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according to the method of Torssell and Wahlberg.’ Column chromatography first on 
silicic acid and next on neutral alumina yielded a purified alkaloid fraction. 

Actinidine. TLC of the purified alkaloid fraction, or of the CHCl,-MeOH extract on 
silica gel HF in CHCl,-MeOH (5: I), or in EtOAC-iso-PrOH-NH,OH, (45: 35: 20), 
yielded several Dragendorff’s positive bands. Preparative TLC of the Dragendorlf’s positive 
band with the highest R,, in hexane-acetone-Et,NH (4: 1: l), yielded a purified Dragen- 
dorff’s positive band with the same retention time as that of authentic actinidine. GLC 
on a 3.6 m x 6 mm glass column, packed with 15 % Carbowax 20 M on Anakrom ABS, 
using a modified Barber-Colman Model 5000gas chromatograph5 equipped with a hydrogen 
flame detector, yielded a symmetrical peak with the same retention time as that of authentic 
actinidine. Co-chromatography with authentic actinidine confirmed the identification. Mass 
spectra of the isolated compound was very similar to that of authentic actinidine. Major 
fragment ions found in the mass spectrum of this compound were M+ 147, m/e 132 
[M-CH,], m/e 117 [M-CHJ- CHB] and a metastable ion at m/e 103.8 conllrming the 
transition m/e 132, m/e 117 + 15, which agrees with the published mass spectrum by Auda 
et aL6 

Mass spectra. The prototype5 of the LKB-9000 gas chromatograph-mass spectrometer, 
(LKB Instruments Incorporated, Rockville, Maryland), was used. The instrument was 
operated at 70 eV, 3.5 kV accelerating voltage, 20 PA trap current, 290” ion source temp., 
160” column temp. and a helium flow rate of 20 ml min. 
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Abstract-Three rare naturally occurring flavonol 3-methyl ethers have been isolated from stems of Afia- 
momum giganteum: kaempferol3,7,4’-trimethyl ether, quercetin 3,7,4’-trimethyl ether (ayanin) and quercetin 
3,7,3’,4’-tetramethyl ether (retusine). The following compounds have also been isolated: chrysophanol, 
physcion, 2,6dimethoxybetuoquinone and t%sitosterol. Phytochemical aspects of the flavonoids occurring 
in the Zingiberaceae are discussed. 

INTRODUCTION 

Aframomum giganteum K. Schum. (syn. Amomum giganteum Oh. and Hanb., Zingiberaceae), 
grows in the tropical zone of Central Africa. The plant reaches a height of 5-6 m and all the 
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parts have a very intensive and characteristic smell. Natives use stems, leaves, seeds and 
fruits for many purposes; in particular the plant seems to have healing properties. Few 
Aframomum species have so far been investigated and then only as far as the essential oils 
are concerned.‘*’ This is the first investigation on the pigments occurring in this genus. 

RESULTS AND DISCUSSION 

The stems have been successively extracted with hexane, CHCIJ and 95% EtOH. 
From the first extract chrysophanol (1,8-dihydroxy-3_methylanthraquinone), physcion 
(1,8-dihydroxy-3-methoxy-Gmethylanthraquinone), kaempferol 3,7,4’-trimethyl ether and 
quercetin 3,7,3’,4’-tetramethyl ether have been isolated. In the CHCI, extract the presence 
of 2,6-dimethoxybenzoquinone and quercetin 3,7,4’-trimethyl ether could be proved, 
whereas P-sitosterol was found in the last extract. The structures of all compounds were 
established by spectroscopic methods (IR, UV, NMR, MS) and confirmed by comparison 
with authentic samples. For chrysophanol,3-5 physcion, 3*5 2,6-dimethoxybenzoquinone6 

and @itosterol’ data were identical with those reported in the literature. In the case of the 
three flavonol 3-methyl ethers, already known from other natural sources, literature data 
were lacking or did not agree with ours, possibly because recorded under different condr- 
tions. Therefore, we discuss briefly the assignment of then structures. Since the amounts 
isolated were insufficient for chemical methods to be used, we relied on spectroscopic 
evidence. 

P 
,,OCH3 

CH30 /y/o 

Y 4 -\ /’ lR 
T R=H mol wt = 328 

$6:.-.j1;‘“C”. 

