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ITUTRODUCT TN .

Chemieal literature abounds with methods ror the
synthesis of Indole and its derivatives, Undoubtedly, thias
is so, becauvse Indole is the parent substsnce of the histor-
jenl dyestuff Indigo, This eocloring material has been the
aub Jeet of extensive investigations for many centuries,

Barly in this century, ilmportance was still plseed on Indole
Chemistry, but it leter geve way to other dyestuffs having
different chemicsal struetures, It seems, however, the loss
in populerity was toc heve been ghortelived, becsuse of the
revitalized interest shown in the ehemistry of Indocles since
the early 19301's.

It was found thet & great number of alkaloids were
also derivetives of the Indole nuecleus and henee, eould enter
into a great meny syntheses. The amino seid Tryptophan,
which has been found to be extremely ilmportant to snimel
natrition is s derivative of Indole -~ as are also msny
plant hormones.

We slso {ind Indols being used in the perfume indus-
try to enhance such delicate floral imitations as gardenia,
1ilae end jasanin.

With this very brief introduction to Indole, we will
next eonsider a synthesis of this important substance and
8t11l more importsnt intermediste, although the true pleasure
lies in being first to synthesize & compound, it would 1Indeed
be folly to even imegine being first to try e synthesis of

Indole, The suthor was nsive enocugh earlier in this investi-
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gation to think s new approach was at hand; however, s few
heurs with the literature cast a new and revesling light
on the nultitude and variety of synthesis already labored
over.,

The synthesis first to be investigsted in this
peper 1s that using O-~amino phenyl-ethyl alechol as the
gstarting material, By first effeeting s dehydration
eyclizetion and then s dehydrogenation of the resulting
2,3~ dihydroindole, the deslired product is formed. 4 German
patent 606,027 dated November 23, 193l covers a similer inves-
tigation - deteils of which will bs given later,

4 seeond synthesis using 2«Hydroxy ethyl sniline
and following the same proesdure of ecyeliigation by dehydra~
tion, then dehydrogenation, is zlsc the subject of the rresent
investigetion, but to & mueh lesser degree than the first
mathod, Unsuccessful attempts in synthesizing the Z-echloreo
athyl aniline impeded sny progress that might have rssulted
from this line of investigation,

In conelusion 1t might be added, that the present
revitslized intsrsgt in the chemiatry of Indocles, served to
give the suthor sufficient impetus to eonduet this minor
investigation in wheat might otherwlise be considered a falrly
well exhausted topic of chenmistry.

i



SYNTHESIS OF INDOLE

CgHgNHCH,CHLCI |
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COMPOUNDS 2HD TIUTZRMEDIATES

Though 1t wes not the purpose of this thesis to under-
take the synthesis of all starting materdals and intermediates,
certain meterials were synthesiged elither bessuse of the uns~
vailablility or because of g special interest in the particulsr
synthesis, Mention should be mede of the feet thet suecess
was not stteined 4in all instanees where a synthesis was tried.
For example, the replagement of the hydroxyl group with
chlorine was unsuccessfully attempted with the compound 2
hydroxy ethyl anliine, Ssvaral experiments tried resulted in
rocovery of the stesrting nmaterial or a produet having the
appearance of a polymerized mass, Thess experiments are dew
aeribed in the pages to follow,

3mall guantities of other eompounds were needed for
spectrossopic purposes and in these inatances, psrticulsr
attention was peld to the purity of the msbterisl rather then
t0 the resulting yleld.

3111 in othsr instsnees, where a particular starting
naterisl reguired s rather involved or lengthy synthesis,
experimentasl quentities were purchassd, However, & literature
refearence i3 cited as to a method of synthesls end 2 aynopsis

given in this section.



2 - HYDROXY ETHYIL, ANIIINE (1)
This eompound 1s prepared by simply psssing ethylens

oxide Into aniline esccording to the reaction:

NE H_Cx—pCH O6H_NHCE,,CH_OH
G,  + 2 Sy 2 > 065 NHCH,CH,
Vol. Wt. 93 lol. Wo. Ul Lol. Wbi 137
1 11

The following procedure was taken from Chemlesl
Abstracts; original reference (%)
il g ethylene oxide passed into
186 g eniline and 35 ml water at lj-
16° 1n 34 bra. At end of resstion,
teamperaturs will rise spontsneously
to 70-80°C in spite of cooling bath,
™Matillation yields 78,5% of II b.p.
et 19 mm 1?69, n &@ 1,5760, 4 g&
1,0945, pierate m.p. 124°¢C,
It wes found thet upon carrying out the resction
a8 given above, no product wes formed, A second reaction
in which the tempersature was sllowed to rise as the resction

progressed gave the followlng results:
G/ ¥S BTHYLENE OXIDE

PIME PENCERATURE °0 , AB3OABID

0 o6 0

30 mins, 19 -
1l hr,35 32 27
1" Bg ¢ 3 -
am 25 39 -
R : i
2" gg w 67 Wi {1 mol,)
3" 20 % 50 -



DISTILLATION DATA:

PAsC. PREIS ., VAP, TENLD . VoL, WE,
Aniline 7T mm 61° ¢ 0 ml
" &0 20
" 60 30
" 60 Yy
" 60 50
] 60 15
w 60 100 102.0 g,
niline L G0 1
ﬁ/l? " 120 2
E B B T U L
Comp. IT " 140 7
1./17 " W2 11
" 3 i7 18.4
Comp, 1L " i3 0
i 143 7
" 3 25 27 .5
Compas 11 Al 43 0
" 43 48 51.7
High Soiiing ¥ 152 1
Material
" 158 2
" 185 3.5 bl
Residue 80"
maﬁ 27 ‘,5
Totel Aniline recovered 6 Comp, II 51.7
Q * g* llw
sd B



91,1/137 x 100 = 66,6 % of theory.
137/93 x 100 = 17.2 % theoretical wt. yield on aniline.

91,1/186-108.5 x 100 = 117.6 # wt, yis1d on aniline
~ consumed.

