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INTRODUCTION 

The o ri gina 1 pur pose of th is the sis wa s twofold; 

to pre pa r e tetrabromo ant h r a ni li c a cid a nd st udy its 

chemica l r ea ct i ons , .and to study t he reactions of 

tetrach loroanthranilic a cid, es pecially its behavior 

in diazotization. The first was of inte rest because 

of the pos s i ble effects t h e bromine a toms on a benzene 

ring mi ght have on t h e carboxyl and amino groups 

attached; t h e second was undertaken to see if diazo­

tiza tion of such a highly negative nucleus co uld be 

acco mplis he d; and if it could be, whether this reaction 

could be employed to make te t rachlorosalicylic acid, 

which this laboratory ha s been unable to obtain by 

direct halogenation of salicylic acid. The pr eparation 

of tetrabromophthallic anyhdride was undertaken 

jointly by the two authors, after wh ich Adams prepared 

the tetrabromoanthranilic acid fro m it, and s t udied the 

pro pe rt ies of t h e bromine co mpounds, while Godehn 

studied t he pro pe r ties of the chlorine compounds. It 

was ori gi nally intended to com pare t he pro perties of 

t he two halo genated com pounds , and to some ex t ent 

this was do ne. 

Th e ori g inal pur pose of t h is thesis wa s carr ied 

out in pa r t, as we succeded in making and identifying 

t he tetra chloros a licy l ic acid. However, t his original 

purpose was modified to some extent, since after 

experimental wor k was begun, it wa s realized t hat t he 



preparation of the tetrabromoanthranilic acid in itself 

combined many of the facts pertinent to the chemistry 

of the compound, and various methods of preparation 

were employed in efforts to improve yields and to 

correlate facts concerning the a ction of the various 

groups in the c orn pound. However, the chief interest 

remained in the r eactions of the amino and ca rboxyl 

grou ps of the tetrabromophthalic acid and anthranilic 

acid derivatives. 

The following paper p r esents the work we have 

done in carrying out these ends, and includes the 

points of interest encountered in doing this i ork. 

At this time we wis h to express our gratitude to 

Dr. L. H. Fa rinholt for his invaluable guidance in 

this work, and for the r eady aid he has offered us in 

overcoming the difficulties which we encountered; 

and also to Mr. J. R. Taylor who has given us much 

valuable a ssistance. 



MONOGRAPH 

The purpose of this monograph wa s to collect the 

data available on the t etrabromlnation a nd tetrachlorin­

atlon of phthallic anhydride, the formation of tetra­

bromo and tetrachloro-phthal1mides, and the formation 

of tetrachloro and t etrabromo-anthranilic acids. Data 

on the reactions of the halogen substituted anthranilic 

acids and methods of diazotization have also been 

collected, as a basis upon which tr~ laboratory 

experimental work was founded. 

I BR01V1I NATION OF PHTHALIC ANHYDRIDE 

A(l) Tetrabromophthalic anhydride can be pre pared by 

dissolving pht halic anhydride in fuming sulfuric a cid 

containing 50% free so3 , adding a small amount of 

iodine as a carrier and excess Br2 • The bromine is 

added in portions of decreasin g amounts in the ratio 

5:3:l:l, the first addition at 70° until bromi ne is 

absorbed, the second at 100°, the third at 130°, and 

the last at 170° where the t emperature is maintained 

for about ha lf an hour. After cooling , the mi xture is 

poured over cracked lee, filtered, a nd puri f ied by 

dissolving in warm, dilute sodium hydroxide and re­

preci pita tion with hydrochloric acid . This gives tetra­

bro mophthalic acid conta mina ted with considera ble 

qua n t ities of t he mono-sodium salt. This s a l t is 

decomposed by steami ng t he a cidified solution vi goro usly 

for about half an hour befo r e fi l t eri ng off t he te tra-

(1) ?ratt and Shupp : J.A.c.s. 40 1416 (1918 ) 



bromophthalic a ,::! id. The dried a ci d is co ntterted ~nto 

the anhydride by crys tallizing from xylene in which it 

is solub l e in t he ra tio 1:6. A 75-85% yield is obtai ned 

in t his manne r with th e anhydride melting Ht from 

273.5 t o 274°. Lowe r brominated deri vitaves are 

e f fec tually r emoved by the above procedure . 

B( 2 ) Tetrabromophthalic anhydride can be pr epar ed 

from tetrabromophtha lic acid by sublimation. 

II PREPARAT ION OF TETRACHLOROPHI'HALIC ANHYDBIDE 

A( 3} Tetrachlorophthalic anhydride is obt a ined by 

heating naph t halene and ch lorosul f onic a cid f or ten 

hours a t 180°. Me lti ng point - 255°. 

I II PREPARtlTIO N OF TET RABROnOPHTHALI MIDE 

A ( 4 ) 'ret r abromo phthalimide can be prepar ed by dis solving 

tetra bromophthalic anhydride in nitrobenzene and boiling 

for half an hour with formarnide. On cooling the imide 

crystallizes o ut in yellow blades which, whe n washed 

f r ee of solvent and d r ied, g ive a 75% yield of the 

imide. This crude product is purified by recrysta lli­

zation from xylene using bone bla ck and from gl acial 

acetic acid giving bright yellow blades. 

IV PREPARAT ION OF TETRAHALOGENAT.ED ANTHRA..N ILIC AC ID 

A(S) Tetra bromoanthranilic acid can be prepared by the 

action of KOH and KOCl on tetrabromophthalimide. The 

l mi de is dissolved in dilute KOH and cooled to 0-5° 

and chlorine led in. The ppt. formed is a yellow 

- - - - - - - - - - -
(2) Blumberg : Berichte 17. 2494 
(3) Georg Walter: Monatsh 64 287-8 (1934) 
( 4} J. A. C. S • 40 1417 ( 19 18) 
(5) Lesser and Weiss: BPrichte 46 3942 



powder when dried and is purified by heating with charcoal, 

dissolving and recrystallizing from acetic acid. 

