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Abstract

The reactions of vanadocene and its halides Cp,VCl and Cp,VCl, with R,MNCX
(M = Sn, Si, X =0, S) and R,M(NCX), in various molar ratios have been studied.
The reactions proceed either by an exchange of groups, with no change in the
oxidation state of vanadium, or by an oxidative addition of pseudohalide ligand:
v vl vyt vV Oxidative addition results in the formation of (R;M), or
gaseous hydrogen (in the reaction with HCl) in the reaction products.

We have prepared the first ever monomeric and readily oxidisable d?-complexes
of VI of Cp,VNCX-type and asymmetric d'-complexes of Cp,V(CHNCX type,
which, although rather stable in air, undergo disproportionation into symmetric
d'-complexes on heating. In transmetallation reactions the ligand activity is found
to increase in the order C1 < NCO < NCS. The complexes were characterised by
GLC analysis, IR and ESR spectroscopy. A general scheme for the disproportiona-
tion reaction of asymmetric complexes of vanadocene is supported by differential
thermal analysis data.

Introduction

The carbenoid properties of vanadocene have been of great use for obtaining
mono- and dicyclopentadienyl complexes in reactions with halogen derivatives, acyl
peroxides, carbonic acids, etc. [1-3]. Vanadium is well-known for a great number of
highly specific oxidative-reductive processes which result mainly in the formation of
VIV and VU in the case of asymmetric covalent derivatives of V' [4] or in the
formation of V"' in the case of vanadocene derivatives [5]:

Cp,VR, + Cp,V — 2Cp,VR

Isocyanate and isothiocyanate derivatives of vanadocene have not been studied in
detail, except the d'-complexes of Cp,V(NCX), (X = O, S) type [6]. However, the
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presence of the pseudohalide ligand in these compounds led us to the idea of using
them as biologocally-active compounds while investigating oxidative-reductive
processes in the d°-. d--. d'-complexes of vanadocene. Here we examine the
exchange reactions of vanadocene and its chlorides with organotin und -stlicon
isocvanates and 1sothiocyanates.

Results and discussion

As a follow-up to the investigation of organometallic heterocumulenes [7] we
have carried out the first ever reaction of vanadocene and its monoe- and dichlorides
with organotin and -silicon socvanates and isothtocvanates. Reaction of vanado-
cene with tributylstannylisocyanate, -isothiocyanate. trimethyvisilvlisothioevanate or
dibutylstannyldiisothiocyanate results in novel o -complexes of vanadocene: bisz-
cyclopentadienyl)vanadivmisocvanate (I and  bis{7-cyclopentadienvlivanadium-
isothiocyanate (IT) (sealed ampoule, hexane or toluene, 20°¢C. 3220 d: 120°C, 4-3

h)y [8]:

R MNCX + CpV — CpVN=C=X = 1 /2(R M}, (1a)
(Iy. (I
I X =0.11: X=8§

Bu,Sn(NCS); + 2Cp.V — 2Cp.VNCS + 1,72 (Bu,Sn), (1h)

Neither an excess of the original isocyanate {(2:1 to 4:1) nor further heating
(150°C. 5--8 h) resulted in the subsequent oxidation of Voo VY Neither was
Cp-V(NCS), formed when the corresponding d“-complex was heated with
Me,SiINCS under more severe conditions {190°C. 1013 h). However. reaction with
Bu,Sn(NCS), or Bu,5nNCS, Cp.V led to the partial transformation of compound
11 into the d'-complex, CpV(NCS),.

