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New analogues of branched polypeptides were synthesised for a further, more detailed study 
of the influence of the side chain terminating amino acids, particularly the hydrophobic character, 
configuration and the number of these amino acids, on the conformation and biological properties 
of the polymers. The following amino acids were coupled to polY(L-Lys-(oL-Alam» in suitably 
protected and activated forms to study the above mentioned aspects: L-Nle, L-De, L-Val, L-Phe, 
o-Phe, o-Leu, o-Tyr, o-His, L-Glu, o-Glu, L-Lys, o-Lys and additionally the L-Glu-L-Glu, 
o-Glu-o-Glu, L-Lys-L-Lys and o-Lys-o-Lys dipeptides. The deprotected and purified end pro­
ducts were freezedried and characterized by various methods. 

In the past few years we have developed a new group of high molecular weight, 
synthetic, branched polypeptides with polY(L-lysine) backbone1• Short DL-alanine 
oligomers were grafted to the lysine &-amino groups by polymerisation of NO< -carboxy­
-DL-alanine anhydride. The side chain ends were covered to various degree with one 
particular amino acid or its oligomers. In view of the recently increased interest 
in biological response modifiers we were particularly interested in the immuno­
modulatory properties of these branched polypeptides2 • Moreover, these polypeptides 
- as a versatile model system - seemed to be a realistic tool to analyse the influence 
of individual amino acids upon the conformation of the macromolecule and to 
establish the conformational requirements for the design of polypeptides with the 
most favourable biological properties. 

The conformation of the new group of branched polypeptides has been analysed 
based on the CD spectra in solution3 at various ionic strength and pH (ref.4). These 
measurements indicated a marked dependence of the conformation in solution 
upon the quality, charge and configuration of the side chain terminating amino 
acid and the number of its residues present. 

While side chains consisting of DL-alanine residues only (approx. 3 residues) 
decrease slightly the ex-helix forming capacity of the polymer as compared to poly­
(L-lysine), the presence of leucine as side chain terminating amino acid increases 
the ex-helix forming capacity and even at pH 7'4, in solution of low ionic strength, 
an ordered structure can be registered. A very important CD determining factor 
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is the absolute configuration of the side chain terminating amino acid (L- and D-gluta­
mic acid, L- and D-Iysine oligomers). Finally, the highest independent contribution 
of the side chains to the conformation of the molecule was observed in the case 
of polypeptides containing 3 glutamic acid residues at the side chain ends. These 
three main conformational tendencies seemed to warrant a more systematic analysis. 
Therefore in order to analyse these particular aspects further model compounds 
were selected and their synthesis is presented in this paper. The results of the con­
formational studies with some of these polypeptides are presented in the subsequent 
article. 

EXPERIMENTAL 

Intermediates 

The following amino acid derivatives were synthesised according to procedures descri bed in the 
literature (amino acids are of L-configuration unless otherwise stated): y-benzyl-L-glutamic acids, 
y-benzyl-o-glutamic acids, N-benzyloxycarbonyl-y-benzyl-L-glutamic acid6 . N-benzyloxycarbo­
nyl-y-benzyl-o-glutamic acid6, N-benzyloxycarbonyl-y-benzyl-L-glutamic acid pentachlorophenyl 
ester 7 , W',N 8-bis(benzyloxycarbonyl)-L-Iysine8, NII,N"-bis(benzyloxycarbonyl)-L-Iysine penta­
chlorophenyl ester9, N-benzyloxycarbonyl-L-phenylalanine pentachlorophenyl ester9, N-benzyl­
oxycarbonyl-L-valine pentachlorophenyl ester9, N-benzyloxycarbonyl-L-isoleucine pentachloro­
phenyl ester9, N-benzyloxycarbonyl-o-phenylalanine1 ° , N-benzyloxycarbonyl-o-Ieucine11 , N­
-benzyloxycarbonyl-L-norleucine12, o-tyrosine ethyl ester hydrochloride13, o-histidine methyl 
ester dihydrochloride14, N-benzyloxycarbonyl-o-histidine hydrazide10, N-t-butoxycarbonyl­
-y-benzyl-L-glutamic acid1 s, N-t-butoxycarbonyl-y-benzyl-o-glutamic acid 1 s, N-t-butoxycarbo­
nyl-y-benzyl-L-glutamic acid pentachlorophenyl ester16 , N"-benzyloxycarbonyl-L-lysine17 , 

N8-benzyloxycarbonyl-o-Iysine18, N"-benzyloxycarbonyl-L-Iysine methyl ester19, N"-benzyloxy­
carbonyl-o-Iysine methyl ester hydrochloride19, NIIN"-bis(benzyloxycarbonyl)-L-Iysyl-N"-(benzyl­
oxycarbonyl)-L-lysine hydrazide2o. 

