (1993) Tetrahedron Lett. 34, 323-326; for Clt: Athanassopoulos, P. et al. (1995)
Tetrahedron Lett. 36, 5645-5648; for PyBzh: Mergler, M. et al. (2001) P154, 2™ International
Peptide Symposium & 17" American Peptide Symposium; for Depm: Carpino, L.A. et-al.
(1995) J. Org. Chem. 60, 7718-7719; for Fm: Al-Obeidi, F. et al. (1990) Int. J. Peptide Protein
Res. 35, 215-218; for All: Kunz, H. et al. (1985) Int. J. Peptide Protein Res. 26, 493-497; for
Tmse: Sie’o—er, P. (1977) Helv. Chim. Acta 60, 2711-2716; for Dmab: Chan, W.C. et al. (1995) J
Chem. Soc., Chem. Commun., 2209-2210]. Functions of the ¢-butyl type or functions of similar
lability are preferred for the permanent protéction of other functional groups in the amino
component; these include — but are not limited to — #-butyl (‘Bu) for the protection of the Asp,
Glu, Ser, Thr and Tyr side chains, -butoxycarbonyl (Boc) for the protection of the Lys and Tr;;
side chains, trityl (Trt) for the protection of the Asn, Gln and His side chains and 2,2,5,7,8-




Peptide Synposium & 17i American Peptide Synmposium for Dcpm Carpino, L.A
et-al. (1995) J. Org. Chem 60, 7718-7719; for Fm Al -Cbeidi, F. et at
(1990) Int. J. Peptide Protein Res. 35, 215-218; for All: Kunz, H et at
(1985) Int. J. Peptide Protein Res. 26, 493-497; for Tnse: Sieber, P.
(1977) Hely. Chico. Acta 60, 2711-2716;7for Dmab: Chan, WC et at (1995)
J. Chem Soc., Chem Conmun., 2209-2210]. Functions of the t-butyl type or
functions of simlar lability are preferred for the permanent protection .
of other func |o al group |n the am no conponent; these include - but are
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or 2,2,4,6, 7}w§nt anet hylgﬁh drobenzo%‘urane B- SL | f onyl re@ or %‘l%gﬂ: e
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P. and Rinker, B. (1991) Tetfahedron Lett
Si eber , R RandaGitbeR) hl(R@$7) Brrabadoi \LeFer8,ain8dr200] R Pbf: Airpia 631l p@%%z (1993)Pnt:
Rana 1987) Tetrahedron Lett. 28, 2287-2290; for .Pbf:

Car pi noTet’Elhﬁ\‘?""étLeé’f g“(@é@i%?’zh'etrahedron Lett. 34, 7829- 7832] The term
car box I I conpr l.sin oxvylic
Funct | o< TRERRINe habBoRal Reds BP0 Sl SuE SRR e soSanyfic Bibay o
aci d, qjmmmaccm SHrbSUylig RpRPbhche mAWhbE AnP 8abSxyicl dcRE aﬁeﬁcpgeibi'dr%l ? jqen
and V\/nose ot her functional groups are protectéd in such a manne at they
do not Whitk bf»‘@ﬁ e fwetchlhdxehfdéslph@dambwpbserrgheréammmml grbupsaarp pedtedted th such
enbodi nent ? a% rou HEIhe applied am no acid or oligopeptide is

t enpor & m‘?ﬂerp Rttt bewg BEHS1 e b rgiTed( s9upfing cersion. diharprefeaivl es
I ncl ud r { hpxycar onyI
( Frroc) %mz""?#%?ﬁyﬁ%ﬂﬁ%%"#yl e B SO R
funct | pnstectedibgtai hrmzyloi{ydai‘t@ny} ) fuﬁdtmnybth’eym;ﬁé&cihclﬁéc Obih&re not limited to