117.6/347.2 x 100 T 79.8 % of theory based on aniline
econguned,

Comp, IT by 143°C, ngd 1.5771, agQ 1.0996



2 = CHLORO ETPYL ANILINE

A& brief description of the sxperiments conductad in
en attempt to prepare this sompound from 2.hydroxy ethyl
eniline will be given, The experiments will not be present-
ed In great detall, since the desired compound was never
obtained or at least never 1solated as such. Beeause of
this failure to prepare 2-chloro ethyl aniline, and also
beceuse of lasck of time, the synthesis of Indole starting
with 2-hydroxy ethyl aniline was not investigsted,
fZxperiment #1 ~ An sttempt to replace the hydroxyl using

3001, was tried:

CgligNHCHACH, 0T o 3001, > 8635}:3}’162{2@1{261
. . HC1
137 119 ) 191

Proeedure Used

0.5 mols, of 2-hydroxy ethyl enlline was dissclved
in J0O0 rl toluol snd 0.625 mols of S53C1, added dropwise at
70-85°C over a period of 4 hours, Tho eolor during the
eourse ¢f pddition of the 30612 ranged Ifrom brown to derk
green end finally black., The dark solid wes filtered on @
Buehner funnsl end washed with toluel ~ then allowed to suck
dry. Finsl deying wes eccomplished in an oven st YGGC for
2h hours, The weight of this erude wes 99,0 g. When dize
solved in 150 g ethyl alechol st ?Gcﬁ, covled and allowed to
cerystallize, the melting point was 150~153°C. The weight of
the cerystallized msterial waes 42 g. A second erystalliszation

mave 2 melting point of 152.155°C,



Zxperiment 2 « This experluent wes the same as 71 only

using a lower resablon tempoeroiure, The inteublon wass to
melte the addition at about 25-30°C, but 1t was found that

g gummy masa scparcted snd adhered to the plassg agltator,
S3tirring becipe increasingly diffieult snd could only be
relieved by elsvabing the terpersture, Haisling the temper-
ature to slightly hipgher than 3§$€ gave ssobisfectory resulis
in this respect, The 30Cl; was added over 2} hours with the
terperature renging from 35 %o QBQG. The coclad resction
wes then iltersd on a2 Buchmer funnel as bofors and alsec
sompleted in the sase manner, The rveeryatellized nmaterial
weighed 58.7 ¢ snd had & weltiny point of 1§3”$15a°c.

The meterial from hoth thess erxperiments wes combined
snd dliasclved in wabter, 3odivm ezrbornete was vdded until
alkeline to litmue, Toluol was then used te exntirsct the
relessed materiel, and after filtering, the extraed wes
gub jected to distillistion, ‘'he bolucl was reecvered
atmosphericslly znd then s vacuvum of 8+10 mm applled, Upon
attenpting to freeticnate the remeining msterinl, a small
guantity appesred to sublime, snd the rest sssumed the
sprearance of a polymerigzed mass, The compcund seens Lo be
vory heat senalitive,

Experiment #3 - An attempt to prapere the 2~chloro ethyl
sniline using hydrochlorie zeld and gine chloride resulied

in recovery of the starting alcohol,



Bxperiment #i -~ An experiment similer to ) end 2 using

athylene dichloride as the resectlon sclvent was tried,
Using this solvent, it wss possible to mainbain s low
rasction tompersturs 1?*3066. However, upon sompleting
the experiment 1t was found that approximstely 90% of the
original 2-hydroxy ethyl aniline wes reecversd unchanged,



Q=AMINO FHENYLETHYT ALCOHOL (2)

The syntheats of thig eompaunéjﬁns not umdertaken,
but 2 method feor its preperetion is deseribed from thas
refereonce elted,

The method ineludes first the synthesis of ths orthoe
nitro phenylothyl alechol and the subsequent reduction to the
amino eompound, The nitration cof phenylethyl alechol 1is
carried cut in the presence «f gsoetle anhydride, whose orthow
directing effects are well known, Obher advanteges are the
higher nitrsbtion temperatures atbtaipsble requiring a smaller
excess of nitris seid; furthorncore and nore important, 1t

does not require the isoletlon of phenylethyl scetete,

/“02
"sﬁu\ 1

Cﬂzﬁﬁzﬁﬁ

250 e¢e¢ of phenylethyl aleohol 48 ¢issolved
in Y0 g of aseetic anhydride, 1 co of 66° set
sulfurie acid iz added to the mixture, As soon
as the recctlion starts, with s econsiderable
generation of heat, the flask 1s plunged into
the cooling mixture, After & certsin period of
contact, the solution of atetaste thus obteined is
poured, drop by drop, into & mixture of 625 ece of
nitrie acid (4 ® 1.,49) and 315 ce of meetie
enhydride, the temperature being mainteined st 35~
&ﬁg. The mixture is left standing for an hour and

then poured cver ice,

9



Yield:

The mixture of nitro scetate is diluted with ether,
neutrslized with bicearbonate, @nd dried. After
te chbher hes besn removed, tho resetlon mixture
ig aaponified by refluxing for 3 hours with 500 ce
cf methyl slechol conteining 2% Hel, and the solvent
43 digbilled off, The products of four identienl
operstlons sre poured into weter. After standing
overnight, the nitrated vroduct solidifies, It 1s
dried end 121 ge. of aolid para-nitreted slechol

is evllected. The liouid mess i3 distilled under
vacuwr o sersrate the polye-nitroted derivotives
remaeining in solution. 657 g nre cclleectoed which
comes over between 155 and 183“ gt 1,5 mm, It

is esrefully redistilled of teils which solldify
after scme time (p-nitro derivstives). We finally
obtein 206 g of a pure product, & clesr yellow
liquid, almost odorless, bebter tastling, snd with
the following conatonts;

= Wh-147°C

< o1,5620

a2 = 1,253

Pound 41.3.25%

Cale, 143,26%

o
fod
*
LW

1

o
3 o
L

%2@&2 QB»

10



The reduction of the ortho-nitrowphenylethyl alechol
wns saceomplished by meens of zine &ust;in the presence of
03312, 2 method desseribed in Germen Pstent 83,54 and used
suceessfully by Perber for the redustion of pars-nitro
isomer,

Into 2 liter of hot water conteining 20g

of dissclved G&ela end 200 g of zine dust

in suspension, 50 g of oc-nitro rhenylethyl

alechol %8 poured in =mall portions with

stirring, and the mixture refluxed for &

hour, The =zine iz filtered out; weshed,

the enleivm selbs precipitated from the

filtrate with 20 g of sodium carbonete,

filtered gpgein, washed end the water

removed under vecuur, Then, disvegarding

the pressence of ¥ecl, the product is disg-

£i1led undsr reduccd vressurs. Yield 8337,

The redistilled vroduct hes the fclloving

constants:

BuPay = 1 7-148°
nl% % 1,5849
The product is e viseous, colorless

liquid with s wesk odor ond 2 bitter anlline

taste., It tskes an a yollowlsh tint on

sposure to air, It is complataly scluble

in cold walter,

i1



The ortho-smino-phenylethyl aledhol used in this
paper was obtalned by s esreful fractionetion of a purchased
teehnicel semple, The reaults of the distilletion follow:
chepge to 38111 189.1 z.

