
Dynamic Article LinksC<CrystEngComm

Cite this: CrystEngComm, 2011, 13, 5321

www.rsc.org/crystengcomm COMMUNICATION

D
ow

nl
oa

de
d 

by
 M

as
sa

ch
us

et
ts

 I
ns

tit
ut

e 
of

 T
ec

hn
ol

og
y 

on
 1

4 
Se

pt
em

be
r 

20
12

Pu
bl

is
he

d 
on

 2
0 

Ju
ly

 2
01

1 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1C
E

05
38

7F
View Online / Journal Homepage / Table of Contents for this issue
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Reaction of the deprotonated N-thiophosphorylated thiourea p-

Me2NC6H4NHC(S)NHP(S)(OiPr)2 (HL) with NiCl2 leads to

violet [Ni(L-1,3-N,S)2] or dark violet [Ni(L-1,5-S,S0)2]$(CH3)2C]

O crystals that were isolated by recrystallization from a mixture of

CH2Cl2 or acetone, respectively, and n-hexane.
In the literature there is a number of NiII complexes with the imi-

dodiphosphinate ligands R2P(X)NP(Y)R0
2 (IDP) (X, Y ¼ O, S, Se,

Te)1 and acylthioamides RC(S)NC(X)R0 (AA) or aroylthioureas

R2NC(S)NC(X)R0 (ATU) (X¼ O, S).2 These complexes are of great

interest due to their structural versatility (square-planar, octahedral,

tetrahedral). However, the chelate backbones of the IDP, AA and

ATU ligands are coordinated to the NiII cation through the donor

X and Y atoms.

The synthesis and complexation properties of N-(thio)phosphory-

lated thioamides and thioureas RC(S)NHP(X)(OR0)2 (X ¼ O, S)

(NTT), which are IDP’s, AA’s and ATU’s asymmetrical analogues,

have been extensively studied,3 but there is still limited information

about the structures of NiII complexes with NTT. In previous

contributions we have also studied the structures of NiII complexes

withNTT (X¼O) ligands and demonstrated that their square planar

complexes with NiII exhibit either a 1,3-N,S- or a 1,5-O,S coordina-

tion mode. It was established, that intramolecular hydrogen bonds

N–H/O]P are a necessary condition for the formation of 1,3-N,S-

isomers for R ¼ PhNH, p-MeOC6H4NH, p-BrC6H4NH, iPrNH,

tBuNH, cyclo-C6H11NH, 1-AdNH, (40-benzo-15-crown-5)NH;4

whereas 1,5-O,S coordination takes place when H-bonding in the

coordinated anionic ligands is not possible (R ¼ Et2N, morpholine-

N-yl5). Moreover, N-phosphorylated thioamides RC(S)NHP(O)

(OiPr)2 (R ¼ p-BrC6H4, Ph
6) form distorted octahedral complexes
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with NiII, where two deprotonated ligands are coordinated through

