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Indole* which consists of a bense&c ring fused to a pyrrole
nucleus* also ©tilled 2* S-boas©pyrrole, has t’te structures

4

ill

Indole itself ocours in Jasmine (1), orange-f lower oil© (2), and it
is four.d together with some taaolognes in the fraction of coal-tar
which boils between 240 - 260° (5)# It ©an be isolated from this
fraction as its solid sodium or potassium derivative, Just as pyrrole
can be isolated from a lower-boiling fraction*

Indole is a “white, crystalline solid, melting at 52°, arid boils
at 2450 with decomposition* The odor of indole is characteristic and
resembles that of naphthylasainc* however, la dilute solution, and -when
pure, it has a flower-like odor tmieh makes it a valuable ingredient oa
natural and synthetic perfisaes# Solutions and vapors of indole produce
the bright brick-red color characteristic of the pyrrole nucleus When
pine shavings moistened with hydrochloric acid and alcohol ore brought
in contact with them (4)*

Q m  of the peculiarities of the chemistry of indole, which it
shares with pyrrole, is its failure to exhibit strongly basic proper­



ties* In fact, both pyrrole and indole are wm2c bases* The explana­
tion for this abnormal basicity lies in the fact that in the ease of 
pyrrole, as well as indole, the free base is more greatly stabilised by 

resonance than is the positive ion in either case and thus there is a 
diminished tendency for the free base to unite with a proton (or to 
exhibit its basic properties) (&}• As a matter of fact, it is on© of 
the distinguishing characteristics of indole ©osm-pounds that they are 
quickly resinifled in the presence of strong acids* As in pyrrole, the 
inin© hydro yon of indole ©an h© replaced by sodium or potass tuns thus 
exhibiting the acidic properties of the pyrrole ring*

Indole is produced in many bacterial processes, in tiie feces of 
dogs and frequently in the feces of tan (6). Jierter (?) m s  able to 
Isolate indole from the wood of Celtic rotieulosa* .Pub formation in the 
ani -al body usually produces acmm indole and undoubtedly this substance 
is partly responsible for the odor of such discharges (8)* Putrefactive 
changes in mi He (9) and vegetable protoin (1) results in indole .formation* 
The indole formed in these degrad&tive changes is due to the deoonposition 
of th© and.no acid typtophane prosent in the proteins*

During a study of the structure of indigo, Baeyer and Xnop (10) 
reduced isatin and obtained two products C .,'î HOg (dioxindole) and

(oximiolei which they regarded as hydroxy derivatives of C.yiyTI*
To this fundaromtal nucleus, of then unknown structure, they gave
the m?n© indole to ©a-basis© its relationship to indigo* r~cr and 
‘m ' or ling (11 > continued the studies on indole and in 1360 proposed for



o-nitrociimamic acid Indole

Indole Syntheses —
the resvsne cf‘ synthetic procedures tor indole un.4 Its honolo.ries

ereverted below is by no axh&ustiTO, but is rather a e-orr'Fohensive
survey. The first synthesis of i rid ole was reported by faayer {12 J In
T's'ch ho oxidised irdiy.o to :l satin, reduced tho i sat in to dioxVndcie
ifti sine dust, the dioxladolo vms reduced by the sine dust to oxindole,
art the ox! ndcle -was reduced to- indoie by passinr its -vapors over hot
sine oxide#

Indigo

Indole

ZnO

Isatin

H
Oxindole

Zrt ydust OH

H
Dioxindole

J Zn
dust

lorlander and Apcit (13) ooro able to reduce indoxyl to indole
uoiny sodium a-ialyam or sine dust and aih&ll and a Unit; ed -it.-a ton patent
m s  isuood for the s a ^  reduction vorfor'yed eatul". tieally (14)* IX m s
also found oosaiblo to convert oxindole t h ’oi; h. its -sulfur analor to



dih;vd r oindol c -which could be dehyd ra pen a I; ed bo Iridolo (X/:)*

©leotrolytio
-reduction

oxindole dihydroindole

-H,

indole

hoall yields of indole hair© been reported in the synthetic preparation 
of inaipo fr«a ph^nylplyein© (Id, 17)# The alhalixio nelt of indoxylie 
acid when treated mth soditm a-, uXpari or sine dust at bQO to 7 yielded; 
indole (IS)#

The syntheses which have been cons id'-red above are chiefly o.f 
historical sipnificanc© and are not perioral methods in the synthesis of 
irxlolo acrcuoimds* In .ld-83, '>‘5.8 chor and Jourdan (Id) nade a study of 
the oro'corties of the phony lhydr&sone of pyruvic acid and discovered

^COOH
■N - HH2 + CHgCOCOOH - N r

pyruvic acid ^ 3
phenylhydrazine phenylhydr&zone of pyruvic acid

that mi; acids (alcoholic hydrochloric acii, sulfur:}, e acid aol cin© 
chi 'ride) ammonia -ms oliruinatod* riitp closure occur rod, asid H-indole 
caimoxylic acid, resulted# This acid on deo&rfezyl&tion yielded indoio. 
In the :p?ars since its discovery dels oat'of has seccrno one of the meet



H Me H

•rorsatlXe for the prccxirafirm of o-uXoloo and, in honor of its fiscoverer,
is called too Fischer Indolo synthesis#

The J a p , s y n t h e s i s  (10, SOj ■ TQviu.os a s^ans of orepnr*»
1 no the }%rdrazone i nt oraodi aies required in the Fischer smoothes is and
serws, in effect, to rtaho the Fischer reaction even r.iare perioral, fhis
procedure makes it dosrifleto obtain phoirpllipdra &ones not otherwise
attainable bp the use of phenpld la son! nr. chloride and tiro sodium salt
of a keto acid bp extrusion of the carboxyl jronp. If the carboxyl
L;sroirr is protected bp 0 3  ter If* :l cat i on the acotpl prouo is loots

?Cr *f* Na*
^  COMe

C - COONa
c h 20

- extrusionof - COOH

c h2 0
¥ - N ■ C - COCH

HClsoln.

or cartoxyl protected hv eg tor5.fication

^ • “2 C*
Ha

CH?>
C - COMe

COOEt

c h 2^
1  - N s C - COOEt
E

ale#
HCl~ ,

O f

loss
of MeCO —

COOEt



Indoles rmy lie synthesised by the reaction of aryleaaines with °c''—  
h&lagen&ted ketones (21, 22, 23)* Thu first product of the reaction,
wiioh is usually not isolated* is a nhen&oyl amiline. The reaction is 
eo:nnl©ted by a second molecule of the aniline# In place of the ketone, 
Berllaerblau (24# Si, 26) used o( *P m diehloroethyl ether and similar 
conuoimds -which dissociate in situ to ©hloro&oet&ldohyd®.

^ V -  NH2 Br - CHg - CO - Vs -  _ >  i - CKg - g y  |®2

A

*SgO ^

iw&delumg’ss synthesis (27, 28, 20) provides a useful general rout© 
to the indoles which consists of an intranoleeu.lsr Claisen condensation 
of an acyl or aroyl derivative of an o-toluldine*

- COR

NaOEt
360°_380°,>

R

There are r.aif other examples of indole forraatlon by ring closure 
of an alkyl group ortho to a nitre fproup, an amino group, or a substi­

tuted amino group# To mention a few, 'forImj (ZB) treated H-aXdehydo- 
o-toluldiite with eodaraide and obtained indole# Mauthner and Sul&a (30) 
obtained inclol© by distilling otxal -o-toluic acid with sino duct or by 
dry distillation, of its fariim salt#



A number of method® for the synthesis of Indoles ere based on the
us# of e**«i*bstttubed eimaas&c acids, styrenes, and stlXbenes* Xdpp
(St) synthesized tadele froa e-asdnochleroatyrcxie m i m g  sodium ethoad.de
as a condensing agent* o»Kitro©lnn«ummide was used by Wm m & m  (38# SB,
$4) for the synthesis of indole* the same anther also produced

Indole by the reduction of o-j&trophenylaocrbaldehyde (S3)* Reiccert
(SS) and later Perkin (Si) and Polyakov (37) reduced o-nitrophenyl-*
pyruri© acid to 2-4ndole carboy lie acid which mu$ deearb©:syl&ted to
Indole* Although these reductions of o-nAtrophenylpyruri© aoid were
performed ©hendcally, &aim (38) was reoently able to obtain the same
eye11action to E-indole oarbexylle acid by catalytic reduction w i n g
pnlladintsed charcoal* Stephen (Si) w m  able to produce a ring closure
to indole which is of particular interest to this thesis. He reduced
o~nitropheny laeebo&i tr lie thrones Its imino-ehXeride into o^esaincphenyXc
acetaldchyde #111111 eycliced to Indole* the reducing agent is the
stannous chloride-dry hydrogen chloride used by Stephen for courting
nitriles to their corresponding aldehydes*

KftgL-»HaOH COCMe

HOAe,

EOH
COOMe

with dry
Hci
T:o-CHsUH . HCI

— .

indole
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Indoxyl, S-hydroxyisidol©,!© a yellow solid with a fecal odor and
,molts at 85^* Solutions of Imk'scyl in water hair© a yellowish fluores­

cence* Indoxyl also assesses tli© instability character is t ie of ccsu- 
povnds with the indole nucleus as demonstrated by the case with which It
recinlfios# It dissolves in concentrated hy&roehlorio acid with a rod
color* The fact that it is soluble in aqueous alkali and that it gives
a red color with .ferric chloride has h&mi offered as evidence of Its
phenolic character (4, 44)* Indoxyl occurs naturally in the indigo
plant glucoside "in&ican** (4b)#

Indeacyl is an Infcersaediate in the synthesis of indigo and conse­
quently most methods for the synthesis of indigo are pri?mrily procedures
for the prewar at ion of In&oxyl* Thu® two molecules of indoxyl can be
coudcus ed to indigo in the ores ©no© of an oxidising agent such as hydrogen,
peroxide, ferric chloride, or air* This oxidation goes especially well
In alkaline solution#

Coincident with its inoortane© as an inrfcenaodiato In the prepara­
tion of indigo has been the devolconont of saugy method© for the synthesis
of indoxyl and it would be well to consider hero th© more important ones*
Baeyer in ISfl (46) used ethyl o-nitrophenylpropiolate to prepare
Indoxylic acid. He did not isolate the pure indoxyl, but rather he
doearbosyl&ied Indoxylic acid and reported a product which rapidly
changed to indigo# The sen®© synthesis was repeated by Yorl&nder and

2

H

0
2

indoxyl indigo



hr©s©her (47)5 howeirer* the;;: aelTtmll'; isolated ami described the inter 

mediate indoxyl. Isaeyer m s  also responsible for another synthcsis of

m

C = C - COOEt Fe
KOH

ind oxv I-

COOH
H

,nd irmslviny the vme of o-nitropheaylaoetylene (48).

