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TERPENOIDS AND RELATED COMPOUNDS-W 

INVESTIGATIONS ON THE STRUCTURE OF NIMBIN* 

P. SITGGUPTA, S. K. SI~SGUPTA and II. N. KHASTGIR 
The Research Division. Fast India Pharmaceutical Works Ltd., Calcutta-34 

AM--Nimbin, the crystalline principk of M. clza&uc/~hto Linn. is assigmA the mokcular 
formula C,.H,,O,. I.&S-Trimethylnaphthalcnc was isolated from the dchydroenation of a rcdoction 
product of nimbin. The products of alkaline degradation and pyrolytic experiments establish that 
nimbin pm either of the partial structures X or XI. 

IN a previous communication’ WC reported investigations on the constituents of the 
trunk bark of Me/in azadirachra Linn. and the structure of nimbiol, the new keto- 
phenol isolated. The prcscnt communication deals with investigations on nimbin, the 
bitter principle of the tree, isolated by Siddiqui er al. from the seed-oiL3 the blossoms,’ 
the root bark5 and the trunk bark6 and given the molecular formula, CmH,O,. Later 
Mitra’ suggested the molecular formula, C,H,G, (+.CH& for nimbin, and isolated 
acetic acid, methanol, nimbinic acid, m.p. 263”. Neutral A or desacctyl nimbin. m.p. 
215” and nimbic acid, m.p. l&162“ from the alkaline hydrolysis. Nimbinic acid on 
estcrification gives Neutral A, which on acetylation gives nimbin. Mitt-a’ suggested 
the presence of (a) an aldchydc, (b) an acetoxy, (c) a carbomethoxy, (d) an +-un- 
saturated lactone and (c) an isolated methoxy group in nimbin. Narasimhan” on the 
other hand suggested the molecular formula C&H,O, and agreed that nimbin has an 
acctoxy, a carbomethoxy and an isolated methoxy group and further suggested that 
nimbin has an r&unsaturated ketone, another r&unsaturatcd carbomethoxy group 
as well as a furan ring. On hydrogenation nimbin gives dihydronimbin and tetra- 
hydronimbin. This worker further established that in dihydronimbin the ethylenic 
linkage in conjugation with the ketonic carbonyl group has been hydrogenated. An 
investigation on the nimbic acid of Mitra led Nardsimhan to suggest that this acid is 
dibasic, and on sublimation loses water and carbon dioxide to give an cnol-lactone, 
‘pyronimbic acid’. Later Mitras provisionally suggested a I-carbomethoxy steroid 
type structure for nimbin without apparent reason. 

In continuation of the work on M. azadrachra Linn.’ WC selected the trunk bark as 
the source of nimbin. The neutral fraction of the benzene extract of the trunk bark was 
subjected to partition between petroleum ether and 80 per cent aqueous methanol.’ 
The mcthanolic extract on acetylation and chromatography yicldcd nimbin, m.p. 
204-2OY’, (z]n + 168”. in ca. 0.08 “/, yield. The bittcmcss of nimbin is very mild, 
whereas that of its various derivatives is quite strong. 

’ Part I: P. Scnypt& S. N. Choudhuri and If. N. Khassrgir. Trfrahtdron 10, 45 (19&O. 
’ Prcltmmary mvcstlgations on mmbm were published in short commumcauons: l P. kngupta. S. K. 

Scnguptaand H. N. Khastgir. Chrm d Ind. 1402(1958); L397(19J9)and~11Y4(1959). 
’ S. Slddiqui. Curr. Sri. 11. 278 (1942). 
’ C. Mtrra. P. N. Rao. S. BhrrtacharJcc and S. Siddiqui, J. Sci. & Ind. Rer. India 6B. I9 (1947). 
‘ C. Mitra, P. N. Rae and S. Siddiqui. 1. Sri. 6: Ind. Res. /m&a IZB. 152 (1953). 
* S. Bhartacharja. C. M~lra and S. Siddiqui. J. Sci. & Ind. Rrr. India IZB, I54 (1953) 
’ (‘. Mllra. J. Sri. 6: fed. Rcs. fndio 15B, 425 (IY56). 
’ N. S. Narasimhrn. Cikrm. & Ind. 661 (1957). 
’ C. Mitra. J. Sri. & Jml. Ru. Jndia I6B, 477 (1957). 
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The analytical data of nimbin and its degradation products suggest the molecular 
formula, C,H,O, and indicate the presence of two mcthoxy groups in the molecule, 
in agreement with the observation of Mitra ‘, but in contrast to the observation of 
Narasimhan”. The ultra-violet absorption spctra of nimbin show two maxima, one 
at 210 m,u, which may be a composite one of isolated chromophores, an a,Sunsatur- 
atcd ketone a furan and one or two cthylenic linkages, while the second one at 330 m/l 
is due to the a/I-unsaturated ketone .* In the infra-red spectra nimbin shows peaks at 
1687 (&unsaturated ketone), 1730 (esters and acetatc) and 1510 and 875 cm l 
(fi-substituted furantoS1t). The ultra-violet absorption spectra of dihydronimbin,A 
C,HSO, show two maxima, at 210 mu and 298 rnp and the infra-red spectra show 
peaks at 1740 (carbonyl) and 1500 and 872 cm * (&substituted furan). 