NII,N'-Bis(benzyloxycarbonyl)-o-lysine 

This compounds was synthesised by the method reported8 in the literature for the L-lysine 
derivative. Yield: 53%, m.p. 80°C, RF(b) 0'68. [1X16° +9·25 (c 2, methanol). For C22H26N206 
(414'5) calculated: 63'75% C, 6'32% H, 6'76% N; found: 64'1% C, 6'78% H, 6'4% N. 

Synthesis of Pentachlorophenyl Esters 

The method of Kovacs and coworkers9 was adopted; characterization and analytical data are 
presented in Table I. 

7'00 g (15'7 mmol) N-Benzyloxycarbonyl-L-norleucine dicyclohexylamine salt was suspended 
in 100 ml ether and treated (in two portions) with 43 ml (15·7 mmol) 5% KHS04 solution. 
After separation the water layer was extracted two times with ether. The combined ether extracts 
were dried over Na2S04' the solvent evaporated and the residue dissolved in 20 ml ethyl 
acetate. 

4·18 g (15'7 mmol) pentachlorophenol was dissolved in 63 ml ethyl acetate and cooled 
to O°c. 3'24 g (15·7 mmol) dicyclohexylcarbodiimide dissolved in 8 ml ethyl acetate was added. 
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After 10 min stirring the N-benzyloxycarbonyl-L-norleucine containing ethyl acetate solution 
(20 ml) was added. Stirring of the mixture was continued for I h at O°C and I h at room tempe­
rature. The separated N,N'-dicyclohexylurea was filtered, the solution cooled to -10°C and 
a further crop filtered. The solution was diluted to 150 ml with ethyl acetate, extracted 3 times 
with 5% NaHC03 solution, water, O·IM-HCI solution, water and dried over MgS04. The solvent 
was removed by rotary evaporation below 40°C, the residue was triturated with light petroleum 
and kept in the refrigerator to crystallize. The solidified material was suspended in light petro­
leum, filtered and crystallized from ethanol. 

N-Benzyloxycarbonyl-D-tyrosine Hydrazide 

This compound was prepared by adopting the method of Holley and Sondheimer21 used for the 
synthesis of the L-enantiomer. Yield 82%, m.p. 224-225°C. (Lit.21 for the L-isomer: 220-221°C). 
Rp (b): 0'68. For C17H19N304 (329'4) calculated: 61'99% C, 5'81% H, 12'76% N; found: 
62'35% C, 6'15% H, 12'45% N. 

N-t-Butoxycarbonyl-y-benzyl-D-glutamic Acid Pentachlorophenyl Ester 

The synthetic route was identical with the method applied for the preparation ofthe L_isomer16,22. 
Yield 36%, m.p. 138-139°C, Rp(a): 0·79. [1X]fio + 16·9 (c I, chloroform). For C23H22ClsN06 
(585'7) calculated: 47·16% C, 3'79% H, 30'26% Cl, 2'37% N; found: 47'27% C, 4'36% H, 30'0% CI, 
2·36%N. 

y-Benzyl-glutamic Acid Pentachlorophenyl Ester Hydrochloride 

0·7 g (1'3 mmol) Boc-Glu(OBzl)-OPcp was treated at room temperature with a 70 times molar 
excess of 2M-HCl in ethyl acetate. Proceeding of the reaction was followed by the aid of TLC 
and 15 min reaction time with stirring was found optimal. The deprotected derivative was im­
mediately precipitated by the addition of excess light petroleum. The filtered precipitate was 
recrystallized from methanol-light petroleum, containing a few drops of ether. Yield 68%, 
m.p. 149-150°C, Rp(a): 0'73, [1X]l>0 +29'4 (c 2, methanol). For ClsH1SCl6N04 (522,1) cal­
culated: 41'40% C, 2'9% H, 40·75% CI, 2'68% N; found: 41-11% C, 3'25% H, 41'37% CI, 2'92% N. 

y-Benzyl-D-glutamic Acid Pentachlorophenyl Ester Hydrochloride 

This compound was prepared as described for the L-enantiomer, M.p. 154-155°C, Rp(a): 0·73. 
[1X]fio - 30·1 (c 2, methanol). Both compounds described above were previously reported in the 
literature23, but were prepared from the Nps-derivatives. Lit. data: L-isomer: m.p. 150-l51°C. 
[1X]l>0 +29'8 (c 2, methanol); D-isomer: m.p. 146-148°C, [1X]fio -29,1 (c 2, methanol). 