II: R=OCH3mol wt=358 

111: R=OH mol wt z 344 

0 

The UV spectra were indicative of the flavonol nucleus. The parent peak in the mass 
spectra, which is also always the base peak, gave the exact molecular weight for I, II and 
III. Bathochromic shifts (50-55 nm) in the UV spectra, when AICl, was added,8 together 
with the presence of a hydrogen bonded conjugated carbonyl group in the IR and of a 
hydroxyl shifted downfield owing to hydrogen bonding in the NMR spectrum, indicated a 
Shydroxyflavone system for all three compounds. The 3-methoxyl group in I-III was 
deduced from the benzene induced shifts of the OCH, resonances (see Table I). Only one 
OCH, showed a small shift.9 Furthermore the strong (M-43) cation in the mass spectra 
was ascribed to the loss of an acetyl radical from the 3-position.” Beside the 3-OMe, 
two other methoxyl groups were present m the NMR spectra of I and III, and three methoxyl 
groups in the NMR of II. The substitution pattern of the A rmg was identical for the three 

1 E. GILDEMEI~TER and FR. HOFFMANN, Die k’etherischen f%e, Vol. IV, pp. 502-506, Akademie Verlag, 
Berlin (1956). 

’ G. EGLINTON and R. HAMILTON, Phytochem. 4, 197 (1965). 
3 H. BLOOM, L. H. BRIGGS and B. CLEVERLEY, J. Chem. Sot. 178 (1959). 
4 A I. SCOW, Ultra-violet Spectra of Natural Products, p. 290, Pergamon Press, Oxford (1964). 
’ A. W. K. CHAN and W. D. CROW, Austral. J. Chem. 19,170l (1966) 
6 J. POLONSKY and E. LEDERER, Bull. Sot. Chem. France 1157 (1959). 
’ E. S. WALLIS and P. N. CHAKRAVORTY, J. Org. Chem. 2, 335 (1937). 
* T. J. MABRY, K R. MARKHAM and M. B. THOMAS, The Systematic Identification of Flaconoids, Sprmger- 

Verlag, Berlin (1970). 
’ R. G. WILSON, J. H. BOWIE and D. H. WILLIAMS, Tetrahedron 24, 1407 (1968). 

lo J. H. BOWIE and D. W. CAMERON, Austral J. Chem. 19, 1627 (1966). 
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TABLE 1. CHEMICAL SHDFIS OF PROTONS IN 6 ppm 
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A Ring* B Ring* 5-OH* OCHa 

Compound H-6 H-8 H-2 H-6’ H-3’ H-5’ CD& c;, 

I 6*35t 6.45t 8.07: 7.02: 12.7s 3.87 (6H)B 3.18 (3H)y 
3.89 (3H)T 3.28 (3H)T 

3.71 (3H)T 
II 6.35t 6.45t 7.69-7.85** - 7.0t.f 1264s 3.89 (6H)B 3.21 (3H)‘ll 

3.98 (6H)T 3.40 (3H)B 
3.52 (3I-I)y 
3.78 (3H)T 

III 6.35t 6.45t 7.68-783+* - 6.98tt 12.621 3.89 (6H)y 3.11 (3I-I)T 
4.00 (3H)lI 3.15 (3H)T 

3.71 (3H)yj 
-- 

* In CD& TMS=O. 
t Doublet J = 2.5 c/s. 
z Doublet J = 9 c/s. 
§ Singlet, disappearing with DpO. 
11 singlet. 
** multiplet. 
tt doublet J = 9.5 c/s. 

flavonols as indicated by the correspondence in the NMR spectra, which showed an AB 
system of two aromatic protons (H-6 and H-8) with typical m&u-coupling constants (centred 
on their chemical shifts) (see Table 1). The remaining four aromatic protons of compound I 
formed an A,B, system, showing the presence of a para-substituted B ring, with the last 
OCH3 in 4’. The spectral information was therefore sufficient to identify I as kaempferol 
3,7,4’-trimethyl ether. In the NMR spectra of II and III the remaining three aromatic 
protons formed the characteristic pattern for a 3’,4’-disubstituted B ring (see Table 1). 
Structure of quercetm 3,7,3’,4’-tetramethyl ether (retusine) was assigned to II. 

For compound III, the assignment of the last free hydroxyl group either to the A or to 
the B ring was made from the UV spectrum. * The absence of a shift in the 271 nm band 
on treatment with AcONa indicated that the 7-OH was protected by methylation. Further- 
more no shift of the 357 nm band was observed by addition offused AcONa to the methanolic 
solution while treatment with CH,ONa produced a shift of only 33 nm and a lowering of the 
band intensity. These data were sufficient to exclude the 4’-position for the free OH group 
and to place it in the 3’-position. Therefore the structure of quercetin 3,7,4’-trimethyl 
ether was assigned to III. 

