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INTRODUCTION

The substituted indole~3-mcetic aclds are worthy of
investigation as possible indole-3~acetic acid antagonists
and as more difficultly catabolizable analogs of indole=
3~acetic acld. Previous work in these laboratories (1, 2)
hag shown thet the chloro-substituted aomﬁthylindole~3w
acetle acidé are more active In the Went Pea Test than
the parent Z2~methylindole«3=scetlc acid, Of the chloro-
substituted cémp@unda prepared the S-chloro was more
active than the T~isomer, which was in turn more actlive
than the §5,7-dlchloro~2-methylindole-3~acetic acid, .In
so far aé7thim is a falr comparison, the order of de-
creasing activity did not parallel the activitles found
by Zimmerman and Hitchcock (3) for the chloro-substituted
phenoxyacetic acids where it was observed that the order
of decreasing activity was in the order 2,4=dichloro=-
bPhenoxyacetle acld, p-chlorophenoxyacetic acld, o=-chloro-
phenoxyacetle acld. However, in both series of compounds
the actlvity was inereased by the substitution of chlorine
in the benzene ring. In the light of these results it

was of Interest to evaluate the activity of the indole=-3~

(1) BStevens, Ph.D. Thesls, Iowa State College, 1947.

éa) Stevens and Fox, J. Am. Chem. Sec., 70, 2263 (1948).

3) Zimmermen and HitTheock, Contrib, Boyce Thompson
Inst., 12, 321 (1941-2). =
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acetlc aclids with chlorine substituted in the benzene
ring.

The substituted Enaarbaxyin&alawawacetic aclds are
of inﬁ@raat on their own merits as well as for their use
as possible intermediamtes in an alternate method (A, 5)
of &ynthaaia of the corresponding Indole=~3=acebtlc aclds

by partial decarboxylatlion of the 2«carboxy derivatives.

(L.} Findlay and ﬁougharty J. Org. Chem., 13, 560 (1948).
(5) King end L' Ecuyer, J: ﬁham» 303., 1§QT% {193l).



- HISTORICAL

The history of the naturally occurring plant growth
hormones has been reviewed by Stevens (1), Btevens has
also discussed in detall the known analogs of indole=3-
scetlic acid as well as the mechanisms which had been pro~
posed for the Flscher indole synthesis up to 1947. Since
.that time an addlitional synthesis of indecle~=3=~acetic acid
has been developed (6). This method involves the reaction
between gramine and sodium cyanide to glve a mixture of
indole~3=acetamide and indole~3«acetlc acld.

Several substituted Indole~3~acetic acids h&ve
been prepared since Stevens! review. The l=-msthylindole~
3~acetic acld has besn syntheslzed by treatment of the
methlodide of lemethylgramine with sodium cyanlde to
give lemethylindole~3=~acetonitrile, which was hydrolyzed
to lemethylindole-3~acetic acid (7).

Findlay snd Dougherty (li) have prepared some of the
methoxylndole=3-acetic aclds and methoxy=~2«carboxyindole=
3~acetliec acids. These workers used the procedure develeoped
by King eand Lt'Bcuyer (5) and Tanaka (8) for the synthesis

of indole-3~acetlc acid, The -ethyl a-ketoglutarate

Snyder and Pil?rim, Je Am. Chem, Soc., 70, 377

(6) 0 (1
{7) Snyder and Eliel, J.  Au, Chém. SoC. 3=5 (19,
(&; Taﬁaka, Je Pham. Soc Japan, 6‘0‘”"“75 %"(194@).
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methoxyphenylhydrazones were prepared from ethyl gwacebo=
glutarate and the methbxyph&mylﬁiazanium‘ahl&riﬂ@ by the
Japp=Klingemann reaction. The phenylhydrazones were

then cyelized to the corresponding 2-ecarboxylndole~3-ace~ '
tlec scid derivative, The 5=, b6~, and T-methoxy- and
5,b~dimethoxy=2~carboxyindole=3=acetic aclds were pre-
pared by this procedure, The Gemethoxy-2~carboxyindole=
3-acetic acid was obtained by eyelization of ethyl a-keto-
glutarate m-methoxyphenylhydrazone, Since cycllzatlon

of a me=substltuted phenylhydrazone would be expected %o
yield a mixture of the L= and O~isomers and since no
evidence was offered to prove the structure of thelr
product, the identity of the acid 1s not established.
Work in these laboratories on an analogous reactlion, cy-
clization of suceclnaldshydlic acld m~chlorophenylhydrazone,
has shown that two lsomers are formed as expected. In

the case of the L=~ and 6«&hlorain&alaw3~aa@tic acids an
eutectic mixture wes formed which had the propertlies of

a pure compound. It seems possible, in the light of

these results, that the bemethoxy~2«carboxyindole«3=
acetlic acld obtained by Findlay and Dougherty was a
mixture of the li= and bemethoxy derivatives., At any

rate the formation of the bemsthoxy derivative as the

gole product should be consldered open to question.

No satisfactory analysis was obtained for the 5,0mdi=

- methoxy=2=carboxyindole=3~acetic acid, and this acid
could not be decarboxylated to the 5,6=dimethoxyindole=
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3*acetim acid. However, thehgw, é(?)w, and Temethoxy=
2-carboxyindole~3~acetlc acids were successfully decar-
boxylated to the corresponding indole-3-acstle acids,

The apctivities of these methoxylndole«3~acetic acids
in the ﬁent Pea Test was of the same order of magnitude
as the activity of indole=3=acetle acid (9).

Recent studles on the mechanism of the Fischer indole
synthesils include the work of Pausacker and co-workers
(10-1ly)s These workers found that cyclizing a mixture
of cyclohexanone o=tolylphenylhydrazone and 2=methyley=
clohexanone phenylhydrazone gave, after dehydrogenation
of the neutral fractlion, not only the expected l-methylw
carbazole (V) andb1lwmethylwl,8,3;h~%$trahy@r0carba«
zolenine (IV) but also an appreciable amount of 8§,ll=di=

OO

CHg
Aaetia
C}m@ (ﬁ L)
; (1IV) _ (VI)
(9) mndlw and Dougherty, J. Blol. C?ﬂﬁm* 1 361 (1%0).
{(10) ?arﬁe?, Pausacker amé’ﬁ”huﬁ rE, T The ””gbc.,
194G}
(11) Pausacker and Sghubert, J. Chem. Sac., 138h~9 (19&9).
(12) Pausacker end Schubarh TattUrs, 1637 23 19L9
(lg) Pausacier and Schub@rt NaTure Tﬁ?, 602 l@h? .
(14) Pausacker, J. Chem. Sac.:"ﬁﬁiﬁﬁ T1%50).



methyl~l,2,3,k=tetrahydrocarbazolenine (III) and a small
amount of carbazele {(VI)., In the light of this end simi-
lar svidence they concluded that the reaction was inter-
molecular and proposed the following free radical mechanism

for the Plscher indole synthesis:

@m?? B— @w . ﬂ%m

«—
¥ =N HE
H

gore, Hughes and Ritechie (15) have pointed out that
if the free radical mechanism were correct some 1,8-di-

methylcerbazole should have been found in the dehydro=-

(15) Gore, Huges, and Ritehile, Nature, 16l, 835 (1949).
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genated t&trahy&raeérhazol@ fraction. Yone of this pro=-
duct was found, These workers have also stated thab
some of the ﬁéﬁsﬁﬁﬁ radicals should combine Lo form
hydeazobenzene which under the reaction conditions would
be converted to benzidine. Tests senslitive to 0.0003 g.
of bonzldine gave negative resulis. The free radicals
formed by the dissoclation of the phenylhydrazone wauld
react malnly with the solvent to form a largs anount of

carbon dioxide.

X# + CHsC00H ———> CHgCO0# + HX

!

CHa#® + COyb

The yileld of €0y from the cyclization of cyclohexenone
phenylhydragone was only O.4%. These arguments discredit
any intermolecular frea ré&iaal mechsnism. Gore, Hughes
and Rltechie have proved beyond any reasonable doubt that
the products obtained in the syclizatlon of a mixture of
phenylhydrazones can be explaelined by an exchange reaction
betwesn the two phenylhydrazones before eyclization occurs,

A mizture of two phenylhydrazones in bolling glaclal
Géﬂsﬁﬁﬁﬂﬂﬂﬁ + Acéﬁ&gﬂﬁmﬂﬁﬁi Géﬁsnﬁﬁwﬁﬁﬁf + Xﬁéﬁ&xﬁﬁwsﬂﬁ

acetlic acld then consista of four phenylhydrazones, any
~of which can cyclize to the carbaezole or indole as the

constitution of the hydrazone permits.
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Carlin and Pisher {16) have propossd an entirely
different mechanism for the fischer cyelization. If the
mechenism proposed by the Robinsons (17) for the Filscher
indole synthesis 1s written in the followinp manner it

is clear that a formal analogy exists between steps 1-

H 4 H
¥ H N NH
/N —_— / L :
N — ¥ 7 Wz
¢R GR (1) _~CR
CHgR?' CHR Y H CHR!

and 2 and the two steps whlch have been proposed for the

Cleisen reerrangement to the ortho position (18).

0
H ;a aﬂiim
H —
Mo ai/ CHaCH=CH,

Investigations of the Clalsen rearrangement have
revealed that 2,6-disubstituted phenyl allyl ethers, in

which the ortho position is blocked often underge para

(16) cerlin end Fisher, J. Am. Gham» 80¢., %% 3%21 (1948).
(17) ﬁabimgan ?ﬁ% ﬁ?blnaﬁh s de { Chem. 50C., § 39 (1918),
27 2L}« ‘
(18) ball, "Organic Reectlons™ Vol. II, John Wiley and
Sons, Inc., New York, N.¥., 194k, p. 16.




migration of the allylic group slthough the mechanism of
the para rearvenyement ls apparently different from theb
of the ortho resrrvengement (19). Certalin 2,6~dibrome (20)
and 2,6~dichlorophenyl allyl ethers (21) have been shown
to undergo both ortho resrranpement,; with displacement
of & halogen atom, and pars resrrangement.

If & 2,6=disubstituted phenylhydrazone were subjected
to eyelization the rearrangement could go elther

(1) ortho with displacement of the corresponding
atom or group or
| (2) pasra to give aldehydes which would be converted
to tars under the reactlon conditions., Experiments on
several yhémylhyéra%mn&a in this 2,b-disubstituted class
gave large amounts of Iintractable tars and low ylelds
(7 to 25%) of unexpected 5,7-disubstituted indoles. A

typical example 1s glveny

c1 CHg
OrorSige,— (:rj c
c1 éﬁ;

This resction, in which a halogen apparehtly mi~
grates from an ortho to the para position, hgs no res-

corded analog among either the benzidine or‘élais@n

(19) Terbell, ﬂh@m¢ ﬁ&vq, géh Lkos (1940).
(20) murd end TeDE, T. Jv Am. Chem. Soc., 58, 219@ (1236).
(21) ?ggﬁg%i and Wilsom, J Am. CHem. Soc., 6l, 1066



rearrangenents.

While Garlin and ¥isher were not able to prove that
the Fischer indole synthesis is analogous to the Claisen
rearrengemnent, thely proposed mechanlism explaelng the ab-
sence of eny pars rearrvangeoment product., The latter proe-
duet would be sxpectsd 1I the true course of the reactlon
involved an orthobenzidine rearrangsment. The last step
in the reactlon can procsed by two different paths. The
first, which probably represente the true course of the

resction in most syntheses, 1s shown below.

_NHg NHE _NHg
S| > %%fé‘
| CR - |
il T~c=CR
R R
NEy
~NE|

C/CR
—cfm
Rt |, -NHE
NH B —

A second route would Involve hydrolysis of the imine
to a carbonyl. The ring would then be closed by the

loss of water in & twoestep process.

NHg HaO . NHg
421 > Q
CHR fCR - CHR ' CR
NH -0 NE \]’ ox
R < 2 <R
/ﬁ’
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This second alternstive can not occur in cycliza~
tions with.anhy&rmua zine chloride or with boron tri-
flouride with no solvent or with dry benzene as solvent.
However, some cyclizatlions are best explalned on this |
basis. Two examples are the work of Jenisch (22) who
reported that eyelization of the g-methyleg-phenylhydra-
gone of isopropyl yb&ny% ketonie gave 1,3,3~trimethyl-2«
ph@nyiQOhy@rmxyinﬁala, snd of Neber et al. (23) who ob=
tained 1,2~diphenyl-2«hydroxy«3,3~dimethylindole from
the cyclization of the a;ﬁméiyhﬁnylhydrazona of phenyl
isopropyl ketone,

RN 42 sl o
ey 05 T y ot
s
| gu (0Hg)
(ﬂéﬁg)gﬁﬁ” Cele ——> (gga)g

(22) J&nisah, Monatsha, a?g 1223 (1906).
{23) Neber, GeFiTud, knoller, Herbst and Trissler,
Ann,, 71, 113’ (1929).
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EXPIRIMENTAL*

Preparation of Indole~3=acetlc Acid

Succinaldehydic acld phenylhydrazone

This compound was prepared by‘Sﬁ@vanéi‘(l) procadufe.
To 2.9 g+, (0.20 mole} of glutamic sold in hQQiml. of
0.5 M sodium hydroxide solutlon, 200 ml. of 1 M sodium
hypochlorite (24} solution waé a&deg. The solution was
stirred until a nggative starchwiodida test was obtained
and then acldifled by the sddition of 70 ml. of 3N hydro-
chloriec aclid., Carbon dloxide was evolved during the
acidification. The solution was heated to 50° and main=
tained at that temperature untll s negative starch~lodide
test was obtained (50 minutes). A solutlon of 22.0 g
(0.20 mole) of phenylhydrazine in 50 ml. of 25% acetic
geld was added and the reaction mixture heated for twenty
minutes on the steam bath, The reaction mlxture was
acldifled to Congo red with hydrochlorlc acld, cooled

and extracted once with 200 ml. of sther and once with

(2ly) Prepsred by the method of Raschig, Ber., 40, L4580
(1907)s, A commercial solution of sodium hypo-
chlorite, "Chlorox", was found to be unsatisfactory.

