
223 

Journal of Organometallic Chemistry, 172 (1979) 223-238 
0 Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

STEREOSPECIFIC SYNTHESES OF NEW MANGANESE(I) ISOCYANIOE DERIVATIVES 
___~~_~~__c__~_~__~______5_____5________~~~~~~~~~~~~~~~~~~~~~~~~~_~ 

P. M. TREICHEiand DAVID W. FIRSICH 

Department of Chemistry, UniversityLf Wisconsin. Madison, Wisconsin 53706 (U.S__u 

(Received January 22nd, 1979) 

Summary ______- 

Three series of cationic manganese(I) carbonyls are reported: 

[iln(CO) 5_n(CNMe)n(Ct~Ph)]PFC, (n = 1 * 4). [Mn(CO)5_n(CNMe)(CNPh)n]PF6 (n = 1 + 4), 

and [f.ln(dpe)(CO),_n(CNMe)n]PFg (n = 1 + 4). Most of these compounds were 

prepared from a substituted metal carbonyl ha1 ide by replacement of halide ion 

by an added ligand (CNR or CO), such reactions requiring an added halide ion 

acceptor (Ag+ or AlCl3)_ The added ligand enters the site of departing halide 

ion. It was possible to prepare isomers of many compounds reported, taking 

advantage of this stereospecificity. Structures of the products were defined, 

often unequivocally, by infrared and nmr spectroscopic data. Cyclic voltammetry 

showed that these compounds undergo one electron oxidations, the ease of 

oxidation determined by the nature of the ligand groups and the stereochemistry. 

Introduction ---_---_---- 

Recently, work was reported from our group which showed that replacement of 

the halide ion in Mn(CO) 5_n(CNR)nBr (R = Me [l], Ph [2]) occurs stereospecifical ly, 

placing the substituting group (CO or CNR) in the coordination position previously 

occupied by bromide. This result permitted the specific, high yield syntheses of 

fat- and x- [Mn(C0)3(CNR)3]PF6 and e- and trans- [Mn(C0)2(CNR)4]PF6. This 

reaction was also extended to specific syntheses of cis- and trans- isomers of 

[Re(CO),(CNtolP),]PF, [3], and used for the syntheses of fat-[Re(CO)ji3]PFb 

(L = 

(L = 

CNMe, CNtolP), c&-[Re(CO),(CNMe),lpFg [3], and trans-[Mn(CO)(CNtolP)4L]PF6 

CNMe, CNbut. py, NH2tolo) [4,5]. 

In this paper we report the further application of this type of reaction 

(continued on p. 276) 
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in the specific syntheses of-various manganese(I) complexes containing CO, 

CNMe, CNPh. and/or dpe (dpe = 1.2-bis(diphenylphosphino) ethane) _ In addition 

we have run cyclic voltammetry studies on most of these complexes, detecting 

trends in their ease of oxidation (C 
l/2 

) as a function of ligand choice. 

Experimental _--_-._______ 

Elemental analyses were performed by Galbraith Laboratories, Inc., Knoxville, 

Tennessee_ kfelting Points were taken with a Thomas-Hoover capillary melting point 

apparatus and are uncorrected_ Infrared spectra were recorded on Beckman IR-10 

and Perkin-Elmer 457 spectrophotometers. Proton NMR spectra were recorded on a 

Jeol MH-100 spectrometer_ These data are given in Table I. 

Electrochemcial measurements were made using a three-electrode configuration, 

employing a stationary platinum bead working electrode, platinum spiral 
counter electrode, and saturated calomel (KC1 ) reference electrode. Voltage 
and current functions were controlled by a Princeton Applied Research Electro- 

chemistry System, Model 169, incorporating compensation for internal resistive 

potential drop. Dry dichloromethane was used as the solvent with the solution 

x5x10A3M in substrate_ Tetrabutylammonium oerchlorate (O-1 m) was employed as base 

electrolyte_ Scan rates were typically 100 to 200 mV/sec. All measurements were 

made at 25°C. 

Molecular weights were determined by vapor pressure osmonetry in chloroform 

(O-05 M) on a Mechrolab Model 301A osmometer on samples previously dried in 

vacuum at 60” for one hour. Solvent of crystallization in analytical samples, if 

any, was verified by nmr integrations_ 

Tetrahydrofuran was dried by distillation from lithium aluminum hydride. 

