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SUMMARY 

The rate of enz)Tnic acetylation of amLneg rims parallel to the electronic charge of 
the amhio nitrogen, provided that the compound is not protonated under the ex- 
perimental conditions. The ability of coniugated N-acetylamines to .e ire up the nc~*y! 
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 previo~ly  tn be responsible for the mechanism of 
transfer of one-carbon units by folic acid coenzymes. 

Among the important reactions catalyzed by the enzyme acetyl-transferase, uith 
CoA as cofactor, is the acetylation of ahphatic and aromatic amines. This last type of 
compound involves the the,apeutically active p-aminosalicylic acid, I (see ref. I), 
isoniazid, II (see refs. 2,3), a series of sulfonamides 4 (e.g. sulfanilamide, III) 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 enz~anic system can also acctylate a 
large number of other arylamines such as aniline and its substituted derivatives z. 
Moreover. it has b~.n eho.nl that  the acetyl-traJt~[erase active in these systems (and in 
a series of sulfonamides) does not need CoASAc as cofactor but can use instead dif- 
ferent ae~.tylated arylamine#. The enz)mae catalyzes thus the reversible transfer of an 
acetyl group between different aromatic amines. The available data allow the clas- 
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sification of the arylamines from the viewpoint of their relative acetyl-acceptor prop- 
erties and the classification c~f the acctvl-arvlamines from the viewpoint of their 

relative acetyl-donor propert ies  
The present paper is concerned essentially with the interpretat ion of zhese 

properties in ternas of the electronic structure of the  compounds involved. 

I..kCETYI,-A('CEPTOR PROPERTIES 

Tbe available data  have been obtained ~ssentiallv either ~4th CoASAc ?,* or with 
4-acetaminoazobenz-ne-4'-sulfonic acid~, e, V, as the acetvl donors. 

() c NH-/ / - - : ,  N=N - r~ -- -- S ( ) a H  ~ 

H3 (- / \ / / 
V 

The results indicate tha t :  
-,. When the arvlamines are subst i tu ted with acidic groups onho ~o the amino 

group no acetylation occurs ?. When they are subst i tu ted ~'ith acidic groups para 

at t r ibuted  to the occurrence of strong repulsions between the enz3Tne and the sub- 
strates, due to the presence of the negative charges ~, and to the great t endency  of 
s trongly acidic compounds for rapid excretion ~. 

2. When non-acidic subst i tuents  are present  the reaction occurs at  a rate depend- 
ing on the na ture  of the substffuents and  i~ to some ex ten t  proportional,  at  first sight, 
to their electron releasing capacity s. The quant i ta t ive  data  are l"eproduced in Table I 
which also contains information about  the indices of the electronic s tructure of the 
ami~to groups which may  be correlated with the obse,,-ved reactivity. These indices have 

TABLE I 
ARYLAMINES AS ACETYL-ACCEPTORS 

Electrom¢ 
Relative ratr of  acetylation ckarge o / t he  Free va leme o f  

.4 m i tw  N a tom of  the N a lom K b 1o t° - 
. . . . .  { N H  t of N H ~  

p~Bromoaniline 1.1 z Acetylated i .849 i .02 x 
p-Chloroaniline 1.09 i ,849 1.020 1.2|t 
p-Methylaniline 1 .oo 1.853 1 .o28 12L t 
Aniline o 7o o.79 1.851 1.o23 4 -2t| 
Benzidine o. 74 I. 846 1 .o2o 
p-Nitroaniline 0.34 Acetylated 1.827 o.996 o.oo111 
Sulfanilamide o. 18 o. 17 I .o 1.841 1 .o lo 0.o23111 
~ulfa~b, iazole 0.30 1.841 1.Oli o . o 2 3 ~  
SuilaLi~,,.zine 0.20 L836 t.ol2 o.oxolH 
p-Anisidine Acetylated L86t 1.o42 tSH 
o-Phenylenediamine Acetylated i.862 x.o48 3.2 !! 
o- Anisidine Acetylated 1.859 1 .o4 t 3.oil 
o-ToJuidine Acetyl.~ted 1.85z x.oz7 z.SH 
m-Nitroanil ine Acety lated  t .85 t 1 .o24 o .o32H 
o-Nitroanil ine Not  1.824 o.991 o .ooo35 It 

aeetylated 

° Data from JAcossoN s. 
** Data from BES.SMAN AND LIPMAN~ 4. 

*" ° Data from LIPMANN s. 

! Data from T.~ot, .Mllu~t A.~9 STADTMAX~ ~. 
U l~t~ fi'oiu MoJ~tSox~ AND BOVDU. 
m 131ta from ~ ~,-D Rommm u. 
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been obtained by quantum~mechanical calculations based on the molecular orbital 
method 1o. 

