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DITERPENOIDS FROM THE STEM BARK OF AZADIRACHTA 1NDICA 
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Abstract-Two new isomeric diterpenoids named mmbonone and nimbonolone have been isolated from the neutral 
fractton of the stem bark of Azadmchta W&XI along wtth methyl grevillate which has not been reported earlier as a 
natural product The structures of mmbonone and nimbonolone have been determmed as 12-ethyl-13-methoxy 
podocarpa-8,11,13-trien-7-one and 12-ethyl-13-methoxy podocarpa-8,11,13-trten-3-one, respecttvely, by spectro- 
scoptc methods and chemical transformations. 

INTRODUCTION 

Studtes undertaken by several groups of workers on the 
various parts of Azadmchta mdrca (neem) m vtew of their 
enormous importance, have led to the isolation of a series 
of new constituents [l-3]. In continuation of our mvesti- 
gations on the terpenoidal constituents of the stem bark 
of neem [4,5], two new isomeric dtterpenotds nimbo- 
none, nimbonolone and methyl ester of grevillic acid have 
been isolated. The structures of these constituents have 
been deduced as 1-3, respectively, through spectral stud- 
ies and chemical reactions. 

RESULTS AND DISCUSSION 

The ethanolic extract of neem bark was separated mto 
acidic and neutral fractions and after usual work-up the 
neutral fraction was subjected to solvent fractionation 
followed by purification through repeated preparative 
TLC on sthca gel, ulttmately yieldmg nimbonone 
(I), nimbonolone (2) and the methyl derivative of grevtllic 
acid (3). 

Nimbonone (1) has the molecular formula Cz,,H,,O,. 
Its UV spectrum showed absorptions at 206,230,278,310 
and 380 nm and the IR spectrum dtsplayed peaks at 2850 
(C-H), 1700 (@unsaturated ketone), 1600 (aromatic 
double bond) and 1360 (C-O) cm-’ 

The diterpenotdal nature of 1 was indicated by the 
molecular formula and presence in the ‘H NMR spec- 
trum of three three-proton singlets at SO.87,O 92 and 0.98. 
The molecular formula showed seven double bond eqmv- 
alents m the molecule, four of which have been accounted 
for by the aromattc ring, two by the remaining rmgs of the 
skeleton and one by the carbonyl function. The appear- 
ance of the aromatic protons as singlets at 66.88 and 7.49 
suggested two substituents at C-12 and C-13. The 
‘H NMR spectrum indicated that one of these substttu- 
ents is a methoxy group (6,=3.91, 6,=56.0) while the 
other 1s an ethyl group (6 1 25, 3H, t, J = 6.2, H-16; 62.78, 
2H, M, H-15) which was further supported by i3C NMR 
spectrum (broad band and DEFT; 6,n, = 22 6 and 6,, 
= 14.0). The second oxygen was taken as a ketomc 
function at C-7 in the hght of the chemical shifts of H-l 1 

(66 88), H-14 (67.49) and C-7 (6 195.0) which are compar- 
able with those reported for sugiol [6,7]. The assign- 
ments made so far were confirmed through ‘H-‘H 
homonuclear decouphng and COSY-45 experiments. 
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Table 2 13C NMR spectral data of mmbonone (1) and 

sug1ol (5) [7] 

C 1 5 C 1 5 

1 379 373 12 147.0 1603 

2 188 184 13 151.0 133 0 

3 41.3 409 14 108 5 1256 

4 31 8 32.7 15 22 6 26 1 

5 49 7 491 16 14.0 21 8 

6 358 354 17 21 6 

7 1950 1992 18 212 207 

8 125 2 1224 19 324 319 

9 145.6 1563 20 23 1 22 5 

10 37 8 374 -0Me 560 

11 1095 1090 

236) finally estabhshed the nature and position of the 
substituents in ring C of 1 and 2. 

The unique feature of nimbonone and nimbonolone is the 
unusual presence of the ethyl group at C-12. These 
diterpenes can be hypothetically derived from the prmar- 
ane skeleton by a shift of the ethyl group from C-13 to 
C-12, degradation of the C-13 methyl group and oxtda- 
tton of ring-C. A similar biogenesis has been demon- 
strated by biochemtcal experiments whtch involved 
mrgratton of a C-13 vmyhdene group of a ptmarane 
dertvatrve to C-14 resultmg m the cletstanthane skeleton 
as for example cleistanthol (4) [ll, 121 On the other 
hand, it may also be regarded as a derrvatrve of dehydroa- 
btetane, which has been suggested as the brosynthetrc 
precursor of sugtol(5) totarol, ferrugmol and sempervirol 
(6) [13] Degradation of the tsopropyl side chain of 
sempervtrol (6) might result m the ethyl group at C-12 

