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A number of amides of indote ketoacids are synthesized.  3-Carboxyacyl indoles  can be converted to the 
corresponding enol - lac tones  by t reatment  with acet ic  anhydride or acetyl  chlor ide.  Reaction of the lactones 
with ammonia  or amines involves lactone ring opening, and this makes it possible to prepare some N-subst i -  
tuted or unsubstituted ketoacid amides.  Deacyla t ion can occur in the act ion of strong bases or high t e m p e r a -  
tures on indoleketoacids .  Reaction of 2 - ( i n d o l y l - 3 ' )  benzoic acid with d imethyl  sulfate proceeds in two 
ways: the NH group is methyla ted ,  and there is conversion to the corresponding indolenine,  with subsequent 
methyla t ion  of the enol.  

In preceding papers [1-3], we offered a method of synthesizing ?, - and 5-ketoacids  of the indole series, as well  as 
their functional  derivatives of the keto group. It was shown that a carboxyl group in the ?, -position makes for cer ta in  
difficulties in effecting substitution and reduction.  To a considerable extent  the structures and react ivi t ies  of the 3 - c a r -  
boxyacyl indoles  are conditioned by two factors: firstly, special  features of the conjugation of the carbonyl group with 
the indole ring ~r-electrons and secondly, the possible occurrence of the y - and 6-ketoacids  in the cycl ic  hydroxylactone 

forms. Invest igat ion of the IR spectra of these acids in the solid state [2] made it possible to decide unequivocal ly  in 
favor of an open structure. But a number of chemica l  reactions indicate  possible formation in solution of cyc l ic  c o m -  
pounds by, for example ,  in t ramolecular  cyc l iza t ion  of acy l -ca t ions ,  arising from an open form [4, 5]~ 
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Thus under the act ion of acetyl  chloride,  y - ( indo ly l -3 ) -y  - ketobutyric  
acid and 5 - ( i n d o l y l - g ) - 6 - k e t o v a l e r i c  acid,  rather readi ly  enol ize  to give 
40~ yields of the enols, ace ty la t ion  occurring at the nitrogen. 

If, however,  ace t ic  anhydride in the presence of sodium ace ta te  

is used, the yield of eno l - l ac tone  I is only 18%. 
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It can be assumed that part ial  formation of lactol  form also occurs under the action of such acid reagents as hydro-  
chloric acid or phosphorus pentachloride.  Apparently, it  was for that reason that ~;,e cound not obtain ?,- ( indoly l -a) -~ ' -  
ketobutyryl  chloride and effect  Clemmensen reduction of it  [3]. 

In a lka l i  the ketoacids studied exist only in the open form. Thus an a t tempt  to convert the above-descr ibed e n o l -  
lactones to enol lae tams by t rea tment  with ammonia  leads to lac tone ring opening and formation of the corresponding 
amides of the ketoacids,  the structures of these being confirmed by retro-synthesis.  Both unsubstituted amides and d i -  
methylamides  II of ketobutyric  and ketovaler ic  acids of the indole series were obtained,  the best yields (50 -70%)  

being secured by use of the method of mixed anhydrides,  

Such ketoamides  are of independent interest as in termedia tes  in the synthesis of d ihomotryptamines .  Actual ly ,  
l i th ium aluminum hydride reduction of N, N-d imethy l  y - ( i n d o l y l - 3 ) - y  -ketobutyramide (II ,  R = H) leads to formation 
of 3 -  (4 -d ime thy laminobu ty l )  indole,  but the except iona l ly  low solubil i ty of the starting compound in ether offers con-  

siderable exper imenta l  diff icul ty (af ter  15 hr it was possible to isolate only traces of compound which the IR spectrum 
showed not to contain carbonyl groups). There is p rac t ica l ly  no reduction of y - ( i n d o l y l - 3 ) ~ / - k e t o b u t y r i c  acid i tself  
under the same conditions.  The compound isolated in traces was the corresponding alcohoI ( l ack  of absorption bands in 

the region of carbonyl group vibrations).  

The act ion of l i thium aluminum hydride on 2 - ( indoy l -8 ' )  - benzoic  acid leads not only to reduction of the keto 

