
I N D O L E  D E R I V A T I V E S  

XC .* PREPARATION OF INDOLES WITH A SUBSTITUENT IN THE 

BENZENE RING FROM THE CORRESPONDING 2-NAPHTHOLS 

G .  N. P e t r o v a ,  V .  F .  S h n e r ,  
L .  M. A l e k s e e v a ,  and  N. N. S u v o r o v  

UDC 547.757:542.943 

7-Nitroindole, 5-methoxyindole, and 6-methoxyindole were synthesized by oxidation of 2- 
naphthol derivatives with hydrogen peroxide to the corresponding o-carboxycinnamic acids 
and cyclization of their amides under the conditions of the Hofmann reaction. 

We have previously reported [2] a new method for the preparation of indole and 5-bromoindole by 
oxidative opening of the hydroxyl-containing ring of the corresponding 2-naphthols with subs equent closing 
of the heterocycle.  This method seems of promise to us in connection with the accessibility of naphthalene 
derivatives and the possibility of obtaining indoles with a s tr ict ly determined position of the substituent by 
this method. 

In the present  research  we have studied the possibility of extending the method, having selected as 
starting materials 6-, 7-, and 8-substituted 2-naphthols with substituents {nitro and methoxy groups) that 
differ sharply with respect  to their electronic effect on the aromatic system. 

The oxidative cleavage of 8-nitro-2-naphthol (Ia) with hydrogen peroxide in acetic acid proceeds 
smoothly. Acid IIa, which is converted to lactone Va only on heating, is formed in high yield. Previously 
[2], in an attempt to obtain the isomeric 6-nitro acid we isolated only the corresponding lactone; this indi- 
cates the substantial s ter ic  s train [3] in the molecules of this acid because of disruption of the coplanarity 
of the system, Oxidation of methoxynaphthols (Ib, c) does not proceed so unambiguously. The yields of the 
corresponding acids (Hb, c} are low, although they may be raised somewhat if the reaction is car r ied  out 
at lower temperatures .  A low yield for 2,6-dihydroxynaphthalene and its monomethyl ether was also noted 
in [4]. The presence of electron-donor substituents in the naphthol molecule apparently hinders the pro- 
duction of the corresponding o-carboxycinnamic acids. 

Two doublets from vinyl protons with the sp in -sp in  coupling constant (J = 16 Hz) characterist ic  for 
trans-o-carboxycinnamic acids [3] are observed in the PMR spectra  of Ha, c. 

When acids IIa,b,c are fused with phosphorus pentachloride and then treated with ammonia, they are 
converted to trans-diamides (IIIa,b,c), which cyclize to indoles (IVa,b,c) under the conditions of the Hofmann 
reaction. This transformation can also be realized through a step involving the urethane (VI). In the suc- 
ceeding steps of the synthesis,  i.e., in the II--~ IV conversion, we did not note a substantial effect of the sub- 
stituent on the course of the process .  

Thus the proposed method for the synthesis of substituted indoles from 2-naphthols is sufficiently 
general for the preparation of indoles with different substituents in the 5, 6, and 7 positions. The possi-  
bility of its practical  realization depends pr imari ly  on the ease of formation of o-carboxycinnamic acids 
by oxidative cleavage of the naphthols. There are  also quite convenient methods [5] for the synthesis of 5- 
and 7-substituted indoles, but the proposed method is s impler than the known methods [5, 6] in the synthesis 
of 6-substituted indoles. The question of the use of this method for the preparation of 4-substituted indoles 

* See [1] for communication LXXXIX. 
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I I I  I X=3-NO2. bX=5-OCH~ ' cX=4-OCH~; 

V a X=3-NO2; 

II m X = 3 - N O  2, b X = 5 - O C H  3, c X=4-OCH$; 

IVa  X = 7 - N O  2, b X ~ 5 - O C a  3, c X=6-OCH3; 

VI c X=4-OCH~;  

remains  open despite an unsuccessful  attempt [2] to synthesize  4-ni troindole and will be the subject  of spe -  
cial  investigations.  

As demonst ra ted  by our experiments ,  in cont ras t  to the l i te ra ture  data [7], not only 5- and 8 -n i t ro -2 -  
naphthylamines but also 4-n i t ro-2-naphthylamine  and 4 ,5-dini t ro-2-naphthylamine are  formed in the n i t ra-  
tion of 2-naphthylamine.  

E X P I g R I M E N T A L  

The IR spec t ra  of mineral  oil suspensions were recorded  with a UR-10 spec t rome te r .  The PMR 
spec t r a  of deuterodimethyl  sulfoxide solutions were recorded  with a C-60-HL spec t rome te r  with an opera t -  
ing frequency of 60 MHz with te t ramethyls i lane  as the internal s tandard.  

