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Two novel cyclotetrapeptides, tataricins A and B, with a unique cyclopeptide backbone and a 4 2,4Pro side
chain, were isolated from the traditional Chinese medicine Aster tataricus. Their structures and absolute
configurations were determined using a combination of spectroscopic data, the advanced Marfey’s
method, and a total synthesis.
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The roots and rhizomes of Aster tataricus L. (Compositae) are a
traditional Chinese medicine and have long been used for relieving
cough and eliminating phlegm.1 Previously it has been reported
that the main components of the plant were terpenoids, sterols,
flavonoids, and cyclopeptides.2 It is noteworthy that this species
is the only source of cyclopeptides in the family of Compositae.2,3

Cyclopeptides in this plant named Compositae-type cyclopeptides
are chlorinated homocyclopentapeptides and characterized by the
presence of four nonproteinogenic amino acids (L-b-Phe, L-Abu,
L-allo-Thr, and chlorinated L-Pro derivatives) and one proteinogenic
amino acid (L-Ser).3 So far, only nine cyclopentapeptides (astins
A–I)4 and eight acyclic pentapeptides (astin J,5 asterinins A–F,6

and aurantiamide acetate7) have been isolated from A. tataricus.
Previous studies have shown that astins A–C exhibit antitumor
activity in the Sarcoma 180A ascites in mice.4a,8 Recently astin C
was reported to possess an immunosuppressant property which
is due to its induction of activated T-cell apoptosis by us.9 The
distinctive chlorinated pentacyclic feature and potential activities
have attracted great interest.10 Aiming at identifying structurally
interesting cyclopeptides and bioactive metabolites from tradi-
tional Chinese medicines,11 two novel cyclopeptides, tataricins A
(1) and B (2) (Fig. 1), with an unique skeleton, were isolated from
the titled plant.
012 Published by Elsevier Ltd. All r

.

The plants were commercially purchased from the Yunnan
Lv-Sheng Pharmaceutical Co. Ltd., China and identified by Professor
Xi-Wen Li at the Kunming Institute of Botany (voucher No.
200704). The methanol extract (13 kg) of the roots and rhizomes
(50 kg) was suspended in water and partitioned successively with
ethyl acetate (EtOAc) and n-butanol. The EtOAc fraction (2 kg) was
subjected to silica gel column chromatography (CC) and eluted
with gradient CHCl3/MeOH to yield six fractions (Fr.1–Fr. 6). Fr.4
(85 g) was repeatedly submitted to silica gel CC, then purified by
Sephadex LH-20 and semi-HPLC to afford tataricin A (1) (20 mg).
Fr.6 (174 g) was fractionated repeatedly by silica gel CC, and then
by semi-HPLC to obtain tataricin B (2) (15 mg).

Tataricin A (1)12 was obtained as a white powder. Its molecular
formula C25H31N5O7 was assigned by positive HRESIMS [(M+H)+
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Figure 1. Structures of 1 and 2.
ights reserved.
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Table 1
1H and 13C NMR data for compounds 1 and 2 in DMSO-d6 (600 and 150 MHz)

1 2

dC dH, mult (J in Hz) dC dH, mult (J in Hz)

L-b-Phe1 a1 42.6 2.55 (1H, d, 14.1) L-b-Phe1 a1 43.0 2.56 (1H, overlapped)
a2 2.65 (1H, dd, 14.1, 3.6) a2 2.63 (1H, m)
b 51.1 4.97 (1H, m) b 51.4 4.93 (1H, m)
c 142.9 c 143.2
d 125.7 7.32 (2H, overlapped) d 125.7 7.32 (2H, overlapped)
e 128.5 7.29 (2H, overlapped) e 128.4 7.30 (2H, overlapped)
f 126.7 7.21 (1H, t, 6.6) f 126.6 7.22 (1H, m)
C@O 169.3 C@O 169.2
NH 7.65 (1H, d, 7.2) NH 7.96 (1H, br s)

L-Ser2 a 55.7 4.14 (1H, m) L-Ser2 a 56.2 4.17 (1H, m)
b1 61.3 3.60 (1H, m) b1 61.4 3.60 (1H, m)
b2 3.29 (1H, m) b2 3.36 (1H, overlapped)
bOH 5.42 (OH, br s)
C@O 170.7 C@O 170.5
NH 7.94 (1H, d, 9.6) NH 8.15 (1H, d, 7.2)

L-allo-Thr3 a 58.3 4.58 (1H, t, 10.8) L-allo-Thr3 a 58.2 4.61 (1H, t, 10.2)
b 67.8 5.35 (1H, m) b 68.2 5.34 (1H, overlapped)
c 17.4 1.23 (3H, d, 6.0) c 17.4 1.28 (3H, d, 6.6)
C@O 167.8 C@O 168.1
NH 7.98 (1H, d, 10.2) NH 8.22 (1H, overlapped)

