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Efficient, Optimized Applications of p-Nitrophenyl Active Ester Temporarily
Protecting Groups Together with Simultaneous Activation in Synthesis of
Special Glu and Lys Peptides

Gy. Szokdn, M. Almés, A. K6tai* and A. R, Khlafulla
Department of Organic Chemistry, Eotviis University, H-1518 Budapest 112., P.O. Box 32, Hungary

Benzyloxycaxbonyl-glutamylpeptide p-nitrophenylesters were prepared from protected amino acids,
€.g.: p-nitrophenyl-glutamate as carboxyl component and aminoacid or peptide p-nitrophenylesters as
amino components by different kinds of peptide coupling methods. Mixed carbonic anhydride and azide
methods gave good results. The p-nitrophenylesicrs existed as temporary protecting groups, so the peptide
couplings proceeded together with simultancous activation. The conditions and applications of the proce-
dure are discussed. The peptides having one or more active ester groups were used to form amides by their
aminolysis with derivatives of ethylamine or were polycondensated (after deprotection) to obtain polypep-

tides.

INTRODUCTION

Certain conditions permit the use of activated esters as
carboxyl protecting gmups."3 In these cases they represent
dual function groups.” Esters with a higher degree of acti-
vation (e.g. phenylesters, ethyl-tiolesters)* than methyl or
ethyl esters are at an intermediate level between activated
esters and carboxyl protecting groups. They are not suffi-
ciently activated to give rise 1o side reactions during peptide
synthesis. Their main advantage is the ready amide (or hy-
drazide) formation. If we use activated ester (for example p-
nitrophenylester) as temporary carboxyl protecting group,
the coupling method employed must provide a higher de-
gree of activation than the activated ester or it will not be
possible to prevent side reactions: the aminolysis of p-ni-
trophenylesters, cyclization and so on.”

On the one hand, the esters can be arranged with rc-

spect to their activating properiies in approximately the or-
dcr:3.8-13

OEt < OBzl < OMe < OPh < SPh < OCH,CN < ONp <
OSu < OPCP < QPFP

The level of activity is demonstrated by the values of
infrared stretching frequencies for the carbonyl groups in
carboxyl derivatives (see Table 1). The activity is increas-
ing downward.

On the other hand, in order to utilize amino acid or
peptide component containing active ester as a temporary
carboxyl protecting group, it is necessary, that the coupling
reaclion employed proceeds rapidly compared with the ami-
nolysis of the active p-nitrophenylester group, Normally

the complete acylation of a peptide amino group by p-ni-
trophenylester in general requires 12-48 hours at room tem-
perature. With the mixed carbonic anhydride procedure, the
reaction is vsvally over in 1-2 hours. 11 is unlikely, there-
fore, that a competitive acylation involving the p-ni-
trophenyl group will interfere with the coupling reaction.
This is further indicated by the fact that dicyclohexylcar-
bodiimide, which requires some 4 hours for complete reac-
tion, has been vsed successfully in some cases for coupling
with amino acid p-nitrophenylesters.” An alternative ap-

Table 1. Characteristic Infrared Absorption Frequencies for Car-
bonyl Groups in Activated Glutamyl Carboxyl Groups
Compared with Other Derivatives (for IR spectra Zeiss
UR 10 Spectrometer was used; the compounds were ben-
zyloxycarbonyl-a- and y-glutamates prepared by our

laboratory)
) R Frequency
l Vc=0
-C-OR (cm™)
Acid 8] 1715-20
protecting CHs 1725-30
groups CH;CsHs 1735-45
CH:CH.Cl 1740
Ph 1750-60
Active Np 1755-65
esters Su 1763-70
PCP 1780-85
Mixed /CH3
anbydride COCH,CH 1780 and 1820
“CH;

in Leuchs-anhydride
in <CONH (peptide bond)
in -CONH (Z)

1805 and 1870
1650-65
1695-1705
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proach would be the use of active esters which are substan-
tially more reactive than the p-nitrophenyl derivatives for
the coupling stages. Examples of such compounds are the
2,4-dinitrophenyl-, tri and pentachlorophenyl-, N-hydroxy-
succinimideesters, which can couple generally within 1-2
hours. The time values depend on the quality of amino acid
residues, too. The acylazides, acyichlorides acylate afso
very rapidly.®

Using the given possibilities Goodman and Stueben™
and Goodman, Schmitt and Yphantis'® found at first, that a
benzyloxycarbonyl-amino acid (Ia) could be coupled di-
rectly with an amino acid-p-nitrophenylester {III) by the
mixed carbonic anhydride procedure and sometimes by di-
cyclohexylcarbodiimide, t0o. This reaction, in which the p-
nitrophenyl acts as a protecting group, depends on the fact,
that the coupling proceeds at a considerably greater rate
than the aminolysis of p-nitrophenylester groups.

