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Abstract

From the seeds of Annona glabra\ two new cyclopeptides\ glabrin C ðcyclo!"prolylÐglycylÐtyrosylÐvalylÐleucylÐalanylÐleucylÐvalyl#Ł
and glabrin D ðcyclo!"prolylÐprolylÐvalylÐtyrosylÐglycylÐprolylÐglutamyl#Ł\ have been isolated[ Their structures were elucidated by
chemical and spectral methods[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

In our previous paper "Li et al[\ 0887# we have reported
two new cyclopeptides glabrin A and B from Annona
glabra "Annonaceae#[ As a part of continuing inves!
tigations on Annonaceae cyclopeptides "Li et al[\ 0884\
0886\ 0887\#\ two new cyclopeptides named glabrin C and
D have been isolated from seed extracts of Annona glabra[

1[ Results and discussion

The cyclopeptides\ glabrin C "0# and D "1#\ were iso!
lated from the CHCl2 fraction of the alcoholic extract
of Annona glabra seeds by column chromatography as
previously "Li et al[\ 0887# described[

Glabrin C "0#\ amorphous powder\ gave a negative
ninhydrin reaction and showed a high resolution positive
FAB!MS spectral quasimolecular ion peak at m:z
702[3702 ""M¦0#¦\ 9 5[0 mDa#\ corresponding to molec!
ular formula C30H53N7O8[ IR absorption maxima at 2219
and 0544 cm−0 indicated that the compound might be a
peptide "Tan et al[\ 0882#[ The 399 MHz 0H NMR and
02C NMR spectra clearly showed seven amide NH at d

8[71\ 8[17\ 7[55\ 7[55\ 7[55\ 7[45\ 6[74 and eight amide CO
at d 063[3\ 063[3\ 062[3\ 061[7\ 061[4\ 061[9\ 061[9\ 069[1[
Using0HÐ0H COSY\02CÐ0H COSY and COLOC spectra\
the composition of amino acid residues were determined
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as Pro "0eq#\ Gly "0eq#\ Tyr "0eq#\ Val "1eq#\ Leu "1eq#
and Ala "0eq#\ which indicated that glabrin C appeared
to be a cyclic octapeptide[ The spectral data are shown
in Tables 0 and 1[

The amino acid sequence was determined primarily by
positive FAB!MS which showed the fragments of 0 to 6
as follows]

0[ m:z 044 ðProÐGly¦HŁ¦

1[ m:z 207 ðProÐGlyÐTyr¦HŁ¦

2[ m:z 306 ðProÐGlyÐTyrÐVal¦HŁ¦

3[ m:z 429 ðProÐGlyÐTyrÐValÐLeu¦HŁ¦

4[ m:z 590 ðProÐGlyÐTyrÐValÐLeuÐAla¦HŁ¦

5[ m:z 603 ðProÐGlyÐTyrÐValÐLeuÐAlaÐLeu¦HŁ¦

6[ m:z 702 ðProÐGlyÐTyrÐValÐLeuÐAlaÐLeuÐVal¦HŁ¦

So the structure of the compound\ named glabrin C\ a
cyclic octapeptide was deduced as cyclo!"ProÐGlyÐTyrÐ
ValÐLeuÐAlaÐLeuÐVal#[ This was also con_rmed by the
partial sequence of the following peptides "Equations "0Ð
1## from the correlations between amide CO and NH in
the COLOC experiment "J�09 Hz# "Tan et al[\ 0882#]

Glabrin D "1#\ amorphous powder\ gave a negative
ninhydrin reaction and showed a high resolution positive
FAB!MS spectral quasimolecular ion peak at m:z
628[2513 ""M#¦\ 9 −7[2 mDa#\ corresponding to molec!
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Table 0
0H and 02C NMR spectral data of glabrin C "0# and D "1# "in pyridine!d\ 399 MHz for dH\ 099 MHz
for dC\ TMS#

Glabrin C "0# Glabrin D "1#

H C H C

0 0
1 3[31 "m# 51[1b 1 3[25 "m# 51[7
2 1[94 "m# 18[5 2 1[91 "m#\ 1[09 "m# 18[0
3 0[54 "m#\ 0[80 "m# 14[7 3 0[45 "m#\ 1[91 "m# 14[0
4 2[50 "m#\ 2[61 "m# 37[2 4 2[42 "m#\ 2[55 "m# 36[8
5 062[3 5 061[3d

6 8[71 "br[# 6
7 2[61 "m#\ 3[46 "m# 33[0 7 3[55 "t\ 5[4# 50[3
8 069[1 8 0[71 "m#\ 1[26 "m# 20[7

09 7[45 "d\ 7[3# 09 9[85 "m#\ 0[26 "m# 10[8
00 4[19 "m# 45[9 00 2[30 "m# 36[8
01 2[10 "m#\ 2[25 "m# 26[2 01 060[7d

