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Reaction of RuCl2(PPh3)3 with pyrimidine-2-thione (HpymS) in a 1:2mol ratio in dry benzene
in the presence of triethylamine as base yielded a complex of stoichiometry [Ru(pymS)2(PPh3)2]
(1). This has been characterized using analytical data and IR, 1H, 13C and 31P NMR spectro-
scopy. 1H NMR confirmed the deprotonation of HpymS. 31P NMR spectra showed a
single peak confirming equivalent P atoms. Complex 1 crystallizes in space group P|�
and HpymS acts as a �2-N,S-deprotonated bidentate anionic ligand. The coordination geometry
around the Ru center is distorted octahedral with cis dispositions of P atoms, as well as two
N atoms of pymS– and trans S atoms of pymS–. Important bond distances and angles are:
Ru–N, 2.119(2), 2.106(2); Ru–S, 2.4256(8), 2.4413(8); and Ru–P, 2.3266(7), 2.3167(7) Å;
P(2)–Ru(1)–P(1), 96.07(3); N(21)–Ru(1)–N(11), 83.46(9); and S(1)–Ru(1)–S(2), 153.02(3)�.

Keywords: Pyrimidine-2-thione; Ruthenium; Phosphine; X-ray structure

1. Introduction

Among the heterocyclic thioamides, the simplest prototype, pyridine-2-thione (HpyS, I),
has been studied in terms of its coordination chemistry and several types of
compounds have been reported [1–4]. Pyrimidine-2-thione (HpymS, II), on the other
hand, has been much less studied. HpyS and HpymS are the thio analogs of nucleobases
such as purine and pyrimidine, and as such have biochemical significance. From this
laboratory, several complexes of metals with HpyS and its N-oxide have been reported
[5–15]. This report concerns complexes of HpymS. Neutral HpymS mainly forms
S-bonded complexes [16–22], while deprotonated pymS– forms S-bonded [23–26],
N,S-chelated [27–33], S-bridging-cum-N,S-chelated [34], N,S-bridged [35,36] and
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S-bridged-cum-N-bridged [37] species. A few tetranuclear and hexanuclear complexes
are also known [38,39]. There is increased interest in complexes of HpymS and its
derivatives, because several of them find use as antiviral, antimetabolite and antitumor
drugs [40–48].
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From a survey of the literature we found that the interaction of Ru(II) with
HpymS and its derivatives has received scant attention [30,49–51]. In the present

work, we report the crystal and molecular structure of [Ru(PPh3)2(pymS)2], which

is the first example of its type in the case of HpymS. The solid-state structure

is compared with the solution behavior using high-resolution 1H, 13C and 31P NMR
spectroscopy.

2. Experimental

2.1. Materials and techniques

The starting ruthenium complex, RuCl2(PPh3)3 [52], was prepared by refluxing
RuCl3 � xH2O and PPh3 in dry ethanol for 5–6 h. HpymS was obtained from Sigma
Aldrich Ltd. IR spectra were recorded using KBr pellets on a Pye Unicam SP3-300
spectrophotometer in the 4000–200 cm–1 range. Proton NMR spectra were recorded
(CDCl3) using a Bruker spectrometer at 200 MHz with TMS as internal reference.
13C NMR spectra were recorded in CDCl3 using a Jeol AL-300 FT spectrometer at
75.45MHz with TMS as internal reference. 31P NMR spectra were recorded in
CDCl3 using the Jeol AL-300 FT instrument at 121.5MHz with orthophosphoric
acid as external reference.

2.2. Synthesis of [Ru(pymS)2(PPh3)2] (1)

To a brown solution of RuCl2(PPh3)3 (0.050 g, 0.052mmol) in degassed benzene
(25 cm3) was added a solution of HpymS (0.011 g, 0.104mmol) in benzene (10 cm3)
along with Et3N (2 cm3). The mixture was refluxed under dry and oxygen-free N2

for 24 h. The color of the solution changed from dark brown to orange–brown.
Precipitated Et3NHþCl– was filtered off and the filtrate concentrated to about one-
third of its initial volume. n-Hexane (20 cm3) was added to the filtrate and orange–
brown crystals formed after 3 to 4 days. Yield, 65%, m.p. 250–260(d)�C. The complex
is soluble in chloroform, dichloromethane and acetone. Anal. Calcd. for
C47H39N4P2RuS2(%): C, 63.0; H, 4.58; N, 6.26. Found: C, 63.1; H, 4.55; N, 6.24.
Main IR peaks (cm–1): �(C–H) 3180(m), �(C–C)þ �(C–N), 1560(s), 1480(s); �(C¼S),
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1160(m); �(P–C), 1090(m). Crystals of 1 were grown in dry benzene, and the X-ray
crystal structure revealed the presence of lattice benzene.