Acetonitrile and dichloromethane were dried by reflux and distillation from 

phosphorus per&oxide. All reactions were carried out under nitrogen. 

Preparations of Mn(C0)5_n(CNPh)nBr (n = 2,3,4) [6], Mn(C0)5_n(CNMe)nBr 

(n = 1, 2, 3, 4) [6], [Mn(CNPh)5(Cf~Me)]PF6 [4], CMn(CO)6_n(CNMe)n]PF6 (n = 4 

(cis isomer) [2]. n = 6 [6]), and fac-Mn(CO)3(dpe)Cl C7l were accomplished by methods 

described in the cited references. 

Preparation of Compounds Containing Both CNMe and ChPh Ligands 
~____~_25.~_____~_~____________c~~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

G-[14n(CO),(CNCH3)(CNC6H5)]PF6_ Samples of AgPF6 (1.359, 5.3 mmol) and 
-- 



CNPh (0.419, 4.0 mmol) are dissolved in 30 ml THF. A solution of 1.159 (4.0 mmol) 

cis-Mn(CO)4(CNCH3)Br in 40 ml THF is added, and the reaction stirred for two hr. 

Solvent is evaporated, and the residue dissolved in CH2C12 and filtered_ The. 

volume of CH2C12’ is reduced, and this solution filtered through a 1” column of 

alumina packed with THF. Following removal of solvent, the white product is 

recrystallized from acetone/ether, mp 734-5" (Yield: 20%). 

Found: C, 34.41; N, 6.03; H, 1.75. C,3H8F604N2PMn calcd: 6, 34.23; 

N, 6.14; H, 1.77. 

fac-[Mn(Cr~CH3)(CNC6H5)2(CO)3]PF6- Prepared similarly from fac-Mn(CNC6H5)2(C0)3Br, 

methyl isocyanide, and AgPF6. Crystallization proved difficult, but was accomplished 

from acetone/ether; mp 173-5O (Yield: 78%)_ 

Found: C, 43.06; N, 8.10; H, 2.54. C19H13F6N303PMn calcd: C, 42.94: N, 7.91: 

H, 2.45. 

mer-cis-[(Mn(CNCH3)(CNCgHg)3(C0)2]PF6. 
- Prepared from mer-cis-Mn(C6HS)3(CO)28r, -- 

methyl isocyanide, and AgPF6; mp 84-7” (Yield: 95%). 

Found: C, 49.69; N, 9.12; H, 3.20. C2SH18F6N402PMn calcd: C, 49.44; 

N, 9.23; H, 2.99. 

trans-[Mn(CNCH3)(CNC6H5)4(CO)]PF6. Prepared from trans-Mn(CNC6H5)4(CO)8r, 

methyl isocyanide, and AgPF6. Recrystallized by solvent diffusion with 

Skelly A/acetone; mp 213-5” (Yield: 25%). 

Found: C, 54.76; N, 10.27; H, 3.36. C31H23F6N50MnP calcd: C, 54.62; 

N, 10.28; H, 3.40. 

fac-[Mn(CtK6H5)(CNCH3)2(C0)3]PF6. Prepared from fac-Mn(CNCH3)2(C0)38r, 

phenyl isocyanide, and AgPF6; mp 147-8” (Yield: 82%). 

Found: C, 35.73; N, 8.98; H, 2.42. C14H11F603N3PMn calcd: C, 35.82; 

N, 8.96; H, 2.35. 

mer-cis-[Mn(CNC6H5)(~N~~3)3(~~)21~~6. -- .-- Prepared from mer-cis-!*ln(CKH3)3(C0)26r, 
_____--.------ 

phenyl isocyanide, and AgPF6, mp 130-2”.(Yield: 70%) 

Found: C, 37.18; N, 11.61; H, 3.08. C1SH14F6N402MnP calcd: C, 37.34; 

N, 11.62; H, 2.93. 

trans-[Mn(CNC6H5)(CNCH3)4(CO)]PF6- Prepared from trans-Mn(CNCH3)4(CO)6r, _--- ----__--____---- ----- -.-- 



phenyl isocyanide, and AgPF6. Recrystallized by solvent diffusion with 

Skelly A/acetone, mp 179-82". (Yield: 89%). 

Found: C, 38.59; N, 13.97; H, 3.47. H17C16F6N50MnP calcdr .C, 38.80; 

N; 14.14; H, 3.46. 

