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The title compound, [Ni(C28H30N3O2PS)], crystallizes with

two independent molecules in the asymmetric unit. The NiII

atoms are in signi®cantly deformed square-planar environ-

ments formed by an ONNP donor set from a thiosemi-

carbazide-based tetradentate ligand. The NiII atom and the

ONN donor atoms are nearly coplanar, while the P atom

deviates from their mean planes by 0.278 (4) and 0.202 (4) AÊ

for the two independent molecules. The P-containing chelate

rings are remarkably non-planar, adopting a boat conforma-

tion, which is unusual for chelate rings in transition metal

complexes with thiosemicarbazide-based tetradentate ligands.

The orientation of the ethoxy group bonded to this chelate

ring is caused by an intramolecular CÐH� � �� interaction with

the opposing phenyl ring. There are no hydrogen bonds;

instead, numerous intermolecular CÐH� � �� interactions

dominate in the crystal packing.

Comment

Transition metal complexes with thiosemicarbazide-based

ligands have been very extensively investigated because of

their interesting structural properties and biological activities

(Campbell, 1975; Padhye & Kauffman, 1985; West et al., 1991;

Casas et al., 2000; Beraldo & Gambino, 2004). The present

work is part of a systematic study of transition metal

complexes containing thiosemicarbazide-based ligands, aimed

at investigating their structural properties and the in¯uence of

the thiosemicarbazide substituents on the properties of the

complexes (Leovac et al., 2000, 2002; BogdanovicÂ et al., 2001).

Among the more than 150 crystal structures of metal

complexes with isothiosemicarbazide-based ligands (ITSC),

the title compound, [NiL1], represents a rare example of a

transition metal complex involving a P atom in its coordina-

tion environment. Only one other metal complex, [4-(2-di-

phenylphosphino-�-ethoxybenzyl)-3-methyl-1-salicylideneiso-

thiosemicarbazido]nickel(II), with an ITSC ligand possessing

a P atom as one of ligator atoms, has hitherto been reported

(BogdanovicÂ et al., 1998).

The asymmetric unit of the [NiL1] complex (Fig. 1) contains

two crystallographically independent molecules, denoted

[NiL1]a and [NiL1]b. These molecules are of the same

composition but have slightly different conformations. The

mutual orientation of the molecules is shown in Fig. 2, from

which it can be seen that the angle between the coordination

plane of molecules [NiL1]a and [NiL1]b is 56.4 (1)�. The
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Figure 1
An ORTEPIII (Burnett & Johnson, 1996) drawing of [NiL1]a, showing
the atom-labeling scheme. Displacement ellipsoids are drawn at the 40%
probability level.



square-planar coordination geometry of the Ni atom is

signi®cantly deformed. Atoms Ni1, O1, N1 and N3 are nearly

coplanar, but atoms P1 deviate from the mean plane by

0.278 (4), 0.202 (4) and 0.280 (3) AÊ for molecules [NiL1]a,

[NiL1]b and [NiL2], respectively. The L1 ligands are coordi-

nated to the Ni atom through four atoms (O1, N1, P1 and N3),

forming three fused chelate rings (Fig. 1), one being ®ve-

membered (ring A; Ni1/N1/N2/C1/N3) and two six-membered

[ring B (Ni1/N1/C4±C6/O1) and ring C (Ni1/N3/C10/C12/C11/

P1)]. Rings A and B are nearly planar, with delocalized �
bonds (Table 1). However, ring C is non-planar, adopting a

boat conformation with atoms Ni1, N3, C11 and C12

approximately coplanar. The conformational parameters

(Cremer & Pople, 1975) of molecules [NiL1]a, [NiL1]b and

[NiL2] (Table 2) are very similar. This non-planar form of a

six-membered chelate ring in metal complexes with ITSC

ligands is unusual and could be caused by (i) the addition of

EtOH across the azomethine N3 C10 bonds and/or (ii) the

presence of P atoms, which tends to decrease the Ni1ÐP1Ð

C11 angles, as described by BrcÏeski et al. (2003).

The conformation of ring C in similar square-planar metal

complexes [structure (III) in the scheme] that possess a

triphenylphosphine fragment and two condensed chelate rings

were also analyzed. In almost all of the 29 examples found in

the Cambridge Structural Database (Version of April 2005;

Allen, 2002), the six-membered rings were more or less non-

planar, with an average value of 22.3� for the largest C1ÐPÐ

MÐN torsion angle. On the other hand, the most planar part

of the rings was the PÐC1ÐC2ÐC3 fragment, with a mean

PÐC1ÐC2ÐC3 torsion angle of 5.7�. As shown in Fig. 3, a

direct relation exists between the values of the C1ÐPÐMÐN

torsion angle and the displacement of the P atom (�P) from

the mean plane of the chelate ring. The rings are the most

puckered when the NÐC3 and C3ÐC2 bonds are single

bonds, which enables additional rotation around them. For

this reason, four of the six highest �P values are found for

[NiL1], described in this work, and the previously published

structures of [NiL2] (BogdanovicÂ et al., 1998), [PtL3]�CHCl3
and [Pt(C44H32N2O2P2)]�CCl3H (Burger et al., 2003), all of

which are shown as circles in Fig. 3.