*Melting points are uncorrected, Nitrogen determina-
tions were done by the miero Dumas method, and the
chlorine analysis by & Volhard titration after the
sample was burned in & Parr bomb.
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100 ml. of sther. The comblned ether extracts were dried
over sodium sulfate and dlstilled. This yielded 18 g.,

M?%, of erude succinaldehydie acld phenylhydrazone,

Indole-3=acetic scid

8ixteen grans (0.0831 mole)} of crude suceinaldehydic
acld phenylhydrazone were refluxed five hours, under ni=- |
trogen, with & solubtion of 20 ml., of eona@ntrata&Vaﬁl~
furic aeid in 180 ml. of commerclal absolute ethanol,

The cooled solutlon was poured into a liter of water and
the oill Whigh separated was extracted with three 200 ml,
portions of ether. The combined ether extracts were
dried over sodlium sulfate contalning a small amount of
potassium carbonate to neutralize any acid in th@_athér.
Distillation of the ether and alcohol lef't 12.7 g+ of an
orange oil.

The crude ethyl indole~3~acetate was purified by
vacuwn distillation. Thefraction distilling 160-180°
at 0.2 mme, wie 7.2 gey was collected as product. A
second fraction distilling 180-220° at 0.2 mm. weighed
1.5 g+ Saponification of this seecond fraction gave 0,05
g+ of 2-carboxyindole~3=acetic scld, whiech melied 231w
233° (dec.) after two recrystallizations from water,

Eﬂ&l; €Ga1§ﬁ¢ for Gllﬁgﬁkﬁs Heutb. eqniv;; lQ?.S; N,

6.0
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Poundt Neut. equiv., 110 (potentiometric);
¥, 6.32, 6.34

A mixed melting point with en authentic sample of
2-carboxyindole=3~acetic acid, m.p. 236° (dec.), pre~
pared bg’tha method of King end LfEcuyer (5) was 235«
236° (dec.).

The prinelpel produet was saponified by refluxing
one hour with 100 ml, of 10% methanolic potaasium}hym
droxide. The sclution was ﬁil&teﬁ with 200 mles of water
and distlilled until the tempsrature of the vapor reached
@?Q. The slkaline solution was extracted once with 50
ml. of ether., MNost of the ether was dlstilled out of
the agqueous layer by reduclng the pressure with an as-
,piiataf, Acldificatlion of the aqueous solution slowly
with 10% hydrochloric acid gave a light brown crystalline
product. The crystals were filtered aff; washed three
times with water and air dried in the filter. Tﬁe pPro=
duct was washed with a small amount of chloroform and
dried, THe product was recrystalliged from water (Norit
&)+ This gave 1.8 g+ of indole-3-acetic acid, m.p. 16l -
165° (daa;); A mizxed meltlng point with an authentic
sgnple of indole-3=geetic acld showed no depression.

The mother liquors were combined and exbracted with
three 30 ml. portions of ether., <+he combined ether ex=

tracts wers dried over sodium sulfate and distillied.



The residue was exbracted with 10 ml. of chloroform. The
crystals were filtered off and washed with three 5 ml.
portions of chloroform. This gave 1.5 g. of product,
mep. 155=160°, After one recrystallization from 20 ml,
of water thls product m@lﬁeé 165-167° {déa.), end weighed
1.2 g+ The total yisld of pure indole=3~acetlc acld was
3.0 g, 21%.

The results of some other runs are sumarized in

Table I.

Table T
Yields of Iﬂﬁ@l@wBQaaatia Acid in SBeveral Runs
Run Crams of crude Cyeclizgtlon Yileld of Yield of

No. succlinaldehydlic agent crude pure indole~
acid phenyl= ' product  3=acetic
hydréaszone % acld
1 28.0 70 ml, Hg80, 3l 268
in 700 ml.
ol athanecl |
2 9.0 10 ml. HgSO, 32 19°
ethanocl
3 8,2 10 ml. Hg80, 32 2l,?
in 90 ml. o
~ethanol

8vhe ester was distilled in a molecular still.

bTha eater was distilled through a short vacuum=

jecketed Clalsen s3tlll head.

Attempts to cyecllize succinaldehydle acld phenyl-

hydrazone with boron trifluoride without solvent and with
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acetic acid ag solvent were not successful. An attempt

to cyclize the ethyl eater of the succineldehydic acid
phenylhydrazone with boron trifluoride was aslso unsucceas-
ful, as was an attempt to cyelize the acid with hydro=-
ehloriec acid solution saturated with zinc c¢hloride. 8ince
no starting meterliel was isolated In any of the unsuccess-
ful experiments, 1t is not known whebther cyclization falled
or whether the negative results were due to the difficul-

ty in isolabing the product Irom the reactlon mixture.
Preparation of 2«Carboxyindole~3w-acetic Acld

The ethyl a-~acetoglubarate was prepared according
to the wocedure described in Organic Syntheses (25).
The remalnder of the synthesis is patterned after the
work of King end Lt!Ecuysr (5).

Ethyl g-acetoglutarate

A solution of sodium ethoxlide was prepared by dis-
solving 2.52 g« (0.11 mole) of sodium in 4O ml. of anhy-
drous ethanol, and‘15.% e (012 mole) of acetoacetic
sater were added &t & rate of 100 drops per minute. The
gsolutlion was heated at reflux and stirred mechanically
while 20 g+ (0411 mole) of ethyl B=bromopropionate was
added at 100 drops per minute. Sodium bromide began

(25) Adking, Isbel and Wojeik, Org. Syntheses, Coll.
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separating immedliately. The suspension was refluxed for
gilx hours and allowed to cool. The sodlium bromide was

- filtered off. After dlstlllation of the ethancl at at-
mospheric pressure the product was vacuum distilled,
The fraection bolling lh}wl&@a at 5.5 mm. was collected
as the product., The yleld was 18.0 g. (0.0781 mole),
71%.

Ethyl a-ketoglutarate phenylhydrazone

8ix grauns {(0.026 mole) of ethyl awascetoglutarate

was dissolved in 25 ml. of ethaenol. ‘The solution w as
cooled to epproximately «20° and 18.5 ml. of cold aqueous
20% sodium hydroxide added., lmmedlately a solution of
benzenediazonium chloride, prepared from 2.5 g. (0.027
mole) of aniline, 1.9 g. (0.0275 mole) of sodium nitrite;
7.6 ml. of concentrated hydrochlorie acid and 13 ml. of
water, was added. An orange oll separated immediately.
The solution was shaken for 10 minutes and ellowed to
warm ug‘to room temperaturs. The solution was again
cooled and acldified with 3 N hydrochloric acld. The
0il dld not erystellize so the solution was diluted with
150 wl. of water, and the oil recovered by extraction
~with two smell protlons of ether. The combined ether
sxtraots were dried over sodium sulfate and distilled.

" The olly residue was used without further purification
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for the next synthesis.

2~Carboxyindole~3~acetic acild

The crude phenylhydrazone, prepared above, was
¢yellzed by dissolving in 20 ml. of absolute ethancl and
refluxing [ifty minutes while a repld stream of hydrogen
chloride was bubbled through the solution. A solid
{¥H,Cl) separated during the cyclization end the solutioen
became quite dark., The coolsd wean%iém mixture was poured
into 100 ml, of water and the oil, which did not crystal-
liza; was extracted with three 50 m;, portions of ether,
The combined, wel ether extracts were distilled, and
the residue was seponlfied by refluxing twenty minutes
with 50 ml. of 10% ethanollc sodium hydroxide. ‘The re-
action mix€ure was cooledj tho inaqlﬁble disodium salt
was filitered off and washed with ethanol. The aalt;
atill wet with etheanol, wes dissolved in 20 ml. of water
and t he acid precipltated by acidification with 3 K
hydrochloric aecid, This gave 2.9 g. {0.133 mole) of well
formed crystals, m.p. 233° (dec.). This rspresents a
yield of 51% based on the ethyl a~acetoglutarate used,
After cne reerystallization from 104 ethanoel (decolorizing
charcoel) the neid melted 236° {Geas)s

A mixed melting point with the product obtalned from

the ecyclization of crude succinaldehydle acid phenyls



hydrezone showed no depression.

Attempted Preparation of S=Chloroindole=2=cerboxylic Acld

Pyruvie acid ﬁmahlaraphanﬂl rdrazone

This compound was yr&@a?advhy the method of Hewltt
{26). Forty=Live grams {0,251 mole) of‘gfamleraphenyl~
hydrazine hydrochloride were dissolved in 1 liter of
water at 0%, Ten ml, of 3 ¥ hydrochloric acid were
added in an attempt to r@ma#e a slight turblidity, and a
solutlon of 20 ml.s (0430 mole} of pyruvic acld (Metheson
Cos, Inc.) in 15@ mle of water was added to the rapldly
stirred solutlon. A voluminous precipitate formed lmme-
diately. After stirring for ninety minutes the product
was Tiltered of'f, washed with very dilute hydrochloric
acld and pressed free of excess solvent., The dried
material weighed L7 gs (0.222 mole), 89%. The product
began softening et 186° and decomposed 191-192°, Re~
erystallization of the product from an ethanol-water mix-
ture did not ralse the melting ?ainﬁﬁ Hewitt gives the

m@lting point as 199°; however, the compound was suf=-

ficiently pure for the nexbt experiment.

Attempbed dyelization of pyruvie aeid,pmchlarép&@nylhydrazona

The procedures described in the literature for the

(Eé) H@Witt’ gd Gh@mu éﬁﬁ" éé, &?3 fl893)¢
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preparation of indole~Z-carboxylic aclid from pyruvie
acid phenylhydrazone with zinc chloride (27) and boron
trifluoride (28) glve yialds of less than elght per cent.
HOW@Ver; Robinsen (29) deseribes a method for cyelizing
pyruvic acld p~tolylhydrazone with ethanoliec HC1 1n a
yield of 60f. This method wes attempted here.

Thirty grams (0,16 mole) of pﬁruvic‘acid p=chloro~
phenylhydrazone were dissolved in 1400 ml. of ebsolube
ethanol and a rapid stream of dry hydrogen chloride was
bubbled through the refluxing solution for four hours,
No ammonium chloride sepsrated, indlecating that no cyeli=
zation had ocecurrsd.

Eighty=five ml. of concentrated sulfuric acld was
added and the solution heated to reflux. The hydrogen
chloride dlstilled out rapidly. It was nobtloed that a
colorless, odorless, combustidble gas was slowly evolved
at this temperature. The temperature of the solution was
lowered to 65-70° where there was no evolution of gas and
then maintalned at thet ltemperature for four hours. The
cooled reaction mixture was poured Inte 1 liter of water
and the agueous suspension extracted repeatedly with

ether, Yistillation of the combined, drled (sodium sulw

(27) Pi&mﬂ@r, Ann 336 116 (xﬂ@é); Ber., 1%, 1563
| (1886); 2T,107T, 1811 (16868). — & ==

{(28) ?ﬁgﬁ@§ ana Smith, J. Am. Chem. Sog., mg, 2hs2
(29) Robinson, J. Blol. Ghem., 62, 495 (192l).
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fate) ether extracts gave 17 g« of a black tar from
which no product could be isolabed. However, desplte
this fallure, this cyclization has been reported by

Rydon (30) who gave no experimental detalls.
Preparation of Sefhloroindole=3~acetic Acid

Suceinaldehydie acld p=chlorophenylhydrazone

A solutlon of 0.2 mole of sodium hypochlorite in
202.5 ml. of solution was added to & mechanically stirred
golution of 32.3 g. (0.22 mole) of glutemlc acid in 40O
mle of 0.5 ¥ sodium hydroxide. The solution was heated
to 50° unti] & negative starch-iodide test was obtained.
The solutlion was actdified with 10% hydrochloriec acid
and ten minutes later a solutlion of 37 g. (0.20 mole) of
erude p=-chlorophenylhydrazine hydrochloride aﬁd 20 g. of
sodlum acetate in 100 ml. of dilute acetic acid was added.
A yellow-brown precipltate of stleky crystals separated

after a few mlhutes, The vaaéﬁism mixture was heated
to 552 for thirty minutes and left overnight. The cryse
tals were filtered off, washed with water and dried.
The crude product, m.p. 8?~9§Q, weighed 33 g. This re-
presents a crude yleld of 73%. The material was dissolved

in chloroform, and 3kelly B was added to the refluxing

(30) Rydon and Long, Xatur@; 16L, 575 (1949)
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solution until & precipitete began forming, When the
solution hed cooled the precipitate was filtered off,
washed with 3kelly B end drieds This product welghed
2.i g., and melted about 195°, It was not soluble in
dilute sodium hydroxlde so that 1t aoulﬁ not be the
desired products Further dilution af ﬁh@ mother liquor
gave no more precipltate. ‘Qiatillaﬁiaﬁ of the mother
liquor from the precipitate left a reslidue of a red oll,
which would not erystailize. This oil was dissolved in
ether, and a brown crystalline solld which did not dis=~
solve was filtére& off end washed with ether. This solid,
insoluble in 1 M sodium hydroxide, weighed 2.2 g., m.De
165*171&, The ether solution was extracted twice with
dilute sodium hydroxide. Yellow crystals saparateé from
the ether extract on standing a short tome. These were
also base~insoluble, wt. 140 g., m.p. 193°. Ice was
added to the aqueous layer and the cold solution cere~
fully acldified with 10% hydrochlorie acid. The product
separated as an oll and was r@aavaﬁad by exbtraction with
ether, The ether was drisd over sodium sulfate and dis=-
t1lled. The crude oll obtained could not be cry@t&ilizad
from any of the féllﬁwing aolvanta# banm@na; ethanol-
water, chloroform-Skelly B, @f dioxane-weter, The crude
01l was used for the nexit experiment.

