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The synthesis and properties of the compounds (CjH5)M(C7H7) with M = Zr 
and Nb are described. The Zr compound is diamagnetic; its PMR spectrum shows 
two singlets with intensities in the ratio of 7/5; the niobium compound has one 
unpaired electron per molecule. The IR and mass spectra of the compounds are 
discussed. The mass spectra show a rearrangement of the parent ion to the di- 
benzenemetal ion. The properties of the compounds indicate that they have a 
sandwich structure. Improved syntheses of the compounds (C5H5)M(C,H,) with 
M = Cr and MO are also reported. 

Introduction 

Cyclopentadienylcycloheptatrienylmetal compounds, containing planar 
CgHj and C&H, rings, of a number of 3d transition metals have been reported, 
namely (CSHj)M(C,H,) with M = Ti [l], V [2], Cr [3]. So far only one sandwich 
compound of this type with a 4d transition metal has been described [Li], viz. 
(CsHj)MO(C,H,). We report below the syntheses and some of the properties of 
the new sandwich compounds (&H,)M(C,H,) with M = Zr and Nb, together 
with improved syntheses of the compounds (&H,)M(C,H,) with M = Cr and 
MO. In the case of the MO compound especially, our method gives much better 
yields (about 15%) than that previously used (I-210) [ 41. 

Experimental 

All experiments were carried out under purified nitrogen. Solvents were 
purifkd by conventional methods and freed from oxygen by repeated degassing. 
The starting materials CpZrC13 [5], MClJ*3THF (M = Cr [6], MO [7] ) were 
prepared by published procedures. The compounds Cp,ZrC12 (A& Inorganics), 
MoC& (BDH), NbCIS (Koch-Light), CrC13-6H,O (Merck) and C,H, (EGA) were 
used without purification. 
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TABLE I 

ANALYTICAL DATA FOR SOME CYCLOPENTADlENYLCYCLOHEPTATRIENYLhlETAL COM- 

POUNDS 

Compound Found (calcd.1 (W Yield 

(41) 
C H hlekl 

f.CjHjjZ.dC7H7) 58.63 5.18 
58.50 5.09 

(58.25) (4.89) 

(CjHjJNWC7H;) 58.33 4.88 

58.41 4.96 

(57.85) (u36) 

(cs H5 )hlo(C7 H,) 57.34 1.91 
57.36 4.97 

(57.14) (4.80) 

(CjH~ICr(C7H7) 69.4 1 5.92 

69.50 5.91 

(69.22) (5.80) 

36.90 30 

36.98 

(36.86) 

37.10 5 

37.20 

(37.29) 

37.75 15 (1.8 “1 

37.90 

(38.06) 

21.86 12 (3 b) 

24.81 

(24.97) 

a Ref. 4. b Ref. 3. 

IR spectra were measured by means of a Hitachi EPI-G spectrophotometer; 
the samples were examined as mulls in Nujol (4000-400 cm-*) or hesachloro- 
butadiene (4000-1200 cm-‘). NMR spectra were recorded on a Varian A60 high- 
resolution instrument; CgD6 was used as solvent (40”) with TMS as an internal 
standard. The mass spectra were run on an AEI MS9 instrument. ESR spectra 
were recorded on a Varian E3 X-band EPR spectrometer. Elementary analyses 
were carried out by the Analytical Department of this Laboratory. Analytical 
data and yields are collected in Table 1. 

Synthesis of (C,H5)Zr(C7H7). To a well-stirred suspension of CpZrC13 
(4.84 g, 18.4 mmol) and C7Hs (6.2 g, 68 mmol) in 150 ml of ether, 70 ml of a 
0.81 IL! solution of i-C,H,MgBr in ether were slowly added at -20’. The mixture 
was allowed to warm slowly to room temperature. After refluxing for 15 min, 
the solvent was removed under reduced pressure. The residue was twice washed 
with n-pentane and sublimed at 120”/0.1 mm. The violet crystals obtained by 
sublimation were contaminated with some oil, which was removed by washing 
the crystals three times with a few ml of n-pentane. Re-sublimation at lZO”/O.l 
mm gave the pure product. The same compound was obtained similarly starting 
from Cp2ZrCll. 

Synthesis of (CSH5)A%(C7H7). To a well-stirred suspension of NbC15 (5.40 
g, 20 mmol) and C7Hs (2.8 g, 30 mmol) in 100 ml of ether, one equivalent of 
CpNa and four equivalents of i-CJH7MgBr were slowly added at -78”. The mix- 
ture was allowed to warm s!owly to room temperature. After refluxing for 15 
min, the solvent was removed under reduced pressure. The compound was 
purified as described above. 