It was considered worthwhile to analyze the orientation of

the ethoxy group (±O2/C9H2/C8H3). Although the rotation

around the O2ÐC9 and C9ÐC8 single bonds is not restricted,

the orientation of the ethoxy group is very similar in all of the

three compared molecules, viz. [NiL1]a, [NiL1]b and [NiL2].

An explanation for this structural behavior can be found in the

intramolecular CÐH� � �� interaction between the C8 methyl

group and the Ph2 (C17±C22) phenyl ring (Fig. 2), which was

not observed in the previously published crystal structure of

[NiL2] (BogdanovicÂ et al., 1998). The geometrical parameters

of this interaction for the [NiL1]a, [NiL1]b and [NiL2]

complexes are listed in Table 3.

There are no intermolecular hydrogen bonds or signi®cant

�±� interactions with participation of the phenyl rings from

the triphenylphosphine fragment in the crystal structure of the

[NiL1] complex. However, numerous intermolecular CÐ

H� � �� interactions are found in the crystal packing. The

geometrical parameters listed in Table 3 were calculated for

normalized CÐH distances (1.08 AÊ ), as is usual for the

analysis of CÐH� � �� interactions (Desiraju & Steiner, 1999).

Four interactions have an H� � �
 distance (where 
 is the

centroid of the ring) shorter than 2.70 AÊ . It is known that

chelate rings with � delocalized bonds are able to participate

in CÐH� � �� interactions as �-acceptors (BogdanovicÂ et al.,

2002), which was here observed in the case of rings A and B in

[NiL1]b. The [NiL1]b molecule forms as many as seven inter-

molecular interactions (four as CÐH donor and three as

metal-organic compounds
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Figure 2
A view of the mutual orientation of the [NiL1]a and [NiL1]b molecules.
Displacement ellipsoids are drawn at the 30% probability level. Some H
atoms have been omitted for clarity. � is the plane de®ned by atoms Ni1,
N1, N3 and O1. Intramolecular CÐH� � �� interactions are represented by
dotted lines.

Figure 3
The relation between the values of the C1ÐPÐMÐN torsion angle and
the displacement of the P atom from the mean plane of the chelate ring.
Crystal structures are represented by squares, except those that possess
NÐC3 and C3ÐC2 single bonds (represented by circles).



�-acceptor). Generally speaking, it can be concluded that CÐ

H� � �� interactions play a dominant role in the crystal packing.

The existence of CÐH� � �� interactions in (III), as well as

the mutual position of the three phenyl rings bonded to one P

atom, was also analyzed. 25 of the 29 structures lack signi®cant

intermolecular hydrogen bonds, but form CÐH� � �� inter-

actions with phenyl or chelate rings acting as �-acceptors.

Comparing the angle between the mean planes of the phenyl

rings bonded to the P atom and taking into account their

position relative to the coordination plane, it was found that

the conformations of the triphenylphosphine structural part in

all 29 crystal structures, including the structures presented in

this work, are very similar. Such a mutual position of the

phenyl rings avoids short and destabilizing H� � �H contacts of

their H atoms in the ortho positions. Nevertheless, it is inter-

esting to note the existence of three short H� � �C contacts

between an H atom in the ortho position and a C atom bonded

to the P atom from a neighboring phenyl group. These H� � �C
distances range from 2.5 to 2.8 AÊ , with CÐH� � �C angles of

about 110�. A similar orientation of the phenyl rings exists in

uncoordinated triphenylphosphine and its derivatives (Daly,

1964; Dunne & Orpen, 1991; Chekhlov, 1993; Bruckmann et

al., 1995; Kooijman et al., 1998; Ziemer et al., 2000), suggesting

the presented mutual orientation of phenyl rings is the most

stable.

Experimental

The title complex was obtained by the reaction between a warm

(about 313 K) ethanol solution containing 0.5 mmol each of [Ni(L)-

NH3]�2H2O (L is the dianion of 2,4-pentanedione S-methylisothio-

semicarbazone) (Leovac et al., 1993) and 2-(diphenylphosphino)-

benzaldehyde.

Crystal data

[Ni(C28H30N3O2PS)]
Mr = 562.29
Triclinic, P1
a = 11.974 (3) AÊ

b = 12.531 (2) AÊ

c = 20.827 (7) AÊ

� = 89.81 (2)�

� = 73.56 (2)�

 = 68.26 (2)�

V = 2765.9 (12) AÊ 3

Z = 4
Dx = 1.350 Mg mÿ3

Mo K� radiation
� = 0.86 mmÿ1

T = 293 (2) K
Prism, black
0.36 � 0.30 � 0.26 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

!/2� scans
Absorption correction: Gaussian

(PLATON; Spek, 2003)
Tmin = 0.756, Tmax = 0.820

11363 measured re¯ections

10824 independent re¯ections
6782 re¯ections with I > 2�(I )
Rint = 0.025
�max = 26.0�

3 standard re¯ections
frequency: 60 min
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.117
S = 1.01
10824 re¯ections
657 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0452P)2

+ 0.729P]
where P = (F 2

o + 2F 2
o)/3

(�/�)max < 0.001
��max = 0.43 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

All H atoms were found in a difference Fourier map, but they were

placed at geometrically calculated positions (CÐH = 0.93±0.97 AÊ )

and re®ned using a riding model. The idealized methyl groups were

allowed to rotate about their XÐC bonds using the difference elec-

tron-density synthesis as a criterion for the ®nal H-atom positions.

