Russian Chemical Reviews 64(3) 259275 (1995)

©1995 Russian Academy of Sciences and Turpion Ltd

UDC 547.466:661.18:615.014:665.58

The synthesis, properties, and applications of N-acyl-a-aminoacids
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Abstract. The review gives a systematic account of, and surveys
the literature data on, the methods of synthesis, the physical and
colloidal properties, and applications of acyl derivatives of
aminoacids. The bibliography includes 369 references.

I. Introduction

Aminoacid derivatives, in particular N-acyl-a-aminoacids, the
molecules of which include the peptide and carboxy-groups
(or the sulfo-group in the case of aminosulfonic acids) have
aroused continuous interest because of their exceptionally broad
spectrum of activity. The presence of the acyl fragment in the
molecule imparts hydrophobic properties to these compounds
and enables them to exhibit surface-active properties.
Aminoacids and higher carboxylic acids (HCA) are used for
the manufacture of N-acyl-az-aminoacids. The practical applica-
tion of N-acyl-a-aminoacids in industry and in human vital
activity merits special attention. They are biologically ‘soft’ and
are readily decomposed by bacteria under natural conditions,
which is very important in our era of progressive pollution of the
environment by industrial and domestic waste.

The chemistry of aminoacids, including the practical aspects
of the chemical synthesis of peptides from which acylaminoacids
are obtained, is fairly widely represented in the literature. !~ 1!
However, there is at present only isolated information about the
methods of synthesis of acylaminoacids suitable for industrial
application, their properties, and their practical applica-
tions.!2-15 The large number of continuously appearing
publications on this topic has necessitated a survey of the
accumulated information.

This review gives a systematic account and discusses the
methods of synthesis of N-acyl-a-aminoacids having the general
structure RIC(O)NR2[CH(R?)CO],,OH and the relation between
their structure and their physicochemical properties and surface
and biological activities.

Since the methods for the acylation of aminoacids by higher
carboxylic acids have been described in fair detail in the
literature, we shall deal in detail with certain data concerning
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the kinetics and general mechanisms of acylation by the
Schotten—Baumann method and of the activated esters
method, which are fairly widely used for the synthesis of the
above compounds.

I1. Methods for the acylation of aminoacids

Detailed analysis of the formation of the peptide linkage, carried
out, for example, in the monograph of Gershkovich and
Kibirev, ' showed that as a rule the carboxy-group is initially
activated in order to increase the electron density on the carbonyl
carbon atom of the higher carboxylic acid and this is followed by
nucleophilic attack, in the given instance by the amino-group of
the aminoacid. Nowadays methods such as the carbodiimide,
azide, mixed anhydride, activated esters, and carboxy-anhydride
procedures are most widely used for the formation of the peptide
linkage. However, these methods are not always effective in the
development of a technology for the manufacture of acylamino-
acids.

The ability of aminoacids to be acylated is in many respects
determined by the nucleophilicity (pK, = 2.23 - 4.43) of the amino
groups, 17 steric factors, and the acylating capacity of the
carboxylic acid derivatives RCOX, which is in its turn
determined by the stability of the anion X ~. In terms of their
reactivity, the principal types of acylating agents are equivalent to
the acidity series (the stability of the anion X ™) and the series
based on the rates of their hydrolysis and can be represented by
the following sequence:

R'COHal > (R'C0),0 ~ R'COOR? >R'CONR} >R!COOH.

Hence it is seen that the most effective acylation of aminoacids
requires the activation of the carboxy-group in carboxylic acids,
for example up to the formation of acid chlorides, anhydrides,
activated esters, etc. The overall mechanisms of reactions
involving acylation by carboxylic acids and their various
derivatives have been investigated quite adequately.! —8 16,17

The principal methods of synthesis of acylaminoacids
suitable for practical application known at the present time
are considered below.

1. Acylation by the Schotten — Baumann method

Acylation of aminoacids by HCA chlorides is one of the
commonest methods of synthesis of acylaminoacids. It con-
stitutes the basis of the industrial manufacture of a whole series of
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products, for example ‘medialans’ which are derivatives of
sarcosine. 8-20 There are various modifications of this method:

RICOClI + H,NCHR?*COOH NaoH

— RIC(O)NHCHR2COONa.

HCA chlorides with various structures are used as the
acylating agents. The reaction is carried out in aqueous
solutions, in aqueous organic mixtures containing 30%-50%
of an inert water-soluble organic solvent, and in systems
comprising two immiscible solvents, one of which is water. It
is noteworthy that in the last case, for example in the
water —toluene system, the yield of the target product is
appreciably reduced. *

In the study of the kinetics of the acylation of a-aminoacids
by benzoyl chloride in aqueous solutions, it has been shown?!
that the amino-group in the aminoacids investigated has a high
reactivity, which is determined by the form in which the acid
exists in solution. The forms having free amino-groups,
H,NCHRCOO- (A) and H,NCHRCOOH (B), are the most
reactive, the activity of form A being higher. The rate of
change of the concentration of benzoyl chloride, for example
in the acylation of glycine in a water —dioxane mixture (298 K,
ey = 1.17 x 1077 M), is described by the following equation
when account is taken of its hydrolysis:

where &y and k are the hydrolysis rate constant and the rate
constant for the acylation of the a-aminoacid in form A by
benzoyl chloride, K, is the acid ionisation constant of the
protonated amino-group of the aminoacid, ¢, and ¢ are the
benzoyl chloride and aminoacid concentrations, and cy+ is the
concentration of hydrogen ions. Subject to the conditions ¢ » ¢y,
and a constant pH of the reaction medium (the use of a buffer),
the observed rate constant (k) for the given first-order reaction is
calculated by the equation

kK,

cy+

k°=kh+ C .

The constants, calculated by the least squares method
(Table 1), show that under the experimental conditions the
o-aminoacids do not catalyse the hydrolysis of benzoyl! chloride;
this is confirmed by the similar rate constants for the hydrolysis
of the latter in reactions with various «-aminoacids. The
reactivities of the amino-groups of a-aminoacids are analysed
in terms of the quantity K), which includes the product of k and
K,. The reactivities of the amino-groups of the a-aminoacids
investigated are approximately the same with the exception of
L-proline and L-glutamine. The study of the hydrolysis kinetics of
the chloride of lauric acid under conditions of aminoacid
acylation has shown 22 that this reaction proceeds in the kinetic
region with E, = 12.8 + 0.5 kcal mol—! at temperatures below
30 °C. The kinetic parameters for the acylation of a series of a-
aminoacids by benzoyl chloride in aqueous solutions, obtained by
Babaev et al., 2 describe the experimental data satisfactorily (the
error does not exceed 5%). However, there is no rigorous
correlation between the reactivity of a-aminoacids and their
structure.

The methods of synthesis of acylaminoacids via HCA
chlorides proved to be effective not only for natural a-amino-
acids but also for many others,2%24 for example for o and
g-aminohexanoic, «-aminobutyric, a-aminoisobutyric, and imino-
diacetic acids as well as N-ethyl, N-propyl-, and N-butyl-
glycine, N-methylalanine, and B-alanine.

In the acylation of sarcosine by HCA chlorides, it was
found 25 that, in order to increase the quality of the product, it is

Table 1. The rate constants for the hydrolysis of benzoyl chloride (ki) and
the acylation of a-aminoacids (k1 and k) and the acid dissociation constants
(K) of a-aminoacids at 298 K and cy+ = 1.17x10~7 mol litre—1.2!

a-Aminoacid 103 kn/s—! ky = 107(kK.)/ 10—4 k/litre
(rKa)* s~1 mol~1 s~!
Gly (11.28) 1.93+0.18 4.0140.23 7.64

DL-Ala (11.46) 1.69+0.09 0.817 £ 0.005 2.35

DL-Val (11.25) 1.89£0.05 2.14+0.02 3.81

DL-Leu (11.09) 1.46+0.15 1.74 £0.06 2.14

L-Ile (11.26) 1.92:+0.19 2.33+0.08 4.24

L-Pro (12.0) 3.80+1.54 23.04+0.7 230

DL-8-Phe (10.83) 1.66+0.23 3.97+0.08 2.68

L-Gln (10.78) 2.414+0.39 6.45+0.25 3.89

% The values of pK, are quoted to within +0.02.

necessary to maintain rigorously a series of technological process
parameters (pH 10.5 + 0.3, temperature below 30 °C, vigorous
stirring during the addition of the acid chloride). In order to
isolate the pure substances, the reaction mixture is extracted with
ether, washed with water until neutral, dried over sodium sulfate,
the solvent is distilled away, and the residue is recrystallised from
hexane or petroleum ether. 2# It is recommended that acylsarco-
sine be neutralised by washing with hot water for 3 h at a tem-
perature 10 °C below its melting point. More prolonged washing
of the product under these conditions leads to the hydrolysis of
the peptide linkage.

