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CHAPTER 1
INTRODUCTION AND HISTORY

This paper is the result of an attempt to prepare
quinoline derivatives in this laboratory by the existing
methods reported in the literature. As the yielﬁs obtain-
ed by the use of these methods were not satisfactory in
the hands of this investigaﬁor, this study making use of
aliphetic nitro compounds now available in commercial
'quantities as the oxidizing agents was made. In this
proposed synfhesis the excess oxidizing agent would be
sdluble in an alkaline solution and ﬁould not have to be
removed, while the producfs formed by the reduction of
these nitroparaffins could be removed from the solution
by boiling.

- lany methods fpr the preparation of gquinoline have
been reported. ,Koenigs72 reported the preparation of this
compound in 1879 by passing acrylidineaniling over red hot
lead oxide. The following year this au‘chor7a reported the
same product obtained by substituting aniline, glycerine,
and sulfuriec acid for the acrylideneaniline. Friedlander66
was able to prepare quinoline by heating o-aminobenzalde-
hyde and acetaldehyde with sodium hydroxide on a water bath;

68 ‘
Kulisch réported the same results using glyoxal and otolu-



, 67
idine in an alkaline solution. Pictet and Fert isolated

" quinoline as well as other products when methylacetanilide
Was fused with zinc chloride. By heating aminoazobenzene
with giycerine and sulfuric acid Lillmanﬁ and Lippert29
prepared quinoline. Using substituted aminoazobenzene these
authors prepared gquinoline derivatives.

However, in this paper we shall consider the synthesis
of .quinoline and'its\derivatives in which aniline was heat-
ed with sulfuric acid, glycerine, and an oxidizing agent.
The modifications of this method for preparing quinoline
will be discussed at some lengthAnow, with the special
applications needed to prepare quinoline derivatives dis-
cussed in connection with their preparation.

The early articles which were read constantly refer-
red to the violence of the original Skraup method for the
synthesis of quinoline. The trend of research then for
the most part was an effort'to;pontrol the reaetion and
increase the yield of the desired product. The yield of
quinoline reporited by Walter69 in repeating Skraup's ex-
periment was 50 per cent theoretical calculated on the

basis of the aniline used, but only about 27 per cent in

regard to the glycerine.
o1
Inueppel used arsenic acid as the oxidizing agent

and reported better yields of quinoline and a reduction in

~ the amount of tarry products. However, if the yield were



>

to be caldulated on the basis of the glycerine used the
yields were poorer then Wheh nitrobenzene was employed for
a large excess of glycerine and sulfuric acid was used in
this modlflcatlon. Bartow and.Mchllumlo working at Kansas
Unlver81ty in 1904, applied this method to other aromatic
amines. VWhile no yields were recorded, they stated that
Tthe fifst reaction is quite violent and the flask must be
removed from the bath until the violent reaction has ceased."
A modlflcatlon in which the amine was converted to the

stannlcnlorlde salt and then heated for several hours with
glycerlne and concentrated sulfuric acid was reported by
Druce,?a This was not the first report of this method as
Skraup and Vmc'tmannz8 ﬁsed the stannichloride salt of
phenylenediamine in the preparation of phenanthioline. The
yield of desired product varied in this work from 25 to 80
per cent of the theoretical. BarnettVl questioned the vali-
dity of the yields on the grounds that the {tin present in
the reaction was not sufficient to oxidize this weight of
addltion product to quinoline. BarnettVl used stannic sul-
fate as fhe oxidiziﬁg agent, but the yields proved to be
less than 30 per cent théoretical.

| The addition of ferric sulfate to the reaction solu-
tion of aniline, glycerine, and sulfuric acid produced a
yield of guinoline amountlno to 60 per cent of the theore-

71
tlca%. Barnett  after many experiments in which various



modifications were made reported the following modifici-
tion as giving the best yield.

"A very rapid modification of the above process which
gives”somewhat better yields, about 60 per cent of the the-
oretically possible, consists in mixing 50 grams of aniline
with 65 grams of glycerine, and 100 grams of calcined ferric
oxide,’and then adding this mixture as quickly as possible
to 150 milliliters of concentrated sulfuric acid in an evap-
orating basin. A brisk reaction sets in almost at once,
and while it lasts the mixture is kept well stirred. \then
the reaction subsides, the whole is allowed to stand for
half-an-hour without heating, and is then poured into water."

The ferrous sulfate modification of the Skraup syn-
thesis as published by Clark and ﬁavislz was probably the
greatest advance in the enlargement of the yield of quino-
line., In this modification 80 grams of powered crystal-
line fefrous sulfate was added to 218 grams of aniline and
the corresponding quantities of the other ingredients in-
cluding nitrobenzene. The reaction mixture was boiled for
five hours. With the addition of this ferrous sulfate it
was possible for the first time to use such large quanti-
ties of material safely. Yields of 84 to 91 per cent of
the theoretical amount based on the aniline taken or 55 to
60 per cent when based on the aniline added plus the nit-

robenzene not recovered were reported by this method of



preparation.z

Cohn and Gustavson4 published a report of an extens-
ive investigation on the effect of the yield of gquinoline
with time of heating, quantity of sulfuric acid added,
and the gquantity of glycerine used. The auﬁhors claimed to
"have succeeded in eliminating the occasional violence of
the reaction'by the addition of acetic acid to the reaction
mixtureg" A yield of thirty-four grams quinoline was ob-
tained when 38 grams of aniline, 24 grams of nitrobenzene,
100 grams of glycerine, 60 milliliters of 85 per cent acetic
acid, and 54 milliliters of sulfuric acid (95 per cent)
were heated for 28 hours. 4 twelve hours heating time
vielded 28 grams of product. In this paper it was stated
that the sudden violence of the Skraup reaction was due to
the instantaneous liberation of acrolein by the action of
the sulfuric aéi@ on the glycerine. The acetic acid was
added to remove.some of the glycerine from the reaction
sphere by the formation of glycerol mono and discetates.

By decreasing the quantity of glycérine employed and
adding dehydrating and oxidizing catalyst Delaby and Hiron74
reported better yields of quinoline using nitrobenzene as
the oxidizing agent. The following yields were reported

when the corresponding catalysts were added. The heating

time in all cases was 16 hours.



Catalysts added. Yields

Aluminum oxide 60
Thorium oxide . 70%
Venadium oxide - 8adh

The violence of the reaction was avoided in this study by
adding the sulfuric acid in stages, controlling the temp-
erature at which the mixture was refluxed; and by stirring
the mixture during the reaction.

Oohn5 reported a modification in 1930 in which 25
grams of boric acid was dissolved in the glycerine before
it was added to the other ingredients consisting of 14
grans of ferrous sulfate, 48 grams of aniline, and 29.5
grans of nitrobenzene. A yield of 38 grams was obtained
after five hours heating compared to 30 grams by the fer-
rous sulfate modification and 25 grams by the acetic acid
method. ‘hen heating was centinued for 20 hours, the
yield of quinoline was 49 grams. An interesting graph in
which the initial rise in temperature was plotted against
the time appeared in this paper. The first bubbles escaped
from the solutioﬁ at about the same temperature, 14000.,
in each case. However, in the original Skraup method the
temperature reached 17500. within the next minute while in
the acetic acid modification of Cohn and Gustaw'rson4 the
temperature never rose above 14000. In the ferrous sﬁifate

2 o
modification the temperature rose 15 in one half minute



after the first bubble appeared. In the case in which
‘boric acid had been added the‘slopé of the curve was much
‘more gfadual and‘the refluxing‘temperature was almost lOO
lower than the ferrous sulfate modification.

An a.bstra.ct6 of a Canadian article in which the authors
used an equivélent quantity of acetanilide in place of ani-
line was published this year. The feaction was so smooth
that its inception was difficult to observe. According to
this abstract the yield of guinoline by this method was 67
grams as compared to 47 granms, using the Cohn modification
and 41 grams when the Clarke and Davis médification was used.
Ho experimental details were included in the review.

La Costeéé’first suggested the use of the acetyl derivative
in 1883 in fhe preparation of 6-nitro quinoline from p-nitro
aniline or the equivalent amount of p-nitro acetanilide.

An abstract7 of a Russian article published in 1930
described a method in which quinoline was prepared using
nitrobenzene as the oxidizing agent and ferrous sulfate and
infusorial earth as the catalyst. In this method the pres-
sure was reduced so that water and nitrobenzene would dis-
t1i1l until the’reaction mixture recached a temperature of
150-400. The mixture was kept at that temperature for 4-

5 héurs. The yield of quinoline after diazotization re-
pfesented 85 per cent based on aniiine and 42-3 per cent

8
. based on glycerine. This modification was patented.
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A yield of 90.6 per cent theoretical was reported when

the reduced pressure method was applied to the preparation
of 6~methoxy, 8-nitroquinoline using arsenic acid as the
oxidizing agent{
51
Beyer in 1885 wrote the equation for the synthesis

of quinoline as follows:

C6H5H = CH—CH-CH2 +0 — [:::[:;:] + 50

Other authors represented the reaction in the following

mannel .

C6H5H32 + ,051{5(0}1)5 _ [D + SHBO + HL’.

. 10
In a paper published in 1904 Barton and llcCollum stated,

"A quinoline ring is formed by the combining of the aromatic

amine and the glycerin with the loss of water and hydrogen®.

In view of the preséht day knowledge the probable course of
‘ 2

the reaction is as follows:



T H2304:. . '
CH,0H~-CHOH~-CH,0H --—) CH, = CH-CHO # 2Hp0.
H
0=C
, H \cn,.
&
NH + CH_=- CH - CHO — \
H 2 T CH,
H
oxygen

oxidigzing agents

In this paper the numbering system suggested in
Chemical Abstracts was used. The number of the positions

are represented in the following figure.
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" | |
Doebner and kMiller first recorded the synthesis of quin-
aldine. This preparation was carried out by heating together
for 3 to 4 hours 80>parts of pafaldehyde, 40 parts of aniiine,
45 parts of nitrobenzene, and 100 parts of concentrated sul-
-furic acid. In this article9 these authors postulated the
fofmation of cfbtonaldeh&de which feacted with the aniline
to form gquinaldine. The present strﬁctural formula was not
used in this article, but rather the methyl group was on pos-
ition 4. In a later paperlz these two authors reported a
study on séme quihaldine'derivatives. In this paper the
method of preparation wés modified, subétituting aldol for
paraldehyde. The equation for the reaption in this paper
was written as follows:

CGH7N + ZCzHQO 4 ClOH9N + 2H 0 <+ H2

2
and the structural formula was written with the methyl

group abt position 2.
56
V. Drewson prepared quinaldine by reducing nitro

benzylidéne acetone (NOZC6H40H = CH - CO =~ CHZ) with

zinec ehloride,'zino,/and hydrochlorio acid. Other early
' , : 57
methods of syntheses included TFischer and Kuzel's

method in Which'nitrocinnamyl acetate was heated with zinec
‘ . : - .58
chloride and Friedlander and Gohriné% synthesis from
70

omitrobenzaldéhyde, acetone, and sodium hydroxide. Skraup
prepared quinaldine from crotonaldehyde, aniline, nitroben-~

- zene, and sulfuric acid.
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- Using the proportions of 1.5 parts of paraldehyde, 1
part of amine, and 2 parts of sulfuric acid Doebner and
Hiller59 prepared several derivatives of gquinaldine from
substituted anilines. The properties of these quinaldines
as well as their salts were reported in this paper.

Bartow and'McCollum;o heating M"aldehyde'™ and hydrochloric
acid with the sudstifuted anilines prepared several chlo-
rine and bromine derivatives of quinaldine in 1904. The
preparation of still more substituted quinaldines was con-
tained in a German patent of 1931. Theysubstituted amines
were heated with crotonaldehyde or other compounds yield-
ing crotonaldehyde in a sulfuric acid solution in the pres-
ence of'areenic acid or nitrobenzene sulfonic acid. The
melting and boiling points of many substituted quinaldines
were recorded in this abstract.62 Doebner and Millereo‘
applied their method of synthesis to the preparation of
other heterocyclic eompounﬁs prepared by'condensing higher
aryl aidehydes with aniline. Another synthesis which must
be of some value in the preparation of guinaldine judging
from the patehtssl on the process was one in which aniline
was mixed with acetylene and passed over hot metallic and
metallic salt catalysts including mercury, coppei, and
zinc salts. '

| In an article by lMills, Harris, and Lambourne65 in

.which a study of the by-products obtained in the'quinal-
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dine preparation were determined interesting results were
obtained. Before this time it had been supposed that the
hydrogen formed in the prepafation of quinaldine by the
Doebner and IMiller method was consumed in the proguction
of tetrahydroguinaldine. IHowever, these authorsGJ svated
that the two volatile by-productsgisolated were monoecthyl
aniline which Doebner and MillerS had recognized and n-
butylaniline. ‘In this study the Doebner and liller proc-
ess was modified by substituting commercial acetaldchyde
for paraldehyde and adding "a certain amount of zinc chl-
oride, a modification which was found to increase the yield
of quinaidine".

