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Efficient, Optimized Applications of p-Nitrophenya ActiveEster Temporarily
Protecting Groups Together with Simultaneous Activation in Synthesis of

Special Glu and Lys Peptldes

Gy. Szokan, M. Almas, A. K6tai* and A. R. Khlafulla
Department ofOrganic Chemistry, EtJtw'}s University, H-/518 Budapest 112., PO. Box32, Hungary

Benzyloxycarbonyl-glutamylpeptide p.nitropbenylesters were prepared from protected amino acids.
e.g.: p~nitrophenyl-glutamateas carboxyl component and aminoacid or peptide p-nitrophenyiesters as
amino components by different kinds of peptide coupling methods. Mixed carbonic anhydride and azide
methods gave good results. The p-nitropbenylestcrs existed as temporary protecting groups, so the peptide
couplings proceeded together with simultaneous activation. The conditions and applications of the proce
dure are discussed. The peptides having one or more active ester groups were used to fonn amides by their
aminolysis with derivatives of ethyl amine or were polycondensated (after deprotection) to obtain polypep
tides.
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INTRODUCnON

Certain conditions permit the use of activated esters as
carboxyl protecting groupS.J·3 In these cases they represent

dual function groups." Esters with a higher degree of acti

vation (e.g. phenylesters, ethyl-tiolestersr'" 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 to side reactions during peptide

synthesis. Their main advantage is the ready amide (or hy
drazide) formation. If we use activated ester (for exampleP:

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 SOon.'
On the one hand. the esters can be arranged with re

spect to their activating properties in approximately the or
der:3•8•13

OEt< OBzI< OMe< OPh < SPb< OCHzCN < ONp<
OSu < OPCP < OPFP

The Jevel 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 band, in order to utilize amino acid or

peptide component containing active ester as a temporary

carboxyl protecting group, it is necessary, that the coupling

reaction 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 usually over in 1-2 hours. It 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

boditmide, which requires some 4 hours for complete reac

tion. has been used successfully in some cases for coupling

with amino acid p-nitrophenylesters.
14

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
zylcxycarbonyl-u- and y-glutamates prepared by our
laboratory)

0 R Prequency
II Vc=o

-C-OR (em· l
)

Acid H 1715-20

protecting CHJ 1725-30

groups CH2C6Hs 1735-45

CH2CH2CI 1740
Pb 1750-60

Active Np 1755-65

esters Su 1765-70

PCP 1780-85

Mixed /CH3
anhydride COCHzCH 1780 and 1820

'CH3

in Leuchs-anhydride 1805 and 1870

in -CONH (peptide bond) 1650-65

in -CONH (Z) 1695-1705
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RESULTS AND DISCUSSION

In our investigations the use of active ester temporary

protecting groups basbeen extended to thestepwise synthe-

j" f t r~' ~
Z-NHCHCOOH + H,NCHCONHCHCOONp-- c-NHCHCONHCHCONHCHCOONp

R' R R' R
I I I J

Z-NHCHCOOH+ H!NCHCOONp - Z-NHCHCONHCHCOONp

R": Bzl,ONp

R" EI, Bzl

R:Me,Et

l-tu-""rUOR"
ONp ONp
IX

H-GluOR"
LONp

VI

H-GlyOR

C
Z'(r,u-GIYOR

ONp
vn

H-Glu(OR'h
Z-GeOH ' Z'<e-G1U(OR'n

ONp ONp
VUI

sis of a complete series of oligoglutamyl peptides with 1, 2,

3, ... 6 p-nitrophenylester groups at 0. and r position (VIII,

IX) and not only at the C, but at the N-tenninal residue LOo

[VIII, IX}. Dipeptides containing glycine [434J 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-nitrophenylglutamates were subjected to couplings

with benzyloxycarbonyl-y-p-nitrophenyl-L-glutamate (VI)

(Fig. 3, 5).
Dicyclohexylcarbodiimide, mixed anhydride, N

ethoxycarbonyl-2-ethoxy-l ,2-dihydroquinoline,36 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

morphoJine 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 hydro bromide salts. The reactions have been carried

out in a variety 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 showacharac

tertstic LN 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.l~

Racemization does not occur to any significant extent be

cause the acidic component is a benzyloxycarbonyl-ami

noacid. 17.29

The summarized advantages of applications ofp-ni

trophenylesters are the following:

IIIII

Fig. I. "Backing off" procedure for dipeptide,

La

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, acylchlorldes acylate also

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-nitropbenylester (III) by the

mixed carbonic anhydride procedure and sometimes by di

cyclohexylcarbodiimide, too. 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-esters. It was then extended to the stepwise synthesis

of a complete series of seq uential potypeptides.":" Then

rnchlorophenytesters," pemachrorophenyfesters.P?' N-hy

drox ysuccin imidesters,22-24 8-hydroxyq uinolyester 24 and

pentafluorophenylester,":":" have been used as an active

temporary protecting group.

