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I1TTR0 DUCT ION. 

The reaction studied in this research may be 

represented by the general  equation 

C^HqCqfQR + PjiTH.C^k = C^HqCO .NH. C/% -h HOR 

in which "R" represents ei ther an al iphatic or an aro

matic radicle.  The purpose of the invest igation was 

to determine if  the reaction would take place,  and if  

so something of the comparative reactivity of some of 

the esters under different condit ions of temperature and 

length of t ime of heating.  I t  was suggested also - that  

esters of r ing-substi tut ion products of benzoic acid 

be tr ied in this react ion in order to learn what effect  

the nature of the entering group and i ts  posit ion in 

the r ing might have on the reactivity of the ester,  

but t ime did not permit  that  part  of the work to be .  

started.  

So far  as could be learned by reference to 

the l i terature this part icular type of reaction had not 

been t ried before.  The nearest  approach to i t  that  could 

be found is  the familiar hydrolysis of esters with con

centrated ammonia solution or alcoholic ammonia with 
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the formation of the amide of the acid and an alcohol .  

This lat ter  reaction has been t r ied with a great  many 

esters,  subst ituting l iquid ammonia for the ammonia 

solutions,  by Professor Edward Bartow at  the University 

of Kansas,  but he was entirely unsuccessful  in bring

ing about any reaction whatsoever.  The use of a  primary 

amine in place of ammonia in this reaction with the con

sequent formation of a  substituted amide has apparently 

not been attempted before.  

Pour esters of benzoic acid were used,  the 

methyl,  the ethyl,  the normal butyl ,  and the phenyl.  

Prom the wide variation found in the reactivity of these 

four,  i t  would seem desirable to try a few more esters,  

but again t ime did not permit  this work to be attempted. 

The experimental  work carried out fal ls  nat

ural ly into three main divisions;  f irst ,  the preparat ion 

and purif ication of the esters and anil ine,  second, the 

preliminary tr ials  to learn if  the reaction is  possible 

and if  so under what condit ions,  and third,  quanti tat ive 

determination of the amount of react ion under accurate

ly known conditions of temperature and length of t ime 

of heating.  The third division represents the really 

important part  of the work, and is  briefly summarized 

in the table of results  at  the end of this paper.  



The writer  wishes to express his appreciat ion 

to Dr.  R. Q,.  Brewster,  the director of this work, for 

his valuable assistance,  and to Dr.  P.  B. Dains for his 

many helpful suggestions.  
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PREPARATION OP METHYL BE 1TZOATE. 

Materials:  

Benzoic acid -  -  -  -
Methyl alcohol -  -  -
Sulfuric acid (Cone.)  

300 gm. 
JOO cc.  
2j0 gnu 

Method: 

The methyl alcohol was placed in a large round-

bottomed flask,  and the sulfuric acid added careful ly,  

the f lask being kept cold meanwhile.  The benzoic acid 

was added to the cold solut ion,  and the f lask then heat

ed on a  water bath under a reflux condenser for two hours 

The mixture boiled gently and became very dark in col

or.  At the end of the two hours the l iquid was observed 

to separate into two dist inct  layers,  and after separ

ating the two in a funnel each was poured into a large 

volume of cold water.  The l ighter l iquid gave a large 

quanti ty of a  brown oil ,  which was washed with water 

by decantation and neutral ized with sodium carbonate 

to remove benzoic acid.  Ether was added to the mixture 

to make the oil  separate rapidly,  and the water removed 

by means of a  separatory funnel.  

ic  acid and alcohol,  gave a small  quanti ty of oi l  when 

poured into water ,  which was treated in the same way 

The heavier l iquid,  which was chiefly sulfur-



as the other and then combined with i t .  The ether was 

dist i l led off on a  water bath,  and the oil  then dist i l

led with a free flame, an air  condenser being used. 

The ester disti l led at  194° C.;  the recorded boil ing 

id,  was 80 per cent .  

Several  t r ial  preparations of methyl benzoate 

had been made previously,  using small  quantit ies but 

varying the proport ions.  The proport ions used above 

were found to give the best  results .  

PREPARATION OF ETH YL BE NZOATE. 

