
J. Am. Chem. Soc. 1985, 107, 5011-5012 5011 

necessarily preferred. Since Br (and CH3) have larger packing 
radii, structure determinations on [Os2Br8]

2" (and [Os2(CH3)8]2" 
if it can be prepared) would be of special interest. Efforts are 
currently under way to do this and, at the same time, determine 
the structures of other salts of [Os2Cl8]

2" in order to establish the 
influence of crystal packing on the rotational geometry found in 
the solid state. 

Studies on the reaction chemistry of (PPN)2Os2Cl8 have been 
carried out. Its reaction with refluxing 10:1 acetic acid/acetic 
anhydride mixtures for 12 h regenerates Os2(02CCH3)4Cl2 in 71% 
yield. Monodentate phosphines react almost instantaneously with 
(PPN)2Os2Cl8 in ethanol at room temperature to produce the 
mononuclear fran5-[OsCl4(PR3)2]" anions in essentially quanti
tative yield (PR3 = PMe3, PEt3, P-H-Pr3, P-«-Bu3, PMePh2, 
PMe2Ph, and PPh3). These anions react further with excess 
phosphine in refluxing ethanol (4-6 h) to produce the yellow 
osmium(II) complexes OsCl2(PRj)4 (PR3 = PMe3 or PMe2Ph) 
or [ O S 2 ( M - C 1 ) 3 ( P R 3 ) 6 ] + (PR3 = PEt3, P-W-Pr3, P-H-Bu3, or 
PMePh2; isolated as their PF6" salts)24 in yields up to 80%. These 
metal-metal bond cleavage reactions, as well as reactions that 
preserve the Os-Os multiple bond, are currently being explored. 
Full details will be reported in due course, along with complete 
details of the structural, spectroscopic, and electrochemical 
characterization of the triply bonded [Os2X8]2" anions. 
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(24) This appears to be an excellent general procedure for preparing 
complexes of the type [OS2(M-C1)3(PR3)6]X, although another procedure is 
available.25 

(25) Chatt, J.; Hayter, R. G. J. Chem. Soc. 1961, 896. 
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Thioamides and thioureas react with metals in high oxidation 
states not only as complexing agents but also as reductants.3,4'6 
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Figure 1. ORTEP illustration of the structure of the cyclometalated Pt-
(tmtu*)2Br2 complex. 

Table I. Selected Geometric Features of the Complex 

distance, A angle, deg 

PtS(I) 2.313 (2) 
S(I)C(I) 1.730(7) 
C(1)N(3) 1.358 (10) 
N(3)C(13) 1.367 (10) 
C(13)Pt 2.031 (7) 
C(I)N(I) 1.326(10) 

PtS(2) 2.313 (2) 
S(2)C(2) 1.727 (8) 
C(2)N(4) 1.334 (10) 
N(4)C(14) 1.475 (10) 
C(14)Pt 2.045 (9) 
C(2)N(2) 1.335 (10) 

Group I 
Pt-S(I)-C(I) 98.9 (3) 
S(l)-C(l)-N(3) 116.6(6) 
C(l)-N(3)-C(13) 122.1 (6) 
N(3)-C(13)-Pt 116.0(5) 
C(13)-Pt-S(l) 83.6(2) 

Group II 
Pt-S(2)-C(2) 98.4 (3) 
S(2)-C(2)-N(4) 119.8(6) 
C(2)-N(4)-C(14) 126.6 (8) 
N(4)-C(14)-Pt 113.3(5) 
C(14)-Pt-S(2) 86.2 (2) 

To explain this reaction, it has been proposed that the thioamide 
reacts in its thiol form which is oxidized to a disulfide. N-sub-
stituted derivatives that do not permit thiol-thione tautomerism 
are able to complex metal ions in their higher oxidation state. For 
example, a copper (II) complex with tetramethylthiourea (tmtu) 
has been isolated5 while unsubstituted thioureas form only cop-
per(I) complexes. 

We report here the unusual behavior of tetramethylthiourea 
which reacts with the bridged dimer [Pt(tmtu)Br2]2 as an oxidizing 
agent to form Pt(tmtu*)2Br2, an octahedral Pt(IV) complex 
containing two metal-carbon a bonds (tmtu* denotes the de-
protonated form of tmtu). 

This complex was prepared by adding tetramethylthiourea to 
aqueous K2PtBr4 in a 2/1 molar ratio. The product of the first 
step of this reaction has previously been identified as an orange 
dimer complex, [Pt(tmtu)Br2]2, in which the ligand acts as a bridge 
between the two platinum atoms.7 Adding more ligand redissolves 
this complex giving a pale yellow solution which yields, upon 
evaporation, pale yellow crystals suitable for X-ray study. 

The compound was structurally characterized by a single-crystal 
X-ray diffration study.8 An ORTEP illustration of this compound 
is presented in Figure 1 and selected bond lengths and angles are 
reported in Table I. As shown in this view of the molecule, the 
tmtu* ligands are bonded to the platinum atom through a sulfur 

(7) (a) KuKushkin, Yu. N.; Sibirskaya, V. V.; Samuseva, V. N.; Strukov, 
V. V.; Pogareva, V. G.; Mikhal'chenko, T. K. Zh. Obshch. Zhim. 1977, 47, 
1402-1407. (b) Schafer, M.; Curran, C. Inorg. Chem. 1966, 5, 265-268. 

