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INTRODUCTION

The present interest in substituted derivativea of 3-
indcleacetic acid, a naturally occurring plant growth hor-
mone of high activity, is in part due to a significant dis-
covery of Hitcheock (124). He found that the plant growth
activity of phenoxysacetic acld was greatly enhanced by the
subsgtitution of ehlorine atoms into the benzene nuclseus,
o-Chlorophenoxyacetic acid was twenty, p-chlorophenoxyacetiec
acid was elghty, and 2,4-dichlorophenoxyacetic acid was six
hundred and fifty times as effective as the parent compound.
He also found that derivatives of benzoic acid were active
after the proper substitution of c¢hloro, dbromo and nitro
groups. Benzolc acid itselfl possesses no activity.

A gurvey of the literatur§yshowed that no 3-indolsacetic
acids with nitro or chloro graﬁps substituted into the aroma-
tic ring had been prepared. One of the objectives of the
present work was to prepare and test the plant growth activity
of some indoleacetic acids with groups that had been shown
to be active in other series substituted in the benzene part
of the ring. Since the 2,4-dichloro~ derivative of phenoxy=-
acetic acid was so effective, the preparation of a 3-indole-
acetic acid compound with two chlorine atoms meta to each

other was attempted.
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3-({2-Methylindole)-acetic acild also shows some plant
growith asctivity snd some of its substituted derivatives were
also prepared.

OUnae of the simplest methods for the preparation of in-
dole derivatives is the Fischer Synthesis (26) in which a
properly substituted §haaylhydrézcne iz eyclized. For the
preparation of 3-indoleacetic acid, the phenylhydrazone of
@ ~formylpropionic acid would be used,

Langheld (78) prepared P -formylproplonic acid in small
quantities from glutamic scid. This resction is of speslal
interest because glutamic acid ig readily avallable at rea-
gonable cost as a by-product of the corn refining industry.
The reasction wes studied further to dstermine the feasibility
of converting glutamic acid to 3~-indoleacetic acid.



NOMERCLATURE

The nomsnclature of indole derivatives in the litera-
ture is varied and confusing since several different systems
are used ipn designating substitutions. Indole has the for-
mula CgHpN and 1te structure as usuelly written with the
three common methods of numbering is shown by formulas I,

II and III,

4 4 4
3 & 3 8 5 3
K 6
2 N 2 2 N - 2
1 H 1 H 7 H
1 1
I 11 III

In the system using formula I, substitution in the benzene
ring is shown by the symbol Bz-l, Bz-2, etc., and in the
pyrrole ring by Pr-1, ete.

The second system which uses X and B for the carbons
in the pyrrcle ring designates substitution on the nitrogen
by (N-). This system is partieularly confusing in naming
compounds like tryptophan and indcle ascids in which the
Greek letters are also used to show substitution in the
chain,

This paper will use the third method in which substi-
tution in the indole group will be indicated by numbers and
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Greek letters to show the posltion of the indole group in

the acid chaln, as for example:

o,
CHCOOH CH 2(; OOH
Cc
% By N
H H
KX -3~(2-methylindole) - 3-indoleacetic acid

propionic acid

CH,CH,COOH
¥
CHy

B -3~(1-methylindole)-
propionic acid



HISTORICAL

Plant Growth Hormones

There are a number of excellent reviews on plant hor-
mones avallable that cover both the chemical and hotanical
aspects of the subject. In this survey the work on 3-
indoleacetic acld and other indole acid derivatives will
be stressed. For a more comprehensive discussion, the re-
views by du Buy and Nuernbergk (12), Erxleben (21), von
Guttenburg (36, 37, 38, 39, 40), Heyn (47), Jost (57), Kogl
(66, 67, 68), Haagen~Smit {41), Stiles (98), Thimann (103,
108), Went, F. W, (114, 115, 116), Went, F. A, F, C. (111),
Boysen Jensen, translated and extsnded by Avery and Burk-
holder (11), and Van Overbeek (110) should be consulted.

The history of plant growth hormones began in 1913
when Boysen Jensen (9, 10) showed that the tip of the oat
(Avena pativa) primaﬁy leaf sheath or coleoptile contains
a pubstance that migrates toward the base of the coleoptile
and controls its growth. Coleoptile tips of Avena seedlings
which had been grown in the dark were cut off and then re-
placed on the stumps over a layer of gelatin. Unilatersal
illumination of the tips alone resulted in the curvature
of the entire c¢oleoptile toward the light. This showed
that light in some way affected the active material on the
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illuminated side while that on the dark side diffused through
the gelatin. This work was confirmed by Paal (87), who also
placed the coleoptile tip on one slde of the coleoptile

stump and obtained a curvature away from the side the tip

was applied to., The entire experiment was conducted in the
dark.

Final proof for the existence of such a substance was
obtained by Went (112) in 1$28. He placed Avena coleoptile
tips on agar, allowing the setive substance to diffuse into
it, and than applied small blocks of this agar on one side
of decapitated Avena coleocptiles., He noted that these
blocks were active in promoting curvatures away from the
side to which they were applied, This technique became the
basis for the Avena test for plant hormones whioch Went de-~
veloped. &t first it waes thought that the degree of curva-
ture was proportional to the amount of growth substance in
the agar block, but after further study the curvature was
found to be proportional to the concentration (117).

The first chemical study of the active substance was
nade by Nielson (84) 1n 1930 who found an active substance,

extracted from the medium upon which Rhizopus suinus had

been grown, to be ether-scluble. Dolk and Thimann (18)
obgerved that the substance was ether~solubls only in acid-
ified solutions. They determined that the substance was an
acid with an ionization constant of 1.8 x 109 easily



ﬂ?'

destr@yed by peroxides and therefore unsaturated.

Kogl, Haagen-Smit and Erxleben (74, 75) discovered that
the substance was present in large amounts in human urine.
From the sodium bilcarbonate fraction of the ether extract
of urine concentrate, they isolated an acid, C,gHss0g, and
its lactone., DBoth forms were sctive in the Avena test. A
10° curvature was obtalined using 3 x 108 mg. which was de-
fiped as one Avena-HEinheit, AE. The value for this unit
was later changed to 2 x 1078 mg. (65). The acid was called
aux in é, lLaeter another acid was isolated from malt and corn
germ oil which was isomeric with the laotone of auxin a (73).
This new substance was called suxin b.

The structure of the auxins was elucidated by Kogl and
co-workers at Utrecht, Holland (70, 71, 72, 75). The for-

mulas as established by degradation and synthesis were:

auxin @  CpHg(CHz)CH - /cH.. C - CHOH - CH,CHOHCHOHCOOH
auxentriolic CHy ‘
acid \°
CoHg (CHz)CH - CH- CH

auxin b  CpHg(CHg)CH -/e - C - CHOHTH,COCH,COO0H
auxenolonic CHy “
acid ‘
CoHg (CHz)CH - C - CH

In an attempt to work up larger volumes of urine using
a charcocal absorption method they isolated another very
active substance which they called heteroasuxin. This was

found to be 3-indoleacetic acid (76). However B -3-indole-
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propionic acid, 2-indolecarboxylic acid, and 3-indolecarboxyl-
je aeid were found to be inactive us{ng the Avena test.

The active substance in svena coleoptiles was shown to
be auxin a by the molecular weight determinations of ‘ent
klla}, and by the stadility of the substance to acid and
its destruetion by alkall as found by Kggl and co-workers
(76). On the other hand, the substance from molds was
proven to be 3-indoleacetic acid by Thimann (104).

In addition to their growth promoting function whioch is
caused by cell elongation, the three naturally occurring
auxins were shown to exert other influences upon plants, In-
hibition of root growth, the formstion of roots upon cuttings,
bud inhibition, callus development and stem swelling, cam-
bial growth and cell division were attributed to these sub-
stances (117). The setting of fruit without pollination or
parthenocarpy, modification of organs (100), and herbicidal
action (85) are recently discovered responses caused by
plant growth substances.

In 1935 Hitchoock (48) caused epinasty of leaves (down-
ward bending), and bending and swelling of intact tomato,
tobaceco, and African marigold plants by the local applica-
tion of 3-indoleacetic and P -3-indolepropionic acids. This
c¢aused him to make the statement, "The faot that one homo-
logue of heterosuxin was found to be active in causing cer-
tain formetive respcnses indicates that possidbly other indole

derivatives and perhaps other unreleted chemicals might in-
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duce one or more of these same responses.”

Zimmerman and Wilcoxon (128) tested twelve indole de-
rivatives and some related compounds and found that only 3-
indoleacetic and Y -3-indolebutyric acids were active,
while B -3-{2-carboxvindole)-ethyl phenyl ether, A -3-(2-
carboxylndole)~propionic, A -3-(2-carboxy-5-methoxyindole)-~
propionic, £ -3-{2-carboxy-6-methoxyindole)-propionic, £ -
3-{2~carboxy-7-ncthoxyindole)~propicnic, A «3-(5-methoxy-
indole)~propionic, A =3-(6-methoxyindole)-propionic, A -3-
(7-methoxyindole) «propionic, KX=-3-indolebutyric, 3-indole-
succinic, and X-3~{2~carboxyindole)-butyric acids were not
active.

Apnother homologus of heterocauxin was added to the ligt
of active compounds when Zimmerman and Hitcheock (121) noted
that A-3-indolsvaleric was active,

Thirty-four compounds, mostly derivatives of the auxins,
were studied by Kozl (866, 87) and Xogl and Xostermens (77).
The sctivities for the indole compounds are gzliven in Table 1.

Bauguess (5) found that [F-3-indolepyruvie, S -3-indole-
A ~oximinopropionic, and AB-3-indolsacrylic acids were
active in root iﬁitiatipﬁ, atem bending and bud inhibition
on tomatoes, marigolds and stocks. The activity of these
acids wag about the same ag that of AB-3-indolepropioniec
acid, but less than that of 3-indolescetis acid. Indole-

lactic acid was found to be inactive.



Table 1

Activities of lIndole Derivativesz

Substance

Activity in AR/ gram

3-indolescetic acid

methyl 3-indoleacetate

athyl 3-indoleacetate

n-propyl 3-indoleacetate

isopropyl 3-indoleacetate
3-(2,3-dihydroindole)-acetic acid
methyl 3~(2,3-dihydroindole)-acetate
3~il«&ethyiinﬁoleg—acatic acid
athyl 3-{l-methylindole)-acetate
B3«{2-methylindole)-acatic acid
methyl 3-(2-methylindole)-acstate
3-{2~ethylindols)-acetic acid
3-(S5-methylindole)-acetic acid
methyl 3-(S5-methylindole)}-acetate
3-(2,5~dimsthylindole) ~acetic acid
B ~3=-indolepropioniec acigd
Z-indolecarboxylic acid
2-indolecarboxylic acid

A ~3-indolepropionic acid

B -3~indolelactic acid
S=-indolepyruvic acid

A2 ~3=indole- ~aminopropionic acid

25,000, 000, 000
10, 000, 000, 000
' %,000, 000,000
1,000,000, 000

100, 000,000
inactive
inactive

30,000,000
inactive

125,000,000
inactive
inective

1,500, 00G, 000
1,200,000,000

inactive
inactive
inactive
inactive

5,000,000, 000

inactive
200,000,000
inactive

*Reported by Kogl (66, 67) and kKogl and Kostermans (77).
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Haagen-Smit and Went (42) examined a number of com-
pounds by the Avena test and reported that 3-indolepyruvie
acid had 20 per cent the activity of 3-indoleacetic acid,
while methyl 3-(2-methylindole)-~scetate was inactive., A
pesa test based upon the curvature produced upon pleces of
etiolated pea seedlings that have been slit longlitudinelly
was developed by Went (113). Approximately the same results
were obtained by this test for the compounds mentioned
above, and in addition 3-(2-ethylindole)=-acetic acid and
indolecarbonie acid were found to be lnactive.

The activity of 3-indoleacetic acid and two snalogues,

- 3~indensacetic aeid and l-coumarylacetic ueld, were compared
by Thimenn (105). The analogues produced cell elongation

in etiolated avena sactions, produced roots, inhiblited root
elongetion, and were therefore true growth promoting sub-
gstances, but l-counarylacetlic acid was not active in the
Avena curvature test., The activity of 3-indensacetic acid
is about the same as 3-indoleacctioc z2cid, but it is trans-
ported more slowly in the plant. Thimann pointed out that
the transport ability and the growth promoting abillty are
gseparate properties and that the fallure of l-coumaryl-
scetic acid to produce curvature in the Avena teat may be
explained because 1t is transported in all directions in the
plant ag opnoged to the polar transport of 3-indoleacetic

acid.
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Glover (30) reported that skatole, 3-methylindole, had
slight activity.