Melting point is 204-205°. It is readily soluble in 

alcohol and ethyl acetate and difficultly soluble in 

acetic acid, chloroform, a nd xylol. 

s( 6 ) Tetrachloroanthranilic acid ca n be prepa.red "readily 

by use of the Hoffman reaction from the acid amide of 

tetrachlorophthalic acid. Tetrachlorophthalic anhydride, 

finely pulverized, is added with stirring into 20,% 

ammonia. The mixture wa rms by itself to 50° and the 

anhydride goes completely into solution. With stronger 

ammonia or with different (cooler) temperatures the 

ammonium salt of tetrachlorophthalimidic acid precipitates 

in part. The solution obtained is immediately poured 

into excess dilute H2s04 mixed with ice whereby the 

phthalimidic acid precipitates out in white flakes. 

These flakes a re i mmediately washed with water on a 

suction filt er, for on standing t hey change to tetra­

chlorophthalic acid. The moist acid is dissolved in 

water and ice and t he exa ct amount of NaOH alkaline 

hypochlorite solution is allowed to flow into the 

liquid cooled to 0-5°, the hypochlorite solution 

ccxnposed of 1 mol NaOCl and 2 mols NaOH. The end of 

the reaction is recognized by a test with aniline 

water giving a smooth blue color. The excess hypochlorite 

1s removed by adding a s mall a mount of bisulfite and 

heating to 75° for three hours. Excess HCl is added 

to the wa rm solution to precipitate the tetrachloro-
------

(6) Villiger and Blangey: Ber. 42 3549-52 (190Sl) 



anthranilic acid. These crystal s are puri f ied by diss olvi~g 

the crude acid in hot 12% Na2co3 solution and the same 

volume of s a turated Na Cl solution is added, and the 

precipitate is dissolved in hot water, then re pr ecipitated 

with HCl. 

The tetrachloroanthranilic acid is quite insoluble 

in cold water, difficultly s oluble in cold glacial 

acetic acid and benzene, and easily dissolves in alcohol, 

methanol, and eth er, and crystallizes out of t hese 

solutions in long needles, melting at 182-3° with 

frothing . The substance recrystallized from warm 

glacial acetic acid shows a considerably lower melting 

point. For analysis t he substance is dried and 

crysta llized out of methanol on the water bath. Heating 

above the melting point converts the acid quantitatively 

to 2,3,4,5-tetrachloroaniline. With bases it gives 

well defined salt crystals. 

c(7) Tetrachloroanthranilic acid can be prepa red by 

passing t hrough tetrachlorobenzoic acid and nitro­

tetrachlorobenzoic acid. 

V DIAZOTIZATION BY THE "INVERTED METHOD" 

A(S) Schmitt, who discovered diazobenzene-p-sulfonic 

acid, obtained it by Griess's method, but as many of t he 

monoamino-sulfonic and carboxylic acids a re insoluble 

in water, and so ca n be acted on but solwly by nitrous 

acid, and the di a zo salts t hemselves are also a paringly 

soluble, reaction may soon come to a ha lt. The reactivity 

(7) Tust: Ber. 20 2441 (1887) 
(8) Saunders, "The Aromatic Diaso Compounds"; 9 (1936) 



of the acid can be increased by preci pitat ing it in 

a fine state of division by adding acid to a solution 

of its salt, but a better a l ternative is to add the 

nitrite to t he alkaline solution of the amino-acid 

and then run t he mixt ure steadily into the chilled acid. 

Diazotization taks s place instantly, a nd t he i nsoluble 

substance which s epara tes is t h e diazo compound. 

Diazotization of sulfanilic acid. 
Sodium sulfanllate (23 g . = 0 .1 mol) and sodium 

nitrite (7 g .) are dissolved in water (120 ml) cooled 
with ice, a nd then pour ed with stirring into sulfuric 
a cid (17 ml., sp. gr. 1. 81) dil uted with water (100 ml.) 
Th e diazo co mpoun ' 1s pr ecipitated a nd r eaction 1s 
complete almost a s s oon a s t h e l ast of the solu t ion ls 
added to the acid. 



INTRODUCTION TO ExPERIMElll'AL WORK 

In the study of the derivatives of tetrabromo­

anthranilic acid several ~eneral procedu re s were used. 

For analysis of the compounds obtained, melting points 

and Parr bomb analys es for bromine were chiefly us ed . 

All melting points listed in the following pa ges were 

taken on t he s ame thermometer and the corrections a re 

included in t he values listed. Parr bomb determinations 

of bromine were c arried out a.a suggested: in JACS 22., 

2069 , with a Volhard t itration for excess silver added 

or potentiom etri c ti tra tions a s desc r ibed in t his 

thesis. 

The starting materials used were technical produc t s 

a nd yields obta ined were a t no time considered in any 

exactitude . However, methods for obvious improvement of 

yields have been considered in all of the work done. 

The nat ur e of t he work necessary for t h e study of 

t he preparation of betrabromoanthranilic acid ha s pre­

vented any close similarity to the work done on the 

previously prepared t e trachloroanthranilic acid. How­

ever, dia zotization of the compounds and effects of a 

few reagents on each compound have been noted. 



ExPEnl MENTAL IORK 

I PREPARATION OF TET RABROMOPHTHALI ~ ,,..A HYDRIDE 

(j c..~ c, 6r J-C.~c, 
- .,,.o t t Br;i.. ----r ~o 
-c ~ -c 

.::: CJ ' J 
Br 

Method: The method of Pratt and Shupp (1) was used 

with modifications indica t ed below. 

To 100 g . of phthallic anhydride in a three neck 

flask fitted with a dro ppi ng funnel, water condens er, 

and a stirring rod through a mercury seal, 600g. of 

technical 60% fuming sulfuric acid wa s added. The 

mi xture was stirred for 2½ hours until all of t h e 

anhydride ha d d issolved; then 2 g. of iodine crysta ls 

were added and the flas k heated to 80°. 125 ml. of 

bromine in the dro pping f unnel were t un in t o t he solu­

tion with t h e dro pping fu nnel going under the solution 

- about 1 drop pe r s ec. Afte r a few minutes bromine 

began to appear in t h e condenser and the r a t e of addi­

tion was slowed down considerably. 

Aft er 8 hours one-third of the bromine had been 

added and bromine was no lo nge r taken up . Iodine crys­

tals -, er e noticed appea ring in the ondens e r and es ped­

ially on the rubber sto pper connections. The f lask 

wa s cooled spontaneously with stirring and was then 

immersed in a co l d wa t e r ba t h for five minutes. A 

slurr y of orange-yellow crystals a ppear ed on cooling . 

