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I CHA RACTERI ZATION A~ D REACTIVITY OF

ISOCYANIDE COMPLEXES OF I~~~~~.ESE I
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I (Abstract)

I By Hans Juergen Mueh
Captain, USAF

UNIVERSITY OF WISCONSIN-MADISON1 1976

DOCTOR OF PHILOSOPHY

I (169 Pages)

‘ I A serieB of complexes Mn(~~~C)~ ( R= a monosubst i—
~j4 .J

I tuted phenyl ring ) were prepared by reaction of Nfl 2 or

Mn (CO) X (X = Cl , Br) with the free ligand. . The Et values

I of the complexes for the 1e oxidation from +1-.+2 we~~~~
’
\

I 
correlated with the Harnmett of the substituent

and’ correlation coefficient ~of 0.98 was obtai.n~&.

Attempted oxidation of Mn (C6H5NC~~1 with AgPF6 in

THF resulted in the preparation of Mn(C6H5NC)~
’
4F6. The

1 . complex Mn (p -CH3C6H4NC) 4(CO)Cl~ reacted with AgPF6 in a

I 
series of complexing solvents, producing the complexes

(Mn(p-CH
3
C6M4NC)4(CO)(L))PF 6 (L = p-CH3C6H4NC , C5H5N,

I CH3NC, (CH3)3CNC , and o-CH3C6H4NH2)~~ A plot of

~(Co ) for these comp1~xee ~roduced~a correlation coef-
I ~‘j) 4O O~~~1’ I V1,4 .r  S.I.

I fi.olent of D.99~1
and is consistent\~~~h the range of

i i-acceptor strengths of L. D D C
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I
I The re~lacement of bromide Ion in Mn(CO)5~~ (CH3NC)~Br

(n = ~,3,4) by CO and CH3NC , accomplished in the presence

I of the halogen acceptors A1C1
3 
(CO reactions only) or

I AgPF6, Is found to be stereospecific , thus providing routes

to the pure Isomeric complexes cia— and trans-(Mn(CO)2(CH3
NC)4~~’’

I and fac.- and mer- (Mn(CO)~~(CH E.~ values for the

species differ substantially. The qualitative

I ( explanation for the difference is justified by molecular

I orbital calculations.

~~ —~~ Ultraviolet irradiation of CpNf(CO)
’in THF with ex-

I cess isocyanide produced the complexes CpMn(RNC)3 (R =
C6Cl 5, C6H 5, p-C1C~ H4) .  The E1 values vary consistently

I ,,~
-‘~~Tth the known range of iT—acceptor strengths of the iso-

I - cyanides.

I 
~~~~~~~~~~~~~~~~~ A series of complexes Nf2(C0~~0_~~RIW~~~ (x = 1,2,4,5;

I R = CH3, C6H5, p-C1C6H4) was prepared thermally and by

nucleophilic attack of Mn ( CO~~~~~~RNC~~~~ with
- Mass epectral studies showed evidence of stepwise loss of

i ( carbonyl, ~~-c1eavage of the isocyanide , ligand rearrange-

\ ment , and protonation of the complexed isocyanid.e.

I ~ The complexes Mn (C6H5
NC)

5X (X = Cl , Br , CN, SnCl3)

were also prepared and examined electrochemically. ~~The

I E1 values are consistent with the variation of electron

- withdrawing ability of the X group.

~~~~ ~
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.1
I A. INTRODUCTION

I Several researchers have investigated octahedral com-

plexes of the type M(CO) o~~
(L)

~~ 
to determine the effect

1 of varying the type and number of ligand L on various

I physical and chemical properties . Of these , only a few

have examined the electrochemical behavior of isocyanide

derivatives of octahedral complexes.

McClever ty and coworker s~ prepared a series of iso-I cyanide complexes M (CO)6X (CNR)X (X = 1-3; M = Cr, Mo;

1 R = Me , Et , Pr 1 , C6H11, But, p-tolyl , C6H5, and p-C1C6H4)

and employed spectroscopic (infrared , ultraviolet, mass

[ spec , and nrnr data) and electrochemical measurements to

assess the effect of varying R and x on the nature of

I the bonding in these systems.

I The electrochemical measurements showed that within

a given series of isocyanide complexes varying only in

their alkyl substituents , there is no significant differ-

ence in E117 values , suggesting that alkyl isocyanide

I li gands are “electronically ” alike. Among the aryl iso-

j cyanide complexes , there was a marked difference in E112
values between similar species M (CO)o~~

(RNC)
~~
, (M = Cr ,

I 
Mo) in which R is either p-CH3C6H4 or p-C1C6H4, which was

attributed to the inductive and/or mesomeric effects of

L - ‘
_ -  _ _  

-a ‘ 

- - - 

I ~~ ¶
~~
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3

I
I the para-substituents on the benzene rings.

I A later reference by Treichel and Dirreen2examined

the electrochemical oxidatiozr of several aryl isocyanide

complexes of the type Cr(RNC)6 and Mn(RNC) 6
4 
(R CfH5,

p-CH3C6H4, p-CH3OC6H4, p-C1C6H4) and noted small , though

I significant , differences in oxidation potentials depend-

I ing on the nature of the para-substituent group . Pre-

dictably, electron-donor groups were seen to lower the

I oxidation potential while elec’ron-withdrawing groups

made the complexes more difficult to oxidize. Concurrent

I with the work discussed here the series of chromium -

aryl isocyanide complexes was extended by Treichel and

Essenmacher and the same correlation of ring substi-

tuent with E112 values was extended and further defined.

We also decided to extend the series of manganese-

1 aryl isocyanide complexes , Mn(RNC) 6
4
, in which the R

I group represents a phenyl ring mono-substituted with a

wider range of donating and withdrawing groups than those

I previously reported. By having a larger sampling of

species to compare , we hoped to obtain some quantitative

I relationship between the variation in E112 values and the

I. electronic properties of the substituent.

Researchers have attempted to correlate electronic

I substituent effects with carbonyl stretching frequencies

I

~

.— 
r 

-
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and force constants. Fischer12 recognized the existence

I of a qualitative relationship between v(CO) and Hammett

a (a
r
) values for a large number of tricarbonylchromium-

I complexed benzene derivatives . More quantitative linear

1 correlations between k(CO), the CO stretching force con-

stant, and 01) values for selected complexes have subse-

I quently been derived)3 16 More recently , Neuse~
7

established quantitative correlations between selected a

I substituent parameters and the carbonyl stretching force

constant for 28 substituted tricarbonylchromium-complexed
18arene compounds . An earlier paper by Treichel and Stewart

reported carbonyl stretching frequencies for several jneta-

and para-XC 5H4Mn(CO) 5 complexes and found them little

I affected by nature or position of the substituent group

I on the ring . They concluded , therefore , that ir-bonding

effects between ring and metal are relatively insignifi-

I cant.

In light of more recent research19 we propose to

extend the correlation with a parameters one step further,

~ I 
by relating the constants to the H112 values of the Mn-

(RNC) 6~ complexes. A paper by Fenske and Sarapu,19 wh ich
- I examined the bonding properties of the complexes

~~~~~~~~~ 

! 
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_
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_
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I
I Mn(CO) 5~~ (CH3NC)~ Br (n 0-4) and Mn(CO)6 n (CH3NC)n~ (n =

0-6), presented several interesting conclusions which

suggc.st that this correlation can be made. It was found ,

I on the basis of force constant analyses , that the carbonyl

I 
and isocyanide force constants are linearly related to

the total electron occupations of the respective a and

I w ligand orbitals. Furthermore , an examination of the

calculations reveals that the stabilization of the highest

I occupied molecular orbital (HOMO) is also a direct func-

tion of the electron distribution within the ligand moie-

ties. Finally , the oxidation potentials of the species

I investigated (E112 values) were found to be linearly re-

lated to the HOMO energies. Thus, in light of the linear

I correlation previously established between a parameters

and carbonyl force constants , k(C O) ,  and the correlation
I of force constants with HOMO energies and E1112 values

es tablished by Fensk e and Sarapu ,19 it is reasonable to

expect a similar linear correlation of a parameters with

I E1,2 values.

I Durin g the cours e of our inve stigations we also

noticed the invariance of v(CN) to the substantial range

of a parameters and E1,,2 va lue s for the Mn(RNC) 6
” com-

plexes . In an attempt to explain this phenomenon , a joint

1 project was initiated in conjunction with the theoretical

1
I 

!c~~~~1..,-=----—--—— 
— 

— ~~~~~~~~ — --———--~ --
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inorganic research group of Dr. Richard F. Penske. Pre-

I liminary MO calculations on free ligands and fictional

isocyanide compounds were carried out by Bruce Bursten and

I the initial results are presented herein.

I In addition, we attempted to apply the relationship

recently reported by Pickett and Pletcher20 to our Mn(RNC) 6
4’

and to the Cr(RNC) 6 complexes also prepared in our group
3

to examine the usefulness of the relationship . The equa-

I tion is presented as follows :

I E° = A + x (dB°/ dx) L + l.48y

A is a constant dependent on the solvent and the reference

I potential; (dE°/dx) is a parameter charactt~ristic of the

ligand , L, which defines the shift in E° caused by the

replacement of one CO ligand by one molecule of L. In

I attempting to employ this equation , we noted several

shortcomings and will use this opportu~iity to analyze the

relationship in depth and suggest ways to improve its

predictive capability .

Finally , in preparing this series of Mn(RNC)6
4 
corn-

I plexes , different synthetic approaches were employed.

I It was found that the most favorable choice of reaction

depends to a cons iderab le ex ten t on the na tur e of the

I ligand . A discussion of reactions is also presented herein.

~~

I ~T 
- 

-
~ i : 
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I
I B. RESULTS A N D  DISCUSSION

I In the course of our work , we employed a variety of

synthetic methods to prepare the Mn(RNC)6~ complexes.I Sacco21 was the first to recognize that anhydrous manga-

I nese(II) iodide behaves differently from other manganous

salts in reactions with isocyanides . This compound was

1 found to react with alkyl and aryl isocyanides by the

following equation:

2MnI2 + 12 CNR ~‘ [Mn (CNR) 6] I + [Mn (CNR) 6]13 (2)

Interestingly , the complex [Mn (CNR) 6]13 is a triiodide of

I hexaisocyanide inanganese(I). in the case where R = alkyl,

the iodide is usually too soluble to obtain it in pure

I form from the original solution , so the reaction mixture

is routinely reacted with excess iodine to fully convert

I the mixture to the triiodidc which is recovered , purified ,

I and then shaken with aqueous sodium thiosulphate to con-

vert back to the iodide. The triiodide is converted to

I the iodide because its solubility in all common solvents

is too low for further synthetic and analytical use. In

I our reactions of Nn12 with various aryl isocyanides , we

I find that addition of free iodine is unnecessary . The

crude reaction mixture is first evaporated to dryness ,

then taken up in dichlorometh~nc , filtered to remove insol-

I
‘ I

— 

——~,_ 
— -.- --- — 
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I

I uble salts and decomposition products , and shaken with an

I aqueous sodium thiosuiphate solution. In most cases , this

prodnces a noticeable lightening in color as the triiodide

I is converted to the iodide. For our electrochemical mea-

surements , the iodide salt is inappropriate because the

I iodide ion complicates the analysis by exhibiting several

redox reactions at moderate applied potentials. For this

reason, we routinely converted all of the iodide salts to

the hcxa fluorophosphate salts by taking the iodide up in

warm ethanol and treating the solution with excess ammon-

I. ium hexafluorophosphate , NH4PF6, which then precipitates

the less soluble PF6 salt.

It should be noted that several Mn(CNR)6~ complexes

I were prepared only with difficulty and in generally poor

yield by Sacco ’s21 method. We therefore examined other

I possible methods of preparation. Joshi , Pauson and Stubbs 22

I noted the formation of Mn(C6H5NC)6
’ in the reaction of

Mn(CO) 5Cl with phenyl isocyanide in refluxing tetrahydro-

I furan. A subsequent paper by Treichel 23 and coworkers

presented a more definitive study of reactions of phenyl

I isocyanide with Mn(CO)5X CX = I, Br , Cl) and found that

I [Mn(C 6H5NC) 6]X complexes could be prepared i nvariant to

the halide. Interesting ly, we noted in our investigations

I
I

-
-• I
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I
that the Mn (RNC)6~ complexes which proved to be difficult

I to prepare by reaction of free ligand with Mn12 could be

obtained in relatively high yield (20-50%) when the iso-

I cyanide was reacted with Mn(CO)5C1 or Mn(CO) 5Br. Of

‘ 
particular note are the complexes [Mn (m-CF3C6H4NC) }pF

and [Mn(p-NO 2C6H4NC)6JPF 6.

I The species [Mn (m-CF3C6H4NC) 6]PF6 was recovered in

a poor 5% yield by Sacco ’s method , while reaction with

I Mn(CO) 5Cl in refluxing THF for -7 hours produced a 20%

l yield of the complex . The formation of the complex [Mn-

(p-NO2C6H4NC) 6]PF 6 deserves special mention. The species

a . . . 24
i was first reported in a paper by Bailey and Marshall

which discusses the preparation of a series of aryl iso-

1 cyanide complexes by reaction of hexaaquomanganese(II)

nitrate , Mn(N03)2.6H20, with the free ligand in methanol

under vacuum .

I [Mn(H 2O)6] (NO3)2 RNC MeOl~, [Mn(CNR)6] (NO3)2 (3)
vac

I [Mn (CNR) 6] (NO3)2 
CH3CN [Mn(CN R) 6]N03 (4)
redn .

We tested the utility of this reaction by attempting to

prepare [Mn(p-IC 6H4NC)6]N03 and [Mn(p-NO2C6H4NC) 6]NO3.
After several unsuccessful attempts , we finally isolated

I a small amount ( 1% yield) of [Mn(p-NO 2C6H4NC) 6]N03, but

_ _ _ _ _  _ _  

‘1
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I

I only after prolonged pumping at much lower pressures

(l0~~ 
- lO~~ torr) than tha t reported by Bailey and

Marshall (0.1 - 0.2 torr). As a result , we decided to

at temp t to prepare the complex [Mn(p -NO 2C6H 4 NC) 6 ]PF 6 by

the methods we have previously mentioned . After many

I unsuccessful attempts at reacting Mn12 with the ligand

I in ethanol, we ran the reaction in refluxing THF for — 3

hours , treated the solution with NH4PF6, removed the THF ,

I and washed the residue successively with Cd 4, H20,

ethanol , and CH3CN. The dark orange product , which is

I partially soluble in acetone , exhibits infrared absorp-

I tions in that solvent consistent with an MnL6
’ complex

(2090 cm 1(s), 2070 cm~~(m)). Assuming total conversion

to the PF6 salt, the complex was isolated in 27% yield.

Its low solubility made purification difficult , a pro-

I blem also noted by Bailey and Marshall. 24 In an attempt

to improve the yield of this complex , we eventually react-

ed the ligand with Mn(CO)5Br in refluxing TIIF for -48

I hours and recovered a dark orange precipitate assumed to

be [Mn(p-NO 2C6II4NC) 6JBr in 43~ yield. The complex was

I then partially converted to the PF6 salt by refluxing

I in acetone in the presence of NH4PF6. The resulting pro-

duct exhibited the expected ~(CN) (2090 cm~~ , 2070 cm~~)

I and ~(PF) (840 cm~~) absorp~ ion’ . Further support for

I
It, 

_
~~ 

~~~1~~~~~ 
- 

— 
.

.~~~ ~~~~~~~~~~~~~~~~~~~~~~ - .



1
I the formation of the MnL 6~ complex is given by the isolation

i of the complex Mn(p-NO2C6II4NC)5Br from the THF solution .

This complex is discussed in more detail in Chapter VI.

I Among the other MnL 6~ complexes prepared , only the species

[Mn(p-NCC H NC) jr exhibited any anomolous behavior . Its

low solubility in ethanol led to the use of acetone for

I metathesis to the PF6 salt , and attempts to find the

right solvent system to obtain pure crystals finally led

I to CH3CN-H20 as the system of choice.

The cyclic voltainmetry of the MnL6
” complexes appears

I to be well-behaved. However , as can be seen by the dif-

ference in peak potentials for anodic and cathodic current-

potential curves (Table 1), the theoretical difference of

1 59 mV required for a reversible process is never achieved .

Yet the amount of current flowing on oxidation and reduc-

I tion was the same or nearly so and suggests a simple one-

electron transfer process ,

[Mn(RNC ) 6 ]~ 
-e ,, [Mn(RNC) 6 }~~

2 (5)

I
Several other researchers have noted this same behavior .

I Kotz25 and coworkers discussed the electrochemistry of

I 
ferrocenylphosphines and their complexes and found the

systems to be chemically reversible according to the oxi-

I dation and reduction current and controlled potential

I

L 

_ _ _ _ _ _ _ _
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I coulometry experIments , in which the same number of elec-

trons was lost on oxidation as was gained in re-reduction .

In practice , however , the oxidation and reduction peaks

I routinely exhibited differences greater than 59 mV. Fur-

thermore , a separation of 130 m V  was noted for the cyclic

I voltammetry of ferrocene , a system known to be completely

reversible at a solid electrode .26 Also , McClever ty 27 and

coworkers have reported peak separations of 170 to 230 mV

I for revers ible  oxida t ions  of complexes of the type Cr( CO ) 5L

(L = phosphines , amines) in the same solvent used in our

I work , CH2C12. With this in mind , it seems reasonable to

conclude , as Kotz 25 has done , that solvents and cell de-

sign can greatly affect this theoretical reversibility cri-

I ten on in practice. It seems to us more reasonable ,

therefore , to place more importance on the appearance of

I the current-potential curves as they relate to the anodic

and cathodic currents. Thus a cyclic voltammetry curve

which meets the criterion , li p a l ~~ 
, has in prac-

I tice proven to be a more accurate gauge of chemical

r e v e r s i b i l i t y  and s t a b i l i t y  of the o x i d i z e d  or reduced

1 spe~ ies. The one exception to the well-behaved curves

I generally exhibited by the Mn L 6~ complexes occurs in the

scan of the complex [Mn(p-NO 2C6U4NC) 6]P F6. The complex

I

.

,

.
, 

_ _ _  

_ _ _ _ _  ________ 
_ _ _ _ _ _ _ _ _ _  
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I could only be p a r t i a l l y  dissolved in the dichloromethan e

I 
solvent and the cathodic  peak genera l ly  disappeared a f t e r

the f i r s t  scan apparen t ly  due to coating of the p la t inum

I electrode possibly caused by the precipitation of the

oxidized species .

Once the B1,2 values for the complexes were obtained

(Table 1), it became obvious that a correlation with the

I ring substituents exists. We chose the readily available

I a constants as the parameters  to correlate with our elec-

trocheinical data.  Hammett ’ s constant , a 1~, is a measure

I of the total  inductive and mesomeric electronic effect

exerted by a subs t i tuen t  group onto the detection center)°
I Taft and coworkers 7 have published data on the ‘9F nmr

shielding in mn eta-  and pa ra - subs t i tu ted  f luorobenzenes ,

FC6H4X , which allow the separat ion of the inductive

and resonance CaR ) effects  of the subs t i tuen t  group X.

1 The inductive parameter 
~~~~~~ 

measures the relative ability

I of the substituent to withdraw or release electron den-

I sity both through space and through the a-bond system of

the benzene n i n g) ’  The resonance parameter  a R is a

I measure of the relative ability of the substituent to

withdraw or release electron density by a resonance inter-

action with the benzcnc ir system .’1 The substituent X =

ii is the reference for these constants and is assigned

.iJ
- 

~
_ - - -

~
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I
the value a~ = a

1 
= aR = 0. We plot ted the E 112 values

I against the a ’s (0 1, 0
R 

and a~~; Table 1) to find the best

correlation. It is immediately obvious that little or no

correlation exists between the E112 values and a- 1 para-

I 
meters . A least squares fit of the data28 produced a

correlation coefficient r = 0.58. A slightly better

correlation coefficient was obtained when E112 values
- 

were plotted against °R (r = 0 . 7 1 ) ,  the resonance para-

I meter. However , wh en B112 is plotted against ~~~ HammeLt’s

constant , the correlation is excellent (r = 0.98; Figure

F 1). These correlations are presented in Table 3; the

data include intercept and slope of the regression line,

a = b 0 + b1 (E 1112), and the standard deviation of the

slope , s.

I An examination of the various correlations leads to

several important postulations . First , based on the

poor correlation of a.1 with B1,2, inductive transmission

of the electronic effect from the substituent to the

I metal detection center either through the arene ring ’s

a framework o-r through space is not the exclusive mecha-

nism. Second , resonance is also probably not the exclu-

I sive mechanism of transmission , as evidenced by the poor

correlation established for0 R• It is apparent , therefore ,

I
I

I I  
_  

_ _  

_ _ _

_ _ _  
_ _ _ _ _ _ _  
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I
that a combination of inductive and resonance effects more

I closely approaches the correct electronic conveyance mech-

anism , as evidenced by the corrlation established for the

I total parameter , a r,.

I 
To insure that we had indeed formed the Mn(RNC)6~

complexes by the various methods previously mentioned ,

I we looked for the characteristic , strong v (CN) absorption

mode expected (Tin in idealized °h symmetry) by noting

the shift in frequency from the free ( 2120 cm 1) to coin-

plexed ( 2090 cm 1) ligand . Interestingly, the strong

I absorption at 2090 cm~~ is almost invariant to the wide

range of a
r
’s (-0.27 for CH 3O - ;  + 0 .78  for -NO 2 ; Table 1)

and E1,2 values (0.81 - 1.31 volts), quite unlike the

I linear correlation observed between v (CO) and a variety

of subs t i t uen t  e f f e ct s )2 ~~
7 A recent paper 29 approached

the subject  by present ing a semiempirical  MO -L CAO-CNDO

investigation of a series of isocyanides , RNC (R CU3,

C 2115, C2U3, C6H 5, p-CH 3C 6U 4 ,  p -CH 3OC 6H 4 ) ,  and describing

how some properties of free isocyanides determine the

spectroscopic behavior of the complexes . It was noted

I that although the C-N bond orders do not differ appre-

I ciably among the various isocvanides , the energy and com-

positions of the highest occupied molecular orbital (110MG)

I

I
~~~~~~~~~~~~ ~~~~~~~~

-
~
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are significantly different. The HOMO orbitals were

J shown to contain contributions from the atomic orbitals

of n-symmetry of the CN group , these contributions de-

I crease when the CN group is conjugated , and more so when

i extensive delocalization is present. The destabiliza-

I tion of the HOMO is accompanied by an increase in stab-

I ilization of the lowest unoccupied molecular orbital

(L iJMO) and explains why in general the alkyl isocyanides

I are poorer u -acceptors than the aromatic isocyanides.

i The paper qualitatively noted the effect of varying the

I R group (in RNC) on the energy of the orbital (LUMO).

I which interacts with the d orbitals of the metal , but

failed to present a satisfactory explanation for the

I large shifts in E 1,2 values (and HOMO energies) vs the

I 
invariance of u (CN) evident for the substituted aryl

isocyanides we prepared.

U Therefore , preliminary calculations3° were carried Out

on a series of free ligands representing a wide range of

I a substituents (p-CNC6H4X; X = H , CH 3, F , m-CH 3, OCH 3,

I Cl, NO 2). The LUMO of each of these ligands is a bonding

combination of an antibonding orbital on the ring (similar

to one of the e2~ 
orbitals in benzene) and an antibond-

ing w~ orbital of the CN fragment. It is primarily local-

~! I

I
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- - - -~~~ . . ~



p.. ,— 
—-. 

—

1 
17

ized on the ring but has a significant (-20%) contribution

I from the CN carbon and for reference will be called a

ring tr * orbital . A corresponding antibonding combination

I of the same orbitals , located primarily on the CN fragment,

is significantly higher in energy and will be called a

11*_ring orbital. Finally, there exists a ir~~ orbital of

I the CN fragment which is not of suitable symmetry to

interact with the ur system of the ring and will be called

I a ur~~ orbital. Energetically, these orbitals are ordered

as follows : ring~n* < ,t * < ~~~~~~~ The calculated

energy levels for p-CNC6H4X ring_ir *, ir e , and n*..ring

I orbitals are presented in Table 3. Preliminary calcu-

lations were also carried out on the fictional compounds

1 Cr (CNH ) 5(p-CNC6H4X) (X = H, Cl , CU3) to determine the

effects of an ML6 ligand environment. The metal atom ur-

I bonds primarily to the ring~ m~* and ir~~ orbitals , the ¶ *~~~

1 ring orbital being energetically unfavorable. As seen in

Table 3, an electron withdrawing substituent , e.g. NO2,

I substantially lowers the ring~ ir * level while an electron

donating substituent raises it. Since this level is

energetically closest to the metal “ orbitals , it is ex-

I pected to be most affected by backbonding . Thus a notably

increased backbonding can be expected as electron-withdraw-

I
I

‘ I
~1 ~ 
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I
I ing groups are added ; electron donating groups produce

I 
the opposite effect. This will cause large fluctuations

in the HOW) energy which , as chown in previous stud ies ,3’

I could be reflected in the E112 values. However , this

change in HOMO energy would not be reflected in v(CN)

I since the ring~1r * orbital is primarily localized on the

i 
ring and the first CN 7I * orbital is energetically less

favorable for backbonding from the metal .

