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ABSTRACT.-Evidence is presented for the structure of  a new limonoid glycoside, 6- 
acetoxy- 1 la-hydroxy-7-oxo- 148,l Sf3-epoxymeliacin- 1,5-diene-3-0-a-~-rhamnopyranoside, 
which occurs together with salannin and meldenin in the seeds ofMelia a z d r a h .  The glycoside 
shows antibacterial activity against four organisms. 

Melia azedarach L. (Meliaceae) is a medicinal plant employed in the Indian indigen- 
ous system of medicine (1). As the result of an extensive study (2) of plants of this fam- 
ily, a large number of bitter principles have been isolated and classified as limonoids. 
M .  azedzracb has been found to contain santonum (3), meliantriol(4), sandolactone (5), 
ochinal and ochinine acetate (6), sandanol(7), melianone (81, mellanin A ( 9 ) ,  and other 
limonoids (lo),  but it appears from the literature that no systematic chemical investiga- 
tions has been made of the seeds. I report here the isolation and structure elucidation of 
a new limonoid glycoside 1 ( 1 1) as well as the isolation of the known limonoids salannin 
and meldenin from the seeds. The structure of the new limonoid glycoside has been 
established as 6-acetoxy- 1 la-hydroxy-7-oxo- 14P, 15P-epoxymeliacin- 1,5-diene-3-0- 
a-L-rhamnopyranoside on the basis of chemical and spectroscopic data that are de- 
scribed herein. Compounds of such a structure occur rather rarely in nature. The isolate 
was found to exhibit antibacterial activity. 

RESULTS AND DISCUSSION 

Compound 1, on repeated crystallization from MeOH-CHCl,, furnished a color- 
less microcrystalline substance, mp 320-324" (dec), C34H44011 (M+ at m/z 628), 
[ a ) 3 0 D  -70" (c= 1.0 CHCI,). It responded positively to the reactions characteristic of 
glycosides (12). The isolate showed strong uv absorption maxima at 239 (E 8000) and 
217 (E 10000) nm, which are characteristic for diosphenol acetate and furan diene 
groups, respectively (13-16). The principal peaks in the ir spectrum of 1 indicated the 
presence of hydroxyl, enolic acetate, carbonyl, furan ring, and glycoside units. Com- 
pound 1 formed a methyl ether (Me2S04/K2C0,), mp 122- 124", and a pentaacetate 
(Ac,O/C,H,N), mp 140- 142". The 'H-nmr spectrum of this pentaacetate displayed 
signals for the presence of the usual furan bands, rhamnose methyl and sugar protons, a 
one-proton doublet at 6 3.62, suggestive ofH-15 in a 14P, 15P-epoxide, three coupled 
allyl proton signals at 6 6.18,6.90, and 3.95 in ring-A, and five acetate groups, respec- 
tively, which are indicative for the presence of a P-substituted furan ring, an allyl type 
grouping in ring-A, a diosphenol acetate group in ring-B, and an additional hydroxyl 
group in a meliacin skeleton (17,18). 