3 -Ni t ro -2-carboxyc innamic  Acid (Ha). A total of 40 ml of 40~c H202 was added to a solution of 3.8 g 
(0.02 mole) of Ia and 60 mg of Na2MoO 4 in 50 ml of acetic acid, and the mixture was allowed to stand at 40 ~ 
for  4 days .  It was then vacuum evaporated at 30 ~ to 5 ml, 40 ml of water  was added, and after  30 min at 
about 0 ~ as in [2], 2.7 g (57~ of IIa with mp 193-194 ~ was obtained. IR spec t rum:  1670, 1740 (CO) cm - l .  
PMR spec t rum:  doublet at 6.5 ppm (1 H, J = 16 Hz) and doublet at 8.1 ppm (1 H, J = 16 Hz). Found, %: C 
50.5; H 3.2; N 6.0. CIoH7NO 6. Calculated, %: C 50.6; H 3.0; N 5.9. According to [4], this compound has 
mp 188-189 ~ . 

N-Lactone  of 3 -Ni t ro -2-carboxyc innamic  Acid (Va). A solution of 0.2 g (0.001 mole) of acid IIa in 
10 ml of acetic acid was heated at 55-60 ~ for 1 h, after  which it was vacuum evaporated to 3 ml and fi l tered 
to give 0.13 g (63~c) of Va with mp 157-158 ~ (from water) .  IR spec t rum:  1750, 1780 (CO) cm -1. Found, %: 
C 50.4; H 2.8; N 6.0. C~0HTNO 6. Calculated, %: C 50.6; H 3.0; N 5.9. 

5-Methoxy-2-carboxycinnamic  Acid (IIb). As in the preceding experiment,  7 ml of 93% H202 in 7 ml 
of acetic acid was added to a solution of 2.8 g (0.016 mole) of Ib in 40 ml of acetic acid, after  which the 
mixture was allowed to stand at 25 ~ for 3 days and worked up to give 1.4 g (40%) of IIb with mp 206-207 ~ 
IR spec t rum:  1675, 1695 (CO) cm -1. Found, %: C 69.6; H 4.5. CHH~005. Calculated, %: C 59.5; H 4.5. 
According to [4], this compound has mp 186-187 ~ 

4-Methoxy-2-carboxycinnamic  Acid (1]c). As in the preceding experiment,  6 g (0.037 mole) of Ic was 
oxidized with 15 ml of 93% H202, and the react ion mixture was allowed to stand at 25-28 ~ f o r  3 days and 
worked up to give 3.3 g (43~c) of IIc with mp 195-196 ~ (dec.). IR spec t rum:  1690, 1710 (CO) cm -I .  PMR 
spec t rum:  doublet at 6.3 ppm (1 H, J = 16 Hz) and doublet at 8.3 ppm (1 H, J = 16 Hz). Found, %: C 59.3; 
H 4.3. C~lHl005. Calculated, %: C 59.5; H 4.5. 

Diamide of 3-Ni t rocarboxycinnamic  Acid (IIIa). This compound, with mp 306-308 ~ (dec., f rom alcohol), 
was obtained in 81% yield by the method in [2] 12y fusing IIa with PC15 at 110 ~ IR spec t rum:  1630, 1675 
(CO), 3370, 3405, 3180 (NH) cm -1. Found, ~c: C 50.8; H 4.0; N 17.6. Ct0HgN~O 4. Calculated, %: C 51.0; H 
3.9; N 17.9. 

Diamide of 5-Methoxy-2-carboxycinnamic  Acid (IIIb). This compound, with mp 237.5-238 ~ (from 
water)', was obtained in 66v/c yield by fusing IIb with PC15 at 115 ~ IR spec t rum:  1670, 1695 (CO), 3200, 
3330, 3410 (NH) cm - l .  PMR spec t rum:  doublet at 6.6 ppm (1 H, J = 16 Hz) and doublet at 7.9 ppm (1 H, 
J = 16 Hz). Found, %: C 60.0; H 5.5; N 12.5. CIIHI2N203. Calculated, ~ :  C 60.0; H 5.5; N 12.7. 
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Diamide  of 4 :Methoxy-2 -ca rboxyc innamic  Acid (IIIc). This compounds,  with mp 224-225 ~ (from water) ,  
was obtained in 86% yield by fusing IIc with PC15 at  80 ~ IR spec t rum:  1665, 1695 (CO), 3200, 3330, 3400 
(NH) c m  -1. PMR s p e c t r u m :  doublet  at 6.4 ppm (1 H, J = 16 Hz) and doublet at 7.7 ppm (1 H, J = 16 Hz). 
Found, %: C 60~2; H 5.5; N 12.8. CllHI~N203. Calculated,  %: C 60.0; H 5.5; N 12.7. 

4 -Methoxy-N,N~-d ica rbomethoxy-2 ,w-d iaminos ty rene  (VIc). As in [2], 0.3 g (0.001 mole) of IIIc gave 
0.08 g (30%) of VIc with mp 180-181 ~ ( f rom water ) .  IR spec t rum:  1710, 1720 (CO), 3330, 3410 (NH) c~/h -~. 
Found, %: C 55.5; H 5.74; N 10.2. C13H16N205. Calculated,  %: C 55.7; H 5.8; N 10.0. 

