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Study of Butyrolactones Related to Sub-type 3 Annonaceous Acetogenins.
Structure Revision of Itrabin, Jetein, Laherradurin and Otivarin.
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Abstract : Starting from 5(S)-hydroxymethyl-y-butyrolactone 1, lactones related to title
acetogenins have been prepared in few steps. This study leads to a structure revision of
the lactone configurations of these acetogenins. © 1998 Elsevier Science Ltd. All rights reserved.
Annonaceous acetogenins represent a large class (c.a. 300) of natural products which display potent
cytotoxic, immunosuppressive, pesticidal and insecticidal properties.' The main structural features of these fatty
acid derived compounds are the presence of one to three tetrahydrofuran rings (or in one case a
tetrahydropyran) and a terminal lactone moiety. Four different lactones are usually found: sub-types 1a and 1b
are 2 4-disubstituted butenolides (1b bears an extra hydroxyl group at C-4),” sub-type 2, an alleged artifact
which has been shown to result from base-catalysed rearrangement of sub-type 1b (a 2/1 cis-trans ratio is
usually obtained after extraction and purification)’ and the more scarce sub-type 3, only present in otivarin,
laherradurin,’ itrabin and jetein.* Indeed, several other naturally ocurring 2-alkyl-3-hydroxy (or acyloxy)-4-
methyl butyrolactones are known, such as grandinolide,’ blastmycinone,® antimycinone,” NFX-2, NFX-4* and

some other lipid metabolites.’
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Several strategies have been already developped to prepare lactone synthons related to sub-types 1a,b’
and 2.'° Indeed, we became interested in preparing lactones A which should be in equilibrium with lactones B

related to sub-type 3 wih hydroxyl group at C-2°. The effect of relative configurations on this equilibrium and,
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later, conversion of B to sub-type 1b lactones and analogs will be studied.

Preliminary results are now reported starting from the commercially available 5(S)-hydroxymethyl-y-
butyrolactone 1 (ee 98%) as a model of the 5(R)-alkyl butyrolactone moiety of annonaceous acetogenins, After
protection as a TPS ether (91%), alkylation of the lithium enolate of 2 with 1.5 eq of allyl iodide (LDA 1.05
eq., -78 to —40°C, THF) gave the trans lactone 3a (81%) together with the cis isomer 3b (9.5%) in agreement
with previous reports.!! Upon heating in EtOH-H,O in presence of cat. (PPh;);RhCl for 5 h, 3a afforded in 70-
80% yield a 8/1 mixture of £ and Z lactones 4a and 4b (together with 7-10% of unchanged starting material).
The trans configuration of lactones 4a and 4b was secured by hydrogenation over Pd/C to § which turned out
to be identical to the compound obtained from 3a by similar reduction. Since separation of these lactones was
difficult using flash-chromatography over silica (4a and 4b were isolated respectively in only 39% and 5%
isolated yields), asymmetric dihydroxylation was carried on the 8/1 mixture obtained above for higher

efficiency.
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Upon treatment with K>0sO,(OH). (0.002 eq.), hydroquinidine 1,4-phthalazinediy! diether (0.01 eq.),
KsFe(CN)s (3 eq.) and K,CO; (3 eq.) [AD-mix-B] ,"* 4a,b (E/Z: 8/1) gave mainly lactones 6 (16%) and 7a
(54%) together with minor amounts of 8a (4%) and 9a (3%). The rearranged structure of 7a was deduced
from 'H-'H COSY experiments. At this stage examination of J between H-3 and H-4 was not possible due to

signal overlap and this was done after acetylation to 7b. 'H NMR data of 7a and 7b were identical,
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respectively, to those reported by Node" for (-)-3-epi-blastmycinol 10a and (-)-3-epi-blastmycinone 10b.
Furthermore, the observed *J between H-2, H-3 and H-4 were found to be similar to those of the 2,4-dimethyl-
3-hydroxy—y-butyrolactone possessing the same relative configurations and clearly different from data of the
three other diastereoisomers.* This result is in agreement with the expected formation of the R,R diol with
AD-mix-B. Then, the structure of 6 could be easily deduced since upon exposure to cat. PTSA in CH,Cl, (rt,

overnight), a 3.5/1 thermodynamic mixture of 7a and 6 was obtained starting either from 6 or 7a.

Table 1. Selected & (ppm) and J values (in Hz) for lactones 7-12.

Compound 7a 10a” 7b 10b™ 8a 11a” 8b 11b"® 9a 12a” 9b 12b"
SH-3 445 432 549 562 373 384 506 494 428 420 532 5.17
SH-4 445 445 451 457 425 421 438 437 474 464 475 476

Juans 47 47 53 53 a 86 60 56 85 32 33 27
JHama a 30 36 34 60 73 48 46 70 48 51 48

a: not observed.
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Similarly, the structures of the minor isomers 8a and 9a (and their acetates 8b, 9b) were determined by
comparison to the known lactones NFX-2 11a, antimycinone 11b and 12a,b (see Table 1). 8a arising from
dihydroxylation of the minor Z isomer 4b is a 2,4-disubsituted cis lactone (as 7a). The frans lactone 9a proved
to be rather instable and gave a 1/1 mixture with 13a on standing (vide infra). Although a good agreement of
NMR data was found between acetates 9b and 12b, the observed > between H-2, H-3 and H-4 (Table 1) for
alcohol 9a were larger than those of 12a. This may be explained by a conformational bias between these
lactones. MM2 calculations and ./ analysis carried out by Jaime et al.'* have shown that the corresponding
dimethyl lactone exists as a 26/74 mixture of degenerate envelope conformations A and B (R= Me). The
calculated Ji.on; and Jusus being respectively 8.9 and 7.1 Hz for conformer A and 0.5 and 3.8 Hz for
conformer B, it may be assumed that lactone 9a exists mainly as conformer A.

Treatment of 4a,b with AD-mix-a.'> was more complex, giving 9a and 13a which could not be separated
by chromatography due to a very fast equilibrium between these lactones. Therefore, the crude mixture was
acetylated to give 9b and 13b, respectively in 36 and 6% from 4a,b. If acetylation is carried out after exposure

of diols to cat. PTSA or silica, then a 1/1 ratio of 9b/13b is obtained in similar overall yield.
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In conclusion, this study has shown that lactones related to sub-type 3 acetogenins may be prepared in
few steps from 5-alkyl butyrolactones and it may be assumed that this methodology can be extended to the
preparation of all diastereomers starting from both enantiomers. Conversion to sub-type 1b lactones should be
possible after protection as MOM ethers and treatment with DBU,® although care should be taken to avoid the
easy epimerisation at C-4 recently demonstrated by Figadére for such insaturated lactones.” Finally, '"H NMR
data of the all cis isomer 7a, as well as the other lactones 8a and 9a, do not correspond to the reported values
for naturally occurring sub-type 3 acetogenins. Indeed, the observed (numbering as above) Ju.ou.3 (5.5 Hz) and
Juapa (<1Hz) of these acetogenins better agree with those reported for lactone 14'° (respectively: 5.6 and 1.1
Hz) and we propose that the structures of itrabin, jetein, laherradurin and otivarin should now be revised in

their lactone moiety as shown below for itrabin and laherradurin.
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