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TH RATE OF ALCOHOLYSIS OF 
0.-N ITROACETAN ILIDE 

INTRODUCT ION 

In E.efleral the reaction between eaters and anonia 

or amines provides a uefu1 method for the preparation of 

ami.dea. Since this reaction Is essentially irreverib1e 
the alcoholysiB of amides Is not ordinarily attainable. 

Verkade (6) has shown, however, that in the case of aniline 

or naphthylamine derivativer which have a nitro croup 

ortho or para to the amide 11nkae a new method is appli- 

cable. The alcoholysis of such an ide is readily 

accomplished by boiling in alcohol usine the correspondinE 

sodium alcoholate as a catalyst. Thi8 method is remark- 

ably successful (lO, 7, 1) giving nearly quantitative 

yields of extremely pure amines. The occurrence of the 

reaction is attributed to the powerful electron-attracting 

effect of the nitro croup, which, accordinE to those 

investiFatore, permits an ionization of the acetyl Eroup. 
In order to investlEate the mechanism of this 

interest in', reaction a study of 

nitroacetanilide was undertaken 

the reaction is clean-cut it is 

kinetic investigation. An addi 

possibility of illuminating the 

reaction and its formal analog, 

esters under basic conditions. 

the alcoholysia of p- 

in this laboratory. 3ince 

admirably suited to a 

.ional incentive was the 

relationship between this 

the alcohol exchange of 



An extension of that study to o-nitroacetanillde 
forms the subject of the present discussion, 
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HISTORICAL 

In the course of their work on alkoxy-amino- 

nitro compounds Verkade and Witjens desired to deacylate 

2,3-dinitro-4-ethoxyacetanhlide. Attempts to carry out 

this reaction by conventional methods employing. concen- 

trated sulfuric acid, hydrochloric acid, and alcoholic 

potassium hydroxide failed. The desired amine was 

finally obtained (6) from the acetyl compound by a novel 

method; deacetylation in boumE ethyl alcohol with sodium 

ethoxide as a catalyst. 

Further investiEation showed that for the success 

of this new method of deacylation the presence of a nitro 

group in the position ortho or para to the acetylamino 

croup is necessary. The method was found to be applicable 

to a variety of compounds of this type. A 0.02 N solu- 

tion of sodium alcoholate in the corresponding alcohol 

was used, usually in a quantity such that 0.03-0.05 moles 

of alcoholate was present per mole of the substance to be 

deacetylated. Water was found to interfere with the 

reaction. 
These workers postulated the folloiinE mechanism 

for the reaction. 



NHCOi1e 

Q 
NO2 

+ 

j, 

h0 

eCO21 

In a subsequent paper (10) 1tjen, epster, and 

Verkade discusBed the effects of bulky substituents ortho 

to the nitro group. Such substituentr were found to lead 

to a large decrease In the rate of deacylation in most 

cases, This was considered to be a result of the storie 
hindrance of resonance (9), the ortho substituents pro- 

vent int the nitro group from assuming a planar conf igura- 

tion.thus preventing it from exerting its electromeric 

effect. 
Ari investigation of the rate of the reaction was 

initiated by Iarve1l, Geiszler, and Joncich. iien this 
investigation had been in progress for sorno months a 

further article by Verkade concerning a siniila r study was 

published (8). However, Vorkade's investigations were 

more concerned with steric effects on mesomerism and the 

analytical methods employed were somewhat loss precise 
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than those used by Marvoll, Geiszier, and Joncich. 

AccordinEly the rate of base catalyzed alcoholysis of 

p-nitroacetanilido was measured not only in methanol but 

in ethanol. It was found to have a first order depend- 

ence on the anilide concentration and to vary linearly 

with the alcoholato ion concentration. 

The latter authors proposed the following mechanism 

for the reaction. 

o e 

NHCONe NHG-OR 

Q + ____ 
NO2 

Q RO9 OH 

Q + 

NO2 

Although the evidence obtained in the kinetic study of the 

alcoholysis of p-nitroacetanilide was not sufficient to 

prove that the reaction course outlined above is to be 

preferred to any other possible mechanism, the postulated 

course did permit correlation of all the data obtained. 

It is of interest to note that this mechanism is similar 

to the one presently accepted for base catalyzed ester 

hydrolysis (2). 



DISCUSiION 

1. PROCDUR 

9inco the work on p-nitroacetanilide utilized a 

spectrophotornetric method, that means of ana1yss waa 

suested for this problem. The absorptions of solu- 

t ions of o-nitroanilinc and o-nitroacetanilide in both 

methanol and ethanol were measured in the res-ion of 500 

¡nu. The results of these measurements are plotted in 

FlEure 1. 

