
;tue3eWW.^6TSZ  , w= The invention relates to a new and versatile process
for rapid solution synthesis of peptides, wherein the growing peptide need
not be isolated before the assembly of the desired sequence is completed.
Peptides are synthesized either on a solid support or in solution. In both
approaches coupling and deprotection steps repetitively alternate and may
be separated by intermittent purifications. In the solid phase approach, a
sequence is assembled completely while attached to a solid support before
it is eventually cleaved from said support. Removal of excess reagents and
byproducts takes place by filtration. Solid phase synthesis clearly has
advantages: it is more or less generally applicable and easy to automate.
However, it has also some serious drawbacks. For example, reactions are
diffusion-controlled and are usually rather slow under the applied
heterogeneous conditions: in order to avoid deletion sequences relatively
large excesses of 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 terns 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 phase approach
requires sequencespecific 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   2 aqueous work-up. Insertion peptide
sequences, however, are often encountered as impurities of the final
peptide due to incomplete removal of residual (activated) carboxylic
component after a coupling step, which subsequently has coupled following
deprotection. In order to avoid the occurrence of said side reactions a
scavenging step may be introduced directly after the coupling step to
scavenge (inactivate) the residual activated carboxylic functions. Amines
are usually applied as scavengers. The use of polyamines as scavengers
leads to scavenged compounds which may be actively extracted into a -
preferably acidic - aqueous phase, depending on their polarity [e.g.
Kisfaludy, L. et al. (1974) Tetrahedron Lett. 19, 178S-1786]. This
extraction is usually performed before the deprotection step to avoid loss
of the growing peptide into the aqueous phase. However, this procedure has
in numerous cases been found to result in incomplete intermittent
purification due to the hydrophobicity of the scavenged compound: the
intrinsic hydrophobicity of the amino acyl part of the carboxylic component
is enhanced by the still present amino-protecting group. Aqueous extraction
is thus not completely effective. Recently, Carpino, L.A. et al. [(1999) J.
Org. Chem. 64, 4324-4338] reported an improvement of the scavenging method.
In addition to the use of a polyamine as a scavenger the aminoprotecting
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, residual 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 continuous 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 amino-protecting
group (the protecting group at the N-terminus of the activated carboxylic
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 carboxylic functions.
Therefore, the process of this invention is much more generally applicable
than the Carpino process.   



3 The new process according to this invention is a process for rapid
solution synthesis of a peptide in an organic solvent or a mixture of
organic solvents comprising repetitive cycles of steps (a)-(d): (a) a
coupling step, using an excess of an activated carboxylic component to
acylate an amino component, (b) a quenching step in which a scavenger is
used to remove residual activated carboxylic functions, wherein the
scavenger may also be used for deprotection of the growing peptide (i. e.
the peptide that is being formed), (c) one or more aqueous extractions and
optionally, (d) a separate deprotection step, possibly followed by one or
more aqueous extractions, 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
carboxylic functions. During the process of this invention the growing
peptide need not be isolated until the final peptide sequence (i.e. final
product of the process of this invention) has been obtained. Therefore, the
process is significantly less time-consuming than the classical solution
phase processes and easy to scale up. The process of this invention allows
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 are obtained. Preferably, in step (a) of the process of this
invention 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. In another preferred
embodiment, in step (b') an amine comprising a latent anion is used as the
scavenger. Preferably, the latent anion in the scavenging amine bears a
temporary protecting group which can be selectively removed in the presence
of any permanent protecting group attached to the growing peptide. In a
particularly preferred embodiment the protecting group of the latent anion
in the scavenging amine displays a lability similar to that of the
temporary protecting group present at the N-terminus of the growing
peptide. This allows the deprotection   4 of the scavenger yielding the
anion and the N-terminal deprotection of the growing peptide to take place
in a single process step. Especially preferred is the process of the
invention wherein the temporary protecting groups, present at the
N-terminus of the growing peptide and optionally present in the scavenger,
are hydrogenolytically removable groups whereas the permanent protecting
groups are acidolytically removable protecting groups. Preferably, said
temporary protecting groups are of the benzyl type, e.g. (substituted)
benzyl and benzyloxycarbonyl groups. A preferred scavenger is a primary
amine comprising a free anion or a latent anion, and in particular a
C-terminally protected amino acid derivative. Besides carboxylate, the
scavenging amine may comprise other anionic functions such as - but not
limited to - sulfonate, sulfate, phosphonate, phosphate or phenolate. A
highly preferred amino acid for use as a scavenger is (3-alanine or a
derivative thereof (e.g. an ester or sily ester derivative). The most
preferred scavenger is benzyl (3-alaninate or a salt thereof. A thiol
comprising a free or a latent anion may also be used as a scavenger instead
of an amine comprising a free or a latent anion according to the process of
this invention. 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 according to the present invention leads to
hydrophilic scavenged compounds which may be actively extracted into a
basic aqueous phase after the deprotection step: upon deprotection (if
applicable), hydrophilicity is enhanced by the presence of both a free
amino function and a free carboxylic function in the scavenged species.
