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CATIONIC POLAR CYCLOADDITION WITH CHLOROMETHYL PHENYL SULFIDES 

* 
Y. Tamura, K. Ishiyama, Y. Mizuki, H. Maeda, and H. Ishibashi 

Faculty of Pharmaceutical Sciences, Osaka University, 

l-6, Yamada-oka, Suita, Osaka, Japan 

Summary: Chloromethyl phenyl sulfides 3 underwent [4++2ltype polar cyclo- 

additions with styrene, trans-stilbene, and phenylacetylene in the presence of 

stannic chloride to afford the thiochroman 4, 2 and thiochromen derivatives 6_. 

Under the same reaction conditions, N-allyl-a-chloro-a-(phenylthio)acetamide (2) 

gave the intramolecular cycloaddition product 8_. 

Cycloadditions with positively charged ionic components are known as 

"cationic polar cycloadditions". ’ A number of polar systems capable of cyclo- 

additions have been described in the literature. In particular, the polar 

systems containing nitrogen-stabilized carbocation have been extensively investi- 

gateda2 However, the cycloaddition with the system containing sulfur-stabilized 

carbocation has received scant attention: the only reported example is the re- 

action of 1,3-dithienium fluoroborate (A) with cojugated dienes giving the [2++41 

type polar cycloaddition products 2. 
3 We have now found that chloromethyl phenyl 

sulfides za,b,c undergo [4++21 type polar cycloaddition with nucleophilic 

multiple bonds in the presence of stannic chloride (SnC14) to afford the thio- 

chroman and thiochromen derivatives L-2. 
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Table. Yields and Physical Data for 2, 2, and 6+. 

Yield 
'H-NMR (CDC13) 6, J in Hz 

Product (%I mp (“Cl H-2 H-3 H-4 

% 72 110-111 4.37(dd,J=10,5) 2.4-2.9(m) 4.03(dd,J=10,6) 

4, 60 oil 3.9-4.5* 2.3-3.0(m) 3.9-4.5* 

4,c 60 oil 2.7-3.2(m) 2.2-2.45(m) 4.20(dd,J=9.5,4) 

5," 39 174-175 4.52(d,J=9) 3.88(dd,J=10,9) 4.3O(d,J=lO) 

6_a 27 164-165 4.79(d,J=4.8) 6.14(d,J=4.8) - 
6_b 31 oil 4.43(d,J=6) 6.09(d,J=6) - 

* multiplet 

Reactions of 3_, 3$, and 3," with styrene (1 eq) were carried out in methylene 

chloride at O" in the presence of SnC14 (1 eq) to give the 4-(phenyl)thiochroman 

derivatives 4-a, 4-b, and 42 in good yields, respectively. The yields and physical 

data are given in Table. Similar reaction of 3," with trans- stilbene gave the 

adduct 5-a, and the reactions of 3-a and 3b with phenylacetylene afforded the thio- 

chromen derivatives 6-a and 6-b, respectively (see Table). 

The present polar cycloadditions are also applicable to the intramolecular 

cyclization. Thus the sulfide ,.z, upon treatment with one equivalent of SnC14 in 

methylene chloride at 0°, gave the polar cycloaddition product 8_in 27% yield 

together with the 1,2-addition product 2 (20%), whose cyclization into 8_ in the 

presence of SnC14 was attempted, but unsuccessful.4 

7 8 9 

Scope and stereochemistry of these inter- and intra-molecular polar cyclo- 

additions are currently investigated. 
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