N",NB-Bis(benzyloxycarbonyl)-L-lysyl-NB-(benzyloxycarbonyl)-L-lysine Methyl Ester 

The synthesis of this dipeptide has been reported previously in the literature by the use of the 
mixed anhydride method24. 0·5 g (1'51 mmol) Lys(Z)-OMe.HCl was suspended in 5 ml di­
chloromethane containing 0·24 ml (1'71 mmol) triethylamine and after a few minutes stirring 
a solution of 1 g (1'51 mmol) Z-Lys(Z)-OPcp in 10 ml dichloromethane was added. The mix­
ture was stirred for 24 g at room temperature. The precipitate formed was removed by filtration, 
the solvent evaporated under reduced pressure and the residue dissolved in ethyl acetate. The 
solution was washed subsequently with IM-HCl solution, water, 5% NaHC03 solution, water, 
and dried over MgS04. The product was precipitated from the ethyl acetate solution by light 
petroleum and recrystallized from ethyl acetate-light petroleum. Yield: 58%, m.p. 121-122°C, 
(Lit. 24 123°C). RF(b): 0'71. [1X]fio -10,7 (c 0·7, methanol). 
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Synthesis of New Branched Polypeptides 107 

N~,N'-Bis(benzyloxycarbonyl)-D-lysyl-N'-(benzyloxycarbonyl)-o-lysine Methyl Ester 

The synthetic route applied for the L-L analogue was followed. M.p. 121-122°C, RF(b): 0·71. 

[1X]6° + 10'9 (cO·7, methanol). For C37H46N409 (690'8) calculated: 64'33% C, 6·71 % H, 8·11 ?{N; 
found: 63'95/~ C, 7'1% H, 8'2% N. 

N~,N&-Bis(benzyloxycarbonyl)-o-lysyl-N&-(benzyloxycarbonyl)-o-lysine Hydrazide 

This dipeptide derivative was synthesised by adopting the method of Erlanger and Brandzo 

used for the synthesis of the L-L diastereomer. Yield: 84%. m.p. 185-186°C, RF(b): 0·75. [1X]6° 
+ 13'2 (c 0'3, ethanol). For C36H46N60S (690'8) calculated: 62'59/~ C, 6'71% H; 12'17% N; 
found: 62'9% C, 7'05% H, 12'31% N. 

N-Benzyloxycarbonyl-y-benzyl-L-glutamyl-y-benzyl-L-glutamic Acid Pentachlorophenyl Ester 

0·95 g (2'56 mmol) Z-Glu(OBzl)-OH was dissolved in 36 ml chloroform and 0'56 g (2'71 mmol) 
dicyclohexylcarbodiimide was added to the ice cooled, stirred solution. Simultaneously 1'3 g 
(2-43 mmol) HCl.Glu(OBzl)-OPcp was suspended in 39 ml dichloromethane and treated with 
0'34 ml (2'43 mmol) triethylamine. The resulting solution was added to the above described 
chloroform solution, stirring continued at O°C for 1 h and the mixture left overnight at room 
temperature. The precipitate was removed by filtration, the solvent evaporated and the residue 
dissolved in ethyl acetate. A further crop of N,N'-dicycIohexylurea was separated by filtration. 
The dipeptide was precipitated from the ethyl acetate solution by light petroleum, filtered and 
crystallized from ethanol. Yield 67·5%, m.p. 153-154°C, R}(b): 0·88. [1X]l»0 -12·7 (c 0,7, di­
methylformamide). For C3sH33Cl5Nz09 (839'0) calculated: 54'4% C, 3'96% H, 21'21~{, CI, 
3'34% N; found: 54·2% C, 4'27% H, 21'68% ct, 3'13% N. 

N-Benzyloxycarbonyl-y-benzyl-o-glutamyl-y-benzyl-o-glutamic Acid Pentachlorophenyl 
Ester 

The method described for the synthesis of the L-L analogue was applied. M.p. 153-154°C, 
RF(b): 0'88, [1X]6° + 16·5 (c 1'0, dimethylformamide). Found: 54'05% C, 3·74% H, 21'6~~ ct, 
3'34% N. 

Poly(Lys-(oL-Alam», m '" 3 

The synthesis of this polymer was carried out as reported previously! . 

