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Indole, which consisis of a benzene ring lused %o a wrrole
nucleus, also ealled Z,3~bensopyrrole, hes the siructure:
4

5 ¢ 5B

6 2 o
7 3

Indole itself ocours in jasmine (1), crange~Tlower oils (2), and i3
is Touwrd torether with soame homologues in the fraction of coal-tar
wiich Loils bebwern 240 - 2809 (3). It can be isolmted from i
froction as its solid sodium or potassium derivetive, Jusd as pyrrole
can be isolated from a lower-boillry fraetion.

Indole is o white, crystalline solid, meltiny at 4929, and btoils
at 2450 with decomposition. The oder of indole is cheracteristic and
rezenibles that ol maphithylamine, however, in dilute solution, and when
surre, 1t has a {lower-lilke odor which mpkes 1t a walusile inywredient o
natural and synthetic perfimes. Solutioms and vapors of indole produce
the Lrisht oriclkered color charaeterisiic of the »yrrole muclous when
pine shavinge moistenced with hydroehlorie aecid and alcochol are brousht
in gontact with them (4).

Une of the peculiarities o7 the chemistry of indole, which it

-

shares with gyrrole, is its fallure to oxhibit strongly bagic pronore



2
tiea. In Tact, both pyrrole and indole are weal: hases. The explana-
tion {or this abnermel Lesicibty lies in the fact that in the case of
ovrrole, as woell as indole, the {'ree base is mors mreatly stabilized by
resonancs than is the pasitive fon In elther cuse and thus there is a
diminished btendoney for the Treoe hase to uwaite with a nroton {or to

exhiinit its basic proverties) {&)e As & matter of fact, it is one of
the distinsuighing eharactoristics of indole comnounds thmt they are
guickdly resinified in the »resenece ol strong acida. As in myrrole, the
imine hdreen of indole ean he renlaced by sodium or cotassiw thus
oexhititing the acidice oropertiss of the pyrrole ring.
Indole is mroduced in many bactorial processes, in the feces of
dos and Trequently in the feces of rmn (6). Herter (7) was able to

isolate indele from the wood of Celtis reticulosa. Pu formation in the

ani ol body usually prodwes saue indole and wdoubtedly this substance

is paritly resvonsible Tor the odor of such discharges (8)e Futrefactive
chances in milk {(8) and vepetable nrotein (1) r@gﬁlﬁﬂ in indole {ormation.
The indole Tormed in these degradetive changes iz due Lo the decomposition

tyotophane prosent in the proteinse.

tl -

of ths amino acid

turing a study of the strueture of indiro, Baever and ¥nop (10)
aduced igatin end obtained two products Qﬁﬂ?ﬁaz {dioxindole) and

el

{oxindole) whieh thel rogsrded as hydroxy derivasives of Cotigtle

Jundarental nusleus, i, of then unknown strueture, the; gave
the nnng indole Lo ox-heslise it relationshizn to indipes “acror and

tmoarlin: (1) continued the studies on indole and in 136V sroposed for

e

1t the cwrrentl; aecceptcod structuwre rives ahoves Tils stroebore was a

1

dednetlon malazly Srom the symthesls of he fusion of

oenitrocinnaile acid with iron Tilincs awl sodium hdroxide,
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could bo dehydroy

electrolytic
reductlon

oxindole

dihydroindole

of indoie have Leen renerbed

2 &t
in Lhe

gy e eyl o
DS HTLON

oi iadlre Jrem phenyl:

ceine (18, 17). The sltaline mwlt o indow lic

with zodium aoal 2o or giac Just ab S50 Lo
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pyityrdrazons o srrwavie woid and discovered

N - NHp + CH COCOOH
tH 3

pyruvic acid
vhenylhydrazine
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Indoles may Le synthesized by the reaction of arylemines with of—
halo-enated kebones (21, 22, 28). The Tirst product of the reaction,

3

ieh is wseally not ismolated, is a shenaorl sniline. The roacbion is

4

gonloted by a sesond moloenle of the aniline., In place i the ketone,

'

Berlinernlau {24, 20, 26) used of ,@ = dichloroethyl ether and sintlar

soepowuds which dissoelste iln situ to chioroacetaldehyde.

ks

i

v

H
NHZ+Br-CH2-CO-¢ — §-0H2-8-¢ g{z

yal

@

+ Hp
H¢ O+M—Iz

wadelumg's synthosis (87, 28, 29} vrovides s useful pgoneral route
to the indoles whieh consists of an intrancleg-lsr Clalzsen condronsation

ol an acrl or aroyl derivabtive of an o=-toluidine,

CHg NaOEt

380°_.380°

E-COR Y

las of indole Formation br rins ¢losure

There are many other emw

of an alkyl sroun ortho to & nitro rrown, an soaino froun, or a substie
tubed anine sroun.e To mention a Tew, Verley (23] treated Healdehydo-
owtolnuidine with sodonmide and obbained indole. Hauthmer and Saida (30)

obtained indole by distllling oxal =-o=Uoluie acid with zine dusl or by

dry distillation of its “arium salt,.
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A mmber of methods for the synbhesis of indoles ere based on the
use of oe-substituted ¢immemic acids, styreneas, and gtilbenes, Lipp
(31) synthesized indole from o-aminochlorostyrens meing sodium ethoxide
s & condensing agent. o-Nitroecinnemamide was used by Weermenmn {352, 33,
34) Tor the syntheais of indole. The same author also produced

~H= CH - CONE, 5
¢ = -f -
-gﬁ%—» CH - § - cooe
0 - N
2 % Re

HOAe

H
CHs cHg - ¥ - cOOMe
KOH ‘
b

indele by the reduction of o~mitrophenyleucetaldshyde (33). Reissert
(35) end later Perkin (36) and Polya¥ov (37) reduced o-nitrophenyle-
pyruvic acid %o 2-indole éarboxylie acid whioh wes decarboxylated to

indole. Although these reductiona of o-mitrophenylpyruvic acid were
performed ehsmically, Amin (358) was yecemtly able to obtain the same
cyclisation to 2-indole carboxylic seid by ostalysio reduction using
palladinized charoonl. Stephen (58) wms able to produse a risg closure
to indole which 1s of particular interest Yo this thesis. He reduced
o~uitrophenylacetonitrile through its iminoe-chloride into o-aninophenyls
acetaldehyde which oyslised to indole. The redusing agent is the
starmous chloride-dry hydregea chloride used by Stephen for coverting

nitriles to their corresponding aldehydes.

HaoCH

oo Ho-CH:NH . HC1 ~ CH,CHO

Ommmzo(w) — | —
saturate

2 S ary , NHp 4

Hel : indole
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Pyrogenic methods have been employed for the preparation of indole ,
but, as might be expected, the drastic treatment neeessary in these
methods usumlly results in poor ylelds of indole, To mention a few sush
mothods it is lmown that the fusion of albumin with potassium hydroxide
produses indole (40, 41, 42) and also that acetyleme and aniline yield
indole when passed over metellio cxide catelysta (48).

Altheugh the shemistry of indole and its deriwmtives has besn the
subject of many studies there have bdeen no radleally new methods devele
opad for their synthesis. Even at present when it becomos essential to
a research projeot %o prepare indole derivatives ome or another of the

goneral methods gliven above is applied.

Indexyl Symtheses --

3inoe the cyclisations to be studied in this projeot sre those leade
ing to substituted indoxyls, it might be well to survey the synthetie
routes to indoxyle Indoxyl 4s cne eof several oxygenated indoles the

structures of which are given below:

keto form
). H
- \
o
H
Oxindole H .
keto form enol form

Dioxindole



Tndoxrl, J-hivdroxylmdole,is a yellow solid with a feeal odor and
melts at 85Q. Solutions of indoxyl in water have a yellowish Tluores=
cencee Indoxyl slso possesses the instability charscteristic of come
soumds with the indole nucleus as desongtrated by the eass with whileh it
resinifioz. Tt disselves in concentrabted hydrochlioric neid with a red
enlor. %he fact thnat it is soluble in aquevus slkalil and that 1% gives
& red color with ferrie chloride has been offered as evidence ol its
shenolic character (4, 44). Indoxyl occurs matwally in the indigo
slant rlucoside "indican” (45 ).

Indoxyl i an inptermediste in the synthesis of imdirzo and conse-
quently mogt metbods Vor the gynthesis ol indio are vrinmarily rrocedurss
Tor the preparation of indoxyl. Thus two nelecules of indoxyl ecan he
condsrwsed to indige in the uresence of an oxidizing s ent sueh as hydropen
peroxlie, lerric chloride, or air. This oxidation rocs ssgpecially well

in aliraline zolublone

20
r——— H
0 ~
2 2 =
0

O\
o

H

H
indoxyl smisee
Coincident with ibs inporiance as an intermedisite in the proparew
vion of indigo hae boun the develcoosent of mauy mothods Por the synthesis
of irvioxyl snd It would be well to comsider here the more imporiant o168
Zgeyer in 1801 {46) used etihy’l o-nitrophenvlprociolate 4o nronare
indox-lic acid. He did net isolalse the nuwre indoxyl, but rather he

docnrboxylaied indoxylic acid and reported a nroduet which rapidly

chaned Yo indizoe The sane synthesis was repeated by Vorlinder and



3 . [ & ’ N - L P, . . 2 o JE U . S SRS B SR B 4 wnds gy
rosehor {47); howower s Bhe sotvall lsclatod and desoribod tho interw

! . _ N 'y oy s ERS 5% e RSN e Aetygnis )€ Ea

=madiate indoxyie mcyor wus also respounsille for anothor gyuthoslis of

vC 2 C - COOEt

N0y

ind oxyl®

indox;l involwins the usge ol e-nibrophenlacetylene (45},

Zn dust g0
NH,OH ) dil H,50,

L 4

Br

indo.ﬂl
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Gne of the more igporiant comerelsl methods Tor the wreparation

of irdeomyl is haszed on Usumann's discovery in 1850 that lenhenylplyeine

on fPusion with alkali will evelize to imdexyl {49). The lycine eonw
R A TS

nowid 15 hested with dry esustic allall ab 200-200°0 or, better at &

fusion with

NaCH R

1 or
-« CH COO i 4
¥ oCO0H NalH, T

indoxyl

N-phenyl glyecine

lower tomersture with sodanide (L0). The use of sodmnm'de :mtes the
reactlion sulteble for larreesenle industrial oporationse There have

Been o mmumoer of modifieatious of the fusion conlliil ons all desirmed bo

car the drastic conditions. The allaell has beern mixoed with caloiuwn

oxide and other aliknline earth oxides, with allali cyanides, and also
with emleliun carblides The fusion has also been carrisd out wdor redused
seeszure or in a raralifin melt.

In the wresent day industrial preveration ol indoxyl, rvhenvlolrelnge
s=carboxslic acid is used {51)s Thiz mothod reguires a ehean source of

antivanilic sacid which is aow conveniently awmilable Trom the catalyiie

oxidation ol naphithalene,

0y
VoOg

on Silica
460°-480°

£L~. NHg

0 -2500
\ 5"¢’ 170-250
\ pressure

COOH

——q
CICHZCOOH

ig - CH, COOH

phenyl glycine-c-carboxylic scid
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Hueh less zpvrears in the litorature on subeiituted indoxyls than
on the corrsspondin indoles and thore anpears to be only slirht interest

thelr preparetion. Host substlinted indoxyle are prepared by intro=

P
.
o}

duction of the desired substituent into the preformed indoxyl or indole
NRCLOuS .

Indole compounds of industrial snd medicinel intorest -

It may aprear that as inmdusirial chemicals the indole compounds
are of little imporitance. However, indi;o, which has besn oalled the
aost inportant organic dye, has egn indele nuolous. Hany subasblibubed
indiro dyes have beon prepared and they congtitubte among the most inporte
ant vat dyes. This clessg of dyes is s8till much in demand, in spite of
their comparatively high price, due to their {asitmess to 1liyht, washing,
alkall, and acid (52},

Indole compounds are also of widespread wse in the perfune induvatry.
Tholr diluts solutions are {ra;ront and many patents have been iszued
for thelr aynthesis and incorporation inte perivmes (03, 4).

Fron the standpoint of the medicinal chenist, the ;reastest interest
in and importance of the compounds of indole lies, not so much in their
jodwbrial signillicance, bubl rather in thelr widesproad ocouvrrence in o
diversified bub highly iaportant ;roup of nulural roducts. Withaut
atbepbing to review completely the field it should prove lrmterosding
Yo survey the natural prodvets with an indole nucleus,.

Anonyg, the oarboxylie acids which contain the iandole nucieus,

o Fy &

S=indeols eceltic acid is of speclal irmterest Leoauss of its role in the

CHz(‘,OOH

3=indoleacetic acid
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physiolozy of plants. The process of growth in the prewing €ip of &
plant is regulated by the presense of certain conmpounds, the growth
hormonus (56). The unequal distribution in the nlant of these harnones
are Lthe caunes of chotobronism and geotropism and dillerviges of esnoens
tration of tha compounis in the different sarts of the shoot meke the
parts grow ot 4ifferent ratos and thus detormine the direction of growthe.