~ —the Boc, Trt, fluoren-9-ylmethoxycarbonyl (Fmoc), 2-(methylsulfonyl)ethoxycarbonyl (Msc),
allyloxycarbonyl (Alloc) functions, functipn_s of the arylsulfonyl type, such as ortho- |
nitrobenzenesulfonyl (o-NBS) and enzymatically cleavable functions [Geiger, R. and Kénig, W.
(1981) in: "The Peptides’, vol. 3 (Gross, E. and Meienhofer, ., eds.) Academic Préss, New
York, pp. 1-99; for Alloc: Kunz, H. and Unverzagt, C. (1984) Angew. Chem. 96, 426-427; for
-arylsulfonyl: Fukuyama, T. et al. (1997) Tetrahedron Lett. 38, 5831-5834]. Functions of the -
~ butyl type ‘or functions of similar lability are preferred for the permanent protection of other
fuﬁctional groups in the carboxylic component, as described above for the amino component.
The carboxylic component may be preactivated as an active ester, preferably an -IV-
hydroxysuccinimide, benzotriazol-1-yl, pentafluorophenyl or 4-nitrophenyl ester, a halide, an
N-carboxyanhydride or as a symmetric anhydride. Alternatively, the carboxylic component may
be activated in sifu as a mixed anhydride or using a coupling reagent, such as a carbodiimide,
preferably  N.N'-dicyclohexylcarbodiimide (DCC) or  1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloridf_: (EDC), a uronium or a phosphonium salt in the possible
presence of a coupling additive, preferably N—hydi'oxysuccinimide (HONSu), 1
hydroxybenzotriazole (HOBt), 3-hydroxy-4-oxo-3,4-dihydro-1,2,3-benzotriazine’ (HOOB), 1;
fhydroxy—?-azabenzotﬂazole (HOAL) or 6-01110r0-l-hydroxybenzotriazolf_: (CI-HOBt) and if




ni trobenzenesul fonyl (o-NBS) and enzynatically cleavable functions [Ceiger,
R and Konig, W (1981) in: ' The Peptides', vol. 3 (Goss, E and

Mei enhofer, J., eds.) Acadenic Press, New York, pp. 1-99; for Alloc: Kunz,
H. ‘and Unverzagt, C. (1984) Angew. Chem 96, 426-427; for arylsulfonyl:
‘Fukuyama, T. et al. (1997) Tetrahedron gett. 38, 5831-5834]. Functions of
the t- butyl type or functions of simlar lability are preferred for the
permanent protection of other functional groups in the carboxylic
conponent, as described above for the am no conmponent. The carboxylic
corrponerﬁqurm@' inehe peesendey af edterrnnndng i Vée aptides’,prcdf ér@Bg) &brosd) E. and
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Al ternalikyaby, the carboxylic conponent may be activated in situ as a
m xed anhydri'de or using a coupling reagent, such as a carbodiimde,:

pref er abhy tdmmrarghpwtedztﬂmhp aradydu riemosled doGtdingto methods known in the art (vide -
1-(3' -di met hyl ammi nopr opyl ) - 3- et hyl car bodi i n de hydrochl oride (EDC), a
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Press, WYDrLE 6‘% P. and Xu, J.-C. (2000) Chin. J. Chem 18, 456-466].
The te ¢ tect | ng group may be renoved according to nmethods known in
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renoved and %rot ecting groups of the t- butg ﬁ%pe or functions of simlar
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an amino component is extracted under acidic conditions in the protonated form (ammonium)

or a carboxylic component is extracted under basic conditions in the deprotonated form

(carboxylate).

The invention is further illustrated by the following exaﬁlples, which are not to be interpreted as

a limitation of this invention.
EXAMPLE 1

Boc-Gly—Phe-Asp(O‘Bu)-Ser(‘Bu)-O‘Bu'

1¥ Cycle: To a stirred solution of 4.34 g of H-Ser('Bu)-O'Bu in a mixture of ethyl acetate and .
dichloromethane at 20 °C, were added 3.24 g of 1-hydroxybenzotriazole, 7.76 g of Z-
-Asp(OBu)-OH, 4.20 g of 1-(3'-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and
2.42 ml of 4-methylmorpholine. After stirring the resulting solution until completion of the
reaction, 1.21 ml of 4-methylmorpholine and 3.51 g of benzyl p-alaninate p-tolﬁenesiﬂfonate ‘

salt were added. The mixture was stirred for another 30 minutes and was extracted with 5 %

Na,C0,/ 10 % NaCl, 5 % KHSO,/ 10 % NaCl and 5 % Na,CO,/ 10 % NaCl.