About 0 .7 g . of iodine cryst als wer added to the cold 

mixture and about one-third of the remaining bromine 

(1) JACS 40 1416 (1918 ) 



was run in with stirring. The water ba th was heated 

to 87°, maintained at this tempera ture for two hours, 

and bromine fumes a gain became prolific. Th e flask 

was cooled once more and then taken to 98° for 20 min. 

when once more bromine fumes came off rapidly, and the 

flask was allowed to cool. 

100 ml. of fuming sulfuric acid was added and 

the flask heated for 2½ hours at 98° with the addi­

tion of 15 ml. of bromine. On cooling , brown crystals 

formed. 10 ml. more of bromine was added with the 
0 flask heated at 98 for 2 hours. On cooling , brown 

crystals filled the lower nine-tenths of the system. 

The flask was heated for three hours at 98° with 

the slow addition of another 15 ml. of bromine and 

a gain the flask was cooled. Crystals were still present 

and when the flask wa s at r()Q)rn tempera ture the rest of 

the bromine was added along vti th 75 ml. of f uming 

sulfuric acid. The flask was rehea ted on the water 

ba th ·?1th a "cold finger" in the end of' th e condenser 

for continual refluxing of t h e bromine for l ¾ hours. 

Th en the oil bath was substituted for t he water bath and 

th e tempera t ure slowly raised o"{rer an hour and a ha lf 

to 164°, and the bath held at this tempera t ure for 

½ an hour. Bromine refluxed far into the condenser 

and an increase in tempera ture would ba ve allwed the 

encape o f free bromine from the end of the condenser. 

The fl ame was then remov ed and the flask allowed to 



cool spontaneously. After three hours the f l ask was 

at room temperatu re. 

The contents of the fl ask were filtered leaving 

a heavy brown precipitate rich in bromine fumes. The 

filtrate was poured onto ice in a two liter crock. 

After the ice had melted, t he contents of the crock 

we re filter ed t h rough a sintered g lass funnel l eaving 

a grayish-black precipitate. This was disca r ded a s too 

i mpure for u s e. The original ppt. was t reated with 

g lacial acetic acid and filt er ed leavi ng a gray ppt. 

This was dried and weighed 160 g. A small portion was 

recrystallized from acetic acid and a Parr bomb run 

on t his sample for bromine. 

Results - Parr bomb analysis 

Wei ght of sample 0.3041 g. 

Silver nitra te a dded 42.13 ml. - 0 .100 N. 

KSCN titra tion 

Found: 

36.25 ml. - 0.0500 N 

63.3% bromi ne 

Theoretica l: 

tetrabromo phthalic anhydride 

tetrabromophthalic acid 

tribromophthalic anhydride 

68.9% 

66.4% 

62.3% 

The crude gr ay ppt. from above we s treated by two meth-

ods: 

1. One portion of t h is gray ppt. was dissolved in 

xylene at 80°. This was r ecrystallized by eva poration 

of t he xy l ene leaving a gray ppt. as before . One 

s ampl e wa s used for determination of bromine 



Results: Parr b8mb analysis 

Weight of s ample 

Silver nitrate added 

KSCN titration 

Found 

Theoretical : 

0.3005 g. 

50.0 ml - 0 .100 N. 

51.17 ml. - 0 .050 N. 

64. 9% bromine 

tetrabromophthalic anhydride 68.9% 
II acid 66.4% 

tribromophthalic anhydride 62 .3% 
II acid 59.4% 

2. The r e st of t he g ray ppt. was dissolve d in NaOH 

solution and t h e pr e clp!ta t e from xylene above was 

added also. The momo-sodiurn salt seemed i nsolub le, 

so the ppt. was disso l ved in 400 ml. of 2 N. NaOH 

solution. This solution was treated with decoloriz­

ing carbon black, hea ted to boiling , cooled and fil­

t e r-e d. Af ter wa sr.tng the ppt., the fl ltrate was acid­

i f ied with excess conc entrated sulfuric a cid (70 ml.) 

A white ppt. was immediately formed ,.,hlch was a ~lowed 

,to stand overni ght and wa s then filter ed and dryad 

on a n evaporating dish over a water bath. 

The dried w i t e crystals we re trea t ed with acetic 

anhydride in an 800 ml. round bottom fl as k and hea ted 

for 2½ hours to a t emp . of 120° over an oil bath. 

White crysta ls r esulted. 

Melting point 

Record ed M. P. -



Experiment II - PREPARATION OF TETRABROMOPHTHADli 

BHDE FR01vI THE CRUDE TETRABROMOPHTHALIC ANHYDRIDE 

FROM I. 

Method: Two methods we re attempted for obtaining 

t he 

A) 25 g . of crude t etrabromophthal1c anhyd ride 1\'e re 

heated in a 500 ml . round bottomed flask with 7.97 g . of 

a mmonium carbonate for 2½ hours over an oil bath with 

the temp . slowly raised to 300°. A yellow solid was 

obtained, partly color ed with white crystals. After 

cooli ng , the solid was treated with water and broken 

up with a yellow murky-white mixture resulting. This 

was filtered and washed, and the ppt. was trea ted with 

acetic a cid a nd allowed to stand. A white su spension 

resulted which a ft er s ev e ral filtrat i ons g&ve a yellow­

ish-gray ppt. wei ghing 21.9 g. Theoretical yield -

24 .9 g . 

B) 20 g . of tetrabromophthalic anhydride in excess 

cone. ammonium hydroxide were heated in a 500 ml. 

ro und bottom flask on the waterbath until the anhydride 

dissolved. The solution was evapora ted almost to 

dryness and t hen heat ed over an oil bath to 300° with 

an a ir conJ ens er attached. A yellow solid resulted. 

Aft er treatment with wa t er and acetic a cid, as a bove, 

t he mi xt ur e was filt ered. Ye llov crystals resulted 

which were washed and dried~ Yield was 18.l g. Theoretical 

yield - 19 .9 g. 



III PREPARATION OF TETRABROMOPATHRANILIC ACID FROM 

TETRABROMOPHTHALIMIDE. 

Method: The met hod of Lesser and Weiss was used (1) 

with modifications. Sodium Hydroxide was used rather 

than KOH, and commercial 5% "Chlorox" ( NaOCl) was used 

rather than passing 

B',. OF\ <Ii t NcD H (,- I. (., 
'C) 

6.-

chlorine into the alkaline solution. 

