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Summary: Alkylation of MnBr, with the mesityl (2,4,6- 
trimethylphenyl) reagent Mg(C6H,Me3),(THF), in the pres- 
ence of trimethylphosphine followed by reaction with 1 
equlv of oxygen yields dark red crystals of Mn- 
(C,H2Me,)Br2(PMe3)2, which is the first isolated example 
of a a-organomanganese(II1) complex. This high-spin (p 
= 4.8 pB) complex adopts a distorted trigonal-bipyramidal 
structure of approximate C2" symmetry with the phos- 
phine ligands occupying the axial sites. The metal-ligand 
distances are consistent with a trivalent oxidation state, 
while the orientation of the mesityl ring in the equatorial 
plane and the interligand angles can be rationalized on 
steric grounds. 

The chemistry of manganese in its trivalent oxidation 
state is of interest due to the role of Mnm in biological 
redox and as inorganic  oxidant^;'^-'^ the re- 
cently demonstrated ability of high-valent manganese 
porphyrin complexes to oxidize alkanes has stimulated 
substantial efforts to determine the mechanistic details of 
manganese-mediated organic oxidation processes.1G21 
Despite these studies, in no case has a manganese(II1) 

(1) Sauer, K. Acc. Chem. Res. 1980, 13, 249. 
(2) Goldfield, M. G.; Blumenfeld, L. Bull. Magn. Reson. 1979, I ,  66. 
(3) Livorness, J.; Smith, T. D. Struct. Bonding (Berlin) 1982, 48, 1. 
(4) Abramowicz, D. A.; Dimukes, C. G. Biochem. Biophys. Acta 1984, 

(5) Renger, G.; Govindjee Photosynth. Res. 1985, 6, 33. 
(6) Suguira, Y.; Kawabe, H.; Tanaka, H. J. Am. Chem. SOC. 1980,102, 

(7) Suguira, Y.; Kawabe, H.; Tanaka, H.; Fujimoto, S.; Ohara, A. J. 

(8) Suguira, Y.; Kawabe, H.; Tanaka, H.; Fujimoto, S.; Ohara, A. J. 

(9) Fujimoto, S.; Murakami, K.; Ohara, A. J. Biochem. 1985,97,1777. 
(IO) Baehkin, J. S.; Huffman, J. C.; Christou, G. J. Am. Chem. SOC. 

(1 1) Fernandez, V. M.; Sevilla, F.; Lopez, G. J.; del Rio, L. A. J. Znorg. 

( 1 2 )  Kee, J. A,; Shapiro, E. R.; Moss, T. H. J. Biol. Chem. 1976,251, 

(13) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry; 

(14) Heiba, E. I.; Dessau, R. M.; Rodewald, P. G. J. Am. Chem. Soc. 

(15) Heiba, E. I.; Dessau, R. M.; Koehl, W. J. J. Am. Chem. SOC. 1969, 

(16) Smegal, J. A.; Schardt, B. C.; Hill, C. L. J. Am. Chem. SOC. 1983, 

(17) Smegal, J. A.; Hill, C. L. J. Am. Chem. SOC. 1983, 105, 3515. 
(18) Groves, J. T.; Kruper, W. J.; Haushalter, R. L. J. Am. Chem. SOC. 

(19) Mansuy, D.; Bartoli, J.-F.; Momenteau, M. Tetrahedron Lett. 

(20) Perree-Fauvet, M.; Gaudemer, A. J. Chem. Soc., Chem. Commun. 

(21) Cook, B. R.; Reinert, T. J.; Suslick, K. S. J. Am. Chem. SOC. 1986, 

765, 318 and references therein. 

6581. 

Am. Chem. SOC. 1981,103,963. 

Biol. Chem. 1981, 256, 10664. 

1986,108, 5038. 

Biochem. 1982,16, 79. 

6157. 

Wiley: New York, 1980; Chapter 21-0-3. 

1974,96, 7977. 

91, 138. 

105, 3510. 

1980,102, 6375. 

1982,23, 2781. 

1981,874. 

108, 7281. 

"W n 

U U 

Figure 1. Molecular structure of Mn(C6HzMe3)Brz(PMe3)2. 
Important bond distances (A) and angles (deg): Mn-C1 = 2.089 
(8), Mn-P1 = 2.424 (3), Mn-P2 = 2.427 (3), Mn-Brl = 2.505 (l), 
Mn-Br2 = 2.490 (2), C1-Mn-Brl = 128.6 (2), C1-Mn-Br2 = 129.8 
(2), C1-Mn-P1 = 86.0 (2), Cl-Mn-P2 = 85.9(2), Pl-Mn-P2 = 
171.6 (l), Brl-Mn-BA = 101.68 (6). 

compound been prepared that contains a metal-carbon 
u-bond. We now report the synthesis and characterization 
of an organomanganese(II1) complex derived from a di- 
valent starting material and molecular oxygen. 

