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.Nevertheless. compartson of their tH and t3C NMR spectra wtth those of related compounds previously 
prepared and carefully studied hy our group ‘)a,gh allowed us to establish their stereochemistry as depicted in 

Scheme I 

1 n=1 3. R=Me 5. ml, R=Me 6. n=l, R=Me 

4. RR=Ck,CH, 7, n=l, RR=CH,CH, 6, ~1, RR=CH2CHZ 
2, n=2 9. ~2. R=Me 10. ~2. R=Me 11, ~2, R=Me 

12. n=2. RR=CH,CH, 13. ~2. RR=CH,CH, 

Scheme 1 

[nitrone]:[ketal] 
1 3 toluene. 110 CT. 8 h I:2 5 (12). 6 (21) 
1 4 toluene. 1 IO T. 3.5 h 1:1.7 7 (18), 8 (24)= 
2 3 methanol, 20 O<‘. 5 days 1:1.8 9 (1). 10 (51). 11 (30) 
2 4 chloroform, 20 KY, 7 days I:4 12 (24), 13 (39) 

l ’ A r~g~wxncr~~ I I c~cloadduct was also solatcd m B lh’d yield 

In view of the poor chemosclecuvity observed. we decided to protect one the double bonds of the 

qumone monoketal dipolarophile previously to the cycloaddition reaction. 
Foster and Payne described that treatment of monokctal 3 with a catalytic amount of LiOH in a 

thtophenvl solutton gave the product of double conjugate addition. 14, m excellent yield.‘5 It occurred to us 
that the temporary addition of one equivalent of thiophenol could be a convenient way to protect one of the 
double bonds of the qumone monoketal and, at the same time. the phenylthio group may somehow influence 
the stereochemical course of the subsequent cycloadditmn Also. the introduction of chirality in the 
dtpolarophtle could he later on useful to accomplish an overall enantioselective process. 

3. R=Me 14. R=Me (1 5”oj 15. R=Me (98%) 
4. RR=CH,CH, 16. RR=CH,CH, (12%) 17. RR=CH,CH, (7%) 16. RR=CH,CH, (77%) 

Scheme 2 

We therefore performed the reactions of ketals 3 and 4 with 0.5 eq of thtophenol under 
thermodynamically controlled conditions (cat. LIOH. CHCIJ. reilux. 5 h) and we obtained the products of 
stngle conjugate addition. 15 and 18, m very good yteldst6 (Scheme 2) 
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Nttrone 2 was used to study the 1,3-dtpolar cycloaddrtmn to the phenylthio derivatives (Scheme 3). Its 
addition to 15 (CHCI?, reflux. 24 h) gave a ra. I: I mixture of two cycloadducts, to which we tentatively 
assign the stereochemistries exe-unti. 19, and exc~-WI. 20, in 8 1% overall yield. Curiously, the addition of 2 
to 18 (CHCI?, reflux. 5.5 h) showed higher selectivity and tt proceeded quantitatively to give a major 
cycloadduct 21, assigned as exo-anti, u-t 98% yteld, along with a small percentage of the exo-svn isomer 22. 

The pan of diastereoisomers 19/20 was correlated wtth the corresponding olefinic cycloadduct 9, 
previously obtained m the cycloaddition of mtrone 2 to the dienic ketal 3. This transformation was 
effictently performed by treatment of a mrxture of 19 and 20 with AczO/pyridine at 70 OC for 21 h. This 

elimmatron of thiophenol promoted by base proceeded m better yield (74%) than the alternative pyrolytic 
elimination of the correspondmg sulfoxides. In a similar way. compound 21 was converted into the olefinic 
cycloadduct 10 m a 77% yield. In this way the cxo relative stereochemistry of all these compounds was 

confirmed. 

15. R=Me 19, R=Me (39%) 20. R=Me (42%) 
18, RR=CH,C& 21. RR=CH,CH, (98%) 22, RR=CHPCHz (2%) 

Scheme 3 

The above results mdtcatcd that the presence of a phcnylthto group at the P-carbonyl position of the 

spirocychc monoketal was very cffectrve m controlhng the diastereoselectivity of the nitrone cycloaddition. 
Thcreiure, access to cnanttupure dertvative 18 was most dcstrablc. WC attempted the direct resolution of 
raccmtc 18 by lrqwd chromatography using cellulose tnacetate ( 15-25 pm from Merck) as chiral stationary 

phase Ethanol/water t,96/4. 1%) ml/h) was used as clution solvent through a column of 200 x 25 mm and a 
very good cnanttosclcction factor a=2.52 was found. The first cnantiomer cluted had an optrcal rotation 
value of [ alt,?0=-72 1 [(,=I .90. CHCI?) and the second had [ a]1120=+7 I .8 (c=l.70, CHQ). Preparative runs 

were performed on IOU mg samples and both enantumcrs were recovered in yields around 8%. 

Compound (+I-18 was then treated wtth excess of nltrone 2 (CHCI?, reflux, 6 h) and a smgle adduct 
(+I-21 wtth (aJIl?0=+13.2 tL =2 35, CHCl?) was ohtamed rn 79% yteld. Then the base promoted elimination 
oi thtophenol m the standard condtttons gave (-b-12 wtth [ah,?0=-27.7 (~0.65, CHCl3). 

In summary. we have set up d methodology that allows the use of a p-benzoqumone synthetic 
equtvalent m J nnrone dtpolar qcloaddttron by cfltctcntly maskmg one of each pair of functmnal groups, 
the carbonyl and the double bond. through ketah~.atton and transtcnt conjugate addition of thlophenol. An 
opucally pure synthchc qutvalcnt ol p-ben/.oqumcme has been readily obtained in both enantiomeric forms 
by dtrcct rcsolutron. provtdmg dn enanttoselec~ttvc verston of rhts methodology. We are now extending the 
same strategy to urhcr types of reacttons A full account ot thts work will he reported elsewhere. 