Compounds I and II can also be obtained in high vields (up to 80%) in exchange
reactions (egs. 2a. 2by:

R MNCX + Cp.VCl — Cp-VN=(C=X + R, M(l {2a)
(R:M = Me,Si. Et:Sn, Bu-.Sn: X =0.8§)
Bu,Sn(NCS), + 2Cp,VCl -» 2Cp,VN=C=S + Bu,Sa(l, (2b)

Reaction of the monochloride Cp,VCL. with a double excess of R ;MNCX vields
vanadocene ¢ '-complex with concomitant oxidation of V" to V", The reaction of
tributylstannylisocyanate. -isothiocyanate or trimethylsilvlisothiocvanate  with
CpVCl (2:1) proceeds according to eq. 3 under conditions similar to those for

reactions 1 and 2:
2R MNCX + Cp,VC] = Cp,V(N=C=X), + R.;MCl + 1,/2(R ;M}. (3)

(R.M = Me,Si, Bu;Sn. X = $: R,M = Bu,Sn. X = O)

In these reactions the formation of asymmetric d'-complex Cp-V(NCX)C1 as an
intermediate takes place. Special experiments have shown it 10 symmetrize into
[CP-VINCX), + Cp.VClL ] at 1501907 C (eq. 4).

toluene

2CpV(NCS)CISEEL Cp.VINCS), + CpV Ll (4)
(1IT) .
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Asymmetric d'!-complexes have been obtained in exchange reactions from dichlo-
ride at room temperature:

R;MNCX + Cp,VCl, = Cp,V(NCX)Cl + R ;MCI (5)
(11D, (1V)

(R;M =Bu,Sn, X =0; R;M=Me,;Si, X=15)

A two-fold excess of Me,;SINCS in reaction 5 also gives an asymmetric product, but
an exact 1:1 stoichiometry is required in the case of tributylstannylisocyanate
(100-150° C, 1-2 h). Here besides Cp,V(NCO)CI (1V) a symmetric diisocyanate of
vanadocene is formed, probably as a result of the symmetrization mentioned above.
Asymmetric product was isolated after reaction of isocyanate (I) with hydrogen
chloride in dioxane:

CPYNCO—1CL5Cp,V(NCO)CI + 1/2H, (6)
(1v)

Similarly, HCI transforms isothiocyanate II into the asymmetric d'-complex, III.

When a mixture of Cp,VCl, (or Cp,TiCl,) and Me;SiNCS (or Bu;SnNCO with
molar ratio 1:2) is heated total substitution by Cl atoms of iso(or isothio)cyanate
fragments takes place:

2R ;MNCX + Cp,M’'Cl, = Cp,M’(NCX), + 2R ;MCl (7)
R;M =Bu,Sn, X=0,S; R;M=Me;S5i, X=S; M =Ti, V
Diisocyanates of vanadocene are obtained in yields of over 90%, isothiocyanates —
almost quantitatively, and the derivatives of titanocene — in yields of about 80%.
Thus, it has been found that pseudohalide ligands of N=C=X type readily
displace halogen atoms from vanadocene and titanocene chlorides. In separate
experiments we have shown that one pseudohalide ligand can be substituted by
another, the substitution activity increasing in the following sequence: Cl < N=C=0
< N=C=S. The reactivity of organotin pseudohalide is higher than that of organo-
silicon pseudohalide. For example, reaction with Bu,;SnNCS at room temperature in
toluene solution readily transforms isocyanate I into isothiocyanate 11 (98%),
whereas Cp,V(NCO), to transformed gradually into Cp,V(NCS), by reaction with
Me,SiNCS:
Bu;SnNCS + Cp,YNCO - Cp,VNCS + Bu,;SnNCO (8)

An attempt to prepare asymmetric isocyanate or isothiocyanate d'-complex of
vanadocene in the reaction of Cp,V(NCO), with Me,;SiNCS (1 : 1) was unsuccessful,
and a mixture of symmetric vanadocene d'-complexes was obtained in this case.

Compounds III and IV as well as most of Cp,V d'-complexes, green crystals of
different shades, are not oxidized by atmospheric oxygen, whereas the blue-violet,
monomeric d*-complexes I and 11, are readily oxidized to form the corresponding
oxides V and VI similar to those for titanocene and zirconocene [6,8]:

) Cp\ O\ cp
2Cp,YIN—=C=—X ——> /v/ v<
o | | cp
NCX NCX

(V:X =z0O , VI: X=S)
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The reaction of vanadocene with bis(dibutylstannyl)oxydiisocyanate Bu,Sn(NCO)
OSn(NCO)Bu, (toluene, 120°C, 10 h) also yields compound V, which was con-
firmed by their IR spectra.

