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Abstract – Facile access to optically active pyrroloindoles by Fischer-type 

pyrroloindole synthesis is investigated.  The reaction using chiral hydrazines 

prepared from commercially available chiral amines proceeded with 

diastereoselective cyclization (up to 70% de), and a short-step conversion of the 

cycloadducts to (-)-desoxyeseroline and pyrroloindole alkaloids was achieved.  

INTRODUCTION 

Pyrroloindoles have been considered potential lead compounds in the search for drugs to treat Alzheimer 

disease (Figure 1), and their synthesis in an optically active form has been investigated.1,2  Fischer-type 

pyrroloindole synthesis,2 which is one of the most general methodologies for the synthesis of various 

pyrroloindole derivatives, is particularly useful because 1) the reaction can be carried out under mild 

reaction conditions, and 2) the reaction substrates are readily available.  However, in the case of 

diastereoselective Fischer-type pyrroloindole synthesis, theire is no method available for the efficient 

removal of chiral auxiliaries.3  Recently, we developed a method for the facile synthesis of 

pyrroloindoles4 using N-methylhydrazine and reported its application to the synthesis of racemic 

physostigmine.5  In this communication, we report the diastereoselective synthesis of pyrroloindoles 

using chiral hydrazines. 
                                                                                       

This paper is dedicated to the memory of the Emeritus Professor Kenji Koga of Tokyo University. 
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Figure 1 Representative examples of biologically important pyrroloindoles 

RESULTS AND DISCUSSION 

We initially prepared chiral hydrazines (4a,b) from commercially available chiral amines (1a,b), as 

follows; palladium-catalyzed arylation6 of amines (1a,b) with bromobenzene, and subsequent 

nitrosylation and reduction gave 4a and 4b, respectively (Scheme 1). 
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Scheme 1 Synthesis of hydrazines (4) 
 

In the synthesis of pyrroloindole (6a), the reaction of 4a with chloroaldehyde (5) was investigated in 

protic solvents (Table 1).  In a mixed solvent of ethanol and water (5:1), the reaction proceeded 

smoothly to give a cis-fused pyrroloindole (6a) through acylation with methyl chloroformate in 78% yield, 

although the diastereoselectivity was almost 1:1 (entry 1).  In the case of methanol and isopropanol, 6a 

was obtained in yields of 85 and 72%, respectively, with less than 14% de(entry 3).   
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yield (%)
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1
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2 reflux, 22 h 78 2

2

3

1 40 °C, 25 h 85 7

1.5 rt, 49 h 72 14

Diasetereoselectivity of 6a was determined by HPLC and NMR 
spectral analysis.  

Table 1 Diastereoselective synthesis of 6a using 4a 
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In the reaction of 4b in ethanol-water (5:1), 6b was obtained in quantitative yield with an improved de 

(Table 2, entry 1).  After we surveyed the protic solvents, we deteremined that isopropanol was the best 

solvent with regard to the diastereoselectivity of 6b (entry 2).7  The reaction without solvents in the 

presence of 15 eq. of 5 gave 6b in 40% yield with 70% de (entry 3).  We next investigated the synthesis 

of (-)-deoxyeseroline using the optically pure 6b, which was obtained by purification of cyclized product 

from 4b before acylation.  Hydrogenation in the presence of Pd(OH)2 and subsequent methylation gave 

7 in 96% yield (2 steps).  Finally, the carbamate (7) was converted to (-)-desoxyeseroline,8 which is 

known to be a key intermediate to (-)-physostigmine,5,9 by Red-Al in toluene under reflux conditions in 

93% yield(Scheme 2). 
 

Table 2 Reaction of 4b 
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Scheme 2 Conversion to (-)-desoxyeseroline 
 

We next attempted to use a methoxy derivative (11) which is a more suitable substrate for the synthesis of 

physostigmine.  Compound (11) was synthesized as follows.  Treatment of tosylamide (8) with (±)-9 

under Mitsunobu conditions gave 10 in 40% yield.  Subsequent reduction by Red-Al, nitrosylation with 

sodium nitrite and reduction with LiAlH4 gave the desired hydrazine (11).  With the substrate in hand, 

we performed the Fischer-type pyrroloindole synthesis under the optimized conditions (isopropanol at 

40 °C).  Unfortunately, 11 was not suitable for diastereoselective cyclization and gave 12 with only 20% 

de (70% yield), which was converted to racemic esermethole in three steps (Scheme 3).    
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Scheme 3 Synthesis and reaction of 11, and conversion to (±)-esermethole 
 

In conclusion, we have developed a facile preparation of optically active pyrroloindoles by 

diastereoselective Fischer-type pyrroloindole synthesis and have converted them to biologically important 

compounds.   Further investigations to increase the de of products and the application of this method to 

the synthesis of various pyrroloindoles are currently in progress.  
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