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A method has been developed for  obtaining indo lo-~-pyrones  by acylation of 3- indolylacet ic  
acid and its N-methyl  der iva t ives .  Indo lo -a -py rones  form indo lo-a -pyr idones  by refluxing 
with ammonium acetate in acet ic  acid. Indolo[2,3-c]pyrylium salts were  obtained by acyla-  
t ion of 4 -methoxy-  and 3 ,4-dimethoxy-3-phenacyl indoles .  

Indolopyrones can be obtained f rom 2-indolylcarboxyl ic  acids [1] or  by acylation of 3-indolylacet ic  
acid with aliphatic acid anhydrides in the p r e s e n c e  of boron t r ichlor ide  [2]. We have shown that the acyla-  
tion of 1 -methyl -3- indoly lace t ic  acid with acetic anhydride in the p resence  of 70~c percMor ic  acid gives 
high yields of an unstable 1 ,2-dimethyl-3-hydroxyindolo  [2,3-c ]pyrylium perch lora te ,  which is re  adily con-  
ve r ted  to 1 ,2-dimethyl indolo[2 ,3-c]-6-pyrone by t r ea tmen t  with ammonia [3]. 

As shown in this study, 3- indolylacet ic  acid (I, R = H) also readi ly  fo rms  an unstable 1-ethyl indolo-  
[2,3-c]pyryl ium salt  by the action of acetyl  percMora te ;  the sal t  is conver ted  to 2-methyl indolo[2 ,3-c]-6-  
pyrone (I) : 

~ CH2COOH 

H 

- -HC IO  4 

c,~co+clo~- ~ _ ~ / c H c o o H  ,clo, ( ~ - F - ~ / ~  

-n" "c=o -,~o ~%..-'u.n-v~..S~ .... 
H l H I "' ~'~ 

CH~ CH~ 

__~ ~S-..~o cHacOOnn ~ ~ ~ 0  

n l H ( 
[ f iH  3 [ l  f iH 3 

The he te rocyc l i c  oxygen is readi ly  exchanged for  ni t rogen by refluxing I with ammonium acetate  in 
glacial  acet ic  acid to form 3 -ke to - l -me thy l -2 ,3 -d ihyd ro - f i - ca rbo l i ne  (II). 

Our proposed method for  the synthesis  of substi tuted indolo[2 ,3-c]-6-pyr idones  is considerably  
s imple r  than alkaline cycl izat ion of amides of (2-acyl-3- indolyl)acet ic  acids [2]. 

The acylat ion of 3- indolylacet ic  acid and (1-methyl-3- indolyl)acet ic  acid with aromat ic  (benzoic and 
ve ra t r i c ) ,  a l ipha t ic -a romat ic  (phenylacetic and homovera t r i c ) ,  and he te rocyc l i c  (pyromucic and 3- indolyl-  
acetic) acids in the p resence  of polyphosphoric acid (PPA) proceeds  s imi la r ly .  

Under the influence of PPA an e lect rophi l ic  substi tuent is init ially d i rec ted  to the 2-posit ion of the 
indole ring to form keto acid III, which is cycl ized with closing of the pyrone ring with subsequent f o rma-  
tion in high yields (85-88%) of the previously  undescr ibed  indo lo -~-pyrones  (IV), which are  br ight ly  
co lored  substances which f luoresce  intensely in solutions.  

Attempts to conver t  i ndo lo -a -py rones  to indolo[2,3-c]pyryl ium salts  by alkylation of the lactone oxy-  
gen with ethyl or thoformate  or  by the action of a Grignard  reagent  [4] did not give positive resu l t s ,  

The IR spec t ra  of indolopyrones IV, obtained as minera l  oil pastes  with an IKS-14 spec t rophotometer  
(NaC1 pr ism) ,  contain an intense absorpt ion band at 1670-1700 cm -1 (vC=O) which is ba thochromical ly  
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T A B L E  1. Subst i tu ted  I n d o l o - a - p y r o n e s  (IV) 
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mp IR spectrum~ 
Umax, cm "I 

