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Convergent solid phase peptide synthesis is a straightforward approach to the synthesis of protein
domains with repetitive structures. The peptide H-(Val-His-Leu-Pro-Pro-Pro)s-OH corresponding
to the N-terminal domain of y-zein has been synthesized using the protected segment Fmoc-(Val-
His(Trt)-Leu-Pro-Pro-Pro)-OH as synthetic precursor. Solid phase repetitive coupling of the segment
was achieved effectively using a synthetic protocol centered on the use of the new 7-aza-1-
hydroxybenzotriazole-based reagents HATU and HOAt. The protected peptide segment Fmoc-
Val-His(Trt)-Leu-Pro-Pro-Pro-OH was synthesized on a solid-phase using a combination of the base-
labile Fmoc group for the a-amino protection, the acid-labile trityl group for the protection of the
side-chain of histidine, and the highly acid-labile 4-(4-(hydroxymethyl)-3-methoxyphenoxy)butyric
acid (HMPB) as handle, which allows the cleavage of the protected segment from the resin by
treatment with 1% TFA in CH,Cl; with complete retention of the amino acid side-chain protecting
groups. This approach also allows the same peptide sequence at different levels of protection to be
obtained by varying the cleavage program used and demonstrates that the versatile HMPB handle
is completely compatible with the use of the trityl group for protection of the side-chain of histidine.
The use of a small quantity of pyridine in the purification of this protected peptide by RPMPLC
does not affect the Fmoc group and avoids premature imidazole detritylation. Finally, the general
synthetic strategy described in this paper avoids the severe problems previously reported on the
synthesis of these highly repetitive structures as demonstrated by a careful analysis of the target
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compounds by cation-exchange HPLC and electrospray MS.

Proteins with repetitive structures are abundant in
nature, especially in the plant kingdom. Within this
group of proteins those having proline-rich domains are
especially important, and several of their structural and
functional properties have been described.! Several
laboratories, including our own, have recently reported
on the conformational analysis of some of these mol-
ecules, which have a characteristic tendency to form left-
handed helical structures with a pitch of three amino acid
residues per turn.?

A prerequisite for the structural analysis of these
molecules is that efficient methods for their synthesis are
available and, although stepwise solid phase peptide
synthesis is a possible synthetic approach, single amino
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acid deletion peptides would be difficult to separate from
the desired target peptide since the absence of a single
residue would have very little effect on the chromato-
graphic or electrophoretic properties of the molecule. For
techniques that demand a high degree of purity, such as
X-ray diffraction, or high-field NMR analysis, the separa-
tion of such impurities poses a difficult separation
problem. Convergent solid-phase peptide synthesis
(CSPPS), on the other hand, lends itself well to the
synthesis of this type of molecule, since it is only
necessary to synthesize and purify one of the protected
repetitive units which, by successive couplings on a solid
support, then allows the different oligomers to be syn-
thesized.® The purification of molecules synthesized by
the CSPPS approach is facilitated because segment
couplings that do not go to completion give rise to
peptides that differ from the target molecule by one
complete segment and therefore have appreciably differ-
ent chromatographic and electrophoretic properties.

The N-terminal domain of the y-zein protein, one of
the most abundant in maize, is formed by the repetitive
proline-rich sequence:*5

Val-His-Leu-Pro-Pro-Pro-Val-His-Leu-Pro-Pro-Pro-Val-His-Leu-Pro-Pro-Pro-
Val-His-Leu-Pro-Pro-Pro-Val-His-Leu- Pro-Pro-Pro- Val-His-Leu-Pro-Pro-Pro- Val-
His-Leu-Pro-Pro-Pro-Val-His-Leu-Pro-Pro-Pro-

(3) (a) Marshall, G. R.; Merrifield, R. B. Biochemistry 1965, 4, 2394.
(b) Omenn, G. S.; Anfinsen, C. B. J. Am. Chem. Soc. 1968, 90, 6571—
6572, For recent reviews on CSPPS see: (c¢) Lloyd-Williams, P.;
Albericio, F.; Giralt, E. Tetrahedron 1993, 49, 11065—11133. (d) Benz,
H. Synthesis 1994, 337.
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Recently, Geli et al.’ have shown that this sequence is
the key element involved in the y-zein protein targeting
the endoplasmic reticulum. The mechanism of such
targeting is unknown but structural, immunocytochemi-
cal, and binding studies could be carried out if efficient
synthetic methods were available for the preparation of
repetitive sequences. For such studies it would be of
interest to prepare oligomers of the type H-(Val-His-Leu-
Pro-Pro-Pro),-OH for values of n < 8, in order to try to
establish whether or not there is @ minimum requirement
with regard to molecular size for the some of the observed
effects.

