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Solution Forms of an Antitumor Cyclic Hexapeptide, RA-VII in Dimethyl Sulfoxide-d, from
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Using high-resolution proton nuclear magnetic resonance (‘H-NMR) and carbon-13 nuclear magnetic resonance
(13C-NMR) experiments, we have assigned three discernible configurational isomers observed in dimethyl sulfoxide-
d, (DMSO-d;) for an antitumor cyclic hexapeptide, RA-VII isolated from Rubia cordifolia. The largest isomer,
amounting to 64%, has been assigned as conformer A with only a cis configuration between Tyr-5 and Tyr-6. The
second configurational isomer, accounting for 32%, has adopted cis configurations between both Tyr-5 and Tyr-6 and
between Ala-2 and Tyr-3. The third isomer, amounting to 4%, was determined to have cis configurations for all of the

three N-methyl amide bonds.
Keywords

Introduction

Cyclic hexapeptides, RA series, isolated from Rubia
cordifolia and R. akane, are potent antitumor agents. We
have already disclosed the structures of RA-I—RA-X,"
RAI-III and RAI-VI? and their antitumor activities.® As
part of our ongoing program to study their structure—
activity relationship, we have undertaken conformational
analysis of RAs using the spectroscoplc and computational
methods. !>+

In an apolar solvent, for example, in CDCI;, the pres-
ence of two stable conformational states, i.e. conformers
A and B, were observed.” These conformers could result
from isomerization about one N-methyl amide bond
between Ala-2 and Tyr-3 with an isomerization rate slow
enough to give separate, signals in the nuclear magnetic
resonance (NMR) spectra. In a polar solvent such as
dimethyl sulfoxide-dg (DMSO-d;), on the other hand, three
different conformers A, B and C were observed in the NMR
spectra.

A detailed knowledge of the conformations of RA-VII
under a polar solvent such as DMSO-d, is considered to
be the basis for structure—activity relationships allowing
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Fig. 1. 500-MHz 'H-NMR Spectrum of RA-VII in DMSO-d;

Asterisks mark the peaks ascribable to conformer C. Some of the tops of the
methoxyl and N-methyl proton signals ascribable to conformers A and B were cut
off. Tetramethylsilane was used as an internal standard.

RA-VII; conformational analysis; Rubia cordifolia; antitumor agent; cyclic hexapeptide

the design of new derivatives with higher activity. In this
paper, by use of various two-dimentional proton and
carbon-13 NMR (*H and !3C-NMR) experiments, the
structural elucidation of three different conformers of
RA-VII in DMSO-dj is reported.

Results and Discussion

In the previous paper,* we were unable to clearly elu-
cidate the three conformers, named conformers A, B and
C, of RA-VII in DMSO-d; solution. Figure 1 showed a
one-dimensional (1-D) 'H-NMR spectrum of RA-VII in
DMSO-d,. The population of three conformers, A, B and
C, was in the ratio of 64:32:4, and a very complicated

TaBLe 1. 'H-NMR Chemical Shifts of RA-VII, § (ppm) from
Tetramethylsilane in DMSO-dg at 303K (J/Hz, 500 MHz)