The procedure was introduced generally as so called
"backing-off” method for preparation of protected peptide
active-esiers. It was then extended to the stepwise synthesis
of a complete series of sequential polypeptides.'*'® Then
trichlorophenylesters,® pentachlorophenylesters,””* N-hy-
droxysuccinimidesters,”™ 8-hydroxyquinolyester® and
pentafluorophenylester,”***" have been used as an active
temporary protecting group.

For the coupling reactions with these compounds
mixed carbonic anhydride,'*"*'" azide,”*” dicyclohexyl-
carbodiimide'® and more active ester’® methods were used.

Recently pentafluorophenylesters have been used for
temporary carboxyl group protection in solid phase synthe-
sis of N- and O-linked glycopeptides.’*°

RESULTS AND DISCUSSION

In our investigations the use of active ester temporary
protecting groups has been extended to the stepwise synthe-

r ] T
Z—NHCHCOOH + H;NCHCOONp ~* Z—NHCHCONHCHCOONp

Ia il i1
Fig. 1. "Backing off” procedure for dipeptide.

| P ToF o
Z=NHCHCOQH + H:NCHCONHCHCOONp— Z-NHCHCONHCHCONHCHCOONp

1 v v

Fig, 2. "Backing off" procedure for tripeptide.

Szokan et al.

sis of a complete series of oligoglutamy] peptides with 1, 2,
3, ... 6 p-nitrophenylester groups at & and y position (VIIL,
IX) and not only at the C, but at the N-terminal residue too
[VIIL, IX]. Dipeptides containing glycine [434] and tyro-
sine residues™ were also synthesized by this procedure.

In order to test this possibility by means of a simple
model synthesis, at first glycinesters and alkylglutamates,
then p-nitrophenylglntamates were subjected to couplings
with benzyloxycarbonyl-y-p-nitrophenyl-L-glutamate (V1)
(Fig. 3, 5).

Dicyclohexylcarbodiimide, mixed anhydride, N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline,* azide and
N-hydroxysuccinimide ester methods were applied success-
fully for the couplings and compared at the same time. Ta-
ble 2 contains a list of dipeptide active esters, which were
synthesized. From the comparison the mixed carbonic an-
hydride (MCA) seems to be the most satisfactory method.
During the synthesis isobutylchloroformate and N-methyl-
morpholine or triethylamine were used for the activation.
The amino components were liberated during the coupling
gradually by the same tertiary bases from their hydrochlo-
ride or hydrobromide salts. The reactions have been carried
out in a variely of solvents: anhydrous acetonitrile was
found to be particularly satisfactory because the endpro-
ducts were precipitated from the reaction mixtures. The
high crystallizability of the p-nitrophenyl derivatives facili-
tates their purification. p-Nitrophenyl-esters show a charac-
teristic UV absorption at 268-270 nm different from that of
p-nitrophenol (400 nm). This facilitates determination of
the rate of aminolysis or hydrolysis and makes it possible to
detect the purity of endproducts according to De Tar.'
Racemization does not occur to any significant extent be-
cause the acidic component is a benzyloxycarbonyl-ami-
noacid.'™
The summarized advantages of applications of p-ni-
trophenylesters are the following:

H-GlyOR
Z-Tiu—GlyOR R: Me, Et
ONp
vii
H-GlW(OR Y
Z-Gtx-OH Z-Tlu—Glu(OR’)z R"Et, Bzl
ONp ONp
Vil
Vi H-GluOR"
LONp

Z-Tiu——'—"" GluOR" R™ Bzl, ONp

ONp L ONp
X

Fig. 3. Dipeptide derivatives from benzyloxycarbonyl-
¥-p-nitrophenyl-glutamate VI



Applications of p-Nitrophenyl Active Ester

J. Chin. Chem. Soc., Vol. 44, No. 5, 1997

Table 2. Benzyloxycarbonyl-dipeplide-p-nitrophenylesters (the preparation methods are given in Experimental. Opti-
cal rotations were measured at concentration 1.0 g/100 mL. in ethylacetate and *dimethylformamide)