The methyl esters of 3-indoleacetic, A =~-3-indolepro-
pionic and V-3-indolebutyric acids were found by Zimmerman,
Hitchcock and Wilcoxon (128) to be more effective than the
corregponding acids in causing bending of tomato leaves and
stems.

Zimmerman and IHitchcock (122) found that the salts
yotassium; godium, axmonium, trimethylammonium and tetra-
armmonium 3-~indoleacetate, potassium and sodium A -3-indole=-
propionate, sodium, potassium, trimethylamonium and tetra-
methylammonium Y=-3-indolebutyrate were as effective as
thelr corresponding aclds in accelerating growth locally
{bending) and inducing root formation.

Manske and Leitch (81) prepared a numbsr of compounds
which were tested for activity by Zimmermean of the Boyce
Thompson Institute. Y -3-Indolebutyric, A-3-indoleveleric,

;9u3~(5~mﬂthylindele)~propiaﬂ1c, and 1,3~indylenedlacetic
acids were found to be effective.

A modification of the Avens test which proved to be
about ten times as sensitive was developed by Skoog (96)
who found that tryptophan and indoleethylamine became acti-
vated sbout two hours after application. He sugpested that
these compounds, together with indolepyruvie acid, are pra-

cursors of A-indolescatic acid,
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The Avena test was employed by Davies, Atkins and Hudson
{17) to test severel indole derivatives that they prepared.

w -Skatolemalonic acid, 3-ethylindole, 3-indolecarboxylie
acid and PB-3-indolepropionic acid were all found to be in-
active.

Kégl (69) resolved oA -3-indolepropionic acid and dis-
covered that the activity of the (+) antipode was 48 x 109,
the (-) antipods 1,6 x 109, and the racemic mixture 23 x
109 4.V, per gram.

In an attempt to correlate growth activity with struc-
ture Koepfli, Thimenn and Went (84) studied a largs nuumber
of compoundg ineluding a number of indole derivatives. The
pea tegt was used for this study bhecause the transnortability
of the substance is not as important ag it s in the .ivena
test., The actlive indols compounds were: 3-indolescetic
acid, 100%; B -3-indolepropionic aecid, 100%; o -B«indole-
propionic acid, 100%: y-3-indolebutyric acid, 100%; and
A -3-indolevaleric acid, 50%.

Inactive indole derivatives included: skatole, indoxyl,
3-indolecarhoxylic acid, 3-indolesuceinic scld, 2-irdole-
carboxylic acid, A-3-{2-carboxyindole)-propionic acid, A -3~
{2-carvoxyindocle)-butyric scid, 2-{3-hydroxyindole)-carbox-
lic acid, P ~3-(5-methoxyindole)-propionic acid, S -3-(6-
methoxyindole)-propionic acid, S =3-(7-methoxyindole)-pro-
plonic acid, leacetylindoxyl, and isatin.
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48 a result of thelir study they listed five minimum
struectural reguirements for an active growth substance:

1. A ring system

2. Ungaturation in the ring

3., A pide chain

4, A carboxyl at least one carbon atom removed from
the ring

5. A very definite space relationship between the
ring and the carboxyl

411 the known cctlve compounds had a homooyclic or
heterocyclic five or six membered ring, and no aliphatic come
pounda were known that had setivity. In addition, when auxin
&. auxin b, or 3-indoleacetic acid were hydrogenated all ac-
tivity dissppeared. If the ring were gubstituted sometimes
an active product was obtained, while in some eages activity
was destroyed. Haagen-Smit and Went (42) found that substi-
tuting a methyl group in the 1, 2, or 5 position of indole-
acetic acid 4id not make the compounds inactive, but an
ethyl group in the 2 position did. A methoxy group in the
5, 6, or 7 position of P ~3~indolepropionlc acid made the
substance inactive (64).

'?ha known compounds all have a carboxyl 1in the alde
chain or could be hydrolyzed to carboxylic aclds. The a¢-
tivity reported by Glover (30} for skatole was shown to have
baen due to an impurity, and all other indocles lacking a

carboxyl were inactive. There seemed to be no linitation on
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the length of the side chain carrying the carboxyl group
except that it haed to be at least cne carbon removed from
the ring. More than one carboxyl seemed to destroy astivity,
however Manske and Leitoh (81) found 1,3-indylenediacetic
acid was active.

The space configuwration seems to bs very important.
Clg-isomers of several substituted cinnemic acids were active
while the Lrauns~ modifications were not. The inactivity of
several dicarboxylic aecids and the difference in activity
between %-(2-mecthylindole)- and Z-{2-sthylindols)~acetic
acids seemed to substantizte thls. Additional proof was the
difference in activity of the enantiomorphs of X-3-indole-
propionic acid (69). |

Zimmermen, Hitchecoek and Wilcoxon (127) applied vapors
of various suhstances to plants and obtained responses simi-
lar to those obtained with solutions. Methyl 3~indole-ace~
tete, 3~indoleacetis acid, ethyl 3-indoleacetate, 3-(2-methyl-
indole)-scetic acid, @G -3-~indolepropionic acid, methyl £ -3-
indoleproplonate, )=3-indolebutyrie scid, methyl V-3-indole-
butyrate, and ethyl VY-3-indolebutyrate were all active.

4nother indole derivative was added to the 1list of aetive
vapors by Zimmerman and Hitcheoek (123) who found methyl o -
trimethylamino- F-{3~indole)-propionate iodide to be active.

Custafson (34) observed that potassium 3-indoleacetate
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wag more active than the acld itself. Tﬁa entire indole
ring does not seem to be necessary since he found several
pyrrole acide t0o be active.

In 1942 Avery, Berger and Shalucka (2), using the de-
seeded Avena test, found the following order of activity
for several indole derivatives: 3-indoleacetic acid, 100;
potassium 3-indoleacetate, 94; methyl 3-indoleacetate, 62;
ethyl 3~indoleacetate, 29; 3-indoleacetamide, 0-.4; Y -3~
indolebutyric acid, 4-5; potassium )Y-3-indolebutyrate, 4-5;
methyl Y-3-indolebutyrate, 4~5; and sthyl Y=-3-indole-
butyrate, 4-5.

It i8 evident from the preceding paragraphs that there
seems t0 be no good correlation between workers using dif-
ferent test methods, Several investigators, Zimmerman and
Hitcheoeck (122), Thimann and Schneider (107), and Avery,
Barger and Shalucka (2) have recognized and discussed this
disagreement in results.

Gustefson (35), in an attempt to interrelate some of
the results found in the literature, used seven different
methods and found that none of the compounds was equally
effective in all the tests. He concluded that the different
tests are esch sulted for the measurement of aspecific activ-
ities and therefore care should be used in choosing a test
method,



Preparstion of Indole Aclds

The majority of the indole derivatives have been pre-~
pared by the interesting synthesis discovered by Fischer
(26,27). 1In the course of an investigation on the phenyl-
methylhydrazone of pyruvic acid, the material was bolled
with 104 hydrochloric acid. A substance was isolated in
about 5% yield which proved to be 2-{l-methylindole)-car-
boxylic aciﬁ,{ The reaction therefore involved the elimina-

tion of a molecule of ammonia.

COOH
I —
NR=C COOH

| i
cH
CHy CHs 3

Further investigation by Fischer (25) showed that the
reaction was a general one and that zinc chloride was a
better catalyst. Among the indole compounds which he pre-
pared were 2-~indolecarboxylic acid, 3-(2-methylindole)-
acetic acid, 3-(1,2-dimethylindole)-acetic acid, 3-(1,2-
dimethylindole)~-carboxylic acid, and 2-(l~ethylindole)=-
carboxylic acid.

The Flscher synthesis has undergone meny modifications

particularly in the nature of the acidic reagent used. The



sarly modifications are discussed by Van Order and Lindvall
(109) in their review on indoles. The mest widely used
methods are those of Fischer (25), using zinc chloride, and
Wislicenus and irnold (119), using alcoholie sulfuric acid.
Uther reagents that have bsen used are stannous chloride,
alecoholic hydrogen chloride, concentrated sulfuriec acid,
nickel chloride, copper chloride (109), glacial acetic acid,
concentrated hydrochloric acid, hydrogen bromide in glacial
acetic acid (51), and boren triflucride (97).

Hartley and Dobbis (45) prepared 2-(l-methylindole)=-
carboxylic acid from the methylphenylhydrazone of pyruvie
acid by Fischer's original procedure.

3-Indoleacetic acid was synthesized by Ellinger (19)
in 1904 from the phenylhydrazone of /S -formylpropionic acid.
Aleoholie gulfuriec acid was used as the condensing agent.
The same procedure wes used to prepare o -3-indclepropionie
acid from ~# ~formylisobutyric acid, and A2-3-indolepropionic
acid from Y -formylbutyrie aeid (20).

Kalb, Schweizer and Sechimpf (58) intreduced the Japp-
Klingemann (55) reaction for the preparation of the required
phenylhydrazones, which made the preparation of the phenyl-
hydrazine unnecessary. Ring elosure was effected with

alecholic sulfuriec acid.



- 1O -

COgH
N1 cHp - GH, “’Hz):s
+ ocl —
\?H - cﬁg NHN =
C0,C Hy co‘.s,cza5

CHpCHpC 040 oHg

COzC Mg

The dicarboxylic acid, A-3-{2-carboxyindocle)-propionie
ncid, was obtained from the é;tar and could be decarboxylated
easily to A-3-indolepropionic acid.

Several indoleproplonic acids which were substituted in
the benzens nucleus were prepared by Kalb, Schwelzer, Zellner,
and Berthhold (59) from the properly substituted aniline de-
rivatives and the above procedure., The aclds prepared were:
B «3~(B~parboxy-5-nitroindole)~propionic aecid, £ ~3-(2-carboxy-
$-iodoindole) -propionie scid, (S ~3-{(2-carboxy-4,5,6-triicdo-
indole)-propionic acid, and S~3-(2-carboxy-5-me thoxy-4,6-
diiodoindole) -propionic aeid,

The Japp-Klingemann-Fischer combination was used by &
nunber of investigators to produce indole acids. Keimatsu
and Sugasawa (80, 61) obtained 2-(3-methylindole)-carboxylic,
3-(2-carboxyindole)~acetic, (A-3-(2-carboxyindole)-propionic,
and PB-3-indolepropionie acid. Barrett, Perkin and Rebinson
(4) prepared [-3-(2-carboxy-5-methoxyindole)-propionic,
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G -3-{5-methoxyindole)-propionic, F-3-(2-carhoxy~G-methoxy-
indole)-propionic, and A =3-(6-methoxyindole)=-propionic acids
while the related @ -3=-(2-carboxy-7-methoxyindole)-propionie
and ¢@~5~(V~msthoxyindcle}~@ropienis acids wers made by Manske
{80). Jackson and Manske (53) synthesized V-3-indolebutyrie
acid and also ohbtained a small emount of )Y-3-indolebutyl-
malonic acid. Manske and Leitch (81) obtained A=-3-indole-~

" valeric, A-3-(2-carboxyindolse)}-valeric and S-3-(S5-methyl-
indole)-propionic acids. Tanaka (101) prepared 3-(2-carboxy-
indole)~acetic acid which he decarboxyvlated to 3-indoleacetie
acid in low yield.

K&gl and Kasﬁarmﬁné (77) prepared B-{2-ethylindole)~
acetic, 3-(5-methylindole)-ecetic, and 3-(2,5-dimethylindole)-
acetic acids by the sction of alecholic sulfuric acld on the
proper hydrazones. |

King and 1'Bouyer (63) prepared 3-{2-carboxyindole)-ace~
tic acid by the Japp~ﬁlingem&nn*Fiseher procedures, Attempts
to deoarboxylate to 3-indoleacetie acid resulted in very low
yields. The releted 2-{l-methylindole)-acetic scid was oObe
tained in gsetisfactory yileld by decarboxylation of 3-(l-methyl-
z-carboxyindole)~acetic acid prepared by cyclizing the methyl-
phenylhydrazone of K~ketoglutariec acid,

Tanska (102) elso prepared 3~indoleacetic acid by the
zine chloride eyclization of the phenylhydrazone of S-formyl-
propionie acid.

