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ABSTRACT 

The two structurally different peptides DPDPE and Dermenkephalin show a 

similar remarkably high affinity and selectivity for the delta opioid receptor subtype. 

An effort has been made to gain some insight into the factors responsible for 

the recognition ability of these two molecules by synthesizing some DPDPE-

Dermenkephalin peptide hybrids and some conformationally restricted Dermenkephalin 

analogues. 

The results of the binding and the in-vitro bioassays have been compared with 

those of the parent peptides. A general decrease in receptor affinity has been observed 

in the peptide hybrids while the dermenkephalin analogues have shown a wider range 

of affinities and selectivities. 

The above findings contribute to the understanding of the structural 

requirements of the delta receptor, provide information about the sensitivity of 

Dermenkephalin to enzymatic degradation, and indicate directions for future research. 



Chapter 1 

INTRODUCTION 

It has been known for a long time that the local administration of morphine 

(Figure I), a naturally occurring macrocyclic alkaloid, produces a variety of 

physiological effects such as analgesia, respiratory depression, behavioral changes and 

constipating effects. The isolation of the compound was accomplished in 1806 but it 

was not until the demonstration of its stereospecific binding to some areas of the brain 

in 1973 (Pert and Snyder, 1973; Simon et al., 1973; Terenius, 1973) that people started 

to realize the existence of an endogenous opioid receptor. A breakthrough in the field 

occunred two years later when John Hughes and Hans Kosterlitz isolated moiphine-like 

compounds from porcine brain which consisted of two linear pentapeptides, [Leu]5-

enkephalin (Figure II) and [Met]5-erikephalin (Figure III) (Hughes at al., 1975). This 

discovery showed that there were two endogenous peptides able to interact with the 

opioid receptor. At about the same time evidence was accumulating which led to the 

suggestion of the existence of multiple opioid receptors, each of which was presumed 

to have different structural requirements for ligand-receptor interaction (Chang et al., 

1979; Lord et al., 1977; Martin et al., 1976; Gilbert and Martin, 1976). It is now 

generally accepted that there are three opioid receptor subtypes: the mu (|i), the delta 

(8) and the kappa (k), plus probably a fourth type called sigma (a). The existence of 

some subtypes of these classes also has been postulated. 



It has been shown in the last few years that ligands binding to the delta 

receptors produce high and long lasting analgesia devoid of addiction and with 

practically no effect on gut motility and cardiac function, when the peptide is 

administered in the spinal cord and in the brain. Such desirable features are not present 

in the case of the mu and kappa receptor selective ligands (Figure IV) that give rise 

to a variety of side effects. Therefore it seems that the complex biological response 

triggered by the ligand-receptor binding varies according with the interaction with the 

specific receptor subtype. 

The physico-chemical details of the S-receptor/ligand interactions are not 

known at present. Furthermore they cannot be monitored and studied directely due to 

the unavailabity of usable amounts of the purified receptor. However, it is possible to 

gain indirect information on the receptor requirements for ligand binding by designing 

and synthesizing peptides that bind to it with high specificity. This can suggest the 

main molecular features present in the binding site of the receptor. Linear peptides, due 

to their inherent flexibility, are not veiy suitable for this puipose: a wide variety of 

conformational states of comparable potential energy are present in solution at room 

temperature and dynamic averaging makes their identification practically impossible. 

The use of conformationally restricted ligands can greatly contribute to overcome this 

problem due to the increased degree of rigidity of these molecules. A great deal of 

effort has been in this direction. 

Schwyzer suggested that the receptor affinity of a peptide is not only 
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dependent on its conformational and topographical characteristics in solution but also 

on its interaction with the cell membrane before binding to the receptor; he has 

proposed that the membrane plays a catalytic role in the ligand-receptor recognition 

(Sargent and Schwyzer, 1986). He has also recently suggested that the overall electrical 

charge of a peptide along with its amphiphilic moment may promote a membrane-

mediated receptor-subtype selection process; this selection is also influenced by the 

location of the receptor with respect to the various membrane compartments. A theory 

based upon these concepts has been developed to explain the opioid receptor 

selectivity (Schwyzer, 1986). Therefore, it has to be kept in mind that the classical idea 

of site selectivity caused by the receptor requirements for a complementary fit of the 

agonist to the discriminatory site may be modulated by a selection mechanism based 

on peptide membrane interactions (membrane requirements). 

Conformational restrictions in peptides (Hruby, 1982; Feigel, 1986; Kemp 

and Carter, 1987; Sato and Nagai, 1986; Toniolo, 1990) can be achieved a) through 

modifications that involve the a-carbon atom (Prasad and Balaram, 1984; Meraldi et 

al., 1977), the amide nitrogens (Vitoux et al., 1986) and/or the side chain moiety of 

the peptide backbone (Nitz et al., 1986; Mosberg et al., 1986; Kazmierski et al., 1988) 

to yield a local rigidity; b) through various types of inter-residue cyclizations (Hruby, 

1982; Schiller et al., 1985; Toniolo, 1990) which generally causes a global constraint 

on both the side chain groups and the backbone; and c) through backbone 

modifications (Spatola, 1983; Tourw6 et al., 1990) that introduce rigid functional 



elements (e.g. a double bond as a replacement of the amide bond). 

A tremendous amount of work has been done in order to design and 

synthesize confortnationally constrained delta-selective opioid peptides (Hruby and 

Gehrig, 1989). Most of the work has been carried out in an attempt to apply 

conformational restrictions to the flexible linear enkephalins. 

The most successful example of this strategy is undoubtely the synthesis of 

DPDPE (Figure VIII) which was accomplished in 1983 through the logical 

development of the concepts of conformational restriction and by taking advantage of 

some previous structure-activity studies. 

In 1979 a class of side chain cyclic enkephalin analogues was obtained by 

substitution of D-Cysteine in position 2 and of D- or L- Cysteine in position five and 

subsequent oxidation of the free sulfhydrils to form a 14-membered ring (Sarantakis, 

Patent, 1979). The resulting analogues [D-Cys2, D- (or L-) Cys5]Enkephalinamide 

(Figure V) were found to be non-selective with regard to ji.- and 5- receptors, but 

exibited high potency (Schiller et al., 1981). Opioid activity was evaluated in the 

mouse vas deferens (MVD), guinea pig ileum (GPI) and brain binding assays. A 5-

receptor is primarily responsible for mediating the observed inhibition of muscle 

contraction in the MVD preparation, while a (J.-receptor has apparently a similar 

function in the GPI assay (Lord et al., 1977; Waterfield et al., 1979). Thus the potency 

ratios IC50(GPI)/IC50(MVD) can be taken as a measure of the 5- (vs |J.-) receptor 

selectivities in these bioassays. 



12 

A further constraint was applied by substituing the conformationally restricted 

D-Penicillamine (p,P-dimethyl-D-Cysteine) to Cysteine in position two; therefore the 

following analogues were prepared: [D-Pen2, D-Cys5] and [D-Pen2, L-Cys5] 

Enkephalinamide (Mosberg et al., 1982). Suiprisingly, it was found that these 

analogues became more 8-receptor selective. When the carboxamide terminal was 

replaced with a carboxylic acid terminal yielding [D-Pen2, L-Cyss] and [D-Pen2, D-

CysjEnkephalin (Figure VI) (Mosberg et al., 1983), the 5-receptor selectivity was 

increased by 20- and 30-fold respectively, as evaluated by the potency ratios 

[IC50(GPI)/IC50(MVD)]. Even when the Penicillamine and Cysteine were transposed 

to give the analogues [D-iys2, D-(or L-)Pens]Enkephalin (Figure VII) (Mosberg et al., 

1983a) the 8-receptor selectivity was retained. Finally, when both Cysteines were 

i—: 1 
replaced with Penicillamine, the resulting analogues [D-Pen , D-(or L-)Pen^Enkephalin 

(Figures VIII and IX) were found to possess extraordinary 5-receptor selectivity 

(Mosberg et al., 1983b,c), though the potency at the delta receptor was considerably 

decreased compared to the D-Cys2 analogues. 

