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Earlier,5 we demonstrated experimentally the possi-
bility of reaction (2) on oxide systems.

Propionitrile (2) can be obtained either directly from
MeCN and MeOH

MeCN + MeOH — E{CN + H,0, (3a)
2

or by hydrogenating compound 1 formed at the stage (2)
with hvdrogen evolved in reaction (1)

CH,=CHCN + H, ——= EtCN. {3b)
1 2

Stages (3a) and (3b) call for experimental confirma-
tion, though some information concerning the possible
hvdrogenation of the double bond on metal oxides has
been already published.®
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Destruction reactions of some o-derivatives of vanadium
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The interactions of (Me3SiCH,)4V and (Me;SiCH,);V - THF with cyclopentadiene have
been studied. MeySi and Cp,V were isolated. A scheme of the reactions was proposed which
involves formation of unstable monocyclopentadienyl derivatives of vanadium.
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At present, the reactivity of vanadium o-derivatives
of the types R,V and R;V (R = CH,Ph, CH,SiMe,,
CgFs, and Me8) has been little studied. The ability to
cleave the M—C o-bonds in the presence of compounds
containing a mobile hydrogen is a common property for
almost all s-derivatives of transition metals. These reac-
tions can be described by the general scheme

R,M + nHX —= nRH + MX,,.

The number of cleaved M—C o-bonds depends on both
the nature of the proton-active agent and the character
of the o-substituent.

Previously, we showed using the reaction of tetra-
benzylvanadium with cyclopentadiene as an example
that the V—C bond is cleaved to give dicyclopentadienyl-
vanadium.! No formation of monocyclopentadienyl de-
rivatives of vanadium was observed in this reaction.

In continuation of our investigations, we studied the
interaction of tetrakis(trimethylsilylmethyl)vanadium and
tris(trimethylsilylmethyl)vanadium tetrahydrofuranate
with cyclopentadiene with different mole ratios of the
starting components from 1 : | to 1 : 4. Complete
disappearance of the vanadium(iv) ESR signal and the
appearance of the ESR signal of dicyclopentadienyl
derivative Cp,V were observed as a result of the interac-
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tion of (Me3SiCH,),V with CpH (in the 1 : | ratio, at
50 °C, 48 h). The volatile fraction was found to contain
Me,Si (>3 equiv.), while the residue was found to
contain dicyclopentadienylvanadium and unidentified
compounds of vanadium(11) (products of the decomposi-
tion of (Me3SiCH,),V). The same products and the
unreacted cyclopentadiene (0.8 and 1.8 equiv., respec-
tively) were isolated in the reactions of (Me3ySiCH,),V
with CpH (in the | : 2 and 1 : 3 ratio).

The results obtained allowed us to suggest that one
c-boud is cleaved first and an unstable intermediate
derivative CpVRj is formed (Scheme 1).

Scheme 1

(MegSiCHs),V + CpH  THF . Me,Si + [CpV(CH,SiMes)]

Similar to other XVR; (X = OR, Hal, OCOR, and
acac), this derivative further decomposes to give a triva-
lent vanadium derivative CpVR, with subsequent dis-
proportionation to Cp,V and R4V (Scheme 2).

Scheme 2

[CPVR;] ——» [CPVR,] ——» 0.5 Cp,yV + 0.5 RV

|
!

vl + RH

The results obtained indicate that irrespective of the
nature of the substituent X, asvmmetrical compounds of
the tetravalent vanadium of the XVR; type are unstable
under ordinary conditions and likely decompose in-
stantly at the moment of their formation.? Previously,
we established that the trivalent vanadium compounds
of the R,VX type (X = Hal, OR, OCOR, acac, and Cp)
undergo intramolecular oxidation and reduction.? Intro-
duction of a n-ligand into the molecule of an organo-
vanadium compound has no substantial effect on the
character of its transformations. The intermediate com-
pound [CpVR;] that is formed decomposes faster than it
can interact with the second cyclopentadiene molecule
under the reaction conditions.

No monocyclopentadienyl derivatives of vanadium
CpVR, were isolated in the case of interaction between
tris(trimethylsilyimethyl)vanadium and cvclopentadiene
(in 1 1 ratio). Tetramethylsilane, the unreacted
cyclopentadiene, dicyclopentadienylvanadium, and prod-
ucts containing vanadium(n) and vanadium(in) were
found among the reaction products.

The increase in the amount of tetramethylsilane
obtained (from 0.9 to 1.6 equiv.) as the temperature
increases from 20 to 30 °C can likely be explained by the
decomposition of intermediate compounds that are
formed under the reaction conditions (Scheme 3).

Scheme 3

(Me4SiCH,)aV - THF + CpH ——a
——= CpV(CH,SiMey), + Me,Si

Y

0.5 Cp,yV + 0.5 (MegSiCHy)aV

l

Me,Si + V-containing products

Replacement of THF in (Me;SiCH,);V-THF by a
bulkier ligand PEt; results in the formation of the
complex (Me;SiCH,);V - PEt;, which does not react
further with cyclopentadiene.

Experimental

All reactions were carried out in anhvdrous solvents in the
absence of moisture and air under a dry argon atmosphere, and
GLC analysis was performed on a Tsvet-104 chromatograph.
The ESR spectra were recorded on a RE-130! instrument. Tri~
and tetravalent vanadium derivatives were synthesized accord-
ing to the known procedure.?

