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Structural Characterization of (Diphenylhydrazido)vanadium(V)

Compounds

Takashi Sakuramoto,®® Toshikazu Hirao,*® and Toshiyuki Moriuchi*[!

Abstract: (Diphenylhydrazido)vanadium(V) ftriisopropoxide was
synthesized by the reaction of VO(OPr); with N,N-diphenylhydrazine.
The prisopropoxido-bridged dimeric structure was observed in the
molecular structure of (diphenylhydrazido)vanadium(V)
triisopropoxide. The near-linear V(1)-N(1)-N(2) angle of 173.7(3)° with
the V(1)-N(1) distance of 1.667(4) A indicates that the imido nitrogen
has large participation of an sp-hybridized character. The phenyl
substituents of the hydrazido moiety were found to conjugate with the
N-N bond. Furthermore, CH-n intermolecular interaction between two
benzene rings was observed to induce polymeric structure in a solid
state. (Diphenylhydrazido)vanadium(V) nitrilotriethoxide was obtained
by the treatment of (diphenylhydrazido)vanadium(V) triisopropoxide
with 2,2',2"-nitrilotriethanol. The slightly increased imido angle (V(1)-
N(1)-N(2), 176.4(5)°) was observed as compared with
(diphenylhydrazido)vanadium(V) triisopropoxide probably because of
the apical coordination of the nitrogen.

Introduction

Hydrazido compounds (M=N-NR) with a metal-nitrogen multiple
bond are regarded as important intermediates in organic
transformations such as hydrohydrazination and related organic
reactions.ll Considerable attention has been attracted to the
structural characterization of hydrazido compounds. Vanadium

compounds are known to play a crucial role in a biological process.

The inslinomimetic properties of vanadium compounds have been
investigated.””? Also, vanadium haloperoxidases mimicking
systems have been reported.’! However, hydrazido compounds
of vanadium have attracted less attention® On the other hand, the
construction of well-organized molecular arrangements in a solid
state has been receiving much interest in the field of crystal
engineering.l®! The controlled transition-metal-directed assembly
to induce self-organized nanostructures is important for
development of functional materials.l®! Alkoxide ligands are known
to play an important role in the self-association of vanadium(V)
compounds through p-alkoxido-bridging.!"! Although
(imido)vanadium(V) alkoxides with vanadium-nitrogen multiple
bond have been demonstrated to dimerize through u-alkoxido-
bridging, self-assembling properties of hydrazido compounds of
vanadium(V) with alkoxide ligands have not been studied
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extensively. Recently, alkoxide ligands of
(dimethylhydrazido)vanadium(V) have been demonstrated to
regulate the self-association properties through the control of
coordination environment, wherein isopropoxide ligands were
found to induce a p-isopropoxido-bridged dimeric structure with a
trigonal-bipyramidal geometry although a monomeric tetrahedral
structure was observed in the case of tert-butoxide ligands. 1
Substituents on the hydrazido moiety of (hydrazido)vanadium(V)
alkoxides is envisioned to affect the electronic and steric
properties of the vanadium-nitrogen multiple bond, and self-
assembling properties. However, the substituent effect of
(hydrazido)vanadium(V) alkoxides on the self-assembling
properties has not been investigated so far. We have already
performed a unique molecular arrangement of
(arylimido)vanadium(V) alkoxides through CH-r interaction.l®! In
this context, we embarked upon the elucidation of the aromatic
substituent  effects on the hydrazido moiety of
(hydrazido)vanadium(V) alkoxides in vanadium-nitrogen multiple
bond and the self-assembling properties.

