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The title Pd complex, [Pd(C6H14N3S)(CH3O2PS2)], is formed

from Pd(acetate)2 and 5-tert-butylamino-4-methyl-2-sul®do-2-

thioxo-1,3,4,2�5-thiadiazaphospholan-5-onium, (1), in meth-

anol. The Pd atom is coordinated to two different ligands

which are generated in situ as a result of methanolysis of the

starting compound (1). Thus, Pd is complexed by the

O-methyldithiophosphate ligand and by 2-methyl-4-tert-butyl-

thiosemicarbazide. Two molecules of the Pd chelate are linked

by two intermolecular NÐH� � �O hydrogen bonds, the N� � �O
distances of which are 3.361 and 2.827 AÊ .

Comment

Chlorodithiophosphoric acid pyridiniumbetaine, PyPS2Cl,

reacts with the thiosemicarbazide derivative (RNH)(H2N±

NMe)CS (R is tert-butyl), in acetonitrile in the absence of any

HCl-acceptor, to yield a new compound, (1), with a ®ve-

membered heterocycle (JancÏa et al., 2001). This substance was

used in an attempt to complex palladium in acetonitrile

solution, but no complex formation was observed. Therefore,

we used methanol as the reaction solvent. We isolated a solid

product in the form of dark-orange crystals. An X-ray

diffraction experiment revealed this substance to be the title

complex, (2). The unexpected complex formation can be

explained by the reaction of the starting complexing agent (1)

with methanol, in which two ligands, O-methyldithio-

phosphate and 2-methyl-4-tert-butylthiosemicarbazide, are

generated in situ. These ligands react further with Pd(ace-

tate)2. The formation of the palladium(II) complex is shown in

the scheme below.

Selected bond lengths and angles are given in Table 1 and

the molecular structure is shown in Fig. 1. The palladium

environment is approximately planar. This is con®rmed by the

values of bond angles S1ÐPdÐN3 [177.91 (16)�], S2ÐPdÐS3

[175.90 (7)�], S1ÐPdÐS2 [84.41 (6)�], S2ÐPdÐN3

[95.67 (14)�], N3ÐPdÐS3 [84.92 (14)�] and S3ÐPdÐS1

[95.15 (6)�]. The greatest deviation from the Pd/S1/S2/S3/N3

plane is for atom S2 (0.0821 AÊ ). O-Methyldithiophosphate is

bonded to the Pd centre through atoms S1 and S2. The PdÐS1

bond [2.3069 (17) AÊ ], in a trans position with respect to atom

N3, is shorter than the PdÐS2 distance [2.3457 (18) AÊ ]. This
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difference can be explained by a stronger trans in¯uence of

nitrogen compared with sulfur. A similar difference in bond

distances between a central atom and a donor S atom was

observed in the case of a non-symmetric palladium complex of

dithiolate and N,N-dimethylbenzylamine (Narayan et al.,

1997), where the PdÐS1 distance is 2.3303 (12) AÊ and PdÐS2

is 2.458 (2) AÊ . The PdÐS1ÐS2ÐP ring is also approximately

planar, the exception being the P atom, which deviates slightly

from the plane (0.0678 AÊ ). The P atom environment is, in

accordance with our expectations, tetrahedral. The lengths of

the PÐS1 [2.033 (2) AÊ ] and PÐS2 [2.024 (2) AÊ ] bonds

correspond to single-bond character. Similar distances can be

found in a nickel(II) complex with O-methyldithiophosphate

[2.032 (4) and 2.024 (4) AÊ ; Gastaldi et al., 1974].

From the other side, the palladium is complexed by a

neutral molecule of 2-methyl-tert-butylthiosemicarbazide. The

donor atoms of the ligand are amide atom N3 and S3 in the

thiocarbonyl group of the ligand. A ®ve-membered Pd/N3/N2/

C5/S3 heterocycle is formed. The bond distances in the ring

are: PdÐN3 2.060 (5), N3ÐN2 1.433 (7), N2ÐC5 1.345 (8),

C5ÐS3 1.714 (6) and S3ÐPd 2.2762 (17) AÊ . Similar rings have

already been described in the literature, e.g. by Neumuller et

al. (1999) and Ghassemzadeh et al. (2000), where the corre-

sponding distances are PdÐN 2.079 (5), NÐN 1.443 (6), NÐC

1.353 (7), CÐS 1.692 (6) and SÐPd 2.274 (2) AÊ . The PdÐ

N3ÐN2ÐC5ÐS3 ring can be considered planar; only atom

N3 deviates slightly from the plane of the ring (0.0675 AÊ ). The

C5ÐS3 bond [1.714 (6) AÊ ] has almost double-bond character

compared with the C S bond in 2,4-methylthiosemicarbazide

(1.697 AÊ ; Valente et al., 1998). The values for CÐS bonds are

in the region 1.82±1.86 AÊ (International Tables for Crystal-

lography, 1995, Vol. C, p.. 685). Two molecules of the Pd

complex are linked by two intermolecular hydrogen bonds,

N3ÐH3� � �O1i [2.827 (6) AÊ ] and N1ÐH1� � �O2ii [3.361 (7) AÊ ]

(Fig. 2; see Table 2 for symmetry codes).

