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and a V™ complex was carried out using DFT calculations. Unlike most transition metal
reactions with N,O that simply release N, following O-atom transfer onto the metal centre, this

NHC-based system traps the entire N,O molecule and then cleaves both the N-O and N-N
bond in two consecutive reactions. The NHC presence increases the reactivity of N,O by
altering the distribution of electron density away from the O-atom towards the two N-atoms.
This electronic redistribution enables V—N binding interactions to form a reactive N,O-donor
intermediate species. Our results show that bond breaking with concomitant ligand migration
occurs via a concerted process for both the N—O and N—N cleavage reactions.

1. Introduction

Nitrous oxide (N,O) is a severe greenhouse gas and has significant
environmental impact as an ozone-depleting substance.' Indeed, its
role also as an anthropogenic pollutant is becoming increasingly
more apparent,” so that sequestering N,O emissions has gained
considerable attention. Most interest in N,O chemistry has fixated on
applications in organic syntheses, because of its high potential as an
environmentally green oxidant, releasing N, as the sole by-product.®
However, N,O remains impractical in this capacity due to the fact
that severe reaction conditions are necessary to surmount its strong
inertness for bond activation. For example, even in the presence of a
catalyst, the N,O oxidation of benzene to phenol requires
temperatures above 500 °C.* It is this high kinetic stability for bond
cleavage that must be tackled to develop prospective N,O reactions.

N,O chemistry has been predominantly focused on exploiting
metal complexes as promising activation agents to overcome this
kinetic issue, despite its poor ligand properties (weak o-donor and z-
acceptor).” Coordination and activation is generally realised with
electron-rich transition metals that are also capable of back-donation
into the z*-orbital (LUMO) of N,0.**® In most instances, these
metal-N,O reactions simply cleave the weaker N—O bond via an O-
atom transfer onto the metal centre followed by liberation of a N,
molecule. However, the utilisation of N,O as a N-atom transfer agent
has only been realised in a few cases and rupture of the stronger
N-N bond is exceedingly rare.”

Recently, it has emerged that certain frustrated Lewis pairs® and
N-heterocyclic carbenes’ (NHCs) are able to capture N,O forming
stable adducts under ambient conditions. Unlike most metal-N,O
complexes, these N,O adducts display strong, covalent o-bonds via
the terminal N-atom and are remarkable in that they preserve the
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N,O unit intact. Moreover, these NHC-N,O adducts are also capable
of undertaking further reactivity, such as thermolysis to form ureas
(by N release) or acid reactions to form guanidinium salts (by N—N
bond cleavage).”°

An exciting finding is the reactivity between the N,O adduct of
1,3-dimesitylimidazol-2-ylidene (IM*-N,0) and V(Mes);(THF)
(1—thf), as shown in Fig. 1.°° Because of the highly oxophilic nature
of 1—thf,'" the anticipated O-atom transfer onto the V metal centre''
was observed in the formation of the V—oxo product 2. However,
instead of releasing N,, complex 2 contains a side-on bound
M=-N,Mes diazo ligand that was reported as an insertion of the
resulting IM*-N, species into a V-Mes bond.” This reaction for
forming 2 was observed to occur at room temperature. Also
observed was a second reaction for the clean formation of the V—oxo
product 3 upon heating 2 at 80 °C (Fig. 1), through N1-N2 bond
scission and the additional Mes migration onto the former central N-
atom (N2) of N,O. This unusual system is quite distinct in that it
utilises two reagents with complementary reactivity to divert the
routine O-atom transfer and N, release. It is, therefore, an incentive
to further examine in silico the interactions between IM*~N,O and
1—thf along with the reaction series that therein result.

Mes _Mes Mes

N (\:N 0 N o
\ V(Mes)y(THF) /k A / I

| H>—ny — N | —

N, N - A THF Mes/ l\<1—V-.,,,,Mes toluene N NI—Voruyppos
\ N2=0 W N | {
Mes / Mes Mes /N2\

Mes Mes Mes
Mes.N,0 1-thf 2 3

Fig. 1. Two reactions involving the deoxygenation of TM*~N,O by 1—thf (N-O
rupture) in THF and the thermal-induced rearrangement of 2 = 3 (N—N rupture)
in toluene.*
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Herein, we investigate the two reaction mechanisms by which
cleavage of both the N—O and N—N bonds in N,O are achieved in
the unique reactivity between the N,O adduct of 1,3-
dimesitylimidazol-2-ylidene and V(Mes);(THF). Notably, improving
our knowledge of how a highly oxophilic metal centre interacts with
the NHC-N,O adduct and how a highly Lewis basic NHC weakens
the N—N bond would be beneficial towards the understanding of the
basic chemistry of N,O activation.

