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Abstmct: We how synthesized and filly characterized the w super-aspartatne analogue eCN-C&J 

NHCO-L-Asp-L-(aMe)Phe-OMe I; the p-(aMe)Phe/J-analogue of the fonnyl-methionyl tripeptide 

chemoanractant HCO-L-Met-L-L&u-D-(uMe)Phe-OMe 2, the first Dnhemotactic peptiak being found more 

anive than its L-diastereotner; and the model pentapqMe #rBz-D-(aMe)Phe-(.4ib)2_0-(aMe)Phe-Aib-OZ 

3. l’he preferred co$ortnation of the three peptides, as aktennined by X-my d@action analyses, is discussed 

in terms of the pwposed receptor mod& for sweet perception [peptide I] and neutrophil chemotaris [pqtide 

21, and as a promising candidate for mokular recognition studies [peptide 3]. 

The increasing interest in the study of a-amino acids methylated at the ar-carbon is based on the 

following factors: 

(i) Two of these amino acids, Aib (cr-aminoisobutyric acid) and Iva (isovaline) (Scheme 1), 

characterize an important family of natural antibiotics, the peptaibols, k2 which alter the ionic 

permeability of biological membranes by forming channels. s-5 

(ii) Tetrasubstitution at the cr-carbon in these amino acids results in a severe steric hindrance, the 

synthesis of the related peptides being greatly complicated by this property. 6-a 

(iii) Derivatives and peptides of these residues show extremely high crystallinity, thus allowing one to 

perform an X-ray characterization of conformation and electronic structure of the N- and C- 
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protecting groups, and C-activating groups (including reactive intermediates such as symmetrical 

anhydrides, 9-11 mixed anhydrides, 12 active esters, 9 5(4H)oxazolones, 13-n carboxylic acid 

chlorides 12 and azides, 12 and unprotected and protected N-carboxyanhydrides 19) of common use 

in peptide synthesis. 

(iv) The stereochemistry of peptides containing these amino acids is rather unique, since they possess 

significant constraints on their conformational freedom. 20.21 In particular, this point is relevant to 

(a) the exploitation of these compounds as precise molecular rulers or as scaffolding blocks in the 

de now design of protein and enzyme mimetics, 22-U and (b) the 3D Sh~~activity 

relationships of backbone-modified, conformationally constrained, enzyme resistant agonists and 

antagonists of bioactive peptides 25,26. 
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The crystal-state and solution structural preferences of Aib, the prototype of the family of o- 

amino acids methylated at the o-carbon, have extensively been examined by a variety of physico- 

chemical techniques. Detailed results may be found in many recent review-articles. 27-36 From the 

experimental data the following conclusions may be drawn: (i) Aib home-peptides, beginning at the 

trimer level, adopt the 310-helical structure, irrespective of main-chain length. The or-helical S~ITIC~UE 

has never been observed. (ii) Tripeptides and longer peptides containing Aib residues along with 

protein amino acids are folded either in the 3tu- or in the a-helical structure, depending upon main- 
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chain length, Aib content, sequence, and environmental conditions. In particular, the minimum peptide 

main-chain length for o-helix formation in the crystal state corresponds to about seven residues. Since 

Aib is an achiral residue, the screw sense of the helix that is formed depends upon the chlrality of the 

constituent protein amido acids. (iii) Aib is a very powerful B-bend forming residue, specifically at 

positions i+ 1 and i+2 of type I (I’) and type III (III’) P-bends and at position i+2 of a type II (II’) & 

bend. However, it has rarely been seen at position i-t 1 of a type II (II’) &bend. (iv) y-Bends and tiilly 

extended structures are extremely uncommon observations for this residue, while /3-pleated sheet 

structures have never been found. 

In general, the conclusions listed above for Aib apply also for Iva, (olMe)Val (@-methyl 

valine), (oMe)Leu (Ca-methyl leucine), and (oMe)Phe (Cc’-methyl phenylalanine), the other or-amino 

acids methylated at the a-carbon investigated to date (for a review-article see ref. 37). In addition, the 

relationship between configuration at the o-carbon of these chiral residues and handedness of the helix 

that is formed seems to depend upon presence and position of side-chain branching. 

