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Summary 

The title compounds form nolecular anions in high abundance in their 

negative ion mass spectra in apparent violation of the rare-gas rule. 

Monomeric ?5-cyclopentadienyl transition metal carbonyls 

possessing a rare-gas valence shell electronic configuration 

undergo, in general, reductive decarbonylation upon interaction with low 

energy secondaryelectrons, as evidenced by the appearance of 

[bf-col-' radical anions as the base peaks in their negative ion 

mass spectral The seventeen electron [X-CO]--species are 

formally isoelectronic with the positively charged molecular ions,[N]+-,formed 

by electron detachment from these compounds. However,in the negative ion mass 

spectlumdC~5-CgHg)Co(CO)2 a molecular anion was observed as the 

base peak. This result was rationalised in terms of reduction 
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in the bond order of 

allylicconfiguration 

the n5-cyclopentadienyl interaction to an IJ- 
3 

during the electron capture process, thereby 

avoiding violation of the rare-gas rule. This mechanism also 

appears to apply to 
4 

rl -diene iron tricarbonyls, where molecular radical 

anions were observed' _ m the negative ion mass spectra of 

compounds capable of being reduced to relatively stable n3-ally1 

derivatives- Molecular anions are also observed in the mass spectra 

of complexes containing metals with s aturated valence shell 

configurations if an electron capture moiety, for example, an ester 

group. is attached to the precursor molecules_ 3 

As a continuation of our study concerning the generation and 

reactivity of organometallic -radical anicns in the gas phase, we 

now report some preliminary details ccncer~i~g the negative ion 

4 6 
mass spectra of q - and n -cycloheptatriene derivatives of iron, 

chromium, molybdenum, and tungsten carbonyls (Table 1). Molecular 

radical anions have been observed for these zerovalent complexes in 

the gas phase, in apparent violation of the rare-gas rule. For 

tricarbonyl(l~-q-cyclohepta-l,3,5-triene)iron(O). I, two distinct 

fragmentation pathways were identified as a result of the assignment of 

metastable peaks in the various reproducible spectra: 

I 4 

[Ef] +'+ [a]-' - [bI-co]-' - [M-X0]-- - [rf-3co]-' 

L [M-trienel-- - [El-triene-CO]-- 

We suggest that electron capture by the parent molecule (I) 

'4 
is concomitant with reduction in the q -diene bond order of the 

triene-metal system, affording a 17-electron molecular carbanion 

or an 18-electron di-radical, both of which contain an n3-allyl-iron 

bond (Figure I). The appearance of a significant peak due to 

[>I-triene]--(7X) is strong evidence for the existence of the di-radical 

form of the molecular anion. however, since [X-CO]-Bis the base peak 
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[Ml-- [M-CO]-- 

Fe 

oc’ ‘co 
Fig. I [Ml-- [M-CO]-- 

in the spectrum of this compound, the alternative mechanism involving 

reductive decarbonylation of the parent molecule presumably also takes 

place- It is significant that decarbonylation of either form of the 

molecular anion allows, on the basis of the rare-gas rule, the 

formation of a stable n5-dienyl-metal bond involving a 17- or l&electron 

metal atom. Decarbonylxion of 

metas table peak corresponding to 

[Pl-CO-triene] -~was not observed. 

[El- triene]-' leads to [Fe(C0)2]-: A 

the alternative transition [Pi-CO]-- + 

qj @:- _co @:- 

Metal -i-e Metal 

oc’ I ‘co q’-1* oc’ I lco 

> Metal 

co co Of’ ‘co 

[M-CO]-’ 

Fig. 3 



‘I’
hl

l L
li 

1 
1

 
I’

cr
cc

nt
ug

c 
of

 
th

e 
T

ot
al

 
lo

11
 C

ur
re

nt
 

C
ar

ri
ed

 
by

 t
he

 
Si

 g
ni

fi
cn

nt
 

Io
ns

 
in

 
th

e 
N

og
nt

iv
o 

Io
n 

F
ln

ss
 

Sp
ec

tr
a 

of
 

q”
- 

ill
ld

 
l~

G
-C

yc
lO

l~
C

pt
fl

tr
ic

~i
o T

ri
 c

nr
bo

ny
l 

B
lc

tn
l 

C
om

po
un

ds
 

it
 ,b

 
, 

C
o

lll
p

o
1l

11
 

d
 

b
lO

ti
 

Il
ct

nl
-t

ri
cn

c 
B

on
d 

I 
JJ

 
IJ

I 
IV

 

1%
 

C
r
 

M
O
 

f1
4 

nG
 

11
6 

[N
]“

” 
(5

) 
11

 
67

 
76

 
90

 

[h
l -

 
C

O
]_

’ 
48

 
13

 
0 

3 

[S
l -

 
L

C
O

]-
’ 

2 
13

 
18

 
7 

[a
I -

 
3C

O
] -’

 
0.

