
Preliminary phytochemical studies on Annona members
have revealed the occurrence of constituents representing cy-
clopeptides. In preceding papers, we isolated a series of cy-
clopeptides, glaucacyclopeptide A and cherimolacyclopep-
tides A, B, C, D, E and F from the methanol extract of the
seeds of Annona glauca and A. cherimola, small trees which
grow in Africa, America and Asia and are now cultivated for
their edible fruits in Europe.1—10) This paper reports the iso-
lation and the sequence determination by mass spectrometry
and 2D-NMR of two cyclic peptides, glaucacyclopeptide B
and cherimolacyclopeptide G.

Results and Discussion
A combination of Sephadex LH-20 gel and silica gel chro-

matographies, and finally HPLC, gave glaucacyclopeptide B
and cherimolacyclopeptide G. IR maximal absorptions at
3320 and 1650 cm�1 and a negative ninhydrin reaction indi-
cated that these compounds might be cyclic peptides. Analy-
sis of the total acidic hydrolysate of the compounds, after de-
rivatization, showed the presence of Gly (2), Ile (1), Leu (1),
Met (1), Pro (1) and Tyr (1) for glaucacyclopeptide B and
Ala (2), Gly (1), Ile (1), Pro (2), Tyr (1) and Val (1) for cheri-
molacyclopeptide G. The analysis of amino acids by gas
chromatography of their methylated derivatives indicated that
all the chiral amino acids were L.

The molecular weight and empirical molecular formula of
these compounds was determined by an ESI-TOF mass spec-
trometer. Glaucacyclopeptide B gave a protonated molecular
[M�H]� ion at m/z 732 and [M�Na]� adduct ion at m/z
754, corresponding to molecular weight 731. According to
the amino acid composition, the empirical molecular formula
C35H53N7O8S was deduced. Similarly, the molecular weight
of 768 for cherimolacyclopeptide G was deduced from the
positive ESI-TOF spectrum, which displayed the [M�Na]�

adduct ion at m/z 791 and the protonated molecular [M�H]�

ion at m/z 769, corresponding to the molecular formula
C38H56N8O9.

The CID experiment on the protonated molecular
[M�H]� ion of glaucacyclopeptide B at m/z 732 allowed the
sequence determination. The ring opening occurred at the
Ile/Leu-Pro amide bond level, and a series of adjacent
acylium ions (bn) at m/z 619, 456, 343, 286 and 155 was gen-
erated. The successive loss of Ile/Leu, Tyr, Leu/Ile, Gly, Met
was observed, yielding to the N-terminal dipeptide Pro-Gly
(Fig. 1A). A second series of ions was depicted at m/z 591,
428, 315, 258 and 127, which were assigned to adjacent (an)

series related to the above bn ion series. These results sug-
gested the sequence [H-Pro1-Gly2-Met3-Gly4-Ile/Leu5-Tyr6-
Ile/Leu7]� for the linearized peptide ion derived from this
compound, but with ambiguity related to the respective loca-
tion of Leu and Ile.

Cherimolacyclopeptide G was characterized by the pres-
ence of two proline residues, which gave two specific frag-
mentations. The protonated molecular formula ion [M�H]�

at m/z 769 was subjected to a collisional induced decomposi-
tion (CID) experiment. The ring opening at the -Ala8-Pro1-
bond level gave a series of adjacent acylium ions (bn) at m/z
698, 535, 422, 325, 226 and 155 corresponding to the suc-
cessive loss of Ala, Tyr, Ile, Pro, Val, Ala and yielding the N-
terminal dipeptide Pro-Gly (Fig. 1B). A second linearized
peptide was formed from the [M�H]� ion at m/z 769, due to
the cleavage at the Val4-Pro5 amide bond level, and the re-
sulting b�n and a�n ions were detected (Fig. 1C). The b�n ions
serie was characterized by ions at m/z 670, 599, 445, 374 and
211 corresponding to the successive loss of Val, Ala, Gly-
Pro, Ala, Tyr, and yielding to the N-terminal dipeptide Pro-
Ile/Leu, thus determining the structure cyclo(Pro1-Gly2-Ala3-
Val4-Pro5-Ile6-Tyr7-Ala8) for the natural cyclooctapeptide.

