
1812 Organometallics 1987, 6, 1812-1815 

Figure 1. EXAFS spectra and the associated Fourier transforms 
of PhlGe (A), Ph3GeH (B), PhpGeHz (C), and Ph3Ge-GePh, (D). 

The effect of the number of phenyl rings and that of the 
Ge-Ge bond on the EXAFS spectra were studied for four 
reference materials: Ph,Ge, Ph,GeH, Ph2GeH2, and 
Ph,GeGePh,. EXAFS spectra and the associated Fourier 
transforms of the reference materials are shown in Figure 
1A-D. Extracted oscillations used to Fourier transform 
were taken over the same wave vector range of 2.8 C k < 
11 A-l. Therefore, the comparison of the coordination 
number of each Fourier transform can be done precisely. 
The peaks a, c, and d in Figure 1 correspond to the in- 
teratomic distances of Ge and the first, second, and third 
nearest carbon of the aryl ring, respectively. Indeed, a 
calculation including the phase factor shows that the peaks 
are a t  representive interatomic distances of 1.94-1.97 A, 
which agree well with the known Ge-C bond distance.7 
The heights of the peaks on the line change with the in- 
creasing number of aryl rings and serve as a ring number 
marker. The peak b is observed only for Ph,Ge-GePh,. 
It is certain that this peak at around 2.2 A corresponds to 
the Ge-Ge bond,'+ since after the correction for the phase 
factor, the interatomic distance is determined to be 2.43 

(6) For example: Lee, P. A.; Citrin, P. H.; Eisenberger, P.; Kincaid, 

(7) Rochow, E. G.; Abel, E. W. The Chemistry of Germanium, Tin, 

(8 )  Ross, L.; Drager, M. 2. Naturforsch., E Anorg. Chem., Org. Chem. 

(9) Tebbe, K. F.; Frohlich, R. 2 Anorg. Allg. Chem. 1983, 506, 27. 

B. M. Rev. Mod. Phys. 1981,53,769. 

and Lead; Pergamon: Oxford, 1975. 

1983, 38B, 665. 
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Figure 2. EXAFS spectrum and the associated Fourier transform 
of 1. 

A, which coincides with the reported value of 2.44 A for 
a similar molecule. This peak is the strongest one in Figure 
lD,  since the Ge atom has much stronger back-scattering 
amplitude than carbon. Therefore, if Ge==Ge bond exists 
in the product, the corresponding peak should appear 
prominently at around 2.2 A, in addition to those corre- 
sponding to Ge-C bonds. The number of aryl rings 
should be determined from the intensities of Ge-C peaks. 