In our previous attempts at the synthesis of the
N-terminal domain of the y-zein protein by a CSPPS
approach, we used a strategy based upon the use of the
Fmoc group for temporary N®-amino group protection and
upon the coupling of peptide segments in which His was
unprotected at the imidazole function.” Although this
strategy allowed small amounts of some of the desired
oligomers to be obtained, laborious purification proce-
dures were required since analysis of the crude products
after the synthesis of a given oligomer of the sequence
H-(Val-His-Leu-Pro-Pro-Pro),-OH showed the presence
of two types of impurity: (1) those corresponding to
deletion oligomers of the type n — 1, n — 2, etc.; (2) those
corresponding to addition oligomers of the typen + 1, n
+ 2, etc.

Impurities of type 1 suggest that the N-terminal
domain of the y-zein protein has characteristics similar
to those of a “difficult sequence™® but within the context
of a convergent strategy and that conventional coupling
methods such as DCC/HOB give rise to yields which are
far from quantitative. The presence of type 2 impurities
suggests that Fmoc group deprotection occurs in parallel
with segment coupling during the long and repetitive
coupling reactions. This could occur in the peptide of
length n that is already anchored to the resin or in the
protected monomer that has not yet been coupled to the
n — 1 sequence. An alternative possibility is that the
free imidazoles of the growing peptide chain might
become N-acylated by the monomers and that these
might subsequently undergo transfer to the N®-amino
function upon removal of its Fmoc protecting group.

In the present communication we describe a convergent
synthesis of the N-terminal domain of the y-zein protein
in which the formation of the various side-products
described above are avoided. There are two main im-
provements that have been introduced into the synthetic
strategy for the synthesis of these oligomers. Firstly, the
fine tuning of the protecting group of His and of the
handle used to anchor the peptide to the resin has made
it possible to work with the side-chains of His protected
throughout the synthesis. Secondly, for the first time,
the use of the newer coupling reagents based on azaben-
zotriazole® has been investigated in CSPPS. The use of
these reagents allows higher coupling yields to be achieved
in order to reduce type 1 impurities, and the shorter
reaction times necessary for coupling reduce the amount
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of Fmoc-group deprotection which in turn reduces the
amount of type 2 impurities that might be formed.

Results and Discussion

Synthesis and Purification of the Protected Seg-
ment. The protected segment Fmoc-Val-His(Trt)-Leu-
Pro-Pro-Pro-OH was synthesized on a solid phase using
a combination of the base-labile Fmoc group for the
o-amino protection, the acid-labile trityl group for the
protection of the side-chain of histidine, and the highly
acid-labile 4-(4-(hydroxymethyl)-3-methoxyphenoxy)bu-
tyric acid (HMPB) handle developed by Riniker et al.1?
which allows the cleavage of protected segment from the
resin by treatment with 1% TFA in CH,Cl; with complete
retention of the amino acid side-chain protecting groups.
The stepwise synthesis of the protected segment pro-
ceeded smoothly starting with a 4-methylbenzhydryl-
amine resin by incorporation of three residues of phen-
ylalanine as internal reference amino acid (IRAA).!! The
HMPB handle was coupled with DIPCDI in the presence
of HOBt. The first amino acid, Fmoc-Pro-OH was
incorporated with DIPCDI and catalytic amounts of
DMAP, double coupling for 1 h each. As described in a
previous paper from this laboratory,” the incorporation
of the third amino acid in the synthesis of this peptide is
problematic because the sequence Pro-Pro is unusually
prone to give diketopiperazines (DKPs).'2!3 Thus, to
avoid the intramolecular cyclization in this synthesis the
second and third amino acids were incorporated as Fmoc-
Pro-Pro-OH with HOBt and DIPCDI in DMF for 2 h at
25 °C. The possible loss of the chirality in the dipeptide
C-terminal amino acid after this coupling was studied
by HPLC. The results showed that less than 1% epimer-
ization took place during the incorporation of dipeptide.
The remaining amino acids were assembled by standard
solid-phase procedures as described in the Experimental
Section. The ninhydrin!* or chloranil!® tests were used
to monitor the progress of the couplings, and although
in all cases only a single coupling was necessary, acety-
lation reactions were carried out after the incorporation
of each amino acid to ensure the absence of deletion
peptides. The amino acid analysis of the peptide-resin
after the synthesis gave satisfactory values.

An important feature of this synthetic strategy is the
possibility of obtaining the same peptide sequence at
different levels of protection by varying the cleavage
program used, as shown in Figure 1. The cleavage of
the protected peptide 1 from the resin was carried out
by acidolysis, treating the peptide-resin with 1% TFA in
CH,Cl; alternated with neat CHyCl; for 20 s each. The
cleavage yield was 91%.

