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TWO NEW TETRANORTRITERPENOIDS FROM 
AZADIRACHTA INDICA 

SAUMUWMAN SIDDIQUI,~ TARIQ MAHMOOD, BINA SHAHEEN SIDDIQUI, and SHAHEEN FAIZI 

H. E . ] .  Reseurcb Institute ofChemistry, Uniwsity of Karachi, Karachi-32, Pakistan 

AssTUa.-Frorn the fresh, green, spring twigs ofAzadirashta indica, two new tetranor- 
triterpenoid y-hydroxybutenolides, desacetylnimbinolide and desacetylisonirnbinolide, have 
been isolated together with desactylnirnbin. The structures of these bitter limonoids have been 
established as 1 and 4, respectively, through chemical and spectral studies. 

Azadzrachta indica A. Juss (Meliaceae), commonly known as “neem,” is widely dis- 
tributed in Asia and Africa, and almost every part of the tree has long been used for the 
treatment of a variety of human ailments, particularly against diseases of bacterial and 
fungal origin (1,2). Various parts of the tree have been subjected to chemical and 
therapeutic studies since about the beginning of the current century. Initially these 
studies were mainly concerned with the fatty acid components and amorphous bitter 
substances isolated from the oil (3). In 1942, a reinvestigation of the oil, employing an 
analytical procedure based on partitioning of the unsaponified oil between petroleum 
ether and dilute EtOH, resulted in the isolation of the first two crystalline, bitter con- 
stituents, nimbin and nimbinin, along with an amorphous bitter principle, nimbidin, 
from the combined dilute alcoholic extracts (4) .  Nimbidin is anti-arthritic and anti-in- 
flammatory (5) in its action and possesses significant anti-ulcer potential (6); various 
other fractions of the tree have been found to have antitumor (7), antipyretic, and anti- 
inflammatory properties (8). The extracts and certain individual constituents of neem 
leaves and dried fruits have insect antifeedent activity, and various factors derived from 
neem possess diverse biological effects such as repellence, phagodeterrence, reduced 
growth, abnormal development, and reduced oviposition (9,lO). 

Chemical studies carried out by Siddiqui et a/ .  on the terpenoidal constituents of 
neem led to the isolation and structure elucidation of various triterpenoids from fruits 
( 1  1- 14) and leaves (13 ,  15- 17). The present paper describes the isolation and structure 
elucidation of two new tetranortriterpenoids, desacetylnimbinolide (1) and des- 
acetylisonimbinolide (4), along with desacetylnimbin (3) ( 18) from the acidic fraction 
of the fresh, green, spring twigs. The structures of these compounds have been estab- 
lished through spectral studies and chemical reactions. Compounds 1 and 4 are of po- 
tential biological importance as other y-hydroxybutenolides have been shown to pos- 
sess insect-growth-regulating ( 13) and insect-antifeeding ( 19) properties. 

RESULTS AND DISCUSSION 

The CH,CI, extract of the fresh, green, neem twigs was divided into acidic and 
neutral fractions, and the former after usual work-up was subjected to preparative tlc, 
ultimately yielding desacetylnimbinolide (l), desacetylnimbin (3, and des- 
acetylisonimbinolide (4). 

Desacetylnimbinolide (1) has the molecular formula C2sH34010 (hrms). Its uv 
spectrum showed maxima at 208 nm (E 8692), while the ir spectrum displayed peaks at 
3400 (OH), 1762 (a, P-unsaturated-y-lactone), 1735 (carbomethoxyl), 1660 (cy- 
clohexenone), 1635 and 820 (trisubstituted double bond), 1150 and 1075 cm-’ (ether 
linkage). The ‘H-nmr spectrum of 1 (Table 1) showed that 1 is closely related to nim- 
bin (4 ,  20). However, in the ’H-nmr spectrum of nimbin, H-bp geminal to the 
acetoxy group appeared as a double doublet at 6 5.19 while the same proton resonated 
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2 R ' = R ~ = O ,  

