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TWll partially modified retro-inverso analogues of Leu-enkephalin in which the peptide bond 
hetween (jly;-Phe~ was reversed resulted from the incorporation of the GIY\V(NH CO)Phe4 unit. 
The pre,,:m:e of racemic 2-henzylmalonyl residue led to diastereomeric mixtures of analogues: 
H-Tyr-I)-Ala-gGIY-(Rs)-I//Phe-Leu-NH~ (I) and H-Tyr-Gly-gGIY-(Rs)-JIIPhe-Leu-NH 2 (/f). Analo
gue I \\as more potent than analogue /I in the binding assay. induced guinea pig ileum assay as well 
as in antinociccptive tests. Both activities were naloxone reversible. No amllgesia was observed after 
suhcutaneou!> (SC) administration of 100 mg kg of either [ or II. The problems related to 
conligunltionallahility of the 2-alkylmalonyl residues in partially modified retro-inverso analogues 

is addressed. 

Backbone modifications of the amide bond of biologically active peptides are 
designed either to introduce metabolic stability or to probe the role of 

* Ahhl'l:\iations used arc according to IUPAC-IUB Joint Commission on Biochemical 
Nl1lllcn<:iature (1910) puhlished in In!. J. Pcp!. Protein Res. 24. I (1984). The following special 
ahhre\ iations for partially moditied retro-inverso peptides arc used. The standard three-letter 
notatilln for amino add rc,idues preceded hy the prefix g represents the gem-diaminoalkyl residue 
derived 1'1'0111 the specified amil1l1 acid. The prdix 1// represents the malonic acid residue related to 
the amino acid residue specified hy the three letter notation. The prefix I' represents an amino acid 
residue h(1lllld in the re\ ersed sense of direction. Configurational designation of the retro-inverso 
residue, 1'(1110\\S those of the amino acids. Further abbreviations: THF. tetrahydrofuran: HMPA. 
he\amelhylpllllsphoramide: DM F. "-'.N-dimethylformamide; NMM. N-mcthylmorpholine: IBCF. 
isohuty khlororormate: DCC. dicycJohe\y'lcarbodiimide: DCU. dicyclohexylurca: HOBt. I-hydro
\yhell/(ltJ'lMIli<:: EtOAc. cthy I acetate. 
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a particular peptide bond on the conformation and biological activity (see 
review by A. F. Spatola I). Detailed structure-activity relationship studies 
performed on the endogenous opioid peptides, the enkephalins, resulted in 
a better understanding of the structural moieties essential for potent biological 
activities:!. Studies of the degradation patterns", by nonspecific exopeptidases as 
well as by the more specific dipeptidy\carboxypeptidase also known as 
"enkephalinase", had paved the way for a rational design of metabolically 
stable en kephalin analogues4 and potent specific inhibitors of enkephalinase5. 

Since the enkephalins are small and relatively simple peptides they offered an 
attractive ground for the testing of novel peptide bond surrogates such as \jI[CH, 
- CH,t", \jI[CH, NHt, \jI[CH, sf, \jI[CH, or \jI[(E)-or (Z) CH=CHtIO~ 

\jI[NH - CO]II.I~, \jI[CS NH]I~ and \jI[CO - CH~]14. 
The partial retro-inverso modification. which was introduced by some of 

US I5, was found to be in many cases an effective mode of backbone modification 
which resulted in potent analogues with prntracted activi ty II.12.16- IX. It offers 
a substantial topological reselllblul1l:e to that of the parent peptide in the 

FIG. I 
Schematic representation of Leu-enkeph<llin<lmide (the p<lrent peptide) <Ind the two rcl<lted partiallY 
modified retro--inverso an<llogues: [()-AI<I~. gGIy'. (Rs)-II1Phe~l- and [I,'Gly·'. (Rs)-mPhe~I-Leu-enke
phaliamides I and /I respectively. in their fully extended conformations 

Colleclion Czechoslovak Chern, CO"1rnun, (Vol. 53) (1988) 
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extended conformation and largely retains the spatial, electronic and hydrogen 
bond characteristics of the original peptide bond. 

Partial retro-inverso modifkation of peptide bond Phe4-Leu5 or Phe4-Met5 

in enkephalins resulted in highly potent analogues both in vitro and in vivo 
assaysll.12. This peptide bond, which is proximate to the C-terminus was also 
found to tolerate other structural modifications such as N-methylation 19, 

methylenethi07 and thioamide l.1 replacements. On the other hand modifications 
at the peptide bond GlyJ_Phe4 by either N-methylation or its replacements by 
peptide bond surrogates such as trans C=C bond 10, ethylenic group6, 
methyleneamin06 and methylenethi06 resulted in substantial loss of activities 
either in binding assay or in analgesia tests. According to Hudson's model, the 
carbonyl of this peptide bone 1;3neu to a putative polar site, corresponds to 
the C-6 hydroxyl group of morphine and should play an important role in the 
interaction with the opiate receptor6. 

This paper describes the synthesis of two partially modified retro-inverso 
analogues of Leu-enkephalin which include the GIY\I'[NHCO]Phe4 

modification i.e. compounds / and II in Fig. I. The issues addressed here 
include: (i) metabolic stability, (ii) the importance of this particular peptide 
bond to biological activity, and (iii) the configurational lability of the 
2-alkylmalonyl residue in the \jI(NH CO) modification. 

RESlLTS 

C/ieillisll',l' 

s:- nthe~ls \\ as designed in such a way that the gem-diaminoalkyl residue 
participating in the pseudopeptidic bond will be already monoacylated by either 
Ala~ or Gly2 residues prior to its in-situ formation from the corresponding 
t-butyloxycarbonyl-dipeptidyl amide Vila and nIh, respectively (see Scheme 
I). Tran~fnrmation of I'I/a and Vllh to the corresponding TFA salt of 
nhlllOac~ !ated gem-diaminoalkyl derivative was accomplished by an oxidative 
rearrangement employing bis(tritluoroacetoxy)iodobenzene (lBTFA)20.21. Pallai 
,lnd un\orkers have shown that this route of rearrangement of aN-acyl 
amino,lcylamide 10 the corresponding gem-diaminoalkyl derivative preserves 
the chiral integrity of the asymmetric eenter involved in the reaction 22. The 
newly formed protonaled monoacylated gem-diaminoalkyl residue was 
immediately coupled to the C-terminal fragment i.e. 2-benzylmalonylleucylami
de ( I 'I) employing DCC HOBt to avoid side-reactions observed in the case of 
the mi:\ed-:ll1hydride method. which was used otherwise in all the rest of the 
couplin~'''', MoreO\er. avoiding the deprotection steps in which a urethane type 
protecting group on the nitrogen of gem-diaminoalkyl moiety is removed 
imprm\.'s yields and reduces side-product formation 2.'.24. 