Compound 3 has the molecular formula C,,H,,O, Its 
UV spectrum showed peaks at 204,230,280 and 322 nm 
and its IR spectrum dtsplayed peaks at 3550 and 3400 
(OH), 2850 (C-H), 1690 (a&unsaturated carbonyl) 1600 
(aromatic double bond) and 1100 cm-’ (C-O) The mol- 
ecular formula showed SIX double bond equivalents, four 
of which are accounted for by the aromatrc rmg and two 
by the a&unsaturated carbonyl functton of the ester 
group. Two doublets at 66.90 (H-3, J = 8.1 Hz), 7.02 (H-6, 
J= 1.8 Hz) and a double doublet at 67.06 (H-4, J=8 1, 
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1.8 Hz) showed that the aromatic ring is 1,2,Strtsubstr- 
tuted and the chemical shift of H-6 exhibited that tt is 
flanked by a hydroxyl and an u&unsaturated carbonyl 
system. Two AB doublets at 67.60 and 6.28 wrth a 
couplmg constant of 15.8 Hz showed that the double 
bond of the side chain 1s trans-substrtuted. The methoxy 
proton of the ester appeared as a singlet at 63.92. The two 
hydroxyl groups were confirmed by methylation of 3 to 
3a (M + at m/z 222,6,3 59,3 71 and 4.02,3 x OMe). These 
data established the structure of 3 as methyl grevillate 
whrch has not previously been obtained as a natural 

product, although the tsolation of grevtllic acid ts re- 
ported from Greotllea robusta [14]. 

EXPERIMENTAL 

Mps uncorr IR and UV spectra were measured m CHCl, and 
MeOH, respecttvely NMR spectra were recorded m CDCl,, at 

300 MHz for ‘H and 75 MHz for 13C nuclet and the chemtcal 

shifts are m 6 (ppm) The assignments of 13C NMR chemrcal 
shafts are based on chemtcal shift rules [15] and comparison with 

sugtol and other similar compounds 173 Optrcal rotations were 

measured at 24” m CHCl, Merck Kteselgel60 PF,,, coated on 

glass plates was used for analyttcal (thin layer) and preparative 

(thick layer) chromatography Neem stem bark collected m 
February 1985 from Karacht region was tdenttfied by Dr S I. Ah 

and a voucher spcctmen (No. NM-l) ts deposited m the herba- 

rium of the Botany Department, Umverstty of Karachi 

Neem stem bark (1 7 kg) was repeatedly percolated wtth 

EtOH at room temp and the coned extract parttttoned between 

EtOAc and H,O, and the former extracted out with 4% 

Na,CO, soln. to separate the acidic and neutral fractions The 

neutral fractton, after usual work-up, was divided mto n-hexane 

soluble and n-hexane msoluble fractions The former was shaken 

wtth 90% MeOH and the n-hexane phase was subjected to prep 

TLC (sthca gel) m CHCl,-MeOH (97 3) and n-hexane-EtOAc 

(9 l), respectively, as a result of which mmbonone (1) and methyl 

grevillate (3) were obtained as pure crystalline constttuents The 

n-hexane msoluble fraction was subjected to flash CC 1161 (silica 

gel, CHCI,-MeOH, 97 3) followed by purtficatton of the major 
fraction on preparative TLC (sthca gel, a-hexane-EtOAc, 3 1) 

when mmbonolone (2) was obtained as a pure product 

Nonbonone (1) On crystalhzatton from hot n-hexane, formed 

irregular plates (13 mg) mp 68-69”, [a],+ 15” (CHCI,, c 0.06); 

EIMS m/z (rel mt) 3002076 [Ml’, (talc for C,,H,,O,, 

3002089) (28), 2851854 [M-Me]+ (26), 125 1330 [M 

-C,,H,,O,]+ (36) and 55 (100) 
Nonbonolone (2). On crystalhzatton from hot n-hexane, formed 

irregular plates (4 mg) mp 73-74” EIMS m/z (rel mt ) 300 2009 

[M]’ (talc for C,,H,,O,, 300 2089) (4) 285 1854 [M-Me]+ 

(4) 269 1905 [M-OMe]+ (6). 1250966 [M-C,zH,,O]+ and 

57( 100) 

Methyl yreulllate (3). On crystalhzatton from n-hexane, formed 

rods (4 9 mg) mp 173-174” EIMS m/z (rel mt ) 194 0513 [M]’ 

(talc for C,,H,,O,, 1940579) (69) 177 0551 [M-OH]’ (60), 
148.0524[M-H,0-CO]t(40), 1370602]C8H902]i- (36)and 

59 (100) 
Reduction ofmmbonone (1) A mixture of Zn powder (100 mg) 

and HgCI, (10 mg) was starred with cone HCl (2 ml) and H,O 

(50 ml), for 10 mm The aq soln was decanted and the amalga- 

mated Zn covered wtth 50 ml of H,O and 75 ml of cone HCI. A 

solutton of 1 (10 mg) m toluene was added tmmedtately and the 

reactton mixture refluxed under a slow stream of HCl gas until 
the Zn amalgam dtssolved On usual work-up la was obtained as 

rods (MeOH) mp 59-60°C UV A$:” nm 206,230,280 and 330, 
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m.Y:E’ i-m.- i 14nlL,.2x‘q. Mmand l.l_m EmYa~s+A mt). 