Of these analogues, the one which is the most 5-selective and at the same 

time most potent is [D-Pen2, D-Pen5]Enkephalin (DPDPE), which has since then 

represented the prototype of the delta-opioid receptor selective peptide. 

In 1981 a heptapeptide termed dermoiphin was isolated from the skin of the 

South American tree frog Phyllomedusa Sauvagei\ its sequence was: H-Tyr-D-Ala-Phe-

Gly-Tyr-Pro-Ser-NH2 (Montecucchi, 1981). This extremely potent and (j.-opioid 
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receptor selective peptide is particularly efficacious in in-vivo experiments (Erspamer, 

1985; de Castiglione, 1981). 

Complementary DNA (cDNA) libraries have been constructed from 

Phyllomedusa Sauvagei messenger RNA and screened with a mixture of 

oligonucleotides that contained the codons complementary to five amino acids of 

Dermorphin. At least two types of cDNA clones were detected with inserts coding for 

four to five homologous repeats of 35 amino acids, each repeat including one copy of 

the Dermorphin progenitor sequence pre-hormone processing signals. However, of the 

two prodermorphin molecules one has a dermorphin sequence replaced by a different 

heptapeptide having the following structure: H-Tyr-Met-Phe-His-Leu-Met-Asp-NH2 

(Richter et al., 1987). At that time, the actual existence of such a peptide was only 

postulated. A few months later a few research groups independently synthesized the 

two peptides with both [Met2] and [D-Met2] as the second amino acid. The first peptide 

was found to be virtually inactive in both in-vitro and in-vivo experiments but the 

peptide having the D-Met in position 2 was found to possess an extraordinary potency 

and selectivity for the delta opioid receptor subtype (Amiche et al., 1989; Lazarus et 

al., 1989). 

The natural peptide, containing D-Met as the second amino acid, was finally 

isolated is small quantities from skin extracts of the frog Phyllomedusa Sauvagei 

(Kreil, 1989) and proved to be identical to the synthetic peptide. The new delta-agonist 

was named Dermenkephalin (Amiche et al., 1989), or Deltorphin (Kreil et al., 1989), 
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or [D-Met2] Dermorphin Gene Associated Peptide (DGAP) (Figure X) (Lazarus et al,, 

1989) and represents the first naturally occurring peptide with high selectivity for the 

delta-receptor. It is also remarkable that dermenkephalin is unique among peptides 

synthesized by animal cells in having a D-amino acid residue; the mechanism by 

which this occurs in nature is unknown at present though several hypotheses have been 

formulated (Richter, 1987). 

Nicolas and coworkers have carried out a detailed structure-activity study in 

order to elucidate the molecular determinants of the affininty and selectivity 

characteristics of dermenkephalin. Some analogues of the |J.-selective peptide 

dermorphin have been synthesized in which one or more carboxyl terminal amino acids 

have been progressively eliminated. It was found that dermorphin [1-4] nearly retains 

the |i. affinity and selectivity of dermorphin. Similarly, when the carboxyl terminal 

amino acids are removed from the delta-selective peptide dermenkephalin, a fully |i-

selective peptide dermenkephalin [1-4] is obtained: the preference for a receptor 

subtype has been inverted by simply removing a carboxyl terminal portion of the 

molecule. Furthermore, the following peptide-hybrids have been synthesized: 

{dermorphin [1-4], dermenkephalin [5-7]} and [dermenkephalin [1-4], dermorphin [5-

7]}. The biological assays revealed that these peptides are 8- and (X- selective 

respectively' (Table I) (Sagan et al., 1989a,b). All the above findings support the 

hypothesis that dermenkephalin has a N-terminal (i-address and a C-terminal 8-address. 

Part of this work is concerned with the investigation of this concept at a more general 
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level. 

A preliminary conformational study of dermenkephalin has appeared in the 

literature (Temussi, 1989). The lD-'H-NMR experiments performed revealed an 

unusually high-field chemical shift for the p-CH2 protons of D-Met2; this behavior 

parallels that of dermorphin, in which the protons belonging to the methyl group of D-

Ala2 have a rather low value with respect to the standard value found for Alanine. The 

authors of the study propose the presence of a P-turn among the residues 1 through 4 

of dermenkephalin by analogy with previous findings on dermorphin (Castiglione-

Morelli, 1987). Further and more detailed work is necessary to gain a better knowledge 

about the conformational features of dermenkephalin. 

It is worth mentioning that two other heptapeptides have recently been 

isolated from skin extracts of the Argentinian frog Phyllomedusa Bicolor (Erspamer, 

1989), they have D-Ala in position 2 and their structures have some similarities with 

that of dermenkephalin (Figure XI). They have been named Deltorphin I and 

Deltorphin II and one of them has one of the highest affinities and selectivities for the 

8-opioid binding sites ever observed. However deltoiphin I and deltoiphin II are not 

the subject of this work. 

It is clear from the previous discussion that both DPDPE and dermenkephalin 

are two comparably highly 5-selective opioid peptides. They both have a D-amino acid 

in position 2 which is believed to be very important to improve the resistance of the 

peptides against enzymatic degradation and to favor their interaction with the receptor 



via conformational effects. However, if we consider their overall structure, these two 

peptides are profoundly different. DPDPE is a cyclic molecule and has the highly 

constrained D-Penicillamine in positions 2 and 5; therefore a considerable degree of 

conformational restriction is present. Dermenkephalin, on the other hand, is linear and 

presumably rather flexible, capable of assuming a wide variety of different 

conformations in aqueous solution. The relative topography of the Tyrosine and 

Phenylalanine aromatic rings is believed to be very important not only for the 

interaction with the opioid receptor but also for the discrimination between the p.- and 

S-receptor subtypes. In this regard, it's noticeable that DPDPE has Tyrosine and 

Phenylalanine in positions one and four while the same amino acids occupy the 

positions one and three in dermenkephalin. It is remarkable that these two molecules 

have a similar affinity and selectivity for the delta-opioid receptor even if a first 

analysis suggests quite different molecular features. 

We have chosen to investigate two topics that we believe are important in 

order to obtain further information on the structural relationship between DPDPE and 

dermenkephalin and its relevance to the 5-opioid receptor selectivity. 

