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Abstraet--A N~-blocked, Aib-rich octapeptide methylamide containing two N'-benzoylated L-Lys residues at positions 3 and 6 
was synthesized by solution methods and fully characterized. A solution and crystal-state conformationai analysis, performed by 
using FT-IR, 'H NMR, CD, and X-ray diffraction techniques, showed that the peptide is folded into a regular, right-handed 3~- 
helix stabilized by seven consecutive N-H...O=C intramolecular H-bonds of the ~-mm HI type. The two benzamidobutyl L-Lys 
side chains, located on the same side of the helix after one complete tam, generate a cleft the minimal width of which was 
found to be 3.47 JL 

In t roduc t ion  blocked octapeptide Ac-(Aib)2-L-Lys(Bz)-(Aib)2-L- 
Lys(Bz)-(Aib)2-NHMe (Ac, acetyl; Bz, benzoyl; 

A proper understanding of the mechanisms of molecular NHMe, methylamino) was determined in DMSO 
recognition depends heavily upon the ability to design (dimethylsulfoxide) and CHCI3:DMSO solvent mixtures 
and build eonformationally constrained structures whose using FT-IR absorption and IH NMR (this peptide is not 
intercomponent geometry is well defined. In this soluble in a 100% CHCI 3 solution), and in TFE (2,2,2- 
connection we chose to focus on structurally restricted trifluoroethanol) using CD. 
helical oligopeptides, which fold to bring into close 
proximity two partners positioned one turn apart, as In the 3500-3250 cm -1 (amide A) region the IR ab- 
appropriate templates, t-7 More specifically, in the pre- sorption bands at 3426 cm -t (weak), 3343 cm -t (strong) 
sent study we synthesized and investigated the solution and 3316 cm -t (strong) are assigned, respectively, to 
and crystal-state preferred conformation of a side-chain free peptide and amide NH groups, to intramolecularly 
functionalized, terminally blocked octapeptide contain- H-bonded NH groups, and to N-H...O=S DMSO- 
ing six Aib (ot-aminoisobutyric acid or C~'~-dimethyl - solvated ts NH groups. In the 1750-1500 cm -I (C=O 
glycine) residues to induce a strong 3t0-helical bias. s-t° stretching) region two intense IR absorption bands are 
Furthermore, two N°-benzoylated L-Lys residues are visible, at 1657-1656 cm ~ (amide I) and 1540-1535 
installed within the sequence at positions 3 and 6. cm -4 (amide II), respectively (results not shown), t6-18 

From these data we can safely exclude the occurrence 
The 310-helix, first predicted as a reasonably stable to a significant extent of unordered and B-sheet 
polypeptide secondary structure more than fifty years structures in the conformational equilibrium mixture of 
ago, I! has only recently attracted the attention of struc- the octapeptide; however, a discrimination between 310- 
tural biochemists and protein crystallographers. It and or-helices |2-14 is not possible on the basis of this 
represents the third principal structure occurring in spectroscopic technique alone, as both structures are 
globular proteins (in addition to the obhelix and the ~- known to exhibit their conformationally most significant 
pleated sheet structure) and has been described at bands in the spectral ranges 3350-3330, 1670-1655, 
atomic resolution in model peptides and in peptaibol and 1540-1530 cm -I. ,6-t8 
antibiotics (for recent review articles see Refs 12-14). 

In order to get more detailed information on the solution 
conformation of the Aib/Lys(Bz) host/guest octa- 

Results and Discussion peptide, the 'H NMR NH chemical shifts were inves- 
tigated as a function of: (i) addition of the strong H- 

The solution preferred conformation of the terminally bonding acceptor solvent DMSO t5 (beginning from 5% 

1211 



1212 C. TONIOLO etal. 

DMSO) to the CDCI3 solution; m9 (ii) addition of the methylamido NH proton) these JH NMR findings, taken 
paramagnetic free radical TEMPO 2° to a 95:5 together with those of the FT-IR absorption study dis- 
CDCI3:DMSO solution; and (iii) heating a 100% cussed above, strongly support the view that the struc- 
DMSO solution. 2~'22 ture preferentially adopted in CHCI3:DMSO solution by 

Ac-(Aib)2-L-Lys(Bz)-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe is 
The only NH resonance identified unambiguously is the 310-helix 12-14 (a series of consecutive, type-IH ~- 
that of the C-terminal methylamido NH group by virtue turns 23-2s) rather than the e-helix, 12-m4 which would have 
of its multiplicity (quartet). The other NH resonances required the backbone NH protons not involved in the 
have been assigned to the type of NH group only, intramolecular H-bonding to be three, including one 
namely to Aib Nil groups (singlets), Lys ~NH groups (doublet) Lys ¢¢NH proton, instead of only the two NI-I 
(doublets) or Lys ENH groups (triplets). protons (Aib singlets) expected for the 3~0-helix. 

