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Behavior of Organic Compounds in 100% Sulfuric Acid1 

BY MELVIN S. NEWMAN AND N. C. DENO 

The behavior of organic compounds in 100% sulfuric acid has been studied by cryoscopic determination of the j-factors 
and by isolation experiments. A series of arylcarboxylic acids were studied to determine mote closely the structural require­
ments for loss of hydroxyl anion to yield an oxocarbonium or cyclic carbonium ion. A series of arylcarboxanilides was studied 
in an unsuccessful search for a stable iminocarbonium ion. A series of diaryl ketones gave only proton addition or sulfona-
tion. 

This paper is a continuation of the work on cry­
oscopic determination of Vant Hoff i-factors of or­
ganic compounds in 100% sulfuric acid.2 The 
classes of compounds studied were arylcarboxylic 
acids and anilides and arylketones. 

j-Factors 
The method of measurement was identical to 

that previously reported.2'3 An important part of 
the technique was to measure the i-factors as a func­
tion of time at specific temperatures. The results 
are summarized in Table I. 

Preparation of Compounds.—Samples of the following 
compounds suitable for i-factor measurements were ob­
tained by recrystallization of commercial samples: o-, m-
and />-methoxybenzoic acids, 4,4'-dichlorobenzophenone, 
and 4,4'-bis-(dimethylamino)-benzophenone (Michler ke­
tone). 

The following compounds were prepared by previously 
described methods: pentamethylbenzoic acid4; 2,3,5,6-
tetramethylbenzoic acid6; o-toluanilide6 and mesitanilide6; 
2,6-dimethylterephthalic acidr; ^-benzoylbenzoic acid8; 
o-mesitoylbenzoic acid9; phthalaldehydic acid10; 1,8-
naphthaldehydic acid11; 4,5-phena.nthraIdehydic acid12; 
1,8-naphthalic anhydride13; dimesityl ketone14; triphenyl-
methyl 2-biphenylyl ketone (a sample was kindly supplied 
by Dr. W. A. Mosher, Univ. of Delaware); 4,4'-dimethoxy-
benzophenone15; and tetraphenylcyclopentadienone.16 

Pentamethylbenzanilide.—-A solution of the acid chloride 
(prepared from 4 g. of the acid and 10 cc. of thionyl chloride) 
in 50 cc. of benzene was added to a stirred solution of 10 cc. 
of aniline in 100 cc. of benzene. The benzene solution was 
washed with water and concentrated to 30 cc. The crystals 
were filtered and recrystallized from alcohol to give 2.75 g. 
(50%), m.p. 187.8-188.6°, of shiny flakes of the anilide. 

Anal." Calcd. for Ci8H3iON: C, 80.9; H, 7.9; N, 5.2. 
Found: C, 81.1; H, 7.9; N, 5.2. 

m-Benzoylbenzoic Acid.—This acid was prepared in a 
manner identical to that used to prepare ^-benzoylbenzoic 
acid.8 With both preparations, considerable quantities of 
crystalline neutral material were isolated from the chromic 
acid oxidation of the appropriate tolyl phenyl ketone. 
These materials were not further investigated. The yield 
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TABLE I 

J-FACTORS IN 100% SULFURIC ACID 
Time, Temp.,6 

Sample hr. 0C. 
Time, Temp.,l 

Sample hr. 0C. 
2,3,5,6-Tetramethylbenzoic acid 

1 1/2 10 3.72 
1 3 25 4.07 
2 2/3 10 3.84 
2 20 25 4.00 
3 1/2 10 3.68 

3 + 4 2 25 3.96 

Best final value 4.01 
Pentamethylbenzoic acid0 4.02 

^-Methoxybenzoic acid 

1 2/3 10 2.45 
1 4/3 10 2.84 
1 2 25 3.68 
1 20 25 3.76 
2 2 25 3.85 
2 4 25 3.85 

Best final value 3.SO 

m-Benzoylbenzoic acid" 2.52 

Pentamethylbenzanilide fi-Benzoylbenzoic acid° 2.49 

1 2/3 10 2.37 o-Mesitoylbenzoic acid" 3.68 
2.90 Phthalaldehydic acid0 

2.20 
5.47 
s 7 g 1,8-Naphthaldehydic acidc 3.94 
5.84 4,5-Phenanthraldehydic 
- a acid0 3,66 