*For Part II see [1]. 
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group to methylene, but also of the carboxyl group to an alcohol one. 
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Amides of Indole Ketoacids 
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elo - 

valeramide 
T - (2-Methylindoly1-3) H - 

ketobutyramide 
- (2-Phenylindoly1-3) ? - 
ketobutyramide 

N, N -Dimethyl ~( - (i, ndolyl-3). 
T -ketobutyramlde 

N, N -Dimethyl 5- ( indolyl-3)-  
5 -ketovaleramide 

N, N -Dimethyl "}/- ( 2-phenyl - 
s -~ -ketobutyramide 

MD. . / I ~ Found, o I Calculated ~o 

150--151 Cz~H]4N202 67,46 6,12 - -  67.80 6.13 - -  
67 55 6,10 I 

198 ClsHI,N~O~ 167.59 5,92 - - 1 6 7 , 8 0 6 , 1 3  

222 CIBHt6N202 - -  - -  9.541 - -  - -  9,58 
I 9.36 / 

180--181 C14HI6N2Oa 6842 6.71 - -  168,81 6.61 
/ 681346'71 1 

187--188 C15HIsN202 69.78 7.01 - -  I69.76 7.01 
69.88 7,13 / 

190--191 C2oH2oN202 74.64 6.10 74.98 6,29 
74,58 6.07 

Yield, 
% 

55 

54 

70 

46 

65 

57 

H COOH H CH2OH 
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The action of diazomethane on the keto acids which we have previously described [2] gave almost quantitative 
yields of the corresponding methyl esters. It is proved that methylation of the nitrogen of the indole ring does not occur. 
We obtained 1-methyl  keto acids by use of dimethyl sulfate in alkali. In some cases simultaneous esterification of the 
carboxyl group was observed. Alkali facilitates formation of an indolenine structure. When 2-( indoyl-3 ' )  benzoic acid 
is methylated, compound IV is isolated as a side reaction product (frequencies 1640 c m - l ( c = N )  and 1722 cm -I 
(COOCH,)), 
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V CH 3 
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Acid hydrolysis of IV leads not only to formation of the keto form, but to simultaneous alkylation of the nitrogen 
atom, i . e . ,  to structure V (shown chromatographically, and also by comparison of melting points). 

Peculiarities of the keto group at the 8-position in the indole ring are further exhibited in the comparative ease of 
deacylation.  It is known that when 3-acylindoles are heated at 200-220* in the presence of alkoxides of alkali metals, 
the corresponding indole homologs are formed [6]. Actually we isolated 3-ethylindole when T" ( indo ly l -3 ) -? -ke to -  
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butyric acid was refluxed with sodium ethoxide in toluene. Further, thin-layer chromatography on alumina showed that 
similar deacylation occurs when 7 -  (2-phenylindolyl-3) '7-ketobutyric acid is reduced with Raney alloy in alkaline solu- 
tion under the conditions previously described. 2-Phenylindole [Rf 0.64(A1~O3; benzene); 0.43 (A1208; benzene-n-  
heptane 3 : 1) ] was detected among the reaction products. The side chain is also split off when the ketoacid is heated 
above its melting point in a vacuum. Thus 2-(indoyl-3') benzoic acid is decomposed into phthalic anhydride and in- 
dole (shown chromatographically), which latter immediately dimerizes under the conditions used. 

ExPerimental 

7 - ( 1-Acet),!indolyl)-~g'7 -butenolide (I). a) A mixture of 2.2 g (10 mmole) ), - ( indolyl-3-)-7 -ketobutyric acid 
and 60 ml freshly-distilled acetyl chloride was refluxed for 5 hr, and after distilling under reduced pressure, the product 
was recrystallized from petrol ether (bp 70-80~ yield 0.9 g (40%), of a yellow amorphous product, mp 152 ~ 

b) A mixture of 1 g (4.6 m m o l e ) 7 -  (indolyl-a)-7 -ketobutyric acid, 50 ml A%O, and 2 g NaOAc, was refluxed 
for 2 hr in a current of dry N 2. Then the A%O was distilled off under vacuum, and the residue repeatedly extracted with 
hot petrol ether (bp 80-90~ and on cooling the extracts gave 0.17 g (18%) lactone, mp 153 ~ (ex petrol ether) [5]. 
IR spectrum 1654, 1714, 1782 c m ' l .  

6-( l ' -Acetylindolyl-8 ')-3,  4-dihydropyr-2-one. 2. 8 g (10 mmole) ~-(indolyl-a)-8-ketovaIeric acid was cy- 
clized by treating it with 60 ml AcC1. After working up in the usual way, there was obtained 1 g (40%) dihydro- 
pyrone, mp 154 ~ (ex benzene). IR spectrum: 1652, 1714, 1764 cm -I. UV spectrum: Xma x (lg e) 285 (4. 69), 800 (4.51), 
865 m~ (2.20) (inMeOH). Found:C 70.25, 70.09; H 5.18, 5.36%. Calculated forCtsHlaNOa:C 70.57; H 5.13%. 

