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ABSTRACT. Preparative methods, reactivity and biological action
of N-substituted aminoamides of the monoacylated diamine type

I 7
RCONH—?—(CH;),N N are considered and systematised. An inter-
connection has been shown between structure, reactivity and the

pharmacological activity of aminoamides.
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I. Introduction

The interest in aminoamides, organic compounds containing an
amino and an amide group, is explained by the wide spectrum of their
biological action. Aminoamides display various pharmacological
activities and from them several medicinal preparations such as
novocainamid, trimecaine, Xycaine, flecainide, morphocycline, etc.
have been produced in the USSR. A special place is occupied by
compounds displaying antiarrhythmic activity, since disturbances of
heart rhythm are the most widespread cardiovascular ilinesses.

However in contrast to the amides of aminoacids which have been
studied in detail, aminoamides of the monoacylated diamine type
have received little investigation.

There are no literature reviews on the chemistry and biological
action of N-substituted aminoamides. However information on
individual compounds has been given in reviews.!”

The increase observed in recent years in the number of
publications on the development of synthetic methods, on the study
of properties and especially on areas for their practical application,
has caused a need for correlation and separate consideration of the
accumulated information in this new trend in synthetic organic
chemistry.

The methods for obtaining, the reactivity and the biological action
of N-substituted aminoamides of the monoacylated diamine type

!
RCONH—?—(CH;),.N: are discussed and systematised in the

present review. An interconnection has been shown between
structure, reactivity and the pharmacological activity of the
aminoamides. Literature data published up to and including 1989
are discussed.

II. Methods of synthesis of N-substituted
aminoamides

All the methods of synthesising aminoamides used at the present
time may be provisionally divided into three types and will be
considered in turn in this section.

1. Synthesis of aminoamides by introducing an amide group into
an amine molecule

The most widespread means of obtaining aminoamides by the first
type of method is the acylation of diamines.

RICOX
R,N(CHy),, NH, —— RoN(CH,),NHCORL.

Acylating agents used include carboxylic acids,*® acid
chlorides® '? and anhydrides,'* and esters.'*®

Reactions are carried out in benzene, ether, chloroform or
without solvent.

A series of aminoamides RC¢H,CONH(CH,),NR'R? (I) has been
obtained by acylation of the appropriate diamines with substituted
benzoic acids in benzene or toluene in the presence of boron
trifluoride and a strong organic base.!® The yields of aminoamides
were from 28 to 100%.

Diethylaminoethylbenzamide was synthesised in 81.8% yield by
prolonged stirring of a mixture of the acid and amine in benzene
over anhydrous magnesium sulphate.’

BF;—(C.Hs).0
Troso > CeHsCONH(CHy),N(CoHy),.

CoH;COOH 4 HyN(CHy)oN(CeH),

Diamines have been acylated with substituted salicylic acids in
dimethylformamide in the presence of ethyl chloroformate and
triethylamine at room temperature.2!

When using carboxylic acids of high molecular weight the reaction
is carried out with heating and under pressure.?

Carboxylic acid chlorides are most frequently used as acylating
agents. Reactions are carried out both in aqueous alkaline medium
by the Schotten-Baumann method and in anhydrous organic
solvents.
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An intermediate aminoamide in the synthesis of novocainamid is
obtained by the Schotten-Baumann method,?* sodium hydroxide is
used as the hydrogen chloride acceptor.

A series of arylbenzamides®® and amides of 2-thiophencarboxylic
acid®® has been obtained in the presence of alkali metal carbonates.

Acylation in organic solvents is frequently carried out in the
presence of strong organic bases.??

However aminoamides contain a strongly basic centre (a tertiary
amino group, as a rule) in the molecule and obviously this may serve
as an acceptor of hydrogen chloride when obtaining them by the
acylation of diamines. In this case the preparation of the
hydrochlorides of these compounds in one stage has proved possible.

H,N(CH,),NR; + ArCOCl —> ArCONH—(CH,),,—NR,.HCL.

The hydrochloride of N-(2-diethylaminoethyl)-p-nitrobenzamide
was obtained from 2-diethylaminoethylamine and p-nitrobenzoyl
chloride.2* Aminoamides have also been obtained as hydrochlorides
in dry chloroform®® and dry ether.?!

The acylation of diamines by the action of acetonitrile and water
in the presence of sulphur or a catalyst generating sulphur in the
reaction has been described.’?

8
NHy—(CHy),—NR; -+ CHCN -+ Hy0 —> CH;CONH(CH,),NR,.

The condensation of a diamine with an aromatic aldehyde has
been used for the synthesis of aminoamides (II).>*> The target
aminoamide was obtained by the hydrogen peroxide oxidation of the
aminoimine formed in the first stage of the reaction.

0
it
R_//:\\J;-H + HyNCH,CH,N 3132 ~—>

X\ oxidation
N/ ? 2

— R \/_/_\\ —CONHCH,CH,NRR?,
II

R = NO,;, NRIRzZ=N > R =CH30, NRIR2 = N(CoHj)e;

R =NO,, NRUt = N(CHp)s.

The most widespread methods of synthesising diamines are
reduction reactions.

The reduction of amino compounds containing a nitro group is
carried out with metals in the presence of mineral acid or by
catalytic hydrogenation.

M, H®
ReN(CH,),,NO; — RoN(CH,),NH,.

The manufacture of paramion, liothyronine, ethmozine, novo-
cainamid, etc. may serve as examples of the industrial application of
this method.>**

The reduction of nitriles of aminoacids is carried out with
hydrogen in alcoholic-ammonia solution over a rhodium catalyst.>

The reductive amination of aminocarbonyl compounds is carried
out either catalytically or with formic acid in the presence of
ammonia and the amines.

Reductive amination over a platinum catalyst or Raney nickel
proceeds usually under mild conditions, but yields differ
appreciably.’® The limitation of this method is the presence in the
carbonyl compound or amine molecule of readily reducible groups,
such as NO; or a double bond. Reductive amination by the

Leuchardt reaction proceeds under fairly drastic conditions.
Ammonijum formate, formamide, and mixtures of them are used as
aminating agents.>® Best results are obtained in this reaction using a
mixture of formamide with ammonium formate, occasionally with
the addition of 90% formic acid.3” The reducing action of
formamide is enhanced in acidic media, better use is made of the
ammonia formed in the reaction and the probability of side reactions
occurring is reduced.>®

RCO(CH,),NRy! + 2HCOONH, — RC(NHCHO)(CHy),NRy! + 2H,0
|

H
+ NHz+ COp—> RCH(CH,), N

NH,

Diamines may be obtained from dibasic alcohols, dihalogen
derivatives or halo-amines by a substitution reaction.’
Hydrolysis of urethanes or aminoamides is most frequently used.’*

R,N(CH,),NHCOR? —> R,N(CH,),NH,.

