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ABSTRACT 

To investigate the underlying structural features of the neuro-

peptides a-melanotropin (a-MSH) and substance P (SP), which are 

responsible for their biological actions, the following study was 

undertaken. By means of side-chain, fragment and conformational restric-

tion analysis, several a-MSH peptides were prepared by solid-phase 

synthesis and evaluated by the frog and lizard skin bioassays. Using 

conformational restriction and fragment methods, several SP peptides 

were synthesized and examined for biological activity on the guinea-pig 

isolated ileum, rat brain binding and intrathecal injection assay 

systems. 

The results with the new a-MSH analogues show that the histidine-

6 side-chain is not needed for signal transduction, but is very important 

for full potency. The tryptophan-9 side-chain is similarly not needed 

for signal transduction, but is critically important for full potency. 

The data also indicate that the positions 6 and 9 side-chains are 

important for full potency because they likely interact with the melano-

phore receptor, rather than playing a role in conformationally folding 

the MSH peptide into a pseudocyclic structure. The results also show 

that the arginine side-chain at position 8 is not particularly important 

for signal transduction or full potency, but on the lizard skin bioassay 

this side-chain is implicated in the previously reported prolongation of 

CNle
4

,D-Phe7J-a-MSH. 

xiv 



xv 

The data provided by the SP pep tides suggest that the previously 

postulated pseudocyclic structure of the 5-11 sequence may not be as 

fundamental to SF activity as heretofore believed. The data suggest 

that this type of turn conformation may be important for signal trans

duction, but is apparently not the only requirement for receptor recog

nition. Finally, the data show that part of the signal transduction 

message of SF is contained within the 5-8 region of the peptide, but 

that most of the receptor recognition elements are probably located 

outside this sequence. 



CHAPl'ER 1 

THE STUDY AND SYNTHESIS OF BIOLOGICAL 
PEPTIDES 

Peptide hormones and neurotransmitters, together with biogenic 

amines, prostaglan~t iodinated aromatics and steroids are the prin-

cipal agents by which biological systems move "information." When a 

peptide transfers information from one tissue to another, it acts as a 

hormone; if the transfer occurs between neurons, or between a neuron and 

a muscle or endocrine cell, the peptide is functioning as a neurotrans-

mitter. There is overlap between these definitions, and the distinction 

is sometimes difficult to make (1). Table 1 lists most of the biologi-

cally active peptide "neurohormones." 

Peptides control many physiological and psychological behaviors 

in man, as can be seen from Table 1. The intense interest in peptide 

chemistry is due to the potential therapeutic value that peptidos may 

have in treating human disease. It is important to understand the 

mechanisms by which peptides transfer biological information, if their 

future potential as therapeutic agents is to be realized. 

Common Features of Peptides 

There are common features amidst the plethora of biologically 

active peptidese These features make it possible to systematically 

study and synthesize peptidese 

1 



Table 1. Illustrative examples of biologically active peptides. 

Physiological Rolel Potential Value of: 2 

Peptide Source Agonist Antagonist 

Somatostatin hypothalamus .J.. growth hormone prevent prevent 
release giantism dwarfism 

neuronal (PNS3) ~ enkephalin d.nalgesic 
release 

~ histamine anti inf'lama- promote healing 
release tory 

pancreas isleta ~ gastrin release anti ulcer drug 

~ glucagon/insulin diabetes control control 
hypoglycemia 

Oxytocin pars nervosa of t milk secretion increase dry-up lactation 
pituitary lactation 

t uterine contraction induce labor prevent labor 

Vasopressin pars nervosa of antidiuretic hormone increase blood decrease blood 
pituitary vasoconstriction pressure pressure 

neuronal synthesis facilitate memory help elderly 
(eNS, brain) process; decreases cope; increase 

effect of extinction attention !3pan; 
promote memory 
of traumatic 
experience 

(forensics) 

I\) 



Table l--continued 

Peptide 

a-MSH 

Glucagon 

Gastrin 

Secretin 

Cholecystokinin
4 

Source 

in adult human? 

pancreatic islets 

stomach 

small intestine 

small intestine 

neuronal synthesis 
(CNS) 

Physiological Rose I 

t pigmentation 

tmemory 

thermo regulation 

fetal role in 
parturition 

tblood Glc 

tHCI secretion 

trelease HC0
3
-

slows down digestive 
process 

causes release of 
catecholamines in 
hypothalamus; brings 
about satiety 

2 Potential Value of: 
Agonist Antagonist 

anti melanoma 
drug delivery 

increase atten
tion span 

hyperthermia 

hypoglycemia 
control 

control duodenal 
ulcer 

control duodenal 
ulce::' 

treatment of 
obesity 

drug delivery 

hypothermia 

diabetes Mo 
control 

control peptic 
ulcer 

treatment 
anorexia 
nervosa/bulemia 

\M 



Table l--continued 

Peptide 

Substance P 

Enkephalin 

Sourc~ 

ileum 
smooth muscle 

neuronal synthesis 
(PNS, CNS ) 

neuronal, 
adrenal medulla 

Physiological Rosel 

'tgut mobility 
smooth muscle 
contraction 

neurotransmitter 
of nociceptive 
stimuli 

endogenous analgesic 
reaction to stress 

lTaken from (1). Purpose of Table 1 is illustrative. 

2 Potential Value of: 
Agonist Antagonist 

treatment of 
constipation 

opiate 
withdrawal 
syndrome 

analgesia 
l' epinephrine 

treatment of 
spastic colon 
syndrome 

analgesic 
opiate with
drawal 

treatment of 
opiate overdose 
and~epinephrine 

~hese potential values are speculative, based by the author on well-known principles of 
physiology. For a more specific description see (1). 

3pNS , peripheral nervous system; CNS, central nervous system. 

4Remarkable peptides: Tyrosine-2 is sulfonated; at high pH the sulfonate is deprotenated 
and the peptide is inactive. At low pH, the sulfonate is protenated, 
and the peptide is active. This is an example of how an ionizable 
group can somehow control the action of a peptide. 

-I:" 



All peptides are co~posed of the twenty or RO amino acids found 

in nature (see Appendix A); the specific arrangement in sequence of 

these amino acids is what confers biological capabilities to peptides e 

The process of information transfer requires the peptide to 

interact with a cell-surface receptor. By understanding the specifics 

of this interaction, it is possible to change the biological message 

transferred by the peptide. The receptor undergoes a series of confor

mational changes when it interacts with the peptide; the three

dimensional structures of both the peptide and receptor determine the 

strength and duration of this interaction. Cell-surface receptors are 

not generally accessible, but peptides are, and can be structurally 

modified by chemical synthesis. 

The physical forces that define a peptide-receptor interaction 

consist of hydrogen bond, van der Waal, and lipophilic-electrostatic 

type forces. By changing certain structural feasutes of a peptide, 

5 

each of these forces can be manipulated. The goal of peptide structure

function analysis is to learn what conformations of the peptide and 

arrangements of the molecular forces allow the peptide to recognize a 

specific cell-surface receptor and then transfer the appropriate mes-

sage. 

Lock and Key Nodel 

In the lock and key model of peptide action (2), the peptide is 

assumed to recognize the corresponding receptor only after assuming an 

exact three-dimensional structure. Only after the peptide is correctly 

arranged (side-chains, backbone) can the specific molecular forces 

allow for receptor recognition (see Fig. 1). 



Lock & Key 

~ 

Ligand + Receptor~ [complex] llG = llH + TllS (independent of path) 

Figure 1. Lock-and-key model. 

(]'\ 
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In this case,receptor recognition and information transfer are 

assumed to be simultaneous. While there can be cooperativity in the 

folding of the peptide (3), there is none in the process of receptor 

recognition. 

Zipper Model 

In the zipper model (4), receptor recognition is assumed to be 

a sequent.ial event, with different domains of the peptide recognizing 

the receptor in turn (see Fig. 2). This model allows for cooperativity 

in the recognition process, with the binding of the first domain entropi

cally facilitating the recognition of subsequent domains (4). This model 

provides a useful framework which makes possible the explanation of the 

observed biological properties of peptides, such as agonism, antagonism 

and partial agonism (see Fig. 3). The explanation consists of the postu

late that receptor recognition (binding) and signal transfer (transduc

tion) are separate events. If the structural features of a peptide 

which are responsible for binding and signal transduction are known, and 

can be chemically modified, then the processes of binding and transduc

tion can, in principal, be enhanced or attenuated. Increases in potency 

can result when the binding features are enhanced, and antagonism 

arises when signal transduction elements are interfered with or attenu

ated (5). 

Goals of Structure-Function Analysis 

The aim of structure-function analysis is to elucidate the 

structural features of a peptide which give rise to the separate events 

of binding and transduction(5,6). Although spectral methods such as 
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NMR (7, 8), fluorescence (9, 10), laser raman (11) and CD (12, 13) often 

give insight into solution conformations of peptides, they do not neces

sarily provide an image of the bound and transduced states. Even X-ray 

diffraction analysis (14, 15) fails in this regard. Rigorous mathe

matical calculations, based upon the primary sequence of a peptide, can 

aid in postulating allowed conformations (16, 17), but are incapable of 

proving anything. On the other hand, the combination of a synthetic 

approach with in vitro and in vivo biological testing (structure

function analysis) oftentimes does give insight into the bound and trans

duced states, and frequently can prove that specific details do exist 

(6). There are three structure-function techniques commonly employed: 

fragment studies, deletion/replacement analysis, and conformational 

restriction. 

Fragment Studies 

Fragment studies involve the synthesis and biological evaluation 

of decreasingly smaller portions of a peptide, until a minimally active 

sequence is found. Contained within this sequence are the structural 

features responsible for signal transduction. If the minimally active 

sequence is a partial agonist, then only part of the transduction 

features are present~ depending upon the relative potency of the mini

mally active sequence, as compared to the native peptide, some judgments 

as to the binding elements of the peptide may be possible. Successful 

examples of fragment studies include the investigations of a-melanotropin 

(18, 19, 20) substance P (2l, 22) and cholecystokinin (23) peptidese 
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Side-chain Deletion/Modification 

Once the minimal message sequence of a peptide has been identi

figd by fragment studies, key features of this sequence can be isolated 

by side-chain deletion/modification analysiso In this approach, side

chains are deleted by preparing analogues incorporating either glycine 

or L-alanine. The use of glycine does fully remove a particular side

chain, but compromises the stereochemistry of that position. On the 

other hand, L-alanine preserves the configuration of the position, but 

does not completely remove the side chain. Both approaches are useful; 

the former when configuration is not suspected to be an important con

sideration, and the latter when it is. A successful, systematic 

study of this type was done on subscance P (24). Besides the deletion 

of a side chain, it is possible to isoterically replace it; this allows 

for the removal of the side-chain functional group of interest, yet at 

the same time preserves the space-filling nature of the side chain. 

Table 2 lists some of the possible replacements for amino acid side

chains, using readily available amino acids. It is also possible to re

place side-chains with specially prepared amino acids: Phe, Tyr by 

phenylglycine; His by B-(-3-pyrazolyl)-Ala; Arg by Nf-methylornithine; 

and Lys by Nf-formyl Lys. Such replacements are limited only by one's 

imagination and resources. 

Conformational Restriction 

Conformational restriction is a process by which covalent modi

fications of 2° structure are introduced into a peptide in order to 

isolate or accentuate key structural features. These changes in 2° 



Table 2. Iaosteric an~ pseudoisosteric side-chain replacements. 

Amino Acid to be 
Replaced By 

Phe Tyr 

Met Nle 

Lys Nlea 

Glu Nle 

Effect 

introduction of hydrogen bond donor/acceptor 

replacement of oxidizable aulfur 

removal of electrostatic functional group; 
remD~al of hydrogen bond donor/acceptor 

removal of electrostatic functional group; 
removal of hydrogen bond capabilities 

GIn removal of electrostatic group 

Ser 

Thr 

Tyr 

His 

Trp 

Ala, Val, Leu 
lIe, Phe 

Ala 

Abub 

Val 

Phe 

Phe 

Ala 

removal of hydroxyl group 

removal of hydroxyl group; replaced by CH3-

removal of hydroxyl group, preservation of 
aromaticity 

loss of electrostatic group; loss of 
B-(3-pyrazoyl)-physiological pH sensitivity 

(Me)5Phec removal of H-bond acceptor/donator 

Gly loa a of stereochemistry; removal of side
chain; removal of lipophilic "pocket" 

~sseatially isosteric, although Lys is longer. 

b a-amino butyric acid. 

cl , 2, 3, 4, 5-pentamethylphenylalanine. 

12 
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structure are usually brought about by the incorporation of cysteine or 

penicillamine residues into the peptide. The sulfur-containing amino 

acids, when they are oxidatively cyclized, preclude the peptide from 

assumin~ certain conformations, and allow for a select few. In this 

way, judicious placement of the disulfide bonds can result in a specific 

series of conformations. If such a series of conformations is close to 

the biologically relevant one(s), dramatic increases in potency can 

result. An early example of this approach was [Cys6,CYSllJ-somatostatin 

(25). This analogue was nearly twice as potent as the native cyclic 

peptide in~. A dramatic example of the successful application of 

conformation to peptide design was [half-Cys4,half-CyslO]-a_MSH (26). 

This cyclic analogue has 10,000 times the minimum effective dose at the 

linear native peptide, in vitro. Such examples of potency increases 

likely result from the establishment of a favorable receptor-recognition 

conformation, made possible by the introduction of a disulfide bond into 

the 2° structure of these peptides. 

Conformational restriction also makes possible the prevention of 

a particular conformation. If such a conformation is required for 

signal transduction, then partial agonists and antaf,onists can result. 

The most noted example of this can be found in the large series of syn-

thetic I-penicillamine oxytocin analogues (27, 28, 29). The methyl 

groups of the penicillamine prevent the tyrosine at position 2 from 

assuming an important position over the 20-membered tocinoic ring. With 

the tyrosine in the wrong place, signal transduction is interfered with 

and antagonism results. 
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Conformational restriction has also been used to increase the 

receptor specificity of a peptide ordinarily capable of recognizing more 

than one receptor. For example, the endogeneous opiate-like peptide 

enkephalin is capable of recognizing at least three and possibly four 

different classes of call-surface receptors, found in different tissues 

(30, 31, 32). Enkephalin analogues containiag bis-penicillamine replace

ments in positions 2 and 5 are over 3,000 times more selective on delta 

receptors (33) than Leu- or Met enkephalin. 

Other means exist, besides the use of disulfide bonds, to con

formationally restrict and cyclize peptides. The use of carba- and 

lactam-type covalent modifications in peptide design are well known. For 

example, lactam formation between the g~ycine-7 and leucine-8 of the 

peptide releasing factor LH-RH produced a cyclic analogue 2.4 times 

more potent than LH-RH, in ~ (34). Similar types of results with 

carba analogues of oxytocin have also been reported (29). However, 

because of the synthetic difficulties usually associated with carba and 

lactam syntheses, and the concomitant expense, the use of disulfide

containing amino acids to affect conformational restriction is currently 

the preferred approach. 

Solid-Phase Peptide Synthesis 

Solid-phase synthesis is a process in which poly-nucleotides, 

-saccharides and -peptides are chemically synthesized while temporarily 

bonded to an insoluble polymer support (35). This method differs from 

classical solution-phase synthesis in that the fre~uent isolation of 

intermediate products is avoid.ed (36). The insoluble polymer support is 
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covalently bonded to the amino acid derivative corresponding to the 

carboxy-terminal residue of the peptide to be synthesized. The polymer 

supports used in the majority of peptide syntheses are the polystyrene

based chloro~exhylated (35) and benzhydrylamine (37) type resins (see 

Fig. 4). The carboxy-terminal amino acid is attached to the former by 

the cesium carbonate method (38), and to the latter by direct conden

sation (37). The choice of which support to use for a particular s1o-

thesis depends upon the synthetic strategy employed. Resin selection 

will be discussed further in the section entitled "Orthogonal Syn-

thesis." 

Comparison of Solid-Phase and 
Solution Phase Methods 

There are three principal advantages that the solid-phase method 

enjoys over solution-phase chemistry. These ad7antages do not come 

without exacting a cost, however. 

The first advantage of solid-phase peptide synthesis arises from 

the fact that the solid supports are insoluble in the solvents commonly 

employed in peptide chemistry. The insoluble nature of the resin, with 

the growing peptide attached, allows for the rapid removal of the 

reagents normally used to carry out the stepwise deprotection and amide-

bond formation reactions. The by-products of these reactions can be 

quickly and conveniently removed as well. The speed and ease made pos-

sible by the presence of the resin support also allows for the automa-

tion of the most repetitive steps in the synthetic sequence (39, 40). 

The second advantage of solid-phase peptide synthesis results 

from the easy access of the peptide resin to the chemist during the 



polystyrene backbone 

Figure 4. Types of resin supports. 

chloromethylated resin 
(Herrifield) 

benzhydrylamine 
(p-methyl) 
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synthetic sequence. This allows for the monitoring of the amide-bond 

formation reaction, by the use of a ninhydrin (41) or other chemical 

tests (42). Such monitoring in solution-phase chemistry is usually done 

by thin-layer chromatography, and is not as fast as the ninhydrin-type 

tests. 

The third advantage of solid-phase peptide synthesis is that 

one alluded to before; the use of automation to accomplish the most 

repetitive aspects of peptide synthesis. It is also possible to use 

resins of slightly different densities, which can then be separated in 

CH2C12 , and used for the simultaneous synthesis of two different peptide 

analogues (43). The ability to use one resin batch to prepare many 

different analogues greatly increases the productivity of peptide syn

thesis, as compared to the solution phase method. 

The principal disadvantages of solid-phase synthesis result 

because there are no isolntable peptide intermediates which can then 

be purified. Incomplete peptide-bond formation, caused mainly by the 

incomplete solvation of the polymer support (44), can cause truncation 

(44) and deletion sequences (45) to occur. Unlike the solution-phase 

procedures, these failure sequences cannot be removed during the chain

elongation process. For example, if a solid-phase synthesis of a-MSH 

(thirteen amino acids) was to proceed with 98% efficiency at each 

coupling, at the conclusion of the synthesis 26% of the peptide mate

rial would consist of failure sequences. If larger peptides, such as 

glucagon (29 amino acids) are synthesized, the problem of failure 

sequences is even greater. 
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These disadvantages are outweighed in the majority of cases by 

the benefits outlined earlier. When careful planning and strategies 

based upon orthogonal principals of synthesis are employed, very satis

factory results can be obtained from the solid-phase method of peptide 

synthesis. 

Orthogonal Synthesis 

Orthogonal synthesis (see Fig. 5) is a term used to describe 

the synthetic strategy employed during a solid-phase peptide synthesise 

The term takes into account the selection of appropriate resin supports, 

Na-amine protecting groups, side-chain protecting groups, peptide-bond 

formation reactions, and the final conditions required to remove the 

peptide from the resin at the conclusion of the synthesis. 

Resin Supports. The most common types of resin support are the 

chloromethylated and benzhydrylamine resins (35,37). Both are based 

upon a polystyrene matrix, 2% crosslinked with divinylbenzene. Alt:10Ugh 

polyamide (46), t-alkoxycarbonylhydrazide (47), silicon-containing (48), 

and other assorted (49) resins have been reported and used successfully, 

they have not been as widely used as the chloromethylated and benzhydry

lamine supports. 

The chloromethylated (Merrifield) resins can provide C-terminal 

carboxylat~st amides or o-alkyl esters, depending upon the cleavage con

ditions (50) selected. In orthogonal synthesis, these conditions must 

be weighed against the type and sensitivity of side-chain protecting 

groups also present in the peptide (see protecting groups). Certain 



polymer resin functionalized + 

polymer resin functionalized 

cleavable by strong 

f3-C-~_NH~ 
. ~ cleavable by weak acid 

ac~d. also by reduction 
or base; 
or oxidation 

strong base 

Figure 5. Orthogonal synthesis 
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amino acids, such as proline, may not completely couple to Merrifield 

resins resulting in unreacted ch10romethy1 groups (38). These can then 

alky1ate any susceptible side-chains, such as His, Met or Cys, resulting 

in Chain-termination. Certain sterical1y hindered amino acids such as 

valine are also difficult to completely couple to Merrifield resins. 

Benzhydry1amine (51) supports yield C-termina1 carboxamides upon 

treatment with anhydrous HF. These supports are used instead of Merri

field resins when the C-termina1 amino acid is sterica11y hindered 

(Val, as in a-MSH) or susceptible to alkylation (Met in substance P, 

Cys in cyclic analogues). These resins have an advantage over the 

Merrifield type, because the latter require a second step to remove 

most protecting groups after ammonolysis. Benzhydry1amine resins allow 

for both cleavage and removal of most protecting groups simultaneously, 

by the use of anhydrous HF. In certain instances this can be an 

advantage which outweighs the hazards of HF use. 

~-Amino Protecting Groups. The carbamate class of blocking 

groups are the most widely used type (52). There are carbamates labile 

to acidic, basic or neutral conditions (52). The most commonly used 

carbamate is the acid labile (3M HCI/Ethyl acetate, 30-50% trifluoro

acetic acid/CH2C12) t-buty10xycarboxyl (t-BOC) group. 

The t-Boc group can also be removed by Me
3
SiI/CHC1

3 
(53). Re

moval of a t-Boc group results in the production of CO2 and t-Buty1 

cations. The cations can be successfully scavenged by the addition of 

1-2% anisole or thioaniso1e in the deprotection solution. 
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The 9-fluorenylcarbamate (FMOC) group is labile to mild bases, 

such as piperidine, morpholine and ethanolamine (54,55). There is some 

question as to whether free amines, such as those contained in the de

protected peptide chain, can cleave the FMOC group from an amino acid 

derivative, as it couples to the peptide chain (56). Some specialized 

applications of the FMOC group allow for bidirectional synthesis (57) 

and intramolecular amide-bond formation. 

Side-chain Protecting Groups. These blocking groups are also 

classified based upon the conditions used for their removal (acid, base, 

neutral), as well as upon the side-chains they protect. Table 3 lists 

the commonly used side-chain protecting groups. Exotic protecting 

groups, not commonly used in peptide synthesis, are not included (58). 

Peptide Bond-Formation. There are three principal means com

monly used to form peptide bonds during a solid-phase synthesis: the 

dicyclohexylcarbodiimide (DCC) method (70), the active ester method 

(71), and the anhydride methods (72,73,74,75). 

In the DCC method, the carbodiimide activates the carboxylate 

of the Na_protected amino acid about to be coupled. The activation 

allows for a nucleophilic attack upon the carboxylate by the free 

amine of the preceding amino acid residue. Dicyclohexylurea (DCU) 

is formed as a by-product, and is removed by washing the peptide resin 

with polar solvents. The DeC reaction is usually 9~ complete after 

20 minutes (76), but in this dissertation the author reports a protocol 



Table 3. Some protecting groups used in orthogonal synthesis. 

Functional 
Group Protecting Group 

Amine 

Indole 

Carboxylate 

Hydroxyl 

Thiol 

t-Boc 

CBZ 

2.4-dichloro CBZ 

Tosyl 

:mOC 

formyl 

Methyl ester 

Ethyl ester 

t-Butyl ester 

Benzyl ester 

t-Butyl ether 

Benzyl ether 

0-Cl2-benzyl ether 

Trityl 

Benzyl thioether 

t-Butyl 

EC 

Removed By 

mild acid (TFA) 

strong acid (HF) 

strong acid (HF) 

strong acid (HF),- Na/NH3 

hydroxide, NH3 

hydroxide, amines 

hydroxide, amines 

mild acid (TFA) 

strong acid (HF); Na/NH3 

mild acid (TFA) 

strong acid (HF); Na/NH3 

strong acid (HF) 

strong acid (HF); 12 

~a/NH3 
strong acid (HF) 

Na/NH3; HgC12" 

22 

Reference 

54, 55 
59 

60 
61 
56 

62 

63 
63 
64 

63 

65 

66 
60 

67 
66 
68 

69 



providing for complete (ninhydrin negative) couplings in 10-15 minutes 

(see Chapter 4). 

In the activated eater method, amino acids to be coupled are 

first derivatized at the carboxylate group by esterification to a de

activated aryl alcohol. The most common ones are p-nitrophenol and 

2,4,5-trichlorophenol ( 77). The active esters are good leaving 
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groups and are readily cleaved following a nucleophilic attack by free 

amine. If the free amine is located in the preceding amino acid resi

due, then a peptide bond is formed. This method is not as fast as the 

DCC method, but is used frequently in its place if Na_Boc Gln or Na-Boc 

asn are being coupled (78). 

