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AMract-Three new bicyclononanolides: angustinolide (I), angustidknolide (IIa) and 2a-hydroxy- 
angustidknolidc (III) isolated from Cedre& unguwfofh haw been identifiid. T&it resp&tive structures 
wen determined by spectroscopic means and chemical transformations kading to known compounds. 
A relationship was determined between tk location of tht 17-H signal in tk NMR and tk Position of 
tbc doubk bond in rings C and D in several related compounds. 

IN THE course of a systematic investigation of the bitter principles of brazilian 
Meliaceae’, Cedrela angustijdia !Sessb and Mot. has been analysed and three new 
bicyclononanolides have been isolated and identified as augustinolide (I), augu- 
stidienolide (IIa) and Za-hydroxyangustidienolide (III). Their respective structures 
and their relationship to known compounds are hereby presented and discussed. 

The bicyclononanolide structure was derived when augustinolide was compared 
with a product obtained from mexicanolide’ (IV) following reduction and acetylation. 
Homver, due to structural complications, presented in the sequel, augustidienolide 
to which structure IIa was assigned will be discussed first. 

IIa shows a molecular ion peak, M+ 510, a UV spectrum &_ 282 rnp (E 8000) 
and a set of signals in the NMR spectrum which are given in Table 1. The absorption 

TABLE 1. NMR SPECTRA OF ANCWSIIDIENDLIDE (IIa) AND ~~-I~DRoxYAN~J~TID~ENOLIDE (III) (6 VALWS) 

substance Cs-H C,,-H C,,-H qa’ B CH, CH,a CH,- C,- aOH 
furan furan 1 

CO-O 

IIa 49 (d) 6.24 (s) 519 (s) 7.55 (m) 650 (m) 2.20 3.71 1.20; 105; 
J = 9 c/s 7,45 (m) 081; 079 

III 5Ql (s) 633 (s) 5.20 (s) 7.55 (m) 6.50 (m) 2.23 3.71 1.28; 108; 4.09 (s) 
7.45 (m) 081; 0.75 

max at I 282 rnp indicates an extended conjugated system with a carbonyl group, 
and the presence in the NMR spectrum of a single vinylic proton, in addition to 
the fbranic proton signals, implied that the two double bonds had to be placed in 
a way which would produce such a single proton, namely at 8-9 and 1415, the only 
vinylic proton being at C,,. A similar chromophore has been previously observed 
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sample, while the lower spot, 70”/, of the mixture, M+ 468, was found to be an isomer 
of mexicanolide (IV) and its structure IX was determined through its NMR spectrum. 
The outstanding difference between the spectra of the two isomers was the location 
of the Cr ,+I proton signal appearing as a singlet at 6 530 for mexicanolide (IV) and 
6 559 for the isomer (IX). This difference would indicate a different location of the 
double bond in the skeleton. Since no vinylic proton was observed in the NMR 
spectrum of IX the only place left in the molecule for a tetrasubstituted double bond 
is at Cs_,,. Adduced support for this location of the double bond in this compound, 
for which the name iso-mexicanolide (IX) is proposed, will be given by analysing 
the positions of the Ci, l3-H signals in the NMR spectra of several compounds of 
this series given in Table 2. 

TABLE 2. LOCATIONS OF C,,-H SIGNALS OF VAIUOUS TETRANORTRITWP~NOIDS (6 UNITS) 

Compound 

Angustinolidc I 
Angustidienolide IIa 
2rx-OH Angustidienolide III 
3l3-OH iso-mexicanolide2 X 
iso-mexicanolide IX 
Mexicaaolide IV’ 
Angolensic acid” 

G-H Compound 

5.69 (s) 
519 (s) 
520 (s) 
563 (s) 
5.59 (s) 
530 (s) 
5.65 (s) 

Methyl angoleosate” 
Swietenine6 
Carapin VI3 
3g-OH Carapin” 
3f%-OAc Carapin3 
Enohxed S-diketone V2 
Andirobm* 

