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It is shown that the condensation of 2 ,3-dichloro-p-benzoquinone with N-a lky l (a ry l ) -~ -amino-  
crotonic acid es te r s  leads,  depending on the conditions and the nature of the substituent at-  
t ached  to the ni trogen of the aminocrotonic es te r ,  e i ther  to substituted dichlorohydroquinones 
or  to 5-hydroxy-6,7-dichloroindole  der ivat ives .  The la t te r  are oxidized by nitric acid to the 
corresponding o-quinones.  

Continuing our investigations of the condensation of 2 ,3-dichloro-p-benzoquinone with aminocrotonic 
e s t e r  and substituted f i -aminocrotonic  es te r s  [1, 2], we have found that, depending on the conditions and 
par t icu lar ly  the nature of the substituent attached to the nitrogen of the aminocrotonic es te r ,  this react ion 
leads e i ther  to indole derivat ives  I-VII or to substituted dichlorohydroquinones VIII-XI, which are not in te r -  
mediates  in the synthesis  of 5-hydroxyindole der ivat ives .  

According to our observat ions ,  they are converted in almost  quantitative yields, apparently via adduct 
C, to 5-hydroxybenzofuran derivative XII on br ief  heating in acetic acid or alcohol. The format ion of 5- 
hydroxyindole der ivat ives  can be explained only by splitting out of water  f rom adduct B. The other mecha-  
n ism for the format ion of 5-hydroxyindoles,  which consis ts  in the cycl izat ion of substituted d ichlorohydro-  
quinones with the evolution of water  under mild conditions and without a catalyst ,  does not have analogies. 
Thus, the occur rence  of the Nenitzescu react ion in the direct ion of the synthesis  of indole derivat ives  or  
substituted dichlorohydroquinones depends on the tendency of adducts A for i somer iza t ion .  5-Hydroxyindole 
derivat ives  are obtained when the p rocess  for  convers ion of adducts A to adducts B competes  with the 
i somer iza t ion  of adducts A to substituted dichlorohydroquinones.  A confirmation of the mechanism that we 
have proposed for the Nenitzescu react ion is the fact of the isolation of adducts during the react ion of p-  
quinones with enamines [3-5]. 

The ma jo r  products  of the condensation of 2 ,3-dichloro-p-benzoquinone with N-alkylaminocrotonic  
e s t e r s  are  substituted dichlorohydroquinones VIII-XI ra the r  than adducts C. This is conf i rmed by the p r e s -  
ence in the PMR spec t ra  of a signal at 1.7 ppm from the protons of the CH 3 group attached to the double 
bond and by the absence of a singlet at 4.0-5.0 ppm, which was previously observed for compounds of the 
type of adduct C; an absorption band at 1640 cm -1, which indicates conjugation of the carbonyl  group with 
the vinylamine residue,  is observed in the IR spec t ra  of the derivat ives obtained. 1-Alkyl-5-hydroxyindoles  
I-IV could be obtained in the mixture with corresponding dichiorohydroquinones VIII-XI only by the addition 
of N-alkylaminocrotonic  es te r s  to excess  2 ,3-dichloro-p-benzoquinone.  

The react ion of 2 ,3-dichloro-p-benzoquinone with N-a ry l - f i - aminoero ton ic  es te r s  yielded 1 - a r y l - 5 -  
hydroxyindoles V-VII along with substituted dichlorohydroquinones.  The la t ter  could not be isolated in pure 
form.  However, their  format ion is conf i rmed by the fact that the action of acetic acid on the mother  l iquors 
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obtained after  isolation of l -a ry l indole  derivat ives  V-VH leads to the formation of the corresponding 5- 
hydroxybenzofuran (XII). The s t ruc tures  of 5-hydroxyindoles I-VII  were proved by the presence  in the IR 
spec t ra  of absorption bands at 1650 cm -I (C ~ O )  and 3280 cm -~ (OH) and two fundamental absorption bands 
with ~ max 245-247 and 290-293 nm in the UV spect ra ;  the s t ruc ture  of 5-hydroxybenzofuran derivative XII 
was proved by compar ing  it with a sample obtained by another method [6]. 