In our =H NMR titration and perturbation study two 
classes of NH protons were observed: (i) two singlet Also in the H-bonding donor solvent TFE the terminally 
(Aib) and two triplet (Lys side-chain) NH protons, blocked octapeptide appears to be predominantly folded 
whose chemical shifts are particularly sensitive to in a 3m0-helix. In the CD spectrum a negative shoulder is 
addition of DMSO (Fig. 1A) and heating (Fig. 1B), and seen near 220 nm (peptide n--->x* transition) followed 
whose resonances significantly broaden upon addition by the exciton splitting of the peptide ~-->x* transition 
of TEMPO (not shown); and (ii) all other NH protons, (strong negative maximum at 205 nm and strong pos- 
whose resonances, in terms of chemical shifts and itive maximum in the vicinity of 190 nm) (Fig. 2). This 
linewidth, are only marginally sensitive to environ- dichroic pattern is suggestive of the onset of a 
mental changes. These conclusions (four freely ac- significant amount of right-handed helical confor- 
cessible NH protons and seven almost inaccessible, and mation. 26 The screw sense of the helix is dictated by the 
therefore intramolecularly H-bonded, NH protons) are two internal Lys residues of the L-configuration. On the 
corroborated by the low- and high-field positions of basis of the criterion proposed by Manning and Woody 2v 
accessible and inaccessible NH protons, respectively, for distinguishing 3~0- and o¢-helices by CD (3j0-helices 
in the =H NMR spectrum (Fig. 1B). are expected to have a weaker 222 nm band relative to 

their 208 nm band) we can safely con-clude that the 
Although we did not make an unambiguous assignment helical structure adopted by the octa-peptide in TFE 
for any NH proton resonance (except for the C-terminal solution is of the 3~0-type. 

l A s[8 
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Figure I. (A) Plot of the NH chemical shifts in the tH NMR spectrum of Ac-(Aib)2-L-Lys(Bz)-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe versus increasing 
percentages of DMSO added to the CDCI 3 solution (v/v). Peptide concentration is I × 10 -3 M. Symbols S, D, T, and Q refer to singlet, doublet, 
triplet, and quartet, respectively. (B) Temperature coefficients of the NH protons of the same Peptide in DMSO solution (peptide concentration 5 
x IO .3 M) measured in the range 298-343 K. Symbols are as in part (A). Signals are listed according to their position in the IH NMR spectrum 

beginning from low fields. 
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the o) torsion angles are in excellent agreement with 
conformational energy calculations on Aib homopep- 
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t90 2 t0  I~30 I)50 270 Figure 3. X-Ray diffraction structure of Ac-(Aib)2-L-Lys(Bz)-(Aib)2- 
Wavelength  ( n m J  L-Lys(Bz)-(Aib)a-NHMe with atom numbering. The intramolecular H- 

bonds are indicated as dashed lines. 
Figure 2. Circular diehroism spectrum of Ae-(Aib)2-L-Lys(Bz)-(Aib)2- 
L-Lys(Bz)-(Aib)2-NHlVle in TFE solution (peptide concentration 1 x 

The crystal-state structure of the octapeptide was deter- 
mined in its monohydrated form by X-ray diffraction. 
Two perspective views of the molecule are shown in 
Figures 3 and 4, respectively. The atom numbering and 
the torsion angles notation follow the recommendations 
of the IUPAC-IUB Commission on Biochemical I~ 
Nomenclature. 2s Relevant torsion angles are given in 
Table 1. In Table 2 the H-bond parameters are listed, j ~  , 

Bond lengths and bond angles (deposited) are in gen- 
eral agreement with previously reported values for the 
geometry of the acetamido 29 and benzamido 3° moieties, ( 
the methylamido group, 3m the peptide unit, 32'33 and the L I1~ 
Aib ~ 5  and Lys 36 residues. In particular, the geometry 
around the C a atom is asymmetric for all six Aib GK 
residues: if one designates as C ~t and C ~2 the atoms in -'~II 
Aib which correspond, respectively, to the C I~ and the D 
H ~ atoms in protein L-amino acids, then the bond ~ b 
angles Ni-C~i-C ~l, and C'I-C'~i-CI~'~ are significantly ~ ~ .  
smaller than the tetrahedral value (109.5°), while the ~ I 
bond angles N~-C~i-C~2 i and C'i-C~i-C ~2 are larger. The 
mean values are 106.9 °, 106.9 °, and 110.6 °, 110.8 °, Figure 4. X-Ray diffraction structure of Ac-(Aib)2-u-Lys(Bz)-(Aib) 2- 
respectively. The asymmetry in the geometries around t.-Lys(Bz)-(Aib)2-NHMe as viewed along the helix axis (nearly coin- 
the Aib C a atoms and the direction of the deviations of cident with the x + y and x -y  crystallographic directions). 
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Table 1. Relevant torsion angles (°) for Ac-(Aib)2-L-Lys(Bz)-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe monohydrate 

Aib I Aib 2 Lys(Bz) 3 Aib 4 Aib 5 Lys(Bz) 6 Aib 7 Aib 8 

¢~ -59.7(7) -54.7(6) -61.7(6) -52.3(7) -53.9(7) -56.8(7) -51.8(7) -58.1(6) 
-32.6(6) -27.9(6) -18.5(6) -28.8(6) -27.9(7) -24.3(7) -31.9(6) -35.3(7) 

co -172.2(4)-178.0(4) 175.5(4) -179.1(4) 180.0(5) 176.9(5) -177.6(4)-168.3(5) 
x t 68.6(6) -65.8(6) 
x 2 179.1(5) 167.3(4) 
X 3 169.40) -179.0(5) 
X 4 -177.5(5) 167.7(4) 
Ct~-Crt-Ni l-C'i I 90.0(6) -142.1(5) 
Cei-Nil-C'il-C(2)i 176.7(4) 170.9(4) 
Nil-C'il-C(2)i-CO)i 159.4(5) 176.5(5) 

