
Terrahedmn Leaerr. Vol. 35, No. 19, pp. 3085-3088, 1994 
Elswier Science Ltd 

Printed in Great Britain 
00404039/94 $6.00+0.00 

0040-4039(94)EO507-T 

Synthetic Studies toward Zoapatanol 

Gilles Pain, Didier DesmaSle, Jean d*Angelo 

LabomohdechimieotganiqlJeassocicallcNRs. 
Cen@c d’Endcs pbermacautiques 5 rue J.-B. CXmean, 

~ChPtenay-Malabry(France) 

Key words : wqmtanol, atymmetric Mkhael addition, chirul imines. a2ostereoselectiw wdttcllon of keto grotps. oxepanones 

Akstract : Enantloselective claborotion of advoncai hwmdiates in the synthesis of the ontl-fmtillty agent zoopatonol1, j?om 

pyratwnc IS)- 8. is &scrib&. 

The aqueous extract of the leaves of the Mexican plant xoapatle (Monru~u zomentosa, Compositac) has 

been used in folk medicine by Mexican women to induce menses and labor and to regulate fertility. The 

predominant component responsible for the physiological activity of this extract has been identified as being the 

oxepaue diterpenoid zoapatanol 11. 

The purpose of the present paper is to report the enantioselective elaboration of advanced intermediates in the 

approach to 1. Our synthetic plan, outlined in formula 1, featured the general methodology for the 

stereocontrolled construction of sterwgenic carbon centers we have reported a few years ago, based on the 

Michael-type addition of chiral imines to electrophilic alkenesq It was our original hope that a concise, direct 

route to 1 might utilize chiral imine 6, derived from oxepanone 5. The latter compound was prepared in three 

steps, by ring-enlargment of pyranone 2.3 To attain this end, 2 was converted into silyl enol ether ti (TMSOTf / 

Et3N. CH2Cl2) which, upon dibromocarbene addition (tBuOK / CHBrj, hexane, -78 “C), followed by acidic 

treatment of the intermediary bicyclic adduct (1N HCl in THF. 2 h at 20 “05. led to bromo-enone 4 (40 % 

overall yield from 2). Catalytical reduction of 4 (5 bars of Hz, w/C!, MeOH, NaHm) finally gave oxepanone 5 
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with a 56 96 yield. &ude chiral imine 6, prepared from 5 and R-(+)-1-phenylethylamine (60 T, 24 h, 

cyclohcxane, in the presence of a catalystP. was then exposed to methyl acrylatc (neat, 60 “c, 3 days)2 leading, 

after hydrolytic work-up (20 96 aqueous AcOH in THF), to desired Michael adduct (S)-7.6 Unfortunately this 

adduct was obtained widt a malest yield (25 % fivm 5); fdhemmeshcaob#rvedinthisrtscttonwasonly58 
96 (by comparing the optical rotations of 76 and of the enantiopure compound, resulting from the catalytical 

hydrogenation of 9. vide itfra). 

0 

x) 0 

2 

0 0 0 

In order to improve the above results, an alternative route was devised, based on the ring-enlargmcnt of 
clllllltiopuxe pyranone (S)-@ bearing the already controlled crucial stcnzogcnic center at the Cc-position to the 

cazbonyl group (C-2’ center of zoapatanol 1). Thus ctmpomd 8 was transformed in enantiopurc (~-7.6 by a 

procedure in all points id8ntical with convasion [2 + 51. vi0 bmmo4Kme 9. 