Tryptophane (& ~anino-P-5 indole propiconic weid) is indlapensable

and hence an essoentlal anine acide In exverineuntal ani-als execlusion

CHo EI:H-Z_- COoH

H
tryptophane

from the diet of any of the essential anine acids cmses inhibition of
growth and even loss of welght. This amino acid is a constituent of
many naburally occurring prodeins and serves as an imperitant source of
the indole nucleus in biolopleal systems. I 16 also probable that
tryptonhane supplies pyrrole nuclel for the synthesis of cellular
rorchyring, ineluding the oyteebromes and hematine The omact function
of tryptophane in intermediary metab : .om is 8till not clear (L6}
There is, however, sone evidemce that tryptophane, at least in the rat,
16 un important precursor in ‘he synthesis of nicotinie geld {57).

In the process of digestion the undipgested nrotein uwndergoss pubtre-
factive chanpres in the large intestine mainly throuth tho seflion of
hasteria. In ¢his putrelaction, tryptozhane is dreken dovn to indole
and skatole {F =aothylindole ) whiilch are partly responsidle for the

odor of feoes, Most of those putrefactive produwts are elinimeted in



the foces; howeyer, soue are absorbed, partly oxidized, awl caubined

aoid bo fors Saddean whieh 1s elininsted in 1he urinc.

Col oH
— Hy50,
—_—

A

indole

'y
*
[]

indican

Trycborhane on decartoxylation forms trypimiine whleh bears the

s relelionshic o the aning aelid as does histwmaine Lo histidine.

Laie

CHg= CHp= NH,

H
tr@tamine

Trovbamine praoduces only a gl iht rlse in blood preszure and in cold-

emiinals couses vaspdilatation.

s rate and mrdrissis,
{08 men twen orally tryobwsine iz not o toxie, but large doses do
cause vomitin . Ingscblions of the anmine sroduce maore violent nauses,
vy sl Grnome

Loony the slhkaleolds theore are many whieh contaln an indole suwcleus.

u
e

wonorine iz g bebaling ol trycbophane vhieh ocecurs in

10 soeds of

CUrythrine bomaphorus (09)e T iz loownm o oroduce inc reased reflex




trritability Yollowed by tobanic convulslions in the frog, but hes

little metion on reis, pireons, rabbits or ruines pirs (60},

(] w—CH — 00 T
2
i
m

" }‘585

irgﬁ@ﬁ vhorine

Bufotenine, which is somavhat similar Yo hypaphorine in siructure,
is present in the venomous secrebion of tho Jurcvpesn btoads IT has been

shown to contein an indole nuelsus (61, 62).

%3
,li;@
N,

HO G”E:;a —'f\é.’bf‘iz d R'\

e

Gramine ws Tirst detocted in berley mulanis by von Buler and
Hellatrm (63).

O = 1= Y,
,ﬁa H= ey

M
Grawine

O o O e
In its sharvecological behavisr ranine resemblesdep-ephodrine. In
snell deses gracine ralsed ths bleood pressure inm dogs, whiile larger
doses eause a Jall in Llood wuvressure.
The alialoids of Yohi-hehe bark, of wiich Yohimiime (uelrachine)

is probabhly the nost in . ercoting are useful in weberinery mwdisine as
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aphrodisiacs {84). The alkaloids ocontain an indole nuclous and recent

o

studics Ly Jarger and Scholz {67, 66, €7) nave ;iven a e¢lsarer nicture

2

of the constitutlion of yohimbline,
1

wme coc

OH
Yohimbine

Zrrot is o parssitic fungus (Claviceps purpurea) vwhich rrows on rye

and osemsionslly on other kinds of grain. The crude drug containg e
—mixture of sewveral comslex ohysioloyieally active alleloide somons which
Rre @rﬁ@tiniﬁe, erzokoxine, ergptaniue, erpgotaninine, erpenovine and
erpometrinoine, Iysergle sold, which is a hydrolytic produet of oll the
groot allmloids, contains an indole nueleous and accordlny te Orals and
Jacshs has the following strueture (88):

cooH
\’ /\N — CHg

Lysergic acid

Althcuph 1% has Leorn wed for & warlety of medicinal surposes,

ersot vrobably finds its grestest use in hastening vosipertum expulsion
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b

of the »lacenta and in the zrovonbion of serious positparium hemorrhage
{62). Heceatly ergot hns boon ussd in the treatment of wmigraine and
sewere headachozp of a periodie typo.

The cexlabar or ordeal hoan contains several allkalolidzs, the nost
importent holiny physostiznine or eserins. This alimloid hms beeon ghown

L4 HATY Eap i

to oontalin an indole nucleus (70, 71}

Physostigmine

Jserine rodusees intra-ocoular pressure and for this remson 1t &s used
Uw«u areubically in the trectment of glesucsomme. The drug ms elso proved
useful in reversing mydrinsis and in the trestrent of mprasthenia ~ravis,.

Arother important grour of alkalolids whiech contain an indole

nucleus are those of dtryehnos nmux vonice. The two most luporbant allaw

inide in this groun are atrrehnine and brucinec. The aliknleids of

strychinos nux vomlca present a complex struetural nroblem amd, in spite

of intensive and ingenious rosearchus, oven at presenit, it is nob yet

» J

-

noszible o write a strusture for siryciinine which is cerdein in overy

Y

detall (727

S tm chnine




18

Stryohnine is used therapoutieally as a tonic and a respiradory stinue
iant (73) and because of its high texieity is widely used as a pesi
gxtorninator.

The seods and root of Pepanus larmals contein the harmala group of

alkaloids amonyg which are harmoaline and harmine.

MeO— N7
H 'Me
Harmaline m

The mowledps of the counsiiivbion of the alkaloids was due larpely
to work by Verkin end Robinson (74). The rin: systex prosent is & oone-
denpoation of benzene, pyrrols, and pyridine nueslei, whiech Perkin and
#obinson mve desinated as 4-sarioline.

The harmala secds have bean uged an anthelunintiecs and narectics and
Mmn and Parehell (75) elaiqed Wiey were of walue in the treectment of
malarise Howewver, atudics with avian malaris lmve not substantliated
theao claims {78)e In lar e doses the alimloids of thils sreup cause
trenors and clonie convulsions and poisoncus dosos eventwlly mroduce
notor and resplratory parzlysis and & lower body tenwersture (77),.

Amons nipments eomonly oceuring in the ani-nl kinrdoon are the
so=galled inmdolic blichromss. Those plpwrnts are amons the ulbincte cate-
bolic degradation products ol the anino acids Tyrosline, phenylalanine,
aad Ltryptophane or related phenolic crmpounds. In this clgrss of bhichromes
are included the blus, »ead, or swple Indlppids asd the warious nore

comulex yellowish, ruddy, brown, or black melanins. rursle secrstions
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of certeian astropod moliuscs, .., nibre swrex and ouepurug heve besn

known gince sieleant times, and the §,0%-dibromeindiso, swrich conghitubes
the chied »irment, has besn onnloyed an o Cobric dyee The red I, (=

- guinone of 2, Jde-dihydrexylndole-Z-carboxylic aecid constilubes an intere
nediate link in the formation ol melanin and ccows also in the irteru-

ment ol the wmerine annelld worm, Ualla parthenovoes cosin, fror whonoe

1t derives its nanme ballecbrome. It is easily redueible mnd is considered

Ly Priedheil: to be an aceeszory respiratory catalyst in the oxypen cone-

swapblon of mavrsalian erythroeytes.

The melenine are undoubledly the most widely distribvted of all
animal pirents e ive rise Lo vearicus shades of black, sray, brows,
ruddy, and tyndall blus. Anoeng vertebreaies, melanins are encountered not

oaly in deraal and epidermal Llissues bub also in sueh intermmentory urod-
« <5 » E

Y
uets as hair, festhers, and soales {(78).

2.

Tyrosine is oxidiged throuh the onsyme byrosinmse to melanin in

the Tol lowiaz nanner (73 ):

{2 Co] ® cH,
CH = COOH l —_—

H dn ‘CH - COOH
2 HO N
Tyrosine Hop
3,4y dihydroxyphenyl- 5, 6.=dihydrexyindole
amine (DOPSX-p carboxylic acid
_ Melanins
Thore has beor rocend renowal of intersst in the oxidation roducls

of eeinerwrine, in partlicular, in adronochrome whieh contulns an irngdole
rucleus.  Adrenochrome v0ssesses very interestling physielogical setivity
and Cor whig reapon thers have been atis otz to deviss a synthesis of

the gompound wiidh would srove veonomicslly Teasible for thoravsutle

LUrDOSes e
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O = \\ 4
MEVAWS
N CH,,
Adrenochrome

This brirhbered crystalline subsitance when inbreduced into the
body vroduces a decrease in blood suger and a lewering of the blood
TTOa3uUTSe

sdronochrone adninistered alony with insvlin appears to be a useful
adjurant in the treatment of disbetes. This deorease in blood sugar on
the administration of adrenochrome results from the fact that it serves
as an oxldstion estnlyst in carbohydrate metabolism. As to its anti-
prescor aotl vity, sdrencchrome, fron what has been learned of it Yo date,
appoars to be the ldeal anti-greasor since it nelther possssses boxie
srepertics nor does 1t zive rise %o secondary products widh wdesirable
shysiolorzical activity, nor does it have any depresaor elYect. Vhern,
and 47, suflicient adrenochrome is awallable for widesmread experinenial
arnd clindeal study it may be found to be wvaluable for use in the treat-
ment of hypertemsion ( 80, 81, 82, 83, 84, 85, 86 ).

Amon: the antiblotles, ~liotoxin whieh ig excreted by Gliocladium
fimbristua has an indole nucleus, It has veor studled for its chenical
as well as blological properties and on treatment with selenium at 2509
Ge it wxlerwent the {ollowling rosction:

c
13714520452 2?55;9-0—’ 012H8N203 + 2Hps + H0 *EC]

the Sw}iaﬁzﬁs oroved to have the structure:



Although pliobtoxin is fungicidal, baecteriostatic, and bactericidal it is
highly toxie to animals (87).

The {ormaticn of indole from tryptophane by ceritain nicroorzm: isms
is the basis of a longs vsed dilagrnostic test in sysiomatic bacteriology.
The rpresence of indole iz Indieated by the formation of a red solor with
ccidificd slecholic solution of pe=dimethylaminovenzaldehyde {(Thrlich's
resgent e Jesitive indole formabion serves to differentinte the colil
groun from obher sphorie organiams {83,

In 1921 lsisitriek and Clark foumd that Paeudemonas aerusinoesa {(HD)
and other bacteria cen decormnose the Lndols ring, and since then their
observation has besn confirmed with other bacteria (H0). Alse, ¥ildes
(91} observed that cortain bacieria (Jberthella trohosa and Coryne-
sacterivwn diphtherige) which have heen shown to reguire tryptovhane for
prowth sre cavahle of using indele In a concentration as low as 10~8 He
From this fact he deduced that trypbtophane is synthesized by bacteris
from amnonis in stages, one of which is indole,.

Ancther exmrole o the utilization of indele is found in the study
by Gray (92). He discovered that, when warious soll bacteria (Pgeudomonas

indoloxidans and Mycobasieriwn sloberulum) are oculdiveted in broth or

apar containing imdole, the indele is oxlidized Yo Indipotine These indolo-

dizing organisme are waable bo produse indole From tryptoshane, ond

indole does not serve as a source of enerpyy for the growth,.



Althouszh substances with an indole micleus are not 00 NEWITOUS,
soveral such compownds are of hioloieal ixcortanee, for example, tryptow
phane, indolsacetic acid, sdrencehirome, ebte. The instability of the indole
nucleousn, especially in the presence of selids, limits the uselulincgss of
indole or its derivatives as sbtarting mmiteriels. Thwrefore, it iz the sin
of' this study to use readily aweilable compounds fron whieh the indole
nueleus can e formed and whish, when definitely accomplished, may point
“he way to the preparation of substances with probably desirable physio=
loziendl properties.

fleynan (93) reeently observed thet estaulytic hydrosenation of byl
cvanide conld bDe stopped abt the iaine stape (em indiented by hydrogen

nobalre jo The i-dine wos then hydrolyzed ta the ocorregpondin. aldchyde.