272 [M]’ (4) ‘H NMR 707 (s, H-14) 6 82 (F. H-l 1). 5 20 (brs, 

UH) 

Degradatton ofmmhonone (1) SeO, (2 5 mg) was added to la 
(4 0 n&and themlxtnre hFatFdona hnt.platefor. 1LI.Zhr. On. 

workmg up the reaction mixture m the usual manner, and 

purnicat~on. on pm+. T!-C rn. CHQ,. &r.omatogmph~callp pure 
l);~F~~lh~~.(.l~.wrrrrrht;unFst.FJ_M~~m!-(~~. II&). 73h CM.].’ 

(55) 221(12) and 207(15) 

Reductwn afnrmbonolone (2) Compound 2 was reduced m the 
same_ manner as d~sr_r.&&- for. I_ y.~FJchng In 

Methylatmn oJ methyl yretrllate (3) A soln of 3 (2 5 mg) m 

Et,0 was treated with freshly prepared CH,N, at room temp 

for 6 hr The reactlon mixture was dried under red pres when 

methylated product 3a was obtamed as Irregular plates mp 
!_65-- t_6h’ ID! 2 ,“z” nm. 7DI.. 7X. l!.r), and. X35- SR.u.;;~‘l’ rm. ’ ,_ 
2SQ 169& 160 and ILLrO,~ ELIJvGS m/z (rely tnf~) 222 [M] + (.I) 

‘H.N.M.R. 159277 ~d4.(Y_(p~~.‘2~~.Z%.OIMP3. 

4. 

6 

7 

Q 

9 

10 

1-I. 

1.2 

13 

REFERENCES 
1.4. 

Ara,. c,. SaJryu,. R So. FhJ,. s aMi. tMliJqJlJ,. s (.l_#x). 
Phytochemlstry 27, 1801 

Siddiqm, S. Ara. i, Fa171, S, M&mood; ‘I- and.Sddiqul, 

B S (1989) Phytochemtstry 28 (m press) 

b&x=&U! !_..Clema~s,.G B. and.Mannmg.4. A. (.1.975)..1 

Ory Chem 40. 3686 

Wenkmzz,. E.. B~~k.w.alf~~,. R I_,. BJI&I,. I. R.,. Cassl~. M. -1,. 
(jntfh&~.H E..H~ganxan,.E W ,.%bdl,.F M. and WrrvkA 

lch P M (1976) tn Toplc~ rn Carhon-13 NMR Spectroscopy 

(Levy, G C cd) Vol 2, p 81 Wiley-InterscIence. New York 
MrX&rry.,. E I. :mcL PecJ._ K_ H. (.1.971_). 1 f&mm. .SIV: 904. 

Bhacca, N S and Wllhams, D H (1966) Appl~ca/~on.s of 
NMR Spectrov-opy rn Oryanrc Chrmrstry, p I4 Holden 

Day. London 

Nlshimoto, K (1966) tlull C/tern Sac Jpn 39, 645 

MLk.q. E L R-ypJJ,. K_ H... Phlllrp&. I_ AX!. Wa@t,. E S 
(l-969) Chem Commun I-074 

Fllest;ui.G b.,.K~fflstm~mn..~_ e :lmi.Mnrfm..G Q (t9.71). 
Chem Commun 312 

Wenkert, E, Campcllo, J D P, McChesney, J D and 

Watt\, D J (1974) Phytochemutry 13, 2545 

GllnMl,. 1 R.,.Chnw>. e w ,.Fldlfx,.M_ w! ,.&im&ul,.R Ii,. 

MFwK 9 w ~rl. k%w_. 6. i c.t.uQ 4m. ~1. ~I~wI.,. ai. 
2257 

Gidiq~u,.~,..\;tiqu~..K S .I%zI,.~ anrFM%moti.‘l (.t_%%). 
J Nat Prod 51, 30 

Mammdtu-. I? I_,. M;ut~,. D C ,. Emus,. W and Bnkel,. M. !.I Stothers,. 1 B. (.!972). Cmh/,n:!.3 N.&UL snect.roscopy,. .+&I: 
(1987) Phytocheml~try 26, 3021 demlc Press, New York 

Baneru+ R : Mjsra..Ci and Nlgam,. S K- (J-987). PhptnrJlFm, 1.6 St&W I.. Kahn,.M. and MnLLA. (.1978)..1 S).rg Cbrm. 4%. 
tstry 26, 2644 2923 


