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ABSTRACT: (E)-Pphenylsulfonylenones, read//y prepared by oxidation of the alcohols, 
react w/th a w/de variety of dlenes In the presence of activated silica gel. The basic 
el/mlnatron of the phenylsulfonyl group in the resulting adducts gtves h/gh yields of the 
corresponding enones, thus showing the usefulness of these dlenophiles as reactive 
synthetic equivalents of a,R-acetylenlc ketones. 

Since the first extensive study in 1980 of the use of phenyl vinyl sulfone as an 

ethylene equivalent in Diels-Alder cycloadditions by Paquette’s group’, many efforts have 

been made in the last decade in the development of functtonalized a,Wunsaturated 

sulfones as useful reagents in [4+2] cycloaddltions*. Thus, silyl-substituted vtnyl 

sulfones3, 1,2-bis(sulfonyl)ethylene4 and 2-sulfonyl-I-nitroethylene5 have been reported 

as versatile masked acetylene equivalents. On the other hand, phenyl vinyl sulfones and 

(S)-1-p-tolylsulfinyl-1-t-butyIsulfonylethylene7 have been reported as ketene synthetic 

equivalents (the latter as choral ketene equivalent). However, to the best of our 

knowledge there has not been published a systematic study about the Diels-Alder 

reaction with l+sulfonylenonese and the synthetic potentiality of the adducts. In this 

communication we report a general method of synthests of acyclic i3-phenylsulfonyl 

enonese and their use as masked a,B-acetylenic ketones in Diels-Alder reactions. 

Recently we have describedlo a practical one-step method to the preparation of (El- 

Y-hydroxy-a,B-unsaturated phenyl sulfones (1) from p-tolylsulfinyl phenylsulfonyl 

methane and enollzable aldehydes. The oxtdation of these alcohols with PCC-silica gel 

under sonication, following the method reported by Luzzlo”, afforded R- 

phenylsulfonylenones 2 with excellent yields’* (scheme 1). 
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1 2a R=Me 85% 
2b R=n-Hex 80% 
2c R=I-Pr 86% 
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In the absence of Lewis acids the Dtels-Alder reaction of dlenophlles 2 with 

unactlvated dlenes IS very slow. For instance, the reactton of 2a with 1,3-cyclohexadlene 

(4 equlv.) In CHzClz, at r.t., afforded 60% conversion after 10 days. Among several 

catalysts tested, we found that these Diels-Alder reacttons were greatly accelerated by 

adsortion of dienophlle 2 and diene on chromatographlc .sIlica gell3. The results are 

summarized in table 1. 

PhS02-&-yR 

0 
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Table 1: Dlels-Alder reaction of dienophiles 2. 

Entry Dienop. R Diene (eq) Conditions Adduct Yield(xja endo:exob 

1 2a Me Cyclohexadiene (6) c , 35h 3 96 5:6 

2 2b n-Hex Cyclohexadiene (6) =, 42h 4 90 2:3 

3 2c i-Pr Cyclopentadiene (6) =, 3.5h 5 91 1:l 

4 2a Me Cyclopentadiene (6) =, 2.5h 6 98 1.1 

5 2a Me Furan (6+6jd =, 48h 7 90 8: 1 

6 2a Me 2,3_Dimethylbutadiene (6) c, 6h 8 98 --- 

7 2a Me Anthracene (2) toluene, lOO’C, 48h 9 708 --- 

a Yield in Isolated products. Compounds 2-S were fully characterized by NMR, IR, MS and 
elemental analyses. b Isomer ratio determined by ‘H NMR14. c cart-ted out by adsortion in 
silica gel, at r.t., wlthout solvent (weight ratio SiO2/2=10.1). d The second SIX equivalents 
of furan were added after 24 h of reactton. e 17% of 2a was recovered. 

In these mild conditions almost quantitative yields of adducts were obtalned with a 

wide range of dienes (entries 1 to 6). Good yields were obtained even with very poor 

dienes, such as furan (entry 5) and anthracene (entry 7). However the stereoselectrvlty 

of the cycloaddltlon was very low; being the highest endcselectrvltyl4 observed with 

furan (d.e.=60%). By contrast, high regioselectlvlty and stereoselectivlty were observed in 

the reaction of 2a with 1-methoxy-1,3-cyclohexadlene (scheme 2). This Diels-Alder reaction 

gave a mixture of two adducts (10 and 11) in a 12:l ratio. showing that the 

regloselecttvlty was mainly controlled by the carbonyl group. 

Scheme 2 
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Due to the acid nature of the R-hydrogen with respect to the sulfonyl moiety. this 

group has been easily eliminated by treating the adducts 3 to 11 with common bases. 

Some results are shown in table 2. 

Table 2: Basic ellminatlon of phenylsulfonyl group in adducts 3 to 11. 

Entry Adduct Base (exp. condltlons) Product Yield (%)a 

1 

2 

3 

4 

3 

4 

6 

6 

NaOEt (0.95 eq), EtOH, 
O‘C, 25 min. 

KOtBu (2.0 eq), tBuOH-CHzC12 
0 C, 60 min. 

KOtBu (1.2 eq), tB~OH-CHzCT2, 
O-C, 15 min 

NaOEt (1.3 eq), EtOH, 
O‘C, 15 mtn 

5 7 NaOEt (1.0 eq), EtOH, 
0.C. 15 min 

6 a NaOEt (0.9 es), EtOH, 
O'C, 1.5 min. 

7 8 NaOEt (1.3 eq), EtOH, 
O‘C, 15 min. 

8 9 KOtBu (1.2 eq), tB~OH-CHzCT2, 
0 C, 15 min. 

9 lot11 KOtBu (1.4 eq), tB~OH-CH2C12, 
(12:1 ratto) r.t., 44 h. 

COMe 

20 

95 

90 

98 

90 

90 

81b 

97 

98 

85= 

a Yields In isolated products. Compounds 12-20 were characterized by NMR, IR and MS. 
b Cart-ted out tn argon atmosphere, 19% of 18 was also detected. e Obtained as a 12:l 
mixture of both regiotsomers. 
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In order to prevent the conjugated additton of alkoxide to the resulting enone. a 

non-nucleophilic base such as KO%u IS more suitable (compare entries 3 and 4). From the 

monocyclic adduct 8 the 1,4-dihydrobenzene 17 can be isolated by using a deficiency of 

base and argon atmosphere (entry 6). In the presence of an excess of base the aromatic 

product 18 was Isolated as the only product (entry 7). 

In summary (E)-8-phenylsulfonylenones 2, easily prepared by oxidation of the 

corresponding alcohols, act as very reactive synthetic equtvalents of a,@-acetylenic 

ketones in Diels-Alder reactions following the sequence: cycloaddition+basic elimination of 

the sulfonyl group. 
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