For the coupling reactions with these compounds
mixed carbonic anhydride,14.15.17-21 azide/6•27 dicyclohexyl

carbodumide'" and more active ester9
.
23methods were used.

Recently pentafluorophenylesters have been used for

temporary carboxyl group protection in solid phase synthe

sis ofN- and O-Iinked glycopepudes.":"

Ib IV v

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

Fig. 3. Dipeptide derivatives from benzyloxycarbonyl
y-p-nitruphenyl-glutamate VI.
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Table 2. Benzyloxycarbonyl-dipeplide-p-nitrophenylesters (thepreparationmethodsare given in Experimental. Opti-
cal rotations weremeasuredat concentration 1.0 g1100 rnL in ethylacetateand *dirnethylformamide)

Compounds Methods Yields M.P. [aJD2O Rp' IR 'HNMRb

(%) CC) ve-ocm'( oppm
-ONp+NH

Z-Glu(ONp)GlyOEt occr 35 131 -15.1' 0.85 1730(COOEt) 7.25 (2R)
MeA 65 132 -\5.3 0.85 1762(COONp) 7.64 (4H)

Z-Glu(ONp)GlyOMe nco 25 152 -14.1 0.75 1695(Z) 7.25 (2H)

MCA 60 ]53-]54 -14.4 0.75 1660(Amide I) 7.64 (4H)
EEDQ 55 151-153 -14.4 0.75 1735 (COOMe)
AZIDE 40 153 -14.4 0.75

Z-Glu(ONp)Glu(OBzlh DeCI 42 129 -12.8 0.31 1740(COOBzl) -
MCA 68 130 -13.0 0.31 1770(COONp) 7.25 (2R)

Z-Glu{ONp)Glu(OBzl) MCA 72 143-144 -20.9 0.72 1645(AmideI) 7.64 (4H)
LONp 1770(COONp) 7.25 (4H)

Z-Glu(ONp)Glu(ONph MCA 88 179-180 -30.8'" 0.56 1700 (Z) 7.64 (6H)
EEDQ 70 179-181 -30.6* 0.56 1765(COONp) 7.25 (6R)
AZIDE 4S 178-179 -30.2 0.56 7.64 (8H)

Z-Glu(ONp)Tyr(OEt) MCA 41 168-170 -19.9* 0.95 1725(COOEl)
Z-Glu(ONp)li::r(ORzI) MCA 65 133-135 -12.9 0.98 1735(COOBzl) -

Bzl EEDQ 81 133-134 -13.0'" 098 1770(COONp)
Z(Glu}3(ONp}4 MCA 79 185-186 -25.2* 0.51 1770(COONp) 7.25 (8R)

Z(Glu)..(ONp}s MCA 68 170-172 -19.7* 0.48 1660(Amide I) 7.64 (l4H)

Z(Glu)s(ONp)6 MCA 64 166-167 -16.3* 0.42 1700(Z) 7.64 (17H)
Z-Lys(BOC)-(l-Lys-ONp) MCA 89 128-131 -15.4" 2.2c 1765(COONp) 7.64 (4H)

Z-Lys(BOCHZ-Lysh-ONp MCA 95 119-l25 -8.7* 8.1c 1695 (Z) 7.25 (2H)

'lLe Merck-silica, n-BuOH:AcOH:H20 4:1:1.
b see Experimental: signalsdue to Z groups:-7.20 (s) and 4.95 (s) in all compound';.
.ok' (HPI.£) sec Experimental.

- The peptide p-nitrophenylesters are very well and
easily 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 HPLC measurements there is no decomposi

tion, but the couplings can he very well monitored because

of their detectability (see Table 2).

• aminolysis of p-nitropbenylesters can be performed
very easily (see Table 3).

- p-nitrophenylesters are easily characterized by JR.

UV. and IHNMR (see Exp. data).

- there is no racemization at all of u-p-nitrophenylester

at Nand C terminal (it was controlled by Marfey's-method).

The traditional mixed carbonic anhydride method

could be substituted by the lise of N-ethoxy-carbonyl-2

emoxy-Lz-dihydroquinoline (EEDQ).3J The azide cou

pling technique proceeded with the use of the t-butyloxycar

bonylhydrazyl (X) blocking group for the protection of the

terminal carboxylic acid group." We employ this blocking

group in conjunction with the benzyloxycarhonyl group.

