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Abstract-Three quinoline alkaloids and two lignan lactones were isolated from Haplophyllum tuberdatum. 
Physicochemical and spectral evidence established the structures of two of the alkaloids as a new quinoldione, 3-(l’,l’- 
dimethylallyl~3-(3”J”dimethylallyl)_1,2,3,4-tetrahydro-2,4-quinoldione and the known 4-(3’,3’dimethylallyloxy)-3- 
(3”,3”dimethylallyl)-2(lH)quinolone. The former was shown to undergo facile 13.31~sigmatotropic transformation 
into the latter. The remaining compounds were identified as the known Polygamain, kusunokinin and I-methyl-2-n- 
nonyl4( lH)-quinolone. 

INTRODIJCTION 

In our earlier work [ 1.23 when we isolated and character- 
ized several 1aryl-2,3-naphthalide lignans and the al- 
kaloid (+ttuberine, silica gel chromatography of the 
chloroform extract from the aerial parts of Huplophyllum 
tuberculatum plants yielded 164 fractions. Careful exam- 
ination by analytical TLC and separation by preparative 
TLC of the residues from separately combined groups of 
these fractions resulted in the isolation of the lignan 
lactones 3 and 4 and the Cquinolone alkaloid 5. 

Separation by preparative TLC of alkaloids of the 
residue from the petrol extract of the plant led to the 
isolation of the 2,4quinoldione alkaloid 1 and the 2- 
quinolone alkaloid 2. At the concentrations of 
0.1-1.0 &ml the lignan lactone 3 showed strong 
antibacterial effects on Staphylococcus aureus and 
Escherichia coli when examined by the disk inhibition 
zone technique. This effect is presumably due to the well 
established antimitotic activity of podophyllotoxin lignan 
series [3, 43. 

RESULTS AND DISCUSSION 

The structure of compound 1 was assigned on the basis 
of the spectral and physicochemical data set out in the 
experimental section. These data were in close accord with 
those reported for similar 3.3disubstituted 2,4quin- 
oldione type alkaloids [S-9]. The UV spectrum indicated 
the presence of a 2,4quinoldione chromophore. The 13C 
and ‘H NMR spectra contained nine carbon signals and 
five (lH, amide 4H, benzoid) one-proton resonances 
attributable to this moiety respectively. The benzoid 
region in the 400 MHz ‘H NMR spectrum of 1 revealed 
the C-5 proton doublet of doublets (67.87) and C-7 
proton triplet of doublets (67.49) at lowefield to the C-6 
proton triplet of doublets (67.09) and C-8 proton doublet 
of doublets (66.92). This was attributed to H-S and H-7 

being subjected to proximate and/or conjugate deshield- 
ing effects (mesomeric effects) of the 4-carbonyl function. 
The IR spectrum exhibited absorption bands at 3200, 
1655 (-HNCO-) and 1695 cm-’ (ArCO-) whereas the 
“C NMR spectrum displayed the 2- and 4uubonyl 
signals at 6173.4 and 196.1 respectively. The ‘% and 
‘H NMR spectra disclosed also the characteristic 
chemical-shift positions of carbon and proton absorp- 
tions ascribable to C-3 attached l’,l’dimethylallyl and 
3”,3”dimethylallyl chains. The former C-l” signal ap- 
peared at 643.9 and the latter C-3” resonance occurred at 
6 135.0. The structure of the l’,l’dimethylallyl unit was 
defined by the upfield nonequivalent geminal dimethyl 
singlets (6 1.13 and 1.15) and the down-field three vinylic 
proton ABX system (6,, 4.91 and 

% 
5.90). While that of 

the 3”,3”dimethylallyl unit was verl ed by the nonequi- 
valent vinylic geminal dimethyl singlets (?I 1.50 and 1.68) 
and the three proton ABX system comprising the non- 
equivalent AB methylene protons (6 
X vinylic proton (44.76) which was P 

2.79 and 6a2.88) and 
urther coupled to the 

allylic geminal dimethyl protons. The geminal anisoc- 
hronies of the C-l’ attached dimethyls and C-l’ AB 
protons were attributed to the chiral perturber centre at 
C-3 which is three and two bonds separated from the 
aforementioned sensors respectively [lo]. The APT 
“C NMR spectra [l l] differentiated the various carbon 
atom types to which the assignment of the respective 
chemical-shift positions were made by reference to the 
literature [S-73. The high resolution mass spectral data 
corroborated the IR, UV, ‘H NMR and “CNMR 
findings and showed besides [M] + at m/z 297, the other 
diagnostic fragment ions which were consonant with 
structure 1. 

