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It is shown on the basis of data from the UV and IR spectra  that keto acids of the indole 
ser ies  exist  in the open acid form. The anomalies in the spectral  behavior in alkaline 
media  are  determined by the formation of an anion involving the indole hydrogen atom. 

Previously  [2] in a study of the PMR spect ra  of indolylketocarboxylic acids of the I type it was con- 
cluded that the t rans  conformation of the keto group in these compounds with respec t  to the pyrro le  portion 
of  the molecule is prefer red .  However, in this case the possibil i ty of r i n g - c h a i n  tautomer ism,  which is 
known for several  4-ketocarboxyl ic  acids [3, 4], and the possibili ty of the real izat ion of an indolenine s t ruc -  
ture remained open. In this connection, we made a systematic  study of the e lect ronic  spect ra  of a number 
of keto acids I and of the neces sa ry  model compounds. 
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N-Methylated keto acids of the I type (R 1 = CHs) were obtained by di rec t  alkylation of acids I (R 1 = H) 
with dimethyl sulfate in an aqueous acetone solution of alkali; the alkylation is accompanied by es ter i f iea-  
tion of the carboxyl group. Ester i f icat ion of acids I in the presence  of sulfuric acid gives sa t i s fac tory  
yields of the acid es te r s  (R 2 = CH3, C6H5), but the preparat ion of an es te r  f rom salt III and an alkyl halide 
proceeds somewhat better for models that do not have substituents in the 2 position of the pyrro le  r ing 
(R2=H). Completely sat isfactory resul ts  were also obtained by direct  synthesis f rom the appropriate o r -  
ganomagnesium compound of indole or its 2-substi tuted derivative and the half-ester  of suecinoyl chloride, 
but the value of the latter method is reduced by the necessi ty  for the synthesis of this half-ester.  

P r imar i l y  two absorption maxima at 240-250 and 298-305 nm are  observed in the UV spect ra  of 
pyrro le  nitrogen-unsubsti tuted 3-indolylketo acids I (R 1 =H) (a short -wave maximum at 210 nm can also be 
somet imes  observed).  In strongly alkaline solutions both bands undergo a bathochromic shift, which is 
par t icular ly  considerable for the long-wave r - r *  band (Ah 28-40 nm, Xma x 330-340 nm, see Fig. 1). 

In the case of N-methylated keto acids I (RI=CHs) the UV spectra  in alcohol and aqueous solutions 
are  absolutely identical (Fig. 2). The electronic spectra  of alcohol solutions of keto acid es te r s  II and 
salts of these keto acids (III) (in water) are  identical and very  s imilar  to the spect ra  of alcohol solutions 
of free keto acids I (Fig. 17, i.e., salt formation (involving the earboxyl group) or even replacement  of the 
hydrogen atom of the carboxyl group have pract ical ly  no effect on the charac ter  of the UV spectra.  

~fSee [1] for communication XLI. 
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Fig. 1. UV spec t ra  of T-(3-indoyl)propionic acid in 
alcohol (1) and in 2 N aqueous NaOH (2), of methyl  
7-(3-indoyl)propienate in alcohol (3), and of sodium 
7-(3-indoyl)propionate in water  (4). 

Fig. 2. UV spect ra  of (N-methyl-3-indoyl)propionic 
acid in alcohol (1) and in 2 N aqueous NaOH (2). 

The facts presented above make it possible to assume that the observed changes in the UV spect ra  of 
N-unsubsti tuted keto acids I (R 1 = H) are  due to the formation in alkaline solutions of an anion involving the 
indole nitrogen atom. This sor t  of ease of formation of an anion is due to the well-known N - H  acidity of 
indole sys tems  and is facili tated in the case of keto acids by stabilization of this anion through conjugation 
with the carbonyl group. 
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In the case of N-substi tut ion [acids of the I type (tl. 1 = CH3)] the formation of this sor t  of anion be- 
comes impossible,  and the e lectronic  s t ruc ture  ref lected in the UV spect ra  is retained on passing f rom 
alcohol to alkaline media. These conclusions are  in agreement  with the data on the behavior of 3 -aey l -  
indoles [51. 

