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(Imido)vanadium(V) complexes have attracted much attention because of their potential applications
as catalysts. Compared with oxo ligands, imido ligands can possess a substituent on the imido nitrogen
so that the steric and electronic characters of the metal center are considered to be controlled by the
properties of the nitrogen substituent. In such a sense, the design of the imido ligands is envisioned to
be one of the key factors in the development of efficient catalysts. Furthermore, architectural control
of transition metal-directed assembly to create organized nanostructures is of importance for advanced
materials. This review highlights self-assembling properties of (arylimido)vanadium(V) compounds.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The imido ligand coordinates to metals through a metal-
nitrogen multiple bond [1], serving as an ancillary or supporting
ligand. The imido ligands are a particularly suitable type of ligand
for stabilization of transition metal complexes in high oxidation
states through extensive ligand-to-metal 7 donation [2]. Since the
initial work by Preuss and Towae [3], Maatta [4], and Horton groups
[5], (imido)vanadium(V) complexes have attracted much attention
[6] because of the potential application as catalysts for olefin poly-
merization [7], C-H activation [5¢,8], and so on [9]. Introduction of
a substituent onto the imido ligands is expected to influence the
steric structures and electronic properties of a vanadium center
through 7 conjugation. In such a sense, the design of the imido
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ligands is considered to be one of the key factors in the devel-
opment of efficient catalysts. The substituent effect of the imido
ligands has been reported only spectroscopically and theoretically
[4b]. The design of structurally defined molecular arrangements
in a solid state is an area of current interest as crystal engineer-
ing [10]. Architectural control of molecular self-organization is of
importance for the development of functional materials [11]. The
utilization of the transition metal-directed assembly is regarded
as a convenient approach to the organized nanostructures [12].
This review describes the self-assembling properties of (arylim-
ido)vanadium(V) compounds.

2. Self-association of (arylimido)vanadium(V) alkoxides to
the p-alkoxido-bridged dimeric structures

According to Scheme 1, (arylimido)vanadium(V) alkoxides are
prepared by the reaction of VOX3 with the corresponding aryl
isocyanates. The (p-tolylimido)vanadium(V) triisopropoxides form
the p-isopropoxido-bridged dimeric structure 1, wherein the V-O
bonds of the p-isopropoxido-bridging are not symmetrical with the
V-0 distances of 1.8560(13) and 2.2151 (13) A [6i]. The geometry
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Fig. 1. (Arylimido)vanadium(V) alkoxides [4b,6i,6m,60,6s,7j,71,9g].
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Fig. 2. p-Isopropoxido-bridged dimeric structures of (a) 2a, (b) 2b, (c) 2¢, (d) 2d, (e) 2e, and (e) 2f [60,6s].
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Scheme 1. General preparative methods for (arylimido)vanadium(V) alkoxides
[4b,6i,6m,60,6s,7j,71,9g].

at the imido nitrogen is nearly linear (V(1)-N(1)-C(1),176.18(16)°)
with the V(1)-N(1) distance of 1.6709 (16)A (Fig. 1).

