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Discussion and Conclusion 
Siloles react as 4e-donor-like conjugated dienes toward 

metal phosphine fragments, giving rise to five-coordinate 
18e complexes with cobalt and tetracoordinated 16e com- 
plexes with rhodium as expected. Complexes were ob- 
tained in good yield. Thus, through their butadiene 
fragment, the siloles mimic the reaction of cyclopentadiene. 

The essential interactions between silole and the [Co- 
(PMe3),]+ and [Rh(PR3)2]t fragments are emphasized in 
Chart I. Only the orbitals involved in the bonding are 
represented. The important valence orbitals of d8 ML, and 
ML2 groups are reasonably well-known.15 They are de- 
composed into three levels of low energy (le + la,) in ML3 
(C3" symmetry) and la,, 1b2, and la l  in ML2 (C2" sym- 
metry) and an upper set of three levels, pointing away from 
the cobalt, toward the silole. The major difference between 
the two fragments is the energy of the d,, set, which is 
significantly stabilized in the ML2 fragment and conse- 
quently less involved in the bonding. The silole presents 
to the metal three K orbitals: d, r2, r3. They clearly 
interact with the metal in a manner similar to that for 
butadiene, as shown by the X-ray structures of the anal- 
ogous [(b~tadiene)Co(PMe~)~]+ and [ (~ilole)Co(PMe~)~]+ 2v6 

complexes, the silicon atom being bent away from cobalt 
after complexation. 

Thus, qualitatively, on the basis of symmetry consid- 

(15) (a) Albright, T. A.; Hoffmann, R. Chem. Ber. 1978, 111, 1578, 
1591. (b) Albright, T. A.; Hofmann, P.; Hoffmann, R. J .  Am. Chem. SOC. 
1977,99,7546. (c) Albright, T. A.; Hoffmann, R.; Tse, Y.-C.; D'Ottavio, 
T. J .  Am. Chem. SOC. 1979, 101, 3812. 

erations, the basic patterns of interaction between the dole  
and the cobalt and rhodium fragments are very much dike. 
The two empty metal orbitals are destabilized by inter- 
action with the filled x1 and $ silole orbitals, giving rise 
to a two-electron stabilizing interaction. In [ C O ( P M ~ ~ ) ~ ] + ,  
the 7r3 empty silole orbital is also well suited to interact 
with the filled metal d orbital and thus increase the 
strength of the bonding by the back-donation d (Co) - 
r (silole). However, in [Rh(PR3)Jt the corresponding filled 
d orbital is of higher energy and is thus less suited to match 
the silole r3 level and consequently to give extra stabili- 
zation by back-bonding. This is in accord with the higher 
stability of the cobalt complex compared to that of the 
rhodium one toward silole dissociation or phosphine sub- 
stitution. As a consequence, an increase in the Cosilole 
interaction would strengthen the M-silole bond and 
weaken the C-C bond. This is in accord with the NMR 
data. 

Moreover, the lack of empty metal d orbitals in the xy 
plane indicates why there is no coordination of the allyl 
substituent on Si with the cobalt or rhodium center. 
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Summary: The reactions of Br(CH,),Br, BrCH,CH,CH(C- 
H,)Br, Br(CH,),Br, and BrCH,CH,CH,CH(CH,)Br with Na- 
[Mn(CO),] yield the dimanganese cyclic carbene com- 

I d 

plexes [(CO),MnMn(CO),L] (where L = CCH,CH,CH,O, 

CCH,CH,CH(CH,)O, CCH2CH,CH,CH,0, and CCH,CH,C- 
h i I 

I 

H,CH(CH,)O, respectively). The structures of the first two 
of these complexes have been determined by X-ray 
crystallography, and this confirms that the cyclic carbene 
ligand occupies an equatorial position. IR, 'H and I3C 
NMR, and mass spectra are reported and discussed for 
these carbene complexes. 

Binuclear metal complexes containing carbene or p-hy- 
drocarbyl ligands are of considerable current 
This is partly due to the proposed intermediacy of such 
species in a variety of catalytic  reaction^.^-^ 

(1) Erker, G. Polyhedron 1988, 7, 2451. 
(2) Chisholm, M. H., Ed. Polyhedron 1988, 7(10/11). 
(3) Weiss, K. Transition Metal Carbene Complexes; Verlag Chemie: 

Weinheim, FRG, 1983; p 228. 