The sequence of glaucacyclopeptide B was determined on
the basis of the HMBC experiment using the connectivities
between the carbonyl of residue i with the amide and/or a
protons of residue i�1. The 3JCH, CO(i) to NH(i�1) and
other significant correlations depicted on the HMBC spec-
trum are shown in Fig. 2A. Thus, the sequence was con-
firmed using the homonuclear method described by
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Fig. 1. CID Fragmentation of the Cyclopeptides

(A) Cleavage of the glaucacyclopeptide B at the Leu7-Pro1 amide bond level, (B)
cleavage of the cherimolacyclopeptide G at the Ala8-Pro1 amide bond level, (C) cleav-
age of the cherimolacyclopeptide G at Val4-Pro5.



Wüthtrich and based on dNN(i,i�1) and daN(i,i�1) connectivities
from the ROESY/NOESY spectra (Fig. 2B).11,12) 3JCH

CO(i) /aH(i�1) correlations between the isoleucine and Tyr6

and between the leucine and Pro1 on the HMBC spectrum,
indicated unequivocally that the Ile residue is at position 5
and Leu at position 7. Chemical shifts of the b and g carbons
of Pro1 at 29.9 and 26.4 ppm, respectively, and the strong
correlation between the a proton of leucine residue with the
dd protons of the Pro indicates that the Leu7-Pro1 amide
bond is trans.13) All these connectivities are in full agreement
with the structure deduced from the mass spectrometry study,
cyclo(Pro1-Gly2-Met3-Gly4-Ile5-Tyr6-Leu7).

The 1H-NMR in pyridine-d5 of component cherimolacy-
clopeptide G showed the presence of six amide protons, as
well as the presence of eight carbonyl groups in the 13C-
NMR spectrum, in agreement with an octapeptide including
two prolines. Similarly, this compound was sequenced using
HMBC and ROESY spectra (Fig. 3). The a proton of Ala8

gave a strong correlation with the a proton of Pro1, indicat-
ing that the Ala8-Pro1 amide bond was cis. Therefore, the
Val4-Pro5 amide bond was cis, because the ROESY spectrum
showed a strong correlation between the a proton of Pro5 and
the a proton of Val4. Further evidence of the presence of two

cis-Pro amide bonds was done by chemical shifts of the b
and g carbons of Pro1 at 32.9 and 22.5 ppm, and Pro5 at 30.8
and 22.4 ppm. The whole data agreed with the cyclic struc-
ture for cherimolacyclopeptide G, the sequence of which was
thus determined as cyclo(Pro1-Gly2-Ala3-Val4-Pro5-Ile6-Tyr7-
Ala8).

Cyclopeptides were always described to have cytotoxic ac-
tivity in vitro against cell cultures. In 3 d, the cytotoxicity ac-
tivities of the two compounds were evaluated on KB (human
nasopharyngeal carcinoma) cell lines. Cherimolacyclopep-
tide G, with an IC50 value of 0.52 mM, was more active in
vitro than glaucacyclopeptide B (IC50 value�16.5 mM). Dox-
orubicin, with an IC50 value of 0.02 mM, was taken as the pos-
itive control.

Experimental
General Experimental Procedures IR spectra were obtained using

KBr discs, and the melting point was determined on a Büchi melting point
B-545 apparatus. Optical rotation was measured with a Perkin-Elmer model
341 polarimeter, and the [a]D

22 value is given in deg. cm2 g�1. 1H- and 13C-
NMR spectra were recorded either (1D 13C) on a Bruker AC 300 spectrome-
ter equipped with an Aspect 3000 computer using DISNMR software or (2D
spectra) on a Bruker Avance 400 spectrometer operating at 400.13 MHz (2D
spectra). Mass spectra were recorded on an API Q-STAR Pulsar i mass spec-
trometer (Applied Biosystems). For the CID spectra, the collision energy
was 40 to 60 eV and the collision gas was nitrogen.

