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Hydrolysis of a-Acetoxystilbene!
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We have recently shown that enol esters are hy-
drolyzed in mineral acid by two alternative mecha-
nisms.%* One of these mechanisms is the normal ester
hydrolysis process; the other mechanism is a process
initiated by olefin protonation to give rise to a carbo-
nium ion of type A as the first intermediate. In the
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absence of substantial carbonium ion stabilization by
R’, the normal ester mechanism predominates in dilute
mineral acid. This is the situation which is observed
for vinyl acetate* and for p-nitro-o-acetoxystyrene.?
Structures providing better carbonium ion stabiliza-
tion allow olefin protonation to predominate even at
low acidities, e.g., p-methoxy-a-acetoxystyrene.

In the present study we wish to examine briefly other
factors which may influence the balance between these
two mechanisms. It is well known that the rate of
acid-catalyzed hydrolysis of esters is relatively insensi-
tive to wide variation of the aleoholic moiety in terms
of both steric and electronic effects. For example,
Euranto® has reported that the rates for the hydrolysis
of a diverse group of formate esters are within a factor
of 3, for structural variation including methyl formate,
chloromethyl formate, and ¢butyl formate. Ex-
tremes of steric hindrance might be expected to result
in some diminution of the rate of hydrolysis. In the
present situation, it is to be noted that frans-o-
acetoxystilbene (1) has the acetate group in a position
which is severely crowded. Nevertheless, the depres-
sion of rate is relatively modest. In 509, mineral
acid, 1 hydrolyzes 60 times more slowly than vinyl
acetate; cis~a-acetoxystilbene (2) hydrolyzes only 10
times more slowly than vinyl acetate. This situation
should be contrasted with the very sharp differences
observed when structural changes are made in the
carboxylate moiety (R). :

On the other hand, rates of olefin protonation are
relatively sensitive to structural variation at the carbon
8 to the potential carbonium ion center. For example,
the hydration of styrene occurs 500 times more rapidly
than proton attack upon cis-stilbene initiates isomeriza-
tion.87
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Figure 1.— Rate of hydrolysis of {rans-a-acetoxystilbene:
X~-==X, calculated rate of normal ester hydrolysis; - - -, calculated
rate of hydrolysis by olefin protonation; ~——, calculated total

rate of hydrolysis; O O, observed rate of hydrolysis.
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Figure 2.—Rate of hydrolysis of cis-a-acetoxystilbene: X---X,
calceulated rate of normal ester hydrolysis; [I---0J, calculated rate
of hydrolysis by olefin protonation; ——, calculated total rate of
hydrolysis; O O, observed rate of hydrolysis.

It should thus be expected that «-acetoxystilbene
should show a rate of hydrolysis by the normal ester
mechanism similar to that observed for p-nitro-a-ace~
toxystyrene, and an olefin protonation rate substan-
tially suppressed from that observed for a-acetoxy-
styrene, We have therefore measured the rates of
acid-catalyzed hydrolysis for both stereoisomers of o~
acetoxystilbene.

The two stereoisomers were prepared by the pro-
cedure of House and Trost.? The higher melting iso-
mer mp 100-101.5° has been previously obtained by
Nesmeyanov, et al.® That this is the trans stereoiso-
mer 1 is supported by its spectral characteristics, with
the vinyl proton signal in the nmr oceurring at lower
fields thanin 2.1

The results of the kinetic measurements are graphi-
cally displayed in Figures 1 and 2.

It is to be noted that, as the acidity of the medium
is increased, the rate of hydrolysis effectively reaches a
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plateau between 40 and 509 perchloric acid, and finally
near 609 acid abruptly begins to increase again. We
ascribe this complex profile to the interplay of the two
mechanistic pathways available for hydrolysis of enol
acetates. For the cis isomer 2, below 599, perchloric
acid, the predominant mode of hydrolysis is the normal
ester pathway; above this acidity, the majority of the
hydrolysis proceeds by way of olefin protonation.

For caleulation of the predicted rate for hydrolysis
by the normal ester mechanism, the following procedure
was used. Yates and McClelland! have observed
that many esters show a very similar rate-acidity pro-
file in the middle range of sulfuric acid concentration,
with eq 1 describing the behavior of the ester, with
m = 0.62 and » = 2. Lane, Cheung, and Dorsey,!?

log & + mH, = rlog au,e + constant (1)

in a particularly careful study of the behavior of ethyl
acetate, show that m = 0.645 and r = 2. To calculate
the expected rate for normal ester hydrolysis for cis-a-
acetoxystilbene (2) we have used eq 2, with data for
the activity of water from Robinson and Baker!® with

log (ratewter)se = —0.62Hy + 2 log amo — 4.65 (2)

the constant term (—4.65) chosen to give a predicted
rate in agreement with experiment at the lower acidi-
ties (Hy = —1.5). In the most concentrated acid
solution a very small correction for protonation of the
ester has been made assuming pKgg- of —7.00. For
the predicted rate of reaction by way of olefin protona-
tion, eq 3 was used!* with the constant term (-—8.22)
chosen to match the observed rates in 639, sulfuric
acid (H, = —5.9).

log (rateee)s, = —Ho ~8.22 (3)

Calculated rates for the frans isomer are obtained in
a similar fashion, using eq 4 and 5, with the constant
terms chosen as above.

