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The catalytic transfer hydrogenation (CTH) process has receiv-
ed considerable attention as a useful synthetic method for the
reduction of nitro compounds?, carbonyl compounds?®, olefins?,
hydrogenolysis of protected peptides® and carbohydrates®.
Basically, the CTH process’ utilizes cyclohexene, 1,3-cyclo-
hexadiene, and formic acid as a hydrogen donor in the presence
of solubilized catalysts (Pd’, Rh® Ru®) and heterogeneous
metal catalysts (Ni'°, Pd'') to effect hydrogen transfer to an
organic substrates. The successful utilization of this methods,
however, requires the proper quantity and type of catalyst, con-
centration of the substrate, temperature, and hydrogen donors.
The popularity of donors reflects their commercial availabiti-
ty, conversion effectiveness, and convenience on handling.**
Recently, we reported that ultrasonic accelerated hydrogen
transfer with formic acid-palladium catalyst constituted a rapid
hydrogenation of olefins at room temperature and atmospheric
pressure, and particularly useful for the complete hydrogena-

TABLE 1: Ultrasound-Accelerated Hydrogendation of Carbon-Carbon
Bonds by Hydrazine-Palladium Couple
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= Reaction times are not optimized. All runs were sampled after 1 hr,
found to be complete by NMR, and work up. All of our reactions
were run at room temperature and an atmosphere of nitrogen in 8
m/ ethanol using 2.35 x 10™*: 6 x 107 2.4 x 107 mol of palladium: olefin
: hydrazine; * Runs 2, 4, and 7 required an additional 8 m/ of benzene
to dissolve the olefin. Run 4 required 2 hour for completion.

tion of olefin compounds without touching other functional
group*®.

In a research for more active hydrogen donors for transfer
hydrogenation under sonic waves, we found that hydrazine-
palladium couple'* is a very efficient hydrogen donor at room
temperature and that in the presence of sonic waves, the rate
of hydrogenation is significantly enhanced. In a brief study of
the reaction rate of magnetically stirred, refluxed, and sonicated
reaction of diphenylacetylene were also compared.

These results are summarized in Table and Diagram. Surpris-
ingly, the rate enhancements induced by ultrasound were shown
as good as reflux. According to the earlier work,'* sonication
was the unique way to improve the yield. Typical procedure
for the present reactions are as follows: A dry nitrogen filled
100 ml single neck round bottom flask was charged with
2.35x 10~* mol (0.5g) of palladium on carbon (5%), 6 mmol
of olefin, 24 mmol of anhydrous hydrazine, and 8 m/ of ab-
solute ethanol (Runs 2, 4, and 7 required an additional 8m/
of benzene to dissolve the olefin). The reaction vessel was placed
in a common ultrasound laboratory cleaner (Branson Model
220, 117V, 150W, 50/60 Hz, 55Kc) so that the liquid level in-
side flask matched that of the bath water and in the location
that produced the maximum cavitation in the flask. A strong
agitation of the mixture results from the cavitation phenomenon
produced a lot of gases (presumably H, and N, from the decom-
position of hydrazine) and hydrogenation reaction went to com-
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Diagram : Hydrogenation of Diphenylacetylene by Palladium-

Hydrazine.
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pletion within one hour. Reactions were run under a nitrogen
atmosphere and bath temperature were maintained at 25°C by
using a cooling coil. Product isolation was straightforward.

The reaction mixture were filtered to remove catalyst and car-
bon. The filtrates were concentrated on a rotary evaporator.
The residual solid was recrystallied in ethanol-pentane to give
the corresponding hydrogenated product. The fractional distilla-
tion was done in case of liquid. The products were characteriz-
ed by comparison of their physical and chemical properties with
those of authentic samples.

The exclusive source of hydrogen, hydrazine was shown when
t-stilbene was recovered quantitatively from a reaction mixture
in which hydrazine was omitted. Using activated charcoal only
or simply hydrazine and olefin gave no reaction with heating
or sonication. The catalyst can be activated prior to the reac-
tion by exposing it to sonic waves. However, the rates of
hydrogenation were increased only by 5% when stirring. The
short reaction times, mild condition, and complete hydrogena-
tion observed in these sonic induced heterogeneous reaction may
be from increased surface area of the catalyst caused by sonic
fragmentation of the carbon support, or sonic activation of the
palladium surface. We are presently investigating reduction of
nitro group with metal-hydrazine and will report on them in
due course.
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Ethylene dimerization is an important reaction and worthy
of study.'-* We have synthesized a new catalyst which is very
active for ethylene dimerization even at room temperature.

The catalyst was prepared as follws. The coprecipitate of
Ni(OH),-Ti(OH), was obtained by adding aqueous ammonia
slowly into a mixed aqueous solution of nickel chloride, titanium
tetrachloride, and hydrochloric acid at room temperature with
stirring until the pH of mother liquid reached about 7. The

precipitate thus obtained was washed thoroughly with distilled
water until chloride ion was not detected, and was dried at room
temperature. The dried precipitate (2g) was powdered below 100
mesh and was treated with 30m/ of 1N H,SO, followed by dry-
ing. It was used as catalyst after decomposing at different
evacuation temperature for 1.5 h.

The catalytic activities for the reaction of ethylene dimeriza-
tion were examined and the results are shown as a function of