Treating the derivative (XI) with trifluoroacetic acid or hy

drogen chloride in acetic acid, removes the t-butyloxy car

bonyl group without affecting the henzyloxycarbonyl group

yielding a hydrazide (XII), 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 r-butyl-nitrite and the coupling proceeds with

out the isolation of azide (XIII). Details of the synthesis can
be seen from Fig. 4.

In all cases, active esters were at the C-terminal end

and the peptide chains were lengthened from C-tenninal

residues of amino acids. The method was optimized by our

laboratory in the case of o-glutamyl-pepudes [Table 6).

The peptide couplings with simultaneous activation were

systematically investigated with the help of multi-p-ni

tropnenylesters of oligoglutamyl peptidcs. where p-ni
trophenylesters were used as temporary protecting groups.

The first applications took place in the case of sequential

polypeptides. where the tripeptide active esters for polycon
densation were prepared in this way without basic treat

ment. racemization free. 16

On the other hand homotsopepudes could be synthe-
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Z-Glu-OH + H1N-NH-BOC --+~ Z-Glu-NHNH-BOC

LONP LONP
~ X ~

1. TFA !tilCl

Z-Glu-NJ +4---- Z-Glu-NHNH,"HCI

LONP LONp -

XIII XU

sized by this procedure without basic treatment, racemiza
tion free. According to our method the monomer protected

Iysine-p-nitrophenylesterserves as starting material. The r
butyloxycarbonyl group was removed by acidolysis, and the

protected lysine unit was coupled to it by the mixed anhy

dride method. The conditions most favorable to the mixed
anhydride coupling 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 modem separation techniques such as HPLC, mc. GC

and by structure determination methods as Uv, JR, CD (See

Table 4; detailed experimental data will bepublished else
where).

Tbe polymers (see Table 4) werecharacterized by vis
cosity, molecular weight, dispersrty, 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 !yn
thesized by Iwai with a similar method.":"

Summarizing the results, according to the experimen-

ziLU --t-ONp
ONp J_

n
!XcI~dA~H

Z-Glu-OH + HBr'Hit ::tN!..- Z1Gt::j0NP
loNp OMp ONp

D n+1

IXd
0-1,2,3,4

XIVV]

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-glutamateand dipeptide es
ters can easily be cyclized to form pyroglutamyl ring and

diketopiperazme, respectively. A side reaction indicates it
self because p-nitrophenol, liberated, exhibits a yellow col
our that canbe seen in the reaction mixture and on the chro

matogram too. In some cases byproducts were isolated:"

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

trophenylesters.
To the synthesis of a complete series of oligoglu

tamyJpeptides (IXc, 11 =2, 3, 4, 5) the peptide chain was
lengthened from the C-tenninal residue. The stepwise syn

thesis started with the preparation ofdi-p-nitrophenyl-gluta

mate bydrobromide (XIII, n =2). The benzyJoxycarbonyl
protecting group was removed in every step with 2N hydro
gen bromide in acetic acid in the usual way. Where possible

the resultant p~p!ide p-njtrophenylester 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

Zrce-- t-ONP

ONp ONp

IX

Z-Gt:-GlyOMe

ONp

VII

Fig.4. Acylazide method.

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 at c :::1.0 in
EtOHand *TFE

Startingactive esters Amines M.P.of Yields [a]D20 Rp IR
amidesCc) (%)

-1
VC",(lcm

Z-Glu(ONp)GlyOEt HzNCHzCHzN(CH3)z 99-101 80 -23.0' 0.64" 1690 (Z), 1645 (Amide I)
Z-Glu(ONp)Glu(OBzlh HzNCHzCHzN(CH3)z 111-112 83 -14.0 0.73" 1730 (COOBzl), 1690(2)
Z-Glu(ONp)Glu(OBzl) HzNCH2CHzN(CH3)2 168-169 98 -21.0 0.31' 1645(Amide I), 1730(COOBzl)

LONp
Z-Glu(ONp)Glu(ONph H.NCH2CHzN(CH3)2 192-193 89 -roz 0.38" 1690(Z), 1645 (Amide I)

z..Glu(ONp)-TL-(OBzl) H:zNCHzCHzSH 188-189 73 -32.4 0.74" 1690(2),1730(C(K)BzD
Bzl

z..Glu(ONp)GlyOEt HzNCHzCfhSH 172-174 81 -28.5 0.51' 1748(COOEt)
Z(Glu)3(ONp).. HzNCH2CHzN(CH3h 200-201 91 -18.1 .. 0.26" 1645(Amide I)

