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IWTRODUCTIO:N' 

A :md;hod for chru·acterizing the ncyl group in esters which 

1111ou.ld involve but a single reaction, use readily availe.ble reagents, 

and prove gene:ro Uy e,pplice.ble could be regarded as (t decided im­

provement in the identification of esters .. 

This L>:"Nestig;it tion constitutes au attempt to ilnprove and ex-

tend such a method first sv.i[r,gested by the work of Buehler s,nd 

Mackenzie I • 
~l)~ 
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HISTORICAL 

The standard method of pre aring derivatives for identification 

of the acyl group in esters consists of t he following steps: saponi­

fication of the aster, isolation of the acid or i t s salt, and repara­

tion of the desired derivative, for which many rocedures are avail­

able (2). The method is rather lengthy and often .roves unsatisfactory 

at one of these stages. 

Two methods have been proposed for preparing a derivative directly 

from the ester. Koelsch and Tenenbaum (3) obtained E_-toluides by adding 

the ester to a derivative of a Grignard reagent prepared from ethyl­

magnesium bromide and p-toluidine. Hardy (4) used aniline to obtain 

anilides by the same procedure. 

Buehler and Mackenzie (1) employed direct aminolysis of esters 

in aqueous solution to obtain N-benzylamides using benzylamine as the 

aminolyzing agent. 

They applied the method to twelve esters and found it to be unsatisfactory 

for those of the higher fatty acids . It likewise roved undesirable for 

esters of halogenated acids since the derivative usually obtained was 

the non-specific benzylaromonium halide . 

Buehle r and Mackenzie are the only workers to study the aminoly­

sis of esters as a means of identification, and indeed a survey of the 

literature reveals t hat comparatively little systematic investigation 

of the reaction has been done for any reason. 

Mailhe and Bellegarde (5) report t hat substituted amides are 



readily produeed when est rs and amines are allowed to react in the 
7 

presence of Al2o3 or Th02 at 480-900 . · 

Audrieth and co-workers (6. 7) have found that the aminolysis of 

es rs is catalyzed by alkylanrm.onium salts, es ec ially the chlorides 

and nitrates. 
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Turn r and co- orkers · (8 , 9,10) have 8DlJ:Jloyed 1,iperidine to aminolyse 

various subst ituted aryl g,-toluenesulfonates . They were 1ntere tod in 

reg ining the substituted phenol, t he hydroxyl grou of which had been 

roteot ed during nitration by est rificat1on with g-toluanesulfonie 

acid. 

Kurtz nd ilson (11) have sug~ested the use of sacoh.arol ctone 

as a reagent for the sevaration of' e:mines a& N, P - aubatituted sacehar­

amides . 

Reube.um (12) makes the observation that aryl oatera ar e more easily 

aminolysed than ethyl estera . 

The ro et1on of aniline i' th ethyl malonate to give malonamide 

and ethyl lonanilate has be n re ·orted by Cha~taway and Olmstead (13). 

urray nd Daina (14) have ,re~ared g a-benzylallophanio s t er 

by heat ing llophanio ester with benzyla.mine for three hours at 155°. 

Five hours heating at 150° ca,ve sym- dibenzylbiuret. 

Ryan and C sey (15) have found that when nitrio est ers are allowed 

to reac t with rimary aro tic amines. "nitrates or t he am.i.noa" are 

formed. but wi ·h sec ndary and t ertiary a.min 8 • oxidation of the amine 

usually occurs. 

Smirnov (16) stat .es that isoe.x yl nitrite yields ni troaodibenzyla.m.ine 

when de to re ct with d1benzylandne. A similar reaction t es lace 

with isoamyl nitrite and di~henylam.ine . 
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Irving (17) and Bell (18) have observed a less common splitting 

of certain esters by amines, so as to produce M-alkylation instead 

of N-acylation: 

ROOCRt f H2NR" ------~) RNHRu f HOOGR' 

where R is substituted by highly negative groups such as halogen or 

the nitro group. 



EXPERIMENTAL 

Establishing the Method 
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The first part of this research was s pent in trying to determine 

the prope r reagents a.nd conditions for the aminolysis of esters such 

that the method would be readily applicable to qualitative organic 

analysis. All experiments were carried out with small amounts of materi­

al to simulate the conditions one would have in an actual identification. 

All reactions were done in eight-inch pyrex test tubes in which were 

suspended finger condensers. These condensers were connected in series 

so that several could be run using a single water connection. 

Choice of Amine. 