The dependence of B1,2 va ’ues on the nature of the

ligand substituents prompted us to attempt to use Pickett

and Pletcher ’s2° equation (1) to obtain a new series of

ligand parameters , (dE °/dx)L, by solving the equation for

this parameter. However , in the course of our investi-

I gations , we found several serious drawbacks to the

equation. First , we calculated a value for the constant

I A (based on dichloromethane as solvent and standard cal-

omel electrode as the reference) by comparing the £112
value found by McCleverty~ and coworker s for Cr(C0) 4-

I (CNCH3)2 (0.59 v) and the values for the Mn(CO)ó~~(CNCH3)~
complexes found by Treichel23 and coworkers . In this way

I a value of A 1.50 was determined . Pickett and Pletcher

had obtained values of -0.37 and -0.42 for the ligand

parameters of the aryl isocyanides p-C1C6H4NC and p-CU3-

I C6U4NC , respectively. Use of these parameters to obtain

‘ 
------ -. 1 1 ~~~~~~ - ~~— - 
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i
I +va lue s for the Mn (RNC) 6 complexes in this study pro-

I duced the values 0.76 v for [Mn (p-C1C 6H4
NC)6] PF6 and 0.46

v for [Mn(p-CH3C6H4NC)61PF6 compared to the known valuesI of 1.05 v and 0.93 v, respectively. An examination of the

I data used by Pickett and Pletcher to obtain their linear

relationship reveals the source of the problem . The

I charge effect term of the equation (1.48 y; y = charge on

- 
the complex) is incorrect for more highly substituted

I species . For example , the difference in oxidation POtefl-

I tials of the isostructural pair Cr(CO)6 and [Mn(CO) 6] is

1.50 volts while the difference for Cr(p-C1C6H4NC)6
3 and

I [Mn(p-C1C 6H4NC) 6f is 0.75 volts , a result of the dif-

ferent a donor and it acceptor properties of carbonyls vs

I aryl isocyanides . The flexibility of the carbonyls to

J accept a greater or lesser portion of the it donation from

the metal vs the relatively good a donor and poor u-

1 acceptor strength of the alky l isocyanide! produces a

fairly linear correlation up to the trisubstituted species

Cr(C0)3 (CNR) 3 and [Mn(C O) 3 (CNC H 3)3]~~. However , no such

I straight line correlation exists for the aryl isocyanide

complexes since they have previously shown a range of

I fluctional acceptor ability. Thus a series of complexes

of the type CT(CO)ó~x
(RNC ) x (R = aryl isocyan ide) wou ld be

I

~ I
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1
expected to produce a non-linear plot of number of carbonyls

I ~~ E1,2 values . The equation , therefore , should be limited

to carbonyl complexes of lower substitution (M(CO)6~~
(L)

~

I (x = 1-3). Any attempt to apply the relationship to

higher substituted species requires the use of a non-linear

I ligand parameter term and a non-linear charge effect term .

I We have shown in this work that a linear relationship

does exist between the B1,2 values and nature of the ring

I substituent for a series of M(RNC)6 (R = aryl isocyanide)

complexes. It is hoped that theoretical calculations will

lead to an even better correlation , perhaps between the

I shift in LUMO levels and E1,2 values due to substituent

effect. Several reviews on the electronic effects of
4-9

I substituents attached to benzene rings have been published ,

I 
but our work and extended theoretical calculations may

make it possible to obtain a better understanding of the

I meaning of a parameters.

i i
I
I
I
I
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I
I

C. EXPERIMENTAL

All isocyanide complex preparations were carried out

under nitrogen. Melting points were determined using a

Thomas-Hoover capillary melting point apparatus and are

uncorrected. Infrared spectral measurements were made on a

Beckman IR-lO spectrometer , employing dichloromethane sol-

utions except as noted .

I Electrochemical measurements were made using a three-

electrode configuration , employing a stationary platinum

bead working electrode , platinum spiral counter electrode ,

and saturated caloniel (KC1) reference electrode . Voltage

and current functions were controlled using a Princeton

Applied Research Electrochemistry System , Model 170, in-

corporating compensation for internal resistive potential

I drop . Dich].oroinethane or acetonitrile were used as sol-

I vents with the solution 5 X 10~~ M in substrate. Tetra-

butylammonium perchlorate (0.1 M) was employed as the

I supporting electrolyte.

All of the aryl isocyanides used in this study were

I prepared by the method of Appel , Xleinstück , and Z iehn ,3

I by reaction of the appropriate formamide (RNHCHO) with

tr ip henylphosphine , carbon tetrachioride and triethylamine.

I The liquid ligands were purified by distillation and the

- 
_ _ _ _ _ _ _
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I
I solid ligands by sublimation. Manganese pentacarbonyl

I 
bromide , Mn ( CO) 5Br ,

3 manganese pentacarbonyl chloride ,

Mn(C 0~5Cl ,
3 manganese pentakis (phenyl isocyanide) chlo-

I ride , Mn(C 6H5NC) 5Cl ,
23 were prepared by previously reported

methods . Tetrahydrofuran (THF) was freshly distilled from

I LiAll-14. Absolute ethanol was kept over molecular sieves.

I All other solvents used during reaction and workup were

reagent grade solvents not further purified . Acetonitrile

I for electrochemical measurements was freshly distilled from

I Preparation of Known Mn(RNCJ6~ Complexes.

1 The complexes ~Nn (p-CNC6H4OCH3)6JP~~, fMn(CNC6H5)6]PF6,
I [Mn(p-CNC6H4CH3)6] PF6 and tMn (p-CNC 6H4Cl~6)PF6 were prepared

1 by the method of Sacco4’5 from anhydrous manganese(II)

iodide and the appropriate aryl isocyanide followed by

I metathesis with N1-!4PF6 to form the hexafluorophosphate salt.

I 
The complexes were recrystallized from acetone-ethur and

identified by their characteristic infrared absorptions

I and melting points.

Preparation of New Mn (RNC)~~ Complexes.

I The complexes [Mn (RNC)6]P F6 (R = p-NO 2, p-NC , p-Br ,

i p-F , m- CF3, -CU 3, rn-CU3) were also prepared by the method

of Sacco 4 with slig ht variations .

I I
I
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[Mn (p-FC 5H4 j6j~~~ .

I To a solution of Mn12 (anhydrous) (1.5 g, 5.0 mmol) in

absolute ethanol (100 ml) was added p-FC6H4NC (4.3 g, 35

I mmol). The solution was refluxed for 3 h, stirred at

room temperature for 12 h, evaporated to dryness , and the

I residue redissolved in CU2C12 and filtered. The CH2C12
solution was then shaken with cold saturated aqueous Na2-

S
2
03. The organic layer was separated , dried with anhy-

drous MgSO4, and filtered . The solut ion was again evapo-

rated to dryness and redissolved in hot e thano l - CH 2C12
I (90%-lO%). An excess of NH 4 PF 6 in ethanol was added to

precipitate 2.0 g of white flakes in 43% yield (based on

Mn12), The compound darkens and melts at 288-289 °C.

I IR:  v(CN ) 2090vs , 20 50m(sh)  c.m~~~; v (PF) 840 m cm~~
Data on other compounds prepared in like manner are given

below .

I [Mn (p-BrC 6~j~jç~6]~~ 6.

Metathesized in a hot acetone solution cf NH4PF 6.

I Evaporation of acetone and recrystallization from CH2C12-

I 
hexane yielded pale yellow flakes in 20% yield. The corn-

pound darkens and melts at 235-236 °C.

I IR: v(CN) 2090vs cn(1 ; v(PF) 840m cm 1

I
I
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I
[Mn (m-CH 3ç~j ç j~~ff6.

Precip itated as white flakes from e thano l .  Recrystal-

lized from CI-LC1 2-hexane in 64% yield. The compound

( darkens and melts at 185-186 °C.

IR:  v (CN) 2090vs , 206 0 s (sh) cm~~~; v (PF) 840m cm~~( [Mn (o-C11 3C6U4~cJ6jE.E6.

Precipitated as ye l low powder from ethanol. Recrystal-

lized as yellow cubes from CH2C11-hexane in 47% yield . The

I compoun.~1 melts at 230-231 °C.

IR: v(CN) 2090vs , 2050m(sh) cm~~ ; v (PF) 840m cm 1

jMn(p-NCC 6H4~ç~6J~~ 6. 
-

Metathesized in an acetone solution of NH4PF6. Eva-

poration of acetone and recrystallization from CH3CN-H 20

I yielded yellow cubes in 37% yield. The compound darkens

and melts at 258 °C.

IR: v(CN) (In C}I3CN) 2090vs , 2045m cm~~ ; v (NC) 2260w

v(PF) 840m cm~~

IMn (m- CF3C61I4~çj4~~6.

I Reaction refluxed in THF for 24 h. Product precip i-

tated from ethanol solution of NII4PF6. Recrystallized as

I pale yellow needles from C112C12-hexane in 5% yield. The

compound melts at 200 °C.

IR: v(CN) 2090vs , 2060s cm ; v(PF) 840m cm

I
I
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( M n ( p -N O 2 C~~4 NC) 6 J PP 6 .

I The react ion was r e f luxed  in THF for  3 h and s t i r red

at room temperature for an additional 12 h. Excess NU4PF6I was added to the filtered THF solut ion and the so lu t ion

evaporated to dryness. The residue was washed successively

with Cd 4, H20, ethanol , and CH3CN leaving a 27% yield of

I dark orange product. The compound decomposes without melt-

ing at 300 °C.

I IR: v(CN) 2090s , 2070m cm~~~; v(PF) 840s cni~~ ( In  ace-

tone)

Alternative Methods of Preparation of Hexakis (aryl

I isocyanide) manganese(I) Complexes

- 
Th e fo l lowing example react ions  are general  and can

be applied to any manganese aryl isocyanide system .

Preparation of [Mn(C 6H5~c16Jj~~6.

A solution of manganese pentakis (phenyl isocyanide)

chloride , Mn( C6H5NC)5Cl (0.60 g, 1.0 mmol) in 50 ml THF

was treated with silver hexafluorophosphate , AgPF6 (0.40 g,1 1.5 mmo l )  producing an immediate  precip i t a t e .  The r eact ion

i was stirred at room temperature for l2 h, f i l t e r ed , and

the residue washed w i t h  CH 2 C] 2 . A d d i t i o n of hexane preci-

1 pitated 0.60 g of white needles. The infrared spectrum

and cyc l i c  vo l t amm et ry  were i den i i c a l  w i t h  those of the

I known [Mn (C6II5NC)6]PF6. The yield without addition of

I

— 
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H I
I excess l igand was 8 8 % .  Addi t ion of one equ iva len t  of li ga nd

b efore ad d i t i o n  o f AgPF6 improves the yield to near quanti-

tative.

1k: v(CN) ZO 9Ovs cm 1; v(PF)  840m cm~~

Anal: Calcd. for C 42 H 30 N 6F 6PMn : C , 61.60; 11 , 3.68;

I N , 10 .25 .  Found : C , 6 1 . 2 5 ;  H , 3 .78;  N , 10.48.

Preparat ion of {Mn (p-N0 2~~~~~NC) 6J~ f.~~

A solution of manganese pentacarbonyl bromide , Mn (”O)5-

I Br (0.22 g, 0.80 ininol) and p-NO ..C6H4 NC (0 .65  g,  4 . 4  minol)

in -50 ml TUF was re f luxed for -48 h. The s o l u t i o n  was

I cooled and 0.35 g (43% yield) [Mn(p-NO 2C6H4NC) 6}Br was

I recovered as dark orange powder. Low solubility in all

common solvents made metathe sis uifficult , but 0.10 g

[Mn(p-NO 2C6H4NC) 6]PF 6 was prepared by refluxing an acetone

soluti on of 0 .35  g [Mn(p -N O 2 C6H 4 NC) 6 ]Br and excess NH 4 PF 6I for -l h, cooling , filtering, and precip itating the pro-

duct from the acetone solution by addition of hexane . The

compound decomposes without melting at -300 °C. The infra-

( red spectrum was identical to the previously prepared

[Mn(p-NO 2C6U4Nd)6J~ complex.

The TI-IF solution remaining aifter removal of [Mn(p-

I NO2C6II 4NC)6]1~r was evaporated to dryness and the residue

redissolved in C112C12. Slow diffusion of diethy l ether

I into the solution resulted in the crystallization of 0.10 g

I
I ,

I ---~~~~~~~ — - - - 2 : 
- - - 
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a
I of long needles with green reflectances . The complex was

found to be Mn(p-NO 2C6U4NC)5Br and 
ic described in more

d e t a i l  in  Chapter  V I .

I
I 
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4 TABLE 2. E1112 
- a Correlations a

I
Parameter b1 

~ 
b0 s r

I (volts )

I a 1.12 -8.62 0.561 0.576

a
~ 

2.27 -2.20 0.131 0.975

I 
1.15 -1.34 0.402 0.711

I a) For regression line a = b 0 + b1(E 112). E11,2 values

in CU2C12 solvent ; b0 = y-intercept ; b1 = slope;

i s = standard deviation of the slope; r = correla-
tion coefficient .

I

I

I
I
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I
I TABLE 3. CALCULATED ENERGY LEVELS FOR p-CNC6H4X (CV)a

1
X ring_1r* .pr * .81*_ r i n g

H -2.15 5.64 7.06

f CH3 -1.75 5.78 7.28

OCH 3 -0.56 6.16 8.32

NO2 -5.67 4.81 8.29

I Cl -1.60 5.80 7.43
- 

F -1.22 5.81 7.73

rn -CU3 -2 . 0 7  5.66 7 .2 4

a) Calculated by the method of ref. 34

I
I

I 
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Figure 1

Plot of ~
p vs E112 for Complexes of the

Type [Mn (p-XC 6H4 NC) 6]PF 5 and [Mn (m -XC 6H 4NC) 6 j PF6
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I
A. INTRODUCTION

Previous work in our group on isocyanide complexes of

manganese and chromium ’’2 showed that the ease of oxida-
1 t ion , measured  e l e c t r o c h e m i c al ly  as an 

~l/2 
value , is

-t substantially dependent on the ligand groups attached to

the metal. For example , in the series [Mfl(CO)ó x (CH3NC)n]~I the values of 
~l/2 

decreased by about 0.4 v on successive

carbonyl substitution by the isocyanide. This result can

be equated qualitatively with the net donor characteristics

I (both a and ~
) of the ligand ; the effect of substitution

of a better donor ligand , CNMe , for a poorer one , CO , is

I to increase the me~a1 electron density , which in turn

i causes the metal  to be more prone to loss of an e l ec t ron .

Theoretical arguments have added some reassurance to this

I ration~lc.
3 in attempting to broaden a f ramework of ref-

erence in t~i i S  ~irea . we prepared vari ous manganese isocyanide

I complexes of the type Mn (CO)s~~
(RNC)

~
X , as described in

I Chapter VI . Our initial interest was direc ted tow a rd the

redox properties of these complexes and to the isolation

I of product~. obtainable through one electron oxidation. The

elect r oc hemical res u lts  suggested tha t we should attempt

I to prepare these oxidized species by reaction with AgPF6

as the oxidi :in~ ~igeiit. However , as the work progressed ,

I

- — -  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ---—
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1
I it became clear tha t  the  o x i d a t i o n  reactions were being

I superceded by a reaction in which hal ide  ext rac t ion  was

fo l l owed by 1igar ~d i n s e r t i o n , ~ not  t o t a l l y  unexpected

resul t  in v i ew  of previous observa t ions  by other researchers . 5

It should be noted here that definite criteria seem

I to dictate whether isolation of stable 17 e species is

J poss ib le . 6 F i r s t , the 18 e precursor should be reason-

ably easy to o x i d i z e .  This c r i t e r i o n  appears to be met in

the e lec t ron- r i ch  manganese isc-cyanide complexes . It ca;~
-~~~ also be noted tha t  so fa r  the  only 17 e species which

exh ib i t  a s tab le  ex i s t ence  are those tha t  have been formed

from eas i ly  ox id ized  p recurso r s . Second , the loss of 1~ e

from an 18 e complex mus t  not s e r ious ly  weaken the m e t a l

li gand bond. This c r i t e r i o n  would also appear to be met .

in the case of the electron rich iso.yanide complexes .

F i n a l l y ,  the  17 e complex must  r e s i s t  e n t e r i n g  in to  reac-

J tions which will generate another 18 e species. Dimeri-

zation is an obvious example of this. However , this si uld

1 also not be a problem in the o x i d a t i o n  of the Mn(CO)5~~
-

(RNC)XX comp lexes since it is less likely that a six coor-

d i n a t e  meta l  complex would d i m e r i z e .  In li ght  of the  fact

I that all of these  c r i t e r i a  appear  to be met  for  the

Mn(CO) 5~~~
(W

~
tC )

~~
X complexes , we expected to isolate a series

I of 17 c spec ies .  However , as p r e v i o u s l y  men t ioned , in

I
I ~~~~, i

~ ii~ ~~~~

—

~

-- 
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I
each in st:tflcc ~ the onl y reac t ion oc c u r r i n g was h a l i d e  ion

replacement by an isocyanide li gand . The Ag~ ass i s ted loss

of an X ion frop these cornplexes is clearly f ac i l e  and

must occur at a rate greater than the r a t e  of e l e c t r o n

transfer. We still believe the oxidized 17 e species [Mn-

(CO) 5 X (RNC) XX1~ 
can be isolated although a different

oxidizing agent (perhaps 11 ,02 or Ce~
4) is obv ious ly  ne eded.

Our in teres t broadened , ther efore , to encompass other

s i m i l a r  ha l id e ex trac ti on and li gand ins er t ion r eact ions

which  would r ev ea l the u t i l i ty and genera l it y of th i s

me thod . We thu s se t ou t to prep are a seri es of mixed

I l i g a n d  comp l ex es us in g th i s  new syn thet ic approach . The

new complexes were examined electrochemical ly to determine

I the effect of replacing the halid e ion with a donor ligand.

Also , a series of complexes [ M n ( p - C I I 3C 6 II 4 NC) 4 ( C 0 ) ( L ) ] P F 6
(L = i s o c y a n i d e , am in e s )  was p rep ared to ex am i n e  the

I effect on v(C0) as I. is varied and ultimately to attempt

to correlate v(C0) with the 
~l/2 

of the complex . We also

I decided to ex am i n e  th e conduc t i v i t y of a typ i cal M n ( R N C ) 5X

I 
spec ies  in a fcw polar and non -polai so1vent~ to de termine

what e I f ec  t , if a n y,  the so lv er ~t h a s  on t h e  r e a c t  ion  of

t h i s  Sp e C i e S  ‘~~th AgPF 6. 

— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - 
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I B. RESULTS AND DISCUSSION

I The results of our electrochemical investigation of

I 
complexes of the type Mn(CO)s~~

(RNC)
~
X (R = aryl isocyanides;

X = Cl , Br) indicated that the complexes have values

I which allow chemical oxidation of the species by a variety

of oxidizing agents. (See Chapter VI).

I Our initial reaction in this work , therefore , was an

I 
attempt to prepare the complex , [Mn(C 61-I5NC)5Br]PF6, by

reaction of Mn(C6H5NC)5Br wi th AgPF6 in THF. The product

1 isolated turned out to be [Mn(C6H5NC)~~]PF6, indicating that

the AgPF6 is acting as a halide extractor in prefereiThe to

I its anticipated function as oxidizing agent. It should be

I 
noted here  that  previous  research in our group by Treichel

and Wagner 9 on the species CpFeL 2X (L = phosphines , phos-

phites , carbonyl , isocyanide; Cp = h 5-C 5H 5) revealed a

s i m i l a r  phenomenon.  Thus the a t t empted  ox ida t ions  of the

species CpFe (C6}I5NC)21 and CpFe(CO)(C61-!5NC)I with nitrosyl

hexafluorop hosphate , NOPF6, produced [CpFe(C 6II 5NC)3]PF6
I and [CpFc(CO) (C6U5NC)2JPF 6, respectively. Interestingly,

attempted oxidations of complexes of the type CpFe(diphos)X

(X = CU3, Cl , Sn(C113)3, Br , and I ;  diphos = l ,2-bis (diphenyi-

I phosphino)ethane) with Ag PF6 were successful in forming the

17 e species , [CpFe (di phos)XJPP~ . The chelating effect

I

Li  
____

- 
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I 
-

I of the phosphine  li gand p robab ly  s t a b l i z e s  the complex

against ligand loss; rate of electron transfer in these

I . + . -
reactions must be faster than Ag assisted loss of X . In

I our attempted oxidations of the isocyanide complexes , it is

apparent that an intermediate , probably complexed by the

solvent , rapidly adds free ligand which is present from the

degradation of this same intermediate species in the reac-

tion.

We decided to attempt to determine the role of the

-~~ 
- 

solvent in these reactions by examining the conductivity

of a representative species , Mn (p-C1C 6H4NC)5C1 , in solvents

of varying polarity and basicity . For comparison , we also

measured the conductivities of the known 1:1 electrolytes ,

j Bu4NBr and [Mn(p-C1C 6H4NC)61PF 6. These data are presented

in Table 2. Conductivity measurements of other Mn(CO)s~-I (RN C) XX and [Mn(RNC) 6}PP6 species were presented by Treichel’

and coworkers. An examination of our conductivity data

reveals that the conductivity of the MnL 5X complex in

I CH2C1 2, a non-basic , weakly polar solvent , is definitely

higher than a non-electrolyte but only about 10% of the

I known value for a 1:1 electrolyte. 7 The conductivity of

the complex in TI-IF, a solvent of low polarity but higher

basicity, can only he compared to the solubility of Bu4NBr ,

I since the MnL 6~ complex is insoluble in TUF and no other

I I

I
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I

published data is available. It is apparent that the solu-

I bilities of both Bu4NBr and Mn (p-C1C 6H4NC)5C1 in THF are of

the same order of magnitude , but in view of the low values

$ it is difficult to reach a conclusion about the significance

I of the data. The most interesting conductivity data was

obtained from the acetonitrile solutions of the test sam-

I pies. The MnL6~ and Bu4NBr species exhibited conductance

I 
values in accordance with published data for 1:1 electro-

lytes (1SO-175) . The MnL5X species , however , exhibited a

I conductance which steadily increased with time and a value

less than an order of m a g n i t u d e  d i f f e r e n t  than that  obtained

1 for the 1:1 e 1ectrr ~lyt e .  An examination of these conduc-

tivity data does allow several points to be made . First ,

it i s apparent that  the Mn(p-C 1C 6H 4 NC) 5C1 complex does

I exhibit a finite conductivity in all solvents tested and

a ca se can b e ma de fo r  the ex is tence of a closely associated

I ion pair between the metal-ligand fragment and the halide .

I 
Second , the conductivity change in CH3CN mig ht well be com-

plicated by other factors , such as 02 oxidation. The

I experimental work in this chapter and the complexes iso-

lated tend to support the ion pair concept. It can be

I postulated that polar solvents (such as CH3CN) would accen-

tuate this ion pair producing higher relative conductances.