Thus, the process of this invention results 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, is extracted from the reaction
mixture at the same time. According to the process of this invention, at
least one cycle, but possibly more cycles of the process comprises) 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 of this invention, 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 of this invention comprises one or more cycles wherein in step (b)
deprotection does not occur (thus the circumstances are chosen such that
the scavenger is only   5 used for quenching, e.g. using the Z protecting
group and an amine comprising a latent anion as a scavenger) and the
subsequent step (c) comprises sequential basic, acidic and basic
extractions, which are preferably performed in the presence of sodium
chloride or potassium nitrate. This process comprises a subsequent step (d)
which comprises deprotection and sequential basic and neutral extractions;
these extractions are preferably performed in the presence of sodium
chloride or potassium nitrate. Another preferred process of this invention
comprises one or more cycles wherein in step (b) both quenching and
deprotection occur (e.g. using the Bsmoc protecting group and a polyamine
as a scavenger) and the subsequent step (c) comprises sequential basic and
neutral extractions, which are preferably performed in the presence of
sodium chloride or potassium nitrate. Also preferred is a process, wherein
in the last cycle in step (a) the protecting groups of the carboxylic
component display a similar lability to that of the permanent protecting
groups of the amino component and in step (b) the scavenger is a polyamine.
The process according to this invention may be performed in several organic
solvents which are commonly used 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,
1-methyl-2-pyrrolidinone, N,~l dimethylformamide or tetrahydrofuran. The
process of this invention may be performed at temperatures well known in
the art for such steps in classical solution 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 of this
invention is very suitable for combinatorial synthesis of peptide libraries
using the split and mix method. Couplings are performed separately while
the individual coupling mixtures are combined for extractions and
deprotections. The process of this invention is very 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 according to the present invention is the coupling of an excess of
a carboxylic component to an amino component, wherein the carboxylic
function is pre-activated or activated in situ 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
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reaction mixture and mixing, usually followed by aqueous extraction.
Subsequently or during scavenging, temporary protecting groups are removed
using suitable methods known in the art, usually followed by removal of the
scavenged compound by aqueous extraction. At the same time, a possibly
present excess of carboxylic component which was not activated and whose
temporary protecting group was also removed during deprotection, as well as
other watersoluble reagents and by-products are extracted from the reaction
mixture. Next, another cycle of coupling, quenching, deprotection and
extraction steps may follow depending on the length of the desired peptide.
