Int. J. Peptide Protein Res, 16, 1980, 291-298 '

ROTATIONAL ISOMERISM ABOUT THE C*-CO BOND IN
PROLINE DERIVATIVES

'H and >C N.m.r. Studies of Benzyloxycarbonyl-Pro-N-Methylamide and
Pivaloyl-Pro-N-Methylamide
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The 270 MHz 'H n.m.r. spectrum of benzyloxycarbonyl-Pro-N-methylamide
in CDCly is exchange broadened at 293° K. Spectral lines due to two species
are frozen out at 253° K and a dynamically averaged spectrum is obtained at
323°K. A selective broadening of the CP and C" resonances in the *C n.m.r.
spectrum is observed at 253°K, with a splitting of the C® and CY resonances
into a pair of lines of unequal intensity. A similar broadening of c® and C”
peaks is also detected in pivaloyl-Pro-N-methylamide where cis-trans inter-
conversion about the imide bond is precluded by the bulky t-butyl group. The
rate process is thus attributed to rotation about the C*-CO bond () and a
barrier (AG¥) of 14 kcal mol™" is estimated. >C n.m.r. data for pivaloyl-Pro-
N-methylamide in a number of solvents is presented and the differences in
the C® and C" chemical shifts are interpreted in terms of rotational isomerism
about the C*-CO bond.

Key words: activation barriers; nuclear magnetic resonance; peptide conformation; pro-

line; rotational isomerism.

Cis-trans isomerism about peptide bonds has
been observed in peptides containing proline
residues (Carver & Blout, 1967). The barriers
to interconversion about the X-Pro bond have
been estimated at 20—22kcal mol™' (Stewart
& Siddall, 1970). Relatively high barriers to
rotation have also been proposed about the
C*-CO bond () in proline residues (Venkat-
achalam et al., 1974). Theoretical estimates
have varied widely and range from 15 kcal
mol™' (Venkatachalam et al., 1974) to 2.5
kcal mol™ (Madison, 1977). The only measured
value of this barrier is in the peptide cyclo
(Gly-Pro), where a AG¥ value of 13—15 kcal

mol™ was obtained from n.m.r. studies (Deber
et al., 1974). The constraints of cyclization
and transannular interactions may, however,
contribute to this barrier. We wish to describe
in this report the n.m.r. detection of a rate
process in the simple proline derivatives benzyl-
oxycarbonyl-L-Pro-V-methylamide (1) and pi-
valoyl-L-Pro-V-methylamide (2) which may
be attributed to restricted internal rotation
about the C*-CO bond, resulting in the inter-
conversion of the cis’ and trans’ conformers
of the Pro residue (Madison, 1977). The stable
conformational states of the Pro residue are
illustrated in Fig. 1. The observations reported
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here are of particular relevance in view of the
central role played by proline containing
peptides in the development of the techniques
of peptide conformational analysis (Deber
etal., 1976).

MATERIAL AND METHODS
Proline derivatives

Benzyloxycarbonyl - L - proline -N - methyi-
amide (1) was prepared as described earlier
(Prasad et al., 1979).

Pivaloyl-L-proline-N-methylamide (2). A solu-
tion of proline (1.15g) in 2N NaOH (5 ml)
was cooled in an ice bath. 1.5ml pivaloyl
chloride and 6 ml 2N NaOH were added in
four equal portions during 30 min with stirring.
The mixture was stirred for a further 2h in
the cold and for 2h at room temperature.
The pH was maintained alkaline by the ad-
dition of 2N NaOH as necessary. The reaction
mixture was washed with ether and the aqueous
layer then extracted with ethyl acetate (3 x
20 ml). The organic layer was dried over Na,SO,
and evaporated to yield 1.75g (82%) of piva-
loyl-Pro-OH. M.p. 124-126° (lit. 128.7°;
Nishihara et al., 1975). [a]f = —853 (c
0.18, CH;0H) (lit. [a] 5 = —71.9).

A stirred solution of Piv-Pro-OH (1.0¢g,
5Smmol) in THF (20ml) was cooled to —15°.
0.55ml N-methylmorpholine was added to it
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FIGURE 1
Rotational isomers in proline peptides.
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followed by 0.65ml isobutylchloroformate.
After 10min at —15° a solution of CH;NH,
in 20ml dry THF chilled to 0° was added,
stirring was continued for 2h in the cold and
2h at room temperature. THF was then eva-
porated and the residue dissolved in ethyl
acetate. The ethyl acetate solution was washed
with water, 1 N HCL, 1 N NaHCO; and water,
dried and evaporated. The residue was tri-
turated with petroleum ether to yield 2 as a
solid. Yield 0.7g (70%). M.p. 110°-112°,
[a]l5 = —42.85° (¢ 0.09, CH;0H). 'H n.m.r.

(270 MHz, CDCl3); 6.6768, m, 1H (NH-CH;3): —

4388, q, 1H (C*H); 3.678, m, 2H (C®H,);
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FIGURE 2

270 MHz 'H n.m.r. spectra of benzyloxycarbonyl-
L-Pro-N-methylamide 1 in CDCl, at different tem-
peratures. The phenyl protons are not shown.
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2,178, m, 1H, 2.168, m, 1H, 1.888, m, 2H
(C°H, and C"H,); 1.285, s, 9H, pivaloyl
CH,.