Materials:  

Method: 

The sulfuric acid was added to the alcohol 

in a large round-bottomed f lask slowly with cooling,  

and the benzoic acid added to the cold solution.  The 

f lask was heated on a  wire gauze under a reflux conden 

ser for 2>i hours at  such a temperature that  i t  boiled 

point is  199°.  The yield,  calculated from benzoic ac-

Benzoic acid 
Ethyl alcohol 
Sulfuric acid 

300 gm. 
500 cc.  
2^0 gm. 



gently.  The l iquid remained clear and practical ly col

orless,  but separated into two distinct  layers as in 

the case of the methyl benzoate.  The l ighter fract ion 

was neutral ized with sodium carbonate solution,  and the 

oil  separated from the water with a separatory funnel.  

The heavier fraction was poured into a large volume of 

cold water,  the small  quantity of oil  which separated 

out washed by decantation,  neutralized with godium car

bonate,  and then added to the main portion of the ester .  

The oi l  was dist i l led,  boil ing at  a constant tempera

ture of 207 J  C. The recorded boil ing point is  213° C. 

The yield,  calculated from benzoic acid,  was 84 per 

cent.  

PREPARATION OF NORMAL BU TYL BENZOATE. 

Materials :  

Benzoic acid - ---------  200 gm. 
Butyl alcohol- - --------  180 gm. 
Sulfuric acid (Cone.)-  - ----  50 gm. 

Method: 

The sulfuric acid was added to the alcohol 

in a round-bottomed f lask slowly with cooling,  and the 

benzoic acid added to the cold acid solution.  The mix



ture was "boiled gently under a  reflux condenser for four 

hours.  As in the cases of the preparation of the methyl 

and the ethyl esters the f luid mixture separated into 

two layers.  The whole was poured into a large volume of 

cold water ,  the oil  which separated out was washed by 

decantat ion,  and was neutralized with sodium carbonate.  

The ester was separated from the alkaline solution and 

purified by dist i l lat ion.  The boil ing point was 243° G. 

The recorded boil ing point is  249° C. The yield,  cal

culated from benzoic acid,  was 90 per cent.  

PREPARATION OP PH ENYL BEN ZOATE. 

Materials:  

P h e n o l  - - - - - - - - - - - - 8 0  g m .  
Benzoyl chloride - -----  -120 gm. 
Sodium hydroxide sol .  (1 Qfj)  -

Method: 

Benzoyl chloride was f irst  prepared by the 

usual method of reacting molar quanti t ies of benzoic 

acid and phosphorus pentachloride,  and fractionation 

of the l iquid product.~ Phenyl benzoate was prepared 
o 

by the Schotten-Baumann reaction.  The phenol was melt-

P e r k i n  a n d  K i p p i n g ,  O r g a n i c  C h e m i s t r y ,  P a g e  4 7 2 .  
2 Perkin and Kipping, Organic Chemistry, Page 473-
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ed and poured into water,  and enough of the sodium hy

droxide solution added to dissolve i t .  The solut ion 

was cooled in an ice hath and kept cold during the en

t ire reaction.  Benzoyl chloride and sodium hydroxide 

were added al ternately in small  quanti t ies and st irred 

in,  care being taken to keep the solution alkaline in 

reaction.  After standing two hours the odor of benzoyl 

chloride had entirely disappeared.  The ester separated 

out as a pure white 3olid,  which was fi l tered by suction 

and recrystall ized from alcohol.  The melting point 

was the same as the recorded, 71° C. A very good yield 

of the ester was obtained. 

PUR I? I  GAT I  Oil OP REA GENTS. 

The anil ine,  methyl,  ethyl ,  and butyl esters 

were al l  redisti l led before trying their  react ions in 

order to have fract ions with a constant boil ing point .  

Fractions of the following boiling points were used: 

Aniline 

Methyl benzoate 

Ethyl benzoate 

Butyl benzoate 

Recorded 
Boil ing Boil ing 

Point Point 

179° 182° 

194-195° 198.6 

2 0 7  2 1 2 . 9  

241-243 249 
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PRSLIMI1TARY TRIALS WITH ANILINE AND 

L3ETHYL BE NZOATE. 

In order to determine something of the condit

ions under which the react ion being studied takes place,  

a number of t r ials  were made heating mixtures of molar 

quantit ies of anil ine and methyl benzoate from two to 

four hours in test  tubes at  12?°,  1^0°,  175° > an d f in

ally at  185° C. The presence of benzanil id was tested 

for by diluting the sample with gasoline,  in which an

i l ine and the ester are soluble but benzanil id is  in« 

soluble.  In no case was any cloudiness or precipitate 

formed, indicating that  no reaction had taken place.  

