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Summary

The compound C;HzNbCl, - THF has been prepared from NbCl; and K.CzH;
(mole ratio 2/3). In this compound the CgHj ring is probably planar. Reaction
of C HzNbCIL, - THF with C;H;Na (mole ratio 1/2) yields the complex (° -
C;H.).Nb(n?-CsH;). Evidence is given for an unusual dihapto mode of bonding
of the C;H; ring in the latter complex. Reaction of the complex with NaBH,
yields (7°-CsH;).Nb(n?-CzH;). The mechanisms of the reactions are discussed.

Introduction

It has been suggested that similarities in the Cp,ML, (Cp = 1°-CsHs, n =1,2)
chemistry of titanium and niobium have their origin in the almost equal atomic
radii of these metals (about 1.32 A) [1]. For instance, the compounds Cp,M-
(C¢Hjs)» and Cp,M(n°-allyl) are readily prepared when M = Ti, Nb, but not when
M = V. This was explained by steric arguments based on the smaller metal radius
of V (1.22 R). Recently we prepared the compounds Cp,MCzH,; with M = Ti, Nb
and found that these.do not obey the above mentioned rule in that the C;H,
ligand is bonded differently (' and n® respectively) [2]. Moreover, the mecha-
nisms of the reactions leading to these compounds are obviously different, since
the synthesis of Cp,NLCzH, required the addition of NaBH,. We now report a
more detailed investigation of the mechanism of the formation of Cp,Nb(n>-
C;sHjy). It is shown that Cp,Nb(n?-CgHj;) is an intermediate in this reaction. The
latter compound was synthesized from the new complex (1°-CgH)NbCI, - THF.

Results and discussion

The olive green, air-sensitive compound CsH;NbCl, - THF was prepared from
NbCl; and K,CgH; (mole ratio 2/3) and characterized by elemental analyses and
IR and mass spectroscopy. It is moderately soluble in THF, and slightly soluble
or msquble in other common orgamc solvents. The IR spectrum (Fig. 1) strongly
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Fig. 1. IR spectrum of CgHgNbCl, - THF. Absorptions of Nujol are indicated by s.

indicates the presence of a planar eight-membered ring, since it closely resembles
the spectrum of (n3-CzH;)ZrCl, - THF (prepared according to [7]). A crystal
structure determination for this complex revealed the plana.nty of the eight-

: membered ring [3].

The mass spectrum of s.JBH,;NbCl2 THF (Table 1) shows a peak at m/e 267
due to the ion C;H;Nb3°Cl," *.

Reaction of C,H,NbCl, - THF with two equivalent amounts of CpNa in
diethyl ether yields a red-brown paramagnetic compound, which is rather air-
sensifive and moderately soluble in organic solvents except alkanes. The elemen-
tal analyses are in agreement with the composition C,gH;3Nb. The mass spec-’
trum at temperahires lower than 120°C, shows only CzsH;" and its fragmenta-
tion via C,H," and C,H,*. At higher temperatures a spectrum is obtained with a
mass peak at m/e 328, corresponding with C,H,;,Nb". The spectrum as a
whole closely resembles the mass spectrum of Cp,NbCgH, [2], the major
difference being the absence of a metastable peak at m* 59.5 for the decomposi-
tion CgH," - C-,H," in the spectrum of C,gH,;zNb.

C,:H;3Nb reacts with HCI in diethyl ether with quantitative formation of
Cp,NbCl, (identified by its IR spectrum). The volatile materials formed con-
tained 1,3,5-and 1,3 6-cyclooctatnene in a ratio of about 1/1 (GLC). No CsH,
was detected.

Reaction of C;;H,;Nb with NaBH, in dJethyl ether results in quantltatwe
formation of Cp,NbC;H,, which was characterized by its IR spectrum [2].

- The above provides strong evidence for the presence of a Cp,Nb group in the
C;:H; 3Nb compound. Addmonal support for this is provided by the IR spectrum
(Fig. 2), w]:uch shows the characteristic Cp absorptions near 3100, 1000 and
800 cm™. Since the compoand is paramagnetlc it is likely that the elght-mem-

* CsHSN'bClz THF looses its THF very xeadi!y i.n vacuum just above ToOm temperature ’I'he product
is (n8-CgHg)NDbCl,. The same product was obtained by Van Oven from the reaction of (08H8)2N'b
with HClin dxethyl ether [4]. - : :
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- TABLE1
' THE MASS SPECTRUM OF CgHgNbCl; * THF (RECORDED AT 170°C)

m/e Relative Ion Metastables
abundance (%)
267 20 CBHBNbcu: m* = 102 .
241 35 . CGHGN'bC12+ Cng —>CgH7
189 a5 Csz}ibClz m* = 7:.?
1 = .
;gg ‘g :zg:z ggHsP-’ ZGH5+
103 58 CgHy" m*=57.5
+ + +

104 100 CgHg . CgH7' > CgHs

78 75 CgHs'