CH, CN N ‘GHZ - g = NH ' CH20H0
mole , Hzo
Hp

This roaction proved sinle %o perlorn am“ produced an sasily isolalle
product in fair vields Tho method was oxtended to the nroduciion, in 600
viclds, of hydratropaldehyde from o -methyl phenylacetonitriles

Stephen (38) was able to nroduce indole by a reductive cyelizsiion,
using SnaClp-101, from o-nitrophenylacetonitrile. In an attenvt Lo combine
the frulits of Utevhen's and Heymn's work, it was decidad o atternt the
provaration of P-subetituied indoles Irom X-substituted ownitrovhonyle

asootonitrilac,
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H_CN

E+00C - CO - COOE%

NaOEt

NOo Bt00C

¢ - coont .-§ - ¢ - COOE%
CN NOH

Og



4
Fur thermore, it wos coneelvable that, 17 these reactions are vuscecsiul,
guitable wodilicutions may lead o the imcortend amine acid tryptophone.

snother nabh which anpeared interestin avd worthy of

ws the meductlon of genditrolsonitrosckotones of the twe:

—C - ¢ - R
NOH

NO,,

Tith these comcownds 1t was hoped that hydrogenation would procesd as

illustrateds

H
[]
- C -« R > - « C ~ R
"o Tom 5Hy OH TM.
NO&

Althoush our present ‘movledi e ol the indoxyls resultin: from resnctions of
this type do not noint to thelr uselulness in themselves, their close rele-
Lionshin to adroncchrone s "est that ther may serve as a1 convenient route
to this interesting comsound or its mnalorues, A synthesis of adronocivone
vhich proves sconomically fensible mey provide ihis ccomvowrd as an anti-

speasor in the treosthnant of hypertension. Subszitances structurally velated
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t0 sdrenochrome may ahe prove to possess sinilar nlmbh p&amolagim
garepagtiea.
It was oonsidered worthy o a brief digression to a%m;;t the hydrolysis
of the o-nitroisonitrescketones to thelr eerresponding diketones whioch upon

reduction may yield the seme indoxyl nuclews.

’?\ nl - R ’.(E H R OH
0 NOH HpO c o Hz w
NO2 R

Thus it was the ultimate objective of the work undertaken here to study
resctions which might yield the secrets of a prasticable route to physio-
lopically aotive compounds with the indole nusleus.



General:
1) All melting points recorded are uncorrected and wors observed
on the FishereJdohms meliins solnt apparatub.

2} All boiling voints siven are wncorrected.

3) Tolumes ol

v are uncorrocied Cor elther denverabure,

pressure, or the yapor pragsure of Hi

Preperation of Intermediates:

[URRNE S

o-iligrophenylipyruvio aeld:

CHz COOEt — CHyCOCOOE
+ NaOEt
(o}
Og COOEt 0 NO,,
I
HC1 H2CO O ONa

conc,
ice-salt bath

0,

e-Titrovhenyleyrurie soid s Uirst prepared by Mayer and Belle (95,
but ne mentlion was made of the yield. Ulkes and hils coe-workers (96) in
gtiewbing $o apply $he method of Maver and Gulle found it tire consuwming
and the yields resulting fros the resetion were uoor. Difarlo ($7) observsd
that the ethyl o-nitrovhenylpyruvate formed in the initial resction distills

with steam and, il it wes not hydroly:red before the recovery of the unreacted

o=nitrotoluene by stean distillation, 2 low yield of the eclid was obtained.
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Amin {32) applied s modification of the Diferlo procedure and obbained
674 yields of o=-nitrovhenylpyruvic acid. The modified DitCarlo procedurs,
details of which follow, ws used in this study te prepere the seld.

In a one-liter, three-nack lask, esquipped with a wwchanioeal stirrer,
sondenser, caleimm chloride dryins tube and droppliug-funnel, wes nlaced
160 wl. of absolute othenol in which wms Aissolved 1%.0 z. (0.6 atom ) of
sodiuwn. The cunbentz of the {lask wero cooled to (=50 by means ol an lee-
snlt bath and o nixturc of 2.2 e (0.6 mole) of c-nitrotoluene and 88.8 g.
{046 nele) of ethyl oxalate wns addoed with stirriwg over & veriod of
thirty minutes. The resction mixture was sbirred at 0=59 for another
three hours end was then allowed o stand at roonm bteperanture for fifteen
howse The resetion mixture wns now refluxed on a water bat™ for Hilrdy

-+

minvbes altor whieh 350 mls of water was carefelly added. The hydrelysis
af the ester was conpleted by reflluxing the water nixbare Tor fow hours
and allowing 1% to stand overnipgib. In the meantime, = so0lid browm wmsgs
had separated at the bottom of the Lflask. The solubion wws distillied with
ctesrs and the wareacted o-nlirotoluene wus recovered. Conpleote removal of
the wroacted o-nitrotoluone seomed inportant in determininge the ourlity of
the product obtained. ff'%,ii‘i;er complebe resovel of the oc-nitrotoluene, the
flesk was stoprered and pleced in an lse-salt bath. Concerirated hydro-
chilorio acld wms carefully sdded poritionwise and with vigorous sbirring to
the cooled contents of the flask. Az the acid was edicd, a yellew oil

soparated which solidified to 1liyht yellow particles on shaltdns., ¥

o »

Tieiont
shaking of the reactants wms necessary in the acidifiention and, where
attourts were wade o run the resction in doubls guantitles, a tarry mass

vine obbained wiless the shaking scoured efiicient mdxiure of tho reactanis.
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Af%er couwunlete acidification the flagl was uloced in the refrigerator
overnight. The lirh% yellow product, s fine-grained solid mized with
hrown tarsy masses, was filtered leaving behind as much of the brown tar
ps pousibles It was washed with wmater and drieds The dried nroduct wus
wanohed with hot toluene to remeove the brown contaminardt. The erude vroduct
wiiel weighed 80 prams and welted fren 114-1170 was recrystallized from
4045 ethanel {chercoalle The pure produect whieh was nale yellow in colrr
weighed 74 grams (607) and molted at 120-121° (reported mol ting veint is
119-121° (3) ).

o« -{?ximim;-ﬂ -~ (o-nitrophenyl)-prruvic acid

- ¢ - COOH CH, - ¢ - COOH
K 0 + ENOH.HCl  ————y @ Hof
0, NO,

In an attermpt to find the hest method, soveral A lerert procedures

ware tried for the yreparstlion of this ecompound.

Hoethod Hoe 13 Used by Amin (38), this is e rwdification of the gen-

eral nethod of Theanin and Herbst {8 Jo In o BUU ml, bLeaker 1047 e

{0.08 mole} of o=-nitrophaenylpyruvic acid vwas dissolved in 80 nls of 504
alcohclae To this was adied a solution of 17.u s (012 mole) of sodium
woctate ardd Be3 e (0412 mole) of hydroxylammeniwa chloride dissclved in
00 mle of 507 ethmanole The mixture was vmrmed on the stem: bath for ten
ninwtes and was allowed te stand at room tempersture for twenty hourse
The resctlion mixture, cooled bo =59, was made scid to Congo red with 2il-
ke hoydrochlorie selds Vater wms added to recipitate the oxime and
the Peaker waes dleced in the refrigerator overnighte The woduct which

rd setiled out was filtered and washed with weier until the washings were
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free of chloride., The preduct alter reerystalilzation fron 304 ethanol

<,

2 e

{ohareoal) was almost white (olightly dan), weiphed 1lle7 e (6G 1) and

nelted ab 160«161% lthis =msliing point agreed wish that reported by
Neissart (99).

Method Hoe 23 The method was that Jdeseribed by elssert {99}

o-iitrovhonyluyruvic acid, 10eu e (0.0485 mole) wes dissolved in #0 ;. of
10% sodium hydrozide snd 8 concenmtrated solution of 34U e of hydroxyle
soymonivm ohilovide in vater was addod. The ndxture was alliswed to stand
overnighte %hen the red solution was ncidified wilh concerdrated hydro-
chloric neid the oxine vrecipituted as a brown flocculent mass. The vrod-
uet was Dllbtersed and washed thorgushly with water. Tho corude praduct wes
reerystallized by dissolving in dilube sodiwm carbenzte solubion and
shaling the solubicen in the eold with churcoals After sewernl hours, the
solution vas {iltered end the fllirate acidified carefally with dilute
hwirochlorlie acids The tar oroduct alter dryla meliedat 169-61° and
welrhod 940 e (710

Hethol.Ho. 3 Thiz iz o combipation of featwwes of meihods Yol. 1

and Hoe 2 above., Tho precodure lollowed was exactly that of the Reissert
technique (metlod Hos £2) sinmce it ssocd o ive betler yields than meotiod
Hoe 1. lowever, since the recrystalliselion rrocedure of Hoe. 1 save a
puarer product, the product was recryvstallized rom 300 sthanc) {(charcosl ).

The yield vms 76 - of product welbing 160-101°,

o=Nitropharylacetonitriles

Ramborger in 1826 (100) roporied that when oenitrobensyl chleride was
treated witl potassiun eyenide small yields of o-ndtrobenzyl cvanide mizht
be obbained; howewver, the main product of the reaciion wes a condenzation

eroduct of either one of the gstructures shown helow:
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7 NO, —NO

N\ ACH - CN
\ or
[

CHyp

/

NOZ

Hermar (93), in atlespts to Jind srooarction

of ge=nitrobenzyl oyanide, repeated the work of Vomborgore fer results gone

firmod the oroduction of condersation produets, md, wloritum bely, neo

o-nltrobenzyl oyonide could be isolaied. lHoyman also tried uwnsuecessTully

to obbaln the nitrile by nitration of benzyl cyunide wxieor varlious condi-

tlons. The reagtion produced G20 yields of the para product, bub nene of

A
13

the desi ortho Dreduct was isolaiteds

the Tollowing soguen ce

rechorr and oppe (101}

ol roactionss

CH,CN P ~CH_CO
2 EE5 Z\N'HZ

NO
NOZ

vetasert (U5} aloo propured om~ulirorhenslanecctonitrile by wyrolysis

of 0( -o*&i.mmu-lﬁ»taw trovhenyl j=provionic acide
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CHoCN
CHy . C - COOH A 2
§0H —_—> +COg +Hy0

NO2 NO,,

Since the inlermediate oxinino acid was availlalle, it -ms declided to try
the Zelssert synthesls,.

Tive prems {U0.0228 mole) of of =oximino=B - (oeniitrophenyl)-proplonic
acid was nlaced in a wide-mouthed Urlemeyer flask whieh wme hested in an
oll tath. The terperabure of the oxime was carelully maintained bhebween
140«1459 until 211 the szolild had melted. At this stape the evolution of
carton dloxide was evident. YNere oxime was added while carefully controlle
in: the terperatwre. Yhon all the oxime had been added, the temperature
swddenly rose to 160° at which tine the {lask wns Lmwediately resoved fromn
the oil Laths The dblack mmss whieh hed an odor of hydrocen cyanide was
2ll-wed Lo cool and the product sconm orystalli.ecde The lurrest batch of
omica thus converted to nitrile wms 44 . (0420 mole). The orude rass was
reorysinllized several tines fron wmier {chareoal) rroducin: 23 . (71%
off whibe meedles meliting ab 24° (melting point reported by tsissert 53-84°),

RN

Recently, “edemann and co-workers {102) armvc::ri;&ﬁﬂ( woriring aclids
o nitriles with acetic arhydride. A modification of iheir —eithol, rdetells
ol whioh follew, s tricd Tor o-nitrophenylacstonitrils. Pive nruns
{00223 mole) of n-cm:imina-—P = {o=-nitropheanylj-propionic acid wms suse

5

pernded in 0 mle of escetle anbydride and the mixtwe was hesled fe hoilling.
While boiling, carbon diowide was visibly liberated and in Tive ninutes
the suspension Lecsme clear and roed in colore The minitwre was refluxed

ancther thirty minutes after which the acebic anhydride was rooved wnder

refuced pressure.  The residue vas placed in the reflrigerabor overniphi.
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The hirown nsedles which had precipitatoed wore filiered and vwmber was adied
to the Tiltrete, woreunon more so}ld wecipilabed. The Pilirabion and
alidition of woter to the Iilirate vwes continued until solld

srecipiitsteds  The orude sroduct was 1ipht browve asd corysisnlline in nature.

omo recerratellization from wmber {(chereoal) produced white nesdles nelding
at 840 and welphing 2434 2. {657).

£3

Althoush tine did not permlt too extended a study of Ihis reaction,

it is Jelt that more experience would wrodice bebier yields tlan thoss of
the pyrolytlic proeess. Fwrihernore, when larpge amounts ol oxine wero
nyrelyzed, the Seonersture had a bendeney Yo rise too guickly to permalt
prover control and on several ococusions the whole mass decomposed violently,
In the anhypdride progedure no such diffMeulty was exverienved with larper
amounte and the ¢ ude resctlion produet wes much purer and more easily puri-
Piad than iz $the pyrolytlc nrocess.

Huabyrovhononos

COCH ,CH CH_
+ GH ,CH ,CH,,C0C1 Alclsi I-{C .