The active anhydride process is really two different ones: the 

symmetrical (?2) and unsymmetrical (72,74,75) methods. The symmetrical 

method involves reacting two molecules of the Na_protected amino acid 

together in a dehydration reaction, usually by employing DCC. The DCU 

by-product thus formed is removed by filtration, and the activated, 

symmetrical anhydride is then added to the peptide. The free amine of 

the pr~ceding residue then displaces one amino acid molecule of the 

anhydride, forming a peptide bond. This method is useful when steri

cally hindered amino acids are to be coupled. 

The unsymmetrical method is similar to the above, but an alkyl 

chloroformate is used to initially form the anhydride. This is advan

tageous because: (a) these groups are usually better leaving groups 

from the corresponding anhydride; and (b) it is less expensive. The 



symmetrical anhydride requires twice the amount of Na-protected amino 

acid, and half is never coupled and subsequently lost. 
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Removal of Peptides from Resins. Table 4 illustrates the most 

common ways to remove peptide materials from the benzhydrylamine and 

chloromethylated resins of solid-phase peptide synthesis. As can be 

seen from this table, the method of peptide removal from the resin 

depends upon the nature of the carboxy terminus as well as the presence 

of any protecting groups. 

Purification of Synthetic Peptides 

There are four commonly used methods for the purification of 

synthetic peptide materials: gel filtration (81), ion exchange (82), 

partition (83), and high-pressure liquid chromatography (84,85). 

Gel-filtration Chromatography. This is a useful technique for 

removing ionic salts and other small molecules from peptide materials. 

These contaminants result from HF-resin cleavages and Na/NH
3 

depro

tections, as well as many other manipulations common to peptide 

methodology. Gel chromatography is capable of separating peptide 

materials from each other, if the MW difference is great enough ( 1~). 

In this dissertation, P-2 Biegel was used extensively, and G-25 

occasionally (see Chapter 4). 

Ion-Exchange Chromatography. This technique separates peptides 

by taking advantage of any charge differences that may exist. 



Table 4. Some ways to remove peptides from benzydrylamine- and Merrifield-type supports. -
Effect on side-chain protection (50). 

anhydrous 
HF/anisole 
(5:1) 

anhydrous 
MeOH/NH3 
(2:1) 

anhydrous 
MeOH, EtOH 

anhydrous (80) 
HeOH, KCN 

Benzydrylamine 
p-methylbenzhydrylamine 

carboxamide, 
2%-9($1 

no cleavage 

no cleavage 

no cleavage 

~ields are expressed as %. 

Merrifield-type Effect on 
Chloromethylated Side-chain Protection 

carboxylate 

carboxamide 
80-90% 

methyl, ethyl 
esters l~ 

carboxylate 

removes all except: 
FMOC, CH3, CH

3
CH

2
-ester, 

3-benzyl, 5-EC 

removes: formyl from 
Trp (79); yields amides 
from ester-protected 
carboxylates (Asp, Glu) 

removes no protecting 
groups can trans-esterify 
ester-protected side 
chains 

same as MeOH, EtOH 

N 
V1 
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The usual procedure involves selecting the proper type of resin 

(anion, cation exchanger), and buffer conditions, and passing the sample 

through an ion-exchange resin-packed column. 

Partition Chromatogra~hy. This separation technique combines 

both the molecular exclusion properties of gel processes with the par

tition distribution functions of the old countercurrent system. This 

allows separations based upon lipid solubility as well as size. It is 

useful for removing failure sequences from peptide materials, and 

separating diastereomeric and polymeric contaminants as well. 

~. This is an updated version of partition chromatography, 

without the molecular exclusion aspects of its separation process. 

This is useful for separating deletion and other failure sequences from 

peptides, and also for carrying out the optical resolution of dias

tereoisomeric peptides. 

Summary 

Peptides are an important agent by which biological systems 

transfer information. The future control of physiological dysfunction 

may be possible by manipUlating peptides and their·mechanism of action. 

There are two models by which peptides interact with the cell-surface 

receptor: the lock and kay and zipper models. Structure-function 

analysis allows for the separation of the binding and transduction 

components of a peptide. Fragment studies, side-chain deletioglmodifi

cation, and conformational restriction are all useful means of structure

function analysis. Pep tides can be prepared by the solid-phase method, 
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by means of orthogonal synthesis, taking into account the type of 

solid-support, protecting groups and final cleavage methods. Synthetic 

peptides can be purified by gel, ion-exchange and partition, and high

pressure liquid chromatograph~. 



CHAPTER 2 

a-MELANOTROPIN 

The tridecapeptide a-melanotropin (a-MSH, MSH) is one member of 

a peptide family consisting of several, structurally related compounds 

called the melanotropins (see Fig. 6). There is a heptapeptide sequence 

(Met-Glu-His-Phe-Arg-Trp-Gly) which the melanotropins have in common 

with each other, and the related peptide adrenocorticotropin hormone 

(ACTH). 

Historically, pituitary factors were known to be responsible for 

changes in amphibian pigmentation (86,87,88) and later the causative 

agent was found to be a-MSH (89). a-MSH is biologically derived from a 

31,OOO-MW precursor protein called pro-opiomelanocortin (Fig. 7) 

(90-93). 

Other biologically active peptides, such as enkephalin. 

endorphin, and ACTH are also derived from pro-opiomelanocortin (see 

Fig. 7). The ~-LPH fragment of the precursor contains an amino acid 

sequence, 18 residues in length, called ~MSH. It is unclear whether 

reports of isolated ~SH are real, or if the sequence is incidentally 

isolated by accidental removal from the ~-LPH fragment during extraction 

(94, 95. 96). 

The processing of pro-opiomelanocortin which gives rise to 

a-MSH occurs in the pars intermedia lobe of the vertebrate pituitary 

(97). In man, who does not as an adult possess such a pituitary lobe, 

28 



ACTH: 

a-MSH: 
(Mammalian) 

H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-ValJ 

LGly-Lys-Lys-Arg-Arg-pro-Val-Lys-Val-Try-Pro-Asn-GlY-Ala-Gluj 
LAsp Glu Ser Ala Glu Ala Phe Pro LGU GI~-Ph;~H------H- - ----- - - ----

( dogfish) a) 

b) 

Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 
H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lya-Pro-Met-NH2 
H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Met-GH 

diaetyl a-MSH: 
( mammalian) 

desacetyl a-MSH: 
(mammalian 

salmon) 

{3-MSH: 
(bovine) 

(equine) 

Y-MSH: 

Figure 6. 

Ac-oAC-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lya-Pro-Val-NH 
2 

Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lya-pro-Val-NH2 

H-Asp-Ser-Gly-Pro-Tyr-Lya-Met-Glu-Hia-Phe-Arg-Trp-GIYJ 
[ 
Ser-Pro-Pro-Lys-Asp-OH 

H-Asp-Glu-Gly-PrO-Tyr-Lys-Met-Glu-His-Phe-Arg-Trp-GlYJ 

LSer-Pro-Arg-Lya-Asp-OH 

Tyr~Va1-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-Gly 

Family of melanotropins with adrenocorticotropin hormone (ACTH). 
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the source of a41SH is unknown. In any case 9 naturally occurring a-MSH, 

as it is derived from pro-opiomelanocortin, is acetylated (N-terminus) 

and amidated (C-terminus) (9'8). 

The inability of researchers to locate a site of biosynthesis 

for a-MSH has made acceptance of the peptide as a neurotransmitter 

difficult. Nevertheless, there are well documented biological and 

behavioral actions which can be attributed to a-HSH; the fact that a~MSH 

is important in biology and medicine is incontrovertible. 

Functional Roles of a-MSH 

There are three major documented roles in biology for a-MSH, 

as well as several minor ones. The important physiolo~ical roles of 

a-MSH are: melanosome dispersion, melanogenesis, and CNS effects. 

Melanosome Dispersion 

a-MSH functions in non-mammalian vertebrates by regulating skin 

pigmentation (99). The color changes that are Been depend upon the 

species and type of chromatophores present. In frog and lizard species 

(Hana, Anolis) a-MSH causes the dispersion of melanosomes (melanin 

granules) throughout the melanophore (99). Some fish species utilize 

iridophores as chromatophores, and in this type of system a-MSH acts by 

concentrating the pigment, not dispersing it (99). Table 5 lists some 

types of color-change mechanisms mediated by a-MSH. 

The interest in melanosome dispersion, as mediated by a-MSH, 

forms the basis for one of the most sensitive, specific, in ~ 

bioassays of science: the melanophore assay (100). Although the mech

anism of pigment motion is complex and not completely understood, it 

is known that there is a Ca2+.ion requirement for a-MSH action (101). 
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Table 5. Types of pigmentation changes mediated by a-MSH. 

Animal/Fish Functional Unit Pigment Color 

Frog melanophore (dermal) melanin dark brown 
(RB.na pipien) 

Lizard melanophore (dermal) melanin dark brown 
(Anolis carolinensis) 

Fish (some species) iridophore p~ines yellow 

Fish (some species) xanthophore a carotenoid orange/red 

pterine yellow 

Human epidermal melanocyte eumelanin brown, 
black 

epidermal melanocyte phaeomel- b orange 9 

anin auburn 
gold 

a fish commonly have different xanthophores and thereby can have either 
orange, red, or yellow areas as well as infinite combinations thereof. 

bin humans (and most mammals), pigment is located in epidermal 
melanocytes and in hair fibers. The combination of eumelanin and 
assorted phaeomelanins is unique to the individual (and provides hair 
color from brunette to red head). True blonde hair results from the 
absence of pigment (blondes may have more fun, but receive less 
protection from the sun). 



Methylxanthines, catecholamines, and prostaglandins can also cause 

melanosome dispersion, but do not require Ca2+ and are believed to act 

through a different recepter (102). The melanophore assay provides a 

convenient means to measure the potency of a-melanotropin analogues. 

Melanogenesis 
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In mammals, a-MSH causes epidermal melanocytes to synthesize 

melanin (103). Part of this complex biosynthetic pathway includes the 

conversion of tyrosine to dopa, which is then itself converted to 

various indole intermediates, and finally to melanin (Figure 8). The 

melanin pigment is then incorporated into growing hair-fibers at the 

follicle, by an unknown mechanism (104). The process of melanogenesis 

provides a sensitive bioassay for a-melanotropins. because the activity 

of the enzyme tyrosinase, which converts tyrosine to dopa, can be 

measured (105). The tyrosinase assay is complimentary to the melano

phore assay in that in addition to the effects observed in amphibiann, 

the former assay gives a measure of the effects of a-MSH in mammals. 

Besides the tyrosinase assay, the process of melanogenesis pro

vides the basis for a second measure of a-MSH activity, the adenylate 

cyclase assay (106). Using broken-cell preparations and radiolabeled 

32p_ATP, the amount of c AMP produced by both human (107) and 

mouse (108) melanoma cells can be determined. Because cAMP production 

occurs much sooner after the hormone-binding event than does tyrosinase 

activity, the cyclase system gives a more accurate, but less sensitive 

measure of the impact of the structural modifications of MSH peptides e 

An important potential use of a-melanotropins is as a vehicle 

to deliver anti-tumor agents directly to melanoma cells (108) 
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Figure 8. Melanin biosynthesis. -- Model for MSH activation of 
melanocyte tyrosinase and melanin synthesis. The substrate 
for cyclic-AMP-dependent protein kinase is unknown. Phos
phorylation may take place outside or within the nucleus, 
or at both sites (modified from Hadley et al., with per
mission). Protein synthesis is required for MSH action 
on melanocytes, but it is not clear whether this require
ment involves de novo synthesis of tyrosinase or is 
related to a number of alternative mechanisms. 
(Used with permission from M. E. Hadley [i~). 



This may allow for the cell-specific delivery of toxic agents, by con

jugating them to a-MSH peptides (108). 

Behavioral Effects of a-MSH 
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Aside from the lack of evidence demonstrating de ~ a-MSH 

synthesis by neuronal tissue in man, there is a large body of evide~ce 

that a-MSH can, in vivo, alter some behavioral characteristics of mice 

including arousal, attention, motivation, memory and learning (109-115). 

It is likely that the receptor(s) associated with nervous tissue are 

different than those associated with pigmentary tissues, because a-MSH 

analogues that are potent on CNS assays (115, 116) are not active on 

melanosome assays. At the present time, the exact mechanisms by which 

a-MSH exerts its CNS effects are not known. 

Other Effects and Action of a-MSH 

Besides its role in controlling vertebrate pigmentation and 

related processes, as well as the suggested participation of a-MSH in 

behavioral mechanisms, several other biological observations have been 

made in which a-MSH is involved. 

It has been noted, for example, that a-MSH as well as melatonin 

attenuate, slightly, morphine analgesia (11?). This action does not 

seem to occur through the opiate receptor (118), and at the present time 

it is not well understood. a-MSH may also function as a releasing

factor; both LH (119) and prolactin (120) release have been observed, 

the former in vitro, the latter in vivo. a~SH may act in concert with 
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other neurotransmitters in the rat yawning reflex (121). The yawning 

may be part of a circadian-rhythym sleep mechanism involving the pineal 

gland (122). In addition, ethanol-induced drowsiness can be reversed by 

a-MSH and ACTH4_10 (123), as well as naloxone, further suggesting that 

an a-MSH-endogeneous opiate axis really does exist (117). a-MSH is also 

able to slightly increase (12%) the heart-rate of anaesthetized (halo

thane) rats (124), and may eventually be useful in returning heart 

rates to normal after surgical procedures. 

a-J.ISH regulates the activity of sebaceous glands (125) and this 

may be related to reports that the peptide also causes an increase in 

the sexual behavior of female rats (126). Lipolysis rates are regulated 

by a-MSH (127) and it is possible that this is somehow related to 

sebaceous gland activity and. sex-attractant secretions. 

An interesting role for a-MSH in mammalian temperature regula

tion has also been suggested, with the demonstration that a-MSH acts in 

the septum (128) to regulate induced fever (129), as does ACTH (129). 

a-MSH has also been suggested to play a role in fetal develop

ment (130) and an interesting speculation is that a-MSH levels may 

trigger partuition (131). 

As is clearly evident, a-MSH is implicated in a number of pro

cesses, besides amphibian pigmentation, which may be medically important 

in the future. It is essential, therefore, to understand the structural 

features of the a-MSH peptide which are responsible for receptor recog

nition and signal transduction. Clearly, there are many tissues which 

are responsive to a-MSH, and there are likely to be isolated many 

cell-surface melanotropin receptors. It would be unlikely that the 
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structural requirements of one receptor would be the same for 

another; each system must be researched by itself. 

structure-Activity Relationships of a-MSH 

There has been quite a bit of structure-activity data accumu-

lated for the frog-skin assay (108), the steroidegenic assay (132), and 

behavioral assays (grooming, avoidance behavior) (133, l34)e There 

has been less data accumulated for other assays as well, such as 

the tyrosinase (104) and adenylate cyclase (105-107) systems (see Table 

6). To discuss the interrelationships between all of these assays, 

receptors and their respective structural requirements is beyond the 

scope of this dissertation. The author will confine his review of 

structure-activity relationships to the frog-skin assay. The frog'~kin 

assay data are central to the goals of the present research which were 

to isolate. by means of structure-activity study. the important receptor 

recognition elements contained within the message sequence of a-MSH. 

Where applicable, the similarities and differences of the frog and lizard 

skin assays will also be discussed, both in the literature review and in 

Chapter 5. 

Frog Skin Melanophore Structure
Activity Studies 

The older structure-activity studies (prior to 1963) must be in-

terpreted very carefully. Early investigators routinely bioassayed 

"purified" pituitary extracts (135), and the analytical methods of the 

era were not able to detect trace contaminants. It is now known that 

such trace amounts of contCl!1'.inating pepUdes can invalidate the frog-

skin melanophore assay (108). Additionally, because ACTH and a-MSH are 



Table 6. a-MSH bioassay systems. 

System Type Variable Measured Reference 

Me1anosome in vitro "reflectance" (99,100) 
Dispersion t darkening t 4t' re flec tance 

(amphibian skin) 

Tyrosinase in vitro tyrosinase enzyme (104) 
(mouse melanoma act~ity-~roduction 
cell) of -H2O 

Adeny1ate in vitro adeny1ate-cyc1ase (105-107) 
Cyclase enzyme activity 
(mouse, human production 32p_cAMP 
melanoma cell) 

Pole Jumping in vivo conditioned response (133) 
(rat or mouse) of vaulting to avoid 

experience which is 
unpleasant 

Grooming in vivo observeda (134) 
(mice, rats) frequency of grooming 

aCan be susceptible to subjectivity. 



derived from pituitary sources, supposed pure samples of each were 

likely cross-contaminated (136). 
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Early data (136) also were not reported in a consistent manner. 

Potencies were expressed in "units of activity," not molar (M) poten

cies. The "unit" was defined (136) "as the degree of darkening 

elicited by a 0.04 ug sample of a lyophilized water-extract of beef 

posterior-pituitary powder." Since the exact amount of melanotropin 

(or ACTH) standard contained in such a powder could vary from sample 

to sample, comparison are difficult to make between different investi

gators of the period. 

In the period before the synthesis of a-MSH fragments was com

monplace, smaller fragment sequences were obtained by treating pituitary 

extracts with enzymes capable of selective cleavage, such as trypsin. 

Purification methods of the era were limited, and it is doubtful that 

fragments thus obtained were also not contaminated. Oftentimes, if an 

a-MSH fragment was desired, an ACTH pituitary preparation would be 

cleaved, yielding the desired product. . 

There does exist, in lieu of the above difficulties, much in

formation in the literature concerning structure-activity relationships 

of a-MSH. Table 7 lists a summary of these findings, and is divided as 

best as possible by the amino acid position examined. In cases where 

an analogue was prepared, by more than one investigator, only one 

reference is listed if the results between researchers are compatible. 

In cases where a difference exists (such as a-MSH itself), all reports 

are listed. 



'I'ab1e 7. structure-activity relationship of tridecapeptide analogues of a-HSH assayed 
in vitro by the frog-skin melanophore method. 

Fosition Source a Activity (U/g)b Potency Reference 

a-r·1SH E 2 x 1010 2.0 (53, 137) 

a-!-lSH S 3.3 x 1010 
3.3 (54, 138) 

a-~mH E 2 x lOll 20 (55, 139) 

a-HSH S 1 x 1012 100 (56, 140) 

1, 3 Ser(OAc)1,3 -a-}lSH E 2 x 109 0.20 (57, 141) 

2 [ 2-D-Tyr J -a-Y:SH S 1 x loR 0.01 (5P-, 142) 

[phe2~ -a-r.:SH S 7.5 x 109 0.75 (c:,Q, 1]~2) 

4 4 
[N1e J-a-!>lSH S 5 x 1010 5.0 (142,11;3) 

[Ile 4J-a_HsH S 1 x 1010 1 0 0 (143) 

[Met( 0) ~ -a-r·1SH E 6 x 107 0.006 (144) 
4 5 11] [Met(n) ,GIn ,Lys(For) - S 107 0.001 (136) 

a-MSH 

5 r 5J l3ln -a-MSH S 1 x 109 0.10 (145) 

[Gln5 ,Lys(For)11J-a-MSH S 
10 2.2 x 10 2.2 (146) 

5 11' LGln ,Lys( tos) ]-Cl-MSH S 2.2 x 109 0.22 (147,147) 

6 H_[D_His6 ,D_Phe7 ,D_Arg8, 4 
.00000075 (148) S 7.5 x 10 

D-Trp91-a-HsH5_l3-NH2 
+-
0 



Table 7--continued 

Position Source a Activity (U/g)b Potency Reference 

7 [Nle 
4 

,D-Phe7J-a-HSH S 6.0 x lOll 60 (]49) 

8 H-[Arg(Ng-NO?8),LYS S (150 ,136) 
11 ,-

(for) J-a-MSH
6 

-NH 
-13 2 

9 (Phe 9 ]-a-HSH S 1.2 x 109 0.12 (151) 

~ means that peptide was obtained from animal pi tui tary by extraction .. S means by total synthesis. 

bActivity is defined on po 39, Chapter 2. 

.;:

...... 
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Table 8 lists fragment analogues. This is not a complete 

table, but an abridged one. The author has included those fragments 

which, because of thei~ design, are informative. Many analogue frag-

ments have been prepared (>200, est.) and many incorporate rather unin-

formative modifications. As the purpose of this chapter is to review 

information pertinent to the present research, these largely esoteric 

analogues have been omitted by the author. 

Table 9 lists conformationally restricted analogues of a-MSH. 

These include unpublished data kindly provided by Mr. Wayne L. Cody 

(Tucson, Arizona), and is referenced accordingly. The unpublished data 

may not be reproduced in any form without the expressed, written con-

sent of this author or Mr. Cody_ 

Implications of the Frog-skin 
Melanophore Assay Data 

The first attempt to correlate observed biolop,ical activity to 

the structure of a-MSH was made by Hoffman and Yajima (136). After 

synthesizing numerous fragment analogues (before solid-phase synthesis) 

they reached the following conclusions. 

The pentapeptide -- His-Phe-Arg-Trp-Gly is the smallest 

fragment which possesses biological activity_ The tetrapeptide --

Phe-Arg-Trp-Gly -- was found by them to be inactive. In addition, they 

reported that H-a-MSHl _8-OH was inactive, but when tryptophan was added, 

giving H-a-MSHl _
9
-OH, some activity resulted.l FrOl!l this, Hoffman and Yajima 

state, " ••• one may conclude that both histidine and tryptophan at 

lNo figure was given, nor potency reported.(152). 
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Table 8. Structure-activity relationships of fragment analogues of 
a-MSH assayed by the frog-melanophore method. 

Fragment Source a to °t b Ac 1V1 y Potency c Reference 

Ac-a-MSH
1

_10-OH S 7 x 10
4 

153 

a-MSH1_10-OH S 2.9 x 06 ·136 

a-MSH
6

_
10

-DH S 3 x 104 
153 

a-MSH4_
10

-OH S 1.4 x 106 154 

a-MSH
5

_
10

-DH S 2 x 105 153 

[Gly5J_a-MSH5_10-0H S 2 x 105 155 

Ac-a-MSH3_13-NH2 S 5 x 109 156 

Ac-a-MSH4_
13

-NH2 S 1.5 x 109 157t136 

Ac-a-MSH7_13-NH2 S inactive 158 

a-MSH7_13-NH2 E 1.4 x 10 6 159 

H-a-HSHl _8-DH S inactive 152 

H-a-MSH6_13-NH2 S, E 8 x 106 
159 

Ac[N1e 4 D-Phe 7J S 0.002 160 
a-MSH4_

10
-NH

2 

Ac[Nle4 D-Phe7J S 0.16 161 
a-MSH

4
_
11

-NH
2 

ACUN1e~-a-MSH4_10-NH2 S 0.002 160 

4 Ac [Nle J -a-MSH4_11-NH2 S 0.OQ2 161 

Ac - a-HSH 4-10 -NH 2 S 0.00001 160 

4 
Ac [Tyr J-a-MSH4_10-NH2 S 0.0002 160 

4 Ac [Tyr J -a-MSH4_11 -NH2 S 0.0002 161 

Ac [joyr 4 ,D-Phe 7J_ S 0.01 161 
a-MSH

4
_
U

NH
2 



Table 8 --continued 

~t extracted from animal source (bovine, porcine pituitary); 
S9 synthetic, either by solid or solution. 

bactivity is defined on p. 39, Chapter 2. 

Cpotency relative to a-MSH = 1. 
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Table 9. Conformationally restricted analogues of a-MSH assayed 
in ~ by frog-melanophore method. 

Peptide Potency a Reference 

i 4 110] 
Ac[Cys ,Cys -a-MSH 10_100b 26 

'4 110J Ac LCys ,eys -a-MSH4_
13

-NH2 
10_100b 162 

re' 4 IIOJ Ac ys ,Cye -a-MSH4_
10 

0.07 162 

4' .? ' 11~ Ac[Nle ,Cye ,Cys -a-MSH 0.10 163 

i 4 'lOJ Ac [Cye ,Cye -a-MSH
4

_
11

-NH
2 

200 164 

I 4 110] 
Ac [eys ,Cys -a-MSH4_

12
-NH

2 
150 165 

I 4 7 '101 
Ac [Cys ,D-Phe ,eys ~ -a-MSH4-1;rn2 20 165 

apotenciee relative to a-MSH, where a-MSH = 1.0. 

bminimum effective dose is as low as 10- 5M, or a potency >10,000. 
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their respective positions in the MSH sequence are critically essential 

for biological activity_ .. " .. .. 

Hoffman and Yajima also noted that analogues and fragments 

acetylated at the N-terminus had greater potency than those that were 

not acetylated .. 

They also concluded that the conservation of charge at Glu-5 

and Lys-ll was not critical for biological "activity_ 

Finally, Hoffman and Yajima demonstrated by reversibly oxidizing, 

then reducing,a-MSH that melanophore activity was not solely 

methionine-4 dependent; the methionine sulfoxide peptide had some 

activity. 