However, basic aqueous extractions are preferably perforned using aqueous
sol utions of sodium hydrogencarbonate or sodi um carbonate, if desired in
t he presence of sodiumchloride or potassiumnitrate. The term active
aqueous extraction refers to an extraction in which either an amino
conponent is extracted under acidic conditions in the protonated form
(ammonium or a carboxylic conponent is extracted under basic conditions
in the deprotonated form (carboxylate). The invention is further
illustrated by the foll owi ng exanples, which are not to be interpreted as
a |ini t dhFereadic leyprscontang tsrproexaidimeptide Z- Asp(O'Bu)-Ser(Bu)-O'Bu was subjected
Boc- d y- Phe- ). -Ser.(.BY) -O Bu 15 cle: Tq a stirred solution of
4.34 g 6430?%@@‘??’9%%")%%9%%& i Hif PRSPt 8? 8‘1‘1%{%’%0‘1& cQtle UpRp completion of the
di chl or et e/ G 10vef Slagylche 5 0% hd » The 76
di chl or sembbaTEyet 8;5?034 Lt s d addeiftartl B LAY QPBRRAONES BROLE: THe
1- (3" - dirgsetubywasr washeg roitly la) mBat hofl atla koetatenimdie dich b amdthate] ded @rdeonbiged M
holine. After resul ting solution until '

f 4-met hyl irri th

conpl et PRTGHITHES WeREHTsd vt a6 0:41 (s EhORMIEIANRSIand 3. 51 g of
benzyl g2 Rl @ .PRsd. 0l L. were ~ LD, 1t ur
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2i d Cycingxturgovastatirmed danimthenpOrminoies andivag e tiectel wahsi W&N2,CO,/ 10 % NaCl, 5

T yr cooa0et 19 25l o S 0. o1 eSedl 4. 20 g of 1- (3 - |
G et PYRRITLBOAIORY e ‘BN GAL BRAd 8] Hpdpidt 2 PHRA 0B s B8 Ba was
subjected to catalytic hydrogenolysis in the presence of palladium on charcoal. Upon
completion of the reaction, 5 % Na,CO,/ 10 % NaCl was added and the resulting suspension
was filtered. The residue was washed with a mixturel of ethyl acetate and dichloromethane, and
the combined 6rganic filtrates were extracted with 5 % Na,CO,/ 10 % NaCl and 30 % NaCl.
3" Cycle: To the organic layer containing the tripeptide _H—Phe-Asp(O‘Bu)—Ser(‘Bu)—O'Bu at 20
°C, were added 3.24 g of I-hydroxybenzotriazole, 4.21 g of Boé-Gly—OH, 420 g of .1-(3'-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 2.42 ml of 4-methylmorpholine.
After stirring the resulting solution until completionr of the reaction, 1.25 ml of 3-
- dimethylamino-1-propylamine was added. The mixture was stirred for another 30 minutes and
was extracted with 5 % Na,CO,/ 10 % NaCl, 5 % KHSO,/ 10 % NaCl, 5 % Na,CO, / 10-%
NaCl, 30% NaCl and water. The organic layer was evaporated to dryness and the residue
triturated with methyl rers-butyl ether and dried to give the desired protected tetrapeptide in 95
% yield based on the starting material H-Srer(tBu)-O‘Bu. The process was completed within 6
hours.
- Purity: 98.1 % by reversed phase HPLC (24 to 68 % acetonitrile in 0.1 % trifluoroacetic acid in
29 minutes at 220 nm, 2.0 ml/min, 5 micron C,; column). Identity: m/z 425.4 [M-Bob—3‘Bu+H]f;
469.4 [M-4Bu+H]", 525.4 [M-3'Bu+H]", 581.4 [M-2'Bu+H]", 637.4 [M-Bu+H]*, 693.4 [M+H];
by electrospray MS; 'H NMR (CDCL,) § 1.16 (s, 9H), 1.44 (m, 27H), 2.59 (dd, 1H), 2.79 (dd,




