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Finally, we discuss the influence of tacticity on (u?)/x
and ,K/x. In Figure 4 we present calculations for the two
sets of parameters indicated. The curves for (1?)/x agree
with those presented by Cantera et al.'® and Boyd and
Kessner.?? K shows a remarkable sensitivity to tacticity,
particularly for highly isotactic and syndiotactic PVC
chains, which makes this quantity particularly important
for characterizing the microstructure of vinyl polymers.

Conclusions

The rotational isomeric state model of Williams, Pickles,
and Flory as modified and presented here accounts fairly
well for a large number of configurational-dependent
properties of PVC and its oligomers. We have shown
clearly the importance of second-order interactions, par-
ticularly between adjoining Cl atoms in determining the
averages of various properties. Cl-Cl repulsive interactions
appear to be stronger?” than previously assumed by Flory
and co-workers.’®17 Also, the first-order interaction pa-
rameter E,, which yields calculated K and (u?) values in
closest agreement with the observed values, is considerably
less attractive than the value obtained from epimerization
studies. K appears to be remarkably sensitive to sec-
ond-order interactions and the tacticity of PVC oligomers
and polymers.
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Synthesis and Hydrolysis of Poly(vinyl acetals) Derived from
Poly(vinyl alcohol) and 2,6-Dichlorobenzaldehyde’
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ABSTRACT: We describe the synthesis and hydrolysis of poly(vinyl acetals) derived from poly(vinyl alcohol)
and the pesticide 2,6-dichlorobenzaldehyde. The acetalization reaction under a variety of conditions gave
at best a polymer with 68% acetalization. The structure of the polymer, i.e., the ratio of acetal units derived
from meso and racemic dyads of poly(vinyl alcohol), was determined by !H NMR. The acid-catalyzed hydrolysis
of this poly(vinyl acetal) in aqueous dioxane at 60 °C was studied in detail. The rate constant for the hydrolysis
of the meso and racemic acetal units and the equilibrium constant for meso—racemic intramolecular acetal

exchange were determined from these measurements.

Introduction

As part of a gereral program dealing with controlled-
release pesticides, we have prepared a poly(vinyl acetal)
from poly(vinyl alcohol) and 2,6-dichlorobenzaldehyde.
This aldehyde has been reported? to have strong herbicidal
and moderate fungicidal activity. In this paper we report
the preparation and characterization of the polymer and
a detailed study of the kinetics of hydrolysis.

*To whom correspondence should be addressed at the University
of Alabama in Birmingham.

0024-9297/83/2216-0291$01.50/0

Results and Discussion

Synthesis and Characterization. The acetalization
of poly(vinyl alcohol) (PVA) has been studied for a variety
of aldehydes.® The reaction leads to (1) intramolecular
acetalization of primarily 1,3-diol groups, (2) intramolecular
acetalization of the occasional 1,2-diol groups, and (3) in-
termolecular acetalization. Intermolecular acetalization
is more a function of reaction conditions and can lead to
branched and eventually cross-linked polymer. The latter
is easily removed in the purification process. The number
of 1,2-diol units in commercial PVA is generally 1-2% and
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Table I
Acetalization of Poly(vinyl aleohol) with
2,6-Dichlorobenzaldehyde®

reac-
tion %
DCBA,b time, acetaliza-

polymer solvent M h % Cl tion
I CHCI, 0.55 10 11.2 18.5
I CHCI, 0.55 23 18.9 40
III CHCI, 0.55 45 22.4 55
v CHCl, 0.55 64 23.3 60
v CHCI, 0.55 64 23.5 61
VI CHCI, 1.60 72 24.7 68
VI dioxane 1.60 72 7.9 12
VIII dioxane 1.60 72 <1
IX Me,SO 0.50 58 20.7 47.5

% The reaction is carried out at 40 °C. PV A does not
dissolve in the reaction solvent, except for Me,SO. The
reaction was catalyzed by HCl except for polymer VIII,
where p-toluenesulfonic acid was used instead. ? PVA =
1.0 M. The catalyst concentration is 4.8 x 10°2 M.