The effect of the p-substituent on the benzene ring of
the (arylimido)vanadium(V) triisopropoxides was studied. The
reaction of VO(O'Pr); with various para-substituted aryl iso-
cyanates without solvent at 140°C affords the corresponding
(arylimido)vanadium(V) triisopropoxides, [(p-RCgH4N)V(O'Pr)s]
(2a: R=NMe,; 2b: R=0Me; 2c: R=0Ph; 2d: R=H; 2e: R=CN;
2f: R=NO;) [60,6s]. The solid state imido structure of 2b
bearing the electron-donating methoxy group is characterized
by the V(1)-N(1) distance of 1.677(2)A and the nearly linear
V(1)-N(1)-C(1) angle of 177.3(2)°, suggesting the higher par-
ticipation of an sp-hybridized character in the nitrogen of the
imido bond (Fig. 2b) [6s]. Furthermore, a u-isopropoxido-bridged
dimeric structure, in which each vanadium atom is coordinated in
a trigonal-bipyramidal geometry (7 =0.96) [13] with the imido and
bridging isopropoxido ligands in the apical positions, is observed in
the crystal packing. This result is in contrast to the corresponding
oxovanadium(V) alkoxides [14] and chloroalkoxides [15], which
are distorted from the ideal trigonal bipyramidal structure. A metal-
nitrogen multiple bond might lead to such a coordination geometry
through ligand-to-metal 7 donation. The p-isopropoxido-bridged
dimeric structures are also formed in the case of 2a bearing the
electron-donating dimethylamino group, 2c bearing the electron-
donating phenoxy group, and the non-substituted complex 2d
wherein two independent molecules exist in an asymmetric unit
in a solid state (Fig. 2a, c and d, respectively) [60,6s]. Linearity of
the imido angles slightly decreases (2a: V(1)-N(1)-C(1), 174.3(3)°;
2c: V(1)-N(1)-C(1), 176.4(2)°; 2d: V(1)-N(1)-C(1), 175.1(1) and
175.6(1)°) although the V(1)-N(1) distance (1.678(3)A for 2a,
1.673(2)A for 2¢, 1.673(1) and 1.674(1)A for 2d) equals to the
one observed with 2b. In these (arylimido)vanadium(V) triiso-
propoxides, the higher participation of an sp-hybridized character
in the nitrogen of the imido bond is suggested, resulting in the
formation of the p-isopropoxido-bridged dimeric structures. The
molecular structure of 2e bearing the electron-withdrawing cyano
group is also characterized by the u-isopropoxido-bridged dimeric
structure with the V(1)-N(1) distance of 1.674(2) A and the nearly
linear V(1)-N(1)-C(1) angle of 178.6(2)° (Fig. 2e) [6s]. Linearity of
the imido angle increases as compared with 2b, probably due to
the contribution of m-conjugation. The slightly decreased imido
angle (V(1)-N(1)-C(1), 172.8(1)°) with the V(1)-N(1) distance of
1.670(2)A is observed in the case of 2f bearing the electron-
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withdrawing nitro group (Fig. 2f) [6s]. The para-substituent of the
aryl moiety affects the hybridized properties and structures of the
(arylimido)vanadium(V) complexes through m-conjugation. The p-
alkoxido-bridged dimeric structures 3 [71] and 4 [7]] are formed in
the (arylimido)vanadium(V) alkoxides.

The association properties of (arylimido)vanadium(V) com-
plexes having chloride ligands were investigated. The molecular
structure of the (p-tolylimido)vanadium(V) chlorodiaryloxide is
characterized by the p-isopropoxido-bridged dimeric structure
5 with the V-N distance of 1.644(3)A and the nearly linear
V-N-C skeleton (175.8(3)°) [4b]. As observed in the crystal
structures of the triisopropoxide and diaryloxide complexes,
(phenylimido)vanadium(V) ethoxydichloride 6a forms the -
ethoxido-bridged dimeric structure, in which each vanadium atom
is coordinated in a trigonal-bipyramidal geometry by bridging the
ethoxido group in an apical position (Fig. 3a) [9g]. The V(1)-N(1)
distance of 1.6554(14) A and the nearly linear C(1)-N(1)-V(1) angle
of 173.46(13)° suggest the participation of an sp-hybridized char-
acter in the imido nitrogen. The crystal structure of 6b bearing
the bromo group on the benzene ring is also characterized by
the p-ethoxido-bridged dimeric structure with the V(1)-N(1) dis-
tance of 1.661(3)A and the nearly linear V(1)-N(1)-C(1) angle of
169.5(2)° (Fig. 3b) [9g]. However, as compared with 6a, the imido
angle is almost 4° bent. This result indicates a smaller contribu-
tion of the sp-hybridized character with the imido nitrogen of
6b. Probably due to the conjugation of the electron-withdrawing
group, the bromo group might weaken the sp-hybridized character.
Such relationship between the imido bond character and the sub-
stituent effect is the similar as the above-mentioned results of the
(arylimido)vanadium(V) triisopropoxides. On the other hand, the
chlorido-bridged polymeric structure with two chloride bridges to
build a chain of edge sharing [(p-ToIN)VCI(14-Cl)4] octahedrons is
observed in the case of the (p-tolylimido)vanadium trichloride 7
[6m].

