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Abstract: A new cyclic hexapeptide, dichotomin A, showing cell growth inhibitory activity,
has been isolated from the roots of Stellaria dichotoma L. var. lanceolara Bge. and the structure
and solid state conformation were elucidated by extensive 2D NMR, chemical degradation and

X-ray analysis.

On the basis of the existence of many naturally occurring cyclic peptides with unique structures and
biological activities, we have focused our attention on various cyclic peptides, with various biological activities,
from higher plams.z) Despite their importance, surprisingly few studies of higher plants occurring cyclic
peptides exist in the literature 3) As a part of our continuing studies in search of new bioactive cyclic peptides
from higher plants, we have isolated a novel cyclic peptides, named dichotomin A, showing cell growth
inhibitory activity, from the roots of Stellaria dichoroma L. var. lanceolara Bge. (Caryophyllaceae), which was
used as folk medicines for antifebrile and so on . In this communication, we report the structure elucidation and
solid state conformation of dichotomin A (1) by extensive 2D NMR, chemical degradation and X-ray
crystallographic analysis.

The methanolic extract of the roots of S. dichotoma L. var. lanceolata Bge. was partitioned between n-BuOH
and H20. The n-BuOH soluble material was subjected to Diaion HP-20 column (H20 - MeOH), and 80% and
100% MeOH eluted fractions were chromatographed on a silica gel column, followed by HPLC on ODS to yield
a peptidic compound as colourless needles, named dichotomin A (1: 0.007 %), which showed cell growth
inhibitory activity against p-388 lymphocytic leukemia cells (1C50 2.5 pug/ml).

Dichotomin A (1).%) colourless needles. mp. 179 - 180 °C, [a]lp +14.0° (¢ 0.10, MeOH), showed a high-

resolution FAB-MS spectral quasimolecular ion peak at #/z 681.3652 (M*Y+H, A -4.0 mmu), corresponding to
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molecular formula, C35H48Ng0Og. The IR absorptions at 3309 and 1649 cm-! were attributed to amino and
amide carbonyl groups. respectively. The hexapeptide nature of 1 was evident from its IH and 13C NMR
spectra, showing six amide NH and six amide carbonyl groups, as shown in Table 1. Further, the relatively
high intensity of the molecular ion (base peak) and the lack of terminal amino group protons in the IH NMR
suggested that 1 might be cyclic peptide. In order to elucidate the amino acid composition, 1 was subjected to
complete hydrolysis with 6N HCl by heating at 110 °C for 24 h in a sealed tube. The hydrolysate was then
analyzed by HPLC and the amino acid composition was shown to be one glycine (Gly), one threonine (Thr),
one valine (Val). one leucine (Leu), one phenylalanine (Phe) and one tyrosine (Tyr) per molecule of 1. These
six amino acid units accounted for the observed mass molecular weight and 15 degrees of unsaturation. The
absolute stereochemistry of the component amino acids in 1 was determined to be L-configuration by
derivatization of the acid hydrolysate with Marfey's reagent.S) followed by HPLC analysis.

The NMR spectra of 1 were taken at 500 MHz in pyridine-ds which gave well-resolved sharp signals. The
IH NMR spectrum showed five doublet methyl signals (8 0.78, 0.78, 1.09, 1.13 and 1.49) ascribable to Leu,
Val and Thr residues. The TH-TH COSY spectrum allowed the coupling sequence of each amino acid resonance
and the corresponding carbon resonances were elucidated on the basis of HMQC spectra6) as shown in Table 1.
The gross structure including the sequence of the amino acids for 1 was assembled by connecting the individual
amino acids on the basis of connectivities observed in the HMBC experiment (Fig. 1).7) From the HMBC
experimental results representing long range 2Jy1.¢ couplings from o protons and adjacent amide protons, the
sequence was deduced to be cyclo[Gly-Thr-Phe-Leu-Tyr-Val]. As the amide carbonyl signals of Phe3 and Valf
showed the same chemical shift at & 172.72, the proposed structure for dichotomin A (1) was unequivocally

verified by single-crystal X-ray crystallography. as follows,
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Fig. 1 Structure of dichotomin A ( 1); Arrows cas o8 ® o

show HMBC correlations representing long range
JH ¢ couplings from o protons and adjacent amide
protons.

cd4

Fig. 2 A perspective view of the crystal structure of 1
The dotted lines indicate two intramolecular H bonds
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Table |. 'H and 13C NMR Signal Assignments of Dichotomin A (1) in pyridine-ds.