Much attention has been devoted to questions of the
purification of N-acyl-a-aminoacids. One of the effective ways
of solving this problem involves the washing of the reaction mass
with C,-C,4 aliphatic alcohols with simultaneous reduction of
pH and filtration of the precipitated deposit or the employment
of an alcohol - water mixture in the acylation stage. 2627 These
procedures make it possible to obtain acylaminoacids with a
purity of 98%—99%.%% Further development of industrial
methods of synthesis of acylaminoacids by the Schotten-—
Baumann method involves the optimisation of the process
and the development of continuous technological production
schemes. 2°

Together with the natural and synthetic aminoacids,
hydrolysed proteins are an important raw material for the
industrial production of acylaminoacids and oligopep-
tides. 1.18-20.25 The products of the cleavage of the waste
from leather (in the tanning of leather) and food industries,
products of plant origin (cereal fibrin), microorganism biomass,
etc. are as a rule employed as the protein raw material. The
protein is usually hydrolysed by boiling in an excess of
concentrated hydrochloric acid or alkali.

The industrial manufacture of products based on hydrolysed
proteins with the trade name ‘Lamepons’, and ‘Meipons’ have
been organised using the chlorides of lauric, palmitic, stearic, and
oleic acids, as well as mixtures of acids from coconut and tall oils,
lipids, and phospholipids. 131839 The industrial methods of
synthesis of acylated hydrolysed proteins are based on the
Schotten — Baumann reaction in accordance with the following
scheme:

. NaOH
R!COCI + H;NCHR2CO[NHCHR*CO],.NHCHR*COOH —_—

— R!CONHCHR?2CO[NHCHR?3CO],NHCHR*COONa,

where R! = alkylated HCA, and R?, R3, and R* are fragments
present in the a-aminoacids of protein raw materials of different
origin.

In practice, the reaction is usually carried out with the
gradual addition of HCA chlorides and stirring. A constant pH
(9.5) and temperature (20 + 5 °C) are then maintained. 332
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A commercial product with the following composition (%) is
obtained under these conditions: acyl derivatives (25.0), initial
hydrolysed protein (3.5), HCA (6.0), NaCl (5.0), and water (60.5).
The optimum process conditions, making it possible to attain the
maximum conversion of HCA chlorides and to obtain a high
quality target product in a high yield, have been determined in a
number of studies. 23337

The acylation of aminoalkanesulfonic acids takes place
similarly to the reactions with aminoacids. The best known of
the industrially produced acylaminoalkanesulfonic acids are
derivatives of methyltaurine with the commercial names
‘Igepons’, ‘Metaupons’, ‘Hostapons’, etc. The methods of syn-
thesis of acylmethyltaurine (including the principal industrial
method of its preparation) by the Schotten— Baumann reaction,
have been described in fair detail in a monograph. 2°

In recent years, studies in this field have been directed to the
synthesis of highly concentrated acyltaurines with an increased
purity. For example, repeated heating (to 50-90 °C) of the
reaction mass containing 30%—60% of moisture, up to 50% of
acylmethyltaurine, and 6% of NaCl followed by cooling to
10-30 °C3# makes it possible to eliminate up to 90% of water
from it. Highly pure acyltaurines have been obtained in a high
yield in the stoichiometric interaction of HCA chlorides with
taurine in an aqueous alcoholic medium.3® The product, free
from the NaCl impurity, has been isolated on heating the reaction
mass, from which the NaCl deposit was filtered off and the
product was crystallised. *° A continuous method of synthesis of
acyltaurines involving the continuous introduction of measured
amounts of HCA chlorides has been developed. The optimum
parameters of the technological process (pH 9-10, T =
40-60 °C) make it possible to obtain a highly concentrated
pure product with an impurity content < 3%, 2%41-44

2. The anhydride method

Symmetrical organic acid anhydrides and mixed anhydrides of
inorganic acids are used for the acylation of aminoacids. Despite
the fact that they are all less reactive than HCA chlorides, their
employment for the synthesis of acylaminoacids is fairly
important, The amide linkage is formed in this case in
accordance with the following scheme:

(R'R2CO),0 + HNCHR3COOH —»
—» RICONHCHR3COOH + R2COOH.

Symmetrical organic acid anhydrides are preferable to others
because they make a wide variety of side reactions avoidable.
However, it is not possible to avoid the formation of the
corresponding acids from the anhydrides (in stoichiometric
proportions). For this reason, mainly the anhydrides of lower
carboxylic acids are used in this method. The employment of
extremely reactive anhydrides of halogenated acids with electron-
accepting substituents, for example trifluoroacetic acid anhy-
dride, for the large-scale production of acylaminoacids is
economically unsound.

Aminoacids are as a rule acetylated by acetic anhydride in
water or in acetic acid. For glycine and racemic aminoacids, 4547
the yield of the target product is 89% —92%. Acetylation by acetic
anhydride in boiling glacial acetic acid afforded derivatives of
DL-alanine, 4® DL-valine, 4’ and 4-aminobutyric and 6-amino-
hexanoic acids.’® N-Alkylaminoacids are acetylated simi-
larly. 3152 In order to improve the quality of the acetylaminoa-
cids obtained, acetylation by acetic anhydride in ethyl acetate in
the presence of the cation-exchange resin K in the H*-form has
been suggested. 53 Together with acetyl chloride, acetic anhydride
is widely used for the preparation of acetyl derivatives of
aminoalkanesulfonic acids. %35 A method for the acetylation
of aminoalkanesulfonic acid in the solid phase has been
proposed. It makes it possible to obtain extremely pure products
in a high yield.?® It has been demonstrated by liquid

chromatography that the product is up to 97% pure and
contains about 1.5% of the initial aminosulfonic acid.

A series of acyl derivatives have been obtained by acylating
aspartic acid with the anhydrides of alkenyl(alkyl)succinic acids 7
and by acylating taurine with the anhydrides of propionic and
butyric acids. 3® HCA (Cg—Cz2) anhydrides have been used in a
series of syntheses. 5°

Mixed HCA anhydrides with sulfuric and carbonic acids are
included among effective acylating agents despite the fact that in
this case there is a possibility of side reactions. When mixed
anhydrides of HCA and sulfuric acid were used at — 5 to 40 °Cin
a water—acetone mixture, acyl derivatives of alanine, lysine,
glutamic acid, and peptides were obtained. 5 The products of the
acylation of aminoacids by mixed anhydrides of HCA and
alkylcarbonic acids [alkyl carbonates? (Translator)] are the
corresponding alcohols and carbonic acid together with the
acylaminoacids. 6!

3. Method employing esters

Despite the fact that only the activated esters method has found
extensive application in the synthesis of peptides, in practice both
HCA esters and their activated forms are used to synthesise
acylaminoacids. As a rule activated esters are obtained from
nitro-, chloro-, and fluoro-phenols. The acylation of aminoacids
by HCA esters leads to the simultaneous formation of
acylaminoacids and alcohols in accordance with the scheme:

R!COOR? + H,NCHR3COOH —
— RICONHCHR3COOH + R2?OH.

This reaction is usually catalysed by an equimolar amount of
a strong base, for example sodium alkoxide, sodium and lithium
tetrahydroaluminates, etc. When this method of acylation of
aminoacids or their salts was used, the yield of the target product
reached 90%-—95%.%2 The vyield of the product decreases
appreciably in the presence of traces of moisture. Acyl
derivatives of a-aminoacids, %* oligopeptides, 54-%¢ hydrolysed
proteins, ®” and methylpurine %%-6° have been obtained by this
method.

Nitrophenyl derivatives have been used to isolate a-amino-
acids. 637071 Pentafluorophenyl esters have been used success-
fully to acylate iminoacids despite the fact that N-alkyl
substitution and branching at the a- and B-carbon atoms of
the aminoacids interfere with the reaction. 7

The reagents proposed nowadays for the activation of the
carboxy-group and the subsequent formation of the peptide
linkage by the activated esters method are as a rule stable during
storage and exhibit a high reactivity, which in the case of sub-
stituted pheny! esters, for example, is determined by the acidity of
their hydroxy-groups and by the type and position of the
substituent and may differ by 2-3 orders of magnitude.'®
Pentafluorophenyl and nitropheny! esters with a nitro-group
which does not hinder the access of the amino-component to the
clectrophilic centre are the most reactive (Table 2, see over).
A lower rate of acylation is characteristic of polychlorophenyl
esters, which is due to the steric shielding of the electrophilic
centre by the chlorine atoms in the ortho-positions.

4. Acylation by carboxylic acids

As a rule, aminoacids and their derivatives are not acylated by
carboxylic acids at the usual temperatures. As stated above, the
occurrence of such reactions under relatively mild conditions is
possible only after the preliminary activation of the carboxy-
group, for example by means of dicyclohexylcarbodiimide
(DCHO).

—

R!COOH + H;NCHR2COOH + CgH;)N=C=NCsH;
— RIC(O)NHCHR?COOH + C¢H;;NHC(O)NHC¢H;;.