(>.II€:'ctr("1 Clechoslovak Chem ComrnlJn tVal 53) (19881 
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C,H, ~,H, ~H(CH,), 
¢H, 

EtO-CO-CH-CO-OH 

/II 

~H(CH,), 
CH, 

HCI'H,N-CH-CO-NH, 
CH, CH, 

NMM ~H~CC-HOBt. EIO-CO-CH-CO-NH-CH-CO-NH, 

IV V 

C,H, ~H(CHJ)' 
NaOH CH, CH, 

...,C"'"H,....O:,H~/~H-"O,.-- HO-CO-CH-CO-NH-CH-CO-NH, 

VI 

R 
Soc -NH-CH-CO-NH-CH,-CO-NH, I BTFA 

CH,CN/H,O 
IBoe -NHJH-CO-NH-CH,-NH,.TFAl VI; NMM; oCC-HoBI L J oMF 

VII 

~,H, C;:H(CH.), 
R CH, CH, 

Boc-NH-CH-CO-NH-CH,-NH-CO-CH-CO-NH-CH-CO-NH, HCI / EIOAc. 

VIII 

~,H, ~H(CHJ)' 
~ CH, CH, 

HCI' H,N-CH-CO-NH-CH,-NH-CO-CH-CO-NH-CH-CO-NH, 

IX 

Boe -Ty,-OH ; NMM; IBCF 

HMPA/oMF 

,HO-C,H. C,H, ~H(CHJ)' 
I I CH 
~H, ~ ~H., ' HCI / AcOH 

Boc -NH- CH-CO-NH -CH-CO-NH-CH,-NH-CO-CH-CO -NH-CH-CO-NH, -----

X 

,HO-~,H. ~,H, CH(CH.), 
CH, R 'CH, CH, 
I I I I 

HCI' H,N- CH-CO-NH-CH-CO-NH-CH,- NH-CO - CH-CO-NH-CH - co· NH. 

I, RiCH, 

II, RiH 

In formulae VI/-X: a , R = CH) 6 , R = H 

SCHEME I 

Sfereochelllisfr.1· 

Coupling of a racemic 2-alkylmalonyl residue such as ethyl hydrogen 
{Rs)-2-benzylmalonate (I/l) with an optically active peptide or amino <lcit! 
derivative as the hydrochloride of L-Ieucinamide (I~') gives rise to 
a diastereameric mixtures. Reversed-phase high performance liquid chromatog
raphy (RP-HPLC) employing a Clx-column and a solvent system composed of 

CollectIon Czechoslovak Chern. Commun. (Vol. 53) (1988) 
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methanol-water could resolve diastereomeric mixtures of tetra and 
pentapeptides either in their protected or deprotected forms with base-line 
separation and selectivity constants better than 1.42 (see Table I). 

I n order to study the configurational lability of the diastereoisomers 
composing the mixtures and its implications on biological activity, they were 
resolved into their fast and slow moving components (F and S, respectively) by 
RP-HPLC, pooled and stored at O°c. Fast isomerization was observed at 40°C 

TABLE I 
RP-HPLC characterization of the diastereomeric mixtures on Whatman 10-ODS-3 
(250 x 4.6 ID mm) column. detection at 210 11m 

Compound 
Solvent 

k'(I') " k'(s) h :x 
system 

I A 3.0 5.17 1.72 
1/ A 3.0 5.6 1.87 
I'll/a W' 19.66 29.0 1.47 
Vlllh W 11.25 17.75 1.56 
f)(a A" 2.0 5.0 1.5 
IXI> A 1.75 4.25 2.43 
Xa W 6.0 8.5 1.42 
XI> W 5.0 8.14 1.63 

.. "'(~) is k' value of the fast moving component (diastereoisomer); /' k'(s) is k' value of the slow 
moving wmponent; 'methanol-water (40:60), flow rate 2 ml;min: ': methanol·0.05M-AcONH., pH 
6.0. tlow rate I mlmil1. 

TAlll!. II 
Summar} of thc isomerization characteristics of the partially modilied retro-in\'erso en kephalin 
analogues I and 1/ 

Isolated 'I ~, h h 
Composition of 

isomer" equilibrium mixture 

I(s) 6.2 
I(s)'/(I); 64.5: 35.5 

1(1) 8.9 

I/(s) 4.8 
I/(S)/I/(I'); 60: 40 

1/([') 4.0 

" Isomerization initiated with 100% of the diastereomer at , = 0; h time interval required for the 
formation of 50 % of the equilibrium concentration of the newly formed diastereoisomer, measured 
at 40 C. 

Collection Czechoslovak Chern. Commun. (Vol. 53) (1988) 
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leading to equilibrium mixtures. Same equilibrium mixtures were independently 
reached starting from either the F or S isomer. Kinetic parameters of these 
isomerizations are summarized in Table I I. The isomerization profiles of the 
isolated F and S diastereoisomers of /I are depicted in Fig. 2. 

Fast isomerization was also observed for an isolated diastereoisomer of 
the protected pseudopentapeptide Xh in methanol-water at 30°C. In this case 
the final equilibrium was reached after about half an hour. 

High Resolution IH NMR 

An essential part of the characterization of synthetic intermediates and final 
enkephalin analogues was based on 300 MHz IH NMR analysis in 
hexadeuterodimethylsulfoxide. In this way direct information on the non-amino 
acid residues incorporated into different pseudopeptides could be obtained. This 
information is not available through ary1ino acid analysis since the 
gem-diaminoalkyl residue decoinposes upon acid hydrolysis and the malonyl 
residue does not react with ninhydrin. As we reported previously the 
gem-diaminoalkyl and malonyl residues have very characteristic chemical shifts 
which are markedly distinguished from those of the corresponding amino acid 
residues~5.~6. The C'l-protons of the gem-diaminoalkyl and the malonyl residues 

100~---r----r---~--~----~---, 

0/0 

50 

o 15 30 
t I h 

Ft(j.~ 

Time coutsc for the isomeri7ation of <In isol;lted slow and f<lst components of [D-Ala~. gGI/. 
(Rs)-mPhc1-Leu-enkephalinamide l(sl(OI and I(F)(~I. respectively. Formation of the fast 
component 1(1')( e I and slow component I(sl(. I rrom the isolated !\low and r<lst diastereoisomers. 
resp~:ctivc1}::was followed. until equilihrium mixtures were re<lched. hy RP-HPLC <It ~IO nm as 
described in "the Experimental 

Collection Czechoslovak Chern. Commun. (Vol. 53) (1988) 
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are shifted relative to the eX-protons of amino acid residues downtleld and 
upfield, respectively. In Table III we have summarized the detailed IH NMR 
data for all the pseudopeptides described in this work. 

Biological Actirity 

Opioid activity was determined by in vitro and in vivo assays. In vitro assays 
included a binding assay to a rat brain membrane preparation which measured 
displacement of CH]-naloxone and inhibition of electrically induced contraction 
of guinea pig ileum (GPI). In vitro results are summarized in Table IV. In the 
in vivo tests, analogues were administered intrathecally to rats. Tail pressure test 
was performed in order to assess analgesic potency of each of the compounds; 
results are summarized in Table V. The analgesic effect observed following 
administration of compounds I and II could be reversed by subcutaneous (SC) 
administration of 0.1 mg/kg of naloxone. High doses of partial retro-inverso 
analogues, included in this study, induced severe catatonia' and loss of righting 
reflex which lasted for s~eral hours. Subcutaneous administration of analogues 
I and II to mice, up to roo mg/kg did not cause any observable analgesic effect 
as tested by the hot plate method. On the other hand, in an identical test, SC 
administration of 6 mg/kg of morphine was sufficient to cause a three-fold 
increase in response latency. 

