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Abstract—From the bark of Zizyphus sativa, previously undescribed cyclopeptide alkaloid, sativanine-F has been
isolated. The structure was deduced by spectroscopic methods and chemical degradation. It is a 13-membered
cyclopeptide alkaloid and provides the first example of such a naturally occurring N-formyl cyclopeptide alkaloid.

INTRODUCTION

Zizyphus sativa Gaertn is a small tree native to the Hazara
district of Pakistan where it grows wild in hilly areas [2].
The dried fruits of this plant are commonly used for
bronchitis while the bark is used to heal ulcers and
wounds [3]. In continuation of our work on the bark of Z.
sativa [4-7] we now report the isolation and characteris-
ation of a new 13-membered cyclopeptic alkaloid, sati-
vanine F. Sativanine F(1) provides the first example of the
occurrence of a N-formyl cyclopeptide alkaloid in plants.

RESULTS AND DISCUSSION

The alkaloid was isolated by consecutive TLC and
HPLC from fraction-8 of the CC [8]. It gave a very faint
colour with Dragendorff’s reagent. The IR spectrum
showed typical absorptions for cyclopeptide alkaloids and
the UV spectrum gave characteristic absorption maxima
at 320 and 268 nm for 13-membered cyclopeptide al-
kaloids [9].

The mass spectrum of this new cyclopeptide alkaloid
(Scheme 1) which carries a N-formyl group on the
terminal amino acid differs fundamentally from the
spectra of all other known cyclopeptide alkaloids. Since 1
contains no basic amino group, the ionized molecule is
fairly stable, thus giving an intense [M] *, and the usual a-
cleavage products a and b are absent. Instead of this the
base peak is produced by the cleavage of the peptide bond
between N-formylvaline and valine yielding the ion m/z
128 which then eliminates 2 x CO to give m/z 100 and m/z
72. The same cleavage with a hydrogen rearrangement
gives the counterpart m/z 506. The peaks m/z 68, 72, 120
and 165 indicate the presence of hydroxyproline, valine,
phenylalanine and a methoxyhydroxystyrylamine group,
respectively. The composition of the side chain can be

* Part 39 in the series “The Alkaloids of Rhamnaceae”. For part
38, see ref. [1].
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deduced from the fragment I, while n and o prove the
attachment of hydroxyproline to the side chain.
Hydroxyproline is joined to o-methoxy-p-hydroxy-
styrylamine by an ether linkage, as can be seen from the
peaks r, s, t and also to phenylalanine by an amide
bonding as can be deduced from the fragments p and q.
The whole ring system is represented by the ions e, f, hand
i. The elementary composition of all fragments was
substantiated by high resolution mass measurements.

In order to ensure that 1 is not an artefact produced
during extraction with methanol another portion of the
bark was extracted with benzene-ammonia—EtOH. 1 was
isolated again which proves that it is naturally occuring.
Besides 1 a homologue N-methyl sativanine F (2) with
N-formyl-N-methyl valine as the end group was detected
by mass spectrometry. This compound could not be
isolated in sufficient amounts for further investigation.

In order to investigate the mass spectral behaviour of
N-formyl cyclopeptide alkaloids further, the derivatives 3
from sativanine C [6], 4 from nummularine B [10] and 5
from mauritine C [ 11) were prepared. They gave the same
characteristic fragmentation.

In the acid hydrolysate of 1 valine and phenylalanine
were confirmed by PC and comparison with authentic
samples.

EXPERIMENTAL

Mps are uncorr. MS analyses were performed at 70 eV with
evaporation of the sample in the ion source at ca 200°. TLC was
done on silica gel Merck 60 F,5,. For HPLC Zorbox-sil 4.6 mm

x 25 cm was used.

Extraction and isolation. Plant material was collected from the
Hazara District of Pakistan. Crude alkaloids (6.6 g) were ob-
tained by extraction of the powdered bark (10 kg) with MeOH in
the usual manner [12]. Another (5kg) plant material was
extracted with a solvent mixture of CsHgs—ammonia—EtOH
(100:1: 1). The mixture of crude alkaloids was fractionated on a
900 g silica gel M (Gebr. Herrman/K6ln) column, eluting with
increasingly polar CH,Cl,-MeOH mixtures, into 16 fractions.
The chromatographic sepn was maintained using a UV detector
and the collected fractions were analysed by TLC, proving in each
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Scheme 1. Mass spectral fragmentation of sativanine F (1).

case to be a mixture of two or three main components. Sativanine
F (3.5mg) was obtained from fraction-8 by TLC in
cyclohexane-Me,CO-MeOH (35:15:1) and by HPLC in
CHCI;-MeOH (50:1).

Sativanine-F (1). C3,H3NsO, ([M]* 633.3164, calcd for:
633.3162). mp 139-141°; UV A, nm: 320 and 258;

IR v, cm™": 3400, 1670, 1630 (sec. amide), 2820 (OMe), 1615
(C=C), 1190 and 1030 (aryl ether); MS: m/z 633 [M]}*, 605 [M
—CO0]", 506,491, 435,408, 407, 406, 259, 243, 233, 227, 221, 216,
215,195, 165, 128 (base peak), 120, 72, 68. Sativanine-F (2 mg) was
hydrolysed with 6 N HCI (24 hr) in a scaled tube. The hydrolysate
was evapd to dryness and examined by PC (n-BuOH-
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ammonia, 8:6: 1:1) [14] using ninhydrin as spray reagent. Valine
and phenylalanine were identified by comparison with authentic
compounds. .

Formylation. A few mg of sativanine C, nummularine B and
mauritine C were reacted separately with a mixture of
HCO,H-Ac,0 [15] and kept overnight at room temp. After
solvent evapn, purification was carried out by TLC in
cyclohexane-Me,CO (3:1). N-Formyl sativanine-C (2): mp.
130-131°. C30H,43N;0, ([M]* 585.3177, caled for: 585.3163).
MS: m/z 114 (CsHgNO,, base peak), 86 (C4HgNO) and 58
(C3HyN). N-Formyl nummularine-B (3): mp. 210°, [«], 379
(¢ =02, CHCl;) C33H N0, ([M]* 619.3021, calcd for:
619.3006) MS: m/z 585 (M*, base peak), 114 (CsHgNO), 86
(C.HgNO) and 58 (C3H;N). N-Formyl mauritine-C (4): [«]p
—311° (¢ = 0.2, CHCl;) C;0H3N(Os ([M]* 518.2530, caled
for: 518.2530) MS: m/z 142 (C,H,,NO,, base peak), 114
(C6H,2NO) and 86 (CSHl zN).
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