—0.62Hy + 2 log am,o — 5.51 4)
—H, — 8.82 (6))

log (rateener)eranu =
log (ratesier)ians =

Finally it should be noted that the rates of olefin
protonation for czs-stilbene’ and for cis-a-acetoxystil-
bene are very similar.

Experimental Section!

a-Acetoxystilbenes.—The procedure of House and Trost8 was
followed. Ten grams of desoxybenzoin was dissolved in 150 ml of
carbon tetrachloride and 51 g of acetic anhydride was added with
stirring. After the dropwise addition of 0.5 ml of 709, perchloric
acid, stirring was continued for 2.5 hr. The reaction mixture
+was washed thoroughly with aqueous sodium bicarbonate solu-
tion, the carbon tetrachloride layer was dried over anhydrous
sodium sulfate, and the solvent was removed on a rotary evapora-
tor. The crude residue contained approximately 609, trans-a-
acetoxystilbene, 109 cis-a-acetoxystilbene, and 309, deoxy-
benzoin as determined from the nmr spectrum.
The crude reaction mixture was dissolved in & minimum amount
of diethyl ether and pentane was added to 500 ml. Upon cool-
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ing, 4.7 g of trans-a-acetoxystilbene was collected as pale yellow
crystals.’® Recrystallization from pentane gave colorless needles:
mp 100.0-101.5° (lit. 100.5-101.0°); uv max 287 mu (¢ 27,400,
ethanol); ir (CCL) 1764 em™; nmr (CCl,) 8 7.14-7.50 (m, 10 H),
6.55 (s, 1 H), 2.26 (s, 3 H).

Anal. Caled for CieH14Os:
80.65; H, 5.98.

The mother liquors from the crystallization of the trans isomer
were concentrated, and the ¢is isomer was separated from desoxy-
benzoin and remaining érens isomer by glpe on a 5 ft X 0.25 in.
209, SE-30 column. cis-a-Acetoxystilbene was obtained as a
viscous oil: uv max 262 mu (e 12,000); ir (CCL) 1764 cm™;
nmr (CCl) § 7.03-7.95 (broad multiplet, 10 H), 6.33 (s, 1 H),
2.14 (s, 3 H).

Anal. Caled for CigHiO2: C, 80.65; H, 5.92. Found: C,
80.68; H, 6.04.

Kinetic Runs.—An aliquot (10-50 ul) of a stock solution of
the substrate in ethanol was mixed with 3 ml of the appropriate
acid solution in a stoppered cuvette. The kinetics were followed
on a Gilford Model 2000 spectrophotometer with a thermostated
cell compartment (25°). The rate constant obtained showed no
dependence on the concentration of ethanol (0.3-1.6 vol %).
For cis-a-acetoxystilbene reactions were followed at 280 mu and
showed good first-order behavior to greater than 859, reaction.
For trans-a-acetoxystilbene the kinetics were followed at 288 mu.
All reactions of the trans compound showed excellent first-order
behavior to greater than 959, reaction. Infinity spectra were
recorded on a Cary Model 14 spectrophotometer, and were identi-
cal with those obtained for an authentic sample of desoxybenzoin
in the same acid media. The rate constants were obtained from
the slopes of the plots of log (Ao — A.:) vs. time.

Registry No.—trans-a-Acetoxystilbene, 13892-81-4;
cis-a-acetoxystilbene, 24647-07-2.
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Preparation of Maleoyl Fluoride.
Nuclear Magnetic Resonance Spectra
of Maleoyl Fluoride, Fumaryl Fluoride,
and Fumaryl Chloride Fluoride
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The preparation of maleoyl fluoride from maleic an-
hydride and sulfur tetrafluoride has been reported by
Hasek, et al.' We have repeated their reaction condi-
tions (13 hr at 150°) and observe that the products
are fumaryl fluoride, unreacted anhydride, and a com-
pound we believe to be 4,4-difluoroisocrotonolactone
(I). TUnder the above conditions it is likely that ma-
leoyl fluoride will be isomerized to fumaryl fluoride.
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We have used lower reaction temperatures and find
that if the mixture is heated to about 75° for 5 hr ma-
leoyl fluoride is one of the products. The amount pro-
duced varies from run to run but usually is in the range
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