Quinaldiﬁe contains this active CII8 group and has been
condensed with begzaldehyde and many substituted benzalde-
hydes. HoffmannGo prepared many derivatives of 8-methyl
guinaldine by condensing this compound with various aryl
aldehydes as well as with benzaldehyde and its derivatives.
Recentlj the condensation products of G-substituted quin-
aldines and substituted benzaldehydes have been prepared
and used as photographic sensitizers6%.

Throughout the experimental work, thermometers which
had Dbeen calibrated using standards obtained from the Bureaun
of Standards were used in determining all melting and boil-~
ing points;

Since all of the compounds prepared had been synthesized
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previously and their physical constants recorded, few
analyses were made. In one case when the melting point
of the compound prepafed differed lO0 from the recorded
melting point a halogen analysis was made. The recrysta-
llized solid sample was dried over calcium chloride in a
dessicator for several days.

In this analysis a «2 gram sample of the produt was
mixed‘thoroughly with 15 grams of sodium peroxide, 1 sram
of potassium nitrate, and 5 gram of cané sugar in a Parr
bomb. The‘bomb was clamped shut and the contents fused by
heating with a Bunsen cone. The contents of the cooled
bomb was diséolved in hot water. The solution was boiled
to remove eicess hydrogen peroxide and 50 ml. of saturated
solution of hydrazine sulfate added. After the solution
was acidified with nitric acid, it was filtered to remove
carﬁon and other foreign matter., The halide was then pre-
cipitated with a slight excess of silver nitrate solution.
The solution was heated to coagulate the precipitated sil-
ver halide, cooled, the precipitate filtered into a pre-
pared Gooch crucible, and dried at llO—llBoC. for an hour
before weighing.

ilost distillations were carried out at reduced pres-
sures to prevent excessive decomposition of the compounds.

A Cenco vacuum pump was used to obtain pressures of from

3 to 25 Iillimeters.
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In all cases the yields reported in this paper were
for the redistilled product collected between the boiling
ranges indicated. The final produect was further purified
by this method. In some cases the reaction mixture was
‘so dark colored that the blue color test on starch-potassium

iodide paper for excess nitrous acid could not easily be
read. In case all the unreacted aniline had not been de-
composed by the nitrous acid it cquld be detected in the
distillation and the nitrous acld treatment repeated.

The aniline and’substituted anilines were purified
before they were used in the experiments. In case of the
liguid anilines the purification was effected by distill-
ing the oll at réduced préésﬁre. It fhe solid aniline
derivatives did hot meit at the reéorded temperatures,

the compounds were recrystallized.



CHAPTER 11
EXPERIMENTAL

Preparation of Quinoline.

After a search of the literature it was decided to
use the proportions of chemicals suggested in Williams and
Brewéter "Taboratory lManuel of Organic Chemistry'. These
quantitieé were very similar to those used by maﬁy invest-
gators and the yield of quinoline obtained was sufficient
to be handled easily. In this procedure 38 grams (.4 gram
mole) of aniline was pléced with 24 grams (.2 gram mole)
of nitrobenzene and lO-ergrams of ferrous sulfate in a 1000
milliliter round bottom flask. To this were added with
constant shaking 100 grams of concentrated sulfuric acid
and 120 grams of'glycerine.‘ The flask was then heated un-
til the reaction began, the burner was removed wntil the
reaction had subsided, and then the heating was continued.

Throughout this problem the basic proportions for the
reagents to be added into the flask were 38 grams (.4 gram
mole) of aniline, 120 grams of glycerine, and 60 millilit-
ers of sulfuric acid (specific gravity 1.83). Then by add-

ing the various quantities of oxidizing agents, nitroparaffins,

15
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it Was possible té determine their merits in the prepar-
ation of quinoliné.

After the best oxidizing agent had been found, vary-
ing quantities of possible catalysts were added to the
formula andkthe yields of quinoline again measured. ZILater
the concentration and the quantity of the acid were varied
as well as the quantity of glycerine used.

After several variations of the general method had

(e
¢~

béen tried, the suggestion noted by Clarke and Davis was
given considefation.‘ The glycerine which was being used
was U.3.P. glycerine obtained from Proctor and Gamble
Company and upon investigation was found to contain about
five per cent water which could be removed by heating to
200-22500.' The experiments which had been carried out
Were)repeated, and substantially bettgr yields of quino-
line were obtained. Throughout the remainder of the re-
search one hundred and thirty grams of glycerine was placed
in an evaporating dish and heated to 200-22500 before being
used. lost of the water was driven off between 165-19000.
In this report the yields were for glycerine which had been
heated. Throughout the investigation the ingredients were
placed in the flask in the following order. To the glycer-
rine, which was placed in a 1000 milliliter round bottom

flask covered with a watch glass while it cooled to 100~
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)
125 C. were added the ferrous sulfate, the aniline, and

the nitroparaffin. The flask was then connected to a
Water‘cooled condensér and the sulfuric acid added in five
milliliter portions with constant shaking. In preparing
some of the guinoline derivatives it was found that by drop-
ping the acid into the reaction mixture over a period of
thirty to forty-five minutes slightly better yields were ob-
tained. ‘/hen this variation was applied to the methods
giving thé best yields of quinoline, the yields were not
increased markedly as had been expected. Lven when the acid
was added in five milliliter quantities the reaction did not
become violent as when nitrobenzene was used as the oxidiz-
ing agent.

The temperature of the reaction mixture was observed
to be from 130 to 15500 depending on the quantity of solids
added to the reaction mixture. The temperature was usually
11090 at the beginning of the reaction with the lighter lay-
er of nitroparaffin not soluble in the reaction mixture boil-
ing gently. However, as the reaction proceeded and the so-
luble nitroParaffin was reduced the temperature increased
to the above temperatures. The ferrous sulfate was not
soluble in this mixture but remained suspended, settling

out to the bottom of the flask after the reaction was complete.
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 The mixture of aniline, glyéerine, ferrous sulfate,
(when it was used) and the nitroparaffin was usually sli-
ghtly colored. As the acid was introduced through the
condenser, aniline sulfate separaﬁed and much heat was gen-
erated. Before all of the acid had been added all of the
solid aniline sulfate was dissolved. The ;olution was then
cherry red and sometimes exhibited fluorescence. As the so-
lution was heaved, the color darkened and usually became
almost black after several hours.

VWhen the reaction mixture had been heated for the spe-
cified length of time, the mixture was poured into a liter
beaker and diluted to 700-800 milliliters. After cooling
the mixture a sodium nitrite solution was added slowly un-
til a drop of the solution caused a blue spot on sbarch-
potassium iodide paper. After standing for thirty minutes

ne solution was heated to,IOOOC. Upon cooling the solution
was made alkaline with a sodiwn hydroxide solution and sub-
jected to steam distillation until the distillate became
clear. The distillate was then extracted with chloroform
and dried over solid sodium hydroxide. After removing the‘
chloroform the o0il was subjected to vacuum distillation
and the light yellow éil collected in a weighed receiver.

In most cases this yield of gquinoline was the whole por-

tion of the oil extracted from the -
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steam distillate, no unchanged aniline being detected.

In the flask used for steam distillation a residue
was always present after the steam distillation had been
completed. When iron was included in the reaction, there
were no larze pieces of tar present but solid organic mat-
erial found in the ferrous and ferric hydroxide residue
upon filtration. When no iron was used as the oxygen carr-
ier, a large plece of tarry material was left in the flask
after the distillation was complete. This dark colored
material was soft and pliable but when washed to remove the
alkali it became hard and crystalline. It could then be
handled without any color wiping off on the hands. ‘then
the yield of quinoline was high, the gquantity of tar was
small; but when the yield was poor, the tarry product was
nuch greater.

During the neutralization of the reaction mixture
after diazotization and during the first part of the steam
distillation an ammonia-~like smell could be noted. This
was the aliphatic amine which was produced in the reduction
of the aliphatic nitro compound in the oxidation of the gly-
cerine aniline addition produgt to quinoline. This was col-
lected in two different experiments and its quantity determ-
ined by neutralization to phenol red with a standard acid

solution.
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In the expe%iments'in which ferrous sulfate was used
the cfysﬁalline salt with seven moles of water of hydration
- was employed. As was shown by experiment the dehydration
of this salt had little or no effect on the yield of gquin-
‘oline. The sulfuric acid_employed was chemically pure acid
with ahspecific gravity of 1.83. The aniline was distilled
and kept in a dark place in a glass stoppered bottle. The
product distilling 179-18800 Was collected aﬁd used as aniline.

To make sure that the products obbtained by the use of
the various oxidizing agents were the same, thé product col-
lected from the use of each nitroparaffin was kept in sep-
arate bottles. After the produét of several preparations
had been collected‘the boiling points of the products were
determined and the picrate salt of the products prepared
and theirrmelting point determined. The picrate salt was.
preparedvby adding a saturated aléohol solution of‘picric
acid to an alcohol solution 6f quinoline until no more
precipitate was formed. TheCanary yellow crystalline DOW~
der was filtered from the alcohol and dried on a porous
plate. The boiling points of the quinoline products at
reduced pressure and the melting points of the picrate

salt are listed here.
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Oxidizing ~  Boiling point  lelting
agent used - ' of product , point of

- (l%mn. pressure) picrate salt
Nifroethane - 115-8OC 205-400
Hitroéthane 115-996 ’ZOB*ZOC
-Fitropropanse 114-7 G 205-4 G
2-Nitropropane 114-8 ¢ 2034 G
itrobenzene 115-800 v ZOB-ZOG

A mixed melting point of all of these picrate salts showed
no depression in the melting point. Decker5 réporfea a

0 ,
melting point of 203 C. for quinoline picrate recrystal-

lized from benzene.

1. Time of Heating.

It was thought that the higher nitroparaffins would
proveato be the best oxidizing agents, so the first test
was to determine the length of heating time necessary for
the eompletion of the reaction and production df'the best
vield of gquinoline. Three tenths gram mole of 1—hitropr0*
pane was added to the reaction mixture of four tenths gfam
mole of aniline, one hundred and twenty grams of glycerine,
and sixty milliliters of sulfuric acid (specific gravity |
1.83). After the specified times of heating the mixture
was ﬁreaﬁed as Dbefore mentioned and the following yields

were obtained; the percentage yields are in parenthesis.
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Time of Yield . Yield
Heating (Grams) - \Grans)
(hours) Ilo Catalyst 10 Gm. FeS0, 7HgZ0
2 14(27%) 12(237)
4 22(43%) 24(46,)
6 26(50%) 30 (5855)
8 26 (50%) 31.(60%)
12 o 27(58%) o 51(60%)

As Tfurther reactions were carried out 1t was found
that nitroethane gave the best j yields of qulnollne S0
this experiment was repeated using three tenths gram mdle
of nitroethane instead of 1-nitropropane. The results from
this series of exneriments are shown in the\following table
with the v1eld of qulnollne in grams and the percentage
Trleld. in parenth931s. |

Time of Yield Yield

Heating (Grams) - (Grams)
(hour27 To Catalyst - 10Gnm. FebO% 7ﬂ&0
4 24(46%) 25(4873)
6 29 (56%) 53(645))
8 30(585) 34.(66%)
12 30(58:%) 54(667)

From the resulits obtained‘here it would éeem‘that from
six to eight hours Would be sufficient to heat the reactlon‘
mixture. Additional heating time does not increase the

yield markedly. Almost all of the aniline had reacted after



R23

the mixture was heated from six to eight hours, for in
most cases when the solution was diazotized it was nec-
essary to add less than five milliliters‘of a tﬁeﬁty per
cent sodium nitrite to get the color test with starch-
potassium iodide paper.

fvd

This does not agree with the results of Cohn and
Cohn'and Gustafson%. In these papers the yield of quin-
oline increased markediy up to twenty hours énd reached a
maximum at about thirty houis in the latfer case. -In the
study by Cohn and Gustafson* the general Skrau§ method had -
been modified by ﬁhe‘addition of acid to aot as a di%uent
énd Sé decfeased thé violence of the reaction. thna re-
ported, “For_fifiéen hours refluxing, the yield of quinoline
wés 90% of the theoretical based upon the amount of aniline
originally used“;~-in this work twenty-five grams of boric
acid was'added ﬁo the glyceriné before it was mixed with
the ahiline, ferrous sulféte, and nitrobenzene. The acid
Was‘th?ﬁ, added and the contents of the flask refluxed for
a period "depending upon the yiéld desired". o

2. Various Oxidizing Agents Used

In this series of experiments the mixture was heated
for elght hours, us:Lnb varlous aliphatic nltro compounds.
The nltroparafflns were added in various quantltles to the

. standard four tenths gram mole aniline mixture. In an
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attenpt to compare the yields thained by the nitrobenzene
methed’the same molar quantities of QitrobenZene were used
and the exeess‘nitrebenzene was collected by steeh distill-
ation from the acid selution;  In the case of nitrobenzene
the temperAtﬁré of reaction was 150- 16000. while the re-
action temperature in the case of the nltroparaffln was
130-150 C. The following results were obtained when no
catalyst was used. The yielde of quinoline ih grams appears
in the table with percentage yields in parenthesis.

