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Abstract: tkaquivrpene laetonc4 of the alliscane type have beea syatkized for the first time with complete 
stacocontrol during enolate addition to hydrindenones and intramolecular Sd cycliiations onto allylie 

A key step in our fit synthesis’ of 12-noralliacolide (1). alliacol A (2). alliacolide (3) was direct 

lactonization of a r-mesyloxy-a,gunsaturated ketone 5 with dilithium acetate, a process in which the latter acted 
as a dual nucleophile. Although this tandem annulation provided intermediate 6 expeditiously, the isolation of 

comparable amounts of epimer 7 detracted from the optimal goal (6 ~7). Moreover, the farmation of enone 5 

12-Noralllacolldo (1) Alllacd A (2) Alllacollde (3) 

precursors, via direct ceric ion oxidation3 of hydrindanone dithiane derivative 4s was accompanied by 

irreversible loss of more than half of the bicyclic template when the conjugate double bond was unveiled. We 
therefore set out to remedy these two selectivity problems, especially generation of the required stereochemical 

relationship of carbon substituents at C-l and C-4 (ci.s in 6 or equivalent structures). In the course of solving 
this challenging probleml.45. the wasteful aspects of the 4-8 transformation have also been eliminated. 

De&bed hemin is a high-yielding linear synthesis of 12-noraEacolide (1) which pmceeds with total regio- and 
stereoselectivity. 
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When dithiane 4bK7 was carefully unmasked with uimethyloxonium tetrafluoroborate, the resulting 

saturated hydrindanone 8, mp 94-6 T (-5: 1 cis : tmns mixture), was converted to a single enol acetate 9 that 
underwent stereoselective epoxidation to 10. Epoxide opening (1 O-Al) and acid-catalyzed a-hydmxyketone 

dehydration (regioselective, vti an unti &iation of HZO) afforded enone 12 in high yield (87% from 8). 

8 8 

C 

91*igjJ _& /pJf2L) 
I 11 

Reagents: (a) AcsO, cat. 70% HCIO,, Ccl,, C&, 0 to 25 “c. (b) m-CPM, NaHC03, Q-i&+, 0 “c, 3 h. (c) 0.05 M 

KOH in H&J CH&H, CH&l, 1 h. (d) pTsOH, MsCl(l.25 act), C&la, 25 “c, 1.5 h. (e) K&O, H&I, CH@H. 

Carbon nucleophiles such as allylmagnesium chloride and a vatiety of acetate ester enolates react with 12 

or the deacylated hydroxyenone 13 almost exclusively from the a-side, without detectable amounts of epimeric 
carbinols. This desirable stereoselectivity contrasts vividly with the stereorandom outcome previously found 

with hydrindenone 5. * tert-Butyl ester 14 (from 13) was found to be most satisfactory for the threostep double 

bond transposition sequence (14+15) that preceded lactone annulation efforts. The previous strategy for 

lactonixation, i.e. Si intramolecular attack allylic to the C-8 leaving group by side chain carboxylate was 
expected to succeed with both epimers of 15, owing to the mechanistic feasibility of both syn- and Ma’- modes 

of intramokculsr displacements, and to our own previous experience’ (S-1 6 and 7). 

15 I a-OH, mp 1 %.C197.5 *C 
15b@OH,mp123-125.S°C 

Reagents: (a) CH&O&(CH& LDA, HMPA, THF, -78 “c, 1 h. (b) (CKQ1. DMSO, Et@, CHg&, -80 to 25 Oc. (c) 
NaOCH,, CH&H, THF, 0 “C, 30 min. (d) DIBAL-H, toiuene, -78 OC, (-1:l mixture 15a : 15 b). 