In this article we describe the synthesis, characterization, and 3D-structural analysis by X-ray 

diffraction of three backbone-modified, (cuMe)Phe-containing peptides: (i) pCN-CeH,@IC!O-L-Asp- 

L-(crMe)Phe-OMe (OMe, methoxy) 1, a very sweet super-uspurfame analogue; (ii) HCO-L-Met-L- 

Leu-D-(aMe)Phe-OMe 2, the first D-amino acid containing chemoattractant being found more potent 

than its L-diastereomer;. and (iii) pBrBz-D-(oMe)Phe-(Aib)z-D-(cYMe)Phe-Aib-OfBu @BrBz, puru- 

bromobenzoyl; OIBu, &&butoxy) 3, a compound with a potential horr site for molecular recognition 

studies. 

RESULTS AND DISCUSSION 

(olMe)Phe Containing Dipeptide Sweeteners 

In 1983 Nofre and Tinti 38p3g reported that the par-u-cyanophenylcarbamoyl derivative of the 

dipeptide aspartame, pCN-C6H4-NHCO-L-Asp-L-Phe-OMe, has a sweetening potency 14,000 times 

higher than that of sucrose. Thus, combination of recognition units present in the prototype 

compounds, cyanosuosan (pCN-C6H4-NHCONH-CHz-CH,-COO-), 450 times sweeter than sucrose, 

a and aspartame (H-L-Asp-L-Phe-OMe), 200 times sweeter than sucrose, 41 yields a sweetener, 

referred to as super-aspartame by the French authors, with dramatically increased potency relative to 

members of either class. Replacement of the para-cyanophenyl group by paru-nitrophenyl, also an 

electron deficient aryl moiety, gave pN02-C6H4-NHCO-L-Asp-L-Phe-OMe, another hypersweet N- 

carbamoyl dipeptide. 42 More recently, we have shown that the conformationally constrained L- 

(crMe)Phe]&nalogue of aspartame is as sweet as aspartame itself, but more stable at pH 4. 43 

Interestingly, our model of the active site of the sweet taste receptor was shown to be consistent with 

the arylureido dipeptides and with the crystal-state structure of the l’L-(aMe)Phe]*-analogue of 

aspartame. 4+45 
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We have now synthesized the conformationally restricted super-aspartame analogues pCN-C&4- 

NHCO-L-Asp-L-(crMe)Phe-OMe 1 and pNO&jH@JHCO-GAsp-L-(olMe)Phe-OMe by treatment of 

H-LAsp-L-(crMe)Phe-OMe 4s [or its synthetic precursor H-LAsp(OfBu)-L(arMe)Phe-OMe 43] with 

the appropriate para-substituted arylisocyanate (and removal of the side-chain protecting group of the 

L-Asp residue by acidolysis). Both compounds are extremely sweet. Crystalline compound 1 was 

subjected to a X-ray diffraction analysis. The molecular structure is shown in Fig. 1. 

Fig. 1. X-ray diffraction structure of pCN-C6H4-NHCO-L-Asp-L-(czMe)Phe-OMe 1 with atom 

numbering. 

The sets of &, #t and 42, tiT backbone torsion angles 46 for the L-Asp and L-(crMe)Phe 

residues are indicative of a right- and left-handed helical structure, respectively [C8-N3-C9-Cl2 - 

87.4(4)“; N3-C9-C12-N4 -13.0(4)“; C12-N4-C13-Cl4 52.2(4)“; N4-C13-C14-06 29.2(4)“]. The 

chirality-screw sense relationship exhibited by L-(crMe)Phe is inverse to that commonly shown by 

protein amino acids, including L-Phe. However, this finding is not surprising in view of OUT recXl’lt 

crystallographic and conformational energy computation results on (oMe)Phe peptides, which strongly 

support the view that the stability difference between the right- and left-handed diastereomeric helices 

formed by the two enantiomers of this CQ-methylated amino acid is significantly lower than that of the 

two diastereomeric helices formed by its unmethylated counterpart (Phe).37 
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The ureine, peptide, and ester groups are all roughly truns planar, the only significant deviation 

from planarity being represented by the ureine CS-N2-C8-N3 torsion angle [-167.1(3)‘]. The 

conformation of the L-Asp and G(orMe)Phe side chains (~1 torsion angle) is that commonly observed 

lJV3-C9-ClO-Cll 68.6(4)“; N4-C13-C17-Cl8 -62.1(4)“]. 37*47 The 03 atom of the &carboxyl moiety 

of the L-Asp residue is protonated [Cll-02 1.191($; Cll-03 1.326(4)&. 