Butrroshenone was prepared by the ‘riedel-Cralts resciion wwing ithe
coniitl ons as wodifled by Jenits (103). The asparabtus consisted of a 2
liter, three-neokad, round botlon flask squipped with a mechanical giirrer,
o raflur gondenser joined Yo g gas al ém""‘ tien trap, and a dropein: Jumel.

1 the Tlask e placed 802 mle of anhywirous bengens {orcess hongens serv-

8 selvent) and 298 r, (242 moles) of amhydrous alumlnum chloride,.

&5

Jeer a period of Porty-Tive minuvbos, 218 . (2 molss) of bubyryl chloride
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was added to the mizture slowly while stirring. The evolution of hydrogen
caloride was vigorous and the mixtwe in the flask refluxed. MNeamvmile,
the solutlon darkenrd te a red-browmn color. After all the bukyryl chloride

o

had besn added, refluxing wag mainiained by hoating with e wailer-hath
until the evolution of hydrogen ehloride had wractically ceased {aboutb
drec hours}e. The jas alsorpiion trep wms reroved and the conderser top
wie abiached Yo a water pusi. Guction was apolied for an hour to revove
the hwirernen chloride more completely, but core was Iamker that the suction
414 wot ceuse the nolvent to refllux ‘i;oa vizorouslye

Ihe reastion Mlask was surrounded by a cold water bath end the cowrlex
deconposed, in the presence of the solvent, by the dropwise sddidion of
water from the separntory funel. Yhen the vigarous ewoluntice of hydrogen
ehloride emased, the decomposition wvms connlete and the mwpendsd aludnwn
componds were dissolwved by hydrochlorie aclds The two layers wore sopa-
rated and the aguoous layer was ertracted twiee with bonzene, The venzene
cxbructe ard hongens layor were ocombined and wmghed twlee with webor, with
12% sodiwse earbonate solublon until the wsshings were alialine, bwice
aoain with wabor, apd then dried over onleiun chloride, The excess beve
gone was recoved by 4istillation and the reosidus was diztills 4o recover the
zetone, The kebone obtained by distillstlon at aimospheric pressure bolled
227-228° {reparbod 227-231° {104)) and upon redistillztion wnier rediced

negazare the hollin: point was 1o w~1)*§;‘3/"’-~r mhe 10 was s sweed onelling

golorless liguid wolphing 210 ge (740}

Hiiration of Lstones:

o and melitroscotophenoness

“enitz (1038) made a detailed stuldy of theo nitration of propiorhenone

wuler conditions widoh varded as %o teperature and vpitrating mixture. e
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Lonnd that, the lower the Lteuweraiure, the rreaster the yield of Loth
orthoe and mete nitro produste, Although various nitrabtin: lxbures, such

PO

az, sulfuric and concentroie’ nidrie acids, sulfwic and fumineg nitr

ute

']

aoids, and glacial acetle and fwung anltrie acids were tried, 1% was found

that the use of fwming nltrie acid sisne pave the degt results. imilar
Lot o

studies of ths nitration ol aralkyl ketones have been made by Porgan and

Neas {108) and Ulson, bson and Johnson {106).

COCHg fumin 0 CHg COCHg
_fuming +
NHC
3 NOo NOZ

he nitration precedwre used in this study is essentlally that of
Zenitz. In o threeeneck, liter, round bobtom flask {itted witl u mechuani-

enl stirrer, drovpin: Imioel, and thermometer was placed 425 mi. of Juming

Ll &2

Fal

nitric relds The flack wos swwrounded by an icewselt both and stlirring

el

wmy zharded. Then the torrerabure of the acld wms bebween 0-20, @) .
{0s mole) of sootophenone was added in small portioms from the dropping
fumnels v adpsddng the rabe of ad ition, the temperature of 4hw rone-
tion wms mainitained between 0=7Y, Stirrin. was contimed Tor twenby to

harty winwdes after the comolete adolision of i soptoohenors,

a

The resobl on slature we

2

s noured upon 000 . of lee ard the yellow
oily erysbals which sopnrated were filtersd with swetion. The agueous
filvrate vas extrocbed several times with 100 mle partions of benzene, the
bensene ertracts wore combineld, wermed to 80° and weed o dissolve ths
produet on the Jilter. The bonzene solubion, aller wushing with three

40 mle poriions of water, with 10% sodium hydrexide until the wushings

wore practieslly colorless, and Cinelly three times more with (O mle



3%

portiens of water, was dried over calelum chloride and filtered. ilber

@

re oval of the bLeuzone by distillation, = mixbure of the ortho and wmeta
obtaineds The olly mixture was nlaced in e refri; erator overw

501id meta produet was separated frov the oarthe product by

Mitretione The olly ortho iscmer whioch still adhered 1o the solid neia
product on the Pilter was resoved by wmshin: the mixtwre with cold B
sleobol in which the meta iscmer is insolutble. Aflter re oval of the alco-
hol by dilstlllaticn, the arthe lsomer wes obtained as o Ttrom oll and was
nluced in o reflriperctor Tor several days to allow the separadon ol a
grinll smwcunt of the orysialline nwba isomer whieh had eeon dissolved in it.

Thae mets coopomd was Jiliered and combined wlth fhe sroduct oeblsined

The crude o-nlbtroacetophenone wes ractionnted wixler redoced wreasure
. wns (,;;ramm a3 & 1i:ht yollow oil bollin; at 1&4--3.%‘}/2%'-12 e whiich
Begame ban on standing ( renortad boilin, point 178- 1”%0/'}2: rene L A06€ )}
The yield of o=nitroscetophanons was 3le4d g. (38%). The nola nitroscetoe
phencne wms recoystailized fro- 95% alechol wielding almost white crystals
{s}.i;jzw.*tz vollow color) meléins at 89-81° ( reported m. nt. B1Y {106) ) s The

wigld of the neba isomer was 37,0 re (44.47).

o ol meNitroproplophencnes:

CO CH CH
Cco CH2CH5 HNG
fuming C

By application of the prooeiure deseribed Por the nitration of woaloe
A N & &

shenone, 67 g (0«8 mole) of propiovhencne produced 26 . (289.2,7)of %he

&

liznt yellew olly ortho isomer bHoiling at 154-1560/4 mm. ( reported
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lh&b/u“'d e {103 ) Tho weba lsorsr ws obtained on reerysialllza-
Hon from 955 aleohol as a nale yellow erystalline solld wei hin 30 (e
{Bed47) and oliing at U0=98° ( reparted 95,5-99¢ {(103) ) -

o and '**“.L .,m“u&;“rcmw LOTES ¢

aaaaaa A v . e kb

JCHg CH CO~CH=CH = C
COCHg CHy CH, oy H,
fumng 0-CH,CHy CHy

e nitration of 74 2. (J.. mole) of butyrophencne, by the orocedure

*

desc ined For acebovhenone, nroduced 4%.4 . (Ble47) of the artho isomer
wiieh na w ben oll and darkoned on standin . The constants Tor the ortheo
adnet were not obtelined, Tor wll atic pbs at distlilabion of the come

nound wnder roduced pressure reasulted in an explosion and carbonization of

the emtire rasse. widsnbly, other worlers mve evporienced the gwse iffi-

> Y =

colty in Jistiliin o-=nitrobubyrophencne, for s carciul search of the
itteratire doen not reveal a boilin: polint Ior the cupound »lithowd it is

deseribed in eurlier papers. VYocsibly the comoumd eould be dissilled
X! R

without decanpositian, 1T the distillution wore csrried ont umer a suifia-
ciently hih vacwme. The meta nitre bubrrophencone on reervsinllization
from 9063 ethancl was obiained in pale yellow erystals meliin. at 82-63°
(rmmt&d e Dhe 62-65° (156)). The yield was 3..2 o (38450}
Eitrosations

Ime cereral nlirosation rosedion applied o kebones of dhe Lyre
sruliltel, where 3 is an alkyl crowr, rrodwing oximinclkotones according

o the squation

A e 57.

a

Aol toe is
FREY LA ey
AEN A 3

{00

wus Tirst deaeribed by Claisor and Marasse (107). lLater studivs by .leter

LX)
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{108) and by Hartun: and his associates (109, 110, 111, 112; further
sowed thal the oxininckebtones could bhe prepared successfully in vood

vields by thlis sehome. Therelore, it was decided to try this srocedurs

for the nitresation of Lho orthe and mobta nitro keterws prevared in this

goudy. lowever, sime Fartuap and his sroup (111) reported that the
pliresation of acetophenone in the presence of hydropon ehleride is wery

rv, it was consldered best Lo usce the method of Clelsen (113)

«

msatizfecte
in nitrosating the acotophonones.

sebutvl nitrites

s
[
3

Thn n=butyl nitride used in these ouwporliments was nrepared by the

mathod of Hoyes (114).

Attempted nitropation of o- and menitroscetophenonoss

- C =»NoH

o3

Ne.OEt 3

BuONO

o

A solution of 23 =, (1 atom) o sodium in 00 mle of absoluite alechol

was treated, while coolimy, with 162 2 (1 mole) of either ortho or metae

nitroacetopi:encne and 103 g. {1 mole) of nebubyl nitrite., The nitrite and
aitroscotophenane were added alternately, in small vortions, with cooling

alter euch ad idtion. The red mixture was allowed to stand in the refriye

R
2ot

aratar {or five days, aiter whieh 2.0 mle of ebher was added and th

heavy, red scdiom sali was {iltered asnd suweked drye 9he salbt was dissolwved

in 2825 mle of wator coolel! to 59 and trewted with 62 . (1 mole) of lacial

S
acetie acide & brow oil resvlted instead of the exvocbed orysals. The

vy
e

oily liguid was extracied with ether and the extraet was Treed of sthor by



e uwse 07 a streamof alre The rosidve seorarated inbo tve luyers, one ¢

which was eloar and ssemed te be a-bultirl alechols, The two layers vere

s

geparated and the brow: eily layer was ulaced in the refriperatar for sove

.

erel weelkss Althouw . Vi cmberiel had sollc 1lied dn the refrirerstor,

it licuelied whon @t ab roon beveraiure. The olly mess wes extracied

wit: 1% roin and the ligroin uee evanoradted wiith o stream of alr. On
evaror:tlon ¢ the ligroin a 1i ht ten, low-meliing sollid wmes obbeined
which possessad a swe~t odore The compound would nel erysiellize, but on
standing Tor several monthe in an sweporating dish amall cryﬂfalliuﬂ arens
developed in the zott messe I time had permitied, s modiflcatieon of the

sroceduwre bt have rezclted in a orvstalline yroduct, but the sweet odar

seess Lo indiente thobh the croduct was obthor than the isonitroseo khetone
axpected,.

o= 1itrolis onitrosonroviophenions:

fon ©8

O
1

CO=CH,=CHy BuONO

HC1
05 NO

Tha wrosadwy s for

niftrosstlion wns essonitially that used Ly Levin
{11%}s In n one-liter, ithree-neck, round-bot om flask srovided with a
nercury-sealed nechanical stirrer, a roflux condenser connected te a gas
absorotion trap, a 4 livery tube for TCl, and a small drovping funmel wms
nloced 140 ce (04784 mole) of o-nitropropievhenone in 200 nl, of ether,
The stirrer was set in motion and hydroren dhloride {encrated by sllowing
concabrated suilfurie scid to Fall on concentrate! hydrochlaric meid) was
bubbled throuwh the other solublon at tho rate of abovt B«4 bubhles ver

second; stirvin: and adlition of hydrogen chleride helry contimmed through

out the resetion. Alter ¢ ethwr solutlon wa satwrated with lndropen

]
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chiloride (Mive to ten minubtes) 55 v {04861 mole) of freghly distilled
n= byl nibrite was adted by smans of the drozning fwmel in 0.5 ml.-=1.0
=le vorbions. ATter wi ition of the first pariions, the rsaection mixture
Docane oranse-brown, and alter sewveral mlautes, a nale yellow; these color
chamres ccourred alter the aldition ol eueh suvsequent portion off the
nitrite. Ther the last several portlons of anitride had been added, the
oranzo-brown color remsined. bDuring the resction the mizture graduslly
warmed up and the ¢heor refluwred semily. S¥irring and the addition of

the hydrogzen chloride were contimed for another {ifteon minubes after all
of the nitrite hwod Heen addi-d.s 50lid bogan Lo senarate Ivom the resction
=ivture before all the nitrite wmas added. Alr was Dloen throwh the flask
to svaporate the ether and the oranpe ervsitnls were Tilber {rom the
butyl alechel rfemaininc. The aruvde goystals wel hing 106.0 . were recryate
alized {rom wnter {charconl), yleldin: nale yellow ne-dles meliin 157-]1580
and wel hin: 9040 o (5843%)e Althoush this conrournd 'es not boon dese
cribed in the literstwre, lartunz (118) rrepered 4% in his sindies and
revorted & meliing solnt of 158,39