Both nimbin and dihydronimbin show infra-red peaks around 1245 cm l indicat- 
ing the presence of acctoxy groups. Thcsc groups could not be determined due to 
decomposition and frothing, but on hydrolysis the acetic acid generated was identi- 
fied as p-bromophcnacyl ester. 

On heating under reflux with mcthanolic potassium hydrogen carbonate, nimbin 
gives nimbinic acid,7 C,H,O,, m.p. 259-26l”d, which shows infra-red peaks at 3420 
(hydroxyl), 1743, I71 8 and 1677 (carbonyl) and 1505 and 875 cm-l (furan). On titra- 
tion it is found to be monocarboxylic and on csterification it gives methyl nimbinate, 
C.&~,O,, m.p. 215-216” which on acctylation gives nimbin. Thus nimbinic acid is 
formed from nimbin by the hydrolysis of an acetoxy and a carbomethoxy group. The 
infra-red spectra of methyl nimbinatc show peaks at 3420 (hydroxyl), 1730, 1715 and 
1680 (carbonyl) and 1505 and 875 cm * (furan). 

In addition to these infrared peaks, nimbinic acid and methyl nimbinate show 
peaks at 1225 and 1230 cm-* respectively, which led to the erroneous conclusion& 
that nimbin has yet another acetoxy group. Hut as work progressed, we 
agrcedPC with Narasimhan that nimbin has one acctoxy group and two carbomcth- 
oxy groups. 

Nimbic acid prcparcd according to the method of Narasimhan mcltcd at l85”d 

instead of 16&16l’d as reported by him. A sample of nimbic acid supplied by Dr. 
Narasimhan after drying melted at 185”d. On csterification this acid gives methyl 
nimbate or desacctyl nimbin, C?,Hso0,2C which is identical with our methyl nimbi- 
nate. Thus WC agree with Narasimhan regarding the functions of eight out of the nine 
oxygen atoms of nimbin. These arc a jI-substituted furan, an acctoxy, two carbo- 
methoxy and an q?-unsaturated ketone groups. WC do not agree with the vieti that 
the ninth oxygen atom is present in an isolated mcthoxy group. Nimbin shows the 
presence of two methoxy groups that are accounted for by the presence of two carbo- 
mcthoxy groups in the molecule. 

Nimbin on reduction with lithium aluminium hydride yields a gummy product 

LAX 206 m!l). which did not crystallize even after acctylation and chromatography. 
The gummy product on dehydrogenationzbqc with selenium. gives I ,2,5-trimcthyl- 
naphthalene identified by its ultra-violet absorption spectra and by melting point and 
mixed melting point of its 1.3,5-trinitrobenrcne adduct with that of an authentic 
specimen. Independently, howcvcr, Narasimhan” isolated presumably the same 

” ‘1’. KuboIr. %rruhrBon 4. 68 (195X). 
I1 I:. hi. Dean and ‘r. A. Gctsrman. 1. WK. Chrnr. 23. 5V6 (1958). 
I’ N S. Saraslmhan. &r. IRwh. Chrm. Grs. 91. 76V (IVSV). 
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naphthalene derivative, which hc suggested, is I ,2,5- or I .4.5-trimethylnaphthalcnc. 

The isolation of I ,2,j_trimethylnaphthalcnc indicates that nimbin is probably dicarbo- 

cyclic. 
Nimbin on standing with cold methanolic potassium hydroxide gives only nimbic 

acid,R but on heating under reflux with mcthanolic alkali, it gives a mixture of acids 
from which no single component could be crystallized. The acid mixture was esteri- 
find and after chromatography over alumina yielded three crystalline esters? (i) 

Ester A, m.p. 138. 139”, [x]t, -i 13O”,(ii) Ester B, m.p. I53 .154”, [x]i) : 140” and 
(iii) Ester C, m.p. 158-160”. [z],, -- 302”. The Esters A, B and C show molecular 

weights (Rast) of 382, 363 and 372 respectively, and from analyses arc found to bc 

isomcric and were first assigned 26 the molecular formula, CtiHS05 (or C,,H,O,). 
This molecular formula necessitated the assumption that duringalkalinedcgradation, a 
C, (or C,) unit had split off from nimbin in addition to the hydrolysis of the two 

carbomethoxy and the acctoxy groups. Repeated attempts to isolate this small unit 
proved abortive, and it was found necessary to recheck the molecular formula of these 
esters by other methods some of which were unsuccessful. Ester B on treatment with 
methanolic potassium hydrogen carbonate, yields Acid B, m.p. 213-214”. with 
cquivalcnt weight (420) and molecular formula C,H,O,. On cstcrification this acid 
gives Ester B, with molecular formula, C%H,O,. Hence the isomcric (see below) 
Ester A and Ester C have the same formula. 

