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ABSTRACT 

The thesis describes synthetic and structural studies of 
ketimino - and amidino - complexes of chromium, and comparisons of 
their properties with the analagous molybdenum and tungsten 
derivatives. Studies of an amidino - complex of iron are also 
described. 

The reaction of h^-C5H50r(CO)3Br with R2CNILi (R = Ph, p - t o l y l , 
t-butyl) produced green complexes h5-C5H5Cr(CO) 2(N:CR2) • Substitution 
of carbonyl groups i n the l a t t e r could not be achieved with 
triphenylphosphine under a variety of conditions. The spectral 
properties of the complexes are discussed and compared v/ith the 
corresponding molybdenum and tungsten systems. 

Reaction of Pe(G0)^I 2 with (p-tolyl)NLi.CMe:N(p-tolyl) produced 
an unidentified yellow powder., Subsequent reaction of this powder 
with alumina produced the orange air-sensitive complex 
Fe(CO)^{(p-tolyl)NH.CMe:N(p-tolyl)}. This complex gave no reaction.1 

with N-bromo8uccinimide. Spectral data for the complex is given and 
discussed. 

Exploratory investigations of the reaction between h^-CEjH^CrfCO^Br 
and RNLi.CR':NR (R = p - t o l y l , R' = Me; R = Me, R' = Ph) gave evidence 
for the formation of a cyclopentadienyl chromium dicarbonyl amidino 
complex but i t s i n s t a b i l i t y prevented i t s isolation. An investigation 
of the reaction between PhgCNLi and h^-CjH^CrCCOjjHgBr is also 
described. A small quantity of h5-c5H5Cr(C0)2(N:CPh2) was detected. 



NOTES ON NOMENCLATURE 

The Chemical Society have requested the name 'methyleneamine' 
he used for the (unknown) compound CHg.'NH and that derivatives "be 
named accordingly. Hence compounds containing the units R2C:N; -
are known as di-alkyl or di-aryl methyleneamino derivatives 
depending on the nature of the group R. 

In this thesis, however, the older, but rather clearer term, 
'ketimino' w i l l also be used for this group, partly for the sake 
of brevity and partly because such terminology clearly distinguishes 
'imino' from 'amino' derivatives. 
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CHAPTER 1 

INTRODUCTION; 



1;. general Considerations 
The scope and extent of transition metal carbonyl chemistry 

has increased dramatically over the past decade, resulting i n , 
amongst other things, improved industrial processes and a better 
understanding of some naturally occurring reactions. The s t a b i l i t y 
of many organometallic complexes can be traced back to the so-called 
"synergic" effect, operative i n the bonding of metals with carbonyl 
and IT-bonded organo - groups, and which refers to the simultaneous 
<r-donation of the lone pair, or IT-electrons, from, for example, the 
carbon of a carbonyl group or ir-bond of the ethylene molecule 
respectively, together with back donation from non-bonding 4-orbitals 
to antibonding "ir-orbitals of the ligand. Each process has the effect 
of mutually increasing the other and for carbonyls results i n a 
metal-carbon bond order of greater than one and also a stronger 
bond than would be possible by combining the separate effects of 
o-- and ̂ -bonding. Such a Bynergic effect prevents excessive charge 
build-up on the metal and thus allows the carbonyl group to stabilise 
the metal i n low oxidation states. Replacement of a carbonyl group 
by another ligand w i l l result i n competition for metal electrons 
density between the new and remaining ligands and the outcome w i l l 
depend upon the relative cr-and ir-bonding capabilities of the ligands 
concerned. 

Replacement of carbon monoxide from a binary metal carbonyl 
by a stronger Lewis base with a lower fr-bonding capacity has the 
effect of increasing the electronic charge build-up on the metal 
and reducing the competition to dissipate the charge. Consequently 
the metal-carbon bonds are strengthened. Organic amines and 
ammonia are strong Lewis bases having no ir-bonding capacity, and 
conseqently their introduction into a carbonyl complex strengthens 
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the metal-carbon bonding to the remaining carbonyl groups via 
increased TT bonding. Successive replacement of carbonyl 
groups by R3N groups becomes increasingly d i f f i c u l t , and a stage 
is reached when the remaining groups are unable to dissipate 
further charge build-up e.g.1 

120° 
Cr(C0) 6 + lig..NH3 — » Cr(GO) 3(1113)3 + 3 0 0 ) 

Thus further substitution past the M (00)31*3 stage i s not possible 
i n this case. However, i f the ligand L has TT-acceptor properties 
(e.g. NO, CN~, CgH^), the charge build-up at the metal i s 
somewhat reduced. Consequently i t may be possible to effect 
further replacement of CO from the M( 00)3113 complex. 

2. Organonltrogen derivatives 

The importance of organonltrogen groups i n transition metal 
chemistry, particularly i n the f i e l d of homogeneous catalysis 

2-3 
where organonitrogen-metal intermediates are postulated, has 
lossg been recognised. More recently, Interest has been focused 
on the v e r s a t i l i t y of the bonding i n unsaturated organonitrogen 
groups, especially those containing carbon-nitrogen and nitrogen 
-nitrogen multiple bonded systems, the reactions of which, i n the 
presence of transition metal carbonyl complexes, have recently been 
reviewed. 2 

3« The methyleneamino-group as a ligand i n metal carbonyl systems 

There are a number of ways i n which the methyleneamino-group 
may bond to a transition metal and i n this respect i s i s a very 
versatile ligand. 
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The neutral ligand, R2C:MI» as i n complexes of the type, 
[Mn(C0)3 (Ph2G:NH)2 Br], 1* cr-bonds to the metal via the nitrogen 
lone-pair and thus acts as a 2-electron donor* Backbonding i s 
also possible from f i l l e d metal d- orbitals into TT - orbitals on 
the ligand. The KING system w i l l necessarily "be "bent, due to sp 2 

hybridisation at nitrogen ( f i g . 1.1.) 

As the anionic ligand, R2C:N~, there is the possibility of 
donation of 1 or 3 electrons, depending on the involvement of 
the nitrogen lone pair i n the bonding. For maximum orb i t a l 
overlap i t i s thought that the MNG skeleton should be linear. I n 
this situation nitrogen would be sp hybridised and the lone pair 
i n a pure p o r b i t a l (of the correct symmetry to overlap with 
metal d- o r b i t a l s ) ; bonding would then involve electron donation 
via o- and pv-* bonding and back donation via dv-*pn« bonding 
(f i g s . 1.2 and 1.3). 

I f the MNC skeleton were bent then cr- donation and d ? -» p^* 
back donation would s t i l l be possible, but the lone pair would 
now occupy an o r b i t a l which i n the l i m i t would approximate to 
sp 2 ( f i g * l . U ) • Although Ebsworth^ has calculated overlap integrals 
for nitrogen bonded to si l i c o n and concluded that substantial p w d 7 

bonding from a nitrogen lone pair to vacant s i l i c o n dl-orbitals i s 
possible In a non-linear system, i t i s not expected to be as 
extensive as i n a linear system. There is also the increased 
po s s i b i l i t y i n non-linear systems that the lone pair w i l l donate 
to a second metal atom forming nitrogen-bridged dinuclear species 
( f i g . 1.5). 

Finally there is the added po s s i b i l i t y , as with a l l unsaturated 
ligands, of la t e r a l co-ordination of the >C:Nf group to form a 
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Fig 1.1 <*tr-TT* bonding involving a neutral 
methyleneamino ligand 

Fig 1.2 fn-^ir bonding involving a linear 
C = N - M skeletoa 

Fig 1.3 <*W-TT* bonding involving a linear C = N̂-M 
skeleton 



Pig Uk TT-bonding involving a bent C N.-M. skeleton 

Pig 1.5 -TT-bonding involving one of the bridging 
C:N groups 
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IT*complex analogous to olefin complexes. 

Studies carried out so far on ketiraino-derivatives of 
molybdenum and tungsten suggest that i n mononuclear complexes the 
ligand assumes a near linear MNC skeleton**. A crystal structure 
of the complex h^-CjHjMofCOjgNCBUg^ shows a small deviation from 
l i n e a r i t y of 8°, thought to be due to crystal packing. The short 
MO-N bond length of 1.87A indicates considerable multiple bonding 
between the metal and nitrogen. 

A number of ketimino complexes of molybdenum, tungsten and 
iron have been prepared and investigated.^ - 1^ h^^R^MfCO^Cl 
(M = Mo,W) reacts with BUgCNLi, BUgCNSiMe^ Ph2CNSiMe3 and 
(p-tolyl)g CNLi to give the corresponding ketimine complexes 
h5-05H^M(00)2 (Ni:CR2) (R = Bu*, Ph, p - t o l y l ) . Some dinuclear complexes 
containing bridging ketimino-groups have also been prepared. 
Examples are [h5-C5H5M(CO) ( NrCPh^flg (Mi = Mo, W), [FefCO^EfcCPhglg 
and Fe 2(C0) 6(l) (N:CPh2). 

However, ketimino complexes are not the sole products obtained 
i n reactions of R2C:N - systems with transition metal derivatives. 
With h^CjH^MXCO)^01 (M = Mo, W), under certain conditions, 
2-aza-allyl complexes, of formula h5-C5H5M(CO)2 (R2CNCR2) (M = Mo,W) 
are formed^' 15-17 i p n e a z a _ a i i y i group acts as a 3-eleci.tron 
ligand and is formed by "condensation" of two RgG = IT - units, 
the extra nitrogen atom appearing as cyanate ion together with the 
carbonyl group lost. 