FRIC, BRESS, Vap, TEME, VoL, AT,
9 m 91 .0°¢
" 110.0
#1 " 154.0 20,5 mi  20.Lh g
v 56,0 0
" 160,0 5
n 162,0 9
" 163.,0 25
#2 “ 1840 50 She7
d oL.0 )
#3 s 164.,0 Sh 58,0
Ll 18,0 [
n 168,0 30
s u 168.0 48 51.4
Heaidre B 1.5

Ppom this fraetionstion it is debtermined that the
techniesl O-amino phenylethyl alechel ls approximetely 75%
pure. Irection #3 was used exelusively in tho experiments
thet follow, The sonsbants for this freetion are:

Q
b? = 167C

nE% =  1,568L0



ORTHO-AMING STYRENE (2)

This meterial was 1no% neaded fér sny synthesls, bub
the probability of its being prssent os z byeproduect is
slmost eerdain, Therefore, a small guantity was prepsred
in crder to obteln en ultravioiet spectrum of the compound,

Trie maberial csn bo readily preparsd by dehydration

of tine o~amine phenylethyl sleohol sceordine to the following

resobiony
ey K..00 NE,,
Gt G0
6 Il"\ca RO => 6% '
2 e Gl = CH
2
1 11

the »rocedure iz o add comhwdrous potassivm cerbonste
to the ow~amine sleohol sand the mixture subjected to distill-
abien under partisl veevum. It was found thret the first
fraction to eome oyer wes hich boiling (fe. ths b .p, of I},
but upon redistilletion with potesziun csrbonste the produst
ecllioctod had the feoliowing conatantas

blﬁ EGQﬁ

n% T 1,6100

H

da{) - 13{}1:;6

The sonstants given in the refersnce eited hed the
congtants:
2 105105
nEQ £ 1,6101
aZQ T 1.0190

$
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‘Me gynthesls of thnis covpound %acarﬁing to the
rolerence c¢ited ls secownplished by hesting the U-mnlne
rhenylethyl zlechol with 5 parts, Hel for L hours st 130
1&609‘ The resulring hydrochloride of 0-§ﬁ2663&05é632 cl
is thon neutreliced using Wall gnd stesm distilled vislie
ing the 2,3 Dihydroindols, whieh 1s then ewtreebsd {rom
the distillete. “he consvenbts given ere:

bg = "?’&;5@3
{Fel salt) m,», 22c-bo0

In the experiment condveted by the suthor 206 g of
Oeamine phovnyiethyl slecrcl end W30 o of ccnn. KO were
heatsd in ¢ gluss lined avio cleve for L hours at }aGQC,
The resulting hydroehloride wes neutralised with ¥eQl
snd steam Aistilled, The entire Afctlllets was extracted
using benzense, and the srvde 2,3 dihydrcindcle recovared
upon evepcrebion of the veongene, The waight ¢ orude
anounted to 58,6 g whish yilelded hBJy g of fractionated
proeduet having the following conatants:

LI 91,0°¢
(B8 8alt) m.p. 223°C

The yierlds obteined arse ms follows:
%%g- x 100 2 86,95 theorsticel weight yield
%3% x 100 = 23.5% actusl welght yield

%gxg x 100 = 27.1% yield on theory



It 18 believed thet the 2,3 dibhydroindole ean slse
ba prepaered rom o-~smino phenylethyl slechol dehydrstion
with aluminum ehloride. Albthough the product was not
isclsted, & brisf experiment conduetsd using eluminum
shloride gave the chersctoristie odor of the 2«3
dihydroindols. 3pot tests using Pedimethyleminow
benzaldehyde gsve the deep orengs-yellow precipitate as
doesz dihydroindole.

15



INDOLE

The synthesiz of Indole from O«aminoe phenylethyl
aleohol will be diseussed brlefly, leaving the experimental
details for » later section, Execellent rssulls can be
obtained with the sbove meterial especially if the 2,3
dibydroindole intermesdiste iz firsi prepared.s The one
diseouraging considerstion is the preparation of the amino.
alechol, which is not very simple e3 wes previously noted,

Indols is prepered by the catslytie dehydration-
dehydrogenstion at high temperatures, asecording to the
resctions shown schemstically on page 1. The reactions
can be sonducted step-wise by first preparing the 2,3
dihydroindole as e¢lted sbove, Dehydrogenstion of this
material gives very good ylelds of Indols.

It i3 neecesssry that the dehydrogenation proceds
in the presence of s hydrogen acceptor, Bengene wes
gelasted for this purpose :since eyclohexsne does not undere
go dohydrogenstion very resdily, Ths reasetion a3 gonducted
in this paper, wes csrrisd out stmoapherdeaslly by passing e
bengene solution of the starting metsrisl over the hested
catalyst « the solution of course is quiekly vaporized upon
entering the prehesting zone, The reaction could have been
rlso condueted In a chrome«vanadiuvm steel vessel in the
pressnce of iodine and benzene at 20@06. {6).

The Germen Patent 606,027 gives the following examples
of the investigation sonducted by Dr. Ing. Hanns Ufer and Dr,
Wilhelm Brewers:



Example #1 = Orenulsr bauxite, dehydrated by ignition is
molastened with water end 15 g. of weber glass solution per
liter and then stirred with 100 g of finely divided copper
earbonete. The catalyst thus obtained is vreduesd by subjeat-
ing 1t to a current of hydrogen st 3&00 for severagl hours,

By passing 50 to 100 g of O-amino phenylethrl glechol vapor
mixed with about 100 litersz of nitrogen and 10 liters of
hydrogen, st 3@0“, 2 reaction product iz obigined which
outside of small guantities of the unreccied starting mabterial
end 2,3 dihydroindole, consists mainly of Indole which can be
separataed and purifisd in the ususl ways, ie., by steam
distillations,

Example #2 - 20 parts by weight of O-aminophenylethyl alechol
is heated with § parts by weight of snhydrous zine chloride
in an oil bath. At sbout 200 , wator starts splitting off
and a mixture of oll snd water distills over, The oil
eonsists of mearly pure 2,3 ~ dihydreindols. Fure indole
ean be obteined from this by dehydrogenation ascording to

the British Patent 387,507. In thils gsase the Indole eannot
bs isolnted.

Exemple #3 = At 300°, 30 g of Gesmino phenylethyl sleohol
vapor mixed with 180 liters of nitrogen and 30 liters of
hydrogen is passed over granular, dehydrated beuxite whieh
i3 steeped in 30 g of 40® Be! water glass solution. 24 erude
2,3 dihydroindocles is obtained in good yields, whiech contsins
a amall quentity of indole end O-aminostyrens.