Figure 1. 300-MHz *H NMR spectrum of PVA-DCBA in CDCl,
at room temperature.

the formation of dioxolanes may be neglected. Normally
the acetalization of PVA will lead to the formation of the
six-membered-ring acetals, the 1,3-dioxane units. This
reaction was used to couple 2,6-dichlorobenzaldehyde
(DCBA) to PVA:

CHO
Cl Cl
wt
—fCH—CHI— + =
OH
CH,
~
—ECHZ—CH'}”—_W{'CHZ—(’:H \‘CH]”’—
H o] o]
\E‘/
Cl Cl

The product was isolated by sequential dissolution and
precipitation. The degree of acetalization was determined
by chlorine analysis. The reaction conditions and the
extent of acetalization are summarized in Table I. The
procedure described by Noma et al.,* where PVA is sus-
pended in a chloroform solution of aldehyde and catalyst,
gave the best results, with a maximum of 68% acetalization
(VD).

The products were characterized by UV (A ,, = 281 nm,
€81 = 515 M1 em™), IR (diagnostic peaks: vo—c = 1579
and 1561, vo_o = 1011, and vc_¢ = 780 ecm™), and NMR
spectroscopy (Figure 1). Since the commercial PVA we
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Figure 2. Typical initial hydrolysis curve of PVA~DCBA (68%
acetalization) in acidic 29:1 dioxane/water at 60 °C; [acet], = 6.55
% 10* M and [HCl], = 3.3 X 102 M. The absorbance at 300 nm
calculated for complete hydrolysis based on the molar absorptivity
of 1550 M! cm™ is 10.1.

used is atactic, acetalization with DCBA can be expected
to lead to two types of structural units.®
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Fortunately the two can be distinguished in the NMR
according to a study of model compounds prepared from
2,4-pentanediol and the same aldehyde® or formaldehyde.”
Polymer VI was found by NMR analysis to contain 67%
and 33% meso and racemic units, respectively. The con-
centration of dioxolane groups that may have formed from
an occasional 1,2-diol unit is too low to be detected by
NMR. Titration of the PVA with periodic acid indicates
that only 1.5% of 1,2-diol units are present. The polymeric
acetal was found to be soluble in chloroform, methylene
chloride, benzene, Me,SO, THF, dioxane, and aqueous
dioxane but not in water alone.

Hydrolysis. We studied the acid-catalyzed hydrolysis
of PVA-DCBA in 29:1 dioxane/water solution at 60 °C in
order to gain basic information concerning the effect of
tacticity on the rate of hydrolysis. The solvent was dic-
tated by the solubility of the polymer. Polymer VI was
used for the hydrolysis study.

The liberation of DCBA was monitored spectrophoto-
metrically at 300 nm, where there is little absorbance due
to acetal. A typical hydrolysis curve used for initial rate
studies is given in Figure 2. The rapid reaction observed
during the first 3% of hydrolysis is not an artifact and will
be discussed later.

It is well accepted that the rate-determining step in the
acid-catalyzed hydrolysis of acetals is the heterolytic
cleavage of the carbon—oxonium bond of the protonated
acetal.® The rate of hydrolysis is equal to the rate of
aldehyde formation and can, at any time, be described by
eq 1, where k* is the rate constant for the heterolytic

d[aldehyd
R = [aldehyde]
de¢
d[aldehyde]
dt

= k*[acetal-H*] = k[acetal][HT] (1)

0= ) = klacetal]o[H"], (2)
3-5%

cleavage step, & = k*/K,, and K, is the acid dissociation

constant of the protonated substrate. The initial rate of

hydrolysis, Ry, is given in eq 2. In order to avoid the effect
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Table II
Hydrolysis of PVA-DCBA Polymer?