However, there may be another al ternat ive explanation for the anomalous spectra l  behavior of keto 
acids of the indole ser ies .  It is known that aliphatie and a romat ic  7-  and ~-keto acids may exist  in solution 
and in the solid state in the cyclic lactel form [3, 41, which is converted to the open acid form in alkaline 
media.  The possibil i ty of this so r t  of r i n g - c h a i n  tau tomer i sm might also be assumed for 3-indoylalkanoic 
acids. 
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The transit ion f rom form B to open s t ruc ture  C should be accompanied by a change in the UV spectrum, 
inasmuch as conjugation of the indole r ing with the carbonyl group shows up in this case. However, a 
study of the UV spectra  makes it possible to suppose that cyclic form B is not rea l ized in our case. In 
fact, as pointed out above, the spec t ra  of alcohol solutions of free kete acids I, their e s t e r s  II, and salts 
III in neutral  aqueous solutions are  identical. Thus keto acids of the indole se r ies  exist  in the open form 
in solution, and the anomalies  in the spect ra l  behavior a re  due exclusively to the formation of an anion 
involving the indole hydrogen atom. 

However,  the question of the s t ruc ture  of such keto acids in the solid state remains  open. It was 
found that an absorption band at 1700-1720 cm -1 (carboxyl C =O group) is observed in the IR spec t ra  of 
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TABLE i. Spectra of Keto Acids of the Indole Series and Their 
Derivatives 
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f inal-  i n 2 N  
: c~hol NaOH 
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Isolaled /~_ 
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I 

I 1  i 

1I 4,4~ 
',42 4,04 
:66 3,9. ( 
103 4,0{ I 
109 4,4F. 
52 4,2~ 
06 4,04 3 
09 43( 

3,7~ 
,00 3,7~ I 

!06] 4,6~ 
45 4,1', 
~10 4,0! 4 

cm -i 

uO Z 

! 
1710 3290 

1710 3205 

1700 3090 

1720 t : ' 32t0 

J 

1700 3210 

t700 3t50 

1705 3160 

1695 3150 
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1705 I 
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ou r  k e t o  a c i d s .  The  p r e s e n c e  of  t h i s  band and  the a b s e n c e  of a b s o r p t i o n  a t  1790-1795 c m  -1, wh ich  i s  c h a r -  
a c t e r i s t i c  fo r  the  e a r b o n y l  g r o u p  of  a l a c t o l  r i n g  [6], m a k e  i t  p o s s i b l e  to a s s u m e  tha t  open a c i d  f o r m  A i s  
a l s o  r e a l i z e d  in  the  s o l i d  s t a t e .  The  v i b r a t i o n s  of the  c a r b o n y l  g r o u p  con juga ted  wi th  the  a r o m a t i c  r i n g  
fa l l  in the r e g i o n  of  v i b r a t i o n  of  C =C and  C =N bonds  (1600-1640 c m - i ) .  In the  c a s e  of  2 - m l s u b s t i t u t e d  ke to  
a c i d s  I (R 2 =H) th i s  band l i e s  a t  1640 cm -1. The  i n t roduc t i on  of s u b s t i t u e n t s  (R 2 = CH 3, C6H 5) into a c i d  m o l -  
e c u l e  I [A = (CH2)n] in the  2 p o s i t i o n  l e a d s  to  a sh i f t  of th i s  band  to 1600-1610 c m  - I .  I n a s m u c h  a s  the  r e -  
t en t ion  of t he  t r a n s  c o n f o r m a t i o n  of  the  ke to  g r o u p  r e I a t i v e  to  the  p}Tro le  p o r t i o n  of  the  m o l e c u l e  when 
s u b s t i t u e n t s  w e r e  i n t r o d u c e d  into the 2 p o s i t i o n  was  shown p r e v i o u s l y  [2] by the  r e s u l t s  of P1VI~ s p e c t r o s -  
copy,  i t  m i g h t  be a s s u m e d  tha t  t h i s  sh i f t  i s  due  to  e l e c t r o n i c  r a t h e r  than  to c o n f o r m a t i o n a l  f a c t o r s .  In  the  
c a s e  of  ke to  a c i d s  I (A = o - p h e n y l e n e )  the  d o n o r  e f fec t  of  the  2 -CH 3 a n d  2-C~H s g r o u p s  on the v i b r a t i o n s  of  
the  con juga t ed  r i n g - c a r b o n y l  s y s t e m  i s  p r a c t i c a l l y  l i q u i d a t e d  due to  e x t e n s i o n  of  the cha in  of con juga t ion  
wi th  the  o - c a r b o x y p h e n y l  r e s i d u e .  The  a b s o r p t i o n  band fo r  a c i d s  I (R2=H) l i e s  a t  1615 c m  - I ,  a s  c o m p a r e d  
wi th  1600 cm -1 when R 2 = CH 3 o r  R 2 = C6H 5. A l l  of  th is  i n f o r m a t i o n  c o r r e s p o n d s  to tl le e x i s t e n c e  of  ou r  s u b -  

s t a n c e s  in  the  open  f o r m .  

