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Abstract - In the presence of highly activated molecular sieves 
(4 I ) ,  the Diels-Alder reactivity of in situ generated N-benz- 
oylindole-2,3-quinodimethane is enhanced considerably. Reactions 
of this species with a variety of carbodienophiles give rise to 
novel functionalized and [blannelated carbazole derivatives in a 

one-pot procedure. 

In addition to the established physical modes of enhancement (such as, 

e.g., elevated reaction temperatures, high pressures,' ultrasound2), 

Diels-Alder reactions can also be accelerated by a variety of catalysts: 

Lewis acids,3 Bronsted acids (e.g., Nafion-H),4 aluminum oxide,5 silica 

gel ,6 florisil . 6  m~ntmorrilonite,~ zeolites8. lithium per~hlorate,~ ethyl- 

ammonium perchlorate,1° and bovine albumin.ll Furthermore, special mole- 

cular aggregation effects (e.g., generation of micelles or formation of 

hydrophobic packings) by performing the reactions in ethylene glycol'2 or 

by addition of water1? to organic solvents have been employed for the same 

purpose. Similarly. the addition of p - ~ ~ c l o d e x t r i n ~ ~  or detergents1? 

exerts an enormous positive effect on the acceleration of numerous Diels- 

Alder reactions. The use of non-acidic clays as catalysts is particularly 

attractive from a synthetic point of view because of their very mild char- 

acter and their simple separation from the reaction mixture during work- 

up. In this context, i t  should be mentioned that highly activated mole- 

cular sieves on a zeolite basis have not previously been employed widely 

as catalysts for pericyclic reactions.8 
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We now report that addition of highly activated molecular sieves to 

reaction mixtures considerably expands the synthetic potential of Diels- 

Alder reactions of N-benzoylindole-2,3-quinodimethane (3). The ( 4  + 2)cy- 

cloaddition reactions of indole-2,3-quinodimethanes in general are of syn- 

thetic interest because they give rise to highly functionalized [b]- 

annelated indoles and functionalized hydrocarbazoles in a one-pot pro- 

cedure. These products, in turn, represent useful building blocks for' the 

synthesis of natural products possessing pronounced physiological activi- 

ties.16 

The required diene (3) was generated in situ from 1 following the estab- 

lished procedurei7 with the addition of sodium iodide (Scheme 1). The bis- 

(iodomethyl) derivative (2) is probably the direct precursor of the 

senerated species ( 3 1  ('H-nmr analysis). The transient diene (3) can be 

captured by sufficiently reactive carbo- and heterodienophiles at 50-60 OC 

in the absence of a catalyst to furnish [blannelated indoles."i However. 

the synthetic utility of this procedure is limited to the use of less 

reactive or less selective dienophiles. Thus. in most cases, the dimeri- 

zation product ( 4 )  is formed regiospecifically in 30-90% yield and the 

yield of the desired cycloadduct is reduced accordingly (Scheme 1). 

Scheme 1 

On the other hand, Diels-Alder reactions of indole-2,3-quinodimethanes (3) 

with dienophiles such as tetracyanoethene, fumaric dinitrile, dimethyl 

fumarate, 2-chloropropenenitrile, phenyl vinyl sulfone, divinyl sulfone, 

propenenitrile, and methyl vinyl ketone occur smoothly in the presence of 
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0 
highly activated (4 A )  molecular sieves, thus considerably extending the 

scope of the method. The functionalized 1,2,3,4-tetrahydrocarbazoles (5a- 

n) are formed by these reactions in yields ranging from 10 to 63% (Table 

I ) ' *  although the regioselectivities of the reactions with mono-acceptor 

substituted carbodienophiles vary from low to high. 

Table 1. Diels-Alder adducts 58-11 from reactions of 3 with acyclic 
carbodienophiles. 

n' 

5 RL RZ RJ R' Yield [ % I  

a CN CN CN CN 

e H H 
f SO2 Ph H 

B H H 
h SOz CH=CHz H 

i H H 
k CN H 

1 H H 
m COMe H 

n H H 

H H 

COMe H 

---- 
Combined yield of the regioisomers. 

b - f  Ratio of isomers by 'H-nmr: b) 8:l; c) 2.3:l; 
d) other regioisomer < 3%; e) 4:l; f )  4:l. 

The formation of a single product possessine the trans-configuration (5cl 

in the reaction of 3 with diethyl fumarate confirms the occurrence of a 

stereoselective process. The overall results of these [4 + 2Jcyclo- 
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additions are fully in accord with the prediction of a HOMO(diene)- 

LUMO(dienophi1e) interaction of the reactants in the transition state.17 

In the case of cyclic carbodienophiies, the transient species (3) reacts 

with N-phenylmaleimide in the absence of a catalyst to furnish the corres- 

ponding [ 4  + Z j c y c l ~ a d d u c t . ~ ~  On the other hand. the interesting bis(4- 

maleimidopheny1)methane does not react with 3 under analogous conditions. 

