THE PREPARATION OF
3«-ACETYL~3-HITROBENZOIC ACID

by
ARVON MEREDITH GRIFFITH

A THESIS
submitted to the
OREGON STATE COLLEGE

in partial fulfillment of
the requirements for the
degree of

HASTER OF ARTS
June 1845




APPROVED:

Professor of Chemistry

In Charge of Hajor

Chairman of State College Graduate Counecil



ACKROWLEDGMENT

The author wishes to express his thanks $o Dr. B.E.
Christensen for his helpful suggestions pertaining to

this work.




TABLE OF CONTERTS

Page
Diamaiea....ogo'i.lot't...‘....Qi.n...oc‘ot!..c.‘oo.'l

Experimmtﬁ.......“‘..'I."..Q".l...C.‘ﬁ'..‘........s

8mm‘..".0l...lt.l.I.l'.Q‘..l'........0'.0.'.....'11

Bibllogravph’..". .QOQ..I".»".I.t0'.0.."'.'0‘5......013



THE PREPARATION OF
2-ACETYL~3-NITROBENZOIC ACID

DISCUSSION

In the course of the preparation of ecertain physio-
logically active compounds it became imperative to devise
the synthesis of an amino diacetyl benzene or amino acetyl
benzoic acid with amino groups in ortho position. Methods
which appeared most promising involved the uee of one of
the phthaliec acid chlorides or phthalic anhydride, which
might poseibly be converted by the use of organc-cadmium
reagents to the diketone or the keto acid, respectively.

Because of its cost and availability, phthalyl chlo~
ride was first used as a precursor in the preparation of
the ketones. Gilman and Nelson synthesized several ketones
by use of organo-cadmium reagents but reported that at-
tempts to prepare diketones from aliphatic dibasic acid
chlorides were not successful. (5) In preliminary work
it was found that phthalyl chloride would not produce the
diketone. The reaction proceeded beyond the ketone to
the tertiary aleohol in the same manner as reported for
aliphatic acyl halides.

Since the course of the reaction might depend on the
position of the aeyl groups, the possibility of using
terephthalyl chloride was investigated. Initial experi~-
mente with the organo-cadmium reagent using terephthalyl

chloride were not promising. Attempts were then made to




condense terephthalyl chloride with malonic ester. Al-
though the condensation was succeseful, the hydrolysie of
this product ﬁo the diketone gave very low yields.

Behrend and Herme have reported the successful prep=-
aration of p-diacetyl benzene in low yielde using an aceto-
acetic ester condencation followed by alkaline and acid
hydrolyses. (1) This work waes repeated and their results
were confirmed in thi# laboratory.

Rugpli and Gassenmeier prepared 2-nitro~1,4~diacetyl
bengene from p-diacetyl benzene by nitration with fuming
nitric acid (d=1.52) in an acetic anhydride medium. (7)
In this lsboratory it was found that red fuming nitric
acid (d=1.80) with the same procedure gave better yvields
of the nitro compound.

2=Hitro-1,4~diacetyl benzene was reduced at room tem~
perature with a solution of stannous chloride in concen—
trated hydrochloric acid. However, the product which wes
isolated from the reducing medium wae not an amine. Anale

| ysis confirmed the hypothesis that the compound was an

anthranil resulting from partial reduction.
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3
o-Hitroacetophenone and certain of its anslogs readily
form anthranile when treated with reducing sgents. (8)

The eomplete reduction of the nitro groups was only
achieved by using a reaction temperature of 100°0. The
produet obtained in this manner was 2-amino-1,4~diacetyl
benzene.

Since, in the preparation of emino diacetyl benzene,
overall ylelds were small and intermediztes costly, the
possibility of using another starting materisl wss investi~-
gated. 3I~Nitrophthalic scid can easily be prepared from
phthalic anhydride snd nitric acid by direct nitration.

(3) Treatment of this acid with acetic anhydride ylelds
the nitrophthalic anhydride. (4)

De Bennevile has shown that scid azhydrides can be
converted into ketomes or keto acids in good yields by the
use of cadmium alkyls. (2) In this investigation the use
of 3-nitrophthalic anhydride was successful with the isola~
tion of Z-acetyl-3-nitrobemzoie acid.