262

A P Mikhalkin

Table 2. The rate constants (k) and the times (1) required for 90% acylation
by various activated esters. 16

R? 10%/mol~! s—~!  t/min .
oH
F F 40.4+9 2.9
F F
F
HO—QNOz 18443 6.3
O.N
OH
/
N
0=<:>:0 54407 21
NO,
QOH 173402 67
No,
Ct Cl
CI—QOH 1.72+0.03 62
a «a
a
CIQOH 0.340.03 385
C1
HO—@~NO; 0.1£001 1088
cl
0.06 0.002 1856

2
o
I

0

It has been suggested? that aminoacids are acylated in the
presence of carbodiimides in accordance with a complex scheme
involving the formation in the first stage of an adduct of the HCA
and DCHC — O-acylurea.

/NHC5H1 1
RCOO—C A
NCsHi:

This adduct, in which the carboxy-group is in an activated form,
subsequently reacts with the aminoacid, forming an acylamino-
acid. Acyl derivatives of glycine, alanine, leucine,” phenyl-
alanine, lysine, methionine, glutamic acid,’> and a number of
other aminoacids 76 have been synthesised by this method in the
presence of DCHC. It has been suggested that the acylation of
HCA in an inert solvent with a calculated amount of
carbonyldiimidazole be used to form the peptide linkage.”’

The imidazolide of the acid is formed as an intermediate in the
reaction. It is subsequently transacylated to give the target
products by reaction with the amino-group.

The synthesis of peptides, in particular of acylaminoacids,
employing HCA as the acylating agent is favoured by the
introduction into the reaction system of catalytic amounts of
various phosphorus compounds: phosphorus chloride, 78 triphe-
nyl phosphite,’ the anhydrides of alkylphosphonic® and
dialkylphosphinic 8 acids, derivatives of phenylphosphonic
acid,®2  diethylphosphoryl cyanide,®  diphenylphosphoryl
azide, 84 and tetraethyl pyrophosphite.! Acylation by carboxylic
acids in the presence of diethylphosphoryl cyanide is carried out
in the presence of triethylamine.

NCP(O)(OEt),

1 2
R!COOH + H;NCHRCOOH EGN

— RIC(O)NHCHR2COOH

The addition of tertiary amines promotes the formation of a
carboxylate ion and the esterification reaction, increasing the
yield of the target products. Acylaminoacids or peptides have
been obtained in high yields (83% - 94%) using carboxylic acids
and diphenylphosphoryl azide.

N3PO(OPh),
————

RICOOH + H,NCHR2COOH
EtsN

— RIC(O)NHCHRZCOOH

The effectiveness of the preliminary activation of the amino-
group by tetracthyl pyrophosphite with formation of an amide
has been demonstrated for the acylation of aminoacid esters with
the aid of HCA.

RICOOH + [(EtO),PNHCHR?COOEt] —»

—» RI!C(O)NHCHR2COOEt

The reaction with diethyl phosphorochloridite takes place in
accordance with a similar mechanism. !

Despite the fact that the reactivity of carboxylic acids as
acylating agents is extremely low without their preliminary
activation, this method has found fairly extensive applications
in practice in the development of technological processes. Acyl
derivatives of glycine, 3° a-aminoacids, B-alanine, 6-aminohex-
anoic acid, and oligopeptides® have been obtained by this
method. The reaction is carried out as a rule at 160-200 °C
under an inert gas atmosphere. Depending on the type of the
starting material, the yield of the target product can reach
40%-90% of the theoretical value. Under these conditions,
acylaminoacids can be dehydrated with formation of oxazolones.

A N—CHR?
RIC(ONHCHR’COOH —j5> R'C
0—C(0)

The method of synthesis of basic acylaminoacids, developed
by the Ajinomoto Company,?” involves the interaction of
aminoacids with HCA at 100-250 °C in an organic solvent
immiscible with water and forming an ‘azeotrope with water’
under the reaction conditions. The method of synthesis of acyl-
aminoacids proposed by the Dynamit Nobel AG Company has
effective technological parameters. 62 The experimental industrial
technology for the production of acylaminoacids is based on the
acylation of 6-aminohexanoic acid, obtained by the alkaline
hydrolysis of e-caprolactam, 38 and its amination and subsequent
acylation by acrylic acid.?-9° Acyl derivatives of peptides with
valuable operating properties have been obtained by the reaction
of HCA at 210-250 °C with oligopeptides obtained by
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hydrolysing protein materials, in particular leather, bristle,
hooves, animal hair, bird feathers, plant proteins, fish waste,
and purified proteins such as collagen, casein, and elastin, *!
Together with the traditional industrial methods for the
synthesis of acyltaurides by the Schotten — Baumann acylation, a
procedure involving the acylation of a methyltaurine salt by
carboxylic acids has been proposed for commercial use. 92

A
RCOOH + HN(CH3;)CH>CH>S0O3Na —_—HZ—OF

— RC(O)N(CH3)CH,CH,SO;Na

A characteristic feature of this method is a higher content of
the initial carboxylic acids in the reaction mass. The process is
carried out at reduced pressure under inert gases. The
corresponding acyl derivatives based on HCA have also been
obtained for the sodium salts of N-cyclohexyltaurine,?* N-2-
hydroxypropyltaurine, %95 and methyltaurine. 9¢

5. Other methods

Amides and carbon monoxide belong to the class of acylating
agents which are rarely used in the synthesis of acylaminoacids
but are potentially of practical value. The reaction of an amide
with carbon monoxide and an aldehyde or a compound giving
rise to an aldehyde takes place in the presence of a catalyst (Cat)
in accordance with the scheme

R'C(O)NH; + CO + R2CHO ‘= RIC(O)NHCHR?COOH.

Group VIII transition metals (cobalt is the best) in the form of
carbonyls, carboxylates, and various complexes have been
proposed as catalysts.>7-1%0 The reaction is carried out at
50-150 °C, at a carbon monoxide partial pressure of
50500 atm, in the presence of solvents, preferably alcohols,
ethers, and ethyl acetate. The best results in the carbonylation
reaction have been achieved with the aid of aliphatic aldehydes
and primary amides.®® As nucleophiles, amides add to the
carbonyl group of aldehydes over a wide pH range and
the initial product is wusually an N-acylcarbinolamine
RIC(O)NHCR?R3OH. !” When this reaction is carried out at
an elevated temperature, the O —» N rearrangement is facili-
tated. Under these conditions, ketones are as a rule less
reactive.

A modified version of the above method, involving the
replacement of the aldehyde by compounds containing double
bonds, has been proposed. 101162 The reaction is carried out in
one stage, which increases its selectivity and rate. Ethers, ketones,
and sulfoxides have been proposed as solvents. The highly
nucleophilic amide anion, formed under these conditions on
treatment with a strong base, undergoes Michael addition to the
substituted alkene.

OH~
—

R*CH=CHCOOH

R!C(O)NHR? RIC(O)NR?

—> R!C(O)NRZCHR3CH,COOH

In practice, acylaminoacids are obtained under these conditions
from alcohols and organic halo-derivatives. 103105 The hydro-
formylation of an alcohol or halide in the presence of an amide
and a catalyst (a Group VIII transition metal) is carried out at
50-200 °C and a pressure of 10— 500 atm (a mixture of CO and
Hy); the yield of the target product is up to 69%.

The method of synthesis of acylaminoacids by the reactions
of oxiranes with amides, carbon monoxide, and hydrogen in the
presence of cobalt-containing catalysts and promoting agents is
of considerable interest.%6-19% Compounds containing Group
I-V metals are employed as promoting agents. Among the
diverse methods of synthesis of acyl aminoacids, the

hydrogenation of an azlactone by N-acetylaminocinnamic acid
in the presence of Raney nickel, '° reactions of aliphatic nitriles
with glyoxylic acid, ! the interaction of an aminoacid salt with
gaseous ketene, 1’2 and the acylation of the aminoacid by the
succinimidine ester of the HCA '3 have been mentioned. In the
last case, acyl derivatives of glycine, a- and P-alanines, and
aspartic acid were obtained. The constant growth of the number
of studies published on this topic shows that the methods are
extremely promising, 114-118

The processes based on the interaction of amides with chloro-
and hydroxy-alkane sulfonates,?5 for example

RIC(O)NHR? + HOCH,CH,SO:Na —>u

— RIC(O)NR?CH,CH,SOsNa + H,

can also be included among the traditional methods of synthesis
of acylaminoalkanesulfonic acids. Derivatives of aminomethane-
sulfonic 1'% 120 and aminoethanesulfonic 12! -124 acids have been
obtained in this way. For example, acylaminoethanesulfonates
have been synthesised by the interaction of HCA, urea, and
hydroxyethanesulfonates in the presence of an excess of the latter
at 180-240 °C.%%122 The process is distinguished by a high
degree of conversion of the starting materials (92% —98%). HCA,
amines, and hydroxyalkanesulfonates interact under virtually
identical conditions. 123

It has been suggested that, instead of amides, nitriles should be
employed in the synthesis of acylaminoalkanesulfonates. 126128
Acylaminoalkanesulfonic acids can also be obtained by aminat-
ing hydroxyethanesulfonates with subsequent acetylation 129130
or activation of the aminoalcohols and the sulfonyl chlorination
of the amidoalcohols obtained. 13!