After stirring the resulting solution until conpletion of the reaction,
1.21 m of 4- nethyl norpholine and 3.51 g of benzyl (3-alaninate

p-tol uenesul fonate salt were added. The mixture was stirred for another 30
‘m nutes and was extracted with 5 % Na2CO, / 10 % NaC, 5 %KHSO / 10 %
NaCl and 5 % Na2CO3 / 10 % NaCl . The organi c | ayer containing the protected
tripeptide Z-Phe-Asp(O Bu)-Ser(Bu)-O Bu was - subjected to catal ytic

hydr ogenol ysis in the presence of palladiumon charcoal. Upon conpletion
of the reaction, Na2CO3 / 10 % NaC was added and the resulting
suspensiigh 3. Qﬁa@nsf:iﬁ[)t §r5éc{dd'l'llf8 P68 3cfi fe(nva Dnd <A doh, WD, H GV 4178 (g @HRf5.20 (b
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organi c |layer containing the tripeptide H Phe-Asp(O Bu)-Ser(tBu)-O Bu at 20
C, were added 3.24 g of 1-hydroxybenzotriazole, 4.21 g of Boc-dy-OH 4.20
g of 1-EZAMRREt hyl ami nopropyl) - 3-et hyl carbodii m de hydrochl ori de and 2. 42

m of 4-methyl morpholine. After stirring the resulting solution until
conpl etion of the reaction, 1.25 m of 3- di net hyl.am no-| - propyl am ne was

added. gfhgisH itk ey LOF ar ' 3910 es and was extracted
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The organic layer containing the protected dipeptide Z-Orm(Boc)-Pro-O'Bu was subjected to
catalytic hydrogenolysis in the presence of palladium on charcoal. Upon completion of the
reaction, 5 % Na,CO,/ 15 % NaCl was added and the resulting suspension was filtered. The
residue was washed with ethyl acetate, and the combined organic filtrates were extracted with 5
% Na,CO; / 15 % NaCl and 30 % NaCl. The separate aqueous layers were re—extracfed with
ethyl acetate. |
" Cycle: To the combined organic layers containing the dipeptide H~Om(Boc)-Pro—O‘Bu at 20
°C, were added 1014 g of 1-hydroxybenzotriazole, 1993 g of Z-Leu-OH, 1320 g of 1-(3*-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 754 ml of 4-methylmorpholine. | _
After stirring the resulting solution until complétion of the reactioﬂ, 377 ml of-4-
methylmorpholip_e and 1105 g of benzyl p-alaninate p-toluenesulfonate salt were added. The
mixture was stirred for another 30 minutes and was extracted with 5 % Na,CO,/ 10 % NaCl, 5
% KHSQ,/ 10 % NaCl and 5 % Na,CO,/ 10 % NaCl.
The organic layer containing the protected tripeptide Z-Leu-Om(Boc)-Pro-O'Bu was subjected
to catalytic hydrogenolysis in the presence of palladium on charcoal. Upon completion of the
reaction, 5 % Na,CO,/ 15 % NaCl was added and the resulting suspension was filtered, Thé
residue was washed with ethyl acetate, and the combined organic filtrates were extracted with 5

% Na,CO,/ 10 % NaCl and 30 % NaCL




EXAMPLE 2 H-Hi s-Trp-Ser (' Bu)-Tyr(Bu)-D Leu-Leu-On(Boe)-Pro-O Bu 151
Cycle: To a stirred solution of 1300 g of HHPro-O Bu. HClI in ethyl acetate
at 20 C, were added 1014 g of 1-hydroxybenzotriazole, 2756 g of

Z- Om(Boc)-0OH, 1378 g of 1-(3' - dinethylam nopropyl)-3-ethyl carbodii m de
hydrochl ori de and 1495 m of 4-nethyl nirdpholine. After stirring the
resulting solution until conpletion of the reaction, 377 m of 4-

met hyl nor phol i ne and 1105 g of benzyl (3-al aninate p-tol uenesul fonate salt

were added. The mxture was stirred for another 30 minutes and was
ext r act 2d Giclen Ty Gr Nigams 1ayen gomginisg the sripepike 1Bl ey-Ora(BucNE@-Ohd ats206C,
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Na2CC8 / 15 % NaCl was added and the resul ting suspension wa red.” The
resi dueAfters stissihe dthei tasuksppy bolaitet atnéil completien cdntlienechcdogani7e &ill bf at-es