0(3-r O o& .... 
Br c.- Nrlz. fi'.- N\-1,._ 

t- IJe,,OCP 
llr c,-o-Nc... Br ~ c...~u -f•lc, ... 

I ~ 

ti'.- 0 [Jy- 0 

To 25 g. of crude tetrabromophthalimide in a 500 

ml. beaker, 15.9 g. of NaOH arxi 55.5 ml. of water were 

added. The beaker was cooled in an ice bath to 3° and 

after the NaOH had dissolved, 79.3 g . of 5% NaOCl 

· solution was added. After half an hour the mixture was 

heated in the beaker on a water bath to 80° for 30 

minutes. An orange colored solution resulted wh ich gave 

orange-red crystals on cooling. The mixture was neut­

ralized with hjdrochloric acid and treated with excess 

glacial acetic acid. The orange crystals were filtered 

and washed, with acetic acid and wa t er. Yield: 24.1 g. 

Theoretical: 24.2 g. 

IV ANALYSIS OF PRODUCTS OBTAI NED IN EXPERI MENTS. 

A Analysis of Tetrabromophthalic Acid. 

Crude tetrabromo phthalic acid obtained from the 

original tetrabromophthalic anhydride was soiled with 

acetic acid, a little HCl, and 50% water. The compound 

{l) Berichte: 46 3942 



slowly hydrolyzes and goes into solution. The solution 

was fl 1 tered and water was added to the fl 1 trate. On 

cooling white crystals were precipitated. If the acid 

is dissolved in glacial acetic aoid and heated 1t changes 

over to the anhydride. The white crystals were filter­

ed, and then they were wa shed with acetic acid and water. 

Some crude tetrabromo phthalic acid already prepared by 

our advisor, Dr. L. H. Farinholt, was recrystall-

ized in the same manner. Small samples of ea ch were 

dried in an oven at 100° for Parr bomb analyses. 

1. Parr bomb on recrystallized tetrabromophthal­

i c acid prepared by 1,n . experiment~ I ,,_,, _ ~ 

wt. of sample 

Silver nitrate add~d 

KSCN titration 

Found 

Theoretical 

0 .3~0 g . 

43.52 ml. - 0.100 N 

37.50 ml. - 0 .050 N 

65% bromine 

66% bromihe 

2. Parr bomb on recrystallized tetrabromophthal­

ic acid prepared by Dr. L. H. Farinholt. 

Wt. of sau1ple 0.3 830 g. 

Silver nitrate added 40.04 ml. - 0.100 N 

KS CN titration 32.04 ml. - 0.050 N 

Found 63.5% 

Th eo r etical 66% 

The discrepancies in these Parr born), analyses were 

laid to traces of the mono-sodium salt, for in neither 

ca se was the crude acid steame d 1n solution as proposed 

by Pratt and Shupp (1) 

(1) JAGS 40 1416 



B Analysis of Prepared Tetrabromoanthranilic Acid 

The impure tetrabro moanthranilic acid obtained in 

experiment III (21 g .) wa s pulve rized and heated with 

glacial ace tic acid to boiling. Most of t he substance 

seemed to go into solution. The mixture was filtered 

and the f iltra te h ea t ed wi t h ca r b on b la ck to boiling , 

refiltered, a nd diluted with water. A very s mall 

amount o f white crystals resulted. The preci pitates 

a bove were a gain tFeated with glacial ace t ic a cid, 

heated to boiling , coo l ed, filtered, and diluted. 

A much smaller amo unt of preci pita te was obtained, but 

the procedu r e wa s carried out once mor e . The total 

preci pita te on drying weighed 2 g . It melted at 196°. 

Recorded M. P. 204-5. 

The exceptionally small amount o f tetrabromo­

anthr anilic acid a ppea ring was of grea t interest, al­

though i t was not a pa rticularly desireable r esult. 

Since only s ll gh tly more t han one g . of the substance 

was on hand, anothe r pr epar a tion was nec essary. 

V REPREPARATION OF TETRABROMOANTHRANI LIC ACID FROM 

REPURIFI ED TETRAB:.LOMOPHTHALIC ACID. 

20 g . of ana lyzed tetrab r omo phthalic acid was 

dissolved in exces s cond. ammonium hydroxide. The 

solution was hea t ed on an oil b ath until the water 

had evapora t ed fro m the flask, and the flas k was then 

fitted with a n air condenser and heat ~d solwly to 300°. 

The resulting yellow solid wa s treated \dth wat e r, 

filt ered and washed with water. The ppt. v11as dried 

over a steam ba th and weighed 17.9 g . Theoretical 18.9 



This i rn ide, 25 g . of NaOH and 100 ml. of water 

wer e s ha ken in a beake r until the NaOH dissolved. The 
0 ' i mide d1 d not seem eo lubl e even on warming to 35 • 

The solution wa s cooled to 4° &nan ice bath and NaOCl 

added in excess. No rea ction seemed to occur, so t he 

beaker wa s r emoved from th e 1 ce ba th aft er hal f an 

r:our and wa r med gr aduall y . At 60° a reddish col or 

a ppeared, and th e yellow imide crys t als became dark er. 

The mixture was hea t ed to 80° fo r two hours and taken 

to 100°. After cooli ng , the mixtu r e was filtered 

giving a da r k red filtr ate and a pink ppt. The pre­

cipita te wa s washed with water and heated on a steam 

bath. On drying , the pink crystal s gave no melting 

point at 300° and were insolub l e in cone. HaOH, dil. 

NaOH, cone. HCl, and glacial acetic acid. Howev er, 

cone. NaOH acc uired a r ed c olor on boiling with this 

subst ance an d gav e a yellow ppt. on neutraliza tion 

and acidification with hydrochloric acid. This red 

solution gave no ppt. on acidification with a cetic 

a cid. When t h e HCl ppt. was tre fa t ed with acetic 

acid it readily dissolved . 

The filtrate wa s neutra liz ed with hydr ochloric 

acid evolving a good deal of gas i n a foam. Acetic 

acid wa s added in excess a nd the sol ution heated to 

boiling . During heating a precipitate formed which 

dissolved on stirring. Aft e r coolin , t h e solution was 

acidified with HCl until profuse orange-yellow crys­

t al s fi l led the beaker. These crystals were filtered 



and dried, wei ghing 2 g. A portion was recrystallized 

by dissolving in a large volume of glacial acetic acid 

with h eating and pr ecipitating by eva pora tion and 

cooling. These melted at a pproximately 200°. 