Extracted oscillation and the associated Fourier trans- 
form of the EXAFS of the product is shown in Figure 2. 
From a comparison of extracted oscillation, the product 
is similar to that of Ph,GeH2; on the Fourier transform, 
the bond length and the intensity of the first and the 
second nearest peaks agree with those of Ph2GeH,. In 
addition, no peak is observed around 2.2 A, where the 
Ge-Ge bond is expected if it exists a t  all. Therefore, 
EXAFS results clearly show that the local structure around 
Ge atoms in the product has only two aryl groups and does 
not have Ge=Ge bond. Therefore, the structure of the 
product is concluded to be a carbene structure. 
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Summary: [Ti(NMe,),] reacts with [FeH(CO),(Cp)] to 
form [(NMe2)3TiFe(CO),(Cp)] (l), by the elimination of 1 
equiv of "Me,. This compound was spectroscopically 
characterized, and its structure was determined by sin- 
gle-crystal X-ray diffraction (R = 4.0%, R ,  = 4.4%). 
There is a direct, unsupported bond between iron and 
titanium in 1, with bond lengths of 2.567 (1) and 2.569 (1) 
A in two independent molecules. The relative orientation 
of the ligands on iron and titanium suggests that there 
may be a r-component of the metal-metal bond. Amide 
methyl groups distal to iron show unusually obtuse Ti-N-C 
angles of about 130'. Analogous complexes with alk- 
oxide ligands on titanium are more labile than 1. 
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The nature of "strong metal-support interactions" 
(SMSI) in catalysts which consist of low-valent, late 
transition metals deposited on early-tramition-metal oxide 
supports is not fully understood.' We are interested in 
preparing compounds that contain an early transition 
metal surrounded by "hard" n-donor ligands such as alk- 
oxide, amido, or oxo bonded to a late transition metal 
surrounded by "soft" r-acceptor ligands such as CO or 
unsaturated hydrocarbons as possible models for catalysts 
that display SMSI. Binuclear elimination reactions, in 
which molecules such as H2, alkanes, alcohols, or amines 
are eliminated, are effective methods for preparing het- 
eronuclear metal-metal bonds.2 For example, Caulton and 
co-workers have used alcohol, amine, and dihydrogen 
elimination, as well as more conventional halide dis- 
placement and condensation reactions, to form hydride- 
bridged CU-OS,~ Rh-Zn,4 Re-Zr, Os-Zr,6 Re-Al: Ir-Cu, 
and Ir-Ag7 compounds. Warner and Norton have pre- 
pared numerous heterobinuclear compounds by binuclear 
alkane (or aldehyde) elimination.8 Casey and co-workers 
have prepared compounds with Ru-Zr and Fe-Zr bonds 
by reacting K[M(CO),(Cp)] (M = Fe or Ru) with [ZrXY- 
(Cp),] (X = halide, Y = OCMe,, Me, etc.), but the iron 
compounds are generally quite labile and have not been 
structurally chara~terized.~ Several compounds with 
phosphides and other strong bridging ligands between 
group 4 and late transition metals have also been report- 
ed.lo We recently reported the synthesis of 
[(NMe,),TiRu(CO),(Cp)], which contains a unbridged 
titanium-ruthenium bond, by the reaction of [Ti(NMe,)] 
with [RuH(CO),(Cp)].l' We report here the synthesis of 
[(NMe,),TiFe(CO),(Cp)], which contains the first struc- 
turally characterized iron-titanium bond. 

[Fe2(CO)r(Cp)2] (0.6125 g, 1.73 mmol) was converted to 
[FeH(C0)2(Cp)] by the method of Baird et al.12 This 
bright yellow solution of [FeH(CO),(Cp)] was added to a 
solution of 0.674 g (3.0 mmol) of [Ti(NMe2)4]'3 dissolved 

(1) (a) Imelik, B., Naccache, C., Coudurier, G., Praliaud, H., Meriau- 
deau, P., Gallezot, P., Martin, G. A., Verdrine, J. C., Eds. Metal-Support 
and Metal-Additive Effects in Catalysis; Elsevier: New York, 1982. (b) 
Iwasawa, Y.; Sato, H. Chem. Lett. 1985, 507-510. 

(2) (a) Roberts, D. A.; Geoffroy, G. L. In Comprehensive Organo- 
metallic Chemistry; Wilkinson, G., Stone, G. G. A., Abel, E. W., Eds.; 
Pergamon: Oxford, England, 1982; Volume 6, Chapter 40. (b) Gladfelter, 
W. L.; Geoffroy, G. L. Adu. Organomet. Chem. 1980, 18, 207-73. (c) 
Bruce, M. I. J. Organomet. Chem. 1985,283, 339. 

(3) Lemmen, T. H.; Huffman, J. C.; Caulton, K. G. Angew. Chem., Int. 
Ed. Engl. 1986, 25, 262. 

(4) Geerts, R. L.; Huffman, J. C.; Caulton, K. G. Inorg. Chem. 1986, 

(5) Bruno, J. W.; Huffman, J. C.; Green, M. A,; Caulton, K. G. J. Am. 

(6) Skupinski, W. A.; Huffman, J. C.; Bruno, J. W.; Caulton, K. G. J. 

(7) Rhodes, L. F.; Huffman, J. C.; Caulton, K. G. J. Am. Chem. SOC. 