165 
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235 

187 

204 
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1675; 1660; 1616; 
1530 
1690; 1595; 1512; 
1275; I060; I010 
1680; 1665; 1654; 
1560; 1540 
1696; 1648; 1595; 
1512; 1275; 1010 
1680; 1630; 1610; 
1516; 1266; 1024 
1690; 1650; 1610; 
1540 
1692; t620; 1616; 

1560; 1512; 1258; 
1230; 1065; 1018 
1713; 1692; 1650; 
1618; 1512; 1273; 
1230 

I Found, I Cah Empirical % o,]c 
formula c H C [ 

CasH13NO2 178,3 4,9 78,5 

C2oHtzNO4 171;3 5,2 71,6 

CIgHtsNO2 79,1 5,2 71,9 

C~IH19NO4 72,6 4,8] 72,8 

C19HI,s[NO4 70,7 4,9 71,0 

ClsHlaNO2 78,7 4,9 78,5 

C~oHI?NO 4 ~ 71,3 5,2 71,6 

C15HgNO3 71,5 3,6 71,7 

c., !~-; 
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5,2 98 

4,6! 97 

4,7 86 

4,7 93 

5,1 85 

3,6 87 

T A B L E  2. Subs t i tu ted  3 - K e t o - 2 , 3 - d i h y d r o - f i - c a r b o l i n e s  
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8,2171,514,7 8,8 95 

10,2 79,1 4,~ 10,2 91 

8,6 72,0 5,1 8,4 85 

ll,1 72,3 4,( ll,2 97 

I 

sh i f ted  as  c o m p a r e d  with the pos i t ion  of  this  band in the s p e c t r a  of  a - p y r o n e s  [5] and i s o c o u m a r i n s  [6] as  
wel l  as  an abso rp t i on  band fo r  the py rone  r ing  [5] at 1630-1650 c m  - l .  The absorp t ion  bands at 1600-1610 
c m  -I and 1500-1520 c m  -1 a re  c h a r a c t e r i s t i c  fo r  the a r o m a t i c  r ing ,  while those  at 1250-1280 and 1000-  
1050 c m  -I  c o r r e s p o n d  to v ib ra t ions  of  the me thoxy  g roups .  

~ C H 2 C O O H  R'COOH [ ~ C H 2 C O O n  PPA ~ ' ~ O  CHzCOONI'I4 ~ , ~ O , ,  , 

~-,%..,~n/ PPA ., , ,~. . , . .~n/\c = ~ -- H20 N ' , , ~ . , . x . , n ~ n  n 
I I I I I I v  R r '  I I R I I I  R R' V R W 

R = H, CH3; R r~ C6H 5, 3,4-(CH30)2C6H 3, C6HsCH 2, ~-C4HaO, 
3,4- (CII30)2CsH3CH2. 

Refluxing of  i n d o l o - a - p y r o n e s  in g lac ia l  ace t i c  ac id  with a f o u r -  to f ivefold e x c e s s  of  a m m o n i u m  
ace ta te  y ie lded  92-97% of 3 - k e t o - l - a r y l  ( a r y l a l k y l ) - 2 , 3 - d i h y d r o - f l - c a r b o l i n e s  (V), which  a r e  ye l low o r  
o range  and f l u o r e s c e  in so lu t ions .  

Like the s p e c t r u m  of 3 - i soqu ino lone  [7], the IR s p e c t r a  of indo lopyr idones  V have a c h a r a c t e r i s t i c  ab -  
s o r p t i o n  band fo r  the C ---~O g roup  at 1650 cm -i  and abso rp t ion  bands  of the a r o m a t i c  r ing  (1600-1620 c m  -I  
and 1500-1510 c m  -l) and of  the m e t hoxy  g r o u p s  (1250-1280 c m  -I  and 1050-1100 cm-1) .  

