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Indolyl keto acids were  synthes ized by the action of dini t r i les  on subst i tuted indoles under 
the conditions of the Hoesch react ion.  The react ion of these  keto acids with isat in  in alkal i  
leads to quinoline der iva t ives ,  whereas  pyr idazinones  of the indole s e r i e s  a r e  obtained with 
hydrazine  hydrate .  

A method for  the synthes is  of keto acids of the indole s e r i e s  by reac t ion  of indolylmagnes ium halides 
with d icarboxyl ic  acid anhydrides  and also the reac t ion  of 2-methyl indole  with phthalic anhydride in acet ic  
acid was prev ious ly  developed in [2]. In an a t tempt  to find methods for  the p repa ra t ion  of indolyl keto 
acids without ut i l izat ion of the Gr ignard  reac t ion  we turned to the Hoesch react ion.  

It  is known that  2 -methy l -3- indoly l  chloromethyl  ketone, which was conver ted to f l - (2 -me thy l -3 -  
indolyl)-f l -ketopropioni t r i le  (I - acid) by the action of po tass ium cyanide [3], was obtained by react ion  of 
chloroacetoni t r i le  with 2-methyl indole  under  the conditions of the Hoesch react ion.  Ethyl 2 -me thy l -3 -  
indolylglyoxylate was a lso  synthes ized under  s i m i l a r  conditions f rom 2-methyl indole  and ethyl cyano-  
fo rma te  [4]. However,  dnly the in te rmedia te  ket imine,  the hydro lys i s  of which led to complete  res in i f i -  
cation of the reac t ion  mix tu re ,  could be isola ted under  the s a m e  conditions in an a t tempt  to synthesize  the 
e s t e r  of homologous acid I with ethyl cyanoaceta te  [5]. 

In the p r e se n t  r e s e a r c h  we used the Hoesch reac t ion  with dini t r i les  in o rde r  to obtain keto acids of 
the indole s e r i e s  

ZnCl 2 ~ - . . . ~  /C(CH2) , ,CN ( y -  . , " -~- - -~ ,"  - .  

p.2 + CN(CH2)nCN HCI 

J I E 
Rt R' R, . 

II 

II a RI=H, R2=CH3, n=2; b R~=CH3, R~=H, n=2; c R'=H, R2=CH~, n=4; d Rl=I-I, 
R2=CnHs, n=4; e RI=CH3, R~=H, n=4 

The yie lds  of the products  of the Hoesch reac t ion  depend to a considerable  degree  on s t e r i c  fac tors  
and also on the nature  of the n i t r i les  and subst i tuents  in the py r ro l e  r ing  of the indoles [6, 7]. In our case  
the ni t r i le  group is a lso  hydrolyzed s imul taneous ly  during hydro lys i s  of the ket imine.  The yields of keto 
acids do not exceed 50%, but the yield of keto acid IId is  only 5% in the react ion  of 2-phenylindole (in which 
the nucleophilici ty of the py r ro l e  r ing is reduced) with adiponitr i le .  The reac t ion  of 2-methyl indole  with 
adiponitr i le  leads to the s imul taneous  fo rmat ion  of keto acid IIc and a diketone, even in the case  of an 
equimolecu la r  reagent  ra t io .  In the remain ing  cases  the diketones were  not isolated,  and only a r e s in  was 
obtained a f t e r  hydro lys i s  for  separa t ion  of the kete acid,  or  the s ta r t ing  indole was r e c o v e r e d  unchanged 

* See [1] fo r  communicat ion XLIV. 
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TABLE 1, [2- (3-IndolyI) -4-carboxy-3-qtdnol i~yl]aIka~c4c A c i d s ( ~ )  

-o 

o 
o 

IIIa 
IIIb 

IIIc 

IIId 
IIIe 

IIlf 

I I Ig  
IIrh 

Empirical 
mp, "C formula 

286--287 C~0Hz4N204 
321--322" C2It-II6N~O4 

(dec.) 
283--284 C2zHI6N204 

(dec.) 
289--290 C22HIsN204 
310--311 C21H16N~O4 

301--302 C2=Hz~N~O~ 

319--320 C==H~sN~O4 
326--327 C=~H~oN~O, 
(dec.) 

1 F~ 1 Calc', I PMRspcctrum, 5, ppm ] [__ 

515'4~315~i7 I 5.5 

531 5,e 

,,j 

8,1 
8,1 

7,9 

8,2 
7,9 

8,9 

* PMR spectrum in pyridine: 
and 11.76 (COOH). 