DISCUSSION 

The somewhat higher biological potency of analogue /, which includes both 
D-Ahl~ and Gly\,,(NHCO)Phe4 modifications, as compared to that of analogue 
II, which contains only the latter modification, may reflect differences in 
proteolytic resistance towards degradation by aminopeptidases. Binding studies 
reveal analogue I to have higher affinity for the opiate receptor than analogue 
II, which correlate well with the results obtained in the GPI. This is in line with 
the enhanced affinities of D-Ala2 enkephalins and their amide analogues as 
compared to the native forms of enkephalin~D!. It is obvious that the partial 
retro-inverso modification diminished the affinities of analogues I and II to the 
opiate receptor as compared with [D-Ala1, Met5-NH 1]enkephalin. Linear or 
cyclic analogues containing a reversed peptide bond at Phe4-Leu5 ~ere reported 
to have binding affinities of the same order of magnitude as their corresponding 
peptide analogues29. Thus the higher potency and much longer duration of 
analgesic activity, following intrathecal administration of analogues / and II, 
should be attributed to improved metabolic resistance to proteolytic 
degradation. Cleavage of the Tyr l-Gly2 peptide bond was postulated30.31 and 
subsequently proven32.JJ to be a major non-specific deactivation pathway in 

Collection Czechoslovak Chem. Commun. (Vol. 53) (1988) 
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vivo. Non-specific aminopeptidase activity either in blood·'4 or in brain35 was 
shown to be responsible for fast degradation of the endogenous enkephalins. 
Replacement of Gly2 by D-Ala in [Met5]enkephalin resulted in elevated potency 
and longer lasting in vivo analgesic activity following intracisternal 
administration of the en kephalin analogue36, an effect of which was even more 
pronounced in the case of [D-Ala2, Met5-NH:aenkephalin37. The higher potency 
and protracted activity of analogue I as compared to that of analogue l/ is 
probably due to the additional stability towards aminopeptidases which was 
absent in analogue I/. 

It is interesting to point out that in our previous study we reported a potent 
partially modified retro-inverso analogue of substance P related peptide i.e. 

TABU: IV 
Potencies of cnkcphalin analogucs in the guinea pig ileum (GPI) assay and binding (0 rat brain 
membranes (RBM) 

Compound 

[n-Ala'. !lGly'. (RS)-IIlPhc~. 
L.cu '-NII:Jcnkcphalin (I) 
[yGly'. (R.·i)-I1/Phc~. 
Lcu'-NIIJenkcphalin (II) 
[n-Ala'. Mct'-NH:lenkcphalin 
Morphinc 
~al,)xonc 

GPI 

Ie,,, 
moll I 

~·5±0·2. 10 
(, 

J·O±O·~. )0 

~·9±0·2. 10 x 

1·4±0·~. 10 

" PotCIK~ relati\c to [I>-Ala'. Mct'-NH:lenkephalin (= I). 

T\HI!. V 

RBM 

relative IC,,, relative 
po(ency" moll I potency" 

(J.(J) 6±0·6. 10 I> 0·015 

0.(0) 5±0·5.IO O·(lOl lS 

9±O.9. 10 ·X 

0·21 
7±O·8.IO ~ 

1~·8 

.\II.tlgc-.;ic acti\ it) III rats aftcr intrathecal administrations of partially modified retroinverso 
cnkcphalin analogucs 

I 
/I 

ll111rphinc 

Analgesic dose 
[D,,, . 10 7. 11101 I I 

O':~5 

J.~ 

.~. 5 
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Duration of 
analgesia. h 

2-J 
0·25 
~·5-J 

Onsct time 
min 

1-2 
1-2 

5 
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[pGlu6, gPheX, IIIGlylJ]SP6 _ 11 which was found to be highly resistant to a broad 
spectrum of proteolytic enzymes as well as in sliced tissue preparations3K• In that 
report a single retro-inverso modification confers resistance to proteolysis not 
only on the reversed peptide bond and the two adjacent peptide bonds, formed 
by non-amino acid residues, but also on amide bonds which are further removed 
from site of structural modifkation. Such a long-range stabilizing effect must 
involve either changes in the overall conformation to prevent effective 
interactions with the active sites of endopeptidases participating in degradation, 
or the elimination of an essential binding site in the substrate. Evidently, this is 
not the case with [gGly~. (R~)-II1Phe4, Leu'-NH.:!]enkephalin (II) in which 
Tyr l-Gly2, is separated by only one peptide bond from the reversed (NH-CO) 
bond and which remains susceptible to proteolysis. We conclude therefore that 
the extent of proteolytic resistance induced by a single retro-inverso 
modification on peptide bonds removed from the site of modification is 
probably sequence dependent. 

The lack of analgesic activity following SC administration of analogues 
I and II even in large doses (100 mg/kg) may reflect the failure of these analogues 
to pass the blood-brain barrier. 

Testing a mixture of separable (see Table I) diastereoisomers in different 
bio-assays to establish structure-activity relationship deserves a due 
justification. In light of the high contigurationallability of the chiral center in 
the 1-benzylmalonyl residue incorporated at position 4 in the partially modified 
retro-inverso enkephalins I and /I, established through studies of the kinetics of 
the isomerization of the separated diastereoisomers (see Table II), testing of the 
isoluted diastereoisomers has not been attempted. The enhanced metabolic 
stability of analogues I and /I which results in protracted in vivo activity may 
also allow the isomerization of separated diast'ereoisomers into equilibrium 
mixtures typical to the microenvironment in which it will take place. Fast rate 
of isomerization (half life time for the formation of the steady-state equilibrium 
from an isolated diastereoisomer is in the range of few hours) was also observed 
by us in the case of partially modified retro-inverso analogue of substance 
P related peptide i.e. [pGlu6, gPhe7, (RS)-IIIPhex]SP6 il (ref:w). Pallai et al. 
reported'that H2N-(s)-IIIPhe-Val-OH isomerized only to 1.7% after I hour and 
to 21.7% after 21 hours, which they considered as a slow enough process to be 
ignored in most of the biological assays24. On the other hand the same authors 
reported a very fast isomerization for the separated diasteroisomers of [Ala4, 
gPhe7, D-rTrpx, D-r~hrlo, (Rs)-mPhell]somatostatin upon incubation at 34"C in 
ammonium acetate butler (40% of the initial isomer had been transformed into 
the other isomer within I hourr~o. All the above mentioned cases contain the 
same malonYl residue namely IIIPhe, however they differ in the sequence in 
which this residue is located. Isomerization can take place in neutral as weII as 
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charged sequences, and in water-methanol or buffered solutions. Thus, we 
conclude that the isomerization results via a general acid-base catalysis and is 
sequence dependent and probably residue dependent. A tentative mechanism in 
which water molecules play the role of general acid-base catalysis was suggested 
by us recently''!. 