The reaction of Br(CH2)3Br with several metal carbonyl 
anions was first reported several years ago.w The orange 
product of the reaction of N~[MII(CO)~] with Br(CH2)3Br 
was originally reported by King to be a p-1,3-propanediyl 
co rnpo~nd ,~  with a novel structure to account for the 'H 
NMR data. Some years later, Casey? using 'H NMR data 
and deuterium-exchange experiments, put forward very 
convincing evidence that King's orange manganese com- 
pound was not the propanediyl compound [ (C0)5MnC- 
H,CH2CH2Mn(C0)5] but an isomer of this, namely the 
cyclic carbene complex [ (CO),MnMn(CO),(CCH,CH2C- 
H20)], and explained the mechanism of its formation. 
Surprisingly, the structure of King's orange dimanganese 
compound has never been confirmed. We now report the 
structure of this compound and the related compound 

I - 

(4) Moss, J. R.; Scott, L. G. Coord. Chem. Reo. 1984,60, 171. 
(5) Casey, C. P.; Audett, J. L. Chem. Reu. 1986,86, 329. 
(6) King, R. B. Inorg. Chem. 1963, 2, 531. 
(7) King, R. B. J .  Am. Chem. SOC. 1963,85, 1922. 
(8) Pope, L.; Sommerville, P.; Laing, M.; Hindson, K. J.; Moss, J. R. 
(9) Casey, C. P. J. Chem. SOC. D 1970, 1220. 

J. Organomet. Chem. 1976,112, 309. 
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[ (C0)5MnMn(C0)4(CCH2CHzCH(CHJO)]. We propose 
a mechanism for the formation of these compounds as well 
as new spectroscopic data for them and the related six- 

I 1 

membered-r ing carbene complexes [ (C0)5MnMn(C0)4-  

(CCH2CH2CHzCH20)]  and [(C0)5MnMn(C0)4(CCH2C- 
I i I 

Experimental Section 
All reactions were carried out in Schlenk tubes under an at- 

mosphere of nitrogen. The sodium salt Na[Mn(CO)5] was pre- 
pared by the previously published procedure of sodium amalgam 
reduction of [Mn2(CO),,-,] in tetrahydrofuran solution.1° 

Prepara t ion  of eq -[ (CO)5MnMn(C0)4(CCH2CH2CH20)] 
(1). A tetrahydrofuran solution of N~[MII(CO)~]  (10.88 mmol) 
was added dropwise with stirring to 1,3-dibromopropane (1.108 
g; 5.49 mmol), and the reaction mixture was stirred at  room 
temperature for 18 h. The solvent was then removed under 
reduced pressure to give an orange oil, which was extracted with 
hexane. Chromatography on a short alumina column (2 cm x 
7 cm) with hexane as eluent separated two yellow bands. The 
first yellow band was [Mn2(CO)lo], and the second band was 
compound 1. The product was recrystallized from hexane at  -15 
OC to give orange crystals of 1 (0.883 g; 38% yield), mp 68-69 OC. 
Anal. Calcd for C1&Mn2010: C, 36.14; H, 1.40. Found: C, 36.15; 
H, 1.6. IR (u(CO), hexane): 2089 (mw), 2024 (s), 2008 (mw), 1999 
(s), 1987 (s), 1971 (m), 1957 (m), 1951 (m) cm-'. IR spectra of 
compounds 1-4 were run as HCBD (HCBD is hexachloro- 
butadiene) mulls in the region 1500-800 cm-'; the spectra of 1 
and 2 are identical with those obtained by King.7 

Prepara t ion  of eq-[ (CO)5MnMn(C0)4(CCH2CH2CH- 
(CH3)0 (2). The preparation was carried out in a manner 
analogous to that for 1. Na[Mn(CO)J (10.88 mmol) reacted with 
1,3-dibromobutane (1.108 g; 5.74 mmol) to give orange crystals 
of 2 (0.859 g; 35% yield), mp 72-73 OC. Anal. Calcd for 
CI4H8Mn20,o: C, 37.69 H, 1.81. Found: C, 37.9 H, 1.9. IR (v(CO), 
hexane): 2089 (mw), 2023 (s), 2007 (mw), 1999 (s), 1987 (s), 1970 
(m). 1956 (m). 1950 (m) cm-'. 