In addition diamines are obtained by the interaction of
aminoketones with hydroxylamine with subsequent reduction of the
resulting amino-oxime.>®

HONH, (H) ]
RCO(CH,),,NRgt ——= HON=C—(CHa), NRyt —>= R—CH(CH,), Nt L.
l
R NH,
The synthesis of diamines has been described from ketonitriles
through oximes by reduction with lithium aluminium hydride in
absolute ether.*

| | !
RCO—(C)y—CN —> R —(C)—CN —> R—CH—(C), NH,.
|

1} |

HO—N NH,

Aminoamides may also be obtained by the action of primary or
secondary amides on an amino-containing compound.*! The similar
reaction with amides proceeds with great difficulty and at increased
temperature 170—180 °C, but on the other hand, with urea it
proceeds readily and in high yield.

RCONH; + X(CH,),NRgt —> RCONH(CHy),NR,
X = OH, Cl. '

The addition reaction of acid amides to N-vinylamines leading to
the formation of aminoamides is known.*?

RCONH; - CHp=CH—NR,! —> RCONHCH,CH;NR,!.

One of the most promising methods of obtaining branched
aminoamides is the reaction of aminoalcohols with nitriles in the
presence of strong mineral acid (Wieland-Ritter reaction),* % which
is widely used in the synthesis of various N-substituted amides and
nitrogen-containing heterocycles.*’ ,

In addition to 100%* and fuming®>? sulphuric acid the
following may be used as catalysts in the Ritter reaction: 85—96%
sulphuric acid,®** phosphoric acid,*® benzene-sulphonic acid,*
dichloroacetic acid,”” toluene-p-sulphonic acid,” cyclohexane-
sulphonic acid,*® 90% formic acid,*® 20% solution of sulphuric acid
in glacial acetic acid,*® 10% aqueous solution of hydrogen fluoride,*
a mixture of concentrated sulphuric and formic acids,®® and a
mixture of sulphuric and phosphoric acids.$

The nature of the catalyst proves to have an appreciable influence
on the temperature at which reaction occurs. When using sulphuric
acid heating of the reaction mixture at 40—80 °C is required,?5*%*
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but use of formic acid requires a boiling reaction mixture.’®
Depending on the nature of the reacting components the synthesis
may be conducted gt both low temperature (0 °C) and on heating to
90— 175 °C under pressure.%

Acetic acid and dibutyl ether are frequently used as solvents in the
Wieland-Ritter reaction.® The yield of amide is significantly
reduced when using formic acid, dioxan, carbon tetrachloride and
hexane, and in methyl and ethyl alcohols the reaction does not go at
all (Table 1).5

Table 1. Influence of solvent on the yield of acrylic acid
N-t-butylamide.
Solvent Reaction time, b Yield of amide, %
Acetic acid 16 98.4
Dibutyl ether 15 86.0
p-Diozan 24 78.0
Methanol or ethanol 2% 0

Ritter and co-workers and also other investigators have described
the reaction of olefins and alcohols with various nitriles. Apart from
aliphatic®% and aromatic nitriles**" nitriles of dibasic acids such as
maleic, adipic, malonic, terephthalic and other acids are widely used
in the Ritter reaction.’’ It should be noted that this reaction has
been used in a very limited manner until recently for obtaining
aminoamides.

There are definite data in the literature only on the preparation
of aminoamides from 1-phenyl-3-piperidino-propanol,®® diphenyl-
(2-pi];;:ridylethyl)\:arbixrxol69 and other heterocyclic aminoamides
{ID.

OH NHCOCH;,
NS
CH,C’\I
H,SU‘
N
i
CH, CH3
(I111)
R —CHy, GH; CiHy

A series of studies has been carried out on the preparation of
aminoamides (IV) with various lengths of the methylene chain
between the functional groups and with various substituents on
nitrogen and in the main chain.”""

OH NHCORS

é RCN é
R2—C—(CH,), Rl ——— R2—-C—(CH,),,R?,

l H,S0, |

R R
(v)

R =H, CHy, CiHs, CH,, R!=—NHCH;, NHCH,; NHGH,
Nﬂ_o, NHCH;CH;, N(CHs)s, N(CsHs)s, N 3 N Do
CeH;; R®=H, CH,;, CH==CH;, C,H;,

NHC,H,,

R® = CH,, CaHs, CgH,,

CHyCeH;, OCH;CoH;, CeH RS, n = 1—8.

Optimum conditions have been established for carrying out the
reaction and it has been shown that in parallel with the main
reaction product, viz. the N-substituted aminoamide, several side
products are formed such as the unsubstituted amide and
unsaturated compounds. The structure of the alcohol and especially
the character of the susbtituents on the carbonyl carbon atom have a
significant influence on the composition of the resulting reaction
products. The reaction occurs fairly smoothly with secondary
aminoalcohols with 50—70% main product and 15—20% olefin.
However replacement of R = H with R = C,Hs leads to an
increase in the side reaction. Diphenylcarbinols are converted into
unsaturated compounds in yields of 70—80%. The influence of the
length of the hydrocarbon chain of the aminoalcohol on the yield of
the reaction proved to be much weaker (Table 2).”*-73

The behaviour of nitriles in the Ritter reaction varies depending
on their structure. Thus hydrocyanic acid, acetonitrile and benzyl
cyanide give amides with both tertiary and secondary alcohols, but
benzonitrile and phenoxyacetonitrile react only with secondary
aminoalcohols and unsaturated compounds are formed in the
remaining cases (Table 3).747"

Table 2. Dependence of yield (as %) of aminoamides (IV) on
structure of the initial aminoalcohol (R? = C¢Hs, R® = CH,).

Rt N(CH), | N(GH,), NeH, | Nemo
R
w1 l 2 ‘ 3 ' 1 ‘ 2 2 2
H 7 l & | 49 | 6 | e 59 52
CoHs % | 5 | 0 | @8 | 2 3 2

Table 3. Dependence of yield (as %) of aminoamides (IV) on the
nature of the nitrile [R = N(CHa)y, R2 =CeHs; n = 2}.

Rt
R
H t CHy l CH; ‘ CH,CH; ‘ CH,OCHy
H 52 6 £ 22 ‘ 2
Caf 62 5 0 5t 0

The aminoalcohols used in the Wiecland-Ritter reaction may be
synthesised by various methods.” "

The most widespread means of synthesising aminoalcohols is the
interaction of aminoketones and aminoaldehydes with Grignard
reagents or by reduction. Variation of these reactants leads to the
preparation of primary, secondary and tertiary aicohols. Reduction
of aminoketones and aminoaldehydes is effected by catalytic means
(platinum and palladium are usually used as catalysts). Reactions
are carried out as a rule in alcohol or in aqueous alcohol solution,
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mostly at room temperature and atmospheric pressure.  The
reduction products, viz. primary and secondary aminoalcohols, are
formed in good yield. Hydrogenation in the presence of a nickel
catalyst is used relatively rarely, since in this case increased pressure
and high temperature are necessary.”®

Lithium aluminium hydride and sodium borohydride are also
used as reducing agents.” The present method enables reduction of
aminoketones without preliminary purification which is accompanied
by partial decomposition of the latter.