The amine should boil at a r elatively high temperature without 

decomposition, so that t he reaction will ~roceed ra.~idly i n the reflux­

ing amine. It should be inex ensive, and for reasons which will be 

discussed later, water soluble. In addition, it is of course necessary 

that it yield solid derivatives with shar melting points having suffi­

cient scatt ering to permit easy differentiation. 

Amines which seem to fit the above conditions best are: benzyl­

amine , cyclohexylamine, and ethylenediamine. Trial runs with eaoh of 

the above amines were made with ethyl acetate and ethyl benzoate using 

l ml. of the ester to 2 of the amine, and refluxing for one hour. 

The mixtures were ~oured int o water and shaken to remove the unreacted 

a.mine. then chilled in an ice bath. The subst i t uted amides if formed 

in sufficient amounts would then crystallize. Satisfactory yields 

were ob t ain ed under the above conditions with benzylamine only. The 

products were roved to be the desired derivatives by recrystallization 
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from an acetone-water mixture and com arison of their melting point s 

with literature values. 

At one time dibenzylamine and dicyclohexylamine were considered 

for use, as both have rather hi gh boiling points. However, the idea 

was discarded because their own slight solubility in water as well 

as that of their hydrochlorides makes their separation from t he react ion 

mixture too difficult. 

I t is perhaps well before proceeding fu r thur to 'Oin t out the 

analogi es among such reactions as aminolysis, ammonolysis, and hydroly-

sis: 

f RCOOR' -------> {
M 

RCO NH2 
NHR" 

f R' OH 

and also the a plications of any of the above reactions to esters, a,'llldes, 

and acids: 

RCOOR'} 
RCONH2 f 
RCOOH 

R"NH 2 -------) RCONHR" 

Such reactions are termed solvolytic reactions by Audrieth (7) and 

he presents evidence to show similarities among them. 

Considering the above, furthur evidence is to be found in the 

literat ure to support the choice of benzylamine for aminolysis of esters. 

Smith and Adkins (19) in their study of t he relative reactivities of 

a.mines in the aminolysis of amides f ound benzylamine to rank high in 

this respect being surpassed only in small degree by several amines 
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which are more expensive and are less desirable for other reasons. 

Benzyl6Jlline is miscible with water in all pro ortions, has a 

boiling point of 185°, and costs but 2 cents er gram. when urchased 

in 500 gra.m lots. 

Solvent. 

Buehler and Mackenzie made their investigation with benzylamine 

in aqueous solution using equal arts of amine and water (ethyl alcohol 

or dioxan was added when necessary to ef.fect complete miscibility) . 

Runs were madA in our work to determine the e.f.fectiveness of this 

rocedure. 

Mixtures containing l ml. of ethyl benzoate and 2 ml . of benzylamine 

with t he addition o.f quantities of water varying from two drops to 10 

ml. were refluxed for one hour . In no case did the yield of N­

benzylbenzamide, obtained by pouring reaction mixtures into ice water 

and filtering, equal that given by the mixture of ester and amine 

without addition of water. 

Benzylamine mixes readily with all esters tested so the addition 

of an inert organic solvent is unnecessary, and would only serve to 

dilute t he reactant s and thus increase the reaction time . 

It was decided on the basis of the above facts to use no solvent 

at all in the aminolytic reactions . 

Catalyst. 

The catalytic effect of ammonium salt s in the a.mmonolysis of 

esters has been observed by several investigators (20,21 , 22) . Shatenshtein 

reports t hat the chloride is a bett er catalyst than the several other 

salts tried. 

Ammonium salts have likewise been found to act as catalysts in the 
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aminolysis of esters (6,7). Audrieth a.nd co-workers found the chloride 

and nit rat e to give best results. It is g0nerally thought that the 

substituted ammoniun ion functions as the catalyst, yet the nature of 

the anion present may ca.use 0 reat variation in the catalytic properties 

of the salt, perha.i;s due to its degr ee of ionization in the a.mine or 

liquid ammonia.. Audrieth noted that when ammonium chloride is added 

to n- butyla. ine or cyclohexylamine, ammonia. is displaced from the salt 

by the a.mine , hence it i s actually the amine hydrochloride which is 

functioning as catalyst. 

Since Buehler and Mackenzie us ed no catalysts (unless water be 

considered so) in their work, it was believed t hat an improvement in 

their method might be me.de in this respect. 

Runs of one hour length were ma.de using mixtures of l ml. of 

ethyl benzoate and 2 ml . of ben!ylamine with one- tenth gram portions 

each of NH4Cl, NH4B r, !H4I, NH.µ103, and (NH4)2 so4, and a lso a mixture 

contain ing no catalyst. Increased yiel as of the amide were observed 

i n all case s where a salt ,·,as i, resent . .Ammonium sulfa.to gave only a 

sli ght increase, very probably owing to its low solubility in boiling 

benzyla.mine. The chloride and nitrate 1e r e found to give the greatest 

incrgases, the yield being approximately doubled in each case. 