The alkall~insoluble compound was not ldentified,.
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B-ghloroindole=3=acetic acid

A solution of 11.3 g. (0.050 mole) of crude suceln=
aldehydic aaid gyahlc@ﬂﬁ&amylhyﬁrax@mag 30 ml, of cone
centrated sulfuric acld, and 270 mls of commerclal abso=
lute ethanol was refluxed, under nltrogen, for flve
nours. The cooled solution was poured into 600 ml. of
water and the oll which separated was extracted with
five 200 ml. psrtiwﬁa @f’@ﬁh@r; The combined ether ex=-
tracts were drled over sodlum sulfate contalning a small
amount of potassium sarbonate to neutralize any acid in
the ether, Yygtillation of the ether and alcohol left
1041 go of a dark red oil. This was transferred to a
short path distillatlon apparatus, wmade from a large
test tube, and &iétille&; The product ceme over rapid-
ly at a bath;temgeratura of 210-220° at a ?r@&sura of
0.2 rm, The distillate was & yellow oll welghing 5.8
g+ The distlllate was saponifled by refluxing one hour

with 60 ml. of 10% methanoliec potassium hydroxide., Onew
hundred ml. of water was &ﬁd@é end the methanol dlatilled
off under reduced pressure., Ths aqueous soclubtion was
extracted with two [0 ml. portions of ether, which were
dlscarded, Acldification of the agueous solution gave

a red oll'which erystallized to stlcly brown platesd.

This gave good erystals when washed with 10 ml. of chlores
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form. These melted 156-158°, wt. 2.5 g., yleld 24%. The
product %éa r&érystali&zaﬁ from water (Norit A). The
acld separated in beautiful white needles, m,p. 158«159
1/2°, wt. 2.0 g+ The yileld of pure Smchloroindole=3e=
acetlc acld was 20%., ) ‘
Anal. Caled. for C) HgONOl: Neut. equiv., 209.6;
N, 6469 | o _
Found: Neut. equiv,, 209.8, 212.0 (phenol~
phthalein indicator); ﬁ; 6.8, 6.72

Preparation of T7-fhlorindole=3~acetlc Acld

o=Chlorophenylhydrazine hydrochloride

This compound was prepared by a wodification of
Hewittts (31) procedure. Ninety grams (0.706 mole) of
o=chlorcaniline were dissolved in 1350 ml. of conden=
trated hydrochlorie acld. the temperature of the reac~
tion mixture wes maigtaina&vb@tW@an 0% and 5° while a
solution of 52 g. (0,706 mele) of sodium nitrite in 360
ml, of water was added dropwise. When the dlazotatlion
was complete (negative starchwlodide ﬁ&ﬁb); a well=cooled
solution of 320 g« (1.41 moles) of stannous chloride
dihydrate in 300 ml. of concentrated hydrochleoric acid
wes run in slowly. A white corystalline precipltate

separated immediately. One hour after the additlion of

(31) Hewitt, J. Chem. Soc., 59, 209 (1891).



- 25

the stannous chloride solution was complete the product
wag filtered off, washed with two 100 ml. portions of
concentrated hydrochloric acid and pressed free of excess
solvent. The product was rscrystallized from concentra-
ted hydrochloric acid (2 liters). The hydrachioride

was obtained in two crops: 71 g., m.p. 198° (deoc.), and
31 g. containing some ivnorganic material which did not
melt. Since the first erop was more than enough, the
fmpure second crop was not purified further. The total

yield was Bl%.

Succinaldehydic acid g-chlorophenylhydrazone

This compound was mepared by the method of Stevens
and Fox (2). Buccinaldeh-dic acid was prepared in the
usual way. A solution of 17.9 g« (0.10 mole) of o=
chlerophenylhyéraa;ne hydrochloride in 30 ml. of hot
water was added te40.974 mole (32) of succinaldehydic
acid in 670 ml. of solution. An o¢il separated immediate-
ly. The sclution was acidified to Ccngo red. The oil
cerystallized on standing. The crystals were filtered
off, washed with water and dried. This gave 17 g+ of
erude product melting 1001502, The yield of this crude

(32) The comcentration of the sucolnsidehxdic agid was

of p~nitrophenylhydrazine hydrochloride and
weighing the hydrazcne obtained.
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’pr@duat was Tlf. Attempts to purify this compound were
not successful. An attempt to recrystallize the crude
material from benzene gave 5.2 g. of benzene insoluble
a=ketoglutaric acid g-chlorophenylhydrazone melting 184°
{dec.)s A recrystaellizeticn from scetlc acld raised
the melting point to 1859 (dec,) (BB)GV ‘
Anal. Cealed, fwrﬁllﬁllﬁkﬁaﬁls Neut« equiva.,
135,33 61, 13.1 |
Founds Neub., equiv., 136 (potentiometric);
cl, 13.3, 12.7
Although Stevens and Fox deseribe the succlinalde-
hydic acld g-ehlorophenylhydrazone as a solid m.p. 180-
185,5°, éil attenpts to obtain & erystalline product
from the crude oil were frultless. <‘he crude oll was

used for the next synthesis,

I=Chloroindole~3-acetic acid

A solution of 7.3 g« (0.032 mole) of crude succine-
aldehydic aclid g~chloreophenylhydrazone, prepared above,
80 ml, of absolute ethanol and 8 ml. of concentrated
sulfuric acid was refluxed, under ni%rcgen; for six hours,
The cooled, derk-red solution was poured Iinto 500 ml. of

water and the ester extracted with three 150 ml. portions

(33) A sample of this scid prepargd by the Jepp-Klinge=
mann reaction melted 190 1/2° (dec.). See the
following experiment,
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of sther. The combined ether extrects were dried over
sodium sulfete contalning approximately 1% of sodium
blcarbonate to neutrallze any acld present., Dlstillation
of the ether and aleohol left 7.5 g. of & dark red oil.
This o0il was transferred to a short path distilling
apparabtus and distlilled at the lowest vacuum that could
Le obtained. Almost all of the product dlstilled 1L0=
150° at 0.1 mm, The distillate, wt. 3.9 g., was saponi-
fied by refluximg:anavhaurfwiﬁh 50 ml., of 10% methanolice
potassium hydroxide. An equel volume of water was added
and the solutlon distilled until the temperature of the
vapor reached 99°, The cooled agueous solubtion was
ecidified with 10% hydrochloric acid. The flask was
cooled to about 0° and the crystals filtered off, weshed
with water, and dried. This gave 2.l g. of crystals,
mep. 101509, The meild was washed with a small amount
of chloroformj recrystallized from water and then from
benzene. This gave 0.9 g. of pure 7=-chloroindeole=-3~-acetle
acid, m.p. 166-167°, The yleld was 13%. ‘
lgﬂﬁﬁaﬂﬂl: Heut. equiv., 209.6;
- N, 6469 i
Found: Neut. equiv., 205 (potentiometric);
N, 6.8, 6.39

Arel. Caleds for @
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Preparation of T=Chloro-Z«-carboxyindole«3-acetic Acld

Ethyl a=keboglutarate gechlorophenylhydrazone

six grams (0,02C mole) of sthyl a~scetoglutarate

was dissolved in 25 ml. of ethanol. The solution was
cooled to approximetely =20° and 18.7 ml. of aqueous 20%
sa@ium.hyﬁrdxida were added., JImmediately a solution of
Jﬁfchlarophﬂnyléiaz&mium'ahlariéﬁgAgrﬁpar@d from 3.5 g
{0.027 mole) of gwchloroaniline, 1.9 g. (0.027 mole) of
sodium nitrite, 7.6 ml, of concentrated hydrochloric
acld and 15 ml, of weter, was added, An orange oil
a&parat&&; The mixzture was shalken for a few minutes

and allowed to warm up to room temperature. The solution
was cooled again and aeldifled with 3 ¥ hydrochloric acld,.
The solution was diluted with 100 ml., of water and the
hydrazone, which did not crystallize, recovered by ex-
traction with two small portions of ether. The com=
bined ether extracts were dried over sodium sulfate and
distilled. *he crude product wes used for the next syn-

hesls without further puriflication.

Attempted cyclization of ethyl a<ketogluterate g-chloro-

phenylhydrazone with sleoholic hydrogen chloride

The crude ethyl a~ketoglutarate g~-chlorophenylhy-

drazone, prepared above, was dissolved in 25 ml, of
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commericial absolute ethanol and refluxed 50 minutes
while a rapld stream of dry hydrogen chloride was
bubbled through the solution. HNo aumonium chloride was
observed, ecyclization, therefore, probably did not occur.
The cooled solution was poured inte 100 wl, of water and
the oll extrscted with two 50 ml. portions of ether. The
gombined ether extracts were &i&ﬁill@& and the olly resle
due saponified by refluxing 30 minutes with & 10% ethanolie
sodium hydroxide solution. The solutlon was cooled and
the insoluble disodlum salt filtered off and washed with
ethanol. This salt, still wet with ethanol, was disg~
solved in 20 ml. of water, shaken with 0.5 g« of ¥Horlt
A and filtered. Acldifieation with 3 N hydrochlorie
acld gave l.l ge of crystals, m.p. 186° (dec.). More
product was recovered from the alkalima saponificetion
golution by evaporation of the mother liquor and finally
by acidification and ether extraction. The total yleld
of a~ketoglutaric acid o-chlorophenylhydrazone was
3.8 g+ (0,01 mole) or S4¥ based on the ethyl g~acetow
glutarate used. A pure sample, obtalned by reerystalli-
zation from & water-ethanol mixture, melted 190 1/2°
(decs ). -

This compound was Touné to be identleal with the
produect obtalned in small asounte from the preparation

of succinaldehydic acld o=chlorophenylhydrazone.
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Cycllzation of a-ketoglutaric acid o-chlorophenylhydra=

zono with ethanolice sulfurie acld

One gram (0.0037 m@l@) of awketmglu%&ric acld

gfchlcrophenylhyérazmnavwas f@flﬁx@ﬁ 2 1/2 nours with

15 ml. of commercial absolute ét&amml and 3 ml. of con=
centrated &ulfﬁric acid. The cooled reaction mixture was
poured inte 50 ml. of water and the milky solution ex~
tracted with three 25 ml. portions of sther., The com=
bined ether extrects were washed with halfe-saturated so-
dium blearbonate solution and with water. Distillatlonm
of the wet ether smiution left a small amount of a dark

oll, which wa§‘aapsnifiaa by refluxing 30 minutes with
154 ethanolic sodium hydroxide. Very little solid sepa=
rated during the refluxing, but on standing overnight

the d!sodium salt separated in plates. These were fil~
tered off and washed coplously with ethanol., The salt
was dlssolved In water, treated with 0.2 g. of Norit A
end filtered. Acldification gave 0.3 g. (0.0012 mole),
314, of powdery crys#&la; meps 255° (dec.). The meid
was recrystallized from & weter~ethanol nixture which
ralsed the melting point %o 256° (decs)s A socond recryssw
tallizatlon fran a water-acetle acld solution did not In-
erease the melting points Helther solvent pair could be
consldered satlsfactory for recrystalllzation of the com=

pound as most of the mother ligquor had to be distllled
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off to recover the acld in both cases.

Y1178
Found: Neut. equlv., 125 (petentlometric);

T, 5.56, 5.72

Anal. (Caleds for C . H Shﬁﬂlz Heubt. equiv.,

 Preparation of §,7-Dichloroindole~3-acetlc Acld

Suecinaldehydic aeid 2,h~dichlorophenylhydrazone

To & solution of sucecinaldehydie acld, prepared
from 0.2 wmole of glutamic acld in the usual manner, was
added & hot solution of 39.5 ge (0,12 mole} of'z;hwdiﬂ
chlorophenylhydrazine hydrochloride in L0O ml. of 25%
acetic acid., An oll separated immediately. The sclution
was stirred for thirty minutes and allﬁweﬁ to ecoolsy The
sticky, brown ter was extracted wlth three 150 ml, por=
tions of ether. <The combined ether extracta were dried
over sodium sulfete., Distillation of the ether and
acetlc acid left 23.5 g. of a mixture of oll and crys-
talline solid. <Yhe er&dm product was warmed with 200 nl.
of benzene and an insoluble, yellow, crystalline solid
filtered off snd washed wlth benzene, This gave 2.9 g.
(0.0095 mole}, 5% of the glutamic acid, as crude a-keto-
glutaric meld 2,l-dichlorophenylhydrazone melting 205~
206° {decs) The product was purifisd by reecrystallization

from & water~scetic acid solution and from 8 waterw
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ethanol mizture. The pure ascid melted 215-216° (decs).
A sauple of this e cld recovered from an attempted eyell-
zatlon melted 223*8&14.@ (dece)s (See the following ex-
periment.)