Z(GluMONp)s HzNCH2CH2N(Cfhh 208-209 85 -13.6* O.Bb 1695 (Z)

Z(Glu)'S(ONp)6 H:zNCHzCH:!N(CH3h 218-220 82 -12.7* 0.35< 1645(Amide n 1695(2)

RJ,: lLC Merck-silica
• n-BuOH:Pyr:AcOH:HzO 30:60:20:24
b the same, but 30:6:20:24
en-BuOH:Pyr:AcOH:H20:DMF 30:60:20:24: 15 (v/v)

as shown on Fig. 4.

The good reactivity of peptide and amino acid p-ni
trophenylcsters in aminolysis resulted in a lot of y-amides in

reasonable yields. The reaction proceeded with equivalent

amines calculated ror the number of p-nnropbenylester
groupS.2.29,30 Table 3 contains a list of compounds synthe-

sized by this method.

The summarized applications of our method are the

following:

1 S ·at I 'd 11!'17. equenu po ypepn es' .

2. Poly-active esters of oligoglutamyl peptides

3. Glutaminyl peptides e.g. basic derivatives of glu
tamyl peptides, gJutamylamides29,3o.3s

4. ,¥-L-glutamyl-laurine peptides and their intermedi-

m.a.
Z-Lys·OH +Z-L;S-ONP - ZJLs·ONp - Z-Lrs-ONp

Joe Hel 2.-L Z-LysJI .
XV XVI soc HO

XVII xvm

ales
5. e-poly-lysines, lysine isopeptides, cyclolysines34

•
36

6. Branched peptides (e.g. bacitracin), cyclic peptide

anubiotics"
7. N-glycopeptides (Asn_sugar)39.4o

Fig. 6. Synthesis of poly-e-i.-Iysine.

(rn.a, =mixed anhydride method)

• polY-I::-!.rIysine

HCl

EXPERIMENTAL

All reagents and soJvent were reagent grade from RE

ANAL Ltd., Hungary. Protected amino acids were obtained
from the same finn. All melting points were uncorrected.

Optical rotations were measured with a Zeiss Polarnat A po
larimeter at 20 ·C. TLC was performed on Merck's siJi

cagel. Visualization of spots on TLC plates took place by

use of TMD reagent (N,N,N',N"-tetramethyl-4,4'-diarnino

diphenyl methane) after chlorination. lH NMR spectra were

obtained using a ZKR60 spectrometer at 60 MHz in

(CD3hSOffMS.
For infrared spectra a Zeiss DR I0 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-

Ii

xx

XIX

Z-jS
z..Lys

Z·LJ

Z-LYS·QNp

ZoLyJ

Z.LrsJ
BOC

XVIII

polycOlldensation I

XV

deprotection

Z.Lys-ONp

J Ill.a.
Z·Lys-OH + Z-Lys -

~oc HO

Z-Lys-ONp

Z-LJ
Z-LyJ
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Table 4. Characterisation of Isopolylysines (e-poly-lysines-Hllr) Prepared by Polycondc:nsation of Tripeptide
Active Esters Synthesized with "Backing Off" Procedure

Starting material Charge MW Polym.* Viscosity 11 speclc [0:]D
2O Br%

(for polycondensation) No of polymers (±300) degree (±2) (protected polymer)

BOC(Z-Lysh-ONp SZTP3 8700 68 28.8 +30.5 32.4

SZTP4 10400 81 30.4 +31.8 36.7
SZIP7 10600 82 30.9 +31.9 36.6
SZfP14 12700 99 31.9 +32.4 36.8

*Theywere determined with UC measurement by P. Kovacs (Dept. Colloid Chemistry, Eotvos University,
Budapest).

Szokan et al.

length UV monitor, and a sample injector (Rheodyne 7010,
Berkeley, CA, USA). The column (125 x 4 mm) packing

material was Hypersil-ODS6 (Shandon Southern Products,

Runcom, UK). Peaks were recorded on a Model OH-314-1
chart recorder (Radelkis, Hungary). The chromatograph

was operated isocratically at flow rate I cm3lmin. MeOHI

0.02 M NaOAc buffer (pH 4.0)-CH3CN 40:30:30 (v/v/v)

mixture was used as eluent, detection at 254 nm.

Determination of p-Nitropbenylester-groups

1.0 mg sample of compound containing one or 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 400 om by

UNICAM SP 700 spectrophotometer. Recrystallized p-ni
trophenol was the suitable reference standard with molar ex
tinction coefficient: 18400.