L-Aub4 a 56.6 3.91 (1H, dd, 12.6, 5.8) L-allo-Thr4 a 60.8 4.09 (1H, dd, 7.2, 3.6)
b 24.1 1.67 (2H, m) b 65.4 3.99 (1H, m)
c 10.7 0.96 (1H, t, 7.2) c 19.5 1.16 (1H, d, 6.6)
C@O 171.7 C@O 169.1
NH 8.22 (1H, d, 5.8) NH 8.28 (1H, overlapped)

4 2,4Pro5 a 121.5 4 2,4Pro5 a 121.5
b 124.7 7.03 (1H, br s) b 124.5 7.04 (1H, m)
c 109.9 6.16 (1H, br s) c 109.7 6.18 (1H, m)
d 116.0 6.76 (1H, br s) d 115.8 6.78 (1H, m)
C@O 159.5 C@O 159.4
NH 11.90 (1H, s) NH 11.91 (1H, s)
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Figure 2. Selected 1H–1H COSY, HMBC, and ROESY correlations of 1.

H.-M. Xu et al. / Tetrahedron Letters 54 (2013) 1380–1383 1381
m/z 514.2295, calcd for 514.2301], indicating 13� of unsaturation.
Its UV spectrum at 204 and 268 nm was ascribed to phenyl and
4 2,4Pro groups. It was assumed to be a peptide from the IR absorp-
tions at 3424 (NH, OH), 1660 (CO), and 1533 (C@C) cm�1. The
appearance of five amino carbonyl signals at dC 159.5, 167.8,
169.3, 170.7, and 171.7 in 13C NMR spectrum and five NH signals
at dH 7.65, 7.94, 7.98, 8.22, and 11.90 in 1H NMR spectrum, re-
flected characteristics of pentapeptide. Further analysis of 1H, 13C
NMR, and HMQC resonance signals displayed two methyls, three
methylenes [one was oxidized 61.3 (Ser-Cb)], 13 methines [eight
olefinic carbons 128.5 (two b-Phe1-Ce), 126.7 (b-Phe1-Cf), 125.7
(two b-Phe1-Cd), 124.7 (4 2,4Pro5-Cb), 116.0 (4 2,4Pro5-Cd), 109.9
(4 2,4Pro5-Cc)], and seven quaternary carbon atoms [two olefinic
carbons 142.9 (b-Phe1-Cc), 121.5 (4 2,4Pro-Ca) and five carbonyls
171.7 (Aub4-CO), 170.7 (Ser2-CO), 169.3 (b-Phe1-CO), 167.8 (allo-
Thr3-CO), 159.5 (4 2,4Pro5-CO)] (Table 1). On the basis of the above
data, together with an extensive 2D NMR analysis using COSY,
HMQC, HMBC, and NOESY, it was inferred the assignment of five
amino acid residues as b-Phe, Ser, Thr, Abu, 4 2,4Pro.

The sequence of amino acid residues in 1 was determined from
HMBC correlations between the carbonyl group and amide of the
adjacent residues ( Fig. 2). HMBC cross-peaks of b-Phe1-NH
(7.65)/Ser2-CO (170.7), Ser2-NH (7.94)/Thr3-CO (167.8), Thr3-NH
(7.98)/Abu4-CO (171.7), and Abu4-NH (8.22)/b-Phe1-CO (169.3)
demonstrated the connectivities of cyclo (b-Phe1-Ser2-Thr3-Abu4).
The correlations was observed for Thr3-Hb (5.35) to 4 2,4Pro5-CO
(159.5), confirming the presence of 4 2,4Pro5-CO-O-Thr3-Cb.

Tataricin B (2)13 showed a pseudomolecular ion peak at m/z 552
[M+Na]+, and the molecular formula of C25H31N5O8 was deter-
mined by HREIMS [M+ m/z 529.2179, calcd for 529.2173], 16 units
larger than 1. The 1H and 13C NMR data displayed similar structural
features as those found in 1 (Table 1). A detailed analysis of 1D
NMR spectra showed the presence of two methyl groups at 17.4
(Thr3-Cc)/1.28 (Thr3-Hc) and 19.5 (Thr4-Cc)/1.16 (Thr4-Hc), and
one additional methine group at 65.4 (Thr4-Cb)/3.99 (Thr4-Hb) in
comparison with 1, which suggested that the difference in 2 was
the replacement of Abu4 in 1 with Thr4. These observations were
confirmed by further analysis of COSY, HMQC, HMBC, and NOESY
spectra (see Supplementary data). Thus, the planar structure of 1
and 2 were established.