Poly(Lys-(X;-OL-Alam», i < 1, m'" 3 

A) The method is illustrated in the case of the coupling of Z-Glu(OBzl)-OPcp. 0·27 g (0'81 
mmol) poly(Lys-(DL-Alam» (hydrobromide) was suspended in 18 ml dimethylformamide and 
stirred for 30 min, followed by the addition of equimolar triethylamine (0'114 ml, 0·81 mmol). 
To the solution obtained in this way 0·9 g (1,45 mmol) Z-Glu(OBzl)-OPcp dissolved in 9 ml 
dimethylformamidewas added. The mixture was stirred at room temperature for 24 h, the solvent 
removed in vacuum and the residue triturated 3 times with light petroleum and finally with ether. 
Yield: 0·45 g of dried polymer. 

B) The method is illustrated in the case of the coupling of Z-o-Tyr-NzH 3. 0·85 g (0·75 mmol) 
poly(Lys-(oL-Alam» was suspended in 6 ml dimethylformamide and the mixture stirred for 
30 min. Simultaneously 0·46 g (1'4 mmol) Z-o-Tyr-NzH 3 was dissolved in 2·5 m! dimethyl­
formamide, cooled to -15°C and under stirring 4'9 mol Hct in tetrahydrofuran added, followed 
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by the addition of 0'35 ml (2'6 mmol) isopentyl nitrite. The acidity of the mixture has to be 
controlled. After IO min stirring 0·7 ml (4'97 mmol) triethylamine was added to the clear 
solution, dissolved in a mixture of 1'6 ml dimethylformamide and 1·6 ml tetrahydrofuran. 
The solution containing the azide derivative was united with the above described dimethylforma­
mide solution of the polymer and stirring was continued for 12 h at O°C and for further 12 h 
at room temperature. By dilution with IO volumes of water a precipitate was formed, filtered, 
washed with water and dried. 

Procedure A was applied for the coupling of L-L and D-D glutamic acid containing dipeptides, 
while procedure B was used in the case of L-L and D-D lysine containing dipeptides. 

Removal of Protecting Groups from the Polypeptides 

The removal of benzyl and benzyloxycarbonyl protecting groups by HBr in glacial acetic acid 
and the purification of end products was carried analogously to the methods reported previously I. 
The same procedure was applied for all polymers. 

Methods 

All compounds (except the polypeptides) were checked for purity by elemental analysis and 
by ascending thin layer chromatography using Merck precoated plates DC-Alufolien Kieselgel 60, 
solvent systems: (a) ethyl acetate-pyridine-acetic acid-water 240 : 20 : 6 : 11 and (b) ethyl acet­
ate-pyridine-acetic acid-water 120: 20 : 6 : 11. Melting points (uncorrected) were determined 
with a Boetius-type hot-stage apparatus. Optical rotations were measured with a Perkin-Elmer 
polarimeter (model 241). 

The presumed structures were confirmed by IR spectra, recorded in KBr pellets with an IR IO 
spectrometer (Carl Zeiss, Jena). 

Amino acid analyses were carried out on a Chinoin Model OE 975 analyser. The samples 
were subjected to hydrolysis with 6M hydrochloric acid in sealed tubes at 106°C for 24h. Complete 
removal of benzyloxycarbonyl and benzyl blocking groups from the polypeptides was controlled 
by the ultraviolet and infrared absorption spectra, using Specord UV VIS and Specord IR 
spectrophotometers. 

The identification of the terminal amino acids of the side chains and the analysis of surface 
topography of the branched polypeptides was realised by the aid of HPLC runs of hydrolysates 
of the dansylated polypeptides25 . 

The relative molar mass distribution, its average and the degree of polymerisation were in­
vestigated by sedimentation analysis and gel chromatography26. Sedimentation analysis was 
carried out in a MOM 3170 ultracentrifuge as previously described I. 

RESULTS AND DISCUSSION 

The interest focused on the L-Ieucine containing polymer by its tendency to form 
ordered structure at physiological pH was strengthened by the meanwhile established 
strong immunoadjuvant properties of this molecule, capable to protect the host 
against immunosuppressive action of cytostatic agents 2 • Therefore a series of poly­
peptides were synthesised containing similar hydrophobic chain terminating amino 
acids i.e. isoleucine, norleucine, valine. 
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In order to realise a systematic analysis of the dependence of conformation upon 
the number of chain terminating amino acid residues a stepwise elongation seemed 
to be required (Fig. 1, 2). Analogues with one glutamic acid or lysine, and with 
glutamyl-glutamic acid or lysyl-lysine dipeptides were synthesised to enable com­
parison with the CD spectra of the previously reported 1 polypeptides containing 
the oligomers (3 residues). The same synthetic route was followed with L- and o-gluta­
mic acid, and L- and o-lysine respectively to investigate also the influence of the 
configuration. Additionally further o-amino acid (o-histidin, o-leucine, o-tyrosine, 
D-phenylalanine) containing analogues were built up, to get a better insight into this 
problem. 