2.10 (2-CH3) , 4.23 (CH2) , 9.76 (NH), 

(as in the case  of 2-phenylindote).  The spec t r a l  c h a r a c t e r i s t i c s  of the keto acids of the indole s e r i e s  [II, 
a l so  including those with a longer  a l iphat ic  chain (n=4)] newly synthes ized  by this method a re  s im i l a r  to 
those obse rved  for  keto acids  that  we have p rev ious ly  desc r ibed  [2-8]. 

The methods developed in this study made  it poss ib le  to obtain the m o s t  d ive rse  3-indolylalkanoic 
acids .  However ,  the p r e s ence  of a c a r b o n y l - c a r b o x y l  bifunctional s y s t e m  in them makes  it poss ib le  to 
synthes ize  3 -he ta ry l indoles  by means  of var ious  he te rocycl iza t ion  reac t ions .  Thus, in analogy with the 
convers ion  of keto acids  of the a l iphat ic  s e r i e s  to quinoline der iva t ives  [9], we obtained a number  of [2- 
(3- indoly l ) -4-carboxy-3-quinol inyl ]a lkanoic  acids  (IID in sa t i s f ac to ry  yields by reac t ion  of 3-indolylalkanoic 
acids  with i sa t in  in a lkal i  (Table 1): 

~OOH 2 - H 

I I  + ~ NaOH ~ o  
a I R' 

III 
II l  a R'=R2=H, n - l = l ;  b RI=H, R2=CH~, n - l = l ;  c RI=CH3, R2=H, n - l = l ;  
d R'=R2=CH3, n - l = l ;  e RI=R~=H, n - l = 2 ;  f R'=CH3, R2=H, n - l = 2 ;  g R'=H, 

R2=CH3, n - l = 2 ;  h RI=H, R2=CH~, n - l = 3 .  

It  might  have been expected  that the fo rmat ion  of the s table  3-indolyl  keto acid anion in alkaline 
media  would subs tant ia l ly  change the t rend of the react ion.  However ,  our  r e su l t s  showed that  keto acids 
of the indole s e r i e s  can be success fu l ly  used  in the Pf i tz inger  react ion.  In pa r t i cu la r ,  condensation of the 
carbonyl  group with the ~ posi t ion of the p y r r o l e  r ing was not observed.  

The UV spec t r a  of III a r e  s i m i l a r  to the spec t r a  of 2-(3-indolyl)-quinoline s y s t e m s  [10] and contain 
two intense m a x i m a  at  268-275 and 330-347 nm. 

The s inglets  of the protons  of the methylene  group in the PMR spec t r a  of I I / a -d  l ie at  r a t he r  weak 
field (,~ 4.3 ppm); this is due to the p rox imi ty  of two s t rong accep t e r  groupings (the carboxyl  and 4 - c a r -  
boxyquinoline groupings).  In the case of the cor responding  propionic acids (]XIe-g), each  methylene group 
exper i ences  the ef fec t  of only one adjacent  accep to r  grouping, and the i r  t r ip le t s  t he re fo re  lie at :s t ronger  
field (,., 3.5 and 2.5 ppm). A cons iderable  weak-f ie ld  shift  of the s ignals  of the pro tons  of the N - C H  3 group 
(3.85 ppm) as  compared  with the 3-unsubst i tu ted  N-methyl indole  (3.37 ppm) due to conjugation of the n i t ro -  
gen a tom of the indole r ing with the accep to r  groupings in the 3 posi t ion (4-carboxyquinoline or  keto acid, 
respec t ive ly)  is obse rved  for  N-methy la t ed  (at the indole ni trogen atom} IIIc, d, f, jus t  as  in a number  of 
s t a r t i ng  keto acids  II. 

The acidi t ies  of the two carboxyl  groups in IV[ should differ  substant ia l ly ,  inasmuch as  one of them 
is bonded to an aI iphat ic  grouping, and the other  is bonded to a donor grouping [2-(3-indolyl)quinoline].  In 
fact ,  the p r e s e n c e  of two acid groups with pK a 5.5-5.8 (aliphatic carboxyl) and 7.9-8.2 (a romat ic  carboxyl) 
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TABLE 2. Indolylpyridazinones (IV) 