The term amino component refers to a molecule comprising a free amino
function. In particular, the amino component may be any amine, amino acid
or oligopeptide which bears a free amino function and whose other
functional groups are protected in such a manner that they do not interfere
with the desired coupling reaction. The C-terminal function of the applied
amino acid or oligopeptide may be protected as a substituted or
unsubstituted amide or as an ester; examples of the latter include - but
are not limited to - methyl, ethyl, t-butyl, benzyl, phenacyl,
3-(3-methyl)pentyl (Mpe), 2-(2-phenyl)propyl (Pp), 2-chlorotrityl (Clt),
diphenyl(4pyridyl)methyl (PyBzh), dicyclopropylmethyl (Dcpm),
9-fluorenylmethyl (Fm), allyl (A11), 2(trimethylsilyl)ethyl (Tense), 4-
{N-[ 1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-methylbutyl]amino)benzyl
(Dmab) esters and enzymatically cleavable esters [Roeske, R.W. (1981) in:
'The Peptides', vol. 3 (Gross, E. and Meienhofer, J., eds.) Academic Press,
New York, pp. 101-l36; for Mpe: Karlstrom, A. and Unden, 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-Q648; for PyBzh: Mergler, M. et al. (200l) P154, 2"d
Intenlational Peptide Symposium & 17"' American Peptide Symposium; for
Dcpm: Carpino, L.A. et-al. (1995) J. Org. Chem. 60, 77l8-7719; for Fm:
Al-Obeidi, F. et al. (1990) Int. J. Peptide Protein Res. 35, 215-218; for
All: Kunz, H. et al. (198S) Int. J. Peptide Protein Res. 26, 493-497; for
Tense: Sieber, P. (1977) Helv Chim Acta 60, 2711-2716; for Dmab: Chars,
W.C. et al. (1995) .l. Chem. Soc., Chem. Commun 2209-2210]. Functions of
the t-butyl type or functions of similar lability are preferred for the
permanent protection of other functional groups in the amino component;
these include - but are not limited to - t-butyl ('Bu) for the protection
of the Asp, Glu, Ser, Thr and Tyr side chains, t-butoxycarbonyl (Boc) for
the protection of the Lys and Trp side chains, trityl (Trt) for the
protection of the Asn, Gln and His side chains and 2,2,5,7,8
pentamethylchromane-6-sulfonyl (Pmc) or
2,2,4,6,7-pentamethyldihydrobenzofurane-5sulfonyl (Pbf) for the protection
of the Arg side chain [Barany, G. and Mernfield, R.B. (1980) in: 'Tlze
Peptides', vol. 2 (Gross, E. and Meienhofer, J., eds.) Academic Press, New
York, pp. 1284; for Trp(Boc): Franzen, H. et al. (1984) J. Chem. Soc.,
Chena. Commun., 1699-1700; for Asn(Trt) and Gln(Trt): Sieber, P. and
Riniker, B. (199l) Tetrahedron Lett. 32, 739-742; for His(Trt): Sieber, P.
and Riniker, B. (l987) Tetrahedron Lett. 28, 6031-6034; for Pmc: Ramage, R.
and Green, J. (1987) Tetrahedron Lett. 28, 2287-2290; for Pb Carpino, L.A.
et al. (1993) Tetrahedron Lett. 34, 7829-7832]. The term carboxylic
component refers to a molecule comprising a free carboxylic function. In
particular, the carboxylic component may be airy carboxylic acid, amino
acid or oligopeptide which bears a free carboxylic function and whose other
functional groups are protected in such a manner that they do not interfere
with the desired coupling reaction. In a preferred embodiment, .the amino
group of the applied amino acid or oligopeptide is temporarily protected by
a benzyloxycarbonyl (Z) function; other examples include - but are not
limited to - the Boc, Trt, fluoren-9-yhnethoxycarbonyl (Fmoc),
2-(methylsulfonyl)ethoxycarbonyl (Msc), allyloxycarbonyl (Alloc) functions,
functions of the arylsulfonyl type, such as orthonitrobenzenesulfonyl
(o-NBS) and enzymatically cleavable functions [Geiger, R. and Konig, W.
(1981) in: 'The Peptides', vol. 3 (Gross, E. and Meienhofer, J., eds.)
Academic 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 Lett. 38, 5831-5834]. Functions of the tbutyl type or
functions of similar lability are preferred for the permanent protection of
other functional groups in the carboxylic component, as described above for
the amino component. The carboxylic component may be preactivated as an
active ester, preferably an ~N hydroxysuccinimide, benzotriazol-1-yl,
pentafluorophenyl or 4-nitrophenyl ester, a halide, an N carboxyanhydride
or as a symmetric aWydride. Alternatively, the carboxylic component may be
activated in situ as a mixed aWydride or using a coupling reagent, such as
a carbodiimide, preferably N,N'-dicyclohexylcarbodiimide (DCC) or
1-(3'-dimethylaminopropyl)-3ethylcarbodiimide hydrochloride (EDC), a
uronium or a phosphonium salt in the possible presence of a coupling
additive, preferably N hydroxysuccinimide (HONSu), 1hydroxybenzotriazole
(HOBt), 3-hydroxy-4-oxo-3,4-dihydro-l,2,3-benzotriazine (HOOBt),
1hydroxy-7-azabenzotriazole (HOAt) or 6-chloro-1-hydroxybenzotriazole
(Cl-HOBt) and if   8 required in the presence of a tertiary amine ['The
Peptides', vol. 1 (1979) (Gross, E. and Meienhofer, J., eds.) Academic
Press, New York; Li, P. and Xu, J.-C. (2000) Chin. .l. Chem. 18, 456-466].