» & » Jaut. ive
Anal. Caled, for € Hlagﬁﬁgclgg Neut. equlv.,

117
152.65 €1, 23.2
Found: Neubt., equiv., %ﬂh, 155 (phenole-
| phihalein); €1, 22.6, 23.0

only & few crystals of the succinaldehydic acid 2,L-
dichlorophenylhydrazone é&pﬁf&tﬁd from the benzene solu-
tion on cooling, and dilﬁti@n of the benzene solution
with petroleum ether, bL.p. é@*?ﬁﬁ, gave no more product.
Distillation of the benzenéwp@traleum ether left an
orange oll, which could not be erystallized from a water-
ethanol mixzture, The oil was recovered by extraction
of the s-lution with ether. Distilletion of the ﬁrieé‘
(sodium sulfate) ether end aleohol solution left 1 g.
of an orange oil (3&};whiah wes used for the cyelizatlon
reactlion withuut any further attempts at purification.
The yleld besed on the crude oll and the glutamic acid

used was 26%.

(34) Succinaldehydle acid 2,h~dlchlorophenylhydrazone
melts 181-182° (dec.). See Stevens and Fox, J.
Am, Chem. Soc., 70, 2263 (1948). -



Sa7~Dichloroindole=3~acetlc acld

A solution of 1l g. (0.53 mole) of the crude succin-
aldehydic acld &,&mdiahlorgphénylhyﬁrazana, prepared
above, 360 mls of ahacluté ethanol, and Lo ml. of con=
centrated sulfurle acld were refluxed in a nitrogen at-
mosphere for six hours. The cooled solution was poured
into 1 liter of Wﬁtar, and thﬁyéil which separated was
extracted with three 15@ ml. portions mfjeth@r; The
combined ether extracts were washed with ﬁ halfuaaturaé
ted sodium bilearbonate solutlion and with water, and then
driod over sodium sulfate., Distillation of the ether
and othanol left 1l.5 g. of blsok oll which was puri-

- fied by vacuum distilliation from a molsecular still made
from & t@a# tube. The product distilled éﬁﬁwlé&e at

0«1l to 0,05 mm. The distillate, wbe 8.5 g. was & mix~
ture ef.avyﬁtalﬁ and oil. <he crude ester was saponi~
fied by refluxing 30 minutes with L0 ml. of 10% ethanolile
sodium hydroxide solution, The solution was dlluted
with 100 mig of weter and distlilled until the ﬁamp@raé
ture of tha‘vapmr reached 98°, The cooled solution

was extracted once with ether, which was discarded. The
agusous solutlion was triturated withO.2 g. of Horit A and
filtered. Acldification of the filtrate with 104 hydro=
ehlorle aecld gave a brown btar. This éar wes recovered

by decantation, dried, and tresated with 10 ml. of hot
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chloroform Wﬁieh caused the product to crystallize.
This gave 1.7 g+ of product, m.p. 140-152° (dec.). Con-
centration of the chloroform gave an additional 1.0 g.
of product, mep. l?3wl@ﬂ° {@@ﬂ.}a The total yield of
cruﬁe”pr@&uct'waﬁ 2.7 g+ (0,011 mole) or 21%‘“ Both |
erops were recrystallized seperately from a water-
ethanol solution, and both prééuct& melted 182~183° (dec.).
The compounds were tréated with hot benzens and a small
gmount of the b@m&&ﬁa»in&algble awk@ﬁaglutarip/aaid 2,h-
dichlorophenylhydrasone was filtered off. This praducﬁ~
had e melting point of 8150 (dee.), end a mixed melting
poimt with an authentic semple of a~ketoglutaric acid
2,i=dichlorophenylhydrazone was not depressed, Evapora-
tion of moat of the benzene gave products melting 189
1969 {dec.) and l@@wiQBQ (dec.)s Extractlion of the prow=
duet with @oilimg water gave a pr&&ueﬁrmelting 19L~197°
(decs)s, and a smaller emount which eryetalliged out of
the waber on cooling alse m@lﬁaé,l9§~l9?a (decs)s The.
yleld of pure product was 1.2 g. (0.0049 mole) or 9%.

Anal, Caled, for alGH?Qaﬁﬁlgg Heut. equlv.,

2ily.1, N, 6,13
Found: Neut. equiv., 249; (potentiometric);
N, 547k, 5.65
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Attempted Cyellizatlon of geXetogluteric Aclicé
2,h=Dichlorephenylhydrazone with
Bthenollice Sulfuris Acid

A,sélatiam of Q;? g (0.0023 mole of amkateglutaria'
acld 3,&w§1ehlaro@heﬁylhzﬁrﬁzane, 2 ml. of concentrated
sulfuric acld and 18 ml. of ebsolute ethaﬂél was refluxed,
under nitrogen, for 8 1/2 hours. 7The cooled solutlon was
poured into 100 ml. of water and the oil which separated
extracted with one 150 ml, and two 25 ml. portions of
ether« The combined ether extracts were washed with a
dilute sodium bicarbonate solutlon and Wiﬁh water. Disg=
tillation of the combined, wet ether extrects left a
low melting crystalline solid. “nis was gapwﬁifieﬁ by
refluxing LO minutes with 20 ml. of a 10% ethanolic
sodlum hydroxide solutlon, # smell amount of erystals
geparated during the refluxing. ?he mixture was left
standing avarmigﬁt, and the small emount of crystals
filtered of f and washed withsbsolute ethanol. It was
observed that dilution of th@ filtrate with absolute
ethancl caused more crystals to form. fh@ mother iiquor
was &1§§§@d to 50 ml., with sbsolute ethanol and a second
crop reéévaraﬁ ag b efore. The two crops were cambinaa;
dissolved in 10 ml. of water, warmed with 0.05 g. of
Forit A and filtered. Acldlification of the filtrate with -
10% hydroehloric acid gave white powdery crystals. The
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suspension was warmed 20 minmtaé to digest the crystals,
cooled and filtered. The crystals were washed with
water and air dried. This gave 0.6 g. (0.002 mole), 86%,
of recovered a-keboglutaric acld 2,li=d1ichlorophenylhy~
" drazone melting EEBQ {dec.)« The compound &ayaraﬁ@ﬂ
in fine neaedles from & water~ethanol mixture, m;p¢ 223=
224° (dec.). The recrystallized product weighed 0.5 g.

Anal. Qalsﬁf fci G4 4 ngekg Gl t N, 9417

Found: ¥, 9.16, 9.15 |

A mixed melting point with the starting wmaterial,

HiaD e 215-216° (dec.), was 219-220° (dec.).

Preperation of Be=lethylindole-3~acetic Acid
and S-Methyl=2~carboxyindole=3~acetic Acid

Succinaldehydiec acld p~tolylhydrazone

To & solution of succlnaldehydic acld prepared from
29. go (0.2 mole) of glutamie aeld In the usuel manner was ad-
ded a filtered soclubtion of 23.8 g+ (0.15 mole) of petolyle=
Lydrazone hydroehloride in L0 ml., of 3 ¥ hydrochlorie
aclid end .00 ml., of water. The product sepsrated as an
eil which did not erystallize on standing overnight.
The oll was extracted with two 200 nl. portions of ether.
The comblined ether exitracts were dried over sodlum sule
fate and distilled. Thisgave 19.8 g. (0.095 mole) of
a dark oll. This was & vield of li8% based on the 0.2
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nole of glutemlic aclid uvsed. The oll was soluble in
benzene and Inscluble in pebtroleum ether, No crystals
could be obbalned from these solvents nor by dissolving
the product in dllubte sodium hydroxide end precipitating
the free acid by the alow addition of hydrochloric acld.

The crude product was used in the next experiment.

5*ﬁathylinﬁola~§~an&hia acld and §~mathyl»%mﬁarbexyindalen

J-acetic scid

A solution of 19.8 g. (G.G@ﬁ mole) of erude succin=
‘alé@hydin acid p-tolylhydrazone, prepered above, 360 ml,
absolute ethanol and J{0 ml. of concentrated sulfuric
aclid was refluxed, uﬁée& nitrogen, for four and one=-
half hours. Alter t&@ &ark‘a@luti@m héé cooled 1t was
poured into 1 liter of ice water, and the oil which
geparated was extracbed with three 200 ml. portions of
athar; The combined ether extracis were washed onece wilth
half-saturated sodlum blearbonate, once with water, and
dried over sodium sulfate. ¥istillation of the ether
left 18.8 g. of an oil. This crude ester was transw
ferred to a crude molecular stlll, made from a large
test tube, and distilled at 0.2 mm. The oily distillate,
wt, 842 g., was washed from the still with LO ml. of
absolute ethanolj 35 ml. of 10% ethanolle sodium hy-

droxide solution was sdded and the e&ﬁ&ré saponified
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by refluxing L0 minutes. After the solution had cooled
the insoluble discodiws salt of S-methyl=-2-cearboxyindole-
3=acetic acid was filtered off end washed coplously with
absolute sthanol, This salt was dissolved In water and
the Iree acld precipltated by ascidificabtion with 3 X
hydrochloric acid. The acid was Filtered off, washed
with water and dried. This gave 1.5 g. of the Se-mothyl-
2-carboxyindole=3~-acetic acld, m.p. 240-241° (dec.). A
recryslallization from water containing a small amount
of ethanol did not ralse ths m@lting polnt.
Anal. Calcd. for Gwﬁmoﬁg: Feub. equiv., 116.6;
u, €.01
Found: Heut. equiv., 116.6 (potentiometric)}
H, 6.39, 5.83
The alkaline solution Irom which the Insoluble salt
was flltered was diluted with 150 ml. of water and dis=
ti1lled until all the ethanol had distilled ovsr, The
golution was shaken with 1 g. of Horit A and {iltered.
Acidificatlion of the [ilirate gave almost white erystals
which were flltered off, washed withuw&%eé and dried.
This gave 5.5 g. (0.029 mole), 31%, of acid m.p. 135°
(dec,)s. One recrystallizatlon from water {Worit A) gave

pure S=methylindole=3-scetic acld, m.p. 151=152° (35).

{35) Kogl and Kostermens, Z. Physiol. Chem., 235, 201~
16 {1935).




An attempied cycllizatlon of the crude p-tolylhy-
drazone with ethanolle hydrogen chloride gave a precle
pitate of ameonium chloride, indizating that cyclizatim

had occurred. However, an abbempt to ilsolate a pure
product by ﬁﬁ?%mifiﬁﬁtiﬂﬁ of the undistilled cyclization

product wes not successful.
Preparation of &wghlcroiadmlﬁwBFacatic Acld

The intermedlates through li-chloroindole were pre-

pared by the method of Uhle (36).

2-Nitro=b-chlorophenylpyruvic acid

One mole of sodium ethoxlde was prepared by dis-
solving 23 z. {1 mole} of sodiwm in 350 ml. of absolute
othanol, The ethoxide solutlion was cooled and 146 g.

{1 mole) of ethyloxalabte was added. This was followed
by 171.6 go {1 mole) of sechnical grade 2=nltro-b=chloro-
toluene. The deep~red solutlon wes warmod on the steam
bath with freguent shakinz untll 11 the solid hed disge
solved. +hes solution was then maintained at reflux
temperature for forty minutes and sllowed to conl. The
golation was diluted with 200 ml, »f water, and steam

distilled until no more starting materlal cawme over

(36) uhle, J. Am. Chem. Soc., 71, 761 (1949).