The difference between nimbic acid and Acid B is a molecule ofcarbon dioxide. It 
is evident then that during alkaline degradation, nimbin first forms nimbic acid which is 
decarboxylated by the action of hot alkali to give Acid B and its isomers. Nimbic acid 
on treatment with hot mcthanolic alkali gives a mixture of acids which on estcrification 
and chromatography yields Esters B and C. Ester C on treatment with mcthanolic 
potassium hydrogen carbonate gives an amorphous acid m.p. 18&203”, which cannot 
bc crystallized but which on estcrification yields Ester C. 

In the infra-red spectra Ester A shows peaks at 3510 (hydroxyl), 1735 (saturated 
ester), 17 I5 (saturated ketone) and 1505 and 875 cm l (furan). This fact coupled with 
the ultra-violet absorption spectra (maxima at 207 mu and 297 mp) indicates that the 
ketonic carbonyl group is no longerconjugatcd in EsterA. EstcrBshows infra-red peaks 
at 3600 (hydroxyl), 1740 (saturated ester), 1690 (+unsaturated ketone) and 1505 and 
875 cm l (furan) and ultra-violet absorption maxima at 212 rnp and 327 mp. Finally, 
Ester C shows infra-red peaks at 3520 (hydroxyl). 1735 (saturated ester), 1678 (z/?- 
unsaturated ketone) and I502 and 875 cm -I (furan)and ultra-violet absorption maxima 
at 214 m/c and 327 rnp. 

In order to settlc the interrelation of these three esters, each was treated with hot 
mcthanolic potassium hydroxide. In each case after cstcrification and chroma- 
tography, almost equal amounts of Esters Band C were isolated. Thus Esters Band C 
have an x/Lunsaturated kctonic system and are epimeric at the carbon atom 7 to the 
ketone, from where the carboxylic group of nimbic acid is split off. Ester A in which 
the cthylcnic linkage is no longer conjugated to the ketone, is evidently the P;+ 
unsaturated isomer of Esters B and C. These reactions can be explained if nimbin has 
the partial structure I, which on hydrolysis first gives nimbic acid (II). The latter is 
decarboxylated yielding as shown Ester A (III) and Esters Band C (IV, epimcric at the 
carbon atom marked with asterisk). 

Ester B on catalytic hydrogenation yields dihydro-Ester B, &HMO,, m.p. 
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137-139”, (z]t, t. 176” having infrared peaks at 3580(hydroxyl), 1728(saturatcd cstcr), 
1702 (saturated ketone) and 1500 and 878 cm 1 (furan). Similarly Ester C on hydro- 
genation gives dihydro-Ester C, C&i,O,, m.p. 15&151”, [z],, ..-197” having infra- 
red peaks at 3550 (hydroxyl), 1728 (saturated ester), 1700 (saturated ketone) and 1500 
and 874 cm * (furan). These two dihydrocstcrs in which the ethylenic linkage conju- 
gatcd to the kctonic carbonyl has been hydrogenated, can not be epimcrizcd. This fact 
proves that cpimerization only takes place at the carbon atom marked with asterisk in 
the partial structure IV. 

Dihydronimbin on similar treatment with mcthanolic alkali gives only one dihydro- 
acid, C,H,O,, m.p. 192,-195”d, [z]t, -i.229” in which both the carboxylic groups arc 
retained. This dihydroacid has the partial structure V. On csterilication this acid 
gives desacctyl dihydronimbin, C,H,O,, m.p. l46.,147O which on acctylation gives 

dihydronimbin. 
The infrd-red spectra of dihydro-Esters H and C (peaks around 1700 cm-l) 

suggest that the kctonic group of nimbin is in a six membered ring. The partial 
structure of nimbin can now bc enlarged to structure VI. This partial structure, 
howcvcr, needs clarification on an important point. Dcsacetyl nimbin has two ester 
peaks at 1730 and 1715 cm’ l in the infra-red spectra. The former peak is undoubtedly 
due to a saturated carbomethoxy group, but the latter peak, which disappears after 
decarboxylation, has been attributed to an a/?-unsaturated carbomcthoxy group by 
Narasimhan.* This fact cannot explain the facile dccarboxylation with methanolic 
base. The latter peak (1715 cm *) is therefore also due to a saturated carbomcthoxy 
group, which is vinylogously situated with respct to the a/?-unsaturated kctonic 
carbonyl system. Since on dccarboxylation an cpimeric centrc is formed, the carbon 
atom I to the carbomethoxy group in nimbin does not contain any hydrogen atom 
(Structure VI). It was shown by Cole and Thornton I3 that in tritcrpenoids the satur- 
atcd carbomcthoxy peak in the infra-red appears in the region 1714 to 1725 cm-‘. 