Oxidizing Quantity of oxidizing agent used
Agent +lgm. mole .2gm.mole .4gm. mole .Sgm.mole

Nitromethane  12gm.(23%) ngm(SS ) 23gm.(44%) 24gm.(46%)
Nitroethane m.(27,) 20gm(39%)  29zm.(56%) 23gm.(44%)
1- Nztropropane ngm.(55p) 2lgm(4l%5 26~m.(50p) 21gm. (41%)
2=Nitropropane 16gm. (al ) 18gm(55%5 22zm. (43 ) l9gm.(57%)
Nitrobenzene  28gm.(54%) 40gm(78%) 40gm.(78%) 40gm.(78%)

In the case of hitrebenzene the yields were based on
the ahiline‘qriginally ﬁseﬁ.VkIn the first two cases no ex-
cess niﬁrobenzene was recovefed. When the four tenths gram
mole ef nitrobenzene was used, fourteen hundredths of a gram
mole was recovered. In the case in which eight tenths of a
gram mole of nitrobenéene wes used five tenths of the mole
was recovered bJ steanm distillation of the acld reaction
mixture. |

In order to study the effect of the addition of ferrous
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sulfate on the yield of quinoline, the'foregoing ex-
periments wnich had given the best yie;as were repeated.
These yields in grams are listed in the following table

with the percentage yields in parenthesis.

Oxidizing Quantity of oﬁidizing agent used

Lgent «23m. mole .4gm. mole .8Bgm. mole
Nitromethane - 20gm.(39%) 28gm.(54%) 25zm.(48%)
Hitropropane - Zﬁgm.(48%) 32gm. (62%) 27gm.(525)
1-Witropropane  21gm.(41%5) 30gm.(58%) 26gm.(50,)
2-Titropropane 19gm.(37%) 24gm.(46%) 20gm.(39%)

Iwo aliphatic nitro alcohols were used as the oxidi-
zing agenﬁs instead of the nitroparaffins. Forty-eight
grans (.4 gram mole) of 2-nitro, l-butanol was introduced
into tﬁe reaction fiask aiong with ten grams of ferrous
sulfate, aniline, and glycerine. As the écid’was added
the mixture became homogoneous. When the productkWas'col—
lected and weighed, there was only 24 grams {46 per cent of
the theoretical yield) of quinoline. A secohd experiment
gave no better yield- 23 grams (44‘per cent of the theore-
tical yield). | |

Yhen an isomer, B-nitro, Z-methyl, l-propanol, was used
as an oxidizing sgent the yield of quinoline was even less.
Forty-eight grams (.4 gram mole) of the nitro alcohol was
used, and the yield was 18 gramé (35 per cent of the theoret-
ical yield) of quinoline. As the acid was added there was

much charring and the reaction mixture became very daxrk.
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When the flask was emptied, it‘contained much carbonized
‘material. » |

The most ﬁidely used preparation of quinolihe util-
izes nitrobenzene as the oxidizing agent and so aniline,
the starting product, ﬁas obtained as the reduction pro-
duct. In order to study the relative ease of oxidation
of nitréethane and nitrobenzene an experiment using both
of these oxidizing agents was performed. Thiitj grams
(¢4 gram mole) of nitroethane and 25 grams (.2 &ran mole)
of nitrobenzene were added to the reaction mixture con-
taining 10 grams of ferrous sulfate. After heating the
solution fof eighf hours the mixture was diluted with
ﬁater and subject steam distillation. A total of thirty
milliliters of oil was collected in the distillate.
After making the distillate alkaline to dissolvé‘the
nitroethane twenty mllllllters of nitrobenzene remained.
Thirty-six grams (70 per cent of the theoretical yield,
based on aniline used) of quinoline was obtained from this
preparation. From this it would be concluded that the
nitroethane was more easily reduced.

A series of experiments were then perfdrmed to see

whether it would be possible to increase the yield of

quinoline by first using the nitrobenzene as the oxidizing

" agent and then adding nitroethane to oxidize the aniline
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produced by the reduction of nitrobenzene. In these
experiments twenty grams of nitrobenzene was'useq‘as the
oxidizing agent. In one experiment the mixture was heat-
ed for five hours,”cooled, thirty milliliters of nitro-
ethane added, and the heating continued for four hours
more. Only a trace of nitrobenzene was recovered upon
steam distillation. Forty-seven grams (91 per cent of
the theoretical vield, based on aniline used) of quino-
line was obtained by this method. When this4expériment was
~ repeated and the mixture heated for six hours before the
nitroethane was sdded, the yield of quinoliﬁe was 49 grams
(95 per cenf,based on aniline used). To check the yield
of quinoline even if no nitroethane had been added but the
mixture heated for the above mentioned times, controls
were run with these experiments. In the case iﬁ which the
mixture was heated a total of nine'hours the yield of
quinoline was 40 grams (78 per cent, based on the aniline
used) while when the mixture was heated for a total of ten
hours the‘yiela was 42 grams (81 per cent of the theoreti-
cal yield, based on the'aniline'used)f

These yields were rather imposihg when ealculated on
the basis of the aniline used. However, if the yield were
calculated on the basis of anilihe used originally plus fhe

aniline produced from the nitrobenzene not recovered the



yields were very Similar to those obtained from the use
of nitroethane. For example, the yield of 91 pef cent
based on aniline used was 65 per cent when the yiéld was
"based'qn the,total‘aniline present including the reduced
nitrobenzene. ‘

S. Variations in the Oxygen Carriers

The objection that most investigators in this field
have had to the Skraup syanthesis of quinoliné has been the
violence with which the reaction takes place. Clarke and
Davisz state, "By the addition of ferrous sulfate, which
undoubtedly functions as an oxygen arrier, the reaction |
is extended'over a longer period of time". Several oxygen
carriers were tested to determine their'éffect on the yield
of guinoline. A series of experiments were tried to de-
termine the most favorable concentration of the'agents which
showed the most promise in improving the yield of quinoline.
It was thought that some of the tar left after steam distil-
lation might be converted if the reaction was controlled a
little more.

The first salt added to the reaction mixture to act as
an'oxygen carrying agent was manganese dioxide. Three and
one-half grams of manganese dloxide was added to the mix~
ture of four tenths gram mole of aniline, one hundred aﬁd

twenty grams of glycerine, four tenths gram mole of nit-
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roethane, and sixty milliliters of sulfuric acid (specific
gravity 1.83). After heating the mixture for eight hours

28 grams (54 per cent) of quinoline was obtained.

. . %)
According to the results of Cohn addition of twenty-

five grams of boric acid to the mixture containing nitro-

benzene and ferrous sulfate, increased the yield of gquin-

3

oline. After five hours heating Cohn reportedka yield of
of 38 graﬁs (74 per cent of the theoretical yield) for this
boric acid modification comparéd to 80 grams obﬁained when
ferrous sulfate alone was used. Twenty-five grams of boric
acidiwas added to thé glycerine in the usual four tenths
gram mole formula using four tenths gram mole of nitro-
etnane as the oxidizing afent. As the sulfurlc a01d was
added more heat than usual was evolved. Con31derable'tar
and charred materialywere found in the flask after the
eight hour heating period. The yield of quinoline Was
twenty-seven grams“(58 per cent). When this experimeht
was repeated, with fen grams of crystalline ferrous sul-~
fate added to the mixture, the yield of quinoline was thirty
grams (58 per cent).

is has already been indicated ferrous sulfate served
as a good oxygen carrying agent so various concentrations

of iron in both the ferric and ferrous forms were tested
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to determine their effect on the yield of quinoline. The
yields of quinoline obtained when varying quantities of
ferric chloride were added to the mixture are listed in

the following table with the percentage yields in parenthesis.

Grams of ferric chloride ' Yield of quinoline
added to the mixture | (grams) ;
.5 grans | 30 (587%)
5.0 grams | 52 (625 ,
6.0 grans 33, 32, (64, 62%)
12. grams | 32, 53, (62, 64,)

The use of‘ferrous sulfate askan oxygen carrier in this
type of reaction was khown to be advantageous so a series of
experiments Wére made to determine the proper quantity of
feffbus sulfate to add to the reaction mixture. The yield
of quinoline obtained in each case along with thewpercentage

yield in parenthesis iéhshown in the following table.

Grams of crystalline ferrous Yield of quiﬁoline
sulfate added to the mixture ~ {grams)
3 grams 29 (B6%)
5 grams : 33 (64%)
7 grams .. 35 (Gé%)
10 grams ) 34 EGBﬁ)
15 grams » 34 (66%)
20 grams 34 (66%)

In the experiments in which more than ten grams of ferrous

sulfate was used the quinoline obtained upon the steam dis-



tillation of the alkaline solution was quite yellow in -
comparison to the o0il collected when less ferrous sulfate
was used. To check the yield on the better prepéfations
of quinoline, four experiments using ten grams of ferrous
sulfate were compared. The yields from the four experim=-
ents were 32, 34, 34, 35 grams (62-68 per cent).

~Since the small amount of water in the glycerine made
considerable difference in the yield of quinoiine’ it was
thouoht That 1f water in the crystalline ferrous sulfate
were removed the yield would be increased. Tne water was
driven out of the salt by heating'it in a cruéiﬁle for
several minutes over a Bunsen burner. Ten‘grwns of the hy-
drated salt was placed in bthe crucible, heated, and added
to the reaction mixture. The yield from this method was
thirty-three grams (64 per cent). Upon repeatihg this ex-
periment ﬁwice the yields were founa.to be 32 and 33 grams
respectively. It would Dbe concluded from these‘fesults
that‘&ehyéﬁation of the crystalline ferrous sulfate had an
effect of decreasing the yield. However, the slightly
less yield was not significant, but the ferrous sulfate
was not dehydrated in the other trial experiments.

‘

4. Varigtions in the acid.

Wlhen data was taken from the various papers published

in this line of research, it was noted that there were con-



siderable differences in the quantity and concentration
of the sulfuric acid employed. In order to study the
effects of varing quantities of acid on the yieids of
quinoline a series of experiments were made varying the
quantity of sulfuriyécid (specific gravity 1.83) from
twenty milliliters to ninéty milliliters. In the follow-
ing table the quantity of acid used and the yield of

quinoline in grams is listed; the percentage yield is in

parenthesis.
Iilliliters of éulfuric acid Yield of épinoline

(sp. gr. 1.83) used (grams)
20 ' 8 (15%)
30 | 20 (597)
40 | 26 (50%)
50 ‘ 29 ‘(5‘6%)
60 | | 34 (66%)
70 33 (6455)
80 | ; , 10
80 | 10

In the first two experiments listed in the above table

- there was considerable frothing as the solubion was heated.

In these cases the quéntity of acid added was not enough to

dissolve all of the aniline sulfate formed. In the last two

“experiments, 80 and 90 milliliters of acid added, the yields
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were less than ten milliliters and so were not collected
seperately. In these cases the gquantity of aoiq was suf-
ficient to cause considerable charring, and the mixture
became black as soon as it was heated.

A stronger acid was prepared by adding fuming sul-
furic acid (specific gravity 1.88) to the stock sulfuric
acid (specific gravity 1.8%3). The specific gravity of
this acid so prepared was 1l.84. Vhen sixty milliliters
of this acid was added to the four tenths.gram'mole an-
iline solution and the reaction mixture heated for eight
hours, the yield of gquinoline was 33 grams (64 per cent).
In oréder to compare the yield if more conceﬁtrated acid
kWas employed sixty milliliters of the fuming acid (specific
gravity 1.88) was added to the mixture and the conﬁents of
the flask heated for eight hours. The yield of guinoline
was 31 grams (60 per cent). When this fuming acid was drop-~
ped on the aniline, glycerine, ferrous sulfate, nitroethane
mixture, the heat evolved was more than when the less con-
centrated acid was employed. In this case there was con-
siderable carbonized material in the flask after the period
of heating.

As had been suggested by other investigators it was
thought that the acrolein was produced in large quantities

at the start of the reaction, and all of it did not react
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with the aniline sulfate. In an effort to overcome this,
the sulfuric acid was added in two portions. In this
series of experiments forty milliliters of acid was added
to the reaction mixture which was then heated for three
hours. After cooling, a second portion of thirty millili-
ters of acid va.s édded and the heating continued for a
total‘beeight hours. The foliowing tabie shows the yields
of quinoline obtained in‘these experiments ﬁy the use of

varying concentrations of acid.

Speclfic gravity of Specific gravity of Yielad

acid added before acid added after (Grams)
heating three hours heating ;
1.88 | 1.88  24(46%)
1.83 - 1.83 25(487)
1.88 | 1.83 - 21(41%)
1.85 1.88 351 687)

From the data shown here it would be concluded that the
yield of guinoline was markedly affected by both the con-
centration and the quantity of sulfuric acid used. |
The yield was not increased énough, if at all by the add-
ition of,the acid in smaller portions to Jjustify the in-

creased work in carrying out this expériment.



5. Vafiation in Glycerine and Aniline.

48 has been stated previously it was found- that the
U.S;P. glycerine used in this investigation contained
five per cent Watef. When this water was removed by heat-
ing,the yield of quinoline was increased markedly. Even '
though the quantity of glycerine used in the standard pro-
cédure was more than the theoretical gquantity needed, two
experiments were carfied out\to determine thekeffect on
the yields of gquinoline when the quantity of glycerlne was
1ncreused. Instead of heat:mD the one hunarea and thirty
grams of ﬂlycerlne before u31ng, a larger quantity of gly-
cerine was heaued and used. When one hundred and Tifty
grams of heated glycerine was used, thirty bra.ms of quino-
-llne (58 per cent of the theoretical yield was obtained.
In the second experiment one hundred and eighty grams of
Wcherlne was used and the yleld was exactly the uamo.
This experiment was repeated using the larger quantity of
glycerine but instead of sixty mllllllters of sulfuric
acid eighty milliliters of the acid (specific gravity 1.83)
was added. The yleld of quinoline ffom this experiment
was only 18 grams (35 per cent).