Other methods besides the Fischer synthesis have been



used to prepsre 3-indolsecetic seid and other indole deriva-
tives, Plceinini (89) introduced an acetlc acid group into
& substituted indole by the use of ethyl diazoacstate and
obtainsd 3-(l-methylindols)~acetic and 3~(2-methylindole)=-
scetic acids., Jackson and Manske (54) modified thiz method
and prepared 3-indoleascetie, 1,3-indolediacetic, and 3-
indolesuceciniec acid,

Oddo (88) obtained l-(3-methylindole)=-carboxylic, 2-(3=
methylindole)-carboxylic, and 3-(2-methylindole)-carboxylie
aclds by traéting 3= and Z~-methylindolemagnesium iodides with
carvon dioxide, 4 similer method was used by ia jims and
Hogh 1no (?Q} for the preparstion of 3-indoleacetic acid and
;9-5-1nd01;§ropionia acid. They condensed 3-1indolemagnesium
iodide with ehloroacetonitrile and Z-chloropropiornonitrils.

Indolspyruvic acid was syntheslzed by @rgﬁaoher, Gero
and Schnellineg (32) Irom 3-indolalrhodanine by treating it
with saqueous potagsliuvm and amnonium hydroxide.

In 1941, several patents (6, 22, 23) for preparing indole
derivuatives appeared in the literature. Indoles that are une~
gsubstituted in the 3~ position were treated with formaldehyde
aod hydrogen oyenlde or one of its salts. The nitrile obtalned
wag hydrolyzsd to the 3-indclescetic aeid. The preparation
of 3-indoleacetic, 3-(2-methylindole)=-acetic, 3-(2-phenyl-
indole)-scetic and 3-(2,5-dimethylindole)~acetic acids were

cited 88 exanmples.
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Preparation of pP-Formylpropionic Acld

Perkin and Sprankling (88) prepared @-formylpropionic
wcid by condensing bromoacetal with sthyl sodiomalonate. The
copdensat ion product was hydrolyzed with water, and an oil
was obtained which was characterized.

Ungern~Sternburg (108) prepared what was supposcd to be
£ ~formylpropionic acid from aconlc scid, but the product was
orystalline and melted at 147°.

Harries apd Ahlefeld (43) synthesized the substance from
allylacetic aecld ozonlde and obtained an 0il which turned to
a solid upon standing. Heating and distilling the solid re-
generated the o0il. Harries and Himmelman (44) by molecular
welght determination found that the s0lld was & dimer while
the oll was the simple half-aldehyde.

Ellinger (19) converted itaconic acid to aconic acid
which was transformed by the method of Ungern~Sternburg to
B ~formylpropionic acid,

This half-aldehyde was also prepared by 4lslicenus,
Boklen and Reuth (120) by condensing ethyl formate with di-
ethyl succinute. The diethyl foraylsuccinate waa decomposed
by heating with water in a sealed tube. This procedurs was
modified by Carriere (13) who decomposed formyl succinic acid
by boiling with agqueous oxallc acld. The produet obtained
was a trimer, which when dlstilled ylelded A -formylproplonie

acild anl a residue which seemed to be composed of two units



of the aldo-acld minus one molecule of watsr,

Langheld (78) oxidized glutamic ccid with sodium hypo-
chlorite and obtained A -formylprepionic acid. Dakin (16)
uged Chlorsmine~-T as the oxidizing arent.

The acetal of @ -formylpropicnic acid, g, f -diethoxy-
propionate, was prepared from alccholic sodium ethoxide and
ethylpropionate by Ingold (52).

Shehukina and Preobrazhenskil (95) obtained the ethyl
ester of A-formylpropionic ascid by beiling the condensation
product &ef ethyl A-formyl~- Y, V-dlethoxybutyrate and ethyl
ovbromébﬁwr&te with hydrochloric acid.

Ethyl F-formylproplonate was prepared by Stoll and Bolle
(99) who ozonized ethyl allylmalonate and decomposed the
ozonide by catalytic hydrogenation.

Jackson and Manske (54) obtained A-~formylpropionic acid
by hydrolyzing AS-cyanopropionacstal.
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THEORETICAL

A survey of the literature showed that the method of
Langheld (78) for converting emino acide to aldehydes held
considerable promise as & meang of converting amino acids
into commerciaslly useful intermediates. Glutamiec acid,
for exsnple, was converted into B -~formylpropionic acid by
the azetion of godium hypochlorite. This reaction was a
general one, as lLangheld showed by the conversion of thir-
teen different amino acids. He proposed the following scheme

for the eourge of the reactlion:

Rl\ /BQOH Rl\ _COORa Rl\ .

c — c — €= NH—> RyRgCO
VRN N e , 7
Ry NHp k, NHCL Ry

The formation of the chlorcamino compound, whieh was compare-
ble to the first step in the Hoffmen Teaction, was shown by
the 1sclation of the mono-« and@ dichlorocaminoleucines. They
were white crystalline solids that decomposed readily. This
first resction proceedsd readlly in the cold, while the de-
composition of the chloramino compound, through the hypo-
thetlcal imine, was rapidly sccelerated by heat. Langheld
considered it important to prevent the simultaneous presence
of aldehyde and chlorosmino acid, since the latter is an

oxldizing agent., He accomplished the decomposition by allow-



ing the cold chloroamino acid to fall into a stream of steam,
A 92 per cent yleld of pB-~formylpropionic acid was obtained
as the p-nitrophemylhydrazone. The reported yield was based
on the erude hydrazone which melted at 158° while the correct
melting point has been established at 185° (108). The elab-
orate steam distillation apparatus and the dilute solutions
used limit the amounts éf materials that could be convenlent-
ly prepared by this method.

Dakin (16) investigated the reaction further and used
Chloramin-T asg the oxidant in place of sodium hypochlorite.
With equimolar quantities,‘he wag able to obtain an 88 per
cent yield of PAB-formylpropionic acid by simply heating the
reactlion mixture to 50° to decompose the chloroamino acid.
aAn excess of Chloramine~T, however, formed pg-cyanopropionic
acid. The smount of glutamic acld that Dakin converted to
the half aldehyde was 0.0l mole. A larger amount, 0.037
mole, was also converted, but no quantitative data were re-
ported. _

One of the questions that this investigation attempted
to answer was whether larger quantities of A-formylpropionie
acid could be prepared by modifying the method without lower-
ing the yield too much. A possible application of AS-formyl-
propionic acid would be in the Fischer indole synthesis (27)
in whieh its phenylhydrazone, when cyclized, would yield 3~

indolescetic acid.



There has heen considerable dissagreement over the
mechanism of this synthesis whereby an arylhydrazone ieg con-
verted to an indole by the elimination of ammonia. Fischer
{26} stated that the nitrogen attuched to the carbonyl car-
bon was eliminated tognthax with & hydrogen from the benzene
ring pive two frowm the methylene group that was involved in

closing the ring, but he cffered no mechanisam.

g
R CH
N dcoon
L iy
GHC 00K CH,

In 1918 Robinsop and Robinson (92) proposed a hypothesis
for the mechanism of the Figcher reucction. The arylhydrazone
was bellieved to be rearranged te an unssturated hydrazine by
addition of the acld reagent and decompogitlon of the addi-~
tlon product., This hydrazine then underwent an ortho-benzi-
dine type rearrangement, and finally the pew ring was formed
by elimination of the amuonium salt., This mechanism can be
illustrated with the synthesis of 2-msthylindole from the

phenylhydrazons of acetone.

CH=(-CHj
- CH_;Z \¥ NHC1
: ""r’ WINHCCHg RHp
CH
If
GCH
P
N
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Each step in tﬁis process resulted in the formation of
a substance more basic than the last until the reaction was
stopped by‘the formation of the aromatic type ring. This
type of reaction would be favored by the required acidic
reagent.

If this were the correct path, the aldehydes and ketones
whiech enolize readily should have been more easlly converted
to indoles than those that did not enolize. That this was
80 was proved by Fischer and Schmitt (28) who found that
phenylacetaldehydephenylhydrazone was easily converted to
3-phenylindole while acetophenonephenylhydrazone required
heating with zine chloride at 180° (24). Semmler (94) had
cbgerved that phenylacetaldehyde was converted into the
acetate of the enolic modification by boiling with acetic
anhydride whereas acetophenone was not. Unsubstituted indole
itselfl has never been prepared from the phenylhydrazone of
acetaldehyde which enclizes very little (97). In general,
indole formation from phenylhydrazones of aldehydes and ke-
tones that have a negative group in the position beta to
the carbonyl appeared to be favored (86).

In 1922 Hollins (50) reviewed the different hypotheses
in existence and gave arguments agalinst all of them. He
objected to Robingon's hypothesis because of the absence of
any para igomerization products and the fact-tnat no increase

in ylield was obtained when p-tolylhydrazones were used.



Cohn (15), without any experimental evidence, proposed

an orthosemlidine transformstion:

]
cHE
~N
_CR
mm—cﬁcﬂzﬁ' C}z{‘:ﬁgﬁ' K=

This mechanigm d4id not explain the formation of N-gsubstituted

ipndoles and involved an alteration in the orientation of

subgtituents in the benzene ring.
"St111 another theory was put forth by Bamberger and
Landau (3) who proposed the following scheme:

CHR'
—> —_—> >CR
NHN=CRCH R* N=CROHoR' N’
N
H
CR?
_* CR
n"
H

They did not explain the method of elimination of amnonis,

nor did they explain the formation of N-methylindoles from

methylphenylhydrazones,
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The discovery that acetophenone anil may be oxidized to
phenylindole by phenylhydrazine prompted Reddelien (91) to

put forward the following scheme:

+H2
m:cﬁczzgw ng ~ + NH-=CRCHgR'
-NHy

“Hs S ex R
N=CRCH_R' N” >
2 R
ot
H

To account for the formation of N-methyl indoles, Hollins

(50) modified this mechanicsn by suggesting that the imine

formed condenses with the aryl amine in a tautomeric fora.

NH=CRCHpR'
+H.; Ji
4+  HH,CR=CHR'
NN=CRCH R’ NHCHz y

o/

NCR=CHR* e QE

S

Robinson and Robinson (93), however, found that the indole

synthesis proceeded normally in the presence of foreign

aromatic amines which would not have been true if the



meghanism of either heddelien or Hollins were correct. They
found geveral other faults in the Reddelien-Heollins hypothe-
sis: It offered no explanation for an acidie reagent, 1t
failed to take into account the extreme sensitiveness of ke-
tone imines and anils to hydérolysis by acids, 1t required
fisegsion of the hydrazone and recombination of the parts, and
it involved compensating oxidation and reduction with inter-
mediate condensation.

In 1943 Allen and Wilson (1), using N5 ag a tracer
element, definitely proved that the nitrogen atom in the.
phenylhydrazone that was eliminated was the one furthest from
the benzene ring. They supvorted the Hobinsons' view as far
as the elimination of the ammonia, for which they prefsrred

an addition-elimination mechanism:

R
|
| ©—> [ — |
HHN=0-R"' PTHH-CR N NHB
| .ﬁHa
' A

R
]
— GHGR*
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s IR —s R
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‘“?HR CHR
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0 N7 om
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Imide B is teutomeric with A and the existence of elther is
possible in the synthesis. The addition could proceed di-
rectly by path B-C or hydrolysis eould cccur with the forma-
tion of D which would then give the addition product E. The
latter mechanism seemed to be favored by Jenisch's report
(56) that the phenylhydrazone of isopropyl phenyl ketone
gave
o

c¢ Cefls

}y/ ~0H

Chy
and the report of Neber et al. (83) who obtained
¢< R
¢ Cells

ﬁ//’ OH

Celly
from the diphenylhydrazone of phenyl isopropyl ketone.

Anocther objective of the present research was to attempt
to synthesize some 3-indoleacetic acids with groups substi-
tuted in the benzene part of the indole ring which had been
shown to increase the plant growth activity of other compounds.
Zimmerman and Hitchcock (125) had made the interesting obser-
vation that the order of inereasing sctivity for the series
phenoxyaeetic, o-chlorophenoxyacetic, p-chlorophenoxyacetiec,

and 2,4-~dichlorophenoxyascetic aeclids was 1, 20, 80 and 850,
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A gearch of the literature revealed no such derivatives
of 3-indoleacetic acid had been made. However, Borsche (8)
had prepared the o0-, p~ and m-nitrophenylhydrazones of cyclo-
hexanone and eyclized them to the c¢orresponding 6, 7, 8, 9=
tetrahydrocarbazoles with dilute sulfuric acid. Bauaf and
Strauss (7) had cyclized the o-, m- and p-nitrophenylhydra-
zones of methyl ethyl ketone to 7-nitro-2,3-dimethyl-, (4 or
6)-nitro-2,3-dimethyl-, and 5-nitro-2,3-dimethylindoles, but
when they attempted to cbtain the corresponding derivatives
from the hydrazones of proplonaldehyde they obtained propyli-
dene dinitroskatoles, They also attempted to eyclize the
p-nitrophenylhydrezone of levuliaic acid with zinc chloride
and hydrochloric acid, but were unsuccessful.