2. Computational details

DFT calculations were performed with Gaussian09'? at the M06"
functional level utilising the integral equation formalism polarizable
continuum model (IEF-PCM)™ for either THF or toluene solvation.
Optimised structures at the standard state (298.15 K and 1 atm) were
located unrestricted and without symmetry constraints. The
Stuttgart/Dresden double- (SDD)' basis set with effective core
potential (ECP) was used for the V-atom and the 6-31G(d)'® basis
set for other atoms, referred to as BS1. For optimisations of the
V(Ph); moieties, Ph ligands were initially positioned in an almost
Cjy, propeller-like arrangement and afterwards, these structures were
permitted to adopt their most favourable orientation for the Ph
ligands. Frequency calculations were also performed at M06/BS1 to
confirm the existence of minima or transition structures (TSs) based
on the number of imaginary frequencies. For all TSs, the single
imaginary frequency was visualised with GaussView'” and intrinsic
reaction coordinate (IRC)'® calculations verified the connectivity
between TSs and their relevant minima. Minimum energy crossing
points (MECPs) were calculated with the code provided by J.
Harvey et al.' at MO6/BS1 and are reported uncorrected due to the
absence of stationary points. To refine these results, single-point
energies (SPEs) on optimised structures were performed using the
Ahlrichs ef al. quadruple-¢ (def2—QZVP)™ basis set with SDD ECP
for the V-atom and the 6—31 1+G(2d,p)16 basis set on all other atoms,
referred to as BS2. Natural bond orbital (NBO)*' analysis was
performed to evaluate the electronic population on each element
within specified structures. Reported values are obtained from the
thermal corrections to Gibbs energies at the M06/BS1 level and
added to their corresponding SPEs, unless otherwise stated (see ESI'
for an evaluation of the DFT methodology).

Structures are labelled as followed: (i) N (numbers) represent
minima, TS transition structures and TSB bond-breaking TSs; (ii)
_ X (multiplicity) is denoted by S (singlet-state) or T (triplet-state);
(iii) the Ph system is denoted by the Ph subscript, e.g. N_Xpp; (iv)
the NHC is abbreviated as I* (imidazolium), where R represents the
substituent groups on the N-atoms; and (v) the inverted orientation of
I®-N,0 is represented by an i script, e.g. Ni_X or Ni_Xpy,.

3. Results and discussion

Our theoretical study into the N—O and N-N bond cleavage
reactions was carried out with substituents/ligands as either CH; or
Ph groups. Preliminary calculations were performed with the less
demanding CHj3 groups in order to efficiently utilise computational
resources. This initial approach has performed quite well for our
theoretical studies on other small molecule activations.*
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3.1. NHC-N,O adduct

As shown in Fig. 2, the N,O adduct of 1,3-dimethylimidazol-2-
ylidene (IM*—N,0) assumes a bent configuration of the N1-N2-O
bond angle as compared to that in free N,O (linear). This activation
is also apparent as judged by the elongation of both N2—O and
N1-N2 bonds in IM*~N,0 to that calculated for free N,O (1.181 and
1.132, respectively). Ideally, the N,O fragment would remain
coplanar with the NHC moiety to allow for optimal z-conjugation in
the ‘normal’ IM*~N,O orientation. However, an inverted orientation
of IM™*-N,0 is also possible, in which the O-atom is rotated towards
the NHC moiety (Fig. 2).

While the calculated stability for the inverted IM*~N,O is merely
13.1 kJ/mol higher than the normal, there is a moderate barrier for
the intra-conversion between these two different orientations of
IM*—N,O (Fig. 2). This result suggests that the inverted I"*~N,O is
unlikely to be present in any significant concentration and is
consistent with experimental findings as only normal NHC-N,O
species have been isolated.”

AG, = 55.8 kJ/mol
R
AG} = 68.9 kJ/mol

Inverted

Fig. 2. Optimised structures of the N-nitrosoimine forms for I™*~N,O and the
calculated intra-conversion between its two orientations. Selected bond lengths
are in angstroms (A) and bond angles are in degrees (°).

