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Abstract-The trunk wood of Clinostemon mahuba contains eight (3R)-2-aikylidene-3-hydroxy-4- 
methylenebutanolides, seven (3R,4S)-2-alkylidene-3-hydroxy-4-methylbutanolides and seven (3S,4S)-2-alkylidene-3- 
hydroxy-4-methylbutanolides distinguished by the alkylidene side chains with respect to their E- or Z-geometry, 
ethenyl, ethynyl or ethyl terminals and lengths (Cl6 or Cis). 

INTRODUCTION 

‘Mahuba’ or ‘mauba’, a tree from the estuary of the 
Amazon, was described in 1919 as Acrodiclidium mukubu 
A. Samp. Its reclassification in 1928 into a monotypic 
genus as Clinostemon mahuba (A. Samp.) Kuhlm.et A. 
Samp. [2] was not respected in a revision of the Lauraceae 
published in 1938 where it appeared under the designation 
Licaria mahuba (A. Samp.) Kosterm. [3] Our preliminary 
communication on the trunk wood constituents of 
‘mahuba’ thus had to refer to the species by this 
binominal[4]. Meanwhile, however, it was shown that 
morphologically and anatomically ‘mahuba’ is more 
closely related to Mezilaurus (subtribe Beil- 
schmiediineae [5]) than to Licaria (subtribe 
Anibineae [5]) and suggested that the original generic 
status as Clinostemon mnhuba be revalidated [6]. The 
removal of‘mahuba’ from the Anibineae is consistent with 
chemical evidence, viz. absence of propenylphenol and 
allylphenol derivatives. The majority of the examined 
species of this subtribe (including all chemically analysed 
Licaria spp.) and of several species of the related 
Cinnamomineae contain such derivatives [7, 81. 

RESULTS 

While characteristics of mahuba seed fat have been 
reported [9], the trunk wood has not been analysed 
previously. It contains 22 novel representatives of the y- 
lactone types 1 and 2 previously isolated from two 
Japanese Lauraceae, Lindera obtusiloba Blume 
(li-11) [lo, 111 and Litsea japonica (Thunb.) Jus. 
(2o-2t) [12]. While six mahubenolides (la, lb, 2a, 2b, 2b, 
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2i) (side chain of type X), six mahubynolides (lc, Id, 2c, 
2d, 2j, 2k) (side chain of type Y) and three mahubanolides 
(lb, 2f, 2m) (side chain of type Z) were obtained in a pure 
state, the existence of seven additional mahubanolides (le, 
lf, lg, 2e, 2g, 21,2n) was inferred by ‘H NMR and mass 
spectral examination of mixtures. Isolation and structure 
elucidation of the compounds belonging to series 1 had to 
be performed speedily, since the pure compounds 
decompose spontaneously in a few days. 

UV, IR .and ‘H NMR spectra reported for the 
obtusilactones and the litsenolides (Tables l-4) were 
compatible with the corresponding spectra of the mahuba 
lactones belonging to series 1 (racy 1780 cm-‘) and 2 
hnax ‘““l 1755cm-‘) respectively. As in the case of the 
previously reported compounds [lo-l 21, the ‘H NMR 
spectra were helpful in the characterization of not only the 
side chain terminals [a: =CH2 4.7-5.2 (la, lb, 2a, 2b, 2h, 
2i), =CH l.93(lc,ld,2c,2d,2j,2k),-Me0.88(le,lh,2e, 
2f, 21, 2m) and the exocyclic methylene] 64.7 and 4.9 
(la-ld, lh) or methyl [6 1.35 (2a-2d, 2f), 1.46 (2h-2k, 
2m)] and hydrogen [64.53 (2b, 2d, 2f, 2i, 2k, 2m), 
4.36 + 0.01 (Za, 2e, 2h, Zj)] at the y-carbons, but also of the 
geometry of the trisubstituted double bonds at the a- 
carbons of the lactones [6: Z-H 6.63 f 0.05 (la, lc, 2a, 2c, 
2h, 2j), E-H 6.99 f 0.03 (lb, Id, lh, 2b, 2d, 2f, 2i, 2k, 2m)]. 