51 30 C4H3"

bered ring serves as a two-electron donating ligand, thus giving the metal a seven-
teen-electron configuration. Such an 52-C,H, ligand is quite unusual; CpMn(CO),-
(11-CsH;) providing the only known example [5]. The occurrence of the larger
ring as an 72 -CzHj; ligand is in good agreement with the IR spectrum. In the
region 1500—1600 cm™ two bands are observed, at 1520 and 1592 cm™!, which
can be attributed respectively, to the coordinated C=C and the uncoordinated
C=C’s of the C,H; ligand. The postulated structure Cp,Nb(n%-C;H;) suggested
that a synthesis starting from Cp,NbCl, might be possible, and reaction of the
latter compound with i-PrMgCl and C,H; in diethyl ether gave a product with
the same spectral and chemical properties as that from C;Hy;NbCl, - THF and
CpNa. Furthermore, reaction with NaBH, leads to Cp,NbC ;H,. Thus Cp,NbC;H;
can be regarded as an intermediate in the synthesis of Cp,NbC3Hs;.
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Fig. 2. IR spectrum of Cp2Nb(n2-CgHg). Absorptions of Nujol are indicated by s.
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Reactlon of szNbCh vnth 1—PngCl leads toa chamagpetxc mobmm hydnde
'spec1es probably szNb(H)C3H6 [6]. Subsequent coordination of C;H; gives:
Cp,NbC,;Hg- Starting from (n® —CSI-I,,)NbCI2 THF and CpNa, the formation of
Cp:NbC H; involves a decrease of the hapticity of the C;H; ligand.. This: contrasts
the findings of Kablitz and Wllke who performed a similar reaction with
(n®-C3H,)ZxCl, - THF and obtained the product (n®-CsH,)CpZrCl [7]. They
suggested that complete substitution was prevented by steric hmdrance butin .
view of our results on the niobium analogue this might well be a consequence of
the more difficult reduction of the zirconium species, which is required for the
formation of szM(n ‘CgHg) The reaction of Cp,NbCyH; with NaBH,, yielding
Cp,NbC;H;, probably proceeds via the intermediate Cp,Nb(H)C;H;. Evidence
for this is supplied by another method of preparation of Cp, NbC;H,, viz. reac-
tion of Cp.NbBH, with N(C,Hjy); in the presence of CzsHj; to give Cp,NbCzH,,
via the mtermedlate Cp.NbH [2] The proposed reaction pathways are ouflined
in Scheme 1. - .

A compound, a.naloguous to the postulated szNb(H)(n -CsHB), raNb’
(H)CZH4, reported.by Tebbe and Parshall [8]. This complex, however, is stable
towards C=C insertion into the Nb—H bond, whereas Cp,Nb(H)C;H, is not. The
stability of the ethylene complex has been explained by Lauher and Hoffmann,
using MO bonding models [9]. Insertion of ethylene would result in Cp,NbC.Hs,
which is expected to have a highest. occupled molecular orbital (HOMQO), destabil-
ized relative to the HOMO of szNb(H)C-.H4 In the latter compound, there is
stabilization of the HOMO because of 7*-interaction with anti-bonding ethylene
orbitals. In our case, the product of insertion of C;H; into the Nb—H bond is

Cp,Nb(n3-C:H;). In this complex, the HOMO is again stabilized by 7*-interac-
tion with antibonding orbitals from the aliylic fragment of the C H, ligand.

Experimental
All experiments were performed under nitrogen. Solvents were distilled over

LiAlH.. IR spectra were recorded on a Hitachi EPI-G spectrophotometer with

SCHEME 1
PROPOSED REACTION SEQUENCIES FOR THE FORMATION OF Cp,Nb(n3-CgHg)

2i-PrMeCl
Cp:NbCl, 23 Cp2Nb(H)CsHo

W
1CpNa 1CpNa

(n®-C5H3g)NbCl, * THF ——— Cp(n°®-CsHs)NbCI ——5 Cp2(n2-Cslis)
. or Cp(n*-CsHg)NbCI - THF

NaBH,

CpsNbBH, —255% cp,NpH 2858 . CPsz_(I'?(ﬂzfcsﬂs)

.. .CpsNb(n3-CgHy)
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Nuiol mulls of the sample between KRBr plates, The mass spectra were recorded
by Mr. A Kiewiet with an AEI-MS9 instrument. Elemental analyses were per-
formed at the Analytical Department of this University

Preparation of (n®-CgHs )JNbCI, - THF

To a well stirred suspension of NbCl; (3.0 mmol) in toluene (200 ml), 4.5
mmol of K,C;H; in THF (100 ml) were added slowly at —20°C. After stirring
for 2 h at 10°C the brownish green solution was filtered. Upon cooling to —78°C
olive green crystals of CgH NDCl, - THF separated. (Found: C, 41.73; H, 4.92;
Cl, 21.28; Nb, 27.84. C,,H,,Cl,ONbD caled.: C, 42.37; H, 4.75; Cl, 20.85; Nb,
27.32%.) Yield: 15%.

Preparation of Cp,Nb(n?-CsHs)

Proceduore 1 Cp,NuCl; (2.6 mouot), suspended in diethyt etlrer (100 miy was
allowed to react with i-PrMgCl (4.0 mmol) in diethyl ether in the presence of a
slight excess of C3H,, at room temperature. After stirring for one hour the brown
solution was filtered and cooled to —78°C. Reddish brown crystals of Cp.NbC H,
were isolated in 40% yield. ’

Procedure 2: C;H;NDCl, - THF (1.0 mmol), suspended in diethyl ether (100
ml), reacted with CpNa (2.0 mmol) at 0°C to form a brown solution, which was
stirred for 1 h. Filtration and crystallization at —78°C yielded reddish brown
crystals of Cp,NbCzH; in 50% yield. (Found: C, 65.49; H, 5.82; Nb, 28.06.
C,sH;:Nb calcd.: C, 66.07; H, 5.56; Nb, 28.39%.)

Reaction with NaBH,

To a solution of Cp,NbC;H; (0.5 mmol) in diethyl ether (20 ml) was added
an excess of finely ground NaBH,. Afier stirring for 12 h the green solution
was filtered and cooled to —78°C. Cp.NbCH, [2], characterized by IR spec-
troscopy, was isolated in high yield (about 80%).
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