Hltrelsonitrosoproniovhonones

A0CH,C _¢c-
"% —H1 K l?fOH “H3
BuONO

/
NO, NOg

Usin, the rrecedure deseribed above {or the ortho igomer, 140 .
(24784 mole) of menitroproniophenone wns suspendaed in 500U ml. of ether amd
89 e (7861 mole) of n-bubyl nitribe was addod in 0.0 mle « 1.0 =l.
sortions. Conbrary to the usval anitrosation procedurce, the meniiroproe-

nlophenone did mot dissdwe in the 600 mle of ether and the ususl change in
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eoisr, Jrom orange te yellew, alter the addition of the nitrite did not
ooeur. lowewvor, when all the butyl nitrite was added, the refludng sud-
denly became guite visorous, sll the golid went inbo soliution, and the color
beeams nalo yellows Yhen the relluxin subzided solid bsgan Lo weciniiate
and alr was blown throwh the {lasik to removwe the solvont. The ormude prode
uet sonarate:d as a lirht ban ervstalline mfisy weiphing 107,00 e Alber

recryotallizatl o Irow wator (charcnal), wiite crystals reo: lted molting

)

g N
ving 131 ge {(00.04).

ot 1089=1709 wei;

The analytical dale indicate that the nitrosetion progedure did not
wield a pure menltroisconitrosonropliephenone. This was not entirely unexe
neacted alter the odd manner in which the nitresation book nlsce, HSince both
menitroprosioshenone and menitroisonitresoproviophencne are solides and
goluble in gimiler sclvents, thelr sepasretion prosents a oroblen which wns
not swecessiully solved in this study. lHowever, ithe aunalyticel dota indie
eabe the rnroduet o be aboub 85% menitroisomitrosoprouvionhencns and 150
=ritreoroplovhenons.  The diflereneces in melbtin, point snd the —osliive
gualitative test for oxindaution digeuszed later all solnt Yo the wmlidity
of the conclusions drawm.

B

o-Mitrolsenlirosouutyronhonone:

- ' 7 ¢ - C -« CH,CH
COCHZCEZQHS,: W™ n - CH%s
, 0 NOH
BuONO
NO, ' NO,

»

The procedure deseribed above vas tried with Mi.0 2. {Ue74S wole/

=

.

of p-nitrobutyronhenons and 3.5 ge (D38 mole) of ne~butyl nitrite wroduce

i o tar solid. Om reerystallization from water (charcoel), wiite ncedles

wore obialined melting 101-102°9 and weighing 81 ze {(5B1).



sefibreisoni trosobubyrophenong:

- CHy - CHg

CO - CH2 - CHZ ~CHg o

O £

ZaQ

BuONO ,

HC1
NOy 2

The nitresation mrogedwre deseribad was apolied to 143868 . {(0.744

nole) of myniﬁrs%u%y?pﬁhaaaﬁw anG 3445 e (0e82 mole} of nebutyl nitrite.
After & Yer mle 0f the nitrite had boon added, all of the me-niitrobonbyros
vhenone went into solution. At the end of the rosclbion, air was bhlown
throurh the flesk and the eruvde prodwd thus obitalned was reervstallized
trom water (oharcoal). The white neecdles obtained on rocrystallization
wel-hed 108 ¢, (657) ard melted at 75374,

Tualitative Tostg for Ui einaiions

In ordor 0 obiein a auslitative indication of the success of the

nitrosations, the glyoximes of the swpecbed izonitroso wiona: were pre-

Ladie

sared and Yested Tor by the Tormation of colered complenes A th armonineal

aielalous sulfate,.

In the cuse of esoh nitrosstiaor wroduct; a gelublion of T g of

avdroxylasmoniye chloride in 3 nle of wnter wan added Lo a solublon of

1 7» of The nitrosation osrodwet in alechols Jwiislient algonol was added,

droz by dron, wnitil a elear solution resuited. Jeversl hours laber, a few

A S b S oy 1 . L ot P RO . | 3 L B 1 e Y i re
drons of anmroniscel niekel s0ilate zelublon vos addod o £ mle o tho qolu-

tion prepared soove. In each euse stronsly colored nickel dhelate gonmounds

Torned.

Isonitroso ketone Chelate with ¥ilo,(wila)
o=nitroisonitrosonropionhenone - desp grange orecipliste

ge=nitroisonitrosobutyrophonong - deep red wrecliniinte
menitrelgooitroscuroplovhenons - deep Llood-red precinitate

m-nitroisonitrosobutyrophenone - arange precipitats
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The gualitative tests indloated thal ths nroducts tesbed wore the

&

isonitrons ebones deslir

Nbteented o ration of dilketones:
¥ 2y » T

Following the technique of lFectwmym and ¥ller (117) os modilied by
wilin {118}, 7 2. {0.034 mole) of o-vitroisonitrosoproplophimone wag dise-
“11lec for fowr teen hours with 2860 ml. of 54 sulfuric aseid. Sullwic acid
and water wore addod o the di %illing flask from flime Lo tine Yo replen-
ish the hydrolysis mixture. A light yellow solid, which tended to clop the
gond nser, distilled ovor into the receivor. hae solid wwme reoturnod te
the d1sti1lin, flask and the distillation repeated several timez. The
s0lid oroduct obdained from this resciion upon reoryatal lizall on cheched
in avery respect with the oripinel o-nltroisonliresonropiophmmones The
fallwe of the hydrolysis Lo the diletone mar well have besn a direct

wnons 1n the

raz:lt of the ilngolubility of the oc-nitrolisonitrosonropio:
ilurte aoid and the re cbion oy prove suseessitl X sope suxdilliary ajent
ig uaed to Lring about solution of the oxinine kwione in tho acid. lowe

gvey, these studics were ned mursued any Turther at this Tiries
3 K

Aitonpied condensetions with o-nilrophenylacetonitriles
L% — ool by

Condengatlons wilh benazyl chloride - In o=-nitrovhenylacebtonitrile,

28 in secctoncetle wyl malonie esters, the Wdirogen of ihe -ff,i-%z zrounr linked
w the sedtivating chenyl and -0 crows is wery resdily reslsceeds Thus,

sodliwa ethoxlde slvos monosodicobenzyl cyanide which resots with allgyl

talides to ive alkyl~besnzyl oyvanides mnd with esters o iwe cyanoketones



AHy~CN NCHc1  _alkeline —CH
& ‘ condens ing CN
agent

Oy ’ NO

xperinant Ho. 12

siy solid sodlum hydroxide as a condensing sgmt as deserihed by
»! o

Janssen (119 for benzyl eyamide, 2 z. (04912 mele) o o-nitrovhos

BT INTY

trile, 20 mle of dry ebhor, Je438 Do {04012 mole} of Mall nellets, and

s

leo 2e (De013 mole) of benzyl chloride were refluxad togzether on a wbore
bath for two hours. %hils refluxing the selutior becuwrw dark brown. Yhen
the wizture vas cooled, the wellebs of sodiuwm hydrorlde weore intael, the
odor of benzyl chloride waer wresent, and the wnreacbed nitrile was recovered

zEion of the ether. Apparently, sodium hydroxids velleis would

3
g

aot Torn Uhe sodioenitrile intormediate mseosaory Uor the condmantion.

,,
.
s
.d
C..z
e
@
[
o
L
]

A0G1um, Ve e (D082 gtom), was dimsolved in 17

ole To the slocheolle efhoxide solution me added 2 2. (JeU1E nolel of

o=nit ropbon lacetondiirileo, vherounon the solutlon beos

Ser the adliticn of 1e63 e (D013 mole) of benzyl chioridae, the

.

Color. A
winiure was redluxed on the woaler-bath Tor one bour and nlace: in the
procipitaled, wus

relrizerator orsrni-hte The broomrm solid, vwhleh had

se sodiuan ehloride The sicohol in the

P

filtered and tvests ~roved 1t o

falitrate wen evanorated and a slscous Lrows bar resulted, at
wortzins un this ftar falled.

Uxnerinent Hoe de

Theo spoced re ol exporiment Hoe 2 wms reogeated, Mt the mixture was

internittontly shaken in an lee bath for an howr, rather tharn refluxed, o nd



4.4

A vrecipitate of sodiuwn chloride

then nleced in the refrigerator overnis:

raznlbod Yrom this superitent also and aite vis to recover m uvreduchk ron

tie tarry residug Tailed.

Condensati-ns with ethyl oxalate -

H
& - CO - COOEt
— CHch COOEt bN

NO, COOES A
2

sxperiment MNo. 1z

This reaction wus stierpbed acee ding to the rrocedure

Oroacic Syntheses {(120) for benzyl cysnides To 3450 mle o absoluie aloo-

kol was added G220 go of sediun (0e012 atom) =nd, when all the sodium
wes in solutleon, the mixbture wes pluced in an ice-zalt buth, To the sod-
fwn ebhoxide wns added le8 ge (24013 mole) of ethyl oxalate and 2 o.
(Ce0l2 mole) of mni%woghﬁmlmaﬁmitrila in 15 nle of absolute aloohol.

“he mixture was shaken in the icve bath for one hour and placed in the

igerator over-nizgihits The blue solor which arpesred wWen the nitrile
wos ad-iod vms 88l sresente  The contents of the flagk were wesrued to
"?550 13 » * o 3 X LR - » 1 m‘! » 5 - ;
oo and seldifled o 1itmus with hydreochloric acid. The modiww chloride

o

wich srecisilated was D%

Py

ltered., The aleohol wms rancved by disitilistion
ol b hiph Lolling residuos wes allowed o cocls AdBhouh o velleow
crystal line reterial orecipitated, it rrowed, on recrysiellisation from
wmboer {charcoal}, to be richanged cenitrophenylacetonitrile.

A oprelivinery sbudy s vwde of siniler condensations with o-nitros
~henyireetonitrile and benzaldehxde in the tresence of sedivw: olhowxide, wnt
in every ease o new pabterial could be isolated. ‘locauvse a:f;'“ﬂ e discours

aring resulty with the condensations tried, it was decided not to pursue
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- G NS RPN (PR, 2% TS
a ) oentrosheryiacobanditrl e Lo

hydrolysis
——)

Pd-C
catalyst

Pd=C
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&

Pinally, it was of Intorect to try te reduce the dovhle

% , 2. Fat . (.- E be o B ek mie o B EN 5 nooE ‘ Ty e z Bl .
bond in the substifubed dodoxyls do the Z2,3-dibydroindozyl

LR

which would wroduce stirusturos clovely roses

wadronoelLroms.

OH
3 OH

Attention was first lven tw the roducilion of g-nitreoshenylacetoniirile

its analogs o Tfortunately, it wes imposslible in this study to pre-
mare the & ~substibuobed o-nitrophenylacetonitriles and only the unsubsti-
tuphed Bitrils was avallahle for reduction studiss.

=

11ly the reoduetion of the oyano jrow does nob provesd wniloraly

at 211 oithoer

fA X

nagcont o cabtalytied 1y exciied hydrosens The resgon

A, N e T s T ey 4 . TRU R W S
bhis g the fact that the

zi Yion of one mole of hydrogen, react “ngter in coericin obthar ways
Lhov e onn e reduced Purther

moortant

T A S - ;
of “haso pubsoguent e

The wyald melwds of hpdrogoe

in alooholie solution

raalladiwn or plotimes ag catalysts(122)
give considerable &-ounitc of zecondary onine as well as the noraal prode

et of reductior {120

128, 128, 187}, (losemnund end

have dascriled condibions for the eatoliriie redustiom »f some nitriles o

~rimary eaines wding seetic veid a: o osolvent., Accordin. e s

N

3 [ I P ey e 2 - QPO S S g de e B g . LW S
Yo yicld of orimary anine iz incvesssd ot the enpense of the

g vy oearrying owt the hdrosaratlion i slecholile sclutinn eoniaining
w w L . ot

one equivalent ¢f hydrochloric acide. The adiition of amronin
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penabtion using faney nickel alseo reduses the amount ol seeondary anine

Gt

1150). Oarothers and Joass {131) weve able, by using B0, snd acetie

Far

rdrids sz o lvent, to obtain pood yields of the necetyl derivatrive

e s g P e a ey, T
ol Bhe primary aninc.