Interaction of MnBr2 in diethyl ether with trimethyl- 
phosphine22-26 and ' I 2  equiv of the mesityl (2,4,6-tri- 
methylphenyl) reagent Mg(C6H2Me3)2(THF)227 generates 
pale yellow solutions of a monomesityl intermediate that 
is assigned a monomeric, 13-electron manganese(I1) 
structure of stoichiometry M r ~ ( c ~ H ~ M e ~ ) B r ( p M e ~ ) ~  or 
[Mn(C6H2Me3)Br2(PMe3) I-, on the basis of previous 
studies of the reactions of manganese dihalides with al- 
kylmagnesium reagents and p h ~ s p h i n e s . ~ ~ '  Although the 
monomesityl intermediate has not yet been obtained as 
a pure material, addition of an additional equiv of 
dimesitylmagnesium generates Mn(C6H2Me3)2(PMe3)2,32 
which may be isolated as air-sensitive, pale yellow prisms 
by crystallization from diethyl ether. This 13-electron 
complex possesses an EPR spectrum essentially identical 
with those of other rhombically distorted S = 5/2 com- 
plexes such as Mn(CH2CMe2Ph)2(PMe3)228 and Mn(t- 
B ~ ) ~ ( d m p e ) , ~ ~  where dmpe is 1,2-bis(dimethyl- 
phosphino)ethane. Interestingly, these manganese(I1) 
dialkyl species have been reported to give brightly colored 
solutions upon reaction with oxygen, but no organometallic 
products could be i s ~ l a t e d ; ~ ~ ~ ~ ~  identical behavior is ob- 
served upon oxidation of Mn(C6H2Me3)z(PMe3)2. 
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Similarly, the pale yellow solutions of the manganese(I1) 
monomesityl intermediate instantly turn bright red upon 
addition of 1 mol of dry oxygen/mol of manganese(I1). 
Unlike previous studies, however, the color is persistent, 
and removal of the solvent followed by crystallization from 
diethyl ether gives deep red prisms of the new manga- 
nese(II1) aryl complex Mn(C6H2Me3)Br2(PMe3)2.33 This 
14-electron compound is high-spin in solution (F = 4.8 pB) 
and is EPR silent; the 'H NMR spectrum shows shifted 
and broadened peaks, as expected from the paramagnet- 
ism. The complex is unique in being the only cr-organo- 
manganese(II1) complex prepared to date, and there are 
only three other manganese(II1) phosphine complexes of 
any kind: Mn13(PMe3)2,26 MnH3(dmpe)2,29 and [MnC12- 
( d m ~ b ) ~ ] ' , ~ ~  where dmpb is 1,2-bis(dimethylphosphino)- 
benzene. 

The X-ray crystal structure35 reveals that the Mn- 
(C6HzMe3)Brz(PMe3)2 molecule (Figure 1) possesses a 
distorted trigonal-bipyramidal structure with the phos- 
phine ligands occupying the axial sites; the overall coor- 
dination geometry is similar to that described for the 
manganese complex Mn13(PMe3)27 and the rhenium 
species RePh3(PEtzPh)2.36v37 The phosphines are bent 
toward the mesityl group and away from the bromide 
ligands, P-Mn-P = 171.61 (lO)O, evidently due to the 
relative sizes of C and Br. The Mn-P distances of 2.424 
(3) and 2.427 (3) A are essentially identical with those of 
2.43 (1) A reported for Mn13(PMe3)27 and longer than the 
2.344 A distance in the low-spin octahedral manganese(II1) 
complex, [MnC12(dmpb)2]+.34 The Mn-Br distances of 
2.490 (2) and 2.505 (1) A are shorter than that of 2.666 (3) 
A in the high-spin manganese(I1) complex MnBr,- 
( d m ~ e ) ~ . ~ O  

The mesityl group and the bromide ligands occupy the 
molecular equatorial plane, with the ortho methyl groups 
of the aryl ring fitting into the "notch" formed by the axial 
phosphines. The Mn-C(sp2) distance of 2.089 (8) A is 
somewhat short relative to the Mn-C(sp2) contact of 2.11 
(1) A reported for the Mn" mesityl complex38 [Mn- 