Acid hydrolysis of 1 afforded a genin 2, mp 132-135", and a sugar identified as L- 
rhamnose (co-pc and osazone formation). The genin 2 which analyzed for C28H3407 
(Mt at mlz 482) exhibited uv absorption bands characteristic for substituted dio- 
sphenol acetate and furan diene systems. The ir spectrum of 2 lacked the band for a 
glycoside unit. The 'H-nmr spectrum of 2 showed absorptions for the presence of a 
furan and a 14p, 15P-epoxide, an allyl alcohol typegrouping in ring-A 16 3.95, 6.18, 
6.90, and 4.20 (exchangeable with D,0)], a secondary acetate group (6, 2.0), and an 
additional secondary hydroxyl group (6 ,  3.64). Genin 2 was acetylated (Ac,O/C,H,N) 
to yield a triacetate 3, mp 128-130°, the 'H-nmr spectrum of which displayed three 
singlets at 6 2.0, 2.05, and 2.10 for three OAc groups. Comparison of the 'H-nmr 
spectra of 2 and 3 clearly indicated the presence of two O H  functions and one OAc 
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group in 2. Deacetylation (2 N NaOH) of 2 gave 4, mp 140-142" (dec), which showed 
uv absorption at 280 nm (E 1 lOOO), undergoing a bathochromic shifc to 326 nm (E 
5000) in the presence of NaOH, thereby indicating the presence of a diosphenol func- 
tion in 4. The uv absorption maxima of 2 and 4 are consistent with the presence of a 
diosphenol acetate group in 2 in the ring-B of a tetracyclic triterpenoid similar to an- 
thothecol (17). The CrO,/C,H,N (19,20) oxidation of 2 afforded 5 ,  mp 161-162", 
which showed a band at 1680 cm- ' in the ir spectrum characteristic of a cyclohexenone 
ring. The 'H-nmr spectrum of 5 exhibited absorptions for two coupled vinyl protons at 
6 5.90 and 7.25 v= 10 Hz) which agrees with the presence of a 4,4-dimethyl-3-oxo- 
A'-triterpenoid nucleus as in anthothecol and gedunin (4,8,10,19), and accordingly, a 
secondary hydroxyl must be present at C-3 in 2. Compound 5 on mild catalytic hydro- 
genation (PdC) or with Adams catalyst afforded 6,  mp 198- 199" (dec), the 'H-nmr 
spectrum of which did not display signals for coupled vinyl protons (as observed in 5 ) ,  
indicating that saturation of the C- 1,2 double bond had taken place. The structure of 2 
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was confirmed by the following conversions to compounds of known structure. Thus, 
deacetylation of 6 (2 N NaOH) gave a known product 7, mp 247-249', identical to 
deacetyl dehydrodihydroanthothecol (lit. mp 248-250') ( 17). The formation of 7 
clearly placed the other hydroxyl group at the C- 11 position in 2. The correctness of the 
structure 7 was further confirmed by conversion into known derivatives by the follow- 
ing reactions. Compound 5 on deacetylation (2 N NaOH) yielded 8, mp 202-203', 
which was identical to deacetyldehydroanthothecol (lit. mp 203') (17). Compound 7 
on treatment with chromous chloride at room temperature afforded a known deoxy de- 
rivative 9, mp 2 12-2 13' (lit. mp 2 14") (17). The mass spectrum of 2 also supported the 
proposed structure of the genin. 

Acid hydrolysis of the acetate of 1 afforded 10, mp 169-170'. The 'H-nmr spec- 
trum of 10 showed signals for an allyl alcohol (6 3.95, 6.18 and 6.90) and two acetate 
groups (6 2.0 and 2.05). The 6 values at 3.95, 6.18, and 6.90 are those expected for a 
C-1,2 double bond and a C-3 O H  group in a limonoid (10). Oxidation of 10 with 
Cr03/C,H,N gave 11, mp 233-234', identical with anthothecol diacetate (lit. mp 
234') (17). This clearly establishes the presence of an L-rhamnose unit attached to the 
hydroxyl group at C-3. Periodate oxidation (2 1) of 1 in 90% EtOH at room tempera- 
ture consumed 2 moles of periodate with the liberation of 1 mole of HCOOH per mole 
of 1 after 80 h, indicating the presence of L-rhamnose in the pyranose form. Compound 
1 on treatmnt with takadiastase solution (22) yielded 2 (mp, mmp, and co-tlc) and L- 
rhamnose (co-pc), indicating that an a-linkage was present. Thus, on the basis of the 
above results, the new genin and its glycoside were assigned the structures 6-acetoxy- 
3p, 1 la-dihydroxy-7-oxo- 14p. l5P-epoxymeliacin- 1,5-diene (2) and 6-acetoxy- 1 la- 
hydroxy-7-oxo- 14p, 15 p-epoxymeliacin- 1,5-diene-3p-O-a-~-rhamnopyranoside (1) 
respectively. 

EXPERIMENTAL. 