It is seen that in both solvents the amine absorbs 

appreciably at SOC mu while the amide is vlrtu:rily trans- 

parent at this 'avelenth. Thus it should be possible 

to analyze for the amine in the presence of the amide. 

easurement of the absorptIon of amine solutions of imown 

concentration avo the results plotted in FiEures 2 and 

3. The linearity or these plots indicates that Beer's 

law is followed in both solvents. The averaEe extinction 

coefficients for the o-nitroaniline were, in methanol 

solution 29.8, in ethanol solution 22.0. 

A sample calculation of the amine concentration 

follows. 
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transrnisBlon 37.2 - lo (% trans./l0O) 0.429 

lop (tran5./1Q0) 
- 29.8 0.0144 

0.0144 x 1.1 (the dilution factor) 

0.0158 (N, the cone. of amine) 

The appearance of the dilution factor is due to the fact 

that the reaction takes place in a basic medium. In arder 

to ieasure the absorption and thus determine the caneen- 

tration of the amine it is necessary to stop the reaction 

by adding. alcoholic hydrogen chloride. Then the concen- 

tration of the amine in the neutralized solution must be 

multiplied by a factor which depends on the volume of 

added acid in order to obtain the concentration of the 

amine in the original basic solution. 

2. RFULTS 

A. M1VTHANOL $OLUTIONS 

The rate of base catalyzed alcoholysis of o-nitro- 
acetanilide was measured in methanol at 30.000, The 

reaction was followed spectrophotometriceiiy, the con- 

centration of the product, o-nitroani1ire, being determined. 

The reaction is as follows: 

NHCOkie 

+ 

NH2 

C 
NO2 

+ heCO2R 



:1]. 

The method of integration was used to determine 

the order of the react ion. This method involves taking 

tile rate equation in its integrated, form and finding 

whether lt gives a specific rate constant which does not 

drift as the reaction proresses. 
'ith A0 the initial concentration 

of amide 

A the eonceútrat ion of amide 
at time t 

N the concentration of amine 
at time t 

andassuming A0-NA 
the rate equations and their integrated forms are: 

for half order 

- 

for f irot order 

- * .li dt cit 

ror second order 

l/2 [A01/2 - (A0 - 

i A0 
K, * log 

-KA2 K ______ 
dt dt '- 

2 A0(A0 - N) 

The results for the runs in methanol are tabulated 
here together iith the values of the first order constant, 
WhiCh had the smallest drift. 
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TABLE I 

FIKT ORDER RATE OONBTANT3 FOR ALCOHOLYSIS 
OF o-NITROAOETANILIDE IN METHANOL 

Number 
Total of 

k1(mean) 3tandard Time ieasure- 
Run A0 13o x 103 Deviation (hrs.) znents 

1 0.0200 0.0193 5.60 0.47 2.0 6 

2 0.0200 0.0201 6.27 0.50 2.5 5 

3 0.0150 0.00517 1.50 0.035 9.0 9 

4 0.0300 0.00479 1.39 0.046 9.0 9 

5 0.0150 0.00977 2.95 0.093 3.7 11 

6 0.0300 0.00977 2.85 0.107 4.0 12 

7 0.0150 0.0303 7.89 0.14 1.3 8 

8 0.0300 0.0303 7.54 0.07 1.3 8 

A0 initial concentration of amide 

concentration of methylate ion 

k1 fir3t order constant in min- 
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rhe values of the half order, first order, and second 

order constants calculated for the various times are 

Elven in Table II for runs 3 and 6. 

The expressions for the rate constants given here 

were obtained on the assumption that the rate of reaction 

depends only on the amide concentration. This can be 

true only if the rate detenLininr step does not involve 

the methylate ion, or if the methylate acts as a catalyst. 
In the latter case the base will be reEenerated and its 

concentration will remain constant durinE a given run. 

Then to obtain the order of the reaction with respect to 

the base the rate of the reaction must be detornilned at 

various base concentrations. A plot of the rate constant 

against the base concentration should indicate the manner 

of this dependence. The first order constants k1 are 

plotted against the base concentration, in Fleure 4. 

The linearity of this plot iiicates that the dependence 

of the rate on the base concentration is first order. 
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TABLE II 

COMPARISON OF RATE CON3TANT3 FOR ALCOHOLYSIS 
OF o-NITROACETANILII)E IN METHANOL 

Run6 

k1! x 103 

k1 io k2 Time 
(min.) 