expt 10%acet],, 10°(HCl], 107R,,?
M M -1

no. Ms 104k, Mt 57!
1 13.11 15.7 0.239 1.16

2 13.11 49.0 0.850 1.32

3 13.11 65.7 0.992 1.15

4 13.11 92.3 1.620 1.34

5 2.03 92.3 0.243 1.30

6 4.06 92.3 0.496 1.32

7 8.29 92.3 1.005 1.31

8 18.54 92.3 2.330 1.36

9 19.65 92.3 2.476 1.36

av 1.30 = 0.07

@ Hydrolysis at 60 °C in 2.9 mL of dioxane solution of
polymer (68% acetalization) + 0.1 mL of aqueous HCI.
b R, calculated by dividing the initial slope of A, vs.
time (in seconds) by e, of the aldehyde, 1550 M™! cm™.
¢ The rate constant % is calculated by dividing R, by
[acet], and [HCI].
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Figure 3. Dependence of the initial rate of hydrolysis of PVA-
DCBA in acidic 29:1 dioxane/water at 60 °C on the concentration
of acetal and acid.

of the initial rapid reaction, we measured R, values at
3-5% conversion. The initial rates, determined for various
concentrations of polymeric acetal and hydrochloric acid,
are summarized in Table II. A plot of R, vs. hydrochloric
acid concentration at constant acetal concentration (ex-
periments 1-4) or vs. acetal concentration at constant
hydrochloric acid concentration (experiments 4-9), Figure
3, shows a first-order dependence for each of the reactants.
Plotting log (R,/[acetall,) vs. either log [HCl], or Hy, the
Hammett acidity constant, gives straight lines with slopes
of 1.08 and 0.72, respectively, Figure 4.

The fact that the rate was linear with log [HCl], and H,
does not shed any light on the mechanism of the hydrolysis
reaction. This test is usually applied to determine the role
of H,0 in the transition state.® A linear relationship and
a slope of unity for plots of rate vs. log [HCl], or H, imply
the presence or absence, respectively, of H,O in the rate-
determining step. Our results favor the participation of
H,0 in the transition state but it is now generally agreed®
that this test is not informative and, in fact, the concept
of H; does not strictly apply to an organic/water solvent
mixture that contains more than 5% organic solvent.

Each run yields & = R,/[acetal]o[HCl],. The average for
all runs is (1.30 £ 0.07) X 1074 M1 s™L, This rate constant
should be compared to the rate constants for 2-(2,6-di-
chlorophenyl)-4,6-dimethyl-1,3-dioxane® hydrolyzed under
identical conditions, which for the meso isomer is (2.14 £
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Figure 4. Plot of log (Ro/[acet],) vs. log [HCl}, and H, for the
hydrolysis of PVA-DCBA.
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0.16) X 10* M1 s7! and for the racemic isomer is (4.31
0.28) X 108 M g1, There is a similarity in the rate of
hydrolysis for the polymer and the meso model compound.
This similarity is somewhat surprising since the polymer
contains 33% of the more easily hydrolyzed racemic units
and it is reasonable to expect that these units would hy-
drolyze preferentially.

Fujii, Ukida, and Matsumoto!? in their study of for-
malized PVA found that the rate of hydrolysis depends
on the tacticity of the original PVA—the higher the con-
tent of racemic units, the faster the hydrolysis. Shibatani,
Fujii, and co-workers'™*2 also studied the formalization of
PVA’s with varying tacticity as well as the formalization
of isomeric diols and triols. This thorough study left no
doubt that the meso unit is more easily formed on both
kinetic and thermodynamic grounds and that the racemic
unit is more easily hydrolyzed. They also demonstrated
that these polymeric formals and the triol analogue were
subject to intramolecular acetal exchange, racemic acetals
being converted to the more stable meso acetals. These
same factors were investigated in the hydrolysis of the
PVA-DCBA polymer.