> V C  = CH

/ J 10.
Zn dust
NH40H

h 20
dil HgS04

s&'lttAc

indoxyl



One of the ssore important commercial sierthoda for the preparation
on ileumrm’s discovery in 1830 that P-phes?plplpein©of indoxyl is base

on fusion with alkali will cyolise to indoxyl (49)* The p lyoine com*

reaction suitable for large-scale industrial operations* There have

temper the drastic conditions* The alkali ’ms been isixod with ©aleim
oxide and other alb&lin© earth oxides, with alkali cyanides* and also
with calcium carbide# The fusion has also been -carried out under reduced
^essure or in a paraffin melt*

In the present day industrial preparation of indoxyl, pKettylgXyciiie- 
o-carboxylic acid is used {;>!)* This method requires a ©heap source of
anthranllic acid which is now conveniently a m  liable from the catalytic
oxidation of naphthalene*

pound is heated with dry caustic alkali at 2c'0~293° or, better at a

^ • g  - ciyjooH

fusion with

or
H

H-phenyl glycine indoxyl

3«en a number of modifications o. fusion conditions all desired to

NaOH

XjTCOOH
C1CH CO OH

CH C00H

phenyl glycine-o-carboxylio acid
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Much less appear® in the literature on substituted indoxyls than 

on the corresponding indoles and. there appears to be only slight Interest 
in their preparation* Most substituted ladosyle are prepared by intro­
duction of the do®trod substituent Into the preformed indoacyl or Indole 
n u c le u s *

Indole compounds of industrial and medicinal interest —
It nay appear that a® industrial chemical® the indole compound® 

are of little importance* H o w w r ,  indigo, which has been called the 
most important organic dye, has an Indole nucleus* Many substituted 
indigo dyes h a w  been prepared and they constitute among the most import­
ant m t  dyes* This class of dyes is still much in deu&nd, in spite of 
their comparatively high price, duo to their fastness to light, washing, 
alkali, and acid (S2)#

Indole compounds are also of widespread use in the perfume industry* 
Their dilute solution® are fragrant and m a y  patent® have been issued 
for their synthesis and incorporation into porf«acs (53, 54)#

from the standpoint of the medicinal chemist, the greatest interest 
in and importance of the eccipouu&s of indole lie®, not bo much la their 
industrial signii*icance, but rather in tholr widespread occurrence in & 
diversified but highly Important group of natural prodijsstn* Without 
attempting to review completely the field it should prow interesting 
to survey the natural products with an indole nucleus*

Among the oarboxylic acids which contain the indole nucleus,
3-indole acetic acid is of special interest because of its role in the

3-indoleacetic acid



IS

physiology of plants# ?h© process of growth in the growing tip of a

plant is regulated by the presonee of certain ©csapotm&s, the growth
hormones (SI>)* The «a«q«al distribution is the plant of those hcmaziM
are the e&unas of phototropism ami geotropiasa and differences of eonoen- 
tor atl ©a of the oaftpeunds is the different parts of the shoot inaJte© the
parts grow at different rates and thus determine the direction of growth*

Tryptophane {•( ~«ssiae~p~S indole propionic acid} is indispensable
and hexic© an essential amino acid* In ©xp©rinontol animals ©seal ns ion

from the diet of any of the essential amino acids clauses inhibition of

growth m d  ©▼oc loss of weight* This amino acid 1© a constituent of
many naturally occurring proteins arid serves as an important source of
the indole nucleus in hlologie&l sy® terns* It is also probable that
tryptophan© supplies pyrrole nuclei for the synthesis of cellular
porphyrins,including the eytoohrocaes and hssaatin* The ©met function
of tryptophane in intermediary metabc .» ..am is still not clear (56)*
There is, however, aoae evidence that tryptophane, at least in the rat,
is tm important- procursor in the synthesis of nicotinic a®id {57}*

In the process of digestion the undigested protein undergoes putre­

factive changes in the large intestine mainly through the action of
bacteria* In this putrefaction, tryptophane is broken down to indole
and sk&tcle (jf "•methylindolc) which are partly responsible for the
odor of feces. Most of those putrefactive products are eliminated in

?CHo C   COOH
2 ™ 2

H
tryptophane



fee itaeea} however, so:ae are absorbed, partly oxidised, and oassbined
wit" .sulfuric acid to for.n tndiean which is ©lioiiinated in the urixs©*

C oj

H
indole

indican

OSOgK

H
indoxyl

tryptophan© on decar boxy 1 at ion fom® tryptariin© which boars fee 
re la t i onshi o to the sni.no acid a® does hi® fan in© to hietidin©#

H

CHg- CH2 -  NHg

tryptamine

fryptasiine produces only a slipht rise in blood pressure and in sold- 

blooded aniioals causes msodilaf&tion* Although it does cause & definite 
slowing of the puls© rate and nydriasis, it has no effect on rest?-!ratim 
(o8j# hhon ,-ivon orally trypfemm© is mot too toxic, but lar&e doses do 
cuiiui) wnitinp« Infections of the swain© prodnc© nore violent nausea, 
r o n  ~c i ', sjui c rar * ns •

htscmf the alkaloids ttere are imsy which contain an indole nucleus*

hypaphorine is a beta!no of tryptophane which occur© in the seed® of 
irythrfam hypgphorua {i>9)# If is known to produce iac/-eased reflex
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irritability followed by tetanic convulsion© in the frog, but lias
little action on mbs, pigeons, rabbits or guinea pigs (60)*

Bufotenine, vfcieh is somewhat similar to h yp a p h o rin ©  in structure,
is present in the venomous secretion of the European toad# It Sms been
•houn to eon tain an indole nucleus (61, 62)#

0r®aine was first detected in 1mrl%' mutants by von Bulor asd
Hellstrlim (65).

In Its pharmeological bsfoavsor gramine resemb le@4»fc-@phedr ino* In
small doses ^rauaiae raised the blood pressure in dogs, while larger
doses ©aits© a fall in blood pressure*

fhe alkaloids of Yohinbetie bark, of wu.ch Yohimbine (Ciuebraohine)
is probably the most interesting, are useful in veterinary rmclioine as

O ram ine
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aphrodisiacs (64)* the alkaloids contain an Indole nucleus am& recent 
studies by larger and behalf (6£, 66, 67) liâ n given a ©le&rer picture 
of the constitution o£* yohimbine*

Ergot io a parasitic fungus (C3&vieeoa purpurea) Ytrleh grow on yy© 
and occasionally on other kinds of grain* The crude drug contains a 
mixture of several complex physiologie&lly active alkaloids among which 
are ergotinine* ergofcoxtna, ergotamine, ergotuiainine, crgonovin.© and 
©rgometrInin©# lysergic acid, whi oh is a hydrolytic product of all the 
ergot alkaloids, contains an indole nucleus and according to Craig and 
-Jacobs has the following structure (65)*

C ooH

M —  Crt

Lysergic acid
Although it has been m & d  tor a variety of medicinal purposes, 

eryot probably finds its greatest us© in hastening postpartum expulsion
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of the placenta and in the j»* event! ©n of aarions postpartum hemorrhage
(6&). Recently ergot has boon used in the treatment of migraine and

aever© head&ehas of a periodic type*
The O’dLabar or ordeal bean contains several alkaloids, the -nest

important being physoatigmin® or e®eria«. This alkaloid has been shorn
to contain an indole nucleus (700 71)*

Wsarin® reduces intra-ocular pressure and tor this reason it is used
therapeutically in the treatment of glaucom• The drug has else proved
useful in reversing iaydriixsls and in the treatment of say&sthenia Travis,

Aneihcr important group of alkaloids •which contain an indole
nucleus are the s® of Stryoline® mac ? ® i « .  Tb® two- most important alka­
loids in this group are strychnin® and brucine, The alkaloids of
stryohnoa nux vomica present a complex structural problem and, in spite
of intensive and ingenious researches, oven at present* it is not jet
possible to ■write a structure for strychnin© which is certain in overy
detail (72)•

Me nMie®

Physos tigmine

Strychnine
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strychnine i* used therapeutic&liy as a tonic and a respiradb ory stinu- 
lent (73) and because of its high toxicity is widely used as a pest 

extcrmi nator *
The seeds and root of Poganxm Tfarmla contain the Siarraala group of 

alkaloids among which art hsunmline and haraine*

'Me
Harmaline

Me1

Harmine

The imowledge of the const!button of the alkaloids m s  due largely 
to work by Perkin and Robinson (74)* the ring system 'present is a con­
densation of hensene, pyrrol©* and pyridine nuclei# which terkin and 
Robinson have designated as 4-carboline*

The haraala seeds have been used as anthelmintic® and narcotic3 and 
Jltma und Bar shall (75) claimed they were of m i n e  in the taraatKient of 
malaria* However# studios with, avian malaria have not substantiated 
these claims (?0)* In large doses the alkaloids of this group cans® 
tremors and clonic convulsions and poisonous doses eventually produce 
motor and respiratory paralysis and a lower body temperature (77)*

Asaony pigment® com;-..only ooeuring in the animal kingdom are the 
so-called imdolio bichrcta®®# These plggesxts are assong the ultimate cata­
bolic degradati on products of the amino acids tyrosine, phonyl&lamno , 
and tryptophan© or related phenolic compounds* In this class of bichromes 
arc included the blue, red, or purple indifpid® ami the various more 
complex yellowish, ruddy, brown, or black m®lanins* Furple secret! ons
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of certain yastropexl molluscs, e#;>, mitra ^urex and purnurus Imv© been

the chief pifysent, has been employed at:? a fabric dye* The red. 6, 6 —
* qtiinane of 2, b-dihydrexyimlole-^-oarboxylie acid constitutes mi inter­
mediate link in the formation of melanin and occtsf« also in tins integu*
meni of the marine annelid warm, TIalla parthenonoea costa* from whence
it derives its name Tmllochrome• It is easily reducible and is considered
by Friedhoir- to be an acoessory respiratory catalyst in t!ie oxygon con- 
smmtioa of m m : ml i an erythrocytes •

The Hslimim are undoubtedly the raoet widely die tribe tod of all
animal piynents and give rise to various shades of black, gray, brown#
ruddy, and tyudall blue, laon® vertebrates, melanins are encountered not
only in dermal mxi epi&crrmi tissues hnt also in such integumentsury prod­
ucts as hair, feathera, and scales (7&}m

tyrosine is oxidised tlirou^i the ©naysie tyrosinase to melanin in
the :f o’i lowing manner (73);

Me lan ins
There has boci. r m m t  renewal of interest in the oaefdation products

of epinephrine, in particular, in ftdraaoehrome which oostains an indole

and for this reason there have been attempts to devise a synthesis of

knmm  since ancient time®# and the 6#6*-dibrcTOinc!igo, which constitutes

- COOH
H

3,4r dihydroxvphenyl
amine (Dopa)

COOH COOH

Tyrosine H
5, 6^. dihydr ©:xyindole
carboxyl^c acid

ologieal aotivit:

the compound which would prow economic ally feasible for therapeutic
purposes#
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Adr eno oh r ome
fills bri^t-red crystalline substance when introduced into the 

body produce® a deareas® in blood sugar and a lowering of the blood
pressure*

Adrenoohrcssie administered along with insulin appears to be a useful 
adju/ant in the treatment of diabetes* This decrease in blood sugar on 
the administration of adrenoohrorae result® from the fact that it serve® 
as an. oxidation catalyst in carbohydrate metabolism* As to its anti- 
pressor act! vity, adre no chrome, fron what has boon learned of it to date, 
appears to be the ideal anti-pressor since it neither possesses toxic 
properties nor does it give rise to secondary products with, undesirable 

physiologi©®!. activity, nor does it have any depress car effect* 
and. if, sufficient adrenoch raise is available for widespread experimental 
and clinical study it may be found to be valuable for use in the treat­

ment of hypertension ( 80, 81, 82, 83, 84, 85, 86 )*
Amour; the antibiotics, pliotoxin which 1® excreted by Gllooladim 

fimbriates* lias an indole nucleus* It has been studied for its chemical 
as well as biological properties and on treatment with seleniixa at 250° 

Cm it underwent the following reaction*

C13H14N2°4S2 250g*c * C12H8N2°3 *  ZH2S + H20 * C c J

the C12H8* gOg proved to have the structures
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r-^ o
Although gliotoacla Is fungicidal, bacteriostatic, and bactericidal it is
highly toxic to animals (8?)*

The formation of indole from tryptophane by certain mloroorgmisms
Is the basis of a long used diagnostic teat in systeraatle bacteriology•
Tit© presence of indole is indicated by the for nation of a red color with
acidified alcoholic solution of p-dimethy la*?tinobensaldehyde {ihrlich*®
reagent}* Positive indole serves to differentiate the eoli
group from other enteric organiaiss {88 )♦

In 1921 liais triek ami Clark found that Paeudomon&s aeruginosa {89}
and other bacteria can decompose the Indole ring# and sine® then their
observation has been confirmed with other bacteria (SO)# Al*«# Fildes
(91) observed that certain bacteria (Sberthella typhoea and G&ryn%®~
bactorltm -diphtheria©) which have been, shewn to require tryptophane for
growth are capable of using Indole in a concentration as low as 10“*̂  M#

i?Ton this fact he deduced that tryptophane is synthesised by bacteria

from ammonia in stages, one of which Is indole#
Another example of the utilisation, of indole is found in the study

by Gray (92)# ifo discovered that, when various soil bacteria (pseudomonas
indoloxidans and isaycobaoterium globerulua) are cultivated In broth or
aptr containing Indole, the Indole is oxidised to indigotin# These find ole- 

oxidising organising are unable to produce indole from trypt oph&ne, and
indole docs not serve as a source of energy for the growth.#
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Although substances with an Indole nueleuss are no*i too tnxmrom* 
several such compounds are of biolo ;.i©al importance, for example, trypto* 
phase, indoleaoeti© acid, adrenoehrene, «tc* She Instability of the indole 
nucleus, ©specially is the presence of acids, limits the usefulness of 
Indole or its derivatives as starting materials* therefore, it is the aim 
of this study to use readily available compounds fr©& which the indole 
nucleus can be formed and which, i t o  definitely aooonp lished, may point 
the m y  to the preparation of subs tames with probably desirable physio­
logical properties*

iieysmn (93) recently observed that catalytic hydropermtion of ba&syl 
cyanide could be stuped at the it&a© stag© (as indicated by hydrogen 
uptake), The iwin© m w  then hydrolysed to the ©orrespond!tr: aldehyde*

This reaction proved sinple to perform and produced m% easily isol&ble 
product In fair yield* The method m s  extended to the production, in 60:4 
yields, of hydratropald©hyde from ̂  -csethyl plwmylace tonitrile*

Stephen (39) m s  able to produce indole by a reductive eyeXimtion, 

using 8a£lg~?«}l, from o-nitrophenylacetonitrile* In an attarapt to combine 
the fruits of 'dteph©»fs and Heysam*© worle, It m s  deoldad to attempt the 
preparation of p~ substituted indoles from ubstittzted o-nitrophenyl-

ac ©ton! tr lies*



Since 'She npdropen at ocas on 'the o^-carbon. o:? ^iior^l.aoetositrilo are
meetriire ant. can be replaced, easily by alkyl or acyl pTo-aro to r i m  eosr*
7.: a;;: ’.cl s oi 11 m  by'- .*e (1-1} $

it try;-eared reasoaablo to sup- os© that substitui©d o-nl trordionylacetoni«
■trilss. could b© prepared which would yield 3-s instituted foi&olm*

NO
•V CH-00 OEt3 NaOEt

H H
p - 4 - CHg
H OH

H

or

OH

H

CIH

CO - CH.

