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A prepa ra t ive  method for  the synthes is  of  p rev ious ly  inaccess ib le  3 - fo rmyl -5 -hydroxy indo le  
de r iva t ives  by V i l s m e i e r  formyla t ion  of 5-acetoxyindoles  is p roposed .  5-Hydroxyindole-3-  
carboxyl ic  acid n i t r i l e s  and the i r  4 -d ime thy lamino-me thy l  der iva t ives  were  obtained f rom 3- 
fo rmyl -5 -hydroxy indo les  through t h e i r  ox imes .  

We have found that 2 -methy l -5 -aee toxy indo les ,  like 2 -methy l -5 -methoxyindo les  [1], undergo V i l s m e i e r  
formyla t ion  in the 3 posi t ion.  The fo rmyl  group is not involved in the alkaline hydrolys is  of the resul t ing  2- 
m e t h y l - 3 - f o r m y l - 5 - a c e t o x y i n d o l e s  (Ia-c),  but the acety l  pro tec t ive  group is eas i ly  removed  to give 2 -methy l -  
3 - fo rmyl -5 -hydrox indo le s  (Ha-c).  Thus we have found a method for  the synthes is  of the prev ious ly  inac-  
cess ib le  3 - fo rmyl -5 -hydroxy indo le  de r iva t ives  [2]. 

A quar te t  with J =9.0 and 2.5 Hz, a doublet with J =9.0 Hz, and a doublet with J - -2 .5  Hz, which are  
re la ted ,  r e spec t ive ly ,  to the 6-H, 7-H, and 4-H protons ,  a re  obse rved  in the PMR spec t ra  of I I a -c .  The 
spec t r a  a re  dist inguished by the singlet  of the proton of the fo rmyl  group at 10 ppm. AH of this  p roves  that 
the fo rmyl  group en te r s  p r e c i s e l y  the 3 posi t ion.  The p r e sence  of CHACO, HO, and CHO functional groups 
in I a - c  and Ha-c  is conf i rmed by the IR s pec t r a  (see Table 1). We obtained the oximes  (HIa-c} of 2 -methy l -  
3 - fo rmy l -5 -hyd roxy indo l e s  by the usual  method.  When ox imes  I I I a -c  a re  heated with acet ic  anhydride they 
undergo dehydrat ion,  and the hydroxyl  group in the 5 posi t ion is s imul taneous ly  acetylated.  We used this 
method to obtain 2 -me thy l -5 - ace toxy lndo l e -3 -ca rboxy l i c  acid n i t r i l es  (IVa-c) and obtained 2 -me thy l -5 -  
hyd roxy-3 -ca rboxy l i e  acid n i t r i l es  (Va-c) by se lec t ive  hydro lys i s  of the 5-acetoxy group of IVa-e .  

We obtained the e s t e r s  of the cor responding  ac ry l i c  acids WI, VII) by condensation of 1 ,2 -d ime thy l -3 -  
f o r m y l - 5 - a c e t o x y -  and 1 ,2 -d ime thy l -3 - fo rmyl -5 -hydroxy indo le  with cyanoacet ic  e s t e r  in pyridine in the 
p r e s ence  of smal l  amounts  of  p iper id ine .  
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T A B L E  1. C h a r a c t e r i s t i c s  of  the  Compounds  O b t a i n e d  
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Empirical 
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Found, % Calc., ~ 

C H N C H N IR spectrum, cm-I 

189,5--190,5 
205,7--206,7 
212,7--213,7 
264,5--265,5 
261,3--262,3 
251,9--252,9 
204,6--205,6 

181,4--182,0 

193,2--194,2 

154,3--155,0 
128,6--t29,2 
191,4--192,0 
203,0--204,0 
229,3--229,8 
186,1--186,6 
156,9--157,4 

188,6--189,2 

158,3--158,8 
150,6-:151,6 
121;l--121,9 
186,8--187,3 
152,3--153,0 
f43,0~-i43,5 
176,8--177,8 