The hydrolysis/transacetalization scheme is described
in Scheme I. The kinetic analysis of this system is not
straightforward. Before exchange can take place, a given
acetal oxygen must have a free hydroxyl group as one of
its neighbors. The probability (P) of this sequence will
depend on the fraction (F) of hydroxyl units converted to
acetal units. For F = 1, all the hydroxyl pairs are converted
to acetals,’® P = 0. As F gets smaller, P approaches unity.

This can be illustrated for a hexamer (N = 6), sym-
bolized by six points, with two acetal units, symbolized by
two lines connecting adjacent points. The combinations
are as follows:

2
2 e s s e
1
i
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Table I1I
Large-Scale Hydrolysis and Analysis of PVA-DCBA Polymer®
% acetal ~ 10*[acety], 10%[acety, ], 10%*[acet,],

time, h Fx100 M M M [acety, ]/[acet,]? K¢
0 68.0 5.33 3.57 (4.02)¢ 1.76 (1.30)¢ 2.03 (3.08)¢ 5.27
1 65.0 5.09 3.77 1.32 2.86 4.59
3 60.0 4.70 3.55 1.15 3.10 4.85
4 57.2 4.48 3.45 1.03 3.35 5.20
5 55.1 4.32 3.30 1.01 3.26 5.05
14.3 40.6 3.18 2.63 0.55 4.81 6.77

27 33.3 2.60 2.41 0.20 12.3 17.3

¢ Hydrolysis of PVA-DCBA (polymer VI) in acidic 29:1 dioxane/water at 60 °C. [acety,, ], = 3.62 X 1072 M, [acet,], =

1,70 Xx107* M, and [HC1] = 9.5 x 10°? M. ? Measured by NMR.

¢ Calculated by eq 5. K =5.29 = 0.76 based on first

six values. 9 The values in parentheses are based on the polymer that was treated with HCl under anhydrous conditions in
order to establish the true equilibrium distribution of meso and racemic acetal units (see text).

For each unsymmetrical arrangement there is its mirror
image (not shown). Simple enumeration, for this case
where F = 4/, gives P = 12/,,. An examination of a large
class of oligomers, each at various conversions, leads to the
general formula P = (1 - F)/(1 - F/2). The same formula
may be derived on the basis of simple statistical arguments.
Label any fragment of a long chain, reading left to right,
d for a hydroxyl group and [ and !’ for the beginning and
end of an acetal unit. Given I, the probability that this
acetal oxygen is followed by a hydroxyl unit is P = d/(d
+ ) or (1 - F)/{(1 - F) + F/2], which is identical with the
equation given above.

Of course, this analysis does not take into consideration
stereochemical factors. The same hexamer, assuming a
random distribution of configurations, would lead to 32
(2¥1y dyad combinations, one of which is shown in (I). An

e o e O o © = mmrr ()

acetal unit may be represented by m or r. By this con-
vention F = 0 when none of the m’s or r's are italicized and
F =1 when every other m or r is italicized.!* The trans-
acetalization for one combination of F = */¢ is given by
mmrrr = mmrrr. In this reaction it is implied that the
forward reaction requires a mr triad and the back-reaction
a mr triad, and the equilibrium constant, K, should be
expressed in terms of the concentration of these triads.'s
There are theories that describe reactions between adjacent
groups on a polymer chain’® but to our knowledge, there
are no theories that apply to our system, which includes
reversibility and stereochemical arguments.

An empirical approach to this problem follows. Consider
an average chain, N units long with my + r; = N - 1. The
fraction of meso dyads where F = 0 is given by f,° =
m,/(m, + ry) and the fraction of racemic dyads by £,° =
1- £, . For the random polymer, as in this case, f,,° = f,°
= 0.5. The fraction of hydroxyl units converted to acetal
units for a long chain (N =~ N - 1) is given by F = 2([m]
+ [r]/([me] + [15]). Under hydrolysis conditions the re-
action scheme described above applies and the disap-
pearance of meso and racemic acetals is given by eq 3 and
4, where f, and f,, are the fractions of racemic and meso

_d[m]/dt = kmh[m] + kmr[m]frp - krm[r]me (3)
_d[r]/dt = krh[r] + krm[r]me - kmr[m]frP (4)

dyads, respectively, not linked in acetal formation. If the
transacetalization term is large by comparison with the
corresponding hydrolysis term, i.e., By < R,/ P and &,y
& RypfnP, and equilibrium applies, the equilibrium con-
stant is given by K = [m]f,/[r]fa. This equation breaks
down as P approaches zero or F approaches unity.