Mps were taken on a melting point apparatus (Toshniwal, India) and are corrected. Specific rotations 
were taken in CHCI, solution (c 1.0) at room temperature on a Perkin-Elmer 14 1 polarimeter. Ir spectra in 
KBr were recorded on a Perkin-Elmer 157 spectrophotometer (u max in cm-'). 'H-nmr spectra were ob- 
tained on solutions in CDCI, at 90 MHz on a Varian EM 360L instrument using TMS as an internal stan- 
dard. Chemical shifts are given in 6 ppm. The mass spectra were obtained on a Perkin-Elmer Hitachi RMU 
GR instrument. Silica gel refers to Merck silica gel (mesh 0.05-0.2 mm). Petroleum ether refers to the 
fraction of bp 60-80". 

ISOLATION OF LIMONOIDS.-The powdered seeds of M. azeriarach (5 kg) procured from the 
Himalaya company, Dehradoon (India), reference No. IFSS:A/Seedd82-83, and authenticated by the 
Botanical Survey of India, Allahabad Circle (India), were extracted with EtOH under reflux conditions on a 
s t y m  bath for 180 h. The EtOH extract (30 liters) was concentrated under reduced pressure to yield a dirty 
white mass that was then extracted successively with refluxing Et,O and C6H6. The Et,O extract was con- 
centrated under reduced pressure. The resulting solid (tlc pure) crystallized from C6H,&HC13 as colorless 
needles, mp 166-169", and was shown to be identical with salannin (yield 550 mg), { a I 3 ' ~  + 165' [lit. 
[ a ] ~  + 166" (lo)] [mmp, co-tlc, and lit. mp 167- 169'( lo)]. The C6H6 extract was found by tlc examina- 
tion to be a mixture of two substances. The C6H6 extract was concentrated and chromatographed over silica 
gel. The column was eluted successively with petroleum ether and C6H6. The petroleum ether eluate was 
concentrated and the purified product crystallized from C6H6/CHC13 as colorless needles, mp 240-243'. It 
was found to be identical with meldenin (yield 400 mg), [aI3"D + 168" [mmp, co-tlc and lit. mp 240- 
244" (23)l. The C6H6 eluate was concentrated and the product repeatedly crystallized from MeOH/CHCI, 
to afford a colorless microcrystalline substance 1, mp 320-324' (dec), (yield 2.950 g); tlc Rf0.84 (C6H6- 
petroleum ether, 2:8) and 0.97 (C6H6-CHC13, 9: 1); in u max 3450 (hydroxyl), 1770, 1725-1730, 1230 
(enolic acetate), 1680 (carbonyl), 2942, 1500, 860 (furan ring), and 825 (glycoside). A n d .  calcd for 
C34H44011: C, 64.96; H,  7.05. Found: C, 64.32; H,  7.08. 

ACETYLATION OF 1.-The glycoside (400 mg) was acetylated with Ac,O (20 ml) and C,H,N (20 
ml) as usual under reflux condition for 6 h. The product was crystallized from C6H6 as colorless needles, mp 
140-142" (yield 360 mg); 'H nmr 6 0.78 (d,]=7 Hz, rhamnose Me); 0.97, 1.07, 1.09, 1.14, 1.18 (each 

s, 15H, 5Xtert. Me); 1.20-1.90 (complex pattern, CH, and CH protons); 1.98 (s, 3H, 4'-OAc); 2.0 (s, 
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3H, IXOAC); 2.03 ( s ,  3H, 2'-OAc); 2.05 ( s ,  3H, 3'-OAc); 2. 1 0 ( ~ ,  3H, 1xOAc); 3.62(d,/= 1 Hz, lH,  
H-15, 14@, 15g-epoxide); 3.70-3.90(rn, 4H, sugarprotons); 3.95(d,]=6Hz, lH ,  H-3);4.64(m, IH, 
a -H  in sec. OAc); 4.80 (d,]=6.5 Hz, lH,  H- l ' ,  anomeric proton); 6.18 (d,J= 10 Hz, IH, H-1); 6.90 
(dd,]=6 and 10 Hz, 1H, H-2) and 6.40, 7.20,7.39 (each m, 3H, @-substituted furan ring)Ana/. calcd 
for C4,H5,01,: C, 63.31; H,  6.53. Found: C, 63.25; H, 6.45. 