CtsH~sNO~ 
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CloHlvNO~ 
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ClTHtsNO~ 
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C1~I12N202 
CIsHI4N~O2 
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CIIHIoN20 
C,6HI~N~ 
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CloH2oN~O2 
C~H22N.O2 
CI4HITN~O 
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C2oH21NsO 
CIgH2,NsO3 

1645 (CHO--); 1740 (CHACO--) 
1657 (CHO--); 1754 (CHsCO--) 
1657 (CHO--); 1754 (CHsCO--) 
1610 (CHO--); 3190 (--OH) 
1620 (CHO--); 3220 (--OH) 
1630 (CHO--); 3190 (--OH) 
1635 (--CH=NOH); 

3345 (--OH) 
1627 (--CH=NOH) ; 

3385 (--OH) 
1623 (--CH=NOH) ; 

3475 (--OH) 
1750 (CHACO--) ; 2200 (--CN) 
1760 (CHACO--); 2210 (--CN) 
1755 (CHACO--); 2230 (--CN) 
2220 (--CN) ; 3335 {--OH) 
2230 (--CN) ; 3335 (--OH) 
2230 (--CN); 3328 (--OH) 
1755 (CH3CO--) ; 
1715 
2220 
1670 
2228 
1620 
1620 
1645 
2200 
2200 
2220 
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(C2H5OCO--) ; 
(--CN) 
(C~HsOCO--) ; 
(--CN); 3335 (--OH) 
(CliO--) 
(CHO--) 
(CHO--) 
(--CN) 
(--CN) 
(--CN) 
(C~HsOCO--) ; 2220 (--CN) 

68 
50. 
47 
60 
53 
70 
70 

65 

74 

86 
60 
56 
80 
68 
67 
61 

57 

75 
68 
62 
66 
77 
65 
95, 

The  c o r r e s p o n d i n g  4 - d i m e t h y l a m i n o m e t h y l  d e r i v a t i v e s  (VII Ia -c ,  I X a - c ,  and X) a r e  f o r m e d  in the  r e -  
a c t i o n  of  H a - c ,  V a - c ,  and VII wi th  b i s ( d i m e t h y l a m i n o ) m e t h a n e  in a m i x t u r e  of  d ioxane  and d i m e t h y l f o r m -  
a m i d e  (DMF).  The  a b s o r p t i o n  band  of  the  h y d r o x y l  g roup  in the  s p e c t r a  o f  both  c o n c e n t r a t e d  and d i lu te  
s o l u t i o n s  v a n i s h e s  when t h e r e  i s  a d i m e t h y l a m i n o d i m e t h y l  g roup  in the  o r t h o  p o s i t i o n  r e l a t i v e  to  the  h y d r o x y l  
g roup ,  and  t h i s  i s  e x p l a i n e d  by  the  f o r m a t i o n  of  an i n t r a m o l e c u l a r  h y d r o g e n  bond [3]. P r o n o u n c e d  a b s o r p -  
t i on  of  the  OH g r o u p  at  3335 c m  -1 i s  o b s e r v e d  in the  s p e c t r a  of  the  h y d r o c h l o r i d e s  of  t h e s e  s a m e  s u b s t a n c e s .  

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

The  PMR s p e c t r a  of  d e u t e r o d i m e t h y l  su l fox ide  s o l u t i o n s  of  the  compounds  w e r e  r e c o r d e d  wi th  a 
J N M - 4 H - 1 0 0  s p e c t r o m e t e r  wi th  t e t r a m e t h y l s i l a n e  a s  the  i n t e r n a l  s t a n d a r d .  The  IR s p e c t r a  w e r e  r e c o r d e d  
w i th  P e r k i n - E l m e r  and UR-10  s p e c t r o m e t e r s .  The  p h y s i c a l  c o n s t a n t s ,  y i e l d s ,  and  IR s p e c t r a  da t a  f o r  the  

s y n t h e s i z e d  compounds  a r e  p r e s e n t e d  in T a b l e  1. 