, 

I - 

. I ,  , ,  

P r e p a r a t i o n  of  eq - [  ( C O ) 5 M n M n ( C 0 ) 4 -  
(CCH2CH2CH2CH20)] (3). The preparation was carried out in 
a manner analogous to  that for 1. Na[Mn(CO)J (10.88 mmol) 

I 

reacted with l&dibromobutane (1.182 g; 5.47 mmol) to give orange 
crystals of 3 (0.556 g; 23% yield), mp 95-98 OC. Anal. Calcd for 
CI,H&ln2010: C, 37.69; H, 1.81. Found: C, 37.6; H, 1.8. IR (u(CO), 
hexane): 2088 (mw), 2022 (s), 2009 (m), 1996 (s), 1985 (s), 1969 
(m), 1954 (mw(, 1948 (m) cm-l. IR (HCBD mull in region 
1500-800 cm-I): 1470 (w), 1461 (w), 1443 (w), 1418 (w), 1379 (m), 
1335 (mw), 1290 (w), 1250 (s), 1140 (m), 1081 (mw), 1070 (m), 1040 
(s), 914 (w), 901 (vw), 881 (w), 872 (mw) cm-'. 

P r e p a r a t i o n  of  eq - [ ( C 0 ) 5 M n M n ( C O ) 4 -  
(CCH2CH2CH2CH(CH3)0)] (4). The preparation was carried 
out in a manner analogous to that for 1. N~[MXI(CO)~J (13.73 
mmol) reactd with 1,4-dibromopentane (1.571 g; 6.83 mmol) to 
give orange crystals of 4 (0.724 g; 23% yield), mp 54-56 "C. Anal. 
Calcd for C15HloMn2010: C, 39.16; H, 2.19. Found: C, 39.14; H, 
2.25. IR (u(CO), hexane): 2087 (mw), 2021 (s), 2006 (m), 1996 
(s), 1985 (s), 1968 (m), 1953 (mw), 1947 (m) cm-'. IR (HBCD mull 
in region 1500-800 cm-'1: 1454 (w), 1444 (w), 1385 (mw), 1364 
(w), 1351 (w), 1310 (mw), 1258 (m), 1249 (m), 1143 (w), 1069 (m), 
1042 (w), 1010 (w), 950 (m), 884 (w) cm-'. 

Crystallographic Studies. Suitable crystals of 1 and 2 were 
obtained by slow crystallization of the compounds from hexane 
solutions a t  0 "C. Lattice parameters were determined by the 
least-squares fitting of the setting angles of 25 reflections with 
16" 5 8 5 17O, automatically centered on a CAD4 diffractometer. 
Three intensity control reflections were monitored after every 
1 h of data collection: 1,1,11,381, -7,2,3 (1); -3,5,11, -2,10,3,622 
(2). An empirical absorption correction" was applied to each set 

1 I 
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Table I.  Crystal and X-ray Diffraction D"aa 
1 2 

formula C13HdhoMn2 Cd%O&h 
cryst color orange orange 
cryst habit plates plates 
cryst syst triclinic monoclinic 
space group Pi m,/n 
a ,  A 8.342 (1) 8.902 (6) 
b, A 12.796 (6) 13.444 (3) 
c, A 15.428 ( 5 )  16.494 (2) 
a ,  deg 107.21 (3) 90 
d, deg 97.30 (5) 104.50 (1) 
Y, deg 91.01 (5) 90 
v, A 3  1662 (1) 1790.9 (5) 
2 4 4 
D(calcd), g cm-3 1.73 1.65 
cryst dimens, mm 

temp, O C  room temp room temp 
p(Mo Ka) ,  crn-' 15.06 14.01 
radiatn 

scan width, deg 

0.50 X 0.53 X 0.47 X 0.53 X 0.56 
0.56 

graphite-monochromated Mo K a  ( A  = 0.71069 A) 
scan mode w/2e 0120 

aperture width, mm 4 4 

0.90 + 0.35 
tan 0 

0.90 + 0.35 tan 0 

stability of std refln, % 1.3 1.3 
20 range, deg 1-25 1-25 
abs cor factor 0.927-0.999 0.867-0.999 
no. of collected data 6088 3401 
no. of unique data 5453 2953 
no. of unique data with 4873 2718 

I > 20(I) 
range in h -10 to +10 -9 to +9 

range in 1 0-18 0-19 
Rint 0.017 0.022 

range in k -15 to +15 0-16 

no. of variables 486 246 
weighting scheme 1/[u2(Fo) + l/[u2(Fo) + 0.000219F0] 