In relation with the control of the stcrcogcnic center at C-3’ of zoapatanol 1. reduction of the keto group of 

oxcpanone 7 was next investigated, employing a variety of reagents. Truns pyrano-oxepane 10 and cis isomer 

11, resulting &om the kmiaion of the intermediary hydroxyesters, were directly formed in this reduction; 

these compounds were easily separated by chromatography on silica gel and unambiguously identified by tH 

NMR spectroscopy.7Although the achird reducing agents (“subsfrate-control” conditions : the oonaol of the 

newly created stcmogcnic center is dctumincd by the indnsic chirality of the substrate) furnished only modest 

sclcctivities, the use of B-chlomdiisopinocampheylboranes (IpcgCl)* as chiraf reagents (“reagent-control’ 

conditions: the stercocontml is mainly determined by the chirality of the reagent) allowed excellent 

stereosckctivities. However it should be pointed out that the double diastereod@wen!kztion pknomenon was 

observed with the latter reagents, (+)-Ipc@Cl giving predominantly the desired wuns derivative IO with a l&l 

ratio (88 96 yield), and (-)-ImBC!l the cis isomer 11, with a ratio of SO: l(80 % yield). 
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L-a W3 m, 20 “Cl 2.8 

(+)_IpczBQ (neat, 20 “0 16 : 

(-)_IpczBQ (neat, 20 “0 1 . . 

0 OV 

+ a i 
11 

3 

2.5 

1 

1 

1 

50 

Elongation of the pmpionatc appendage of pyranone 8 was next undertaken, in connection with the 

construction of the dimcthylnom~ sidwhain of zoqwaml 1. thskking the gnat sensitivity of the tcminal 

part of this chain (B,wylenic ketone), and taking into account that an organomctallic condensation, using 3- 

methyl-2-butcnyllithium, on an a-methylpcntanoic substituent at C-2’ of 1 could complete this side-chain at the 

latest synthetic stages,9 we decided to create such a substituent on 8, by uwpling the lithium dianion of pmpionic 

acid with iodide WC [WC + 141. For this purpose, the keto group of pyranone 8 was first pmtwtal (TMSOTf, 

(TMSOCH2)2, pyridine, 0 “C. 95 % yield)lO and the resulting ketal-ester 12 transformed into alcohol 13a 

&AH, THF, 20 “C, quantitative). The latter compound was then converted into desired iodide 13c by a two-step 

sequence, through tosylate 13b (i: TsCl. pyridine; ii : NaI in refluxing acetone, 77 96 overall yield). 

Condensation of the lithium dianion of propionic acid with this iodide (propionic acid, LDA, 0 “C), followed by 

acidic work-up and esterification with diazomethane finally led to pyranonecster 14 (51 % overall yield), as a 

nearlyeqllimolarmixtuleofdiastcwmcrs. 

12 13 a:X=OH 14 
b:X=OTs 
c:X=I 

Ring-t of 14, and subsequent functionalization of the resulting oxcpanone at the carbon center in 
the yposition to the kcto group (C-6’ center of zoapatanol 1) were next examined. Thus 14 was transformed into 

bromo-enone 15, with an overall yield of 65 I, by a protocol in all points identical with conversion [2 -+ 41. 

Dcconjugative reduction of this bromcwume o(OEt~, EtsN, 20 ‘4J)ll then led to B;uLenonc 16 (66 % yield) 

which was cpoxidized into 17 (‘Hz02 / Q$JCN, CH2Cl2,O “C, 67 96 yield). 12 
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15 16 17 

Treatment of 17 with DBU (toluene, 0 “C) gave allylic alcohol 18 (74 % yield). The double bond of 18 

was reduced catalytically (Hz, Rh on carbon, AcGH. quantitative) and the resulting saturated alcohol was then 

oxidized with the Ley’s reagent l3 (1 % tetra-n-ptopylammonium per-ruthenate, N-methyl moxpholine N-oxide), 

giving oxepanedione 1914 (70 96 yield}. In relation with the introduction of the hydroxyethylidene function at C- 

6’ of zoapatanol 1, the addition of the Wittig reagent Ph+CH-CGOMe to dione 19 was next attempted 

(CH2C!12,40°C). As expected, this mtion was found to be highly chemoselective, since taking place exclusively 

on the less hindered lceto group of 19, thereby delivering with a 80 % yield the desired adduct 2015, as an 

equimolar mixtute of olefinic isomers. 

18 19 20 

The main problems encountered in the conversion of (S)-8 into zoapatanol 1 have thus been efficiently 

solved. Work is pursued in our laboratory to complete the synthesis of 1 and of related molecules. 
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