NO,

NH
NIL

>ch2cn
EtOOCIEtOOC

NaOEt

NO.

H

H4 - COOEt
Ah H,

-C - C - COOEtI IICN NOH
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Ftrthemore* it m s  oonoeimbX© that* if these metion© are successful* 
suitable nodi f fetation© stay lead to the important asiino acid tryptophane* 

tlsieiher path which appeared irrfc ores tin.-; and northy of invoe td p ati 05.5 
m s  the redact!on of o-eiitroiscmitroaofcotcnes of the types

C - C - R
6 HOH

vfl..th these eatapounds it m s  hoped that hydrogen&tlon m i d  proceed as 
illustrated 1

—  C - H

f t tnsA/0,

OH

H

5H* OH HH
R

Although our present Imov&ed&e of the Indozyls resulting from reactions of 
this type do not point to their usefulness in tbesaaelves* their close rcla* 
tionehlp to adrenochroae sop ;est that they rmy s e m  as a convenient route 
to this Interesting compound or its analogues* k synthesis of sdrenoehroigie 
vihioh proves ©eomsaie&lly feasible m y  provide this compound as an anti** 
creator in. the treatment of hypertension# ditbehancea structurally related



m

to adrmeahronft say oXeo prom  to  pm m m similar mluable ph&rmxoo logical
nil ifc ii n nTi aMjdnafcP?Opm%t*>OB •

I t ' mm considered mmrtbp ot a brief digression to  attoapt the hy&rolysi*
of the o^ilroieonitrosekeioBe© to -their eerrespending di ketones tshleh upc®
reduction wap yield the mmo iadoxyl wmtmm*

Tfrm it m ®  the ultimate object!*e of ifee «rk undertaken here to «ta%
react! mm which si#it yield the eeeret* of a practicable root© to phyeio- 
logically aetie© compound# with the indole nucleus*
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Perioral:
1} All melting points recorded are uncorrected ami were observed

on the Fishur-Johns melting point apparatus*
2) All boiling points given are uncorrected*
3) Volumes of hydrogen are unoorrooted for either temperature, 

pressure, or the vapor pressure of H*>

Preparation of IntjMre^iatea t 
o-^itrophejaylpyrtrrio acids
irT»iinTirirf r- nm ml if'    *  i w  i *u.i m̂ imi wi*n ,»'iw niiumi »mi unn mm n»

e^Iiitrophenylpyruvie acid m s  first prepared by Hay or and Ball© (95;, 
hut no mention mis made of the yield* Bikes and his Go*m>rkeris (96) in 
attesting to apply the method of Mayor and Ball© found it time ©onsusj&ng 
and the yields resulting from the reaction w r e  poor# BlCarto (97) observed 
that the ethyl o-nitrophenylpyrumte formed in the initial reaction distills 
•with steam and, if it -sms not hyilrolysed before the recovery of the unreected 
o^nitrotoluene 'fey steam distillation, a low yield of the acid « s  obtained*

COOEt

COOEt CHnCOCOOEt

[CHgCOOOOHa' P >  rCIi COCOOH

ieo-salt bath
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Amin (58) applied & modification of the ?>iCarlo procedure and obtained
07% yields o f 0-ni.trophenylpyruvic acid* The modified DIC&rlo procedure,
details of which follow, m s  used la this study t© prepare iti© acid*

In a one-liter* three-neck flask* equipped with a mech&nio&l stirrer*
condenser* calcium chloride drying tube and dropplng-funnel* m s  placed
160 ml* of absolute ethanol in which m s  dissolved 15*8 g. (Q.8 atom ) of
eodim* the e©stents of th© flask vmre cooled to 0-b° by means of an ice- 
salt bath and a mixture of 82*2 g. (0*8 stole) of o-nitrotoluone and 88*6 g*
(0.8 mole) of ethyl oxalate m s  added with stirring o w  a period of
thirty minutes* The reaction mixture -ms etirred at 0-8° for another
three hours end was than allowed to stand at room temperature for fifteen
hours, fh© reaction mixture m s  now refluxed on a water hath, for thirty
minxes after which 380 ml* of water m s  carefully added* Th# hydrolysis
of the ester m s  eonpleted %  refluxing the water mixture for four hours
and allowing it to stand or ©might* In the meantime* a solid brown m a s
had separated at the bottom of the flask* The solution was distilled with,
cteasr, and tl« tmreacced o-nitrotoluene was recovered* Coeplet© m i o m l  of
the war©acted o-nitrotolwen© seemed important in determining the purity of
the product obtained. After complete removal of the o-nitroboluene, the
flask m s  stoppered and placed in an ice-salt hath* 0©me.??tr&t©d hydro­
chloric acid was carefully added portionwioo and with vigorous stirring to
the cooled contents of the flask* As tls© acid m ®  added, a yellow oil
separated which solidified to light yellow particles on shaking, bfficient

shaking of the reactants was necessary in the acidification and, where
at to a Tbs were &ade to run the reaction in double quantities* a tarry mas©
was obtained ur4.es* the shaking secured efficient r&cture of the reactants*



After eompXete acidification, the flask was placed in the refrigerator 
overnight# The light yellow product, a fine-grained m  lid mixed with, 
b r o m  tarry msses, m s  filtered leaving behind as much of tins brown tar 
as possible# It m s  mahed with m t e r  and dried# fh© dried product m e  

washed with hot toluene t© remove the brown e©nt«aimnt* The ©rud© product 
w u o h  weighed 80 grams -and salted from 114-11?° was recrystallised frcsa 
40u ethanol (charcoal)# The pure product which vms pale yellow in color 
milled 76 grw&s (60;i) and nelted at 120-121° (reported mol ting point is 
119-121° (3))#

gf -Oximiao-'^ - (o-id.troph«nyl)-pyravic acid

In an attempt to find th© best method, several different procedures 
were tried for the Reparation of this compound#

Method Ho. 1: tJsed by • Amin (38), this is a nod if ication of the gen­
eral method of dhmln and Herbst (96)# In. a 800 ml# beaker 16#? g#
(0*08 mole) of o-nitroph©nylpyruvi© acid m s  dissolved in 80 ml# of 50$ 
alcohol# To this m s  added a solution of l?.y g# (0*12 mole) of sodium 
acetate and 6#3 g# (o#12 mol©) of hydroxylettsHsiiuKt chloride dissolved in 
SO ml* of 50;I ethanol# The mixture m s  warned on the stem bath for ten 
minutes and m s  allowed to stand at r&am temperature for twenty hours*
The reaction mixture, cooled to 0-6°, m s  made acid to Congo red with dil­
ute hydrochloric acid# ‘v-taber m s  added to ..rodpitat* the ox in© and 
th© beaker m s  placed, in the refrigerator overnight# Th© product whieh 
bad settled out was filtered and washed with water until the washings vmre

CO OH
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free of chloride# The predict after recryst&lli&ation from 30$ stliaaol
(charcoal) m s  alisest white (slightly tan), weighed 11*7 g# (6Gh) and
incited at 160-161° (this melting point agreed with that reported by
neissert (99)#

Method Ho# 2? The method m m  that described by fteiscert (99)*
o-l* i tr ©phenylpyruvi© mold, 10# i> g* (0*04© mole) m s  dissolved in oo g* of

©odium hydroxide end a concentrated solution of 3#b g# of hydroxyl*
cmraonim ohiori&c in vseter m e  added* The Mixture m s  allowed to stand
overnight# % ®  the red solution m s  ocidifi©<5 with concert rated hydro­
chloric acid the o'xiim precipitated as a br<*ra flocoulont ms?* The prod­
uct m s  fl Xtered and washed thoroughly with water# The crude product m s
r©crystallized by dissolving in dilute sodium carbonate solutioTi and
shaking the solution in the cold with charcoal# After several hour®, the
solution was filtered and tho filtrate acidified carefully with dilute
hylroohloric acid# The tan product after drying: molted at 169-61° and
weighed B.O g. (?X;f)#

Method * Ho# 3$ This is a combination of feature® of lac thods lo* 1
and lie. 2 above* The procedure followed was. exactly that of the Reissert
technique (method Ho# 2) since it eeem-d to give better yields t k a  rratciod
Ho* 1# However, since the racxystal1isation procedure of Mo# 1 gave a
purer protest, the product m s  recryst&llized from 30;# ethanol (charcoal)*
The yield m s  70 ■ of product melting 160-161°#

,o-li tr opheny laoot oai tr lie 1
Bamberger in 18R6 (100) reported that when o*«itrolxmzyl chloride m s

treated with potassium cyanide small yields of o-aitrobensyl cyanide might
be obtained^ however, th© main product of the reaction m s  a ec md ons at ion
product of cither on# of th© structures shorn, below:



of e-nitrobensyl cyanide, repeated the work of Bwtihorgor* Her results eon-

o -B itro b e n zy l cyanide could be is o la te d *  iloysaan also t r ie d  uaasnec-ess.fillly 

to  obtain th e  m t r i l e  by n i t r a t io n  of bensyi cyanide uafior various condi­

tio n s * Th© reaction produced 60 & yields of th© para prodtxst, bu t none of 
the desired  ortho  product m s  isolated*

Pschorr and lloppe (101) prepared the nitril# by the following eoquen ce 
of react! onss

imoo the production of condensation products# hut, unfortum fcely, no

X T  •CHgCOOH S0C1 CH C001 BE*o

2

CHgCN ft**

Heissert (99) also prepared o-nitro-.h.enylacetonitrile by pyrolysis 
of c( -oximi»o-F -(o-nitronhei^yl)-propionic acid*
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<7 V c H 2 . £ _ COOH •*. v i g CH2CK
UOH *-----^ I +C02 +-H20

Since the internediat© oximino acid m s  available, it -ms decoded to try
the feicsert synthesis*

Five gpmis (0*0223 mol©} of*o( -oximino-^ - (o-nltrophenyl)«*propio»i©
acid uias placed in a wide-mouthed Drlen&isyor flask which « i  heated In an
oil hath. Th© temperature of the oximc m s  carefully maintained between
140'* 1 4 until all the solid had xaelted* At this stage the evolution of
carl--on dioxide m s  evident. More oxime was added -while carefully controll­
ing the temperature. ^len all the oxine had been added* the? temperature
suddenly rose to 160° at which time the flask m s  te?©diat©ly renotred fro n
th© oil 'bath* The black m s s  which had an odor of hydro gem. cyanide m s
allowed to oool and the product soon crystallised* The largest batch of
©xi-'”-# thus converted to nit rile -ms 44 g# (0*20 mole)* The crude isss was
reorystal 1 ise& scleral tinee from. tenter (charcoal) producing US g* (71^)
of -white needles malting at 84° (melting point reported by riels sort 8S~84°)*