I’ A. R. H. Cole and D. W. Thornton. 1. Chrm. Sot. 1007 (1956). 
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That Esters A, B and C still retain the original carbocyclic ring system is proved by 
the dchydrogcnation of the lithium aluminium hydride reduction product of a mixture 
of these three esters. The naphthalene derivative isolated from the dchydrogenation 
was identified as I ,2,Strimcthylnaphthalcnc. 

The reactions of the hydroxyl group in Ester B proved to be secondary in nature. 
Ester B on acctylation gives a monoacetate, C,H,O,, m.p. 174175”. On chromium 
trioxide oxidation by Sarctt’s method ,i’ Ester B gives a dikctoestcr, GH,O,, m.p. 
177”, which dots not have any hydroxyl peak in the infra-red, but has peaks at 1710 
(saturated ketone and ester), 1680 (+-unsaturated ketone) and 1500 and 875 cm-i 
(furan). The ultra-violet absorption spectra of this diketoestcr show maxima at 206 
and 309 m/c. Dcsacetyl dihydronimbin also on similar oxidation with chromium 
trioxidet4 gives a diketodiestcr, C&HMO*, m.p. 155-156”. 

Narasimhan suggested that ‘pyronimbic acid’, which is formed from nimbic acid 
and whose infra-red spectra indicate the absence of the ketonic peak at 1687 cm-i has 
the structure VII or VIII. On repeating the work of Narasimhan. the same enol- 
lactonc was isolated and assigned the molecular formula, &,H,O,. This cnol-lactone 
shows maxima in the ultra-violet at 207 and 278 rnp. It dissolves in methanolic 
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potassium hydroxide solution and on acidification yields a mixture of acids, which on 
csterification followed by chromatography furnish Esters B and C. Individually 
Acids B and C were subjected to sublimation in vacuum and in each case ‘pyronimbic 
acid’ was isolated and identified. It is thus evident that in ‘pyronimbic acid’ the asym- 
metry of the cpimcric centre marked with asterisk in the partial structure IV has been 
destroyed. Since the ketone takes part in the enol-lactone formation, the partial 
” G. I. Poor. w. F. Johns and L. H. Satw./. Amer. Glum. SM. 77, 1026 (1955). 
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structure of ‘pyronimbic acid’ is either IXa or IXb and not of the types suggested by 
Narasimhan. These experiments also establish that nimbin has either the partial 
structure X or XI. 

EXPERIMENTAL 

The pc~ ether b.p. 60.80’ was used Ihroughout the investigation. The ultra-violet absorption spectra of 
all the compounds wcrc studied in 95 S, ethyl alcohol. 

Dried and powdered trunk bark of .M. uzudirurhto Linn. (3.6 Kg) was cxtrxtcd in a Soxhlct wiIh 
bcnzcne for 20 hr. The rcsiduc from the bcnlcne extract was taken up in ether. washed (5 “,d NaOH. 
and water) and dried (Na,SO,). The gummy material (35 g) was partitioned between pet ether and 
80’,/. aqueous methanol. The residue (16.8 g) from the methanol layer was acetylatcd with pyridinc 
(30 cc) and accIic anhydridc (30 cc). The crude product (16 g) was chromatographed over alumina 
(200 g. deactivated wuh 8 cc of 109; aqueous acetic acid). The crystalline material (4.6 g) clutcd with 
a mixture of per cthcr and bcnrcnc (I : I) on crystallicarion from methanol afforded nimbin (2.8 g). 
m.p. 204 205 , [I]O .’ I68 (CHCI,). (Rcportcd’m.p. 205 , [z]i, ‘I 170’.) (Found: C. 65.95; H, 6.79. 
OCH,. 11.75. C.CH,. 933. C,.II,,O. rcquircs: C. 65.98: H. 6.87. OCH, (IWO). 11.7. CCII, (two). 

lo.lup,). 
Mol. WI., Found (Rast). 530. Calc., 528. 
I!. v. R,,, 210 m/c (L 32,700) and 330 m/r (E 66). 
I.R. (CIfCI,) Peaks at 17.30 (crIcr). 16X7 (x9-unsaturated ketone) and I510 and 875 cm * 

(,!hhst~turr~ furrn). 
(Nujol) Peaks a~ 1732 (csrcr), 1700 (z/f-unsaIurat~ kctonc), 1246 (acctatc) and 1510 and 

875 cm ’ (jj-subsIituIcd furan). 