CL,--H 

5.65 (s) 
5.51 (s) 
5.10 (s) 
5.10 (s) 
5.12 (s) 
5.10 (s) 
553 (s) 

This brings us back to an analysis of the structure of augustinolide (I) (a com- 
pound called lissinolide). Fissinolide* was reported to have in its NMR spectrum a 
singlet at 6 5.69 related to C,,-H, a location similar to the signal related to this 
proton in iso-mexicanolide (IX). When mexicanolide having its Cr,-H signal at 
6 5.30 (s),’ is reduced with sodium borohydride, a 3f.LOH derivative X is obtained 
with this signal now at 6 5.63. Upon acetylation of X the 3@OAc derivative (I) is 
obtained in which the C1 ,-H is at 6 5.69, an identical location with that of augustino- 
lide. From an analysis of the C 1 ,- H signals in the compounds discussed in this paper, 
as well as in several of the tetranortriterpenoids reported by Powell” and by Conolly 
et al.,’ one can observe two sets of values for this signal. One group ranging from 
5.10 to 5.30 as is the case in compounds IV, IIa and III, all having a double bond 
attached at Cl4 (ether 8-14 or 14-15) and those ranging between 5.55 and 5.70 for 
compounds X and I (Table 2). Comparing these set of values with those for the 
C,,-H signals reported for angolensic acid and methyl angolensateQ 6 5.65, for 
swietenine’ 6 5.57 and for a.ndirobin4 6 5.53, in all of which no double bond is attached 
at C,,, one can see that these values are very close to those of compounds X and I. 
Concerning the values falling between 5.10 and 5.30, they can be compared with 
those observed for carapin’ (VI), 3&hydroxycarapin,Q 3lSacetoxycarap@’ (VII) 
as well as for compound V,’ in all of which the double bond is attached at C,,. 

l Cedreka qustifilia has been previously classifii as Cedfeka fusirir Vell. (krbarium SP 954 of the 
botanical garden of S&J Paulo). Tk classitication of the Meliaceae has been recently revised by Dr. T. C. 
Rizxini from the botanical garden of Rio de Janeiro. The compound isolated first from C. fusilis was 
given the name fiiit~lide,~ but sina its structure is hereby revised it was felt that the name angustinolide 
would tit better its origin, and can be well used as a h&s for naming tk two other additional compounds. 
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CrOJpy 
’ IV + VI 

I 
-OH 

a: R=CH, 
b:R=H 

It can be concluded therefore that the 3pOH derivative X obtained from mexicano- 
tide (IV) and its 3&OAc derivative I, which is ~~st~o~de should not have their 
double bonds attached to C,, (i.e. at C,,) Indeed iso-mexicanolide (IX), described 
above, has this signal at 6 559 and therefore in perfect agreement with a double 
bond not attached at Ct4. It should thus be concluded that the sodium borohydride 
reduction product of mexicanolide (IV) yields actually 3j3-hydroxy-iso-mexicanolide 
(X), and its acetylation product presently described as ~gu~~olide (I) has its double 
bond at CT%,,. 

When X is oxidized with chromium trioxide two different products are obtained 
according to the conditions of the oxidation. In acidic conditions (acetone solution) 
mexicanolide (IV) is exclusively obtained in which the double bond has shifted 
from A8 to Ae*(14), while in pyridine a mixture of aoo/, carapir? (VI) (double bond 
at 14-15) and 40% mexicanolide (IV) were obtained. Both compounds were obtained 
in a pure form from a preparative chromatoplate, each being identified by com- 
parison with authentic samples. 3*** These reactions are clear indications of the 
lability of the double bond between rings C and D. 