The second codification of a-MSH structure-activity studies was 

done by Schwyzer and Eberle (166,167). These authors developed the 

concept of "synchnological action"; specifically that adjacent domains 

of the a-MSH peptide are responsible for the action of the peptide. 

These researchers postulated that two message sequences exist in a-MSH: 

--His-Phe-Arg-Trp-- and --Gly-Lys-Pro-Val-NH2• Schwyzer and Eberle also 

postulated a potentiator role for the sequence, Ac-Ser-Tyr-Ser--. From 

a conformational standpoint, Schwyzer has recently postulated that a-MSH 

assumes an ~-helical structure (168), but this was postulated many years 

ago, based upon fluorescence data (10). 

The third major attempt to assimilate all the available structure-

activity data into a cohesive framework was by Hruby et ale (108,149). 

The second message sequence was discarded, and the --His-Phe-Arg-Trp-Gly

pentapeptide region was postulated to exist in a!1-type or other reverse

turn. The superpotency shown by Lc;s4,Cy~101_a_MSH (Table 9) provided 
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synthetic data which supported the concept of a reverse-turn. Addition

ally, the prolonged biolo~ical activity exhibited by [Nle4 ,D-Phe7J-a_MSH, 

when considered with the conformational effects in~-turns of 

D-phenylalanine residues, lends much credibility tO,the ~-turn model of 

a-MSH action on frog-skin melanophores~ The ~-turn model for a-MSH has 

been suggested to consist of an ampiphatic core (164), in which polar 

and non-polar side-chain groups are segregated into different sides of 

the /3-turn. 

Goals of This Research 

This author had as a goal the examination of the message se-

quence --His-Phe-Arg-Trp-- of a-MSH. The strategy selected called for 

the removal of the histidine-6, arginine-B, and tryptophan-9 residues 

and their individual replacement by glycine. The analogues prepared 

were: L4-norleucine, 6-g1ycine]-a-MSH, I4-norleucine, 8-g1ycine ]-a-MSH, 

and [4-norleucine, 9-g1ycine]-a-MSH. After testing these analogues on 

the frog and lizard skin bioassays, it would be possible to determine 

whether the importance of each residue for biological activity was a 

result of the side-chain or backbone at that position. Norleucine was 

put in position 4 to add resistance to oxidation; such a repla~ement 

will increase potency by a factor of 2-5 (Table 7) (142,143). In addi-

tion, two 6-13 fragments were prepared, Ac-a-MSH6_
l3

-NH
2 

and 

Ac[6-g1ycine]-a-MSH6_l3-NH2' in order to examine whether the addition 

of the backbone and/or side-chain components of the sixth-position 

histidine would show an increase in activity over the minimally active 

Ac-a-MSH
7
_
l3

-NH
2 

(158-159). L4-norleucine, B-norleucine]-a-MSH was 

synthesized to evaluate the guanido group on the arginine-B side-chain, 
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normally present in a-MSH. The use of the norleucine group ~ · <' · 

(-CH
2

-CH
2

-CH2-cH
3

) would allow for the close preservation of the space

filling characteristics of the arginine side-chain, yet remove a func-

tional group capable of forming both ionic and hydrogen-type bonds. 

There was interest in this guanido group based upon the earlier specu-

lation that it might be involved in signal transduction, and that to 

remove it might provide an antagonist (163). 

The same reasoning led to [4-norleucine, 7-D-phenylalanine, 

8-norleucine]-a-MSH, which was prepared as a possible irreversible 

antagonist (163). Finally, a cyclic analogue [4-half-cystine, 6-glycine, 

9-glycine, 10-half-cystine]-a-MSH was prepared. According to Hoffman 

and Yajima, further substantiated in this dissertation (Chapter 5), 

histidine-6 and tryptophan-9 are critical for full potency in a-MSH 

analogues. · The question arose as to whether this importance was due to 

these two side-chains interacting with each other (a conformational 

effect) or whether they were somehow interacting with the receptor. 

r. 1 4 I 10 
LCys ,eye ] -a-MSH (Table 9) has as much as 10,000 times the minimum 

effective dose of a-MSH (26) and it is believed that this occurs because 

this cyclic analogue is arranged close to the biologically correct con-

formation. The author theorized that if the histidine-6 and tryptophan-9 

interacted with each other, to help fold the peptide into the biologi-

cally correct conformation, their absence from a cyclic compound would 

have a minimal effect on potency. On the other hand, if the histidine-6 

and tryptophan-9 residues were interacting with the receptor, their 

absence would have a detrimental effect on potency, regardless of the 

conformation of the peptide. The results can befound in Chapter 5. 



All the a-MSH analogues and fragments synthesized in this dissertation 

can be found in Table 10. 

Summary 
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a-Melanotropin (a-MSH, .A.c-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp

Gly-Lys-Pro-Val-NH
2

) is a member of the melanotropin family of peptides, 

derived from pro-opiomelanocortin. In vertebrates, except in adult man, 

a-MSH is synthesized and released from the pars intermedia lobe of the 

pituitary. The site of biosynthesis is not known in adult man. a-!1SH 

controls pigmentation processes in both cold and warm-blooded animals, 

in the former by causing melanosome dispersion, in the latter by con

trolling melanogenesis. The amphibian skin assay is the most widely 

used in vitro bioassay; the tryosinase and adenylate cyclase systems 

are used less so. a-MSH also has behavioral effects, and may control 

other 'physiological processes as well. a-MSH can also attenuate opiate 

ac ti on i!!. .!!!2.. 

Structure-activity relationships for the frog-skin bioassay show 

that the 6-10 sequence is the minimally active one. The side-chain at 

position 5 is not important, but the one at position 9 appears to be 

important. Most analogues with a D-Phe in position 7 are prolonged, 

and analogues incorporating a 4,10 disulfide bond, at least 4-13 resi

dues long, are super potent~ 

Hoffman and Yajima isolated the minimal sequence to be His-Phe

Arg-Trp-Gly. They postUlated that His-6 and Trp-9 were critical for 

full activity. 



Table 10. New a-melanotropin analogues. 

Peptide Purpose/Remarks 

[Nle 4 ,Gl/j-a-MSH Evaluate histidine-6 side-chain 

[Nle4,Gly8J-a-MSH Evaluate arginine-8 side-chain 

[Nle 4 ,Gly9j -a-MSH Evaluate tryptophan-9 side-chain 

Ac-a-MSH6_l3-NH2 Compare activity to minimally active 
Ac-a-MSH

7
_
l3

-NH2 

AC-[Gly6J-a-MSH6_13-NH2 Compare activity ~o Ac-a-MSH6_l3-NH2; 
evaluate role of 1madazole 

[Nle 4 ,Nle~-a-MSH Evaluate role of guanido group 

[Nle4,D-Phe7,Nle8J-a-MSH Putative antagonist 

i 4 6 9 110J [Cys ,Gly ',Cys -a-MSH Designed to test possible interaction of 
His-6 and Trp-9 with receptor 
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Schwyzer theorized that two message sequences, --His-Phe-Arg-

Trp-~ and --Gly-Lys-pro-Val-NH2 acted together, by synchnologicalaction. 

He also suggests an a-helical structure for a~SH. 

Hruby et ale have suggested only one message sequence, the 

central 6-10 sequence; he postulated that a8-tYpe turn exists for this 

region, and offers the irreversible [Nle4 ,D-Phe71-a-MSH and super potent 

C' 4 10J Cys ,Cys -a-MSH as evidence for this. 

The goal of this project was to replace the His-6, Arg-8, and 

Trp-9 side-chains with glycine and evaluate each analogue for potency. 

Ac-a-MSH6_13-NH2 and AC-[Gly61-w-MSH6_l3-NH2 were also prepared to 

re-examine the early findings of Hoffman and Yajima. Other isosteric 

replacements, at position 8 were made, as well as a cyclic analogue 

[cys4,Gly6,9,cy~lOJ_a_MSH. 



CHAPTER 3 

SUBSTANCE P 

Introduction and Review 

In 1931, von Euler and Gaddum first isolated substance P (SF, 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2) in gut preparations, 

where, when applied ~~, the peptide caused contractions (169). 

More than 20 years passed, and then in 1953 Lembeck found SF in the 

dorsal roots of the rat, and postulated that the peptide may function 

as a neuro-transmitter (170). Nearly a second 20-year period elapsed 

when, in 1971 Chang and Leeman isolated a sialogenic peptide from bovine 

hypothalami (171). They confirmed by total synthesis that the isolated 

peptide was SF (172); the biological action ~~ of the synthetic 

and isolated peptides was indistinguishable (172). Substance P is 

generally classified as a member of the tachykinin family of peptides, 

of which the other principal constituents are eledoisen and physalaemin 

(173,174). As can be seen from Figure 9, the Phe-7 residue and the 

--Gly-Leu-Met-NH2 sequence have been conserved in SF and the tachykinins, 

and thus all these peptides are grouped together. Biologically, SF is 

similar in one respect to the tachykinins, that being the ability of all 

these peptides to cause smooth muscle contraction (174,175). Although 

this is an important feature of SP action, interest in SP is mainly a 

result of the peptides CNS effects, as will be seen shortly. 
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Peptide 

Substance P 

Physalaemin 

Uperolein 

Phyllomedusin 

Eledoisin 

Kassinin 

Sequence 

Arg-Pro-Lys-pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2 

pGlu-Ala-Asp-Pro-Asn-Lys-Phe-Tyr-Gly-Leu-Met-NH2 

pGJ.u-Pro-Asp-Pro-Asn-Ala-Phe-Tyr-Gly-Leu-Met-NH2 

pGlu-Asn-Pro-Asn-Arg-Phe-Ile-Gly-Leu-Met-NH2 

pGlu-Pro-Ser-Lys-Asp-Ala-Phe-Ile-Gly-Leu-Met-NH2 

Asp-Val-Pro-Lys-Ser-Asp-Gln-Phe-Val-Gly-Leu-Met-NH . 2 

Figure 9. The tachykinins. 
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The author is of the opinion that it may be misleading to group 

SP as a tachykinin simply on the basis of structural similarities. The 

peptide hormones oxytocin and vasopressin differ by only two amino 

acids, and 7 out of 9 residues are exactly the same (176). Yet these 

two peptides are very different biologically, and in fact whereas 

oxytocin is very effective at causing smooth-muscle contraction, arginine 

vasopressin is less than 1/100 as potent in this regard. The cross

reactivity (oxytocin on AVP receptors, and vice versa) is small, and 

physiologists do not consider oxytocin receptors as subtypes of vaso

pressin receptors. It is the author's opinion that to classify receptor 

subtypes (177) of SP based solely upon differential potencies of 

tachykinin analogues, .!!!~, may be misleading. 

Localization 

After the discovery of SP in hypothalamic tissues, investigators 

began to re-examine the distribution of SP in the spinal cord, using the 

'modern techniques of RIA and immuno-histochemical fluorescence (178-182)0 

By 1978 SP was unambiguously found in the dorsal horn of the spinal cord 

(Fig. 10). Additionally, experiments with the neurotoxin capscaicin 

(183) demonstrated further that SP is synthesized in neuronal tissue, and 

is present also in the terminals of the primary afferent neurons. 

In addition to localization in the dorsal horn, SP is found through

out the brain (184); the highest concentrations are in the substantia 

nigra, globus pal1idus, and limbic structures (hippocampus, olfactory 

bulb) (see Table 11). It is interesting to note that the imbic system 

of the mammalian brain is also evolutionarily the oldest (185); this 

may be significant when one re~izes that the tachykinins are also 
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Table 11. SF in the CNS and related structures. 

Region SP (pmol/g wet tissue) 

Cranial nerves 
Olfactory bulb 
Optic nerve 
Trigeminal nerve 
Vegus nerve 

Pi tui tary and pineal 
Anterior pituitary 
Posterior pituitary 
Pineal 

Cerebral cortex 

41 
0.6 
8 
6 

2.2 
2.6 
1 

Frontal 9 
Parietal 7 
Uncal 12 
Ethorhinal 15 
Hippocampal formation 34 
Cingulate 11 
striate 5 

White matter 
Centrum semiovale 0.5 

Choroid plexus 0.6 
Basal ganglia 

Caudate 113 
Putamen 81 
Globus pallidus (internal) 518 
Globus pallidus (external) 124 
Subthalamic nucleus 21 
Substantia nigra 922 

Nucleus accumbens 
Grey matter 

Amygdala 26 
Lateral geniculate 36 
Thalamus (lateral dorsal) 12 
Thalamus (lateral posterior) 12 
Thamalus (dorsal medial) 35 

Median emi~~nce and hypothalamus 
Pi tui t'1ry stalk and med.eminence 134 

Hypothalamus 
Anterior hypothalamus 122 
Posterior hypothalamus 135 
Mammilary bodies 83 

14 

104 

136 
112 
877 
197 

1264 (pars compacta) 
1535 (pars reticulata) 
159 

25 

205 
112 
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Table ll--continued 

Region 

Brain stem 
Periaqueductal grey 
Red nucleus 
Superior colliculi 
Inferior colliculi 
Locus coeruleus 
Raphe nucleus 
Area postrema 
Inferior olive 
Raphe-pons 
Basal pons 

Cerebellum 
Cortex 
Dentate nucleus 

57 

SP (pmol/g wet tissue) 

130 
76 

13'5 
234 
199 310 

71 
114 

8 
234 

5 

0.3 
1.4 



rather old from the evolutionary viewpoint-, and it may be that the 

structural similarities that these peptides have in common with SF 

result from their sharing a common, ancestral gene. It is only specula

tion, but in my opinion substance P is an evolutionarily modified 

tachykinin. 

SP is also found in the eye (186), ascending pain fibers from 

the teeth (187), and throughout the mammalian alimentary canal (188). 

In this last locale SF is concentrated in neuronal endings which inner

vate smooth muscle (Table 12). 

Substance P and Enkephalin 

In 1977 Hokfelt et ale (189) offered anatomical evidence that 

SP and enkephalin co-existed in a number of neuronal pathways associated 

with nociceptive information (pain processing). Later, Jessell and 

Iversen demonstrated that in the rat trigeminal nucleus, opiates and 

enkephalins suppressed the stimulus-evoked release of substance P (190). 

Substance P also was able to antagonize the excitatory effects of mor

phine in Renshaw cells (191). Others also noted a distinct relationship 

between substance P and opiates (192-195). It is not clear how precise 

this relationship actually may be, but it does seem that SF is the 

neurotransmitter of nociceptive information in both the spinal cord and 

brain (substantia nigra)e 

Substance P and Analgesia 

The co-localization of SP with enkephalins led many to speculate 

that SP was involved in analgesia. An elegant series of experiments 

demonstrated that iontophoretic application of opiates on primary afferent 
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Table 12. SF in the various tissues and organs. { , 
l 

Tissue Dog Rat Mouse 

Oesophagus 0.3 1-2 1 6-13 
Pyloric antrum 0.8 3 7 6 
Duodenum 15 2 43 18 
Proximal jejunum 6 4 46 7 
Distal ileum 7 2 48 12 
Colon 4-5 3-5 20 10 
Rectum 6 1 2 

Kidney 0 0.5 0.2 
Ureter 0.2 2 10 
Bladder 104 1.7 14 
Prostate + Urethra 1.2 0.4 33 
Testis 0.2 0.1 0 
Epididymis 0.2 0.4 2 
Seminal duct 0.3 0.4 2.5 
Seminal vesicles 0.3 0.3 
Penis 0.2 1.3 2 
Female urethra 1.6 
Ovary 0.8 0.5 5 
Uterus + Fallopian tubes 0.1 0.5 3 
Vagina 0.3 0.3 7 

Trachea 0.3 2 0.8 
Lung 0.1 1 0.5 
Heart 0 0.3 0.1 
Aorta 0 0.2 0 
Inferior vena cava 0.2 0.6 9 

Thymus 0.1 0 
Adrenal gland 0.2 0.4 
Parotid gland 0.2 5 0.2 
Salivary gland 6 

Liver 0 0.1 0 
Gallbladder 1 2.2 
Spleen 0 0.2 0 
Pancreas 0.1 1 0.2 
Eye 0.1 2 3 
Tongue 0.2 3 2 
Skin 0.1-1 0.1-1 0.2-1 

detection limit = 0.07 pmo1/g. 
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terminals reduced the level of SP released (196). Many investigators 

have proposed a model of SP action in which enkephalins attenuate the 

release of SP, thereby producing anal gesia (197,198). Accord-

ing to this scheme, SP is released in response to nociceptive stimuli, 

either in the dorsal horn, brain, or both. 

Met-enkephalin is postulated to be released near, and then 

modulate presynaptically, the flow of SP from the primary afferents (in 

cord) or the trigeminal nucleus (in brain). Severe nociceptive trauma 

then effects such a large release of SP that the endogenous opiate sys-

tern becomes swamped, and exogeneous opiates would be required to restore 

equilibrium. Although this model is attractive, there are some findings 

which appear, on the surface, to be inconsistent with such a model. 

Yet these can be explained. 

Del Rio et al. (199), Mohrland and Gebhart (200, • Doi and J urna 

(201) and Kotani et al. (202) have all obtai ned data supportive of the 

equilibrium system. However, Kotani et al. (202), Growcott and Shaw 

(203), and others, have found certain instances where such a model fails. 

In addition, Stewart et al. have obtained much in vivo data which seems 

to suggest that SP injections cause analgesia (204), a finding on the 

surface inconsistent with a role as the pain transmitter. Oehme et al. 

(205) have offered elegant evidence that in vivo experiments in which SP 

causes analgesia have been misinterpreted (205). They showed that high 

(5 x 10-5M) i.v. injections of SP do cause analgesia, by causing a 

dramatic rise in the level of Met-enkephalin! Wilson and Yaksh (Z)6) .showed 

that in the s1_ inal cord, enkephalin does modulate SP, but in the brain, 

descending anal gesic control from the medulla and periaquaductal areas 
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is more complex and involves serotonin, GABA, glycine and noradrenergic 

neurons. Hylden and Wilcox have suggested (207) that serotonin is also 

involved in regulating analgesia in the spinal cord, and is capable of 

controlling SF action. 

It is the author's opinion that all of the seemingly contradic-

tory evidence is, in fact, consistent. 

In this view., SF is released in the cord as a result of no

ciceptive stimulation; the peptide then acts post-synaptically to trans

mit this pain message to higher neuronal centers. After the post 

synaptic signal-transduction, the SF is then cleaved (208) into at least 

two fragments: --Arg-Pro-Lys-Pro-Gln-Gln-- and --Phe-PheHG1Y-Leu-Met-NH2 _ 

It is also possible that the former fragment is further processed to 

release --Gln-Gln-- (Fig. 11). This processing provides the basis for 

presynaptic inhibition of further SF release, as well as the stimulus, 

via serotonin, for Met-enkephalin release (Fig. 12). By cleaving SF 

into fragments, the peptide is deactivated; but more importantly, the 

resulting fragments then go on to elicit further neuromodulation. In 

this way, a low level pain-gate might exist which would be capable of 

coping with mild nociceptive stimuli, without involving the brain. 

Severe stimuli would involve the brain, by a mechanism not yet clarified. 

In the author's opinion then, the seemingly contradictory in 

vivo data suggesting that SF is both an analgesic and algesiongenic 

(202,205) can be explained. Depending on where the peptide is injected 

(pre-, post-synaptically) or how much is injected (5 x 10-5M) locally 

(not in syringe, but effective dose at cell levels) either effect could 

be seen. 



~ l ~ ~ 
Arg-Pro-Lys-Pro~ln-Gln-Phe-Fhe~ly-Leu-Met-NH2 
1 2 3 4 5 6 7 8 9 10 11 

I 

I ~ \ 
destruction inactive 

1-7 fragment inactive• fragments 

Figure 11. Sites of enzyme deactivation of SP, in vivo. 
--*Previously thought so until this----
dissertation (see Chapter 6). 
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released ',,_ 

Figure 12. Low-intensity, serotonin/enkephalin-mediated pain gate. 
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This.exp1anation could be tested by use of a post-synaptic, non

peptide SP antagoni&t, such as bac10fen (209-210). To date this has not 

been done. In principal, if bac10fen could block the post-synaptic 

action of SP, then an administered SFl _
7 

fragment should be observed to 

produce hyper-analgesia and increase both serotonin and enkephalin 

levels in the process. Experiments in which the processing enzyme was 

deactivated (by the administration of large quantities of Ac-G1n-G1n-Phe

Phe-NH2 LPrepared in this dissertatio~, it should fail to cleave 

endogenous SP, and the experiments in which SF injections caused anal

gesia could not be repeatable in the presence of this tetrapeptide. 

Evidence for Low-level Pain Gate 

Other researchers have found a link between the actions of 

serotonin, serotonin precursors, and SF (211, 212). Anatomical evidence 

exists which shows SF and serotonin neurons overlapping. Interestingly, 

L-g1utamate modulates the release of serotonin, in the presence of SF 

in the substantia nigra (213). 5-Hydroxytryptamine reduces SP responses 

on dorsal horn interneurons as well (214). A role for dopamine cannot 

be overlooked in this process either, particularly in the brain (215-

218). The peptide SF antagonist [D_Pro2 ,D_Trp7,9,10J_SF (219-221) 

appears to act at the post-synaptic SF receptor only, and its action 

further supports this model. Others have accumulated data supportive 

of the role for serotonin and other transmitters in the processing of 

nociceptive stimulation (222-226). The important point, central to 

these findings, is that SF is the peptide around which all these other 

modulators act. 



Substance P and Other Neuro
transmitters, Roles 
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Substance P has been linked to other neurotransmitters besides 

serotonin and enkephalin. Although the significance of this is really 

not yet clear, somatostatin seems to be closely involved with SP ( 227-

230). In the author's opinion, somatostatin likely plays the role, in 

the peripheral nervous system, that serotonin plays in the central 

nervous system. Specifically, the peripheral action of SP, which is to 

release histamine (231), is attenua ted by SF-fragment-induced somatos-

tatin release (230). Substance P also has been demonstrated to have 

learning and memory effects (232), particularly the conditioned-re:fl.ex type 

of learning (233). Substance P has been suggested to have a role in 

water balance (234 ) , severe migraine headache (235), partuition (236) , 

lipid hydrolysis (237) and recentl~ CCK-mediated (238) processes. 

As more is learned about SP and other neurotransmitters, it 

becomes increasingly clear that SP is an important neuroregulatory pep-

tide. It is also evident that potent antagonists and agonists will be 

needed if the complicated pharmacological interrelationships between SP 

and other neuromodulators is to be fully understood. 

Structure Activity Relationships of SP 

Bioassay Systems and Data 

There are four principal bioassay systems available to measure 

substance P biological activity: the guinea-pig isolated ileum (172), 

the rat-brain binding (239), the rat-salivary gland binding (24o) and 

the intrathecal-injection assay system (241). Table 13 compares them. 
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Table 13. SF biological assays. 

Assay Type Variable Measured Reference 

guinea-pig in vitro tension on trans- (172) ----isolated-ileum ducer caused by 
muscle contraction 

rat-brain binding affinity displacement of (239) 
(heterogeneous) ~eViOUSIY bound 

-SF 

rat-salivary gland affini ty displacement of (240) 
(homogeneous) ~reviouslY bound 

H-SF 

intrathecal in vivo scratching, biting (241) 
injection assay (beh a 'Vi"'Oral ) responses of animal 

to noxious stimuli 
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Only the first two assay systems have sufficient results to be discussed 

here .. 

The Guinea-pig Isolated Ileum (GPI). A small strip of ileum, 

usually 10 em, is situated in vitro between a tension transducer and a 

recorder. When SF or SF analogues with agonist ability are applied to 

the organ bath surrounding the ileum, contractions resu1to 

There are two kinds of contractions seen when SF agonists are 

applied; fast and slow types. The fast type is believed to be mediated 

by SP alone (242), and is brought about by the direct action of SF on 

the ileal smooth-muscle. Tetradotoxin (TTX) and morphine (MS) do not 

inhibit these contractions (243), and it is therefore assumed that they 

do not involve acetylcholine or opiate mediation. On the other hand, 

the slow contractions sustained over a few minutes are inhibited by TTX 

and MS. These results indicate that slow contractile responses do 

involve at least two other neurotransmitters, acetylcholine and enke-

phalins. Table 14 shows the structure-activity data for the GPI. 

Like the GPI, other smooth-muscles respond to SF, such as the 

rat vas-deferens. As can be seen from Table 15, the GPI is more sensi-

tive to the loss of the position 7 and 8 side-chains, while the RVD is 

more sensitive to the loss of the Met-II side-chain. The in vitro data ----
used is from (24). On the GrI, the rank importance of each side-chain 

in the 7-11 seCjuence is: 7> 11 "> R ,. 10 > 9. For the RVD, the ranking 

is: 7-::t.11"> 10> 8 ,. 9. Both assays have similar structural require-

ments, specifically that Phe-7 and Met-II are very important. 