the sulfur and oxygen atoms of the C]S and P]O groups,

respectively, and two neutral forms of the ligands are bonded through

the oxygen atoms of the P]O groups. Furthermore, the 1,3-N,S-

coordination of theNTT (X¼ O) ligands towards NiII allows one to

obtain octahedral complexes by the reaction with additional donor

ligands such as 2,20-bipyridine and 1,10-phenanthroline.4e It is

important to note, that the situation for the coordination of NiII to

the NTT ligands is further complicated by the possibility to form

tetrahedrally configured complexes as recently described for the

complexes [Ni{R2NC(S)NP(S)(OiPr)2}2] (R ¼ Me, H), which in

polar solvents exhibit spectral features for a tetrahedral complex

(colour, paramagnetism), while in non-polar solvents and in the solid

state the complex has a trans square planar geometry. Both con-

figurations clearly exhibit a 1,5-S,S0-coordination.6 Recently we

reported the first example of a 1,5,7-N,N0,S-coordination of the

deprotonated chelate backbone in the square planar NiII complex [Ni

{2-Py(6-Me)NHC(S)NP(S)(OiPr)2}2]. No crystal structure could be

obtained so far, but from the spectroscopic results it is clear, that the

2-pyridyl functions are additionally coordinating in this octahedral

complex.7As a preliminary result we have also reported a first success

to induce the formation of a 1,3-N,S-coordination mode in the

trans square planar NiII complex with the dithio-containing NTT

ligands.8

In this work, we describe the synthesis of new NiII complexes with

the N-thiophosphorylated thiourea p-Me2NC6H4NHC(S)NHP(S)

(OiPr)2 (HL). In order to obtain a complete picture of the electronic

structures of the complexes we carried out DFT calculations on the

structures focusing on the energy difference between [Ni(L-1,3-N,S)2],

[Ni(L-1,5-S,S0)2] and [Ni(L-1,5-S,S0)2]$(CH3)2C]O conformers.

Finally, we investigated the molecular structures of the complexes in

solutions by multinuclear NMR and UV-Vis absorption spectros-

copy. The latter method, in combination with electrochemical

investigations (cyclic voltammetry) should also allow us to shed light

on the electronic properties of these isomers.

The raw material [NiL2] was prepared by the following procedure:

the ligand was deprotonated in situ using KOH, followed by reaction

with NiCl2 (Scheme 1, see also ESI†). The obtained dark violet solid

material is soluble in most polar solvents. Violet [Ni(L-1,3-N,S)2] or

dark violet [Ni(L-1,5-S,S0)2]$(CH3)2C]O crystals were isolated by

recrystallization from a 1 : 5 mixture of CH2Cl2 or acetone, respec-

tively, and n-hexane. It is noteworthy, that according to the IR
CrystEngComm, 2011, 13, 5321–5327 | 5321
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Scheme 1 Preparation of the NiII complexes.

Fig. 1 Thermal ellipsoid (50%) plot of one of the independent molecules

of [Ni(L-1,3-N,S)2]. H-atoms not involved in hydrogen bonding have

been omitted for clarity.
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spectroscopy the raw material [NiL2] shows features of the 1,3-N,S-

coordinated complex [Ni(L-1,3-N,S)2].

The IR spectrum of the complex [Ni(L-1,3-N,S)2] contains a band

at 616 cm�1 for the P]S group of the anionic forms L. This band is

shifted to low frequencies in the spectrum of the complex [Ni(L-1,5-S,

S0)2]$(CH3)2C]O andwas observed at 594 cm�1. In the spectra there

is a band at 1515–1562 cm�1, corresponding to the conjugated SCN

fragment. In addition, there is a broad intense band arising from the

POC group at 974–982 cm�1. The IR spectra of both isomers contain

the characteristic band for the arylNH group at 3218–3323 cm�1.

Furthermore, the spectrum of the acetone solvate contains an intense

band at 1702 cm�1, corresponding to the C]O group.

The 31P{1H} NMR spectrum of the raw material in CDCl3 is

rather complicated and contains four signals at 50.7, 53.5, 55.0 and

58.4 ppm. The same was previously observed in the spectra of the

complexes [Ni{RNHC(S)NP(S)(OiPr)2}2] (R ¼ tBu, Ad, Ph, 2-

MeC6H4, 2,6-Me2C6H3, 2,4,6-Me3C6H2) in CD2Cl2 or CDCl3.
4d,8,9

The high-field signal corresponds to the trans-1,5-S,S0-coordination,
whereas the second signal is typical for the trans-1,3-N,S-coordina-