Seeently* aectanmt® and co-workcrs (102) convertedC\ -oxlnin© acids
to nitrilesi erlth acetic anhydride* A siodIficatIon of their method, details
of "sM oh follow, was tried for o-nitro phony laootonit rile* Five grams
(0*0223 Jiol«) of^f - (o-nitrophea^yl)-propionic acid m s  sus­
pended in -:0 ml* of acetic anhydride and the saixtur© was heated to boi ling.
Will® bailing, carbon dioxide was visibly liberated and in five ninutes
the suspension beosm© clear and red in color* The mixture was refluxml
another thirty .sainafc es after which the acetic anhydride- m s  ro-ioved mid or
reduced pressure* The residue was placed In the refrigerator overflight*
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Th© broisa needles which had preeipit&tod were filtered and mfcer m s  addled, 
to the filtrate, ‘sdvjroupon mute so L̂ld xreeipit&ted. The filtration and 
addition of m t e r  to th© filtrate was GO&tinued until solid no louder 
nrooipitatcd• Th© crude product ims light brown ami orysba lline in nature. 
On® recryst&llization from imt®r (charcoal) produced whit© needles meltius 
at 840 and wishing 2*M g* ($S>'a)#

AXih ouch tira© did not permit too extended a study of this reaction, 
it is felt that more experience would produce better yields than those of 
the pyrolytic process. Furthermore, when large anounfcc of oxi:sm were 
pyrolyzed, t!w temperature Imd a tendency to rise too quickly to permit 
proper control and on several occasions the whole m s s  decomposed violently* 
In the anhydride procedure no such difficulty m ©  experienced with larger 
amoonte and the e.*ude reaction product was much inrer and :s®rs easily puri­
fied than in th© pyrolytic process*
Butvrophonono:

♦ CaigOTgCH C0C1 AlCl,
ri Xt-COCH CH CHI T  • • •

HC1

Butyroohenoxte m s  preimred by the Friodel-Crafts reaction using the 
condif1 ©ns s.s modified by fenits (103). The apparatus consisted of a Z 
liter, three-neoked, round bottom flask ©quipped with a mchanioul stirrer, 
a reflux condenser joined to a gas abk option trap, and a droop in,;-;: funnel* 

In the flask m s  placed. 800 al* of anhydrous bensenc (excess henssene serv­
ing as a solvent), anti 203 g* (2.2 moles) of anhydrous aluminum chloride. 
Cr’©r a period of forty-five mirmtoss, 215 g. (Z saclos) of butyryl chloride



S3
\ms added to th© mixture slowly while stirring# The ©volution of hydrogen
chloride -was vigorous and the mixture in the flask refluxed* M®ans#iile,

the eolation darkened to a red-brown color# After all the hutyryl chloride
had been added, reflating was imiat&ined by heating with & m t e r —hath
until th© ©roliiticm. of hydrogen chloride had practically ceased (about
three hours)# Th© gas absorption trap m s  rencnred and th© condenKer top
was attached to a water pwaa. due id on was applied for sai hour to reraov©
the hydrogen chloride mere eaapletely, tout care- was taken that the suction
did not cause the solvent to reflux to© vigorously*

The reaction flask m s  surrounded by a cold water bath and the conplex
decomposed, in the presence of the. solvent, by the dropwise addition of
m t « f  from th© separatory trmm 1* vftim. the -rigor©us evolution ox hydrogen
ob.ls.ride ceased, the deeoaposItion was owsplote ami the suspended aluminas*
compounds were dissolved by hydrochloric acid* The two layers were sepa­
rated end -fee aqueous layer was extracted twice with ben sen©* Th© benaone
extract© ar»d ben2©no layer wore oaiblaod and washed twle© with water, with
lO'.t sodium carbonate solution until the mshings wore alkaline, twice
again with wator, and then dried over calcium, ehlorldo# The excess ben- 
sen© m s  referred by distillation and the residue was distilled to recover the
ketone* Th© ketone obtained by distillation at atmospheric proscur© boiled
22?~22S° (roper tod 22T-2310 (l©4)) and upon rod is til la Pi eta under reduced
pressure the boiling point was IxE-lDd^/r-b m *  It was a sweet smelling,
colonies3 liquid weighing SIS g* (?4g)*

Kit rati, on of Ketone©:
o and m-ilitrmcotopHenoaes i

fertiis (103) m d ©  a detailed study of this nitration, of propiopbenon©
under conditions ©idoh varied as to te'-porature and nitrating mixture* Ho



found that, the lower the tereper&ture,. the greater the yield ox* both 
ortho and mote. nitro products-* Although various nitrating mixtures, s w h  
as, sulfuric and concentrate ? nitric acids, sulfuric and fiMistg nitric 
acids, and glacial acetic and £vm.'-ns nitric acids were tried, it « s  found 
that the use of fusing nitric acid alone gave the host results# .MeiiXar 
studies* of the nitration of aralkyl ketones m ? s  been m h o  by Morgan and 
dess (1045) and I-Is cm, Gibson and dohnson (106)*

CO CH.

HO

COCH*

HH03

The nitration proood\r© w e d  in this study is essentially that of 
den its. in a three-neck, liter, round bottom flask fitted with a mechani­
cal stirrer, dropping funnel, ami the nBoraeber m s  placed 425 ml* of fuming 
nitric mid* The flask v;ue sis*rounded by an ice-salt bath and stirring
was started* ifien the tomnoruiure of the acid mis between 0-2°, 60 g*
(0# 5 stole) of aoetophenom? was added in small portions from, the dropping 
funnel* By ad justly the rate of addition, the tepiperature of the reac­
tion m s  ta&irrtaiaed between 0-5°, Stirring m s  continued tor twenty to 
thirty minutes after the complete addition of tie acehophenone .

The roaoticsi mixture was soured upon 1000 g. of ice s M  the yellow 
oily crystals which separated •wore filtered with suction* The aqueous 
.filtrate was extracted several times with 100 ml# portions at ben&ene, the
bsns??ne extracts were combined, w&rssed to 60° and mod to dissolve the
product on the filter, fhe bense&o solution, after washing with t-kree 
4-0 ml* portions of* water, with 10% sodium, kydroxide msfei I the washings 
w^re practioally colorless, and finally three times more with to ml*



portions ©f mter, was dried over ©alct\sa chloride stud filtered. After
re ,o'mI of the bensene by distillation, a mixture of the ortho and meta
i«.crners "was obtained* The oily mixture m s  placed in a refrigerator over**
night and the solid meta produet was separated tron the or the product by
filtration* The oily ortho isoaser which still adhered to th© solid sa&ta
product on the filter •was removed by washinc. the 2?dxt«re with, cold 9b%
alcohol in which th® seta isomer la insoluble* After re. -omi of the alco­
hol by distillation, the ortho isomer m s  obtained as a hr m m  oil and m s
placed in a refrigerator for several days to allow the separation of a
small amount of the erysx&llin® imtn. isomer which had been dissolved in it,
The xet« eocpound was filtered and combined with the product obtained,
earlier*

The crude o—nitroacotop!ienono m s  fractionated trnder red need pressure
/

and m s  obtained as a light yellow oil boiling at 1S4*16€°/&**X2 m *  which
h®0WM tan on standing ^ reported roiling point X?0-l?$°/$2 mrn* (1M§)J *
The yield of o»nitrQft©«toph*nonc; was 31*4 g. <53;£). The me tat nitroaceto- 
phmone -ms reoryetalli sed from 9Sf£ alcohol yield i3*g e.lmoa't- white crystal®
is light yellow color) melting at 0^-81°' { reported n» pt* 81° (106) J • Th®
yield of the met© isomer m s  37*0 g. (44 *4/0 •
o ami m-Nitropropienhenones t

CO ch2ch3 UNO
fuming NO,

by applicati on of the procedure described for th© nitration of ace to- 
phenoaa, 0? g« (0*i mole) of propiophemone produced 26 g* (29*2;£)of the
light yellow oily ortho isomer boiling at !54**lS6°/4 m *  ( reported
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l.,2-16S°/2 -3 im. (103)). Th® weba ison«r m s  obtained on recrystal 11 na­
tion from 95:1 alcohol as a pale yellow crystalline solid welyhxnp- 32*5 •> 

(36#4(i;£) and noltin% at 98-99° ^reported 98.5-99° (103) J • 

js and nub* 1 trobiityrqghmiones <

C0CH- CH -CH„ xy-^CO-CH -CH -CH2 2 3 HftO, (I N 1 2 2 3
■ s >

fuming \ j^ jC 0-C HgCHg C1%

The nitration of 74 y. (O.b raolo) of butyrophenone# by the procedure
described for acotopkenone* produced 49.4 y* (51#4^) of the ortho isomer 
which \ms u tail oil and darkened on st&ndin;> Tie constints for the ortho 
©rod tic t vrero not obtained, for all attc pts at distil let.;’ on of the com­
pound under reduced pressure resulted is an explosion and carbonds&tion of 
the entire mass. f/ridently, other morleers have experiences th© sacne diffi­
culty in distilling: o-nitrobatyropllenone, for a earaful search of th© 
literature does not r e m l  a boiliny, point for the compound although it is 
described in earlier papers, ^ossibly the cmpotmd could be distilled 
without doeeopositlon0 if the distillation were carried out under a suffi­
ciently hiyh vacuus.* The saeta nitre but^rrophenono on r©cry©tallt sation 
from 95:# ctlmnol v. uSkCS O t3T5-S3*5» nod in palo yellow crystals raelf iiip. at 82-63° 
(^reported m. pt* 62-63° (106)Jm The yield m s  3o.2 f. (36#5^)*
K i tro s at ion?

Th© general nitrocation reaction allied to ketones of the type 
ArCOChgk# where H is an alkyl prcmp, produc ing oximinok© tones according
to th© equation

nrtvjvJSgix _______ * iaviV ‘'
i.JCl ■ iffi

wus first described by Claisor. and lianass© (107)* Later studies by *later
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(108) and by Hartm,*; and his associates (109* 110* 111* 1X2) further
s' owed that the oxinisiok©tones could be prepared successfully in pood

yields by this schesao* Therefore* it m s  decided to t*y this procedure
for the nitre sat ion of the ortho and meta nitre icetom/s prepared in this
study* lloWTOr, since Rartimg and M s  group (111) reported that the
nltrosation of acetophenon© in the presence of hydrogen chloride is w r y
unsatisfaetoiy* it -ms considered best to use the method of Clateen (113)
in nitres at imp the aootophenones«
M-hutyl nitritet
‘ TfiT 'r i~ -r• ‘tt'irt~ T - -i~‘n k ~ii— rrnwi m -irnani'rr

XI”a «-*butyl nitrite used in these experiments was prepared by the
method of Soyos (114)*
Afctswotod nitrosation of ©~ and rj-nitroacetonhencmes«

x^.9 - c -k o hNaOEt
BuONO

A eolution of 23 y* (1 atom.) ©f sodium in joo ml* of absolute alcohol
m a  treated, while cooling, with 10b g* (l mole) of either ortho or meb&~
nitroaoetophenon© and 103 g* (l mole) of n^butyl nit r it a* The nitrite and
nitroacetopheaone were added alternately, in small portions, with cooling
after each addition* Th© rod mixture me? allowed to stand in, th© refrlg-*
©rater for five days, after which 230 ml* of ether «  added and the
heervy, rod sodium salt was filtered and sueked dry* Th© salt was die .solved

in 283 ml* of water cooled to S° and treated with 60 •> (l mole) of glacial
aeetie acid* A brcwm oil resulted instead of th© expocted ©rysmis* Th©
oily liquid was extracted with ether and the extract m s  freed of ether by
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chloride (five to ton minutes) 89 y* (0*S61 mole) of freshly distilled
n-' ->ityl nitrite was ad -Jed by neons of the dropping funnel in 0.5 nI.«l*Q
ml* portions* After ad it!on of the first portions, the reaction mixture
became oran-pe-brown* and after several minutes, a pale yellows those color

changes occurred after the addition of each subsequent portion of the
nitrite* When the last several pertions of nitrite had been added, th©
©ran$©-br©w» color remained* During th© reaction the Eiixtur© gmdtmlly
warmed up and the Cbher reflujred gently* Stirring and the addition of
the hydrogen chloride were continued for another fifteen minutes after all
of the nitrite had been, add‘-id* Solid began to separate from the reaction
mixture before all the nitrite m s  added* Air was blosm through the flask
to evaporate the other and th© orange crystals were filtered from the
butyl alcohol reminlng* The crude crystals weighing 106*0 ;:* were recryst­
all sed from water (charcoal)* yielding pale yellow needles m l  tin;. 167-158®
and weighing 90*0 y* (&$*$̂ »)* Although this ecEapound Its not been des*
cribed in the literate©, Hartnng (116) prepared it in his studies and
reported a molting point of 156*6^*
nr41 itro isonit r oa opr o pi oyhcnone %

BuQNO

tkdny the proood*,ar©'described above for th© ortho isomer, 140 g*
(0*764 mole) of sfnltrooropiophonon© was suspended in 600 ml* of ether and
89 g* (0.S61 sol©) of n-buiyl nitrite m s  added in 0*5 mi* - 1*0 ml*
port! ons * Contrary to th© us m l  nitrosatl on procedure, the ir*nitropro~
piopHenon© did not dtssdfer© in the 500 ml* of ether and the usual change in
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cox or, from orange to yolloi1/, after th© addition of th© nitrite did not 
occur* However, mien all the butyl nitinlte m s  added, the reflating sud­
denly became quit® vigorous, all th© ©olid want into eolation, and the color 
beeaae pal© yellow* When the refluxing subsided ©olid began to precipitate 
and air m a  blown through th© flask to raesQV© th© solvent* The crude prod­
uct soporated as a light tan crystalline «*&*© sighing Io7*0 g* After 
recrystallisati on froia water {charcoal), white crystal© resulted molting 
at 16&-1700 weighing 131 g* (80,5/*)*

?he analytical data Indicate that th© nitrosation procedure did not 
yield a pure n-nltrolsonitroaopropiophonon©* This m s  not entirely unex­
pected after th© odd manner In which th© nitroaation took place* Since both 
in-nitropropiophenone and m-nitroiaonitresopropiophonon© are solids and 
soluble In similar solvents, their separation presents a problem, which was 
not successfully solved in this study* jiowever, th© analytical data Indi­
cate the product to be about 86ff ja-aitroisonitr osoprop iophencnte and XS4 
';:.-n.itropropiophenone* The difference© in molting point and the positive 
qualitative boat for oximimtian di sous sod later all point to the validity 
of the conclusions drown*
o-HI tr oi s on i t.

