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Summary: A 2-substituted dihydrotropone is converted into a cis-hydroazulene intermediate via a 

novel Lewis acid catalyzed olefin cyclization. 

Natural products possessing hydroazulenic carbon skeletons continue toattractattention be- 

cause of their complex molecular structures and wide spectrum of biological activity.I Although 

considerable effort has been focused on the synthesis of pseudoguaianolides2 relatively little 

work in the area of guaianolide synthesis has been reported to date.3 A stereocontrolled con- 

struction of a hydroazulenic intermediate possessing the requisite cis ring fusion is of critical 

importance for any general approach to the guaianolides.4 This report reveals an efficient and 

novel strategy for the achievement of this goal. 

The approach to the problem of cis-hydroazulene synthesis is based on the unique chemistry 

associated with the addition of organometallic reagents to troponoids.5 For the present situa- 

tion, it was reasoned that the functionality available in a dihydrotropone intermediate obtained 

from the addition of a functionalized Grignard reagent to tropone would be particularly amenable 

for effecting a net three carbon annulation onto a seven-membered ring precursor. 
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Scheme I outlines the essential features of a six step conversion of 2,4,6-cycloheptatrien- 

l-one (tropone) (Lj6 into a cis-fused hydroazulenic intermediate which has functionality strate- 

gically positioned for elaboration into the guaianolides. The addition of the acetal Grignard 

reagent 2' to tropone occurs in THF at 0°C in a l,&fashion to give the 2-substituted dihydro- 

tropone 2 (v C=O: 1705 cm-1)8 in 85% crude yield. The regiochemistry of this addition effec- 

tively established the initial phase of our three carbon annulation. To prevent the facile 1,5- 

hydrogen shifts which are characteristic of dihydrotropones,5 the ketone was carefully reduced 

(NaRH4, EtOH, O°C) and protected as the benzyl ether. Subsequent acetal hydrolysis (5% aq. 

a H2S04, DME) gave the key cyclization precursor 5 (v: 1725, 2820 cm-') as a mixture of isomers 

in 49% yield from 3. - 
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b. NaH, PhCH,Br 

d. BF,- Et,O, 5 min 0°C 
e. Li, MeNH, 

c. H,O+ 

Scheme I 

To effect the final carbon-carbon bond formation, aldehyde 4 was treated with freshly dis- - 

tilled BF3*Et20 (CH2C12, O'C, 5 min). This reaction led cleanly in 77X yield to a product which 

exhibited no carbonyl or hydroxyl group in the infrared and was identified as cyclic ether 2 899 

through NMR decoupling experiments.lO The generation of ether 2 can be rationalized as arising 

from initial carbon-carbon bond formation, followed by trapping of the resulting allylic carbenium 

ion with the carbonyl oxygen. Formation ofthis tricyclic ether 5 is particularly significant for - 
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the purpose at hand since the relative stereochemistry at four different carbon centers is fixed 

within its framework. In addition to the presence of the critical cis relationship of the vici- 

nal bridgehead hydrogens at the junction of the seven and five membered rings, the other two fix- 

ed centers can potentially serve as stereochemical control elements at later stages of the syn- 

thetic sequence. 

At this point, formation of the desired cis-hydroazulenic species through opening of the 

tricyclic ether 5 was considered. - Reductive cleavage of the activated carbon-oxygen bonds in 

ether 5 (Li, CHBNH2, reflux) provided thehydroazulenedio168 in 72% yield. The location of the _ 

double bond in enediol 6 was unambiguously determined by decoupling experiments at 270 MHz." - 

Furthermore, it was found that the benzyl ether in compound 2 could be selectively cleaved at 
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-78°C with Li in CH3NH2 to give alcohol & in 80% yield.a This important result permits complete 

differentation of the two alcohols in the hydroazulene system for subsequent selective transfor- 

mations. For example, alcohol 8a has been converted into MFM ether 8b (MEMCl, iPr2EtN, CH2Cl2, - - 

RT). Subsequent reductive cleavage of the allylic ether gave, in 73% yield, alcohol T,* 

a potential key intermediate for the synthesis of several members of the guaianolide family. 

Li-MeNH 
_78” 

8a, R q H 

8b, R q MEM 

9 

The presence of a cis ring fusion in this series of compounds was ascertained in the follow- 

ing manner. Enediol 5 was converted by catalytic hydrogenation (10% Pd/C, 1 atm) of the double 

bond and oxidation12 of the two alcohols into dione $J (vcso: 1740, 1705 cm-l)' in 70% overall 

yield from 6. This material was equilibrated with base (NaOCH3/CH30H, RT, 15 h) to give a mix- 

ture of diones, which could be separated by column chromatography, in a ratio of 85:15 with a new 

hydroazulenedione (vczo: 1740, 1705 cm-') as the major component and starting dione 10 as the 

J$--&?J - 

6 19 
minor component. This result correlates well with the observation that inmost hydroazulenone 

systems the tram ring fusion is the more stable relationship.13 In a second experiment, alcohol 

8a was transformed via Ireland'sI deoxygenation procedure, - followed by hydrogenation and oxida- 

tion as before, into the known cis hydroazulenone 11. The product secured in this fashion was 

shown to be identical with authentic material.15 - 

11 
Work is currently underway to explore the utility of this annulation methodology. 
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