521

Compounds Methods Yields  MP. [o® RS R '*HNMR®
(%) o Veao cm’”! 8 ppm
-ONp+NH
Z-Glu(ONp)GlyOEt DCccl 35 13 -151° 085 1730 (COOEY)  7.25 (2H)
MCA 65 132 153 085 1762 (COONp)  7.64 (4H)
7-Glu(ONp)GlyOMe poCl 25 152 141 075 1695 (Z) 725 (2H)
MCA 60  153-154  -144 075 1660 (Amide I} 7.64 (4H)
EEDQ 55 151-153  -144 075 1735 (COOMe) -
AZIDE 40 1533 -144 075 -
Z-Glu(ONp)Glu(OBzl)2 Dccl 42 128 -128 031 1740 (COOBzl) -
MCA 68 130 -130 031 1770 (COONp)  7.25 (2H)
Z-Glu(ONp)Glu(OBzl) MCA 72 143-144 209 072 1645 (Amide ) 7.64 (4H)
Np 1770 (COONp) ~ 7.25 (4H)
Z-Glu(ONp)Glu(ONp), MCA 88 179-180  -308* 0.6 1700 (Z) 7.64 (6H)
EEDQ 70 179-181  -30.6* 056 1765 (COONp)  7.25 (6H)
AZIDE 45 178179 02 056 7.64 (RH)
Z-Glu(ONp)Tyr{OEt) MCA 4] 168-170  -19.9* 095 1725 (COOEy) -
Z-Gu(ONp)Tyr(OBzl) MCA 65 133-135  -129 098 1735 (COOBzl) -

Bzt CEDQ 81 133-134  -13.0* 098 1770 (COONp) -
Z{Ghu)(ONp) MCA 79  18%-186  -252* 051 1770(COONp)  7.25 (8H)
Z(Glu)(ONp)s MCA 68 170-172  -197* 048 1660 (Amide I)  7.64 (14H)
Z{Glu)s(ONp)s MCA 64 166-167  -163% 042 1700 (Z) 7.64 (1TH)
Z-Lys(BOC)-(Z-Lys-ONp) MCA 89 128-131 -154%  2.2° 1765 (COONp)  7.64 (4H)
Z-Lys(BOC)-(Z-Lysp-ONp MCA 95 119-125  -87¢  BI° 1695 (Z) 7.25 (2H)

* TLC Merck-silica, #-BuOH:AcOH:Hz0 4:1:1.

® see Experimental; signals due to Z groups: ~7.20 (s) and 4.95 (s) in all compounds.

k' (HPL.C) scc Experimental.

- The peptide p-nitrophenylesters are very well and
casily crystallizable compounds.

- p-nitrophenol is a very useful indicator because of its
yellow color for any side reaction forming it and p-ni-
trophenylester group means a very well detectable chromo-
phore.

- the active-ester content can be determined very sim-
ply.

- during HPL.C measurements there is no decomposi-
tion, but the couplings can he very well monitored because
of their detectability (see Table 2).

- aminolysis of p-nitrophenylesters can be performed
very easily (sec Table 3).

- p-nitrophenylesters are easily characterized by 1R,
UV, and '"H NMR (see Exp. data).

- there is no racemization at all of a-p-nitrophenylester
at N and C terminal (it was conirolled by Marfey’s-method).

The traditional mixed carbonic anhydride method
could be substituted by the vse of N-ethoxy-carbonyl-2-
ethoxy-1,2-dihydroquinoline (EEDQ).” The azide cou-
pling technique proceeded with the use of the /-butyloxycar-
bonylhydrazyl (X) blocking group for the protection of the
terminal carboxylic acid group.”’ We employ this blocking

group in conjunction with the benzyloxycarbonyl group.
Treating the derivative (XI) with trifluoroacetic acid or hy-
drogen chloride in acetic acid, removes the -butyloxy car-
bony) group without affecting the benzyloxycarbonyl group
yielding a hydrazide (XI1), which can subsequently be used
in an azide reaction. The azide reaction involves a homoge-
neous non-aqueous medium and azide forming agents such
as isoamyl or t-butyl-nitrite and the coupling proceeds with-
out the isolation of azide (X1II). Details of the synthesis can
be seen from Fig. 4.

