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Abstract—Four new cyclopeptide alkaloids, lotusines B, C, E and F, were isolated from the root bark of Zizyphus lotus.
Their structures were elucidated mainly by homo- and heteronuclear NMR techniques.

INTRODUCTION

Several species of the genus Zizyphus contain cyclopep-
tide alkaloids, which are particularly common in the Rham-
naceae [1]. In the course of our investigations on Tunis-
ian medicinal plants, we have studied the root bark of Z.
lotus, which is used for its antidiabetic properties in
traditional medicine. An alkaloid mixture of this species
showed significant antibacterial activity [2]. From this
extract, we have isolated a series of six novel cyclopeptide
alkaloids. The structure elucidation of two of them,
lotusines A and D, was published in a previous paper [3].
We report herein on the structures of lotusines F (1), E (2),
C (3) and B (4), which were established mainly by homo-
and heteronuclear NMR techniques.

RESULTS AND DISCUSSION

Extraction of the alkaloid mixture is reported else-
where [3]. The isolation of pure compounds was per-
formed by means of centrifugal TLC on silica gel, follow-
ed by preparative TLC. Besides lotusines A and D [3],
four new cyclopeptides were obtained in the following
order of increasing polarity, lotusines B, C, E and F.

An additional compound was isolated during ex-
traction and was purified by recrystallization from meth-
anol. It was identified as betulinic acid by comparison of
its spectral data ([a]p, mass spectrum, 'H and '3C NMR)
with those in the literature [4].

Lotusines F (1) and E (2) had similar spectral proper-
ties. Their IR spectra showed bands for cyclopeptide
alkaloids, viz.,, NH and/or —-OH, ~-NH-CO, phenol ether
and styryl double bond. The UV spectra exhibited typical
absorption bands for 2,5-dioxystyrylamine derivatives, as
found in 13-membered ring alkaloids [5]. Furthermore, a
bathochromic shift (from 323 to 353 nm, by addition of an
alkaline solution) indicated the presence of a phenolic
hydroxyl substituted styrylamine. In the mass spectra, the
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occurrence of ions a and b indicated that 1 and 2 belonged
to the Zizyphine sub-group [6-8]. As reported in the case
of lotusines A and D, a phenylalanine unit was detected
by the presence of ions at m/z 134 and 148 in 1 and 2,
respectively (3, 8].

Lotusine F (1) exhibited an intense [M + H]" at m/z
521 in its FAB mass spectrum suggesting the molecular
formula C,,H;(N,O5, which was supported by 'H and
13C NMR spectra. The basic structure of this compound
was evident from the appearance of the ion at m/z 429 for
which the structure ¢ ([M — C,H,]*) was proposed
(Scheme 1). The ‘H, COSY and '*CNMR (Tables 1 and
2) spectra showed characteristic signals of the amino
acids isoleucine, hydroxyproline and a N-methylphen-
ylalanine, as described in the case of lotusine D [3].
Analysis of these spectra evidenced the substitution of the
styrylamine unit by two oxygens in ortho- (C-14 at
3148.1) and mera-positions (C-11 at §150.7), as found in
13-membered ring cyclopeptides [9]. The HMQC [10]
and HMBC [11] spectra confirmed the assignment of 'H
and '3C data. The identification of C-4, C-7 and C-21 as
carbonyl resonances was in agreement with *J._y, intra-
residue correlations: C-4/H-5, C-7/H-8 and C-21/H-22
(Fig. 1). The linkage between the various parts of the
molecule was deduced from the most significant 2J._y
and 3J_, interresidue correlations H-2/C-4, H-3/C-4,
H-6/C-7, H-9/C-11 and H-8/C-21. Moreover, the pre-
sence of C-11/H-9, C-11/H-12, C-11 H12', C-14/H-1 and
C-14/H-13' correlations confirmed the substitution of the
styrylamine moiety, namely the positioning of the hy-
droxyl group on C-14. The combined HMQC and
HMBC data also permitted the attribution of the eight
aromatic protons and provided definitive proof of the
structure 1.

