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Degradation of cellulosic materials by heating in DMAc/LiCl
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Abstract—N,N-Dimethylacetamide (DMAc, 1)/lithium chloride is a frequently used solvent system for cellulosic materials.
Heating or refluxing insoluble samples in DMAc/LiCl represents a common protocol for facilitating the subsequent dissolution.
It is shown by kinetics using gel permeation chromatography (GPC) that the improved solubility is not caused by an alleged
‘activation’ of the pulp, but by progressing degradation of the cellulosic material. Ketene aminal 2 and N,N-dimethylketeni-
minium ions (3), the latter being known as reagent for cleavage of ethers and acetals, have been demonstrated to be present in
DMAc and DMAc/LiCl at elevated temperatures by specific trapping of these intermediates in a Claisen rearrangement and in
a thermal [2+2]-cycloaddition, respectively. © 2002 Elsevier Science Ltd. All rights reserved.

N,N-Dimethylacetamide (DMAc, 1) containing lithium
chloride is a very common solvent system in cellulose
chemistry,1,2 where it is frequently used for derivatiza-
tion under homogeneous conditions.3,4 Moreover, it has
become the standard solvent for gel permeation chro-
matography (GPC) measurements of cellulosics.5–7 To
achieve dissolution in DMAc/LiCl, cellulosic pulps are
subjected to so-called ‘activation procedures’, e.g. by
treatment with liquid ammonia,8,9 swelling in water
followed by solvent exchange to DMAc,5,10 or freeze-
drying.11 A very common protocol is also heating or
refluxing the cellulose samples in DMAc, or in DMAc
containing LiCl.12,13 This treatment is thought to cause
intra- and intercrystallite swelling, breaking of hydro-
gen bonds and increased accessibility. In the present
work, two cellulose samples of different provenience
(cf. Fig. 1) which are readily soluble in DMAc/LiCl
have been employed to study the effects of the high
temperature activation method in more detail.

As demonstrated by GPC measurements, heating in
DMAc or DMAc/LiCl definitely causes cellulose degra-
dation, which also explains the observed positive effect
on dissolution (see Fig. 1). Already at temperatures as
low as 85°C, a clear decrease in molecular weight was
observed by GPC. The loss in DP (degree of polymer-
ization) became more pronounced as temperature and

LiCl content increased, and became rather severe at
temperatures near the boiling point of DMAc (164°C).
Cellulose degradation in the absence of LiCl is less
pronounced than in its presence.

The cellulose degradation was observed for both pulps,
the degradation rate being different. It appeared thus
plausible to assume that a highly reactive, hitherto
unidentified intermediate was present, which effected
this cleavage, since merely a thermal decay could by no
means account for the magnitude of the observed
effects.

Figure 1. Degradation of two different pulps upon heating in
DMAc/LiCl (9% w/v) at different temperatures. Pulp A:
beech sulfite pulp; pulp B: eucalyptus prehydrolysis kraft
pulp, error bars 5%.
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Addition of methanol to heated DMAc/LiCl produced
small amounts of 1-dimethylamino-ethane-1,1-diol (4),
which was indicative of the intermediacy of N,N-
dimethylketene semiaminal (2)—the enol form of
DMAc—and/or N,N-dimethylketeniminium ions (3).
The occurrence of both intermediates in DMAc/LiCl at
temperatures above 85°C was finally confirmed by trap-
ping (see Scheme 1). For intermediate 2, the reaction
with allyl alcohol to an ketene aminal, which undergoes
immediate Claisen-type rearrangement to 4-pentenoic
acid N,N-dimethylamide (5),14 was employed. To trap
3, 1-decene was used, which reacted in a thermal,
suprafacial–antarafacial [2+2]-cycloaddition to produce
a cyclobutaniminium salt, finally giving 3-octyl-
cyclobutanone (6)15 upon hydrolysis. Trapping prod-
ucts 5 and 6 were found in heated DMAc and in heated
DMAc/LiCl independent of the presence of dissolved
or suspended pulp, lower amounts of trapping product
being obtained in the presence of cellulose.

N,N-Dimethylketeniminium cations (3) are formed
from DMAc via enol 2 in a thermal elimination. The
water thereupon released is incorporated into the Li+

ligand shell, which prevents the immediate reverse reac-
tion. The chloride anions act as counterions to the
keteniminium cation. Thus, a dynamic equilibrium
between 3, lithium cations, hydroxyl anions and chlo-
ride anions is established. The equilibrium concentra-
tion of 2 is determined by the endothermicity of the
elimination process and the sum of strong ionic interac-
tions in the solution; it is usually very low.16,17 How-
ever, if keteniminium ions are removed from the
reaction system, e.g. by trapping or by a competitive
reaction with cellulose, they are continuously regener-
ated. The thermal formation of keteniminium salts

from secondary amides in polar aprotic solutions in the
presence of several salts has been reported,18,19 but has
never been described to occur in DMAc/LiCl mixtures.
Keteniminium salts are known as reagents to affect
cleavage of ethers, acetals and ketals.20–22 In organic
solutions containing electrolytes, hydroxyl groups and
amino groups do not interfere with the reaction, as they
are surrounded by a solvent shell and are thus shielded
from attack by the strongly electrophilic keteniminium
reagent.

The same general mechanism as in Scheme 2 must be
assumed also for the cleavage of glycosidic bonds in
cellulosics. The electrophilic transient species 3 attacks
the glycosidic oxygen, followed by cleavage of the
glycosidic bond and secondary hydrolytic reactions.

The detrimental effect of keteniminium ions on the
integrity of cellulosic pulps was confirmed by addition
of an external degrading agent of the keteniminium
type (Scheme 3): when 4-(1-chloro-2-methylpropenyl)
morpholine 7 (0.1% relative to pulp), which immedi-
ately releases keteniminium ion 8 upon thermal treat-
ment, was added to a solution of pulp in DMAc/LiCl
(9%, w/v) heated to 85°C, the cellulose was completely
degraded to oligomers within 30 min.

Scheme 2. General mechanism of the cleavage of ether and
acetal bonds by N,N-dimethylketeniminium ions (3).

Scheme 1. Formation of intermediates 2 and 3 from DMAc
(1) and proof of their intermediacy by specific trapping reac-
tions.

Scheme 3. Degradation of cellulosics by cleavage of glyco-
sidic bonds induced by keteniminium ions (3 or 8).



A. Potthast et al. / Tetrahedron Letters 43 (2002) 7757–7759 7759

In summary, DMAc/LiCl at temperatures above 85°C
contains 3 as highly reactive intermediate, which is able
to cleave glycosidic bonds. Heating or refluxing cellu-
losics in DMAc or DMAc/LiCl should no longer be
used as an ‘activation procedure’: it causes pulp degra-
dation, and it thus influences the molecular weight
distribution of the material, so that subsequent GPC
analysis will not report the data of the original sample.
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