Peptide 2, protected only at the N-terminal amino
group, was prepared by acidolytic cleavage with TFA—
CH,Cl; (1:1) for 90 min at 25 °C. To obtain peptide 3 with
the side-chain of histidine protected with the trityl group
and the N-terminal amino group unprotected, cleavage

(10) (a) Flérsheimer, A.; Riniker, B. In Peptides 1990; Giralt, E.,
Andreu, D., Eds., ESCOM Science Publishers B. V.; Barcelona, Spain,
1990; pp 131—-133. (b) Riniker, B.; Florsheimer, A.; Fretz, H.; Sieber,
P.; Kamber, B. Tetrahedron 1993, 49, 9307—9320.
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1975, 97, 6584—-6585.
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(13) Pedroso, E.; Grandas, A.; de las Heras, X.; Giralt, E. Tetrahe-
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1% TFA/DCM

50% TFA/
DCM (3% ED

Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-OH
1

Fmoc-Val-His(H)-Leu-Pro-Pro-Pro-OH
2

Figure 1. Cleavages of the peptide-resin I.

was carried out in two steps: (a) removal of the Fmoc
group of the peptide-resin I by treatment with piperi-
dine—DMF (1:4)- and (b) cleavage with 1% TFA in CH,-
Cl;. The same peptide sequence without protecting
groups, 4, was obtained by acidolytic cleavage with TFA—
CH,Cl, (1:1) for 1.5 h at 25 °C after removal of the Fmoc-
group with piperidine—DMF (1:4). The yields of these
cleavages were >90% in all cases, as judged by amino
acid analysis of the peptide-resins. Analytical HPLC of
the crude peptides are shown in Figure 2. FAB mass
spectrometric data for all these peptides are in accord
- with the calculated values.

One of the most serious problems associated with
convergent solid-phase methodology is the low solubility
often displayed by protected peptide segments. Fortu-
nately, Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-OH (1) was
very soluble in acetonitrile and it was possible to purify
it by semipreparative reversed-phase MPLC without
using DMF as solvent.'® However, initial attempts at
purification were not successful because of problems
associated with the stability of the trityl group. When
standard acetonitrile—water—TFA eluents were used
(Figure 3a), a significant amount of peptide lacking the
trityl group was observed after chromatography and
lyophilization. Loss of the trityl group was observed even
using acetonitrile—water without carboxylic acid modifier
in the eluents (Figure 3c).

This undesired premature imidazole deprotection was
solved by addition of pyridine (0.1%) to the eluents
(Figure 3d). The presence of the Fmoc group on the
protected segment allowed monitoring of the purification
under these conditions by UV absorbance at 279 nm,
where pyridine does not absorb strongly. Using these
conditions, purification of this protected segment was
straightforward and efficient (Figure 4). Purity of 1 was
confirmed by amino acid analysis, analytical RPHPLC,
and FABMS.

Peptide Synthesis by Segment Condensations.
Figure 5 shows the general strategy for the synthesis of
the H-(Val-His-Leu-Pro-Pro-Pro),-OH oligomers. The
first step of this synthesis involved the preparation of
the monomer-resin II. Aminomethylated polystyrene
resin, incorporating three residues of phenylalanine as
internal standard, was the solid support used for building
this peptide-resin. The handle 3-(4-(hydroxymethyl)-

a) 20% Pip/DMF
b) 50% TFA/DCM
(3% EDT)

a) 20% Pip/DMF
b} 1% TFA/DCM

H-Val-His(H)-Leu-Pro-Pro-Pro-OH
4

H-Val-His(Tn)-Leu-Pro-Pro-Pro-OH
3

20.8 b)

15.2

7.9

12.5
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ol ! I | 1 |
0 10 20 0 10 20

Figure 2. Analytical RP-HPLC on a Cis column of crude
Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-OH (a); Fmoc-Val-His(H)-
Leu-Pro-Pro-Pro-OH (b); H-Val-His(Trt)-Leu-Pro-Pro-Pro-OH
(e), and H-Val-His(H)-Leu-Pro-Pro-Pro-OH (d). Elution condi-
tions: A: Hz;0—0.045% TFA; B: CH3CN—0.036% TFA; linear
gradient from 10% to 100% B in 25 min; flow rate, 1 mL/min;
A =220 nm.

phenoxy)propionic acid was attached to the support as
its 2,4,5-trichlorophenyl ester!? in the presence of HOBt
using DMF as solvent. The amino acids of the sequence
were then incorporated stepwise using the same protocols

(16) Gairi, M.; Lloyd-Williams, P.; Albericio, F.; Giralt, E. Int. J.
Pept. Protein Res. 1995, in press.

(17) Albericio, F.; Barany, G. Int. J. Pep. Protein Res. 1985, 26, 92—
97.
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Figure 3. Analytical HPLC on reversed-phase Cis of the
protected peptide segment Fmoc-Val-His(Trt)-Leu-Pro-Pro-
Pro-OH after purification. The peak at tg 15.3 min corresponds
to the detrityled peptide Fmoc-Val-His(H)-Leu-Pro-Pro-Pro-
OH. Elution conditions as in Figure 2.

already described for the synthesis of the protected
segment 1. In order to avoid diketopiperazine formation
the second and third amino acids were incorporated as
the dipeptide Fmoc-Pro-Pro-OH. Amino acid analysis of
the peptide-resin after synthesis gave the correct values.

