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ABSTRACT 

a-MSH (a-melanotropin) is a naturally occurring linear 

tridecapeptide (Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Va1-

NH2) that is primarily known for its ability to stimulate integumental 

melanocytes and more recently has been implicated in a variety of 

physiological and neurological processes. It has been shown that 

substitution of Q-phenylalanine in the seven position of this hormone 

led to an analogue with increased potency and prolonged biological 

activity. Furthermore, cyclization between the four and ten positions 

via a cystine bridge led to analogues with enhanced potency. In this 

regard, a series of conformationally restricted linear and cyclic 

fragment analogues of a-MSH have been prepared and carefully analyzed by 

both biological and biophysical methods. Conformational restriction was 

incorporated in a-MSH fragment analogues, by: 1) substitution of 

sterically restricted amino acids into the native sequence; or 2) 

cyclization of the peptide via a disulfide bridge. 

Due to the biological differences observed for these synthetic 

a-MSH fragment analogues, a complete conformational analysis by both 

proton and carbon-13 NMR was performed. The conformational preferences 

of the backbone were examined by analyzing: (I) the alpha proton 

chemical shifts; (2) the amide proton chemical shifts; (3) the amide 

proton coupling constants; and (4) the amide proton temperature 

dependencies. The data suggests that the peptide backbone in both 

linear and cyclic analogues possesses a great amount of conformational 

xiv 
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flexibility with no hydrogen-bonded stabilization. The three

dimensional orientations of individual amino acid side chains have been 

examined by analyzing: (1) the chemical shifts of the side chain 

protons; (2) the alpha-beta coupling constants (corresponding rotamer 

populations); and (3) the carbon-13 spin lattice relaxation times (T1). 

A careful examination of the chemical shifts of the side chains of 

individual amino acids in linear a-MSH fragments reveals that 

incorporation of an aromatic D-amino acid in the seven position results 

in an interaction of the side chains of the six, seven and eight 

positions. In addition, the low carbon-13 spin-lattice relaxation times 

for the a-carbons of the 5-9 sequence for both Ac-[Nle4]-a-MSH4_11-NH2 

and Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2, provides further evidence for an 

interaction of these side chains. Similar shielding patterns have been 

observed for the cyclic a-MSH fragment analogues depending upon whether 

h- or Q-phenylalanine is incorporated in the seven position. 

Considering the differences in biological potency and t~e similarities 

in the NMR parameters between the linear and cyclic homologs, it can be 

concluded that the conformational properties that determine biological 

potency are too subtle to be measured by present NMR methodology. 

Furthermore, the similarity of the NMR shielding patterns suggests that 

a 23-membered ring is too large to impart significant conformational 

constraints on the peptide backbone or amino acid side chains. 



CHAPTER 1 

INTRODUCTION 

A major problem in modern biochemistry is understanding the 

physical, chemical and biological interactions required for the exchange 

of information in biological systems between messengers and acceptors 

(receptors) (1-6). The messengers, such as certain peptides, transmit 

their information by initially binding to a specific plasma membrane 

receptor and then transferring the information (transduction) through a 

series of specific cellular biochemical events. Undoubtedly, in order 

for the messenger to recognize its specific receptor each component must 

have a specific three-dimensional conformation. Therefore, any detailed 

understanding of the information transfer process must involve a 

complete analysis of the three-dimensional topology and flexibility of 

both the messenger and the plasma membrane receptor, both when binding 

occurs, and in the transduced state. Unfortunately, this type of 

analysis is not possible since the receptors are not available in 

sufficient concentration or purity for such studies. Instead, 

researchers have relied upon analysis of the three-dimensional structure 

of the messenger and structurally varied synthetic analogues in an 

effort to try and deduce the important structural features of both the 

messenger and the receptor for binding and transduction (7-9). 
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Many methods have been employed in an effort to delineate the 

individual amino acids and their structural properties that may be 

important for the observed biological activity as a result of signal 

transduction. The classical method has involved chemical modification 

of a peptide by both synthetic and semi-synthetic means. In many of the 

early structure-function studies, the importance of an individual amino 

acid in the native peptide sequence was determined by either· complete 

removal, replacement with the opposite enantiomer, or substitution with 

another naturally occurring amino acid and observing the biological 

response. Recently, with advances in synthetic methodology and 

scientific instrumental technology a new and more sophisticated approach 

has developed. In particular, this method seeks to relate the biological 

activity of a peptide to its three-dimensional structure. 

Unfortunately, most peptides are very flexible molecules with 

innumerable possible conformations, and therefore most peptides studied 

by this approach have been modified in an effort to reduce the number of 

possible conformations (conformational restriction). In this regard, 

conformationally restricted peptides have been prepared by: 

(1) incorporation of non-proteino]enic amino acids at key residues; 

(2) modification of the .peptide backbone itself; (3) cyclization of 

the peptide; and (4) a number of other methods (10). A variety of 

synthetically prepared amino acids have been incorporated into peptides, 

including: (1) dehydroamino acids (11,12); (2) N-alkylated amino acids 

(13,14); and (3) amino acids with bulky or sterically restricted side 
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chains (15,16). Likewise, modification of the peptide backbone may be 

performed by a variety of methods, including: (1) retro-inverso substi

tutions (17-19); (2) ketomethylene substitutions (20,21); (3) thioamide 

substitutions (22,23); (4) thiomethylene substitutions (24-26); and (5) 

incorporation of lactam bridges (27,28). Furthermore, peptides have 

been cyclized by: (1) amide bonds (29-31); (2) methylene or carba 

linkages (32,33); and (3) disulfide bridges (34-38). A careful 

biological and biophysical analysis of these modified peptides has, in 

some cases, led to the rational design of peptide analogues with: (1) 

increased biological potency (33,34,39); (2) prolongation of the 

biological response (39); (3) specificity for a particular receptor 

(35); and (4) antagonistic activity (40,41). 

Biological Significance of a-Melanotropin 

A series of structurally similar peptides (a-MSH, a-MSH, y-MSH), 

adrenocorticotropin (ACTH), corticotropin-like intermediate lobe peptide 

(CLIP), a-lipotropin (a~LPH), a-LPH, a-endorphin, a-endorphin and 

y-endorphin isolated from the vertebrate pituitary (42,43) are derived 

from a precursor protein~ pro-opiomelanocortin (Figure 1). Of the 

melanotropins, a-MSH, a-MSH and y-MSH are structurally similar and may 

be evolutionarily related. Mammalian a-MSH (a-melanocyte stimulating 

hormone, a-melanotropin) is a linear tridecapeptide that comprises the 

first thirteen amino acids of ACTHl-39, but unlike ACTH analogues, the 

N-terminus is acetylated and the C-terminus amidated (44). Other 

sequences of a-MSH have been isolated from the salmon and the dogfish 

shark pituitary glands (Figure 2) (44). The primary physiological 
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Figure 2. Primary structures of the isohormonal forms 
of a-HSH and ACTH. 
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function of a-MSH is control of skin pigmentation in a variety of 

organisms by three methods: (1) synthesis of the melanophore pigment, 

melanin; (2) dispersion of melanosomes within integumental melanocytes; 

and (3) transfer of pigment from the melanocytes in storage cells to the 

epidermis of the skin, hair or feathers (44). 

Besides its documented role in skin pigmentation, a-MSH has 

recently been implicated in a variety of neurological processes, such 

as: arousal, attention, learning and memory (44-51). These studies have 

shown that a-MSH can facilitate learning and memory, and although its 

mechanism of action is not completely understood it may be related to an 

increased condition of arousal and attention after administration of the 

hormone (47). Furthermore, a-MSH and its analogues have been suggested 

to possess a large variety of other extrapigmentary functions (44,45) 

including: (1) fetal growth and development; (2) sebotrophic activity 

(i.e. stimulates release of sebum from the sebaceous glands); and (3) 

lipolysis (release of lipids from adipose tissue). Other less well 

documented biological actions of a-MSH include: (1) thermal regulation 

of the body; (2) cardiovascular effects; (3) release of aldosterone from 

adrenal glands; etc. (for further information, see 52 and 53). Due 

to the large variety of physiological and neurological functions of 

a-MSH, this hormone has been analyzed by many different chemical and 

biological methods. 
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Systems for Analysis of the Biological Potency of a-MS~ 

Probably the most widely utilized biological assay for the 

melanotropic activity of a-MSH is based upon its ability to darken 

amphibian skins (54-57). Both the in vitro frog (Rana pipiens) and 

lizard (Anolis carolinensis) skin bioassays are based upon the ability 

to quantitate the amount of skin darkening, as a result of the 

melanotropins, by reflectance. The sensitivity of the assay allows 

analysis of the potency of melanotropins in the range of 10-4 to 10-12 M. 

The popularity on this method is a result of its: (1) simplicity; 

(2) cost-effectiveness; and (3) rapid production of data. In certain 

cases an ~ vivo amphibian skin bioassay (Rana pipiens) has also been 

employed (44). 

A more recently developed assay involves determination of the 

effects of a-MSH on the adenyl ate cyclase system via plasma membranes 

obtained from mouse S-91 (Cloudman) melanoma cells (58). Membranes are 

obtained by harvesting tumors from mice injected with melanoma cells 

that were kept in tissue culture. The potency of the melanotropins is 

determined by measuring the conversion of [a-32P]-ATP to radiolabeled 

cyclic AMP via adenylate cyclase by scintillation methodology 

(Figure 3). 

Furthermore, the activities of melanotropin analogues can be 

studied by examining their effect on the enzyme tyrosinase, utilizing 

Cloudman melanoma cells grown in tissue culture. The assay is based 

upon measurement, by scintillation methodology, of tritium-labeled water 
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formed when tritium-labeled tyrosine is converted to 3,4-dihydroxy

phenylalanine (DOPA) by the action of the enzyme tyrosinase (59,60). 

The neurological activities (45-51) of a-MSH and its analogues 

have been analyzed by a variety of methods. The effects of a-MSH on 

learning have been investigated by: the T-maze appetitive response, the 

12-arm Warden maze appetitive response, a two-way shuttle box avoidance 

response, and a visual discrimination appetitive task. The effects of 

the hormone on memory were studied by: the shuttle box, pole jump assay, 

and conditioned taste aversion. The ability to increase motivation or 

arousal has also been examined extensively in human volunteers and 

patients. 

Previous Structure Function Studies of a-MSH - -

Classical methods of structure-function analysis of a-MSH have 

involved the preparation of analogues and fragment analogues of the 

native tridecapeptide followed by analysis of their biological activity 

(44,61-70). Strategies were aimed at determination of the importance of 

individual amino acid residues and the minimal sequence necessary for 

biological activity. In order to study the importance of individual 

amino acids, peptides were prepared with single or multiple replacements 

in the native tridecapeptide. Of particular interest to this study are 

substitutions in the four, six and nine positions (Table 1). The 

minimal sequence required for biological activity has also been studied 

by the sequential removal of residues from the N- (Table 2) and 

C-terminus of the tridecapeptide (44,71). In most cases, the ability of 
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Table 1: Relative in vitro potencies for selected analogues of a-MSH on 
the frog Skin (Rana pipiens) bioassay. 

Analogue 

a-MSH 

[Met(0)4]-a-MSH 

[Ile4]-a-MSH 

[Leu4]-a-MSH 

[Nle4]-a-MSH 

[Nle4, Q-Phe7]-a-MSH 

[Trp(NPS)9]-a-MSH 

[Leu9]-a-MSH 

[Phe9]-a-MSH 

des-Ac-a-MSH 

Relative potency 

1.00 

0.006 

0.5 

0.5 

2.0 

60.0 

1.0 

0.25 

0.12 

0.1 

Reference 

81 

82 

82 

54 

39 

87 

87 

88 

85 
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Table 2: Relative in vitro potencies for selected fragment C-terminal 
analogues-of a-MSH on the frog skin (Rana f0pien~_) bioassay. 

Analogue 

a-MSH 

Ac-a-MSH2_13- NH2 

Ac-a-MSH3_13- NH2 

Ac-a-MSH4_13- NH2 

Ac-a-MSH5_13- NH2 

Ac-a-MSH7_13- NH2 

Ac-a-MSH11-13- NH2 

Relative potency 

1.00 

0.50 

0.20 

0.10 

0.012 

0.00012 

inactivea 

Reference 

96 

84 

96 

96 

96 

44,71,96 

aAc-a-MSH11_13-NH2 proved to be devoid of a-MSH activity in our 
laboratory (44,71), even though it has been reported by other 
researchers to possess agonist properties (96) • 

., . 
:~ 
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these synthetic analogues to cause dispersion of amphibian skin 

melanophores has been determined on the in vitro frog and/or lizard skin 

bioassays. 

Specifically, it has been shown that the stereochemistry of the 

amino acid in thf~ seven position (Phe) can have dramatic effects on both 

potency and prolonged activity of the native hormone (39,72,73). The 

development of these concepts resulted from considerations of earlier 

studies that showed heat-alkali induced racemization of a-MSH produced a 

complex mixture of peptides with retardation of biological activity and 

"prolonged" activity (increase of the duration of the response after 

removal of the peptide from the assay medium) (39,44,56,72,73). 

Quantitation of the amount of racemization of individual amino acids 

showed that the 6-8 sequence (His-Phe-Arg-Trp) was racemized to the 

greatest extent (39,44,74) (Figure 4). This data along with a careful 

examination of the conformational preferences of the tridecapeptide 

(39,75) and reports that of the ACTH6_10 pentapeptides ~ubstituted with 

D-amino acids [Q-Phe7]-ACTH6_10 and [Q-Trp9]-ACTH6_10 were highly potent 

(76-80) (Table 3), led to the preparation of [Nle4, Q-Phe7]-a-MSH (39). 

This synthetic melanotropin, and as demonstrated later, shorter 

fragments (Table 4) containing similar substitutions, exhibited 

superpotency and ultraprolonged biological responses. 

Further early structure-function analysis of a-MSH defined the 

role of methionine in the four position. It was determined that 

oxidation of the sulfur to either the sulfoxide or sulfone resulted in a 
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Table 3: Relativea ~ vitro potencies for selected fragment analogues 
(6-10) of ACTH on the frog skin (Rana pipiens) bioassay. 

Analogue Relativea potency Reference 

a-MSH 1.00 

H-His-Phe-Arg-Trp-Gly-OH 0.000016 78 

H-Q-His-Phe-Arg-Trp-Gly-OH pratically inactive 77 

H-His-Q-Phe-Arg-Trp-Gly-OH 0.00005 76 

H-His-Phe-Q-Arg-Trp-Gly-OH pratically inactive 79 

H-His-Phe-Arg-D-Trp-Gly-OH 0.00006 77 

H-Q-His-D-Phe-Q-Arg-D-Trp-OH i nhi bitor 80 

aRelative potencies are based upon a-MSH = 2 x 1010 u/g. 
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Table 4: Relative in vitro potencies for selected linear analogues of 
a-MSH substituted in the seven position on the frog skin (Rana 
ElEiens) and lizard skin (Anolis carolinensis) bioassay. ----

Peptide Frog skin Lizard skin Reference -----
a-MSH 1.00 1.00 

Ac-[Nle4]-a-MSH4_10- NH2 0.002 0.06 94 

Ac-[Nle4]-a-MSH4_11- NH2 0.002 1.0 72 

Ac-[Nle4]-a-MSH4_13- NH2 1.0 1.0 44 

Ac-[Nle4, Q-Phe7]-a-MSH4_10- NH2 0.02 10.0 94 

Ac-[Nle4, Q-Phe7]-a-MSH4-11- NH2 0.16 8.0 72 

Ac-a-MSH5-11- NH2 0.002 0.004 72 

Ac-[Q-Phe7]-a-MSH5_11- NH2 0.01 1.0 72 



16 

dramatic loss of biological potency (81). However, substitution of Met4 

with the nonoxidizable amino acids leucine (82), isoleucine (82) or 

norleucine (54) maintained, or enhanced, the biological potency of the 

resulting analogue. In this regard, most of our present studies with 

linear a-MSH fragments have utilized the norleucine-4 substitution. 

Other studies have shown that removal of the N-terminal acetyl 

group resulted in a la-fold loss of potency, while the C-terminal 

carboxamide did not appear to be necessary for potency in the amphibian 

skin bioassay (83-86). 

Surprisingly, a survey of the literature reveals that the 

relative importance of the residues of the active core of a-MSH (6-9) 

have not been examined in detail for their importance in a-MSH activity. 

In fact, the only residue that has been individually studied is Trp9. 

Preparation of Nim-NPS-Trp9_a -MSH (87) resulted in an analogue 

equipotent to a-MSH. Substitution of Leu9 (87) or Phe9 (88) into the 

native sequence resulted in slight losses of biological potency. Other 

studies on the 6-9 sequence were performed only on ACTH peptides and not 

on a-MSH analogues (Table 3). 

A more sophisticated method of structure-function analysis has 

been employed in a-MSH by cyclization via the pseudoisosteric 

substitution of a cystine disulfide bridge for methionine in the four 

position and glycine in the ten position (34,73,89-91) (Figure 5). The 

rationale behind preparation of this molecule was based upon analysis of 

existing data, including: (1) the high potency of Q-Phe7-containing 



AC-a:-MSH+«;rNH2 AC-[C;S~C~~-MSH4-f(7N~ 

Figure 5. An illustration of the pseudoi~osteric 
substitution of cystine for methionine in the 
four position and glycine in the ten position 
of the 4-10 fragment of a-MSH. 
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melanotropins (39,44,72,73) (Q-amino acids have been shown to stabilize 

reverse turns (92) and (2) Chou and Fasman analysis applied to a-MSH 

which showed that the central 6-9 tetrapeptide has a reasonable tendency 

to exist in a reverse turn conformation (93). By locking the peptide 

into a reverse turn conformation, the flexibility of the molecule is 

dramatically reduced, along with the total number of possible 

conformations. It has been shown that in most cases these cyclic 

peptide analogues and fragments containing the [Cys4, Cys10] substitution 

were more potent than their linear counterparts. Furthermore, 

modification of the size of the intramolecular ring (increasing or 

decreasing) has been shown to dramatically decrease the potency of the 

cyclic 4-10 analogues (32), which further suggests that cyclization may 

favor a conformation (or conformations) that is close to the 

biologically active one (Table 5). Unfortunately, this type of analysis 

does not allow determination of exactly which of the still numerous 

possible conformations is the preferred one. 

In an attempt to determine the sequence required for high 

biological activity of a-MSH individual amino acids were removed from 

the N- (Table 2) or the C-terminal in both linear and cyclic 

melanotropins has shed some light on the individual amino acids required 

for high biological potency (44,72,73,94,96). Unfortunately, several 

discrepencies are found in the literature, making it difficult to 

determine unambiguously the precise nature of the message sequence. 

However, it has been generally accepted that the N-terminal tripeptide, 
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Table 5: Relative in vitro potencies for selected cyclic analogues of 
a-MSH on the frog skin (Rana pipiens) and lizard skin (Anolis 
carolinensis) bioassay. 

Peptide Fro9 skin Lizard skin Reference 

a-MSH 1.00 1.00 

[Cys4, Cysl0]-a-MSH 10.0 2.0 89,90 

Ac-[Cys4, Cys l0]-a-MSH4_13- NH2 30.0 0.60 91 

Ac-[Cys4, Q-Phe7, Cys l0J-a-MSH4_13- NH2 20.0 6.0 73 

[Mpa4, Cys l0J-a-MSH4_13- NH2 30.0 1.0 32 

[Hty4, Cys lO]-a-MSH4_13- NH2 0.06 0.70 32 

[MJa4, Cys lO]-a-MSH4_13- NH2 0.06 0.06 32 

Ac-[Q-Cys4, cyslO]-a-MSH4_13- NH2 3.0 0.70 32 

Ac-[Cys4, CyslO]-a-MSH4_10-NH2 0.060 0.0030 91 
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Ser-Tyr-Ser (Tables 2 and 5) can be removed without significant loss of 

potency (44,72,73,94,96). The C-terminal tripeptide, Lys-Pro-Val, 

appears to be somewhat more critical, depending on the particular 

bioassay utilized (44,73). In general, Va1 13 can be removed without 

loss of potency; however, removal of Pr012 leads to a dramatic loss of 

potency on the frog, but not on the lizard (44). Therefore, the 4-11 

sequence is required by the lizard, but the 4-12 sequence is required.by 

the frog for high a-MSH-like potency. It has generally been accepted 

that the 4-10 sequence is a full, but very weak agonist (44). With 

shorter fragments of a-MSH, some disagreement exists as to the true 

potency, if any, of these analogues. It has been suggested that low or 

residual potency may be due to contamination with a more potent analogue 

(44). Nonetheless, it has been suggested that the dipeptide Phe-Arg may 

be the minimally active sequence and possess low melanotropic activity 

(95). Furthermore, researchers have proposed the existence of two 

independent message sequences, Ac-Met-Glu-His-Phe-Arg-Trp-Gly-NH2 and 

Ac-Lys-Pro-Val-NH2, each with very low inherent bioactivity, but in 

covalent combination exhibits a-MSH-like potency, due to a multiplicative, 

cooperative effect (96). In view of the possiblity of contamination, 

the potencies reported in the literature for weak agonists must be 

further scrutinized before they can be fully accepted as accurate (44). 

A more recent method of structure-function analysis has coupled 

the biological results with analysis of the overall three-dimensional 

topology via physio-chemical methods. Such methods of analysis have 
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included the use of: (1) nuclear magnetic resonance (NMR) (97-101); 

(2) circular dichroism (CD) (102-105); (3) reversed phase high

performance liquid-chromatography (RP-HPLC) (106,107); (4) infrared 

spectroscopy (IR) (108); (5) Raman spectroscopy (102,109); 

(6) fluorescence (110,111); (7) fast atom bombardment mass spectroscopy 

(112); (8) electron spin resonance spectroscopy (113); (9) X-ray 

crystallography (114,115); and (10) molecular conformational calculations 

(116,117). For the melanotropins, researchers have utilized CD (118), 

conformational calculations (119-121) and both proton (122-125) and 

carbon-13 (125,126) NMR for analysis of the conformational properties of 

a-MSH and ACTH peptides and fragment analogues. 

The analysis of peptides by CD does not usually provide any spe

cific data about individual residues, but rather can provide general 

information about the conformational preferences of the peptide as a 

whole. This method was used in the study of a series of ACTH6-10 

pentapeptides that only differed by the individual substitution of a 

D-amino acid in the sequence. This series was studied since the all 

D-amino acid-containing peptide was reported to be an inhibitor while 

the other analogues had a wide range of activities (Table 3). It was 

determined that all of the pentapeptides had no apparent definitive 

secondary structure in solution which might account for the differing 

biological potencies (118). 

Meanwhile, proton and carbon-13 NMR studies for a-MSH and ACTH 

fragments yielded a variety of results. Specifically, an examination of 
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the conformational tendencies by proton NMR of a-MSH fragments (the h

and Q-Phe7 analogues of the 4-7, 4-10 and 1-10 sequences) in dimethyl 

sulfoxide supported the results from the CD analysis (118,123) which 

suggested that the peptides may contain no distinct secondary structure. 

This study involved analysis of the proton chemical shifts, temperature 

dependencies of the amide protons, and calculation of the rotamer 

populations based upon the alpha-beta coupling constants. Another 

investigation (125) examined the conformational tendencies of the above 

studied ACTH pentapeptides by both proton and carbon-13 NMR. 

Interestingly, in these analogues it was suggested, based upon the 

proton NMR, that an intramolecular hydrogen bond could exist between the 

positively charged guanidino moiety of Arg8 and the C-terminal Gly10 

carboxylate. Since a-MSH is amidated at the C-terminal, this 

hydrogen-bonded stabilization is less likely. However, it was also 

suggested (125), based upon the carbon-13 NMR spectra and the calculated 

spin-lattice relaxation times (T1), that significant conformational 

restriction existed around the arginine side chain in [Q-Phe7]-ACTH6_10. 

It was even suggested that the carbon-13 signals for Q-Phe7, Arg8 and 

Trp9 were doubled in this analogue due to the restriction. 

As previously mentioned, conformational considerations based 

upon the results with [Nle4, Q-Phe7]-a-MSH and other studies led to the 

synthesis of cyclic [Cys4, Cys10]-a-MSH fragments and analogues (89,90). 

Conformational calculations were performed on three of these cyclic 

analogues: Ac-[Cys4, CyslO]-a-MSH4_10-NH2, Ac-[Cys4, Cys10]-a-MSH4-13-NH2 
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and [Cys4, CYs10J-a-MSH. These calculations and other results suggested 

that the N-terminal tripeptide Ser-Tyr-Ser is unimportant to the overall 

three-dimensional structure of the central peptide (119). Also, it 

suggested that hydrogen bonding between the Trp(NH) and the His(CO) was 

not possible for a low-energy backbone conformation, but 

hydrogen-bonding between the Glu peptide amide (NH) and the Arg(CO) or 

the Trp peptide amide (NH) and the Glu(CO) is possible. Furthermore, 

the existence of a salt bridge between the side chains of Glu(-) and 

Arg(+) is consistent with the computer generated conformational 

calculations. 



CHAPTER 2 

SYNTHESIS AND METHODS FOR BIOLOGICAL AND BIOPHYSICAL 
ANALYSIS OF FRAGMENT ANALOGUES OF a-MELANOTROPIN 

Shortly after the primary sequence of the tridecapeptide a-MSH 

(127,128) had been determined, the natural hormone was synthesized by 

various research groups utilizing classical solution phase peptide 

synthetic methodology (129-131). With the introduction of solid phase 

technology (132) a-MSH was first prepared on a para-hydroxyphenylacetoxy 

resin (133) and subsequently on both benzhydrylamine (134) and 

para-methylbenzhydrylamine resins (39). 

Following the introduction of solid phase peptide synthetic 

methodology, a controversy developed as to its merits relative to 

classical solution phase peptide synthesis. In general, it has been 

shown that solid phase peptide synthesis (SPPS) is preferred for the 

synthesis of peptides of longer sequences (i.e. greater than 3-4 

residues) since (135-138): (1) the peptide is only purified after the 

synthesis is completed and not after the coupling of each individual 

amino acid, allowing the incorporation of six or more residues per day; 

(2) the by-products and reagents utilized for coupling may be removed 

from the growing peptide by simply washing the resin; (3) insolubility 

of the growing peptide is not a problem; and (4) the synthetic sequence 

can in most cases be automated. The general experimental approach to 

24 
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SPPS involves (135-138): (1) semi-permanent attachment of the C-terminal 

amino acid to a solid phase support; (2) sequential coupling of 

appropriately orthogonally protected amino acid residues to the growing 

peptide chain; and (3) removal of the peptide from the resin, with 

corresponding removal of most or all of the side chain protecting groups 

from the individual amino acid residues. In classical syntheses, the 

major drawback to solid phase synthesis (138-140) resided in the purity 

of the final product. The major source of impurities in the final 

product has been shown to be incomplete couplings «99%) of individual 

residues. However, due to recent critical examinations and 

corresponding advances in SPPS technology, this problem has been 

essentially eliminated (141). 

In order to maximize the advantages of solid phase synthesis, 

careful considerations must be given to (141): (1) the solid phase 

support to be used; (2) the individual amino acids to be incorporated 

(including: origin, purity and suitability of the protecting groups) 

(Table 6); (3) the method of coupling of individual amino acids; and (4) 

the methods to be utilized for purification of the product. A large 

variety of solid phase supports are available to the peptide chemist 

with a corresponding large variety of specialized properties, including 

(138): (1) swelling abilities; (2) resin substitutions; (3) cleavage 

methods; (4) choice of C-terminal functionality; and (5) homogeneity of 

the resin itself. 
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Table 6: Side chain protecting groups for use in solid phase peptide 
synthesis. 