Chapter 3 of this thesis describes the preparation and 
properties of some new ketimino complexes of chromium. The work 
was carried out i n order to extend the ketimine work previously 
done for molybdenum and tungsten to the corresponding 
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chromium system and to compare the properties and structures of 
any new complexes obtained. As a comparison to the ĥ -Ĝ Ĥ CrCCO)̂ -
Bf/ R2 C N L i system, the reaction of hS-C^CrfCO^HgBr with Ph20NLi 
was also investigated. This work i s described i n appendix 2. 

k» The amidino group as a ligand i n transtion metal systems 

1 4 
The amidino group R NCRNR , behaves as a 3-electron-donor 

to a transition metal and i s isoelectronlc with both the a l l y l and 
the carboxylato-groups. I t may f u l f i l i t s 3-electron-donor role 
by bonding through either ( i ) one nitrogen atom or ( 1 1 ) more than 
one skeletal atom. The l a t t e r i s preferred for the complexes 
Ch^Q5H5M(CO)2 (RHiC(Ph)NR (M a Mo, W; R = Ph, p-tolyl) so far 

19 

prepared * for two reasons. In the f i r s t place, complexes of the 
type Ch5-ĉ Ĥ M(.00)2N!R1R1''D (M = Mb, W) are not known and attempts 
to prepare them have f a i l e d 2 3 Secondly, the amidino complexes 
[1150511^(00)2 (R1NCRNR1)] M: = Mo, W) are found to have carbonyl 
stretching frequencies at positions close to those found for the 
corresponding 2-aza-allyl complexes, Ch-O^H^COjg (R2CNCR2)3 

11 
(M s Mo,W), and at lower frequencies than those for the corresponding 
methyleramino complexes, Cĥ C(-H_M(CO) (N;:CR„)3 (M =* Mo,W)}° 
indicative of the greater degree of electron donation expected from 
a bidentate ligand. 

For the amidino group, a number of modes of bidentate attach
ment are feasible ( f i g . 1 . 6 ) . Structure (A) has a completely 
delocalised, pseudo- T r - a l l y l arrangement, (B) has localised <T,TT-bonding 
im which a M̂-N ©-bond i s supported by olef inic-type "bonding through 
the C s 1 double bond, (C) has the chelate ring completed by lone-
pair donation from the second nitrogen atom, and (D) has a <r,cr -
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i i 
N N (A) 

V \ 

/ 
N (C) (D) 

\ \ 

I 0(2. OR X / 
i 

Fig 1.6 Possible modes of bidentate attachment of the 
amidino group 

t4 x \ 
/ 

N 

Fig 1.7 Equilibrium between structures of type (c) 
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attached delocalised group with the metal l y i n g i n the NCN plane. 
There i s also the further p o s s i b i l i t y of a rapid equilibrium 
between structures of type (G) aa shown i n f i g . 1.7. For the 
complexes, [lAj^MCCO)^ (R 1NGRHR 1)] (Iff - Mo, W), the choice of 
any s p e c i f i c mode i s rendered d i f f i c u l t by the equivocal nature 
of the spectroscopic data* In the l i g h t of findings with other 
3-atom 3-electron-donor Uganda,24 structure (D) appears to be the 
most l i k e l y and makes the ligand s t r i c t l y comparable with bidentate 
carboxylate, carbonate groups, etc. 

A number of amidino derivatives of t r a n s i t i o n metals have so 
18— op 

f a r been prepared, " The amidino group, l i k e the a l l y l and 
carboxylato groups, i s also capable of bridging two metal atomso 
Examples of complexes of t h i s type are -G^H^EFi (PhNC(Ph)NPH)l^ , 
CMo2 (PhNC(Ph)HPh) u3, 2 1 and [Re 2(PhNC f(Ph)NPh)gCl^]. 2 2 

Chapter h and Appendix 1 of th i s thesis describe the preparation 
and properties and the attempted preparations of some new amidino 
complexes of iron and chromium. The work was carried out i n order 
to extend the amidine work previously done for molybdenum *. tungsten 
andmanganese to chromium and iron and to compare the properties and 
structures of any new complexes obtained. I n addition, a comparison 
with the corresponding chromium-and iron-ketimine systems also 
proved to be useful. 

The synthesis and general features of the chemistry of 
cyclopentadienyl chromium carbonyl compounds are also relevant to 
t h i s research and are reviewed i n Chapter 2. 



CHAPTER 2 

A SURVEY OP CYCLOPENTADIENYL 

CHROMIUM CARBONYL COMPLEXES 
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I n t h i B chapter, the p r e p a r a t i o n , r e a c t i o n s and p r o p e r t i e s 

of cyclopentadienyl chromium carbonyl compounds are reviewed. The 
purpose of t h i s review i s to place the work done on ketimino 
complexes of t h i s type, described i n chapter 3, i n perspective 
with studies made on other cyclopentadienyl chromium carbonyl 
compounds. Throughout t h i s review, h^-OeH ( i . e . when the ligand 

9 5 
i s "bonded to the metal v i a a l l of the ring carbons) has been, 
abbreviated to Cp. 
A. Introduction 

The chemistry of t r a n s i t i o n metal carbonyls haB been the 
subject of many thousands of research papers, most of them published 
during the l a s t twenty years. The f i r s t cyclopentadienyl chromium 
carbonyl compounds, obtained by reacting CpgCr with carbon monoxide 
under pressure, were prepared by Fischer and Hafner i n 1955«^ 

The vast majority of cyclopentadienyl chromium carbonyl 
compounds so f a r prepared obey the ine r t gas rule and so are 

26 
diamagnetic. An exception i s GpCr(CO)^ which has one unpaired 
electron and i s paramagnetic. To obey the inert gas r u l e , a 
monocarbonyl specieB (n s 1 i n CpCr(C0) nL) would r e q u i r e ligand (s) 
L to donate 5 electrons, a dicarbonyl species (n = 2) would require 
L to donate 3 electrons and a tricarbonyl species (n = 3) would 
require L to donate 1 electron. The only known tetracarbonyl 

97 9ft 

species i s the cation CpCr(C0)i4. * 

Bo Syntheses and Reactions 

1. Routes into cyclopentadienyl chromium carbonyl chemistry 
Cyclopentadienyl chromium carbonyl compounds are most 

conveniently prepared s t a r t i n g from either 0p 20r or Cr(C0)g. 
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(a) from chromocene 
Chromocene reacts with carbon monoxide under pressure at 

150-170° to give bluish-green. [ C p C r f C O ^ ^ 2 5 , 

2 Cp 2Cr + 6C0 — > [ 0 p C r ( G 0 ) 3 ] 2 + 2 C5H5 

I f hydrogen i s included i n the reaction mixture, yellow 
0pCr(C0) 3H (m.pt. 57-58°) i s obtained, 

2 Cp 2Cr + 6C0 + H 2 — * 2 CpCrfCO^H + 2 CjH^ 

The dimer, [Cp0r(G0)3l 2 absorbs hydrogen under pressure 
29 

to give CpCr(C0)3H. LCpCr(C0) 3] 2 can be converted to the 
anion, CpCr(C0)3", by reaction with Na/naphthalene i n THF?° 
Sublimation of [CpCrCCO)^^ under high vacuum at 80°K gives the 

26 
yellow-green paramagnetic complex CpCr(C0)3, while refluxing i n 
toluene r e s u l t s i n the l o s s of carbon monoxide to give [CpCr(C0) 2"] 2 

IbpCr(C0)3"] 2 i s useful as a c a t a l y s t i n the s e l e c t i v e hydrogenation-
32 

of conjugated polyenes, i n which CpCrfCO^H i s an intermediate. 
I t reacts with Cp2!S (M = Ti,V,Gr,Co,Ni) i n benssene at room 
temperature to give Ccp2M ] [ c p C r ( G 0 ) 3 ] ^ which also has considerable 
c a t a l y t i c a c t i v i t y . 

The ac i d i c hydride, CpCr(C0)3H, reacts with aqueous a l k a l i 
to y i e l d the yellow anion CpCr(C0)3~. 2^ I t i s very a i r - s e n s i t i v e 
and r e a d i l y converted to the dimer, (jGpCrCCO)^^' by the action of 
heat^* or a i r ^ . CpCrCcO^H reacts with BP3.M©20 i n benzene at 70° 
and under a pressure of carbon monoxide to give the yellow s a l t , 

27 
CCpCr(C0) I |J'' Cbp^I", The l a t t e r i s insoluble i n most organic 
solvents, and decomposes i n methanol or water. 

31 
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("b) from chromium hexacarbonyl 
Chromium hexacarbonyl reacts with the alkali-metal cyclopen-

tadienides, C5H5M (M - L i , Na,K), i n DMP at 130° to give the 
anion, C p C r ( C O ) f , 3 k t 3 6 , 3 7 B 

Cr(CO)g + G 5H 5" * CpCr(CO) 3" + 3C0 

CpCr(CO)^H may "be prepared from the anion by a c i d i f i c a t i o n 
3U 

with g l a c i a l a c e t i c acid* I t i s p u r i f i e d "by vacuum sublimations 
The dimer, [CpCr(CO) • j ^ ' c a n D e obtained by reaction with 
tropylium bromide, ^6 

2CpCr(C0) 3 " + 2C 7H 7Br — * [CpCr(CO) 3] 2 + C 1 ^ H 1 ^ * 2Br" 

The crude product i s purified by pr e c i p i t a t i o n with methanol/ 
water, washing with pentane and sublimation. The deep green c r y s t a l s , 
so obtained, are sparingly soluble i n organic solvents to give 
yellow or green solutions, depending on the concentration. Solutions 
of the anion, CpCr(CO) y , may be precipitated as purple-brown 
[Cp2Cof [ C p G r f C O ^ * , 2 5 green [ C r ( C 6 H 6 ) 2 l + CCpCr(C0) 3 ] " or yellow 
[ C p C r ( C O ) 3 l 2 H g . 2 5 , 3 6 [Gr(06H6)l* [CpCr(CO) .jT i s paramagnetic with 
1 unpaired electron. The paramagnetism i s due to C r ( I ) i n the cation. 

(c) other routes 
(MeCN)^Gr(CO)3 reacts with Mê MĈ Ĥ  (M = Ge,Sn) i n refluxing 

THP under a carbon monoxide atmosphere to give CptCOj^CrMMe^o3^'6^ 
I f C^Hg i s used instead of Me^MCtjH^, CpCr(G0)3H i s formed. 

A summary of some of the more important reactions of 
cyclopentadienyl chromium carbonyl complexes i s given i n figure 2.1. 