The three or erythro relationship of the ,Q-substituents 
in the dihydromahuba lactones of series A and B 
respectively was ascertained by the LIS ‘H NMR 
technique, Eu(fod)j complexes with the hydroxyl at C-p 
causing a greater shift of the signals due to cis rather than 
to trans entities, viz. 86” - ;’ 100 vs 5.4 and AShle _ ~ 4.8 vs 2.9. 
Hydrogenation (Pd-C, CbH6) of the C,,-compounds of 
the three (A) and erythro (B) series gave, respectively, 3a 
and 3b. Both must sustain the 3-hydroxyls and 2-alkyls 
in a tru1.s relation, since the parent molecules are expected 
to approach the catalyst from their hydroxylated side 
[ 121. The compounds, although different, gave by succes- 
sive acetylation (Ac,O-pyridine) and elimination of 
HOAc (AI,O,, C,H,,) the same endocyclic a$-unsat- 
urated y-lactone4. This is dextrorotatory, [GL]~ + 27”, in 
opposition to the laevorotatory 5, [a],, -29.8”, of known 
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3a 2R,3R 

3b 2S,3S 

4 

and the litsenolides [12]. In this case, the o-ethenyl and 
ti-ethynyl groups must be generated either by direct 
dehydrogenation or by concomitant loss of an acetic acid 
unit. The latter mechanism would be consistent with the 
finding that in Lindera obtusiloba, Litsea japonica and 
C’linostemon mahuba C,-compounds with ethenyl and 
ethynyl terminals were found to co-occur with Cn+*- 
compounds with ethyl terminals [13]. If, however, as has 
been proposed [14], decarboxylation accompanies the 
formation of o-ethenyl and o-ethynyl groups, the 
biosynthesis of the lactones should involve Cl*-(li, 2j, 
2o-Zr), C,,-(lk, II, 2s, 2t), C,,-(la-lf, 2a-2f, 2h-2m) or 
C,,-(lg, lh, 2g, 2n) polyketide chains, the ramification 
being generated through a Favorsky-type rearrangement. 
Proposed earlier in connection with a similar 
problem [ 151, the suggestion that Favorsky rearrange- 
ments of polyketide precursors may occur in nature has 
recently been renewed [16]. 

Obtusilactone (li), the principal y-lactone of Lindera 
obtusiloba, was shown to possess cytotoxic activity [lo]. It 

thus seems desirable to assay also the mahuba lactones for 
biological properties. 

EXPERIMENTAL 

Isolation oJ’ constituents. Botanical material was collected in 

the vicinity of Beltm, Pari State, and identified by JoHo Mursa 

Pires. Air-dried, powdered trunk wood of C. mahuba (A. Samp.) 

Kuhlm. et A. Samp. (0.5 kg) was extracted with C,H+ The 
solvent was evapd and the residue (15 g) submitted to dry column 

chromatography (450g Si gel deactivated with 10% H20, 

C6H,-EtOAc, 7:3). The column was divided into 18 equal 

portions which were eluted separately with Me&O. Portions 
1 + 2 gave a fatty oil (2.3g) and portions 16 + 18 gave polar 

material (3.6g) which were not further examined. Portions 3-9 

gave a viscous oil (3 g) which was separated by prep. TLC (Si gel, 
C6H,-EtOAc, 4:l) into fraction A (R, 0.59, 14Omg). fraction B 

(R, 0.68, 1.12g) and di-(2-ethylhexyl)-phthalate (R, 0.84, 1.6g). 

5 6 

Portions lo-15 gave a solid (3g) which was separated with 

MeOH into insoluble sitosterol (1.8 g) and a soluble fraction C 

(1.1 g). 
Fraction A was separated by prep. TLC (Si gel, 

hexane-Me&O, 4:l) into le (Rf 0.35) and la (R, 0.44). Fraction 

Bwasseparated byprep.TLC(Sigel, hexane-Me,C04:l)into Id 
(RI 0.32) and a mixture (R, 0.40,860 mg) which was separated by 