A study of the t ransformat ions  of the der ivat ives  that we obtained is of definite interest ,  o-Quinones 
XIII-XX are formed in high yields by oxidation of 5-hydroxy-6,7-dichloroindoles  I-VII and 2 -me thy l -3 -  
c a rbe thoxy-5-hydroxy-6 ,7-d ichloro indole  [2] with ni tr ic  acid according to the method in [7]: 

0 
II HO'~COOC~H5 H NO3 O~F'~COOC2 H~, 

Cl R R 
XIII-XX 

XIII R=H; XIV CH~; XV C3H7; XVI C4H9; XVII CH2C6H~; 

XVIII C6H5; XIX p'CH3C6H4; XX p-CH3OCfH 4 

The fact that XIH-XX belong to the o-quinone c lass  is conf i rmed by the absence of an absorption band 
with k m a x  290-293 nm, which is present  in the s tar t ing 5-hydroxyindoles,  and by the appearance of new ab- 
sorpt ion bands with ~ m a x  347-350 nm and 528-550 nm in the UV spec t ra  as well as by the absence of an 
absorpt ion band at 3200-3700 cm -I in the IR spec t ra .  

EXPERIMENTAL 

1 ,2-Dimethy l -3-carbe thoxy-5-hydroxy-6 ,7-d ich loro indole  (1). A solution of 4.2 g (0.03 mole) of N- 
methylaminocrotonic  e s t e r  in 50 ml of dichloroethane was added in the course  of 15 rain to a refluxing solu-  
tion of 5.4 g (0.03 mole) of 2 ,3-dichloro-p-benzoquinone in 50 ml of dichloroethane with simultaneous d is-  
ti l lation of the azeotrope (80-90 ml). The react ion mixture was allowed to stand overnight in a r e f r ige ra to r ,  
and the resul t ing precipi ta te  was fi l tered,  washed on the fi l ter  with carbon te t rachlor ide ,  and t rea ted  with 
100 ml of methanol at 18,20 ~ The precipi ta te  was then fi l tered and air dried to give 0.65 g (7.1%) of a 
product  with mp 240-241.5 ~ (from dioxane). Found %: C 51.5; H 4.4; C1 23.1; N 4.7. C13HI3C12NO 3. Calcu-  
lated %: C 51.7; H 4.3; C1 23.5; N 4.6. Data on 5-hydroxyindoles ]I and HI, s imi la r ly  obtained, are p re -  
sented in Table 1. The methanol mother  l iquor was vacuum evaporated to give 6.15 g (63%) of ethyl fi- 
methylamino-~-(2 ,5-d ihydroxy-3 ,4-d ieh lorophenyl )cro tonate  with mp 142-144 ~ (deeomp., f rom toluene). 
Found %. C 49.1; H 5.0; Cl 21.9; N 4.3. CI3HIsC12NO4. Calculated %: C 48.8; H 4.7; CI 22.2; N 4.4. 
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T A B L E  1 

Com- 
pound 

I, I III 
IV 
V 

VII 

H O ' ~ ' f - - ~ C O O  C2 HS 

CI R 

rap, ~ 

206--207 
169--170 
203--204 

191,5--192,5 
213--214 

Empirical 
formula 

ClsH,rCI2NOa 
C,6HIgCI2NOa 
C~gHIrCI~NOa 
CI8HIsCI2NO3 
C19HIrCI~NO4 

C 
Found, % Calc., % .[YieId, 

54,4 5,3 / 21,3 4,5 
55,7 / 5,6/ 20,9 4,1 
60,6 / 4,7 18,8 3,7 
59,4142 19,3 3,8 
58,0 / 413 18,0, 3,5 

54,6 5,2~ 21,5 4,3 7,0 
55,8 / 5,6 [ 20,6 4,1 4,7 
60,3 ] 4,5 18,8 3,7 8,5 
59,4 4,2 19,5 3,8 12,5 
57,9 4,3 18,0 3,6 11,5 