I
~~~~~, I
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a

It can be further postulated that a halide displacement

I reaction of the type previously seen with halocarbonyl-
5manganese  complexes

- 

Mn (CO) 5C1 + CU 3CN [Mn(CO) 5 (CU 3C N ) ] C l  (1)

I is the predominant mechanism in solutions of haloisocya-

nidemanganese complexes in s t rong donor solvents .  This

could also account for the gradually increasing conductivity

of Mn (p-ClC 6f-I 4 NC) 5C1 in CU 3CN. However , if this mechanism

is indeed the dominant one , then the complex [Mn(p-C1C 6H4-

NC) 5 (CH 3C N ) ] P F 6 should be isolable from the reaction

Mn(p-C1C6J-I4NC)5C1 + AgPF 6 
CH 3CN AgC 1 + [Mn (p-C1C 6H4NC) 5-

I (CH 3C N ) J P F 6 (2 )

j The react ion was a t tempted  as were react ions  in other donor

solvents (acetone , TUF). An immediate yellow precipitate

formed and workup of the reaction after -2 hours at room

temperature resulted in the recovery of [Mn(RNC) 6]PF 6 in

high yield (-80%), again indicating the formation and de-

composition of some unstable intermediate which supplies

ii gands to other intermediates to produce the stable pro-

I duct. A more probabl e mechanism for these halide extrac-

I 
tion , l.igand insertion reactions can therefore be postulated

as follows :

I
I
I

— - - ~I
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1
i

Mn(CO)s~~
(RNC)

~
X + AgPF 6 

SOl
~L { [Mn(CO) S~ x (RNC) x~

I (solv) J~ } AgX + PF 6

a 
{ [Mn(CO) &~~~(RNC)~~

(solv) J~~
) decomp +

{[Mn(C0)5~~
(RN C )

~~
(solv)]

~~
} + RNC ‘- [Mn (CO) 5~~~

-

(RNC) X+1JPF o (3)

I The key to the reaction , therefore , appears to be in the

kinetic stability of the intermediate. Thus a stronger

I donor solvent might be expected to stabilize the interme-

diate and allow isolation of complexes of the type [Mn(CO)-

I The comp lexes N n Q - C H 3C 6H 4 NC) 5C1, Mn (p - CH 3C5U 4 NC) 4 (CO) -

Cl , Nn(C 6H 5NC) 5C1 , and Mn( C 6H 5NC) 4 (C0)Cl were reacted w i t h

I AgPF6 in a variety of complexing solvents. The solvents

1 chosen were limited to relatively low boiling liquids to

allow easy removal of the solvent under mild conditions

before workup of the product.

Reaction of Mn(C H NC) Cl with AgPF - in CII NC resulted

in the immediate formation of a grayish-white precipitate

I as was previously noted in the formation of the IMn(RNC)6]-

PF 6 complexes from Mn (RNC)5C1 and AgPF6 in THF . Recovery

I of the CH 3NC solvent followed by workup of the residue from

CH CI 3-hoptane resulted in the recovery of [Nn(C6H5NC)5-

I
I

H I 
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(CII 3N C ) ] P F 6 in good y i e ld  (53%) as the only product. The

I complex was easily identified by infrared and nmr data

(Table 1; Figure 1) as well as accurate elemental analysis.

I Reaction of Mn (p-CII3C6II4NC)5Cl with AgPF6 in pyridine

yielded [Mn(p-CH 3C6II4NC)5(C5115N) ] PF 5; Mn(p-CH3C6FI4NC)4(CO)X

I (X = Cl , Br) with AgPF6 in CI-I3NC , (C1-13)3CNC , C5H5N, and

o- to lu id ine  produced [Mn(p-C H 3C 6H4 NC) 4 (CO) (CH 3N C ) ] P F 6,
[Mn(p -CH 3C 6H 4 NC) 4 (CO) ( t - B u N C ) J P F 6, [Mn(p - CU 3C6H 4 NC) 4 (CO) -

I (C 5H5N)}PF 6, and [Mn(p-CH 3C6II 4NC) 4(CO) (o-CH 3C~
!-!4NH 2) ]PF 6

respectively. These complexes were all readily identified

I from the infrared (v(CN), v (CO) , and v(PF) absorptions ;

I Table 1, Figure 1) and mar data. The nmr data are parti-

cularly helpful in identifying the amine complexes , since

the characteristic infrared absorptions of the amines used

are not observed , probably a function of the ]ow relative

I abundance of the ligand. Interestingly, reaction of Mn-

(p-CH 3C6II4NC)1 (CO)X wi th AgPF6 in two other amines , tn-

ethyiamine(NEt 3) and hc’nzylamine (C6H5CH2NU2), failed to

I produce the expected [Mn ( RNC) 4 ( C O ) L J P F 6 p roduc t .  The reac-

t ion  in N E t 3 produces a clear crystalline complex , as yet

I unidentified , which exhibits a strong carbonyl absorption ,

I v (C0), at 20C0 cnt 1, a medium isocyanidc absorption , v(CN),

at 2140 cm~~ and ~‘ v(PF) for the PF6 salt at 840 cm~~.

i i

i i
I
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The nmr spectrum shows broad unresolved resonances consis-

tent with that of an ethyl group as well as the pheny l and

methy i protons of the p-toly l isocyanide. The elemental

analysis of the pure complex , which melts sharply at 165° ,

is not consistent w i t h  that calculated for the [Mi.(RNC)4-

(CO) (NEt 3) ] P F 6 complex nor is i t  cons i s t en t  wi th  the other

possible cationic product , [Mn (RNC)5(CO)]PF6. The reaction

in benzyl amine did not yield any isolable product. It is

probable that the ability to delocalize the electron den-

sity into the ring systems in pyridinc and o-toluidine aids

in the stabilization of these complexes over the alky l

J 
amine complexes.

The [Mn(RNC)4(CO)(L)JPF 5 complexes were readily iden-

tifiable by the shift in carbonyl  a b s o r p t i o n  f requency from

the neutral Mn(RNC)4(CO)X complex to the cationic product.

It was also noted that the isolated complexes could easily

be distinguished from the competing reaction product , [Mn-

(p-CII 3C6H4NC)5(CO)]PF 6, by the frequency of the carbonyl

absorption. The complex [Mn (p-CU 3C6FI4NC)5(CO)]PF6 was

prepared by reaction of Mn(p-CII3C6II4NC)4(CO)X with AgPF6
in TUF and was found to have a carbonyl absorption at 1995

cm
~~
. The [Mn (RNC)4(CO)( L ) ) P F 6 complexes all exhibit car-

bonyl absorptions at lower frequencies and a definite

I

- 
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I correlation of v (CO) with the it-acceptor strength of L is

I noted . These spectra are shown in Figure 1. This correla-

tion can he rationalized as follows. When L is a poor ii-

I acceptor (pyridine , o-t o l u i d i n e ) , the remain ing  ligands

I 
must accept a larger share of the it donation from the elec-

tron-rich metal. It has previously been shown 5’1° that

carbonyl ligands are better il-acceptors and exhibit a greater

flexibility in ‘i-bonding to the metal than isocyanides (See

I Chapter3 I, IV , VI). Thus it is not surprising that the

- 
s ingle ca rbonyls  in these complexes  r e f l e c t  the va r i ab le

u -donat ion from the meta l  more than  the i socyanides .

Furthermore , the invariance of v(CN) to the changes in

extent of metal it-donation has been discussed in depth in

Chapter 1 and it is presumed that the lowest unoccupied

molecular orbital (LUMO) on the aryl isocyanide is again

primarily localized on the ring instead of the CN anti-

bonding orbital.

To examine this correlation of v(CO) with it-acceptor

I strength of the li gands , electrocheinical measurements of

these complexes were also made. These data are presented

in Table 3. The current-potential curves for the [Mn-

I (p-CH 3C6H4NC)4(CO)(L)JPF6 complexes all exhibit a well-

behaved one-electron reversible system based on the absolute

I
I

, 1 
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I
values of the anodic and cathodic peak currents. The curves

again do not meet the requirements  for electrochemical

r e v e r s i b i l i t y  ( !E p, c - Ep, a ! < 0 .059  v) a l though  the sepa-

rations can be manipu la ted  by varying the scan rate without

affecting the relative intensities of anodic and cathodic

currents. The systems therefore are probably chemically

p reversible , but electrochemically affected by the varia-

tions i.n properties of measuring hardware , as previously

discussed in Chapter I.

An examination of the electrochemical data does reveal

a consistent range of E112 values; the existence of a

correlation with the type of ligand and in turn the v (CO)

values is appa ren t .  I t  is wor thwhi le  to note the large

s h i f t  in v(C0) values  ( 1995 cm 1 for [Mn(p-C EI 3C5H 4 NC) 5-

(CO) ] PF 6 ; 1935 cm~~ for  {Mn (p-CH 3C6H 4 NC) (C0) ( o - t o l u i d i n e ) } -

PF~ ) compared to the r e l a t i v e l y  small  range of E 17 2  values

$ (1.21 to 1.04 v), a probable function of the it-accepting

flexibility of the carbonyl. These data are plotted in

Figure  2. A l e a s t-squa res  f i t t i n g  of the data 11 reveals

that an excellent correlation between ‘v(CO) and F112 does

1 exist. The regression line , E1~,2 = b 0 + b 1( v ( C O ) ) ,  has

I y-intercept b0 -4.00 v , slope b1 = 0 .00261  v-cm ’,

standard deviation of the slope s = 0.000180, and a corre-

I lation coefficient r = 0.991. This correlation is not

I
~~~~~~I ~~
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unexpected  in view of the research of other  inves t iga tors

and our own research in Chapter I. McCleverty 10 and co-

workers  had p rev icusly  noted c o r r e l a t i o n s  of F 1!2 wi th  the

I A1 carbonyl absorption mode of complexes of the type

M(CO) ô n (RNC) n (N = Cr , Mo , W; n = 1-3; R = alkyl or aryl

groups). Also , Fenske3 and Sarapu noted a similar corre-

I lation of carbonyl force constants , k(C0), and stretching

frequencies , ~~C0) , wi th  E 1,,2 values for  the complexes

Mn ( C0) 5~~~(CH 3NC)~~Br (x = 0 -4)  a;id Mn(C0)o.~~
(CH 3NC)

~~ 
(x =

1-6). We attempted to prepare other [Mntp-CH 3C6H4NC)4-

(C0)(L)]PF 6 complexes and measure their values 
~
p

obtain more points  for the correlation plot .  This, simi-

lar reactions of Mn (p-CH3C6H4NC)4(C0)X with AgPF 6 in the

I presence of large excesses of As (p-tolyl)3, P(p-tolyl)3,

I 
and P(C6Hr)3 were a t t emp ted .  In each case it appeared

that probable complex formation of the phosphines and

I arsines with the AgPF 6 p reven ted  the ha l ide  e x t r a c t i o n

process and the expected products were not obtained.

I The electrochemical measurements of the complexes

[Mn(p -CH 3C6U 4 NC) 
~ 

(c 5F!5N :-~ ]P F 6 and [Mn(C~H5NC) 5(CII 3NC) 1PF 6
also deserve special mention.

I The F1,2 value for the complex [Mn(C 6II 5NC)5(CII 3NC]PF6

(0.93 v ) ,  when compared to the value for the complex [Mn-

I
I
I

- 
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(C 6H 5NC) 6 ]PF 6 (1.01 v; see Chapter I ) ,  pr esents  f u r t h e r

evidence of the s i g n i f i c a n t l y  poorer i t -acceptor  ability of

alkyl vs aryl i socyanides .  Likewise , the F1,2 value or

the complex [Mn(p-C}1 3C6fl4NC) 5(C5115N)JPF6 (0.62 v), when

compared to that of the complex [Mn (p-CH 3C6H4NC)6JPF 6 (0.93

v; Chapter I), shows the even poorer it-acceptor ability of

the pyridine ligand . Of added interest , a comparison of

F112 differences between the complexes [Mn (p-CH 3C6H4NC)4-

(CO)(pyr)}PF6 and [Mn (p-CH 3C6H4NC)5(CO)]PF6 (0.12 v) and

the complexes [1~Tn(p-C !1 3C5I-I 4 NC) 5 ( p y r ) J P F 6 and [Mn(p-CH 3C6E-14-

NC)6JPF 6 (0.31 v) presents an insight into it-acceptor

flex ibility of the carbonyl.

We have p resen ted  a s y n t h e t i c  method which was found

to be app l i cab l e  to Mn(CO) s~~~(RNC) ~~X complexes in general

and it is c o n c e i v a b l e  tha t  v a r i a tio n s  of x and R would

allow the formation of complexes of the type [Mn(CO)5~~
-

(RNC) X ( L ) ] P F o w i t h  even weaker  i r - l i gands . I t  is also

conceivable that this technique might stimulate further

investi gations into the formation of complexes which would

coordinate ligands at lower metal oxidation state and

release or exchange the ligand when oxidized.

I
I
I

L~~~ 
‘
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C. EXPERIMENTAL

Al l  r eac t ions  were run under a n i t rogen  a tmosphere .

I Melting points were d e t e r m i n e d  u s ing  a Thomas-Hoover

cap i l l a r y  m e l t i n g  point  apparatus  and are uncorrected .

I n f r a r e d  spect ra  were taken on a Beckman I R - l O , using

d i c h l o r o m e t h a n e  so lu t ions . Nuclear  magne t i c  resonance

I spectra were taken on a JEOL MH-100 100 MHz i n s t r u m e n t .

Conduc tivity measurements were determined at 26 °C using

a Beckman conduc t iv i ty  brid ge , Model R C - l 8 A , and a Beck-

I man conductivity cell with cell constant k = 0.20,

e m p l o y i n g  dry h I P  and a c e t o n i t r i l e  as so lven t s .

- Flec trochemical  measuremen ts were made as described

i 
in the Expe r imen tal sec ti on of Chap ter I .

Al l  i socyan ides  were prepared as descr ibed in Chap-

I ter 1. Manganese  p e n t a k i s  (p-chlo ropheny l i socyan ide )

chloride , Mn(~ -ClC 6U4NC)5Cl , manganese tetrakis (p-tolyl

isocyanide) carbonyl halide , Mn(p-CH3C6H4NC)4(CO)X CX =

Br , Cl), were prepared as described in Chapter VI. Man-

ganese pentakis (pheny l isocyanide) chloride , Mn(C6H5NC)5-

1 Cl , and manganese tetrakis (phenyl isocyanide) carbony l

I 
halide , Mn( C 6II 5NC) 4 (CO) X (X = Br , Cl), were prepared by

the method of Treichel , P~rrcen , an~ Much.
’

I All other chemical :; and solven t s were used as pur-

ch~’~;ed without further purification.

I
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H

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
A t t e m p t e d  P r e p a r a t i o n  of I Mn (C 6!i5~~~~5~~ J~ f 6 

-

I Preparation of [Mn (C6U5~jcJ6]j~f6.

To a so lu t i on  of Mn(C 5II 5NC) 5Br (0 .65  g ,  1.0 mm cl )  in

100 ml TUF was added AgPF 6 (0.40 g; 1.5 mmol). The solu-

r tion was stirred at rt for — 2 h , evaporated , and the resi-

due washed with CH2C12. Addition of hexane to the C112C12

solution precipitated 0.60 g of white needles. The com-

pound has the same melting point (264 °C) and i nf r a r ed

spectrum as the knowii complex , [Mn(C6II 5NC) 6]PF 6.

Anal. Calcd. for C42 H30N6PF 6M n: C , 61.6; H, 3.68;

N , 10.25.

Found : C , 6 .25; H, 3.78; N , 10.48.

Prepar at ion of ~Mn ( p -CH 3C6H4NC ) 5~ CO) ] PF 6.

To a solu tion of Mn(p-CH3C6H4NC) 4(CO)Br (0 . 25 g,  0 . 4 2

p minol) in 30 ml TIIF was added a solution of Ag PF 6 (0.15 g,

0.60 inmol) and p-CH 3C6II 4NC (0.10 ml) in 20 ml Ti-IF . The

I solution was stirred at rt for -2 h , evaporated , and the

I 
residue washed i:ith C~I2C1 2. The CH2C1 2 was removed and

0.25 g of product was precipitated from acetone-ether in

1 
77% yield. The compound melts at 85-86 °C.

Anal. Cal ccl . for C41 J1 35N5OPF 6M n: C , 60. 52;  H , 4.34;

I N , 8.61.

Found: C , (0.77; II , 4.60; N , 7.93.

I
, I
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I

P r e p a r a t i o n  of L M n ( p - C 1 C6 L ~~cL~JJ~~6.
To a s o l u t i o n  of Mn (p -C 1C 6H 4 NC) 5C1 ( 0 . 4 0  g ,  0.51 m m c l )

in 50 ml a ce tone  was added Ag PF 6 ( 0 . 2 5  g ,  1.0  mm o l)  ~nd

the reac t ion was sti r r ed f or 1 h.  The s o l u t i o n  was f i l -

- tered and the ace tone removed. The res idue was redissolved
- in C}-1C1 3 and pal e yellow crystals (0.15 g) were prec p

itated

with hexane in 34~ yield. The infrared spectrum , mel ting

point , and cyclic voltammetry data are identical with

I those of the knowr, 1Mn(p-C1C 6H4NC)6]PF 6.
-

~ Pre para t ion o f ~Mn (C6H5~~J~ (CH 3NC)]PF6 .

Tea su spens ion  of Mn(C 6H 5NC) 5C1 ( 0 . 6 0  g ,  1 .0 mmol)

in 25 ml CU 3N C was added AgPF 6 (0.30 g, 1.2 mmcl). The

mixture was heated to 50 °C for 2 h to dissolve the reac-

I t a n t s , then s t i r r e d  at r t  for  16 h.  The CH 3NC was dis ti l led

i off and coll ected. The residue was washed with CHC13 and

0.40 g of white cubes preci pi tated by addi tion of h ep tane

j in 53~ yield. The compound melts at 172-174 °C.

An al. Calcd. for C3711 28N6F6PMn : C , 58.80; 1-1 , 3.70;

I N , 11.10.

Fcund:  C , 58.81; 1-1 , 3.60; N , 10.50.

I P r cj a r a t  i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I To a s o l u t i o n  of ‘ n ( p - C U 3C 6I!4 NC) 5C1 ( 0 . 4 0  g , 0 .60

mmc l) in ?5 ml pyridin e was added AgPF6 (0.25 g ,  1.0 mm o l )

I The r eac t ion ~- a~ stirred at rt for 1 Ii , the p y r i d i n e  was

I
I f

- - .4~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a
I removed , and the r e s idue  was washed  wi th CII 2C12. The

CH2C12 was removed and 0.13 g of yellow cubes were crystal-

lized from ac etone/ e ther in  2 5% y i e l d .  The compound melts

I at 183-185 °C.

Anal .  Calcd .  for  C 45 II 40 N6F6PMn : C , 62.50; H, 4.66;

I N , 9.72.

Found : C , 63.32; H, 5.65; N , 8.90. (Analysis slightly

off due to contamination with Bu4NC 1O4 from elec trochemi-

cal studies)

P r e p a r a t i o n  of IM n LC6H5 iç(CO)jj~~6.I To a so lu t ion  of M n ( C 6 H 5 N C ) 4 ( C O ) B r  ( 0 . 5 8  g,  1.0 mmcl)

in 100 ml THF was added A gPF 6 (0.40 g,  1.5 mmol) . Reac-

tion stirred at rt for 2 h. The solvent was removed and

I the residue washed with CHC13. Addition of heptane gave

0.30 g of pale yel low cub es in 51% y i e ld .  The i n f r a r ed

spec trum and cyclic voltammetry data are identical to that

of the known [Mn(C 6H5NC) 5 (C O) ] P F 6.

Preparation of [Mn (p-CI-I 3C6H4NC)4(CO)jCI!7NC)IPF6.

I To a solution of Mn(p-CH 3C6II 4N C) 4(CO)C1 (0.30 g,

0.50 inmol) in 25 ml CII3NC was add ed Agl’F6 (0 .15 g ,  0.60

I mmol). The reaction was refluxed for 12 h , the CII 3NC

I was removed , and the r~ s idu e washed wit h CII 2C12 . Addi t ion

of heptane to the filtrate resulted in the precipit ation

I of 0.20 g of white cubes of [Mn(p-CII 3C~iI4’~~)4(CO) (Cli.~NC)]-

I
I 
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PF in 54% yield. The compound melts at 201-203 °C.

Anal Calcd . for  C 35 I1 31N 5OF 6PMn : C , 56.99; H, 4.23;

N , 9 . 5 0 .

I Found : C , 57.02; U, 4.07; N , 9 .60 .

r 
The following compounds were prepared a n a l o g o u s l y  by

- - r e ac t ion  of Mn(p -CH 3C 6H 4 NC) 4 (CO)X (X = Cl , Br) w i th  AgPF 6
in various complexing solvents.

[Mn (p-CU 3C6H4)~ (CO) (C5H5
N) ] PF 6.

I Obtained as yellow crystals from CH2C12-hexane in

1 77% yield after reacting in  p y r i d i n e  for 24 h a t r t . The

compound mel ts at 174-176 °C.

Anal. Calcd. for C38H33N5OF 6PMn : C , 58.80; U, 4.29;

- 
N , 9.03.

I Found : C, 58.87; 1-1, 4.25; N , 8.85.

f Mn (p - CH 3C6~ 14 kcQ)j~ cH 3) 3CN C } 1 PP 6.
Obta ined  as clear rec tangles  f r om CH 2C1 2-hexane in

1 80% yield after reacting in (C11 3)3CNC at 50 °C for 24 h.

The compound m e l t s  at 182- 184 °C .

I Anal. Calcd . for C38II 37N5OF6PMn : C , 58.54; II , 4.78;

I N , 8 .98 .

Found : C , 58.40; H , 4.77; N , 8.85.

I [Mn (p-CU 3C6H4NC)4(CO) 
(o -CH 3C 6H 4~~1 2) 1 PP 6.

O b t a i n e d  as y e l l o w  n e e d l e s  f rom Cl! 2C1 2 -h exane  in 71%

I
I
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I yield after reacting in o-toluidine at 50 ~C for 24 h .  The

I compound m e l t s  at 150 °C.

Anal. Calcd. for C40U37N5OF6PMn : C, 59.78; H, 4.64;

I N, 8.72.

Found : C, 59.84; H, 4.73; N , 8.68.

I
I
I

I
1

I
I

I
I
I
I
I
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I
TABLIi 2.  CONDUCTIVITY DATA

I 
_ _ _

I (cm 2 .mol *ohm~~~)

Compound CH2C12
a THFb CH 3CN

C

CH2C12 8 x io 6

THF 3 x l0 6

CH3CN 16 x 10~~

Bu4NBr 50 2 175

(Mn (p-C 1C 6H 4UC) 6 }’F 6 52 134

I Mn(p -C 1C 6H 4 NC) 5C1 6 0 .5  27 - initial
30 - after

5 mm .

1 33 - after
10 m m .

I —

I 

a) CH2C12 solution (approx . 5 x l0~~ H). Value

reported 7 for a 1/1 electrolyte in CH2C12 is 78.

i b) THF solution (approx . S x  10~~ M).

c) CH 3CN s o l u t i o n  (approx . S x 10~~ M ) .  Value

I reported 8 for a 1/1 electrolyte in CH3CN is 135-

I
I

•
T 

_ _ _ _ _ _



C- —_ 
- - - - ~~~~~~~~~~~~~~~~~~ - - - -

I
61

I

TABLE 3. VOLTA~~’.IE TRIC DATA

I -

I Compound 1/2[Iip,c+Ep,al
a 

lE p c ~E p a t
b

[Mn (p-CH3C6H4NC) 5(COflPF 6 1.21 200 mV

I [Mn (p -CH 3C 6H 4 NC) 4 (CO) - 1.18 210 mV
( t - B u N C ) ] P F 6

[Mn (p-CU3C6H4 NC) 4 (CO) - 1.16 220 m V
(CH 3NC) ] PF 6

[Mn(p -C H 3C 6H 4 NC) 4 (CO) - 1.09 280 mV

I (C5NH5)] PF6

I [Mn(p -CH 3C 6H 4 N C) 4 (CO) -  1.04 260 mV
(o- C113C6H4 NH 2 ) 1 PP 6

I (Mn (C 61-I 5NC) 5 (C1-I3NC)}PF 6 0.93 170 mV
-
~~ I

I [Mn(p-CU 3C6H4NC)5(C 5NU5)IPF 6 0.62 200 mV

I a) Cathodic and anodic peak potentials in volts vs
saturated calomel electrode (aq . KC1). Solutions

1 in CH 2CI 2 (5 x l0~~ H) with [Et 4N][C1041 (0.1 M)
as base electrolyte. All potentials for the pro-

I cess +1 —.. +~~ .

b) Although the peak separations do not meet the re-
quired 0.06 v necued for one-electron reversible
systems , the peaks do appear well-behaved and the

I separations can be manipulated by varying the scan

rates.

-

~ 

I I
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Figure 1

Infrared Spectra of Complexes of the Type

[Mn (CO) 5~~~(RNC) ~~( L ) I P F 6 (x = 4 , 5)

I
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I
I

Figure  2

Plot of v (CO) vs E112 for the Complexes

[Nn (p - CH3C6II4NC) 4(CO) (L)JPF 6

I
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I
CHAPTER I I I

SPECIFIC SYNTHESIS AND ELECTROCHEMISTRY OF

I I SOME R I C [Mn(CO ) 6~~~(CH 3NC) ~~] 4 ( n 3 , 4) COMPLEXES

I
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SPECIFIC SYN Th ESIS AND ELECTROC H EMISTRY OF

ISOMERIC [Mn(CO) 6_~~(C ff 3NC )~~}~ (n=3 ,4) COMPLEXES

A. IINTRODUCTION

The r eac tion of AgPF 6 with a variety of MflLn (CO) 5 n X

complexe s resul ting in h a l i d e  ex trac tion and l igan d in se r t i on ,

as discussed in Chapter II , was found to be general ly  appli-

cable to a wide variety of reactions . The reactions of the

complexes Mn (CH 3NC) 2 (CO) 3Br and Mn (CH3NC)3(CO)7Br wi th AgPF 6
proved to be particularly interesting .

Ear l ie r  research by Treichel  and Dirreen 1 had resul ted

in the synthesis of complexes fMfl(CO) 6 x (Ci
~
f3NC) x}~ ( -4),

accordin g to E q . ( 1) .
PP6

Mn(CO) 5~~
(CH 3NC)

~~
Br + Aid 3 +

-A iXt,
(CH3NC) ]PF 6 (1)

The syn thesis  of ca tionic me tal carbony ls from me tal carbonyl

ha l ides , hal ide  acce ptor , and li gand is wel l  documen ted 3 and

has been appl ied to the syn thes is of a var ie ty of d i f f e r e n t

j complexes .  The reac t ion canno t be used , however , when the

ligand is an isocyanide and the halide acceptor is A1C13

s ince Aid 3 causes r apid polymerization of the ligand . The

use of AgPF 6 as the halide acceptor therefore ie.1 to the

r e a c t i o n s  de sc ri bed  by E q . ( 2 ) .

