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Abstract - A facile two- or three-step transformation of 
0-nitrotoluenes into 4-substituted indoles is described. Treat- - 

ment of g-nitrotoluenes 1 with DMF acetal, or sometimes more ad- 

vantageously with tris(N,N-dimethylaminolmethane, affords 

0-(N,N-dimethy1amino)styrenes 2 which are readily converted to 

o-nitrophenylacetaldehyde semicarbazones 3 without isolation. - 

Reduction of either 2 or 3 affords 9-substituted indoles 4. Use 

of the very insoluble semicarbazones results in vastly superior 

yields of - 4 by minimizing competing bimolecular condensation re- 

actions during reduction. This new procedure has been applied 

to efficiently and conveniently prepare a series of 4-substituted 

indoles 4. 

A wealth of naturally occurring compounds incorporate an indolic nucleus sub- 

stituted at the 4 ~osirion with carbon (ergot): oxygen (psilocin, psilocybin),' or 

nitrogen (dehydrobufotenine)3 functional groups. The widespread natural abundance 

of U-substituted indolee belies the difficulty of preparing this class of hetero- 

cycles by total synthesis.' A study of 5-hydrouytryptamine relatives has led to 

the development of the general method described in this paper for preparing these 

indoles. 

In principle the substitution pattern present in commercially available 

o-nitrotoluenes makes them potentially useful precursors to indoles; only addition - 

of a suitable one carbon fragment and reductive cyclization arerequired for conver- 

sion. Although this general transformation has been accomplished via the circuitous 

Reissert pr~cedure,~ low yields and length severely limit the utility of this se- 

quence. A much more effective route, whose origin is based in the known reaction 

Of nitrotoluenes with DMF acetal,6 as illustrated in the Scheme, is described in 



SCHEME - 
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this paper. Condensation of 2-nitrotoluenes 1 with DMF acetal or aminal afforded 

0-dimethylaminostyrenes 2. Subsequent reductive cycliaation of 2 or derived semi- - 

carbazones 3 gave 4-substituted indoles 4 .  - 

* not isolated 

+ % yields are for isolated, analytically pure compounds 

t picrate, mp 1 9 4 - ~ ~  (methanol) 
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In an initial investigation of this pathway as a general route to 4-substituted 

indoles highly reactive 2,s-dinitrotoluene (5) was condensed with DMF dimethyl 

acetal ( 3  equiv) in DMF (115O,6h) and the resulting (96%) 8-dimethylaminostyrene 

7 
2a was reduced (60 psi hydrogen, 10% palladium on carbon) in benzene giving 4- - 

minoindole (e), mp 106-8', in 84% yield. Similarly, 2-methyl-3-nitrobenzoic acid 

(g) upon reaction with DMF dimethyl acetal (5 equiv) in DMF (115', 24 h) provided 

the anticipated methyl ester 2b Subsequent reduction (60 psi hydrogen, 10% 

palladium or charcoal) in benzene gave (82%) indole 5, mp 66-58', the key inter- 

mediate in a synthesis of a tricyclic ergot synthon, Uhles ketone. 9 

Attempts to apply this strategy as a general route to more interesting indoles 

bearing bulky or deactivating, electron donating groups met with only limited suc- 

c e s s .  The hydroxynitrotoluene rapidly reacted with DMF acetal to give the 

ether &, but conversion to %was extremely slow (48 h). In addition, hydrogena- 

tion of 2 gave LI-methoryindole (k) in erratic yields (22-63%) depending on con- 

centration and the amount of catalyst used. Careful GC/MS analysis of the crude 

reaction mixture revealed considerable dimeric and trimeric material had formed 

along with intractable green polymer at the expense of desired indole. This en- 

hanced tendency toward polymerization was generally observed with less reactive 8- 

dimethylaminostyrenes and is possibly due to a slower rate of reduction of the 

hindered, electron rich nitroaromatic which allows competing condensations of the 

indole product with reduction intermediates to take place. 10 

After a detailed experimental study, these difficulties were resolved by two 

pivotal modifications: 1) use of the highly reactive tris(N,N-dimethylamino). 