2. Synthesis of aminoamides by amination of amide-containing
compounds

The most widespread example of this approach to the synthesis of
aminoamides is the amination of amidoalcohols®® which is carried
out in aqueous solution at 100 °C or in glacial acetic acid at 75 °C.

| |
R—CONH—(C),—OH - Rg{NH —> RCONH—(C),—NR}.
! |

It has been established®® that monoamides are formed by this
scheme only when using secondary amides. With primary amines
the reaction does not stop at the stage of forming a
monoaminoamide but goes further giving bis-aminoamides.

RCONHCH;0H + H,NCH; —> (RCONHCH,),NCH,,
R = (gH;, CeH5CH,, CeH5C3Hs.

Acylketimines®! and N-a-haloalkylamides®

amination.

are also subject to

R/NH
RCON=CAr; —> RCONHC(NR,)Ar,,
RCONHCHXR!  R,2NH —> RCONHCH(NR2)R!

A method has been described for obtaining aminoamides from
aminonitriles®® by acylation of the latter and subsequent reduction
over Raney nickel.

Ar—CH

RCOCI [H]
—NH; —> Ar—CH—NHCOR —— Ar—CH —NHCOR.
|
CN CN

|
CH,NH,

3. Synthesis of aminoamides by the aminomethylation of acid
amides

The most widely used method of synthesising aminomethylamides
(V) is by condensation of primary amides with formaldehyde and
amines.

RCONH; 4 CHy0 + NHR,! — RCONHCH,NR!.
v)

Condensation is carried out by the usual conditions for the
Mannich reaction. It was established that the yield of aminoamide
depends to a significant degree on the acidity of the amides and the
basicity of the reacting amine.’? The yield of aminoamide fell from
53% to 0 with an increase in pK, of the corresponding amide from
1.25 for dichloroacetic acid amide to 4.27 for m-toluic acid amide.
Such weak bases as aniline (pK, 4.58), methylaniline (pX, 4.85) and
o-toluidine (pK, 4.39) did not react. The yield of aminoamide
reached 50% when using N-t-butylamine.

In addition to formaldehyde aromatic aldehydes may be used in
the condensation. In this case aliphatic-aromatic aminomethylamines
are obtained.

Ar—CONH; + Ar'CHO 4 HNC;H;o —> ArCONHCH(Ar!)NC;H,,.

A method has been described for the synthesis of aminoamides
through acid N-ethylenimides.®  The N-ethylenimides having
electron-accepting substituents on the nitrogen atom (so-called
‘activated’ N-ethylenimides) readily break the aziridine ring on
reaction with amines.®

CO CHgCON O CHgCONHCH CH,NRR1,
& ANV
Y e

RR'NH(I
NSNS \() / \ \
CO
N \X /\

It follows from an analysis of the data mentioned above that the
majority of methods of obtaining aminoamides are not universal.
This is linked either with limitations peculiar to one or other
synthetic method or to the availability of starting materials. Thus
aminoamides with branched carbon atoms at the amide group but
with a short methylene chain between the functional groups are
synthesised by the aminomethylation of acid amides. Branched
aminoamides with the most varied methylene chain length are
obtined by amination of amide-containing compounds, but here
there is a limitation linked with the use of secondary amines only.
Aminoamides with a tertiary carbon atom at the amide group are
obtained by the acylation of diamines. However in this case the
main synthetic complexities are linked with the obtaining of
unsymmetrically substituted N-t-alkyldiamines.

Of the existing methods the most promising is the Wieland-Ritter
reaction for the synthesis of aminoamides with a branched carbon
atom on the amide group and any length of methylene chain
between the amide and amine groups.

II1. Reactivity of aminoamides

The most important feature of the structure of N-substituted
aminoamides is their bifunctionality which undoubtedly shows up in
all the properties of these compounds whether it be salt
formation,'®3¢ oxidation by peroxides at the amino group’ or
reduction®” and hydrolysis of the amide group.®® However there is
special interest in those properties of aminoamides in which this
influence is clearly shown and may be determined quantitatively. It
seemed expedient to consider these in more detail.

It is known that all the properties of amino-containing
compounds are determined primarily by their basicity. This depends
on the electron density at the nitrogen atom, its steric accessibility
and is extremely sensitive even to a small change in structure.

|
Undoubtedly the basicity of aminoamides RCONH—('I—(CHZ),.N

(VI) depends on the presence of the amide group, the character of
the environment of the amino group and on the removability of the
polar amide group.

In the general case several factors may influence the basicity of
the resulting aminoamide on introducing an amide group into an
amine molecule:

a) displacement of electron density to the amide group along the
carbon chain (inductive effect, independent of steric obtacles and
conformation) and the direct mutual interaction of the amino and
amide groups through space (polar effect);

b) formation of an intramolecular hydrogen bond binding the
unshared electron pair of the nitrogen atom;
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¢) increase in the steric obstacles for conversion of the trigonal
nitrogen atom into tetrahedral and in the steric difficulties of
solvation;

d) formation of a hydrogen bond in the ammonium ion thereby
stabilising it;

e) increase in the solvation of molecules due to the appearance of
new polar groups.

Factors (a—c) must cause a reduction in the basicity of
aminoamides in comparison with simple amines and factors (d—e)
an increase. The overall result is determined by their relationship.
Data of several studies®®* indicate a reduction in the basicity of
aminoamides in comparison with the simple amines which indicates
the predominant influence of factors (a—c).

Analysis of the data on the basicity of N-substituted aminoamides

NHCOR?

I
CsHs—C—(CH,),—NRz
|

R
(VII)

9294 enabled determination of

in ethanol using correlation equations
the relationship of effects (a —c).

A good correlation was observed® between the pK, values of
aminoamides with the inductive constants o for the influence of
substituents.®® This indicates that in amphoteric strongly solvating
solvents aminoamides are in a free, open conformation and all the
factors, except the inductive, are of little significance. The influence
of the amide group (as for other substituents) is transmitted mainly
along the chain of o-bonds.

In aprotic non-solvating solvents (nitrobenzene, carbon
tetrachloride, etc.) aminoamides exist in a folded cyclic conformation
with a contiguous disposition of functional groups, stabilised by a

hydrogen bond.’*®®

COR2
H;Cq 1\11 H
NS
C\ /NB21
R/ (CHg)p,

Quantitative assessment of the stability of such a bond®’ showed
that the latter is proportional to the number of CH; groups between
the amine and amide groups, i.e. on transition from a 5- to a 6- or
7-membered ring the stability of the hydrogen bond was increased.
This phenomenon is explained by the change in N—H..N angle,
approaching 180° in a 7-membered ring which corresponds to
maximum bond strength.

The introduction of a bulky substituent into the a-position to the
amide group (R = C,Hs) leads to strengthening of the hydrogen
bond as a result of repulsion between R and CH;NR% and
maximum approach of the NH and CH,NR % groups.