A trial experiment using less than one hundred and
twenty grams of glycerine was unsuccessful as the foaming

and charring became so bad that the heating was discontinued



and the flask emptied. AIn order to study the effect of
less giycerine on the reéction; it was decided ﬁo increase
the Quantity of aniline added. Instead of adding four
tenths gram mole of aniline to the mixture, more aniline
and correspondingly more oxidizing agent, nitroethane,
was used. ‘When five tenths gram mole of aniline wasHada—;
ed and the reaction flask'heaﬁed_for six hours the yield
’of qﬁinoline after diazotization and heating was 35 grams
(64 per'cept of the theoretical yleldl As 1t was necess-
ary to add considerable sodium nitrite solution before all
of the aniline was diazotized, the reaction mixture con-
,alninb six tenths gram mole of aniline was heated for a
total of ten hours. The yield of gquinoline in this trial
was seventy-four per cent of the gheoretlcal (58 grams) .
hanske Le~ef and Gallabher reporged that by uwsing
the methods of Cohnd and Clark and Davis it was‘possible
to obtain forty-seven and fdfty~onevgrams of guinoline
respecfi?ely fromk53.5 grams of aniline. ™When an equiva-
lent anount of acetanilide was used, the yield of quinolinev
was 67 grams by using either proce&ure".6_4According to
this report the acetylated amine reduced the violence of
the reactlon so that the Suart of the reaction was Qlffl~

cult %o observe. To check the yield of quinoline by the

use of such a modification four tenths gram mole of acet-



anilide (54 grams) was placed in the flask along with the
glycerine, ferrous sulfate, and nitroethane. A4s the acid
was added to the mixture very little heat was evolved and
the mixture did not become hof enough td boii the nitroe-
thane as was usually ﬁhe case. A yield of 31 grams of
quinoline (60 per Cent) was obtained from this experiment
after the feaétionAmixﬁure we.s heated for seven hours. The
experiment was repeated Without the ferrous sulfate. Twenty-
one grams of guinoline (41 per cent of the theoretical yield)
was dbtained in this trial. Hbre tar was left in the flask |
after the steam distillation than in any other experiment.
As had been noted previouSly in the experiments in
' Which the mixture was heated for six to eight hours with
an excess of'oxidizing agent, it was neceséary to add only
a very small guantity of sodium nitrite to obtain the blue
color on starch-potassium iodide paper. Two experiments
were made in which the mixture was not diazotized but the
reaction mixbture made alkaline and steam disﬁilled after
the eight hour heating period. The product collected by
this steam distillation appeared to be all quinoline when
it was distilled. However, this product was taken up in
dilute acid and the sodium nitrite solution added. TLess

than five milliliters of this twenty per cent solution wa.s



needed to give the blue color on starch-potassium iodide
paper. After a second steam distillation the quinoline
was again collected and distilled wnder vacvum. The loss
of product in one case was two grams while in the second
case the loss was four grams. However there was a very
gobd chance that part of this loss was due to losses in
manipulation and the o0il remaining in the distilling
systen.

In order o debermine whether the diazotizétion was
neceséary a series of duplicaté experiments were made in
~which one of the mixtures was diazotized, heated %o IOOOC,
cooled, made alkaline, and steam distilled while the other
flask was made alkéline and steam distilled without diazo-
tization. The total oil was collected by vacuum distilla-
tion and weighed. These results ave listed in the follow-

ing table,

Time of Grams of Product Grams of Product
Heatin? o. Jiazotization Diazotization
{Hours ' ‘ ‘ - ' ‘
4 ' - 30 24
6 - D4 35
S8 32
34 53]
3 ' 34 35
33 53]
a4 33

The results in this ftable shdwed that it was unnecessary:

to diazotize the reaction mixture, for very little or no



_tn@hangea aniline remained in the reaction mixture after

f the six hour period of heating. In many of the experi-
ments in which this period of=heafing was used the solut-
ion was not diazotized. However, if any oil was collected
below lOOOC;'upon vacuun distillation the total yield of
that experiﬁent was dissolved in excess acid, diazotized,
and repurified.

An attempt was'made to mix the two layers of the re-
action mixture and thus to get more,iﬁtimaﬁe eohtact be-
tween the oxidizing agent and the remaining reaction‘
mixture. To accomplish this a three neck two liter round
bottom flaék was equipped with a stirrer, reflux condenser,

and thermometgr. ' The mixture was stirred while the acid
was added and throughout'the’eightkhours'of héatihg,

The tempéfature remained'beldw 12500. during the whole
heating period. After diazotization thirty-two grams of
guinoline {62 per cent of the theoretical yield) was ob-
tained. This experiment was repeated several times,‘but
this was the best yield obtained.

It appearved that if the system could be put under a
small amount of préssure %o raise the temperature of the
reaction mixture the yields might be improved. It has
been noted elsewhere in this paper that the refluxing

temperature of the mixture containing nitrobenzene was
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slightly higher than the temperature at which the mixture
containing nitroparaffins as the oxidizing agent boiled. ;
Hewever, it should be remembered that there was éﬁblished
and patented?kby a group of Russian scientists a method
for the preparation of gquinoline in which the pressuﬁe was
redueed‘so that;the water formed would leave the reaction
chamber and condenser but all other refluxing material
woﬁld be retained. ‘In’this work the temperatﬁre of the
reaction mixture wa.s 1150~ loéoC., and the o*c:.dlzlnb agent
was nitrobenzene. The yield of guinoline was reported in
this paper as being 85 per cent, but the basis for this
calculation was not stated.

6. Addition of Some Salts.

If potassium acid sulfate and other dehydrating agents
ere heated with fats or gljcerine acroelin is pfodﬁced. Al-
though 1o mention of such methods'was found in the litera-
ture, potassiwm acid sulfate and sodium sulfate were added
to the reactlon m1qure to determine their effect on the
\Vield of quinoline. The results of this series of experi-
ments was not too encouraging, but somethlng along this
line might be used to improve the yield of quinoline.

In the first experiments the sodium sulfate was added

in pléce of the ferrous sulfate. In the trial in which
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ten grams of the chemiéaily pure éalfbwas added the yield
of quinoline after heating for eight hoﬁrs was tWenty?three
grams (44 per ceht.yieldi. _Whég the amount of sodium sul-
fate-was dbuﬁled, the yield was increased to 52 per cent of
the theoretical yield,.twenty~seven;grams; Upon repeating.
the first trial using ten grams of sodium sulfate and add-
ing ten grams of ferrous sulfate the yield was increased
to 30 grams (58 per cent of the theoretical yield).

The addition of potassium acid sulfate to the react-
ion mixture proved less successful. When ten grams of this
salt was added to the mixture; the yield of quinoline wa.s
twentby-four grams (46 per cent). Doubling the quantity of
the salt reduced the yield to seventeen grams (33 per cent).
Upon cooling the reaction flask in this experimént‘the'blaok
tarry mass solidified and was very hard to remove from the
flask. A large amount of tar and charred’materiai was left
in~the flask after steam distillation. When ten grams of
ferrous sulfate was added along with the ten grams of potass-
iun acid sulfate and the mixture heaﬁgq for seven hours, the

yield of quinoline wasAthirty-one grams, (60 per cent).
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7. Utilization of the Oxidizing Agzent.

It‘was'noticed that when the reaction mixture was
allowed to cool after heating for eight hours a layer of
the unreacted nitroparaffin could be detected above the
‘heavier black miﬁture~in the flask. An experiment was
verformed to determine how much of the nitroethane was
reduced to ethyl amine. After heating for eight hours
the reaction mixture was transferred to a larger flask,
diluted, and made alkaline by introducing the aikali
through a dropping funnel with the flask connected to a
condenser for steam distillation. The distillate and vapor
was collected in a beaker partially filled with distilled
water. A total of'1750 milliliters of distillate was col-
lected. The water was decanted from the heavier quinoline
layer and aliquot portions of this solution titrated to
phenol red neutrality with standard acid. It was neces-
sary to add 30.6, 31.0, and 31.0 milliliters of, .108 nor-
mal acid to three 25 milliliter portions of this solution.
From this it was calculated that there were 15 grams of
éthyl amine in this portion of the solution and 10.5 grams
in the total volume of solution. This correspondsd to .23
gram mole of ethyl amine while the yield of quinoline ob-
tained in this experiment, thirty—two grams (62 per cent

- of the theoretical yield) represented .25 gram mole of



quinoline.

This was rather strange, for according to the equation
for this reaction only one atom of oxygen was needed to ox—
idize the addition product of aniline and glycerine to Quin—
oline. Therefore, the experiment was‘fepeated with the |
heating fime shortened to five hours in an attempt to mini-
mize the oxidation of any other products in the reaction
mixture. In this trial a total of 2250 ifilliliters of dis-
tillate was collected., It required 2l, 21.5, aﬁd‘El.B
milliliters of the same acid to neutralize three 25 milli-
liter portions of ﬁhis solution. Calculation from this
Gata showed that there weré <104 grams of ethyl amine in
each portion and 9.5 grams in the total distillate. The
oii collected in this steém distillation wa.s diSsolved'in_
acid, diazbtized, and again steam distilled. The quino-
line, 29 grams (56 per cent of the theoretical yield),
corresponded to .22 gram‘mole while the ethyl amine re-
pfésente& .2l‘éram mole, ‘This was a very good check on
the'fifstvexperiment but did not help to explain the high
.ethyl amine production. |

8. Student Laboratory Trial of This Method.

4As the time necessary to prepare quinoline in the lab-

oratory by the usual method--use of nitrobenzene as an ox-
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ldizing agent — was rather long, it was thought that this
preparation using nitroethane might be substitutgd.

Thils would shorten the preparation time donsiderébly since
dnlyione steamvdistillatidn was necessary and the diazot-
ization could be omitted when the heating time was from
six to eight hours. The following instruction sheet was
given to the twenty-one students enrolled invthe second
course in Organic Chemistry. These students had had con-
siderable laboratory experience in general orgahic pre-
parations.

A lodification in the Skraup
Synthesis of Quinoline.

- Weigh 130 to 135 grams of glycering into a number four
evaporating dish and heat it to 210-220°C. After this has
cooled to 100-125°C, it is placed in a flask along with 38
grams of aniline, 10 grams of powdered crystalline ferrous
sulfate, and 25 grams of nitroethane. After connecting the
flagk with a reflux water-cooled condenser, add cavtiously
and with shaking 100 grams of concentrated sulfuric acid in
5 to 10 cc portions. After adding the acid shake the flask
until all the solid has dissolved and then heat slowly to
boiling. Have a pan of water handy in case the reaction be-
comes too violent. The mixture should then be heated to re-
fluxing for a total of 6 to 8 hours. It is a good idea to
agitate the flask occasionally during this heating period.
The flask is then cooled, 500~600 cc of water added, the
mixture made distinctly alkaline with concentrated sodium
hydroxide while cooled under the tap, and the alkaline sol~
‘ution subjected to steam distillation. It is usually nec-
essary to collect from 800 to 1500 cc. of distillate. lotice
the smell of amonia. When all of the oil has been distill-
ed, extract the quinoline from the water with several 25 cc
of ether. Dry the ether solution over solid sodium nydrox-
lde. Decant the solution from the drying agent, evaporate
the ether at the steam bath, and distill the guinoline

- through an air condenser. The boiling point of quinoline

is 237°C. It is a pale yellow liquid with a disagreeable
odor.
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fotes.

This is part of a research project on this prepara-
tion. It is a somewhat shorter method than the one sugg-
ested in the laboratory manugl, page 192. We solicit your
cooperation by following directions and using the quanti-
ties of material suggested. Write all equations for this
reaction and record yields in your notebooks.

Tone of the students reported that it was necessary
to use the oobling pan at the outset of the reaction as
was nSQally neéessary when nitrobenzene waé employed as
the oxidizing agént. These students used eommeréial sul-
fufic acid father than the chemically ﬁure acid in the
exPeriment‘in the laboratory. The sPeeifié gravity of the
aéia in several 6f.the‘desks was checked and found to be
about 1.82. - | | -

Twenty ofkthe‘sﬁﬁdents réported yields on this ex-
perimént; the ofher person spilled the_quinqlinevbefore it

‘cguld be weighed. The pdorest yield repﬁrted by any stud-
ent was ten grans (20 per cent), while two students report-
ed yields of 32 gréns of quinoline (62 per cent). |
Lighteen of the tWenty students reporting yields obtained
more than seventeen grwns of quinoline (33 per cent of the
heoretical yield). One half of the students (ten) reported
more than.a fofﬁy?eight per cent yield while three students
obtained yields of over thirty grams (58 per cent yield).

