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Abstract—The kinetic and thermodynamic parameters of the Hg(Il)-catalyzed cyclization of N-phenyl-2-
vinyloxyethanamine indicated that the first reaction step is reversible coordination of mercury at the vinyloxy
group, followed by closure of mercurated oxazolidine ring (the rate-determining step); the latter undergoes
demercuration to give 2-methyl-3-phenyloxazolidine either by the action of mercury salt anion or spon-

taneously.
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Vinyl ethers derived from glycols readily undergo
acid-catalyzed cyclization to 2-methyl-1,3-dioxolanes
[1]. By contrast, vinyl ethers derived from amino alco-
hols react with acids in a nonselective fashion due to
the presence of nitrogen atom [2]. Vinyl ethers having
a strongly basic nitrogen atom (amino or alkylamino
groups) do not undergo cyclization in the presence of
protic acids, but they sometimes give rise to open-
chain salts [2, 3], while their tendency to intramolec-
ular ring closure increases as the basicity of the nitro-
gen atom decreases. For example, N-phenyl-2-vinyl-
oxyethanamine (I) in the presence of hydrochloric acid
is converted into 2-methyl-3-phenyloxazolidine (II) by
139% [4], whereas even less basic vinyl ethers derived
from 2-(acylamino)ethanols give rise to the corre-
sponding oxazolidines in quantitative yield [5].

We previously showed that 2-vinyloxyethanamines,
regardless of the basicity of the nitrogen atom, undergo
cyclization into oxazolidines by the action of soft acids
such as Sn*" and Ag" [6] and especially readily (in 48
to 100% yield) in the presence of Hg*" and Pd*" [6-8].
It was presumed that, unlike hard acids which attack
the nitrogen atom, soft acids coordinate mainly at the
soft m-basic center (double bond), thus favoring intra-
molecular cyclization [2].

With a view to verify the proposed reaction mech-
anism, in the present work we examined the kinetics of
cyclization of N-phenyl-2-vinyloxyethanamine (I) in
N-methylpyrrolidin-2-one as solvent by the action of
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mercury(Il) acetate and chloride. The choice of the
substrate and catalysts was dictated by the fact that the
reaction performed on a preparative scale resulted in
the formation of 2-methyl-3-phenyloxazolidine (II) in
quantitative yield [6, 7].

The kinetic experiments were performed using the
same initial concentration (1.17 M) of vinyl ether I in
N-methylpyrrolidin-2-one. The reaction rate was calcu-
lated from the variation of the substrate concentration
which was measured by GLC. The reaction was char-
acterized by first order with respect to the substrate at
a constant catalyst concentration. The rate constants
kexp at different temperatures and catalyst concentra-
tions (see table) were calculated by the equation

kexp = 2.3037 'log(co/cy),

where ¢y and ¢, are the initial and current concentra-
tions of vinyl ether I, and t is the time.

The order of the reaction with respect to the catalyst
was determined from the slope of the linear depend-
ences logkey, — logcea, Wwhere logkey, = —0.388 +
1.401log crgoac),» ¥ = 0.999, 5o = 0.021; logkexp =
—0.704 + 1.351logcngcr,, 7 = 0.999, s = 0.008.

The non-integer order in the catalyst [1.4 for
Hg(OAc), and 1.35 for HgCl,] indicates that the cata-
lyst is involved in several steps of the overall multistep
process. Let us consider a kinetic scheme which could
rationalize the observed non-integer order of the reac-
tion with respect to the catalyst.
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Dependence of the rate constant k., for the isomerization of 2-vinyloxy-N-phenylethanamine (I) in 1-methylpyrrolidin-2-
one, catalyzed by mercury(II) salts HgX,, on the catalyst concentration cp,x, and temperature

CHgX, X 103, M Temperature, °C Kexp ™ 10%, 57! CHgX, X 103, M Temperature, °C feexp % 10°, s
Hg(OAc), Hg(OAc),

9.36 40 59.66+1.05 1.22 40 3.21+0.05
7.80 40 48.73+£0.43 0.69 40 1.70+0.02
6.90 40 40.75+0.61 2.55 45 12.05+0.14
6.24 40 34.51+£0.25 2.55 50 15.73+£0.19
4.68 40 22.32+0.37 2.55 60 28.10+£0.26
4.01 40 18.00+0.21 2.55 70 44.75+0.65
3.83 40 16.93+0.18 HgCl,
3.58 40 14.33+0.11 9.36 40 33.78+0.45
3.12 40 12.61+0.19 3.14 40 7.66+0.09
2.55 40 9.43+0.06 2.51 40 5.50+0.01
1.87 40 6.43+0.07 1.68 40 3.27+0.05

Presumably, the first step is reaction of undis-
sociated catalyst molecule with the substrate, which is
similar to that proposed for the first step in the hy-
drolysis of vinyl ethers in the presence of mercury(Il)
salts [9].
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The second step is intramolecular cyclization of
complex Ia to give mercurated oxazolidine Ila.
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In the final step, demercuration of compound Ila to
oxazolidine II can occur both spontaneously and via
reaction with X ion.
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Application of the stationary concentration prin-
ciple gives the following equations:

ket CHgX, — kycraex-— ks = 0;

Cla — k] C1 CHgXZ/(k3 + kz C)(—).

