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Non-innocent bidentate nitrogen-ligands in 
electron-rich complexes of 3d-elements 
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Abstract - Ligands with the flat N=C-C=N skeleton (lI4-diaza-1,3-dienes 
R'N=CR-CR=NR'; 2,2'-bipyridine) are both n-donors and a-acceptors. The 
fi-acceptor strength, but not t h e  n-donor strength is strongly influenced by 
the substituents R ' .  This is reflected by the half-wave potentials which 
decreases in the order RAr-N=CR-CR=N-RAr > RA1-N=CR-CR=N-RA1 > bipy . 
Possibilities of a further variation of t h e  N=C-C=N skeleton (metal 
extractants 2-acetylpyridine-p-toluenesulfonylhydrazone CAPSH-HI and 
2-quinolyl-p-toluenesulfonylhydrazone CACSH-HI), differences in substi- 
tution reactions o f  nickel(0) complexes by 1,4-diaza-1,3-dienes or bipy and 
complex formation with the radical anions (RAr-N=CR-CR=N-RAr)- [formation 
of CLi(Me4en)12Fe(bda)~ etc.1 a r e  reported. 

INTRODUCTION 

The conception o f  "non-innocent ligands" was created in the sixties by C.K. Jorgensen. 
Ligands o f  t h i s  type, in complexes with predominantly covalent bonds, can act both as 
n-donors and +acceptors. The balance of donor and acceptor interactions and, a s  a conse- 
quence, the effective negative charge on these ligands t o  a high degree depends on t h e  
overall number of electrons available. For complexes with high numbers of such electrons, it 
is difficult if not impossible t o  establish the oxidation state of central atom correctly. 
This must be kept in mind, whenever a reliable interpretation of redox processes is derran- 
ded. Typical non-innocent ligands are the dithio-a-diketones, t h e  o-quinones, the tetra- 
thiooxalate anion (ref. l ) ,  but also the bidentate lI4-diaza-l,3-dienes R'N=CR-CR=NR' and 
ec,a'-bipyridine (bipy). In this connection the "spectrum" of the chromium complexes is t o  be 
mentioned which was opened by t h e  careful preparative studies of Herzog and coworkers 
(ref. 2). An extremely electron-rich species, n o  doubt, is compound L. 

CCr (bipyb31X 1952 Cr (bipyI3 1958 

CLi(THF)43CCr(bipy)31 1967 Na2tCr(bipy)33'7THF 1967 

Na3CCr ( b i ~ y ) ~ 3 ' 7 T H F  1967 Ca3CCr (bipy)31'7NH3 1967 
1 - 

NDDO-calculations of molecules with t h e  flat N=C-C=N skeleton (a-diimines, N , m N )  have been 
reported by Benedix et. al. (ref. 3). They found n o  important difference of these ligands a s  
t o  their "quasi-lone-pair" density, but a strong influence o f  t h e  substituents, first of a l l  
o f  R ' ,  on the NDDO-LUMO energies, i.e. on the +acceptor strength. These energies increases 
in the order 

RAr-N=CR-CR=N-RAr < RA1-N=CR-CR=N-RA1 < bi py 

which is in a good accordance with the half-wave potentials o f  t h e  one-electron steps 1E112 
and 2E1/2 (Table 1 )  

NAN' + e N n N 2 -  7 
Table 1 allows us two conclusions: 

- bipy is a poor fl-acceptor (ref. 6); 
- radical anions of the type (RAr-N=CR-CR=N-RAr)' a r e  more easily reduced 

than the neutral molecules Rbl-N=CR-CR=N-RA1. 
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Assuming a c o r r e l a t i o n  between t h e  hal f -wave p o t e n t i a l  and t h e  *-acceptor s t r e n g t h ,  we can 
expect t h e  r a d i c a l  an ions  (RAr-N=CR-CR=N-RAr)7 t o  be *-acceptors s u p e r i o r  or  a t  l e a s t  com- 

p a r a b l e  t o  RA1-N=CR-CR=N-RA1 and b ipy .  Ye were i n t e r e s t e d  i n  t h r e e  ques t ions :  

a , )  What o t h e r ,  t h e  l i g a n d s  i n  t a b l e  1 surpass ing  v a r i a t i o n s  o f  t h e  N=C-C=N 
s k e l e t o n  a r e  p o s s i b l e  w i t h o u t  an e s s e n t i a l  v a r i a t i o n  i n  t h e  redox 
bahav iour?  
b.) Are t h e  d i f f e r e n c e s  i n  t h e  +acceptor s t r e n g t h  o f  b i p y  and t h e  
1,4-diaza-1,3-dienes a l s o  r e f l e c t e d  i n  t h e  course  o f  s u b s t i t u t i o n  
r e a c t  i ons? 
c.)  What i s  t h e  c o o r d i n a t i v e  behav iour  o f  t h e  above-mentioned r a d i c a l  
an ions? 