Dimesityl ketone 

1 2/3 
1 2 
2 1/2 
2 6 

4,4'- Dichlorobenzo-
phenone* 

10 
25 
10 
25 

4,4'-Bis-(dimethylamino)-
benzophenone0 

1.93 
2.47 
2.16 
4.47 

1.99 

3.50 

1 4/3 10 
1 2 25 
1 4 25 
1 26 25 

Best final value 5.8 
2,6-Dimethylterephthalic 1,8-Naphthalic anhydride" 1.84 

acid0 2.14 

o-Methoxybenzoic acid 

1 2/3 10 3.02 
1 2 25 3.91 
1 4 25 3.92 
1 20 25 3.98 
2 2/3 10 2.30 
2 3/2 25 3.51 
2 5 25 4.00 
2 20 25 4.06 

Best final value 4.02 4,4'-DimethoxybenZophenone 

vr . , , u • -A l 1 / 2 1 0 2 ' 8 0 

m-Methoxybenzoic acid , 2 25 4 20 
1 2/3 10 2.42 i 4 25 4.47 
1 2 25 3.98 i 6 25 4.61 
1 * 25 4.01 i 28 25 5.25 
2 1 25 3.97 

2 30 25 3 97 Tetraphenylcyclopentadienone 

3 2 25 4.03 1 1/2 10 2.43 

Best final value 4.00 1 4 / 3 1 0 3 - 2 0 

1 2 10 3.90 
Triphenylmethyl-2- \ 3 10 4.87 
biphenylyl-ketone 

1 1 10 5.30 
1 5/3 10 5.74 
1 7/3 10 6.69 

Extrap. to zero time 4.6 
0 The i-iactors measured after 1A hr. did not change on 

continued standing at 10 or 25°. 6 A temperature listed as 
10° means that the temperature throughout the processes 
of solution and freezing point measurement remained be­
tween 7 and 11°. A temperature listed as 25° means that 
the solution was allowed to stand at approximately 25° 
for the specified time and then cooled and the freezing point 
determined. ° The i-factor measured after 1A hr. did not 
change on continued standing at 10°. 

of m-benzoylbenzoic acid, m.p. 160-162°,18 from ?rc-tolyl-
phenyl ketone was 64%. 

Isolation of Reaction Products.—The isolation experi­
ments were conducted by holding a 2 - 5 % solution of the 
compound in 100% sulfuric acid at 25° (except where noted) 
for the time specified, followed by pouring the solution onto 
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ice with stirring. The non-sulfonated organic products were 
isolated from ethereal extracts of these mixtures. 

TABLE II 

RECOVERY OF COMPOUNDS FROM SOLUTION IN 100% SUL­

FURIC ACID 
Yield of 

Color of 
HjSO4 solo. 

recovered 
starting 

Time, compound, 
hr. % Compound 

Pentamethylbenzoic acid Colorless 3/2 100 
2,3,5,6-Tetramethyl-

benzoic acid Colorless 1/6 83 
^-Benzoylbenzoic acid Yellow" 3 1006 

w-Benzoylbenzoic acid Yellow" 3 10O6 

Phthaldehydic acid Colorless 2° 75 
1,8-Naphthaldehydic acid Yellow"'11 2" 100 
1,8-Naphthalic anhydride Brown-red"'e 1 98 

" The color disappeared completely on dilution with water. 
6 These two acids -were also quantitatively recovered when 
the sulfuric acid solution was poured into methanol with 
cooling. c The solution was held at 10° instead of 25°. 
d The solution had a light green fluorescence. " The solu­
tion had a deep blue fluorescence. 

TABLE I I I 

PRODUCTS FROM R-CO-NH-C 6 H 5 AND 100% SULFURIC ACID 

R 

Pentamethylphenyl 
Pentamethylphenyl 
Mesityl 
c-Tolyl 

AT 

Time, 
min. 