(8) Warner, K. E.; Norton, J. R. Organometallics 1985,4, 2150. 
(9) (a) Casey, C. P.; Jordan, R. F.; Rheingold, A. P. J.  Am. Chem. SOC. 
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1985,107, 1759-60 and references therein. 
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(10) (a) Gelmini, L.; Matassa, L. C.; Stephan, D. W. Inorg. Chem. 1985, 
24,2585. (b) Gelmini, L.; Stephan, D. W. Inorg. Chem. 1986,25, 1222. 
(c) White, G. S.; Stephan, D. W. Inorg. Chem. 1985,24,1499-1503. (d) 
Targos, T. S.; Roeen, R. P.; Whittle, R. R.; Geoffroy, G. L. Inorg. Chem. 
1985,24,1375. (e) Baker, R. T.; Tulip, T. H.; Wreford, S. S. Inorg. Chem. 
1985,24,1379. (0 Barger, P. T.; Bercaw, J. E. J. Organomet. Chem. 1980, 
201, C39. (g) Barger, P. T.; Bercaw, J. E. Organometallics 1984,3,278. 
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5818-20. 
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ORTEP17 plot of the structure of 1 showing 
e h s o i d s .  Selected bond distances (A): moleci 

0 
e ,  

ke l -Ti l  2.567 ( l ) ,  Fel-C1 = 1.710 (6), FelLC2 = 1.756 (6), 
Fel-CplO = 1.741 (6), Til-N1 = 1.889 (41, Til-N2 = 1.880 (4), 
Ti l -N3 = 1.888 (4), C1-01 = 1.177 (6), C2-02 = 1.147 (6); 
molecule 2, Fe2-Ti2 = 2.569 ( l ) ,  Fe2-C4 = 1.743 (6), Fe2-C3 = 
1.715 (6), Fe2-Cp20 = 1.731 (6), Ti2-N5 = 1.876 (4), Ti2-N4 = 
1.884 (4), Ti2-N6 = 1.888 (4), C4-04 = 1.149 (6), C3-03 = 1.172 
(6). Selected bond angles (deg): molecule 1, Til-Fel-C1 = 80.5 
(2), Til-Fel-C2 = 82.3 (2), Til-Fel-CplO = 122.7 (2), Fe l -  
Til-N1 = 112.5 (l) ,  Fel-Til-N2 = 111.9 (l) ,  Fel-Til-N3 = 109.8 
( l ) ,  Til-N1-C11 = 128.7 (4), Til-N1-C12 = 120.4 (4), Til-N2- 
C21 = 114.2 (3), Til-N2-C22 = 133.3 (4), Til-N3-C31 = 117.8 
(3), Til-N3-C32 = 129.8 (4), Fe l -Cl -01  = 176.8 ( 5 ) ,  Fel-C2-02 
= 174.5 (5); molecule 2, Ti2-Fe2-C3 = 81.0 (2), Ti2-Fe2-C4 = 
81.4 (2), Ti2-Fe2-Cp20 = 128.2 (2), Fe2-Ti2-N5 = 110.7 ( l ) ,  
Fe2-Ti2-N4 = 111.4 ( l ) ,  Fe2-Ti2-N6 = 110.9 ( l ) ,  Ti2-N5-C51 
= 121.2 (3), Ti2-N5-C52 = 129.1 (4), Ti2-N4-C41 = 130.3 (4), 
Ti2-N4-C42 = 118.2 (4), Ti2-N6-C61 = 117.5 (3), Ti2-N6-C62 
= 130.8 (4), Fe2-C3-03 = 174.8 (5), Fe2-C4-04 = 176.8 (5 ) .  
Selected torsion angles (deg): CplO-Fel-Til-N3 = -87.8, 
Cp2O-Fe2-Ti2-N6 = -84.5. CplO and Cp20 are the centroids of 
the cyclopentadienyl rings Cpl l -Cpl5  and Cp21-Cp25, respec- 
tively. 

in ca. 15 mL of pentane. After being left standing at -40 
OC for ca. 15 h, the solution was evaporated to dryness in 
vacuo. The residue was extracted with 15 mL of pentane, 
and the extract was reduced in volume and chilled to -40 
OC. Yellow crystals of [(NMe,),TiFe(CO),(Cp)] (1) formed 
in 44.5% yield. Spectroscopic properties of 114 were similar 
to those of [ (NMe2)3TiRu(CO)2(Cp)],1* and the absence 
of an infrared absorption at  ca. 1600 cm-' suggested the 
absence of an "isocarbonyl" between iron and titanium in 

The structure of 1 was determined by X-ray crystal- 
lography.16 ORTEP'~ plots and selected bond distances and 

1.15 

(13) (a) Bradley, D. C.; Thomas, I. M. J. Chem. SOC. 1960, 3857. (b) 
Made valogously to [Ti(NEb)4]: Reetz, T. M.; Urz, R.; Schuster, T. 
Synthesrs 1983, 540. 

