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Treatment of [RuCl,(PPhs);] with 2 equiv. HimtM™ (Himt™™ = 1-(4-methyl-phenyl)-imidazole-2-
thione) in the presence of MeONa afforded cis-[Ru(ic?-S,N-imt™"™),(PPhs),] (1), while interaction
of [RuCly(PPhs)s] and 2 equiv. Himt™™ in tetrahydrofuran (THF) without base gave [RuCly(x'-S-
Himt™™),(PPh;),] (2). Treatment of [RuHCI(CO)(PPhs);] with 1 equiv. Himt™™ in THF gave
[RuHCI(x'-S-Himt™™")(CO)(PPhs),] (3), whereas reaction of [RuHCI(CO)(PPhs);] with 1 equiv. of
the deprotonated [imt™"™]~ or [imt™""]~ (imt"*"= 1-(4-nitro-phenyl)-2-mercaptoimidazolyl) gave
[RuH(-S,N-imt**™)(CO)(PPh3),] (R=M 4a, R=N 4b). The ruthenium hydride complexes 4a and
4b easily convert to their corresponding ruthenium chloride complexes [RuCl(x*-S,N-imt™*")(CO)
(PPhs),] (5a) and [RuCl(x*-S,N-imt""")(CO)(PPhs),] (5b), respectively, in refluxing CHCl; by
chloride substitution of the RuH. Photolysis of 5a in CHCIl; at room temperature afforded an oxi-
dized product [RuCly(x*-S,N-imt™F")(PPhs),] (6). Reaction of 6 with excess [imt™™]~ afforded 1.
The molecular structures of 1-EtOH, 3-CqH,4, 4b-0.25CH3COCH;, and 6-2CH,Cl, have been
determined by single-crystal X-ray crystallography.

Keywords: Ruthenium complex; Imidazole-2-thione ligand; Synthesis; Crystal structure

1. Introduction

Coordination chemistry of heterocyclic thiones containing —N(H)=C(=S)- <> -N=C(-SH)-
is of considerable interest because such compounds show similar cysteine sulfur coordina-
tion in metalloenzymes [1] and the structural properties of the S,N-coordination active
sites [2—4]. Accordingly, substituted imidazole-2-thiones are important ligands due to
coordination with a variety of donor atoms [5] and their numerous biochemical properties
[6]; they can further form stable complexes with a wide range of main group and transition
metal ions [7—12]. Thus, exploration of the coordination properties of thione donors toward
metal ions is extensive [2—12]; however, relatively few ruthenium-thione complexes have
been synthesized. Examples of structurally characterized ruthenium-thione complexes
include [Ru(R)(x’-S,N-mt)(CO)(PPhs),] (R=H, CH=CH,, CH=CHPh, CH=CH-C4H,CH;_,,
CH=CH'Bu, CH=CHCPh,0OH, C(C=CPh)=CHPh, C¢Hs, C=CPh, SiMe,OEt) [13],
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[Ru(x-S,N-mt),(PPh;),] [10], and [RuH(x*-S,N-mt)(PPhs)s] [11] (mt=N-methyl-2-mercap-
toimidazolyl).

Transition metal hydride complexes are of importance in many stoichiometric and cata-
lytic reactions. For example, they are involved in catalytic hydrogenation, hydrosilylations,
hydroformylation, polymerization, and hydrogen transferring reactions [14]. In recent years,
there has been interest in ruthenium hydride complexes relative to deprotonation [15], inser-
tion [16], and protonation [17]. Low-valent ruthenium hydrides can be used as alternatives
to conventional Lewis acids and bases [18]; in particular, [RuHCI(CO)(PPhs);] may cata-
lyze addition of aldehydes to dienes and -alkylation of ketones with primary alcohols [19,
20], and [RuH,(PPh;)4] may catalyze hydration of nitriles to give the corresponding amides
[21]. In the course of our research on ruthenium hydride complexes in electron-rich sulfur
coordination environments [22, 23], we became interested in reactivity and structural char-
acterization of ruthenium hydride complexes with substituted imidazole-2-thione ligands
[24, 25]. In this paper, the coordination properties of 1-aryl-imidazole-2-thiones to ruthe-
nium with triphenyl-phosphines as co-ligands along with photo-oxidation of the ruthenium
carbonyl complex and ligand-reduction in ruthenium chloride complexes are described.

