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Diels-Alder Reaction of Cyclopentadiene and 
Spiroepoxy-2,4=cyclohexadienoms 

J.-P. Gemon,* L. lk!rvaud &Id M. Mondun 

LAbombh&cllimiel2,Amoci6ucNRs 

40, walllednRsdsur~ P86022Poitim 

The oxidation of salicyl alcohol.9 1 by sodium periodate to give sphcpoxy-2,4qclohexdiencmes 2 

hasbeenhrstdiscoveredbyAdlerin1971.tThe~~~~~vedimerizationto3isusually 

obaemd,andmaybe~ventedanlyintheaweofthepresenceaf~alkyls~~~atC-2orC42 

or of a methoxy group at C-3.3 

1 2 3 4 5 

a: R-R’= H; b: R= 0CH3, R’=H, e: R=H, R’= OCH, R= alkyl, R’= HorOAc 

Thestrwtureof qkapoxycyclohe~‘2 suggests their pkible u# as either electnm deficient 

dienes or dienophiles and thu8 a study of their mgio and dhtereow selectivity seems worthwhile to 

reveal their potentiality in the synthcsia of natural products. Recently SingI has used the stewselective 

L?aAumG Diels-w cycloeddition of &llydlnxy (or 6dcetoxy)-wkyl-2,4-cycl~~ 4, 

obtaincdbywes#lyoxidotionofthec<nrwpoodinephenols,withdients(otsimpdeolefins)togentrote 

amdatcd bicyclo(2,2,2loctena#1 such as S’whiA u&nvenG afkr modihka, a phxhemical oxadi- 

wnethne nrraugemeakt to give the tkyhpentanoid skeleton oflikr polyquhanes. SimiJady Sir& has 

shownthat qkmepoxycyclobexadi~ ti; (AiIKd by phase-M catalyzed Adler oxidation of 2- 

hydnxy-3-methoxybenzyl alcohol) afkds with cyclopclltadime a single edouldoadduct8bfesult@ 

fromanappmwltin verscelecaon-demandDiels-Alderreaction. 
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As part of a study on the chemical and biological pqerties of these dienones, we now describe aur 

preliminary results on the reaction of spirocyclohexadienones 2a-c with cyclopentadiene under different 

conditions (Table). Since 2a (obtaid from 2-hydroxybenzyl alcohol) and 2b do rapidly dimerize, Adler 

oxidationwascarriedoutiaprwewxofexasscyclopenepdiseeuaderusual(entrics1,2,4,5)orphese- 

transfer conditions (entries 3,6,7) while the stabb k (obtakd from 2-hydroxy4methoxybenxyl alcohol) 

was treated similarly for comparison (entry 8). or after isolation (entries 9,10) with cyclopntadiene. 

Table. Diels-Alder Reaction of 2a-c with Cyclopentadiene. 

Entry compound [-I conditions Dimer Pmducts 

1 P 0.5 M 

2 28 0.13 M 

3 2a 0.13 kl* 

4 2b 0.26 M 

5 2b 0.13 M 

6 2b 0.52 M* 

7 2b 0.17 M* 

8 0.24 M 

9 

10 

2c 

k 

2c 

0.24 M 

1.15 M 

OY!, 23 h 38% 
THWHZO l/l 

0°C. 23 h - 
THF/Hzo 3/l 

OY!, 2 h; 2O”C, 4 h - 
CHCl@fl l/l 

O”C, 23 h 31% 
THF/HzO l/l 

O”C, 23 h 21.5% 
THF/H20 3/l 

2O”C, 5 h 31% 
CHC13/H20 1 / 1 

O”C,4h;20°C,4h 11% 
CHC13/H20 l/l 

2O”C, 24 h - 
THFVH20 l/l 

2O”C, 96 h - 
THF/H20 l/l 

2O”C, 16 h _ 
neat 

6a (19%); 7a (3%) 

6a (7%); 7a (1%) 
8a (14%); 9a (1%) 

6a (32%) 
80 (51%) 

6b (10%) 
8b (32%) 

6b (16%) 
8b (37%) 

6b (2%) 
8b (33%) 

6ll(l2%) 

8b (40%) 

6c (38%); 7c (5%) 

6c (25%); 7c (12%) 

6c (43%), 7c (6%) 