0.O01539Fnl -. 
final residual, e A-3 0.43 0.51 
R 0.034 0.034 
R w  0.041 0.039 
S 1.2 4.2 

of data. The structures were solved by direct methods. Least- 
squares anisotropic refinement (based on F) of the positions of 
the non-hydrogen atoms and constrained isotropic refinement of 
the hydrogen atom positions (with C-H = 0.96 A) were 
straightforward with the exception of the atomic positions for the 
(CH,),O moiety in the carbene ring of molecule 11 in compound 
1. At the end of the straightforward refinement the bond lengths 
in this carbene ring did not look sensible. Two difference maps 
computed for compound 1 after isotropic refinement of the 
structure without the carbene ring atoms (i) in molecule 1 and 
(ii) in molecule I1 were inspected. Electron densities (e A-3) 
observed were 9.05, 8.52, 8.09, 8.14, and 12.35 for the positions 
of C(1A) to O(5A) and 8.74, 7.91, 5.76, 4.55, and 8.86 for the 
corresponding atomic positions in molecule 11. These values and 
the presence of additional electron density maxima in the vicinity 
of C(A2), C(A3), and C(A4) confirmed the suspicion that this 
carbene ring was disordered. The refinement of the atomic 
positions of the carbene ring for molecule I1 in compound 1 was 
completed as follows: (i) the bond lengths in both models were 
constrained to have the same values BS corresponding bond lengths 
in molecule I; (ii) all hydrogen atoms were placed in fixed cal- 
culated positions; (iii) the site occupation factors were refined. 

The ratio of occupancy of the model containing C(A2), C(A3), 
C(A4),  and O(A5) to that  containing O(B2), C(B3), C(B4), and 
C(B5) is 0.754:(1-0.754). The positions of C(A2) and O(B2) are 
virtually superimposed, as is also the case for the positions of 
O(A5) and C(B5); i.e., unequal occupation of the set of positions 
by enantiomers is found. 

Complex neutral-atom scattering factors were used for hy- 
drogen12 and for all other atom types13; dispersion corrections were 

(10) Piper, T. S.; Wilkinson, G .  J .  Inorg. Nucl. Chem. 1956, 3, 104. 
(11) North, A. C. T.; Phillips, D. C.; Mathews, R. S. Acta Crystallogr. 

1968, A24, 351. 
(12) Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J .  Chem. Phys. 

1965, 42, 3175. 
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from ref 14. Corn uter programs used are &9 follows: SHFLX76;l5 

the Computer Centre of the University of Cape Town on a Univac 
1100/81 computer. Further details of the data collection, structure 
solution, and refinement are given in Table I. 

u 

SHELXI;'* PLUTO; l? PAR ST.'^ All calculations were performed at 

Notes 

Results and Discussion 
Synthesis and Characterization of Compounds 1-4. 

The compounds 1-4 were synthesized by the reactions of 
THF solutions of Na[Mn(CO),] with the appropriate di- 
bromoalkanes, as shown in eq 1 for the five-membered-ring 
complexes and eq 2 for the six-membered-ring complexes. 

[(CO),Mn]- + BrCH2CH2CH(R)Br - 
I M W 0 ) d -  

[(C0),MnCH2CH2CH(R)Br] - 

I I  

Go (C0)4Mn -C 

(CO),Mn 
I 'CH2CH2CH(R)Br 

(CO)5Mn -Mn(C0)4 

(1) Q Br- + 

R 
1 , R = H  
2, R = CH3 

PNa[Mn(CO),] + Br(CH2)3CH(R)Br - 
(CO)5Mn- Mn(C0)4 

II 

3 , R = H  
4 ,  R = CH3 

This preparative method is similar to that used by King.' 
The product of eq 1 has previously been shown by Caseyg 
to be the cyclic carbene complex 1. The reaction of Na- 
[Mn(CO)J with 1,3-dibromobutane was previously carried 
out by King;' we now reformulate the product of this re- 
action as the cyclic carbene complex 2 (eq 1). We observe 
selective formation of only one isomer of 2. Thus, the 
methyl group of 1,3-dibromobutane directs the attack of 
the first [Mn(CO),]- as shown in eq 1. The reaction of 
Na[Mn(CO),] with 1,4-dibromobutane was also reported 
by King.7 We now reformulate this orange product on 
spectroscopic evidence as the six-membered-ring carbene 
complex 3 (see eq 2). The reaction of Na[Mn(CO),] with 
1,4-dibromopentane had not previously been reported; we 
isolate only one isomer and assign the formulation 4 on 
spectroscopic evidence. 

The compounds 1-4 are all orange crystalline solids, with 
1 and 2 being more thermally stable than 3 and 4; we also 
find that the methyl derivatives are less stable than the 
unsubstituted  compound^.'^ The compounds 1-4 all show 
eight v(C0) bands in their IR spectra, consistent with the 

(13) Cromer, D. T.; Mann, J. B. Acta Crystallogr. 1968, A24, 321. 
(14) Cromer, D. T.; Liberman, D. J.  Chem. Phys. 1970,53, 1891. 
(15) Sheldrick, G. M. The SHELX program. In Computing i n  Crys- 

tallography; Schenk, H., Oltof-Hazenkamp, R., van Koningsveld, H., 
Bassi, G. C., Eds.; Delft University Press: Delft, The Netherlands, 1978 
p 34. 