EXPERIMENTAL METHOD 

The UV spectra of solutions of the compounds in alcohol and 2 N aqueous NaOK were recorded with 
Cary, Specord, and SF-4 spectrophotometers. The IR spectra of mineral oil suspensions of the compounds 
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TABLE 2. Methyl E s t e r s  of Keto Acids of the Indole Ser ies  

Ila 
IIb 
Ild 
IIe 

IIg 

IIh 

IIi 

H 

H 

H 

rap, "C 
~-" A (benzene- 

petroleum i 
ether) 

H ](CH2)2 115--116 
CH~ I(CHe)~ 15t--152 
H [(CH~)a 179--180 
CHa ] {CH~)a 135--t36"t 
H }o-Phen ~02--203~" 

[ylene 
CHa ]o-Phen 232--233~ 

lylene 
C~H~lo-Phen 187--188"[" 

[ylene 

Empirical 
formula 

C14H~sNO~ 1 68,4 
CI4H15NO3[ 68,3 
CIhHITNOs] 69,7 
C~THI~NO3[ 73,0 

CIsHI3NO~ 73,4 

C2aHITNOs 77,6 

Io % coo~ " % 

cm'l  R * "W--'&- 

42 
42 
37 

1620 1745 3185 0,3 I 
6,111640[ 1730 3345 0,3 
6,1t16301 1725 3160 0,3 35 
6,6[161511710 3285 0,4 34 
4,7 1615[ t732 3210 0,4[ 64 

5.1]1595 1.720 3285 0,4 t 57 

4,8 16t0 1735 3190 0,51 3I 

6,2 68,6 
68,6 

4,8 73,I 

5,3 73,7 

5,0 77,8 

33 

27 

* Th in - l aye r  ch romatography  on AI20 a 
methanol  (9: 1). 
t R e c r y s t a l l i z e d  f rom m e t h a n o l  

(activity II) with b e n z e n e -  

were  r e c o r d e d  with IKS-22 and UR-20 s p e c t r o m e t e r s .  The PMtl s p e c t r a  of t r i f luoroace t i c  acid solutions 
were  r e c o r d e d  with a T-60 s p e c t r o m e t e r  with hexamethyldis i loxane as  the ex te rna l  s tandard.  Keto ac ids  
I (R 1 = H) were  obtained by the method in [2], and 2- (1-methy l -3- indoyl )benzoic  acid (Ira, R 1 = CH3, R 2 = H, 
and A =o-phenylene)  and its methyl  e s t e r  (IIm) were  obtained by the method in [7]. Methyl 3- (3- indoyl ) -  
propionate  (IIa, R 1 =i12 = H) was  obtained f r o m  indolylmagnes ium bromide  and the methyl  ha l f -es te r  of suc-  
cinoyl chlor ide by the method in [8] in 30% yield  and had mp  116-117 ~ ( b e n z e n e - p e t r o l e u m  ether) .  51ethyl 
3 - (2 -methy l -3 - indoy l )p rop iona te  (IIb, R 1 = H, R 2 = CHa) was s imi l a r ly  obtained in 21% yield and had mp 151- 
15 2 ~ (benzene - p e t r o l e u m  ether) .  

y - (1 -Methy l -3 - indoy l )bu ty r i c  Acid gl,  la ~ = CH~, R2=H). An 8 - m l  sample  of f r e sh ly  dis t i l led dimethyl  
sulfate  was  added dropwise  to a ref luxing solution of 1.15 g (0.005 mole) of acid Id (Ri=R2=H) in 100 mI of 
acetone  containing 5 g of po t a s s ium hydroxide  and 25 ml  of water ,  a f t e r  which the mix tu re  was  heated on a 
wa te r  bath for  15 rain. The solvent  was then r e m o v e d  by vacuum dist i l lat ion,  50 ml  of 2 N NaOH was added 
to the res idue ,  and the m i x t u r e  was ref luxed for  2 h. I t  was  then f i l te red ,  and the f i l t ra te  was  acidif ied 
with dilute ace t ic  acid. The resul t ing  p rec ip i t a te  of acid I I  was  r e m o v e d  by f i l t ra t ion to give 1.1 g (90%) of 
a product  with nap 153-154 ~ PMR spec t rum:  6 3.30 ppm (s,* 3I-I, N-CH3);  2.17, 2.57, and 3.10 ppm (m, 2H 
each, CH 2 group); 7.93 ppm (m, 1H, 4-H); 8.43 ppm (s, 1H, 2-H); 7.30 ppm (m, 3H, a r o m a t i c  protons).  
Found: C 68.8; H 6.4%. C14H15NO3. Calculated: C 68.6; H 6.1%. 

