
BY W. S. S~IITIP AND R. Y .  ~'IoIR'  

ABS'TR!iCT 
1-Indoleacetic acid. 3-methvl-1-indoleacetic acid. and several of their deriva- 

tives were formed from phe~<y!h~drazineacetic estkr, and their structures were 
determined in three different ways. Several of the new compourlds exhibited 
plant growth regulating. activity. 

In this paper it is shown that 1-indoleacetic acid (I) and some of its deriva- 
tives may be formed froin asynlnletrical pl~enyll~ydrazineacetic ester hydro- 
chloride (11) by conventional methods, and that some of these derivatives 
exhibit plant growth regulating activity to an interesting degree. The 
problem was suggested to us several years ago by Dr. R. H. Manske. 

Pl~enyll~ydrazineacetic ester hydrochloride (11) was made from phenyl- 
glycine by the method of Harries (6) and also froin phenylllydrazine and 
chloroacetic acid by the method of Busch (2). The former method gave a 
product of unambiguous structure, but the latter method was much nlore 
convenient. Two new denlollstrations of the identity of the products made 
by the two  neth hods are described in the experimental part and are desirable 
because of the previo~~s  confusion regarding the structure of the substance 
made by the second method (2, 6, 14). 

Condensation of pl~enyll~ydrazineacetic ester hydrocl~loride (11) with ethyl 
pyruvate in alcoholic hydrogen chloride gave excellent yields of the diethyt 
ester of 2-carboxy-1-indoleacetic acid (IIIa).  The ester was easily saponified. 
to give the free acid (IIIb), which readily formed the anhydride, the acid 
amide (IVa?), and the half ester (IVb). Decarboxylations of the half esters 
of 2-carboxy-3-indoleacetic acids by heating t h e ~ n  either alone or in quinoline 
in the presence of a copper chronliunl oxide catalyst have been performed by 
King and L'Ecuyer (lo), by Tanalta (lG), and by Findlay and Dougherty (i), 
but large amounts of tar were formed when their methods were applied to the 
half ester IVb. I t  was thought that  dilution of the reaction n l ix t~~re  with 
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large arnounts of quinoline should favor the decarboxylntion in competition 
with tlie formation of t a r ,  since the former reaction should be unimolecular 
and the latter a t  least bimolecular in IVb. Dilution did suppress the formation 
of tar but another interesting complication arose. The  quinoline contained 
small amounts of aniline and in the decarboxylations carried out in large 
volumes of quinoline, some anilide of I-indoleacetic acid (Vb) was formed as 
well as  the expected ester (Va). The  forination of the anilide was not un- 

IIIa: R=C2H; IVa: R=NHz Va: R=OCzH, 
IIIb: R = H  IVb: R=OCzIlj Vb: R = N H P h  

welconie since it was a highly crystalline and stable derivative of tlie rather 
unstable free acid (I) and since i t  proved to be highly active as  a plant growth 
regulator. Hydrolysis of either the ester (Va) or the anilide (Vb) gave the 
desired 1-indoleacetic acid (I) as small, shining needles of ineltiiig point 
179°C. I t  was a rather unstable substance, difficult to purify. 

Plienylliydrazineacetic ester hydrochloride (11) and the methyl ester of 
a-ketobutyric acid were smoothly converted in ethanolic hydrogen chloride 
to the diethyl ester of 2-carboxy-3-methyl-1-indoleacetic acid (VIa), which 

VIIIa: R=OCaH:, 
VIIIb: R = N H P h  
VIIIc: R = O H  

was readily hydrolyzed to  give the free acid (VIb). Conversioil of the latter 
to its half ester (VII) occurred easily, and when VII  was heated in quinoline 
with copper chronlium oxide, a mixture of the ethyl ester (VIIIa) and the 
anilide (VIIIb) of 3-r~iethyl-1-indoleacetic acid was formed. Ta r  formation 
during the decarboxylation was much less than in the decarboxylation of 
IVb, as  was expected since the reactive 3-position was occupied in VII  but 
not in IVb. Hydrolysis of the ester (VIIIa) gave the free 3-methyl-1-indole- 
acetic acid as white crystals of melting point 17g°C., somewhat more stable 
than those of 1-indoleacetic acid. 