(16) Sheldrick, G. M. In Crystallographic Computing; Sheldrick, G. 
M., Kruger, C., Goddard, R., Eds.; Oxford University Press: London, 
1985; Vol. 3, p 175. 

(17) Motherwell, W. D. S. PLUTO Program for Plotting Molecular 
Crystal Structures; University of Cambridge: Cambridge, England, 1974. 

(18) Nardelli, M. Comput. Chern. 1983, 7, 95. 
(19) Archer, S. J.; Garner, J. M.: Irving, A; Moss, J. R. Unpublished 

results. 

Table 11. *H and 'F NMR Dataosb 
comod 'H NMR 13C NMRc 

1 4.87 (t, 2 H, OCH2); 338.1 (Mn=C); 85.1 
3.68 (t. 2 H. (OCH,): 55.1 

336.4 (Mn=C); 95.6 2 5.13 (qu, 1 H, OCH(CH3)); 
3.85 (m, 2 H. MnCCHd: (OCH(CH4): 58.7 
2.12 (m, 2 H, OCH(CH3)CH,); (MnCCH,j; 28.9 (CH,); 
1.54 (d, 3 H, CH3) 20.2 (OCHZCHZ) 

3 4.61 (t, 2 H, OCHJ; 351.3 (Mn=C); 76.4 
3.51 (t, 2 H, MnCCH,); (OCHZ); 51.2 
1.80 (m, 4 H, 
OCH&H&H,) (MnCCH2CH2); 17.1 

(MnCCH,); 21.8 

(OCHzCHz) 
4 3.60 (m, 1 H, OCH(CH,)); 349.9 (Mn=C); 83.7 

3.43 (t, 2 H, MnCCH,); (OCH(CH3)); 50.9 
2.54 (m, 2 H, OCH(CH3)CH2); 
1.02 (m, 2 H, MnCCH2CH2); 
0.91 (m, 3 H, CH3) 

(MnCCH2); 27.9 (CH,); 
19.8 (MnCCH2CH2); 
16.3 (MnCCH2CH2CHz) 

a Compounds 1-3 were recorded as CDCl, solutions, and compound 4 
was recorded as a C6D6 solution. bChemical shifts are reported relative 
to tetramethylsilane (6 0.00 ppm) as a reference standard: m = multi- 
plet; d = doublet; t = triplet; q = quintet; qu = quartet. 'Broad, weak 
peaks were observed for all the compounds in the region 217-220 ppm 
due to CO groups. 

compounds all being of the type eq-[Mnz(CO)gL]. IR 
spectra for compounds 1-4 were recorded in HCBD mulls 
between 1500 and 800 cm-l (where v(C-0-) may be ex- 
pected) and are identical with the results obtained by 
King.7 The spectra in this region for 1-4 and for related 
compounds20 are complex. The mass spectra of the com- 
pounds 1-4 are similar, and all show parent molecular ions 
with the predominant fragmentation pathway being the 
sequential loss of CO groups from the parent ion, indi- 
cating that the carbene ligand is bonded to the manganese 
atom more strongly than the other ligands, including the 
second magnanese atom. This is in agreement with the 
literature.21 

Discussion of NMR Data for Compounds 1-4. The 
'H and I3C NMR spectra of compounds 1-4 are given in 
Table 11. The 'H NMR data and assignments for com- 
pound 1 agree well with those reported by C a ~ e y . ~  The 
13C NMR spectrum of 1 has not been reported previously 
and is now given. Some discussion of the 'H NMR spectra 
of 2 and 3 has been given previ~usly,~ but this was based 
on the assumption that the compounds were the alkanediyl 
compounds [ (C0),MnCH2CH2CH(CH3)Mn(C0),] and 
[ (CO)5Mn(CH2)4Mn(CO)5]. Also, the butanediyl com- 
pound [ (CO)5Mn(CHz)4Mn(CO)5] has been prepared by 
the decarbonylation of [(CO),MnC(O)(CH,),C(O)Mn(C- 
0)5]22 and shows the expected 'H NMR spectrum of two 
multiplets a t  6 1.70 and 1.09. 

