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I, Introduction

In most cases, w-substituted uramido benzoic acids,
when refluxed with mild dehydrating agents, undergo ring clo-

1
sure to form 3-substituted benzoylene ureas, Eouation:
0
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When w=tertiary butyl uramido benzoic acid is treated
in the same manner, however, the products of the reaction are a
fine white crystalline precipitate and an unidentified gas, If
the solid were the expected 3-tertiary butyl benzoylene urea,
purification would have yielded a compound with a melting point
of approximately 160 C. - the purified crystalline product melt~
ed at 353 C.

The object of this paper is to investigate the cycliza-
tion of w=tertiary butyl ufamido benaoic acid and to establish the

equation for the resulting reaction.

II. Synthesis of w=Tertiary Butyl Uramido Benzoic Acid

This synthesis was accomplished in three steps. The
first step involved the preparation of tertiary butyl amine; the

second, the preparation of the isatoic anhydride; and the third,

1. Doctoral dissertation, Roger P, Staiger, University of
Pennsylvania, 1953.



the reaction of the amine with isatoic anhydride to form the
w=tertiary butyl uramido benzoic acid.
A. The preparation of Tertiary Butyl Amine .
This amine was prepared by the hydrolysis of tertiary

butyl urea,

Equation:
CH, W,

\ a
CH3 =C. N -G~ NH, + ANaOM won SUI—CGNH  Na, (o4 NH;

“ 0 : /
W, bH
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Apparatus:

Fig. A

2, Adams, Roger, et. al., Organic yntheses, Vol.,29, p. 21.
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Procedure:

A one liter round bottom flask was charged with 60 grams
(1.5 moles) of sodium hydroxide pellets and 75 c.c. of water.
After the sodium hydroxide was completely dissolved in the water,
70 grams of tertiary butyl urea and 225 c.c, of ethylene glycol
were added.

A reflux apparatus as described in Figure A was set up.
The mixture was refluxed gently for four hours, The tertiary
butyl urea gradually dissolved and a gelatinous mass of sodium
carbonate appeared in the flask. Any ammonia evolved was dis-
solved in the water contained in the beaker shown,

At the end of four hours, heating was discontinued and
the mixture was allowed to cool to room temperature or lower.
The reflux apparatus was replaced by the arrangement ghown in
Figure B, and the contents of the flask were distilled.

The fraction distilling in the temperature range 40°to
6000. was collected in an ice-cooled receiver to prevent loss
of product. The yield of crude amine was 35- 39 grams. The
impure product was then dried by allowing 5- 7 grams of sodium
hydroxide pellets to remain in contact with it for two hours.

Further purification was accomplished by redistilling the
amine from an apparatus similar to that shown in Figure C. The
fraction distilling between 44°-46%c. was collected, again in an
ice-cooled receiver. The yield weighed from 31 to 34 grams. The

pure product was a colorless licuid having the characteristic



=5=

amine odor of dead fish, Tertiary butyl amine has a density
o Q
of 0,699 (20 C.) and an index of refraction of 1.3800 (20 C.).
Since three molar amine is used in the reaction, the
pure amine was diluted to this molarity by adding the required

amount of water, 34,5 c.c. of water for every 15,5 c.c. of pure

amine,
B. The Preparation of Isatoic Anhydride’
Equation: O
(@) v
P <cZow C\\ HC /)>V/C\o
f + Sc=o0 —> | [+ XhCl
AN —N & So’C I c
\/ “ \-\/ "N~ =0
o~
Apparatus
Fig. D

c
C‘)GD——’ =

Procedure:
One mole of anthranilic acid (137 grams) was dissolved in
a mixture of 150 grams (125 c.c.) of concentrated hydrochloric

acid and one liter of water. The solution was filtered into a

3. Clark, Robert C., "Ieatoic Anhydride. I. Reaction With
Primary and Secondary Amine and With Some Amides," The Journal
of Organic Chemistry, Volume 9, N~, !, January, 194%.
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three-liter, three-necked flask fitted with a sealed mechanical
stivwer, an inlet tube reaching to the bottom of the flask, and