were extracted with 5 9 2 / 15 % NaCl and 30 % NaCl . The separate
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of 1-( 34nd MYadesky),am nopropyl ) - 3-et hyl carbodi i m de hydrochl oride and 754 mi
of 4-net hyl norpholine. After stirring the resulting solution until
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containing the protected tripepti de Z-Leu-Or n(Boc) - Pr u was subjected
t o cat alhe iesidhg ciras geasbéd/ siith ethyl abetaipy asktheeonfbimp| dragiit HilignescWareCaahctedpon’

conpl etion_qg h reactiqn, 5 % Na2CO3 / 15 % NaC was added and the

resul'tiWé&M@ﬁ?@s%&l?qqler ed. The residue was washed with ethyl

acet at g gnén tAe £opilped RE 4ANL ﬁ)ef‘fol‘rhéaatfcﬁfovyiﬁé &hé ﬁd’cggﬁr%dof'\ﬂhte NpRa cycle,
-repla_cing 1993 g of Z-D-Leu-OH by Z-Tyr(Bu)-OH (liberated from 4497 g of the

corresponding dicyclohexylammonium salt), 2218 g of Z-Ser('Bu)-OH, 2538 g of Z~Trp-OH
and 2172 g of Z-His-OH, respectively. However, from the fifth cycle onwards the amounts of 4;
metﬁylmorpholine and benzyl f-alaninate p-toluenesulfonate salt during the scavenging step
were doubled. In the fifth cycle, the extractions foﬂovﬁng scavenging were perfornnedvat 35°C.
In the seventh cycle, coupling was performed at 3 °C, 1014 g of 1-hydroxybenzotriazole was
replaced by 2561 g of 6-chloro-1-hydroxybenzotriazole and a supplementary portion of 132 g of
1-(3"-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride was added after 1 hour
coupling. Also in the seventh cycle, the extractions following hydrogenolysis were performed at
35°C. At the end of the seventh cycle, the organic layer was evaporated to dryness to give the
desired protected nonapeptide in 73 % yield based on the starting material H-Pro-O'Bu.HC1
-(i.e., on average 98 % per chemical step).
Purity: 90.6 % by reversed phase HPLC (24 to 68 % acctonitrile in 0.1 % trifluoroacetic acid in
29 minutes at 220 nm, 2.0 ml/min, 5 micron C,; column). Identity: m/z 543.6 [M-Boc-
2Bu+2HJ”, 571.6 [M-Boc-Bu+2HJ*, 599.6 [M-Boc+2H]*, 649.8 [M-+2H]*, 1298.0 [M+H]"
- by electrospray MS.




% Na2CO3 / 10 % NaCl and 30 % NaCl . 11 3"' Cycle: To the organic |ayer
containing the tripeptide H Leu-Omn(Boc)-Pro-O Bu at 20 C, were added 1014
g of 1-hydroxybenzotriazole, 1993 g of Z-D Leu-OH, 1320 g of 1-(3'-

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de and 754 m of

4- et hyl nor pholine. After stirring theaxesulting solution until conpletion
.of the reaction, 377 m of 4- nethyl norpholine and 1105 g of benzyl '
(3-al ani nate p-tol uenesul fonate salt were added. The mxture was stirred.
for another 30 m nutes and was extracted with 5 % Na2CO3, 5 % KHSO4 and 5
% Na2COEongiisions: ghhe Pretagied rephdes miergy prohced ovithoue dntermigiept iidédation of the
Z-D Leu; - Bag) - Pro- O Bu ubj ed. to catal ytic hydrogenolysis in
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perforned fol lowing the procedure of the third cycle, replacing 1993 g of
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salt during the scavenging step were doubled. In the fifth cycle, the
extractions follow ng scavenging were perfornmed at 35C. -In the seventh
cycle, coupling was performed at 3 C, 1014 g of 1-hydroxybenzotriazol e was
repl aced by 2561 g of 6-chloro-I|-hydroxybenzotriazole and a suppl enentary
portion of 132 g of 1-(3'-dinethylam nopropyl)-3-ethyl carbodiim de ,
hydrochl ori de was added after 1 hour coupling. Also in the seventh cycle,
the extractions follow ng hydrogenolysis were perforned at 35C. At the end.
of the seventh cycle, the organic | ayer was evaporated to dryness to give
-the desired protected nonapeptide in 73 % yield based on the starting
mat eri al H Pro-O Bu. HC1




