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INTRODUCTION

The self-hydrogenation of unsaturated compounds
is a reaction typical of catalysis with the derivatives of
transition metals, in particular, Group VIII metals [1].
The oxidative addition of an organic molecule to a
metal atom in a low oxidation state with the formation
of hydride intermediates plays a key role in this pro-
cess. Until recently, processes of this kind were
unknown for nontransition metals. In recent years, we
found that cluster magnesium derivatives 

 

RMg

 

n

 

X

 

 (R is
an organic radical, and X is a halogen or hydrogen),
which were prepared by metal vapor synthesis (MVS)
[2, 3], exhibited catalytic properties in the reactions of
halogen exchange [4] and allyl isomerization of ole-
fins [5]; these properties are unusual for nontransition
metals.

The appearance of properties that are typical of tran-
sition metals in the cluster derivatives of nontransition
metals is of considerable interest; in our opinion, it
deserves thorough investigation. This study was based
on the hypothesis that reactions that are similar to the
self-hydrogenation of olefins can be performed not
only on transition metals but also in the presence of the
cluster derivatives of nontransition metals, in particular,
magnesium. The aim of this work was to test this
hypothesis using as an example the self-hydrogenation
of anthracene

in the presence of recently discovered [6] organomag-
nesium cluster adducts, which were prepared using
MVS. These adducts contain tetrameric 

 

Mg

 

4

 

 clusters
inserted into one or two C–H bonds at the 9,10-posi-
tions of the starting hydrocarbon. The cluster adducts
are stable at both low and room temperatures. The pres-
ence of 

 

RMg

 

4

 

H

 

 groups, which are structurally similar
to intermediates in the self-hydrogenation of unsatur-

I

 

ated compounds on Group VIII metals (R–M–H, where
M is Pd or Ni [1]), and our previous data on catalysis by
organomagnesium cluster derivatives [4, 5] allowed us
to assume that catalytic self-hydrogenation can occur in
this system.

EXPERIMENTAL

Magnesium (turnings; 99.5%; Fluka) was used in
the syntheses without additional treatment. Anthracene
(for scintillation; 99%) was purified by vacuum subli-
mation before the syntheses.

The samples containing magnesium–anthracene
cluster adducts were prepared by the solid-phase reac-
tion of magnesium with anthracene in cocondensed
reactant vapors deposited onto the surface of a special
evacuated reactor cooled with liquid nitrogen. The
design of reactors for the cocondensation of metals
with organic reactants was described in detail else-
where [7, 8]. Magnesium was resistively evaporated at
~700 K. The temperature of anthracene evaporation
was 400–450 K, and it was chosen to provide an
anthracene-to-magnesium ratio in the range 50–500 : 1
during the cocondensation of the reactants. The cocon-
densation surface area was 200 cm

 

2

 

, and the coconden-
sation time was 1–2 h. Upon completion of the cocon-
densation, the solid condensate film was heated to 150–
298 K in a vacuum and thermostated at a given temper-
ature within the above range for 0.2–24 h. Thereafter,
the mixture was hydrolyzed at 150 or 298 K by the con-
densation of water vapor from a gas phase onto the mix-
ture; water vapor was taken in excess with respect to
magnesium. Organic products were analyzed by chro-
matography–mass spectrometry with the use of a Finni-
gan MAT-212 instrument and a Varian 3740 chromato-
graph. The reproducibility of analysis was 

 

±

 

3%

 

 rel. %.
The scatter of experimental product yields (10–15 rel. %)
was due to reactant-beam geometry fluctuations during
condensation in the course of cryosynthesis. The mag-
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nesium content was determined by chelatometric titra-
tion with Eriochrome Black T.

RESULTS AND DISCUSSION

The cocondensates of Mg with 

 

I

 

 prepared by MVS
at 80 K were dark brown. The films were decolorized in
the range 100–130 K; this fact is indicative of the for-
mation of magnesium–anthracene adducts. The forma-
tion of these adducts under the specified conditions and
the presence of magnesium clusters and Mg–H bonds
in the adducts were first found by Barkovskii 

 

et al.

 

 [9].
The chemical formula 

 

C

 

14

 

H

 

10

 

Mg

 

4

 

 of this adduct was
established by Tyurina 

 

et al.

 

 [6] with the use of
MALDI–TOF mass spectrometry.