Amino Acid Boc Protected FMOC Protected 

Arg N-Tosyl N-Tosyl 

Asp O-Benzyl O-t-Butyl 

Cys S-4-Methylbenzyl S-t-Butyl 
S-Benzyl S-4-Methylbenzyl 

Glu O-Benzyl O-t-Butyl 

His N-Tosyl N-2,4-Dinitrophenyl 
N-2,4-Dinitrophenyl 

Lys N-2,4-Dichlorobenzyloxycarbonyl N-Benzyloxycarbonyl 
N-4-Chlorobenzyloxycarbonyl N-t-Butyloxycarbonyl 

Met S-Sulfoxide S-sulfoxide 
None 

Ser O-Benzyl O-t-Butyl 

Thr O-Benzyl O-t-Butyl 

Trp N-Formyl N-Formyl 
None 

Tyr 0-2,6-Dichlorobenzyl O-t-Butyl 
0-3-Bromobenzyloxycarbonyl 
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Similarly, along with the large variety of resins available, the 

choice of amino and side chain protecting groups is extensive. In order 

to decide which protecting groups are appropriate for the preparation of 

an individual peptide analogue, a chemist must decide on whether to 

utilize a maximal (global) or a minimal protection scheme. This choice 

will depend on, in part: (1) the desired physical and chemical stability 

of each group; (2) the particular reagents to be utilized in the 

synthesis; (3) the method of cleavage of the peptide from the resin; and 

(4) the sequence to be prepared. In this investigation a maximal 

protection scheme was used and the desired protecting groups are 

outlined in Table 6. 

The incorporation of each individual amino acid to the growing 

peptide chain has been accomplished by three popular methods (130): 

(1) preformation of p-nitrophenyl esters (142); (2) ~ situ preparation 

of benzotriazole esters (143-145); and (3) preformation of symmetrical 

anhydrides (146-148). The cycle that was commonly emp19yed for the 

synthesis of a-MSH analogues in this study is summarized in Table 7. 

Since the peptide cannot be purified after each residue is 

coupled (as in solution phase peptide synthesis), often a rather 

extensive purification scheme is required, especially for longer 

sequences. A wide variety of chromatographic techniques have been 

developed and refined for the purification of both natural and synthetic 

peptides. These include: (1) gel filtration; (2) affinity 

chromatography; (3) partition chromatography; (4) ion exchange 
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Table 7: Coupling scheme utilized for individual Na_Boc amino acids in 
a solid phase peptide synthetic scheme. 

Reagent Reeetitions Time 

1) CH2C12 4 1 min. 

2) 45% TFA, 2% Anisole/CH2C12 1 2 mi n. 

1 20 min. 

3) CH2C12 3 1 mi n. 

4) 10% DIEA/CH2C12 3 2 min. 

5) CH2C12 4 1 mi n. 

6) Na-Boc-Amino Acid, DCC, HOBt/CH2C12 1 60-120 min. 

7) CH2C12 3 1 min. 

8) EtOH 3 1 mi n. 

9) CH2C12 4 1 min. 

An illustration of the cycle used for synthesizing the peptides reported 
in this manuscript. After steps 5 and 9, a few milligrams of the resin 
were removed and a ninhydrin test (153) was used to monitor coupling. 
In most cases only one coupling was required for each amino acid except 
when the ninhydrin test after step 9 was positive. In this case either 
the amino acid was recoupled or the reactive site was acetylated with 
N-acetylimidazole. 
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chromatography; and most recently, (4) reversed-phase high performance 

liquid chromatography (RP-HPLC). In general, a-MSH analogues and 

fragments can be purified to greater than 95% homogeneity (in order of 

application) by: (1) cation exchange chromatography on a 

carboxymethylcellulose column (CMC) with a sodium acetate buffer; 

(2) gel filtration on a Sephadex G-15 column with 30% acetic acid; and 

(3) preparative RP-HPLC on a Vydac C18 16 ~m column with a mobile phase 

of 0.1% aqueous trifluoroacetic acid and varying concentrations of 

either acetonitrile or methanol as the organic modifier. 

General Methods for Peptide Synthesis 

Thin-layer chromatrography (tlc) was performed on silica gel G 

plates with the following solvent systems: A) 1-butanol/HOAc/pyridine/ 

H20 (15:3:10:12); 8) 1-butanol/pyridine/HOAc/H20 (5:5:1:4); and 

C) 2-propanol/NH40H/H20 (3:1:1) (39). Single spots were detected in 

all cases unless otherwise noted with both iodine vapors and ninhydrin. 

Gel filtrations were performed on a Sephadex G-15 column with a mobile 

phase of 30% HOAc and were monitored at 280 nm. In general, cation 

exchange chromatography was performed on a carboxymethylcellulose column 

with a discontinuous gradient of 0.01 N NH40Ac (pH 4.5), 0.1 N NH40Ac 

(pH 6.8), and 0.2 N NH40Ac (250 ml of each) and was monitored at 280 nm. 

Reversed phase high performance liquid chromatography (RP-HPLC) was 

performed on a Spectra-Physics liquid chromatograph (SP-8700) equipped 

with a SP-8400 continuously variable wavelength UV detector. A reversed 

phase C18 Vydac column #830822 (16 um, 25.0 x 0.46 cm) was used for both 
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preparative and analytical analyses unless specified otherwise. In most 

cases, the mobile phase was an isocratic system consisting of 0.1% 

aqueous trifluoracetic acid and varying concentrations of methanol or 

acetonitrile as the organic modifier in order to provide reasonable 

retention times (106,149). For analytical analysis, the UV absorbance of 

the peptide backbone at 214 nm and for preparative work the absorbance 

of either phenylalanine or tryptophan at 254 or 280 nm, respectively 

was monitored. For preparative HPLC experiments, recoveries were 

generally greater than 50%; however, in certain cases (especially for 

cyclic analogues) recoveries were dramatically lower due to the 

impurity of the individual analogue. (It is apparent that cyclization 

via a cystine or especially a penicillamine bridge can lead to a large 

variety of undesired side products.) Amino acid analyses were obtained 

on a Beckman 120C amino acid analyzer (150) following hydrolysis for 

22-60 hours at 110°C with either 4 M methanesulfonic acid containing 

0.2% 3-(2-aminoethyl}indole and subsequent neutralization with an 

equivalent volume of 3.5 N NaOH (lSI) or 3.5 N 2-mercaptoethanesulfonic 

acid and subsequent dilution of both with a citrate buffer (pH 2.2) 

(152) to an approximate concentration of 0.25 ~M. No corrections were 

made for destruction of amino acids during hydrolysis. Fast atom 

bombardment mass spectra were obtained on a Varian 311A spectrometer 

equipped with an Ion Tech Ltd. source with xenon as the bombarding gas. 

Na-Boc-protected amino acids and amino acid derivatives were 

purchased from Vega Biochemicals (Tucson, AZ), Peninsula Laboratories 
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(San Carlos, CA), Bachem (Torrance, CA), or were prepared using 

documented procedures. Before use, all amino acid derivatives were 

tested for purity by tlc, in solvent systems A, Band C (see footnote b, 

Table 9), melting point, and the ninhydrin test (153). Solvents used 

for gel filtration, tlc, and RP-HPlC were purified by redistillation and 

filtration prior to use (154). The p-methylbenzhydrylamine resin 

(p-MBHA) (1% divinylbenzene cross-linked polystyrene) was purchased from 

United States Biochemical (USB) or was prepared by previously reported 

methods (134,155,156) with an amine substitution as indicated in the 

text. 

Nuclear Magnetic Resonance Spectroscopy 

High field carbon-13 and proton nuclear magnetic resonance 

studies were performed on a multinuclear Bruker Fourier transform WM-250 

NMR spectrometer utilizing software prepared by Bruker for the Aspect 

2000 computer system. For all proton spectra, except for those in which 

the amide protons were studied, approximately 6 mg of purified peptide 

was dissolved in 250 ~l of 020. The pH of the resulting sample was 

adjusted to 3.5 with 04-acetic acid. The resolution of the proton NMR 

spectra was enhanced by using zero-filling coupled with Gaussian 

multiplication of the FID. Individual resonances and the corresponding 

chemical shifts (referenced to sOdium-3-trimethylsilyltetradeuterio

propionate (TSP)), were assigned through means of double resonance, pH 

titration, deuterated amino acids, two-dimensional COSY NMR, comparison 



32 

to the literature and comparison to the spectra of various smaller a-MSH 

fragments (unpublished results). The alpha-beta and alpha-beta' 

coupling constants were calculated using a first order approximation and 

if necessary a computer simulation was performed. 

In order to study the amide resonances, 8-12 mg of the purified 

peptide was dissolved in a solution of 80% H20/20% 020 (300 ~l). The pH 

was adjusted to 3.5 with acetic acid and the HOO signal was suppressed 

by selective saturation. The peptide amide resonances were assigned 

based upon decoupling of the previously assigned alpha protons and the 

J3NC-a-CH proton coupling constants were measured directly from the 

spectra. The temperature dependence of the amide protons were 

determined at least five different temperatures (295°, 300°, 305°, 310° 

and 315°C), in which at least 30 min. was allowed for equilibration of 

the sample prior to acquisition of the spectra. 

Measurements of the carbon-13 NMR spin relaxation times (T1) 

(157) were performed on the model peptides Ac-[Nle4]-a-MSH4_11-NH2 and 

Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2. The peptides (approximately 35-40 mg) 

were dissolved in 1.5 ml 020 and the pH was adjusted to 3.5 with 

04-acetic acid. The sensitivity of the carbon-13 spectra was increased 

by exponential multiplication of the FlO. Assignment of chemical shifts 

(referenced to dioxane at 67.4 ppm) was based upon: off-resonance 

decoupling; heteronuclear decoupling; and comparison to the litera~ure. 

The T1 values were determined by the inversion recovery method with a 

(-1800-T-900-) pulse sequence, where T(infinity) = 2.0 sec.; and was 
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subsequently varied from 2.0 to 0.04 sec. The T1 and NT1 values were 

calculated and are reported only for protonated carbons. 

Frog (Rana pipiens) and Lizard (Anolis carolinensis) 

Skin Bioassay 

The biological activities of a-MSH and the synthetic analogues 

were determined by their ability to stimulate melanosome dispersion ~ 

vitro in the frog and lizard bioassays as previously described 

(54,158,159). All the solution were prepared via serial dilutions from 

a stock solution (10-4 M). The frogs (Rana pipiens) used in these 

studies were obtained from Kons Scientific, Germantown, WI and the 

lizards (Anolis carolinensis) were obtained from the Snake Farm, La 

Place, LA. 

Mouse Melanoma Adenylate Cyclase Assay 

The particulate membrane fraction from S-91 mouse melanoma 

tumors grown in DBA/20 mice was isolated as previously ~eported (58). 

The adenyl ate cyclase activity of these membranes was determined by 

assaying the [a-32P]ATP conversion to [32p]cAMP as previously described 

(39,58). [32p]cAMP was isolated, purified, and detected according to 

the method of Salomon et al. (160,161). Radiochemicals were purchased 

from ICN Chemical and Radioisotope Division, Irvine, CA. 

Synthesis of Linear Fragment Analogues of a-MSH 

Ac-[Nle4, Trp9(For)]-a-MSH4_11-NH2 (I). Starting with 1.00 g of 

Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (1.00 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 
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following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin-For-Trp, Na-Boc-Ng-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-His, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle using the methodology described in 

Table 7. After cleavage of the last Na_Boc protecting group acetylation 

of the N-terminus of the protected peptide was performed with a 10-fold 

excess of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo (2.00 g). The peptide was 

cleaved from a portion of the resin (1.00 g), along with all the 

protecting groups (except for the formyl group), by treatment with 

anhydrous HF (13.0 ml) and anisole (1.5 ml) (60 min, O°C). After 

evaporation of the HF and anisole ~ vacuo, the residue was washed with 

EtOAc (3 x 30 ml) and extracted with 30% HOAc (3 x 30 ml), 10% HOAc (3 x 

30 ml) and H20 (3 x 30 ml). The combined aqueous fractions were 

lyophilized to give the crude title peptide (293.6 mg) as a white 

powder. A portion of the white powder (151.6 mg) was dissolved in 0.5 

ml of 0.01 N NH40Ac (pH 4.5) and chromatographed on a carboxymethy

lcellulose column (CMC) (Sigma Chemical Company, St. Louis, MO) (2.0 x 

20 cm) with a discontinuous gradient (250 ml each) of 0.01 N NH40Ac (pH 

4.5), 0.1 N NH40Ac (pH 6.8) and 0.2 N NH40Ac (pH 6.8). The major peak 

detected at 280 nm on a Gilford 240 UV/VIS spectrophotometer) eluted 

during the 0.1 N NH40Ac buffer and was lyophilized to give 78.8 mg of a 

white powder. The powder was dissolved in a minimal amount of 30% HOAc 

and chromatographed on a Sephadex G-15 (Pharmacia Fine Chemicals, 

Piscataway, NJ) column (2.5 x 85 cm) in 30% HOAc. The major 
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peak was isolated (280 nm detection) and lyophilized to give a white 

powder (48.0 mg). Further purification by preparative HPLC on a C-18 

reversed phase"Vydac column was required and performed using a mobile 

phase of 83% 0.1% aqueous trifluoroacetic acid and 17% acetonitrile with 

a flow rate of 1.5 ml/min. The desired peak was collected (k ~ 8.2) and 

lyophilized to yield the title peptide as the trifluoroacetate salt 

(24.3 mg). Analytical data are found in Tables 8 and 9. 

Ac-[Nle4]-a-MSH4_11-NH2 (II). A portion of the previous crude 

peptide (Ac-[Nle4, Trp9(For)]-a-MSH4_11-NH2) (150.0 mg) was dissolved in 

100 ml of distilled H20. The pH was adjusted to 10.6 with NH40H for 2.5 

min, at which time it was lowered to 5.0 with glacial HOAc. The 

resulting deformylated peptide solution was lyophilized and the 

resulting powder was purified by ion exchange chromatography and gel 

filtration as previously described for peptide I (62.2 mg). The peptide 

isolated required further purlfication by preparative HPLC using the 

same conditions defined for Ac-[Nle4, Trp9(For)]-a-MSH4_11-NH2. The 

desired peak was collected (k' ~ 6.1) and lyophilized to yield the title 

peptide as the trifluoroacetate salt (25.6 mg). Analytical data are 

found in Tables 8 and 9. 

Ac-[Nle4, Q-Phe7 ~ Trp9(For)]-a-MSH4_11-NH2 (III). Starting with 

1.00 g of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (1.00 mmoles of 

Na-Boc-Lys-2,4-C12-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 
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Na-Boc-Gly, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Q-Phe, 

Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle using the 

methodology described in Table 7. Acetylation of the N-terminus of the 

protected peptide was performed with a 10-fold excess of N-acetyl

imidazole in 25 ml of CH2C12. The resulting peptide resin was dried ~ 

vacuo. Cleavage, deprotection and initial purification were performed 

as in peptide I (112.4 mg). A portion of the isolated peptide (40.8 mg) 

was further purified by preparative HPLC using a mobile phase of 85% 

aqueous 0.1% trifluoroacetic acid and 15% acetonitrile with a flow rate 

of 1.5 ml/min. The desired peak was collected (k ' ~ 7.6) and 

lyophilized to yield the title peptide as the trifluoroacetate salt 

(18.4 mg). Analytical data is found in Table 8 and 9. 

Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 (IV). A portion of the previous 

crude peptide (Ac-[Nle4, Q-Phe7, Trp9(For)]-a-MSH4_11-NH2) (152.6 mg) 

was dissolved in 100 ml of distilled H20. The pH was adjusted to 10.8 

with NH40H for 3.0 min, at which time it was lowered to 5.4 with glacial 

HOAc. The resulting deformylated peptide solution was lyophilized and 

the" resulting powder was intially purified as described for peptide I 

(65.6 mg). The peptide isolated required further purification by 

preparative HPLC using the conditions defined for Ac-[Nle4, Q-Phe7, 

Trp9(For)]-a-MSH4_11-NH2. The desired peak was collected (k ' ~ 5.8) and 

lyophilized to yield the title peptide as the trifluoroacetate salt 

(30.3 mg). Analytical data are found in Table 8 and 9. 
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AC-[Nle4, Pg17]-a-MSH4_11-NH2 (V). Starting with 1.07 9 of 

Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.67 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Pgl, Na-Boc-Nim-Tos-His, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle using the procedure outlined in Table 

7. Coupling of the last amino acid and removal of the Na_Boc group were 

followed by acetylation with a 6-fold excess of N-acetylimidazole in 25 

ml CH2C12. The resulting peptide resin, Ac-Nle-Glu(OY-Bzl)-His(Nim-Tos)

Pgl-Arg(Ng-Tos)-Trp(Nin-For)-Gly-Lys(2,4-C12-Z)-p-MBHA, was dried ~ 

vacuo (2.21 g). The protected peptide was cleaved from the resin along 

with all the protecting groups by treatment with anhydrous HF (13.0 ml), 

anisole (1.4 ml) and 1,2-ethanedithiol (0.7 ml) (162) (60 min at O°C). 

The peptide was extracted from the resin as were peptide I and 

lyophilized. Half of the crude peptide powder (220.0 mg) was placed on 

a CMC column under the conditions used for peptide I and the desired 

fractions were isolated and lyophilized (106.1 mg). Further 

purification by preparative HPLC on a C-18 reversed phase Vydac column 

was required and performed on a portion of the peptide (65.2 mg). A 

mobile phase of 81% aqueous 0.1% trifluoroacetic acid and 19% 

acetonitrile with a flow rate of 2.0 ml/min was employed and the desired 

peak was collected (k ' ~ 1.8) and lyophilized to yield the title peptide 

as the trifluoroacetate salt (36.1 mg). Analytical data are found in 

Tables 8 and 9. 
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Ac-[Nle4, Q-Pgl7]-a-MSH4-11-NH2 (VI). Starting with 1.50 g of 

Na-Boc-Lys(2,4-Cl2-Z)-p-MBHA resin (0.66 mmoles of Na-Boc-Lys-2,4-Cl2-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin_For-Trp, Na-Boc-Ng-Tos-Arg, Na-Boc-Q-Pgl, Na-Boc-Nim_Tos-His, 

Na-Boc-OY-Bzl-Glu, and Na-Boc-Nle by the procedure outlined in Table 7. 

Acetylation of the N-terminus of the protected peptide was performed with 

a 10-fold excess of N-acetylimidazole in 25 ml of CH2Cl2. The resulting 

protected peptide p-MBHA resin was dried in vacuo. Cleavage, 

deprotection and purification were performed as in peptide V. The 

peptide isolated required further purification by preparative HPLC 

utilizing a mobile phase of 83% aqueous 0.1% trifluoroacetic acid and 17% 

acetonitrile with a flow rate of 1.5 ml/min. The desired peak was 

collected (k' ~ 2.1) and lyophilized to yield the title peptide as the 

trifluoroacetate salt {23.5 mg). Analytical data are found in Tables 8 

and 9. 

Ac-[Nle4, Tic7]-a-MSH4-11-NH2 (VII). Starting with 0.75 g of 

Na-Boc-Lys(2,4-Cl2-Z)-p-MBHA resin (0.66 mmoles of Na-Boc-Lys-2,4-Cl2-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin_For-Trp, Na-Boc-Ng-Tos-Arg, Na-Boc-Tic, Na-Boc-Nim-Tos-His, 

Na-Boc-OY-Bzl-Glu, and Na-Boc-Nle following the coupling scheme outlined 

in Table 7. Acetylation of theN-terminus of the protected peptide was 

performed with a 10-fold excess of N-acetylimidazole in 25 ml of CH2Cl2. 
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The resulting protected peptide p-MBHA resin was dried in vacuo. 

Cleavage, deprotection and purification were performed as in peptide V. 

The peptide isolated required further purification by preparative HPLC 

using a mobile phase of 82% aqueous 0.1% trifluoroacetic acid and 18% 

acetonitrile. The desired peak was collected (k' - 2.2) and lyophilized 

to yield the title peptide as the trifluoroacetate salt (33.5 mg). 

Analytical data are found in Tables 8 and 9. 

Ac-[Nle4, Q-Tic7]-a-MSH4-11-NH2 (VIII). Starting with 1.80 g of 

Na-Boc-Lys(2,4-Cl2-Z)-p-MBHA resin (0.72 mmoles of Na-Boc-Lys-2,4-Cl2-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin-For-Trp, ~-Boc-Ng-Tos-Arg, Na-Boc-Q-Tic, Na-Boc-Nim-Tos-His, 

Na-Boc-OY-Bzl-Glu, and Na-Boc-Nle using the methodology outlined in 

Table 7. Acetylation of the N-terminus of the protected peptide was 

performed with a 6-fold excess of N-acetylimidazole in 25 ml of CH2Cl2. 

The resulting protected peptide p-MBHA resin was dried ~vacuo. 

Cleavage, deprotection and purification were performed as in peptide V. 

The peptide isolated required further purification by preparative HPLC 

using a mobile phase of 82% aqueous 0.1% trifluoroacetic acid and 18% 

acetonitrile. The desired peak was collected (k' - 1.9) and lyophilized 

to yield the title peptide as the trifluoroacetate salt (35.2 mg). 

Analytical data are found in Tables 8 and 9. 

Ac-[Nle4, Phe6]-a-MSH4-11-NH2 (IX). Starting with 0.50 g of 

Na-Boc-Lys(2,4-Cl2-Z)-p-MBHA resin (0.50 mmoles of Na-Boc-Lys-2,4-Cl2-Z), 
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the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin-For-Trp, Na-Boc-Ng-Tos-Arg, Na-Boc-Phe, Na-Boc-Phe, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle employing the scheme outlined in Table 

7. Acetylation of the N-terminus of the protected peptide was performed 

with a 10-fold excess of N-acetylimidazole in 25 ml of CH2C12. The 

resulting protected peptide p-MBHA resin was dried ~ vacuo. Cleavage 

and deprotection were performed as in peptide V. After lyophilization, 

half the crude peptide (202.5 mg) was chromatographed on a CMC column 

with a linear continuous gradient from 0.01 N NH40Ac (pH 3.0) to 1.0 

N NH40Ac (pH 6.5) (total volume = 600 ml). A portion of the isolated 

peptide (45.0 mg) required further purification by preparative HPLC on a 

Vydac C-18 reversed phase column. The mobile phase consisted of 77% 

aqueous 0.1% trifluoroacetic acid and 23% acetonitrile with a flow rate 

of 2.0 ml/min and 254 nm detection. The desired peak was collected 

(k ' - 5.8) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (18.6 mg). Analytical data are found in Tables 8 

and 9. 

Ac-[Nle4, Phe6, Q-Phe7]-a-MSH4_11-NH2 (X). Starting with 0.50 9 

of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.50 mmoles of 

Na-Boc-Lys-2,4-C12-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 

Na-Boc-Gly, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Q-Phe, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle as described in Table 7. 
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Acetylation of the N-terminus of the protected peptide was performed 

with a 10-fold excess of N-acetylimidazole in 25 ml of CH2C12. The 

resulting protected peptide p-MBHA resin was dried ~ vacu~. Cleavage 

and deprotection were performed as in peptide V. A portion of the crude 

peptide (32.1 mg) was purified directly by preparative HPLC on a Vydac 

C-18 reversed phase column. The mobile phase consisted of 79% aqueous 

0.1% trifluoroacetic acid and 21% acetonitrile with a flow rate of 2.0 

ml/min and 254 nm detection. The desired peak was collected (k ' ~ 5.6) 

and lyophilized to yield the title peptide as the trifluoroacetate salt 

(9.9 mg). Analytical data are found in Tables 8 and 9. 

AC-[Nle4, Phe9]-a-MSH4_11-NH2 (XI). Starting with 0.50 g of 

Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.50 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, Na-Boc-Phe, 

Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, 

and Na-Boc-Nle employing the methodology described in Table 7. 

Acetylation of the N-terminus of the protected peptide was performed 

with a 10-fold excess ofN-acetylimidazole in 25 ml of CH2C12. The 

resulting protected peptide p-MBHA resin was dried in vacuo. Cleavage, 

deprotection and purification were performed as in peptide V. The 

peptide isolated required further purification by preparative HPLC using 

a mobile phase of 82% aqueous 0.1% trifluoroactic acid and 18% 

acetonitrile. The desired peak was collected (k ' ~ 2.0) and lyophilized 

to yield the title peptide as the trifluoroacetate salt (13.7 mg). 

Analytical data are found in Tables 8 and 9. 



42 

Ac-[Nle4, Q-Phe7, Phe9]-a-MSH4_l1-NH2 (XII). Starting with 

1.07 g of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.67 mmoles of 

Na-Boc-Lys-2,4-C12-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 

Na-Boc-Gly, Na-Boc-Phe, Na-Boc-N9-Tos-Arg, Na-Boc-Q-Phe, 

Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle by the coupling 

scheme presented in Table 7. Acetylation of the N-terminus of the pro

tected peptide was performed with a 10-fold excess of N-acetylimidazole 

in 25 ml of CH2C12. The resulting protected peptide p-MBHA resin was 

dried in vacuo. Cleavage, deprotection and purification were peformed 

as in peptide V. A portion of the crude peptide (50.5 mg) was further 

purified by preparative HPLC on a Vydac C-18 reversed phase column. The 

mobile phase consisted of 82% aqueous 0.1% trifluoroacetic acid and 18% 

acetonitrile with a flow rate of 2.0 ml/min and 280 nm detection. The 

desired peak was collected (k ' ~ 1.6) and lyophilized to yield the title 

peptide as the trifluoroacetate salt (25.9 mg). Analytical data are 

found in Tables 8 and 9. 

Ac-[Nle4, Phe6, Phe9]-a-MSH4_l1-NH2 (XIII). Starting with 

1.00 g of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (1.00 mmoles of 

Na-Boc-Lys-2,4-C12-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 

Na-Boc-Gly, Na-Boc-Phe, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Phe, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle using the methodology outlined in 

Table 7. Acetylation of the N-terminus of the protected peptide was 
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performed with a 10-fold excess of N-acetylimidazole in 25 ml of CH2C12. 

The resulting protected peptide p-MBHA resin was dried in vacuo. 

Cleavage, deprotection and purification were performed as in peptide V. 

A portion of crude peptide (39.0 mg) was further purified by 

preparative HPLC on a Vydac C-18 reversed phase column. The mobile 

phase consisted of 75% aqueous 0.1% trifluoroacetic acid and 25% 

acetonitrile with a flow rate of 2.0 ml/min and 280 nm detection. The 

desired peak was collected (k ' ~ 4.5) and lyophilized to yield the title 

peptide as the trifluoroacetate salt (18.2 mg). Analytical data are 

found in Tables 8 and 9. 

AC-[Nle4, Phe6 , Q-Phe7, Phe9]-a-MSH4_11-NH2 (XIV). Starting 

with 0.75 g of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.75 mmoles of 

Na-Boc-Lys-2,4-C12-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 

Na-Boc-Gly, Na-Boc-Phe, Na-Boc-N9-Tos-Arg, Na-Boc-Q-Phe, Na-Boc-Phe, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle using methodology outlined in Table 7. 

