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In the hydrogenation of the K sal t  of the ethyl e s t e r  of o-ni t rophenylpyruvic  acid (I) in the p resence  
of P t  (from PtO2) in o rde r  to obtain 2-carbethoxyindole  (V) [1] it was found that, together with the la t te r ,  
substantia~ amounts of a low-melt ing product  with a constant melt ing point a r e  formed,  which is composed 
of (V) and 2 -ca rbe thoxy- l -hydroxy indo le  (IV), as is evidenced by the following data. 1) Compound (V) was 
ext rac ted  with ether  f rom an alkaline solution of this product:  1-hydroxyindole-2-carboxyl ic  acid (IV acid) 
[2, 3] was isolated a f t e r  acidif icat ion of the alkaline solution. 2) A band at  1820 cm -1 was detected in the 
IR spec t rum of the acylat ion product ,  which band is charac te r i s t i c  for the O-COCH 3 group [4]. 3) Two in- 
tense fragnnents with m / e  189 and 205 [molecular ions, corresponding to (V) and (IV)], were  detected in 
the mass  spec t rum of this product .  4) The investigated product  is hydrogenated in the p resence  of nickel 
boride cat~Ayst, with the absorpt ion of 0.6 mole of H a , to give (V). We will mention that the hydrogenation 
of this product  does not go in the p r e sence  of Pt .  5) The GLC analysis  of this product  gives the peak of (V), 
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The 10rmation of the product with a constant melting point is apparently associated with the compara- 
tively strong reaction of the wealdy acid (IV) with the weakly basic (V). However, these compounds behave 
as monomers in solution; the tool. wt. is 200 (cryoscopiealty in benzene) and 213 (ebullioscopically in the 

same solut !on). 

A study of other catalysts disclosed that Pd/C, the same as Pt, gives a mixture of 2-carbethoxyindole 
and 2-carbi}thoxy-l-hydroxyindole, which are capable of forming an associate with the same melting point, 
when the hydrogenation of (1) is run in either alcohol or CH~COOH. Nickel catalysts (both Raney and the 
boride) give the pure (V), while Ru-black leads to the formation of (IV) (acid). The formation of the acid 
instead of the ester (IV) in this case is explained by the easy saponification of the latter during the reduclion 
process in llka!ine medium [2]. 

The f3rmatton of l-hydroxyindole derivatives during the hydrogenation of (1) testifies to the fact that 
the cyelizalion can occur not only at the stage of forming the amine (iII), but also at the stage of forming 
the hydroxylamine (II). Cases are known for the formation of (IV) (the acid) during the hydrogenation of the 
oximes, semicarbazone and phenylhydrazone of o-nitrophenylpyruvic acid in the presence of Pt (Pro2) [5]. 
However, the ethyl ester of o-nitrophenylpyruvic acid ~ave (V) exclusively under the conditions given in [5]. 
According to [6], NaBH 4 in the presence of Pd/C reduces o-nitrophenylpyruvic acid and its methyl ester to 
(IV) (the ac~!d). 
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As a result ,  cyclization to the indole system during the catalytic reduction of the corresponding a ro-  
matic nitro compounds also makes it possible to record the stage of forming the hydroxylamine. 

EXPERIMENTAL METHOD 

The K salt of the ethyl ester of o-nitrophenylpyruvic acid (It was obtained as described in [i]. The 
catalysts were: Adams Pt (from PtO2), 5% Pd/C, Raney nickel, nickel boride [7] and Ru-black, which 
was obtained by the reduction of ruthenium oxychloride with NaBH 4 [8]. 

The GLC analysis was run on an LKhM-5 chromatograph using a 1 m • 3 mm column filled with 0.5% 
of poly(ethylene glycol adipate) deposited on NaCI, a temperature of 152 ~ , a helium flow rate of 32 ml/min, 
a katharometer as the detector, and 1,9-nonanediol as the internal standard. 

Hydrogenation in the Presence of Platinum. A solution of 45 g of (I) in 300 ml of glacial acetic acid 
was hydrogenated in an autoclave in the presence of 0.3 g of PrO 2 at 20 ~ and an initial H 2 pressure of 50 atm. 
The catalyzate was poured into water; the obtained precipitate was recrystallized from hexane. We obtained 
3 g of (V), mp 122 ~ The IR and UV spectra coincide with the data given in [I]. From the filtrate after 
evaporation we isolated 9 g of product with mp 57-59 ~ which could not be separated by fractional crystalli- 
zation using heptane, CH2CI 2 , petroleum, or benzene. The acetate was obtained when the product was heated 
with acetic anhydride, which had an absorption band at 1820 cm -I in the IR spectrum. Treatment of the 
product with mp 57-59 ~ with caustic solution, followed by extraction with ether gave (V) with mp 122 ~ . After 
the extraction of (V), the solution was acidified and extracted with ether to give l-hydroxyindole-2-carboxy- 
lic acid with mp 159 ~ (decompn.). The color reactions and the IR spectrum coincide with the literature data 
[2, 3]. The hydrogenation of (1) at atmospheric pressure leads to the same products. 

Hydrogenation in the Presence of Pd/C. A solution of 0.3 g of (1) in I0 ml of alcohol was hydrogenated 
i:r the presence of 0.2 g of 5% Pd/C at 20 ~ and atmospheric pressure unifl the H 2 absorption ceased. The 
catalyzate was filtered, evaporated in vacuo, and the residue was treated with water. The obtained precipi- 
tate, which melted at 90-107 ~ , was recrystallized from hexane. We obtained a small amount of (V), mp 
122 ~ A product with mp 58-60 ~ was isolated from the filtrate. 

Hydrogenation in the Presence of Nickel Catalysts. A solution of 0.5 g of (I) in i0 ml of alcohol was 
hydrogenated in the presence of 0.3 g of either Raney Ni or nickel boride catalyst at 20 ~ and atmospheric 
pressure until the H 2 absorption ceased. The eatalyzate was filtered and the filtrate was evaporated in 
vacuo to dryness. We obtained (V) with mp 122 ~ 

Hydrogenation in the Presence of Ruthenium. A solution of 0.3 g of (1) in i0 ml of alcohol was hydro- 
genated in the presence of 15 mg of Ru catalyst. Here 2 moles of H 2 was absorbed. The catalyzate was 
filtered, evaporated in vacuo to dryness, and the residue was dissolved in water, acidified with HCI solu- 
tion, and extracted with ether to give (IV) (the acid). 

CONCLUSIONS 

In the presence of nickel catalysts,  the reductive cyclization of the K salt of the ethyl ester  of o-ni t ro-  
phenylpyruvic acid gives 2-carbethoxyindole, while 1-hydroxyindole-2-carboxylic acid is obtained in the 
presence of ruthenium, and a mixture of 2-carbethoxyindole and 1-hydroxy-2-carbethoxyindo!e in the p r e s -  
ence of either platinum or palladium. 
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