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A STUDY OF THE REPLACEMENT
OoF
THE ARYL AMINO GROUP BY HYDROGEN
USING
ISOPROPYL NITRITE

A thesis presented to the Department of Chemistry
of Union College in partial fulfillment of the require- ‘
ments for the degree of Bachelor of Science in Chemistry.
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The use of the amino group as & directing agent
in the synthesis of many aryl compounds is a well -
known and often used process. Therefore a simple and
efficient method of removing the amino group af'ter
it has served its purpose is to be desired. The pur-
pose of this work has been tb investigate the possibil-
ity of deaminating using dilute solutions and iso- -
propyl nitrite as a diazotizing agent. The method of
reacting as well as the use of different reactants

was studied.,
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ABSTRACT

Replacement of the aryl amino group by hydrogen
was accomplished by using isopropyl nitrite for diaz-
otizing aniline al temperatures above room temperature.
Immediate reduction by a large quaniity of an alcohol
gave yields as high as 47.5 % with ethanol; other
alcohols giving lower yields. An-ilim; acetic ac.iﬂ;
and isopropyl nitrite were allowed to mix as they-
dropped into the reducing solution. This method of
carrying out the reaction was found to give the best

resulis,.
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DASCUSSION

The first aromatic diazo compound was prepared
by Peter Griess in 1858. Further investigation of this
claas‘or compounds made their importance apparent.
By 1863 azo dyesiuffs were being manufactured and
sold. The main 1nteroa;‘1n-this-paper; howover;jis
the fact thav diazotization provides a route for
preparing many diverse compounds. The use of an aryl
amino group as a blocking or direcuing group-is a - -
common practice and its subsequeni diazotizaidon and
replacement with hydrogen by an efficient process is
very important.

The preparation of diazonium compounds has been
studied in some detail. At prﬂscnt; the most important
method of preparation is by the~actaon:af.nitrpup acid
on primary aromatic amines in the presence of a sirong
acid. The nitrous acid is formed by adding sodium
nitrite to the stromgly acidie solution.

AreNHg + HONO+HCL > (AreNg)Cl +2Hz0

Mieczyslaw Wojiechowski (5) reported that a
twenty per cot&lexcppa oflsodiun.nitritnfwgu necessary
for quantitative diazotization of anilines. Knoevenagel
(6) used amyl nitrite in alcohol solution to prepare



diazo-amino benzene. This method had been worked out
previously by Weyer and Ambuhl (7). Methyl and ethyl
nitrite were also uaod;‘but chiefly for the prepa-
ration of the pure diazonium salt. It was found that
pure products were obtained only in the absence of
free mineral acid (8); the reason being that in the
presence of excess mineral acid; additive compounds
of diazo-chloride with hydrochloric acid were formed.
The reaction proceeded satisfactorily in the presence
of glacial acetic acid (9). However; Altschul (10)
found that the tendency toward the formation of the
diazoamino compounds was increased by the use of
organic acids. This was overcome by using a large

excess of the organic acid.

The organic nitrites can be used in non-aqueous
solutions as a source of nitrous acid because they
break up very easily in the presence of acids. Almost
quantitative yields of solid diazonium compound are
obtained by dissolving or suspending the amine salt
in glacial acotic-acid; cooling below 10°C., adding
a slgght excess of amyl nitrito; and precipitating
with ether (9).