The composition and structure of new compounds was confirmed by elemental
analysis, cryoscopic molar mass determination, and ESR- and IR-spectroscopy
(Table 1).

In order to determine phase transitions and melting/decomposition points,
compounds I-VI as well a Cp,V(NCO), and Cp,V(NCS), have been investigated
by use of differential thermal analysis (DTA). From DTA data, isocyanate I melts
at 173°C (reversible endothermic effect) and decomposes with exothermic effect in
the range 230-260° C with maximum at 250° C (Fig. 1, curve 1). Decomposition of
compound V proceeds in two steps (150-170°C, 200-250°C) with the first
exothermic effect with maximum at 165°C, and the second with a maximum at
225°C (Fig. 1, curve 2). Isothiocyanate 1I decomposes in two steps without melting;
the first irreversible exothermic effect being observed in the range 140-170° C with
a maximum at 161°C, and the second - in the range 215-255° C with a maximum
at 243°C (Fig. 1, curve 3). The decomposition of compound VI is slightly endother-
mic at 175° C and becomes pronounced in the range 220-270° C, with maximum at
240° C (Fig. 1, curve 4).

When heated Cp,V(NCO),, decomposes in two steps with the first exothermic
effect being observed between 210-250°C, with a maximum at 230°C and the
second, which i1s less pronounced, in the range 260-290°C (Fig. 2, curve 1).

300

200

Temperature (°C/AT)

o
o]
T

173°C

i A i
0 20 40 60
Time { min)

Fig. 1. Thermogram: 1 ~ Cp,VNCO (I), 2 - [Cp,V(NCO)],0 (V), 3 — Cp,VNCS (11}, 4 — [Cp,V(NCS)],0O
(VI), 5 - temperature change.
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Fig. 2. Thermogram: 1 — Cp.V(NCO).: 2 - Cp,VINCO)XCE (V) 3 - CpVINCS) o 4 CpaVINESICH
(HI): 5 - temperature change.

Thermal decomposition of Cp,VCI(NCO) occurs in three steps. kExothermic effects
are observed between 130-150°C, 215-240°C and 250-280°C. with maxima at
145, 220 and 270° C. respectively (Fig. 2, curve 2). Decomposition of Cp,V(NCS),
produces two exothermic effects: one - in the range 240--250 ¢ C with a maximum at
245°C, and another, which is more pronounced. from 230 to 275°C with a
maximum at 266 ° C (Fig. 2. curve 3). Decomposition of Cp,VINCSICT s sinular to
that of Cp,V(NCO)CI. 1e. it proceeds in three steps: the [irst exothermice effect s
observed between 200-230° C with a maximum at 220° €, the second - from 235 to
250° C with a maximum at 240°C and the third - from 230°C 10 280°C with a
maximum at 265°C (Fig. 2. curve 4).

The DTA data confirm the fact that under the action of atmospheric oxyvgen.
compounds 1 and IT are irreversibly transformed into new products. aithough no
marked changes are observed in their IR spectra, and complexes Cp-VINCX)C in
the first step of decomposition are symmetrized into Cp.ViNCX). and Cp. VI,
and then decompose further in their characteristic temperature ranges.

Experimental

All reactions were carried out under argon or under vacuum. IR spectra were
recorded on a Perkin—Elmer 577 spectrophotometer. ESR data were recorded with a
Bruker-ER-200D-SRC spectrometer in X-range with a working f{requency of 9.4
GHz. The standard for the determination of the g-factor values was Mn™ ' in the
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crystal lattice of MgO. GLC analysis of products as carned out on a Tsvet-129
chromatograph with a catarometer detector, using a 300 X 0.4 cm column packed
with SE-30 (5%) on Chromaton N-AW-HMDS (0.20-0.25 mm) (7 60°C), with
helium as the carrier gas (rate, 20 ml/min). Melung points and decomposition
temperatures were determined by DTA using evacuated capillaries. AlLO; was used
as the standard. The temperature was incrased at a rate of 57C “min. The experi-
mental data are given in Table 2.