T A B L E  2 

H O ~ ~ - - C O O C 2  H5 

C I / " ~ "  0 H HN/C~,cH ~ 
ct I 

Corn- rap, *C / Empirical 
pound (decomp.j formula 

IX [136--137 C~sHIgCI2NO4 
X 119--120 CagH21CIzNO4 

XI 114--115 CIgHIgCI~NO4 

R 

Found, % 
H Cl 

51,7 5,5 20,8 
53,1 5,9 19,9 
57,7 4,9 17,9 

I 
NIc 

4,1 51,8 
4,0 53,1 
3,7 57,6 

T A B L E  3 

o )) 
O~-- -~COOC2H5 

C I " N ~ A C H  3 
CI R 

Calc., % 
H Cl 

5,5 
5,9 
4,8 

Com- 
pound 

XIII 
XV 

XVI 
XVI I 

XVIII 
XIX 
XX 

rap, ~ 
(decomp.) 

248--250 
130--132 
128--129,5 
139--140 

209,5--211 
236--237 
215--216 

Empirical 
formula 

C12HgCI2N04 
ClsHlsClaNO4 
C~6HITCI~'NO4 
C mH~sC12~lO4 
C 18HlaCl=rN04 
CigHtsCI~NO4 
C19HIsCleN05 

Found, % 
C H I C1 [ N 

52,2 4,5 20,7 4,2 
53,9 4i6 19,8 4,0 
58,1 3,7 17,9 3,5 
57,8 3,6 18,7 3,6 
57,8 3,8 18,0 3,9 
55,7 3,5 17,1 3,4 

Calc. 
c I H  

47,7 3,0 
52,41 4,4 
53,7 ] 4,8 
58,23,9 
57,4 ' 3,5 
58,2 3,g 
55,9 3,7 

~ield, 

204t40 / 19,6 3 9 7l 
17,9 3:5 50 

% / Yield, 
cl ~ 1 %  

23,5 4,6 88 
20,6 4,1 92 
19,8 3,9 97 
18,1 3,6 90 
18,8 3,7 94 
18,1 3,6 90 
17,4 3,4 84 

1 - ( p - T o l y l ) - 2 - m e t h y l - 3 - c a r b e t h o x y - 5 - h y d r o x y - 6 , 7 - d i c h l o r o i n d o l e  (VI).  Th is  e x p e r i m e n t  was  c a r -  
r i e d  out  u n d e r  cond i t i ons  wh ich  w e r e  s i m i l a r  to t h o s e  u s e d  to ob ta in  I, but  the  o r d e r  of add i t i on  of the  r e -  
agen t s  was  c h a n g e d .  N - ( p - T o l y l a m i n o ) c r o t o n i c  e s t e r ,  o b t a i n e d  f r o m  3.4 g (0.03 mole )  of  p - t o l u i d i n e  and 
4.4 g (0.03 m o l e )  of a c e t o a c e t i c  e s t e r  in  60 m l  of  d i c h l o r o e t h a n e ,  and a s o l u t i o n  of  5.4 g (0.03 mole )  of 2 ,3 -  
d i c h l o r o - p - b e n z o q u i n o n e  in  50 m l  of d i e h l o r o e t h a n e  w e r e  u s e d  fo r  the  r e a c t i o n .  The r e a c t i o n  p r o d u c t  was  
f i l t e r e d ,  w a s h e d  wi th  c a r b o n  t e t r a c h l o r i d e ,  and  a i r  d r i e d  to" g ive  1.9 g (16.5%) of a p r o d u c t  wi th  m p  233 .5 -  
234.5 ~ ( f rom m e t h a n o l - d i o x a n e ) .  Found  %: C 60.2; H 4.6;  C1 18.8;  N 3.9.  C19H17C12NO 3. C a l c u l a t e d  %: 
C 60.3;  H 4.5;  C1 18.8;  N 3.7.  Da t a  on 5 - h y d r o x y i n d o l e s  V and VII ,  s i m i l a r l y  ob ta ined ,  a r e  p r e s e n t e d  in 
T a b l e  1. The m o t h e r  l i q u o r  a f t e r  i s o l a t i o n  of  VI was  r e f l u x e d  fo r  1 h wi th  20 m l  of a c e t i c  ac id ,  the  m i x t u r e  
was  a l l owed  to s t a n d  o v e r n i g h t  in  the  r e f r i g e r a t o r ,  and the  r e s u l t i n g  p r e c i p i t a t e  was  f i l t e r e d ,  w a s h e d  wi th  
c a r b o n  t e t r a c h l o r i d e ,  and a i r  d r i e d  to g ive  1.05 g of XII wi th  m p  203 .5 -205  ~ ( f rom me thano l )  (rap 202.5 ~ [6]). 
A s a m p l e  of t h i s  p r o d u c t  d id  not  d e p r e s s  the  m e l t i n g  po in t  of  a s a m p l e  of  XII ob t a ined  v i a  the  m e t h o d  in [6]. 