I t  is observed that, on the whole, the rate of acetvlation of related compounds is 
parallel to the value of the electronic char~ee 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 remain,  on it ~ ~ ~ -osl,V* ~f ¢ho 
participation of these electrons in the over-all ,r conjugation, i;le e.dstcalce ox :he 
double l~,rallelism does not allow to decide whether the reaction involves a free 
radical of" an electrophilic mechanism. (For a discussion of a similar situation see 
ref. I3. ) We may note ~ a t  the parallelism seems, however, to be more complete with 
thc clectT.onic charge of the amino nitrogen than with its free valence. 

A few complementary remarks and observations seem interesting: 
I. The halogenated derivatives do net obey the correlation very well. The 

situation may  perhaps be due to the approximations involved in cal~,at,uJls con- 
cerning these compounds because the parameters associated with the halo~en~ are 
kno~m ,afth less cextainty than. those a.s~ocint~d ".~fitb nitrogen or oxygen. The 
situation may, b_owever, reflect also a genuine exception, related perhaps to the 
specificity of the enz}anic reaction (vide infra). 

2. In the series of the sulfonamides only the 4-NHz group (see III)  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 I -NH t group. I t  is also consistent with theoretical data:  the electronic charge 
of the I -Nt I  t group of sulfanilamide is r.73oe and its free valence 0.835. ~ u t ,  ~,ulce~ 
are thus much smaller than the corresponding indices for the 4-NH t group. 

3- The existence of a parallelism between the rate of acetvlation of the aryl- 
amines and the electronic charge of their amino nitrogen suggests 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 I I  contains the appropriate data. I ts  examination indicates that if 
the oft/w- and para-substituted compounds are considered separately (and such a 
separation is quite legitimate because of the possible ortho effects not taken into con- 
siderati:dn in the calculations) an excellent 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 acetylation of the compounds: for instance, the 
halogenated derivatives satisfy the correlation with basicity, mad 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 chenlical 
acetylation of mercaptans by the acetate of pdTidine-4-aldoxime methiodide and the 
acid dissociation constant of these mercaptans t4. Although 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 d~xivati~'es runs parallel to the value of the electronic charge on the S 
a tom ~ d  at the same time to the value of its pKt  (Table III) .  I t  may be nGted that  
p-ch_lorothiophenol obeys this parallelism. The result suggests that  the slightly 
a immmai  behaviour of the halogenated derivatives of aniline during enz.~mi, 
acetylation m a y  be due  to  specificity factors. 

$. Finally, it may be interesting to compare the results obtained for the acetyla- 
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t i pn  of a r T l a m i n e s  w i f l i l h e s e  f o u n d  for  t h e  a c e t v l a t i o n  of ~ ! i pha t i c  a m i n e s .  A , t . , , . s , , '  ~" . . . .  

t h e  two  g r o u p s  of a m i n e s  a re  g e n e r a l l y  s u b s t r a t e s  to  d i f f e r en t  e n z ) a n e s ,  c e r t a i n  con -  

c lus ions  m-~y be  d rav .~  if o n l y  f rom m o d e l  r e a c t i o n s .  T h e  fc, l lo;~-~g p o i n t s  m u s t  b e  

k e p t  in  m i n d  a= a bas i s  for t h e  u n d e r s t a n d i n g  of t h e  e x p e r i m e n t a l  d a t a :  (a) wh i l e  t h e  

a r v l a m i n e s  h a v e  a bas ic  p K a  <." 7 a n d  t h u s  ex i s t  a t  n e u t r a l  p H  l a rge ly  in  t h e  n e u t r a l  

fo rm,  t h e  a l i p h a t i c  a m i n e s  h a v e  a bas ic  pKa of  t h e  o r d e r  of o a n d  e x i s t  t h u s  a t  n e u t r a l  

p H  m a i n l y  in t h e  p r o t o n a t e d  form.  (b) T h e  lone  p a i r  of t h e  a m i n n  n i t r o g e n  is p a r t i a l l y  

TABLE II 

BASICITY OF ARYLAMINES SUSCEPTIBLE TO ACETYLATION 

Charge of the Fete vacate 
Compound KO t° l t  amino aitrogen o/the amino 

nitrogen 

p-Aminoaniline I IO* 1.86b i.o51 
p-Mcthoxyani!ir.e 15" 186t  i.o42 
p-Methylaniline I2" 1.853 -- i.o28 
Ani'ine 4-2 ° 18 5 t 1.0, 3 
p-Chloraniline 1 2" 1.849 i.ozo 
Sulfanilamide o.o23"* t.84I I.OlO 
Sulfathiazole 0 . 0 2 3  [ * 1 .841 I .o I I 
Sul fadiazine o.c i i .836 i .ol 2 
p-Nitroaniline o ')i* 1.827 0.996 

o-Aminoaniline 3--" * 1.862 1.o48 
o-Methoxyaniline 3 t. 859 t -04 x 
o-Methylanilin~. 2. 5" 1.852 i.o27 
o-Chloroaniline 0.05" 1 .848  I .O19 
o-Nitroaniline o.ooo35 * I. 824 o.991 

" Data from ~iORRISON AND BOYD II.  
"* Data from }{ELL AND ROBKIN l t .  