Preparation of fat-Mn(CNC,H,)(CNCH,)(C0)3Br. A 0.779 (2.5 mmol) sample 

of cis-Mn(C0)4(CNCH3)Br and 0.269 (2.5 mmol) phenyl isocyanide are dissolved 

3c‘ ml THF and stirred for 24 hr. Solvent is removed, and the product 

in 

recrystallized from dichloromethane/heptane as orange-red crystals; mp 114~6"- 

(Yield: 402). 

Found: C, 40.03; N, 8.00; H, 2.25. C12H803N2MnBr calcdr C, 39.70; 

N, 7.72; H, 2.22. 

Preparatio:) of Compounds Containing Both CNMe and dpe Ligands. 
_,,,,,,~,,,,--,-,,--~--~-~,,,-~~~~~~~~~~~~~~~~~~~~~~ 

Mn(dpe)(CO)2(CNMe)Cl. A sample of 2.09 (3.5 mmol) of fac-Mn(dpe)(C0)3Cl 

is dissolved in 20 ml THF, 0.25 ml (4.5 mmol) methyl isocyanide is added, and 

the solution heated at reflux for 30 hr. Solvent is evaporated, and the residue 

dissolved in a small amount of CH2C12 and introduced onto a 6” column of alumina 

packed with benzene. The starting material elutes first with CH2C12, and the 

product then elutes with a mixture of CH2C12 and acetone (l:l)_ The yellow-orange 

compound is recrystallized from acetone/ether as !%(dpe)(C0)2(CNMe)Cl -0.5 acetone. 

The product darkens at 185°C and melts at 201°C. (Yield: 70%). 

Found: C, 61.71; H, 2-30; H, 4.77; MW 603. C30H2702P2NClMn-0.5 C3H60 

calcd: C, 61.51; N, 2.28; H, 4.91, MW 586. 

Mn(dpe)(CO)(Cf~:~e)2Cl (II). A sample of 5.5g (9.6 mmol) of fac-Mn(dpe)(C0)3C - --.-__-__I___ 

with 250 ml THF is ilaced in a 500 ml reaction vessel tiith a water cooled, quartz 

immersion well and a Hanovia 450 watt mercury arc lamp. The solution is purged 

with nitroqen for 1.0 hr. Methyl isocyanide (1.1 ml, 20 mmol) is added, and 

the solution irradiated and stirred for 30 min. The resulting cloudy orange 

solution is transferred to a nitrogen-filled 250 ml flask with careful exclusion 

of air and solvent blown off in a stream of nitrogen. The residue is dissolved 

in a minimum of CH2C12 and one-fourth of this solution chromatographed on a 6” 

air-free column of alumina packed with a 1:l toluene/CH2Cl2 solvent mixture. 

Elution with CH2C12 gives two separate yellow bands, starting material and 
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Mn(dpe)(CO)2(CNMe)C1. A third band elutes with a 15/85 acetone/CH2Clp solution. 

Solvent is blown off in a stream of nitrogen to yieldorange Mn(dpe)(CNMe)2(CO)Cl, 

which is heated under vacuum to drive off trace solvent; mp 201-3". (Yield: 10X). 

Found: C, 62.32; N, 4.77; H, 5.09, MW, 582. C31H30N2P2MnOC1 calcd: 

C, 62.21; N, 4.68; H, 5.05; MW 599. 

fat-[Mn(dpe) (C0)3(CNMe)]PF6. To 1.3 g (2.26 mmol) of fac_Mn(dpe)(C0)3Cl 

dissolved in 40 ml of THF, is added a solution of 1.0 g (4.0 mmol) AgPFC and 

9.2Oml (3.6 mmol) methyl isocyanide in 15 ml THF. The reaction is stirred for 

1 hr_ Solvent is stripped off, the residue dissolved in CH2C12 and filtered. The 

resulting solution is reduced in volume and chromatographed on a 3" column 

of alumina on CH2C12_ The yellow starting material elutes with CH2C12, and 

the colorless product elutes with THF. Crystallization of the compound from 

acetone/ether gives the product with one half molecule of acetone of CrYStaTTiZatiOn. 

mp 140-2O. (Yield: 40%) _ 

Found: C, 51.59; N, 1.80; H, 4.15. C31H27F603P3NMn-O_5 C3H60 calcd: 

C, 51.31; N, 1.84; H, 3.94. 

mer-[Mn(dpe)(C0)3(CNMe)]PF6. _- A sample of Mn(dpe)(CO),(CNMe)Cl (1.09, 1.8 mmol) 

is dissolved in 25 ml benzene, o-629(4.5 mmol) A1C13 is added, and CO gas slowly 

bubbled through the solution for o-5 hr. Benzene is decanted from the dark 

blue-green oil that forms, and the oil is taken up in ice water. Addition of 

excess NH4PF6 produces a white precipitate which is collected, dissolved in 

acetone, and filtered through anhydrous MgS04. The white product, recrystall ized 

from acetone/ether, darkens at 200° and melts at 293”. (Yield: 70%). 