2. Experimental
2.1. General

All syntheses were carried out under dry nitrogen by standard Schlenk techniques.
4-Methyl-phenyl-amine, 4-nitro-phenyl-amine, and amino acetal were purchased from Alfa
Aesar Ltd. and wused without purification. 1-(4-Methyl-phenyl)-imidazole-2-thione
(Himt™™™) [26], 1-(4-nitro-phenyl)-imidazole-2-thione (Himt""") [26], [RuCly(PPhs)s] [27],
and [RuHCI(CO)(PPhs);] [28] were prepared according to literature methods. NMR spectra
were recorded on a Bruker ALX 400 Plus spectrometer operating at 400 and 162 MHz for
'"H and *'P, respectively. Chemical shifts (5, ppm) were reported with reference to SiMe,
(‘H) and H;PO, (*'P). Infrared spectra (KBr) were recorded on a PerkinElmer 16 PC FT-
IR spectrophotometer using pressed KBr pellets, and positive FAB mass spectra were
recorded on a Finnigan TSQ 7000 spectrometer. The magnetic moment for the solid sam-
ple was measured by a Sherwood magnetic susceptibility balance at room temperature.
The photolysis source was the output from a 100 W high-pressure mercury lamp passed
through an IR filter and collimated with lenses. An appropriate interference filter was used
to select the desired A;,. A shutter shielded the sample from the arc lamp. Elemental analy-
ses were carried out using a PerkinElmer 2400 CHN analyzer.

2.2. Synthesis of cis-[Ru(k2-S,N-imtMPh)2(PPh3)2]-EtOH (I1-EtOH)

To a slurry of Himt™™ (38 mg, 0.20mM) and MeONa (10.8 mg, 0.20 mM) in tetrahydro-
furan (THF) (SmL) was added a solution of [RuCly(PPhs);] (96 mg, 0.10 mM) in THF
(10 mL). The mixture was stirred for 8 h at room temperature. The solvent was removed in
vacuo, and the residue was washed with hexane. The residue was extracted with dichloro-
methane and filtered; the solvent was removed in vacuo and further recrystallized from
CH,CL,/EtOH/Et,O at room temperature. Block orange crystals of 1-EtOH suitable for X-
ray diffraction were obtained in a week. Yield: 90mg, 86%. *'P NMR (CDCls): 29.2,
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55.6ppm. '"H NMR (CDCls): 1.25 (EtOH), 2.35 (s, Me, 6H), 3.72 (EtOH), 6.31 (s, imt-
CH, 2H), 6.50 (d, imt-CH, J=1.6 Hz, 2H), 6.96-6.70 (m, 12H), 7.09-7.13 (m, 6H), 7.19
(d, C¢H4, J=8.0Hz, 4H), 7.26-7.30 (m, 16H) ppm. IR (KBr disk, cm_l): 3052 (w), 1634
(m), 1595 (m), 1499 (s), 1432 (s), 1362 (s), 1263 (s), 1098 (s), 1031 (s), 805 (s), 694 (s),
538 (s), 524 (s), 500 (m). MS (FAB): m/z 1052 [M'], 790 [M" — PPhs], 528 [M" —
2PPh;]. Anal. Caled for CsgH4gN4P>S,Ru(C,HgO) (%): C, 66.20; H, 5.36; N, 5.32.
Found: C, 66.11; H, 5.34; N, 5.35.

2.3. Synthesis of [RuCly(x"-S-Himt"™"),(PPh3),] (2)

A mixture of [RuClL,(PPhs);] (96 mg, 0.10mM) and Himt™™ (38 mg, 0.20mM) in THF
(15mL) was refluxed with stirring for 1h, during which there was a color change from
dark red to orange red. The solvent was removed in vacuo, and the residue was washed
with diethyl ether and hexane. Recrystallization from CH,Cly/hexane afforded yellow
microcrystals of 2. Yield: 86mg, 80%. *'P NMR (CDCls): 29.3 (s) ppm. 'H NMR
(CDCly): 2.34 (s, Me, 6H), 5.60 (s, imt-CH, 2H), 6.58 (s, imt-CH, 2H), 6.86 (d, CcH,4, 4H,
J=8.0Hz), 7.10 (d, C¢H4, 4H, J=8.0Hz), 7.28-7.54 (m, PPhs, 30H), 11.64 (br s, NH,
2H) ppm. IR (KBr disk, cm™"): 3150 (w), 3110 (w), 3049 (w), 1629 (m), 1592 (m), 1495
(s), 1435 (s), 1322 (m), 1255 (s), 1094 (s), 1020 (s), 799 (s), 746 (s), 715 (s), 696 (s), 543
(s). MS (FAB): m/z 1077 [M'], 1042 [M" — Cl], 1007 [M" — 2Cl], 815 [M" — PPhs], 555
[M" — 2PPhs], 483 [M" — 2Cl — 2PPh;]. Anal. Caled for CsgHsoN4Cl,P,S-Ru (%): C,
62.45; H, 4.68; N, 5.20. Found: C, 62.49; H, 4.71; N, 5.26.