(33) To a suspension of MnBr, (0.42 g, 2.00 mmol) in diethyl ether (25 
mL) at  25 "C was added trimethylphosphine (0.40 mL, 3.90 mmol) and 
Mg(CBH2Me3),(THF), (0.46 g, 1.15 mmol) suspended in diethyl ether (25 
mL), giving a clear yellow-orange solution. After the solution was stirred 
for 15 min, dry oxygen (45 mL, 2.00 mmol) was injected by syringe, 
immediately causing the solution to turn dark red. After the solution was 
stirred for 3 h, the solvent was removed under vacuum. The residue was 
washed with pentane (50 mL) and extracted with diethyl ether (75 mL), 
and the filtered solution was concentrated to ca. 50 mL. Cooling to -20 
"C resulted in the formation of large clusters of small dark red prisms. 
Two additional crops of crystals were obtained from the supernatant. 
Yield 0.11 g (11%). Anal. Calcd: C, 37.1; H, 6.01; Br, 32.9; Mn, 11.3. 
Found C, 36.3; H, 5.92; Br, 34.0; Mn, 11.3. Mp. 110 OC, dec. 

(34) Warren, L. F.; Bennett, M. A. Inorg. Chem. 1976, 15, 3126. 
(35) Dark red single crystals of Mn(CsH2Me3)Br2(PMe3)2 grown from 

diethyl ether are monoclinic, space group E 1 / n ,  with a = 8.956 (3) A, b 
= 25.228 (8) A, c = 9.472 (3) A, 0 = 100.29 (2)O, V = 2106 (1) A3, Z = 4, 
dealcd = 1.533 g ~ m - ~ ,  pealed = 45.04 cm-'. X-ray diffraction data were 
collected on a 0.3 X 0.3 X 0.4 mm crystal for 4387 independent reflections 
having 20 < 53O and for &h,+k,+l on a Syntex PZ1 automated diffrac- 
tometer using graphite-monochromated Mo Ka radiation, X = 0.710 73 
A, and w / 8  scans. The space group was unambiguously determined from 
the systematic absences. Refinement proceeded after averaging of no- 
nunique data and correcting for Lorentz, polarization, crystal decay (<- 
lo%), anomalous dispersion, and absorption effects; for the last, the 
maximum and minimum transmission factors were 0.324 and 0.276, re- 
spectively. The structure was solved by direct methods, followed by 
least-squares difference Fourier syntheses. The final residuals for 182 
variables refined against the 1835 data for which I > 2.58u(I) were RF = 
0.050 and RwF = 0.048. All non-hydrogen atoms were refined with an- 
isotropic thermal coefficients, while a group isotropic thermal parameter 
was varied for the hydrogen atoms, which were included as fixed con- 
tributors in idealized positions with C-H = 0.96 A; the hydrogen atoms 
of the mesityl methyl groups were placed in arbitrary rotational confor- 
mations about the C-CHa bonds. 

(36) Chatt, J.; Garforth, J. D.; Rowe, G. A. J.  Chem. SOC. A 1966, 1834. 
(37) Carroll, E. W.; Bau, R. J. Chem. Soc., Chem. Commun. 1978,825. 

(C6H2Me3)2]3 and the 2.10-2.20 A range reported for other 
Mn" alkyl c o m p l e x e ~ ~ ~ - ~ ~  but is comparable to the 
2.06-2.12 A distances observed in the MnIV alkyl 
MnMe, (dm~e) .~~  These trends are fully explicable in 
terms of the decreasing size of the metal center with in- 
creasing oxidation state40 and the differences in the co- 
valent radii of sp2 vs. sp3 carbon atoms.41 

The isolation of an organomanganese(II1) complex is 
somewhat surprising in view of the tendency of Mnm either 
to reduce to Mnn or disproportionate to Mn" and MnIV.13 
For example, alkylation of the trivalent /3-diketonate 
complex Mn(acac)3 with methyllithium and dmpe rapidly 
gives the disproportionation products MnMez(dmpe)z and 
MnMe4(dmpe) without any Mn"' intermediates being 
observable even at -78 0C.39 The isolation of the present 
compound suggests that while the high-valent manganese 
species studied to date invariably react with organic sub- 
strates via electron transfer, i.e., radical there 
may in fact be a significant chemistry of organic groups 
bound directly to a tri- or tetravalent manganese center. 
Such chemistry may lead to further advances in the re- 
gioselectivity possible in the oxidation of alkanes and other 
organic substrates by high-valent manganese reagents. 
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Summary: Reaction of [Li] [(p-CO)(p-RS)Fe,(CO),] salts 
with ethoxyacetylene followed by reaction of the anionic 
intermediate with an electrophile yields bridging vinyl- 
carbene or bridging a,@-unsaturated acyl products re- 
sulting from unusual intramolecular rearrangement chem- 
istry involving vinyl and carbonyl ligands. 

Recently, we reported the synthesis of unusual dinuclear 
(u,a-vinyl thioked)- and (cr,a-vinyl thio ester)iron carbonyl 
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