General Procedures for Preparation of Benzyloxycar
bonyl-peptide p-Nltropbenylesters (Table 2)

(A) by mixed carbonic anhydride method (MCA)

A solution of the benzyloxycarbonyl-j-p-mtrophenyl
glutamate (VI 2.01 g, 5 mmole) or Z-Lys(Boc)-OH (XV)

and triethylamine (0.70 mL; 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,

foJlowed by the dropwise addition of a cold solution of
triethylamine (0.70 mL; 5 mmole) in acetonitrile (5 mL).

Stirring was continued for I hr at -20 ·C and the mixture

containing precipitated end-product was allowed to reach 0

o C gradually during the nex t hour. The mixture was diluted

with 300 mL 0.5 N HCl. The solid product was COllected,

washed with dilute HCI, water, dried over P20 s 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-I,2-dihydroqui
noline (EEDQ)

To a solution of benzyloxycarbonyl-y-p-nitrophenyl

glutamate (VI; 0.402 g; I rnrnole) and aminoacid-ester (1
mmole, freshly prepared from its hydrochloride or hydro

bromide salts with an equivalent amount of N-methylmor

pholine)EEDQ (l mmole) was added at 0 ·C. When the

amino component contains a p-nitrophenyl group too. the

reaction time is 4 hr at -5 0 C. The mixture was poured into

dilute HC!. The precipitated product was COllected,washed,

dried, and finally recrystallized from acetonitrile or ethanol.

(C) by dicycIohexylcarbodiimide (OCCI)
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) Den 0.05 g; 5

mmole) was added at 0 'C with stirring. After one hour the

reaction was allowed to warm to room temperature and sit
for an additional 3 hr. The while precipitate (dicyclohexy

Iurea) was filtered and washed. The combined filtrate was

evaporated under reduced pressure at 20·C. TIle residue
was taken up in 50 mL of ethylacetate, extracted with I M

Hel, water, 4% sodiumbicarbonate (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 acyl azide-method
Benzyloxycarbonyl-(a-hydrazidyl-y-p-nitrophenyl

glutamate hydrochloride (XII; 0.45 g, I mmole) was sus

pended in 5 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 isoamylnitnte (0.14 mL; I

rnmole] was added to the reaction mixture whicb 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-ester or salt

(I mmole) was added at -20 ·C, followed by the dropwise

addition of a cold solution of triethylamine (S mmole). Stir

ring was continued for 2 hr between -to and -20·C and the

mixture containing the precipitated product was dropped

into dilute He). The solid was collected, washed, dried and
recrystallized from ethanol-diethylether.

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

Toa solution of benzyloxycarbonyl-o:-N-hydroxysuc
cinimide-l-p-nitropbenyl-glutamate (0.5 g; I mmole) in
acetonitrile di-p-nitrophenyl-glutamate hydrobromide

(XIV, n = 1) was added, followed by the dropwise addition
of a cold solution of triethylamine (2 mmole) at -10 •C. Af

ter 4 hr, the reaction mixture was poured into dilute HCl,ex

tracted with ethylacetate. The solution in ethylacetate was

washed with n 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-nitropbcnyl-glulamate

(IXc; n '" 1) with IR and ONp-measurements.

For Peptide-p-nitrophenyl-e;ter-hydrobromides (XV; n

=1-4)

The benzyloxycarbonyl-pcptide-p-nitrophenyl ester
(I g) was dissolved in 3 mL acetic acid and treated with 4 N
hydrogen bromide in acetic acid (3 mL) for about I 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 H2S04 in vacuo.

For Aminolysis of Peptide p-Nitrophenyleslers
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

mamide. The suitable amine (mrnoleequivalent to the num
ber of p-nitrophcnyI groups) was added dropwise at 0 "C.

After 2 brs the-mixture 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 proceeded, after dilution

with ethylacetate, the solution was purified with 5% Na

He03 and water, dried, and then evaporated. See the prod
ucts in Table 3,

For Polycondensations

23 ,g (24 mmole) of tri-(N"-benzyloxycarbonyl-L-Iy
sinc)-p-ntLropbenylester-hydrochloride were condensed in

60 mL of dimethylsulfoxide, in the presence of 4.5 mL of

triethylamine, up to gel formation. Tile polymer was iso-
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lated by pouring into an aqueous 5% Na£03 solution. 16 g

of protected polymer of the previous step were dissolved in

100 mL of trifluoroacetic acid and 10 mL of4N HBr/AcOH
were added. The end-product was precipitated by ether.
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