{hile the yields in grams obtained by the students in
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this laboratory trial of the method were not so high as
when nitrobenieneywas used as the oxidizing agent, this
pféparation had sone advantagés. If the calculation of
the percentage yield of guinoline was based on the aniline
-originally added and the aniline formed from the nitro-
benzene not recovered, the percentage yields of the two
methods were not far different. The yields obtained from
the longer method ranged from 30 to 40 grams. These re-
sults represent a 58 to 78 per cent yield when based on
the aniline originally added, but the percentage yield
‘was reduced to 47-62 if calculated on the basis of five
tenths gram mole of aniline in the reaction mixture.
llany guestions Weré asked concerﬁing the "ammonia" smell
noticed at the beginning of the steam distillation.

This probably helpea the students to realize that a re-
duction had taken place dﬁring the reaction. The equat-
ions for the reaction explained the "ammonia' noted dur-

ing the steam distillation.
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9¢ Variations in the Order of Adding Ingredients

As the first concentrated sulfuric acid was drop=-
ped into the reaction mixture, aniline sultate was form=
ed and the heat of neutralization was sufficient to heat
the entire mixture.‘ilt was thought that if the salt wis
was formed previously and this "local heating" avoided,
the yield of quinoline might be improvedo Thé aniline
sulfate was prepared by dropping cold sulfufic acid
(specific gravity'l.Bﬁ) on aniline chilled in -an ice
bath. The salt so formed was collected on a‘filter and
dried.’ | |

Duplicate trials were made, In one reaction flask
10 grams of ferrous sulfate was included while in the
other this was omlttede Seventy-six grams (.4 gram mole) .
~of eaniline sulfate; 30 milliliters of nitroethane, 40
milliliters of sulfuric acid (specific gravity 1.83), and
the fefrous sulfate were placed in a one liter round bot~.
tom flask. In order to bring all the salt into solution
the mixture was heated to 80°C. before the glycerine
which had been heated to remove all -of the water was sdde
ed through the water condenser. The temperature of the
mixture did not riée as had been expected but was lowered
by the addition of thekcool glycerine, When all the giy—
cerine had been added, the solution was light orange and

exhlibited fluorescence.
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 .During thekeight_hoﬁr heéting period theksolutidn be-
caﬁe darker graduélly, rThirty-five grams (68 per cent .
" of the theoretical yield) of quinoline was obtained
after diszotizetion. ‘t _ , o ‘

' In the duplicate trial in which the ferrousksule
fate was omitted the yleld was 33 grams (64~per cent
yield). Time did not allow further investigation into
 this modification of the methodkbut the above yield

(no ferrous sulfate) was the best obtained durlng the

problem, This modification seemed to give as smooth

a reaction as when acetanilide was used.



~Preparation of Quinoline Derivatives

le Quinaldines

As these nltroparaffins had proved to be of some‘
velue as oxidizing agents in the preparation of quinoline,
it was thought that these compounds might be used in the
preparatlon of qulnoline derivatives. Quinaldine, 2
methyl quinoline, was one of the first derivatives thought
of since in its preparation from acetaldehyde and aniline
it was necessary to lose one mole of hydrogens In one of
bhe early papers Doebner and Miller 2’suggested that
nitfdbenéene be used as the oxidizing agent. ‘This sug-
gestion was carried out iﬁ a 1eterkpaper ? but the yield
of éuinaldine was not recorded in either'paper so the
effect of the oxiaizing agent could not be determined.

V' Since the nltroparaffin would react with the acetal-
dehﬁde,'lt was decided to mix the other ingredients in the
flask, heat the reaction mixture on the water-bath for an
hoﬁr,‘add the nitroparaffin, and heat the flask for anot~
her hour oh ﬁhe Water bathe The prOportions of the in-
gredients were obtained from the paper by Doebner and
Miller 9.4 In the first trial one,part of aniline, 20
grams, and two pafts of acetaldehyde, 40 grams, were
placed in the small round bottom flaek.' Forty-five‘graﬁs
~of sulfuric acid was added after connecting the flask to

the condenser,
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Cohsiderable heat was evolved during this'addition;
The mixture was heated for ah hour on the water-bath
after which 20 grams of nitroethane was added to the
reaction flask and the heating continued for another
hour. Afterrdiluting the mixture, enough solution
of sodium nitfite was added to react with the unchanged
eniline. The solution was then heated, made alka-
line, and steam.distilledQ Very 1ittle oil-~less than
five milliliters--was collected in a liter of distill-
ate. The quinéldine was reported to boil at 238-9°Ce
and distill with steam.9 Nevertheless, the cooled re-
sidué left after steam distillation was extracted sev-
- eral times With chlorofbrmo After the removal of the
chlofoformkthe residue was subjected to vacuum distill=-
ation, but no product was obtained when the résidue was
heated to 250°¢C, _ |
. This large amount of tar suggested that the ré-
actioﬁ mixture was too concentrated so another trial
was made adding twenty«five milliliters of watérkto
the ingredients. The yield was no better in. this case.
An éttempt’to use hydrochloric acld with a total heat~-
ing time of four hours insfead of sﬁlfuric acid was no
more successfule. ‘In‘all cases the aniline had reacted
in sbme manner, for only a few milliliters of sodium

nitrite were required to diazotize the unreacted aniline.
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Since some polymer of acetaldehyde must form in this
reaction to yield qﬁinaldine two of the polymg?s of
acetaldehyde,”pafaldehyde and aldol, were substituted
for the acetaldehydg. These gave no better yields.
When a~tifal.was made omitting the oxidizing agent,
the yield of the oil was little better. The total
yield obtained from all these trials was 1egs than
twenty milliliters.

As such small amounts of oil were difficult to
handle, it was decided to use some aniline derivétivek
which would yield a solid quinaldine for furtherkstudy
along this line., It was found that 6=chloro 2-methyl |
»quinoline, é- chloroquialdine, was a solid compound |
and had;been‘prgpared by Bartow and McCollum lé here.
at Kansas University in 1904,

It was thought that the method for the preparation
of this halogen derivative of quinaldine as outlinéd by
Bartow and McCollumlOwOuld be satisfactory as few me~

thods could be found in the literature. No yields were
vreported in fhe original article, but Cocker and Turnern'
reported that from nineteen grams of p-aniéidine ten éraﬁs
of é-methOquuinaldine, melting point 64-500, was obtéin~
ed by the use of the method of Bartow and'MCCOllum;O.

This quantity represented 38 per cent of the theoretical
yield,
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Tn this method "fifteen grams p-chloraniline,
24'grams of aldehyde; and 10 grams of concentrated
hydrochloric acid_were heated on the water-bath for
four hours."  The first trial with the p-chloran-
iline was made using 24 grams of aldols. As the con-
centrated acid‘was added; the mixture frothed and it
was necessary to cool the reaction flask. léefore all
of the acid had been added the mixture became very black
and some tar-~like material-separated from the solutione
The mixture was then heated for ﬁwo hours on the water=-
bath; fifteen milliliters of nitroethane adde&, and the
heating continued for a total of four hours. After the
reaction mixture had stood at room temperature overnight;
it Was‘diluted, diazotized, made alkaline and subjected
to steam distillation. A small quantity of oll was ;
collected which solidified when the distillétefwas chill-
ed in salt and ices The melting point of this crude pro-
duct was 91-200.

. The above reaction was repeated using dilute sul-
| furic écid instead of the concentrated-hydrochloric acid,.
bThis.dilute acid was prepared by adding 12 milliiiters of
acid (specific gravity 1.83) to 10 milliliters of water.
In thils trial when the acid was addea the heat evolved waé
sufficient to cause the water in the reactlion flask to

boile After diazotization a few grams
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of oil was separated by steam distillation. This dark
yellow oil solldlfied when cooled. The melting point
of thlS product was 91-3°¢, ) o

" As the yields obtalned from the use of the aldol
had been only two or three grams in each of the experi-
ments, paraldehyde was substituted for the aldol in two
experiments. In these experiments the acid was addﬁd to
~ the p-chloraniline the flask cooled and then twenty grams
ofkparaldehyde added 8lowly through the condenser. 7The
reaction mixture was-allowed to stand for an‘hour before
vheating during which time the temperature in the flask
rose to about 80°C. After the heating period ‘of four
hours during vnich the nitroethane was added the mlxture
was diazotized, made alkaline, and subjected to steam dig-
tillationes The product solidified in the,condenser during
this steam distillation. Four grams of product'was obtain-
ed, melting point 91-2°C. A second trial was attempted.
using fifteen milliliters of sulfuric acid undiluted.
Then the paraldehyde was added, the solution became
‘black’and frothed over the top of the condenser even
though the reaction flask was in an ice and water bath.
However, when the dilute sulfuric acid (10 mle. of water
and 12 ml. of acild) was used the reaction was hot 80 |

violent and the product obtained sgain solidified in
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thevcondenser during steam distillation. 'he yileld of
6-chloroquinaldine was less in this trial than in the
trielkio which hydrochloric.aoid was used.

- It wes impossible to detect the odor of ehtyl amine
during the steam distillation so the nitroethane was not
being reduced. It was thought that if 2=nitropropane were
substituted for nltroethane the reaction between the nltro-
paraffin and the acetaldehyde polymer would be lessened,

A trial was made u31ng hydrochloric acid and.iifteen milli-
liters of 2-nitropropane. The product, five grams, obtain=- |
ed on steam aist111ation solidified in the condeﬁser and melt-
ed at 90-2%¢, | |

Since the poiymers of acetaldehyde had not proved to
yield satisfactory results in this preparation, it was
decided to use the low boiling acetaldehyde ltself in an
attempt to improve the yields, To the cooled solution of
the chloraniline hydrochloride was added with consﬁant
shaking twenty grams of acetaldehyde (Niacet), Unless the
reactlon flask was cooled in an ice and water bath the
heat evolved was enough to boll the acetaldehyde out of
the top of the water condensero After all of the aldehyde
had been added the flask was allowed to come to room temp- '
erature after which it was heated in a water bath for two
hours ‘tne 2-nitropropane added, and the heating continued

for two more hourse
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The yields from three sﬁch_experiments Were‘five, five,
and six grams of dried product respectively. In all eases
the oil solidified in the condenser when steam distilled
and melted at 90-2°C. o
" The results of‘this work were rather disappointing.
When the experiment reported by Bartow and McColluml was
repeated-omitting the oxidizing agent, the yield of 6-ch-
loroquinaldine Was‘eight grams which repreeenfed 37 per
cent of the theoretioallyield. This yield was very simi-
lar to the yield of 6-methoxy qulnalene obtained by Cock-
er and.Turnerll. The best yield obtained in any of the
experiments'in which nitro-paraffins were added was six
grams of the dry product (28 per cent of the theoretical
yield) From this it would be concluded that the yields
of quinaldines were not improved by the addition of
these nitroParaffin ox1dizipg agents. If some oxygen
carrier could be found, the yields might be increased.
No excess nitroparaffin could be detected in the
- reaction mixture after the heating perlod. In an effort
to determine any reaction that might have taken place
between Z2-nitropropane and paraldehyde ten milliliters
of 2-nitropropane was‘placed in a beaker with five milli-
liters of.conoentrated hydrochloric acid and tenbgrams
of paraldehyde., VWhen the paraldehyde was added the mix-
ture became cool. No noticeable reaction could be det-

ected for twelve hours after which the mixture darkened
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and a black gummy mass settled to the bottom of the
beaker. Several attempts to‘isolate any solid mater-
‘1al from this viscid black oil were unsuccessfuls,

The solid obtained from these experiments was deep
- orange and sometlmes red, though Bartou and McCollum 1
deSCribed no such color and reported diffiCulty in solid-
ifying the oil obtained. Aftef two recryatallizations
from ligroin with treatment by charcoaT almost colorless .
needles melting at 97-8°¢ were obtaineds In this paperlp
'~ the melting,pbint was rocorded as being 91°C.anQ'the ana-
lysis of 19.95 per cent chlorine (calculated 19.80).
The analysis of the product melting at 97-8°C was made and

- 18 listed here:

Trial 1 Trial 2
Weight of sample «1556 gme - #3145 gm,
Weight of precipitate «1256 gm, ,2551 ge
Factor =~ - = o e2474 | e2474
Per cent of Chlérine found - 19.96% 19.96%

Per cent of Chlorine calculated 20,04% 19,919
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2. Quinolines from Substituted Anilines

Since the use of nitroparaffins had proved to be of
klittle Oor no value in the synthesis of quinaldines, atte=
mpts to use these oxidizing agents In other similar syn-
theses were forgotten and thelr use in the preparation
of substituted quinolines from substituted anilines was
given consideration. All of the quinoline derivatives
prepared in this study had been reported previously in
the literature, so it was only'necessary to prepare the
compounds using nitroparaffins as the oxidizing agent |
and determine the yield in each preparation° In this
paper all previous preparations of the compounds are
listed at the close of the discuesion of the experiment
involved.