Our research efforts have mainly followed a synthetic chemical approach and 

have been focused on the following: 

a) investigation on the existence of a delta-message amino acid sequence and its 

features through the synthesis of various DPDPE-dermenkephalin peptide-hybrids. 

b) design and synthesis of dermenkephalin analogues carrying different types of 
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conformational restrictions in the search for a template that preserves similar 

characteristics of affininty and selectivity for the 8-opioid receptor to those of the 

parent peptide. 
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Table I 

Binding Data of Dermoiphin/Dennenkephalin Analogues 

Bermenlcephalin Tyr1-D-Mel2-Phe3-His4-Leus-Met6-Asp7-NH2 

Dermorphin 1\r,-D-Ala2-Phe3-Gly4-Tyr5-Fro6-Ser7-NH2 

P E P T I D E  Kj(nM) 
v s  

[1H]DTLET 

Kj (nM) 
vs 

[®H]DRM 

K. PH1DRM 
Ki[3H]DTLET 

Dermenkepbalin (DREK) 5.210.3 267 ±12 51 

DREK-[l-6]-NH2 10.5 ±2.1 46 ± 6 4.2 

DREK-[1-5]-NHj 20.2 ±0.8 8.2 ±0.3 0.4 

DREK-[l-4]-NHj 

I 
1289 ±111 1 8.0 ±0.4 0.006 

Dermorphin (DRM) 359 ± 31 1.05 ± 0.04 0.(M)3 

DRM-[l-4]-NH2 1610 ±284 2.63 ± 0.25 0.002 

[Leu5-Met'-Asp7]-DRM 4.8 ± 0.3 25.0 ±3.1 5.2 

[His4-Leu5-Met'-Asp7]-DRM 5.1 ±0.7 1 3 1  ± 8  26 
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Chapter 2 

RESULTS AND DISCUSSION 

The DPDPE and Dermenkephalin analogues have been synthesized by the solid 

phase methodology developed by Merrifield and coworkers. Their opioid activity has 

been evaluated by in-vitro bioassays that measure the ability of the peptide to inhibit 

electrically evoked contractions of the myenteric plexus longitudinal muscle 

preparation of guinea pig ileum (GPI) and of mouse vas deferens (MVD). The guinea 

pig ileum is believed to contain mostly (i receptors, while the mouse vas deferens is 

believed to contain 5, (J. and K opioid receptors. However, the 5 opioid receptor is 

believed to be the predominant functional receptor in this tissue (Lord et al., 1977; 

Waterfield et al., 1979; Kosterlitz et al., 1980). Therefore the potency ratio 

IC50(GPI)/IC50(MVD) can be taken as a measure of the selectivity of the analogues and 

their IC50(GPI) and IC50(MVD) indicate their potency at the (J. and 8 receptor 

respectively. An estimate of the receptor binding is obtained by the ratio of the ICS0 

values for the displacement of tritiated CTOP (Hawkins et al., 1989), an antagonist 

with high affinity and selectivity for the |i. receptor and for the displacement of tritiated 

[p-ClPhe"]DPDPE (Vaughn et al., 1989), the prototypical 8 receptor ligand, from rat 

brain membrane preparations. 

In order to investigate whether the carboxyl terminal portion of 

Dermenkephalin, which appears to behave as a 8 message for this molecule, would 
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add 8-affinity and/or selectivity to DPDPE, a series of analogues were synthesized in 

which the last three amino acids of Dermenkephalin were added to the C-terminal 

portion of DPDPE. Both the carboxyl terminal and the carboxamide terminal series 

were prepared. The data from the bioassays are shown in Table II. 

The potency of the analogue [Asp6]DPDPE (1) at the delta sites is almost two 

orders of magnitude lower than that of DPDPE. The potency at the sites couldn't be 

determined because it was not possible to achieve 50% of inhibition of the electrically 

stimulated contractions of the guinea pig ileum muscle. Therefore this analogue is not 

very active at the |i. opioid receptor. 

The peptide [Leu6, Met7, Asp8]DPDPE (5) exibited similar behavior. It had an 

even lower potency than (1) at the delta receptor. A somewhat similar trend was also 

followed by the carboxamide terminal series. 

The analogue[Asp6]DPDPE-NH2 (2) also showed reduced potency in the MVD 

assay but the effect was about one order of magnitude lower than for the peptide (1); 

the potency at the (J. receptor was negligible. Therefore it turns out that this analogue 

is not as potent as DPDPE but it is possibly more selective. The remaining two 

carboxamide analogues [Met6, Asp7]DPDPE-NH2 (4) and [Leu6, Met7, Asp8]DPDPE-

NH2 (6) displays less and less affinity for the delta receptor sites. 

The radioreceptor assay of analogues (1) through (6) paralleled the results from 

the MVD and GPI in-vitro tests (Table EI). The decrease in affinity for the delta 

receptor going from DPDPE to (1) is even larger (a factor of 660) than in the case of 
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the bioassays. 

From the analysis of the above data we can deduce that the five to seven 

carboxyl terminal amino acid sequence doesn't add delta specificity to DPDPE. 

Therefore it is clear that the effect of the C-terminal S-address of Dermenkephalin is 

not additive and the sequence Leu-Met-Asp-NH2 probably does not possess any delta 

specificity per-se. 

In the case of the one to four sequences of Dermoiphin and Dermenkephalin, 

Tyr-D-Ala-Phe-Gly and Tyr-D-Met-Phe-His respectively, the situation is different. In 

fact the peptide-hybrids Tyr-D-Ala-Phe-Gly-Leu-Met-Asp-NH2 and Tyr-D-Met-Phe-

His-Leu-Met-Asp-NH2 are highly potent and selective for the delta receptor. It is likely 

that somehow the C-terminal 5-address interacts with the rest of the molecule and 

stabilizes a conformation of the whole peptide more closely related to the bioactive 

conformation. Therefore, we could regard the one through four amino acid fragment 

of these two peptides as the 8-message sequence and the five through seven sequence 

as an "interactive delta-address". 

It is worth mentioning that the experimental results obtained for the DPDPE-

dermenkephalin peptide-hybrids are in accordance with a model of the opioid receptor 

recently proposed by Ronsisvalle and coworkers (Ronsisvalle et al., 1990). According 

to this model, the opioid receptor complex has a primary recognition site to which both 

delta and mu ligands bind. On the other hand, the delta selective ligands are also able 

to bind to an additional recognition site of the receptor with part of their amino acid 



sequence. This portion of the peptide could then play the role of delta address (Figure 

XII). 

Following this model it might be possible that Dermenkephalin[l-4] and 

Dermorphin[l-4] occupy the primary recognition site and the accessoiy (j. site, 

therefore these peptides show |i selectivity. On the other hand, Dermenkephalin may 

occupy the primary recognition site and the mu and delta recognition sites; therefore, 

the peptide resulting from the addition of a 5 address to DPDPE wouldn't be able to 

interact with the 5 site but may just perturb the topographical features of DPDPE 

decreasing its binding ability. 

It is worth mentioning that several Met-Enkephalin analogues have been 

synthesized in the past by adding amino acids to the C-terminal portion of the 

molecule and they have generally been found to be less active than the parent 

compounds (Ling et al., 1976). A notable exception were DSLET and DTLET (H-Tyr-

D-Ser-Gly-Phe-Leu-Thr—OH and H-Tyr-D-Thr-Gly-Phe-Leu-Thr-OH) which both 

showed a very good potency and 8-selectivity if compared to the endogenous 

Enkephalins (Fournid-Zaluski et al., 1981) and a number of other similar peptides 

such as H-Tyr-D-Ser(OtBu)-Gly-Phe-Leu-Thr(OtBu) (BuBu). Bubu appears to bind to 

the delta opioid receptor with even greater potency and selectivity than DSLET or 

DTLET (Gacel et al., 1988a,b). There are a few examples of C-terminal elongated 

cyclic enkephalin analogues published in the literature (Hruby, 1986; Hurst, 1984); 

they display high affinity for the delta receptor subtype but are only moderately 
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selective. From all the above, it's evident that it is not possible to establish a general 

trend for the activity and selectivity of enkephalin analogues in which some amino 

acids have been added to the carboxyl portion of the molecule. 

The results shown in this study point to a general decrease of affinity for the 

delta receptor, in the case of the limited number of amino acids that have been added. 

Further studies will be needed in order to gain a better understanding of the 

delta message of dermenkephalin; in particular, conformational analysis and computer 

calculations would add a great deal of information to this interesting question. 

The second part of the present work consists on studies on conforaiationally 

restricted Dermenkephalin analogues. 