Acetylation of the N-terminus of the protected peptide was performed 

with a 6-fold excess of N-acetylimidazole in 25 ml of CH2C12. The 

resulting protected peptide p-MBHA resin was dried in vacuo. Cleavage, 

deprotection and purification were performed as in peptide V. A portion 

of the crude peptide (36.0 mg) was further purified by preparative HPLC 

on a Vydac C-18 reversed phase column. The mobile phase consisted of 

80% aqueous 0.1% trifluoroacetic acid and 20% acetonitrile with a flow 

rate of 2.0 ml/min and 280 nm detection. The desired peak was collected 
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(k ' ~ 7.7) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (25.9 mg). Analytical data is found in Tables 8 

and 9. 

Ac-[Nle4, Q-His6]-a-MSH4_11-NH2 (XV). Starting with 0.75 g of 

Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.75 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Gly, 

Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-Q-His, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle following the procedure described in 

Table 7. Acetylation of the N-terminus of the protected peptide was 

performed with a 8-fold excess of N-acetylimidazole in 25 ml of CH2C12. 

The resulting protected peptide p-MBHA resin was dried ~ vacuo. 

Cleavage, deprotection and purification were performed as in peptide V. 

A portion of the crude peptide (46.1 mg) required further purification 

by preparative HPLC with a mobile phase of 81% aqueous 0.1% 

trifluoroacetic acid and 19% acetonitrile with a flow rate of 1.5 

ml/min. The desired peak was collected (k ' ~ 1.2) and lyophilized to 

yield the title peptide as the trifluoroacetate salt (18.1 mg). 

Analytical data are found in Tables 8 and 9. 

Ac-[Nle4, Q-His6, Q-Phe7]-a-MSH4_11-NH2 (XVI). Starting with 

0.75 g of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.75 mmoles of 

Na-Boc-Lys(2,4-C12-Z)), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 

Na-Boc-Gly, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-~-Phe, 
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Na-Boc-Nim-ToS-Q-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle utilizing the 

synthetic methodology outlined in Table 7. Acetylation of the 

N-terminus of the protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo. Cleavage, deprotection and 

purification were performed as in peptide V. A portion of the crude 

peptide (40.2 mg) required further purification by preparative HPLC 

utilizing a mobile phase of 83% aqueous 0.1% trifluoroacetic acid and 

17% acetonitrile with a flow rate of 1.5 ml/min. The desired peak was 

collected (k ' ~ 5.6) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (17.7 mg). Analytical data are found in Tables 8 

and 9. 

Ac-[Nle4]-a-MSH4_9-NH2 (XVII). Starting with 1.00 g of 

Na-Boc-Nin-For-Trp-p-MBHA resin (1.00 mmoles of Na-Boc-Nin-For-Trp), the 

protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-N9-Tos-Arg, 

Na-Boc-Phe, Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle using 

the coupling scheme described in Table 7. Acetylation of the N-terminus 

of the protected peptide was performed with a 12-fold excess of 

N-acetylimidazole in 25 ml of CH2C12. The resulting protected peptide 

p-MBHA resin was dried ~ vacuo. Cleavage, deprotection and 

purification were performed as in peptide V. A portion of the crude 

peptide (21.0 mg) required further purification by preparative HPLC 

utilizing a mobile phase of 78% aqueous 0.1% trifluoroacetic acid 
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and 22% acetonitrile with a flow rate of 1.5 ml/min. The desired peak 

was collected (k ' ~ 3.1) and lyophilized to yield the title peptide as 

the trifluoroacetate salt (10.3 mg). Analytical data are found in 

Tables 8 and 9. 

Ac-[Nle4, Q-Phe7]-a-MSH4_9-NH2 (XVIII). Starting with 1.00 g of 

Na-BOC-Nin-For-Trp-p-MBHA resin (1.00 mmoles of Na-Boc-Nin-For-Trp), the 

protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-N9-Tos-Arg, 

Na-Boc-Q-Phe, Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle by 

the coupling scheme outlined in Table 7. Acetylation of the N-terminus 

of the protected peptide was performed with a 10-fold excess of 

N-acetylimidazole in 25 ml of CH2C12. The resulting protected peptide 

p-MBHA resin was dried ~ vacuo. Cleavage, deprotection and 

purification were performed as in peptide V (68.0 mg). Analytical data 

are found in Tables 8 and 9. 

Ac-[Nle5, Glu6, His7]-a-MSH5_ll-NH2 (XIX). Starting with 1.00 g 

of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.50 mmoles of Na_Boc-Lys-

2,4-C12-Z), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): 

Na-Boc-Gly, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg. Na-Boc-Nim-Tos-His, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-Nle following the procedure documented in 

Table 7. Acetylation of the N-terminus of the protected peptide was 

performed with a 10-fold excess of N-acetylimidazole in 25 ml of CH2C12. 

The resulting protected peptide p-MBHA resin was dried in vacuo. 
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Cleavage, deprotection and purification were performed as in peptide V. 

A portion of the still crude peptide (37.8 mg) was further purified by 

preparative HPLC on a Vydac C-18 reversed phase column. The mobile 

phase consisted of 82% aqueous 0.1% trifluoroacetic acid and 18% 

acetonitrile with a flow rate of 2.0 ml/min. The desired peak was 

collected (k' ~ 1.7) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (10.2 mg). Analytical data are found in Tables 8 

and 9. 

Ac-a-MSH5_12-NH2 (XX). Starting with 0.75 9 of Na-Boc-Pro-p-MBHA 

resin (0.49 mmoles of Na-Boc-Pro), the protected title peptide was 

prepared by the stepwise coupling of the following amino acids (in order 

of addition): Na-Boc-Lys-2,4-C12-Z, Na_Boc-Gly, Na-Boc-Nin-For-Trp, 

Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-His, and Na_Boc-OY-Bzl-Glu 

using the methodology described in Table 7. Acetylation of the 

N-terminus of the protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo. Cleavage and deprotection 

were performed as in peptide V. A portion of the crude peptide (27.6 mg) 

required further purification by preparative HPLC on a Vydac C-18 

reversed phase column. The mobile phase consisted of 83% aqueous 0.1% 
I 

trifluoroacetic acid and 17% acetonitrile with a flow rate of 1.5 ml/min 

and the desired peak was collected (k' ~ 3.2) and lyophilized to yield 

the title peptide as the trifluoroacetate salt (15.6 mg). Analytical 

data are found in Tables 8 and 9. 
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Ac-a-MSH6_12-NH2 (XXI). Starting with 0.75 g of Na-Boc-Pro-p-MBHA 

resin (0.49 mmoles of Na-Boc-Pro), the protected title peptide was 

prepared by the stepwise coupling of the following amino acids (in order 

of addition): Na-Boc-Lys-2,4-C12-Z, Na-Boc-Gly, Na-Boc-Nin-For-Trp, 

Na-Boc-N9~Tos-Arg, NQ-Boc-Phe, and Na-Boc-Nim-Tos-His by the scheme 

documented in Table 7. Acetylation of the N-terminus of the protected 

peptide was performed with a 10-fold excess of N-acetylimidazole in 25 

ml of CH2C12. The resulting protected peptide p-MBHA resin was dried 

~ vacuo. Cleavage, and deprotection were performed as in peptide V. A 

portion of the crude peptide (45.1 mg) required further purification by 

preparative HPLC on a Vydac C-18 reversed phase column. The mobile 

phase consisted of 83% aqueous 0.1% trifluoroacetic acid and 17% 

acetonitrile with a flow rate of 2.0 ml/min. The desired peak was 

collected (k ' ~ 3.4) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (31.2 mg). Analytical data are found in Tables 8 

and 9. 

Ac-a-MSH6_13-NH2 (XXII). Starting with 1.00 g of NQ-Boc-Val

p-MBHA resin (0.67 mmoles of Na-Boc-Val), the protected title peptide 

was prepared by the stepwise coupling of the following amino acids (in 

order of addition) Na-Boc-Pro, Na-Boc-Lys-2,4-C12-Z, Na-Boc-Gly, 

Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, and 

Na-Boc-Nim-Tos-His using standard solid phase peptide synthetic 

methodology (Table 7). Acetylation of the N-terminus of the protected 

peptide was performed with a 10-fold excess of N-acetylimidazole in 25 
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ml of CH2C12. The resulting protected peptide p-MBHA resin was dried 

in vacuo. Cleavage, and deprotection were performed as in peptide V. A 

portion of the crude peptide (28.2 mg) was further purified by 

preparative HPLC on a Vydac C-18 reversed phase column. The mobile 

phase consisted of 83% aqueous 0.1% trifluoroacetic acid and 17% 

acetonitrile with a flow rate of 2.0 ml/min. The desired peak was 

collected (k l ~ 4.1) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (17.7 mg). Analytical data are found in Tables 8 

and 9. 

Ac-Ala-pgl-Ala-Lys-NH2 (XXIII). Starting with 0.75 g of 

Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.75 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na_Boc-Ala, Na-Boc-Pgl and 

Na-Boc-Ala using the methodology outlined in Table 7. Acetylation of 

the N-terminus of the protected peptide was performed with a 6-fold 

excess of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo. Cleavage and deprotection were 

performed as in peptide V. A portion of the isolated peptide (52.1 mg) 

was further purified by preparative HPLC using a mobile phase of 

98% aqueous 0.1% trifluoroacetic acid and 2% acetonitrile with a flow 

rate of 1.5 ml/min. The desired peak was collected (k l ~ 3.7) and 

lyophilized to yield the title peptide as the trifluoroacetate salt 

(39.3 mg). Analytical data are found in Tables 8 and 9. 



50 

Table 8: Amino acid analysis of the synthetically prepared linear 
melanotropin fragments. 

Pe~tidea Nle4 Glu 5 His6 XXX7b Arg8 Tr~9 Gly10 ~11 Pro12 Val 13 

I. 0.98 1.01 0.96 1.03 1.00 1.01 0.98 1.03 

II. 0.99 1.01 1.02 0.99 0.96 0.98 1.02 1.04 

III. 1.09 0.99 0.99 0.96 1.02 1.00 0.96 0.99 

IV. 1.00 0.94 1.00 0.99 1.07 0.97 0.98 1.04 

V. 0.93 1.04 0.99 0.99c 1.02 0.96 1.04 1.05 

VI. 0.95 1.06 1.01 0.95c 0.98 0.99 1.04 1.01 

VII. 0.98 1.02 0.99 1.00d 1.00 0.95 0.99 1.04 

VIII. 0.96 0.98 0.94 1.02d 1.06 0.95 1.04 1.05 

IX. 1.02 0.97 1.99 1.05 0.96 1.01 1.04 

X. 0.98 0.98 2.02 0.99 0.96 1.02 1.05 

XI. 1.04 0.97 1.01 1. 74 1.00 0.99 1.00 

XII. 1.08 0.98 0.96 1. 74 1.01 0.94 1.03 

XIII. 1.06 1.03 2.83 0.97 0.96 0.99 

XIV. 1.02 . 0.95 2.59 0.98 1.03 1.02 

XV. 0.99 0.99 0.93 1.10 0.98 0.98 1.05 0.99 

XVI. 0.99 1.00 1.05 1.04 0.98 0.95 0.97 1.02 

XVI I. 1.02 0.97 1.01 1.01 0.96 1.03 

XVII I. 1.03 1.02 0.98 0.95 1.04 0.98 

XIX. 1.00 1.04 0.95 0.92 1.00 1.04 1.07 

XX. 1.06 0.97 0.95 0.95 1.03 1.03 1.04 0.96 

XXI. 1.00 0.95 0.98 0.99 1.00 1.02 1.00 

XXII • 1.04·· .. 0.96 1.04 0.96 1.01 0.96 0.99 1.04 

" . 
~ 



Table 8: continued 

XXII 1. 

Ala fgl ~ 

2.02 0.97 1.00 

aSee numbering of peptides in EXPERIMENTAL SECTION. 
bXXX = Relative concentration of Phe unless otherwise noted. 
cxxx = Relative concentration of Pgl. 
dXXX = Relative concentration of Tic. 
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Table 9: Analytical chromatographic constants (TLC and HPLC) of the 
synthetically prepared linear melanotropin fragments. 

Peetidea TLCb HPLCc 

A B C A B C D E 

1. 0.10 0.58 0.48 5.434 

II. 0.11 0.35 0.35 15.18 5.07 3.764 

II I. 0.09 0.15 0.46 5.52 

IV. 0.11 0.38 0.32 7.91 3.40 4.29 

V. 0.13 0.38 0.30 5.82 2.93 

VI. 0.13 0.40 0.26 2.54 2.07 

VII. 0.13 0.40 0.23 5.64 3.00 

VII I. 0.19 0.44 0.31 3.91 2.80 

IX. 0.35 0.57 0.45 5.38 

X. 0.35 0.57 0.36 4.61 

XI. 0.36 0.57 0.42 4.10 

XII. 0.36 0.57 0.36 4.81 

XIII. 0.15 0.40 0.34 4.57 

XIV. 0.14 0.38 0.32 4.05 

XV. 0.13 0.58 0.43 3.38 8.05 1 

XVI. 0.15 0.58 0.42 5.00 

XVII. 0.37 0.58 0.68 11.62 9.004 

XVII I. 0.38 0.58 0.67 7.81 

XIX. 0.10 0.50 0.38 2.00 

XX. 0.08 0.45 0.38 1.10 

XXI. 0.08 0.51 0.07 1.10 



Table 9: continued 

Pe~tidea TLCb HPLCc 

A B C A B C 0 E 

XXII. 0.14 0.62 0.14 1.48 2.862 

XXIII. 0.35 0.48 0.00 5.463 

a) Peptide numbering corresponds to that in the text. 

b) TLC systems are as follows: 

A) 1-butanol/HOAc/pyridine/H20; (15:3:10:12) 
B) 1-butanol/HOAc/pyridine/H20; (5:1:5:4) 
C) 2-propanol/NH40H/H20; (3:1:1) 

c) HPLC systems are as follows: 

A) 0.25 M aqueous triethylammonium phosphate (TEAP) (pH 2.2)/ 
CH3CN; (86:14) 

B) 0.10% aqueous heptafluorobutyric acid (HFBA)/CH30H; (50:50) 
C) 0.10% aqueous trifluoroacetic acid (TFA}/CH3CN; (80:20) 
D) 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (70:30) 
E) 1: 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (77:23) 

2: 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (85:15) 
3: 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (97:3) 
4: 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (78:22) 
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Synthesis of Cyclic Fragment Analogues of a-MSH 

Ac-[CYs4. Cys10J-a-MSH4_11-NH2 (XXIV). Starting with 2.00 g of 

Na-Boc-Lys(2.4-C12-Z)-p-MBHA resin (0.60 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-S-4-MeBzl-Cys, 

Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg. Na-Boc-Phe, Na-Boc-Nim-Tos-His, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-S-4-MeBzl-Cys using the methodology 

outlined in Table 7. Coupling of the last amino acid and removal of the 

Na_Boc group were followed by acetylation with a 6-fold excess of 

N-acetylimidazole in 25 ml CH2C12. The resulting peptide resin, 

Ac-Cys(S-4-MeBzl)-Glu(OY-Bzl)-His(Nim-Tos)-Phe-Arg(Ng-Tos)-Trp(Nin-For)

Cys(S-4-MeBzl}-Lys(2,4-C12-Z}-p-MBHA was dried ~ v~~u_~ (3.1 g). A 

~ortion of the protected peptide resin (1.00 g) was cleaved from the 

resin along with all the protecting groups by treatment with anhydrous 

HF (13.0 ml), anisole (1.4 ml) and 1,2-ethanedithiol (0.7 ml) (50 min at 

O°C). After evaporation of the HF, anisole and 1,2-ethanedithiol, the 

residue was washed the EtOAc (3 x 30 ml) and extracted with 30% HOAc (3 

x 30 ml), 10% HOAc (3 x 30 ml) and H20 (3 x 30 ml) under a stream of 

argon. The combined aqueous fractions were lyophilized to give the 

crude uncyclized peptide (212.5 mg) as a white powder. The fully 

deprotected peptide was diluted with 600 ml of distilled deaerated water, 

adjusting the pH to 8.5 with 10% NH40H, and was subsequently subjected to 

oxidative cyclization with 60 ml (100% excess) of 0.01 N K3Fe(CN}6 

(34,73,89-91,163,164). After stirring for 30 min at room temperature, 
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the reaction was quenched by the addition of 10% HOAc until a pH of 4.5 

was reached. Excess ferro- and ferricyanide ions were removed by the 

addition of Rexyn 203 (Cl- form) anion exchange resin. After stirring 

for 30 min and subsequent gravity filtration, the solution was 

lyophilized. The crude peptide was dissolved in 1.0 ml of 30% HOAc and 

chromatographed on a Sephadex G-15 column with 30% HOAc. The only peak 

(280 nm detection) was found immediately after the void volume, it was 

collected and lyophilized. The desalted peptide (63.9 mg) was dissolved 

in 1.5 ml of 0.01 N NH40Ac, pH 4.5 and chromatographed on a 

carboxymethylcellulose column (2.0 x 20 cm) with a discontinuous 

gradient (250 ml each) of 0.01 N NH40Ac (pH 4.5),0.1 N NH40Ac (pH 6.8) 

and 0.2 N NH40Ac (pH 6.8). The major peak (280 nm detection) eluted 

during the 0.1 N NH40Ac buffer. It was lyophilized to give 9.4 mg of a 

white powder. Analytical data are found in Tables 10 and 11. 

Ac-[Cys4, Q-Phe7, Cys10J-u-MSH4_11-NH2 (XXV). Starting with 

0.60 g of NU-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.26 mmoles of 

NU-Boc-Lys-2,4-C1 2-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 

NU-Boc-S-4-MeBzl-Cys, NU-Boc-Nin-For-Trp, NU-Boc-Ng-Tos-Arg, NU-Boc

Q-Phe, NU-Boc-Nim-Tos-His, NU-Boc-OY-Bzl-Glu, and NU-Boc-S-4-MeBzl-Cys 

following the procedure described in Table 7. Acetylation of the 

N-terminus of the protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo. Cleavage, deprotection, 
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cyclization and purification were performed as in peptide XXIV. A 

portion of the crude (22.0 mg) required further purification by 

preparative HPLC on a C-18 reversed phase Vydac column. A mobile phase 

of 90% aqueous 0.1% trifluoroacetic acid and 10% acetonitrile with a 

flow rate of 2.0 mljmin was employed. The desired peak was collected 

(k ' ~ 6.2) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (8.8 mg). Analytical data are found in Tables 10 

and 11. 

AC-[P~n4, Cys10J-a-MSH4_11-NH2 (XXVI). Starting with 2.00 g of 

Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.60 mmoles of Na-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-S-4-MeBzl-Cys, 

Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-His, 

Na_Boc-OY-Bzl-Glu, and Na-Boc-S-4-MeBzl-Pen using the coupling scheme 

depicted in Table 7. Acetylation of the N-terminus of the protected 

peptide was performed with a 10-fold excess of N-acetylimidazole in 25 

ml of CH2C12. The resulting protected peptide p-MBHA resin was dried 

in vacuo. Cleavage, deprotection, cyclization and purification were 

performed as in peptide XXIV (6.1 mg). Analytical data are found in 

Tables 10 and 11. 

AC-[P~n4, Q-Phe7, Cys10J-a-MSH4_11-NH2 (XXVII). Starting with 

2.00 g of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.60 mmoles of 

Na-Boc-Lys-2,4-C12-Z), the protected title peptide was prepared by the 

stepwise coupling of the following amino acids (in order of addition): 
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Na-Boc-S-4-MeBzl-Cys, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na_Boc

Q-Phe, Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-S-4-MeBzl-Pen 

following the protocol described in Table 7. Acetylation of the 

N-terminus of the protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo. Cleavage, deprotection, 

cyclization and purification were performed as in peptide XXIV. A 

portion of the still impure peptide (33.6 mg) required further 

purification by preparative HPLC on a C-18 reversed phase Vydac column. 

A mobile phase of 87% aqueous 0.1% trifluoroacetic acid and 13% 

acetonitrile with a flow rate of 1.5 ml/min was employed. The desired 

peak was collected (k ' ~ 4.9) and lyophilized to yield the title peptide 

as the trifluoroacetate salt (13.3 mg). Analytical data are found in 

Tables 10 and 11. 
I 

Ac-[Cys4, Pen10]-a-MSH4_1l-NH2 (XXVIII). Starting with 1.40 g 

of Na-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.44 mmoles of N~-Boc-Lys-2,4-

C12-Z), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): 

Na_Boc-S-4-MeBzl-Pen, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, 

Na-Boc-Nim-Tos-His, Na-Boc-oY-Bzl-Glu, and Na-Boc-S-4-MeBzl-Cys using 

the methodology outlined in Table 7. Acetylation of the N-terminus of 

the protected peptide was performed with a 10-fold excess of 

N-acetylimidazole in 25 ml of CH2C12. The resulting protected peptide 

p-MBHA resin was dried in vacuo. Cleavage, deprotection, cyclization 
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and purification were performed as in peptide XXIV. A portion of the 

partially purified peptide (25.5 mg) required further purification by 

preparative HPLC on a C-18 reversed phase Vydac column. A mobile phase 

of 80% aqueous 0.1% trifluoroacetic acid and 20% acetonitrile with a 

flow rate of 1.0 ml/min was employed. The desired peak was collected 

and lyophilized to yield the title peptide as the trifluoroacetate salt 

(9.6 mg). Analytical data are found in Tables 10 and 11. 

Ac-[Cys4, Q-P~n10]-Q-MSH4_11-NH2 (XXIX). Starting with 0.50 g 

of NQ-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.50 mmoles of NQ-Boc-Lys-2,4-

C12-Z), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): NQ-Boc

S-4-MeBzl-D-Pen, NQ-Boc-Nin-For-Trp, NQ-Boc-N9-Tos-Arg. NQ-Boc-Phe, 

NQ-Boc-Nim-Tos-His, NQ-Boc-DY-Bzl-Glu, and NQ-Boc-S-4-MeBzl-Cys 

utilizing the protocol described in Table 7. Acetylation of the 

N-terminus of the protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried ~ vacuo. Cleavage, deprotection, 

cyclization and purification were performed as in peptide XXIV. A 

portion of the peptide (24.8 mg) was further purified by preparative 

HPLC on a C-18 reversed phase Vydac column. A mobile phase of 85% 

aqueous 0.1% trifluoroacetic acid and 15% acetonitrile with a flow rate 

of 2.5 ml/min was employed. The desired peak was collected (k ' ~ 7.2) 

and lyophilized to yield the title peptide as the trifluoroacetate salt 

(11.6 mg). Analytical data are found in Tables 10 and 11. 
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AC-[P~n4, pJn10J-Q-MSH4_11-NH2 (XXX). Starting with 0.50 g of 

NQ-Boc-Lys(2,4-C12-Z)-p-MBHA resin (1.00 mmoles of NQ-Boc-Lys-2,4-C12-Z), 

the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): NQ-Boc-S-4-MeBzl-Pen, 

NQ-Boc-Nin-For-Trp, NQ-Boc-N9-Tos-Arg, NQ-Boc-Phe, NQ-Boc-Nim-Tos-His, 

NQ-Boc-OY-Bzl-Glu, and NQ-Boc-S-4-MeBzl-Pen using the methodology 

outlined in Table 7. Acetylation of the N-terminus of the protected 

peptide was performed with a 10-fold excess of N-acetylimidazole in 

25 ml of CH2C12. The resulting protected peptide p-MBHA resin was 

dried in vacuo. Cleavage, deprotection, cyclization and purification 

were performed as in peptide XXIV. A portion of the still crude peptide 

(40.2 mg) was further purified by preparative HPLC on a C-18 reversed 

phase Vydac column. A mobile phase of 83% aqueous 0.1% trifluoroacetic 

acid and 17% acetonitrile with a flow rate of 2.0 ml/min was employed. 

The desired peak was collected (k ' ~ 6.5) and lyophilized to yield the 

title peptide as the trfluoroacetate salt (7.3 mg). Analytical data are 

found in Tables 10 and 11. 

AC-[Q-P~n4, P~n10J-Q-MSH4_11-NH2 (XXXI). Starting with 1.00 g 

of NQ-Boc-Lys(2,4-C12-Z)-p-MBHA resin (1.00 mmoles of NQ-Boc-Lys-2,4-

C12-Z), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): 

NQ-Boc-S-4-MeBzl-Pen, ~-Boc-Nin-For-Trp, NQ-Boc-N9-Tos-Arg, NQ-Boc-Phe, 

NQ-Boc-Nim-Tos-His, NQ-Boc-OY-Bzl-Glu, and NQ-Boc-S-4-MeBzl-Q-Pen 

following the protocol outlined in Table 7. Acetylation of the 
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N-terminus of the protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried ~ vacuo. Cleavage, deprotection, 

cyclization and purification were performed as in peptide XXIV. A 

portion of the peptide (38.8 mg) required further purification by 

preparative HPLC on a C-18 reversed phase Vydac column. A mobile phase 

of 83% aqueous 0.1% trifluoroacetic acid and 17% acetonitrile with a 

flow rate of 2.0 ml/min was employed. The desired peak was collected 

(k ' ~ 4.9) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (15.2 mg). Analytical data are found in Tables 10 

and 11. 

Ac-[pJn4, Q-P~n10]-a-MSH4_11-NH2 (XXXII). Starting with 1.00 g 

of Na-Boc-Lys{2,4-C12-Z)-p-MBHA resin (l.OO mmoles of Na-Boc-Lys-2,4-

C12-Z), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): Na_Boc

S-4-MeBzl-Q-Pen, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, 

Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, and Na-Boc-S-4-MeBzl-Pen using 

the cycle illustrated in Table 7. Acetylation of the N-terminus of the 

protected peptide was performed with a 10-fold excess of 

N-acetylimidazole in 25 ml of CH2C12. The resulting protected peptide 

p-MBHA resin was dried in vacuo. Cleavage, deprotection, cyclization 

and purification were performed as in peptide XXIV. A portion of the 

still crude peptide (29.3 mg) required further purification by 

preparative HPLC on a C-18 revesed phase Vydac column. A mobile phase 
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of 82% aqueous 0.1% trifluoroacetic acid and 18% acetonitrile with a 

flow rate of 1.5 ml/min was employed. The desired peak was collected 

(k ' ~ 3.2) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (9.3 mg). Analytical data are found in Tables 10 

and 11. 

AC-[Q-p~n4, Q-P~n10J-Q-MSH4_11-NH2 (XXXIII). Starting with 0.75 

g of NQ-Boc-Lys(2,4-C12-Z)-p-MBHA resin (0.75 mmoles of NQ-Boc-Lys-2,4-

C12-Z), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): NQ-Boc

S-4-MeBzl-Q-Pen, NQ-Boc-Nin-For-Trp, NQ-Boc-N9-Tos-Arg, NQ-Boc-Phe, 

NQ-Boc-Nim-Tos-His, NQ-Boc-OY-Bzl-Glu, and NQ-Boc-S-4-MeBzl-Q-Pen using 

the procedure described in Table 7. Acetylation of the N-terminus of 

the protected peptide was performed with a 10-fold excess of 

N-acetylimidazole in 25 ml of CH2C12. The resulting protected peptide 

p-MBHA resin was dried ~ vacuo. Cleavage, deprotection, cyclization 

and purification were performed as in peptide XXIV. A portion of the 

still crude peptide (31.5 mg) was further purified by preparative HPLC 

on a C-18 reversed phase Vydac column. A mobile phase of 83% aqueous 

0.1% trifluoroacetic acid and 17% acetonitrile with a flow rate of 1.5 

ml/min was employed. The desired peak was collected (k ' ~ 8.4) and 

lyophilized to yield the title peptide as the trifluoroacetate salt (6.7 

mg). Analytical data are found in Tables 10 and 11. 