Final ly the reaction mixture was heated to boil ing under 

a ref lux air  condenser and kept at  that  temperature for 

two hours,  during which t ime the temperature at  which 

i t  boiled remained constantly at  191° C.,  indicating 

again that  no reaction was taking place.  

I t  then seemed necessary to determine if  the 

reaction would take place under any conditions,  and 

in order to determine this molar quantit ies of the an

i l ine and the ester were heated in a closed tube for 

two hours at  225° C. After cooling,  the tube was opened 
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and found to contain a mass of dark,  shiny crystals ,  

which,  after  being washed with gasoline,  melted at  l58 f" C. 

The recorded melting point of benzanil id is  l6ou  0. 

Having thus demonstrated that  the reaction could 

be made to take place,  an attempt was made to carry i t  

out in an apparatus in which the pressure as well  as 

the temperature could be measured,  but this attempt 

was abandoned when i t  wa3 found that  pressure was not 

necessary for the formation of benzanilid.  I t  was thought 

that  the reaction might take place at  the boiling temp

erature if  the mixture were only heated long enough, and 

in order to test  out this point the sample which had 

previously been boiled for two hours was heated once 

more to boiling.  After about three hours more of heat

ing the boil ing temperature began gradual ly to rise,  

and then more rapidly,  going from 195° to 225° in 

less than an hour.  This wa3 sufficient proof that  the 

react ion could be carried out without the applicat ion 

of pressure,  and the tests under pressure were abandon

ed.  

I t  was suggested that  the reaction might be 

speeded up by the presence of a  catalyzer,  and to test  

this out two samples of the mixture were prepared,  one 
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containing some very f inely divided copper powder,  the 

other without any catalyzer.  By accident these samples 

were allowed to reflux for 4-8 hours,  a t  which t ime the 

tubes both contained a solid mass of benzanil id.  The 

attempts to catalyze the react ion were given up until  

later.  

I t  having thus been proven by the prel iminary 

tests that  the reaction could be carried out ,  i t  became 

necessary before proceeding with the quanti tat ive study 

of the reaction to find a method for freeing the benz

anil id formed from the unchanged anil ine and ester.  

The esters and the anil ine are all  volat i le in steam 

while benzanilid is  not,  and a test  was made to deter

mine if  the product might not be purified by steam dis

t i l lat ion.  A mixture of anil ine and methyl benzoate 

containing a weighed quantity of benzanil id was steam 

dist i l led unt il  no more oil  came over,  and the benzani

l id,  which remained in the dist il lat ion flask,  was f i l

tered out by suction,  dried,  and weighed. The recovery 

was 100 per cent .  An at tempt was also made to purify 

the benzanilid by extracting the oils  with gasoline,  

but the benzanilid seemed to be somewhat soluble and 

the precipitate was very st icky and hard to handle.  

Purificat ion by steam disti l lation was therefore adopt

ed for al l  the quanti tat ive determinations of benzanilid.  



PROCEDURE IN CARRYING OU T COMPARATIVE 

REACT IVITY DETERMINATIONS. 

The reaction mixtures in al l  the following 

determinations were made up in the proportions of 1.00 

mole of anil ine to 1.2J moles of ester.  The samples 

were heated in long tubes made by sealing two large 

eight inch test  tubes together after cutt ing the bottom 

off one.  The reason for using these long tubes was in 

order that  the tube i tself  should act  as a reflux con

denser and thus eliminate any action of the hot vapors 

on the cork in the top of the tube.  A short  glass tube 

was inserted through the cork in the top of the reaction 

tubes to act  as an addit ional condenser and also to 

prevent the circulat ion of a ir  in the reaction tubes.  

Samples of each of the four esters were heated at  the 

same t ime, al l  four tubes being placed in the same met

al  bath in order to insure identical  conditions.  The com 

posit ion of the alloy in this bath was equal parts of 

lead and t in and about ten per cent of mercury; i ts  

melting point was in the neighborhood of 130° 0.  The 

surface of the bath was covered with a layer of char

coal to prevent oxidation.  The bath sat  on top of a  

stoneware wind shield inside of which the burner was 
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placed, thus assuring an unvarying temperature to the 

bath after an adjustment of the flame had once been made. 