The SAR of sweet molecules can be easily tested by means of a simple receptor model we have 

detailed during the last few years. 44*45 The main features of the model can be summarized as follows: 

(i) The active site of the receptor is a shallow, flat cavity with the outer side accessible even during 

interaction with the agonist. (ii) The lower section of the cavity contains the main “electronic 

features”, the essential part of these being the AH-B entity proposed by Shallenberger and Acme. 4s 

(iii) The upper section of the cavity is hydrophobic and plays an important role in the modulation of 

intensity. 

Fig. 2. Fit of the X-ray diffraction structure of pCN-CeH4-NHCO-L-Asp-L(oMe)Phe-OMe 1 in the 

model of the active site of the sweet receptor. The rigth part of the Figure shows a side view 

that illustrates the flat shape of the molecule facing the “Shallenberger” barrier (dashed line). 

The molecular model of, compound 1, resulting from the crystal structure analysis, is slightly 

different from the minimum energy conformer found for pCN-CeH4-NHCO-L-Asp-LPhe-OMe by 
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means of molecular mechanics calculations. 45 However, as shown in Fig. 2, it fits the model site even 

better. From a comparison of the relevant torsion angles of the two models it can be appreciated that 

the only significant difference between the two stnmmres involves the xr angle of the Asp side chain. 

Hence, the interaction of the B moiety (of the AH-B entity) of the molecule with the AH moiety of the 

receptor is modified, but, being essentially electrostatic, it can tolerate different orientations (and 

distances) between the Asp kuboxylate ftmction and AH. 

(aMe)Phe Conmining Fomyl-Methionyl l’klpeptlde C7temommctunt 

The discovery that Na-formyl-methionyl tripeptides (e.g., HCO-L-Met-L-Leu-GPhe-OMe) are 

potent chemoattractants for neutrophils and capable of inducing lysosomal enzyme release has led to the 

investigation of the peptide-receptor interaction. SAR studies have determined inrer &a that there is a 

close fit between a relatively large hydrophobic pocket of the receptor and the Phes side chain. 4g 

Fig. 3. X-ray diffraction structure of HCO-LMet-L-Leu-D-(crMe)Phe-Oh4e 2 with atom numbering. 

Recently, we have reported that the conformationally constrained H&Me)Phe]~ analogue is 

remarkably less active (cu. 800-fold) than its parent compound HH$c for the ability to induce secretion 

of 8-glucosaminidase from rabbit peritoneal leukocytes (7.0&1.3)x10-*M]. so In parallel, a crystal- 

state analysis was performed by X-ray diffraction. 
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We have now synthesized the diastereomeric tripeptide analogue HCO-L-Met-IJ.eu-D- 

(aMe)Phe-OMe 2 using HCI H-D-(aMe)Phe-OMe S&St as the starting material. Compound 2, 

although less active than the parent compound, is 12 times mom active [EDso (5.4f1.3)xlO%ll than 

the ~(olMe)Phe]~diastereomer. This is the first instance in this field of a D-peptide being found more 

active than its Ldiastereomer. The X-ray structure of crystalline compound 2 is illustrated in Fig. 3. 

The peptide backbone adopts an irregular conformation, partially extended at residues 1 and 2, 

and Ze$-handed helical at residue 3. The 4t [Cl-Nl-C2-C6] and $1 [Nl-C2-C6N21, &I [C6-N2-C7- 

Cl21 and $Z [NZ-C7-C12-N3], & [C2-N3-C13-Cl51 and #r lN3-C13-Cl5051 values are 

-105.1(11) and 136.3(g)“, -140.5(9) and 111.4(g)“, 45.2(12) and 49.2(11)“, respectively. The peptide 

and ester groups are rruns, with q [C2-C6-N2-c71 deviating markedly from planar@ [170.4(8)“]. 