3. u-Arylimido-bridged dinuclear complexes from
(arylimido)vanadium(V) compounds

Only some examples for the preparation of p-imido-
brigded vanadium(IV) complexes, cyclodivanadazenes, from
(imido)vanadium(V) complexes have been reported (Fig. 4)
[3d,3e,6d,6e,6s] although the imido nitrogen is considered to
participate in the coordination to another metal center. The
crystal structures of the u-imido-brigded dinuclear vanadium(IV)
complexes 8-12 reveal the formation of almost planar p-imido-
brigded V,N, core with the V-V distance of 2.907(3) A for 8 [3d],
2.472(3)Afor9a|[3e], 2.459(6) A for 9b [3e], 2.449(19) A for 10 [6d],
2.487(1)A for 11 [6d], 2.5314(9) A for 12a [6e], and 2.5095(6) A for
12b [6e].

The imido structure of the (arylimido)vanadium(V) triiso-
propoxides is considered to be an important factor to control the
assembly. The imido nitrogen with the larger contribution of an
sp2-hybridized character could coordinate to another metal cen-
ter by using a lone pair although such coordination is not possible

‘0\2“

\}01 VA*N1* Br1*
N1 V1 (cn*
CI2

Fig. 3. p-Ethoxido-bridged dimeric structures of (a) 6a and (b) 6b [9g].
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Fig. 4. p-Arylimido-bridged dinuclear complexes [3d,3e,6d,6e,6s].

Fig. 5. Molecular structure of 2gb for the p-arylimido-bridged dinuclear complex
[6s].

with the higher participation of an sp-hybridized character. The
self-association is controlled by the characteristics of the V-N
imido bond, which depends on the difference in m-conjugation of
the p-substituent on the benzene ring. The p-imido-brigded di-
nuclear vanadium(IV) complex 2gb, [V(u-N-p-CgH4Br)(O'Pr); |5, is
obtained by recrystallization of the (arylimido)vanadium(V) com-
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plex 2ga, [(p-BrCgH4N)V(OPr)3], which is initially formed by the
reaction of 4-bromophenylisocyanate with VO(OPr); [6s]. The
lone pair on the nitrogen atom coordinates to the vanadium cen-
ter to afford the cyclodivanadazene 2gb. The single-crystal X-ray
structure determination of the complex 2gb, wherein two inde-
pendent molecules exist in an asymmetric unit, reveals a di-
nuclear structure with two imido ligands bridging two V(O'Pr),
moieties as shown in Fig. 5 [6s]. Each vanadium atom is coor-
dinated in a distorted tetrahedral geometry. The torsion angles
V(1)-N(1)-V(1*)-N(1*) (0.0 and 0.0000(1)°) indicate that the VN,
core is almost planar. The V(1)-V(1*) distances of 2.524(3) and
2.526(3)A are close to those found in the cyclodivanadazenes
so far reported [3d,3e,3h,6b,6d,6e,6j,6p,9¢e]. The V-N distances
(V(1)-N(1)=1.853(6) and 1.844(6)A, V(1)-N(1*)=1.856(6) and
1.850(6)A) are ca 0.17 A longer than that of 2b.