(mo1eeY21iter_h/2 

m1n1) 
x 

(min,1) (liters mo1e1min-) 

21 11.4 2.71 0,223 
40 10.6 2.75 0.240 
60 10.0 2.72 0.254 
81 9.8 2.79 0.282 

100 9.6 2.81 0.304 
120 9.4 2.86 0,335 
140 9.0 2.82 0.352 
160 8.8 2.88 0.393 
180 8.6 2.90 0.433 
200 8.6 2.98 0.492 
220 8.4 2.99 0,538 
240 8,2 3.03 0.605 

Run3 

60 2.00 1.50 0.255 
120 1.83 1.50 0.286 
180 1.72 1.46 0.308 
240 1.71 1.48 0.354 
300 1.66 1.53 0.419 
360 1.61 1.56 0.493 
420 1.52 1.54 0.542 
480 1.40 1.46 0.556 
540 1.37 1.51 0.682 
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By analoEy wi.th the case of the p-nitroacetanilide 

the followinE mechanism may be written. 
O 

NIIC 1ie 

Q 

NHCOI'ie 

Q 
NO2 

NH2 

Q 
NO2 

+ ieOe 

+ 

III 
£eOH 

e 

e 

+ ieOONe 

Step I is a reversible reaction which occurs because the 

carbonyl carbon is acidic due to the carbon-oxyen dipole. 

The presence of the nitro croup is necessary to prevent 

the unshared pair of electrons on the untho nitrogen from 

mirat1ng towards the acidic carbon and partially neutral-. 

izin the positive charEe. Because of the powerful sloe- 
tron attractinj property of the nitro Eroup when it is 
appropriately coupled to the aminoid nitroen this shift 
is hindered. Therefore the carbonium ion can react with 

the alcoholato ion. lt may be assumed by ana1oy with 

base catalyzed ester exchanEe that either I and II occur 

simultaneously or a slower reaction I is followed by a 

much more rapid reaction II. Reaction III which Is the 

reaction of a very stronE base with a reasonably acidic 

solvent may be expected to be rapid. On the basis of 
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these assumptions step I should be rate determining. 

If step I is assumed to be the rate determining 

step the rate becomes 

- K 
H 

(A)(13) 

It is seen, however, that since the base is regenerated 

its concentration remains constant and may be included in 

the second order constant to give a pseudo first order 

constant. Then we have 

i1 (A) 

where 

K1 K1 (B) 

Qn the basis of this mechanism, then, the reaction should 

be first order in the amide, the rate varying linearly 
with the alcoholate ion concentration. This is just the 

behaviour observed in methanol. 

B. ETHANOL SOLUTIONS 

The same experimental methods were applied to the 
measurement of the rate of alcoholysis of o-nitroacetanil- 

ide in ethanol. The runs were all conducted at a tempera- 

ture of 30.0°C. The values of the half order constant 

k1/2, which gives the best fit in this ease, are given in 

Table III. 



TAELE III 
HALF ORDER RATE CONSTANT3 FOh LLCOHOLISIS 

OF o-NITROACETANILIDE IN ETHANOL 

Number 
Total of' 

k1/2 3tandard Time 1easure- 
Run A0 (mean) Deviation (hrB.) ments 

X 

9 0.0250 0.00505 13.4 0.44 3.0 9 

10 0.0300 0.00469 12.6 0.34 3,0 9 

11 0.0400 0.00469 12.6 0.40 3.0 12 
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The data obtained in run 10 are given in Table IV 

in more detail together with the values of the half, 

first, and second order constants. 

It is apparent that the reaction in ethanol is 

initeiy half order with respect to the amide. The 

half order constant, ki/2, exhibits no drift in an inter- 

val of two to three half lives. The available data are 

insufficient to permit any statement regarding the 

deendence of the rate on the concentration of etbylate 

ion. 

C. CONCLU3IONS 

The rate of the base-catalyzed alcoholysis of 

o-nitroacetanilide in methanol has a first order depend- 
ence on the anilide concentration and varies linearly with 
the methylate ion concentration. These facts are con- 

sistent with a mechanism similar to that preßently 

accepted for base catalyzed ester hydrolysis. 
The rate of the alcoholysis in ethanol is half 

order with respect to the anilide while the data now 

available are Insufficient to indicate its dependence on 

the base concentration. At present no reasonable mechanism 

is available which would lead one to expect this behaviour, 

To clarify the problem of the alcoholysis in 

ethanol it is sugEested that in further studies the con- 

centrat ion of the base be varied while the concentrations 

of both the anilide and the amine be measured. 
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TABLE 1V 

COMPARISON OF RATE CONSTANTS FOR ALCOHOLYSIS 
OF o-NITROACE1INILIDE IN ETHANOL 

Run9 

Time 
(min.) k1/2 X io3 k1 x io3 k2 

15 12,0 3.13 0.256 

30 12.6 3.26 0.284 

45 12.4 3.44 0.318 

60 13.4 3.62 0.361 

75 12.8 3.75 0.406 

90 12.4 3.94 0.466 

105 12.8 4.07 0,534 

120 12.8 4.27 0.628 

135 12.6 4.33 0.704 

150 12.6 4.55 0,854 

165 12,4 4.77 1.035 

180 12.8 5.25 1.439 
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EXPER INENTAL 

