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Abstract—Three pentapeptides have been isolated from the roots of Aster tataricus and their structures elucidated on
the basis of spectroscopic analysis as well as chemical and enzymatic methods.

INTRODUCTION

In the last few years monoterpenoids, triterpenoids and
oligopeptides have been isolated from the roots of Aster
tataricus Lf. by Japanese researchers and ourselves
[1-7]. In our previous papers we have reported on the
isolation of some terpenoids as well as three new
oligopeptides, asterinin A(1), B(2) and C(3), from the ethyl
acetate and butanolic extracts of A. tataricus roots, re-
spectively [6, 7]. Further investigation of the remaining
fraction of the ethyl acetate extract gave the new pen-
tapeptides, asterinin D(4), E(5) and F(6).

RESULTS AND DISCUSSION

Asterinin D (4) was assigned the molecular formula
C,5sH;33Ns0, by FAB-MS ([M + 11" mj/z 516) and by
counting the carbons and hydrogens in the 'H and
13C NMR spectra. The IR spectrum showed the presence
of hydroxyl (3303 and 3493 cm ™ !) and amide (1651 and
1553 cm™!) groups. All 25 carbons appeared in the
13C NMR spectrum including the typical signals for five
carbonyl carbons at 4 167.80, 170.50, 171.66, 172.52 and
174.86 and one oxygen-linked methylene and two methyl
carbons. The '"H NMR spectrum showed signals of five
NH protons at 6 12.92, 9.60, 9.40, 9.05 and 8.79 (Table 1),
indicating that compound 4 was a pentapeptide. Amino
acid analysis of 4 after hydrolysis with either 6N HCI or
a-chymotrypsin in pH 9 buffered solution at 37° revealed
the presence of L-Ser(leq), L-fPhe (8-amino, S-phenyl-
propanoic acid) (leq), L-Abu (a-amino butyric acid) (2eq)
and 42*Pro (pyrrole-2-carboxylic acid) (leq). The pres-
ence of the pyrrole derivative was confirmed by a positive
Ehrlich reaction [8]. The L-configuration of all amino
acids was tentatively assigned by Masfey’s method [9], as
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well as by comparison of the *H and *C NMR data with
those reported natural oligopeptides [4, 5]. The presence
of these amino acid residues was also supported by the
'H and '*C NMR spectra whose ambiguous assignments
were resolved by a combination of 'H-'HCOSY and
B3C-THCOSY. The amino acid sequence of asterinin
D was disclosed by the COLOC spectra which indicated
the correlation between the signals of NH protons and
those of carbonyl carbons and by a detailed analysis of its
differential NOEs and ROESY spectra. The amino acid
sequence was also corroborated by a series of fragment
peaks at m/z 422 and 94, 338 and 179, 267 and 249, and
413 and 102 in the FAB-mass spectrum. Consequently,
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Table 1. 'H and !3C NMR chemical shift of asterinin D and E (TMS as int. st. in CsDsN at
500 MHz for H and 125 MHz for C)