(14) Spectroscopic and physical data for 1: mp 45-50 "C dec; IR 
(isooctane, u(C0)) 1948 (a), 1898 (s) cm-'; 'H NMR (C6D6, 90 MHz) S 4.34 
(s ,5  H, Cp), 3.14 (a, 18 H, NMe2); masa spectrum, m / e  357 (M'), 329 (M' 
- CO), 301 (M+ - 2 CO), 180 ([Ti(NMez)3]+), 177 ([Fe(CO)z(Cp)]+). 

(15) Horwitz, C. P.; Shriver, D. F. Adu. Organornet. Chern. 1984,23, 
219. 
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angles are presented in Figure 1. The most striking 
structural feature of 1 is the unsupported bond between 
Ti and Fe (average bond length 2.568 (1) A for two inde- 
pendent molecules). The only previous structure with an 
unbridged bond between Ti and a first-row late transition 
metal is [ (Cp)Ti(Co(CO),)(0CCo3(CO),J21, with a Ti-Co 
distance of 2.614 A.ls The iron-titanium distance in 
iron-titanium alloy is 2.577 almost identical with that 
of 1. Coordination about Ti, formally an 8-electron center 
(or 14 electrons including a-donation from the amides), 
is roughly tetrahedral. The Ti-N bonds are rather short, 
averaging 1.884 A, and the Ti-NMe, groups are planar, as 
is typical for compounds in which nitrogen to metal a- 
donation is important.20 The dimethylamido groups are 
rotated about the Ti-N bonds such that one methyl group 
is proximal to iron and the other is distal. The proximal 
methyl carbons ((212, C22, C32, C42, C51, C61; d(C-Fe) 
= 4.050 (8) A) have Ti-N-C angles averaging 118O, 1 2 O  

more acute than the same angle for th_e distal methyl 
carbons (Cll ,  C21, C31, C41, C52, C62; d(C-Fe) = 4.837 
(8) A). There is no apparent steric crowding at these 
carbons (the closest approach of any other atom is about 
3.6 A). Obtuse distal methyl-nitrogen-metal angles have 
been observed in other metal dialkylamidesFl The effect 
is more pronounced in metal amides with a metal-metal 
bond2, than in those although in [U(NPh,),] 
pairs of U-N-C differ by up to 47°.24 The titanium atoms 
do not interact with the carbonyl ligands. Ti-C distances 
in 1 average 2.89 A, and Ti-0 distances average 3.92 A. 
Shriver's !2 parameter15 averages 2.21 for the four carbo- 
nyls, a clear indication of their nonbridging character. The 
geometry of the [Fe(CO),(Cp)] group is similar to that 
found in numerous iron-group 14 compounds such as 
[Fe(SnC13)(CO)2(Cp)].25 The relative orientation of the 

Communications 

(16) Crystal data for 1: A single-crystal, obtained by recrystallization 
from isooctane at  -40°, was sealed in a nitrogen-filled 0.5-mm glass ca- 
pillary. Data were collected at ambient temperature on an Enraf-Nonius 
CAD 4 diffractometer using Mo K n  radiation: space group R J n ,  Z = 
8 (2 independent molecules), a = 15.148 (7) A, b = 15.369 (4) A, c = 16.381 
A, B = 113.52O, V = 3496.90 A3, pealed = 1.357 g/cm3, c = 12.85 cm-'. A 
total of 6401 refections with 0' < 6 < 25O were collected, and of these 3513 
with > 3u(FJ2 were used. The metal atoms were located by using 
MULTAN 77, and the remaining atoms (including several hydrogen atoms) 
were located by using DIRDIF.30 The remaining hydrogen atoms were 
placed in idealized positions with d(C-H) = 1.0 A, and their positions 
were adjusted after each cycle of refinement. All non-hydrogen atoms 
were refined by using anisotropic thermal parameters, and hydrogen 
atoms were held fixed with B = 6.0 A3. Full-matrix least-squares re- 
finement converged at  R = 4.0% and R, = 4.4%. 