an outlet tube connected to a safety flask, followed by a Drech-
sel absorber charged with ammonium hydroxide. The mixture was
8tirred mechanically and phosgene was passed through an empty
safety bottle and then into the solution of anthranilic acid at
such a rate (about two bubbles per second) that bubbles of gas
escaped only slowly at the surface of the liquid (hood)., The
temperature rose, but was readily maintained near 50°C. by reg-
ulation of the rate at which the phosgene was introduced, The rate
of absorption of phosgene was found to be increased as the rate
of stirring was incresased. Separation of isatoic anhydride be-
gan soon af'ter the stream of phosgene was started, The proceess was
continued during several (2 to 4) hours or until the absorp-

tion of phosgene was much decreased, The flask was disconnected
and a stream of air bubbled through its contents to remove the
phosgene. The white solid was collected, washed several times
with cold water, and dried at 110°C. Yields from a number of runs
ranged from 115 grams to 125 grams (71- 77%) of material melt~
ing at 240- 245<3., pure enough for use., Further purification
may be effected by crystallizations from 95% ethanol (30 c.c per
gram) or from hot dioxane (10 c.c. per gram).

C. Reaction of the Amine with Isatoic Anhydride4

'
The reaction involved the dissolving of a suf-

4, Staiger R. P., op. cit., pg. 26-28.



ficient amount of isatoic anhydride in the three molar tertiary
butyl amine and the acidifying of the clear solution with cold
dilute sulfuric acid,

The reaction or molar ratio is:

0.815 grams of isatoic anhydride -1l mole
12.5 c.c. of 3M tertiary butyl amine 7.5 moles
Equation:
o)
(o) » I\
iU (- /’/ C—o™
XN N, 4 L §\/
\\ { C\*3\c Ny, —> ) Chy
<Ny -CYy LU o~ N=-C-N=(C~cW
( / N~ L U S
w CMy H 6 W TCH
Apparatus:

The apparatus required in this step consisted of only

a 500 c,c, beaker and two ice baths,
Procedure:

Using the above reaction ratio the appropriate amount
of isatoic anhydride was added to the three molar tertiary butyl
amine. When the anhydride was completely dissolved, the solution
was diluted to four times its volume, Any precipitate was filter-
ed off and the solution was placed in an ice-bath. Cold dilute sul-
furic acid was then added slowly and the solution was stirred con-

stantly.

D. Isolation and Purification of w=Tertiary Butyl Ura-
mido Benzoic Acid

A white pricipitate formed when the solution was
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acid to indicator. The precipitate was separated by suction
filtration., Purification was accomplished by dissolving the
product in hot ethyl alcohol and adding a small amount of norite.
The filtered solution was then reprecipitated by the slow addition
of ice cold water., The precipitate was again isolated by suction
filtration. The purified product was a snow-white compound having

a melting point of 165°C,

III, Cyclization of the Synthesized Product

A. Procedure

It was noted that a solid and a gas were produced
when w=tertiary butyl uramido benzoic acid was refluxed in dilute
sulfuric acid., The composition of the solid was easily proven.
Some problems arose in the identification of the gas. The major
problem was to produce enough gas to make identification possible.
The principle difficulty was the fact that only small amounts of
the w=tertiary butyl uramido benzoic acid could be prepared. The
second problem of identifying this gas had to be looked at in an-
other lizht, In deciding what reagent to use in converting the
gas into an identifiable derivative, some assumption had to be
made concerning the nature of this gas, After consideration of
the possibilities provided by the reaction in question, it was de-
cided that the gas was probably an unsaturated hydrocarbon. In

view of the fact that relatively heavy, non-volatile liquids are



produced when bromine is used to saturate the double bond in
gaseous alkenes? the method used here was to pass the gas into
a bromine-water mixture,
B. Apparatus

For reasons already noted, the apparatus had to
be kept as small as possible. It consisted of a 200 c.c. stan-
dard tapered round bottom flask (1) fitted with a reflux con-
denser (2). In the top of the condenser, a two holed rubber
Fig. B stopper was placed containing
two pieces of glass tubing
which protruded slightly into
the condenser. One of the two
pieces was short and was pro-

vided with a piece of rubber

tubing which could be clamped

tightly shut. This acted as a

pressure equalizer (3) to pre-

vent the backing up of the con-
tents of the reaction tubes

when the flame was removed from

beneath the flask, The other

piece of tubing led to the

bottom of the first reaction tube (4)., A second reaction tube (5)