C(I)-C?O-NI-C ~ I = -164.0(5)  ° 

Table 2. Hydrogen bond parameters for Ac-(Aib)2-L-Lys(Bz)-(Aib)2-1.-Lys(Bz)-(Aib)2-NHMe monohydrate 

Type Donor Acceptor Distance (A) Distance (A) Angle(°) Symmetry 
D A D-A H-A D-H-A operation 

lntnunolecular N3-H O o 3.26 2.41 167.5 x,y,z 
N4-H O ! 2.91 2.07 174.5 x,y,z 
NyH 02 3.00 2.08 163.5 x,y,z 
N6-H 03 2.95 2.18 166.1 x,y,z 
N~-H 04 2.93 1.96 158.2 x,y,z 
Ns-H O 5 2.99 2.01 162.4 x,y,z 
NT-H 06 2.97 2.17 160.6 x,y,z 

lntermolecular NI-H 07 2.81 1.96 176.2 l+x,y-l,z 
N2-H O s 2.97 2.01 160.1 1 +x,y-l,z 
N31-H O61 3.00 2.12 158.6 x-~/2,V:-y,-z 

Pep6de-Solvent N61-H Ow 2.89 1.89 160.7 '/~ +x,'h-y,-z 
Ow-H Oo 2.85 2.02 157.6 x-l,y,z 
Ow-H O31 2.85 1.98 165.2 x-l,y,z 

The octapeptide is folded in a regular, fight-handed A, C(6)...C(6) 5.15 A, and C(7)...C(7) 5.56 A. The 
helix with average absolute values for the ~),W shortest intrahelical distance between atoms at different 
backbone torsion angles equal to 56.1 ° and 28.4 °, very positions is 3.47 ,~ [C(4)6...C(7)3]. The angle between 
close to those expected for a 310-helix (~ = 57 °, q = normals to the average planes of  the two phenyl rings is 
30°) n-14 and comparable to those observed in Aib 35.4 °. 
homo-peptides. 37-44 The almost perfect triangular shape 
of  the 3~o-befix stands out clearly in Figure 4. The Additionally, the intramolecular H-bonding pattern is 
amide and peptide units adopt the usual trans con- typical for a 3~0-helix, as it consists of seven i~--i + 3 
formation. Their deviation from the ideal planar geom- C=O...H-N H-bonds, which give rise to a series of con- 
etry is on average 5.4 °. However, the amide coo and co s secutive type-III [~turns. The range of observed intrao 
values differ by as much as 16.0 ° and 11.7 °, molecular N...O distances is 2.91-3.00 A for six out of 
respectively, from the trans planar value, indicating a seven H-bonds, only the first H-bond, N3...O0, being 
more consistent deviation near the N- and C-terminal rather long (3.26 A).4~7 Probably, this is to be ascribed 
parts of  the molecule, to the interaction of  the N-terminal part of the molecule 

with the co-crystallized water molecule by means of an 
The side-chain torsion angles of the two benz- Ow...Oo (2.85 A) H-bond. 4&49 The remaining H-bond 
amidobutyl Lys side chains, facing the same side of  the capacity of  the molecule is satisfied by peptide-water 5° 
helix exactly one turn away from each other, show and peptide-peptide intermolecular H-bonds. Two inter- 
closely related values with the single exception of Z ~ molecular H-bonds, N~...O7 and N2...Os, link the peptide 

a I$ ¥ + 3 6 (Ni-C t -Ci -C~ ), gauche for Lys but gauche- for Lys.  molecules head-to-tail in the crystal, originating 
The intrahelical distances between atoms at the same infinitely long helical columns approximately along the 

~,, sition are the following: C~...C ~ 5.75 A, C p...C ~ 5.67 x + y and x - y directions (Fig. 5). The co-crystallized 
Cv...C y 5.95 ,~, Ca...C 6 5.52/~, Ce...C E 6.88 ,~, N~...N ~ water molecules interconnect by H-bonds adjacent 

6.34 A, C'...C' 6.30 A, O...O 6.79 A, C(2)...C(2) 5.73 ,~, antiparallel columns of helical molecules, forming 
C(3)...C(3) 5.48 ,~, C(4)...C(4) 5.70 A, C(5)...C(5) 5.05 double layers in which the inner core is constituted 
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Flgure $. Crystal packing mode of the molecules of Ac-(Aib):L-Lys(Bz)-(Aib):L-Lys(Bz)-(Aib):NHMe monohydrate projected down the a 
axis. The oxygen atoms of the water molecules are represented as isolated filled circles. 

by the partially hydrophilic I~P-benzoylated Lys side of the helix, generates a cavity that includes a bottom 
chains and the outer surface by the hydropbobic methyl polar section characterized by peptide N-H and C=O 
groups. The I~-benzoylated Lys side chains lie on groups. The minimal width of the cavity is 3.47 ~. It 
slightly different planes, so that the intermolecular con- may be concluded that conformational constrained 3t0- 
tacts between side-chain atoms of adjacent columns helical peptide templates rich in C°"-disubstituted ply- 
have distances > 3.5 ,~. cines are excellent potential tools for molecular recog- 

nition studies, provided that two amino acids with 
suitable side-chain functional groups are inserted in the 

Conclusions sequence at the appropriate positions. 