I ncreasing the amount of catalyst above that specified in t he 

~rec eding aragra.ph had no significant effect on the yi eld obtained. 
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Testing the Method 

The Aminolysis. 

When it was believed t hat a satisfactory method had been established, 

it remained to t est it u~on a variety of esters . The procedure us ed 

was as follows: 1 ml. of the liquid ester, or 1 gram if a solid, is 

added to 3 ml. of benzylamine t ogether with 0.1 gram of ammonium 

chloride. The mixture is then refluxed f or one hour . The evolution 

of ammonia is not iced as s oon as the reactants become warm. Many of 

the esters require much less than an hour f or completion of the reaction 

and form solids even at the refluxing tem~erature. It has been found, 

however, that one hour is sufficient time for praotioally all esters 

ordinarily encount ered. 

Separation and Purification. 

After reaction is completed the mixture is ~oured into 10 ml. 

of water, shaken to remove most of the unreacted amine , and chilled . 

In case no solid forms at this point, the addition of enough cone. HCl 

to completely neut ralize all of the remaining amine will usually re­

sul t i n the amide's se~arating as a solid. The product is t hen isolat ed 

by filtrat ion and washed with ra t er. Washing wi t h ligroin may then 

be done to remove any unreact ed ester. None of the amides prepared 

were more than slightly soluble in ligroin whereas most of the esters 

were. 

No single solvent was found suitable for recrystallization of all 

the amides . However, one of t he following proved suitable: acetone, 

isopro yl alcohol (or either of these mixed with wat er), toluene, 

nitrobenzene, or occasionally water alone. 
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Difficult Cases. 

During the course of chis investi gation esters of the longer­

chain aliphatic a lcohols were found to be more difficult t o ami nolyze 

than the methyl or ethyl esters. Taylor and Baker {23) make the stat e­

ment that methyl esters are much more r eac t ive in ammonolysis than 

any others . Sessio s (24) has found that conversion of longer- chain 

alkyl es ters to methyl esters by reaction with methanol , termed 

methanolysis , greatly enhances the reactivity of these esters in 

subsequent conversion to amides by ammonolysis . 

(CH30-) 
RCOOR' + CH30H - -----~ RCOOCH3 + R' OH 

Fehlandt and Adkins (25) in their s t udy of t he replacement s eries of 

alkyl grou a in a l coholysis have observed that methanol exc eds all 

other alcohols i n i t s ability t o cause s ubstitution of methyl grou s 

for other alkyl groups in esters . King (26) i n i nves tigating the 

rate of alcoholysis of aralkyl p-ni t robenzoates f ound that methanolysis 

proceeds much f aster than ethanolysis . 

All the above f acts oin t t o a way of dealing with esters of 

longe r - ch i n a l cohols. As e. trial, 1 ml. each of amyl valerat e and 

butyl benzoat e, esters which had not given e. solid derivative by the 

ordinary treatment. were heated separately f or 30 minutes i n 5 ml . 

of boil i ng methanol with a very small pi ece of sodium previous l y added 

( t o form methoxide ion. which acts as a cat alyst). The excess methanol 

was then disti l led off and the remaining es t er subjected to the usual 

aminolysis previously described . I n both cases the sol i d amide was 

formed. thus shovn ng that s ufficient methanolysis had ta.ken place to 



render the ester aminolyzable. 

E:-~:::.nzyh\L"lides from Lcids. 

The preparation of' o.cetanilide by heating aniline and acetic 

e.cid together :is fa common laboratory experiment. It was thought 
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that N-benzyla:mides might ba vre.pil.red in a sim.ilar .mcuw.er by heating 

be.nzyhunine with free acids. To test -this deduction 1 ml. each of 

i.socaproic acid and 1:imelic acid were heated separately virith bem:yla.­

mine using O .1 gram of' NH4Cl in each run.. Att~r one hour• s heating 

at the boiling poi:nt of benzylamine, the mixtures were cooled6 and 

washed with 5 percent KOH solu.tion. In both. cases the W•benzylamides 

were obc;ained. in 6ood yield. 
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Results 

Thirty-six esters were oonverted to N-benzylrunides in this re­

search, twenty-two of which ,2roved to be new oom11ounds. ~rhese latter 

were analyzed for n.i tro5an by the Kjeldahl method to establish identity 

and purity. 

Follow·ing is a table listing the amides prepared. their melting 

points, the solvents used for their recrystallization., and analytical 

data for the new compounds. 