2.4. Synthesis of [RuHCI(k"-S-imt""™")(CO)(PPh;),]-CsH 4 (3:CsH 1y

A mixture of [RuHCI(CO)(PPhs);] (95 mg, 0.10mM) and Himt™™ (30 mg, 0.16 mM) in
THF (15mL) was stirred at room temperature for 1h, during which there was a color
change from red to yellowish orange. The solvent was removed in vacuo, and the residue
was washed with diethyl ether and hexane. Recrystallization from CH,Cl,/hexane afforded
yellow block-shaped crystals of 3:C¢Hys in a week. Yield: 40mg, 45%. *'P NMR
(CDCl5): 40.9 (s) ppm. 'H NMR (CDCls): —14.80 (t, J=22.0Hz, 1H), 0.88 (C¢H,4), 1.26
(CeH14), 2.32 (s, Me, 3H), 6.19 (s, imt-CH, 1H), 6.36 (s, imt-CH, 1H), 6.78 (d, C¢Hy4, 2H,
J=8.0Hz), 7.10 (d, C¢Hy, 2H, J=8.0Hz), 7.25-7.77 (m x 2, PPh;, 30H), 12.68 (s, NH,
1H) ppm. IR (KBr disk, cm™"): 3137 (w), 3054 (w), 1926 (vs), 1590 (m), 1565 (m), 1499
(s), 1437 (s), 1321 (m), 1265 (s), 1093 (s), 1026 (s), 802 (s), 745 (s), 699 (s), 540 (s), 524
(s), 503 (s). MS (FAB): m/z 881 [M'], 879 [M" — H — 1], 844 [M" — H — CI], 816 [Ru(x'-
S-imtMPM)(PPhs),]", 554 [Ru(x'-S-imt™P")(PPhs)]", 292 [Ru(x'-S-imt™"™)]". Anal. Calcd
for C47H41N>OCIP,SRu-(C¢H14) (%): C, 65.86; H, 5.74; N, 2.90. Found: C, 65.78; H,
5.78; N, 2.86.

2.5. Synthesis of [RuH(k*-S,N-imt"""")(CO)(PPh;),] (4a)

To a slurry of Himt™™ (19 mg, 0.10mM) and MeONa (5.4 mg, 0.10mM) in THF (5mL)
was added a solution of [RuHCI(CO)(PPh;3)3] (95 mg, 0.10 mM) in THF (10 mL). The mix-
ture was stirred for 2h at room temperature. The solvent was removed in vacuo, and the
residue was washed with hexane and further recrystallized from CH,Cl,/hexane at room
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temperature. Yellow crystalline product of 4a was obtained in three days. Yield: 42 mg,
50%. *'P NMR (CDCl5): 39.3 (s) ppm. 'H NMR (CDCl5): —14.30 (t, RuH, J=22.5Hz,
1H), 2.30 (s, Me, 3H), 6.04 (d, im-CH, J=2.0Hz, 1H), 6.37 (d, im-CH, J=2.0Hz, 1H),
6.68 (d, C¢Hy, 2H, J=8.4Hz), 7.10 (d, C¢H4, 2H, J=8.8 Hz), 7.32-7.58 (m x 2, PC4¢Hs,
30H) ppm. IR (KBr disk, cm™"): 1927 (vs), 1593 (m), 1565 (m), 1503 (s), 1436 (s), 1321
(m), 1264 (s), 1098 (s), 1021 (s), 801 (s), 746 (s), 697 (s), 540 (s), 524 (s), 502 (s). MS
(FAB): m/z 844 [M'], 842 [M" — H — 1], 808 [M" — H — CI], 814 [Ru(x*-S,N-imt™"")
(PPh3),]", 552 [Ru(x*-S,N-imt™"™)(PPhs)]", 291 [Ru(x*-S,N-imt"""™]". Anal. Calcd for
C47H49N,OP,SRu (%): C, 66.89; H, 4.78; N, 3.32. Found: C, 66.79; H, 4.76; N, 3.35.

2.6. Synthesis of [RuH(k*-S,N-Himt""")(CO)(PPh;),]-0.25CH;COCH;
(4b-0.25CH;COCH;)

To a slurry of Himt"™ (22 mg, 0.10 mM) and MeONa (5.4 mg, 0.10mM) in THF (5mL)
was added a solution of [RuHCI(CO)(PPhs);] (95mg, 0.10mM) in THF (10mL). The
mixture was stirred for 6h at room temperature. The solvent was removed in vacuo and
the residue was washed with hexane and further recrystallized from CH3;COCHj3/hexane at
room temperature. Orange crystals of 4b-0.25CH;COCH; were obtained in a week. Yield:
52mg, 60%. *'P NMR (CDCl5): 39.2 (s) ppm. 'H NMR (CDCly): —14.28 (t, RuH,
J=22.0Hz, 1H), 2.10 (CH3COCH;), 6.03 (d, im-CH, J=2.0Hz, 1H), 6.34 (d, im-CH,
J=2.0Hz, 1H), 6.69 (d, C¢Hy4, 2H, J=8.4Hz), 7.25-7.58 (m x 2, PC4Hs, 30H), 8.14 (d,
CeHy, 2H, J=8.4Hz) ppm. IR (KBr disk, cm™'): 1930 (vs), 1595 (m), 1565 (m), 1504
(s), 1435 (s), 1324 (m), 1265 (s), 1098 (s), 1021 (s), 800 (s), 748 (s). MS (FAB): m/z 875
[M'], 873 [M" — H — 1], 839 [M" — H — Cl], 845 [Ru(x*-S,N-imt"*")(PPhs),]", 583 [Ru
(13-S,N-imt""")(PPh3)]", 322 [Ru(x?-S,N-imt"*™)]". Anal. Caled for CugH;3/N;O5P,S-
Ru+(0.25C3Hg0) (%): C, 63.12; H, 4.36; N, 4.72. Found: C, 63.09; H, 4.38; N, 4.75.