First, a local conformational restriction has been imposed to the peptides by 

adding a methyl group to the p carbon of Phenylalanine in position three. (S,S)-j3-

MePhe has been chosen because this had turned out to be the most effective of the 

four stereoisomers when substituted in position four of DPDPE (Hruby et al., 1990). 

The analogue H-Tyr-D-Met-(S,S)-P-MePhe-His-Leu-Met-Asp-NH2 (7) has been 

synthesized and tested for biological activity. The bioassays of this peptide and of all 

the other Dermenkephalin analogues are shown in Table IV. Surprisingly, the 

IC5Q(MVD) was more than one order of magnitude larger than that of Dermenkephalin, 

indicating a significant drop in 8-activity due to a rather small substitution in the side 

chain of Phenylalanine. When the bioassay was repeated in the presence of a cocktail 

of peptidase inhibiting compounds (consisting in a mixture of bestatin, bacitracin and 
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captopryl) the ICJ0 in the mouse vas deferens assay dropped considerably. The same 

sensitivity to enzymatic degradation was also exibited by Dermenkephalin itself. 

A stronger conformational restriction was then applied by the introduction of 

a disulfide bridge in the molecule through the substitution of D-Met2 and Leu5 with D-

Cys and Cys respectively, followed by cyclization. The bioassays of H-Tyr-D-Cys-Phe-

1 
His-Cys-Met-Asp-NH2 (8) showed a slightly decreased potency at the delta receptor 

and a considerable increase in potency at the mu receptor. This analogue is therefore 

a potent non-selective delta-agonist. It might be subject to future applications as a 

template for conformational and computer studies aiming to investigate the 

topographical features of a ligand that cause interaction with both the mu and the delta 

opioid receptor. 

When D-Met2 and Met6 of Dermenkephalin were replaced by D-Cysteine2 and 

Cysteine5 and the resulting compound subjected to cyclization, a peptide (H-Tyr-D-

i 1 
Cys-Phe-His-Leu-Cys-Asp-NH2 (9)) was obtained which had a rather low potency and 

affinity for both the 8 and |i sites but preserved a preference for the 8 receptor. 

Interestingly enough, when the MVD bioassays of 8 and 9 were repeated in the 

presence of the cocktail of peptide inhibiting compounds described previously, the 

potency at the delta sites remained nearly unchanged. This clearly shows that 8 and 

9 are extremely resistant to the peptidases present in the mouse vas deferens tissue 

preparation. This improved stability is probably due to the disulfide cycle that 

contributes to make the whole molecule less easily recognizable by the peptidases. 



32 

Therefore, this finding enforces the idea that it is desirable to carry out additional 

research work in order to synthesize eonformationally constrained Dermenkephalin 

analogues with a receptor specificity similar to that of the parent peptide. These 

analogues would probably display, among the other things, an excellent resistance to 

enzymatic degradation, a very important property that increases the bioavailability of 

the peptides enabling them to reach their molecular target unchanged. 

Last but not least, the analogue H-Tyr-D-Met-p-FPhe-His-Leu-Met-Asp-NH2 

(10) was synthesized in order to explore the influence of an electron-withdrawing 

group in para position to the Phenylalanine3. The biological activity of this peptide was 

then evaluated. In both bio- and binding assays it appeared to behave similarly to 

Dermenkephalin with an IC50 in the mouse vas deferens strongly dependent on the 

presence of the peptide inhibitor cocktail in the assay preparation. Interestingly enough, 

this substitution caused a remarkable improvement in affinity and selectivity for the 

delta receptor when applied to DPDPE (Toth et al., 1990). This finding, along with the 

bioactivity displayed by the peptide 7, suggests that DPDPE and Dermenkephalin have 

different structure-activity relationships. 



Figure XII. Schematic Model of the Opioid Receptor Complex. 
A 8 selective ligand could be capable of binding to both the accessory recognition 
sites II,! and II5> while a (I ligand could interact only with the 11^ site. 
The primary recognition site (I) could be the same for both and 8 ligands. G and G' 
indicate different receptor protein subunits (Ronsisvalle et al., 1990). 



Table H 

Bioassays of DPDPE Analogues 

P E P T I D E  ICJ0 MVD 
(nM) 

IC50 GPI 
(nM) 

IC<„ GPI 
ICJOMVD 

i 1 
Tyr-D-Pen-Gly-Phe-D-Pen-OH (DPDPE) 5.81 ± 1.63 11,600 2,000 

DPDPE-Asp6-OH (1) 8 9 3  ± 2 1 8  >30,000 >33 

DPDPE-Asp6-NH2 (2) 50.7 ± 24.2 45% inh. at 
60,000 nM 

>1200 

DPDPE-Met6-Asp7-OH (3) n.a. n.a. 

DPDPE-Met6-Asp7-NH2 (4) 482 ± 671 33,300 70 

DPDPE-Leu6-Met7-Asp8-OH (5) 2904 9% inh. at 
60,000 nM 

»20 

DPDPE-Leu6-Met7-Asp8-NH2 (6) 1224 ± 996 >30,000 >25 

n.a.= not yet available 



Table III 

Binding Affinities and Selectivities 

of DPDPE Analogues 

P E P T I D E  ICM (Nm) 
vs [3H]p-Cl-

Phe4-DPDPE 

IQo (nM) 
vs[3H]CTOP 

IC„r3HlCTOP 
IC50[3H]p-Cl-

Phe"-DPDPE 

r 1 
Tyr-D-Pen-Gly-Phe-D-Pen-OH 

(DPDPE) 
1.06 ± 0.146 609 ±278 580 

DPDPE-Asp'-OH (1) 669 ± 121 32,400 50 

DPDPE-Asp'-NHj (2) 184 ± 125 120,500 655 

DPDPE-Met6-Asp?-OH (3) n.a. n.a. 

DPDPE-Met6-Asp7-NH2 (4) 140 ± 20 14,100 ± 3200 700 

DPDPE-Leu6-Met7-Asp8-OH (5) 742 ± 56 155,760 210 

DPDPE-Leu6-Met7-Asp8NH2 (6) 485 ± 65 24% inh. 
at 80 fiM 

>165 

n.a.= not yet available 



Table IV 

Bioassays of Dermenkephalin Analogues 

P E P T I D E  IC50 MVD 
(nM) 

ICjo GPI 
(nM) 

IC,„ GPI 
ICJ0 MVD 

Tyi-D-Met-Phe-His-Leu-Met-AspNH2 

(Dermenkephalin, DREK) 
28.4 ± 3.6 5347 190 

p-F-Phe-3-Dermenkephalin (10) 32.1 ± 5.2 36,000 1,100 

S,S-P-Me-Phe3-Dermenkepha]in (7) 578 ± 132 >30,000 >50 

1 1 
D-Cys2-Cys5-Dermenkephalin (8) 2.66 ± 0.57 1 4  ± 6  5 

D-Cys2-Cys6-Dermenkephalin (9) 367 ± 22 >30,000 >80 



Table V 

Bioassays of Dermenkephalin Analogues in the Presence of 

Peptidase Inhibitor Cocktail 

P E P T I D E  ICS0 MVD 
(nM) 

Tyr-D-Met-Phe-His-Leu-Met-AspNH2 

(Dermenkephalin, DREK) 0.246 ± 0.01 

p-F-Phe-3-Dermenkephalin (10) 0.368 ± 0.97 

S,S-(3-Me-Phe3-Dermenkephalin (7) 156 ± 16 

I 1 
D-Cys2-Cyss-Dermenkephalin (8) 0.753 ± 0.29 

D-Cys2-Cys6-Dermenkephalin (9) 674 ± 143 



Table VI 

Binding Affinities and Selectivities of 

Dermenkephalin Analogues 

P E P T I D E  ICJ0 (Nm) 
vs [3H]p-Cl-

Phe4-DPDPE 

IC50 (nM) 
vs[3H]CTOP 

lC„rH3lCTOP 
IC50[3H]p-Cl-

Phe"-DPDPE 

Tyr-D-Met-Phe-His-Leu-Met-AspNHj 
(Dermenkephalin, DREK) 