{56 liters). This gave Oh.5 a»;_@ggéﬁf recovered
2enitro=b=chlorotoluene, The distillabion residue was
clari™led by shaking with a mizture of 10 g. of diato-
meceous eerth and 6 g. of Worit A and Tilbtering. A

lerge amount of black tar (36 g.) was discarded. The
cooled filtrate was scldified %o pH 2 Ey the slow addi~
tion of 10% hydrochloric aeid. The product separated as
a dark oll, but crystallized when the flask was shaken
vigorously. The erystals wers filtered ofl, washed

with water and dried, This gave 69 g., 284, of crude pro-
duet melting 100~106°, After one recrystallization from
bvenzene the product melted 106-108°, This crude acid was

uged for the next synthesls wlthout further purification.

i~Chloroindole~2~carboxylic acid

To a solution of 60,3 g. (0.2l mole) of crude
2-nitro-b=chlorophenylpyruvic acld, prepared above, in
250 ml. of h T smonium hydroxide was added a suspension
of ferrous hydroxide, prepared from 110 go (1.47 moles)
of ferrous sulfate heptahydrate in 180 ml, of HWH,0H and
1,500 ml. of water. The red color of the pyruvie secid
derivaetive dlsappeered lmmediastely. The suspension was
bolled for five mlhutes and flltereds The ferriec hy=
droxide was washed with dilute ammonium hydroxide until
the filtrate gave no precipitete when acidified. The
filtrates were acldified bto pH 2, cooled, and the white,
finely divided precipltate filtered off and washed with



watsr., This gave Lili.0 gv of falrly pure product, melbting
256°, The yield was 92%. Thls product was pure cnough

for use in the next synthoesls go was nod recrystalllzed.

li=ghloroindols

Twentr=twe and two-tenths grams {0.225 mole) of cu=-
prous chloride was disscolved in 200 ml. of freshly dis~
tilled technliecal grade quinoling. ﬁmﬁ golution was
heated to bolling and spproximately 5 ml. of quinoline
was dlatllled to renove all molsture, he solubion was
cooled (solidifted) and Ll z. (0,225 mole) of li-chloro-
indalemanaarbaxylia acld, prepared above, was added, The
gyatem was swept oul with nitregen and connected to a
trap. The flask was heated glowly with frequent shaking
unbil all the materisl had dissolved. The decarboxy-
lation began when the temperature of the hath reached
225%, The bath tempersture was maintained at 235-210°
for five hours. The sclution was cooled to about 150°
and poured with vigorous stirring into 1 llter of ice
and dllnte hydrochloric acids, The large amount of pre=-
cipitate whieh formed d4id not dissolve wﬁen ethaer was
added to the aqueous asuspension. The é&lid Wa$ filterad
off, wgshed several tiases wlth ether and discardsd. The
ether layer was separated and the aqueous layer ex=

racted with three 100 ml. portions of e ther. The comw

Ined ether extracts were washed once with dilute hy-
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droeghloric aecld and snes wlth half-saturated sodium
hicarbonate solution. *he sthor sclublonwas dri=d over
godium sulfate and distilled, Thz black »ily residue

% =

was partially purifled by dlstlllation through & slixe-

o

ineh Vigreux colusm. %h@ maln portion distilled 121e125°
8t 1,5 ma. The vield of this falrly pure producht was

22 gey 62%. e index of refraction of the product was
1.6283 at 20°. Uhle gave a value of 1.625l, The products
were recounblined and puriflied further by vacuum fractiona=-

tion through a thirtsen plate colwmm. e fractions

wore colliected as follows:

Ho. B.P,° Press. Wb, Ze w50 ﬁgg
I 87-100 25mm. 2.3

1T 100-102 n 0.7  1.5461

111 111-150 25-13mu. 3.0  1.6029

v 150«150 13, 13.7 1.6286 1.259
v 150=151.5 " L1 1.628l

The yield of pure praduet (fractions IV and V) was
178 gey (04215 mgle), 51%,. dinee the physical congbants
of the pure product were appraglably different from those
glven by Uhle the product (fraction IV} was analyzsed,
Anal. Caled. for CgHANCL: Iy, ha. L, 01, 23.4
Founds Mry, h2.7; €1, 23.3, 23.3
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Li=ghlorogramine

This preparation was patterned after the prepara=
tion of li~cysnogramine described by Uhle (36).

A solution of 8 g. (0.053 mole) of L-chloroindole,
1.3 ge {0,052 mole) of 364 aqueous formeldehyde, 9.3 g.
{0.052 mole) of 25% aqueous dimsthylamine, and 26 nl.
ol' acetic peld was 1@?& standing at room btemperature
overnight, ©The ncetic acid was distillsd under diminlshed
pressure. A small amount of bar separated when the solu=-
tion was diluted with 75 ml. of water. The solution was
decanted from the tar, shaken with 1 g. of Norit A and
filtered. Alkalizatlon of the filtrate with 1 M sodium
'fﬁgdraxida gave a wnhite curdy precipitate which changed
- to a beautiful white crystalline solid on stending in
the ice box. These crystals were filtered off, washed
with water and dried. This gave 8.4 g. (0,040 mole)
of product, meps Uh=-157°, The yield was 78% based on
the formaldehyde used, B smell amwount was purified by
recrystallization from acetone to obtain an enslytical
sample. fh@ product melted Ll7-148 1/2° after the first
and second reerystallizations. The meliing point seems
to be slishtly dependent on the rate of hesting. II the
heating ls fairly r&@ié.%ﬁe melting point 18 Increased
to 150~151°,

Anal. Caled., for € N.Cl: €1, 17.0

118737
Found: Cl, 17.1, 17.1



- Ll -

Attespted preparation of Lechloroindole~3-acetic acid

from bechlorogramine

- This aynthesls was pabtternsd after the synthesis
described by Snyder (37) for the preparation of indol=3~
acatic celd from gramine.

A solution of 4 g« (0.0192 mole) of li=chlorogramine,
0.9 g. (0.0192 mole) af‘soﬁium eyenide, 37 ml. of 95%
ethanol and 9.5 ml. of water was refluxed for ninéty
hours., +he solution was worked up in the manner des=
ecribved by “nyders No h=chloroindole-3-acstemide could
be obtained and only & small yield, 0.17 g. of crude acld,
TePos 1&1~16%g, could be obtained. *he prinéipai product
of the resction was &ﬁ unidentified solid, insoluble
in aclds or bases, which gave on alkaline hydrolysis a
base soluble substance melting over 360°, This product

was not characterizsed further.

Preparation of Lechloroindole~3-acetic acid from Li-chloro-

imﬁale

This synthesis was patterned aflfter the method used
by Majima and Hoshino (38) for the preparstion of indole-
3=acetle aclid.

A solution of ethylmagnesium ivdide was prepared in

7) Snycer, J. &nm. Chem. Soec., 70, 3771 (1948).
8) ﬁajima’amﬁ(%ﬁéhimm; ﬁerg,'§§;?23&a‘(1925).’

(3
{3



the conventlonal maenner, To a mechanlcelly stlrred
solution of 6.6 g. (0.0435 mole) of l~chloroindole in

20 ml‘ of sodium~dried ether was added an squimolar
quantity (39) of ethylumagnesiuwm Lodide in LB8.J ml. of
ether. The temperature of the reaction flask was main-

" teined at 0° during the sdditlon of the Grignard solu=
tion by cooling in an‘igﬁ bath, The solution became a
light gr@@ﬁ color and became falrly viscous. Color Test
1 (}0) was observed to bé negative five minutes after

the sdditlon of the grignard. After standing at room
temperature for sn hour the solution was cooled in an

ice bath and a @alutiﬁn of 3.3 g (O,GQBS mole) of chloro-
gcetonitrile in 15 ml. of other was addsd dropwlse over
& period of 10 minutes. ‘he golutlion, now In two @haéas,
was stirred at 0° for 30 mimutes and then refluxed for
two hours. +he color of the lower phase changed from

a light green to a red-brown color during this time. A
solution of 2.6 g. {(0.0435 mole) of acetiec scid in 15 ml.,
of water was added; the solution stirred a few minutes
and left standing four hours. During this time the whole
gsolution beceme a dark red color. <*he ether layer was
separated and the aqueous layer extracted repeatedly wlth

benzene. The combined ether and benzene extracts were

(39) The ﬁiﬁ@r of the Grignard was determined by ti=-
| tratlion. |
(40) CGilman and Schulze, J. Am. Chem. Soc., L7, 2002 (1925).
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dried over sodium sulfate and distilled. The black oily
residus was puriflied by vacuum distillation. ZThe pro=

ducts were collected ss follows:

No. B.pP.° Presss Whey Zo Remarks

I 100-155  O.2mms 3.5  Distillate a black oll
IT 155-176 . 0.6 " R0 "
111 " 1.0 Recoversd {rom condenser

Bince 1t wasgs spoasrent that the fractions wers all
mixtures no ab tempt was made to characterize the nitrile,
but instesd the fractions were mixed and hydrolyzed by
refluxing L hours with a solution of 10 ml. of msthanol
and 20 uml. of aqueous 20% p@ta&sium hydroxide. Hlmost
all of the olly second phase disappeared during the
hydrolysis. he cooled alkaline solution was filtered
through & layer of dlatomacecus earth, The Iiltrate was
extracted wlth three 20 ml, portions of ether to renove
tha methanol and non-scid components. Af'ter breatment
with a small amount of ¥Yorit A, lce was sdded, and ths
solution aclidified by the glow addition of concentrated
hydrechlorie acid. %he l-chloroindole-3-acetic acid
separated In light brown erystels. These were {iltered
off, washed with water and dried. The product melted
185-187° (dec.) and weig&eé L7 g (Oﬂﬂagllfmala). The

yield was 19%. After one recrystallization from water
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the product melted 18610 ° {dec. ) %h@ gecid is very
goluble In ethanol, slmoast completely insoluble in ben-
zene or choroerlopm, and very dlfficultly soluble in
water.

Anal. Caleds for ngﬁsﬁﬁéclg Heut, equiv.,
209.62; W, 6.69
Pound: Neut, equive, 210.5 (potentiometric);

N, 6.85, 6.78

Attempted Preparation of é«Chloroindole
by Tysont's Method (L1)

-Formo=l~chlorotoluidid

This compound was pr&@&ﬁ@é by the procedure des-
cribed by Tyson for the preparation of wamrmotalﬁiﬁida
One hundred pgrams {0,706 mole) of 2=amino-l=chlorotoluene
and 346 go (04741 wole) 0? 99% fﬁrmie'aai& were placed
in 8 250 ml. flask filtted #i%m.an air condenser and
heated on the stean bath for four hwurs and left standing
overnighb. *he solid produet was crushed with 100 ml.
of water, the crystals filtered off, and washed with very
dilute hydrochloric seid and wabter., This gave 112.5 g.
of product, meps 128-131°., One recrystallization from

benzene gave 97.3 g. of pure pro&uct, meps 130 1/2=

(41) tyson, org. Byn., 23, h2 (1943).



131 1/2°, fThe yileld wasz 817.
Anal . Ualedas for @8}§gﬁﬁg€:1= ﬂ},’ 2@&9
Foundy . 41 s 21 «O and 20 08

étt@myt@d preparation of li=chloroindols

The pfépar&tian of thia compound waa abtltempted
using the procedure worked out by Tyson for the prepara~.
tion of indole. In a l=liter 3e-neck flask Fitted with
a2 reflux condenser and inlet for dry nitrogen were
placed 20 ml. of Lebutyl aleohol and 11.6 go (0,297
mole) of potassium, The 3&&5% was warmed untll the po-
tasaiwm@ﬁaﬁ diasolved, and 33.9 g. {0.20 mole)} of H=
fsrmmwhwéhioraﬁgimidid was added, Tﬁa_ggbutyl aleohol
was &iséiilé& of f mnd t&ﬁsr@aiﬁua héﬁtad to 350-360°
in a Waaé‘ﬁ metal hﬁth:fﬁﬁ twenty wminubtes. Gas was
evolved and & small Quamtity of high bolling liquid
distlilleds After the flask had analaﬁ‘in s stream of
nitrogen, 100 ml. of waﬁér was added and the mixture
was subjected Lo stesn distlilation. Only trsces of
material other than Eybutyl aleohol distilled, and the
product seperated in the still pot as & tarry solid,
This black tar was extracted with ether. Distlillation
of the dried sther extracts gave 9.5 g. of a black btar,
An attémﬁted purification by vecuum distillation g&va
1 z. of a red viscous oil, b.p. 170-186° at Oudirmn,  This
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eould not be orystallized from a bonzene«Skelly B mixe
ture nor from methanol. An atbempt to lsolabe some pro=-
duct es the plerate gave a few milligrams of ecrystals,
meps 160° after three recrystallizations from methanol,.
Thes could not be the plerate of b=shloroindole which
malts 1&3*1@@“ {(30). This procedure for the preparation
of helogenated indeles appears unsatislfactory. The exe

periment was not carried further.
Preparation of bH«Chloroindole~3-secetic Aclid

2=Nitro=li~-chlorophenylpyruvic acid

To a solutlon of sodlum ethoxide, prepared by dis~
solving 13+l g« {0.58 mole) of sodium in 204 ml. of abe
solute ethanol, 85 g. (0.58 mole) of ethyl oxslate and
100 g+ (0,58 mole) of 2e-nitro-l-chlorotoluene was added.
The solution became dark red end the ethanol refluxed
gently for five minutes from the heat of reaction. The

solutlion, @rmﬁaat@d from the atmosphere by an oil tray;
wag refluxed for forty-five minutes and left standing
one lour. %ﬁe solubtion was diluted with 300 ml. of
water and stean distllled until no more starting material
came over. <This gave 27 g., 27%, of product, m.p. 38-
419, A mlxed melting polint wilth an suthentic sample of
2enitro-li~chlorotoluens was 38-41°.