5 R ~ = H ,  R'=OAC, 
R3=H, R4=OAc 

R3=R4=0 

3 

as a double doublet v= 1 1.6, 3.1 Ht)  at 6 3.92 in the case of 1. This observation led to 
the placement of a hydroxyl function at C-6, which was supported by the absence of the 
acetoxy signal in the 'H-nmr spectrum (Table l), appearance of two hydroxyl protons 
(6 3.73 and 2.02), and a carbinylic carbon (6 65.9) in the 'H- and 13C-nmr spectra, re- 
spectively; and shifting of H-6P (8 3.92) to 6 5.18 in the 'H-nmr spectrum of 2, ob- 
tained on acetylation of 1. Moreover, the ir, 'H- and I3C-nmr spectra indicated the ab- 
sence of a furan ring in 1, and, instead, a y-hydroxy-a,P-unsaturated-y-lactone side 
chain was shown by the ir and nmr spectral data (Tables 1 and 2). Thus, two one-proton 
multiplets at 6 6.97 and 6.01 have been assigned to H-22 and H-23, respectively, the 
latter being shifted to 6 7.08 upon acetylation. This was corroborated the presence of a 
hemiacetal carbon at 6 96.9 (C-23) and an a, P-unsaturated-y-lactone {6 137.0 (C-20), 
17 1.0 (C-2 l), and 142.0 (C-22)] in the 13C-nmr spectrum (Table 2), and a diagnostic 
fragment at m/z 430.2010 (C24H3007) in the mass spectrum of 1, resulting from the 
loss of the side chain. These structural features were also supported by two significant 
ions observed in the mass spectrum at mlz 107.0490 (C7H70, fragment a+H) and 
263.091 1 (C14H1505, fragment b-H) resulting from the cleavages of ring A and ring 
B, respectively. The 'H-nmr assignments were finally confirmed through 'H-'H 
homonuclear decoupling experiments. 

The spectral data of desacetylisonimbinolide (4) showed that it has an identical car- 
bocyclic nucleus with that of desacetylnimbinolide (1) and differs in the side chain 
only. The nature of the side chain in 4 was shown to be 2l-hydroxybut-20(22)-ene- 
2 1,23-y-lactone by the presence of two one-proton signals at 6 5.78 (H-2 1) and 5.9 1 
(H-22) in the 'H-nmr spectrum (Table l) ,  the former being shifted to 6 6.87 upon 
acetylation. This was supported by the resonances at 6 162.0 (C-20), 96.9 (C-21), 
120.8 (C-22), and 17 1.2 (C-23) in the '3C-nmr spectrum of 4 (Table 2). The presence 
of double signals for the side chain carbons in the I3C-nmr spectrum of 1 and 4 indi- 
cated that they are epimeric at C-21 and C-23, respectively, which has also been ob- 
served for the other y-hydroxybutenolides (13, 19). 
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TABLE 1. 'H-nrnr Spectral Data (8, and J/Hz) of Tetranortriterpenoids 

Assignment 

H-2 . . . . .  

H-3 . . . . .  

H-5 . . . . .  

H-6 . . . . .  

H-7 . . . . .  

H-9 . . , . .  

H - l l a  . . . . 

H - l l P  . . . . 

H - 1 5 .  . . . . 
H - l h  . . . . 

H-16P . . . . 

H - 1 7 .  . . . . 

H - 1 8 .  . . . . 
H - 1 9 .  . . . . 

H - 2 2 .  . . . . 
H - 2 1 .  . . . . 

H - 2 3 .  . . . . 
H-29 .  . . . . 
H - 3 0 .  . . . . 
OH _ _ . . .  

O M e . .  . . . 

OAc . . . . .  