Ac-[Cys4, CyslOJ-Q-MSH4_10- NH2 (XXXIV). Starting with 1.00 g of 

NQ-Boc-S-4-MeBzl-Cys-p-MBHA resin (0.44 mmoles of NQ-Boc-S-4-MeBzl-Cys), 
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the protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): Na-Boc-Nin-For-Trp, 

Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, 

and Na-Boc-S-4-MeBzl-Cys by the methodology illustrated in Table 7. 

Acetylation of the N-terminus of the protected peptide was performed 

with a 10-fold excess of N-acetylimidazole in 25 ml of CH2C12. The 

resulting protected peptide p-MBHA resin were dried ~ vacuo. Cleavage, 

deprotection, cyclization and purification was performed as in peptide 

XXIV. A portion of the crude (36.6 mg) required further purification by 

preparative HPLC on a C-18 reversed phase Vydac column. A mobile phase 

of 83% aqueous 0.1% trifluoroacetic acid and 17% acetonitrile with a 

flow rate of 1.5 ml/min was employed. The desired peak was collected 

(k ' ~ 6.1) and lyophilized to yield the title peptide as the 

trifluoroacetate salt (13.8 mg). Analytical data are found in Tables 10 

and 11. 

Ac-[Cys4, D-Phe7, Cys10J-a-MSH4_10-NH2 (XXXV). Starting with 

1.50 g of Na-Boc-S-4-MeBzl-Cys-p-MBHA resin (0.45 nmoles of Na_Boc-S-4-

MeBzl-Cys), the protected title peptide was prepared by the stepwise 

coupling of the following amino acids (in order of addition): 

Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Q-Phe, Na-Boc-Nim-Tos-His, 

Na-Boc-OY-Bzl-Glu, and Na-Boc-S-4-MeBzl-Cys using the cycle depicted in 

Table 7. Acetylation of the N-terminus of the protected peptide ~as 

performed with a 10-fold excess of N-acetylimidazole in 25 ml of CH2C12. 

The resulting protected peptide p-MBHA resin was dried ~ vacuo. 
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Cleavage, deprotection, cyclization and purification were performed as 

in peptide XXIV. A portion of the crude (20.5 mg) require9 further 

purification by preparative HPLC on a C-18 reversed phase Vydac column. 

A mobile phase of 83% aqueous 0.1% trifluoroacetic acid and 17% 

acetonitrile with a flow rate of 2.0 ml/min was employed. The desired 

peak was collected (k l 
- 5.6) and lyophilized to yield the title 

peptide as the trifluoroacetate salt (8.8 mg). Analytical data are 

found in Tables 10 and 11. 

[Mpa4, Cys10J-a-MSH4_10-NH2 (XXXVI). Starting with 0.50 9 of 

Na-Boc-S-4-MeBzl-Cys-p-MBHA resin (0.50 mmoles of Na-Boc-S-4-MeBzl-Cys), 

the protected title peptide was prepared by the stepwise coupling of 

the following amino acids (in order of addition): Na-Boc-Nin-For-Trp, 

Na-Boc-N9-Tos-Arg, Na-Boc-Phe, Na-Boc-Nim-Tos-His, Na_Boc-OY-Bzl-Glu, 

and S-4-MeBzl-Mpa using the methodology outlined in Table 7. The 

resulting protected peptide p-MBHA resin was dried ~ vac~. Cleavage, 

deprotection, cyclization and purification were perform~d as in peptide 

XXIV (62.4 mg). Analytical data are found in Tables 10 and 11. 

Ac-[Cys4, Cys10J-a-MSH4_12-NH2 (XXXVII). Starting with 2.25 9 

of Na-Boc-Pro-p-MBHA resin (0.62 mmoles of Na-Boc-Pro), the protected 

title peptide was prepared by the stepwise coupling of the following 

amino acids (in order of addition): Na-Boc-Lys-2,4-C12-Z, Na_Boc-S-4-

MeBzl-Cys, Na-Boc-Nin-For-Trp, Na-Boc-N9-Tos-Arg, Na-Boc-Phe, 
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~-Boc-Nim-Tos-His, NQ-Boc-OY-Bzl-Glu, and NQ-Boc-S-4-MeBzl-Cys by the 

protocol illustrated in Table 7. Acetylation of the N-terminus of the 

protected peptide was performed with a 10-fold excess of N-acetyl

imidazole in 25 ml of CH2C12. The resulting protected peptide p-MBHA 

resin was dried in vacuo. Cleavage, deprotection, cyclization and 

purification were performed as in peptide XXIV (45.8 mg). Analytical 

data are found in Tables 10 and 11. 

Ac-[Cys4, Q-Phe7, CYS10J-Q-MSH4_12-NH2 (XXXVIII). Starting with 

1.00 g of NQ-Boc-Pro-p-MBHA resin (0.62 mmoles of NQ-Boc-Pro), the 

protected title peptide was prepared by the stepwise coupling of the 

following amino acids (in order of addition): NQ-Boc-Lys-2,4-C12-Z, 

NQ-Boc-S-4-MeBzl-Cys, NQ-Boc-Nin-For-Trp, NQ-Boc-N9-Tos-Arg, NQ-Boc-Q

Phe, NQ-Boc-Nim-Tos-His, NQ-Boc-OY-Bzl-Glu, and NQ-Boc-S-4-MeBzl-Cys 

following the protocol outlined in Table 7. Acetylation of the 

N-terminus of th~ protected peptide was performed with a 10-fold excess 

of N-acetylimidazole in 25 ml of CH2C12. The resulting protected 

peptide p-MBHA resin was dried in vacuo. Cleavage, deprotection, 

cyclization and purification were performed as in peptide XXIV (56.7 

mg). Analytical data are found in Tables 10 and 11. 
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Table 10: Amino acid analysis of synthetically prepared cyclic 
melanotropin fragments. 

Peptidea Glu 5 His 6 Phe7 Arg8 Trp9 ~11 Pro12 lf2Cys4,10 

XXIV. 1.05 0.94 0.96 1.04 1.04 0.97 1.99 

XXV. 1.05 0.98 0.97 0.97 0.97 1.08 1.96 

XXVI. 1.05 0.98 1.04 0.97 0.91 0.96 N.D.b 

XXVII. 1.06 0.96 0.94 1.02 0.94 1.04 N.D.b 

XXVII I. 0.97 0.98 1.03 1.09 0.95 0.98 N.D.b 

XXIX. 0.93 0.93 1.03 1.04 1.01 1.06 N.D.b 

XXX. 0.99 0.97 1.00 0.99 0.99 1.05 N.D.b 

XXXI. 0.95 0.97 1.05 1.04 0.98 1.01 N.D.b 

XXXII • 0.97 0.98 1.03 1.08 0.96 0.98 N.D.b 

XXX II I. 0.94 0.97 1.06 1.00 0.98 1.08 N.D.b 

XXXIV. 1.03 1.04 0.97 1.05 0.92 1.80 

XXXV. 1.03 0.95 0.98 0.99 1.06 1.99 

XXXVI. 0.96 0.97 1.03 1.05 0.97 N.D.b 

XXXVI I. 1.06 0.98 0.94 1.01 0.95 1.02 0.97 1.99 

XXXVII I. 1.05 1.03 1.01 1.02 0.93 1.05 1.05 1.90 

apeptide numbering corresponds to that in the text. 

bDue to disulfide interchange and the low sensitivity of Mpa-Cys, 
Cys-P~n or Pen-P~n, these ratios were not determined by amino acid 
analysis; however, a careful scrutiny of the NMR spectra reveals that 
these residues are present in the correct ratio. 
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Table 11: Analytical chromatographic constants (TLC and HPLC) of the 
synthetically prepared cyclic melanotropin fragments. 

Peptidea TLCb HPLCc 
A B C A B C D E F 

XXIV. 0.13 0.41 0.11 1.64 1.54 

XXV. 0.49 0.48 0.47 1.47 1.94 

XXVI. 0.10 0.33 0.27 2.38 3.07 3.95 5.91 

XXVI I. 0.11 0.34 0.35 1.48 1.68 

XXVII I. 0.12 0.35 0.32 1.30 1.41 2.00 2.82 

XXIX. 0.13 0.36 0.40 2.95 6.36 

XXX. 0.17 0.41 0.43 5.90 14.00 

XXXI. 0.11 0.35 0.42 4.08 6.55 

XXXII • 0.13 0.53 0.56 2.00 2.45 

XXXII I. 0.05 0.16 0.65 10.52 

XXXIV. 0.10 0.60 0.60 2.69 2.59 

XXXV. 0.70 0.66 0.60 2.98 4.00 

XXXVI. 0.26 0.66 0.67 4.33 

XXXVII • 0.48 0.47 0.46 1.62 1. 78 

XXXVII 1. 0.16 0.45 0.14 2.04 3.00 

a) Peptide numbering corresponds to that in the text. 

b) TLC systems are as follows: 

A) 1-butanol/HOAc/pyridine/H20; (15:3:10:12) 
B) 1-butanol/HOAc/pyridine/H20; (5:1:5:4) 
C) 2-propanol/NH40H/H20; (3:1:1) 
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Table 11: continued 

c) HPLC systems are as follows: 

A) 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (79:21) 
B) 0.25M aqueous triethylammonium phosphate (TEAP) (pH 2.2)/CH30H; 

(63:37) 
C) 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (82:18) 
D) 0.10% aqueous trifluoroacetic acid (TFA)/CH30H; (68:32) 
E) 0.10% aqueous trifluoroacetic acid (TFA)/CH3CN; (80:20) 
F) 0.10% aqueous trifluoroacetic acid (TFA)/CH30H; (64:36) 



CHAPTER 3 

BIOLOGICAL ACTIVITIES OF SYNTHETICALLY PREPARED 

LINEAR AND CYCLIC MELANOTROPINS 

Early structure-function analyses of a-MSH and its fragments 

have examined the importance of individual amino acids in the 

tridecapeptide to the overall biological potency of the native hormone 

(39,44,54,72-88,94). Surprisingly, relatively few of these 

structure-function studies have been directed at evaluation of the 

importance of individual amino acids in the classically defined active 

sequence (a-MSH4-10). Recently, it has been suggested that the 

three-dimensional orientation of the aromatic amino acids in the six, 

seven and nine positions may be critical to the biological activity of 

the native hormone (44,87,88). Based upon a close examination of the 

literature, the interaction of the side chains of aromatic amino acids 

with each other or nonaromatic amino acids may indeed be an important 

determinant for the biological activity of a variety of natural and 

synthetically modified hormones (165-167). 

Previous structure-function studies on the importance of the 

aromatic amino acids in the central 4-10 heptapeptide have only examined 

the contribution of phenylalanine and tryptophan to the melanotropic 

68 
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activity (39,44,54,72,73,76,80,87,88,94). In particular, the dual 

substitution of norleucine for methionine in the four position and 

Q-phenylalanine for phenylalanine in the seven position resulted in an 

analogue, [Nle4, Q-Phe7]-a-MSH, that exhibited superpotency and 

ultraprolonged biological activity (39) (Table 1). Similar results have 

also been obtained for shorter fragments with these substitutions 

(Tables 4 and 12). The importance of tryptophan in the nine position to 

the potency of a-MSH has been only superficially examined in the 

literature. In particular, the substitution of phenylalanine (88) or 

leucine (87) for tryptophan led to analogues that possessed one-fourth 

and one-eighth the potency, respectively, of the native hormone 

(Table 1). 

In order to further examine the importance of the aromatic amino 

acids in the six, seven and nine positions of a-MSH, rational design 

techniques (8) have been utilized to prepare a series of 4-11 analogues 

in order to understand the biological and conformational. significance of 

each of these amino acids. In this particular study, the seven position 

has been examined by substitution of either conformationally restricted 

amino acids or amino acids that may impart conformational restriction on 

the backbone, for phenylalanine7, in the hopes that certain biological 

responses will be selected over others as has been seen in a variety 

of other peptide hormones (35,168-170). Furthermore, the six and nine 

positions have been examined by replacing either or both of these 

aromatic amino acids by phenylalanine with either h- or Q-phenylalanine 
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in the seven position. Likewise, position six was further examined by 

replacement of histidine with its D-enantiomer and the nine position by 

replacement of tryptophan with the formyl protected derivative of 

either h- or D-phenylalanine in the seven position. In all of these 

above cases, the biological and biophysical results of these 

substitutions was analyzed with respect to both Ac-[Nle4]-a-MSH4_11-NH2 

and Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 (72) (these two peptides will 

hereafter be referred to as the model peptides) (Table 12). 

Furthermore, this study also included a limited examination of the 

importance of individual amino acids in the N-terminal sequence to 

biological activity of a-MSH on both the frog and lizard skin bioassays. 

In this section, the results of these studies are interpreted purely 

upon a biological basis (in general utilizing the frog and lizard skin 

bioassays) without utilizing biophysical methods (proton and carbon-13 

NMR) (Tables 12, 13, 14, 15, 16 and 17, Figures 7, 8, 9, 10, 11, 12, 13, 

14, 15 and 16). The results of the biophysical analysis of these 

compounds is included in the next chapter, in which a general model is 

also be developed in order to account for the overall relationship 

between the three-dimensional topology and the biological observations. 

Linear Fragments of a-MSH Modified in the Seven Position 

The potencies of 4-11 Nle4-substituted melanotropins with either 

h- or Q-phenylalanine in the seven position have been previously 

reported (44,72) and well-documented (Tables 4 and 12, Figures 7 and 8). 



71 

Table 12: Relativea in vitro potencies for selected linear analogues 
of a-MSH substituted with conformationally restricted amino 
acids in the seven position on the frog skin (Rana pipiens) 
and lizard skin (Anolis carolinensis) bioassay. 

Potency Relative to a-MSH 
Peptide Frog skin Lizard sk~ 

II. Ac-[Nle4]-a-MSH4_11-NH2 

IV. Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 

V. Ac-[Nle4, Pg17]-a-MSH4-11-NH2 

VI. Ac-[Nle4, Q-Pg17]-a-MSH4-11-NH2 

VII. Ac-[Nle4, Tic7]-a-MSH4_11-NH2 

VIII. Ac-[Nle4, Q-Tic7]-a-MSH4_11-NH2 

aThe relative potency of a-MSH = 1.00. 

0.0020 

0.050 

0.14 

0.00030 

0.00030 

0.012 

1.0 

8.0 

0.14 

0.00050 

0.00025 

0.010 
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Ac-[Nle4]-a-MSH4_11-NH2 is equipotent to a-MSH in the lizard skin 

bioassay. However, the Q-Phe7 substituted analogue is considerably more 

potent in both assays than the L-Phe7 analogue (Tables 4 and 12, 

Figures 7 and 8). 

Likewise, similar results have been obtained for the Nle4 4-9 

fragment analogues of a-MSH (Table 13). The Q-Phe7-substituted analogue 

has approximately 20-times the biological potency of Ac-[Nle4]-a-MSH4_9-

NH2. In fact, these hexapeptides were essentially equipotent to the 

corresponding model 4-11 peptides (Table 13), suggesting that the ten 

and eleven positions do not contribute significantly to the biological 

activity and that the structural requirements for high melanotropic 

activity can be found within the 4-9 sequence. 

In order to further examine the importance of the seventh 

position in a-MSH, a large variety of aromatic and nonaromatic amino 

acids have been substituted into the Ac-[Nle4]-a-MSH4_11-NH2 nucleus 

(171) (Tables 12 and 14). In most cases, the results of these 

substitutions are hard to interpret due to the large differences in the 

physical properties of the amino acids substituted in these positions, 

the vast differences between the individual bioassays utilized (i.e. 

frog, lizard skin and in some cases, adenylate cyclase or tyrosinase) 

and the lack of a complete biophysical analysis of the results of the 

substitutions. Interestingly a S-ll analogue in which phenylalanine was 

deleted, Ac-[NleS, Glu6, His7]-a-MSHS_11- NH2, still possessed intrinsic 
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Table 13: Relativea in vitro potencies for selected linear fragment 
analogues of a-MSH on the frog skin (Rana pipiens) and lizard 
skin (Anolis carolinensis) bioassay. 

Potency Relative to a-MSH 
Peptide Frog skin Lizard skin 

XVII • Ac-[Nle4]-a-MSH4_9- NH2 O.OOOS 0.2S 

XVIII. Ac-[Nle4, Q-Phe7]-a-MSH4_9- NH2 0.070 10.0 

XIX. Ac-[NleS, Glu6, His 7]-a-MSHS_11- NH2 N.D. 0.0033 

XX. Ac-a-MSHS_12- NH2 0.002S 0.10 

XXI. Ac-a-MSH6_12- NH2 0.0012 0.0012 

XXII • Ac-a-MSH6_13- NH2 0.010 0.017 

aThe relative potency of a-MSH = 1.00. 
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Table 14: Relativea in vitro potencies for selected linear analogues 
of a-MSH substituted in the seven position on the frog skin 
(Rana pipiens) and lizard skin (Anolis carolinensis) 
bioassay. 

Potency Relative to a-MSH 
Peptide Frog skin Lizard skin 

Ac-[Nle4, Gly7]-a-MSH4_11- NH2 

Ac~[Nle4, Ala7]-a-MSH4_11-NH2 

Ac-[Nle4, Q-Ala7]-a-MSH4_11- NH2 

Ac-[Nle4, Tyr7]-a-MSH4_11- NH2 

Ac-[Nle4, Q-Tyr7]-a-MSH4_11- NH2 

Ac-[Nle4, p-N027]-a-MSH4_11-NH2 

Ac-[Nle4, Q-pN027]-a-MSH4_11- NH2 

aThe relative potency of a-MSH = 1.00. 

0.005 

0.002 

0.000080 

0.010 

0.0020 

0.00090 

0.10 

0.00050 

0.0090 

0.020 

0.0090 

1.0 

0.20 

4.0 
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biological activity, even though it was only a very weak agonist 

(300-fold less potent than a-MSH and Ac-[Nle4]-a-MSH4_11-NH2 on the 

lizard skin bioassay) (Table 13). This suggests that even though the 

seven position is critical to high biological potency, it is not 

required for expression of minimal melanotropic activity. 

The most interesting results have been obtained from the 

substitution of amino acids in the seven position that contain the 

aromatic ring of phenylalanine, but by some method have been 

conformationally restricted, such as phenylglycine (Pgl) or 

1,2,3,4-tetrahydroisoquinoline-3-~arboxylic acid (Tic) (Table 12, Figure 

6). In phenylglycine the a-methylene group in phenylalanine is removed, 

imparting a certain amount of conformational constraint on the amino acid 

and the peptide backbone, and in tetrahydroisoquinoline carboxylic acid 

a methylene bridge is formed between the a-amino group and the ortho 

position of the phenyl ring (Figure 6). The restricted amino acids hor 

Q-Tic may be prepared from either L- or Q-phenylalanine by a classical 

approach involving an acid catalyzed condensation with formaldehyde (See 

Experimental Section, Chapter 5) (14,172-175). It has been shown that 

preparation of Tic by the Pictet-Spengler reaction (172,173) results in 

partial racemization (12,174,175), but the bocylated derivative can be 

simply and efficiently resolved by performing a fractional 

crystallization. 

The phenylglycine substituted analogue, AC-[Nle4, Pg17]-a-

MSH4-11-NH2, was only slightly less potent than a-MSH in both the frog 
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Figure 6. An illustration of the stereos1milarity of: 
phenylalanine, phenylglyc1ne and tetra
hydroisoquino11ne carboxylic acid. 
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and lizard skin bioassays (Table 12, Figures 7 and 8). Furthermore, the 

potency of this analogue was significantly enhanced (80 fold) over 

Ac-[Nle4]-a-MSH4_11-NH2 (the model peptide) in the frog skin bioassay. 

However, a slight loss of biological activity with respect to the model 

octapeptide was observed on the lizard skin bioassay. Surprisingly, 

substitution of Q-Pgl into the seven position of Ac-[Nle4]-a-MSH4_11-NH2 

led to an analogue that was significantly less potent than both a-MSH 

and Ac-[Nle4, Pg17]-a-MSH4_11-NH2 in either bioassay (Table 12, Figures 

7 and 8). This analogue was 700 and 20,000 times less potent in the 

frog and lizard skin bioassays, respectively than the corresponding 

Q-Phe7 containing model peptide. It appears that substitution of h-Pgl 

into the 4-11 sequence results in an analogue that is more compatible 

with high melanotropic activity in both the lizard and frog skin 

bioassays than the Q-phenylglycine analogue. 

Substitution of Tic into the seven position of the [Nle4]-4-11 

sequence led to a dramatic loss of biological activity, relative to 

a-MSH (Table 12, Figures 7 and 8). For example, Ac-[Nle4, Tic7]-a

MSH4-11-NH2 was 3500 times less potent than a-MSH in both bioassays. 

Interestingly, a much greater loss of potency was observed in the lizard 

skin bioassay than the frog skin bioassay. As has been observed with 

the model peptides the Q-Tic7 analogue (Ac-[Nle4, Q-·Tic7]-a-MSH4_11-

NH2) was more potent than Ac-[Nle4, Tic7]-a-MSH4_11-NH2, yet this 

analogue was still considerably less potent than a-MSH in both ~ vitro 

bioassays. Therefore, unlike the phenylglycine-substituted analogues, 
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Figure 7. An illustration of the relative potencies of a 
series of position seven substituted melanotropins 
on the ~ vitro frog skin (Rana pipiens) bioassay. 
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these peptide fragments in terms of relative potency behave similarly to 

the model 4-11 peptides, even though these fragment analogues are only 

weak agonists. 

On the other hand, the stereochemistry of the amino acid in the 

seven position has been related to prolongatjon of the biological 

response of a-MSH and its analogues (39,72,73,94). For example, 

Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 exhibited prolongation in a variety of 

~ vitro and ~ vivo bioassays while the h-containing analogue did not. 

Prolongation has also been observed for AC-[Nle4, D-Pg17]-a-MSH4_11-NH2 

in the lizard skin bioassay, but not in the frog skin bioassay (Figure 

9). However, substitution of Q-Tic into the seven position did not 

produce an analogue that was prolonged. This suggests that in terms of 

prolongation the Pg17_substituted analogues biologically behave more 

closely to the model compounds than the Tic7-substituted analogues. 

These observations also provide further evidence for the proposal that 

in a-MSH and its fragment analogues potency and prolongation are not 

associated to the same biological event. 

Linear Fragments of a-MSH Modified in the Six and/or Nine Position~ 

Previous studies in our laboratory (39,72,73,94, unpublished 

results) and other laboratories (74,80,87,88) have implicated the 

importance of the aromatic rings in the six, seven and nine positions to 

the biological activity of the native hormone. Surprisingly, an 

examination of the classical literature reveals that a complete 
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structure function analysis on the importance of the six and nine 

positions to the biological activity of a-MSH has not been performed. 

In particular, only the nine position has been studied to any degree 

(Table 1). In order to further analyze the importance of these aromatic 

side chains, phenylalanine has been substituted for histidine6 and 

tryptophan9 in the Nle4-4-11 fragment with either l- or Q-phenylalanine 

in the seven position (Table 15, Figures 10 and 11). 

A survey of the literature shows that the nine position of a-MSH 

has been studied in minor detail. [Phe9]-a-MSH has been prepared by van 

Nispen et al. (88) and was shown to be approximately eight times less 

potent than the native hormone in the frog skin bioassay. Similarly, 

Ac-[Nle4, Phe9]-a-MSH4_11-NH2 was less potent than the corresponding 

model peptide (~10 fold) providing support for the previous results 

(Table 15, Figures 10 and 11). Furthermore, the substitution of 

Q-phenylalanine into the seven position led to an enhancement of the 

biological potency of the resulting analogue (~100 fold) as was 

similarly observed for the model peptides. Therefore, a structure

function analysis would suggest that even though the nine position may 

contribute significantly to the biological potency of a-MSH fragments, 

the overall biological potency is less influenced by this position than 

by the seven position (as long as an aromatic amino acid (phenylalanine 

or tryptophan)) is maintained in the nine position. 

A solid phase peptide synthetic methodology problem has led to 

the preparation of further 4-11 analogues containing modifications in 
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Table 15: Relativea in vitro potencies for selected linear analogues of 
a-MSH substituted in the six and/or nine positions on the frog 
skin (Rana pipiens) and lizard skin (Anolis carolinensis) 
bioassay. 

Peptide 

IX. Ac-[Nle4, Phe6]-a-MSH4_11-NH2 

X. Ac-[Nle4, Phe6, Q-Phe7]-a-MSH4_11-NH2 

XI. Ac-[Nle4, Phe9]-a-MSH4_11-NH2 

XII. Ac-[Nle4, Q-Phe7, Phe9]-a-MSH4_11-NH2 

XIII. Ac-[Nle4, Phe6, Phe9]-a-MSH4_l1-NH2 

Potency Relative to a-MSH 
Frog skin Lizard skin 

0.00033 

0.012 

0.00015 

0.017 

0.010 

N.D. 

N.D. 

0.010 

N.D. 

0.0010 

XIV. Ac-[Nle4, Phe6, Q-Phe7, Phe9]-a-MSH4_1l-NH2 0.013 N.D. 

XV. Ac-[Nle4, Q-His6]-a-MSH4_1l-NH2 

XVI. Ac-[Nle4, Q-His6, Q-Phe7]-a-MSH4_1l-NH2 

I. Ac-[Nle4, Trp9(For)]-a-MSH4_ll-NH2 

0.0011 

0.0010 

0.00050 

0.0020 

0.10 

N.D. 

III. Ac-[Nle4, Q-Phe7, Trp9(For)]-a-MSH4_11-NH2 0.033 N.D. 

aThe relative potency of a-MSH = 1.00. 
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the nine position. In particular, due to difficulties associated with 

the quantitative removal of the formyl protecting group during the HF 

cleavage with 1,2-ethanedithiol (162) or subsequently by chemical methods 

(176), the effect of the formyl group on the biological potency of a-MSH 

analogues has been determined by the preparation and purification (by 

RP-HPLC) of: Ac-[Nle4, Trp9(For}]-a-MSH4_11-NH2 and Ac-[Nle4, ~-Phe7, 

Trp9(For}]-a-MSH4_11-NH2 (Table 15). Surprisingly, the formyl 

protecting group did significantly decrease the biological potency of 

a-MSH fragments, on the order of 5 to 10 fold depending upon the 

particular analogue and the particular bioassay (Table 15). This 

suggests that the indole nitrogen may be somewhat important for the 

potency of these analogues. 

An analysis of the literature shows that unlike the nine 

position, the importance of histidine in the six position has not been 

investigated. Therefore, in this study the consequences of substituting 

a non-titratab1e aromatic amino acid (phenylalanine) into this 

position has been examined. This substitution resulted in an analogue, 

Ac-[N1e4, Phe6]-a-MSH4_11-NH2, that displayed loss of potency with 

respect to the model h-Phe7-containing peptide (10-fold) (Table 15, 

Figures 10 and II)}. Furthermore, Ac-[N1e4, Phe6]-a-MSH4_11-NH2 was 

essentially equipotent to Ac-[N1e4, Phe9]-a-MSH4_11-NH2 in the frog skin 

bioassay. Likewise, substitution of Q-pheny1alanine in the seven 

position led to increased biological potency (similar to the model 

peptides and the Phe9 substituted analogues). A structure-function 

analysis of these results wou.1d suggest the proton acceptor capability 

. . 
~ 
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of the imidazole ring of histidine is not required for the biological 

activity of melanotropin fragments and is not as critical to the overall 

biological potency as the amino acid in the seven position. 