02 017[8 02 6[64 "d\ 6[5#
03 6[39 "d\ 7[2# 020[9 03 4[91 "d\ 5[0# 44[8
04 6[05 "d\ 7[2# 005[3 04 1[26 "m# 21[8
05 046[6 05 0[01 "d\ 4[8# 06[8
06 063[3 06 0[67 "d\ 5[3# 10[1
07 8[17 "d\ 2[0# 07 060[5
08 3[46 "m# 52[2b 08 7[49 "d\ 6[3#
19 1[40 "m# 29[3 19 4[01 "m# 48[4
10 0[14 "d\ 5[5#a 08[5c 10 2[30 "m# 27[7
11 0[22 "d\ 5[5#a 19[9c 11 017[3
12 063[3 12 6[25 "d\ 6[1# 029[6
13 7[55 "m# 13 6[09 "d\ 5[8# 005[5
14 3[31 "m# 43[2 14 046[8
15 1[07 "m# 27[5 15 062[1
16 0[80 "m# 14[3 16 8[79 "br[#
17 9[89 "d\ 5[4# 10[5 17 3[69 "m#\ 3[94 "dd# 32[6
18 0[91 "d\ 5[3# 12[5 18 069[9
29 061[9 29
20 7[55 "m# 20 3[79 "t\ 3[1# 48[8
21 3[82 "m# 38[8 21 0[71 "m#\ 1[09 "m# 17[7
22 0[74 "d\ 6[1# 07[9 22 0[45 "m#\ 0[71 "m# 15[9
23 061[4 23 2[30 "m# 36[0
24 7[55 "m# 24 060[0d

25 3[46 "m# 43[7 25 7[50 "d\ 6[7#
26 0[65 "m#\ 0[80 "m# 28[8 26 4[19 "m# 40[7
27 0[65 "m# 14[3 27 1[49 "m#\ 1[69 "m# 17[1
28 9[64 "d\ 4[8# 10[4 28 1[69 "m#\ 1[73 "m# 22[0
39 9[79 "d\ 5[0# 11[8 39 7[08 "s# 064[0
30 061[7 30 069[0d

31 6[71 "br[#
32 4[19 "m# 45[9
33 1[3 "m# 21[2
34 0[01 "d\ 5[6#a 07[2c

35 0[07 "d\ 5[7#a 08[2c

36 061[9

Data of Leu0 and Leu1 in glabrin C "0#\ Pro0\ Pro1 and Pro2 in glabrin D "1# and the pairs with
superscripts a\ b\ c\ d are interchangeable[

ular formula C25H38N6O09[ Its IR absorptions maxima
were at 2210\ 0553 and 0511 cm−0[

The 399 MHz 0H NMR and 02C NMR spectra clearly
showed four amide NH at d 8[79\ 7[50\ 7[49\ 6[64 and
one OH of COOH at d 7[08 and seven amide CO at d

062[1\ 061[3\ 060[7\ 060[5\ 060[0\ 069[0\ 069[9 and one
CO of COOH at d 064[2[ Using 0HÐ0H COSY\ 02CÐ0H
COSY and COLOC spectra\ the composition of amino
acid residues were determined as Pro "2eq#\ Val "0eq#\
Tyr "0eq#\ Gly "0eq#\ Glu "0eq#\ which indicated that
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Table 1
0HÐ0H COSY and 02CÐ0H COSY spectra of glabrin C "0#

Amino acid residues 0H Coupling in 0HÐ0H COSY spectra Coupling in 02CÐ0H COSY spectra

Pro N 0
a 1 3[31 "m# b!H1 "1[94# 51[1 "CH#
b 2 1[94 "m# a!H "3[31# 18[5 "CH1#
g 3 0[54 "m#\ 0[80 "m# d!H1 "2[50\ 2[61# 14[7 "CH1#
d 4 2[50 "m#\ 2[61 "m# g!H1 "0[54\ 0[80# 37[2 "CH1#

5 062[3 "CO#

Gly NH 6 8[71 "br[# a!H1 "2[61\ 3[46#
a 7 2[61 "m#\ 3[46 "m# NH "8[71# 33[0 "CH1#

8 069[1 "CO#

Tyr NH 09 7[45 "d# a!H "4[19#
a 00 4[19 "m# NH "7[45#\ b!H1 "2[10\ 2[25# 45[9 "CH#
b 01 2[10 "m#\ 2[25 "m# a!H "4[19# 26[2 "CH1#
Ar 02 017[8 "ArÐC#

03 6[39 "d# 04!H "6[05# 020[8 "ArÐCH#
04 6[05 "d# 03!H "6[39# 005[3 "ArÐCH#
05 046[6 "ArÐC#
06 063[3 "CO#

