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From the root bark o f A zadirachta indica A . Juss (neem) two new diterpenes nimbilicin and 
nimbocidin have been isolated and their structures established through chemical and spectro­
scopic methods.

Introduction

Azadirachta indica A. Juss (M eliaceae) commonly 
known as “neem ” is widely distributed in A sia, A fri­
ca and o ther tropical parts of the world. Its different 
parts are highly reputed  in folklore and traditional 
systems of medicine for the trea tm ent of a variety of 
hum an ailm ents [1—2]. In view of the therapeutic 
[1, 3] and pesticidal [4—5] im portance attributed to 
neem , com prehensive investigation on different 
parts of the tree has been carried out by various 
groups of w orkers leading to  the isolation and struc­
ture elucidation of a series of terpenoidal con­
stituents [6—9]. Present studies undertaken on the 
root bark have resulted in the isolation of two new 
d iterpenes nimbilicin and nimbocidin.

Results and Discussion

Nimbilicin 1, C20H 24O 3 (M + 312.1727) [a]D +25, 
exhibits in its IR  spectrum  peaks at 2900 (C —H ), 
1710 ( C = 0 ,  ketone and ester), 1610 (C = C ), 1380 
(gem. dim ethyl) and 1100 cm -1 (C —O). It has ul­
traviolet absorptions at 206, 230, 270 and 296 nm. 
The diterpenoidal nature of 1 was indicated by the 
m olecular form ula and presence in the 'H  NM R 
spectrum  (Table I) of th ree  th ree-pro ton  singlets at
6 =  0.87, 1.13 and 1.67 assignable to H-18, H-19 and 
H-20. The appearance of the arom atic protons as two 
singlets at d =  6.76 and d =  7.86 attributable to H - l l  
and H-14 respectively suggested two substituents at 
C-12 and C-13. The N M R spectra suggested that one 
of these substituents was C H 3 (<3H =  2.03, dc =  21.2) 
while the o ther was an acetoxy function (c>H = 2.25, 
<5C =  23.4 and 169.8) which were also confirm ed by 
fragm ents at 253 (M —O C O C H 3) and 238
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(M —O C O C H 3—C H 3) in the mass spectrum . The 
13C N M R  spectrum  further showed that 1 has one 
m ore ketonic carbonyl conjugated  with an arom atic 
ring ((5C =  199.7), which was placed at C-7 in the 
light of chemical shifts of H - l l ,  H-14 and C-7, are 
com parable with those reported  for sugiol [ 10 —1 1 ], 
The assignm ent of position of acetoxy and methyl 
groups at C-12 and C-13 respectively could be done 
through the chemical shifts of H - l l  and H-14 which 
are m ore com parable with the values calculated [12 ] 
with this arrangem ent as against those of its isom er. 
In addition to this, the 'H  N M R spectrum  revealed 
the presence of one olefinic p roton (<5H =  5.11, dd, /  =  
7.48 and 3.00,(3C =  135.2) and a vinylic m ethyl (6  =  
1.67). A bsence of H-5 and appearance of H -6 as two

Table I. 'H NM R chemical shifts of 1 and 2.

Assignment 1 2

H -l a 2 . 0 1  (m) _
H - l ß 2 . 2 0  (m) -

H-2 a 2.28 (m) -

H- 2ß 2.30 (m) -

H-3 5.11 (dd) 
7.48 

JX2p 3.00
H-5 - 1.82 (m)
H - 6  a 2.75 (d) 

4 m  14.00
—

H-6 b 2.67 (d) 
/ eem 14.00

~

H -ll 6.76 (s) -

H-12 - 6 . 2 1

H-14 7.86 -

H-15 - 3.10 h 
J = 6.92

H-16 - 1.28 (d)
H-17 - J =  6.92
H-18 1.67 (s) 1 . 2 1  (s)
H-19 1.13 (s) 1.23 (s)
H-20 0.87 (s) 1.40 (s)
CH, 2.03 (s) -

CO CH , 2.25 (s) -
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AB doublets (dH =  2.67, 1H . d, J = 14.0 and 2.75,
1H , d, J = 14.0 Hz) led to accom m odate 18 and 19 
methyls at C-5 and C-4 respectively with the double 
bond at C-3. These substitutions were finally con­
firm ed through COSY-45 plot which showed the con­
nectivities of H -6 a  with H -6 /J, H-3 with H -2 a  and 
H-2/?, H-2 a  with H-2/S, H -l a , and H -\ß  and H -l a  
with H -l/?. The 2D  n .O .e  (N O ESY ) plot showed 
spatial connectivities of H-18 with H-19 and arom atic 
C H 3 with acetoxy methyl. These data led to the as­
signm ent o f structure 1  for nimbilicin.

