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The first step in the de novo synthesis of protein mimics1 is to 
make a careful choice of an amino acid sequence which generates 
the desired conformation, such as a helix. In this connection 
non-protein amino acids such as aminoisobutyric acid (Aib) and 
a,j8-dehydrophenylalanine (APhe) have also been used as con
formation-determining residues.2 Although extensive work using 
Aib residues has been reported,3 the structural information on 
APhe containing oligopeptides is rather limited. Experimental 
and theoretical conformational studies have indicated that APhe 
strongly favors the formation of /3-turn structures in small pep
tides.4'7"9 Recently, the potential of APhe residues in generating 
a helical motif has begun to be realized, and in small peptides 
up to pentamers, an incipient 310-helix has been observed.4a'b 

Therefore, it is of considerable interest to fully explore the pos
sibility of using APhe residues in designing polypeptide helices. 
We report here the crystal structure of a nonapeptide Boc-VaI-
APhe-Phe-Ala-Phe-APhe-Val-APhe-Val-APhe-Gly-OCH3 (I) 
containing three APhe residues, the longest a,j3-dehydrooligo-
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Figure 1. Molecular structure of Boc-Val'-APhe2-Phe3-Ala4-Phe5-
APhe6-Val7-APhe8-Gly9-OMe. View perpendicular to the 310-helix axis. 
Dashed lines indicate intramolecular 4 -* 1 and intermolecular head to 
tail hydrogen bonds. 

Table I. Backbone Torsion Angles 

residue 

VaI1 

APhe2 

Phe3 

Ala4 

Phe5 

APhe6 

VaI7 

APhe8 

GIy9 

<t>° 
-70.1* 
-58.8 
-68.0 
-59.8 
-60.7 
-46.4 
-68.6 
-54.6 
154.1 

Y 
-29.0 
-23.9 
-16.3 
-22.8 
-16.8 
-25.1 
-15.4 
-35.1 

Ol 

174.0 
176.6 
175.4 
175.9 
167.7 

-179.6 
170.1 

-172.7 

"(0) = -60.9 and <^> = -23.0 (excluding GIy9). *C5-N1-C1A-
Cl ' . 

peptide whose crystal structure has been determined so far. 
Peptide I exhibits three full turns of a right-handed 310-helix, in 
the solid state. This clearly demonstrates the utility of APhe as 
conformation-constraining residues in designing polypeptide helical 
modules. 

The molecular structure5 of I is illustrated in Figure 1. The 
backbone torsion angles are listed in Table I. All peptide units 
are trans. As a result of seven consecutive overlapping type III 
(3-turns6 formed by seven 4 - • 1 intramolecular hydrogen bonds, 
the peptide adopts a right-handed 310-helical conformation with 
three complete helical turns. The carbonyl oxygen of the Boc 
group is the first acceptor in the helix. Viewed down the helix 
axis the side chains assume the energetically favorable slightly 
staggered arrangement, deviating from the ideal 310-helical con
formation where the side chains are completely eclipsed." At 
GIy9 the helix is unwound to an extended structure with <p = 
154.1°. Unwinding of the helix at the C-terminus is not unusual 
in helical peptide structures.3el2'13 

The molecules pack as continuous helical rods along the b axis 
in the crystal structure by head to tail hydrogen bonding. The 
head to tail region meets in good register, so that two intermo
lecular hydrogen bonds are formed. There are no lateral hydrogen 
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bonds between helices. The crystal structure has alternating sheets 
of aromatic residues (Phe, APhe) and aliphatic residues (VaI, Ala) 
parallel to the ab plane and separated by half translation along 
the c direction. Hydrophobic sheets have been observed in other 
peptide crystal structures also.14 Adjacent helices are parallel 
to each other. Head to tail hydrogen bonding is commonly ob
served in short helical structures containing Aib or APhe residues, 
packed in either parallel to antiparallel fashion.3a,4a'b'15 

The high propensity of APhe residues for helix formation is 
clearly demonstrated as the three APhe residues present in the 
sequence overcome the effect of the remaining five residues, most 
of which are known to be poor a-helix formers.16 The nonapeptide 
sequence containing three APhe residues shows seven consecutive 
overlapped type III /S-turns. Hence, there is no one to one cor
respondence between the number of /3-bends and the number of 
APhe residues.43 It is worth noting that even though APhe2 and 
APhe6 are contiguously separated by three saturated residues, viz. 
Phe3-Ala4-Phe5, the 310-helical nature is retained. Thus, the utility 
of APhe residues in designing polypeptide helices for the eventual 
design of protein mimics stands established. 

Whether dehydro residues can also be used in designing a-
helices and the role of the number and positioning of the dehydro 
residues in relation to the non-dehydro residues for defining the 
polypeptide conformation need to be further investigated by 
carrying out more peptide syntheses and structural studies. 
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The origin of the ir-facial selectivity in nucleophilic additions 
to carbonyl groups has been of considerable recent interest both 
experimentally1 and theoretically,2"4 and several models have been 
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Table I. Effect of Solvents on the Relative Energies (kcal/mol) of 
Transition States 

C 

1 
7.2 

78.5 
1 
7.2 

78.5 
1 
7.2 

78.5 
1.0 
7.2 

78.5 

anti 

0.62 
0.00 
0.00 
0.00 
0.80 
1.06 
0.85 
0.00 
0.00 
0.00 
0.03 
0.30 

-sc 

0.00 
0.82 
1.09 
3.67 
2.99 
2.91 
0.00 
1.19 
1.64 
2.53 
0.22 
0.00 

+SC 

1.42 
1.20 
1.19 
0.49 
0.00 
0.00 
3.26 
3.57 
3.61 
1.41 
0.00 
0.03 

proposed to explain the experimental observations.5 A series of 
careful theoretical studies of the addition to substituted acet
aldehydes in the gas phase has recently been reported using both 
cyanide ion2,4 and lithium hydride as nucleophiles.3'4 However, 
in practice, all nucleophilic additions to carbonyl groups are carried 
out in solution. The addition of a molecule of lithium hydride 
across a C=O group in the gas phase would appear to have little 
to do with nucleophilic additions of hydride ions in solution. Here, 
the reaction need not proceed via a concerted addition, and it is 
likely to involve ion pairs or free ions. The addition of cyanide 
ion is a fundamentally simpler process, and the gas-phase cal
culations may well have a bearing on the process in solution. 

Wong and Paddon-Row2 have noted that there are important 
electrostatic effects in the addition of cyanide ion to substituted 
acetaldehydes. The electrostatic interactions will be mediated by 
solvents, and the relative energies of the several conformationally 
different transition states may vary significantly on going from 
the gas phase to solution. The Onsager reaction field model6 as 
incorporated into ab initio MO theory using a spherical cavity 
for the solute has been found to be remarkably successful in 
reproducing the effects of solvents on the relative energies of 
conformers.7 Therefore, we have applied it to the study of cyanide 
ion additions using the RHF/6-31G* level of theory.8 

The anti, +sc, and -sc transition-state conformers were exam
ined by geometry optimization at the RHF/6-31G* level for e 
= 1 (gas phase), « = 7.2 (a weakly polar solvent such as di-
methoxyethane or tetrahydrofuran (« = 7.6)), and e = 78.5 (a 
highly polar solvent; any value over ~50 would give the same 
result) where X = CH3, F, CN, and SiH3. The relative energies 

k̂ ĉ ^ 
anti -sc +sc 
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present calculations would be expected to correctly reproduce the trends of 
relative energies with changing the dielectric constant. 
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