Table 14. GPI bioassay data for substance P analogues and fragments. 

Posit ion/ a Antap:onismb Replacements Analogue/Fragment Potency 

SP 1.0 

SP-CO?H O.GO?2 tl.R 

SP
5

_
11

-NH
2 :'..0.11 

SP
6

_
11

-NH
2 2.0 

[pG1u5J-SP5_11-~~2 1.2 

11 [N1ellJ-SP 0.90 

[Nle
llJ-8P-eo2H 0.10 N.Tc 

[Alall]_sp 0.20 

[Het(O)11~-Sp N.T 

[Leu11]_Sp 0.26 + 
[ 11-, des Het -"-SP <.0003 N.R 

10 [Ala10]_sp 0.56 

9 [Ala9 J-SP 1.00 

[n-Leu9J-SF 0.005 N.T 

[pG1u5,sar9J-sP5_11-NH2 0.80 

[sar9J-sp 1.2 

Reference 

(24) 

(24) 

(244,245) 

(244) 

(177) 

(43) 

(43) 

(24) 

(24) 

(245) 

(245) 

(24) 

(24) 

(246) 

(177) 

(177) 

0'\ 
C/O 



Table 14--continued 

Position! a t . b Replacements Analogue/Fragment Potency An ap;on~sm Reference 

8 [Ala8J-sp 0.22 (24) 

[Tyr8J_SP 0 .. 80 (247) 

[p-IodoPhe8J-sp 1.0 (177) 

[Tyr ( ON e) 1-sp 0.40 (177) 
l 6 8 pG1u ,D-Phe J-sp 0.003 N (177) 

7 [Ala7J-sp .0023 (24) 

[D-Phe 7J-sp .02 + (246) 

[D-Phe7,D-Phe~-sp .003 + (246) 

[Ile7J-SP .0015 N.T (245) 
7 8 101 [Tyr ,Gly ,Phe oJ -SP <.0001 (245) 

SP
7

_11-NH2 < 0.0005/ .03 N.T (244,177) 

[Tyr(01':e)7,Ser9J-sp 0.9 (177) 

[pJ1u6 ,D-Phe7J -SP _1l-NH2 0.0003 N.T (177) 
SP

l
_

7
-NH

2 inactive (204) 

6 [Ala6J-sp 1.00 (24) 

[G1y6]-SP5_11-NH2 .22 (2l~8 ) 

lAVA
6

J-SP5-11-NH2 .76 (248) 

LJ)(jlu6] -SP 6_11-mI2 .90 (249,177) 

0\ 
~ 



~able 14--continued 

IJosi tion/ 
Replacements 

5 

Other 

~otp.ncy relative 

Analogue/Fragment 

[Ala5J-sp 
1ID1u5.J -SP5-11 

e [ 5 7 8 10J D-Arg , Tyr ,Gly ,Phe -
SP

5
_11-NH2 

[ 5-, Gly ....;-SP 5_11-rrn:2 
[ _ 5,6-
Gly J-SP 5_11-NH2 

[Ala 4J_sp 

lAla3]-SP 

lAla2J-sp 

rAlal J-SP 
SP

4
_
11 

SP
3

-11 SP2_11 
lD-Ar~ J-Sp 

!:Des ArlJ -SP 

to SP = 1.0. 

Potency a 

1.0 

1.2 

0.0003 

0.43 

0.18 

1.0 

1.0 

1.0 

1.0 

0.9 

1.0 

1.0 

1.1 

t 
. b An agon1sm 

N.R 

b:\bility to inherit 10- N concentration of SP at any dose of peptide. 
c N.T, not 

~.R, not reported as tested 

e the reader will note that this peptide is really D-Arg-Gln enkephalin. 

Reference 

(24) 

(177) 

(24'5) 

(248.) 

(248) 

(24) 

(24) 

(24) 

(24) 

(177) 

(177) 

(245) 

(245) 

-.,J 
o 
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Table 15. Position-sensitivities of guinea-pig isolated ileum and 
rat vas deferens, in!l.!:.£ (24). 

Peptide GPI 

SP 100.0 

[Ala~-SP 100.0 

[Ala6J-sp 100.0 

LAla7J-sp 0.23 
[ 8 Ala ]-SP 22.3 

LAla9J-SP 100.0 

LAlalOJ-SP 55.6 

lAlall]-sp 19.6 

RVD 

100.0 

104.2 ! 7.8 

99.2 :. 6.5 

1.0 :. 0.3 

32.6 :. 3.7 

92.0 :. 6.8 
+ 

15.5 - 5.5 

0.8 :. 0.2 

Sensitivitya 
RVD/GPI 

1.04 

0.99 

4.35 

1.46 

0.92 

0.28 

0.04 

aSensitivity is a measure of the effect that results from a side-chain 
removal. If a particular structural change had equal effect on both 
the GPI and RVD systems, the ratio RVD/GPI = 1.00. If the sensitivity 
value is >1.00, the effect is more pronounced on GPI. If the sensi
tivity value <1.00, the effect was more pronounced on RVDo Sensi
tivity value is obtained b~: 

relative potency on RVD Sensitivity value - ~~~~~-~~~-~~~~ - relative potency on GPI 
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Rat-brain Binding Assay. This is not a true in vitro assay, but 

a membrane affinity assessment. No physiolo~ical response is measured. 

Also, the brain membranes are obtained as an homogenate (239), and the 

membranes are therefore heterogeneous. Table 16 lists the relative 

affinities of SP peptides. The data are not as complete as that obtained 

from the GPI, because the introduction of a radioactivity labeled SP 

ligand is very recent (250). Some of the data are obtained relative to 

3H-SP, and some relative to a Boulton-Hunter conjugate (251). Table 17 

lists the relative binding of various SP analogues on rat-brain synap-

tosomal preparations (252). 

Substance P Antagonists 

The first SP antagonists incorporating D-amino acids in posi-

tions 8 and 9 were reported by Leban et al. (245). Since t hen, incor-

poration of D-amino acids in ot her positions as well has resulted in 

sli ~ht increases in potency (253). Although the exact chemical reasons 

why these analogues possess antagonism is not yet clear, it may arise 

from the D-amino acids of position 9 from interfering with a cyclic turn 

structure. Table 18 lists the relative potencies for the SP antagonists 

in a variety of in vitro and in~ systems. 

Implications of Structure
Activity Data 

Tables 14 and 15 illustrate that on the GPI, the 5-11 region of 

SP is all that is necessary for full biological activity. Furthermore, 

theoretical conformational energy calcula tions (257) and ~1R analysis 

(258) suggested that this region existed as a pseudocycle with 



73 

Table 16. Rat-brain binding affinities for SP peptides o 

Peptide RAa I C
50

(M) Reference 

SP 1 0 00 3 x 10-9 (24,177) 

SP-C02H 0.03 1 x 10-7 (177) 
SP

2
_
11 0.30 1 x 10-8 (177) 

SF 3-11 0.0008 3.7 x 10-7 (177) 
-8 SP

4
_
11 0.050 6.0 x 10 (177) 

SP5-11 0.500 60 0 x 10-9 (177) 
SP

7
_
11 0.0100 3.0 x 10-7 (177) 

8 [Tyr J-SP 0.20 1.5 x 10-8 
(177) 

8 [Tyr( OM e) J -sp 0.08 3.7 x 10 -8 (177) 
8 [Phe(p-Iodo) J-SP 0.02 1.5 x 10-7 (177) 

[Sllr9J-SP 1.00 3 x 10-9 (177) 

6 1.7 x 10-9 (177) [pG1u J-SP6 n-NH2 1.70 
5 -

0.80 -8 (17'1) l pGlu J-Sp 5-n-~rn2 3.7 x 10 

~A (relative affinity) = IC50 of SP/IC
50 

analogue where IC
50 

is 

defined as amount of peptide required to inhibit (displace) 50% of 
3H-5p. 
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Table 17. Rat-brain synaptosomal binding affinities for SP peptides. 

Peptide RA
a IC

50 
Refer~nces 

SP 1.0 6.4 x 10-10 

SP-C°2H 
b 10-6 (252) 

SP
2

_
11 0.16 9.0 x 10-9 (252) 

SP
3

_
11 

0.081 7.9 x 10-9 (252) 
-8 SP

4
_
11 0.013 5.0 x 10 (252) 

-8 SP
5

_
11 

0.0067 9.5 x 10 (252) 
SP

6
_
11 

0 00009 7.1 x 10-7 (252) 

SP7_11 
b )10-6 (252) 

SP
l

_
9

-NH
2 

b )10-6 
(252) 

SPl_4-0H 
b )10-6 (252) 

SP
1

_
U

-D Me 0.019 

[Tyr8l_sp 104 4.5 x 10-10 (252) 

[NlellJ_sp 0.043 1.5 x 10 -8 (252) 

~A (relative affinity) = IC50SP/IC~g analogue lC50 = concentration of 

peptide required to displace 50% 1 l-BHSP (Boulton-Hunter) SP. 
o -10 

lC
50 

of SP = 6.4 x 10 • 

b -6 Not c~lcu1ated as lC
50 

>10 Mo" This is unfortunate. Much information 

(see Chapter 5) can be extracted from peptides possessing little 

activity. IC
50 

~10-4M. Oftentimes the best insight into binding 

requirements comes from these data. 



Table 18. SP peptide antagonists. 

Peptide 

[D-Leu8,D-Phe9J-sp 

[Arg1 ]-SP 

[des- - ·amino Arg1 ]-SP 

~ llJ LLeu -SP 

[ 1 2 D-Arg ,D-Pro , 

D ~ 7,9 L 11] c -~rp , eu -0P 

[ 2 7 9] D-Pro ,D-Trp ' -SP 

[n-Pro
4

,D-Trp7 •9•10J-
SP4-11-NH2 

[n 4 7,9] -Pro ,D-Trp -

SP4-ll-NH2 

Cn-Pro2 ,D-Phe? ,-D-Tr p9_1-

SP 

Ref GPI 

(246) 10-6M 

(245) 10-6M 

(245) 10-6M 

(245) 10-6M 

(254) -

(253, 
10-5M 252, 

1R6) 
5xl0-7M (255) 

(255) -6 2.2x10 M 

(256) -

Bindingb Pressorc Dilation d Reflex e Biting f Other 

- - - 7-16xl0-6M - g5.0xl0-6M 

3.5x10-6M - - - - h6.6xl0-6M 

-6 1.5xl0-6M - 1.3xl0 g 

-6 2.5xl0-6M - 2.5x10 g 

- - - - 6.5xl0-9M 

~he numbers reported in the table as the doses of the respectivE antagonist required to reduce by 50% 
a normal dose of SP. A normal dose is the EC50 or IC50 dose. Rindin~ to rat-brain homogenates. 

cPressor resnonse is that in vivo effect of i.v. SP ; ddilation of dog carotid artery; eapinal cord motor 
reflex; fbiting of hindquarte;;-resulting from intrathecal assay; ~bronchial smooth musclet hinflam
matory response in eye. 

'-l 
\.11 
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glycine 9 serving as the hinge. The antagonism displayed by the pep

tides of Table 18 further suggested to the author that a turn structure 

might exist in the 5-11 region of SP. 

One goal of the present research was to investigate this possi

bility by the synthesis of three cyclic, disulfide-containing analogues 

shown in Table 19. It was expected that if a cyclic conformation was 

an important aspect of SP activity, these disulfide analogues would 

display increased potency on the GPI assay. 

The second goal of this dissertation was to prepare a potent 

SP analogue incorporating a tyrosine residue, in order that such a pep

tide could be radioiodinated for future receptor-binding studies. 

Earlier, similar analogues (247) did not move the tyrosine residue out 

of the active site, and additionally failed to protect the 11 t h position 

fro m t he oxidative destruction associated with radioiodinat i on. 

The final goal of this dissertation was to investigate \•Jhich 

part of the 5-11 sequence was important for biological activity, by the 

use of a fragment study based upon Ac-Gln-Gln-Phe-Phe-NH2 (Ac-6P
5

_8NH2). 

Since this fragment is missing-- Gly-Leu-Met-NH2 , the author felt that 

Ac-SP-5_8-~~2 would better dissect the message sequence out from 

SP5-ll-NH2. 

Summary 

Substance P (SP, Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-~ 

is a member of the tachykinin family of peptides. The structural 

features conserved in this peptide family are Phe-7 and a 

-Gly-Leu-Met-: H2 carboxamide sequence. 



Table 19. New SF analogues prepared by author. 

Peptide Purpose 

I 5 16 11 
[Cys ,Cys ,Nle J-Sp 

\ 5 16 
[Cys ,Cy s ] -SF 5-11 -NH2 

'6 11]:, 
[Cys ,Cys J -SF 5-11 -NH2 

[ 0 11J Tyr ,Nle -SP 

Ac-SP o-NH 
5-0 2 

Bxamine a ring structure between 
position 5 and 6 

Examine effect of cyclization 

Examine effect of cyclization 

Prepare a radio susceptible peptide 
for receptor-binding studies 

Examine put~tive message sequence 
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SF was found in hypothalamic extracts and the spinal cord in the 

peptide as a transmitter candidate. Co-localization of SF neuron ter-

minals in the cord with enkephalin-containing neurons, and a functional 

interaction with enkephalin, have proved that SF is a nociceptive trans

mitter. A lar~e body of evidence suggests that SF release is modulated 

by enkephalin, serotonin, and SF 1-7 fragments, in vivo. The SF 1-7 

fragment results from cleavage of the SF 1-11 into at least two and 

possibly three fragments. SF biological activity has also been associ

ated with somatostatin, dopamine and CCK neurotransmitters, and SF may 

have a physiological role in learning, migraine headache, partuition and 

lipid hydrolysis. Structure-activity studies based upon the GPI show 

that SF 5-11 fragments possess full agonist ability, and that the pep-

tide is most sensitive to changes in the 1 and 11 positions. The 

importance of the 7 position seems to arise from the side-chain, while 

the 11 position importance seems to be an effect of the carboxarnide. 

Other assay systems exist; but the membrane binding assays give incon

sistent data. There is inconsistency between membrane-homogenate and 

synaptosome data, and no clearly identified structural requirements on 

either. SF antagonists exist for a number of in ~ and in vivo 

systems, and seem to have potencies in the uM range under optimal con

ditions. These antagonists incorporate D-amino acids in the 1, 2 and 

11 positions of the peptide. 

The goal of this research project was to examine proposed com

binations of the 5-11 region by means of conformationally restricted 

analogues [Cys5,Cys6,Nlell]-SF, [Cys5,cYSll]-SF5_11-NH2 and 

[CYSb,CYSllJ-sP5_11-NH2 were prepared. Ac-Gln-Gln-Phe-Phe-NH2 



(Ac-SP5_8-NH
2

) was also synthesized to examine a putative message 

sequence. N-Tyrosyl-Cll-norleucineJ-sp was prepared as a radio6uscep-

tible analogue, for use in membrane receptor-binding studies. 
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CHAPTER 4 

THE SYNTHESIS AND PURIFICATION OF a-MELANOTROPIN 
AND SUBSTANCE P ANALOGUES 

General Solid-Phase Methods 

General Methods 

All capillary melting points were taken on a Thomas-Hoover 

apparatus (A. H. Thomas Co., Philadelphia, Pennsylvania) and are re-

ported uncorrected. Symbols and abbreviations conform to IUPAC-IUB 

Commission on Biochemical Nomenclature (259). Additional abbreviations 

appear in Appendix B. 

All amino acids are of the "L" configuration unless otherwise 

specified. The Na-t-Boc amino acids were obtained from Vega Biotech-

nologies (Tucson, Arizona), Bachem (Torrence, California) or Chemical 

Dynamics (South Plainfield, New Jersey). Na-t-Boc-2,4-dichlorobenzyloxy-

carbonyllysine was obtained from Brian C. Wilkes (Tucson, Arizona). 

Na_t-Boc glycine, Na-t-Boc-tyrosine, N~t-Boc-Leu.Y.H20 and Na_t-Boc-S-

3,4-dimethylbenzyl-cysteine were prepared by tha author according to 

published procedures, employing the boc-carbonate (260), and boc-azide 

(261) methods of protecting-group transfer reactions. All synthetic 

amino acids were analyzed by melting point, NMR (CDC1
3

/TMS 2%) and TLC 

analysis prior to use. No estimation of the optical purity was made. 

Anhydrous hydrogen fluoride cleavages were done using a teflon 

apparatus, manufactured by Toho Co. (Tokyo, Japan). 

130 
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The HF was kept anhydrous by careful storage in Co:
3

, which 

forms complexes of the form CoF3(H20)20 The protocol for benzhydrylamin~ 

type peptide resin cleavages involved 15 ml of HF and 3 ml anisole per 

gram of peptide resin (0.1-0.5 mmole/gro. substitution), and reaction 

times of between 30-40 minutes. The temperature maintained at OOC by 

immersion of the reaction vessel in an ice/water mixture. 

At the conclusion of the reaction time, both the HF and anisole 

were removed from the reaction vessel by careful distillation (by liquid 

N2) to the waste-containing vessel. ~le process of HF removal took 3-4 

hours for most reactions, depending upon the vacuum strength. The 

waste-containing vessel could then be removed from the HF apparatus and 

left to thaw in solid, granular Na2C0
3

-

The resin left after the HF reaction was washed 3X with 33 ml 

portions of diethyl ether or ethyl acetate, depending upon the lipophilic 

nature of the peptide. Highly charged peptides would be washed with 

ether, whereas uncharged non-polar peptides would be washed with 

ethyl acetate. 

It is preferable to use ether because it is easier to remove 

before beginning the 30% acetic acid extractions; ethyl acetate residue 

can sometimes be left on the resin and wind up in the aqueous layer, 

hindering lyophilization. 

After the washes, 3 x 33 ml portions of 30% acetic acid, fol

lowed by 3 x 33 ml portions of H20, were used to extract peptide mate

rials away from the resin. The usual procedure was to suspend the 

resin in a 30-60 ml coarse, glass-fritted funnel and attach a straight 
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vacuum adapter beneath it, with a rubber washer between to form a seal. 

The aqueous layers could then be stirred with the resin in the funnel 

for a few minutes, then sucked by an aspirator directly into a round-

bottom flask attached to the lower end of the VaCuum adapter. 

Thin-layer chromatography was done on pre-coated, commercially 

available (from a variety oi sources) silica-glass plates. Four sol

vent systems were routinely used to estimate heterogeneity/homogeneity 

of peptide and amino acid materials: (a) l-butanol-water-acetic acid 

(4:5:1); (b) l-butanol-water-pyridine-acetic acid (15:12:10:3); (c) 

l-pentanol-pyridine-water (7:7:6); and (d) 2-propanol-aq. NH3 (2~)

water (3:1:1). Load size was approximately 100 ug, with chromatographic 

elution lengths of 12-15 cm. Visualization was by fluorescence or I 2-

Ninhydrin spray (2% ninhydrin/N-.butanol) was used to visualize Boc-

amino acid derivatives only. Every peptide reported in this disserta-

tion, with the exception of Ac-Gln-Gln-Phe-Phe-NH2 was obtained with 

one-spot homogeneity by TLC analysis. Ac-Gln-Gln-Phe-Phe-NH
2 

did have 

a small additional spot showing in one of the four solvent systems 

(see preparation of Ac-SP
5

_8-NH
2

, this chapter) for details. 

Amino acid analyses were performed using either conc.HCl/ 

proprionic acid (1:1) (82), 4N methanesulfonic acid (Pierce Co.) (262) 

or 3N mercaptoethonesulfonic acid (Pierce Co.) (263) as hydrolytic 

agents. All hydrolyses, regardless of agent, were performed for 22 

hours at 1IOoC. All ratios are reported uncorrected for any amino 

acid destruction. 



High-performance liquid chromatography was performed using a 

Spectra Physis Model 8700 (San Jose, California) system, equipped with 

a dual-piston pump, and a Spectra Physics Model 8400 variable wavelength 

detector. The reverse-phase c-18 columns used were manufactured by 

either the Separations Group (Hesperia, California) or Waters Co. 

(Medford, Massachusetts). The Waters columns were actually the C18-

cartridges employed with their Radial Compression Module. The 

a-melanotropin and substance P peptide analogues were all successfully 

analyzed, and in some Cases purified, by using a trifluoroacetic acid 

(TFA) buffer system reported for the purification of substance P pep-

tides (24). 

This mobile phase (68%-80% buffer (0.1-1% TFA), 32%-20% CH
3

CN 

(or CH
3
0H) was adapted for the analysis of a-melanotropin analogues by 

this author in collaboration with Dr. Todd W. Rockway. In the course 

of careful use, 0.1%-1% TFA buffers were not observed to harm the 

bonded-phase materials of the reverse-phase columns. The usual methods 

involved a wash 100-200 ml of CH
3

CN (l~ hours), followed by a 70-150 ml 

equilibration with 60% TFA buffer (0.1-1%) 40% CH
3

CN over 1 hour. Any 

number of analytical or preparative injections could then be made, 

obtaining excellent results. At the conclusion of the day's experi-

ments, the column was washed with 200-400 ml 50% H20 and 50% CH
3

CN 

(or CH
3

0H) (4 hr) and then with 200-400 ml of CH
3

CN (or CH
3

)H) for 2 

hours. This type of protocol did not adversely affect any aspects of 

the bonded phase. 
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Preparation of Benzhydrylamine Resins 

The preparation of p-methylphenylaminomethyl-poly (styrene-co

divinylbenzene) resin consists of three separate chemical modifications 

of the polystyrene (2% crosslinked, divinylbenzene) starting material: 

(1) ketone formation; (2) reduction by ammonium formate ion; (3) 

hydrolysis of formylamide. When these reactions are carried out in 

sequence the resulting product is p-me~hylbenzhydrylamine resin (pMBHA), 

suitable for solid-phase peptide synthesis (37, 264). 

Friedel-Crafts Acylation. A 500 ml three-necked, round-bottom 

flask was fitted with an overhead stirrer and placed in a salt water/ice 

bath at _4°c. To this was added 250 ml of CH2C12 and 20.0 gms of poly

styrene resin (Bic beads, 200-400 mesh, 2% crosslinked with divinyl

benzene). After allowing the resin to swell for 5 min, 7.0 ml of 

redistilled (under vacuum, Bpl04°C, 24 mm) p-toluylchloride was added 

to the flask. The chloride was colorless. 

A slurry of 4.62 gm A1C1
3 

in 15 ml of CH2C12 was added to the 

reaction flask in three portions, 5 ml ea.,every 10 minutes. The 

reaction proceeded for 2.5 hours at OOC, 1.5 hours at 25°C, and vas 

fina11yrefluxed at 40°c for 2.5 hours, then cooled to room temperature. 

The mixture was poured into 600 ml of ice water, to which 100 ml 

of cone. HCl was added. The resin was fil tared and resuspended in 100 ml 

of H20. To this 50 ml of conc.HCl was added. The resin was again filtered, 

and resuspended for 5 minutes in 600 ml of 0.5 N NaOH. The alkali was 

removed by filtration, and the resin washed successively with H20-

dioxane (1:3), CH
3
0H, and CH2C12 then dried !!! ~ to a constant 
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weight of 23.12 gm. IR from a KBr pellet showed retention of the aro

matic bands between 5.1 and 5.9 pm, and a strong C=O stretch at 6.05 pm. 

The 6.05 pm band was as intense as the polystyrene stretch band at 

6.25 pm, indicating a high degree of ketone incorporation. 

Reduction by Ammonium Formate. A I-liter three-necked round 

bottom flask was fitted with an overhead stirrer and placed in an oil 

bath. To this flask was added 334 ml of 88% (y/v) aqueous HC02Ho This 

was chilled to OOC and then 400 ml of cold concentrated NH40H was 

slowly added ever 40 minutes. The flask was then set up over an oil 

bath, and 250 ml of H20 were removed by distillation. The distillation 

was stopped when the distillate was able to turn a positive pH 2 test

paper red. At this time, 10.0 gm of (poly)-p-toluyl ketone resin was 

added, and refluxed at 160°-161°C for 45 hours, then allowed to slowly 

cool to 25°C. The solu"tion was clear and the resin beads were not gray

colored, which, if present, indicates product oxidation and the subse

quent loss of material. The (poly)-p-methylbenzhydryl formamide resin 

was filtered and washed with H20/dioxane (1: 3) t CH
3

OH, and CH2C12 , then 

dried in ~ to a constant weight of 9.00 gm. 