tion of the deprotonated ligands.4d,8,9 In view of the similar intensity

and line-width of the two low-field signals, they are diastereotopic

and assigned to non-equivalent ligand conformations (boat and

chair) of the same cis-1,5-S,S0-complex isomer.8 The 31P{1H} NMR

spectrum of the rawmaterial in acetone-d6 contains a unique signal at

51.3 ppm, which indicates the exclusive presence of diamagnetic 1,5-

S,S0-coordinated complex forms.8

The 1HNMRspectrum of the rawmaterial in CDCl3 contains two

main sets of signals, which are obviously due to two dominant types

of coordination, whereas there is only one set of signals in the spec-

trum of the complex in acetone-d6. The signals of the isopropyl CH3

protons are observed at 1.14–1.78 ppm, while the aryl CH3 protons

are at 2.90–2.98 ppm. The CHO protons are shown at 4.68–

4.98 ppm. The spectrum of the complex in CDCl3 contains two

signals of the NH protons, which are observed at 7.34 and 10.76. The

low-field signal is presumably due to the formation of intramolecular

hydrogen bonds of the type arylN–H/S]P. The signal for the NH

protons in the spectrum of the complex in acetone-d6 is shown at

9.18 ppm, which is also in the low-field region due to the formation of

intermolecular hydrogen bonds of arylN–H/O]C(acetone) type.

The spectra of the complex in both solvents contain the signals of the

benzene rings at 6.52–7.37 ppm.
5322 | CrystEngComm, 2011, 13, 5321–5327
The complexes [Ni(L-1,3-N,S)2] and [Ni(L-1,5-S,S0)2]$(CH3)2C]

O crystallize in the triclinic space group P�1 (see ESI†). The complex

[Ni(L-1,3-N,S)2] contains four independent molecules in the unit cell.

In the complexes, the metal is found to be in a square planar trans-

N2S2 ([Ni(L-1,3-N,S)2]) environment formed by the C]S sulfur

atoms and the P–N nitrogen atoms (Fig. 1), or in a square planar

trans-S2S
0
2 ([Ni(L-1,5-S,S

0)2]$(CH3)2C]O) environment formed by

theC]S andP]S sulfur atoms of two deprotonated ligands (Fig. 2).

The four-membered Ni–S–C–N metallocycles are planar in [Ni(L-

1,3-N,S)2]. The six-membered Ni–S–C–N–P–S metallocycles in the

acetone solvate have an asymmetric boat form. The values of the

intracyclic S–Ni–N angles in the four-membered rings of [Ni(L-1,3-N,

S)2] fall in the range of 74–75�, while the intracyclic S–Ni–S angles in

[Ni(L-1,5-S,S0)2]$(CH3)2C]O are about 99� (Tables S1 and S2 in the
ESI†). Inspection of the C]S and P–N bond lengths of [Ni(L-1,3-N,

S)2] indicates, that these bonds are best described as single bonds,

whereas the P]S distance indicates the presence of a double bond

(Table S1 in the ESI†).3 The lengthening of the C]S and shortening

of the C–N bonds are observed upon the [Ni(L-1,5-S,S0)2]$
(CH3)2C]O complex formation compared to theNTT ligands.3The

same change, but to a lesser degree, has been observed for the P–N

and P]S bonds. The arylNH protons in [Ni(L-1,3-N,S)2] are

involved in intramolecular hydrogen bonds of the N–H/S]P type

(Table S3 in ESI†). Due to their formation, a flat syn,syn-confor-

mation of the N–C–N–P–S unit is favored. The arylNH protons in

[Ni(L-1,5-S,S0)2]$(CH3)2C]O are also involved in hydrogen bonds

(Table S3 in ESI†). The intermolecular hydrogen bonds of the N–

H/O]C type are formed between the hydrogen atom of the NH

group and the oxygen atom of the acetonemolecule, which is trapped

during the crystallization. Due to these intermolecular hydrogen

bonds the NH hydrogen atom is blocked and, hence, is not suitable

for the formation of the intramolecular H-bonding of the N–H/S]

P type, permitting the realization of the 1,3-N,S-coordination mode

of the ligand towards NiII.