The 3-inethyl-1-indoleacetic acid (VIIIc) prepared in this way proved to be 
identical with that made by Jackson and Manske (8) from 1,3-indolediacetic 
acid (IX),  a rather conclusive proof of the structures suggested in the present 
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S . I I I I~ f1  .AXD AIOIR: I - I N D O L E A C E T I C  ACID 413 

paper for the monocarboxylic acids and their derivatives ancl for the clicar- 

C H ~  

S a :  R = H  
Xb: R = C H ,  

boxylic acids and their diethyl esters. These stri~ctures were confirmed in 
two other ways. Decarboxylation of the dicarbosylic acids IIIb ancl VIb 
could lead either to  the acids I  and VIIIc,  or to the acids X u  and Xb,  respec- 
tively, depending on which carboxyl group was lost. The  acids X(L ( 5 )  
and Xb  (9) are known; both melt a t  212OC. rather than a t  17g°C. as  do 
both of the n~onocarboxylic acids obtained in the present work, so tha t  
s t r uc t~~ re s  I  and VIIIc  were confirnled. The  fact that the compounds 
thought to be 1116, IVb, VIa ,  VIb, and VI I  gave negative tests with Eilrlich's 
reagent, while the con~pounds thought to  be 1, Va, Vb, VI I Ia ,  VIIIb ,  and 
VIIIc  all gave strongly positive tests with the reagent also confirmed the 
structures suggested for them, since the intensified color given by the second 
set of con~pounds was evidence that they had lost a c a rbox~~ l  group in the 
2-position (4). The strLlctilres of the half esters of the dicarboxylic acicls 
were given as IVb and VI I  because of their decarboxylation to Va and VI I In  
respectively. This method of proof has been accepted by several authcrs 
(4, 10, 1G) but is perhaps not absolutely conclusive because of the drastic 
conditions used in the decarbox)rlations. Finally, the structure of the half 
amide of 2-carboxy-1-indoleacetic acid was thought to be IVa because of i ts 
analogy to the half esters (IVb and VII)  and to the anilicles (Vb and VIIIb) .  

Sorne of the new inclole derivatives were compared with 3-indoleacetic 
acid in their ability to produce cell elongation in young tomato plants, as  
suggested by Zi~nmerman (17). Our tests were not sufficiently accurate or 
extensive to make qila~ltitative comparisons advisable, but they dicl establish 
the fact that  some of the compouncls, notably the anilide of 1-indoleacetic 
acid, were highly active as plant growth reg~tlators. This observation was 
of considerable interest because of the geometrical similarity of the compounds 
to the very active 3-indoleacetic acid. 

EXPERIMENTAL 

Melting points are corrected unless otherwise stated. 

asynzm-Phenylhydrc~zineacetic Ester Ifirdrochloride 
(a) By Ih r r i e s '  Method (6) 

N-phenylglycine (12) was esterified in yield with ethanol and hydrogen 
chloride (15) or in 647, yield with ethanol and sulphuric acid, and the ester 
was quantitatively converted to its N-nitroso derivative as described by 
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Harries (6). Less zinc dust and alcohol ( 7 )  than suggested by Harries were 
used in the reduction of the nitroso conlpound, but our yields were much 
lower than his. The ci-ude phenylhydrazineacetic ester was obtained f1-olll 
the reduction as a red syrup; atteiilpts to p~i r i fy  it by Harries' niethod failed, 
but a method like that of Busch (2) succeeded. The recl syrup was clissol\,ed 
in absolute ethanol and the solution was saturated with dry hydrogen chloride. 
After the mixture had been thoroughly chilled, the sliglltly pink neeclles 
\\fhicli formed were recovered, washed with alcohol and with ether, and dried 
first in the air and then in vacuo over sulphuric acid. The yield was 18yo and 
the melting point of the crystals was 194.8-195.7"C. with decomposition. In 
other experiments one of us obtained yields of 20% and %yo. Harries 
reported a yield of 55%, and a melting point of 195-196°C. 

