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Abstract-Nimbolide was biosynthesized from [2-r4C, (4R)4-3H,]mevalonic acid lactone in the leaves of Azadirachta 
Mica. The nimbolide had a ‘H: i4C ratio ‘of 3: 5 which gives support to the suggestion of the involvement of a 
triternenoid intermediate with a double bond at the Asf9)- position in the biosynthesis of nimbolide. 

INTRODUCrrON 

In an earlier communication [l] we reported the results of 
feeding experiments with tritium labelled euphol, tiru- 
callol, butyrospermol and A’-tirucallol. Surprisingly the 
As-isomers were found to be more efficiently utilized than 
A’-isomers for the biosynthesis of nimbolide in the leaves 
of Azadirachta in&a. This result, which seemed to 
contradict the general expectation for the biosynthesis of 
the meliacin nucleus, was explained by the suggestion that 
because nimbolide is a ring C-seco-compound its bio- 
synthesis might involve a A’~~(“)-diene which is easily 
formed from an la9a-epoxide [2]. The A’-function of the 
A7*901)-diene system would be readily oxidatively rear- 
ranged via its epoxide to give the 7a-h droxy-apo skeleton 
found in the meliacins, while the A B “‘)-function would 
activate the C-12 position towards eventual oxidation 
leading to ring C fission. 

RESULTS AND DISCUSSION 

We have now investigated the possible involvement of a 
A7*901)-system by feeding [‘H]8a,9a_epoxyeuphol, 
[“H]8a,9a; 24,25 diepoxyeuphol and [‘H]euphol to A. 
in&a. The results obtained (Table 1) agree with our 
earlier proposals. Both the mono- and the diepoxy euphol 
were found to be more efficiently utilized than euphol. 

It has been unequivocally established [3] that the 
conversion of mevalonate to dimethylallyl pyrophosphate 
involves a stereospecific elimination of the (C-4) pro-S 
hydrogen. Therefore squalene biosynthesixed from [2- 

14C (4R)4-“H,]mevalonate would be labelled as in- 
d&ted in the scheme and would in turn afford lanosterol, 
euphol and butyrospermol with radioactivity distributed 
as shown. This has bc en demonstrated for lanosterol and 
may be presumed to be the case also in euphol and 
butyrospermol. Consequently if nimbolide is biosyn- 
the&d from [2-14C, (4R)4-3Ht]mevalonate it would 
have a 3H : 14C ratio of 3: 5 if the biosynthesis involved an 
intermediate such as euphol or a A7v9(“)-diene. On the 
other hand the ratio would be 4: 5 if no intermediate with 
a double bond at C-9 was involved (Scheme 1). A mixture 
of DL-[2-14C]mevalonic acid lactone and \(3R,4R)-4-- 
‘H,]mevalonic acid lactone equivalent to [2 4C, (4R)4- 
“H,]mevalonate was fed into the leaves of A. indica and 
the nimbolide isolated after 36 hr and crystallixed to 
constant specific radioactivity. The results of the radioac- 
tivity measurements are given in Table 2. 

The ‘H: 14C ratio of 3: 5 found supports the involve- 
ment of an intermediate with a double bond at C-9 in the 
biosynthesis of nimbolide. 

The involvement of a euphol-type precursor was fur- 
ther investigated employing dilution techniques to isolate 
radioactive compounds corresponding to euphol or 
buryrospermol and by establishing the specificity of the 
label at C-3 in the nimbolide. 

All the materials obtained from preparative TLC did 
not seem to indicate the presence of isolable euphol or 
butyrespermol type of intermediate. A faint yellow crys- 
talline material of closely comparable polarity to euphol 
was obtained. This however had no infra-red absorption 

Table 1. Incorporation of euphol and euphol derivatives into nimbolide by 
A. indica leavea 

Precursor 
Activity specific activity of Relative 

fed (qnn x 10V6) nimbolide (cpm/mg) incorporation 

Euphol 24.4 13.8 2.81 
8a,A-Epoxyeuphol 6.65 8.10 3.98 
Dkpoxyeuphol 8.1 17.5 5.94 
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Scheme 1. 

Mevalonic acid 658501 82492 7.983 
Nimbolide 69.3 15.5 4.432* 

*Theoretical value for a ratio 4: 5 = 6.386; theoreti- 
cal value for a ratio 3 : 5 = 4.788. 

band, nor melting point value to suggest that it is euphol 
or an allied compound. Further studies continue in this 
direction. 

The specific location of ‘H at C-3 in the nimbolide was 
established by subiecting some of the nimbolide, mixed 
with unlabelled nimbolide, to reactions that resulted in the 
elimination of the ‘H atom at C-3 position. The nimbolide 

Table 2. Incorporation of [Z-“C, (4R)4=H,]meva- 
lonate into nimbolide by leaves of A. indica 

which had a specific activity of 54.2 cpm/mg was hy- 
droxylated with osmium tetroxide and the product which 
retained the original radioactivity was subjected to t-butyl 
chromate oxidation in petrol at room temperature. The 
product, which did not crystallize, but was shown to be 
homogeneous by TLC, was found to have a specific 
activity of 39.1 cmp/mg. This result is interpreted to 
indicate removal of the 3H atom at C-3 because this is the 
most vulnerable position to attack by the reaction. 

EXPERIMENTAL 

Feeding. DL-[2-‘4C]Mevalonic acid lactone (ca 0.1 mCi) was 
mixed with mevalonic acid (3R,4R43H, + 3S,4S43H) lactone 
(ca 20mCi) in benzene and the benzene evaporated. The gum 
obtained was dissolved in methyl cellosolve and the soln painted 
on intact leaves of A. it&a. The leave-s were harvested after 36 hr 
and extracted with petrol (bp 60-80’). The extract on concn 
deposited nimbolide which was crystallized to constant sp. act. 
The ‘H: 14C ratio of the nimbolide was found to bc 3: 5 (Table 2). 
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Preparation of 3-keto-nimbolide. Radioactive nimbolide 
(100 mg) from the leaves fed with the double labelfed mevalonic 
acid lactone was mixed with 200 mg of unlabelled nimbolide. The 
mixture (25Omg) was hydroxylated using OsO, and the gum 
obtained (100 mg) from the usual work up was dissolved in petrol 
(100 ml) and oxidised using t-butyl chromate soln in petrol. The 
work-up product was a gum which was found to have a specific 
activity of 39.1 cpm/mg (about 18 y0 lower than the count for the 
hydroxyl compound). The products were checked by IR studies. 
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