CONCLUSIONS 

The three flavonol 3-methyl ethers isolated from Aframomum giganteum are rare 
naturally occurring compounds. Previously each of them had been found only once in 
widely differing dicotyledonous families : I in the leaves of Cheilanthes farinosa (Polypodi- 
aceae),ll II in Ariocarpus retusus (Cactaceae) l2 and III in the heartwood of Distemonanthus 

I1 H. ERDTMAN, L. NOVOTNY and M. ROMAIWK, Tetrahedron Suppl. 8, Part I, 71 (1966); S. RANGA~WAMI 
and R. THANU IYER, Indian J. Chem. 7,526 (1969). 

I2 X. A. DOMINGUEZ, R. H. RAMIREZ, 0. L. UGAZ, J. GARCIAD and R. KETCHAM, Planta Med. 182 (1968). 
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benthamianus (Leguminosae). l 3 Previously it was suggested that a characteristic feature of 
the flavonoids in the Zingiberaceae is the absence of a free hydroxyl group on the B ring.” 
Furthermore, of the kaempferol methyl ethers, only the 4’-methyl ether (kaempferide) has 
been found in the rhizome of Alpima oficinarum. l5 Recently kaempferol 7-methyl ether 
(rhamnocitrm) and kaempferol 3,7-dimethyl ether (kumatakenm) have been isolated from 
the seeds of Alpinia japonica16 and of Alpinia kumatake. l7 rn the last species, kaempferol 
and quercetm are also present. It is interesting to note that, while kaempferol methyl 
ethers seem at present to be restricted in the Zingiberaceae to Alpinia and Aframomum 
species, the quercetin methyl ethers have been hitherto found only m A. giganteum. A common 
feature of most of these derivatives, possibly of some taxonomic importance, is the presence 
of a 7-methoxyl group and of a free 5-hydroxyl group. 

Quinones, never found before in the Zmgiberaceae, are not as widespread in the mono- 
cotyledons as in the dicotyledons. Naphthoquinones have been isolated from the Iridales, 
and with anthraquinones from the Liliales. l4 Fmally, it is noteworthy that chrysophanol, 
physcion, (widely occurring in the Polygonaceae and Rhamnaceae) and 2,6-dimethoxy- 
benzoquinone have been found for the first time together m the same species, and to our 
knowledge, for the first time in the monocotyledons. 

EXPERIMENTAL 

Plant material. The stems of Aframomumgiganteum collected in the Central African Republic was provided 
by Prof. M. Pavan, Instrtute of Entomology of Pavia. The identity of the species has been checked by Prof. 
R. Tomaselli, Botanical Institute of this University. 

Isolation of compounds. 65 kg of stems were extracted by percolation with hexane. A second sample 
(4 kg) was also extracted with CHCIB and 95 % EtOH. 

From the hexane extract, after removing the volatile compounds by steam distillation and the fatty acids 
with 10% NaHC03, phenolic compounds were isolated with 5% NaOH. By srlicic acrd chromatography 
of the mixture (2.2 g) two coloured fractions were obtained. the former (A fractron), eluted with C,H,- 
CHCI, (1.1) developed a red colour by treatment with bases, the latter (B fraction), eluted wtth CHCl,- 
ether (2: 1) afforded two spots on TLC yellow brown in UV light, changmg to yellow with bases. 

By polyamide column chromatography of fractron A (eluant: EtOH-HOAc-HC02H, 5:l:l) two 
anthraquinones were separated: chrysophanol(22 mg, m.p. 1944195”) and physcron (5 mg, m.p. 205-207’) 
Preparative TLC of fractron B, successively eluted with C,H,-CHCI, (1: 1) and with C6H6-CHC13-ether 
(5.5: l), afforded kaempferol 3,7,4’-trimethyl ether (I) and quercetm 3,7,3’,4’-tetramethyl ether (II). The 
residue of the CHCIJ extract was chromatographed on srhc~c acid, 19 fractions werecollectedandmomtored 
by TLC, only one fractton eluted with CHCl,-CH,OH (4:1) was exammed. Treatment with rsopropyl 
ether gave a gold yellow precrpitate (2 mg), which was identtfied as 2,6-dimethoxybenzoquinone. Washmgs 
of the mother liquors wtth 5% NaOH ytelded quercetin 3,7,4’-trtmethyl ether (III) From the alcohohc 
extract /3-sttosterol (11 mg) was obtamed by routme separatton. 