Plant Material Seeds of A. glauca were obtained in October 2001 by
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Fig. 2. Significant Correlations in the HMBC (A) and ROESY (B) Spectra
of Glaucacyclopeptide B

Fig. 3. Significant Correlations in the HMBC (A) and ROESY (B) Spectra
of Cherimolacyclopeptide G



DR Modou LO from Dakar. A voucher specimen (AL 301) is deposited at
Jardin des plantes utiles, Faculté de Médecine et de Pharmacie, Dakar,
Sénégal. Seeds of Annona cherimola MILLER (Annonaceae) were collected in
the south of Spain in December 2000. Samples were authenticated by Pro-
fessor P. Boiteau (National Museum of Natural History, Paris) and a voucher
specimen (VF 10463) is deposited in the herbarium of the Department of
Botany, University of Valencia (Spain).

Extraction and Isolation Details of the methodology of isolation and
purification of cyclic peptides are described in previous papers.6,10) Dried
and powdered seeds were extracted successively with cyclohexane and
methanol. The methanol extract was partitioned between EtOAc and water.
The organic phase was concentrated to dryness and the residue was dis-
solved in MeOH and chromatographed successively on Sephadex LH-20
and silica gel (Kieselgel 60 H Merck) columns, then finally purified by
isochratic reversed phase HPLC (Kromasil C18, 250�7.8 mm, 5 mm, AIT
France; flow rate 2 ml/min, detection 220 nm) using MeOH/H2O: 70/30 to
give glaucacyclopeptide B (16.0 min, 11.3 mg) and 75/25 with 1% TFA to
yield cherimolacyclopeptide G (tR 14.3 min, 57.8 mg).

Absolute Configuration of Amino Acids A solution of compounds
containing 1 mg of peptide in 6 N HCl (1 ml) was heated at 110 °C for 24 h in
sealed tubes. Free amino acid residues were methylated, and the methylated
amino acids were analyzed by CPG (for details see ref. 7). Comparison of
retention time (min) showed that the values were comparable with those of
standards amino acids: DL-Ala (10.6, 11.6), Gly (14.6), DL-Ile (16.2, 16.9),
DL-Leu (18.1, 19.2), DL-Met (27.2, 27.9), DL-Pro (18.0, 18.2), DL-Tyr (31.7,
31.9) and DL-Val (13.4, 13.9).

Bioassays Aliquots of the purified cyclopeptides were dissolved in a
DMSO solution for cytotoxicity evaluation in vitro over 3 d against KB
(human nasopharyngeal carcinoma) cells. Details of the assay procedure are
described in the literature.14)