In recent years the 3~0-helicai peptide architecture has 
been shown to provide access to the investigation of Experimental 
through-space interactions between side chains of two 
amino acid residues incorporated at the i and i + 3 Peptide synthesis 
relative positions, s~'s2 By exploiting the conform- 
ationally restricted Aib and other members of the C ~'~- Melting points were determined using a Leitz (Wetzlar, 
disubstituted glycine family as the main building Germany) model Laborhix 12 apparatus and are not 
blocks, stable 3,0-helicity and excellent structural corrected. Optical rotations were measured using a 
rigidity can be achieved at peptide main-chain lengths Perkin-Elmer (Norwalk, CT) model 241 polarimeter 
as short as five to eight residues, s-~° equipped with a Haake (Karlsruhe, Germany) model L 

thermostat. Thin-layer chromatography was performed 
In this work we confirmed that a terminally blocked, on Merck (Darmstadt, Germany) Kieselgel 60F2s4 pre- 
Aib-rich octapeptide containing two side-chain benz- coated plates using the following solvent systems: I 
oylated L-Lys residues at positions 3 and 6 forms a (CHCI3:EtOH, 9:1), II (1-BuOH:HOAc:H~O, 3:1:1); HI 
stable, regular, right-handed 3,0-helical structure both in (toluene:EtOH, 7:1). The chromatograms were exam- 
solution and in the crystal state. In addition, the two ined by UV fluorescence or developed by Cl2:starch:KI 
benzamidobutyl L-Lys side chains, facing the same side or ninhydrin chromatic reaction as appropriate. All the 
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compounds were obtained in a chromatographically (CDCIa): 5 (ppm) 7.84-7.79 (m, 2H, Bz CH), 7.54-7.36 
homogeneous state. Amino acid analyses were deter- (m, 3H, Bz CH), 7.34 (m, 5H, Z CH), 7.14 (q, 1H, 
mined using a C. Erba (Rodano, Milan, Italy) model NHMe NH), 6.84 (s, 1H, Aib NH), 6.81 (t, 1H, Lys 
3A27 amino acid analyzer. Elution of Aib was observed toNH), 6.78 (s, 1H, Aib NH), 6.48 (d, 1H, Lys txNH), 
immediately after the Ala peak. The Aib color yield 5.16-5.02 (2d, 2H, Z CH2), 3.91 (m, 1H, Lys o~CH), 
with ninhydrin is about 20 times lower than those of 3.64-3.36 (m, 2H, Lys ECH2), 2.74 (d, 3H, NHMe CHa), 
protein amino acids. Molecular weight determinations 1.94-1.76 (m, 2H, Lys ~CH2), 1.70-1.55 (m, 2H, Lys 
were performed by matrix-assisted laser desorption 8CH2), 1.49-1.32 (14H, 2 Lys ~K2H2, 12 Aib CH3); 
ionization mass spectrometry (MALDI-TOF MS) using amino acid analysis: Lys 1.09, Aib 1.91. 
a Braker (Karlsruhe, Germany) reflex-time-of-flight 
mass spectrometer operating at nominal accelerating Z-Aib-L-Lys(Bz)-(Aib)2-NHMe. This compound was syn- 
potential of 30 keV (in both linear and reflector modes), thesized from (Z-Aib)20 and H-L-Lys(Bz)(Aib)2-NHMe 
2,5-Dihydroxybenzoic acid was used as matrix. (the latter prepared, in turn, by catalytic hydrogenolysis 

in MeOH of the corresponding Z-derivative) in MeCN 
Z-Aib-NHMe (Z: benzyloxycarbonyl). This compound at room temperature overnight in the presence of NMM. 
was synthesized from (Z-Aib)2053 and MeNH2 in a Yield 76% (after purification by flash chromatography 
THF:H20 mixture at 0 °C for 1 h and at room tern- on a silica gel column using a 92:8 CHCIa:EtOH mix- 
perature for 2 h. Yield 77%; mp 106-107 °C (from ture); mp 139-140 °C (from EtOAc:PE); TLC RfI 0.60, 
EtOAc:PE) (PE, petroleum ether); TLC RfI 0.60, Rfl RfII 0.85, RtI~ 0.20; [ct]D 2° -12.0 ° (c 0.5, MeOH); IR 
0.80, RfllI 0.25; IR (KBr): 3416, 3350, 1719, 1690,  (KBr): 3329, 1703, 1650, 1536 cm-J; ~H NMR (CDCI3): 
1613, 1530 cm-4; mH NMR (CDCI3): 6 (ppm) 7.36 (m, 6 (ppm) 7.74 (m, 2H, Bz CH), 7.54-7.36 (5H, 3Bz CH, 
5H, Z CH), 6.31 (q, 1H, NHMe NH), 5.27 (s, IH, Aib Lys ctNH, Aib NH), 7.35 (m, 5H, Z CH), 7.17 (q, 1H, 
NH), 5.09 (s, 2H, Z CH2), 2.80 (d, 3H, NHMe CH3), NHMe NH), 6.87 (s, 1H, Aib NH), 6.55 (t, 1H, Lys 
1.53 (s, 6H, Aib CH3). oNH), 5.41 (s, 1H, Aib m NH), 5.10 (2d, 2H, Z CH2), 