One of the possible ways of obtaining acylaminoacids and
their derivatives involves the interaction of lactams with HCA
and their derivatives such as acid chlorides, anhydrides, esters,
etc. 2% The acylation of lactams, for example of e-caprolactam, by
carboxylic acids is carried out at 240-250 °C and a pressure of
16 atm,'3? the target product being obtained with different
degrees of oligomerisation of 6-aminohexanoic acid, depending
on the ratio of the lactam and the acid taken for the reaction. The
interaction of lactams with carboxylic acid esters leads to the
formation of the corresponding acylaminoacids in fairly high
yields (68%—71%).133

It follows from the foregoing that, for the industrial
production of acylaminoacids, one may use (together with the
acid chloride method, on the basis of which the technologies for
the synthesis of virtually all the products of this kind have been
developed by foreign companies) methods for their synthesis by
the direct condensation of aminoacids with HCA, via carboxylic
acid anhydrides, and by the reaction of amides, carbon
monoxide, and an alkene (aldehydes, alcohols, and organic
halides) are of considerable interest. The disadvantages of each of
these procedures were noted above.

I11. Properties of acylaminoacids

The properties of acylaminoacids are determined by the presence
in the latter of peptide and carboxy-groups and by the con-
jugation of the lone pair of the nitrogen atom with the n-electrons
of the carbonyl group, which leads to the manifestation by the
peptide group of the properties of a double bond. The salts of
these compounds in highly dilute aqueous solutions (below
102 M) tend to form micelles. Information about the properties
of acylaminoacids has scarcely been treated systematically
hitherto and is sometimes published in sources which are not
readily available. The individual properties and constants of some
of these compounds can be found in a number of communica-
tions. M- 14, 15,24,25,68,134- 140

The solubility in water of N-acylaminoacids, forming
colloidal solutions at low concentrations, is in many respects
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Table 3 The dissociation constants (pK') and solubilities (P,) of a series of aminoacids.!
Aminoacid Chemical formula pK}{ (a-COOH) pK5 (a-NH7F) pHi® P,/g®
Glycine CH;(NH2)COOH 2.34 9.6 597 25.0
a-~Alanine CH;3(NH2)COOH 234 9.69 6.00 16.6
Valine (CH3);CHCH(NH)COOH 232 9.62 5.96 8.8
Leucine (CH;3),CHCH,CH(NH;)COOH 2.36 9.60 5.98 22
Sarcosine CH>NHCH,COOH 2.23 10.01 6.12
Aspartic acid HOOCCH;CH(NH;)COOH 1.88¢ 9.60 2.77 0.5
Glutamic acid HOOC(CH;);CH(NH;)COOH 2.194 9.67 3.22 0.9
Lysine H2N(CH2)sCH(NH;)COOH 2.18 8.95¢ 9.59 73.3
B-Alanine H2N(CH2);COOH 3.60 10.19 6.90 16.6
y-Aminobutyric acid H,N(CH,);COOH 4.02 10.40 7.21 6.7
e-Aminocaproic acid H>N(CH>)sCOOH 443 10.75 7.60
apH at the isoelectric point. P Solubility in 100 g of water at 25°C. °pK{=3.65 9dpK{=425 °pKj;=1053.
Table 4. The solubilities of the sodium salts of certain N-acylated aminoacids (determined at the Krafft point). 140
Aminoacid Acyl group®

Cio Ciz Cua Cis Cis
Glycine (+) @0) 36 (65) 47 (93) 55 () 66 (—)
a-Alanine (+) (159) 18 (666) 32 (523) 45 (301) 56 (—)
Valine (+) (109) (+) 372) (+) (400) 8 (330) 36 (229)
Leucine (+) (9% (+) (299) (+) (243) (+) (236) 46 (-)
Sarcosine (+) (109) (+) (258) (+) @73) 2 (229) 33 (229)
Aspartic acid (+) @7 (+) (78) (+) (109) (+) (169) 46 (154)
Lysine 8 (184 34 (229) 61 (—) 84 (-)

2 The numbers in brackets are concentrations of Ca?* ions in CaCOj in ppm; (+) indicates that the solutions remain clear at 0 °C; (~) indicates that the

solutions become cloudy at 0 °C.

determined by the acid—base properties and structural charac-
teristics of the initial aminoacids RIC(O)NR2(CH2),X, such as
the number and ratio of the polar groups (carboxy- and amino-
groups), and the polar and nonpolar R! groups. The dissociation
constants and solubilities of a number of aminoacids, the N-acyl
derivatives of which are considered in the present review, are
presented in Table 3. In the aminoacid series glycine —a-alanine —
valine —leucine, the solubility in water decreases by an order of
magnitude with increase in the size of the nonpolar R! group,
ie. with increase in their hydrophobicity. Thus, leucine, which
contains the relatively large hydrophobic fragment PriCH,CH,
can be extracted by hot n-butanol from its mixture with glycine.
The solubilities of the basic a-aminoacids are much higher than
those of the mono-carboxylic and acid a-aminoacids. Similar
behaviour may also be traced for N-acyl derivatives of the same
w-aminoacids (Table 4). The Krafft point for ionogenic
surfactants characterises the lower temperature limit for the
formation of micelles by the latter, because at lower temperatures
the solubility of the surfactants is insufficient for the formation of
micelles. The data in Table 4 show that the principal factors which
determine the Krafft point are the size of the acyl group and the
degree of branching of the aminoacid fragment.

The phase transitions from the solid to the liquid state
(320-400 K) in acylaminoacids differing in the size of the acyl
group have been investigated by IR spectroscopy. 14! It has been
shown that, with increase in the number of methylene fragments
and with the appearance of side chains in the aminoacid, AHp,
and ASmt both increase. Thus, for glycine and L-alanine
derivatives the appearance of each additional CH: group entails
anincrease in AHy, and AS,, by 3—5 and 7 kJ mol—! and by 8- 10

T Enthaipy and entropy of fusion (Translator).

and 18 J mol-! K~—! respectively. Studies on solutions of
acylaminoacid esters by spectroscopic methods have shown
that they exist in the form of dimeric complexes 42 formed on
associative interaction as a result of the formation of hydrogen
bonds between the NH and ester CO groups.

1. Spectroscopic properties
The UV spectra of acyl aminoacids are not of special interest to
organic chemists because, like the UV spectra of the initial
aminoacids and the HCA, they contain weak absorption bands in
the region below 215 nm. The presence of a peptide group does
not introduce a significant change into the UV spectra of
acylaminoacids in this absorption region either. 14

The IR spectra of acylaminoacids contain characteristic
absorption bands of the functional groups C=0 and OH
(carboxyl), C=0 and NH (amide bands I and II), and CH;-,
—CH_~, and =CH - (the hydrocarbon skeleton). The range of the
absorption frequencies of these compounds is determined by a
number of factors (solvent, suspension medium, possibility of
association, etc.) and for this reason Table 5 lists their average

Table 5. Characteristic vibration frequencies of the functional groups in
the IR spectra of acylaminoacids. '4.15.144-146

Functional Frequency/cm—! Type of
group vibrations
OH 3550-3000 stretching
NH 3460-3350 "

CH; and CH, 2940 - 2870 "

C=0 1730-1710 "

C=0 (amide I) 1685— 1645 "

NH (amide IT) 15501530 deformation
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values. It is difficult to make reliable assignments in the high-
frequency region of the IR spectra of acylaminoacids because the
vnm and von bands of the corresponding groups in the free and
associated states are as a rule observed simultaneously in this
region.

'H and 13C NMR spectroscopy is one of the most important
methods for the identification of acylaminoacids, which are
polyfunctional compounds.

The 'H NMR spectra of acylsarcosinate salts have been
described in the literature. It has been shown that in aqueous
solution acylsarcosinates exist as cis- and trans-isomers. 7 The
presence of an intramolecular hydrogen bond between the amide
carbonyl groups and the carboxyl in the trans-conformer has

been established by NMR spectroscopy. On the basis of the
spectra of certain acylaminoacids, general information has been
obtained concerning the dependence of the chemical shifts of the
amide protons on the dissociation constants of the carboxylic
acid (the acylating agent) 4314 and of the a-protons of the
acylaminoacid on the nature of the solvent. 5% 13C NMR spec-
troscopy has been more vigorously resorted to in recent years in
order to investigate acylaminoacids containing long hydrocarbon
groups. Thus Bouloussa and Dizabo ! presented the 3C NMR
spectra of the palmitoyl derivatives of glycine, alanine, and
glutamic acid, while Newmark and Hill’®2 and Gunston!53
described a method for the assignment of the carbon atoms in the
a-, B-, and y-positions relative to the amide carbonyl group

Table 6. The chemical shifts of the signals in the 'H NMR spectra (400 MHz) of the acylaminoacids R'C(O)NR?*(CH,).X.