0.473 ±0.111 1955 ± 156 4100 

p-F-Phe-3-Dermenkephalin (10) 0.498 ± 0.034 3093 ± 288 6200 

S,S-P-Me-Phe3-Dermenkephalin (7) 25.7 ± 5.3 18900 ± 1000 738 

D-CysJ-Cyss-Dennenkephalin (8) 2.6 ± 1.9 21.7 ± 4.7 8 

D-Cys2-Cys6-Dermenkephalin (9) 46.4 ± 29.0 6722 ± 4385 145 
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Chapter 3 

CONCLUSIONS 

AND 

FUTURE PERSPECTIVES 

In order to investigate- the general features of the S-address of 

Dermenkephalin, a series of DPDPE-Dermenkephalin peptide hybrids ((1) through (6)) 

has been synthesized by adding the last C-terminal amino acids of Dermenkephalin to 

the C-terminus of DPDPE. The drop in affinity for the delta receptor displayed by 

these synthetic peptides has shown that the delta address sequence of Dermenkephalin 

does not add delta potency or specificity to DPDPE. This finding supports the 

hypothesis that there are some long-range interactions between the [1-4] and the [5-7] 

portions of Dermenkephalin. Detailed conformational studies of DPDPE, 

Dermenkephalin and the DPDPE-Dermenkephalin peptide hybrids would help to 

elucidate the factors responsible for the receptor specificity displayed by these 

molecules. 

The second part of this work was concerned with preliminary studies towards 

the development of some highly 8-selective conformationally restricted 

Dermenkephalin analogues. The goal was not completely achieved but some progress 

was made. 

Though the analogue [(S,S)-p-MePhe3]Dermenkephalin (7) bears just a local 
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conformational constraint, it has a much smaller affinity for the 8-receptor than the 

parent peptide. 

' T • 
The compound [D-Cys, Cys JDermenkephalin (8) is more severely 

constrained, having a disulfide bridge between the positions two and five. It has a very 

good affinity for the delta site but is nearly non-selective. 

| 1 
The cyclic compound [D-Cys2-Cys6]Dermenkephalin (9) has a seventeen 

membered ring. It has been found that the affinity of (9) for the delta receptor is rather 

low. 

Finally, the analogue [p-FPhe3]Dermenkephalin (10) was synthesized and 

tested for biological activity. It has high affinity and selectivity for the delta receptor 

very similar to that of Dermenkephalin. 

Interestingly, it was found that the cyclic analogues are very resistant to the 

enzymatic degradation, while the linear analogues (7), (10) and Dermenkephalin itself, 

are not. This improved stability shows that the cyclic analogues are excellent 

candidates to highly bioavailable delta-agonists. 

Further studies will certainly lead to better delta-receptor specific analogues 

and some directions for future research are proposed. In order to preserve the 

maximum degree of similarity between the cyclic analogues and parent peptide 

Dermenkephalin, some isosteric and pseudoisosteric replacements are desirable (Figure 

i—~ 1 s i—^— 
XIII). The cyclic analogues [D-hCys, hCys ]Dermenkephalin and [D-hCys ,h-

Cys6]Dermenkephalin might be synthesized. In addition, continuing to follow the 
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concept of the pseudoisosteric substitution, the two peptides [D-Lys2, 

n 7 i i 
Asp ]Dermenkephalin and [D-Lys , Asp ]Dermenkephalin-OH, containing an amide 

bond cycle, might be prepared. 



Figure XIII 

Possible Isosteric and Pseudoisosteric Replacements 

for Cyclic Dermenkephalin Analogues 

•BQS1II0N Z POSITION 5 POSITIONS 

? CH3 S*C"3 

2 
?H2 CH3-CH CH 
?Hz ch2 ch 

Met Leu yet 

1) Met2 and Met5 h-Cys, disulfide bridge or 

h-Cys with dithioether bridge 

(-S-CH2-CH2-S-) 

2) Leu5 h-Cys 

3) Amide bond cycle between positions 2 and 7: 

EQSITIQN 2 POSITION 7 
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Chapter 4 

EXPERIMENTAL METHODS 

General Synthetic Methods 

The synthesis of the peptides was performed by solid phase synthetic 

techniques (Upson and Hruby, 1976; Stewart and Young, 1984) using Vega (Tucson, 

AZ) Model 250 and 1000 peptide synthesizers or a manual synthesizer devised by 

Hruby and coworkers (1972). 

All optically active amino acids were purchased from Bachem (Torrance, CA) 

except D-Penicillamine that was purchased from Sigma (St. Louis, MO). They are all 

of the L configuration unless otherwise stated. Symbols and abbreviations are in accord 

with the recommendations of the IUPAC-IUB Commission on Biochemical 

Nomenclature (Kendrew, 1970). Na-tert-butyloxycarbonyl (Boc) protected amino acids 

were used throughout the synthesis. They were either purchased from Bachem 

(Torrance, CA) or prepared by literature methods (Tarbell et al., 1972) starting from 

unprotected a-amino acids. The oc-amino-acids were either purchased from Bachem 

(Torrance, CA) or from Chemical Dynamics Corp. (South Plainfield, CA); D-

Penicillamine was purchased from Sigma (St. Louis, MO). Carboxyl terminal peptides 

were synthesized using an Aspartic acid p-cyclohexyl ester Menifield resin purchased 

from Bachem (Torrance, CA) (0.6 meq/g of resin) and carboxamide terminal peptides 
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were synthesized using a commercially available p-methylbenzhydrylamine resin 

(pMBHA) (0.6 or 0.8 meq/g) (Bachem, Torrance, CA). 

An excess (2.2 to 4 eq.) of the protected amino acid, hydroxybenzotriazole 

and diisopropylcarbodiimide were used for coupling reactions, which were monitored 

by qualitative ninhydrin (Kaiser et al., 1970) and chloranil tests (Christensen, 1979). 

The time required for each coupling varied generally between 0.5 and 2 hours except 

for D-Penicillamine that usually required longer coupling times (2-12 hrs); double 

coupling and capping was performed when necessary (Stewart and Young, 1984a). 

Occasionally, the symmetrical anhydride coupling method was used (Yamashiro and 

Li, 1974). 

The synthetic protocols followed are shown in Tables VII and VIII. The 

amine protecting group of Tyrosine was always removed at the end of the synthesis. 

The peptide resin was filtered, washed with methylene chloride and dried in vacuo. 

