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Summary

The preparation and some properties of (7-CsHs ), VL, (L = SeC¢Hs and
SECGH_;CH:;-O), (ﬂ-C5H5 )szLz (L = 8905H5 and TeC5H5 ), (W'Cs Hs )2 MOLz
(L = SeCH;, SeC¢Hs, TeC¢Hs and TeC¢H3CH;3-p)and (7-CsH; ), WL, (L =
SeCHj3;, SeCgHs, TeCsHs and TeCgH;CH;-p) are described.

Introduction

We previously reported concerning the preparation of, and the donor
properties of selenium and tellurium in (7-CsHs): M(ER), (M =Tior Zr, E = Se
or Te and R = alkyl or aryl) [1]. The equivocal conclusion about the donor
properties of selenium and tellurium in these complexes suggested that further
investigation of the donor properties of selenium and tellurium might be neces-
sary. Although the donor properties of sulfur in (7-CsHs), M(SR). (M =V [2],
Nb [3], Mo and W [4]) have been investigated, the properties of selenium and
tellurium derivatives of those type complexes have not been studied.

The chemical behavior of (1-CsH;).M (M = V, Nb, Mo or W) moieties
might give valuable information about the donor properties of selenium and
tellurium by comparison with the behavior of (7-CsHs).M (M = Ti or Zr)
groups. We now describe the synthesis and some properties of the selenium
and tellurium derivatives of di-m-cyclopentadienyl-vanadium(IV), -niobium(1V),
-molybdenum(IV) and -tungsten(IV).

Results and discussion
Treatment of the complex (71-CsHs),MCl, (M = V or Nb) with aryl-

selenolithium, RSeLi, afforded the complexes (7-CsH;), M(SeR), in good
yields, according to eqn. 1.
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(w-CsH5). MCl1, + 2RSeLi - (7-CsH;).M(SeR). + 2LiCl 1)
() M=V,R=CsH;,CsH,CH;-0
(lI) M=Nb,R =C,H;

Similarly, the green tellurium derivative (7-CsHs), Nb(TeCgHs), (II_I) ‘was
obtained in good yield from the reaction of (7-Cs;H; ), NbCI, with CsHsTelLi.
The properties of complexes I, II and IIT are shown in Table 1. The selenium
and tellurium derivatives of niobium isolated are the first such derivatives of a
cyclopentadienylniobium compound.

The complexes (7-CsH;).MCl, (M = Mo or W) reacted with REMgBr
(E = Se or Te) to give the compounds (7-CsHs),M(ER), in good yields, accord-
ing to eqn. 2. The data for complexes IV, V, VI and VII are listed in Table 2.

(7-CsHs)MCl, + 2REMgBr — (s-CsHs).M(ER). + 2MgBrCl (2)

(IVY M=Mo, E=8Se, R =CH,, C.H;
(V) M=W, E=Se, R=CH,, CiH;
(V) M=Mo, E=Te, R =C¢H;,CiH;CH;p
(VII) M=W. E=Te, R =C¢H;,CqH;CH;p

Complexes I, Il and III are soluble in organic solvents such as benzene,
dichloromethane, carbon disulfide and THF, but insoluble in alcohol, n-hexane
and petroleum ether. Complexes IV, V, VI and VII are moderately soluble in
dichloromethane, chloroform, acetone and DMSO, but insoluble in other com-
mon organic solvents. All the above complexes react with concentrated hydro-
chloric acid to give the parent dichloride. With methy! iodide, 11, III, IV, V, VI
and VII react to give the respective (7-C;H;).MI., with exception of (7-CsHs)a-
Mo(SeCH;)., which gives the ionic complex [(7-CsH;s),Mo(SeMe,)I]*I". This
green complex is soluble in polar solvents such as alcohol and acetone. The
conductivity of its solution (2.55 X 10°? M) in nitromethane was consistent
with that of a 1/1 electrolyte.

Complexes 1, II and III are unstable in air and their solutions in benzene
decompose in air immediately. The complexes IV, V, VI and VII are quite
stable in air, although their solutions in dichloromethane decompose after about
two days for IV and V, or about one day for VI and VII. Thus it seems that
(7-CsH); Mo and (7-C;H;),W groups form more stable compounds with selenium-

TABLE 1
ANALYTICAL DATA AND PHYSICAL PROPERTIES OF (n-CsHs)2ML, (M = V, Nb)

Compound Yield Colour M.p. Analysis found (calcd.) (%)
(%) co) C H

(n-és Hs5)2V(SeCgHs), 75 Green 126-130 53.85(53.54) 4.02(4.06)

