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The o -ca rboxyc innamic  ac ids  obtained in the oxidation of 2-naphthol and 6 -b romo-2-naph tho l  
we re  conver ted  to the amides ,  which give indole and 5-bromoindole ,  respec t ive ly ,  under the 
conditions of the Hofmann react ion.  Oxidation of 5-ni t ro-2-naphthol  gives  the y- lac tone of 
6 -n i t r o -2 - ca rboxyc i rm am i c  acid r a t h e r  than the acid itself.  

In the p r e sen t  communicat ion we propose  a new synthes is  fo r  the p repa ra t ion  of indole (Va) and 5- 
b romoindole  (Vb) f r o m  2-naphthol  (Ia) and 6 -b romo-2-naph tho l  fib). Using this method, one can apparent ly  
obtain d ive r s e  indoles with a fixed posi t ion of the subst i tuent  in the benzene ring. 
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The data avai lable  in the l i t e r a tu r e  [2-8] regard ing  the oxidation of 2-naphthol  with pe race t / e  acid 
made  it poss ib le  to a s s u m e  that this p r o c e s s  is quite gene ra l  in cha rac t e r .  We c a r r i e d  out the oxidation 
of naphthols Ia, b by a method s i m i l a r  to that in [5] by somewhat  modifying the conditions used to c a r r y  out 
the reac t ion  and the method used to isola te  the products .  Naphthol Ib is oxidized m o r e  rapidly  and gives  
h igher  yields:  side products  (coumarins),  the fo rmat ion  of which is c h a r a c t e r i s t i c  [3, 5] for  the oxidation 
of naphthol Ia, we re  not found in the reac t ion  m a s s  a f t e r  i ts  oxidation. 

Two doublet s ignals  f rom vinyl  protons  a r e  obse rved  in the PMR spec t r a  of the oxidation products  
0Ia, b): at 6.46 and 8.61 ppm for  IIa  (in deuterodimethyl_formamide),  and at 6.31 and 8.29 ppm for  TTb (in 
deuterodimethyl  suIfoxide). The s p i n - s p i n  coupling constant  (J=16 Hz) co r re sponds  to a t r ans  or ienta t ion 
of the subst i tuents  (carboxyl and phenyl) a t tached to the ethylene bond of the o -ca rboxyc innamic  acids [8]. 

On t r ea tmen t  with PC15 and then ammonia ,  the carboxyl ic  ac ids  obtained (IIa, b) give the cor responding  
d tamides  I I Ia ,b .  We studied the i r  convers ion  under  the conditions of the Hofmann reac t ion  [9]. In the course  
of this react ion,  the c innamic acid amide  is conver ted to phenylacetaldehyde [10]. Diamides  IIIa, b p r o b -  
ably s i m i l a r l y  fo rm o-aminophenylace ta ldehydes  which a r e  then conver ted  [11] to the cor responding  indo les  
(Va,b). When the reac t ion  was c a r r i e d  out in methanol  [10], we isolated ure thanes  (IVa, b), which also 
smoothly  f o r m  indoles (Va, b) on hydrolys is .  

* See [1] for  communicat ion  LXXXII. 
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In con t ras t  to Ia and Ib, the oxidation of ni tronaphthol  Ic with pe race t i c  acid gives  the 7-1actone (VI). 
Two groups  of s ignals  of the protons  of the ABX s y s t e m  of the al iphatic port ion of the molecule  a r e  ob- 
se rved  in its PMR s pec t rum  (in deuteropyridine) :  the proton of the lactone r ing gives a quar te t  (6.55 ppm, 
1H), while the protons  of the cl-CI-I 2 group give an octe t  centered  at 3.13 ppm (2H), in which J g e m  = 19 Hz, 
Jv ic  = 3 Hz, and J ' v i c = 7  Hz can be  isolated.  

Elvidge and Jones  [8] link the in t r amolecu la r  y- lac toniza t ion  of o -ea rboxyc innamic  acids  with s t e r i c  
effects .  In fact ,  when one examines  the m o l e c u l a r  models  of lactone VI and the cor responding  d icarboxyl ic  
acid IIc, it can be  noted that  acid IIc in the coplanar  a n t i - t r a n s  and(or) s y n - t r a n s  conformat ions  (according 
to the nomenc la tu re  in [8]) should exper ience  cons iderable  s t e r i c  strain;  at the s a m e  t ime,  such hindrance 
is a lmos t  absent  in lactone VI. The laetone f o r m  fo r  the oxidation product  is p robably  so much m o r e  f a v o r -  
able that  we were  unable to open the lactone ring even with concentrated alkal i  o r  ammonium hydroxide so-  
lutions.  Amide VII was obtained by success ive  t r ea tmen t  of lactone VI with PCI~ and ammonia .  

Thus the use  of 2-naphthol de r iva t ives  for  the synthes is  of indoles is l imi ted to a cons iderable  deg ree  
by the poss ib i l i ty  of obtaining the o -ca rboxyc innamic  acids.  