2. Complexes with chromium-carbon cr-bonfls 

The only known chromium complex of the general formula 
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CpCr(CO) X [cp C r C c O ) , ] ^ 

Hg 
(X=Br,l) H 

(M=Zn,Cd) 
(X=Br,l) 

CCpCr(C0)02Hg CpCrlCOKMPh CpCr(CO),HgX 
HgX2 

(X=Cl.Br,l) 

Hg(CN) Hg QCl TV HgXo 
8 (M=Ge33n,Pb) f 01 or ng 

Na/n aphthalen e 
[CpCr(CO),] CpCr(CO) 

C-,H-,Br 

ref l u x m 
OH aq CHxI H toluene 

hea 
HOAc or 

a i r 
NO 

CpCr(CO),CH CpCr(CO) J I [CpCr(C0)n] 

CO 
BP,.MeoO 

CpCr(C0)2K0 CpCr(C0) 4
 + 

Fig. 2.1. Some of the more important reactions of 
cyclopentadienyl chromium carbonyl complexes. 
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GpM(GO)^R (R = a l k y l , aryl) i s GpCr(CO)^CH^ and t h i s i s thermally 
unstable* For M = Mo, V, however, a variety of complexes are 
known. The chromium complex CpCr(co)^lfe may be prepared i n low y i e l d 
from GpCr(GO)^" by reaction with methyl iodide i n THF.**0 

CpCr(CO),CH, reacts with a number of phoephines, L, to give 
4 

acyl complexes CpCr(C0)2I'C0CIi3 (L = PPhj, Pfp-GHtjOCgHjj)^, PPhMe2). 
This i s the only well-defined example of the so-called "carbon 
monoxide insertion" reaction for cyclopentadienyl chromium a l k y I s . 

3. Complexes with chromium-metal or metalloid bonds 

Gyclopentadienyl chromium carbonyl complexes containing chromium 
-metal or metalloid bonds are too numerous to describe i n d e t a i l , 
and so only a b r i e f outline w i l l be given. 

(a) Zinc, cadmium and mercury 
Of the complexes [CpCr(GO)^l 2M (M s: Zn, Cd, Hg), the mercury 

derivative i s the most well known and studied. I t can be prepared 
from the anion CpCr(CO)^' as described before or from the reaction 

31 
between [cpCrfCO)^]., and Hg or HggClg i n THF. CCpGrfGO)^^^ a n d 

[CpCrfCO^loCd can be prepared from CCpCr(iG0)jl 2Hg by metal exchange 
42 

reactions. 

A l l three complexes are yellow c r y s t a l l i n e 60lids. The mercury 
derivative, being the only a i r - s t a b l e one, i s a very useful s t a r t i n g 
material for the preparation of a whole range of related complexes. 
Reaction of [CpCr(CO) 3l 2Hg with X g (X s Br, I ) i n CH 201 2 gives 

43 
purple c r y s t a l l i n e CpCr(CO)jX, wMch i s unstable, p a r t i c u l a r l y 
i n solution or i n the a i r . With a deficiency of X 2, both 
CpCrfCO^X and CpCrCCO^HgX are formed. The l a t t e r can also be 
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obtained by reaction, of HgX2 i n acetone with CCpCrfCO^lgHg,*4"3 

or, for X s 01 only, by reaction of HgClg with [CpCr(CO)332«^1 

(b) t r a n s i t i o n metals 

Some complexes containing chromium-chromium bonds have already 
been mentioned, notably [CpCr(C0) 3] 2. There are a s e r i e s of 
complexes related to th i s dimer, i n which one of the chromium atoms 
i s replaced by a t r a n s i t i o n metal, and which contain a chromium-
tr a n s i t i o n metal bond* Examples are [Cp(C0),CrMo(C0) Gpl and 

_ lih. -> 3 
[Cp(CO) 3CrW(00) 3CpJ. 

Apart from compounds of the above type, the number of 
cyclopentadienyl chromium carbonyl complexes containing chromium-
t r a n s i t i o n metal bonds i s very small, being mainly confined to the 
copper, s i l v e r and gold group. The complexes CcpCrfCO^lgMf 
(M =s Cu, Ag) may be obtained from the reaction between CpCr(00) 3 

U5 
and CuOl or AgN03« A sim i l a r gold complex i s not known although 

CpCr(CO) 3AuPPh 3 may be prepared from CpCr(C0) 3H and Ph 3PAuCl i n 
30 

THP. I n t h i s case the corresponding copper and s i l v e r derivatives 
are too unstable to be isolated* 

(c) group I I I 

The only compounds i n t h i s category are the two thallium 
complexes, CpCr(C0) 3Tl and [CpCr(CO) 3l 3Tl. They are prepared by 
the reaction of CpCr(C0) 3Na with either thallium ( I ) n i t r a t e or 
thallium ( I I I ) chloride r e s p e c t i v e l y . 1 ^ The reaction of DCpGr(C0) 3l2 
with thallium metal gives a mixture of the two complexes. U7 

(d) group IV 

The vast majority of cyclopentadienyl chromium carbonyl 
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complexes containing chromium-metal or metalloid bonds, which have 
so f a r been prepared, are with group IV elements. The anion, 
CpCr(CO) 3~, i s the most convenient start i n g material for the 

preparation, of many of these complexes. I t reacts with Ph^MX 
(M a Ge, Sn, Pb; X = halogen) to give yellow or yellow-green 
CpCr(CO) •jMPhj.^® Analagous methyl derivatives are also formed by the 
reaction of Me^lffir (M = Ge, Sn) with CpCr(C0)3 ^9, 50 ^ e 
mixed methyl chloro complex CpCr(C0) 3GeMe 2Cl can be obtained from 
GeMe 2Cl 29 Photolysis gives the dimeric [CpCr(CO)2GeMe2]2 i n l o w 

y i e l d . A l l these complexes are generally f a i r l y unstable, 
decomposing readily i n the presence of a i r or water. 

A number of s i l i c o n derivatives may be s i m i l a r l y prepared from 
OpCr(CO)3"' e.g. CpCr(CO> 3SlH 3, CpCr(CO) 3SiMe 2H, CpCr(CO) 3SiMeClH 
and CpCr(C0) 3SiCl 2H using SiH 3Br, 5 2»53 s i M e ^ G l , 5 ^ SlMeHCl 2

5 5 and 
S i H C l 3

5 5 respectively,. The hydrogen i n each of the l a t t e r three 
compounds may be replaced by a chlorine on treatment with carbon 
tetrachloride.5*+ The silicon-chromium bond i n CpCr(CO) 3SiH 3 i s 
r e a d i l y cleaved by HC1 at room temperature to give CpCr(C0) 3H and 
S i H 3 G l 8

5 2 , 5 3 

The dimer, [CpCr(CO) 3] 2, i s also a useful s t a r t i n g material 
for the preparation of complexes with group IV elements. I t reacts 
with R3SnH (R = PhCH2,Ph) i n benzene at 80° to give CpCr(CO) 3SnR 3 

and CpCr(C0) 3H. 53 Reaction with SnX 2 (X = F, CI, Br, I ) i s brought 
about by heating or u.v, i r r a d i a t i o n i n a suitable solvent and gives 
a mixture of [CpCr(C0) 3] 2SnX 2 and CpCr(C0)3SnX 3^. The former 
compound contains a Cr-Sn-Cr unit. The percentage y i e l d of the 
dichromium product decreases i n the s e r i e s F > CI > Br >I. Indeed 
for X = F, only [cpCr(C0) 3] 2 S n F 2 i s formed. There are two main 
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mechanisms involved i n t h i s reaction. The " d i r e c t " route involves 
ins e r t i o n of SnX 2 into the chromium-chromium "bond of [CpCr(C0)3l2» 

[GpCr(CO) 3] 2 + SnX 2 [CpCr(CO) 3] 2. SnX 2 

The "indirect" route gives, f i r s t l y , a mixture of CpCr(C0) 3X and 
CpCr(CO) 3SnX 3. The 0pCr(C0) 3X decomposes under the reaction 
conditions whereas the CpCr(C0) 3SnX 3 reacts further with [CpCr(CO) 33 2 

to give [0pCr(G0)3] 2.SnX 2, 

CpOr(00) 3SnX 3 + [OpCr(GO) 3] 2 [cpCr(CO) 3l 2SnX 2 + CpCr(00)3X. 

The importance of the "indirect}' route increases i n the s e r i e s 
F < 01< Br <I and i s also more important for the u.v. i r r a d i a t i o n 
than for the thermal reaction. Similar complexes containing three 
different metals may also he obtained e.g. [CpGr(G0) 3l 2 reacts 

with Op 11(00)3 S n X 3 ( M * M o » W ; x » 0 1 » B r » ^ t o S l v e 

[OpCr(GO)33 LCpM(00)3lSnX2.1*^ 

(e) group V 

A number of cyclopentadienyl chromium carbonyl complexes 
containing arsenic and antimony are known. They are most conveniently 
prepared from the anion, CpCr(C0) 3~, by reaction with compounds of 
the type R2MX (where R = a l k y l group; M = As or Sb; X = halogen). 
E.g. MegSbBr gives CpCr(C0) 3SbMe 2.^ 6 Reaction of t h i s product 
with W(C0) 5. THP or (norbomadiene)W(CO)^ r e s u l t s i n the expansion 
of the coordination of the antimony to give CpCr(C0)3Me2Sb-*W(C0)5 
or [GpCr(CO)3Me2Sls-»l^(co)^ respectively. Reaction of CpCr(C0)3SbMe2 

57 
with bromine i n cyclohexane gives CpCrfCO^SbBr^eg, 

0pCr(00)33bMe 2 + B r 2 —*• CpCr(G0)3SbBr2Me2 

This i a an oxidatlve-addition reaction, there being no cleavage of 
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the element-metal or element-carbon bond as i n related systems. 
Thermal or s o l v o l y t i c decomposition of the product gives CpCr(CO)^Br, 

OpGr(GO)3Sb B r g Me2 — * CpCr(CO) 3Br + MegSb Br, 

showing that halogen-cleavage i n such element-transition metal 
compounds must be regarded as an addition-elimination process. 

Reaction of CpCr(CO), with Me^AsCl i n a non-polar medium 
58 

gives orange CpCr(C0) 3AsMe 2, which i s unexpectedly stable. I t 
may be quaternised, using methyl iodide, to form the pale yellow 
s a l t [CpCr(CO) 3AsMe 3l + i " . 

With the dihalogen compound, MeSbBr2, CpCr(C0) 3 reacts to 
form a complex containing a Cr-Sb-Cr bond, i . e . [CpCr(CO) 3] 2SbMe."^ 
Sim i l a r l y , mixed t r a n s i t i o n metal compounds such as [CpCr(C0) 3] 
[CpM(CO)3]SbMe (M = Mo, W) may also be obtained. 

k» Complexes with chromium - nont-metal bonds 

Examples of cyclopentadienyl chromium carbonyl complexes 
containing chromium bonded to most of the nonr-metals can be found. 
Some of the more interesting elements involved are phosphorus, the 
halogens and nitrogen. The l a t t e r , i n the form of n i t r o s y l complexes, 
w i l l be discussed i n the next section. 