After the diazonium salt is formnd; the reduqing
agent used will determine what the replacing group
will be. In this work we are only interested in the
replacement by hydrogen. The best reducing agenis for

reducing benzene diazonium salis are hypophosphoroul
acid (16), alkaline formaldehyde (16), sodium stannite



(17); and deamination by reduction to the hydrazine
from which the hydrocarbon is obtained by oxidation
(18). Alcohols can be used as reducing ag&nts;« but
they have a tendency to form ethers. The following
list indicates the relative potency of various re-

ducing agents upon benzene diazonium salt (11):

I«.,t.hanol Benzene 5%, phehetole 61%
ophosphorous acid Benzene 60%, biphenyl

line formaldehyde Benzene 60% -

So‘dium' stannite Benzene 60%, azobenzene 10%

Deamin. via hydrazine Benzene 45- o
HEydroguinone is also recommended but no yields are
given (4). Methanol gives poorer yields than ethanol
does (1;12) but the higher alcohols give decreasing
yields so ethanol is left as the best rcducing alcohol.
The presence of carboxyl, nitro, chlore, or bromo
groups promotes diazotization and replacement by hydré-
gen(u); the order of diminishing effect with respect
to the diazonium group being ortho) mela ) para. The
presenee of a methyl group as in ortho or meta tolu-
idine , decreases the yield of hydrocarbon to zero (13).

Since alcohols are cheap and easy 1o obtain and
also give small yields in the mdﬁctio_n of benzene .
diazonium saltn; they are suited for experimental work.
It follows that if a fair yield is obtained by using
alcohols',. the stronger reducing agents might give even
better yields.



The purpese of this work is to investigate the
use of isopropyl nitrite for removing aryl amino groups.
Several different alcoholg are used as reducing agenta;
and different methods of cmrrying out the reaction are
devised., Time did not allow an exhausiive investig-
ation of any one method and the &nvestiéaﬁign of some
of the better experimental methods remsins as an in-
teresting problem,

The reactions involved in the process proceed as

follows: HH ©
(1) cp;iwl ¥ CHL L GON ~ib SR ETER Y

(2) ¢%g.o;_‘. ~CH, + 0= p0-C (VQH3)7_*->¢~N§N *_'L A +H, o 4(-:;H3)L\; OH

(3) P-NENT"4 cHy) con > C H, +(cH),C=0 +HA:

An aryl amine is reacted with an organic acid
(eq. 1) and an alkyl nitrite (eq. 2). The alcohol
liberated from the nitrite is used to reduce the
diazonium compound (eq. 3). As the acetic acid is
regepern&ed; only a small amount is used in the first
runs, The first two runs are made in diethyl ether
solution with increasing amounts of 1aopropy;vndtrite.
(See Table I for effects) Increasing the molar ratio
of isopropyl nitrite to aniline gives an increased
yield of benzene. The succeeding runs are made in



alcohol solution to increase the proportion of re-
duening agent to diazonium salt. The use of isoprop=-
vyl alecohol as a solvent gives a slightly better yield
but ethanoL‘givna a congidérable increase. (See Table
I on page 6.) | P

Several different apparatus set ups are tried
using ethanol both as a sokvent and as a reducing
agent. The yields for ethanol ranged from 8.4% in
Run #6 to 47,5% in Run #7. The last Run #9 1s made
using n~butanel as a solvent. This gives a very low
yield and further investigation into the use of the
hiégher aliphatic alcohols seems pointless.



Ratio of nitrite
le 4.7% 1t 1l ’ Isopropanol from  Ether
breakdown of the
: o isopropyl nitrite
2. 8.,9% 2 %o ) Same as #1 Ether
3. 11.0%9 2 to 1 Isopropyl alcohel Isopropyl
: alcohol
4. 20.1% 2 to 1 Bthyl alcohol* Ethyl
: ; A o1 alcohol

5. Reaction impossible in apparatus in use.

6. 8.4 % 2 % 1. Ethyl alcohol* kthyl
Diagotization carried out at 0°C., alcohol
reduction at 78" C.