TABLE I I I 

ACETYLATION OF THIOPHENOLS 

Compound Rdat ire rc4e pK  a 
of ac~tylalion" /see re[. z4J 

p-Ch!orothiophenol 0.0329 5.94 
Thiophenol o.25-" 6.8z 
p-Methylthioplteuol o.377 6.86 

* Data evaluated from the molecular constant, kt, at  pH 5.0, given by O'XEILL, KOItL AND 
E P S T E I N  14. 

RATE 

T ~ B L E  IV 

OF ACETYLATION OF AMINO ACIDS BY ACETYLPHOSPHATE 

Compotoul Relative rote 
o/~etylatum" PKa 

l~roline o.9 Io.6 
Alanine x .3 9.9 
Giycine Jo.7 9.8 
Benzylamine 17 9-3 
Phenylalanine o.5 9. t 
Glycyiglycine 36 8.7 
Glycine ester 55 7-7 

" Data evaluated from the b/molecular coustsmOt at p H 7-3, given by  Kosm.Asu~ N. 

Btotk.m. B,opkys. A ~ .  66 ( t~o3) a6.-9, 
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delocaJized in the axylamines, but, at first approximatk,n, remai , -  l~MizA:d 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 
obt,7.in.ed for enzvaa,~ic acetylation of histamine 7 and in model acetylation of amines 
with es te~ of thiocarboxylic acids ts or with acetylphosphate ~6 indicate, m the first 
place, that  acetylation occurs only on the free, unprotonated =or",,, "-nd b, che 
expe,"imen." g'ith acetyl phosphate it is even observed that  to a large extent the ,v, ost 
reactive amines (in fact, amino acids) are the less basic ones (Table IX,'). At first sight, 
this correlation seems to be the reverse of the one observed for the enz3anic acetylati6n 
of arylamines. In fact, the disagreement is only superfic~.a]: 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, ~hich is a much weaker base than the aliphatic amines, is ace~,,~u*"~*~ ~,.~̂ -~ . . . .  ,~ a 
very low rate 16 (relative rate at  pH 7-3 : 2-9). This last ~csult 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 amines dcpend:~ e.-.~entiallv 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 n~t pratonated under the experimental conditions. 

I I .  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 
"nay be related to this ability. I t  may be obselwed that  as a result of electronic 
dtIocalization both the N and C atoms of the di~ociablc L~,~d carry net positive 
cha rg~  (are electron deficient). The dissociable bond is there fore a dipositive bond in 
the sense defined by Pt'LLMAS A,XD PULLMA.~ in the case, for instance, of energy-rich 
phosphates t7 and the substrates for enz~anic hydrolysis TM. Now, it can be seen that the 
ability of cor, jugated N-acetyl 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 
aeetvl group and (a) the bond order of the dissociable bor, d or (b) the loss of resonance 
energy, AR, upon deacetylation. I t  may be interesting to add that  the variations in the 
dipositivity of the dissociable bonds are due essentially to the variations oi" the net 
charge of the nitrogen atom, the net charge of the ~arbonyl carbon of the acetyl ~ o u p  
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 arvlam/~e 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 araines, say anilines, brings about comparable perturbations in ail 
these substrates it is obxaous that,  in general, the better acetyl-acceptor an aniline 
d ~ v a t i v e  is, the worse acetyi-donor will the corresponding acetanilide derivative be. 
I t  may  also be said t~,at in the aniline-aceta~dlide series, the best acetyl-acceptors a~ 
the most basic anilines, and the best acetyl-donors the legs basic acetanilides. 