(8) The compounds crystallizes in the monoclinic space group W1 with the 
following cell parameters: a = 10.405 (4) A, b = 12.418 (1) A, c = 14.141 
(8) A,/3= 108.33 (4)°, V= 1734.4 A3, Z = 2. The 3213 unique reflections 
are collected on an Enraf-Nonius CaD4 diffractometer using Mo Ka radia
tion. The structure was solved using the Patterson heavy-atom method which 
revealed the position of the Pt atom. The remaining atoms were located by 
successive Fourier difference syntheses. Hydrogen atoms were located and 
added to the structure factor calculations but their positions were not refined. 
RF = 0.051 and R„F = 0.064. Full details will be reported at a later date. 
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atom, the usual coordination for thiourea, and through a carbon 
atom of one of the methyl groups. Formation of the two met
al-carbon bonds appears to be accompanied by loss of molecular 
hydrogen. 

The X-ray structure revealed a nearly perfect octahedron, all 
of the angles around the platinum being close to 90°. However, 
some peculiarities are worth noting: the PtS(I)C(I) and PtS-
(2)C(2) angles (98°40 and 98°92) are equivalent to one another 
but clearly different from M-S-C bond angles observed in other 
tetramethylthiourea metallic complexes, e.g., 109°2 for a copper 
complex (3) and 105°8 for a cobalt complex.9 This decreased 
angle is accounted for by the steric constraints imposed on the 
ligand by the formation of the metal-carbon bond. 

Moreover some important nonequivalences appear in the bond 
lengths and angles of the two tmtu groups. The C(13) atom is 
0.24 A out of the PtS(I )C(1)N(3)N(1) plane while Pt, S(2), C(2), 
and C(14) are coplanar and in this ring the N(4) atom is 0.11 
A out of plane. This different nonplanarity induces important 
inequivalences in bond lengths; the N(3)C(13) bond (1.367 A) 
is significantly shorter than the N(4)C(14) (1.475 A) while 
C(1)N(3) (1.385 A) is significantly longer than C(2)N(4) (1.334 
A). Finally the Pt-S bonds had a mean length of 2.31 A, which 
agrees well with those found in Pt(II) thiourea complexes;10 ap
parently the Pt-S bond is not greatly perturbed by the higher 
oxidation state of platinum. 

The 1 3C=S and 15N chemical shifts of tetramethylthiourea are 
quite different from those of other thioureas in which the nitrogen 
lone pair electrons may be delocalized through thiol-thione tau-
tomerization.11 The relative localization of electrons on the thione 
and the amine of tmtu may provide flexibility around the C-N 
bond which facilitates the nonplanarity observed for the ligands 
in the X-ray structure. 

Internal cyclometalation of nitrogen or phosphorous donor 
ligands by transition metals has been quite extensively investigated. 
Many of the complexes involve metalation of a phenyl ring,12"15 

a significant number involve metalation of an alkyl group,16 and 
activation of an aldehyde carbon-hydrogen bond has been re
ported.17 A few examples exist involving a sulfur donor ligand,18'19 

but to our knowledge the present report is the first cyclometalation 
of a thiourea ligand. In most cases cyclometalation involves the 
formation of a five-membered ring as in the present molecule. 

An important difference between these reactions and the one 
that we have observed must be emphasized. In previous cases, 
the reaction occurs by electrophilic substitution followed by 
elimination of, for example, HX where X = Cl or Br. In our case, 
the halide is not eliminated; rather, the metal is oxidized and 
molecular hydrogen is the leaving group. The loss of molecular 
hydrogen has been observed for cyclometalation of a ruthenium 
hydride complex containing a phosphorous ligand in which oxi
dative addition of a hydrogen atom on the metal is followed by 
a reductive elimination.20 This type of hydride intermediate seems 
unlikely in our case since the simultaneous addition of two tmtu 
hydrogen atoms to the platinum would require a metal with an 
oxidation number of VI surrounded by 20 electrons. 

(9) Pignedoli, A.; Peyronel, G. Acta Crystallogr., Sect. B 1978, B34, 
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In conclusion, we report a cyclometalation reaction that leads 
to a change in the coordination number and oxidation state of the 
metal and therefore can be considered as an oxidative addition. 
Further work is in progress to investigate the full scope of this 
reaction and its application to other systems. 

Registry No. tmtu, 2782-91-4; [Pt(tmtu)Br2]2, 97487-67-7; Pt-
(tmtu)2Br2, 97521-29-4; K2PtBr, 13826-94-3. 
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pages). Ordering information is given on any current masthead 
page. 
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We have recently provided evidence1 that alkynes, like alkenes,2 

are sufficiently good ir-acceptor ligands to form transition-metal 
complexes, analogous to carbonylmetalates, in which the metal 
has a negative oxidation state. It is also well established that the 
presence of two ir-bonds between the carbon atoms allows alkynes 
to act as electronically flexible ligands, donating between two and 
four electrons to transition-metal centers.3,4 We now wish to 
report an example of a Cr(O) alkyne complex in which these 
characteristics allow two succesive reversible one-electron re
ductions to a Cr(2-) complex without loss of a coordinated ligand 
and permit the, isolation and characterization of the remarkably 
stable Cr(I-) intermediate. 

The substrate for reduction was prepared by reacting [Cr-
(Me3SiC=CSiMe3)2(CO)2]5 with diphenylacetylene in pentane 
(eq 1). The precipitated product was obtained as a green mi-

[Cr(Me3SiC=CSiMe3)2(CO)2] P h c = c p l 1 , 
[Cr(C4Ph4)(C2Ph2)(CO)2] (1) 

crocrystalline powder by recrystallization from toluene/pentane 
and formulated as [Cr(C4Ph4)(C2Ph2)(CO)2] (1) primarily on 
the basis of 13C NMR and infrared spectroscopy.6 The chemical 
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