Purity of the final product was assessed by reversed phase high performance 

liquid chromatography (RP-HPLC), thin layer chromatography (TLC), amino acid 

analysis,FAB-MS and, in some cases, by 'H-NMR. RP-HPLC was performed on a 

Perkin Elmer Series 3B Liquid Chromatograph equipped with an L-75 

Spectrophotometric Detector and LCI-100 Laboratory Computing Integrator, or on a 

Spectra Physics Liquid Chromatograph equipped with a Spectra Physics SP 8800 

ternary pump, SP 8500 dynamics mixer, Spectroflow 757 Absorbance Detector and SP 

4270 Integrator. The monitoring was done at 280 nm and in some cases at both 280 
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and 220 nm, A Vydac C18 analytical (25x0.46 cm) column was used with a linear 

gradient elution in a mobile phase of varying concentrations of acetonitrile in aqueous 

trifluoroacetic acid (0.10%). The solvent program is indicated in Table IX. TLC was 

performed on glass-backed Silica Gel plates (DC-Fertigplatten Kieselgel 60 •^254' 

Merck).Ninhydrin spray (Stuart and Young, 1984b) was used for detection. Amino acid 

analysis was performed as described by Spackman et al. (1958) on a Beckman 7300 

Amino Acid Analyzer, after acid hydrolysis in sealed tubes with 4M methanesulfonic 

acid for 24 hrs. Alternatively, the samples were analyzed using an Applied Biosystems 

Model 420A Derivatizer/130A Separation/920A Data Analyzer with automatic 

hydrolysis (vapor phase at 160°C for 100 minutes), using pre-column 

phenylthiocarbamyl-amino acid (PTC-AA) analysis. Cysteine and Penicillamine 

undergo oxidation under these conditions and were not detected. FAB-MS served for 

composition confirmation of the presence of these amino acids. The presence of 

Penicillamine was also confirmed by 'H-NMR. The 'H-NMR spectra were performed 

at room temperature on a Bruker WM-500 spectrometer using DMSO-dfi as a solvent. 

Capillary melting points were detected on a Thomas-Hoover (Arthur H. 

Thomas Co., Philadelphia, PA) melting point apparatus and are uncorrected. Purity for 

each protected amino acid was estabilished by the ninhydrin test, 'H-NMR and TLC 

and, when a powder or a crystal was obtained, by mp. Purification of the peptides was 

accomplished by a combination of gel filtration and reverse phase high performance 

liquid chromatography. Gel filtrations were performed on a Sephadex G-10 (Pharmacia 
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Fine Chemicals, Piscataway, NJ) column (3.5x50 cm) applying a 15% solution of 

acetic acid isocratically with a Buchler Mononstatic Pump (50 ml/hr, over 14 hrs), 

Buchler Fracto-Scan (280 nm) and Buchler Automatic Fraction Collector. Preparative 

RP-HPLC purification was performed on the machines previously indicated using a 

Vydac C1B semi-preparative (1x25 cm) column. Unless otherwise stated, the solvent 

program used was a 0.1% trifluoroacetic acid/acetonitrile gradient (from 85/15 v/v to 

60/40 v/v in 25 min) at a flow rate of 4 ml/min. 

Preparation of Amino Acid Derivarives 

Synthesis of S-(p-Methylbenzyl)-Cysteine 

Following the reported procedure by Erickson and Merrifield (1973), 

triethylamine (83.3 mmol,12 ml) and 4-methylbenzyl chloride (28.5 mmoles, 4 g) were 

added to a solution of Cysteine hydrochloride monohydrate (28.5 mmoles, 5 g) in 2:1 

(v/v) ethanol/HzO (45 ml). The mixture was stirred for 12 hours and filtered. The 

filtered cake was washed well with water ad reciystallized from 3:2 (v/v) ethanol/water 

to give the product as a white solid. Mp 209-211°C; yield 93%;TLC: 

chloroforai/methanol 65:35 (v/v), Rf = 0.33. 

Synthesis of S-(p-Methylbenzyl)-D-Penicillamine 
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S-(p-Methylbenzyl)-D-Penicillamine was prepared according to a procedure 

described by du Vigneaud et al. (1930) with some modifications. Penicillamine (42 

mmoles, 6.27 g) was dissolved in liquid ammonia (200 ml) at T = -78° C. The solution 

was treated with sodium metal (42 mmoles, 0.97 g) cut into small pieces that were 

weighed in paraffin oil and then washed with absolute ether. At the end of the 

addition, when the solution stayed blue for 10 minutes, the reaction mixture was 

quenched with a few crystals of NH4C1. a-Chloro-p-xylene (46 mmoles, 6.47 g) was 

added dropwise via a pressure equalizing additon funnel over a 30 minute period. The 

reaction mixture was then stirred for 1 hour. The reaction vessel was let sit open 

overnight. Water (80 ml) added and the solution transferred to a separator)' funnel. The 

unreacted halide was then extracted with absolute ether (3 x 40 ml) and the ether 

solution was then discarded. The aqueous solution was cooled in an ice bath and 

reduced to pH = 5 with glacial acetic acid. The precipitate was suction filtered and 

dried in vacuo. The product was recrystallized from hot 2:3 Me0H/H20 (v/v) and 

recovered as a white solid. Mp 202-203"C; yield 83%; TLC: 

acetonitrile/methanol/water 4:1:1 (v/v/v), Rf = 0.59. 

General Procedure for the Synthesis of Na-Boc Amino Acids 

All Na-Boc amino acids were synthesized by the literature procedure of 

Tarbell et al. (1972). To a cold (0°C) solution of 10 mmoles of amino acid in 30 ml 

of dioxane/H20 (1:1 v/v) was added enough 4N NaOH to bring the solution to pH = 
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10.2-10.5. Boc-dicarbonate (11 mmoles, 2.4 g) was added and the mixture stirred 

overnight at room temperature. Solvents were removed under reduced pressure. Water 

(35 ml) was added to dissolve the precipitate and the pH was adjusted to 10.5 with 

4M NaOH. The solution was extracted with ethyl ether (2 x 50 ml) to remove any 

residual traces of Boc-dicarbonate. The aqueous solution was cooled in an ice bath and 

the pH was adjusted to 3 with 10% citric acid. All the following extractions were done 

with cold solvents. The aqueous layer was extracted with ethyl acetate (4x15 ml). The 

combined ethyl acetate fractions were washed with brine (2 x 20 ml) and water (2 x 

20 ml). The organic solution was dried over anhydrous magnesium sulfate. The 

solution was filtered, solvents removed under reduced pressure an the solid product 

was dried in vacMo.Recrystallization from ethyl acetate/hexanes yielded a crystalline 

product in all cases except Na-Boc-S-(p-Methylbenzyl)-D-Penicillamine, which was 

an oil. 

Mp, TLC (solvent system: ethyl acetate/methanol/glacial acetic acid 85:10:5 

v/v) and NMR were performed and were found to be in accordance with the literature 

values. Yields were 70%-95%. 

Solid Phase Synthesis of DPDPE Analogues and Dermenkephalin Analogues 

General Scheme 
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A general scheme of the synthesis and purification procedures of the DPDPE 

and dermenkephalin analogues is presented in Figures XIV and XV. The experimental 

protocol for the solid phase peptide synthesis of the peptides is presented in Tables VII 

and VIII. 

Cleavage of the Peptides from the Solid Support 

The peptides were cleaved from the solid support by anhydrous liquid HF in 

the following manner. Dry resin (2 g) from the solid phase peptide synthesis were 

treated with 20 ml of anhydrous HF and 2 ml of anisole at 0° C for 60 minutes (2 ml 

of ethanedithiol were also added in the synthesis of methionine containing peptides. 

The HF was distilled out of the reaction vessel in 15 minutes under reduced pressure 

at room temperature (Stewart and Young, 1984d). The product was washed with 

anhydrous ethyl ether (3x300 ml); which was then discarded. The resin was stirred for 

20 minutes in distilled glacial acetic acid (100 ml), suction filtered and the filtrate was 

lyophilized. The remaining resin was washed with 30% of glacial acetic acid (20 ml), 

10% glacial acetic acid (20 ml) and water (3x20 ml) by suction filtration. The filtrates 

were pooled and lyophilized. The two lyophilized powders were combined. 