RA-VII
Amino acid
Proton Conformer A B C
p-Ala-1 H, 4.35J,=69 4.17J,=10 3.89 J,=17.0
H, 108 J,,=8.5  1.02J,=69  1.05J,=55
Hy 7.81 1.72 7.91
Ala-2 H, 4.60 J,,=6.8 420 J,5=6.4 4.15 J,4=6.5
H, 1.17 J ;=13 0.74 J,x=9.0 0.67 J5=9.6
Hy 8.47 8.56 8.87
Tyr3 H, 3.83 J,, =" 4387, =108 519J,, =110
Hp, oro-r) 3.12 Jm= 2.82J,,=37 2.76 JW—Z 6
Hppprosy  312J55,=" 305 JMZ- 146 3.26 J,,,,="
2H, 7.05 J,,¢=8.6 7.08 J,,=8.6 7.08 J,,=8.6
2H, 6.88 6.86 6.86
MeN 2.85 2.79 2.68
MeO 3.73 3.73 3.70
Ala-4 H, 4.60 J,ﬂ=6.7 4.47 Jw=6.8 491 Jaﬂ=6.3
H, 0.92J,=82  116J,=73  1.57J,=9.2
Hy 6.66 6.59 6.73
Tyr-5 H, 532J, =114 532J, =114 423 Jm,,1
Hy, orous) 3.46 J,4,=29 3.52 J,4,=29 3.60 7,4,
ooy 261 Jp =114 26775, =114 3.60 J,,“,2
H,, 127 Jyp, =21 128 J,,,=22 131 J,,m_z 6
H,, 743 J,,,=85 748J,, =85 742J,, =81
H,, 6.76 Jyp,, =84 676 J,,,=84 685J,,=85
H,, 712 J,,=22 T11J,,,=23 717J,,,=22
MeN 2.93 3.02 2.74
Tyr-6 H, 4.50 J5, =" 464 J,,=120 4777, =170
Hp1 pro-r) 3.10 J,5, =" 3. lOJ —37 291 J —70
srmes)  282J55=" 282 J,, 2= 291 J,,l 2=
H,, 6.62J;,,=14  662J,,=17 672J,,,=14
H,, 448 J,,,=83 452J,, =83 448J,, =85
H,, 6.88 6.88 6.94
MeN 2.50 2.43 2.52
MeO 381 3.82 3.83

a) Not determined in the present study.
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spectrum was indicated. At first, to assign the 'H and !3C
signals of three different conformers, various two-dimen-
sional (2-D) NMR measurements were carried out. Com-

TaBLE II. !3C-NMR Chemical Shifts of RA-VII, § (ppm) from
Tetramethylsilane in DMSO-d; at 303K (125 MHz)
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plete assignments of conformers A and B were possible
using a combination of *H-'H correlated spectroscopy
(COSY), 'H-13C COSY and heteronuclear multiple bond
correlation spectroscopy (HMBC),® which provides 'H-
13C long range couplings. As shown in Fig. 1, we were
lucky to resolve the signals around § 5.0 ascribable to
minor conformer C. Though some signals were ambiguous

Ami . RA-VI because of overlapping, homonuclear Hartmann-Hahn
mino acid 7 . ffici for i .
Carbon  Conformer A B C (HOHAHA)” spectrum was quite efficient for interpreting
the intra-residue proton connectivities of each amino acid
D-Ala-1 C. 46.48 47.30 48.87 in conformer C. The assignments of *H and '3C signals of
Cy 20.69 20.69 18.68 conformers A, B and C in DMSO-d, are shown in Tables
Cc-0 171.27 171.17 170.13 I and II
Ala-2 C, 43.58 43.00 42,05 and I
C, 16.08 17.26 16.38 . Thf: assignments of conformers A and B were almost
Ce-o 172.20 170.94 171.96 identical with those observed in CDCl,;.* In the 'H as-
Tyr-3 C, 66.53 61.61 61.72 signment of conformer C, the chemical shift of Tyr-3-H, (6
gn Igggg o 3193 5.19) was shifted to a lower field and that of Ala-2-CH, (6
C; 130.12 129.93 129.82 0.67) to a higher field, compgred with those of conformer
C, 113.60 113.82 a) B (6 4.38 and 0.74, respectively). The unusual low-field
C 157.82 158.09 @ chemical shift of Ala-4-CH; (6 1.57) and a high-field
Ce-o0 167.92 169.17 Igg-gz chemical shift of Tyr-5-H, (§ 4.23) were shown. The «
Cn 39.15 2949 : proton of D-Ala-1 (& 3.89) was also shifted to a high field.
Co 54.90 55.03 13 . . hif
Ala-4 C, 45.47 47.48 46.23 In the *°C assignment of conformer C, the chemical shift
(o 18.17 16.14 20.28 of Tyr-3-C, (6 61.72), which was similar to that of con-
Cemo 170.44 169.68 173.09 former B (6 61.61) with a cis configuration between Ala-
Tyr-5 g’ gg;g gggé ggg 2 and Tyr-3, was shifted to a higher field than that of
C” 135.50 135.00 135.33 conformer A (§ 66.53). The chemical shifts of Ala-4-CH,
G, 132.62 132.62 133.18 (6 20.28) and Tyr-5-C, (6 59.67) were shown in a lower
Csy 130.45 130.38 gl field than those of conformer B (6 16.14 and 53.31, re-
Ca 123.61 123.82 123.52 spectively). In this manner, conformer C showed a chemi-
Ce 125.66 125.66 125.66 cal shift similar to that of conformer B around Ala-2 and
C, 157.68 157.99 157.15 . .
C.. 168.77 169.68 167.59 Tyr-3, but was deduced to possess different configurations
CN—O 30.00 29.86 30.42 and/or conformations around Ala-4 and Tyr-5.
Tyr-6 C, 56.50 56.82 55.61 To confirm the above hypothesis, the measurement of
Gy 34.65 34.82 33.48 intraresidual nuclear Overhauser effects (NOEs) among
G 129.55 129.07 12881 each conformer was made by a phase sensitive nuclear
Cs1 121.10 120.90 121.10 Overh d h
C,, 114.08 114.66 114.46 ver ausir and exchange spectroscopy (NQESYPH)
C.,, 112.69 112.69 113.33 spectrum.® The characteristic NOE relationships to de-
C,, 152.27 153.32 152.01 termine the configurations of three N-methyl amide bonds
G 145.82 145-73 14(5)-;2 were indicated in Fig. 2. In Fig. 3, the expansion plot of
gc=° lgg‘gg 1;2.;9 1;9'20 4.0—5.5ppm in NOESYPH spectrum, which showed
c 5574 5574 o signals representative of conformer C, was shown. By the
o N . . . .
NOE relationship, conformers A and B in DMSO-d, are
a) Not determined in the present study. completely identical with those in CDCl;. On the other
Ala-2
CH CH
HeCy  Q trans OCH,  HyG . OcHy, HC R V° OCH,
oo M cis W cis
HN CHj, HN " a P )0 HN “x_x M )=0
p-Ala-1 O HN  Ala4 (o] HN 0 HN
HyC-- H- J=aCH, HyC-- H-)==CH, Hsc--
NH O trans ) NH (o} trans o cis
O ¥, Xy, NECH, O W< ¥y CHa H‘ N~CH,
N N_'E
- 1 )
Tyr-6 CH3 [¢) Tyr-5 CHa (o] C
OCH, © OCH, © OCH, ©