The L-Met side chain adopts the (t, t, g+) conformation 47, the Nl-C2-C3C4, C2-C3-C4-Sl, and C3- 

C4-Sl-C5 torsion angles being -172.4(g), -176.2(8), and 87.1(11)“, mspectively. The L-Leu side chain 

is found in the [r (g+, t)] conformation, the N2-C7-C8C9, C7-C8-C9-ClO, and C7-C8-C9-Cl1 torsion 

angles being -176.8(8), 57.9(14), and -178.8(10)“, respectively. The N3-C13-C17-C18, C13-C17- 

C18-C19, and C13-C17-C18-C23 torsion angles of the D-(crMe)Phe residue have values of 177.8(g), - 

104.2(13), and 78.5(14)“, respectively. 

Thus, the major differences between compound 2 and the less active l&(aMe)Phe13- 

diastereomer are seen in the screw sense of the helical conformation of the (cuMe)Phe residue and in the 

conformation about the C4-Sl bond of the Met residue. 

(uMe)Phe Containing Model Pentapeptide 

A proper understanding of intramolecular interactions depends heavily upon the ability to design 

and build conformationally constrained structures whose intercomponent geometry is well defined. We 

chose to focus on structurally restricted helical oligopeptides which fold to bring into close proximity 

two partners positioned one turn apart. 22-24 In the present study we have crystallized and solved the X- 

ray diffraction structure of a model pentapeptide 51 containing three Aib and two D-(cuMe)Phe residues 

to induce a strong 3to-helical bias. 27-37 The two aromatic residues are installed within the sequence at 

positions 1 and 4. The X-ray structure of one of the two independent molecules (molecule I) in the 

asymmetric unit of pBrBz-D-(oMe)Phe-(Aib)2-D-(oMe)Phe-Aib-OfBu 3, together with a view of the 

same molecule along the helix axis showing interaction between the two protruding aromatic side 

chains, is reported in Fig. 4. 

Both molecules I and II adopt a regular, righf-handed 3to-helical structure 52 with average 4, JI 

torsion angles 56.4, 33.7” for I and 55.8, 33.2” for II. The structure is stabilized by three C=O...H-N 

intramolecular H-bonds of the &turn type. 53.54 The range of observed N...O distances is 2.940(8)- 

3.150(8)A. 5s The C-terminal helical Aib residue of each molecule has an handedness opposite to that 

of the preceding residues, a common observation for 3tu -helix forming peptide esters in the crystal 

state. 2g Significant deviations (A,> 10’) from the amide, peptide or ester tram planar conformation 
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are shown by the ClZ-Cll-Nl-Cl (and the corresponding torsion angle of molecule II), C26-C27-N5- 

C36, and C36-C37-07-C40 torsion angles of molecule I. The side-chain conformation (~1 torsion 

angle) of each D-(aMe)Phe tesidue in the two molecules is g+. Conversely, the only significant 

conformational difference between molecule I and molecule II is seen in the x2 torsion angle of the P- 

(aMe)Phe]t residue, 86.8(g)” for molecule I, while -80.1(10)” for molecule II. The average distance 

between corresponding atoms of the two spatially adjacent aromatic rings is 5.4Oi for molecule I, 

while 6.136 for molecule II. The angle between normals to the average planes of the two phenyl rings 

is 24.1(3)’ for molecule I, while 21.5(3)” for molecule II. 

Figure 4 (right part) clearly shows that in the pentapeptide structure a cleft is formed that 

includes an aromatic section [(aMe)Phe side chains] and an internal polar section characterized by 

peptide N-H and C=O groups. Thus, conformational constrained chiral peptide templates rich in u- 

amino acids mcthylated at the a-carbon may prove to be useful tools for molecular recognition studies. 

Fig. 4. 

24 

Left part: X-ray diffraction structure of one of the two independent molecules (I) in the 

asymmetric unit of pBrBz-D-(crMe)Phe-(Aib)z-@-cuMe)Phe-Aib-OtBu 3 with atom 

numbering. Right part: Projection along the helix axis of the same molecule. 

