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Summary

Considerable amounts of benzene were formed by heating triphenyl-
phosphine complexes of transition metals in several types of organic compounds,
especially in amines; in the case of a tnbutylphosphine complex, n butane was
detected. In the reactions with indoline, tetrahydroquinoline or dioxane, the
hydrogen consumed for the hydrogenolysis was proved to arise from the amines
or the ether.

A number of tertiary phosphine compl2xes have been reported to exhibit
interactions between the metals and carbon—hydrogen bonds of the phosphine
ligands [1]. However, little is known about the cleavage of phosphorus—carbon
bonds of substituted phosphines coordinated to transition metals [2]. Bennett
and Milner have observed the formation of a small amount of benzene on heating
IrCI(PPh;); in cyclohexane and presumed that this was formed by hydrogen
absiraction from the solvent [1b]. Coulson has found that a diphenylphosphine
complex is formed in the reaction between Pd(PPh;); and PdCl, in dimethyl-
sulfoxide [2a];

During the course of an investigation of transfer-hydrogenation [3], we
have found that considerable amounts of benzene were formed on heating tri-
phenylphosphine complexes of transition metals in several organic compounds in
the absence of other hydrogen acceptors such as olefins. For example, when a
pyrrolidine solution (0.05 mole in RhCIl(PPh;);) was sealed in a Pyrex glass tube
under vacuum (10~ mmHg) and heated at 140° for 1 h, the formation of
0.40 mole benzene was confirmed by GLC analysis. The number of benzene
molecules which were released from a molecule of RhCI(PPh;); decreased in the
following order: 8.0 (pyrrolidine), 6.9 (piperidine), 6.2 (piperazine), 4.7
(N-methylpiperazine), 3.0 (n-propylamine), 2.3 (di-n-propylamine), 2.1 (N,N'-di-
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methylpiperazine), 2.0 (indoline), 1.5 (tetrahydroquinoline), 0.3 (isopropy!
alcohol) and 0.2 (dioxane), where the compounds shown in parentheses were

used both as solvents and as hydrogen donors. When the complex was heated in
n-propy! alcohol, tri-n-propylamine, pyrrole, chlorobenzene and xylene, no
benzene was detected. The transfer-hydrogenolysis of triphenylphosphine occurred
at lower temperatures. For instance, a mole of RhCI(PPh;); gave 6.9 moles of
benzene on heating in pyrrolidine at 100° for 20 h. This result shows that several
amines have much higher hydrogen donating ability than isopropyl alcohol and
dioxane which exhibited strong hydrogen-donating power in the transfer-
hydrogenation of olefins [3].

Transfer-hydrogenolysis occurred in the case of other tertiary phosphine
complexes. One mole of RhH(PPh3),, on heating in pipendine at 140° for 1 h,
gave benzene (5.0 moles), RhH,(PPha)s (4.5), RuCl.(PPh;); (2.9), PACi,(PPh3),
(2.4), PLCI,(PPh,). (2.2), RhCI(CO)(PPh,). (1.4), Pt(PPh,), (1.1);and PdCl.-
(P-n-Buj;), yielded n-butane (1.5 moles). These results indicate that not only aryl
phosphines but also alkylphosphines undergo tranxfer hydrogenolysis. However,
complexes of the type MX,(PPh;), (M= Co! or Nil, X = Cl. Br or I), did not
give benzene, even on heating in pyrrohdine at 180°.

When a xylene solution of RhCl{PPh3); (0.04 mole) and indoline (0.40 mol¢)
was heated at 170° for 1 h, the formation of 0.14 mole benzene and 0.15 mole
indole in addition to 0.26 mole of the original indoline was shown by GLC
analysts. A simiar reaction in which tetrahydroquinoline was us2d instead of
indoline gave 0.12 mole benzene, 0.05 mole quincline and 0.38 mole tetrahydro-
quinoline. These results may be summarized as follows: (1) the yield of benzene
was almost equal to that of indole in the former reaction, (2) the yield of benzene
was roughly twice that of quinoline in the latter reaction, because conversion of
tetrahydroquinoline to quinoline releases two moles of hydrogen,(3) the total
amounts of the recovered orginal amines and dehydrogenated amines were nearly
equal to the amounts of amines befare reaction. These facts show that benzene was
formed by hydrogen transfer from the amines to the ligand of the complex.The amount
of piperidine consumed was almost equal to that of benzene formed, but no
lower boiling dehydrogenation products, such as pyridine, were detected. The
amount of the surviving pyrrolidine could not be measured precisely and low
boiling dehydrogenation products, such as pyrrolines {4] and pyrrole, were not
detected. It has been reported that 1-piperideine and 1-pyrroline are unstable and
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undergo rapid trimerization [5] and addition reactions with amines {6]. There-
fore, it is inferred that such unstable dehydrogenation intermediates yielded
products of high boiling points which were not detected by GLC analysis. In the
reaction in dioxane, the amount of the dehydrogenation product, dioxene [3],
was equal to that of benzene.

Diphenylphosphine was detected in the reaction mixtures which had been
treated with a KOH/KCN aquecus solution by comparison with an authentic
sample [7]. The formation of phenyiphosphine was obscured, partly because the
peak of phenylphosphine [8] was covered in GLC analysis by broad and strong
peaks of the amines and impurities.
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