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A TWO STEPS LIGAND EXCHANGE REACTION OF ¢-CAPROLACTAM STANNIC CHLORIDE

COMPLEX WITH CYCLOHEXANONE OXIME MEDIATED BY AMMONIUM CHLORIDE
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Although much interest in coordination complexes of amides with stannic
chloride has been directed to the structure and the behavior in solution,l)
reports concerned with the reactivity have scarcely appeared as far as we are
aware. We report here a two steps ligand exchange reaction of g-caprolactam
stannic chloride complex (}) with cyclohexanone oxime (2), in which ammonium
chloride was used as a medium carrying stannic chloride. An overall

representation of the reaction, which is available for an g-caprolactam

synthesis, is illustrated in Scheme I.
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It has been known that alcoholsz) or enolizable ketones3) condense

easily with stannic chloride to give dehydrochlorinated products. However,
the reaction of L.with 2 equiv of pyridine in isopropanol gave g-caprolactam
(2) and pyridine stannic chloride coordination complex (two to one in molar
ratio) in yields of 95 and 97%, respectively, and dehydrochlorination reaction

was not observed.
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When l’(lo mmole) was heated with 2, (20 mmole) in benzene (50 ml) for 30
min, a ligand exchange reaction occured, and’3 and cyclohexanone oxime stannic
chloride complex (4) were formed in yields of 73 and 74%, respectively. The
reaction mixture consisted of the solution of 3 (14.7 mmole) and 2 (5.3 mmole)
in benzene and the precipitates of 4 (7.4 mmole) and 1,(2.6 mmole) . The

reaction was elucidated to be an equilibrium state (eq. 1) by a treatment of 4

L+ 22 = 23 + 4 (1)
with 2 equiv of é,in a similar condition giving the same mixture. A reaction
of 1 with 2 in isopropanol refluxed for 1 hr afforded 3 and 4 in 86% yields.
The yields were confirmed to be the limited value by the reverse reaction.
Under these conditions, all reaction were heterogeneous. The different yields
between the reaction in benzene and in isopropanol are apparently due to a
difference of the equilibrium states, which should be depending conclusively
on each concentration of four components in the solutions. The difference
could be ascribed to the different solubility ratios of 4 to ilin these
solvents.

When‘L (25 mmole) was heated with ammonium chapride (50 mmole) in iso-
propanol (100 ml) for 4 hr, ammonium hexachlorostannate (2) was obtained as a
p?ecipitate in a yield of 99%, and 3 was recovered in a yield of 99% froém the

solution.4)

The stannate (5) was found to react with z'giving 4 and ammonium
chloride. When 5 (25 mmole) was treated with z'(50 mmole) in waéér (5 ml);
isopropanol (60 ml) at room temperature for 4 hr, 4 was obtained as a
precipitate in a yield of 97%. However, the same reaction in anhydrous iso-
propanol gave 4 only in a yield of 14% after stirring for 16 hr at room"
temperature, and in a yield of 36% after refluxing for 4 hr. The reaction

of 2 with E’was also performed successfully by contacting an aque;us solution
of 5 with a solution of z’in benzene or ethylene dichloride, thereby 4 was
formed as a product insoluble in both phases in a yield of 97% in benzene or
of 93% in ethylene dichloride.

In a combination of the reaction of i’and ammonium chloride with that of

the stannate (5) and 2, the overall reaction can be regarded as a ligand
~ asd
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exchange reaction of i’with E’mediated by ammonium chloride. This reaction
is the first example of a ligand exchange reaction mediated by an inorganic
salt. This method has two advantages over the direct reaction of‘£ with.gb
The first is to overcome the limitation in yield of the products, which is
depending on the equilibrium state of the direct reaction, whiie the second
consists in that a contamination of the product (2) with the reactant g%) can
be avoided and a separation of the product is easy.

An application of this novel method provides a new route for an ¢-capro-

5)

lactam synthesis accompanied with no by-product, since 4 has been found to be

readily convertible into ;,6)7)
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