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Abstract: The conformational analysis of N-{N - [(tert-butyloxy) Carbonyl)] -L-
valyl) - N, N -dicyclohexyl urea 1 in DHSO—d6 has been performed using H NMR
spectroscopic studies. The data provide evidence for the occurrence of intramolecular
hydrogen bonded NH of ureide proton. Two specific NOEs [NH (DCHU) <-—-w- > c®H (Val) and
NH(Val) <-=-==> c%u (Val] prescribed the presence of f-turn conformation of compound 1 in
DMSO-dG.

Interest in the conformational properties of Val containing model peptides have
been stimulated by the widespread occurrence of this residue in the p-sheet forming

sequence in native proteinsl'z.

Amino acid compositions were analysed for the B-sheets
from the known crystal structure data of proteins. The relative ranking of propensity to
form  B-sheet structure was found in the following order: val >>  Gly
>Ile>Thr>Ala>Ser>Leu>Lys> Tyr>Phe>Asp>Glu. Among these amino acids, the relative
probability to occur in the interfacial regions of f-sheets were as follows: val
>>Leu>Ile>Phe>Ala>Asp>Gly. Thus the amino acid residue valine has the maximum tendency to
occur in the B-gheet structure. However, the propensity of Val taking B-sheet
conformation depends on the environment around the Val residues as inter residue packing
play a dominant role in deciding the conformational preference of B8-sheet forming
sequencesz. For example, the conformation of compound 1 is found to be of B-structure’r?
in the s8o0lid state, whereas the other N-Acyl ureas of Ala and Leu takes Cq folded
conformation.> The conformational prefaerence of Val is due to c? branching in the
sidechain of valine residue, which provides an ideal packing requirement for this

residue to be present in adjacent strands of B-sheet.®

It will be worthwhile to analyse
the conformation of 1 in the absence of intermolecular interactions. For this purpose the
conformational analysis of 1 was carried out in DMSO-d,, the solvent in which the peptide
aggregation was known to be minimum .

The title compound 1 waa synthesised by the procedure published clnowhetc4.
Difference NOE experimente were carried out in the sophisticated Instruments Facility of
I1sc, Bangalore. In this experiment, the perturbed and normal spectra recorded
sequentially in different parts of the memory (8K each) were obtained by low power on-

resonance saturation of a peak and by off-resonance shifting of the irradiation frequency
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respectively. Typically 50 accumulations were utilised (acquisition time for each is
1.4s.) with a delay time of 5 s. between transients to facilitate the build up of initial
equilibrium magnetization. The difference free induction decay was multiplied by a
decaying exponential before Fourier transformation and an indentical filtering of the
normal spectrum allowed quantitative NOEs. The assignments of the proton signal were
performed using 2D COSY. The chemical shifts, temperature dependence for the two NH
protons are listed in Table 1. The low d§ /dT value of NH of dicyclohexyl ureide moiety
a’r8.

(0.0004 ppm/K) in DMSO—d6 suggest that this proton is solvent shielde The NH of Val

shows the temperature dependence of value 0.004 ppm/K. The high value of d&§/dT indicates

that this proton is exposed to the solvent7’8.

TABLE 1

NMR Parameters® for the NH groups of 1 in DHSO-d6

val (1) DCHU
& (ppm)?® 6.83 8.30
d & /aT
(ppm/K) -0.004 -0.0004

3values are expressed as ppm down field from TMS and

the concentration of N-Acyl urea is 5 mM.

Representative difference NOE spectra obtained by irradiation of NH resonance are
shown in Fig. 1. The observed NOEs are positive, suggesting that the rotational
correlation times are short enough to be in the region QI%<<1 at 270 Hﬂzg'lo. 8.3% NOE
was observed for the C%H (Val) proton on saturating NH of dicyclohexyl ureide mojety. On
the otherhand only 6% of enhancement is observed in the reverse direction. This
observation of slightly emaller NOE of NH on C%H irradiation indicates alternative

relaxation pathways for the NH protons. There is also substantial intraresidue NOE for NH

and CPH (val) (4.2%]).

A conformation, consistent with NMR data is shown in Fig.2. This structure
involves one transanular intramolecular hydrogen bond formed between NH of ureide and Boc
C=0 groups. The molecule is depicted as intramolecular hydrogen bonded Cg structure. The

low temperature coefficient of NH (DCHU) protons is presumably a consequence of such
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conformation. The inter-residue NOE between NH (DCHU) and c%H {val) and the intra-residue
of c%H (val) indicate that these protons occur at a distance <3.5 All. Among all the
possible regular conformationse of the peptides, only in type II B-turn, the inter-proton
distances of daN (2,4) and dNa(2,2) are 3.3 and 2.2 A respectivelyll. However, if the
compound 1 takes B-turn, then the NOE observed between ureide NH and c%H (val) should be
of smaller magnitude than the intra residue NOE of NH (Val) and c®u (Val) because of the

expected closer proximity of the latter pair of protons.
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Fig. 1 (a) Partial 270 MHz spectrum of 1 in DMSo-dg.

(b) Difference NOE spectra (X 16) obtained by saturating NH of
dicyclohexyl ureide moiety. The positive NOE on c“n (val) is shown in
the Fig.

(c) Difference NOE spectra (X 16) obtained by saturating NH of Val. The
intraresidue NOE on C®H (val) is shown in the Fig.

Eventhough the NOE data agrees with the type II B-turn the compound 1 is not
entirely peptidic, potential energy caculations were carried out for the conformation
depictaed in Fig 2 (Similar to type II B-turn conformation) and B-structure conformation.
Both the conformaotions of 1 were generated and the energy was minimized using the program
AHBERIZ. The energy values for the the conformation similar to type II B-turn and B-
structure were -22.20 and -20.27 Kcal/mol respectively. 1In the energy minimized turn
conformation the distance between BOC-carbonyl group and NH(DCHU) moiety was 2.8SA
suggesting intra-molecular hydrogen bonding. This value clearly supports the low
temperature coefficients observed for NH of DCHU moiety as intramolecular hydrogen
bonded NH proton is found to have temperature coefficients < 0.002.13. The inter proton
distances between NH(DCHU) and c%u (val) is 1.81 A for the energy minimized B-turn
conformation. This value agrees with the 8.3% NOE observation between these two protons.
The inter proton distance between NH (Val) and c®H (Val) in energy minimized 8 turn bend
conformation was 2.85 A. The slightly lower NOE observed for NH (Val)<----> ¢®H  (val)
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was clearly explained by this value. Stereo view of the energy minimized type II B-turn

conformation of compound 1 is depicted in Fig.3.
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Fig. 2. Proposed type II B-turn conformation for N-Acyl urea 1. Magnitude of NOEs are
indicated by arrows linking the two nydrogen atoms.
Fig. 3. Stereo view of the energy minimized conformation similar to type II B-turn.

The results presented in this report provide evidences in favour of an type I1 f-
turn conformation for the compound 1 DMSO-d6, indicating the conformation of the amino
acid derivatives in solution is different from that observed in the solid state, where

inter-molecular interactions play a dominant role.
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