Cyclization of the Peptides 

The lyophilized white powder resulting from the HF cleavage of the peptide 

from the resin support was dissolved in the minimal amount of 
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water/dimethylformamide necessary to dissolve the product. The solution is poured into 

an Erlenmeyer flask containing enough degassed water to make the solution 

approximately 0.2 mM. The pH of the solution was adjusted to 8.4 with 4N 

ammonium hydroxide and the peptide oxidized with 0.01N potassium ferricianide to 

form the disulfide bond. The solution of potassium ferricianide was added dropwise 

in 5 ml increments and swirled until the yellow color persisted. A 50 ml excess of 0.01 

N potassium ferricianide solution was added to the reaction mixture. The solution was 

stinred for a total of three to four hours and then acidified with 20% acetic acid to pH 

4.25. Then 80-100 g of Amberlyst IRA-68 weakly basic anion exchange resin in 

hydrochloride form (Sigma, St. Louis, MO) was added and the suspension stirred for 

20 minutes. The resin was removed by suction filtration. The solution was then 

concentrated in vacuo and small amounts of n-butanol were added to reduce bumping; 

the temperature of the bath was 30°C. 

Purification of the Peptides 

The peptides were purified by Gel Filtration Chromatography, followed by 

Reversed Phase High Performance Liquid Chromatography (RP-HPLC). The materials 

and conditions that were used have been described in the section: General Synthetic 

Methods. In a small numer of cases (see next section) the purification was performed 

directely via RP-HPLC. 



Experimental Data on the Synthesis of the Individual Peptides 

I 1 
H-Tyr-D-Pen-Gly-Phe-D-Pen-Asp-OH, 1. 

The protected peptide resin of 1 was prepared by sequential coupling of Na-

Boc-D-Pen(S-4-MeBzl), N^-Boc-Phe, Na-Boc-Gly, Na-Boc-D-Pen(S-4-MeBzl), Na-

Boc-Tyr to Asp(P-cyclohexyl ester)-Merrifield resin, resulting in Tyr-D-Pen(S-4-

MeBzl)-Gly-Phe-D-Pen(S-4-Me-Bzl)-Asp(j3-cyclohexyl ester)-resin. The cleavage, 

cyclization and purification were similar to those described before. The yield was 

3.5%. Amino acid analysis: Tyr 1.14 (1.00), Gly 0.92 (1.00), Phe 1.00 (1.00), Asp 1.08 

(1.00). The TLC, HPLC, FAB-MS data are presented in Table IX. 

r i 
H-Tyr-D-Pen-Gly-Phe-D-Pen-Asp-NH2, 2. 

The protected peptide resin Tyr-D-Pen(S-4-MeBzl)-Gly-Phe-D-Pen(S-4-

MeBzl)-Asp(P-cyclohexyl ester)-resin was obtained by sequential coupling of the 

constituent amino acids to pMBHA resin. The cleavage, cyclization and purification 

were similar to those described before. The yield was 5.9%. Amino acid analysis: Tyr 

0.71 (1.00), Gly 0.95 (1.00), Phe 1.00 (1.00), Asp 0.73 (1.00). The TLC, HPLC, FAB-

MS data are presented in Table IX. Additionally, 'H-NMR analysis confirmed the 

amino acid constitution and relative abundance: Tyr (p) 1.80 (1.0), Pen (y) 11.7 (2.0), 

Gly (a) 1.96 (1.0), Phe (p) 2.15 (1.0), Asp (p) 2.16 (1.0). 

i 1 
H-Tyr-D-Pen-Gly-Phe-D-Pen-Met-Asp-OH, 3. 
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I am currently trying to synthesize this peptide via the solution phase 

methodology because the solid phase procedure turned out to unsuccessful in a 

number of attempts. 

i 1 
H-Tyr-D-Pen-Gly-Phe-D-Pen-Met-Asp-NH2, 4. 

The protected peptide resin Tyr-D-Pen(S-4-MeBzl)-Gly-Phe-D-Pen(S-4-

MeBzl)-Met-Asp((J-cyclohexyl ester)-resin was obtained by sequential coupling of the 

constituents amino acids to pMBHA resin. The cleavage, cyclization and purification 

were similar to those described before. The yield was 3.0%. Amino acid analysis: Tyr 

0.67 (1.00), Gly 0.94(1.00), Phe 0.83 (1.00), Met 1.10 (1.00), Asp 0.97 (1.00). The 

TLC, HPLC, Fab-MS data are presented in Table IX. Additionally, !H-NMR analysis 

confirmed the amino acid constitution and relative abundance: Tyr ({$) 1.88 (1.0), Pen 

(7) 12.18 (2.0), Gly (a) 2.20 (1.0), Phe (p) 1.80 (1.0), Met (y) 2.22 (1.0), Asp (p) 

2.09 (1.0). 

I —1 
H-Tyr-D-Pen-Gly-Phe-D-Pen-Leu-Met-Asp-OH, 5. 

The protected peptide resin of 5 was prepared by sequential coupling of Na-

Boc-Met, Na-Boc-Leu, Na-Boc-D-Pen(S-4-MeBzl), Na-Boc-Phe, N"-Boc-Gly, Na-

Boc-D-Pen(S-4-MeBzl) and Na-Boc-Tyr to Asp((3-cyclohexyl ester) Merrifield Resin 

resulting in Tyr-D-Pen(S-4-MeBzl)-Gly-Phe-D-Pen(S-4-MeBzl)-Leu-Met-Asp({J-

cyclohexyl ester)-resin. The cleavage, cyclization and purification were similar to those 
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decribed before. The yield was 4.5%. Amino acid analysis: Tyr 0.68 (1.00), Gly 1.11 

(1.00), Phe 1.00 (1.00), Leu 1.14 (1.00), Met 0.95 (LOO), Asp 0.66 (1.00). The TLC, 

HPLC, FAB-MS data are presented in Table IX. Additionally, 'H-NMR analysis 

confirmed the amino acid constitution and relative abundance: Tyr (Ar) 3.83 (1.0), Pen 

(Y) 11.8 (2.0), Gly (a) 1.98 (1.0), Phe (Ar) 5.16 (1.0), Leu (5) 6.12 (1.0), Met (e) 3.13 

(1.0), Asp (p) 2.14(1.0). 

I 1 
H-Tyr-D-Pen-Gly-Phe-D-Pen-Leu-Met-Asp-NH2, 6. 

The protected peptide resin Tyr-D-Pen(S-4-MeBzl)-Gly-Phe-D-Pen(S-4-

MeBzl)-Leu-Met-Asp((3-cyclohexyl ester)-resin was obtained by sequential coupling 

of the constituents amino acids to pMBHA resin. The cleavage, cyclization and 

purification were similar to those described before. The yield was 2.7%. Amino acid 

analysis: Tyr 0.64 (1.00), Gly 1.04 (1.00), Phe 0.82 (1.00), Leu 1.00 (1.00), Met 0.90 

(1.00), Asp 1.10 (1.00). The TLC, HPLC, FAB-MS data are presented in Table IX. 

Additionally, 'H-NMR analysis confirmed amino acid constitution and relative 

abundance: Tyr (Ar) 4.0 (1.0), Pen (y) 12.04 (2.0), Gly (a) 1.96 (1.0), Phe (Ar) 4.93 

(1.0), Leu (5) 5.96 (1.0), Met (e) 3.16 (1.0), Asp (p) 2.12 (1.0). 

H-Tyr-D-Met-(S,S)-p-MePhe-His-Leu-Met-Asp-NH2, 7. 

