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The diamagnetic halfsandwich complexes [V(?^7-C7H7)(CO)3] and [V(7/5-L5)(CO)4] have
been used as intermediates in the conversion of hexcarbonylvanadium, V(CO)6, to the para
magnetic trovacene derivatives, [V(775-L5)(r77-C7H7)] [L^ = cyclopentadienyl ligand, C5H4-R
(R = H (1), Me (la), 'Bu (lb)) and CsMes (lc); indenyl (2) and 2-methylindenyl (2a)]. The
molecular structure of 2 a has been determined: the distances between vanadium and the center
Z of the (nearly parallel) ring ligands are 193.0 pm (V-Z5) and 146.2 pm (V-Z7).

Introduction
The paramagnetic 17-electron sandwich com
plex (777 -tropylium)vanadium(?75 -cyclopentadienyl)
(“trovacene”), [V(775 -QsH 5 )(?77 -C 7 H7)] ( 1 ), has
been first prepared in 1959 by the reaction of
[V(7/5 -C 5 H 5 )(CO)4 ] with neat cyclohepta-1,3,5triene [ 1 ], and this method has been extended
to the syntheses of monosubstituted derivatives,
[V( 7?5 -C 5 H 5 )(7/7 -C 7 HsR)] (R = Me, Ph, CN, OMe,
COOEt) [2]. A more efficient route to 1 in
volves the reaction of [V(?75 -C 5 H 5 )Cl3 ] with iso
propyl Grignard reagents in the presence of cyclohepta-l,3,5-triene [3]. The parent complex 1 un
dergoes lithiation at the cyclopentadienyl ring [4],
but only recently have cyclopentadienyl-substituted derivatives been synthesized via the r e t 
aliation route, among them the carboxylic acid,
[V (r]5-C 5 H 4 COOH)(?77 -C 7 H 7 )], which is present
as a hydrogen-bridged dimer in the crystal [5],
and the binuclear bitrovacene, [V(?75 -C 5 H 4 -)(?7 7C 7 H 7 ) ] 2 [6 ],
Syntheses
In principle, the stepwise conversion of the para
magnetic hexacarbonyl vanadium, V(CO) 6 , into
trovacene ( 1 ) may proceed via either one of the dia
magnetic halfsandwich complexes, [V(/77 -C 7 H7)(CO)3] or [V(7/5 -C 5 H 5 )(CO)4] (Scheme 1 ). In boil
ing dimethylformamide (153 °C), the decarbony-

lation of the tricarbonyl, [V(t77 -C 7 H 7 )(CO)3 ], in
the presence of one equivalent of cyclopentadienes or indenes proceeds considerably faster ( 2 0 60 min) than the alternative decarbonylation of the
respective tetracarbonyl, [V(?/5 -C 5 H 4 R)(CO)4], in
the presence of one equivalent of cyclohepta-1,3,5triene ( 1 - 1 2 h).
It is not surprising that the yield of the purple
mixed rflrj1 sandwich product (la - c) is drastically
reduced if bulkier cyclopentadienes, C 5 H 5 -R (R =
Me, ?Bu) or CsMesH, are used instead of the un
substituted cyclopentadiene (C 5 H 6 ) for the reaction
with the cycloheptatrienyl complex, [V(7/7-C7H7)(CO)3]. A similar trend is observed in the analogous
synthesis of the green indenyl sandwiches 2 and 2a
(Scheme 2); the use of the more highly substituted
indenes (such as 1,2,3-trimethylindene) and fluorene did not lead to definable products.
The complementary reaction of cyclopentadienyl
and indenyl tetracarbonylvanadium complexes with
cyclohepta-1,3,5-triene [cf. 1, 2] can be recom
mended for the preparation of the terr-butyl- and
pentamethylcyclopentadienyl compounds, lb and
lc. In the case of the indenyl tetracarbonylvana
dium complexes, the yields of 2 and 2a were low
(see Experimental), and attempts to combine a fluorenyl with a cycloheptatrienyl ligand at a vanadium
center by this route failed.
The paramagnetic sandwich complexes 1, la - c,
2 and 2a were characterized by their El mass spectra
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Table I. Electron impact (EI) mass spectrometric data, m/e (Irei%).
Fragment
M+
m+- c h 3
M+-2CH3
V(C5H5)(C7H7)+
V(C,oH,o)+
V (C8H9)+
m+- c 6h 6
V(L)+
V(C7H7)+
V(C6H6)+
V(C5Hs)
c 7h 7+
c 5h 5+