COCH CH CH 2 2 3 -JC1
BuONO

fhe procedure described above m s  tried with MS.- &• (0*744 mol©) 
of o-nitrobutyropheiKme and -34• 3 g* (0*82 mole) of n-butyl nitrite produc­
ing a tan solid* On recsysts^llisation from water (charcoal), w’dte noodles
irore obtained melting 131-lb2° and weighing 91 g. (bbh)*
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*N itrc is oni trots obutyr Qphemoa© :

CO - CH? - CH? -CH* " S ‘ CH2 " C^3
BuONO _ II 10 HOii

The sttrosation procedure described mis applied to 145*8 g* (0*744
mole) of a-nitrobtityropheoen© and 84*5 g* (0*82 mole) of n~butyl nitrite*
If tor a few ml* of the nitrite had been added# all of th® m-mi brobutyro- 
pheiaon© went into solution* At the end of the reaction, air -was blown
through th# fMsk and th© cmd© product tiros obtained was rosryetall1 sod
from f&t«r (charcoal}• Th© whit■© aeodle# obtained on reerystall!sation
weighed 108 g* (6§f>) and melted at 73-*74^*

Qualitative Tests for Os1mlmat!on ;
In order to obtain a qualitative lndieat ion of th© success of the

nitresatione, the glyeximes of th© ©us peeted isonitros© Jod tones were pre­
pared and tested for by th© formation of colored comp loses u&t'h ammoniae&l
nichelous su If ato•

In tli© case of each nitrosatt <m product, a solution of 0#b g* of
hydroxy l&ftTsonium chloride in S j-al* of water m s  added to & solution of
X p. of the nitr osati on product in alcohol* Xuffieisnt alcohol was added#
drop by drop# until a elear solution resulted* Several hour© labor, a f w
dropa of am::oniaeal nickel sulfate solution m s  adUUni to 2 nl* of th© solu­
tion prepared aoov©* In each case strongly colored nickel delate congjouads
formed*

I. go nl tr o 5 o k® tone Chela to with f? 18 (>:?%)

o-nltroisonltrosopropiophenone - deep ©rang© precipitate
o-nitroisonitroaobutyrophenos© - deep rod preoipit&te

m-nitr©Iaooi troaopropiophonon© - deep blood-red proe ipitat©
m-nitroisonitrosobutyrophemone - orange precipitate
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Th© qualitative tests indicated that th® products tested -mrm th© 

is©altrose tarboxtes desired*
Attempted prqm. ration of dikotonsss

p. “  S " CH3 5% ^0 NOH -^so >
c - CHg

'©1 lowing the technique of Poohimixn suad M§Her (11?} as modified by 
Kllin (1X9), 1 £* (0*034 m&l®) of CM-rltroisonitrosopropiophenon© m s  dis­
tilled for fourteen hours with ZSQ iftl# of 6% sulfuric acid* ;?u*J furie acid 
and water ware added to the di -tilling flask from t h m  to tine to replen­
ish. the hydrolysis wixturo. A light yellow solid* vhloh tended to clog the 
cond* riser, distilled over into the recoiver « Th® solid m s  returned to 
th© d i still inf flask and the distillation repeated several times* The 
solid product obtained froa this reaction upon re cry $ try. 1 is aid or: checked 

in fiwrjr respect with the original o-nitroisoniIrosopropiophmone* Th® 
fail?;re of the hydrolysis to the dike to no nap well have been a d5jreot 
result of tli© insolubility of th© o-nltrois©nitresopropiophenone in the 
dilute acid and the;: reacti on prove suocesaful if son?© auxiliary a pent 
is used to bring about solution of th# oxlnino ketone in th© acid* how­
ever, these studios were not pursued asp further at this time*

Attempted co ml ©ns at :1 ons wi th o-ni t ropHeny 1 acet onl tr 1 le s 
Condensmtioas with ban ay 1 chloride - In o-nitrophenylacetonitrlie» 

as in aee.toa©et.ic and malonie asters, the hpdropen of th© -CHg group linked 

to the activating Tneayl and. -CT groups is very readily replaced* Thim, 
sodium ethaeidw fdves monos©diobenay 1 cyanide which reacts with alkyl 
Halides to give alkyl-bensyl cyanides sad with esters to ;riv© cyanoketonos 
(94).
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solid sodium. hydroxide as a condensing ag«at as described by
Janssen (119 j .f©r bensyl cyanide, Z g* (0*0X2 sola) of o-nitro>4\e»y It&c e tox**
Itrile, 20 ml* of dry ether, 0*495 y* (0*012 mole) of baOH pellets, and
1,6a g. (0,015 mole) of beusyl chloride w ? e  rafluxed together on a m t » >
bath for two hours* While refluxlag the solution beoaia© -dart: brotvn* When
the rdxburo m s  coolod, the pellets of sodium hy&romL&e were intact, tit©
odor of bensyl chloride was present, and th© tmr©acted ait rile m s  recovered
on evaporation of th© other* Apparently, sodium hydroxide pellets would
not form the sodio-nitrilo infc©rysed 1 ate necessary for the oemhmnation*

-Wp er). nont Ho , Zt
todiura, 6*t g* (0*022 ©tom)-, m.s dissolved in 18 ml. of absolute alco­

hol* So % he alcoholic ©tiioxid© solution was added 2 y. (0*01i" nole) of
o-nitrophos^/laoetonitril©, whereupon t'l® solution became dark I:In© in
color. After the adm.ti.om of 1*65 g* (0*013 isole) of bcruayl ©h lor id©, the
mixtu re wms refluxed on th© water-bath far on© hour ami placer in th#
refrigerator enr ©might* The brown solid, which had pro©ipitat©d, was
filtered and tests proved it to ho sodium chloride* The alcohol in th#
filbrnte m s  evaporated and a viscous brown tar resulted* Atb art pus at
work in,' up ibis tar fai led*

bxp#rime at Ko* 3$
The procedure of experiment I?o* 2 m s  repeated, hut the raixtor© was

internalttanfly ©Tmken in mi lee bath for an hour, rather than refl u)c*d# a nd
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them, placed in the refrigerator overnight. A precipitate of sodium chloride 

roscltoci vrom this axcperinent also and atte ’|>ts to recover a product from 
the tarry residue failed*

Condensations with ethyl oxalate *

a
- C H C N  C00Et* I
N02 COOEt

Ksperimaafc Mo. Is
This reaction was attempted aece ding to the procedure given in 

Organic Syntheses {120} for benzyl cyanide* fo 3*36 ml* of absolute ale©~ 
hoi was added 0.23b g. of sodium (0*012 atom) and, wi**n all Hie s-odiu»
-was in solution, Hie mixture m s  placed in an ioe~s&lt bath* To th® sod­
ium ethoxide m s  added 1*9 g. (o*013 mol®) of ©thyl oxalate and 2 g.
(0*012 mole) of o^aitrophsaaylaostoaitr 11© in lb ml* of absolute alcohol*
The mixture was shaken in the ice bath for one hour and placed in the 
refrigerator ©vor-night. Tba blue color which appeared when the iiitril©
isaa ad-fh "ms six .11 present. The contents of the flask wore mmiofi to
... r. oOn ana aoidixiod to litmus witn hydrochloric acid. The sodium chloride 
-sfcich precipitated was filtered. The alcohol was retrieved by distillation 
a ad. the high ho iling residue m s  allowed to cool* Although a yellow 
crystal line material pr ©sipitated, it proved, on recrystallisation fron 
water (charcoal), to b© unchanged ©-mtropkmylaceto nit rile*

A preliminary study was -nub© of ©inllar co«d©nsations with o-nitro- 
pheuylayotosiitril® and bensaldehyd© in the presence of sodium ©thoxide, but 
in every case no new material could be isolated, bo cause of the cli scour- 
aping: results with th© oo ndens&tions tried, it -was decided not to pursu*



these studies n y  rujrtiior*
"'tipj Studies:

The :T aa 1 -huse of this uushle- may- he convenientl;p tli uihed into
tl: re?-* :.m in •-ii uIs i one :

a) Reduction of 0( *§'■; eahituLei o»nitrophtv-iyl&cotonitri leo to
iiiO oorrerpoadiu.-; 2~sif>otItotoo incles*

hydro lys is

odeetl on of o-n t ir o i s o n i tiros olce t ones to tie ca* reeooufi
imloxylo

OH 0
- R OH

H
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c ) finally# it s s  of Interest to try to reduce the double

bend in V/Xi substituted indojsyls to the 2#3*dihArdroiiidcxxyi 

■whioh 'muId produce structures closely rc'senitoliny, that of 
air cjnoclJrô © -

n %

Attention m s  first given to the reduction. of o-nitronT?oBylacetcnitri le 

and its analogs • fnfortunately, it -ms impossible in this study to pre­
pare the •{ -substitoted o-nitrophenyl&cetonitriles and only the unsubsti- 
tuted nitrile m s  available for rodnotioa studies*

Ordinarily th© re&ueti on of the cyan© pro nr does not proceed unifomly 
at all either uith nascent or eatafytiotft ly excited hydro pen* The reason 
for this is the fact that the extremely reactive aldmin.es, forneo by the 
addition. of one nolo of hydrogen# react "aster in certain other ways 

than they car? he reduced f u r t h t o  prii'iary aiainos* The -rest Important 
of these rrbseqnont reactions- is the fornxtion of sooonf ay. m i  nos*

T m  es m l  znetnoda of hydrogemtj. on by th® fabatlor-f^aderens (121)

•aeflrod csr in alcoholic solution using nalladitss. or platimsa as catalysta( 122 ) 
give considerable amounts of secondary cminc as well as the ■mrm&l prod­
uct of reduetS.cr* (l23# 124# 12 E» 120# 127), losersaum! and -ffasbcueh (120) 
kire dose ribbed conditions for the catalytic reduction of bo tm nit riles to 
pyismry mines taiing acetic acid as a solvent* According to Ikrtune (129)# 
ife yield of primary asaine is 1 «smaefel at the expense of the side reac­
tions* by carrying out- the hydro;*oration in alcoholic solution containing; 
one equ1valent of hydrochloric acid* The addition of ammonia in the hydro-
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lunation using Haney nickel also reduces the amount of secondary mnin®

(ISO)* farothors and Jones (131) T?ero abla, by using HtOn and acetic
anhydride as the m  lT@nt» to obtain good yields of the acetyl derlmti w®
of the primry amino*

:. tephcn (30) ims able to ©oiwort sitriley into aldehydes '-y seass of
the intermediate inino-ehlor id® by the use of stannous oh lor id® saturated
with hydrogen oh In ride in at har* Heyrmn (93) isod pal lad i m  on charcoal*
in the presence of t w  ecyiimlonf ts of hydrochloric acid* to hyd.ro gen at©
catalytically phenylaoetonit ril© to the ijatersediate lain©* Btiioh could
be hydrolysed to phez^laeet&idohydo* Tho ob jeet of thi a atudy m s  to