Simultaneously with adduct formation, the self-
hydrogenation of 

 

I

 

 occurred in the sample to result in
dihydroanthracene

If hydrolysis was performed immediately after heating
the condensate to 150 K, the yield of 

 

II

 

 was ~50% on a
magnesium basis regardless of the initial ratio between
the components (see Table 1). Undoubtedly, the forma-
tion of 

 

II

 

 took place by the disproportionation of 

 

I

 

 with
the participation of cluster adducts. The only alternative
might be the formation of this compound in the course
of hydrolysis of another magnesium derivative of
anthracene, anthracenylmagnesium 

 

ë

 

14

 

ç

 

10

 

Mg

 

, which
is identical to a well-known adduct formed from mag-
nesium and anthracene in a THF solution [10]. These
two reaction paths can be distinguished using data on
deuterolysis. It is well known that the deuterolysis of
anthracenylmagnesium gives dideuteriodihydroan-
thracene

However, along with small amounts of 

 

III

 

, the forma-
tion of 

 

II

 

 and monodeuteriodihydroanthracene was
detected in our case (Table 2). In this case, the yield of

 

II

 

 was 50% or higher, whereas the yield of 

 

III

 

 at 150 K
was no higher than 2% on a magnesium basis. This
result demonstrates that hydrogen released from water
on the hydrolysis of the cluster nucleus of the magne-
sium–anthracene adduct did not participate in the for-
mation of hydrogenated anthracenes. Thus, the process
consists in the disproportionation of 

 

I

 

 with the forma-
tion of 

 

II

 

 and an unidentified polymer substance, which
is likely the product of condensation of dehydrogenated

II

D

D

III

 

anthracene molecules. This substance remained as a
residue, which is insoluble in organic solvents, after the
removal of magnesium by washing with hydrochloric
acid and the removal of anthracene and its hydroge-
nated derivatives by dissolving in hot toluene.

The most interesting results were obtained in the
analysis of samples subjected to hydrolysis after keep-
ing at room temperature (Tables 3, 4). In this case, as
can be seen in Tables 3 and 4, the yield of 

 

II

 

 was higher
than the initial amount of magnesium by a factor of
tens; that is, the process is undoubtedly catalytic. Note
that the yield of 

 

III

 

 (Table 3) in the deuterolysis
remained low.

Thus, the catalytic self-hydrogenation of anthracene
really occurred in the presence of organomagnesium
cluster adducts. The yields on a magnesium basis were
as high as 40 molecules per atom; with consideration
for the fact that magnesium occurred as 

 

Mg

 

4

 

 aggregates
in the system, ~160 product molecules per cluster were
really formed. These data suggest an analogy between
the catalytic properties of cluster magnesium deriva-
tives and transition metal compounds. It is likely that

 

Table 1.  

 

Yields of dihydroanthracene (

 

II

 

/Mg, molecule/atom
Mg) in the hydrolysis of anthracene–Mg mixtures of different
composition (

 

I

 

/Mg, molecule/atom Mg) heated to 150 K

[

 

I

 

]/Mg 53 85 136 250

[

 

II

 

]/Mg 0.50 0.43 0.46 0.54

 

Note: The cocondensation time was 1.5 h; the heating time was
15 min; the hydrolysis was performed immediately after
heating at 150 K.

 

Table 2.  

 

Yields of dideuteriodihydroanthracene 

 

III

 

 and di-
hydroanthracene (

 

II

 

) (molecule/atom Mg) in the deuterolysis
of anthracene mixtures with the magnesium–anthracene ad-
duct prepared at different anthracene/Mg ratios ([

 

I

 

]/Mg,
molecule/atom Mg

 

)

 

[

 

I

 

]/Mg 58 93 146 215

[

 

III

 

]/Mg 0.018 0.020 0.016 0.015

[

 

II

 

]/Mg 0.515 0.502 0.514 0.586

 

Note: The deuterolysis temperature was 150 K; the other experi-
mental conditions are specified in Table 1.

 

Table 3.  

 

Yields of dideuteriodihydroanthracene 

 

III

 

 and di-
hydroanthracene (

 

II

 

) (molecule/atom Mg) in the deuterolysis
of anthracene mixtures with the magnesium–anthracene ad-
duct prepared at different anthracene/Mg ratios (

 

I

 

/Mg, mol-
ecule/atom Mg)

[

 

I

 

]/Mg 47 79 112 194

[

 

III

 

]/Mg 0.02 0.02 0.02 0.02

[

 

II

 

]/Mg 21.60 35.40 43.70 38.80

 

Note: The condensation conditions are specified in Table 1; the
deuterolysis temperature was 298 K; the exposure time at
this temperature was 24 h.
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the cluster magnesium derivatives, similarly to the
hydride derivatives of Group VIII metals, are capable of

 

β

 

-cleavage with the formation of unstable dehydroge-
nated 

 

ë

 

14

 

 hydrocarbons and active cluster hydrides,
which can hydrogenate anthracene. The naked magne-
sium clusters formed at this step inserted into the C–H
bonds of anthracene, which was present in excess, with
the regeneration of the initial cluster adduct.
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Table 4.  

 

Yields of dihydroanthracene (

 

II

 

/Mg) determined
after the hydrolysis of mixtures with different anthracene/Mg
ratios (

 

I

 

/Mg) at 298 K (molecule/atom Mg)

[

 

I

 

]/Mg 53 85 136 250

[

 

II

 

]/Mg 17.4 38.4 46.5 42.1


