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SUMMARY

The rate of enzymic acetylation of amines runs parallel to the electronic charge of
the amino nitrogen, provided that the compound 1s not protonated under the ex-
perimental conditions. The ability of conjugated .V-acetyvlamines to give up the acety!
group runs parallel to the dipositivity of the dissociable bond. The electronic factors
governing the mechanism of transfer of the two-carbon unit are thus identical to
those which have been shown previously ta be responsible for the mechanism of
transfer of one-carbon units by folic acid coenzymes.

1S . :
NTRCDUCTION

Among the important reactions catalyzed by the enzyme acetyl-transferase, with
CoA as cofactor, is the acetylation of aliphatic and aromatic amines. This iast type of
compound involves the the.apeuticaily active p-aminosalicylic acid, I (see ref. 1),
isoniazid, II (see refs. 2, 3}, a series of sulfonamides* (¢.g. sulfanilamide, IIT) and some
carcinostatic antimetabolites like 6-aminonicotinamide, IV (see ref. 4). The acetylation
of these amines is due to CoASAc representing the “active acetate’”.
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Recently it was discovered that the same enzymic system can alsc acetvlate a
large number of other arylamines such as aniline and its substituted derivatives®.
Moreover, it has been chown that the acetyl-transferase active in these systems (and in
a series of sulfonamides) does not need CoASAc as cofactor but can use instead dif-
ferent acetylated arylamines®. The enzyme catalyzes thus the reversible transtfer of an
acetyl group between different aromatic amines. The available data allow the clas-

Abbreviation: Acetyl-AABS, ¢-acetamincazobenzene-4’-sulfonic acid.
* Postal address: Institut de Biologie Physico-Chimigque, 13, rue Pierre Curie, Paris se, France.
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sification of the arylamines frem the viewpoint of their relative acetyl-acceptor prop-
erties and the classification of the acctvl-arvlamines from the viewpoint of their
relative acetyl-donor properties.

The present paper is concerned essentiallv with the interpretation of these
properties in terms of the electronic structure of the compounds involved.

I. ACETYL-ACCEPTOR PROPERTIES

The available data have been obtained essentially either with CoASAc™® or with
4-acetaminoazobenzene-4'-sulfonic acid®$, V, as the acetyl donors.

Q /"; e N
o | N=NSTSSOH,

The results indicate that:
1. When the arylamines are substituted with acidic groups oriito 10 the amino
group no acetylation occurs’. When they are substituted with acidic groups para

BT e 2
to the amino gioups, a\.Ll\Aauuu occurs but at a very |l low rated-®, These results are

attributed to the occurrence of strong repulsions between the enzyme and the sub-
strates, due to the presence of the negative charges’, and to the great tendency of
strongly acidic compounds for rapid excretion®.

2. When non-acidic substituents are present the reaction occurs at a rate depend-
ing on the nature of the substituents and is to some extent proportional, at first sight,
to their electron releasing capacity®. The quantitative data are reproduced in Table I
which also contains information about the indices of the electronic structure of the
amino groups which may be correlated with the observed reactivity. These indices have

TABLE I
ARYLAMINES AS ACETYL-ACCEPTORS

Electronic

Amine B Relative rate of acetylation Ch;':fao"/:’;( F'le:eti:'ka’:?moj Ky 1ot -
. - o : glom of NH.
#-Bromoaniline 1.12 Acetvlated 1.849 1.021
p-Chloroaniline 1.09 1.849 1.020 1.288
p-Methylaniline 1.00 1.853 1.028 1288
Aniline a 50 0.79 1.851 1.023 4.2%8
Benzidine 0.74 1.846 1.020
p-Nitroaniline 0.34 Acetylated 1.827 0.996 0.001%
Sulfanilamide 0.18 0.17 1.0 1.841 1.010 0.0235%
suifaitiazole 0.30 1.841 1.011 0.023H#¢
Suifad.. zine 0.20 1.836 1.012 o.orofHd
p-Anisidine Acetylated 1.861 1.042 154
o-Phenylenediamine Acetylated 1.862 1.048 3.28
o-Anisidine Acetylated 1.859 1.041 3.08
o-Toluidine Acetylated 1.852 1.c27 2.5%
m-Nitroaniline Acetylated 1.851 1.024 0.032#
o-Nitroaniline Not 1.824 0.991 0.00035%
acetylated
* Data from JAcOBsON®. § Data from TABOR, MEHLER AND STADTMAN'.
** Data from BESSMAN AND LIPMANNS. # Data froia MoxRISON AND Bovp!l.
*** Data from Lirsann®. #8§ Data from SELL A¥D RoBLini,
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been obtained by quantum-mechanical calculations based on the molecular orbital
method?®.