I 
Corn- [ rnp, "C 
pound I 
IVa 

IVb 

IVc 
lYd 
IVe 
lYf 

1 Vi 

266--267 

249--250 

248--249 
209--210 
250--251 
314--315 

330--331 
365--366 

236--237 

Empirical 
formula 

CL=I'InNaO 

C,aH,sNaO 

C,sH,sNaO 
C=aH,aNaO 
C14HIsNaO 
C16HnNaO 

CtTH,sNaO 
C==HIsN~O 

Foul 

c 

d.% Ca] :.% 

H C H 

[Rspe 
tru__~m 

co 
re! qo 'latur - 

C~aHnNaO 

68,5 

74,3 

69,5 

74,! 
78,2 

589 

m 

5,7 68,7 5,7 

5,4 74,7 5.2 

6,5 

5,0 74,2 4,7 
4,8 78,3 4,5 

5,0 69,3 4.9 

1650 

1654 

1670 
1670 
t630 
1650 

1630 
1635 

!625 

3150 0,88 
,33001 
3210] 0,88 
33001 
33401 
32651 0,89 
32201 0,87 
3420] 0,86 
a0951 0,84 
3145] 
3300] 
323O1 0,88 
3150] 0,84 
32901 
3185] 0,87 
3270] 
32901 

4,11 

12 

12 
4 

ll 

was detected during potentiometric  t i trat ion of solutions of acids IH in water;  this also confirms the p r o -  
posed s t ructure .  

A number  of 3- indolyl te t rahydropyr idazin-6-ones  and 3-indolyl-phthalazones [11] with general  fo r -  
mula IV (Table 2) were obtained by condensation of keto acids of the indole ser ies  with hydrazine hydrates:  

->o 
] ~ ~N ~ ~..~ 

R t 

IV 

IV a RI=R2=H, A=(CH=)2; b RI=H, R2=CHa, A=(CH2)2; c R~=H, R~=C6Ha, A= 
=(CH=)2; d RI=CHa, R'~=H, A=(CH=)2; e RI=R2=CHa, A=(CH=)=; f R~=R2=H, 
A=o-C~H4; g RI=H, R==CHa, A=o-C6H4; h RI=H, R2=CsHs, A=o-C6H4; i R'=CHa, 

R2=CHa, A=CH=CH 

One intense band at 1630-1670 cm -1, which charac te r izes  the s tretching vibrations of the keto group 
in the pyridazinone sys tem [13]= appears  in the IR spec t ra  of IV. In addition, a broad band at 3100-3420 
cm -1, which is related to the stretching vibrations of f ree  and bonded NH groups, is observed.  Signals of 
the protons of two different NH groups at 10.9 and 11.7 ppm are  observed in the PMR spect rum of indolyl- 
pyridazinone IVa in dimethyl sulfoxide (IV are  insoluble in alcohol, chloroform, acetone, and t r i f luoro-  
acetic acid). 

The molecular  ion peak corresponding to the empir ical  formula is the maximum peak in the m a s s  
spectrum of pyridazinone IVa; in addition, there is a low-intensity ion peak with m / e  117 (indole) and also 
peaks of f ragment  ions with m / e  142, 156, 170, and 184, which are  formed by loss of NH--CH2--CO--CH,,, 

I I 

and CHO and N2, NHCO, and CHO, respectively,  by the molecular  ion. Similar p rocesses  are  also ob- 
served in the m a s s  spectra  of other pyridazinones (Table 3). 

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

The UV spect ra  of alcohol and 2 N NaOH solutions of the compounds were recorded  with a Cary-15 
spectrophotometer .  The IR spect ra  of minera l  oil suspensions of the compounds were r ecorded  with a 
UR-20 spect rometer .  The PMR spect ra  of solutions of the compounds in t r i f luoroacet ic  acid (unless s t ip-  
ulated otherwise) were recorded with a T-60 spec t romete r  with hexamethyldisfloxane as the external 
standard. Potent iometr ic  t i t rat ion was ca r r i ed  out with a pH-262 poten t io~e ter  (10 -4 M solutions of acids 
HI in water).  The individuality of the compounds was monitored by chromatography on Silufol in an i so-  
propyl a l c o h o l - a m m o n i a - w a t e r  sys tem (8 : 1: 1). The mass  spect ra  were recorded  with an MKh-1303 
spec t romete r  with direct  introduction of the samples  into the ion source  at an ionizing electron energy  of 
50 eV and 170-220 ~ 

3-(2-Methyl-3-indoyl)propionic Acid (IIa). Succinic acid dinitrile [2 g (0.025 mole)] and 1 g of an-  
hydrous zinc chloride were added to a solution of 3.3 g (0.025 mole) of 2-methylindole in 10 ml of absolute 
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TABLE 3. Mass Spectra of Some 3-Indolyl te t rahydropyr idazin-6-  
ones 