Next, a study was carried out in order to find the best
conditions to couple the protected peptide 1. Coupling
of Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-OH with H-Val-
His(Trt)-Leu-Pro-Pro-Pro-resin was taken as a model.
This coupling, using DIPCDI/HOBt (5:5 equiv) or Bop-
CVHOBt/DIEA (5:5:10 equiv, 15 min preactivation) as
coupling reagents, was not successful as judged by amino
acid analysis of the peptide-resins and HPLC of the crude
peptides, with yields of the 40 and 48%, respectively.
After 72 h of reaction, incomplete incorporation was
detected using both these coupling reagents. However,
it was important to verify that the only products observed
in the crude peptides by HPLC were the desired dimer
and the unreacted monomer, and not the n + 1 oligomers
formed in the previously reported synthesis of these
compounds’ as discussed in the introduction.!81? The

Dalcol et al.
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Figure 4. MPLC profile on reversed-phase Cs of the protected
peptide segment Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-OH. Lin-
ear gradient starting from CH3;CN-H>O (35:65 with 0.1%
pyridine) (600 mL) to CH;CN (0.1% pyridine) (600 mL); flow
rate 5 mL/min; A = 279 nm.

Fmoc-VaI-His(Tr!)-Leu-Pro-Pro-Pro-OH—O—O(CH2)200Phe3-®

a) 20 % Pip/ DMF

b) Fmoc-Val-His(Tn)-Leu-Pro-Pro-Pro-OH,

(repeat n-1 times) HATU, HOAt, DIEA in DMF

¢) Ac 0O, DIEA in DMF

y
Fmoc-(VaI-His(Tn)-Leu-Pro-Pro-Pro),,-OCHr'Q_O(CHg)ZCOPhe;,@

a) 20 % Pip/ DMF
b) TFA/ DCM (1:1) (3% H,0)

H-(Val-His-Leu-Pro-Pro-Pro),-OH

Figure 5. Convergent solid-phase peptide synthesis of H-(Val-
His-Leu-Pro-Pro-Pro),-OH.

recently developed 7-aza-1-hydroxybenzotriazole-based
reagents®?’ HATU and HAPyU were tested for the
coupling of the protected peptide. Using HATU/HOAY/
DIEA and HAPyU/HOAt/DIEA coupling yields of over
80% were obtained after 4 h using a excess of 4 equiv of
protected peptide and the coupling reagents. These
results indicated that the azabenzotriazole-based cou-
pling reagents are much more efficient for the coupling

(18) In the case of Bop-Cl, in spite of the fact that preactivation was
used, formation of a phosphinamidate by reaction of unreacted Bop-
Cl with the primary amine in the peptide resin cannot be excluded.
This side product, in the subsequent cleavage step by treatment with
TFA-CH,Cl;—H30, could be hydrolyzed to regenerate the starting
monomer observed by HPLC.

(19) (a) Van der Auwera, C.; Van Damme, S.; Anteunis, M. J. O.
Int. J. Pept. Protein Res. 1987, 29, 464—471. (b) Colucci, W. J.; Tung,
R. D.; Petri, J. A; Rich, D. H. J. Org..Chem. 1990, 55, 2895-2903.

(20) Carpino, L. A. J. Am. Chem. Soc. 1993, 115, 4397—4398.
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of this protected peptide, and that the HATU/HOAt/DIEA
combination of reagents offered the best conditions for
coupling.

A progressive improvement of the synthesis conditions
led us to verify that the segment couplings were com-
pleted in 15 min with a 1.5 equiv excess of the reagents.
Convergent synthesis of the N-terminal domain of y-zein
was carried out on the peptide-resin II by repetitive
coupling of the protected peptide Fmoc-Val-His(Trt)-Leu-
Pro-Pro-Pro-OH (1) (1.5 equiv) using HATU, HOAt and
DIEA (1.5 equiv each), and DMF as solvent. Single
couplings for 15 min at 25 °C were carried out until the
n = 8 oligomer was obtained. After each segment
coupling an acetylation with Ac;O and DIEA was carried
out to cap any unreacted amino group, allowing the
deletion sequences to be differentiated more easily. The
N-terminal Fmoc group was removed prior to each
coupling by treatment with piperidine-DMF (1:4). Resin
samples were removed after each coupling step, and the
progress of the synthesis was monitored by amino acid
analysis of these and by ion-exchange HPLC of the crude
peptides after cleavage from the resin. The cleavage of
the H-(Val-His-Leu-Pro-Pro-Pro)s-OH sequence and the
other oligomers from the resin was carried out by
treatment with TFA—CH,Cl,—H,0 (48:49:3) for 90 min,
after Fmoc group removal.