As nitroethane was found to be the best oxidizing
agent in the preparation of quinoline,‘this‘nitrOparaffin
was employed iIn the preparation of these derivatives. 1In
the cases in which the substituted quinoline could be se-
parated from the reaction mixture by steam distillation,
ten grams of crystalline ferrous sulfate was added to the
reaction. Two preparations of the substituted quinolines
which would distill with steam were carried out at the
same time wi th one reaction mixture Including crystalline ,

ferrous sulfate and the other omitting this salt,
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The compafison of the yields from fhese two methods are
liéted in each proparation. When the substitutod quin-
;oline:was an oil but would not distill with steam, it
was necessary to extractlthe alkaline solution after
diezotization with ohloroform, recover the chloroform
‘and purify the product by vecuum distillations If the
pfoduct of the synthesis was a solid and would not distill
with steam, the solution was diluted after dliazotizatlon,
cooled in salt and ioe,vand made alkaline with a cooled
‘sodium hydroxide solution, dried and recrystallized from
various solvents, In these cases in which the products
Wofe ﬁot steam distilled the ferrous sulfate was omit-
ted from the reaotion mix' for 1t was very difficult to
separate the substltuted quinoline from the ferrous and

ferric hydroxides*

Preparétion of 6=~chloroguinoline

Reactione=--

—WHe He S0
+ OzHg(0H)z 2 =04

PrOcedube.QéFifty-one grams of p-ohlofaniline ( 4

Ci

gram mole) was placed in a one liter round bottom flask ‘
along With 120 grams of glycerine whioh had been heated

. ‘to ‘above 20000, ten grams of crystalline ferrous sulfate;
and thirty grams of nitroethanes After the flask had
been connected to a water condenser 60 mle. of sulfuric _

acid (spe. gre 1lo.83) was dropped into the reaction flask.
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- After all the acld had been added the mixture -was heated

.for nine hours. Upon cooling the contenté of the flask

was emptiediinto a liter beaker, diluted, cooled, and
diazotized.‘képprozimately ten milliliters of the twenty
per cent sodium nitrite solution was added to react ﬁith

the excess amine. The beaker was thén placed on the sand
bath overnight. After cooling the solution was diluted,
madelalkaline; and subjected fo distillation with steam.

A total of two 1itersvof!distillate’wés colléctéd before

the distillate became clears | _ .

 The oll was extracted from the distillate with choloro-

form and after removing the chloroform the residue was sub-
Jected to. vacuum distillétion. The light yellow oil collect-

ved 148-151 C at 22 millimeter pressure was chilled in an
ice=-bath. The oil solidified and was found to melt at
40-1°C. A total of thirty grams (49 per cent yield) of

| this product wasiobtained‘in this experimeﬁﬁ. |

~ The duplicate experiment in which the oxygén carrier

wasiomittedvyielded SOIgramg (46 per cent of the theoretical

yield) of 6-chloroquinoline. Previous trials of this ex-

péfiment both with and w ithout the’ferrous‘sulfate but

w1th shorter periods of heating, had yielded 1less product-

‘27 grams (41 per cent yield) and 24 grams (37 per cent

yield)Arespeotively.. In an earlier}experiment four tenths

gram mole of -p-chloraniline was heated for four hours with
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two tenths grém mole of p-nitro chlorobenzene after
which fifteen grams of nitroethane were added and the
heating continued for another fourkhours. No excess .
p-nitro chlorobenzene could bevisolatéd by steam dis-
tiliing the acld solution. After diazotization the
yield of.6-§hloroquinoline was 55 grams. This re-
presentéd an 84 per cent yiéld when based Qﬁ‘ﬁhe original
‘amine‘uéed but 55 per cent on the basis of the}totél am-
ine present in the reaction., When the acid was added at the
beginnipgkof this reaction it was necessary to use ﬁhe’cool-
ing pan. |

' The prdduct obtained from these experiments was placed
in bng bottle'and’later a portion of it recrystallized from‘
ethef. The melting point of the colorless needles was
41°C, This 6-chloroquinoline was first prepared by Claus
end Scheller l4by the method of La Costelsin which the
halogénoamine wés\treated with glyceriné and sulfuric
acidkusing‘the corr?sponding halogeno'nitro compoundvas
the oxidiiing agente No yleld of the producﬁ was record=-
ed by Claus and Scheller 14; théy described the product
gsf"farblbsen; glasglanZSnden,llangen Nédeln“ melting at
40-100. and boiling at 261-2°C. /740 mm, Braun; Grabowgki;

16 ; - , ‘ :
and Rawiez prepared this same compound by this method in

e ' 16
order to study its tetrahydroquinoline derivatives, They

report a yield of 260 grams of the product from 300 gréms
- of p-chloraniline which represented a 70 per cent yield on
‘the basis of the amine originally used.



Preparation of 8~chloroquinoline

~  Reactione-- , -
¢l - :
<:::::j5hNH+GSH (om)3 HoS04 3
\ | CotigNOy
' cl

Procedure.--Fifty-one grams of o-chloraniline (.4

gram mole) was placedyin the 1liter flask along with the
Other<ingredientsvas outlined on page 58. When the acid
rwas-dr0pped’into the flask, more heat than usual was ev-
olved. Therefore the acid was added at a siower rate.
After heating the mixture for ten hours 1t was diluted
and diazotized., More sodium nitrite than usual was
needed to react with the excess amine. Considerable
solid material, which on heating formed a tar-like sub-
stance, gathered on top of the solution. .Thé alkaline
mixture was subjected to‘steém distillation. Since
this oil distilled so slowly, the water layer of the dis=-
tillate was returned to the flaske. After oveb»five lit-
‘ors of water had been collected the distillate became
]clear., Twenty grams (34 per cent of the theoretical yield)
of the 8-chloroquinoline boiling 165-170 °¢/16 mm. was
obtained in’this triale.

‘The duplicate trial containing no ferrous sulfate

- was diluted after diazotization, made alkaline, and ex=

tracted with chloroforme The yileld in this trial was
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30 grams (46 per ceht). In both trials the oil was
- 8traw color when freshly distilled but darkened quick=~
1y in the air andvafterAa few days on the shelf in a
giéSS}Stoﬁpered bottle it bécamevbrown;

| Thils compound was first prepared by Claus and
S«::holl'er..r7 In this report sixteen grams 6f the thick
1jellow 01l was obtained from twenty-five grams of o~
chloraniline. Nitrobenzene was used as the oxidizing
agent with the quinoline obtained as a by-product se-
parated by‘fractional distillation. The boiiing point
reported in this paper was 288°C_with attempts to solid=-
ify the oil proving unsuccessful, The reported yield
of 16 gfamsAwaé 49 per cent of the theoretical yield,
n In an abstract of a Russian papér it Was,noted that 8-
‘ hydroxy quinoline_was prepared from 8~chloroquinoline
using GOpperkqxide»as a catalyst. In this paper it is -
stated that the chlorine atom in position 8 was-more re=-
active than when in position 6 of the quinoline or in thé

benzene nucleus,

Preparation of 5,8-dichloroquinoline |

Reactione -~ | ' el

- S04
‘ 5 T
Q CoH5H0Z

i
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Procedure.--Sixty-five grams (.4 grams mole) of
: 5 6-dichloraniline was placed in the flask along with
the other iqgredients listed on page 56, The_mixture~
| was heated for eight hburs. kSteam distillation‘of the
alkaline solution yielded 34 grams (43 ﬁer ceht‘yiéld)
of the .solid 5 8-dichloroquinoline which was filtered
“from the distillgte. The melting point of this crude :
s011d was 92-3°C. This solid was dissolved in hot
ligroin,_treated with charcoal, and filtered from the
chilled solutione - Subsequent recrystgllizatiqn from
chyl alcohol didvnbtvréise fhe melting péinﬁo ‘These
large oolorlsés needles melted at 93-4°C. The duplicate
trial in which no oxygen,carrier was uSed‘yielded‘on
steam distillation 27 grams (34 per cent) of the slight-
ly colored solid melting point 92-5 Ce

La Costelsprepared this compound by heating 3 6=di=
chioraniline with nitrobenzene, glycerine, and sulfuric
| acid. No yield was reported but the melting point of the
5, 8-dichloroquinollne was given as 92-3°C after recrystal-
ization from alcohol. Claus and Scholler lvprepared a
dichloroquinoline by the Sandmeyer reaction frbm an amino
~ch16roqﬁinoline whose structure:they were tfying to det;
ermine. Aftef‘pﬁrification by steanm distillétion and re-
crystallization from alcohol this compound was {gund to

melt at 9400, The crystals were described here as

being colorless,'glaSSy, large needles,



64

Preparation of 6-bromoguinoline

Reactione -~
Br. . ,
+ Calglom); 2 %% -
CoHgNO,

NH,
Procedure.=--8ixty-nine grams (.4 gram mole) of p=-

bromaniline was heated for eight hours along with the
- other ingredients used in this series of experiments.
-After diazotization the alkaline solution Was sub jected
to steam distillation and the o1l which collected rather
‘slowly‘was extracted from the water as it was returned to
the,distillation flaske Thirty-nine grams (47 pér cent
of the theoretioal yield) ofkthe pale yellow oil toiling
1‘70-1'7500/15mm was collecteds The oil solidified upon
cooling melted below room temperature. In the duplicate
trial in which ferrous sulfate was omitted the alkaline
solution was extracted with several portions of chloro=-
form and 32 grams (59 per cent) of 6-bromoquinoline boil-
ing 169-175 0/15 mm was oollected.

‘ La Coste 1 first prepared 6-bromoqu1noline and
desoribed i1ts properties. 1In this paper 86 grams of
bromaniline was heated with a corresponding quantity
of glycerine, sulfuric acid, and nitrobenzene. The

product was purified by steam distillation ‘and fractional
distillatlon. Seventy grams (67 per cent yield) of this
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méﬁobromoquinoline bolling at 276-8°C was obféined byﬁl
this'method. In a later artidle in which La Coste and
Sorger ;Sreported an attempt to synthesize e-phenyl-
quinoline from G—bromoquinoline, bromobenzene and sodium,
' the melting point of the 6-bromoquin011ne was reported
to be 24°C and the boiling point 284°C. Claus and Tor= .
ﬁierlglisted the properties of meny salts of this com-
pound but did not record the method of preparation for

the parent compound 6-bromoquinoline.

Preparation Q£ 8~hydroxy guinoline quinlinol

Reactione=~=

oH | |
. NHp+C3H5 (0E)s  H2504
| - CZHsNoz
‘ OH

Preparation.--Four ‘tenths gram mole (44 grams) of

<

@—aminophenol was mixed with the corresponding quant-
i1ties of glycerine, ferrous sulfate and nitroethane.

As the acld was dropped into the reaction flask the sol-
ution was heated this color changed to black. After a
heating period of eight hours the mixture was diluted
and diezotized. Ten milliliters of the sodium nitrite
solution was added and the beaker was heated to decompose
the diazonium salt. The solution frdthed and foamed éo
much that it was necessary to transfer the solutioﬁ to

a larger beakere. Upon cooling the solution was mede just
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alkéline with‘éodium hydfdkide and then sodiumlcarbohate.
To'insure‘neutrglity a fewvmilliliters of acetic acid
was~then added to the solutions. Twénty~threq.grams (40
"‘p‘e:‘:"c‘ent of the theéreti’cgl yield) of the solid was fil-
%ered~from thé distillate. The transfer of the product
was rather slow and the soliad clogged the condenser re-
peatedly. , | |

When the ferrous sulfate was omitted from the ingred-
1ents the solution did not become purple upon the addition
of the sulfuric acid._ However, after‘only_g few minutes
heating the solution became blacke. The foaming of the di-
luted solutlon after diazotization and during steam dls-
.tillation was observed in this trial also,. Twenty-six
grams (45 per cent) of the solid melting 73-5 C. was
obtained by this mehod. | Recrystallization of the pro-—'
(~duct from alcohol yielded colorless crystals melting at
75-6 Ce

This compound 8-hydroxy quinoline, which is 80
widely used today was first prepared by Skraupgo.
The original articles could not be read but the melting
- point was reported to be 73-4;6. Fischer 21reported
the melting point to be 75-6"C. 8nd pointed out that
the pure product was white not "rotlich" as had been
reported by Skraup 21. Two years previous to this
paper Bedall and Fiseher22reported a hydroxy quinoline

22
melting 75-6°C. They had obtained this product by
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heating the calcium slat of a sulfonate derivative of
quinoline prepared and described by Lubervinzs. This
.must have been 8-hydroxy quinoline prepared from the A
corresponding sulfonate derlivative. Recently an abstract
appeeredkin which this methodkfor the preparation of this
compound wes saidkto be osed commercially.24 No yields
were reported. A group of Russian scientist82 report
good yields of 8~hydroxy quinoline from 8-chloroquinoline
by the action varying concentrations of alkali in the
presence of a copper ox1de catalystzé. Many papers

and books have been written on this quinoline derivative
) but few authors have reported the yields of product ob-
ftained 1n its preparation.j Wagner and Simonszspublish-
ed a method in which the hydrochloride salt of o-amino
phenol was added to glycerine and sulfuric acid with o~
nitro phenol acting as the oxidizing agent. The ylelds
reported by this method, a proposed student laboratory'nwefkod

varied from 50 to 66 per cent based on the o~aminophenol

taken.