17



The second starting materlial mlsc shown on page 1
is Zehydroxy ethyl sniline, Thisz compound itselfl is emsily
prepared as deseribed by reacting aniline and ethylene oxids,
The walue of this starting maberisl would lie in belng able
to go from 1t to the 2,3 dihydroindole compound end then to
procede with the dehydrogenstion, It may be poasible to
sccomplish this dehydration-cyeclization step by the use of
aluminum ¢hloride either directly from the sleohol or by
replacament of the hydroxyl with chlorine forming the 2
ghloro ethyl aniline and then rescting with aluminum
ehloride, The possibility of the chloro compound undergoing
Priedel~Orafts reaction is of course very great, This line
of investigation waz sbandoned due to poor results in attempte
ing to form the 2~shloro sthyl aniline, Experiments in thls
preparation wers given earlier on pages 6.8,

The equipment used for the high temperature resctions
i3 shown on page 231 and the experimental details given in

the section bearing the title "Experimental®,

18



DEHYDROGENATICON CATrIY3T
The nieckel on Kieselguhr catalyst used in the

exporimental section was prepsred sceording %o the method
of Atkins, Riehards end Duvis (6}, The method of preparation
is also deseribed in Resebions of Hydrogen by Adkins (8).

The preparation 1s as followa:

58 g of Boker and Adamson or lallinckrodt
¢.P. nlckel nitrate hexahydrate Wi {303}2
6H;0 dissolved in 80 ml dist. Hy0 was ground
for thirty to 60 minubtes 4in a wortsr with 50 g
of nitric seld weshed Fleselguhr {ex., Johns
Manville "Filter 01il1"™) until the mixture was
apparently homogenous and {lowed as freely as
& hesvy lubricating oil., It was then slowly
added to e solution prepared from 34 g
Hellinekrodt c.p. smmonium earbonste nonow
hydrate (ﬁﬁﬂ)z GSB 32& and 200 ml of dist,
HQG. The resulting mixture was filtered .1th
suction, washed with 100 ml of weter in two
portions, and dried overnight &tllﬂact The
vield wes 66 g. Just before use from 2 to 6
g of the product so obteined was redueced for 1
hr, st hSQﬂﬁ in & stresm of hydrogen passing
over the catalyat st s rate of 1015 ml/min,
The setalyst wes then coovled to room tempersture
end tronsferred in a stream of H, to the reaction

vessel, whieh had been filled with CO,,

9



In using this catalyst in a resetion tube such ss
was used in thls experiment, obviously, does not require
performing the last step in whieh the eatalyst was eoocled
end translerred,

Tae estolyst wsz fixed on silliecon carbide (Grit #10)
in the case of the estslyst already described and siso the
one whoze deseripilon followus:

Stir 560 g of bssic cuprie carbonete snd 700 ml of
28% smmonium hydroxide together until well mixed. Then add
into this nixture, slowly, 2 well blended mixture of 175 g
zine csrbonsbte snd 0 g bismuth oxide, The antire nmixture
i then well blended, The mixture is then ccated on the
silieson carbide {encugh for le2 literas)} and cpread ocut to
dry. “hen ecompletely dried, the elusters are broken spart
end the catelyst charged to the reaction tube,

The catalyst 1s eetivsted by passing a s3low current
of hydrogen through the catelyst bea st 100° - 450°%,



DU TPMENT

The equipment ussd in obtaining the experimental
date is shown on page 23. It is believed, the suxiliery
squipment is adequately labeled so theat its deseription
need not be underitaken in detail. The bempersture was
measured by meens of an Iron-Constanten Thermoecuple, whioch
was Inserted in & glass tube having one end sesled. The
thermocouple could be reised or lowered to measurs ths
tempersture at any point of the resctor tubs. This glass
tube 13 chown by dotted lines in the drawing.

The furnsce itself was perhsps the pooresat plece of
equipment sssembled, Temperatures gt the points 1,2,3 and
i were not uniform to s satisfaetory degree - in feot, it
was decided tc use the top furncce {points 12} as a pre-
heating zone, with the catelyst oscupying only the lower
furnasce, The reactor~tube space above the cabslyst was
£11lled with helices and the thermocouple plssed midway
botween points 3 and L for all the sxperimentsl runs, It
i3 to be noted, that the tempsrsturs reecorded in this
menneyr was fsirly close toc the average of points 3 end k.

When sctlveting the osatalyst, the rubbsr sleeve was
connected as ghown in the drawing - the exesss hydrogen
being vented to ths hood, After astivetion, the rubber
slseve 13 replaced with a rubber stopper and feeding of the

solution ztarted,

21



The calibration ecurve shown on page 24 is for the
Coraon - Cerveny Mlero-Bellows Pump, The curve as drawm
epplies only to benzene, but a correlation ean be obtained

for other liguids with no great difflsulty.

22



e Tty

REACTION FURNACE

GLAans TR NG

PO S A o P

- — - — -—————y a - ‘
i
v 0.0, iNNeR I | |
GLASs TuBE Ty :

(o /f»————;EL
Ve

\ >

#
o
D
3
i
¢
i

POTETIOMETER ' .
(LeEbs NewThRO® La. '
FRLE5UBE DouBLs 7 s

RaGE / :

/ L
-450°¢ T EY /
0-4507¢ T0 BOOTC) /o 1igH TEME: RereT 0N

L S T ok At

/S LHeaYy DUTY ELdC, Le

..,;.i;:_v_'\“.‘_"_:_,,;_

i3 MM LD X 3"

R e

b s 1
/eO-D. ’LOPP’;‘A’-

3 #_T.:::*e:ws ~_

I vees 1o el
/ ¥i I
[ Max s, ASO0F s
/ SRVE W€ Terai, 1850°F {1 ) e
. , = NvTRoGEr O
fous Veurs 18 wWATTS ) :
HYyDoogz
17
{ CYLINDERS
r rrete . eon s e A
e B
L~ CONDENSER
/' e

/" CoLy WATER

NERIT To ’ S

OO0

\\ VAR L TLZ A

e
£y

| T ]
\qﬁh o - 13a _ _g

O A T

ST =
CUMITED TRAMSEO W E e Co. St

Moopes, vs Voors ' (2 g T atcin fAeoousns o CO

BO-HD OY -\ AMP MR MoTmELT 100D Srian T
Ho Jorss Lo o) ’