TABLE 1. NDDO-LUMO-energies (eV)  ( f i r s t  l i n e s )  and ha l f -wave p o t e n t i a l s  ( V )  
o f  a d i i n i n e  l i g a n d s  (second l i n e s ;  'E1/2 , t h i r d  l i n e s :  2E1/2) .  

HN R NH 

0.22 

? 

? 

? 

-1.310 

-1.593 

2.39 

? 

? 

2.24 R A 1  = CH3 

- 1 . 6 5  ( r e f ,  4 )  - 3 Rfi l  I ' bH1 l  

2 . 5 4  

-2 .14  ( r e f .  5 )  

-2.40; - 2 . 6 4  

SULFONAMIDE SUBSTITUTED (Y-DIIMINE LIGANDS 

I n  connect ion  w i t h  our s t u d i e s  on t h e  e x t r a c t i o n  o f  l a t e  3d-element i o n s  by c h e l a t i n g  li- 
gands ( r e f .  7 ) ,  we synthes ized t h e  arenesu l fony lhydrazones APSH-H and ACSH-H. APSH-H i s ,  as 
i s  shown by t h e  pH1,2-values (pH a t  which t h e  d i s t r i b u t i o n  r a t i o  o f  t h e  meta l  between water 
and t h e  o r g a n i c  phase i s  u n i t y )  f o r  c o p p e r ( I I ) ,  comparable t o  L I X  3 4 ,  a p r o p r i e t a r y  meta l  
e x t r a c t a n t  produced by t h e  Henkel Corp. ( r e f .  8 ) .  We were i n t e r e s t e d  i n  t h e  c o o r d i n a t i v e  
behaviour o f  these l i g a n d s  as w e l l  and o b t a i n e d  always 1,2-chelates MI1(APSH)2  o r  
M11(ACSH)2, n o t  o n l y  w i t h  c o p p e r ( I I ) ,  n i c k e l ( I I ) ,  c o b a l t ( I I ) ,  and z i n c ( I 1 )  b u t  a150 w i t h  
i r o n ( I 1 )  and ranganese( I1 ) .  T h i s  was somewhat s u r p r i s i n g ,  we had s t u d i e d  a l o t  o f  h e t e r o -  
c y c l i c  su l fonamides ,  f o r  i n s t a n c e  PEE-H ( r e f .  9 ) ,  b u t  never succeeded i n  t h e  prepa- 
r a t i o n  o f  i r o n ( I 1 )  and manganesefI1) c h e l a t e s .  

extraction in the system water-chloroform 
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We t h i n k  t h e  s p e c i a l i t y  o f  t h e  l i g a n d s  APSH-H and ACSH-H i s  t h e  E-Z-isomerism o f  t h e i r  
anions. These t y p e  o f  isomerism i s  well-known f o r  1,2-dioximes, where E-Z- isomer isa t ion  i s  
c a t a l y s e d  by t r a n s i t i o n  metal  i o n s  ( r e f .  10, 1 1 ) .  There fore ,  i n  normal cases t h e  r e a l  
s t r u c t u r e  o f  meta l  complexes w i t h  1,2-dioximes i s  determined by t h e  thermodynamic s t a b i l i t y  
of these complexes and n o t  by t h e  o r i g i n a l  s t r u c t u r e  o f  t h e  p r o t o n a t e d  l i g a n d .  We t h i n k  t h e  
same r u l e  t o  be v a l i d  f o r  t h e  complexes o f  our l i g a n d s  APSH-H and ACSH-H, and our r e s u l t s  
a r e  i n  accordance w i t h  t h e  E - s t r u c t u r e  o f  these l i g a n d s  i n  a l l  b u t  one case. These r e s u l t s  
come m a i n l y  f rom e l e c t r o c h e m i c a l  measurements. 