Normal

Interestingly, the presence of NHC within I™*—N,O increases the
reactivity of N,O by adjusting the electron density away from the O-
atom towards the two N-atoms. Both NBO population analysis and
Mulliken® atomic charges support this outcome. As shown in Table
1, the two N-atoms gain significantly more negative charge than that
of the O-atom from the coordination of the Lewis basic NHC onto
N,O. This redistribution of electron density also allows all three
atoms of the N,O fragment to be potential donors (mesomeric
M-N,O form, Fig. 1), unlike free N,O. As a consequence, normal
—N,O would have several possible binding modes (O-, N- and

chelating N,O-donor) onto a metal centre. Evidence of these
IMe

IMe

—N,O binding modes have been previously reported for various

transition metals.’>*?*

Table 1. NBO population analysis and Mulliken atomic charges®

NBO Mulliken
N1 N2 o N1 N2 o
N,O -0.045 0.214 -0.169 -0.116 0.661 -0.545
I"-N,0  -0.241 0.068 -0.227 -0.421 0.086 -0.369

“N1 denotes the terminal N-atom of N,O and N2 the central N-atom.

3.2. Vanadium complexation

The initial step is the reaction between normal IM—N,O and the
triplet V(CH;);(THF) complex (1_T—thf), as its singlet 1_S—thf lies
127 kJ/mol higher in energy. Thus, the reaction pathway for VI
complexation will begin along the triplet-state surface, as the ground
state of IM*—N,O is a singlet. As shown in Fig. 3, all possible
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Page 2 of 8



Page 3 of 8

Dalton Transactions

AG
kJ/mol |MeN1//,
. Ny .
S 1: &
IMENT>V, N2=0----V ==

[MeN{---V =
N2—O .

TS4_T

N2—O

TS5_T

5T

-22.3 -22.4

2 = - IMeN 1 - y N2=0
2" ::— 29.6 \\ IMeN1/I/,, 29.1 “‘ 6 s p S /
VT NNy Z, N2—Q N2—0 N 9s Y
/ IMeN v \ \/ -42.8 i i
M N2—O & -48.9 z
N \\NZ—O/ / N / ‘ %, IMN1s, o
N2=0 N2—o N1,
B \ / \ 72\0
V. |~
m— {riplet “, V
o singlet /‘ % // ’»,’
® MECP 2

Fig. 3. Calculated profile for the formation of favourable normal IM-N,O-V(CH3;); complexes. All energies are relative to 1_T—thf and normal IM*~N,O in THF.

IM*-N,0 binding modes of the resulting IM*-N,0-V(CHj3); complex
were located along the triplet-state surface. The only exception is
1°-N1,N2 (11_T), where all attempts to locate this structure led to
formation of 1°~N1,N2,0 (9_T).

Along the triplet-state surface, each of these IM°-N,0-V(CH;);
complexes were calculated to have favourable formations (negative
AG) with nI*OSyn (6_T) and n*-N2,0 (8_T) having greater stability
(lower AG) than the other normal isomers (Fig. 3). The conversion
processes towards more stable normal isomers were found to be
quite feasible, ranging from barrierless to 38.2 kJ/mol. The
possibility for intra-conversions of these normal isomers to their
corresponding inverted isomers was also considered. However, such
processes are unlikely to occur as the relative stabilities of all
inverted isomers along the triplet-state surface (Table 2) lie above
that of 6_T and 8 T (Fig. 3). The instability of the inverted isomers
is attributed towards disruption of the z-conjugated system within
the IM*—N,O moiety, vide supra.

Table 2. Calculated energies for selected M-N,0-V(CHs); complexes"”’"'

Inverted Normal
4i_T 7i_T 8i_T 10i_T | 4.S 6_S 7_S
AG -112 17 175 157 || 99.4 51.8 50.6

“All AG energies (kJ/mol) are relative to 1_T—thf and normal I™*~N,O in THF.

’si_T and 6i_T were not considered due to extensive steric hindrance.

“Attempts to locate 9i_T led to formation of 8i_T. Complex 10_S led to the unobserved
N-N insertion product, (IM*—N)V(CH;);(NO).