Dissolving the raw material in CH2Cl2 and acetone leads to violet

and greenish–blue solutions, respectively. The UV-Vis absorption

spectra in both solvents contain two bands in the UV region, one

lying invariantly at 237–248 nm, the other around 315 nm. However,

the latter band in the acetone solution shows a considerably low

intensity compared to that in the dichloromethane solution.

Absorption bands for the free and protonated ligand RC(S)NHP(X)

(OiPr)2 (X¼O, S) are rather high in energy (lmax
abs < 250 nm), while
This journal is ª The Royal Society of Chemistry 2011
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Fig. 2 Thermal ellipsoid (50%) plot of [Ni(L-1,5-S,S0)2]$(CH3)2C]O.

H-atoms not involved in hydrogen bonding have been omitted for clarity.
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the absorption band of KL was observed at 289 nm (3 ¼ 184 M�1

cm�1), and have been assigned to intraligand transitions.8b,10Thus, the

UV absorptions of the nickel complexes can be assigned to corre-

sponding intraligand transitions (p–p* or n–p* type). The different

behaviour of the complexes might be explained by the presence of

a mixture of 1,3-N,S- and 1,5-S,S0 isomers in the reaction product in

CH2Cl2 (as evidenced from NMR measurements) while for the

complex in acetone exclusively the 1,5-S,S0 isomer was present. In the

visible region essentially two absorption bands were observed, one

ranging from 512 to 542, and another being rather invariant at about

650 nm (see ESI†). Due to the rather low intensities (172–201 M�1

cm�1) of the two long-wavelength bands, they are assigned to ligand

field (d–d) transitions. For a square planar 3d8 system three bands

[1A1g /
1B1g (dx2�y2 / dxy),

1A1g /
1B3g (dxz / dxy), and

1A1g /
1B1g (dz2 / dxy), assuming the orbital ordering: dxy > dx2�y2 > dyz >

dxz > dz2] are expected.
3a,6b,9a,11 However comparison with spectra of

related complexes suggest that the third band is hidden under the tail

of the intense intraligand bands. The assumption that the complex is

exclusively 1,5-S,S0 configured in acetone, while the dichloromethane

solution contains both 1,3-N,S as well as 1,5-S,S0 isomers is strongly

supported by the absorption spectra of the recently reported deri-

vatives [Ni{RC(S)NHP(X)(OiPr)2}2] (X ¼ S, R ¼ H2N, MeNH,

tBuNH, PhNH, Me2N, 2-MeC6H4NH, 2,6-Me2C6H3NH, 2,4,6-

Me3C6H2NH, 2-Py(6-Me)NH; X ¼ O, R ¼ PhNH).4a,6,7,8b,9

The electrochemistry of the rawmaterial wasmeasured using cyclic

voltammetry (Table 1). The voltammogram of the complex in

CH2Cl2 differs from that in acetone. This is obviously due to the

presence of a mixture of 1,3-N,S and 1,5-S,S0 isomers in CH2Cl2,

while the exclusively 1,5-S,S0 isomer is observed in acetone (seeNMR

data). A reversible first one-electron reduction at about �1.50 V is
Table 1 Selected electrochemical data for the nickel complex in CH2Cl2
(upper line) and acetone (bottom line)a

Epa (Ox 3) Epa (Ox 2) Epa (Ox 1) Epa (Red 1) Epc (Red 1) E1/2(Red 1)

— 1.17 0.73 –1.39 –1.51 –1.45
0.71 0.37 –0.04 –1.34 –1.46 –1.40

a From cyclic voltammetry in 0.1 M nBu4NPF6/solvent solutions at 100
mV s�1 scan rate. Potentials in V vs. FeCp2

+/0. Half-wave potentials E1/2

for reversible processes, peak potential differences DEpp ¼ Epa � Epc in
mV in parentheses (the value for ferrocene was 68 mV), cathodic peak
potentials Epc and anodic peak potentials Epa.