- ? - NHP d ^
CH

H 7 ^ 11 HpO

reduce o-nitrophenyXaeotonitrlie eataXytiosl. Xy to indole by moans of an.
intraaoleonlar ring closure*

bine® largo amount r of o-nitrophonylacotonitri1® were not too easily
ami la. • le, it m s  decided to make the reduction stud lea on snail S'l-nles

(S g* - 0.0124 mole). furthermore* if was necessary, if eyclinafion to
indole was to bo accomplished, that, the reduction be a to oped at the inline
©ta||©5 otherwis©* it m' gbt continue to the privmry (mine urn3 present inter­

nal ri ny cl<m ure • ;'itk all these factors ia nind* if was considered
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essential that the reduction ho carried out using a measure of hydrogen 
uptake which was sufficiently sensitive to indicate arm 11 differences in 

hydroyen absorption* This was accomplished by using a straight tu.be mer­
cury iMBoaot«r which vm& attached to a meter stick so that heights in 
tenths of a eentijaeter could bo road directly* The mnometer m s  attached 
to the ©3diaust end of & Parr shaker type hydrogen&tor and the hydro gena** 
tion m s  started with boHt the exhaust v&lv® (attached to the smnoimter) 
and the bottle inlet valve open* In this ?my, hydrogen uptake vm& lrmedJU 
aiely indicated by a fall in the height of the column of mercury in the 
manomeiter* It was pose i»le in this manner to cheek hydrogen absorptions 
as small as 5-lo ml* The method was not without its dleadvunb&ges» for 
the mctnomcter oould only bo used with those hydrogenations ardeh would 
proceed at pressures of about 18 p* s* i. I E o r  pro sms-or* of course, 
could not be recorded on this luO ea. numaaeter*

^reparation of catalysts
The catalyst m s  prepared by the usual procedure developed by Hartuag.

(XS2)« Into a Farr shaker bottle was planed 100 ml# of water, 3 p* of 

auohar, 13*6 ;..* of sodium acetate (HaC«u%Gg *3!%0) and 3 ml. of & soltitio n 

of palladium chloride (each ml* of this solution contained 0*1 p. of FdClg)* 
ThI s mixture was placed on the Parr hydrogonator and the bottle was alter­
nately evacuated by water pump and then filled vdtfo hydrogen gao four times 
thus leaving an atmosphere of practically pure hydrogen in contact with, 
the suspension, dgitati on was beg\m and allowedte proceed u. -til K/drogen 
m s  no longer absorbed. The catajrst ims 1h«n filtered onto a Buchner fun­
nel* washed several times with water, then ethanol, mid finally other* The 
catalyst srs either used at once or stored in a desiccator until used*
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Calibration of laanoaaatert

It -as necessary to calibrate the isanometer before us©* The refection
chosen for the ©alibration was the redueti on of rmleie anhydride to sue**

cinie anhydride*

HC-

HC

CO
\ Pd-C\ ------ >

H2
CO

CH.

ch2-

CÔ

do
0

the endpoint of the reaction \ms taken a® that point at -which hydrogen m s
so longer absorbed*

One-benth oi‘ a mole (9*8000 g*) of pure, dry mleio anhydride m s
placed in a Parr hydrogenation bottle with loO ml* of absolute alcohol and
3 g. of IGp* Pd~ch&rcoal catalyst prepared as described above* the gauge
pressure at the start of the hydrogenati.on was 1C p. s. i* The nanoaeter
was attached to Hie apparatus and the column of tsarcury m s  all cured to eoes
to equilibrium. When a thirty-minute period produced no visible drop in
manometer reading,, the hydrogenation was started* Since each mole of the

maleic anhydride requires on© mol© of hydrogen for reduction of the double
bond, ccsaplet© hydrogenatlon of the mixtaare wood would requires

Ofl x 22412 ml»/cx>l© * 2241*2 ml* of hydrogen*

Time in minutes Ijeanteg&eter reading In cm* of saercury
0 83*6 cm
2 74.S
4 60*0
8 SO.O
6 41.0
8 40*0

18 40.0
IS 89*9
20 89*7
29 89.7
SO 39.6
64 39*6

120 38.0 a topped, reduction



ii# reduction m s  as si met! to be complete and ouontitfctiTO end no
.© to isolate the product te ref ore, a drop of 44*0 cm.attempt w&a

w w  equivalent to a hydrogen uptake of* 2241*2 ml* Thus* each centimeter 
drop on the laancjnoter is equivalent to 50*9 ml* of hydrogen*

Heduction stuties of ^ R itropho^laeetpiaitriles
As previous Xy pointed out* it «  hoped to find condition® fill oh would 

permit the catalytic reliction of o^nitrophenylacet© ait ri 1© to the oorr©©- 
pordin^; o-aiidnoiiaino* This imine could b® hydrolyzed to o-arainophonyl- 
aoetaMehyde which should oyolise to indole• it m s  anticipated that the
reduction of the -bOg group (requiring moles of hydrogen/mole of com* 
pound) would proceed first to he followed by the reduction of the -Cb group

the reduction proceeded in such a m y  that a mixture of imine and primary 
amine mere formed* veiy likely seocruicuy euatno would result as follows

Is, order to suppress such secondary am in® formation, ua« m s  made of the 
o-peri©no© of Sartunp (129) and Heyman (93) and the reduction m s  first 
attempted in the presence of hydroehlcr ic acid* into a Parr hydrogenation 
bottle mis placed 2 g# (0*0124 mole) of o~nitrophemy3&c©tonitrile, 3 g* 
of 105a Pd catalyst* 150 ml* of 70)2 alcohol* and 2 equivalents of hydro-

ehloric a©id (2*2 ml* cono* hydro®uloric acid)* The bottle was placed on 
the Parr hydrog®nator and the air m s  removed by evacuating the apparatus,

to -6 a hi' (requiring on® mole of hydrogm^4aole of oompoimd*) If, per®! tan ce,

i-CHg - § r HH - one mole of Hg/mole oompd.

3 moles of Hp/mole compd*

Total 4 moles of H^/mole compd.



filling it with hydrogen# and repeat In:;; the srocies at least four tines.
The manometer m s  attached to the- excaush. valve ana the apparatus was
ml .lowed to acme to oqiiilibrino before shaking m e  started# hinee on© isole
or nitride would rerulr© four nole-s oh hydrogen to produce the d©sired
aninoininoi therefore* 0*0124 cole would require 0.0404: mole; of hydrogen*

0*0494 x 22400 » 1106*G nl* of Hydrogen required
1106.6 * 21*0 on,* drop on ^sancmetar represent® 1106*6 ml* of hydrogen*
SO #9

Time in ?ilmites fazio^eter reading In on. mercury
0 69*6
6 56.0 69.6 - 21.6 9 4?*8 <m#
7 62*6 tv-rretical stop---!**;/; point#

3 moles of hydrogen already
f • 6 ■& 1*9 ah s orbed

11 hi.2
13 60*6
ic 30#0
1/ 49.8
16.5 49.§
29 ' 49.4
SS 45*4 - stopped reduction although QO ml.

hydroyen still' to be mbsorbed.
Apparently three nolo equivalents of hydrogen -wra abnor1 o:: tin first se-

?G2 : dmites am the rcsmlniic on© nolo equivalent required twenty-two minute**
this ooi.uted to a rapid initial reduction of the -60» /.roup followed by ay *
slower reduction of the -€4 to ~ll - b'H. the bottle at the end of the re­
action had an odor wry suggestive of indole. fli-e catalyst was filtered
off and the filtrate' possessed a definite indole-like odor* A little of
the filtrate -was made alkaline with sodium hydroxide solution and a few
ml. of an alcoholic solution of pierie scid w&® aided resulting in an
or an ye* red precipitate, w.lch, in color, resembled the piorato of indole,
the alcohol was rcm,owd from the rtraining filtrate by distillation under
reduced pressure* the residue ms  a milky solution with a strenq Indole-
11he odor from vbieh a brown oil separated on cooliny. chile standing in



the refrigerator overnight, a crude crystalline produet separated from the 

b r e m  oil* The s&eltimy point of this crude product \ms higher then that 
of indole and attempts at r@eryat-allisat3.on did not produce a compound 
which could ho characterised, dvldenily the acid which bad been used in 

the reduction had caused a polymrisation of th© indole isS\icb easily poly­
merises la the presence of acids* This experience forced the decision to 
try the reduction of the nit rile in the absence of hyd roohlorie acid,

Several reductions were tried without hydrochloric acid primarily to 
/■Trove the formation of indole in the reaction. The (fuantit ies and condi­
tions were the sane as those given above, but the hydrochloric acid was 
emitted* Again all indications 'pointed to am initial rapid r@clwtJ.o-n of 
the -MQg group fol leered by reduction or the -C?I, Tim reaction flask at 
completion of the reduction bad a definite aomoniaeal odor and moist rod 
litmus held in the neck of the bottle turned blue* The filtrate after 
removal of the alcohol had a definite indole-like odor, J.tiaace attempts at 
obtaining crystals from this residue failed* it was extracted with petrol­

eum ether, evaporation of itie petroleum ©therpreduced sfeib© crystals 
which incited, at 49-61'° ( reported for indole 62*6° (X33)j* Qualitative 
tests for indcle rre re positive with •Hieec ciy sstals.

Another reduction without hydrochloric acid using the ssae quantitles 
of nitrile and catalyst, but only using 100 ml* of 7Q& ©t£uuiol m m  rum 
according to the procedure described above* The same reduction pattern 

was Observed in ’this study as in those previously outlined. After the 
alcohol bad been removed fror<>. the reaction liquor", v^ult© flaky crystals, 
which were slightly co&tarainatod with, a rod oil, began 'to precipitate* The 
crystals possessed a definite Indole Oder end gave a positive t; $t for 
indole «i. th y^isgethylonlifeobenz&i 1 delude• Ax- crude product m s  re-crystal- 
lieed from water (charcoal) yield 'Mg 0*?9d g* (85;n) of a white crystalline

mailto:r@eryat-allisat3.on


solid, with an Oder sugip&stiw off- is&phthyl&Hinci tund melting at 62°.
The par© whit© product, bee&n© slightly pink on standing* An crAngo-red
pierate prepared from this product melted. at 173-177° f reported 176-177°

A tte n tio n  m s  now focused on the ro d n o il on of the o -n i t r o is  cmi tr©s o -

the reduction of oxintes arm essentially tho© o discussed aboTO for nitrilos.
Hera spain, tho use of an acid reduction ?aed±um has m d e  it possible
©abalyiic&Hy to reduce oximos to tho primary aminos mieonfcminateti with

IDS) hair© e x te n s iv e ly  app lied  th is  method in  th© red u ctio n  of ox-terns to

th# prime obpnet was to seei;re reduction of -KOg to -Ts!L> while slnuXta.B«*
eeusly reducing the oxinino group to  tho iu t® rs « d ia te  - g -  wd ch txn&d moon

1H
hydrolysis produce an aminoketon© which could, oyeliee to an lad do-typo
nucleus* Since there m s  also a carbonyl group <̂ £-to tha oximin© group in
the original compound, which varmld on reduction become an c^iy&roxyl, th#
filial product would be a 2-alkyl substituted indoxyl*

ketones to  th ed r e-orresponding indoxyla• The d i f f i c u l t i e s  esioountored in

tho corresponding amine compound ifcrile



Os tfe# feiusl# «f *3cp#ri#n## gaixwi in tk# r#*$u#ti«m at*nli#3

**!

>p
01I?P*

oI m2
O-JS*
IoSo

o*
I

-—
|—

<
w

>

!! i
t

IJt



it ms ncjctesp&ry for five moles of hydroitm to bo' absorbed per nolo of

o-iilt roi so nitros oketone *

NO-

S - CHS 5 moles
Hg

Pd-C NK.

- CH.

\

keto

Mo

enol

shift
OH

Me

Uaforbunately, s t w m l  reductions w?re m d e  before this error m s  realised*
In a typical reduction stopping at fee four mole hydrof;esi absorption

stage* 2 g* (0*0036 sole] ©f CH*nitroisonibros©propiQ9hcci<?n©» $ p. of i M
Fd-charcoal catalyst* and 100 ml* of 70$ alcohol w r a  all placed, in a Parr
hyd no pen at i on bottle* The bottle m s  connected ’to 'the hyi ro penatd on appar­
atus and tko air* -was rê .oiwsd bp evacuation* filling it m t h  hydrogen and
repeating the process at least four times* The manometer mis Joined to the
apparatus as previously described arxS equilibrium m s  attained before
hydrogen&tion was started, fine© on© role of oxininofcetone m m  Id require
four moles of hydrogen* therefore* 0*0096 mole mntld require P.03b4 mole
of hydrogen.