3.90 (m, 1H, Lys t~CH), 3.50 (2m, 2H, Lys eCH2), 2.75 
Z-(Aib)2-NHMe. This compound was prepared from (Z- (d, 3H, NHMe CH3), 1.90-1.16 (24H, 2 Lys ~ICH2, 2 
Aib)20 and H-Aib-NHMe (the latter prepared, in turn, Lys yCH2, 2 Lys ~CH2, 18 Aib CH3); amino acid 
by catalytic hydrogenolysis in MeOH of the cone- analysis: Lys 0.98, Aib 3.02. 
sponding Z-derivative) in MeCN under reflux for 5 h 
and at room temperature overnight in the presence of N- Z-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe. This compound was 
methylmorpholine (NMM). Yield 56%; nap 143-144 °C prepared from (Z-AJb)20 and H-Aib-L-Lys(Bz)-(Aib)e- 
(from EtOAc:PE); TLC RtI 0.55, RflI 0.80, Rflll 0.15; IR NHMe (the latter prepared, in turn, by catalytic 
(KBr): 3384, 3294, 1701, 1652, 1527 cm-~; ~H NMR hydrogenolysis in MeOH of the corresponding Z-dedv- 
(CDCI3): 6 (ppm) 7.34 (m, 5H, Z CH), 7.02 (q, 1H, ative) in MeCN at room temperature overnight in the 
NHMe NH), 6.26 (s, 1H, Aib 2 NH), 5.28 (s, 1H, Aib ~ presence of NMM. Yield 70%; mp 196-197 °C (from 
NH), 5.11 (s, 2H, Z CH2), 2.75 (d, 3H, NHMe CH3), EtOAc); TLC RfI 0.60, RfII 0.90, RtIII 0.15; [¢t]D 2° 15.7 ° 
1.47--1.43 (12H, Aib CH3). (C 0.5, MeOH); IR (KBr): 3297, 1697, 1658, 1536 cm-I; 

IH NMR (CDC13): ~ (ppm) 7.78-7.73 (m, 2H, Bz CH), 
Z-L-Lys(Bz)-OH. This compound was prepared from Z- 7.58 (s, 1H, Aib NH), 7.57 (d, 1H, Lys ctNH), 7.49-7.35 
L-Lys-OH and (Bz)20 in CH2C12 in the presence of (m, 3H, Bz CH), 7.34 (m, 5H, Z CH), 7.23 (q, 1H, 
(CH3)3SiCI and NMM according to the procedure des- NHMe NH), 6.86 (s, 1H, Aib NH), 6.60 (s, 1H, Aib 
cribed by Barlos et al.: 54 Yield 56%; oil; TLC RfI 0.10, NH), 6.40 (t, 1H, Lys 00NH), 5.50 (s, 1H, Aib ~ NH), 
RfII 0.85, Rflll 0.05; [~]D 2° -4.7 ° (c 0.5, MeOH); IR 5.12 (2d, 2H, Z CH2), 3.96 (m, IH, Lys etCH), 3.44 (m, 
(KBr): 3330, 1706, 1640, 1540 cm-t; tH NMR (CDCI3): 2H, Lys eCH2), 2.71 (d, 3H, NHMe CH3), 1.86 (m, 2H, 
8 (ppm) 7.76-7.72 (m, 2H, Bz CH), 7.49-7.35 (m, 3H, Lys [3CH2), 1.66-1.32 (28H, 2 Lys yCH2, 2 Lys ~)CH 2, 
Bz CH), 7.30 (m, 5H, Z CH), 6.64 (t, 1H, Lys toNH), 24 Aib CH3); amino acid analysis: Lys 1.00, Aib 4.00. 
5.75 (d, 1H, Lys ctNH), 5.04 (s, 2H, Z CH2), 4.36 (m, 
1H, Lys otCH), 3.99 (m, 2H, Lys ECH2), 1.94-1.32 (m, Z-L-Lys(Bz)-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe. This com- 
6H, 2Lys ~CH2, 2Lys )CH2, 2Lys ~CH2). pound was synthesized from Z-L-Lys(Bz)-OH and H- 