7-Nitroindole (IVa). This compound, with mp 95-97 ~ was obtained in 60% yield by the method in [2]. 
IR spec t rum:  3400 (NH) cm -~. According to [7], this compound has mp 95-97 ~ 

5-Methoxyindole (IVb). This compound was obtained f rom IIIb by the method in [2]. Compound IVb 
could be i so la ted  f r o m  the reac t ion  mass  af ter  t r ea tmen t  with NaOC1 by s t e a m  dis t i l la t ion or  ext rac t ion  
with c h l o r o f o r m  or benzene .  The yield was 42%. The product  did not depress  the melt ing point of an 
authentic s amp le  and had a comple te ly  identical  IR spec t rum:  3400 (NH) c m  -~ . 

6-Methoxyindole (We).  This compound, with mp 91.5-92 ~ was obtained in 36~c yield f rom IIIc as in 
the preceding  exper imen t .  IR spec t rum:  3400 (NH) cm -1 . According to [9], this compound has mp 92 ~ 

6-Methoxy-2-naphthol  (Ib). Absolute t e t r ahydrofu ran  (20 ml) and 4.74 g (0.02 mole) of 6 - b r o m o - 2 -  
naphthol methyl  e ther  were  added succes s ive ly  to 0.61 g (0.025 mole) of Mg act ivated with iodine, a f ter  
which the mix ture  was heated  until an exo thermic  r eac t i on  began.  At the end of spontaneous refluxing, the 
mix tu re  was hea ted  for  another  15-20 min,  cooled to - 8  to -10  ~ Air ,  purif ied by pass ing through granu-  
la tedKOH, was then pas sed  through the mix ture  for  2 h, and it was then poured into 150 ml  of wate r .  The 
aqueous mix tu re  was acidified with HC1 and ex t rac ted  with e ther .  The e ther  ex t r ac t  was ex t rac ted  r e -  
peatedly  with 5% KOH, and CO 2 was bubbled into the alkaline ex t rac t s  until the pH was about 8. The mix-  
ture  was f i l te red  to give 1.2 g (36%) of Ib with mp 147-148 ~ (from alcohol) (mp 145-147 ~ [10], mp 150-151 ~ 
[111). 

7-Methoxy-2-naphthol  (Ic). A 6.25 ml  (0.064 mole) s ample  of dimethyl  sulfate  was added dropwise  
to a solution of 10 g (0.063 mole) of 2 ,7-dihydroxynaphthalene in 36 ml  of wa te r  and 65 ml of 1 N NaOH, 
a f te r  which the mix tu re  was s t i r r e d  for 6 h and allowed to stand overnight .  The prec ip i ta te  was r emoved  
by f i l t ra t ion and s t i r r e d  with 5% KOH. The alkaline mix tu re  was f i l tered,  and the alkaline f i l t ra te  was 
acidified.  The prec ip i ta te  was r em oved  by f i l t ra t ion and dried to give 5.08 g (47~c) of Ic with bp 189 ~ (3 mm) 
and mp 117-117.5 ~ (aqueous alcohol) (mp 117 ~ [12]). 

8 -Ni t ro-2-naphtha lene ,  4 -Ni t ro -2 -naph thy lamine ,  and 4 ,5 -Din i t ro -2-naphthy lamine .  The sul fur ic  
acid mothe r  l iquor a f te r  s epa ra t ion  of the prec ip i ta ted  5 -n i t ro -2-naph thy lamine  obtained by ni t ra t ion [2] of 
5 g of 2-naphthylamine  was neut ra l ized  at 0 ~ with 25% NH4OH. The prec ip i ta te  was r emoved  by f i l t rat ion 
and ex t rac ted  with 0.1 N HC1. The acid ex t rac t  was neut ra l ized  with ammonia ,  and the prec ip i ta te  (1.2 g) 
was placed in a column filled with 70 g of A120 ~ and eluted succes s ive ly  with e t h e r - p e t r o l e u m  e ther  (10:1) 
to give 0.6 g (8~c )  of 8 -n i t ro -2-naph thy lamine  with mp 103-104 ~ (the acetyl  der iva t ive  had mp 195.5~ 
0 9  g (overal l  yield 21.2%) of 5 -n i t ro -2 -naph thy lamine  with mp 144-145 ~ (the acetyl  der iva t ive  had mp 
185.5), 0.1 g (1.5%) of 4 -n i t ro -2 -naph thy lamine  with mp 96-98 ~ (the acetyl  der iva t ive  had mp 241~ and 
0.15 g (2.3%) of 4 ,5 -d in i t ro -2-naphthy lamine  had mp 230-232 ~ (the acetyl  der iva t ive  had mp 296-297~ Ac-  
cording to [13], 8 -n i t ro -2 -naph thy lamine  has mp 103.5-105 ~ (the acetyl  der iva t ive  has mp 195.5~ 4 - n i t r o -  
2-naphthylamine has mp 98.5 ~ (the acetyl  der iva t ive  has mp 241"), and 4 ,5 -d in i t ro -2-naphthy lamine  has mp 
232 ~ (the acetyl  de r iva t ive  has mp 296~ 

8-Ni t ro-2-naphthol  (Ia). This compound, with mp 143-144. ~ (mp 144-145 ~ [13]), was obtained in 70% 
yield by the method in [14]. - 
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