Found: C. 51.30; N, 1.86; H, 3.82. Cjl H27F603P3NMn cal cd : c, 51.45; 

N, 1.94; H, 3.73. 

[Mn(dpe) (C0)2(CNMe)2]PF6 (first isomer) _ To 1 _Og (1 .8 mmol) Mn(dpe)(C0)2(CNMe)Cl 
__-- 

dissolved in 40 ml THF is added a solution of 0.509 (2.0 mmol) AgPF6 and 0.10 ml 

(1.8mmol)methyl isocyanide in 25 ml THF. The immediate formation of white 

precipitate is observed. After stirring 1.0 hr., solvent is evaporated, and 

the residue filtered through a 1” column of alumina with THF. Following evaporation 

of solvent, the material is recrystallized from acetone/ether to give a white 

product having both acetone and ether of crystallization. These solvents of 
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crystallization were verified in the 

does not melt cleanly, but froths at 

nmr spectrum of this compound_ The compound 

-90”. (Yield: 80%). 

Found: C, 52.79; N, 3.44; H, 4.92. C32H30F6N202P2Mn-0.4 C4H,o0 +0.4 C3H60 

calcd: C, 52.95; N, 3.55; H, 4.65. 

[Mn(dpe)(CO),(CNMe),]PF6 (second isomer). An 0.509 (0.84 mmol) sample of 

Mn(dpe)(CO)(CNMe),Cl is placed in a carbon monoxide-filled flask. 50 ml of a 

carbon monoxide-saturated solution of O-309 (2.3 mmol) AlC13 _in benzene is added, 

and CO bubbled through the stirred reaction mixture for 15 min. Benzene is 

decanted from the pale yellow oil that forms, and an ethanol solution of NH4PF6 

added _ After stirring briefly, the ethanol is evaporated and the residue washell 

with H20 to remove excess NH4PF6. The solid material is then dissolved in acetone 

and filtered through anhydrous MgS04. Solvent is evaporated and the residue is 

crystallized from acetone/ether, giving a white product, which contains 0.75 

molecule acetone of crystallization_ This product does not melt, but froths 

at 73-5". 

Found: 

C. 52_74; N 

1 Yield: 65%). 

C, 52.48; N, 3.59; H, 4.46. C32H30F6N202P2Mn~0.75 C3H60 calcd: 

3.56; H. 4_64_ 

[Mn(dpe)(CO)(CNMe)3]PF6. A sample of Mn(dpe)(CO)(CNMe)2C1 (0.55g, 0.92 1~101) 

is dissolved in 30 ml of N2-purged THF. A solution of 0.399 (1.2 mmol) AgPF6 

andO-lOm1 (1.8 nrnol) methyl isocyanide in deaerated THF is syringed into the 

first flask. After 0.5 hour, solvent is evaporated and the residue dissolved 

in acetone and run down a 3” column of alumina. The faint yellow major band 

contains the product. This material is crystallized from acetone/ether, 

mp. 195”. (Yield: 9OZ). 

Found: C, 53.07; N, 5.61; H, 4.51. C33H33F6P3N30Mn calcd: C. 52.88; 

N, 5.64; H, 4.44. 

[Mn(dpe)(CO)(CNMe),3PF6_ One gram (1.09, 2.4 mmol) cis-[Mn(CNMe),(CO),]pFs 

and O-959 (2.4 nunol) dpe are ground together with a mortar and pestle and sealed 

under vacuum in a glass ampule. The ampule is heated at 145” for 24 hr, allowed 

to cool, and the black residue dissolved in CH2C12 and placed on a 6” column.of 

alumina packed on a 2:98 acetone/CH2C12 solvent mixture. Elution with the 

same solvent mixture gave a faint yellow band containing the product. This 
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is crystallized from acetone/ether_ The pale yellow compound contains 0.3 molecule 

of acetone of crystallization. mp 237-8O. (Yield 322.) 

