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A convenient, facile, and one-pot methodology for synthesis of 10 

α-carbolines from the Baylis-Hillman (BH) acetates, involving 

three steps (reactions), that is, 1) mono alkylation of 2-

nitroarylacetonitriles with BH-acetates 2) reduction of nitro 

group into amino group using Fe/AcOH 3) formation of two 

(five and six membered) rings, is presented. This methodology 15 

is successfully applied to the synthesis of bioactive alkaloid 

neocryptolepine (2). 

 

Development of facile and convenient protocols for synthesis1 of 

pyrido[2,3-b]indole (α-carboline) framework has received 20 

increasing attention from synthetic chemists due to the fact that 

several molecules containing this structural organization show 

various biological activities such as anti-inflammatory,2a 

anxiolytic,2b and cytotoxic.2c Also a number of natural products 

[mescengricin (1a),3a grossularine-1 (1b),3b grossularine-2 (1c)3b 25 

and neocryptolepine (2) (also known as cryptotackieine)3c (Figure 

1)] possess this tricyclic skeleton as their core structure. 
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Figure 1. Natural products containing α-carboline core 

 

In continuation of our ongoing long term major research program 

in the area of Baylis-Hillman reaction and its applications,4 we 

herein report a convenient, facile, and one-pot methodology for 35 

synthesis of pyrido[2,3-b]indole derivatives from appropriate 

Baylis-Hillman (BH) acetates. This protocol involves three steps 

(reactions), that is, 1) mono alkylation of 2-nitroarylacetonitriles 
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experimental procedures, with all spectral data of 2, 5a, 6a-q, 8-11, 
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with BH-acetates 2) reduction of nitro group into amino group 

using Fe/AcOH 3) formation of two (five and six membered) 

rings in an operationally simple one-pot procedure. We have also 

successfully applied this protocol to the synthesis of 

neocryptolepine (2), an important bioactive alkaloid. 50 

The Baylis-Hillman reaction has been and continues to attract the 

attention of various synthetic chemists because it provides diverse 

classes of multifunctional molecules.5 In fact, due to the close 

proximity of functional groups the BH-adducts have become an 

attractive source/ substrates for a number of organic 55 

transformations often leading to the synthesis of several bioactive 

compounds and important frameworks of medicinal relevance.5, 6 

We have recently reported interesting one-pot synthetic protocols 

for the facile conversion of Baylis-Hillman adducts into 

substituted [1,8]naphthyridin-2-ones,7a tri-/tetracyclic azocines,7b 60 

3-benzoylquinolines,7c  tetrahydroacridines7d and quinolines.7e In 

all these strategies, the in situ reduction of nitro group using 

Fe/AcOH into an amino group and subsequent cyclization ( mono 

or bis) are the key steps.7 This experience has led us to envision 

that Baylis-Hillman acetates can be in principle transformed into 65 

pyrido[2,3-b]indole framework via the mono alkylation (SN2') of 

2-nitroarylacetonitriles (3) with BH-acetates (4) followed by in 

situ reduction of nitro group and then two successive cyclizations 

(first one forming five membered ring and the second one 

producing the six membered ring) according to the retro-synthetic 70 

strategy as shown in Scheme 1. 
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Scheme 1 Retro-synthetic strategy for the synthesis of 75 

α-carboline framework 
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Accordingly, we have first selected 4-acetoxy-3-methylene-4-

phenylbutan-2-one (4a), acetate of Baylis-Hillman alcohol 

(obtained via the reaction between benzaldehyde and methyl 

vinyl ketone), as a substrate for alkylation of 2-

nitrophenylacetonitrile (3a). Best results in this direction were 5 

obtained when we treated BH-acetate 4a (2 mmol) with 2-

nitrophenylacetonitrile 3a (2 mmol) in the presence of K2CO3 (2 

mmol) in THF (6 mL) at room temperature for 12 h to provide  

(E)-3-benzylidine-5-cyano-5-(2-nitrophenyl)pentan-2-one (5a) in  

 10 
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Scheme 2 Stepwise synthesis of 6a 

 

Table 1. Synthesis of pyrido[2,3-b]indoles via the reaction of 4a-15 

j with 3a, 3b or 3c a followed by reductive cyclization 

 

O

R1

OAc

R2

CN

NO2R N
H

N

R1

R

R2

+

R = H       (3a)
R = Me    (3b)
R = OMe (3c)

4a-j

ii) Fe/AcOH
    reflux, 1 h
  48-67%

6a-q

i) K2CO3/THF

   rt, 4-30 h

 

Entry  NAANb    Acetate R1 R2      Productc     Yield 20 

      (%) 