Synthesis of (CSHg)Mo(C7H7). To a well-stirred suspension of MoCI~ - 
3THF (4.29 g, 10.2 mmol), C7Hs (2.8 g, 30 mmol) and freshly distilled C&H6 
(0.7 g, 10.6 mmol) in 125 ml of THF, 30.0 ml of a 1.08 IL2 solution of 
i-C3HSMgBr in ether were slowly added at -20”. The mixture was allowed to 
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warm slowly to room temperature. After stirring for 4 h the solvent was re- 
moved under reduced pressure. The residue was extracted twice with 150 ml 
of benzene. The extraction products were twice washed with 25 ml of n-pentane 
and sublimed at lZO”/O.l mm. Further purification was effected by recrystalliza- 
tion from ether. 

Synthesis of (CgH5)C$C7H,1. The synthesis was performed as described 
for the MO compound. CrC13-3 THF was used as starting material; n-hexane was 
used in the extraction and recrystallization. 

Results and discussion 

Elemental analyses and mass spectra of the Zr and Nb compounds indicate 
that the molecular formula is (C12H,2)M (M = Zr, Nb). Both compounds are 
thermally very stable, but are much more sensitive to air and water than the 
corresponding Ti and V compounds. This is probably due to the increased polar- 
ity of the 4d metal compounds compared with the 3d metal complexes. The Zr 
compound is diamagnetic and its PMR spectrum shows two singlets at 6 5.23 and 
5.31 ppm, with relative intensities of 7 to 5 *. The Nb compound is paramagnetic. 

6m cm’ 

5%. I. fR sp=tra of (CsHs)TiW7H7) (a). W~fisWK7R7) @). (C5R5XZr(C7H7) G-9. fC5Hs151~(~7~7) 
GO. 

* See reL 8 for a detailed ‘Hand ‘% NMR study of i&s type of compound. 
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In the temperature range S-120 K a moment of 2.0 B.M. was measured (corrected 
for induced diamagnetism), roughly corresponding with one unpaired electron 
per molecule (calculated for spin only: p,rf = 1.73 RN.). Its ESR spectrum in 
toluene solution (0”) shows the expected ten lines (nuclear spin 93Nb Q/2). Even 
on cooling to -140” no proton hyperfine splitting was observed. The isotropic 
93Nb coupling constant and the isotropic g value are 33.8 G and 1.988 respec- 
tively. 

The IR spectra of the Zr and Nb compounds closely resemble the spectra 
of the corresponding Ti and V compounds (see Fig. 1). The absorptions charac- 
teristic for n-bonded CjHf and C,H: ligands are found in the usual range Il,2]. 
This provides strong evidence for a sandwich structure of the Zr and Nb com- 
pounds. 

TABLE 2 

MASS SPECTRUM OF (CsHjKZr(C~H7) 

Rel. wt. Ion mte Rel. int. 

246 

220 

315 

205 

19-r 

193 

192 

181 

180 

179 

172 

170 

166 

196 

155 

154 

153 

144 

142 

I41 

190 

129 

128 

127 

123 

122 

121 

116 

115 

69 

11 

3 

2 

9 

7 

6 

2 

2 

2 

4 

11 

47 

22 

4 

5 

4 

4 

4 

7 

7 

10 

6 

7 

7 

12 

7 

8 

1- 

4 

110 7 

109 13 

108 4 

104 9 

97 7 

96 10 

94 10 

93 

92 

91 

89 

84 

83 

79 

78 

77 

70 

61 

66 

65 

63 

53 

52 

51 

50 

41 

40 

39 

38 

7 

19 

5 

9 

6 

19 

12 

13 

3 

7 

85 

44 

zi 

3 

3 

9 

4 

4 

19 

32 

7 

MeLastaMe peaki m* 111.7 46.6 
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TAE%LE 3 

MASS SPECTRUhl OF (CsH5)Nb(C7H7) 

m/e Rd. mt. Ion m/e Rel. mt. LOO 

249 100 CIZHIZ~+ 14-l 2 

2-l8 7 Cl’HII~+ 143 5 

241 20 CI~HIO~+ 142 2 

245 2 CIzHgNb+ 132 2 

223 6 CIOHION’J+ 131 2 

222 1 CICI%~+ 130 1 

221 8 C~oHsm+ 121.5 16 

220 2 C1oH7m+ 123.5 4 

219 2 CloH6Nb+ 122.5 1 

208 1 C9H,N-b+ 119 1 

197 5 CSHSN'J + 118 ‘2 

196 3 CsH7= + 111.6 1 

195 6 CgHr,Nb+ 110.5 9 

194 2 CaHsNb+ 109.5 2 

183 1 C7H,N’3 + 98.5 I! 