To substantiate that alkaloid 1 is a natural constituent 
of H. ruberculatum perennial herbs, carefully dried and 
powdered aerial parts of flowering plants were stirred for 
an hour with ether and the amount of 1 and 2 in the ether 
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extract determined by a combination of preparative TLC 
and UV spectroscopy. The results, which were repeatable, 
showed the occurrence of 1 and 2 in an almost 1: 1 ratio in 
the fresh powdered plants. On storage, however, there was 
a gradual decrease in the amount of 1 with a concomitant 
increase in that of 2 until an approximately 1:4 equili- 
brium mixture had been established. Further confir- 
matory evidence for the aforementioned interconversion 
was provided by the finding that on application of 1 and 2 
as pure compounds to separate preparative silica gel 
plates 24 hr before development resulted in the conver- 
sion of each alkaloid to an 1:4 equilibrium mixture of 1 
and 2 respectively; indicative of the four fold faster rate of 
formation of 2 from 1 via the facile [3,3]-sigmatotropic 
transformation of the chiral centre of the l’,l’dimethyl- 
ally1 substituent to the C-4 oxygen, than that of 1 from 2 
by the sluggish Claisen rearrangement of the ethereal 3’,3’- 
dimethylallyl moiety to C-3. The observation that 1 shows 
no optical activity can readily be explained by examining 
its Drieding mode1 which shows that the fused tetrahydro- 
pyridione ring of this alkaloid’s presumably biosynthetic 
enantiomer is conformationally mobile and interconver- 
tible between two half-chair pseudo-ant&&l confor- 
mers which are most likely of equal and opposite molecu- 
lar rotations. The finding thus are best reconciled in terms 
of structure 1 which has been encountered in nature for 
the first time. The individual spectral and physicochemical 
properties of the remaining four compounds isolated 
(2-5) were as described in the experimental section and 
correspond closely to those reported for 4-(3’.3’di- 
methylallyloxy)-3-(3”,3”dimethylallyl)-2 (1H)quinolone 
(2) [12], 1-methyl-2-n-nonyl4 (1H)quinolone (5) [13], 
(lR, 2R, 3R)-2,3-trans-6,7-methylenedioxy-1-(3’,4’- 
methylenedioxypheny1)-1,2,3,4-tetrahydro-3-hydroxy- 
methylanaphthalene-2-carboxylic acid lactone (3) [ 14,151 
and (2R,3R)-( -)-2,3-trans-2-(3’,4’-methylenedioxyben- 
zyl)-3-(3”,4”dimethoxybenzyl) butyrolactone (4) [163. 

EXPERIMENTAL. 
Spectral measurements, microanaly~ optical rotations 

and Mp wrc carried out as described in a previous paper [l]. 
Isolation of quinoline alkzloids and lignan lactones. Rqxatcd 

prep. TLC (silica ~1) of the crude alkaloidal constituents of the 
residue of the petrol extract [l] gave a blue fluonzing alkaloid 
(1, R,0.83 on tlorisil developed with Et+hexanel, 1: 1; d&x- 
tion by UV fluorescence) and a violet fluorescing alkaloid (2, 
(R, 0.49). Recrystallization of the former from EtOAc-petrol and 
the latter from Me&O yielded crystalline 1 ( 150 mg) and pure 2 
(155 mg) respectively. 

