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Abstract: The Dids-Alder reaction of benzyl. methyl (S)-2-@-tolylsulfinyl) maleate with several l- 
vinylcycloalkenes. catalyzed by TiCId. occurred with complete rqio and stereoselectivity. The 
regL&ctivity of the s&inyl a&in&on from the adducts,-as weli as the s tereoseiectivi ty- of the 
sy&i and the hydroboration of the resulting [4a.O] bicydic compoun&,in-withthcsiuofthc 

During the last years the sulfinyl group has been widely used as chill inductor in asymmetric Diels-Alder 
reactions. Although few papers concern to sulfinyl dienes,l most of the studies are related to the use of 
enantiometically pure vinyl sulfoxides as dienophiles, using the ability of the sulfinyl group to control efficiently 
both regioselectivity and stereoselectivity of the cy~loadditions.~ In order to increase the low dienophilic reactivity 
of vinyl sulfoxides and the conformational restrictions around the C-S bond, other activating groups must be 
joined to the double bond. As a pat-t of our research in this field,3 we have recently described the great usefulness 
of benzyl, methyl (S)-@-tolylsulfinyl) maleate (1) as a dienophile. Under Tic14 catalysis. dienophile 1 exhibits a 
high reactivity with both cyclic and acyclic dienes and reacts with almost complete regio, endo and *facial 
selectivities.4 Moreover, the resulting adducts undergo a spontaneous sulfinyl elimination at room temperature 
affording optically pure substituted cyclohexzulienes. 

These results suggested us the use of dienophile 1 to preparc optically pure [4.n.O] bicyclic compounds 
by reaction with 1-vinylcycloalkenes (2). We hereby report the Diels-Alder reactions of 1 with several dienes b 
and the subsequent sulfinyl eliminatidn in the adducts to give bicyclic cyclohexadienes. We also describe some 
synthetic modifications (epoxidation and hydroboration) of the txisubstituted double bond of the cyclohexadienes 
5 in order to control the stereochemistry of the ring fusion. 

The Diels-Alder reactions of compound 1 with dienes 2a-2d5 were performed under the standard 
conditions (TiC14. CH2C12. -PYC).~ Just after complete disappearance of dienophile 1. the crude reaction 
mixtures were isolated and studied by 1H-nmr, Their spectra shown the signals corresponding to a single bicyclic 
adduct (3a-3d). Like other related adducts.4compounds 3 underwent a spontaneous sulfinyl elimination at r.t. in 
CH2Cl2 solution, yielding bicyclic conjugated and/or no conjugated dienes (4 and 5 respectively, Scheme l), 
which were isolated and purified by column chromatography.7 The e.e.‘s of all compounds 4 and 5 were 
estimated as higher than 97% by tH-nmr in the presence of pr<hfch! In Table 1 arc summarized the main results 
obtained in these reactions. 

The fact that only one adduct 3 was obtained in these q&additions proved that they have taken place 
with complete regio and stereoselectivity. The nature of the favoured regioisomers (Scheme l), which was easily 
deduced from the 1H-nmr spectra of compounds 39 and 4p suggests that the regioselectivity is controlled by the 
sulfinyl group in the dienophile and the substituent on C-I at diene.10 
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Table 1. Diels-Alder reactions of vinylsulfoxide 1 with dienes 2a-2d. 

a Determined by ‘H-nmr on the crude mixtures. b In purified product after cromatography. c The mixture of 4a+5a 

could not be separated. d See ref.7. 

In adducts 3c and 3d the elimination of the sulfinyl group was quite fast and completely regioselective 
affording exclusively the lp-dienes 5. Compounds 3a and 3b gave a mixture of regioisomers 4 and 5,11 which 
indicates that these adducts (and therefore also 3c and 3d) must exhibit endo stereochemistry.l2 Finally, the X- 
facial selectivity in these cycloadditions must be almost complete, as it can be 
deduced from the very high optical purity of the products 4 and 5. This 
result. that had also been observed in reactions of 1 with other cyclic and 
acyclic dienes.4 can be explained by assuming that the endo approach of the 
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Ma 
diene to the less hindered face of the chelated species dienophile: Tick. 
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: 
shown in fig. 1, is strongly favoured. 

As compounds 5 show two chemically well-differentiated double 
/& 
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bonds and a chiral bridge carbon, they were selected as substrates for the 
preparation of functionalized [4.n.O] bicyclic systems with control of the 

Fig. I 

stereochemistry at the ring fusion. Epoxidation and further reductive opening of the oxirane ring and 
hydroboration/oxidation processes have been the reactions used to functionalize the trisubstituted double bond of 
5 because both processes are complementary from a stereochemical point of view. Moreover, in the case of the 
[4.4.0] bicycle derivatives, the structi of the resulting alcohols is similar to that of the decalones used by Shea 
et al.13 to prep= bridgehead enol lactones which are valuable intermediates in stereocontrolled syntheses. 