(|101\“
N—H:--NR,
I 2

H H,
med R
Due to the presence of two polar groups, an amide and an amine,

in the aminoamide molecule they are able to form complexes
differing in constitution and structure with metals.*~1%

The complex-forming ability of N-lauroylethylenediamine with
transition metals has been studied,'® as has the ability of
N-picolinoylethylenediamine to form complexes with copper./® It
was shown with the aid of potentiometric titration and absorption
spectra that in similar compounds the metal is bound both with the
amide and with the amino group. Most probably the amide group is
bound through nitrogen as a result of deprotonation and partially
through the carbonyl oxygen.

Investigations have been carried out on the complex-forming
ability of several aliphatic-aromatic aminoamides (IV) with Cu, Co
and Ni.'®® An analysis of the data obtained was conducted with the
aid of correlation equations and enabled an assessment of the
contributions of both polar groups to the ability of aminoamides to
form complexes with these metals. It was concluded that
aminoamides form chelate complexes with transition metals, i.e. both
functional groups participate in this process. Furthermore, from the
data obtained it proved to be possible to select compounds from the
whole series with a high complex-forming ability for use as
extractants of non-ferrous metals.'%

Due to the presence of the amide and amine groups the
N-substituted aminoamides are capable of cyclisation with aldehydes
and ketones with the formation of imidazolidines and hexahydro-

pyrimidines, 104103

R“\ R CeHs

" P \—-N COR?

CeH5C(R)(NHCOR2)(CH,) NHR! > ((,H2 1
<R;
/
Rt
IV. Biological action of aminoamides
Aminoamides display various physiological activities. ~Among

and
110

them substances are known which possess cholinolytic!%
spasmolytic,'®” hypotensive,'® antifibrillating'® and curare-like
effects.

Investigations have shown that on transition from amides of
monocarboxylic to dicarboxylic acids the curare-like action of
compounds is increased.!’® The nature of the dicarboxylic acid plays
an important role. Thus in difference to bis-aminoamides of dibasic
alkylcarboxylic acids,'® bis-aminoamides of a-truxilic acid of the type

R

L
CeH, CONH(CH,),N—R-2I
R

R,
R>N(CH,)"NHCO 1329
R’

possess significantly more marked curare-like activity.!!!

It is possible to name aminoamides which are antibiotics
(morphocycline),''? display insecticidal'’> and bactericidal''>'**
properties and also fungicidal’? and antiviral'!® effects.

Study of 3-hydroxy- and 3-aminoquinuclidines (VIII)!!® showed
that they show a ganglion-blocking action on the parasympathetic
and sympathetic nervous systems.

©/NHR

(V1)
R=COC,H, ; COC,H,NH,.
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Derivatives of 2-acylaminochromones!’

but display high toxicity.

show a stimulating action

Rt | CHy—N N—CHj,
\(\l/j/' A4
\)0 N
NHCOR
R = 0CH;, R!'=H; R =CHCl,, R!=H; R = CCls, R!=H;
R == CeHy, R = U3 R = OC,Hj, R!-=Cl.

Aminoamides of B-phenylisobutyric acid have been synthesised in
the search for new neurotropic agents.!’® In physiological action
they proved to be antagonists of amphetamine and significantly
potentiated the hypnotic effect caused by chloral hydrate and sodium
amobarbital. The duration of amobarbital hypnosis was increased
along the series CH3;— C,Hs—n-C3H>.

7N ACHgAClH—CONHﬁ—CHz—'\J’/_\ \ —N(R},
CHj
R=CH3; Csz; n-C3H7.
Several acyl derivatives of 1-(2-aminoethyl)benzimidazoles possess
weak sedative and antiserotonin activity.!’®
( '__N——CHz—CHz—NHCOB
A VAN )
N

The o-amino derivatives of 4-(3,4,5-trimethoxybenzoylamino)-
acetophenone are stimulants and depressants of the central nervous
system,'?°

CH30 H
TN e b
CHi0—¢ N_C—-N—¢Z N_C—CH,N(R),.
/&—_/ I ="
CH40 o 0
Amides of oximinoacetic acid are active reactivators of
cholinesterase.'** In many cases they are more active than their
methiodides.
R
N
NCH,NHCOCH=NOH;
/
Rl.

R =R!= CHy; R = Rl= H; R = H; R'=CHy; R =R!=CHy;
RRIN = (CHy),N; (CHy)sN.

Introduction of a second quaternary ammonium group strengthens
the reactivating properties to cholinesterase. Amides are more stable
than esters in aqueous media and show a therapeutic action on
contamination of animals by organophosphorus compounds
(fosfakol). Compounds with a tertiary amino group are capable of
penetrating the blood-brain barrier and show a pharmacological
action on the central nervous system. In addition certain aliphatic-
aromatic aminoamides display anticholinesterase properties.

NHCOR?
|
CeHy—C—(CHyz)n—NRz?

3
R=H, C;Hs; R'=CHs, C;Hs, C3Hy, CsHy; R?=CH;, CH,C4Hs,
CsHs; n=1to 8.

It was shown'? that these compounds are reversible inhibitors of

cholinesterase and their activitv depends to a significnt extent on the

bifunctionality, the character of the amide and amine groups, the
branching of the main chain and the distance between the functional
groups.

Analgesic activity became apparent when investigating a series of
amides of benzilic, diarylglycollic and substituted benzoic acids. It
was established that the anaesthetising action depends on the
character of the radicals on the tertiary nitrogen atom and on the
number of methylene groups between the nitrogen atoms.
Enhancement occurs on introducing a methyl group into the
amide.!??

The analgesic activity of compounds (IX) depends on their
configuration.'?* It was shown that the (+) (S)-isomer was more
active than the (-) (R)- and (%)-isomers. This indicates that
analgesics of the methadone type vary in the form of their bonding
with receptors.

O
i

R—N—CH—CHy—N—(—C,Hs.

Ha(l] (L,H3 (‘
J

(IXy

Antitubercular'?® and antibacterial'®® properties have also been
described for some aminoamides. Some compounds of this class of
chemical susbtances are applied in stomatological practice for the
prevention of deposits on teeth.” There are several reports on the
use of aminoamides as preparations with a wide spectrum of
biological action. Thus benzamides (X) are used as antiemetic
and antiulcer preparations and also as anticonvulsants and
neuroleptics.'?’

(C Hz)m_

/ B
Cl CONH(CHy),, N
AN |
| CoHg
| NR,
CF;
(X)

n=12m=1.2.

It has been pointed out that azabicycloalkylbenzamides (XI) may
find use in the treatment of arrhythmia, migraine, neuralgia,
disturbances of bowel motility, and as antiemetic agents.'®

X

R RCONH— CH,—N  (CH,), ,

CH, (X1)
R =NH,, acylamino; X=Cl. Br, alkylthio; p=0-1.

Benzamides (XII) possess psychotropic action and may be
considered as potential drugs for psychiatric practice and also as
antiemetic agents.!?"1%

R 0Al

>/_‘\<——CON HCHz/kN )

|
R2 0A? R?
(XD

R!, R-=H, halogen; R*=A'=lower alkyl; A2=(C;—Cq) acyl.
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Compounds (XIII) proved to be depressants and analeptics.