Hydrolysis of Formamide Resin. A 5.00 gm portion of (poly)

p-methylbenzhydrylformamide resin was added to a mixture of 80 ml conca 

HCl and 80 ml of 100% proprionic acid, all inside a 250 ml three-neck, 

round-bottom flask, fitted with an upright reflux-condensor. The resin 

was refluxed at 130°C for 5 hours, then allowed to slowly cool down to 

25°C. When cool, the (poly)-p-methylbenzhydrylamine resin was washed 
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with 10% (w/v) aqueous Na2C0
3

,H20/dioxane (1:3), MeOH, and CH2C1
2

, then 

dried in ~ to a constant weight of 4.84 gm of ninhydrin positive, 

(poly)-p-methylbenzhydrylamine resin. 

Coupling of Nn-t-Boc Valine. To a 250 ml round-bottom flask 

was added 150 ml of CH2C12 and 4.84 gm of (poly)-p-methylbenzhydrylamine 

resin; the resin was filtered after swelling, and then washed with 10% 

disopropylethylamine (w/v in CH2C12) and finally with CH2C12o The 

resin was replaced in the round-bottom flask and mixed with 3.0 mmol at 

Nn-t-Boc valine (0.65 gm, 21 gm/mol) and 2.4 mmol of nec (0.49 gmt 

206 gm/mol). This coupling reaction proceeded for 48 hours, after 

which the resin was filtered and then washed with CH2C1
2

, EtOH, and 

CH2C12- A ninhydrin test was negative, and after a 220 hr hydrolysis 

in l2N HC1/propionic acid (1:1) the amino acid analysis showed a sub-

stitution level of 0.11 meqfgmo 

Approximately 50 gm of (poly)-p-methylbenzhydrylamine resins, 

substituted with Na_t-Boc-valine, Na-t-Boc-norleucine and Nn-t-Boc-

phenylalanine wer~ prepared in the course of this research. When sub-

stitution levels greater than 0.10-0.24 meg/gm were desired, (poly)-

p-methylbenzhydrylamine resins were purchased from Vega Biotechnologies 

(Tucson, Arizona). 

Preparation of Substituted 
Merrifield Resins 

The preparation of sUbstituted (poly)-benzylchloromethylated 

resins involves two separate procedures, when the Cs carbonate 
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method is employed: the formation of the anhydrous Cesium salt of the 

NU-t-Boc amino acid derivative, and the coupling of this Cs salt to the 

resin. 

Formation of the Anhydrous Cs Salt of Protected Cysteine. To 

12.0 ml of EtOH (100%) was added 4.3 mmol (1.34 gm, 311 gm/mol) of 

Na-t-Boc-8-benzyl cysteine (Todd W. Rockway, Victor J. Hruby). A 0.15 

ml aliquot of H
2
0 was added, followed by sufficient CSHC0

3 
(38) to 

adjust the pH to 7.0. The EtOH was removed by rotary evaporation in 

~, and the water was azeotropically removed by the addition and 

removal (by rotary evaporation, in~) of four 2o-ml portions of 

benzene. The Na-t-Boc-S-benzyl cysteine-Cs salt was dried in ~ to 

a constant weight of 1.69 gm, for a 9~ yield. 

Coupling of Cs Salt to Merrifield Resin. To a 200 mIone-neck, 

round-bottom flask was added 40 ml of DMF and 5.0 gm of Merrifield 

resin (Vega Biotechnologies, Tucson, Arizona). The 1.69 gm of Cs 

Nu-t-Boc-8-benzyl cyteinate was added to the resin suspension and 

stirred overnight at a mild reflux of 600 c over an heated oil bath. 

The resin was washed with DMF, EtOH (100%) and CH2C12 and dried to a 

constant weight of 5.6 gm, for a calculated substitution level of 0.35 

mmol/gm. 

During the course of the research reported in this dissertation, 

25 gm of Na_t-Boc-S-benzyl cysteine resins were prepared according to 

the standard procedures listed above. The estimation of substitution 

levels for cysteine-Merrifield resins by amino acid analysis is diffi

cult because of the inaccuracies involved in color values of S-benzyl 

cysteine derivatives. 



Synthesis and Purification of a-Melanotropins 
Modified at Positions Six, Eight and Nine 

Using an orthogonal synthetic strategy, as well as maximal 

side-chain protection (Fig. 13, Table 20), and a combination of gel, 

ion-exchange, and high pressure liquid chromatography methods, eight 
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new a-melanotropin peptides (Table 21) were prepared and purified. The 

peptides were all prepared on semi-automated synthesizers, using the 

protocol shown in Table 22. In specific instances (below) Na_t-Boc 

tyrosine derivatives were coupled as a symmetrical anhydride. In all 

other cases amino acids were coupled using a three-fold excess of amino 

acid, activated~ situ by a 2 0 4-fold excess of nec. A three-fold 

excess of HOBT was used in every synthesis, but never after the coupling 

of tosyl-protected histidine derivatives. Coupling proceeded 2 hours, 

then were checked by ninhydrin, and repeated if necessary. Following 

the coupling of the final amino acid, every a-MSH analogue herein was 

acetylated to conform to the natural structure (see Chapter 2, Fig. 

5). Acetylation was carried out by adding a l2-fold excess of 

N-acetylimidazole to the peptide resin, and reacting in DMF/CH2C12 

(1:1) for 30 hours. The acetylation was repeated if necessary. 

The a-MSH peptides were removed from the solid support by the 

action of anhydrous HF and anisole (5:1) at OoC for 40 minutes. With 

the exception of the formyl group of tryptophan, all the side-chain 

protecting groups were removed by the HF anisole treatment (Chapter 1, 

Table 3). In those peptides containin~ Nin_formyl tryptophan, the 

formyl group was removed by a 3-minute exposure to 4N NaOH at 25°C. 



PhenlYlaminome:hYl_POlY (styrene-co-di V~:~~:;::::~ine 

a) N -Boc-Va1/DCC/CH2C1 2 

resin, BHA resin) 

Boc-Va1-BHA resin 

b) CFaC02H/aniso1e/CH2C1 2 

c) ((Olg) 2 01) 2N-0i2CHg/0l2C12 

d) ~-Boc-amino acid/DCC/0l 2C1 2 

aoup Zing aya Ze 
(repeated for each 
amino acid added) 

0-Bz1 0-Bz1 Tos Tos 2,4-C1 2 -Z 
I I I I I . 

Boc-Ser-Tyr-Ser-Met-G1u-His-Phe-Arg-Trp-G1y-Lys-Pro-Va1-BHA reSJ.n 

I J I 
0-Bz1 For 

0-2 6-C1 -Bz1 , 2 

e) CF gC02H/aniso1e/0l2C1 2 

f) ((Qi g) 2Qi) 2N-0l2Qig/0l2C1 2 

g) N-acety1imidazo1e/0l2C1 2 

O-Bz1 O-Bz1 Tos Tos 2,4-C1 2-Z 
I I I I I 

Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-G1y-Lys-Pro-Va1-BHA resin 

I b-Bz1 Fbr 
0-2,6-C1 2-Bz1 

1 h) liquid HF/aniso1e I 

For 

AC-SJl-T:~-S:::::::G~:::iS-Phe-Arg-Trp-GIY-LYS-Pro-val-NH2 

Ac-Ser-Tyr-Ser-Met-G1u-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 a-MSH 

Figure 13. Orthogonal strategy for a-me1anotropin solid-phase 
synthesis. -- As developed by Yang and ooworkers (142). 



Table 20. a-Melanotropin protecting groups in present synthesis. 

Side Chain 

Serine 

Tyrosine 

Glutamic Acid 

Histidine 

Arginine 

Tryptophan 

Lysine 

Cysteine2 

Protecting Group 

O-benzyl ether 
removed: MY 

o-2,6-dichlorobenzyl ether 
removed: HF 

O-Y-benzyl ester 
removed: HF 

NO_tosyl 
removed: HF t 

Ng-tosyl 
removed: HF 

in N -formyl 
removed: pH 11.5 

NE-2,4-dichloro-Cbz 
removed: HF 

s-4-Methylbenzy1 thioether 
removed: HF 

lThis is not a survey of removal means. See Chapter 1. 

Reference l 

66 

60 

61 

61 

62 

60 

66 

~ot normally found in a-MSH; group is used in this dissertation. 
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Table 21. Primary structure of the new a-melanotropin analogues and fragments of this dissertation. 

Hodified at 
Position 6 

Hodified at 
Position 8 

Hodified at 
Position 9 

- 4 6, 
L Nle ,G1y.J -a-MSH 

Ac-a-HSH6_13-NH2 

AC[Gly6_]-a-MSH6_13-NH2 

[N1e 4 ,N1e8J-a-MSH 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Ac-Ser-Tyr-Ser-Nle-G1u-G1y-Phe-Arg-Trp-Gly-Lys-Pro-Va1-NH2 

AC-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 

Ac-Gly-Phe-Arg-Trp -Gly-Lys-Pro-Val-NH2 

Ac-5er-Tyr-Ser-Nle-Glu-His-Phe-Nle- Trp-G1y-Lys-Pro-Val-NH2 

[N1e 
4 

,D-Phe 7 ,Nle 8J -a-MSH Ac-Ser-Tyr-Ser-Nle-G1u-His-r~e-rne -1'rp-Gly-Lys-Pro-Val-NH2 

[N1e4,G1y8J-a-MSH Ac-Ser-Tyr-Ser-Nle-G1u-His-Phe -G ly -Trp-Gly-Lys-Pro-Va1-NH2 

[Nle
4

,Gly9J-a-MSH Ac-Ser-Tyr-Ser-Nle-G1u-His-Phe-Arg-Gly-G1y-Lys-Pro-Va1-NH2 
I 4 6 9 110J I I 

[Cys G1y ',Cys -a-~SH Ac-Ser-Tyr-Ser-Cys-G1u-Gly-Phe-Arg-Gly-Cys-Lys-Pro-Va1-NH2 

'-D 
I-' 



Table 22. Solid phase methodology used in the synthesis of a-MSH 
analogues/fragments. 

Step Purpose Solvent/or Reagent Time(rnin) cycles 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Wash 

Removal Na 
t-Boc group 

Deprotectiona 

Wash 

Neutralization 

Wash 

Couple 

Analysis 

Wash 

Wash 

Wash 

CH2C12 

TFA/ anisole/CH2C12 
(50: 2: 48, % "1/'1) 

TFA/ aniBo1e/CH~12 
(50 : 2: 48, % v /v) 

CH2C12 

DIEA./CH.2C12 
(10: 90, % v/v 

CH2C12 

Liquid Ninhydrin Test 

a to remove Na-t-butyloxycarbony1 groups. 

1 

2 

20 

1 

2 

1 

1 

1 

1 

3 

2 

1 

3 

2 

3 

1 

1 

3 

3 

3 

bcoup1ing time varies for each amino acid. No coupling was a110wsd 
to proceed for more than 3 hours. If, after this time, the liquid 
ninhydrin test was-st]j[[ positive (incomplete coupling), then the 
reagents were removed and fresh reagents were added, after several 
CH2C12 washes. 

c sample test was for 3 minutes at 100°C. 
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Interestingly, a small percentage of the tryptophan peptides were de-

formylated by HF (see Fig. 14). Purification proceeded first by means 

of ion-exchange chromatography, followed by high-pressure liquid chroma-

tography. After amino acid and TLC analysis, the peptide materials 

were judged to be pure. Table 23 lists the yield data for the new 

a-melanotropin analogues and fragments. 

Analogues and Fragments Modified 
at Position Six -- Histidine 

The following full length analogue and two fra~nents were pre

pared: [4-norleucine,6-glycin~-a-melanotropin, Ac-a-melanotropin6_l3-NH2 

and Ac-[6-glycine]-a-melanotropin. 

r- 4 6} Preparation ofNl~~~~a. A 5.0 gm portion of pMBHA 

resin (0.46 meq/gm) was successively coupled to yield 6.32 gm of 

Na_BOC-Gly-Lys(N~-C12-CBZ)-pro-Val-pMBHA resin. A 0.50" gm portion of 

this resin was removed and then successively coupled and acetylated to 

yield 0.70 gm of Ac-Ser(0-Bzl)-Tyr(O-C12-Bzl)-Ser(O-Bzl)-Nle-Glu 

(Y-O-Bzl)-Gly-Phe-Arg(Ng-Tos)-Trp(in_for)-Gly-Lys-

(N(-2,4-C~-Cbz-Pro-Val-pMRHA resin. This was reacted with 10 ml 

anhydrous HF and 2 ml of anisole for 40 minutes at ooC. After removal 

of the HF and anisole by vacuum, the resin material was washed with 

100 ml Et20 and then extracted with 100 ml of 30% HOAc. L ophilization 

of the aqueous extracts yielded 92.34 mg of crude peptide materialso 

a 45 mg portion of the above crude material was dissolved in 

1.5 ml of H20, then was deformylated by the addition of a few drops of 



Mobile Phase: 65\ Trifluoroacetic Acid (0.1%, aq) 

35\ Acetonitrile 
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Table 230 Chemical yields of a-me1anotropinBo 

Ac-Ser-Tyr-Ser-Met-G1u-His-Phe-Arg-Trp-G1y-Lys-pro-Val-NH2 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Molecular Overall 
Analogue Weightl Post HF (%) (%/mg) 

[)lIe ~Gly6J-a-MsH 1685 25 3.5/6.0 

Ac-a..MSH 6- 13NH2 1216 49 6 / 8.7 
Ac[cny6] -a-HSH6_

13
-NH

2 1150 61 37 /60.93 

[Nle 4 tN1e 8J -a-MSH 1708 21 6 /25.20 

[Nle 4 ,D Phe7 ,Nle8J-a-MSH 1708 69 15 /23.25 

[Nle ~G1i] -a-MSH 1652 78 27 /53.47 

[Nle~Gly9J-a-MSH 1695 63 21 /18.05 
'4 6 9 i 10 [Cys ,Gly t ,Cys J-a-MSH 1604 >1002 37/123.68 

lAs calculated, using the contributions of each residue as follows: 
Ser, 86; Tyr, 163; Nle, 113; Glu, 128; His, 122; Phe, 147; Arg, 155; 
Trp, 172; G1Yt 57; Lys, 129; Pro, 98; Val, 98; -NH2 , 16; ACt 43. 
Cations are increased by 60 to account for acetate counter ions; 
anions are increased by 18 to account for ammonium ion. Note: these 
are not MW of isolated amino acids, but their contributing weight 
(-H20) in a peptide. 

2yield >100% due to the addition ot salts from HF cleavage. 
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4 N NaOH to a pH of 11.5 for three minutes. The reaction was terminated 

by the addition of some glacial acetic acid to bring the pH to 405. 

This solution was then passed directly through a 2.0 x 25.0 cm column of 

carboxymethylcellulose (C0
2
-type) (Sigma) and chromatographed with a 

discontinuous gradient (250 ml each) of 0.01 N, 0.1 N, and 0.2N.NH40Ac ' 

all at a pH of 4.5. The major peak (UV detection, 280 nm) was collected 

from the 0.1 fraction and repeatedly lyophilized to yield 6.0 mg of 

purified peptide. Amino acid analysis showed: Ser, 1.90; tyr, 0.90; 

N1e, 0.94; Glu, 1.03; 01y, 1.00; Phe, 0.95; Arg, 1.02; Trp, 0.89; Lys, 

1.05; Pro, 1.07; Val, 1.02. The purified peptide gave single uniform 

spots with Rf's of: A, 0.10; B, 0.18; C, 0.83; D, 0.24. Reversed-phase 

C18 HPLC analysis (Vydac) showed one peak with K' of 2.07. The mobile 

phase was composed of 35% CH
3
CN, 65% aqueous buffer (0.1% TFA). Sample 

size was 20 pI (1 mg peptide, 1 ml H20), with the flow rate set at 

1 ml/min. Detection sensitivity was 0.04 at 280 nm. 

Preparation of AC-Q-MSH6_
13

-NH2• A 0.80 gm portion of Na-Boc

Gly-Lys(N(-G1
2

-Cbz)-Pro-Val-pMBHA resin was successively coupled and 

acetylated to yield 1.17 gm of Ac-His(Nim-Tos)-Phe-Arg(Ng-Tos)-Trp 

(Nin_For) _ Gly-Lys(N(-2,4-C1
2
Cbz)-Pro-Val-pMBHA resin. This resin 

was reacted wish 17.55 ml of anhydrous HF and 3.51 ml of anisole for 40 

minutes at ooC. Then the HF and anisole were removed by vacuum. The 

resin was washed with 100 ml of ether, and extracted with 100 ml of 30% 

acetic acid. Lyophilization of the aqueous layers yielded 174 mg of 

crude peptide materialo 
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A 73.00 mg portion of the above crude material was def'ormylated 

by the addition of 4 N NaOH to a pH of 11.5 and maintained there for 

three minutes, after which time the pH was lowered to 4.5 by the addi-

tion of glacial acetic acid, ending the reaction. 

The peptide solution was then passed directly through a 2.0 x 

2500 cm column of carboxymethylcellulose and chromatographed by a dia-

continuous gradient of (250 ml each) 0.01 N (pH = 4.5), 0.1 N (pH = 6.B), 

0.2 N (pH 6.B) and 0.4 N (pH 6.B) NH40Ac. The major peak (UV detection, 

280 nm) eluted in the 0.1 N buffer and after repeated lyophilization 

yielded B.77 mg, purified peptide. Amino acid analysis showed: His, 

1.10; Phe, 1.05; Arg, 0.90; TrIl, 0.94; Gly, 0.99; Lye, O.Bl; Pro, 1.10; 

Val, 1.05. The purified peptide gave single uniform spots on TLC with 

Rfts of: B, 0.69; c, 0.66; D, 0.06. Reversed-phase CIB HPLC analysis, 

using a mobile phase composed of 35% CH
3

CN, 65% aqueous buffer (0.1% TFA) 

showed one peak with K' at 2.00. Sample size was 20 pl (1 mg peptide, 

1 ml H20). Detection was at 2Bo nm and detector sensitivity was 0.04. 

r" 6, 
Preparation of Ac-LGly J-a-MSH6_

13
-NH2• A 1.0 gm portion of 

Na-Boc-GlY-Lys(N(-2,4-C12-Cbz)-pro-Val-pMBHA resin was successively 

coupled and acetylated to yield 1.2 gm of Ac-Gly-Phe-Arg(Ng-Tos)-Trp 

(N in -For) - Gly-LyS(N(-2,4-c12-Gbz)-Pro-Val-pMBHA resin. This was then 

reacted with lR ml of anhydrous HF and 3.6 ml of anisole for 40 minutes 

at O°C. The HF and anisole were removed by vacuum, and the resin washed 

with 100 ml of ether and extracted with 100 ml of 30% acetic acid. The 

aqueous layers were pooled and lyphilized to yield 256.4 mg of crude 

peptide materials. 
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A 100 mg portion of the crude material was deforroy1ated by the 

addition of 4 N NaOH to pH 11.5 and maintained there for 3 minutes, 

after which time the reaction was ended by the addition of glacial acetic 

acid to a pH of 5.0. 

This solution was passed directly through a 2.0 x 25.0 cm car-

boxymethy1ce11u1ose column and chromatographed with a discontinuous 

gradient (250 m1 each) of 0001 Nt O.l.N and 0.2 N NH40Ac buffers, all 

at pH 4.50 The major peak eluted in the 0.1 N buffer and was 

lyophilized to yield 60.93 mg, purified peptide. 

Amino acid analysis showed: G1Yt 2.00; Phe. 0.84; Arg, 0.87; 

Trp, 1.06; Lys, 0.R4; Pro, 1.09; Val, 1.07, TLC analysis gave single 

uniform spots with Rf's of: B, 0.80; C, 0.59; D, 0.06. Reversed-phase 

HPLC analysis with a mobile phase composed of 3~ CH
3

CN and 65% aqueous 

buffer (0.1% ~7A) showed only one peak with K' of 2.13. Sample size was 

20 p1 (1 mg peptide, 1 ml, H20), and the flow rate = 1 ml/min. Detec

tion was at 280 om at 0.04 sensitivity. 

Analogues Modified at position 
Eight -- Arginine 

The following three analogues modified at position eight, were 

prepared according to an orthogonal strategy similar to that of Figure 

13: [4-norleucine, 8-norleucine}a-melanotropin, [4-norleucine, 7-D

phenylalanine, 8-norleucine]-a-me1anotropin, and (4-norleucine, 8-

glycine]-a-me1anotropin. The side-chains of these three analogues were 

protected by the blocking groups listed in Table 20. 

Preparation of (Nle4, Nle8J-a-MSH. A 1.0 gm portion of NQ-t

Boc-Gly-Lys(N(-2,4-C12-Cbz)-Pro-Val-pMBHA (previously prepared in 
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5.0 gm bulk preparation) was successively coupled and acetylated to 

yield 1.30 gm at Ac-Ser-(Bzl)-Tyr(0-C12-Bzl)-Ser(0-Bzl)-Nle-Glu(}'-0-Bzl)-

. in in ) H 1S (N -tosyl) Phe-Nle-Trp(N -For Gly-Lys(Nl_2,4-C1
2
-Cbz)-Pro-

Val-pMBHA resin. 

A 0.67 gm portion of this was reacted with 9.00 ml anhydrous HF 

and 1.8 ml anisole for 30 minutes at OOC, after which time the HF and 

anisole were removed by vacuum. The resin was washed with ethyl acetate 

and extracted with 100 ml of 30% acetic acid; the aqueous layers were 

pooled and lyophilized to yield 87.58 mg of crude peptide materials. 

The crude peptide was deformylated in 1.5 ml H20 by reacting 

with a minimum amount of 4 N NaOH for 3 minutes, at pH 11.2. The pH 

was moved back to 4.5 by the addition of a few drops of glacial acetic 

acid. This material (total volume 2.0 ml) was passed directly through 

a 25 x 2 cm column of CMC ion-exchange (C02-t:~e) resin, previously 

equililerated with 0.01 N ammonium acetate (pH 4.5). A discontinuous 

gradient, 250 ml each, of 0.01 N ammonium acetate (pH 4.5), 0.1 N 

ammonium acetate (pH 6.8) and 0.2 N ammonium acetate (pH 6.8) was used 

to purify the [Nle8 ,Nle4J_a-MSH, which appeared by UV detection 

(280 nm) as a single uniform peak in the second buffer gradient, which 

after lyophilization yielded 25.20 mg, peptide material. Amino acid 

analysis showed: Ser, 1.84; Tyr, 1.02; Nle, 2.05; Glu, 1.03; His, 0.97; 

Phe, 0.87; Gly, 1.03; Trp, 1.04; Lys, 0.98; Pro, 1.04; Val, 0.98. 

Thin-layer chromatography showed RF values of: A, 0.09; B, 0.47; 

C, 0.43; D, 0.78. Each was a single spot by fluorescence followed by 

12 detection. 
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Preparation of [Nle4 ,D-Phe7 ,Nle8J-a_MSH. A 4.84 gm portion of 

Na-t-Boc-Val-pMBHA resin (0 0 11 meg/gm) was successively coupled to yield 

4.06 gm of Na-t-Boc-Trp(N in -For) - Gly- Lys(N( -2,4-C1
2

-Cbz) Pro-Val-

pMBHA resin. A 2.31 gm portion of this was saved for the later prepa

ration of [Nle4 ,D-Phe7J-a-MsH, and the remaining 1.75 gm was succes-

sively coupled and acetylated to yield 1.87 gm of Ac-Ser(O-Bzl)-Tyr 

(0-2,6-C12-Bzl)-Ser(0-Bzl)-Nle-Glu(Y-0-Bzl) His (Nim -Tos) -Phe-Nle-Trp 

(N in _ For )-Gly -.Lys(N(2 ,4-C1
2

-Cbz)-Pro-Val-pMBHA resin. 

A 0.90 gm portion was reacted with 15 ml of anhydrous HF and 

3 ml of anisole for 40 minutes at 0° C, after which the HF anisole were 

removed by vacuum. The resin was washed with 100 ml of ethyl ether 

and extracted with 100 ml of 30% acetic acid; the aqueous layers were 

pooled and lyophilized to yield 110 mg of crude peptide materials. 

The crude peptide was deformylated in 1.5 ml of H20, to which a 

minimum amount of 4 N NaOH was added until the pH was raised to 11.2. 

After three minutes, the pH was lowered to 4.5 by the addition of a few 

drops of glacial acetic acid. The total volume was 2.5 ml. 

This material was passed directly through a 25 x 2.5 cm column 

of CMC (C0
2
-type) ion-exchange resin, previously equilibrated with 0.005 

N ammonium acetate, pH 4.5. Then, a discontinuous gradient of 0.1 N 

(pH 6.5), 0.2 N (pH 6.5) ammonium acetate buffers, followed by a 10% 

acetic acid buffer, were passed through the column. The major product 

appeared (UV detection, 280 nm) in the second buffer, and after 

lyophilization yielded 23.25 mg. Amino acid analysis showed: Ser, 

1.90; Tyr, 0.89; Nle, 2.07; Glu, 1.02; His, 1.05; Phe, 0.91, Trp, 0.98; 
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Gly, 0.99; Lys, 0.97; Pro, 1.02; Val, 1.03. Thin-layer chromatography 

showed one spot in four solvent systems with RF's of: At 0.06; B, 0.47; 

C, 0.43; D, 0.65. 