The distillation residue was made alightly alkaline
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by the addition of 10 ml, of ¥ sodium hydroxide in en
abttempt Yo dissolve the solid present. The solution
was decanted tﬁraugh g thick laver of dlatomaceous earth
to remove a large amount of tar. Aclidification of the
filtrate with 10Y¥ hydrochloric acid gave a derk oil
which erystallized on sbtanding overnight. The very c¢rude
produect was recrystallized from benzene and Irom water
with a large amount of decoloriging charcoal cmployed
/1th each solvent. This zave 25 g. of product melting
129-13L° and L z. mf‘pur@ proguet melting 138-1L0°. The
total yleld was 29 g« (0,12l mole) or 21%.
Anal, Celed. for cgﬁ&ﬁagclz Heut. equiv., 23.5;
o1, k.6
?aﬂnﬁz ﬁ@ut, squiv. 2h5, 243 (@ﬁemalthaléink
o1, 1h.5, 1h.6

6-chloroindole-2~carboxylic acid

A suspenslon of ferrous hydroxids, prepared from
173 g {04618 mole) of ferrous sulfate heptahydrate in
65 ml. of ammonium hydroxide and 560 ml. of water, was
added to 25 g. (0.103 mole) of crude 2-nltro-li=-chloro=
phenylpyruvie acid in 75 ml. of water and 2% ml. of
sumonium hydroxide. The suspension was bolled for five
minutes and the ferrle hvdroxide filtered off and washed

with four 100 ml. portions of dilute smmonium hydroxide.
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Acidification of the [iltrate with 10% hydrochlorie acid
gave 8 white flnely divided precipitate. <This was fil-
tered off, washed generously with water and presssd free
of excess smolvent. This gave 11. z. (0.058l mole), 564,
of product melting 240-241° (dec.). After one recrystal-
ligation from a water-sthanol mixturs the ascld melted
2h1-212% (daes)s A second reerystalllization from the
same solvent ralsed the melting point to 2L2=2lL° (dec.).
Anal. Caled., for &§zéﬂﬁﬁﬁlz Neut. equiv,, 195.5;
o1, 18.1
- Poundy Feub. egquive, 191,5, 193 (phenol=-
phthalein); cl, 17.8, 17.8

bH=0hloroindole

Five grams of cuprous chloride was dissolved in

one mlg of guinoline was distllled t o remove all traces

of water. After the soluiion had cooled to about 1507,
848 e (0.0L5 mole) af b=chloroindole~2=carboxylic acid
was addeds The flask was connected through a reflux
condenger to a bubble éuua%@r and heated slowly in &
Wood's metal bath unﬁil“&éaarbaxylatiﬁn began. The
evolution of (0, commenced at abéutg&@@”,;&a% the bath
temperature was meintained at 240% until the evolution
of gas had stopped (3 hours). *he solutlion was cooled

and briturated with ether. Water was added and the mixe
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ture shaken vigorously. A large amcunt of solid was
filtered off and washed slbternately with dilute hydro-
chloric acld and ether, The ﬁﬁhgrﬂwaﬁ@?’mizﬁure wee
made aeld to Congo red with econcentrated hydrochlorie
acid and the sther lever seperated. The ether solution
wog washed t wice with water and once with half-saturated
vsmdium bicarbonate solubion. After the ether solution
had been dried over sodium sulfste and distllled there
ramainaé T+2 e of & black oll whlch solidiflied on cooling.
The @r&ﬁé product was purlfied by vacuum distillation
through a2 short Vigreuz aaluﬁm. After one gram of fore-
ran the product distilled at 90° at 0.3 mu. This gave
5.0 gs (04033 m@l@)* §§%, of crystals meliing 83-86°.
The mélting noint of éuwa G=chloroindole is 89-90° {30},
but this product was sufflclently pure for the next

syntheslis,

é-ghloroindole=3~acetic acid

This gynthesis was patterned alter the work of
Majima and Hoshino (38). A solutlion of ethylmagnesium
lodide was prepared in the conventlonal manner. To a
solution of 5 ge (0.033 mole) of b-chloroindole, pre-
pared above, in 25 ml. of aeﬁium«dri@& @tﬁgy was added
35 mls {0.033 mole) of the Grignsrd solutisn. The addl-

tion was carried ocut with coollng in an ics bath and the
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solutlon was stlrred at this tewmpersture Tor ons lhour,

A solution of 2,8 g. (0.037 mele) of chleroscetonitrile
in 25 wml. of ether was adied dropwisge abt this same teme
porabture, The solutlon was siirved at 0% ror thirty
minutes end then at reflux temperature for L hours. The
golubtlon w 28 cooled in an ice bath and a cold solution
of 3 ml. of acetlic aeld in 50 ml. of water was added.
Fifty mls of benzene Wﬁ?@ added and theresmetion mixture
left standing overnight. the ether-bengene layer was
geparated and the water layer extrascted with two 50 ml.
portions of benzene, An estimated 1 g. of material
which &iﬁ not dlgsolve in elther layer was discerded,
The ecombined benzeneeether extracts were dried over so-
dium sulfate end distilled. The black viscous residue
was transferrsd to & 50 ml, flask and vacuuwn dilstilled
through & short vacuum=-jacketed Clalsen stlll head, Two
grams of black oll distilled from 160-1800 at 0.2 wmm,
?hﬁ distillate was seponified by refluxing i nours with
10 ml. of methanol and 20 ml. of 20% aqueous potassium
hydroxide. The basle solution was triturated with 0.1
Ze of Worit & and filtered through a layer of diatomaw
ceous earth, The fiitrate was extrachted with two IO ml.
portions of ether which were ﬁimcaréaﬁ. Acidifiecation
of the agueous layer with concentrated hydrochlorie acid

gave a crystalline {plates) product., *he crystals were
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Piltered off', washed gensrously with water and dried.
This gave 1.8 g. (0,0086 mole) of meid, m.p. 185-186°
{dec.)s The vield was 26¢ bvased on the bechloroindole
used., One recrystallization frow 300 ml. of water (Norit
L) ralsed the melting point to 187-188° (dec.).
Anel. Caleds Tor CygHgO,NCl: N, 6469
Found: ¥, 6.5L, 6.59

Preparation of he-ghloreindole~3-acetic Acid and
b=-chloroindole~3~acetic Acid from Succine

aldehydle Aeld m=Chlorophenylhydrazone

Sucelinaldehydic acid grehlorophenylhydrazone

To a solutlon of 29.0y g (0.2 mole) of glutamic
acld in 400 ml. of 0,5 ¥ sodium hydroxide was added
0«2 mele of sodlum hypochlorite in 208 ml. of solution.
The solution was warmed to 50° on the steam bath (starch-
fodide test negative) and acldiflied by the addition of
70 mls of 3 ¥ hydrochloric acld. Carbon dioxide was
evolved during the acldification., The solution was main-
tained at 50% until the solution gave a negative starche
lodide test (10 minutes). A4 solubion of 17.1 g. (0412
mole) of m~chlorophenylhydrazine dissolved in 50 ml.
of 25% scetlec acld was sadded. A thick oll separated

lmnediately, ¥irfty more ml. of 3 ¥ HCLl was added and
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the stirriag continuved for two houwrs whlle the reasction
mixture cooled Lo room teuperabure. The oll was sxtracted
with three 200 ml. portions of ether. The combinsd ether
extracts were driasd over sodium sulfate and distilled,
Wost of the acetle ascld was slso distilled off on the
stean bath by reducing the pressure with an aspirator.
fxtrection ol the oll with 200 ml. of benzene lelft 2.3

ge (0.0005 mole}, L% of the glutamic acid, of crude
a-ketoglutarie acid m~chlorophenylhydrazone melting 174°
{dec.)s Two reerystallizations Irom g water-ethancl
mixture gave Z.0 g. ol the pure phenylhydragone, m.pe
152° (dece)s

Anal. ¢alced. for Gllﬁllﬁhﬁgﬁlz Loubts equiv,,

135433 W, 10.30
Found: Neub. equiv., 135.2 (potentlometric);
w, 10k, 10.28

Concentration of the benzene extrasct to 2% ml, gave
13.1 ge of crystals, m.p. 105°, Purther concentration
gave 11.2 ge of an oll whiech did nobt erystallize, An
attenpt to reerystallipze the crysialline product Ifrom
benzene gave 05 g. of erude g~keboglubarice acid m~chloro-
ph@nylhydréﬁon@, Mella 1?30 {dec.), and 9.l g. of the
desired product, m.p. 10L-102°, fTwo recryiiallizations
from a water~gthanol mixture did mot ralse the melting

point. All abttempis to crystallize the olil frametion
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were unsuccessful, The yield, including the crude oil
which was successfully used in a cyelization reaction,
was 2y go (04108 mole) or 54% based on the glutemle
acid used,
Anal. Caled. f“r,alagllﬁgggclx Neut. egulv.,
226463 W, 12.34
Found: THeub. equlv,, 226.,2 (potentiometriec);
¥, l2.h1, 12.50

Cyclizabl

aﬁ_gg‘agecimalﬁ@hydiayacié @«chlarayh@nylhz:

drazone

- A solutlon of 7.2 g* {0+0317 mole) of the cryvstale
line succinaldehydiec acld mechlorophenylhydrazone, pre-
pared sbove, 200 ml. of absoluts ethancl and 21 ml, of
concentrated ﬁalfurie gcld was reflluxed in a nitrogen
aﬁmméyhar@ for six hours. <he cooled solution was
poured into 1 litﬁr of water and the oll which separated
was oxtracted with thré& 150 ml, portions of ether.

The combined ether extracts were wasghed with hall~sa-
turated sodlum blearbonate solution and drled over sodium
sulfate., *“istillation of the ether and alcohol left a
dark oil, whilch was transflerred to a cruds molecular
5t111 end vacuwm dlstilleds The ester distilled 1l.0~
lgﬁa,aﬁ 0.05 mm. The distillate, 3.5 g« of a yellow oil,
was saponified by refluxing L0 minutes with 25 ml. of a
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107 sthanolliec sodium hydroxide solution. The alkaline
solution was diluted with 50 ml. of water and distilled
until the temperature of the vapor reached 98%., The
cooled solution was extracted with & small amount of
ethor which was discardeds The squeous solutlon was
ghaken with 0.2 g. of Norit & and filtered. Acldifie~
catlon of the filtrate gave an oil which crystalllzed

on shtanding 3@v@ral,hcurs; The sticky orystals were [il=
tored off and washed with water. The product weighed

2 g but was too aticky‘fﬁv a molting point determlnation.
Bxtractlion &f the product with 5 ml. of chloroform left
1.6 2. (0,0076 mole) of crystals melting 151-1600« This
represents a yileld of 2, The product was refluxed
with & small amount of %ﬁﬁz@nag A Traction which @i&

not dissolve was filbvered off, wt, O.li g., and recrystal=
lized ITrom waber. The product separated In plates, m.p.
185-186° (Gec,)e A mixed melting polint of this cow=
pound with an authentlc sample of bechloroindole~3e-
acotlc acld showad no é@preﬁaiam. Concentration of the
benzene gave crystals (plstes) of an eutectle mixture

af the L~echloro- and bw~chloroindole~3-scetic acids,

Meis lﬁhw15§g (decs}e After one recrystalllization

erm water and one {rom benzene the eutectic mixture
melted 158-159° (dec.). The melting point of this mix-

ture was not depressed by sither the L=~ or b~chloroindole=-
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-acetic acids. The identity of the eutectic mixture
wzs established by Ir. A, I. Snocw by comparison of the
pewder Xeray diffraction patterns of the mixture and of
the two pure ccmponents. The eutectic mixture cwnt&inéd
more 6~dh10reinéoia~3~&qetie acid tnanyévahicroindalaeﬁv
acetic acid. - | ‘
Anal. Caled. for Cy H,ONC1: Neut. equiv., 209.6;
Ny 6.69 | |
Found: Neut. equive, 2:1 (gatentiamatrig)z
7 Hy 6450, 6.?6
Cyelization of 10 gf of the oilifractian gave 1.1
g+ of crude crystals melting 144-150°, ’Tﬁia productyl
was worked up aa‘&have, and thakmvthax liguors of the
twoe cvelizations were coubined and wmrkeﬂ'up in the oamQ
ventiocnal manner. The total combined yield of pure

eutectic mixture frow the two cyclizations was 2.6 g,

or 164.
Preparation of 7elethyle2-carboxyindole-3-acetic Acid

Ethyl #=ketoglutarate g-~tolylhydrazone

A solution of o-tolyldiazonium chloride, prepered
from 5.4 g. (0,05 mole) of o-toluidine, 12.5 ml. of con=
centrated hydrochloric acid, 22 wml. of water and 3,5 g.
(0.051 mole) of sodium nitrite, was added tc & sclutien
of 10 g« (0.044 mole) of ethyl +=-acetoglutarate in 42 nl.
of ethanol and 31 ml. of 20% aquecus scdium hydroxide at
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«20°, An orange oll separated immediately. The sus~
pension was left in an lce-~salt bath for ten nminutes and
acldified to Congo red with 10% hydrochloric acid. The
red oll was extracted with 60 ml.of ether. The ether
extract was washed with 50 ml, of saturated sodium bi=
carbonate solutlon, dried over sodlum sulfale and dis-
tilleds This left 7.5 g. of a dark red oil which was
used in the chliﬁﬁ%iﬁﬁ reaction without any attempts

at purification or crystallization.

fothyl-2-carboxyindole~3=acetlc acid

The crude ester, prepared above, was refluxed 2 1/2
hours, in a nitrogen stwmosphere, with a solution of 7
ml. of concentrated sulfuric acid and 63 ml. of absolute
sthanol. The ecooled solublon was poured into 300 ml.
of lce waler and the oily eater extracted with two 50
ml, portions of ether. <The combined ether extracts
were washed with saturated sodium blearbonste sclution
and distilled. The dark olly resldue was saponifled
by refluxing 40 minutes with LO ml. of a 107 ethanolic
sodiun hydroxide seolution. The disodlum salt began
separating immedlately. The solutlon was dlluted to 80
ml. with absolute ethanol and left standing overnight.
The insolukle, crystalline disodium salt was filtered

off and washed coplously with absolute ethanol. The
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salt was dlgsolved in water, triturated with a small
amount of Norlt A4 send filtersd through a layer of dia=-
tomaceocus esrth, Acidification of the filtrate with
10% hydrochlorie acld gave l.h ge (0.0060 mole), 13.8%,
of orude scid melting 20l-207° (dec.). The product was
purified by an extraction with chloroform followed by a
recrystallization fron s water-ethanol mixture. This
gave 0.7 go of acld melting 227=228° (dec.). After fur~
ther purification by preclipltation of the disodlun salt
Irom ethanol and rveprecipitatlion of the ecid with 107
ﬁy&paagzayia acid the acid melted 228-229° (dec.). Re=
erystallization from water dld mot raise the melting
points The yleld of the purs T-methyle2~carboxyindole-
3=acatlic asid was 0.59 g, (0.0025 wole) or 6%, The com=-
pound gives a vaﬁﬁ&@h»vialat Fhrlich btest which ¢hanges
to a deop wviolel on standing.