Preparation of bis(7-cyclopentadienyl)vanadium isocyanate (1)

A mixture of tributvlstannylisocyanate (3.15 g. 9.49 mmol) and vanadocene (1.71
2. 9.45 mmol) in 30 ml of hexane was kept for 20 d at room temperature in an
evacuated sealed ampoule. and 085 g (40%) of a blue-violet. fine crystalline
compound (I) was found to have separated. Found: C. 39.73: H., 4.56: N, 3.74; V.
2211 C{H |, NOV cale: C, 59.20; H. 4.52: N, 6.28; V. 22.83%. (Bu,Sn), (0.82 g
30%) was disilled from the reaction solution in vacuo. The vield of hexabutvldistan-
nane was also checked by iodometric titration.

Simtlarly, a mixture of tributylstannylisocyanate (1.97 g. 5.93 mmol) and Cp,V
(0.54 g, 2.99 mmol) in hexane was heated at 120°C for 4 h from the resulting
mixture was isolated 9.20 g (30%) of compound [ and 0.42 ¢ (48%} of (Bu.Sa},.
Heating a mixture of Bu,SnNCO (0.77 g. 2.32 mmol) and Cp,VCl {050 g. 2.32
mmol) in toluene solution at 20°C for 36 h vielded 0.17 g (33%) of compound (1)
and 0.65 g (86%) of tributylstannylchloride.

Preparation of bis(m-cyclopentadienyljvanadiumisothiocvanate (11)

Reaction of tributylstannylisothiocyanate (4.41 g. 12.68 mmol) with Cp,V (2.30 g,
12.68 mmol) (20°C. 48 h) vielded 2.64 g (87%) of compound II {(blue-black fine
crystalline powder). Found: (. 35.62; H. 4.87, N, 555: V. 21.56. (', H, NSV caled.:
C, 55.23; H, 4.21; N, 5.86: V, 21.30%. 2.83 g (77%; of hexabutvldistannane was
detected in the reaction solution.

In a similar way reaction of 0.31 g (1.41 mmol) of Cp,VCl and 0.18 g (1.41 mmol)
of Me,SINCS gave 0.25 g (73%) of compound (II) and 0.05 g (33% bv GLC) of
trimethylchlorosilane.

Reaction of Cp,V (0.94 g. 5.18 mmol) with Me,;SINCS (1.36 g. 10.37 mmol).
Cp,VCT(0.60 g, 2.77 mmol) with Bu,SnNCS (0.96 g. 2.77 mmol). Cp.V (1.11 ¢, 6.14
mmol) with Bu,Sn(NCS}), (1.67 g. 3.07 mmol) or Cp,VC1 (0.62 g. 2.86 mmol) with
Bu,Sn(NCS), (0.50 g, 1.43 mmol) gave 1.18 g (95%). 0.50 g (75%). 1.0 2 (68%) or
0.49 g (71%) of compound II and (Me,Si}, (GLC). Bu ,SnCl (0.62 g. 68%). (Bu.Snj,
or Bu,SnCl, (0.4 g, 92%). respectively.

Similarly, reaction of Bu SaNCS (0.55 g, 1.58 mmol) and Cp,VYNCO (0.35 g, 1.58
mmol) (hexane. 20°C, 72 h) gave 0.37 g (97% of Cp,VNCS. 0.16 g (31%) of
Bu ,SnNCO was isolated by distillation in vacuo.

Prepuaration of bis(w-cyclopentadienyl)vanadiumisothiocvanate chloride (111)

A mixture of trimethylsilylisothiocyanate (1.56 g, 11.89 mmol) and Cp.VCli, (1.5
2. 5.95 mmol) in toluene (35 mi) was vigorously stirred at room temperature for 200
h in a sealed ampoule. The ampoule was opened in air. the resufting dark-green fine
crystalline precipitate was washed with successively toluene. alcohol and ether. and
then dried to vield 1.50 g (92%) of compound HI. Found: C. 47.69. H. 3.74: CL
1276 N.5.14: V, 1845, € H,CINSV caled.: C. 4810, H.3.67: C1.12.91: N_5.10;
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V, 18.55%. Trimethylchlorosilane and an excess of Me,;SiNCS was detected (GLC)
in the filtrate.