1 
0 

0 
0 

[b
l -

 t
ri

cn
c]

-’
 

7 
0 

0 
0 

[N
 -

 t
l*

ic
llc

 
- 

co
]-

’ 
1 

0 
0 

0 

I1
 A

ll 
at

om
s 

of
 

ni
l 

is
ot

op
es

 
in

 
th

e 
v:

~r
io

us
 c

lu
st

cr
t; 

nr
c 

co
ns

id
cr

cd
, 

II
 In

tc
ns

iti
cs

 
of

 
io

ns
 

in
 

th
is

 
T

nb
lc

 r
cf

cr
 

to
 

rc
pr

od
uc

ib
lc

 
sp

ec
tr

a 
by

 t
he

 
al

l-
gl

as
s 

in
le

t 
or

 
so

lid
 

in
se

rt
io

n 
m

et
ho

d,
 

w
ith

 
in

le
t 

an
d 

io
n 

so
ur

ce
 

tc
m

pc
r:

ltu
rc

s 
se

t 
nt

 
SO

Y
, 

an
d 

w
ith

 
co

m
po

un
d p

re
ss

ur
es

 

~I
-S

s1
0~

6t
or

r,
pr

i~
~l

i~
ry

 cl
cc

tr
on

 
bc

nm
 cr

lc
rg

y 
70

 c
V

, 
fi

la
m

en
t 

cu
rr

en
t 

3,
2A

, 
re

gu
la

te
d 

to
ta

l 
em

is
si

on
 

50
 P

A
, 

ta
rg

et
 

cu
rr

en
t 

35
-4

0 
L

IA
, i

on
 

iic
cc

lc
r:

lti
ng

 
vo

ltn
gc

 
3.

2 
kV

, 
nn

d 
w

ith
 

io
n 

so
ur

ce
 

rc
pc

llc
rs

 
se

t 
nt

 
0 

V
, 

’ 
‘l

lic
 s

ym
bo

l 
bl

 rc
fc

rs
 

to
 

th
e 

m
ol

ec
ul

ar
 

io
n 

fo
r 

cn
cl

i 
of

 
th

e 
co

m
po

un
tls

, 
_ 

._
, 



The n6-triene-metal complexes (II) - (IV) show an increasing tendency 

to form stable molecular anions (Table 1). Ifare, electron capture by ananti 

bonding orbital associated with the triene ligand results in the 

ready formation of a carbanion containing an n5-dienyl-metal bond. 

Consequently, the molecular anions derived from (II) - (IV) show much 

less tendency to decarbonylate 

Assignment of metastable 

consecutive decarbonylation of 

(Figure 2). 

peaks indicates that both simultaneous and 

the molecular anion occurs for (II) - (IV): 

I i 
[al-- -f i>l-CO]-e + [~1-2coI-‘ + [~1-3coI-‘ 

I f (II only) 

Ions corresponding to the loss of the neutral triene were 

not observed for (11) - (IV), and the loss of the first CO 

molecule was shown, in part, :o involve a thermolysis component. 

Thermal decarbonylation of metal carbonyls and their derivatives 

in the gas phase is well documented, 
4 

and in view of this the ion 

intensity data for (II) - (IV) were obtained with mass spectrometer ion 

source temperaturesof 5O"C_ 

It is noteworthy that the n6-arene metal bond in n6-arene 

chromium tricarbonyls (where arene = benzene or mesitylene) is 

not reduced by electron capture in the gas phase: these compounds 

undergo reductive decarbonylation to produce l7-electron [X-CO]-' 

radical ions as their base peaks- 
5 

IZe have also found that 

.tricarbonyl(l-Gq-cyclohepta-l,3,5-trienorie)iron(O) and tricarbonyl(l-4-q- 

cyclooctatetraenc)iron(O) undergo reductive decarbonylation under the 

same conditions to yield [WI-CO]-‘ radical anions as base peaks in 76% 

and 65% abundance, respectively. 
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The negative ion mass spectra were obtained using a modified 

Hitachi RNR-6L mass spectroineter under the conditions described in 

Table 1. 

We thank the Australian Research Grants Committee for continued 

financial support_ 
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