Glaucacyclopeptide B Colorless solid, mp 232—233 °C (MeOH), [a]D
22

�47° (c�0.1, MeOH); IR (KBr) cm�1: 3320 and 1650. UV lmax (MeOH)
nm (e): 242, 254, 260; 1H- and 13C-NMR (methyl alcohol-D3, OH, 400 Mz,
298 K, TMS): 4.28 (1H, m, Pro1-Ha), 2.22 (1H, m, Pro1-Hb), 1.96 (1H, m,
Pro1-Hb�), 1.15 (1H, m, Pro1-Hg), 1.96 (1H, m, Pro1-Hg�), 3.80 (1H, m,
Pro1-Hd), 3.59 (1H, m, Pro1-Hd�), 4.31 (1H, dd, 17.2, 8.6, Gly2-Ha), 3.54
(1H, dd, 17.2, 3.9, Gly2-Ha�), 8.95 (1H, dd, 8.6, 3.9, Gly2-NH), 4.74 (1H,
ddd, 9.4, 7.5, 7.5, Met3-Ha), 2.20 (1H, m, 14.2, 7.5, 7.5, Met3-Hb), 1.83
(1H, m, 14.2, 7.5, 7.5, Met3-Hb�), 2.49 (2H, dd, 7.7, 7.7, Met3-Hgg�), 2.07
(1H, s, Met3-S-CH3), 8.54 (1H, d, 9.4, Met3-NH), 4.18 (1H, dd, 16.3, 4.6,
Gly4-Ha), 3.65 (1H, dd, 16.3, 5.4, Gly4-Ha�), 8.41 (1H, dd, 5.4, 4.6, Gly4-
NH), 3.97 (1H, dd, 6.3, 5.2, Ile5-Ha), 1.72 (2H, m, Ile5-bb�H), 0.99 (2H, m,
Ile5-gg�H), 0.75 (3H, dd, 7.3, 7.3, Ile5-dCH3), 0.67 (3H, d, 6.9, Ile5-gCH3),
8.18 (1H, d, 6.3, Ile5-NH), 4.45 (1H, m, Tyr6-Ha), 3.21 (1H, dd, 14.1, 4.6,
Tyr6-Hb), 2.96 (1H, dd, 14.1, 11.4, Tyr6-Hb�), 7.10 (2H, m, 8.5, Tyr6-2�6�),
6.71 (2H, m, 8.5, Tyr6-3�5�), 7.89 (1H, d, 7.7, Tyr6-NH), 10.20 (1H, s, Tyr6-
OH), 4.76 (1H, ddd, 10.0, 6.7, 6.7, Leu7-Ha), 1.54 (2H, dd, 6.7, 6.7, Leu7-
Hbb�), 1.63 (1H, m, 13.2, 6.5, 6.3, Leu7-gH), 0.95 (3H, d, 6.5, Leu7-dCH3),
1.00 (3H, d, 6.3, Leu7-d�CH3), 7.32 (1H, d, 10.0, Leu7-NH). 13C-NMR
(methyl alcohol-D3, OH, 400 MHz, 298 K, TMS): 175.2 (Pro1-CO), 62.8
(Pro1-Ca), 29.9 (Pro1-Cb), 26.4 (Pro1-Cg), 48.5 (Pro1-Cd), 171.6 (Gly2-
CO), 44.0 (Gly2-Ca), 173.6 (Met3-CO), 53.0 (Met3-Ca), 33.0 (Met3-Cb),
31.3 (Met3-Cg), 15.4 (Met3-S-CH3), 172.2 (Gly4-CO), 44.2 (Gly4-Ca),
174.0 (Ile5-CO), 61.0 (Ile5-Ca), 37.1 (Ile5-Cb), 25.2 (Ile5-Cg-CH2), 15.6
(Ile5-Cg-CH3), 11.9 (Ile5-Cd-CH3), 173.6 (Tyr6-CO), 58.4 (Tyr6-Ca), 37.7
(Tyr6-Cb), 128.9 (Tyr6-C1�), 130.9 (Tyr6-C2�6�), 116.4 (Tyr6-C3�5�), 157.5
(Tyr6-C4�), 171.9 (Leu7-CO), 50.7 (Leu7-Ca), 43.6 (Leu7-Cb), 25.7 (Leu7-
Cg), 23.7 (Leu7-Cd-CH3), 22.5 (Ile5-Cd�-CH3); ESI-QTOF, m/z: 770
[M�K]�, 754 [M�Na]�, 732 [M�H]�; ESI-QTOF MS/MS on m/z 732
[M�H]� (ce 40 eV) m/z (%): 732 (100), 704 (18), 669 (7), 612 (9), 619
(25), 591 (6), 546 (12), 428 (37), 343 (22), 327 (5), 315 (3), 286 (5), 258
(19), 155 (11), 127 (3).