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were obtained with a UR-10 spectrophe- 
tometer, while the PMR spectra were obtained with a C-60 HL spectrometer with an operating frequency 
of 60 MHz and te t r ame thy l s i l ane  as  the in ternal  s tandard.  

o -Carboxyc innamic  Acid (Ha). A 30-rag sample  of Na2MoO 4 was added to a solution of 4 g (28 mmole )  
of Ia in 45 ml  of g lac ia l  acet ic  acid, a f t e r  which 30 ml  of 40% H202 was slowly added dropwise  to the m i x -  
tu re .  It  was  then s t i r r ed  at 30-40 ~ fo r  4 days,  a f t e r  which 50 m l  of wa t e r  was added, and the mix tu re  was  
cooled with an i c e - s a l t  mix ture .  The p rec ip i t a te  that fo rmed  a f t e r  1.5 h was removed  by f i l t ra t ion and d i s -  
solved in sa tura ted  NaItCO 3 solution. The solution was f i l te red  to r emove  the undissolved 4 - ( 2 - c a r b o x y -  
phenyl ) -5 ,6 -benzocoumar in  (rap 280-281~ The f i l t ra te  was acidified with dilute HC1, and the p rec ip i ta te  
was r emoved  by f i l t ra t ion ,washed with cold wa te r  to pH 6-7, and dr ied to give 3.2 g (67.2%) of IIa with mp  
203 ~ (from dilute alcohol); IR spec t rum:  1680, 1695 (CO) cm -1 (mp 170.5-205 ~ [12]). 

5 - B r o m o - 2 - c a r b o x y c i n n a m i c  Acid (IIb). As in the preceding  exper iment ,  a w a r m  solution of 5 g (22 
mmole )  of Ib [13] and 30 rag of Na2MoO 4 in 38 m l  of ace t ic  acid was oxidized with 27 m l  of 40% H202 to give 
4.27 g (71%) of Hb as a c r e a m - c o l o r e d  powder  with mp 183-185 ~ (dec.): IR spect rum:  1685, 1691 (CO) cm -1. 
Found: C 44.5; H 2.7; B r  29.6%. C10HTBrO4. Calculated: C 44.3; H 2.6; B r  29.6%. 

o -Carboxyc innamic  Acid Diamide (HIa). A mix tu re  of 1 g (6 mmole)  of IIa and 2.3 g (11 mmole )  of 
PC15 was fused at 90-100 ~ until  HC1 evolution ceased,  a f t e r  which the yellow mel t  was  dissolved in 20 m l  
of absolute  ether ,  and the solution was added dropwsie  with s t i r r ing  to 50 ml  of liquid ammonia .  The a m -  
monia  was evaporated,  and the res idue  was allowed to stand at 20 ~ fo r  4 h. The  white p rec ip i ta te  was r e -  
moved  by f i l t ra t ion,  washed with 30 m l  of cold water ,  and dr ied  to give 0.42 g (42%) of IIIa  with mp  240- 
242 ~ (from alcohol); IR spec t rum:  1645, 1670 (CO), 1620, 970 (C= C), 3400, 3330, and 3200 (NH) cm -1 (mp 
200 and 230 ~ [8]). Found: C 63.2; H 5.2; N 14.8%. CIoH10N202. Calculated: C 63.2; H 5.3; N 14.7%. 

5 - B r o m o - 2 - c a r b o x y c i n n a m i c  Acid Diamide (IIIb)~ A mix tu re  of 6.9 g (25 mmole)  of lib and 11.6 g 
(55 mmole)  of PC15 was fused at 50-55 ~ and the me l t  was  held at this t e m p e r a t u r e  for  another  hour  until  
tIC1 evolution ceased.  The mel t  was  d isso lved  in 70 m l  of absolute  ether ,  and the solution was added to 
300 m l  of liquid am m on i a  to give 5.7 g (82.6%) of IIIb with mp 261-262 ~ (dec., f r o m  alcohol); IR spec t rum:  
1650, 1672 (CO), 1625, 975 (C=C), 3430, 3353, 3170 (NH), cm -1. Found: C 45.1; H 3.3; B r  29.6; N 10.3%. 
C10HsBrN202. Calculated:  C 45.4; H 3.3; B r  29.7; N 10.4%. 

N,N ' -Dicarbomethoxy-2 ,w-d iaminos ty rene  (IVa). A total  of 6 ml  of NaOC1 solution {here and e lsewhere ,  
1.52 N) was  added in por t ions  with s t i r r ing  to a suspension of 0.8 g (3.2 mmole)  of IIIa in 35 ml  of methanol ,  
and the mix tu re  was  rapidly  heated to boiling, ref luxed for  another  15 rain, and cooled with an i c e - s a l t  
m ix tu r e  fo r  4 h. The prec ip i ta te  was r emoved  by f i l t rat ion,  washed with 20 m l  of cold w a t e r - m e t h a n o l  
(1: 1), and dr ied to give 0.52 g (50%) of IVa with mp 168.5-170 ~ (from water);  IR spec t rum:  1696, 1720 (CO), 
3325 (NI-I) cm -1 (rap 168.5-170 ~ [14]). 