It is observed that, on the whole, the rate of acetylation of related compounds is
parallel to the value of the electronic charge and of the free valence of the amino
nitrogen. The value of the electronic charge on the amino nitrogen represents the
fraction of the “‘lone-pair’’ electrons of this atom which remains on it as a resvlt of the
participation of these electrons in the over-all = conjugation. [hie eaistence ox the
double perallelism does not allow to decide whether the reaction involves a free
radical oi an electrophilic mechanism. (For a discussion of a similar situation see
ref. 13.) We may note that the parallelism seems, however, to b2 more complete with
the clectronic charge of the amino nitrogen than with its free valence.

A few complementary remarks and observations seem interesting:

1. The halogenated derivatives do nct obey the correlation very well. The
situation mayv perhaps be due to the approximations involved in calculations con-
cerning these compounds because the parameters associated with the halogens are
known with less ceriainty than those associated with nitrogen or oxygen. The
situations may, however, reflect also a genuine exception, related perhaps to the
specificity of the enzymic reaction (vide infra).

2. In the series of the sulfonamides only the 4-NH, group (see I1I) has been
taken into consideration. This is in agreement with experiment which indicates that
acetylation occurs much more readily (if not exclusively) on this amino group than
on the 1-NH, group. It is also consistent with theoretical data: the electronic charge
of the 1-NH, group of sulfanilamide is 1.730e and its free valence 0.835. Both ndives
are thus much smaller than the corresponding indices for the 4-NH, group.

3. The existence of a parallelism between the rate of acetylation of the aryl-
amines and the electronic charge of their amino nitrogen suggest: the possibility of a
parallelism between the rate of this reaction and the basicity of the amines, inasmuch
as this basicity is determined, too, by the value of the electronic charge on the amino
nitrogen. Table II contains the appropriate data. Its examination indicates that if
the ortho- and para-substituted compounds are considered separately (and such a
separation is quite legitimage because of the possible orthe effects not taken into con-
sideration in the calculations) an exceilent correlation is observed between the
basicity and the charge of the amino nitrogen. The correlation is even better than that
between this charge and the rate of acetvlation of the compounds: for instance, the
halogenated derivativessatisfy the correlation with basicity, and the sulfonamides may
be put in the same group as other para-substituted anilines.

4. A similar type of correlation exists between the relative rate of chemical
acetylation of mercaptans by tlie acetate of pyridine-4-aldoxime methiodide and the
acid dissociation constant of these mercaptans!. Aithough this reaction is a model
for the acetylation of CoA rather than for the acetylation of amines, it is nevertheless
significant that the rate of acety'ation of thiophenol and of a series of its para-
substituted derivatives runs parallel to the value of the eiectronic charge on the S
atom and at the same time to the value of its pK, (Table III). It may be ncted that
p-chlorothiophenol obeys this parallelism. The result suggests that the slightly
abnormai behaviour of the halogenated derivatives of aniline during enzymic
acetylation may be due to specificity factors.

s. Finally, it may be interesting to compare the results obtained for the acetyla-
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tipn of arylamines withi these found for the acetvlation of z!iphatic amines. Although
the twa groups of amines are generally substrates to different enzymes, certain con-
clusions may be drawn if only from model reactions. The {oliowing points must be
kept in mind a: a basis for the understanding of the experimental data: (a) while the
arylamines have a basic pK, <2 7 and thus exist at neutral pH largely in the neutral
form, the aliphatic amines have a basic pX{s of the order of g and exist thus at neutral

pH mainiy in the protonated form. (b) The lone pair of the amino nitrogen is partially

TABLE 11
BASICITY OF ARYLAMINES SUSCEPTIBLE TO ACETYLATION

Charge of the Free valence

Compound Ky 10t amino witrogen of the amino
nitrogen
p-Aminoaniline 110 1.86% 1.051
f-Mcthoxyaniline  15° 1.861 1.042
p-Methylaniline 12 1.853 — 1.028
Aniline 4.2"7 1.851 1.023
p-Chloraniline ra2” 1.849 1.020
Sulfanilamide 0.023"" 1.841 l.o10
Sulfathiazole 0.023"" 1.841 1.011
Sulfadiazine o.r1™” 1.836 1.012
p-Nitroaniline o o1 1.827 0.996
o-Aminoaniline 3.2" 1.862 1.048
o-Methoxyaniline 53" 1.859 1.041
o-Methvlaniline 2.5" 1.852 1.027
o-Chloroaniline 0.05" 1.848 1.019
o-Nitroaniline 0.00035 " 1.824 0.991
* Data from MoRRISON AND Boyp!'l.
** Data from BELL AND ROBLIN!2,
TABLE 111
ACETYLATION OF THIOPHENOLS
Relative rate PK
Compound of acetylation*  !sce ref. au/