The E-isomeres, as t o  t h e i r  e l e c t r o n i c  s t r u c t u r e s ,  a r e  t o  be c l a s s e d  w i t h  t h e  a - d i i m i n e  
l i g a n d s  and a comparison w i t h  b i p y  i s  obvious. T r i s - b i p y r i d i n e  c h e l a t e s  o f  t h e  l a t e  
3d-elements have been t h o r o u g h l y  i n v e s t i g a t e d  by e l e c t r o c h e m i c a l  methods ( r e f .  5, 121, and 
i t  was demonstrated t h a t  i n  t h e  course  o f  t h e  r e d u c t i o n  o f  these c h e l a t e s  t h e  e l e c t r o n s  
f i r s t  o f  a l l  occupy MOs which are p r i m a r i l y  l o c a l i z e d  on t h e  l i g a n d s .  Three o n e - e l e c t r o n  
s t e p s  w i t h  ha l f -wave p o t e n t i a l s  c l o s e  t o  one another are recorded. For an example t h e  d a t a  
o f  t h e  manganese complex are shown. 

e 
CMn(bipy)312t C t l n ( b i ~ y ) ~ l '  CHn(bipy)31 ,L CHn(bipy)31- 1 1 . 3 1 V  -1.50 v -1.72 V 

e 
CMn(APSH) 1 A CMn ( APSH) 21 - Ctln ( APSH) 212- 

-v -1.55 v 

Remarkably, t h e  f i r s t  and t h e  second s t e p s  o f  t h e  C f l ~ ~ ( b i p y ) ~ I ~ ~ -  and CMn(APSH)21-reduction 
have n e a r l y  t h e  same ha l f -wave p o t e n t i a l s  ( r e f .  13) .  As t o  our o p i n i o n ,  t h i s  i s  n o t  an 
a c c i d e n t ,  b u t  i t  i s  an express ion  o f  analogous s t r u c t u r e s .  T h i s  means, as a l r e a d y  i n d i c a t e d ,  
an E - s t r u c t u r e  o f  b o t h  l i g a n d s  i n  Mn(APSH)2. 

TABLE 2. Half-wave p o t e n t i a l s  o f  t h e  complexes MI11APSH)2 and H1*(ACSH)2 ( r e f .  13) 

Fe(APSHI2 t o .  86 

C O ~ A P S H ) ~  - 
N i  (APSHI2 - 
C U ~ A P S H ) ~  -0.41 

Fe (ACSH) t o .  80 

C O  (ACSH) 2 - 
Zn ( A C S H I 2  - 

-1.10 

-1 .10  

-1.435 

-1.19 

-1.16 

-1.39 

-1.60 

-1.88 

-2.07 

-1.69 

-1.82 

-1.62 

5 '10-3r s o l u t i o n s  i n  a c e t o n i t r i l e ,  (NEt4)C104, Hg-dropping e l e c t r o d e ,  
calomel e l e c t r o d e  as a r e f e r e n c e  

The e l e c t r o c h e m i c a l  behav iour  o f  t h e  most o t h e r  complexes o f  t h e  l i g a n d s  APSH- and ACSH- i s  
s i m i l a r  t o  t h a t  o f  M ~ I ~ A P S H ) ~  ( T a b l e  2). But t h r e e  d i f f e r e n c e s  must be mentioned: 

- I n  t h e  case o f  t h e  i r o n ( I 1 )  c h e l a t e s  an a d d i t i o n a l  anodic s t e p  i s  d i s -  
covered ( 'E1/2) which i s  d o u b t l e s s l y  connected w i t h  an o x i d a t i o n  o f  t h e  
c e n t r a l  atom C F e ( I I ) d F e ( I I I 1 1 .  

- 2E1/2 i s  0.28 V, i n  a l l  o t h e r  cases 
i t  i s  h i g h e r .  Probab ly  t h i s  i s  an e x p r e s s i o n  o f  an e l e c t r o n i c  i n t e r a c t i o n  
between t h e  two l i g a n d s  which i s  favoured by an u n s y r m e t r i c a l  o c c u p a t i o n  
o f  t2- or e - l e v e l s  o f  t h e  c e n t r a l  atom. 

- The e l e c t r o c h e m i c a l  behav iour  o f  Cu(APSHI2 i s  abnormal (Because o f  i t s  
low s o l u b i l i t y  a s t u d y  o f  Cu(ACSH12 was i m p o s s i b l e ) .  Only one s t e p  i s  
observed which can be a t t r i b u t e d  t o  t h e  copper(II)/copper(I)-pair. We 
have a r e f e r e n c e  t o  a s t r u c t u r a l  background o f  t h i s  behav iour  and i t  
comes f rom ESCA-data ( r e f .  13).  For a l l  e l e c t r o c h e m i c a l  normal c h e l a t e s  
these d a t a  a r e  i n  accordance w i t h  t h e  E - s t r u c t u r e  o f  t h e  l i g a n d s ,  b u t  f o r  
CU(APSH)~ t h e y  p o i n t  ou t  a c o o r d i n a t i o n  o f  t h e  Z-isomer. 