Hughes, Lions and Ritehie (51 ) prepared several 2-
(3-alkyl-7-nitroindols)~-carboxylic acids from the esters of
the o-nitrophenylhydrazones of the o-keto aclids from pyruvie
to K~ketocaproic¢ acids. They found that no one of the eight
methodeg of cyelization was successful for all the derivatives
prepared; a method that worked well for one hydrazone was
sometimes useless for the preparation of & second. Evidently
some of the ylelds were very low because they were not re-
ported in all instances.

Along with th@ attempted syntheses of substituted 3-
indoleacetic acids, the preperation of the analogous 3-{2-

methylirdole) -acetic acids was made singe the parent com~
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pound was itself about 0,57 as active as indoleacetic acid.
These were obtained from the substituted phenylhydrazones
of levuliniec acid, PF-acetyl propionic acid, a large supply

of which wag conveniently available.



EXPERIMENTAL

Preperation of P-Formylpropionic Aecid

Langheld's method

In sccordance with Langheld's procedure (78), 1.47 g.
{0.01 mole) of glutamic acid? m.p. 199~-200° (dec.), in 50
ml. of water containing 0.4 g. sodium hydroxide was treated
with 10 ml, of 1 ¥ sodium hypochlorite solution prepared by
the method of Raschig (90)., This solution was slowly dropped
into a stream of steam in the apnaratus described by Lang-
held. The non-volatile portion of the decomposed solution
contained all the A-~formylpropionic acid, which was con-
verted to the gpnitropnenylhy&razena. The yield was 0.52 g.
(674) of orude product, m.p. 159-189°. After several re-
crystallizations from ethanol-water, the m,.p. was 185-186°

(eor.). Langheld found a melting point of 175°,

Dakin's method

Using Dakin's (16) modification, 1.0 g. (0.068 mole) of
glutamic acid dissolved in 100 ml. of C.,1 M sodium hydroxide

2 )
All glutamic acid used in the experiments was pregared from
commercial glutamie acid by the method of King (62).



was reacted with 1.98 g. of solid Chloramine-T. The solu-~
tion was heated to 50°, and then cooled after the reaction
had taken place as shown by a negative test with potassium
jodide and acetlc acid. The p-toluenesulfonamide which had
precipitated out during the reaction was filtersd off and
1.04 g. (0.068 mole) of p-nitrophenylhydrazine was added to
the A=-formylproplonic acid sclution. The precipitated
hydrazone was filtered and washed with water; 1.08 g. (66&%)
wag obtained, The melting point after several recrystalliza-
tions from water-ethanol was 185-186° {cor,). Dakin re-

ported 185-187°,

Modified methods

S4ince both lLangheld's and Dakin's methods involved
small quantities, the oxidstlon of glutamic acid by active
ehlorine compounds was studied further in an attempt to de-
termine what effsects larger quantitiss of reactants and
different methods of decomposition of the Nechloro- -
aninoglutaric acid would have on the yisld of g-formylpro-
pionie acid.

Decomposition by boiling. (I) To 1.00 g, (0.088 mole)

of glutamic acid dissolved in 10 ml. of 1 ¥ sodium hydroxide
and diluted with 100 ml. of water, 6.8 ml. of 1 i godium
hypochlorite solution was added, %The N-chloro- K -amino-
glutaric acid was decomposed by bringing the solution to
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boiling., & solution of 1.04 g. (0.068 nole) of p-nitrophenyl-
hydrazine in 25 ml. of sthamol-adetic acid {1:1) was added.
The mixture was heated on ths steam bath for 10 mipnutes; 100
ml. of water was added, and the crystals which collected
after the solutlon was cooled were filtered off., The yleld
was 0.96 g. (60%).

(IX) A 1.00 g, sample of glutamic acid was treated as
in (I) above except the salﬁtion wag acidified with acetic
acld before bolling to decompose the chloroamino compound.

The yield was G.93.g. (58%) . |

(IIX) Another 1.00 g. sample of glutanic acid was con-
verted to the chloroamino compound as in (I), but the solu-
tion was bolled for 15 minutes before the p-nitrophenyl-
hydrazine was added; yield 0.85 g. (53%).

{1V} Ainother experiment was performed as in (III) ex=
cept the solution was acidified bsfore boiling 15 minutes;
yield 0.87 g. (54%).

(V) This experiment was performed in order to gee what
affect a higher concentrution of rasactants would have on the
vield. A 14.7 g. (0.1 mole) portion of glutamic acid in
200 ml, solution was reacted with sodiunm hypochlorite and
brought to boillng. The A~formylprcoplonic acid was collected
as the phenylhydrazone; 5.1 g. (27%).

(VI} A 29.4 g. (0.2 mole) quantity of glutamlc acid
in 200 ml. waa treated as in (V). The yiseld was 7.5 g. (19%).
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Decomposition at lowsr temperaturss. (I) To a 14.7 gz.

(0.1 mole) quantity of glutamic acid in 2C0 ml. of 0.5 M
sod jum hydroxide, 10C a1, of 1 ¥ sodium hypcchlorite was
added and the resulting solution was heated for 15 minutes
on a steam bath, at which point a negative active chlorine
test wes obtained. 4n squivalent amount of p-nitrophenyl-
hydrazine in hot dilute acetic acid (1:1) was added. The
flask was heated for & few minutes on the steam bath and
then cooled; yileld 8.7 g. (37%).

(I1) 4 gample of glutamic scid weighing 7.35 g. (0.03
nole) was dissolved im 100 ml. of 0.5 M sodium hydroxide and
4,5 g, (0,05 mole) of solid chloramine-T was added. The tem-
perature wes raised to 50° snd the reactlion was allowed to
proceed to completion as shown by a neguative chlorine test.
The precipltated p-toluenesulfonamide was filtered off and
discarded; the filtrute contelning the pg-formylproplonic
scid wae treated with & hot solut ion of 9.5 g. (0.05 mole)
of p-nitrophenylhydrazine and 4.1 g. (0,05 riole} of sodiun
secetate in 25 ml, of dilute acetic acid (1:1), The yield of
hydrazone was 6.4 g. (5%7).

(I1I} A soluticn of 14.7 g. (0.1 mole) glutamic acid
in 400 mil. of water containing 4 g. of sodium hydroxide in
& three-pnecked flask fitted wilth a thermonmeter, stirrer, and
dropping funnel, was reacted with 100 ml., of 1 ¥ gsodium hypo-
chlorite., The flask was heated to 50° and held at this tem~
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perature while dilute acetic acid was added slowly to acldity
(1itmms). An evolution of carbon dioxide took place upon the
addition of the acid. When the reaction was complete (nega-
tive starch-iodide test) an equivalent quantity of p-nitro-
phenylhydrazine in hot dilute acetic acid was added; yield
15.C g. (63%).

sbiempted isolation of B-formylpropicnic acid

(I) & 14.7 g. (0.1 mole) portion of glutamic acid was
oxidized with sodium hypochlorite. The solution was acid-
1fied with hydrochloric acid and concentrated under reduced
pressure until crystals settled out. These were probably
inorganie sinece they did not melt upon strong ignition. The
filtrate was distilled st 3-4 mm.; a small fraction was col-
lected at 78° which solidified upon standing. Recrystalliza-
tion from ethanai~athar eventually gave a solid which did
not melt under 225°. The solid volatilized upon strong heat-
ing, and was probably a polymer of A-formylproploniec aciad.

(II) The molution obtained from the oxidation of 29.4 g.
(0.2 mole) of glutamic aeid with Chloramine-T was made basic
with sodium bicarbonate and extracted with ether in a liquid-
liquid extractor to remove gytmluensaulronamidé which other
experiments hed indieated was not completsly removed by fil-
tratiag. Evaporation of the ether solution gave a erystalline
material which proved to be p-tolusnesulfonamide, m.p. 137~

137,5°, mixed m.p. with authentic p-toluenesulfonamide 137-
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137,.5°., The water phase, when acidified, gave strong Fehling
and Lchiff tests. Hvaporation on the steam bath ylelded a
brown resinous material which wss not investigated further.
The attempted 1sclation was not carried further since
the pure compound itself is unnecessary in subsequent work,
The dilute agueous solution obtained upon oxidation cen be

utilized.

Preparation of 3~Indolsacetic Acid

(I) The PB-formylpropionic acid prepared by oxidizing
0.1 mole of glutemic secid with sodium hypochlorite at 50°
wag reacted with phenylhydrezine. The solution was concen-
trated under reduced pressure to give a red oil mixed with
a precipitate. The solid was separated from the precipitate,
which proved to be ipnorganic, by extraction with absolute
ethanol. Evaporation of the ethanol left 5.0 g, of a red
oil which would not crystallize. Jackson and Manske (54)
also report the phenylhydrazone as a red oil. %

A 4,0 g, portion of this oil was trested in accordance
with the procedure of Bllinger (19). The oil was refluxed
with 100 ml. of 10% sulfuric aecid for four hours, and then
the solution was diluted with 300 ml. of water which precipi-
tated a brown oll that was separated by extracting the
agqueous solution four times with 150 ml, portion; of ether.
The extract was dried with "Drierite” and the ether distilled
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off. The residue was saponified under reflux with 20 ml. of
10% alecholie potassium hydroxide for one hour. The mixture
wag diluted to 100 ml, and acidifled with sulfuric acid., A
brown smeary preeipitate was obtained which according to
£llinger shoul§ have consisted of only a small part, of 3-
indolescetic acid, The filtrate was extracted with ether
until a negative indole test was obtained. The precipltate
wag dissclved in dilute sodium hydroxide and the solution was
acidified with sulfuric acid and filtered, The filtrate was
extracted with ether, The combined ether extracts were dried
and the ether was distilled off; yield 0.4 g. (11%). The
regidue was dissolved in hot benzene and treated with char-
coal. The erystelline plates obtained, 0.22 g. (6%), melted
at 166-167° (eor.} with esvolution of a gas.

(II) & 0.2 mole quantity of glutamic acid was oxidized
with solid Chloremine-T at 50°, The precipitated p-toluene-
gulfonanide was Tiltered off after cooling the solution.

The filtrate was reacted with 0.2 mole of phenylhydrazine
and the solution was svaporated to dryness under reduced
pressure. The red oily phenylhydrazone uwas extracted with
150 ml. of absolute ethanol. Forty ml. of sulfuric acid was
added and the solution was refluxed for five hours. The al-
c¢oholie golution was poured into 500 ml. of water, and the
preeibitatad oll was extracted with ether, which was washed

with sodium bicarbonate and water. The ether was distilled
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off after drying the extract over calcium sulfate. Follow-
ing the directions of Jackson and Manske (54) for separating
the crude ethyl 3~-ipdoleacetste, the residue was distilled

at 2 mm. and the fraction boiling above 150° was collected;
5.1 2. of crystalline material was obtained, Keorystallliza-
tion of a portion of the residue from sthanol gave crystals,
which when washed several times with benzene, melted at 137.5-
139°. A mixed melting point with g»tolueneaulfonamids ghowed
no depression.

The remairing portion of the distillate, 3.8 g., was
saponified with 40 ml. of 1074 alecoholie potassium hydroxids.
The solution was diluted, evaporated partially to remove the
alcchol, end thsn scidifled with hydrochloric acid, A crys-
talline precipitate, m.p. 137.5-139°, was obtained and was
shown to be p-toluenesulfonamide. The filtrate was extracted
with ether, which when evaporated, yielded a reslidue. Re-
erystallization from benzene gave 0.5 g. of erystalline plates,
m.p. 164-165°,

(III}) In the preparation of 3-indoleacetic acid from
B ~tormylpropionie acid phenylhydrszone, prepared by oxide-
tion of glutamic acid with Chloramine-T, p-toluenesulfonamide
was carried along as & contaminant, An attempt wes mede,
therefore, to purify the red oily phenylhydrazone by vacuum
distillation. A 0.05 mole portion of glutamic acid was ox~
idized with Chloranine-T and converted into the pherylhydra-
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zone in the usual manner. The f?~formylpropionic acid phenyl-
hydrezone was extracted with sther; the extract wes dried
with "Drierite”, the ether distilled, and the residue dried

st 10U° under reduced pressure. That the residue was not

pure phenylhydrazone was shown by titration; a nsutral squlve
alent of 400 was obtained instsed of the theoretical 192.