The equilibrium expression, in order to be useful, must
be expressed in terms of the experimental quantities
[m]/[r] = X and F. If f, = ([ro] - [r])/([ro] + [mg]) and

fao = (Img] = [m])/([r,] + [my])), the equilibrium constant
is given by eq 5. This equation, solved for X, predicts X

X2+ X1 -F)
T 1+ X1-F)

=Kfor F=0and X = K% for F = 1 instead of X = 1
for F = 1 dictated by the fact that [my] = [r¢].

To sort out the equilibrium and rate constants, it was
necessary to measure total hydrolysis or aldehyde forma-
tion as well as the ratio of racemic and meso acetal units
as a function of time. This was accomplished in a large-
scale kinetic run by monitoring aldehyde formation and
at various time intervals, removing aliquots and precipi-
tating the polymer for NMR analysis (and subsequent
kinetic studies). The results of this experiment are sum-
marized in Table III.

While Table III gives the kinetic results of the large-scale
hydrolysis experiment, that is, [acetr], [acet, ], and [acet,]
as a function of time, the important relationship is between
% acetal (F X 100) and [acet]/[acet,] of X. By eq 5 the
equilibrium constant K is calculated to be 5.29 & 0.76. The
calculation is based on the first six data points and ex-
cludes the 27-h point, the point most subject to experi-
mental error. This analysis assumes equilibrium in the
transacetalization process. This assumption does not apply
to the original polymer (¢ = 0), which was prepared under
heterogeneous conditions and does not give the equilibrium
distribution of [acet,] and [acet.]. This polymer was
equilibrated prior to hydrolysis (see Experimental Section).
The corrected [acet,] and [acet,] and their ratio for the
first point are shown in parentheses, and the ratio 3.08 was
used in the calculation of K. The other samples were in
solution in the presence of acid for 1 h or more and are
no doubt completely equilibrated.

The samples isolated from the large-scale hydrolysis
studies were the subject of initial rate studies. The results
are summarized in Table IV. In the former experiments,
Table II, the same polymer was used for each kinetic run
and the runs varied by polymer concentrations, e.g., acetal
concentration and HCI concentration. In this experiment
each set of kinetic runs represents a different polymer,
different in the percent acetalization and in the ratio of
meso and racemic acetal units. Equation 2, instantaneous
rate of aldehyde formation, may be separated into the
hydrolysis of the racemic and meso acetals as shown in eq
6. The primed rate constants of the pseudo-first-order

Ry = kyy/[acet,]y + kny'[acetylo (6)

reactions are the product of the second-order rate constant
and the concentration of the acid catalyst. A plot of
Ry/[acet,], vs. [acety]y/ [acet,]y, Figure 5, will give k,,,” as
the intercept and k,,’ as the slope. This linear relationship
apparently breaks down at low [acety]. Based on the

()
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Table IV
Initial Rates of Hydrolysis of PVA~-DCBA for Varying Degrees of Acetalization?
hours % 10%[acety ], 10"R,, 10%[acet,], 10%R,/[acet,],
hydrolyzed  acetalization M Ms™! M st [acet,, 1/[acet,]
0 68.0 3.90 0.21 1.29 0.16 2.03
7.69 0.42 2.54 0.17
13.59 0.74 4.48 0.17
3 60.0 4.03 0.20 0.98 0.20 3.10
6.76 0.39 1.65 0.23
12.78 0.69 3.12 0.22
5 55.1 3.23 0.16 0.76 0.21 3.26
3.29 0.16 0.77 0.20
6.26 0.32 1.47 0.22
11.47 0.58 2.70 0.21
14.3 40.6 2.61 0.13 0.45 0.29 4.81
5.29 0.27 0.91 0.30
10.97 0.53 1.89 0.28
27 33.3 2.97 0.17 0.21 0.83 12.33
6.38 0.37 0.48 0.78