N.m.r. studies
270 MHz 'H and 67.89 MHz '*C n.m.r. spectra
were recorded on a Bruker WH-270 FT-NMR
spectrometer at the Bangalore NMR Facility.
The deuterium resonance of the solvent served
as the internal field-frequency lock. For 'H
n.m.r. spectra, sweep widths of 3012 Hz were
used with 8K real data points, yielding a
digital resolution of 0.367Hz/point. For
BC spectra sweep widths of 14705Hz were
used yielding a digital resolution of 1.795 Hz/
point. 'H and '*C chemical shifts are expressed
in §(p.p.m.) values downfield from the 'H
and '°C resonances of tetramethylsilane (TMS).
Fig. 2 shows the 270MHz 'H n.m.r. spec-
trum of 1 in CDCl; at 293° K. A striking
feature of the spectrum is the broadening of
almost all the resonances. Cooling to 253° K
results in a well resolved spectrum, consisting
of contributions from two species, as evidenced
by the doubling of the various resonances
(Fig. 2). Heating to 323° K yields a sharp
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FIGURE 3

67.89 MHz '*C n.m.r. spectrum (high field region)
of 1. Solvent: (a) (CD,),SO0, (b) CDCl, Temp. 293°K.
Starred resonances are due to solvent peaks in (a)
and ethanol in (b).

spectrum with a single set of peaks, indicative
of a dynamically averaged spectrum. This
behavior was independent of the concentration
over the range 0.5—40mg/ml. The '*C spec-
trum of 1 in CDCl; is shown in Fig. 3. It can
be seen that the CP and C7 resonances are
si%niﬁcantly broadened, whereas the C%,
C?, benzyl CH; and NCHj lines are rela-
tively sharp. The observations support the
view that an exchange process is operative
with the CP® and C” resonances being close
to the coalescence region at ambient tem-
perature (293° K) while the other carbons
are in the rapid exchange region. This is a
consequence of the differences in peak sepa-
rations for the various carbon nuclei in the
two species.

Fig. 3 shows the *C n.m.r. spectrum of 1
in (CD3),S0. It is clear that two species exist
in slow exchange in (CD;),SO and these may
be assigned to the cis and trans isomers about
the urethane bond. The intensity of these
resonances suggests that both states are almost
equally populated as observed in earlier studies
of benzyloxycarbonyl Pro derivatives (DeTar
& Luthra, 1977). The 'H n.m.r. spectrum
(figure not shown) of 1 in (CD;3),SO also
clearly confirms the presence of two species
in slow exchange. The differences in the spec-
tral behavior of 1 in the two solvents suggest
that the rate process in CDCl; has a signi-
ficantly lower activation energy than the
process that interconverts the two observed
species in (CD;),S0. Experiments were there-
fore carried out to estimate the magnitude of
the activation barrier for the process in CDCl;.

Fig. 4 shows the C® and C? resonances of
1 in CDCl; at different temperatures. On
cooling to 280° K both C? and C” split into
two lines of unequal intensity, while at higher
temperatures there is a marked sharpening.
For a situation involving exchange between
unequally populated sites AG# may be esti-
mated from the resonance frequency separa-
tions, observed coalescence temperatures (Tc)
and site populations (Shanan-Atidi & Bar-Eli,
1970). Using Tc values of 300° K and 286° K
for CP and C?, respectively, and site popu-
lations and chemical shift differences from the
slow exchange spectrum a AG* value of 14 * 1
kcalmol™ is obtained. A AG¥ value of 17.7
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kealmol™ has been reported for the barrier
to rotation about the urethane bond in the
t-butyl ester of Z-Pro (Maia er al., 1976).
At room temperature (298° K) barriers = 17
kcalmol™ would normally yield a slow ex-
change spectrum for both 'H and 'C nuclei,
permitting spectral detection of both species.
The spectral behavior of 1 in CDCl; suggests
that the process has a lower AG¥ and may
therefore reflect rotational isomerization about
the C*-CO bond (y), rather than the urethane
bond (w). The only reported value of AG#
for C*CO rotation is in cyclo (Gly-Pro),,
where a value of 13—15kcalmol™ was ob-
tained from *C n.m.r. (Deber et al., 1974).
This is very similar to the value determined
for the rate process occurring in a CDCl;
solution of 1, supporting the view that rota-
tional isomerization about the C®CO bond
is indeed responsible for the spectral broad-
ening. However, more definitive evidence is
necessary to rule out the urethane cis = trans
process.
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FIGURE 4

Temperature dependence of the CP and C?” reso-
nances of 1 in CDCl,. Starred resonance is the CH,
group of ethanol.
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The 'H and '3C n.m.r. spectra of pivaloyl-
Pro-V-methylamide 2 were therefore studied
in CDCl; and (CDj3),SO. The choice of the
pivaloyl group was dictated by two factors:
i) The presence of the bulky t-butyl group in
2 anchors the Piv-Pro imide bond in the trans
geometry (Nishihara er al., 1975; Venkat-
achalapathi & Balaram, 1979). A large number
of Piv-Pro peptides and the isosteric a-amino-
isobutyryl-Pro peptides have been studied
in this laboratory by **C n.m.r. and no evidence
for the cis imide isomer has been obtained
(R. Nagaraj and Y. V. Venkatachalapathi,
unpublished results). ii) The barrier to rotation
about the tertiary amide bond is expected to
be > 20kcalmol™, which is significantly
higher than that reported for the urethane
bond.
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FIGURE 5

67.89 MHz '*C n.m.r. spectrum (high field region)
of pivaloyl-L-Pro-V-methylamide 2. Solvent: (a)
(CD,),S0, (b) CDCl, Temp. 293° K. Starred reso-
nances are due to solvent as in Fig. 3.