Substitution of carbonyl groups by phosphine ligands i s a very 
common reaction for these complexes e.g. [CpCr(C0) 3] 2 reacts with 
PPh^ i n ethanol to give [cpCr(CO) 2 P P h 3 ] 2 . 3 1 Other phosphines give 
s i m i l a r though l e s s stable products. On heating i n a suitable 
solvent, [CpCr(C0) 3] 2Hg reacts with phosphines and phosphites to 
give complexes of the type [CpCr(C0) 2L]2Hg (L = P(OMe)3, PPh 3, 
P ( 0 P h ) 3 ) ^ 3 
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The halides, CpCrCCO^X (X s Br, I ) , prepared from [CpCr(C0)3] 2Hg 
43 

and Xg, are very unstable. The chloride i s not known. Reaction 
with mercury metal, as a suspension i n THF, reforms the chromium-
mercury bond to give CpCr(CO)jHgX.^1 

The most well-known complex of t h i s type containing a 
chromium-sulphur bond i s CpCr(CO) 2 (S 2CNEt 2). This, also, may 
be obtained from [CpCr(CO) 3] 2Hg, by reaction with (Et 2NGS) 2S 2 ini 

60 

benaene. [CpCr(C0)3Hg (SgCNEtg)] i s formed additionally. 

5. Nltrosyl complexes 

The most important cyclopentadienyl chromium mixed n i t r o s y l -
carbonyl complex i s CpCKCOj^O. I t may be prepared from [CpCrCCO)^] 2 

by reaction with NO i n benzene or from CpCrCco)^ by reaction! 
62 

with N-methyl-N-nitroso-ptoluenesulphonamide i n ether. I f 
0pGr(G0) 3" i s treated with N0C1 i n THF, a mixture of (CpOrCco)^^ 
and CpCr(C0) 2N0 i s formed 6^. Exeas N0C1 r e s u l t s i n the conversion 
of the 0pCr(C0) 2N0 to CpCr(N0) 2Cl. 

GpCr(C0) 2N0 reacts thermally or photochemically with PPh^ to 
give CpCr(CO) (NO)PPh 3. 6 Z 4"' 6 5 Further substitution to CpCr(NO) (PPh3) 2, 
i n the presence of excess PPh 3, i s d i f f i c u l t . Photolysis of CpCrCCO]^ 
i n cyclooctene solution also r e s u l t s i n the substitution of one 
carbonyl group forming CpCr(CO) (NO) ^ H ^ ) . 6 6 The TT-bonded 
cyclooleflm' i n t h i s compound may be replaced by various monodentate 
Uganda, L, to give OpOr(CO) (NO) (L) (L = 0 2H 2, C ^ , C 2(G00Me) 2, 
G-12H8, C 7H 1 0, e u H 2 P 3 ) . 6 6 - 6 8 

NaN(SiMe3) 2 attacks one of the carbonyl groups of 0pCr(C0)2NO 
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to give CpGr(CO) (NO)CTT)". This can he characterised as the o l i v e -
green raonohydrate NaCpCr(CO)(CN)(NO).H 20, 7 0 i n which the hydration 
water i s "bound to the n i t r o s y l group by hydrogen bonds. Phenyl 
lithium also attacks a carbonyl group of CpCr(C0) 2N0, forming 
CpCr(C0)(N0) [c(OLi) (Ph)]. This i n turn reacts with [Me30] BF^ 
i n H2O to give 0pCr(C0)(N0) [ C(OMeHPli)]. 7 1 

A somewhat unrelated n i t r o s y l complex i s the cation 
[CpCr(N0)2C0]+. I t may be prepared from the reaction of a mixture 
of 0pCr(N0)2Cl and AICI3 (1:3) with carbon monoxide under p r e s s u r e . 7 2 

On removal of the benzene solvent and hydrolysis with concentrated 
HH^PPg solution. [CpCr(N0)2C0][PFg] i s formed, 

CpCr(N0) 201 + AICI3 + CO — • [CpCr(N0) 2C0 ] [ A l C l J 
[CpCr(N0) 2C0 ] [A1C1^]+ NH^PFg -» [CpCr(NO) 2C0] [PP6] + AICI3 + m h G 1 

6. Complexes with BubBtituents on the cyclopentadienyl ri n g 

Cyclopentadienyl chromium carbonyl complexes i n which there are 
substituents on the cyclopentadienyl ring are quite numerous but do 
not f a l l within the scope of t h i s review. However, for comparative 
purposes, a b r i e f outline w i l l be given. 

AICI3/CH3COCI attacks the cyclopentadienyl ring of the n i t r o s y l 
complex CpCr(C0)2Ni0 to give the red acetyl derivative CH^GOCjH^Cr-
(00)^0.76 Reaction of C r ( C 0 ) 6 or (MeCN) 3^(00)3 with 146505000% 
(5-acetyl - 1,2,3tU,5 - pentamethyl - cyclopentadiene) gives the 
air - s t a b l e green complex [h 5-Me5C5Cr(C0)2]2»^'^ which i s i s o e l e c t -
ronic with [CpCr(C0)2]2» Although the pentamethyl cyclopentadienyl 
complex, [h5-MB5G5Cr(CO)3]2» analagous to [CpCr(C0)3]2» i s not known, 
a whole range of i t s derivatives have been prepared.75 Examples are 

h 5-Me 5C5Cr(CO)3~ f [hS-MejCjCrCCO^gHg , h5-Me5C5Cr(CO)3X 
(X = SnPh3,HgCl, I ) and hS-MejCjC^CO) 2N0. 
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C. Metal - ligand bonding 

1c Oyclopentadienyl group 

In the cyclopentadienyl metal complexes considered i n t h i s 
review, the metal i s e f f e c t i v e l y equidistant from a l l f i v e carbon 
atoms of the cyclopentadienyl ring. The bonding i s most conveniently 
discussed i n terms of the LGAO-MO approximation. Thus, assuming a 
regular pentagon for the cyclopentadienyl ring, the TT-molecular 
orbitale which are formed from the set of p n - o r b i t a l s of the ring 
may be represented as shown i n figure 2.2. There are f i v e MO's, 
lowest i n energy being o r b i t a l (e) which i s strongly bonding. In 
addition there are two degenerate p a i r s of o r b i t a l s , one pair (c,d) 
weakly bonding and the highest im energy (a,b) antibonding. 

The bonding between ligand and metal consists of two inter r e l a t e d 
electron donations. Electron density i s transferred from the 
cyclopentadienyl group to the chromium v i a overlap of f i l l e d ring 
molecular o r b i t a l s on the ligand (c,d,e) with vacant o r b i t a l s of 
appropriate symmetry on the metal. A simultaneous feeble back 
donation process operates from the f i l l e d metal o r b i t a l s to empty 
antibonding molecular o r b i t a l s (a,b) on the cyclopentadienyl group. 
Undoubtedly other ligand-metal o r b i t a l interactions also play some 
part i n the ov e r a l l bonding but are l e s s important. 

2. Carbonyl group 

The nature of the bonding involving the carbonyl group and 
t r a n s i t i o n metals has been discussed b r i e f l y i n chapter 1. Bonds 
between t r a n s i t i o n metals and carbon monoxide and related ligands 
involve the overlap of a f i l l e d ligand o r b i t a l with a vacant metal 
o r b i t a l of appropriate symmetry and the simultaneous back donation 
of electron density from f i l l e d metal o r b i t a l s to empty t t - antibonding 
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Atomic o r b i t a l s Molecular o r b i t a l s 

Pig. 2.2 it — molecular o r b i t a l s available for bonding between 
the cyclopentadienyl group and a t r a n s i t i o n metal 
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o r b i t a l s of the ligand. The C-0 bond i s thus weakened r e l a t i v e to 
uncompleted carbon monoxide, and t h i s i s borne out by infrared 
studies of a number of t r a n s i t i o n metal carbonyl complexes.^ A 
simp l i f i e d diagram of t h i s simultaneous donation and back-donation 
i s shown i n figure 2.3« 

3« Nitrosy1 group 

Bonding of the n i t r o s y l group to a t r a n s i t i o n metal i n the 
types of complexes under consideration i s s i m i l a r to that of the 
carbonyl group though s l i g h t l y more complex. The n i t r i c oxide 
molecule contains one more electron, located i n a i r - antibonding 
o r b i t a l , than carbon monoxide and im most cases may be formally 
regarded as a three-electron; donor ?;hen complexed to t r a n s i t i o n 
metals. This three-electron, donation may be thought of as the 
transfer of one electron to the metal, the res u l t i n g nitrosonium ion 
being isoelectronic with carbon monoxide and bonding similarly.^® 
I n these complexes the M-N-0 bond i s l i n e a r . Complexes containing 
bent M-N-0 bonds (with no carbonyl analogues) are also known. I n 
the extreme cases, only a cr-bond i s formed and then the n i t r o s y l 
group may be regarded as a one-electron donor. 
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Metal-carbon cr-bond (forward bond) 

0 
v c o 

Metal - carbon ir-bond (back bond) 

Fig . 2.3* The "synergic e f f e c t " operative i n bonding 

between carbon monoxide and a t r a n s i t i o n metal, M 
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D. Structure, Bonding and physical properties of some 
representative complexes. 

1. Simpler cyclopentadienyl chromium earbonyl complexes 
(a) CCpCr(CO) 3: 2 

Many reactions of [CpCrCGO)^^ ^ P i y that the Cr-Cr bond i s 
weaker than the corresponding Mo-Mo and W-W "bonds i n the related 
complexes fcpMo(C0)3]2 and [CpW(C0)^2« The strength of t h i s 
metal-metal "bond and also the "bond lengths observed r e s u l t from 
a balance of the a t t r a c t i v e bonding forces between the metal atoms 
with the repulsive forces between "adjacent ligands" coordinated 
t o the different metal atoms. The structure of [CpCr(CO)33 2

 i s 

s i m i l a r to i t s molybdenum counterpart, [CpMo(CO)-j]2» and i t i s 
u n l i k e l y that the "adjacent ligand" interactions would allow the 
Cr-Cr bond i n [CpCr(C0)^J 2 to be markedly shorter than the already 
long Mo-Mo bond i n [CpMo(C0)3l 2. Thus the constraints imposed by 
the structure prevent the optimum overlap of o r b i t a l s and the 
r e s u l t i s a weak Cr-Cr bond. The consequences of these "adjacent 
ligand" interactions may be eliminated either by cleavage of the 
Cr-Cr bond or by insert i o n of another atom (e.g. Hg) between the 
two CpCr(C0)3~ moieties. Therefore, these types of reaction take 
place much more readily than with [CpMo(C0) 3l2 • The thermal 
decomposition of rGpCr(C0)3l 2 to [ C p C r ( C 0 ) 2 l 2 also r e s u l t s i n 
the reduction of the'adjacent ligand" interactions by the loss 
of two carbonyl groups and the adoption of a trans structure. 

