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Ahstrsct: Vinyl and acetylenic vicinal tricarbonyl derivatives take part as dienophiles in Diels-Alder reactions 
leading to substituted indoles as well as to their dihydro and tetrabydro derivatives. 

As part of our continuing investigation of the chemistry of vicinal tricarbonyls.l we report the results of 

recent studies on the reaction of the vinyl and acetylenic derivatives 2 and 3. As outlined below, this work has 

led to a novel, flexible synthesis of 3-hydroxyindole-2-carboxylate derivatives 1 from the readily available 

1 2 3 

Earlier work with reagents 2 and 3 focused primarily on the tandem reactivity of both the electrophilic 

central carbonyl and the double or triple bond functionalities in reactions with dinucleophiles.*~f In the present 

work, we have explored the use of 2 and 3 as dienophilic components in Diels-Alder reactions. Although the 

central carbonyl in vi&al tricarbonyl systems lacking a$-unsaturation has been shown to act as an effective 

he.ter&Iienophile in reactions with dienesP products resulting from addition to the carbon-oxygen double bond 

were not observed in these studies. In the present work, [4+2] cycloaddition reactions involving the diene and 

the terminal vinyl or acetylenic group represented the predominant reaction outcome. Thus, when dienes 4a-c 

were heated with the vinyl tricarbonyl 2, good yields of adducts 5 were obtained along with minor amounts of 

the dihydropyran adducts 6.5~612 

R’ 

4aR'=R'=R3=H 

4b R’ =CH,.R’=R3-H 
4CR’=H,d=R3=Cb 
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When 2 was heated in benzene with rrans-1-N-acylamino-13-dienes (S),* the bicyclic pyrrolidinones 

(10) were produced in a single step. Here, the initial Diels-Alder addition product (9) underwent a second-stage 

cyclization, involving attack of the nucleophilic NH of the carbamate residue with the favorably located central 

carbonyl. Subsequent hyd$ogenolysis of the Cbz-protected py~olidinone 10a afforded the te~~y~indo~e 

118. Fluoride deprotection of 1Ob and 1oC yielded ~hyd~indole~ lib and llc. Attempts to oxidize these 

derivatives to the wrresponqling indoles with DDQ gave only dimeric indole species.9 

103 

118 (51%) 

9 
10a (77%) 
10b (75%) 
1 Oc (87%) 

nBu,NF R* 

x3& 

OH 

; lob& - 

c R&&i 

1 lb (62%) 
11 c (47%) 

In order to adapt the iabove endings to the synthesis of indoks, we used the acetylenic ~~~nyl3 as 

the dienophilic component fajr reaction with dienes 4a-& 

adducts (151 were obtained /Table 

In this process, good yields of the 1,4_cyclohexadiene. 

1) .12 Compounds 15 could be chromatographed, and stored at 0’ for short 

periods without significant c/xidation. However, when no precautions were taken to avoid prolonged exposure 

to air, aromatization took p&e.1* 

Table 1. Reactions cjf Dienes with Acetylenic Tricarbonyla 

Diem R1 R2 R3 % Yield of 1512 

4a H H H 79 

4b Me H H 86 

4c H Me Me quant. 

4d CH&$t H H 57 

a Reaction condition The tricarbonyl, diem (1.1-Z equiv) and hydmquinone (l-5 mol %Bo) 
were thermolyzed in gassed benzene (sealed tube) for 3-5.5 h. 
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Reactions of intermediates 15 with primary amines yielded dihydroindoles 17 (Table 2),‘2 as expected 

in view of earlier findings on the pyrrole-forming reactions of amines with vinyl and alkenyl tricarbonyls.l* 

Compounds 17 could be cleanly aromatized to the corresponding Mole derivatives 18 by the action of DDQ 

(Table 3).12 

Table 2. Reactions of Cyclohexadiene-tricarbonyls with Amine@ 

Diene R’ RZ R3 R4 W Yield of 1712 

15a H H 

15b Me H 

1% H Me 

15d CH2C02Et H 

1Se H H 

H 

H 

Me 

H 

H 

fl-BU 72 

n-Bu 42 

n-Bu 58 

n-Bu 57b 

CHzPh 32 

a Reaction conditions: The tricarbonyl. diene (l-l.1 equiv) and 2,~di-tert-butylphenol (l-5 mol 
910) were stirred in degassed CH2C12 at room temperature overnight under an Ar atmosphere. b 
Based on recovered tricarbonyl, 156 (9%). 

Table 3. Dehydrogenation of Dihydroindoles using DDQa 

Diene RI RZ R3 R4 % Yield of 1812 

17a H H H tl-BU 42 

17b Me H H n-h 9ob 

17c H Me Me n-Bu 53c 

17d CH2COzEt H H n-Bu 77“ 

17e H H H CH2Ph 50 

a Reaction conditions: A solution of DDQ (I- I.5 equiv) in PhH was added slowly to a solution 
of the dihydroindole in PhH at 5- lO*C. 
1.5 h and monitored by TLC, 

The reaction was continued at room temperature for 0. l- 
b Based on recovered 17b (10%). C Reaction performed with 

tetrachloro-l,Uxnzoquinone. d Based on recovered 17d (26%). 
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The attractiveness of the above indole-forming sequence lies in the ease with which substituents can be 

placed on the target prodtbcts by varying the diene and the primary amine components. Considering the 

reactivity of 3-hydroxyinddes as (ketonic) acceptors in nucleophilic reactions, this method could have useful 

application in alkaloid synthesis. 
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