A related observation o! the same type may be found in the field cf the acetyl- 

Bv~cAtm B~op~y~ ,4ad, 66 ~lgb3i ~Io .oz 
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a~'etyl g t ~ p  

TABLE v 

t C~MPARlY~ON OF ( ( ~ N J U G A T E D  . '% ' -A( 'ETyL c o M P O U N D S  AS  A C E ' f Y L - D O N O R S  

The m't c hargd The n,~t charge The dipo- Th~ :~,~r~d 
Compound Relative rat,. on tht N atom of the C atom sitit,ity o/the ovdee of the 

carryingthe oftkecarbonyl dissociable dissociahle 
c arbo~ bond bond 

3R" 
( i n  fl unit~ 

p-Nitroacetanilide : .oo ' "  ~o.265 +0.268 +0.533 0.382 0.359 
p-Chloroacetanilide o .3b ' "  +o .25o  ~-o.267 +o .517  o.386 o.363 
p-Methylacetanilide o.18"" ~o .247  ~- o.2~67 +o .514  o.387 o.364 
Acetanilide o.0S * * ~ 0.248 + 0.267 + o.515 0.386 0.363 
AcetyI-AABS H i g h ' "  ,--o.268 + o.268 +o .536  o.382 o.358 
Acetylsulfanilamide High * * * -,~ 0.255 + o.268 -~ 0.523 o 385 o.36t 
Acetytimidazole Very high§ -?-0.488 +o , zS o  +~.768 o.3Io o.:,~7 

* !R :: l)ccrc.,..c ~;f :~':/mance energy upon the departure  of the acetyi group 
** Values from j^eoBsoNL Because of the variation in apparent  K.  and I:m~ of these para- 

subst i tuted acetanilides, and al though p-nitroacetanilide may  definitely be considered as the best 
acetyl-donor, the relative rate of deacetylation of the other  compounds  mus t  be interpreted 
with caution. 

*" * BESSMAN AND LII'XtAXX 6 observed a reversible transfer of the acetyl group between N-acetyl- 
sulfanilamide and Acetyl-AABS, the equilibrium point  appearing to be near to t. 

§ STADTMAN AND ~VHITE 20 observed a reversible enzymic transfer of acetyl group from CoASAc 
to imidazole; observing that, in J^coBsoN's system ~, p-nitroacetanilide is only s/s00 as effective as 
CoASAc it can be said that  acetyl-imidazole is a much bet ter  acetyl donor than the other  compounds  
in Table V. 

TABLE VI 

D E A C E I Y L A T I O N  O F  T H I O E S T E R S  

Compound 
Rtla~tive rate pK a ~f t~e 
of deacetyla- corres~m~ading 

t ion* meecaptam 
(set tt[. 14) 

Acetylglutathione o. x 9 9.20 
2- Isopropylaminoethanethio- 

acetate °-255 7- 7 ° 
2-Diethylaminoethanethio- 

acetate o.33 7.85 
Acet ylthiocholine 0.425 <~ 7.85 
Acetylthiophenol o.5o 6.ze 

* Data evaluated from the molecular constants,  at pH 5.o, given by O',~E1LL, KOHL AND 
E P S T E I N  14, 

donor properties of a series of thioesters. As can be seen from Table VI the rate of 
acetyl donation by different *hioesters (the acetyl-acceptor being in each case pyridine- 
4-aldoxime methiodide) runs parallO to the acidity of the corresponding mercaptans 

The S-acetyl linkage of all these thioesters is a dipositive bond it and this dipositiv- 
ity is, ~ =~,;r:,.. greater in thiophenol than in the aliphatic thioesters. 

Finally, ~ similar observation may be made about ScnwYzgn's results sj con- 
cerning the yield of the acylation of amines RNH t by esters of thiocaxboxylic acids 

a 
C H s - - C - - S - - ~  -R 

i 
O O 

/.lmc.~taa. B/~p~,ys. A.-"a. 66 ,q965) 96-;p,z 
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as a function of the na tu re  of R. The order of increasing reactivi ty in ti~ree represen- 
ta t ive  compounds,  is 

CI-Lj--CO-S~ -~' ") .< CH~-CO--S-C--CHt--NH-CO- ) -~ CH~ CO-S--C--CHs 
!i ' 7::=/ 
0 0 ~} 

I t  runs parallel to the diposit ivi ty of the dissociable bond (a-~3) which amounts  to 
o-495, o.5ol and  o.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 diposit ivi ty of the d i ~ i a b l e  bond for the 
donat ion of the acetyl  group. I t  is most  striking to o~qer~-e tha t  these two factors are 
the ~*~me as those which have been shown to be responsible, on the electronic level, 
for the mechanism of t ransfer  of one-carbon uni ts  by totic acid c o e n z ~ e s  ~. A very 
far-reaching analow¢ seems therefore to exist between t h ,  electronic factors responsi- 
ble for the transfer of ".he metabolically impo~a~ t  one- and two-carbon units.  Anti-  
cipating on studies presen~iy carried out in our laborato~" we may add tha t  the same 
foctors seem also to be involved in other metabolic group transfer  reactions (e.g. 
O- or N-methy la t ion  and  demethy la t ion)  It  appears thus probable tha t  a large 
number  of metabolic-group t ransfer  reactions are governed by similar electronic 
factors. 
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