The results obtained in the epoxidation (2 eq. of MCPBA, CH2C12, -2O”C, 2 days, Scheme 2) and 
hydroboration/oxidation (2 eq. of BH3.THF, THF. b°C to r.t.. 24 h, followed by treatment with H202/0H-. 
Scheme 2) of compounds 5b-5dl4 are shown in Table 2. The stereoselectivity of both reactions increases with 
the size of the saturated ring, being higher in the hydroboration. Compound 5d evolved with complete 
stereoselectivity in both cases, yielding only one epoxide (6d) and a single alcohol (7d) in excellent yields. The 
same behaviour was exhibited by SC in the hydroboration but its epoxidation was not completely stereoselective 
(6~16’~ =!3: 1). Finally, 5b afforded a 1: 1 mixture of epoxides. whereas its hydroboration took place with a 
significant stercosclectivity (7b/7’b = 5/1).lS 

The cis -fused stereochemistry of the major &ohols (7) obtained by hydroboration was proposed on the 
basis of the ‘H-nmr data and n.o.e. experiments perfonmd on 7d. I6 Taking into account that both epoxidation 
and hydroboration are strongly dependent on steric factors, the stereochemistry of the ring fusion for the major 
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epoxide (6) should also be cis.. This assumption was confirmed as follows: reduction of 6d with NaBH$N in 
acidic conditions (NaBH3CWBF3.0Et2, THF, r.t., overnight) afforded the alcohol 8d16 in 77% yield, whose 
stereochemistry (assigned from its lH-nmr data and n.o.e. experiments) is in agreement with that expected from 

the well-known stereo and regioselectivity of this oxirane ring opening (attack of the hydride in a S$! process on 
the most substituted carbon’-/). 

6’ 5 7 7’ 

Scheme 2 
Table 2. Epoxidation and hydroboration of cyclohexadienes 5. 

a Determined by lo-nmr on the. crude mixtures. b III purified product after cromatograpby. 

In summary, we have reported an efficient procedure to prepare 14.n.01 bicyclic compounds in high 
optical purity. The application of this methodology is currently being studied to synthesize natural 
sesquiterpenoids. 
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The solvent was~concentrated, and the mixture of 1,3- and l+cyclohexadiencs 4 and5 was readily purified 
by flash chromatography (ebrent: CH2Cl2lhexane l/l). The yields arc shown in Table 1 (83-9396). Despite 
cyclohexadienes 4 and 5 remain unaltered for months when they are stored at -20°C under argon 
atmosphere. they show a significant trend to the aromatization at room temperature. 
At least 25% of 5e and sd were obtained slightly contaminated with sulfenic acid derivatives as co-products. 
This contaminant does not affect further reactions. 
The racemic samples, (k)-4 and (*)-5 (prepared from (3-l) required in the nmr studies, exhibited well- 
separated chemical shifts for both enantiomers in the presence of Pr(hfc)~~ (0.2 eq.). 

The t H-nmr data of the adducts 3, 13-cyclohexadienes 4 and 1.4-cyclohexadienes 5 allowed to stablish 
unequivocally the rcgioselectivity of the cycloadditions. Values for 8 (ppm) and J (Hz) in CDCl3. 

3.6-4.2 2.6-2.4 2.6-2.4 5.5-5.4 2.7-3.1 3.2 6.2 

2.7-2.9 2.7-2.9 5.3-5.9 3.0-3.2 - - 
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This regioselectivity is just the opposite to that observed with Dane’s diene.4h 

Both stercochemical and stability factors must bc responsible of the regular increase in the proportion of 5 
with the size of second ring. 
Taking into account the syn-character of the pyrolytic sulfinyl elimination, the exe-adducts could only 
evolve into the no conjugated cyclohexadienes 5.4b 
a) R.C.: Burke L.D.; Cooper, D.K. J. Am. Ckem. Sot. 1987, 109, 447. b) Shea, K.J.; Fruscella, W.M.: 
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from 4a (both compounds underwent fast aromatization at room temperature). The epoxidation of 5c and 
5d has been directly performed on the crude mixtures, obtained after cycloaddition and sulfinyl 
eliminations, which substantially increases the yields (82% and 93% respectively). 
The stereoselectivity of these reactions (the equatorial approaches are favoured for both reagents) is the 
opposite to that observed for methylene cyclohexanes (the axial attacks are 
preferred, see: Trost, B. in Comprehensive Organic Synthesis. Pergamon Press 

axial 

1993, Vol 7. p. 364 and VoL 8, p. 707).This fact can be explained taking into 
H 

account that the approach from the upper face (axial attack) must be 
hindered by steric interactions with the allylic CH2 group in the pseudo-chair 
conformation addopted by the cyclohexadiene ring, which should be more ( 
severe in the hydroboration. The influence of the size of the saturated ring on WH n 
the stereoselectivity of both reactions could be explained by assuming an quatorial 
increase in the steric hindrance of the syn-diaxial hydrogens on the axial approach 

approach as the ring becames larger. 
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5.3% Jti= JBe* 5.9 Hz Jti= S.2Hs J,= 9.0 Hz 
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