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Since the work of van Tamelen and Corey in 1961, diimidel has been used
successfully as a reducing agent for stereospecific cis-hydrogenation of
multiple bonds of olefins, acetylenes, and azo compounds. The stereospeci-
ficity has been interpreted in‘terms of a cyclic transition statez, which
seems to imply a cis (syn) structure of diimide3, functioning as a reducing
agent for the multiple bond. In practice, a large excess (at least two fold)
amount of diimide precursors with respect to multiple bond to be reduced was
necessarily required in order to compensate for loss of the trans (anti)
diimide and the concurrent disproportionation of the diimide4. At the step
for the generation of diimide from hydrazine, hydrogen peroxide (with traces

7, potassium periodates, have

of cupric ion)s, hexacyanoferrate(IE)G, iodine
been used for dehydrogenation of hydrazine.

Now we wish to report that elemental selenium acts as a unique oxidizing
reagent9 for hydrazine to generate diimide. The stereospecific cis-addition
of hydrogen from diimide generated by the selenium oxidation of hydrazine was
confirmed by the facts that 1,2-dimethylcyclohexene and diphenylacetylene
gave cis-1,2-dimethylcyclohexane and cis-stilbene, respectively; cis-stilbene
was further reduced to bibenzyl with excess diimide.

In a typical reaction, the reduction of styrene was undertaken. Under
carefully deoxygenated reaction system, styrene (100 pmol) was dissolved in

EtOH (0.2 ml) containing amorphous selenium (200 umol) and cumene (100 umol)
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as an internal standard, and then anhydrous hydrazine in absolute EtOH (1 mmol/
2 ml) was added under nitrogen {or helium) at 0°C. The glpc analysis of the
product after 25 hr showed the formation of ethylbenzene (82 ymol). For the
completion of the reduction of styrene (100 umol), 1.3 mol equivalent
hydrazine was required in total. This stoichiometric reduction is shown as

in Reactions (1) and (2).

NH,NH, + 2 Se ————3 [NH=NH] + H,Se, (1)
2, K ’. ‘E:
"’c=c“ +  [NH=NH] ——> V@:—c\, + N, (2)
4 i H

The observed high efficiency of selenium as an oxidizing reagent is
noteworthy, since the minimum and ideal ratio of hydrazine to olefin is 1.0

10 ( no trans

assuming guantitative conversion of hydrazine to cis-diimide
isomer formation or complete trans to cis isomerization) and quantitative
reduction by cis-diimide without any loss of diimide by disproportionation.

In the oxidation step, selenium seems to be reduced to hydrogen
diselevide, as suggested by the following reaction. The reaction of amorphous
selenium (10 mmol) in the presence of n-butyl iodide (20 mmol) with hydrazine
(20 mmol) in CH3CN under nitrogen at 0°C with vigorous stirring afforded di-

n-butyl diselenide (74% based on selenium) as a major product, together with

trace amounts of di-n-butylselenide and alkylated hydrazines [Reaction (3)1].

H2562 + n-Bul —_——H—'I—) (n-BuSe)2 (3)

We found also that hydrogen’diselenide formed in the present reaction was
readily oxidized with oxjgen to give water and regenerate amorphous selenium
[Reaction (4)].

HySe,  + 1/2 0y ——> 2 se + H,0 (4)
By taking advantage of this observation, the unique selenium catalyzed hydro-
genation of olefins with diimide from hydrééine and oxygen was successfully
performed. For instance, amorphous sélenium (100 pymol), styrene (1000 umol),
and slight excess of hydrazine (1700 umol) in EtOH (0.4 ml) were reacted at

25°C in the presence of cumene (100 umol) as an internal standard. The amount
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Figure. Selenium Catalyzed Hydrogenation of Styrene with Hydrazine.

of ethylbenzene formed after 25 hrwas found tobe 40 umol ( 80 % yield based on
selenium according to equations 1 and 2 ) and not to increase on the prolonged
reaction time; and then oxygen was added to the reaction mixture to perform

the catalytic reduction. Plots of ethylbenzene and styrene during the cata-
lytic reaction showed that styrene was quantitatively converted to ethylbenzene
as indicated in the Figure. By the combination of equations 1,2, and 4, we
have concluded the novel selenium catalyzed stereospecific reduction of double

bond to be described as in reaction 5.

*
‘0.‘ "0‘ 1 Se \.“ ">
c=cC + NH,NH, + 5 0, =—————p» C—C + N + H,0 (5)
/ N 2772 2 72 / \ 2 2
H H

At present we are inclined to propose that the unigque oxidation of hydrazine
with selenium would involve such an interaction between them that might enable

the predominant formation of cis—diimidell as shown [reaction (6)].

Se—Se Se—Se

4

\____/ —— + (6)
N—N N==N

/ \ I\

H H H H
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