EXPERIMENTAL 
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This compound was synthesized in 66% yield by treatment of H-L-Asp-(OrBu)-J&Me)Phe-OMe 
(obtained by Pd-catalyzed hydrogenolysis of the corresponding No-benxyloxycarbonyl protected 
dipeptide 43) with paru-cyanophenylisocyanate [prepared from 4-aminobenxonitrile and triphosgenel in 
acetonitrile in the presence of N-methylmorpholine. The product was purified by flash-chromatography 
by eluting the column with a 1:2 isocratic mixture of ethyl acetate-petroleum ether. M.p.167-168’C 
(diethyl ether-petroleum ether); t.1.c. (silica gel plates 6OF-254 Merck) RPr (chloroform-ethanol 9:l) 
0.95, Rm (toluene-ethanol 7:l) 0.80, RF~ (ethyl acetate-petroleum ether 1:2) 0.30; [cr]#’ -50.0” 
(c=O.5 in methanol). 1.r. (KBr) 3345, 2224, 1737, 1727, 1696, 1656, 1595 cm-t. 1H N.m.r. (CDCls, 
10 mM) 6 7.80 (s, lH, NH), 7.48 (s, 4H, puru-cyanophenyl CH); 7.47 (s, lH, NH); 7.23 and 7.09 
[2m, 5H, (arMe)Phe phenyl CH]; 6.56 (d, lH, Asp NH); 4.78 (m, lH, Asp (rCH); 3.69 (s, 3H, OMe 
CH3); 3.20 [m, 2H, (cwMe)Phe &CH2]; 2.79 (m, 2H, Asp /3-CH2); 1.50 [s, 3H, (arMe)Phe WH3]; 
1.45 (s, 9H, OfBu CH3). 

puru-Cyanophenylcarbamoyl-L-aspartyl-L-(ol-methyl)phenylulanine methyl ester (1) 
This compound was prepared in 90% yield by treating puru-cyanophenylcarbamoyl-&tert-butoxy-L- 
aspartyl-L-(or-methyl)phenylalanine methylester with a 2: 1 trifluoroacetic acid-methylene chloride 
mixture for 90 min. M.p. 215-216°C (ethyl acetate-petroleum ether); t.1.c. RPr 0.10, Rp4 (l-butanol- 
acetic acid-water 6:2:2) 0.80; [ar]~ *u -63.7” (c= 0.5 in methanol). 1.r. (KBr) 3376, 3353, 2226, 
1745, 1732, 1684, 1638, 1594, 1544 cm- 1. 1H N.m.r. (dimethylsulphoxide-de, 1 mM) 6 9.35 (s, lH, 
NH); 8.17 (s, IH, NH); 7.60 (m, 4H, para-cyanophenyl CH); 7.21 and 7.09 [2m, 5H, (olMe)Phe 
phenyl CH]; 6.68 (d, lH, Asp NH); 4.54 (m, lH, Asp (w-CH); 3.55 (s, 3H, OMe CH3); 3.10 [m, 
2H, (crMe)Phe P-CH2]; 2.60 (m, 2H, Asp /3-CH2); 1.22 [s, 3H, (aMe)Phe &CHs]. 

puru-Nitrophenylcurbamoyl-l-asparryl-L-(ol-methyl)phenylalanine methyl ester 
This compound was synthesized in 72% yield from H-L-Asp-L-(cuMe)Phe-OMe and pam- 
nitrophenylisocyanate in N, N-dimethylformamide in the presence of triethylamine. The product was 
purified by flash-chromatography by eluting the column with a 8:2 isocratic mixture of chloroform- 
methanol. M.p. 213-215°C (methanol-diethyl ether); t.1.c. RPr 0.10, RR 0.05, RF~ 0.90, RFS 
(chloroform-methanol 8:2) 0.35; [c~]D 20 72.6” (c= 0.5 in methanol). 1.r. (KBr) 3371, 1728, 1659, 
1612, 1559 cm-r. rH N.m.r. (CD,OD, 10 mM) 6 8.11 and 7.65 (2d, 4H, para-nitrophenyl CH), 7.19 
[m, 5H, (cYMe)Phe phenyl CH], 4.77 (m, lH, Asp ar-CH), 3.72 (s, 3H, OMe CHs), 3.28 [m, 2H, 
(cuMe)Phe, P-CH2], 2.74 (m, 2H, Asp P-CH2), 1.47 [s, 3H, (crMe)Phe B-CHs]. 