P y r y l i u m  sa l t s  condensed  with h e t e r o c y c l i c  r i ngs  [8] and p a r t i c u l a r l y  with an indole r ing  a r e  wor thy  
of  a t tent ion s ince  the t r a n s i t i o n  t o / 3 - c a r b o l i n e s  [9] can  be a c c o m p l i s h e d  f r o m  indo lo [2 ,3 - c ]py ry l i um sa l t s .  

To obtain  i n d o l o [ 2 , 3 - c ] p y r y l i u m  sa l t s  which  do not conta in  subs t i tuen t s  a t tached  to the n i t rogen  a tom 
of the indole r ing ,  we used  the syn thes i s  t h rough  the c o r r e s p o n d i n g  p y r y l i u m  compounds  [8, 9] and obtained 
86-88% y ie lds  of subs t i tu ted  3 -phenacy l indo le s  by  acy la t ion  of an iso le  o r  v e r a t r o l e  with 3 - indo ly l ace t i c  
ac id  in the p r e s e n c e  of P P A :  
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R : = OCt l  3, H;  R ' =  CH 3, C2H5, C6H5 ' C6H5CH2 ' 3.~_(CH~IO)2C6H3CH2 

Acylation of these ketones with acetic or  propionic anhydrides in the 
presence  of 70% HC104 leads to 2-a lkyl -4-ary l indolo[2 ,3-c]pyryl ium p e r -  
c h l o r a t e  (VI) in yields of about 50%. 

Acylation with benzoic,  phenylacetic,  or  homovera t r ic  acids in the 
presence  of a tenfold amount of PPA yields 80-90% of 2 ,4-diaryl indolo-  
[2,3-c]pyrylium phosphates,  which were converted to crys ta l l ine  pe r ch lo r -  
ates VI in glacial  acetic acid with an equimolecular  amount of perchlor ic  
acid. 

The IR spec t ra  of all of the pyryl ium salts  obtained contain an in-  
tense absorption band at 1640-1650 cm -1 which cor responds  to the s y m -  
met r ica l  valence vibrations of the pyryl ium cations [10, 11]. The band at 
1600 cm -1 (aromatic ring absorption) in severa l  cases  is overlapped by 
the s t ronger  absorption band of the pyryl ium cation. The absorption at 
1260-1270 cm -1 indicates the presence  of methoxy groups.  There is also 
an intense absorpt ion band at 1090-1100 cm -1 which is cha rac te r i s t i c  for 
the C10~ anion. 

In an attempt to conver t  2-methyl -3-(p-anisyl ) indolo[2 ,3-c]pyryl ium 
perchlora te  to the corresponding f i -carbol ine by the action of ammonium 
hydroxide or  by refluxing with ammonium acetate in glacial  acetic acid we 
isolated a ring opening p r o d u c t -  2-acetyl-3-(p-methoxyphenacyl) indole  - 
which was also obtained by the react ion of this salt  with an alcohol solution 
of sodium acetate.  The identical cha rac t e r  of the two preparat ions  was 
proved by chromatography in a thin layer  of aluminum oxide and also by 
IR spec t roscopy.  

2-Methyl -3-  (p-methoxyphenacyl)indolo [2,3-c]pyrylium perchlora te  
is formed f rom 2-acetyl-3-(p-methoxyphenacyl) indole  by the addition of 
acetyl perchlora te .  