In all cases, active csters were at the C-terminal end
and the peptide chains were lengthened from C-terminal
residues of amino acids. The method was optimized by our
laboratory in the case of o-glutamyl-peptides [Table 6}.
The peptide couplings with simultaneous activation were
systematically investigated with the help of multi-p-ni-
trophenylesters of oligoglutamyl peptides, where p-ni-
trophenylesters were uscd as temporary protecting groups.
The first applications took place in the case of sequential
polypepiides, where the tripeptide active esters for polycon-
densation were prepared in this way without basic treat-
ment, racemization free.'

Qn the other hand homoisopeptides could be synthe-
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sized by this procedure without basic treatinent, racemiza-
tion free. According to our method the monomer protected
lysine-p-nitrophenylester serves as starting material. The 1-
butyloxycarbonyl group was removed by acidolysis, and the
protected lysine vnit was coupled to it by the mixed anhy-
dride method. The conditions most favorable to the mixed-
anhydride couvpling method were the following: solvent:
acetonitrile; reagent forming anhydride: isobutyl-chlorofor-
mate; tertiary base: triethylamine; time of activation; 15-20
min.; temperature: -10 °C; neutralization of amino compo-
nent salt: with triethylamine, After removal of the acid sen-
sitive protecting group, the dipeptide could be polyconden-
sated or deprotected and coupled again with the next pro-

tected lysine. The best results were obtained by repeating

the couplings to tripeptide. After polycondensation,
isopolylysines were formed with the desired number of resi-
dues. Removal of the benzyloxycarbonyl protecting groups
was performed by HBr in acetic acid (See Fig. 6).

The poly-isopeptides preparations were analyzed us-
ing modern separation techniques such as HPLC, IEC, GC
and by structure determination methods as UV, IR, CD (See
Table 4; detailed experimental data will be published else-
where).

The polymers (see Table 4) were characterized by vis-
cosity, molecular weight, dispersity, optical rotation, and
purity. It was concluded, that poly-isolysines of a given
Mw, with low polydispersity and in a wide Mw range can be
reproducibly synthesized by our method. The intermediates
are well crystallizable products, and the endproduct poly-
mers are substances of high purity. Cyclolysines were syn-
thesized by Iwai with a similar method >

Summarizing the results, according to the experimen-

Z-Glu-OH + H;N-NH-BOC ——— Z-Glu-NHNH-BOC

ONp

ON]
vi X d

1. TFA JeHCI

Z-Glu-N; +—— Z-Glu-NHNH,-HC]

ONp ONp
XIII X1
Z- Gl u—— GlyOMe Z-Glu lu-ONp
ONp ONp ONp
VI

Fig. 4. Acylazide method.
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tal data p-nitrophenyl groups could function as temporary
protecting groups in all positions. The couplings proceeded
in the right direction using the mixed anhydride, EEDQ, and
azide technique. The dicyclohexylcarbodiimide (DCCI)
method was suitable only with p-nitrophenylester as a car-
boxylic component, but not in other case. The activities of
dicyclohexylcarbodiimide complex and N-hydroxysuccin-
imidester of benzyloxycarbonyl-p-nitrophenyl-glutamate
were not enough for total right coupling side reactions to
proceed too, liberating p-nitrophenol. The side reactions
were attributed to the possible formation of pyroglutamyl-
ring, diketopiperazine derivatives or cyclic and linear
polypeptides because of the aminolysis of active ester
groups.” It is well known that y-glutamate and dipeptide es-
ters can easily be cyclized to form pyroglutamyl ring and
diketopiperazine, respectively. A side reaction indicates it-
self because p-nitcophenol, liberated, exhibits a yellow col-
our that can be seen in the reaction mixture and on the chro-
matogram too. In some cases byproducts were isolat

the free p-nitrophenol reacted with the activated N-terminal
component producing the suitable acylated amino acid p-ni-
trophenylesters.