23




Cat

§

vaps

T T T LA NS S 1 I D IRy SUA N LA M pa -
T L@rxvu,ﬁ. W TXL iy B .Hw.r.T M PR S IS SO
suan 4 BEE RS p 3. - N
. S O e 0 ; 1 J.mmu 20,77
0 S PR S ) T T T A I N T T 1 S P B + - :
Sumukhogui nums aux y) Eounn gl TR gaseriiies LT AT A T RESTT B e un
aslad ek g sunay Haolldad oy gusanes R il S8 e ERS U “titaeh N pd %
SRaaE N e Iy T 4,1_,:7.Lr‘_»w.‘ ! N SO
T MR [ e - tde: - oo ATy + P stk
A o s =ik SR aED B2 ERORY ol 25z IIEAR
T4 xnt,w il Ry sayen IR FFAR Rk P Sy ‘MI RPN Sl
Y Ty ' T
41t Ty r LR e
& Tieit] o o - BRI haarini
= R . ' Eoay L N
k4o + rf.
[ i -4 .y
- Fist R
I . M
= F_Jﬂ IR R
- s - o1
L. !
ymgf L
L PSS BN
- IR} EECeE BB
..M,.. 1T RS
e s Lot
3 PN 1 251
ot
TP
- AP R MG
] [RFEN Faabs P
& [
IS P
& ARAaeSabiy N
- P 1. 4
R
PPN I N
A ..
+ PO RS B
bt . SR04 RS M
EnEe SORIG ISR I BaE Rl o o - R ARt AT
[ e %AMML\_FW.M. .T,LJ) .LAJ .JI. Lﬁ - ;,‘
b L CDATITIT L RG] ;
gl PNapt MShd S nads Rin -~ Ay 5 e DU st
T : t pn T - T :
. T T e . I S
T . . v triibon S SEE St SR B IR TR SO A3
T — - Y T hs a-—— FE I ORI i b R St N
+ - T pu i Rt AN SRS S T o .
> - . . v v .('«.ll.l- . .y e‘.
- FE R 1 R ; :
EE3S MRS SE 2NN DIRE SN - 1. B EER N L
——— - "~ s .. . - . -4 b Ll -4
i I AN iyl
] — ] - ‘ ;
4 - . N .4 1 R .-
' SN S M \ & . =
BARRS SIS AT R od U . T joogt
N
. N P P M [ 1.
. R EHIS NG JEOR IV <3 I S
b fens N B St 1 .
: . b
SR T P P Cey
O R .S - . e - . vida
L Coyeed 07 . e
! EIETS N “ .- -
9”23 PR TR I
PUNSY QY QY -
; » !
Ii R DO A ER T SR
T IR PEDAN B B
»» - R .. v i -
4 . N 1
] 2 1 +
P N
b
EN
+

100 200 300 400 500 600 700 800 900 000 (OO 1200 1300 1400

T
[ PR
PR R D R S § N
.- EE| 4 g fd o [ES N
T MR DRI SO AN DRt So
O DU S EURS SOUIN T
S SO ST S [ES i T
PO S-S N 223 -
s BER T etk
DS SR SN IO 1 N BN p
43 U Sy [ SONS U 1
calt —_ fa ) . bes
PURRI AU S N [ e
NS S B D B R PR PO
.- - . H . I
b L I BN ' N
P D
T [ 0 [ I
. N FRRER ! Vs s
' - e LS R e IS QAN
1 G L N | PORE1
o I BT ! RS
[ o ! . LS
- R B e
SETRS N PUEE SN R
. . ' D R 0 Tl
.
- M - M vl . PR SN
. 2 JOPI I .- L, PN .
: . N . o . :
N S TP I a i ' :
T : T SR A 1 S IR T
- ;xﬁ - . Pt by i j4 - pas P PN
Clpilndl RARIREn= N [ES S S T I e
- aa gt L P S S SO P SRR . NITSE FIET B
PR N NS E . .- — F. ¢ [ N
ot [ vt . . i -1 et B -
eI IR Lopr LI LS sl talt M
[ B R [l
PR DO ;
et .
PSS S .
(SR T A
HE i e
RARAN e,
PR 41 ‘m -
T [
RN HE®S
[T S
Mg
iy e ol
1 R
T G e T
e B B
T ; O vt
S o
AR - et
'Ww‘ [N P Lo
[ SeSAaNea b
111 1111414 -
T " R " Renn [HUR
4 ke,
T T inasygen ey
i 1133 i b o Tt

o



ULTRAVIOLET METHCD OF ANALYSIS

The simplicity of ths abaorpiion law {Bser-Bouguer
Law) which stetes thet sbsorbance is linesr with concen-
tration, end that ebsorbances of wvarious components in a
mizture are sdditive, maken this method of snalysis
particularly adaeptable for the type of study undertsien
in thiz psper, For mabterisls that deviate from linsarity,
it becomes nesessary to epuly cealibration curres of concenw
tration versus absorbanee or Lo apply eorrection fsetors,
These deviabtions sre usuaslly tracesble to intersction
between zolute molecules or betwsen solvent and solube
molaecules,

The following relationship ic used to snalyze for
sn absorbing eomponent in g mixture of nonesdbsorbing
. compounds

0,040l comp, in mixturs 0,0, 0f pure eom
Wnknown cone, % Cone, OFf pure Comp.

used to obtein apectrum

The snalysis of btwo or more mubtuslly interfering
somponents requires the simultaneous solution of an squal
number of equations. The method will not be deseribed here,
gince it requires that 2ll the eomponents of s mixture be
known, The neture of the experiments sondueted preciudes
the knowledge of sush information to a lerge degree,
3econdly, 1t is desirsble that ell the components behave
1inearly - snother condition whieh is only pertly fulfilled,
Raference to Pipures l«i will show the spectra of the
desired produst Indole - together with that of the starting
materinl Owamino phenylethyl algohol end slsc two highly

25
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probably byeproduets newely, 2,3 dehydroindole and O~amino
styrene,

The method of spplicstion found most uceful ond giving
results of satisfeetery stouracy, wes to wesh each furnsee
run with sulfuric seid to sliminste interfering impurities,
However, 1t couvld not siuply be cssumed thet sush = ﬁvccaﬁnia
was adeguate withcut scme measure of procf, The success of
the wethod een be weadily recogalzed fro:. tho brief Mlscussion
to foullow:

Pigure 5 shows the spechbrum of experimental run A,
Figure 6 showz the sans experimental run woshed with nulfurie
ecid, It is clearly observed, that the spectrum of figure 6
is resolved by the scid wash Into the cherseteristie curve
of Indole (figure 1). Ancther rup I, is rhown in figure 7,
snd below in figure 8 1o shown the some run wezhed with
acid, Here, wo have nnother situction wherein, the acld
washed maberisl Jdoes net result in s opectrum charecteristie
of Indole, The materisl was later lacleted end 1ts melting
point proved, of course, that it was not Indcle, One can
readily conclude from theso exmplez, that the latter result
could herdly be uzed ss a quantitative meonz le,, without
recourse to simulitaneous Zolubtion - wuleh agein is not
applicable es previously noted. The flrst exarnle, in whieh
thes weshed msterisl resulted in a spectrum charecteristie
of Indole, could be used [or yusatitabive result:, [ullowing

the outline of the exact procedure used, will be given an
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1illustration of the entire method of analysis:

1.