Reaction of tetrakis(trimethylsilylmethyl)vanadiam with
cyclopentadiene in a 1 : 1 ratie. Cyclopentadiene (0.13 g,
1.9 mmol) in 5 mL of THF was added to a solution of
tetrakis(trimethylsilylmethyl)vanadium (0.78 g, 1.9 mmol) in
[5 mL of THF at 20 °C, and the reaction mixture was kept at
30 °C for 48 h. The volatile fraction was recondensed in vacuo,
and tetramethylsilane (0.51 g, 5.8 mmol, yield 76%) was
identified in the condensate. Sublimation of the solid residue
in vacuo gave dicyclopentadienylvanadium (0.16 g, 0.9 mmol).
M.p. 168 °C, sublimation point 100 °C (1 Torr).3 Found (%):
C. 66.50; H, 5.58; V, 27.92. CgHpV. Calculated (%):
C, 66.36; H, 5.50; V, 28.14. Low-valent organic derivatives of
vanadium (0.9 mmol) in the residue were determined using the
known procedure.4

Reactionr of tris(trimethylsilylmethyl)vanadiam tetrahydro-
furanate with cyclopentadiene im 2 1 : 1 ratio. 4. 7= 20 °C.
Cyvclopentadiene (0.40 g, 6 mmol) was added to a solution of
tris(trimethylsilylmethyl)vanadium tetrahydrofuranate (2.3 g,
6 mmol) in 20 mL of THF at 20 °C, and the reaction mixture
was kept at 20 °C for 48 h. The volatile fraction was recon-
densed, and tetramethylisilane (0.47 g, 5.4 mmol, yield 90%)
was ideniified in the condensate. Sublimation of the solid
residue in vacuo gave dicyclopentadienylvanadium (0.36 g,
2 mmol).

B. T = 30 °C. Cyclopentadienc (0.51 g, 7.8 mmol) was
added to a solution of tris(trimethylsilvlmethyl)vanadium
tetrahydrofuranate (2.99 g, 7.8 mmol) in 20 mL of THF, and
the reaction mixture was kept at 50 °C for 10 h. The volatile
fraction was recondensed in vacuo, and tetramethylsilane
(1.10 g, 12.5 mmol) was identified in the condensate.

Reaction of tris(trimethylsilylmethyl)vanadium tetrahydro-
furanate with triethylphosphine. Triethylphosphine (0.7 g,
6 mmol) was added to a solution of tris(trimethylsilyl-
methyl)vanadium tetrahydrofuranate (2.3 g, 6 mmol) in 20 mL
of THF at —20 °C. The temperature was raised to 20 °C, and
the reaction mixture was kept for 48 h. The volatile fraction
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was recondensed, cyclopentadiene (0.4 g, 6 mmol) in 20 mL
of THF was added to the residue, and the mixture was kept for
48 h at ~20 °C. The unreacted cyclopentadiene (5.4 mmol) was
found by GLC in the volatile fraction. The solvent was
removed from the reaction mixture in vacuo, and the solid
residue was extracted with pentane. Cooling to —25 °C resulted
in the precipitation of violet-brown crystals of
(Me;SiCH,)3V - PEt; (1.83 g, vield 71%). Found (%):
C. 49.86; H, 11.06; V, 11.35. C,gH44PSisV. Calculated (%):
C, 50.23; H. 11.16; V, 11.86.
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Separation of Cgy and C,, fullerenes on silica modified by polyaromatic
and n-acid aromatic compounds
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Separation of Cgy and Cyq fullerenes by HPLC was studied using sorbents synthesized by
reaction of perylenedicarboxylic anhydride, dimethoxyviolanthrene, the tetramer of
chromotropic acid with formaldehyde (TCA), trinitrobenzoyl chloride, or chlorotrinitrobenzene
with y-aminopropy! silica. These sorbents possess satisfactory chromatographic properties.
The sorbent based on TCA is effective for separation of preparative amounts of fullerenes.
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The sorbents used currently for the separation of
fullerenes by liquid chromatography are materials based
on polyaromatic compounds bound to silica gel,1 mate-
rials based on aromatic =-acids,? and sorbents based on
porphyrins and phthalocyanines bound to silica gel 34 A
sorbent containing ethvlpyrene linked to silica gel by
covalent bonds belongs to the first group. Sorbents with
grafted =-acids have been synthesized using dinitro-
fluorobenzene, which is a weak m-acid. In order to
extend the range of materials suitable for separation of
Cgo and Cyy, we prepared sorbents by reaction of various
compounds with y-aminopropyl silica gel (y-APS). These
compounds include stronger n-acids, viz., trinitrobenzoyl
chloride (sorbent 1) and chlorotrinitrobenzene (sorbents

2 and 3), and also substances characterized by larger
effective areas of molecules than pyrene, viz., perylene-
dicarboxylic acid anhydride (sorbent 4), dimethoxy-
violanthrene (sorbent 3), and the tetramer of chromo-
tropic acid with formaldehyde (TCA) (sorbent 6).

Experimental

Sorbents 1—6 were synthesized using Separon-NH; y-APS
and poly-v-APS; the latter was prepared by refluxing a dry
sample of Separon-SGX silica gel with 15%
y-aminopropyltriethoxysilane and 15% water in toluene for 6 h
followed by washing with isopropy! alcohol and drying in
vacuo.
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