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Abstract-The isolation of plumbagm, droserone, isoshinanolone and a new naphthalenone, 1,2(3)-tetrahydro-3,3’- 
biplumbagm is reported from the phenohc fraction of the hght petrol extract of the roots of Plumbago zeylanzca. The 
structure of the new naphthalenone was elucidated by means of spectroscopic data and chemical mterconversions. The 
mam constituent of the neutral fraction was shown to be sitosterol. 

INTRODUCTION 

Plumbago zeyhca L , a plant with a variety of medicmal 
applications [l], has been previously subjected to several 
chemical investigations and the presence of plumbagin (5- 
hydroxy-2-methyl-1,4naphthoqumone; I), 3,3’-biplum- 
bagm (2), 3-chloroplumbagm, droserone (3), elhptmone, 
chitranone, zeylanone and isozeylanone has been reported 
[24]. In contmumg our Interest on the medicinal and 
related plants of Sri Lanka [S], we have investigated the 
phenohc fraction of the light petrol extract of the roots of 
this plant and herem we report the isolation and identifi- 
cation of 1, 3, isoshinanolone [4R,8-dihydroxy-3R- 
methyl-3,4-dihydro-1(2H)-naphthalenone; 41 and a new 
naphthalenone, 1,2(3)-tetrahydro-3,3’-biplumbagin[3’,4’- 
dihydro-4’R,8,8’-trlhydroxy-3,3’R-dlmethyl-(2,2’S-blnaph- 
thalene)-(2’H)-1,1’,4-tnone, 81. 

RESULTS AND DISCUSSION 

The hot light petrol extract of P zeylanrca roots was 
separated mto phenohc (sodium hydroxide-soluble) and 
neutral fractions. The neutral fraction constituted chiefly 
sitosterol The phenohc fraction on CC over acidic SI 
gel and elution with 0.5 % and 1.0 % ethyl acetate in light 
petrol afforded plumbagm (1) and droserone (3) respect- 
ively. Elution of the column with 3 % ethyl acetate m hght 
petrol gave isoshmanolone (4) as a pale yellow semi-solid, 
[a] o + 24 2” With dimethyl sulphate-potassium car- 
bonate it gave a monomethyl ether (5), mp 99-100”; with 
acetic anhydnde-pyndme a crystalline diacetate (6), mp 
91-93”; and with PhCOCl-pyndme it gave a non- 
crystalline dibenzoate (7) [a]o+ 135 8” DDQ oxidation 
of 4 gave plumbagm (1) The ‘H NMR spectrum of 4 was 
almost superimposable on that of isoshinanolone [6] The 
evidence for the stereochemistry at C-3 and C-4 of 4 came 
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from its ‘H NMR spectrum and the CD curve of the 
dibenzoate (7) (Fig. 1) which were almost superimposable 
on those reported [6]. Although certain physrcal charac- 
teristics (mp and [alo) of our sample differed from those 
of isoshmanolone isolated by Tezuka et al. [6], all the 
remammg physical data were m full agreement. 
Furthermore, our physical data, mcludmg [a] n, agree well 
with that reported for isoshinanolone obtained recently 
from Am-tea ecklomr [7]. 

Elution of the column with 7 5 % ethyl acetate m light 
petrol gave an orange-yellow crystalhne compound, 
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Fig 1 CD curves (m MeOH) of (-)lsoshmanolone (4), 
(---) lsoshmanolone dlbenzoate (7) and ( ) 1,2(3)-tetrahydro- 

3,3’-btplumbagm (8) 