Lotusine E (2) gave a weak [M]* at m/z 647 in its EI-
mass spectrum, suggesting the molecular formula
C;36H4oNOq. Similar signals were discernible in the 'H
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Scheme 1. Most significant mass spectral fragments of 1-4.

and COSY spectra of 1 and 2 which indicated that these
two compounds contain common amino acid residues. In
2 (Table 1), the presence of N,N-dimethylleucine as an
additional amino actd was supported by the appearance
of an amide proton resonance (H-28, d, 47.59, which
displayed a correlation with H-22) and by supplementary
signals corresponding to four methyl groups: Me-33 and
Me-34 (d at $0.88 and 0.89, respectively) and Me-35 and
Me-35"(6H, br s at 62.21). In the mass spectrum, this unit
gave an intense peak at m/z 114 (d) [7]. The proton
sequences of the constitutive amino acids of the molecule
were ascertained by correlations observed in the HO-
HAHA spectrum of 2. The }*CNMR spectrum (Table 2)
was in agreement with the nature of constitutive parts of
the molecule. It was similar to that of 1, except for the
change of C-22 (862.7 in 2, instead of 51.2 in 1) and the
lack of the Me-28 resonance frequency, suggesting a
structural modification in the region of N-methylphenyl-
alanine. Furthermore, eight supplementary carbon reson-
ances (one of which corresponded to a carbonyl group,
C-29 at 6 173.8) provided strong evidence for the presence
of N,N-dimethylleucine as the additional amino acid
residue. Asin 1, the combined analysis of the HMQC and

HMBC data (Fig. 1) ascertained the points of attachment
between the constitutive parts of the molecule, parti-
cularly, the terminal position of N,N-dimethylleucine.

Compounds 3 and 4 gave the expected IR and UV
spectra for 14-membered cyclopeptides, as found in lotus-
ines A and D [3]. Their mass spectra displayed fragments
characteristic of amphibine-type compounds [6-8]: m/z
at 135 for a styrylamine, m/z 96 for a proline, m/z 86 for a
leucine or an isoleucine, m/z 91 and m/z 134 for a
phenylalanine [8].

Compound 3 was assigned the molecular formula
C3sH,,NO, based on the presence of a weak [M]™ at
m/z 617 (EI-mass spectrum) and on NMR data. The 'H,
COSY and '3C spectra (Tables 1 and 2) revealed the
characteristic signals attributable to an isoleucine, a
hydroxyproline and a phenylalanine as described in the
case of lotusine D [3]. Another amino acid unit was
deduced from the occurrence of a fourth carbonyl reson-
ance (C-29 at 5172.4), as well as from the appearance of
five supplementary carbon peaks corresponding to three
methyl groups (C-32, C-33 and C-34 at 4184, 19.3 and
42.3, respectively) and two methines (C-30 and C-31 at
0549 and 31.0, respectively). These data suggested the
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Table. 2. '3C NMR spectral data for compounds 1-4 (CDCl;, 75 MHz, 6,

ppm)
C Lotusine D [2] 1 2 3 4
1 114.7 106.0 106.3 1147 1148
2 126.0 122.1 121.8 1254 1255
4 167.5 1674 1673 1670 1669
5 58.9 60.3 60.2 58.6 59.0
7 1715 169.7 169.7 1706 171.3
8 62.8 64.5 64.8 63.9 63.9
9 81.6 76.4 76.5 83.6 83.5
11 157.5 150.7 1506 1574 1574
12 122.6 110.7 1106 1227 1228
12 1227 118.1 118.1 122.5 122.8
13 130.1 122.0 129 1301 130.2
13 132.7 118.6 1184 1325 132.5
14 1327 148.1 1482 1325 1326
15 34.3 355 35.5 353 35.2
16 239 24.6 24.7 23.6 23.6
17 12.2 11.8 11.8 12.1 122
18 16.0 16.2 16.1 158 16.0
19 31.8 322 322 319 319
20 45.8 45.8 46.4 46.8 46.5
21 173.2 173.3 1711 171.6 1702
22 63.9 62.7 512 70.7 49.2
23 39.7 40.0 39.0 326 38.5
24 136.9 1363 1353 139.8 135.9
25,25 128.6 128.7 1287 1283 128.7
26, 26' 129.1 1289 1200 1291 129.1
27 126.8 126.9 1272 1261 127.1
28 355 42— 23 —
29 — — 1738 1724 nd
30 — — 67.1 54.9 67.1
31 — — 36.6 310 36.4
32 — — 25.7 18.4 25.7
33 — — 232 19.3 23.3
34 — — 220 423 219
35, 35’ — — 01— 420

n.d.: not detected.

