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INTRAMOLECULAR DIELS-ALDER REACTION OF IMINOTHIOL ESTERS 

Yoshinao Tamaru, Osamu Ishige, Shin-i&i Kawamura, and Zen-ichi Yoshida* 

Department of Synthetic Chemistry, Kyoto University, Yoshida, Kyoto 606, Japan 

Summary: Diels-Alder reaction of dienyl ff-methacrylthioimidates has been investigated under 

thermal or Lewis acid or protonic acid catalyzed conditions. The utility of the reaction is 

shown by desulfurative ring contraction of bicycle L4.4.0 1 to bicycle [ 4.3.0 I system. 

The intramolecular Diels-Alder reaction’ of h (n = 0, 1, 2, 3; X = CH2 ,2 0,3 N4) is a 

subject of extensive study, because the product $ possesses desirable structural and 

functional features for natural product syntheses (eq 1). In this communication we describe 

results of the systematic investigation of the intramolecular Diels-Alder reaction of dienyl 
n 

a-methacrylthioimidates $ (n = 0, 1, 2; R" = phenyl, 2,6_dimethylphenyl, and tert-butyl). 
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The requisite dienyl cr-methacrylthioimidates 5_ were readily prepared 

coupling5 of dienyl alcohols $ with a-methacrylthioamides $7 (R2 = aryl; 

by Mitsunobu 

50 - 80% yields; 

diethyl azodicarboxylate-tri-n-butylphosphine in THF at - 78OC - OOC). This method was 

not applicable to the synthesis of 5 (R* = tert-butyl) , and 2, 5,f, and 2 were prepared by 

the reaction of dienyl tosylates with the potassium salt of $ (70 - 80% yields in THF at room 

temperature, Scheme I). 

Results, together with the reaction conditions for the Diels-Alder reaction of 5, are 

summarized in Table I. All substrates were screened at 160°C in m-dichlorobenzene 

containing a trace of hydroquinone monomethyl ether under argon atmosphere. IJnder these 

or even under lower temperature conditions the iminothiol esters z (R2 = tert-butyl) were 

consumed to provide a myriad of products. Several interesting points emerge from Table I. 

First, the reactivity largely depends on the number of methylene units. The iminothiol 
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Table I. Intramolecular Diels-Alder Reaction of Iminothiol Esters 5a 

entry iminothiol ester 
h 

Diels-Alder conditionsC product 
distributiond 

% isolated 
yield 

n Rl R2 6: 7 

1 5a: 0 Me 

2 Sb: 0 Me 

3 5c: 0 Me 

4 5d:l I! 

5 5d: 

6 5e:l H 

7 5e: 

8 5f: 1 H 

9 5f: 

10 5g: 2 A 

11 5g: 

12 5h: 2 H 

13 5i:2 H 

Ph 

Me2Ph 

t-Bu 

Ph 

Me2Ph 

t-Bu 

Ph 

Me2Ph 

t-Bu 

160°C, 3 h in m-C12C6H4 

160°C, 4 h in m-C12C6H4 

100°C, 15 h in m-C12C6H4 

160°C, 25 h in m-C12C6H4 

r.t., 80 h, BF3-0Et2 in THF 

160°C, 13 h in m-C12C6H4 

r.t., 40 h, BF3-0Et2 in THF 

r.t., 15 h, 1.5 N HCl in H20 

llO°C, 9 h in m-C12C6H4 

160°C, 10 h in m-C12C6H4 

60°C, 24 h, BF3-0Et2 in THF 

220°C, 26 h in tetralin 

60°C, 6 h, CSA in m-C12C6H4 

33 : 67 61 

40 : 60 50 

decomposition of SC 

79 : 21 

100 : 0 

89 : 11 

100 : 0 

100 : 0 

70 

79 

82 

68 

85 

7 

no reaction 

no reaction 

decomposition of 5h 

decomposition of 5ge 

a) For the structures of 5, 6, and 7, see Scheme I. 
2,6_dimethylphenyl, t-Bu = tert-butyl. 

b) Ph = phenyl, Me2Ph = 
c) All reactions were undertaken under 

argon. CSA = lo-camphoresulfonic Acid. d) Ratios were determined on the 
basis of either area intensities on VPC (entries 1 and 2) or isolated yields 
(entries 4 - 8). e) Besides many products, 
isolated in 42% yield. 

the corresponding thiolester was 

Scheme II 
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a) silica gel - hexane. b) EtONa, EtOH, r.t., 5 h. c) iPrI, EtOH, r.t., 18 h. 
d) m-CPBA, CHCl , O"C, 30 min. 
NaHP04, dry MeOa, 

e) tert-BuOK, THF, r.t., 40 min. f) 5% Na(Hg), 
refl., 7 h. 
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resonances of the angular methyl resonances of/z compared with those of 5 both in ‘H NMR* 

and l3 C NMR spectra.g The structure of G,f was also confirmed by the desulfurative ring 

contraction to cis-hydrindenone 12. 2a,2d 
(Scheme II): Hydrolysis of 62 was readily 

accomplished by exposure to silica gel-hexane (1 day) and pure thiolester 1,O was isolated by 

means of column chromatography over silaca gel (80%) benzene). Transesterification of 12 

(EtONa, EtOH, r.t., 5 h) followed by alkylation with set-propyl iodide (r.t., 18 h) were 

conducted in one flask. The thus obtained crude ester sulfide was oxidized with 2.2 equiv of 

m-chloroperbenzoic acid (CHC13, OOC) to provide 1,1 in 77% overall yield from 12 after column 

chromatography (silica gel-hexane-ether) . Cyclizatoin (3 equiv of KOtBu in THF, r.t., 30 

min) furnished 12 as a nice crystalline solid (1008, mp 85OC from benzene-hexane). By 

desulfurization of 12, 1,3 was obtained as a single product (1.8 equiv of Na(Hg), 4 equiv of 

NaHP04 in dry MeOH, reflux 7 h) . 
10.11 
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