( b )  B y  Bz~sclz's A4etlzod ( 2 )  
Crude asynzm-pllenylhydi-aziileacetic acid was inacle according to Busch's 

directions in a yield of 8370, but the product soon turned to a gum and its 
subsequent reactions failed. In another run, the crude acid was imnzediately 
recr-ystallized from 60% alcollol to give a heavy crop of light yellow needles 
in a yield of 46%. This product was stable. The once-recrystallized acid 
(37.7 gin.) was suspended in absolute ethanol (240 cc.), the mixture was 
tl~orougl~ly saturated with hydrogen chloride, and then heated under refux 
for 30 min. Yellow needles separated fro111 the cooled reaction nlixture and 
\\-ere recovered, washed with ethanol, and rigorously dried; yield 33.4 gni. 
or 64y0, m.p. 192.6-194.Ci°C. with deconipositior~, mixed n1.p. wit11 tlle ester 
h~~drochloride prepared by Harries' method 193.0-195.1°C. 
Ethyl Ester of 2-Ca.rbethoxy-1-indoleacetic Acid 

Phenylhydrazineacetic ester hydrochloride (prepared by Busch's method 
as  above, 30.0 gin.), methyl pyruvate (3) (once distilled, 13.2 gill.), and 
absolute ethanol (200 cc.) were mixed and saturated with dr), hydrogen 
chloride. The mixture was then heated under reflux for 60 inin., cooled 
sliglltll-, and filtered to remove ammonium chloride; the filtrate was then 
evaporated under reduced pressure to give a partly-oily, partly-crystalline 
residue which was thoroug-l~ly extracted with ether. The insoluble cr\rstallirle 
residue weighed 4.2 gm. Evaporation of the ethereal extract gave the crude 
dieth>-1 ester as a dark recl syrup in a yield of based on methl-1 pyi-~ivate. 
A small portion of this syrup was fractionally distilled three times to give the 
following fractions: (1) 1.565 gill., b.p. 120-150°C. a t  0.2 to 0.3 111111. 
(2) 2.308gm., b.p. 150-155°C. a t  0.2 mm. (3) 2.120 yni., b.p. 15S0C. a t  0.2 n1111. 
Fractions (2) and (3) were pale yellow, viscous oils whicll slowly crystallized 
to form long yellow needles. Calc. for ClsH 1704N: C, 6(i.42yO; H,  6.23%. 
Found for fraction (2): C, 65.90, 65.70%; H,  (3.25, 6.16%. Greenish-yello~v 
arid light red shades were produced by this substance in Ehrlicli's test. 

2-Cnrbosy-I-i~zdoleacetic Ac id  
The crude diethyl ester of this acid (66.7 gin.) was saponified by heating i t  

under reflux for four hours with sodiiin~ hydroxide (39.2 gm.) and water 
(490 cc.). The cooled mixture was extracted wit11 ether; the aqueous layer 
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S M I T H  d N D  M O I R :  I - I N D O L E A C E T I C  .ICID 415 

was filtered fro111 a small precipitate and then cautiously acidified with con- 
centrated hydrochloric acid, ice being added to lieep the temperature down. 
A light brown precipitate was formed, and was recovered, washed with water, 
and dried in the air;  yield 37.6 gm. or 71Yo. When the product was taken LIP 

in hot alcohol, boiled with charcoal for some time and filtered, and the filtrate 
treated with several volumes of hot benzene and coolecl, sand-colored crystals 
were recovered in a yield of 25 gni., ancl further amounts were recovered from 
the mother liquor.. A small portion of this product was further recrystallized 
twice from water with charcoal and once from ,benzene-ethanol with charcoal 
to give the analytical sa~nple of small, white, but not well~shaped, crystals, 
1n.p. 232.8-234.4OC. with decomposition. Calc. for C 1 l H ~ 0 4 N :  C, 60.27y0; 
H, 4.14y0. Found: C, 60.72, 60.33%; I-I, 4.20, 4.42y0. When asyrnnz- 
phenylhj~drazineacetic ester hydrocliloride made by Harries' method was 
similarly conclensed with almost the theoretical amount of ethyl pyruvate 
(kindly given to us by Dr. Kulka, lief. I].), the same diacid was forrned on 
saponifying the intermediate ester, since after purification the acid ~uelted 
a t  234.9-236.0°C., with decomposition, and the analyses were appl-oximately 
correct. The yield of the crude acid, based on ethyl pyruvate, was 84y0. 
2-Carboxy-1-indoleacetic acid from either source gave an almost completely 
negative test with Ehrlich's reagent. 