This journal is ª The Royal Society of Chemistry 2011
followed by a number of further irreversible reduction steps. This first

reduction wave is caused by a ligand-centred reduction.8b On the

oxidative side of the cyclic voltammogram of the complex in CH2Cl2
the first wave occurs at +0.73 V (Ox 1) followed by a second at +1.17

V (Ox 2). Measurements of the complex in acetone reveal oxidation

processes having very similar potential at +0.71 V (Ox 3). At +0.37 V

(Ox 2) there is seemingly an additional oxidationwave. The oxidation

is attributed also to a ligand-centred process since the observed vast

difference in oxidation potentials for the assumed isomers is too large

to be attributed to a nickel-centred oxidation NiII/NiIII. The

assumption of a ligand-based oxidation is also in line with the

absorption spectroscopy which gave no evidence for a metal-to-

ligand or ligand-to-metal charge transfer. Instead, rather low-energy

intraligand transitions were observed alongside with low-lying

d–d transitions. These observations appeared to be in line with the

theoretical TD–DFT study which will be presented hereafter.

In order to study the relative energy of the possible isomers [Ni(L-

1,3-N,S)2], [Ni(L-1,5-S,S0)2] and [Ni(L-1,5-S,S0)2]$(CH3)2C]O,

DFT/LanL2DZ calculations were performed at the B3LYP level, as

implemented in theGaussian 09 package.12We found trueminimaon

the potential energy surface (PES) for the complexes [Ni(L-1,3-N,S)2]

and [Ni(L-1,5-S,S0)2] exhibiting the following conformations: (i)

trans-1,3-N,S (DE ¼ 0.0 kcal mol�1), (ii) cis-1,3-N,S (DE ¼ 12.8 kcal

mol�1), (iii) trans-1,5-S,S0 (DE¼ 17.3 kcal mol�1) and (iv) cis-1,5-S,S0

(DE ¼ 21.9 kcal mol�1) (Fig. S1 in the ESI†). The coordination in

a trans-1,3-N,S-fashion appeared to be more preferred over the trans-

1,5-S,S0 conformation when no hydrogen bonding with the acetone

molecule is involved in the latter case. The 1,5-S,S0 isomer must

obviously contain an extra stabilization originating from the acetone

molecule attached to the hydrogen atom of the NH group (Fig. 2).

We have found that the formation of one hydrogen bonding,

(CH3)2C]O/H–N, adds an extra stabilization in the 1,5-S,S0

system of 9.2 kcalmol�1, as compared to the isolated [Ni(L-1,5-S,S0)2]
complex (Fig. S1 in ESI†). Keeping in mind that two such interac-

tions can be present, it provides a total stabilization of 18.4 kcal

mol�1. Accordingly, it makes the 1,5-S,S0 isomer more stable (by

1.1 kcal mol�1) as compared to the trans-1,3-N,S system (Fig. S1 in

ESI†), which can explain why the 1,5-S,S0 isomer was predominantly

observed in acetone.

Finally, we will shed a light on the bonding character between the

amine group, p-Me2NC6H4NH, and the Ni-containing fragment in

the complexes [Ni(L-1,3-N,S)2], [Ni(L-1,5-S,S0)2] and [Ni(L-1,5-S,

S0)2]$(CH3)2C]O. The bonding analysis was performed using the

ETS-NOCV scheme13–15 as implemented in the Amserdam Density

Funtional (ADF) package, version 2009.01.16The details of the ETS-

NOCV scheme are outlined in the ESI.† The fragmentation method

used in the bonding analysis is given in Fig. 3 (panel a). It is clear that

the amine bonding is the weakest in the case of the [Ni(L-1,5-S,S0)2]
system (DEtotal ¼ �86.2 kcal mol�1). The main contribution, exhibi-

ting the formation of s(HN–C) bonding, originates from the charge

transfer Dr1 (Fig. 3, panel c). It corresponds to DEorb(1) ¼
�390.8 kcal mol�1. The p-component of the N–C bond, Dr2, is

quantitatively far less important, DEorb(1) ¼ �9.3 kcal mol�1.

