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The pooled PsCCP fractions were
concentrated by ultrafiltration in a
Diaflow ultrafiltration apparatus (Model
202, Aminco) and chromatographed on
Sephadex G-100 Superfine (2.5x 102 cm
column, eluent 0.01 M sodium phosphate
buffer pH 6.8, hydrostatic pressure 55 cm,
flow rate 9.6 ml/h, 2.4 ml fractions). A
single red band containing PsCCP was
eluted (Fig. 1). Those fractions giving one
protein band in disc electrophoresis (Fig.
1) were pooled.

The purification procedure is summarized
in Table 1.

Discusston. The last steps of the original
procedure have been modified. The con-
ditions for the CM-cellulose chromatog-
raphy gave a quantitative retention of
PsCCP during the passage of a large
volume of solution through the column.
This was achieved by lowering the ionic
strength and pH of both equilibration
buffer and preparation. Chromatography
on Sephadex G-100 Superfine eliminated
the need for rechromatography on CM-
cellulose, which was found to be necessary
sometimes with the earlier method.}
Chromatography on Sephadex G-100
Superfine removed some minor impurities,
as can be seen from Fig. 1. This large scale
procedure gives a better recovery of PsCCP
than does the original method; further, the
degree of purification achieved is higher.

1. Ellfolk, N. and Soininen, R. Acta Chem.
Scand. 24 (1970) 2126.

2. Ellfolk, N, and Soininen, R. Acta Chem.
Scand. 25 (1971) 1535.

3. Ambler, R. P. Biochem. J. 89 (1963) 341.

4. Lowry, O. H., Rosebrough, N. J., Farr, A.
L. and Randall, R. J. J. Btol. Chem. 193
(1951) 265.

5. Maurer, H. R. Disk-Elektrophorese, Walter
de Gruyter & Co., Berlin 1968.

6. Weber, K, and Osborne, M. J. Biol. Chem.
244 (1969) 4406.

Received June 5, 1972.

Acta Chem. Scand. 26 (1972) No. 6

2537

General Acid Catalysis in the
Hydrolysis of a Furan
Derivative

ALPO KANKAANPERA and
RIITTA AALTONEN

Department of Chemistry, University of
Turku, Turku, Finland

Although reactions of furan and its
derivatives have been thoroughly
studied, only a few papers deal with the
hydrolytic cleavage of the ring in these
compounds. Stamhuis ef al.! proposed
that the rate-determining stage in the
acid-catalyzed hydrolysis is proton transfer
to the a-position of the ring. In the light
of recent kinetic data on the hydrogen
exchange of furans,®® this mechanism
seems to be excluded because the rate of
a-hydrogen exchange was found to be
higher than that of the subsequent cleavage
of the ring. The a-hydrogen exchange was
studied using different isotopes of hydrogen
and the kinetic data were found to be in
accordance with a two-step A —Syp2
mechanism.? As no B-hydrogen exchange
was observed prior to further reactions,
two alternatives remain. The first is that
hydrogen exchange at the B-position of
the ring takes place at a lower rate than
the protolytic cleavage of the ring. Un-
fortunately, no verification is possible in
aqueous solutions. Despite this, Unverferth
and Schwetlick * recently concluded that
B-hydrogen exchange is slower than the
cleavage in the hydrolysis of furan deriv-
atives. Consequently the hydrolytic de-
composition proceeds by an a-protonation
pre-equilibrium and a subsequent rate-
determining cleavage of the ring. The
second alternative 1s that the hydrolysis
proceeds via a rate-determining g-protona-
tion of the ring. Indeed, all the known
facts seem to be in agreement with this
alternative.® It was therefore of consider-
able interest to study the possibility of
general acid catalysis in the hydrolysis of
furan derivatives. Unfortunately, the sus-
ceptibility of most furans to hydrolytic
decomposition is so low that the rates in
buffer solutions are too low to be experi-
mentally studied. Therefore we investi-
gated whether the hydrolysis of 2-
methoxyfuran (I) is subject to general
acid catalysis. The alkoxy substituent in
this compound enhances the susceptibility
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Table 1. Kinetic data for the hydrolysis of 2-methoxyfuran in light and heavy water at 25°C.
The last three acids in the column headed HA are the acid components of the buffer systems.