E thy l /3  - M e t h y l a m i n o - c ~ -  ( 2 , 5 - d i h y d r o x y - 3 , 4 - d i c h l o r o p h e n y l ) c r o t o n a t e  (VIII). Th i s  e x p e r i m e n t  was  
c a r r i e d  out  u n d e r  the  c o n d i t i o n s  u s e d  to  o b t a i n  VI u s i n g  8.4 g (0.06 mole )  of N - m e t h y l a m i n o c r o t o n i c  e s t e r  
in 15 m l  of d i c h l o r o e t h a n e  and 10.8 g (0.06 mole )  of 2 , 3 - d i c h l o r o - p - b e n z o q u i n o n e  in 100 m l  of  d i e h l o r o e t h a n e  
to  g ive  15.3 g (77%) of VIII  wi th  m p  142-144  ~ (decomp. ,  f r o m  to luene ) .  Found  %: C 49.1;  H 4.7;  C1 22.1; N 
4.3 .  C13Hl~C12NO 4. C a l c u l a t e d  %: C 48.8;  H 4.7;  C1 22.2;  N 4.4 .  Da t a  on s u b s t i t u t e d  d i c h l o r o h y d r o q u i n o n e s  
IX-XI ,  s i m i l a r l y  o b t a i n e d ,  a r e  p r e s e n t e d  in  T a b l e  2. 
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2-Methy l -3 - ca rbe thoxy -5 -hyd roxy -6 ,7 -d i ch lo robenzo fu ran  (XII). A mix tu re  of 3.2 g (0.01 mole) of 
VIII was  ref luxed for  5 rain with 20 ml  of ace t i c  acid. The mix ture  was cooled, and the resul t ing prec ip i ta te  
was f i l t e red ,  washed with acet ic  acid and wate r ,  and a i r  dr ied to give 2.7 g (94%) of XII with mp 205-206 ~ 
(from methanol) .  Found %: C 49.9; H 3.3; C124.4.  C12H10C1204. Calcula ted  %: C 49.8; H 3.5; C124.5.  A 
s amp le  of this product  did not dep re s s  the mel t ing  point of a sample  of XII obtained via the method in [6]. 

1 ,2 -Dime thy l -2 -ca rbe thoxy-4 ,5 -d ioxo-6 ,7 -d ich lo ro indo le  (XIV). A solution of 0.4 ml  [0.54 g (0.009 
mole)]  of ni t r ic  acid (sp. gr~ 1.35) in 5 ml  of acet ic  acid was added dropwise  in the course  of 30 rain to a 
suspens ion  of 1.0 g (0.003 mole) of I in 20 ml of acet ic  acid.  -The reac t ion  mix tu re  was held at 15-20 ~ with 
s t i r r i ng  for  1.5 h. The resu l t ing  prec ip i ta te  was f i l t e red .  The mo the r  l iquor was diluted with th ree  volumes  
of wa te r ,  and the resu l t ing  prec ip i ta te  was f i l t e red  and added to the m a j o r  m a s s  to give 1 g (95~c) of XIV 
with m p  181.5-183 ~ (decomp.,  f rom ethyl aceta te) .  Found %. C 49.7; H 3.5; C122.7;  N 4.6. C~3HIICI2NO 4. 
Calcula ted  %: C 49.4; H 3.5; C122.5;  N 4.4. Data on o-quinones X]II and XV-XX, s i m i l a r l y  obtained, a re  
p r e sen t ed  in Table 3. 
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