- For Mn(APSH)2 t h o  d i f f e r e n c e  
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SUBSTITUTION REACTIONS OF NICKEL(0) COMPLEXES WITH l,CDIAZA-1,3-DIENES 
OR CX,CX'-BIPYRIDINE 

I n  t h e  f o l l o w i n g  o n l y  r e a c t i o n s  of e l e c t r o n - r i c h  n i c k e l  complexes w i l l  be discussed. Con- 
s i d e r i n g  a g r e a t  number o f  exper imenta l  d a t a  two r u l e s  have been d e r i v e d  ( r e f .  14 ) :  

- The r e a c t i o n  o f  b i n a r y  complexes c o n t a i n i n g  o n l y  d -acceptor  l i g a n d s  w i t h  
o t h e r  d-acceptor l i g a n d s  i s  connected w i t h  a t o t a l  exchange o f  t h e  li- 
ands (mra male ic  anhydr ide,  COD = c y c l o - o c t a d i e n e ( l , 3 )  1. Complete 
convers ion  o f  N i ( C O ) 4  o n l y  becomes p o s s i b l e  i f  t h e  carbon monoxide can 
escape. 

N i ( C 0 ) 4  + 2 msa ,-p Ni(msa)p  + 4 C O  

N i (CO)4 + 4 PC13 d MirPC13)4 + 4 CO 

N i  ER'N=CR-CR=NR')2 + 4 P(OPhI3 __* NiCP(OPh)314 + 2 R'N=CR-CR=MR' 

Ni(C0D)Z + 4 C O  e-k N i ( C 0 ) 4  + 2 COD 

- A combinat ion  o f  n-donor and d-acceptor l i g a n d s  i s  a s t a b i l i z i n g  f a c t o r  
f o r  t e r n a r y  complexes. There fore  b i n a r y  complexes o f  n i c k e l ( 0 )  c o n t a i n i n g  
n-acceptor l i g a n d s  r e a c t  smoothly w i t h  n-donor l i g a n d  by a p a r t i a l  
s u b s t i t u t i o n  

N i ( 1 2 0 ) ~  + 2 R3P d (R3P)2Ni(C0)2 + 2 C O  

N i  (COD)2 + 2 L iPh -* (L iPh)ZNi  ( C O D )  1THF)s + COD 
THF 

The f o l l o w i n g  r e a c t i o n s  demonstrate t h e  s t r o n g  d-acceptor behav iour  o f  1,4-diaza- l ,3-dienes 
and t h e  f u n c t i o n  o f  t h e  poor d-acceptor b i p y  m a i n l y  as an n-donor. 

N i ( C O D I 2  + 2 R ' N = C R - C R = N R ' - N i t R ' N = C R - C R s N R ' I 2  + 2 COD 

Ni(CODI2 + b i p y  -p(COD)Ni(bipy) + COD 

N i ( C 0 I 4  + b i p y  -(OC)2Ni(bipy) + 2 C O  

(COD)Ni(bipy) i s  a good feed f o r  t h e  s y n t h e s i s  of o t h e r  t e r n a r y  n i c k e l ( 0 )  complexes. But we 
f i n d  a s p e c i f i c  i n f l u e n c e  o f  t h e  donor-acceptor ba lance o f  t h e  reagent  on t h e  course  of  t h e  
r e a c t i o n .  I n  genera l  d -acceptors  s u b s t i t u t e  t h e  d-acceptor  COD, and remarkab ly  i n  t h i s  
s p e c i a l  case t h e r e  i s  no d i f f e r e n c e  between PPh3 and t h e  s t r o n g  n-acceptor  P(OPh)3. 

(COD 

J 
(PhCH=NPh)Ni(bipy) 

,Ni ( b i p y )  C (PhO) 3PT2Ni ( b i p y )  

(Ph3P)2Ni ( b i p y )  

S t ronger  n-donor l i g a n d s  s u b s t i t u t e  b i p y .  But He never succeeded i n  t h e  i s o l a t i o n  of i n t e r -  

mediates such as 2. I n  t h e  case o f  t e r t . - a l i p h a t i c  phosphines P R t 1  as r e a g e n t s  t h i s  i s  n o t  
so much s u r p r i s i n g ,  because i t  i s  well-known t h a t  b i n a r y  phosphine complexes a r e  e a s i l y  ob- 
t a i n e d  by s u b s t i t u t i o n  o f  COD i n  complexes o f  t y p e  2. 