2.3. X-ray crystallography

A brown, prismatic crystal of 1 was mounted on a glass fiber and used for data collec-
tion. Cell constants and an orientation matrix for data collection were obtained by
least-squares refinement of diffraction data from 25 reflections in the range
17.739<�<23.967� on an Enraf Nonius CAD4 automatic diffractometer [53]. Data
were collected at 223K using CuK� radiation (l¼ 1.54184 Å) and the !-scan techni-
que, and corrected for Lorentz and polarization effects [54]. A semiempirical absorp-
tion correction ( -scans) was made [55]. The structure was solved by direct methods
[56] and subsequent difference Fourier maps, and refined on F2 by full-matrix least-
squares procedures using anisotropic displacement parameters [57]. All hydrogen
atoms were included in geometrically idealized positions using appropriate riding
models. Atomic scattering factors were taken from the International Tables for X-ray
Crystallography [58]. Molecular graphics used the programs PLATON [59] and
SCHAKAL [60]. Crystallographic data are summarized in table 1. Selected bond
lengths and angles are given in table 2.

Table 2. Selected bond lengths (Å) and angles (�) for 1.

Bond lengths
Ru(1)–N(11) 2.119(2) P(1)–C(31) 1.835(3)
Ru(1)–N(21) 2.106(2) P(1)–C(41) 1.847(3)
Ru(1)–P(1) 2.3266(7) P(1)–C(51) 1.837(3)
Ru(1)–P(2) 2.3167(7) P(2)–C(61) 1.857(3)
Ru(1)–S(1) 2.4256(8) P(2)–C(71) 1.841(3)
Ru(1)–S(2) 2.4413(8) P(2)–C(81) 1.838(3)

Bond angles
N(11)–Ru(1)–S(1) 67.21(7) N(11)–Ru(1)–P(1) 170.91(6)
N(11)–Ru(1)–S(2) 92.26(7) N(11)–Ru(1)–P(2) 90.56(6)
N(21)–Ru(1)–S(1) 92.40(7) N(21)–Ru(1)–P(1) 90.44(7)
N(21)–Ru(1)–S(2) 67.03(7) N(21)–Ru(1)–P(2) 172.14(7)
S(1)–Ru(1)–S(2) 153.02(3) P(2)–Ru(1)–P(1) 96.07(3)

N(21)–Ru(1)–N(11) 83.46(9)

Table 1. Crystal data and refinement details for 1.

Empirical formula C47H39N4P2RuS2 Dcalcd (mgm–3) 1.452
M 886.95 � (mm–1) 5.142
T (K) 223(2) F(000) 910
Crystal system Triclinic Crystal size (mm) 0.10� 0.10� 0.10
Space group P|� 2� range (�) for data collection 5.20–64.98
Unit cell dimensions
a (Å) 11.0610(8) Reflections collected 8063
b (Å) 12.2203(14) Unique reflections 6885 (Rint¼ 0.0370)
c (Å) 17.1748(16) Goodness-of-fit on F 2 1.045
� (�) 69.564(9) R indices [I>2�(I )]
� (�) 85.075(7) R, wR2 0.0324, 0.0800
� (�) 68.943(8) R, wR2 (all data) 0.0390, 0.0830
V (Å3) 2028.0(3) Largest diff. peak and hole (eÅ–3) 0.489 and �1.079
Z 2
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3. Results and discussion

3.1. Synthesis and spectroscopy

Reaction of RuCl2(PPh3)3 with neutral HpymS in a 1:2mol ratio in dry benzene in the
presence of triethylamine involved deprotonation of the NH proton and yielded a com-
plex of stoichiometry [Ru(pymS)2(PPh3)2] (1). Compound 1 was prepared under dry
and oxygen-free N2 to avoid oxidation of Ru(II) to Ru(III). IR data confirmed
deprotonation of HpymS in the complex and the presence of a characteristic peak
due to PPh3, as listed in the experimental section. Proton NMR spectra did not show
any signal for the NH proton, supporting coordination of HpymS in the anionic
form (	NH¼ 13.40(s) ppm, HpymS [23]; table 3). The H(6) proton close to the N(1)
nitrogen showed a small upfield shift while H(4) and H(5) protons (table 3) showed
larger upfield shifts relative to the free ligand [23]. The o-H, m-H and p-H protons of
PPh3 are clearly resolved; the o-H protons exhibit some low-field shift.

In the 13C NMR spectra, the most significant low-field shift occurs for C(2) and this

shift is less marked for C(6); C(4) and C(5) are shifted upfield relative to the free ligand

(table 3). The 13C NMR data clearly support coordination of N(1) and S atoms to Ru.

The ipso-carbon of PPh3 shows a significant low-field shift involving 13C–31P coupling

(J¼ 19.2Hz), while other carbon signals of the ligand are shifted slightly upfield.