Dihydronmthin 

A SO~UIIOII of nimbin (0.5 g) in ethyl acetate (20 cc) was stirred in an atmosphere of hydrogen m 
prcscncc of lO”,d palladium charcoal caIalyst (0.1 g) unril one molt quivalcnt of hydrogen was 
absorbed. The solid maIcrial (048 g). m p. 208 210’ isolated on cryslalliration from methanol gave 
dihydronimbin (0.4 g). m.p. 215-216“ (rcprt~d~ m.p. 218’). [x]i, .: 167.5’ (CIU,). (Found: 
C. 65.70; 11, 7.30. C,,H,.O, rcquircs: C. 6564; H, 7.Z?>;) 

li.C: i.,,, 210 m/c (E 16.200) and 298 rn,ir (E 29) 
I.R. (CHCI,) Peaks at 1740 (carbonyl). 1245 (aatatc) and IS00 and 872 cm- ’ (&substituted furan)- 

Isolation of ucetic acid (as p-hromvphenucyl rrrer)/rum the alkulinr hy&olysis of nimbin 

A solution of nimbin (4.67 g) in 5 “‘, mcthanolic potassium hydroxide (200 cc) was rctluxcd for 
2 hr. and acidified with dil IlCl and the prccipiratcd solid hhcred. The filtrate was adjusted to pH 8. 
concentrated to a small volume. hltcrcd, acidifnd with dil H,SO, and cxtractcd with ether. The 
residual gummy acid mixture (I.3 g) was dissolved in ethyl alcohol (IO cc) and adjusted to pH 7.5 
wiIh dil NaOl(. The solution was rcfluxcd for 2 hr after 1hc addition of a solution ofp-bromophcnacyl 
bromide (I.5 g) in cIhyl alcohol (20~~). A gummy rcsiduc was chromatographed over alumma 
(I50 g. dcactivatcd with 6 cc of lO?d aqueous acetic acid). A mixturc of pcI ether and ben/.ne (4: I) 
clutcd a solid (0.44 g), m.p. 76 82 , which on crysnrlliration from ethyl alcohol mcltcd at 83 84”. 
11s mixed m.p. with an authentic spccimcn of p-bromophcnacyl csIcr of acetic acid showed no 
depression. 

Iiy&olysis of nimbin with methanolir potassium hydrqen carbonate 

Nimbinicacid. A mixture of nimbin (I g), methanol (20 cc), potassium hydrogencarbonate (I.33 g) 
and water (6.6 cc) was retluxcd for 14 hr. diluted with water and extracted with ether. The alkaline 
aqueous layer was acidified with cold dil HCI and the prcciphatcd solid extracted with ether. washed 
with water and dried (Na$O,). On concentration to a small volume. a solid (0.24 8, m.p. 245 250” 
crystallircd out, and rcuystalliration from cIhcr gave nimbinic acid, m.p. 259-261 ‘d, [z]o .; 112’ 
(Cl-ICI,). (RcporIcd’ m.p. 263’. [ali) . 129.5”). (Found: C. 65S8; H. 6+tS. C,.H,,O, rcquirca: 
C, 6608; H. 6.83 7;). Mol. wt., Found (IitraIion at O’), 456. Calc.. 472. 

u. v. R,,, 208 ml’ (E 24,400) and 330 ml1 (E 70). 
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I.R. (CHCI,) Peaks at 3420 (hydroxyl), 1743. 1718 and 1677 (carbonyl) and 1505 and 875 cm-’ 

(d-substituted furan). 

Fsrcri/icorion of nimbinic acid 

Desacef_y/nimhin. Nimbinic acid (100 mg) in a mixture of cthcr and methanol was csteritkxl with 
an ethercal solutton of diaromcthanc (from 100 mg of nitrosomcthyl urea). The cstcr (90 mg), 
m.p. 207 210’ on crystallization from methanol gave &sace/,v/nimbin, m.p. 215-216” (rcportcd’ 
m.p. 210 214 ). [z]r, .: IOS’(CHCI,). (Found: c’. 67.10: II. 6%) C,,H,,O, requires: C. 66.65; )I, 
7.04 %). 

I.R. (Cf ICI,) Peaks at 3420 (hydroxyl). 1730.17 I5 btcr). I680 (z;l-unsaturated ketone) and I505 and 
875 cm ’ ($substitutcd furan). 

Acelylation a/ dtwcer,vlnimbin 

Nimhm. Dcsacetylnimbin (130 mg) was acetylatcd with pyridinc (I.3 cc) and acetic anhydride 
(1.3 LX) and ~hc crude prodduct (IZOmg) on crystallization from methanol gave nimhin. mp. and 
mixed mp. 204-205 . 