Catalytic reduction of the nitro acid with platinum
and hydrogen at low pressures gave a product which was not
completely reduced. The same product was obtained from
reduction with a solution of stammous c¢hloride in concen=-
trated hydreehloric acid at room temperature. Maintaining
the reaction mixture at 100°¢. produced no further reduc~
tion as it did im the reduction of the nitro diacetyl
benzene. This partial reduction product alse turned out

~




%o be an anthranil. |

Although anthranils are known to form with carboxyl
groups as well as with carbonyl groups, the fact that thie
product had a neutralization equivalent of 17 indicated
that in this case the anthranil wss formed with the car-
bonyl group.

During the catalytic reduction of the nitro acid, the
measured amount of hydrogen asbsorbed corresponded to two-
thirds of the amount necessary for conversion to the amine.
This confirms the data obtained from the analysis.




p-Diacetyl benzene (155 g.) (0.96 mole) was added %o
780 ml. of acetic anhydride in a S5~liter, threec-neck flask
equipped with stirrer, thermometer, and dropping funnel.
The flask was surrounded by an ice bath, and red fuming
nitric acid (d-1.60) (1500 ml.) wae added as rapidly as
possible while maintaining a temperature of 59C¢. or below.
Powdered dry ice was added periodically to maintain this
reduced temperature. After the nitric acid was added, the
solution was stirred for two hours at 2-5°C. The reaction
mizture was then poured onto 3 kg. of ice, and the agueous
mixture wae extracted with 4 liters of ether in 500 ml.

portions. The ether was washed with sodium carbonate so-
lution, then with water, and was finally dried with CaCly.
The ether extract yielded 147 g. of ecrude product, which
was erystallized from 800 ml. of absolute alcohol, yield-
ing 117 g. (59%) of large colorless needles melting at
639¢,

2-Hitro-~1,4~diacetyl benzene (2 g.) was added to & so~
lution of 8.2 g. of Sn0l,-2Hs0 in 21 ml. of concentrated
HCl. The reaction flask was maintained at 15-259C. by a
c¢old water bath. A few seconds after the addition of the
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nitro compound, 2 white solid precipitated. This falled to
dissolve even though the mixture was stirred for 3 hours.
The mixture was diluted with 100 ml. of water and then ex~
tracted with ether, which removed the white solid. The
ether was washed with dilute NagCOz solution, then with
water, and was finally dried with CaCls. The sther extract
yielded 1.5 g. of white solid; m.p. 113-1149¢. It was in-
goluble in HC1l, indicating that it was not 2~amino~l,4-di-
acetyl benzene but rather am anthranil.

Analysis: Caled. for CpgHgNO.s g, 26635; Hy, 5.18;
R X

Found Cs 88.4&; B, 5-53:
K, 8.086

2-Nitro-l,4~discetyl benzene (117 g.) was added to a
solution of 500 g. of 5nClz+3Hz0 im 1270 c¢c. of concen~
trated HOl. The flask wae warmed to 909C. on a water bath
and maintained at this temperature for 2-6 hours with good
stirring. During the reaction the solution became orange-
colored. Cooling failed to produce any precipitation.

The solution was then neutralized with NapCOz and NaOH.
The resulting yellow preecipitate was collected and the
filtrate extracted with four liters of ether in one liter
portions. The ether extrasct was washed with sodium car-
bonate solution, and then with water. After being dried
with sodium sulfate, the ether was removed by distillation.
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The residue from the ether extractions and the precipitate
collected by filtration were combined and orystallized from
water. Seventy-five grames (76%) of yellow crystals were ob-
tained; m.p. 12590, Further recrystallization from water
did not change the melting point of the amino diacetyl ben~

zene.
Analysis: Caled. for CygHyyNOp: €, 87.77; H, 6.26;