Recorded M.P. - 204°. 

These results were an indication of the absence 

of t he basici ty usua i. ly found with an amino group, 

for the tetrabromoanthranilic acid is inso l uble in 

acid. Acetic acid probably showa a solvent effect here. 

It was becoming obvious that this method of prep­

aration was not leading to yields of tetrabromoanthra­

nilic acid expected, so new me -:,hods of pre paration were 

attempted. The first was a modifica tion of t he method 

previously used, and t h e second wa s derived from the 

meehod of preparation of tetrachloroanthranilic 

acid by Villige r and Blangey (1). 

VI NEW PREPARATIONS OF TETRABROMOANTHRANILIC ACID. 

A Since it has been shown that tetrachloroanthranilic 

acid is eonverted ~uantitatively to tetrachloro-

aniline on heating (1), the previous method of pre­

paration of tetrabromoanthranilic acid was carrl ed out 

without allowing the temperature to rise a bove 60°. 

25 g. of analyzed tetrabromophthalic acid was dissolved 

in ammonia, h eated to 250° over an oil bath, and th e 

i mide obtained as before (2). The imide was dissolved 

(l) Berichte 42 3549-52 (1909) 
(2) This thesis 



in cold 12 Molar NaOH ro l ution over a period of three 

hours, and the solution was filt e red. The clear filtr­

ate was cooled to zero degrees and excess NaOCl added 

with sti rring . Th e temp. was kept below 5° f or three 

ho urs, and the beaker containing the solution was then 

removed and allowed to warm to room temperature. The 

solution wa s stirred at room temp. for two hours, t hen 

cooled to about 5° in an ice bath a nd neutralized with 

HCl. 

were 

On acidification, white crystals resulted which 

filt ered and dried ov e r a water ba th at 65-70°. 

The s e crystals t urned sli ghtly pink around the edge of 

th e evaporating dish whe r e h ea t was greatest, and the 

entire mas s became da r ker to at -white color. A 

portion of t hese crystals r ecrystallized from acetic 

acid melted a t 202°. 

B ¥i lli ger and Blangey in preparation of tetrach loro-

anthranilic a cid used a sli gh tly different method in 

which the acid ami de is isolated. 25 g. of t e tra­

bromophthalic anhydride was di ssolved in 20% ammonia 

wi t h sti r ring . This solution wa s poured into a mixture 

of ice and dilute sulfuric acid, and white flake• 

were preci pitated . Th es e were filt e r ed and washed 

Hi t h wat e r immediately and were t}!en disso l ved in 

NaOH and coo led to zero degrees. NaOCl was added in 

excess a nd the mixture a l lowed t o warm to room temperature 

and sta nd for t hree hours. The solution was then 

heated to 60° with sodium bisu lfite to remove excess 

Naoc1. Hydrochloric acid was added to preci pitate 

the anthranilic a cid and vvh i te Cf'._ys ta:ls resulted. 



These were f rf: l t e red and dissolved in hot 12% so dium 

ca r bona t e solution for t)uriflcation. Satu r a ted NaCl 

solution was added while hot to p r eci pitate t be acid 

on cooling . This precipitate was dissolved in a hot 

very s li ghtly alkaline solution of Na0H and the ac1c\ 

precipitated with H61 added very slowly . The ppt . 

was washed thoroughly and dried in a des si cator. 

Melting pt. - 202° Theoretical - 204° 

c For further study of tetrabromoanthranilic acid 

and t o che ck the f ,f) r s t part of t his experiment, a large 

batch of tetrabromoanth ranilic acid wa s pre pa r ed with 

the following results. 

50 g . of tetra ,J ro mophthalic acid was h ea ted with 

75 ml. of 15 Molar ammonia and 75 ml. of wa ter and we nt 

into solution. This solution was d ri ed by evapora tion 

and placed 1n a round bottom flask fitted with an air 

condenser and heated in an oil bath to 300°. After 

cooling, the yellow imlde wa s washed from the conden­

ser into the flask with wat er, sha ken thoroughly a nd 

trea t ed with Na0H i n the cold until the solution was 

about 8 molar. This was allo wed to stand for 24 hours 

and was then heated slowly to 60° for 2 ho urs. There 

was little or no sign of the imide dissolving, but a 

small amount of ammonia was evolved ( litmus turned blue) 

wi th the original addition of Na0H. The mixture was 

cooled to 5° and Na0Cl added liberating a large amount 

of gas with only a faint odor of chlorine and no test 

for oxygen •.11th glowing splints. This mixture was 



taken to 60° for 2 hours. 

The NaOCl mixtu r e was allowed to cool and stand 

for 2 days and was then fi 1 t e r e d. . The f 11 tra te was 

made aci d with HCl, and a yellowish-white ppt. iden­

tical in color with the precipitate from the NaOCl 

solution resulted. This was dried over a boiling 

water bath and allowed to stand. 

D Experimental recrysta llization of crudes from 

t e trabromoanthranilic acid preparations. 

About 100 g . of crude insoluble substance from 

various preparatio ns of anthranilic acid was heated 

with glacial acetic acid and filtered. The precipi­

tate was treated ,v i th NaOH and guve an orange colored 

so l ution above a l a rge mass of insoluble substance. 

This alkaline solution was f iltered and its fi l trate 

acidified with HCl giving white crystals. 

The ori g inal acetic acid filtrate was orange-red 

in color and on dilution a nd evaporation gave orange­

yellow crystals. 

Th e large mass of red-pink precipitate from the 

alkaline s olution was again treated with acetic acid 

and filt ered. The results were the same as before on 

dilution and evaporation. The preceding procedure 

was carried out four times, but a large a mount of 

a Pink residue was insoluble. 

On drying , the acid precipitates a fter filtration 

about 28 g . of r ecrys tallized tetrabromoanthranilic 

acid was obta ined. 



The substance insoluble in NaOH and acetic acid 

was also 15ound to be insoluble when boiled with water, 

but it turns a definite orange. On boiling with very 

dilute HCl soln. the pink residue is turned white. 

VII AN ATTEMPT TO PREPARE TETRABROMOSALICYLIC ACID 

FROM TETRABROMOANTHRANILIC ACID. 