Com- R!C(0)— R? n X Solvent Chemical shift/ppm (rel. to TMS)
pound

CH,C(0) NCH, CH.X
1 Cis H 1 COOH CDCls 2.35 (m) 4,052 (m) 4.05° (m)
1 Cis:t H 1 COOH CD;0D 2.77 (m) 4.11* (m) 4112 (m)
2 Cus CH; 1 COOH CDCl3 2.33 (m) 3.882 (s)b 3.882 (s)
3 Cis H 2 COOH CDCls 2.15 (m) 3.51 (m) 2.56 (m)
3 Cus:1 H 2 COOH CD;0D 2.15 (m) 3.39 (m) 2.47 (m)
4 Cis H 3 COOH CDCl 2.34 (0 338 (br.t) 2.25 (1)
5 Cne H 5 COOH CDCl 2.32 (m) 3.28 (m) 2.32 (m)
6 Ciz H 5 COOH CD;0D 215 (1) 315 (1) 2.28 ()
7 Cis:1 H 5 COOH CDClLy 215 (1) 3.15 () 228 (t)
8 Ci H 5d COOH CD;0D 2.15, 217 () 3.14, 3.15 (1) 228 ()
9 Cis:1 H 5d COOH CDCl 2.16 3.17, 3.19 (br.t) 2.31 (1)
10 Cis H 5d COOH CDCl; 2.16 (br.m) 3.19 (br.m) 2.31 (br.m)
1 Cio H 2 SO;Na CD;0D 217 (©) 3.58 (1) 2.95 (1)
12 Ciz H 2 SO3Na CD;0D 2.15, 217 (1) 3.58 (t) 2.95 (t)
13 Cia H 2 SO;Na CD;0OD 2.15, 2.17 (v) 3.57 (t) 295 (1)
14 Cis H 2 SO;Na CD;0D 215, 217 () 3.57 () 295 (1)
15 Cis H 2 SO;Na CD;0D 2.15, 217 () 3.58 (1) 295 (1)
16 Cis:1 H 2 SO;3Na CDs0D 2.15, 2.17 (1) 3.58 (1) 2.95 (1)
17 Cis—Cis:1 CHj; 2 SO;Na CD;0OD 2.34, 244 () 3.75 (m) 3.0 (m)

Remarks. The following notation has been adopted: m = multiplet, s = singlet, br.t = broadened triplet, br.m = broadened multiplet, t = triplet.
#The same methylene group. »The chemical shift of the NCHj group is 3.02 ppm (s). © Undecenoyl. ¢ For the compounds R'C(O)[NR?(CH2),}.X

(m =22 and 3) 8,9, and 10,

Table 7. The chemical shifts (§) of the signals in the 3C NMR spectra (20 MHz) of the acylaminoacids R'C(O)NR?(CH,),X.

Com- RIC(0)— R2 n X Solvent d/ppm (rel. to TMS; the values of 'Jcu/Hz are given in brackets)
pound
CH,C(0) CH.X NCH, C(O) COOH
18 Ciz H 1 COOH CD;OD 36.8 41.7 41.6 173.1 176.3
19 Cis H 1 COOH CD;0OD 36.8 41.82 41.82 173.2 176.6
20 Cis H 1 COOH CD;0D 36.7 41,72 41.7* 1731 176.5
2 Cis CH;b 1 COOH CD;0OD 35.1 53.8 53.8 171.0 177.0
(J = 146)

21 Cis:1 CH; 1 COOH CDCl; 354 51.92 51.92 176.0 178.0
22 CH; Cis:1 2 COOH CD;0D 7 34.6 36.5, 36.4 173.3 175.0

=127) J =139) 173.4
3 Cis:a H 2 COOH CDs;OD 36.52 35.22 37.1 175.1 176.1
7 Cis:1 H 5 COOH CDs;0OD 372 34.8 40.1 176.0 177.3
9 Cis:1 H 2¢ COOH CD;OD/CDCl;  36.0, 36.4 33.7 38.9, 39.0 - -

1:1

23 d H 2 SO;Na CDs0D/D,0 35.6-359 50.4-50.9 36.6-36.9 176.0

=137 (7 = 146) 176.4
17 Ci6—Cis:1 CH3¢ 2 SO;Na CD;0D/D;0 339 48.6 44.6 175.0

2 The same carbon atom. ® The chemical shift of the CH3 group is 37.2 ppm (J = 144 Hz). ©Here the compound is RIC(O)[NR2(CH3),]..X (m = 5).
4 The range of chemical shifts for individual compounds is quoted. The chemical shift of the NCH; group is 36.5 ppm.
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involving the use of deuterium exchange. NMR spectroscopy has
made it possible to establish the nature of the associated species
of acylaminoacids in aqueous systems and to show that the
formation of their micelles is accompanied by an upfield
displacement of the chemical shift for the hydrophilic part of
the molecule as a result of conformational rearrangements
around the C(O)-N and N-CHj; bonds. 154

Measurement of the 'H and 3C NMR spectra (400 and
20 mHz) for a series of acylaminoacids with long hydrocarbon
groups, involving the use of spectrometers with superconducting
magnets, which increased the chemical shift resolution, has made
it possible to make a reliable assignment of the majority of the
signals due to the functional groups of individual compounds and
to identify them readily in technical products constituting
multicomponent mixtures. 155-165 Typical chemical shifts for
certain functional groups in the 'H and *C NMR spectra of
acylaminoacids are presented in Tables 6 and 7.

2. Chromatographic separation

Despite the fact that the separation of acylaminoacids by
gas -liquid chromatography is extremely difficult owing to their
relatively high molecular masses and extremely low volatility, the
application of this method for the separation of acyl derivatives
of, for example, glycine, alanine, a-aminohexanoic and
d-aminoheptanoic acids, p-alanine, and the mixture of
a-aminoacids produced by the hydrolysis of natural protein
materials have been described in the literature.!96-172 High
performance liquid chromatography has been very widely used to
separate acylaminoacids (see for example, Refs 173~177). The
order in which acylaminoacids are eluted is determined both
by the nature of the aminoacids and by the structure of the acyl

group.

3. Surface-active and bulk-phase properties

Like other anionic surfactants, acylaminoacids form micelles, by
virtue of their diphilic structure, over a narrow temperature range
exceeding the Krafft point, i.e. the temperature below which
micelles are insoluble. The structures of the aminoacids differ
from those of the traditional surfactants, for example HCA
soaps, by the presence of the peptide groups, which impart to
them a number of specific properties. In particular, they exhibit
an increased resistance to acids and salts, a greater rigidity, lower
pH values of their aqueous solutions, lower critical concentra-
tions for micelle formation (CCM) and Krafft points, and a lower
surface activity (Gm), but they have higher minimum surface
tensions (Gmin). 25 140:178.179 Certain colloidal-chemical properties
of acylaminoacids are presented in Table 8.

The available data show that the principal factors determin-
ing the Krafft points and CCM are the size of the acyl group and
the degree of branching of the aminoacid fragment. The salts of
acylaminoacids are less active at the liquid — gas interface than the
corresponding HCA salts, where the nature of the formation of
their micelles is largely determined by the enhancement of the
hydrophobic properties of the molecule owing to the lateral
branching at the C, atom of the aminoacid fragment. This has
been confirmed by the minimum surface tensions and the CCM.
The CCM for acyl derivatives of a-aminoacids diminishes with
increase in the hydrophobicity of the molecules in the following
sequence; glycine > a-alanine > valine > leucine.!7?-181 The
hydrophobicity increases sharply for salts of acyl derivatives of
lysine. On the other hand, the salts of acyl derivatives of aspartic
acid (a dicarboxylic acid) are more hydrophilic. The contribution
of aminoacid side chains to the relative hydrophobicity has been
estimated from the CCM for the salts of the lauroyl derivatives of
a series of a-aminoacids in a study of the formation of their
micelles in various media 132183 and the authors suggested that
the CCM be used as a characteristic of a surfactant, reflecting its
hydrophile-lypophile balance (HLB).

The formation of micelles by acylaminoacids is accompanied
by a change in certain physical parameters of their molecules, for
example by a displacement of the chemical shift of the nuclei of
the nucleophilic fragment, which is a consequence of the confor-
mational rearrangements about the C(O)-N and N-CH,
bonds.’® It is noteworthy that the mechanisms of micelle
formation are very significantly influenced by the type and
number of impurities. Thus it has been shown 3% that values of
CCM; - CCMy in the range 0.026% - 0.12% have been found in a
technical product—sodium oleoylmethyltaurinate containing
NaCl and NaOH as the main impurities—from the points of
inflexion in the isotherm and from the solubilisation of a dye. The
different micellar structures, characterised by the four typical
concentrations for micelle formation, correspond to spherical
and non-spherical (cylindrical) micelles and their aggregates.