The temporary protecting group may be removed according to methods known in
the art (vide supra). The Z function may be removed by hydrogenolysis using
(standard) procedures that apply, e.g. hydrogen gas or formiate as a
hydrogen donor. During this proces a11 benzyl-type protecting groups are
removed and protecting groups of the t-butyl type or functions of similar
lability are maintained. The latter may be removed by acidolysis according
to the methods known in the art. A person skilled in the art will
understand what is meant with the term basic aqueous extraction. However,
basic aqueous extractions are preferably performed using aqueous solutions
of sodium hydrogencarbonate or sodium carbonate, if desired in the presence
of sodium chloride or potassium nitrate. The teml active aqueous extraction
refers to an extraction in wluch either 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
examples, 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 S` Cycle: To a stirs ed 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 ZAsp(O`Bu)-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
(3-alaninate p-toluenesulfonate salt were added. The mixture was stin-ed
for another 30 minutes and was extracted with 5 Na2C03 / 10 % NaCI, 5 %
KHS04 / 10 ,% NaCI and ~ % Na~C03 / 10 % NaCI.   9 The organic layer
containing the protected dipeptide Z-Asp(O`Bu)-Ser(tBu)-O'Bu was subjected
to catalytic hydrogenolysis in the presence of palladium on charcoal. Upon
completion of the reaction, S % Na2C03 / 10 % NaCI was added and the
resulting suspension was filtered. The residue was washed with a mixture of
ethyl acetate and dichloromethane, and the combined organic filtrates were
extracted with S % NazC03 / 10 % NaCl and 30 % NaCI. 2" Cycle: To the
organic layer containing the dipeptide H-Asp(O`Bu)-Ser(`Bu)-O`Bu at 20 C,
were added 3.24 g of 1-hydroxybenzotriazole, 7.18 g of Z-Phe-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 4methylmorpholine and 3.S 1 g of benzyl
~-alaninate p-toluenesulfonate salt were added. The mixture was stirred for
another 30 minutes and was extracted with 5 % NazC03 / 10 % NaCI, S KHS04 /
10 % NaCI and S % NazC03 / 10 % NaCI. The organic layer containing the
protected tripeptide Z-Phe-Asp(O`Bu)-Ser(`Bu)-O`Bu was subjected to
catalytic hydrogenolysis in the presence of palladium on charcoal. Upon
completion of the reaction, 5 % NazC03 / 10 i NaCI was added and the
resulting suspension was filtered. The residue was washed with a mixture of
ethyl acetate and dichloromethane, and the combined organic filtrates were
extracted with S % NazC03/ 10 % NaCI and 30 % NaCI. 3`d 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 1-hydroxybellzotriazole, 4.21 g of Boc-Gly-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, 1.25 ml of 3dimethylamino-1-propylamine was
added. The mixture was stirred for another 30 minutes and was extracted
with 5 % NazC03 / 10 % NaCI, 5 % KHSOq / 10 % NaCI, S % NazC03 / 14, NaCI,
30% NaCI and water. The organic layer was evaporated to dryness and the
residue triturated with methyl tent-butyl ether and dried to giv a the
desired protected tetrapeptide in 95 yield based on the starting material
H-Ser(`Bu)-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 nrrl, 2.0 1111/111111, 5 micron C, 8 column).
Identity: m/z 425.4 [M-Boc-3`Bu+H]+, 469.4 [M-4`Bu+H]+, 52S.4 [M-3`Bu+H]',
S81.4 [M-2`Bu+H]+, 637.4 [M-`Bu+H]r, G93.4 [M+H]+ by electrospray MS; ' H
NIVIR (CDCl3) b 1.16 (s, 9H), 1.44 (m, 27H), 2.59 (dd, 1 H), 2.79 (dd,   10
1H), 3.09 (m, 2H), 3.51 (dd, 1H), 3.69-3.86 (m, 3H), 4.47 (m, 1H),
4.67-4.78 (m, 2H), 5.20 (bs, 1H), 6.68 (d, 1H), 7.12-7.34 (m, 7H). EXAMPLE
2 



H-His-Trp-Ser f `Bu)-Tyr(`Bu)-D-Leu-Leu-Orn(Boc)-Pro-O`Bu 15` Cycle: To a
stined solution of 1300 g of H-Pro-O`Bu.HCI in ethyl acetate at 20 C, were
added l014 g of 1-hydroxybenzotriazole, 2756 g of Z-Orn(Boc)-OH, 1378 g of
1-(3'dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 1495 ml of
4-methylmorpholine. After stirring the resulting solution until completion
of the reaction, 377 ml of 4methy lmorpholine and 1105 g of benzyl
/3-alaninate p-toluenesulfonate salt were added. The mixture was stirred
for another 30 minutes and was extracted with 5 % NazC03 / 10 % NaCI, 5
KHS04 / 10 % NaCI and 5 % NazC03 / 10 % NaCI. The organic layer containing
the protected dipeptide Z-Orn(Boc)-Pro-O`Bu was subjected to catalytic
hydrogenolysis in the presence of palladium on charcoal. Upon completion of
the reaction, 5 % Na2C03 / 15 % NaCI 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.~C03 / 15 % NaCI and 30 % NaCI.