In order to study the action of the -NH2 group 

in tetrabromoanthranilic acid, diazotization was carried 

out as suggested by Saunders in his Aromatic Diazo 

Comoounds. 
(:. 

f,. r\-fJI·', 4 WJO, ---r 
8r ~ )- C -0 /J 

!3, '() 

Two attempts at diazotization were made with the f ol~owing 

experimental results: 

A 5 g . of r e crystallized tetrabromoanthranilic acid, 

0 .7 g . of NaN02 , and 0.4 g. of NaOH were dissolved in 

about 100 ml. of water and diluted to 250 mlr An 

orange red co l or resulted. The mixture was cooled 

to zero degrees and 7 ml. of cone. sulfuric acid in water 

were added slowly, the temp. not going above 7° at any 

time. A yellow ppt. formed. On warming, this ppt. 

disappeared and gas was evolved. After moat o, the 

gas had been evolved, the solution was allowed to cool 

to room temperature, white crystals r esulting . Th ese 

were filtered and ga ve l ess than l g . of precipitate. 

B Repreparation of Tetrabromosalicylic Acid. 

12.5 g . of tetrabromoanthranilic acid, 2.5 g. of 



Ne.OH and 3 g . of NaN02 we re dis solved in about 200 

ml. of water. This soluti on was cooled to zero and 

sulfuric acid added. Bro wn fumes came off. The 

mixture was allowed to wa rm to room temperature and 

was h ea ted to 60°. A small amount of brown- r ed 

crystals were precipita t e d and filtered. These were 

disso l ved in NaOH, filtered and acidified. This ppt. 

was filt e red, treated with e t her and then shaken with 

NaOH. The mix t ure was filtered and t he ether portion 

extract ed. The NaOH portion was a cidfied giving brown 

red crystals. These crystals were dried in a dessicator 

and analyzed f or bromine. 

Parr bomb a na lysis for bromine - potent1ometr1c 

titration (sampl e curve on following page) 

Vt. of sample 0.3026 g . 

Ml. of AgN03 24 

Percent bromine found 63.7% 

Theoretical: Tetrabromosalicylic acid 

Tribromos~ licylic acid 

70.6% 

63.9% 
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SUMMARY OF EXPERIMENTS ON TETRABROMOANTHRANILIC ACID 

several positive results have been obtained in 

h work on tetrabromoanthranil1c a cid. It has been t .e 

shown that the y i eld of t h e tetrabromoanthranilic acid 

can be grea tly improved by working at tempera tures 

below sixty degrees. A by-product which becomes the 

main product of the r eaction h a s been effectively removed 

by t his method. It has also been shown that t h e diazo­

tization of tetrab r omo anthranilic acid leads to unex­

pected res ults in the formation of a compound corres­

ponding closely to tribromos a licylic a cid. The bas ic 

effect of t h e organic a mino group in tetrabr omoanthra­

nilic a cid has been fo und to be negli gi ble as far as 

chemi cal rea ctions a re conc e rned, and the a ction of 

the carboxyl g roup a s an acid is hindered. 

The tendency for r e mova l of the carboxy group in 

tetrabromoanth ranilic acid on h eating may be responsible 

for i ncrea se in yields of the acid form t h ~ i mide at low 

t emperatures. fhe removal of one bromine a tom 1n 

diazotization has a lso been postulated (1). The negativity 

of t h e bromine atoms in tetrabromoanthranilic acid 

undoubtedly has a g reat effect on the usually positive 

amino group, and stearic hindrance may also enter in. 

The formation of the many colored complexes found 

t h roughout the work presents many interesting problems, but 

time did not allow a sufficient c onsid eration of this 

subjec t to postula te any t heories of mechanism. 

(1) Saunders: Aroma tic Diazo Compounds p 55 



REACTIONS OF TETRACHLOROANTHRANILIC ACID 

After working on the tetrabromination of phthallic 

anhydride, and the preparation from tha t of tetrabromo­

phthallic acid in conjunction with R.H. Adams, I had 

as the object of my work the studying of the properties 

and r eactions of tetrachloroanthrani l ic acid, particulari l y 

the diazotization of this acid. It develo ped that the 

a t tempts at diazotization were so time ro nsuming that 

this was the only reaction studied. 

The possibility of di a zotizing and subsequently 

hydrolizing off the di a zonium group and r e placement by 

hydroxyl, thus producing tetrachlorosalicylic acid was 

suggested by my advisor in this work , Dr. L. H. Fa rinholt. 

This reaction was of particular interest as tetrachloro­

salicylic acid had not been prepared before. The work 

of Farinholt, Stuart, and Twiss(l) showed that salicylic 

acid co uld not be directly chlorinated beyond ~he trichloro 

derivative. However, it was s uccessfully pre pared by 

the diazo t i zation and subsequent hydrolysis of tetra­

chloroanthranilic acid. The me chanism of the r eaction 

0 ,o 
CJ - N -:::. J\/ - 0 - 5 - Ci M ,, 

0 
(.P -C;-OJi 

I 

t -
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CR o 

(1) J.A.c.s. 62 1237 (1940) 
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Some difficulty was anticipated in the diazotization 

of tetrachloroanthranilic acid, for it is known that the 

ease of diazotization of an amine is lessened if there 

is a carboxyl group in the nucleus, and further that 

the addition of halogen a lso has a retarding effect on 

this reaction. 

Aft er consulting the lite rature for the best 

method of diazotization, the "inverted method" 

described by Saunders (see monograph, V-A) was 

decided to be the most feasible. However, this 

method wa s somewhat modified to meet the needs of the 

occasion. It was found that the sodium salt of tetra­

chloroanthranilic acid was insoluble in t..r:ie small amount 

of wat er indicated, so a much larger volume of water 

was necessary. In view of this fact, the sulfuric acid 

was poured into the basic solution of the hmino acid, 

instead of the o pposite waJ as described. 

As raw material for my experiments, I used some 

impure tetrachloroanthranilic acid furnished by Dr. 

Farinholt. I was not able to find its history. 

All analyses we re done by analysing for halogen 

content using a Parr bomb. However, in the Volhard 

titration for halogen, a g reat deal of difficulty was 

found in determining the end point, so the titration 

was done by directly adding silver nitrate, using a 

potentiometric method for determining the end point. 