M (( :0) r (CI1 3NC)~~Br + A 8PF 6 + (II3NC -——-4-- [Mn(C 0) 
~~~~

( c lL 3~\ c)~~÷ l  ]PF~’. (2)

I

—-5 
- 
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Interestingl y ,  this reaction yielded complexes which were

I isomers  of the products described in the earlier study . Thus

fac-Mn(C0)3 (CH 3NC) 2Br yielded fac-[Mn(C0)3 (CF i3NC) 3JPF~ and

I Mn(C0)2(CH3NC)-~Br,  a mer isomer wi th cis carbonyls , gave

I 
cis-[Mn(C0)2 (CH 3NC) 4}PF 6;the respective mer- and trans-

isomers had been obtained in the carbonylation reactions from

I Mn(C0) 2 (C1-I 3NC)3Br and Mn(C H 3NC)4 (C0)Br , respec t ive ly .  This

represen ts  the only known example of spec i f ic  syn the tic pre-

I paration of isomeric complexes of the type [M(C0)o~~
L
~ J~~~

.

Earl ier  research indica ted’ tha t the ease of oxida tion

of the [Mn(C 0) 6~~~(CH 3NC)~~]PF 6 complexes , measured as E112
I values in a cyclic voltammetry experiment , was dependen t on

the ex ten t of isocy anid e subs titu tion.  Thus the E 112 valu e

for  [Mn(C H 3NC) 6]PF 6 in CH 3CN vs SCE was +0.38 v , and sequen-

tia l replacemen t of CH 3NC by CO ra ised this value by abou t

0 .5 v per isocyanide . These da ta could he r at iona l i z ed by

- I cons idera t ion of the l ig and donor and accep tor proper ti es and

were supported by a good l in ea r corr ela t ion of E 1 2 values

w i t h  ca l cu l a t ed  HOMO energ ies . 4 P icke tt and Pl etch er 6 have

noted tha t  e l ec t rode  p o t e n t i a l s  for  the  o x i d a t i o n  of a ser ies

of m e t a l  c a r uo ny l  species

[M(CO) o~~ L~ ]”- e _ —
~ ~~~~~~~~~~~~~~~~~~ (3)

measured  in the sam e i n e r t  so l ven t an d v~- rsus the same refer-

I ence e l ec t rode  s h o u l d  be ~i m e a s u r e  of the r e l a t i v e  II OMO

energi es if the ener g i c~ of the  MO ’s arc unp er turbed  by

I 
_ _ _ _ _ _ _ _ _  ~~—~~

- __ -1____________ —~—— - — 
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removal of the  e l ec t ron  from the IIOMO and if the change  i.n

f ree  energy of so lva t ion  dur ing  the o x i d a t i o n  is approxi-

I. ma te ly  cons tan t  t h roughou t  the se r i e s .  These r e s t r i c t i ons

are u sua l ly  met in p rac t i ce . Other researchers4 ’12 have

corre la ted  changes in ~(C O) wi th E112 values in complexes of

the typ e E Mfl (CO) ô x Lx 1~ As x increases , the A1 v(CO) s t retch-

ing f r equency  decreases  when L is a less e f f e c t i v e  i r-acceptor

than CO. This correla t ion is fur ther supp or ted by the plo t

of ~(CO) vs E112 for the complexes [Mn(p-CII 3C5H4NC)4(CO)(L)]PF6
presen ted in Chapter II. A recent paper 5 noted a d i f f e r e n c e

in E 112 values between the complexes c i s - a n d  t r a n s -M ( C O) 2 (DPE) 2
(DPE=l ,2-bis(diphenylphosphino)ethane M Ci- , Mo , W) and

ra ti ona l i z ed  the d if f e r e n ce on the ba sis of p r e f e r en tial -it-

j bonding to the carbony l s .  The au thors de t e rmined  a genera l

series of e lectrode processes for all of the metal complexes.

c i s -M ( C O )  2 (DP E ) 
~~~ 

ci s - [M (C O ) 2 (DP E) 
~~~~~~~~ 

trans- [M (CO) 
~~

-

~ 1 
(DPE) ~ ,}~~ (4)

trans- [M (CO)2 (DPE) 2]~ trans- [M (CO)2 (DPE) 21 (5)

1 Althoug h t he  e l e c t rochemica l  date revea led  ev idence  fo r  the

e x i s t e n c e  of a v a r i e t y  of i somer ic  fo rms , it must  he no ted

I t h a t  on ly  one i somer  is s tab le  in r-. g i v e n  o x i d a t i o n  s t a t e , a

I 
phenomenon pr ev ious ly  repor ted h)r o th e r s . 9 T;.e manganese

i somers , t h e r e f o r e , p r o v i d o  a i-are  if no t. nni~ u e example  o f

I c t a b l e  i somers  of t h i s  ty p~ in t h e  same o x i d a t i o n  s t a t e .

Con~;equ en~ l y , ci ectrochemical i,x~ ~
;tj at.i oi s and mol ecular

I

-- 5 -  
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~ - - - -
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4
orb i t a l  c a l c u l a ti o n s  on the new isomers were i n it i a t ed  to

I obtain quantitative substantiation for the qualitative

picture .

I
I
I
I
I
I
I
I

I

I
I
I
I
I
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B. RESULTS AND DISCUSSION

Synthetically, the reac tions producing fac- [Mn(CO)3-

I 
(CH 3NC) 3]PF6 and cis- [Mn(CO)2 (CH 3NC) 4]PF 6 were remarkably

straight-forward and gave high yields of single products.

I The isomeric species were readily iden ti f ied  using infrared

spec troscopy by observing v( CO) and v(CN) vibra tional fre-

I quencies , which are sharp and well-defined (Fig. 1). The

1 specif icity of the reactions , in which the ligand assumed
I the coordina tion posi tion occupied by the hal ide ion , is con-

, sis ten t wi th the AgPF 6 reactions previously reported (Chapter

II). Surprisingly, although the general nature of this type

of halid e extracti1~n and li gand inser tion reac tion is well

known ,3 no effor t has been directed toward determining the

stereochemis try of these reac t ions , few mechanisms have been

o f f e r e d , and no mechanism has been substantiated. Yet it is

apparent that in the sys tems studied here the incoming l igand

assumed the  specific coordination position occupied by the

halide ion. The retention of stereochemistry seems to argue

again st a simple dissociative mechanism since a five-coordi-

1 na te i n te rmedia te would mos t l i k e l y  he capable of in tra-

molecular ligand exchange. The low polarity of the solvent ,

1 TIF , probably precludes full. dissociation of the halide anion ,

I and a clo se ly  a ss oci at ed ion pair  m i gh t be pos tula ted to pre-

cede ligand attack and h a l i d e  d i s p l a c e m e n t .  Support  f o r  t h i s

I
I

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~:
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ion pair  concept was p resen ted  in Chapter  II , where measure-

ments on the conductivity of Mn(p -C 1C H NC) Cl in d i f f e r e n t

solvents showed a range of canductances consistent with a

partially dissociated species.

The E 112 values measured for  the isomeric cis-  and trans-

[Mn(CO) 2 (CH 3NC) 4]PF 6 and iner- and fac- [Mn(CO)3(CFI 3NC) 3]PF 6
complexes differ by about 0.2v (Table 2, Figure 2) per isomer

set. This difference can be rationalized qualitatively, as

was previously done for cis- and trans-M (CO)2 (DPE) 2 (M = Cr ,

Mo , W) isomers ,5 and furthermore can now be substantiated

quantitatively from the molecular orbital calculations .13

Qualitatively, two pos tula tes mus t be made to develop a clear

pic ture of the ligand to metal interactions . First , wi thin

isomers of \1n(CO)
~~~n

(L) n~~ the levels of the p r imar i l y  me tal

it-bonding orbitals (the ~~ set in idealized °h symme try) w i l l

be p r i m a r i l y  a f u n c t i o n  of the ligand environment , i.e., the

numb er of carbonyl interactions vs the methy l isocyanide

in ter ac tio n s a v a i l a b l e .  Second , i t is assumed tha t a carbonyl

group is more stabilizing i.n it-bonding than a methyl isocya-

nide group . The first postulate allows the assumption that

the d orbitals for each isomer will have the same energy be-

fore bonding . Thus , for cis- and trans- [Mn(CH 3NC) 4(CO) 2]PF 6,

the following bonding picture can he f o r m u l a t e d :

I

1 -  i 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _  _ _- - - ‘-5- ~
.- L u 1~ 
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I Numb er of
0 carbony l Qualitative
C I ~O interactions bonding schemeI ,  I + -

~~ 
_ _Cis- RNC — Mn— CNR d~ 

- 1 3d —

RN 
x ~~~~~~~~~~xz

O R
C1 

trans- RNC —Mn~~ CMR i 0 3d —~~~~~~~~~ ~~~

I RN~~~~~ ~~~ 
2

This formulation predicts a HOMO for the cis-isomer which is

I a mix ture of 
~~~ 

and 
~~~ 

while the trans-isomer HOMO should

be main ly  composed of 
~~~ 

and higher in energy than the cis-

form , with no CO interaction at all. This is confirmed by

the quantitative calculations which show a HOMO energy for

I the trans-isomer of -10.19ev , compared with -10.62ev for the

t 
cis-species (Table 2) .  Also , the trans-complex HOMO cruital

was found to be 74.5% 3dxy and 2 3 . 6 %  CH 3NC 3e (-ir *) in char-

acter. In the cis-isomer , HOMO was found to be a composite

of metal (35.2% dxy~ 
34.8% 

~~~~ 
carbonyl 2ii (10.8%), cis

I i socyan ide  3e (11 .5%)  and t r ans  isocyanide 3e ( 5 . 5 % ) .  The

I same type of i n t e r a c t i o n  p icture can be drawn for the fac-

and mcr-[Mn(CII3NC) 3 (CO) 3]P F 6:

I

H I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  S

— :  
____



73

Number of
R 

~ 
carbonyl Qualitative

N Z R interactions bonding scheme

fac- OC__ Mnt_ CNR : 2 3d

1 0 C d - 2
0

1
R

I N d - 3  
3 d — ~~~~~~d~ zc 

/
CO 

d
XY 

- \\ d )rz

I 

me r - OC— ?’ln— CNR d - 
\ d~~

- -I-,- 
- r I  yz

c

I
I This  f o r m u l a t i o n  p red ic t s  tha t  the top three MO’ s in the fac-

isomer should be degenerate and the character of the 1-LOMO

I should thus be a composite of dxzp 
~~~ 

and dxy~ 
The 

~~~~~!.-

isomer should have the h igher  HOMO and be easier to ox id i ze .

I This is again confirmed by the quantitative calculations.

I The top three riOt s in the fac-isomer were found to have ener-

gies of -11.86ev , -11.87ev , and -11.87ev . The 1-IOMO of the

I mer-isomer was found to have an energy level of -11.45ev

while the energy of the first level below the HOMO , predic ted

I qual itati vely to have the same ener gy as the IJOMO of the fac-

i isomer , was calculated to have an eigenvalue of -11.82ev . A

plo t of the Fi112 values vs the i{OMO ’s for  the now isomers

I shows that they do indeed fit the strai gh t l ine  cor r e l a t ion

previou s l y  de termined  by Fcnsko and Sara pu 4 for  the other

-4-- 
- - - - - - -- 
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~~~~~~~~~~~~~~~~ 
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4 1
M n(CO) 6 n (C I 13NC) n

~ 
complexes (Fi gure 3). Application of this

quali tative explanation for the variance in 
~~ 2 

values to

the only remain ing  isomer se t in this ser ies , cis- and trans-

[Mn(CH 3NC) 2 (CO) 4]PF 6, leads to some interesting conclusions.

Using the same type of qualitative scheme as that applied pre-

viously to the [Mn(C1-I 3NC ) 4(CO) 2JPF 6 and [Mn (CH 3NC) 3(CO) 3].PF6

isomers , and using the same coordinate system as for cis-

and trans-[Mn(CH 3NC) 4(CO) 2)PF 6 wi th CH 3NC and CO in terchan ged ,

t it can be shown that the HOMO energies of the [Mn(CFJ 3NC) 2-

(CO) 41PF 6 isomers should be the sam e , the charac ter of the

cis-isom er 1-IOMO consisting mainly of dyz while  the charac ter

of the trans-isomer HOMO should be mixture of 
~~~ 

and dy z~
Therefore , the trans-isomer would be expected to have the

same E112 value as the cis-species , +2.14 volts vs SCE in

CU 3CN . Unfor tuna tel y ,  the complex , trans- [Mn(CO)4(CI-I 3NC) 2]PF 6,
has thus far been synthetically elusive . Halide extraction

and lig and insertion reactions of the complexes Mn(CH3NC)-

(CO) 4Br and Mn(CII3NC ) 2 (CO) 3Br wi th CH 3NC and CO respec t ively

in both cases give cis- [Mn(C}I3NC) 2 (CO) 4}PF 6. The mos t pro-

mis ing approach to the syn th e s i s  of this  species may be a

photocheinical reaction , al t hou gh several  a ttemp ts to da te

have been unsucces sful . Interestingly, photolysis of a solu-

tion of cis- [Mn(C 1I 3NC)4 (CO) 2 ”6 for  a shor t  per iod  of t ime

(ZI Ii) led to the foni~ation of trans- [Mn (C}I 3NC ) 4 (CO) 2JPF 6
in ~35% yie l d whil e ph otoly sis of a solution of cis-

- 

-
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‘
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1
[M n (C H 3NC) 2 (CO) 4]PF 6 for  the same l e n g t h  of t ime  y ie lded

I primarily starting material and smaller amounts of mer-

I Mn(C I I 3NC ) 3 (CO) 31 PI~6 and ci s- [Mn(C}I 3NC) 
~ 

(CO) 
z l 

PF 6. Lor~ger

I irradiation time appears to produce decomposition and smaller

I yields of more highly subs tituted species.

In a reac tion of pe r iphe ra l  in teres t , the isomer cis-

I [Mn(C I -I 3NC) 4 (CO) 2 J P F 6 wa s unexpec tedly ob tained in a reac t ion

of Mn(CO) 5C1 wi th  an excess of CH 3NC. The r eac t ion  was run

I in CHCl~ ins tead  of THF , i n i t i a t e d  by the con tamina tion of

I a freshly prepared quantity of CH3NC with CHC13. The form-

ation of the cis-L 4 isomer as the only product in quantita- -

I 
tive yield differs considerably from the reaction sequence

reported 1 when Mn (CO)5Br is reacted with CL-I3NC in uHF where

1 form at ion of M n ( C II 3NC) 3 (CO) 2Br is fol lowed by forma tion of

i Mn(C II 3NC) 4(CO)Br and [Mn ( CH 7NC) 5(CO)]Br . In CHC13, the

formation of Mn (CII3NC) 3(CO)2 C1 is apparen tly fo l lowed by

I ligand displacement of the ha l id e to give ci s- [Mn ( CH 3NC) 4-

(C0)2]CJ. This is even more surprising in lig ht of the fac t

I tha t  severa l  r e se ar c h e r s 10 ’11 hav e previousl y de termined

I r e l a t i v e  ra tes  of s u b st i t u t i o ns  for  the specie s Mn(CO) 5X

and found the order to he U >Cl >Br ‘I , thus  Mn(C II 3NC) 3 (CO) ,Cl

I should exchange a carbonyl faster than Mn(CH3N C) 3 (CO) 2B r .

I t app ears , th e r e f o r e , that the formation of cis- [Mn (CII 3NC ] 4-

I (CO) 2]Cl in CUC 1~ is a function of the lower basicity of the

‘ I
i

- 
-



I
II

CE-1C13. The more basic TUF facilitates substitution of the

fourth carbony l to form Mn (CII3NC)4(CO)Cl.I Finally, in view of the work in th i s  chap ter , it appears

i that the P i c k e t t  and Pletcher 6 equa tion

= A + x ( d E °/ d x ) L ÷ l . 4 8 y

discussed in detail in Chapter r needs to be even fur ther

m o d i f i e d  to inc lude  ano the r  pa ramete r , a l thoug h of lesser

importance , defining complex geometry .

1

I
I

I
I

I I
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1
C. EXPERIMENTAL

I All reactions were run under a nitrogen atmosphere.

infrared spectra , melting poi.its , electrochemical . data and

I elemental  analyses  were ob tained as described in previous

I c h a p t e r s .

Manganese tris(methy l isocyanide) dicarbonyl bromide ,

I Mn(CO) 2 (CJ !3NC)3Br , man gane se b i s (m ethyl isocyanide) tn-

carbonyl bromid e, Mn(CO) 3 (CH 3NC) 2Br , and the mer-  and trans-

I isomers of manganese tris(methy l isocyanide) tnicarbony l

hexaf luorophosphate and manganese tetrakis (methy l isocyanide)

dicarbonyl hexafluorophosphate , mer- [Mn(CH3NC)4(CO ) 3~]PF 6,

I and trans-[Mn(CH 3NC) 4 (CO) 2 ]PF 6 ,  were prepared as pr evious ly

reported. 1

I The approxima te , nonparam ete r i zed  mol ecular  me thod h as

i been described previously. 7 All  ca lcula tions were carr ied

out using the MI:DIEVAL series of program s wri tten in these

laboratories for the Univac 1110 computer at the Academic

I 
Computing Center , Mad i son , Wis .8

Preparation of cis - [Mn (CO)2 (CNC H 3)4LPF6.

i To a solution of Mn(CO)2 (CNC U 3)313r (0.31 g, 1.0 mmol)

in 50 ml TUF was add ed AgPF 6 (0.40 g, 1.5 mmol). The

I solution was stirred at rt for 2h . The TI IF wa s then re-

moved and I h e  r e s i d u e  washed with dichloromethanc . The

I solvent was a g a i n  removed  and 0 . 3 0  g of p roduc t  c rys t a l -

I
1 .~ i ~~~ 

4-5 - -~
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lized from acetone/ether as white cubes in 96% yield. The

I compound melts at 220-221 °C.

Anal. Calcd . for C10U12N4O2F6PMn : C ,28.58; H, 2.88;

I N, 13.34.

Found: C, 29.03; H, 2.85; N , 13.72.

I 

~~~paration of fac-IMn (CO)3ffNCH3)31~~6.

To a solution of Mn (CO)3 (CNCH 3)2Br (1.4 g, 4 . 6 mmol

in -50 ml TI-IF was added a solution of AgPF 6 (1.5 g, 6.0

I mniol) and CH3NC (0.25 ml , 4 . 6  mmol) in 2S ml THF . The

i reaction was stirred at rt for 1 h. The THF was removed

and the res idue washed wi th dichl orome than e . The solu tion

I 
was evapora te d again and 1 .7  g of produc t crys ta l l i zed

from ac etone/ e ther as whi te cub es in 88% y i e ld .  The corn-

1 pound melts at 167-168 °C.

A n a l .  Calcd . for  C9HqN3O3F6PMn : C , 26.55; H, 2 . 2 3 ;

N , 10.32.

Found : C , 2 7 . 3 5 ;  H , 2 . 3 3 ;  N , 10.68.

I 
Alternative Preparation of ~~~~~~~~~~~~~~~~~~~~~~~~~

To a solu t ion of M n ( C O ) 5C1 (10 g, 4 3 mmo l) in 250 ml

I Cud 3 was added an exces s of CII 3N C (1. 4 g ,  340 m m o l ) .  The

so lu t ion  was r e f l u x e d  for  22 h .  The s o l v e n t  was  removed

and 13 g of white produc t  r e c r y s t a l l i z e d  f r o m  a c e t o n e-

ether in near quantitative yield. The isolated complex

- h as the same infrared spect rum ~i s  the  a f o r e m e n t i o n e d  cis-

[Mn(CII3NC)4(CO)2JC1.

- --5--5~~-5 
- _ i_ - --5--- - .  .~~—-5—* - -- — - - - - -~~~~--—- —- - - ~~~a_____ _ ____
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Isomer ization of cis- [Mn (CU 3~çj4(COJ2j~~6.

A so lu t ion  c o n t a i n i n g  c i s - [Mn ( CI - I 3NC) 4 (CO) 2 }PF 6 (1 .0  g,

2 . 4  mmol)  in 100 ml CII 2 C12 was i r r ad i a t ed  w i t h  a 100-wat t

General  E l e c t r i c  Mercury  Lamp for  2 h. The solvent was re-

duc ed and 0 . 25 g of a white precipitate filtered out. An

infrared spectrum of the precipitate revealed a pattern

identical to the known trans-[Mn(CH 3NC) 4(CO) 2]PF 6. Frac-

tional crystallization of the filtrate yielded an additional

0.10 g of the trans isomer and 0.35 g of [Mn(CH 3NC) 5 ( C O ) ] P F 6.

1

I

I
I
I
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Pigu r e 1

Infrared Spectra of Isomeric

Mn (CO) 6_ ~~(CH 3NC)~~ (x = 3, 4) Complexes
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Figure 2

Cyclic Voltanunetry Curves for 
—

Mn(CO) 6~~ (CH3Nc)x~(x — 3, 4) Isomers

i-I
.
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Figure 3

Correlation of E112 Values with HOMO Energies for

the Series of Complexes Mn(CO) 6~~ (CH3NC)x~ (x 
= 1-6) —
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CHAPTER IV

- SYNTHESIS , CHARACTERIZATION , AND ELECTROCHEMICAL

I STUDIES OF MANGANESE(I) COMPLEXES OF THE FORM

(h5-C 5H5)Mn(L) 3 (L=isocyanide)
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A. INTRODUCTION

Many researchers are continuing to devote extensive

I 
efforts toward the synthesis , characterization and study

of reactivity of isocyanide complexes of metals , particu-

larly with respect to determining ligand effects on the

properties of the complex . Much of the effort is being

I directed toward the synthesis of isocyanide complexes which

are analogous to previously known carbonyl complexes .

Reactivity , electrochemical potential , and other compar-

I isons between species such as M(CO)6 and M(CNR) 6 (M = Cr,

Mo, W), Mn(CO)6~ and M~CNR) 6~ , and complexes of the type

M(CO)6X (CNR) X can be found in the literature.

Notably deficient , however , are literature references
1 to the synthesis and characterization of isocyanide ana-

I logs of the cyclopentadienyl (h5-C 5H5 = Cp) or methyl-

cyclopentadienvl (h5-CH3C5I-!4 = MeCp) metal complexes.

I Only a few Cp-metal carbonyl derivatives in which all of

the carbonyls have been replaced by isocyanides have been

I reported . Included among these are CpFe(CNR)3~ (R 
=

phcnyl or methyl),5’6 [CpN i(C6E-I5NC)]2,
7 CpFe (CNC6H4OCU3)3

4
,8

CpMn (C6H5NC) 3,
7 CpPe(C~..~}15NC)2X (X I, Br) ,5 and CpMo-

I (C
6
H5

NC)
3
Cl.

5 Adams and Cotton17 reported a structural

I
I 

¶

— 
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_
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‘-
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I
study on (CpNi(CH 3NC)) 2 and high resolution infrared data

I on other complexes of the type (CpNi(RNC))2 (R = C6H5,

C6H11, CH3, CD 3 and CH (CH 3)2) to show that all of theI dimers are in the bridg ing configuration. In addition , a

large number of partially substituted Cp-metal carbonyl

complexes have been prepared .9 Among these , the anionic

complex CpMo(CO)2(CNCH 3) has been prepared by Adams 18

by reduction of CpMo (CO)2(CH3NC)Cl with Na/Hg amalgam in

I THF. Joshi , Pauson and Stubbs had previously reported the

I synthesis of the mixed species CpMo(CO)2(C6H5NC)I and

CpFe(CO)(C6H5NC)I. Fischer and Schneider 1° reportecLthe

I formation of CpMn(CO) 2(CNH ) on protonation of CpMn(CO)2CN .

Mono-substituted derivatives of [CpNn(NO)(CO)2J~~~ and

I disubstituted derivatives of [MeCpMn(NO) (CO)2]~~~
2 were

I prepared by direct reaction with the isocyanide . Similar

complexes of manganese with other hydrocarbon groups have

also been reported. Walker and Mawby13 have reported

reactions of ,T-arerle-Mn(CO)2CN (arene 
= mesitylene , C6H6)

I with HBF4 to yield i~-arene-Mn(CO) 2CNBF 3 and with [(C2H5)3-

C) BF4 and [(C 6H5)3C ]BF 4, to give [tr-arene-Mn (CO)2CNR]~ (R =

C2H5, -C(C6H5)3). Further , Smith14 has reported reactions

I of [ C6II 6Mn(CO) 3}PF 6 with methyl isocyanide to give the mono

and disubstituted species [C oHoMn ( CO) 3..~ (CH 3NC)~
1PF 6 (x= l ,2).

L I
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We decided to investi ga te the reac tions of CpMn ( CO) 3

I 
with isocyanides in an attempt to synthesize complexes of

the formula CpMn(RNC) 3 (R = alkyl or aryl isocyanide) .

I In a review , Treichel 9 had included the CpMn(CH3NC ) 3 complex

among those unprepared complexes presenting a synthetic

J challenge and having a reasonable chance to exist. One

such compound was known prior to this  work.  Pauson and

Stubbs7 had previously reported the successful preparation

of the complex CpMn (C6H5NC) 3.

Na~Cp + [Mn(C 6H 5NC) 5 J 1 ~ CpMn(C 6H 5NC) 3 + NaI + 3C
6
H
5

NC (1)

I We initially elected to pursue the same course , hoping to

I synthesize CpMn(CH7NC)3 by the reaction of Na~Cp with

[Mn(C H 3NC) 6 ] I .  Unf o r tuna te ly ,  we were to ta l ly  unsuccessful

in even dupl ica t ing  the work of Pauson and Stubbs and be-

I came somewhat skeptical about this work , which had appeared

only as an initial communication; no other reports of

successful preparations of CpMn(L)3 (L = isocyanide) corn-

plexes have appeared nor has a full paper on this work

I appeared.