presence of a methylvaline unit [12] which appeared in
ion e at m/z 526 (Scheme 1). The shift of C-22, C-23, C-24
and C-28 resonance frequencies was in agreement with
the terminal position of the latter amino acid residue. The
combined analysis of HMBC and HMQC spectra of 3
allowed an unambiguous identification of all proton and
carbon resonances. Moreover, the connectivities between
the constitutive parts of the molecule were ascertained by
intra- and interresidue heteronuclear correlations as
shown in Fig. 2; the structure of lotusine C (3) was thus
established. As previously observed in 14-membered cyc-
lopeptide alkaloids [12], conformational constraints in
the macrocycle could induce the non-equivalence of
protons and carbons of each aromatic methine pair (CH-
12 and CH-12', CH-13 and CH-1%'). As shown in Fig. 2,
the observed correlations permitted the linkage of C-13
(6130.1) and C-13' (6132.5) to C-12 (8122.7) and C-12
(6122.5) which, respectively, bore the protons H-12
(67.14) and H-12' (67.28).

Lotusine B (4) was isolated in a small amount. For this

reason, some signals were not detected in NMR spectra.
The mass spectrum showed a [M]* at m/z 631 corres-
ponding to the molecular formula C;cH,(N;O; and an
ion at m/z 274 for which the structure d was earlier
assigned [5]. The *H NMR, COSY and '3C spectra of 4
were very similar to those of 3, suggesting the same basic
skeleton. The main differences observed between these
two compounds consisted in the nature of the terminal
amino acid and the lack, in 4, of an N-methyl group (Me-
28) linked to the phenylalanine unit (as found in 3). This
change induced a strong upfield shift of C-22 from 549.2,
in 4, to 670.7 in 3. The assignment of N,N-dimethyl-
leucine as the terminal amino acid was deduced, as found
in 2, from the appearance of four methyl groups in NMR
spectra and from ion d at m/z 114 (base peak) in the mass
spectrum. All these NMR data suggested the structure 4
for lotusine B (Fig. 3).

The striking feature in this study was the isolation of
two novel 13-membered cyclopeptide alkaloids with a
phenolic group on styrylamine. To our knowledge, only
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Fig. 1. Most significant correlations observed in the HMBC
spectra of 1 and 2.
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Fig. 2. Most significant correlations observed in the HMBC
spectrum of 3.

three compounds belonging to this sub-group have been
previously reported: zizyphine F [5], daechucyclopeptide
1 [13] and compound 3 from Z. mucronata [9].

EXPERIMENTAL

General. 'H and **C NMR were recorded in CDCI, at
300 and 75 MHz, respectively. Chemical shifts are given

Fig. 3. Structure of 4.

on the é (ppm) scale with TMS as tnt. standard. EI-MS
were obtained by direct probe insert. FAB-MS were
measured in the positive FAB mode with glycerin as
matrix. TLC was performed on silica gel K6F Whatman
and centrifugal TLC was carried out on a Chromatotron
apparatus (Harrison Research) on silica gel 60 PF254
(Merck). Alkaloids were detected by spraying with
Dragendorff’s reagent.

Plant material. Collected in March 1992 in the region of
Monastir (locality of Cherahil, Tunisia) and identified by
Pr M. A. Nabli, University of Tunis. Voucher specimens
are kept in the herbarium of the Department of Pharma-
cognosy, Faculty of Pharmacy, Monastir.

Extraction. This was conducted as described in ref. [3].
The alkaloid mixt. (AM) yield was 1.33 gkg ™!

Isolation. The AM was fractionated by centrifugal TLC
(CTLC) on a 4 mm layer of silica gel and eluted in 30 ml
frs with CHCl,~MeOH (49:1) (frs 1-8) and CHCl;—
MeOH (19 : 1) (frs 9-12). Alkaloid 1 was in fr. 11 (111 mg),
2in fr. 5 (96 mg), and 3 and 4 in frs 2-3 (230 mg).