Some interesting trends are observed in the 13C NMR 
data (Table 11) when the nature of the carbene ligand is 
changed. The most significant shifts are for the two carbon 
atoms adjacent to  the ring oxygen atom. Thus, the 
chemical shift of the carbene carbon atom increases when 
the ring size is increased from five to  six but decreases 
when the substituent on the other carbon atom adjacent 

(20) Infrared spectra from: Colthup, N. B.; Daly, L. H.; Wiberly, S. 
E. Introduction to Infrared and Raman Spectroscopy; Academic Press: 
New York, 1964. 

(21) Casey, C. P. In Transition Metal Organometallics in Organic 
Synthesis; Alper, H., Ed.; Academic Press: New York, 1976; Vol. 1, 
Chapter 3. 

(22) Mapolie, S. F.; Moss, J. R.; Scott, L. G. J. Organornet. Chern. 
1985, 297, C1. Mapolie, S. F.; Moss, J. R. J. Chem. Soc., Dalton Trans. 
1990, 299. 
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Table 111. Bond Lengths (A) for Compounds 1 and 2 
1 (1) 1 (11) 2 

Organometal l ics ,  Vol. 9, No. 10, 1990 2839 

2.903 (1) 
1.948 (3) 
1.779 (4) 
1.851 (4) 
1.838 (3) 
1.827 (3) 
1.846 (3) 
1.836 (3) 
1.851 (4) 
1.830 (3) 
1.808 (4) 
1.151 (5) 
1.130 (5) 
1.149 (4) 
1.135 (4) 
1.130 (4) 
1.131 (4) 
1.125 (5) 
1.142 (4) 
1.142 ( 5 )  

2.914 (1) 2.903 (1) 
1.952 (3) 1.948 (3) 
1.792 (4) 1.787 (3) 
1.853 (3) 1.838 (3) 
1.844 (3) 1.836 (3) 
1.846 (3) 1.855 (3) 
1.851 (3) 1.845 (3) 
1.851 (3) 1.837 (3) 
1.822 (3) 1.833 (4) 
1.842 (3) 1.852 (3) 
1.805 (4) 1.804 (3) 
1.147 (5) 1.147 (4) 
1.125 (4) 1.137 (4) 
1.129 (4) 1.140 (5) 
1.132 (4) 1.124 (4) 
1.131 (4) 1.133 (4) 
1.130 (4) 1.128 (4) 
1.150 (4) 1.134 (4) 
1.126 (4) 1.134 (4) 
1.133 (6) 1.133 (4) 

to the oxygen atom is changed from H to CH,. The 
chemical shift of the other carbon atom adjacent to the 
oxygen atom decreases when the ring size changes from 
five to six and increases when the substituent on it changes 
from H to CH,. 

Molecular Structures of 1 and 2. These results 
confirm Casey’s proposal that King’s orange complex, 
originally formulated as [ (CO),Mn(CH2)3Mn(CO),], is an 
equatorially substituted dimanganese cyclic carbene com- 
plex. The structure of 2 is very similar to that of 1. The 
methyl substituent on 2 is shown to be on the carbon atom 
next to the ring oxygen atom, as suggested by NMR re- 
sults. Views of a molecule of 1 and a molecule of 2 are 
shown in Figures 1 and 2. 

The metal atoms are approximately octahedrally coor- 
dinated with one position occupied by the second man- 
ganese atom. The equatorial CO groups adopt a staggered 
configuration, thereby minimizing their steric interactions. 
The results of only a few single-crystal X-ray diffraction 
studies of similar compounds of the type Mn,(CO),L have 
been r e p ~ r t e d . ~ ~ - ~ ~  In 1 and 2 the Mn-Mn bond lengths 

011) “‘% 
Figure 1. View of the structure of compound 1 (molecule I). 

(4111 

Figure 2. View of the structure of compound 2. 

of 2.903 (l), 2.914 (1) A and of 2.903 (1) A respectively fall 
within the range of previously reported distances. The 

Table IV. Bond Lengths (A), Bond Angles (deg), and Torsion Angles (deg) for the Carbene Ring in Compounds 1,2,5,” and 6* 

C( lA)-C(ZA) 1.498 (4) 1.498 (6) 1.504 (5) 1.53 (3) 1.45 (1) 
C(2A)-C(3A) 1.503 (4) 1.500 (10) 1.463 (8) 1.50 (4) 1.51 (2) 
C(3A)-C(4A) 1.481 (5) 1.481 (11) 1.481 (7) 1.49 (4) 1.45 (2) 
C(4A)-0(5A) 1.475 (3) 1.481 (6) 1.486 (5) 1.49 (3) 1.45 (2) 
0(5A)-C(lA) 1.312 (3) 1.309 (4) 1.299 (3) 1.33 (3) 1.34 (1) 
C (4A)-C (41A) 1.452 (6) 