As we go from [Ni(L-1,5-S,S0)2] to the acetone containing deriva-

tive, [Ni(L-1,5-S,S0)2]$(CH3)2C]O, one might notice the significant

strengthening of the amine bonding,DEtotal is lower by 8.7 kcal mol�1

(Table 2). This is predominantly due to the stronger s(HN–C) and p

(HN–C) components, by DEorb(1) ¼ �34.8 kcal mol�1 and by

DEorb(1) ¼ �13.2 kcal mol�1, respectively (Fig. 3, panel d). Another
CrystEngComm, 2011, 13, 5321–5327 | 5323
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Fig. 3 Black lines indicate the fragmentation used in the bonding

analysis (panel a). In panels b–d the ETS-NOCV based results (defor-

mation densities Dri and corresponding energies DEorb (i)) are presented

for the trans-isomers of [Ni(L-1,3-N,S)2], [Ni(L-1,5-S,S0)2] and [Ni(L-1,5-

S,S0)2]$(CH3)2C]O, respectively. The red color of the Dri shows charge

depletion, whereas the blue represents charge accumulation upon bond

formation. The contour value of 0.005 a.u. was used for Dr1, whereas

0.001 a.u. for Dr2.

Table 2 ETS-NOCV energy decomposition results (in kcal mol�1),
describing the interaction between the p-Me2C6H4NH group and Ni-
based fragments in the trans-isomers of [Ni(L-1,3-N,S)2] (upper line), [Ni
(L-1,5-S,S0)2] (middle line) and [Ni(L-1,5-S,S0)2]$(CH3)2C]O (button
line)

DEorb DEPauli DEelstat DEtotal
a DEorb (1) DEorb (2)

–493.8 693.5 –303.0 –103.3 –464.3 –16.3
–414.3 597.0 –268.9 –86.2 –390.8 –9.3
–474.2 686.6 –307.3 –94.9 –425.6 –22.5

a DEtotal ¼ DEorb + DEPauli + DEelstat.

5324 | CrystEngComm, 2011, 13, 5321–5327
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important factor is the higher stabilization (by 34.8 kcal mol�1)

originating from the electrostatic term. It should be pointed out that

when considering not one, but two acetone molecules, further

stabilization of [Ni(L-1,5-S,S0)2] is expected. Indeed, as it has been
already mentioned, an inclusion of two acetone species makes the [Ni

(L-1,5-S,S0)2]$[(CH3)2C]O]2 system the most stable (Fig. S1 in

ESI†). Thus, it clearly shows the important role of the solvent

(acetone species) environment in controlling the stability of the [Ni(L-

1,5-S,S0)2] complex. In addition, we found that the stabilization

originating directly from the formation of hydrogen bonding in [Ni

(L-1,5-S,S0)2]$(CH3)2C]O is�5.7 kcal mol�1 (Fig. S2 in ESI†). It is

less pronounced than the strengthening of amine bonding caused by

the presence of the acetone species (by 8.7 kcal mol�1).

In order to gain further insight into the nature of the absorption

spectra for the [Ni(L-1,5-S,S0)2] and [Ni(L-1,3-N,S)2] complexes,

a time dependent density functional method (TD–DFT) was applied,

as implemented in ADF package.16 The simulated spectrum (at the

DFT/B3LYP level of theory) in the gas phase together with the

selected molecular orbitals involved in the dominant transitions are

presented in Fig. 4 and 5 for [Ni(L-1,5-S,S0)2] and [Ni(L-1,3-N,S)2],

respectively.