Because they gave similar patterns on TLC (silica gel 60) 
fractions 35F-8OF and 85F-135F [l, 23 were combined scp 
arately and evapd. From the residue of the former, the lignan 
iactones 3 and 4 and from that of the latter the Qquinolone 
alkaloid 5 were separated by prep. TLC (0.5 mm silica gel 60 
GFz,.r EtOAc-hcxanc, 3:l. visualized with DragendorIYs 
reagent). Recrystallization of 3 (R, 0.64) from MeOH and of 5 
(R, 0.36) from EtOAc-petrol afforded polygamain (20 mg) and 
I-methyl-2-n-nonyl4(1 H)quinolonc (35 mg) respectively. 
Whereas 4 (R, 0.54), after removal of the solvent furnished 
kusunokinin (110 mg). 

3-(1’,1’-D~lhylally~3-(3”,~~i~~y~~~y~l,~3,4_letra- 
hydro-2,4quinoldione (I). Colourltss necdlc~ (150 mg) from 
EtOAc-petrol; mp 121-123”; MS m/z (rcl. int.): 297.1728 (11) 
[M]’ (Found: C, 76.67, H, 7.89, N, 4.71. Calc. for 
C,PH2aN02:C, 76.77, H, 7.74, N, 4.71%. M, 297.1729), 282 (3) 
C,OHIONO~. 254 (2) C,6H,J’JOz. 229 (32) C,&,NOL 228 
(100)C,4H~.N0~.227(3)C~~H~3NO~,214(9)C~~H~2NO~.212 
(~~)C~~H,~NO~,~~~(~)C,~H~ONO~,~~(~~)C,IH~NO~, 174 
(29) GoWJ0z, 161 (1) &H,NOz, 69 (28) C,Hq; 
‘H NMR(CDCl,)2,4quinoldione nucleus: 69.56 (IH, 6r, s, N- 
H),7.87(1H,dd.J = 7.8,1.3&H-5),7.09(1H,dt,J = 7.8.1.3 Hz, 
H-6), 7.49(1H, dl, J = 7.8, 1.3 Hz, H-7), 6.92 (lH, dd, J = 7.8, 
1.3 Hz, H-8k l’,l’dimethylallyl unit: al.13 (3H, s, Me-l’), 1.15 
(3H,s,Mc-l’),QIO(lH,dd,J= 17.4,10.6Hz,H-2’),4.91(1H,dd, 
J = 10.6,1.0Hz,H&‘),4.91 (lH,dd,J = 17.4, l.OHZH,,-3’); 
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3”~~y~yl unit: 6279 (lH, dd, J = 13.4,6.9 Hz, HA-l”), 
2.88 (lH, dd, J = 13.4,6.9 Hz, H,-l”), 4.76 (iH, t. sepi, J = 6.9, 
1.4 Hz, H,t-2”), 1.9 (3H, s, 3”-Me), 1.68 (3H,s, 3”-Mck “C NMR 
(CDCl,)&lquinoldione nuckus: S173.4(G2), 67.6 (C-3), 196.1 
(C-4), 126.9 (C-S), 123.2 (C-6). 135.5 (C-3 115.7 (C-S), 140.8 (C- 
9), 121.7 (GlOk l’,l’~~y~iyl unit: 643.9 (C-1’),23.2 (Y-Me), 
23.4 (l’-Me), 1427 (C-2’), 113.1 (C-3’k 3”,3”-dimethykdlyl unit: 
629.6 (CX), 119.4 (C-2”“), 135.0 (C-3”), 18.2 @“-Me), 25.9 (3”~Mek 
W AgH nm: (lo8 8): 232 (4.57), 236 (4.56), 257 (3.85), 263 (3.82), 
346 (3.53); IR vza3cm-‘: 3200, 1695, 1655. 

