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Aktmck lntmnolecular Diels-Al&r reactions @a series of substrates tith 4-rriisopropyrslrylo~2~-tMo~r~ 
as the diene and a aIenopMle attached to each qf the four possible po&ions by a three co&on tether were examined. 

A significant limitation of the Diels-Alder reaction is the poor reactivity associated with cis-dienes.1 

Recently, we have investigated a strategy involving the use of 2if-thiopyrans as functional equivalents to cis- 

dienes.2 The Diels-Alder adducts from reactions of W-thiopyrans with dienophiles are, after desulfurixation, 

synthetically equivalent to adducts derived (in principle) from unreactive cis-dienes (Scheme I).% Reactions of 

W-thiopyrans heating activating substituent(s) with mactive dienophiles (e.g.maleic anhydride, maleimide) give 

predominantly endo adducts in good yield. 2b With less reactive dienophiles (e.g acrylate, crotonate) reactions 

are slower and thermal decomposition of the diene competes effectively with cycloaddition.2h Lewis acid 

mediakd reaction at lower tempemmms is often satisfactory in these cases.- 

The intramolecular Diels-Alder (MDA) reaction has emerged as a powerful synthetic method for the 

stereoselective consauction of polycylic ring systems in a single step.3 The poor reactivity of cis-substituted 

dienes lhuits the .scope of the MDA reaction, although not as severely as in the intermolecular counterpart 

Relatively few examples of IMDA reactions3 involve Q-dienes4 or cis-substituted dieness which are 

conformationally mobile (i.e. capable of s-cis and s-mm conformers). The reduced reactivity of cis-dienes 

compared to their fruns isomers6 can preclude IMDA tea&or@ in favor of a competitive pathway(s).5%s The 

feasibility of using W-thiopyrans as dienes in MDA reactions to address this limitation has been examined. 

The mactivity of a series of substrates with 4-triisopmpylsilyloxy-2H-thiopyran as the reactive diene and 

the dienophile attached to each of the four possible positions by a thme carbon tether was examined (Scheme II). 
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a Redion Conditiamx i) 1. NaH. NaI. RBr, acetone. -7.13 2. ~h3p)4wo. rnw. THF:~ ii) NCS. w, c14$12P iii) 1. 

HClO4(&& acetone: 2. Ibfeo2c!CH=PPll3, MeoH. *lo iv) TIpstXf, Et3N. cH2C12:2 v) bfnO2; vi) 1. RM~B~. ctiM~@JJl 

2.0. mapholinc. THF;7 

The desired compounds were madily prepared from the known7 ~ketoester 1 according to Scheme RI. 

Alkylation of the enolate with 5-bromopentene12 or with the ethylene acetal of 4bromobutanall3 followed by 

decarboxylation and generation of the enone gave inseparable 1:l mixtures of 3a and 4a, and 3b and 4b, 

respectively (20-305 overall, unoptimixed). The mixture of 3b and 4b was hydrolyxed and treated with 

MeO$CH=PPh3 in l&OH10 to give a separable 5:3 mixtum of rrans esters (3c and 4c, 1: 1) and cis esters (3d 

and 4d; l:l), respectively (69%). Alternatively, Cu mediated conjugate addition9hJt of the Grignani reagents 

derived from the above alkyl halides to 7 followed by decarboxylation gave ga and 8b, respectively (4O-SO%, 

unoptimixed). Olefination of 8b as above gave a 21 mixture of & and 8d (75%). Treatment of aa, 8c, or 8d 

with NCS gave, in each case, a separable 1:2 mixture of 9 and 10 (7590%. unoptimized). 

Treatment of the enones 9a, lOa, and the 1:l mixture of 3a and 4a with TlPSOTfl gave the trienes 

lla, 12a, and a mixture of 5a and 6a, respectively (quantitative). Solutions of the above trienes in toluene-dg 

were heated in sealed tubes for several days at up to 200 oC. IMDA products were not detected; only products of 

decomposition (oxidation, desilylatio# of the dienes were observed. 

The activated trienes llc, lld, 12~. 12d, SC + 6c (1:l mixture), and Sd + 6d (1:l mixture) were 

similarly prepated from the corresponding enones (Scheme RI). The results of lMDA reaction of these trienes 

under various conditions am summarixed in Table 1. 
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Table 1. Ih4DA reactions of 4-trkopmpylsilyloxy-2Sthiopyrans with activated dienophiles. 

lkiaIe t3ndiknsa ROdUCd Tlknc ConditionSa F%oduct& 

sc+6c (1:l) -lkdmal 5d+6d (1:l) -lkamal 15 (70%) 
14OoC,4d :: $E{ 14OW,4d 16 (10%) 

TIFSoTf TlPsoTf 
2h 2: $z, 24h :: {Z{ 

Yz!! 
13 (38%) EtAlCl2 13 (34%) 
14 (34%) 3min. 

6c 
:: g:,’ 

_- 16 (trace) 
14OOC,4d 

llc 
175 Oc, 17 h 

TIPsoTf 
13 h 

Y? 

17 (86%) 

17 (17%) 

17 (34%) 

lld 

12c 

12d 

175 Oc. 17 h 

175W 

175 oc 

a Tknmk CgDg rolutiom containing BHT (0.15 cquiv.), sealed tube; EtAKI2: )A cquiv. in QD6 solution: TPSOTfz (2 

aquivakn~) with EQN (4 quiv.) in CH2Cl2. b Idated yield after hydrolysis (IiF(a, CH3CN). 

Diels-Alder14 productsl5 were obtained in good yield with SC, Sd, llc, and lld under thermal and 

Lewis acid mediated conditions. The lower reactivity of 6c, l6 l2c, and l2d would be expected since IMDA 

reaction enfoms en unfavorable regiochemistry in these systems. Interestingly, the stereoselectivity in the 

reaction of SC is independent of the reaction conditions and is lower than Sd.3- Reactions of 6d indicate that 

dienophile isomerization competes effectively with cyclization under Lewis acid mediated reactions. As 

expected,3* e single isomer results from cylcization of llc. Reaction of lld is slower than llc and some 

isommizationofthedienojGleoccurs. 

In conclusion, IMDA reactions of W-thiopyrans have been shown to be feasible. Few examples of 

cyclization of analogous (i.e. without sulfur) acyclic compounds have been reporkd.3AJ Further work aimed et 

improving the stereoselectivity of this process and application of the strategy to the synthesis of hydrindan and 

decalin systems is underway. 
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