Anhydr ide  of bCarboxy-I-indoleacetic Acid 

Once-recrystallized 2-carboxy-1-indoleacetic acid (2.02 gm.) and copper 
chronlium oxide catalyst (1) (0.042 gm.) were heatecl together in a subli~nation 
t ~ ~ b e  a t  0.05 to 0.17 mm. pressure and 178-245°C. The sublimate was 
powdered ancl thoroughly extracted with cold aqueous sod i~~ in  bicarbonate 
and the insoluble residue (0.32 gm.) was collected, washed, and dried. In a 
similar experiment, the insoluble sublimate weighed 0.38 gm. The two 
preparations were recrystallized together from a rnixt~~re of isopropyl ether 
ancl acetic anhydride. In a third experinlent, the same aillounts of reactants 
were used, but the conditions were more drastic. The pressure was held a t  
200 111111. until the external temperature reached 215'C.; the pressure then 
adjusted to 12 mm. and the bath temperature kept a t  230-235OC. for 15 min. 
and up to 245'C. for 10 min. Gas was evolved d~~r ing-  this period. The 
bicarbonate-insol~ible sublinlate weighed only 0.29 gm. A small portion ol 
it was found to be insoluble in cold caustic solution but soluble in warin caustic 
so l~~t ion ,  from which crystals could then be precipitated by acidification. The 
rest of the insoluble sublimate from the third experiment was recrystallized 
from acetic anhydride but much darkening of the niaterial occurrecl. All of 
the bicarbonate-insoluble crystals from the three experiments were now ~ ~ n i t e d  
and very cautiously subliined a t  a pressure of 0.0005 to 0.005 mni. The sub- 
limate was very thoroughly extracted with aqueous bicarbonate, washed, 
carefully dried, and recrystallized from a mixture of isopropyl ether (60 cc.) 
ancl acetic anhydride (19 cc.), care being talien not to prolong the heating 
period. The well-formed, light yellow needles were recovered, washed with 
isopropyl ether, and rigorously dried. Calc. lor CllH703N: C, 65.67%; 
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H,  3.48%. Found: C,  6fi.2G, 66.11, 66.07, G6.15%; H ,  3.67, 3.62, 3.85, 3.71%. 
The  crystals had a melting point of 230.5-231.0°C. (uncorr.) with decomposi- 
tion; their corrected nnelting point is estimated to  be about 237-238°C. from 
their melting point relative to  that of the diacid on the same thermometer. 
Unchanged diacid was recovered in yields of 48% ancl 52% iin the first two 
experiments, respectively, but  only in low yield in the third. 

Acid  A m i d e  of' 2-Carboxy-1-indobeacetic Ac id  
Once-crystallized 2-carboxy-1-indoleacetic acid (2.22 gm.) was treated with 

concentrated anlnlonium hydroxide (5 cc.) and water (8 cc.) and the ~nixture  
was rapidly evaporated to  dryness. When the thoroughly dried residue was 
sublimed a t  95-230°C., the pressure of sublinlation rose from 0.004 to 0.3 mm. 
and then fell again t o  0.003 mm., showing that  gas was evolved. The  crystal- 
line residue and sublimate were then treated exactly as  before, being even 
more rigorously dried before sublimation. The  sublimate was dissolved in 
anlmoniuin hydroxide and filtered from a scanty precipitate which was dis- 
carded. Acidification of the filtrate gave a solid which was extracted for 30 min. 
with boiling ethanol (25 cc.); the insoluble material was kept. Evaporation 
of the alcoholic extract gave a solid which was again treated with ammonium 
hydroxide, sublimed a t  a pressure above 0.2 mm., and worlred u p  as  before. 
The alcohol-insoluble nlaterial was kept, ancl the alcohol-soluble material 
again treated as before, the sublinlation being perfor~ned a t  a higher pressure 
(above 0.2 nlnn.) and performed more slowly. The  co~nbined lots of material 
insoluble in ethanol but soluble in ammonium hydroxide were recrystallized 
from ethanol (140cc.),  recovered, dissolved in dilute ammonia, treated with 
charcoal in the cold, recovered by acidification, and once again treated with 
ammonia and charcoal as  before. The  glistening white crystals af ter  tlloro~lgh 
washing and drying ~ncl ted a t  272.0-273.G°C. wit11 decomposition. Calc. for 
CllH1003N2: C, 60.55%; H,  4.5970. Found: C,  60.75, 61..20, 60.39%; H, 
4.53, 4.40, 4.57%. 
Acid  E thy l  Ester of 2-Carbo,cy-1-i?~doleacetic Ac id  