For intersystem crossing (triplet->singlet), MECPs from the
normal isomers: 8 T and 9_T were located and calculated to be
energetically very small: 12.3 and 6.1 kJ/mol, respectively (Fig. 3).
However, such intersystem crossings are unlikely to occur for the
other triplet isomers. For example, a MECP from nszl,O B_T)is
impossible as its singlet 5_S is unstable and attempts to locate this
led to formation of 8_S. Also, spin-crossings from n'-N1 (4_T),

This journal is © The Royal Society of Chemistry 2015

6 T and 1'—O,y (7_T) to form their relevant singlet isomers are
unfavourable (AG >50 kJ/mol, Table 2).

Along the singlet-state surface, only two IM-N,0-V(CH;);
complexes were calculated to have favourable formations: 8_S and
9 _S. Also, the conversion process between these singlet isomers was
found to be quite feasible (<22.4 kJ/mol, Fig. 3). Notably, these
singlet isomers are more stable than their corresponding triplet
isomers.

For 8_S and 9_S, their stability increase can be directly attributed
towards pairing of the d-electrons, which leaves an unoccupied
orbital on the V metal centre. Thus, the metal centre is allowed to
accept further electronic donation from the N,O fragment within
IM*-N,O resulting in stronger interactions. This is evident from the
shortening of both the V-N and V-0 bond distances in 8 S and 9_S
as compared to that in 8_T and 9_T (Fig. 4). This stabilising effect is
further supported by the fact that n'-coordinations of IM®-N,O-
V(CHj;); complex along the singlet-state surface are either unstable
or unfavourable (Table 2).

Herein, it is noteworthy to mention that this stabilising effect was
the only instance of a direct correlation between relative stabilities
and their structures. No other structural trends relating to stability
were identified among these isomers (see ESI' for calculated
energies and selected bond lengths of all stable isomers). This result
strongly implies that the stabilities of IM*-N,0-V(CH3); complexes
are predominantly governed by electronic factors.

Additionally, the possibility for intra-conversions of 8_S and 9_S
to their corresponding inverted isomers (8i_S and 9i_S) was also
considered. However, unlike the triplet isomers, such a process is
only likely to occur for 9_S and not for 8_S (Fig. 4).

After VU™ complexation, only favourable isomers consisting of
solely a V=0 bond (6_T and 7_T) are able to undergo an O-atom
transfer from the I™®
IM*—N, would be formed without any further interaction with the V

—N,0 adduct. In such an event, an initial

Dalton Trans., 2015, 00, 1-7 | 3
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Fig. 4. Optimised structures of selected

metal centre and eventually, releases I and N, as the final
products. However, such a process is not experimentally observed
within this system.” The unlikelihood for an O-atom transfer is
further supported by the fact that 6_T and 7_T are calculated to have
large reaction barriers: 90.4 and 59.8 kJ/mol, respectively (see ESI'
for calculated bond cleavage reaction profiles along the triplet-state
surface). Moreover, favourable isomers comprising of only a V-N
bond (4_T and 10_T) would most likely lead to conversions towards
more stable I"*~N,O binding modes (Fig. 3).

3.3. N-O bond cleavage

The formation of the V—oxo product 2 from a M-N,O-V(CH;);
complex requires N—O bond cleavage and a V-bound Mes ligand
migration (Fig. 1). Only isomers comprising of both V-0 and V-N
bonds will be suitable for this concerted breaking/migration reaction.

Although the pathway begins along the triplet-state surface, these
triplet isomers are not responsible for the formation of the V—oxo
product 2. For example, the breaking/migration reaction from 8_T is
calculated to have a large reaction barrier of 65.6 kJ/mol (see ESI'
for calculated bond cleavage reaction profiles along the triplet-state
surface). Furthermore, even though 5_T and 9 _T are also capable of
undergoing the breaking/migration reaction, both isomers have no
barrier for conversion towards more stable I*~N,O binding modes
(Fig. 3). These results indicate that the breaking/migration reaction is
impossible to initiate from a triplet isomer and must instead occur
along the singlet-state surface.

Interestingly, both 8_S and 9_S exhibit stronger potential towards
N,O activation than their corresponding triplet isomers. This is

4 | Dalton Trans., 2015, 00, 1-7

AG} = 54.9 kJimol
H
AG{= 41.5 kd/mol

Y _AGy=16.5 kJ/mol
AG} = 11.4 kdimol

-N,0-V(CH3); complexes along both surfaces. Selected bond lengths are in angstroms (A) and bond angles are in degrees (°).

apparent from the further elongation of the N2—O and N1-N2 bonds
in 8 Sand 9 S when compared to those in 8 T and 9_T (Fig. 4).