Preparation of 6-methoxyquinoline

Reactione ==~

NHz
= + CgH, (0H) , HpS0y
C‘QQ ‘ - CgHpNOg

Procedure.--Forty-nine grams of p~-anisidine was

treated with glycerine, sulfuric acld, and nitroethans.
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After heating the mixture for 9 hours the solution was
diluted;kdigzotized; end heated to decompose the dia-
FZOﬁiﬁm~salﬁ; The alkaline solution~wa8'extraéﬁed with
‘several‘portions of chloroforms .After recovering the
chlorofrom, twenty-eight grams (44 per cent of the the-
oretical yield) was collected between 175-8000/25mmg
As the boiling point of 6-methoxyquinoline was over 300°C
it was found that product distilled very slowly with
steam. Therefore, only one trial was made. In this
trial no ferrous sulfate Was employed. ‘ ' _
Skraup49first prepared this methoxy derivative by
treating 6-hydroxyquinoline with methyl lodides In two
papers the boiling pointvof_thié oil.waé recorded as
being ‘504-‘-500/'740mm. (193°C./50 mm.)s Dobbie and Fox49
prepared;this,compound'by the same method and'found that
fthe viscous oil obtained‘when distilléd‘pnder diminish-
ed pressure came over a faintly yellowvliquid; which
turned dark,’not only in contact with the air; but also
when kept in closed vessels." The reported boiiing point
in this paperégwas 186 Co/35 e 4Skraup49 also prepared
this compound from p-anisidine, 4-nitro anisole; glyce=
rine, and sulfuric acid. Decker and Englergéusedts-;me-
thoxyquindline‘in & study of the nitration of éuinoliné
derivativés;‘but,the method of preparation of the start-

ing compound was not given.
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Préparation of Q-ethoxyquinoline

Reactions -~

- NHz | - ¢
+ C,H_(0H) st°4 e
V : 3y 3 -—Tf———-e
G Ho ,

Procedure.--Fifty-five grems (.4 gram mole) of p-

phenetidine was mixed with the other ingredients omit-
ting the ferrous sulfate. The mixture was heated for
nine hoursg’,When.the mixture was diluted a slight odor
of ethyl alcohol could be détected. This was unexplain=-
albe since the starting amine had been distilled beforé
it waé‘uséd; ‘When;the solution was neutralized consider-
‘able tar separated from the solution. Sixteen grams (23
per cent of the theoretical yield) of yellow oil boiling
170-5°C. /20 mm, was collectede In order to check the
’yield a’second trial was made in'which the yleld obrre-

- sponded to. 22 per cent of the theoretical yield.

) Gr1maux38reported that the product G—ethoxyquino-
line or Quinanisole, obtained by treating p-phenetidine
with glycerine and sulfuric acid according to the method
of Skraup was a yellow oil boiling with decomposltion at
290-2°C. No yield was reported for the methods This |
quinoline derivative was prépared by Sonn and Benirschkesz

from p-phenetidine, glycerine, and sulfuric acid. In this
reportfthe yield of the 8-ethoxyquinoline was 20 per cent
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ofifhe thedréticél yield when arsenic acid was used to
compare to 53 per cent when nitrobenzene was added to
the reaction mixture. The melting point of the hydroch-
yloride of both‘thesé products was the same as that re-

, 38
ported by Grimaux .

Preparation of 8-ethoxy guinoline

Reactione~-

OChs  H,80
NH#CzH- (OH)z  "2°°4
<::> <o ToHgi0,
| 2HghOp
A , . Ocz_”_s

Proceduree~-- Two trials in which four tenths gram
mole (53 gramé).of o-phenetidine were heated for eight
hours with nitroéthane, glycerine, and sulfuric acid'
were made. In one trial ferrous sulfate was added
while 1n the other it was omitted. In these prepara-
tions as in the previous experiment ethyl élcohbl was'
‘detected in the mixture after the heating period.
Following diézotization and heating the alkaline sol-
utioh_Was distilled with steams Only a small quantity
of oil was collected in the distillate. The product
from both trials was combined tb/purify by vacuum dis-
tillation. A total of 20 grams (15 per cent of the the-. |
oretical yield) of oii was collected between 165 and 170°C,
| at'a-pressure of 15 millimeters.

No record could be found in which this compound had

been prepared by the Skraup synthesis or any of its
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modifications. 8=-ethoxyquinoline was first prepared by
50 : ~ ’ o

Vix by heating the corresponding thydroxy quinoline ~
with ethyl bromide in ethyl alcohol.

50 '

The boiling point
~ reported here. was 282-6°C. Fischer

16,39 ,
reported the

prepération of 80 grams of 8-ethoxyquinoline from 100
grams 6f 8-hydroxy quinoline, alkali; and ethyl bromide.
The héavy yelléw 01l was found to distili with steam and

boil at 282~6°C./718 mm.
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Preparation of 6-phenoxyquinoline

1' Reactione=~- - ' ’ ’
- S <::>‘o"
Oo‘ +05H, (0H), CHg80,
| TpHg0;
NH, . | _ _

Procedure.e-Seventy-four grams (.4 gram mole)

of 4-amino diphenyl ether was placed in a one liter
round bottom flask ﬁifh 30 grams of nitroethane and
120 grams of glycerlne which had been heated to dri-
ve off the Water.‘ To this was added dropwise through
:the water condenser 60 milliliters of sulfuric ac¢lid
(specific gravity 1. 83)e The mlxture which became
dark brown when the acid was added was heated for 8
hours. After coollng, the diluted solution was then
made alkallne and extracted several times with chloro-
form. The chloroform was collected and the residue
subjected to vacuum distillationo Twenty-fcur grams
(27 per cent of the theoretical yleld) ofys-phenoiy-
quihcline a light yellow oil which darkened on stand-
ing, was collected, The boiling point of the substance
’collected was 180-188 C. at 20 millimeter pressure.‘
An attmept was made to prepare this compound using
arsenic acid as the oxidizing agent. Sixty-five grams
(35 gram mole) of 4-amino diphenhl ether was heated
- with 55 grams of 85 per cent’arsenic ecid; 85 ml, f
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‘of glycerine and 60 ml. of sulfuric acid (Sp;’gr. 1.83)e

The mixture was refluxed for 6 hours after which the f.,

kve_very black gummy mixture was filtered by suction. The

tarry residue in the filter was extracted several times
with dilute sulfuric acid and the extractions added to -
the filtrate. The total filtrate was made alkaline and
extractedkseveral~times with4chlo§oform. After the
chloroform had been recovered the resldue was subjected
to vacuum distillation. The fraction 175-18500./18 mme
was collected as the desired pfoduct. Seventeen gfams‘
»(25eper cent of the theoretical yield) of the yellow oil
- was collected. This experliment was repeated and the

- reaction mixture stirred during the heating period. The
yield of 6-phenoxyquinoline was little better--20 grams
-{(26 per cent)e An attmept to steam distill{a small por=
tion of this quinoline proved unsuccessful.

- It was thought that this compound could bé prepared
by the standard Ullman m.ethod54 from 6-chloroquinoline
and sodium phenolate. In this synthesis 33 grams of
-phenol (35 gram mole) and 20 grams of potassium hydro-’
xide were heated to 160 C. After cooling the salt, 50
. grams (3 gram mole) of 6~chloroguinoline and one gram

“of copper catalyst was added and the mixture heated to
170-5°C. for six hours. The resction mixture Was'treated
with alkall to react with any excess phenqi and then sub=-

jected to steam distillation in order to recover the
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“umreacted chloroguinoline. Forty-seven grams of
6-chloroguinoline was recovered from the;distillafe,
i;Th;sLexpe;iment‘was‘rppgated with theiheatiﬂgftemper-
ature ralsed to 195—20000. Again almost all of the
6-chloroquinoline was recovared. )
a La Coételsfound 1n studying the reactions of 6-
bromoquinoline that the bromine was not easily removed.
When this compound was heated with sodium ethylate in .
an~algohol solutlion on a water bath no reaction took
 place. When the temperature was raised to. 160-170 C.
‘& reaction was noted but the product isolated was not
the‘6~ethoxyqu1noline but quinollne; 1ndentified by
1ts double salt with platinum. The equation written
to explaln the reaction in that paper was as follows:

CgHGNEr + CoHsON, NgBp + 09H7N-+02 ‘HyO.

ey

25
'In a more recent abstract the statement was made that

thelchlorine atom at position 8 was far more reactive
then when in position 6 of the quinoliné or the benzene
nuoieus.

The only record of this compound's having been pre=-
pared praviously was an abstract27of a German patent in
which it was listed as one of "the new reagents used."

The only fact stated in this abstract was that of the
boiling point; it was, 170°C,/15 mm.
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Preparation of 6-methylquinoline

Reactione~~
: H
+ CgHg(0H)z 72774
CH; - - CoHpNOZ N

Procedure.-- Forty-three grams (.4 gram mole) of
p-toluidine was heated in a liter flask with the cor=-
responding quantities of glycerine,nitroethane, ferr=-
ous sulfate and sulfuric acld, The mixture was heat-
ed for 9 hours. Three liters of distillate was collect-
ed before all of the 01l had been transferred from the
alkaline solution. Twenty-nine grams (51 per cent of
the theoretical yield) of 6-methylquinoline, a pale
yellow oil, was obtained in this trial, The duplicate
experiment‘in which the ferrous sulfate was omitted
vielded 27 grams (47 per cent)e. The fraction éolle¢t-
od as the 6-methylquinoline boiled 138-142°C./12 mm.

In a previous experiment 53 grams of this same
A}product had been obtained., In this trial four tenths
ygram mole (43 grams) of the toluidine was heated with
2. gram mole (275 grams) of p-nitrotoluene for four
hours. = The temperature of the reaction mixture was -
140~150 Ce After cooling the solution, fifteen grams
of nitroethane was added and the mixture heated for

four more hours. No excess nitrotoluene could be
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ioolated from the final mixture, This yield represent-
ed 93 per cent of the theoretical yield on the basis of
the p-toiuidine originelly sdded or 62 per cent on the
~basis of the six tenths gram mole of amine actually pre-
sent in the reaction mixture. |

_ Although the original article was not available, -
reference by other authors showed that'Skraup first
prepared G-methquulnoline and reported its boiling
‘point %0 be 2574-258.6 °c/745 mm. Baumberger and Wilzso
reportedkthat "our'p-toijlquinoline boiled at 256° Ce
(715 mm.).“' Lellmann and Lippertggheated 5 grams of
p}toiuidine_for two<hours withySO grams of glycerine
and an oqual_quantity of sulfgric acld and purified

the oil by stoam distillation. Many salts of this
methquuinoline wero prepared but no yields were re-
‘oofdedg Bartow and McCollumlOextended the use of
arsenic oxide as an oxidizing agent to this prepara-
ktion but recorded no yield of the oil which boiled at
258°¢, Drucegaapplied his modification of the use of
the stannichloride salts of ‘the amines to the prepara=
tion of G-methquuinoline. He reported a yield of 643
grams (70 per cent) of the quinoline from eighteen grams
of p=-toluidine stannichloride. The boiling point record=

28
ed in this paper was 255-7° Coe
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Preparation'gg‘g-methyiquinoline

Reactione==
Chs o
*'Cgﬂs(OH)s H2804

Pfocedure.-fln this set of duplicate experi-
ments 43 grams (.4 gram mole)'of o-toluidine was heat-
ed with the other ingredients as o\:t:tiined on5% The
peribd of heating was-Q_hoursok‘Very 1ittlé--less:thanb
5 ml--sodium nifrite solution was added to resct with
the freexamine. After steam distillatlon 53 grams
(58 per cent of the theoretical yield), of straw color=-
ed 911; 8-methquuinoline, collected at 158—140 C at
8 mme. pressﬁre. In the other trial which included M
ferrous sulfate the yield was. 34 grams (60 per. cent).
This product as well as most of the other 11quid quin-
oline derivatives became dark after standing on the
shelf for a few days,

Knueppel'sSIFreparation of 8-methy%quinoline was
the earliest record available, Skraup prepared this
compound by heatlng o-toluidine, glycerine, and sul- v
furle acid with o~nitrotoluine as the oxidizing agent.
In Knueppel's preparation 50 grams of o-toluidine was
treated with 66.5 grams of arsenic acid,‘le grams of
: sulfuric acld and 140‘graﬁ§ of glycerine. Although no
ﬁroperties of the product were recorded a yield‘of 65

per cent was claimed,
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By using the stannichloride salt of the amine Druce
reported a yield of 3 grams (30 perkcent), “of a pale
yeliow oii which hgdvthe‘odor_of quinoline, and g%pwly,
darkened on keeping for some weeks." One author re=-