HA (HA) 10%% kga
mol/l g™t Mgt
H,0t 0.005 8.35+0.12 1.67
8.46+0.09 1.69
8.35+ 0.18 1.67
8.41+0.16 1.68
D,0t 0.005 2.568+0.05 0.515
2.71+ 0.09 0.542
CH,COOH 0.2 1.85+ 0.07
0.133 1.32+ 0.02
0.0667 0.790+ 0.012 0.00794 + 0.00001
HCOOH 0.3 10.49+0.15
10.15+0.11
0.2 6.89+0.11
0.1 4.19+0.09 0.0310+ 0.0017
CICH,COOH 0.1 15.59+ 0.37
17.28+ 0.32
0.0667 10.94+ 0.29
0.0333 5.56+0.11 0.163+ 0.015

of the furan ring to electrophilic attack
and hence the rates of its hydrolysis can be
conveniently measured under various con-
ditions.

CH—CH

I)
CH (
\oJ\ocm

Experimental. 2-Methoxyfuran was a product
of Aldrich Chemical Company. The purity of
the product was controlled by NMR-spectros-
copy: 3 H at § 1.74 ppm, 1 H at J 2.98 ppm,
1 H at § 4.14 ppm, and 1 H at § 4.73 ppm
(in carbon tetrachloride, tetramethylsilane
as the standard). Other signals were not
observed.

The kinetic experiments were run in
isotopically different waters. The deuterium
oxide used was supplied by Norsk Hydro-
Elektrisk Kvaelstofaktieselskap. Lyonium ion
catalysis was studied in dilute perchloric acid
solutions (0.006 M), When catalysis by
Bronsted acid was studied, carboxylic acid—
carboxylate ion buffers were employed. The
molar ratio of acid to base was unity in formic
acid—sodium formate and acetic acid—
sodium acetate buffers and 1:8 in the mono-
chloroacetic acid— sodium monochloroacetate
buffers. When the concentration of the un-
dissociated acid was varied in the kinetic
experiments, the ionic strength was maintained
constant by adding sodium chloride.

All the kinetic experiments took place at
25°C. The initial concentration of 2-meth-
oxyfuran in the reaction mixtures was about
0.01 M. The hydrolysis of 2-methoxyfuran was
followed with a Perkin Elmer F 11 gas chro-
matograph. A 1 ml sample taken from the
reaction mixture was run into a tube contain-
ing 1 ml of carbon tetrachloride and a drop
of concentrated sodium hydroxide to neu-
tralize the catalyst acid. To ensure that the
reaction was arrested immediately, the tube
had been cooled in an ice bath. The un-
changed 2-methoxyfuran was extracted from
the reaction mixture with carbon tetrachloride
with vigorous shaking immediately after the
sample had been taken, as a slow decomposi-
tion of 2-methoxyfuran was found to take
place in aqueous solution. No decomposition
was observed to occur in carbon tetrachloride.
In addition, a relatively high accuracy could
be achieved when the solutions in carbon
tetrachloride were analyzed by gas chromatog-
raphy. Xylene was used as an internal stand-
ard in these gas chromatographic analyses.

The rate coefficients for the hydrolysis
of 2-.methoxyfuran are collected in Table 1.
The relative standard errors of the rate
coefficients vary from 1 to 2 9%. When the
rate coefficients of the hydrolysis of 2-
methoxyfuran are compared with the
overall rates of hydrolysis of alkyl-
substituted furans,®*® the accelerating effect
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of the methoxy group is seen to be about
four powers of ten. It was thus easy to
study whether the hydrolysis of this furan
derivative is subject to general acid
catalysis.

The rate coefficients of the hydronium
ion-catalyzed hydrolysis in light and
heavy waters collected in Table 1 show
that the deuterium solvent isotope effect,
kp.o0t [kr.0t, 18 0.315. Isotope effects of
this magnitude in the hydrolysis of vinyl
ethers %' have been interpreted in terms
of rate-determining proton transfer to a
carbon base. Thus general acid catalysis
should be detected in the hydrolysis of the
studied furan derivative. Experiments in
buffer solutions showed that this is really
the case. When the first-order rate coef-
ficients in acetic acid—sodium acetate
buffers are plotted against the concentra-
tion of the acid component (Fig. 1), a linear
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Fig. 1. Plot of the first-order rate coefficients

against the concentration of the acid buffer

component for the hydrolysis of 2-meth-
oxyfuran in buffer solutions. 25°C.

correlation in accordance with eqn. (1) is
observed. The catalytic coefficient ky,,
the slope of the plot, was calculated by

bgps =k o (HA) + ky,or (H,0F) (1)

the method of least squares. General acid
catalysis was detected also in the other
buffer solutions. The calculated rate
coefficients and their standard errors are
collected in Table 1. When the logarithms
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of the rate coefficients for the carboxylic
acid-catalyzed reactions are plotted against
the logarithms of the dissociation constants
of the acids, a straight line results. The
slope of this plot, ¢.e., the value of the
Brensted «, 0.69 +0.07, was calculated by
the method of least squares. Although this
value may be only a rough estimate
owing to the limited kinetic data, it is
only a little higher than the value for the
hydrolysis of the structurally related vinyl
ethers.” It is reasonable to assume that
the protolytic cleavage of this furan
derivative does not differ significantly
from that of vinyl ether hydrolysis, i.e.,
proton transfer to the p-position of the
carbon-carbon double bond is rate deter-
mining.