Hence, as expected, the c r y s t a l structure of [CpG^GO^]^^ 
reveals a long Cr-Cr bond. I t i s i n f a c t 0.06 A longer than the 
Mo-Mb bond i n [CpMofCO^lg. The CcpMfCO^lg molecule i s except
i o n a l l y s t e r i c a l l y crowded and interaction between the ligands i s 
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very s i g n i f i c a n t . For a given M-M distance these repulsions are 
more severe when M = Or than when M = Mo "because the various 
Cr-ligand distances are shorter than the corresponding Mo^ligand 
distances. This r e s u l t s i n a longer and weaker metal-metal "bond 
i n [CpCr(C0)3] 2 than i n [CpMo(CO) 3 ] 2 . 

The i . r . spectrum of [cpCrfCO)^] 2 ^ 1 indicates a centrosymm-
e t r i c trans structure i n the s o l i d state, whereas i n solution t h i s 
isomer i s i n equilibrium with a gauche species (see f i g . 2.1+.). 
In very polar solvents such as DMP or DMSO„ [CpCr(CO)-j] 2 ionises 
completely to [CpCr(C0)3S] +and[CpCr(C0)3"]" (where S i s a coordinated 
solvent molecule). The presence of CpCr(CO)^" i s confirmed by the 
two absorption bands at approximately 1770 and 1880 cm"1 (cf. [Et^Ni] 
[CpCr(C0) 3] i n DMSO; Vco = 1768, 1878 cm"1). Neither [CpMo(C0) 3] 2 

nor [CpW(C0) 3] 2 ionise i n these solvents. 

79 
Proton n.m.r. shows that [ C p C r ( C 0 ) 3 ] 2 e x i s t s as a solvent -

and temperature - dependent mixture of anti and gauche rot am d r s . 
In addition, the l i n e width of the signal ( i n both non-polar and 
polar solvents) shows a r e v e r s i b l e broadening on increasing the 
temperature. This i s most e a s i l y explained by the presence of 
small concentrations of paramagnetic species i n equilibrium with 
the normal diamagnetic isomers. These paramagnetic species may 
r e s u l t from the d i s s o c i a t i o n of [CpCr(C0) 3] 2 into stable CpCr(CO)^ 
r a d i c a l s , i . e . a temperature - dependent equilibrium of the type,, 

CpCr(C0) 3 2 * 2 CpCr(C0)3, 

i s indicated, i n keeping with the extraordinary length of the 
Cr-Cr bond. 

r , v -. 80,81 (table 2.1} The mass spectrum of [CpCr(C0)3] 2 exhibits no 
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F i g 2.U The three staggered configurations of CCpGr(CO),], 
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Table 2.1: 

Mass spectrum of CCpGrCCO)^^ 

Chromium-containing ions of int e n s i t y >, 1 

Ion 
Relative Intensity 
(based on CpCr+»1Q0) 

CpCr(CO) 3H + 10 
0pCr(C0)3 + 11 
CpCr(C0) 2H* 6 
CpCr(GO)^ 23 
CpCr(CO)H + 17 
OpGr(CO) + 26 
CpCr + 100 
C3P 3Cr + 25 
Cr(CO) + 17 
C r + 220' 
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ions containing two chromium atoms i n marked contrast to the 
spectrum of [CpMoCCO^Ig. Since ions of the type Cp 2Cr 2(CO) n* 
(n. = O.o .4) observed in the spectra of [CpCr(C0)3] 2M (M = Zn, Cd, 
Hg) (table 2 . 2 ) seem to have considerable s t a b i l i t y , i t i s 
l i k e l y that the weak Or-Cr bond i n [CpCr( 00)3^2 breaks before 
lonisation i n the mass spectrometer. Indeed, the sublimation; 
temperature of [CpCr(C0 ) 3 ] 2 (~100°, 0.1 mm.Hg)®1 i s much lower 
than, that of [CpltoCGO^] 2 ( ~ 1 5 0 ° » O.lmm.Hg). Thus, i t i s very 
l i k e l y that the dimeric [CpCrCCO^lg dissociates to monomeric 
CpCr(C0)3 during the process of vaporisation and ionlsation which 
occur prior to observing the mass spectrum. Further evidence for 
th i s i s the fa c t that the peak of highest m/e value i n the mass 
spectrum of [CpCr(C0)3] 2 corresponds to CpCr(C0)3H+. Formation of 
CpCr(C0)3H may occur i f the ra d i c a l s obtained by vaporisation of 
[CpCr(C0 ) 3 ] 2 abstract protons from other species available i n the 
mass spectrometer. 

(b) Cp0r(C0)3H 

CpCr(C0)3H i s a v o l a t i l e yellow c r y s t a l l i n e compound, very 
soluble i n organic solvents such as benzene and ether. I t i s 
unstable even at room temperature, the chromium-hydrogen bond being 
readily broken e.g. by oxidation or heat to give [CpCr(C0 ) 3 ] 2 or 
by the effect of a l k a l i to give CpCrCCO^'o I t i s a powerful 
reducing agent and a weak acid. 

The n.m.r. spectrum of 0pCr(00)3H i n CgH^® 2' 8^ shows two 
sing l e t s at 5 .22 and Ycorresponding to C5H5 and Cr-H 
respectively. Calculations by Lohr and Lipscomb®^ have shown 
that 9036 of the high f i e l d s h i f t for M-R i n CpMfCO^H (M = Cr,Mb,W) 
i s due to the presence of an excess of negative charge on the 
hydrogen, and that the increase i n T (M-H) with increasing atomic 
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weight of M> i s due to increasing electron density on the hydrogen), 

(c) CpCr(C0)3 

The anion, CpCr(CO)^', i s a base of medium strength. I t i s 
protonated toy aqueous acetic acid tout not toy water. For the s e r i e s 
of anions CpMlCO)^' (M = Cr, Mo, W), the nuc l e o p h i l i c i t y increases 

86—88 
on descending group VI. Thus, the second order rate constant 
for reaction with methyl iodide follows the order, CpCr(COV " < 

— 88 

0pMo(G0)3~ < CpW(C0)3~". CpCr(G0)>3~ forms a number of adducts 
with Lewis acids. These may toe bonded d i r e c t l y to the chromium 
atom, e.g. with H + and CH,+, or though the oxygen atoms of one of 

, 3+ 8 9 
the cartoonyl groups, e.g. with AIPI13 and A1(THF)3 . 

2. Complexes with chromium-metal or metalloid bonds 

(a) Zinc, cadmium and mercury 

[CpCr(C0 )3] 2Hg i s a yellow c r y s t a l l i n e s o l i d which i s f a i r l y 

soluble i n organic solvents. The chromium-mercury bond i s 
remarkably stable, a concentration of 1$ sodium amalgam i n THF at 
25° being i n s u f f i c i e n t to break i t . I n addition, only s l i g h t 
decomposition occurs when [ppCrCCO^] 2Hg i s sublimated ( 1 3 0 ° , 0.1mm 
Hg).36 

The l . r . spectrum of [CpCrfCO^gHg 8^ i n t n e ^ollA state i s 
best interpreted i n terms of a single isomer with a skew config
uration of CpCr(C0)3 groups atoout the l i n e a r Cr-Hg-Cr system. The 
i . r . spectra for the zinc and cadmium analogues indicate that they 
adopt a s i m i l a r configuration. I n DMF, however, conductivity and 
i . r . data shows that [CpCrCcO^lgZn i s largely d i s s o c i a t e d . ^ 0 

Thus, whereas the complex CCpCx^CO)^!^ has a centrosymmetrical trans 
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structure, the conformations of i t s derivatives CcpCr(G0)^]2X 
vary with the nature of the "bridging ligand X.®-* For the cationlc 
complexes where X = H or I , the structure i s centrosymmetric, for 
X = Zn, Gd or Hg, a skew configuration- with a l i n e a r Gr-X-Cr 
arrangement i s indicated; yet for X = GeR2, SnR 2 or FbR2, a "bent 
Cr-X-Cr system i s observed. 

The mass spectra of the complexes [CpCr(CO)332M (M = Zn, Cd, Hg) 
are characterised by substantial l o s s of the metal, M.^^ a l 5 l e 2* 2^ 
The spectrum of the zinc complex shows a considerably greater 
proportion of ions with Gr-M bonds s t i l l i n t a c t , suggesting that 
the 2n-Cr bond i n [cpCr(CO)3"32Zn i s s i g n i f i c a n t l y stronger than 
the Cd-Cr bond i n [CpCrfCO^^Cd or the Hg-Gr bond i n [CpCr(C0)3] 2Hg. 

(b) Transition metals 

Infrared spectral data for the complexes [GpgM] [CpCrCCO^] 
33 

(M = Co, Cr, V, T i ) are shown i n table 2.3. For M = Co and Cr, 
the Vco frequencies are s i m i l a r to those for the ionic compounds 
CpCr(CO)^ Na + and CpCr(C0)3~ Et^P + suggesting a very polar metal-
chromium bond. However, there i s a d i s t i n c t increase i n frequency 
of the carbonyl stretching vibration i n the compounds [CpgV][CpGr(C0)3] 
and [Cp 2Ti] [CpCr(CO)^], evidence for a considerably more eovalent 
metal-chromium bond. The s h i f t to shorter wavelengths of the carbonyl 
bands may be explained by the decreased negative charge of the 
chromium atom. 

S i m i l a r i t i e s between the infrared spectra of [CpM(C0)3]2Ag" 
salts* 4"^ and t h e i r neutral [CpM(00)3]2Hg (M = Cr, Mo, W) analogues 
imply that the two s e r i e s are i s o s t r u c t u r a l with l i n e a r M-Ag-M and 
M-Hg-M systems. The lower Vco frequencies of the s i l v e r anions 
are attributed to t h e i r negative charge. 