H~drol,vsis a/ nimbin wirh cold methanalic potassium hyrloxide 

Ximhic ucid. E;imbic actd was prepared from nimbin (2 g) by trcatmcnt with cold methanolic 
potassium hydroxtdc solution’*. The crude acid. m.p. 150.151 ‘d. on crystallization from aqueous 
methanol mclfcd at ISY 160 , but after drying mcl~cd at 184. l85.d. [Z]O - 157” (pyridinc). (Found: 
C, 65.12; II, 6.78. C,Ii,O, rqum!!: C. 65.49; H. 660:;). 

u. v. i.,,, 209 m/r (E 14.300) and 327 m!r (E 50). 
I. R. (Nujol) Peaks at 3500 (hydroxyl). 1718 (carboxyl). 1680 (x;%unsaturatcd ketone) and I500 and 

872 cm ’ (;Lsubstitutcd furan). 

F^rre$carion of nimbic acid 

Desarer_ylnimhk. Simbic acid on cstcrifation gave methyl nimbate, m.p. 212.214’, which was 
identical with dcsacctylnimbin (mixed m.p. and infrared) prepared from nimbinic acid. 

Lithium alaminium hydride reducrion a/ nimhin and drhydropnation of the product 

To a cold suspension of lithium aluminium hydride (I.2 g) in dry ether (ISOcc) was added a 
solution of nimbin (I g) in tctrahydrofuran (20 cc) and dry ether (50 cc). The reaction mixture was 
kept in the ioz bath for 20 min, then rcfluxcd for 5 hr. and trcateci with water. The precipitated 
aluminium oxide was filkrcd and washed with hot chloroform. The combined filtrates were dried 
(Na,SO,) and cvaporatcd IO a gummy r&due (I.6 g. i,,, 206 m/r). which did not crystalliz even 
after arrtylation and chromatography. 

The gummy reduction product (1 g) was heated with xknium powder (3 g) at 320 340’ for 20 hr. 
and the product ether cx~ractcd. The ether solution was washed (IO”/, I*;aOH and water). dried 
(Na,SO,) and evaporated to give a gummy residue (0.2 g). which was chromatographcd over 
alumina (IO g). The colourks oil (007 g) cluted with pet cthcr was dissolved in methanol and trcatcd 
with a solution of 1.3,5-trinitrobcnrmc (0.07 g) in methanol. The product (0.02 g). m.p. 145-148”. 
on recrystallization from methanol gave orange-red crystals. m.p. I52 I54 identical by mixed m.p. 
with the adduct of 1,3,5-trinitrobcnzene and 1.2,5-trimcthylnaphthalcnc. (Found: C. 5Y60; H. 4.72. 
Calc. for C,,H,,O,N,:C. 5Y.53; H, 4.47%). 

1.2.5-Trimethylnaphthaknc rcgcncratcd from the above adduct by passage through a column of 
alumina with per ether. had the ultra-viokt absorption maxima at 230 ~JI (log E 4.86). 278 rnp 
(log E 3.69). 288 m/r (log E 3.80). 324 m/c (log E 2 85) and 355 m/r (log E 1.22). 

Prepararion of esters A. B and C 

Nimbin (2 g) in 5% mcthanolic potassium hydroxide solution (100~~) was rcfluxcd for 1 hr, 
poured into water and extracted with ether. The alkaline aqueous solution was acidified with cold 
dil HCI. with separation of yellowish white solids. The crude mixture melted over a range (9CLl40”) 
and could not bc purifml by crystallization. 

A suspension of the czdc mixture of acids in ether was ~nxtcd with an ethereal solution of 
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diarnmethanc (from 1 g of nitrosomcthylurca) and kept overnight at rmm temp. The gummy 
mixture of esters (I.43 g) WBS chromatographcd over alumina (100 g, deactivated with 4 cc of IO:4 
aqueous acetic acid) and esters A, B and C isolated as follows. 

fisrer A. The ctystallinc material elutcd with pet cthcr and benzene (3:2). on crystallization 
from pet ether and ether afforded Ester A (0.07 g), m.p. 138-139“. [~]a .;,130 (CHCl,). (Found: 
C. 70.47; H, 744. CJi,,O, requires: C. 70.07; II, 7.537;). Mol. wt.. Found (Rast). 382. Calc., 428. 

. 
U. k’. I.~~% 207 m/c (E 13.800) and 297 m,rc (E 87). 
I.R. (CHCI,) Peaks at 3510 (hydroxyl), 1735 (ester). 1714 (saturated ketone) and 1505 and 875 cm ’ 

(furan). 
Ferrer B. The crystalline material elutcd with pet ether and bcnrrnc (2:3), on crystallization from 

pet cthcr and ether afforded Ester B (0.26 g). mp. 153 154’. [x11) .! 140’ (CHCl,). (Found: C. 7@45; 
H. 7.43. C,,H,,O, requires: C. 70.07; H. 7.530,;). Mol. wt., Found (Rast). 363. Cak.. 428. 