¢ Hydrolysis in 29:1 dioxane/water at 60 °C and [HCl1] = 3.33 x 10™? M.
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Figure 5. Plot of Ry/[acet,], vs. [acety]o/ [acet,] for the hydrolysis
of PVA-DCBA of varying degree of acetalization in acidic 29:1
dioxane/water at 60 °C; [HC]] = 3.33 X 10°2 M.

straight-line portion of this curve, k' = 7.37 X 10%s! and
k.’ = 4.45 X 107 s7! with a correlation coefficient of 0.993.
The racemic units hydrolyze faster but not much faster
than the meso units.

The apparent acceleration in rate for decreasing degree
of acetalization, as evidenced in Figure 5, may be a con-
sequence of catalyzed hydrolysis by neighboring hydroxyl
groups as they become available, a theory suggested and
supported by the hydrolysis studies of Smets and Petit.}”
However, we have insufficient data at low degrees of
acetalization to test our system for this neighboring group
effect. The kinetic analysis of the reactivity of a functional
group and its dependence on the reaction state of its
neighbors has been recently reviewed by Platé!® and by
Boucher.!6

The hydrolysis study is complicated by another process.
Returning to Figure 2, we see an initial rapid rate of al-
dehyde formation by an as-yet defined reaction. It appears
that this reaction is fast enough that it precedes and is
essentially complete before any other hydrolysis process.
Based on this assumption, the burst was treated as a
first-order process and gave a rate constant k' = 1.5 X 107
s7l. This probably is not the result of hydrolysis of 1,2
acetals because (a) by titration there is only 1.5% 1,2-diol
units in the polymer and the initial burst accounts for 3%
of the acetal units and (b) according to Kovar et al.,!8 the
dioxolanes do not hydrolyze that much faster than the
corresponding dioxanes and in some cases they hydrolyze
even slower. The burst could come from the hydrolysis
of essentially linear acetals formed by hydroxyls far re-
moved from one another along the chain or hydroxyl from

Table V
Rate Constants® for the Hydrolysis and
Isomerization of PVA-DCBA and Its Model Compounds

model hydrolysis

polymer hydrolysis

kmh-134><10 M s? %5—214><10‘M‘ -
gh =221 X10™* M s % kyn —431X10’M"s"
—45><10’M‘s" k€ =8.2M1 s
K=5.29+0.76

¢ Acid-catalyzed hydrolysis in 29:1 dioxane/water at
60 °C. The rate constants were calculated from the
respectwe k’s by dividing by [HCl] = 3.33 x 1072 M.

b For the hydrolysis of 2-(2,6-dichlorophenyl)-4,6-
dimethyl-1,3-dioxane under reaction conditions 1dentical
with those of this study. ¢ For the hydrolysis of 2,6-
dlchlorobenzaldehyde di-tert-butyl acetal in 20% dioxane/
H,0at 25°Cand u = 0.8. Anderson E.; Fife, T. H. J.
Am Chem. Soc. 1971, 93, 1701. Rate constant for the
initial burst treated as a fitst-order reaction.

separate chains, which would be expected to hydrolyze
much faster than the corresponding cyclic acetal (see Table
V).