Anal. Caled. for Glzgligkﬁg Neut. equiv,, 116‘55

K, 6,01
Foundt HNeub. egquiv., 113.2; (potentlomstric)y
H, 6.10, 5.95

Preparation of S5~Bromo=2~carboxyindole~3-acetic Acid

ﬁthzl awkataglutarata_gfhramaghanylhyérazan@

Ten grams (0,0435 mole) of @thyl a=acetoglutarate
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were dissolved in L2 ml. of 95% ethanol. The solution
was cooled to-20° and 31 ml. of cold agueous 207 NeOn
wias added., Imwedietely a solution of grﬁramaphenyldiaw
zonlum chloride, prepared from 8.6 g. (0.05 mole) of
pebromoaniline, 3.5 g« (0.0% mole) of sodium nltrite
in 35 mls of water, and 12.5 nml. of concentrated hydro=
chloric acid was added. A yellow oll separated lmmediate-
ly. 7The suspension was Stir?ﬁﬁ for five minutes and
acidified by the additlon of 25 ml, of concentrated hy=-
drochloric acid, The oil changed to a bright red color
but showed no tendeney to crystallize. The o1l was ex~-
tracted with 100 ml, of ether after the solution had been
diluted with 200 ml. of water, #istillation of the wet
ether extract left s dark oil which was used, without

purification, in the cyellzation reaction.

S=Bromo=2=carboxyindole=-3-acetic acid

The crude ethyl a~ketoglutarle acid p-bromophenyl-
hydrazone was refluxed for five hours, In a nitrogen
atmosphere,with a solution of 20 ml. of concentrated
sulfuric acid in 180 ml. of sbsolute ethanol. The cooled
solution was poured into 350 ml, of lee waber and the
oll which separabed was extracted with 150 and 75 ml,
portions of ether. The combined ether extracts were

washed with hall-saturated sodium bicarbonate solution



and distllled. After nll the volastile zolvents had been
removed there remained 12.9 . of & viseous, red oil.
The crude ester was saponified by refluzing L5 mihutes
with 60 wl. of a 107 ethanolic sodium hydroxide solution.
After the solutlion had cocled, the insoluble disodium
salt was flltered off and washed coplously with absolute
ethanol to remove a ré@ coloration. <Yhe salt was dise
solved in 50 ml. of water, boiled with 0.3 g. of Norit
A and filtereds Acidification of the filtrate with 10%
hydrochlorie acid gave 5.6 g, of yellow crystals meliing
15?«1656 {dec.). By concentration and acidification of
the wmother ligquor from which the dlsodium selt was fil-
tered, l.3 g+ of erystals melbing 211-216° (dec.) were
cbtained. A nmixed meliting point showed that these two
cerops of erystals were the same compound. After an une-
succevsful attempt to recrystalllze the crude product
from an @ﬁﬁ&n@lwﬂat@r mixture, the acld was precipitated
ag the disodlum salt by dissolving in LO¥ sodlum hydroxide
and diluting with absoclute ethanol. The free acid was
recovered from the salt as before. The acld was [reed
from a tearry conteninant by extracting the acld in a
(sohxlet) extractor overnlght with water. The compound
separated from the water solution in beautiful nesdles
when sceded. The crystals were filtered off, drled and

washed with chloroform to remove & red coloration. This
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gave 1.7 g. {0.0057 mole), 134, of S-bromo~2-carboxy=
indole-3=acetic acld melting 2L7-2L8° (dec.). A recryse-
tallization from a ﬁiaxanawﬁatar mixture d4id not ralse
the melting pointb.
Anael. Caleds for Qllﬁaﬂgﬁﬂr: Neut, squiv.,
1495 1, k69
Founds Neub. eguiv., 150, 152 {(potentio=
metric)sy ¥, L.48, L.L8

Preparation of Indole=-3=acetic Acid from Ethyl
v,y=Dimethyoxybutyrate (4.2)

A solution of 20 g. (0,135 mole) of purified ethyl
yvey=dimethoxybutyrate (b.p, 102-103° at 20 mm.), 16.6
g« (0,135 mole) of phenylhydrezine hydrochloride, 360 ml,
of absolute ethanol, and 4O ml, of concentrated sulfuric
acid wore refluxed In a nitregaa atm&%phera for eight
hours. The cooled reaction mixbure wés poured into 1
liter of ilce waber and the oll extracted with 350 and
250 ml. portions of ether. Thecombined ether extracts
were woashed with helf-ssturated sodium blcarbonate solue
tilon and drled over sodium sulfsite. Distillation of the
etihier golutlon left 21 g« of a yellow oil. Thls crude
ester was purified by vacuum distillstion throurh & short
vacuum= jacketed Vigreux cclumm. The fraction

distilling 150~155° gt 0.1~0,25 mm, and welghing 6.0 g.

{2) obtelned gratis from the Rohm and Haas Company,
Fhiledelphia, Pa.
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was colleected as product. The estor was saponified by
refluxing twenby minutes with 30 ml. of 107 methanolic
potassiuwa hydroxide. Soon alfter the refluxing bepen &
evystalline {plates) precipitate began forming. These
crystals wore filtersd off and washed with methanol in
which they were guite szoluble. The salt was dlssolved
in 20 ml. of waber. Acidificetlon of the agueous solu-
tion with 104 hydrochlorie acid gave 3.0 g. of indole=3-
acetle acid, w.p. 166-167° (doc.)e The mother ligquor
from whieh the salt wes flliered was diluted with 30 ml.
of water and distlilled untll the temperature of the vapor
reached 9@9* Tb& cooled solution was extracted with

30 mle of etﬁ@?é the distillation of which lelt a trace
of eryatelline %raéuat, having the odor of skatole.
Acldificabtion af the a@nﬁgmﬁ solutlion with 10% hydrochlo=
ric acld gave a white crystakline product, which was
filtered off and washed with water. This rauple of
acid melted 166° (dece). The total combined yield of
the two ¢rops was 5.9 g. (0,028 mole), or 21%. A re~
erystallization from water {Norit A) gave pure indole-
J=acetlc acld, nup. 166-168° {docs)s A mixed melting
polint with an suthentic sasple of indole«3wscetic acld

was not depressed,
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Preparatlon of S~Fluoroindole-3-acetic Acld

p~Fluorceniline

Thils compound was prepared by the procedure of
Sehiemann and Plliarsky (43). 4 mizture of 100 g. (0.71)
mole) ol p-fluorenitrobenzene and 180 g (1.52 moles)
of 30 mesh granulated Yin were placed in a two liter
flask, which was equlpped with a coudenser. The flask
was shaken vigorously while 400 wl. of concentrated
hydrochloric acid was added in small portions through the
gsondenser, The [lask was warmed on the steam bath for
one hours Ab thie tlue the odor of the stariting material
could not be detected, and a portion of the reaction mlx-
ture did not separabe in Lwy phases wien diluted with
water. The reactlon mixture was cooled in an ice bath
and made strongly alkeline by the slow additvion of a
solutlon of 300 g+ of sodium hydroxide in 500 ml. of
wabter. The amline was roecovered by exhausitive extractlon
ol the basic solublon wlth sther. An unidentifiod solid,
insoluble in elther the water or ether layer, had to be
Tiltered out before the exitraction could be carried out
plilelently. The combined ether extracts, 1 liter total

volume, were dried over sodlum gulfate and distilled.

(43) Schiemann and Pillarsky, Ber., 62, 3041 (1929).
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The dark oily residue was puriflled by wacuun fractiona-
tion through & 13 plate column. The fractioneg were

collected as Followss

No. BaP.® Press. Wte, Co
1 77-83 18 mm. 3.5
1 83-8l. 18 mm, 52.5
111 Bl~ 18~ mm, 2.0

The yield of pure p-fluorceniline, fraction II, was

52.5 gy {04473 mwole), or 67%.

gpFluaraph3mylhy&ragima hydrochloride

This preparation wes pabtiterned after the procedurs
described by Schlemann and Winkelmuller (L) for the

pr@paratinn of the free bass. A solutlon of yp-fluoro=

2
phenyldlazoniun chloride, prepared by the éiazstatiam,

at 0%, of Lo g. (0.36 mole) of p-fluoroeniline in 145 ml.
of & M hydrochloric acid with & solutlon of 27.2 g.
(0.394 mole) of sodium nltrite in 73 ml, of water, was
poured into sn ice cold, saturated solution of 240 g.
(0,95 mole) of sodium sulfite heptahydrate. The re-
gulting m%ang@ gsolution was shalken and diluted slowly

with 110 ml. of concentrated hydrochloric scid. The

(44} shiemann and Winkelmuller, Ber., 66, 729 (1933).
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now yellow solutlon was heated on the steam bath for
two hours, The solution becane red soon alter the
heatling was comumenced and faded to a pale orange es

the heating continued. Fifty ml, of acetlic acid was
added to the hot solubion followed by approximately

5 g« of powdered zine, added in small guantities, in an
unsucceasful attempt to completely decolorige the solu=
tions An insoluble red solid was fllitered off and the
filtrate made strongly aé¢ld by the addition of 220 ml.
of concentrated hydrochlorie acid. The hydrochloride
began separating immeﬁiatélyi After the solution had
cooled overnight 1n thakiaa box the well-fornmed, pinke-
tinted ervstals were fil%éred off and washed with 140
ml. of 10% hydrochloric acld and with 300 nl. of anhy=
drous ether. The yi@lﬁ of the pe-fluorophenylhydrazine
hydrochloride was 17.6 g. (0s108 mole), or 304, The
hydreéhloriﬁe had no definlite wmelting polnt.

An attempt to recover wore product by alkelizabion
of tha‘mather liguor with subsequent extraction of the
free base with ether gave only 5 g. of crude p~fluoro=
aniline, The red solld which was filtered Prom the acid
3&1?&%@ solution welighed 9.7 g« Afber ﬁwe recrystallie
zations from benzene the product melted 150° (dec.). A&
gualitatlive analysis showed that the compound contained
sulfur, This suggests that the compound is p=fluorom=

phenyldiaszosulfonic acid. The yresence of this latter
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product indieatss that sullficlent sodium sulfite to re-

duce the dlessenium salt was nobt present.

S«Rluoroindole~3=acetic acid

4 solutlon of 20 g. (0.135 mole) of ethyl vy, y~di~

mothoxybutyrate, 17.6 g. (ﬁ;lﬁﬁ mole} of pefluorophenyl-

hydrazine hydrochloride, 360 m&;ﬁ@f absclute ethanol snd
o ml, of concentrated sulfuric acid were refluxed in a
nitropen atmosphere for eight hours.. The sooled solus
tion was p@uréd into 1 liter of ice water and the oil
was extracted with 350, 250, and 150 ml, portions of
@t&a?, The combined ether extrscts were washed with

half-gaturated sodium biecarbonate solution, dried over

sodium sulfate and distilled. The olily residue was irans-

forred to & 50 ml. flask and vacuum distilled through a
short vacuum=-jacketed (lalsen atlll head. Thefractions

wore asollected ag Tollows:

Ho. 0,P.° Press. wﬁwé B

I 624110 0,5-0.6 mm., 0.5

I 150-175 0.l sm, 1.2

Distilling residue 6.0 (estinated)

The crude estor, fraetion II, was saponifled by
refluxing twenty minutes with 60 ml. of 10Z methenolie

potagsiuu hydroxide. The alkaline solutlon was diluted



with 50 ml. of water and diletllled until the Lemperature
of the vapor wes ?6”, The cooled solubtlon was exbracted
with 30 ml. of sther, the distlilletion of which left no
residue. The aguecus solution was heated ta-b@iling
with 0.5 ge of Horlt & snd filtercds. Acidiflcation of
the still derk filtrete with 109 hydroehloric aeld gave
11.0 gz {0.57 mole) of ten crystals melting 138-136%,

e yleld, based on the p~fluorophenylhydrazine hydro-
~ehloride, was [3%. A reerystallization of the acid from
water {Worit A4) roised the melting polnt to 138-140°,

Anel, Qaled. ILor ﬁlﬁﬁgégﬁﬁa Neut., egulv,,
1?3#1’85 Ny 7*2}4-
Found: Weub. equiv., 192 (potentiometric);

B, 7.01, 7.12
Deternination of the Plant Orowth Activity
of Substituted Indole~3=acetlc Aclds
Method

The Pea Test of Wont (45, Ib) was employed to de~-
termine the hormonal activity of the substituted indole«

{45) van Oberbeek and Went, Dotan. Gaz., 99, 22 (1937).
Original not seen. (ited by Findlay and Dougherty,
 J. Blol. Chem., 183, 361 (1950).
(46) Went and Thimenn, "Phytohormones", MacHillan Come
pany, New York, N.Y., 1937.
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3~acetlc acids,

Alaska peas {(obtained frowm the Farmer Seed and
Hursery Co.) were sterilized by washing with 95%¢ ethanol.
The poas were then washed well with dlstilled water. Af-
ter sosking in water for six hours they were planted in
molst sand and grown in total derkness at room tempera-
ture. At age seven to nine days they had reached a
helght of 10~12 om. and had developed two nodes, each
bearing a scale and the uppermost bearing a leaf, Those
plants in which the internode between this leafl and the
terminal bud had reached less than § mm. were selected,
The top was cut off just below this leaf and the stem
split centrally lengthwise for a distance of about 3 om.
with a ragor blasde. The split section wag then cut off
a few mm, below the slit end washed for an hour in dis=-
tilled water. The split sections were placed in petri
dishes containing 20 ml. of the test solution. PFlve or
slx 8plit sections were placed in sach petri dish. The
plates were stored in the dark overnight and shadow-
graphed on bromide paper. According to Went, the curve-
tures reach a maximum after s&ix hours and remain unw~
changed,

If no plant growth regulator 1s present the two
longitudinel sectlons will curve away from each othar;

while i an active substence 1s present in the proper
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concentration the free ends will bend inward. The de-
gree of inwerd bending 1is proportional bo the activity
of the compound and to the concentration.