1 

5.83,d 
1 1 . 2  10.1 
6.41, d 

1 2 . 1  10.1 
3.31,d 

1 5 . 6  11.6 
3.92, dd 

3 6 . 5  11.6 

4.08, d 

2.56, dd 

1 9 , 1 1 p  4.5 
2.89, dd 

1 1 1 a . 9  4.0 
2.21, dd 

1 6 . 7  3 . l  

1 7 , 6  3 . l  

1 9 , 1 1 a  4.0 

J g e m  16.8 

Jgem 16.8 
3118 .9  4.5 
5.5 1, rn 
2.31,dd 

J g e m  12.0 
JlQ.15 5.6 
2.09, ddd 

J g e m  12.0 
1166.15 7.0 
1168 .17  7.7 
3.53, d 

1 1 7 , 1 6 8  7.7 
1.84, s 
1.18, s 

6.97, rn 
6.01, rn 
1.22, s 
1.28, s 
3.73, rn 
2.02, rn 
3.70, s 
3.69, s 

- 

- 

- 

2 

5.84, d 
J 1 , 2  10.1 
6.40, d 

1 2 . 1  10.1 
3.36, d 

5.18, dd 
1 6 . 5  10.6 

4.09, d 

2.60, rn 

1 5 . 6  

1 6 . 7  2.5 

J 7 , 6  2.5 

- 
- 

2.80, rn 
- 

2.17, rn 
- 

- 
5.48, rn 
2.31,dd 

J I Q , ~ ~  4.0 
2.06, rn 

/gem 11.7 

- 
- 

3.73, d 

1.75, s 
1.20, s 

6.83, m 
7.08, rn 
1.25, s 
1.28, s 

J17 .168  6.7 

- 

- 
- 

3.76, s 
3.70, s 
2.01, s 
2.03, s 

Compounds 

3 

5.87, d 
11.2 10.0 
6.42, d 
I*. 110.0 
3.46, d 
15.6 11.6 
4.17, dd 
16.5 11.6 
16.7 2 .5  
4.10, d 
17.6 2 .5  
2.71, rn 

- 
- 

2.80, rn 
- 

2.25, rn 
- 
- 

5.52, rn 
2.30, rn 

- 
- 

2.03, rn 

- 
- 

3.70, d 

1.69, s 
1.25, s 
7.40, rn 
6.32, m 
7.10, rn 
1.30, s 
1.33, s 

117,168 7'0 

- 
- 

3.65, s 
3.63, s 

- 
- 

4 

5.81, d 
J1.2 10.0 
6.39, d 
J z , ~  10.0 
3.30, d 
15.6 11.5 
3.93, dd 
16.5 11.5 
16.7 3.0 
4.10, d 

2.55, dd 

1 9 , 1 1 8  5.5 
2.89, dd 

J i i a . 9  5.0 
2.21, dd 

1118.9 5.5 
5.51,rn 
2.29, dd 

J I Q . ~ ~  5.5 
2.12, ddd 
I,,, 12.0 

17.6 3.O 

J9 ,11a  5.0 

Jgem 16.0 

Jgem 16.0 

Jgem 12.0 

1168.15 7.0 
1168.17 7.5 

117,168 7.5 
3.55d 

1.80, s 
1.19, s 
5.78, rn 
5.91, rn 

1.22, s 
1.28, s 
3.73, rn 
2.00, m 
3.71,s 
3.69, s 

- 

- 
- 

5 

5.83, d 
J1.2 10.1 
6.40, d 
J z , ~  10.1 
3.36, d 
J5 .6  12.8 
5.20, dd 
16.5 12.8 
J6.7 2.5 
4.05, d 