Complex, [V(?75-L5)(777-C7H7)], L5
Cp (1)
Cp' (la)
Cp1 (lb)
207(100)

2 2 1 ( 100 )

207 (M+)
181(2)

207 (3)

129(24)
116(20)
142(1)
129
116
91 (2)
65 (2)

143 (13), 129(16)
142 (4)
129
116(5)
91 (3)
65 (2)

(Table I). In all cases, the molecular ion is the peak
of highest intensity (100%). The El-induced frag
mentation of the unsubstituted parent complex 1 was
studied in detail [2 ], and three initial processes (/. e.

263 (100)
248(100)
233(8)
207 (7)
181(2)
156(25)

Cp* (lc)

Ind (2 )

Ind' (2a)

277(100)
262 (2 )

257(100)

271(100)

207 (4)
181 (3)

142(16)

142 (4)

116(13)
91 (10)
65 (4)

116(3)
91 (2 )
65(1)

179(14)
166(11)
142(3)
129 (8 )
116(10)
91 (12)
65 (2)

193 (59), 179(14)
180(8), 166 (5)
142 (9)
129(10)
116(7)
91 (7)

elimination of C 2H 2, CöHö or C 7H 7 from the molec
ular ion) have been identified. Similar ring contrac
tion/enlargement processes take place in the sub
stituted cyclopentadienyl and indenyl complexes
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Fig. 1. Molecular structure of {rf- 2methyl-indenyl)-(777-cycloheptatrienyl)-vanadium (2 a).

Table II. Selected bond lengths [pm] and angles
[°] of (?75-2 -methyl-indenyl)-(?77-cycloheptatrienyl)-vanadium (2 a).
V-C(l)
V-C(2)
V-C(3)
V-C(4)
V-C(5)
V-C(6)
V-C(7)

218.9(3)
218.5(2)
218.6(2)
218.4(2)
218.6(2)
218.4(2)
219.1(2)

V-C(8)
V-C(9)
V-C(IO)
V-C(ll)
V-C(16)
v-z7b
v-z5b

225.0(2)
227.1(2)
225.8(2)
231.2(2)
230.4(2)
146.2
193.0

C-C(L7) a

141.2 av

C(8)-C(9)
C(8)-C(16)
C(9)-C(10)
C(9)-C(17)
C(10)-C(ll)
C(11)-C( 12)
C(11)-C( 16)
C(12)-C(13)
C(13)-C(14)
C(14)-C(15)
C(15)-C(16)
Z7-V-Z5 b
C( 10)-C( 11 )-C( 16)-C(8)/
C( 15)-C( 16)-C( 11 )-C( 12)c

140.9(3)
142.8(3)
141.8(3)
150.5(3)
143.2(3)
142.6(3)
143.8(3)
136.3(3)
142.7(3)
135.8(3)
142.5(3)
179.4
178.4

a C-C Bond distances in the seven-membered ring (involv
ing C(l)-C(7));b Z7 = center of the seven-membered ring
(involving C(l)-C(7)); Z5 = center of the five-membered
ring (involving C(8 )-C(l 1) and C(16));c dihedral angle
at the C( 11 )-C( 16) vector.

la - c, 2 and 2a. In particular, the loss of CöHö is
apparently characteristic of 1 and 2 and the methylsubstituted derivatives la and 2a.
Molecular Structure of the 2-Methyl-indenyl
Complex, [V(r75-C9H6-Me)(r77-C7H7 )] (2a)