(Aib)2-L-Lys(Bz)-(Aib)2-NHMe (the latter prepared, in 
Z-L-Lys(Bz)-(Aib)2-NHMe. This compound was syn- turn, by catalytic hydrogenolysis in MeOH of the corre- 
thesized from Z-L-Lys(Bz)-OH and H-(Aib)2NHMe (the sponding Z-derivative) in a THF:CHCI3:DMF mixture 
latter prepared, in turn, by catalytic hydrogenolysis in at -50 °C for 30 rain and at room temperature overnight 
MeOH of the corresponding Z-derivative) in a THF: in the presence of isobutylchloroformate and NMM. 
CH2CI2:DMF (DMF: N,N-dimethylformamide) mixture Yield 53%; nap 127-128 °C (from EtOAc:PE); TLC RtI 
at -50 °C for 30 rain and at room temperature overnight 0.75, RfII 0.90, RfIII 0.25; [¢t]D 2° 5.5 ° (c 0.5, MeOH); IR 
in the presence of isobutylchloroformate and NMM. (KBr): 3312, 1652, 1536 cm-I; mH NMR (CDCI3): 
Yield 38% (after purification by flash chromatography (ppm) 7.83-7.72 (m, 5H, 4 Bz CH, Lys 4 ¢tNH), 7.65 (s, 
on a silica gel column using a 95:5 CHCI3:EtOH 1H, Aib NH), 7.49-7.26 (m, 12H, 6 Bz CH, 5 Z CH, 
mixture); mp 90-91 °C (from CHC13:MeOH); TLC RfI NHMe NH), 7.20 (s, 1H, Aib NH), 7.03 (m, 2H, Lys ~ 
0.85, RfII 0.80, RfIII 0.20; [O~]D 2° --16.3 ° (C 0.5, MeOH); ctNH, 1 Aib NH), 6.95 (s, 1H, Aib NH), 6.74 (t, 1H, 
IR (KBr): 3333, 1704, 1646, 1539 cm-J; mH NMR Lys (oNH), 6.67 (t, IH, Lys toNH), 5.21-5.01 (2d, 2H, 
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Z CH2) , 3.94 (m, 1H, Lys etCH), 3.79 (m, 1H, Lys X-Ray diffraction 
txCH), 3.70-3.30 (m, 4H, 2 Lys eCH2), 2.73 (d, 3NH, 

NHMe CH3), 1.93-1.26 (36H, 4 Lys ~CH2, 4 Lys "tCH2, Colorless single crystals of Ac-(Aib)2-L-Lys(Bz)-(Aib)2- 
4 Lys ~CH 2, 24 Aib CH3); amino acid analysis: Lys Lys(Bz)-(Aib)2-NHMe were obtained by a vapour dif- 
2.15, Aib 3.85. fusion technique, using a w-shaped tube, sealed at the 

extremities, containing water and a peptide-methanol 
Ac-(Aib)2-l.-Lys(Bz)-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe. This solution. A well-shaped crystal (dimensions 0.3 x 0.2 x 
compound was prepared from the 5(4H)oxazolone from 0.2 mm) was used for intensity data collection on a 
Ac-(Aib)2OH 55 and H-L-Lys(Bz)-(Aib)2-L-Lys(Bz)- CAD4 Enraf-Nonius (Delft, The Netherlands) auto- 
(Aib)2-NHMe (the latter prepared, in turn, by catalytic mated diffractometer, using graphite-monochromated 
hydrogenolysis in MeOH of the corresponding Z- CuKct radiation (~. = 1.54178 A). The independent 
derivative) in MeCN under reflux for 4 h. Yield 15%;  reflections were measured in the 0 range 1°-70 ° at low 
mp 240-241 °C (from MeOH:EhO); TLC RfI 0.20, RfII  temperature (115 K), using the Enraf-Nonius model 
0.80, Rfl]I 0.05; [¢t]D 2° 14.8 ° (c 0.5, MeOH); IR (KBr): FR558NH liquid-nitrogen cryostat. 
3308, 1654, 1537 era-I; ~H NMR (DMSO): 8 (ppm) 8.45 
(s, 1H, Aib NH), 8.38 (t, 2H, Lys eNH), 8.20 (s, 1H, 
Aib NH), 7.80-7.76 (m, 7H, 4H Bz CH, Lys ¢tNH, 2 Unit cell parameters were determined by least-squares 
Aib NH), 7.53 (d, 1H, Lys txNH), 7.50-7.38 (m, 6H, Bz refinement of the setting angles of 25 high angle re- 
CH), 7.28 (s, 1H, Aib NH), 7.15 (q, 1H, NHMe NH), flections (18 ° < 0 < 22°). Details of crystallographic 
6.91 (s, 1H, Aib NH), 3.80 (m, 2H, Lys etCH), 3.21 (m, data are reported in Table 3. Three standard reflections, 
4H, Lys ECH2), 2.54 (d, 3H, NHMe CH3), 1.86 (s, 3H, monitored periodically, showed no significant change 
Ac CH3), 1.76 (m, 4H, Lys ~CH2), 1.51 (m, 4H, Lys during data collection. A total of 6275 independent 
7CH2), 1.48-1.27 (40H, 4 Lys 5CH2, 36 Aib CH~); reflections were measured with a co/0.330 scan mode 
amino acid analysis: Lys 2.06, Aib 5.94; MALDI-MS: and a scan angle equal to (1.2 + 0.35 tan0)°; back- 
m/z 1084 (M + K) ÷ (theor. 1086), 1068 (M + Na) ÷ ground counts were taken in an additional area of A¢o/4 
(theor. 1070). on both sides of the main scan, with the same scan 

speed for each reflection. Using a prescan speed of 
4.12 ° rain -~, reflections with a net intensity I < 0.5o(I) ~ H nuclear magnetic resonance 
were flagged as 'weak'; those with I > 0.5o(/) were 

The ~H NMR spectra were recorded with Bruker Model measured at lower speed depending on the value of 
AC-200 and Model AM-400 spectrometers. Measure- o(/)/I. A total of 4637 reflections with I _> 2.0o(/) were 

classified as observed and used for structure deter- 
ments were carded out in deuterochloroform (99.96% d, ruination and refinement. All intensities were corrected 
Merck) and dimethyl-d6 sulfoxide (99.96 d6, Fluka) with 
tetramethylsilane as the internal standard. The free for Lorentz, polarization and extinction factors, but not 
radical TEMPO (2,2,6,6-tetramethyl-l-piperidinyloxy) for absorption (~t = 5.9 cm -4 for CuKct radiation). 
was purchased from Sigma (St. Louis, MO). 