1-1, •. I 

:\ 

~:):,AI'~_~······~-I 
pDL-Ala 

X 

Schematic presentation of branched polypeptides with a single amino acid at the side chain ends. 
Degree of blocking by X for the individual amino acids is indicated in Table II 

x z 

pDI Ab 

pDI. Ala 

\ , 

1-1( .•. 2 

Schematic presentation of branched polypeptides with a dipeptide consisting of two identical 
amino acids at the side chain ends. Degree of blocking by X 2 for the various dipeptides is presented 
in Table II 
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The coupling of single amino acids to the side chain ends was realised by the active 
ester method, using suitably protected pentachlorophenyl esters (Fig. 3), except 
in the case of D-histidin and D-tyrosine, when the azide method was applied (Fig. 4). 
Identical procedures were applied for coupling of the reactive dipeptide derivatives 
to the side chain ends. 

The synthesis of the protected glutamic acid containing dipeptide pentachloro­
phenyl esters was realised by active ester coupling, as demonstrated in the scheme 
on Fig. 5. The route followed for the synthesis of the corresponding protected lysine 
dipeptide hydrazides is depicted in Fig. 6.; peptide coupling was achieved by the aid 

(D)X 

OH 
1'0 

I 
z OPCP H - (DL-Ala)i - ~ys 

1'0 
I 

Z (DL-Ala). - Lys 

'0 ~ I 

I 
HBr·H (DL-Ala)! - rYs 

FlO. 3 

Synthetic route for the coupling of protected amino acid pentachlorophenyl esters to poly­
(L-Lys-(DL-Alam». X = L-Phe, D-phe, L-Ile, L-Nle, L-Val,D-Leu, L-Lys, D-Lys, L-Glu, D-Glu; 
Q = H (L-Phe, D-Phe, L-Ile, L-Nle, L-Val, D-Leu); Z{L-Lys, D-Lys); OBzl (L-Glu, o-Glu) 

FIG. 4 

D-X 

HC1·H OR 

Z OR 

I 
Z H - (DL-Ala)! - ~ys 

I 

Z -+------- (OL-Ala) i - f'Ys 

I 
HBr·H --'-------- (OL-Ala)i - rYS 

Synthetic route for the coupling of protected amino acid hydrazides to poly{Lys-{oL-Alam». 
X = o-Tyr, o-His; R = OEt (o-Tyr) or OMe (o-His) 
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of dicyc1ohexylcarbodiimide. Protecting groups were removed from the polymers 
with HBr in acetic acid, as reported previouslyl. The polypeptides were characterized 
by various methods; data are summarised in Table II. 

(lJlGlu 

II OH ·H 

08z1 

BOC 

BOC 

DH HCl·H 

08z1 

08z1 

OBzl 

HBr'!-i 

FIG. 5 

(01 Glu 

08z1 

08z1 

OBzl 

OBzl 

08z1 

08z1 

Oil 

OH 

OPCP 

OPCP 

OPCP II -

I 
(DL-Ala)2.9 - ~YS 

I 

(OL-Ala)2.9 - ~YS 

Scheme of synthesis of dipeptide pentachlorophenyl esters consisting of L- or o-glutamic acids 
and their coupling to POIY(L-Lys-(oL-Alam)) 

(D) Lys 

- r-- OH 

z 

- .- OPCP 

z 

Z 

'z 

z 

HDr'" 
\ 
H'HBr 

FIG. 6 

(OILy. 

H-k-- OH 

z 

HC1'" - rOMe 
Z 

OMe 

1\ 
N2") 

z 

1\ 

H-HBr 

" -
I 

(DL-Ala)2.9 - ~ys 

I 

(DL-Ala) 2.9 - ~ys 

I 

(DL-Ala) 2 • 9 - ~ys 

Scheme of synthesis of dipeptide hydrazides consisting of L- or o-Iysines and their coupling 
to POIY(L-Lys-(oL-Alam» 

--------~----- -~---
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Since the purpose of the synthesis of these polymers was to enlighten the corrella­
tion between conformation and biological properties, besides the CD measurements 
reported in the adjoining paper, further in vivo animal experiments are in progress 
to analyse immunomodulatory potential. The results will be published elsewhere. 
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