We feel that the configurational lability of a malonyl residue in a given 
sequence has to be establish~d for each newly prepared partially modified 
retro-inverso peptide analogue in order to evaluate the need for separation of 
diasteroisomers and charac;:terization of their biological activities. 

In light of the configurational lability of the malonyl residues in 
pseudopeptides containing them, it seems impractical, as proposed by Pallai and 
coworkers. to separate a diastereomeric mixture of pseudopeptidic 
intermediates containing malonyl residue, assign their conflguration and. to 
complete the synthesis with the separated diastereoisomers41 • 

The retention of substantial biological potencies in [D-Ala~, gGly" 
(Rs)-IIlPhe4, Leu5-NH~lenkephalin (f) as compared to the relatively low 
activities observed for other types of peptide bond surrogates at the same 
locationn.7. lo, implies that this partial retro-inverso modification retains to 
a large extent the characteristics necessary for an efficient interaction with the 
opioid receptor. Interestingly. reversal of the GIy'-Phe4 amide bond should 
interfere with the anticipated alignment of the corresponding carbonyl to 
a polar site at the receptor, which is considered by Hudson et al. to be essential 
for an efrective interactionn. 

The results of this study suggest that introduction ofa partial retro-inverso 
modification in a single peptide bond is a rewarding effort. Replacement of the 
amide hond GIy-'-Phe4 by a reversed amide bond led to a potent opiate.agonist 
with protracted in vivo activity. Since the retro-inverso modification decreases 
the afrinity for opiate receptors, as assigned through hinding studies, the major 
consequences of this modification are probably the enhancement of metabolic 
stability towards proteases. The intriguing implications of configurational 
lability as a potential mechanism for achieving receptor-ligand complementari
ty are very exciting. Ongoing work in our laboratories addresses itself to the 
introduction of partial retro-inverso modification to other bioactive peptides 
and aims to delineate the relationship between the nature of the malonyl residue 
and its location within sequence to the degree of configurational lability. 

EXPERIMENTAL 

Melting points were taken on a Thomas Hoover capillary melting point instrument and are 
uncorrected. Optical rotations were measured on a Perkin [Imer 141 polarimeter in a 10 cm 
water-jacketed cell. HPLC analysis was performed on a Tracor 950 liquid chromatograph equipped 
with Tracor 970A variable-wavelength detector and Tracor 9ROA solvent programmer. During 
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HPLC analysis peptides were monitored either at 210 or at 254 nm. A Whatman 10-ODS-3 column 
(0.46 x :::!5 cm) was used in all analytical separations. TLC were performed on 0.25 mm Polygram 
silica gel platcs UV 254 (Macherey--Nagel). u~ing the following solvent systems: (A) C1-1CI,-

MeOn (4: I). (B) CHCI., -MeOH (9: I). (C) BuOH-AeOH-H~O (4: I : 5. upper phase). The plates 
were devclopped with spray reagents: 0.1 % ninhydrin (Merck) or fluorj!scamine (Fluram. Hoffman 
La Roche) and/or with iodine vapors. For chlorination test a modified Reindel-Hoppe procedure 
was used~': on precoated TLC aluminium plates. 

Amino acid analysis was performed on LKB-4400 amino acid analyzer equipped with 
it Spectra-Physics SP-41 00 printer-plotter computing integrator using a 4-component sodium buffer 
system and a standard 70 min programme. Potassium-cationized field-desorption (FD) mass 
spectroscopy was performed on a Varian CH5-DF mass spectrometer equipped with an EI. FI. and 
fD ion sourCl~S. Fast atom bombardment mass spectrometry (FAB-MS) was taken by Prof. 
H. Schwartz at the Technical University in Berlin. I H NM R spectra were measured on a Bruker 300 
M liz spl.'Ctrometer. III (CD')eSO (99.9''10 D). and l'hemical shifts arc reported relative to 
tetramethylsilane as internal standard. 

Preparative colul11n chromatography was used extensively to purify crude products. Open 
column chwlllatography was run on silica gel 00 (70-230 me,h. Mel"l·k). High performance low 
pressure liljuid chromatography (IIPLPL.C). at I JOO-:::! 000 Pa. was run on silica gel 60 (2JO-400 
mesh. Merck I. The emuent w,,~ monitored at :::!54nm by ,111 ISeO-UA5multiwavelength absorbance 
mOllil('1". 

Solvent> were puritied in thc following way: CHCI,. DMF and HMPA were distillcd from 
PeO,. DMF was th~n rcdistillcd frolll IlIllhydrin. Gladal acetic add wa, distilled from B(OAc),. 
TIl F. tolucne and I1lcthanol wcrc distilled from ea II ,. 

Pcptides were prepared by the liljuid-phasc methods using 8"c and amides or ethyl esters as 
amino and carboxy protecting groups. resJ)l.'Cli\ ely. Coupling mcthods employed were the ',-,lIowing: 
.. 4} DCC with 1I0Bt. B) the excess mixed anhydride method using IBCF ,lIld NMM. The general 
procedures ''-)I' both methods ha\'e been descrihed in detail in a previous report 1-. Boc protccted 
compounds Wl're treated with cithcr II) dry Hel ill EtOA. or hl l-Il"I in gladal a.etk acid l'ilher in 
prl'Sence or ahsence of 1"'0 thioanisolc17 

Ethyl II) drogen (Ks)-:::!-Iknzylmalonatc (/II) 

To a stirn:d solution of dielh)1 2-bcnzylmalonatc (20 g. XO I11mol) in ethanol (160 ml) at 0 C \\as 
added dropwise 4 M-NaOH (II( ml)during I ~ h. The residue obtained after remmal or ethanol under 
reduced pressure was t"kcn in water (75m\) and extraetcd with EtOA. (30 ml). The <lqueous phasc 
W<lS aciJltkd with UCI (c) to pH 2 and cxtmcted with EtOAc (4 x 100 mI). The combined EtOAc 
washings \\er\! extracted with brine and dried over MgSO~. Removal of EtOAc under reduced 
pressure gave the oily mllnoethyl ester III: yield 15 g (1(4.4~·,,): TLe Rf O.42 (A): MS (/II =): 2~~ (M) t • 

176 (M - CO:U) , . I~I! (M - COeEt) , . IJI (M - C~U~·eHe)'. 91 (C,U,)'. For CleHI~O~ 
(2~2.44) calculated: 64.1(5% C. 6.J;0/0 H: found: 65.1~00 C 6.1(5°'0 H. 