Whereas the green crystals of the indenyl com
plex 2 , obtained by crystallization from CH 2CI2/

hexane mixtures, were twinned (similar to the sit
uation in bis(indenyl)vanadium [7]), the crystals of
the methyl analogue 2a were suitable for an X-ray
structure analysis a t-100 °C. The sandwich 2a crys
tallizes in the orthorhombic space group P2 1 2 1 2 1
with Z = 4 molecules in the unit cell. The molecu
lar geometry of 2a and the numbering scheme are
presented in Figs 1 and 2; relevant bond distances
are collected in Table II.
The 777-cycloheptatrienyl ligand is a planar, sym
metrical aromatic ring system with average dis
tances of 218.6 pm (V-C) and 141.2 pm (C-C). The
2 -methyl-indenyl ligand is r/5-coordinated; in a for
mal sense, a 7r-methallyl part (C(8)-C(10)) can be
identified in the five-membered and a diene part
(C(12)-C(16)) in the six-membered ring moiety.
The indenyl ligand is planar - with a dihedral an
gle of 178.4° at the C(ll)-C(16) bond
although
the methyl substituent (C(17)) deviates from its
cyclopentadienyl plane outwards by a torsion an
gle of 4.6°. The V atom is slightly closer to the
methallyl carbon atoms C(8)-C(10) (227.5 pm av.)
than to the bridge carbon atoms C (ll) and C(16)
(230.8 pm av.). The arrangement of the ring ligands
relative to each other is shown in Fig. 2.
The two cyclo-hydrocarbon ligands in the sand
wich 2a are nearly parallel, with a dihedral angle
rf/rf1 of 2.1°. The remarkable difference of the
distances between the metal and the centers (Z)
of the coordinated rings was first noted in 1963
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Fig. 2. Arrangement of the ring
ligands in (?/5-2 -methyl-indenyl)(//7-cycloheptatrienyl)-vanadium
(2 a).

C(12)

All experiments were carried out under argon in
Schlenk tube vessels, and the solvents were free of traces
of water and saturated with argon.
Synthesis o f the halfsandwich educts
The halfsandwich complexes were prepared by the re
action of V(CO)ö [ 1 2 ] with a twofold excess of cyclohepta-1,3,5-triene (tropylidene) or with a 1,5-fold excess

0

n

<5(51 V)(ZW,/2)
(C6D6)

1997

1936

-1518 (50) [13]

2028(s)
2026
2024
2024
2026
2024
(2024)

1933 (vs)
1929
1922
1922
1932
1929
(1932)a

-1510(130)
-1499(90)
-1525(70)
-1454(117)
-1343(80)
-1331(90)
-1156(90)

0

Experimental

[V(777[V(?75L5 =■cp
Cp'
Cp'
Cp*
Ind
Ind1
Flu

i/(CO) cm 1
(hexane)

u

(218 ± 1 pm) are always significantly shorter than
V-C(L5) (226.5 ± 1.5 pm). Nevertheless, the V-C
bond lengths are limited to a narrow range and there
fore determine the distance between the metal and
the ring plane [8 ], i. e. the ring approaches the metal
closer as its size increases. This rule is supported
by the structural data determined for the vanadium
mixed sandwich complexes [CpV]2(^-CöH6) (V-Z 5
192.2 pm, V-Z6 170.2 pm) [9] and [V(/?8 -C 8 H8)(??4 -C 8 H8)] (V-Z 8 139.0 pm av.) [10]. Similar dif
ferences in metal-to-ring distances are observed in
mixed sandwiches of titanium and manganese [ 1 1 ].

Halfsandwich
Complex
“j

C 5 H4COOH)(777 -C 7 H 7)K [V(775 -CsH 4 COOD)(7/7C 7 H7)]2, [V (rj5-C 5 H 4 C(0)-)(7/ 7 -C 7 H 7 )] 2 0 , [V(7?5C 5 H 4 Ph)(r77 -C 7 H7)] and [V( 775 -C 5 H 4 -)(r/7 -C 7 H 7 ) ] 2
(V-Z 5 = 191.2 pm av., V-Z 7 = 146.0 pm av.). In these
complexes and in 2a the V-C distances V-C(L7)

Table III. Spectroscopic characterization of the halfsand
wich complexes.