EXPERIMENTAL 

2_-Methyl-3-hydroxyindolo [2,3-c]pyrylium Perch lo ra t e .  Glacial ace-  
tic acid (7 ml) and a solution of acetyl perchlorate ,  p repared  with cooling 
f rom 6.5 ml of acetic anhydride and 1 ml of 70% perchlor ic  acid, were 
added dropwise to 1.61 g (9.2 mmole) of 3-indolylacet ic  acid. The solution 
was diluted with ether ,  and the react ion product was r ec rys ta l l i zed  f rom 
glacial  acetic acid to give 2.4 g (80%) of a perchlora te  which decomposed 
on heating. IR spee t rum (~max, era-l):  1660 strong, 1626 weak, 1583 
weak, 1546 medium, 1100 strong, 1529 s trong.  Found %: C1 11.4. 
CI2H10C1NO 6. Calcula ted%: C1 11.8. 
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2-Methyl indolo[2 ,3-c ] -6-pyrone .  A total  of 10 ml  of a 25% ammonium hydroxide solution was added 
to 1 g (3 mmole)  of 2 -me thy l -3 -hydroxy indo lo [2 ,3 -c ]pyry l ium pe rch lo ra t e  to give 0.47 g (71%) of b r igh t -  
yel low c r y s t a l s  with mp 263 ~ (from ethanol) (mp 260 ~ [2]). IR s p e c t r u m  (Vmax, cm-1): 1700 strong;  1646 
med ium,  1600 med ium,  1550 medium,  1520 medium.  Found %: C 71.9; H 4.5; N 7.3. C12H9NO 2. Calculated 
%: C 72.2; H 4.51 N 7.0. 

3 - K e t o - l - m e t h y l - 2 , 3 - d i h y d r o - f l - c a r b o l i n e .  A mix tu re  of 1 g (5 mmole)  of 2 -methy l indo lo[2 ,3 -c ] -6 -  
pyrone,  5 g of am m on i um  ace ta te ,  and 10 ml  of glacia l  acet ic  acid was ref luxed for 1.5 h. The mix tu re  was 
cooled and diluted with wa te r  to give 0.85 g (86%) of a p rec ip i ta te  with mp 300 ~ (decomp.,  f r o m  ethanol) (mp 
300 ~ (decomp.) [2]). IR s p e c t r u m  (Vmax, cm-1): 1640 s t rong,  1612 s t rong,  1550 weak,  1528 medium.  Found 
%: C 73.0~ H 5.2; N 13.8. C12H10N20. Calcula ted %: C 72.7; H 5.0; N 14.1. 

2 -Pheny l indo lo [2 ,3 -c ] -6 -pyrone .  Hot PPA (10 g), p r epa red  f r o m  10 g of HiPO 4 and 15 g of P205 (100 ~ 
for  2 h ) [12], was added to a mix tu re  of 0.87 g (5 mmole)  of 3- indolylacet ie  acid and 1 g (8 mmole)  of ben-  
zoic acid. The mix tu re  was s t i r r e d  thoroughly and heated on a wa te r  bath (95-100 ~ for  30 min.  The mix tu re  
became  dark  red .  The hot solution was poured  into 150 ml  of cold wa te r .  The resul t ing  prec ip i ta te  was 
t r i t u ra t ed  thoroughly and f i l t e red  and washed on the f i l t e r  succes s ive ly  with water ,  10% sodium carbonate ,  
and again with wa te r  to give 1.3 g (97%) of an orange,  c rys ta l l ine  subs tance  with mp 231 ~ (from ethanol).  IR 
s p e c t r u m  (Vmax, cm- l ) :  1690 s t rong,  1640 med ium,  1610 s t rong,  1250 weak.  Found %: C 77.9; H 4.4. 
C17HlINO 2. Calcula ted  %: C 78.2; H 4.2. 

The remain ing  i ndo lo -~ -py rones  were  s i m i l a r l y  obtained (Table 1). 

3 - K e t o - 2 - p h e n y l - 2 , 3 - d i h y d r o - f l - c a r b o l i n e ,  A mix tu re  of 1.08 g (4.1 mmole)  of i ndo lo -~ -pyrone ,  a 
f o u r '  to f ivefold exces s  of ammonium aceta te ,  and 5 ml  of glacial  acet ic  acid was ref iuxed for  10 h. The 
mix tu re  was poured into ice wa te r  (150 ml),  and the prec ip i ta te  was thoroughly ground, f i l tered,  and washed 
with wa te r  to give 1.05 g (96%) of a l ight-yel low,  c rys ta l l ine  product  with mp 290 ~ (from xylene).  IR s p e c -  
t r u m  (~max,  cm - i ) :  1650 s t rong,  1610 s t rong,  1546 s t rong,  1500 medium.  Found %: C 78.6; H 4.4; N 10.7. 
CITHI2N20. Ca lcu la t ed%:  C 78.8; H 4.2; N 10.8. 