1 (1) 1 (11) 2 5 6 

1 (1) 1 (11) 2 5 6 - 
Mn( 1)-C( lA)-C(ZA) 
Mn(l)-C(lA)-0(5A) 
O(5A)-C( lA)-C(2A) 
C(lA)-C(2A)-C(3A) 
C (2A)-C (3A)-C (4A) 
C(3A)-C(4A)-0(5A) 
C(4A)-0(5A)-C(lA) 
C(3A)-C(4A)-C(41A) 
0(5A)-C(4A)-C(41A) 
Mn(2)-Mn(l)-C(lA) 
Mn(Z)-Mn(l)-C(lA)-C(2A) 
Mn(2)-Mn(l)-C(lA)-0(5A) 
Mn( 1)-C( lA)-0(5A)-C(4A) 
Mn( 1)-C( lA)-C(2A)-C(3A) 
C(ZA)-C (3A)-C (4A)-O(5A) 

Data from ref 29. *Data from ref 30. 

129.5 (2) 
122.4 (2) 
107.5 (3) 
105.1 (3) 
102.9 (3) 
103.8 (3) 
112.7 (3) 

92.2 (1) 
100.3 (3) 
-89.3 (3) 
171.2 (3) 
172.0 (3) 

26.9 (4) 

127.2 (4) 
123.7 (4) 
108.7 (5) 
106.8 (5) 
105.5 (6) 
105.7 (6) 
113.0 (4) 

92.2 (1) 

-94.5 (5) 
93.4 (4) 

177.7 (4) 
174.0 ( 5 )  

4.9 (6) 

128.6 (2) 130 (1) 128.2 (6) 
123.3 (2) 124 (1) 123.7 (6) 
107.9 (2) 106 ( 2 )  108.1 (7) 
106.6 (4) 107 (2) 105.2 (8) 
107.1 (5) 104 (2) 103.1 (10) 
103.5 (4) 104 (2) 105.2 (10) 
114.1 (2) 113 (2) 111.2 (8) 
118.0 (5) 
108.2 (4) 
92.7 (1) 

117.9 (3) 
69.0 (2) 

173.2 (2) 
178.7 (3) 

-9.0 (5) 
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Mn-Mn-(CO),, angles are all acute in contrast to the 
Mn-Mn-C(ring) angle of 92.2 (l), 92.2 ( 1 ) O  and of 92.7 ( 1 ) O .  

Final bond lengths for the Mnz(C0)9 moiety are listed in 
Table 111. The Mn-(CO), bond lengths are shorter than 
the Mn-(CO),, bond distances; corresponding values for 
Mn2(CO)lo are 1.811 (3) and 1.856 (7) A.24 In a comparison 
of the structures of 1 and 2, it appears that the presence 
of the methyl substituent has little effect, although the 
methyl group in 2 points toward the second manganese 
atom, not away from it, as might have been expected on 
steric grounds. The carbene ring is approximately per- 
pendicular to the Mn-Mn bond direction in 1 but is 
twisted somewhat further out of this plane in 2. This 
configuration may occur to maximize the T back-bonding 
and may not be a consequence of the cyclic carbene lig- 
ands, since it is also observed in eq-[Mn,(CO),(C- 
(OCH3)Ph)].25 Bond lengths and angles for the Mn- 
carbene fragments are given in Table IV together with 
similar values for the Mo-cyclic carbene fragments in 

(23) Bullock, R. M.; Rappoli, B. J.; Samsal, E. G.; Rheingold, A. L. J .  

(24) Churchill, M. R.; Amoh, K. N.; Wasserman, H. J. Inorg. Chem. 

(25) Huttner, G.; Regler, D. Chem. Ber. 1972, 105, 1230. 
(26) Guggolz, E.; Layer, K.; Oberdorfer, F.; Ziegler, M. 2. Naturforsch. 

1985, 408,  77. 
(27) Henrick, K.; McPartlin, M.; Iggo, J. A,; Kemball, A. C.; Mays, M. 

J.; Raithby, P. R. J .  Chem. Soc., Dalton Trans. 1987, 2669. 
(28) Pasynskii, A. A.; Eremenko, 1. L.; Orazsakhatov, B.; Rakitin, Yu. 

V.; Novotovtsev, V. M.; Ellert, 0. G.; Kalinnikov, V. T.; Aleksandrov, G. 
G.; Struchkov, Yu. T. J .  Organomet. Chem. 1981,214, 351. 