4-(3’,~-Dimethyfallyloxy~~(~,3”-dimethyi~iyl~2(lH~uino- 
lone (2). Colourkssneedks (155 m&from Me,CO, mp 112-I 14”; 
MSm/z (ret. int.): 297.1728 (6) [M]’ (Found: C, 76.65, H, 7.88, N, 
4.77. Calc. for C1+HzJN02: C, 76.77, H, 7.74, N, 4.71”/, M, 
297.1729). 229 (U), 228 (lOO), 227 (6), 70 (48), 69 (S), 68 (13k 
‘H NMR (CDCl,)IZquinolone nucleus: 6 12.26 (lH, br. s, N-H), 
7.78 (lH, dd, J = 7.5, 1.1 H& H-S), 7.20 (lH, td,J = 7.5, 1.1 HZ 
H-6), 7.46 (lH, cd, J = 7.5, 1.1 Hz, H-7), 7.42 (IH, dd, J = 7.5, 
1.1 Hz, H-8k ~,~~~ethy&llyloxy unit: 64.56 (2H. d, 7.2 Hz, H- 
1’~5.64(lH,t.sept.,J=7.2,1.3H~H-2’~1.82(3H,s,Me-3’~1.85 
(3H, s, MC-~‘); 3”,3”dimethylallyl unit: 63.47 (2H, d, J = 6.8 Hz, 
H-l’), 5.32 (lH.~sept.,J = 6.8, 1.3 Hz, H-2”). 1.71 (3H,s, Me-3”), 
1.72 (3H, s, Me-3”k APT [II] “C NMR (CDCI,) [6] 2- 
quinolone nucleus: 15 161.2 (C-2), 117.7 (C-3), 165.8 (C4), 123.1 
(C-S), 122.1 (C-6),129.8 (C-7), 115.9 (C-8). 139.0 (C-S), 1228 (C- 
10) 3’,3’dimethylallyloxy unit: 671.2 (C-l’), 119.7 (C-2’), 137.4 
(C-3’), 18.1 (3’-Me), 25.9 @-Me): 3”,3”dimethylallyl unit: 623.8 
(C-l”), 121.7 (C-2”), 132.5 (C-3”), 18.0 (P-Mek 25.8 (3”Me); 
UV dgH nm (loge) [S]: 226 (4.61X 263 (3.89), 272 (3.95),279 
(3.87), 313 (3.83), 324 (3.93), 337 (3.8Ok IR V$~JCRI- ‘: 3380, 

1640,160o. 
l-Nethyf-2-n-nonyl4(1H)-quinofono (5). Colourkss plates 

(35 mg) from EtOAc-petrol; mp 7F75”; MS m/z (rel. int.): 
285.2094 (14) CM]’ (Found: C, 79.80, H, 9.57, N, 4.82. Calc. for 
CL9H2,NO: C, 80.00, H, 9.47, N, 4.91%. h4,285.2093), 270 (2) 
C,aHl,NO, 256 (3) C,,Hz2N0, 242 (3) ClbHaoNO, 228 (3) 
C,,H,,NO, 214 (1) C,4H,6N0, 200 (5) t&HlrNO, 186 (50) 
C12HLIN0, 173 (100) C,,H,,NO; ‘H NMR (CDCI,) 4quin- 
olonenueleus: 63.73 (3H,s, N-Meb6.23 (lH,s, H-3),8.45 (lH,dd, 
J = 7.8.1.4 Hz,H-5),7.36(1H, td,J = 7.8, 1.4 Hz,H-6),7.65(1H. 
td, J = 7.8, 1.4 Hz, H-7), 7.50 (lH, dd. J = 7.8, 1.4 Hz, H-8); n- 
nonyl chain: d 2.70 (2H, t, J = 7.7 Hz, H-l’), 1.68 (ZH, Penn, J 

= 7.7 Hz, H-2’). 1.46 (2H, pent., J = 7.7 Hz, H-3’) 1.31 (lOH, br s, 
H-4’- to 8’), 0.91 (3H, t, J = 7.7 Hz, H-9); UV IwH nm (loge): 
217 (4.32), 239 (4.47), 321 (4.18), 333 (4.19); dzHH” in MeOH 235 
(4.52), 302 (4.16k IRv~~~an-‘; 1635. 1610. 