N”-Benzyloxycarbonyl-L-leucyl-D-(cu-methyl)phenyluIunine methyl ester 
This dipcptide was prepared in 50% yield via the mixed anhydride method by treating Z-LLeu-OH 
with HCl*H-D-(aMe)Phe-OMe 50*51 in a tetrahydrofuran-chloroform 1:l mixture in the presence of 
isobutylchloroformate and N-methylmorpholine for 4 h. M.p. 128-129°C (ethyl acetate-petroleum 
ether); t.1.c. RF1 0.95, RF~ 0.65, RF~ 0.90; [c~]D *u 25.0” (c= 0.5 in methanol). 1.r. (KBr) 3332, 
1721, 1712, 1665, .I544 cm-l. lH N.m.r. (CDCI,, 10 mM) 6 7.34 (m, 5H, Z phenyl CH), 7.20 and 
7.01 [2m, 5H, (cuMe)Phe phenyl CH], 6.48 [s, lH, (cYMe)Phe NH], 5.10 (d, lH, Leu NH), 5.08 (s, 
2H, Z CHi), 4.11 (m, lH, Leu (r-CH), 3.76 (s, 3H, OMe CH3), 3.33 [m, 2H, (cyMe)Phe /3-CH2], 
1.61 [s, 3H, (cuMe)Phe /3-CHJ, 1.50 (m, 3H, Leu -y-CH and B-CH2), 0.89 (m, 6H, Leu b CH3). 
Amino acid analysis (C. Erba Model 3A29 amino acid analyzer): Leu 0.94, (0rMe)Phe 1.06. 

I\n’-tert-Butyloxycarbonyl-L-methionyl-L-leu~l-D-(or-methyl)phenylalum~~ methyl ester 
This tripeptide was synthesized in 80% yield via the symmetrical anhydride method by treating t-Boc- 
L-Met-OH with H-GLeu-D-(czMe)Phe-OMe (obtained by Pd-catalyzed hydrogenolysis in methanol of 
the corresponding Z-protected dipeptide described above) in acetonitrile in the presence of N-ethyl, 
N’-(3-dimethylaminopropyl)~carbodiimide hydrochloride and N-methylmorpholine for 24 h. Mp. 84- 
85°C (chloroform-petroleum ether); t.1.c. RF,0.95, RFz 0.70, RF~ 0.95; [a]Dzo 0.4” (c’ 0.5 in 
methanol); [(u]43e20 10.1” (c= 0.5 in methanol). I.r.(KBr) 3326, 1744, 1692, 1646, 1523 cm-r. rH 
N.m.r. (CDC13, 10 mM) 6 7.23 and 7.02 [2m, 5H, (rrMe)Phe phenyl CH], 6.57 [s, lH, (aMe)Phe 
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NHI, 6.50 (d, IH, Leu NH), 5.12 (d, lH, Met NH), 4.35 (m, lH, Leu a-CH), 4.21 (m, lH, Met u- 
CH), 3.76 (s, 3H, OMe CH$, 3.33 [m, 2H, (aMe)Phe 8-CH& 2.51 (m, 2H, Met +H2), 2.09 (s, 
3H, Met S-CHs), l.95 (m, 2H, Met /3-CHi), 1.61 [s, 3H, (aMe)Phe B-CHs], 1.50 (m, 3H, Leu v- 
CH and P-CH2), 1.44 (s, 9H, f-Boc CHs); 0.88 (m, 6H, Leu 6-CHs). Amino acid analysis: Met 0.96, 
Leu 1.00, (aMe)Phe 1.04. 

~-Formyl-L-methionyl-L-leucyl-D-(cu-methyl)phenylalanine methyl ester (2) 
This tripeptide was prepared in 68% yield by treatment of HCl*H-L&let&Leu-D-(aMe)PhooMe 
(obtained by acidolysis of the corresponding t&c protected tripeptide described above with a solution 
of 4N HCl in methanol) with formic acid in acetonitrile in the presence of N-ethyl,N’-(3- 
dimethylaminopropyl)carbodGmide hydrochloride and N-methylmorpholine for 45 min. 56 M.p. 1% 
191°C (ethyl acetatqetroleum ether); t.1.c. RPt 0.90, RR 0.45, RP4 0.85; [a)Da 4.1” (c= 0.5 in 
methanol) 1.r. (KBr) 3272, 1744, 1688, 1638, 1546 cm- 1. 1H N.m.r. (CDC13, 10 mM) 8 8.14 (t, lH, 
formyl HCO), 7.23 and 7.01 [2m, 5H, (aMe)Phe phenyl CHJ, 6.73 (d, lH, I_eu NH), 6.61 [s, lH, 
(cuMe)Phe NH], 6.58 (d, lH, Met NH), 4.72 (m, lH, Met c&H), 4.39 (m, lH, Ix-u a-CH), 3.77 (s, 
3H, OMe CH3, 3.33 [m, 2H, (aMe)Phe 13-CH& 2.51 (m, 2H, Met y-CH& 2.09 (s, 3H, Met S- 
CHs), 2.02 (m, 2H, Met P-CH2), 1.61 [s, 3H, (hMe)Phe &CH3], 1.51 (m, 3H, Leu y-CH and & 
CH2), 0.89 (m, 6H, Leu 6-CH3). Amino acid analysis: Met 0.96, I_eu 0.99, (aMe)Phe 1.04. 
The synthesis and characterization of W-pam-bromobenwyl-D-(wnuhyl)phenylalanyl-u- 
~inoisobutyryl-or-ai~isoburyryl-D-(or-methyl)phenylalanyl-cu-Mlinoisob~~c acid methyl ester (3) 
have already been described. 51 