Corn- m/e (% of the maximum ion*) pound 

IVb 

IVc 

lVe 

227(100), 226(18,7), 198(5,0), 184(2,0). 183 (4,0), 170(5,0), 168(2,2), 157(2,5), 
156(20,6), 155(13,7), 131(2,5), 130(4,6), 129{6,2), 128(4,4), 127(2,7), 115(2,5). 
111 (3,7), 97 (9,3), 83 (12,5), 77 (7,5), 73 (5,0), 71 (13A)  ~/~t = 18,4 % 
289 (100,0), 288 (87,0), 218 (14,1), 217 (IL4), 129 (3,2), 123 (2,3), 115 (5,0), 
Ill (6,0), 110(2,7), 109(4,1), 98(9,7), 97(16,3), 96(8,1), 95(8,7), 85(8,7), 84(9,7), 
83(22,3), 82(8,7). 81(12,0). 77(4,9), 73(9,7), 70(6,0), 68(5,0), 67(9,7), 60(8,1), 
54 (3.4), 51 (2,2), 39 (8,7). W~= 13,5% 
241(100,0), 240(20,0), 212(2,0), 197(2,6), 184(2,9), 170(12,5), 169(7,5), 168(2,2), 
145(2.7), 144(2,5), l l5(2,1), 97(4,1), 85(3,8), 84(2,0), 83(6,0), 81 (2,6), 73(4,2). 
72 {2,2), 70 (2,1). 60 (3,9), 56 (5,0), 42 (3,6). WM=29,1% 

* Ions with intensities higher than 2% are  presented.  

ether,  af ter  which a s t r eam of dry hydrogen chloride was bubbled through the react ion mixture at room 
tempera ture  for 15 h. The mixture was then allowed to stand overnight, and the precipi tated solid was r e -  
moved by filtration, washed with ether,  and dissolved in 100 ml of 2 N NaOH. The solution was then r e -  
fluxed for  2 h, af ter  which it was cooled and filtered. The filtrate was acidified with 20% acetic acid, and 
precipi tated acid IIa was removed by filtration, washed with water,  and recrys ta l l i zed  from aqueous meth-  
anol to give 2.8 g (49%) of a product  with nap 222-223 ~ (rap 222-223 ~ [2]) and Rf 0.57 (its chromatographic 
mobil i ty was identical to that of a genuine sample). 

3-(1-Methyl-3- indoyl)propionic  Acid (I]b). A s  in the preceding experiment,  0.6 g (27%) of acid IIb, 
with mp 175-176 ~ (from alcohol) (rap 176 ~ [4, 8]) and Rf 0.54, was obtained from 1.3 g (0.01 mole) of 1- 
methylindole and 0.8 g (0.01 mole) of succinic acid dinitrile. 

5- (1-Methyl-3- indoyl)valer ic  Acid (IIe). As in the preceding experiments ,  1.5 g of acid IIa, with mp 
131-132 ~ (from alcohol) and Rf 0.58, was obtained in 26% yield from 3.3 g (0.025 mole) of 1-methylindole 
and 2.7 g (0.025 mole) of adiponitrile. IR spectrum- 1620 (CO) and 1738 cm -1 (COOH). UV spectrum, 
kmax (log e), in alcohol: 215 (4.28), 243 (4.08), and 301 um (4.08); in 10% NaOH: 246 (4.10) and 308 um 
(4.13). PMR spect rum:  1.80, 2.40, and 3.03 (methylene protons); 3.83 (1-CH3); 7.90 (4-H), 8.43 (2-H), and 
7.27 ppm (the remaining a romat ic  protons). Found: C 69.2; H 6.7%. CthHtTNO 3. Calculated: C 69.5; H 
6.6%. 

5-(2-Phenyl-3- indoyl)va ler ic  Acid (IId). As in the preceding experiment,  0.16 g (5%) of acid IId, with 
mp 128-129 ~ (from alcohol) and Rf 0.76, was obtained from 2 g (0.01 mole) of 2-phenylindole and 1 g (0.01 
mole) of adiponitrile,  lit spect rum:  1610 (CO), 1700 (COOH), and 3170 cm -1 (NH). UV spectrum,  kma x 
(log e), in alcohol: 209 (4.56), 251 (4.32), and 303 nm (4.13); in 10% NaOH: 271 (4.33) and 335 nm (4.20). 
PMR spect rum:  1.47, 2.20, and 2.67 (methylene protons), 8.10 (4H), and 7.47 ppm (the remaining aromat ic  
protons). Fotmd: C 74.9; H 5.9%. C20Ht�NO 3. Calculated: C 74.7; H 5.9%. 