The remainder of the residue wag distilled at 2 aan. and
yielded a fractlion boiling betuwsen 135-151° which golidilied,
MmepPes 85-90°, kecrystallizetion of the solid from water was
unsuecessful,

The preparation of the hydrazone was repeated by starte
ing with 0,10 mole of glutamic acid. Digtillation at 2-3 mm.
vielded a fraction of b.p. 143-146°. The olly liquid solid-
ified upon cooling; yield 2.5 g., a.p, 91-94°. Recrystalli-
zation from water raised the melting point to 94-95° (cor.).

Anal. Cale'd. for CyoH, 0Ny @ N, 16.1

Found: N'; 16,02, 16,24

The compound was insoluble in cold water and cold 5%
hydrochloric éeid, but was soluble in hot 5% sodium hydrox=-
ide immediutely or, after a long time, in cold 5% sodium
hydroxide. A red solution was obtained which turnaed yellow
upon scidification.

The behavior and analysis for the coapound indicated

*411 nitrogen determinations were carried out by the micro-
bumag method.



that it was the anhydride of the phenylhydrazone of AB-formyl-
propionic zeid. Fischer (24) had obtained the analagous com-
pound from the phenylhydrezone of levulinic acid by heating

at an elevated temperature.

{IV) To 29.4 ¢. (0.2 mole) of glutemic acid in 400 ml,
of 0.5 ¥ godium hydroxide solution, 200 ml. of 1 M sodium
hypochlorite solution was added. The solution was heated
to 50° and 4ilute hydrochloric acid was added to neutrality.
The reaction was kept at 50% until a negative starch-iodide
test was obtaiped, at which point 22.0 g. (0.2 mole) of
phenylhydrazine in dilute acetic acid was added. The solu-
tion was heated on the steam bath for a few minutes and al-
lowed to stand for one hour. The red oil which had precipi-
tated out was extracted with sther. The extract was driled
with "Drierite” and the ether distilled off; the final sol-
vent was removed under reduced pressure at 60°, The welght
of the red, oily phenylhydrazone was 25.8 g. (67%).

The phenylhydrazone was refluxed with 40 g. of sulfuric
aeid and 200 ml, of ebsolute ethanol for five hours, and then
diluted with a liter of water., The aqueous golution was ex-
traeted with ether until a negative indole test was obtsined
with n-dimsthylaminobenzmaldehyde in ecncentrated sulfuric
acld, The extract was dried with "Drierite" =znd the ether
wag distilled off,

The residue obtained was savonified with 80 ml. of 109



alcohollie potassium hydroxide under reflux for one hour,

The alcoholic solution was diluted to 500 a1, and filtered
t0 remove a dark precipitate. The filtrave was extracted
with ether until a nsgetive indole test was cbituined. The
precipitate was dissolved in dilute potassiuwa hydroxide and
the solution wes acidified and filtered sgain. The filtrate
was extracted wlth ether. The combined ether extracts were
dried with "Drilerite" and the ether was distilled off; yield
11.0 g. of crude indolescetic acid; this corresponds to a
307 yield based on glutamic acid. The residue was reerystal-
lized from benzene after reprecipitation from potagsium hy~
droxide and ether extraction; yield 8.0 g. (227}, m.p. 164~

166° (cor.).

Attemptad Preparation of 3-(5-litroindole)-zcetic Acid

4 solution of 4,74 g. (0.02 ml.) of p-nitrophenylhydra-
zone of pB-formylpropionic aeid in 100 ml. of 15% ethanolie
gulfuric acid was refluxed for four hours. The solution was
diluted with 500 ml, of water, and the bright yellow suspen-
sion that was formed was extracted with ether. The extract
wag dried with "Drierite™ and the ether was distilled off.
The residue was refluxed with 50 ml. of 10% aleoholie potas-
sium hydroxide for two hours. The solution turned from a
deep brown to a brilliant purple upon the addition of the
alkali. The basiec solution waes diluted and aecidified. A
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smeary precipitate formed which was filtered off. The fil-
trate was extracted with ether. The precipitate was dissolved
in dilute potassium hydroxide, and the alkaline solution was
acidified. After filtration, the filtrate was extrscted with
ether. The combined ether extracts were dried with "Drierite”
and the ether was distilled off, The small amount of brown
0ily material was dissolved in benzens but did not erystal-
lize on slow evaporation of the golvent. Since the amount

of material obtained was very small, the experiment was not

carried further.

Attempted Preparation of 3-(7-Nitroindole)~acetic Acid

/Qurermylgrapionic acid o-nitrophenylhydrazone

A solution of 14.7 g. (0.1 mole) glutamic acid in 400
ml. of water containing 4 g. sodium hydroxide was oxidized
with 100 ml. of 1 M sodium hypochlorite at 50%, The solu-
tion was acidified and kept at 50° until a negative starch-
jodide test was obtained., To one-helf of this solution an
equivalent quantity of o-nitrophenylhydrezine, 7.7 g. (0.05
mole), was added; yield 7.4 g. (62%), m.p. 149-152°. Re-
erystallization from ethanol-water with "Norit* decoloriza-
tion raised the melting point to 155-156° (dec.) (cor.).

4dnal., Caled. for CygH 04Nz : N, 17.71; neut. equiv.,
237.2

Found: N, 17.44, 17.38; peut, equiv,, 239.0
(End point determined with pH meter)



- 4B -

attempted oyclization of g-formylpropionic acid 9;nitfo-

phenylhydrazone with sulfuric acld

One g. (0.0042 ﬁsla) of the hydrazone prepared above
was dissolved in ooncentrated sulfuric aecid. »sfter twenty-
four hours st room temperature, the solutlon was poured into
a large amount of water, The aqueous solutlion was extracted
with an equal volume of ether, used in several portions.

The extract was dried with "Drierite" and evapcrated., The
residue was dlssolved in henzene and allowed to crystallize;
0.5 g. (267) of crystals, m.p, 99-102°, was obtalned. Sev-
gral recrystallizations from ethanol-waoter rulsed the melting
point to 101,5-102° (cor.).

Apnal. ©Caled, for Clgﬂgﬁéﬁz :+ N, 12,72

Caled. for C,gHglsN, : T, 19.17

Found: ¥, 19,43, 19.24
The compound was not soluble in 5% hydrochloric acid, or
immediately soluble in cold 5% sodium hydroxide, but dis-
golved glowly in cold, or rapidly in hot, sodium hydroxide
solution to give a deep red-brown solution. The color of
the solution changed to yellow upon acidification. This was
the reverse of the color change observed when A-formylpro-
pionic eecld gsﬁitrcph&nylhydrazone was titrated with alkali.

The compound was another of the hydrazone anhydride series.
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Attempted cyclization of B-formylpropionic acid o-nitro-
phenylhyérazone with alcoholic hydrogen chloride

Dry hydrogen chloride was pasged into & solution of
1.00 g. (0,0042 mole) of }9~f0rmylprapionic acid o-nitro-
phenylhydrazone in 60 ml, of absolute ethanol and the solu-
tion wag refluxed for two hours, 4ifter cooling, the mixture
wag poured into 350 ml, of water, and the solution was ex-
tracted four times with 100 ml, of ether. The combined
ether extracts were dried with "Drierite" and the ether wasg
distilled off; yield 0,6 g. The residue wes decolorized
with "Norit" and recrystallized from ethanol-water to give
orange-red erystals, m.p. 75-75.5° (eor.).

aAneother 2.00 g. of the phenylhydrazone treated identi-
cally, ylelded 1.45 g. of material which melted at 75-75.5°
{cor.) after recrystallization from ethanol-water. The melt-
Ing point was not raised by recrystallization from benzene.

sanal, GCaled. for 61281?93H5 : N, 15.84

Found: K, 15,62, 15.71

A portion (0.5 g.) of the compound was saponified with
alecholic potassium hydroxide. The solution was diluted,
acidifled, and extrasocted with ether. The extract ylelded &
gmall amount of dark oily residue when the ether was evap-
orated. The regidue was taken up in ether and extracted with

gsodium biecarbonate solution. The bicarbonate fraction was
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aeidified znd extracted with ether, which whepn dried and

gvaporated, yislded no residus.

Attempted eyclization of ethyl g -formylpropionate g-nitro-

phenylhydrazone

Since the compound appesred to be ethyl A -formylpro-
pionate o-nitrophenylhydrazone, an attempt was uade to cyclize
the latter with zine chloride. 'Ths method used by Fischer
{24} for ethyl levulinate phsnylhydrazone was followed. Four-
tenths g. of the ester was heated with 2 g. of anhydrous zine
chloridet for one hour in an oil bath held at 140°. The melt
was disgolved 1n dilute hydrochloric acid and sxtracted nany
times with ether. The combined extracts were dried with
"Drierite” and the ether was digtilled off, The residue was
refluxed for one hour with 107 methanolic potessium hydrox-
ide. The methanol was removed by distillation at reduced
pregsure after 50 wml., of watar had veen added. The aqueous
gsolution was extracted with ether to remove non-acid mate-
rial, The bugle solution was acidified and sxtructed with
four 50 ml, portions of ether. after drying, the sther was

distilled, leaving a regidus of about 7 mg.

*A11 the zinc chloride used in this invastigation uas pre-
pared by disgsolving zinc c¢hloride in concentrated hydroehlorie
?ci? and evaporating in an ataosphere of hydrogen chloride

29} .



a&?u

Preparation of 3-(2-Methyl-7-nitroindole)-acetic Acid

Levulinic acid o-nitrophenylhydrazone

A hot solution of 7.65 g. (0.05 mole) of g-nitrophenyl-
hy&razin&win dilute anecetic acid was added to 5.8 g, (0,05
mole) of levulinic acid in 200 ml, of hot water. The red-
orange o1l which precipitated crystallized upon cooling;
yield 10.2 g. (804). The material was recrystallized from
water-ethanol, m.p. 149-150°, Two more recrystallizations
from the same golvent brought the melting point up to 150-
150,5° (eor.).

Anal. Calod, for CyiH;z0,Ng : N, 16.73

found: N, 16.92, 16,28

Ethyl levulinate

The compound was prepared according to the directions
of Grote et al. {(33). Dry hydrogen ehloride was rapidly
passed into a solution of 116.0 g. (1 mole) of levulinic
acid in 250 ml, of sbgolute ethanol, The mixture was re-

fluxed Tor one hour and the alcohol was fractionated off.

The residue distilled at 205° and yielded 120.0 g. (83%).

Ethyl levulinate o-nitrophenylhydrazone

A hot solution, consisting of 15.3 g. (0.1 mole) of o~
nitrophenylhydrazine, 9.0 g. (0.11 mole) of sodium acetate,
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10 ml. of acetic acid, 100 ml, of ethanocl, and 200 ml. of
water, was added to 12.8 g. (.11 mole) of ethyl levulinate
in 200 ml. of water. 4An orange olly layer appeared immedi-
ately and crystallized upon cooling in the refrigerator;
yield 18.5 g. (66.5%), m.p. 59.5-60° (cor.).

Attempted cyclization of levulinic acid o-nitrophenylhydra-

- zone with hydrogen chloride

Dry hydrogen chloride was bubbled rapidly into a solu-
tion of 1.00 g. (0.0040 mols) of the acid hydrazone in 60
ml, of absolute ethanol, and the solution was refluxed for
two hours, The preperation was diluted with 200 ml., of water
and extracted with four 50 ml. portions of ether. The com-
bined ether extracts were washed with sodium blicarbonate and
water. After drylng with "Drierite™ the ether was distilled
of f and the residue was recrystallized from alcchol; yleld
0.88 g., m.p. 57,.5-58.5° (cor.). Recrystallization from
water-aleohol ylelded orange erystals, m.p. 58.5-59° (cor.).
A mixed melting point with ethyl levulinate o-nitrophenyl-
hydrazone, prepared from ethyl levulinate and go-nitrophenyl~
hydrazine, showed no depression.

