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Summary We report the synthesis of r_L-carbonyl-bis-,u- 
hexafluoroisopropylidenamido-hexacarbonyldimanganese, 
a structural analogue of enneacarbonyldi-iron having 
unsymmetrically bridging ligands. 

= 121*00(5)", U = 2022.2 A3, D, = 2.06, D, = 2.08 g 
cm-,, 2 = 4, ~(Mo-K,)  = 14.67 cm-l. 

THERE is considerable current interest in the methylen- 
amido-derivatives of transition metals. The CH2=N group 
can behave either as a formally three-electron donor, in 
which it can take both terminal192 and bridging1,, roles, or 
as a formally one-electron donor.496 The hexafluoroisopro- 
pylidenamido ligand has previously been reported in the 
role of a terminal ligand,5 and we now report the bridging 
mode of this ligand along with the first methylenamido- 
complexes of manganese. 

Me,Sn-N=C(CF,),,a Et,Sn-N=C(CF,),, and LiN=C(CF,),6*7 
each react with [Mn(CO),Br] to form a binuclear complex 
which contains bridging methylenamido-ligands. 

2 [Mn(CO),Br] + 2M-N=C(CF3),+[Mn, ((CF,),C=N},(CO),] + 
3CO + 2MBr 

(M = Me,Sn, Et,Sn, and Li) 
The molecular geometry of wn,  ((CF,),C=N},(CO),] has 

been determined unambiguously by a single-crystal X-ray 
diffraction study. 

Crystal data : Cl,Fl&n2N,0,, M = 634.0, monoclinic, 
space group P2Jc [Cg,; No. 141; cell dimensions (at 
20.6 "C) : a = 9.298(5), b = 26.614(19), c = 9.543(8) A, FIGURE. The molecular geometry of [Mna{(CFS)aC=N)a (CO),] 

917 



918 J.C.S. CHEM. COMM., 1974 

Intensity data to 26) = 45" (Mo-K, radiation) were 
collected with a Picker FACS-1 automated diffractometer 
and the structure was solved by Patterson, Fourier, and 
least-squares refinement techniques. All atoms have been 
accurately located, the final R-values being 10.9% for all 
2630 reflections and 5.2% for the 1512 reflections for which 

The molecular geometry, shown in the Figure, resembles 
that of enneacarbonyldi-iron8 insofar as the complex is a 
member of the (OC),M(p-X)gM(C0)3 family. The two 
methylenamido-bridges presumably behave as f ormally 
three electron donors. This, along with the donation of 
two electrons from each carbonyl ligand, and a manganese- 
manganese bond [Mn(l)-Mn(2) = 2-518(2) A], allows each 
metal atom to attain the appropriate 'noble-gas' configura- 
tion. 

However, the molecule contains a unexpected feature in 
that the bridging carbonyl ligand is grossly unsymmetrical 
[Mn(l)-C(3) = 1-944(9), Mn(2)-C(3) = 2-173(9) A; LMn(1)- 
C(3)-0(3) = 151.0(8), L Mn(2)-C(3)-0(3) = 133.8(7)']. 
The unsymmetrical bridging carbonyl group is apparently 
balanced electronically by a smaller and opposing distortion 
of the p-amido-ligands, viz., Mn(1)-N(l) = 2.021(7) and 
Mn(1)-N(2) = 2.036(7) A, vs. Mn(2)-N(1) = 1-999(7) and 
Mn(2)-N(2) = 1.972(7) A. Angles a t  the nitrogen atoms 
are consistent with this interpretation, with those from 
Mn(1) [LMn(l)-N(1)-C(l) = 142.7(6)' and LMn(l)-N(2)- 

I > 341). 

C(2) = 141.8(6)'] being larger than those from Mn(2) [L 
Mn(2)-N(l)-C(l) = 139.7(6)' and LMn(2)-N(2)4(2) = 
140.3(6)"]. Bridging angles are: LMn(l)-N(l)-Mn(2) = 
77-6(3), LMn(l)-N(2)-Mn(2) = 77-9(3), and LMn(l)-C(3)- 
Mn(2) = 75.2(3)". 

We note that 'grossly unsymmetrical' or 'semi-bridging' 
carbonyl groups have been reported previously.g However, 
in no previously reported case has the asymmetry of a 
bridging carbonyl group been compensated by a contrary 
asymmetry in another type of bridging ligand. 

The unsymmetrical location of C(3)-0(3) is further 
reflected in the Mn-CO distances trans to it. Thus, 
Mn(1)-CO(trans) = 1-869(10) A while Mn(2)-CO(trans) = 
1*800(9) A; also LC(3)-Mn(l)-CO(trans) = 169.7(4)" as 
opposed to LC(3)-Mn(2)-CO(trans) = 166.4(4)". For com- 
parison, we note that the remaining Mn-CO distances range 
from 1.789(10) to 1.833(10) A. 

Distances within the ligands are as expected, with N(1)- 
C(1) = 1.259(9) and N(2)-C(2) = 1.258(9) A; the C(3)-0(3) 
bond length is 1-154(9) A. 

This work was made possible by grants from the National 
Science Foundation (to M.R.C.), and from the S.R.C. 
(to E.W.A.). Computing services were provided by the 
Computer Center of the University of Illinois a t  Chicago 
Circle. 

(Received, 1st July 1974; Corn. 791.) 

fK.  Farmery, M. Kilner, and C. Midcalf, J .  Chem. SOC. ( A ) ,  1970, 2279. 
2 M. Kilner and C. Midcalf, J .  Chem. SOC. ( A ) ,  1971, 292; M. Kilner and J. N. Pinkney, ibid., p. 2887; H. R. Keable and M. Kilner, 

Chem. Comm., 1971, 349; M. Kilner, Adv. Organometallic Chem., 1972, 10, 115; H. R. Keable and M. Kilner, J.C.S. Dalton, 1972, 153, 
1535; J. Chatt, R. J. Dosser, and G. J. Leigh, J.C.S. Chem. Comm., 1972, 1243. 

a D. Bright and 0. S. Mills, Chem. Comm., 1967, 245; M. Kilner and C. Midcalf, ibid., 1971, 944. 
4 M. R. Collier, M. F. Lappert, and J. McMeeking, Inorg. Nuclear Chem. Letters, 1971, 7 ,  689. 
6 M. F. Lappert, J. McMeeking, and D. E. Palmer, J.C.S. Dalton, 1973, 151. 

M. F. Lappert and D. E. Palmer, J.C.S. Dalton, 1973, 157. 
7 S. G. Metcalf and J. M. Shreeve, Inorg. Chem., 1972, 11, 1631. 
8 F. A. Cotton and J. M. Troup, J.C.S. Dalton, 1974, 800. 
fi A. A. Hock and 0. S. Mills, Acta Cryst., 1961, 14, 139; R. J. Doedens and L. F. Dahl, J .  Amer. Chem. SOC., 1966, 88, 4847; F. A.  

Cotton, L. Kruczynski, and B. A. Frenz, ibid., 1973, 95, 951; H. B. Chin and R. Bau, ibid., p. 5069; F. A. Cotton and J. M. Troup, 
ibid., 1974, 96, 1233; M. R. Churchill and M. V. Veidis, J .  Chem. SOC. ( A ) ,  1971, 2170; D. W. B. Yawneyand R. J. Doedens, Inorg. 
Chem., 1972, 11, 838. 