To the synthesis of a complete series of oligoglu-
tamylpeptides (IXc, n = 2, 3, 4, 5) the peptide chain was
lengthened from the C-terminal residue, The stepwise syn-
thesis started with the preparation of di-p-nitrophenyl-gluta-
mate hydrobromide (X111, #n = 2). The benzyloxycarbonyl
protecling group was removed in every step with 2N hydro-
gen bromide in acetic acid in the usval way. Where possible
the resultant peptide p-nitrophenylester hydrobromides
were recrystallized, but in a number of cases the products
were hygroscopic and were used after washing and drying
directly for the following coupling stages with the mixed
carbonic anhydride method. The peptide chain was built up

Tt

HBr/AcOH
Z-Glu-OH HB8r-H Cﬁu Np Z GhL ONp
+ —
LONp ONp ONp
n n+l

Xd
n=1234

Fig. 5. Stepwise synthesis of benzyloxycarbonyl-oli-
gopeptide-p-nitrophenylesters.
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Table 3. Amides Prepared by Aminolysis of the Suitable p-Nitrophenylester. Optical Rotations Were Measured atc = 1.0 in

EtOH and *TFE
Starting active esters Amines MP.of Yields [0]p® Rr IR
amides ('C) (%) ve—o cm’
Z-Glu(ONp)GlyOEt HNCH,CHN(CH3);  99-101 80  -23.0° 0.64" 1690 (2), 1645 (Amide I)
Z-Glu(ONp)Glu(OBzl) H,NCHCH;N(CHs), 111-112 83 -140 073 1730 (COOBzl), 1690 (Z)
Z-Gl(ONp)Glu(OBzl)  H,NCH;CHN(CH3), 168-169 08 210 037 1645 (Amide 1), 1730 (COOBzl)
Np
Z-Glu(ONp)Glw(ONp)»  H.NCHCH:N(CH3),  192-193 89 -102 038 1690 (Z), 1645 (Amide I)
Z-Glu(ONp)-Tyr-(OBzl) H,NCH,CH,SH 188-189 73 324 074"  1690(Z), 1730 (COOBzl)
Bzl
Z-Glu(ONp)GlyOEt HNCH,CH.SH 172-174 81 285 057 1748 (COOE)
Z(Glu)s(ONp)s H,NCH.CHoN(CHs), 200201 91 -18.1% 026 1645 (Amide D)
Z(Glu)y(ONp)s HoNCHCHoN(CHa);  208-209 85 -13.6* 0.13° 1695 (2)
Z(Glu)s(ONp)s H:NCH,CHN(CH:),  218-220 82 -12.7* 035° 1645 (Amide]), 1695 (Z)

Rp: TLC Merck-silica

* n-BuOH:Pyr:AcOH:H;0 30:60:20:24

® the same, but 30:6:20:24

¢ n-BuOH:Pyr: AcOH:H,0: DMF 30:60:20:24:15 (viv)

as shown on Fig. 4,

The good reactivity of peptide and amino acid p-ni-
trophenylesters in aminolysis resulted in a lot of y-amides in
reasonable yields. The reaction proceeded with equivalent
amines calculated for the number of p-nitropbenylester
groups.”™*" Taple 3 contains a list of compounds synthe-
sized by this method.

Z-Lys-OH + Z-Lys-ONp —2_, zyjys-oNp _ Z—Ij's-ONp
.

XV XVI BOC Hal
XV Vil
Z-Lys-ONp
Z-Lys-ONp ZLy
Z-Lys-OH + Z-Lys B L
OC RBCl g;c
Xv XV AIX
Z-Lys-ONp Z-frs .....
Z-L Z-Lys
Z-Ly polycondénsation Z-L
HCl +
deprotection XX
poly-e-L-lysine

{m.a. = mixed anhydride method)

Fig. 6. Synthesis of poly-&-L-lysine.

The summarized applications of our method are the
following:

1. Sequential polypeptides

2. Poly-active esters of oligoglutamyl peptides

3. Glulaminy) peplides e.g. basic derivatives of glu-
tamyl peptides, glutamylamides® "

4, y-L-glutamyl-taurine peptides and their intermedi-

116,17

ates
5. e-poly-lysines, lysine isopeptides, cyclolysines®**®
6. Branched peptides (e.g. bacitracin), cyclic peptide
antibiotics”
7. N-glycopeptides (Asn-sugar)

39,40

EXPERIMENTAL

All reagents and solvent were reagent grade from RE-
ANAL Ltd, Hungary. Protected amino acids were obtained
from the same firm. All meltin £ points were vacorrected.
Optical rotations were measured with a Zeiss Polamat A po-
larimeter at 20 "C. TLC was performed on Merck's sili-
cagel. Visualization of spots on TLC plates took place by
use of TMD reagent (NV,N,N' . N"-tctramethyl-4,4’-diamino-
diphenyl methane) after chlorination. 'H NMR spectra were
obtained using a ZKR6Q spectrometer at 60 MHz in
(CDs).SO/TMS.