4. Self-association of multinuclear (arylimido)vanadium(V)
alkoxides to the highly ordered molecular arrangement in
the solid state

Architectural control of well-arranged supramolecular sys-
tems based on transition metal directed assembly is a current
research area in metal-directed chemistry [12]. A multinu-

Fig. 6. Multinuclear (arylimido)vanadium(V) alkoxides [6s,6v].
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Fig. 7. A portion of a layer containing the one-dimensional linear polymeric structure of (a) 13 and (b) the one-dimensional zigzag polymeric structure of 14 through

J-isopropoxido-bridging in the crystal packings [6s].

clear (arylimido)vanadium(V) complex containing the bridging
isopropoxide ligands is envisioned to expand self-association
through p-isopropoxido-bridging in a crystal state. Generally,
(imido)vanadium(V) complexes have been prepared by the reac-
tion of (oxo)vanadium(V) complexes with the corresponding
isocyanates. However, there are some limitations preventing
the design of functional (imido)vanadium(V) complexes because
the isocyanates are not necessarily available through an easy
synthetic path. One-pot preparation of (arylimido)vanadium(V) tri-
isopropoxides from aniline derivatives is achieved by using NaH
as a base (Scheme 2) [6v]. This one-pot preparation of arylimi-
dovanadium(V) triisopropoxides permits the use of a wide range
of commercial available aromatic amines in the straightforward
synthesis of a variety of arylimidovanadium(V) triisopropox-
ides. For example, a solution of 1,4-phenylenediamine, VO(O'Pr)3
(2.4equiv.), and NaH (2.4equiv.) is heated to reflux in octane
to afford the binuclear arylimidovanadium(V) triisopropoxide 13,
[((PrO)3V(N-p-Ph-N)V(O'Pr)3] (Fig. 6). The structure of 13 is con-
firmed by X-ray crystallographic analysis. Due to the conjugation,
the V-N-Ph-N-V core is almost linear with the V(1)-N(1) dis-
tance of 1.678(2)A and the V(1)-N(1)-C(1) angle of 177.8(1)°.
As expected, the one-dimensional linear polymeric structure is
formed through p-isopropoxido-bridging in the crystal packing
as shown in Fig. 7a [6s]. The bimetallic complex 14, [({PrO);V(N-
m-CgH4N)V(O'Pr)3], affords the one-dimensional zigzag polymeric
structure through p-isopropoxido-bridging as depicted in Fig. 7b
[6s].

The utilization of an axially chiral binaphthyl is expected
to induce a helically ordered molecular assembly. The axi-
ally chiral dinuclear (arylimido)vanadium(V) triisopropoxide 15,
[((PrO)3V(N-(R)-1,1"-BN-N)V(O'Pr)3], is obtained by the reaction of
(R)-(+)-binaphthyl-2,2’-diamine with 250 mol% of VO(O!Pr); in the
presence of 240 mol% of NaH. The bimetallic imido structure of 15
is confirmed by X-ray crystallographic analysis (Fig. 8a and b) [6v].
The hydrogen atom on the methine carbon atom almost faces the
m-electrons of the naphthalene ring with the distance 2.75 A, sug-
gesting a CH-m interaction (edge-to-face interaction). As a result
of this CH-1r interaction, the binaphthyl moiety adopts in a confor-
mation with a dihedral angle of 78.99(9)° between the naphthalene

VO(O'Pr); + R-NH;, R-N=V(O'Pr),

13,15, or 16

Scheme 2. One-pot synthesis of (arylimido)vanadium(V) alkoxides [6v].

planes. The bent imido structures with the V(1)-N(1)-C(1) angles of
161.7(3), 167.8(3), 167.0(4), and 168.0(4)° are probably due to the
CH-m interaction and steric hinderence. The axially chiral binuclear
complex 15 exhibits an intermolecular CH-7 interaction, wherein
two independent molecules exist in the asymmetric unit and are
connected alternately through the intermolecular CH-m interac-
tion, creating a left-handed helically ordered arrangement in the
crystal packing as depicted in Fig. 8cand d. The (imido)vanadium(V)

()

(b)

Fig.8. (a) Atop view, (b)aside view of the molecular structure of 15, (c) space-filling
representations of the top view of the crystal packing of 15 (isopropoxy groups are
omitted for clarity), and (d) the side view of a portion of a layer containing the heli-
cally ordered molecular assembly through CH-7 interaction in the crystal packing
of 15 (isopropoxy groups are omitted for clarity). The red dotted line represents the
intermolecular CH-T interaction [6v].
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Fig. 10. A portion of a layer containing a hexagonal arrangement in the crystal
packing of 16 [6v].