Titration wa s done against a silver electrode, and as 

a reference electrode, since I was titrating chloride, 



I did not use a calomel half cell, but ra t her one of 

mercuric sulfate, with .25 N sodium sulfate in the 

salt bridge. Extremely good cu rv es were obta ined 

using this me thod, although the precaution must be 

t aken to stir vi goro usly in t h e nei ghborhood of the 

s ilver electrode, so t hat t he silver chloride will not 

deposit on it. This method f urnished a n accurat e and 

very rapid method of titra ting , a complete Parr bomb 

ana l ysis t a ki ng only an hour. 

I am indebt ed to Mr. J. R. Taylor for helping 

me work out the details of t h i s titration. 



ExPERIMENTAL 

I PURIFICATION OF TETRA CHLOROANTHRANILIC ACID 

Th e crude tet r-achloroanthranilic acid of Dr. 

Fa rinholt was found to be soluble in glacia l acet ic acid, 

so it was purl fi ed from this. 10 g. of the impure acid 

was dissolved in glacial acetic acid, an d the impuri­

ties fi 1 tered off. Th en t he solution was di l uted with 

water, on which t h e anthranilic acid came down as a 

yellow precipita te. It was dried a nd det e rmined pu re 

by melting point experiment. 

Observed melting point 

182° 

Recorded melting point 

182° 

II PURIFICATION OF TETRACHLOROANTHRA NILIC ACID 

An attempt to diazotize impure tetrachloroanthrani l ic 

acid was conducted oh a small sca le. As this wa s to be 

a t est tubs experiment, no r ecord was kept of t he amount 

of r eagents used. The impure acid was added to a s olution 

of sodium hydroxide, but it did not dissolve readily. 

Wa ter was a dded to bri ng it to a cl ea r solution, but 

the a mount necessa ry w~s very gr eat. (About 1 liter of 

water for 1 g. of a ci d.) Sodium nitrite was added 

a nd t he solution cooled to o0 • Tben 1 t was acid1f led 

with s ulfuric acid, a yellow solid co ming down. This 

was heated over a steam bath, filt e red, and dried over 

a st eam bath. On taking its melting point it was 

found to be pure tetrachloroanthranilic acid, this 

having precipitated in the l arge volume of solution 



rather than the diazo reaction taking pla ce. From 

then on, this method was used to purify the raw material. 

Obs erved melti ng point 

182° 

Recorded melting point 

1s2a 

The follow~ng two test tube r sactions we re carried 

out to see .whether t e trachloroanthranilic acid could 

be dia zo t ized. I decided to carry out the dlazo rea ction 

and then coupl4 the product and det ermine whether or 

not anything happened. 

III DIAZOTIZATION AND COUPLING WITH H ACID. 

About .5 g . of tetra chloroanthranilic acid was 

dissolved in 100 ml. of wa t er. A clear solution was 

not obtained, but in view of (II), it wa s t hought 

unwise to use any more wa ter. A small amount of sodium 

nitrite was added, the solution cooled to o0 and 

acidif~ed with sulfuric acid. A brownish-pink insoluble 

precipita te came down. To this 1vas added an aqueous 

solution of H acid. After a short time, the precipitate 

disso l ved, and a dark r ed-brown solution was t he result. 

From t his I concluded tha t diazotizatiom and coupling 

had o~curred, with the probable formation of the 

following dye: 

H 
C) 

H I+ 
N 

H 
C) \ 
\\ /a 

C Cf 

/\ I= /\1-0-Cf 
C(J Cf 



IV DIAZOTIZATION AND COU PLING WI TH PHENOL 

The same procedure a s in (III) was car ri ed out, 

with the exception that phenol was used inst ead of H 

acid. The result in this ca se was a yellow solution, 

which acted as an indicator, being yellow in acidic 

solution and b rown in ba sic solution. The following 

is the probable product. 

The products in both th e above r eactions were 

quite soluble, and there being an ext r emely sma l l 

amount of them, contaminated with a large amount of 

sodium sulfate, no attempt was made to isolate and 

purify them. However, t he i mportant conclusion was 

inferred that we would be able to diazotize tetrachloro­

anthranilic acid. 

All further experiments we r e devoted to the 

attempt to make tetrachlorosalicylic acid. 

V ATTEMPTED PREPARATION OF TETRACHLOROSALICYLIC ACID 

7.4 g . of tetrachloroanthranilic a c id and 1.38 g. 

of sodium nitrite were added to a solution of .79 g. 

of sodium hydroxide in 50 ml. of water. The volume of 

the solution was made up to 800 ml. befo r e the 

anthranilic a cid would dissolve. This so l ution was 



00 oled to o0 • Then, with constant stirring, 3.38 ml. 

of concentrated sulfuric acid in 20 ml. of water was 

auickly added, the volu ,-ne of the s olu t ion being so 

great that t h e temperature did not rise. A white 

precipitate immediately formed which turned pink in 

about 30 seconds. 

This was a l lowed to stand for an hour, during 

which time it gradually turned brown. It was then 

hea t ed to boiling and a llowed to cool. A brown, gummy 

precipitate formed in lumps, which wer e filtered off. 

This gum was purified by dissolving in gl actal acetic 

acid, filt ering, and • reprecipitating with water. 

The brown crysta ls resulting were dried at 55° for 

two days. This product was analysed for chlorine 

~ nt ent by use of a Parr bomb, the results being as 

follows: 

Calcula ted for tetra­
chlorosalicylic acid 

51.5% 

Found 

This hi gh percent of chlorine was quite astonishing, 

and in looking for the reason I came across the following 

possible explanation: 

According to Villiger and Blangey(l) tetrachloro­

anthranillc acid, when heated above its melting point 

is converted ouc:t nti t a ti ve ly into 2 ·, 3 ,4, 5-tetra chloro­

ani line. Thus, I assume t hat in heat ing my pr oduct, 

the ca rboxyl group s plit of f, leaving 2,3,4,5-tetra-

(1) Ber. 42 3549-52 (1909) 



chl0 ro pheno 1. The p ercent of chlorine in tetrachloro 

ohenol, 60 .7%, checked with my results. On taking . 
its melti ng point, part of it decom posed a little 

below 166°, to which tempe r a t ure it had been hea ted 

auring t he hydrolysis, and t he rest melted a t about 

120°, the pheno l melti ng a t 110°. 

I n lig...l-it o f th j_s experi enc e , al l subsequent work 

was done a t a t emperat ur e below 60°. 

VI ESTABLISHME NT OF \.fETHOD OF P URIFICATION 

The diazotlzation was ca rried out exactly as in 

the 9receding experiment, but in the hydrolysis, the 

solution was heated only to 60°. This was a decided 

improvemen6, for instead of the gummy mass forming, 

a flocculent mas s of fine brown crysta ls came down. 