The separate aqueous layers were re-extracted with ethyl acetate. 2"d
Cycle; To the combined organic layers containing the dipeptide
H-Orn(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 completion of the reaction, 377 m1 of ~
4methyhnorpholine and 1105 g of benzyl (3-alaninate p-toluenesulfonate salt
were added. The mixture was stirred for another 30 minutes and was
extracted with 5 % Na2C03 / 10 % NaCI, 5 KHS04/ 10 % NaCI and 5 % NazC03 /
10 % NaCI. The organic layer containing the protected tripeptide
Z-Leu-Orn(Boc)-Pro-O`Bu was subjected to catalytic hydrogenolysis in the
presence of palladium on charcoal. Upon completion of the reaction, 5 %
NazC03 % 15 % NaCI was added and the resulting suspension was filtered. The
residue was washed with ethyl acetate, and the combined organic filtrates
were extracted with 5 Na2C03 / 10 % NaCI and 30 % NaCI.   11 3`d Cycle: To
the organic layer containing the tripeptide H-Leu-Orn(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'dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 754 ml
of 4-methylmorpholine. After stirring the resulting solution until
completion of the reaction, 377 ml of 4methylmorpholine and 1105 g of
benzyl (3-alaninate p-toluenesulfonate salt were added. The mixture was
stirred for another 30 minutes and was extracted with 5 % NazC03, 5 % KHS04
and 5 % Na2C03. The organic layer containing the protected tripeptide
Z-D-Leu-Leu-Orn(Boc)-Pro-O'Bu was subjected to catalytic hydrogenolysis in
the presence of palladium on charcoal. Upon completion of the reaction, 5 %
Na2C03 was added and the resulting suspension was filtered. The residue was
washed with ethyl acetate, and the combined organic filtrates were
extracted with 5 % NazC03 and 10 % NaCl. 4"' to 7`'' Cycle: These cycles
were performed following the procedure of the third cycle, replacing l993 g
of Z-D-Leu-OH by Z-Tyr(`Bu)-OH (liberated from 4497 g of the corresponding
dicyclohexylalrunonium 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 4methylmorpholine and benzyl [3-alaninate p-toluenesulfonate
salt during the scavenging step were doubled. In the fifth cycle, the
extractions following scavenging were performed at 35C. 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 3 SC. At the end
of the seventh cycle, the or ganic layer was evaporated to dryness to give
-the desired protected nonapeptide in 73 % yield based on the starting
material H-Pro-O`Bu.HCI (i.e., on average 98 % per chemical step). Purity:
90.6 % by reversed phase HPLC (24 to 68 % acetonitrile in 0.1 %
trifluoroacetic acid in 29 minutes at 220 nrrl, 2.0 11111111111, 5 micron
C,8 column). Identity: m/z S43.6 [M-Boc2'Bu+2H]Z+, 571.6 [M-Boc-`Bu+2H]z+,
599.6 [M-Boc+2H]z+, 649.8 [M+2H]Z+, 1298.0 [M+H]+ by electrospray MS. .  



