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Summary 

Addition of RNC (R =p-CH,C,I&, C6HSCH2, or CH,) to Mn,(CO),(dpm), 
(dpm = Ph2PCH2PPh2) produces Mnz(CO),(CNR)(dpm)z with a terminal isocya- 
nide. Heating of this complex produces Mnz(CO)5(dpm)z (R = CH3 or C6HSCH2) 
or Mnz(CO)a(CNR)(dpm)a (R = p-CH3C,H4). The latter probably contains a four- 
electron doubly-bridging isocyanide ligand. 

Introduction 

In recent y&us the bonding modes of carbon monoxide ligands have proven 
to be extre.mely versatile. In addition to the well-established terminal, doubly- 
bridging, and triply-bridging modes, new bonding modes involving CO as a doubly- 

bridging four-electron donor [1,2] and as a semi-bridging ligand 133 have been 
characterized. Other isoelectronic ligands, particularily isocyanides, may be ex- 
pected to participate in similar modes of coordination. Added impetus for study 
of such novel forms of ligand-metal coordination comes from the suggestion 
that (I) multiple metal bonding of carbon monoxide or dinitrogen may weaken 
the triple bond.and render this bond more susceptible to facile catalytic hydro- 
genation [4] and that (2).bridging ligands may play a role in ligand substitutions 
of polynuclear organometallics [ 51. 

Here are described the results of a study of isocyanide add&ion to Mn2(CO)S- 
(dpm)* (I) (dpm = PhzPCHzPPhz). Complex I possesses a carbon monoxide ligand 
which serves as a conventional two electron o donor toward one manganese 
atom and as a two electron s donor toward the second mangpese atom [l]. 

P P 

I I 
co 

oc 2” ,“L,o -Mn 

(I) 



340 

Experimental 

Commercial samples of Mnl?(CO)10 (Strem) and benzyl isocyanide (Aldrich) _ 
were used as received_ Methyl isocyanide [6] and p-tolyl isocyanide [7] were 
prepared by standard methods. Mn,(CO),(dpm), was prepared as described in 
the literature [l]. All preparations were performed in degassed solvents under an 
atmosphere of purified nitrogen_ 

Infrared spectra were recorded on a Beckman IX-12 spectrometer. Proton mag- 
netic resonance spectra were recorded -on a JEOL JNM-MH-100 spectrometer. 
IMelting points were taken in capillaries sealed under nitrogen. 

Mlzz(CO),(dpm)z(p-CH,C,H,NC). p-Tolyl isocyanide was added to a stirred 
suspension of 0.41 g (0.40 mmol) of Mnz(CO)j(dpm)z in 20 ml of dichlorometh- 
ane until dissolution was complete. The solution was concentrated under vacuum 
and the product was precipitated by addition of hexane. Recrystallization from 
dichloromethane/hexane, followed by vacuum drying at 78”C, resulted in pure 
yellow-orange crystalline product (yield 0.40 g, 83%). M-p. 184-187°C. (Found: 
C, 66.10; H, 4.48: N, 1.61. MIQC~~H~~N~O~P~ c&d.: C, 66.61; H, 4.53; N, 1.23%) 

Mlr,(CO)s(dpm)2(C,HsCH2fVC). Using benzyl isocyanide in place of p-tolyl 
isocyanide, the yellow product was synthesized, recrystallized, and dried as de- 
scribed above to give product in 77% yield. The PMR spectrum indicates that 
dichloromethane and hexane remain occluded in the complex even after several 
days of vacuum drying at 78°C. This fractional amount of solvent results in a 
higher carbon and hydrogen content .than the following calculated values indi- 
cate. M-p. 179-182°C. (Found: C, 67.39; H, 4.72; N, 1.25. Mn2C&HS1N105P4 
c&d.: C, 66.61; H, 4.53; N, 1.23%). 

Mr2(CO),(dpm),(CHJiU2)_ As described above, the product was synthesized 
using methyl isocymide and purified to give yellow crystals in 52% yield. M-p. 
178-181°C. (Found: C, 64.74; H, 4.72; N, 1.25. Mn$&HQ7N105P4 calcd.: C, 
64.60; H, 4.47; N, 1.32%) 

Mrz2(CO)(dpm)z(p-CH3CJ&NC). A p-xylene solution of Mn2(CO)s(dpm),- 
(@ZH,C,H?NC) (0.20 g) was refluxed for 3 hours, concentrated under vacuum 
and refrigerated. The resulting precipitate was filtered and washed with several 
portions of hexane- Pure yellow-orange crystals were obtained by recryklliza- 
tion from dichloromethane/hexane followed by vacuum drying at 78°C (yield 
0.15 g, 77%) M-p. >25O”C. (Found: C, 67.60; H, 5.04; N, 1.35; P, 11.49. 
AhZC62H51N104P4 calcd.: C, 67.21; H, 4.64; pu’, 1.26; P, 11.18%) 

Results and discussion . 