Found: C, 53.07; N, 5.74; H, 4.53. C33H33F6N30P3Mn 0.3 C&O calcd: c, 53.09; 

h', 5.48; H, 4.57. 

[Mn(dpe)(CNMe)4]PF6. Solid [Mn(CNCH3)/JPF6 (1.09, 2.2 mmole) and 0.9Og 

(2.2 mol) dpe are ground together with mortar and pestle and then sealed under 

vacuum in a glass ampule. The ampule is heated at 180° overnight, allowed to 

cool, and the black residue dissolved in CH,Cl, and placed on a 4" column of 

alumina packed on a 4/100 acetone/CH Cl solvent mixture. 
2 2 

On elution with this 

solvent mixture a pale yellow band develops, which is eluted. The product obtained 

from this fraction is crystallized from acetone/ether. Upon heating, the pale 

yellow product begins to froth at 97”. (Yield: 26%). 

Found: C, 53.40; N, 7.22; H, 4.86. H36C34F6N4P3Mn calcd: C, 53.56; N, 7.35; 

H, 4.76. 

Oxidation of [iln(dpe)(CNMe),]PF,. A sample of [Mn(dpe)(CNMe)41PF6 (0.70 g, 
~---~~--___- 

0.92 rrmol) is dissolved in 50 ml freshly distilled acetone. When f).30g (1.2 mrnol) 

AgPF6 is added, the solution immediately turns maroon_ After 10 min stirring 

the solution is reduced in volume, run down a 4” column of alumina, a major 

red band eluting with acetone. Removal of solvent leaves an oil, which crystallizes 

upon the addition of 2 ml THF. The dark orange product froths upon heating at 108”, 

and is only moderately stable (as evidenced by the distinct smell of free 

isocyanide coming from the crystals). While only a rather poor analysis could be 

obtained, the color, infrared spectrum, and broad, unresolved nmr spectrum point 

to formulation of this complex as the paramagnetic [Mn(dpe)(CNMe)41(PF6)2. 

Found: C, 47.57; N, 5.33; H, 5.03; P, 12.26. H36C34F12N4P4Mn calcd: 

C, 45.05; N, 6.17; H, 4.00; P, 13.65. 

Results and Discussion 
____________________-- 

Three uncharged complexes having CNMe and either CNPh or dpe 1 igands were 

prepared by carbonyl substitution reactions.Using mild conditions and stoichiometric 

amounts of CKMe and Mn(C0)4(Ct~Ph)Br it was possible to make fac-Mn(C0)3(CI:Me)(CtlPh)Br. 

From Mn(C0)3(dpe)C1 and CNMe. one can obtain either Mn(dpe)(C0)2(CNMe)C1 (THF reflux) 

or Mn(dpe)(CO)(Ci~Me)2C1 (uv irradiation of a THF solution). Tnere was 
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considerable reluctance to the substitution of the second carbonyl group by CNMe, 

and the latter product was only obtained in low yield in crzjunction with the 

monosubstituted species and starting material. .This compound was somewhat 

air sensitive_ The two dpe compounds were used as precursors in subsequent 

syntheses of cationic complexes _ 

In earlier stork from our group the syntheses of the related compounds 

r-1n(CO)3(PPh3)(CNMe)Br and Mn(CO)2(PPh3)(CNNe)2Br were reported [6]. These compou 

were prepared in reactions of CI\IMe with Mn(C0)4(PPh3)Br and 14n(C0)3(PPh3)2Br. 

The fat-geometry_ was assigned for Mn(C0)3(Crll.le)(CNPh)Br based on the pattern 

of three strong w(C0) absorptions in its infrared spectrum. This is the geometry 

assumed by almost all disubstituted Hn(C0)3L2X compounds_ The geometries of the 

two Mn(dpe)(CO) 3_n(CN!le)nC1 compounds were assumed to be those arising from 

equatorial substitution of carbonyl s . The same pattern of substitution has been 

observed in other systems, e-q., in the syntheses of Mn(C0)5_n(CNR)nBr 

(R = Ne, Ph) C61, and i4n(CO)6_, [P(OMe)3]nBr [8]_ Infrared data ( u(C0) and u(CN): 

are in accord with these assigned geometries, but are not conclusive evidence_ 

Thus for Mn(dpe)(C0)2(CGMe)C1 the observation of two w(C0) absorptions eliminates 

only one (ICJ of the four possible isomers (Figure I). Similarly two u(CFI) 

absorptions in Mn(dpe)(CO) (CiJNe).$l eliminates only the structure with trans 

CNr-:e groups (11~) leaving a choice between the three remaining geometries. The 

most conclusive evidence concerning the structures of these compounds comes 

indirectly from the better defined geometries of cationic compounds derived upon 

Cl 

L\FJlnlp 1 ‘1’11 \P 

(a) (b) 