Table 2.2 

Mass spectra of [Cp0r(C0)3l2M (M = Zn, Cd, Hg) 
Metal - containing ions of intensity £ 1 

I 
Relative Intensity 

Iont 
(based on CpCr* = 100) 

M = Zn> M = Cd M = Hg 

MCp 2Cr 2(CO) 6
+ 58 2 4 

MCpGr(CO)3+ 5 1 -
MCpCr(C0) + 5 - -
MCpCr+ - 1 -
M+ 7 13 42 
Cp 2Gr 2(C0)^ + 1 - -
C P 2 C r 2 ( C 0 ) 3

+ 48 1 1 
C p 2 0 r 2 ( C 0 ) 2

+ 12 - -
C p 2 0 r 2 ( C 0 ) + 19 1 

1 

C p 2 C r 2
+ 51 2 4 

Cp 2Cr + 145 6 10 
CpOr(CO) 3

+ 8 12 11 
CpCr(C0) 2

+ 33 17 19 
CpCr(C0) + 36 24 24 
CpCrC + 4 1 -
CpCr + 100 100 100 
Gr+ 93 95 90 

• - •, 
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Infrared spectral data for some CpCr(CO)JO complexes 

Complex Vco CI." -1 Ref. 

Na + CpCr(G0)3" (KBr) 1876 1695 91,92 

Et^P* CpCr(C0) 3" (Nujol) 1892 1765 55 

CCp2CoDCCpCr:(GO)3] 1888 1765 33 

[Cp 2Cr3tCpCr(CO) 33 (Nujol) 1890 1881 1767 33,91 

CCp2:V3[CpCr(CO)3l 2020 1928 1840 33 

CGp 2Ti]CCpCr(CO) 33 2020 1930 1870 33 

CpCr(GO) 3Sifi 3 (Kujol) 1995 1943 1918 93 

CpCr(CO) 3CH 3 (KBr) 2006 1938sh 91 
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(C) Group I I I 
The infrared spectrum of CpCrCCOO^Tl i n THF^ shows three 

strong carbonyl bands, consistent with C 8 symmetry and si m i l a r to 
the spectra of CpCrfCO^MR^ (M = Ge, Sn, Pb)• The presence of a 
chromium-thallium bond means that a l l three bands are shifted to 
a higher frequency r e l a t i v e to those of CpCr^O)^ . However, the 
r e l a t i v e l y small increase i n frequency compared with that observed 
i n the t i n (IV) or mercury ( I I ) covalent derivatives i n d i c a t e s 
that the metal-metal bond i s f a i r l y polar* 

(d) Group IV 

The x-ray structure of CpCr(C0)2MR^ (M = Sn, Pb} R a P h ) ^ 
shows, as expected, that the two groups CpCr(CO)^ and MR̂  are joined 
only by a chromium-metal bond. The environment about the metal M 
i6 tetrahedral with the chromium atom displaying 7 - coordination: 
(assuming the occupation of three coordination bonds by the 
cyclopentadienyl group)• The chromium-metal bond i s approximately 
the same length as the sum of the metal r a d i i , suggesting p a r t i a l 
double bond character. The mass spectra of some si m i l a r complexes 
(M = Ge, Snj R = Me) has also been studied.^5 

The expected structure of CCpCr(CO)-jDgSnClg with S n ( I l ) chloride 
inserted into the chromium-chromium bond of C c p C r ^ O ) ^ ^ i s confirmed 
by a recent c r y s t a l structure determination.^ The corresponding 
distances and angles i n each CpCr(CO)^ group are the same and show 
l i t t l e v a r i a t i o n from those i n [CpCr(C0)3l2« The environment about 
the t i n atom i s distorted tetrahedral. 

T 51 
The i . r . and n.m.r. spectra of LCpCr(CO)2GeMe2J 2 are consistent 

with a trans-bridged structure (see f i g . 2.5). 
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o c Co 

Fig, 2.5 Trans-bridged structure of [CpCr(CO)gGeMe^-^ 
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3 . Complexes with chromium-non-metal bonds 

Derivatives of t h i s type are very common. For example there 
i s a whole range of phosphine complexes. Very useful informations 
on the structure and isomerisation of such compounds may he 
obtained from i . r . and n.m.r. data. 

An interesting s e r i e s of phosphine complexes i s 
Ii1 

CpCr(CO)2(L)COCH3 (L = PPI13, P(p-CH3OC6H^)3, PPhMe2) , containing 
an acyl carbonyl group. These complexes have a distorted square 
pyramidal structure with the cyclopentadienyl group occupying the 
apical position and the terminal carbonyl groups trans to one 
another i n the basal plane. The assignments are made on the basis 
of the i r H n.m.r. spectra (table 2.U). The cyclopentadienyl 
resonances a l l appear as doublets due to P-H coupling. The PPhMe2 

derivative shows a doublet for the ligand methyl protons (S 1 .88 

ppm, JpH s 8 . 5 Hz) indicating that the molecule possesses a plane 
of symmetry and therefore e x i s t s as the trans isomer i n solution. 
These observations p a r a l l e l those made for analogous molybdenum 
acyl complexes. The two strong terminal carbonyl stretching bands 
and the c h a r a c t e r i s t i c acetyl carbonyl stretching band at approx 

— 1 

16U0 cm i n the i . r . spectra of these complexes (table 2*5) support 
t h e i r formulation as acetyl derivatives. Comparison of both the 
proton n.m.r. and i . r . spectra of the chromium complexes with the 
corresponding molybdenum acetyl derivatives suggests that there i s 
considerably greater electron density at the metal atom i n the 
former. In the n.m.r. spectra the C^H^ chemical s h i f t s are 0.1+-0.5 
ppm upfield r e l a t i v e to the molybdenum analogues whereas i n the i . r . 
spectra the terminal carbonyl stretching frequencies are uniformly 

-1 
10-20 cm lower for the chromium complexes. 
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Table 2 .4 

'H-NMR spectral data for CpCr(C0) 2(L)C0CH 3 i n acetone - dg 

C 5 H 5 group COCH3 group 

L 5 

^ ppm. 
JPH 

Hz. 
S 
C0CH3 

ppm. 

PPh 3 4 . 5 8 (doublet) 2.0 2 .5 

P(p-CH 3OC 6H4) 3 4 .60 (doublet) 2.1 2 .5 

PPhMe2 4 .48 (doublet) 2.1 2 .5 

Table 2 , 5 

IR spectral data for 0pCr(C0)2(L)C0CH3 ini OCI4 

L Yco cm"1 

P P h 3 1932 8 1856 vs 1644 m 

P ( p - C H 3 0 C 6 H u ) 3 1929 8 1850 v s 1642 m 

PPhMe 2 1924 8 1841 v s 1643 m 
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The infrared spectrum of [CpCr(CO)3] 2
M**(py)^ (py » p y r i d i n e ) 9 ' 

shows three strong absorptions i n the carbonyl stretching region 
at 1902, 1.805 and 1652 cm"1 (nu;)ol mull), one conspicuously lower 
than the other two. The corresponding molybdenum complexes 
rCpifo(C0).3]2 M n(P y)u fi^cl [CpMo(C0) 3l2Mg(py)^ show s i m i l a r absorpt
ions at 1905» 1818 and 1650 cm"1 and 1918, 1828 and 1667 cm"1 

respectively. X-ray d i f f r a c t i o n studies indicate that the magnesium 
atom i n [CpMoCCOj^lg^sCpy)^ I s I n an octahedral environment, 
coordinated by four equational pyridine Uganda and two a x i a l oxygen 
atoms, one from each CpMo(G0)-j group. The C-0 bond i n the bridging 
Mo-C-O-Mg group i s longer than that i n the terminal carbonyl groups. 
By analogy with the spectral assignments for the complex 
CCpMo(00)3] 2

Ms(py)i + the bend at 1652 cm"1 i n the spectrum of 
CCpOr(CO)3]2Mh(Py)i4. i s attributed to a C-0 group bridging between 
chromium and manganese and coordinated to the l a t t e r v i a the oxygen 
atom. The two high frequency absorptions are associated with 
terminal carbonyl groups. 

U. Ni t r o s y l complexes 

CpCr(C0) 2N0 i s the simplest mixed carbonyl-nitrosyl of 
cyclopentadienyl chromium. Mass spectral evidence^®(table 2.6) 
suggests that the carbonyl groups are eliminated more e a s i l y thazm 
the n i t r o s y l group, and hence l e s s strongly bound. This i s also 
borne out by the reactions of CpCr(C0)gNO. Triphenylphosphine,. 
for example, replaces a carbonyl group, i n preference to the 
n i t r o s y l group, to give CpCr(CO) (NO) (PPh^) . 6**' 6 5 The reaction 

99 
stops at the monosubstitutiomi stage because the substitution of 

the strong IT -acceptor carbonyl group by triphenylphosphine r e s u l t s 

i n an increase i n electron density at the chromium atom. The 



Table 2.6 

Primary lone I n the mass spectrum of CpCr(CO) 2N0 

Ion 
Relative Intensity 

(based on 
CpGr + 100); 

CpCr(C0) 2(N0) + 26, 

CpCr(CO)(N0) + 21 

CpCr(NO) + 13 

CpCr(C0) + 2.0: 

CpCr* 100 

03H 2Gr + 4.5 

C r + 80' 

i 



- ko -

carbonyl group i n the monosubstitution product CpCr(CO)(NO)(PPh^) 
isthuB more strongly "bound, due to increased M-*C back-bonding, 
and hence more d i f f i c u l t to replace, than the carbonyl groups i n 
CpCr(CO)2N0. 

70 71 

The nucleophiles, NaN(SiMe-j)2 and PhLi both attack a 
carbonyl group of CpCr(C0) 2N0 i n preference to the l e s s acidic 
n i t r o s y l group. 