T« 4758 2% 1 Ethyl alcohol# HEthyl

'~ (Change in apparatus design Fig. 3. alcohold

Bs, B7.6% 2 %0 1 Ethyl alcohol* Ethyl
Sodium hydroxide and water aded Lo alcohod
check ester formation. '

Qe 4.7% 2 to l n-~Butyl alcohol*  n-Butyld

alcohol

* Isopropyl alcahsi is-pfaaénivai & rédueingwagant'in-
all of thesge because it is formed from the breakdown
of the isopropyl nitrite during diaszotizalion. See eq. e

®



It seems clear from the experimental work that
isopropyl nitrite can be used successfully for diazo-
tizations of this type. Considering the reducing ageut
used and the other factors involwcd;;the-diaaotigtiqn
and subsequent replacement proceedse as well or better
than the usual method of using nitrous acid in ice
cold solution. 4 S oo v

It was found that the isopropyl alcohol fommed by
the decomposition of the isopropyl nitrite was not
sufficient to reduce the diazo compound without add-
itional reducing sgent. An excess of reducing agent
was found to increase the yields considerably. benzene
diazonium acetate decomposes at the lemperature where
the reaction was carried out and a large excess of
reducing-agent\prabagly acts to reduce the compound
before it decomposes. : : ;

Of the three reducing agents tried;vnamaxy ethanol,
180p?0p&nﬂl; and n-butanol, the ethanol gave the best -
results, This conforms to the reporis in the literature
( 1; 12 ). The yields obtained were comsistently beilter
than those reported by other mgthods; and varied greatly
depending upon the method of earrying out the reactions.
The best yield was attained by allowing the aniliine
acetate and isopropyl nitrite to mix intimately as
they were dropped into the reducing solution of etnanol
at a tempgrgturerslighply below the boiling point of
the ethanol. ( See Fig. 3)



The reduction was apparently mnot instantaneous upon
contact with the aleohol because the addition of
sodium hydroxide to the boiling flask reduced the .
yield. The reducing action proceeded for an average -
of 2§ minutes before siphoning into the basic poiling
soluticn. The sodium hydroxide removed the acetate -
as sodium acetate which remained in the water solutimm.
This reaction destroyed the conditions for stability
and further reaction of the benzene diazonium aceiate.
The success of the procese being investigated depended
upon: the reduction taking place rapidly because of the
instability of the diazonium sdlt at the elevated temp-
eratures. It therefore seemed likely that a more active
reducing agent than ethanol would give higher yields.
This remains to be tried. . :

It appears from this work that isopropydi nitrite
can be used to diazotize aniline and that the replace~
went of the amino group by hydrogen can be accomplished
in ome continuoue process to give beller yields than -
are otherwise obtaimed with alcohol as a reducing agent.



Experimental

A supply of isopropyl nitrite was prepared (1).
A mixture of 147 g. of cone. sulfuric acid (sp. gr.
1.84); 60 ml. of water; and 180 g. of 97 % isopropyl
alcehol; previously codled to (°C. , was added to a
solution of 227.7 g. of 97 % sodium nitriteé in 1 1.
of water; cooled to -5°C.- This addition was carried
out over a period of two hours with ihe temperature .
maintained between -8° and 0°. The mixture was allowed
to stand in an ice-salt bath until it separated into
two layers. The liquia layers were de:car‘xt.ed from the
sodium sulfate into a separatory funnel. The lower
aqueous layer was removed and the isopropyl niteite -
layer washed twice with 50 cc. portions of a solution
containing 2 g. of sodium bicarbonate and 286 g. of
sodium chloride in 100 ce. of water. After drying
over 18-20 g. of amhydrous sodium suifate it was
distilled from a steam bath using a 20 ap. column,
Practically all distilled at 39-40° (746 mm.) as a
pale yellow 0il. The yield was 188.0 g« (72.7 %) It
was stored in a refrigerator because of its volatile-
ity. It has been peported to have a stimulating action
on the heart therefore care was necessary in hand-
ling it.