Once-recrystallized 2-carbosy-1-indoleacetic acid (33.3 g ~ n . )  and absolute 
ethanol (81 cc.) were warmed to  65°C. and treated with a vigorous stream of 
hyclrogen chloride gas. The  crystal cake which formed in about two minutes 
was broken up ;  the ~nixtirre was warmed to 80°C. and was saturated with 
hydrogen chloride. Water was added and the mixture was cooled and filtered. 
The turbid, greasy filtrate was discarded; aftel- being washed and dried the 
recovered solid weighed 32.0 grn., a yield of 85y0. After four recrystallizations 
from ethanol with charcoal, the material was pure, 1n.p. 200.5-201.5"C. 
Calc. for C13H1304N: C ,  63.15%; H ,  5.30y0. Found: C ,  63.37, 62.94yo; 
H ,  5.34, 5.57Yo. The  test with Ehrlich's reagelit was practically negative. 

A n i l i d e  of' I -Indoleacetic A c i d  
Twice-recrystallized acicl ethyl ester of 2-carboxy-1-indoleacetic acicl, which 

had been for~ned from phenylhydrazineacetic ester made by Busch's method, 
was used. The  acid ester (7.0 gm.), quinoline (a redistilled sample of Nauga- 
tuck's synthetic material, containing a little aniline, 97 cc.), and copper 
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chromium oxide catalyst (1) (0.18 gm.) were heatecl together on an  oil bath 
in an atmosphere of nitrogen. The  bath was held a t  190°C. for 80 nlin., a t  
195-197°C. for 10 min., and a t  205°C. for 20 min., then heated briefly to 
209°C. The  catalyst was removed b3, filtration; the filtrate was cautiously 
acidified with dilute l~ydrochloric acid, ice being added to keep the temperature 
low. Ether (150 cc.) was added during the acidification. The  mixture was 
filtered and repeatedly extracted with ether; the combined ethereal extracts 
were washed with dilute hydrochloric acid, with sodium carbonate solution, 
and finally with water. Evaporatiorl of the ethereal extracts left a brown, 
gummy residue which was distilled in a Von Braun retort heated in an  air bath. 
Two fractions were obtained: (a) an oil which distilled a t  a bath temperature 
of 100-130°C. and a pressure of 0.07 to 0.08 mm., yield 2.0 gm., (b)  crystals 
which distilled a t  a bath temperature above 130°C., yield 2.2 gm., 111.p. 
177.3-178.4"C. A portion (0.48 gm.) of the crystalline fraction was twice 
recrystallized from dilute ethanol to give the pure anilide of 1-indoleacetic 
acid as  white needles, n1.p. 180.3-181.0°C. Calc. for C lGH 140N2: C, 76.80y0; 
H, 5.60%. Found: C,  76.81, 76.83%; H, 5.78, 5.80%. Ehrlich's test was 
positive, several shades of red being produced. 

Attempts to decarboxylate the acid ester by heat aloile failed, and experi- 
ments in which the catalyst was omitted led to very unsatisfactory results. 
I -Indoleacetic Acid 

(1) The  oily fraction of the distillate described just above was heated under 
reflux for three hours with potassium h~.droxide (1.30 gm.), water (2.5 cc.), 
and ethanol (11 cc.). The  solution was concentrated and then made distinctly 
acid in the cold. White crystals which rapidly began to turn brown were 
recovered in a yield of 1.58 gm. or 92y0. Some ordinary methods of purificatioil 
failed, but  the following procedure was satisfactory. The  crude crystals 
(1.58 gm.) were talten up in ether (75 cc.) ; the solution was filtered, and the 
filtrate was allowed to stand in contact with charcoal for two days a t  room 
temperature before being filtered again. The  filtrate was then evaporated to 
small volun~e and treated with five volunles of petroleum ether to give white, 
fluffy crystals, which turned pink 011 standing, in a yield of 1.05 gm., m.p. 
174.7-175.7"C. Three more similar treatments with charcoal in ether, lasting 
one day each time, followed by recovery in the same way as before, gave 
white but  not very well formed needles of n1.p. 176.3-177.3"C. A final recrystal- 
lization from benzene gave the analytical sample, m.p. 178.4-179.4"C., a s  
small, shining needles. Calc. for C10H902N: C,  68.56%; H,  5.1870. Found: 
C, 68.17, 68.22%; H, 5.34%, 4.96%. Ehrlich's test was strongly positive: a 
few milligrams of the compound were dissolved in alcohol and treated with a n  
alcoholic so l~~t ion  of p-dimethylaminobenzaldehpde to give a yellow solution. 
Addition of a few drops of concentrated hydrochloric acid gave a medium 
red color which changed to a ruby red when the mixture was heated. Cooling 
did not alter the color but the addition of sodium nitrite gave a very dark red 
solution not changed by heating or cooling. 