5. Wertheim, E., Textbook of Organic Chemistry, New York, The
Blakiston Company, 1951, p. 62,
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was connected to the first and a final piece of tubing served as
an outlet for the syétem. The reaction tubes were small test
tubes. 4An ice bath (6) surrounded the reaction tubes to avoid
loss of product,

C. Treatment

About four grams of w-tertiary butyl uramido benzoic
acid were placed in the round bottom flask. Approximately 100 c.c,.
of 20% sulfuric acid were added. The reaction tubes were charged
by the addition of 2c.c. of bromine and 10 c.c. of water to each.
The apparatus was then arranged as previously described, and the
pressure valve was closed,

The mixture was refluxed about six hours. The reaction
could be assumed completed when the solid present in the flask
became dispersed throughout the mixture rather than remaining on
the surface of the dilute sulfuric acid. Further, upon cooling,
the solid in the flask had a crystalline form different from the
original w=-tertiary butyl uramido benzoic acid,

D. Isolation, Purification, and Identification

l. Solid in the Flask
The contents of the flask were conled and
the crystalline solid present was separated by suction filtration.,
The substance was purified by repeated recrystallizations from
an azlcohol-water mixture, The dried,purified solid had a melting

Q
point of 55500. The melting point of benzoylene urea is 3553 C.



2.
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More conclusive proof was obtained when infra-red

spectrographs of porfiona of the compound prepared in the above

manner and

that of separately prepared benzoylene urea were

found to be identiczal,
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Infra-red Spectrograph of the Solid in the Flask

The graphs illustrated in figure F and G of benzoylene



=12-

urea and the solid in the flask were determined with a Baird
Associates Double Beam Infra-red Spectrophotometer using a mull
of the sample in Nujol.

2. Liguid-Derivitive in the Reaction Tubes

ifter the reaction had been carried to

completion, the unreacted bromine in the reaction tubes was re-
duced by the addition of a saturated sodium bisulfite solution.
The solution was then neutralized by the addition of sodium hy-
droxide. The heavy liquid in the bottom of the reaction tubes was
the compound to be identified.

Because of the small amount of product (about 0.5 c.c.),
purification was difficult. The liquid was dried by placing it
in a small test tube containing a chip of anhydrous calcium
chloride. Repeated dryings were necessary.

A micro-distillation was performed on the dried liquid.
The redistilled compound was colorless and fairly dense.

Three micro boiling points were taken on both the puri-
fied liquid and a control (benzene). The average reading for
benzene was 81°C. or one degree greater than the recorded boiling
point. The average reading for the unknown compound was 15f’C.
or two degrees greater than the recorded boiling point of iso-
butylene dibromide (3. P. 149°C.).

The refractive index of the remainder of the purified
liouid was 1.5110 (25°C.). The refractive index of isobutylene

dibromide is 1.5119 (20°c. ),
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IV, Conclusions

From the fdzgoing results, the following conclusions
havs been reachead:

(1) that the solid product of the reaction in cuestion
was benzoylene urea. Comparison of the melting-points and infra-
red spectrographs of the product in the flask and benzoylene urea
show that these two compounds are identical,

(2) that the liquid derivative produced in the reaction
tubes was isobutylene dibromide and that therefore the gas evolved
in the reaction in cquestion was isobutylene. To support this
conclusion, the similarity of the physical constants of the un-
known liquid and those of isobutylene dibromide is cited. No other
possible brome derivative has physical characteristics which
compare favorably with these constants.

In view of these conclusions,w -tertiary butyl uramido
benzoic acid, when refluxed with dilute sulfuric acid, reacts in

the following manners:

° ;
W e
- 7~ C
\\/C i | \ \'\)'“ CH3
l ( /L\*\; 40 67& S\ \ \
o -~ ‘“)‘(.-'C»H Cs
P N=-C= % 3 W, So = 20
FEV G Sl A\ vt
™~

Instead of ring closure occurring to yield 3-tertiary
butyl benzoylene urea, isobutylene is cleaved and ring closure

occurs with thes formation of unsubstituted benzoylene urea.
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