As shown in Fig. 5, the concerted breaking/migration reaction
along the singlet-state surface shows two competitive pathways
towards formation of 2_S. The first reaction pathway from 8 S
proceeds through the anticipated O-atom transfer onto the V metal
centre and a Me ligand migration on the N2-atom. This is calculated
to have an activation energy of 25.2 kJ/mol via the bond-breaking
transition structure TSB8_S. However, without the V—-NI1 bond
interaction in 8_S, an intermediate V—oxo species (Int_S) is initially
formed, in which the N1-atom remains uncoordinated onto the V
metal centre (Fig. 5). Afterwards, the V-N1 bond formation from
Int_S is calculated to have a reaction barrier of 38.6 kJ/mol via
TSInt_S, which leads to the V—oxo product 2_S.

Unlike 8 S, the second reaction pathway from 9_S likely begins
with the low-energy intra-conversion process towards 9i_S (16.5
kJ/mol, Fig. 5), as all attempts to locate its bond-breaking transition
structure TSB9_S led to formation of TSB9i_S. This result implies
that as 9_S proceeds towards the breaking/migration reaction it
likely transforms into the less stable 9i_S. In this instance, isomer
9i_S has both V-N bonds present, so that only the O-atom transfer
onto the V metal centre and a CH; migration onto the N2-atom are
required to give 2_S. This concerted breaking/migration reaction is
calculated to have a reaction barrier of 33.3 kJ/mol via TSB9i_S
(Fig. 5).

Irrespective of which pathway, the resulting small reaction barriers
from both 8_S and 9_S are conducive with this breaking/migration
process occurring at room temperature, which is consistent with the

This journal is © The Royal Society of Chemistry 2015
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experimental findings.” In addition, the overall formation of the
V—oxo product 2_S is calculated to be a strongly exergonic process.

1MeN 1y,
P AG
N kJimol
HaC =V _
IMeN1y,. ‘
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inverted 3081

Fig. 5. Calculated reaction profiles for the N—O bond cleavage from 1*~N2,0
(8_8S) and n’~N1,N2,0 (9_S). All energies are relative to 1_T—thf and normal
IM*-N,O in THF.

Remarkably, upon closer inspection of TSB8 S, this bond-
breaking transition structure exhibits an inverted IM*—N,O fragment,
which resembles that of TSB9i_S (Fig. 6). This structural
rearrangement contributes towards the N—O bond cleavage by the
metal centre, wherein the O-atom is ‘forced’ out-of-the-plane
defined by the IM*—N, fragment as the V metal shifts into this plane.
This, in turn, opens a coordination site on the N2-atom — a necessity
for the concomitant migration of an adjacent V-bound Me ligand. As
a consequence, the TSB8_S structures adopt the inverted IM*—N,O
orientation, which is more favourable during the concerted
breaking/migration reaction.

3.4. N-N bond cleavage

The formation of the V—oxo product 3 from 2 requires N-N bond
cleavage and another V-bound Mes ligand migration (Fig. 1). This
breaking/migration reaction is straightforward from 2_S, wherein
NI1-N2 bond scission within the IM—N,Me ligand is accompanied
by a CH; migration onto the N2-atom (Fig. 7). This reaction

Dalton Transactions

pathway is well-demonstrated from a bond length analysis as judged
by the lengthening of both N1-N2 and V-R' bonds and shortening
of the N2—R’ bond whilst proceeding from 2_S towards 3_S (Table
3). This concerted pathway is calculated to have a very high-energy
reaction barrier via TSB2_S, which reflects the greater strength of
the N1-N2 bond to that of the N2—O bond. This result is consistent
with experimental findings, as heating of 2 at 80 °C in toluene is
required for this reaction to proceed towards 3 (Fig. 1). Like 2_S, the
overall formation of 3_S is also calculated to be a strongly exergonic
process (Table 3).

R R R
(\:N o] N o N
W [ ¥ 5 SV Sy ) S
R ,\{1_\/.\,””R '}l N\‘]_/\/.::'::,,R ,}‘ N1—lV..,u,,R
N2 . ‘N2---R'
/ R R /N2 R R R /N2\
R R R
2_SI2_Spp TSB2_S/TSB2_Spp, 3_S/3_Spp

Fig. 7. Calculated reaction pathway for the N—N bond cleavage in toluene.

Of chemical significance, the formation of 3_S demonstrates that
NHC-activated N,O can undergo N—N bond cleavage. Again, it is
noteworthy to mention that this sort of reactivity for N,O is
exceedingly rare, vide supra.