Results and Discussion

(Diphenylhydrazido)vanadium(V) triisopropoxide (1) was
obtained by the treatment of VO(OPr); with N,N-
diphenylhydrazine in the presence of NaH as a base in
dichloromethane at room temperature (Scheme 1). To reveal the
effect of apical coordination, 2,2',2"-nitrilotriethanol, which has
three oxygens and one nitrogen working donor sites as a
tetradentate ligand, was focused on as a basal ligand. The
introduction of 2,2',2"-nitrilotriethoxide ligand was performed by
the ligand exchange reaction of 1 with 2,2',2"-nitrilotriethanol in
dichloromethane at room temperature, resulting in the formation
of (diphenylhydrazido)vanadium(V) nitrilotriethoxide (2). The
structures of the thus-obtained (diphenylhydrazido)vanadium(V)
compounds were elucidated by '"H NMR, "*C NMR, 5"V NMR, and
X-ray crystallographic analyses.

The structures of the (diphenylhydrazido)vanadium(V)
compounds were characterized by a single-crystal X-ray structure
analysis to elucidate the effect of alkoxide ligands on the
coordination environment of the vanadium metal (Table 1). The
selected bond lengths and angles are summarized in Table 2. The
molecular structure of 1 with isopropoxide ligands was found to
contain a hydrazido structure with the V(1)-N(1) distance of
1.667(4) A, the N(1)-N(2) distance of 1.349(5) A, and the almost
linear V(1)-N(1)-N(2) angle of 173.7(3)° as depicted in Figure 1a.
These results suggest that the nitrogen of the V-N bond has an
sp-hybridized character. The N(1)-N(2) distance of 1 is longer
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Scheme 1. Synthesis of the (diphenylhydrazido)vanadium(V) compounds 1 and 2.
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Figure. 1 (a) Molecular structure of 1, (b) the s~isopropoxido-bridged dimeric structure, and (c) a portion of polymeric molecular structure of 1 (hydrogen atoms are

omitted for clarity).

than that of (dimethylhydrazido)vanadium(V) isopropoxide
(1.321(8) A),® because of conjugation between lone pair on N(2)
and the benzene rings. A dihedral angle between the least-
squares plane of the benzene ring Aph and the plane of C(16)-
N(2)-N(1) is 4.1(1)°, indicating that = orbital of the N-N bond
appears to interact with aryl © orbitals. The shorter N(2)-C(16)
bond distance of 1.408(5) A compared with the N(2)-C(10) bond

distance of 1.443(4) A also supports the © conjugation between
the N-N bond and aryl &t orbitals of the benzene ring Aph. Another
benzene ring Bph adopts an almost perpendicular orientation to
the benzene ring Aph, in which a dihedral angle between the
least-squares planes of the benzene rings Aph and Bph is
87.6(2)°. In the crystal packing, a dimeric structure was formed by
self-association through the u-isopropoxido-bridging, wherein



each vanadium atom is coordinated in a distorted trigonal-
bipyramidal geometry (ts = 0.77)'% with the hydrazido and
bridging isopropoxide ligands in apical positions (Figure 1b). The
longer apical V(1)-O(1a)distance of 2.157(2) A than the equatorial
V(1)-O(1) distance of 1.888(3) A in the bridging isopropoxy group

Table 1. Crystallographic date for 1 and 2.

1 2

Empirical formula C21H31N203V C18H22N303V -

CHzCl2
Formula weight 410.43 464.26
Crystal system monoclinic triclinic
Space group C2/c (No. 15) P-1 (No. 2)
a(A) 23.1167(17) 7.6952(5)
b (A) 13.3213(8) 10.7153(5)
c(A) 18.1804(12) 13.8785(6)
a(°) 102.419(1)
L) 123.9046(15) 93.492(2)
7(°) 108.209(2)
V(A% 4646.6(5) 1051.45(9)
z 8 2
Deaica (g cm™3) 1.173 1.466
4 (Mo Ka) (cm™") 4.470 7.499
T(C ©) 4.0 4.0
2 (Mo Ka) (A) 0.71075 0.71075
R1 @ 0.0614 0.0645
wR2 1) 0.1906 0.2265

[a] R1 = Z||Fo| - [Foll/EIFol. [b] WR2 = [SW(Fs? - FIEw(Fo2)2]"2.