P~yg~ (3). CoIourless needles (250mg) from MeOH; 
mp 187-188”; [a]&?-140.0° (c 0.178; CHQ,; MS m/z (rel. int): 
352.095 (100) [Ml+, (Found: C, 68.16, H, 4.58, Calc. for 
C2,,H,606:C,68.12, H,4.56%, M,352.095),307 (14)C,,l&O,, 
267 (12) C 16 II 41 H 0 185 (17) C,2HPOZ, 135 (17) C8H,02; 
‘H NMR (CDCl,)z 62.70 (lH, dd, .I = 14.5,4.6 Hz H-2), 2.74 
(lH, m, H-3), 2.76 (lH,dd,J = 10.6,3.0 Hz, HaA), 3.05 (lH, 1, J 

= 10.6Hz,H/.?4~3.91(1H,1,J=8.6H~H/3-3a),4.45(1H,dd,J 
= 8.6, 5.9 Hz, Ha&), 4.57 (lH, d, J = 4.6 Hz, H-l), 5.89, 5.90 
(IHa, lH#?, 2 x d, J = 1. 5 Hz, 6,7-OCHzO-), 5.92 (ZH, s. 
3’,4’-OCH+), 6.47 (lH, s, H-8), 6.60 (lH, d, J = 1.8 Hz, H-2’), 
6.61 (IH, dd, J = 7.2,1.8 &H-6’)), 6.65 (lH, s, H-5), 6.68 (lH,d, 
J = 7.2 Hz, H-5’k APT [ll] 13C NMR (CDCI,) [15-j: 643.2 (C- 
1X47.2 (C-Z), 174.7 (C-2@, 32.5 (C-3), 72.0 (C&Q, 33.0 (C-4), 108.4 
(C-S), 147.0 (G6& 146.9 (C-7). 110.3 (C-8), 131.0 (C-9), 128.1 (C- 
lo), 134.4 (C-l’), 111.1 (C-t’), 147.2 (C-Y), 146.7 (C4’A 107.6 (C- 

5‘), 124.1 (C-6’), 101.0; (6,7-OCHtO-), 101.1 (3’,4’-OCH@-k 
UV LzH mn (log E): 237 (3.95), 287 (3.983; W AC&? nm (log E): 
243 (3.91), 288 (3.973; IR v~a~em - ‘: 1790, 1485,936. 

Kurunokinin (4). A viscous liquid (1lOmg): [a]$-31.1’ 
(CHCI,; e 0.679); MS [17,18] m/z fret. int.): 370.141 (71) [Ml’, 
(FoundzC,68.08, H,S.%,Calc. forC21H2LOC:C.68.1 1, H, 5.95 “I, 

M, 370.142), 235 (4) C,,H,sO+, 219 (3) C,,H,,Ob, 192 (3) 
;=,0Hs04, 178 (12) C,,H,,Oz, 151 (84) CgH,,Oz, 135 (100) 
CBH702; ‘H NMR (CDCI,) 1191: 62.49 (IH, dd, J = 11.7, 

8.2 Hz, H/?-5), 250 (1 H,m, H-2), 2.55 (1 H, m, H-3), 2.62 (1 H, dd, J 
= 11.7.4.6 Hz, Ha-S), 2.85 (1H. dd, J = 14.1.7.0 Hz_ Ha-6), 2.97 
(IH. dd, J = 14.1.5.1 Hz, H&6), 3.83 (3H, s, 3”-Me), 3.86 (3H, s, 
4”-OMe), 3.88 (lH, dd, .I = 9.3, 7.4 Hq HB4), 4.15 (IH, dd, .I 
= 9.3.6.9 Hz, Ha4), 5.93,4.94 (iHa, H/?, 2 x d, J = 1.4 Hz, 3’,4’- 
OCHIO), 6.48 (lH, d, J = 2.0 Hz, H-2”), 6.57 (lH, dd, J = 8.1, 
2.0 Hz., H-6”), 6.58 (lH, dd, J = 7.7, 1.9 Hz, H-6’), 6.60 (IH, d, J 
= 1.9 Hz, H-2’) 6.71 (IH, d, J = 7.7 H& H-5’), 6.77 (lH, d, J 
= 8.1 Hz, H-5”k UV AEH nm (log E): 230 (3.94), 281 (3.69). 285 
(3.68k UV 1, CHa3nm (Loge): 242 (3.75), 282 (3.71), 286 (3.71): 
IR~~~~‘rem-‘: 1760, 1510,930. 
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