n
X

for the parent complex trovacene ( 1) (V-Z "1 = 190
and V-Z 7 = 150 pm) [8 ]. The vanadium-ring center
distances determined for 2a (V-Z 5 = 193.0 and VZ 7 = 146.2 pm) are very close to the corresponding
distances in the trovacene derivatives which were
studied by Elschenbroich et al. [5, 6 ], e.g. [W(r]5-

a Identified only in the reaction mixture.
of the cyclopentadiene or indene precursor in boiling hex
ane (69 °C). As soon as the main IR u{CO) stretching
absorption of V(CO)ö (1975 cm-1 ) had disappeared, the
reaction mixtures were brought to dryness and the half
sandwich complexes purified by column chromatography
over silica. (Elution with hexane).
Synthesis o f the mixed i f / r f sandwich complexes

a) 90 mg (0.4 mmol) of [V(r;7-C7H7)(CO)3] were dis
solved in 8 ml of dimethylformamide, and 0.4 mmol
of the respective cyclopentadiene (CpH, Cp'H, Cp'H,
Cp*H) or indene (IndH, Ind'H) were added. The green
1:1 mixture was heated to reflux (153 °C) until the ^(CO)
bands in the IR spectra had disappeared (20 - 60 min).
The solvent was removed from the brown reaction
mixture under high vacuum and the residue extracted
with hexane/dichloromethane (1:1). Column chromato
graphy of the concentrated extract over silica (pentane)
gave the ?/5//;7 sandwich complexes. (Elution with hex-
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ane/dichloromethane mixtures 7:1 (1), 5:1 (la ), 3:1 (lb,
c and 2a) or 2:1 (2)).
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Table IV. Yields of the sandwich complexes and reaction
times in boiling DMF (b. p. 153 °C).

b) A solution containing 0.5 mmol of the halfsandwich
Synthesis from
Synthesis from
[V(?75-L)(CO)4] in 8 ml of DMF was heated under reflux Complex
[V(V -C7H7)(CO)3] [V(?7 -L5)(CO)4]
together with either a 2.5 molar excess (in the cases of [V(r/5-L5)(*?7-C7H:0]
+ L H (1:1)
+ C7H8
rf-L = Cp, Cp', Cp\ Cp*) or an equimolar amount (in
the cases of rf-b = Ind, Ind') of cyclohepta-l,3,5-triene
L5 = Cp ( 1 ) 60% (45 min)
23% (1 h)
(C7H8) until the CO stretching absorptions in the IR spec
Cp' (la) 27% (40 min)
20% (10h)
tra had vanished (1 - 12 h). Work-up as described under
44% (7 h)
Cp* (lb) 15% (20 min)
a) and final chromatography over silica gave the rflrj1
Cp* (lc) 2% (60 min)
62% (12 h)
mixed sandwich. The cyclopentadienyl complexes (1 and
Ind (2) 50% (20 min)
10% (1 h)
Ind' (2a) 32% (45 min)
10% (12 h)
la - c) are purple, the indenyl analogues (2 and 2a) are
green.
Instrumentation: IR: Perkin-Elmer 983G; 51V NMR: hydrogen atoms with anisotropic temperature factors and
JEOL FX 90Q relative to VOCl3, 232.55 MHz; El MS:
165 parameters (Rogers //-parameter: 1.01 (5)) converged
Finnigan MAT 8500, direct inlet, ionization energy 70 eV. at R/wR = 0.031/0.030 ( w - 1 = <j2 ( F 0)); hydrogen atoms
X-Ray structure analysis of 2a
Crystal: C 17H 16V, dark green prism of dimen
sions 0.50x0.40x0.24 mm; orthorhombic, space group
P2 1 2 1 2 1 , unit cell parameters a = 934.6(2), b = 1077.1(2),
c = 1272.0(2) pm, Z = 4, and V = 1280.4(4)-106pm3;
absorption coefficient = 0.751 mm - 1.
Data collection: Siemens P4 diffractometer (MoKQ ra
diation, A = 71.073 pm, graphite monochromator); 3425
reflections measured in uj scan mode in the range 3° <
2i) < 55°, three check reflections monitored every 100
reflections were used for a control of the stability of the
primary beam; 2897 reflections were independent and
assigned as observed (F0 > O • <r(F0)); empirical absorp
tion correction by using ^-scans (min./max. transmission
factors 0.3824/0.4499).
Structure solution and refinement: Direct meth
ods (SHELXTL-PLUS V.4.2). Refinement of all non-
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