A

Sbephon (39} was s le to eormvert mitriles inbe sldebrdes »p

Inberoesiat

ino=chloride by the use of gtannous ehloride saturated

g ioride in ethar. Hewran (93] wod palladiv on charconl,

Wodro)

e of Ywo eoudvalonty of hydrechlorie acid, to hydrogenate

catalydicnlly phenylacetonitrile 4 the interpediste inine, hiich could

»

e nydrolvoed to phenylacebaldehydes Tho objeet of thdl s study was o

CH - g - NH CHy
HpCN Pd=C s i
H, : Hy0 CHO

reduee genitrophenylecebonitrile cubalytiosl 1y Lo indole by means of an
inbrasoleouiar =in- elosure.

tince larse smowto ol oenitrophemyincobtonitrile were not too easily

svaile 1s, it was declded Yo moke dhe roducbtlion studles 5 .5

(2 e = 2.0124 mole). wiherare, 14 wis neeessary, 17 evelizmtion to

b 202 ey 1 ¢ g oo b STy & et
Tuetion Le abos oh Lhie ilsine

trndole was to bhe acconrliashed, that the ™

stage; otherwlise, it

sontinne o the rinarey anlne and orsvent loters

Pa-C

nal ring slosures With all these factors in nind, it wpe considered
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essential that the reductien Le earried out using = meassure of hydrogen
wptake whdch was sulficiently sengitive to indiecmite snull 4ifTerances in
hpdro en absorption. This was sceomplished Ly wusin: & stral;ht tube ner-
cury manomoter whleh smeg satbtached to a meter stlek ao that helire in
tenthe ¢f a eentimeter could ba read dirsetly. The manoneter was atbached
to the exheust end of a Parr shaker type hydrogensior and the hydiregenaw
tion was started with both the exhaust valwve {atbtached o the menomcter)
ant the bottle inlet valve open. In this way, hrdrogen uwiako wes Lrmedie
ately indicated by a fall in the height of the ecolumn of mercury ln the
manerader. It was possible in thils manner to checlk hatlvor an abzorntlons
as small as 5-1l. mle The method wus not without its disadveniages, lor
the —~amomebter couid only be used wiih these hydropgenabtlons wioch would
eroceed at pregsures of about 18 ve se 1. Hivhor oressures, oF oowrse,

could ot he recorded on this 1.0 cm. ranomebar.

frevaration of catalysts

e cand

The catalyst wus prepared by the usual »rocedure develonod by lHartuny,
(182)s Inte 8 Parr shaler bodtle was placed 100 nle of wwmber, 3 ;. of
nsehar, 13.0 . of sodium mcetate (NaCpigls #3M30) and 3 mle of 2 solutio n

solutlon sontolned 0.1 e of 55612).

&}

of walladiwa dhloride (exch ml. of ¢hi
This minture vas placod on the Farr hydrogenator amd the bottle was albere
nabely svacusted by wator mumd and then filled with hydrezen rne four times
thus leavin: an atmosrhere of practically vurs hydrogon in conbtact with

the suspension. ritation was boprun and allowedto proceed w il hodropen
wos no lenzor absorbed. The cobalset was dren Uilbered onte a Buchner fune
nel, wnshod several bimes with water, thaen etianol, and Maally eihers The

ot wea elther used at once or stored in o desicentor untlil weade

Cat
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Calibration of manomeober:

It —wos necesgsary vo ealibratc the muncrebor before use., The reoaction

chogsen for the calibration wns the reduetion of maleic aphydride o suce

cinie anhydride.

HC = CO CHy cO
Pd=C
H
/0 2 c,0
HC co CHy 0
The endpoing of the reaction was taken es bthat nolnt ot which hydrogen was

no lenpger absorbed,

Cne-tonth of a mole (8.8000 pge) of pure, dry meleic anhdride was
placed in a Parr hydrogemation botile with 1.0 nl. of absolute alcchol and
3 ra of 1000 Pd~charcoal estalyst prepared as described alove., The gauge
nressure at the start of the hydrorenation was 10 n. s. i The manoneter
wes attached to the apoesratus snd the column of mercury was alloved to come
to equilibriuvm. When a thirty-ninute veriod produced no wisible drop in
manoweter rouding, the hydropenation was sbtarted. Since each: mole of the
malele annydride roguires one mole of hydrogen for reduwiion of the double
hond, cemplete hydrogenation of the unixture used would renuire:

Opl x 22412 ml./mole 2 2241.2 ml. of hiydrogen.

Time in minutes Hanometer readings in enm. of mereury

2 7445
4 80.0
5 50.0
& 41.0
8 40. 75
13 £0.0
185 $8.9
28 39,7
2 39.7
33 39.8
64 39.8
120 50.6 stopped reduction
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The reduction wug semmed Lo be complete and cuantitative and noe

gtiampt was nade $o isolate Whe croduct. Therelore, g droy of 4%« ome

was eqguivalent bo a hpdrosen uptalke of 2241.28 mi. Thus, each centineter
droy on the manonsler is egulivalent to L0.0 mle of hydroren.

deduotion studies of o-nltrophenylacetunitriles

As vreviously wvoinbed oub, it was hoped to find conditlons vhich wonld
permit the catalytle reduetion of o=mitrevhenylacetoniirile te Yhe corres=
pomding o-armminoimine. This imine could be hydrolyzed Yo o-aninevhonyl-
ascetaldehyde which should eyolise to indo.e. it wams amticipated thet the
reduction of the =iils group (reguirins 3 moles of hydrosen/mole of came
sound ) would preoesed first teo be followed by the roduciion of the 0N Jroup
to -0 ® 7 {(resuiring one nmole of hydrog w/mole of gompowund.) If, percian ce,

the reductlion woeecded in sueh o owmy that o mixture of Ladne and orimsry

e sreuld result as followss

53

anine wore Tormed, wory likely secondary emiz

oo GHOE N 4 1 CHplilly e

In owrder to suppress sush secondary amine formntion, we was mede of the
arnerience of fartung (129) and Yeyman (93) and the reduction was Iirst
attenpbed in the wresonce of hodroehlor le acid, Into a farr hydrocenabion
botile was placel & z. (0.0184 mole) of o=-nitrophenylncebonitrile, 3 .

1098 P4 catalyet, 170 ml. of 707 alochol, and 3 eguivelents of huairoe-

-CH2 - E[ = NH - one mole of Hz/mole compd,

CH,CN 5
AR

J Pd-C
NOZ ‘ NH, _ 3 moles of H, /mole compd.

Toteal 4 moles of Hz/mole compd. .

ghlorie scid (8.2 ml. conce hydrochloric aeid). The bobile was nleced on

the vary hpdrosenantor and the sir was rasoved by evecuating the anparatus
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£4114ins 4t with hydrosen, and repeatin the process at least four tines.
The sanoneter was atbached o the axosast valve und the apsaratus vwas
aliceed to some to eauilibrine telore chaking was starbede ince one mole

-

ol altrile e ld reculre TVour solus of 3 vo oroduce the desired

therefore, Dell24 ole wonld reqgulre 0.0004 mele ol hydrogens

De3434 w U400 = 110868 tle o hydrosen regqulred

k|

110C0ed 3 21aT on. drrop on sanoneber represents 1106.8 ml. of hyirogenes

Sanoceter readinc in ome meroury

Tinme in ;

o H0aE

by 5740 E0e8 = 21,8 B 4748 ome
7 LMY Frencpatieal show-ing nolnt,.

€— 3 moles of hvdrogen nlrea&i

. 4 21le9 slsorted
i1 el
13 0«5

1 800

1/ 498
143Q5 Gtied
25 B3t

38 4544 = 3t0§p§§ roduction althourh 89 ml.
hydroen 8till to Le sbhsorbed.

% FERY

smarently three mols sgeivale-ts ol hordr

o

gheor e’ Yhe MMrst sowe

i

cimuber sio the romednin one cole equivalent

Tiile onintad bo o rapid Initial redvotlion ol the =00 cup Yellowed Dy oa

glower red clion ol the =C7 Lo ~g 2 He The bottle et the end o the rew
actlion had sn odor very sursestive of indole. The catalyst wes Tiltered
ef{ and the £ilirate possessed a delinite ludeleelike odore 4 1itile of
the filtrate was sade alialine with szodlis hupdroxide sol-tlon and s few
mle of an aloohollsz soluilien of plerie seld was added resulting in an
oranse=rod preciritete, »tich, in color, reso-hled the “ierato of indola.
The aleohol was renoved from the renalining Jildrate by distiliatlion under

roi eced resgure.s The residue was o 2illy solubtion with s stron indoloe

lite edor {ron vieh 2 brown oil separated on coolin. “hile sta-din: in



o

the refrigerator overnipght, a crude orystalline product sesarated from the
trown oil. The meltins solint of ¢hls erude product was hi her than thet

of indole and atterpis at recrvstallization did not produce a compound
1 gould be ceharacteri Cwidently the acid which had bean usod in
the reductlon ad esused a polymerization of the indele shilch essily poly-
morizes in the prosence of acide. This ovperience forced the decidion to
try the reduvetion of the nitrile in the absence of hxirochlorie acid,
Jewveral reduetions were tried withoubt hvireehleoric asid nrinarily teo
nrove the ferqation of indole in the reasction. The guuntitlies and condi
tions were the smme az these fiven abowe, but the hydrochloric eseid was
onitteds Amain all indiections -pcirz{;eci tw oan initisl rapid reduption of

the =80, sroup {ellawed by roduction of the «0¥, The reaction flaslk at

3

nrpletion of the roduction lhad a8 definite amsonlacrl odor snd molist red
1itnus held in the asck of the bottle tumed blue. The Tiitrate alter
rasoval of the aleohol hnd a definite indole~lite odor. ilince atienmpite at
obtaining erysiols from this residue falled, it wes extracited with petrol-
gum ether. uvaperation of the petrolewn etherproduced white orystnls
which melbed at 45080 ( reparted for indole 12,57 (133) )‘ Goalitetive
tests for indole were npositive with these crvsials,

trobhier reduction vwithout hodrochlorie neld wsin the sme quantities

of nitrile and emtnlyst, bud only using 100 mle of 700 ethancl wes run
aceording te the vrocedure desceribed aboves The sww reductlon pabtiern
wns sbearesd in this swudy as in Yhwse previously ovilined. Alter the
alcohol hod been resoved fron the raongtlon liguer, wwulte {laly eryvsntals,
which were slightly contanminated with a red oil, bersan to precinitobe. The
crystals possessed a definite indole ader 2xd rave a positive tost forv

indele w th pedimethyloerdnobenzuidehydcs. 0 orude sroduct was recryvetal-

lized ro- water {(chareonl) viel, ng Ge?ll za (855) o a wite ervatalline
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solid, with an odar sugsestive of o~ naphibiylonine und melbing at 529,

iite srodust beewne slightly pink on standing. An wrapgee-red

pierate prevered from this vroduct melded at 178-177° ( renord L76m1 779
(3.:54}) .

Sttention was now Uscused on the reduction of the o-niiroisonitroso-
etones to their ecorresponding lodoxyls. The @iflenlities encounleored in

the reduction of oxlmes ore essentinlly those disenussd above For aidriles.

s the use of an acld reduction :mediw has made it cossible

catalyiieally to reduce oximos So the primary anines wcontoiinabed wiith
the gecondary vroduct. Hartung and his studonts (13, 134, 157, 138, 13%,
103} heve extensively applled this "wmthod in the reduction of oximes Lo

the corresgponding: emipo compoursis. Here, ag in the eage of the uitrile,

obieet wes to secwre redicltion of I g}g t0 -”ﬁi? 2hile gimulbarne

cously redveins the oxinino proup to the interzediate ~y= wnich would upon
HH

hrirolyeis produce an wainoketone which could ocyelize Yo an indolo-tyne

nucleus. Olnce Uhere was alse a cerbonyl srous ofto the oxinino group in

.

the oripinal compound, whieh would on reduetion becowme an K=ydroxyl, the

Cinel product would be a Senlkyl subsiibuted indowmyl.

Pd-C

OH
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On the basis of experience peimed in the reduction studies of o-nitro-
phenylacetonitrile and reccgniszing the deleterioms effeoct of scids om the
indole mucleus, it was desidad to meke sll reductions in noutral medium.
These reductions were also made on & small soale using the manemoter to
follow the course of hydrogeoation.

Reduction studiss of e-nitroisonitrosoprepiophenone:

C-C-Cﬂs OH
& Yom
— L
H

KOZ

In » preliminary consideration aﬁ‘ the h;aamgvmtim aﬁ' o-nitroisonie
trosopropiophenone, it was mmewly aalamtml tha t mmrmm of four
molaes of hwmgm ;mr mole of compound was mpw;a uf pwdwamg m mm
form of Zemothyl amwx ﬂasm w@uld aaez.s.am %o the h;ydmx:sr (mmq) form
of the indoxyl. ,m, as can bc soen by mpi‘uny studying product

¢ -'?‘ - CHy (1 mole H,/mole compd.) ‘ ' 8,7,- G=-°C
© nNow —iy NH
N0, (3 moles Hp/mole compd.) NHy R,
1

§-o0

— - Me

NH,

H
(11) (1)
(I) shown above, there is no N atom svailatle for an enolisation %o product

(11). Therefore, in order for the reductiom to produte the desired product,



oo
obuy

FaX]

five moles malrerzen o be absorbed uer wole of

)
et
[N

1t os nesessary Lor

ge-nitroisonitrosoketons.