171 15 CbHgNb+ 97.5 6 

170 3 CgHgNb+ 91 1 

169 12 Cg%N-tJf 85.5 4 

168 2 ChHxNb+ 84.5 2 

158 1 CjHjNb+ 78 1 

157 1 CjH<Nb+ 66 1 

156 1 C5H3Nb+ 65 1 

145 2 CA HA N-b+ 

Metastable peaks m* 199.7 197.7 174.0 172.1 148.4 146.5 123.0 121.0 117.4 

C.Y H3Nb+ 

CaH?Nb+ 

Cq HNb- 

CaHaNo+ 

C3H2Nb+ 

cjHNb+ 

CI~HI$‘%;; 

C12HioN” 
. 

Cl?_HsNb’+ 

CzHzNb+ 

Cz HNb+ 

CIOHIO~‘+ 

CIOHS* 
‘+ 

CjoH,,Nb’+ 

C8HtjNb’+ 

CSH6Nb 
2-k 

C7H7+ 

CbH@b?+ 

CgH~Nb’+ - 

CbHs 
+ 

CjHc+ 

‘GAS+ 

The mass spectra of the Zr and Nb compounds (see Tables 2 and 3) also 
indicate that the structures of the 3d and 4d metal compound? are similar. The 
most remarkable feature in these spectra is the degradation path of the parent 
ions, (C12H;2)M+, by elimination of benzene to give the ions (C6H6)M+_ As re- 
ported previously by Miilier and Mertschenk [9], substituted (C5H5)V(C7H7) 
compounds rearrange in the mass spectrometer. From the parent ion 

~(W-b)V(W-b)I+, migration of a CH fragment from the seven- to the five-mem- 
bered ring occurs, to give the ion (C6H6)2V+. Similar observations have been made 
for substituted (C,H,)Ti(C7H7) compounds [IO], and in the Zr and Nb com- 
pounds such rearrangement of the parent ions [(C,H,)M(C,H,)]+ to (C6H6)?M+ 
seems to occur. It is noteworthy that the relative intensities of the ions 
(C6H6)M+ decrease in the sequence Zr > Nb 3 MO. The same trend is observed 
in the 3d metal compounds [l, 111. 

The mass-spectra of the Zr and Nb compounds are more complicated than 
those of the corresponding 3d metal compounds. This generally observed fea- 
ture [ 4,121 is probably caused by a somewhat better overlap of the 4d metal 
and ligand orbit.&, resulting in a stronger metal to carbon bond. Thus a step- 
wise elimination of the ligands becomes more favourable for the 4d metal com- 
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SCHEME 1 

PARTIAL FRAGMENTATION SCHEME FOR (CjHS)n(C7H7) 

- COB6 (m = 78) 

CIZL=iI?=+ z CbHba 
+ 

< : 2-s) m+ = 114.7 (m = 168) 

- CzH: (m = “6) 

C7H7+ M C5Hs+ 
(m = 91) m* = 46.5 (m = 65) 

SCHEME 3 

P*tRTlAL FRAGMENTATlON SCHEME FOR (CsHj)Nb(C-/H7) 

I m+ = 117.4 

- CzHl(m = 26) -CzHz(m = 26) 

Cl+il?ND+ - CIOHION”+ p 

(m = 249) m’ = 199.7 (m = 223) m* = 174.0 

- CzH2(m = 26) - CzHz(m = 26) 
C,?HIONO+ ’ c,~Hgii+ , 

(m = 247) m* = 197.7 (m = 221) m* = 172.1 

- CzH,(m = 26) 
C6 Ha Nb+ - CaHaNb+ 

(m = 171) m* = 123.0 (m = 145) 

-CbHf, (m = 78) 

-C?H?(m = 26) d 

CgHaNb+ l CeH6Nb+ 

(m = 197) m+ = 148.4 (m = 171) 

-CzHz(m = 26) 

CgHbNb+ p CbH3Nb+ 

(m = 195) m* = 136 5 (m = 169) 

- C?H?(m = 26) 

CbH?N’b+ - C~Hzf+b+ 

(m = 169) m* = 121.0 (m = 143) 

pounds; notable is the fragmentation of the Nb compound by successive elimina- 
tion of acetylene. Partial fragmentation schemes for the Zr and Nb compounds 
are given in Schemes 1 and 2. 
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