** The mexicanolide was isolated ftom seeds of Cedrelajisklti Veil. colkcted in Campinas, Silo Patio. 
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The location of the double bond in the different compounds was further cor- 
roborated through their behavior in presence of alkali. While the addition of two 
drops of 4N NaOH to mexicanolide’ (IV) as well as to carapin’ (VI) resulted in the 
formation of V as indicated in the UV spectrum by an intense absorption at L, 
287 mu (s 31,700), iso-mexicanolide (IX) and 3phydroxy-iso-mexicanolide (X) did 
not react and no changes whatsoever were seen in their UV spectra. Interestingly 
the 3j3-OAc derivative I (angustinolide), although having a double bond at Cs_-9 
as in IX and X, reacted with alkali to yield the ester XIa at room temperature,’ or 
on reflux the corresponding acid’ (Xlb). These cleavage products differed from the 
one obtained from mexicanolide which had structure (V). The NMR spectrum of 
XIb conformed with that of the previously described data,’ however the signal 
related to the ester Me group was missing. 

In the present case climination of the OAc group takes place first,2 and the double 
bond thus formed is clearly seen in the UV spectrum as an inflexion at rl, 236 mu 
(E 12,700) for the unsaturated ketone produced in ring A while the max at 278 mu 
(E 14,600) is due to the diene lactone system 

EXPERIMENTAL 

M.ps were taken on a Kofler hot-stage microscope or on a Fischer-Johns apparatus and are uncorrected. 
The IR spectra were measured in KBr discs on a Unicam SP-200 and a Perkin-Elmer Infracord 137 
spectrometer. UV measurements were recorded on a Gary-14 spectrophotometer in EtOH soln. The 
NMR spectra were recorded on a Varian A-60 instrument, for Sloe/, solns in CDCl, containing TMS as 
internal standard. Mass spectra measurements were done on an Atlas CH4 spectrometer. Optical rotations 
were recorded with an automatic Perkin-Elmer polarimeter and refer to CHCl, solns unless otherwise 
specilied TLC were carried out on plates coated with silica gel G. Analyses were performed in the micro- 
analytical laboratory of the Weixmamr Institute, under the direction of Mr. R. Heller. 

Extraction of angustinolide (I), angustidienolide (Ha) and 2a-hydroxyangustidielide (III) 
The ground seeds (86Og) collected from Cedrela angustifolia Sesst and Mot. (botanical garden of the 

Institute Butantan) were exhaustively extracted with relluxing light petroleum b.p. 35-80” to give upon 
concentration 77 g of oil The defatted material was further extracted with refluxing trichlorethylcne and 
concentration of the solvent furnished a viscous mass (99 g) which upon trituration with light petroleum 
at room temp precipitated as a solid mass (61.3 g). This crude material was chromatographed on a column 
packed with silica gel H at a daily rate of one elution. 

The elutions with benzeneCHCl, 9:l and 4:l gave 130mg of l3-sitosterol, m.p. 132-136”, readily 
identified by a mixture m.p. and comparison of IR spectra with an authentic sample. 

The elution with benr.ene-CHCl, 3: 1 alforded ongustinolide (I; 9.9 g) as a crystalline substance from 
MeGH, which was recrystallixed from the same solvent, m.p. 168-171”; [al,, - 185” (c 1.9); 1,213 mu 
(e 10,700); (Found: C, 67.49; II, 775; M+ 512; C2sHs60s requires: C, 67.56; H, 7.85% M wt 512.58). 

Elution with benxencCHCl, 1:2 alforded a second fraction which crystalhxed from MeGH to give 
angustidienolide (IIa; 1.78 g), m.p. 248-254”; [a& + 133” (c 2.0); &_ 282 mp (e 8000); Y, 1720, 1700, 
1590,1490,1380,1250,1040,890cm-1 (Found: C, 68.22; H, 6.69; M+ 510; C H 0 requires: C, 68.29; 29 3* 8 
H, 671%; M wt 51@56). 

Further elution from benxene-CHCl, 1:2 gave a fraction (120 mg) which crystallixed from MeGH to 
yield Za-hydroxyungwtidienolide (III; 20 mg); m.p. 210-220”; [a& + 101” (c. 2Q; 1, 282 mu (s 7100); 
v, 34OO,l72O,l7OO.l59O,l5lO,l475,l38O,124O,1@4O,89Ocm-1. (Found: M+ 526; C&,Hs&, requires: 
M wt. 526.56). 