The structure was solved by Patterson search technique 
IR absorption using PATSEE. ss As search model, we used a fragment 

of the 3~0-helical structure of Ac-(Aib)5-D-(ctMe)Leu- 
The solid-state IR absorption spectra (KBr disk tech- (Aib)2-OtBu [(¢tMe)Leu, C%methyl leucine]Y The 
nique) were recorded with a Perkin-Elmer (Norwalk, fragment included the acetyl moiety and five Aib resi- 
CT) model 580B spectrophotometer equipped with a dues, with two C a atoms for each residue 1, 2, 4 and 5. 
Perkin-Elmer model 3600 data station. The solution The best solution (CFOM = 0.945, RE = 0.194) was 
spectra were obtained using a Perkin-Elmer model used as input for SHELXS-86 s8 in order to expand the 
1720X FT-IR spectrophotometer, nitrogen-flushed, structure. Using 1754 E values (E > 1.2), the corre- 
equipped with a sample-shuttle device, at 2 cm -~ sponding E-map revealed all the atoms of the molecule 
nominal resolution, averaging 100 scans. Solvent and the oxygen atom of the co-crystallized water 
(baseline) spectra were recorded under the same con- molecule. At the end of isotropic refinement, 10 out of 
ditions. Cells with path lengths of 0.1, 1.0 and 10 mm 11 NH hydrogen atoms were located on successive 
(with CaF2 windows) were used. Spectrograde deutero- difference Fourier maps and the others calculated in 
chloroform (99.8% d) was purchased from Fluka their stereochemically expected positions. Refinement 
(Biichs, Switzerland) and dimethylsulfoxide from of the structure was performed using SHELXL-9359 by a 
Merck (Darmstadt, Germany). four blocks matrix least-square procedure on F 2 with 

overlapping blocks. The first block involved the 
Circular dichroism positional parameters of all the atoms of the first five 

residues, the second one the thermal parameters of the 
The CD spectrum was recorded with a Jasco (Tokyo, same atoms, the third and the fourth blocks the 
Japan) J-600 spectropolarimeter, using a Hellma positional and thermal parameters, respectively, of the 
(Mtillheim, Germany) quartz cell of 0.1 mm path length atoms between Aib4 and Aibs. The final R factor was 
and TFE (Fluka) as the solvent. The values are given 0.0618 (calculated on F, with F set to zero for negative 
as [0] M, the total molar ellipticity (deg cm 2 dmol-~). F2), while the weighted R factor wR was 0.1540 (wR 
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Table 3. Crysta! data and structure refinement for Ac-(Aib)2-L-Lys(Bz)-(Aib)2-L-Lys(Bz)-(Aib)2-NHMe monohydrate 

Empirical formula CsaHalNtlO I I-H20 
Formula weight (amu) 1066.3 
Temperature 115(2) K 
Crystal system Orthorhombic 
Space group P2t212 I 
Unit cell dimensions a-- 11.413(2) ,/~ a =  90 deg. 

b= 13.485(2) A 8 = 90 deg. 
c= 38.760(2) A ,/= 90 deg. 

Volume 5965.3(14) ,13 
Z 4 
Density (calculated) 1.187 Mg/m 3 
Absorption coefficient 0.695 ram- ! 
F(000) 2296 
Crystal size 0.3 x 0.2 x 0.2 mm 
0 range for data collection 2.28 to 69.80 deg. 
Index ranges 0<  h< 13, 0< k< 16, 0<  1 < 47 
Reflections collected 6545 
Independent reflections 6275 [R(int)= 0.0176] 
Refinement method Full-matrix-block least-squares on F 2 
Data / restraints / parameters 4637 / 0 / 802 
Gondness-of-fit on F 2 1.113 
Final R indices [I>2o(I)] RI = 0.0618, wR2= 0.1540 
Absolute structure parameter 0.2(4) 
Extinction coefficient 0.00077(11) 
Largest diff. peak and hole 0.307 and -0.331 e.A -3 

and goodness of fit S were calculated on F2; statistic- All calculations were performed on a IBM-RISC 6000 
ally they are about twice as large as those based on F). workstation at the laboratories of URA-CNRS 809, 
In the final difference Fourier synthesis the maximum University of Nancy I, Vandoeuvre les Nancy, France. 
and minimum electron density were 0.307 and -0.331 e Final atomic parameters and equivalent thermal factors 
,~-3, respectively. The scattering factors for all atomic for non-H atoms with their standard deviations are 
species were calculated from Cromer and Waber. 6° reported in Table 4. 