Besides substituting phenylalanine for histidine, the 

D-enantiomer of histidine has also been incorporated into the six 

position with either h- or Q-phenylalanine in the seven position. The 

classical structure-function studies of ACTH6-10 pentapeptides suggested 

that the Q-His6 analogue was an inhibitor of melanotropic activity 

(77-80)). In the Nle4 4-11 a-MSH analogue the inhibitory activity was 

not apparent, and in fact, Ac-[Nle4, His6]-a-MSH4_11-NH2 was shown to be 

a full agonist in the frog skin assay, approximately equipotent to 

Ac-[Nle4]-a-MSH4_11-NH2 (Table 15). Furthermore, the Q-Phe7 

substituted analogue (Ac-[Nle4, Q-His6, Q-Phe7]-a-MSH4_11-NH2) did not 

exhibit enhanced biological potency (it was essentially equipotent to 

both Ac-[Nle4]-a-MSH4_11-NH2 and Ac-[Nle4, D~His6]-a-MSH4_11-NH2 in the 

frog skin bioassay (Table 15)). This suggests that the,enhancement of 

the biological potency (and prolongation) observed in the model peptides 

for the Q-Phe7-substituted analogue is not related to the amino acid 

substitution itself, but rather a result of the contribution of D-Phe7 

to the overall, three-dimensional (topological) structure of the peptide 

hormone. 

A somewhat more interesting result was obtained by incorporation 

of phenylalanine into both the six and nine positions. Surprisingly, in 

the frog skin bioassay, Ac-[Nle4, Phe6, Phe9]-a-MSH4_11-NH2 was more 

potent than Ac-[Nle4, Phe6]-a-MSH4_11-NH2, Ac-[Nle4, Phe9]-a-MSH4_11-NH2 
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or Ac-[Nle4]-a-MSH4_11-NH2 (Table 15), which supports the conclusions 

that had been derived from the Q-histidine6 substituted analogues (see 

above). Interestingly, further incorporation of the Q-Phe7 substitution 

into this analogue did not lead to an enhancement of the potency of this 

analogue, and in fact, Ac-[Nle4, Phe6, Phe9]-a-MSH4_11-NH2 was 

equipotent to AC-[Nle4, Phe6, Q-Phe7, Phe9]-a-MSH4_11-NH2 (Table 15). 

This biological data may be a result of many different physical 

properties of the resulting analogue which are not easily resolved, such 

as a change in the overall conformation and/or the lipophilicity of the 

resulting peptide. 

The results of this study suggest that the specificities of the 

receptor for the amino acids in the six and nine positions are less 

stringent than those for the amino acid in the seven position. 

Specifically, a significant loss of potency is not evident as long as an 

aromatic amino acid is maintained in these positions. This suggests 

that the identity of the individual aromatic amino acid in the six 

and/or nine positions is not critical to the biological potency 

of the peptide, except as it affects the overall three-dimensional 

conformation of the analogue. 

Summary and Future Perspectives 

In this section the importance of the aromatic residues in the 

six, seven and nine positions with respect to the biological potency and 

prolongation of linear 4-11 analogues has been examined. The amino acid 
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substituted in the seven position has the greatest effect on the 

observed biological activity of the molecule in both bioassays (up to 4 

orders of magnitude). It has been shown that the Q-phenylalanine7 

substitution in the Nle4 4-11 fragment resulted in an analogue with 

greater potency and more prolonged biological activity than Ac-[Nle4]-a

MSH4-11-NH2. However, the h- and Q-phenylglycine7 substitutions did not 

parallel the potencies of the model peptides, even though Ac-[Nle4, 

Q-Pg17]-a-MSH4_11-NH2 was prolonged, suggesting that potency and 

prolongation are not related to the same biological event. These 

differences in biological activity may be a result of a conformational 

change of the overall peptide as can be seen in the corresponding NMR 

parameters (See Chapter 4). 

Substitution of phenylalanine into the six and/or nine positions 

of the Nle4 4-11 a-MSH fragments did not have dramatic effects on the 

biological potencies of the resulting analogues suggesting that these 

positions can accomodate much greater structural variation than the 

seven position. Due to the lack of literature precedence in studying 

these positions, the substitutions utilized were rather ~onservative. 

In general, it appears that as long as an aromatic amino acid (e.g. 

phenylalanine) is maintained in these positions, a minor loss of 

bioactivity was observed (~4 to 10 fold) with respect to the model 

peptides (Table 15, Figures 10 and 11). In this regard, it is 

imperative that a more complete analysis of the contribution of these 
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positions be performed with respect to their role in the biological 

expression of the molecule. This examination should encompass an 

approach similar to that employed for the seven position in this study. 

One of the major goals of a-MSH research is the preparation of 

an antagonist of melanotropic activity. In this regard, it is necessary 

to develop a receptor-binding assay in order to test certain promising 

compounds (i.e. weak agonists that possess prolonged biological 

activity) and assist in the rational design (8) of analogues as 

potential antagonists. One analogue that could be an antagonist and 

would benefit from such an examination is Ac-[Nle4, Q-Pg17]-a-MSH4_11-

NH2 (Table 12, Figures 7,8 and 9). 

Linear C-Terminal Melanotropin Fragments 

Many of the classical structure-function studies of a-MSH have 

been directed at elucidation of the minimum sequence required for 

biological activity (61-71,94). In general, this type of analysis has 

shown the importance of ,the central 4-10 heptapeptide to the 

mel,anotropic activity of a-MSH. It has been further suggested by other 

workers that certain amino acids in the C-terminal segment may also be 

critical to the biological activity of the molecule (61-71). In order 

to further study this hypothesis Ac-a-MSH6_13-NH2, Ac-a-MSH6_12-NH2 and 

Ac-a-MSHS-12-NH2 have been prepared (Table 13). 

All of the synthetic analogues were at least 100 times less 

potent than a-MSH in the frog skin bioassay (Table 13). The 6-13 

analogue possessed the greatest potency, approximately 10 times greater 
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than that of the 6-12 analogue, suggesting that valine may playa role 

in the overall potency of the molecule, even though this was not 

apparent in the 4-12 or 4-13 linear and cyclic analogues. Furthermore, 

the addition of glutamic acid onto the N-terminus increased the 

potency of the 6-12 analogue only two-fold. 

The results were somewhat different in the lizard skin bioassay 

in which both the 6-13 and 6-12 sequences were essentially equipotent to 

each other, but still 50 fold less potent than a-MSH (Table 13). In 

this case, the 5-12 sequence exhibited the greatest potency (Table 13) 

of these C-terminal fragments. This shows that the five position may be 

more important for high melanotropic activity in the lizard skin than in 

the frog skin bioassay. This further supports the proposal that the 

frog and lizard skin receptors have very different requirements for 

melanotropic activity. 

Cyclic Analogues with Cysteine in the Four and Ten Positions 

Previous studies had suggested the possible importance of a 

reverse turn conformation to the biological activity of a-MSH (89,90). 

A careful conformational analysis of the linear tridecapeptide by both 

molecular modeling and calculations has suggested that the four and ten 

positions could lie in close proximity in a low-energy conformation. In 

order to test this hypothesis a pseudoisosteric substitution of a 

cystine disulfide bridge was incorporated between these positions for 

methionine and glycine (89,90). This conformationally constrained 

peptide, [Cys4, Cys10J-a-MSH, seemed to favor the overall topology 
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required for high melanotropic activity based upon its observed 

biological properties (Table 5). This molecule has been used as a lead 

compound for the preparation of a series of conformationally restricted 

cyclic analogues of a-MSH (cycliz~d between the four and ten positions) 

in order to try and deduce the structural requirements for high 

melanotropic activity. This section will attempt to examine the 

structure-function relationships that can be implied for these cyclic 

disulfide linked melanotropins based upon their observed biological 

properties. 

The interesting biological properties of [C;s4, Cys10J-a-MSH 

immediately led to the preparation of a series of cystine substituted 

cyclic analogues of differing chain length (4-10, 4-11, 4-12 and 4-13) 

to examine the importance of the C-terminal tripeptide (-Lys-Pro-Val-) 

(34,73,91). It has been reported that Ac-[Cys4, Cys10J-a-MSH4_13-NH2 

was essentially equipotent to the cyclic tridecapeptide, which provided 

further evidence that the N-terminal tripeptide, (-Ser-Tyr-Ser-) as with 

linear melanotropins, has essentially no effect on the skin darkening 

ability of a-MSH (91). It has also been reported that Ac-[Cys4, Cys10J-

a-MSH4-10-NH2 was only a very weak agonist, suggesting that at least 

some of the residues comprising the C-terminal tripeptide may be 

critical to the biological potency of a-MSH (91) (Tables 5 and 16, 

Figures 12a and 12b). 

In order to further examine the contribution of the C-terminal 

tripeptide to the melanotropic activity of cyclic melanotropins, both 
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Ac-[Cys4, Cys10J-a-MSH4_11-NH2 and Ac-[Cys4, cys10J-a-MSH4_12-NH2 were 

prepared (34) (Table 16, Figures 12a and 12b). The addition of lysine 

into the central cyclic heptapeptide fragment resulted in only a two or 

six fold enhancement of biological potency on the frog and lizard skin 

bioassay, respectively. However, a more dramatic increase in potency 

was apparent upon the preparation of the cyclic 4-12 analogue. In fact, 

AC-[Cys4, Cys10J-a-MSH4_12-NH2,was approximately 200 and 500 times more 

potent than Ac-[Cys4, Cys10J-a-MSH4_10-NH2 in the frog and lizard skin 

bioassay, respectively, and in fact, in both cases essentially 

equipotent to Ac-[C~s4, Cys10J-a-MSH4_13-NH2 and [C~s4, Cys10J-a-MSH 

(Table 16, Figures 12a and 12b). This further exemplifies the 

importance of the twelve position to the overall potency of cyclic as 

well as linear (shown previously (44)) melanotropins. 

It has been observed for linear melanotropins that incorporation 

of a Q-phenylalanine into the seven position can lead to an increase of 

biological potency along with prolongation of the response for the Nle4, 

4-11, 4-12 and 4-13 sequences (44,72). In regards to potency, both the 

cyclic Q-Phe7-containing 4-10 and 4-11 sequences were significantly more 

potent than the corresponding cyclic h-Phe7-containing analogue 

(Table 16, Figures 13a and 13b). However, the Q-phenylalanine 

substitution did not lead to an enhancement of potency in either the 

4-12 or 4-13 cyclic sequences. Furthermore, unlike the linear series, 

the cyclic Q-Phe7 4-11 analogue was not prolonged, but longer sequences 

were prolonged (4-12 and 4-13) (Figure 14) (73). This shows that in 
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Table 16: Relativea in vitro potencies for selected cyclic analogues 
of a-MSH sUbstituted with cysteine in the four and ten 
positions on the frog skin (Rana pipiens) and lizard skin 
(Anolis carolinensis) bioassay. 

Potency Relative to a-MSH 
Peptide Frog skin Lizard skin 

XXXIV. Ac-[Cys4, C;s10J-a-MSH4_10-NH2 

XXXV. Ac-[Cys4, Q-Phe7, Cys10J-a-MSH4_10-NH2 

XXIV. AC-[Cys4, Cys10J-a-MSH4_11-NH2 

XXV. Ac-[Cys4, Q-Phe7, Cys10J-a-MSH4_11-NH2 

XXXVII. AC-[Cys4, Cys10J-a-MSH4_12-NH2 

XXXVIII. AC-[Cys4, Q-Phe7, Cys10J-a-MSH4_12-NH2 

XXXVI. [Mpa4, Cys10J-a-MSH4_10-NH2 

aThe relative potency of a-MSH = 1.00. 
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Figure 13. An illustration of the relative potencies of a 
series of cyclic cystine and D-phenylalanine7-
substituted C-terminal fragments of a-MSH on the 
in vitro frog skin (a) (Rana i iens) and lizard 
skin (b) (Anolis carolinensTs bioassays. 
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linear melanotropins, lysine is required for prolongation, but in cyclic 

cystine-substituted melanotropins, proline is necessary for the 

prolongation effect. 

Cyclic Analogues with Penicillamine in the Four and/or Ten Positions 

It has been shown that cyclization of peptides via a cystine 

disulfide bridge leads to conformational restriction of the resulting 

analogue. Greater conformational rigidity can be imposed by replacing 

one or both of the cysteine residues with S,S-dimethylcysteine 

(penicillamine). This modification has been employed with great success 

in the preparation of analogues of enkephalin (35), oxytocin (177-184) 

and somatostatin (185) that possess specific and desired biological 

properties (i.e. selectivity for a specific receptor, antagonism, 

superpotency, etc.). In order to determine if this substitution would 

lead to differentiation of the melanotropic activities for fragments of 

a-MSH in the different bioassay systems, both h- and Q-penicillamine 

have been substituted into either the four and/or ten positions of the 

cyclic model peptide AC-[Cys4, CyslOJ-a-MSH4_11-NH2 (Table 17, Figures 

15 and 16). 

All the mono- and bis-penicillamine-containing cyclic 4-11 a-MSH 

analogues were full agonists, but as expected considerably less potent 

than the native tridecapeptide in both bioassays. Of the mono

penicillamine substituted analogues, the penicillamine-4 analogue was 

essentially equipotent to Ac-[Cys4, Cys10J-a-MSH4_11-NH2, but the 

penicillamine-l0 ten analogue was at least 20-fold less potent in both 
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Table 17: Relativea in vitro potencies for selected cyclic analogues of 
a-MSH substituted--with penicillamine in the four and/or ten 
positions on the frog skin (Rana pipiens) and lizard skin 
(Anolis carolinensis) bioassay. 

Potency Relative to a-MSH 
Peptide Frog skill Lizard_~~i!l_ 

XXVI. AC-[P~n4, CyslOJ-a-MSH4_11-NH2 

XXVI 1. Ac-[p~n4, Q-Phe7, Cy's10J-a-MSH4_11-NH2 

XXVIII. Ac-[Cys4, p~n10J-a-MSH4_11-NH2 

XXIX. Ac-[Cys4, Q-p~n10J-a-MSH4_11-NH2 

XXX. Ac-[P~n4, P~n10J-a-MSH4_11-NH2 

XXXI. AC-[Q-P~n4, P~n10J-a-MSH4_11-NH2 

XXXII. Ac-[P~n4, Q-P~n10J-a-MSH4_11-NH2 

XXXIII. Ac-[Q-pJn4, Q-P~n10J-a-MSH4_11-NH2 

aThe relative potency of a-MSH = 1.00. 

0.050 0.030 

1.0 0.10 

0.0010 0.0017 

0.0030 0.0050 

0.0025 0.0017 

0.0010 0.0014 

N.D. N.D. 

N.D. N.D. 
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bioassays (Table 17, Figures 15 and 16). Specifically, Ac-[p~n4, Cys10J

a-MSH4_11-NH2 was 50 and 20 times more potent than Ac-[Cys4, P~n10J-a

MSH4_11-NH2 in the frog and lizard skin bioassays, respectively. 

Replacement of i-penicillamine with Q-penicillamine in the ten position 

led to a slight increase in potency, (approximately 3-fold in either 

bioassay) (Table 17, Figures 15 and 16). Furthermore, as has been 

observed with linear and cyclic melanotropins (cyclized via a cystine 

bridge), substitution of Q-phenylalanine into the seven position of a 

mono-penicillamine-containing melanotropin led to enhanced biological 

potency (38,70,71,89). Specifically, Ac-[P~n4, Q-Phe7, Cys10J-a-MSH4_11-

NH2 was 3 times more potent in the lizard skin and 20 times more potent 

in the frog skin bioassay than AC-[P~n4, cys10J-a-MSH4_11-NH2 (Table 

17, Figures 15 and 16). In general, it appears that the substitution of 

penicillamine into the four position has a less dramatic effect on the 

biological potency of a-MSH than substitution of penicillamine into the 

ten position. A structure function analysis of these results would 

suggest that tryptophan9 may be quite important to the potency of a-MSH 

since it is reasonable to assume that the B-methyls of Pen10 may result 

in an unfavorable steric interaction with this residue. 

In order to examjne the biological results of further 

conformational restriction of a-MSH, the bis-penicillamine analogues 

with either enantiomer of penicillamine in the four and ten positions 
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were prepared. The bis-penicillamine analogue Ac-[p~n4, P~n10J-a

MSH4-11-NH2 was essentially equipotent to Ac-[Cys4, p~nl0]-a-MSH4_11-NH2 

and Ac-[Cys4, Q-P~nl0J-a-MSH4_11-NH2 in both bioassays, but considerably 

less potent than AC-[P~n4, cysl0J-a-MSH4_11-NH2 (20-fold) (Table 17, 

Figures 15 and 16). Similar potencies were observed for AC-[Q-P~ 

~nl0J-a-MSH_4_11-NH2 in both ~ vitro biological assays (Table 17, 

Figures 15 and 16). The data are consistent with the proposal that the 

four position is not as critical in cyclic peptides to the biological 

potency of a-MSH as the ten position in cyclic analogues. In order to 

further this examination the two remaining bis-penicillamine substituted 

analogues have been prepared: AC-[P~n4, Q-p~nl0J-a-MSH4_11-NH2 and 

AC-[Q-p~n4, Q-P~nl0J-a-MSH4_11-NH2 (Table 17). Unfortunately, the 

biological properties of these analogues have not yet been determined. 

However, based upon the results obtained for the mono- and 

bis-penicillamine analogues it is unlikely that these analogues will 

have significantly different potencies. 

Summary and Future Perspectives 

An examination of cyclic C-terminal a-MSH analogues has shown 

that the 4-12 sequence is required for superpotency in both bioassays; 

however, significant potency (~10-fold greater than the corresponding 

linear analogues) is obtained with either the 4-10 or the 4-11 cyclic 

sequences. The importance of the stereochemistry of the amino acid in 

the seven position to both potency and prolongation was also apparent in 

the cyclic analogues. 
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Unfortunately cyclization of a-MSH fragments between the four 

and ten positions with either cysteine or penicillamine did not provide 

significant differentiation of the melanotropic activity between the 

frog and lizard skin bioassays. It is possible the resulting molecule 

was not rigid enough, due to the large size of the intramolecular ring 

(23-membered). In this regard, methods to provide greater restriction 

to this ring, or preparation of smaller rings by cyclizing between other 

residues, should be examined. The 4-10 (23-membered) ring could be 

restricted by the incorporation of more highly restricted amino acids at 

the four and ten positions (such as: e,e-cyclopentylmethylenecysteine, 

_ e,e-cyclobutylmethylenecysteine, S,s-diethylcysteine, etc.) or in the 

peptide backbone (such as tetrahydroisoquinoline carboxylic acid, 

phenylglycine, etc.). The preparation of smaller rings could be 

accomplished by cyclizing either through a disulfide bridge or an amide 

bond between a variety of positions or residues (such as the five (Glu) 

and eight (Arg), the eight (Arg) and eleven (Lys) , etc.). 

Also, even though the mono- and bis-penicillamine-substituted 

analogues did not provide differentiation of selectivity for either the 

lizard or frog skin melanotropic receptors, this does not necessarily 

rule out differentiation for the extra-pigmentary effects of 

melanotropin fragments. Due to the recent interest in the activity of 

a-MSH analogues in the central nervous system (eNS) and in particular 

the superpotency of the cyclic analogues in the rat grooming assay 

(45-51), the penicillamine substituted analogues could prove to be quite 

interesting in these studies. 



CHAPTER 4 

CONFORMATIONAL ANALYSIS OF LINEAR AND CYCLIC MELANOTROPINS 

The conformational preferences of peptides have been examined by 

a variety of physical methods, the most popular of which include: 

(1) circular dichroism (CD) (102-105); (2) infrared spectroscopy (IR) 

(108); (3) Raman spectroscopy (102,109); (4) reversed-phase high 

performance liquid chromatography (RP-HPLC) (106,107); (5) X-ray 

crystallography (114,115); (6) molecular modeling and calculations 

(116,117); and (7) multinuclear magnetic resonance (NMR) (97-101), in an 

attempt to determine a preferred three-dimensional, biologically active 

conformation! All of the various methods have certain advantages and 

disadvantages, but one method in which the advantages presently outweigh 

the drawbacks isNMR. The popularity of this method can be attributed 

to a variety of factors: (1) the technological advances in the 

spectrometers themselves resulting in enhanced sensitivity and 

resolution; (2) the relative simplicity of the experiment; (3) the 

ability to recover (in most cases) the sample; (4) the ability to 

observe individual nuclei (lH, 13C and 15N) and their individual 

spectrometric properties; (5) the vast amount of specific spectral 

parameters which can be extracted and directly related to conformational 

105 
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properties (97-101,186,187); and (6) the theoretical advances regarding 

assignment and identification of pertinent spectrometric data 

(especially due to the development of two-dimensional NMR techniques) 

(188-192). Unfortunately, some disadvantages do exist: (I) in most 

cases, a larger sample is required than for other more sensitive 

methods; and (2) the complexity of the spectra makes it difficult to 

perform a critical analysis of larger peptides or proteins. Even 

considering these disadvantages, NMR still appears to be the desired 

method for examining a-MSH and its fragment analogues. Since the 

analogues have been prepared synthetically, sufficient sample is usually 

available, and in most cases only fragment analogues of a-MSH need to be 

analyzed (seven or eight residues) in order to make inferences about the 

conformational properties of the entire molecule. This section will 

examine both the proton and carbon-13 NMR parameters for a variety of 

linear and cyclic melanotropins with an emphasis on developing a model 

to correlate the biologically active three-dimensional solution 

conformation of a-MSH to its observed biological activity. An 

examination of the relatively sparse literature on conformational 

studies of a-MSH and ACTH analogues will also be incorporated into this 

model (118-126). 

In order to study the conformation of peptides by NMR a careful 

examination of the conformational preferences of both the backbone and 

side chains is required. Information on the selected backbone 

conformations can be obtained by analyzing: (I) the chemical shifts of 
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the alpha and amide protons; (2) the amide coupling constants; and (3) 

the temperature dependence of the amide protons. Information on the 

preferred orientations of individual amino acid side chains can be 

derived from: (I) the chemical shifts of the side chain protons 

(including the aromatic protons); (2) a-a coupling constants (and 

corresponding rotamer populations); and (3) carbon-13 spin lattice 

relaxation times (T1). In all cases, the significance of these 

parameters will be analyzed with respect to model peptides, which are 

defined as: AC-[Nle4]-a-MSH4_11-NH2 and Ac-[Nle4, Q-Phe7]-a-MSH4_11- NH2 

for linear melanotropins (Figures 17 and 18, Tables 18, 19, 20, 21 and 

22), and Ac-[Cys4, Cys10]-a-MSH4_11-NH2 and Ac-[Cys4, Q-Phe7, Cys10]-a

MSH4-11-NH2 for cyclic melanotropins (Figure 25, Tables 24, 25, 26, 27, 

28, 29 and 30). 

Conformational Analysis of Linear 4-11 Melanotropins 

In general, linear peptides have been shown to possess little 

secondary structure as a result of a definitive backbone conformation, 

even though it has been suggested that a-MSH and its fragment analogues 

may prefer to exist in some type of a reverse turn conformation (e.g. 

y or a-turn) (34,44,89-91). This proposal was partially based upon the 

increased potency of the linear Q-Phe7-substituted fragments, versus the 

linear h-Phe7-substituted fragments of a-MSH (Q-amino acids have been 

reported to stabilize a reverse turn in peptides (92}). Therefore, a 

conformational analysis of the importance of the seven position to the 
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Table 18: The proton NMR chemical shifts for selected linear 
melanotropins with conformationally restricted amino acids in 
the seven position. 

Residue IIa IV V VI VII VI II 

Ac 2.04 2.02 2.08 2.05 2.07 2.08 

Nle4 CaH 4.15 4.13 3.97 4.11 4.13 4.18 
Ca H 1.65 1.62 1.60 1.64 1.58 1.58 
CyH 1.29 1.26 1.26 1.26 1.27 1.27 
CoH 1.26 1.24 1.23 1.23 1.24 1.23 
Ce: H 0.85 0.83 0.84 0.84 0.86 0.85 

Glu 5 CaH 4.24 4.22 4.23 4.27 4.23 4.32 
Ca H 1.88 1.87 1.90 1.90 1.87 1.91 
CyHA 2.38 2.29 2.33 2.32 2.30 2.36 
CyHB 2.32 2.23 2.26 2.26 2.24 2.29 

Hi s6 CaH 4.59 4.66 4.75 4.72 5.26 5.27 
CaHA 3.08 3.13 3.28 3.16 3.02 3.22 
CaHB 3.01 3.14 

XXX7 CaH 4.54 4.52 5.40 5.34 4.72 4.87 
CaHA 2.91 3.01 3.09 3.06 
CaHB 2.87 . 2.96 2.94 2.98 

(4.59)b 4.65)b 

Arg8 CaH 4.28 4.13 4.27 4.23 .4.16 4.20 
Ca H 1.80 1.40 1.81 1.50 1.65 1.68 
CyH 1.40 1.01 1.60 1.09 1.08 1.23 
CoH 2.99 2.93 2.99 2.86 2.99 3.01 

Trp9 CaH 4.68 4.66 4.60 4.70 4.69 4.58 
CaHA 3.35 3.34 3.26 3.34 3.30 3.30 
CaHB 3.22 3.22 3.04 3.20 3.22 3.19 

Gly10CaHA 3.94 3.91 3.91 3.88 3.83 3.88 
CaHa 3.85 3.82 3.81 3.80 3.83 3.81 

Lys11CaH 4.23 4.26 4.25 4.25 4.27 4.26 
Ca H 1.67 1.67 1.68 1.68 1. 70 1.67 

~~ 1.40 1.40 1.41 1.40 1.41 1.40 
1.67 1.67 1.70 1.65 1.65 1.68 

Ce: H 3.07 2.98 3.03 2.96 2.96 2.98 

apeptide numbering corresponds to that in the text. 
bCorresponds to chemical shift of protons on methylene carbon between 
alpha amine and ortho position on the phenyl ring. 
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Table 19: The proton NMR chemical shifts for the aromatic protons of 
selected linear melanotropins with conformationally 
restricted amino acids in the seven position. 

Residue IIa IV V VI VII VIII 

His6 C2 8.57 8.54 8.53 8.44 8.48 8.51 
C4 7.15 7.08 7.22 7.10 7.20 7.24 

Trp9 C2 7.24 7.23 7.10 7.21 7.15 7.20 
C4 7.62 7.60 7.48 7.61 7.55 7.59 
C5 7.12 7.11 7.12 7.11 7.07 7.13 
C6 7.21 7.17 7.21 7.17 7.10 7.20 
C7 7.41 7.44 7.43 7.45 7.37 7.44 

XXX7 b 7.16 7.22 7.37 7.28 7.16 7.18 
7.24 7.32 7.44 7.41 7.25 7.28 

apeptide numbering corresponds to that in the text. 
bCorresponds to the center of respective multiplet; peptide II, XXX7 = 
Phe; peptide III, XXX7 = D-Phe; peptide IV, XXX7 = Pgl; peptide V, XXX7 
= Q-Pgl; pepide VI, XXX7 ~ Tic; peptide VII, XXX 7 = Q-Tic. 