Alkaline hydrolysis of ungustinolide (I) 
Angustinolide (I; 1.15 g) in 10% methanolic KOH (25 ml) was heated for 10 mm under reflux. Con- 

centration of the methanolic soln and dilution with water followed by acidification (H,SO., 2N) aBorded 
a ppt which was filtered off washed free of acid with water and dried. The amorphous white material 
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(620 mg) was then chromatographed on silicic acid (Merck 005-020 mm) and the elutiom with CHCl,- 
acetone 4:l gave a fraction which crystallized from MeOH (150 mgj These were again chromatographed 
and elution with CHCls-acetone 4: 1 yielded XIb (47 mg) lap. 210-220”; v, 1720 (COOH), 1670 (un- 
saturated ketone), 1500-870 (furan) cm- I ; A, 215 (furan), 235 infl. (unsaturated ketone), 278 mp (trans- 
dienoic lactone). NMR (a): 625 s (H,), 6G8 m (H& 5.78 s (Hi,), 513 s (Hi,), 7-46 m (H,,.,,), 643 m (H,,), 
103-l-15 (4 x CHd. 

Sodium borohydride reduction o/mexicanolide** (IV) 
(a) 3l%Hydroxy-fso-mexiunolide 00. A mixture of IV (1.39 g), NaBH, (1.4 g) and MeOH (500 ml) were 

stirred for 20 min in the cold, then worked up in the usual way. The ppt was washed with water and dried 
to give a crude product (980 mp) which was chromatographed on silicic acid Elutions with ether gave X 
(66 mp), crystals from ether, m.p. 182-186”. Evaporation of the mother-liquour left an amorphous residue 
(480 mg) which was rechromatographed. Elution with ether-benzene (1:3) gave after crystallization from 
ether a second crop of X (100 mg) Several recrystallizations of the combined crops from ether yielded 
pure X (60 mg), mp. 188-192”; [a&-, - 141” (c 15); v,, 34ai (OH), 1730 (&lactone), 1700 (C=O), 1510- 
890 (furan), 1040 (C-O-C) cm- ‘. 

In a second experiment IV (135 mg) was dissolved in dioxan (30 ml), NaBH, (130 mg) was added and 
the mixture stirred at room tcmp for 15 min The product was then poured onto water, acidified to pH 7 
and extracted with CHCl,. The residue. (100 mg) was applied on thick layer chromatoplates irrigated with 
CHCl,-MeOH (98-2X and 4 distinct spots were observed. The major uppermost spot (U, mg) crystallized 
from ether and proved to be X. 

(b) 3&4ceroxy-i.romexicanolide (I). A mixture of IV (2 g), NaBH, (1 g) and MeOH (MO ml) was stirred 
for 90 min at room temp then worked up in the usual way. The ppt (1.84 g) was acetylated (Ac,O-pyridine) 
and the concentrate (95Omg) was chromatographed on silick acid Elutions with benmne gave the 3B- 
OAc oompound (502mg) which crystallized from MeOH, m.p. 168-172”. This compound was found 
identical with I, underpressed mixture m.p. and IR spectra superimposable throughout the whok range. 

Oxidation oj3bhydroxy-iso-naexicunocrmolidc (X) 
(a) Chromium ttixide in acidic conditions. Compound X (20 mg) was dissolved in acetone (20 ml), and 

to the ice cooled soln (5”) three drops of Jones reagent were added and the mixture stirred for 5 min. After 
work up the CHCl, extract was dried over Na,SO, and the solvent evaporated. The prcdud (15 mg) 
crystallized from a mixture of CHCl,-MeOH to yield exclusively IV, undepressed mixture m.p, the IR 
as well as the NMR spectra of the product were identical with that of an authentic sample?’ 