Summary

Poly(vinyl acetals) from poly(vinyl alcohol) and 2,6-
dichlorobenzaldehyde were prepared under varying con-
ditions. Reaction in chloroform gave at best 68% ace-
talization. Since the commercial PVA used is atactic, two
isomeric types of acetal structures were formed. The hy-
drolysis studies in 29:1 dioxane/water at 60 °C demon-
strated that this reaction is complex but not intractable.
The appropriate rate and equilibrium constants are sum-
marized in Table V. These data show that (1) the racemic
acetal units hydrolyze faster than the meso units but the
difference in the rate of hydrolysis of the isomeric struc-
tures was less pronounced in the polymer than was found
earlier® for model compounds, (2) the racemic acetal and
meso acetals are equilibrated by acetal exchange and the
ratio will depend on the degree of acetalization and the
tacticity of the parent polymer, and (3) a small percentage
of the acetal units hydrolyze at a rate that would be ex-
pected for linear acetals, suggesting the presence of a small
percentage of large cyclic or interchain acetals.

Experimental Section

Materials. Commercial PVA (Mowiol 28-99) was used without
purification. 2,6-Dichlorobenzaldehyde (99% pure, Aldrich) was
purified by recrystallization from pentane and dried under reduced
pressure over phosphorus pentoxide. Chloroform was washed with
concentrated sulfuric acid, aqueous sodium bicarbonate, and water.
It was dried with calcium hydride and stored under nitrogen in
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the dark. Dioxane was purified according to the procedure de-
scribed by Vogel.'®

Measurements. The chlorine content was determined by the
Schoniger combustion method. NMR spectra were recorded on
a Varian spectrometer, Type HR-300 (300 MHz). The UV spectra
and kinetic studies were performed with a Pye-Unicam 1750-A
or a Cary 15 spectrophotometer.

Acetalization of PVA. The procedure that follows is an
example of acetalization in chloroform. A 100-mL round-bottom
flask, placed in a thermostated bath at 40 °C, was charged with
PVA (11 g), DCBA (7.1 g, 40.5 mmol), and 25 mL of chloroform.
Concentrated aqueous hydrochloric acid (0.1 mL, 1.2 mmol) was
added and the mixture stirred for 3 days. The resulting gel was
poured into an excess of methanol. A white precipitate was
isolated and further purified by precipitating a dioxane solution
of the polymer with methanol. Finally, the reaction product was
dried over P,O; under reduced pressure at room temperature and
analyzed. Anal, Caled for -(CZHSOQ)ZSQ%_(CIIHQOOZCIZ)SS%_: Cl,
24.8. Found: Cl, 24.7. From the NMR integration of the benzylic
acetal protons, the ratio of meso/racemic acetal units was cal-
culated to be 67/33. The UV spectrum of a dioxane solution of
the polymeric acetal shows maxima at 274 and 281 nm (ey7, = 540
M'l Cm_l, €og1 = 515 M'l Cm_l).

Kinetic Measurements. The hydrolysis of the acetalized PVA
(PVA-DCBA) was measured spectrophotometrically by moni-
toring the formation of DCBA (Ap.e = 300 nm, €., = 1550 M™!
cm™) as a function of time. A typical kinetic run follows. A UV
cell, fitted with a Teflon stopper and thermostated at 60 °C, was
charged with 2.9 mL of a stock solution of the polymer in pure
dioxane. After temperature equilibration (ca. 20 min), 0.1 mL
of aqueous hydrochloric acid solution was added. The absorption
at A = 300 nm was recorded continuously as a function of time.
From the initial slope of the absorbance vs. time plot (after the
burst) and the molar extinction coefficient of DCBA, the initial
rate of hydrolysis was determined. For a complete hydrolysis
experiment the starting concentration of polyacetal was chosen
to be low enough to stay within the absorbance range, even at
total hydrolysis.

Hammett Acidity Function. The Hammett acidity function
for the reaction medium was determined as described in a previous
paper.®

Polymer Equilibration. The polymer was prepared under
heterogeneous conditions and hydrolyzed under very different
but homogeneous conditions. To establish equilibrium under
hydrolysis conditions, the original polymer was dissolved in dry
dioxane. Dry HCl gas was bubbled through the solution and the
reaction tube sealed off. After 1 day at 60 °C the seal was broken
and the polymer was precipitated in methanol. By UV analysis
no DCBA was liberated in this experiment but by NMR analysis
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the meso acetal content changed from 67% to 75.5%.
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