The protected peptide resin Tyr-D-Met-(S,S)-P-MePhe-His(N-im-Tos)-Leu-

Met-Asp(P-cyclohexyl ester)-resin was obtained by sequential coupling of the 
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constituent amino acids to pMBHA resin. The coupling of the Histidine and of the 

following amino acids was done by the symmetrical anhydride method. The cleavage 

and purification were similar to those described before. The yield was 3.5%. Amino 

acid analysis: Tyr 0.89 (1.00), Met 1.92 (2.00), His 0.82 (1.00), Leu 1.28 (1.00), Asp 

1.00 (1.00). The TLC, HPLC and FAB-MS data are presented in Table IX. 

Additionally, 'H-NMR analysis confirmed amino acid substitution and relative 

abundance: Tyr (Ar) 4.0 (1.0), Met (e) 5.89 (2.0), Phe (Ar) 4.86 (1.0), His (Ar, 2H) 

0.92 (1.0), Leu (6) 6.11 (1.0). 

I 1 
H-Tyr-D-Cys-Phe-His-Cys-Met-Asp-NH2, 8. 

The protected peptide resin Tyr-D-Cys(S-4-MeBzl)-Phe-His(N-im-Tos)-

Cys(S-4-MeBzl)-Met-Asp((S-cyclohexyl ester)-resin was obtained by sequential 

coupling of the constituent amino acids to pMBHA resin. The coupling of the Histidine 

and of the following amino acids was done by the symmetrical anhydride method. The 

cleavage, cyclization and purificatin were similar to those described before. The yield 

was 1.7%. Amino acid analysis: Tyr 1.06 (1.00), Phe 1.00 (1.00), His 1.05 (1.00), Met 

1.11 (1.00), Asp 1.11 (1.00). The TLC, HPLC and FAB-MS data are presented in 

Table IX. 

H-Tyr-D-Cys-Phe-His-Leu-Cys-Asp-NHj, 9. 

The protected peptide resin Tyr-D-Cys-(S-4-MeBzl)-Phe-His(N-im-Tos)-Leu-
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Cys(S-4-MeBzl)-Asp(P-cyclohexyl ester)-resin was obtained by sequential coupling of 

the constituent amino acids to pMBHA resin. The coupling of the Histidine and of the 

following amino acids was done by the symmetrical anhydride method. The cleavage 

and cyclization were similar to those described before. The purification was performed 

only by RP-HPLC. The yield was 0.8%. Amino acid analysis: Tyr 0.73 (1.00), Phe 

1.00 (1.00), His 1.02 (1.00), Leu 1.00 (1.00), Asp 1.03 (1.00). The TLC, HPLC and 

FAB-MS data are presented in Table IX. 

H-Tyr-D-Met-p-FPhe-His-Leu-Met-Asp-NH2, 10. 

The protected peptide resin Tyr-D-Met-p-FPhe-His(N-im-Tos)-Leu-Met-

Asp(|3-cyclohexyl ester)-resin was obtained by the sequential coupling of the 

constituent amino acids to pMBHA resin. The coupling of the Histidine and of the 

following amino acids was done by the symmetrical anhydride method. The cleavage 

and cyclization were similar to those described before. The yield was 13.6%. Amino 

acid analysis: Tyr 0.84 (1.00), Met 1.80 (2.00), His 1.00 (1.00), Leu 1.00 (1.00), Asp 

1.04 (1.00). The TLC, HPLC and FAB-MS data are presented in Table IX. 

Additionally, JH-NMR analysis confirmed the amino acid constitution and relative 

abundance: Tyr (Ar) 3.81 (1.0), Met (e) 5.91 (2.0), Phe (Ar) 4.22 (1.0), His (Ar, 2H) 

1.10 (1.0), Leu (y) 6.09 (1.0). 



Figure XTV 

Scheme of Synthesis and Purification Techniques 

for Carboxyl Terminal Peptides 
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Figure XV 

Scheme of Synthesis and Purification Techniques 

for Carboxamide Terminal Peptides 
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Table VH 

Solid Phase Peptide Synthesis of 
Carboxyl Terminal Peptides. 

Experimental Protocol 

Description Solvent/Reagent Repet. Time (mil 

1. Swell the Merrifield resin DCM 1 120 

2. Deprotection 50% TFA, 2% anisole in 
DCM (+10% dithiethane 
and 20% Me^S if Met is 

present) 

1 
1 

2 
20 

3. Wash DCM 4 1 

4. Neutralize 10% DIEA in DCM 2 2 

5. Wash DCM 3 1 

6. Free NH2 monitoring ninhydrin test 

7. Coupling active ester or syrnm. 
anh. of amino acid 

1 30-120 

8. Coupling analysis ninhydrin test 

9. Wash DCM 3 1 

10. Acetyl, of the free NH2 

(just if necessary) 
At^O, Et3N 1 5 

11. Wash DCM 3 1 

12. Deprotection 50% TFA, 2% anisole in 
DCM (+10%dithioethane 
and 20% MejS if Met is 

present) 

1 
1 

2 
20 

13. Wash DCM 4 1 

14. Neutralize 10% DIEA in DCM 2 2 

15. Wash 
16. Free NH2 monitoring 
17. Go to step 7 and cycle 

DCM 
ninhydrin test 

3 1 



Table IX 

Analytical Carachterization of the Peptides synthesized in This Work 

TLC Rf Values" RPHPLC FAB-MS 

Peptide I n in IV k' values10 [M+H]ob! [M+H]clk 

1 0.64 0.75 0.61 0.39 3.41 761 761 

2 0.69 0.80 0.72 0.55 3.22 760 760 

4 0.72 0.83 0.77 0.67 4.49 891 891 

5 0.71 0.76 0.65 0.53 9.00 1005 1005 

6 0.75 0.86 0.80 0.71 8.22 1004 1004 

7 0.51 0.75 0.83 0.21 5.92 969 969 

8 0.32 0.73 0.62 0.10 1.68 915 915 

9 0.41 0.70 0.73 0.11 4.90 897 897 

10 0.52 0.76 0.81 0.25 7.55 973 973 

a) Solvent systems are as follows: I, butanol/acetic acidAvater (4:1:1); n, butanol/acetic 
acid/pyridine/water (13:3:12:10); III, 2-propanoVammonia/water (4:1:1); IV, butancl/acetic acid/ethyl 
acetate/water (5:1:3:1). 

b) Capacity factor (k') for the following systems: Vydac 218TP104C18 reverse phase (RP) column 
(25x0.46 cm) with 0.1% trifluoroacetic acid/acetonitrile gradient (from 85/15 v/v to 55/45 v/v in 30 min) 
at a flow rate of 1.5 ml/min. All peptides were monitored at X=280 nm). 



Table Vm 

Solid Phase Peptide Synthesis of 
Carboxamide Terminal Peptides. 

Experimental Protocol 

Description Solvent/Reagent Repet. Time (min) 

1. Neutral, the pMBHA resin 10% DIEA in DCM 2 2 

2. Wash the pMBHA resin DCM 4 1 

3. Swell the pMBHA resin DCM 1 120 

4. Free NH2 monitoring ninhydrin test 

5. Coupling active ester or symm. 
anh. of amino acid 

1 30-120 

6. Coupling analysis ninhydrin test 

7. Wash DCM 3 1 

8. Acetyl, of the free NH2 

(just if necessary) 
AcjO, Et3N 1 5 

9. Wash DCM 3 1 

lO.Deprotection 50% TFA, 2% anisole 
in DCM (+10%dithio-
ethane and 20% Me2S 

if Met is present) 

1 
1 

2 
20 

11. Wash DCM 4 1 

12. Neutralize 10% DIEA in DCM 2 2 

13. Wash DCM 3 1 

14. Free NH2 monitoring ninhydrin test 

15. Go to step 5 and cycle 
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