C,,H,,O, mp 109-llO”, [Al],,+ 69.8”, whose IR spec- 
trum mdlcated the presence of hydroxyl, a&unsaturated 
carbonyl and qumone carbonyl groups (see 
Expenmental). Comparison of the UV and ‘H NMR 
spectra of this qumone with plumbagm (1) and lso- 
shmanolone (4) suggested it to be made up of these two 
units (see Tables 1 and 2). Absence of the vmyl proton at 
C-3 of the plumbagin unit mdlcated the possible linkage 
to be through the C-3 carbon atoms of the two units. This 
was confirmed by oxldatlon of the natural product with 
DDQ to give 3,3’-blplumbagm (2). Therefore, the natural 
qumone should be 1,2(3)-tetrahydro-3,3’-blplumbagin (8). 
It remained then to determme the stereochemlcal arrange- 

Table 1 UV absorption maxlma of compounds 1.3,4 and 8 

Compound A zt” nm (log E) 
.__~__. ____-._ 

1 211(4 39) 266 (3 99) -- 404 (3 52) 
3 228 (4 62) 278 (4.52) -- 400 (3 66) 
4 217(452) 259(409) 335(3 76) ~ 

8 212 (4 70) 263 (4 32) 333 (3 77) 418 (3 63) 

ment of groups at C-l-C-3 The couphng constant of H-4 
with H-3’ 1s 2 5 Hz suggesting that the methyl and the 
hydroxyl groups are CIS (the methyl 1s equatorial and 
hydroxyl IS pseudo-axial) as m 4 Furthermore, the 
slmllarlty of the CD curves of 8 and 4 (Fig 1) helped to 
asslgn the absolute configuration at C-l as R [6] The 
coupling constant of the H-2’ and H-3’ 1s 11 Hz which 
suggested the tram arrangement of groups at these two 
positlons [8, 91 

Elution of the column with 5 “/, ethyl acetate m petrol 
afforded a new qumone, C,,HZ40,, mp 246248’, whose 
structure elucldatlon 1s presently underway 

Isoshmanolone (4) has thus far been encountered m 
several species of D~~ppros (Ebenaceae) [6] and Artstea 

eckkmt [7] (Indaceae), whereas this constitutes the first 
report of the occurrence of 1,2(3)-tetrahydro-3,3’- 
blplumbagm (8) m nature. 

Four blosynthetlc pathways have been postulated for 
the orlgm of naphthaqumones m higher plants [lo]. 
The structural features of the naphthaqumone pigments, 
encountered m the genus Plumbago, clearly suggest that 
they are blosyntheslzed from acetate-polymalonate umts 
and the occurrence of naphthalenones 4 and 8 provides 
further support for this pathway m Phbago as m the 
genus Drospyros However, the posslblhty of the presence 
of a qumone reductase enzyme m these plant species 
cannot be excluded, although we have falled to detect the 
presence of 3,3’-blplumbagm (2) m our extracts 

General procedures Mps are uncorr IR KBr discs unless 
otherwlse stated, UV EtOH, ‘H NMR 60 MHz, Ccl, and 

CDCI, with TMS as mt standard, TLC SI gel (Merck) 0 10 mm, 
prep TLC 0 5 mm SI gel Petrol refers to the fraction of bp 

6&80 

Extractton and separatm of the phenolrc fractmn Dried and 

powdered root (2 5 kg) of P zeylonlca, collected dt Uda- 

Table 2 ‘H NMR data of compounds 1, 2, 4 and 8 (6OMHz, Ccl,, TMS as mt standard) 

Compound Aromatlc H and OH Qumone H and Me Reduced qumone H and Me 

H-6-H-8 OH-5’ Me-2 H-3 H-l H-2 H-3 Me-2 

1 706-760m 1177brs 215d 6.73 q 

(J = 1.6 Hz) (J = 16Hz) 
2 (CDCI,) 7.2&7 90 m 1180brs 206s 
4 666737m 12 17brs 457d 2 10-3 10m 1 lid 