2a

3

Lo

5e

FROLOEDURE F R CONDMUCTING TE3T

The sclvent used in all sclutidns subjeeted to spectroe
seorie oxamineation wes ethyl alechol {(benzene fres-pure
grede),

The wavelength used in preparing the standerd curve
{figure 9) 1s 270 millimierons, whiech is seen in figure
1l to be that of maximum sbsorbance,

Dilutions of all samples were made to give absorbance
readings of from 2 teo .9, being the preferred working
range for quentitative snelysis,

3inece benzene is used as s diluent, its presence must
be eliminated becauss of the error ineurred 1f allowsed
to remain, It is to be noted, that this evaporation of
bengene i3 eonducted in & test tube in whieh iz placed

a 1 ml, sample of the parbticuler run snd doss not present
s serious problem,

The washing procsdurs using 15% sulfurie aeid 1z of
course carrisd on prior to messuring the 1 ml, aliquot
three acld washes of equal volume and a single water
wash were found to be adequats. Cere must be exsrecised
to not allow evaporation of benzene during the washings
by kesping the separabory funnel stoppered,

The residue from the 1 ml, sliquet on eveporstion, has a
amsell amount of ethyl aleohol sdded to it and the
eveporation ellowed to proecede once agein, This measure

1= to insure the complebte removal of benzene,

27



The residue thus obbtained is then dissolved in ethyl aleochol
end made up to 100 ml in & v?lmetria fleak, This solution
with one further dilution in wost eceses, is rveady Tor
spectroacopic analysis,

Ts “he instrument used for all messsureuents was the Beckman

™y cusreteg 3pecirophotumoter,

28
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ULTRAVIOI®ET AN LYSIS OF FECWT LIXTURE

The mixbture subieeted to the snely le is gilven below:

INCCTA = o m w = om o mmmomow - - «6,208 x 1077 Hols,

Oeoopine 3tyrens «w « » w = o = w « « 2,709 x 10*3 "

?,3 dihyiroindole - = = o « o = - = }§,350 x 1073 n

Owarino phonylethyl slechol - « =~ «11,353 x 1073w

This mixture was dizsclved in 125 ml of benzens cnd
spproximately 19 ml portions waszhsd with differaent concenw
trations of sulfurie scid,

Filgurse 13 shows the spsctrum of the nidrture, unwazhed
with sulfurie eoild, but conducted seccording to the procedure
ontline” for the test. Figure l. shows ths mixture washed
with 5% ecid. PFigure 12 the apoctruw resulting from the
mixbture belns washed with 10% tnd 157 acid, curves 1 and 2
respeetively, 15% sulfurie seid was found to be most
affective, but either the 5% or 10% aeid could also have
been uvsed, The rmore lmpordant resson in cobtalning curve 2
figure 12, was to work with a mors concenireted solution
having its maxioum sbzorbzuce in the rsnge of ,2 to 9,

CLLCULATISY 0P kOL3 OF IXNGLE

ebsorbance (cpblesl densiby) at 270 Mu = 596

from figure 9, 596 % 10,05 x 1070 mols/100 ml

finnl dilution 25 nd hence, % x 10,05 x 10“6 mols/25ml
dilution factor {ile., finel dilubion subjected to

speetroscopie examinstion) was 2.5 x 163 then:

- -5
Indole = &Q‘Q§E§~ég*~ x 2,5 x 103 = 6,275 x 107
mols.



It ¢an be seen from this rssulﬁ; that with resson-

able care, reliasbdle analysis ean bs obbtalned.
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ULTRAVIOLET IPRCTHL DATA  {0,D.)

Indole 2¢3 Dihydro- Qeaming Owamine phenyl
indole Styrens ethyl alechol
{Picg, 1) (Pig, 2} (Fig, 3) {Fige !}
My QuDe Fhy 0D, My 0.0, ¥ .0,
220 1,5h0 220 198 220 2 220 00
225  1.520 225 «287 230 z 230 «595
230 110 230 A4S 240 2 235 678
240 »150 240 2690 250 2 2L0 «625

250 .397 250 4S5 260 1.560 245 466
260 »735 260 180 265 1,270 250 207

265 924, 270,096 270 «780 260 ..083
270 970 280 L168 280 560 270 087
280 528 290 243 290 SO0 280 A0
290 Jil o 3000 L2070 300 700 285 »159
300 0 310,118 305 760 290 188
320 006 310 +795 300 +100
315 .800 310 038

320 + 760

330 +580

340 «355

350 175

360 +065
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ULTRAVIOLET LPICTRA DATA {0.D.]

Wavelengthn Run A Run 4 Run D Run D
iy e g_ég?igz;z;}md el aéiégégim
220 1,720 1.800 #7192 500
230 1,020 #1430 610 335
235 .960 - » 700 132
210 » 806 222 o Th2 <520
250 +530 »287 «735 610
260 H72 67 538 4455
268 +500 - +382 »292
270 «505 «565 «348 255
280 «540 560 »235 «120
290 . +390 .305 S o2
300 202 055 082 012
310 160 .025 050 00k
315 .085 020 025 0
320 - - ,018 -
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-6 per 100 ml sol.{(Fig. 9}

Standard scolution of Indele in ethyl aleoophol
»211;_0 g/lﬂ{? Ml
Atock solution 1,5 ml of stenderd solution per 100 ml

DATA: OPPICAL DISITY V3, MOLG x 10

solution ord

.00321 g/100 Ml

Dilutions agiggcéi 0.0, mols x 2070
1, Stock Sol, 00321 1430 27 ol
2, 80 M1 stoek/100 ml 00289 1.180 e T
3¢ 60 K1 stoek/100 m) ,00193 +980 16,5
lte HO M1 stock/100 ml ,00128 +650 10,9
5. 20 Ml stoek/100 ml 0006k »322 5.5
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ULTRAVICLET SPRCTRA OF XUOWN COMPOIITINE XIXTURE  (0,D.)

Wavelength Unwashed Weshed 5% Washed 107 Washed 15%
H,S0), H,30, H,30),

¥a (Fig. 10) (Pig. 11)  (Fig. 12 (1)) (?%5312)
220 1,620 1.080 1,08 2

230 «920 «235 «257 +352
235 .918 119 120 L8,
Rt 898 .097 107 162
21,0 836 +078 082 151
250 «5315 L097 090 255
260 +353 .163 164 476
265 «336 «193 «193 +563
270 +333 «20L » 298 596
275 «354 +205 »202 578
280 +390 .210 »208 586
290 307 120 .125 296
300 47 020 ,022 017
310 078 L007 ,010 0
318 .057 00l .010 0
320 . - - -
330 - - - -
340 - - - -



ULTRAVIOLED 2PRCTRA DATA {0.D.)