(17) Johnson, C. K. Report ORNL 5138, 1976; Oak Ridge National 
Laboratory, Oak Ridge, TN. 

(18) Schmid, G.; Stutte, B.; Boese, R. Chem. Ber. 1978, 111. 1239. 
(19) Philips, T. V.; Beck, P. A. J. Met. 1957, 9, 1269. 
(20) (a) Lappert, M. F.; Power, P. D.; Sanger, A. R.; Srivastava, R. C. 

Metal and Metalloid Amides; Ellis Harwood Ltd.: Chichester, 1980; p 
477. (b) Andersen, R. A.; Beach, D. B.; Jolly, W. L. Inorg. Chem. 1985, 
24, 4741. 

(21) Cramer, R. E.; Engelhardt, U.; Higa, K. T.; Gilje, J. W. Organo- 
metallics 1987, 6, 41-45, and references cited therein. 

(22) (a) Akiyama, M.; Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; 
Murillo, C. A. Inorg. Chem. 1977,16,2407. (b) Chisholm, M. H.; Cotton, 
F. A.; Extine, M.; Millar, M.; Stults, B. R. J. Am. Chem. SOC. 1976,98, 
4486. (c) Chisholm, M. H.; Cotton, F. A.; Extine, M.; Millar, M.; Stults, 
B. R. Inorg. Chem. 1976, 15, 2244. (d) Chisholm, M. H.; Cotton, F. A,; 
Frenz, B. A.; Reichert, W. W.; Shive, L. W.; Stults, B. R. J.  Am. Chem. 
SOC. 1976, 98, 4469. 

(23) (a) Chisholm, M. H.; Huffman, J. C.; Tan, L. S. Inorg. Chem. 
1981,20, 1859. (b) Chisholm, M. H.; Tan, L. S.; Huffman, J. C. J. Am. 
Chem. Soc. 1982,104,4879. (c) Thorn, D. L.; Nugent, W. A.; Harlow, R. 
L. J. Am. Chem. SOC. 1981,103,357. (d) Nugent, W. R.; Harlow, R. L. 
Inorg. Chem. 1979, 18, 2030. (e) Chisholm, M. H.; Cotton, F. A.; Extine, 
M. W. Inorg. Chem. 1978, 17, 1329. 

(24) Reynolds, J. G.; Zalkin, A.; Templeton, D. H.; Edelstein, N. M. 
Inorg. Chem. 1977, 16, 1090-1096. 

ligands on the two metals is roughly gauche. In 1, as in 
[ (NMe,),TiRu(CO),(Cp)], one of the Ti-N vectors lies 
nearly perpendicular to the [M(C0)2(Cp)] symmetry plane 
(see Figure 1 caption). We believe that this may be due 
to  late-metal to early-metal donation from the 
"perpendicular" HOMO of mymmetry on the [M(CO),- 
(Cp)] fragment26 to an empty orbital of a-symmetry on 
titanium. 

Compound 1 is quite labile, decomposing to [Fez- 
(CO),(Cp),] and intractable titanium products at room 
temperature, quickly in solution and more slowly in the 
solid state. Related iron-titanium alkoxides 
[ (OCHMe,),TiFe(CO),(Cp)] and [ (NMe2)(2,6- 
Me,C6H40)2TiFe(CO)2(Cp)] are formed from [FeH- 
(CO),(Cp)] and the appropriate titanium alkoxyamide. 
Iron-zirconium complexes can be prepared in a similar 
manner. In general, these iron compounds are strikingly 
less stable than their ruthenium congeners. Like 
[ (NMez)3TiRu(CO)2(Cp)],1* compound 1 reacts with 
tert-butyl alcohol to give [FeH(CO),(Cp)], which in turn 
decays to [Fe,(CO),(Cp),], and with [MoH(CO),(Cp)] to 
give [(NMe2)zTi{(~-CO)Mo(CO),(Cp))2] and [FeH(CO),- 
(Cp)]. Tertiary amines and ethers do not cleave the 
metal-metal bond of 1. 