(J = 25Hz) 
8 

(J = 6Hz) 
6 667.66 m 1161 brs 230s - 4661 283m 420d 113d 

11 Wbrs (J = 25Hz) (J = 11 Hz) (J = 7Hz) 

*Exchangeable wtth D,O. 
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Perademya, was successively and exhaustively extracted with hot 
petrol and hot MeOH. The orange-yellow serm-sobd (12.5g), 
obtamed after evaporation of petrol, was separated mto phenohc 
(5 04 g) (NaOH-soluble) and neutral fractions (5 g) by the usual 
procedure. The phenobc fraction (5 g), wtuch was obtamed as a 
dark red semi-sohd, was chromatographed over acid washed Si 
gel (12Og) made up m petrol 

PIumbagm (1) Elutton of the column wrth 0.5% EtOAc m 
petrol gave 1 (901 mg, 0.036 %), mp 71-72”, lit. 73” [6], identical 
(mmp, IR and co-TLC) with an authenhc sample [7]. For UV and 
‘H NMR data, see Tables 1 and 2, respectively 

Droserone (3) The fraction eluted with 1% EtOAc m petrol 
afforded droserone (3) (33mg, 00013%), mp 179-180”, lit. 181” 
[lo], UV Table 1, IR v,_cm-’ 3308, 1643, 1625, 1580, 1435, 
1395, 1360, 1320, 1310, 1293, 1202, 1160, 1095, 1053, 900, 835, 
820, 750, 735, 715, ‘H NMR 6 11.03 (lH, s, exchangeable with 
D,O, chelated OH), 7 7&7 10 (3H, m, Are), 2 10 (3H, s, Ar-&) 
and 1.60 (lH, br s, exchangeable with D20, OH); MS m/z (rel. 
mt.). 204 0421 [Ml+. Calc. for C,,HsO., 204.0422; 204 [MJ’ 
(100x), 176 (67), 158 (53), 148 (58), 147 (68), 130 (58), 121 (65), 
102 (58), 92 (43) and 91 (43). 

Isoshmanolone (4). Elutlon of the column with 3 % EtOAc m 
petrol gave 4 (875mg, 0.035%) as a semi-solid; [a]o+24.17”, 
IR vzg cm-‘: 350@3300, 1634, 1580, 1451, 1406, 1341, 1242, 
1215, 1162, 1090, 1060, 1025, 1010,980,960,940, 870,815, 798, 
745 and 715, UV and ‘H NMR. Tables 1 and 2, respectively; MS 
m/z 192 [Ml+, 177, 175, 164, 163, 159, 151, 150, 149, 146, 134, 
131, 127, 122, 115, 107, 105, 94, 93, 91, 85, 83 and 77. 

Isoshrnanolone monomethyl ether (5). Isoshmanolone (70 mg) m 
dry Me,CO (10ml) was refluxed for 12 hr with Me,SO, (0.3 ml) 
and dry K&O, (1OOmg) Usual work-up and purdication by 
prep TLC afforded 5 as a colourless crystalhne solid (35 mg), mp 
99-101”; IR vE’crn_’ 3460,1660,1595,1580,1470,1440,1405, 
1347, 1320,1292, 1280, 1240, 1190, 1117, 1100, 1072, 1025,980, 
965, 940, 897, 810, 790, 750 and 710, ‘HNMR (CDCI,). 
6 7 666.80 (3H, m, A@, 4.75 (lH, d, J = 2 5 Hz, CHOH), 3 88 
(3H,s,OMe),260(2H,m,H,-3),233(lH,m,H-2), 190(lH,brs, 
exchangeable with D,O, OH), 1.11 (3H, d, J = 6 Hz, CH-Me) 

