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the same reagent is analogous to the situa-
tion prevailing in alkali-® and sulphate %
cooking, where phenolic «-arylether struc-
tures ‘of the phenylcoumaran type also
gave o0,p’-dihydroxy-stilbene structures,
whereas non-phenolic units of the same
structural type proved stable.

During sulphate cooking, the cleavage
of the a-arylether bond in phenolic phenyl-
coumaran structures carrying a hydroxy-
methyl group on the hydrofuran ring
(instead of a methyl group as in compound
I) is accompanied by a loss of the hydroxy-
methyl group (presumably as formalde-
hyde)!'. It appears that an analogous eli-
mination of formaldehyde also takes place
during neutral sulphite cooking ® (cf. also
Ref. 1).

The formation of methane sulphonic acid
during neutral sulphite treatment of
methoxyl-containing model compounds of
the «- and pl-arylether types and of
isolated lignins ® further parallels the results
of sulphate cooking. Subjected to the con-
ditions of the latter process, methoxyl-
containing model compounds!? and
lignins 1* are partially demethylated with
formation of methyl mercaptan and di-
methyl sulphide.

The splitting of the «-arylether bond in
phenolic phenylcoumaran units and the
cleavage of methylether linkages increase
the content of phenolic hydroxyl groups
and, thus, together with the sulphonation
in «-position, facilitate the dissolution of
lignin, without contributing to its degrada-
tion. Apparently, the findings that o,p’-
dihydroxy-stilbene structures are formed
from phenolic phenylcoumaran units and
that they are photochemically and ther-
mally converted into potential chromo-
phoric systems % provide a possible ex-
planation for some of the colour charac-
teristic of neutral sulphite pulps.

The mechanisms of the cleavage of arylether
linkages by neutral sulphite are currently being
studied.
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Enolization of Ketones

VIL.1 The Effect of Solvent on the
Orientation of Acid-Catalyzed
Deuterium Exchange in 2-Butanone
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The application of NMR technique to the
measurements of deuterium exchange in
ketones allows the direct observation of
the rate of deuterium uptake at the two
positions «- to the carbonyl function, and
in the special case of unsymmetric ketones
in which both sets of «-protium are dis-
tinguishable and exchangeable, permits the
calculation of the thermodynamic param-
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eter Kp (Kkcm,/kcm,). The method has
been widely apﬁlied in varying forms and
has been the subject of a number of recent
papers.?—® Most studies treating the orienta-
tion, Ky, however, have been carried out
in a simple solvent or solvent mixture. The
effect of solvent variation has generally not
received much attention.

Any rate expression for a reaction in the
liquid phase contains a solvent-term which
would ordinarily be included in the kinetic
expression, but because its order is un-
known, and because solvent is present in
excess, is generally assumed constant and
is thus included in the rate constant.® Thus,
a priori, a change of solvent is expected to
affect in some way the rate constant, and
there are many treatments designed to
predict and explain these effects.!* The
effect of solvent variation on a rate ratio
is somewhat more complex because of the
introduction of an extra unknown; .e. a
given solvent may affect the two given
rate constants in, a different manner. In the
simplest case where a reactant has two
paths of reaction available of the same or
similar mechanism, the solvent term will
largely cancel (provided the mechanisms
are unaltered by a change in solvent). This
is, however, an unreasonable restriction. In
deuterium exchange in unsymmetric ke-
tones, one has a reactant with two paths of
reaction of similar mechanism available.
The effect of solvent variation on the
orientation of exchange will of necessity be
due to changes in the differential solvation
of the two transition states, or equivalently,
due to alteration in the structures of the
transition states (by definition a change of
mechanism).

Warkentin and Tee ® have considered a
dioxane-D;0 system of varying dioxane
content, and & small effect on the orienta-
tion of base-catalyzed exchange in 2-
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butanone was observed. A comparison of
two other studies ® indicates a similar
effect in acid-catalyzed exchange, but the
effect is again small.

The present paper considers the effects
of some solvents of different properties on
the orientation of acid-catalyzed deuterium
exchange in 2-butanone. The results
(Table 1) are compared with a recent study
of the effect of solvent on the orientation
of the acid-catalyzed bromination of 2-
butanone.!!

An NMR study of deuterium exchange is
limited by the availability of solvents with
readily exchangeable deuterium and with
spectra which do not overlap with the
resonances of the exchanging groups of the
ketone in question, or by the availability
of solvents which are miscible with a
deuterium pool such as D,0. In these
cases one is forced to consider the effect of
the mixture, solvent-D,0.