The other  f l - ca rbo l ine s  were  s i m i l a r l y  obtained (Table 2). 

3- (3 ,4-Dimethoxyphenacyl) indole .  A mix tu re  of 1.6 g (9.2 mmole)  of 3- indolylacet ic  acid, 3 ml  of 
v e r a t r o l e ,  and 20 g of  PPA was heated on a wa t e r  bath (70-75 ~ for  30 rain and poured into ice water .  The 
resul t ing prec ip i ta te  was f i l t e red  and washed on the f i l t e r  with water ,  10% sodium carbonate ,  and water ;  
and the subs tance  was dr ied  to give 2.5 g (96%) of red c rys t a l s  with mp 243 ~ (from alcohol).  Found %: C 
72.9; H 5.5. C18H17NO 3. Calcula ted %: C 73.2; H 5.8. 

3-(p-Methoxyphenacyl) indole .  This was s i m i l a r l y  obtained in 88% yield as a l ight-brown subs tance  
with mp  260 ~ (from ethanol) .  Found %: C 76.4; H 5.5. C17HIsNO 2. Calcula ted  %: C 77.0; H 5.7. 

2 -Methy l -4 - (p -an i sy l ) indo lo[2 ,3 -c ]pyry l ium P e r c h l o r a t e .  A cooled mix tu re  of 1.3 ml  of acet ic  an-  
hydr ide  and 0.3 ml  of 70% pe rch lo r i c  acid was added dropwise to a solution of 0.6 g (2 mmole)  of 3 - (p -  
methoxyphenacyl) indole  in 5 ml  of glacia l  acet ic  acid, and the mix tu re  was allowed to stand, during which 
0.6 g (75%) of r e d - b r o w n  c r y s t a l s  of the py ry l ium sal t  with mp 195 ~ (from glacia l  acet ic  acid) prec ip i ta ted .  
IR s p e c t r u m  (~max,  era- i ) :  1646 medium,  1618 weak, 1595 medium,  1546 s t rong,  1252 s t rong,  1180 s t rong,  
1090 s t rong .  Found%:  C 58.6; H 4.3; C1 8.9. C19H16C1NO 6. Ca lcu la ted%:  C 58.5; H 4.1; C1 9.1. 

2 -Pheny l -4 - (p -an i sy l ) indo lo [2 ,3 -c ]pyry l ium P e r c h l o r a t e .  A mix tu re  of 1.3 g (5.0 mmole)  of ketone, 
1.5 g of benzoic acid, and 15 g of PPA was hea ted  at 90 ~ for  30-40 rain, and the mix tu re  was then poured in-  
to ice wa te r .  The resu l t ing  p rec ip i t a te  was ground thoroughly,  f i l te red,  washed with wate r ,  and dr ied.  The 
r ed -b rown  pyry l ium phosphate obtained was d isso lved  in 7 ml  of glacial  acet ic  acid, and 0.7-0.9 ml  of 70% 
pe rch lo r i c  acid was added dropwise  to it. The compound was p rec ip i t a ted  with e the r  to give 1.03 g (47~c) 
of a brown c rys t a l l i ne  product  with mp 203 ~ (from glacia l  acet ic  acid). IR spec t rum (Vmax, cm-1):  1625 
med ium,  1609weak, 1572 weak, 1260 s t rong,  1180 s t rong,  1095 s t rong.  Found %: C 63.4; H 4.2; C1 7.6. 
C24HIsCINO 6. Calcula ted  %: C 63.8; H 4.0; C1 7.9. 

The other  indolo[2,3-c]pyryl ium sa l t s  were  s i m i l a r l y  obtained (Table 3). 
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