The samples were made up by weighing the prop

er proportions of anil ine and ester in a test  tube of 

known weight,pouring the mixture into the react ion tube,  

weighing the tube again,  and determining the weight of 

sample by difference.  The tubes were placed deep enough 

in the bath so that  the sample was entirely surrounded 

by the melted alloy,  and the bath quickly adjusted to 

the proper temperature.  After heating the required 

length of t ime, the tubes were removed from the bath,  

and their  contents washed into 2^0 cc.  long-necked f lasks 

with hot alcohol.  The f lasks were at tached to the steam 

dist i l lation apparatus,  and a rapid current of steam 

passed through unt i l  there were no more drops of oi l  

present in the dist i l late,  the length of t ime required 

varying from one to three hours.  Soon af ter  the disti l

lat ion started,  the benzanil id if  present began to pre

cipitate out of the solution in the sol id foim, a factor 

which increased very materially the length of t ime re

quired to complete the dist i l lat ion.  After dist i l lat ion 

was completed,  the f lasks were removed from the appar

atus,  the contents cooled,  and the benzanilid f i l tered 

out by suction in a buchner funnel.  Fil ter  paper and 



benzanil id were removed from the funnel,  wrapped up in 

another f i l ter  paper,  and dried in an oven at  100° C. 

The dry benzanil id and f irst  fi l ter  paper were weighed 

on horn pan "balances which were counter-poised with a 

f i l ter  paper of equal size and weight,  thus making the 

weights on the pan the true weight of the benzanilid.  

The percentage yield was calculated from the weight of 

aniline used in the sample.  

TEN HOUR HE AT AT 1 50° c .  

\7t .  of anil ine 
Methyl 

2.93 
Ethyl 

2.95 
Butyl 

2-97 
Phenyl 

3 . 0 8  

Y/t.  of ester 5.41 5-93 7.11 7 . 8 3  

W t .  of  benzanil id .10 Trace .  06 5.01 

Theoretical  yield 6.20 6.24 6.29 6.J2 

% yield 1.6 - • 9 5  7 6 . 8  

It  was observed that  soon after  the heating 
/ 

was started that  the l iquids in al l  the tubes darkened 

to a very deep mahogany. After the steam dist i l lat ion 

the precipitated benzanil id was darkened to different 

shades of red and gray.  I t  is  believed that  this change 

in color is  due to a sl ight oxidation of the anil ine.  
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TEIT H OUR HE AT AT 200° C. 

Y/t .  of  anil ine 
Methyl 

2 . 9 6  
Ethyl 

2.95 
Butyl 

2 .9 6  
Phenyl 

2.95 

Wt. of ester 5-4-1 5*95 7.05 7.84 

Wt. of benzanil id 1.74 .10 .54 6.18 

Theoretical  yield 6.27 6.24 6 . 2  7  6 • 24 

% yield 27.8 1.6 8.6 99.1 

The darkening of the samples after  heating was 

s tarted was again observed, and in this case i t  was 

very much more marked, the solut ions being black at  the 

end of the heat.  The black material  which precipitated 

on steam dist i l lat ion made the product somewhat st icky 

and hard to clean from the f lasks.  

TEH HOUR HE AT AT 2j0° C. 

Wt,  of anil ine 
Methyl 

2 . 9 6  
Ethyl 

2-97 
Butyl 

2.97 
Phenyl 

2 . 9 5  

Wt. of ester 5.41 5 . 9 8  7.10 7.84 

Wt. of benzanilid 2 . 2 8  . 0 6  

rj-CO • 6 . 1 1  

Theoretical  yield 6.27 6 . 2 9  6 . 2 9  6.24 

% yield 36.3 •95 13.4 9 8 . O  

At this temperature the contents of al l  four 

tubes boiled vigorously,  while in the previous two t r ials  
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no "boil ing had taken place.  Another thing which was 

noticed was that  the samples did not darken during the 

heating, '  but were almost as colorless at  the end of the 

heat as at  the beginning. Possibly the explanation for 

this l ies in the fact  that  the react ion tubes were f i l led 

with the vapors from the samples,  thus allowing no air  

to come in contact  with the aniline and oxidize i t .  

The benzanil id came out clean and white after  the steam 

dist i l lat ion.  

TWENTY HOUR HEAT AT 15 0° C. 

Methyl 
Wt. of aniline 2.96 

Ethyl 
2.95 

Butyl 
2.97 

Phenyl 
2.94 

Wt. of ester 5.42 5-93 7.10 7.81 

Wt. of benzanilid .18 .02 .21 5-31 

Theoretical yield 6 . 2  7  6.24 6 . 2 9  6 . 2 2  

% yield 2 . 9  .32 3-34 85-3 

TWENTY HOUR H EAT AT 200 ° c.  