(n-C5Hg)2V(SeCgH4CH3-0)2 79 Green 143-146 55.46(55.27) 4.56(4.61)

(n-CsHg)2 Nb(TeCgHs)z 80 Mossgreen 137-142 42.18(41.70) 3.12(3.16)

(mCs5Hj5)2 Nb(SeCgHg ) 68 Dark-green 101-105 49.75(49.34) 3.77(3.74)
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than with tellurium-containing ligands. This result corresponds with that found
for (7-CsH;s)NiP(n-C;Hs);ECcH,X (E = Se, Te) [5] and (7-CsH).M(ER),

(M = Ti, Zr) [1], but is in marked contrast with that observed for (7-C;H;)Fe-
(CO),EC.H; [6] and (7-C;H;)Mo(CO);ECH; [7].

! H NMR spectra of the complexes I, I and I1I could not be obtained for
the paramagnetic vanadium(IV) and niobium(1V) compounds. The 'H NMR
spectral data of IV, V, VI and V1l are shown in Table 2. Resonances due to the
phenyl and methyl protons occurred at the expected positions. The w-cyclopenta-
dienyl protons gave peaks at around 7 4.70 ppm. Little useful information about
the comparative donor properties of selenium and tellurium could be obtained
from the 'H chemical shifts for 7-CsHs group, which can afford useful informa-
tion about their properties [8], because the differences of shifts between the
selenium ligands and the tellurium ligands in the complexes IV, V, VI and VII
is too small (Table 2). Studies of the donor properties of Group VIB elements
in the type (7-CsHs), ML, (M = Ti, Zr, V, Nb, Mo and W; L. = Group VIB atoms)
will be reported later.

Experimental

All experiments were carried out in an atmosphere of dry nitrogen. Solvents
were purified by conventional methods: before use they were freed from oxygen
by degassing and saturating with nitrogen. The complexes (7-CsH;),VCl, [9],
(m-CsHjs),NbCl, [10] and (7-CsH;),MCl, (M = Mo, W) [11] were prepared using
published procedures. IR spectra were measured by a Hitachi EPI-S2 spectro-
meter. NMR spectra were measured by means of a JEOL-JNM-4H-100NMR
spectrometer. Conductivities were measured by the Wheatstone bridge method.

Preparation of (n-CsH;), VL, (L = SeC¢Hs or SeCsH,CH -0 and (n-CsHs),Nb-
(SeCgHs ),

To phenyllithium prepared from 1.88 g (0.12 mol) of bromobenzene,
0.20 g (0.029 mol) of lithium and ether (40 mi) was added 0.79 g (0.01 mol) of
selenium under nitrogen while stirring. After six hours of stirring at room tem-
perature the colorless solution which resulted was added to a syspension of
1.25 g (0.005 mol) of (7-CsHs ), VCI; in benzene (40 m!l) with stirring at 0°C.
After three hours of stirring at room temperature a green-black solution formed.
The solvent was removed under reduced pressure to leave a black residue. Re-
crystallization of the latter from benzene—methanol gave 1.54 g (yield 75%)
of dark green crystals. A similar procedure was used for the preparation of
(7-CsH;5),; V(SeCsH,CH;3-0); and (7-CsH;),Nb(SeCsHs),. Yields and analyses
are collected in Table 1.

Preparation of (1-CsHs), Nb(TeCsHs),

To phenyllithium prepared from 1.88 g (0.012 mol) of bromobenzene,
0.20 g (0.029 mol) of lithium and ether (40 ml) was added 1.27 g (0.01 mol)
of tellurium under nitrogen while stirring. After two hours of refluxing, the
grey solution which formed was added to a suspension of 1.72 g (0.005 mol)
of (7-CsH; ), NbC), in benzene (40 ml) with stirring at 0°C. After three hours
of stirring at room temperature, a green solution formed. The solvent was re-
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moved under reduced pressure to leave a green residue. Recrystallization of
the latter from benzene—methanol gave 2.51 g (vield 80%) of green crystals.

Preparation of (n-CsHs)- ML, (M =Mo or W: L =SeCH; or SeC¢Hs)

To the Grignard reagent prepared from 1.14 g (0.012 mol) of methyl
bromide, 0.29 g (0.012 mol) of magnesium in THF (30 ml), was added 0.79 g
(0.01 mol) of selenium under nitrogen while stirring. After five hours of
stirring at room temperature the yellow solution which formed was added with
stirring to a suspension of 1.48 g (0.005 mol) of (7-CsH;),MoCl, in THF (30 m!).
After one day of stirring at room temperature, a brown solution formed. The
solvent was removed under reduced pressure and the brown residure extracted
with dichloromethane. The brown solution was chromatographed on a 2X30 cm
alumina column. Elution with dichloromethane gave a brown eluate from which
the solvent was removed, leaving a brown residue. This was recrystallized from
dichloromethane—n-hexane to yield brown crystals (1.68 g, yield 81%). A
similar procedure was used for the preparation of the other (7-CsHs),M(SeR);
(R = CHj; or CgH;). Yields and analyses are collected in Table 2.