Proton attack may take place at two
B-positions in the hydrolysis of 2-
methoxyfuran. If structural effects of the
substituents are considered, the 3-position
seems more susceptible to electrophilic
attack as this route would lead in the
rate-determining stage to a dialkoxy-
carbonium ion intermediate which is much
more stable than the monoalkoxy-
carbonium ion which would be the inter-
mediate if proton transfer to the 4-position
took place. That the proton transfer really
takes place at the position shown in eqn.
(2) was confirmed by following the hydrol-

CH—CH LA CH—CHL
CH__C slow CH .
07 NocH; S07EN0CH;
o Hb (2)
fast >c=c< ¢ d
Lo CHLCOOCH3

ysis of 2-methoxyfuran in isotopically
different waters with a 60 MHz Perkin-
Elmer R 10 NMR spectrometer. It was
found that all the peaks of 2-methoxyfuran
disappeared at the same rate and thus the
proton attack must be the rate-determin-
ing stage of the hydrolysis. As shown in
scheme (2), an unsaturated hydroxy ester
with cis configuration is the primary
product when the reaction proceeds by
protonation at the 3-position. That the
ester was present in the reaction mixture
was revealed by the NMR spectrum.
Chemical shifts, 3.0 ppm (Hd), 4.8 ppm
(He), 6.0 ppm (HP) and 7.8 ppm (H2);
coupling constants, J;,=5.7 cps. J,.=1.6
cps, and Jy,.=2.0 cps. These values refer
to the compound in & 50 mol 9% dimethyl
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sulfoxide —heavy water mixture with
tetramethylsilane as internal standard.
When measurements were performed on
the compound in the DMSO —protium
oxide system, differences were found in
the coupling of H® and in addition the
integral of the H® signal was twice that in
the DMSO —deuterium oxide mixture,
Thus it is evident that the studied reaction
proceeds by route (2), for another product
would be obtained if proton transfer to the
4-position were rate determining.
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n connexion with the synthesis of allenic
tert. alcohols for pharmacological evalu-

* Allenes and acetylenes I.
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ation,! we noted that the reaction 2 of 1-[3-
(tetrahydro-2-pyranyloxy)-1-propynyllcy-
clohexanol (Ia) with LiAlH, to 1-propa-
dienyleyclohexanol (IIa) upon prolonged
reaction time afforded a by-product. This
compound was identified as the conjugated
diene ITIa (¢f. Scheme 1). Treatment of the
allenic alcohol ITa with LiAlH, in THF
gave IIla in 80 % yield. Under similar
conditions as in the latter experiment, the
analogous allenic derivative Ilb was also
found to afford the corresponding diene
IITb.

The reactions were followed by GLC and
GLC—MS in order to characterize all
products formed. Only in the reaction of
ITa to IIla & by-product of appreciable
amount (10 9,) was observed. This product
was isolated by preparative GLC and, by
spectroscopic methods (IR, NMR and MS),
identified as 2-propynylidenecyclohexane.

In order to get insight into the
mechanism of the reaction II-III we
reacted Ila with LiAlD, in THF. This reac-
tion yielded 2-propenylidenecyclohexane-2-
d (IlTa-2-d), which indicates that the elim-
ination of the hydroxyl group of the
allenic alcohol IIa proceeds as outlined in
Scheme 1. An analogous mechanism has
been proposed  for the LiAIH, reduction of
tetraphenylbutyne-1,4-diol to 1,1,4,4-tetra-
phenylbutadiene-(1,3) * and for the addi-
tion of Grignard reagent to 2,3-butadienol.’?
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Scheme 1.

To check the possibility of preparing the
dienes in a one step reaction from the
corresponding  tetrahydro-2-pyranyloxy
derivatives we carried out the reduction of
Ia and Ib in THF and obtained 70 9%,
yields of IITa and IIlb, respectively. This
shows that the dienes can be prepared
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