Wt. of aniline 
Methyl 

2 . 9 6  
Ethyl 

2 . 9 6  
Butyl 

2 . 9 6  
Phenyl 

2 . 9 6  

Wt. of ester 5.41 5 . 9 6  7 . 0 9  7.85 

Wt. of benzanilid 4.06 •57 1 . 1 7  6.35 

Theoretical yield 6.2? 6.27 6 . 2 7  6 . 2 7  

% yield 64.7 9-1 1 8 . 7  101. 
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TWENTY HOUR H EAT AT 250 ° C. 

Wt. of aniline 
Methyl 

2.96 
Ethyl 

2 . 9 6  
Butyl 

2 . 9 6  
Phenyl 

2.94 

Wt. of ester ' 5.41 5.96 7.10 7-82 

Wt. of benzanilid 4.10 .26 1.50 6.04 

Theoretical yield 6 . 2  7  6.27 6.27 6.22 

% yield 8 6 . 2  4.15 23-9 97.1 

A strong odor of dimethyl anil ine was notice

able in the tube containing the methyl benzoate after  

completion of the heating,  and this side react ion per

haps accounts for the low yield obtained. 

TEH HOUR•HEAT AT 20 0° C • 

WITH C OPPER CATALYZER. 

Wt. of aniline 
He thy1 

2 . 9 6  
Ethyl 

2 . 9 6  
Butyl 

3-Q4 
Phenyl 

2.96 

Wt. of ester 5.43 5.96 7-07 7 . 8 7  

Wt. of benzanilid 1.65 . 2 0  •59 6 .2 0  

Theoretical yield 6 . 2  7 6 . 2 7  6.44. 6 . 2 7  

% yield 2 6 . 3  3 . 2  9-2 9 8 . 3  

This determination was made in the same way 

as the others with the exception that  a l i t t le finely 

divided copper was added to each of the.  tubes.  I t  was 

observed that  the darkening of the l iquids was very much 

more marked in this case than in the previous ones,  
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the alcoholic solut ions being very black.  The products 

af ter  steam disti l lat ion were jet  black and somewhat 

tarry in nature,  and were very hard to remove from the 

fla3ks with the exception of the phenyl ester ,  which 

was not darkened nearly as much as the others.  The 

copper was removed from the product by f i l tering the 

hot a lcoholic solution into the f lasks by suction.  
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CONCLUSIOtf.  

Study of the table of results  on page 22 and 
/ 

the graphs reveals several  interest ing things.  In the 

f irst  place i t  shows that  aniline does react  with esters 

of "benzoic acid with the formation of "benzanil id and an 

alcohol.  Of the four esters used, the phenyl ester is  

by far  the most reactive,  the methyl ester much less so,  

the buty}.  ester only sl ightly reactive,  and the ethyl 

;ester almost unreactive under the conditions used. I t  

Appears also that  in general  a  greater increase in reac

t ion takes place between l j0° and 200° than between 

200° and 2j0°.  The phenyl ester is  the only one which 

gives much of a  reaction at  1^0°,  the yield of benzanilid 

from the other three being almost negligible.  All  of 

the esters except the phenyl give much more of a  reaction 

in the second ten hours than they do in the f i rst ,  which 

would seem to indicate that  autocatalysis occurs.  The 

phenyl ester is  almost completely hydrolyzed in the f irst  

ten hours and i t  is  therefore not possible to say if  

such a speeding up of the reaction occurs in this case.  

The reaction is  not speeded up by the presence of f ine

ly divided metal lic copper,  but a side reaction in which 
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a black tarry substance is  formed seems to be increased. 

I t  would not be possible from these results  to state a 

general  rule as to the comparative reactivity of esters 

of benzoic acid with anil ine.  
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TABLES 0 ? RESULTS. 

Percentage Yields From Ten Hour Heatg 

Temp. Methyl Ethyl Butyl Phenyl 

ljo° 1.6 --- -95 76.8 

200° 27-8 1.6 8.6 99-1 

2 5 0 °  3 6 . 3  . 9 5  1 3 - 4 -  9 8 . 0  

Cotyper Catalyzed 

2 0 0 °  2 6 . 3  3 . 2  9 - 2  9 8 . 8  

Twenty Hour Heats  

1 5 0 °  2 . 9  . 3 2  3 - 3 4  8 5 . 3  

200° 64.7 9.1 18.7 101. 

250° 86.2 4.1? 23.9 97-1 
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