Asterinin D* Asterinin E
H/C 'H (J = Hz) 13¢ 'H (J = Hz) 13C
1 1292 br s 1295br s
2 721 brs 111.14 7.10br s 111.09
3 6.23brs 109.78 6.30 br s 109.07
4 7.24 br s 122.40 7.38 br 121.85
5 12748 128.02
6 162.50 161.58
7 8.80d (8.0) 8.83d (8.8)
8 4.99 dr (12.0, 8.0) 5544 5.52t(8.5) 59.38
9 2.20 ddq (12.0, 8.0, 4.0) 26.33 4.63dq (8.5,6.2) 68.58
2.06 ddq (12.0, 8.0, 4.0)
10 0.96 ¢ (7.0) 10.88 1.55d (6.2) 20.65
11 173.37 171.62
12 9.40 4 (8.0) 9.424d (8.8)
13 4.66 m 55.49 5.281(7.5) 56.54
14 440m 63.11 4.20dd (10.5, 5.5) 61.62
447 m 445m
15 170.85 172.12
16 9.61d (8.0) 9.25d (8.8)
17 5.60 dr (8.0, 6.0) 51.59 6.14 ddd (8.8, 7.6, 4.0) 50.71
18 316m 43.10 3.14 ddd (124, 7.6, 4.8) 42.78
19 143.25 142.37
20 7.45d (1.5) 127.27 7.68 d (1.5) 126.57
21 7.10-724 m 128.02 7.10-7.34m 128.02
22 710-724 m 127.39 7.10-7.34m 126.61
23 7.10-7.24m 128.04 7.10-734m 128.02
24 7.454d (7.5) 127.27 7.68 d (1.5) 126.57
25 170.94 170.26
26 9.06d (8.0) 9.124 (8.8)
27 4.79 dr (12.0, 8.0) 54.63 5.06dd (8.8, 7.0) 59.18
28 1.85 ddq (12.0, 7.0, 4.0) 25.81 445m 67.60
213m
29 0951 (7.0 10.53 1.434d (6.2) 20.06
30 175.32 170.09
31 3.67s 51.28

*'H NMR spectra data of asterinin D measured at 250 MHz.

the structure of Asterinin D is 42*Pro-L-Abu-L-Ser-L-
fPhe-L-Abu.

Asterinin E (5) was found to have the molecular for-
mula C;¢H35N;sO, (FAB-MS: [M + 117 m/z 562; el-
emental analysis found: C, 55.53; H, 6.30, N, 12.36%).
The IR spectrum showed the presence of hydroxyl (3300
and 3490 cm ') and amide (1651 and 1553 cm ™ !) groups
and an ester carbonyl group (1729). The complete assign-
ment of the 'H and '*CNMR chemical shifts was
achieved on the basis of 'H-'HCOSY and !'3C-
'H COSY (Table 1), and indicated that compound 5 was
also a pentapeptide. Amino acid analysis of §, after acidic
and enzymatic hydrolysis, revealed the presence of L-
Ser(1 eq), L-allo-Thr(2eq), L-fPhe(leq) and A**Pro
(1 eg), but no L-Abu. The sequence of amino acid resi-
dues, AZ*Pro-L-allo-Thr-L-Ser-L-Pro-L-allo-Thr-OMe,
was deduced by means of COLOC, NOEs and ROESY.
These established the correlation between the signals of

the NH protons and those of the carbonyl carbons, and
the NOEs of long range protons. A series of fragment
peaks at m/z 468, 94, 367, 195, 279, 282, 131 and 429 in
the FAB-MS supported the sequence of amino acid
residues given above.

Asterinin F (6) was shown to have the molecular
formula C,H;5NsO, (FAB-MS: [M + 17* m/z 530;
elemental analysis found: C, 59.01; H, 6.69; N, 13.13%).
The amino acid composition of compound 6 was shown
to be identical with that of 4 by means of acid and
enzymatic hydrolysis. The IR and NMR spectral data
were very close to those of 4. However, a three-proton
singlet at 4 3.60 due to a methoxy! group, indicated that
6 was the methyl ester of 4. This proposal was further
confirmed by the M, of 6 (14 amu higher than that of 4).
Furthermore, methylation of 4 with diazomethane af-
forded 6. Therefore, asterinin F was determined to be
24Pro-L-Abu-L-Ser-L-fPhe-L-Abu-OMe.
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EXPERIMENTAL

Mps: uncorr; 'H and '*CNMR: 500 MHz and
125 MHz, respectively, in pyridine-ds using TMS as int.
st; 'HNMR: 250 MHz for asterinin D; FAB-MS:
VG.ZAB-HS mass spectrometer.

