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The Mechanism of Acylation*

By R. F. Hubson, Geneva**

Zusammenfassung

Die Struktur des Grundzustandes eines Acylchloridmolekiils
wird im Hinblick auf die beteiligten kanonischen Strukturen
und auf neuere physikalische Messungen, einschliefilich Bin-
dungslingen und 3%6Cl-Quadrupolkopplungskonstanten kurz
diskutiert. Auf Grund dieser Strukturen und verfiigbarer Reak-
tionsgeschwindigkeitsmessungen werden mégliche Reaktions-
mechanismen der Hydrolyse von Acylchloriden, einer typischen
Acylierungsreaktion, betrachtet. Beweise zugunsten zweier
Mechanismen werden erbracht, von denen einer eine geschwin-
digkeitsbestimmende Bindungsbildung, der andere eine ge-
schwindigkeitsbestimmende Ionisierung einschliefit. Der erste
Mechanismus, der durch elektronenanziehende Substituenten
gefordert wird, geht wahrscheinlich iiber einen tetraedrischen
sp3-Zwischenzustand, wie der gleichzeitige 180-Austausch des
Carbonylsauerstoffs und der geringe sterische Effekt zeigen.
Der ionische Mechanismus wird durch elektronenabgebende
Substituenten und durch stark polare Lésungsmittel geférdert
und kionnte die geschwindigkeitsbestimmende Bildung eines
Acyliumions oder die Ionisierung des vorgebildeten Hydrates

einschlieBen, um das Carboniumion RC (OH), zu bilden. Die
Schwierigkeit, strukturelle Effekte zu deuten, wird kurz dis-
kutiert im Hinblick auf die méglichen Elektronenstrukturen

+ +

(R=C=0 und R—C=0) des Acyliumions und auf die starke
Konjugation im Grundzustand von Molekiilen, in denen die
Gruppe R ein freies Elektronenpaar besitzt.

The mechanism of nucleophilic substitution at a
saturated carbon atom has been studied in considerable

detail, and these studies have made a major contribu-
tion to theoretical organic chemistry. In particular the
work of HuGaES and INGOLD has led to a broad classi-
fication of these reactions in terms of a rate determining
ionisation mechanism (Syl) and a direct displacement
(Sy2) involving simultaneous bond making and bond
breaking.
slow 7"
RX = R" + X~ o RZ + X (Syl)

slow

Z 4+ RX — ZR + X (Sn2)

Substitution at a carbonyl centre is more complex,
owing to the presence of two electronegative centres, and
to the influence of the z-bond of the carbonyl group. The
detailed electronic distribution is therefore difficult to
ascertain, and varies considerably with structure, as
shown for example by the changes in infra-red stretch-
ing frequency of the carbonyl bond,' and the ionisation
potential of the p 7 electrons of the oxygen atom.?
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Both kinds of complexes would explain the enhanced
acetylating properties produced by electrophilic agents.
In this connection it is noted that the Grignard reaction
may proceed via an intermediate, similar to structure X,
the rate order3 R-COF > R-COCl > R-COBr showing
that it is formed by nucleophilic action of the incipient
carbanion,

0 R’ R’
- slow |
R—MgBr + R—C_ — R—C—X
Nx [
+ I\Tg 0" OMgBr
Br

In aqueous solution however, pre-hydration must be
considered, and in view of the 180 exchange observed in
the hydrolysis of benzoyl chlorides,)! an alternative
ionisation mechanism has been proposed, viz.
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R—C  + H,0 == R—C—OH
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‘ PhNH, R— + HCI
+ OH
(0]
R—CLNHPh
+ H,0 + HCl

This mechanism, advanced by HALL® to explain the
low reactivity of ethyl chloroformate compared with
that of benzoyl chloride in highly aqueous solution, also
explains the detection of a reactive intermediate  on the
addition of aniline (p. 398).

According to HaLL, the Sy] reactivity of ethyl chloro-
formate should be greater than the Syl reactivity of
benzoyl chloride, in view of the greater ease of electron
release from the alkoxy-group. Thus a-chloromethyl
ether is considerably more reactive (~ 1010 times) than
benzyl chloride in ionising solvents. The analogy be-
tween alkyl and acyl chlorides is however unjustified,

3¢ FI1ESER and FIESER, Organic Chemistry, Reinhold, New York 1956,
p.183.
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since the latter may be strongly conjugated in the ground
state. This is
illustrated as

N
RO—CH,C1 -——— RO=CH,CI"

no conjugation

follows, strong conjugation
+
+ - C—
Ro-c=6 — . | mO=c=0
| | Ro-c=0"
a :

strong conjugation strong conjugation

(o)

|
-+ R—CX — R—(‘< + MgBrX
| R’

According to simple molecular orbital theory, reaction
2 leads to no increase in conjugation energy, but if allow-
ance is made for electronic repulsions, an increase in
conjugation energy, considerably less however than in
process (1), is predicted.

Since the transition state lies between the initial and
final structures, the change in conjugation energy may
be small, and of the same order as changes in the energy
of the o-bonds (inductive effects). It is therefore difficult
to predict the relative energies of the initial and transi-
tion states. It should also be noted that the acylium ion
can adopt alternative structures analogous to allene and
acetylene, which also complicates the interpretation.

It is possible therefore that the rate sequence dis-
cussed by HALL, e.g. which is found in highly aqueous
media.

CH,-COCl > Ph-COCl > Et0O-COCl > Me,N-COCI

in terms of an Sy2 mechanism for the first two and an
Syl mechanism for the last one, may be the rate se-
quence for Syl ionisation. In this connection it is inter-
esting to note that the 33Cl nuclear quadrupole frequen-
cies (Table 1) show that the ionic character of the C-Cl
bonds increases in the same direction as the reactivity.

It is obvious that the differention between a direct
ionisation mechanism (Syl) in water and an ionisation
mechanism preceeded by hydration is particularly diffi-
cult, and further measurements of the extent of 180
exchange under conditions where rate determining ioni-
sations have been postulated, must be made.

The brief discussion in this lecture has shown the
multiplicity of reactions which are possible for acylation,
and the progress which has been made in the past decade
in unravelling the mechanisms.
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