A report  by M u l l e r  and Herb &rho l d , 15 which included

an exam ination of the mass spectra of a number of CpMn-

I (CO)
2
L complexes , stated that substituted derivatives of

CpMn (CO)3 could only be prepared by pho tolysis  since CpMn-

I (CO) 3 is resistant to substitution at temperatures over

1 L

I •-

~~~~~~~~~~~~ - -~~-~~ ~~~~
-
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“ 
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200 °C. Only a few photolysis experiments have been suc-

( cessful in displacing all three carbonyls. The first

occurred when CpMn(CO)3 was irradiated in benzene to form

I CpMnC6H6. More recently, a paper by Dinccn and Pauson6

I reported some interesting results from the photolysis of

MeCpMn (CO)3 with cyanide . Among the reaction products

listed are crude K3 [MeCpMn(CN) 3}, which was alkylated to

K2[MeCpMn(CNC 2H5)( CN) ~
] and K [M eCpMn(CN C2H5)2(CN)}; also

K [MeCpMn (CO)2(CN)] which was protonated and alkylated to

I MeC pMn( CO) 2(CNH) and MeCpMn (CO) 2 (CNC 2H5). Also , Butler

and Fenster31 reported an interesting stepwise preparation

I of CpMn(CS) 3 by phr~tolytic substitution of C8F{14 for CO

followed by reaction with CS2.

In view of the fact that photolysis has now become

I an established method of synthesis for complexes of the

type CpMn(CO)3..~~(L)~~, we decided to attempt to prepare at

least the CpMn(aryl isocyanide)3 complexes by photolysis

of CpMn(CO)3 in THF i_s the presence of excess ligand .

I By this route , we have successfully prepared a series

of CpMn(CNR)3 complexes where R = C 6H5, Cl-!3, p-C1C6H4, and

C15C6. The synthesis , spectral properties , electrochenii-

I cal behavior , and reactivity were examined and the obvious

comparison with Cp~1n (CO) 3 made. Further , we reexamined

I 
_ _ _  _________________________
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the nucleophilic attack on isocyanide complexes of manganese

I (I) with Cp by changing reactants and conditions and in

at least one case were successful in preparing a complex

I of the type CpMn(CO) 3 x Lx •

1
I

f
I-
I
1~
I
I
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04 t
I B. RESULTS AND DISCUSSION

J The ultraviolet irradiations of CpMn (CO)3 were all run

in THi~ with a small excess of ligand , monitoring the reac-

I tion by periodic infrared spectra until no further change

in the \)(CN) or V (C O )  region (2200cm~~ 
- l80Ocm~~ ) was

observed. A standard General Electric Mercury Lamp was

used as the ultraviolet source and the irradiation was

done in Pyrex glassware. Shortly after a typical reaction

was started (2 to 3 minutes), it was noted that the solu-

tion changed from yellow to bright red and then back to

yellow . Strohmeier19, who has been the acknowledged pio-

I neer in the area of ligand displacement reactions by

ultraviolet radiation , has noted a similar phenomenon in

his irradiations of CpMn (CO)3. During his studies , he

I - formulated the following reaction scheme

• CpMn(C O) 3 
11~~ {CpMn(CO) 2} D~. CpMn(CO)2D (1)

I 
where D represents an electron-donating ligand and {CpMn-

(CO) 2} represents the non-isolable acceptor intermediate

having an empty orbital. He has further determined that

I the stability of the Mn-D bond in the complex CpMn(CO)2D

should therefore be a function of the donor strength of

the ligand D. By observing reactions of various CpMn(CO)2D

I complexes with strong acceptors such as I~ , BF 3, and B(CH 3)3

I

LS. ~~~~~~~~~~~~~~~~~~~~ 
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1
I relative donor strengths of D were determined. When D is

i tetrahydrofuran , the Mn-D bond strength is weak and the

complex CpMn(CO)2(THF) can not be isolated , whereas a

I variety of znonosubstituted amine complexes have been iso-

lated as air-stable red crystals. The red solution we

I noted after a few minutes of radiation time can therefore

1 be explained as the initial formation of the complex CpMn-

(CO)2(THF) and the change back to yellow as the substitution

I of isocyanide for THF. To further examine this phenomenon ,

we irradiated a solution of CpMn(CO)3 in THF in the absence

I of ligand. The solution remained red during the entire

radiation period , decayed slowly to the original pale yellow

solution and exhibited slight decomposition after the irra-

I diation was stopped. Another CpMn(CO)3 solution was

irradiated for about 30 minutes in the absence of ligand.

I Addition of the isocyanide resulted in the immediate

t disappearance ef the red color and appearance of a yellow

solution . The appearance of the red solution even while

I irradiating in the presence of isocyanide is probably a

function of the higher concentration of TIIP compared to

I the relatively small amount of isocyanide. The following

i reaction sequence can be used to describe the irradiation

of CpMn(CO) 3 in THF in the presence of a stronger donor

I ligand than TI-IF.

I
- 1  

_ _ _ _ _  _ _   
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i
I CpMn(CO ) 3 

hv , CCpMn(CO)2} 
THF,~ CpMn(CO ) 2 (THF) D

-CO -THF

I CpMn (CO) 2D (2)

After the rapid formation of the monosubstituted isocyanide

I complex , removal of the remaining carbonyls requires be-

I tween 24 and 96 hours of irradiation time .

The isocyanide ligands we chose for this project

I encompassed a wide range of yr-acceptor strengths according

to the sequence C6C15NC > p-C1C6H4NC > C
6
H
5

NC > CH~~NC.

Interestingly, we also irradiated a THF solution of

CpMn(CO) 3 in the presence of p-CH3OC5H4NC for -48 hours

but were unable to isolate any product. In an attempt to

( explain this phenomenon in light of the good yields

achieved with the other isocyanides , we note some recent

research by Raniakrishnan and Boyer.20’21 These researchers

I have examined the ultraviolet irradiations of various

aryl isocyanides in solution and noted that they isomerize

to the cyanide (RNC hv~ RCN) , and further that the ten-

dency to isomerize is greatly enhanced by the presence of

a strong electron donor group (such as the CH3O- group)

I in the para position. Also , although all aryl isocya-

nides were found to isomerize to a certain extent , this

I extent increased in protic solvents such as CH3OH and wa s

considerably slowed in aprotic solvents such as THF.

I
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I Special comment should be made about the reactions of

CpMn(C O) 3 with CH
3

NC. Our initial reaction was attempted

using a CpMn(CO) 3 to CH3NC stoichiometric ratio of -l~2.

I The complex isolated on evaporation of solvent showed a

single strong , broad carbonyl absorption , v(C O) , at 1870
I cm~~ and isocyanide absorptions , v( CN), at 2120 and 2070

I cn( 1- . We noted , however , that even in the solid state the

complex displayed a rapid decomposition rate as evidenced

I by the gradual darkening of the complex and the constant

evolution of free methyl isocyanide . After several unsuc-

I cessful attempts to c~ tain a pure product , the solid

I residue was sublimed and a yellow air-stable complex col-

lected on the probe . Surprising ly, an infrared spectrum

I revealed a completely different pattern , one wh ich showed

two intense carbonyl absorptions , ‘~(CO) = 1950, 1890 cm~~,1 and one equally intense isocyanide absorption , v(CN)= 2150

- 1 cm ’, (Table 1). This pattern is nearly identical to the
1 16spectra of the complexes CpMn (CO)2 (CNC6H11) and CH3Cp-

I Mn(CO) 2 (Cf-! 3NC) 16 (Table 1). It is apparent therefore that

some type of solid state rearrangement occurs in which

! I. decomposition of the disubstituted complex supplies a

carbony l ligand to substitute for an isocyanide in another

disubstituted molecule to form the stable monosubstituted

1 species.

— .— ,
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When the irradiation was run with sufficient ligand

I to displace all three carbonyls , the crude product was

initially isolated in reasonable yield (46%). It soon

1 became apparent that even trace amounts of air caused the

i 
complex to rapidly decompose. Reasonably pure product

was obtained by precipitation from THF with heptane if

the solvents were thoroughly deaerated and all work-up

and recovery was carried out in an oxygen free environ-

I ment , e.g., nitrogen dry box and Schienk apparatus . The

instability of the complex to oxidation was not unexpected ,

particularly in light of the fact that both Cp and CH3NC

I are poor iT-acceptors. The metal , therefore, is expected

to be very electron rich and susceptible to air oxidation .

I Quantitative support for this was obtained electrochemi-

cally and will be presented later in this discussion .

The infrared spectra of the CpMn(RNC)3 comi lexes

I turned out to be unusual and deserve an attempted explan-

ation . The spectra of CpMn(RNC)3 aryl isocyanide complexes

I all exhibited a sharp single A 1 mode absorption at 2070

I cm ’ and a br oad , ill-defined E mode absorption below

- - 2000 cm~~ (Table 1). The same phenomenon arose whether

I in CH2C12 solution or nujol mull. Even when the products

were repeatedly recrysta llized and found to be pure by

1 elemental analyses and sharp melting points , the absorp-
— U I
I ,  I 
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I
tion below 2000 cm~~ remained broad , extending across 200

cm~~ at half peak height when the peak had an intensity of

8 on a max imum scale of 10. Recent observations by other

researchers may have shed some light on this phenomenon .

j  An early reference by Cotton and Zingales 22 attempted to

rationalize the existence of more than the one expected

infrared peak and the broadness of the absorptions in a

ser ies of Cr(RNC) 6 complexes on the basis of significant

I asymmetric bending of each RNC group . More recently ,

I Tre ichel and Essen macher 23 have shown that these same

Cr( RNC) 6 complexes exhibit a single sharpened absorption ,

I v(CN) , at higher energy when oxidized to the 17 e (Cr-

(RNC) 6]P F6 species. In an attempt to explain this pheno-

I menon and relate it to the broadening exhibited by our

1 CpMn(aryl isocyanide)3 complexes , we offer the following

• qualitative rationalization. 24 The aromatic r ing on the

- I aryl isocyanides exhibits C-C multiple bond stretching

absorption 25 between 1450 and 1600 cm ’ and the energy

I of these absorptions is unaffected by changes in v(CN).

I When the aryl isocyanidcs are forced to accept a greater

share of the electrons donated by the metal , as is the

I case in the CpMn(RNC)3 comp lexe s, the v(CN) are lowered

in energy (Table 1). This in turn brings these absorptions

I close enough to the C-C multiple bond stretches to create

I
. 1  
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mixing of the vibrational modes and subsequent broadening

of the bands or creation of new bands. This could account

for the sharpening and simplificat ion of the v ( C N )  absorp-

I tion pattern in going from Cr(RNC)6 to Cr(RNC)6~
2 since

the v(CN) band is progressively further removed from the

I ring stretching frequencies. Additional support for this

I theory is shown by the infrared spectrum of CpMn(CH3NC) 3
which does not exhibit the same broadened pattern shown

I by the aryl isocyanide complexes and would not be expected

to do so in view of the absence of other high energy modes

with which the v(CN)’s could mix. It should be noted ,

I however , that the infrared spectrum of CpMn(CH3NC)3 does

not exhibit the recognizable sharp A1 and broad E modes

shown for a typical C3,, ML3 fragment in solution .
26 The

complex CpMn(CO ) 3 does exhibit split E mode absorption

when the spectrum is taken in a KRr mull. The CpMn-

[ (CH3NC)3 complex shows a sharp peak at 2100 cm~~ and two

broader , more intense absorptions at 2030 and 1950 cm ,

I a pattern which might best be explained by assuming that

the normally observed degeneracy of the E mode in solution

I spectra has been removed and the frequencies of the E

I mode absorptions further separated. In light of these

infrared spectra complications , it should come as no

I surprise that identification of these products by infrared

I
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alone turned out to be impossible. In fact, initial exami-

I nation of the spectra led us to believe we had not succeeded

in replacing all of the carbonyls. Fortunately , other

j analytical tools were available and proton magnetic reso-

nance spectra were particularly enlightening in assigning

I the correct stoichiometry.

I The complexes CpMn(RNC)3 (R = C61-15, p-C1C6H4) and

CpMn(CO)2(CH3NC) were sufficiently soluble in CDC13 to

I run their nmr spectra in that ~olvent. In the case of

the CpMn( CH 3NC)3 complex , limited solubility and instabi-

lity in most common deuterated solvents led us to use CS2.

I Interestingly, the CS2 solution turned deep red when the

complex was added , but an infrared spectrum of the solu-

I tion indicated that the v(CN) absorption pattern was

I 
identical. to that shown by the complex in the pale yellow

CH 2C12 solution. The nmr spectra were simplified by the

-I 
good separation of pheny l , methy l and cyclopentadieny l

proton peaks which were singlets in most cases (Table 1).

I It was therefore easy to obtain accurate integrations

I 
which convinced us that we had in fact prepared the fully

substituted species. 
-

I By far the most significant and interesting informa-

tion about the new complexes came from the electrochemical

studies. The complexes CpMn(RNC)3 (R CH3, C61-1 5, p-C1C6H4)

I
I
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all exhibited reasonably reversible le oxidations for the

I process CpMn(RNC)3 ~ ~~~~~i’- CpMn(RNC)3~ (Tabl e 2 , Fi gures

1 and 2) based on the symmetry of the oxidation and reduc-

tion scans as opposed to the normally accepted reversibility

criterion ,i.e. Ep ,c-Ep ,aI < .059 v. This reversibility

1 argument was discussed in greater detail in Chapter I.

I These complexes also displayed second oxidation peaks for
+ -e +2the process CpMn(RNC)3 ~ CpMn(RNC)3 which were

I found to be totally irreversible as evidenced by the abcence

of the cathodic current indicating probable decomposition

of the complex after the second oxidation , (Figure 1,2).

The complex CpMn(C H 3NC) 3 shows the appearance of a reduc-

tion peak at - -0.8 volts (Figure 2) which is evident only
if the solution is scanned past the second oxidation poten-

tial. It is therefore apparent that the second oxidation

produces a totally different species which then also

I exhibits a different reduction potential. The E112 values

for the first oxidation of these trisubstituted complexes

I produced no surprises. The values were directly propor-

tional to the ability of the ligand to accept electron

1 density from the metal and furthermore helped to explain

I the relative stabilities of the complexes to air oxidation.

The aryl isocyanide complexes appear to be stable indefi-

I nitely in the solid state although the complexes CpMn(RNC)3

I

~ :~~~~~~~~~~~~— 
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I
I
I

- (R = C6H5 and p-C1C 6H4) decompose rapidly in solution if

the solvents are not deaerated. The CpMn(C6C15NC)3 complex

I appears to be both air and solution stable and the air-

sensitivity of the CpMn(CH3NC)3 complex has been previously

I mentioned . These stabilities can be easily explained by

the range of oxidation potentials reported . We have pre-

viously shown4 that successive exchange of CH3NC for CO

in the series of complexes Mn(CO)6~~
(CH3NC)~~ 

resulted in

the stepwise reduction of the E112 values by -0.5 volts .

The complexes CpMn (CO)3~~
(CH3NC)~ 

show a similar but

slightly larger stepwise change in oxidation potentials

1 as x increases (Table 2). The E1,,2 for the complex CpMn-

I (CO) 3 was found to be 1.41 volts vs SCE in CFI2C12 while- the E112 for CpMn (CU3NC)3 was found to be -0.30 volts.

The E112 for the monosubstituted complex CpMn (CH3NC)(CO),

was found to be 0.74 volts. It is appi~rent therefore that

I the change in oxidation potential is not nearly as linear

1 as in the case of the octahedral Mn(CO)ô~~
(CH3NC)~~ 

com-

plexes. This is not surprising in view of the fact that

I only three carbonyl li gands and likewise three isocyanide

I ligands are accepting the major portion of the electron

donation from the metal. It is also apparent , based on

I the low energy v (CN) absorptions , that the methyl isocya-

I
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I nides are receiving a greater share of the electron density

in the CpMn (CU 3~1C)3 complex than in the octahedra l com-

plexes . Therefore , stepwisé substitution of CH3NC for CO

I is shown to have a progressively smaller effect on the

value , evidenced by the non-linearity of the poten-

I tial vs the number of carbonyls in progressing from CpMn-

(CO)3 to CpMn(C 1- I 3N C ) 3.

The complex CpMn(C6C1 5NC)3 showed only one oxidation

I peak when scanned t h rough  the range - 2 . 0 - — ~~+ 2 . 0  v o l t s .

A single oxidation at E112 = 0.65 v. vs SCE. This is not

1 surprising in view of the relatively high electron with-

drawing power of the C6C15 group .

Finally , as a result of our successes through the use

I of ultraviolet radiation , we were able to isolate the

compound CpMn(C 6H 5NC) 3 which Pauson and Stubbs 7 had

I reportedly prepared many years earlier. They had unfor-

I tunately reported only the color and melting point of the

complex , but the similarities of these data with the

J melting point and color of our trisubstituted complex led

us to believe that they had in fact succeeded in reacting

1 Mn(C6f15NC)6~ with Cp to produce the complex . With this

I in mind , we were still dctcrmined to prepare the CpMn (RNC)3
complexes by the same method . However , we have found in

I our research that the MnL6
4 comp l exes ~re r e m a r k a b l y

~, 
I

~~~ . 
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i s
I stable and reactively inert , and in all of our reactions

J of Mn(RNC)6
4
~ with Na~C p ,  we successfully recovered the

MnL6 starting material. At the same time , we had found

that complexes of the type Mn(CO)5~~
(RNC)

~
X (X = Cl , Br)

were susceptible to nucleophilic attack by a variety of

anions (CN , Nn(CO)5 ,  see Chapters 2, 3, 5, 6). We also

sought more convenient ways of using the Cp anion which

is highly reactive when prepared by Na reduction. We

found that several researchers 27 had been using the corn-

pound T1~C p ,  a stable solid which can be easily handled.

We therefore reacted Mn(CO)(CH3NC)4Br with Tl~Cp in

refluxing THF. Sublimation of the residue after solvent

removal resulted in the isolation of a yellow complex

having the same infrared and nmr spectra as the previously

mentioned CpMn(CO)2(CH3NC).

Mn(CH3NC)4(CO)Br 
+ T1Cp THF

~ CpMn(CH3NC)2(CO) + TlBr +

2 CH3NC
- 

CpMn(C}I3NC)2(CO) v~c” 
CpMn(CI-I3NC) (CO)2

I Apparently, the same type of solid state rearrangement as

I 
that previously mentioned in the reaction of CpMn(CO)3

with a deficiency of CI-I3NC takes place here.

I We have shown , therefore , that formation of CpMn(RNC)3

complexes can be prepared by nucleophilic attack on

I Mn (C O ) s~~
(RNC )

~
X complexes with C p .  However , preparation

I
1 - - ’ ‘

- ~~~~~ — — -- -- - - -,#--~-——-—w--~~~. -—-~~a_,
- -- -



-- -t—-
~~

-—.

I
104

- t  I
I of these complexes by ultraviolet radiation of CpMn(CO)3

I 
in the presence of ligand was found to be by far the

easiest and most efficient synthetic approach.

I
I

I
I
1

I
I 
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I
C. EXPERIMENTAL

All reactions were carried out under nitrogen . Melt-

ing points were determined using a Thomas-Hoover capillary

- melting point apparatus and are uncorrected . Infrared

spectra were taken on a Beckman IR-lO spectrometer. Nuclear

magnetic resonance spectra were taken on a Varian A-60

60 MHz or JEOL MH-l00 100 MHz instrument using CS2 or

CDC13 as solvents and tetramethylsilane as an internal

standard. Elemental analysis were performed by Gaibraith

I laboratories , m c., Knoxville , Tennessee. Iii~frared and

proton magnetic resonance data are reported in Table l.

I Electrochemical data was obtained as reported in previous

chapters.

Cyclopentadienyimanganese tricarbonyl was prepared by

the method of Cordes and Neubauer .28 Phenyl isocyanide ,

I p-chloropheny l isocyanide , and pentachiorophenyl i~ocya-

i i-dde were all prepared by the method of Appel , Kleinstück

and Ziehn .29 Methy l isocyanide 30 was prepared by the

1 method of Schuster , Scott , and Casanova. Bromocarbonyl

tetrakis(methyl isocyanide) manganese(I), Mn(C O) ( C H3NC) 4Br ,

I was prepared by the method of Treichel , Dirreen and Mueh4.

I
I
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I
I Preparation of h5-C if5Mn (C6H5Nc13.

1 To a solution of h5-C 5H5Mn(CO)3 (2.0 g, 10 mmol) in

100 ml THF in a 250-mi three-necked Pyrex flask fitte ’

J with condenser was added C6H5NC (4.5 g, 44 mmol) . The

solution was irradiated with a 100-watt General Electric

I Mercury Lamp for 48 h. The solvent was evaporated and

I the residue washed with several 100 ml portions of hexane .

The hexane was removed and 3.0 g of orange cubes were

I crystallized from deaerated acetone-hexane in 70% yield-

The compound decomposes in solution and melts at 100 °C.

Anal. Calcd . for C26H20N3Mn: C , 72.72; H , 4.70; N , 9.79.

Found: C, 72.63; H , 4 . 6 6 ;  N , 9.83

The following compounds were prepared by the same

route.

1 h 5-C 5H 5M n ( p - C l C 6H 4~ çj3.

Obtained as bright yellow needles from acetone-ether

$ in 75% yield a f t er 96 h irradiation time , solvent evapo-

ration , and sublimation at 500 to remove unreacted p-Cl-

I C6H4NC. The compound melts at 132 °C.

Anal. Calcd. for C 26 I117N 3C13Mn: C , 58 .62 ;  H , 3.22;

I N , 7.89.

I Found: C, S8.33; ii , 3.09; N , 7.79.

Ii -C 5 j~~~~~ l C ~~~ )~~.

‘ 
I The solution was irradiated for 27 h , the THE solvent

was removcd and the residue washed wi th acetone leaving

- - - p
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H I -
I red-orange crystals behind . The product was recrystallized

J as red cubes from toluene-CHC13 in 34% yield. It melts at

270 °C.

Ana l . Ca lcd. f or C26H5N3C115Mn: C , 33.00; H, 0.53;

N , 4.44.

Found: C, 32.98; H, 0.41; N , 4.38.

I 
h5-C 5H5Mn(CH 3~çj3.

Obtained as yellow air sensitive crystals from THF-

heptane in 46% yield after 29 h irradiation time . The

compound melts at 148-150 °C in a sealed capillary tube.

Anal . Calcd. for C11H14N3Mn: C , 54.33, H, 5.80;

N , 17.28

Found : C , 55.24; H , 5.32; N , 16.09.

1 Reaction of h5-C 5H5Mn(CO)3 and CH3NC;

To a solution of h5-C 5H5Mn(C O ) 3 (4.0 g, 20 mmol) in

I 100 ml THF was added CH3NC (1.8 g, 44 mmol). The solu-

tion was irradiated for 18 h and the solvent evaporated.

The residue was found to be air-sensitive so all crystal-

I lization attempts were performed under N2 in deaerated

solvents. In spite of these precautions , periodic solution

infrared spectra revealed changing patterns . The residue

was finally sublimed to yield the only isolable product ,

1.0 g h -C vHsMn (CO)z(C II 3NC) , identified by infrared and

I nmr spectra.. The compound melts at 92 - 93 °C.

• 1-
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Attempted Preparation of h5-C 5H5Mn(CH3NC)2(CO).

To a solution of Mn (CO)(CH 3NC)4Br (1.5 g, 4.6 mmol) in

100 ml THF was added Tl(C5H5) (1.5 g, 5.6 mmol). The sol-

I ution was refluxed for 12 h, the precipitate was removed

I 
by filtration and discarded , and the remaining red solu-

tion was evaporated to dryness. The residue was sublimed

f at -50° for 12 h yielding 0.20 g of yellow crystals which

had the same infrared and nmr spectra and melting point

I as the previously mentioned h5-C5H5Mn (CO)2(CH 3NC).

- 
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Figure 1
- ICyclic Voltammetry of

h5-C 5H5Mn (RNC) 3 (R = CU 3, p-C1C6H4) I
1

‘I
I

1 ~~
-

I ---.—::__ 
— — - - — —  - ~~~~~~~~~~~~~~~~~~~~~~~~ ~

- -— ~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
I A
I I20~ /
I
I
I volts vs SCE

I 
I I I I I-to 0.0 1.0

h5- C5H5 Mn (CH3NC)3

I

h5-C5H5Mn(p-CIC6H4NC)3

~ ~ 
u

- —r~~~~ — p --ii



- ____________________

113

I
I
I
I
I

Figure 2 I
Cyclic Voltammetry of 1

h5-C5H5Mn(RNC)3 
(R = C

6
H5, C

6
C1

5
) 

- 

i

I
1
1

1
1
1
I
I

$ 

I

— 

— .‘—‘

~~~

-‘ 
— —.--—•—--- —--————-— -- —p — 

‘1.-.’~
”
~ 

— —..—-—-—— -•— -— 
~~

- — .._~
__ _i_—:-———



J20~JA /
I

I

H
volts vs SCE

I I I I I I
-0.5 0.5 15I h5-c5H5Mn(c6H5NC)3

0.40 0.65 Q90
h - C5H5Mn(C6C 5NC)3

J I  
_ _

— -——
fl :-~~~-‘j---- —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —



p. ,t__’—_ — —

I- - — — -— -  - -

114

I
D. REFERENCES

1 1. Malatesta , L. and Bonati , F., “Isonitrile Complexes
of Metals.” Wiley, New ‘~ork (1969).

2. J. A. Connor , E. M. Jones , G. K. McEwen , M. K. Lloyd
and J. A. McCleverty, J. Chem . Soc., D 1246 (1972).

1 3. A. C. Sarapu and R. F. Fenske , lnorg . Chem ., 14, 247
(1975).

4. P. M. Treichel , C. E. Dirreen , and H. J. Mueh , J.
Organome t . Chem. ,  44 , 339 (1972).

5. K. K. Joshi , P. L. Pauson , and W . L. Stubbs , J. Organ-
omet. Chem., 1, 51 (1963).

6. P. M . Treichel , J. P. Stenson , and J. J. Benedic t ,
Inorg . Chem., 10 , 1183 (1971).

7. P. L. Pauson and W . H. Stubbs , Angew . Chem., m t .  Ed.
Engi. 1, 333 (1962).

8. R. J . Angelici and L. M. Chan cy, J. Organome t . Chem .
24 , 2 05 (1970) .

9. P. M. Treichel , “Advances in Organometallic Chemistry .”
Vol 11 , 21 (1973).

10. E. 0. Fischer and R. J. J. Schneider , J. Organomet.
Chem., 12 P27 (1968 ) .

11. H. Brunner and H. D. Schindler , J. Organomet. Chem .
19 , 135 (1969)

1 12. P. H. Treichel , J. J. Benedict , R. W. Hess and J. P.
Stenson , J. Chem . Soc., D 1627 (1970).

1 13. P. J. C. Walker and R. J. Ilawby , J. Chem . Soc . , A
3006 (1971).

I 14. I). L. Smith , P h . D .  Thesis , Univ . of Wis ., (1972);
Diss. Abst., 33, 2988B (1973).

I 15. J. MUller and H. Herherhold , J. Organome t. Ch cm . ,  13 ,

399 (19b3) and W. Strohincier references listed therein.