2-Chlorothiophenol 0.0329 5.94
Thiophenol c.252 6.82
p-Methylthiopienol 0.377 6.86

* Data evaluated from the molecular constant, k,, at pH 3.0, given by O’NEILL, KOHL AND
EpsTEINTS,

TABLE IV
RATE OF ACETYLATIUN OF AMINO ACIDS BY ACETYLPHOSPHATE
Relative rate -

Compound o/:retylalm' PR,
Proline 0.9 10.6

lanine 1.3 9.9
Glycine 10.7 9.8
Benzylamine 17 9.3
Phenylalanine 0.5 9.1
Glycyiglvcine 36 8.2
Glycine ester 55 7.7

* Data evaluated from the bimolecular coustants_ at pH 7.3, given by KosHLAND!.
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delocalized in the arylamines, but, at first approximation. remains lovalized on that
nitrogen in the aliphatic amines. In this last type of amines, inductive effects only
influence the electronic charge of the amino nitrogen, The experimental results
obtzined for enzymic acetylation of histamine’ and in model acetylation of amines
with esters of thiocarboxylic acids!® or with acetviphosphate!® indicate, 1n the first
place, that acetylation occurs only on the free, unprotonated corn nd  Tn the
experiment with acetyl phosphate it is even observed that to a large extent the .i;0st
reactive amines (in fact, amino acids) are the less basic ones (Table IV). At first sight,
this correlation seems to be the reverse of the one observed for the enzymic acetvlation
of arylamines. In fact, the disagreement is only superficial: the correlation observed
in the case of th~ aliphatic amines simply means that the most reactive amino acids
are those which exist in the neutral form in higher percentage. On the other hand
aniline, which is a much weaker base than the aliphatic amines, is acetvlated onlv at a
very low rate!® {relative rate at pH 7.3:2.9). This last rcsult indicates that the factors
governing the acetylation of the aliphatic and the aromatic amines are quite similar.

Thus, generally speaking, the ease of acetylation of amincs depends essentially on
the value of the electronic charge of the amino nitrogen: it is the greater the greater
this charge (which frequently means the stronger the basicity), provided that the
compound is not protonated under the experimental conditions.

II. ACETYL-DONOR PROPERTIES

The second column of Table V' contains a series of data about the ability of different
acetylated compounds to give up their acetvl group and the remaining columns of
this table indicate the indices of the electronic structure of these molecules which
may be related to this ability. It may be observed that as a result of electronic
delocalization both the N and C atoms of the disscciablc Lond carry net positive
charge = (are electron deficient). The dissociable bond is therefore a dipositive bond in
the sense defined by PULLMAN AND PULLMAN in the case, for instance, of energy-rich
phosphates!? and the substrates for enzymic hydrolysis®. Now, it can be seen that the
ability of conjugated N-acety]l compounds to give up the acetyl group is greater the
greater the dipositivity of the dissociable bond. To a small extent there is also a
certain antiparallelism between the ability of the acetylated compound to give up its
acetvl group and (a) the bond order of the dissociable bor.d or (b) the loss of resonance
energy, AR, upon deacetylation. It may be interesting to add that the variaticrs in the
dipositivity of the dissociable bonds are due essentially to the variations of the net
charge of the nitrogen atom, the net charge of the ~arbonyl carbon of the acetvi sroup
remaining practically stationary in all the compounds studied.

This situation may be stated also in a different way. As we have seen previously,
the rate of acetylation of an arvlamin= is parallel to the electronic charge of its amino
nitrogen and, generally. to its basic strength. As the fixation of an acetyl group on a
series of related aniines, say anilines, brings about comparable perturbations in all
these substrates it is obvious that, in general, the better acetvl-acceptor an aniline
derivative is, the worse acetyl-donor will the corresponding acetanilide derivative be.
It may also be said that in the aniline-acetaxilide series, the best acetyl-acceptors a.
the most basic anilines, and the hest acetyl-donors the less basic acetanilides.