CHCH(CHg)—CeHj
B—CO——I'\‘~(CH2)2—BI
(XI11)
R=CHj, p- and 0-CH;0CsHy4; 3,4,5-(CH30);C¢Hs; R!'=2-or
4-pyridyl, 2- or 4-alkylated 2-pyridyl.

Diaklylaminoethylanilides'> synthesised in the search for anti-
hypertensive preparations proved to be active in the treatment of
arrhythmia, migraine, hypertonia and glaucoma. Monoalkylated
amides of phenylacetic acid!*!3? reduce blood sugar content and
may find use in the treatment of diabetes.

R
@—cu,conncu;—@

NR'R?
Aminoamides containing a pyridine ring may find use in

stomatology.'*?
(j/
/NN

Ri—¢ N_CONH

N ’
NHCOR?
where R! = H, CH;, OCHs;; R?> = branched or unbranched

C,—Cg alkyl, substituted or unsubstituted phenyl; R?> = H, C;—C,
alkyl in various positions.

Benzamidopiperidines (XIV) display local anaesthetic and
analgesic activity, they are used as antiemetic preparations,
tranquilisers, and also in the treatment of diseases of the gastro-
intestinal tract.®

Rt

& N__ _/ 2
R /\= —CONH—{ NR
(XIV)

R=H, OCH;, NHCOCF;, NHCOCH,CI, R'=Cl, H, SO,NH,,
CH,;SO,NH, OCH;; R?=H, p-FCsH4CO(CH,)s, CH,CHi.

Substituted anthranilamides are used as analgesics, antivlcer and
antiinflammatory agents.!**

R
@—conn(cn,).,na‘

N-Substituted benzamide derivatives (XV) possess a combination
of analgesic, spasmolytic and antiemetic activity.'>®

R2 Rt
RH%‘\/jCONH(CHg)gR s
R

(XV)

R =N(C;Hs), R*=NO,, R'=R?>=R*=H; R=N(C;Hs),,
R!'=Cl, R?=R*=R*=H; R=N(C,Hs);, R'=R*=H,
R2=R3=CH;0; R=NCsHjo, R'=R?=R*=H, R}*=NO,.

The local anaesthetic activity of aminoamides has been studied
widely.'¥'%  Amides of heterocyclic acids have been studied in
most detail,}*'*! to which group the known anaesthetic Sovcaine
(dibucaine, cinchocaine) belongs. The activity of these compounds

as a rule is increased on introducing a bulky alkyl group into the
aminoamide molecule.'*! It is necessary to record that amides of
3-alkoxycinchoninic acid, unlike 2-alkoxy derivatives, do not display
anaesthetic activity,'*® which probably indicates the influence of the
geometry of the molecule on the physiological properties of the
amides.

Alkyl and alkoxy groups aid the development of the
pharmacological activity indicated not only in the series of Sovcaine
analogues but also among amides of substituted benzoic acids
previously considered to have little promise for practical application

as drugs.!*' However di- and trimethylbenzamides proved to be
effective.'*?  The anaesthetic activity of o-alkoxy-, especially
o-butoxy-,'**'* and also o-benzoyloxybenzamides'* is close to the

activity of xylocaine. Compounds containing substituents in the
para-position are usually less active but some of them are used in
medicine because of their low toxicity.!*S

The use of aminoamides with a tertiary nitrogen atom in the
amide group (XVI) has been described.!*6147

Br 0

I
RO——%\/\,— — N—CH,—CH,R?,

Rl
(XVI)

R = CHj, R! = H, R? = N(CgHy)s; R = CHj, R = CHg, R? = N(CyHj)y;
R = CHy, Ri=H, R?%= N(G;H,), R = CHj, Rl = CHjy, R? = NGC;H,,;
R = C.H;, R! = H, R? = NC,H;0;

R=C,Hs, R!'=is50-C3Hj, R?=NC4H;0.

It was established that such compounds display enhanced
pharmacological activity compared with compounds with a
secondary nitrogen atom. In particular an increase in local
anaesthetic and analgesic action was observed for aminoamides with
an alkylated nitrogen atom in the amide group (XVI) (R! = CH,,
iso-C3H~) in comparison with compounds (XVI) (R! = H), in which
the nitrogen atom is secondary.!4¢

This tendency was more marked in aminoamides with p-butyloxy-
and p-amyloxy- than with p-methoxy- and p-ethoxy-substituents in
the phenyl ring. However the toxicity of compounds was not
reduced by this.!*¢

Arylation of the amide group also increases anaesthetic activity.
It is asserted that the following compound is a strong anaesthetic.'¥’

0
i
@—CH—C—N~CH2—-GH2~ N(CaHy)z

| |
OH

The local anaesthetic activity of y-dimethylaminodiphenylpropyl-
amides of acetic, propionic and butyric acids has been described.!*®

CeHj
l

R,NCH ;—C—CH;—NHCO(CH,),CHs.
f

CeHs

ne0,1,2.
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Aminoamides of 4-phthalazone-1-carboxylic acid possess
local anaesthetic activity at low toxicity.'*?

high

O=C—NHCHCH,N(CaHy)e
|

/""' \\lq

L
i
0

Dimethylaminobutylamides of substituted benzoic acids (XVII)
proved to be extremely effective.!>

/NH CO—-@/

C¢H,—CH(CH,),N(CH,), ,
(XVII)

R=H, p=CHj3, m-NO,, p-Cl, p-NH,.

It was established that the local anaesthetic action of amides
depends on the character of the substituent in the benzene ring.
Compounds with R = p-CH; and m-NO, proved to be most
effective and long-acting substances with low toxicity.

An important factor influencing the local anaesthetic activity of
aminoamides is the distance between the amide and amino groups.
The influence of the number of methylene groups between the
nitrogen atoms on conduction, infiltration and terminal anaesthesia
of benzamides (XVIII) has been investigated.!!

NHCOCgH;
|
CeHg—CH—(CHy),N(CH;),
(XVIIT)

n=1—6.

It was shown that there were maxima of local anaesthetic activity
atn = 3,4 and 6.

Among other active aminoamides it is possible to mention 4-alkoxy-
phthalimides,!*? 3,3-diphenylacrylamides,'>* amides (XIX),!** (XX)!%*
and N, N-disubstituted monoacylated ethylenediamines (XXI).!%

4
RCO——I?—-CH, < |

CeH,
(XIX)
NHCOR?
H%)Cchuf RINH(CHy) NRCORE
CH,NR, (XX1)

(XX)

Preparation (XXII) is of interest, containing in its structure an
aminoamide and an aminoacid ester, causing rapid, stable and
extended anaesthesia.'>’

(CoH ), NCH,CH,NHCOCH, COOCeH;
AN s
(XX11) H J
S N
N CH,4
|
CeH;

Diamide (XXIII) exceeds novocaine in local anaesthetic activity
200-fold.'*?

R—¢ N\ _CONHCH,CHgN(GC:Hz)s

NHCOCgH;
(XX111)

Among other biologically active aminoamides it is possible to
mention novocainamid (XXIV) (the B-diethylaminoethylamide of
p-aminobenzoic acid).!’? It is close to novocaine in chemical
structure. Novocainamid also has a similarity to novocaine in
pharmacological properties and displays local anaesthetic activity.