I H

1: 1
- 
= - 

~~~~~~~~~~ ~~~ 

‘ _

~~~~~~~~~

‘

~ 

‘ - _____



- - , -  

115

16. J. A. Dineen and P. L. Pauson , J. Organomet. Chem.,
71 , 91 (1974)

I 17. R. D. Adams and F. A. Cotton , Synth. Inorg. Metalorg .
C h em . ,  1 , 275 (1971).

1 18. R. D. Adams , J. Organomet. Chem., 88, C38 (1975).

19. W . Strohmeier and J . F. Cu ttenberger , Chem . Ber . ,  97 ,

I 1256 (1964).

20. V. T. Ramakrishnan and .J. I-I. P~oyer , m t .  J. Sulfur

I Chem . (A) , 2, 139 (1972) .

21. V. T .  Ramakrishnan and J. H. Boyer , J. Chem . Soc.,
Chem . Comm., 429 (1972).

22. F. A. Cotton and F. Zingales , J. Amer. Chem . Soc.,
83, 351 (1961).

1 23. P. M. Treichel and C. J. Essenmacher , Inorg . Chem .,
15 , 146 (1976)

I 24. Our thanks to Dr. Richard F. Fenskc fo r  his qualita-
tive rationalization of this problem .

I 25. J. R. Dyer , “Applications of Absorp t ion Spec troscopy
of Organic Compounds ,” P r e n t i c e -H a l l , I n c . ,  1965.

26. P. S. Bra t e rman , “Meta l  Carbonyl  Spec t ra , ” Academic
Press , New York 1975.

I 27. 1 . J. Corey , V.  K o e l l i ck e r , and J . N euf f er , J. Amer .
I Chem . Soc., 93, 1489 (3971).

I 28. J. F. Cordes and D. Neubaucr , . N a t u r f o r s c h .  ] 7b ,
791 (1962).

29. Appe l , KleinstUck and Z i c h n , Ange~’. Chem . (m t .  Ed.)
I Vol. 10 , 132 (1973) . -

30. R .  U .  Schus ter , 3.  P .  Scott an~1 J .  C a s a n o v a , Org .  S y n .,

I 46 , 75 ( 1 9 6 8 ) .

31. 1. S. Butlei and A.  F .  Fcn: ; ( (- r , J . Org an omet .  . Chem .
~6, 161 ( 1 9 7 4 ) .

U

- - 
~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~- r r  ~~~~~~~~~~~~~~~~~~~~~ .#‘~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



116

a
I
I

1
CHAPTER V

SYNTHESIS AND CHARACTERIZATION OF

I I SOCY AN I DE COMPLEXE S OF MANGANESE (0)

I

I

I

I
I

I

I

I I
4 - 

1 
_ _ _ _  

_ _ _ _ _  ____________________
---

~ 
- 

- ‘ ~~~~~~~~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- ~~~~~~~~~~~ .

~~~~~~ 

— -

~ 
~~~~~~~~~~~~~~~~~~~~ 

-



- - — — -‘- --- - — ~~~~~~~~~~~~~~~~~~ - - -

I
117

I
1 SYNT HESIS AND CHARACTERIZATION OF

I SOCY AN I DE COMPLEXES OF MANGANESE jp~~

- A. INTRODUC1 ION

A relatively small amount of effort has been directed

toward the syn thesis , characterization and reactivity of

I zero valent isocyanide complexes of manganese. Only a few

researchers  have shown in te res t  in this area , and only a

few compounds have been repor ted .  An early re fe rence  by

Joshi , Pauson and Stubbs (JPS) 1 presented  the synthesis  and

c h a r a c t e r i z a t i o n  of the complexes Mn 2 (CO) 9 (C 6H 5NC) and

Mn 2 (CO) 8 (C 6 1i 5N C ) 2 .  I n t e r e s t in g l y,  these complexes were

recovered unexpectedly  in low y ie lds  in the reac t ion  of

m e t h y l-  and p h e n y l- pe n t a c a r b o n y l m a n g a n e s e  wi th  pheny l iso-

cyanide .

R1~1n(CO) 5 + C 6EI 5NC Mn 2 (CO) 9 (C 6H 5NC ) + Mn 2 (CO) 8 -

I (R = CH 3, C6115) (C 6H 5NC) 2 (1)

The au thors  had expec ted  the fo rma t ion  of the acyl der~va-

t ives CH 3COMn (CO) 
~ 

(C 6II 5NC) and C 6II 5COHn (CO) 
~ 

(C~ H 5NC) . More

r e c e n t l y ,  Adams and Chodosh 2 prepared the complex Mn 2 (CO) 7 -

(CJ- I 3NC) 3 by ir r a d i a t i o n  of Mn 2 (CO) 10 in the presence of

I CH 3NC in order  to study the v a r i a b l e  temperature PMR bcliav-

I ior of t h i s  species .  This complex had been p repared  t a r l i e r

by T r e i ch e l  and D i r reen 3 by r e f l u x i n g  Mn 2 (CO) 10 and CII 3NC

I
I ,

- ~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ . --: 
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in THU. Even more recently, Grant , Newman and Manning 4

reported the preparation of Mfl2 (CO) 1 0n (RNC) n (R = CH3,

(C11
3
)
3
C ; n = 1-4) and ((C6H5O) 3P) 2(t-BuNC)Mn 2 (CO) 7 by UV

irradiation or by a thermal reaction in refluxing toluene.

Mn2 (CO) 10 + CH 3NC 
~ 

Mn2 (CO) 1 0 n (CH3NC) n n = 1-4 (2)

Mn2 (CO) 10 + t-BuNC ——’~ Mn2 (CO) i ø n (t
~

BuNC) n n = 1-3 (3)

Mn2((C 6H5O) 3P) 2 (CO) 8 + t -BuNC —~ Mn2 ((C 61-15O) 3P) 2 (CO) 7- (4)
(t-Bu NC)

In view of this limited research , we decided to investigate

the reactions of Mn 2 (CO) 10 wi th  pheny l isocyanide and , more

importantly, to investi gate the possibility of synthesizing

zero valent manganese isocyanide comp lexes of higher substi-

tution than those currently known . Our reac t ion  of Mn 2 (CO) 10
wi th  C 6JI 5NC in r e f lu x i n g  THF resu l ted  in the i so la t ion  of

only mono - and d i s u bst i t u t e d  complexes .  We t he r e fo r e , turned

to a d i f f e r e n t  s y n t h e t i c  approach , namely the nuc leoph il i c

attack on isocyanide complexes of manganese(I) by reaction

wi th manganes e pentacarbonyl anion , Hn(CO) 5 .  We had pre-

viously noted that the halide on complexes of the type

Mfl(CO)&~~
(L)xX (L = isocyanide; X = Br , Cl) could easily be

removed by r e a c t i o n  w i t h  AgPF 6 ( C h a p t e r  I I  ~ I I I )  or exchanged

as in reactions w i t h  N aCN (Chap te r  V I )  . We t he r e fo r e  f e l t

t h a t  the  M n ( C O ) 5 a n i o n  was n u c i c o p h i l i c  enough to d i sp lace

the  h a l i d e  on t he se  complexes to form dimers of the type

Mn(CO)r _x (L)~
Mn(CO)5.

i
1
~ ~~~~~~
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~- . 1
I Mn(CO)5~~

(L)
~
X + Na~ Mn(CO) 5 NaX + M fl(CO ) 5 x (L) x~

Mn(CO) 
~

A recent review by King 6 delireated the application of metal

I carbonyl anions in the synthesis of novel organometallic

complexes. By reaction of various metal carbony l anions

I with various alkyl halides he established a series of rel-

ative nucleophilicities of the anions as follows :

CpFe(CO)2 (70,000,000) > CpW (CO) 3 (—500) > Mn(CO) 5
(77~ CpMo(CO)3 (67) > Co(CO)4 (1).

I 
Research by Kruck and co-workers 5 has shown that rhenium(I)

carbonyl complexes of the type [Re(CO)4L2J~ (L = CO , P(C 6H5)3]

I can react with a variety of metal carbonyl anions in the

following manner :

[Re(CO)4L2]~ + [Mn(CO)~~] —ø. L2 (CO) 3Re-M(CO)~ + CO (8)

L = CO , P(C6H5)3 ; H = V , Mn , Fe , Co

i In view of this , we also decided to investigate reactions
I of Mn(CO)5 with complexes of the type Mn (CO)ô~~

(L)
~~

(L = isocyanide) and subsequently to investigate the poss-

ibility of removing a ligand from the resultant complex .

I [Mn(CO) 6 (L) ]PF6 
+ Na~Mn(CO)5 NaPF6 

+ [Mn(CO)6~~
(L)

~
]-

I [Mn (CO) 5J (6)

I

~~~~~~~~~ - -~~~--- - ~~~~~ “—-jr 
~~~~~~~~~~~~ L
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[Mn(CO) 6 x (L) x ] [Mn(CO) 51 ~~rMn(CO)5~~
(L) xMn(CO) 5 + COl (7)

I We further sought to characterize the expected products by

infrared and mass spectral examination to determine any

1 unique features of these zero-valent complexes.

I

I
I
I

I

I
1
I
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B. RESULTS AND DISCUSSION

We approached the synthesis of these polynuclear metal

carbonyl isocyanide complexes from a variety of directions .

I Since no researchers had attempted the direct reaction of

- 
Mn 2 (CO) 10 with aryl isocyanides (JPS

1 obtained Mn2 (CO) 9-

(C
6
H
5

NC)
2 
and Mn2(CO)8(C6H5NC)2 by indirect means), we

decided to use that simple approach first. It soon became

apparent , however , that reaction in refluxing THF would

yield only products of low substitution. In addition , con -

tamination with free isocyanide made recovery of pure

products difficult. Only the monosubstituted species ,

I Mn 2 (CO) 9 (C 6H 5NC) , which was the m a j o r  product , was obtained

as a pure crystalline material. Its s olu b i l i t y  in hydro-

carbon solvents and tendency to darken on standing more

I 
closely approximate the cha rac t e r i s t i c s  of Mn 2 (CO) 10 than

does the disubstituted complex , Mn2(CO)8(C6H5NC)2, which

I was obtained in low yield as the only other product from

the substitution reaction.

I The infrart~d spectrum of the monosubstitute d product

was taken in CC14 in order to accurately compare it to the

Cd 4 solution spectra of the complex prepared by JPS . As

1 can be clearly seen from the tabulated absorptions (Table

I
] , Fi g. 1), not on1~ the number of peaks , but also the

relative intcn~Jtics of the peaks are decidedly different 

~~~-r: ~~~~
- ‘ - -~~~~~ 

---~~ -
—~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~ 

- ~~
i-

~~~~ : -- ~~~~~~~~~~~~~~



122

-~~~ 4

I for the two monosubstituted species reported. Added to this ,

I 
the melting points are different enough (540 for the JPS

spcci’~s, 63° for the species in this work) and the analyses

I accurate enough to eliminate the possibility of impurities.

This leads to the logical COflCIUSiOn that two isomers have

been prepared , one in which the pheny l isocyanide is bonded

in the axial position (along the Mn-Mn line) and the other

in which the ligand is bound equatorially. Unfortunately,

infrarcd spec tra of Mn2 (CO) 9L species tend to be ever more

complicated than expected. A simplified approach toward

the prediction of the number of carbonyl absorpt ions  ex-

pected in a dinuclear manganese carbonyl-ligand complex is

to t rea t  each ine ta l - l igand  f ragment  s epa ra t e ly .  For exam-

I pie , the complex Mn2(CO)9(C 6H5NC), presuming an axially

bound isocyanide , can be considered as a combination of a

I M(CO)5L fragment and a trans-M(CO)4L2 fragment. Using the

Cotton , Kraihanzel 16 model for complexes of the type

M(CO)o~~
L
~
, the M (CO)5L fragment would be expected to show

I three infrared active modes (2 A1 ’s and an E~) while the

trans-M (CO) L fragment should show one infrared active

mod e (E
n
) for a combined total of 4 carhonyl absorptions .

I 
If the ligand is equatorially bound , the same type of qual-

tative approach yields 7 infrared active modes. It should

I be noted , however , that the infrared spectrum of the corn-

I

- 1 lri~ 
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4 I
I plex , Mn 2(CO)9(C6U5NC), prepared by us fits neither of these

I 
approaches and this method should therefore be treated only

as a rough approximation . Al ’~o , a monosubstituted complex ,

I Mn 2(CO)9(CII 3NC), prepared by Manning, Newman and Grant4

(Table 1) has been shown to exhibit 8 carbonyl and 2 iso-

I cyanide absorptions which again does not fit the qualitative

approach. In this instance , however , a good case can be

I made for the existence of structural isomers to further

I complicate the spectrum .

En comparing the spectrum of our disubstituted species ,

I Mn 2 (CO) 8(C6H5NC)2, with that of the disubstituted species

prepared by JPS (Table 1), a case can be made that the two

are identical. The number of infrared absorptions and the

1 relative intensities are identical , and within experimental

error the absorption frequencies also agree. A paper by

Manning , Lewis and Miller7 presented a detailed analysis

of vibrational spectra of molecules of the type , Mn2~CO)8-

(PR3)2, where the phosphine groups occupy the axial posi-

( tions. Discounting the phosphines produces idealized

symmetry for the molecules which then would have only a

b2 and a e1 mode allowed in the infrared . The molecules

prepared do show a strong e1 absorption and concentrated

solutions were shown to exhibit many more absorptions of

I lesser intensity. The point to be made , however , is that

.~~~~~. I
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I the disubstituted phenyl isocyanide complex shows an absorp-

tion pattern indicative of a lower symmetry group than

probably indicating the ligand ; are not both axially bound.

I Whether this complex pattern sterns from possible asymmetry

of the aryl isocyanide ligand , coupling of carbony l and iso-

cyanide vibrational modes , the existence of structural

I 
isomers or other factors is at this point indeterminable.

Another approach to the synthesis of these complexes

has been the use of ultraviolet radiation to labilize the

carbonyls. This approach has been successful in producing

I tetrasubstituted species at best but in all probability

the identification of products by infrared becomes even

more difficult due to the random labilization of carbonyls

I and formation of isomeric mixtures.

The direct substitution of isocyanides for carbonyls

I was a notably disappointing approach due to the limited

I substitution possible and the lack of control over the

stereochemistry of the products. We therefore approached

I the synthesis of dinuclear manganese isocyanide complexes

by nucleophilic attack of complexes of the type Mn(CO)s~-1 (RNC)XX (R = aryl or alkyl isocyanide ; X = Cl , Br) with

Mn(CO)5 .  The anion Mn(CO)5 was easily prepared by reac-

tion of Na/h g amalgam with Mn 2(CO)10. Recently, however ,

I we have found it more efficient and cleaner to prepare the

1
i

- 
.
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I

I anion by reac tion of Mn2(CO) 10 wi th Na solva ted by liquid

a ammonia . 9 The reac t ion  of Mn(C !I 3NC) 4 (CO)Br  w i t h  Na~ Mn(C O) 5

Mn ( CH 3NC) 4 (CO)Br  + Na~Mn(CO) 5 NaBr + Mn 2 (CH 3NC) 4 (CO) 6I (8)

I 
proved to be by far  the least  compl ica ted  among the syn-

theses attempted. The anion was prepared in THF and a THF

I solution of isocyanide complex was added. The Mn(CO)5
anion has a relatively long lifetime even when slowly ex-

I posed to air so the reaction could be monitored by taking

I 
routine infrared spectra of the reaction solvent and observ-

ing the gradual disappearance of the Mn (CO)5 v(CO) peaks

1 (1898, 1863 cm 1). Once formed , the dinuclear product is

air stable and easily recovered . A high resolution infra-

I red spectrum of the product reveals the specificity of the

reaction . The ~-1n(CO)5 fragment replaces the bromide ion

resulting in a dinuclear complex in ~hich the four iso-

cyanide ligands produce a single v(CN) absorption (1955

Table 1, Fig. 1), a phenomenon which could only occur

I if all the isocyanides occupy equatorial positions . Another

interesting observation that can be made concerns the marked

similarity in frequencies of absorption of the Mn(CII3NC)4(CO)

I fragment (v(CN) = 2155 cm 1- , v(CO) 1881 cin~~~) vs Mn (CH3NC)4-

(CO)Br 10 (v(CN) = 2142 cm~~ , v(CO) 1882 cm~~). The pre-

I sumpt ion  is made t ha t  the lowest energy v (CO) absorption

I can be assigned to the carbony l on the mangane se with iso-

I;! ’ 
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I
I cyanides , probably a valid presumption in view of the recog-

nized poorer back bonding ability of C1-I3NC vs CO. The

Mn(CO) 5 fra gmen t therefore  appears to exhibi t an elec tron

I withdrawal effect similar to a halide ion. This phenomenon

is also significant in that there appears to be little or

no interaction or distortion due to coupling of v (CN) with

v(CO) . The preparation of dinuclear manganese carbonyl

I aryl-isocyanide complexes by reaction of Hn(p-C1C6H5NC)5Cl

and M n ( p - C H 3C 6H 5NC) 4 (CO)Cl wi th  Na~ Mn(CO) 5 also procee~’ed

smoothly  at room tempera ture  and was again moni tored  by

observing the disappearance of the Mn (CO)5 v(CO) absorp-

tions as before. The products (Mn 2 (CO) 5(p-C1C 6I-I5NC) 5 and

Mn 2 (CO) 6 (p-C1-I 3C 6H 5NC) 4 ) ,  however , proved to be almost

1 imposs ib le  to recover in pure c rys t a l l i ne  form and all

a t t empt s  to grow reasonable  c rys ta l s  resul ted  in eventual

I decompos i t ion  even under the most controlled conditions.

The infrared spectra of these aryl isocyanide complexes

I (Table 1) turned out to be somewhat more difficult to even

I rationalize qualitatively. The best that can be said is

that there appears to be distinct- absorption reg ions for

v(CN) and ‘ (CO) and the complexity of the patterns supports

l 
the existence of the dimeta ilic spcci~ s.

It is by now ~.cl) documented
1 that an alkyl isocyanide

I compl ex  of the  type Mn L 5X correspond ing to the known

I
- “ I
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M n ( a r y l  i s o c y a n i de) 5Cl has  not  been p repa red .  There fo re ,

I an a t t e m p t  to p repa re  a d inuc lear  complex of the type

MnL 5Mn(CO) 5 (L = m e t h y l  i socyan ide)  had to be approach•.~d

by a d i f f e r e n t  s y n t h e t i c  rou te .  We t he re fo re  appl ied  the

p r e v i o u s l y  men t ioned  method of Kruck , H~ f l e r  and Noack 5

and reacted the known complex [Mn (CH3NC) 5(CO)J~ wi th Mn(CO)~

I and then hoped to drive off the CO on the ca t ion f r a g m e n t .

[Mn(CH 3NC) 5 ( C O ) ] P F 6 + N a [ M n ( C O ) 5 ]

1 NaPF6 + [Mn(CII
3

NC)
5

(CO)] (Mn(CO)
5
} 

)
..

I Mn(CH 3NC) 5Mn(CO) 5 + CO (9)

The first step of the reaction proceeded without complica-

tions and the complex [Mn(CH3NC)5 (CO) ] [ 1~In (CO)~ ) could be

I isolated as a white powder. The infrared spectrum (Table

1, Fig. 1) shows t h a t  both f r a g m e n t s  of the complex main-

I tam their individual previously known frequency and

intensity patterns. We therefore rati~nalized that the

carbonyl on the cation fragment , being least tightly bound ,

could be expected to be removed. However , all attempts

including prelonged dry hea t ing under vacuum at elevated

I temperatures (a procedure used successfully by Kruck 5 to

I 
prepare RcCo(CO)9 from fte(CO)~ ][Co(CO)4]) and extended

periods of ultraviolet irradi :ition of the solid under

vacuum soon convinced us of t hc  a m a z i n g  s t a b i l i t y  of t h i s

~ 
complex .

S-
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I
I We o b t a i n e d  mass sp ec tral analyses on the complexes

Mn2 (CO) 9(C6II5NC) , Mn2 (CO) 8(C 61-I 5NC) 7, and Mn2 (CO) 6(CU3NC) 4
I (Tables 2,3, and 4; Figs. 2,3). Unfor tunately, mass  spect ra

I of the higher substituted aryl isocyanide comp l exes could

not be obtained due to the high molecular weights and low

I volatilities. Several points become quickly apparent in

analyzing the mass spectra obtained. All the complexes

exhibit parent ions , althoug h they occur in low relative

I abundance. The complexes appear to lose carhonyls step-

wise after ionization although all three species show a

I la rge  gap between the pa ren t  and the  next  lower f r a g m e n t .

Win t e r  and K ise r~~ have p rev ious ly  shown tha t  binuclear

ca rbony l s  of cobal t  and manganese  decompose by success ive

I loss of CO to form Co 2~ and Mn 2~ and may a lso break into

mononuc lea r  species at  any t ime , one charged and one neu-

I t r a l .  Lewis and Johnson ’2 have found the c leavage  of the

I 
m e t a l  c l u s t e r  is dependen t  upon the meta l  and th i s  tendency

decreases r a p i d l y  in go ing  f rom Nn 2 (CO) 10 to Re 2 (CO) 10.

I This is c o n f i r m c d  in our s tud ies  by the r e l a t i v e  abundance

of the fragments Mn 2 ( — 1 0 )  vs Mn~~( l 0 0 ) .  M cC levc r ty 13 re-

I ported on t h e  mass spec t r a  of complexes  of the type

M(CO) o_~~
(RNC)

~ 
(M Cr , Mo , W ; R a lk y l  or aryl . ) and a l s o

noted s e q u e n t i a l  loss of c a r b o n y l s  to leave f r ag m e n t s  of