 
1 3a 4a Me H 6a 52 

2 3a 4b Et H 6b 67 

3 3a 4c Me 4-Me 6c 53 25 

4 3a 4d Me 4-Cl 6d 55 

5 3a 4e Me 4-Br 6e 59 

6 3a 4f Me 3-Br 6f 57 

7 3a 4g Me 3-OMe 6g 50 

8 3b 4a Me H 6h 56 30 

9 3b 4b Et H 6i 62 

10 3b 4c Me 4-Me 6j 50 

11 3b 4d Me 4-Cl 6k 53 

12 3b 4e Me 4-Br 6l 58 

13 3b 4f Me 3-Br 6m 55 35 

14 3c 4b Et H 6nd 60 

15 3a 4h Me 2-Cl 6o 51 

16 3a 4i Me 2-Br 6p 48 

17 3a 4j Me 2-Me 6q 52 

 40 

aAll reactions were carried out on 1 mmol scale of Baylis-Hillman acetate 

(4a-j) with 1 mmol of NAAN (3a-c) in the presence of K2CO3 (1 mmol) 
in THF at room temperature followed by reductive cyclization with Fe (6 

eq.)/ AcOH. bNAAN = 2-nitroarylacetonitriles. cAll compounds were 

fully characterized (see Electronic Supplementary Information). 45 
dStructure of this molecule was further confirmed by single crystal X-ray 

data (see Electronic Supplementary Information).8 

 

 89% isolated yield. Subsequent treatment of 5a with Fe /AcOH 

at reflux temperature for 1 h, furnished 3-benzyl-2-methyl-9H-50 

pyrido[2,3-b]indole (6a) in 61% isolated yield after the usual 

workup followed by column chromatography (Scheme 2) (in 

overall 54% yield for both the steps). 

With a view to understand the feasibility of one-pot process we 

have directly treated the in situ generated 5a (after removal of 55 

THF under reduced pressure) with Fe/AcOH under reflux 

temperature for 1h to afford the desired compound 6a in 52% 

overall isolated yield (Table 1). Since the yields are comparable 

in both procedures we have selected the one-pot procedure for 

understanding the generality of this reaction. We have prepared 60 

representative Baylis-Hillman acetates (4b-g) from the 

corresponding alcohols (derived from selected benzaldehydes and 

alkyl vinyl ketones). The acetates (4b-g) were then subjected to 

similar synthetic sequence as in the case of 4a to provide the 

desired α-carbolines (6b-n) in 50-67% isolated yields (Table 1, 65 

entries 2-14). With a view to understand the applicability of this 

strategy to  Baylis-Hillman acetates  containing ortho substituted 

aryl groups9 we have also used   allyl acetates 4h-j  (containing 

aryl groups with  2- chloro, 2-bromo, and 2-methyl  substitution 

respectively). These  reactions worked well and the  resulting α-70 

carbolines 6o-q  were obtained  in reasonable  (48-52 %) yields.  

In order to further confirm the formation of tricyclic ring system 

we also obtained single crystal for compound 6n and established 

its structure by X-ray data analysis (Figure 2).8 

 75 
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Scheme 3 A simple route for synthesis of compound 2 

 

Then our attention was directed towards the application of this 80 

methodology for synthesis of bioactive compound 

neocryptolepine (2),1a,10 containing the pyrido[2,3-b]indole 

skeleton. We have in fact achieved synthesis of 2 (Scheme 3) in 

22% overall yield in three steps, starting from 2-

acetoxymethylcyclohex-2-enone (7), acetate of Baylis-Hillman 85 

alcohol (obtained via the reaction between formaldehyde and 

cyclohex-2-enone). Thus treatment of the acetate 7 with 3a 

followed by reductive cyclization (with Fe /AcOH) provided 3,4-

dihydro-6H-indolo[2,3-b]quinoline (9, 12%) along with 1,2,3,4-

tetrahydro-6H-indolo[2,3-b]quinoline (10, 22%) in over all 40% 90 

yield (including their mixture 6%). We have converted the 

mixture [9 + 10 + (9+10)] into aromatic product (11)11 via the 
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treatment with DDQ.10b  This molecule 11 was then transformed 

into the natural product (2)11 via alkylation with MeI following 

the known procedure10c (Scheme 3). 
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Scheme 4 Plausible mechanism for synthesis of α-carboline core  

 

We have in fact in a separate experiment isolated the alkylated 

compound (8) (SN2 product) (in the case of acetates 4 we 

obtained exclusively SN2' products) and confirmed this structure 10 

by single crystal X-ray data analysis (Figure 3).8 

 

Although the overall yield of the bioactive molecule, 

neocryptolepine (2) is not that high, this protocol is still 

interesting in the sense that this strategy demonstrates the 15 

importance of the BH-acetates in the synthesis of heterocyclic 

compounds. 
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 20 

Figure 2 ORTEP diagram of compound 6n 

 

  
Figure 3 ORTEP diagram of compound 8 

 25 

A plausible mechanism for the formation of pyrido[2,3-b]indole 

(α-carboline) framework [taking 4a (Baylis-Hillman acetate) and 

3a as a model case) is presented in Scheme 4. The first step 

involves alkylation (SN2') to provide trisubstituted alkene (5a). 

The second step proceeds through the reduction of nitro group to 30 

provide amine followed by the simultaneous formation (third 

step) of five and six membered heterocycles (Scheme 4). 

In case of the acetate 7 the first step proceeds through SN2 

alkylation to afford trisubstituted alkene (8). The second and third 

steps proceed as in the case of the acetates 4 to give the 35 

compounds 9 and 10 which on aromatization with DDQ provided  

the molecule 11 according to Scheme 5. 
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Scheme 5 Plausible path way for the formation of 9 and 10 

 
In conclusion, we have developed a convenient, operationally 

simple, one-pot procedure for synthesis of pyrido[2,3-b]indole (α-

carbolines) from the BH-acetates. This strategy has also been 45 

successfully employed to the synthesis of bioactive compound 

neocryptolepine 2. 
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