Nim bocidin 2 has m olecular form ula C 20H 3()O2 

(through peak m atching of m olecular ion) showing 
six double bond equivalents. IR  spectrum  of nim ­
bocidin displayed peaks at 3400 (O H ), 1600 (arom atic 
ring) and 1380 (gem. dim ethyl) and 1100 cm -1 

(C —O) while in the U V  spectrum  maxima were ob ­
served at 205, 228 and 285 nm.

The m olecular form ula of 2 and presence in the 
'H  N M R spectrum  of th ree th ree-pro ton  upfield sin­
glets at d =  0.85, 0.89 and 0.91 indicated that 2 also 
belongs to  the diterpenoids. The 13C N M R  spectrum  
(Table II) showed that 2 has one tertiary , five 
quaternary  olefinic carbons (of arom atic ring), five 
m ethyls, five m ethylenes, two m ethines and two sp ’ 
quaternary  carbons. The appearance of only one

Tab. II. 13C NM R chemical shifts (<5/ppm) of 1 and 2 
(75 MHz) CDClj.

Carbon 1 2

1 26.4 38.5
2 22.7 14.1
3 135.2 39.5
4 134.0 33.4
5 35.2 49.1
6 32.2 2 1 . 6

7 199.7 29.3
8 1 2 2 . 2 127.3
9 156.1 145.9

1 0 36.9 35.0
1 1 1 2 1 . 6 150.0
1 2 144.1 118.1
13 131.5 132.5
14 125.1 151.5
15 - 31.9
16 - 22.7
17 - 22.7
18 29.3 34.0
19 14.1 24.5
2 0 23.4 28.1
CH , 2 1 . 2 -

CO CH , 23.4 -

CO CH , 169.8 -

downfield singlet (arom atic pro ton) at d = 6 .2 1  ppm 
and only one tertiary  arom atic carbon (dc =  118.1) 
exhibited three substituents in ring C. The !H N M R 
spectrum  indicated that one of these substituents is 
isopropyl (6  = 1.28, 6 H. d. J = 6.92 Hz; H-16 and 
H-17; d = 3.10, 1H , m, H-15) which was further 
supported by the fragm ent at m /z = 259.1697 
( Q 7H 23O 2) in the mass spectrum  resulting from  the 
loss of C 3H 7. These data indicated that 2 has a tr i­
cyclic abietane type of skeleton. Form ation of the 
dimethyl (3, d O C H , =  3.98, 4.09) derivative on 
reaction of 2 with C H 2N 2 dem onstrated  that the re ­
m aining two substituents of the arom atic ring are 
hydroxyl groups. The appearance of H-20 at d = 1.40 
led to place one of the hydroxyl groups at C - l l  in 
analogy with the earlier observations in the case of 
11-hydroxy derivatives [13 — 15]. O n the o ther hand, 
the chemical shift of the arom atic p roton (d =  6 .2 1 ) 
which is m ore close to the calculated value [1 2 ] of 
this proton in a 11,14-dihydroxy derivative (d =  
6.59) as against d = 6.8  for an 11,12-dihydroxy d e­
rivative decided the position of the second hydroxyl 
function at C-14. In the light of these observations 
structure 2 has been assigned to nim bocidin.

Material and Methods

M elting points were recorded on an air bath type 
melting point apparatus and are uncorrected. IR  
(CH CI3) and U V  (M eO H ) spectra were m easured on 
Jasco-IR A -I and Pye-Unicam  SP-800 spectrom eter 
respectively. Mass spectra w ere recorded on Finni- 
gan M A T 311A double focussing mass spectrom e­
ter. 'H  and 13C N M R (broad band and dept) spectra 
were recorded in CDCI3 on B ruker A spect AM  400 
spectrom eter operating at 400 M Hz and on B ruker 
Aspect 300 spectrom eter operating  at 75 M Hz re­
spectively. The assignments of l3C N M R chemical 
shifts have been m ade through chemical shift rules
[16], gaspe spectrum  and com parison with sugiol [1 1 ] 
and o ther sim ilar com pounds [17]. M erck Kieselgel 
60 PF254 coated on glass plates was used for analytical 
(thin layer) and preparative (thick layer) chrom atog­
raphy. A voucher specimen (No. NM-1) has been 
deposited in the H erbarium  of B otany D epartm en t, 
University of Karachi.