y - (1 ,2 -Dimethy l -3 - indoyDprop ion i  c Acid (Ik, R 1 =R2 = CH3) and I ts  Methyl  Es t e r  (IIk). A 15-ml s a m -  
pie of f r e sh ly  dis t i l led dimethyl  sulfate was  added dropwise  to a ref luxing mix tu re  of 2.3 g (0.01 mole) of 
acid  Ib (Ri=H,  R 2 =CH3) , 200 m I  of acetone,  10 g of KOH, and 50 ml  of water ,  a f t e r  which the mix tu re  was 
heated on a wa te r  bath for  15 rain. The solvent  was then r emoved  by vacuum dist i l lat ion,  50 mI of 2 N 
NaOH was added to the res idue ,  and the mix tu re  was s t i r r e d  for  i rain. The resu l t ing  c ry s t a l s  of e s t e r  Ilk 
were  r e m o v e d  by f i l t ra t ion to give 1.1 g (42.5%) of a product  with mp 118-119 ~ ( f rom methanol) .  IR spec -  
t rum: 1630 and 1735 cm -1. Found: C 69.3; H 6.5%. C15HITNO 3. Calculated:  C 69.5; H 6.6%. 

The f i l t r a te  r ema in ing  a f t e r  s epa ra t ion  of the c rys t a l s  of e s t e r  Ilk was acidif ied with dilute ace t ic  
acid,  and the r e su l t ing  c r y s t a l s  of acid Ik w e r e  r e m o v e d  by f i l t ra t ion to give 0.8 g (30%) of a product  with 
m p  194-195 ~ PMR spec t rum:  6 2.87 ppm (s, 3H, 2-CIt3); 3.85 ppm (s, 3H, 1-CH3); 3.03 and 3.53 ppm (m, 
each  2H, methylene  protons);  7.70 ppm (m, 1H, 4-H); 7.50 ppm (m, 3H, a r o m a t i c  protons) .  Found: C 68.5; 
H 6.5%. C14H15NO s. Calculated: C 68.6; H 6.1%. 

y - (1 -Ne thy l -3 - indoy l )p rop ion ic  Acid (Ij, I11 = CH3, R 2 =H) and Its Methyl E s t e r  (IIj). As in the p r e -  
ceding exper imen t ,  e s t e r  IIj,  With mp 115-116 ~ ( f rom methanol) ,  was obtained in 49% yield. IR spec t rum:  
1640 and 1725 cm -1. According  to [9], this  compound has rap 115-116 ~ Acid Ij, with mp 176 ~ (rap 176 ~ [8]), 
was  s imul taneous ly  i so la ted  in 39~ yield. 

Es te r i f i ca t ion  of Kete  Acids  of the Indole Ser ies  with Alcohol in the P r e s e n c e  of Sulfuric Acid (Meth- 
od A). A 0 .005-mole  sample  of the keto acid was ref luxed for  5 h with 1 ml  of concent ra ted  H2SO 4 in 50 ml  

* Here  and subsequently,  s is singlet,  d is doublet,  and m is mult iplet .  
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of methanol,  a f t e r  which the mixture  was cooled to room tempera tu re .  The resul t ing  precipi ta te  of the 
e s t e r  was removed  by f i l t ra t ion,washed with methanol,  and r ec rys t a l l i z ed  f rom methanol.  The physical  
constants  and yields  of the e s t e r s  a re  p resen ted  in Table 2. 

P repara t ion  of Es t e r s  of Keto Acids of the Indole Ser ies  f rom Sodium Salts (Method B). A mixture  
of the sodium sal t  of the corresponding keto acid (0.005 mole) with 5 ml of methyl  iodide was ref luxed in 
50 ml of alcohol for  5 h, a f te r  which the solvent was removed by vacuum evaporation.  The res idue was 
t r ea ted  with water ,  and the resul t ing precipi ta te  was removed  by fi l tration, a i r -dr ied ,  and r ec rys t a l l i zed  
f rom b e n z e n e - p e t r o l e u m  ether  (1 : 1) or  methanol.  The data on the e s t e r s  obtained in this manner  a re  
p resen ted  in Table 2. 
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