I t he  type ~~~~~~~~~ 
~~~~~~~ 

We no t e  t h e  same occur rence  in t h e  case

I
I

- - I
_ 
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a

-~~~ of the  d i n u c l e a r  m a n g a n e s e  s p e c i e s .  Thus species  of the

‘ 
type Mn 2 (RNC )~~ and M n ( R N C ) ~~ are  p r e s e n t  in h igh  a b u n d a n c e .

- This  can be r a t i o n a l i z e d  by n o t in g  t h a t  the  ion fo rmed  by

loss of ca rbony l  is more s t a b i l i z e d  t h a n  the  ion fo rmed  by

loss of i s o c y a n i d e .  T h i s  appe ars to be the re sult of delo-

I c a l i z a t i o n  of the  p o s i t i v e  charge th roug h the  - N E C  bond .

We f u r t h e r  r epor t  hig h abundances  of f r a g m e n t s  of t h e  type

Mn 2 (CN) x~ and M n ( C N ) ~~ i n d i c a t i v e  of the i m p o r t an c e  of a-

c l e a v a g e  in  the f r a g m e n t a t i o n  of i s o c y a n i de s , a p h e n o m e n o n

which  had a l so  been p r e v i o u s l y  no ted . 3 ’ 15 We f u r t h e r  no te

I the presence  of an rn / c  peak of 93 as a f r a g m e n t  in t h e

d e c o m p o s i t i o n  of the  complexes  Mn 7 (CO) 9 (C 6II 5NC) and Mn ,-

(CU) 
8

(C
o

Il
s

N C) 
2 

ar ~d have  t en t a t i v e l y  a s s i g n e d  t h i s  v a l u e

to the fragment N n ( C ) ( CN )
4 . I t  had been previously noted ’2

that relatively hig h abundance of ions of the type [Re-

(CO) X C 1~ and [M n R e(CO) ~~C}~ were  a f e a t u r e  of the spec t ra

of Re 2 (CO) 10 and M n R e ( C O ) 10. We make p a r t i c u l a r  no te  of

the p resence  of s p e c i e s  of the t y p e  M n ( C I I 3NC) 3 (CO) 2 in

the  spec t rum of Mn 2 (CO) 6 (C I I 3NC) 4 and Hn(CO) (C 6H 5NC) 2~ in

the  s p e c t r u m  of Mn 2 ( CO) 8 (C 6II 5NC) 2 in r e l a t i v e l y  h i g h ahun-

1 (lances (17 and 1.1 r e s p e c t i v e l y ) . This  appears  to he the

r e s u l t  of r e a r r a n g e m e n t  of t he  l i g a n d s  due  to the h ig h

t e m p e r a t u r e s  i nvo lved , a f a c t  not s u r p r i s  l a g  in l i g h t  of

I t h e  f i u c t i o n a l  b e h a v i o r  of Mn 2 ( C O) 7 (C II 3N C ) 3 seen by Adams .

‘-
I

I
- - 

- — 
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I

I F i n a l l y ,  we noted the p resence  of s i g n i f i c a n t  a b u n d a n c e s

of spec ies  w h i c h  appear  to be the  r e s u l t  of p r o t o n a t i o n  of

I the i s o c y a n i d e  at the  n i t r o g e n .  This is much more  p r e v a l e n t

I in the  spec t ra  of the d inu c l e a r  aryl  i socyanide  complexes

where  more hydrogen  is a v a i l a b l e  due to the  f r a g m e n t a t i o n

I of the  a ry l  r i n g .  Thus species of the type Mn( C 6H 5N H C)~~,

M n(C 61l 5NC) (C 6H 5NHC )~ and C 6H 5N H C~ are evident  in the  mass

spec t ra  of Mn 2 (CO) 9 (C 6H 5NC) and Mn 2 (CO) g (C 6H r NC) 2 .

I In conclusion , we o f f e r  some food for  thought for

f u t u r e  syn the t i c  approaches to the p repa ra t ion  of d i n u c l e a r

manganese  carbonyl  complexes of even h igher  li gand subst i-

t u t i o n .  Adams 14 has r ecen t ly  repor ted  the success fu l

p repa ra t i on  of methy l i socyan ide  d e r i v a t i v e s  of the  man-

I ganese  pet i t aca rbony l  anion , M f l (CO) 5_ x (CNC H 3) x~ 
(x = 1-3)

by r e a c t i o n  of the h a l i d e  w i t h  Na /Fig amal gam. It is known

tha t  m e t a l - a l k y l  isocyanide comp lexes are more elec tron

- 
r i ch  t h a n  the  ~o r r e s p on d i n g  a ry l  i socyanide  complex .10 ’13

T h e r e f o r e , a l t houg h Adams reached a l i m i t  w i t h  the comp l ex

an ion  M n ( C O ) 2 (C }I 3NC) 3 ,  the better it-acceptor aryl isocya-

n i d e  li gands  mi g ht wel l  a l l ow  the prepara t ion of the anions

I M n ( R N C ) 4 (CO) and M n ( R N C ) 5 (R = a ry l  g r o u p s ) .  Then one

I 
can e n v i s i o n  r e a c t i o n s  of the type

Na~ M n ( R N C ) 5 + M n ( R N C ) 5C1 ~-N a C l  + M n ( R N C ) 5M n ( R N C ) 5 (10)

I
I
I

______ - ~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ __ ~~ -——------ - - ______
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I
I where R groups could be alike or different. Fluxional

behavior studies , electrochemical investigations , and mass

specti~a would then no doubt  prove to be v e r y  in t e r e s t i n g .

I
I
1
I(
I
I

- 

I
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I

C. EXPIiRIM1NTAL

I All reactions were run in a nitrogen atmosphere. Melt-

I ing points , r o u t i n e  i n f r a r e d  spect ra , and e l emen ta l  ana lyses

were ob ta ined  as repor ted  in  previous  c h a pt e r s .  I n f r a r e d

I spect ra  for  Mn 2 (CO) 6 (CII 3NC) 4 and Mn 2 (CO) 5 (p-C1C 6U4 NC) 5 were

o b t a i n e d  at  h ig h r e so lu t ion  (+ 1 cm~~- )  in the range 2200 -

1800 cm~~ on d i chlo rome thane  so lu t ions  us ing  a Dig i lab  FTS-

20 s p e c t r o m e t e r .  Molecular  we igh t s  were de termined from
I mass  spec t ra l  data , ob ta ined  on a A F I - 9 0 2  mass spec t romete r .

Dimanganese  decacarbonyl , Mn 2 (CO) 10, was ava i lable  in

the  l a b o r a t o r y . Sod ium-mercury  amalgam ( 0 . 7 5 %  Na) was pre-

pared by s 1 ow add i t ion  of f i n e  Na s l ivers  to 100 g . Hg.

Phenyl isocyanide was prepared as repor ted in previous

chap ters. Chloro pentakis (p-chlorophenyl isocyanide)

manganese (I), Mn (p-CJC 6H4NC) 5C1 , bromocarbonyl tetrakis

(methyl isocya:iide) manganese(I), Mn(CH 3NC) 4(CO)Br , carbonyl

I p e n t a k i s  ( m e t h y l  i s o c ya n i d e )  r n a n g a n e s e ( I )  bromide , [Mn-

(CH3NC) 5 (CO)] Br , and chiorocarbonyl tetrakis (p-tolyl

i s o c y a n id e )  m a n g a n e s e ( I ) ,  M n ( p - C I I 3C 6H4 NC) 4 (CO)C1 , were

I prepared as d e s c r i b e d  in C h a p t e r  VI or r e f e rence  1.
- 

R e a c t i o n  Of Mn 2 (L0) 10 t s i t h  C 6II 5N C .

I To a solution of Mn 2 (CO) 10 ( 7 . 8  g ,  20 mmol) in 100 ml

1 THF was added C(JJI rNC (6.6 g ,  64 r n r n o l ) .  The s o l u t i o n  was

r e f l u xe d  for  4 Ii , t h e n  s t i r r e d  at r t  and m o n i t o r e d  by in f ra -

I
.~.L I
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I
0 red spectra until no further change could be observed

I (-12 h). The solvent was evaporated leaving a dark oil

which was r e dj s s olv e d  in CH
2

C1 2 . A d d i t i o n  of hexane  r?-

sui ted  in p r e c i p i t a t i o n  of several  grams of Mn 2 (CO) 10 which

were filtered off. The solution was again evaporated ,

I dissolved in a minimum amount of hexane , and placed on an

j  a lumina column , eluting three major bands with hexane. The

first band contained more Mn 2(CO)10. The second band

yielded 2.3 g of dark yellow crystals which melt at 63° C.

The complex was presumed to be the m o n o s u b s t i t u t e d  Mn2(CO) 9-

I (C 6E-I 5NC) .

Anal .  Calcd .  for  C 16E1 5NO 9Mn2 : C , 41.34 ; H , 1.08; N ,

3.01.

I Found: C, 41.74; H , 1.14; N , 3 . 2 0 .

Mass spec peak match .. C al c d . :  4 6 4 . 8 7 2 2 3

I Found : 4 6 4 . 8 7 2 5 9

The t h i r d  band y ielded 1.0 g of pa le  ye l low c rys t a l s

which were difficul t to elute , only sparingly soluble in

hexanc , and tended to decompose in solution. The compound

melts at 104 - 106 °C. The complex was presumed to be the

I disubstitut ed Mn2 (CO) 8(C 6II5NC) 2.

‘ 
Mass spec peak match . Calcd . : 539.91975

Found : 539.91986

I
I

~ 
;,. I
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I Prçparation of Mn 2 j CO) 6 (MeN C) 4 .
- To a 250 ml three-necked flask fitted with an overhead

stirrer and bottom release wa~ added Mn2 (CO) 10 (0.18 g,

0 . 4 6  mmo l e )  in 100 ml T E IF.  To th is  so lu t ion  was added an

excess of Na/Hg amalgam (0.75% - 10 g) and the reaction was

s t i r r e d  vi gorous ly  for  30 m m .  An i n f r a red  spectrum of the

I solution indicated complete conversion to Mn(CO)5 . The

unreac ted  Na / Hg amalgam was removed via the bo t tom re lease .

I To th i s  so lu t ion  of the anion was added M n(CH 3NC) 4 (CO)Br

( 0 . 3 0  g ,  0 . 9 2  mmo l)  and the r eac t ion  was s t i r r ed  at r t  fo r

68 Ii .  The s o l u t i o n  was f i l t e r e d  under N 2 and the THE was

removed.  The res idue  was d i s so lved  in CH 2 C12 and a d d i t i o n

of hexane and cooling to -21 °C r esu l ted  in the prec ip i ta -

I tion of yellow cubes in 49% yield. The compound decomposes

wi thout melting at 165 °C.

Anal. Calcd . for C14II 12N4O6Mn2: C , 38.00; H, 2.74;

I N , 1 2 . 6 7 .  Found:  C , 3 7 . 0 0 ;  H , 2 . 5 7 ;  N , 12 .00 .

Mass spec peak match Calcd : 441.95164 Found : 4 4 l .~~~5l85

I Prepara t ion of Mn2~c 5 fp-C iC6H4~c15.

To a solution of Mn 2 (CO) 10 ( 0 . 2 5  g ,  0.65 mmol) in 100

ml TIIF was added an excess of Na/Hg amalgam (20  g ,  0 . 7 5 %

I N a ) .  The reaction was stirred with an overhead stirrer for

30 m m .  The u n r e a c te d  Na / Hg a m a l g a m  was removed t h r o u g h a

I bottom release and M n ( p - C I C 6II 4 NC) 5Cl (1 .0  g ,  1.3 mmo l )  was

I
- 

I
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I
added to the solution and stirred at rt for 68 h. The sol-

u t ion  was f i l t e r e d , the  solvent was removed , and the residue

d i s so lved  in a minimum of CH2CJ 2-hexane (1:1 ratio) and

f placed on an a l u m i n a  column . One yellow band was eluted

- 
and the solvent  evaporated leaving a yellow oil. The oil

was dissolved in ethanol and careful addition of L
~
f20 re-

I 
sulted in the precipitation of 0.40 g of yellow powder.

The infrared spec trum (Table 1) and s olu b il i t y  properties

are consis tent  wi th  a poss ib le  ‘in 2 L 5L 5~ complex but a l l

a t t empts  to grow pure c rys t a l s  r e su l t ed  in eventual  decomp-

os i t ion  in so lu t ion .

I Attempted Prepara t ion of Mn2~ç~ 3~ ç~ 5 (CO) 5.

To a solution of Mn2(C0)10 (1.0 g, 2.6 mmol) in 100 ml

TUF was added Na/Hg amalgam (-20 g, 0.75% Na). The reac-

tion was s tirred at rt for 30 m m and the excess amalgam

removed . To the  s o l u t i o n  of Na~Mn(C0) 5 was added [Mn-

(CH 3NC) 5 (CO)]Br  ( 2 . 0  g ,  5 .4  mm ol )  and the  reaction was

s t i r red  at r t  for  20 h. The solution was filtered under

I N2 and the THE removed. The residue was heated under vacuum

at 70-80  °C for  20 it and at 120 °C for  an a d d i t i o n a l  20 i t .

I Infrared spectra of the r e s idue  i n d i c a t e d  no change  f rom

the ori ginal product. The pattern (Pi g. 1) shows all the

peaks for the known species [Mn(C!1 3NC)5(C0)i
’ and Mn(CO)5

I and the compound melts >250 °C.

- I
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I Reaction of Mn (p-CH 3C6I 4(ç9)Cl wi th Na [Mn(CO)5j.

I 
To a solution of Na [Nn(CO) 5] (prepared from 0.20 g

Mn2 (C0) 10 and excess Na/Jig amalgam in the aforemention ’d

I manner ) was added Mn(p-CJ-13C6114NC) 4(C0)Cl (0.59 g, 1.0 mmol).

The reac tion was s t irred at rt for 96 h, filtered under N2,

1 and the solvent was removed. The remaining oil was dis-

I 
solved in deaera ted benzene and placed on an alumina column

under N2. One yellow band was eluted and the solvent was

evaporated. The residue was redissolved in CH2C12-hexar~~,

- 
cooled to -78 °C, and 0.25 g of yellow powder was recovered.

I All attempts at slow crystallization resulted in decomposi-

1 
tion in solut ion but the infrared spec trum is consistent

with a possible Mn 2 (CO) 5(L) 4(CO) pattern (Table 1).

I
I
I

I

I
I 
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I
I

TABLE 1. INFRARED SPECTRAL DATA (cm~~~) a

I Compound VC .N vc o

I Mn2 (CO) 6(CH3NC) 4
b 2155s 1996m , l980m , l9S 8vs ,

1924s , l882s

I Mn2(CO) 9(C6H5NC) ’ 2 15Gm 208 0s , 2010s , l99 5vs
lgSOs , l9GSvs

I Mn2(CO) 8(C 6H5NC) 2
c 2 150m , 20 50s , 2 O lOs , 1990vs

2l20s 1950s

I Mn 2 (CO) 5 (p-C 1C 6H 4 NC) 5
1’ 2 l47 w ~ 20l3m , l987m( sh) ,

2088s l970s , l95 0m(sh) ,
1912m(sh)

Mn2(C0) 6(p-CH 3C6H4NC) 4 2140w , l980s , l950s(sh),
2090s 1910m , 2040m

[Mn(CH3NC) 5(CO)]- 2210w , l955m , l900s , l86Ovs
215 Ov s[Mn(CO) ~1

1 Mn2(CH 3NC)(CO) 9
d 2l69(sh) 1962m , l972m , 1982w ,

2184vw 1998vs , 2009m , 2028s ,

1 2087(s h) , 2090w

Mn2(C0) 9(C6ii 5
I
~C)

d 2l69s , 204 5s , 20l6~ , 1980s

I 2102s

Mn 2(CO)8(C6H5NC)2° 2165w , 2OG lm , 2020m , l996s
2128m l957m

(a) IR spectra in C1!2C1 2 solution taken on Beckman
IR-l0 spectrometer unless otherwise noted.

1 (b) High-resolution spectra (+1 cm~~ ) in CH2C1 2 taken
on Digilab FTS-20 spectrometer .

I (c) IR spectra in Cd 4 takei’~ on Beckman IR -lO

(d) Ref. 4

I (c) Ref . 1

I
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TABLE 2. MASS SPE CTROM L T RJC FRAGMENTATION OF

I Mn 2 (C1-I 3NC) 4 (CO) 6

I Major Peaks a Species Intensi ty

442  ?4n 2 (C1-13NC) 4 (C0) 6~ 1

345 Mn 2 (CH 3NC) 3 (C0) 4~ 1

J 317 Mn 2 (CH 3NC) 3 (C0) 3~ 8

304 Mn2 (CH3NC) 2 (CO) 4~ 11

1 289 Mn2 (CH 3NC)3(C0)2
4 7

1 276 Mn 2 (C1-J 3NC) 2 (CO) 3~ 30

263 Mn 2 (CH 3NC) (C0) 4~ 5

1 248 Mn 2 (CH 3NC)~, (CO) 2~ 10

247 Mn(CH 3NC) 4 (CO)~ 8

1 234 Mn (CH 3NC) 3 (CO) 2~ 17

1 233 Mn2(CH 3NC) 3~ 20

220 Mn 2 (CH 3NC) 2 (CO)~ 9

1 192 Mn 2 (CH 3NC) 2~ 6

178 Mn (CH 3NC) 3
4 53

1 165 Mn(C I1 3NC) 2 (C0)~ 8

1 163 Mn(C I1 3NC) 2 (CN) ~ 10

151 Mn 2 (CII 3NC) 6

1 137 Mn ( CJ1 3 N C ) 2~ 75

I
I

k 
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I
I TABLE 2. (Contd.)

1
Major Pcaksa Specics Intensity

1 136 Mn2(CN)~ 24

I 122 Mn (CH3NC)(CN~~ 25

110 Mn2~ 9

J 96 Mn(CH3NC)
4 

100

81 Mn( CN)
4 32

- 55 Mn
4 100

J
(a) All peaks with intensity >5 are included;~~

I M~ and N4 -97 included to indicate gap
between the parent ion and the next highest

I peak.

I

1~
I
I
I
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TABLE 3. MASS SPECTROMETRIC FRAGMENTATION OF

a 
Mn 2 (C0) 9 (C 61{5NC)

I Major Peaksa Species Intensity

465 Nn2(CO)9(C6H5NC)~ 2

I 353b Mn2(C0) 5 (C6H5NC) 4 3

1 325 Mn2(CO)4(C6H5NC)
4 

10

297 Mn2(CO)3 (C6HrNC)~ 18

I 270 Mn(CO)4(C 6H5NC)~ 23

269 Mn2 (CO) 2 (C6H5NC)~ 11

I 242 Mn(CO)3(C6H5NC)
4 

5 —-

I 241 Mn2 (CO) (C6H5NC)~ 13

214 Mn(C0) 2 (C6H5NC) 4 9

1 213 Mn2 (C6i15NC)~ 17

I 
186 Mn(CO)(C6H5NC)

4 
7

159 Mn (C6H5NHC)~ 5

I 158 Mn(C6II5NC)
4 

51

110 Mn2~ 19

1 104 C61-I5NHC~ 4

1 103 C611 5NC
4 

33

93 Mn(C)(CN)
4 

10

I 78 C611 7

I

~~

.

~~~~~~~~~~~ ~ft L~~ ~~~~~~~ ~~~~~~ .~~~~~av~--’
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TABLE 3. (Contd.)

1
Major peaksa Species Intensity

I 77 C6H5~ 7

1 76 C6H~
4 18

55 Mn~ 100

I 
(a) All peaks with intensity > 5.

(b) Firs t peak below parent

I
I

I
- 

I 1T~~~~~ -~- ~~~~~~~~~~~~ - — - ~~~~~~—----~~~~~~--- - - - ----- - 
~~~~~~~~~~~~~~~~~ 
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I-- TABLE 4.  MASS SPI ICT R OME T RI C FRAGMENTATION OF

I Mn 2 (CO) 8 (C 6JI 5N C ) 2

M a j o r  Peaks a Species I n t e n s i t y

540 b Mn 2 (CO) 8 (C 6H 5NC) 2 0 . 2

456 b Mn 2 (CO) 5 (C 6H 5NC) 2~ 0 .5

4 2 8 c Mn 2 (CO) 4 (C 6U 5NC) 2~ 2 . 5

400 Mn 2 (CO) 3 (C 6Fi 5NC) 2~ 5

Mn 2 (CO) 2 (C 6H 5NC) 2~ 1.5

345 Mn ( CO) 3 (C 6H 5N C ) 2~ 22

325 Mn 1(CO) 4 (C 6H 5NC) 5

1 316 Mn 2 (C 6H 5NC) 2~ 9

297 Mn 2 (CO) 3 (C 6H 5NC) 4 5

1 289 N n(CO) (C 6U 5NC) 2
4 

11

( 262 Mn(C 6 H 5NC) (C 6 115NHC) ~ 5

261 M n ( C 61-I 5NC) 2 30

213 Mn 2 (C 6H 5NC)~ 5

159 Mn (C6H5NHC)~ 7

1 158 M n ( C 6I T 5NC) 4 
59

110 Mn 2
4 - 

11
+

104 C IIr N II C 10

1 103 C6II 5NC~ 100

93 Mn ( C ) ( C N ) ~ 32

I
I

, 

_________________________________________
— - P - - - - - 
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I
I TABLE 4. (Contd.)

I — — -

Major Peaksa Speci~~. In tensity

I 81 M n(CN )~ 5

78 C 6H 6
4 7 . 5

77 C6I-I5~ 18

1 76 C
6
H
4~~ 

55

75 C61-I3~ 11

74 C
6
H
2~~ 

7

I 55 Mn4 87

I (a) All peaks with intensity > 5.

(b) P a r e n t  (N 4 ) and (N 4 
- 84) peak included to

I show separa t ion be tween paren t and f i rs t lower
peak.

I (c) Included to show s tepwis e loss of carbonyl.

I

I
I

1
I ’

L- i
- - 

~~- - -~ -~~~~~~~~~~L 
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I
I
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I
I
I

Figure 1

I
In f ra red  Spectra of Dimanganese

Carbonyl Isocyanide Complexes I
1

I
I

I
I
I
I
I
1
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Figure 2

Mass Spectrum of Nn2 (CO) 9(C6H5NC)
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I
1

Figure 3 1

Mass Spectrum of Mn2(CO) 8(C6F15l~~)2 1
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I

I CHAPTER VI

SYNTHESIS , CHARACTERIZATION AND ELECTROCHEMISTRY

OF MANGANESE(r) COMPLEXES OF THE TYPE

I Mn (CO)ç~~
(L)

~
X (x = 4,5; L = aryl isocyanide)

I
I
I

I 
.

I
I I
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I

A. INTRODUCTION

I Among the extensive research in the field of metal

1 isocyanide complexes , four papers describ e the reactions

of Mn(CO) 5X (X = I, Br , Cl) wi th isocyanid es.

I Hieber and Schropp 1 repor ted the syn thes is of Mn(CO) 3-

(CH3OC6H4NC) 2C1 by reac t ion of Mn(CO) 5Cl wi th p-C II3OC6H4NC

I in ethanol at 70°. Angelici and Basolo 2 later reported

the preparation of the complex Mn(CO)4(CNC 2H5)C1. A more

detailed study by Joshi , Pauson and Stubbs 3 covered the

I reactions of Mn(CO)5X with phcnyl isocyanide. They re-

ported the formation of Mn (CO)3 (C 6}I5NC) 2Br in refiuxing

I ethanol , Mn(CO) 2 (C 6II5NC) 3Br in diglym e at 100°, and more
- hig hly s u b s t i t u t e d  species when the reac t ions were run

in r e f l u x i n g  TUF . More r ecen t ly ,  Treichel and co-workers 4

I reinvestigated the reactions of Mn (CO)5X wi th phenyl iso-

cyanide and found significar 1t differences from previously
1 3 . .
- reported results. Specifically, reaction of !~-.n(CO) 5Cl

with phenyl isocyanide in refluxing TI-I F led to the formation

of Mn(C 6H5NC) 5C 1 and [Mn(C 6U5NC) 6]Cl while reaction of

I Mn(CO) 5Br wi th phenyl isocyanide under the same conditions

I 
produc ed prir iari ]y ?‘ln(C6II5NC) 4(CO)Br.

A review by Abel and Ty f ield 5 summar i~~es reac t ions

of systems of the type M(CO)
~~
X (N Mn . CpMo , CpFe , etc.;

1~~ 
_ _  

_ _ _ _  

_ _ _— — — ____________ 
- — — 

L ~nr~=-~~ rflig
— —  
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I
X = Br , Cl) with free ligands to form cationic metal car-

I 
bonyls. These reactions can occur by direct li gand dis-

p l a c e m e n t  of the halide or b) a s s i s t ed  ha l i de  d i s p l a c e m e n t

I using halide accep tors , thus indica t ing the syn the t ic

- utility of these halometalcarbony ] systems. Previous work

in our group4 and previous chapters in this thesis have

shown that this synthetic approach to cationic complexes

can be extended to h a l om e t a l i s o c y a n i d e  sys tems as we l l .

Hence , r eac t ions  of the type

Mn (CO) 5~~~(RNC) ~~X + RNC—.. Mn(CO) 4~~~(RNC) ~~+i X 

—

~~ (1)

[Mn (CO) s~~~(RNC) ~~+i ]X (2 )

(R alky l , a r y l ;  X = Br , Cl)

I Mn(CO) 5~~~
(RNC)

~~X + AgPF 6 
+ L -Agf [Mn(CO) 5~~~

(RNC)
~~

( L ) J -

PF
6 

(3)

I (L = any donor ligand)

Mn(CO) 5 (RNC ) X +  A 1C 13 + co +PF
6 [Nn(CO) 6 (RNC) J-1 X X -A 1X
4 

X

PF
6 

(4)

are by now wel l  documented .

In all of this previous research , the Mn(CO) ô x (RNC ) xX

I complexes have been prepared as precursors for the syn-

I thesis of ca t ionic mixed li gand complexes. Minimal

a t t e n t i o n  has  been d i r e c t e d  at  the s ta r t i n g  m a t e r i a l s

I t h e m s e l v e s , so we sought to o b t a i n  more i n f o r m a t i o n  about

I

- - - ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
-



151

I

- - the properties of these precursors , direc t in g par t i cu la r

I a t t e n t i o n  to the halomanganesearylisocyanide complexes.

I t  has been shown 4 ’6 on the bas i s  of e lec t rochemica l

I s tud ies  of a ry l  vs alkyl isocyanide complexes that aryl

i socyan ides  are b e t t e r  n - a c c e pt o r s  than  a lkyl  i socyan ides .

Also , our work in Chap t e r  I has shown the rang e of -it-

acceptor  s t r e n g t h s  of the  a ry l  i socyanide  l igand by show-

ing the effect of substituent group s on the ring . With

I this in mind , it seems reasonable to expec t differenc es

i in reac tivi t ies of these ligands when reac ted wi th

Mn( C O) 5X (X = Br , Cl) . To date , only  the r e a c t i o n s  of

I Mn(CO) 5X (X Br , Cl , I)  w i t h  pheny l i socy an ide 3 ’4 have

been r e p o r t e d .  We t h e r e f o r e  dec ided  to prepare  a v a r i e t y

I of complexes of the type Mn(CO)s~~~
(RNC)

~
X (x 4 ,5; X

Cl , Br) for  severa l  r e a s o n s .  F i r s t , we wan ted  to examine

the possibility of varia t ions in re ac t ivi ty bas ed on

I elec tron wi thdrawing or d o n a t i n g  r i n g  s u b s t i t u e n t s  on the

aryl isocyanides. Second , we wanted to ex2mine the elec-

I trochemical behavior of these complexes to determine the

I fe as ibili ty of chem ically prepa ri ng 17 e species having

some possible synthetic utility . Toward this end , we

I also decided to va ry  the X group by p]-~’pa ring Mn (CO)s~-

(RNC)~ X complexes whei - e X Cl , hi- , CN , and SnC 1 3 and to

I
I

~~~~~~~~~~~~~ -~~~~ f----- 
~~~~~~~~~~~~~~~~~~ 
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$

examine  t h i s  e f f e c t  e l e c t r o c h em i c al l y .  The i n i t i a l  pa r t

I of t h a t  work appeared in a preliminary communication. 7

Finally, we decided to examine the v(CN) and v(CO) re~,ions

of the infrared spectrum in an attempt to correlate the

f r e q u e n c i e s  observed with the electrochemical . data , as we

had p r e v i o u s l y  done in Chapter  I I .

I

1
I

I
I
I
1
I

1 
~~~~~ 