The influence of the structure of the acylaminoacid molecules
on their surface and bulk-phase properties has been estimated
quantitatively by calculation and by correlating the values of gmin
derived from experimental ¢ isotherms. 17 It was shown that this
parameter increases steadily with increase in the size of the acyl
group, obeying the familiar Duclos — Traube rule, and decreases
with increase in the size of the carbon skeleton of the molecule of
the initial aminoacid.

Adsorption in a layer with participation of the carboxy- and
peptide-groups is characteristic of acylaminoacids. This increases
the surface area per molecule in the monomeric layer of the
surfactant and decreases its limiting adsorption. 1% It has been
shown for acyl derivatives of glycine and alanine'®® that they
form a condensed monolayer over the entire range of surface
pressures at temperatures of 283.2-308.2 K. Under these
conditions, an increase in the size of the side group of aminoacid
entails an increase in the area of the monolayer.

4. Hydrophobicity

The hydrophobicity of the molecules of organic compounds is
an important property which determines the effectiveness of
their activity. In view of this, constant attention has been devoted
to the development of methods for the quantitative estimation of
hydrophobicity or the HLB. The hydrophobicity of molecules is
determined by their structure (each functional group makes a
definite contribution in accordance with the values of the
fragment constants). 2% Thus the introduction of a hydrocarbon
group into the molecule makes it more hydrophobic, whilst the
presence in the molecule of a double or triple bond as well as
the lone pairs of the oxygen and nitrogen atoms make the
compound hydrophilic. Recently it has been suggested that,
together with the traditional methods for the instrumental
estimation of the HLB, one should employ reversed-phase
high performance liquid chromatography.!”” The hydrophobic-
ities of the dodecanoyl derivatives of 17 most important
aminoacids have been estimated from their measured chromato-
graphic capacity coefficients and the results have been correlated
with calculated data. It was shown that the correlation
coefficients for structurally similar acylaminoacids are
extremely high (0.978-0.999).

It has been found that the hydrophobic parameters of
acylaminoacids determine the colloidal-chemical properties of
these compounds and their fungicidal activity. The correlation
between the hydrophobic and colloidal parameters for the
dodecanoyl derivatives of a series of a-aminoacids®! is entirely
satisfactory, particularly for the CCM and omin. The results of
in vitro tests on acylaminoacids by a standard method in a
medium with toxicants acting against agents inducing fungal
diseases showed 20! that the fungicidal activity of these com-
pounds is satisfactorily correlated with their hydrophobic
parameters, particularly in the case of structurally similar
derivatives of a-aminoacids.
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Table 8. The melting points (Tm), the Krafft points, CCM, and omin for aqueous solutions of the sodium salts of the acyl derivatives of a series of
aminoacids RIC(O)NR?*(CHX),Y.3:20.25,140,156,178-197

No. of  RIC(O) R? X n Y T/ °C® Krafft o (60°C)/ 10-3 CCM
compound point/ °C? mN m~! (30 °C)/k mol—3
24 Cio H H 1 COONa 113 + (40) 34.5 45.72
18 Ciz H H 1 COONa 117 36 (65) 35.6 12.66
25 Cia H H 1 COONa 121 47 (93) 35.6 4.30
19 Cis H H 1 COONa 121 55 (=) 354 1.25
20 Cis H H 1 COONa 127 66 (—) 36.1 0.44
26 Cio H CH3 1 COONa 97 + (154) 33.8 38.60
27 Ciz H CH; 1 COONa 104 18 (666) 34.5 11.53
28 Cia H CH; 1 COONa 109 32 (523) 347 3.80
29 Cis H CH; 1 COONa 114 45 (301) 343 1.23
30 Cis H CH; 1 COONa 116 56 (—) 35.0 0.40
31 Cio CH3 H 1 COONa 36.5 + (109) 338 53.08
32 Ci2 CH; H 1 COONa 45.6 + (258) 34.0 14.57
33 Cia CH; H 1 COONa 52.0 + (273) 342 3.99
34 Cis CH3 H 1 COONa 60.0 2 (229) 34.2 1.12
Cis CH3 H 1 COONa 71.5 33 (229) 34.1 0.32
35 Cio H CH(CHa)2 1 COONa 90 + (109) 30.0 32.22
36 Ciz H CH(CH), 1  COONa 92 + (372) 31.0 9.97
37 Cis H CH(CH3)2 1 COONa 97 + (400) 333 3.24
38 Cis H CH(CH3)2 1 COONa 99 8 (330) 32.1 0.82
39 Cis H CH(CH3), 1 COONa 100 36 (229) 324 0.25
40 Cio H CH,CH(CHs): 1 COONa 109 + (94) 28.6 19.09
a Cu H CH,CH(CH;; 1 COONa 107 + (229) 29.0 6.09
42 Cia H CH,CH(CHs)z 1 COONa 101 + (243) 30.0 2.04
43 Cis H CH,>CH(CH3)2 1 COONa 91 + (236) 30.3 0.67
44 Cis H CH,CH(CHj3), 1 COONa 65 46 (—) 29.9 0.22
45 Cio H (CH;,)sNH, 1 COONa 113 8 (184) 217 1.74
46 Ci2 H (CH3)sNH, 1 COONa 117 34 (229) 23.8 0.90
47 Cia H (CH3)aNH, 1 COONa 119 61 (-) 22.5 0.27
48 Cis H (CH2)4sNH2 1 COONa 122 84 (-) 23.6 0.17
49 Cio H CH,COOH 1 COONa 103 + (47) 39.6 112.20
50 Ci2 H CH,COOH 1 COONa 109 + (78) 393 33.56
51 Cia H CH,COOH 1 COONa 115 + (109) 40.1 13.02
52 Cis H CH,>COOH 1 COONa 118 + (169) 40.6 3.69
53 Cis H CH>COOH 1 COONa 119 46 (154) 40.8 1.33
54 Cio H H 5 COONa 58-60 18 443 13.0
6 Ci2 H H 5 COONa 85-86 29 42.4 6.0
55 Cis H H 5 COONa 90-91 39 39.6 2.0
56 Cis H H 5 COONa 99-101 49 38.2 0.6
57 Cis H H 5 COONa 105-107 61 36.7 0.2
7 C]g; 1 H H 5 COONa - 5 32.0 0.3
58 Cio CH; H 2 SO3Na 224-225 0 61.0 -
59 Ciz CH3 H 2 SO3Na 207-208 1 49.6 8.7
60 Cia CH; H 2 SO3Na 201-203 23 41.4 1.82
61 Cie CH3; H 2 SOsNa 187188 43 40.4 0.43
62 Cis CH; H 2 SO3Na 171-173 58 37.8 —
63 Cis:1 CHj; H 2 SO3Na 162164 0 39.3 0.29
11 Cio H H 2 SO3Na - 0 61.7 33.0
12 Ciz H H 2 SO3Na - 14 50.9 10.1
13 Cia H H 2 SO3Na - 29 429 2.1
14 Cie H H 2 SO3Na — 46 41.4 0.55
15 Cig H H 2 SO3Na - 60 39.5 —
16 Cis:t H H 2 SOsNa — 0 39.1 0.40

2 The melting points 7, were taken from Refs 14, 15, 24, 25, 135, 139, 180, 187, 189, 191, and 193.  ®The following notation has been adopted: (+) — pure
solutions at 0 °C; the numerals in brackets denote the concentrations of the Ca?* ions in CaCO; (10—* %).
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IV. Practical applications

There are almost no literature data on the practical applications
of acylaminoacids, especially on their use as biologically and
surface-active substances. A need for such a survey has arisen as
a result of the continuous growth in the number of publications
devoted to the study of the properties of acylaminoacids and
especially their practical applications. Acylaminoacids exhibit
different physiological and biological activities and are employed
widely in various investigations in biology and biochemistry. 202
The latter include the study of complex membrane proteins, the
preparation of liposomal systems, the crystallisation and study of
the structures of proteins, etc. The uses of acylaminoacids
associated with human vital activity are presented below.

1. Physiologically active agents

The search for new physiologically active agents among
acylaminoacids embraces a wide range of compounds, for
example acetylenic2%® and fluorine-containing204-2%6 amino-
acids, and phosphorus analogues of aminoacids.?’ The last
exhibit an appreciable biological activity. 28

Acylaminoacids, in particular derivatives of glycine, orni-
thine, and aspartic and glutamic acids have been detected in the
organisms of certain warm-blooded animals and man.! This is
due to the fact that they are the final products of the metabolism
of proteins or are intermediates in the interconversions of
aminoacids and proteins. It has been established experimentally
that certain acyl derivatives are metabolised by the intestinal
microflora under anaerobic conditions in vitro2% and in animal
tissues, 219 which leads to their deacylation.

The medical industry imposes very rigorous requirements on
the chemical compounds employed. In this respect, acylami-
noacids are favourable substances because their toxicity is
extremely low. For example, LDso = 5000 mg kg—! (rats,
administration via the stomach)?!! or 260-460 mg kg-!
(mice, intraabdominal administration)?!? for certain acylami-
noacids. It was shown experimentally that acylaminoacids can be
assimilated by the organism, since they are the starting materials
for the synthesis of the organism’s lipids and biologically active
metabolites, for example arachidonic acid, the principal
precursor of prostaglandins. 213

Table 9. Certain medicinal preparations based on N-acylaminoacids.