1. IATERIAL3 

o-Nitroanilirie 

The o-njtroaniline used was Eastman Kodak Co. h1te Label 

Erade. It was recrystallized three times from 50% 

ethanol-water. This product had r. meltin- point of 

72.5-73.5°C. (block, uncorr.). A further recrystr1iiza- 

tion fro:. benzene did not chane the meltinE point, 

o-Nttroacetanilide 

The o-nitroacetanilide used was prepared from the amine 

by acylation with acetic anhydride. After two recrystal- 

lizationa from iacial acetic acid and one from acetone 

the product had a IneitinE point of 93.0-94.0°C. (block, 

uncorr.). 
Methanol 

Commercial methanol was treated with furfural and patas- 

iurn hydroxide according to the procedure of ortan and 

Mark (5). Methanol, b.p. 64.500., was recovered from 

the reaction mixture by distillation through a one meter 

helices-packed column. This product was dried by the 

method of Lund and Ejerrum (4) and diti1led, b.p. 64.5°C., 

directly into the storage vessel. The solvent storage 

apparatus consisted of a 500 ml. Erlenmeyer flask 

( 24/40) fitted with an all glass siphon and connected 
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to a dryin, tower filled with a layer of indicating 

Drierite ;md a lajer of soda-i1e in such a way that al]. 

the air entering the storage vessel passed through the 

tower. 

thano i 

Commercial absolute ethanol was dried according to the 

procedure of Lund and Bjerrum (4) and distilled through a 

short helices-packed column directly into the storage 

vessel described above. 

2. ALCOHOLTE SOLUTIONS 

The purified alcohol was placed in a 3-necked 

flask fitted with a reflux condenser and a gas inlet tube. 

The apparatus was protected by drying tubes containing 

calcium chloride. The alcohol was brought to a boil and 

then as the apparatus was being swept with nitrog en which 

had been purified by passage throigh Fieser's solution and 

dried with sulfuric acid, a small piece o sodium cut 

under kerosene and rinsed in ether was dropped into the 

solvent. when the sodium had dissolved the solution was 

cooled in an ice-bath, the sweeping with nitrogen being 

continued until the solution had reached room temperature. 

The 3olUtOfl was thon transferred to a glass-stoppered 

flask and protected from light. After a rough titration 
to obtain the approximate concentration dilutions were 
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made to the desired concentration. Careful duplicate 

titrations then eave the concentration of the dilute 

salut ion. 

The dilute alcoholate solutions were stored in 

glass-atoppered bottles and protected from lieht. They 

were used within a few days of their preparation0 

The titration of all the base solutions waa 

carried out by direct reaction with aqueous solutions of 

hydrochloric acid using phenolphthalein as the indicator. 

3. ALCOHOLIC HYDROGEN CHIRIDE 

Solutions of alcoholic hydroer1 chloride were pre- 

pared by dissolvinE. in the purified alcohol, dry hydrogen 

chloride generated by adding, hydrochloric acid to sulfur 

acid. The hydrogen chloride was dried by passage through 

sulfuric acid. The solution obtained was titrated once 

with aqueous sodium hydroxide using phonolphthalein and 

diluted to the desired concentration. Careful duplicate 
titrations then gave the concentration of the dilute 
so lut ion. 

4. EXPERIMENTAL METHOi) 

Solutions of o-nitroacetaiilide in the anhydrous 

alcohol were prepared by transferring an accurately 

weighed sample to a volumetric flask and filling to the 

mark with puro solvent. In most casos these solutions 
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were Ifl?3dc? up freBh f() each run. In a typical run the 

o]utj.on oÍ the amido and an a1coho1at solution of 

appropriat.e concentration were thermostatted for one- 

half' to three-quarters of an hour, Then, shortly before 

the run was to begin, the ide solution was removed from 

the bath and 10 ml. samples transferred to c.est tubes 

fitted with 24/40 around lasa etoppers. The samples 

of rnide solution were then replaced in the bath. To 

initiate the run the sarples of amide were removed from 

the bath at one minute intervals, 5 ml. of the alcoholate 

solution added, and the reaction mixtures replaced in the 

bath. The time ol' addinE the alcoholate solution was 

taken as zero time. As the reaction proresßed samples 

were removed from the bath and 2 ml. of alcoholic hydro- 

gen chloride added. The concentration of the hydrogen 

chloride was adjusted so that the acid added was five per 

cent In excess of that necessary to neutralize all of the 

base present. A part of the neutralized semple was then 

transferred to an absorption cell and its transmission at 

500 mu measured with the Beckman 4odel DU spectro- 

photometer. 
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