2.7. Synthesis of [RuCl(k*-S,N-imt""*")(CO)(PPhs),] (5a)

4a (75mg, 0.1 mM) was refluxed in SmL CHCI; for 1 h. After the mixture was cooled to
room temperature, the solvent was removed in vacuo and the residue was washed with
hexane, giving the yellow powder. Yield: 64 mg, 82%. *'P NMR (CDCls): 38.4 (s) ppm.
"H NMR (CDCl5): 2.28 (s, Me, 3H), 5.90 (d, im-CH, 1H, J=2.0Hz), 6.26 (d, im-CH, 1H,
J=1.6Hz), 6.69 (d, C¢H,, 2H, J=8.8Hz), 7.03 (d, C¢H4, 2H, J=8.0Hz), 7.22-7.28,
7.58-7.63 (m x 2, PC¢Hs, 30H) ppm. *C NMR (CDCls): 6 206.2 (t, CO, Jc,=15.8 Hz),
152.0 (s, NCN), 136.8 (s, ipso-C¢Hy), 134.9 (t, o/m-PC¢Hs, Jc,=5.5Hz), 134.1 (s, o/m-
CeHy), 133.1 (t, ipso-PC¢Hs, Jc,=21.7Hz), 130.1 (s, o/m-C¢Hy), 129.9 (s, p-PCg¢Hs),
128.1 (t, o/m-PC¢Hs, Jc,=4.8 Hz), 125.6 (s, p-CsHy), 121.8 (s, NC*H), 114.9 (s, NC’H),
21.4 (s, Me) ppm. IR (KBr disk, cm™"): 1919 w(CO) cm™'. MS (FAB): m/z 777 [M"], 742
[M" = Cl], 515 [M" — PPhs], 253 [M" — 2PPhs], 218 [M" — Cl — 2PPh;]. Anal. Calcd for
C47H39CIN,OP,RuS: C, 64.27; H, 4.48; N, 3.19. Found: C, 64.19; H, 4.44; N, 3.23.

2.8. Synthesis of [RuCl(k*-S,N-imt*"")(CO)(PPh),] (5b)

The method was similar to that used for Sa, employing 4b (78 mg, 0.1 mM) instead of 4a.
Yield: 70 mg, 85%. *'P NMR (CDCls): 38.2 ppm. '"H NMR (CDCl3): 6.03 [d, im-CH, 1H,
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J=1.6Hz], 6.32 [d, im-CH, 1H, J=1.6Hz], 6.71 [d, C¢H4, 2H, J=3.7Hz], 7.24-7.29,
7.57-7.62 [m x 2, PC¢Hs, 30H], 8.12 [d, C¢Hy4, 2H, J=3.6 Hz] ppm. *C NMR (CDCl;):
d 205.3 [t, CO, Jo,=15.3Hz], 152.9 [s, NCN], 145.1 [s, ipso-CeH,), 141.2 [s, p-CsHal,
134.4 [t, o/m-PCeHs, Jc,=5.4Hz], 132.4 [t, ipso-PCeHs, Jc,=21.9Hz], 129.6 [s, p-
PCeHs], 127.6 [t, o/m-PC¢Hs, Jo,=4.8Hz], 1263 [s, o/m-CeHyl, 124.9 [s, o/m-CsH,l,
120.6 [s, NC*H], 113.4 [s, NC°H] ppm. IR (KBr disk, cm™'): 1940 w(CO) cm~'. MS
(FAB): m/z 820 [M'], 785 [M" — Cl], 558 [M" — PPh;], 296 [M" — 2PPhs], 261 [M" - Cl
— 2PPhs]. Anal. Caled for C46H3CIN3O3P,RuS: C, 60.72; H, 3.99; N, 4.62. Found: C,
60.45; H, 4.03; N, 4.67.