Owing to the difficult separation of the peptides
corresponding to the possible deletion sequences of this
synthesis, H-(Val-His-Leu-Pro-Pro-Pro),-OH and Ac-(Val-
His-Leu-Pro-Pro-Pro),-OH where n < 7, and the target
peptide H-(Val-His-Leu-Pro-Pro-Pro)s-OH, it was very
difficult to verify the purity of the final product. At-
tempts to separate H-(Val-His-Leu-Pro-Pro-Pro),-OH and
Ac-(Val-His-Leu-Pro-Pro-Pro),-OH (n = 2—8) oligomers
completely by reversed-phase HPLC and capillary elec-
trophoresis were not satisfactory. The oligomers with n
> 4 show very similar retention times by RPHPLC under
a variety of conditions. Varying the TFA percentage in
the standard eluents acetonitrile—water, the pH, the
temperature, and the reversed-phase did not lead to
appreciable improvement in separation. Differentiation
of the various products was possible by cation-exchange
HPLC analysis. The retention times of the n = 5-7
oligomers are indicated by arrows in the chromatogram
shown in Figure 6. The crude octamer H-(Val-His-Leu-
Pro-Pro-Pro)s-OH obtained after acidolysis was also
analyzed by ESMS; a molecular weight value (5145) was
found in accordance with the calculated value (5144)
(Figure 7). Combining the information from ion-ex-
change HPLC and mass-spectrometry the only impurities
that could be detected in the crude peptide were traces
of acetylpentamer (less than 4%) and traces of heptamer
(less than 4%).

In summary, we have established an efficient protocol
for the synthesis of the N-terminal proline-rich repeti-
tive domain of the y-zein using the convergent solid-phase
approach and coupling reagents derived from HOAt. The
synthetic strategy employed to obtain the protected
peptide Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-OH and the
same peptide sequence at different levels of protection
simply by varying the cleavage program used demon-
strate that the Riniker handle is very versatile and is
completely compatible with the use of the trityl group
for protection of the side chain of histidine. The use of a
small quantity of pyridine to purify the protected peptide
by RPMPLC does not affect the Fmoc group present in
the peptide and avoids premature imidazole detritylation.
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Figure 6, Cation-exchange HPLC of the crude peptide H-(Val-
His-Leu-Pro-Pro-Pro)s-OH on a Protein-Pak SP-8HR (5 x 100
mm) column. Arrows indicate the retention times of Ac-(Val-
His-Leu-Pro-Pro-Pro);-OH (1), Ac-(Val-His-Leu-Pro-Pro-Pro)s-
OH (2), and Ac-(Val-His-Leu-Pro-Pro-Pro)s-OH (3). Elution
conditions: A: 20 mM sodium citrate buffer (pH 3); B: 20
mM sodium citrate buffer (pH 3) containing 0.5 M NaCl.
Isocratic elution at 30% B for 10 min and from 30—40% B over
30 min and from 40—100% B over 10 min; flow rate, 0.5 mL/
min; A = 227 nm.

We believe that this purification method can be used to
solve the problems found with the stability of the other
trityl protected peptides.

Cation-exchange HPLC and mass spectrometry have
been shown to be the best analytical methods for the
separation and characterization of H-(Val-His-Leu-Pro-
Pro-Pro),-OH and Ac-(Val-His-Leu-Pro-Pro-Pro),-OH oli-
gomers. From our results it is clear that the protection
of the sidé chain of histidine throughout the synthesis
together with the use of azabenzotriazole-based coupling
reagents solved the problem of then —1,n + 1,and n +
2 oligomer formation. The purity of the target com-
pounds was the same when long segment coupling times
were used. Taken together our results indicate that
N-acylation of nonprotected histidine rather than pre-
mature Fmoc cleavage was the origin of the n + 1 and n
+ 2 oligomer formation in the previous synthesis.

Finally, this synthesis demonstrates the suitability of
the convergent solid-phase approach for the synthesis of
peptides with repetitive sequences.

Experimental Section

Protected amino acids were from NovaBiochem AG (Liu-
felfingen, Switzerland) and Advanced ChemTech (Maidenhead,
England). Fmoc-Pro-Pro-OH-HCI was obtained from the H-
Pro-Pro-OH. HCI (Bachem Feinchemikalien AG, Bubendorf,
Switzerland) and Fmoc-Cl in basic medium according to the
method described by Carpino and Han.?! The handles 4-(4-
(hydroxymethyl)-3-methoxyphenoxy)butyric acid and 3-(4-(hy-
droxymethyl)phenoxy)propionic acid were from NovaBiochem
AG. DIPCDI and HOBt were from Fluka Chemika (Buchs,

(21) Carpino, L. A;; Han, G. Y. J. Org. Chem. 1972, 37, 3404—3409.
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Figure 7. Positive ESMS spectrum of the crude peptide H-(Val-His-Leu-Pro-Pro-Pro)s-OH in H,O—CH3CN (1:1) with 1% formic
acid. Molecular weight calcd 5141.0 (monoisotopic mass), 5144.3 (average mass). Molecular weight found 5146.4 [M + 8H}®*
(peak A8), 5145.7 [M + TH]™ (peak A7), 5145.0 [M + 6H]* (peak A6), and 5144.5 [M + 5HJ°* (peak A5).