N, 7.91
Found ¢, 87.45; H, 6.18;3

!. 7069

2-Agetyl-3-nitrobenzoic Acid

A 500 ml., three-necked, round-bottomed flask was fit~-
ted with a mechanical stirrer and a condemser with a soda=
lime tube. The Grignard reagent was prepared in the appa=
ratus from 7.3 g. (0.3 mole) Mg. and about 40 g. (0.4 mole)
of methyl bromide in 300 ml. of dry ether. The cadmium
alkyl was then prepared by the addition of 31.3“3. (0.17
mole) of anhyd. CdCly by the method of Gilman and Nelson.
(5) When a Michler's ketone test showed the absence of
Grignard reagent, the reaction flask was surrounded by an
ice bath, and 33 g. (0.18 mole) of 3-nitro-phthalic anhy-
dride was added in small portions with good stirring. When
all of the anhydride had been added, the ice bath was re-
placed by a hot water bath and the resction mixture was re-
fluxed for an hour. Stirring during the period was pre=-
vented by the formation of 2 gummy precipitate soon after



the addition of all the anhydride.

The reaction-mizture was hydrolyzed by carefully add~
ing a slight excess (350 ml.) of 10% H3804 while cooling
the flask with an ice bath. Because of the nature of the
reaction, a small amount (3~5 g.) of the anhydride could
usually be recovered by filtering the ether-water mixture
following hydrolysis, The ether layer was separated and
combined with an ether washing of the water layer. The
ether solution was shaken in a separatory funnel with
slightly more than an equivalent (300 ml.) of 10% K300z
solution. The K200z solution was filtered and carefully
added to an excees of dilute sulfuric acid. The solid
which was obtained from this solution was 2-acetyl=-3~-
nitrobenzoie acid. TYield: 15 g. crystallized from water;
B.P. 1599C. Neutral equivalent: Caled. 209; Found 209.

Analysis: Calcd. for CgH7Og: ¢, 51.68; B, 3.37;
‘9 QO

Found ¢, 51.70; H, 3.30;
' l, 6.58

The dark brown oil (8 g.) which separated along with
the crystalline nitro~acetyl benzoic =acid was not examined
extensively. A sample which was washed with water and
dried until it formed a dark brown solid had a nmeutral
?pqﬂival ent of 199.



The reduction was carried out in a mamner similar to

that used by Scott and Uohen for preparing 3-amino phthalie
acid. (8) Seventeen grame of 3-acetyl-3-nitrobenzoic aeid
was added in small portions to z solution of 90 g. of stan-
nous chloride in 225 ec. of concentrated hydrochloric acid
in a flask fitted with a mechanical stirrer. After about
two=thirds of the nitro compound had been added, a solid
began tc preeipitate from the reaction mixture. After all
of the nitro compound had been added, the reactioh mixture
was cooled. The precipitate wae filtered off and washed
with hydrochloric acid. The product weighed 12 g. and
contained no ionizable chloride. This materisl had a neu-
tralization equivalent of 178; m.p. 1950¢.

The same product was obtained when the reduction was
repeated at 100°C.

Five grames (0.024 mole) of acetyl nitrobenzolec azcid
was dissolved in a solution of 100 ml. of alcohol and 3E
ml. of water. PFifty milligrame of platinum black catalyst
was added, and the solution was hydrogenated at 2.5-3.0
atm. pressure. Over a period of several hours 0.048 mole
of hydrogen wae absorbed. Continued treatment and the
addition of fresh catalyst produced no further reduction.
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The alcoholic solution was evaporated to dryness, and the
product obtained melted at 195°C. This materisl had a
neutralization equivalent of 176. A mixed melting point
determination with the material obtained from the stannous
chloride reduction produced no change in the melting point.

Analysis; Caled. for agn.,oax: g. gléglg H, 3.98;3
?» (T4

Found C, 60.80; H, 4.13;
n. 709?
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SUMMARY

a=-Acetyl=-3-nitrobenzoic acid was prepared from 3~
nltré-phthaua anhydride by the use of an organo-cadmium
reagent.

Reduction of this aecid and of Z-nitro~1l,4-diacetyl
benzene was studied. Both compounds formed anthranils
when reduced with stannoue chloride and hydrochloric acid
at room temperature. However, ‘3~nitr0~1, 4~diacetyl ben~

zene was reduced to the amine by raising the reaction

temperature to 100°C.
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