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Aminophthalic acids can be prepared by catalytic hydrogenation of the disodium salts of 3- and Pnitrophthalic acids 
in water. Certain amino and nitro aromatic carboxylic acids function as accelerators in the hydrogenation of otherwise 
unreceptive nitro acids. The corresponding isomeric azidophthalic acids are described. 

Chemical reduction of 3- and 4-nitrophthalic 
acids to aminophthalic acid using stannous chlo- 
ride,' tin-acid,2 or zinc-acid3 gives as products 
metal double salts or materials which are difficult 
to separate from metal residues. The 4-isomer gives 
particularly poor yields because of its high solu- 
bility and the ensuing problems of isolating either 
the amine or its hydrochloride. Hydrogenation of 
nitrophthalic anhydride4 in acetone or ester6 in 
alcohol has given good yields, but hydrogenation 
of the free acids in alcohol gives a large quantity of 
unidenkfied by-products.6bv6 

In  the present investigation, both 3- and 4- 
nitrophthalic acids have been converted to the 
corresponding amines in essentially quantitative 
yields by hydrogenation of the disodium salts in 
water solution. With Raney nickel catalyst, hy- 
drogenation a t  moderate pressure was complete in 
about fifteen minutes a t  T O O .  Low-pressure reduc- 
tion on the Parr apparatus required several hours. 
After removal of the catalyst and acidification, 
the colorless, amino acid solution was used directly 
for a subsequent diazotization reaction. The amine 
could be isolated as the hydrochloride if desired. 

The yields were estimated by diazotization and 
conversion to the azide which precipitated as 
crystalline material. Inasmuch as the diazotization 
always consumed the calculated amount of sodium 
nitrite, the small loss in yield probably occurred in 
the formation and recovery of the azide. 

In  the low-pressure hydrogenation of the nitro- 
phthalic acids over platinum, the hydrogen pres- 
sure (range, 3-1.5 atmospheres) fell at a constant 
rate during the course of the reduction. When the 
theoretical amount of hydrogen had been con- 
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sumed, the pressure remained constant. This sig- 
nifies a zero-order reaction with respect to both 
hydrogen and nitro compound. This conclusion 
is valid only if equilibrium conditions exist a t  the 
~ a t a l y s t . ~  No experiments were made to verify this. 
Furthermore, there may have been an autocatalytic 
or accelerator effect of the product, as was noted 
for the moderate-pressure hydrogenation of 4- 
nitrophthalic acid using Raney nickel. The moder- 
ate-pressure hydrogenations over nickel proceeded 
so rapidly that rate observations were not feasible. 
Raney nickel would not catalyze the reduction a t  
low pressure. 

Though both 3- and 4-nitrophthalic acids could 
be reduced with platinum a t  low pressure, only the 
3-isomer would reduce with Raney nickel a t  moder- 
ate pressure. The 4-nitrophthalic acid was re- 
covered unchanged in repeated attempts. However, 
if a small amount of the 3-isomer was added to the 
nitrophthalate salt solution, hydrogenation oc- 
curred a t  a rate comparable to that of the pure 
3-isomer. Further examination revealed that a 
number of nitro and amino aromatic carboxylic 
acids would promote the hydrogenation of 4-nitro- 
phthalic acid with Raney nickel. The results of 
hydrogenation at 1500 p.s.i. a t  70' of 0.1 mole of 
4-nitrophthalic acid with 5 mole % of the indicated 
accelerator and the time (in minutes) required for 
complete reduction are: 3-nitrophthalic acid, 15; 
3-nminophthalic acid, 15; 4-aminophthalic acid, 
60; o-nitrobenzoic acid, no reduction; anthranilic 
acid, 75; m-nitrobenzoic acid, no reduction; m- 
aminobenzoic acid, 35 ; p-nitrobenzoic acid, 45; 
p-aminobenzoic acid, 45; and aniline, no reduction. 
About 2 g. of commercially prepared Raney nickel 
was used. No perceptible pressure drop after three 
hours was considered as no reduction. The times 
given here for complete reduction should be con- 
sidered as only gross approximations because of the 
difficulty of controlling the temperature and the 
amount of effective catalyst present. 