2raffords,besideSthecorregpondingdi~3o,mainl~6oand&W~~~~inagnSment 

withtheirtHaad*3CNMRspectra.*Thecanfi~ti~of6r(endo)is~~bytheobmMtionaf 

de’s between H-2 and H-7 and one H-11 (NOEDIFF). In two sets of experiments (entries 1 and 2), two 

minor (l-396) compounds, 7a and 9a, arising from do-cxo dditims are also obtahai. Unambiguous 

determinationofthenlative~~~stryofthe~&~fortheaccompoundsisnot~b~~ 
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6 7 8 

a: R=R’=H; b: R= OCH3, R’=H, c: R=H, R’= 0CH-j 

Inthecaseof2b,apartfiwnthedimer3b,similar~~6band8bareisolatedbutnotthe 

~ti~~~adducts7band9b(~~~4_7).Under~~~theratio8w6bishigherthsninthe 

formercaseandesp&allyusingahigh caacentrationof2biaCHCl3(entry6). Thestabledieaone2c 

affordsonlythetwoadducts6caud7cwithoutformationofthe reanangedadducts&aMl!k. 

TherwultsreportedintheTableshowthatdimrizatioaof2r,bis~as~,athigher 

mtmtionofphenol(i.e. entry 1,2and3, orentries4,6and5,7)andthattheamountofadducts8aad 

9ishigherincHClsthaninTHp.Moreexperimnts~needed~showwhdherthcDidkAlderreactioa 

of such spkpoxy-2,4-cycl~ (and thus the related Ghydroxy (or 6-acetoxy)-6 

s~withcy~~ispurelya~pnwxssfollowedbyaCope~~t 

orifcompetitivenormal-andin verWk&mdemaudadditioosareaperating.Inordertocheckthelatter, 

Ailleroxidationof~inpnsceceofu)eq.ofethylviayletherhesbeendateunderusual~~~3/1, 

20°C) or phase+tmnsfer conditiona (CHCl$Hfl l/l, 0.1 eq. TJZBA) to give dimer 3a (52 or 54%) and a 

single adduct 10 (17 or 22%). 

Thestructureof10isinagffemeatwiththetHaodt3CNMR~s~i3the 

positionandco&guratioIloftheethoxygMupheingam6rmedbythe 

observation of the signals of endo (5 1.57 ppm) and exo (6 2.5 ppm) H-5 

(togaher with NOEDIFP experimnts) and by the relative shicldiag of C-8. 

ofthccpoxidcringispropoaedbydogywithtbepren;ous 

Diels-Al&r adducts. 

Further empcrhmb to extend the scope of such [4+2] cycloadditioos of spkpoxycyc~ 

withodnuelect.ron-richdi~arelmderway. 
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H-l), 3.13 (lH, m, H-8), 3.23 (Hi, dd, 8 and 4, H-7), 3.43,(1H, d, 6, H-12), 5.% (lH, dd, 5 awl 3, H- 

9), 6.13 (2H, m, H-5 and H-lo), 6.94 (lH, w 9 and 4, H-6) ppm. 13C: b 41.6, 43.7, 47.9, 48.2, 51.6, 
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(lH, d, 6, H-12), 3.37 (2H, browJ d, H-6 d H-7), 5.47 and 5.71 (W, 2m, H-4 aml H-5), 6.12 (lH, 

broad t, 7.3, H-11). 6.40 (lH, bmed t, 7.3, H-10) ppm. 13C: b 36.1, 38.4, 43.9, 50.3, 52.3, 52.7, 58.0, 

129.2, 129.5, 132.1, 133.4aad205ppm. 
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5.9, H-12), 3.16 (lH, d, 5.9, H-12). 3.30 (lH, m, H-6), 3.40 (lH, d, 6.6, H-7), 5.49 aud 5.73 @I, 2m, 
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38.7, 43.5, 48.9, 52.3, 52.7, 58.0, 128.2, 129.8, 133.2, 133.3 plnn (CO not obamved). 

lo: 6 1.19 (3H, t, 7, CH3), 1.57 (lH, dt, 13 and 2.5, endo H-5), 2.50 (2H, m, H-4 and exe H-5). 2.85 

(lH, d, 6, H-9), 3.12 (lH, d, 6, H-9), 3.50 (2H, m, O-CH2), 3.76 (lH, m, H-l), 4.06 (lH, m, H-6), 

6.18 (lH, t, 7.5, H-8), 6.66 (lH, t, 7.5, H-7) ppm. 13C: 6 15.10 (C-lo), 31.4 (C-5), 37.5 (C-4), 53.1 (C- 

ll), 53.8 (C-l), 57.3 (C-3), 63.9 (C-9), 7468 (C-6), 126.2 (C-8), 134.4 (C-7), 204 (C-2) ppm. 
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