Preparation of (m-CsHs), ML, (M = Mo or W; L = TeCcHs or TeCcH,CHs-p

To the Grignard reagent prepared from 1.88 g (0.012 mol) of bromo-
benzene, 0.29 g (0.012 mol) of magnesium in THF (30 ml), was added 1.27 g
(0.01 mol) of tellurium under nitrogen while stirring. After twelve hours of
stirring at room temperature the grey solution which formed was added with
stirring to a suspension of 1.48 g (0.005 mol) of (7-CsH;s).MoCl, in THF (30 ml).
After ten hours of stirring at room temperature a brown solution formed. The
solvent was removed under reduced pressure and the brown residue was ex-
tracted with dichloromethane. The brown solution was chromatographed on a
2X 30 cm alumina column and eluted with dichloromethane to give a brown
band. The solvent was removed and the residue was recrystallized from di-
chloromethane—n-hexane to give brown crystals (2.38 g, vield 75%). A sim-
ilar procedure was used for the preparation of the other (7-CsHs),M(TeR),
(R = C¢H;s or CcH;CHj;-p) Yields and analyses are shown in Table 2.

Reaction of (7-CsHs):NbL. (L = SeCeHs and TeC¢Hs) with Mel

(m-CsHs)2Nb(SeCgHs). (0.8 g, 0.0015 mol) in benzene (15 ml) was treated
with methyl iodide (2.28 g, 0.016 mol). After one hour of standing at room
temperature, dark red crystals began to precipitate. After twelve hours of stand-
ing at room temperature the crystals were separated, washed with ether and
dried to give 0.56 g of dark red crystals. Analysis, infrared spectrum and melt-
ing point of this material were identical with those of (7-CsH;),Nbl, [12].
Similarly, (7-CsH;).Nb(TeCsHs), reacted with Mel to give 0.60 g (yield 84%) of
(W-Csﬂs)g NbI,.

Reaction of (w-CsHs),Mo(SeCH3), with Mel

(m-CsHs):Mo(SeCH,;), (0.6 g, 0.0015 mol) in CH,Cl, (50 ml) was treated
with methyl iodide (2.28 g, 0.016 mole). After one hour of standing at room
temperature the green crystals were separated, washed with CH,Cl, and ether.
and dried to give 0.70 g (yield 60%) of [(7-CsH;s).Mo(SeMe,)I]*I". Analysis,
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'H NMR spectral data and conductivity of its solution (2.55 10 * M) in nitro-
methane are collected in Table 2.

Reaction of (7-CsHs).MoL, (L = SeCeHs, TeCcH s and TeCcH,CH;-p) with Mei
(7-CsH;s),Mo(SeCgHg), (0.8 g, 0.0015 mol) in CH,;Cl, (50 ml) was treated
with methyl iodide (2.28 g, 0.016 mole). After two days of standing at room
temperature dark green crystals were separated, washed with ether and dried
to give 0.47 g of green crystals. This compound was characterized by analysis,
infrared spectrum and melting point, and shown to be identical with
(m-CsH;). Mol [11]. Similarly, (7-C;H;),MoL, (L = TeCsHs and TeCsH,CH;-p)
reacted with Mel to give 0.53 g (74%) and 0.55 g (77%) of (7-CsH;).Mol,,
respectively.

Reaction of (m-CsHs),WL, (L = SeCH,, SeCe¢Hs, TeCcHs and TeCoH4,CH5-p)
with Mel

(m-Csll5), W(SeCHj), (0.75 g, 0.0015 mol) in CH,Cl, (50 ml) was treated
with methyl iodide (2.28 g, 0.016 mol). After twelve hours of standing at room
temperature dark green crystals were separated, washed with ether and dried
to give 0.68 g of green crystals identical in analysis, infrared spectrum and melt-
ing point with (7-CsHs),WI, {11]. Similarly, (7-CsHs )WL, (L = SeCsHs, TeC.H;
and TeCsH,CH3-p) reacted with Mel to give 0.56 g (66%), 0.67 g (79%) and
0.68 g (80%) of (7-Cs Hs).WI,, respectively.
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