Ban gk - - :
Diethyl ether (s6lvent) 200 cc.
Aniline il 20.0 & :
: ‘}eqnimolar
Isopropyl nitrite 9.1 g.
Acetic acid (glacial) 1.0 g,

The apparatus used is illustrated in ®ig. 1. The
The ether solution containing thé;aniline and acetic
acid was refluxed slowly while the isopropyl nitrite
was added (three hours). The ice trap was necessary
to keep the fumes of isopropyl nitrite from escaping
into the room. The isopropyl nitrite was introduced
under the surface of the ether to giva'better‘mixing;
but the benzene diazonium swetate formed on the tip
of the funnel as a greylsh~white crystalline solid..
This repeatedly blocked the tube making the addition
of the nitrite erratic. Af'ter the three hours of .
addition the refluxing was stopped and the bulk~o£‘
the ether distilled from the solution. The residue,
containing much tarry mattar; was dteam distilled -
and successive fractiom tion of the‘uater«insolubln'
portion eventually yielded 0.8 g. of impere benzene,
which was a 4.8 % yield. The refractive index was .
1.5180 (20°; Nap) as compared with 1.5014 for pure
benzene (2), The boiling point was in the.range
76280'; boiling point of pure benzene is 80%

10



1l.

Bun # 2

This run was carried out like # 1 except that
two moles of isoprqpyl-nitritcfwere used to one of
aniline. This increased the yield to 8.9 % with a
refractive index of 1.448 at 28°

3 ooy | “
Isopropanol ;J 280 ce.
Aniline : 20.C g.
Isopropyl nitrite ¥ 8.2 g
Acetic adid 5 1.0 g»

The isopropyl nitrite was dissolved in the iso- -
propanol and the solution was dropped into‘th¢~anilino
acetic acid solution. This was done to minimize the
formation of the pater;:isopropyl acetate, The clogg~
ing of theltube; as experienced in the previoua»rnnn;
was overcome by dropping the iolutinn~xnto~theff1alk.
It was hoped that ihe presence of a large excess of
the alcohol would inerease ihezyield1-Tpa mixing and
refluxing was continued for three hours. .

The resulting mixture of products was distilled
over a steam bath and the portion distilling to 80°
was eollectcd; The separation of the benzene from the
aleohol wae a difficult problem at this point. After
making test runs onldifrernnt mothada; it was decided
to form the alecoholate with amhydrous calcium chloride.
The system was then placed under reduced pressure and
the distiallate collected in dry ice traps. Approx-
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imately 6 ccs of distillate were obtained. This was
divided into 2 cc. portioms and further purification

. 8tlempéed on each. Metallic sodium wae added to one
porvion and the vapors formedby the heat of the reaction
were condensed and collected., They distilled between

70 and 90 giving 1.1 ccs of clear liguid smeliing
strongly of benzene and also of the;same\gmail as

the tarry residue o the initial reaction. This diste-
illate was then washed with a small quantity oi" water
three times and yzeldéd 0.7 e, of impure benzene,

‘his was eqguivalent to a yield of 11.0 %

m—“ ‘
Ethanol 2580 cc.
Aniline o g 2040 g.
Isopropyl nitrite 3842 g
Acetie acid : a5 %

In this run the aniline and acetic acid were drop-
ped into the isopropyl ni%ritg; ethanol solution while
refluxing in the usual magn@r.-arter-thrae hous the
mixture of products was di‘tilaedAyielding 240 ml. of
distillate. This was done to avoid working with the
messy tars that werelfbrméd» The clear yellow liguid
obtained was then analyzed by the method of Bébxngten
and Tingle (3). This method consistedof collecting the
lowest boiling portion of distddlation with water
( blaneno; water and ethyl alcohol form and ageotrope
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boiling at 64.9 Ce @and a composition of~?é.l%; T4y
and 18.5% respectively (19)) and then oxidizing the
alcohol with acidic potassium dichromate to give
water soluble acetic acid. Then adding an accurately
measured qﬁantity of benzene dissolve the benzene.
The increase in volume of the ether was then taken
as the volume of benzene. An error in this method
was introduced by the presence of acetone which was
easily carried through the distillation and not oxid-
ized by the dichromate. A separabion of the acetone
by the formation of the bisulfite addition product
gave no appreciable change in the results and it
was therefore assumed that there was very little
error due tothe acebone. '

1hE yield obtained was 3.38 g. of benzene which
is a 20.1% yield.