conformer A

conformer B

conformer C

Fig. 2. Molecular Structures of Three Different Conformers A, B and C of RA-VII in DMSO-d,

The arrows show the NOE relationships confirmed by NOESYPH experiments.
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Tyr-3-H, Ala-4-H.
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Fig. 3.

The shadow peaks are ascribable to conformer C.

hand, the cross peak between Tyr-3-H, and Ala-2-H,, in
addition to that between Tyr-5-H, and Tyr-6-H, in Fig. 3,
indicated the cis configurations in both of the N-methyl
amide bonds. In addition, the configuration of the other
N-methyl amide bond between Ala-4 and Tyr-5 was de-
termined to be cis by the strong correlated cross peak
between Ala-4-H, and Tyr-5-H,. The reason for the lower
field chemical shift of Ala-4-CH, in conformer C as
indicated above was considered to be due to the deshielding
effect of the aromatic ring in Tyr-5.

Based on the above 'H and !3C assignments and NOE
relationships, the largest isomer has been assigned as
conformer A with only a cis configuration between Tyr-5
and Tyr-6, and the second isomer has adopted both cis
configurations between Tyr-5 and Tyr-6 and between
Ala-2 and Tyr-3. Then, the third isomer was determined
to be cis configurations for all three N-methyl amide
bonds. The conformational analysis of RAs in a vital
system is in progress.

Experimental

Material RA-VII used in this experiment was isolated from Rubia
cordifolia by the procedure cited in reference 1.

NMR Spectra The proton and carbon spectra were recorded on a
Bruker spectrometer (AMS500) and processed on a Bruker data station
with an Aspect 3000 computer. 10mg samples of RA-VII dissolved
in 0.5ml DMSO-d; in a 5Smm tube were used for the homonuclear
measurement and 30mg samples in 0.5 ml DMSO-d, in a 5Smm tube for

54 53 52 51 50 4.9 48 47 46 45 4.4 43 4.2 4.1

1 ppm
ppm

Expansion Plot in the Range of 4.0 to 5.5 ppm of NOESYPH Spectrum of RA-VII in DMSO-d,

the heteronuclear measurement. The spectra were recorded at 300 K. The
NOESYPH experiment was made with a mixing time of 0.6s.
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