Isoshmanolone dlacetate (6). Isoshmanolone (30mg) was 
acetylated with Ac,O (0.5 ml) and pyrldme (1 ml) m the usual 
manner to afford the dlacetate 6 (28 mg) as a colourless crystalline 
solid, mp 91-93”, IR $&cm -’ 1765, 1730, 1680, 1605, 1460, 
1450,1430, 1410, 1370,1340,1325,1310,1260,1240,1190,1160, 
1140,1090,1050,1015,990,980,940,920,900,870,815,790,750, 
715and675, ‘HNMR (CCl,)67.70+97 (3H,m,ArH),6.05 (IH, 
m, CHOAc), 2 60 (3H, m, H-2 and H,-3), 2 34 (3H, s, OCOMe), 
2 07 (3H, s, OCOMe) and 1 14 (3H, d, J = 6 6 Hz, CH&I$, MS 
m/z (rel mt ) 276.0994 [M] + Calc. for C1 sH,,OS 276.0995; 276 
[M]’ (17x), 234 (80), 217 (20), 192 (88), 174 (lOO), 159 (38), 150 
(61), 146 (74), 131 (56), 107 (27), 105 (31), 103 (31),93 (28),91 (38), 
83 (44) and 77 (39) 

Isoshrnanolone dlbenzoate (7) Isoshmanolone (5Omg) was 
benzoylated with PhCOCl (0 5 ml) m pyrldme (2 ml) for 6 hr 
Usual work-up gave 7 as a colourless VLSCOUS 011 (55mg), 
UVlzH nm (logs) 226 (4.58), 282 (3 58) and 296 (3 41), 
‘HNMR (Ccl,) 68 23-7 00 (13H, m, ArH), 6.26 (lH, m, 
CI&OCOC,H,), 260 (3H, m, H-2 and H,-3), 1.10 (3H, d, 
J = 6 Hz, CH-&) 

Oxldatlon of lsoshmanolone (4) to plumbagm (1). Iso- 
shmanolone (10 mg) m dloxane (2 ml) was refluxed for 12 hr with 
DDQ (10 mg) Evaporation of dioxane and ptication by prep. 

TLC afforded plumbagm, mp 73-74”, identical (mmp, co-TLC 
and co-IR) with an authentic sample obtained above 

1,2(3)-Tetrahydro-3,3’-brplumbagm (8). Elution of the column 
with 7.5% EtOAc m petrol afforded 8 as an orange coloured 
amorphous sohd (125mg, O.OOS%), mp 109-llO”, [aID 
+ 69.8”(CHCl,); IR vz cm -I: 3500-3200,1660sh, 1625, 1610, 
1580,1450,1340,1290,1262,1195,1160,1072,1058,980,950,915, 
875, 830, 805, 740 and 700, UV and ‘HNMR: Tables 1 and 2, 
respectively; MS m/z (rel. mt ). 378 [M]+ (23), 360 (lOO), 345 (37), 
342 (19), 327 (5), 230 (12), 229 (23), 190 (16). 189 (9), 149 (21), 122 
(6), 121 (35), 93 (8) and 92 (6). 

Oxrdatlon of8 to 3,3’-Znphanbagm (2). 1,2(3)-Tetrahydro-3,3’- 
blplumbagm (20 mg) m choxane (5 ml) was refluxed for 48 hr with 
DDQ (20 mg) The maJor product was separated by prep TLC to 
afford 3,3’-biplumbagm, 2 (lOmg), mp 210-213”, ht. 214-216 
[2]; IR v=cm-‘. 348&3000 br, 1665, 1625, 1600, 1450, 1305, 
1290,1275,1240,1200,1160,1050,1020and 735; ‘H NMR. Table 
2. This sample was shown to be identical (mmp, co-TLC, co-IR 
and ‘H NMR) with authentic 3,3’-biplumbagm [7]. 

Sltosterol. The neutral fraction obtained above on TLC 
showed the presence of essentially a single compound and this 
was isolated by CC on Si gel and elution with 10% EtOAc m 
petrol and ldentlfied as sltosterol (2.Og, 0.08 %), mp 134-136”. 
[aID- 35” lit. 136137”[a]r,-35”[ll]. Its Identity was further 
confirmed by mmp, co-TLC and co-IR wllh an authentic sample. 
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