CfiLe., on average 98 % per chem cal step) Purity: 90. 6 %by reversed phase
" 'HPLC (24 to 68 %acetonitrilein 0.1 %trifluoroacetic acid .in: .29 ninutes
cat 220 nm 2.0 rrt/mn 5 'm cron ClS colum)-. -l dentity: m.z 543. 6 [M Boc-
2" Bu*2H] 2+, ' 571.6" [MBoc-r Bu+2H " 599 6 [MBoc+2H] 2", .°649.8 [ Mr2H| 2' C
1298. 0 [IVH—i]+ by el ectr-ospray IVB 3 .Concl usi ons: The ‘prot ect ed pepti des
.- were produced without internmittent isolation:of the intermediates. The
C_purity and identifi cation of the obtained product ‘from:the: first exanple
denonst pate that the excesses of: (activated) carboxylic conponents. have .

- been Tenoved conpletely in all.stages of the processes and no |nsert|on
.sequences have been forned usrng the process of this invention. The . =

_‘synthesA fro the % nd exa nor eover, denonstrates that synthesrs
.accordifg 1ot 1% E%fﬁgf'UBt'S B §°fr SNRSISef 4 Rerbideiin gn s&%ﬂ %%\ree ‘The - .

'_.product@ '“81%"8 RIINERYI S e PoRRess FREPIIFNG repetifive cyclam Bl HiPgh purity
"W thin latively short period of tinme.- 13 CLAIMS 1. A process for Arapr d

Nt NUQY S coOpliHg Bsp, BYiRE BRSkSesObr fn stsreﬁ%aruaxfﬁc 9&9@6‘ egpfoa{c{;@ C%I es Of i

. mxture of organic sol vents, the process conpri st ng

“.steps W(Cdynpomm,a) a. couplrng step, usi ng: an- excess of an. aetivat ed

L.-car, boxy, (lh’b onent to ag}gl ate an "~anmi no ‘conponent,. (b) a quenchi ng step
‘i'n “whi C 3‘18 E’#g“é‘?l’ invijelt A SeayeRgsTdY bsedde remene meodialacevhtebedbnylicc

~ “functi- (’ﬁlﬁetldf@%ﬁ‘é& ttﬁse G N be, us d f or depriot ection ‘of the=
“..growing pepti‘d réin thlsca W%P%re aealesgggordgg %Fc’f’flo’hg‘ea‘?ﬁaw%%t“il%nal 1, v,
- (d) a {epmmmajepqmeeekmt@hepadfol | owed by one or nore. aquéous

- 1gxtractl ans, characterised. in that the process: corrprl ses -at -1 east | one

tep : (B! mpaébfe(q,) @d;epa;atggiep{cég:tl(og s;ep, fqllro“wﬂ |bofhma or armrelequeous extracttons

' charactensed in that
the process compnses at least one, step (b) referred to as step (b ) in whtchan amme -'f)' e
~ comprising a ﬁce anion or a latent anion is used asa scavenger of resrdual actwated
o - el carboxyhc functrons | ' ‘ .
s 15 - . ‘. :
2. -The process of clarm 1 wherem in step (a) the molar amounts of the reagents used are 1h
decreasmg order

carboxyhc component ccuphng addmve > couplmg reagent > ammo compouent
: 20 - 3. The process of claim 1, Wherein in step (a) a'-p,re~activated carbo:_rylic compohen‘t‘_ is used R

4. The process of any one of clauns 1_3 Wherem in step (b ) an amme compnsmg a latent-'

" anionis used as the scavenger

, 25 .' 3. The process of claun 4, wherem the Iatent amon in the scavengmg amme bears a temporaryz-l o
| protectmg group wlnch can ‘be selectwely removcd in the presence of any pemlanent e

' protectmg groups attached to the growmg peptide.

_6_; The process of clmms 4 or 35, wherem the latent anion in the scavengmg amine bears a .
30 temporary protecting group Wthh displays a lability similar to that of the temporary

" protecting group present at the N—termmus of the growing peptlde




-,_corrprr Si ng a free anr on or a Iatent an| on is’ used as a scavenger of
resi'dual activated carboxylic functions: 15 2. The process of claim1,
~*whereiniinstep (a) the ol ar “anount s oft he reagents used are in
“decreasi ng order: - car boxyl | c -conponent ;1goupl i ng additive > coupl ing -
reagent > ani no conponent. .20 3. The-process of claim1, wherein in step,

( a). a pre-activated car boxylic¢ conponent: is used. . 4. The process: of any .