2.60, dd 

19 ,118  6.6 
2.88, dd 

17.6 2.5 

19 .11a  5.1 

Jgem 16.6 
J l l a . 9  5.1 

Jgem 16.6 
2.15, dd 

J11g ,9  6.6 
5.60, rn 
2.30, dd 

116a,15 6.1 
2.09, rn 

Jgem 12.3 

- 
- 

3.63, d 
J17 ,168  7.0 
1.60, s 
1.21,s 
6.87, rn 
5.85, rn 

1.24, s 
1.30, s 

- 

- 
- 

3.71,s 
3.69, s 
2.02, s 
2.03, s 

The stereochemistry of various centers of desacetylnimbinolide (1) has been estab- 
lished through the NOESY spectrum which showed the spatial connectivities of H-15 
with H-22 and H-9; H-5 with H-9, H-22, and 28-OMe (6 3.69); H-22 with H-l6a; 
H-18 with H- l lp ,  H-16P, and H-17; H-19 with H-18, H-30, and H-11p; H-29 
with H-6 and H-7; H-30 with H-7, H- 1 lp,  H- 17, and H- 18; and also of H-2 with H- 
3, H- 16p with H- 17, and H-22 with H-23. These observations exhibited that ring A 
and B are transfused, and the spatial proximity of H- 15 with H-22 and ofH-22 with H- 
16a showed that the side chain at C-17 has a disposition. 

The NOESY spectrum of desacetylisonimbinolide (4) showed the spatial connec- 
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TABLE 2.  13C-nmr Chemical Shifts (6Jppm) of Corn 
II 

Carbons 

c- 1 . . . . . . . 
c-2 . . . , . . . 
c-3  . . . . . . . 
c - 4  . . . . . . . 
c-5 . . . . . . . 
C-6 . . . . . . . 
c-7 . . . . . . . 
c - 8  . . . . . . . 
c-9 . . . . . . , 

c- 10 . . . . . , . 
c-11 . . . . . . . 
c-12 . . . . . . . 
C-13 . . . . . . . 
C- 14 . . . . . . . 
C-15 . . . . . , . 
C- 16 . . . . . . . 

1 

202.4 
126.2 
148.1 
39.1 
48.9 
65.9 
86.4" 
47.9b 
39.8 
47.5b 
34.6 

175.4 
131.1 
145.0 
87.8" 
39.8 

4 I1 
202.0 
126.3 
148.4 
39.1 
50.0 
66.1 
87.6' 
47.9b 
39.8 
47.5b 
34.1 

175.4 
131.1 
145.0 
88.0" 
39.8 

C-17 . . . . . 
c-18 . . . . . 
C-19 .  . . . . 
c-20 . . . . . 

c - 2 1 .  . . . . 

c-22 

C-23.  . . . . 

C-28 . . . . . 
C-29 . . . . . 
C-30 .  . . . . 
-COOMe . . . 

unds 1 and 4 

Compounds 

52.1 
13.1 
17.1' 

137.0 
137.2 
169.9 
171.0 
142.0 
142.3 
96.9 
97.0 

172.0 
20.5 
16.1' 
53.0 
53.1 

4 

52.2 
13.0 
17.1' 

162.0 
162.1 
96.9 
97.1 

120.8 
120.9 
171.0 
171.2 
172.0 
20.6 
16.1' 
52.9 
53.1 

""Assignments may be reverse 

tivities ofH-22 with H-9, H-15, and H-l6a; H-5 with H-9, H-15, and H-22; H-18 
with H-l lP,  H-16P and H-17; H-19 with H-18, H-30, and H-l lP;  H-29 with H-6 
and H-7; H-30 with H-7, H- l lP ,  H-17, H-18, and H-29; and alsoof H-2 with H-3 
and H- 16P with H- 17. These interactions revealed that 4 also has the typical trans A/B 
ring junction with the a-oriented side chain at C-17. 

The butenolides 1 and 4 as well as desacetylnimbin (3) were also detected in the 
fresh CH,C1, extract of the twigs, which showed that they are genuine natural con- 
stituents and not artifacts. Further, since the hydroxybutenolide side chain has been 
suggested as the intermediate in the formation of the furan ring of meliacins, 1 and 4 
may be regarded as the precursors of nimbin and desacetylnimbin (2 1). 