Our results may be readily summarized by eq 1. Isocyanide addition to I is 
particularily facile. When an isocyanide (methyl, benzyl or p-tolyl) is added drop- 
wise to a slurry of I in dichloromethane at 23°C the complex dissolves over a 
30 minute period. Concentration of the solution under vacuum followed by ad- 
dition of hexane yields yellow-orange products, If. Spectroscopic data pertinent 
to the characterization of 11 are presented in Table 1. In particular, the incorpor- 
ation of a terminal isocyanide ligand is indicated by the observation of a termi- 
nal infrar& Y(CN) band at ka. 2070-2140 cm-’ and by observation of resonances 
of the isocyanide ligand in the proton magnetic resonance spectrum. 





p-tolyl isocyanide are shown in Fig. 1. No CN stretching frequency characteristic 
of zz -terminal CN unit is observed in the infrared spectrum. Rather, III shows a 
strorg band at 1661 cm-’ which is assigned to a bridging isocyanide-ligand. This 
v(CN) occurs at lower energies than found for well-characterized doubly-bridg- 
ing, two-electron-donating isocyanide ligands [S]. By analogy with I, III is for- 

mulated as containing a four-electron doubly-bridging ligand: 
Complex III is unreactive toward further addition reactions. It does not react 

with p-tolyl or methyl isocyanide, either at 23°C after 7 days, or at elevated tem- 
peratures. Complex l.lI may gain some stability from favorable overlap of the 
phenyl rings of the i&cyanide and phosphine ligands. The PMR spectrum of III 
in Fig. 1 contains evidence of some close phenyl-phenyl contacts. The PMR 
spectrum of II shows a pattern of two broad aromatic resonances at 7.5 and 7.2 
ppm. This is the pattern we have observed for a large number of metal-dpm 
complexes in chloroform. However, in III the aromatic resonances are much 
more widely spaced with additional features occurring at 6.4 and 8 ppm. We sug- 
gest that the shifts of these aromatic resonances are caused by ring current ef- 
fects resulting from the close face to face association of the phenyl groups of the 
isocyanide and dpm ligands. 

Our results indicate that a single isomer of-11 has been obtained. From both 
the transformations of II into I or III and the hnowledge that CO scrambling 
between-manganese atoms in I is not particularly facile [S], we conclude that 
II is formed as the equatorialisomer. If an axial isocyanide ligand were present 
in II, one would expect t.hat terminal isocyanides wo-uld be found in products 
resulting from thermolysis of II. Consequently, in the present case the forma- 
tion of a four-electron doubly-bridging carbon monoxide ligand in I does facili- 
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F&X. 1. PMR specira of the p-tolyi isocyanide complexes in chbroform-d solution: (A) hin2(CO)_+(dpm)2- 

ti-CH$WkNC). (B) ~~Z(CO)4(dPm)~@-CHgC6~C). 
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tate substitkjon into a dimanganese carbonyl complex but, contrary to the 
suggested scheme of Atwood and Brown 151, it does not lead to a+ substitu- 
tion_ 

By analogy with I, and the observation of an unusually low value of v(CN) for 
a bridging isocyanide, structure III is certainly the most likely structure for Mn,- 

(dpm)2tC0)4(p-CH3C6HNC)- H owever, two other structures, IV and V, are not 
wholly inconsistent with the data available for this material_ 
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Structure IV would lack a Mn-Mn bond and would be analogous to the struc- 
ture which we have recently determined for Pd2(dpm)2(CNCH3)32’ [lo]. Such 
structures produce a 16 electron count at each metal, a situation which is clearly 
more common for four-coordinate palladium than for manganese_ Structure V 
would involve the formation of a Mn-Mn double bond. No precedent has been 
set for the formation of such a species although it, as well as structure III, pro- 
duces an electron-precise species. Consequently a crystallographic determination 
of the structure of Mn2(dpm)2(C0)4@-CH3C6H4NC) is in progress. 

Acknowledgement 

This work was supported in part by a grant from the National Institutes of 
Health. Useful discussions with Dr. M. Olmstead have been appreciated. 

References 

1 

2 
3 

-4 
5 
S 

7 
8 

9 
10 

R. Colton and C_J_.Commons. Aust. J. Chem.. 28 (1975) 1673: C.J. Commons and B.F. Hoskins. Au& 
J. Chem.. 28 (1975) 1663. 
M. Mananero. M. Sausoni and G. Longoni. J. Chem. Sot.. Chem. Conmun.. (1976) 919. 
F-A. Cotton. Pro=_ Inorc Chem., 21 (1976) 1. 
EL. Muetterties. Bull. Sot Chim. Be&z. 85 (1976) 451. 
J.D. Atwood and T.L. Brown, J. Amer. Chem. Sot., 98 (1975) 3160. 

RX. Schuster, J_E Scott and J. Casanova. Jr.. Org. SYnth., 46 <1966) 75. 
I. Ugi and R. Meyr, C&m_ Ber.. 93 (1960) 239. 
RX. Adams and F.A. Cotton. J. Amer. Chem. Sot., 95 (1973) 6589: R.D. Adams and F.A. Cotton. 
Syn. Ino= MetabOrg. Chem.. 2 (1972) 277; M. Green, J.A. Howard, J.L. Spencer and F.G.A. Stone, 
3. Cbem. Sot. Chem. Commun. (1915) 3. 
5.G. Caulton and P. Adair. J. Organometal. Chem.. 114 (1976) Cll. 
M.M. OImstead. Ii. Hope. L.S. Benner and A.L. Balch. to be published. 