Val0 NH 07 8[17 "d# a!H "3[46#
a 08 3[46 "m# NH "8[17#\ b!H "1[40# 52[2 "CH#
b 19 1[40 "m# a!H "3[46#\ g!H2 "0[14#\ g!H2 "0[22# 29[3 "CH#
g 10 0[14 "d# b!H "1[40# 08[5 "CH2#
g 11 0[22 "d# b!H "1[40# 19[9 "CH2#

12 063[3 "CO#

Leu0 NH 13 7[55 "m# a!H "3[31#
a 14 3[31 "m# NH "7[55#\ b!H1 "1[07# 43[2 "CH#
b 15 1[07 "m# a!H "3[31# 27[5 "CH1#
g 16 0[80 "m# d!H2 "9[89#\ d!H2 "0[91# 14[3 "CH#
d 17 9[89 "d# g!H "0[80# 10[5 "CH2#
d 18 0[91 "d# g!H "0[80# 12[5 "CH2#

29 061[9 "CO#

Ala NH 20 7[55 "m# a!H "3[82#
a 21 3[82 "m# NH "7[55#\ b!H2 "0[74# 38[8 "CH#
b 22 0[74 "d# a!H "3[82# 07[9 "CH2#

23 061[4 "CO#

Leu1 NH 24 7[55 "m# a!H "3[46#
a 25 3[46 "m# NH "7[55#\ b!H1 "0[65\ 0[80# 43[7 "CH#
b 26 0[65 "m#\ 0[80 "m# a!H "3[46# 28[8 "CH1#
g 27 0[65 "m# d!H2 "9[64#\ d!H2 "9[79# 14[3 "CH#
d 28 9[64 "d# g!H "0[65# 10[4 "CH2#
d 39 9[79 "d# g!H "0[65# 11[8 "CH2#

30 061[7 "CO#

Val1 NH 31 6[74 "br[# a!H "4[19#
a 32 4[19 "m# NH "6[74#\ b!H "1[30# 45[9 "CH#
b 33 1[30 "m# a!H "4[19#\ g!H2 "0[01#\ g!H2 "0[07# 21[2 "CH#
g 34 0[01 "d# b!H "1[30# 07[2 "CH2#
g 35 0[07 "d# b!H "1[30# 08[2 "CH2#

36 061[9 "CO#

glabrin D appeared to be a cyclic heptapeptide[ The spec!
tral data are shown in Tables 0 and 2[

The amino acid sequence was determined by positive
FAB!MS which showed the fragments of 0 to 5 as the
following]

0[ m:z 043 ðGlyÐProŁ¦

1[ m:z 172 ðGlyÐProÐGluŁ¦

2[ m:z 346 ðProÐProÐValÐTyr¦HŁ¦

3[ m:z 383 ðGlyÐProÐGluÐProÐProÐCONH1¦HŁ¦

4[ m:z 545 ðTyrÐGlyÐProÐGluÐProÐProÐCONH1Ł¦

5[ m:z 628 ðProÐProÐValÐTyrÐGlyÐProÐGluŁ¦

With the partial sequence of amino acid residues as the
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Table 2
0HÐ0H COSY and 02CÐ0H COSY spectra of glabrin D "1#

Amino acids residue 0H Coupling in 0HÐ0H COSY spectra Coupling in 02CÐ0H COSY spectra

Pro0 N 0
a 1 3[25 "m# b!H1 "1[91\ 1[09# 51[7 "CH#
b 2 1[91 "m#\ 1[09 "m# a!H "3[25#\ g!H1 "0[45\ 1[91# 18[0 "CH1#
g 3 0[45 "m#\ 1[91 "m# d!H1 "2[42\ 2[55#\ b!H1 "1[91\ 1[09# 14[0 "CH1#
d 4 2[42 "m#\ 2[55 "m# g!H1 "0[45\ 1[91# 36[8 "CH1#

5 061[3 "CO#
Pro1 N 6

a 7 3[55 "t# b!H1 "0[71\ 1[26# 50[3 "CH#
b 8 0[71 "m#\ 1[26 "m# a!H "3[55#\ g!H1 "9[85\ 0[26# 20[7 "CH1#
g 09 9[85 "m#\ 0[26 "m# d!H1 "2[30#\ b!H1 "0[71\ 1[26# 10[8 "CH1#
d 00 2[30 "m# g!H1 "9[85\ 0[26# 36[8 "CH1#

01 060[7 "CO#
Val NH 02 6[64 "d# a!H "4[91#

a 03 4[91 "d# NH "6[64#\ b!H "1[26# 44[8 "CH#
b 04 1[26 "m# a!H "4[91#\ g!H2 "0[01#\ g!H2 "0[67# 21[8 "CH#
g 05 0[01 "d# b!H "1[26# 06[8 "CH2#
g 06 0[67 "d# b!H "1[26# 10[1 "CH2#