0*0304 x 22400 S 060*2 ml# of hydrogen required
6C0.2 * 16*9 ©is* drop on manosaster represents 060*2 ml* of hqdrogen.
SO .9



5.8

time in minutes Msmmeter

0 82.? cm. A2.?~16.9«€h.8 cm.
% 78.0 iheoratio&l m d  point#
4 75.0
§ 70.0 ^ . —  5 moles at hydrogen already

abapr bed-
8 88.0

13 68.8 Stopped reduotion
Here, as in the case of the nitrlXe, throe moles of hs&rogen m s

absorbed in th© first five minutes and the remaining one mole required
eight mimufco;;.. This pointed to rapid redu0ti<m of the ~B0n to -HS© at*. <5 *■

* 1first, followed, by a slower reduoti on of the -C»B0I! to -C s HU# The hydro- 
gen&tion bottle at the end of the reaction had an anmoniaoal odor and 

moist rod litmus h e M  in the m a t h  of the bottle turned blue. in. spite
of the proseaee of charcoal, the re action mixture was soon, to possess a
definite greonish-yellow fluorescence. The catalyst was filtered from the 
reaction mixture and the filtrate m s  greenish-yellow with m definite 
fluorescence* Tim catalyst m s  washed several times* first with cold, 
then with hot absolute alcohol* The solvent m s  removed by distillation 
under reduced pressure and the residuc placed in m% ©vapor at ins dieh. On 
cooling & yellow .solid with an indole-Ilk© odor pr eoigitated# The? product 

w&s filtered and dried and on d o s e  exaiaimtion sesntd crystalline In 
nature* The crude product m s  recryst&llised by dissolving, in hot absolute 
alcohol (charcoal), filtering, and adding miter to the filtrate to incip­
ient crystallication. The pmre product m s  an odorless, bright canary- 
yellow, amorphous solid weigh ing 0*4236 y. (SO. 2*1) and n el ting at IS 3-154°

^ roper ted for 2-metfcyl indoxyl 40° (140)^ «

It was observed that the nature of the product was greatly affected 

l> several factors. If the 1 sonitresoketone m s  not pure, the yield m s  

poor and the product w h o resinous and oftentimes a black gt«Eny tar. Also 
the lower tire pressure under which the solvent was removed frou. the reaction
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mixture the less resinous m s  the crude product*
According to Xngraffla (1 4 0 ) the following color reaction®  are char­

acteristic for g-mcthylisidoaiyl s
1) Cold concentrated h yd ro ch lo ric  a c id  -  a pink color vH. eh darkens*
2 ) Hot and cold concentrated sulfuric acid - a id olet color*
3) Cold glacial acetic acid - a yellow solution*

Hot glacial a c e tic  a d d  -  a red colored solution*
4 ) Cold a c e t ic  anhydride -  a rod c o lo r*

the product obtained gave these positive color tests with concentrated
hydrochloric acid* concentrated sulfuric acid, glacial acetic acid, and
acetic .anhydride*

it was realised that the desired product would require five melee
of hydrogen per mole of isonitroeokebone, several reductions were tried
allowing the absorption to proceed to the five mole stage* Following the
technique described above and us Ing the same quantities, a typical reduc­
tion proceeded as follows: 21*1 am* drop on maos©ter required for five
■•sole absorp tio n  which is equivalent to 1075*8 nil* of hydro gen.

Time in minutes Manometer reading in cm* mercury
64*9 -  21*1 •  63. S 
theoretical end p o in t

- 3 moles of hydrogen already
absorbed

o 84. 9
z 7 8 .0
7 70 .0

10 @8*9
13 68.2
15 67 .0
2Q 66*6
23 6 6 .1
m 65.7
45 65.5
&2 Q@*Q
60 64 .8
85 8 t*S

120 63.8 reduction



Over three soles of hydrogen were adsorbed In the first severs minutes 
of the reduction and the r^rmlntnn two moles required erne hundred and 
thirteen nwivrtes* this proTided no re evidence that th« ~hOg group m o  ro- 
cvjooi rap; dly at first followed -by a slower reduction of the keto ana ©ximino 
grcms* Th r nature of the reaction mixture and product m s  exactly as
t- at for the four sole hydrogen absorption?. however* the yield of the pure
2-mtbyl ludaxyl war 0*7732 g* tb4*bb) melting at lbS-154<"'* All color 
teats wors positive as afeova#

bed • -ct •’ on of o*altr€>is<>nit.roaoh'otyro He-none s

OnrN / lN / S H 2-CH3
H

In s. typical reduction 2 g* (0*00697 mole) of e«*ni tr o 1 s onitroeobuty~ 
roph«m<m»* 3 g* of 10f> >*d~oh*ro<ml catalyst* asd 100 ml* ox 70b alcohol
were all placed i n a Parr hy dr ogena’c i e» bottle* Tins bottle was connected
to the Parr -hydrogenation appar&waa. and was then evacuated and filled with
hydrogen as in previous reductions* The faanwieter was then joined to the
apparatus and the system m s  allowed to coma to equilibrium before the
reduction was beg’ n* Sine© one mole of ox iiainoket one waul a require five
moles of hydrogen to produce the desired ajnliiohydroxYimino% therefor©*,
0*0xb9f nolo woitlw require 0*044*70 nolo of hydrogen*

o * 044 ' 15 r. £2400 « 19*7 om, dror> on tt&nometer required for ~ive
50*9 mole hydrogen absorption*

r o n o h  2 3 Pd-C
Ho
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Tims in minutes i’anoaeter reading in cm* mercury
84.i «** 19*7 ss 64.4 theoretical
endpoint ~

- 3 me'Ss of hydrogen already
absorbed*

0 84.1
z 79*3

■6 71*3
10 89*0
18 88.0
28 88*8
32 86.1
42 65.8
SB 84* 8
S3 64* 44; stopped reduction

I t  is  issfcerestiĴ ; that the absorption of three uiolss or hydrogen
oociirred in  the f i r s t  f iv e  rnimufc©..; and the rent&ining t w  nolos w r o  ab­

sorbed la  about, f i f t y  minutes* This- is  interpreted as su bstamt i a i i  ng the

claim that the *10^ group is  reduced first* The odor of1 the re a c tio n

b o tt le  m s  m rto n iaea l and m oist rod lifem s  btorned bln© in  the raouth o f th e  

'b o ttle * A f te r  . f i l t r a t io n  of th e  c a ta ly s t  mixture, the f i l t r a t e  e x h ib ite d

a grecn ish -y^ llo w  fluorescence* Th© c a ta ly s t  m s  m s hod n tth  cold and

then hot absolute alcohol* Th& alco h o l m s  restored by d i s t i l l a t i o n  under
reduced pressure and the residue placed im an evaporating dish* On cool­

ing a greenish-yellovr solid p re c ip ita te d *  the solid, which Imd an indole- 
lib:® odor, m s  f i l t e r e d  off and d r ie d * The erude product was rserystal-
11s ed by dissolving in  hot absolu te  a lco h o l (charcoal), f i l t e r in g ,  and
adding m t s r  to  th e  f i l t r a t e  to  Incipient c ry s ta l l ig a t io n *  The pure
2-athyl lmdexyl m s  an odorless, b r ig h t oari&ry-yellaw, amorphous s o lid  . . 

weighing 0*7021 g* (48.8?!) and .melting a t  1 6 6 -16 7°.

Color te s ts  on the £~<®th.yl iadoxyl gave the fo 1 lowing results*
1} Cold concentrated s u if it r io  acid - blood red color.
2) Cold concentrated hydrochloric acid - pink color whieh darSeemed

on
3 ) Cold g la c ia l  acetic acid  -  yellow; on heating. ~ orange c o lo r*

4 ) Cold acetic anhydride -  yellowj on heating -  orange color*



inc dust degradation studies on indoxyls i
Because th® 2-methyl indoxyl produced in these studies differed eon- 

sidurably in melting point from that reported by Ingraffia (140), g&ae dust 
distillations of both indaxyls w r e  tried in. order to reduce these com­
pounds to their corresponding indoles# It mis planned that the indoles be 
isolated and character!god, thus establishing the presence of the preformed

indole nucleus in the compound® under consideration#
The method: of degradation, m s  based on that of Vor Under and Ape It

(15)# About Id'.) ®g# of either 2-methyl- or 2-ethylindo^l -ms placed in 
a snail TSrleaaieyor flask with §0 ml* of 20$ M&OH and to this m s  added § g* 
of sine dust# The mixture m e  refloated for one-half hour, during mliich 
the Indoxyl went into solution, and then distilled with steam* The steam 
distillate possessed a definite fecal odor* Although small crystalline 
particles of solid could be seen in the steam distillate, no appreciable 
amounts of solid product could bo obtained* On evaporation of the water 
from the s t e m  distillate in a «cuua desiccator ever PgOg, a small amount 
of Impure solid residue m s  obtained which m e  w r y  leer melting:, but for 
which no melting point could be obtained# Add!Mon of an ether solution 
of picric acid to this solid residue produced a bright orange precipitate 
so character tstic of the plcrate of indole and Its honologues• UnfortunateJy, 
insufficient picrate m s  produced to permit purification and determination 
of melting point# This failure at character 1 g&tioi* of the products of 
degradation occurred with both the 8-methyl and 2-ethyl indoxyls*

NaOH
H H



61

As a substitute for *th© unsuccessful isolation of 2~methyl and
2-ethyl indoles, further degradations w r e  run and the stem distillates

iter© ©attracted with benzene* The benzene extracts w r e  tested with. Khr- 
li-chf s reagent (j^distethylemlnobonzaldohydo) and. in each case a strong
positive test for indoles (& bright red color) m s  obtained* Khrliob*®
test on the orirdiml 2-methyl- and 2-othylindoxyl m s  negative and the
rest?Its of' these experiments were taken as strong evidence in favor of a
preformed indole nucleus in the compounds studied*

Rednotion steadies on 2-g*othyI iadoayli

1 CxperIment Ho» It
In a Farr redaction bottle m s  placed 0*002? g* (0*00Sf? sole) of crude

2-methylindaxyl, 0*1 g* of PtOg, and 100 si. of 70$ alcohol* The details
of laydr ogemtten were similar to previously considered cases* To reduce
to the 2,$- dihydrotndoxyl would require a 2*42 cm* drop on the manometer*
After several hours shaking there m s  no apparent absorption of hydrogen
and the reaction was stopped# Three grass of 10$ Pd-ohareo&l catalyst was
added to the mixture and the reduction, m s  tried again* After four hour®
no drop m s  seen In the imnoaeior and the shaking -ms interrupted at this

point* Filtration, of the reaction mixture and removal of the solvent only
served to recover the orig'sml 2-methyllndoxyl*

Experiment Mo* 2 t
In this study, 2 g* (0*00118 mole) of o-nltroisonitrosopropiopheaone,

100 nl* of 70$ alcohol j ,  and 0.1 g* PbOg wore placed la the Amine© reaction

H
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bomb for hydrogenation at 150 p. s* 1* hydrogen pres sir®. After three 
hours the reduction had proceeded to the calculated 2,3.dihydroindoxyl 
stage and the reaction was stopped* Ttafortuwitely, It was difficult, If 
not impossible, to obtain an accurate measure of the actual hydrogen uptake, 
for the Aminoo bomb had a slight leak* At any rate, the reaction mixture 
yielded only the 2-®ethyl-indoxyl•

Ibcperimwnt Mo* 3t
Fresh 10$ fd~charcoal catalyst was prepared In the usual manner, but 

0*26 *> of MgPtOlg was added to the mixture* This catalyst m s  placed in 
the Aminco reaction borab with 2 g* (0*0090 mole) of o-nitrolsonitroeebuty- 
rophenoae and 100 ml* of 70$ ethanol at 160 p. s* i* hyirogen pressure*
The reaction m s  allowed to proceed until so further uptake of hydrogen 
was observed (it was difficult to determine exactly thi® point because of 
the slight leak in the bomb* ) Working up of the reaction mixture produced 
only 2-ethyllndoxyl*