I. iln(dpe)(CO)2(CNKe)Cl 

II. Kn(dpe)(CO)(CWie)pC1 

L 

(c) 

L = co, L’ = cNr4e 

L = CNMe, L’ = CO 

(d) 

FIGURE I. POSSIBLE GEWETRIC ISOXERS OF xn(dpe)(CO)3_n(Cme)nC1 (n = l,Z) 
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substitution of either CNMe or CO for Cl- in what are assumed to be stereospecific 

reactions (vide infra) _ 

One general route-by which a metal carbonyl halide can be converted to 

a cationic complexes involves replacement of the halide ion by a neutral ligand. 

Such reactions, ordinarily requiring the assistance of a halide acceptor, ~_cJ_, 

A1C13 or Ag+, have been used extensively in the syntheses of cationic manganese(I) 

carbonyl species _ We have recently reported syntheses of various members of the 

series [Mn(CO) 6_n(CNR),]f (R = Me [1,6], Ph [9]; n = 1-6) using this synthetic 

route. It is noted that in the forementioned examples of these reactions, the 

entering ligand assumes the coordination position previously occupied by the 

halide ion_ This fact has permitted the intentional synthesis of specific 

isomeric species Cl]. 

The successful application of this route to the 

cationic manganese(I) complexes having CO,’ CNMe, and 

specific syntheses of 

either 1 ,Z-bis(diphenylphosphino)- 

ethane or CNPh is reported here. Starting from known [6,9] Mn(C0)5_n(CNMe)nBr 

(n = l-4), CNPh, and AgPF6 one obtains the complexes [Hn(CO)5_n(CNMe)n(CNPh)]PF6 

(n = l-4). Similarly, from Hn(C0) 5_n(CNPh)nBr, CNMe, and AgPF6, it is possible 

to prepare [Mn(C0)5_, (CNMe)(CNPh),]PF6 (n = 2-4). The synthesis of the last 

member in this series (the compound having n = 5) by this route was reported 

in a previous paper [43: 

Mn(C0) 5_n(CGMe),Br + AgPF6 f CNPh -+ [tln(CO),_n(CNt~le)n(CNPh)]PF6 + AgBr+ 

(n = 1 - 4) 

Mn(C0)5_n(CMPh)nEr + AgPF6 + CNWe + [Mn(CO)5_n(CNMe) (CNPh)n]PF6 + AgBr& 

(n = 2 + 5) 

The new compounds are white or pale yellow crystalline solids which are air 

stable in solid state, and moderately stable in solution. 

Infrared and nmr data argue for the stereospecificity of some of these 

reactions. For example, the compounds Mn(CO)(L)4Br (L = CNMe, CKPh) are known 

to have trans configurations because of a single v(CN) absorption, and for the 

CiSle compound, a single proton resonance- Upon substitution of L’ for br-, giving 

[Mn(CO)L4L’]+ (L.L’ = CNile,CNPh) these spectral characteristics are retained_ Likewise, 
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doublet pattern- Supporting these assigned geometries are the infrared patterns 

which show the expected numbers of v(C0) and v(CN) values. 

Data on the two sets of isomeric compounds, [Mn(dpe)(CO),(CNMe),lPF6 

and [Mn(dpe)(CO)(CNMe)3]PF6, illustrating these conclusions, are given in 

Figure II. It canbe seen that the structural assignments based on nmr and ir 

c+ Oc, I ,P 

bMeNC c 4-b I 
0 

Isomer 1 

(from Mn(dpe) (C0)2(CNMe)C1 

f Ch’Me 4 A9PF6) 

Mea 62.57t (int 3) 

Meb 63.48d (int 3) 

u(C0) 1984,194l cm 
-1 

v(W) 2199,2173 cm 
-1 

b 
MeNC c + 

q//P 

b~eNC ‘&‘P 
1 

0 

(from Mn(dpe) (CO)(CNMe),Cl 

+ CNMe + AgPF6) 