(2) T h e  crude anilide of I-indoleacetic acid (obtained in the second fraction 
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of the distillate describecl in the previous section, 1.32 g111.) was lleatecl under 
reflux for three hours with potassium hydroxide (0.70 gm.), water (1.2 cc.), 
and ethanol (6.0 cc.). Two products were eventually isolated in the 1:sual 
\vay: a basic oil which was identified as aniline by converting it to benzene- 
sulphonanilicle, 1n.p. 109-llO°C. (uncorr.), and acidic crystals, 1n.p. 174.7- 
176.3"C., mixed m.p. \hrith I-indoleacetic acid 174.7-176.8"C., which were 
therefore not quite pure 1-indoleacetic acid. This experiment conlirmecl the  
constitution of the anilide of 1-indoleacetic acid. 

Pyrolysis of 2-Curbox~l-I-indoleacetic Acid 
Pyrolysis of the diacid a t  very low pressures in the presence of a catalyst 

led only to the partial coi~version of the acid to its anhydride, as already 
described. Pyrolysis of the diacid aloi~e a t  ordinary pressure produced a tar 
which yielded no pure proclucts: as well as very small amounts of an oily 
distillate thought to be N-methylindole and of a crystalliile sublimate thought 
to be crude 1-indoleacetic acid. When 2-carboxy-1-indoleacetic acid (1.50 9.111.) 
was heated with quinoline (7.2 cc.) and copper chromium oxide catalyst 
(0.043 gnl.), some impure 1-indoleacetic acicl was obtained, but considerable 
amounts of tar were formed as well. Better results were obtained when the 
diacid (3.48 grn.) was heated with quinoline (54 cc.) and copper chroiniun~ 
oxide catalyst (0.101 gm.), since very little tar was formed and 1-indoleacetic 
acid was recoverecl by the method already described; after three years it had 
a melting point of 176.3-177.g°C. This acicl was not analyzed, but the pyrolyses 
of the diacid in quinoline also yielded neutral crystals of m.p. 181.0-182.0°C. 
and mixed n1.p. with the anilide of 1-incloleacetic acid already described, 
180.0-181.5"C. Calc. forC 16H 140N2: C, 76.80%; H. 5.60; r\i, 11.20%. Found: C, 
76.22,75.94,77.17%; H ,  5.57, 5.61, 5.64%; N, 11.03? 10.98%. Since the anilide 
made in the experiments of this section had been formed from phenylhydra- 
zineacetic ester made by Harries' method, the mixed melting point ~vi th  the 
anilide described previousIy was confii-mation also of the identity of the 
phenylhydrazineacetic esters made by the method of Harries (6) and of 
Busch (2). 

2-Carboxy-3-methyl-1-indoleacetic Acid, Diethyl Ester 
a-I<etobutyric acid was formed in excellent yield from crotonic acicl by the 

nlethocl of Plister, Robinson, and TishIer (13), and then converted to its 
methyl ester in sly0 yield by the elegant general method of Clintoil and 
Lasltowski (3). Crude phenylhydrazineacetic ester hydrochloride (nlacle by 
Busch's method, 36.0 gm.), methyl a-ketobutyi-ate (b.p. 66-69.5"C. a t  26 mm., 
18.0 gm.), and absolute ethanol (240 cc.) were then mixed, satiirated with 
dry hydrogen chloride, heated urlder reflux for one hour, cooled slightly, and 
filtered; the precipitated an~nloni~lm chloride weighed 6.0 gm. The filtrate 
deposited a heavy crop of crystals on stancli~~g, and a further crop was ob- 
tained by evaporaiing the  noth her liquors. Extraction of the combined crystal 
crops with ether gave the crude diethyl ester as very light brown crystals 
(soluble in ether) in a yield of 38.3 gm. or 86y0 based on methyl a-ketobutyrate. 
When a small sample was thrice recrystallized f ro~n ethanol, charcoal being 
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SJlI1'R ;IND diOIR: I-INDOLEA CE7 IC  ACID -ilCI 

~isecl twice, white, well-forn~ed needles of n1.p. SO.O°C. (uncorr.) were obtainecl. 
Calc. for C,,H,,O,N: C, 66.42%; H, 6.G2%. Found: C, 66.88, Gfi.545G; 
H ,  6.40, (5.57y0. The material gave a practically negative test wit11 Ehrlich's 
reagent. 