(b)

triisopropoxide moieties are assembled around a helical naphtha-
lene core. The circular dichroism spectrum of 15 shows the positive
Cotton effect at 326 and the negative Cotton effectat421 nmaround
the absorbance region of the (imido)vanadium(V) triisopropoxide
moieties, supporting the axially chiral structure.

The trinuclear (arylimido)vanadium(V) triisopropoxide 16,
[N[(-p-Ph-N)V(O'Pr)3]3], is prepared by the reaction of tris(4-
aminophenyl)amine with 600 mol% of VO(OiPr); in the presence
of 450 mol% of NaH [6v].The single-crystal X-ray structure deter-
mination of 16 reveals a tridendritic centrosymmetric structural
motif with a distorted pyramidal geometry at the central nitrogen
as depicted in Fig. 9a [6v]. The imido structure with the V(1)-N(1)
distance of 1.657(3)A and the nearly linear V(1)-N(1)-C(1) angle
of 173.3(2)° indicate the higher participation of an sp-hybridized
character in the nitrogen of the imido bond. The steric interac-
tion between the hydrogen atoms at the ortho position of the
benzene ring causes a propeller twist of 63.38(10)° between
the benzene rings around the central nitrogen. As the trinu-
clear complex 16 crystallizes in the space group R-3 with Z=6,
two mirror imaged molecules exist in the asymmetric unit, in
which the triphenylamine moieties of these molecules adopt a
mirror imaged propeller twist conformation. Instead of the for-
mation of the u-isopropoxido-bridged polymeric structure as
observed in 13 and 14, these molecules pack in a face-to-face
manner to form a “gear pair’-like dimeric structure through
six intermolecular CH-r interactions between the aryl moieties
(the distance between the hydrogen atom and phenyl C(a) atom
is 2.87A) in the crystal packing, in which the triphenylamine
moieties are surrounded by the (imido)vanadium(V) triisopropox-
ide moieties as shown in Fig. 9b and c. Each vanadium atom
is coordinated in a square pyramidal geometry at the metal
center (7r=0.002) [13]. Another interesting structural feature
is that each molecule of 16 is arranged in a hexagonal pat-
tern in the crystal packing, in which the triphenylamine and
(imido)vanadium(V) triisopropoxide moieties individually form
the columns (Fig. 10).

(c)

Fig. 9. (a) Molecular structure of 16, (b) a top view, and (c) a side view of a “gear 5. Conclusion
pair” like dimeric structure of 16 through six intermolecular CH-1r interactions. The

red dotted line represents the intermolecular CH-7 interaction [6v]. The (arylimido)vanadium(V) alkoxides and the correspond-
ing multimetallic triisopropoxides form the w-alkoxido-bridged
dimeric structures or the p-imido-bridged one, wherein the para-
substituent of the aryl moiety controls the assembling properties.
The para-substituent of the aryl moiety affects the properties
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and structures of the (arylimido)vanadium(V) compounds through
T-conjugation, which is envisioned to control the electronic prop-
erties of the vanadium centers. By using the one-pot versatile
preparation of the (arylimido)vanadium(V) triisopropoxides from
the corresponding anilines and VO(OPr); in the presence of NaH
as a base, the binuclear (arylimido)vanadium(V) triisopropoxide
with an axial chirality and the trinuclear (arylimido)vanadium(V)
triisopropoxide with a tridendritic centrosymmetric structural
motif is synthesized, showing their strong tendency to self-
assemble through CH-1r interaction to create a unique highly
ordered molecular arrangement in a solid state. These architec-
turally dimensional structures utilizing self-assembling properties
of (arylimido)vanadium(V) compounds are allowed to provide a
useful approach to artificial organized nanostructures. The pre-
cise molecular arrangement is of importance in the development
of nano-materials. Furthermore, the design of the imido ligands is
considered to permit the development of efficient imidovanadium
catalysts.

References

[1] T.R. Cundari, Chem. Rev. 100 (2000) 807.