EtO-(Rs)-mPhe-leu-NHe (I) 

The curboxyl component III (4.X:::! g. 21.7 mmol) ,lIld thc Icucinmnide hydrochloride (/1) (3.0 g. 
11(.07 mmol) were dissolvcd in dry THF (90 mI). To this solution were udded NMM (:::!.O 011. I~.I 

ml11o\) and HOBt (J.66 g. 27.1 mmol) follow .. -o b~ DeC (4.1 g. 20.1 mmol). Reaction mixture was 
stirred at room temperaturc for ~4 h. aftcr which it was worked up in .a standurd rashion. The 
organic extnlcts were dried over MgSO~. concentrated under reduced pressure. and stored overnight 
at 0 C The formed prccipitate was filtered otf. Addition of petroleum ether to thc filtrate formed 
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a I're.'ipitate \\hi~'h was collected and dried under lacuum mer 1',0,. Yield 5.6 g (92.8%); tn.p. 
110 (:1 LC Rr 0.59 (A). 0.56 (HI: MS (11/ :1: .:n4 (M)' .. ~17 (M - -NH~) '.290 (M'- CONH~)'. 
~61 (M - CO,Et)'. For C1xH",Np. (334.42) cakulatcd: 64.65"" C 7.!W'Io H. 8.37% N; found: 
64.91"" C. 7)~(,"" II. X.71% N. 

II 0-\ R~ )-11/ Phe- Leu- Nil, ( 1'/) 

T" a solutinn PI' compound I' (2.9 g. 8.7 mtnol). a solution of 0.3 \1-NaOH (30 tnll was added 
dropwisc during 20 min. The reaction mixture was stirred at room temperature for 30 min. The 
solution lIas concentrated in vacuo, diluted with water (100 ml), cxtracted with EtOAc (3 )( 50 ml) 
and acidified to pll 2 with I \I-IICI. The product wa~ collected from lhe iL'e t'old mixture, wlished 
thoroughl~ \I ith cold dislilled water. dried under vacuum over 1',0,. Yield 2.5 g (95%); m.p. 157 C; 
TLC Rr ll.47 (i\). 0.21 (B): MS (m:): 262 (M -CO,) '.246 (262 - NUl)'. 218 (246 - CO)+, 91 
(C-II.) , FOI" CII,H1~N~0 •. 1 :2 Hp (315.37) cakulated: 60.94% C. 7.35% H. 8.88% N; found: 
'>OAO"" C 7.48% H. 9.36% N. 

Boc-n-Ala-Gly-OEt 

To a \olution of Boc-()-Ala-OH (X.25 g. 45 mmol) in DM F (50 ml) were added consecutively NM M 
(461111. 42 Il1ll1ol) and IBCF (5.5 m!. 42 mmol). To this mixture was added solution of IICl.GlyOEt 
('-\.4 g. 45 I11mol) and NMM (4.95 m!. 45 mmol) in DMF (50 mI). Coupling procceded at --2~ C 
1"'1" ~ h arler which it was worked up in a usual manner. The protected dipeptide was obtained as 
an oil. Yield 14.4 g (98.8'\;,,): [::tIn + 25.6 (c 1.0. AcOlI): TLC RJ 0.59 (A). 0.57 (B); MS (m':): 274 
(M)'. 201 (M - CO~Et)'. In (M - Boc)'. ForC I2H"Npd274.)2h:aiculated: 52.54% C 8.08% 
H. IO.:!I"" N: found: 52.57% C 8.07% H. 10.80% N. 

B"c-I>-Ala-Gly-NH~ (I'I/a) 

Dipeptide ester Boc-I>-Ala-Gly-OEt (7.1 g. 25.5 mmol) was treated with saturated methanolic 
ammonia eOO ml) for 12 h. Removal of the solvcnt under redllced prcs~ure gavc white crystals 
which werl'llncd under vacuum over P~05 and H~SO~ IC) to yield 1'1/11. Yidd 6 g (95%); m.p. 133 C: 
[lID 11.9 (t 1.0. AcOH): TLC Rr O.19 (B): MS (III:): 246 1M)'. 186 (M - tBu)+, 
ID (M - tBuO) I. 145 (M - Boc)'. For CIUHI~N10~ (:!45.28) cilkulatcd: 48.97% C, 7.81% H, 
17.31"'" N: found: 48.71'Y. C 7.57%'1-1. 17.57% N. 

Boc-D-Ala-gGIY-(Rs)-mPhe-Lcu-NH1 (Villa) 

To a stirred suspcnsion of amide Vila (1.27 g. 5.2 mmol) in a mixture of acetonitrile-water (64 ml, 
5:3 I v) was addcd iodobenzcn-bistrifluoroacctatc (IBTFA)43 (2.52 g. 5.5 mmol). The mixture was 
stirred at room temperature until complete disappearancc of starting material Vila. as monitored 
by TLC (about 6 h). The solvent was removcd under reduced pressure and thc oily residue obtained 
was kept overnight under v<lcuum over P10 5. The yellow sticky solid WliS triturated twicc with dry 
ether. The residue left from the trituration was dried under vacuum to yicld the crud.c TF A saq of 
thc acylatcd gGly rcsidue. a~ a white amorphous solid which was used without furthcr purification 
in the following coupling step. The TFA salt was dissolved in DMF (23 ml) followed by the addition 
of the carboxy component V/( 1.6 g. 5.2 mlllol). NMM (0.57 m!. 5.2 mmol), DCC (1.06g, 5,2 mmol) 
and HOBt (0.70 g. 5.2 mmo)). Coupling proceeded at room temperaturc for 24 h after which it was 
worked up in a usual manner. The crude product was purified on HPLPLC silica gel column (2.5 
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x 40 em) and eluted by a gradient of MeOH in CHCI., (0 to 10°1.,). The fraction that eluted around 
7% MeOH in CHCI, was pooled and rechromatographed on the same column using an identical 
solvent gradient. The pure pseudotetrapeptide VIlla was obtained as white solid. Yield 1.4 
g (53.2%); TLC Rf O.58 (A). 0.36 (C); FD-MS (III .:): 545 (MH + K) t • 50(, (MH)' . For C~,H;9N,O" 
(505.62) calculated 59.39% C. 7.77% H. LU5% N; found 59.17""0 C. 7.66(~'" H. I3.HO(~'o N. 

HCI.H-D-Ala-gGly-(RS)-IIIPhe-Leu- NIl, (IXa) 

Deprotection of the pseudotetrapeptide l'I1la was carried out with HCI in [tOAc. The 
hydrochloride pseudotetrapeptide [Xa: yield 1.0 g Oll.7";"); m.p. 226"C: TLC RJ 0.34 (C): FAB-MS 
(/11/':): 406 (MH. free base) I • 3H9 (406 - Nil,)' . 361 (406 - CONlI~) .. 3 I H (406 - H-Ala-NII)' . 
306 (406 - H-Ala-NHCH~) t • 2H9 (406 - II-Ala-gGly)'. 261 (2H9 - CO) , . 131 (H~-Leu-N II J ' . 
101 (H-Ala-NH-CH1) + . For C 1"H'2CIN,04 (441 (}6) calculated 54.32°" C. 7.29""11 H: found 54.16"" 
C. 7.16% H. 