TH NMR I3C NMR
assignment Sy (int. mult, J(Hz)) S¢ dH S¢
Gly! Leut
o 483 (1IH. dd. 5.5. 156y 4424 o 440 (1H. dt. 7.5) 55.08
388 (1H. dd, 5.5. 15.6) ) 197 2H.t, 7.5) 40.04
NH 997 (1H. t. 5.5) ¢ 1. ST (IH, m) 24.86
C=0 170.69 & 0.78 (3H, d. 6.5) 21.48
0.78 (3H, d. 6.6) 23.08
Thr2 S 9.07 (1H. d, 7.5)
o 4.99 (1H, dd. 3.2, 7.9) 59.49 =0 172.39
B 491 (1H. dg. 3.2.6.4) 6697 Ty
Y 1.49 (3H. d. 6.4) 20.18 It 482 (IH, m) 56.34
NH 9.21 (IH, d, 7.9) ) 356 (IH. dd, 6.7, 14.0) 37.12
C=0 171.29 351 (1H. dd, 6.8, 14.0)
v 128.57
Phe3 $ 742 (2H. d. 8.4) 131.21
a 5.19 (1H, ddd.7.5.8.2.8.6) 56.34 ¢ 7.14 (2H. d. 8.4) 116.29
B 3.57 (1H. dd. 82. 139y 38.06 % 157.73
3.37 (1H. dd. 8.6, 13.9) NH 8.60 (1H, d. 6.9)
Y 138.16 (=0 172.33
5 7.20 (2H, d. 7.4) 128.73  Vval®
€ 735 2H. 1. 74 129.56 « 453 (IH. t. 6.0) 61.25
4 7.17 (IH. m) 126.84 3 246 (IH. m) 30.22
NH 879 (IH. d. 7.5) 1.13 (3H, d. 6.7) 19.392)
C=0 172.72 1.09 (3H. d. 6.8) 19.23a)
NH 8.35 (IH. d. 6.0)
(=0 172.72

a) Assignment may be interchanged.

Dichotomin A was crystallized from MeOH-H20O mixtures in monoclinic crystals of space group P2
(Z=2).8) Because the crystals deteriorated rapidly upon drying. they were sealed in a thin-walled glass capillary
containing the mother liquor. The X-ray crystal structure determination gave exactly the same amino acid
sequence and absolute configuration originally assigned dichotomin A, Figure 2 shows the backbone of
compound 1 with intramolecular hydrogen bonds. as illustrated by the dotted lines.

[t is known that the conformational feature of cyclic peptides can be relevant for their biological activity. To
examine the correlation between the conformations and pharmacological properties of 1, we are interested in the
conformation of dichotomin A. It appeared desirable to explore the structural role of hydrogen bonding in a
cyclic peptide of moderate size for which X-ray data are available. In the crystal form of 1, the end of the
molecule is constrained to two B-turns formed by the residues from Val® to Glyl, and from Phe to Leu4. The
former is denoted as type Il with the intramolecular hydrogen bond between Thr2-NH and TyrS-CO [N2---O5
of 2.904(8) A. HN2---05 of 1.95 A, and <05---H-N2 of 162°]. and the other type I without a transannular

intramolecular hydrogen bond. It 1s interesting that the <ide chain of Thr? directs toward the interior and a
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significant intramolecular NH--O hydrogen bonding contact between Thr2-O and Leu4-NH exists [N4---020 of
3.059(11) A, HN4---020 of 2.11 A, and .020---H-N4 of 164°].
Studies on the structure and conformational analyses. and biological evaluations of a series of dichotomins

are in progress.
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