~one.of claims-1- 3, whereinin: step (b*) an amne. conprrsr ng a’l atent ani oni'.f'-‘

s used_ as -the- scavenger 25 .5. The process of claim4, wherein the Iatent-*.ff;

.__";anr on i scavengi m ne bears a tenporary - prot ecti ng group which can’ .
“pe sel ed u@%f yPRERS Y ﬂmi“ﬁe proéséncé’th

. attached tdbengl QMg R &*!@1 wherein -
- the Iatentlg’ a‘?rgegn y|an ?ﬂe g%é’\%@%gﬁl%uggm ﬁéelg ngcrﬁe % Te %te%gnrlg %rrodPsecatrf’ng o
group whi ca‘wrdalytmalllay&navdbaéagﬂoupg simlar to that of the tenporary

- protecting group present -at the N-termnus of the growing peptide.. 14 7. -
"The process of clains 5 or 6, wherein the tenporary protecting groups are L

‘-_hydr ogegol vab) wher eas .t er manent tec gr oups-*
“are’ acrgd ?ﬁe‘ﬁ 8&% ﬁ%r&g{r}rno\?a%ﬁm%glrotgggesnp%a% Pr@l‘ﬁ%‘”ﬁ? LY M P "B? E?’?‘ﬁy lerein-

- the terrporary protecting groups-are of .the benzyl type. 9. The process of =
~any. one _of clainms 4-8, wherein the scavenger is a'primary amine conprising.
- a free - 2nilde RS‘PCEQS Dé@le}n@m‘mﬁ daims Y08 mheraiheh@smmrmfamtmmrmaﬁlm&/\bmnpmﬁng he
-‘:‘“-}pr| mary amﬁjee amono 1tapr m nal. | y pr ot ect ed am no aci d derr vative. = . L

. ni anion. .
: "Q'T'f:‘f-‘"' 10_
o 10 The process. of cIalrn 9, wherem the pnmary armne isa C~term1nalIy protected ammo acrd -
denvatlve ' ' '
oo 11. The process of claim 10, Whereiu the amino acid is B-alanine or a derivative th_ereof._' o
1 2 The process of claim 11, wherein the _scavenger is benzyl B-alaninate or a salt thereof. '

13 The process of any one of clarms 1 8 wherem a th101 comprising a ﬁee ora latent amon 1s".'.'5
o used as a scavenger mstead of an amme compnsrng a free or a latent anion. |

2 |
_14 The process of any one of clalms 1- 13 whereln the’ process compnses one or more cycles: -
- Whereln in step (b) a polyamme is used as the scavenger | ‘
| 15. The process of any one of clalms 1~ 14 compnsmg one or more cycles wherern m step (b)
‘-,‘ 25 o deprotectron does not oceur ar1d the subsequent step (c) compnses sequentral basw ac1dlc

: and basic extractwns

16. The process of claim 15, whereln the extractrons are performed in the presence of sodium

: chlonde or potassmrn nitrate.

30
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' 11." The process of ¢laim 10, wheréin t he anmino aci'd is (3-alanine or a
~derivative thereof -15 12. The process of ¢laim1l, wherein the:- scavenger

©'i.s benzyl (3-al.ani nate or -a salt. thereof 13. Thé process,of. any one of.

. clainms 1-8, wherein a thiol conprisi-ng. anree or. a-latent anion is used as

Sa. scavenger i nstead of an amine conprising a free or a. | atent -anion.- 20 14. "