% llitrogen 
Cale. Fotmd 

Recryat~l­
lized from 
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Melting Foi.nt oa. 
1lound. Litt Va1t1e 

·------------------------------------------
Prop1onie. 

Stearic 

]!.-J}idno­
benzoie 

F'almitie 

Tric11loro­
aoetie 

m-lUtro­
benzoi.e 

Glycolie 

2-Furoie 

P'uenylaeeti c 

Anthran:l.llc 

Anisia 

n-:Bu:t;rl-
m;;1.l oni c 

s~.lieylic 

.. 

C .,... "2-.U "!tc.· .ON ~~ ...... a 

:Sthylmalonie c19H22o::;:i'1'T2 

3-(2-Jl'ur{l )-
acrylic 

m_-Rydroxy.­
benzoie 

Y.1-llTi trobenzoie -
Malo:nic 

3. ?5 3.89 

4.06 4.11 

5.28 

6.96 

8.28 8.39 

f).03 9.18 

... 

6.16 6.08 

A 

B 

:a 

A 

A 

:n . 

0 

C 

C 

C 

91-2 

100-1 

103-4 

105-5.5 

111-11. 5 

134-6 

137--8.5 

140-1.5 

140 .. 5-2 

141.5-2.5 

41.1-1 .•. 8* 

60.7-l.3* 

101** 

105-7** 

137** 

141-31!!* 

142*** 



1t l:il t rogen 
Cale. :J?i::nt.".l.d 

Raceystal­
li:'3ed from 
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Mel ting Point oC. 
Foi:tnd I.it. Vnltie 

-----------------------·----·------------

Phenyleteyl• 
malonio 

O ~,rbRmio 

Citric 

1Vlip1e 

Tartaric 

021Rza0i,iI2 

" 't" ·O· 1\f v24/1.32· ~- 2 

Ji,, acetone-water 
!t, acetone 
0; i sopro11yl alcohol 
D, isop:ro:pyl s,lcohol-water 

9. 61 9.58 C 

0 

7.25 7.37 C 

9.15 

8.64 8.61 0 

E 

9.51 9.58 

5. 9(} 6.05 

... 

:m ..• ni trobenzene .. . , . . 
• 1h .. ie'.hler and Mackerizie, J. Am. Chem. Soe., ,§!. 421 (193'1) 

150. 5-1.6 

151-2.5 

160-2 

166--7.5 

178-9 

187.5-8.5 

197-2.00 

168** 

178-9** 

199** 

.... 

** '.Pra;;ier, Jacol?son, Scmnid.t, and Ste:rn1 UJ3eilsteins ll&Jldi:n,oh der 
orga;n.iscl1en Cl:1emielt, Vol.. 12, Julius S:vr'lnger, :Berlin, 4th edit1011, H}29 

,,,,is* :Ba,.:fkas, Werz;t, ®d Dbiteley, J. Chem. Soc., 119, 359 (1921) 
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Failures of Method. 

Methyl levulinate and ethyl _:?,-benzoylbenzoate ga,re only gummy pro­

ducts when subjected to aminolysis with benzylamine. 

The N-benzylamides of oleic acid and isocaproic acid were unsatis-

factory as d0rivatives for identification because of their low melting 

points •. Both melted at abou-t:; 25° (An Gxact d(c:te~mination was not ma.de.). 

J;thyl carbonate resisted nll attem.1:,ts to aminolyse it. This is 

contrary to the reacdvi ty exhibited by other dibasic esters in this 

study, but agrees vJith the knovm. difficulty of hydrolyzing alkyl carbonates. 

'%1rnn added to bEm~ylamine, methyl p-toluenesu1fonate gave a water­

soluble white solid, no doubt N•methyl-U-benzyla1m11onium p-toluenesulfona te, 

which was not inv0stig;ated. Refluxing; this solid in benzylamino as 

usual produced a vmter-insoluble solid whose melting point did not corres­

pond with the literature value for N-benzyl-g-toluenesulf'onamide. This 

was the only sulfonic ester tried, so no general conclusions co:ncerning 

the behavior of such esters in a:mirwlysis can be drawn. 
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DISCUSSION OF RESUL'rS 

1'he method of preparing derivatives for identification of the 

acyl group in esters developed and usEJd in this work seems to present 

several advantages over oth0r methods now' in use. It requires but a 

single reaction consuming not more than one hour's time, employs only 

one reagent and is a.£:plicable to 1,mictically all types of esters. 

It has particular advantages in dealing; with esters of hydroxy-acids 

such as glycolic and t;artaric, v'lhich cannot be converted to acid 

chlorides as is commonly done in the standard procedure. 