5 _ B r o m o - N , N , - d i c a r b o m e t h o x y - 2 , ~ - d i a m i n g s t y r e n e  (IVb). As in the p reced ing  exper iment ,  0.65 g 
of IVb was obtained f rom 1 g (3 mmole)  of IIIb and 12 ml  of NaOC1 in 60 m l  of methanol;  evaporat ion of the 
m o t h e r  l iquor  gave 0.12 g of IVb for  an overa l l  yield of 64.8% imp 186-187 ~ (from dilute methanol)];  IR 
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spectrum: 1700, 1725 (CO), and 3330 (NH) cm -1. Found: C 43.7; H 4.0; Br  24.1; N 8,4%. C12H13BrN204. 
Calculated: C 43.8; H 4.0; Br  24.3; N 8.570. 

Indole (Va). A. A mixture  of 0.95 g (5 mmole) of IIIa and 8 ml of NaOC1 was s t i r red  at 40 ~ for  2 h, 
af ter  which 5 ml of 770 KOH was added and the mixture  was slowly steam-disti l led until indole was no longer 
detected in the distillate (test wi thEhr l i ch ' s reagen t ) .  The disti l late was extracted with benzene to give 
0.327 g (49.770) of Va, which was identical to an authentic sample. 

B. A suspension of 0.5 g (2 mmole) of IVa in 40 ml of 7% KOH was steam-dist i l led as in the preceding 
experiment to give 0.21 g (90%) of Va. 

5-Bromoindole  (Vb). A. A 12-ml sample of cold NaOC1 was added in portions to a suspension of 1 g 
(4 mmole) of IIIb in 15 ml of methanol, and the mixture  was refluxed for 35 min, after  which 10 ml of 7% 
KOH was added, and the mixture  was steam-dist i l led as in the preceding experiment.  The disti l late was 
f i l tered to give 0.346 g (55%) of Vb with mp 90.5-91 ~ (mp 90.5-91 ~ [15]). The picrate  had mp 136-137 ~ (dec., 
f rom methanol) (mp 137-138 ~ [15]). 

B. As in the preparat ion of Va, 0.5 g (1.5 mmole) of IVb was hydrolyzed to give '0.28 g (95.4%) of Vb. 

5-Nit ro-2-naphthylamine (VIH). A 2.5-g (40 mmole) sample of urea and 5 g (35 mmole) of 2-naphthyl-  
amine were dissolved success ive ly  in 35 ml of ~ 100% H2SO4, and a cooled solution of 5 g (72 mmole) of so-  
dium nitrate in 70 ml of concentrated sulfuric acid was added dropwise to the viscous mass .  After  4 h at 
- 5  ~ the mixture  was poured onto 400 g of finely crushed ice, and the ice mixture  was allowed to stand in a 
r e f r ige ra to r  overnight. The precipi tate  was removed by filtration, washed with 20 ml of aqueous tt2SO 4 
(2 : 1), squeezed thoroughly, and rec rys ta l l i zed  f rom water.  A suspension of the precipi tate  in water  was 
made alkaline with dilute ammonium hydroxide, and the mixture was starred for  another 2 h. The prec ip i -  
tate was removed by filtration, washed with water, and recrys ta l l i zed  three t imes f rom alcohol to give 1.2 g 
of VIII with mp 145-146 ~ (rap 146 ~ [2]). The acetyl derivative had mp 185-186 ~ (from alcohol) (rap 185.5 ~ 

[2]). 

5-Nitro-2-naphthol  (Ib). This compound, with mp 147-148 ~ (rap 147-149 ~ [2]), was obtained in 60% 
yield f rom VIII by the method in [16]. 

y -Lac tone  of 5 -Ni t ro -2-carboxyc innamic  Acid (VI). The oxidation of 2.7 g (14 mmole) of Ic was ca r -  
r ied out via the method used to synthesize IIa to give 2.6 g (77%) of VI with mp 194-195.5~ IR spectrum: 
1772, 1790, 1765 (CO) cm -1. Found: C 50.6; H 3.0; N 5.9%. C10HTNO ~. Calculated: C 50.6; I-I3.0; N 5.9%. 

Amide of 5 -Ni t ro -2-ca rboxyc innamicAcid  7 -Lac tone  (VII). This compound, with mp 250-252 ~ (from 
alcohol), was obtained in 50% yield f rom 0.23 g (1 mmole) of VI by the method used to p repare  IIIa; IR spec-  
t rum: 1770, 1790 (lactone CO), 1692 (amide CO), 3220, and 3370-3410 (NH) cm -1. Found: C 50.5; H 3.4; 
N 12.070. C10HsN205. Calculated: C 50.8; H 3.4; N 11.9%. 
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