It can clearly be seen fromFig. 4 (part A) that one dominant band,

with the large oscillator strength f ¼ 0.7605 a.u. was obtained at

364 nm in the case of the [Ni(L-1,5-S,S0)2] isomer. This transition is

dominated by a HOMO/ LUMO + 1 charge transfer (Fig. 4, part

B). It can be noticed qualitatively the charge transfer from thep-type

orbital of aryl ring and the lone electron pairs of sulfur (HOMO) and

the charge accumulation into the anti-bonding ligand orbitals (both

p* and s*). Minor participation of the metal is noted from the

HOMO contour. Another important band, with the oscillator

strength f ¼ 0.3014 a.u., is observed at 319 nm (Fig. 4, part A). It

involves both the HOMO � 1 / LUMO + 2 (63.5%) and HOMO

/ LUMO + 3 (30.6%) transitions. Again, they represent primarily

the intra-ligand charge transfers with the minor participation of the

metal. Among less important transitions in the lower frequency

region one can see the two peaks, at 419 nm (f ¼ 0.021 a.u.) and at

500 nm (f¼ 0.038 a.u.). They originate fromHOMO� 5/LUMO

and HOMO/ LUMO charge transfers, respectively. In both cases

one can conclude from the shape ofmolecular orbitals (Fig. 4, part B)

that these transfers can be attributed to intra-ligand and the metal

d–d transitions.

Concerning the spectrum of the [Ni(L-1,3-N,S)2] isomer one

might notice from Fig. 5 (part A) that the dominant band, with f ¼
0.7484 a.u., is observed at 337 nm. This transition is constituted,

similarly to the [Ni(L-1,5-S,S0)2] isomer, from the HOMO /
This journal is ª The Royal Society of Chemistry 2011
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Fig. 4 Simulated TD–DFT/B3LYP spectrum of the [Ni(L-1,5-S,S0)2] complex in the gas phase (part A) together with the contours of molecular orbitals

(0.03 a.u.) involved in the dominant transitions (part B).
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LUMO + 1 intra-ligand charge transfer (Fig. 5, part B). Another,

far less intense band (f¼ 0.029 a.u.) at 448 nm involves HOMO � 1

/ LUMO charge transfer—it exhibits both the intra-ligand tran-

sition (LLCT) with some partcitipation of the metal (LMCT). From
This journal is ª The Royal Society of Chemistry 2011
the shape of the LUMO contour, it can be noticed that participation

of the metal (thus LMCT) seems to be of less importance as

compared to the intra-ligand oxidation (LLCT). Finally, it should

be emphasized that evident domination of the intra-ligand oxidation
CrystEngComm, 2011, 13, 5321–5327 | 5325
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Fig. 5 Simulated TD–DFT spectrum of [Ni(L-1,3-N,S)2] system (part A) together with the contours of molecular orbitals (0.03 a.u.) involved in the

dominant transitions (part B).
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in the case of both isomers is fully in line with the experimental

findings based on CV-experiments.

We have synthesized theNiII complexes [Ni{p-Me2NC6H4HNC(S)

NP(S)(OiPr)2-1,3-N,S}2], [Ni(L-1,3-N,S)2], and [Ni{p-Me2NC6H4-

HNC(S)NP(S)(OiPr)2-1,5-S,S
0}2]$(CH3)2C]O, [Ni(L-1,5-S,S0)2]$

(CH3)2C]O. These compounds are the first examples of NiII

complexes containing the same asymmetric NTT ligand featuring an

aryl-NH substituent at the thiocarbonyl group and coordinating to

the metal both in the 1,3-N,S- and 1,5-S,S0-fashion in the solid state

depending on the crystallization conditions. Finally, comparing the

[Ni(L-1,3-N,S)2] conformation with the [Ni(L-1,5-S,S0)2] and [Ni(L-

1,5-S,S0)2]$(CH3)2C]O systems, it should be added that the highest

stabilization of the former conformation, DEtotal ¼ �103.3 kcal

mol�1, is predominantly related to the strongest s(HN–C) bonding

(DEorb(1) ¼ �464.3 kcal mol�1) as well as the presence of the intra-

molecular HN/S interaction (DEorb(2)¼ �16.3 kcal mol�1) (Fig. 3,

panel a). Another important factor is the large electrostatic stabili-

zation (Table 2).
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