Anal, Calecd, for CyzH;pOuNs : N, 15.05

Found: N, 14.89
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Atvtempted gyclizatian.gz levulinic acid g:nitrggpenylhydra-

éoﬁe with sulfuric acid

Two g. (0.0080 mole) of the acid hydrazone was dissolved
in concentrated sulfuric acld and kept at room temperature
for twenty-four hours. Dilution of the aeid solution and
extraction with ether yielded an oll which when recrystallized
from aloohol proved to be the starting material, m.p., 57.5-
58,5° (cor.); & mixed melting point with levuliniec acid o-

nitrophenylhydrazone showed no depression,

Cyclization gg ethyl levulinate grnitrqgganylnydrazone with

zine chloride

(I) A preliminary experiment was run by heating 0.5 g.
of ester hydrazone nixed with 2.5 g. of anhydrous zine¢ chlo-
ride, for one hour at 140°, The melt was dissolved in 50
ml, of 1 M hydrochloric acid, and the solution obtained was
extracted four times with 50 ml. portions of éther. The
ether extraets were dried with "Drierite", and the ether re-
moved by distillation, The residue was refluxed for forty-
five minutes with mathanolic potassium hydroxide, water was
added; and most of the methanol was removed by distillation
under reduced pressure. The solution was diluted, acidified,
and then extracted with ether. The extract was dried and the
ether distilled off. The residue was taken up in a small

amount of hot acetic acid., On cooling, no crystals appeared, 80



water was slowly added; a small amount of brown flocculent
precipltate appeared and was fliltered off. The smount was
very small and c¢ould not be scraped from the filter paper.
The filtrate was treated with "Norit" and the solvent was
removed in a vecuum dessicator. 4bout 20 mg. of a yellow
waxy erystzlline material was obtained, Titration of the
regidue indicated a neutral equivalent of 260; the calculated
value for 3-{(2-methyl-7-nitroindole)-acetioc acid 1is 234.2,
(I1I} A mixture of 3.0 g. (0.011 mole) of the ester and
15.0 g. of anhydrous zinc chloride was heated in an oil bath
at 135~145° for three houra. The temperature asccidentally
reached 170° for a very short time., The melt was dissolved
in 1 ¥ hydrochloric acid. Some charring had taken place
and the black precipitate was filtered off. The filtrete
wag sxtracted with 50 ml. of ether four times. The pre-
eipitate was leached with ether. The combined extracts were
dried and the ether distilled off. The residue was refluxed
with 104 methanolic potassium hydroxide for cne hour, and
then the methanol was distilled off after adding an equal
amount of water. The golution was extracted with ether,
which was discarded, and then acidified. The acid solution
wag extracted four times with ether. KRemoval of the ether
gave 0.28 g. (11%) of go0lid materisl which gradually darkened
above 200°, Several reecrystallizations from ethanol-water
gave a material whieh started to darken at about 255° and

decomposed at sbout 264° (cor.)
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Cyclization of athyi levulinate g«aitrcphenylhydrazone with

zine chloride in hydrochloric acid

To a saturated solution of zine chloride in concentrated
hydrochloric aeid, 2.0 g. (0.0071 mole) of the ester hydre-
zone was added and the solution was refluxed for one hour,
The solution was extracted with ether four times, and the
combined extract was dried., The ether was distilled off
and the residue refluxed with alcoholic sodium hydroxide.

The alcochol wes removed by distillation after the addition
of water. The alkaline solution was then extracted with
ather which was digcarded., The aqueous solution was acidi-
fied and extracted three times with portions of ether. The
combined ether extracts were dried and the ether was removed
by distillation; yield 0.47 g. (28%), the material decomposed
about 245°., Heerystallizatlon by dissoclving in acetic aecid
and adding water gave a material that started to darken about
250° and melted with decomposition about 265°(cor.). The
material was soluble in ethanol, acetic acid, end sodium bi-
carbonate solution but insoluble in weter,

Anal. Caled. for CjgH;0,N, : N, 11.96

Fﬂqu: N, 11.91, 11.82



Attempted cyclization E£ ethyl levulinate g;nitrephenylhydra-

Several other conditions were employed iu order to bring
about ring closure but nope were successful., They were:

1) Zinc chloride at 170° for two hours

2) Zine chloride at 120° for two hours

3) Zinc chloride in boiling xylene for two hours

4} Aluminum echloride in Skelly B

Prepuration of 3-(2-Methyl-7-chloreindele)-acetic Acid

o-Chlorophenylhydrazine hydrochloride

The directions of Hewitt (46) were modified slightly.
Forty-five grams (0.353 mole) of o-ehlorcaniline dissolved
in 875 g. of concentrated hydrcchloric acid and well cocled
in an ice salt-mixture was diazotized by slowly édding a
solution of 26 g. of sodium nitrite in 180 g. of water until
the reaction was complete (starch-iodide test). The mixture
was kept well stirred mechanically and the temperature was
kept below 5°. The solution was filtered rapidly, and 152
€. of stannous chloride dissolved in an equal weight of con-
centrated hydrochloric acid was added., Long erystals of
o-chlorophenylhydrazine hydrochloride appesred after one
helf hour. The product was collected, dissolved in water,

and treated with hydrogen sulfide to remove tin., after the
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tin sulfide was removed by filtration, the hydrochloride was
reprecipitated by the addition of concentrated hydrochloric
acid to the filtrate. The material was filtered and washed
with concentrated acid. The yisld was 50.1 g. (71%), m.p.
189-190° (dec.). Hewitt gave 190°,

Ethyl levulinate o-chlorophesylhydrazone

4 hot solution of g«chlerephgnylhydrazine, prepared by
dissolving 17.9 g. (0.1 mole) of g-chlorophenylhydrazine
hydrochloride, 8.5 g. (0.104 mole) of sodium acetate, and
28 g. of acetic aeid in 200 ml. of water, was slowly added
to 14.4 g. (0.1 mole) of ethyl levulinate in 300 ml. of hot
water. A light yellow oil immediately precipitated out, and
solidified after cooling, The precipitate was filtered and
washed with water; yield 25.5 g. (954). Recrystallization
from ethancl-water gave a white crystalline precipitate, m.p.
58.5-59.5° {(cor.), The materisl was unstable in the air and
formed a dark brown oil after short exposure. Kogl and
Kostermans (77) reported the same behavior for levulinic acid

p-tolylhydrazone.

Cyelization of ethyl levulinate o-chlorophenylhydrazone with

zine chloride

{I) A preliminery sxpériment was made using 3.0 g.
(0.011 mole) of the ester hydrazone and 15 g. of zinc chlo-



ride. The mixture was heated for one hour at 100°, and the
melt was dissolved in 50 ml, of 1 M hydrochloric acid. A
brown 0il separated out and was extracted with two 100 ml.
portions of éther. The ether was dried with "Drierite” and
evaporated off under reduced pressure. A brown oll remained
which was refluxed for forty mlnutes with 25 ml. of 10%
methanolic potassium hydroxide.

The methanol wasg distilled off under reduced pressure
after adding 50 ml, of water. The aqueous solution was ex-
tracted with ether to remove non-scid organic products, and
then the basic sclution was acidified with dllute hydro-
chloric acid; the precipitated brown oll was taken up in
ether. The solution was extraected two more times with 50
ml., portions of ether, The combined extracts were dried
with "Drierite" and the ether was distilled off. A residue
remained which wag taken up in hot acetic acid and treated
with "Nerit". The addition of water to the acetic acid solu-
tion precipitated & c¢rystalline product together with a gummy
tar. By adjusting the concentration of acetic acid, the gum
was dissolved. The erystalline materlal melted at 157-160°,
kecrystallization of the amall amount of material was unsuc-
ceasful.

(IT) A 3.0 g. portion of the ester hydrazone was treated
identically as in {I) to the point where the alksaline solu~
tion was ecidified and extracted with ether., The ether ex-



tract was thoroughly shaken with 50 ml. of half-gaturated
sodium bicarbonate. The bicarbonste layer was separated and
acidified. The brown cil which separated was extracted with
four 50 ml, portions of ether. The combined ether extracts
vwere dried with "Drierite” and the ether was distilled off
under reduced pressure. The brown oily residue was dissoclved
in acetic aeid, treated with "Norit", and the solution was
filtered. The acetic acid was removed in a vacuun desiceator
sontaining solid sodium hydroxide. The yield was 0.8 g.
(33%) of m.p. 157-159°, The material darkened slightly at
the melting point and when heated above the melting point
gave off bubbles of gas. 4An indole test using Ehrlieh's
reagent (2% p-dimsthylaminobenzaldehyde in ethanol-hydro-
chlorie acid) was negative in the cold but positive upon
warming. 7This behavior isg typicel for 2,3-disubstituted in-
doles (109). 4 sodium fusion end subseguent qualitative
teats showed the presence of halogen and nitrogen. Two re-
erystallizations from benzene raised the melting point to
159-160°, and the compound gave a nsutral equivalent of
231.5, (thagraﬁical value, 223.5), Recrystallization from
benzene, after trsutment with "Norit" and again from benzene-
petroleum ether gave tiny, slender, white needles, m.p. 164~
164.5° (cor.)}.

s#nal. Caloed. for C;H, 0 NCL : N, 6.87; neut. equiv.,
i 223.5

Found: W, 6.12, 6.36; neut. equiv,., 226.0, 224.6
(Phenolphthalein indicator)



(III) & 7.5 g. portion of the ester hydrazone treated
as in (IX) yielded 2.7 g. (43%) of the crude product.

Preparation of 3-(2-Methyl-S-chloroindole)-acetic Acid

g:ChlorOphenylhydrazina hydreochloride

This ecompound was dprepared by Hewitt's (48] procedure.
A golution of p-chloroaniline digsclved in 700 g. of hydro-
chloric acid was diazotized by slowly adding a solution of
26 g, of sodium nitrite in 180 g, of water. The mixture was
stirred vigorously with a mechanical stirrer and was kept
between 0-2°, The reaction was followed with starch-~iodide
paper near the end of the diazotization. After the diazotiza-
tion was complete the solution wes rapidly filtered and 152.0
g. of stannous chloride dissolved in an equal weight of con-
centrated hydrochloric acid wag added. 4 voluminous precipi-
tate appeared immadiately, was flltersed off, and recerystale
lized twice from concentrated hydrochloric acid; yield 45.0
g. (B4%i, m.p. 225° (dec.){cor.}, m.p. in literature (118)
wag 285-230°,

gyﬁﬁlereghenylhydrazona of ethyl levulinate

A hot solution of 9.0 g. (0.050 mole) of p-chlorophenyl-
hydrazine hydrochloride, 6.0 g. of sodium acetate, and 25.0
g. of acetiec acid in 100 ml., of water was slowly added to
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7.5 g, {C.052 mole) of ethyl levulinate in 150 ml. of hot
water. A light brown oil separated and erystallized upon
cooling., The exystalline deposit was flltered off and dried
in a vacuum desiccator; the yield was 8.5 g. (63%), m.p. 104-
106°, The material darkened and started to turn into an oil
in the sir. Hecrystallization from ethanol ylelded 2.0 g.

of material, m.p. 104-106° {(cor.)

Cyclizaetion 35’gychlerapheﬂylnyérazoaa of ethyl levullnate

with zine ehlorids

S5ix g. (0.022 mole) of crude ester, m.p. 104-108°, was
mixed thoroughly with 36 g. of anhydrous zine ehloride and
heated in an oil bath at 125-135° for one hour. The solidi-
fied melt was dlessolved in 80 ml. of 1 ¥ hydrochloric acid
with the aid of 100 ml, of ether, by shaking successively
with the ether and acid solutions. 4ifter seperating the ether
layer, the aoid layer was further extracted with ether until
a negative indole test was obtained with p-dimethylemino-
benzaldehyde in concentrated sulfurie acid. Three extrac-
tione with 100 ml, portions of ether were required, The com=-
bined extracts were dried and the ether was distilled off.
The brown oily residue was refluxed for twenty minutes with
25 ml, of sthsnol which contained 3.0 g. of potassium hydox-
ide.

The methanol was removed under vacuum after 50 ml, of
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water had been added. The basié solution was extracted with
ether, which wag discarded, and then acidified with 1 i hydro-~
ehloric acid., The olly precipitate that appeared was ex-
tracted with ether until an indole test was negative. The
combined ether extracis were shaken thoroughly with 100 ml,
of half-gaturated sodium bicarbonate solution, which was
separsated and carefully acidified, Agaln an olly precipitate
appeared and was extracted with ether. The extract was dried
and the ether wasg distlilled off leaving a residue of 2.2 g.
(44%) m.p. 183-186° (dec.). Recrystallization from benzene-
petroleun ether yielded 1.75 g. of material, m.p., 190° (dec.).
(cor.). Another recrystallization did not raise the melting
"point.