METHYLATION OF 1.-The glycoside (100 mg) was methylated with Me,S04 (6 ml) and K,CO, (2 
g) in Me,CO (10 ml) by refluxing on a water bath for 8 h and worked up as usual. The product was crystal- 
lized from Et,Oascolorless needles, rnp 122-124". Anal. calcd fOTC&2011: C, 66.66; H ,  7.60. Found: 
C, 66.75; H, 7.58. 

ACID HYDROLYSIS OF 1.-A solution of 1 (2.2 g) in absolute EtOH (40 rnl) and 7% H,W4 (50 ml) 
was refluxed for 5 h, poured into ice-cooled H,O (150 rnl) and kept at room temperature for 24 h. The pre- 
cipitated genin 2 was filtered off. The filtrate was neutralized (BaCO,) and was found to contain r-rham- 
nose (co-pc and osazone). 

GENIN 2.-The genin was purified by chromatography over neutral alumina eluting with CHCI,. 
Attempted crystallization from C 6 H 6 - p e t ~ O ~ ~ ~  ether furnished colorless needles, mp 132- 135" (yield 1.8 
g); tlc Rf 0.75 (CHC1,-MeOH, 8:2) and 0.86 (C6H6-MdH, 5:5); uv max 240 (E 8000, substituted 
diosphenol acetate) and 2 18 nrn (E 10000, furan diene system); in Y rnax 3450 (hydroxyl), 1770, 1728-30, 
1230 (enolic acetate), 1679 (carbonyl), 2940, 1500, 860 (furan); 'H nmr 6 0.98, 1.07, 1.09, 1.10, 1.18 
(each s, ISH, 5Xtert. Me); 1.20-1.90 (complex pattern, CH, and CH protons); 2.0 (s, 3H, IxOAc); 
3.60 (d,]= 1 Hz, lH,  H-15); 3.95 (d,]=6 Hz, lH,  H-3); 3.64 (m, lH,  a -H  in sec. OH); 4.20 (sbr, 
OH, exchangeable with D,O); 6.18 (d,/=lO Hz, lH,  H-1); 6.90 (dd,]=6 and 10 Hz, lH,  H-2) and 
6.39, 7.22,7.39(eachm, 3H, P-substitutedfuranring); msm/z482(M+), 467 (M+-15), 464(Mf-18), 
423 (Mf-59), 415 (MC-67), 414 (M+-68), 401 (M+-81), 387 (M+-95), 358 (Mf-124), 333 (M+-149), 
3 19 (M+-163), 265 (Mf-217), and 207 (M+-275). Anal. calcd forC2,H34O7: C, 69.69; H ,  7.10. Found: 
C, 70.0; H,  7.0. 

ACETYLATION OF GENIN 2.-Cornpound 2 formed an acetyl derivative, 3 (100 mg 2 , 5  ml Ac,O, 4 
ml C,H,N; 4 h on a water bath) which crystallized from Me,CO/Et,O as colorless needles, mp 128-130' 
(yield85rng); 'Hnrnr60.97, 1.05, 1.0, 1.10, I.lS(eachs, ISH, 5Xtert. Me); 1.20-1.90(cornplexpat- 
tern,CH2andCHprotons);2.0(s, 3H, lXOAc);2.05(~, 3H, lXOAc);2.10(~, 3H, IXOAc), 3.60(d, 
/= 1 Hz, IH, H-15); 4.68 (m, lH,  H-11); 5.05 (d,]=6 Hz, IH, H-3); 6.18 (d,]=10 Hz, lH,  H-1); 
6.95 (dd,J=6 and 10 Hz, lH,  H-2) and 6.40, 7.20 and 7.39 (each m, 3H, furan-H). Anal. calcd for 
C,,H,,O,: C, 67.84; H,  6.7 1. Found: C, 67.80; H,  6.69. 