5 moles

H . -2

Pd-C

H
pro ton OH
< sh1 '+
—
Me \ Me

Imffortwwiely, several reducllons wore nade before this erver wasg roesliszed,
In o typical reduetion sbonring at the four mala hdro pa abasoration
stuge, 2 ze (D.0188 mole) of ownitroisonitroscrroploshanone, B . of 10%

Fdechiareoal enbalyst, and 100 mle of 73] aleohol were all nloced in o Parr

byl reconetion Botvle. The bobttle was connected o the uriropenation nppar-
slus and the alr wes resowed by ewagusilon, T1lling 41 wlith lndropen and
repeating the process at least four times. The manoueter was jdoined to the
aomraitng as previously descrilbed sand egnilibrium was stteined belore
Wplirozenation was siarted. Simce one —ole of oxininoketone wuld reovire

forr moles of hydropen, therofore, 0.0080 =mols wouldd recuire 1,038 mole

of hwdroren.
.54 x 22400 & 060.2 nle of hydrogen renuired

= 16,9 er. drop on momene ber rorrosonts C00.2 mle of huilropgen.




Pime in mirules danemetler reoding in an. meroury
e 32.7 €7 &5‘2.?"16- BRO . @
Fd 78.0 theoretioal and ;m:m%.
4 735.0
5 7040 €= 3 molos of hydrogen already
absor bed
8 62.0
13 €5.8 Stopped redustion

Hore, as in the case of the nitrile, three moles of hwlrogen was

absorbed in the Pirgt Mve mimdes and the resaining ong mole rsoulred

e Wt wingte..  This polnted 4o rapid reduetion of the =it ;2 g 1) -»};??ﬁg at

L1

i
first, Lfollowed Ly & slower reduetion of th -Leﬂ};x’:ﬁi ‘o ~£’ Hile The hydro-
srmabion bottle at the end of the resction had am wwoniacal oder and
molat red lltmus held in the mouth of the botitle turned bluwe In splte
of the prosenee of charcoal, the re ction mixture wasz seen L0 possess a

%

definite greonish-yellow [luorcescence., The eatxlyet was iltersd from the
resction mdxiure and the filtrste wis greonlsheyellow with a delinite
fluorasscence., The catslyst was washed seversl timesy “irst wiih cold,

then with hot absolute sloochols The solvent wms romoved by distillation

=2

wrler reduced presswe and the residue placed in en ewmporsting dishe On
cocling a yellow solid with an indole-1ike oder o eceipitsted. The product
was ‘iliered and dried and on close sxmpination seenmed crystalline in
nature. he crude product was recrystallized by dissolvin: in hot absolube

alcohol {chareoal), iilterinz, and ad ing wmbter to the Mltrnte %o incipe

fent crrstnllization. The wmre wroduct was ar ederlossz, bricht eanary-~

wellow, a-orshous so0lid wolipghing 244256 o, (30.89) and —oldtins at 103-104°
( reperted Jor Zesethyl indoxyl 40° g],zm))

It wag observed that the nature of the produet was rently alscbed
several feotors. I7 the lsonitrosolstone wms not nure, the yleld was
woor and the produet wos resinons and of terntlimes s Linck gury tar.e flso

the lower the pressure wxer which the solwvent was removed {row the reaction



nixture the less resinous wms the crude product,

According to Inpraffia (140) the following ocolor resctions are char-
agteristic for Zemothylindoxyl:

1} Cold concentrated hydrochloric acid - a pink color wieh darkens.

2) ot and cold eoncentrated sulfuric acid - a violwh color.

2} Cold ;lacianl esetle acid - a yellnw solubion.

ot slocial acetlie acid ~ & red colored solution.

4} Cold mcetic anhydride -« a red solor.
The rroduet obtained guve these poesitive color tests with concornitrated
hydrochleoric acid, congembtrated snlfuric acid, glaclial acetic seid, and
acetic anhyiride.

when 11 was realized that the dezired product wounld recuire five moles
of hwireren por mole of isonitrosolketons, several reductions were tried
allowing the absorption to proceed (o the five mole sbtape. Following the
tecehninue deserihod a»ove and ws inge the same quantiiles, o tvnical reduc-
tion procecded as follews: 211 om. drop on manometer required for five

=ole absorpblion which is equivelent %o 107442 ml. of hydroren.

Tims in minutes Yanometer reading in cne meroury
o £4.9 4,9 - 21,1 = 63,8
2 T8.0 theoretical endpoint
7 70.0 ¢~ 3 moles of hwdroger slready
10 689 ahsorbed
13 €8.2
15 &7.0
20 6.6
23 86,1
35 857
45 Gbeb
53 85.0
60 64.8
85 6.6
180 6368 stopoed reduction




Juor three meles of hydrogen were aisorved In the Yirst geven uinules

stion and the remalning two wsles reguired one handred sud

hig orovided nore evidencs that the «iug Jroup wWes rae-

sunesl rap 9l at Tirat Tollow by n oslower rednetion ol the ebo anu oximine

Pt omghors of tho resobion LiXbure tnd prod

% et Yor tre Tour mole hyvdrosen absorstlon; however, the yield of ihe pure

&

S tpdanvrl war 0.7T3E e (54e500) at 153-154", All cclor

boaty wers soglitive as above.

T R AL AR oY e G thraisonttr f}”ﬁ@‘ ’»'ﬁ\ "tf?i"ﬂ’ii"‘%%fﬁﬂ.one 3

ottt -

C=C=CH,CH, ‘ oH
O NoH Pd=C

In 8 typienl redustion £ ge (0.03887 mole; of cenitreoizonitrosobutye

rophenome, o ;s 0f 0% Mdechercecal catalist, aad 100 ml. of 700 alcohol
wore 11 placed in a rarr hydrogenscicn bobttle. e hotile waz connecbed

4o bhe Pary hvdrogenation epraratad and was thoen evacuatod ol (iliaed with

hydrozsen as in provious reductionse. the manoneter was thon joined Yo the

and the systonm was sllowed o some to eguilibrius before the

Sinee ons mole of oximincrzebtorne woula rogulre Jive

P

irezes bto sroduce the desired sminohydrox

thaerefore,

D20 30T wole would regulire 0.044.00 wole of hydrogen.

oy 2

2.0AEE w BE400 1».? o, drop on uancmeter reguired or -ive
5069 aede hydrogen ebsorption.

zw



Tinme in minutes Janeopeoter roading in on. mercwry
Q 84.1 4.1 = 18.7 S €4.4 theooretionl
2 78e3 endpoing

, &« & molny of hydrogen already
€ 71e3 abisoried,
10 68.0
18 88.0
26 §6.8
32 66.1
42 6548
52 Gt o8
53 Ghed stopped reduchtlion
I% de ivberostlimg tmt the abserption of tiree moles ol lwairojsen

ogcurred in the Tirst Mve sinate and the re-sining o moles wers abe-
gorbod in aboub Tifey almutes. Thig is interpreted as sudstartiating the

cluim that the «-I@if}g group iz redwed Iirsts The odor of the resclion

i

bottle wes mnooniacal and molst red litrmus twrned blue in the mouth of the
potble., Afver £f11ltratlon of dhe esbalyet mizture, o filitrate exhibited
# precalsheyellow fluorescence. he catalyst was wnshed wiilh ocold and
Hhen hot absolubte alechols The aloshel was removed by disiillatlon under
redued pressure snd the residue placed in an evaporabting dishs. On coole
ing a greenish-yellow solid precipiinted. 7The solid, whieh had an indolew
like odor, was 1ltered off and dried. The ecrude product was recrystal-
lized by dissolving in hok absoluwbe aleohol {c&mremi}, filtering, and
add ing water Te the £iltrate to inciplent crystallization. The nwre
Z2-g2thyl indoxyl was an odorless, bright camarveyellow, eworphous scolid
woighing 07021 ze (48467%) and melting at 146-167%.

Golor tests on the d~ethyl indoxyl save the followiny reaunlis:

1) Cold concentrabed sulfuric acid - blood red eolor.

2) Cold concenirated hydroechloric acid - pink coler which darkened
on 314"1}..?(,‘,3‘:;0‘2\ -

A

S

Told placial acetle asecid - yellow; on hweating - orange colors

[
sl

Cold acetic anlgrdride ~ yollow; on heating - orarnge colore
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“ine dust degradation studics on indoxylsy

fpcnuse the Zemethyl indoxyl oroduced in these astudlies differod con-

sileratly in melting point from that reported by Ingrafiin (140), =zine dust

pownds Yo thelr corresponding indoles, It wos planned that the indolea be

iaolated ad charactorized, thus establishing the presenge of the preformed

OH
Zn dust )
R NaCH R
S
H H

imdole nueleus in the coppounds wnder consideration.

The nmethod of degradation wms based on that of Vorllnder and Apeld
(13). About 100 mg, of either Z-methyl- or Z-sthylindoxyl was placed in
2 small rlemeyer Tlask with 850 mle of 2007 HaOH and to this was addud 5 g
of zinc dust, The alxture was refluxed for one-half hour, during which
the indewyl went into solublion, and then distilled with stown. Tho sleam
distillate pesscased a definite feeal odor. Although sumall ervstalline
particles of solid could be seen in the steam distillate, no apureciable
gnounts of sollid product could be cbtained, On evaporation of the water
from the stean distillete in a2 wacuum desliccater over PgOg, o small amount
of impure solid residue wms obtained wilch was very low nmelting, but for
which no melding point could be obbained. Addition of an ether solution
ol pleric acid to this solid residue produced a Bright orenge rrecivitate
so characteristic of the plierate of indecle and its homolopues. Unforiurnately,
insuf ficient vlerate was produced to pemit muwification and determination
of melting ooint., This failure at characterization of the producis of

desradetion oceourred with boih the Z-methyl and Z-ethyl indoxyla.
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As a substitute for the unsuccessiul isolation of Z-methyl and
Z~othyl indoles, further degradations were run end the stean distillates
wore extracted with benzone. The honzene sxiracts were tested with fhre
lich's rearent {(p-dimethylen nobenzaldehyde) and in eech owse a strong

sitive test for indoles {& bright red colrr)} was obbained. Thrlicht's

it

i3t on the original Zemethyle and Z-othylindoxyl was negative and the
results of these oxporlments were tnicen as strong evidence in favor of a
prefomed indole nueleus irn the compounds studlied,

Redvotion studlos on Zemothrl indoxyls

OH

Hz Me

“xnoriment Ho. 1

In & Parr reduction bottle wes placed 0.8027 g. (0.0055 mole) of orude
Zmmethylindexyl, Oel g of PtOy, and 100 mle. of 707 alechols The detalls
of hydrogeration were gimllar to previcusly considered cases, To reduce
to the 2,%« dihydroindoxyl would require & 2.42 om,. drop on the manometer.
ATver geveral hours shaking there was no apparent absorption of hydropen
and the reaction was stopped. Three grame of 10% Pd-charcoal ca alyst was
addnd Lo the mixbure and the reduction was tried apain. After four hours
no drop was seen In the menometeor and the shakinag -as interrupted at this
point. Filtration of the reasction mizxture end remowml o the sclvant only
sarved to rocower the ori nel Zemsthylindoxyle

Cuparinemt Mo. 23

in this study, 2 z. {(0.0085 mole) of o-nitroisonitrosonropievhsaone,

100 mle of T0Z alechol, and 0.1 3. P40 wore plsced in the Aminco reamciion



i+

boamb for hrironenation at 160 ve 8. 1s hyvdrogen preaswe. Affter three
hours the redvetion had nsrocesded to the caleulated 2, % dihydroindexyl
stare and the reaction vmaz sbonred., Unfortumiely, 1t wnes ¢ifTiouls, if
not imposaitle, %o obdain an accurnte measwe of the actwsl hydrozen uptaks,
Tor £he Aminee bomb had & slisht leak. A% any rete, the resciion mixture
yielded only the Zemathyl-indoxyl.

fxperiment Hoe 3¢

Frash 107 Pd-chercoal oatulyst wes prepared in the usuel manner, but
0,25 7. of HoPHCls was added to the mixbires This catalyst vas placed in
the Amineco reaction bomh with 2 z. (0.00%0 mole) of o-nitroisonitroscbuty-
rophenone and 100 mle of 70X ethanol at 150 ». 8. i. hyirogen pressure.
The reaction was allowed to proceed wntil no further wptake of hydrogon
was observed (it was difficult to deternine oxaotly thie point besause of
the slight lesk in the bombl.) ¥orking up of the resction mixture produced
only Zeothrlindoxyl.