W (Fae 1)  (Fte. 1) (PUeag8)  (Fim 16)
220 1,80 1.66 1,70 1.900
230 L334 .582 105 +630
235 «205 428 +355 460
237 192 *391 «337 #3432
2iL0 «178 »260 +200 314
250 « 248 v 302 246 Lok
260 396 102 w24 612
265 150 L4116 «245 »Th2
270 170 412 w247 «110
215 4168 170 »2l5 W765
280 1170 1180 243 + 764
290 W262 L312 «202 JA16
300 055 .132 W13 078
310 025 <066 LOT€ ,042
318 »017 050 «060 ,035
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DLTUAVINTET 5+ CCTPR: DaTA {C.D,)

Wavelenglih Run I Bun M Jan R

Big (Pig, 17) {(Fig, 318) {¥i=z. 19) iﬁim&”ﬂ“)
2Ev 1,85 145 1.78 1,37

230 428 »208 «298 »173
235 273 - - -

237 +253 - - -

240 240 »110 <148 2090
250 +320 .162 #2058 W42
260 498 .252 «337 +221
265 +S570 +300 .388 265
270 2585 »334 338 -250
215 584 »301 395 ¥272
280 »582 . 306 «395 27k
290 +330 «155 .198 137
300 L0858 025 +025 .018
310 »037 £022 015 £12
315 028 016 +010 .08



BXPCRIMONTAL: HIGH TEMPERATURE =~ FUSNACE RUNS

The date sssembled on the following pege gives sll
the neeessary starting materials and econditions of the
individusl runs through the high tempersture spparatus
shown on pegé 23. The optleal densitles, on which the
final saloulations were beased, were all obtsined from
complete spectrs date, The actusl dabts iz assembled In
tables on peges 31 to 36, The eurves roeprasenting this
data are shown in figuves 1 - 20, A brief deseription of
the sxperimental procsdure follows:

The starting msterial, dissclved in benzene, ga
plasod into & graduated eylinder into which is ulso ?1&6&&
the tube connected Yo the sustion side of the Corson pump.
The cetelyss is plaased in the center resetor tube and propere
ly setivated aa desocribed in the preparation of the ecatalyst,
The Corgon puwmp ia’tham started and the reasctents delivered
to the ecatelyst tube, noting the temperature and duration
of mm (the pump must be primed), After the run iz conpleted,
25 ml of bengene is added to the cylinder and fed ir es »efore,
in order taaﬁriva out any enbtrapped vepora, The final volume
1s brought to 125 ml and washed with 15% Hy50),, followed by
water, 1 ml of the weshed run 18 evaporsted in a test tube

end the anelyais conducted as previously deseribed on page 27,
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RS T i

EXPERIMENTAL DATA AND RESULTS o
CONCENTRATION  /CATALYST/ CORSON- » +
, 2
STARTING OF STARTING  /tvoL.33mi/ CERVENY /space & > o 3
MATERIAL  /MATERIAL IN .033L) [MICRO = /ygio- /VARITRAN / & ¥ S N
BELLOW cITY N o ~ o P
BENZENE >V 506
o , PUMP Ve [ 368 <
| ILUENT g o W /5 <
Swe /a6l <
e O <
Qa 29/ ocp >~ o
W X 9 u ay L/ o
q s ~ O/ W2 b o [ 5§/ K
0
Qo 8 N '70:: W % ! ,9 > ) >
g/ s/ g SN/ ¢ Sulg b8 /eR | & [&8)]3
o© @ = K? NQ >3 § g’ 'll?Q‘ @ 7
a W Q 77 ~ <) ~/ 9 & W o ~ (o) ac
L < & 5 2 NENEES w/gLs /o |uw s 4
VARIABLE 5/ £ 9 Q :\ 564 as 8 /553 /5 /3 S S
> | y 3 < S O = /o )
INVESTIGATED by & s W/ 3 * é’,‘; Sl 8§35 3 O/ e 2
CONTACT TIME | A | X 3.00 |2.187X10°| X 3| 75| 227 | 63 |415] 125 |25x10° |.565 | 25 | 27.1
CONTACT TIME | B X 300 |2487X10° | x 10 |435 | 13.20 | 63 [415 | 125 1.6X10° | 470 | 25| 113
CONTACT TIME | C X 3.00 |2.187X16° | X 7 |7t5 | 23.50| 63 |a15 | 125 | 1.25x10% | 472 | 50| 23
TEMPERATURE | D | X 3.00 |2.187X16° | X 13| 75 | 2.27 | 90 |s50| 125 | 125x10% |.255 | 25 [ZRECLATIONS
TEMPERATURE £ x 3.00 |2.187X16° | x 13| 75| 227 |63 |415| 125 |25x10° |.s65 | 25| 27.
TEMPERATURE | F | X 3.00 |2187X162| X 13| 75| 2.27 | 36 |260| 125 | 1.25X10% |.247 | 50| 12
CONCENTRATION | 6*| X 3.00 |2.187X102| X 3| 78| 227 |63 [415| 125 |25Xx10° |.565 |25 | 27
CONCENTRATION | H | X 2.25 |1.640X10°| X 13| 75| 2.27 |63 (45| 125 |5.00x102 (770 | S0 | 198
CONCENTRATION | I | X .50 |1.093X162 x 13| 75| 2.27 | 63 |415| 125 |e25x10°|.585 | 25| 14.2
STARTING MATERIAL| M 3.0054|2.522X16° X 13| 75| 2.27 | 63 |415| 125 |1.25%10% 314 | 25| e5.6
CATALYST R 3.0317 |2.544X10° X |13 75| 22763 |45 125 |25x%x103 |40 |25 169
CATALYST s | x 30886 |2.252X16° X |13 785|227 |63 |418| 125 |25x10° |[.280 |25 | 3.2

- % IDENTICAL WITH A

* FIGURE 9 BASED ON MOLS PER 100 Mi SOLUTION

t
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CALLCULATIONS

RUE A:

0.D. 4565 % 9,5 x 10
Finel mesaurement made on 25 ml sample.
Hence: 3’:5 % 1076 = 2,375 x 10"6 mols/25 ml

6 yols +/100 ml sol. ({(from Pig. 9)

Multiplying by dilution factor
(2.375 x 10~6) (2.5 x 10°) = 5.94 x 10™3 mola
PERCENT CONVERIION:

-3
R x00 = 2k

0uDa JLT70 % 7.9 x 3}3"6 mols/100 ml sol,
Pinal messurement made on 25 ml sample,
Henoe: x 3.53'"6 < 1.975 % lﬁ”ﬁ’ mols/25 ml sol,
Fultiplying by dilution facbtor

{1.975 x 3.@“6) {1.25 x 103) 2247 x 10

FRCENT COWVIR3ION:

a.%_g x 1073
5,107 x 102 x 100 ¥ 11,32

RUN C:

AR

0.0, 472 = 8,0 x w”é rols/100 nl sol,

-3 mnols

Pinal measurement mede on 50 ml sample,
Hence; .%9__ x 10”6 T hWaO x 10”5’ mola/50 ml asol,
Multiplying by dilution factor

(40 x 2078) (1,25 x 30%) = 5,0 x 107 mols
PERCEHET CONVIRIION:

-l
* x x 100 « 2.3%
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CALCULATIONS RUN D

In this run, wvhere the furnace tempersture was
§50°C, the principle material formed was not Indole, This
can be resdily seen by referring to figure 8 in whieh appears
the spectrum < the aecld washed meteriel. In this instence,
the charaseteristic Indole eurve did not result ss was the
case with all the other runs, MFigure 7 shows run D prior
to seld washing, The maberisl formed "in this run was
1solated and showed a melting point of 67,5 to 69°C end upon
erystalilzing from Methenol 69,5°C., The identity of this
materiszl was not esteblished,

The proeedvra used to isolate the compound was brief-
1y as follows:

A lnown volume of the benzene solubtlon waes washed with
15% Hy30) , as discussed in the method of enalysis, The
bengene is then evaporatsd, lesving a residue which should
be srude indcle and soluble in hot heptane. However, it
was negessary to use methanol ms a solvent for this residue -
it is to bLe noted thet indole reerystallizes very niesly
from heptane, The heested methsnol asolution was trested
with 8 small smount of dareo snd flltereds The eryatalliszed
product gave the melting ranéa of 67.5 to 69%¢ and upon
resrystellizing had a melting point of 69.503 83 wasg
previously cited,

39



CALCULATIONS

RUK ¥F:

6

0.D.  «2h7 = 142 x 107 mols/100 ml sol,

Final messurement made on 50 ml sample,
Henece: géa x 16"6 2.1 x m"é’ mols/S0 ml sol.

Multiplying by dijution faetor
(2.1 x 107) (1.25 x 20%) = 2.63 x 30°% mols
PERCENT CONVERSIOH:

2,63 x 10"%
ﬁ%ig?”§715:2 x 100 2 1.2%

0. W70 X 13,0 x 1070 mols/100 ml sol,

RUN iis
e

Final messurement mede on 50 ml semple,

Hence: 3%52 x 10”6 > 6.5 x 1{}*6 mols/50 ml sol,
Hultiplying by dliution factor

(6.5 x 107%) (5.00 x 10%) = 32.5 x 10" mola
PERCENT CONVIR3ION:

10"k
NS TS = 100 = 19.8%

RUN I:

6

0.Da ,585 = 9,9 x 107 mols/100 ml sol,

Pinal nmessurement msde on 25 ml sample,
. wb
Hence: 31:2 x 10 T 2,475 x 10~6 mols/25 ml sol,
Multiplying by dllution factor
(2475 x 1070) (6.25 x 10%) 2 15,45 x 107% mols
PERCEHT CONVIEAIION:

1 xm.h'g x 100 T 14,15%

ko



CALCULATIONS

RUN M
0.0, L3l 2 5,3 x 10

Finol measurement meds on 25 ml sample,

s b
Hence: 5%5..19_ ® 1,328 % 1074 mols/25 ml sol

Multiplying by dilution factor
{1.325 x 10"6} {1.25 % lﬂu} 2 1.66 x 19"2 mols
PERCHENT CONVEARSION:

66 x lﬂ‘z
%TEEE“E?IE“Q X000 = 65,69

TR R
Culle G410 =2 6,9 x 1&“6 mola per 100 ml sosl

-6 mols/100 ml,. sol,

Final measurement mede on 25 ml sempls,

. )
Hence: éﬁﬁ‘x 1077z 1,728 x 30™ mols/25 ml sol
Multiplying by dilviion factor
(1,725 x 10™0) (2.8 x 10%) £ 4.31 x 10™ mols

PERACTNT CONVERIION:

-3
%fgéﬁﬁglggzg x 100 = 16.9%

RUN 3:
0.0, 4280 = LJ.75 x 10

Pinsl messurement made on 25 ml sample,

Hence: &tlﬁ-x 1076 . 1,187 mols/25 ml sol
Multiplying by dilution factor

(1.287 x 107°) (2.5 x 10
PERCINT CONVERSION:

zgzé x12073  x 100 T 13.2%
e x &

4

-6 molaper 100 ml sol

3} = 2.97 x 10°3 mols
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CONCLUSIONS
The Important intermediste 2,3 dihydroindole ean easily
be prepared from the ;tarting material O-smino phenyl-
ethyl 2lechel, Although the yileld obtsined was only
27.1% 1in the azpari@ant sonducted in this psper, the
reforence clted claimed almost "gquentitative results®,
This eompound eould also be synthesized using Zﬁalz
as the dehydreting sgent {see example 2 page 17) end
possibly alumlnum shlorids,
Yields of Indole are rmuch higher when sterting with
c,3 dihydroindole than with Osamino phenylethyl
elechol - ie,, the eatalyst verforms only a dehydrogen~
stion,

The CU-ZHO-B1,0, catalyst is more sffective than the Ni

on Kleselguhr, ’
Although optimum conditions were not obtained, higher
eoncentrations of atarting meterial, higher temporatures
{to ulﬁﬂﬂi, and relatively long contset periods tend to
favor the reaction., Note: At 55696 Indele wus not
formed but a product having a mslting point of ca. 69%.
Benzene seems tc be & sulbtable solvent for the resgetant
moterial ss far as hydrogen ancepltanee is eoncernsd,
However, while 2,3 dihydroindels iz very solubla;
G-amino phenylethyl sleohol is only soluble to the
extent of approximately L g per 100 ml benzens,

Ultraviclat analysic offers e very sensitive end

aceurate means of evealustion,

he



APPENDIX

An experiment in which O-ghloro sniline wes rescted
with ethylens oxide, under the ssme sonditions used with
aniline (see page 3}, resulted in no sonversion to the
corresponding cmino alechel, This is undoubtedly due %o
the reduction in basioity of the amino group when ortho

to ehlorine,
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