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Bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg) is a li-
near peptide hormone with diverse physiological properties
such as vasodilation and pain mediation.! Most peptide hor-
mones interact with their specific receptors in the cell mem-
brane. However, identification of hormone receptors has pro-
ved difficutt and there are few examples of structural analy-
sis from a receptor/hormone complex. The cell membrane
receptor for bradykinin has not been isolated, but recent
evidence indicates that the pain receptors are localized in
the dorsal root and trigeminal regions of the guinea pig ner-
vous system.” In general, peptide hormones first interact with
membranes and form nascent secondary structure prior to
binding to the receptor. The solution conformation of a hrad-
ykinin was investigated by 1D and 2D proton NMR spectros-
copy and it was reported that bradykinin has disordered con-
formation in water® and two B turas in DMSO (dimethy)
sulfoxide).! Futhermore, the interaction of the bradykinin
with SDS micelle has been reported as the conformational
changes of the C-terminal tetrapeptide fragment, Ser-Pro-
Phe-Arg, made strong interactions with monomeric SDS.5¢
We used a simple TFE (trifluoroethanol)/water binary sol-
vent system to mimic the biclogical membrane. The hydro-
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Table 1. Chemtical shift values of backbone and side chain pro-
tons of bradykinin?

NH oH BH vH SH Others

Arg 1 426 1.90 1.68 313 scNH?
7.20

Pro 2 471 238, 189 197 3.68, 343

Pro 3 440 223, 187 2.01 3.76, 361

Gly 4 808 392, 3.79

Phe 5 779 455 300

Ser 6 776 465 381, 369

Pro 7 427 20, 153 141, 1.73 350, 345

Phe 8 751 460 321, 2.82

Arg 9 767 424 183, 170 157 316 scNH
7.12

“The Chemical shifts are given in ppm and are referenced to
the residual methylene protons of TFE (3.88 ppm, 298 K). ¢side
chain NH

phobic character of TFE provides a similar environment to
a membrane for bradykinin.

Bradykinin was purchased from Sigma and used without
further purification, since no minor constituents could he
detected by NMR spectroscopy. The peptide was dissolved
in water/TFE-d; and pH was adjusted to 3 by adding HCI
and NaOH solution. All NMR spectra were recorded on the
BRUKER 500 MHz NMR Spectrometer at ambient tempera-
ture. Assignments were performed by sequential assignment
strategy.” TOCSY (total correlation spectroscopy) was used
for spin system identification, and ROESY (rotating-frame
noe spectroscopy) was used to determine sequential connec-
tivities and other medium range NOE’s. The full assignment
values are given in Table 1. As is implied in its primary
structure, bradykinin has high probability of tight turns. In
Figure 1, the fingerprint region of ROESY spectra is shown,
The sequential connectivities are broken due to the lack of
amide protons in three prolines. For proline, the & proton
was used instead of missing amide proton to confirm the
sequential connectivities. The NOE between § protons of Pro
7 and amide proton of Phe 8 implies there might be a turn
structure in the C-terminal fragment. The distance between
the & proton of a proline and the amide proton of an adjacent
residue is equivalent to the distance between amide protons
of neighboring residues. The NOE's between amide protons
can be used to identify ¢ helix and $ turns. In a helix,
there must he sequential NH-NH NOE connectivities not
less than three residues long. However, the NOE connecti-
vity in this peptide implies a turn-like structure. The type
of the turn could not be determined due to the spectral
overlap caused by other NOE’s. 1D temperature variation
experiment showed further -evidence of -the existence of a
turn. 1D spectra were recorded at 5 K interval from 278
K to 323 K. The temperature coefficient values are shown
in Table 2. These values can be used as a measure of solvent
accessibility. Generally, temperature coefficient (d5/dT) va-
lues of <0.003 ppm K~! are indicative of solvent-shielded
and presumably hydrogen-bonded amide protons, and the
values >0.005 ppm K~! are attributed to the damide protons
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Figure 1. Fingerprint region of ROESY spectrum of bradykinin
in H,QO/TFE-d; (1:1, by volume), 10 mM at 25 T and pH 3.
The mixing time was 100 ms.

Table 2. Temperature coefficient values and coupling constants
of amide protons of bradykinin. CSD values mean chemical shift
difference values (refer the text)

Residue ds/dT (X107%) Jox (H2) CSD valuve
Arg 1 -1
Pro 2 1
Pro 3 0
Gly 4 86 7.6 -1
Phe 5 46 6.3 -1
Ser 6 40 7.0 1
Pro 7 -1
Phe 8 42 80 0
Arg 9 38 7.6 -1

which are freely accessible to the solvent? If there is any
secondary structure, more than one hydrogen hond is gene-
rally involved. The small temperature coefficients for the
C-terminal fragment can be interpreted as characteristics of
secondary structure. The large value of amide proton of Gly
4 implies that it is quite exposed to the solvent molecules,
whereas the values of amide protons in the C-terminal frag-
ment show that they are moderately shielded from the sol-
vent molecules. Based on the data in Table 2, a schematic
diagram is shown in Figure 2. The slopes in the -diagram
correspond to the coefficient values in the table. The steeper
the slope becomes, the more exposed the amide proton is.
If there were strong hydrogen bonding in the peptide, the
peptide would melt at some temperature and there would
be a curvature due to the sudden breakage of the hydrogen
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Figure 2. Schematic diagram of chemical shift differences of
amide protons of bradykinin in the temperature variation experi-
ment.

bonding. The lack of such curvature indicates no strong hyd-
rogen honding is being observed.