30 
90 
30 
30 

25° 
* Isolated products, 

R - C O - N H -
RCOOH CiH 

68 
100 
50 
2 

32 
0 

34 
13 

%» . 
Sul­

fonated 
anilide 
(by dif­
ference) 

0 
0 

16 
85 

° The products were isolated by separating the ethereal 
extract into neutral and acidic fractions. Both the acid 
and the anilide were pure as judged by the m.p. 

With the following compounds, dilution with water gave 
only water-soluble products; the time of contact and color 
of the sulfuric acid solution are noted in parentheses: o-, 
m- and £-methoxybenzoic acids (six hr., colorless) and 4,4'-
dimethoxybenzophenone (one hr., yellow becoming colorless 
on dilution). 

Isolation experiments have been previously reported on 
tetraphenylcyclopentadienone16 (purple solution, after three 
hr. at 10° the color of the solution had changed to an ex­
tremely deep green). Isolation experiments were not per­
formed on dimesityl ketone, 4,4'-dichlorobenzophenone and 
4,4'-bis-(dimethylamino)-benzophenone. The colors of the 
sulfuric acid solutions were yellow, pale yellow, and nearly 
colorless, respectively, becoming colorless on dilution. At­
tempts to reisolate 4,5-phenanthraldehydic acid (orange-red 
solution) from solutions in 100% sulfuric acid gave impure 
material that was not characterized. 

Discussion 
Arylcarboxylic Acids.—Three types of ioniza­

tion have been observed with arylcarboxylic 
acids. Addition of a proton (Eq. 1) has been 
observed with a large number of aromatic acids.19-27 
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Loss of the hydroxyl ion to give an oxocarbonium 
(Eq. 2) has been observed with mesitoic acid.22'23,25 

Loss of the hydroxyl ion to give a cyclic carbonium 
ion (Eq. 3) has been observed with O-benzoylben-
zoicacid.23 

(D 2: ArCOOH + H2SO4 = ArCOOH2
+ + HSO4" 

(2) i = 4: 

C H 3 -

CH3 

- C O O H + 2H2SO4 

CH3 

CH3. 

(3) 

CH3 

— C = O + H 3 O + + 2HSO4-

^ C H 3 

+ 2H2SO4 

+ H 3 O + + 2H2O4" 

The six acids and one anhydride listed in Table II 
were studied to determine more closely the struc­
tural requirements for ionization according to equa­
tion 2 (see Table I). Pentamethylbenzoic and 
2,3,4,6-tetramethylbenzoic acids were found to have 
i-factors of 4 indicating ionization to the oxocarbo­
nium ion (Eq. 2), Since absorption spectra of an 
oxocarbonium ion in sulfuric acid has not been re­
ported, the spectra of pentamethylbenzoic, 2,3,5,6-
tetramethylbenzoic and benzoic acids were meas­
ured in 100% sulfuric acid (Fig. 1). 

2,6-Dimethylterephthalic acid has been reported 
to give an i-iactor of 2.4, indicating partial ioniza­
tion to the corresponding oxocarbonium ion.28 

When the sample was thoroughly dried at 140° in 
vacuo, we found the i-i actor was 2.14, which indi­
cates that the amount of oxocarbonium ion was 
about 5%. This compound is of particular inter­
est because evidence from chemical reactions indi­
cated the presence of oxocarbonium ion.28 

The i-factor measurements with ^-methoxyben-
zoic acid emphasize the importance of recording 
these measurements as a function of time. An i-
factor of 3.38 had been previously reported and in­
terpreted as due to the partial formation of oxocar­
bonium ions.26 We found that the i-factor in­
creased from a value of 2.45 after 40 minutes at 10° 
to a final equilibrium value of 3.8. After the i-
factor had reached its equilibrium value, it was no 
longer possible to obtain ether extractable material 
on dilution. We believe that the ^-methoxybenzoic 
acid slowly sulfonated (equation 4) and the change 
in i-factor with time was the result of sulfonation. 

(4) i = 4: o-, m-, ^-CH3OC6H4COOH + 2H2SO4 = 
0-, m-, p-CYliO J C6H3COOH + H 3 O + + 2HSO4-

HO3S-

(28) M. S. Newman and H. L. Gildenhorn, THIS JOURNAL, 70, 317 
(1948). 
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o- and w-methoxybenzoic acids exhibited similar be­
havior which is more easily understood on the basis 
of sulfonation than on the basis of partial formation 
of oxocarbonium ions. 