Anal, Caled. for Cy1Hg0pNC1 : N, 6527; neut., equiv,
B23.5

Found: N, 6.36, 6.37; neut. equiv. 221.4, 224.0
(Phenolphthalein indicator)

The acid is soluble in alcohol, ether and benzene; insoluble

in water and petroleum ether.

Preparution of 3-(2-Methyl-5,7-dichloroindole)-acetic Acid

2.4-Dichlorophenylhydrazine hydrochloride

Hewitt'a (46) procedure for preparing o-chlorophenyl-
hydrazine hydrochloride wes modified slightly. Dichloroani-
line, 57.2 g. (0.353 mole), was dissolved in 700 g. of hydro-

chloric acid, cooled to «5°, and dlazotized with a solution
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of 26 g. of sodium nitrite disgsoclved in 180 ml, of water.
The nitrite solution was added slowly over a period of 48
minutes with rapid mechanical stirring. The temperature was
kept below 5° at all times, When the reaction was complete,
ag shown by the starch-iodide test, the solution was filtered
rapidly and 152 g. of stannous chloride in an equal welght
of hydrochloric acid was added, Crystals of the hydrochlo-
ride appeared in a few minutes and after a half hour were
collected by filtration. Recrystallization from eoncentrated
hydrochloric acid yielded 55.1 g. (73%) of the hydrochloride,
m,p. 208-209° (dec.). Chattaway and Pesarse (14) reported

the melting point as 210° with decomposition.

2,4-Dichlorophenylhydrazone of ethyl levulinate

A hot solution of 9.3 g. (0.05 mole) of 2,4~dichloro-
phenylhydrazine hydrochloride, 30 g. of acetic acid, and 4.5
g. of sodium acetate in 100 ml. of water was added to a solu-
tion of 7.5 g. (0.052 mole) of sthyl levulinate in 200 ml,
of water. 4 light brown oil sagaréteé out and erystallized
upon cooling. The crystals were collected, washed with
ethanol, and dried in a vacuum desiccator., The yield was
2.2 g. (81%), m.p. 74-76° (cor.} (dec.). The hydrazone de-

composed in the air.
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Cyclization of ethyl levulinate 2,4-~dichlorophenylhydrazone
with zine chlorids

Ten g. (0,033 mole) of the estar hydrazone was heated
with 850 g, of anhydrous zine chloride im an o0il bath at 165~
170° for an hour. The solidified melt obtained was shaken
alternately with 100 ml, of ether and 100 ml, of 1 M hydro-
chloric acid until it was dissolved. The sther was separated
and the acid solution was extracted with three 100 nl., por-
tions of ether, No positlive indole test was obtained with
any of the extracts. The combined extracts were dried and
the ether was distilled off under reduced pressure. The
regidue was refluxed with 5 g. of potassium hydroxide in 50
ml., of methanol for twenty minutes.

The methanol was removed under reduced pressure after
adding 50 ml. of water. The bagic solution was extracted
with ether, which was discarded. The aqueous solution was
acidified with dilute hydroehloric acid; an oill separated and
was extracted with three 100 ml.Npertions of ether., The com-
bined extrects were shaken thoroughly with 100 ml., of halfi~
ssturated sodium bicarbonate solution which was separated,
carefully acidified, and extracted with three 100 ml, por-
tiong of sther. The combined extracts were dried with
"Drierite”, and the ether wes evaporated; yleld 3.2 g. (43%)
of residue, m.p. 215 (dec.). Recrystallization from benzene-

petroleun ether raised the melting point to 220-221° (deec.)

{cor.)
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Apal, Caled. for CjiHg OpNC1, : N, 5.43; neut. equiv.,
258

Found: N, 5.42, 5.36; neut. equlv,, 263.1, 260.2
(ﬁhenolphthalein indiecator)

Attempted Preparation of 3-({5,7-dichloroindole)-acetic Acid

/2 ~-Formylpropionic acid

4 solution of 29,4 g. (0.2 mole) of glﬁtamic acid, dis-
solved in 400 ml, of 0,5 M sodium hydroxide solution, was
placed in a three necked flask which wag fitted with a mechan-
ical stirrer, thermometer, and dropping funmel. The solu-
tion was oxldized by slowly adding 200 ml, of 1 M sodium hy=-
poehlorite. The solution was acidified with acetic acid and
warmed to 59°\unt11 a negative starch-iodide test for active

chlorine was obtained,

2,4-Dichlorophenylhyirazone of S-formylpropionic acid

A hot solution of 26.4 g. (0.13 mole) of 2,4-dichloro-
phenylhydrazine hydrochloride, 15 g. of sodium acetate and
40 ml. of acetic acid in 200 nl. of water was added to the
soclution of B ~formylpropionic acid prepared ahove. A tacky
brown precipltate was obtained, filtered off, and recrystal-
lized from alcohol. The first crop of crystalline material
obtained welighed 20 g, and by concentrating the mother liquor
another 10 g. was recovered; yield 36 g. (574), m.p. 152=

159°, Recrystallizations from sthanol and acetic acid raiged
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the m.p. to 181-182° (cor.) (dec.).

Apal, Caled. for C;gH;o0,NC1, ¢ N, 10.73; neut. equiv,,
261.1

Found: W, 10.40, 10.62; neut. equiv., 262.5,
263.1 (Phenolphthalein indicator)

aAttempted cyclization of £ -formylpropionic acid 2,4-dichloro-~
phenylhydrazone with alcoholic hydrogen chloride

A golution of 17.5 g. (0.064 mole) of the hydrazone,
dissolved in 100 ml, of ethanol, was refluxed and dry hydro-
gen chloride was passed in. After the reaction had pro-
ceeded a short time, a precipitate began to settle out. The
golution was allowed to stamd overnight and the crystalline
deposit was flltered off. ZIEvaporation of the sthanol ylelded
two more corops of crystals to give a total of 18.5 g. of the
produet, m,p. 212-213°, Recrystallization from alcohol
raigsed the m.p. to 215-216° {cor.) (dec.).

Anal. Caled. for CypH;,0,N.01, : N, 9.69

Caled., for Glgﬂllﬂzﬂﬁl : N, 5,15

2
Found: N, 12.27, 12.08

The compound did not appear to be ethyl F-formylpropionate

' 2,4-dichlorophenyl hydrazone or ethyl 3-(5,7-dichloroindole)-
acetic acid, two compounds that thlis reaction might have

been expected to yield. The product was not characterized

further.
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Attempted eyclization of S -formylpropionic acid 2,4~ di-
chlorephsnylhydrazone

(I) 4 solution of 1.0 g. {0.038 mole) of the acid hydra-
zone in 20 ml. of 20% sulfuric acid in absolute ethanol was
refluxed for two hours. The solution was diluted with 300
ml, of water and extracted with three 100 ml. portions of
ether, The ocombined ether sxtracts were dried with "Drierite"
and the ether was distilled off leaving a residue which was
saponified with methanclic potassium hydroxide. The meth-
anol was distilled off after the addition of 50 ml. of water
and the basic solution was extracted once with ether, which
was dlscarded. #scidification of the baslic solution and ex-
traction with ether gave a residue of 0,7 g. ufter the ether
wag drled and distilled off. Hecrystallization from benzene
gave a m.p. of 182-184° (dec.). HReerystallizations from ben-
zens and then from ethyl acetate raised the m.p. to 185-185,5°
{cor.). A mixed melting point with A-formylpropionic acid
2,4-dichlorophenylhydrazonse, m.p. 181-182° {(dec.) gave a m.p.
of 182-183° (deec.). The acid hydrazone was recrystallized
from benzene and agaliln from ethyl acetate which raised the
m;p. to 185-185.5° (eor.) (dec.).

{(II) A 2.8 g. portion of acid hydrazone prepared from
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2.28 g. (0,0155 mole) of glutamic acid and 3.3 g. (0.0155
mole) of 2,4-dichlorophenylhydrazine hydrochloride was re-
crystallized from a mixture of ether and benzene and gave
a first orop of crystals weighing 1.6 g., m.p. 163-166° (deoc.).
This material was treated with 30 ml. of 20% sulfurie acid
in absolute ethanol, The reaction mixture was left at room
temperature for two weeks bscsuse of illness., At this time
a crystalline deposit had settled out. The reaction mixture
was refluxed for two hours, and when cooled a arystallino
deposit again appeared. ?he erystals were separated and
washed twice with absolute ethanol: 0.4 g, was obtained,
m.p. 81.5-82,5°, Reerystallization from ethanol ylelded long
needlelike orystals which meltsed sharply at 84.5-85° (cor.).
Apal, Found: R, 7.71; 7.82
- The mother liquor was worked up as usual and C.3 g. of
the starting material, pP-formylpropionic acid 2,4-dichloro-

phenylhydrazone was recovered.

attempted Preparation of 3-(7-Chloroindole)-acetic Acid

£ -Formylpropionic meid g-chlorophenylhydrazone

4 hot solution of 15 g. (0.0845 mols) of g-chlorophenyl-
hydrezine hydroehloride, 8.2 g. (0.1 mole) of sodium acetate,
and 50 ml, of acetic acid in 150 ml, of water was added to
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340 ml. of a solution containing the F-foraylpropioniec acild
formed from 12.5 g. (0.0845 mole) of glutamic acid. A yellow
erystalline precipitate =mixed with a tarry brown solid was
filtersed off and the mixture was recrystallized from benzene.
The first crop of crystals obtained, 2.8 g., melted at 176,50«
178,5° {(dec.). Kecrystallization from benzene gave crystals
melting at 180-181,5° (cor.).

Anal. Caled. for CygH, 0, NgC1 : N, 12.37

Found: N, 12.33, 12,22

httempted cyclization of B-toraylpropionic acid o-chloro-

phenylhydrzzone

i golution of 30 ml. of absolute sthanol, 5 ml. of sul=~
furie secid and 2.7 g. (V.012 mole) of the acid hydrazone was
refluxed for two hours. The solution was dlluted with 500
ml, of water sand extracted with four 10U ml. portions of
ether, The combined extracts were dried with "Drierite" and
the ether removed by distillation. 4 red brown oil was ob-
tained as & residue and was refluxed with 40 ml. of 10% meth-
anclie potassium hydroxide for one half hour. The methanol
salﬁtian was poﬁred into 500 ml. of water and the solution
was extraeted with ether which was discarded. aeidificatien
and extraction of the agueous solution yislded 2.6 g. of
801id after the ether solution was dried and the ether re-

moved. The material proved to be the starting nmaterial,



m.p., 180-181,5° (dec.). UWhen mixed with the p-chlorophenyl-
hydrazone of PF-foramylpropioniec acid the m.p. was 179-181°
(dec.).

Determination of the Plant Growth activity
of Substituted 3-Indoleacetic .wcids

Method

The Pea Test of Went (113, 117} wos employed to tust the
substituted B-indolevcetic acids that had bean prepared, for
plant growth activity,’ |

Alagka peas (obtained from the Michszel-leonard Co.)
were sterilized by weshing vith 95% ethanol and then with
0.19 mercuric chloride. The peas were washod wecll and soaked
in water for sgix hours. The peas were planted in moist send
end grown in total darkness at room tempersture for elight
dayvs. At this time the plante had developed two nodes with
scales and & nofe at the top bearing a leaf. The top was
cut off about 5 mm, below the terminal bud and the stem wsasg
gplit lengthwige with a sharp razor blasde for a distance of
about 25 mm. The stem was cut off 5 mm, bslow the slit, and
- the split sectlon was placed in a petrl dish contalning 20
ml. of the solution to be tesgted., Five to eight split sec-
tions were placed Iin each petri dish, The plates were stored

in the dark for ebout twelve hours at which time the plants
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were snadowgraphed on bromide paper. aAccording to went, the
curvatures reach o maximum after six hours and remain un-
changed. 1If there is no growth hormone present the two
longitudinal sections will curve away from each other, while
it an sctive substance is present the free ends will start
to bend inward after about an hour. The ocutward growth 1is
due to tissue tension while the inward curvature, caused

by active growth substances, is a differential growth
phenomenon of coapiex pature,

Stoek solutious of the caapounds were prepared by welgh-
ing smell sampleg on u microbalance, acding an eguivalent
amount of sodium hydroxide, and diluting with enough .uter
to make the concentration 20 ng. of acid per liter. “he
socdium saltsg rather than the acids were uged in order to Keep
the pH above 4, as the test would fall 1f the solutions were
too acidic.