[2] (a) D.E. Wigley, in: K.D. Karlin (Ed.), Progress in Inorganic Chemistry, vol. 42,
Wiley-Interscience, New York, 1994, p. 239;
(b) W.A. Nugent, ].M. Mayer, Metal-Ligand Multiple Bonds, Wiley-Interscience,
New York, 1998.

[3] (a) F. Preuss, W. Towae, Z. Naturforsch. B 36 (1981) 1130;
(b) F. Preuss, W. Towae, V. Kruppa, E. Fuchslocher, Z. Naturforsch. B 39 (1984)
1510;
(c) F. Preuss, H. Becker, H.-]. Hausler, Z. Naturforsch. B 42 (1987) 881;
(d) F. Preuss, H. Becker, J. Kaub, W.S. Sheldrick, Z. Naturforsch. B 43 (1988)
1195;
(e) F. Preuss, G. Overhoff, H. Becker, H.-J. Hausler, W. Frank, G. Reif3, Z. Anorg.
Allg. Chem. 619 (1993) 1827,
(f) F. Tabellion, A. Nachbauer, S. Leininger, C. Peters, F. Preuss, M. Regitz, Angew.
Chem. Int. Ed. 37 (1998) 1233;;
(g) C. Peters, F. Tabellion, M. Schroder, U. Bergstrdfer, F. Preuss, M. Regitz,
Synthesis (2000) 417;
(h) F. Preuss, F. Tabellion, G. Overhoff, G. Reiss, Z. Anorg. Allg. Chem. 626 (2000)
1665.

[4] (a) E.A. Maatta, Inorg. Chem. 23 (1984) 2560;

(b) D.D. Devore, ].D. Lichtenhan, F. Takusagawa, E.A. Maatta, J. Am. Chem. Soc.

109 (1987) 7408;;

(c)P.L.Hill,G.P.A. Yap,A.L.Rheingold, E.A. Maatta, ]. Chem. Soc., Chem. Commun.

737 (1995);

(d) D.E. Wheeler, ].-F. Wu, E.A. Maatta, Polyhedron 17 (1998) 969.

(a)]. de With, A.D. Horton, A.G. Orpen, Organometallics 9 (1990) 2207;

(b) J. de With, A.D. Horton, Angew. Chem. Int. Ed. Engl. 32 (1993) 903;

(c) J. de With, A.D. Horton, A.G. Orpen, Organometallics 12 (1993) 1493.

[6] (a) T. Carofiglio, C. Floriani, A. Chiesi-Villa, C. Guastini, Inorg. Chem. 28 (1989)

(51

(b)J.Ruiz, M. Vivanco, C. Floriani, A. Chiesi-Villa, C. Guastini, J. Chem. Soc., Chem.
Commun. (1991) 214;

(c) W. Plass, ].G. Verkade, Inorg. Chem. 32 (1993) 3762;

(d) G.A. Solan, P.G. Cozzi, C. Floriani, A. Chiesi-Villa, C. Rizzoli, Organometallics
13(1994) 2572;

(e)].-K.F. Buijink, A. Meetsma, ].H. Teuben, H. Kooijman, A.L. Spek, ]. Organomet.
Chem. 497 (1995) 161;

(f) M.G. Fickes, W.M. Davis, C.C. Cummins, J. Am. Chem. Soc. 117 (1995) 6384;
(g) VJ. Murphy, H. Turner, Organometallics 16 (1997) 2495;

(h) P.T. Witte, A. Meetsma, B. Hessen, J. Am. Chem. Soc. 119 (1997) 10561;

(i) M. Lutz, H. Hagen, A.M.M. Schreurs, A.L. Spek, G. van Koten, Acta Cryst. C55
(1999) 1636;

(j) C. Lorber, R. Choukroun, B. Donnadieu, Inorg. Chem. 41 (2002) 4217;

(k) J. Yamada, K. Nomura, Organometallics 24 (2005) 3621;