Preparation of lNle4 ,Gly8J-a-MSH. A 1.Bo gm po~tion of NQ-t-Boc 

Val-p~1BHA resin (0.27 meB/gm) was successively coupled to yield 2.06 gm 

. im 
of Ac-Ser(0-Bzl)-Tyr(0-G12-Bzl)-Ser(0-Bzl) Nle-Glu(Y-O-Bzl)-His(N -to~D 

Phe-Gly-Trp( in -For) - Gly-LYS(N(-2,4-G12Cbz)-Pro-Val-pMBHA resin. 

A 1.0 gm portion of this peptide-resin was reacted with 15 ml 

of anhydrous HF and 3 ml of anisole at OOC for 40 minutes, after which 

time the HF and anisole were removed by vacuum. The resin was washed 

with 100 ml of ethyl acetate and extracted with 100 ml of 30% acetic 

acid, and lyophilized to yield 30B mg crude peptide, plus salt. 

A 150 mg portion of this crude material was dissolved in 1.5 ml 

of H20, and a few drops of 4 N NaOH was added until a pH of 11.5 was 

reached. After 3 minutes, the pH was lowered to 4.5 by the addition of 

a few drops of glacial acetic acid. The total volume was 2.5 ml. This 

solution was passed through a carboxymethylcellulose column of dimensions 

2.0 x 25.0 cm, previously equilibrated with 500 ml of 0.005 N ammonium 

acetate (pH 4.5). A discontinuous gradient consisting of 0.005 N 

(pH=4.5), 0.1 N (pH 6.B) and 0.2 N (pH 6.B) ammonium acetate buffers, 

250 ml each, was applied. A single peak appeared (UV detection, 2ROnm) 

in the 0.1 N buffer, which when lyophilized yielded 53.47 mg, purified 

peptide. A peak appearing (UV detection, 2BOnm) in the first buffer, 

when lyophilized, yielded 5 mg of ninhydrin negative, non-peptide. 
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Amino acid analysis showed: Ser, 1.75; Tyr, 0.90; Nle, 0.95; Glu, 0.98; 

His, 1.09; Phe, 0.90; Gly, 2~07; Trp, 0.91; Lys, 1.05; Pro, 1.08; Val, 

1.06. TLC analysis showed only single uniform spots with RF values of 

A, .07; B, 0.52; C, 0.60; D, 0.60. 

Analogues Modified at Position 
Nine -- Tryptophan 

Two analogues, one modified at position nine, and the other a 

cyclic analogue modified at positions six and nine, were prepared: 

[4-norleucine,9-glycineJ-a-melanotropin, and [4-half-cystine, 6,9-

glycine, 10-half-cystine]-a-melanotropin. 

Preparation of [ Nle 4 ,Gly9J-a-MSH. A 1.28 gm portion of N -t

Boc-valine-pMBHA resin (0.157 meg/gm) was successively coupled and 

acetylated to yield 1.76 gm of Ac-Ser (O-Bzl)-Tyr (0-2,6-Cl~Bzl)-Ser 
Co 

(O-Bzl) -Nle -Glu( y-o Bzl) -H is (N im Tosyl)-Phe -Arg(Ng-Tosyl)-Gly-Gly-Lys 

(N(-2,4-C12-Cbz)-Pro-Val-pMBHA resin. 

A 0.70 gm portion of this peptide resin was treated with 10 ml 

of anhydrous HF and 2 ml of anisole for 40 minutes at OOC, after which 

time the HF and anisole were removed by vacuum. The resin was washed 

with 100 ml of diethyl ether and extracted with 100 ml of 30% acetic 

acid. The aqueous layers were pooled and lyophilized to yield 85.53 mg 

of crude peptide material. 

A 50.45 mg portion of the crude peptide was passed throu~h a 

2 x 25 cm column of CMC cellulose (C02-type) previously equilibrated 

with 0.01 N ammonium acetate (pH 4.0). A discontinuous gradient was then 

run, composed of the following buffers, 200 ml each: 0.01 N (pH=4.0), 
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0.01 N (pH=6.5) and 0.1 N (pH=6.5) ammonium acetate. The major product 

appeared (UV detection at 254 nrn) in the third buffer and was lyophi

lized to yield 18.05 mg, purified Ac-Ser-Tyr-Ser-Nle-Glu-His-Phe-Arg-

Gly-Gly-Lys-pro-Val-NH2• Amino acid analysis showed: Ser, 1.92; Tyr, 

0.97; Glu, 1 0 01; Nle, 1.00; His, 1.00; Phe, 0.87; Arg, 1 0 00; Gly, 2.10; 

Lys, 1013; Pro, 0.97; Val, 1.04. TLC analysis showed only one spot in 

all four solvent systems: A, 0.08; B, 0.16; C, 0.14; D, 0.59. 

[ I 4 6 9 1101 Preparation of Cys ,Gly t , Cys ~J-a-MSH. A 2.91 gm portion 

of Na.t-Boc-Val pmBHA (0 0 27 meg/gm) was successively coupled and 

acelytated to yield 4.15 gm Ac-Ser(O-Bzl) -Tyr-S er (O-Bzl) 

CYs(3,4-Me2Bzl)-GlU(0-Bzl)-Gly-Phe-Arg(NgTos)-Gly-Gly-Lys

(NC-2,4-G12-Cbz)-Pro-Val-PMBHA resin. 

A 1.1 gm portion of protected peptide-resin Was reacted with 1.7 

ml anhydrous HF and 3.3 ml of anisole at OOC for 40 minutes, after which 

time the HF and anisole were removed by vacuum. Underneath an N2-tent, 

the resin was washed with 100 ml of N2-purged ethyl acetate and ex

tracted with 100 ml of 30% HOAc, which had been previously de-aerated 

as well as N2-purged. The aqueous layers were pooled and lyophilized to 

yield 364&61 mg of crude, free-sulfhydryl peptide material. 

All of the crude peptide was dissolved in 1 liter of de-airated 

H20. The pH was adjusted to 8.5 by the addition of a few drops of 2 N 

NH40H. This solution was titrated to an endpoint by the addition of 

2204 ml 0.01 N K
3
Fe(CN)6 (aq). An extra 1.1 ml was added and the solu

tion was stirred at 25°C for 1 hour, after which time the pH was lowered 

to 4.8 by the addition of a few drops of 20% acetic acid. To this was 
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added 10 ml of Rexyn 203 (Cl-), an ion exchange resin. This was stirred 

with the peptide for 30 minutes, then removed by filtration. The resin 

was washed with 20% acetic acid and all the aqueous washings were 

pooled, reduced in volume by I-butanol rotary evaporation, and lyophil-

ized. The lyophilized material was a salty, viscous material which 

could not be weighed. 

The post cyclization material was dissolved in a minimum amount 

of 0.2 N acetic acid and applied to a 2 x 25 cm column of CMC cellulose 

(C02-type) previously equilibrated with 0.01 N (pH 4.5) ammonium ace-

tate. Only one 250 ml buffer of identical composition was run, and the 

monomeric peptide appeared in this buffer as detected by UV @ 254nm. 

This peak was lyophilized to yield 592.33 mg monomeric peptide and salt. 

This monomeric product was passed through a 2.5 x 80 cm G-IO 

Sephadex column, with 30% acetic acid as eluant. One peak correspond-

ing to monomer was seen (UV 259 nm) and was lyophilized to yield 123.68 

. j 4 6 9 i 10 
mg of purified l Cys ,Gly , ,Cys )-a-MSH. Amino acid analysis showed: 

Ser, 1.89; Tyr, 1.02; Cys, 1.91; Gly, 2.00; Phe, 0.89; Lys, 1.00; Pro, 

0.74; Val, 0.98; Glu, 1.00, Arg, 1.10. TLC showed: A, 0.6; B, 0.27; 

c, 0.57; D, 0.56. 

Synthesis and Purification of Substance 
P Peptide Analogues 

Using previously reported orthogonal synthetic strategies 

(24,172), five new substance P peptide analogues were prepared (see 

Table 24). The new analogues were purified by a combination of gel 

(P-2), ion-exchange (CMC), and high-pressure (C18-reversed-phase) 



Table 24. Substance P analogues. 

Cyclic 
Analogues 

Fragment and 
Linear Ana
logues 

Substance P 

Analogue 

.~. Ill
J [Cys ,Cys -SP 5-ll-NH2 

I 6 '111 [Cys ,Cys ...J -SP5_ll-NH2 
[c~s5 9cy~6 ,Nlall] -8P 

Ac-SP5-8-NH~ 
(Tyr 0 ,Nlell J-sP 

SP 

Primary Structure 

I - , 
Cys-Gln~he-Phe-G1Y-Leu-Cys-NH2 

Gln-CYS-Phe-Phe-G1Y-Leu-cyk-NH2 
~ 

H-Arg-pro-Lys-Pro-Cys-Cys-Phe-Phe-Gly-LeU-Nle-NH2 

Ac-Gln-Gln-Phe-Phe-NH2 
H-Tyr-Arg-pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Nle-NH2 

1 2 3 4 56? 8 9 10 11 

H-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2 

...... 
o 
\11 
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chromatographic procedures. The semi-automatic solid-phase synthetic 

protocol was identical to that employed in the previous discussion of 

a-melanotropin synthesis (Table 20). Maximum side-chain protection was 

used throughout, which in the case of substance P means the Arg-l 

(Ng-Tos) and the Lys-3(N(-2-GI-Gbz). When present, cystiene and 

tyrosine were protected as the S-benzyl (or 4-M-benzyl) and 0.2,6. 

dichlorobenzyl ether, respectively (see Table 25). 

The coupling process used to attach amino acid derivatives was 

identical to that previously described in the preparation of 

a-melanotropin analogues, with the exception of the GIn residues found 

in some substance P peptides. In the course of this dissertation DCC 

was used to couple NU-t-Boc-Gln, according to the stoichiometry of 

2:1 (Na-Boc-Gln:DCC) (see Table 26). 

Synthesis of Cyclic Disulfide
containing Substance P Analogues 

Three cyclic, disulfide-containing analogues were prepared and 

purified: [5-half-cystine, 6-half-cystine, Il-norleucine]-substance P, 

[5-half-cystine, ll-half-cystine]-substance P
5

_11-amide, and [6-half

cystine, Il-half-cystineJ-substance P
5

_11-amide. 

[ I ~ , 6 111 Preparation of eys ,CyS ,Nle H-SP. A 4.16 gm portion of 

Na-t-Boc-nle-pMBHA resin (0.24 meg/gm) was systematically deprotected 

and coupled to yield 1+.12 gIn of Na-t-Boc-Phe-Phe-Gly-Leu-Nle-pMBHA. 

One half of this (2.06 gm) was set aside and saved, while the other 

portion was successively coupled to yield 1.97 gm of Na-Boc-Arg 

(Ng -Tos)- P ro-Lys(NQ-2-Cl-Gbz)-Pro-Gys(S-4-MeBzl )-Cys(S-4-MeBzl)-

Phe-Phe-Gly-Leu-Nle-pMBHA. 



Table 25~ Substance P side-chain protecting groups. 

Arg-pro-Lya-Pro-Gln-Gln-Phe-Phe-Gly-Leu~et-NH2 
1 2 3 4 56? 8 9 10 11 
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Side-chain Reference 

Arginine tosyl 61 
.(guanido) 

Lysine 2-chloro-Cbz 60 
«(-amine) 

cysteinel 

(sulfhydryl) 
4-methylbenzyl 66 

Tyr . 2 OS1ne 0-2,6-dichloro- 60 
(hydroxyl) benzyl 

lcyateine is not naturally occurring in substance P; however, several 
analogues in this report do incorporate disulfide bonds, and during 
the solid-phase synthesis the cysteine was protected. 

~osine is also not naturally occurring in but was placed into the analogue 
N-Tyrosyl-[ll-norleucineU-substance P. 



Table 26. Chemical yields of substance P peptidase 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH2 

Analogue }.ri 

[' 5 '6 11J eys ,Cys ,Nle -SP ll~57 

[d 5 ' 11J ys ,Cys -sF
5

_
11

-NH
2 87l 

I 6 IllJ [Cys ,Cys -SP
5
_11-NH2 9264 

lTyr°,NlellJ-Sp 1672 

Ac-SP 8-NH 5- 2 609 

lamino acid weights as in Table 

2as acetate salt 

3>100% due to impurities 

4as TFA salt 

% Yield 
(%post HF f1 ammonlysisb) 

3706a 

>100%3, b 

76.3b 

47a 

135,a 

108 

Overall 
Yield(%/mg) 

10/17.31 

13/24.00 

9.6/20.96 

6.7/27.75 

3.7/20.44 

5low yield due to either: (a) insoluble in resin extraction material; 
(b) low Phe-pMBHA cleavage. 
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To 0.45 gm of peptide-resin was added 8 m1 of anhydrous HF and 

1.5 ml of anisole, which reacted at DoC for 40 minutes •. After this time, 

the HF and anisole were removed, and under an N2-tent the resin was 

washed with 100 ml of ether and extracted with 100 ml of 30% acetic 

acid. The aqueous layers were pooled and lyophilized to yield 62.5 mg 

of crude sulfhydryl peptide. 

The crude peptide was added to 500 ml of deaerated, N
2

-purged 

H20. The pH was raised to 8.4 by the addition of a few drops of 2 N 

NH4OH. The solution was titrated to an endpoint of persistent yellow 

color by 15 ml of 0.01 N K
3

Fe(CN)6- An additional 30 ml of 0.01 N 

K
3
Fe(CN)6 was added and allowed to react for 30 minutes. 

After the 30 minutes, the pH was lowered to 5 by the addition of 

glacial acetic acid. The solution was stirred for 30 minutes with 25 ml 

of Rexyn 203 ion-exchange resin slurry. The resin was then filtered, 

and washed with 0.01 N HOAc; the aqueous layers were pooled and 

lyophilized to yield a blue-colored, unweighable viscous material. 

This material was dissolved in 2 ml of 0.2 N acetic acid and 

applied to a previously equilibrated column of P-2 Biogel (Biorad Co.), 

of dimensions 54 cm x 2· cm. The eluant was 0.2 N acetic acid. On this 

column the exclusion volume (as determined by blue dextran) was 80 ml. 

The major peak appeared at 180 ml (UV detection, 254 nm) and lyophil

ized to yield 17.31 mg, peptide material. Amino acid analysis showed: 

Arg, 1.00; Lys, 1.00; Pro, 2.06; 1/2 Cys, 1.40 (1.85)' , Nle, 0.93; 
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Leu, 0.94; Phe, 1.96; Gly, 1.00. TLC analysis showed one spot in four 

systems: A, 0.07; B, 0.24; C, 0.14; D, 0.12. 

[ 
i 5 I11J 

Preparation of Cys ,Cys -SP5-ll-NH2° A 5.0 gm portion of 

Na-t-Boc-Cys(S-4-methylbenzyl) Merrifield resin (0.35 meB/gm) was 

successively coupled to yield 5.60 gm of Na-t-Boc-Phe-Phe-Gly-Leu-Cys 

($-4-methylbenzyl) MeTrifield resin.. One-half of this, 2.8 gm, was 

then completed to yield 2.93 gm at NU-Boc-Cys-(S-4-methylbenzyl)

Gln-Phe-Phe-Gly-Leu-Cys-( 5-4-methylbenzyl) Merrifield resin. The 

NU-t-Roc group was removed by a 30 minute treatment with 50% TFA in 

CH
2

C1
2

, with 2% anisole added. The TFA solution was filtered, and the 

resin kept as the TFA salt. 

The peptide-resin was reacted for 72 hours with anhydrous 

MeOH/NH3 (150 ml/20 ml), after which time the NH3 was removed by an 

aspirator and the MeOH by filtration. The resin was extracted by re-

fluxing for 2 hours with DMF at 62°C. After the DMF solution was 

cooled and reduced in volume, 900 mg of protected peptide was precipi-

tated by the addition of H20. 

A 215 mg portion of this peptide was dissolved in 100 ml of 

anhydrous NH3 (by Na drying) and reacted with a small piece of sodium 

metal for 30 seconds, maintaining a constant blue color. The reduction 

was quenched by the addition of a small amount of ammonium chloride. 

A stream of N2 removed the NH
3

, and the remaining residue was tru{en up 

in Boo ml of 0.1 N acetic acid. The pH was raised to 8.5 by the addi-

tion of 2 N NH40H, and the solution was titrated with 25.7 ml of 0.01 N 

K
3
Fe(CN)6 to a constant endpoint. A two-fold excess of Fe(CN)63-
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was added and reacted for one hour, after which time the oxidation was 

stopped by the addition of sufficient glacial acetic acid to lower the 

pH to 4.5. A 20 ml slurry of anion exchange resin (Rexyn 203) was added 

and stirred with the solution for 30 minutes to remove excess Fe(CN)63-

( ) 2- . and Fe CN 6 ~ons. The resin was then filtered off, and washed with 

20% acetic acid. The aqueous layers were pooled, reduced in volume by 

roto evaporation (with aid of I-butanol), and lyophilized to yield a 

crude mixture which was not weighable. This mixture was dissolved in a 

minimum amount of 0.2 N acetic acid, and applied to an 82 cm x 2.5 cm 

column of P-2 Biogel. This column had been previously calibrated for 

molecular weight determination by means of three standard peptides (see 

Fig. 15). Using 0.2 N acetic acid as eluant, the column successfully 

separated the polymeric and monomeric components from each other and 

the salt which results from a K
3
Fe(CN)6 oxidation (see Fig. 16). The 

major monomeric peak, corresponding to an apparent molecular weight of 

758 (Fig. 15) appeared at 350 ml elution volume (UV detection, 254 nm), 

and lyophilized to yield 24 mg of monomeric peptide. Amino acid 

analysis showed: ¥.cys, 1.80; Phe, 1.98; Leu, 0.97; Gly, 1.10; Glu, 

1.10. TLC analysis in four solvent systems showed only one spot: 

A, 0.30; B, 0.70; C, 0.57; D, 0.97. 

i 6 IllJ Preparation of [Cys ,Cys -SP
5
_11-NH2 o The remaining 2.80 gm 

portion (previous section) of NU-t-Boc-Phe-Phe-Gly-Leu-Cys(S-4-methyl-

benzyl Merrifield resin was successively coupled to yield 2.98 gm of 

N~t-Boc-Glu-CY8(S-4-methylbenzyl)-Phe-Phe-Gly-Leu-Cys(5-4-methyl-

benzyl)-Merrifield resin. After removing the Na_t-Boc group by a 30 
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minute treatment with 50% TFA in CH2C12 , with 2% anisole added, the 

peptide-resin was reacted for 72 hours with anhydrous MeOH/NH3 

(50 m1/20 ml). The ammonia was then removed by an aspirator, and the 
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methanol by filtration. The resin was added to a DMF solution at 62°C 

and refluxed for 2 hours, then filtered. The DMF was cooled to 250 and 

reduced in volume. Water was added to the DMF solution, and precipi-

tated 666 mg of protected peptide. 

The protected peptide was dissolved in 100 ml of anhydrous NH3 

(by Na drying) and then reduced by sodium metal for 30 seconds, main-

taining a constant blue color. The reaction was st?pped by the addition 

of a small amount of ammonium chloride, and the NH3 was removed by a 

stream of N2 gas. The remaining residue was taken up in Boo ml of 0.1 

N acetic acid, and the pH of this solution was raised to B.5 by 2 N 

NH40H. The peptide solution was titrated with 34.6 m1 of 0.01 N 

K
3
Fe(CN)6' to a constant endpoint. A two-fold excess of Fe(CN)63- was 

added and allowed to react for 1 hour, after which time the pH was 

lowered to 4.5 by the addition of glacial acetic acid. A 20 ml slurry 

of anion exchange resin (AG-type) was added to the solution and stirred 

for 20 minutes, then removed by filtration. The resin was washed with 

20% acetic acid; the aqueous layers were pooled, reduced in volume by 

roto evaporation (with the aid of l-butanol) and lyophilized to yield 

an unweighable crusty material, which liquified when exposed to air 

(humidity). 

This mixture of polymers, monomers, and salt was passed through 

a P-2 Biogel column (82 cm x 2.5 cm) (Fig. 15) with 0.2 N acetic acid 
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as eluant. Monomer material appeared (UV detection, 254 nm) at an 

elution volume of 355 m1 t corresponding to a molecular weight of 827 d. 

This peak, when lyophilized, yielded 30 mg of peptide material. Amino 

acid analysis was unacceptable, and not quantitated. 

The post P-2 peptide material was analyzed by HPLC, using a C18 

reverse-phase cartridge fitted to a Radical Compression Module (Waters 

Assoc.). Employing a mobile-phase composed of 68% buffer (0.1% Trifluo

acetic acid, aq) and 32% acetonitrile, a 25 u1 (1 mg 1 ml) injection of 

post P-2 material showed five major peaks (254 nm detection, 0.04 sens) 

with K's of: 0.28, 0.58, 1.0, 1.2 and 1.8 (Fig. 17a). 

The 30.0 mg portion of the monomer peak was dissolved in 2 ml of 

the mobile phase. This solution was centrifuged to remove particulates. 

The supernatant was removed, and 25 u1 of this injected at 1 ml/min 

(Fig. 17b). As can be seen by examining Figure 17, the peaks corre

sponding to K' of 0.28 and 0.58 have essentially disappeared; these 

materials most likely were slightly soluble salts, removed by the 

centrifugation. This left three peptide materials, corresponding to 

those represented in Figure 17b with K's of 1.0, 1.2 and 1.8. During the 

scaled-up preparative injections, the peaks corresponding to 1.0 and 

1.2 were collected together, and the one corresponding to 1.8 was col

lected alone. The flow rate was 1 ml/min, then slowed to 0.75 ml/min 

until the first two peaks (K' 1.0, 1.2) eluted; the flow was then in

creased to 2 ml/min until the last peak completed its elution. Figure 

17c illustrates a preparative experiment in total. Five 400-m1 injections 
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(30 mg/2 ml) yielded several milliliters of eluant (not measured to 

minimize transfers). When this eluant was lyophilized, it yielded 

20.96 mg, purified peptide (as TFA salt). Amino acid analysis: Glu, 

0.91; Gly, 1.08; Pha, 1.83; Leu, O.97;Y.cys, 1.84. TLC analysis showed: 

A, 0.43; B, 0.44; C, 0.67; D, 0.88. 

Synthesis of a Radio6usceptible 
~ubstance P Lie;and, N~Tyrosyl
L ll-NorleucineJ..substance P 

Preparation of [TyrO ,NlellJ ..gp. A 2.06 gm portion of NQ-t-Boc

r- ?:::' 6 III Phe-Phe-Gly-Leu-Nle-pMBHA resin (see Preparation of [eys ,Cys ,'Nle :.J..gp) t 

0.24 meq/gm, was successively coupled and yielded 2.30 gm of NQ-t-Boc

Tyr (0-2,6-C12-Ezl)-Arg (Ng -Tos) -Pro-Lys (Nl-2-chloro( Cb:i) Pro-Gln 

Gln-Phe-Phe-Gly-Leu-Nle-pMBHA. A 3-fold excess of HOBT was used for 

each coupling during this synthesis. 

A 1.00 gm portion of this peptide-resin was treated with 15·ml 

of anhydrous HF and 3 ml of anisole at OOC for 40 minutes, after which 

time the HF and anisole were removed by vacuum. The resin was washed 

with 100 ml of ethyl acetate and extracted with 100 ml of 30% acetic 

acid, followed by a 100 ml extraction with water. The aqueous layers 

were pooled and lyophilized, yielding 200 mg of crude peptide product. 

The crude product was dissolved in a minimum amount of 0.2 N 

acetic acid, and passed through a 1.5 x 54 cm column of P-2 Biogel with 

0.2 N acetic acid as eluant. The only observed peak (UV detection, 

280 nm) appeared at an elution volume of 136 ml. Upon lyophilization, 

92.78 mg of peptide material was obtained. 

This material was then dissolved in a minimum amount of H20, 

and passed through a 2 cm x 25 cm column of carboxymethyl cellulose 
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ion-exchange resin (C02-). A discontinuous gradient consisting of 0.01 

N (pH=4.5), 0.1 N (pH=B.5), and 0.2 N (pH=8.5) ammonium acetate buffers, 

250 ml each, was applied to the column. The major peak appeared (UV 

detection, 254 nm) in the third buffer, and after repeated lyophiliza-

tion of ammonium salts yielded 27.75 mg, purified peptide. Amino acid 

analysis showed: Lys, 0.9B; Arg, 1.01; Gln. 2.04; Pha, 2.01; Pro, 1.93; 

Tyr, 0.99; Leu, 0.99; Nle, 1.05; Gly, 1.00. TLC analysis showed only 

one spot in four solvent systems, but in two of them the highly charged 

peptide failed to move: C, 0.05; D, 0.09-

Using an HPLC system composed of a C18-reverse phase column 

(Vydac, Inc.) and a mobile-phase composed of MeOH/H20/TFA (60:40:0.3) 

showed a K' of 1.lB, with one very small peak«lQ% the height, and less 

than 1% the height x width of the main peru,). 

