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Activation of Thiourea Bound through Sulfur to Pentaammineruthenium(lll): Structure and Reactivity
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Thiourea is an important biological reducing agent that can
bond to metals via sulfur or nitrogen. The isostructural urea
coordinates Ru(lll¥2 Co(lll),* or Pt(ll)!¢ as the unstable
O-bonded form which isomerizes to the N-bound form in base.

M—O=C(NH,), = M—NH,CONH, =
M—NHCONH, + H"

In contrast (NH)sRU" forms a highly acid-stable complex with
thiourea bound via an §gulfur atom. Instead of isomerization
in aqueous base, there is-8 cleavage and decomposition to
[(NH3)sRUSSRu(NH)s]*t. The substitution inertia of Ru(lll)
can aid studies of reactive sulfur ligands of biological impor-
tance?3

(Thiourea)pentammineruthenium(lll) was synthesized from
thiourea and [(NH)sRu(OG;SCR)](CF3;S0s). in weakly coordi-
nating solventd. Crystallization from aqueous N&Os gave
orangel, [(NH3)5RUSC(NFﬁ)z](SzOe)yg'HzO,A' the stoichiom-
etry* confirming the oxidation state. The X-ray crystal structure
shows slightly distorted octahedral coordination about a Ru-
(111 bound to 5 nitrogens and 1 sulfur (Figure 1). The-Ru
bonds (2.108(5)2.116(5) A)cis to Ru—S are comparable to
those (2.090(52.135(3) A) in other (NH)sRU" complexes
with a sulfur ligand, but the trans Ru—N bond is not
significantly longer (2.135(5) A).

A key point is that the Rt S—C bond angle is 1G7compared
to the ideal 109.5for an sg-hybridized sulfur, while the ligand
S—C—N angles (118.9(5), 119°Bdo not differ statistically from
free thiourea (120.5(89). The M—S—C bond angle deviates
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Figure 1. ORTEP drawing for the cation df Selected bond distances
(A) and angles (deg): Ru(S(1) 2.304(2), S(BC(11) 1.762(6),
C(11)}-N(13) 1.303(8), C(1:yN(12) 1.313(8); N(1yRu(1)»-S(1)
174.2(2), C(11}S(1y-Ru(1) 107.0(2), N(13yC(11)-N(12) 121.5-
(6), N(13-C(11)-S(1) 119.6(5), N(12yC(11)-S(1) 118.9(5).

less in other metal (M) complexe5of thiourea (tu) from the
ideal 120 for an sp-hybridized S atom. The dihedral angle
between the tu plane and the Ru(1)/N(2)/N(3)/N(4)/N(5) plane
is 23.3, while the two Ru-S—C—N dihedral angles are 93.8
(N13) and—87.5 (N12). The Ru-S bond (2.304(2) A) is
significantly shortethan known Ru(lll)>-S distances (2.366
2.433 Ay and shorter than in (teRU' (2.415-2.427 Af but
comparable to the Be-S bond length (2.311(2) A) in Fel
(5=C(NMey),]® and shorter than the ffe S bonds (2.61, 2.65
A) in [Fe'"(S=C(NH,)2J(NCS),® The S-C bond (1.762(6) A)
is significantly longerthan in free t@ (1.72(1) A) and SC
distances observed for other tu complekXé@s;luding (tu}Ru'
(1.716-1.720 A). Also C-N bonds in1 (1.303(8), 1.313(8)
A) are shorter than in free tu (1.34(1) A) and ¢R)' (1.307
1.321 A).

The data are consistent with LMCT from a filledr sulfur
orbital to the vacant,g sz-orbital on Ru(lll), as expectéfifor
A shorter Ru-S bond than in
analogous thioethercomplexes suggests more-IM charge
transfer and more resonance than in free thiourea from
following:

the

[((NH)sRY S=C(NH2)2}]3+ hig
[(NHZ)sRuU{ "S—C(NH, " )NH,}]**

Paramagnetit has an intense absorptiotifx 461 nM,e ~
6.449x 10° M~ cm1, 0.1 M HCI) assigned to LMC* and
a minimum at 330 nme(~ 327 Mt cm™1). Thiourea is
displaced from Ru(lll) {2 ~ 2 days, 60°C; 0.1 M HCI) more
slowly than urea in [(NBH)sRUO=C(NH,)2]*" (ty» ~ 1h, 25
°C).12 In base a reversible color change to pidkdx 494 nm,
€ ~5.260x 10° M~1 cm?, 0.1 M Tris) indicates thiourea
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[(NH3)sRUS=C(NH)NH,J?* salts formed from thiourea and alkyl halides. Deprotonation/

hydrolysis in base to mercaptans and aerial autooxidation gives
0.6 disulfide!
3]
— + - +

E 04 [(NHz)sRuS-SRu(NHa)s]** 2[RS—C(=NH,")NH,] + 20H 2RS + 2ureat+ 2H

o ©

z RS +0,—RS +0,”

(]

m 0.2 _ -— 2—

< RS +0,” —RS + 0O,

300 560 700 2RS —RS-SR
A, nm Hydrolysis and autooxidation ®®are supported by a zero-order

Figure 2. Reaction ofl in 0.1 M Tris (0.3 mg in 3.0 mL) at 22C term in [OH] and by quantitative conversion of [(Nj4Ru-
after 0.5, 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 min. (OSGCR)]2" in aqueous N&S in air to2 (0 (acetoneds): 2.915

. (s, 24H, cis-NH), 3.234 (br, 6H, trans-N§J; no EPR signal):
deprotonation (i, 10.8+ 0.1, 25°C, « = 1.0 M NaClQ).
2[(NH,).RUS]" = [(NH,):.RUSSRuU(NH)J*" + 2"
[(NHIRUS—CNH, INH T +OH™ = (NHIRUST = [(NHRUSSRUNHD]
NH.D.RUW “S—C(:NHINHY12" + H.O In summary, Rl polarizes thiourea by complexing sulfur,
[(NH)sRu (NHONH,}] 2 activating it to hydrolysis and thiolate oxidation & Such

In 0.1 M Tris the absorption spectra (Figure 2) initially ~d€Composition may be common to other meslifur com-

contain isosbestic wavelengths (409, 592 nm) during formation Plexes.
of the green d|5U|f|d_e dimée, [(NH3)5RUSSRU(NH)S]Af+ (Amax Supporting Information Available: Text describing synthetic
725 nm;ty2 ~ 17 min, 0.1 M Tris, 25.0C; seconds in 0.1 M procedures and analytical data, tables of data, X-ray and figures showing
NaOH), but they blur after 30 min due to dimer decomposition ORTEP diagrams and spectra (13 pages). Ordering information is given
on a similar time scale to its formation. The kinetics are on any current masthead page.
complex for both formation and decay &fand require more 1C9611397
detailed studies.

Dimer formation implicates ligand hydrolysis and oxidation  (11) march, JAdvanced Organic Chemistrrd ed.; Wiley-Interscience:
of 1 which may be similar to decomposition of isothiuronium New York, 1985; pp 360, 1092.






