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An X-ray crystal structure determination for the bimetallic complex Mn:,(CO),- 
[P(NMe2)3]2 reveals that the P(NMe,), ligands are trays to the Mn-Mn bond and 
the Mn-Mn bond distance is relatively long, 2.946(l) A. 

Introduction 

There has been considerable interest in the chemistry and structures of 
aminophosphanes in recent years; however, a number of problems remain unsolved 
regarding coordination properties of these ligands. For example, Cowley and 
coworkers [l] have outlined an intriguing controversy surrounding the structure of 
(Me,N),P, and they have shown the utility of studying molecular structure per- 
turbations of tris-aminophosphanes on metal carbonyl fragments. They have re- 
ported that [(Me,N),PFe(CO),] and [(Me,N),P],Fe(CO), adopt trigonal bipyra- 
midal geometries at the central iron atoms with the phosphanes occupying axial 
sites. The local phosphorus and nitrogen atom geometric picture, on the other hand, 
has proven to be more complex [l]. 

The molecular structures of Mn,(CO),L, complexes and the influence of the 
donor character of L on the Mn-Mn bond distance have also attracted interest [2]. 
Unfortunately, systematic synthetic studies have not been accomplished, and very 
few accurate single crystal X-ray analyses of appropriate complexes have been 
reported. The Mn-Mn bond distance in Mn,(CO),, has been accurately de- 
termined to be 2.9038(6) A [3] and the Mn-Mn distances in the bisphosphane 
complexes Mn,(CO),(PEt,), [2], 2.903(l) A, and Mn,(CO),(PMePh,), [4] 2.90 A 
are essentially identical. The Mn-Mn bond distance in one corresponding arsenic 
complex, Mn,(CO),(AsMePh,),, is 2.94 A [4]. 

King and Korenowski [5] have reported a synthesis for Mn,(CO),[P(NMe,),],; 
however, the molecular structure for this complex has never been reported. Since 
P(NMe,), would be expected to be a better P acceptor and poorer cr donor than 
PEt, [6], it was of interest to determine the molecular structure of Mn,(CO), 
[P(NMe2)s12 and hence the influence of these electronic factors on the Mn-Mn 
separation. 
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automated diffractometer. Determinations of the crystal class, orientation matrix 
and accurate unit cell parameters were performed in a standard manner [S]. The 
data were collected at 14°C by the 8-28 technique using MO-K, radiation, a 
scintillation counter and pulse height analyzer. Details of the data collection are 
summarized in Table 1. Inspection of a short data set indicated the space group 
P2/c. The data were corrected for Lorentz and polarization effects and a small 
empirical absorption correction based on a series of I) scans was applied. Redun- 

TABLE 2 

POSITIONAL PARAMETERS AND THEIR EDS’S FOR Mn2(CO)s[P(NMe,),], 

Atom x/a Y/b z/c 

Mn(l) 
P(l) 
N(1) 
C(l) 
cm 
N(2) 
C(3) 
C(4) 
N(3) 
C(5) 
C(6) 
C(7) 
O(1) 
C(8) 
O(2) 
C(9) 
O(3) 
C(l0) 
O(4) 
Mn(2) 
P(2) 
N(4) 
C(l1) 
C(12) 
N(5) 
C(l3) 
C(l4) 
N(6) 
C(l5) 
C(16) 
C(17) 
O(5) 
C(l8) 
O(6) 
C(l9) 
O(7) 
C(20) 
O(8) 

0.10157(3) 
0.25945(6) 
0.3334(2) 
0.3369(3) 
0.3295(3) 
0.2945(2) 
0.2405(3) 
0.3962(3) 
0.3073(2) 
0.2573(4) 
0.4101(3) 
0X24(3) 
0.1175(2) 
0.0849(3) 
0.0736(3) 
0.0584(3) 
0.0317(2) 
0.1109(3) 
0.1194(3) 
0.39747(4) 
0.23891(6) 
0.1666(2) 
0.1696(3) 
0.1621(4) 
0.2024(2) 
0.2546(3) 
0X106(4) 
0.1903(2) 
0.2402(3) 
0.0874(3) 
0.3874(3) 
0.3825(2) 
0.4145(3) 
0.4257(3) 
0.4380(3) 
0.4620(2) 
0.3890(3) 
0.3816(3) 