The method of Koelsch and Tenenbaum (3) and Hardy (4) requires the 

use of a Grignard reagent Yrhich must be prepared each time it is needed 

because of its instability. Although their method requires only rive 

minutes refluxing time (af'ter the r0ag;ent has been prepared), Koelsch 

and Tenenbaum find that it fails for several common esters of dibasic 

acids. Our method has been found to work exceptionally well f'or dibasic 

esters. 

'fhree frincipal improvements in Buehler and Mackenzie's (1) work 

have been accomplished during the course of this investigation. 

It has been proved that the use of water as a solvent in the aminolysis 

of esters by benzylamine decreases the reaction velocity. This decrease 

ea,n be explained on the basis of dilution of the reactants as well as 

the impossibility of' attaining a. high reaction tem1,erature due to 

preferential refluxing of the water. This latter factor is probably 

the reason why Buehler and Mackenzie failed to obtain satisfactory 

yields with esters of the long-chain aliphatic acids. It was :found in 

our own study that the loni-chain fatty acid esters gave even better 



yields than the shorter-chain co:nrpounds. 

The use of a:rmo.onium chloride as a catalyst has been proved to 

approximately double the yield of amide in a one hour J:,eriod with 

ethyl benzoate. This improvement in yield, which is believed to be 
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general, is obviously an advantage over Buehler and Mackenzie's method 

since it brings v,i thin scope many esters which would otherv.rise require 

an inconveniently long reriod of time for runinolysis,. 

The conversion of esters of longer-chain alcohols to methyl es·l;ers 
; 

by methanolysis, so that they may be aminolyzed, constitues a satis-

factory method of dealing with an otherwise difficult class of esters. 

The method of identification set forth in this work is thereby extended• 

and this extension may certainly be classed as an improvement over 

Buehler and Mackenzie's :method. 

·.rhe list of N-benzylamides prepared by the above workers has been 

en tended to include a grea-ter variety 0£ ester;;;;, thus ma.king it much 

more useful to the organic analyst. 

Ins1)ection of the table of deri va.ti ves reveals that al though 

11bunchingu of the m.el ting points occurs in a few .vlaces, a. very good 

scattering is ;resented as a whole. 

The principal limitation of the method encountered in our work was 

its failure to give crystalline derivatives v1dth es·cers of keto-acids. 

The 0011.dcmsation of benzylamine with acetoaeetic ester (27) and with 

aroma tic ketones ( 28) has been studied, and found to be usually o.f 

the ty-pe; 
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Although no investigation of the reason for failure of keto-esters 

to give satisfactory derivatives was made in our vmrk, it is believed 

highly probable that a condensation reaction of the sort illustrated 

above ta,kes place giving; coxn._pouuds which do not respond to the ordinary 

methods of purification. 

The f'reparation of W-benzylisocaproam.ide and W,N 1 -dibenzyl.9imelam.ide 

from the free acids shovrs that t.1.minolysis w:i. th benzylamine may also 

find use as a method for obtaining N-benzylamides from acids without 

the intermediate preparation of the acid chlorides. In addition, it 

a:;;pears probable that such derivatives may be prepared from unsubstituted 

amides. The only example of this reaction i:n the pr:,sent study was the 

preparation of W ,H' -dibenzylurea f·rom ethyl carbamate. The reaction 

has been employed by Clark (29) to prepare derivatives of simple am.ides 

by heating them with aniline or alpha-napthylamine, but benzylamine 

should certainly prove superior. 

The preparation of a :N-benzyla.mide gives almost no information 

as to the identity of the alkoxyl group present in an ester, although 

if' one has also a knovdedge of the physical constants of the ester, 

the number of such groups possible is extremely limited. 

A worthwhile research pare.llel to the present one would be the 

d,nrelop:ment of a method for obtaining; derivatives of the alkoxyl group 

in an ester by a single step. 
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SUMMARY 

.A.11 improved procedure for -the preparation of l'ii-benzylam.ldes as 

derivatives for identifying the acyl g;rou.v in esters has b('>en developed# 

and tested on forty-tvro compounds. It lms proved applicable to all 

classes of carboxylic esters studied except those of keto-acids and 

carbonic acid. 

The advantages of using; benzylainine to effect the a:minolysis, of 

omitting; water as a solvent, and of using amm.oniu.m chloride as a cata­

lyst have been demonstrated. 

A table showing the analytical data and physical properties for 

the N-benzylamide derivatives of thirty-six esters is presented. 

'fwenty-t.vo new comJJounds htive been synthesized, analyzed for 

nitrogen, and their melting points recordedl 
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