Switzerland), and the HBTU was supplied by Richelieu
Biotechnologies (St. Hyacinthe, Canada). HATU, HAPyU, and
HOALt reagents were from PerSeptive Biosystems (Framing-
ham, MA). These reagents were used without further puri-
fication. Acetonitrile was HPLC grade; TFA and DCM were
peptide synthesis grade. DMF was from Panreac (Barcelona,
Spain) and was bubbled with nitrogen and kept stored over
activated 4 A molecular sieves. Other reagents were used
without further purification. 4-Methylbenzhydrylamine resin
and aminomethylated polystyrene resin were from NovaBio-
chem AG. These supports were thoroughly washed to remove
any impurities as following: 5 x 30 s CHsCly; 1 x 1 min TFA—
CH,Cl; (4:6); 1 x 10 min TFA—CH2Cl; (4:6); 5 x 30 s CHCly;
3 x 2 min DIEA—CH,CI2 (1:19) and 5 x 30 s CHyCl,. Peptide
synthesis were performed manually in a polypropylene syringe
fitted with a polyethylene disc.

Peptide-resins were hydrolyzed at 110 °C for 48 h with 12
M HCl/propionic acid (1:1), and peptides were hydrolyzed at
110 °C for 24 h using 6 M aqueous HCI solution. Amino acid
analyses were performed on a ion-exchange autoanalyzser.
Analytical HPLC was performed on a system comprising two
solvent delivery pumps, automatic injector, and variable
wavelength detector, using a reversed-phase Cjs column Nu-
cleosil (25 x 0.4 cm, 10 um) or a cationic-exchange glass
column Protein-Pak SP-8HR (5 x 100 mm). Reversed-phase
MPLC was performed on a Lichroprep RP-8 (44 x 3.7 cm; 40—
60 um) using a LDC/Milton Roy pump, a variable wavelength
detector and an automatic fraction collector. Mass spectra
were recorded on a VG Quattro quadrupole instrument. 1,4-
Dithiothreitol—1,4-Dithioerythritol (3:1) was used as matrix
for FAB spectra. ESMS spectra were recorded in ion-spray
mode using water-acetonitrile (1:1) with 1% formic acid as
solvent and nitrogen as nebulization gas. i

Synthesis and Purification of Fmoc-Val-His(Trt)-Leu-
Pro-Pro-Pro-OH. Synthesis. The three residues of Phe
were incorporated on a 4-methylbenzhydrylamine resin (1.5
g; 0.8 mmol/g) using the following synthesis program:

Program I: (1) CHCl;, 4 x 1 min; (2) TFA—-CH,Cl; (4:6), 1
x 1 min + 1 x 20 min; (3) CHClg, 4 x 1 min; (4) DIEA—CH,-
Cl; (1:19), 8 x 2 min; (5) CHyCly, 5 x 1 min; (6) Boc-Phe-OH
(1.6 g; 6.0 mmol, 5 equiv) in CH,Cly, after 1 min add equivalent
amount of DIC, shake 45 min, (7) CHCls, 5 x 1 min; (8) DMF,
4 x 1 min.

The Phes-resin was then allowed to stand overnight with
the HMPB handle (0.4 g; 1.8 mmol), HOBt (0.25 g; 1.8 mmol),
and DIPCDI (0.3 mL; 1.8 mmol) in DMF. After the usual
washings with DMF and CH,Cl,, the ninhydrin test was
negative. The first Pro residue was incorporated as Fmoc-
Pro-OH (2.0 g; 6.0 mmol), using DIPCDI (0.9 mL; 6.0 mmol)
and DMAP (74 mg; 0.6 mmol) in DMF. After double coupling
of 1 h each the resin was washed with DMF (4 x 1 min) and
CH:Cl; (4 x 1 min), and the amino acid analysis gave a >98%
vield of incorporation. The possible remaining hydroxyl groups
on the resin were blocked by acetylation with acetic anhydride
(1.2 mL; 12.0 mmol) and DMAP (0.15 g; 1.2 mmol) in CHyCl,
(1 x 10 min).

The rest of the amino acids were incorporated following the
program sequence:

Program II (Fmoc group removal): (1) CHyCl; (4 x 1 min);
(2) DMF (4 x 1 min); (3) piperidine—~DMF (2:8) (1 x 1 min +
3 x 3 min); (4) DMF (4 x 1 min); (5) CHxCl; (4 x 1 min).

Program III (amino acid coupling, except for the second and
third amino acids): (1) Fmoc amino acid (6.0 mmol; 5 equiv)
in DMF, after 1 min add equivalent amount of HOBt and
DIPCDI in DMF and the resin was allowed to stand 60 min

- at rt with occasional stirring; (2) DMF (4 x 1 min); (3) CH:Cl,

(4 x 1 min). The second and third amino acids were incor-
porated in the form of a dipeptide by the following program:
(1) CH:Clz (4 x 1 min); (2) DMF (4 x 1 min); ¢(3) Fmoc-Pro-
Pro-OH (1.0 g; 2.4 mmol), HOBt (0.16 g; 1.2 mmol), and
DIPCDI (0.4 mL; 2.4 mmol) in DMF (1 x 2 h); (4) DMF (4 x
1 min); (5) CHzCl; (4 x 1 min).