Initially, lactonixation of 15 b9 was attempti m prior base-induced ester hydrolysis (since the latter 

was expected to be slow under mild conditions, which were required in order to avoid mtroaldol loss of tert- 
butyl acetate). C-85 Hydmxyl activation (MsCl, EtsN in THF) led viu an l&elimination to a cyclopentadiene 

(16: L,_(hexane) 259 nm, B - 10,OCQ tH-NMR vinyl Hs at 6 6.12 8c 5.79 ppm, J ,,4= 2.4 Hz) instead of 6. 
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Accordhrgly. 15 b was carefully hydrolyzed and the dried carboxylate salt (axeotropic removal of water with 

benzene) subjected to mesylation (as shown below). In this case, a -1:l mixture of y-lactone 6 (‘H-NMRz vinyl 

singlet at 5 5.68 ppmt IF$ vcIo 1770 cm-t) and diem 1710 (*H-NMRz vinyl Hs at 6 4.77 & 4.74 ppm; IR: no 

vW) was obtained The httter product resulted from terdary hydroxyl activationt 1, a pmblem not encountemd in 

a& 
- (I + 

-48% 

16 1Sb 17 

ReagerW (a) K.$Q, H& CH$H, 25 Oc. 15 days. (b) MCI, Et& THF, -10 to 25 “C, 12 h. 

our prewicm “one-pot” annulation! While the formation of +~tone 6. free of epimer 7, was a step forward, 
the unavoidable co-occurtence of decarboxylation product 17 required further modification of the annulation. 

W rationalized that by increasing the nuckophilicity of the C-4 side chain one coukl use a“poomr” C-8 leaving 
group that would be less pmne to undergo l,4-elimination (to a cyclopentadiene) prior to annulation. 

15b 15a 

b ~18R-H’ 
92% 2OR-COCH&l 

b <lQR-H 
97% 2lR-CCCW 

22 
24 

mpQQ-WDC 23 

Reagents: (a) LiAlH4, Et@, 23 “c, 3 h. (b) (CCH&O))p, cat. DMAP, pyridina, CH&& -78 to 25 “c. 0.5 h. (c) KOH, H20, 

THF, 0 “c, 15 tin. (d) i. LDA, THF, HMPA, -78 Oc. 2 h; ii. 25 “c, - 42 h. (e) EtN(i-Prj2, &So,, 110 “c, toluena. 24 h. 

Thus, both esters 15a and 1Sb were individually reduced (LiL4lH.J with intention of cyclixing the 
resultant 8-hydmxyethyl side chains to cyclic ethers. This would be followed by eventual back oxidation (8~0,) 

of the tetrahydrofuran ring to a r-lactone. Triols 18 and 19 were prepared from esters Mb and Ha, 

respectively, and immediately subjected to two-fold acylation with chloroacetic anhydtide (fust at the primary 

site, then at C-8). This first-formed bis-chloroacetate (2 0 or 2 1) in each case was selectively hydrolyxed, 
leaving the desired monoester-diols 2 2 and 2 3 as candidates for intramolecular S$ a&oxide displacements. 

Both epimers cyclixed satisfactorily to 2 4, although under different conditions. Closure of 2 2 mquired prior 
deprotonation of the j3-hydroxyethyl side-chain with LDA whereas the 2 3+2 4 transformation, via preferred 

syn stereochemistry, *s occuned readily in hot toluene (with Hunig’s base present only to quench chloroacetic 
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acid). Ether 2 4 (IH-NMR: vinyl singlet at 6 5.50 ppm) was cleanly oxidized with buffered m-CUBA and the 

nsulting epoxide 25 (IH-NMR: epoxide singlet at 8 3.15 ppm) subjected to RuO, oxidathP, providing a 98% 
yield of 12-noralliilide (1). This sample was identical (*H-NMR, IR, mp and R&&h material previously 

synthesized by us1 and futther converted to alliacol A (2) and alliacolide (3). 

24 25 

Reagents: (a) mCPBA, NaHCO, Cl+&, -78 to 25 OC, 3.5 h. (b) RuCIs* n H,O, NalO, NaHCOs, W&N, HsO, Ccl,. 

In conclusion, a selective, high-yielding route to the majority of alliacane sesquiterpene lactone&* is 

now available for the first time. Efforts ate underway to extend the utility of advanced intem&ates towards 
additional metabolites of Marosimus Alliaceus such as alliacol B.2 
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