Since compounds 1 and 2 are the first two cyclopeptides that
contained a unique cyclotetrapeptide backbone with a 4 2,4Pro side
chain isolated from the family of Compositae, the advanced
Marfey’s method and a total synthesis of 1 and 2 were performed
to unambiguously establish their structures and absolute configu-
rations. The advanced Marfey’s method14 was first utilized to
confirm the absolute stereochemistry of the amino acid residues
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in 1 and 2. The LC/MS analyses indicated that all amino acid
residues and Thr were of L configuration, that is, L-b-Phe, L-Ser,
and L-Aub (see Supplementary data). The L-allo-Thr and L-Thr
standards were carried out and were subjected to the advanced
Marfey’s analysis using HPLC for confirming the L-configuration
of the Thr in compounds. The identical retention times of the
L-Marfey derivatives L-allo-Thr and Thr in the hydrolyzates of 1
and 2 suggested an L-configuration of the allo-Thr moiety. Then,
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the linkages between the amino acid residues and the 4 2,4Pro moi-
ety in 1 and 2 were further confirmed by a total synthesis.

Ultimate closure of the tetrapeptide was chosen to be a peptide
linkage between the b-Phe and Abu or allo-Thr units.15 This is suf-
ficiently unhindered to allow a smooth reaction, and should be
possible to achieve without any racemization. Following the strat-
egy, (R)-3-amino-3-phenylpropionic acid (5) as the C-terminal
amino acid, was transformed to 6 in two steps (Scheme 1).
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Removal of the Boc group of 6 using TFA was coupled with 7 using
HATU and DIPEA as a coupling reagent,16 leading to the dipeptide 8
(95% yield). Compound 8 was N-deprotected and coupled with 9 to
afford tripeptide 10 (85% yield). The corresponding building block
9 was prepared from L-allo-threonine by protection with Boc2O and
benzyl bromide followed by the reaction with 1H-pyrrole-2-car-
bonyl chloride. Sequential addition of N-Boc-(S)-Abu or N-Boc-L-
allo-Thr under standard procedures (HATU/DIPEA as coupling
reagent) and cleavage of silyl ether of the hydroxyl group with
TBAF delivered tetrapeptide 11 or 12. The cyclization is a key step
in the synthesis of cyclic peptides. After the Boc group and benzyl
in tetrapeptide 11 were respectively removed, the free amine/free
acid linear tetrapeptide 3 was dissolved in DMF slowly dropwise to
HATU/DIPEA in CH2Cl2. The crude product was purified by prepara-
tive HPLC and provided the pure cyclic peptide 1 in 31% yield.

Tetrapeptide 12 has an identical sequence to 11, but the major
difference came from the last residue (11 R = H, 12 R = OH). There-
fore, protection of two hydroxyl groups by TBDMSCI in 12 afforded
the corresponding compound 13, followed by the deprotection of
Boc protecting group with TFA and then reduced by hydrogenation
with Pd/C to give the linear tetrapeptide 14. The resulting peptide
was cyclized in the presence of HATU/DIPEA to give 15. Treatment
of cyclic peptide 15 with TBAF to cleave silyl ether of the hydroxyl
group and purification by preparative HPLC provided the pure cyc-
lic peptide 2. The yield of 4 steps was 19% (from 13 to 2). Synthetic
1 and 2 were identical to the natural 1 and 2 in all respects ([a]D,
MS, 1H, 13C NMR, COSY, HMQC, HMBC, NOESY spectra, and HPLC
analysis, see Supplementary data).

To the best of our knowledge, tataricins A (1) and B (2) repre-
sent a new type of cyclotetrapeptide backbone with a 4 2,4Pro side
chain in nature. Therefore, the possible biosynthetic pathway of 1
and 2 should be quite different from other common Compositae-
type cyclopeptides. In general, linear peptidyl backbone of
Compositae-type cyclopeptides could be generated by Nonriboso-
mal Peptide Synthetase (NRPS).17 After the hydrolyzation,
common Compositae-type cyclopeptides could be reached by
immediate cyclization and chlorination. The hydrolyzed linear
peptide might be further modified by elimination, carbonyl transf-
eration, and cyclization, which could lead to compounds 1 and 2
(Scheme 2).

Biological activity of 1 and 2 was tested for cytotoxicity against
BGC-823 and Hela cells as well as immunosuppressive9 activity.
Unfortunately, 1 and 2 are inactive.

In summary, we have isolated two rare cyclotetrapeptides, that
is, tataricins A (1) and B (2), from the traditional Chinese medicine
A. tataricus. Their structures and absolute configurations were
unambiguously determined using a combination of spectroscopic
data, the advanced Marfey’s method, and a total synthesis.
Compounds 1 and 2 possess a unique cyclotetrapeptide backbone
and a 4 2,4Pro side chain, which add a new skeleton to the diverse
group of Compositae-type cyclopeptides. Additionally, the efficient
synthesis of 1 and 2 should allow for the preparation of various
analogues of this kind of cyclic peptide.
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