2.9. Synthesis of [RuCly(k*-S,N-imt""*")(PPh;),]-2CH,Cl, (62CH,Cl,)

A solution of 5a (45 mg, 0.058 mM) in CHCl; (25 mL) was irradiated with UV light under
N, for 1h, during which time the color changed from yellow to orange and further to
green. The solvent was filtered and pumped off, and the residue was washed with hexane
and then further recrystallized from CH,Cly/hexane at room temperature. Air-stable green
crystals of 6-:2CH,Cl, suitable for X-ray diffraction were obtained in three days. Yield:
34mg, 75%. Magnetic moment ue=1.95 ug at 296 K. IR (KBr disk, cm™'): 1636 (m),
1592 (m), 1495 (s), 1431 (s), 1365 (s), 1262 (s), 1091 (s), 1034 (s), 805 (s), 692 (s), 540
(s), 524 (s), 503 (m). MS (FAB): m/z 886 [M'], 851 [M" — Cl], 816 [M" — 2Cl]. Anal.
Caled for C46H30N>CLP,SRu-(2CH,ClL) (%): C, 54.61; H, 4.11; N, 2.65. Found: C,
54.69; H, 4.12; N, 2.68.

2.10. Reaction of 6 and Nafimt™P"]

To a slurry of Himt™™ (38 mg, 0.20 mM) and MeONa (11 mg, 0.20 mM) in THF (5mL)
was added a solution of 6 (78 mg, 0.10 mM) in CH,Cl, (5mL). The mixture was refluxed
with stirring for 2 h, during which there was a color change from green to orange red. The
solvent was removed in vacuo, and the residue was washed with diethyl ether and hexane.
Recrystallization from CH,Cl,/hexane afforded orange crystals that were identified as 1 by
using unit cell measurement and elemental analyses. Yield: 84 mg, 80%.

2.11. X-ray crystallography

A summary of crystallographic data and experimental details for 1-EtOH, 3-Cg4Hy4,
4b-0.25CH3COCH; and 6-2CH,Cl, is summarized in table 1. Intensity data were collected
on a Bruker SMART APEX 2000 CCD diffractometer using graphite-monochromated Mo-
Ka radiation (1=0.71073 A) at 293(2) K. The collected frames were processed with
SAINT [29]. The data were corrected for absorption using SADABS [30]. Structures were
solved by direct methods and refined by full-matrix least-squares on F* using the SHEL-
XTL software package [31, 32]. All non-hydrogen atoms were refined anisotropically. The
positions of all hydrogens were generated geometrically (Cg3—H=0.96 and Cgpo—
H=0.93 A), assigned isotropic thermal parameters, and allowed to ride on their respective
parent carbon or oxygen before the final cycle of least-squares refinement. The hydrogen
on the amino group of 3-C¢H;, was found from subsequent difference Fourier electronic
density maps. Solvent molecules such as ethanol in 1-EtOH and hexane in 3-CsH;4 were
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Table 1. Crystallographic data and experimental details for cis-[Ru(x>-S,N-imt™"™),(PPh;),]-EtOH (1-EtOH),
[RuHCI(x'-S-imtMP")(CO)(PPh3),] CeHis  (3:CeHys),  [RuH(x-S,N-Himt“"")(CO)-(PPhs),]-0.25CH;COCH;
(4b-0.25CH;COCH3), and [RuCly(x?-S,N-imt™*™)(PPh;),]-2CH,Cl, (6:2CH,CL,).

Complex 1-EtOH 3-CeHys 4b-0.25CH;COCH; 6-2CH,Cl,
Empirical formula CsgHysN4OP,S,Ru CsoHssNLCIOP,SRu - Cy75Hsg sN3O505P,SRu CygHg3NLClgPoSRu
Formula weight 1044.13 930.48 889.38 1055.61
Crystal system Triclinic Triclinic Triclinic Triclinic

a (A) 11.004(13) 12.567(5) 11.2971(12) 13.461(3)

b (A) 11.590(13) 13.794(5) 13.1120(13) 14.723(3)
c(A) 22.71(3) 15.680(5) 15.3496(16) 15.018(5)

o (°) 103.339(15) 66.503(5) 84.238(1) 112.144(3)
p(©) 92.894(14) 72.536(4) 79.400(1) 105.111(3)

7 (°) 107.331(15) 85.293(5) 86.099(1) 105.393(2)
V(A% 2668(5) 2375.6(14) 2220.8(4) 2431.3(10)
Space group P-1 P-1 P-1 P-1

VA 2 2 2 2

Deate (g cm ™) 1.300 1.301 1.272 1.442
Temperature (K) 296(2) 273(2) 296(2) 296(2)
F(000) 1076 968 873 1074

i (Mo-Ka) (mm™") 0475 0.535 0.508 0.796

Total refin. 16,229 11,904 13,848 12,519
Independent refln. 11,441 8161 9768 8396
Parameters 607 525 547 524

Rine 0.0337 0.0297 0.0158 0.0278

R1%, wR2® (I>20(I))  0.0575, 0.1425 0.0583, 0.1536 0.0376, 0.0995 0.0629, 0.1770
R1, wR2 (all data) 0.0904, 0.1619 0.0925, 0.1734 0.0479, 0.1075 0.0835, 0.1935
GoF¢ 0.965 0.980 1.011 1.043

Ry =X|Fo| — |F/ZIF)-
PWRy = [Ew(|Fo*| — [F]) EwiF 2.
“GoF = [ZW(‘FO‘ - ‘Fcl) /(Nobs - Nparam)]l/z-

isotropically refined without hydrogens due to disorder, which probably resulted in the rel-
atively high R values in the final refinement.