(1) C. Brown, R. Achey, R. Fu, T. Gedris, A.E. Stiegman, ]J. Am. Chem. Soc. 127
(2005) 11590;

(m) S. Diirr, B. Bechlars, U. Radius, Inorg. Chem. Acta 359 (2006) 4215;

(n) N.C. Smythe, R.R. Schrock, P. Miiller, W.W. Weare, Inorg. Chem. 45 (2006)
9197;

(0) T. Moriuchi, K. Ishino, T. Hirao, Chem. Lett. 36 (2007) 1486;

(p) C. Lorber, R. Choukroun, L. Vendier, Inorg. Chem. 46 (2007) 3192;
(q) T. Moriuchi, T. Beppu, K. Ishino, M. Nishina, T. Hirao, Eur. J. Inorg. Chem.
1969 (2008);
(r) W. Zhang, K. Nomura, Organometallics 27 (2008) 6400;
(s) T. Moriuchi, K. Ishino, T. Beppu, M. Nishina, T. Hirao, Inorg. Chem. 47 (2008)
7638;
(t) D. Rehder, Coord. Chem. Rev. 252 (2008) 2209;
(u) T. Moriuchi, T. Hirao, Pure Appl. Chem. 81 (2009) 1187;
(v) T. Moriuchi, M. Nishina, T. Hirao, Angew. Chem. Int. Ed. 49 (2010) 83.
(a) S. Scheuer, J. Fischer, J. Kress, Organometallics 14 (1995) 2627;
(b) M.C.W. Chan, J.M. Cole, V.C. Gibson, J.A.K. Howard, Chem. Commun. (1997)
2345;
(c) M.C.W. Chan, K.C. Chew, C.I. Dalby, V.C. Gibson, A. Kohlmann, LR. Little, W.
Reed, Chem. Commun. 1673 (1998);
(d) M.P. Coles, C.I. Dalby, V.C. Gibson, LR. Little, E.L. Marshall, M.H. Ribeiro da
Costa, S. Mastroianni, J. Organomet. Chem. 591 (1999) 78;
(e) H. Hagen, C. Bezemer, J. Boersma, H. Kooijman, M. Lutz, A.L. Spek, G. van
Koten, Inorg. Chem. 39 (2000) 3970;
(f) K. Nomura, A. Sagara, Y. Imanishi, Chem. Lett. 30 (2001) 36;
(g)J. Yamada, M. Fujiki, K. Nomura, Organometallics 24 (2005) 2248;
(h) Y. Sato, Y. Nakayama, H. Yasuda, J. Appl. Polym. Sci. 97 (2005) 1008;
(i) H.R. Bigmore, M.A. Zuideveld, R.M. Kowalczyk, A.R. Cowley, M. Kranenburg,
E.J.L. Mclnnes, P. Mountford, Inorg. Chem. 45 (2006) 6411;
(j) C. Redshaw, M.A. Rowan, L. Warford, D.M. Homden, A. Arbaoui, M.R/]. Else-
good, S.H. Dale, T. Yamato, C.P. Casas, S. Matsui, S. Matsuura, Chem. Eur. J. 13
(2007) 1090;
(k) W. Zhang, K. Nomura, Inorg. Chem. 47 (2008) 6482;
(1) A. Arbaoui, C. Redshow, D.M. Homden, J.A. Wright, M.R/J. Elsegood, Dalton
Trans. 8911 (2009);
(m) S. Zhang, K. Nomura, ]. Am. Chem. Soc. 132 (2010) 4960.
[8] T.R. Cundari, Organometallics 13 (1994) 2987.
[9] (a)K.R.Birdwhistell, T. Boucher, M. Ensminger, S. Harris, M. Johnson, S. Toporek,
Olganometalllcs 12(1993) 1023;
(b)F.Tabellion, A. Nachbauer, S. Leininger, C. Peters, F. Preuss, M. Regitz, Angew.
Chem. Int. Ed. 37 (1998) 1233;
(c) K.R. Birdwhistell, J. Lanza, J. Pasos, ]. Organomet. Chem. 584 (1999) 200;
(d) F. Montilla, A. Pastor, A. Galindo, J. Organomet. Chem. 689 (2004) 993;
(e) C. Lorber, R. Choukroun, L. Vendier, Organometallics 23 (2004) 1845;
(f) F. Montilla, D. del Rio, A. Pastor, A. Galindo, Organometallics 25 (2006) 4996;
(g) M. Nishina, T. Moriuchi, T. Hirao, Dalton Trans. 39 (2010) 9936.
[10] (a) G.R. Desiraju, Crystal Engineering: The Design of Organic Solids, Elsevier,
Amsterdam, 1989;
(b) CV.K. Sharma, G.R. Desiraju, in: G.R. Desiraju (Ed.), Perspectives in
Supramolecular Chemistry. The Crystal as a Supramolecular Entity, Wiley,
Chichester, 1996;
(c) D. Braga, F. Grepioni, G.R. Desiraju, Chem. Rev. 98 (1998) 1375.
[11] (a)V.Balzani, A. Credi, F.M. Raymo, J.F. Stoddart, Angew. Chem. Int. Ed. 39 (2000)
3348;
(b) G.F. Swiegers, T,J. Malefetse, Chem. Rev. 100 (2000) 3483.
[12] For reviews on this subject after 2000, see:
(a) S. Leininger, B. Olenyuk, P.J. Stang, Chem. Rev. 100 (2000) 853;
) R. Ziessel, Coord. Chem. Rev. 216-217 (2001) 195;
c) S.-S. Sun, AJ. Lees, Coord. Chem. Rev. 230 (2002) 171;
d) W.-Y. Sun M. Yoshizawa, T. Kusukawa, M. Fujita, Curr. Opin. Chem. Biol. 6
2
e