0
I
H,.N—¢ N\_C—NH-—CH,CH;N(C;Hs);- HC1
(XX1V)

However the most distinctive feature of (XXIV) is its ability to
reduce the excitability of the myocardium and to retard the
transmission of a nervous impulse in heart muscle and also to
suppress the formation of impulses in ectopic foci of excitation. It is
significantly more active than novocaine in this respect. The
increased stability of novocainamid in vivo is explained by its slow
breakdown to novocaine by blood plasma enzymes. It is also less
toxic than novocaine. Novocainamid is used in various disorders of
cardiac rhythm, viz. the paroxysmal form of ciliary arrhythmia,
paroxysmal tachycardia, extrasystolia and other forms of rhythm
disturbance. It is used for the prevention and treatment of disorders
of cardiac rhythm in operations on the heart, large vessels and
lungs.!!?

The (XXIV) molecule has been modified with the aim of
increasing activity and reducing toxicity. All parts of the molecule
have been changed, viz. the aromatic ring and its substituents, the
length and branching of the hydrocarbon chain and the substituents
on the nitrogen atom.

Replacement of the amino group in novocainamide (XXIV) by
chlorine or an ethoxy group leads to loss of antiarrhythmic activity.

Rt
//F\<

{__)—CONH(CHaN(CoHy)e,
(XXV)

R = NH,, 0CHs. ClI, NHCOCH,; Rt — Cl, H

Compounds (XXV) (R = NHj, OC;Hs, R' = CI) possess an
antiemetic action but the ortho-chloro derivative (XXV) (R = NH,,
R! = CI) is active,?'*® and also displays local anaesthetic activity
more than 4 times greater than the activity of novocainamid
(XXIV).?”  N-Acylated novocainamid (XXV) (R = NHCOCHS,,
R! = H) is an active metabolite of novocainamid'® and interrupts
arrhythmia caused by aconitine.

On replacing the NH group in the (XXIV) molecule by a nitro or
hydroxy group the antiarrhythmic activity is reduced.?® The
introduction of a methoxy group into the phenyl ring significantly
increases the antiarrhythmic effect. 3,4,5-Trimethoxy-N-(2-diethyl-
aminoethyl)benzamide is 4 times more active than novocainamid.?®

Derivatives of salicylamide are active antiarrhythmics.

R—

0X
Y— //_\< —CONH(CHy):NR,,

X=H, alkyl; Y=H, Cl, Br; R=alkyl.
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The most active of these compounds is the 3,4,5-trimethoxy-
benzoate salt of 4-chloro-2-methoxy-N-(2-diethylaminoethyl)benz-
amide.'s’,

OCH,4 OCH,

|
&)
C1—-¢_S—CONH(CHy):NH(C;Hs),, CH0—¢ €00

\‘__/
OCHj,4
Compound (XXVI), in which nitrogen is alkylated by substitution

with a dehydropyrrolidinedione, is also more active than
novocainamid.'®

I;IH // AN —CONH(CH3)N(CzHj)s.
\( \‘ [o}}
NN

| 6]
H

(XXVI)

Several derivatives (XXVII) were obtained by acylation at
nitrogen. Of this series the acyl derivative with R = CH,CHj3 shows
the greatest activity in calcium chloride arrhythmia.!®

RCONH—¢ \_CONH(CH3)eN(CzHs)a,
(XXVIY)
R = CICH,, Cl,CH, GH,CH;, C(CHy)s, CH(CHg)s, CH,CH,CHs,

Novocainamid derivatives (XXVIII) are used for stopping
vomiting caused by chemotherapeutic preparations.’

Cl—¢ \__CONH(CHy)sN(C,Hs),
OCH,ACH;

(XXVIII)
A = CHOH, C = NOH, C = NOCHj;.
ortho-Methylation
activity. 6%
activity.'s®

significantly  increases  antiarrhythmic
Inversion of the amide group (XXIX) leads to loss of

HoN—¢ N\_NHCO(CHg)N (CoHs)a.
(XXIX)

Replacement of the phenyl ring in the novocainamid molecule
leads to the preparation of new compounds with various biological
activities.

Compound (XXX) displays activity in strophanthin arrhythmia.'®

(CHy),HC
RN
‘/
CH;,/\CON H(CH3)eN(CoHy), .
(XXX)

The thiophen analogue of novocainamide shows analgesic and
spasmolytic activity.?

L.J

> “CONH(CHg):N (CHy)s.

Analogues of novocainamid are known in which the benzene ring
is replaced by another aromatic ring, such as quinoline.'s’
Phthalimides (XXXI) also display antiarrhythmic activity.!®!®
The most active is the compound with n = 4, R? = C,H;.
o]

R —(CH,) ,NR] ,

R! \\0 (XxXxX1)
=H, o-alkyl; R%=o-, j 28 m-NHR*.

Amides of 1,4-benzoxazinecarboxylic acid, which are
novocainamid  derivatives, display marked antiarrhythmic
properties.!”
R? R®
R* .
NH(CH,),NR'R,
e

where NRR! = piperidino, morpholino, 4-m-tolyl-1-piperazine.
N -(Adamantylaminoalkyl)benzamides (XXXII) prevent ventricular
fibrillation caused by chloroform.* They are less toxic than

procainamide.
QCONH’CH ——r\@
(XXXI1D
R=I1,C,H, 2,37 R'=1,Ci, CHy; R*= NH,.NO,.

Compound (XXXII) (R = Csz, R‘ = H,R* = pNH;,n = 2)
proved to be the most active. The influence of the surroundings of
the tertiary nitrogen atom on the antiarrhythmic activity of
compounds has also been investigated.!”* Replacement of ethyl
groups by another radical (isopropyl) significantly reduces activity,
while replacement of one ethyl by an aromatic group significantly
increases it.

Compounds (XXXIII) contain a benzimido group.

R NH

]
Rz_>/—\_c_.NH(CH2)nNRz,

R3
(XXXII)

n=2, 4; R=CHj, C,Hs or NR,=2-pyrrolidine; R'=H, CF;,
OCH3; R?>=H, CH;, F, NO,, NH,, R®*=H, OCHj.

Of 28 N-substituted benzimidines synthesised 15 possess
antirrhythmic activity, 4 compounds surpass novocainamid in
activity and duration of action, display low toxicity and a weak
cardiodepressant action.!™>17*

Aminoalkylpropylamides of 2,6-dimethylbenzoic acid interrupt
tachycardia in dogs.!”

CH;
Vd \<__CONH(CH2)3NHR,

CHs
R = CgHs, CH(CHy)g, CoHs—CH — (CH,)CH,.
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Benzamides substituted at

activity.'7®

R
\Q—CON (CH,), NR]

nitrogen display antiarrhythmic

1

R

n =2, 3; R =3, 4, 5(0CHy);, 2, 4,-(OCH,),, 2-Cl;
Rt = H, 2(4)-CHj, 2(4)-C;Hs;
NR32 =morpholino, pyrrolidino, piperidino.