Purification. Compound 1 was isolated from fr. 11 by
CTLC on a 1 mm layer of silica gel and elution in 10 ml
frs with CHC1;~MeOH (99:1) (frs I-1II) and CHCl;~
MeOH (49: 1) (frs IV-XI). Alkaloids 1 and 2 were purified
by prep. TLC from frs VII-IX and 3, respectively, using
CHCI;-MeOH (93:7) as eluent. Compounds 3 and 4
were isolated from frs 2-3 by CTLC on a 2 mm layer of
silica gel eluted in 10 ml frs with CHCl;—-MeOH (99:1)
{frs 1-XI) and CHCI;-MeOH (49 :1) (frs XII-XIV). Al-
kaloid 3 was purified from fr. VII by CTLC [(1 mm; 5 ml
frs; CHCl,—MeOH (49: 1)]. Compound 4 was purified by
prep. TLC from fr. V using CHCl;-MeOH (19:1) as
eluent.

Lotusine F (1). [o]p — 244° (CHCl;; ¢ 0.5). UV jMeOH
nm: 210, 268, 323; AMOH+NaOH 210, 263, 353. FT-IR
vBr em™1; 3272, 2970, 1692, 1211. Positive FAB-MS my/z
{rel. int.): 521 ((M + H] ") (28), [M]~ for C,,H34N,O5),
460 (12), 429 (6), 391 (13), 307 (64), 289 (29), 273 (8), 202
(17), 181 (10), 167 (10), 154 (100), 151 (13), 138 (76), 134
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(29), 124 (24), 107 (44), 96 (8), 91 (20), 86 (6), 89 (31), 77 (29),
65 (13). 'H and '3*C NMR in Tables 1 and 2.

Lotusine E (2). [a]p — 106° (CHCly; ¢ 1.0). UV MeOH
nm: 206, 268, 323, AMeOH+NOH hyy: 312268, 353, FT-IR
vEBr em ~ 1: 3257, 2954, 1684, 1645, 1219. EI-MS m/z (rel.
int.): 647 [M]* (0.5), 590 (1), 442 (5), 359 (6), 289 (0.5), 269
(0.7), 261 (0.4), 245 (0.8), 243 (0.6), 227 (1), 209 (0.7), 202 (3),
190 (1), 185 (1), 181 (1), 177 (1), 165 (0.4), 161 (0.5), 151 (7),
148(100), 134(3), 131(3), 120(6), 114 (100), 98 (7), 96 (4), 91
{6), 86 (10), 84 (10), 72 (26), 69 (21). 'H and '*CNMR in
Tables 1 and 2.

Lotusine C (3). [«]p — 168° (CHCl;; ¢ 0.5). UV JMeOH
nm: 204. TR vSHC cm ~1: 3310, 2960, 1615, 1220, 1045. EI-
MS m/z (rel. int.): 617 [M] ™ (0.3), 603 (0.8), 544 (2), 542 (2),
528 (5), 526 (11), 513 (4), 427 (0.7), 347 (0.9), 344 (5), 316
(0.9), 314 (0.9), 286 (1), 285 (1), 272 (6), 233 (1), 229 (1), 221
(1), 213(2), 203 (3). 183 (6), 169 (9), 156 (24), 148 (100), 135
(33), 134 (100), 105 (24), 100 (17), 96 (5), 91 (17), 86 (15), 77
(12), 69 (33), 68 (19), 56 (22). *H and '*C NMR in Tables 1
and 2.

Lotusine B (4). [«]p (CHCl;; ¢ 0.32) —179°. UV
MEOH 1y 207, 245 (sh). TR vEHSh em = 1: 3310 — 2920 —
1655 — 1225. EI-MS m/z (rel. int.): 631 [M]* (0.9), 574
(0.2), 519 (2), 427 (62), 274 (0.3), 243 (0.4), 227 (1), 209 (0.5),
203 (1.6), 200 (1), 190 (4), 148 (100), 135 (11), 134 (12), 114
(100), 96 (4), 91 (9), 86 (9), 84 (11), 72 (27), 68 (17).
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