1 , 2 - D i m e t h y l - 3 - f o r m y l - 5 - a o e t o x y i n d o l e  (Ia).  A 1 . 0 - m l  [1.7 g (10.3 m m o l e ) ]  s a m p l e  of  f r e s h l y  d i s t i l -  
l e d  p h o s p h o r u s  o x y c h l o r i d e  was  a d d e d  d r o p w i s e  at  10 ~ to  3.6 m l  [3.46 g (46.3 m m o l e ) ]  of  d r y  DMF,  a f t e r  
wh ich  the  m i x t u r e  was  s t i r r e d  at  20" f o r  3 min .  A so lu t i on  of  2 g (9.8 m m o l e )  o f  1 , 2 - d i m e t h y l - 5 - a e e t o x y -  
indo le  [4] in 3.7 m l  [3.5 m m o l e ) ]  o f  d r y  D M F  was  then  a d d e d  d r o p w i s e  wi th  s t i r r i n g  at  20 ~ to  the  r e s u l t i n g  
b r o w n i s h - r e d  so lu t ion ,  a f t e r  which  the  m i x t u r e  was  s t i r r e d  at  20 ~ fo r  30 ra in  and at  45 ~ fo r  45 min .  It was  
t hen  coo l ed  and p o u r e d  into a m i x t u r e  o f  i ce  and w a t e r  ( - 1 5  g). A so lu t ion  of  1.3 g (32.7 m m o l e )  of  s o d i u m  
h y d r o x i d e  in  21 m l  of  w a t e r  was  t hen  added  d r o p w i s e  wi th  s t i r r i n g  to  the  r e s u l t i n g s o l u t i o n ,  the  m i x t u r e  
was  d i lu t ed  wi th  20 m l  of  w a t e r ,  and  the  p r e c i p i t a t e d  Ia  was  r e m o v e d  by  f i l t r a t i o n ,  w a s h e d  on the  f i k e r  wi th  

w a t e r ,  d r i e d ,  and  r e e r y s t a l l i z e d f r o m  a l coho l .  

Compounds  11o and  Ic  w e r e  s i m i l a r l y  o b t a i n e d  (see  Tab le  1). 

1 , 2 - D i m e t h y l - 3 - f o r m y l - 5 - h y d r o x y i n d o l e  (Ha). A) 1 , 2 - D i m e t h y l - 5 - a c e t o x y i n d o l e  was  f o r m y l a t e d  a s  
in t he  s y n t h e s i s  of  Ia .  The r e a c t i o n  m i x t u r e  was  p o u r e d  o v e r  i ce ,  a f t e r  which  a so lu t ion  of  3.8 g (94.5 
m m o l e )  of  s o d i u m  h y d r o x i d e  in 21 m l  of  w a t e r  was  a d d e d  d r o p w i s e  wi th  s t i r r i n g  to  the  aqueous  m i x t u r e .  
It was  then  d i lu t ed  with  21 m l  of  w a t e r ,  and the  s o l i d  m a t e r i a l  was  a l l owed  to  d i s s o l v e  f o r  15 min .  The  s o l u -  
t ion  was  then  f i l t e r e d ,  and a c e t i c  a c i d  was  added  to  the  f i l t r a t e  to  pH 6. The  p r e c i p i t a t e d  I Ia  was  r e m o v e d  
b y  f i l t r a t i o n ,  w a s h e d  on the  f i l t e r  wi th  w a t e r ,  and  d r i e d .  PMR s p e c t r u m ,  6, ppm:  6.69 q#  (6-H),  7.31 d 

(7-H), 7.53 d (4-H),  9.14 s (5-OI-I), and 10.00 s (3-CHO).  

* R.  A.  Z i n o v ' e v a  p a r t i c i p a t e d  in the  e x p e r i m e n t a l  w o r k .  
t h e r e  and s u b s e q u e n t l y ,  q i s  q u a r t e t ,  d i s  double t ,  and s i s  s i n g l e t .  
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B) A 0.5-g (2.2 mmole)  sample  of Ia was ref iuxed at 70 ~ for  30 min with 29 ml  of a 10%solution of 
po t a s s ium hydroxide in methanol ,  and the resul t ing  solution was f i l tered.  The f i l t ra te  was diluted with 
360 ml  of wa te r  and acidif ied with acet ic  acid to pH 6. The prec ip i ta ted  Ha was r emoved  by fi l trat ion,  
washed on the f i l ter  with water ,  dried,  and r ee ry s t a l l i z ed  f rom alcohol.  