The fir tit er study of this reaction m s  not pursued further* however, 
it is felt that further detailed study of catalyst and conditions will 
produce the proper combination for the reduction of the double bond to 
the 2,3- dihydro compound*

Analytical Data*
Ham# Formula Kitrogon %

C:B1GH1 Found
o-nitroi semi trosoprepidphenone n^HcHgO^ 13*46 13*42, 13*39
o-nitroisoni tros obittyrophsnaea* C10HloV>* 12.61 12.42, 12*50

vt-ni t r o 1 sonitr o© opropi opfaenmis r, V: w n” 04*S' 2 "4 13.46 12*10, 12,18*
i»-Riiroi srmitros obutyrophenone 0  ii n o ”10''10* 2 4 12*61 12*46, 12.52
2~methylin&oxyl W S* 52 9. 61, 9*52

2-ethyl in&oxyl h o ' h i ™ 8*69 8*41, 8*42

♦Hot considered eomeborafciv© - discussion of these results page 40 .
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The aualysos on Mi© indoxyl -compounds were run by the ordinary

fjoldahl procedure* Although acceptable analyses of the indoxyl compounds
wore obtained in this laboratory# it urns considered worthtfvil© to have the
results checked by a disinterested party, Verification of the analyses on
the indoxyls m s  made through the courtesy of the laboratories of Sharp and
ho bn*# Inc. In the case of the o~nitrol&onitrosoket ones, it was necessary
to resort to the use of a modified Kjel&ahl to reduce the nitro group

previous to digestion. This treatment m s  necessary for th© ordinary
Kjeld&hl procedure does not yield satisfactory results with -MOg ©croaiinds#
The prooess that m s  given in the AOAC (141) using SgSgOg in place of
K3SO4 in the digestion mixture* The »*n.itrolsonitFOso3estoxie« were analysed
by the Dumas procedure*

Pharmacological Studiest
Only preliminary blood pressure studies have been made on o-nibro~

isonitrosobutyrophenone sad 2~ethylindoxy1 • These determinetlons wore
made on non^atropinised dogs anesthetized -with nembutal attaints terod iutra<~
peritoneally. Artificial respiration was not employed*

Thera m s  no change in blood pressure following intravenous injection
In leg w i n  of 0* > ml* of a solution of 10 sag./ml* conoentration of
©•nitroisonitrosobutyropthenone in 60/ alcohol* fc-Kt^lindoxyl m s  dis-*
solved, in 9dy£ alcohol in a concentration of 0*6 mg*/ml* One milliliter
of this solution prodiaeed a rise in blood pro©sure from lib sr.',* to 168 seu
of H;> Because of the small amount of the compound whioh dissolved in
alcohol# the compound was dissolved In propylene glycol# in Vhioh it is
much more soluble# and, without we idling# a solution of about 10 mg*/ml*
m s  prepared* About 46 minutes after the injection of 2~©ttiylindoxyl in
alcohol the blood pressure and respiration of the dog began to fail* At
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this tine orm ml* of the propylene glycol solution of 10' !ag*/$tl# wa® 

tajeeted latraTenowsly# ^mediately Hie blood pressure ltwl rose end 
respiration beesrae mar® regular* fh© earn® secjtwrne© m s  repeated several 
tlxae* witfe tit® same ©ffeet after each injection of the compound*

Because of the apparent ©ffeetlwenesa of feoethyllzKloxyl in propylon© 
glycol when î ie animal appeared near death* it m i  decided to try tli® 
compound on another dog with accurately prepared solution®, of known 
strength* 4a Intravenous doe© of 0*05 ml# of S~ethyllndoxyl of 10 m}g*/ml* 
eemcenfc ration in propylene glycol produced no visible effect on the blood 
pressure or respiration of the animal. Similar results were obtained with 
doses as large as 4 ml#

fh® results were T&riabie and Inconclusive and it m s  not eomeldored 
feasible at this time to continue the blood pressure studies of these 
compounds *
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The much hoped for substitution of the 0( -hydrogen ftt«» in e-nitro- 
pheaylaoebonitr1le with subsequent reduction to the correspond!**?; 3~®ub~
stitubed indoles did not succeed, The failure of these substitutions might,
at first, seem strange since the Of-hydro gen atoms of phexjyl&Gefeoaitrlle
itself are reactive and the ~80g group, especially in the ortho position,

would ha expected to activate the "hydrogens erven lore strongly*

fli® explanation for this strange behavior probably lies in hydrogen
bonding between the ortho nitro group and the 0( -hydrogens, thus, in effect,
reducing the activity of the otherwise extrmely reactive e-aitrophenyl- 
acotonitri le, By a similar line of reasoning Dippy and Lewis (148, 143)
explained certain abnormal! tios observed in the acid strength® of

H
C - CU

w —  'n

o-nitrophcmylaceti© acids, as due to the chelation of the methylene and
nitro groups.

It m y  be possible in seme future study to prepare the desired 3-aubsti- 
tufcod indoles by introducing the substituent before nitration as followst
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X I — CHo - A HNO, ethyloxalate

£+c. * ■

COCOOEt

In the reduction of ©~nitroph«nylaeet©aa±trile, it m s  possible to 

obtain a ring closure to indole in neutral me&Iua* The yield matched that
obtained by Stephen in hie chemical reduction (39) and the indications are, 
that in larger scale operations, the yields "would be improved* Furthermore, 
this method im much easier to perform than is Stephen’s*

The course of the hydrogen uptake offers evidence that the -HOg group
H "

is reduced first "to -NHg followed by reduction of the -CM group to -fe * KH* 
Evidently, in situ intraaoIeo?ilar cyolis&tion, with the el i^daation of 
an-icuia^ occurs as soon as tho nltri 1© is redueed to the imino and before

infcermlecular reaction to form secondary amine can take place to any
extent*

Reduction studies of the o-nitroisoni tr osolo©tones to their eorrespond­
ing indoxyls also took place in neutral medium. Hero, as in the ease of

the e-mitrophmylaoetenitrile, hydrogen uptake pointed to a rapid Initial

redtxstion of the -bOg group to followed by reduotion of —C— and -Q—
H * 0 WOIi

to -COil and ~C~ respectively* Rcduoti' ms which were tenvinf&ed- after
vr 'hTt'.r11 it i.x

four mole uptake gave a product idestieal with that obtained from
five mole hydrogen uptake, except that larger yields wore obtained with
five mole uptake* This is interpreted as proof that the first stage in

the reduction consists of a reduction of the -*SfOg group of all the starting
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rjaterinl present ho the Subsequent hydrogen uptake would oomr&rt
wjk < — %the **g» and th© «*g~ at equal rates and taaediat© in situ

0 OH ilOH m  * ”
eyclieation, with th© tmm of awaonia, follow* Thus a four mol© hydrogen
uptake would merely carry 1©*$$ of th© produet bojoisf th© amiaoisonitro***
6oketoae stag# and would thus produce a smaller yield of th© final produet*

Xngraffi© (140) roper too Hi© preparation of &~ra©thyll»d©xyl by th©
following reactions

OH

Me
H

Me
H

fi© reported no yields, Vmt M  s compound was a yellow crystalline solid
molting at 40°, not w r y  stable., and in a short period became a 'black

gunny msot Th© produet obtained in this study melts at l;‘5-lb4°, is a
bright yellow solid, is stable and giwe positive result® with all color
tests cited by Ingraffia on his compound* It is w r y  likely that Xngraffiafs

product was not very pur# as evidenced by its rapid transformation into a
black gt*ny mass* Thus, in this study it was observed that solutions of
the indoayls exposed to the air soos became highly colored (rod-violet)

resembling the behavior of indoxyl ia 00lag to indigo* Also, when, impure
isonitroaoketoii© m s  reduced, & resinous product m s  obtained which on
standing booame a black gu m y  mss. Furthermore, indoxyl melts at S5° and
£ -eaethyl lad ole melts at §9® and it seems unlikely that £*eaathyl iiadoxyl

would melt lower than either of these two*
Ingr&ffia1* analysis for S-tnethylindoxy 1 was high (calculated b*52^H|

fou-id 5*7#^) m d  his product may have been contaminated with th© low- 
melting 2«stethylindol©* Furthermore, his synthesis of g-miebhylljadasyl
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depends m% an obscure application of the Grignard reaction and a search 

of the literature rweaIs that little la known of th© method or its depend- 
ability. Rear ranges* z&s, which are not wnmiaacm in Grignard remotions,may 
well play a part In this instance and produce an iispur© and low-melting 
product*

Bvideno© offered. In support of the ©laim that the product of this study 
is &~m©thyliBdoxyl follows)

a) The ©analytical data on 2-methyl imiexyl fits exactly that calculated 

for this compound*
b) Water solutions of the caapound are yellow-green and fluorescent - 

tills property is a characteristic of indoxyl.
o) 'Degradation with sine dust and sodium hydroxide yields an indole 

which lias either a free or ^ — position «ts indicated by a
posit It © f&riieh*© tost. The srmll quantit ies of the indoxyls 
available did not yield sufficient indole degradation product 
for further characterisation.

d) The compound prodi-x»ed a red color with ferric chloride solution - 
tide property is also exhibited by indoxyl and is m.n indication 
of its phenolic character.

©Tidenee for the presence of an indoxyl nucleus was obtained fro®, 

the reduction product of o-nitroisonit rosobutyr ©phenone*
It was impossible, in the short time available, to succeed in reducing 

the 2,3-^ icublo bond in the indoxyla to the cor responding 2, 3-dihydro 
compounds to approximate more closely the adronochrome structure. However, 

it is felt h a t  further study of this phase of the problem frill reveal 
proper conditions and catalysts for the prcp&ration of the 2, 3-diiQrdro** 
irtdoxy la •
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1) fh® Introduction provide® a concise review of the Important
syntheses of the indole nucleus and in&oasyl and a brief consideration of
their role in industrial and medicinal ohenalebry*

Z) fh® preparation of o-nitrophenylaoetonitrile m s  possible by two
routes (pyrolysis and reaction with acetic anhydride) both living good
yields (63-71/1). Tim method mini; acetic anhydride possesses a nuofcer of

advantages over pyrolysis and further study with this technique should
improve the yields#

S) Limited attempts at preparing ®f-subotitufc*d o*xilbrQphenyl&cetenl<»
trllcs wore unsuccessful*

4) fh® catalytic reduction of o-nitrophonyl&cefeonibrile in neutral
produced indole in §3 % yields by a process much simpler to perform

tdmn the ohaical method of Stephen (SB), tfcidoubtedly* greater experience
will permit tills method to surpass the yields attained and thus the
raethocS still greater advantage over the ohe»siQ;«2 reductlon#

b) The following nltrolntones wore obtained by a process of nitration
nitric acid*

o- and a^nitroacotophenonos

o— and ia-m.tr oprepiophonones
o— and m-nltrobutyrophenoms



TO

6) fh# following sitroi#oni treadle#tern## wore prepared from th©
mltroSceto lie & by the? us rial mitrosation procedures 

o~ and sa-nitroisonltrosopropiophenon## 
o* and ub»nitroisonitroe obutyrGphenones 

Qualitative indications of th© success of th© reaction were obtained by 
ox&stmtlon end tests with armoni&c&l nickel sulfate# Analytical result# 

for the M-nitroieoadtroeopropiopheaoB# indicate fee product was contaminated 
with some of th© original ketone# Attempts at nitrosatlon of the o- and 
m-nltroacetophenon®# did not succeed#

7) Attempt# at preparing o-nitro 0(* p -dike tones tror.i the ©orres­
ponding nitroiaonitroseketcnes also failed#

8) Reduction studies o.f the ©-nitroisonitresokotones produced 2-alkyl 

substituted In# coy la in yields of 4£«5$$* Analyses, qualitative color 
tost and sine dust degradafeon# offered supporting evidence of fee nature 
of the products# Attempts to reduce fee ^alkylindoxyls to the corres­
ponding 2* 3-dihydroiadoacyls saet with no success in th# pralr ilimry study 

made#
0} Of th© compounds prepared th© following* 

o-nltr oisoai tros oprop iophenon# (a } 

iar*nitro i soul trosoprop iophenoa© 
o-Bitroisonitrosobntyrophenono 
m-nitroiacnltrosobutyrophenon#
2-ae thy 1 indoay 1 ( b )

2-ethylisid.osyl 
arc reported in the literature for th© first time*

(a) i'rowiomiy propared by H&rtung (116), but not reported in
the lit or-?.lure*

(b) Reported by In -raffia (140), but results here indicate his
Qcmpomid was impure and that tno physical constant;:; reported ere incorrect#
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