As experienced in the case of other y-hydroxybutenolides (13, 17), descetylnim- 
binolide (1) and desacetylisonimbinolide (4) were initially obtained together with des- 
acetylnimbin (3) as a whitish crystahate, showing a single spot on tlc (Si gel, C6H6- 
EtOAC, 5:95). Assuming that the crystallizate was an uniform constituent, the struc- 
tural studies were initiated when the nmr ('H and 13C) spectral data indicated that it 
was a mixture of more than two compounds. After trying a number of solvent systems 
on plates coated with silica gel and Al,03, these were ultimately separated into three 
bands (Al,O,, CHC1,-MeOH, 85:15), which were characterized as 1, 3, and 4 
through chemical and spectral studies. 

It has been observed in the present studies that y-hydroxybutenolides are acidic in 
nature and are isolated from the acidic fraction (pH 9.0-11.0). For instance, five y- 
hydroxybutenolides namely isonimbocinolide ( 17), margosinolide (22), isomar- 
gosinolide (22), desacetylnimbinolide (l), and desacetylisonimbinolide (4)  have so far 
been obtained from the acidic fraction of neem leaves and twigs. On the other hand, if 
the pH is around 8.0, these form a part of the neutral fraction. For example, 
nimocinolide ( 13), isonimocinolide ( 13), and isonirnolicinolide (23), were obtained 
from the neutral fraction of neem leaves and fruits. It may be noted, however, that in 
either case traces of these butenolides are detected in the counter fraction. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-M~S were recorded in glass capillary tubes and are un- 
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corrected. Ir (in CHCI,) and uv (in MeOH) spectra were measured on JASCO IRA-I and Pye-Unicam SP- 
800 spectrometers, respectively; mass spectra were recorded on Finnigan MAT 112 and 3 12 double focus- 
ing spectrometers. 'H- and ',C-nmr (broad band and gated spin echo) spectra were recorded in CDCI, on 
Bruker Aspect AM 300 and Bruker WP-100-SY FT-NMR spectrometers, respectively, and the chemical 
shifts are reported in ppm relative to TMS=O. '3C-nmr spectral assignments have been made partly 
through spin echo spectrum and partly through comparison ofchemical shifts with published data for simi- 
lar compounds (13, 24). Optical rotations were measured at 24' in CHCI, on a Polanronic-D polarimeter. 
Merck Kieselgel 60 PF254 and A1,03 60 PF 254 coated on glass plates were used for analytical (thin layer) 
and preparative (thick layer) chromatography. 

PLANT MATERIAL.--"Neem" twigs (6 kg) were collected from the Karachi region in the month of 
April and were identified by Professor S.I. Ali, Department of Botany, University of Karachi. A voucher 
specimen has been deposited in the Herbarium of the Botany Department, University of Karachi. 

EXTRACTION AND IsourIoN.-The fresh, undried, uncrushed, neem twigs were repeatedly per- 
colated with CH,CI, at room temperature. The CH,CI, and the aqueous layers were separated from the 
combined percolates, the former being freed of the solvent under reduced pressure. The dark brownish re- 
sidue was shaken with EtOAc and H,O, and the EtOAc layer was repeatedly extracted with 4% Na,C03 to 
separate the acidic and neutral fractions (pH 9.0-11.0). The combined Na,CO, phase was acidified with 
dilute HCI and extracted with EtOAc, which was washed, dried (Na,SO4 anhydrous), and charcoaled. The 
charcoal was successively eluted with EtOAc and C6H6-MeOH (1: 1). The residue obtained from the com- 
bined EtOAc filtrate and the former charcoal eluate was subjected to preparative tlc (Si gel, C6H6-EtOAc, 
5:95) to yield a crystalline product which was ultimately separated into desacetylnimbinolide (l), des- 
acetylnimbin (3, and desacetylisonimbinolide (4) on plates coated with AI,O, (CHC1,-MeOH, 85: 15). 