Boc-Tyr-D-Ala-gGly-(RS)-IIIPhe-Leu- N H 2 (Xa) 

To a solution of Boc-Tyr-OH (0.31 g. 1.0 mmol) in DMF (2 ml) were addl!d NMM (120 ~t1. 1.0g 
mmol) and IBCF (142111, 1.08 mmol). followed by the deprotected pseudotetrapeptide IXa (!l.4X g. 
1.08 mmol) in HMPT-DMF (6ml. 1:2 vv). Coupling proceeded for 2 h at -.25 C followed by the 
usual work up. The crude product (0.70 g) was chromatographed on HPLPLC silica gel column C.) 

x 40 cm), employing a solvent gradient of MeOH (0 to 10%) in CHCI,. The fraction obtained 
around 5% MeOH in CHCI, was rechromatographed on a LH-20 column (1.5 x 150 cm) and eluted 
with 45% MeOH in water. The major peak was pooled and lyophilized to give the pure protected 
pseudopentapeptide Xa. Yield 0.31 g (51%): TLC R} 0.62 (A). 0.28(8); FAB-MS (/II .:): 691 (M 
+ Na) I. 669 (MH) '. 569 (MH - Boc)'. 406 (569 - Tyr)'. 335 (406 - Ala)'. 306 035 
- CH,NH) I. For C q H 4X N"Ox (66H.H) calculated 61.07% C. 7.23% H: found: 59.52"'" C. 7.47'~o II. 

AcOH. H-Tyr-D-Ala-gGly-( RS)-IIIPhe- Leu- N H, (I) 

Protected pseudopentapeptide Xli (65 mg. 0.097 mmol) was deprotected in I \1-IICI in AcOl1. The 
erude pseudopentapeptide I (55 mg. 94.3%) was purified by partition chromatography on Sephadcx 
G-25 eolumn (2.5 x' 100 cm) employing a two phase solvent system which consistcd of 
BuOH-·AcOH-·H~O (4: I :5. v\). The main fraction was lyophilized. The enkephalin analogue I was 
obtained as a fine powder. Yield 28.8 mg (4l).5';'o); TLC R} 0.55 (C): FAB-MS (III .:): 569 (Mil 
acetate free) I .406 (569 - Tyr)' . Amino acid analysis: Tyr 1.02. Ala 1.00. Leu 1.02. 

Boc-Gly-Gly-OEt 

Boc-Gly-OH (5.0 g. 28.5 mmol) in THF (70 ml) was treated with (BCF (3.5 mi. 26.5 mmol) in 
presence ofNMM (2.92 mi. 26.5 mmol). A mix·ture of HCI.H-Gly-OEt (4.88 g. 35 mmol) and NMM 
(3.H6 ml. 35 mmol) in DMF (70 ml) was added to the reaction mixture. Coupling proceeded for 2 h at 
- 25 C and it was worked up in a standard fashion. Residue obtained after removal of EtOAc under 
reduced pressure yielded the protected dipeptide as an oily product. Yield 6.5 g (94.2%); TLC R} 
0.69 (A), 0.54 (B); MS (lIIi.:): 260 (M) I. 203 (M - tBu) I • 187 (M - tBuO) , . ISH (M - Boc) I. 

130 (158 - NH-CH1) f. For C"H 2I1NP, (260.29) calculated: 50.76% C. 7.74% H. 10.76% N: 
found: 50.47% C. 7.90% H. 10.48% N. 
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Hoc-Gly-Gly-NH, (VllhJ 

Boc-Gly-Gly-OEt (6.2 g. 2..1.X ml11ol) was treated with a saturated methanolic ammonia (200 ml) for 
12 h. Rcmmal of the sohent undl:)' reduced pressure gave the amide VI/h as white crystals which 
\\en: dried under vacuum oyer P,O, and H,S04 (c). Yield 5.25 g (95.2%); m.p. 129 - 130 C; TLC 
R/ 0.37 (A). 0.26 (H); MS (III :): 23 I (M)' . 174 (M - tBu) + • 130 (M ...,;. Boc) , • 115 (130 - NH)+, 
10 I (115 - CII,) , . I X2 (M - CO -Nil,)' . For CqH I7NP4 (231.26) calculated: 46.75% C, 7.41 % 
II; found: 49.6()'~', C. 7.57",'" H. 

Boc-Gly-gGly-(RS)-IIIPhe-Leu-NH, (I'll/h) 

To a stirred suspension of amide I'Ilh (1.4 g. 6.0 mmol) in a mixture of acetonitrile-water (75 ml, 
3:2. vv)'was added IBTFA (2.6 g. 6.0 mmol). The mixture was stirred at room temperature untill 
complete disappearance of starting VI/h. as J" L 'litored by TLC (about 6 h). Workup of reaction 
mixture followed the procedure outlined for compound VI/la. The TFA salt which was obtained 
as an amorphous solid was used in the following coupling step without further purification. The 
TFA sail obtained in the preceeding step was dissolved in DM F (30 ml) followed by consecutive 
addition of the carboxyl-component I'J (1.84 g. 16 mmol). NMM (0.67 ml. 6.0 mmol). HOBt (0.81 
g. 6.0 mmol) and DCC (1.24 g. 6.0 mmol). Coupling proceeded for 24 h at room temperature. 
Residue obtained after removal of solvent under reduced pressure was redissolved in methanol and 
passed through an Amberlyst A-21 (OH-form). ion exchange resin. The crude residue obtained after 
renllwal of solvent under reduced pressure (2.8 g. 95'Y.,) was purified on HPLPLC silica gel column 
(2.5 x 40 cm) employing a solvent gradient (0-10%) MeOH in CHCI). Removal of solvents from 
the pooled fractions of the major peak which eluted at about 7% CHCI) yielded the pure protected 
pseudotelrapeptide I'll/h. Yield 1.77 g (60%); TLC R1 0.74 (A). 0.42 (B): FAB-MS (m/=): 514 (MH 
+ Na)·. 492 (MIl)'. 435 (Mil - tBu)·. 419 (MH - IBuO) I. 392 (MH - Boc)'. 376 (M 
- Boc-NII)' .334 (M - Roc-Gly)' . 319 (334 - Nil)' . 290 (419 - Leu-NH,)' . 262 (290 - CO)+. 
Amino add analysis: (ily 1.06. Leu 1.00. For C,)-f'7Np(. (491.59) calculated: 58.64% C, 7.59% H. 
14.25% N; found: 5X.44'!" C. 7.6X'Y., H. 14.01 % N. 

HCI.H-Gly-gGly-( RS)-IIIPhe-Leu-N H, (/Xh) 

Deprotection of the pseudotelrapcptide I'Jllh (0.40 g. 0.81 mmol) was carried out with HCI in 
EtOAc. The hydrochloride sail l.rh was obtained liS a solid. Yield 0.34 g (79%); TLC R f 0.36 (e); 

FAB-MS (III :): 392 (MH free base)'. 347 (391 - CONH,)·. 31X (391 - H-Gly-NH)', 288 (391 
H-Gly-gGlyH)'. 261 (391 - If-Gly-gGly-CO) I. 