The antiarrhythmic activity of amides of tetramethylpyrrolidine-
carboxylic acid (XXXIV) has been described.!”’

CONH (cagmacn;@
H3 CHa R
c

Hy CH,

l

H (XXX1V)
m=2, 3; R=H, 4-Cl, 4-CF3, 2-OCHj;, 2-OH, 4-OC¢H,
4-OCH,CgH 5 etc.

Some of them surpass quinidine in therapeutic index (aconitine
arrhythmia model). Aminoamide (XXXIV) (n = 3 and R =
OCH,CH=CH,) is 6.3 times more active than quinidine.!”’

Substituted sulphonamidobenzamides (XXXV) display anti-
arrhythmic activity similar to that of novocainamid.'”®!”
X R2 B3 Rs

| I 7
RSO,N H—h——CON—CH—-(CHz)n—C—N
— |
- Rt R R
(XXXV)

where X and X! = H, halogen; R!, R% R3 R* = alkyl, cycloalkyl,
alkenyl; R = alkyl, cycloalkyl, benzyl, alkoxyl. Derivatives of
(XXXYV) containing a methanesulphonylamino group showed
antiarrhythmic action of the cordarone type (class III antiarrhythmic
preparations).’®  There is an indication of an increase in the
duration of action of preparations (XXXV) in comparison with
compounds containing an RSO, group (prolongation effect).!”®
Aminoamides of 4,5-dihydrobenz[d]indazole-3-carboxylic acids are
able to retard the ventricular tachycardia induced by aconitine.
Ri—7 N_N_NH

= |
O
|
P
R2 A /\CONH(Cﬂz)nN ,

R! = H, CH;0, F, Cl; R?2 = H, Cl, (CHg)N, CH30; n = 2, 3.

A large group of aminoamides comprises compounds in which the
tertiary nitrogen atom is linked with the amide function through a
cyclic system.

Cyclic analogues of novocainamid (XXXVI) and diacy! derivatives
of ethylenediamine (XXXVII) have been investigated.'®!

(6]

R—¢ \\,—-g—NmN—Rt
= N/

(XXXVI)
o}
il i
R—<Z N_C—NH(CHg)N—C—¢
7,
= i
(XXXVII)

R=H, NH,, NO,, C}, OCH;; R!=C,—Csalkyl.

Replacement of the tertiary amino group in the novocainamid
molecule by an amido group (XXXVII) leads to loss of
antiarrhythmic action as does replacement of the amide and amino
nitrogens by piperazine (XXXVI) R = NH,, R! = CH
Derivatives (XXXVII) with R # NO, display depressant activity.
The action, like that of novocainamid, is displayed by compounds
containing a chlorine atom (XXXVI) R = CL

Certain derivatives of piperazine display activity against the
arrhythmia induced by adrenaline.'®?

RCON N-R1,

where R = 2-piperidinoethyl, (CsHs);N, 3,4,5(CH30);C¢Hs. R! =
phenoxy, piperidino, naphthoxy, 4-CHj-piperidino, 2-hydroxypropyl,
3,4,5(CH30);CsHCO.

The most active compound is

(0]
—
N ——C—N/—_\ N

AN X
N \ A// N\
CoHs CH,CH(OH)CH,0—¢ > —NOj.

Cyclic analogues of novocainamid (XXXVIII) proved to be
weakly active as antiarrhythmics, however meta- and para-derivatives
are 45 and 37 times more active than novocainamid in local
anaesthetic action.!®?

CH,N(C,Hy), -
HZN-Q—CONHCHr@

(XXX VII)

Aminoamides containing saturated rings joining the amide and
amino nitrogen atoms in the hydrocarbon chain may be potential
antiarrhythmics.'®

i Ifl (CH,) R
fl / 2lp™
Q—(CH—C—N— \<
—(CHg)— Rs

g=0—4, p=n=(0-9); Q=1-, 2-naphthyl, C;H,XY; R!'=H,
(C1—Cs) alkyl; R2=H, (C,—C,) alkyl, branched alkyl; R3=alkyl,
cycloalkyl; R*=H, OH, OCH;, OC;Hs, SH; R°=H, OH,
(C;—C;3) alkoxy; E=O0 or S; X=Y =halogen, C=N, C¢H;.

Substituted phenols (XXXIX) disclose antiarrhythmic activity and
show action on the parasympathetic nervous system.'®®

CH,— N/_~ l
RCONH—(CHy),,—¢ ~\ —OH

CH,— N/_ ‘
(XXXIX)

R = substituted phenyl or thienyl; n = 0 or 1.
A correlation between antiarrhythmic activity and action on the
nervous system was observed for this class of compounds.
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Substituted amides of dihydropyridinecarboxylic acids (XL)'%
and phthalimides (XLI)'®” show antiarrhythmic activity in animal
experiments.

‘ R’ Re

RS / R4
R CONRS—¢ N —0: R®

' —~/ }\,_N ! N—(CHy),
XX | TI W |
R N CR! Re

}!{h Hl o

(XL) (XLT)

Certain derivatives of 5-, 6-, and 8-substituted 2-methyl-
decahydroquinolines surpass quinidine in anti-arrhythmic activity
and therapeutic index.!88:18%.167

e
)L
N
b,

R=H, 4-Cl, 3,4-Cl,, 4-OCH,, 3,4-(0CH,),, 3,4,6-(OCH,),.
The most active compound is cis-(XLII), which is more than 2
times as active as quinidine, trans-(XLII) surpassed quinidine by
almost 4 times in therapeutic index.

(XLII)

Study of cyclic analogues of novocainamid led to the design
of new drugs for the treatment of disturbances of cardiac rhythm,
viz. flecainide (XLIII),'* encainide (XLIV) and lorcainide (XLV).'"!

OCH,CF, 1’*

/:\<_CONHCH2_ (_N:/

F,CCH,CO
(XLIIT)

H,C—¢ \>—CONH 7N

drn—)

(XL1V) Ha
Cl_/f\_ e * N—— CH(CHg)s
ICOCH2
CgHj
(XLV)

Antiarrhythmic activity is possessed by preparations from the
N-aryl-8-pyrrolidizinalkanamide'”> and 2-ethoxycarbonylamino-
phenothiazine'”® series. The synthesis of aminoamides of the
furanoic acid series (XLVI) has been reported.’®* Investigations of

coronary vasodilator activity showed that the citrates and
hydrochlorides of these compounds increase the rate of coronary
blood flow by 87—120%.1%4

(XLVI)

—N M
—

R = NGgHy,, HN-O etc.

Quite recently a communication'®® appeared on the synthesis and
study of the antiarrhythmic and anaesthetic activity of aliphatic-
aromatic aminoamide (XLVII) which are analogues of novocainamid
with secondary and tertiary carbon atoms on the amide group and
various lengths of carbon chain.