Finally, 31P NMR spectra show only one peak at 	¼ 46.9 ppm, with a coordination

shift (	complex – 	ligand) of 54.1 ppm, revealing the equivalence of phosphorus atoms

in the complex and that PPh3 is coordinating to the Ru atom, in accord with

literature data [15]. The data suggest an octahedral structure for 1, as confirmed by

X-ray crystallography.

Table 3. NMR (1H, 13C, 31P) data (	, ppm; J, Hz) for 1 and related compounds.

1H NMR PPh3
b

o-H m-H p-H
1a 7.26(t) 7.14(d) 7.06(t)
PPh3

b 7.23(m)c

H(6) H(5) H(4) N(H)
1 7.3(dd) 6.06(t) 7.9(d)

(J4,5, 3.2) (J4,6, 5.1) (J5, 4.6)
HpymSd 7.38(m) 6.85(m) 8.29(br) 13.40

(J4,5, 4.8) (J4,6, 5.4)
13C NMR PPh3

b

Ci Co Cm Cp

1 135.7(t) 134.0(t) 127.2(t) 128.5(d)
(JC–P, 19.2) (JC–P, 5.0) (JC–P, 4.3)

PPh3
b 132.5 134.2 128.9 129.1

(JC–P, 10.0) (JC–P, 19.5) (JC–P, 10.8) (9.3)

C(2) C(6) C(4) C(5)
1 188.1(s) 155.2(s) 153.4(s) 113.1(s)
HpymSd 181.4(s) 154.6(s) 158.6(s) 119.1(s)
31P NMR

	P �	
1 46.9 54.1

PPh3 �7.17

aIn CDCl3.
bFrom ref. [61]. cNot resolved. dIn DMSO-d6 [23].
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3.2. Crystal structure of 1

The atom numbering scheme for 1 is shown in figure 1. In the complex, both PPh3 and
pymS– ligands occupy cis positions. Ru(II) is bonded to two P atoms, two exocyclic S
atoms and two N(1) atoms, and the geometry is octahedral. The two S atoms are nearly
trans with an S(1)–Ru(1)–S(2) angle of 153.02�, quite close to that (154.7�) observed
in Ru(pyS)2(PPh3)2, 2 (pyS¼ pyridine-2-thiolate) [51]. [Ru(pyS)2(diphosphane)]
complexes [diphosphane¼ dppe, Ph2P(CH2)2PPh2, 3; dppp, Ph2P(CH2)3PPh2, 4;
and dppb, Ph2P(CH2)4Ph2P(CH2)2PPh2PPh2, 5] show S–Ru–S angles in the range
153.9–155.6� [13–15].

The cis nitrogen atoms of 1 make an N(21)–Ru–N(11) angle of 83.46�, and this is

close to that (80.9�) in compound 2. P(2)–Ru(1)–P(1) (96.07�) subtended by the PPh3
ligands in 1 is slightly smaller than that (96.8�) of 2. In [Ru(pyS)2(diphosphane)]

complexes, the N–Ru–N and P–Ru–P bond angles vary in inverse fashion with the

bite angle of the diphosphane. The bite angle, N–Ru–S, remains constant, ca 67� for

HpymS and HpyS ligands, for a series of complexes, as shown in table 4.
Ru–P distances (2.327, 2.318 Å) in 1 are similar to those (2.332, 2.319 Å) of 2 [51].

This shows that P atoms of the PPh3 ligands bind equally strongly in both cases.

Figure 1. Structure of 1 with the atom numbering scheme.

Table 4. Comparison of bond lengths (Å) and angles (�) of 1 with those of other complexes.

Ru–N Ru–S Ru–P S–Ru–S N–Ru–N P–Ru–P N–Ru–S Ref.

1 2.112 2.433 2.321 153.02 83.46 96.07 67.2 This work
2 2.124 2.436 2.326 154.7 80.9 96.8 67.0 [53]
3 2.134 2.421 2.248 155.0 87.5 84.1 67.3 [14]
4 2.131 2.421 2.277 153.9 84.5 90.7 67.5 [15]
5 2.143 2.422 2.276 155.6 82.3 94.3 67.0 [13]
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The distances are slightly longer than in [Ru(pyS)2(diphosphane)] complexes [13–15], but
somewhat smaller than shown by related complexes reported in the literature [62,63]. The
Ru–N bond distance of 2.112 Å in 1 is somewhat shorter than in 2 (2.123 Å) [51]. Ru–S in
1 is 2.433 Å, similar to that in 2 (2.435 Å).

Supplementary material

Full details have been deposited with the Cambridge Crystallographic Data Centre,
CCDC No. 244843. Copies of this information can be obtained free of charge from
The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: þ44-1223-
336-033; email: deposit@ccdc.cam.ac.uk; or http://www.ccdc.cam.ac.uk).
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