7_.-(Indolyl-3)-9/-ketobutyramide. a) A solution of 1 g (4.6 mmole)),- (indolyl-3)-y-ketobutyric acid in 40 ml 
EtOH was placed in a pressure tube, strongly cooled, and saturated with NH~. After sealing it was heated at 115 ~ for 
20 hr, the gtOH distilled off under reduced pressure, and the residue recrystallized from 83% aqueous MeOH, to give 
0.4 g amide, mp 210 ~ [5], Rf 0.85 (A12Os; isopropanol-ammonia-water = 8 : 1 : 1 ) .  

b) A mixture of 2.17 g (10 mmole)7- ( indo ly l '3 ) '7 -ke tobu tyr ic  acid and 0.8 g (18 mmole) urea was heated for 
2 hr 30 min on an oil bath at 135-145 ~ The melt obtained was treated with a small quantity of MeOH, and the in- 
soluble precipitate filtered off. It was then recrystallized (boiled with active charcoal) from 83% MeOH. Yield 0.62 g 
(29%), mp 204-205 ~ IR spectrum(in vaseline); 1618, 1626(CO), 1671 (amide carbonyl); 3200, 3292, 3880(NH, 
NH2) cm _z. 

c) 2.2 g (20 mmole) C1COzEt, is rapidly added to a mixture of 4.3 g (20 m m o l e ) 7 -  (indolyl"8)"Y-ketobutyric 
acid, 2.05 g (20 remote) EtaN, and 70 ml CHC13 at - 5 ~ the mixture stirred for 15 min, then dry NH a passed in for 
5 min, and the whole left for I hr at room temperature. The EtaN �9 HC1 precipitate was dissolved in water (0.7 g start- 
ing ketoacid, mp 280 ~ was recovered by acidifying the water layer), when aprecipi ta te  separated from the CHC19 
layer, and this was filtered off, washed with water, and dried, yield 0.8 g amide, mp 209 ~ (ex MeOH-H20). The 
chloroform extract was washed with a saturated aqueous solution of NaHCOa, and then dried over anhydrous MgSO 4. 
After distilling off the solvent, there was obtained a further 0.6 g amide, mp 210-212 ~ total yield 1.4 g (39%, ca l -  
culated on the reacted acid). 

Method c was used to synthesize the other ketoacids. Dry NH s (or Me.aNH) was passed into a mixture of 5 mmole 
of the appropriate ketoacid, 0.26 g (2.6 mmole) Et3N, and 0.26 g (2 .4  mmole) C1CO2Et. The table gives yields, 
melting points, and elementary analytical data for the amides, which were recrystallized from 38% MeOH. 

2-(8katyl)  benzyl alcohol (III). 1.32 g (5 mmole) 2-( indolyl-8)  benzoic acid was reduced in a Soxhlet appara- 
tus, over 14-15 hr, with 1 g (26 mmole) LiA1H 4. The resultant yellow complex was carefully decomposed with moist 
ether and dilute HC1. The aqueous layer was extracted a few times with ether. The total ether extracts were dried over 
calcium chloride. After distilling off the solvent there remained an oil which was then dissolved in CHC13, and chroma- 
tographed on neutral A1203. Elution was with CHC13, and the eluate had a blue opalescence. The solvent was evaporat-  
ed off, and the residue recrystallized from petrol ether, mp 78-80 ~ yield 0.3 g, Rat 0.45 (A1203; benzene-MeOH = 
= 9:1); 0.14 (AlzO3; CH~Ciz). kmax( lg  e) 267(4 .16)hump 388 (3.49 my (in MeOH). Found: C 80.52, 80.51; 

H 6.53, 6.42%. Calculated for C16HIsNO: C 80.95; H 6.87%. 

Methj1 cis-2-(indoyl-3) cyelohexene-4-carboxylate. An e~ereal  solution of diazomethane was prepared by 
treating 17 g N-nitrosomethylurea with a saturated solution of KOH, and 2.7 g (10 mmole) cis-2-(indoyl-3) cyclo- 
hexene-4-carboxylic acid added to it. After standing for 10 hr at room temperature, the solvent was distilled off, and 
the residue ( 2.6 g, 98%) recrystallized from benzene-cyclohexane (1 : 1), mp 182 ~ IR spectrum (in vaseline): 
3320(NH), 1724(COOCH~), 1680, 1614(CO) cm -1, UV spectrum: )'max (lg ~) 240-243 (4.13), 295 (4.14) m~( in  
MeOH). Found: C 71.90, 71.88; H 6.48, 6.52%. Calculated for C17HITNOa: C 72.06; H 6.06%. 

Methyl cis-2-(indoyI-3) bicyclo [2, 2, 1] hept-5-ene-3-carboxylate:  Similarly, diazomethane esterification 
of 2.5 g (9 mmole) cis-2-(indoyi-3)-bicyclo [2, 2. 1] hept-5-ene-3-carboxylic  acid gave 2.4 g (91%) of the Me 
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ester, mp 195" (ex benzene * little MeOH). Rf 0.25 (AI~C%; benzene-MeOH = 9 : 1). UV spectrum: Xrnax mp (lg e) 
240-243(4.26),  296(4.12) (in MeOH). Found' C 73.03, 73.31; H 5.85, 5.76%. Calculated for ClsH~TNOs: C 73.20; 
H 5.80%. 