A study of the changes induced i n the infrared spectrum of 
CHgOlg solutions of CpCr(C0) 2N0 by the addition of various Lewis 
acids Ln(MeC 5H^) 3 (Ln a Sm, H o ) 6 2 (table 2.7) v e r i f i e s that, i n 
CpCr(C0)2N0, the n i t r o s y l group i s a better Lewis base than the 
carbonyl groups. The existence of an i a o n i t r o s y l (Cr-N-O-Ln) 

—1 

linkage i s confirmed by the band at 1635 cm o The formation of 
the i s o n i t r o s y l group weakens the N-0 bond since the lanthanide 
metal withdraws electron density from the oxygen atom. I n addition 
the Cr-N bond i s strengthened due to increased back donation from 
f i l l e d chromium o r b i t a l 3 into "ir-antibonding o r b i t a l s of the N-0 
group. The two carbonyl bands i n the infrared spectrum of the 
adduct are shifted to high frequency r e l a t i v e to those i n the 
uncomplexed CpCr(C0) 2N0. This i s due to the f a c t that the presence 
of the stronger ir-acceptor -N0Ln(CijfijjMe^ group i n the adduct 
reduces the extent of ir-bonding between the chromium atom and the 
terminal carbonyl groups re s u l t i n g i n weaker Cr-C bonds and 
therefore stronger C-0 bonds. 

Temperature-dependent 'H n.m.r. measurements on OpOr(CO)(NO) 
%67 

(GH a OH) indicate intramolecular mobility of the ir-bonded 02H2 
ligand i n solution. At low temperatures, the ligand appears to 
assume a favoured rotameric positions, whilst above room temperature 
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Tattle 2.7 

CpCr(CO)?NQ/Lewls Acid adducts i n CH9CI9 Solutions 

Infrared spectra i n the CO and NO stretching regions 

Lewis Acid Vco cm""1 VNO cm"1 

- 2018 s 1945 8 1692 a 

1635s SmCMeC^H^Jj 2038 s 2018 s 1973 8 ^9k5 8 1692 s 1635s 

Ho(MeC5Hi+)3 2038 s 2018 s 1973 e 19U5 B 1692 8 1635s 

> 2 Ho ( M e C ^ ^ 2038 8 2018 B 1973 8 1945 8 1692 s 1635s 
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a p r o p e l l e r - l i k e rotation of the C2H2 group about the Or-C^H^ ^ 0 Z J : d 

axis takes place. Depending on the solvent, the free a c t i v a t i o n 
enthal py, AG*, of the C2H2 rotation v a r i e s between about 12 and 
14 Kcal/mole. 

6ft 
Similar measurements on GpCr(CO)(NO)(CH2 = CH2) indicate that 

the ethylene ligand undergoes a hindered rotation about the Cr-C 2H^ 
bond axis. I n t h i s case the activation barrier for the rotation, 
A 6*238» i s a P P r o x l m a , f c e l y 11-12 Kcal/mole. 
5« Complexes with subatituents on the cyclopentadienyl ring 

Of the cyclopentadienyl chromium carbonyl complexes of t h i s 
type, most work has been done on the pentamethyl derivative, 

[h5-Me5c5Cr(C0)2]2« I t 8 c r y s t a l s t r u c t u r e 1 0 0 ' 1 0 1 shows that i t i s 
an unbridged binuclear IT-complex with a short metal-metal multiple 
bond and four terminal carbonyl groups. The cyclopentadienyl rings 
are trans w.r.t. the chromium-chromium axis and staggered w.r.t. 
each other, the methyl groups being bent from the cyclopentadienyl 
plane. The carbonyl groups are staggered w.r.t. the chromium-
chromium axis, [h^-Me^C^CrCCO)^^ i s diamagnetic implying that i t 
contains a t r i p l e metal-metal bond i f the effective atomic number 

o 
rul e i s not to be broken. The chromium-chromium distance of 2.28 A 

o v102 
l i e s between that reported for chromium I I acetate (2.36 A) and 

. , <\103 
that for (CjHy^Crg (1.97 A) both of which are reputed to contain 

o 
quadruple bonds, and compares with the distance of 3.28 A for the 
very long chromium-chromium bond i n [CpCr^O ^ J g ^ * 

A l l the r e a c t i o n s ^ of [h5-Me^0^Cr(C0) 2] 2 involve cleavage of 
the metal-metal bond. I n addition, intramolecular carbon monoxide 
transfer i s often observed. This i s most probably due to the close 



- U3 -

proximity of the carhonyl groups to the metal atom to which they are 
not "bonded. The ove r a l l structure makes the t r i p l e "bond rather 
inaccessable to attack "by large groups, although t h i s i s not the case 
with small molecules such as n i t r i c oxide. I t s mass spectrum^ shows 
a number of bimetallic ions i n contrast to that for [CpCr (00)3 

i n keeping with i t s greater "bond order. 



CHAPTER 3 

THE SYNTHESIS AND PROPERTIES OP SOME 

NEW KETIMINO - DERIVATIVES OP CHROMIUM 
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I n t h i s chapter the synthesis and properties of some new 
d i a l k y l and d i - a r y l ketimino complexes of chromium are described. 

A. Experimental 

1. Preparation of hS-^H^CrCCO^Br 

hS-c^HjCrCCO^Br was prepared fromlhS-^H^CrfCO^] 2Hg a 
modification of the method of Manning and Thornhill.** 5 Thus, 
th5-C 5H5Cr(C0)3] 2Hg (3.0 g., 5 mmole) was dissolved i n chloroform 
(50 ml.) to give a yellow solution, which was frozen i n l i q u i d 
nitrogen. A solution of bromine (0.27 ml., 5 mmole) i n chloroform 
(10 ml.) was syringed onto t h i s , and the mixture allowed to warm to 
0i°. The solvent was removed under vacuum ( 0 ° , 0.05 mm.Hg) and the 
residue extracted with cold ether (70 ml., 0 ° ) . The ether extract 
was f i l t e r e d (the s i n t e r was kept cold "by a jacket of cotton wool 
soaked i n l i q u i d nitrogen) to give a purple solution and a yellow 
s o l i d , i d e n t i f i e d by i . r . spectroscopy as h5-GfjH5Cr(CO)3Br and 
h ^ - C ^ C r f C O ^ g B r respectively. 1* 5 The purple h^-G^Cv(GO) -^BF 

solution wasimmediately frozen i n l i q u i d nitrogen. 

2. Reaction of h5-CcH=Cr(C0)3Br with RoCNLi (R - Ph,P-tolyl or 
" t-butyl); 

A solution of the lithioketimine (5 mmole) i n ether (10 ml.) 
was added to the ether solution of h^-c^HtjCr^O^Br (5 mmole), frozen 
at - 196° . The mixture was allowed to warm to room temperature with 
s t i r r i n g , and l e f t at room temperature for 1 hour, the colour changing 
from purple to dark green. After f i l t e r i n g , the solvent was removed 
under vacuum (room temperature, 0.05 mm Hg). The residue was extracted 
with toluene and f i l t e r e d to give a dark green solution and a blue 
pre c i p i t a t e , the l a t t e r showing a positive lithium flame t e s t . The 
toluene was removed under vacuum (room temperature, 0.05 mm Hg> 
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and the residue extracted with hexane. A large amount of "bluish-
green material remained i n the f l a s k and would not extract with 
hexane. This was i d e n t i f i e d "by i . r . spectroscopy as the dimer, 
[ h 5 - C 5 H 5 C r ( 0 0 ) 3 ] 2 . 8 5 

The hexane extract was f i l t e r e d and then evaporated to dryness 
(room temperature, 0.05 mm Hg). The product was sublimated under 
vacuum (0.01 mm Hg) onto a cold finger cooled by an i c e - s a l t mixture, 
and I d e n t i f i e d by mass spectroscopy as Ih^-C^H^ C K C O ^ (H!:CR2y](R = Ph» 

t v 

p - t o l y l or Bu ) • Under these conditions, the temperatures required 
for sublimation were as follows:- for R = Ph, approx. 75°» for 
R = p - t o l y l , approx 85°; and for R = Bu*, approx. UO®, 

The phenyl and para-tolyl derivatives were contaminated with 
the corresponding ketone, i . e . benzophenone or d i - p - t o l y l ketone, 
and so were obtained as green o i l s . I t was not possible to separate 
the product from the ketone by varying the temperature of sublimation. 
The ketones may well be thermal decomposition products of the ketimino-
chromium complexes. 

The t-butyl derivative was obtained as green l e a f - l i k e c r y s t a l s . 
The only other v o l a t i l e product of the reaction was the azlne, 
BUgCNNCBUg , ( i d e n t i f i e d by mass spectroscopy), which was removed 

by a prior sublimation (room temperature, 0.01 mm Hg.) . 
Properties: A l l three complexes readily dissolved i n most organic 
solvents to give green solutions which decomposed slowly, even at 
-25°* For t h i s reason, i t was not possible to crystallise the 
complexes from hexane or toluene. The green c r y s t a l s of 
h 5-C 5H 5Cr(C0) 2 (K":0 Bu*) melted at 92-3° with decomposition. They 
were stable i n a i r for short periods. The action of water on the 
complex h^-C^HcCrfCOjg (N:CPhg) caused some (but not complete) 
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decomposition', to a non-carbonyl species. 

Infrared spectra; A l l three complexes showed two strong sharp 
absorptions i n the carbonyl stretching region (table 3.1). The two 
Vco bands observed for a solutions of h^-C^H^Cr^O) 2(N::CBu* ) i n 
pentane showed no s p l i t t i n g on cooling from room temperature to - 1 0 0 ° , 

—1 
and no new bands were seen. An absorption at 1626 cm for the 
h^-C^H^Cr(C0) 2 (Ni:CBu|) complex (nujol mull) can be assigned to VQ_N. 
Mass Spectra: The parent ion [h^-c^H^C^COOg (K:CR 2)] + was observed 
for a l l three complexes. The major chromium-containing ions are 
l i s t e d i n table 3*2. In addition, peaks were observed for the 
following organic fragments;- for the complex h^-CtjH^Cr^cOg^CPhg) 
at m/e 181 (Ph 2CNH +), 180 (PhgCN*), 104 (PhCNH*), 103 (PhCN+) 90.5 

(Ph 2GNH 2 +), 77(Ph +) and 51.5 (PhCN2+). and for the complex 
h 5-C 5H 5Cr(C0) 2 (N:CBuJj) at m/e 84 (ButCNH+) and 5 7(Bu t +). The 
spectrum of h5-C5H^Cr(C0) 2{N:C(ptolyl) 2}was not recorded below m/e 120. 
'H n.m.r. spectra; The data for h^-CtjH^CrtCO) 2 (N:CBu|) i s shown i n 
table 3«3» Two singlets with intensity r a t i o 5 :9 , corresponding to 
5 t 

h -C'tjH^ and Bu protons respectively, were observed i n a l l solvents. 
There was no s p l i t t i n g of these peaks on cooling solutions i n toluene 
from ambient to -26° or on cooling solutions i n 0S 2 from ambient to 
-60 p. 
Analyses for chromium: 
h : ?-C 5H 5Cr(C0) 2 (N:CBu2) Pound, 16,15%; Expected, 16.59%. 