Preparation of bis(m-cyclopentadienyljvanadiumisocyanate chloride (IV)

A mixture of triethylstannylisocyanate (1.13 g, 4.56 mmol) and Cp,VCl (0.99 g,
4.56 mmol) in toluene (15 ml) was kept at room temperature for 24 h in an
evacuated sealed ampoule till the colour of the reaction mixture changed from blue
(Cp,VQD) to an intense blue-violet (Cp,VNCO). HCI in dioxane (0.34 g, 9.32 mmol)
was added to the mixture in vacuo. The ampoule was opened in air, and after 24 h
the reaction products were washed successively with toluene, alcohol and ether to
give 0.50 (42%) of a green finely-divided precipitate of compound IV.

Preparation of bis(w-cyclopentadienyljvanadiumdiisocyanate *

A mixture of tributylstannylisocyanate (1.25 g, 3.78 mmol) and Cp,VCl, (0.48 g,
1.89 mmol) in toluene (30 ml) was kept in an evacuated sealed ampoule at room
temperature for 240 h, to give 0.41 g (82%) of Cp,V(NCO), and 0.97 g (79%) of
Bu;SnCl. A mixture of Bu,;SaNCO (1.92, 5.78 mmol) and Cp,VCI (0.63 g, 2.89
mmol) in toluene (30 ml) was kept at room temperature for 120 h. The resulting
violet solution was heated at 120-150°C for 3 h, then the ampoule was opened in
air, and the brown precipitate washed with alcohol. The residue was extracted with
acetone and the resulting green crystals were washed with alcohol and then CCl, to
give 0.31 g (40%) of Cp,V(NCO),. The filtrates were found to contain 0.53 g (56%)
of Bu,SnCl and 0.18 g (22%) of hexabutyldistannane.

Preparation of bis(w-cyclopentadienyl)vanadiumdiisothiocyanate *

A mixture of trimethylsilylisothiocyanate (1.10 g, 8.40 mmol) and Cp,VCl (0.91 g,
4.20 mmol) in toluene (30 ml) was heated at 120-150°C for 10 h to give 0.95 g
(76%) of Cp,V (NCS),. The filtrate contained 0.33 g (73%) of trimethylchlorosilane
and 0.10 g (32%) of hexamethyldisilane based on GLC data. Similarly, reaction of
Bu;SnNCS (2.3 g, 6.60 mmol) with Cp,VCl (0.71 g, 3.30 mmol) (120°C, 2 h),
Me,;SiNCS (1.04 g, 7.94 mmol) with Cp,VCl, (1.0 g, 3.97 mmol) (120-150°C, 5 h)
or Bu;SnNCS (1.38 g, 3.96 mmol) with Cp,VCl, (0.5 g, 1.98 mmol) 20°C, 120 h)
gave 0.70 g (711%) of Cp,V(NCS),, 1.4 g (65%) of Bu,SnCl and 0.10 g (11%) of
(Bu,Sn),, 1.14 g (96.5%) of Cp,V(NCS), and 0.20 g (23%) of Me,SiCl or 0.58 g
(99%) of Cp,V(NCS), and 1.09 g (85.5%) of Bu,;SnCl, respectively.

Preparation of bis(m-cyclopentadienyl)titaniumdiisocyanate and -diisothiocyanata **

Similarly, reaction of Me;SINCS (0.53 g, 4.04 mmol) with Cp,TiCl, (0.5 g, 2.02
mmol) or Bu,;SnNCO (2.68 g, 8.08 mmol) with Cp,TiCl, (1.0 g, 4.04 mmol) yielded
0.47 g (80%) of Cp,Ti(NCS), and Me,SiCl or 0.83 g (78.5%) of Cp,Ti(NCO),, and
2.43 g (93%) of Bu;SnCl, respectively.
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