Acetylcysteine, an active mucolytic agent which is indicated
in the treatment of diseases of the respiratory organs, when there
is a tendency toward lung haemorrhages, and in bronchial
asthma, occupies an important place in the assortment of medi-
cinal drugs.?4-216 Together with the mucolytic activity,
acetylcysteine exhibits also an antibiotic activity.2!” The use of
this preparation in the treatment of the diseases of the eye
cornea '8 and for detoxication in cases of poisoning with methyl-
mercury?? in combination with haemodialysis has been
described.

Effective preparations influencing the central nervous system
have been discovered among acylaminoacids. These are derivatives
of DL-aspartic??® and 4-aminobutyric??! acids, asparagine, 222
and the amides of acylaminoacids. 223 Their effect on the central
blood circulation and the systemic arterial pressure, on the content
of acetylcholine in various regions of the cerebral cortex, and on
the functional disorders of the brain has been noted.

Acylaminoacids occupy a notable place among the rheuma-
tological antiinflammatory and antiulcer preparations.224-23!1
They are designed for the treatment of patients for whom the
employment of traditional agents is contraindicated. Acyl-
aminoacids do not as a rule induce undesirable side effects.
A series of acylaminoacids are the active principles of anti-
hypertonic232-2% and therapeutic,5:242 agents, inhibitors of
enzymes with angiotensive activity, 23%243-246 and other prepa-
rations with many-sided activity. 247-252 The main principles of
the selectivity and mechanisms of the action of medicinal
drugs, including acylaminoacids, have been described in a
monograph.2% Thus certain acylaminoacids, for example
benzoylglycine, are formed as metabolites when benzoic acid
is eliminated from the kidneys. A series of benzoyl derivatives of
aminoacids and oligopeptides have been used as anions in the
study of a model of their transport through membranes.

Acylaminoacids with a complex structure which are the
active principles of many medicinal drugs (ampicillin, oxaciilin,
carbenicillin, ceflorin, folic acid, levomycetin succinate, metho-
trexate, pantogam, picamilon, phenoxymethylpenicillin, cefa-
zolin, cephalexin, and cephalothin) are included in a hand-
book. 253 These compounds are antibacterial, neotropic, and
antitumour agents which are components of the Group B vitamin
complex and participate in the carbohydrate and fat metabolism.

Compound Chemical formula Applications Ref.
Acetylcysteine CH3;C(O)NHCHCOOH Mucolytic preparation for the treatment 214-217
of diseases of respiratory organs and for the
CH.SH prophylaxis of postoperative complications.
Preparation reducing the content of glutathione 218
in the liver and inhibiting the re-epitheliasation 219
of the cornea. An effective agent for detoxication
in poisoning by methylmercury
Acetylaspartic CH;C(O)NHCHCOOH Reduction of brain blood circulation 220
acid CH,COOH
Acetylasparagine CH;C(O)NHCHCOOH Increase in the content of acetylcholine 222
and decrease in the duration of narcosis
CH,CONH,
OH
Acetylhydroxyproline CH;3C(O)N Alleviation of pain syndromes and 224
improvement of the mobility of joints
HOOC in inflammatory diseases. Reduction 247
of the cytotoxic activity of nicotine
Acetylproline CH3;C(O)NHCHC(O)NR!'R? Stimulation of the regeneration of the parenchymal 241
derivatives cells of the liver in hepatitis or on poisoning

CH>SCH3
R, R2—H, Alk
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Table 9 (continued)

Compound Chemical formula Applications Ref.
Acylglutamine ABCC(O)NHCH(CH,),CONH; Antiinflammatory agent and preparation for the 225
treatment of diseases of the eye
R COOR!

A — Ph, cyclo-CsH,2;

R—H,CH;,C¢Hs; R?!—H,M
6-(N-Acetyl)amino— CH;C(O)NH(CH,)sCOOH Stimulation of the reparative processes in the healing 248
hexanoic acid of wounds and in the knitting of bones
Zn salt of 6-(N-acetyl)- [CH3C(O)NH(CH2)sCOO]I,Zn Therapeutic preparation with antiinflammatory 226
aminohexanoic acid and antirheumatic activities.
N-Acylaminoacids RC(O)NHCHCOOH Antitumour and antiviral agent 249

R}
R — Alk (C,—Cs);
R! — (CH2){NH,, —(CH,);NHC=NH
NH;

Acylaminoacid RC(O)XC(O)NR!CHR2COOR? Hypertonic preparations 232
derivatives

R —Ar; R, R2 R3—H, Alk (C;—Cy);

X — —CH(SRHCHR®*—; R* R’—H, Ac
Sulfur-containing CH(2-HOCsH,4)(CH),NC(O)ASR Antihypertensive agents 233
acylaminoacids

SCH,CHCONHCHR!COR?

R—H,Ac; R'—H, Alk, NH,,

COOH, H, §, RS; R?— OH, OAlk;

A— —(CHp)y—,n=1-3
N-(Thiopropanoyl)- C(O)R!CHCH,SR Preparations with hypertonic activity 234
aminoacids

NR2CR3R*COOH

R —Ac;, R!,R2—H, Alk;

R3, R4 — Alk
N-Acylaminoacid CH(YXR2?)(CH,),SR! Anticonvulsant and soporific agents and 223
amides depressants of the central nervous system

CONR3CHR4COR>

R!—H, Bz, Ac; R?2—H, Alk, Ac;

R3-R5—H, Alk, Ar; R3, R*— (CH2)m,

m=3,4, X—0,S5; Y—(CHR)
N-(Mercaptoacyl)- C(0O)(CH),SH Hypotensive preparation, in particular 236
aminoacids N—CHCOOH in the treatment of liver hypertonicity

R—R!

R, R! — (CHy)3, (CHz)s, CHSCHp;

n=1-3
N-(Carboxyacyl)- C(O)CHXC(CORM)RIR? Preparation for the treatment of hypertonicity 237
aminoacid p
derivatives N—GHCOR

(CH2)m§H2)n
CHR*

R! —Alk, Ar; R2—H, Alk, Ar;

R3, R5— OH, OAIk, OAr, NH;

R*— OAlk, SAlk; X— CHR,NR

nm=0-3
N-(Carboxyacyl)- CHR3(CH,),C(O)R* Inhibitors of the angiotensive transformation 239
aminoacids of enzymes

C(O)NR2CHR!COOH

R! —H, Alk, Ph, HOC¢H4, NH,, HS;
RZLR}*—H,ALk; n—1,2;

R4 — OAlk, OH
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Acylaminoacids exhibit antimicrobial and antifungal activ-
ities and are used as disinfectants and antiseptic agents in
toothpaste, tooth powders, and toilet requisites. These include
acyl derivatives of glycine,25* sarcosine, 1> arginine, histidine,
lysine, diaminobutyric acid, 255 and their peptides. 256 The highest
activity against Gram-negative bacteria among the homologous
acyl derivatives has been discovered for caproylglycine 27 at the
pH characteristic of the surface of the skin. Acyl derivatives of
glutamic acid and glutamine have been proposed for the
inhibition for the activity of bacteriophages !3-25% and are used
in the preparation of antibiotics, enzymes, aminoacids, and
nucleotides. The ability of acylsarcosinates to inhibit bacterial
hexokinase and other acid forming enzymes, protecting thereby
the tooth enamel, is widely used for commercial purposes in the
manufacture of toothpaste, 20-259 260

Table 9 presents a list of the medicinal preparations based on
N-acylaminoacids.

2. Pesticides

Together with natural a-aminoacids and their alkyl derivatives,
acylaminoacids exhibit a fairly broad spectrum of biological
activity. 26!

Acylaminoacids manifest a fungicidal activity 254262263 and
regulate the formation of ethene in plants, permitting an increase
in the lifetime of cut flowers. 264 These products are effective as
preparations against the tobacco mosaic virus and fungal and
bacterial diseases of plants. 13265267 The stimulation of the
growth of the central stem and of the flowering of carnations may
be included among the advantages of the compounds indi-
cated. 265-267 They are also capable of destroying the eggs of
lice.268-270 The highest biological activity has been noted for
a-alanine derivatives. 26! The esters of acyl derivatives of alanine
have found an application as herbicides against wild oats in
spring and winter wheat, barley, rape, and pulses,2’1-277 and as
fungicides against phytophthorosis on tomatoes and potatoes, 278
peronosporosis on tobacco and hops, mildew on grape vine
shoots, false mildew on onions,?” root rot on beetroot, false
mildew on potatoes, 280 and phytopathogenic fungi of the class of
oomycetes. 28! Acylalanines act selectively on groups of perono-
sporaceous fungi.?”?