) ) 0 : . ’
ported a boiling point of 143 C./34 mme for this compound,

" Preparation of 7,8-benzoquinoline

Reaction.-~

4 C.H_(OH) ‘HgS0y
&8 ',5 CoHgN o,

CNHp
Procedure.é-Sixty‘milliliters of sulfuric acid .
(specific gravity 1.85) was dropped into the reaction
flask contalning 57 grams (.4 gram mole) of & -naph-
yhylamine; 120 grams of glycerine which had been heat-
ed, and 30 grams of nitroethane. Aftervheating'the
mixture for 8 hours the diluted solution,aas diazo=-
tized. The solution was very black and contained con-
siderable black tarry material, When made alkaline
~and chilled, lavender crystals separatgd from the s0l-
ution along with much blaok’tarry_material. The melting
point of this product was 30-35°C, |
- Because of this materlal's low melting point it was
very hard to dry. All attempts to purify the impure pro-
duct by recrystallization proved unsucceﬂsful; so the

tarry mass was dissolved in chloroform and sub jected to
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A.vécuum distillatioﬁii?Tﬁenﬁy-three 8P3m51(33.93310§nt,
of the theoretical yleld) of heavy yellow oi;;_7,8,-
benzoquinoiine;"_ was collected 195-205°C./15 mms This
01l solidified when cooled and was found to melt 48-50°C.
In one of the first papers published on quinoline

and its derivatives Skraup4lrepofted the preparation of
V;B-benzoquinoline by heating L-naphthylamine with sul-
furic acid, glycerine and nitrobenzene. The boiling -
point 6fkthe product was reported to be 251°¢, /747 mmn. ,
Meiting point 50?0. Baumberger and Steltenheimer4?used
the method outlined by Skraup for the prebaration of
this céﬁpound and reported that upon heating the mix~
ture for five hours the yield from 100 grams oftidna~
phthylamlne was 25 ‘grams (21 per cent). This product
wasyrepo;ted to have been collected as the distillate
at 350°C. The yellow crystals of this distillate be-
came dark in a few dayse. Claus and Imhoff4oheated
G(Anaphthylamine with arsenic acid with excess gly-
cerine and sulfuric acid in an oil bath at 150-155°¢
for several hours., The yield was not recorded but

the product boiled at 5380 (uncorrected) and melted

at 51°C, The authors4osuggest that the boiling point
reported by Skraup (25106) must have been a misprint
and should read 551°C. (corrected). ’Haid43repeated'
the preparation as recorded bvakraup extending the
heating time to 6-7 hours. The reported yleld of
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product from 100 grans of X -naphthylamine was 30 grams

(25 per cent of the theoretical yield) which was the
41 . '
yield recorded by Skraup In the first preparation of

this compound,

Preparation of 5,6-benzoquinoline

- Reactione=--

Aty

' | HoD
+05H§(0H)5 2% 4

CoHgNO,

_ ‘Procedure.--Fiffy-seven grams (.4 gram mole).of
ﬁ fnaphthylamine was heated for ‘e:'Lght hours in a liter
round bottom flask withlglycerine,‘sulfuric acld and
-nitroethanes After dlazotizing, and heating the sol-
ution was cooled and the sélid black tar which separa=-
ted from ths’solution was filtered from the solution.
The dark grey solid 5,6~benzoquinoline was collected
by flltering the alkaline solution end dried by the
use of the alr blower. The ethyl amine could be de-
tected in the crude precipitate which was light grey
when dry. Fifty-five grams (76 per ceﬁt of the the-
oretical yield) of the product melting at 80-5°C was
obtained in this trial. 7

Ten grams of this material was dissolved in 1li-

groin and treated with animal charcoal, Nine grams

of slightly pink colored, very fine, needles was
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obtained when the orange ligroin solution was cooled.
The melting point of these micro crystals of 5,6-ben-
zoguinoline was 92-3°C. |
Knuepp6151reported that he obtained a seventy-five
per cent yleld of this benzoquinoline by heating 100
grams of;Bénaphylamine with 215 grams of glycerine, 200
grams of sulfuric acld and 100 grams of arsenic oxide
on an oil bath for four hours. vHe recrystallized the
.product from ethyl alcqhol and ;épérted.thq melting
point of the pure crystals to be 93, SOC. An abstracts3
of a Russian paper reported a yield of 25 parts of 5,6~
‘ benzoquinoline from 25 parts of B-naphthylamine using
"25 parts of»arsenic acid and heating with constant stir-
ring for three‘hoﬁrs.; This yield represénted 72 per

centrof_the‘theoreticalybut no properties of the com~

pound was recorded in the abstract.
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Preparation of 6-nitroquinoline

. Reactione=-

o, 5 | - SON VO
N CzH.(0H), .HgS0g4 . -
N ,

'Procedure.—-Fifty-five grams (.4 grem mole) of p-

Anitrééniliﬁe,'lzo grams of glycerine previously heated to
22500.;kandi30’grams of nitroethane were placed in a liter
round‘bdttom flask. Sixty milliliters ¢f sulfuric acidﬂ}
(specific gravity 1.85);waé’dropped onto the péacti6n m1i-
turevthroﬁgh anwafer'c§£aenser. After 8 hours of heating
the mixture was dilutéa; dizaotized, heated to‘decompoée
the diezonium salt; agd made alkaline. The total mass of

“solidyconsisting of 8-nitroquinoline, a black tarry mater-
ial\and some inorganic salts was filtered and dried. The
melting point of this crudé bulky precipitate was 110-120°¢.,

To separate the desired product;,6-n1troquinoline; from
the undesiréa products fhis.precipitate was dissoved in hot
ethyl alcohol, filtered end reprecipitated by adding water
and 1ice té the‘aicohol. The 11ght‘tan thick suspensign Wasl
filtéred. The filtrate S0 obtained remained cloudy but this
material‘whén finally preclpltated proved to be a semisolid
waxy material melting below 60°C so was discarded, Forty-two
grams (60 per cent of the theoretical yield)of the light ten
ﬁreéipitate melting at 245-8°C.; was obtained in this experi-

ment. Light orange needles of 6-nitroquinoline
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- melting 152-500., were recovered on a,subseqﬁeht{

,‘__recrystallization from hot 1igroin.

44 : ‘ : ER
- La Coste recorded no yield of 6-nitroquinoline

in the discussion of its_prepapation using;nitro-i
benzene as the oxidizing agent. The colorless fine'
crystals obtained from alcohol after boiling with
‘ charcoal melted at 149-50°C. Ninety-eight grams (69
jper cent of the theoretical yield) of the product was
obtained from 112 grams of p-nitroaniline by KnueppelSl;
‘vIn this experiment arsenic acid was used as the oxidi-
zing agent with an excess of glycerine and sulfuric acid
- but no report of any prOperties of the compound so ob-

 tained was.recorded.

Preparation of 7-nitroquinoline

Reactlione=~

H2804

CgHgNOz /

o

Procedure.--Since para and ortho nitro anlline
had given such good yields of nitroquinollnes it was
decided to try m-nitro aniline, though the literature

feported a’mixture of compounds was obtaihed when meta

substituted anilines were employed in the Skraup



84

'*;synthesis. |
Four teﬁthsAgram mole (55.grams)iof m-nitro anilina
© was heated for eight hours with 120 grams of.glycerihe,
B 30 grams of nitroethane, and 60 milliliters of sulfuric
:kacid (specific gravity 1.83). The solution was diazo-
| tized, heated and made alkaline. The alkaline solution
was filtered cold collecting a large quantity of black
solid material,. This material softened'tova semi-
solid mass at 40-59°C,; melted 100-11000. and decomposed
1f heated to 125°%C, This material was veryvhard to dry
because of its low softening point, Several extractions
'of the material w1th hot 1igroin vielded canary vellow
needles‘whlch melted 105-110°C, After twoarecrystall-
izations from 11groiﬁ the melting point of these large
almost»colorléss needles of 7-nitroquinoline was 126-8°G.
‘All.attemptéyﬁo use alcohol as a recrystallizing agent
 failed. ‘Twenty grams of this product was obtalned.
Much material was lcsf in,these(recrystallizations and
a large amount of tar wasileft»after the ligroin éx- _
tractions. This yield corresponded to 29 per cent.
 Claus and Stiebelésobtained one gram (ten per cent
of the theoretical yield) of 7-nitroquinoline upon heat-
ing lO grams of mﬁnitro aniline with 2,6 grams of sul-
furic acid. The product separated "in langen dunnen,

farblosen Nadeln" from ethyl alcohol and melted at



85

151.5°C. & modification of this method made 1t
_ possible to;obtainlbetter yilelds and the compound was
| studied further, It was found that 7-nitroQuinoline
cbuld be separated from the phenanthroline produced
in;this reéctioﬁ by the use of petroleum ether. The
melting‘pdint recorded in this paper46after crystalle
~ization of the product from several solvents was 132-
4%, o yield was reported by'Knueppelslin the pre=~
paration of this nitro derivative using arsenic acid
as the oxidizing agents. It was stated that it was
necessary to separate the phenanthroline, whichtwas
also prepared from 7-aminoquinoline, from 7-nitro-
quinoline by their differences in solubility in pet=-
roleum ether.
‘ 47 ~

Decker synthesized this compound by both of the
'aforementioned methods and purified the 7-nitroquinoline
by placing the product in a Soxhlet apparatus and ex-
tracting the unused.mdnitro an11ine and the phenanthro-
line by-product from thefdeéifed product. In this ért~
icle no physical constants for any of the exﬁraction

products were recorded.
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" Preparation of 8-nitroquinoline

Reactione=-

' H SO
+ CzHge(OH)
R e e
NH,
N9, i

I Procedure.--Fifty-five grams (.4 gram mole) of o-
nitro aniline vas placed in a one 1iter_round bottom
flaskrwith 30 grams of nitrq ethane and 129 grams of
previéﬁSly heated glycerine. Thetmixture was then
heated—for ten hours. The solution was diluted, dia-
‘zotized., and heated. After coollng, the solid tar
which appeared on the top of the solution was discard-
ed and the solution made alkaline with sodium hydroxide.
The dark brown precipitate which separated from the alk-
- aline solution was collected at the suction pump. This
dried material melted 65-7000. When this brown mater-
1al was dissolved in ligroin, treated with charcoal and
the ligroin solution chilled light yellow needles separa—
ted from the solution. These needles melted 90-100.
Fifty-four grams (79 per cent of the theoretical yileld),
of 8- nitroquinoline was obtained in this experiment.

Another synthesis in the paper by La Coste44 was
8=-nitroquinoline from o-nitro aniline; glycerine; sul-

furic acld and nitrobenzene. The yield was not reported
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bﬁ't ‘the melting poiné bf -‘the cémpound' obvtai‘ned“ 'Waé
89°¢. Using arsenic oxide as the oxidizing agent
5 KnueppelSIreported an 85 per cent vield of this pro-
duct which he recrystallized from alcohol. Again, no
other physical properties were recorded. F]:':tecl].za.kender48
reportéd this compound W_ﬁen recrystallized from alcohol

- melted at 91-2°¢.
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CHAPTER III

SUNMARY

1. It has been found that the use of nitro-
paraffins; now available conmercially, as the oxidizing
agent in the Skraup synthesis of quinoline produced
yieldé very similar to those obtaine&“by the use of aro-
matic nitro compounds. In this proposed’method the ex-
cess nitroparaffin was soluble in-an alkaline solution
and the préduct of the reductioﬂ}!arylkamipé, was easily
removed by boiling. No violence at the start of the
reactiéﬁnwas noted. Laboratory trigis‘of this method
were encouraging as one half of the students obtained
yields of 48 per cent or better and the time necessary
to perform thls experiment was shorter than when nitro-
benzene wés used as the oxidizing agent. .

2. The use of these nitroparaffins as oxidizing
agents In the synthesls of quinaldines by the general
method of Doebner and Miller was not successful. The
nitroparaffins reacted with the acetaldehyde; or 1ts
polymer, and were not reduced in this reaction.

Se Thisdsubstitution of nitroparaffins as the
oxidizing agent in the Skraup synthesis was applied to
several substituted anilines and the yields obtained In
most cases were not far different from those repbrted

by other inVestigators using other oxidizing agents,
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This method should prove useful in cases in which
- the starting products are hard to obtain--the nitro-
~ paraffin could be used as the oxidizing agent.
. 4. The following table shows the yields of sub=
~ stituted quinolines obtained in this investigation
along with the ylelds reported in the literature. It
" should be remembéred in comparing these yields that the
- yields reported in the literature are often based on the
amine used, not the total amine present in the reaction
, mixture, The heating perlods reported in‘bome cases
were longer than uéed in this study. It was found that
the substituted anilines did not react so fast as ani-

line itself in this resctione



Derivative of
Quinoline

6-chloro

- 8~chloro
5;8-dichloro
6=bromo
A8-hydroxy

6 -methoxy
s-éthoxy

8-ethoxy'
6=-phenoxy

6~-methyl
8=-methyl
1 b
S;G-benzo
g-nitro

7=nitro
8=-nitro

90

Yield by
. This
Modification

49%% -
46%

34 oif
46%

43%%
34%

47%%
39%

40% 4
45%

44%
23%

- 15%
27%

4%+
51%

60% 1+
58%

32%

6%
60%
207
79%

Yield Re-
ported in the
Literature
70%
49%

_No Y. R.

67%

504%

Ne Ye Re

20%
5%

Ne Yo Re
26%
70%

85%

A--Nitrobenzene used as the oxidizing agent.
B~=Corresponding nitro compound used as oxlidizing agent.
C--Arsenic acld used as the oxidizing agent.

D~~Reported in this paper usin

agent.

E~~-Obtained by treatment of amine stanni

ine and sulfuric acide.

#--Crystalline ferrous sulfate used as the oxygen carrier.
Ne Yo Re==NoO };rield reported.

Modification
Used to Obtain

This Yield};

.16
A
17
A

15

26

52

C
BS2

D
28

31
C

42
A

53
31
45

c
c
B
31

o

g arsenic acld as the oxidizing
chloride with glycer-
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