At low catalyst concentration, i.e., when k3 >> kycx-,
Eq. (4) is valid:

“)

Cra = ki CrCpgx, ks
The concentration of X anions is determined by
equilibrium (5):

K

HgX, =——>= HgX' + X

Therefore,
(6)

0.5
cx- = (K Cngz) .

The reaction rate calculated from the gain in the
concentration of oxazolidine II is given by Eq. (7):

_ _ 1
Ocn/0T = kycra + kscracx-=kikaks crengx,

-1
+ k[ k5 k3 Cr CHgX2 Cx-.

(7

By introducing k' = kyk4/ks and k" = K°° kyks/ks we
obtain Eq. (8):
6011/617 = (k, + k" C%gx)cl_{gxzcl.
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At low catalyst concentrations (k' >> k" C%éxz),
Eq. (8) is converted into first-order equation with re-
spect to the substrate and catalyst, while at high cata-
lyst concentrations (k' << k" c%éxz), the kinetic equation
is of first order in the substrate and of an order of 1.5
in the catalyst:

8011/81 = k,cHgXZ Cy, aCn/a‘C =k" C%.éxzcl.

In all intermediate cases, taking into account the
first order of the reaction with respect to the substrate,
a linear relation should be observed between the ex-
perimental rate constant reduced to the catalyst con-
centration and cyx,:

Ko/ Crigx, = k' + k" clizx, 9)

In fact, the experimental rate constants determined
at 40°C for different catalyst concentrations (see table)
give excellent correlations:

for Hg(OAC): kixy/Crgx, = 0.0062 + 0.615 ciigx ;

r=0.999, 50 = 0.03; (10)
for HgCly: kixy/crgx, = 0.0062 + 0.32 cfiox 3
r=0.989, 5 = 0.05. (11)

The existence of correlations (10) and (11) confirms
the proposed mechanism for the isomerization of
aminoethyl vinyl ethers into oxazolidines.

Insofar as the rate of isomerization is directly pro-
portional to the rate of the first step [k, Eq. (7)], it
should depend on the relative stability of intermediate
cation Ia. Mercury(Il) chloride is a much stronger
electron acceptor than mercury(Il) acetate; therefore,
cation Ia with X = CI should be more stable, and %
and correspondingly ke, should be larger. This is ob-
served experimentally: at equal or similar catalyst con-
centrations, the reactions catalyzed by Hg(OAc), are
faster by a factor of ~1.7 than those catalyzed by
HgCl, (see table).

The temperature dependence of the isomerization
rate constant of vinyl ether I in the presence of mer-
cury(Il) acetate fits the Arrhenius equation. The activa-
tion parameters calculated for the temperature range
40-70°C (see table) are AH” = 10.7 kcal/mol and
AS” = — 42.9 e.u. The high negative entropy of activa-
tion indicates that the rate-determining step is intra-
molecular cyclization (k3) since the other steps either
do not involve appreciable change in the number of
degrees of freedom (ky, ks) or are accompanied by
increase in the number of species (k4), which should

lead to positive entropy of activation. The low en-
thalpy of activation is consistent with the above con-
clusion, for the step characterized by the rate constant
k; almost does not affect the order of binding of atoms.

Thus the results of our kinetic study showed that
the cyclization of vinyl ethers derived from amino
alcohols into oxazolidines, catalyzed by mercury(Il)
salts, is a multistep process. The first step is coordina-
tion of the mercury atom at the double C=C bond, and
next follow intramolecular cyclization (rate-determin-
ing step) and demercuration; the latter reaction occurs
both spontaneously and by the action of mercury salt
anion.

EXPERIMENTAL

Freshly distilled commercial 1-methylpyrrolidin-2-
one and 2-vinyloxy-N-phenylethanamine synthesized
according to the procedure described in [4] (with
a purity of no less than 99.3%, according to the TLC
data) were used in kinetic experiments. The purity of
the initial compounds was checked, and their iden-
tification in the reaction mixture was performed, by
gas—liquid chromatography on an LKhM-80 chroma-
tograph equipped with a thermal conductivity detector;
carrier gas helium; steel column, 3000%3 mm, packed
with 3% of OV-17 on Inerton Super (0.160-
0.200 mm); oven temperature programming from 150
to 200°C at a rate of 4 deg/min.

Isomerization of 2-vinyloxy-/V-phenylethan-
amine (I) (kinetic measurements). Samples of
a 2.34 M solution of vinyl ether I and of a 0.0936 to
0.0069 M solution of mercury(Il) acetate or chloride in
I-methylpyrrolidin-2-one, 5 ml in volume, were ad-
justed to 40°C and mixed. Samples of the reaction
mixture, 1 pl, were withdrawn at definite time intervals
using a microsyringe and analyzed by GLC. The con-
centration of ether I was determined by the absolute
calibration technique. The chromatographic peak areas
were calculated using an [-02 automatic digital
integrator.
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