It has been shown that the chemical shift differences bet-
ween ¢ protons in a given structured peptide and the ran-
dom coil values can give information about secondary struc-
tures. The chemical shifts of a proton experiences an upfield
shift when in a helical conformation, and a comparable dow-
nfield shift when in a B strand extended conformation.” In
Table 2, the differences are denoted as —1, 0, and 1 which
correspond to an upfield shift, no shift, and downfield shift,
respectively. A stretch of three or four CSD value of '—1'
means a-helix and that of ‘1" means B strand. The alternate
values shown in the table are the typical type of f turn.

From the sequential NOE’s between the o protons of the
i residues and amide protons of i+ 1 residues, it is thought
that bradykinin has random coil population to some extent.
In case i+1 residue is proline, 5 proton instead of amide
proton was used. Due to its short length, the peptide lacks
structural rigidity and it is supposed that there would be
an equitibrium between turns and random coil in solution.
The experimental data suggest that there is a turn in the
C-terminal fragment. The turn, however, is not stable and
the type of turn has vet to be determined. Since it was re-
ported that bradykinin is in a disordered state in water, the
nascent turn structure is probably related to its binding to
the receptor in the cell membrane. It is also likely that the
C-terminal residues would participate in the binding of the
peptide to the receptor. These results are consistent with
the previous report that high-affinity bradykinin receptor an-
tagonists adopt C-terminal B turns.'
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A majority of biologically important compounds are chiral
and in many cases only one enantiomer exhibits desired
activities. Although in the past it has been common to com-
merciallize the compounds in a racemic form, it is now re-
quired to have a single enantiomer for more selective activi-
ties. Therefore, it becomes more important than ever to de-
termine the optical purity of the compounds.

Over the years, several techniques have been developed
for the purpose of the determination of enantiomeric purity
of chiral compounds. Among those, the NMR method became
the subject for extensive studies because of its simplicity
and non-destructive nature. For this purpose, chiral deriva-
ting agents (CDA),! chiral lanthanide shift reagents (CLSR)2
and chiral solvating agent (CSA) have been developed and
all these approaches were based on the diasterevisomeric
non-equivalency in NMR spectra. Although substantial deve-
lopments have been made in these approaches, further imp-
rovements are necessary to cover wider range of compounds.

During the course of our research programs, we needed
to determine the optical purity of several chiral alcohols and
acids. For this purpose we have investigated various chiral
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solvating agents and found that (15,25)-(—)-1,2-diphenyleth-
ylenediamine (DPEDA) possesses an excellent property for
the NMR determination of the enantiomeric purity for var-
ious alcohols and we would like to report the results of the

study.
?3 m o

(15,25)-DPEDA ()2 )3

The compound, (% )-2, is a key intermediate for the potas-
sium channel activator (PCA)* we have developed. This com-
pound was prepared according to the procedure described

in Scheme 1.
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Scheme 1. Preparation of (—)2 and (+)-2 by optical resolu-
tion

The reduction of ketone 1 with DIBAL in toluene —78
C gave a diastereomeric mixture (9:1) in 94% vyield and
the diastereomers 2 and 3 were separated by column chro-
matography. The resolution of racemic 2 was carried out
by forming the corresponding O-methyl mandelate, separa-
ting diastereomeric mandelates by column chromatography,
and hydrolyzing the corresponding mandelate with 1 N
aqueous LiOH in THF to give optically pure alcohol 2. At
this time it became necessary to determine the optical purity
of the alcohol 2 and the typical procedure is described below.

In 0.1 molar solution of the alcohols and (15,25)-(—)-di-
phenylethylenediamine in CDCl; was directly prepared in
a NMR tube and its '"H NMR (500 MHz} spectrum was reco-
rded at ambient temperature. The alcohols examined and
the chemical shifts of the protons showing non-equivalency
are listed in Table 1. Although there are numerous cases
reported for the interaction between acids and the chiral
bases, however, there are not many examples known for the
case of alcohols where the interaction is expected to be much
weaker. Nontheless, we found that even in this case the
non-equivalency is large enough for the accurate determina-
tion of the optical purity as shown in Table 1.

In Figure 1, the regions corresponding to the CH(OMe),
resonances of (a) free (£)-2, (b) the mixture of (£)-2 and
3 equimolar CSA, (¢) 80% ee of (—)-2 , (d) 95% ee of (+)-
2, enantiomerically pure of (+)-2 are shown, respectively.
The concentration of (15,25)-DPEDA also substantially inf-
luences the degree of non-equivalency. Non-equivalency inc-
reases with an increase of (15,25)-DPEDA uatil the alcohol