0.47121(S) 
0.46928(13) 
0.5402(5) 
0.4245(S) 
0.7331(7) 
0.6133(5) 
0.6252(7) 
0.6480(7) 
0.2612(4) 
0.1297(7) 
0.2341(7) 
0.5751(6) 
0.6400(5) 
0.7012(6) 
0.8433(4) 
0.3731(6) 
0.3167(5) 
0.2459(6) 
0.1112(5) 
0.85153(7) 
0.85143(13) 
0.9187(5) 
1.1126(7) 
0.8018(9) 
0.9981(5) 
1.0109(6) 
1.0349(8) 
0.6455(4) 
0.5094(6) 
0.6181(7) 
0.9517(6) 
1.0125(5) 
1.0813(6) 
1.2244(4) 
0.7537(5) 
0.6948(5) 
0.6269(6) 
0.4918(4) 

0.31265(2) 
0.40674(4) 
0.4007(l) 
0.3611(l) 
0.3866(2) 
0.4655(2) 
0.4812(2) 
0.5243(2) 
0.4390(2) 
0.4418(2) 
0.4914(2) 
0.2614(2) 
0.2279(2) 
0.3276(2) 
0.3361(2) 
0.3450(2) 
0.3659(2) 
0.2898(2) 
0.2761(2) 
0.21077(2) 
0.14797(4) 
0.0693(2) 
0.0581(2) 
0.0264(2) 
0.1709(2) 
0.2390(2) 
0.1286(3) 
0.1336(2) 
0.1855(2) 
0.0855(3) 
0.1487(2) 
OllOO(2) 
0.2420(2) 
0.2618(2) 
0.2849(2) 
0.3312(2) 
0.1793(2) 
0.1574(2) 

u $22) ” 
0.0302(3) 
0.0314(5) 
0.0405(21) 
0.0609(34) 
0.0577(33) 
0.0421(21) 
0.0579(36) 
0.0624(31) 
0.0422(21) 
0.0557(36) 
0.0647(34) 
0.0409(24) 
0.0637(25) 
0.0428(26) 
0.0697(30) 
0.0410(25) 
0.0677(26) 
0.0416(26) 
0.0676(31) 
0.0310(3) 
0.0327(6) 
0.0456(21) 
0.0653(37) 
0.0720(36) 
0.0431(24) 
0.0540(37) 
0.0653(41) 
0.0460(23) 
0.0552(36) 
0.0712(38) 
0.0433(25) 
0.0692(26) 
0.0460(28) 
0.0695(32) 
0.0405(26) 
0.0653(25) 
0.0406(27) 
0.0654(31) 

n Equivalent isotropic (i defined as one third of the trace of the orthogonalized U tensor. B.T.M. Willis 
and A.W. Pryor, Thermal Vibrations in Crystallography, Cambridge University Press, Cambridge, 1975, 
pp. 101-102. 
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The structure was solved using direct methods option SOLV Isotropic refinement 
on all non-hydrogen atoms converged to R 9.2%. Subsequent anisotropic refinement 
on the non-hydrogen atoms converged at R 6.3%. A difference map showed 
reasonable positions for most of the hydrogen atoms. These atoms were included 
and allowed to vary in position with their U,,, held at 1.2 times the last UeqUiv of the 
parent atom. The agreement factor converged to R 4.87% with 451 parameters. All 
hydrogen atom positions appeared to be stable; however, two internal H-C-H 
angles on C(15) and C(ll) were 81(6)O. Consequently, the hydrogen atoms on these 
methyl carbon atoms were held fixed in idealized positions. A final series of 
refinements on 433 parameters with 4892 unique reflections with F > 50(F) re- 
sulted in R, 4.89% and R,, 5.13% with GOF = 0.975. A final difference map 
showed the top seven peaks (0.48-0.35 eAe3) to be within 0.91 A of the Mn or P 
atoms. 

Description of the structure 

There are two independent half dimer units of Mn(CO),P(NMe,), in the 
structure. One unit, Mn(1) to O(4) is related to its other half by a two-fold axis at 0, 
y, l/4 and the other unit Mn(2) to O(8) is related to its other half by a two-fold axis 
at l/2, y, l/4. The crystal contains discrete dimer units, and there are no unusually 
short intermolecular contacts. The geometry of both dimers is the same within 
experimental error. The overall molecular geometry and atom labelling scheme for 
one dimer unit is shown in Fig. 1. Interatomic distances and angles are summarized 
in Tables 4 and 5. 