For infrared spectra a Zeiss UR10 spectrometer was
used.

HPLC measurements were performed on a Knauer in-
strument (Berlin, Germany) consisting of two pumps
(Model 64), a programmer (Model 50), a variable-wave-
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Table 4. Characterisation of Isopolylysines (¢-poly-lysines-HBr) Prepared by Polycondensation of Tripeptide
Active Esters Synthesized with "Backing Off” Procedure

Starting material Charge MW Polym.* Viscosity n spec/c [alp®  Br%

{for pelycondensation) No of polymers  (£300) degree (£2) (protected polymer)

BOC(Z-Lysh-ONp SZTP3 8700 68 288 +305 324
SZTP4 10400 81 304 +318 367
SZTP7 10600 82 30.9 +31.9 36,6
SZTP14 12700 99 319 +324 368

*They were determined with UC measurement by P. Kovics (Dept. Colloid Chemistry, Eétvés University,

Budapest).

length UV monitor, and a sample injector (Rheodyne 7010,
Berkeley, CA, USA). The column (125 x 4 mm) packing
material was Hypersil-ODS6 (Shandon Southem Products,
Runcorn, UK). Peaks were recorded on a Model OH-314-1
chart recorder (Radelkis, Hungary). The chromatograph
was operated isocratically at flow rate 1 cm’/min. MeQH/
0.02 M NaOAc buffer (pH 4.0)-CH3CN 40:30:30 (viv/v)
mixture was used as eluent, detection at 254 nm.

Determination of p-Nitrophenylester-groups

1.0 mg sample of compound containing one ot more p-
nitrophenylester groups was dissolved in 25 mL of 0.1 N so-
dium hydroxide at room temperature during some hours.
The absorbance of this solution was measured at 460 nm by
UNICAM SP 700 spectrophotometer. Recrystallized p-ni-
rophenol was the suitable reference standard with molar ex-
tinction coefficient: 18400.

General Procedures for Preparation of Benzyloxycar-
bounyl-peptide p-Nitrophenylesters (Table 2)

(A) by mixed carbonic anhydride method (MCA)

A solution of the benzyloxycarbonyl-y-p-nitrophenyl-
glutamate (VI 2.01 g, 5 mmole) or Z-Lys(Boc)-OH (XV)
and triethylamine (0.70 m1.; 5 mmole) in anhydrous ace-
tonitrile (35 mL) was cooled to -20 °C in salt-ice bath, and
isobutylchloroformate (0.70 mL; 5 mmole) was added drop-
wise with vigorous stirring. After a further 20 min at this
temperature, the amino acid or peptide p-nitrophenylester
salt (hydrobromide or hydrochloride; 5 mmole) was added,
followed by the dropwise addition of a cold solution of
triethylamine (0.70 mL; 5 mmole) in acetonitrile (5 mL).
Stirring was continued for 1 hr at -20 °C and the mixture
containing precipitated end-product was allowed to reach 0
*C graduaily during the next hour. The mixture was diluted
with 300 mL 0.5 N HCI. The solid product was collected,
washed with dilute HCL, water, dried over PoQs in vacuum
and finally recrystallized. If oil product was obtained, it
was extracted with ethylacetate, washed with N HCI, water,

4% sodium bicarbonate, water and finally dried over sodium
sulphate. The solution was evaporated and the solid residue
was recrystallized from acetonitrile or ethanol.

(B) by N-ethoxy-carbonyl-2-ethoxy-1,2-dihydroqui-
noline (EEDQ)

To a solution of benzyloxycarbonyl-y-p-nitrophenyl-
glutamate (VI; 0.402 g; 1 mmole) and aminoacid-ester (1
mmole, freshly prepared from its hydrochloride or hydro-
bromide salts with an equivalent amount of N-methylmor-
pholine) EED(} (1 mmole) was added at 0 "C. When the
amino component coutains a p-nitrophenyl group too, the
reaction time is 4 hr at -5 *C. The mixtore was poured into
dilute HC1. The precipitated product was collected, washed,
dried, and finally recrystallized from acetonitrile or ¢thanol.