However, in the presence of molecular sieves, the cyclic bis-dienophile 

does react with 3 to furnish the mono- and bis[4 + 2Jcycloadducts (6) and 

(7). Four stereocenters have been built up in the formation of the stereo- 

chemically homogeneous product ( 7 )  ('H- and '3C-nmr, hplc). On the basis 

of the cis-selectivity in the repetitive Diels-Alder step, a total of 

three stereoisomers would be expected: a (C.-symmetrical) meso-form and a 

pair of (CI-symmetrical) enantiomers. 

R =  COPh rneso 7 

(or C, dlastereornar) 
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For the sake of structural clarity and for the analysis of the molecular 

shapes of these relatively large molecules, however. MMX molecular mecha- 

nics calculations have been carried out19 on the N,Nr-bisacetyl analog of 

7 (molecular structures I and 11). Both molecules adopt at their centers 

the diarylmethane propeller conformation which is linked with the "long" 

succinimide moiety at the molecular periphery in a slightly twisted orien- 

tation to the central rings of the diarylmethane unit. These calculations 

revealed that the "meso" isomer I is more stable than the "CI" isomer I1 

in steric energy by about 2.00 kcal . m ~ l - ~ .  In addition, the 400 MHz 'H- 

and 100.6 MHz 13C-nmr spectra exhibit only one set of signals for 7. 

In conclusion, we can suggest that the exclusively formed product (7) 

possesses the stereochemistry of the meso-isomer I. The double Diels-Alder 

product (7) is of potential interest as a building block for the synthesis 

of polymeric compounds with probable semiconducting properties.20 All com- 

pounds prepared were characterized by 'H-, I3C-nmr. ir. and mass spec- 

troscopy as well as by elemental analysis.21 
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5b: (DMSO-ds ) :  6 = 3.11 (m, 2H, C1-CHz or C4-CHe ) ,  3.17 (dd, 2 J = 

16.30 Hz. 3 J  = 5.7 HZ, C4-H or Cl-H), 3.26 (dd, 2 3  = 16.5 HZ, 3 3  = 5.7 

Hz, C1-H or C4-H), 3.83 (m, lH, C2-H or C3-H), 3.91 (m, lH, C3-H or 

CZ-H), 6.93 (d, 3 J = 8.3 HZ, lH, C8-H), 7.13 (ddd, 3 J = 8.3 and 7.3 

Hz, ' J = 1.15 Hz, lH, C6-H or C7-H), 7.22 (ddd, 3 J = 7.22 and 7.41 Hz, 

' J = 0.77 Hz, C7-H or C6-H), 7.58 (m, 3H, C3'-H, C5'-H, C8-H), 7.67 

(dd. 3 J = 7.66 HZ, * J  = 1.45 HZ, 2H, C2'-H, C6'-H), 7.73 (m, lH, C4'- 

H). 

5d,e (8:l mixture of regioisomers; DMSO-d): 6 = 2.55 (m, 2H, C2-H of 

A. C3-H of B), 2.68 (m, 2H, C2-H of A, C3-H of B), 2.88 (m, 2H, C4-CHp 

of B), 2.94 (m, 2H, Cl-CHI of A), 3.39 (d, 2 J  = 17.15 Hz, lH, C4-H of 

A), 3.50 (d, J = 17.10 Hz, lH, C1-H of B), 3.72 (d, 1 3  = 17.27 Hz, 

lH, C4-H of A), 3.78 (d, = J  = 17.20 Hz, lH, C1-H of B), 6.95 (d, 3 J  = 

8.36 Hz, lH, C8-H of A), 6.98 (d, J = 8.50 HZ, 1H, C8-H of B), 7.11 

(m, lH, C6-H or C7-H of B) I 7.13 (ddd, 3 J = 8.25 and 7.26 Hz, ' J  = 

1.14 Hz, lH, C6-H or C7-H of A), 7.21 (m, lH, C7-H or C6-H of B), 7.23 

(ddd? J = 7.06 and 7.47 HZ, ' J = 0.76 HZ, lH, C7-H or C6-H of A), 

7.58 (m, 6H, C5-H of A and B, C3'-H of A and B, C5'-H of A and B), 

7.65 (dd, 3 5  = 8.10 HZ, 4 3  = 1.43 HZ, 2H, C2'-H and C6'-H of B), 7.67 

(dd, 3 5 = 7.69 HZ, 4 J = 1.38 HZ, 2H, C2'-H and C6'-H of A), 7.73 (m, 

2H, C4'-H of A and 0). 

5 h . i  (DMSO-8): 6 = 1.79 (m, lH, C2-H), 2.35 (m, lH, CZ-H), 2.72 (m, 

ZH, C4-CHz), 2.93 (dd, 2 J =16.77 Hz, 3 J = 5.00 HZ, 2H, Cl-CHz), 3.51 

(m, lH, C3-H), 6.19 (d, 3 J = 16.51 HZ, lH, C2-vinyl-Htrsn~), 6.31 (d, 

3 J = 9.87 HZ, lH, CZ-vinyl-Hers), 6.92 (dd, J t r a o a  = 16.57 HZ, J c l s  

= 9.87 Hz, lH, C1-vinyl-H), 6.92 (d, J = 8.32 Hz, lH, C8-H), 7.09 

(ddd, J = 8.30 and 7.20 Hz, 4 J = 1.13 Hz, lH, C6-H or C7-H), 7.19 

(ddd, 3 3  = 7.44 and 7.37 Hz, 4 J  = 0.83 Hz, lH, C7-H or C6-H), 7.49 (d, 

3 J = 7.59 HZ, lH, C5-H), 7.57 (dd, J = 7.71 and 7.48 HZ, 2H. C3'-H, 

C5'-H), 7.66 (dd, 3 1  = 7.71 HZ, ' J  = 1.37 HZ, 2H, C2'-H, C6'-H), 7.71 

(m, lH, C4'-H). 