The conclusion is drawn from these results that 
the amino compounds are actually the accelerators. 
Nitro compounds are first reduced; the amines 
then serve as accelerators. If this is true, 0- and 
m-nitrobenzoic acids by themselves should not be 
reduced under these conditions, for they do not 
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serve as accelerators, while the corresponding 
amino acids do. Actually, both of these nitro acids 
do reduce slowly, requiring three hours for com- 
plete reduction. But the addition of 5% p-isomer 
to each of them diminished the time required for 
reduction of o-nitrobeneoic acid to 45 min., and to 
90 min. for m-nitrobenzoic acid. Thus, the p-isomer 
is capable of promoting the reduction of o- and 
m-nitrobenzoic acids, and as an impurity, i t  may ac- 
count for the three-hour reduction of these two 
acids. When these two nitrobenzoic acids were 
tried as accelerators for the 4-nitrophthalic acid in 
the amount of 5 mole %, no reduction occurred 
because the amount, if any, of the p-nitrobenzoic 
acid present as impurity was too small to have a 
detectable effect. 

Infrared spectroscopy of the original o-nitro- 
benzoic acid sample revealed a shoulder a t  13.9 
p, probably indicative of p-isomer present to the 
extent of 1.5% maximum. From the spectrum of 
the m-nitrobenzoic acid, no conclusion could be 
drawn as to the presence of p-isomer. More exact 
interpretation of these spectra was difficult, owing 
to  the lack of isomer samples of known purity. 

E X P E R I M E N T A L  

The organic acids were Eastman White Label grade. 
hlelting points are corrected. 

3-Aminophthalic acid hydrochloride. a. By hydrogenation 
over platinum oside. In a solution of 8.2 g. (0.205 mole) of 
sodium hydroxide in 75 ml. of water was dissolved 21.0 g. 
(0.100 mole) of 3-nitrophthalic acid. The pH of the mixture 
was adjusted to 8-9 with dilute acetic acid. Reduction on 
the Parr low-pressure hydrogenation apparatus with 0.1 
g. of platinum oxide a t  3 atm. initial pressure required 
4 hr. a t  45'. The pressure fell a t  a constant rate during 
that period. The clear, colorless solution which remained 
after filtration to remove the catalyst was treated with 
50 ml. of ooncd. hydrochloric acid, with cooling to  avoid 
decarboxylation. This precipitated the amine hydrochloride 
in high purity. However, it was not isolated; the suspension 
was used for the diazotization which followed. 

b. By hydrogenation over Raney nickel. A solution of 0.1 
mole of disodium 3-nitrophthalate at pH 8-9 was prepared 
as just!described. It was hydrogenated in a 300-ml. bomb a t  
about 100 atm. with 2 g. of commercially prepared Raney 
nickel.* The reduction required about 15 min. a t  70". The 
product was handled as before. 

8Azidophthalic acid. The amine hydrochloride from either 
of these preparations was diazotized with a 25% solution 
of the calculated amount of sodium nitrite (6.9 9.) and con- 
verted to the azide by the addition in portions of an excess 
of 20y0 sodium azide solution, the temperature being kept 
below 15". Cooling for several hours completed the crys- 
tallization of 19 g. (95%) of the product which melted, with 
decomposition, a t  167-169'. A sample recrystallized from 
ethanol-water melted, with decomposition, a t  171'. 

Anal. Calcd. for Ca,O$rTs: C, 46.3; H ,  2.4; N, 20.3. Found: 
C, 46.2: H, 2.6; N, 20.6. 

4-Aminophthalic acid hydrochloride. The sodium salt of 
4-nitrophthalic acid was hydrogenated with platinum oxide 
a t  3 atm., as described for the 3-isomer. 

4-Azidophthalic acid. Conversion of the amine to the 
azide was accomplished as before in an over-all yield of 88%. 
The lower yield was probably due to the greater solubility 
in water of this azide isomer. Recrystallization from water 
gave a product which melted, with decomposition, at 170- 
171'. 

Anal. Found: C, 46.8; H, 3.0; N, 20.6. 
Hydrogenation of 4-nitrophthalic acid at 100 atmospheres 

with Raney nickel to evaluate aceelerators. The acids which 
were tested for their ability to promote hydrogenation were 
added with the 4-nitrophthalic acid in the amount equal 
to 5 mole % of the latter to the sodium hydroxide solution, 
and the pH was adjusted to 8-9. When aniline was used, 
it was charged directly into the bomb with the nitrophthal- 
ate solution. The proper drop in hydrogen pressure was 
taken as an indication of reduction to amine. 
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