(b) Chromium hioxide in pyridine. To X (60 mg) in dry pyridine (10 ml) a soln of CtQ (100 mg) in dry 
pyridine (1Oml) was added dropwise. The resulting mixture was stirred at room temp for 3 hr. poured 
onto water and extracted with CHCl,, this soln was dried over Na,SO, and then passed through a small 
silica-H column and eluted with CHCl,. The residue left after evaporation of the solvent showed two 
spots on a chromatoplate irrigated with EtOAc light petroleum (3:2). Separation was done on thick layer 
chromatoplates irrigated with the same solvent mixture. The upper spot proved to be IV (25 mg) by 
comparison with an authentic sample. The lower spot was identified as VI (35 mg), mp. and undepressed 
mixed m.p, 176178”, IR and NMR spectra identical with that of an authentic sample. 

Catalytic hydrogenation of angustidienolide (IIa) 
Angustidienolide (IIa; 100 mg) in EtOAc soln (15 ml) was hydrogenated over W-C (30 mg) at atm 

press One mole of H, (44 ml) was absorbed within 15 min. The soln was collected and passed through a 
silica-H plug eluted with CHCl,. The solvent was removed in oacuc and the residue showed two spots on 
a chromatoplate irrigated with EtOAc-light petroleum (1:l. Separation was performed on thick layer 
chromatoplates with the same solvent mixture. The upper spot (50 mg) was identified as pure I by com- 
parison with an authentic sample.‘.* The lower spot could not be induced to crystallize and was shown by 
NMR spectroscopy to consist of a mixture of VII and VIII. 

Alkaline hydrolysis of angustidienolide (IIa) 
To a soln of IIa (300 mg) in MeOH (100 ml), a 10% soln of methanolic NaOH (CF3 ml) was added drop 

wise. The soln was then leh overnight at room temp. Acid was added to pH 7 and the soln diluted with 
ice-water. The product was extracted with CHCl, the som dried over NasSO, and evaporated. The 
product, one major spot on a chromatoplate irrigated with CHCl,-MeOH (9 : l), was purified on a thick 
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layer chromatoplate to yield pure IIb (25OmgX crystallized from MeOH m.p. 194-196”; [a]n +271” 
(c 2.0); A_ 282 mp (e 7400). (Found: M+ 468; t&H,,O, requires: M wt. 468.55). 

Oxidation of3f3-hydroxymgustidienolide (IIb) to 3-ketoangustidienolide (11~) 
The above IIb (240 mg) in acetone soln (50 ml) was oxidated with Jones reagent (3 ml) at room temp 

for 5 min. After the usual work up the CHCI, extract was dried over Na,SO, and passed through a silica-H 
plug. The solvent was removed and the product purified on a thick layer chromatoplate irrigated with 
CHCl,-MeOH (98:2); 3-keto-angustidienolide (150mg) crystallized from MeOH, m.p. 101-103”; [~]n 
+ 84” (c 29); L 283 mp (E 9000) ; (F ound: M+ 466; C27H3007 requires: M. wt. 466.53). 

Catalytic hydrogenation of Eketoangustidienolide (Ilc) 
Compound IIc (100 mg) in EtOAc soln (40 ml) was hydrogenated over Pt catalyst (30 mg) at atm press. 

After absorption of one mole H, the soln was filtered through a small column of silica gel and eluted with 
CHCI,. The crude product (9Omg) showed two spots on a chromatoplate irrigated with EtOAc-light 
petroleum (3 :2). Separation was done on a thick layer cbromatoplate using the same solvent mixture: the 
upper spot was IV (20 mg), undeprtssed mixture, m.p. 222-226”. and IR and NMR spectra identical with 
an authentic sample, the lower spot isomexicanolide (IX 60 mg) crystallized from a CHCl,-MeOH; m.p. 
234-236”. [a&, -2A” (c, 2Q), 1, 21O(s 11,ooO); (Found: C, 69.15; H, 6.79; M+ 468; C27H3207 requires: 
C, 69.21; H, 6.89% ; M wt 468.53). 
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