2-Carboxy-3-methyl-I-indoleacetic Acid 
The crude diethyl ester (36.3 gm.) was saponified in the usual way with 

aqueous alcoholic sod i~~n l  hydroxide, and the crude dicarboxylic acid was 
obtained in 937, yield. When a small portion was recrystallized twice fro111 
benzene-ethanol and twice from dilute ethanol with charcoal, p~l re  2-carboxy- 
3-methyl-1-indoleacetic acid was obtained in well-formed, shining crystals 
of n1.p. 236.5-237.G°C. with decomposition. Calc. for C,,I-I,,04N: C, 61.80%; 
H, 4.75%. Found: C, 61.67, 61.43%; H,  4.81, 4.90Yo. The test with Ehrlich's 
reagent was practically negative. 
Acid Ethyl Ester of 2-Carboxy-3-methyl-I-indoleacetic Acid 

The crude acid obtained as above (22.1 grn.) was mixed with absolute 
ethanol (50 cc.), warmed to 65"C., and treated with dry hydrogen chloride. 
The crystal cake was then broken up, treated with an additio~lal 10 cc. of 
absolute ethanol, warnled to  80°C., and saturated with hydrogen chloride. 
Deep blue crystals having an extrernely foul odor were recovered from the red, 
turbid, diluted alcoholic medium, and dried to give 21.8 gnl. (88%) of the 
crude half ester. Three recrystallizations of the product from ethanol with 
charcoal gave colorless but not well-formed crystals which had a sweet odor. 
One more recrystallization of a s~nall portion of these crystals from a large 
amount of ethanol gave the analytical sample of m.p. 195.7-196.7"C. Calc. 
for C,,H1,O4N: C, 64.347,; H, 5.79%. Found: C, 64.88, 64.62, 64.817,; H, 
5.79, 5.88, 5.647,. The test with Ehrlich's reagent was negative. 

Decarboxylation of the Acid Ethyl  Ester of 2-Carboxy-3-metl~yl-1-indoleacetic 
A cid 

The half ester described above (thrice crystallized, 7.0 gm.),  quinoline 
(Naugatuck's redistilled, 31.0 cc.), and copper chromium oxide catalyst 
(0.17 grn.) were heated together a t  a bath tempe~ature of 180-190°C. for 
80 min., a t  190-200°C. for 10 inin., and a t  200-204°C. for 15 min. The mixture 
was then filtered, cooled, treated with ether, and acidified in the cold with 
dilute hydrochloric acid, again filtered, and then thoroughly extracted with 
ether. Very little tar was produced in the reaction. After the conlbined ethereal 
extracts had been washed with dilute hydrochloric acid, with sodium carbon- 
ate solution, and with water, they were evaporated to leave a semisolid, brown 
residue which was distilled a t  0.06 mm. pressure in a von Braun retort. The 
following fractions were obtained: ( I )  distilled a t  a bath temperature of 
95-llO°C., an oil; (2) bath temperature llO-ll(~°C., yield 1.585 gnl., an oil; 
(3) bath temperature 116-165OC., an oil; the total yield of the first three 
fractions was 4.376 gm.; (4) bath temperature 165-250°C., yield 0.486 gm., 
a solid ; (5) tarry residue, 0.19 gm. 

The crystalline fraction (4) (0.486 gm.), together with 0.129 gm. of distilled 
crystals froin a similar run, was recrystallized fro111 hot ethanol (30 cc.) t o  
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give 0.346 gm. of crystals of n1.p. 219.7-223°C. Evaporation of the mother 
liquor yielded a brown gum, so that this fraction of the distillate was not 
homogeneous. Two lllore recrystallizations of the crystals from ethanol gave 
very white crystals of 1n.p. 221.9"-222.4"C. whose analysis showecl them to  
be the anilicle of 3-methyl-1-indoleacetic acicl. Calc. for C,,H,,ON,: C, 
77.25%; H ,  6.10%. Found: C, 77.34%; H, 6.33%. Light amber and pink 
shades were procluced with this material in Ehrlich's test. 