Hydroguinone 47.2 g.
Ether ‘ 100 ml.
Isopropyl nitrite 38.2 g.
Acetic acid 1.0 g.
Aniline 20.0 g.

The aniline and acetic aeid were Lo be dropped
into the hynroquinnna, ether, and isopropyl nitrite
but the reaction was not run becausé the nitrite oxid~
ized the hydroguinonme to quinhydrone wery rapidly.
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The use of hydroquinone might be feasible in the appar-

atus used in later runs, it was not tried howver.

Aniline 2040 g

Isopropyl nitrite 88,2 Ee
Acetic acid 60 ' ml.
Ethanol | 250 ml.

A mew apparatus was set up as in Fig. 2. This
apparatus permitted cold mixing of the isopropyl
nitrita; aniline and acetic acid. The reactants were
kept at 0° by the ice baths C. They were mixed and
reacted while travelling through & third ice bath
after which they were ﬁﬁquedihtolthe-qnxlet extracte-
or where the benmnne‘diasoniﬁgjggggsd was reduced by
the refluxing ethyl alcohol. This method allowed the
diazotization to take place separately and continuously
and the large excess of reducing agent was always
maintained. A larger amount of acetic acid was used
in this run due tothe fact that it was used up and
not returned to the reactants as in the previous runs.

The reaction wae carried out and the apparatus
found to be fauliy in operation due to the formation
of tarry material in the tube entering the exiractor.
The reaction was carried to gomplation;khowever, and
gave an apparent yield of 33,9%. Thbs was quite high
and therefore the method of analysis was checked for

error. After several tests it was found that the
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ethyl acetate formed during the refduxing was not
entirely eliminated in the analysis. Hydrolysis of
another ’pvrtion of the run with sodium hydroxide
destroyed the ester and subsequent analyis gave a
yield of 8.4%.

The same 'quantitiu of reactants were used in
this run as in Run # 6.

The apparatus used for Run # §_ was modif:led to
that shown in Fig. 3. This desgign did not allow the
diazotization to proceed at a low temperature but the
low yield obtained in Run # 6 indicated that there was
no great advantage in cold diazotization by this method.
Allowing the reactants to drip slowly from the two -
dropping funnels eliminated all clogging of the appar-
atus. The glase plate was ahapended beneath the funnel
tips so that the aniline and nitrite could mix intim-
ately before falling into the reducing agent. The
reflux condenser was arranged to drop part of its
condensate on the pRate to kkep it washed off, The
periodic siphoning of the solution into the boiling
flask belov', kept the reacting solution dilute in
the ethanol.

After hydrolyzing the ethyl acetate formed, the
analysia.was carried out a»is before and a 47.5 % yield
obtained. This was extraordinarily high but several
checks failed %0 show a lower yields
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" Run #8

This run was carried oul in the same manner as
Run # 7 but 60 g. of sodium hydrowide was added to
the boiling flask together with 200 ce. of water. -
This was done to prevent the formation of the ester.
The result of this method was a 27.5 % yield. Addi-
tional refluxing with sodium hydroxide for & hours
gave a final yield of 14.8 %.

Run 2.9
The same quantities and procedure were wsed in

this run as in Run # 8 except n~§utyl alcohol was -
used as a reducing agent instead of the ethanol. The
run proceded as betfore but a preliminary test showed
that the method of analysis was inadequate in the
separation of n»butano;.-The.hnnaenn-was»isglated to
a semi-pure form by fractional distidlation. This
was possible because the butanol and 1is azeotiropes
boil at substantially higher temperatures than does
the bengzene. The semi~-pure benzene was then oxidized

and treated a s before to give a 4.71 % yield.
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