Li. V. i.,.. 212 m/r (E 14.300) and 327 m/r (E 67). 
I.R. (CHCI,) Peaks at 3600 (hydroxyl). 1740 (cater), 1690 (a$unsaturatcd ketone) and 1505 and 

875 cm ’ (furan). 
IIrrrrcr C. The ctystallioe material clutcd with benzene. on crystalliration from pet cthcr and ether 

atiordcd Ester C (0.28 g), m.p. 158 160 , [ z D . 302’ (CHCI,). (Found: C, 70.55; H, 7.50. ] 
C,f1,,0, requires: C. 70.07; H. 7.5306). Mol. wt., Found (Rast), 372. Cak.. 428. 

L’. v. i.mr. 214 m/c (E 12,500) and 327 m/r (E 59). 
I.R. (CIICI,) Peaks at 3520 (hydroxyl). 1735 (ester), 1678 (I/?-unsaturate! ketone) and 1502 and 

875 cm”’ (furan). 

Prepararion of& monoacetaIe of esltr B 

A solution of Ester B (140 mg) in pyridinc (1.4 cc) and acetic anhydride (I.4 cc) was allowed to 
stand overnight at room temp. The acetate m.p. I65 170” on crystallization from methanol afforded 
the monoacetate of Eater B (45 mg). m.p. 174- 175”. [I]~ i 205’(CHCI,). (Found: C, 69.54; H, 7.30. 
C,,H,,O, requires: C. 68.92; H, 7.28:/,). 

Hydlolysis of ester B wirh passium hyakqen co&male 

Acid B. A mixture of Ester B (I 30 mg). potassium hydrogen carbonate (I 30 mg). water (I cc) and 
mcihanol (2 cc) was rcfluxcd for 2 hr, and extracted with ether. The aqueous alkaline solution was 
acidifmi with cold dil HCI. yielding material. m.p. 2C0-209- which on crystallization from dry ether 
gave Acid B (35 mg), m.p. 213-214”. [Z]D - 139” (CHCl,). (Found: C. 69.96; H, 7.49. C,,H,,O, 
requires: C, 69.54; H, 7.30%). Equiv. wt., Found (titration), 420. Calc.. 414. 

firerificarion of acid B 

Esrer B. Acid B (200 mg) was cstcrificd with an ethereal solution of diarnmethanc (from 200 mg of 
nitrosomcthylurca). The crude ester (190 mg). m.p. 145-148”. on crystallization from pet ether and 
cthcr atTorded Eater B. m.p. and mixed m.p. 153-154”. 

Hydrolysis of ester C wlrh passium hyakogen carbonare 

Amorphous acid C. A mixture of Eater C (280 mg), methanol (7.5 cc). potassium hydrogen 
ca -bonatc (350 mg) and water (2.5 cc) was rcfluxcd for 2 hr. and extracted with ether. The aqueous 
alr;aline solution on acidification with cold dil HCl afforded amorphous Acid C (190 mg), m.p. 
I80 203’. All attempts at the crystallization of the solid failed. 

F~rerificorian of omphorous acid C 

P3er C. Acid C (1% mg) was caterified with an ethereal solution of diaxom&anc (from 190 mg 
of nitrosorncthylurca) yielding Fstcr C (100 mg). m.p. and mixed m.p. 158-160”. 

Isomtrizarion of tsrer A ro esrers B and C 

A solution of Eater A (85 mg) in 5 f,; tnethanolic potassium hydroxide solution (5 cc) was rcfluxcd 
for 1 hr. then acidified with cold dil IICI, yielding material, m.p. 140 165”d. Thii was cataifkd with 
ethereal diar.omcthanc (from 85 mg of nitrosomcthylurca) and the ester (80 mg) chromatogaphcd 
over alumma (10 g. dcactivatcd with 0.6 cc of IO”,/, aqueous acetic acid). The solid material, 
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m.p. 14l-.145” elutcd with pet ether and bcnzcnc (3:2), crystaIlir.cd from pet ether and ether as 
Ester B (21 mg), m.p. and mixed m.p. 151-153”. The second material tlutcd with bcnacnc on 
crystallization from pet ether and ether afforded Ester C (20 mg), m.p. and mixed m.p. 158-160’. 

Equilihrarion of ester B 

Similarly Fster B (95 mg) with 5% mcthanolic potassium hydroxide solution (5 cc) gave a sotid 
acid mixture, which on cstcrifmtion and chromatography afforded Eater B (31 mg), m.p. and mixed 
m.p. 152-154” and Eater C (29 mg). mp. and mined mp. 158 159’. 

Equilihralion o/esrer C 

Ester C (100 mg) with 5 % mcthanolic potassium hydroxide solution (5 cc) gave a solid acid 
mixture, which on cstcritication and chromatography ali’ordcd Ester B (38 mg), mp. and mixed 
mp. 152 ,154” and Ester C (36 mg). m.p. and mixed m.p. 15X-160J. 

