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Reply to Comments on “‘Denitrogenation of Piperidine on Alumina,
Silica, and Silica-Aluminas: The Effect of Surface Acidity”

Zdrazil questioned the appropriateness of
using the name Hofmann elimination for a
surface reaction which involves the cleav-
age of C-N bonds without prior methylation
of the nitrogen, followed by elimination of
an amine and an alkene. Instead, he pro-
poses to name it 8-elimination. In order to
throw some light on the issue—but perhaps
not to completely resolve it—it is appro-
priate to briefly review the work of A. W.
von Hofmann. In 1851, Hofmann (/) devel-
oped a process which is widely known as
Hofmann exhaustive methylation. In this
procedure, a primary, secondary, or tertiary
amine is first treated with methyl iodide to
convert it into the quaternary ammonium
iodide. Then the iodide is transformed into
hydroxide in the presence of silver oxide
and water. Finally, the dry quaternary am-
monium hydroxide is heated to produce
C-N bond scission and the ensuing elimina-
tion of the tertiary amine and an alkene.
Hence, most authors use the name Hof-
mann exhaustive methylation for an elimi-
nation reaction which involves the prepara-
tion of a quaternary ammonium compound
by methylation, followed by either (i) pyrol-
ysis of the corresponding hydroxide or (ii)
direct pyrolysis of the compound in the pres-
ence of a base (3). Some authors call this
reaction Hofmann degradation, although
such a name is also given to the Hofmann
hypobromite reaction, i.e., the Hofmann re-
arrangement of amides to amines with one
less carbon (3). Finally, still others prefer
to call the described reaction a Hofmann
elimination since its net result and final ob-
jective is the cleavage of C~N bonds and
the elimination of an amine (3-8). It is in this
sense that the phrase Hofmann elimination
was used in our paper (2).

To understand whether such a name is
sufficiently justified for our reaction or if 3-
elimination would be a better term, let us
further examine the related issues. Hof-
mann noted in his studies that nonsymmetri-
cal quaternary ammonium hydroxides con-
taining different primary alkyl groups
decompose to give mainly ethylene if an
ethyl group is present, or to give the least
substituted alkene in general. This conclu-
sion was known as the Hofmann rule. Much
later, in 1927, Hanhart and Ingold (9)
showed that this rule can be generalized as
expressed in most textbooks: *‘In elimina-
tion reactions of ammonium compounds,
the B-hydrogen atom is removed most
readily if it is located in a CH; group, less
so if it is in an RCH, group, and the least
readily if it is in an R,CH group™ (3, 3).
Hence the name Hofmann elimination for
a B-elimination reaction whose mechanism
obeys the Hofmann rule (8, 10-13).

It is pertinent to note that 8-eliminations
are of three main types: (1) E1 (unimolecu-
lar), (2) E2 (bimolecular), and (3) E1cB (un-
imolecular, conjugate base). Most of the
Hofmann eliminations, however, follow an
E2 mechanism, as first suggested by Han-
hart and Ingold (9) for the Hofmann decom-
position of quaternary ammonium hydrox-
ides to olefins and tertiary amines. This
reaction is second order, first order in the
quaternary ammonium ion, and first order
in the hydroxide ion (/4), showing that the
mechanism involves proton abstraction and
leaving group departure in a concerted man-
ner. This E2 mechanism also requires that
the B-hydrogen and the nitrogen atom in-
volved in the elimination be coplanar and in
the trans conformation (/5).

From the above discussion it is clear that
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the term Hofmann elimination implies two
requirements for the reaction: (1) the type
of elimination must be 8 and (2) the mecha-
nism of reaction must be E2 (bimolecular).
The piperidine denitrogenation over solid
catalysts satisfies both of these criteria.
Zdrazil mentioned that the nitrogen must be
quaternized with methyl groups for elimina-
tion to occur, but this is strictly true in solu-
tion; if the nitrogen atom were not fully
methylated, the base that performs the -
hydrogen abstraction could move freely and
attack the conjugate acid -NH, —, resulting
in neutralization. The scenario is different,
however, when the reaction is carried out
on a solid catalyst surface, where pairs of
suitably spaced acidic and basic sites coex-
ist. Here, the base is immobile (localized)
and cannot attack the positively charged ni-
trogen. Hence, the base is free to abstract
B-hydrogen, leading to elimination of amine
or ammonia, as the case may be. Note that
NH; (pK, = 9.25) and N(CH,), (pK, = 9.81)
have approximately equal efficiency as leav-
ing groups. Thus this reaction has all of the
ingredients of Hofmann elimination except
that nitrogen is not completely methylated,
but as explained, this is an unnecessary re-
quirement for this solid acid—base surface
reaction. A quote attributed to Cope and
Trumbull (3) also supports our assertion as
to the most important requirements for a
Hofmann elimination: “‘The general re-
quirements of the Hofmann elimination re-
action suggests that a moderately strong
base, a B-hydrogen atom, and a positively
charged nitrogen center are involved and
are usually necessary.”

Nelson and Levy (/6) were the first to use
Hofmann’s name in relation to hydrodeni-
trogenation. They stated in their paper that
the reactions involved in hydrodenitrogena-
tion are similar to classical Hofmann degra-
dation. It is erroneous to point this out as
a “‘misleading reference to Hofmann elimi-
nation.”’ Later, many scientists who studied
the HDN mechanism used Hofmann’s name
in phrases such as Hofmann elimination
(17-19), Hofmann-type elimination (E2)
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(20, 21), Hofmann mechanism (/7), Hof-
mann-type mechanism (/8), Hofmann g-
elimination reaction mechanism (22), classi-
cal Hofmann degradation mechanism (23),
and Hofmann-type degradation (/9).

In conclusion, B-elimination or 1,2-elimi-
nation is a generic description that may
apply to many reactions, such as dehydra-
tions, hydrodesulfurizations, hydrodechio-
rinations, etc., following an E1, E2, or E1cB
mechanism, in accordance with the type of
catalyst, substrate structure, reaction con-
ditions, and other factors (/5). In our paper
we specifically contend that denitrogenation
of piperidine over silica—aluminas presents
all of the main characteristics of an E2 8-
elimination involving a positively charged
nitrogen, a strong base, and a 8-hydrogen,
which are the main requirements of a Hof-
mann elimination.

One of the papers (24) related to the pres-
ent work was unintentionally omitted. Our
sincere thanks to Zdrazil for bringing it to
our attention.
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