(C) by dicyclohexylcarbodiimide (DCCI)

To s solution of benzyloxycarbonyl-y-p-nitrophenyl-
glutamate (VI, 2.01 g; 5 mmole) and aminoacid-ester (5
mmole) in anhydrous acetonitrile (30 mL) DCCI (1.05 g; 5
mmole) was added at 0 °C with stirring. After one hour the
reaction was allowed to warm (o room temperature and sit
for an additional 3 hr. The white precipitate (dicyclohexy-
lurea) was filtered and washed. The combined filtrate was
evaporated under reduced pressure at 20 “C. The residue
was taken up in 50 mL of ethylacetate, extracted with 1 M
HCI, water, 4% sodium bicarbonate (until the organic layer
was colorless), water, and finally dried over sodium sul-
phate. The dried solution was evaporated and recrystallized
from ethanol-diethylether.

(D) by acylazide-method

Benzyloxycarbonyl-(w-hydrazidyl-y-p-nitrophenyl-
glutamate hydrochloride (XII; 0.45 g, 1 mmole) was sus-
pended in S mL of acetonitrile and cooled to -15 °C in an
acetone-dry ice bath. 2 mL of 2 M hydrogen chloride in
tetrahydrofurane (4 mmole) and isoamylnitrite (0.14 mL; 1
mmole) was added to the reaction mixture which was vigor-
ously stirred until a clear solution was obtained with the
suitable azide at -5 "C. The resulting solution was cooled to
-40 * C and pre-cooled triethylamine in acetonitrile (0.7 mL;
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5 mmole) was added to it. Then the aminoacid-gster or salt
(1 mmole) was added at -20 °C, followed by the dropwise
addition of a cold solution of triethylamine (5 mmole). Stir-
ring was continued for 2 hr between -10 and -20 *C and the
mixture containing the precipitated product was dropped
into dilute HCI. The solid was collected, washed, dried and
recrystallized from ethanol-diethylether,

(E) by N-hydroxy-succinimide-ester (OSu)

To a solution of benzyloxycarbonyl-c-N-hydroxysuc-
cinimide-y-p-nitrophenyl-glutamate (0.5 g; 1 mmole) in
acetonitrile  di-p-nitrophenyl-plutamate hydrobromide
(XIV, n = 1) was added, followed by the dsopwise addition
of a cold solution of triethylamine (2 mmole) at-10 °C. Af-
ter 4 hr, the reaction mixture was poured into dilute HC, ex-
tracted with ethylacetate. The solution in ethylacetate was
washed with # HCI, water, 4% sodium bicarbonate, water,
and then finally dried and evaporated. The residue was crys-
tallized from ethanol: 0.9 g, mp 112-114 *C identified as by-
product:  benzyloxycarbonyl-di-p-nitrophenyl-gluiamate
(IX¢; 1 = 1) with IR and ONp-measurements.

For Peptide-p-nitrophenyl-ester-hydrobromides (XV; n
= 1-4)

The benZyloxycarboliyl-pcptide-p-nitrophenyl ester
(1 g) was dissolved in 3 mL acetic acid and reated with4 N
hydrogen bromide in acetic acid (3 mL) for about 1 hr at
room temperature. The pure reaction mixture was diluted
with 100 mL ether. The precipitated hydrobromide salt was
collected, washed with ether, and dried for at least 4 hr, over
KOH and Ha8Q, in vacuo.

For Aminolysis of Peptide p-Nitrophenylesters

The benzyloxycarbonyl-amino acid or peptide-p-ni-
trophenyl-ester (1 mmol)} was dissolved in ethyl acetate (10-
20 mL} or in a mixture of ethylacetate and dimethyl-for-
marmide. The suitable amine (mmole cquivalent to the num-
ber of p-nitrophenyl groups) was added dropwise at 0 °C.
After 2 hrs the mixlure was allowed to stand at room tem-
perature. After cooling in a refrigerator the crystallized
product was collected, washed with ether, and recrystal-
lized. When no crystallization procecded, after dilution
with ethylacetate, the solution was purified with §% Na-
HCOQ; and water, dried, and then evaporated. See the prod-
ucts in Table 3.

For Polycondensations

23 g 24 mmole) of tri-(N*-benzyloxycarbonyl-L-ly-
sin¢)-p-nitrophenylester-hydrochloride were condensed in
60 mL of dimethylsulfoxide, in the presence of 4.5 mL of
triethylamine, up to gel formation. The polymer was iso-
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lated by pouring into an aqueous 5% Na,COs solution. 16 g
of protected polymer of the previous step were dissolved in
100 mL. of rifluoroacetic acid and 10 mL of 4N HBr/AcOH
were added. The end-product was precipitated by ether.
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