Coupling efficiencies were monitored using the ninhydrin
or chloranil tests. At the end of each coupling an acetylation
was carried out in order to cap unreacted amino groups: (1)
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CH.Cl; (4 x 1 min); (2) AcgO (10 equiv) in pyridine—CH,Cl;
(1:19) (1 x 15 min); (3) CHyCl; (4 x 1 min). For all Fmoc-
amino acids only one coupling was necessary. The amino acids
analysis of the peptide-resin after N-terminal deprotection and
hydrolysis gave: Pheg_o(IRAA), PrOz,gs, Valo,s3; LeuO,ss, HiSo,sz.

Cleavage. (a) Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-
OH. A 470 mg amount of the peptide-resin I was preswollen
with washes of the CH2Cl; (3 x 10 min), and the cleavage was
carried out by alternating washes of 1% TFA in CH,Cl; and
CH,CI; for 20 s (2.5 mL of solution each time, total volume of
50 mL). This operation was repeated three times. The solvent
of the combined cleavage portions was evaporated and the
protected peptide Fmoe-Val-His(Trt)-Leu-Pro-Pro-Pro-OH, pre-
cipitated in water, was filtered and dried in vacuum over P;O5
to give 132 mg (90% yield) of a white powder which was about
97% pure by analytical HPLC. ¢g 20.8 min (Nucleosil Cis
column, HPLC profile is shown in Figure 2a). FAB-MS [M +
H] caled 1123.6; found, 1123.7. ‘

The same peptide sequence at different levels of protection
was obtained by varying the treatment of the peptide-resin I
using the following cleavage procedures:

(b) Fmoc-Val-His(H)-Leu-Pro-Pro-Pro-OH. A 50 mg
amount of the peptide-resin I was preswollen in CH,Cl; (3 x
10 min) and suspended in TFA—CH,Cl; (1:1) (2 mL) containing
3% of EDT. After 1.5 h the cleaved peptide-resin was filtered
and washed with TFA—CHCl; (1:1) (2 mL) and CHCl; (3 x
2 mL). The combined filtrates and washings were evaporated
to dryness at 25 °C, chased with ether (3 x 40 mL), and then
dissolved in water and lyophilized to give the crude peptide
in >99% yield by amino acid analysis. g 15.2 min (Nucleosil
C1s column, HPLC profile is shown in Figure 2b). FAB-MS
[M + H] caled 881.5; found, 881.9.

(c) H-Val-His(Trt)-Leu-Pro-Pro-Pro-OH. A 50 mg amount
of the peptide-resin I, after washes with CH;Cl; and DMF,
was deprotected in the amino terminal group as described in
the program II. The cleavage was carried out by washing for
20 s with 1% TFA in CH3Cl: (2 mL of solution each time, total
volume of solution 10 mL) alternating with CHCl; washings.
The solutions were filtered into methanol containing 200 uL
of pyridine. This operation was repeated three times. The
combined fractions were evaporated to dryness, chased with
ether (3 x 30 mL), dissolved in water, and lyophilized to give
the crude peptide in >99% of yield by amino acid analysis. tg
12.5 min (Nucleosil Cis column, HPLC profile is shown in
Figure 2¢). FAB-MS [M + H] caled 901.5; found, 901.8.

(d) H-Val-His(H)-Leu-Pro-Pro-Pro-OH. A 50 mg amount
of the peptide-resin I were washed with CH;Cl; and DMF, and
deprotected with piperidine—CH;Cl; (1:4) according to program
II. Then, the peptide-resin was suspended in TFA~CH.Cl;
(1:1) (2 mL) containing 3% of EDT. After 1.5 h the cleavaged
peptide-resin was treated by the proceeding used in item b
described above. Yield by amino acid analysis was 98.5% of
the crude peptide. fg 7.9 min (Nucleosil Cys column, HPLC
profile is shown in Figure 2d). FAB-MS [M + H] caled 659.4;
found, 659.6.