(b

(

(d)

(

(e)].-C.G. Bunzll C. Piguet, Chem. Rev. 102 (2002) 1897;

(f) F. Wiirthner, C.-C. You, C.R. Saha-Mdller, Chem. Soc. Rev. 33 (2004) 133;

(g) Y. Kobuke, Eur. J. Inorg. Chem. 2333 (2006);

(h) S. Tanase, J. Reedijk, Coord. Chem. Rev. 250 (2006) 2501;

(i) A.W. Kleij, ].N.H. Reek, Chem. Eur. J. 12 (2006) 4218;

(j) M.A. Pitt, D.W. Johnson, Chem. Soc. Rev. 36 (2007) 1441;

(k) J. Cookson, P.D. Beer, Dalton Trans. (2007) 1459.

[13] The structural parameter proposed by Addison and Reedijik, T=(f — a)/60, for
the coordination geometry of the five-coordinated complex shows 7=0.96 and
0.002 for 2b and 16, respectively, where o and 3 represent two basal angles

(B> o). The parameters for an ideal square pyramidal and trigonal bipyramidal

geometriesareT=0(a=B=180°)and 7=1(a=120° and 3 = 180°), respectively.
The T value of 2b md1cates that the coordination geometry around the vana-
dium atom is a trigonal-bipyramid. The coordination geometry around the
vanadium atom of 16 is suggested to be a square pyramidal geometry from the
T value AW. Addison, T.N. Rao, J. Reedijk, ]. van Rijn, G.C. Verschoor, ]J. Chem.
Soc., Dalton Trans. (1984) 1349.

[14] W. Priebsch, D. Rehder, Inorg. Chem. 29 (1990) 3013.

[15] D.C. Crans, RA. Felty, M.M. Miller, J. Am. Chem. Soc. 113 (1991) 265.



	Self-assembling properties of (arylimido)vanadium(V) compounds
	1 Introduction
	2 Self-association of (arylimido)vanadium(V) alkoxides to the μ-alkoxido-bridged dimeric structures
	3 μ-Arylimido-bridged dinuclear complexes from (arylimido)vanadium(V) compounds
	4 Self-association of multinuclear (arylimido)vanadium(V) alkoxides to the highly ordered molecular arrangement in the sol...
	5 Conclusion
	References


