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Abstract - The syntheses and thermal 1,6-electrocyclization reactions 
of acceptor-substituted 2.3-divinylindales, which give rise to functiona- 

lized carbazole derivatives, are described. 

Functionalized and/or annellated carbazoles and carbazole alkaloids have now 

attained considerable interest as pharmacologically active lead substances as well 

as being, for example, compounds with antibiotic and anti-tumour 

Hence. there is a still a major requirement for short and highly selective syn- 

theses of these classes of heterocyclic compounds starting from readily available 

substrates. In continuation of our work on convergent pericyclic methods for the 

synthesis of carbazoles (e.g. Diels-Alder  reaction^),^'^ we now report on a 

further, recent pericyclic strategy for carba~oles,''~ namely the 1.6-electrocy- 

clization of selectively acceptor-functionalized 2.3-divinylindoles which serve  as 

highly interesting building blocks (Scheme 1, retrosynthetic analysis). 

Syntheses of the previously unknown starting materials, the acceptor-substituted 

2.3-divinylindoles (2; R~ = Me, S02Ph; R~ = C02Me, COMe; R~ = CO2Me, CN) were 

attempted by two routes: (A) the P~(OAC)~-catalyzed v i n y l a t i ~ n ~ ' ~ ~  of 2-vinylin- 

doles 3 and ( 8 )  the salt-free Wittig reaction of 2-formyl-3-vinylindoles 4 with 

the appropriate ylides (Scheme 1). 



However, we have found that the Pd(I1)-catalyzed coupling reactions of 3a and 3b 

with methyl acrylate in a one-pot procedure gave rise directly to the novel car- 

bazole derivatives 5/6 and 7a/8a (Scheme 2). Product 6 was formed additionally by 

way of an autoxidation process.ll The isomeric dihydrocarbazoles 7a/8a were oxi- 

dized by DDQ to 7b and 8b. respectively. According to MNDO calculations on the 

parent compounds, the 1.2-dihydrocarbazole structure is generally thermodynami- 

cally more stable than the 3.4-dihydrocarbazole form12 ( s e e  also compounds 9b. 9e. 

and 99). 

From the Wittig reactions (Method 8 )  of the appropriate indole-2-carbaldehydes 4 

with acceptor-stabilized Wittig reagents, the novel 2.3-divinylindoles 2a-e were 

isolable in varying degrees of selectivity.13 In boiling bromobenzene and, in most 

cases, in the presence of Pd/C as a dehydrogenation catalyst, these products 

underwent electrocyclization to furnish the functionalized carbazoles 9a-g in low 

to high yields (Table 1). The 2.3-dihydrocarbazoles primarily anticipated from the 

1.6-electrocyclization process are stabilized probably by subsequent C1.51-H 

shifts and in all cases certainly by elimination of hydrogen. In the case of the 

electrocyclization of 2c. an additional elimination of acetaldehyde took place to 

produce compound 9d together with the products 9c and 99. In the cases of the 

electrocyclizations of 2a/2b, 2c. and Zd/Ze. the more stable 1.2-dihydrocarbazoles 

could also be isolated as the formal precursors of the cyclization procedure to 

furnish the fully aromatized carbazole heterocycles (Table 1). 
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i: P~(OAC)~, AgOAc, HOAc, CH2=CHCOZMe. m2Ph I 
loo Oc, 24 h (Ac = CH3CO) 

ii: DDQ, BrPh, 150 OC 
d R' R~ yield [%I  

Scheme 2 

2. R~ yield [%I  

I 
* The first configuration term 
refers in all cases to the 

2-vinyl function on the 

indole nucleus. 

( g )  a 
(g) b 

C 

(E) d 
(%) e 

C02Me COZMe 

C02Me CO2Me 

COMe C02Me 

H C02Me 

COZMe CN 

COZMe CN 

COMe CO2Me 

C02Me CO2Me 43  

COZMe CO2Me 11 

COZMe COMe 58 

CN COZMe 57 

CN C02Me 28 

+ 1.2-Dihydro derivative. 



Table 1. Carbazole derivatives 9a-g from the electrocy- 

clizations of the 2.3-divinylindoles 2a-e. 

Substrate Product Yield ( % )  

a Reaction conditions and time: BrPh, 10% Pd/C, 156 OC; 6 h. 

Reaction conditions and time: BrPh, 156 OC; 4 h. 

The constitutions of compounds 2 and 5-914 were elucidated primarily by 400 MHz 

'~-nmr spectroscopy using several techniques such as, e.g., NOE experiments. For 

the example of compound 9g. an energetically low conformation was demonstrated by 

MMX force field calculations and the diagnostically relevant 'H-NOE'S for estab- 

lishing the con~titution~~ were indicated. 

Fig. 1. PLUTO view of the minimum energy 

conformation of compound 99 according to 

MMX force field calculations (AHf = 

-40.7 kcal/mol).15 The diagnostically 

relevant 400 M H ~  ~H-NOE'S for establish- 

ing the constitution are demonstrated. 

In conclusion, the present results illustrate the scope and limitations of the 

direct access to acceptor-substituted 2.3-divinylindoles as well as their direct 

transformation to functionalized carbazoles having substitution patterns that are 
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not easily attainable by other The scope of Pd-catalyzed coupling 

methodology has been extended and the described reaction type tolerates the pre- 

sence of a vinyl group at the indole 2 position without any problems. Furthermore, 

the synthesized carbazole derivatives represent highly interesting building blocks 

for the synthesis of carbazole alkaloids1 and compounds for medicinal ~hernistry.~ 
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