Purification of Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-
OH. The material of the combined cleavages (300 mg of the
crude peptide) was purified by RPMPLC in a Lichroprep RP-8
column using a gradient of 35% CH3CN in Hy0 (containing
0.1% pyridine) (600 mL) to 100% CH;CN (0.1% pyridine) (600
mL) at a flow rate of 5 mL/min. The volume of each individual
fraction collected was 10 mL. Monitoring was carried out by
UV detector at 279 nm. The purity of the fractions was
verified by analytical HPLC using a Nucleosil Cys column and
a linear gradient of the 10% to 100% of B in A over 25 min
[eluents: A, water (0.045% TFA) and B, acetonitrile (0.036%
TFA)]. Under these conditions, the retention time of the
peptide is 20.8 min. The fractions of the pure peptide were
combined, the organic solvent was removed on a rotatory
evaporator with a cool water-bath, and the remaining aqueous
solution was lyophilized to provide 160 mg (0.14 mmol, 53%
yield) of peptide which was >99% pure by analytical HPLC.
Amino acid analysis: ProsioValiooleus.1sHisi 1.
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General Procedure for the Preparation of H-(Val-His-
Leu-Pro-Pro-Pro),-OH. Fmoc-Val-His(Trt)-Leu-Pro-Pro-
Pro-handle-Phe3-resin II. The Fmoc-Val-His(Trt)-Leu-Pro-
Pro-Pro-handle-Phes-resin II used for the coupling segments
was prepared on a aminomethylated polystyrene resin (2.0 g;
0.6 mmol/g). Three residues of Phe were incorporated using
synthesis program I. After deprotection of Boc-Phes-resin and
neutralization (steps 1—5 of synthesis program I), the Phes-
resin was shaken 9 h with 2,4,5-trichlorophenyl 3-(4-(hy-
droxymethyl)phenoxy)propionate (0.6 g; 1.7 mmol) and HOBt
(0.2 g; 1.7 mmol) in DMF, washed with DMF (5 x 30 s) and
CH,Cls (5 x 30 s). The ninhydrin test after this incorporation
was negative. The Fmoc amino acids were incorporated
according to the procedure described in the synthesis of the
protected segment. For the first Fmoc-Pro-OH a second double
coupling (5 equiv, 1 h each coupling) was carried out. The
second and third Pro residues were incorporated in the form
of a dipeptide as described before [Fmoc-Pro-Pro-OH (2 equiv),
HOBt (1 equiv), and DIPCDI (2 equiv) in DMF]. Coupling
efficiencies were monitored using the ninhydrin or chloranil
tests. Amino acids analysis of the Fmoc-Val-His(Trt)-Leu-Pro-
Pro-Pro-resin II after Fmoc deprotection and hydrolysis gave
the following: Phe3_oo(IRAA), PI‘02_99, Valo,74, Lel.Io,gz, HiSoAa‘;.

Segment Coupling. Each H-(Val-His-Leu-Pro-Pro-Pro),-
OH oligomer was prepared using procedures essentially
identical to those employed in the synthesis of the n = 2 analog
given below: .

H-(Val-His-Leu-Pro-Pro-Pro);-OH. Fmoc-Val-His(Trt)-
Leu-Pro-Pro-Pro-resin II (12 mg; 0.3 mmol/g) was deprotected
using program IV where an extended preswelling step with
CH,Cl; and DMF was carried out described below:

Program IV: (1) CH2Cl; (3 x 10 min); (2) DMF (3 x 10 min);
(8) piperidine—DMF (2:8) (1 x 1 min + 3 x 3 min); (4) DMF
(5 x 30 s) and (5) CHoCl: (5 x 30 s).

The protected segment Fmoc-Val-His(Trt)-Leu-Pro-Pro-Pro-
OH (15 mg; 14 umol) was dissolved in 45 uL of DMF and
solutions of HATU in DMF (15 4L of a 2 mM solution), HOAt
in DMF (15 uL, solution of a 5.7 mM solution), and DIEA in
DMTF (15 uL of a 6.7 mM solution) were added, and the mixture
(total volume 90 uL) was stirred for 15 min at room temper-
ature. After this time, the resin was washed with DMF (5 x
3 mL, 1 min) and CH:Cl; (6 x 3 mL, 1 min). The ninhydrin
test was negative. After coupling, acetylation (6 uL of Ac,O,
12 uL of DIEA in DMF) was performed to cap unreacted amino
groups. A sample of the resultant peptide-resin was cleaved,
after Fmoc deprotection according to program IV, with TFA—
CH,Cl;—H0 (49:48:3) (2 mL) for 1.5 h at 25 °C by the
procedure described above to give the crude peptide with a
yield of 98% by amino acid analysis. HPLC: ¢z 9.5 min
(Nucleosil C18 column; elution conditions as in Figure 2).
FAB-MS [M + H] caled 1300; found, 1300.

H-(Val-His-Leu-Pro-Pro-Pro)s-OH. Couplings of the Fmoc-
Val-His(Trt)-Leu-Pro-Pro-Pro-OH were carried out according
to the protocol described for the synthesis of H-(Val-His-Leu-
Pro-Pro-Pro),-OH. Prior to each coupling step an acetylation
reaction was performed using the same procedure described
above. A sample of the H-(Val-His-Leu-Pro-Pro-Pro)s-OH-resin
was cleaved according to the procedure used for the cleavage
of the H-(Val-His-Leu-Pro-Pro-Pro).-OH to obtain the crude
peptide in a 99% of yield as judged by amino acid analysis.
The product was characterized by cation-exchange HPLC (tg
21.5 min; HPLC profile is shown in Figure 6) and ESMS (caled
5144; found, 5145).
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