Experimental

The title palladium complex was prepared by the reaction of

Pd(acetate)2 (0.04 mol) with the complexing agent (1) (0.08 mol) in

20 ml of methanol. The reaction mixture was intensively stirred for

24 h at room temperature. The crystals were grown from the solution

after partial evaporation of the solvent. A dark-orange crystal was

chosen for the X-ray structure determination.

Crystal data

[Pd(C6H14N3OS)(CH3O2PS2)]
Mr = 408.79
Monoclinic, P21=c
a = 12.889 (3) AÊ

b = 10.854 (2) AÊ

c = 11.120 (2) AÊ

� = 105.23 (3)�

V = 1501.0 (5) AÊ 3

Z = 4

Dx = 1.809 Mg mÿ3

Mo K� radiation
Cell parameters from 50

re¯ections
� = 11.0±20.8�

� = 1.75 mmÿ1

T = 120 (2) K
Prism, orange
0.10 � 0.05 � 0.02 mm

Data collection

Kuma KM-4 CCD diffractometer
with an Oxford Cryosystems low-
temperature device

! scans
9041 measured re¯ections
2636 independent re¯ections

2249 re¯ections with I > 2�(I)
Rint = 0.078
�max = 25.0�

h = ÿ15! 13
k = ÿ12! 12
l = ÿ11! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.060
wR(F 2) = 0.110
S = 1.16
2636 re¯ections
159 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0398P)2

+ 3.35P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 1.18 e AÊ ÿ3

��min = ÿ1.04 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

PdÐN3 2.060 (5)
PdÐS3 2.2762 (17)
PdÐS1 2.3069 (17)
PdÐS2 2.3457 (18)
PÐO1 1.489 (5)
PÐO2 1.610 (5)
PÐS2 2.024 (2)
PÐS1 2.033 (2)
S3ÐC5 1.714 (6)

O2ÐC7 1.449 (8)
N1ÐC5 1.341 (8)
N1ÐC1 1.493 (8)
N1ÐH1 0.880
N2ÐC5 1.345 (8)
N2ÐN3 1.433 (7)
N2ÐC6 1.461 (8)
N3ÐH3 0.988

N3ÐPdÐS3 84.92 (14)
N3ÐPdÐS1 177.91 (16)
S3ÐPdÐS1 95.15 (6)
N3ÐPdÐS2 95.67 (14)
S3ÐPdÐS2 175.90 (7)
S1ÐPdÐS2 84.41 (6)
O1ÐPÐO2 105.0 (3)
O1ÐPÐS2 117.3 (2)
O2ÐPÐS2 108.92 (19)
O1ÐPÐS1 114.8 (2)
O2ÐPÐS1 109.88 (18)
S2ÐPÐS1 100.81 (10)
PÐS1ÐPd 87.34 (8)
PÐS2ÐPd 86.50 (8)

C5ÐS3ÐPd 98.8 (2)
C7ÐO2ÐP 120.4 (4)
C5ÐN1ÐC1 128.9 (5)
C5ÐN1ÐH1 115.6
C1ÐN1ÐH1 115.6
C5ÐN2ÐN3 119.4 (5)
C5ÐN2ÐC6 124.5 (5)
N3ÐN2ÐC6 114.9 (5)
N2ÐN3ÐPd 114.4 (4)
N2ÐN3ÐH3 106.3
PdÐN3ÐH3 103.4
N1ÐC5ÐN2 117.0 (5)
N1ÐC5ÐS3 122.5 (5)
N2ÐC5ÐS3 120.5 (5)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N3ÐH3� � �O1i 0.99 1.88 2.827 (6) 160
N1ÐH1� � �O2ii 0.88 2.56 3.361 (7) 151

Symmetry codes: (i) 2ÿ x; yÿ 1
2;

1
2ÿ z; (ii) x; y ÿ 1; z.

H atoms were placed in calculated positions and re®ned as riding.

Figure 1
The structure of (4-tert-butyl-2-methylthiosemicarbazido)(O-methyldi-
thiophosphato)palladium(II). Displacement ellipsoids are drawn at the
50% probability level.



Data collection: KM-4 Software (Kuma, 1997); cell re®nement:

KM-4 Software; data reduction: KM-4 Software; program(s) used to

solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

XP in SHELXTL (Sheldrick, 1997).
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Figure 2
Hydrogen bonding in the title palladium(II) complex. Displacement
ellipsoids are drawn at the 50% probability level.
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