Crystal aizfa for pCN-C&-IWCO-L-Asp-L+iUe)Phe-OMe (1) 
C2sHaN4Os; crystal size 0.6x9.6x0.6 mm; orthorhombic; P21212I; a= 24.018(2), b= 10&U(2), 
c= 8.898(1)A; V= 2284.8(5)A3; Z= 4; D,= 1.38 g cm-s; cc= 0.91 cm-l; 3120 independent and 
2168 observed [F>, 7u(F)] reflections; R value.O.051; R,,, value 0.056 with w=l/[u2 (F) + 0.0035 
F2]; S 1.12; Apr,,in and ApPmax -0.29 and 0.28 e.A-3, respectively. 

Crystal data for HCO-L-Met-L-Leu-D-(olMe)Phe-OMe (2) 
CuHs5NaOsS; crystal size 0.16x0.16x1.2 qm; monoclinic; P21; a= 12.708(2), b= 9.309(2), c- 
11.362(2)A; fl= 91.8(2)“; V= 1343.5(5)As; 212; DC= 1.15 g cm-s; cc= 1.47 cm-l; 3309 
independent and 1143 observed [F) 7u(F)] reflections; R valu$O.O63; R,,, value 0.070 with w= l/[u2 
0 + 0.0027 F2]; S 1.39; Apti,, and Ap,, -0.18 and 0.24 e*A-3, respectively. 

C?ystal data forpBrBz-D-(olMe)Phe-(Aib)z-D-(orMe)Phe-Aib-O~Bu (3) 
C43H5eNs07Br; crystal size 0.03x0.2x0.3 mm; monoclinic; P21; a= 11.904(4), b- 16.201(6), c= 
23.752(3)&; 8= 95.74(3)“; V= 4557.8(5$3; Z= 4; D,= 1.22 g cm-s; p= 17.7 cm-l; 4022 
independent and 3270 observed [F > 2a(F)] reflections; R value 0.046; R, value 0.053 with w= 1/[2 
(F) + 0.001557 F2]; S 1.12; APmin and Ap,, -0.14 and 0.14 e-i-3, respectively. 

Single crystals of compounds 1, 2, and 3 were grown by slow evaporation from aqueous methanol, 2- 
butanone, and methanol solutions, respectively. X-ray diffraction data were collected on a Philips PW 
1100 four-cicle diffractometer using MoKcx radiation (A= 0.71069 A) for 1 and 2, respectively, while 
on an Enraf-Nonius CAD4 diffractometer using CuKa radiation (X= 1.5418 A) for 3. The scan mode 
was 0-20 to B,= 28” for 1 and 2, while o-0 to omax= 60” for 3. The structures of 1 and 2 were 
solved by application of the direct methods and the SHELXS 86 program s7, while that of 3 by 
Patterson-Fourier synthesis. The structures of 1-3 were refined by the blocked least-squares procedure 
using the SHELX 76 program 58 with anisotropic thermal parameters for all non-hydrogen atoms. 
Hydrogen atoms for 1 were in part found on a AF map and the remaining calculated and all 
isotropically refined; hydrogen atoms for 2 were in part found on a AF map and the remaining 
calculated, but not refined; hydrogen atoms for 3 were all calculated and not refined. Tables of atomic 
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coordinates, bond lengths and bond angles, and anisotropic temperature factors have been deposited 
and are available with the Cambridge Crystallographic Data Centre. 
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