Thus, amine elimination is an effective means for pre- 
paring even very labile metal-metal bonded complexes 
under mild conditions. The key to the outcome of an 
amine elimination may be the acidity of the metal hydride 
component. Weakly acidic metal hydrides such as [FeH- 
(dppe)(Cp)] (estimated pK, > 30) do not react at all with 
group 4 amides. [FeH(C0)2(Cp)] (pK, = 19.4) and 
[RuH(CO),(Cp)] (20.2)27a give metal-metal bonded prod- 
ucts, whereas [MoH(CO),(Cp)] (13.9)27b,c gives iso- 
carbonyl-bridged products.28 Molecular orbital calcula- 
tions by Bursten2& on [Cr(CO),(Cp)]- and [Fe(CO),(Cp)]- 
show that the metal 3d based HOMO on [Cr(CO),(Cp)]- 
is a bonding orbital with about 35% population at the 
carbonyl oxygen, whereas the metal 3d based HOMO on 
[Fe(CO),(Cp)]- is nonbonding with essentially no popu- 
lation at the carbonyl, suggesting that the bonding mode 
is largely orbital-controlled. Darensbourg's extensive work 
on ion-pairing effects in organometallic systems supports 
this view.29 Additional studies of group group 4-8 com- 
plexes will be reported in due course. 
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and angles, torsion angles, and least-squares planes (11 pages); 
a listing of experimental and calculated structure factors (22 
pages). Ordering information is given on any current masthead 
page. 

Isolation and Characterization of the First 
u-Organmanganese( I I I) Complex. Crystal and 
Molecular Structure of (2,4,&Trimethylphenyi)- 
dibromobls( trlmethyiphosphine)manganese( I I I) 

Robert J. Morris and Gregory S. Glrolaml' 
School of Chemical Sciences 
The Universlty of IlHnois at Urbana-Champaign 
Urbana, Illnois 6 180 1 

Received March 23, 1987 

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) 
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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. 

(22) McAuliffe, C. A.; AI-Khateeb, H. F.; Barratt, D. S.; Briggs, J. C.; 
Challita, A,; Hosseiny, A.; Little, M. G.; Mackie, A. G.; Minten, K. J. 
Chem. SOC., Dalton Trans. 1983, 2147. 

(23) Little, M. G.; McAuliffe, C. A.; Raynor, J. B. J. Chem. SOC., Chem. 
Commun. 1982, 68. 

(24) McAuliffe, C. A. J. Organomet. Chem. 1982, 228, 255. 
(25) Burkett. H. D.: Newberry, V. F.: Hill. W. E.: Worlev. S. D. J. Am. _ .  . . 

Chem. SOC. 1983. 105: 4097. 
(26) Beagley, B.; McAuliffe, C. A.; Minten, K.; Pritchard, R. G. J. 

Chem. SOC., Chem. Commun. 1984,658. 
(27) Seidel, W.; Burger, I. Z .  Anorg. Allg. Chem. 1978, 447, 195. 
(28) Howard, C. G.; Girolami, G. S.; Wilkinson, G.; Thornton-Pett, M.; 

Hursthouse, M. B. J. Chem. SOC., Dalton Trans. 1983, 2631. 
(29) Girolami, G. S.; Howard, C. G.; Wilkinson, G.; Dawes, H. M.; 

Thornton-Pett, M.; Hursthouse, M. B. J. Chem. SOC., Dalton Trans. 1985, 
921. 

(30) Girolami, G. S.; Wilkinson, G.; Galas, A. M. R.; Thornton-Pett, 
M.; Hursthouse, M. B. J. Chem. SOC., Dalton Trans. 1986, 1339. 

(31) Andersen, R. A.; Carmona-Guzman, E.; Gibson, J. F.; Wilkinson, 
G. J. Chem. SOC., Dalton Trans. 1976, 2204. 

(32) Yield 61%. Anal. Calcd C, 64.7; H. 9.05. Found C, 63.2; H, 
8.86. The carbon analyses are low evidently due to the air-sensitive 
nature of the complex and the volatility of the phosphine ligand. 

0276-7333/87/2306-l815$01.50/0 0 1987 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 9
, 2

00
9

Pu
bl

is
he

d 
on

 M
ay

 1
, 2

00
2 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

00
15

1a
03

4