A related observation of the same type may be found in the field cf the acetyl-
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TABLE V

COMPARISON OF COGNJUGATED N-ACETYL COMPOUNDS AS ACETYL-DONORS

The net charge  The net charge The dipo- The hond
Compound Relatize rat ”Z‘Jf'é&;fi:" ofjgi:ec;;‘o’i:l it sl el o /in[;ilfmin

acetyi group carbon bond bond
p-Nitroacetanilide 00™" -~0.263 +0.268 +0.533 0.3%2 0.359
p-Chloroacetanilide 0.38°" +0.250 -+ 0.207 +o0.517 0.386 0.363
p-Methylacetanilide 0.18""° +0.247 - 0.207 +0.514 0.387 0.364
Acetanilide v.us®” +0.248 + 0.267 +0.515 5.386 0.363
Acetyl-AABS High**” +0.268 + 0.268 +0.536 0.282 0.358
Acetylsulfanilamide High*** +0.255 +0.268 -+ 0.523 o 385 0.361
Acetylimidazole Very high$ +0.488 + 0,280 + 0768 0.310 0.:87

* AR == Decriast of runonance energy upon the departure of the acetyl group.

** Values from jacoBsoN®. Because of the variation in apparent Ky and Vmax of these para-
substituted acetanilides, and although p-nitroacetanilide may definitely be considered as the best
acetyl-donor, the relative rate of deacetylation of the other compounds must be interpreted
with caution.

*** BeEssMAN AND LIPMANNS observed a reversible transfer of the acetyl group between N-acetyl-
sulfanilamide and Acetyl-AABS, the equilibrium point appearing to be near to 1.

§ STADTMAN AND WHITE? observed a reversible enzymic transfer of acetyl group from CoASAc
to imidazole; observing that, in JAcoBsON's system?, p-nitroacetaniiide is only !/, as effective as
CoASAcit can be said that acetvl-imidazole is a much better acetyl donor than the other compounds
inTable V.

TABLE VI

DEACETYLATION OF THIOESTERS

PRy of the

Relative rate -
.. Corresponding
Compound of dteqctl'yla reapians

{see ref. 14)

Acetyiglutathione 0.19 9.20
2-Isopropylaminoethanethio-

acetate 0.255 7.70
2-Diethylaminoethanethio-

acetate 0.33 7.85
Acetylthiocholine 0.425 < 7.85
Acetylithiophenol 0.50 6.2¢

* Data evaluated from the molecular constants, at pH 5.0, given by O’NenLL, KoHL AND
EPSTEIN',

donor properties of a series of thioesters. As can be seen from Table VI the rate of
acetyl donation by different thioesters (the acetyl-acceptor being in each case pyridine-
4-aldoxime methiodide) runs paralle] to the acidity of the corresponding mercaptans.
The S-acetyl linkage of all these thicesters is a dipositive bond®and thisdipositiv-
ity is, o "cvn... groater in thiophenol than in the aliphatic thioesters.
Finally, « similar observation may be made about SCHWYZER's results!® con-
cerning the yield of the acylation of amines RNH, by esters of thiocarboxylic acids

a f8
CHy—C—S5—« R
o0 o
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as a function of the nature of R. The order of increasing reactivity in tiree represen-
tative compounds, is

% < CH;—CO-S—C—CH,~NH-CO— < CH, {O-$--C—CH,

CH,—€O-S—C—~
\’3 G O

It runs parallel to the dipositivity of the dissociable bond (x~7) which amounts to

0.495, 0.501 and 0.517 respectively in the three compounds.

CONCLUSION

The electronic factors involved in the enzymic transfer of the acetyl groups seem thus
to be essentially: (a) the value of the electronic charge of the amino nitrogen for the
acceptance of the acetyl group and (b) the dipositivity of the dissociable bond for the
donation of the acetyl group. It is most striking to ohserve that these two factors are
the same a5 those which have been shown to be responsible, on the electronic level,
for the mechanism of transfer of one-carbon units by folic acid coenzvmes’, A very
far-reaching analogy seems therefore to exist between the electronic factors responsi-
ble for the transfer of the metabolically important one- and two-carbon units. Anti-
cipating on studies presentiy carried out in our laboratory we may add that the same
factors seem also to be involved in other metabolic group transfer reactions (e.g.
O- or N-methylation and demethylation). It appears thus probable that a large
number of metabolic-group transfer reactions are governed by similar electronic
factors.
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