Chem. Soc., Chem. Commun. 1989, 261. 

1981, 20, 1609. 

[Cp*MoI(CO),(CCH2CHZCH2O)] l (Cp* = T ~ - C ~ M ~ ~ )  (5)29 
and [ C ~ M O I ( C O ) ~ ( C C H ~ C H ~ C H ~ ~ ) ~  (Cp = v5-C5H5) (6).30 
The Mn-C(carbene) bond lengths in 1 and 2 of 1.948 (3), 
1.952 (3) A and of 1.948 (3) 8, agree with the corresponding 
distance of 1.950 ( 5 )  A found in the acyclic Fischer-type 
carbene complex eq-[ (CO),MnMn(CO)4(C(OCH,)Ph)],25 
suggesting delocalization of electron density over Mn-C- 
(carbene)-0 in all of these complexes. 

Thus, the nature of the products from the reactions of 
N ~ [ M ~ I ( C O ) ~ ]  with dibromoalkanes depends on the nature 
of the dibromoalkane. X-ray crystal structure determi- 
nations are underway on the six-membered-ring carbene 
complexes [ (CO)5MnMn(C0)4(CCHzCHzCH2CH20)] and 
[ (CO)5MnMn(CO)4(CCH2CH2CH2CH(CH3)O)] .19 
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(29) Bailey, N.; Dunn, D. A,; Foxcroft, C. N.; Harrison, G. R.; Winter, 
M. J.; Woodward, S. J .  Chem. SOC., Dalton Trans. 1988, 1449. 

(30) Bailey, N. A.; Chell, P. L.; Manuel, C. P.; Mukhopadhyay, A.; 
Rogers, D.; Tabron, H. E.; Winter, M. J. J .  Chem. SOC., Dalton Trans. 
1983, 2397. 

Redox Behavior of Nickel Acylate Complexes 

Allan R. Pinhas”,” and James W. Hershberger”Vib 
Depafiments of Chemistty, University of Cincinnati, Cincinnati, Ohio 4522 1-0 172, 

and Miami University, Oxford, Ohio 45056 
Recelved March 20, 1990 

Summary: The cyclic voltammetry and bulk oxidation 
with ferrocenium ion and molecular iodine of three nickel 
complexes were studied. The results are most consistent 
with both Cp,Fe+ and I, acting as single-electron oxi- 
dants. 

Recently, we have been investigating the reactivity of 
the monomeric nickel acylate complex 1, generated from 
the reaction of butyllithium and nickel tetracarbonyl in 
tetrahydrofuran, with a variety of acids and electrophilesa2 

4 3 

(1) (a) University of Cincinnati. (b) Miami University 

When the acylate complex is treated with water, a mineral 
acid, or a ketone that has a pK, less than 17, an acyloin 
derivative is formed. When acylate complex 1 is treated 
with allyl bromide, a stable acyl(ally1)nickel complex, 3, 
is formed. This complex converts to a ketone upon oxi- 
dation with iodine (1z),334 

In addition, the I2 oxidation of nickel acylate complex 
1 itself has been investigateda2 This reaction generates a 
variety of acyl coupling products, which appear to be due 
to radical coupling reactions; however, the exact mecha- 
nism of formation of these products is unknown. 

(2) Simunic, J. L.; Pinhas, A. R. Inorg. Chem. 1989, 28, 2400. 
(3) For a variety of examples of oxidation-induced reductive elemi- 

nations, see for example: (a) Collman, J. P.; Hegedus, L. s.; Norton, J. 
R.; Finke, R. G. Principles and Applications of Organotramition Metal 
Chemistry; IJniversity Science Books: Mill Valley, CA, 1987; pp 324-333. 
(b) Tsou, T. T.; Kochi, J. K. J.  Am. Chem. SOC. 1979,101,7547. (c) Kotz, 
J. C.; Vining, W.; Coco, W.; Rosen, R.; Dias, A. R.; Garcia, M. H. Or- 
ganometallics 1983, 2, 68. 

(4) Many oxidation-induced reductive eliminations of iron complexes 
have been reported, although the role of the metal-centered radical gen- 
erally has not been elucidated. See for example: (a) Yamamoto, A,; 
Morifuii. K.: Ikeda. S.: Saito. T.: Uchida. Y.: Misono. A. J.  A m .  Chem. 
SOC. 1c68, 96, 1878: (b) Liebeskind, L. S . ;  Welker, M. E.; Fengl, R. W. 
Ibid.  1986, 108, 6328. 
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