5k,1 (4:l mixture of regioisomers, DMSO-A): 6 = 2.03 (m, ZH, C2-CH* 

or C3-CHz of B), 2.08 (m, 2H, C2-CHI or C3-CHp of A), 2.67 (m, 2H, C1- 

CHz or C4-CHI of B), 2.78 ( m ,  2H, C1-CHn or C4-CHc of A), 2.82 (dd, 1.7 

= 16.33 Hz, 3 J  = 6.09 HZ, lH, C4-H or C1-H of A), 2.93 (m, lH, C4-H or 

C1-H of B), 2.96 (dd, 2 J = 16.69 HZ, 3 J = 6.02 and 5.38 Hz, lH, C4-H 

or Cl-H of A), 3.08 (dd, 2 J  = 16.58 Hz, 3 J  = 6.20 and 6.02 Hz, 1H. C4- 

H or C1-H of B), 3.31 (m, 2H, C2-H or C3-H of A and B), 7.04 (d, 3 J = 
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8.15 Hz, 2H. C8-H of A and B), 7.11 (dd, 3 1  = 7.19 and 8.15 Hz, lH, 

C6-H or C7-H of A), 7.13 (m, lH, C6-H or C7-H of B), 7.20 (dd. 3 J = 

7.47 and 7.32 Hz, 2H, C7-H or C6-H of A and B), 7.51 (d, 3 J = 7.64 HZ, 

2H, C5-H of A and B), 7.58 (m. 4H, C3'-H of A and B, C5'-H of A and 

B), 7.66 (m, 4H, C2'-H and C6'-H of A and B), 7.71 (dd. J = 2.40 and 

7.97 Hz, 2H, C4'-H of A and B). 

6 (CDClr): 6 - 3.07 (m, 2H, C3a-H, ClOa-H), 3.32 (dd, J = 2.85 and 

2.70 HZ, J = 17.14 HZ, lH, C4-H or C10-H), 3.40 (dd. J = 3.22 and 

3.10 Hz. J = 16.50 Hz, lH, C4-H or C10-H), 3.44 (m, lH, C10-H or C4- 

H), 3.51 (m, lH, C10-H or C4-H), 3.97 ( s ,  2H. Ar-CHz-Ar'), 6.81 ( 8 ,  

2H. olefinic H of maleimide), 7.04 (d. 3 J  = 8.45 HZ; 2H; aromatic H), 

7.11 (ddd, = 7.75 and 7.78 Hz, ' J  = 1.20 Hz. lH, C7-H or C8-H), 

7.21 (m. 7H, aromatic H), 7.26 (d, J = 8.27 Hz, lH, C6-H), 7.48 (m, 

3H, C3'-H, C5'-H, C9-H). 7.62 (m. 3 J  = 7.54 and 7.47 HZ. * J  = 1 . 3  and 

1.72 Hz, 1H, C4'-H)> 7.66 (dd. 3 J  = 7.68 HZ, ' J  = 1.36 HZ, 2H. C2'-H, 

C6'-H). 

7 (CDC13): 6 = 3.07 (m, 4H, 2 x C3a-fl, ClOa-H), 3.31 (dd. J = 2.74 

and 2.86 Hz, J = 17.15 HZ. 2H. 2 x C4-H or CIO-H), 3.39 (dd. 3 J = 

3.28 and 3.03 Hz, J = 16.05 HZ, 2H, 2 x C4-H or C10-H), 3.43 (m; 2H: 

2 1 ClO-H or C4-H), 3.51 (m, ZH, 2 x C10-H or C4-H), 3.93 ( s ;  2H, Ar- 

CHz-Ar). 7.01 (d, V = 8.45 Hz. 4H. 2 x 2 aromatic H). 7.15 (d, ?J = 

8.49 Hzl 4H, 2 x 2 aromatic HI. 7.19 (ddd, V = 7 7 6  and 7.80 HZ, ' J  = 

1.23 Hz, 2H; 2 x C7-H or C8-H), 7.20 (ddd, 3 J = 7.31 and 7.67 Hz. 4 J = 

0.80 Hz, 2H, 2 x C8-H or C7-H), 7.25 (d, J = 8.33 ffz, 2H. 2 x C6-H), 

7.48 (m, 6H, 2 x C3'-H, C6'-H, C9-H), 7.62 (m, 2H, 2 x C4'-H), 7.66 

(dd, J = 7.27 HZ, ' J = 1.13 HZ, 4H, 2 x C2'-H, C6'-H). 
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