Table 2. Crystallographic date for 1 and 2.

1 2
Bond Lengths
V1-N1 1.667(4) 1.693(5)
V1-N3 2.188(4)
V1-01 1.888(3) 1.826(4)
V1-02 1.773(3) 1.833(5)
V1-03 1.801(2) 1.834(5)
V1-O1a @ 2.157(2)
N1-N2 1.349(5) 1.333(6)
Bond Angles
V1-N1-N2 173.7(3) 176.4(5)
N1-V1-N3 179.7(2)
N1-V1-O1 96.40(16) 99.00(19)
N1-V1-02 102.45(15) 99.1(3)
N1-V1-O3 98.23(12) 98.5(2)
N1-V1-O1a @ 167.98(17)
N3-V1-O1 80.65(16)
N3-V1-02 81.08(19)
N3-V1-03 81.61(17)
01-V1-02 115.92(13) 121.2(2)
01-V1-03 122.07(12) 118.5(3)
01-V1-O1a @ 72.78(12)
02-V1-03 114.87(17) 113.25(19)
02-V1-O1a @ 87.31(12)
03-V1-O1a @ 83.69(9)
Dihedral Angles
Aph-Bph 87.6(2) 58.3(2)

[a] -x+1/2, -y+1/2+2, -z+1.

WILEY-VCH

was observed due to the weaker apical coordination of
isopropoxide ligand to the vanadium metal. The 'H NMR
spectrum of 1 in CD,Cl, showed only one kind of isopropyl
resonance, suggesting that 1 is considered to exist in a
monomeric structure in a solution state. The V(1)-V(1a) distance
of 3.2603(8) A implies the absence of any bonding interaction.
Furthermore, each p-isopropoxido-bridged dimer is connected by
continuous CH-rn interaction between the benzene ring Aph of
one molecue and Bph of the adjacent molecule to form one-
dimensional polymeric structure in a crystal packing as displayed
in Figure 1c. Herein, the distance between the meta hydrogen
atom of the benzene ring Bph and the benzene ring Aph is 3.0 A.

A single-crystal X-ray structure analysis of 2 with
nitrilotriethoxide ligand revealed the hydrazido structure, wherein
the compound has a pseudo-trigonal-bipyramidal geometry (ts =
0.98)"% at the vanadium metal due to coordination of the
nitrilotriethoxide nitrogen at an apical site as shown in Figure 2a.
In this pseudo-trigonal-bipyramidal geometry, vanadium atom is
deviated from the plane constituted by an equatorial
nitrilotriethoxide oxygen atoms in the direction of the hydrazido
moiety. The hydrazido structure showed the near-linear V(1)-
N(1)-N(2) angle of 176.4(5)° with the V(1)-N(1) distance of
1.693(5) A and the N(1)-N(2) distance of 1.333(6) A, wherein the
nitrogen atom of the V-N bond is indicated to be an sp-hybridized
character. The donor ability of the apical nitrilotriethoxide nitrogen
caused the longer V(1)-N(1) bond distance of 2 compared with 1.

(@

Figure. 2 (a) Molecular structure and (b) the dimeric structure of 2 (hydrogen
atoms are omitted for clarity).



Table 3. 5"V NMR date for VO(O'Pr)s, 1, and 2 in CD2Cl>.

VO(OPr)s 1 2

5(ppm) 625 @ -389 121

[a] Reference 11.