112 

potency and prolongation of a-MSH analogues which contained amino acids 

that may impart conformational restriction on the phenyl ring of 

phenylalanine or the peptide backbone itself was performed. This 

conformational study will focus on the model peptides, linear 4-11 

fragments with either pheny1g1ycine or 1,2,3,4-tetrahydroisoquino1ine-

3-carboxy1ic acid (Pg1 or Tic) in the seven position (Figure 6), and 

cyclic 4-11 fragments cyc1ized between the 4 and 10 positions via a 

cystine or penicillamine bridge. 

Prior to an analysis of the conformational properties of a 

peptide analogue it is necessary to completely and correctly assign the 

individual proton NMR resonances to specific protons. This can be 

performed by a variety of techniques, such as: (1) pH titration; (2) 

comparison with literature assignments; (3) comparison with smaller 

fragments of a-MSH (unpublished results); but the two most powerful and 

most utilized methods are: (4) double resonance; and (5) a variety of 

two dimensional COSY NMR techniques (190-192) (Figures 19, 20 and 21). 

In particular, both a normal COSY experiment (190,191) (to observe 

vicinal couplings) (Figures 19 and 20) and a COSY experiment in which 

the long range couplings are enhanced were utilized (Figure 21) (192). 

By this method, the resonances that correspond to the aromatic residues 

(His, Phe and Trp) could be unequivocally assigned (Figures 19, 20 

and 21). 

A primary analysis of the backbone conformation of linear 

me1anotropins should include an examination of any unusual chemical 

shifts of the alpha protons. Examination of the alpha protons for these 
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analogues by proton NMR did not exhibit any unusual results, except in 

one case. In particular, the alpha protons of histidine are deshielded 

(shifted downfield, 0.50 ppm), when either isomer of tetrahydroiso

quinoline carboxylic acid (Tic) was substituted in the seven position 

(Table 18). This shift could be caused by the proximity of the 

deshielding region of either an aromatic ring or a carbonyl. Model 

studies suggest that the Tic l substitution results in a large amount of 

backbone rigidity, such that it is unlikely that an aromatic ring (His, 

Tic or Trp) could be orientated in such a manner as to account for this 

deshielding. It appears based upon these model studies that the 

carbonyl of glutamic acid is actually responsible for the downfield 

shift. A similar but less dramatic downfield shift of the alpha protons 

of histidine results from the substitution of either L- or 

Q-phenylglycine into the seven position (~0.10 ppm) of the 4-11 a-MSH 

fragments (Table 18). However, this shift is probably not a result of a 

particular orientation of a deshielding mOiety but simply an inductive 

effect of the phenyl ring. 

One of the best methods to determine the conformational 

properties of the peptide backbone involves a study of the amide 

protons. For example, the 3JNH-aCH coupling constants of individual 

amino acid residues can be related directly to the corresponding a-CH-NH 

dihedral angle via the Bystrov-Karplus equation (193,194). Generally, a 

peptide or protein that possesses little backbone rigidity and exists in 

a random coil conformation has e angles that yield JNC values in the 
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range of 5.5 to 7.5 Hz. For the four octapeptides with conformationally 

restricted amino acids in the seven position and the model peptides.the 

coupling constants vary between 5.6 and 8.1 Hz (Table 20). The 

magnitudes of the coupling constants indicate that the backbones of the 

six octapeptides may possess considerable conformational flexibility in 

aqueous solution. 

An examination of the temperature dependence of the amide 

protons shows that all the NH protons have large temperature 

coefficients ((4.6 to 7.6) x 10-3 ppm-K-1) (Table 20). In general, when 

amide protons are involved in an intramolecular hydrogen bond their 

temperature coefficients are zero or less, and amide protons that are 

solvent shielded have temperature coefficients less than 3 x 10-3 ppm

K-l. Therefore, in these linear peptides no evidence exists for an 

intramolecular hydrogen bond or a solvent-shielded amide proton, which 

could stabilize a reverse turn conformation (a-turn, C7 turn, etc.). 

Even though the backbone may not have definitive conformational 

preferences, this does not preclude the possibility that some secondary 

structure may exist as a result of an interaction of the individual 

amino acid side chains. It has been shown that the alpha-beta coupling 

constants and their corresponding rotamer populations can provide an 

indication of the conformational preferences of individual amino acid 

side chains. In this study, the three rotamer populations (gauche+, 

gauche- and trans) have been calculated based upon the method of Leeuw 
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Table 20: The amide proton NMR chemical shifts, coupling constants and 
temperature dependanciesa for selected linear melanotropins 
with conformationally restricted amino acids in the seven 
posit ion. 

Residue IIb IV V VI VII VIII 

Nl e4 0 NH 8.22 8.17 8.16 8.18 8.15 7.96 
JNH-aCH 6.4 7.2 5.6 6.7 6.5 7.1 
f}.o/f}.T 6.8 6.2 6.4 5.4 5.4 8.0 

Glu5 oNH 8.13 8.26 8.37 8.34 8.27 8.44 
JNH-aCH 7.1 7.0 6.3 6.9 7.2 6.6 
f}.o/l:!.T 7.0 7.6 5.7 5.0 7.0 6.0 

His6 °NH 8.38 8.36 8.45 8.53 8.55 8.63 
JNH-aCH 6.8 7.7 7.0 6.6 8.4 6.9 
l:!.o/l:!.T 6.0 5.0 4.6 4.6 7.2 5.4 

XXX7 oNH 8.19 8.39 8.47 8.69 
JNH-aCH 8.1 6.1 5.6 6.3 
l:!.o/l:!.T 7.0 7.6 4.6 5.3 

Arg8 oNH 8.38 8.17 8.47 8.27 8.12 8.24 
JNH-aCH 6.8 7.2 5.6 7.6 6.1 6.5 
l:!.o/l:!. T 6.0 6.2 6.7 4.5 6.2 7.4 

Trp9 oNH 8.00 8.11 7.70 8.16 7.84 7.89 
JNH-aCH 6.7 8.1 6.3 6.7 6.9 7.0 
f}.o/f}.T 6.8 6.0 6.3 4.8 5.0 6.6 

GlylOo NH 8.23 8.19 8.17 8.26 8.18 8.19 
JNH-aCH 6.8 7.6 6.6 6.2 5.7 6.5 
f}.o/f}.T 5.4 5.6 6.1 4.2 7.0 5.0 

Lys110NH 8.16 8.08 8.10 8.11 8.09 8.15 
JNH-aCH 7.2 7.5 7.4 7.2 6.5 7.3 
l:!.o/f}.T 6.6 6.0 5.4 4.8 6.6 7.6 

a x 10-3 l:!.o/l:!. T. 
b Peptide numbering corresponds to that in the text. 
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Altona (195,196) as opposed to the classical method of Pachler 

(197-199). The method of Leeuw and Altona takes into account various 

factors that could affect the respective population of the three 

rotamers, which Pachler did not (e.g. the electronegativity of 

individual amino acid side chain 5ubstituents). A feature of this 

method of calculation is the minimization of the gauche+ rotamer 

population (i.e. values of 0.00 to 0.05 are not unusual). As expected, 

for linear peptides the gauche+ (+600
) rotamer was the least populated 

of the three possible rotamers (Table 21). A careful examination of the 

six peptides revealed that the subsitution of a D-amino acid for an 

L-amino acid did not significantly alter the rotamer populations of the 

amino acids surrounding the seven position. As would be expected, the 

Ticl substitution had the greatest impact on the rotamer populations of 

the surrounding residues (Table 21), providing further evidence for the 

conformational modifications of the peptide backbone and side chains as 

a result of incorporation of this residue. 

Further support for an interaction of the side chains of the 

central 4-11 octapeptide can be obtained from any unusual chemical 

shifts of individual protons as a result of shielding or deshielding by 

appropiate nuclei. For example, the importance of ring stacking to the 

chemical shifts of aromatic protons in a variety of peptides has been 

well documented (165-167). In lysine-vasopressin, an upfield shift of 

the aromatic protons of tyrosine and phenylalanine was used to imply a 

favorable conformation that involved the overlap of these two aromatic 
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Table 21: The 3JaCH-aCH (alpha-beta) coupling constants and 
corresponding rotamer populationsa for selected linear 
melanotropins with conformationally restricted amino acids in 
the seven position. 

Residue lIb IV V VI VII VIII 

Nle4 as 6.2 6.2 6.1 6.2 6.4 6.6 
as' 7.2 8.1 8.0 7.9 8.0 7.8 

( +60) 0.05 0.01 0.04 0.04 0.05 0.00 
( 180) 0.39 0.39 0.39 0.39 0.41 0.43 
(-60) 0.56 0.60 0.57 0.57 0.59 0.57 

Glu 5 as 5.2 5.4 6.0 5.8 5.6 5.3 
as' 8.8 9.3 8.9 8.5 9.5 9.0 

(+60) 0.05 0.00 0.00 0.01 0.00 0.01 
(180) 0.28 0.31 0.37 0.35 0.33 0.29 
( -60) 0.67 0.69 0.63 0.64 0.67 0.70 

His6 as 5.5 5.8 5.5 6.6 6.2 7.2 
as' 8.7 8.3 8.9 7.9 7.3 7.2 
SS' -10.8 -9.4 -12.3 -9.5 -9.4 

(+60) 0.02 0.04 0.00 0.00 0.11 0.00 
(180) 0.31 0.34 0.32 0.43 0.32 0.50 
( -60) 0.67 0.62 0.68 0.57 0.57 0.50 

XXX7 as 7.2 8.0 5.3 5.2 
as' 7.2 8.0 6.3 6.4 
SS' -11.0 -12.5 

(+60) 0.00 0.00 
(180) 0.50 0.60 
(-60) 0.50 0.40 

Arg8 as 6.1 5.6 4.9 5.4 6.3 5.4 
as' 8.5 8.8 8.6 9.2 9.0 9.0 

(+60) 0.00 0.00 0.11 0.00 0.01 0.00 
(180) 0.38 0.33 0.25 0.31 0.41 0.30 
(-60) 0.62 .0.67 0.64 0.69 0.58 0.70 

Trp9 as 6.0 6.4 6.1 6.3 6.5 6.4 
as' 8.1 8.5 8.6 8.3 7.7 8.1 
SS' -10.8 -10.6 -12.5 -10.5 -10.8 -11.9 

(+60) 0.04 0.00 0.00 0.00 0.02 0.00 
(180) 0.37 0.42 0.38 0.40 0.42 0.41 
( -60) 0.59 0.58 0.62 0.60 0.56 0.59 

Gly10 aa' -16.7 -16.9 -16.9 -16.8 -16.9 -16.8 
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Table 21: continued 

Residue lIb IV V VI VII VIII 

Lysll eta 5.6 5.2 5.6 6.0 4.9 5.0 
eta I 7.5 9.1 7.5 9.2 9.3 9.3 

(+60) 0.16 0.01 0.16 0.00 0.02 0.01 
(180) 0.32 0.28 0.32 0.37 0.24 0.26 
(-60) 0.52 0.71 0.52 0.63 0.74 0.73 

aRotamer populations were calculated by the method of Leeuw and Altona 
(195). 

bpeptide numbering corresponds to that in the text. 
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rings (165,166). In general, a proton will be shifted upfield if it 

lies within the shielding range of an aromatic nucleus and likewise will 

be shifted downfield if it lies within the deshielding range of an 

aromatic nucleus (165,166). 

Specifically, for fragment analogues of a-MSH a dramatic upfield 

shift of the gamma protons of arginine (Table 18) was observed when 

either D-phenylalanine or Q-phenylglycine was substituted in the seven 

position (~0.60 ppm; the normal proton chemical shift for the gamma 

protons of arginine is ~1.65 ppm (200-203)). This upfield shift could 

be explained if these protons lie within the shielding region of some 

aromatic residue (i.e. over the plane of the aromatic ring), in 

particular either tryptophan or phenylalanine. When a nonaromatic 

amino acid is substituted for phenylalanine (1- or Q-alanine) in the 

seven position there is no effect on the gamma protons of arginine 

(unpublished results). Furthermore, the substitution of leucine for 

tryptophan with Q-phenylalanine in the seven position still results in 

the upfield shift of the gamma protons of arginine (unpublished 

results). These data suggest that the phenyl ring of the D-amino acid 

in the seven position and not the indole ring of tryptophan is 

responsible for the observed shielding. The gamma protons of arginine 

are also affected by the Tic7 substitution, but in this case, the h-Tic7 

substitution results in greater shielding (~0.60 ppm) than the D-Tic7 

substitution (~0.40) (Table 18). These data further suggests that the 

Tic7 substitution leads to a dramatic modification of the conformational 

preferences of the peptide analogue. 



Further shielding interactions were evident when either 

Q-phenylalanine or Q-phenylglycine was substituted into a-MSH 
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fragments. Specifically, a significant upfield shift (0.20 ppm) for the 

C4 proton of histidine was observed in both cases (Table 19) (200,201, 

203-205). The normal chemical shift for the C4 proton has been 

determined in a-MSH fragments by the syntheSis and examination of 

fragments with nonaromatic amino acids (i.e. both h- and Q-alanine) in 

the seven pOSition (7.28 ppm). Interestingly, the Q-phenylglycine 

substitution also results in a slight shielding of the C2 proton of 

histidine (Table 19). A conformational analysis of these results 

suggests that there may be some interaction between the aromatic rings 

of the amino acids in the six and seven positions provided that an 

aromatic D-amino acid (phenylalanine or phenyl glycine) is substituted in 

the seven position. Furthermore, it appears that in the Q-phenylglycine

containing analogue, the relative orientation of the imidazole ring and 

the phenyl ring is altered such that now both the C2 and C4 protons of 

histidine lie within the shielding range of the phenyl ring of 

phenyl glycine, which may account for the low inherent biological 

activity of this analogue. 

Interestingly, some of the shielding interactions observed in 

the proton NMR for Ac-[Nle4, Pg17]-a-MSH4_11-NH2 are quite different 

than those observed in the model peptide. In particular, the C2 and C4 

protons of the tryptophan ring are shifted upfield (~0.12 ppm), which is 

accompanied by a slight upfield shift of some of phenylglycine's 
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aromatic protons (Table 19) (200,201,206). However, based upon model 

studies of this analogue, the phenyl ring of phenyl glycine can not be 

responsible for the shielding of both the C2 and C4 protons of 

tryptophan. It appears that phenyl glycine is responsible for shielding 

the C4 indole proton and it is this particular orientation of the 

aromatic rings that results in the shielding of the C2 proton by the 

carbonyl of arginine. In this case, the h-Pg17 substitution results in 

a potent analogue in which the phenyl ring is orientated such that it is 

in close proximity to the indole ring of tryptophan, suggesting that 

this interaction may result in a three-dimensional conformation that is 

commensurate with high biological activity. 

The substitution of Tic into the seven position appears to lead 

to dramatic changes in the overall preferred conformation of the peptide 

backbone and side chains. In Tic, the methylene bridge between the 

ortho position of the aromatic ring and the alpha amine forms a highly 

inflexible six-membered ring, due to steric constraints imposed by its 

high degree of substitution and its partial sp2 character (Figures 6 

and 22). This allows the conformational properties of this amino acid, 

its aromatic ring and its effects on surrounding residues to be more 

stringently defined. A careful model study shows that the Tic7 

substitution results in significant conformational restriction of the 

peptide backbone, as is partially evidenced by the shielding of the 

alpha proton of histidine (Table 18) and the rotamer populations of 

surrounding residues (Table 21). Furthermore, the trans rotamer is now 
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Figure 22. An illustration of two likely possible rotamer 
conformations for tetrahydroisoquinoline carboxylic 
acid (Tic). 
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no longer populated, therefore Tic must distribute itself between the 

gauche- (boat form) and the gauche+ (chair form) rotamers (Figure 22). 

Based upon the magnitude of the vicinal coupling constants (5.2-6.3 Hz) 

the gauche+ rotamer is the dominant rotamer (207). This suggestion is 

further supported by the minimization of allylic strain in the gauche+ 

rotamer (Figure 22) (208). In general, this rotamer is not favored for 

amino acids in a-MSH or other naturally occurring peptide hormones and 

the predominance of this rotamer may help to explain the low biological 

activity of both the h- and Q-Tic7-containing analogues. 

Further evidence for the restriction of the mobility of 

individual amino acid side chains in peptides can be obtained by 

examining the carbon-13 spin lattice relaxation times, commonly referred 

to as T1 values (157). In this regard the carbon-13 NMR spectra 

(Figure 23) and the corresponding T1 values (Table 22) have been studied 

for the model peptides (i.e. Ac-[Nle4]-a-MSH4_11-NH2 and Ac-[Nle4, 

Q-Phe7]-a-MSH4_11-NH2). The Tl values for individual carbon atoms allow 

an approximation of the motional freedom of that carbon atom. The spin 

lattice relaxation times for ACTH6-10 pentapeptides have been reported 

(125), but unfortunately it is not always experimentally correct to 

compare the Tl values reported in this study to those reported in the 

literature, since the method of preparation of each individual NMR 

sample can alter the Tl values significantly. Interestingly, the 

calculated Tl values for the beta carbons of the 5-9 sequence 

(Glu-His-Phe-Arg-Trp) of the model peptides were relatively low 
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Table 22: The carbon-13 NMR chemical shifts and spin lattice relaxation 
times (T1) for selected linear melanotropins with 
conformationally restricted amino acids in the seven position. 

Ac-[Nle4]-a-MSH4_11-NH2 (II) Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 (IV) 

Residue Shift T1 NT1 Residue Shift T1 NT1 

Nle4 Ca 54.0 188 188 Nle4 Ca 54.0 180 180 
Ca 27.9 202 404 Ca 27.1 202 404 
Cy 31.2 173 346 Cy 31.5 180 360 
Co 22.4 506 1012 Co 22.6 405 2913 
Ce: 13.9 722 2166 Ce: 14.2 971 810 

Glu5 Ca 53.9 188 188 Glu5 Ca 54.1 180 180 
Ca 26.8 65 130 Ca 27.2 58 116 
Cy 31.3 159 318 Cy 32.2 144 288 

His6 Ca 53.2 159 159 His6 Ca 53.2 144 144 
Cs 28.8 79 158 Cs 28.4 61 122 
Cy 129.2 Cy 129.1 
Co2 117.9 332 332 Co2 118.0 221 221 
Ce: 1 134.3 289 289 Ce:1 133.4 188 188 

Phe7 Ca 55.2 181 181 Phe7 Ca 55.4 152 152 
Ca 37.6 87 174 Cs 37.8 65 130 
Cy 136.8 Cy 136.9 
Co 129.9 260 260 Co 129.7 176 176 
Ce; 129.5 260 260 Ce: 130.0 188 188 
Cz; 128.0 173 173 Cz; 128.2 196 196 

Arg8 Ca 54.1 188 188 Arg8 Ca 54.2 159 159 
Ca 26.8 65 130 Cs 27.2 58 116 
Cy 24.8 108 216 Cy 24.8 101 202 
Co 41.3 137 274 Co 41.3 170 340 
Cz; 157.5 Cz; 157.5 

Trp9 Ca 55.8 159 159 Trp9 Ca 56.5 141 141 
Ca 27.7 58 116 Ca 27.8 58 116 
Cy 109.7 Cy 110.0 
Col 127.7 Col 127.8 
Co2 125.2 260 260 Co2 125.3 196 196 
Ce:2 137.0 Ce:2 137.0 
Ce:3 119.0 188 188 Ce:3 119.2 191 191 
Cz;2 112.7 188 188 Cz;2 112.7 208 208 
Cz; 3 120.1 238 238 Cr,;3 120.2 221 221 
Cn2 122.8 216 216 Cn2 122.9 208 208 



129 

Table 22: continued 

Ac-[Nle4J-a-MSH4_11- NH2 (II) AC-[Nle4, Q-Phe7J-a-MSH4_11- NH2 (IV) 

Residue Shift T1 NT1 Residue Shi ft T1 NT1 

Gly10 Ca 43.3 108 216 Gly10 Ca 43.4 100 200 

Lys11 Ca 55.2 181 181 Lys 11 Ca 55.1 173 173 
Cs 31.2 159 318 Ca 31.3 185 370 
Cy 22.8 260 520 Cy 23.0 303 606 
Co 27.0 405 810 Co 28.2 321 642 
Ce: 40.1 592 1184 Ce: 40.1 584 1168 
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(Table 22). This could indicate that the side chains of the amino acids 

in this sequence may be somewhat restricted in their mobility and since 

there is not an apparent preferred conformation for the backbone, the 

low Tl values may be a result of an interaction of the amino acid side 

chains. 

In general, the shielding interactions observed upon 

substitution of Q-phenylalanine or Q-phenylglycine in the seven position 

of 4-11 a-MSH fragment analogues could be accounted for if the peptide 

backbone assumes a low-energy extended conformation (i.e. W ~150° and t 
~-150° for L-amino acids, and W ~-150° and I ~ 150 0 for D-amino acids) 

(123) (Figure 24). A somewhat simplistic view of an extended 

conformation would situate the side chains of the i and i+2 amino acids 

reasonably close together; in the case of i-amino acids, ~ 60° apart 

allowing an interaction of these side chain moieties (e.g. Ac-[Nle4, 

Pg17]-a-MSH4_11-NH2). However, if i corresponds to a D-amino acid the 

side chains of the i, i-I and i+l amino acids would now also be in close 

proximity (~ 60 0 apart) (e.q. Ac-[Nle4, Q-Phe7]-a-MSH4_11-NH2 and 

Ac-[Nle4, Q-Pg17]-a-MSH4_11-NH2). In Nle4 4-11 a-MSH fragments, a 

Q-amino acid in the seven position could place the side chains of His6, 

Q-Phe7 (or Q-Pg17) and Arg8 close to each other and account for the 

observed shielding of the C4 protons of histidine and the gamma protons 

of arginine by the aromatic nucleus of phenylalanine (Figure 24). 

The conformational properties of linear analogues with 

phenylalanine substituted in the six and/or nine position have not been 



Arg8 

(-His-Phe-Arg-) (-His-~Phe-Arg-) 

Figure 24. Representation of a random coil backbone conformation 
for a-HSH with either L- or O-amino acids in the 
seven position. 
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examined in this study. This is a result of the low aqueous solubility 

as a result of substituting phenylalanine for histidine in the six 

position and the difficulty in assigning the specific resonance 

associated with each individual phenylalanine residue in all the 

analogues. 

Summary and Future Perspectives 

In order to generate a general model to account for all of the 

various biologic~l activities of a-MSH and its fragments based solely 

upon proton and carbon-13 NMR conformational data, many considerations 

must be employed. For example, linear fragments of a-MSH possess a 

l?rge variety of different biological properties which may not be 

directly correlated to specific coriformational properties that are 

readily evident in the NMR experiment. For example, Ac-[Nle4, 

Q-Phe7]-a-MSH4_11-NH2 and AC-[Nle4, Q-Pg17]-a-MSH4_11-NH2 have vastly 

differing biological potencies (Tables 4 and 12, Figures 7 and 8), but 

they possess very similar conformational properties based upon the NMR 

(Tables 18, 19, 20, 21 and 22). Therefore, the differences in 

biological activities observed for these analogues are likely due to 

subtle differences in the structural properties of these peptides which 

in turn affect the overall three-dimensional topology due to the 

a-methylene group of phenylalanine. These data support the necessity 

for an exact orientation of the side chain functionalities of a-MSH in 

order for high biological activity. Furthermore, there does not appear 
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to be anyone preferred backbone conformation in any of the fragments 

based upon the solution NMR analysis of: (1) the alpha proton chemical 

shifts; (2) the amide proton coupling constants; and (3) their 

corresponding temperature dependencies. In fact, only the Tic l 

substitution significantly modified the conformational flexibility of 

the peptide backbone (based upon shielding interactions and model 

studies) and the side chains (based upon shielding interactions), which 

results in low-energy conformations that were not commensurate with high 

biological activity. Since these compounds are conformationally 

restricted and also have relatively low biological activities, 

comparision of their conformational preferences to less restricted but 

highly active analogues could provide further leads in determining the 

structural and conformational features that are required for high 

biological activity. 

Conformational Analysis of Cyclic 4-11 Melanotropins 

The conformational properties of melanotropins cyclized between 

the four and ten positions via a cystine or penicillamine disulfide 

bridge have also been studied by proton NMR. In general, the disulfide 

bridge does not appear to significantly alter the properties of the 

peptide backbone from the linear analogues, based upon analysis of the 

spectral propert'ies of the amide protons (these were only studied on 

three representative peptides (see below)) and alpha protons. However, 

a critical examination of the proton shielding patterns did show some 

significant differences from along with some similarities to the linear 
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melanotropins. This could suggest that similar to the linear 

melanotropins, there is not a preferred conformation of peptide 

backbone, even though a definitive three-dimensional orientation of the 

side chains may be required for high biological potency. 

As had been discussed, in order to perform a complete proton NMR 

analysis of the conformational properties of peptide analogues it is 

necessary to first completely and correctly assign specific proton 

resonances to specific protons. In linear melanotropins, this was 

performed relatively easily utilizing one-dimensional NMR techniques, as 

previously discussed (see above), however for the cyclic melanotropins 

this is somewhat more difficult. In particular, incorporation of one or 

two cysteine residues results in considerable overlap of the proton NMR 

signals in the alpha and beta regions (Table 23). This problem can be 

somewhat alleviated by utilizing a two-dimensional COSY experiment in 

which a delay time is incorporated into the pulse sequence, such that 

the long range coupling constants are enhanced, allowing for an easy 

assignment of the chemical shifts for all the protons of both histidine 

and tryptophan (192) (Figure 24). Unfortunately, this two-dimensional 

NMR technique was not available for the analysis of all of the cyclic 

analogues and therefore some ambiguities exist in the assignment of 

individual residues (see footnote c, Table 23). Furthermore, in the 

cystine bridged analogue it is not possible to differentiate between the 

NMR signals responsible for the Cys4 or the Cys10 protons by present NMR 

technology, unless specifically deuterated analogues were prepared 



Table 23: The proton chemical shifts for a series of selected cyclic cystine or 
mono-penicillamine substituted melanotropins in the four and/or ten positions. 