Table 4. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (A 2 x IO ~) for Ac-(Aib)z-L-Lys(Bz)-(Aib)2-L-Lys(Bz)- 
(Aib)2-NHMe monohydrate. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor 

Atom x y z U(eq) 

C(I) 13178(6) -363(5) 1069(2) 37(2) 
C'o 12595(5) 454(4) 1273(1) 25(1) 
O o 11927(4) 1049(3) 1140(1) 32(1) 
N, 12866(4) 450(3) 1609(I) 23(I) 
C a 12186(5) 1002(4) 1872(1) 21(I) 
CPI~ 12823(5) 871(4) 2217(1) 26(1) 
C~ 10944(5) 608(4) 1892(2) 32(1) 
C'~ 12175(5) 2123(4) 1794(1) 20(1) 
O, 11327(3) 2630(3) 1879(I) 25(1) 
N~ 13139(4) 2488(3) 1643(1) 21(1) 
Ca2 13300(5) 3576(4) 1595(1) 22(1) 
C e12 14399(4) 3701(3) 1367(I) 30(I) 
C ~22 13465(4) 4078(3) 1943(1) 33(1) 
C' 2 12262(5) 4021(4) 1403(1) 25(1) 
O 2 12027(4) 4910(3) 1444(1) 27(1) 
N 3 11654(4) 3449(3) 1183(1) 22(1) 
Ca3 10684(5) 3888(4) 991 (1) 22(1) 
C~3 10172(5) 3180(4) 724(1) 21(1) 
C~ 9520(5) 2285~4) 871 ~ 1) 23~1) 
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Table 4. Continued 

CS3 9031(5) 1642(4) 578(1) 25(1) 
C~3 8574(5) 651(4) 709(1) 27(1) 
N3, 8153(5) 15(3) 431(1) 27(1) 
C'3, 8859(5) -629(4) 266(1) 25(1) 
O31 9905(4) -720(3) 340(1) 36(1) 
C(2) 3 8293 (5) - 1269(4) 1 (1) 26(1) 
C(3)3 9008(6) -1700(4) -250(1) 34(2) 
C(4) 3 8494(8) -2344(5) -493(2) 52(2) 
C(5) 3 7324(7) -2568(5) -478(2) 49(2) 
C(6)3 6646(8) -2147(5) -235(2) 52(2) 
C(7) 3 7107(6) - 1487(4) 4(2) 38(2) 
C'3 9707(5) 4275(4) 1223(1) 20(1) 
O s 8997(3) 4887(3) 1104(1) 24(1) 
N, 9655 (4) 3947(3) 1546(1) 21 ( 1 ) 
C~4 8796(5) 4328(4) 1801(1) 22(1) 
CO'4 9167(5) 3937(4) 2156(I) 30(I) 
C O 24 7568(5 ) 3995 (4) 1712(2) 32(1) 
C', 8855(5 ) 5471 (4) 1816(1) 19(1) 
04 7990(3) 5944(3) 1908(1) 26(1) 
N s 9892(4) 5896(3) 1741(1) 22(1) 
C-~s 10055(5) 6988(4) 1752(I) 26(I) 
CO 5 11251(5) 7198(5) 1591(2) 46(2) 
CO2 s 10003(7) 7357(4) 2122(2) 41(2) 
C's 9136(5) 7506(4) 1528(1) 22(1) 
oh 8864(3) 8378(3) 1594(1) 25(I) 
N 6 8696(4) 7016(3) 1259(1) 21(1) 
C~ 7822(5) 7456(4) 1034(1) 22(1) 
C°s 7484(5) 6712(4) 751(1) 26(1) 
C~ 8469(5) 6480(4) 506(1) 25(1) 
Cs6 8214(5) 5584(4) 278(1) 29(1) 
C~6 9209(5) 5348(4) 39(1) 29(1) 
N6, 9057(4) 4372(3) -121(1) 24(1) 
C'~ 9968(5) 3769(4) -177(1) 22(1) 
oh~ 10999(3) 4035(3) -134(1) 29(1) 
C(2) 6 9689(5) 2727(4) -292(1) 20(1) 
C(3)6 10623(6) 2116(4) -368(1) 29(1) 
C(4)~ 10463(6) 1131(4) -468(2) 37(2) 
C(5) s 9329(6) 772(4) -485(2) 34(1) 
C(6)6 8380(6) 1351(4) -399(1) 29(1) 
C(7)6 8568(5) 2343(4) -305(1) 25(1) 
C' 6 6733(5) 7787(4) 1230(1) 20(1) 
06 6091(4) 8437(3) 1107(1) 28(1) 
N 7 6498(4) 7339(3) 1531(1) 21(1) 
C~7 5517(5) 7621 (4) 1752(2) 28(1) 
CO J7 5688(6) 7116(5) 2105(2) 42(2) 
CO27 4378(5) 7291(5) 1591(2) 43(2) 
C' 7 5522(5 ) 8740(4) 1822(1) 20(1) 
07 4587(3) 9173(3) 1877(1) 28(1) 
N s 6568(4) 9194(3) 1836(1) 23(1) 
C~8 6664(5) 10252(4) 1915(1) 23(1) 
CO's 7956(5) 10526(5) 1866(2) 33(I) 
CO28 6287(6) 10486(5) 2281(1) 35(2) 
C' 8 5960(5) 10880(4) 1650(1) 22(1) 
O h 5535(4) 11677(3) 1733(1) 29(1) 
N r 5953(5) 10542(4) 1329(1) 27(1) 
C a . 5516(6) 11160(5) 1048(1) 37(2) 
O w 1730(4) 712(3) 415(1) 31(1) 
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