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122.1 (C-1), 111.8 (C-2'), 148.5 (C-3'), 151.4 (C-4), 110.9 (C-5"),
122.0 (C-6'), 59.8 (C-3-OMe), 60.6 (C-6-OMe), 61.9 (C-7-OMe),
61.5 (C-8-OMeg), 55.7 (C-3'-OMe), 55.4 (C-4-OMe).
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Abstract—From the stem bark of Zizyphus nummularia a 13-membered cyclopeptide alkaloid containing a short side
chain has been isolated. The structure was determined by spectroscopic methods and chemical degradation. Zizyphus
nummularia seems to be closely related to Z. jujuba, Z. sativa and Z. amphibia.

INTRODUCTION

The bark, leaves and fruit of Zizyphus species (Rhamna-
ceae) have been used as folk medicines in tropical and
subtropical countries [1-3]. Chemical investigation of
different Zizyphus species has led to the isolation of
several cyclopeptide alkaloids [4, 5]. Such alkaloids are
polyamide plant bases containing a styrylamine unit as
an integral part of 13-, 14-, or 15-membered macrocyclic
ring; the size of the rings has been adopted as the basis for
classification of the compounds [4]. Zizyphus juazeiro
[6], Z. spina-christi {7] and Z. mauritiana [8] possess
only 14-membered cyclopeptide alkaloids, while Z. abys-
sinica [9] contains only 15-membered alkaloids of this
class. 13- and 15-membered cyclopeptide alkaloids were
isolated from Z. mucronata [10] and Z. oenoplia [11].
However, from Z. nummularia [12-16], just like Z. sativa
[17-22], Z. jujuba [23] and Z. amphibia [24, 25] only 13-
and 14-membered cyclopeptide alkaloids were isolated.
In continuation of our work on cyclopeptide alkaloids
from the Rhamnaceae, we recently reported the isolation
of several alkaloids from the stem bark of Z. nummularia
[26]. We report herein the isolation and characterization
of a further previously undescribed cyclopeptide alkaloid,
nummularine-S (1) from the stem bark of this plant.

RESULTS AND DISCUSSION

The alkaloid (1) was isolated by consecutive TLC and
chromatotron from the polar fractions of the CC. The IR
spectrum showed typical absorptions for cyclopeptide
alkaloids and the UV spectrum showed absorption max-
ima at 318 and 268 nm characteristic of the styrylamine
moiety in 13-membered cyclopeptide alkaloids [27].

The molecular formula of (1) was determined by high
resolution mass spectrometry as C, H;(N,Os ([M]
+m/z 520.2693). The spectrum closely resembled that of
nummularine-C (2), a 13-membered cyclopeptide alkal-
oid with a short side chain [12]. The main fragments
observed in the mass spectrum are listed in Table 1 and
the assignments are depicted in Scheme 1. The identity of
each fragment was substantiated by high resolution mass
spectrometry; the various fragments are represented as
described in ref. [19]. The a-cleavage product a (m/z 86) of
the terminal amino acid leucine or isoleucine formed the
base peak of the spectrum and fragment b was found at
m/z 463. Due to the short side chain, the ions ¢, d, e and m
were absent [20]. The characteristic fragments for the
methoxy styrylamine unit m/z 165, phenylalanine m/z 120
and hydroxyproline m/z 96 revealed the identity of the
units forming the 13-membered heterocyclic ring of the
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Table 1. High resolution mass spectrometry of Acknowledgements—We thank Dr G. Eckhard (Bonn Univers-
nummularine-R ity, Institute of Organic Chemistry and Biochemistry, 5300
Bonn-1, F.R.G.) for MS.