A large series of acylaminoacids with fungicidal activity have
been synthesised from glycine, sarcosine, alanine, phenylalanine,
valine, norvaline, leucine, proline, threonine, methionine, and
o-aminobutyric acid. 13-265-267 Acylaminoacids are active against
the diseases of rice (Piricularia oryzae)'?2%? and the radiating
mildew on cucumbers and are used to combat Bacterium oryzae,
Diaporthe citri, and Spraerotheca fuliginca.?®* Whilst exhibiting
effective protecting properties in tests on plants in vivo, their
toxicity to warm-blooded animals is low. They are nonphytotoxic
and they accelerate the growth of plants. Studies on the
mechanisms of the action of acylalanines on the fungal cell
have shown that in most cases the synthesis of nucleic acid is
retarded. The inhibition of the synthesis of RNA is the primary
result of the attack by acylalanines, which has been confirmed by
the retardation of the formation of RNA in a number of fungi. 277
The dodecanoyl derivatives of 15 a-aminoacids exhibit a
fungicidal activity against fungi giving rise to fungal diseases:
Acterharia solani, Helmirtosporium sativum, Fusarium graminea-
kum, and Fusarium nivali.?! The usual dose of the above
preparations is 0.5—10 kg ha—1.284

The benzoyl derivatives of alanine, valine, aspartic acid, and
other acylaminoacids are effective herbicides. !3285-287 These
compounds proved to be effective in vivo against pathological
fungi on plants, whilst they had no in vitro fungicidal activity. 288

3. Cosmetic and hygienic preparations

The inclusion of acylaminoacids in cosmetic and hygienic
preparations is due to their effective dermatological proper-
ties, biological compatibility, a low level of the irritant and
allergenic activities on the skin, and the manifestation of specific

types of biological activity The use of acylaminoacids as
polyfunctional surfactants in cosmetic and hygienic prepara-
tions has been described in a number of studies. 12- 25 211, 289, 290

The specific biological activity of acylaminoacids in cosmetic
preparations is manifested by the regulation of the blood
circulation in the skin. They are employed in moisturising
creams for the treatment of dry skin2%2 and for the retention
of biologically active substances on the surface of the skin. 293
Acylaminoacids possess an antimicrobial activity against Gram-
negative bacteria. 27 Acyl derivatives of a mixture of
a-aminoacids have been proposed as a means of stimulating
the growth of hair and promoting an increase in the content of
soluble protein in the latter. 24 The preparation increases the
diameter of growing hair by a factor of 2—3 and has a positive
effect on the protein metabolism in the skin, increasing the
content of soluble proteins by 25%-50%, which promotes a
sharp decrease in defatting and irritant action. The biological
activity was estimated from the total amount of soluble proteins
(Bailey’s method), hair being subjected under these conditions to
trichlonometric monitoring by Khrunova’s method. 293

It has been demonstrated experimentally?®¢ that acyl
derivatives of elastin are capable of penetrating deeper into
the human skin epidermis compared with other agents,
improving the tone and structure of the skin and eliminating
fine wrinkles. The introduction of acylaminoacids combined with
oligopeptides into a cream 2°7 has a moisturising and protecting
effect on the hair and skin, limits the swellability of hair, reduces
the level of irritant action in the presence of surfactants and
alkalies, and makes it possible to restore damaged hair.

One of the principal requirements which must be met by
modern cosmetics as regards skin care is the prevention of the
premature ageing of the skin. For this purpose, deeper studies are
necessary on the mechanisms of the ageing and moisturising of
the skin and on the metabolic processes occurring in the latter. As
a rule, acyl derivatives of hydrolysed protein, 298-3%0 glutamic
acid, 3! and a number of other a-aminoacids 392393 are included
in such preparations in order to impart to them effective
moisturising properties, to stimulate metabolic processes, and
to maintain the normal water balance in the skin. As substances
with a low primary toxicity and a weak side effect on the skin, 3¢
acylaminoacids have been proposed in recipes for decorative 303
and cleansing cosmetics. 3% They hinder the total removal of fat
deposits during the washing of the skin and hair. This is
important, since the secretions of the sebaceous glands have a
protecting function while increased defatting of hair makes it dry
and brittle and leads to the loss of its lustre and silky appearance.

Liquid detergents, shampoos, and gels occupy a leading place
in the market of personal hygiene preparations. These prepara-
tions contain aminoacids and their derivatives, including acyl-
aminoacids, as the most valuable additives. 13307308 [n terms of a
series of parameters such as the effectiveness of detergent action,
degree of elution of aminoacids from the skin during washing,
and the solubilisation of the defatting agent, acylaminoacids have
a clear advantage over traditional surfactants such as HAC
soaps, alkyl sulfates, and alkyl sulfonates.

A series of recipes for shampoos with a low irritant action
and improved detergent and foam-forming properties, liquid and
solid detergents, and gels incorporating acyl derivatives of
B-alanine and acylglutamic acid have been developed.309-326
Mild shampoos, which cause almost no irritation to the eyes and
the skin on the head, for improving the state of hair have
been created on the basis of acyl derivatives of hydrolysed
proteins, 327-330 The introduction of the latter into recipes for
shampoos eliminates the hardness and dullness of hair caused by
the deposition of CaCQOj; from tap water. 331-332 Dermatologically
mild detergents and shampoos with a wide variety of valuable
properties from the consumer’s point of view contain acyl
derivatives of various a-aminoacids, 333-350

When hair is washed, up to 50% of natural lipids are
removed, as a result of which it becomes dry, loses its lustre, and
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Table 10. Brief characteristics of certain recipes for cosmetic and hygienic preparations based on N-acylaminoacids.

N-Acyl derivatives of
aminoacids (mass %)

Type of
preparation

Consumption properties Ref.

of glutamic acid
(1-10)

Shampoo

Preparations with a low irritant activity

309, 317,

and improved detergent and foam-forming properties 318

(20-25)

or B-alanine
(0.5-10)

Transparent creamy detergents

Preparations with improved detergent, foam-forming,

310, 320

325, 338

and softening properties, which readily wash away fatty
dirt, assist in feeding and strengthening hair, and do not
irritate the skin and the mucous membranes around the eyes

(25-35)

In combination with acylsarcosinates, an effective preparation 326

in the form of a transparent gel

of hydrolysed proteins (3—30)

Dermatologically soft preparations for dry and sensitive skin,

327-332

improving the state of hair, and possessing excellent foam-forming
properties and increased stability during storage. These preparations
exhibit a satisfactory affinity for the skin and hair, and improve

the state of hair, rendering it pleasant to the touch, and preventing

its entanglement during drying. They counteract the deposition on hair
of water-insoluble salts, preventing the hardness and dullness

of hair, and form on the damaged ends of hair a protective film

which promotes softening and regenerative properties

of sarcosine
(1-10)

Dermatologically soft preparations with high

336-338

foam-forming and detergent capacities

(30-50)

Transparent gel-like preparations, 340

which do not irritate the skin and eyes

of an aminoacid mixture (5~20)

Preparations with high foam-forming and detergent capacities.
Therapeutic and healing agents with a low irritant activity

334, 335
333,345

containing biologically active additives, for example derivatives

of a-pyridone

Cream of oligopeptides (0.5-8)

Preparations improving the structure of the skin, influencing

296, 300

metabolic processes, promoting a better permeation through
the corneous layer of the skin, and smoothing away fine wrinkles

of glutamic acid (0.1-12)

Effective preparations with biological activity

301-303

for the care of ageing skin, improving its moisture-retaining
capacity, and stimulating metabolic processes

Cream of aminoacids (0.1-5)

Preparations promoting the restoration of damaged hair,

297,305

increasing the affinity for the skin and softening
and feeding the latter

Preparations for
hair care

of oligopeptides (0.1-3)

Effective preparations for the improvement of the state
of hair by restoring its lipid balance, rendering it soft, improving 369

351, 356,

its capacity for being set, and reducing the damage to hair
after dyeing and the application of a chemical permanent wave

of aminoacids (0.1-10)

Preparations softening leather and hair, imparting lustre to the latter 352,
and making it manageable, smooth, fluffy, and elastic.
These preparations feed hair effectively, stimulate the occurrence

354-359,
362-1366

of metabolic processes in it, exert an antistatic effect, improve the setting
of hair, promote its growth, and prevent its falling out.

The N-acylaminoacids in these preparations promote the retention

291, 293

of biologically active substances in hair and enhance blood circulation,
thus preventing dandruff and loss of hair

is difficult to set. The loss of lipids may be made good with the aid
of cosmetics containing various plant extracts, natural lipids, and
acyl derivatives of a series of a-aminoacids. 3*! Cosmetics for skin
and hair care in the form of lotions and sprays containing acyl
derivatives of aminoacids and hydrolysed proteins soften
hair, 352-362 strengthen it, 363364 promote its growth, 3% feed it
and stimulate metabolic processes in it,36%:367 improve its
moisture retaining properties, 36%36% and reduce damage to
hair and improve its structure. 36°

N-Acylaminoacids are a valuable cosmetic raw material for
effective preparations with a broad spectrum of cosmetic and
therapeutic and healing activities on skin and hair (Table 10).
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