DESACEMNIMBINOLIDE (l).--Crystallized from CHCI, as prismatic rods (10 mg, 0.0003% on 
the dry wt. basis), mp 195-196'; [ a ) ~  10O0(cO.02 in CHCI,); uv A max 208 nm (E 8692); ir u rnax 3400, 
1765, 1735, 1660, 1635, 1150, 1075, 820 cm-'; hrms m/z ('7%) 530.2196 (M+, calcd for C28H34010: 
530.2150) (8), 498.1858 (M-CH,OH) (5), 430.2010 (M-side chain) (2), 423.1431 (498-HCOOCH3- 
CH,) (6), 263.0911 (C14H1505, fragment b-H) (45), 245.0811 (263-H20) (8), 107.0490 (C7H70, 
fragment a+H) (10). 

ACETYLATION OF DESACEMNIMBINOIJDE (l).-Ac,O (2  ml) was added to a solution of 1 (4 mg) 
in pyridine (1 ml), and the reaction mixture was kept overnight at room temperature. Usual work-up ofthe 
reaction mixture afforded the acetyl derivative 2 as a crystalline residue which on recrystallization from 
CHCI, formed rods, mp 130-132'; uv A max 210 nm (E 4620); ir v max 1760 (a, p-unsaturated-y-lac- 
tone), 1735 (carbomethoxyl), 1720 (ester carbonyl), 1662 (cyclohexenone), 1640 and 825 (trisubstituted 
double bond), 1150 and 1075 cm-' (ether linkage); hrms m/z (%) 614.2361 (M+, calcd for C32H38012: 
614.2361) (3), 554.2167 (M-C,H402) (5), 494.1940 (M-2xC2H402) (7). 

DESACEMISONIMBINOLIDE (4).-1t crystallized from MeOH as bunches of rods (15 mg, 
0.0004% on the dry wt. basis), mp 178- 180'; [a]D 5Oo(c 0.06 in CHCI,); uv A max 2 10 (E 9752), 285 (E 
1484) nm; ir Y max 3400 (OH), 1760 (a, B-unsaturated-y-lactone), 1740 (carbomethoxyl), 1665 (cy- 
clohexenone), 1630 and 820 (trisubstituted double bond), 1145 and 1070 cm-' (ether linkage); hrms dz 
(5%) 530.2170 (M+, calcd for C28H34010: 530.2150) (4), 498.1858 (M-CH,OH) (6), 430.1990 (M-side 
chain) (4), 423.1440 (498-HCOOCH,-CH3) (8), 263.0920 (Cl4HI5O5, fragment b-H) (30), 
245.0818(263- H,O) (lo), 107.0475 (C,H70, fragment a+H) (12). 

ACETYLATION OF DESACEMISONIMBINOLIDE (4).-Compound 4 was acetylated in the same 
manner as desacetylnimbinolide (1) to yield 5 which crystallized from CHCI, as needles, mp 112- 114"; uv 
A rnax 2 10 nm (E 5 110); ir u rnax 1765 (a, p-unsaturated-y-lactone), 1740 (carbomethoxyl), 1725 (ester 
carbonyl), 1665 (cyclohexenone), 1645 and 820 (trisubstituted double bond), 1150 and 1070 (ether link- 
age); hrms m/z (%) 614.2393 (M+, calcd for C32H38012:614.2361) (5), 554.2167 (M-C,H4O2) (3), 
494.1940 (M-2xC,H402) (6). 

DESACEMNIMBIN (3).-1t crystallized from MeOH as rods, mp 2 10-2 12'; [a]D f 110'; uv A max 
225 nm (E 9163); ir u rnax 3500 (OH), 1735 (carbomethoxyl), 1660 (cyclohexenone), 1625 and 815 
(trisubstituted double bond), 1145 and 1065 crn-' (ether linkage); eims d z  (%) 498.2248 (M+, calcd for 
C28H3408: 498.2252) (2), 436 (M-32-30) (8), 423 (M-60-15) (85), 408 (M-60-30) (100). 
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