~ “The-process.of any one of -clains 1-13, wherei'n the. process conprlses one or .-
nore cycles; wherein in step (b) a ‘pol yani-ne 'i.s used ‘as ‘the" scavenger. 15.. -
© The pro siheBtocﬁw f&tpamds qrl rwnﬂmaethsmuest siep bevhach eoprpeisey cles i
.,;mherern i ng, SR eri ol s not . occur and- the- subsequent ‘step.:.
o (c) conprrsé% seque ﬂ&%agf%%“”%t QQfﬁﬁfﬂagtc extractions. 16.  The TR
" process of claim15, nhereln the extractrons are perforned in the presence. .
~ of "sodium _chloride or potassiumnitrate: 30 15 17.:The:process. of claimi5. -
.~ or- 16, d§n$h¢ BioAgssaf slabn dduwhercint tbp extictings ah pcrfnqnmadseshe pegenct efdodiym and
}}sequentral éc an eutrgj extrdctions. 18. ‘The: process .of cIarntl? -
" wherin th&® t%@t’%ﬁ@nhl
~.or potassruntnrtrate 19. The. process of any one of clains 1- 14, conprising -
- one or nore cycles wherei-n in step (b).- both quenching and deprotectron ‘

-~ occur an@. leﬂapmodzss eﬁamnmaemfe:ﬂn@e)l bhepmpsisisg anmbreaiycleb&&e&namcbtéﬁ%y r aI

“extractio 102 g process of claim 19, wherein.the extractions

' “ar eperf or s ARechE deprokechen 9%?@44@*1@ hzrqqe@t@tem(e)tmnm srquendiab. 21,
. .The pr. OCestfastfanﬁ’ﬁXu@ﬂ%xﬂ~£ctﬁ>l gu B - 1 - 20 wher el n in the Iast cycI e in- step ¥
(a) t he protect 7 B N T

-10 Lo _
20 The process of clzum 19 wheretn the extracttons are performed in the presence of sodlurn ’

chlonde or potassxum mtrate

| ' . 21. The process of any one of ctanns 1 20, wherem in the Iast cycle in step (a) the protectmg ,
- 15 - groups of the- carboxyhc component dlsplay a srrnrlar 1ab111ty to’ that of the perrnanent-
protectmg groups of the growmg peptlde and in step (b) the scavenger is a polyannne

22, The process of any one of. clanns 1 21 wherem the organlc solvent or mlxture of organrc -
A solvents is ethyl acetate or a lmxture of ethyl. acetate and dlchloromethane a mlxture of N
“_‘20_' ‘ | ethyI acetate and 1—methy1—2—pyrrol1d1none F rmxture of ethyl acetate and N N-
. drmethylfonnannde or.a rrnxture of ethyl acetate and tetrahydrofuran

23 The process of any one of clalms 1 22 wherem the process 1s performed wrttnn, '
L temperature range of 0 to 50 °C ' l '
25 |

.24. The process of claim _23,'wher'ein the. process is'performed at ambient temperature, ‘.

25. A method for combmatonal synthesis of peptlde hbranes usmg the spht and mix Inethod
wherem the process of any one of claims 1-24 is apphed '

30
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15 groups of the carboxyllc conponent dlsplay a slnllar Iablllty to that :
.g of the pernanent protecting groups of .the grow ng peptide: and i.n step. (b)f:
Cthe. SCavenger is. a polyanlne 22. The process of any -one of - clalns 1- 21

- ~ihet ei n t.he .organjc solvent or ni-xt ur e; of or gani ¢ - sol.vents i's’ ethyl

f'_mnthln , ‘tenperature range- of: t0:50

ffjacetate or.'a .mxture of ethyI ‘acetate: ‘and- dlchloronethanef ‘a . nlxture of 20}{
;;;ethyl acetate and 1- nethyl pyrrolldlnone Ca mXxture o thyl acet ate. and ;y
NN dlnethylfornanlde or=-a -m.xture of: ethykgaCetate and:tetrahydrofuran ”'
.23, Th%pAQﬁaﬁ&d &y ABRBE sOtiSh 3| iMResls 42 ﬁttaeé %ﬁb LiGheY 9«5&§§

S yﬂﬁ CPG fhe Pro cess 0# gpalntg
“‘wherein, ﬁﬂ@nﬁﬂobégsmphmberforned at-anbi ent tenperature “25..- A:met hod for.

..-conbi natorial synthe5|s of peptlde Ilbrarles u5|ng the- spllt and i X

1'nethod wherein the process of any one of clainms 1-24 is applied. 30 16"
26. A nethod for automated sol ution synthesis of peptldes wherein the
process of anyone of clains-25 is applied.