The oily fraction (2) of the distillate (1.585 gm.) was redistilled, and the 
oily central fraction clistilling a t  a bath temperature of 112-115°C. a t  0.06 mm. 
was collected and analyzed. Calc. for C,,H,,O,N: C, 71.86%; H, 6.96y0. 
Found: C, 72.03, 72.34%; H,  7.19, 7.13Yo, showing it to be ethyl 3-methyl-l- 
indoleacetate. Ehrlich's test on the material produced successively deep pink, 
light red, brown, and purple shades. 
3-AJeethyl-I-indoleacetic Acid 

(1) The crude ethyl ester of this acid (3.72 gm. from the first three fractions 
of the distillate described in the previous section, together with 1.50 gin. 
from a similar experiment) was saponified in aqueous alcoholic potassium 
hydroxide and the product was recovered in the usual way. The crude acid 
was obtained in a yield of 2.624 gm. or 58y0, 1n.p. 175.2-177.g°C. with slight 
decomposition. I t  had a foul odor and turned light brown when dried but 
was noticeably more stable than 1-indoleacetic acid. The crude acid was 
dissolved in ether, treated for several hours with two successive portions of 
charcoal, separated from the charcoal, and precipitated with petroleum ether. 
Two further recrystallizations of the product from benzene gave very white 
crystals of m.p. 178.9-179.g°C. Calc. for C,,H,,O,N: C, 69.82y0; H,  5.86y0. 
Found: C, 69.68, 69.90%; H, 6.02, 5.83y0. Red, amber, and violet shades were 
obtained with this material in Ehrlich's test. 

(2) Crude 1,3-indoleacetic acid (m.p. 232OC., 0.658 gm.), lcindly given to 
us by Dr. R. H.  Manske, was melted a t  atmospheric pressure and immediately 
distilled a t  0.5 mm. pressure. The distillate was purified in the usual way, but 
unfortunately its melting point could not be raised above 174-176°C. In  
microscopic appearance and in odor it  was identical with the 3-inethyl-l- 
indoleacetic acid macle by method (1) and on admixture with the latter 
(which after several months also melted a few degrees below its true melting 
point) it caused no depression of the melting point. Jackson and Manske (8) 
obtained a melting point of 178°C. for the acid made in this way. 

Biological Tests (17) 
Young tomato plants were purchased on the Kingston market and grown 

under vertical light until they were 8 to  12 in. high. Each plant was then 
photographed, treated on the upper sides of the leaf petiole and on one side 
of the adjacent stem with a solution of an  analytically pure indole derivative 
(16 mgm.) in lanolin (1 gm.), and kept in darkness a t  night and under vertical 
light by day. The were photographed a t  intervals and the change in 
the angle between petiole and stalk was measured on the photographs. Under 
these conditions, the well-known growth regulator 3-indoleacetic acid pro- 
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SB.IITH A N D  MOIR:  I-INDOLE.4 CETIC .4 CID 421 

d u c e d  m a r k e d  induced  cell e longa t ion  in  24 hr . ,  w i t h  l i t t le  f u r t h e r  change  

occur r ing  a f t e r  five d a y s .  T h e  an i l ide  of 1- indoleacet ic  acid  had a n  effect 
a b o u t  two- th i rds  as g r e a t ,  b u t  p roduced  it e q u a l l y  qu ick ly .  S m a l l e r  a n d  il lore 
s lowly i n d u c e d  e longa t ions  w e r e  g iven  b y  t h e  half e s te r s  of 2-carbox>.-1- 

indoleacet ic  ac id  a n d  of 2-carboxy-3-nlethyl-1-indoleacetic ac id ,  ancl by t h e  
d i e t h y i  e s t e r  of 2-carboxy-3-methyl-I-indoleacetic ac id ,  whi le  the e longa t ion  
p r o d u c e d  b y  t h e  d i e t h y l  e s t e r  of 2-carboxy-1-indoleacetic acid  was s l ight .  
T h e  p l a n t s  t r e a t e d  w i t h  1 indoleacet ic  a c i d ,  3 -methy l - I - indo leace t i c  a c i d ,  

2-carboxy-1-indoleacetic ac id ,  a n d  2-carboxy-3-methyl-1-indoleacetic ac id  all  
wi the red  a n d  t u r n e d  b r o w n  a f t e r  a b o ~ ~ t  one  d a y ;  d u r i n g  t h i s  t i m e  s l igh t  cell 

e longa t ion  o c c i ~ r r e d  w i t h  t h e  first  a n d  f o u r t h  of t h e s e  a c i d s  b u t  n o t  w i t h  t h e  
o t h e r  t w o .  
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