These were purified by dissolving in 6N sodium hydroxide, 

filte r ing , a nd r epreci pltating with 6N sulfuric acid. 

However, on drying , the ma teri a l did not look at all 

pure. Therefore this material was used to develop a 

method of purification. Glacial acetic acid and 

water did not seem to do so well, so the following 

method was developed: 

The solid was dissolved in 6N sodium hydroxide, and 

di luted to complete solution. This solution was a deep 

blood red. Part of the solid did not dissolve, so this 

wa s filtered off, and the clear solution was acidified 

Preci pitating flocculent brown crysta ls. This wet 

solid was dissolved in ethyl ether, and the inorganic 

salts, being insoluble, were filter ed off. The 



ethereal solution wa s again deep blood red. This 

etherea l solution was shaken several ti mes with dLlute 

sodium hydroxide, which formed the sodium salt of the 

acid, insoluble in e t her, but soluble in the a queous 

solution. These a qu.eous extracts we r-e separat ed by 

means of a separatory funnel and a:> mbined. Then they 

were placed in a vacuum oven to boil off the srnalL 

amount of ether in the solution. The clear red solution 

was then a cidified with sulfuric acid, pale brown crystals 

coming down. These crystals were dried at room 

tempera ture, but there was so little material that 

nothing further was do ne with it. 

At this time Adams called to my attention that if 

wet, freshly reprecl pitated anthranilic acid were used, 

instea d of the dried material which I had been using, 

it would dissolve 1n a much smaller volume of water. 

He had discovered this fact while working with h1s 

tetrabromoanthranilic acid. 

VII PREPARATION OF TETRACHLOROS ALI .CYLIC ACID. 

8 g. of impure tetrachloroanthranillc acid were 

dissolved in sodium hydroxide, filtered, and then 

precipitated with sulfuric acid and washed. This 

wet paste wa s pla ced in a beaker and neutralized w1 th 

6N sodium hydroxide. Then it was dissolved in lg. 

of sodium hydroxide in 200 ml. of water and 1.5 g . 

of sodium n1 trite was added. Th e solution was cooled 

to o0 and, with constant stirring, 4 ml. of c oncentrated 

r 



eulfuric acid in 20 ml. of water was rapidly added. 

I mmediately a thick pink precipitate c ame down. This 

0 was a l wed to stand i n the ice ba th for ten minutes, 

during which t LPe the yJr e ci pi t a te turned brown. 

It wa s . t h en taken out of t he ice bath and allowed to 

stand at room tempera ture for t wo hours. Placed on a 

water ba th, it was hea t ed to 40°, and with stirring, 

allowed to cool to room t emperatur e . The r eddish-brown 

precipitate wa s then filt er ed and washed. The pr ecipitate 

was dis s olved in s odium hydroxide, g iving the deep 

red colora tion, filt e red, the filtrate acidified with 

sulfuric acid, and t he brown crystals filt e red off 

and washed. This wet ma ss was disso l ved in ethyl 

ether, the inso l uble r e sidue being f i ltered off. The 

clear red soluti on was extra cted with several portions 

of sodium hydroxide. This aoueous so l ution was pla ced 

in a va cuum to remove t h e ether, and a cidified with 

sulfuric acid, a pale tan pr eci pita te coming do wn. The 

precipitate was fi l tered, washed with 500 ml. of water, 

and dri ed in a deesicator. Yeild:- about .8 g. 

A Parr bomb analysis was run, the titration being 

carried out potentiometrically. 

Calculat ed for tetra ­
chlorosalicylic acid 

Found 

A melting point of the material was t ried, but it 

decompos ed a t a bout 145°. This res ult proves 

conclusively the p r epara tion of tetrachlorosalicy l ic 



I 

acid. The decomposition on heat i ng a grees with 

the behavior of tetrabromosalicylic acid. 

VIII REPREPARATION OF •rETRACHLOROSALI CYLIC ACID. 

Another diazotization and hydrolysis of anthranilic 

acid was carried out to reproduce the prepara tion of 

tetrachlorosalicylic acid. The procedure was carried 

out in every det ail like t he one just preceding, with 

the exception that at no time was the tempera ture 

V O d al wed to go over 25 • The Parr bomb result was 53. 7to 

chlorine, which is not as close as t ha t in the previous 

experirne nt, but still close enoue_:..11, in v lew of the fact 

tha t a ny other possible compound produced would not 

have a chlorine content a nywhere near this fi gure. 

SUMMARY 

By means of the diazotization of tetrachloroanthra­

nilic acid, and th e hydrolysis of its di a zo group, leading 

to the introduction of a hydroxyl group, tetrachloro­

salicylic acid has fina lly been pre pared. However, 

t he yield was extremely poor, and some work must be 

done to improve it. The acid seaned somewhat soluble 

in water. Th e yield yo uld undoubtedly be improved 

if some means we re found to carry out dia ,,, oti 7,atlon in 

a much smaller volume of solution, and a better means of 

purifica tion were found. 

An interesting sub ject for study would be the 

formation of the red co mpound when this a cid ls in 

solution. 



CONCLUSION 

Since our work parallelled only in the diazo-

tiza tion we can hardly draw any genera l co nclusions from 

a comparison of the two. However, t here is one 

striking point. In t h e diazoti zation of tetrachloro­

anthranilic acid, t he product is tetrachlorosalicylic 

acid, while in the di a zotiza t ion of tetrabromo­

anthranilic acid, the product is apparently tribromo­

salicylic acid. The bromine atoms a re less strongly 

held to the aromatic nucleus, which seems strange, 

eince they are less ne gative than chlorine atoms, 

which we should expect to come off more readily, if 

the rule of "like charges repel" holds good. 

Another difference noted between the two 

compounds is that the tetrachlorodiazonium compound , 

was auite insoluble, whera s the t e trabromodiazonium 

salt dissolved on warming! Pe rhaps this can be explained, 

on the grounds tha t one of the bromi ne atoms s plit off, 

leaving a compound which wa s mor e soluble. 

The study of the peculiarities of these compounds 

has proven fascinating to both of us. It has raised 

some large a nd interesting questions t hat we are 

unable to ans wer. It is hoped tha t in the nea r future 

the answers to them will be found. 
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