TLC (4% AgNO, on Si gel, C6H,-EtOAc 2:l) into products D 

(R, 0.43,477 mg) and E(R1 0.53,127 mg). Both were purified by 

TLC (Si gel, C,H,-EtOAc, 4:1), D giving lb (R, 0.68) and E 

giving lh (RJ 0.68). Fraction C was separated by TLC (Si gel, 

hexane-Me,CO, 4:l) into products F (R, 0.27, 480mg) and G 

(RI 0.39,550 mg). Product F was separated by repeated TLC (Si 

gel, C,H,-EtOAc, 3: 1) into mixtures H (R, 0.62, 350 mg) and I 

0.67,95mg). Repeated TLC (Si gel, C,H,-EtOAc, 19:l) effected 
the separation of mixture H into 2d (RI 0.48) and 2c (R, 0.58), and 

of mixture I into 2k (R, 0.48) and 2j (R, 0.58). Product G was 

separated by repeated TLC (Si gel, C6H,-EtOAc, 3:1) into 

mixtures J (R/- 0.62, 320mg) and K (Rf 0.67, 190 mg). Repeated 

TLC (Si gel, C6H,-EtOAc, 19:l)effected the separation of5 into 
a further mixture L (RI 0.48, 257mg) and 2a (R, 0.58) and of 

mixture K into a further mixture M (RI- 0.48, 146mg) and 2h (R, 

0.58). TLC (4 % AgN03 on Si gel, C6H,-EtOAc, 2:l) effected the 

separation of L into 2b (R, 0.37) and 2f (R, 0.48) and of M into 2i 
(RI 0.37) and 2m (R, 0.48). 

(3R,2Z)-2-(Hexadec-15-eny/idene)-3-hydroxy-4- 

methylenebutanolide (la). (Found: M+ 334.2496. CZ1H3403 
requires: M 334.2508). UV n,“zp nm : 224 (E 9950). IR ~2:: cm- ’ : 
3450, 1780,1680,1640,913,724. MSm/e (rel. int.): 334 (2), 316 (l), 

306 (2), 291 (lo), 263 (1). 140 (7), 97 (15), 95 (20), 83 (23), 81 (23). 
71 (33), 70 (lOO), 69 (52), 57 (45), 55 (83), 43 (53), 41 (100). 

(3R,2E)-2-(Hexadec-l5-enylidene)-3-hydroxy-4- 

methylenebutnnolide (lb). (Found: M+ 334.2500. CZ,H,,O, 
requires: M 334.2508). UV j.E::” nm: 221 (E 12760). 1R 
“;;;cm-‘: 3450, 1780, 1680, 1640, 913, 724. MS m/e (rel. int.): 

334 (3), 316 (2), 306 (4), 291 (22), 263 (3), 140 (19), 97 (43), 95 (50). 
83 (61), 81 (64), 71 (31), 70 (loo), 69 (58), 57 (91X 55 (58),43 (81). 

41 (77). 
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J = 7Hq 3H-21), 1.27(br,s, (CH,),5), 1.42(d, J = 6.5H.q 3H-S), bromide with Z-pentanone, the TsOH dehydration of the 
2.13 (s, OAc), 2.70 (m, H-2), 4.60 (dq, J = 3.5, 6.5 Hz, H-4), 5.62 resulting 4-methyleicosan-4-01, followed by the catalytic 
(dd,J = 3.5,5 Hz, H-3). MSm/e (rel. int.) 382 (1) M*, 322 (5), 171 hydrogenation of the olefin mixture, gave a product identical in 
(8), 158 (47), 99 (31), 97 (7), 85 (18), 83 (9), 71 (9), 69 (13), 57 (29), all respects to the alkane obtained by defunctionalization of the 
55 (28), 43 (100), 41 (41). mahuba lactones. 

Elimination of HOAc from acetates of 3a and 3b. The 
compounds (33 mg) were percolated through a Brockman Al,O, 
(activity II/III, 5g) column. Pentane-Me,CO (1:l) eluted in 
both cases pure (4S)-2-hexadecanyl-4-methylbut-2-enolide (4, 
25mg), mp 60-61”; [a];’ +27.1” (dioxane). UV If:,O”nrn: 208 
(E 13 455). IR Y:::‘~ cm- ’ : 1750, 1653. ‘H NMR (60MHz, 
CDCIJ): 6 0.88 (t, J = 7 Hz, 3H-21), 1.27 (br. s, (CH,),,), 1.40 (d, 
J = 7 Hz, 3H-5),2.23 (m, 2H-6), 5.0 (dq, J = 1.5,7 Hz,H-4),7.0 (4, 
J = 1.5 Hz, H-3). MS m/e (rel. int.): 322 (77), 293 (I), 278 (5), 112 
(70), 111 (25), 99 (5). 97 (20), 95 (26), 85 (7), 83 (22), 81 (30), 71 
(17), 69 (41), 67 (46), 57 (60), 55 (85), 53 (23), 43 (lOO), 41 (97), 39 

(43). 
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