Compounds IIb and IIc were  s i m i l a r l y  obtained. PMR spec t rum of IIb, 6, ppm: 6.55 q (6-H), 6.83 d 
(7-H), 7.60 d (4-H), 9.05 s (5-OH), and 10.10 s (3-CHO). PMR spec t rum of IIc, 5 ppm: 6.63 q (6-H), 7.18 d 
(7-H), 7.52 d (4-H), 9.00 s (5-OH), and 10.02 s (3-CHO). 

1 ,2 -Dimethy l -3 - fo rmyl -5 -hydroxy indo le  Oxime Cilia). A mixture  of 1 g (5.3 mmole)  of IIa, 14.8 ml  
of absolute alcohol,  2.2 g (31.9 mmole)  of hydroxylamine hydrochlor ide ,  and 7.4 ml  of dry pyridine was r e -  
fluxed at 100 ~ for  2 h, a f t e r  which it was vacuum evapora ted  at 40 ~ (12 mm),  and 30 ml  of wa te r  was added 
to the res idue ,  The prec ip i ta ted  IIIa was r emoved  by f i l t rat ion,  washed on the f i l te r  with water ,  dried,  
and r e c r y s t a l l i z e d  f rom alcohol.  

Compounds IIIb and IIIc were  s i m i l a r l y  synthesized.  

1 ,2 -Dime thy l -5 -ace toxy indo le -3 -ca rboxy l i c  Acid Nitr i le  (IVa). A mixture  of 1.5 g (7.4 mmole)  of 
I l ia and 20 ml [21.6 g (211.6 mmole)]  of ace t ic  anhydride was ref luxed at 140 ~ for  4 h, a f t e r  which it was 
cooled and poured into a fivefold volume of water .  The prec ip i ta ted  IVa was r emoved  by f i l t rat ion,  washed 
on the f i l te r  with water ,  dried,  and r e c r y s t a l l i z e d  f rom alcohol or  aqueous alcohol.  

Compounds IVb and l~c  were  s i m i l a r l y  synthes ized.  

1 ,2 -Dimethy l -5 -hydroxy indo le -3 -ca rboxy l i c  Acid NitrUe (Va). A 2.7-g (11.8 mmole)  sample  of IVa 
was ref luxed at 70" with 154.8 ml  of a 10% solution of po t a s s ium hydroxide in methanol  for  30 min,  a f t e r  
which the mixture  was cooled to room t e m p e r a t u r e  and poured into 720 ml  of water .  The aqueous solution 
was f i l tered,  and the f i l t ra te  was acidif ied with acet ic  acid. The prec ip i ta ted  Va was r emoved  by f i l t rat ion,  
washed on the f i l te r  with water ,  dr ied,  and r e c r y s t a l l i z e d  f r o m  alcohol or  aqueous alcohol.  

Compounds Vb and Vc were  s i m i l a r l y  synthesized.  

Ethyl 3 I -{1 ,2 -d ime thy l -5 -ace toxy-3 - indo ly l ) -2Lcyanoac ry l a t e  (VI). A mixture  of 2.9 g (12.6 mmole)  
of Ia, 2 g (19.2 mmole)  of cyanoacet ic  e s t e r ,  48 ml  of dry  pyr idine,  and 0.4 ml  (eight drops) of  pyridine was 
allowed to stand for  24 h at 20 ~ a f t e r  which it was poured into 200 ml  of water .  The resul t ing  prec ip i ta te  
was r emoved  by f i l t rat ion,  washed on the f i l te r  with water ,  and dr ied.  The dry reac t ion  product  (3.4 g) was 
heated with 34 ml  of ace t ic  anhydride at 100 ~ for  2 h, a f t e r  which the mixture  was cooled to room t e m p e r a -  
ture  and poured into 340 ml  of wate r .  The prec ip i ta ted  VI was r emoved  by f i l t ra t ion ,  washed on the f i l te r  
with water ,  and dr ied  to give 3.1 g of product ,  which was r e c r y s t a l l i z e d  f rom alcohol.  See Table 1 for  data 
on e s t e r  VI. 