Extraction and isolation

Neem root bark (28 kg) collected in June 1987 
from Karachi region was successively extracted out 
with petroleum  ether and m ethylene chloride at 
room  tem perature . The m ethylene chloride extract
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was concentra ted  under reduced pressure and 
shaken out with ethyl acetate and water. The ethyl 
acetate layer was repeatedly  extracted out with 4%  
aqueous N a2C 0 3 solution to separate acidic and neu­
tral fractions.

The N a2C 0 3 phase was acidified with dil HC1 and 
extracted out with ethyl acetate which was washed, 
dried (anhydrous N a2S 0 4) and charcoaled. The re­
sidue obtained on rem oval of the solvent was succes­
sively trea ted  with petro leum  ether, e ther and ethyl 
acetate. The ethyl acetate soluble portion was con­
cen trated , taken in a flask containing silica gel 
(E. M erck, 7719) and elu ted  with benzene and ben­
zen e—ethyl acetate in the o rder of increasing polari­
ty. Fractions obtained with solvent systems ben­
zene—ethyl acetate (9 :1 —6 :4 ) were com bined, con­
cen trated  and again subjected to flask chrom atogra­
phy (silica gel, benzene —ethyl acetate; fractionally 
increasing the polarity of solvent system). The ben­
zene—ethyl acetate ( 8 :2 —7 :3 ) eluates were com ­
bined, freed of the solvent and subjected to flash 
column chrom atography (silica gel E. M erck 9385; 
petro leum  ether, petro leum  e th e r—ethyl acetate) 
when nimbilicin (1 ) was obtained as a pure product 
with solvent system — petro leum  e th e r—ethyl ace­
tate 9 .15 :0 .85 , respectively.

The residue from the hexane extract of neem  root 
bark referred  to above was divided into petroleum  
ether soluble and insoluble fractions. The latter was 
taken in a small quantity  o f ethyl acetate, adsorbed 
on silica gel contained in a flask and eluted with pe­
troleum  ether and petro leum  e th e r—benzene, suc­
cessively increasing the ratio  of benzene. Nimbolici- 
din was ob ta ined  with some allied im purities in the 
fractions eluted with the solvent system h e x a n e -  
benzene (7 .5 :2 .5 ). Purification through thin layer 
chrom atography (silica gel, hexane —ethyl acetate; 
9 : 1 ) yielded 2 as a uniform  com ponent.

Nimbilicin  1

216.1145 (22) (C 14H 160 2), 203.1068 (18) ( C p H ^ ) ,  
175.0759 (60) (C n H n 0 2) and 57 (100).

Nimbocidin  2

Needles (petroleum  e ther), 7.8 mg. m .p . 
132-133 °C. EIM S m/z (% ): Found M +, 302.2257 
(24) (calcd for C20H 3o 0 2 302.2245), 287.2000 
( M -C H 3) (23) and 259.1704 ( M - C 3H 7) (28).

M ethylation o f  2

A solution of nimbocidin (3.3 mg) in e ther was 
trea ted  with freshly p repared  d iazom ethane at room 
tem perature for 3—4 h. The reaction m ixture was 
evaporated  to dryness when chrom atographically 
pure 3 was obtained as irregular plates (3.1 mg) 
m .p . 116-117 °C, UV Amax(M eO H ) nm 205, 228, 
285, IR  vmax(CHCl3) cm -1 1600 (C =C ), 1380 (gem. 
dim ethyl) and 1100 (C —O ). EIM S m lz  (% ): 330 (M~)
(6); 'H  N M R <3: 0.87 (3H , s), 0.88 (3H , s), 0.91 
(3H , s), 3.98, 4.09 (6H, s, 2xO C H 3) and 6.21 (1H, 
s, H - l l ) .

o
II

o — c — c h 3 

c h 3

It crystallized from  chloroform  as needles, 7 mg,
[a ]2D4 + 25 , m .p . 7 8 -7 9  °C. EIM S m lz (% ): Found 
M +, 312.1727 (6 ) (calcd for C 20H 24O 3 312.1725);

2 :  r  = h 

3: r  = c h 3
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