+ P R t l  + (n-2) ~ ~ 9 1  
(C0D)Ni ( b i p y )  -b " ( C O D ) N i  (PRt1)2 " - N i  (PR?'),, 

- b i p y  - COD 
2. 

(COD)Ni(bipy) i s  n o t  a s u i t a b l e  educt f o r  N i ( b i p y I 2 .  D. Walther p repared t h e  l a t t e r  compound 
s t a r t i n g  w i t h  t h e  po lymer ic  Bis(dicyc1opentadiene)nickel Ni(DCPD)2. DCPD i s  a d i o l e f i n e ,  b u t  
i n  c o n t r a s t  t o  COD i s  i t  n o t  a c h e l a t i n g  l i g a n d .  There fore  an i n t e r m e d i a t e  such as 5, which 
i s  comparable t o  (COD)Ni(bipy) as t o  t h e  compos i t ion  b u t  n o t  as t o  t h e  s t r u c t u r e ,  w i l l  r e a c t  
w i t h  a second molecu le  o f  b i p y  by s u b s t i t u t i o n  as w e l l .  

+ b i p y  + b i p y  

- DCPD - DCPD 
N i  ( D C P D l 2  - " ( D C P D ) N i  ( b i p y )  " _____) N i  ( b i p y l g  
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COMPLEX FORMATION WITH THE RADICAL ANIONS (RAr N = CR-CR = NRAr). 

Whenever, a s  might be expected on account of the half-wave potentials (table l ) ,  t h e  radical 
anions (RArN=CR-CR=NRAr)' are comparable both t o  t h e  neutral ligands RAIN=CR-CR=NRA1 and 
bipy a s  t o  their d-acceptor strenght, then we can ask the question for the existence of such 

phosphines ( l ) ,  w e tried t i  substitute COD by benzildianil (BDA). However we did not obtain 
CLi(Me4en)lCpFe(BDA), but ferrocene and 5_, i.e. the products of a ligand redistribution 
(ref. 17). 

t 2 P R 7  
ILi (Ne4en) ICpFe(C0D) - CLi (Ne4en) l C ~ F e ( P f 3 ~ ) ~  

4- - COD 

The complexes of type g c a n  be prepared in a simple way by the reaction of (BDA)FeCI2 and 
Li2(BDA) in THF (3). But the failure of the reactions ( 5 )  and (6) marks the limited area of 
the stability of these compounds. 

(BDA)FeC12 t 2 Li2BDA -b CLi(THF),I2Fe(BDA) t 2LiCI t BDA ( 3 )  

GDT 
g+ CLi (Me4en)12Fe(GDT)2 

4 1 f 4  CLi (Me4en) 32Fe(GDIP)2 

( B D A ) F e C  1 - F e ( B D A ) . e b  C Na ( THF ) 1 2Fe ( B DA ) 2 

GDT = glyoxal-bis(4-methylphenylimine) 
GDIP = glyoxal-bis(isopropy1imine) 

GDIP 

2 Na / BDA 

THF 

(4) 

( 5 )  

( 6 )  

Complexes of type 5- with aliphatic N-substituted 1,4-diaza-1,3-dienes (and with bipy) are 
not obtainable. But lithium is also a inevitable component. As is shown by the low content 
of Ne4en o r  THF, a specific interaction between iron and lithium is a stabilizing factor 
(ref. 16). But also t h e  fact that, among the alkali metalbin organic solvents, lithium is 
the strongest reductant, should be of same importance , 
ate-complexes related t o  5_ are obtained with cobalt and nickel a s  well. Again the best 
method is t h e  substitution of COD (7,8). Only o n e  equivalent of lithium is present in the 
complex S, This should be t h e  reason, why only one esuivalent of COD is substituted by BDA. 

t ZBDA, t 2Ne4en 

- 2COD, - 4THF CLi (THF)212Ni (COD)2 [Li 

6- 
+ BDA 

CLi(Ne4en)21CCo(COD)21 A CLi 
- COD 

Neqen 

Ne4en 

32Ni 

L 

(7) 

We didn't succeed in the synthesis of L starting with Ni(BDAj2 and lithium nor did we obtain 
any crystalline compound by t h e  reaction of CO(BDCI)~ and lithium. 
T h e  problems which a r e  connected with an interpretation of the magnetic moment of transition 
metal complexes with non-innocent ligands are well-known. Therefore it is somewhat astonish- 
ing that t h e  magnetic moments of our new ate-complexes can be explained in a simple way by 
Paulings classic valence bond model. 