3. Results and discussion

Reactions between HimtM™ or Himt“™™ and [Ru(PPhs);Cl,] and [RuHCI(CO)(PPhs);]
along with reactivity of the ruthenium hydride and carbonyl complexes are illustrated in
scheme 1. Interaction of [RuCly(PPhs);] with 2 equiv. Himt™™ in the presence of MeONa
afforded  cis-[Ru(x*-S,N-imt"*™),(PPhs),] (1). Two chlorides of [RuCly(PPhs);] were
substituted by two deprotonated [imt™""] resulting in 1 as the only product. The trans-
isomer could not be isolated either at room temperature or at reflux, suggesting that the
cis-isomer is the thermodynamic product. 1 is similar to cis-[Ru(PPhs)(x*-S,N-(imt™),],
which was obtained from reaction of [RuCl,(PPhs);] and Na[HB(tim™®);] [10]. Treatment
of [RuCly(PPhs)s] and 2 equiv. Himt"™ in THF at room temperature gave [RuCly(x'-S-
Himt™?"),(PPhs),] (2) as the sole isolable product. One PPhj in the starting ruthenium
compound dissociated and two neutral Himt™™™ ligands terminally coordinated with ruthe-
nium forming the six-coordinate 2. Treatment of [RuHCI(CO)(PPh;3)s;] with 1 equiv.
Himt™™ in THF gave [RuHCI(x'-S-Himt""")(CO)(PPhs),] (3) as the only product. One
PPh; in the starting ruthenium hydride compound was replaced by one Himt™™, while
interaction of [RuHCI(CO)(PPh;);] with 1 equiv. of deprotonated [mt™™] or [imt™""]
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PPh,

cl | cl NR PPhy
B 5% R|u\s N N(\” T—<3 _ Wi /QN FL e
&;ng PPhy Tj RT3 I:{|u\"'|=9h3 " S/‘ o
R y . PPhs PPhs
2 @ 0 5 6
[\ (vi)
R—N_ _NH
Y
B (i) » (iv)
/ PPh PPh
(N\/L% Tphaci' . N/N |l 6 E”\N | e
i OC/R”\ R’ ‘gf R|u\co R ‘és/ Tu\co
PPh3H PPhs PPhs
3 4 5

MPh NPh

Scheme 1. Reactions between the Himt or Himt ™ " and the starting ruthenium compounds, and the reactivity
of the ruthenium hydride and carbonyl complexes. Reagents and conditions: (a) [Ru(PPh;);Cl,]/NaOMe, THF,
room temperature (r.t.); (b) [Ru(PPh;);Cl,], THF, rt; (c) [RuHCI(CO)(PPhs);], THF, rt; (d) [RuHCI(CO)
(PPh3);]/NaOMe, THEF, r.t.; () CHCls, reflux; (f) CHCls, Ar, rt.; (g) excess Himt™™"/NaOMe, CHCl;, reflux.

Figure 1. Molecular structure of cis-[Ru(PPhs),(x>-S,N-imt™™),], 1. Selected bond lengths (A) and angles (°):
Ru(1)-S(1) 2.486(3), Ru(1)-S(2) 2.473(3), Ru(1)-N(1) 2.133(4), Ru(1)-N(3) 2.164(4), Ru(1)-P(1) 2.305(3), Ru
(1)-P(2) 2.308(3); N(1)-Ru(1)-N(3) 78.9(2), N(3)-Ru(1)-P(2) 92.3(1), N(1)-Ru(1)-P(1) 91.1(1), N(1)-Ru(1)-S
(1) 68.0(1), N(3)-Ru(1)-S(1) 88.8(1), P(2)-Ru(1)-S(1) 101.9(1), P(1)-Ru(1)-S(1) 95.9(1), N(1)-Ru(1)-S(2) 91.5
(1), N(3)»-Ru(1)-S(2) 67.3(1), P(2)-Ru(1)-S(2) 94.5(1), P(1)-Ru(1)-S(2) 104.3(1), P(1)-Ru(1)-P(2) 99.0(1).
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gave the ruthenium hydride complex [RuH(x*-S,N-imt)(CO)-(PPhs),] (4). Similar [RuH(x*-
S,N-tim™®)(CO)(PPhs),)] (tim™®= I1-methyl-2-mercaptoimidazole) was previously reported
[13]. Complexes 4a and 4b easily converted to their corresponding ruthenium chloride
complexes [RuCl(x*-S,N-imtM"™)(CO)(PPhs),] (5a) and [RuCl(x*-S,N-imt""")(CO)(PPhs),]
(5b), respectively, in refluxing CHCI; by chloride substitution of RuH. Photolysis of 5a
in CHCIl; at room temperature afforded a highly air-sensitive orange species which
quickly turned green. An X-ray diffraction study revealed that the photo-substitution of
[RuCl(#x*-S,N-mim™"™)(CO)(PPhs),] (5a) led to an oxidized product [RuCl,(x*-S,N-imt™'"™)
(PPh3),] (6) with chloride arising from CHCIl;. The mechanism for the formation of the
ruthenium(IIl) complex is unclear but probably involves the ruthenium(Il) oxidation during
the photo-substitution. Interaction of 6 with 2 equiv. Na[imt*"] at reflux led to change
from green to orange red, from which orange crystals formed, indentified as 1 by using
unit cell measurement and elemental analyses. Obviously, the reaction involved reduction
in ruthenium(Ill) to ruthenium(Il) and substitution of chloride by [imt™*"]~, suggesting
that [Ru(PPhs),] in 5a was reduced by the excess ligand and further resulted in formation
of the thermodynamic 1.