Isomer 2 

(from Mn(dpe) (CO) (CNMe)2Cl 

i- CO + AlC13) 

Me 63.49d (int 6) 

w(C0) 1951 cm 
-1 

v(CN) 2180,2149 cm 
-1 

=Ke 

c+ Oc, 1 /P 

b~eNC /In\P 
1 

a: 
Me 

(from c&-[Mn(C0)2(CilMe)41+ + dpe) 

Mea 62.49t (int 3) Mea 62.47t (int 6) 

Meb 63.46d (int 6) Meb 63.44d (int 3) 

FIGURE II _ STRUCTURES AND SUPPORTIM OATA FOR ISOMERS OF [:h(dpe) (CO)n(CC:le)4_nlPF6 

(n = 1, 2) 
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evidence are unambiguous. Isomer1 of the first compound has non-equivalent CNMe 

groups according to nmr, and must have the given structure; supporting this is 

the infrared spectrum showing two v(C0) and two v(CN) absorptions. Isomer 2 

is one of two possible isomers having equivalent CNMe groups. Predicted for this 

geometry, and found, is a doublet splitting of the methyl proton resonances, 

two v(CN) absorptions and one v(C0) absorption. The only other isomer of this 

formula would be trans CliXe and cis CO groups; for this isomer a triplet splitting 

for the methyl protons, two v(CO), and one v(CN) absorptions are predicted. It 

would be interesting to make this isomer to test this prediction_ For the 

compound [Sln(dpe)(CO)(CN14e),]PF6 only two isomers can exist. One (Isomer 1) 

has two CE:Me groups trans and one CNMe group cis to dpe; this gives rise, 

respectively, to doublet and triplet patterns of relative intensities six and 

three _ In Isomer 2 there are two CNMe groups cis to dpe for which the nmr spectrum 

shows a triplet (intensity = 6) and one C:ixe trans to a phosphorous atom 

giving one doublet nmr resonance of intensity 3. 

The structures of the [f4n(dpe)(CO),(C!#le)]PF6 isomer are assigned based-on 

the chemical shifts of the methyl protons. The fat isomer has an nmr resonance 

at 62.58, while the mer isomer shows a resonance at 63.60. Both values correspond 

with chemical shifts seen for methyl protons in these environments in other compounds_ 

Unfortunately the coupling to phosphorus in these compounds, which would unequivocally 

define stereochemistry, could not be resolved_ 

A significant point is that these data argue for the assigned geometries 

of the precursors Mn(dpe)(C0)3_n(CNMe)nC1 (n = 1, 2). One starts with knowledge 

of the precise structures of the product species. Assuming a stereochemical 

pathway involving substitution of an incoming ligand into the site occupied by 

halide, which is now known to have considerable precedence [1,2], we can conclude 

that our assumptions of the geometries of Mn(dpe)(C0)3_n(CNMe)nCl are most likely 

correct. 

Electrochemical data on all the compounds described here are reported. Only 

one electrochemical process, a one electron oxidation, is observed for each compound, 

with the potential required for this oxidation decreasing with a decreasing carbonyl 

content. Isomers of the compounds [Mn(dpe)(CO),_,(CNMe)n]PF6 (n = 1, 2, 3) 



238 

exhibit El,2 values differing by about 0.1-0.3~. This is not surprising, 

considering earlier published work on [Mn(C0)6_n (CNR),]PF~ (R = Me, Ph), and 

presumably there is a similar explanation based on relative stabilizations 

of the metal 3d orbitals by different ligand [1,2]_ 

It is interesting to note the regular variation of El,2 values in the series 

fac-[Mn(CO)3(CNMe)3_n(CNPh)n]PF6 (n = 0 +3). The El,2 values are, in order, 

1.90 [1], 1.98v, 2.08v, 2.12~ [9]. Similar variations are seen for the series, 

cis-[Mn(C0)2(CNMe)4_n (CNPh),]PF6 (in order from n = 0 to n = 4: 1_44v, 1.52, -, 

1_65v, 1.70~). Note here that the series is not complete; none of the isomers 

of cis-[Mn(CO)2(CNMe)2(CNPh)2]PF6 have yet been made, as yet we do not know of a 

unique route which would lead to such a species_ Similar sequences of E 
l/2 

values are also seen for other partial series of related compounds_ The synthesis 

some of the missing isomeric species represent an interesting future 

challenge_ 
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