Isolation of asterinin D (4) E (5) and F (6). The extrac-
tion and fractionation of the plant material are described
in Ref. [6]. The fraction eluted with CHCl,-MeOH (5:1)
was further purified by CC with C4Hs—MeCOEt-
MeOH (8:2:1 to 6:2:1) and prep. TLC to give com-
pounds 5 (300 mg) and 6 (150 mg), respectively. The frac-
tion eluted with CHCl;—MeOH (2:1) was further purifi-
ed by CC with CHCl;-MeOH-H,0 (18:5:1) and
Sephadex LH-20 to give 200 mg compound 4.

Asterinin D (4). Amorphous powder, mp 261-265"
(dec) (from 70% EtOH), [a]p — 19.8° (70%,
EtOH c0.20); IR v*Br cm ™ 1: 3494, 3304, 1722, 1651, 1553;
UV IMOH nm 210 (loge, 4.10) and 269 (loge, 4.35);
FAB-MS m/z: 538 [M + Na]*, 516 [M + Na]™, 422,
413, 338, 266, 249, 179, 103, 94; 'H and !3CNMR:
Table 1.

Asterinin E (5). Amorphous powder, mp. 277-281°
(dec) (from 70% EtOH). [«]p, + 43.1° (70%, EtOH
c0.31); IR v¥Br cm ~ 1: 3521, 3402, 3290, 1729, 1651, 1581,
1553, 1433; UV iM% nm 212 (log¢ 4.54) and 267 (loge,
4.34), FAB-MS m/z: 584, [M + Na]™*, 562 [M + 1],
544 ([M + H]* —18),495 (M + H]* —2H,0), 469, 429,
384,391, 382, 367, 282, 279, 195, 194, 133, 131. Anal. calc.
for C,6H3sNsOs (%): C, 55.61; H, 6.24; N, 1248. C,
55.53; H, 6.30; N, 12.36. Found: C, 55.53; H, 6.30; N,
12.36. 'H and "*C NMR: Table 1.

Asterinin F (6). Amorphous powder, mp. 236-241°
(dec.) (from 70% EtOH). [2]p, —30.9° (70% EtOH,
c0.16); IR v*B cm ™! 3402, 3310, 1750, 1651, 1553, 1454;
UV MOH nm 210 (loge, 4.49) and 267 (loge, 4.43);
FAB-MS m/z: 552 [M + Na]*, 530 [M + 117,437, 413,
352, 263, 265, 266, 235, 179, 131; 'H and '3C NMR:
Table 2.

Acidic and enzymatic analyses of compounds 4-6,
and methylation of compound 4. The procedures used
were as described in ref. [7]. Each sample was
analysed for amino acids by means of an amino acid
analyser.
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Table 2. 'H and '*C NMR spectral data of asterinin
F (in pyridine-d¢)*

C/H 'H 13¢C
1 1272 br s
2 753 brs 110.53
3 6.10 br s 109.05
4 758 br s 121.74
5 126.52
6 161.73
7 9.83d (8.0)
8 515m 54,65
9 1.91 ddq (12.0, 8.0, 4.0) 25.73
2.13 ddq (12.0, 8.0, 4.0)
10 0971 (7.2) 10.12
11 172.53
12 8.70 d (8.0)
13 5.12m 55.99
14 4.16 dd (7.0, 3.5) 62.36
4.224dd (7.0, 3.5)
15 170.20
16 9.51d(8.0)
17 5.95ddd (8.0, 7.2, 4.4) 50.71
18 3.00ddd (12.2, 7.2, 4.4) 4213
19 142,28
20 7.35d (7.5) 126.59
21 710m 128.11
22 7.10m 126.45
23 7.10m 128.11
24 7.35d(7.5) 126.59
25 170.37
26 9.18d (8.0)
27 4.65dt (80,75) 53.61
28 1.68 ddgq (12.0, 8.0, 4.0) 24.68
29 0811(7.2) 9.72
30 170.72
31 345s 51.25

*Coupling constants (J in Hz) in parentheses.
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