Stoeck solutions of the compounds to be tested were -
prepared by welghing out 10 mg. sanples of the geclds on
a semimicrobalance, adding an equivalent amount of so=-
dium hydroxide and diluting to 250 ml., Since Went re-
ported thet the presence of some wmetal lons inhibit the
curvatures, glass-distilled water was used in making up

solutions and for rinsing the glassware,
Results

The sodiwm salts of indole~3-acetic, lLwchloroindole=
3~acetic, 5%ehlcr®in&ala~3wa¢@tia; b-chloroindole~3~acetic,
7-chloroindele~3~acetic, li= and bechloroindole~3-acetic
(eutectic mixture), 5,7~diehloroindole-3~acetic, S=fluoro-
indole=3~acetlic, and 2-garboxyindole-3-~acetic acid were
tested in serlal dilutions in ranpe of 10 to 0.25 mg. of
the acld per liter., The resulis are summarized in Table

I
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Tabhle I

Plant Crowbh Activity of Substitubted Indole~3eacetic Acids

Concentration in mg.

Subaﬁ&na@l of acid per liter

| ‘ o2 L 0.5 0,25 U,1 0,05
Indole~3=acetic acid TR T T ¥ # * -+
L-Chloroindole=3-acetic acid + + + + & ¥ -
5»$hlaraiﬂdalﬁw3w&$@ti$ aedid + o+ o+ 4 + + -
Hmihloroindole~Jeacetic scid + + ¢ 4 + + -
7mahlmrginﬁ91@~3mae@hia acld + + ¢ + + ? -

b= and S-Chloroindele=3-
acetic acids (eutectic

mixture] USRI SR +
5,7-Dichloroindole~3=acetic ¢ -~ - = -
acid

2-Uarboxyindole~3-acetic acid

1
i

S-Pluorcindole-3eacetic acid + + + 4 + b -

lfhe sodium salts were used in the tests.

Although the Pea Test for hormone determination is
enly raugﬁi# quantitative the results indicate that sub-
stitubion of halogens in the benmene ring has little
beneficial effect on the activity of the compound in the
Jent Pea Test. This is in contrast to the Z2-methvlindole-
Jwacetic acid series which were studied by Stevens (1) and

the rhenoxyacebic acid series which were studied by Hitch-
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cock {3)e It is worthy of note that all the monohalozen
compounds tested had very nearly the samué activity. It
is not unusual that the Z~carboxy derivative has no
activity as the Z2e-methyl derivative has only 204 of the
activity of indole=3-acetic acid and the Z2-ethyl derlva=-
tive 1s almost completely inactive (L&), o
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DI8CUSSI0Y AND COHECLUBRIONS
Chemical

An economlcal conversion of glutamic aecld to indole-
Jeacetic acid and to derivatives of indole-3i~acetlec acid
with substituents in the benzene ring has been brought
under control. %he chemlistry of the process is 1lluse

trated in the equations below:

HOOGCHOH, Ol COOR Haocl Kﬁ@ﬁ?ﬂﬁﬁgﬂ 15C00H
NHg HHC1

Hﬁﬁﬂ?ﬁﬁﬁgﬁﬁg§@§ﬁ __ 1" 5 CHOCHgGHCOOH + HOOCCOCH,CHaCOOH

HNGL
/;<EE::>§ﬁwﬁg
R
///iéz::>ﬁﬁﬁwﬁﬁgﬁngagaa@ﬁ * H00GGC11aCligC00K
5

n
R

Ha 80
aaﬁgéﬁ

M, C00H HgCOOH
1 CO0H
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In additlon to the succinaldehydie acid formed by
the decompesition of ithe g-Nechlorosminoglutarie acid
there was also formed, as a by-product, a smaell amount
of g=ketoglutaric acld. The a»k%tag&mtarieiaaiﬁ phenyl~
hydrazones were formed along with the prinecipal product.
Cyelization of these a~kebtoglutaric acid phanylhydrazaneé
gave the 2~carboxyindole-~3-acetic acids,

Since a=keto aclds are not decarboxylated under the
conditions emplmysd in the decomposition of the a~N-chloro=
aminoglutarie a#id, the ankéta acld can not be an inter-
mediate in the formation of the aldehyde. 1In ordsr to
account for the products formed in the reaction mixture
the following mechanism for the decomposition of the

a~N~chloroaminoe acld is proposed: (47)

R-Ci000Na zt g
(1) R ?ﬁ to
o™ ' W/A
2 Gooom al {11)
&
Hﬁ«
(V) - REH + C0g + HOL
Rgﬁ@ﬂﬁa | Sl (Iin
| (vI) Ha0, H*
j/ Ha0, B RCHO + Wi, %

RCOCOOH + m,,“’ + gza‘*‘“ (1v)

(L) gcknawlaﬁb@memt is given to Dr. C. S. Hammond, Mr
We T. Melkle, and Mr. T. C+« Myers for assistance
in formulating the mechanlsm.
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Aeidification of the sodium s8lt of the aq«-Nwchloro-
amino scid (I} glves the fres acld which immedlately
forme the six membered chelated ring (II). If the elec~
tron shifts Indicabed by the curved arrows occur, then
the molecule can decompose to f orm three smaller stable
molecules. The imino compound (ITI) then hydralyz@a to
form the aldehyde {IV). The yield of the a~keto acld
appears to be proportional to the time elapsed betvween
the formatlon of and acidiflication of the g=Nechloro-~
amino acld. ¥his sugmests that the formation of the
m§k@ta acld cccurs through the loss of & proten from (I)
to form the carbanion (V), which lmmediately or simul-
taneously stabllizes ltsell by the loss of a chloride
lon to form the a«lmino aclid salt (?I}. This imino
group then hydrolyzes to the ¢ srbonyl to form the a-keto
acid (VIiI).

By using the method deserlbed above for the con~
version of glutamie acid to indole~3~acetic aclds, the
5« and 7~chloro, 5,7-dichloro, and S-methylindole=3=
acatie aclds have been prayax@&;f Cyeclizmblion of the
sucecinaldehydic asclid m=-chlorophenylhydrazone was expected
to yleld & mixture of Lechloroindole-3~acetic acid and b
chloroindole~3=acatlc acid., Two products were obtalined
a8 expected. The prineipal product weas an eubectic mixw

ture of the li= and b~chloroindole-3=acetic aclds while
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the other product was a small amount of éechlcereoindole-
3=acetic acid,

To solve the mwoblem of identifying the is=cmers ob-
t&imed‘in the cyelization of the meta substituted phenyl-
hydrazone, both the 4- and 6~chloroindole-3-acetic acids
ware synthesized by unambiguous methceds. The corresge
ponding chloroindoles were prepared by amnﬁsnminﬁ the
properly substituted 2~nitrotoluenes with éthyl oxalate
to yieid the 2-nitrophenylpyruvic acid derivatives, frém
which the chloroindole-2-carbeoxylic aciéa‘W@ra formed by
a reductive cyclization with ferrous hydrexida. Decarboxy=
lation of these acids gave the chloro-substituted indoles.
After an unsuccessful attempt at the synthesis of the
4-chloro acid through the reaction of 4-chlorogramine with
scdium cyanide, both the 4-chloroindele~3-acetic acid,
and the 6-chloroindole-3-acetic scids were successfully
prepared by condensing the corresponding 1ndalylmagnaaium
iodide cowplexes with chlorocacetonitrile with subsequent
hydrolysis df the resvlting nitriles to the acids.

Several of the 2~carboxyindole-~3=acetic acids were
obtained either by cyclization of the s=ketoglutaric acid
phenylhydrazines, which in turn resulted ss by-preduvcts
in the preparation of the awcsih&ld&hydic acid phenylhy~

drazones. They were in sowe capes obtained as diethyl
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esters, by the Japp-Klingemann reaction bstween ethyl
g=acetoglutarate and a phenyldiazonium malt.

The 2<carboxyindole=3=acebtle aclds prepersd by
these methods included the 7-chloro, S+ and T7Te~methyl,
and S-bromo derivetives as well as the unsubstituted
parent compounds. Ew‘aﬁtsm@t was nade to cyellize the
s~ketoglutaric acld m~chlorophenylhydrazone; attempts
to cyclize the a-ketoglutarie acld 2,li-dichlorophenyl-
hydrazone falled,

An alternats synthesls of indole~3=acetic aclid and
some of 1ts derivatives, employing ethyl y, y-dimethoxy-
butyrate in lieu of glutemic aecid, has been worked out.
The ethyl succinaldehydste phenylhydrazone was prepared
from the acetal and the phenylhydrazine and cyclized to
the ethyl indole~3~acetabte in one opsration. Saponifi-
cation of the ester then ylelded the free acid. Indole=
3=acetic acid and S-fluoroindole~3-sacetie acid have been
prepared in this way and the method appears to be appli-~

cable to very general use..
Physiologlesl

The substltubted indole=3wacetle aclds preparved were
tested for hormone activity by the Weub Pea Test (45, 46).
The resulis of these tests showed, in contrast to the 2~

methylindole=3=acetic acid (1) and phenoxyacetle acid (3)
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series, that substitutlion of one lalogen Inbto the ben-
zene vring had little effect on the aetlvity of the com~
pound. The ﬁ;7«éi¢h1m?winéala~3«ae@tia acid was considera=
bly less actlve hhan‘any af the monohalogen derivabtlves
or the parent compound, indole~3-scebtic acld, Since the
Z=carboxyindole~3~acetic acid mbowed no activity, the
substituted 2~carboxyindole~3~acetic aclds were not tested,
The low order of setivity of the Z~sublstltubed in=-
ﬁml@»Bwﬁ@@ﬁic aclde can probably be attributed to steric
nindrance as the activity of the compound appears to be
inversely proportlional to the slze of ths proup. The
order of docreasing aebtivity has been observed to be
2=nothylindole~3i=acetic acid, 2=ethylindole-3=aceblc
acid (hﬁ}, and Z-garboxyindole=3=acetle acid. Bince the
l-methylindole~3~acetic acid (40) 1s also less actlve
than Indole-3~acetic acld 1t would appear that any subw
stituent in the pyrrole ring wlll decreasse the activity.
gn the other hand, 1t would sppear that the activie
ty 18 not grestly influenced by the presence of a single
atowm or group on the bengene ring. This is gsupported
by evidence, presented in thls thesis, that the activie
Ty of all the compounds with & slngle halogen subatltuted
in the benzene ring have épproximaetely the same activity
a8 the parent indole~3=acetlc acld in the Went Pes Test.

This hypotheslis 18 alse born out by the fact that the
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S~methylindole~3=acetlc acld (L6), and the 5~ and b
methoxyindole=3=acétic acids (9) have aboub the same
activity as the unsubstituted acid. The decrsased
activity of the 7-methoxyindeole=3~scetic acid (9) and
of the 5,7-dichloroindole-3~acetic acid do not conform

to this generality.
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BUNMMARY

1. A practical method for the preparation of indole-
3-geatic aclid from glubtanic acid has been developed.

2« This method has been found to be especlally
applicable to convenient synthesis of indole-3wacetlc
aclds substituted in the benzene ring.

3. a-Retoglutaric acid hes been Iisolated, in the
form of substituted phenylhydrazones, from the decom=
position of g~Nechlorocamlinoglutaric acid.

i« A mechanism embracing the a-~ketoglutaric acid
by=produect has been propossed for the conversion of the
glutamic acld to the intermediaste suceinaldehydle aclid.

| 5. 411 the derivatives of indole=3~acetic acid
containing a single chlorline atom in the benzene ring
have been described. The 5,7-diehloro, 5-fluoro, and
Se-methyl derivebtives have also been prepared,

6. Preliminary Pea Tests have shown that all the
monohalogen derivatives %@sﬁaﬁ have approxlmately the
same actlivity as the unsubstituted indole~3=-acetiec acid,
whlle the dichloro compound is less active.

7+ Several of the derlivatives of 2-carboxyindole-
3-acetic acid have been described. These include the

S« and 7=chloro and the 5=bromo derivatives as well as
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the parent Z~carboxyindolea«3-gscetlic amcld.

8. Pea Tosts were carried out for the unsubsti-
tuted 2=-carboxyindole~3~acetic acid, which exhiblted no
acbivity.

9. An alternate synthesis for the preparation of
1hﬁalaw3~adatia acld itselfl and for derivatives substi-
tuted in the %ﬁnzenﬁ‘ring, employing ethyl v, y=dimethoxy«-

butyrate in lieu of glutamle acld, has been described,
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