Boc-Tyr-Gly-gGly-( RS)-IIIPhe-Leu-N H, (Xh) 

To a solution of Boc-Tyr-Oll (0.40 g. 1.42 mmol) in TIll" (4.5 ml) were added NMM (150 j.Il, 1.35 
mmol) and I BCF (176 ~II. 1.35 mmol). followed by the dcprotected pscudotetrapeptide IXh (0.56 g, 
1.31 mmol). Coupling proceeded for 2 hat - 25 C after which it was worked up in a usual manner. 
The pure protected pseudopenlapeptide Xh was obtained as a white solid. Yield 725 mg (83.5%); 
TLC Rf O.SI (A). 0.72 (C): FAB-!\1S (111 :): 677 (MNa)·. 655 (Mil)'. 555 (Mil - Boc)'. 392 (MH 
- Boc-Tyr)·. 319 (M - gGly-Phe~L.eu-NII,)·. 306 (Mil - Boc-Tyr-Gly-NH--CH,)+. 2e2 (M 
-- Gly-gGly-Phe-L.eu-NII,)·. 263 (Mil - Boc-Tyr-Gly-gGly-CO)!. For C n Il4(,N 60 x (654.77) 
ealcula\cd: 60.5J'!" C. 7.0X'~" II. 12.X3"" N: found: 60.50 % C. 7.3f'!'" II. 12.XI % N. 
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AcOH. I-I-Gly-gGly-( RS)-IIlPhe-Leu-N H ~ (II) 

Protected pseudopent:lpeptide Yh (I:!O mg. 0.1 X I11mol) \\as deprl)teeled with I \t·I·ICI in AeOH. The 
crude pseudopentapeptide /I (IN mI:!. l)().4~,,) 'HI' -;uhjel·ted to a puritkation procedure identical to 
the one described. in the preparation of analogue I. The enkephalin an.llogue /I was ohtained as 
a fine powder. Yield 30 mg (30.5'~,,). F:\B-MS (m =): 555 (MI-I free hase)' . W:! (555 - Tyr)·. :!7!! 
(555 - H-Phe-Leu-NH~)·. 1.'1 (\Ic-L.eu-NH~)· . Amil1l1 acid analysis: Tyr 1.05. Gly O.9!!. Leu 1.00. 

Biological Assays 

IlIhihilioll (I( ele('Iric-ally illdl/("( cI ('lIlllrl/("(illl/ lIt l11e GPI: Briefly. male guinea pig~ (300 to 
400 g) werl~ killed by eer\'ielll dislocation. The smllll intestine wus dissected out und the lumen 
washed with :!O ml of Krebs solution. A segment of ileum (2-3 em) 10 em from the i1coeeeeal 
junction was mounted under 0.5 g tension in 1I 15 ml organ hllth containing thermostated (37 C) 
oxygenated (95% O~. 5'% CO~) Krebs solution of the following composition. m11l011 I: NaCl II!!: 
CaCl~ 2.54: KCI 4.75: KH~PO~ 1.19: MgCI~ 1.2: NaHCO~ 25: glucose 11.2. A Gmss appuratlls 
stimulator delivered repetitive transmurlll stimulutions. through pilltinum wire elel:trodes. 
consisting of rectangular pulses (40 V. 0.05 Hz. 0.5 msec dunllion). Contractions were recorded with 
a Hugo Sachs Murk isotonic tmnsdueer connected to a Hugo Sach~ VII linear recorder. Stock 
solutions of the opiute agonist were prepared in DMSO and all dilutions were mude with double 
distilled water. The concentration of DMSO in the organ bath did not exceed 0.04"". Determination 
in the reduction of the twitch height at various doses permitted the construction of log dose-response 
curves. Log dose-response curves were determined with [()-AllI~. Met"]enkepha.linamide (DAMEA) 
and morphine as standards for the ileum preparation. IC:l1l values of the enkephalin analogues were 
determined and compared to those of morphine .tnd DAM EA. 

Bindilll{ sflltiies: Rllt hrain (less ('£'rehel/11m) preparations were carried ()UI essentially as 
reported elsewhere~. measuring the displacement of ['H]naloxone. except that memhranes were 
prepared without using discontinuous sucrose gradient purification step. Incuhalinns were 
performed in sodium-free butTer (20 mM Tris I-ICI. pH 7.4) at 37 C fur 25 min. till' medium 
containing 15 III of washed membranes. ['I-I]naloxone (40 Ci mmol. 10 nnwl) the inhibitory cold 
ligand and enough buffer to make a total volume of IO() Ill. Specific eH]nllloxone hinding accounted 
for 60-65% of total !'Hlnaloxone binding. Reported IC~CI values represent th.: concentration of 
inhibitor that caused h'llf-maximal inhihition of specific binding. All experim.:nts \\.:re carried out 
in duplicates and repeated at 1C<lst three times. The in vitro results arc summari7ed in Tahle IV. 

Allllll{esis lesls: Rats (200 - 250 g males. Wistar) wer.: prepurcd und.:r pentoharbitone 
anesthesia. with polyethylene catheters (PE 10) which were introduced into the subdul'i1l ~pace above 
the lumber regions of the spinal cord and advanced 2 em towards the lumber region. The cutheter 

·was 'Ittached to the exposed laminal with acrylic hone cement and the muscle and skin sutured. Two 
to three days later. the response of the unimals to painful stimulus was assessed hy the 
Randall-Sclitto method. in which increasing degree~ of pressure were applied to the tail. The 
pressure (in arbitrary units. AU).II which a struggle or squeak was obtuined \\as taken as the "Pain 
threshold". The eutotT point of pressure wus 30. Morphine and enkephalin unalogues or saline were 
injected into the catheter in " tot,,1 volume not exceeding 0.1 ml (including w'lsh-in with saline). 
Reaction of the nit to pressure assessed evcry 5 min for 15 min und at 3() min. after injection. All 
doses were expressed as Ilg rat. 

ColiectlOn Czechoslovak Chern. Commun IVol 53) /19881 



Relro-Inyer,o Enkephalin Analogues 2535 

RUEREi'CES 

I. Spalola A. in: Chemistrr alld Biochemistry of Amino acids, Peptides and Proteins (B. Weinstein, 

Ed.). Vol. 7. p. 267. Dekker. New York 1983. 
2. Morle} 1. S.: Ann. Rev. Pharmacol. Toxicol. ::0. 81 (1980) . 

.I. Malfroy B .. Swerls J. P .. Guyon A .. Roques B. P .. Schwartz J. C: Nature 276, 523 (1978). 

4. Roemer D .. Buescher H. H .. Hill R. C. Pless J .. Bauer W .. Cardinaux F .. C10sse A .. Hauser D., 
HugUl:nin R.: Nature 268. 547 (1977). 

5. Rogues B. P .. Fournier-Zaluski M. C. Soroca E .. Lecomte J. M .. Malfroy 8.. Llorens C. 
Schwartz J. C: Naturc 2XX. 286 (198\)). 