Peak Formula Div. Found Intensity (%)
[M]* CpoH:eN,Os  +04 5202693 117 REFERENCES
a C,H,,N +0.1 86.0971 100 1. Kirtikar, K. R. and Basu, B. D. (1984) Indian Medicinal
b C,5H,,N,O5 — 463 <0.5 Plants, Vol. 1, pp. 588-596. Periodical Expert Book Agency,
f C, H,sN,O,  —14 4351780 7.1 Delhi.
g C,4,H, 4y N;O, — 434 <0.5 2. Ageel, A. M., Mossa, J. S, Tarig, M., Al-Yahya, M. A. and
h  C,;H,N,O0, —14 408.1909 70 Al-Said M. S. (1987) Plants used in Saudi Folk Medicine,
i C,3H,sN;0, —2.1 407.1824 15.1 KACST, pp. 400403, King Saud University Press, Riyadh.
i C,3H,.N;0, —2.3 406.1744 20 3. Irvine, F. R. (1961) Woody Plants of Ghana, pp. 481-484.
q C,3H,sN,0 —0.2 215.1182 4.0 Oxford University Press, London.
r C,4,HsN,O; +0.7 259.1089 0.7 4. Tschesche, R. and Kaussmann, E. U. (1975) The Alkaloids
s C,3H;,N,0, —0.7 233.1283 6.4 (Manske, R.H.F., ed.) Vol. XV, p. 165. Academic Press, New
t C,sH,,NO, ~038 216.1017 25 York.
u C,oH,sN,0, — 338 <0.5 5. Shah, A. H. and Pandey, V. B. (1985) J. Chem. Soc. Pak. 7,
C.H,,NO, —0.7 165.0782 70.9 363,
CgH, (N +0.1 120.0815 10.5 6. Tschesche, R., Shah, A. H., Pandey, V. B, Singh, J. P,
C;H,NO +14 96.0463 8.7 Radloff, M. von and Eckhardt, G. (1981) Pharmazie 36, 511.
C,HgN +0.5 68.0505 9.5 7. Shah, A. H,, Ageel, A. M., Tariq, M., Mossa, J. S. and Al-
Yahya, M. A. (1986) Fitoterapia 6, 452.
8. Tschesche, R., Wilhelm, H., Kaussmann, E. U. and Eck-
molecule. Fragment ions f, g, h, i, j represent the whole hardt, G. (1974) Liebigs Ann. Chem. 1694,
ring system while q, r, s, t, and u show the linkage of 9. Tschesche, R., David, S. T., Zerbes, R., Eckhardt, G. and
different units. The end amino acid was confirmed to be Kaussmann, E. U. (1974) Liebigs Ann. Chem. 1915,
leucine by PC where in the acid hydrolysate of (1) leucine  10. Tschesche, R., David, S. T., Uhlendorf, J. and Fehthaber,
and phenylalanine were confirmed by direct comparison H.-W. (1972) Chem. Ber. 105, 3106.
with authentic compounds. Based on these findings 11. Cassels, B. K., Eckhardt, G., Kaussmann, E. U. and
nummularine-S was proved to have the structure (1) Tschesche, R. (1974) Tetrahedron 30, 2461.
which differed from (2) in having leucine instead N,N- 12, Tschesche, R., Miana, G. A. and Eckhardt, G. (1974) Chem.
dimethyl phenylalanine as the end amino acid and phen- Ber. 107, 3180.
ylalanine instead of leucine as the ring bound amino acid. 13, Tschesche, R., Elgamal, M., Miana, G. A. and Eckhardt, G.
The co-occurrence of 13- and 14-membered cyclopeptide (1975) Tetrahedron 31, 2944.
alkaloids in Z. nummularia is very interesting and may be  14. Tschesche, R., Elgamal, M. and Eckhardt, G. (1977) Chem.
of chemotaxonomic significance. It may indicate a close Ber. 110, 2649.
relationship of this plant to Z. jujuba, Z. sativa and Z. 15, Pandey, V. B, Singh, J. P., Seth, K. K., Shah, A. H. and -
amphibia. Eckhardt, G. (1984) Phytochemistry 23, 2118.
EXPERIMENTAL 16. Dwivedi, S. P., Pandey, V. B, Shah, A. H. and Eckhardt, G.

(1987) J. Nat. Prod. 50, 235.
Mps: uncorr. IR and UV were determined in KBrand MeOH,  17. Tschesche, R., Shah, A. H. and Eckhardt, G. (1979) Phyto-

respectively. MS analysis was performed at 70 eV with evapn of chemistry 18, 702.
the sample in the ion source at ca. 200°. TLC was done on silica  18. Shah, A. H., Pandey, V. B, Eckhardt, G. and Tschesche, R.
gel (Merck 60F,;,) and PC on Whatman No. 1. (1984) Phytochemistry 23, 931.

Extraction and isolation. Stem bark of Z. nummularia (5kg) 19. Shah, A. H,, Pandey, V. B, Eckhardt, G. and Tschesche, R.
was collected and extd as described in ref. [15], semi-solid crude (1985) J. Nat. Prod. 48, 555.
alkaloids (2.8 kg) were obtained. The alkaloid mixt. was fraction-  20. Shah, A. H., Pandey, V. B,, Singh, J. P., Singh, K. N. and
ated on a silica gel (100 g} column eluting with increasingly polar Eckhardt, G. (1984) Phytochemistry 23, 2120.
CHCIl;-MeOH mixts into 8 main fractions. The collected frac-  21. Shah, A. H., Pandey, V. B,, Eckhardt, G. and Tschesche, R.
tions were analysed by TLC proving in every case to be mixts of (1985) Phytochemistry 24, 2765 and 2768.
two or three components. Nummularine-S (2.9 mg) was obtained ~ 22. Shah, A. H., Miana, G. A, Devi, S. and Pandey, V. B. (1986)
by prep. TLC, using chromatotron-2974 for the polar fractions. Planta Med. 6, 500.
For TLC CHCIl,-EtOAc-MeOH (15:1:1) and for chromatotron  23. Tschesche, R., Khokhar, 1., Wilhelm, H. and Eckhardt, G.
cyclohexane-CHCl,-MeOH (10:1:1) were used. (1976) Phytochemistry 15, 541.

Nummularine-S. C,H;cN,O5 ([M]* m/z 520.2693), mp 24. Tschesche, R., Kaussmann, E. U. and Fehlhaber, H.-W.
210-211°, IR v,,,, cm~ !: 3340 {— NH), 2820 (— OMe), 1670 and (1972) Chem. Ber. 105, 3094.
1640 (amide), 2995-2830 (CH), 1610 (C=C), 1220-1030 (aryl  25. Tschesche, R., Spilles, Ch. and Eckhardt, G. (1974) Chem.
ether), UV A, nm: 318 and 268. About 2mg of (1) were Ber. 107, 686.
hydrolysed with 6 M HCI (24 hr) in a sealed tube. The hydrolys- - 26. Shah, A. H,, Tarig, M., Khan, RM.A,, Ageel, A. M. and Al-
ate was evapd to dryness and examined by PC (n-BuOH-H,0- Yahya, M. A. (1988) J. Crude Drug Res. (in press)

Me,CO-NH,, 8:6:1:1) and (n-BuOH-HOAc-H,0, 27. Hindenlang, D. M., Shamma, M., Miana, G. A, Shah, A. H.
4:1:5) [13, 14] using ninhydrin as detection reagent. and Cassels, B. K. (1980) Liebigs Ann. Chem. 447.