Synthesis of a Putative Message 
Sequence: Acetyl-Gln-Gln-Phe-Phe-NH2 

Preparation of Ac-5P
5

_S-NH2• A 2.50 gm amount of pMBHA resin 

(0.54 meq/gm, Vega Biotechnologies) was coupled with 1.07 gm (4.05 meq, 

265. gm/mol of WZ-t-Boc Phe, previously activated by 0.67 gm of DCC 

C~_24 meq, 206 gm/mol), for 12 hours at 25°C. The resin was filtered, 

and washed 3X with CH2C12, EtoH (100%), and CH2C12• The liquid ninhydrin 

test was negative. This Na_t-Boc-Phe-~mHA resin was then successively 

coupled and acetylated to yield 3.00 gm of Ac-Gln-Gln-Phe-Phe-pMBHA. 

The coupling protocol (Table .22) was changed, and for this 

peptide a new approach was taken. 

During the amino-acid coupling step, initially only one-half the 

required DCC was added; after 3 minutes the remainder was then added. 



The actual stoichiometry remained unchanged: 3-fold excess of Na-Boc 

amino acid, 2.4-fold excess of DCC2 , and no HOBT. The amino acid was 

dissolved in 1-2 m1 of CH2c12 , then reacted with the peptide (depro

tected) for two minutes; then one-half the aliquot of DCC was added, 
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followed 3 minutes later by the rest. The result was that no coupling 

lasted more than 6o minutes, and most could have easily been stopped 

after 10 minutes. The ninhydrin test indicated that 9~ of the coupling 

was complete in 10 minutes, but for safety's sake they were allowed to 

proceed for one hour. The peptide synthesis took only 1 day. 

A 1.58 portion of the Ac-SP
5

_8-NH2-pMBHA was reacted with 20 ml 

of anhydrous HF and 3.2 ml of anisole at 0°C for 30 minutes. The HF 

and anisole were removed by vacuum, and the resin was washed with 100 ml 

of ether and extracted with 100 m1 of 30% acetic acid. The aqueous 

layers were pooled and lyophilized to yield 72.66 mg, crude product. 

The solubility of the crude fragment preparation was investi-

gated by a series of quick, qualitative tests which found: 

in 100% acetic acid, +; in 70% acetic acid, !; in Et
2
o, -; in ethyl 

acetate, -; in MeOH, -; in acetone, -; in benzene, -. Based upon this, 

a recrystallization from 100% acetic acid was attempted. The crude pro-

duct was dissolved in 5 m1 100% acetic acid and triturated by MeOH. A 

precipatate formed and was filtered. The filtrate was reduced in volume 

byrotoevaporation, (to remove MeOH) and then lyophilized. 

The solid precipatate was not peptide as amino acid analysis 

showed nothing. The material was ninhydrin positive, suggesting a resin 

2Except with Gln, in this case 3-fold excess of amino acid, and 1.5-
fold of DCC. 
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breakdown product, such as (¢-)NCH NH
3
+F-. The aqueous layer lyophil

ized to 20.44 mg, of ninhydrin negative material. Amino acid analysis 

showed: Glu, 1.93; Fhe, 2.05. This material was still not completely 

soluble in H20, so the peptide Was dissolved in 0.1 N acetic acid, 

filtered, and thenra-lyophilized. Solid material was discarded, lyophil

ized material showed, by amino acid analysis: G1U, 2.03; Fhe, 1.99. 

TLC in four solvent systems showed: A, one spot at 0.29, alight trace 

at 0.07; B, one spot, 0.48, slight trace at 0.54; C, one spot only, 

0.60; D, one spot 0.78, slight trace 0.66. In each case the contaminant 

was not visible by UV, but only by 12 visualization. 

Summary 

The peptides prepared in this dissertation were prepared accord

ing to general solid-phase methods. Amino acids were of the L configura

~ unless otherwise stated, and were prepared or purchased. 

Hydrogen fluoride cleavages were done in a teflon apparatus, 

and was anhydrous. Thin-layer chromatography and high pressure liquid 

chromatography were used to analyze and purify the synthetic peptides e 

Amino acid analyses were done at 110°C and for 22 hours,' using either 

HCI/propionic acid, 3N MESA or 4N ~SA as hydrolysis agent. 

Benzhydrylamine resins were prepared by performing, in sequence, 

the following reactions on polystyrene. Friedel-Crafts cecylation, 

Leukardt-type reduction, and acid formyl-hydrolyis. Merrifield resins 

were purchased from commercial sources. Amino acids were attached to 

the former resin by DCC dehydration, and to the latter by the Cs-r,alt 

method. 
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Three new a-me1anotropins, substituted at position six were 

synthesized: [4-norleucine ,6-g1ycine] -a-MSH, Ac-a41SH6_
13

-NH
2

, and 

Ac[6-glYcineJ-a-~sH6_l3-NH2. Three new posi tion ~ analogues were 

also prepared: [4-nor1eucine,8-nor1eucineJ-a-MSH, L4-norleucine 7-

D-phenyla1amine! 8-norleucineJ-a-MSH, and [If-norleucine, 8-glycin~ -a-MSH $ 

Two new position ~ analogues also were prepared: [4-nor1eucine, 

9-glycine]-a-MSH and a cyclic analogue, [4-half-cystine,6-glycine, 

9-glycine,10-half-cystineJ-a-MSH. The overall chemical yields ranged 

from 3.5% to 37%, depending upon the analogueo All peptides gave accept-

~ amino acid and thin-layer chromatographic analyses. 

Three new cyclic analogues of substance P were prepared: 

[5-ha1f-cY8tine.ll-h~lf-CY8tinel-SP5_11-NH2' [6-ha1f-cystine,11-half

cystineJ-SP 5-11-NH2 ' and [ 5-ha1f-cystine ,6-half-cystine,1l-norleucine] -SPa 

In addition, a tetrapeptide fragment Na-acetyl-L-~lutamyl-L-glutaminYI-

L-phenylalanyl-L-phenylalanylamide was prepared. A tyrosine-containing 

analogue K~~tyro~y1-[11-nor1eucineJ-SP was synthesized. All the 

SP analogues were purified, alone or in combination, by 

ion exchan~, P-2 Biogel or high-pressure liquid chromatography. The 

tetrapeptide was recrystallized from 100% acetic acid and MeOH. All the 

SP analogues gave accentable amino acid and thin-layer chromatographic 

analysis, except the tetrapeptide; it gave a perfect amino acid 

analysis, but did show a trace contaminant by thin-layer analysis. 



CHAPTER 5 

a-MELANOTROPIN RESULTS AND DISCUSSION 

Results 

The a-melanotropin peptides prepared in this dissertation were 

tested for biological activity on the frog (Rana pipiens) (100~ and 

lizard (Anolis carolinensis) skin assays (265).J The biological testing 

was performed by Dr. Mac E. Hadley and his associates at the Department 

of Anatomy, University of Arizona, Tucson. In the amphibian skin assay, 

the skins change color in response to the applied peptide, in vitro. 

This change in color can be quantified by means of a photoreflective 

cell, and then correlated with the concentration of applied peptide; a 

dose-response curve can then be calculated. The melanophore assay has 

-4 -lL_ 
a detection range of between 10 M and 10 1M effective peptide concen-

tration. The precision is excellent, with relative errors !;%. 

Analogues Modified at Position Six 
Histidine 

CN1e
4

,Gly6J-a-MSH, Ac-a-MSH6_13-NH2 and AC-[G1y6J-a-MSH6_13-NH2 

were tested on both the frog and lizard skin assays. The data appear in 

Tables 27 (frog) and 28 (lizard), as well as graphically in Figure 18 

(frog) and 19 (lizard). 

On the frog skin assay, there is a 30,000-fold difference be

tween the least potent analogue, AC-[G~6J-a-MSH6_13-NH2 and a-MSH. On 

the lizard skin assay. this difference is less, at a factor of 5,000. 

122 
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Table 27. Relative potencies of position 6 analogues on the frog akin 
bioassay. 

Analogue 

a-MSH 

[Nle ~-a-MSH 
Ac-a-MSH6_

13
-NH

2 

[ 46 Nle ,Gly J -a-MSH 

AC-LGly6J_a-MSH6_13-NH2 

Concentration for 
30% Response (M)a,b 

1.2 x 10-10 

2.4 x 10-11 

-8 1.5 x 10 

-8 2.5 x 10 

1.9 x 10-10 

Relative potencyb 

1.0 (138) 

5.0 (141,142) 

0.0080 

0.0048 

0.000060 

aA 30% response is a convenient level of darkening at which to compare 
the potencies of a-melanotropin analogues. The linear portion of the 
dose-response curve lies between 10%-50% skin darkening. 

bValuea are reported to two significant figures. 

Table 28. Relative potencies ~f position 6 analogues on the lizard skin 
bioassay. 

Analogue 

a-MSH 

Ac-a-MSH6_13-NH2 

[Nle4 ,G1y6]_a-MSH 

AC[Gly6J_a-MSH6_13-NH2 

aSee Table 27 

bSee Table 27 

Concentration for 
30% Response (M)a,b 

1.1 x 10-9 

8 -8 3. x 10 

4.3 x 10-7 

-6 5.3 x 10 

Relative potencyb 

1.0 (53,138) 

0.028 

0.0025 

0.00020 
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On the frog, the rank order is a-MSH" AC-a-MSH6_13-NHi>UUe ,Gly ]-a-MSH 

>AC-[Gly6J-a-MSH6_13-NH2. Interestingly, on the lizard the rank potency 

is the same as that on the frog. 

Analogues Modified at Position Eight 
Arginine 

The relative potencies of [Nle4,Nle8J-a~sH, LNle4,D-Phe?,Nle8J
a-MSH and [Nle 4 ,Gly8J-a-MSH appear in Tables 29 and 30 (frog and lizard). 

Figures 20 and 21 illustrate these data graphically. In addition to 

the potencies of the Position 8 analogues, the prolongation of 

[Nle4 ,D-Phe?,Nle8J-a-MSH and [Nle4 ,D-Phe?J-a-MsH (149) was also examined 

both on the frog (Fig. 22) and lizard (Fig. 23). 

The rank order of potencies of the Position 8 analogues is not 

the same on the frog and lizard assays. On the frog skin: a-MSH >

[rn.e 4 ,D-Phe? ,111e8 J-a-MSH " [Nle 4 ,NleBJ-a-MSH '7 lNle 4 ,Nle~a-MSH. On the 

lizard skin the potencies are: [Nle 4 ,D-Phe? ,Nle8J-a-MSH::> a-MSH.,. 

[Nle4 ,Nle8J_a_MSH. 

The results from the prolongation experiment show that, on the 

lizard, lNle4,D-Phe?,Nle8]-a-MSH does not exhibit the same degree of 

prolongation, following a Ringer rinse, as does the [Nle4,D-Phe?J~a-MsH 

peptide (149). 

Analogues Modified at Position Nine 
Tryptophan 

[ 4 9J [0 i 4 6 9 I 10J The two analogues Nle ,Gly -a-MSH and Cys ,Gly ',Cys -

a-MSH were both examined on the frog and lizard skin assays. Their 

potencies, relative to [Nle 4 ,GliJ-a-MSH, a-MSH and [C~6 4 ,c;slOJ_a_MsH 
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Table 29. Relative potencies of position 8 analogues on the frog skin 
assay. 

Analogue 

a-MSH 

[Nle4,Gly8J_a-MSH 

[i 4 8 Nla ,Nle J -a-MSH 

[4 7 8l 'c Nle ,D-Phe ,Nle _-a-MSH 

aSee Table 27. 

b See Table 27. 

Concentration for 
Relative Potencyb 30% Response (M)a,b 

1.8 x 10-10 1.0 (138) 

6 -8 1. x 10 0.011 

1.9 x 10-9 0.090 

3.0 x 10.10 0.60 

C[Nle4 ,D_Phe7J_a-MSH is approximately 60 times as potent as a-MSH (149). 

Table 30. Relative potencies of position 8 analogues on the lizard skin 
assay. 

Analogue 

a-MSH 

[Nle4 ,Gly8J_a_MsH 

[ 4 8, Nle ,Nle J -a-MSH 

[Nle4,D_Phe7,Nle8J_a-MSHc 

aSee Table 27. 

b See Table 27. 

Concentration for 
30% Response (M)a,b 

1.5 x 10-9 

not tested 

8.5 x 10-9 

3.0 x 10.10 

Relative potencyb 

1.0 (138) 

not tested 

0.17 

5.0 

CPotency of [Nle4,D_Phe7J_a-MSH on the lizard skin assay is five times 
greater than a-MSH (149). 
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are ~iven in Tables 31 and 32 (frog and lizard). Figures ~4 and 25 

graphically illustrate the data as well. 

On the frog skin, [c~s 4, Gly6,9 ,cy~lOJ_a_MSH is more potent (2.4 

times) than [Nle4,Gly~-a-MSH, while on the lizard skin the reverse is 

true, with the [Nle4 ,Gly9J_a-MSH peptide 2.8 times more potent than the 

cyclic analogue. 

Discussion: a-Melanotropins 

Analogues Modified at Position Six 

Although the rank order of potencies for the position 6 ana-

logues is the same on both the frog and lizard assays, there is a differ-

ence in sensitivity (see page 7, Chap. 3) to the removal of the imidazole 

side-chain displayed by the two systems (Table 33). In the case of the 

full length analogue, [Nle 4,Gly6J-a-MSH, the ratio of relative potency 

frog/relative potency lizard indicates that the lizard is more sensitive 

to the loss of histidine, by a factor of nearly 2; comparing the 6-13 

analogues, Ac-a-MSH6_13-NH2 and AC.[Gly~_a_MSH6_13' the situation is 

~eversed: the frog is more than three times more sensitive to the loss 

of the imidazole side-chain from the fragment analogues than the lizard. 

This, when considered with the low potencies seen with the "des 

imadazole" analogues, suggests that the histidine side-chain is indeed 

critically important for full potency on both melanophore systems, and 

that each system may be responding to that side chain in a different 

manner. These data fully support and corroborate the position of 

Hoffman and Yajima, that being that the His-6 and Trp-9 residues are 

very important for potent melanotropin activity (136). Additionally, 



Table 31. Relative potencies of position 9 analogues on frog skin 
assay ~~. 
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Analogue 
Concentration at 

30Jb (M)a Relative Potencyb 

[ 
I 4 110 

Cys ,Cys ]-a-MSH 

a-MSH 

[Nle4 ,Gly6J _a-MSH 

[Nle4 ,Gly9J-a-MSH 

[C~S4,Gly6,9,C;slOJ_a_MSH 

aSee Table 27. 

bSee Table 27. 

1.5 x 10-13 

1.2 x 10-10 

-8 2.5 x 10 

8 -6 I. x 10 

7.5 x 10-7 

10-100 (26) 

1.0 (138) 

0.0048 

0.000067 

0.00016 

Table 32. Relative potencies of position 9 ana.lo~eB on lizard akin 
assay in vitro. 

Analogue 

-' 4 '10 [Cys ,Cye J-a-MSH 

a-MSH 

[Nle4,G1y6J_a-MSH 

[Nle4,Gly9J-a-MSH 

[C~S4,G1y6,9,Cy~10J_a_MsH 

aSee Table 27. 

bSee Table 27. 

Concentration at 
30% (M)a 

1.1 x 10-11 

1.1 x 10-9 

4.3 x 10-7 

-6 2.0 x 10 

6 -6 .0 x 10 

Relative Potencyb 

100 

1.0 (138) 

0.0025 

0.0005 

0.00018 
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Table 33. Position-sensitivities of new a-MSH analogues. 

Frog Skin Lizard Skin Ratio 
Analogue Relative Potency Relative Potency Frog/Lizard 

[N1e4,G1y6J-a-MsH 

[N1e4,G1y8J-a-MsH 

[N1e4 ,N1e8J_a_MSH 

[N1e4,G1y9J-a~SH 

[ 6 a 
Ac- G1y ]-a-MSH6_13-NH2 

0.0048 

0.011 

0.09 

0.000067 

0.000060 

[ ' 4 6,9 ' lOJ b eye ,Gly ,eys -a-MSH 0.0000000020 

[Nle4 ,D_Phe7 ,Nle8J_a_MSHC 

[Nle4,D_Phe7,Nle~_a_MSHd 

~e1ative to Ac-a-MSH6_13-NH2. 

0.60 

0.01 

bRe1ative f 4 '10 
to [eys ,eys J-a-MSH (26). 

cRe1ative to a-MSH (138) 

~e1ative to LNle4 ,D_Phe7]_a-MSH (149). 

0 .. 0025 

0 .. 17 0.53 

0.0005 0.13 

0.00020 0.30 

0.0000018 0.001 

5 0.12 

1 0.01 
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this new information suggests that the removal of the histidine side-

chain is more detrimental to the process of receptor recognition than 

removal of the entire 1-5 N-terminal segment of a-MSH. 

While the histidine side-chain is clearly important for full 

receptor recognition, it does not appear to be particularly important for 

[ 4 6- [ 6J signal transduction: both Nle ,Gly J -a-MSH and Ac- Gly -a-MSH6_
13

-NH2 

are able to completely darken amphibian skins. However, this point 

cannot be completely substantiated until both analogues are examined 

on the adenylate cyclase assay (105-7), (where one is more likely to 

detect partial agonist activity, in ~). 

It has also been suggested (266) that [Nle 4, Gly6J-a-MSH should 

be a competitive inhibitor (antagonist) to a-MSH. Our data do not 

support this possibility. At least on the amphibian melanophore sys

tems studied, [Nle4,Gly6J_a-MSH is a full, but weakly potent, agonist. 

The possibility of partial antagonism should be investigated on the 

adenylate cyclase assay, however. 

The obvious importance of the imidazale side-chain for full 

potency implies that this residue constitutes a major component of the 

receptor recognition message. This is substantiated to some degree by 

comparing the minimal activitY'of Ac-a-MSH
7

_
l3

-NH2 (159) to the potency 

of Ac-a-MSH6_13-NH2 and Ac-[Gly6J-a-MSH. The addition of the Position 6 

backbone fragment to the 7-13 sequence provides some activity; addition 

of the side-chain ensures it. 



Analogues Modified at Position Eight 

The raruc order of potencies is different for the Position 8 

analogues on the frog and lizard skins. This occurs because of the 

retained potency shown by [Nle 4 ,D-Phe 7 ,N1e 8J -a-MSH on the lizard skin 

assay. This retained potency is further illustrated by the relative 

receptor sensitivities shown in Table 33: when compared to 
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[N1e 4,D-Phe 7J-a-MSH, the frog skin assay is 100 times more sensHive to 

the loss of the guanido functionality than is the 1izardw Paradoxically, 

it is the lizard which shows a loss of prolongation effects with 

[N1e4 ,D-Phe7 ,N1e8J_a-MSH, not the frog (Fig. 22). This clearly demon-

strates, unambiguously, that potency and prolongation are separate, 

distinct phenomena, as has been suggested (267). 

In terms of potency, the frog is more "sensitive" to the absence 

of the guanido group, while clearly it is the lizard which is more sen-

sitive in terms of prolongation. This is further supported, at least 

in terms of potency effects, by the sensitivities of LNle
4

,NleSJ-a-MsH 

and [Nle 4 ,GlyB:J-a-MSH. Clearly, the guanido group is very important 

for full me1anotropin potency on the frog skin assay. 

It was proposed (266) that [Nle4,Gly8J-a-MSH might be a competi-

tive inhibitor for a-MSH. This is not supported by the new data for 

[Nle4 ,Gly8J-a-MSH or [Nle4,NleBJ-a-MSH. Both are full agonists. 

It has also been suggested that a citrul1ins-8 derivative of 

a-MSH was an antagonist (IS). Although this analogue was not directly 

r.. 4 8~ prepared in this dissertation, the data obtained for u~le ,Gly J-a-MSH 

and [Nle
4

,Nle
8
J-a-MsH would seem to preclude such a possibility, con-

sidering that the Position 8 side-chain appears to have no role in 
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signal transduction and little roie in recognition. An effect removed 

from the eighth position could result from a citrulline substitution, 

but this remains to be seen. 

It appears that the arginine side-chain is important in the 

receptor recognition process, not the signal transduction events. It 

also appears that the recognition role for arginine can influence the 

effect caused by the introduction of a D-phenylalanine in Position 7, 

at least for the lizard assay. This suggests that the arginine side 

chain is an important factor in not only influencing the on-rate of 

a-MSH binding, but may be involved in initiating the receptor dissocia-

tion event as well. 

Analogues Modified at Position Nine 

The dose-response curves of the frog and lizard follow a simi-

lar rank order of potency, although not exactly the same. On the frog, 

[ , 4 6 ') I 10, [ 4 Ch Cys ,Gly , ,Cys J-a-MSH is 2.4 times more potent than Nle ,GIy'.J-a-MSH, 

while on the lizard the relationship between these two analogues is 

nearly exactly reversed. Examining only [Nle4,Gly9J-a_MsH, we see a 

peptide very nearly inactive, nearly 15,000 times less potent than 

a-MSH, and 74,000 times leaa potent than [Nle 4J_a-Msn. A similar situ-

ation is seen in the lizard, indicating that the Trp-9 residue is 

critically important for full biological activity, especially on the 

frog receptor. 

This view is substantiated by the previously reported potencies 

of the fragments H-a-MSHl _8-OH (152) and H-a-MSBl_
9

-DH (152). 



There is also evidence that part of the importance of the 

Position 9 side-chain is due to the aromatic character of the indole 

moiety. [Phe9J..a,-MSH (151) possesses 0 0 12 the potency of 9,-MSH. The 

greater potency seen with this peptide, relative to [Nle4,Gly9J-a-MSH 

may also be due to the retention of the configurational integrity 
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(L-Phe vs. Gly); this could easily be determined by the preparation, at 

some future date, of [Nle4,L-Ala9J~-MSHo However, [Nle4,Gly9]"tt-MSH 

is undoubtedly an extremely poor, although full, agonist. The removal 

of tryptophan is more than eight times more selective in its effect on 

the frog than the lizard receptor. 

Although the removal of the tryptophan side-chain has dele-

terious effects upon potency, again we see little effect on signal 

transduction. Apparently the indole group is involved in receptor 

recognition, but not in signal transduction. 

This does not support the speCUlation (266) that [Nle4 ,Gly9J_ 

a -MSH might be an antagonist towards ~MSH. 

I 4 6 9 J 10 
[Cys ,Gly , ,Cys J-q-MSH is a very informative peptide. 

Clearly, from the data just presented concerning [Nle49Gly6J-~MSH and 

[Nle4,Gly9J-~MSH9 both the histidine and tryptophan residues appear to 

be critically important for the receptor recognition process. This is 

corroborated by work and material published nearly 25 years ago by 

Hoffman and Yajima (136), who stated that these residues were very 

important, and also SUbstantiated by the data of this dissertation, 

which illustrate the importance of these side-chains for full MSH 

potency. 



141 

The question then arises as to why these two residues are 

important. Do they possibly interact with each other, and in the pro-

cess hold a~SH into an important conformation? Or do these two side-

chains interact with the cell surface, and in so doing account for the 

principal driving force enabling a-MSH to bind its receptor? In an 

attempt to try to answer these questions, [C~S4,Gly6,9, c;slOJ-a-MsH 

was designed and prepared. 

I 4 I 10 ..[ I 4 I 10 
The cyclic analogues [Cye ,Cys J-a-MSH and Ac Cys ,Cye J-

a-MSH4_
13

-NH2 are 10-100 times more potent than a-MSH (26). This re

sults presumably from the presence in these cyclic analogues of a ~-turn 

structure, which closely approximates the biologically relevant confor

mation (6, 26, 268). Assuming that~;s4,Gly6,9,c~BlOJ_a-MSH is 

structurally and conformationally similar to [c~s4,c;slOJ-a_MSH, it 

should be as equally close to the biologically correct conformation. 