Residue XXIVa XXV XXVI XXVII XXVIII XXIX 

Ac 2.06 2.03 2.09 2.05 2.05 2.08 

XXX4 CaH 4.67 4.63b 4.54 4.63 4.52b 4.66 
Ce H/ CH3 3.16,2.96 3.07b 1.45,1.38 1.40,1.35 2.98 3.14,2.93 

Glu5 CaH 4.25 4.29 4.24 4.39 4.12 4.27 
" Ce H 1.80 1. 95,1.88 1.82 1.77 1.83 1.89 

::( CyH 2.21 2.35 2.31 2.39 2.21 2.27 

His6 CaH 4.40 4.58 4.46 4.63b 4.43 4.42b 
CSHAB 2.99,2.94 3.19,3.06 3.05 2.92b 3.08 3.08b 

Phe7 CaH 4.58 4.56 4.54 4.52 4.60b 4.45b 
CSH 2.49 2.91 2.83 2.94 3.10b 3.06b 

Arg8 CaH 4.09 4.16 4.12b 4.16 4.12 4.21 
CeH 1.65 1.41 1.68 1.35 1.63 1.63 
CyH 1.42 1.03 1.40 0.98 1.38 1.25 
CoH 2.98 2.92 3.07 2.95 2.95 3.03 

Trp9 CaH 4.74 4.70 4.78 4.70 4.82 4.66 
CeHAB 3.39,3.28 3.35,3.23 3.32 3.35,3.27 3.32,3.23 3.38,3.20 

XXX10 CaH 4.61 4.67b 4.64 4.69b 4.49 4.50 
CSH/CH3 3.05,2.90 3.17,3.00b 3.22,2.98 3.25,3.00b 1.41,1.34 1.42,1.40 

....... 
w 
(J'l 



Table 23: continued 

Lysl1 CaH 4.09 4.13 4.20b 4.16 4.21 4.25 
CaH 1.72 1.68 1.68 1.69 1.65 1.71 
CyH 1.44 1.44 1.40 1.40 1.40 1.46 
CoH 1. 70 1.67 1.65 1.67 1.68 1.68 
CEH 2.98 2.94 2.91 2.90 2.95 3.00 

apeptide numbering corresponds to that in the text. 
bThese resonances could not be assigned unambiguously due to overlap in NMR spectra, and 
may be interchanged. 
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(Table 24). The preparation of specifically deuterated cyclic peptides 

allowed the complete proton NMR assignment of Ac-[Cys4, cys10]-a

MSH4_11-NH2 (Table 23) including the amides (Table 25). Such an 

approach was not utilized for Ac-[Cys4, Q-Phe7, Cys10]-a-MSH4_11-NH2 

(Figure 25) and the mono- or bis-penicillamine substituted analogues and 

therefore ambiguities exist in the assignment of these resonances (Table 

23 and 26). 

A careful examination of the conformational preferences of the 

peptide backbone revealed that even though the peptide has been 

covalently locked into a reverse turn, this conformation is not 

stabilized by an internal hydrogen bond as reflected in the NMR 

parameters observed for the amide protons or the alpha protons. The 

conformational properties of the amide protons were determined for three 

representative cyclic peptides: Ac-[Cys4, Cys10]-a-MSH4_11-NH2, 

AC-[Cys4, Q-Phe7, Cys10]-a-MSH4_11-NH2 and AC-[Q-P~n4, pJn10]-a-MSH4_11-

NH2 in 80% H20/20% D20. The amide proton chemical shifts were assigned 

by methods similar to those utilized for linear melanotropins (examining 

the results of irradiation on the previously assigned alpha protons) and 

were not significantly different from those observed for the linear 

melanotropins (Tables 20 and 25). In assigning the amide resonances for 

the cyclic melanotropin analogues, it was not possible to locate the 

amide associated with tryptophan in any of the analogues, even by 

two-dimensional NMR techniques. It must be assumed that this resonance 

is obscured by the aromatic proton signals. The amide protons showed 
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similar temperature dependencies to those observed for the linear 4-11 

melanotropin ~ragments (Tables 20 and 25), except for the resonance 

assigned to the amide of Q-Phe7 in Ac-[Cys4, Q-Phe7, 

cYs10J-a-MSH4_11-NH2. The abnormally low temperature dependency for 

this proton (3.3 x 10-3 ppm-K-1) suggests that this proton is somewhat 

solvent shielded, although the value was not low enough to imply an 

intramolecular hydrogen bond. Likewise, the amide proton coupling 

constants (3JNH-aCH) are in the normal range (5.1-8.4 Hz) which suggests 

that the peptide backbone possesses a large amount of conformational 

flexibility (Tables 20 and 25). Similarly, analysis of the chemical 

shifts the alpha protons did not suggest that the peptide backbone had 

been significantly modified (Tables 23 and 26). Even though the shifts 

of the alpha protons are somewhat variable throughout the series, 

dramatic modifications were not apparent unlike for the linear 

Tic7-containing analogues. 

In order to determine the structural and biological correlation 

between the three-dimensional orientation of the side chains of 

individual residues of cyclic melanotropins and linear melanotropins, 

the corresponding NMR parameters alpha-beta coupling constants 

(corresponding rotamer populations) (Tables 29 and 30) and shielding 

patterns (Tables 23, 26, 27 and 28)) were critically analyzed. The 

alpha-beta coupling constants determined for the cyclic melanotropins 

were similar to those obtained for the linear analogues and therefore 

the corresponding rotamer populations were not significantly different 



;, Arg 

1P • 

. . 
.... .. ." 

.'" .. 

Trp 

Figure 25. The proton 250 MHz COSY NMR spectrum of Ac-[Cy~ 
Q-Phe7, CyslO]-a-MSH4_11-NH2 in 020. 
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Table 24: Cyclic 4-10 melanotropin fragments containing deuterated amino 
acids in the four, seven and ten positions. 

Ac-[CYS(S,S-D2)4, Cys10J-a-MSH4_10-NH2 

Ac-[Cys4, Phe(a-D)7, Cy~10J-a-MSH4_10-NH2 

Ac-[Cys4, Q-Phe(a-D)7, Cys10J-a-MSH4_10-NH2 

Ac-[Cys4, Cys(S,e-D2)10J-a-MSH4_10- NH2 

Ac-[Cys4, Q-Cys(e,e-D2)10J-a-MSH4_10- NH2 
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(Tables 29 and 30). This suggests that cyclization between the four and 

ten positions did not significantly restrict the mobility of the 

individual side chains. 

Subtle changes in the interactions of individual amino acids 

with adjacent residues can be further qualified by carefully examining 

the shielding patterns. The conformational analysis of linear analogues 

showed that the NMR chemical shifts of the arginine and histidine side 

chains were significantly perturbed by the substitution of aD-amino 

acid (phenylalanine or phenyl glycine) in the seven position. 

Similarily, the Q-Phe7 sUbstitution resulted in a shielding of the gamma 

protons of arginine (probably by the aromatic nucleus in the seven 

position) (Table 23), but surprisingly this substitution did not result 

in the shielding of the C4 proton of histidine as had been seen for 

linear melanotropins. In fact, in all the cyclic analogues, except for 

Ac-[pJn4, Q-p~n10]-a-MSH4_11-NH2 (Figure 26, Tables 26 and 28), the 

h-phenylalanine substitution resulted in shie'lding of the C4 proton of 

histidine. It had been suggested that the substitution of 

Q-phenylalanine in the seven position of linear melanotropins resulted 

in the ring stacking of the phenyl and the imidazole rings which could 

result in a favorable conformation commensurate with higher potency and 

perhaps prolongation. The results from the cyclic analogues suggest 

that this ring stacking interaction may not be necessary for the 

biological properties of the D-Phe7 sUbstituted linear analogues. 
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Table 25: The amide proton NMR chemical shifts, coupling constants and 
temperature dependanciesa for selected cyclic cystine and bis
penicillamine substituted melanotropins in the four and ten 
positions. 

Residue b XXIVc XXV XXXI 

XXX4 oNH 8.43 8.41 8.42 
JNH-aCH 6.4 6.9 6.6 
tJ.o/tJ. T 6.5 6.8 5.7 

Gl u5 0 NH 8.24 8.70 8.36 
JNH-aCH 5.8 6.4 6.8 
tJ.o/tJ.T 7.7 7.4 7.5 

His6 0NH 8.27 8.31 7.72 
JNH-aCH 7.0 6.9 7.9 
tJ.o/tJ.T 5.5 8.2 5.2 

Phe7 oNH 7.84 8.09 8.15 
JNH-a-CH 7.4 8.4 6.3 
tJ.o/tJ.T 4.5 3.3 6.4 

Arg8 oNH 8.62 8.17 8.13 
JNH-aCH 6.1 6.5 5.7 
tJ.o/tJ. T 7.8 7.0 5.1 

XXXlO oNH 7.64 8.21 7.83 
JNH-aCH 6.9 7.1 7.6 
tJ.o/tJ. T 5.2 7.5 5.1 

Lys l1 0 NH 7.64 8.21 7.83 
JNH-a-CH 6.9 7.1 7.6 
tJ.o/tJ. T 5.2 7.5 5.1 

ax 10-3 tJ.%T. 
bIn no case was the amide resonance corresponding to Trp9 observed 

(see text). 
cPeptide numbering corresponds to that in the text. 
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Table 26: The proton NMR chemical shifts for a series of selected 
cyclic bis-penicillamine substituted melanotropins in the 
four and ten positions. 

Residue XXIXa XXX XXXI XXXII 

Ac 2.10 2.02 2.17 2.05 

Glu5 CaH 4.27 4.13 4.29 4.37 
CSH 1.87 1.88 1.87 1.85 
CyH 2.33 ~.19 2.28 2.43 

His6 CaH 4.40c 4.37 4.75 4.46c 
CSHAB 3.16c 3.16,3.05 3.14,2.99 3.13c 

Phe7 CaH 4.40c 4.53 4.57 4.82c 
CSH 3.05c 3.01 3.00 3.04c 

Arg8 CaH 4.23 4.17 4.10 4.26 
CSH 1.58 1.64 1.52 1.60 
CyH 1.44 1.40 0.79 1.10 
C<sH 2.99 2.92 2.84 3.04 

Trp9 CaH 4.60 4.85 4.61 4.82 
CSHAB 3.32,3.23 3.30 3.38,2.98 3.39,3.23 

Lysll CaH 4.19 4.25 4.14 4.27 
CSH 1.69 1.72 1.72 1. 71 
CyH 1.40 1.42 1.38 1.42 
C<sH 1.65 1. 72 1.65 1.68 
CgH 2.95 2.92 3.02 3.01 

Pen4,lObCaH 4.61,4.59 4.37,4.30 4.47,4.47 4.66,4.62 
CH3 1.37,1.37 1.42,1.39 1.61,1.45 1.41,1.37 
CH3 1.32,1.30 1.35,1.30 1.38,1.37 1.35,1.31 

apeptide numbering corresponds to that in the text. 
bThe chemical shifts for individual penicillamine resonances have not 
been unambiguously assigned to a specific penicillamine residue. 

cThese resonances can not be unambiguously assigned without the use of 
2D-NMR techniques. 
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Table 27: The aromatic proton NMR chemcial shifts for a series of 
selected cyclic cystine or mono-penicillamine substituted 
melanotropins in the four and/or ten positions. 

Residue XXIVa XXV XXVI XXVII XXVIII XXIX 

His6 C2 8.55 8.52 8.57 8.50 8.57 8.56 
C4 7.05 7.17 7.02 7.18 7.02 7.03 

Trp9 C2 7.26 7.26 7.22 7.25 7.22 7.17 
C4 7.61 7.63 7.56 7.61 7.56 7.52 
C5 7.15 7.14 7.14 7.13 7.14 7.11 
C6 7.20 7.19 7.20 7.16 7.19 7.17 
C7 7.42 7.47 7.41 7.46 7.40 7.42 

Phe7 b 7.41 7.31 7.39 7.30 7.39 7.36 
7.22 7.20 7.25 7.20 7.26 7.27 

apeptide numbering corresponds to that in the text. 
bCorresponds to the center of the multiplet. 
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Table 28: The aromatic proton NMR chemical shifts for a series of 
selected cyclic bis-penicillamine substituted melanotropins 
in the four and ten positions. 

Residue XXIXa XXX XXXI 

His6 C2 8.61 8.55 8.63 
C4 7.06 7.00 7.16 

Trp9 C2 7.19 7.22 7.00 
C4 7.57 7.59 7.41 
C5 7.11 7.14 7.09 
C6 7.17 7.20 7.20 
C7 7.43 7.39 7.39 

Phe7 b 7.37 7.37 7.41 
7.23 7.27 7.39 

apeptide numbering corresponds to that in the text. 
bCorresponds to the center of the multiplet. 

XXXII 

8.57 
7.01 

7.19 
7.16 
7.11 
7.23 
7.38 

7.36 
7.26 
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Table 29: The 3JaCH-6CH (alpha-beta) coupling constants and 
corresponding rotamer populationsa for selected cyclic cystine 
or mono-penicillamine substituted 4-11 melanotropins in the 
four and/or ten positions. 

Residue XXIVb XXVb XXVlb XXVIIb XXVII Ib XXIXb 

Glu5 as 5.7 5.6 5.5 4.9 6.6 4.9 
aS I 8.6 9.1 8.8 9.7 7.9 9.2 
(+60) 0.01 0.00 0.01 0.00 0.00 0.04 
(180) 0.34 0.32 0.31 0.25 0.43 0.25 
( -60) 0.65 0.68 0.68 0.75 0.47 0.71 

His6 as 5.7 6.1 6.1 6.0 5.9 N.D.c 
aS I 9.7 7.7. 9.2 8.8 9.6 N.D.c 
(+60) 0.00 0.07 0.00 0.00 0.00 
(180) 0.34 0.38 0.39 0.37 0.36 
(-60) 0.66 0.55 0.61 0.63 0.64 

Phe7 as 7.0 7.4 7.2 7.7 6.8 7.3 
aS

I 8.9 7.4 8.2 7.9 6.9 7.3 
(+60) 0.00 0.00 0.00 0.00 0.09 0.00 
(180) 0.49 0.52 0.51 0.56 0.45 0.51 
(-60) 0.51 0.48 0.49 0.44 0.46 0.49 

Arg8 as N.D.c 6.1 6.9 N.D.c 5.9 5.2 
aS I N.D.c 8.2 9.2 N.D.c 9.6 8.5 
( +60) 0.01 0.00 0.00 0.09 
(180) 0.38 0.48 0.36 0.28 
( -60) 0.61 0.52 0.64 0.63 

Trp9 as 6.2 6.8 6.9 6.4 6.2 6.4 
aS I 6.8 7.1 6.9 7.9 7.9 8.5 
SSI -10.9 -11.0 -10.6 -10.8 
(+60) 0.17 0.06 0.07 0.01 0.04 0.00 
(180) 0.38 0.45 0.46 0.41 0.38 0.42 
(-60) 0.45 0.49 0.47 0.58 0.58 0.58 

Lys11 as N.D.C 5.3 5.9 N.D.c 7.1 7.0 
aS I N.D.c 8.6 8.2 N.D.C 7.3 7.0 

( +60) 0.06 0.04 0.00 0.05 
(180) 0.29 0.36 0.49 0.47 
(-60) 0.65 0.60 0.51 0.48 

aRotamer populations were calculated by the method of Leeuw and Altona 
(195) • 

bpeptide numbering corresponds to that in the text. 
CCoupling constants could not be determined due to significant overlap in 
the spectra. 
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Table 30: The 3JaCH-aCH (alpha-beta) coupling constants and 
corresponding rotamer populationsa for selected 
bis-penicillamine substituted 4-11 melanotropins in the four 
and ten positions. 

Residue XXX XXXI XXXII XXX II I 

Glu 5 aa 5.1 6.5 6.6 5.7 
aa l 8.8 7.2 8.7 7.9 
(+60) 0.06 0.09 0.01 0.10 
( 180) 0.27 0.42 0.44 0.33 
( -60) 0.67 0.49 0.55 0.57 

His6 aa N.D.c 6.9 6.5 N.D.c 
aa l N.D.c 8.4 8.5 N.D.c 
(+60) 0.00 0.00 
( 180) 0.47 0.43 
(-60) 0.53 0.57 

Phe7 aa N.D.c 7.4 7.4 N.D.c 
aa I N.D.c 7.4 8.0 N.D.c 
(+60) 0.00 0.00 
( 180) 0.52 0.53 
( -60) 0.48 0.47 

Arg8 aa 4.0 7.3 5.8 7.5 
aa l 7.6 7.3 7.1 7.3 
(+60) 0.34 0.00 0.19 0.00 
(180) 0.14 0.51 0.34 0.54 
( -60) 0.52 0.49 0.47 0.46 

Trp9 aa 5.9' N.D.c 5.2 6.0 
aa l 6.9 N.D.c. 10.3 7.9 
aa l -11.2 N.D.c N.D.c N.D.c 
(+60) 0.17 0.00 0.07 
(180) 0.35 0.28 0.37 
(-60) 0.48 0.72 0.56 

Lysll aa 6.9 6.8 4.6 5.1 
aa l 6.9 7.4 9.5 9.0 

(+60) 0.07 0.02 0.04 0.04 
(180) 0.46 0.46 0.22 0.27 
(-60) 0.47 0.52 0.74 0.68 

aRotamer populations were calculated by the method of Leeuw and Altona 
(195). 

bpeptide numbering corresponds to that in the text. 
cCoupling constants could not be determined due to significant overlap 
in the spect ra. 



148 

It was previously suggested that the loss of biological activity 

as a result of the Pen10 substitution may be a result of an interaction 

of the penicillamine a-methyls with the tryptophan indole ring. A careful 

examination of the proton NMR shielding patterns suggests that this is 

not the case, except in Ac-[P~n4, Q-Pe~lOJ-a-MSH4_11-NH2 (Figure 26). 

In this analogue the shielding patterns suggest that the aromatic rings 

of phenylalanine and histidine do not interact, but that the phenyl and 

indole rings may orient themselves, as a result of the conformational 

modifications imposed by the penicillamine substitution, such that the 

arginine side chain is "sandwiched". This suggestion is supported by 

examining the corresponding nuclear Overhauser enhancements (Figure 27). 

This proposal is further supported by the shielding observed for the C2, 

C4, and CS protons of tryptophan, along with the gamma protons 

(significantly larger than previously observed) and delta protons of 

arginine, and also with the deshielding of the aromatic protons of 

phenylalanine (see Tables 26 and 28). Furthermore, one of the 

penicillamine a-methyl proton resonances is deshielded (~O.20 ppm) 

(Table 26) suggesting that it may interact with an aromatic ring (e.g. 

tryptophan). Interestingly, similar shielding patterns were not 

observed for either the Ac-[Cys4, Q-p~nlOJ-a-MSH4_11-NH2 or the 

Ac-[Q-pJn4, Q-pJn10J-a-MSH4_11-NH2 analogues suggesting that these 

shielding patterns are not simply a result of the D-penicillamine 

substitution in the ten position. In order to determine the importance 

of this type of a three-dimensional orientation of the side chains, 
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further conformational information is required by two-dimensional NMR 

techniques (NOE studies) along with a complete biological analysis. 

Summary and Future Perspectives 

In general, the conformational properties of the peptide 

backbone for cyclic melanotropins are similar to these of linear 

melanotropins, in that it possesses a great amount of conformational 

flexibility with no evidence for a hydrogen bonded stabilized reverse 

turn. This may be due to the large size of the intramolecular disulfide 

ring (23-membered), which is too conformationally flexible to impart 

significant restriction on the peptide backbone. In other peptides 

smaller rings have been utilized to conformationally restrict the 

mobility of the backbone (and also select for specific biological 

properties) (i.e. enkephalin (14-membered) (35), oxytocin (20-membered) 

(177-184) and somatostatin (20-membered) (185)). 

The conformational (NMR) properties of cyclic 4-11 melanotropins 

suggest three possible conclusions: (1) cyclization between the 4-10 

pos,itions is commensurate with a preferred biologically active 

conformation; (2) since the proton NMR parameters are not significantly 

modified upon cyclization, the 23-membered ring may be too large to 

impart significant conformational restriction on either the backbone or 

the side chains of the individual amino acids; and (3) a ring stacking 

interaction between the aromatic rings of histidine and phenylalanine is 

not a prerequisite for high or prolonged biological activity. If 

greater conformational restriction is to be incorporated into a-MSH 
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analogues, other methods of cyclization should be examined (i.e. 

cyclization between other residues: Glu-Arg, Arg-Lys, etc.) in order to 

obtain biological selectivity such as has been accomplished in other 

peptide hormones (35,177-185). Likewise, it is also possible to add 

conformational restriction through the incorporation of amino acids that 

are conformationally restrained (see above). 

Furthermore, in order to stringently define the preferred 

biologically active conformation of the peptide fragments further NMR 

and biophysical studies must be employed, especially a complete 

study of the three-dimensional orientations of the molecule 

utilizing two-dimensional NMR nuclear Overhauser enhancement (NOESY) 

experiments. These studies have been initiated on the bis-penicillamine 

substituted analogue (Ac-[pJn4, Q-pJn10J-a-MSH4_11-NH2 (Figures 26 and 

27). (As shown in Figure 27,a mixing time of 300 ~sec. significantly 

enhances the NOE effects over a mixing time of 500 ~sec. Further 

experiments are necessary to determine the ideal mixing time for 4-11 

fragments of a-MSH, but it appears that ~150 to 200 ~sec. could provide 

excellent results). Also, the conformational properties of these 

analogues should be examined by other biophysical methods, such as: (1) 

circular dichroism (CD) and (2) molecular modeling. 



CHAPTER 5 

SYNTHETIC STUDIES DIRECTED AT THE SYNTHESIS OF UNNATURAL AMINO ACIDS 

The focus of this chapter will be on the preparation of 

unnatural amino acids. Due to the limited number of naturally occurring 

amino acids and the advances in rational design techniques of peptides, 

it has become critical to develop the technology required to prepare 

unnatural amino acids for specific applications. The preparation of 

several nonproteinogenic amino acids have been described and these 

derivatives have been incorporated into synthetically prepared peptides 

(for reviews, see 209-211). 

Of particular interest is the preparation of a series of 

sterically hindered a,a-disubstituted sulfur containing amino acids to 

be substituted for cysteine in cyclic peptides. This interest has been 

spawned by the physical and biophysical results of the substitution of 

penicillamine (a,a-dimethylcysteine) for cysteine in oxytocin 

(177-184), enkephalin (35) and somatostatin (185). Previous researchers 

have incorporated a-mercapto-a,a-cyclopentamethylenepropionic acid 

(212) and a-mercapto-a,a-diethylpropionic acid (213) in the one position 

of oxytocin, but since these were the des-amino acids, this substitution 

did not lend itself to generalized peptide synthetic strategy. In this 

153 
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regard. it would be desirable to prepare a series of ~.~-disubstituted 

cysteine derivatives suitable for solid phase synthetic methodology. 

In the present study this problem has been approached by two 

different synthetic strategies: (1) a Michael-type addition of sulfur to 

suitably protected dehydro amino acids (214-219); and (2) condensation 

of thioketones with nucleophilic glycine equivalents (220). Each of 

these approaches has its merits and also its drawbacks. In order to 

utilize a Michael addition of sulfur, the dehydro amino acid must be 

first synthesized with the appropiate protecting groups, such that they 

are: (1) easily removable; and (2) electron-withdrawing (especially on 

the a-amine to favor the Michael addition). The condensation of 

thioketones with glycine equivalents would be relatively simple in 

theory, if it were not for the tendency of thioketones with 

~-hydrogens to enolize and subsequently trimerize (221-223). All 

attempts to utilize this latter methodology have presently met with 

failure. 

T~~~ichael Add~tion~roa~~ 

Numerous methods for the preparation of dehydro amino acids 

exist (for reviews, see 221.224 and 225), such as: (1) via oxazolines; 

(2) ~-elimination reactions; (3) N-chlorination/dechlorination; (4) via 

N-hydroxyamino acids; (5) decomposition of a-azido esters; (6) via 

carbonyl compounds and isocyanoacetic esters; and (7) condensation of 

a-keto acids with ami des or nitriles. Of these approaches, 
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8-elimination reactions (226,227), decomposition of a-azido esters (228) 

and condensation of carbonyl compounds with isocyanoacetic esters 

(229-233) have been examined in this study. 

In particular, if N-phthaloylglycine ethyl ester (la) is 

deprotonated with potassium hydride (KH) and subsequently condensed with 

cyclohexanone the 8-hydroxy amino acid (lb) is produced (Figure 28). 

The dehydro amino acid (lc) can then be isolated after 8-elimination 

initiated with thionyl chloride. Unfortunately, the steric and electronic 

properties of the phthaloyl protecting group are not favorable for the 

Michael addition of sulfur and all attempts failed. Furthermore, the 

phthaloyl protecting group is normally cleaved by hydrazine (234,235), 

but this also proved not to be a trivial reaction. 

In another approach, the amine of glycine ethyl ester (2a) can 

be protected with 1,1,4,4-tetramethyl-l,4-dichlorodisilethylene 

(STABASE) (2b) (236) and subsequently condensed with cyclohexanone in 

the presence of lithium diisopropylamide (LOA) to yield the protected 

8-hydroxy a-amino acid (2c) (Figure 29). Oue to the acidic mobility 

(236) and electronic properties of STABASE, it was replaced by 

trifluoroacetyl protection, prior to 8-elimination. The (STABASE) 

protecting group can be cleaved (2d) relatively efficiently from the 

8-hydroxy amino acid with 3N hydrochloric acid (Hel) at room 

temperature. The trifluoroacetyl protecting group can be incorporated 

by reaction with trifluoroacetic anhydride in tetrahydrofuran (THF) (2e) 

(237). Numerous attempts at the 8-elimination under a variety of 



Figure 28. Synthetic scheme for the preparation of ~,~
cyclopentamethylene-N-phthaloyl a,~-dehydro
glycine methyl ester. 
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Figure 29. Synthetic scheme for the preparation of 8,8-
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8,r-dehydroglycine ethyl esters. 
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conditions resulted in the endo (2f) as opposed to the desired exo (2g) 

dehydro amino acid (238-240) and thus Michael addition was not feasible. 

Another preparation of dehydro amino acids involves either acid 

(Figure 31) or base (Figure 32) catalyzed decomposition of a-azido 

esters. a-Azido esters are easily prepared from organic acids (3a) via 

the Hell-Volhard-Zelinsky reaction (to provide the a-halo ester) (3b) 

(241,242), followed by nucleophilic displacement of the a-halide with 

sodium azide in warm N,N'-dimethylformamide (3c) (OMF) (Figure 30) 

(243). An acid catalyzed decomposition of the azide in the presence of 

acetic acid (HOAc), acetic anhydride, HCl and a catalytic amount of 

rhenium heptasulfide at 100°C results in a mixture of the mono- (4a) and 

di-N-acetyl protected exo dehydro amino acids (4b) (228) (Figure 31). 

Separation of the two products can be achieved on a silica gel column, 

but in neither case was the nucleophilic Michael-type addition of sulfur 

successful. Interestingly, this reaction failed in the attempt to 

prepare the N-trifluoroacetyl protected dehydro amino acid. This may be 

a result of the lower thermal energy available to the reaction mixture 

due to the lower boiling point of trifluoroacetic anhydride. As an 

alternative, this reaction could be also tried under pressure. 

Examination of the base catalyzed decomposition of a-azido 

esters (3c) resulted in the discovery of an interesting reaction. If 

the azide is decomposed with two equivalents of a strong base (LOA) and 

subsequently quenched in the presence of STABASE the silicon protected 

dehydro amino acid can be isolated (5a) (Figure 32). Unfortunately, the 



CH3CH20H 
2)CH3CH20H 

Figure 30. Synthetic scheme for the preparation of a-azido 
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Figure 31. Synthetic scheme for the preparation of 6,6-
cyclopentamethylene-N-acetyl and -N-diacetyl 
a,6-dehydroglycine ethyl esters. 
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yield of this reaction is relatively low (~20%), but its real utility is 

found in its selectivity. Due to the steric bulk of the silicon 

protecting group the preparation of the E isomer (5b) over the Z isomer 

(5c) is favored, approximately 9:1. Of course the E isomer is more 

difficult to prepare than the Z isomer and therefore this methodology 

may be exploited to prepare the E isomer selectively. 