Treurmenr of nimbic acid n&/t hzre 

fsofarion olc_Flr~s R arufC. A solution of nimbic acid (I g) in 5 04 mcthanolic potassium hydroxide 
solution (150 cc) was mfluxcd for I hr, and acidified with dil HCI, yielding a mixture of acids (0.7 g) 
which on cstcrifmtion nnd chromatography afforded Fstcr A (0.17 g), m.p. and mixed m.p. 153 154’ 
and Ester C (0.16 g), m.p. and mixed m.p. 158 ,160”. 

Dihydro-esrrr B 

A solution of Ester B (0.53 g) in ethyl aatatc (25 cc) was stirred in an atmosphcrc of hydrogen 
in prcscncc of lo:/, palladium charcoal catalyst (0.2 g) until one mok equivaknt of hydrogen was 
absorbed. The product (05 g) was chro~to~ph~ over alumina (20 g, dcactivatcd with I.2 cc 01 
10s: aqueous acetic acid). Eiution with pet ether and bcnzcnc (4: I) gave crystalline solids (0,42 g), 
which on crystallization from pet ether and ether gave dihydro-Ester B, m.p. 137 139”. [z]r, ,i 176” 
(CHCI,). (Found: C. 70.12; II. 7.71. CuH,,OI rcquircs: C, 69.74; H, 7.96%). 

Cf. I’ i. =.x 209 rn!A (E 13.600) and 292 m/r (E 38). 
I.R. (CHCI,) Peaks at 3580 (hydroxyl), 1728 (saturated ester). 1702 (saturated kctonc) and f500 and 

878 cm 1 (furan). 

Dih.vdro-ester C 

Similarly Ester C (@5I g) in ethyl acetate (30 cc) in an atmosphcrc of hydrogen and in prcscncx 
of 10:; palladium charcoal catalyst (0.3 g) yicidcd a product (0.62 g) which was chromatographcd 
over alumina and afforded dihydro-Ester C. m.p. 150 ISI’, [21n + 197” (CHCI,). (Found: C, 70.13; 
H. 766. C,H,,O, rcquircs: C. 69.74; H. 7.965;). 

u. v. a,,, 210 rnp (E 12,100) and 288 rnlr (E 62). 
I. R. (CIICI,) Peaks at 3550 (hydroxyl), 1728( saturated ester), 1700 (saturated ketone) and 1500 and 

874 cm 1 (furan). 

Attempted equiiihration of dih.vdro-esrer B 

Dihydro-Ester B (95 mg) was tmtcd with 5% mcthanolic potassium hydroxide solution (5 cc) 
and the crude acid on cstaification and chromatography atTordcd unchanged dihydro_Estcr B 
(75 mg), m.p. and mixed m.p. 137-138’. 

Atrempred e+ibrarion of dihydro-esrer C 

A similar trcatmcnt of dihydro-Ester C (82 mgf with 5 % mcthanolic potassium hydroxide solution 
(5 cc) gave a crude acid, which on atcrification followed by chromatography yicldcd unchanged 
dihydro-Fstcr C (60 mg). m.p. and mixed m.p. 150-151”. 

HydroIysis of dihy~~~i~in 

Dihykwcid C&H,,O,. A solution of dihydronimbin (2.7 g) in 5% mcthanolic potassium 
hydroxide solution (150 cc) was rcfluxcd for I hr. acidifkd with cold dil HCl. and cxtractcd with ether. 
The ether solution was washed (water). dried (Na,SO,) and oonatntratod to ca. 50 cc. The solid on 
recrystallization from a mixture of aatonc and htxanc afford& the dihydroacid, C&H,,O, (0.9 g). 
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Conwrsion of ‘pyronimhic acid’ to cstcrs B and C 

‘Pyronimbic acid’ (12s mg) was allowed to stand for i hr with 5 ‘A mcthanolic pota&um hydroxide 
solution (2 cc). and acid&d with cold dil HCI. The crude acid. on cstcrification followed by chroma- 
tography afforded Ester B (40 mg). m.p. and mixed m.p. 152-154’ and Ester C (35 mg), m.p. and 
mixed m.p. IS8 160’. 

Arkno&dgcmcnrs.. WC are highly indebted to Dr. R. N. Jones of National Research Council, 
Ottawa. Canada, to Drs. R. R. Engk and E. J. Elsenbraun of Wayne State Cnivcnity. Detroit, 
Michigan, U.S.A., to Dr. S. Chattcrji and to Dr. Tapan K. Mukhcrji for the infra-red spectra of our 
compounds. Our thanks arc due to Dr. P. K. Bose of Box Research Institute. Calcutta for the 
authentic specimen of the adduct of 1.2,5-trimethylnaphthalcnc, to Mr. Priyalal Moulik for the 
optical rotation study and IO Mr. N. Guha for encouragement. 