Naphthalic anhydride gave an i-iactor of 1.84, 
evidently due to proton addition. 

The remaining six acids were studied to deter­
mine the structural requirements for ionization ac­
cording to equation 3. The only acid previously re­
ported to undergo this ionization was o-benzoylben-
zoic acid.23 Arguments based on studies of pseudo 
and normal ester formation have been advanced to 
show that the i-factor of 4 was due to ionization ac­
cording to Eq. 3 instead of the alternative possibil­
ity of Eq. 2. With Eq. 3 it would be expected that 
the m- and p-benzoylbenzoic acids would give dif­
ferent behavior from the ortho isomer. These ex­
pectations have been confirmed. Both acids gave 
yellow solutions (colorless on dilution) with i-i actors 
of 2.5 in contrast to the orange-red solution with i-
factors of 4 obtained with o-benzoylbenzoic acid. 
Both acids were recovered quantitatively by pour­
ing the sulfuric acid solution into either methanol or 
water. This shows that the i-factor of 2.5 was due 
to addition of an average value of 1.5 protons and 
not to partial oxocarbonium formation. 

Phthalaldehydic and 1,8-naphthaldehydic acids 
gave strikingly different behavior. Phthalaldehy­
dic acid gave absolutely colorless solutions in 100% 
sulfuric acid with an i-factor of 2.2 (due to addition 
of an average value of 1.2 protons); naphthaldehy-
dic acid gave deep yellow solutions with an i-factor 
of 3.9 (due to ionization according to Eq. 3). Both 
were recovered unchanged on dilution. 4,5-Phen-
anthraldehydic acid gave an orange-red solution 
with an i-factor of 3.7. I t probably ionized ac­
cording to Eq. 3, but the interpretation is in doubt 
because of the failure to reisolate the acid in satis­
factory amounts on dilution. 

o-Mesitoylbenzoic acid was studied because it 
does not yield a pseudo-methyl ester when the acid 
chloride is treated with methanol in pyridine.9 

Its solution in sulfuric acid was deep red and the i-
factor was 3.7, which probably indicates a cyclic 
carbonium ion of the same type as that given by o-
benzoylbenzoic acid (Eq. 3). 

Arylcarboxanilides.—It was thought that cer­
tain arylcarboxanilides might lose a hydroxide ion 
in 100% sulfuric acid to yield iminocarbonium ions 
according to equation 5. 

(5) * = 4: R - C O - N H - C 6 H 6 + 2HS2O4 = 

R - C = N - C 6 H 6 + H3O+ + 2HSO4-

No conclusive evidence for this type of ionization 
was found although an interesting gradation in be­
havior toward sulfuric acid was observed with the 
anilides of pentamethylbenzoic, mesitoic and o-
toluic acids (Table III). The i-i actor actually 
measured for pentamethylbenzanilide can be ex-

250 300 350 
va.ii. 

Fig. 1.—Absorption spectra in 100% sulfuric acid: (A) 
pentamethylbenzoic acid, (B) mesitoic acid and (C) ben­
zoic acid, absorption spectra in water (D) benzoic acid. 
The spectra were recorded by Mr. Arlene Brooks on a 
Beckman ultraviolet spectrophotometer. All three solu­
tions were colorless to the eye. 

plained by cleavage in the early stages. The final 
equilibrium value of 5.85 approximates that ex­
pected from equation 6. 

CH3—^^ ^_^-CH3 

3H8SO4=CH3-<^ >—C+=O + H3O+ + 3HSO4-

C H 3 " - ' """--CH3 

HO3S-<^ ^)NH3
 + 

Aryl Ketones.—Five aryl ketones were studied. 
Dimesityl ketone and 4,4'-dichlorobenzophenone 
added a single proton. 4,4'-Bis-(dimethylamino)-
benzophenone added an average value of 2.5 pro­
tons. 4,4'-Dimethoxybenzophenone sulfonated so 
rapidly that the i-factor could not be easily inter­
preted. Tetraphenylcyclopentadienone showed in­
itial addition of a single proton followed by decom­
position. 
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