The base catalyzed condensation of ethyl isocyanoacetate (6a) 

with ketones and aldehydes has been used quite extensively for the 

preparation of N-formyl protected dehydro amino acids (6b) (Figure 33) 

(229-233). (A careful NMR analysis of these derivatives shows that this 

reaction scheme results in a mixture of the cis and trans formyl 

protected amino acid). Subsequent reation with phosphorus pentasulfide 

(P4S10) in refluxing benzene results in formation of a mjxture of the 

thiazoline (6c) and the protected free a-sulfhydryl amino acid (6d). 

Without separation of the components, this mixture can be directly 

hydrolyzed to the unprotected racemic amino acid hydrochloride (6e) by 

refluxing in 4N HCl (244). The amino acid can then be prepared for solid 

phase peptide synthesis by protection of the a-thiol as the S-4-methy

lbenzyl (245,246) (6f) and the a-awine as the tert-butyloxycarbonyl 

(t-Boc) (247,248) (6g). 

Experimental 

Capillary tube melting pOints were determined on a Thomas-Hoover 

melting point apparatus and are uncorrected. Thin-layer chromatography 
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Figure 33. Synthetic scheme for the preparation of NQ-Boc 
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(tlc) was performed on Baker-flex plates in the solvent systems 

indicated in the text. Spots were visualized by ultraviolet light, 

iodine vapors, or a ninhydrin spray. Homogenous compounds were analyzed' 

by proton and in some cases carbon-13 NMR on either of the 60 MHz proton 

NMRs, a Varian T-60, a Perkin-Elmer EM-360L, or the multinuclear 250 

MHz Bruker spectrometer, as required. When necessary, the assignment of 

individual resonances was determined by double resonance techniques and 

deuterium exchange experiments. The presence of certain functionalities 

was determined qualitatively, such as: (1) primary amine (ninhydrin) 

(153); and (2) thiol (Ellman's reagent) (249). 

i-1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid. The title 

compound was prepared by the method of Pictet and Spengler (172) 

starting with i-phenylalanine (6.2 g, 64.1%); M.P. 308-311°C; [a]~~9 = 

-131.7° (c=0.65, 30% HOAc). The low value for the optical rotation 

indicates that partial racemization has occurred (174,175), however, the 

optically pure amino acid can be obtained by fractional crystallization 

of the Na-tert-butoxycarbonyl derivative. 

Na-Boc-l-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid. In a 

100 ml round bottom flask 2.78 g of h-Tic was added to a solution of 40 

ml p-dioxane and 20 ml· distilled H20 at O°C. With stirring, 2.2 g of 

di-tert-butyl dicarbonate was slowly added. The pH was adjusted and 

maintained at 10.7 with 3.5 N NaOH until the pH was constant. The 

solution was concentrated to remove the p-dioxane, overlaid with EtOAc 

(50 ml) and the pH was adjusted to 2~2 with 10% HCl at O°C. The organiC 

layer was separated, washed with ice cold 4% HCl (2 x 25 ml), H20 (2 x 
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25 ml). dried with MgS04, filtered and concentrated. The white foam was 

recrystallized from EtOAc: hexane to yield small white crystals (2.10 g. 

55.6%); M.P. 122-123.5°C; [a]~~9 = +17.6° (c = 1.0, CH30H); NMR (250 

MHz, CF3CD2H, d6-DMSO) 0-1.38, 1.47 (each s, 9H, (CH3)3C-). 3.12 (m, 2H, 

S-CH2-), 4.43,4.65 (dq, 2H, N-CH2-), 4.99, 4.70 (br. s, 1H, a-CH), 7.13 

(m. 4H, aromatic-H); Anal. Calcd. for C15H1904N: C, 64.97; H, 6.91; N, 

5.05. Found: C, 64.81; H, 6.91; N~ 4.93. 

D-1,2,3,4-TetrahYdroisoquinoline-3-carboxylic acid. The 

synthesis of this compound was performed exactly as for h-1,2,3,4-

tetrahydroisoquinoline-3-carboxylic acid (see above), except that the 

starting amino acid was Q-phenylalanine (53.8%); M.P. 306-309°C; 

[a]i~9 = +126.9 (c=0.67, 30% HOAc). (The low value for the optical 

rotation indicates that partial racemization has occurred (174,175) (see 

above)). 

Na-Boc-Q-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid. The 

synthesis of this compound was performed exactly as for 

Na-Boc-l-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (see above), 

except that the starting amino acid was Q-Tic (61.1%); M.P. 123-125°C; 

[a]~~9 = -18.9° (c=1.0, CH30H). NMR; see Na-Boc-h-Tic; Anal. Calcd. 

for C15H1904N: C, 64.97; H, 6.91; N, 5.05. Found: C, 64.68; H, 6.78; N, 

4.94. 

S-Hydroxy-S,S-cyclopentamethylene-N-phthaloyl glycine methyl 

ester (1b). In a 100 ml round bottom flask 0.50 9 of 

N-phthaloylglycine methyl ester (1a) was added to a solution of 0.30 9 
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(35% mineral oil dispersion) KH in 25 m1 THF at 25°C with stirring. 

After 60 min, 0.22 m1 of cyc10hexanone was added and the solution was 

allowed to stir for an additional 60 min at room temperature. The 

solution was washed with H20 (2 x 25 m1), dried with MgS04, filtered and 

concentrated to give a yellow oil. The oil was recrystallized from 

ethyl acetate and petroleum ether (0.46 g, 64.8%); M.P. 197-200°C; NMR 

(60 MHz, CDC13) 0 1.0-2.2 (10H, m), 3.8 (3H, s), 4.3 (lH, s), 5.20 (IH, 

br. s), 7.6 (4H, m); TLC (EtOAc: toluene (1:1)) Rf = 0.40. 

S,S-Cyc10pentamethy1ene-N-phtha10y1 a,S-dehydrog1ycine methyl 

ester (lc). In a 25 m1 round bottom flask 0.88 m1 of thiony1 chloride 

was added to a solution of 0.22 g (lb) in 10 ml chloroform at 25°C with 

stirring. After 2 hours, the solution was washed with H20 (2 x 25 m1), 

dried with MgS04, filtered and concentrated to yield a yellow oil. The 

oil was recrystallized from ethyl acetate and petroleum ether to yield 

small yellow crystals (0.20 g, 95.5%); M.P. 180-182°C; NMR (250 MHz, 

CDC13) 0 1.70-1.8~ (6H, m), 2.66 (2H, m), 2.79 (2H, m), 3.89 (3H, s), 

7.20-7.70 (4H, m); TLC (EtOAc: toluene (1:1)) Rf = 0.90. 

S-HydroxY-S,S-cyc1opentamethy1ene-N-(1,1,4,4-tetramethy1-1,4-

disilethylene) glycine ethyl ester (2c). In a 100 m1 round bottom three 

neck flask 2.45 g of N-(1,1,4,4-tetramethy1-1,4-disilethylene) glycine 

ethyl ester in 10 m1 dry THF was added dropwise to a solution of 10.3 ml 

1.07 M lithiumdiisopropyl amide (in hexane) in 15 ml dry THF with. 

stirring in a dry ice acetone bath. The solution was allowed to stir 

for 15 min and 1.14 ml for cyclohexanone was added in 5 ml dry THF. 



After 2 h at -78°C the solution was allowed to warm to room 

temperature and the reaction was quenched with H20 (25 ml). The 

solution was extracted with ether (2 x 25 ml), washed with H20 

166 

(2 x 25 ml), dried with MgS04, filtered and concentrated to an orange 

oil (2.51 g, 73.2%). NMR (60 MHz, CDC13) 0 0.2 (12H, s), 0.5 (4H, s), 

1.3 (3H, J=7 Hz, t), 1.4-1.8 (10H, m), 2.3 (1H, br. s), 3.4 (1H, s), 4.1 

(2H, J=7 Hz, q); TLC (EtOAc: toluene (2:1)) Rf = 0.57. The oil was used 

directly without further purification. 

a-Hydroxy-a,a-cyclopentamethyleneglycine ethyl ester 

hydrochloride (2d). In a 200 ml round bottom flask 2.51 g of 

a-hydroxy-a,a-cyclopentamethylene-N-(1,1,4,4-tetramethyl-1,4-

disilethylene) glycine ethyl ester (2c) was added to a mixture of 50 ml 

ether and 50 ml concentrated HCl with stirring at room temperature. 

After stirring for 12 h, the layers were separated and the aqueous 

layer was lyophilized to give a red foam. The foam was recrystallized 

from ethyl acetate and petroleum ether to give white crystals (1.05 g, 

60.4%); M.P. 138-141°C; NMR (250 MHz, CDC13) 0 1.20-2.00 (10H, m), 1.33 

(3H, J=7 Hz, t), 4.26 (1H, s), 4.30 (2H, J=7 Hz, q), 4.98 (1H, br. s), 

8.33 (3H, br. s); TLC (CHC13: CH30H (9:1)) Rf = 0.67. 

a-Hydroxy-a,a-cyclopentamethylene-N-trifluoroacetylglycine 

ethyl ester (2e). In a 50 ml round bottom flask 0.44 g of a-hydroxy-a, 

a-cyclopentamethyleneglycine ethyl ester (2d) was added to 10 ml of dry 

THF with stirring in a ice bath. Slowly, 0.43 ml of trifluoroacetic 

anhydride was added. The solution was allowed to stir at O°C until all 
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the solid dissolved. At this point the solution was ref1uxed for three 

hours. It was cooled to room temperature and the reaction was quenched 

by the slow addition of 10% NaHC03 (15 m1). The solution was extracted 

with ether (2 x 25 m1), washed with H20 (2 x 25 m1), dried with MgS04, 

filtered and concentrated. The solid was recrystallized from ethyl 

acetate and petroleum ether (0.41 g, 74.5%); M.P. 100-101°C; NMR (60 

MHz, CDC13) 0 1.3 (3H, J=7 Hz, t), 1.4-1.7 (10H, m), 2.6 (lH, br. s), 

4.2 (2H, J=7 Hz, q), 4.5 (lH, d), 7.4 (lH, br. d); TLC (EtOAc: toluene 

(1:1)) Rf = 0.44. 

a,a-Cyc10pentamethy1ene-N-acety1 a,a-dehydrog1ycine ethyl 

ester (4a) and a,a-cyc10pentamethylene-N-diacety1 a,a-dehydrog1ycine 

ethyl ester (4b). In a 250 m1 round bottom flask 35 m1 of acetic acid 

and 20 ml of acetic anhydride were added with 3 drops of concentrated He1 

was added to 2.20 9 of ethyl 1-azido-1-cyc10hexy1ethanoate at room 

temperature with stirring. The solution was warmed to 98°C and a 

catalytic amount of rhenium heptasu1fide was added. After four hours 

the solution was cooled to room temperature and the reaction was 

quenched by the addition of H20 (100 ml). The solution was extracted 

with ether (2 x 25 ml), washed with H20 (2 x 25 ml), dried with MgS04, 

filtered and concentrated to a clear oil (1.98 g). The oil was 

recrystallized from ethyl acetate and petroleum ether to give white 

crystals of (4a). M.P. 114-116°C; NMR (60 MHz, CDC13) 0 1.3 (3H, J=7 Hz, 

t), 1.6 (6H, m), 2.1 (3H, s), 2.2 (2H, m), 2.7 (2H, m), 4.2 (2H, J=7 Hz, 

q), 6.9 (lH, br. s); TLC (EtOAc; toluene (1:1)) Rf = 0.13. The mother 
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liquor was separated and concentrated to give a clear oil of (4b). NMR 

(60 MHz, CDC13) 0 1.2 (3H, J=7 Hz, t), 1.6 (6H, m), 2.1 (2H, m , 2.3 (6H, 

s), 2.9 (2H, m), 4.2 (2H, J=7 Hz, q); TLC (EtOAc: toluene (1:1)) Rf = 

0.80. 

S,S-Cyclopentamethylene-N-(1,1,4,4-tetramethyl-1,4-disilethylene)

a,S-dehydroglycine ethyl ester (5a). In a 50 ml three neck round 

bottom flask 1.05 g of ethyl 1-azido-1-cyclohexylethanoate in 10 ml of 

dry THF was added dropwise to 10.30 ml of 1.07 M lithium diisopropyl 

amide (in hexane) with stirring in a dry ice acetone bath. The 

evolution of nitrogen was monitored and allowed to proceed to 

completion. After evolution was complete, 2.37 g of 1,1,4,4-tetramethyl-

1,4-dichlorosilethylene in 5 ml of dry THF was added dropwise. The 

solution was maintained at -78°e for one hour and then allowed to warm 

to room temperature slowly. The reaction was quenched by the slow 

dropwise addition of 20 ml of K2HP04. The solution was extracted with 

ether (2 x 25 ml), washed with H20 (2 x 25 ml), dried with MgS04, 

filtered and concentrated to an orange oil. The oil was dissolved in 

petroleum ether, filtered, decolorized with Norite and concentrated to 

yield a light yellow oil. The oil was chromatographed on a silica gel 

column with a mobile phase of ethyl acetate and toluene (1:1) to yield a 

clear liquid (0.22 g, 13.6%). NMR (60 MHz, CDC13) 0 0.10 (12H, s), 0.70 

(4H, s), 1.3 (3H, J=7 Hz, t), 1.4-2.0 (10H, m), 4.0 (2H, J=7 Hz, q); TLC 

(EtOAc: toluene (1:1) Rf = 0.80. 

S-Methyl N-(l,1,4,4-tetramethYl-1,4-disilethylene) (E,Z)-a,S

dehydroglycine ethyl ester (5b and 5c). The title compound was 
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prepared by the same methodology as compound 5a (0.18g, 15.9%). Oil; 

NMR (250 MHz, CDC13) (The parameters correspond to both the E and Z 

isomers.) 0 0.10 (12H, s), 0.91 (4H, s), 1.35 (3H, J=7.1 Hz, t), 1.77 

(3H, J=7.1 Hz, d), 4.20 (2H, J=7.1Hz,q), 5.52 (O.lH, J=7.1 Hz, q), 6.87 

(0.9H, J=7.1 Hz, q) TLC (toluene) Rf = 0.78 and 0.82. 

a,a-Cyclopentamethylene-N-formyl a,a-dehydroglycine ethyl 

ester (6b1). In a 250 ml round bottom flask 5.18 ml of cyclohexanone 

and 5.46 ml of ethyl isocyanoacetate in 80 ml dry THF was added dropwise 

to a solution of 2.00 g sodium hydride (60% dispersion in mineral oil) 

in 60 ml dry THF with stirring at O°C. The solution was allowed to warm 

to room temperature and stir for 5 hrs. The reaction was quenched by 

the addition of H20 (50 ml) and was concentrated under reduced pressure. 

The semi-solid was dissolved in ethyl acetate (100 ml), washed with H20 

(2 x 50 ml), dried with MgS04, filtered and concentrated to a yellow 

oil. The oil was recrystallized twice from ethyl acetate and ligroin 

(5.20 g, 49.3%). M.P. 82-84°C; NMR (60 MHz, CDC13) (The parameters 

reported in all cases correspond to the trans formyl protected amino 

aci~); 0 1.3 (3H, J=7 Hz, t), 1.65 (6H, m), 2.3 (2H, m), 2.8 (2H, m), 4.2 

(2H, J=7 Hz, q), 6.9 (lH, br. s), 8.1 (lH, d); TLC (EtOAc: petroleum 

ether (1:1)) Rf = 0.24. 

a,a-Cyclobutamethylene-N-formyl a,a-dehydroglycine ethyl ester 

(6b2). The title compound was prepared by the methodology employed for 

6b1; M.P. 92-93°C; NMR (250 MHz, CDC13) 0 1.28 (3H, J=7.1 Hz, t), 
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1.60-180 (4H, m), 2.39-2.53 (2H, m), 2.81 (2H, J=7.1 Hz, t), 4.21 (2H, 

J=7.1 Hz, q), 6.87 (IH, br. s), 8.16 (IH, J=I.5 Hz, d); TLC (EtOAc: 

petroleum ether (1:1)) Rf = 0.31. 

B,B-Diethyl-N-formyl a,B-dehydroglycine ethyl ester (6b3). 

The title compound was prepared by the methodology employed for 6b1 

(4.80 g, 48.3%); M.P. 40-41°C; NMR (60 MHz, CDC13) 0 0.8-1.4 (9H, m), 

1.9-2.7 (4H, m), 4.15 (2H, J=7 Hz, q), 7.65 (IH, br. s), 8.1 (lH, J-1 Hz, 

d); TLC (EtOAc: petroleum ether (1:1)) Rf = 0.40. 

B,B-Cyclopentamethylenecysteine hydrochloride (6e1). In a 250 

ml round bottom flask 1.70 g of phosphorus pentasulfide was added to a 

solution of 4.00 g of B,B-cyclopentamethylene, N-formyl a,B-dehydro 

glycine ethyl ester in 90 ml of benzene with stirring. The solution was 

brought to a gentle reflux and the progress of the reaction was followed 

by tlc (ethyl acetate:' petroleum ether, 1:1). After 1.5 h an 

additional 300 mg of phosphorus pentasulfide was added and the solution 

was allowed to reflux for an additional 30 min. At this point, the 

reaction mixture was cooled to room temperature, washed with H20 (2 x 

100 ml) and separated. The organic layer was dried with MgS04, filtered 

and concentrated to give an orange oil. Without further purification, 

the mixture of the thiazoline (6c) and the free B-thiol (6d) protected 

amino acid was dissolved in 160 ml of 4N HCl with stirring at room 

temperature. The solution was slowly brought to reflux, during which 

time the orange oil began to dissolve. After refluxing overnight the 

solution was cooled to room temperature and concentrated under reduced 
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pressure to produce a light yellow solid. The solid was recrystallized 

from absolute ethanol and ether to give crystals that gave a positive 

ninhydrin test (153) and a positive Ellman's (249) test (2.50 g, 58.5%). 

M.P. 223-235°C; NMR (250 MHz, d6-OMSO) 0 1.20 (2H, m), 1.50-1.95 (8H, m), 

3.42 (lH, br. s), 3.94 (lH, m), 8.63 (3H, br. s); TLC (acetone: HOAc 

(98:2)) Rf = 0.24. 

S,S-Cyclobutamethylenecysteine hydrochloride (6e2). The title 

compound was prepared by the same methodology employed for 6e1 (0.58 g, 

29.6%). The solid gave a positive ninhydrin (153) and Ellman's (249) 

test. M.P. 18S-190°C; NMR (250 MHz, CF3C02H, d6-OMSO) 0 1.S5-2.12 (SH, 

m), 4.23 (lH, s); TLC (acetone: HOAc (98:2)) Rf = 0.20. 

S,S-Oiethylcysteine hydrochloride (6e3). The title compound 

was prepared by the same methodology employed for 6e1 (1.29 g, 0.40%). 

The solid gave positive ninhydrin (153) and Ellman's (249) tests; M.P. 

119.5-120.5; NMR (60 MHz, CF3C02H; 020); 0 0.S-1.0 (6H, m), 1.5-1.S 

(4H, m), 4.2 (lH, s) TLC (acetone: HOAc (9S:2)) Rf = 0.35. 

S-para-Methylbenzyl-S,s-cyclopentylmethylenecysteine (6f1). 

In a 200 ml 3-neck round bottom flask, 150 ml of ammonia was collected 

in a dry ice acetone bath with stirring. The ammonia was dried with 

sodium and 1.13 g of S,S-cyclopentylmethylenecysteine hydrochloride was 

added as a solid. Additional sodium was added until the solution 

maintained a blue color for 5 min. As this pOint O.SO ml of a-chloro

para-xylene was added and the blue color dissipated immediately. The 

liquid ammonia was allowed to evaporate under a stream of argon with 

. . 
~ 
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warming into a KOH trap to yield a solid white residue. 

The solid was dissolved in H20 (100 ml), washed twice with ether (50 ml) 

and separated. The pH of the aqueous layer was adjusted to 5.1 with 

dilute HCl causing a copious white precipitate. The solid was filtered, 

dried and recrystallized from methanol: H20 to give white crystals (1.17 

g, 79.6%) that gave a positive ninhydrin test (153) and a negative 

Ellman's (249) test; M.P. 198-200°C; NMR (250 MHz, CF3C02H, C03C020, 

d6-OMSO) 0 1.23 (2H, m), 1.54-1.98 (8H, m), 2.27 (3H, s), 3.65 (2H, 

J=11.2 Hz, dd), 3.93 (IH, br. s), 7.12 (2H, J=8.0 Hz, d), 7.25 (2H, 

J=8.0 Hz, d); TLC (CHC13: MeOH (1:1)) Rf = 0.44. 

S-para-Methylbenzyl-6,6-cyclobutylmethylenecysteine (6f2). 

The title compound was prepared by the methodology employed for 6f1 

(0.61 g, 73.1%). The solid gave a positive ninhydrin (153) and a 

negative Ellman's (249) test; M.P. 193.5-195°C; NMR (250 MHz, CF3C02H, 

d6-DMSO) 0 1.67-1.96 (8H, m), 2.23 (3H, s), 3.68 (2H, J=11.3 Hz, dd), 

3.99 (lH, br. s), 7.07 (2H, J=7.7 Hz, d), 7.18 (2H, J=7.8 Hz, d), 8.32 

(2H, m); TLC (CHC13: MeOH (1:1)) Rf = 0.43. 

S-para-Methylbenzyl, e,6-diethyl cysteine (6f3). The title 

compound was prepared by the methodology employed for 6f1 (2.41 g, 

60.0%). The solid gave a positive ninhydrin (153) and a negative 

Ellman's (249) test. M.P. 156-157.5°C; NMR (60 MHz, CF3C02H, 020) 0 

0.90-1.1 (6H, m), 1.7-1.9 (4H, m), 2.2 (3H, s), 3.6 (2H, s), 4.0 (lH, 

s), 7.1 {4H, s) TLC (CHC13: MeOH (1:1)) Rf = 0.67. 

Na-tert-Butyloxycarbonyl-S-para-methylbenzyl-6,6-cyclopentyl

methylenecysteine (6g1). In a 100 ml round bottom flask 0.98 g of 
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S-para-methylbenzyl-S,S-cyclopentylmethylenecysteine was added to a 

mixture of 40 ml 1,4-dioxane and 20 ml H20 with stirring at room 

temperature. The solution was cooled to O°C and 0.87 g of 

di-tert-butoxycarbonate was added as a solid. The pH was adjusted and 

maintained at 10.2 with IN NaOH, until the pH maintained itself. At 

this point, the dioxane was removed under reduced pressure « 30°C) and 

the aqueous solution was overlain with ethyl acetate (50 ml). The pH 

was adjusted to 2.5 with 4% HCl at O°C and the layers were separated. 

The organic layer was washed with 4% HCl (2 x 25 ml), H20 (2 x 50 ml), 

dried with MgS04, filtered and concentrated to give a white foam (1.00 

g, 76.1%) that gave negative results for both the ninhydrin (153) and 

Ellman's test (249); NMR (250 MHz, CDC13) 0 1.45 (9H, s), 1.45-2.00 

(lOH, m), 2.27 (3H, s), 3.59 (2H, J=11 Hz, dd), 4.47 (lH, J=9 Hz, d), 

5.72 (IH, J=9 Hz d), 7.03 (2H, J=8 Hz, d), 7.15 (2H, J=8 Hz, d); TLC 

(EtOAc: CHC13 (1:1)) Rf = 0.20. 

Summary and Future Perspectives 

Even though the methodology for the synthesis of a series of 

S,S-disubstituted cysteine amino acids has been developed, it would be 

advantageous if these amino acids could be prepared stereoselectively. 

Approaches that could be examined for their stereoselective preparation 

include: (1) enzymatic purification (250,251) and (2) the use of chiral 

auxiliaries (220,252-258). 

Enzymatic resolution of N-acetyl amino acids has been utilized 

quite extensively for the purification of many natural and synthetic 
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amino acids. In particular, aminoacylase (250,251) will selectively 

hydrolyze an N-acetyl-h-amino acid allowing easy separation of the 

L-amino acid from the unhydrolyzed N-acetyl-Q-amino acid, but this type 

of resolution is not feasible with N-formyl protected amino acids. 

Since the preparation of N-acetyl dehydro amino acids from the 

corresponding a-azido ester is relatively simple (Figure 31) the 

subsequent reaction with phosphorus pentasulfide should be attempted. 

If this resulted in the sulfur addition adduct, the ester could be 

hydrolyzed selectively and the amino acid resolved enzymatically with 

aminoacylase. 

It has become quite common to prepare amino acids with a high 

degree of stereoselectivity by utilizing chiral auxiliary agents 

(220,252-258). One common and efficient method employs nucleophilic 

attack of a bislactim ether (220,254-258) prepared from glycine and a 

sterically bulky chiral amino acid on a suitable electrophile (Scheme 

5). If a general methodology for the preparation of monomeric 

thioketones (wit~ hydrogens) can be developed, this approach could be 

utilized for a stereoselective synthesis. 

. . 
~ 



APPENDIX A 

LIST OF ABBREVIATIONS 

Amino Acids 

General Structural Formula: RCH-C02H 
I 

Name 

Alanine 

Arginine 

Cysteine 

Cystine 

Glutamic acid 

Glycine 

Histidine 

Leucine 

Lysine 

Norl euci ne 

Methionine 

Methionine sulfone 

Methionine sulfoxide 

NH2 

Abbreviation ---------
Ala 

H2N-ft-NH-CH2-CH2-CH2- Arg 

NH 

HS- CH2-

-CH2-S-S-CH2-

H02C-CH2-CH2-

H-

n CH2-

V-H 
(CH3)2-CH-CH2-

H2N-CH2-CH2-CH2-CH2-

CH3-CH2-CH2-CH2-

CH3-S-CH2-CH2-
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half-Cyst Cys(SH) 

Cys, Cys .... Cys 

Glu 

Gly 

His 

Leu 

Lys 

Nl e . 

Met 

Met(O) 
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para-Nitro phenylalanine 02N-f } CH2- p-N02-Phe 

Penicillamine HS-C( CH3)2- Pen 

Phenylalanine <_}CH2- Phe 

Phenyl glyci ne ~}- Pgl 

Proline 

~C02H 
Pro 

~ (entire structure) 

CH2-

Tryptophan Ccf 
N Trp 
I 
H 

Tyrosine H0-D-CH2- Tyr 

Valine (CH3)2-CH- Val 

1,2,3,4-Tetrahydro-
isoquinoline-3- C02H 
Carboxylic acid Tic 

(entire structure) 
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Amino Acid Protecting Grou~s 

Protecting Group Structure Abbreviation 

Acetyl a Ac 
1/ 

CH3C-

Benzyl < )-CH
2-

Bzl 

2,6-0ichlorobenzyl Cl 2,6-C1 2- Z 

Cl 
2,4-0ichlorobenzyl-

oxycarbonyl 
C1OCH20C-

2,4- C1 2-Z 

- \I a 

Formyl HC- For 
II a 

9-Fluorenylmethyl-
oxycarbonyl Fmoc 

- CH2-0-C 
\I 
a 

tert-Butyl (CH3)3-C- t-Bu 

tert-Butyloxycarbonyl (CH3)3-C-O-n- t-Boc 

a 



1,1,4,4-Tetramethyl-l,4 
dis il ethyl ene 

Trifluoroacetyl 

4-Toluenesulfonyl 

1\ .......... S· S'''-...- , " 
\ / 

o 
II 

CF3C-
o 

CH3Q'\ ~-
- II o 
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STABASE 

Tfa 

Tos 
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