Methyl-2-(indoyl-3) benzoate. 1 g (3.8 mmoie) 2-(indoyl-3) benzoic acid similarly gave 1 g (96%) 
of the Me ester, mp 199-199.5"(ex MeOH); Rf 0.27 (AltOs; benzene-MeOH -- 9 :1) .  Found: C 72.91, 72.81; 
H 4.86, 4.96%. Calculated for CI?HIsNOs: C 73.11; H 4.69%. 

0.3 g Me ester was refluxed for 1 hr 30 min with 2 N NaOH, the products allowed to cool, and made acid with 
dilute HC1, when 0.28 g 2-(indoyl-3) benzoic acid was obtained, mp 193-194 ~ (ex aqueous MeOH). 

Dimethyl sulfate methylation of 2-(indoyl-3) benzoic acid. 8 ml Me, SOu was added over 30 rain to a boiling 
solution of 1.32 g (5 mmole) 2-(indoyl-3) benzoic acid in 100 ml Me, CO containing 5.6 g KOH and 25 m1 HzO. A 
white crystalline precipitate formed as the addition proceeded. After heating for 15 rain longer the solvent was dis- 
tilled off under reduced pressure and the precipitate which separated filtered off, 1.25 g, mp 100-103". Recrystalliza- 
tion from aqueous MeOH gave 0.65 g 3-(a-methoxy-o-carboethoxybenzylidene)  indolenine (IV) mp 112-113~ 
R] 0.80 (A12Os; benzene-MeOH = 9"1). UV spectrum: ~max '  m~( lg  ~) 257(4.37),  288-286(4.39)  (in MeOH). 
Found: C 73.90, 74.071 H 5.54, 5.53%. Calculated for C18HIsNOs: C 73.70; H 5.16%. 

Compound IV was refluxed for 15 hr with 2 N NaOH, and the reaction products acidified with dilute HC1 to give 
3- ( a  -methoxy-o-carboxybenzylidene) indolenine, mp 244 ~ (ex MeOH). 

The residue after recrystallizing from aqueous MeOH was crystallized from MeOH, to give 0.5 g compound V, 
mp 132". R~ 0.80 (AltOs; benzene-MeOH = 9 : 1). kma x, mp (lg e) 250 (475),  312 (4. 82) (in MeOH). Found: 
C 73.64, 73.73; H 5.24, 5.21%. Calculated for CIsHIsNOs: C 73.70; H 5.16%. 

Hydrolysis with NaOH solution gave 2-(1-methy ! indoyl-3) benzoic acid, mp 233- 234 ~ (ex aqueous MeOH). 
R] 0.47 (paper; B u0H saturated with 5% aqueous ammonia); 0.94 (paper; isopropanol-ammonia-water = 8 : 1 : 1). 
Found: C 68.88, 68.65; H 5.24, 5.15%. Calculated for C17HlsNO s �9 H~O: C 68.68; H 5.09%. 

Cis-2-(1-methylindoyl-3) cyclohexene-4-carboxylic acid. In the way described above, 1.35 g (5 mmole) 
cis-2-( indolyl-3)  cyclohexene-4-carboxylic acid gave 1.27 g(85%) of the Me ester of the N-methylated ester, mp 
182-183 ~ (ex aqueous MeOH) Found: C 72.45, 72.56; H 6.56, 6.38%. Calculated for CIsHIgNOs." C 72.70; H 6.44~ 

}kcidification of an alkaline solution gave 0.1 g cis-2-(1-methylindoyl-3) cyclohexene-4-carboxylic acid, mp 
194-195 ~ (ex aqueous MeOH). Found: C 72.46, 72.49; H 6.26, 6.38%. Calculated for CI?H17NOs: C 72.06; H 6.06%. 
0.5 g of the Me ester of the acid was heated for 1 hr 30 rain with 2 N NaOH; acidification then gave a compound mp 
194-195 ~ identical with that described above. 

7 -(2-Phenylind~ butyric acid. 4 g powdered Raney alloys was added in small portions, over 60-90 min, 
to a solution of 1.46 g (5 mmole)7 -(2-phenylindolyl-3)- 7 -ketobutyric acid in 40 ml 10% NaOH at 90 ~ and then a 
further 20 ml alkali solution and 2 g Raney alloy were added. After that the reaction mixture was heated for 1 hr, the 
hot solution carefully filtered, cooled, and dilute HC1 added slowly, dropwise, until the products were acid. Yield 
0.45 g 7 -  (2-phenylindolyl-3) butyric acid, mp 138-139 ~ (ex aqueous EtOH) [7]. 
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