IR spectra of 2 and 3 clearly show weak bands at 3150 and 3137 cm ™', respectively,
attributed to v(N-H). Similarly, "H NMR spectra of 2 and 3 showed proton resonances of
NH as broad singlet at 11.64 and 12.68 ppm, respectively. The terminal carbonyl stretching
vibrations were found at 19191940 cm ™' in IR spectra of 3-5. One *'P signal in *'P NMR
spectra of 2 (29.3 ppm), 3 (40.9 ppm), 4a (39.3 ppm), 4b (39.2 ppm), Sa (38.4 ppm), and
5b (38.2 ppm) is due to frans PPhs; the *'P NMR spectrum of 1 showed *'P signals as

Figure 2. Molecular structure of [RuHCl(CO)(Kl—S—HithPh)(PPh3)2], 3. Selected bond lengths (A) and angles
(deg): Ru(1)-H(1) 1.59(3), Ru(1)-C(1) 1.832(8), Ru(1)-S(1) 2.478(2), Ru(1)-P(1) 2.371(2), Ru(1)-P(2) 2.366(2),
Ru(1)-CI(1) 2.539(1); C(1)-Ru(1)-P(1) 92.9(2), C(1)-Ru(1)-P(2) 90.5(2), C(1)-Ru(1)-CI(1) 99.1(2), P(1)-Ru(1)—
CI(1) 90.4(1), P(2)-Ru(1)-CI(1) 91.6(1), P(1)-Ru(1)-S(1) 88.6(1), P(2)-Ru(1)-S(1) 87.4(1), CI(1)-Ru(1)-S(1)
101.6(1), C(1)-Ru(1)-H(1) 66.3(11), P(1)-Ru(1)-H(1) 88.2(11), P(2)-Ru(1)-H(1) 90.8(11), S(1)-Ru(1)-H(1) 93.0
(11), P(1)-Ru(1)-P(2) 175.7(4), Ru(1)-C(1)-O(1) 175.5(6).
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two singlets (29.2, 55.6 ppm) due to cis PPhy. "H NMR spectra of 3 and 4 displayed char-
acteristic hydride resonances at —14.0 ppm as a triplet with coupling constant Jyp about
22.5 Hz. Magnetic susceptibility measurements in the solid state showed that 6 is paramag-
netic with one unpaired electron, consistent with the trivalent ruthenium (low-spin &,
S="/,). The positive ion FAB mass spectra of 1-6 display the expected peaks correspond-
ing to the molecular ions [(M"), M" — Cl) or (M" = L) or (M" — CO), and (M" — PPh;)]
with the characteristic isotopic distribution patterns.

The structures of 1-EtOH, 3-CcHy4, 4b-0.25CH;COCH;, and 6-2CH,Cl, have been
established by X-ray crystallography. As shown in figure 1, the central ruthenium in 1 is
octahedral, containing two [imt™™]~ with N-Ru-S bite angles (av. 67.7(1)°) and two
mutually cis PPh; ligands with a P-Ru—P bond angle of 99.0(1)°. The average Ru-S and
Ru-N bond lengths in 1 are 2.480(3) and 2.148(4) A, respectively, which are comparable
with those in [Ru(x?-S,N-tim™®),(PPhs),] (av. Ru-S=2.478(1) A and av. Ru-N=2.164(3)
A) [10]. The molecular structures of [RuHCI(x'-S-Himt"""")(CO)(PPh;),] (3) and [RuH(x’-
S,N-Himt""")(CO)(PPh;),] (4b) are displayed in figures 2 and 3, respectively. The geome-
try around ruthenium in both ruthenium hydride complexes is pseudo-octahedral with two
trans-binding PPh; ligands with P-Ru—P angles of 175.7(2)° for 3 and 175.72(4)° for 4b.
The terminal Ru—S bond length of 2.478(2) A in 3 is similar to that of 2.480(3) A (av.) in
1. The N-Ru-S bite angle of 65.3(1)° in 4b with two frans-PPh; is slightly less than that
of 67.7(1)° (av.) in 1 with two cis-PPh;. The Ru-H bond lengths of 1.59(3)A in 3 and
1.59(3) A in 4b are within the ranges reported for ruthenium hydride complexes [10, 33].
Ru—C bond lengths (1.832(8)A in 3 and 1.832(2)A in 4b) and Ru—C-O bond angles