NHCOR!
|
- (]: —(CH,),NR};

R1
(XLVIT)

=H, CH;, CH=CH2, C5H5, CH;CsHs, CH20C5H5, RC6H4;
cycloalkyl, adamantyl; NR3=N(CHj),, N(C;Hjs),, piperidino,
morpholine, N(C;Hy);, N(C4Hy), R*=alkyl, CsHs, CsH4RY
R*=H, alkyl; n=1to 8.

It was shown that removal of the amino or amide group led to
loss of activity. Local anaesthetic and antiarrhythmic effects depend
on the character of the amino group (NR3) group and fell in the
series

N » —> N(CHj), —> N(CHs)..

Maximum activity was detected for amides of substituted benzoic,
adamantanecarboxylic and cyclohexanecarboxylic acids, and
minimum for amides of acetic acid. Amides of phenylacetic and
phenoxyacetic acids occupy an intermediate position. The
introduction of substituents into the benzene ring (R) leads in the
general case to a reduction in antiarrhythmic action and toxicity, but
local anaesthetic activity depends on the nature of this susbtituent.
Donor substituents reduce the activity and acceptor substituents
enhance it, halogens increase the local anaesthetic action.

Substitution in the benzene ring of the main chain (R®) leads to
an increase in antiarrhythmic and local anaesthetic action along the
series H-CH;3—+Br~Cl The determining influence on the
pharmacological action of aminoamides (XLVII) proved to be
multiple. All forms of activity have several maxima at various
values of n.

1t follows from the data presented that aminoamides differing in
chemical structure to a significant degree display antiarrhythmic
activity.

Modification of the novocainamid molecule, as the first
antiarrhythmic of the monoacylated diamine type of aminoamide,
led to the design of a large number of compounds, among which are
substances displaying high antiarrhythmic activity.

The multiplicity of chemical structures and the differences in
methods of determining antiarrhythmic activity do not permit an
unequivocal analysis of the influence of structure on activity.
Quantitative data on activity and toxicity are frequently absent.
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However it is possible to draw certain conclusions on the
dependence of antiarrhythmic activity on the chemical structure of
compounds.

It is possible to divide the novocainamid into five portions which
are subject to modification.

v 1 1

[ t ]

1 ) )
H,N_E_Q_,_ —NH——(CH,),—N(C,H,),

1

]

1
1 1

1 II 11 v v

=0

I. Acylation of the NH, group by fatty acid derivatives leads to
an increase in antiarrhythmic activity.”®!%%1%®  Alkylation also
enhances it.'®2  Sulphonation of the amino group prolongs the
antiarrhythmic action of a preparation.!’® Replacment of the NH,
group by chlorine or by an ethoxy group leads to loss of
antiarrhythmic action.

II. Introduction of various substituents into the ortho-position of
the benzene ring (Cl, O-alkyl, alkyl) increases activity.?”'s165 The
introduction of methoxy groups into the benzene ring increases
activity significantly. However in a series of quinoline analogues of
novocainamid chlorine substituted derivatives were more active than
methoxy compounds.'¢”18-1%  Replacement of the benzene ring by
non-benzenoid systems does not make a significant contribution to
antiarrhythmic properties, although ortho substitution frequently
leads to an increase of activity.>!66.16%170.177

III. Inversion of the amide group transforms monoacylated
diamines into the aminoacid series.  Simple inversion in the
novocainamid molecule leads as a rule to a reduction in anti-
arrhythmic effect.!®® However the known effective anti-arrhythmic
lidocaine (XLVIII) is dimethylaminoacetylxylidine and a large
number of its derivatives display antiarrhythmic activity.>'s?

CHy

\//—\Q—NHCOCHgN (CzHy)s.
CH3
(XLVIII)

Replacement of the amide group by imido and sulphonamide groups
leads to the appearance of new classes of potential anti-
arrhythmics.'’>V7418%  Arylation of the amide nitrogen in the
novocainamid molecule also shows a positive influence on the
antiarrhythmic properties of compounds.!”

IV. An increase in the hydrocarbon chain leads to an increase in
the activity of substances,'*®'% although several maxima in activity
were observed at various chain lengths.’®® Antiarrhythmic action of
compounds increases by several orders of magnitude in comparison
with that of novocainamid. The introduction of alkyl'’®!™ and aryl
radicals'®® into the hydrocarbon chain has a positive influence on
activity. Inclusion of nitrogen atoms in one saturated ring leads to
loss of antiarrhythmic activity.'®! The inclusion of saturated rings in
the hydrocarbon chain between the amino and amide groups may
prove to be promising,'84!87-1%1

V. The presence of an amino group in the amide molecule is very
important for antiarrhythmic activity.'® It may be secondary in
character.!7%!71%0  However the majority of the antiarrhythmics of
the monoacylated diamine series contain a tertiary amino group in
the form of a dialkylamino group, alkylarylamino groups or
saturated cyclic amines. In several cases it was shown that cyclic

saturated amines increase antiarrhythmic action,!' replacement of

one of the alkyl groups by an aromatic group is also useful.'”

At the present time there is no conclusive hypothesis on the link
between the structure of chemical compounds and their biological
activity. It is evident that every change in the conformation of a
molecule is accompanied by changes in physiochemical properties
and influences its ability to be absorbed, to pass through a
membrane to interact with cellular enzymes and receptors.

It has been reported's”'%81%% that among aminoamide derivatives
of quinoline which are antiarrhythmically active the trans-isomer is
as a rule more active.

There are data on the resolution of racemic aminoamides into
optical antipodes,'2#18419519  Reqults of pharmacological testing
show that the (+) (S)-isomer of propionic acid dialkylamino-
ethylamide was more active in analgesic activity than the (-) (R)-
and (+ )-isomers.'?*

The preparation flecainide shows approximately the same
antiarrhythmic activity for both enantiomers and the racemate.!®® A
higher antiarrhythmic and local anaesthetic activity was noted for
the (+) (R)-isomer than for the (-) (S)- and (& )-isomers in a series
of dialkylaminopentylamides.!®> The enantiomers also differed in
toxicity.

Conclusions have been drawn on the influence of basicity'® and
lipophilicity'”” on the antiarrhythmic properties of aminoamides.
The more basic and the better soluble in lipids a substance is then
the higher the antiarrhythmic activity it displays.

---000---
Several publications on the synthesis,'***® biological action?®
and study of the interconnection of structure and biological
activity?®! of aminoamides have appeared since the manuscript was
prepared for printing.

In spite of the large number of publications devoted to the search
for promising antiarrhythmics and of the significant quantity of
antiarrhythmic preparations used in therapy, the search for new
active compounds is as pressing as ever.> There is a need for long-
acting drugs with low toxicity. There is a requirement for
preparations to treat post-infarct disturbances. One of the most
rational approaches in the search for promising new compounds is
the investigation of the dependence of activity on structure in
chemical series among representatives of which active anti-
arrhythmics have been detected.'*®

The available data on practically useful properties of N-substituted
aminoamides and the interesting chemical and physicochemical
properties discovered separate them into a discrete class of organic
compounds which is of interest not only for chemistry but also for
other regions of science and technology.
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