Cherimolacyclopeptide G Colorless solid, mp 277—278 °C (MeOH),
[a]D

22 �52° (c�0.1, MeOH); IR (KBr) cm�1: 3320 and 1650. UV lmax

(MeOH) nm (e): 242, 254, 260; 1H- and 13C-NMR (pyridine-d5, 400 Mz,

298 K, TMS): 4.80 (1H, dd, 7.1, 1.5, Pro1-Ha), 2.30 (1H, m, Pro1-Hb), 2.15
(1H, m, Pro1-Hb�), 1.70 (2H, m, Pro1-Hgg�), 3.84 (1H, m, Pro1-Hd), 3.61
(1H, m, Pro1-Hd�), 4.61 (1H, dd, 16.9, 6.3, Gly2-Ha), 4.13 (1H, dd, 16.9,
5.9, Gly2-Ha�), 9.37 (1H, dd, 6.3, 5.9, Gly2-NH), 5.15 (1H, dq, 8.5, 6.8,
Ala3-Ha), 1.46 (3H, d, 6.8, Ala3-bCH3), 8.67 (1H, d, 8.5, Ala3-NH), 4.30
(1H, dd, 8.6, 5.1, Val4-Ha), 2.35 (1H, m, Val4-Hb), 1.34 (3H, d, 6.6, Val4-
gCH3), 1.04 (3H, d, 6.9, Val4-g�CH3), 9.93 (1H, d, 5.1, Val4-NH), 4.90 (1H,
d, 6.1, Pro5-Ha), 2.75 (1H, m, Pro5-Hb), 1.75 (1H, m, Pro5-Hb�), 1.85 (1H,
m, Pro5-Hg), 1.65 (1H, m, Pro5-Hg�), 3.75 (1H, m, Pro5-Hd), 3.59 (1H, m,
Pro5-Hd�), 4.76 (1H, dd, 9.1, 9.5, Ile6-Ha), 2.33 (1H, m, Ile6-Hb), 1.65 (1H,
m, Ile6-gH), 1.30 (1H, m, Ile6-g�H), 1.00 (3H, d, 6.8, Ile6-dCH3), 0.83 (3H,
d, 7.4, Ile6-gCH3), 9.16 (1H, d, 9.1, Ile6-NH), 5.51 (1H, ddd, 8.3, 7.0, 6.4,
Tyr7-Ha), 3.36 (1H, dd, 7.0, 13.8, Tyr7-Hb), 3.12 (1H, dd, 6.4, 13.8, Tyr7-
Hb�), 7.40 (2H, m, 8.4, Tyr7-2�6�), 7.12 (2H, m, 8.4, Tyr7-3�5�), 8.12 (1H, d,
8.3, Tyr7-NH), 11.40 (1H, s, Tyr7-OH), 5.00 (1H, m, Ala8-Ha), 1.30 (3H, d,
7.1, Ala8-bCH3), 10.37 (1H, d, 8.0, Tyr7-NH). 13C-NMR (pyridine-d5,
400 MHz, 298 K, TMS): 173.8 (Pro1-CO), 61.5 (Pro1-Ca), 32.9 (Pro1-Cb),
22.5 (Pro1-Cg), 46.7 (Pro1-Cd), 169.0 (Gly2-CO), 45.0 (Gly2-Ca), 175.7
(Ala3-CO), 48.4 (Ala3-Ca), 16.4 (Ala3-Cb), 171.7 (Val4-CO), 60.0 (Val4-
Ca), 30.5 (Val4-Cb), 19.3 (Val4-Cg), 19.0 (Val4-Cg�), 171.9 (Pro5-CO), 61.8
(Pro5-Ca), 30.8 (Pro5-Cb), 22.4 (Pro5-Cg), 47.4 (Pro5-Cd), 170.5 (Ile6-CO),
61.3 (Ile6-Ca), 36.3 (Ile6-Cb), 25.5 (Ile6-Cg), 16.1 (Ile6-Cd-CH3), 10.3 (Ile6-
Cg-CH3), 172.3 (Tyr7-CO), 54.8 (Tyr7-Ca), 39.7 (Tyr7-Cb), 127.9 (Tyr7-
C1�), 130.9 (Tyr7-C2�6�), 116.4 (Tyr7-C3�5�), 157.8 (Tyr7-C4�), 172.4 (Ala8-
CO), 47.4 (Ala8-Ca), 17.5 (Ala8-Cb). ESI-QTOF, m/z: 807 [M�K]�, 791
[M�Na]�, 769 [M�H]�; ESI-QTOF MS/MS on m/z 769 [M�H]� (ce
40 eV) m/z (%): 769 (100), 741 (20), 698 (13), 670 (55), 642 (13), 599 (10),
571 (2), 535 (15), 507 (7), 445 (10), 422 (10), 417 (21), 396 (34), 394 (3),
374 (63), 325 (56), 297 (31), 226 (16), 211 (16), 183 (14), 155 (3).
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