Table 3. Calculated energies (kJ/mol) and selected bond lengths (A) for
2_S/2_Spn 2 3_S/3_Spn

R=CH;, R=Ph
2S TSB2S 38S | 2Se TSB2_Sen 3_Sen
AG 0.0 1445  -201.9 | 0.0 148.2 214.6
N1-N2 1423 2100  3.017 | 1.419 2.087 3.047
VR 2046 2188 2958 | 2.035 2.116 3.005
N2-R* 2755 2337 1444 | 2779 2.545 1.406
VN2 1948  1.807  1.834 | 1.968 1.859 1.880

3.5. Comparison between CH; and Ph systems

In order to evaluate if the results from the CH; system are also
operable for a more sterically demanding system, key structures
along the low-energy reaction pathways (Fig. 5) were also calculated
with Ph groups as the substituents/ligands.

As shown in Fig. 8, the Ph system demonstrates the identical
competitive reaction pathways for N—O bond cleavage as that of the
CH; system (Fig. 3). From 8 Sp;, the O-atom transfer and a Ph
migration also led to an intermediate species Int_Spy, and calculated
to have a reaction barrier of 35.1 kJ/mol via TSB8_Spy,. Afterwards,

TSBS_S

Fig. 6. Optimised structures of the bond-breaking transition structures (TSB) along the singlet surface. Selected bond lengths are in angstroms (A) and bond angles are
in degrees (°).

This journal is © The Royal Society of Chemistry 2015
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formation of the V—oxo product 2_Sp;, is calculated to have an
activation energy of 11.2 kJ/mol via TSInt_Sp,. However, unlike
the CHj; system, the rate-determining step from 8_Sp, is the N—O
bond cleavage. From 9i_Sp, this concerted breaking/migration
pathway is calculated to have a reaction barrier of 35.8 kJ/mol via
TSB9i_S (Fig. 8).
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Fig. 8. Calculated reaction profiles for the N-O bond cleavage from n*~N2,0
(8_Spn) and nLNl,NZ,O (9_Spn). All energies are relative to 1_Tp,—thf and
normal 1™-N,O in THF.

The concerted breaking/migration for N-N bond cleavage within
the Ph system also has an identical reaction pathway to that of the
CH; system (Fig. 7). Also like the CHj; system, the overall
formations of both V—oxo products: 2_Spy, and 3_Sp,, are calculated
to be strongly exergonic processes (Fig. 8 and Table 3).

3.5. Conclusion

In summary, an M®-activated N,O adduct has been previously
reported to cleave both the N—O and N—N bonds of the kinetically
inert N,O molecule when exposed to a V(Mes);(THF) complex.
Such behaviour is considerably distinctive from that of most
transition metal-induced N,O interactions, in which simple N, is
released following O-atom transfer onto the metal centre. The
presence of the NHC within this system changes the expected
reactivity of the N,O by directly increasing the electron density on
the N-atoms. As a result, the Lewis basicity of these N-atoms is also
greatly increased, which allows them to strongly coordinate onto the
metal centre. The importance of stronger N-atom interactions is that
simple O-atom transfer is less likely to occur.

Our theoretical results show that these N—O and N—N cleavage
reactions proceed through an initial VR; complexation onto the
I*-N,O adduct that most likely forms a triplet-state N,O-donor
isomer. Subsequently, this triplet I*-N,0-VR; complex will undergo
intersystem crossing to give its more reactive singlet-state isomer.
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Then, N1-0 bond cleavage combined with a ligand migration onto
the N2-atom occurs via a small reaction barrier, resulting in a
V-oxo product with a side-on bound I’*~N,R diazo ligand on the V
metal centre. Afterwards, N1-N2 bond cleavage also combined with
another ligand migration onto the N2-atom occurs via a very high-
energy reaction barrier. This resulting V—oxo product contains the
remaining V-bound ligand (R), an amine (NR;) and imidazolin-2-
iminato ligands (I*=N). Thus, our theoretical results for these
concerted cleavage/migration reactions are in strong agreement with
reported experimental findings.

The overall reactivity associated with the reactions discussed
indicates that activated N,O has the potential to be exploited as both
an O- and N-atom transfer reagent. The crucial factor is provided by
the influence of the NHC, which assists in stabilising the metal-N,O
adducts. Therefore, developing related metal complexes with
electron-deficient centres for either stoichiometric and/or catalytic
reactions would be a worthwhile goal for N,O chemistry.
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The addition of N-heterocyclic carbene (NHC) increases the activity
of N,O towards cleavage of both the N—O and N—N bonds.
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