07 060[5 "CO#
Tyr NH 08 7[49 "d# a!H "4[01#

a 19 4[01 "m# NH "7[49#\ b!H1 "2[30# 48[4 "CH#
b 10 2[30 "m# a!H "4[01# 27[7 "CH1#
Ar 11 017[3 "Ar!C#

12 6[25 "d# 13!H "6[09# 029[6 "ArÐCH#
13 6[09 "d# 12!H "6[25# 005[5 "ArÐCH#
14 046[8 "ArÐC#
15 062[1 "CO#

Gly NH 16 8[79 "br[# a!H1 "3[94\ 3[69#
a 17 3[69 "m#\ 3[94 "m# NH "8[79# 32[6 "CH1#

18 069[9 "CO#
Pro2 N 29

a 20 3[79 "t# b!H1 "0[71\ 1[09# 48[8 "CH#
b 21 0[71 "m#\ 1[09 "m# a!H "3[79#\ g!H1 "0[45\ 0[71# 17[7 "CH1#
g 22 0[45 "m#\ 0[71 "m# d!H1 "2[30#\ b!H1 "0[71\ 1[09# 15[9 "CH1#
d 23 2[30 "m# g!H1 "0[45\ 0[71# 36[0 "CH1#

24 060[0 "CO#
Glu N 25 7[50 "d# a!H "4[19#

a 26 4[19 "m# b!H1 "1[49\ 1[69#\ NH "7[50# 40[7 "CH#
b 27 1[49 "m#\ 1[69 "m# a!H "4[19#\ g!H1 "1[69\ 1[73# 17[1 "CH1#
g 28 1[69 "m#\ 1[73 "m# b!H1 "1[49\ 1[69# 22[0 "CH1#
d 39 7[08 "m# 064[2 "COOH#

30 069[0 "CO#

following peptide eq[ "2# from the correlations between
amide CO and NH in the COLOC experiment "J�09
Hz#\ the structure

of the compound named glabrin D\ a cyclic heptapeptide\
was elucidated as cyclo!"prolylÐprolylÐvalylÐtyrosylÐgly!
cylÐprolylÐglutamyl#[

2[ Experimental

Glabrin C "0\ 454 mg# and glabrin D "1\ 063 mg# were
obtained from the CHCl2 fraction of the alcohol extract

of Annona glabra seeds by column chromatography as
described in the experimental section in our previous
paper "Li et al[\ 0887#[

2[0[ Glabrin C "0#

Yield 0[9×09−1)\ amorphous powder\ m[p[ 042>C\
ðaŁ18[9

D −24[00> "MeOH^ C 9[124#[ UV lMeOH
max nm

"log o#] 191[4 "3[38#\ 110[4 "2[88#\ 168[4 "1[75#[ IR nmax

cm−0] 2219\ 0544[ For the 0H and 02C NMR see Table 0[
Pos[ FAB!MS m:z] 702 ðM¦0Ł¦\ 603 ðÐN!ProÐGlyÐTyrÐ
ValÐLeuÐAlaÐLeuÐCO¦HŁ¦\ 590 ðÐN!ProÐGlyÐTyrÐ
ValÐLeuÐAlaÐCO¦HŁ¦\ 429 ðÐN!ProÐGlyÐTyrÐValÐ
LeuÐCO¦HŁ¦\ 306 ðÐN!ProÐGlyÐTyrÐValÐCO¦HŁ¦\
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207 ðÐN!ProÐGlyÐTyrÐCO¦HŁ¦ and 044 ðÐN!ProÐGlyÐ
CO¦HŁ¦[

2[1[ Glabrin D "1#

Yield 4[7×09−2)\ amorphous powder\ m[p[ 108>C\
ðaŁ18[0

D −42[43> "MeOH^ C 9[440#[ UV lMeOH
max nm

"log o#] 192[4 "3[43#\ 119[4 "3[03#\ 168[4 "2[06#[ IR nmax

cm−0] 2210\ 0553\ 0511[ For the 0H and 02C NMR see

Table 0[ Pos[ FAB!MS m:z] 628ðMŁ¦\ 545 ðÐNHÐTyrÐ
GlyÐProÐGluÐProÐProÐCONH1Ł¦\ 383 ðÐNHÐGlyÐProÐ
GluÐProÐProÐCONH1¦HŁ¦\ 346 ðÐN!ProÐProÐValÐ
TyrÐCO¦HŁ¦\ 172ðÐNHÐGlyÐProÐGluÐCOÐŁ¦ and 043
ðÐNHÐGlyÐProÐCOÐŁ¦[
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