Kaempferol3,7,4’-trimethyl ether (I), 19 mg, m.p. 145-147” (lit.” 144-147” and 143-145’). vrnal (KBr) = 
3440 (OH), 1655 (CO), 1600 and 1585 (CC) cm-r. h Ea:H269, 320 sh and 349 nm (log E 3.82, 3.67; 3.75), 
shrft wtthAlCl,55 nm. NMR: seeTable 1. MS (7OeV, DIS 170”): 328 (M’, 100x), 327 (75”4), 299 (M-CHO, 
12x), 285 (M-CH,CO, 49x), 150 (24>;), 135 (23 %) 

Quercetin 3,7,3’,4’-tetramethyl ether (vetwine) (II), 15 mg; m.p. 158-160” (ht.r2 160-161’). Y,,, (KBr) = 
3440 (OH), 1655 (CO), 1607 and 1580 (C=C) cm-‘. Xmax EtoH213, 255, 270, and 356 nm (log E 4 52; 4.28; 
4 21; 4 24); shaft with AlC13 50 nm NMR: see Table 1. MS (70 eV; DIS 250): 358 (M+, loo%), 357 (57%), 
343 (M-CH,, 53%) 327 (M-CH30, 19x), 315 (M-CH,CO, 68x), 167 (18x), 165 (43%), 150 (18%), 149 
(23x), 142 (16x), 136 (13x), 119 (16%). 

Quercetrn 3,7,4’-trimethyl ether (ayanm) (III), 2 mg; m.p. 174175” (lu.‘3 172-173”); v,,,~~ (KBr) = 3400 

I3 F. E. KING, T. J. KING and K. SELLARS, J. Chem Sot. 92 (1952). 
r4 J. B. HARBORNE, Comparative Biochemtsfry of the Flaconords, p. 248, Academic Press, London (1967). 
I5 E. JAHNS, Ber. 14, 2384 (1881). 
r6 Y K~MURA M. TAKIDO and S. TAKAMASHI, Yakugaku Zasshi 87, 1132 (1967); Clrenr Abs. 68, 10232 

(1.968). ’ 
I7 Y. KIMURA, M. TAKIDO, S. TAKAMASHI and M. KIMISHIMA, Yakugaku Zasshi 87, 440 (1967), Chem. Abs. 

67, 99947g (1967). 
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(OH), 1650 (CO), 1600 and 1580 (C==C) cm-‘. NMR: see Table 1. Xmax Mcon (log l ) 257 (4.37), 271 (4.29) and 
357 (4.31) nm; + NaOMe, 268 and 390; + AK&, 241 sh, 271,280 sh, 302 sh and 410; + NaOAc, 257,271 
and 357 nm; MS (70 eV; DTS 100”): 344 (M+, 100x), 343 (83x), 329 (M-CH,, 13x), 301 (M-CH,CO, 
43%) 167 (15x), 158 (18x), 151 (11%). 
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Abstract-Pegaline, an amino acid from PeguZum harmala, has been Identified as L(-)+hydroxypipecolic 
acid. 

SIDDIQUI and Kemal reported1 in 1964 the isolation of an amino acid m.p. 295-296” from 
the seeds of Peganum harmala, which they provisionally named pegaline. It analysed for 
C6H1103N, gave a yellow colour with ninhydrin characteristic of proline and a positive 
pine chip test. The presence of a secondary function was indicated by the formation of a 
nitroso compound on reaction with nitrous acid. On the basis of these observations the 
authors concluded that pegaline contains a five membered heterocyclic ring. 

The present investigation of pegaline, [cz]g -14.6 (2 % in H,O), showed that the 
colour developed with ninhydrin depends greatly on the time and temperature of subsequent 
heating, and may appear as dull yellow to greyish green or purple. 

The IR spectrum (Nujol) showed a strong band at 1605 cm-’ due to -COO- and two 
peaks of medium intensity at 3120 and 3260 cm-’ due to > NH and -OH groups. 

The NMR spectrum of pegaline in DzO did not reveal any peak which may be ascribed 
to -OCH,, >N-CH, or C-CHJ. The mass spectrum showed a molecular peak at 145, a 
(M-COOH)+ peak at 100 but no (M-CH,)+ or (M-CH,OH)+ peaks. The latter peak 
is present, for example, in the ethyl ester of 4-hydroxymethyl proline.’ On spraying with 
isatin in BuOH-EtOH, pegaline gave a dull green colour characteristic of piperidine 
derivatives and no intense blue colour like pyrollidine derivatives.3 Pegaline thus appeared 
to contain a six membered heterocyclic ring instead of five membered ring. 

r S. SIDDIQUI and R. KEMAL, Pakistan J. Sci. Ind. Res. 7, 1 (1964). 
2 K. BWNN, G. G. J. DEFFNER and F. C. STEWARD, Nature, Land. 191, 380 (1961). 
3 A. C. HULME, Nature, Land. 174, 1055 (1964). 