is Conclusions: The protected peptides were produced without intermittent
isolation of the intermediates. The purity and identification of the
obtained product from the first example demonstrate that the excesses of
(activated) carboxylic components have been removed completely in a11
stages of the processes and no insertion sequences have been formed using
the process of this invention. The synthesis fiom the second example,
moreover, demonstrates that synthesis according to the process of this
invention is easily upscalable. The products from both examples ar a
obtained in high yield and high purity within a relatively short period of
time.   13 CLAIMS 1. A process for rapid solution synthesis of a peptide in
an organic solvent or a mixture of organic solvents, the process comprising
repetitive cycles of steps (a)-(d): (a) a coupling step, Llslllg an excess
of an activated carboxylic component to acylate an amino component, (b) a
quenching step in which a scavenger is used to remove residual activated
carboxylic functions, wherein the scavenger may also be used for
deprotection of the growing peptide, (c) one or more aqueous extractions
and optionally, (d) a separate deprotection step, followed by one or more
aqueous extractions, 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
carboxylic functions. 2. The process of claim 1, when ein in step (a) the
molar amounts of the reagents used are in decreasing order: carboxylic
component, coupling additive > coupling reagent > amino component. 3. The
process of claim l, wherein in step (a) a pre-activated carboxylic
component is used. 4. The process of any one of claims 1-3, wherein in step
(b') an amine comprising a latent anion is used as the scavenger. 



5. The process of claim 4, wherein the latent anloll 111 the scavenging
amine bears a temporary protecting group which can be selectively removed
in the presence of any permanent protecting groups attached to the growing
peptide. 6. The process of claims 4 or 5, wherein the latent anion in the
scavenging alpine bears a temporary protecting group which displays a
lability similar to that of the temporary protecting group present at the
N-terminus of the growing peptide.   14 7. The process of claims 5 or 6,
wherein the temporary protecting groups are hydrogenolytically removable
groups whereas the permanent protecting groups are acidolytically removable
groups. 8. The process of claim 7, wherein the temporary protecting groups
are of the benzyl type. 9. The process of any one of claims 4-8, wherein
the scavenger is a primary amine comprising a free anion or a latent anion.
10. The process of claim 9, wherein the primary amine is a C-terminally
protected amino acid derivative. 11. The process of claim 10, wherein the
amino acid is (i-alanine or a derivative thereof. 12. The process of claim
11, wherein the scavenger is benzyl ~3-alaninate or a salt thereof. 13. The
process of any one of claims 1-8, wherein a thiol comprising a free or a
latent anion is used as a scavenger instead of an amine comprising a free
or a latent anion. 14. The process of any one of claims 1-13, wherein the
process comprises one or more cycles wherein in step (b) a polyamine is
used as the scavenger. 15. The process of any one of claims 1-14,
comprising one or more cycles wherein in step (b) deprotection does not
occur and the subsequent step (c) comprises sequential basic, acidic and
basic extractions. 16. The process of claim 15, wherein the extractions are
performed in the presence of sodium chloride or potassium nitrate. 



15 17. The process of claim 15 or 16, comprising a subsequent step (d)
which comprises deprotection and sequential basic and neutral extractions.
18. The process of claim 17, wherein the extractions are performed in the
presence of sodium chloride or potassium nitrate. 19. The process of any
one of claims 1-14, comprising one or more cycles wherein in step (b) both
quenching and deprotection occur and the subsequent step (c) comprises
sequential basic and neutral extractions. 20. The process of claim 19,
wherein the extractions are performed in the presence of sodium chloride or
potassium nitrate. 21. The process of any one of claims 1 - 20, when ein in
the last cycle in step (a) the protecting groups of the carboxylic
component display a similar lability to that of the permanent protecting
groups of the growing peptide and in step (b) the scavenger is a polyamine.
22. The process of airy one of claims 1-21, wherein the organic solvent or
mixture of organic 



solvents is ethyl acetate or a mixture of ethyl acetate and
dichloromethane, a mixture of ethyl acetate and 1-methyl-2-pyrrolidinone, a
mixture of ethyl acetate and N,N dimethylformamide or a mixture of ethyl
acetate and tetrahydrofuran. 23. The process of any one of claims 1-22,
wherein the process is performed withii3 a temperature range of 0 to 50 C.
24. The process of claim 23, wherein the process is performed at ambient
temperature. 25. A method for combinatorial synthesis of peptide libraries
using the split and mix method, wherein the process of any one of claims
1-24 is applied.   16 26. A method for automated solution synthesis of
peptides, wherein the process of any one of claims 1-25 is applied. 27. A
peptide or a mixture of peptides, prepared according to a process
comprising the process of any one of claims 1-26.
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