1240 E. UHLIG 

TABLE 3. E l e c t r o n i c  c o n f i g u r a t i o n  and magnetic moments o f  
1.4-d i az a- 1,3-di ene comp 1 exes 

~ ~~~ ~ ~ 

number o f  un- t i e f f .  (20°C) (B.H. 1 
p a i r e d  e l e c t r o n s  

Fe (R ' N = C R - C R = N R ' ) 2  3d8 4 ( s p 3 I 8  

C O ( R ' N = C R - C R = N R ' ) ~  3d9 4(sp3) '  

N i  ( R ' N = C R - C F I = N R ' ) ~  3d10 4(sp3) '  

5- 3d8 4(sp3) '  

9- 3d9 4 ( s p 3 ) 8  

7- 3dio 4 (sp3) '  

e_ 3d1' 4 (sp3) '  

6- 3di0 4 ( s p 3 I 8  

E 3di0 4(5p3) '  

2.98 ( r e f .  15) 

2.1 ( r e f .  191 

diam. 

5.5 

2.82 

2.76 

d i m .  

d i m .  

d i m .  

For s t e r i c  reasons t h e  n e u t r a l  complexes o f  t h e  t y p e  H(R'N=CR-CR=NR')2 cannot have a p l a n a r  
s t r u c t u r e .  A t e t r a h e d r a l  s t r u c t u r e  i s  favoured, b u t  f o r  s p e c i a l  n i c k e l  complexes a d iminu-  
t i o n  o f  t h e  d i e d e r  ang le  ( <  90') i s  found ( r e f .  1 8 ) .  Assuming a r o u g h l y  t e t r a h e d r a l  s t r u c -  
t u r e ,  t h e  f o u r  s p 3 - o r b i t a l s  are occupied by t h e  f r e e  e l e c t r o n  p a i r s  o f  t h e  l i g a n d s  and t h e  
va lence e l e c t r o n s  o f  t h e  c e n t r a l  atoms are  c o n c e n t r a t e d  i n  t h e  3 d - l e v e l .  The exper imenta l  
magnet ic moments a r e  i n  accordance w i t h  t h i s  p roposa l  (Tab le  3 ) .  
The e x p l a n a t i o n  o f  t h e  magnetic behav iour  o f  t h e  ate-complexes i s  based i n  t h e  proposa l  t h a t  
t h e r e  i s  no change o f  t h e  " i n n e r "  e l e c t r o n i c  c o n f i g u r a t i o n ,  b u t  one e l e c t r o n  i s  added t o  
each N - a r y l a t e d  1,4-diara-1,3-diene l i g a n d .  Then, i n  comparison t o  t h e  n e u t r a l  complexes, 
t h e  number o f  u n p a i r e d  e l e c t r o n s  shou ld  i n c r e a s e  by one (9, or two ( Z a n d  7,.  T h i s  i s  what 
i s  found indeed. 
Summing up we have t o  say t h e  magnetic behav iour  o f  t h e  f o r m a l  1 8 - e l e c t r o n  spec ies  z i s  
q u i t e  unusual .  T h i s  i s  c l e a r l y  demonstrated by a comparison w i t h  IL i (Me4en)32Fe(COD)2 (a), 
another  1 8 - e l e c t r o n  spec ies  o f  i r o n .  But on t h e  c o n t r a r y ,  among t h e  f o r m a l  2 0 - e l e c t r o n  
spec ies  o f  n i c k e l  (6- and U t h e  l a t t e r  seems t o  be t h e  normal one. The e x p l a n a t i o n  i s  as 
f o l l o w s ,  b h a s  a f l u x i o n a l  s t r u c t u r e  ( r e f .  1 6 ) .  On average, o u t  o f  t h e  f o u r  d - e l e c t r o n  
p a i r s  o f  t h e  two COD-ligands, o n l y  t h r e e  are  c o o r d i n a t e d  t o  n i c k e l .  There fore ,  i n  p r a c t i c e  
i s  an 1 8 - e l e c t r o n  spec ies  and as such i s  e q u i v a l e n t  t o  Ni(R'N=CR-CR=NR')2. 

Z e n e l l o ,  J. Am. Chea. Soc. m, 
Chemie. p. 363, VEB Deutscher V e r l a g  
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