Ethyl 3 t - (1 ,2 -Dimethy l -5 -hydroxy-3- indo ly l ) -21-cyanoacry la te  (VII). A mixture  of 1.8 g (9.5 mmole)  
of Ha, 1.5 g (14.4 mmole)  of cyanoacet ic  e s t e r ,  36 ml  of dry pyridine,  and 0.3 ml  (six drops) of pyridine 
was allowed to stand at 20 ~ for  3 days.  The resul t ing  solution was poured into 250 ml  of water ,  and the p r e -  
cipi tated VII was r emoved  by f i l t rat ion,  washed on the f i l t e r  with water ,  dried,  and r ee rys t a l l i z ed  f rom 
alcohol.  

1 ,2 -Dime thy l -3 - fo rmy l -4 -d ime thy laminome thy l -5 -hyd roxy indo le  (VIIIa). A mixture  of 1 g (5.5 mmole)  
of Ha, 0.8 g (7.9 mmole)  of b is (d imethylamino)methane ,  6.9 ml  of dioxane, and 2.7 ml  of DMF was refluxed 
at 100" for  2.5 h (the ref lux eondensor  was fitted with a soda - l ime  tube).  The mix tu re  was vacuum e v a p o r -  
porated (at 12 m m  and 50~), 133 ml  of wa t e r s  was added to the res idue ,  and the aqueous mix ture  was ex-  
t r ac ted  with e ther .  The e ther  was r emoved  f rom the ex t rac t  by disti l lation, water  was added to the res idue,  
and the prec ip i ta ted  VIIIa was r emoved  by f i l t rat ion,  washed onfi]e f i l te r  with water ,  dr ied over  solid alkali  
in a vacuum des icca tor ,  and r e c r y s t a l l i z e d  f r o m  alcohol.  

Compounds VIIIb and VIIIe w e r e  s i m i l a r l y  synthes ized.  

3 -Cyano- l~2 -d ime thy l -4 -d ime thy laminomethy l -5 -hydroxy indo le  (iXa)" A mix tu re  of 1 g (5.4 mmole)  
of Va, 1.6 g (15.5 mmole )  of b i sd imethy laminomethane ,  and 18.3 g of d ry  dioxane was heated at 100 ~ for  
4 h in a f l a sk  equipped with a ref lux condenser  with a s o d a - l i m e  tube. It was  then cooled to room t e m -  
p e r a t u r e  and poured into 150 ml  of wa te r .  The  prec ip i ta ted  IXa was r e m o v e d  by  f i l t rat ion,  washed on the 
f i l t e r  with wa te r ,  dr ied  ove r  ca lc ium chlor ide  and solid alkal i  in a vacuum des icca to r ,  and r e c r y s t a l l i z e d  
f r o m  a l c o h o l  
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Hydrochloride of IXa. Base IXa was dissolved in the minimum volume of acetone, and an ether solu- 
tion of hydrogen chloride was added to the acetone solution until precipitation was complete (excess hydro- 
gen chloride was avoided). The precipitated hydrochloride of IXa was isolated and recrystaUized from 
absolute alcohol. 

Compounds IXb and IXc and their  hydrochlorides were similarly synthesized. 

Ethyl 3t--(1,2-Dimethyl-4-dimethylaminomethyl-5-hydroxy-3-indolyl)-21-cyanoacrylate iX). A mix- 
ture of 0.5 g (1.8 mmole) of VI, 0.5 g (5.1 mmole) of bis(dimethylamino)methane, and 6 ml of dry dioxane 
was refluxed at 100 ~ for 4 h (the condenser was fitted with a soda-lime tube). It was then cooled to room 
temperature and poured into 50 ml of water. The precipitated X was removed by filtration, washed on the 
fi l ter with water, and dried over solid alkali in a vacuum desiccator.  A sample of the dry product (0.6 g) 
was recrystal l ized from alcohol. 

lo 
2. 

3. 
4. 
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