The molecular structure shows that the Mn(CO),P(NMez), units are dimerized 
through a Mn-Mn bond. The terminal carbonyl groups form an approximate 
square planar arrangement about each Mn atom with the Mn atoms displaced 
toward the phosphane ligand. Calculations of best planes through Mn(l), C(7), C(8), 
C(9) and C(10) and Mn(2), C(17), C(18), C(19) and C(20) show deviations from the 

Fig. 1. Molecular geometry and labelling scheme for Mn2(CO),[P(NMe2)~]2 (25% probability el- 
lipsoids). 
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planes as follows: Mn(1) 0.118, C(7) -0.115, C(8) 0.056, C(9) -0.111, C(10) 0.052; 
Mn (2) 0.116, C(17) -0.103, C(18) 0.044, C(19) -0.100, C(20) 0.043 A. These 
displacements also show that two carbonyls in each half of the molecule are 
displaced toward the Mn-Mn bond. This distortion is evidenced further by the 
truns-OC-Mn-CO bond angles involving C(7) and C(9) and C(17) and C(19): 
C(7)-Mn(l)-C(9) 165.4(l), C(8)-Mn(l)-C(lO) 174.8(2), C(17)-Mn(2)-C(19) 
166.3(2) and C(18)-Mn(2)-C(20) 174.4(3)“. Furthermore, the carbonyl groups in 
the two planes are staggered with respect to each other, and the P(NMe,), ligands 
are tram to the Mn-Mn bond. 

Discussion 

The complex Mn,(CO),[P(NMe,),], was prepared in a manner similar to that 
described by King and Korenowski [5]. NMR spectra were not previously reported 
and they are presented here. The 31P{ ‘H} spectrum shows a singlet at 6 178.7 which 
is displaced downfield of the uncoordinated ligand, 8 122 [9,10]. Inspection of 
collected shift data for metal-phosphane complexes indicates that the magnitude 
and direction of the coordination shift (A) [ll-131 are not unexpected [ll-161. 
Unfortunately, there are few 31P shift data for P(NR,), complexes available for 
specific comparison. McFarlane and coworkers [14,15] have reported small down- 
field shifts, S(31P), for Mo(CO),[P(NMe,),] and W(CO),[P(NMe,),] of 145.3 and 
125.9, respectively. The 13C ‘H} spectrum shows a single slightly broadened reso- { 
nance 6 38.6, which does not show resolved coupling. The resonance for the free 
ligand appears as a doublet, 6 38.9, J(PC) 19 Hz [lo]. The ‘H NMR spectrum for 
the complex shows a doublet at 6 2.53, J(HP) 9 Hz which compares with data for 
the free ligand, 6 2.50, J(HP) 10 Hz [lo], and for W(CO),[P(NMe,),], 6 2.66, 
J(HP) 10.6 Hz [14]. 

It is appropriate to compare the molecular structure of the complex with the 
structures of Mn,(CO),(PEt 3)2 and Mn,(CO),(PPh,Me), which also display 
dimeric structures with staggered Mn(CO), planes and phosphane ligand coordina- 
tion tram to the Mn-Mn bond. Despite these similarities, the average Mn-Mn 
bond distance in Mn,(CO),[P(NMe,),],, 2.948(l) A, is significantly longer than 
the distances in Mn,(CO),,,O 2.9038(6) A [3], Mn,(CO),(PEt,), 2.903(l) A [2] and 
Mn,(CO),(PPh,Me), 2.90 A [4]. The average Mn-CO and C-O bond distances in 
Mn,(CO), [P(NMe2)3]2 are 1.835 and 1.142 A, respectively. These are essentially 
identical to the average distances in Mn,(CO),(PEt,),, 1.834 and, 1.140 A. The 
average Mn-P bond distance in Mn,(CO),[P(NMe,),],, 2.268(l) AOis noticeably 
longer than the Mn-P distance in Mn,(CO),(PEt,),, 2.253(2) A. The bond 
distance variations in the core of the Mn,(CO),[P(NMe,),], molecule suggest that 
the P(NMe,), ligands are indeed imposing a different balance of u donor/n 
acceptor effects than are provided by the strongly 7~ accepting axial CO ligands in 
Mn,(CO),, or the strongly (I donating axial PEt 3 and PPh,Me ligands in their 
respective Mn,(CO),L, complexes. 

The structural features involving the P(NMe,), ligands in Mn,(CO),[P(NMe,),], 
are also interesting especially in comparison with the structure of Fe(CO),- 
[P(NMe,),] [l]. In the latter compound, two of the nitrogen atom environments are 
nearly planar (sums of the bond angles at N: EN = 358.4 and 359.1”) while the 
third nitrogen atom is distorted slightly toward a tetrahedral geometry (EN = 



Additional rnuterrui 
Tables of observed and calculated structure factors. hydrogen atw! positional 

parameters and hydrogen atom thermal factors are awilable upon quest from 
K.T.P. 
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