In this instance, if the histidine and tryptophan residues were imp or-

tant because of a conformational effect holding of the peptide, their 

absence from [c~s4,Gly6.9,c~slOJ_a_MsH should have a negligible effect 

upon the potency of this peptide. On the other hand, if the histidine 

and tryptophan side-chains are interacting with the cell-surface recep-

i 4 6 9' 10 tor (a lipophilic bond), then their absence from [Cye ,Gly , ,Cys J-
a-MSH should have a pronounced negative effect upon the potency of that 

[ 
I 4 6 q I lOJ peptide, regardless of "conformation." In fact, Cys ,Gly ,. ,Cye -

a-MSH is nearly 500,000,000 times less potent (on frog) than 

rc
i 

4 c I 10J MSH t' t .. ff t' d d b t 500 000 ys ,ye -a- a 1 s m1n1mum e ec 1ve ose, an e ween t 

and 5,000,000 times less potent in the linear portion of the dose 

response curve. This strongly argues that the side-chains of either 



142 

the histidine, tryptophan or likely both residues must interact with the 

melanotropin ~eptoro 

This does not preclude these side-chains from exerting a confor-

mational effect, but only demonstrates that their principal interaction 

is with some entity (likely receptor) of the melanophore cell. 

This is supported somewhat by preliminary H-fnfR data (unpub-

lished) which fails to show any interaction between the histidine and 

tryptophan residues. The extent of the interaction could be investigated 

I 4 6 '10 
in the future by the preparation of [Cys ,Gly ,Cys ]-a-MSH and 

[ 
I 4 9 I 10J Cys ,Gly ,Cys -a-MSH. 

Correlations with Reverse-turn Model 

In this section the proposed cyclic model of a-MSH action will 

be outlined as it has been proposed by Sawyer, Hruby et ale (26, 164, 

266). The data presented in this dissertation will then be discussed 

in terms of this model, with areas of agreement and disagreement dis-

cussed. 

Cyclic Model of a-MSH Action 

The reverse-turn model was first put forth by Sawyer et al., 

then enhanced and refined significantly by Hruby et ale (108). 

This model is characterized by a reverse-turn ~-type I or type 

II, C
7 

or y) existing in the region --His-Phe-Arg-Trp--. The forces 

postulated to give rise to and stabilize a$-type turn are: (1) an 

H-bond from the carbonyl of His-6 to the amide of Trp-9; (2) lipophilic 

clustering of Phe-7, Trp-9 and Lys-ll side-chains; (3) an ionic bond 



between the side-chains of Glu-5 and Lys-ll; and (4) D-Phe-7, when 

present, stabilizes the conformation of the turn structure. 
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The a-MSH peptide, according to the reverse-turn model, recog

nizes the melanophore receptor in a sequential "zipper" (5) fashion. 

It has been suggested that the recognition sequence may likely be Val-13, 

Gly-10, Phe-7, Met-4 and Ser-l (266). It has also been proposed that 

Phe-7, Trp-9 and Lys-ll bind essentially simultaneously, as one func

tional unit (163). 

It has been suggested, and supported on many occasions (5,19,20), 

that potency and prolongation are separate phenomena arising from dis

tinct chemico-topological features of a-MSH. 

Very recently, Sawyer has suggested that an amphipatic,6-turn 

may exist in a-MSHj according to this view, the side-chains associated 

with the ~-turn residues (His, Phe, Arg, Trp) are segregated into 

lipophilic and polar domains (164). 

The results of this dissertation agree well with the reverse

turn model, and offer some new insights into specific roles for three 

of the four amino acids contained within it. 

Implications of the New Data 

The new data indicate that the imidazole and indole side-chains 

are extremely important components of the reverse-turn ring structure. 

These two side-chains, whose positions in space would be ex

pected to be well fixed by an amphipatic reverse-turn. are postulated 

to directly interact with the melanophore receptor. This is, in the 

author's view, the likely first event to occur after the initial 
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nucleation of the peptide, caused in part by the binding of the 

Lys-Pro-Val-NH2 segment. The cyclic structure fixed by [c~s 4 ,c;slOJ_ 

a_MSH facilitates the interaction of the His-6 and Trp-9 side-chains 

with the receptor, accounting for the superagonism shown by this peptide. 

The His-6 and Trp-9 receptor interaction is not the initial nucleation 

[ '4""":1 lOJ step, but occurs afterwards. This may explain why Ac- Cys ,Cys -q~ 

-MSH4_10-NH2 does not exhibit the superagonism of the cyclic 4-13 and 

1-13 analogues. 

The new data derived from the Position 8 analogues indicate that 

the arginine side-chain is less important than originally thought (163, 

266) with regard to potency. The author finds the observation that 

[Nle \D_Phe7 ,Nle8J-a-MSH is less prolonged than [Nle 4,D-Phe7J-~-MSH very 

interesting, and suggests that this may resul t from a type of neighboring-

group effect, where the norleucine-8 side-chain interacts with the 

D-Phe-7 side-chain, inhibiting its effect on prolongation. The arginine 

side-chain would be expected to be found on the polar side of the amphi-

patic turn structure, whereas a norleucine-8 side-chain would be ex-

pected to partition to the same side as a phenylalanine. A proposed 

analogue, [Nle49D-Phe7,Gly8J~-MSH, would then be expected ~o exhibit 

the longer prolonged action of [Nle \D-Phe7J~-MSH. The new data do offer 

more evidence that potency and prolongation are in fact separate events. 

While [Nle 4 ,D-Phe? ,Nle 8J~ -MSH is less prolonged than [Nle 4 ,D-Phe 7J..a 

-MSH on the lizard, it is equipotent. On the frog, the former peptide 

is less potent than [Nle 
4 

,D-Phe 7 J~ -MSH, but equally as prolonged. The 

only explanation for this paradox is the one offered by Hruby et alo 



"(267), specifically that these events ~ separate, and caused by dif

ferent structural features. 

A Refined View of the Reverse-turn 

The author postulates that the lipophilic constituents of the 

amphipatic turn structure are His-6, Phe-7 and Trp-9, while the polar 

constituents consist of Arg-8 and Lys-ll, together with Glu-5. 

In the author's view, full potency in a linear analogue re-

quires at the minimum both Phe-7 and Trp-9, while a more complete 

receptor recognition requires the presence of His-6 as well. 

Unfortunately, the new data have given little insight into the 

structural features responsible for signal transduction, a major focus 

of melanotropin research. However, the new data have reduced the number 

of possible structural features responsible for transduction, and at 

the same time eliminated speculation as to the role of the imidazole, 

guanido and indole side-chains in that regard. 

The data presented here suggest the possibility that the signal 

transduction elements may not be side-chain structural features, but 

rather peptide backbone ones. Specifically, the minimal activity of 

Ac-a-MSH
7

_
13

-NH2 (unpublished) suggests that the signal transduction 

element(s) are in the backbone between Positions 7 and 8 or Positions 

8 and 9. Unpublished data with Ala-7 peptide fragments of a-MSH tend 

to eliminate the Phe-7 side-chain as a principle transduction element, 

because the Ala-7 fragments are biologically active. 

In order to investigate the peptide backbone elements of 

Positions 7, 8 and 9, one could prepare the Y-aminobutyric (GABA) analogue 
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fragments. Specifically, the peptide bonds (-CONH-) of each position 

could quickly be evaluated by replacement with the alkyl substituents 

of GABA or delta amino pentanoic acid analogues. A peptide antagonist 

could result from one of these analogues. 

Summary 

The -MSH peptidea prepared in this dissertation were tested for 

biological activity on the frog (Rana pipiens) and lizard (Ano1is 

caro1inensis) skin bioassays. Rank orders of potency were established 

on each assay for the positions 6, 8 and 9 analogues. In addition, the 

effect of the guanido group on prolongation was determined. The 

obtained values were discussed in terms of agreement with past litera

ture work, and in terms of the reverse turn informational model of 

-MSH action. 



CHAPTER 6 

SUBSTANCE P: RESULTS AND DISCUSSION 

Conformationally Restricted 
SP Analogues 

r.' 5 16 llJ LCyS ,Cys ,Nle -SP, 

Results 

[ ' 5 1 111 [' 6 IllJ Cys ,Cys ~-SP5_l1-NH2 and Cys ,Cys -

SP
5

_l1-NH2 were tested for biological activity on the guinea-pig 

isolated ileum and rat-brain binding assays. The results for the ileum 

assay are in Table 34, while the binding data are found 

in Table 35 and Figure 26. 

The guinea-pig isolated ileum closely followed published pro-

cedures (172). The animals were male Hartley guinea-pigs, and were 

killed prior to each experiment by cervical dislocation. 

The rat-brain binding assay closely followed published procedures 

(239,250). Adult Sprague-Dawley rats were killed by cervical disloca-

tiona The cortical brain only (without cerebellum, medulla and pons) 

was used for the binding assay. All peptides were tested for binding 

v.s. 3H_SP (New England Nuclear). 

Ac-Gln-Gln-Phe-Phe-NH2, 
A Possible Message Sequence 

Ac-Gln-Gln-Phe-Phe-NH2 (AC-SP
5

_S-NH2) was tested for biological 

activity on both the guinea-pig isolated ileum and rat brain binding 

assays. Ac-SP
5

_S-NH
2 

was minimally active on the GPI, maintaining 
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Table 34. Relative potencies of conformationally restricted analogues 
on the guinea-pig isolated ileum assay, in~. 

Analogue Potency EC50 

SP 1 3.0 x lO-9M 

[' 'J 16 llJ eys ,eys ,Nle -SF 0.0006 5 x 1O-~ 
oj 5 ill Cys ,eys J-SP5_ll-NH2 inactive a inactive 

.f 6 ill 
[Cye ,eye ]-SF

5
_11-NH2 inactive inactive 

alnactive means that no contraction, statisticall~ significant over 
basal, was seen over the concentration range lO-~--lO-~. 
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Table 35. Relative affinities of conformationally restricted analogues 
on the rat-brain binding assay. 

Analogue Relative Affinity IC
50 

a 

SF 1 10 lIM 

[' 5 i 6 11 Cye ,Cys ,Nle J-sp 0.001 1000 n"'1 

[' 5 '11 Cys ,Cye J-SF5-11-NH2 0.0005 20,000 nM 

C' 6 '11 Cys ,Cys J-SF5-11-NH2 inactive inactive 

aIC50 is that concentration of ligand (analogue) required to inhibit 
by 50% the binding at 3H-SF. 
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1/200,000 the potency of SF, and showing only 20% of a full contraction 

(a partial agonist)D On the rat-brain binding assay, vs. 3H_SF , 

Ac-SP
5

_8-NH2 showed no specific binding over the concentration range 

10-9M _ 10-4M• 

N-Tyrosyl [ll-Norleucine]-Sp, 
A Radiosusceptible Ligand 

N-Tyrosyl[ll-Norleucine]-SP ([TyrO,NlellJ_SF) was tested on the 

GPI rat-brain binding and intrathecal injection assay systems'. On the 

GPI, [Tyr°,NlellJ~SP was equipotent to SF, perhaps even slightly more 

[ ° 11J potent. The IC
50 

was 2.4 nM for Tyr ,Nle -SF, as compared to 3.0 nM 

for SP. 

[ ° 11J On the binding assay, Tyr ,Nle -SP was 7.5 times less potent 

than SP (IC
50 

of 75 riM VB. 10 nM). On the intrathecal injection assay, 

[TyrO,NlellJ_sp was 4 times less potent than SF. The data are sum-

marized in Table 36. 

Conformationally Restricted 
SF Analogues 

Discussion 

There are five main points generally held as pertinent and true 

for SP action (Tables 14-18)~ (1) only the 5-11 sequence is needed for 

full potency on the GPI and rat-brain binding assays (244,245,177); (2) 

the side-chains of positions 5 and 6 are not required for full potency 

in full length analogues; (3) the 5-11 region of SP assumes a pseudocyc-

lic structure, with Gly-9 the focus of the bend (257,258,177); (4) the 

N-terminal 1-4 tetrapeptide is not an important factor for the GPI 

activity of SP, but is for CNS activity (204); and (5) SP likely acts 

through a lock and key type mechanism (269). 



Table 36. Comparative relative potencies of SF and [TyrO,N1e11 ]_SF 
on the GPI,rat-brain binding, and intrathecal injection 
assays. 

152 

B · d' b l.n l.ng Intratheca1c 

SF 

[ ° 11J Tyr ,N1e -SF 

1 

1.25 

~uinea-pig isolated ileum. 

bRat-brain binding assay, vs. 3H-SF. 

Clntratheca1.injection behavioral assay. 

1 1 

0.133 0.250 
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The two cyclic 5-11 fragments are inactive on the GPI (Table 34) 

and show only a minimal specific binding on the rat-brain assay (Fig. 

23). This low level of activity does not result because they are frag-

ments (244,245,177) or because they lack Gln aide-chains at positions 

5 and 6 (248). Neither does the reduced activity result from the 

absence of the methionine-ll in either peptide (43,24). 

The full potency of lNlellJ-SP t reduced potency (20%) of 

[Alall]_Sp and inactivity of [Met(O)ll]_sp (Table 14, ref. 24) does 

suggest that full potency requires a lipophilic side-chain group at 

Position 11, with certain space-filling requirements (24). Although 

our Cys-ll analogues do not fully meet these space-filling requirements, 

this alone cannot explain the inactivity of our 5-11 cyclic fragments. 

The lack of isosteriam in both 5-11 fragments would be expected to 

account for aome loss of potency, but not a nearly complete one, as ia 
4 I 5 i 11 

the case with the reduced potency of the non-isosteric [Nle ,Cya ,Cys J-

a-~SH (163). The structural changes incorporated into these 5-11 frag-

ments cannot be fully responsible for their inactivity. 

The author offers as an explanation that in order for SP to 

recognize the GPI and brain receptors, the 5-11 region .of the peptide 

must be in a linear conformation. If the proposed pseudocyclic struc-

ture (177) does exist, and is important for activity, then this confor-

mation is assumed by the peptide ~ receptor recognition has taken 

place. The SP peptide may have a pseudo-cyclic conformation on the 

receptor, but it must have a linear conformation in order to recognize 

the receptor in the first place. 
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The potency of [Cys ,Cys ,Nle J-sp is supportive of this view 

(Table 34). It closely approximates the potency of other analogues 

which also are missing positions 5 and 6 side-chains (Tables 14-18), and 

is much more potent than the other two cyclic peptidese> The structure 

of [c~s59dys6,NlellJ_SP has also conserved the conformational linearity 

of the 7-11 region, in contrast to the cyclic 5-11 and 6-11 peptides e 

As a result, [c~s5,c~s69NlellJ has more activity. 

The idea of a linear/cyclic conformational change for 

SF during the receptor recognition process also helps account for the 

antagonism displayed by D-Trp-9 analogues (Table 18). A linear/cyclic 

transformation therefore implies most strongly that a zipper-type of 

binding process is followed by SF, not a lock-and-key type (269). If 

lock-and-key type of process was followed, the[c~s5,c~sllJ-SP5_11-NH2 
[ 'b":1 11J and Cys ,Cys -SP

5
_11-NH2 fragments would be expected, even though not 

exactly isosteric analogues, to have a structure close to the cor-

rect conformation, and be potent agonists. 

Ac-Gln-Gln-Phe-Phe-NH2, A 
Possible Nessage Sequence 

If, as the view of a cyclic-linear transformation suggests, SF 

follows a zipper mode of binding, there should be a primary nucleation 

site to initiate the process (4,5). Previous structure activity stUdies 

suggested two likely candidate sequences: the --Gln-Gln-Phe-Phe--

region and the --G1y-Leu-Met-NH2-- C-termina1 sequence (Tables 14-18). 

A small peptide fragment, possessing the primary nucleation site, would 

be expected to show strong affinity for the receptor, perhaps some bio-

logical activity, and perhaps some antagonism. Based upon these 
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considerations, Ac-SP
5

_S-NH2 does not appear to be the region for initial 

peptide binding. The Ac-SP
5

_S-NH2 analogue is 1/200,000 as potent as SP 

in the GPl and completely inactive on the rat-brain assay. The tetra-

peptide does not give a full response on the GPl, only 20% of a full 

contraction at maximal dose. This is characteristic behavior for a 

partial agonist (5). The Ac-SP 5-S-NH2 fragment very likely possesses 

part of the signal transduction sequence, and not much of the initial 

receptor recognition message. This is confirmed by the fact that 

Ac-SP
5

_S-NH2 failed to show any antagonism at all concentrations ex

amined (10-9_104 M). The Ac-sF 5-S-NH2 peptide has poor receptor affinity, 

low potency, and no antagonism. The data do not support the postulated 

role for this sequence as the primary site of nucleation. These data 

leave intact, however, the possibility that perhaps the Gly-Leu-Met-NH2 

fragment is such a site. 

[N-Tyrosy10,11-NorleucineJ-sp, 
A Radiosusceptible Ligand 

The data obtained for [TyrO ,NlellJ_SP agreed well with the 

"author's prediction based on the GPl data. Given what was known about 

the methionine-II and the N-terminus as they affect GPl potency, 

[TyrO,Nlel1J_sp was expected to be equipotent to SP, and it was in fact 

slightly more potent (1.25 vs. 1). 

The usefulness of [TyrO,Nle11J_sp as a radioligand is not 

great, however, due to this peptide's differential potency on the rat-

brain binding assay (270). 

This result was totally unexpected, and may be explained if one 

views the receptors in the GPI as possibly being different than those 
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in the eNS (271). It is not yet possible to clearly and definitely argue 

this point, although some authors have done so (177). 

Speculative Model of SP, Receptor 
Interaction on GPI, Rat-Brain 
Membranes 

The following model is proposed as an attempt to correlate 

existing structure-activity data with the new results obtained in the 

present research. In the following analysis the author placed great 

emphasis upon in ~ results from both the GP! and rat-brain assay. 

structure-activity data from in ~ tests, particularly those involving 

micro injections into the spinal cord, may conflict with the following 

view. However, as Oehme (205) pointed out, these types of in ~. 

micro injections present many interpretive difficulties, which are 

absent from in vitro studies. ----
Mode of SP-binding. As discussed earlier, the author postUlates 

that SP follows the zipper-type of recognition process. This involves 

receptor recognition by a linear SP peptide, which after the primary 

nucleation (see below) folds sequentially into a pseudocyclic confor-

mation, centered around glycine-9. 

The data supporting this is derived primarily from the present 

'~ 111 [' 6 I 11J results with [eys ,eys ~-SP5_11-NH2 and eys ,eys -SP5_11-NH2' as 

well as the antagonism shown by D-Trp-9-containing peptides (186, 245 9 

246,252,256). That a pseudocyclic conformation is involved at all has 

been repeatedly suggested on both spectroscopic (258) and theoretical 

(257) grounds. It seems the best way to reconcile the likelihood of a 
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turn structure with the low activity of our new cyclic fragments is to 

formulate a linear to pseudocyclic conformational change during the 

recognition process. 

Primary Nucleation Site. The author suggests this site to be 

methionine-II. It is clear that there exists a specific space-filling 

requirement for the eleventh-position side-chain, and that the loss of 

lipophilicity (as[Met(O)lJ-~~), or the loss of a carboxamide (as 

SF-C0
2

H) will have an extremely negative effect on potency (24,43). In 

addition, [des_Metll]_sp was virtually inactive, adding more evidence 

for the view that this side-chain is likely the site of primary nuclea-

tiona 

Subsequent Recognition Elements. After nucleation by Met-ll, 

the author· speculates that Phe-7 and Phe-8 complete the receptor recog-

nition process. That these residues are important for full potency is 

incontrovertible (24,246, 177). Of the two positions, Phe-7 is appar-

ently more important. The fragment -Phe-Pha-Gly-Leu-Met-NH2 has bean 

prepared (244) and tested (244,177) and reported as at leaat 0.03 as 

potent as SF, possibly 0.0005. Interestingly, this fragment was not 

tested for antagonism. 

After the recognition of Phe-7 and Pha-B, the backbone of resi

due 6 [-HN-CH-CO-] likely completes the receptor recognition process, 

simultaneously causing signal transduction. This is supported by the 

activity of [P-Glu6J-SP6_l1-NH2 (249,177) and l Gly6J_sp (24). Addi

tionally, the antagonism reported by Baclofen analogues (209,210), a 

structural analogue similar to an N-substituted phenylalanine, provides 
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further evidence for the possibility that the [HN-CH-COJ segment at 

position 6, is responsible for signal transduction. The low potency, 

but agonism, displayed by Ac-SP-5-8-NH2 is further evidence that con

tro.ned within this tetrapeptide sequence is at least part of the trans-

duction sequence. By adding the Gly-Leu-Met-NH2 sequence toAc-SP5-8-NH2' 

giving Ac-SP
5

_11-NH2 , we find a peptide equipotent to SP (244); this can 

be easily explained if one views the Met-II side-chain as the site of 

initial receptor recognition. 

A possible way that this concept of SP action could be tested 

would be to synthesize rigid analogues, in which the[HN-CH-CO] segment 

was replaced by a more sterically hindered component, such as an olefin 

[H2C = CH2]. By increasing the conformational restraints at this 

position, antagonists could result. 

In summary, SP initially recognizes the GPI and rat-brain recep-

tors in a linear conformation, with the Met-II side-chain responsible 

for initial nucleation. After this, the peptide folds into a pseudo-

cyclic structure, centered around glycine-9. After Phe-? completes the 

recognition process, signal transduction occurs as a result of either 

the binding or conformational change of the HN-CH-CO segment of the 

position 6 residue. 

Summary 

[ i 5 I 6 11J [i 5 I 11J [0 ~ 11J Cys ,eye ,Nle -SP, Cye ,eys -SP
5
_II-NH2 and Cys ,eye -

SP5-11-NH2 were tested for biological activity on the GPI and rat-brain 

binding assay. In addition to these analogues, Ac-SP
5
_S-NH

2 
and 

[TyrO,NlelIJ.sp were also tested. 
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The two cyclic 5-11 fragments were found to be essentially 

inactive. This was attributed to their cyclic nature preventing a 

cyclic linear conformational change, necessary for receptor recognition. 

Ac-SP
5

_8-NH2 was a very weak agonist, with 1/200,000 the potency of SP. 

LTyrO,NlellJ_SF was equipotent to SF in the GPI, but less potent in 

eNS assays. 

Finally, a conformational model of SF action was proposed in an 

attempt to correlate the new data with previous researchers. 
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APPENDIX A 
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311 
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Ct, '(-Diaminobutyric acid 

Courtesy of Dr. Tami K. Sawyer, Kalamazoo, Michigan. 
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3' ,5' -Diiodotyrosine 

Gl utamic Acid 

Glutamine 

Glycine 

Histidine 

3;-Iodotyrosine 

Isoleucine 

Leucine 

Lysine 

Norleucine 

Norvaline 

Nethionine 

Methionine sulfone 

~~thionine sulfoxide 

Ornithine 

H02 C-CH 2 -CH2 -

H2N-C-CH 2 -CH2 -
11 
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,-_ ...... ,.....- C..H 2 -

NVNH 

I 
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CHs 

CH -CH-CH -s I 2 

CHs 

CH -CH-CH 2 -
S I 

CHs 

o 
\I 

CH s -S-CH 2 -CH2 -
II 
o 

CH -S-CH -CH -s 1/ 2 2 

o 
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Giu 

GIn 

Gly 

His 

3'-I-Tyr . 

Ile 

Leu 

Lys 

Nle 

Nva 

~let 

~~t (0) 

Orn 



Penicillamine 

Phenylalanine 

Proline 

B-(3-Pyrazolyl)alanine 

Pyro-gl utamic 

Tryptophan 

Tyrosine 

Valine 

Protecting Group 

Benzyl 

CH 3 
I 

SH-C
I 
CH 3 

Q-C02 H 
I 
H (entire structure) 

CH=CH-CH2 -
II \ 

CH CH 
"No?' 

(')CH-C02H 
C-NH 

h 
o (entire structure) 

@:clCH2 -

H 

CH 3" CH
CH / 

3 

Amino Acid Protecting Groups 

Structure 

@rCH2 -
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Pen 

Phe 

Pro 

Pza 

<GIu 

Trp 

Tyr 

Val 

Abbreviation 

Bzl 
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2-(4-Biphenylyl)-2- CH Bpoc 
propyloxycarbonyl @-@-~-O-C-

I n 
CH 0 

5-Carboxymethyl-3- .0,)0, Cnpys 
nitro-pyridinethiol -O-C-CH 0 s-

\I N 
0 

(bifunctional) 

2,6-DichlorobenzYl Cl 2,6-C1 2-B::.l @CH,-
Cl 

2,4-Dichloroben:Yloxy- €i1 0 2,4-C1 2-Z 
carbonyl 

Cl () CH2-0-~-

Formyl HC- For 
/I 
0 

9-Fluorenylmethyloxy-

~ 
Fmoc 

carbonyl 

CH 2-O-C-

0 

Tert-butyl CH3 But 
I 

CH3-C-
I 
CH 3 

Tert-hutyloxycarhonyl CH 3 t-Boc , 
CH -C-O-C-3, 1\ 

CH 3 0 

4-Toluenesulfonyl 

%~ 
Tos 

CH 3 0 ~-
0 
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