Glass distilled water wag used for all dilutions and
for rinsing the glassware used, since Vient roeported that
very small amounts of metallic lons seemed to inhibit the

curvabures.
Hegults

The sodiun salts of 3-indoleacetie, 3-{Z-methyl-7-nitro-
indole) ~acetic, 3-{(2-methyl-7-chloroindols)-scetic, 3-{2-

methyl-S~chloroindole)-acetic, =nd 3-(f-asthyl-0,7-31ilchloro=
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indole)-acetic acids were tested at concentrations equiv-
alent to 20.0, 10,0 5.00, 2,00 and 1.00 mg. of the acid

per liter. The results are shown in Table 2, and in Figures
l, 2, 3 and 4.

Table £

Plant Growth sactiviity of Gubstituted 3-Indoleacetic acids

Concentration in mg.
Subgtance? of acid per liter

26 10 5 2 1

d-Indoleacetic acid + o+ o+ v+

Bw={ZMethyl-5=-e¢hloroindole)~
acetic geid + + -+ + -+

3-(2-ethyl-7-chloroindols) -
acetic acid + + + - -

3w (2~ilethyl-5,7~dichloroindole)~
acabic acid + + - - -

3-{2-Methyl=-7-nitroindcle) -
acetic acid - - - - -

*The sodium salts were used in the tests.

Since 3-(2-methyl-5-chloroindole)-acetic acid was ac-
tive in the loweslt conceuntration, another test was aade using
lower dilutions and comparing 1ts activity with that of 3-
indoleecetic acid. The results of this test are ghown in

Table 3 and in Figures 5 and 6,



Fig. 1.
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Curvature of split stems of pea seedlings after
12 hours in sodium 3-indoleacetate solutions,
centrations, top to bottom rows: 20.0, 10,0, 5

Con-
.00,

2.00 and 1.00 mg. of 3-indoleacetic acid per liter.



Fig. 2.

Curvature of split stems of pea seedlings after 12
hours in sodium 3-(2-methyl-5-chloroindole)-acetate.
Concentrations, top to bottom rows: 20,0, 10.0,
5,00, 2.00 and 1,00 mg. of 3-(2-methyl-5-chloro-
indole) ~acetic acid per liter.



Curvature of split stems of pea seedlings after 12
hours in sodium 3-{2-methyl-7-chloroindole)-acetate.
Concentrations, top to bottom rows: 20.0, 10,0, 5,00,
2.00 and 1.00 mg. of 3-(2-methyl-7-chloroindole)-
acetic acid pner liter.



Fig. 4.
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Curvature of split stemé of pea seedlings after 12
hours in sodium 3-(2-methyl-5,7-dichloroindole)~
acetate. Concentrations, top to bottom rows: 20,0,

10,0, 5.00 and 2.00 mg. of 3-(2-methyl-5,7-dichloro-
indole)-acetic acid per liter.
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Table 3

Plant Crowth Activity of 3~-Indolezacetie
and 3-{2-Methyl-5-chloroindole)~acetic Acids

Concentration in mg.
Substance? of acid per liter

2.0¢ 1,00 0,50 0,25 0.10 0.01

%-Indocloacetic acld + + + g + -

5~ (2-lethyl-5-chloro-
indols;~acetic acid + + - - - -

1 . ; . »
The sodium salts were used ip the tests.
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Curvature of split stems of pea geedlings after 12
hours in sodium 3-indoleacetate. Concentrations,

top to bottom rows: 2.00, 1,00, 0.50, 0.25, 0,10

and 0.010 mg, of 3-indoleacetic acid per liter.



Curvature of split stems of pea seedlings after 12
hours in sodium 3-(2-methyl-5-chloroindole)-acetate.
Concentrations, top to bottom rows: 2,00, 1.00, 0.50
and 0,25 mg., of 3-(2-methyl-5-chloroindole)-acetic

acid per liter.
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Although the Pee Test for hormone determination was
only roughly quantitative the regults indicate that substi-
tution in the nucleus does effect the aectivity of 3-(2-
methylindole)~acetic acid. The order of activity found
for the chloro derivetives, B~(f-methyl-S-chloroindole)-
acetic acid >3-(2-methyl-7-chloroindole)-acetic acid >
3-{2-methyl-5,7~-dichloroindole)-acetic acid, d4id not par-
allel that found by Hitcheock (124) for the phenoxyacetie
series, 2,4-dichlorophenoxyscetic acid >p-chlorophenoxy-

acetic soid >o-ehlorophenoxyacetic acid,



DISCUSSION

Chemical

Ag this discussion will follow the chronological order
of the Experimental, the preparstion of F-~formylpropioniec
acld will be considered first. The preparstion of this com-
pound from glutamic acid by oxidation with sodium hypéohla-
rite meemed to be greatly influenced by the concentration of
the reactants and the temperature at which the reaction was
carried out. Increasing the tempersture to boliling lowered
the yield, while increasing both the temperature and the
concentration of glutamie acid resulted in a still smaller
yield. Moderate yields of 60-85% were obtained from rela-
tively large amcunts (0.2 mole) of glutamic acid by carry-
ing out the decomposition of the intermediate N-chloro-o(-
aminoglutariec acid at 50°. Langheld (78) had reported a
higher yileld (92%4), but his work was ocarried out on smaller
quantities (0,01 mole) in dilute solution.

Dakin's method (16), utilizing Chloremine-T, eould also
be used for the coxidation reaction at 50°.
| Isolation of the free A ~formylpropioniec acid was not
accomplished. All attempts to prepare it led to resinous

materials of high melting point, which were probably higher
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polymers of the type reported hy,carriére {13), who obtained
& trimer of /A ~formylpropionic acid, and by Ungern-Sternburg
(108), who had obtained a dimer. In the present investiga-
tion the lsolation of the free <~ -formylpropionic.acid was
unnecessary since the aqueous solutions of the substance
could be used for preparing the substituted phenylhydrazones
that were required.

Bxperiments carried out in an attempt to convert glu-
tamie acid into 3-indoleacetic aeid using the reaction dis-
cussed above coupled with the Fischer Indole Syntheais met
with reagonable guccess. A thirty per cent yield based on
glutamie acld was realized in one experiment which utilized
aleocholie sulfuriec aeid ag the eyeclizing agent. It is cone-
ceivable that the yleld could be increased considerably by
using improved or new methods for the cyclization and re-
covery.

In several of the attempts made to prepare 3-indole-
acetic acid, Chloramine-T was used to oxidize the glutamic
acid to A~formylproplonic acid. The phenylhydrazone pre-
pared from this reaction was contaminated with p-toluene-
sulfonamide which had not been completely removed previously
in a filtration. This p-toluenesulfonamide caused consider-
able difficulty in the purificstion procedure. An attempt
wag made therefore to purify the oily phenylhydrazone by

vacuum distillation. VWhen the materiasl was heated under re-



duced pressure, a reection took place giving a liquid which
distilled and solidified. The product appeared to be of
the same type as the compound that Fischer (24) obtained
when he heated the phenylhydrazone of levulinie acid at an
elevated temperuture. The reaction involves the splitting
out of a molecule of water from the compound to form what
Fischer called an anhydride, sinee alkaline hydrolysis
yielded the original acid.

N= CH — N=CH
N~ “CHj n” A
! / N /
H ch | ¢—CHp
0

An attempt to prepare 3~-(5-nitroindole)-acetic acid
from f-formylpropionie acid p-nifrophenylhydrazone using
aleocholic sulfuric ascid as the eyelizing agent was unsuc-
cesasful. Further attempts to prepare this compound were not
made in the present investigation. However, failure with
one reagent does not necessarily mean that ring closure will
not occur. In faet, other investigators (51, &82) have found
that certain ring closures are accomplished only by a ecer-
tain ring closures are accomplished only by a certain reagent
which falls completely for the ring closure of other phenyl-
hydrezones.

A -formylpropionic acid g-nitrophenylhydrazone was sub-
Jjected Lo cyclization by concentrated sulfuric acid, and a

compound was obtained which appeasred to be the anhydride of
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the o- nitrophenylhydrazone of S -formylpropionic acid.

//H:::ﬁﬁ\\
N CH,
N\ -——QE//
2 @ 2

NO
Treatment of the hydrazone with alcoholic hydrogen chloride
was also unsuccessful, The product obtained was the ethyl
ester of the hydrazone.

Cyelization of the ethyl pF-formylproplionate g-nitro-
phenylhydrazone with 2zinc chloride was attempted, but the
very small amount of material recovered wag not enough to
carry the investigation further.

Attempts to prepare some substituted 3-(2~methylindole)-
scetic aeclide were more successful, Alcoholic hydrogen chlo-
ride yielded the ethyl ester when reacted with levulinic
acid c-nitrophenylhydrazone; the same eompound was obtained
from ethyl levullnate and g-nitrophenylhydrazine. Cycliza-
tion of ethyl levulinate o-nitrophenylhydrazone with zine
chloride, however, resulted in the formation of the desired
product, 3-{2-methyl-7-nitroindole)-acetic acid. Further
investigation showed that the aclid could be prepared in bet-
ter yield by using hydrochloric acid saturated with zine chlo-
ride for cloging the ring. This reagent had not been used
previously.

The preparation of three derivetives of 3-(2-methyl-



- 84 =

indole)-acetic acid substituted with chloro- groups in the
H~, 7-, and 5,7~ positions was aceomplished relatively
easily in 30-40% yields. The preparation of the analogous
7- and 5,7-dichloro- derivatives of 3-indoleacetic acid was

not successful with the cyclizing agents that were tried.

Physiologiecal

The substituted 3-indoleacetic aclds that were prepared
were tested for plant growth activity by the Pea Test of
Went (113, 117). 1In these tests the 3-(2-methyl-7-nitro-
indole}-acetic acid was completely inuective. This is in
accordance with the observation of 4immerman and Hitehcock
(126) that penitropheuoxyacetic acid is completely inactive.
The affect of & subgtituted group seems to depend not only
on the posgition it occupies but also upon the chemical nature
of the group itself. p-Chlorophenoxyacetic was eighty times
ag active as phenoxyacetic acid as a plant hormone.

The substituted chloro- derivatives of 3-indoleacetie
acid were all active to a variable degree as shown in Table

4.
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Table 4

Comparison of the Plant Growth activity
of Some 3~Indoleacetic Acids

Lowest eoncentration of acid

Substance showing growth activity

3-Indoleacetic acid C.1 mg. psr liter

3=(2-methyl-5~-chloroindocle} -
acetic aeoid 1,0 mg. per liter

3-(2~mathyl-7-shloroindole) -
acetie aecid 5.0 mg, per liter

3= {2-methyl-5,7-dichloroindole) -
agetic aecid . 10.0 mg. per liter

Since 3Z~-(2-methylindole)-acetic acid was not tested no
definite conclusions can be drawn at the present time about
the effect of substituted chloro- groups. Methyl 3-(2w
methylindole)-acetate was found to be inactive in the Pea
Test by Heagen-Smit and VWent (42), and Kggl and Kostermans
(77) had shown that 3-(2-methylindole)-acetic acid was

0.5% as setive as indoleacetic scid in the Avena test. The
difference in activities of the three chloro- derivatives
prepared, however, seems to warrant a further study of this
type of substitution, particularly with respect to obteining
derivatives of 3-indolescetic acid itself.



SUMMARY

1. Several substituted 3-indoleacetic acids were pre-
pared by the Fischer Indole Synthesis and tested for plant
growth activity., 3-~(2-methyl-7-nitroindole)-acetic acid
was inactive, and 3-(2-methyl-5-chloroindole)-acetic, 3-(2-
methyl-7-chloroindole)-acetic, and 3-(2-methyl-5,7-dichloro-
indole)~acetic acids were active in the Pea Test for plant
hormones.

2. Attempts to prepare 3-(7-nitroindole)-acetic, 3~
(5-nitroindole) ~acetic, 3-(5,7-dichloroindole)=-acetic, and
3-{7-chloroindole)-acetic aclds were unsuccessful.

3. langheld's method was adapted for the preparation
of larger quantities of pg-~formylpropionic acid from glu-
tamie acid., The pg-formylpropionic acid can be converted
into 3-indoleacetic acid.

4. Some physleal consgtants for the prepared compounds

and their intermediates are reported.
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