5-(2-Meth~,l-3-indoyl)valerie Acid (IIc) and 1 ,6-Dioxo-l ,6-di(2-methyl-3- indolyl)hexane.  As in the 
preceding experiments ,  3 g (47%) of acid IIc, with mp 192-193 ~ (from alcohol) and Rf 0.57, was obtained 
f rom 3.3 g (0.025 mole) of 2-methylindole and 2.7 g (0.025 mole) of adiponitrile. IR spectrum: 1608 (CO), 
1685 (COOH), and 3320 and 3490 cm -1 (NH). UV spectrum,  Xma x (log e), in alcohol: 214 (4.46), 242 (4.10), 
267 (4.02), and 301 nm (4.04); in 10% NaOH: 270 (4.21) and 331 nm (4.28). PMR spect rum:  1.80, 2.43, and 
3.10 (methylene protons),  2.70 (2-CI-I3) , 7.60 (4-H), and 7.23 (the remaining aromat ic  protons).  Found: C 
69.5; H 6.7%. C15I-I17NO 3. Calculated: C 69.5; H 6.6%. 

The alkali- insoluble crystal l ine substance was removed from the alkaline hydrolyzate of the react ion 
mixture by fi l tration and rec rys ta l l i zed  from a large  volume of alcohol to give 1 g (21%) of a diketone with 
mp 275-276 ~ and Rf 0.91. IR spectrum: 1620 (CO) and 3230 and 3490 cm -1 (NH). Found: C 77.1; H 6.5%. 
C24H24N202. Calculated: C 77.4; H 6.5%. 

5-(1 ,2-Dimethyl-3- indoyDvaler ic  Acid. F re sh ly  distilled dimethyl sulfate (4 ml) was added drop-  
wise to a refluxing solution of 0.65 g (0.0025 mole) of acid IIc in 50 m! of acetone containing 2.5 g of po-  
t a ss ium hydroxide in 13 ml of water ,  af ter  which the mixture was heated on a water  bath for 15 rain. The 
solvent was then removed  by vacuum distillation, 50 ml of 2 N NaOH was added to the residue,  and the 
mixture was refiuxed for 2 h. It was then cooled and fil tered, and the fil trate was acidified with 20% acetic 
acid. The precipi tated acid was removed by filtration, washed with water,  dried, and recrys ta l l i zed  f rom 
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alcohol to give 0.5 g (74%) of a product  with mp 163-164 ~ and Rf 0.60. ]R spect rum:  1600 (CO) and 1720 
cm -1 (COOH). UV spect rum,  kmax (log e), in 10% NaOH: 215 (4.64), 248 (4.13), 265 (4.02), and 311 nan 
(4.13). PMR spect rum:  1.95, 2.56, and 3.27 (methylene protons);  2.90 (2-CHs) , 3.83 (1-CHs), 7.67 (4-H), 
and 7.46 (remaining a romat ic  protons).  Found: C 70.0; H 7.2%. C16H19NO S. Calculated: C 70.3; H 7.0%. 

General  Method for  the Prepara t ion  of [2-(3-Indolyl)-4-carboxy-3-quinol inyl]alkanoic Acids (HI). A 
mixture  of 0.0025 mole of 3-indoyl-alkanoic acid and 0.0025 mole of isat in in 15 ml of 33% aqueous sodium 
hydroxide was ref luxed for  50 h, a f te r  which it  was cooled, diluted with water ,  and f i l tered.  The f i l t ra te  
was acidified with 25% acet ic  acid, and the yellow precipi ta te  that formed in a few hours was removed by 
f i l t rat ion and washed with alcohol or  acetone. The product  was r ec rys t a l l i z ed  f rom a la rge  amount of a l -  
cohol. The physical constants,  spec t ra l  cha rac te r i s t i c s ,  and yields of HI a re  p resen ted  in Table 1. 

General  Method for  the Prepara t ion  of Indolylpyridazinones (IV). A mixture  of 0.0025 mole of the 
corresponding indolyl keto acid in 10 ml of hydrazine hydrate  was ref luxed for  2 h, a f te r  which the r e su l t -  
ing precipi ta te  was t r ea ted  with alcohol and removed  by fil tration. The physical  constants and yields of  
IV a re  presented  in Table 2. 
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