methane1' which dissociates into a much stronger base (dimethylamide methoride 

formed from DMF acetal) and gives a rapid homolagation under mild conditions (typ- 

ically 1-6 h at 100-110~), 2) reduction of the very insoluble phenylacetaldehyde 

semicarbazone derivatives 3 prepared $ situ from the 8-dimethylaminostyrenes 1 by 
treatment with acidic aqueous semicarbazide. Vastly superior yields of indole 

were obtained by reducing the semicarbazones, a result attributed to the very low 

solution concentration of starting semicarbazone and reduction intermediates which 

increases the effective catalyst loading ratio and minimizes the polymerization 

reactions while still using a reasonable amount of catalyst. The preparation of 

indoles K-f  (Scheme) clearly demonstrates the utility of this new procedure for 
synthesizing *-substituted indoles which have previously been prepared only in low 

yield or by lengthy routes. 2 ' 4 ' 5  Thus, as illustrated in the experiment, was 



converted to and reduced (60 psi hydrogen, 10% palladium an carbon, ethanol) 

to give indole in excellent overall yield. A similar sequence enables thetrans- 

formation of 2 and if (derived from id by situ etherification with methyl io- 

dide or benzyl bromide, respectively) to semicarbazonec & and 3f. Subsequent cat- 

alytic hydrogenation of s gave indole %. Benzyl ether 3f underwent the expected 

reductive cyclization and debenzylation to give deprotected indole in reasonable 

yield. The alternative reduction of 3f with ammoniacal ferrous sulfate5 readily 

yields protected indole 5. This mild chemical reduction complements catalytic hy- 

drogenation as a means for converting 3 to 4 and is easily employed for semicarb- 

azides 3 bearing functional groups sensitive to hydrogenation. 

In summary, the ease of preparation and ready availability of these indoles 

will allow further transformation into naturally occurring materials. This is now 

underway and will be reported in due course. 

Illustrative Experiment: ri-Methoxyindole (%I. 

A .  2-Methoxy-6-nitrophenylacetaldehyde semicarbazone (%I. 

A 1-1 flask equipped with reflux condenser and magnetic stirrer was flushed 

with argon and charged with 50% sodium hydride dispersion (9.6 g, 0.2 mole). The 

dispersion was washed with two 100 ml portions of hexane, then suspended in dry DMF 

(100 ml) during the slow (foaming!) addition of 2-methyl-3-nitrophenol (30.62 g, 0.2 

mole). The red solution was cooled, iodomethane (18.6 m1,0.3 mole) was added rapid- 

ly, the solutionwas heated at 90' in an oil bath for 20 min, and tris(dimethy1ammo)- 

methane (43.5 g,0.3 mole) was added followed by heating at 115O for 3 h. The mix- 

ture was cooled and a solution of semicarbazide hydrochloride (23.4 g, 0.21 mole) and 

concentrated hydrochloric acid (18 ml,0.22 mole) in water (250 ml) was added. The 

tan mixture was cooled, filtered, and the precipitate was washed sequentially with 

water (500 ml), ice-cold ethanol (150 ml), and ether (250 ml), then dried to give 

41.08g (81.5%) of s as tan crystals, mp 20~-7~(d). 7 
0 .  4-Methoxyindole (e). 

A suspension of semicarbazone g ( 1 8  g, o.071mole) in ethanol (150 ml) was hy- 

drogenated over 10% palladium on carbon (4 g113 for 6 h at 60 psi, then filtered 

and concentrated. The residue was triturated with water (100 ml), filtered and 

dfied. The crude crystalline indole was purified in a sublimation apparatus 

equipped with a dry-ice cold trap (85'/0.3 mm) and the sublimate was recrystallized 

from boiling chloroform (30 ml) by the addition of hot hexane (150 ml) giving 8.6 g 

(82%) of 4-methoxyindole (e) as pure white crystals, mp 68-70~(1it.~ 6g0). 
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