The firther study of this resction was not pursued Durther; however,
it is felt that fuwther detasiled study of catnlyst and conditions will
produce the proper combinsiion for the reduction of the doulble bond to

the 2,3« dihydro compound,

Analvtieanl lmtas

Hene Formala Fitrogon

falold Found
o~nitroigenitresonrepiovhenons CH W0, 13.46 13,42, 13,39
s-nitroisonttrosobutyrophenone ¢1ﬂﬂlﬁﬁ?ﬁé 12.61 12,42, 12.50
m-nitrolzenitrosopropiophenone aﬂﬁﬁﬁgﬂl 13,46 12,10, 12,18=

OO & 4

menitrolenntorosobutyrophonones leﬁloﬁﬂaé 12,81 12.48, 12.52
Z-mothylindoxyd Ggﬁgﬁﬁ 9.652 GeBl, 9.52
Zwethylindoxyl ﬂloﬁilﬁﬂ 8,869 Bedl, B.42

sliot comsidered corroborative ~ discugsion of these resulte papge 40,
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The analyses on the indoxyl compounds ware run by the ordinary
Kjoldahl procedures Although acceptabls enalyses of the indoxyl comnounds
were oObbtained in this ladoratory, 1t was oomsidered worthwhilo %o have the
resulbs cheeked by a disinberested party. Verification of the analyses on
the indoxyls was made throuzh the ecourtesy of the laborstories of Sharp snd
olmge, Ince In the case of the oe-nitrolsenitroscketones, 1t was necessary
4o resort to the wse of a modified Kjeldahl to reduce the nitro group
previous to digestione Thiz treabtuent was necesswamy for the ordirary
Ejeldahl procedure doss not yield satiafactory results with -HO; compounds.
The process that was piven in the ACAC (141) wsing EgS o0y in place of
K804 in the digestion mixtire., The me-nitrolsonitrosoketones were analyszed

Wy the Dimes procedure,

o

Pharmacoloslical Studies:

{mly preliminsry bleod mressure atudies hawvs been made on o-nitro-
isonitrosobutyrophenone and Z-ethylindoxyl. These determimatlions wore
nade on noneatropinized dors anesthetizod with nembutul adoinistered intraw
neritoneally. Artificial resuviration was not enploved,.

There was no chanyrs in blood presswrs felleowling intravencus injection
in leg weln of O mle of & solution of 10 mg‘;./ml. concentbratien of
o-nitroisonitrosobubyrophenone in 60F aleohol, 2~Ithylindoxyl wms dis-
soived in 96) aleochel in & concentration of 0.5 mge/mle One milliliter
of this solution prodwced & rise in blood pressure from 10 mo. 4o 1068 mie

£ H-e Because of the suall amount of the compound whieh dissolved in
alcohol, the compnound was dissclvod in propylenc glyeol, in which it is
mach more soluble, and, without weidiing, a solution of about 10 mse/mle
was prepareds About 45 minutes after the injoction of Zeethylindeoxyl in

sleohol the bleod preszure and respiration of the dog beren to faile AL



this time ome mle of the propyleme glyool solution of 10 mg./ml. was
injocted intravencusly. Immediatsly the blood pressure level ross and
regpirstion become more regular. The same seguence wns repesated sevoral
times with the samno affect altsr each injection of the compound.

Becaunse of the spparent ef'ectiveness of Ze-ethylindoxyl in propylene
glyeol when the anizal appoared near death, it wes decidsd to try the
eompound on another doz with securately prepared solutions of known
strength. An intrevenous dose of 0,95 mle of 2eeth. lindoxyl of 10 mze/al.
eoncerdration in propylene glycol produced no visible ef7ect on the blood
proessure or respirastien of the snimel., 8i ilar results woere obtained with
doses as large as 4 nl,

Tha results were veriable and inconclusive and it wes not oc:emsiém_*ed
feasible at this time to ocontinue the hlood preszure studies of these

conpowds.



e much hoped for substitubion of the & ~hydrogen atons in o-nitro-
phenylacetonitrile with subsequent reduwstion to the corresponding J-gube-
stituted indoles did not succeed, The failure of these substitutions might,
at first, seenm atranse slince the o-hydrogen atoms of phenylacetonitrile
itself are reactive and the -HOp sroup, especially in the ortho poeition,
would be expected to activate the q' ~hydrorens even nore stronglye

The explamation for this strange behavior probably lies in hydrogen
bonding betwesm the ortho nitro group and the a( ~hydrogcens, thus, in effeect,
reducing the activity of the otherwise extremely resctive o-nitrophenyl-
acobonitriles. By & sinilar line of reasoning, Dippy and lewls {142, 143)

explained cartain abnormalities observed in the acid strengihs of

i
(.} - CN
H‘s
>0
N 0

o=nitrophenylacetic noilds, as due Yo tho chelstion of the methviens and
nitro grouss.
It may be possitle in some fubwre study to prepare the desired S-substi-

tuted indoles by introducing the suhsitltuent befors nitration as follows:



] R
CHy - & HNO, & othyl
> oxmlate
NQz ———tp

In the redwtion of o-nltrovhenylacetonitrile, it was possible to
obtain a ring cleosure to indole in neubral medim, The yvield matched that
obtained by Sterhen in his chenical reduction (39) snd the indicetions are,
that in larrer sesele operations, the yields would be improved. Furthernore,
this method is much easier to perlorm than is Stephen's.

The eowrse of the hidrogen uptake offers evidence that the N0y proup

s

is redvced Tirstin «WHy followed by reduetion of the ~CN rrour to «-g = HHe
Byidently, in situ intramolecilar cyolization, with the el irinantion of
amrronia, cccowrs as scon az the nitrile ls reduced o the imdinoe and belore
internolecular resction Yo forn secondary amlne can take place Yo any
axkonte

Reduction studies of the cw-nitroisonitrosoketones to ithelr correspond-
ine indoxyls also took place in neutral medium. Here, as in the case of

the o-nitrophamylncetonitrile, hydrogen upbake pointed to s rapid initisl

reduction ol the -Lla proup to <iTH, followed by reduction of =0- and (-

B G HOH
to =G0 and -G- respectively. Heductl ns which were terninmted after
i

forr mola Wwrdrorom wrbake save a nroduet ldentipal with that obiainaed from
five mole hdrogen urtake, except that larger vields vwere obbained with

five nmole untare. Thirn is inborpreted ss nroof that 4the first stape in

the radmwetlion consists of o reduvction of the -H0y growp of all the starting



&7

maberial mresent to the ~NHge Subsequent hydroger uptake would sonvert

Tl

Ehe »’;3‘-_’-—' - and tho (- i ~G= at ggual rates and lmmediate in situ
G i HGH i
orelieetdon, with the leoss of amwonia, follows. Thus a fewr mole hdrogen

[

untels wonld merely caryy loss of the prohwed beyond the aminolsonitro-
soketone staze and would thus preduse a smaller yicld of the Tinel product,
Increftia (140) reporte” the preparation of Z=-mothylindexyl by the

follewing reactions

—y
Hy0p

fle reported no yields, imt his compound wns e yellow crystalline solid
meltine at 409, not wery stoble, und in a short reriod becane a hlack
swrvoy mass.  The rrofuet obialne? in this study nelds st 1 3-104%, iz o
brivht yellow solid, is gitnable and sives rositive regulis with all color
tests elted by Ingrafiia on hils compound. It is very likely thet Ingraffis's
sroduct was not very vure as evidenmeced by its rapid transformation into a
blaok gumiy mass. Thus, in this study it was observed that solubions of
the indexyls exposed to the air soon beeams hishly colared (red-vielet)
roasgnbling the behavior of indeoxyl ian poing to indigo. Alsce, when impure
isonitrosoketone was reduced, & resincus product was obinined which on
gtanding bosane 2 black guwwyy mass. Fwuwrbhermore, indeoxyl melis et £5° ana
2-mothylindole melts at 59° and 1t ssoms unlikely that L-mathyl indoxyl
world welt lewsr than elther of these two.

Inyrsffisle analysle Tor Zemethylindexyl wes hirh (calculated 5,0270H;
fourd LJTHIR) and his product may have been contaminated with the low-

nolting emethylindole. Furthemore, his synthesiz of Z-methylindoxyl
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deponds on an obscvre application of the Grignard reaction end a search

of the literature rewveals that litile is mown of the method or its depend-
ability. Resrraangements,whilch are not uncomnon in Grigmard rescticns may
woll play a part in this instarce and produce an impwre cnd low-meliing
produs e

tvidence offered in supoort of the elaim that the produwed of this study
ig demothylindoxyl followss

a) The analytionl data on Be-nmethylindoxyl Iits exmetly thait ealoulated

for thiz compound.

b) Vatoer solutioms of the compound are yellowegreon and fluoroscent =

this properdy is a clmracterisitie of indoxyle

¢} Pepradstion with sine dust wnd sodium hydroxide yields an indole

«hich has either a free gf=or ﬁ-pomiﬁim; es indicatved by a
pasitive ¥hrlich's tost. The &wll quantities of the indoxyle
availaible 4id not yield sullicient indole degradabtion product
for further characterization.

d) The compound produced # red coleor with ferrie chloride solution -

tiig nroperty ls mlse exhibited by indoxyl ard iz an indicstion
of its phenolic characier.
sisilar evidencoe For the presence of an indoxyl nueleus was obiained Irom
the reduction oroduct of o=nitroisonitrosobutyrophonocne.

I% wns imnossible, in  the short time svallable, 40 gneceed in reducing
the 2,3-= iouble bond in the indoxyls to the correspending &, S-dihydro
comounds bto approximste nore closely the adrenocchrome stracturc. Howewer,
it is felt Tihemt further study of thls phase of the mwoblem will reveal
proper conditlons and satulysis for the wreparstion of the &, 3-dihydro-

indoxyloe



1) The Introduotion provides s concise review of the important
gyntheses of the indole pucsleus and indoxyl snd a brief consideration of
their role in industrial mnd medicinal chemistry,

2) The mreparation of o-nitrophenylacetonitrile was pogsible by two
routes (pyrolyeis and reaction vwith scetic anhydride) both giving good
vields {65-71%). The method using acetic anhydride possesses a number of
advantage: over pyrolysis and fuwther study with this technigue should
inprove the yields.

3) Limited atte pts at prepering €-subitituted o-nitrophenylsceboni-
iriles wore unsuccessiul.

4) The catalyble reduciiom of o-nitrophoenylaceotonitrile in nestral
mediun prodused indole in 55 38 yields by a process much siamler to perform
Shan the ehe ical method of 3tephen (38). Undoubtedly, preater sxperience
will permiiv thls methed to surpass the ylelds atiaimed and thus Ave the
e thod etlll greater adventage over the chamical reducid one

5) The fellowing nitrolmiones were obtaincd by e process of nitration
with M % nitrio acids

)y

v o= and menitroscolophenones

o= and menitroproplophenones

o aid menlirobulyrophenones
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8) 7The followin: nitroisonitrosoketones were presared from the
nitroketones by the uswval nitrosation procedures

o~ and m-nitroiscnitrosopro;iophencnes

o« and menitroisonitrosobutirophenonss
cualitative indiestions of the success of the reosction were obtmined by
oximination and tests with smoonisexl nieckel sulfates Analyticsl rosulte
for the menitrolsonitrosonroplephenone indicate the produwet was conbtominsted
with sone of the original keione. Attenpits abt nitrosaition of the o- and
menitroncetophenones did not succeed,

7) Abteris at preparing o-nitro &, @ -dikotomes fror. the corres-
poncin nitroisoniirescketonas also falled,

8) Heduetion studies o the senitroisonitrosoketonss mroduced Z-alkyl
substitvied infoxris in yields of 40-88%. Anmlyses, queliiatlve color
“tast and zine dust depradations of Tered sunporiing evidencs of the nature
o the produsise. Atterpts to reduce the Zealkylindonyls to the correse
ponding 2,d-dihydroindoxyls et with no sucéceans in the praliniasry study
made.

9) Of the compounds nrepared the following:
ow-nliroisonitrosopropionhenone (&)
m-niitreisonitrosoproplophenone
s-nitrolsonitrosobulyrophsnone
m-nitroigonitrosobutyrophenone
Z2~mprthylindoxyl (b)
degthylindogyl

arce reported in the literatwe for the first time.
{a) ¥Frevicusiy propered by Hartung (116}, bul not repocited in
the lilar:turc.

(b) Reported by Ingrafiia (140}, bubt results hore indicate his
compound was inpure and thnt the physiesl congtards ronoried are Lncorrotte
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10) Preliminary pharmscologionl studies of the pressor effects of
cenitroisonitrosobutyrophenons and Z-ethyl irdoxyl were made. o~Nitrue
isonitrosobutyrophenone was completely without effecte With 2-ethylindexyl
the resulis were m‘ﬁbigm@ no d«ﬁnita ‘eonclusions could be drawms
however, the fraguentary resulits emmw& do ‘inéiuat;s ’chmf; a ?wﬁmr study
R the Mwlt might prove ‘thﬂm % ave some efi‘m on ‘ﬁl&o& Pressures
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