6. Hudson D .. Sharpe R .. Szelke M.: Int. J. Pept. Protein Res. 15. 122 (1980). 

7. Spalola A. F .. Saneii B .. Edwards J. V .. Bettag A. L.. Anwer M. K .. Rowell P .. Browne B .. Lahti 
R .. \on VoigllanderP.: Life Sci. 3X. 1243 (1986). 

8. Rllbllli L. Gilon C. Levian-Teilclbaum D .. Selinger Z .. Weinslock-Rosin M., Chorev M. in: 
Peptidc.1 19M (U. Ragnarsson . Ed.). p. -r. Almquist & Wik'iell. Stockholm 1984. 

9. Hanll M. M .. Sammes P. G .. Kcnncwcll P. D .. Taylor J. 8.: J. Chem. Soc .. Perkin Trans. I. Jl.)X2, 
3()7. 

10. Cox M. T.. Grom1cy J. J .. Hayward C. F .. Pcter N. N.: J. Chern. Soc. Chem. ("ommun. 1980. 
800. 

II. Chore\' M .. Shavitz R .. Goodman M .. Minick S .. Guillcmin R.: Science 204. 1210 (1979). 

12. Berman J. M .. Jenkins N .. Hassan M .. Goodman M .. Nguycn T. M. D .. Schiller P. W. in: 
Pcptid".I: SfI'Ilctllre IIlId Fllllctioll (V. J. Hruby and D. H. Rich. Eds). p. 283. Plercc Chem. Corp., 
Rockford I L. 19~3. 

13. Clausen K .. AnwC1' M. K .. Bettag A. L.. Bcnovit7 D. L Edwards.l. V .. L.awesson S. 0 .. Spatola 

A. F. in: Pcptidc.I" Structllr,' 1I1It! Fllllctioll (V. J. Hruhy and D H. Rich. Eds). p. 307. Pierce 
Chem. Corp .. Rockford I L. 1983. 

14. t\lmquisl R. G .. Olsen C M .. Uyeno E. T.. Toll L.: .I. Med. Chem. ::7. 115 (1984). 

15. Goodman M .. Chore\' M.: Ace. Chcm. Rc,. I::. I (1979). 

16. Goodman M .. Chorey M. in: Perspcl'Iil'e.1 ill P"IJlit!e Chemislrr (A. Eberle. R. Geiger and 
T. Wieland. Eds). p. 283. Karger. Bascl 1981. 

17. Chore\' M .. Rubini E .. Gilon C. Wormser U .. Selinger Z.: J. Med. Chem. 26. 129 (1983). 

18. Salvadori S .. Balboni G .. Marasloni M .. Sarto G .. Tomatis R. in: Peptides Jl.)x4 (U. Ragnarsson. 
Ed.). p. 309. Almquist & Wiksell. Stockholm 1984. 

19. Gcsellchen P. D .. Frederickson R. CA .. Tafur S .. Smiley D. in: Peptide.I·: Synthesis. Structure. 

FlIIlcthll1 (D. H. Rich and E: Gross. Eds). p. 621. Pierce Chern. Corp .. Rockford IL. 1981'. 

20. SW<lminathan K .. Venkatasubranian N.: J. Chcm. Soc .. Perkin Trans. 2. 1975. 1161. 
21. Radhakrishna A. S .. Pharham M. E.. Riggs R. M .. Loudon G. M.: J. Org. Chern. 44,1746 (1979). 
-n Pallai P .. Goodman M.: J. Chem. Soc .. Chern. ('ommun. 19X2. 280. 
23. Rubini E.. Chorcv M .. Gilon C .. Friedman Z. Y .. Wormscr U .. Selinger Z. in: Pep tides: 

SYl1thl'.li.l. Structure. FUl1ctiol1 (D. H. Rich and E. Gross. Eds). p. 593. Pierce Chern .. Corp., 
Rock ford I L. 1981. 

2~. Pallai P .. Richman S .. Struthers R. S .. Goodman M.: Int. J. Pept. Protein Res. 21. 84 (1983). 
25. Ribicro A .. Chorc\' M .. Goodman M.: Biopolymers :::!. l869 (1983). 

26. Ribicro A .. Jardetzky 0 .. Gilon C. Teitclbaum D .. Chore\' M.: Biopolymers 22. 247. (1983). 

27. CO) D. II.. Kastin A. 1.. Sch,dly A. V .. Morin 0 .. Caron F .. Walkcr J. M., Fertel R .• Bernston 

G. G .. Sal1llm~1I1 C. A.: Bioehem. Biophys. Rcs. Commun. 73. 632 (1976). 

28. Perl C. B .. Bowie D. L.. Fong B. T. W .. Chang J. K. in: A£il'tll1cl's in Clinical Chemistry (0. 
BodanSlky and A. L. Lalner. Eds). Vol. I!L p. 79. Academic Press. New York 1976. 

Collecllon Czechoslovak Chern. Commun (Vol. 53) (1988) 



2536 Chorev, Gilon, Roubini, Ackerman, Levian-Teitelbaum, Rosin 

29. Berman J. M., Goodman M .. Nguycn T. M. D .. Schiller P. W.: Biochem. Biophys. Res. 
Commun. 115,864 (J983). 

30. Pasternak G. W., Goodman R .. Snyder S. H.: Life Sci. 16, 765 (1975). 
31. Hughes J.: BrainRes. 88,295 (1975). 
32. Hambrook J. M., Morgan B. A., Rance J. M., Smith C F. C: Nature ]6],782 (1976). 
33. Meek J. L.. Yang H. Y. Costa E.: Neuropharmacology 16, 151 (1977). 
34. Coletti-Previero M. A., Mattras H .. Descamps B .. Coletti-Previero A.: Biochim. Biophys. Acta 

657, 122 (1981). 
35. Hersh L. B., McKelvy J. F.: J. Neurochem. 36,171 (1981). 
36. Walker J. M .. Bermston G. G .. Sandman C. A., Coy D. H .. Schally A. V., Kastin A. J.: Science 

/96, 85 (1976). 
37. Pert C. B., Pert A., Chang J. K., Fong B. T. W.: Science 194, 330 (1976). 
38. Chorev M., Rubini E.. Hart Y., Gilon C, Wormser U .. Selinger Z.: Eur. J. Pharmacol. I:! 7, 187 

( 1986). 
39. Chorev M .. Yaion M., Wormser U., Levian-Teitelbaum D .. Gilon C. Selinger. Z.: Eur. J. Med. 

Chem., Chim. Ther. ]1, 96 (1986). 
40. Pallai P., Richman S., Goodman M. in: Pl.'{Jlidl's: Synrhesis. Srrucfllre. FUllcrion (D. H. Rich and 

E. Gross. Eds), p. 85. Pierce Chem. Corp., Rockford IL. 1981. 
42. Von Arx E., Faupe M .. Brugger M.: J. Chromatogr. 1]0,224 (1976). 
43. Maletina I. I.. Orda V. V .. Yagupolskii L. M.: J. Org. Chem. (U.S.S.R.) 10. 294 (1974). 
44. Tolkovski A. M.: Mol. Pharmacol. 21. 648 (1982). 

Collection CzeChoslovak Chem. Commun. (Vol. 53) (1988) 