Uiso(H) values were set equal to 1.2 (or 1.5 for methyl groups) times

Ueq of the parent atom.

Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell

re®nement: CAD-4 Software; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEPIII (Burnett &

Johnson, 1996); software used to prepare material for publication:

WinGX (Farrugia, 1999) and PLATON (Spek, 2003).

metal-organic compounds
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Table 1
Selected geometric parameters (AÊ , �).

Ni1aÐO1a 1.836 (3)
Ni1aÐN3a 1.856 (3)
Ni1aÐN1a 1.864 (3)
Ni1aÐP1a 2.2001 (10)
O1aÐC6a 1.314 (4)
N1aÐC4a 1.315 (4)
N1aÐN2a 1.408 (4)
N2aÐC1a 1.302 (4)
N3aÐC1a 1.354 (4)
C4aÐC5a 1.394 (5)
C5aÐC6a 1.355 (5)

Ni1bÐO1b 1.835 (2)
Ni1bÐN1b 1.852 (3)
Ni1bÐN3b 1.857 (3)
Ni1bÐP1b 2.1780 (12)
O1bÐC6b 1.303 (4)
N1bÐC4b 1.320 (4)
N1bÐN2b 1.412 (4)
N2bÐC1b 1.307 (4)
N3bÐC1b 1.347 (4)
C4bÐC5b 1.411 (5)
C5bÐC6b 1.353 (6)

O1aÐNi1aÐN1a 95.34 (13)
N3aÐNi1aÐN1a 82.79 (13)
O1aÐNi1aÐP1a 88.92 (8)
N3aÐNi1aÐP1a 93.17 (9)

O1bÐNi1bÐN1b 95.85 (13)
N1bÐNi1bÐN3b 82.64 (13)
O1bÐNi1bÐP1b 87.09 (9)
N3bÐNi1bÐP1b 94.53 (10)

Table 2
The puckering parameters (AÊ , �) for the P1ÐC11ÐC12ÐC10ÐN3ÐNi1
sequence.

Q q2 q3 � '

[NiL1]a 0.714 (4) 0.714 (4) ÿ0.005 (3) 90.4 (2) 178.7 (3)
[NiL1]b 0.696 (4) 0.696 (4) 0.018 (3) 88.5 (2) ÿ178.7 (3)
[NiL2] 0.70 0.70 ÿ0.03 92.3 179.4

Table 3
Geometrical parameters (AÊ , �) for selected CÐH� � �� interactions.


 is the centroid of an aromatic ring; � is the angle between the line
connecting the H atom and 
 and the normal to the ring.

CÐH� � �
 H� � �
 C� � �
 � CÐH� � �


[NiL1]a C8aÐH78a� � �
1a 2.91 3.85 4.2 146
C14aÐH14a� � �
2b

i 2.79 3.67 10.1 140
C21aÐH21a� � �
3a

ii 2.90 3.69 13.5 130
C27aÐH27a� � �
3a

iii 2.65 3.55 19.3 141
[NiL1]b C3bÐH73b� � �
4b

iv 2.84 3.60 24.0 128
C8bÐH78b� � �
1b 2.61 3.64 0.4 159
C21bÐH21b� � �
4b

i 2.68 3.52 7.0 135
C25bÐH25b� � �
4a

v 2.66 3.67 15.3 157
C26bÐH26b� � �
2a

v 2.79 3.61 10.6 133
[NiL2] C8cÐH78c� � �
1c 3.06 4.00 26.2 146

C9cÐH79c� � �
5c
vi 3.01 3.87 25.3 137

C19cÐH19c� � �
2c
i 3.00 3.95 11.5 147

C21cÐH21c� � �
6c
vii 2.97 3.79 16.9 134

Notes: 
1a is the centroid of the C17a±C22a ring, 
2a, the C11a±C16a ring, 
3a ring B,

4a ring A, 
1b the C17b±C22b ring, 
2b the C11b±C16b ring, 
4b ring A, 
1c the C17c±
C22c ring, 
2c, the C11c±C16c ring, 
5c the C23c±C28c ring, and 
6c the C5c±C31c ring.
Symmetry codes: (i) ÿx� 1;ÿy� 1;ÿz� 1; (ii) ÿx� 1;ÿy;ÿz; (iii) ÿx, ÿy� 1, ÿz;
(iv) ÿx� 1;ÿy;ÿz� 1; (v) ÿx;ÿy� 1;ÿz� 1; (vi) xÿ 1; y; z; (vii) ÿx, ÿy, ÿz� 1.
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