Figure 3. Molecular structure of [RuH(CO)(PPhs)»(1>-S,N-imt""")], 4b. Selected bond lengths (A) and angles
(deg): Ru(1)-H(1) 1.59(3), Ru(1)-C(1) 1.832(3), Ru(1)-N(1) 2.138(2), Ru(1)-S(1) 2.619(1), Ru(1)-P(1) 2.359(1),
Ru(1)-P(2) 2.346(1); C(1)-Ru(1)-N(1) 176.0(1), C(1)-Ru(1)-P(1) 92.2(1), C(1)-Ru(1)-P(2) 89.7(1), C(1)-Ru(1)—
H(1) 90.5(1), P(1)-Ru(1)-H(1) 84.2(11), P(2)-Ru(1)-H(1) 88.8(11), C(1)-Ru(1)-S(1) 110.9(1), P(1)-Ru(1)-S(1)
93.8(2), P(2)-Ru(1)-S(1) 92.2(2), P(1)-Ru(1)-N(1) 89.6(1), P(2)-Ru(1)-N(1) 89.0(1), H(1)-Ru(1)-N(1) 93.3(10),
S(1)-Ru(1)-N(1) 65.3(1), P(1)-Ru(1)-P(2) 172.7(2), Ru(1)-C(1)-O(1) 178.9(3).
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Figure 4. Molecular structure of [RuCly(PPhs),(<-S,N-imt™™™)], 6. Selected bond lengths (A) and angles (deg):
Ru(1)-S(1) 2.478(1), Ru(1)-N(1) 2.466(1), Ru(1)-CI(1) 2.339(1), Ru(1)-Cl(2) 2.348(1), Ru(1)-P(1) 2.403(1), Ru
(1)-P(2) 2.405(2); N(1)-Ru(1)-CI(1) 90.6(1), CI(1)-Ru(1)-C1(2) 100.7(1), N(1)-Ru(1)-P(1) 90.6(1), CI(1)-Ru(1)-
P(1) 91.0(1), CI(2)-Ru(1)-P(1) 89.5(1), N(1)-Ru(1)-P(2) 88.3(1), CI(1)-Ru(1)-P(2) 89.0(1), CI2)-Ru(1)-P(2)
91.7(1), P(1)-Ru(1)-P(2) 178.8(1), N(1)-Ru(1)-S(1) 67.7(1), CI(1)-Ru(1)-S(1) 158.2(1), CI(2)-Ru(1)-S(1) 101.0
(1), P(1)-Ru(1)-S(1) 87.7(1), P(2)-Ru(1)-S(1) 91.8(1).

(175.5(6)° in 3 and 178.9(3)° in 4b) are normal for related ruthenium carbonyl complexes
[34]. The molecular structure of [RuC12(KZ-S,N—ithPh)(PPh3)2] (6) is illustrated in figure
4. The central ruthenium of 6 is octahedral, containing one chelating [imt¥*"]~, two mutu-
ally trans PPh; and two mutually cis chlorides. The [imt™"™]~ binds to ruthenium in a N,
S-bidentate mode with a N(1)-Ru(1)-S(1) bite angle of 67.7(1)°. The Ru—P bond length of
2.404(1)A (av.) and the Ru—Cl bond length of 2.344(1)A in 6 are slightly shorter than
2.406(1) A and 2.376(1) A, respectively, in [RuCl,(S,CNMe,)(PPhs),] [23].

In summary, a series of ruthenium complexes with N-aryl-2-mercaptoimidazolyl ligands
were synthesized and characterized. The ruthenium hydride carbonyl complexes converted
to their corresponding ruthenium chloride complexes in refluxing chloroform. Photolysis
of [RUC1(K2—S,N—ithPh)(CO)(PPh3)2] led to an oxidized ruthenium(Ill) complex
[Ru"'Cl,(PPhs),(x*-S,N-imt™"")] which could be reduced to the ruthenium(Il) complex cis-
[Ru(x?-S,N-imt™*"),(PPh;),] in the presence of excess [imtMPh] .

Supplementary material

Crystallographic data for 1-EtOH, 3:CH;4, 4b-0.25CH3COCH3;, and 6-2CH,Cl, have been
deposited with the Cambridge Crystallographic Data Center as supplementary publication
Nos. CCDC 813248-813252, respectively. Copies of the data can be obtained free of
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charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [Fax: (+44)
1233-336-033; E-mail: deposit@ccdc.cam.ac.uk].
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