DEACETYLATION OF 2.-The genin (100 mg) in MeOH (10 rnl) was refluxed with 2 N NaOH (5 
rnl) for 30 min to give 4 as plates from C6H&HCl,, mp 140-142" (dec), (yield 70 mg). Its ir spectrum 
lacked the band for an acetate group. Anal. calcd for C26H3206: C, 70.90; H ,  7.27. Found: C ,  70.75; H ,  
7.18. 

SAREIT OXIDATION OF 2.-A portion (600 rng) of 2 in C,H,N (10 rnl) was added with stirring to 
CrO, (600 mg, dried in vacuo over P,O,) and C,H,N (25 ml). After the usual workup, the product 5 crys- 
tallized from Et,O as white needles, rnp 16 1- 162" (yield 300 mg), [CX)~"D -60". uv A rnax 2 18 (E 10000) 
and 240 nrn (E 8000); ir Y max 1680 (cyclohexenone); 'H nmr 6 0.98, 1.07, 1.09, 1.10, 1.18 (each s, 
15H, 5Xtert. Me); 1.20-1.90 (complex pattern, CH, and CH protons) 2.0 (s, 3H, 1xOAc); 3.60 (d, 

/= 1 Hz, IH, H- 15), 5.90 (d,]= 10 Hz, IH, H-2); 7.25 (d,J= 10 Hz, lH,  H- 1); 6.39, 7.20 and 7.39 
(each rn, 3H, @-furan ring). Anal. calcd for C,,H,,O,: C, 70.29; H,  6.27). Found: C, 70.20; H,  6.23. 

CATALYTIC HYDROGENATION OF 5.-A portion of 5 (100 mg) in MeOH (10 ml) was hydroge- 
nated over 5% P d C  (6 rng) or Adams catalyst. The product, 6 ,  crystallized from PrOH as colorless 
needles, mp 198-199"(dec)(yieId70rng); 'H nmr60.98, 1.07, 1.09, 1.10, 1.18(eachs, 15H, 5Xtert. 
Me); 1.20-1.90(complexpattern, CH, andCHprotons); 2.0(s, 3H, 1XOAc); 3 .60(d , j=  1 Hz, lH,  H- 
15); 6.39, 7.20 and 7.39 (each m, 3H, furan-H). Anal. calcd forC2,H3,0,: C, 70.0; H,  6.66. Found: C, 
69.88; H,  6.58. 

DEACETYLATION OF 6.-A solution of 6 (50 mg) in MeOH (10 ml) and 2 N NaOH (4 rnl) was re- 
fluxed for 30 min to yield 7 as colorless prisms from CH,CI,/MeOH, mp 247-249' (yield 40 mg); [aI3"D 
-60" [lit. [ a ] ~  -6 1') (17); uv max 2 17 (E 8000) and 280 nm (E 10000) [lit. A rnax 2 11 (E 8000) and 28 1 
nm ( E  10000) (17)l. Anal. calcd for C,,H,,O,: C; 71.23; H,  6.84. Found: C, 71.20; H,  6.79. 

DEACETYLATION OF 5.-A portion of 5 (50 rng) in MeOH (10 ml) was refluxed with 2 N NaOH (4 
rnl) for 40 min to give 8as white needles from MeOH, mp 202-203" (yield 40 mg); [aI3"~  -72" [lit. [ a ) D  
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Organisms' Controlb 

Vibnocboluae . . . . 12 
Klebsielhpncwmoniae . . 10 
S a I d h  typbimnrivm 9 
Eschrnchcll coli . . . . 8 

Zoneofinhibition (mm, including thesizeofthepaperdisc=6 mm) 

concentration 
10 rngllO ml 8 mgl10 ml 6 mg/lO ml 4 mg/lO ml 2 mg/lO ml 

DMF DMF DMF DMF DMF 

20 18 17 15 13 
18 16 14 12 10 
16 15 13 12 11 
15 14 12 11 10 
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