With these rather severe restrictions it
has been impossible to consistently vary
solvents with respect to a limited number
of solvent properties. Unfortunately, the
solvents we have studied differ in hydrogen-
bonding ability, dipole moment and
polarizability, dielectric constant, steric
bulk, and acidity and basicity; all of which
vary from solvent to solvent and may be
expected to have some effect on the varia-
tion of Kp. In addition, the nature of the
catalyzing species and of the conjugate
base cannot be postulated with any cer-
tainty and these may affect the transition
states for exchange.!?

It is clear from the data that the orienta-
tion, of deuterium exchange is affected by
the solvent and that the effect is small.
The orientation of exchange varies from
1.5 for methanol-d, to 5.6 for acetic acid-d,.
For dioxane-D,O (1:2.7), DMSO-D,0
(1:2.4) and pure D,O, the values range

Table 1. Orientation of exchange in 2-butanone.

Solvent mixture Solvent:D,0 ratio Temperature Kp
(molar) ° (kcw,/kcm,)
CH,0D/D,0 8:1 45 1.54+0.3
Dioxane/D,0 1:2.7 42.7 2.340.3
DMSO-dg/D,0 1:2.4 45 2.3+0.3
D,0 30 252

CF,COO0D/D,0 v 8:1 45 3.24-0.3
CD;COOD/D;O 8:1 45 5.640.5
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between 2.3 and 2.5 indicating that the
perturbing effect of the added solvent is
small at these concentration ratios. In
these cases, the ketone may be preferenti-
ally solvated by D,0, thus accounting for
the negligible effect. The overall variation
in orientation with solvent is small, and
small changes in Kp are not detectable
within the error-limitations imposed by
the method.

The changes are not readily correlated
to the variation of any single solvent
property on which data are available and
are undoubtedly due to a complex com-
bination of the factors already mentioned.

It is remarkable to note the parallel
between, these results and the effect of
solvent on the orientation of the bromina-
tion of the same ketone.!! Thus Kpr in
pure D,0 is 1.8—2.1, while Ky, is ca. 2.5.2
Similarily Kpr in pure acetic acid is
6.8—7.0, while Kp in an 8:1 mixture
(molar ratio) of acetic acid and D,0 is
5.1—6.1. Ksr (5.1:1 methanol-acetic acid)
is 1.7 and Kp (8:1 methanol-D,0) is 1.2—
1.8. The remarkable coincidence of these
results is independent evidence in support
of the postulate that acid-catalyzed deute-
rium exchange and bromination of simple
ketones occur via similar transition states.!®
The absence of common solvents and
ketones prevents a direct comparison with
the bromination results of Gaudry et al.'*
and of Garbisch.'® The variations observed
by Gaudry et al. are more striking, which
may well be due to the fact that the
orientation of bromination, was studied in
pure solvent, whereas we have been
limited to solvent-D,0 mixtures.

Experimental. Spectra were recorded on a
Varian A-60 NMR spectrometer.

Solvents: D,0 (>99.7 %), acetic acid-d,, tri-
fluoroacetic acid-d,, methanol-d,, and DMSO-
d, were obtained commercially and used
without further treatment. Commercial
dioxane was treated according to Wiberg '®
and distilled from sodium prior to wuse.
Commercial 2-butanone (Merck pro analysi)
was used as supplied.

Kinetic runs. The general procedure and the
treatment of primary data has been described
in detail elsewhere.?%:%¢ Deviations from this
procedure occur in setting up the runs (vide
infra).

In treating different solvent systems it is
desirable to fix as many variables as possible.
Accordingly, all runs are solvent-D,;0 mixtures
in which DCI is present as a formal catalyst.
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For all solvents, the ratio of available
deuterium to exchangable protium is ca. 4.5 and
the total volume is 1.5 ml (volume additivity
assumed). Thus conditions for strict first-order
kinetics are only fulfilled in early stages of
exchange. For solvents with available deute-
rium, the ratio of solvent available deuterium
to D,O available deuterium is ca. 4.5, and for
solvents with no or difficultly exchangeable
deuterium (dioxane and DMSO-d;), the
volume ratio solvent to D,O to ketone is
0.8:0.5:0.2, Data were treated by the method
of linear least-squares and the error limits
assigned Kp, are derived from the roots of the
variances of the rate constants.
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