_____________________________________________________ _________ _________

~~~~~ 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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B. RESULTS AND 1) I SCU SSI ON

I I t  is known t h a t  r eac t i on  of M n ( C O ) 5X (X = Cl , Br)

I w i t h  i s o c y a n i d es  y i e l d s  severa l  p roduc t s , depending  on

the cond it ions employed. 3’4 In th is  s tudy we concen-

I t r a t cd  our e f f o r t s  on the prepara ti on of the higher sub-

stituted Mn(CO) s~~~
(RNC)

~
X (R = aryl isocyanide ; X = Cl ,

I Br; x = 4 ,5) com plexes.  The choice of ha ii de (Mn(CO) 5C1

• 
vs Mn(CO) 5Br) ther efore becomes more crucial to the syn-

thesis. The differences in reactivity of the two halo-

pentac arbonyls have been quantitat iv ely inves tiga ted by

Basolo and cowork ers , who found tha t both for carbonyl

I exchange 8 and for rea ct ion wit h a variety of other ligands ,2

I the r a t e s  f a l l  in the order C1>Br>I. These results can

be r a t i o n a l i z e d  in terms of the diff erence in elec tro-

n e g a t i v i t i e s  of the  h a l i d e .  The less  e l e c t r o n e g a t i v e

b r o m i n e  a l l o w —  more  e f f e c t i v e  back d o n a t i o n  to the  GO ,

thus  l e a d i n g  to s t r o n g e r  m e t a l - c a r b o n  bond ing . W i t h  t h i s

in mind , we r eac t ed  a number of a r y l  i socyan ides  h a v i n g

elec tr o n w i t h d r a ~~ing and d o n a t i n g  groups  in the para

I position with both M n ( C O ) 5C1 and M n ( C O ) 5 B r .  The r c a c t i on s

I 
were run in refluxing Till- : reaction times were maintained

between 6- 7  h o u r s .  The products were identi f i e d  by t he i r

c h ar a c t e r i  si  i c v ( C N )  and v (CO) ab s o r p t  ions  comb i  ned w i t h



I

I 

the expected ye l low to orange colors expected of neutral

- Mn(CO) 5~~~( R NC) ~ X complexes .  The colors are p a r t i c u l a r l y

u sef u l in d i s t i n gu is h ing be t~.ee n the whi te  or pale  yello

I MnL 6~ complexes , which are also formed in these reac t ion

I 
and the y e l l o w - o r a n g e  to deep red MnL 5X complexes.  Thes

complexes are o f t en  d i f f i c u l t  to i den t i f y  by in f ra red

alone since the strong Ti~ 
absorption mode of the MnL6~

complex (—2070 cm~~) can overlap and obscure the strong

f E1 mode of the MnL 5X complex (—2050 cm 1 ). The Mn(RNC)4

- (CO)X complexes are the easiest to identify by infrared

since they all exhibit a single strong v(CN) absorption

(E mode , ~2090 crn~~ ) and a single \ (CO) absoi~~~ion (A1

mode , 1900-2000 cn( 1) .

The results of the reactions allowed us to make

a fe~.’ generalities. First , in contrast to previously

I reported results ,3’4 we successfully prepared MnL5X corn-

plexes  f rom both  Mn(CO) 5C1 and Mn (CO) 5Br .  However , as

expected on the bas~~ o f r eac t iv i ty  d i f f ere n ces , r eac t ion

I of an aryl.  i s o c yan i d e  w i t h  M n ( C O ) 5C 1 pr oduced a hi gher

I 
p ercen t age y i eld of the MnL 5X complex ( r e l a t i ve  to Mn L 4 -

(CO)X)  tha n r e a c t i o n  of t h e  same i socy an ide  w i t h  Mn( CO) 5

I under  t 1~~~~~ same c o n d i t i o n s . Second , w e fo un d t h a t  M n ( R N C

Br :c~i I 1cxes in w h i c h  the  ar y l  i s o c y a n i d e  has s t rong  d c

I t r o i l  w i t h d r a w i n g  g roup s  on the  ri~ g a rc the e a s i e s t  to

~ ±~~T Jt
~
T
~~1



isolate , exhibit the g rea tes t s tability agains t loss of

li gand , and are consis ten t ly ob tained in the highest

yield. Dirreen 9 had previousiy reacted Mn (CO)5Br with I

I strongly electron withdrawing pentachloropheny l isocyani

I 
C6C15NC , produ cing the first reported example of an Mn-

(RNC) 5Br complex . In this work we successfully prepare c

I the complex N n ( p - N O 2 C 6H 4 NC) 5Br and note  i ts hig h therma]

and k ine t i c  s t a bi l i t y . Fur ther , we have been notably  ur

I successful  in i so la t ing  even the M n(RNC) 5C1 complex

I 
when R is the  s t r o n g l y  dona t ing  p - -CH 3O group . We also

note  the p r o p e r t i e s  of the complex ~- 1n(p -CH 3C 6H 4 N C ) B r .

I The complex wa s d i f f i c u l t  to i s o l a t e ;  repeated crys ta l l i

za t i on  a t t e m p t s  f rom CH 2C12 -hexan e  r e su l t ed  in  the  reco~

I ery of sma l l  amounts  of [ Nn ( p - C H 3C 6H 4 NC) 6 ]Br i n d i c a t i n g

- a c e r t a i n  degree  of l i gand  d i s soc i a t i on  and f u r t h e r

reac tion. Als o , even af ter isolation of appar ently pun

- Mn(p-C l- 1 3C611 4NC) 5Br , the ma terial tends to collapse into

an amorp hous ma ss emi tt in g a strong , cons tant odor of f

isocy anide. These varia tions in prop erties can again b

rationalized in terms of the differing degree of ii-acce

strength among the a r yl  i so c y a n i d~~ . A s tr o n g l y  electro

I wi thdr awin g is o’yanide (p-NO 2C6II4NC , p-C1C 6}I4NC , C6C15N

by accepting a larger share of the  e l e c t r o n  donat  ion fr

I
I
I

‘I — —. - - - — —
- . 
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I
I the me tal than  an aryl isocyanide wi th a donor subs tituent ,

I 
allows the forma t ion of s tronger M -C bonds wi th the iso-

cyanHe thus stabilizing the complex against li gand loss.

In addi tion, using the s ame argumen t as that employed to

explain the reac tivity dif ferences in the series Mn(CO) 5X

I (X = Br , Cl , I), s tepwise subs titution of carbonyls by good

it -acceptors  does not s t r e n g t h e n  the remain ing  m e t a l - c a r b o n y l

M-C bond to the extent  a poorer  n -accep to r  would .  Accura te

q u a n t i t a t i v e  support  for  th is  sub t le  d i f f e r e n c e  in react- i-

v i t y  is d i f f i c u l t  to ob ta in , however , especia l ly  if based

I purely on relative yields of higher substituted products.

• Differences in ease of workup, kinetic r1~ ff erences , and

varying ex tent of side reac t ion interference can all com-

bine to produce less than linear corr ela tion of produc t

- 
yields wi th ring subs tituen t type according to thr ’ pre-

vious qualitat ive argument .

Isola tion of the complex Mn (C6U5NC)5Br des erves some

sp ecial ment ion . The complex was rec overed by frac t ional

I c r y s t a l l i z a t i o n  of a m i x t u r e  of p r o d u c t  o b t a i n e d  f rom the

r e a c t i o n  of Mn(CO) 5 Br w i t h  C 6H 5NC scvc ’ i- :~.. y e a r s  e a r l i e r .

I The crude m i x t u r e  was i n i t i a l l y  p r e s u m e d  to c o n s i s t  of

I [~1n(C 6Ii 5NC) 5 ( C O ) ] B r  and M n ( C 6 II r N C) 4 ( C O ) B r .  I t  can be pos-

tu I a ted  t h a t  the  ca rb o ny l  of the  ~ ri ~C 6 H 5 NC )  
~ 

(CO) ] Br migh t

I h ave been p h o t o l y t i c a l l y  removed  by b u g  t~ n t  e x p o s u r e  to

I
I

— 
-
~

- - ~~~~~~~~~~~ - -~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~- . ~~, - -



157

I
sunlight. h owever , in view of the fact that MnL Br coin-

plexes have been prep ared even when L = p-CI-I 3C6H4NC , it

I 
seem s more likely that the complex Mn(C 6H5NC) 5Br was in-

deed formed but its presence not noticed in the original

I reaction.

The comp lexes Mn(C 6H5NC) 4(CO) SnCl3 and Mn(C 61-I5NC) 5Sn-

I Cl3 were prepared by stirring solutions of Mn (C6H5NC)Cl

and Mn(C6H5NC)(CO) Cl with SnCl 2~ 2H2O. The -SnC13 groups

appear to add considerable s tabi l izat ion to the complexes

by wi thdrawing a significant amount of elec tron densi ty

from the electron-rich metal center. This is supported by

the electrochemical mea suremen ts (Table 2) which show a

sizable incr ease in oxida t ion po tential between the com-

plexes Mn (C6H5NC) 5Cl (0 .2 9 v) and Mn(C 6H5NC) 5SnCl 3 ( 0 . 8 6  v)

and also between the complexes Mn(C 6H5NC) 4(CO)Br (0 .7 6 v)

arid Mn (C6II5NC) 4(CO)Sn Cl3 (1.18 v). In the latter case it

should also be noted that the carbony l absorption frc--

quen cy ,  v (CO), shows a sizable shift (1905 cm~~ to 1965
- 

cm ’, Table 1), w h i c h  would be expected in view of the

reduced  e l e c t r o n  deii ~-, i  ty  a v a i l a b l e  for  the m e t a l  to dona te

I
to the  71* o r b i ta l  of t h e  ca r b o n y l .  I t  is also interesting

to compare  t h e  di  f f c ~ once i n  fl 1,,2 v a l u e s  be tween  the  two

I MnL 5X s p e c i e S  ( 0 .  57 v )  vs t he  d i fr e r e n c e  be tween  the Mn-

I
I

______ U - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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I L
4

(CO)X specie-s (0.42 v). The smaller difference in the

I 
latter case might well be ra tionalized on the basis of the

grea tr~r flexibility of the carbonyl ligand as a it-acceptor.

The compl ex Mn(C 6I1 5NC)5CN was formed by st irring Mn-

(C6H5NC) 5Br with NaCN . The exchange was facile and the

produc t easily isolated . The oxida tion potential (0 .66  v ,

Table 2) is again consis tent wi th the s tronger elec tron

withdrawing ab ili ty of the -CN group compared wi th halides .

J The cor-plex was impossible to i d e n t i f y  by infrared because

the pa ttern is identical to that of the s tar t ing material ,
I

Mn(C 61-I 5NC) 5Br , and the cyanide s tretch is not observ ed

i 
presumably being very weak.

Among the series of complexes , Mn(RNC) 5X (R = subs ti-

I tuted aryl isocyanides; X = Cl , Br), the elec trochemic al

measurements again show the expected changes in oxidation

I potentials as the substituent group is varied between a

donor and a withdrawer (See Chapter 1). Therefore , i t can

be seen from Table 2 tha t E
11,2 values dec rea se as expec ted

in the order Mn(p-NO 2C6H4NC) 5Br > Mn(p- C1C6H4NC) 5Cl >

Mn(C 61!5NC) 5Br > M n ( p - C I I 3C 6II 4 NC) 5Br. The complex Mn(m-

1 CF3C6II4NC)4(CO)C1 also exhibits the effect of the electron

withdrawing rn-CF 3 group when compared eleet rocheiiicali .y to

Mn(C 6II5NC).JCO)Br (0.96 v vs 0.76 v). This is again re-

I fi cc ted in the shi ft in  c a r h o n y l  ab so rp i  ion  f r e q u e n c y  ( 1 9 2 0

I
I

~~
a f
~h J T  ~f~1l1 F’.f~~ ~~ ~t#~~-4 ~~~~ ~~~~~~~~~
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I cm~~ for Mn(m-CF 3C6U4NC) 4(CO)Cl vs 1905 cm~~ for Mn(C 6115-

NC) 4(CO)Br). I t  should be noted that the choice of Cl or

I Br as the X group produces only a small difference in the

I B
1!2 

values (MnL5Br is —0.03 v > MnL 5C1) and thus is used

for convenience in the comparisons .

I It  should again be noted that among the series of

MnL5X complexe s , the changes in B112 are not reflec ted in

I the changes in v(CN) which might be expected due to van -

able elec tron densi ty available for donation to the -ir k of

the isocyanide carbon. The same effect was noted for the

J MnL 6~ series discussed in Chap ter I and the q u a l i t a t i v e

rationalization presented there applies here.

I Fin al ly ,  ~:e might direct a few words toward fu tu r e

- 
s y n t h e t i c  po tential of these MnL 5X and MnL 4 (CO)X complexes .

A recen t  paper by Adams p resented  evidence for  the syn-

thesis of a series of anions of the type Mn(CO)5~~~
(CNCH3)~

(x 1-3) and discussed  the value of th~ anions as reagen ts
I in the s y n t h e s i s  of i socyan ide  compounds of the type Mn(CO) 4-

(CNCH 3)R. The synthesis of these anions from the corres-

ponding halides , Mn(CO)5~~
(CNC h!3)~ X , by reduc tion wi th

I sodium can obv iously he ex tended to the aryl isocyanides.

I 
In fact , on the has i.s of the improved iT-acceptor strength

of the ary l isocyanides , more hi ghly sub stituted anions can

I be cxpected . Aryl isocyanides have  been shown to be much

I
I

- ~~~~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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more versa tile ligands than carbonyls based on the possibi-

lity of altering the number and type of substituents on the

ring . It is no t unreasonable , therefore , to expec t to find

the right combination to form stable complexes of the type

Mn(RNC) 5R. The poss ibility of using these anions to form

zero valen t manganese complexes of the type Mn2 (CO) ,o~~ -

I (RNC)
~ 

has been previously  discussed (Chapter IV) .

I
I
I
1

I -

I
I
I
I
I
I
I 
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I-
I C. EXPERIMENTAL

I All reactions were rout inely run in a nitrogen atmo-

spher.~. infrared spec tra , ~nelting poin ts , electrochemica].

I data and elemental analyses were obtained as described in

previous chap ters.

I Bromopentacarbonyl manganese(I), Mn(CO) 5Br , and chloro-

pentacarbonyl manganese(I) were prepared as described by

King10 by reaction of manganese decacarbonyl with the halo-

gen . All isocyanides were prepared as mentioned in previous

chap ters . Sodium cyanide , NaCN , and t in dichlonide dihy-
- dra te, SnC12 2H2O , were used as purchased.

Tetrahydrofuran was purified by distillation from

li thium aluminum hydride. All other solvents were analyti-

cal grade and used without further purification .

Prepara t ion of M n ( p - N O 2 C 6H 4 NC) 5Br.

To a solution of Mn(CO) 5Br (0 .2 2 g, 0.8 0 mmol) in 50

ml TEIF was added p-NO 2C6H4NC (0.65 g, 4.4 mmol). The reac-

tion was refluxed for 48 h, cooled , and 0.35 g of dark

orange powder ( [M n (p - N O 2 C 6U 4 NC) 6 ] B r )  was  f i b  b red off . The

1 
TI-IF solu tion was dried and the residue redissolved in CFI2C12.

I Slow diffu sion of diethy l ether into the red solution re-

1 sulted in the formation of long flat needles having green

reflectanccs. l:il-tration resulted in the recovery of 0.10 g

II
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1 (14.3% yield) of Mn(p-N02C61-I4NC) 5Br. The compound decom-

I poses without melting > 300 °C.

~nal . Calcd . for C35H20 N10O10BrMn : C , 48.02; H, 2.30;

I N , 16.00.

Found: C, 46.98; 1-1, 2.44; N, 14.95.

I Prepa ra t ion  of Mn(p - C 1C 6~~ NC) 5Cl .

To a so lu t ion  of Mn(CO) 5Cl ( 2 . 3  g ,  10 mmol) in 100 ml

THF was added p-C 1C 6H 4 NC ( 8 . 2  g ,  60 mr~ol) . The reac t ion

was r e f l u x e d  for  7 h , co oled , and a pale yel low precip itate

([Mn(p-C1C H NC) jC1 , 1.8 g, 20% yield) fil tered o f f .  The

THF solu t ion  was dried , redissolved in CH2C12, and 5.0  g

of a mixture of Mn(p-C1C6H4NC) 4(CO)Cl and Mn(p--C1C6H4NC)5C1
- 

precipi tated on addition of hexane . The siixture was re-

dissolved in CHC1 3 and red needle s of M r i ( p - C 1C 6H 4 NC) 5Cl

(2.5 g, 32% y ie ld )  were preci p i t a t ed  and recov ered on add-

I i t i on  of hexan e .  The compound decomposes without melting

I > 150

The followin g compounds were prepared by the same

route by reflux ing ei ther Mn(CO) 5C1 or Mn(C05)Br with the

appropr iate isocyanIde in TUF .

I M n ( p - C H 3C 6H 4 NC ~ 4 ( C O ) B r .  Ob ta ined as orange cubes from

I 
C11 2C1 2-hexane in 47% yield. The compound melts at 173—

175 °C with decomposition.

I

‘

I 

~

-UWLL- ~~~~~~~~~~~~~~~~
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I -

Mn (p-Ch i3C6U4~ çJ5Br. Obtained as red-orange prisms from

I CHC 13-hcp tane in 31% yield. The compound was identified by

its infrared spec trum and tends to col lapse  into an amor-

phous semi-solid on standing .

Mn (p- Ch1 3C 6 4~~J 5Cl .  Obtained as yellow-orange needles

from CHC13-heptane in 52% yield. The compound melts at

162-163 °C. w i t h  decomposi tion.

Mn (m-CF 3C6H4NcJ4(CO)C 1. Obtained as yellow powder

I from acetone-heptane in 22% y ie ld .  The compound mel t s  at

150 °C. with decomposi tion.

Prepar at ion of Mn (C 6145NC ) 5CN .

To solution of Mn(C 6H5NC)Br (0. 50 g , 0.77 inmol) in 40

ml acetone was added NaC~ (0.05 g, 1.0 mrn o l)  in 10 ml H 2O.

1 The solution was stirred at rt for 1 h, the ace tone was

I evaporated , and the aqueous layer was shaken with benzene.

The benzene layer  was separa ted and dried wi th MgSO4 and

f i l t e r e d .  The benzene was removed and the residue dissolved

I 
in C112C1 2. Addition of hexane re sulted in the recovery of

0 . 2 5  g of palc yellow crystals in 54% yield. The compound

I darkens and decompos es at 170 °C .

Anal . Calcd . for C 3c~
hI 2sN6\1n: C , 72.48; II , 4.22; N ,

I 14 . 0 9 .

Found: C , 72.08; H , 4.38; N , 13.34 .

I
I 

-
.
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I

I Prepar at ion of M n ( C 611JC) 5SnCl 3. -~

I 
To a solu t ion of Mn(C 61!5NC) 5C1 (0.60 g ,  1.0 rnm~ ]) in

100 nil THF was added SnCl 2~ 21I 2O (0 .40 g, 1 .5 rnmo l ) . ; The

I reaction was stirred at rt for 2 h , the solvent was !eva-

pora ted , and the residue redissolved in CHC13 and f~ 1tered.

I Addition of heptane to the filtrate produced yellow needles

I 
of Mn (C6II5NC)5SnCl 3 in 94% y i e ld .  The compound m e l t s  at

192-194 °C.

I Anal. Calcd . for C35H25N 5C13SnMn : C , 52.84; H , 3.17;

N , 8.80.

I Found : C , 51.60; H, 3.01; N , 8.65.

I 
Prepara tion of M~~ç6H5Nçj4(CO)SnC 13.

- To a solution of Mn(C6H5NC) 4(CO)Cl in 100 ml THF was

I added SnC 12 2U 2O (0.~10 g, 1.5 m m o l ) .  The r e a c t i o n  was

stirred at rt for 12 h. The solv ent was reduced under

I wa ter aspira tor pres sur e at r t until a small volume of

I 
li quid remained. The solut ion Wa S shaken wi th CHC1 3 and

the Cud 3 layer was removed , dried wi th MgSO 4 ,  and f i l ter ed .

I Addition of heptanc to the solution produced 0.70 g of

yellow cubes in 97% yield. The compound me~ ts at 159-161 °C.

I A n a l .  Ca lcd. for C29H20N4OC1 3SnMn : C , 48.34; II, 2.80;

N , 7.78. 
:

Found : C , 48.10; H , 2.74; N, 7.78.

- - 
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I

I I s o l a t i o n  of M n ( C 6 H 5~ çJ5Br .

I 
From a mix ture of products formed by the reaction of

Mn(CO)5Br and C6H5NC , frac tior’al crystallization using CHCI 3-

I heptane resulted in the isolation of a small amount of dark

orange rectangles which melt at 155-156 °C. The infrared

I spectrum is identical to that observed for other Mn(aryl

isocyanide) 5X complexes.

Anal. Calcd . for C351-I25N5BrMn : C , 63.15; H, 3.80; N,

I 10.28.

Found: C, 64.50; H, 3.88; N , 10.75.

I
I
I
I
I

I
I
I
I
I
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TABLE 1. INFRARED SPECTRAL PATA a

Compound v
C~~O

I - 
-____ _____-- -____

M n ( p -N O 2 C 6II 4 NC) 5 Br 2080s , 2050vs ,
2000 ( sh )m

Mn(p-C1C6H4NC) 5C 1 20 60vs , 2000(sh)m

M n ( p - C I I 3C 6II 4 N C ) 5 Cl 2060vs , 2 0 2 0 ( s h ) m

M n ( p - C I I 3C 6H 4 NC) 5Br 206 0vs , 2020  ( s h ) m

Mn(C 6C1 5NC) 5Br b 2070s

- Mn(C 6H 5NC) 5Br , C1 2150w , 2050vs ,
2000 (S h )m

Mfl(C 6J I sNC) 5CN 2 l50w , 2050vs ,
20 0 Urn

M n ( C 6II 5NC) 5SnC 1 3 2 140w , 2 OSO vs , 20 0 0w

I M n(C 6H 5N C) 4 (C O)S n C13 2 l60 w , 2090vs l965m

I 
M n ( p - C H 3C 6II 4 NC) 4 ( CO)Br  2090vs , 2 0 4 0 ( s h ) w  1905m

Mn (m -CF 3C6I{4NC) 4(CO)Cl 2090s ,2060s 1920m

I Mn( C6H5NC)~~(CO) Br 2150w ,2090vs

1 a) IR spec tra in CH2C12 solu tion; taken on Beckman1R-lO . -

I h) Ref. 9.

I
I
I

j-
p
. I
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CRAPACTERIZATION AND REACTIVITY OF

ISOCYANIDE COMPLEXES OF MANGANESE

(Abstract)

By Hans Juergen Much

Under the supervision of Professor Paul 14. Treichel, Jr.

0

The complexes (Mn (RKC)63PF6 (R = C6H5, p-CH3C6H4, m-CH3C6H4,

o-cH3C6H4, p-C1C6H4, p-BrC6H4, p-FC6H4, p-N02C6H4, a-CF3C6ft4,

p-cH30C~H4, p-NCC6H4) were prepared by reaction of M1i12 or Mn(CO)5X

(X = Cl, Br) with the free ligand . The E112 values of the complexes

for the le~ oxidation from +1-~~+2 were correlated with the Han~nett

ap of the substituent group ai~d a correlation coci-~icient of 0.98

was obtained. Also, the invariance of v(CN) (2090 cm4) to the

changes in ap or E112 were rationalized on the basis of n-donation

from the metal into a lowest unoccupied molecular orbital (LUMO)

which is primarily phenyl ring in character.

Attempted oxidation of Mn(C6H5NC)5C1 with ~,gPF6 in TifF resulted

in the preparation of EMn (C6H5NC) 6]PF 6. The formation of this com-

plex is due to halide extraction and dissociat~ion of a solvent

compléxod intermediate supplying 1ig~nds to react with other inter-

Mediate species. The complex Mn (p-CJ1 3C6H4NC) 4 (CO)C ~ reacted with

AgPF6 in a series of complexing solvents, resulting in the prep~zra-

tion of the complexes ( n(p-CH3C6II 4NC) 4 (CO) (L) ]P1 6 (L p-CH3C6H4NC ,

C5H5N , cH3NC, (CH3)3CNC , afld c.CH3C~,
JJ4NH2). A plot of fl 1,,2 vs u(CO)

_ _ _ _ - - —
-; 

~~~~~~~~~~~~~~~~~~~~~~~



for these complexes produced a correlation coeffi cient of 0.99 and is

consistent with the range of it-acceptor strengths of L.

The replacement of bromide ion in Mn(CO)5_~ (CH3NC)~Br (n — 2 ,3,4)

by CO and CH3NC, accomplished in the presence of the halogen acceptors

Aid 3 (CO reactions only) or AgPF6, is found to be stereospecific,

thus providing routes to the pure isomeric complexes cis- and trans-

D4n(CO)2(CH3NC)4f, and fac- and mer-[Mn (CO)3(CH3NC)3)
4
, E112 va lues

for the isomeric species differ substantially. The quali tative ex-

planation for this difference, involving relative stabilizations of

the primarily non-bonding metal 3d orbitals through it-interactions

with CO and CH3NC, is justified by molecular orbital calculations.

Ultraviolet irradiation of CpMn(CO)3 in THF with excess isocya-

nide produced the complexes CpMn (RNC)3 CR = CH3, C6C15, C6H5, p-

CIC6H4). The cyclic voltammetry studies revealed a reversible

current-potential curve for the process +1-rn +2 and only an oxidation

peak for the process +2—.-+3. The E112 values vary consistently with

the known range of it-acceptor strengths of the isocyanides.

Reaction of Mn2(CO) 10 with C6H5NC in ref luxing THF yielded only

the mono- and disubstituted species Mn2(CO)9(C6H5NC) and 14n2(CO)8-

(C6H5NC)2. Reaction of Mn (CH3NC) 4 (CO)çl with Mn (C0)~~ yielded 
~ ‘2

(cO)6(cH3NC)4. Reaction of 1Mn(CH3NC)5 (CO) ]~ with Mn(CO) ’ yielded

[Mn(dfl 3Nc) 5(cO) ] [Mn (CO) 5) . Mass spectral studies on the neutral spe-

d e s  showed evidence of stepwise loss of carbony l , ~-c1eavage of the

isocyanide , ligand rearrangement , and protonation of the complexed

isocyanide .

I
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The series of complexes Mn(CO)5_~ (RNC)
~
X (X • Cl , Br; x — 4, 5;

R m-CF3C6H4, p-N02C6H4, p-C1C6H4, p-CH3C6H4, C6H5), was examined

electrochemically. The E112 values again correlate with the op of

the substituent . The complexes Mn (C6H5NC) X CX = Cl, Br, CN, SnC13)

were also prepared and examined electrochemically. The E11,2 values

are consistent with the variation of electron withdrawing ability of

the X group .
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