This weakened V(1)-N(1) bond caused somewhat shorter N(1)-
N(2) distance compared with that of 1, resulting in the multiple-
bond character in the N(1)-N(2) bond of 2. The lone pair of
electrons in a nitrogen p orbital of the V-N bond seems to interact
with the metal = acceptor orbitals in the case of 1. The apical
coordination frans to the vanadium hydrazido moiety was found
to influence the vanadium hydrazido structure. A dihedral angles
between the least-squares plane of the benzene ring and the
plane of C(ipso)-N(2)-N(1) are 35.3(2) and 26.4(2)°, respectively,
indicating the weak n conjugation, wherein the C(ipso)-N(2) bond
distances are 1.425(7) and 1.420(8) A, respectively. A dihedral
angle between the least-squares planes of the benzene rings Aph
and Bph is 58.3(2)°. Furthermore, compared with N(1)-N(2)
distance of (dimethylhydrazido)vanadium(V) nitrilotriethoxide
(1.311(7) A),® the longer N(1)-N(2) distance of 2 was observed
probably due to the = conjugation. In the crystal packing, meta
hydrogen atom of the benzene ring Aph is almost facing the
n electrons of the benzene ring Bph of the neighboring molecule.
The distance between the hydrogen atom and the benzene ring

is 3.0 A, suggesting CH-r interaction to form the dimeric structure.

(Figure 2b).

5"V NMR measurements were demonstrated to clarify the
electronic effect of alkoxide ligands on the vanadium metal (Table
3). In the 5"V NMR spectrum of VO(O'Pr)s, 5!V chemical shift was
reported to be -625 ppm.I'" Compared with VO(OPr)s;, the
(diphenylhydrazido)vanadium(V) triisopropoxide (1) was
observed at the lower field of -389 ppm. The formation of imido
bond led to the lower field shift in 'V NMR spectra as reported by
Maatta‘s group.'? The introduction of nitrilotriethoxide ligand into
the (diphenylhydrazido)vanadium(V) compound was found to
cause the lower field shift of 'V chemical shift as observed at -
121 ppm in the 5"V NMR spectrum of 2. This result is likely to be
due to the apical coordination of the nitrilotriethoxide nitrogen.
This lower field shift of 'V chemical shift is supported by the result
of the oxidovanadium(V) compounds by the introduction of the
nitrilotriethoxide ligand.[' The apical coordination was found to
be a key facyor in the control of the hydrazido structure and the
electronic environment of the vanadium metal.

Conclusions

In conclusion, design and structural characterization of
(diphenylhydrazido)vanadium(V) compounds were performed to
gain insight into the structural properties of vanadium-nitrogen
multiple bond and self-assembling properties. The nitrogen of the
V-N bond is suggested to have an sp-hybridized character by the
X-ray crystallographic analyses of

WILEY-VCH

(diphenylhydrazido)vanadium(V) compounds. The
(diphenylhydrazido)vanadium(V) triisopropoxide was
demonstrated to dimerize through the w-isopropoxido-bridging.
The apical coordination of the nitrogen of 2,2',2"-nitrilotriethoxide
ligand to vanadium metal was found to lengthen the V-N bond and
cause the multiple-bond character in the N-N bond in the
(diphenylhydrazido)vanadium(V) nitrilotriethoxide although the
lone pair of electrons in a nitrogen p orbital of the V-N bond
appears to interact with the metal n acceptor orbitals in the
(diphenylhydrazido)vanadium(V) isopropoxide. Another
interesting structural features of (diphenylhydrazido)vanadium(V)
compounds are their self-assembling structures through CH—=
interactions.  Studies on the  application of the
(hydrazido)vanadium(V) compounds for catalysis are now in
progress.

Supporting Information Summary

Experimental procedures and characterization data for the
compounds 1 and 2 are available in the Supporting Information.
Crystallographic data for 1 and 2 have been deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC-1443490 for 1 and CCDC-1443491 for 2.
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(Diphenylhydrazido)vanadium(V) triisopropoxide was present as a u-isopropoxido- Structural Characterization of
bridging dimeric structure with a distorted trigonal-bipyramidal geometry in a solid (Diphenylhydrazido)vanadium(V)
state, being in contrast to (diphenylhydrazido)vanadium(V) nitrilotriethoxide Compounds

possessing a pseudo trigonal-bipyramidal geometry. Another interesting structural
features of (diphenylhydrazido)vanadium(V) compounds are their self-assembling
structures through CH—r interactions.