None of the complexes could be c r y s t a l l i s e d from a hydrocarbon 
solvent. I n addition the products obtained by sublimation, i n 
p a r t i c u l a r the phenyl and para-tolyl derivatives, were contaminated 
and did not give s a t i s f a c t o r y analysis figures. 

3. Reaction of h5-05H5Cr(00) 2 (ErOBuj) with PPI13 
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A solution of h^-CfjH^GrCCO^ (N:CBUg) i n hexane was heated 
under reflux for 2 hours with a solution of triphenylphosphine i n 
the same solvent. There was no change i n the positions of the Vco 
absorptions i n the i . r . spectrum. Si m i l a r l y , there was no reaction' 
i n toluene a f t e r refluxing for 5 hours, nor i n monoglyme. 
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Table 3.1 

Infrared spectral data for h-^-C^HijCrCCO)^ (N!:CR2) 

complexes'. Vco "bands 

R Solvent Vco cm"̂  

Ph Hexane 1979 1912 

P - t o l y l Hexane 1976 1909 

Bu* Hexane 1965 1891 

Bu* Ether 1960 1884 

Bu* GS 2 1956 1878 

Nujol Mull 1961 1886 
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Table 3 .2 

Mass spectral data for h-*-CKHcGr(Q0)2 (N!;GR2} 

complexes;Cr - containing Ions 

Ion 
R = Bu* \ R = P h ^ \ R = p- t o l y l 

Ion 
m/e R.I. m* 

Frag
ment 
Lost 

m/e R.I. m/e R.I. 

h5-C5H5Cr(GO)2N::CR2
 + 313 28 353 11 381 14 

h5-G5H5Gr(GO)N!:GR2
 + 285 16 

259.5 

231.8 

00 

CO 
325 8 353 3 

h 5-C 5H 50rN{:0R 2

 + 257 100 

259.5 

231.8 

00 

CO 
297 100 325 100* 

h 5-C 5H 5CrNCR + " 200 3U4 - - - -

h 5-C 5H 5CrR * - - 191* 186 - -

by-C 5H 5Cr(00)N:0R 2 
- 162.5 1 - -

Or(N0R) + 135 72 155 19 - -

h 5-C5H 5CrN r:0R 2

 2 + - - 1i+8.5 k 162.5 

h 5-C 5H 5Cr + 117 156 117 33 

Or + 52 52 102 

R.I. = Relative Intensity 
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Table 3.3 

N.M.R. data for h 5-C 5H 50r(C0) 2(N:CBu 2) 

Solvent Temperature ^(Bu*) 

°6 D6 Ambient 5.40 9.14 

Toluene Ambient 5-39 9.12: 

Toluene -26° 5.53 9.22 

c s 2 Ambient 4.39 8.30 

os 2 -60° 4.72 8.67 
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B\ Discussion 

1. The preparation of h^-CgHgCrCCO^Br 

To achieve the "best y i e l d s of h^-CjHjCrfGO^Br, the i n i t i a l 
addition of "bromine to [h^-C5H5Cr(C0);3]2HS w a s d o n e at -196°. 
This ensured that, on warming, the reactants were f u l l y mixed 
"before the temperature for reaction was reached, since above t h i s 
temperature even a s l i g h t l o c a l excess of bromine was s u f f i c i e n t 
to cause considerable decomposition of the product. Throughout the 
preparation the temperature was not allowed to go above 0°, due to 
the unstable nature of solutions of h^-C^HjCrfCO^Br.^ 

I n addition, s u f f i c i e n t bromine was used to cleave one of the 
Hg-Cr bonds i n [ l ^ - C ^ C r f C O ^ ] 2Hg only. h 5-C 5H 5Gr(CO)3HgBr was 
thus formed as a by-product (and subsequently used i n a l a t e r 
reaction!) • I f enough bromine was used for the reaction, 

[h 5-C. 5H 5Cr(CQ)3] 2Hg * B r 2 hS-CgHgOr-CCO^Br + hS-C^CrtGCOjHgBr 
h 5-C 5H 5Cr(CO)3HgBr + B r 2 h 5-C5H 5Cr(CO)3Br + HgBr2, 

to go to completion, 
the HgBr 2 formed, being soluble i n ether, reacted with the 
lithioketinline, i n the subsequent reaction, i n preference to 
h 5-C 5H 5Cr(CO)3Br. As h^CjHjCrfCO^HgBr i s insoluble i n ether, 
i t could be removed from the reaction mixture by f i l t r a t i o n , and 
so did not int e r f e r e . 

2. The dicarbonyl complexes h^-Oiff50r(.00)2 (Hi;CR2,) 
(. (R a Ph, p-tolyl,Bu*) 

h^-C^H^CrfCO^Br reacts with lithioketimines, LiNCR 2 

(R = Ph, p - t o l y l , Bu*), to form the dicarbonyl products h^-C^H^C^GO) 2~ 

(NirCRg). There was no evidence for the formations of complexes 
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containing the 2-aaa-allyl group as had been the case for the 
reaction of h 5-C 5H 5Mo(00) 3Cl with Ph 2CNLi. 7' 1 5 

The introduction of a methyleneamino group into the 
TT -cyclopentadienyl chromium complex thus r e s u l t s i n the lo s s of 
one molecule of carbon monoxide. The methyleneamino group may act 
either as a three-electron donor and conserve the noble gas config
uration of the metal, or as a one-electron donor i n which case the 
noble gas configuration i s broken. I . r . spectroscopy together with 
a comparison with the molybdenum and tungsten analogues, 
[h 5-C 5 ^ ( 0 0 ) 2 (KsGR 2)] (M = Mo, W), leads us to believe that the 
group i s behaving as a 3-electron donor to a single metal. 

A comparison of the infrared spectral data for the complexes, 
[h 5-C 5H5M(CO) 2 (N:OR2)] (M = Or, Mo, W; R = Ph, p - t o l y l , Bu*), i s 
shown i n tables 3*4 and 3.5* A l l complexes show two strong sharp 
carbonyl absorptions c h a r a c t e r i s t i c of a dicarbonyl species at 
r e l a t i v e l y low frequencies compared with the s t a r t i n g materials. 
Loss of carbon monoxide and the consequent increase i n tr-bonding 
between the metal and the remaining carbonyl groups are u n l i k e l y to 
account alone for the s i g n i f i c a n t changes i n stretching frequencies 
observed when, one anionic group i s replaced by a s i m i l a r bonding 
group. Indeed the positions of absorption are e n t i r e l y consistent 
with the methyleneamino group acting as a three-electron donor. 1 0^» J 

For [h5-C5H5M(C0)2NCR2 ] (M = Cr, Mo, W), the frequencies of 
the two carbonyl absorptions decrease i n the s e r i e s Or > Mb > V/. 
This should be i n keeping with the M-0 bond strengths increasing i n 
the order Cr<Mo«W. This trend i s generally (but not always) 
r e f l e c t e d throughout the chemistry of carbonyl complexes of metals 



- 53 -

Infrared spectral data for hS-CjH^MCCO^OSL'CR^ complexes 

Table 3 . 4 . 

M R Solvent Vco cm""' Ref. 

Or Ph Hexane 1979 1912: This work 

Gr p - t o l y l Hexane 1976 1909 This work 

Or Bu* Hexane 1965 1891 This work 
Or Bu* GS 2 1956 1878 This work 
Mo Bu* Hexane 1967 1883 8 

W Bu* MeCgHii 1954 1867 8 

Mo p - t o l y l GS 2 1965 1883 11 

W p-t o l y l 0S 2 1948 1866 11 

Table 3.5 

R Solvent Vc» cm"1 Ref. 

Cr Bu* Nujol 1626 This work 
Mb B ^ Nujol 1618 8 
W Bu* Httjol 1620 8 

tBu2CNH Nudol 1610 108 



- 5k -

of the chromium t r i a d . The inertness to substitution of W(CO)g 
i 0 6 

r e l a t i v e to Mo(CO)g and Cr (C0)g i s well documented and has been 
attributed to the lanthanide contraction affording an inordinately 
strong W-C bond. 1 0^ 

For [ h ^ C ^ C r f C O ^ t N C I ^ ] (R • Ph, p - t o l y l , ^ u ) , the frequencies 
of the two carbonyl absorptions decrease i n the s e r i e s Ph>p-tolyl>Bu*. 
The Bu* group donates more electron density than do the p - t o j y l or 
phenyl groups resu l t i n g i n an increased M-C bond strength and a 
decreased C-0 bond strength. 

On cooling a pentane solution of h^CsjHtjGr^O^ (NfiOBUg) down 
from room temperature to -100°C, the two Vco bands observed showed 
no s p l i t t i n g and no new bands were seen. This i s in contrast to 
the corresponding molybdenum system, h^-CjHejMe^CO^CN^CBul), where 
reversible i . r . and *H n.m.r. spectral changes i n the temperature 
range 2 8 ° to - 4 5 ° were reported.** These changes were interpreted 
i n terms of conformational changes about the multiple metal-nitrogen 
bond. The structure of the molybdenum complex i s shown i n f i g . 3 . 1 . 

S t e r i c properties of the Bu* groups require the Mo-N-C unit to be 
approximately l i n e a r . The s o l i d state and low temperature forms 
are thought on the basis of their i . r . data to be the same conformer, 
the most s t e r i c a l l y favourable staggered form (A). 

The d-orbltals involved i n the djr -p-̂ - bonding w i l l be of 
si m i l a r energies and rotation about the Mo = N' bond should be a low 
energy process. The high temperature form may be either the staggered 
conformer (B) or the form with free rotation. 

The tungsten system, h^-C^HjWfCO^NitCBurj), l i k e the chromium 
system, did not show these reversible i . r . and 'H n.m.r. spectral 
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Fig* 3.1 Structure of h 5-0 5H 5Mo(00) 2 (N!;GBu|/) showing 
two possible conforaers 
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changes. I t i s thought that, i f s i m i l a r conformational changes 
occur to those of the molybdenum complex, the rotational process 
may he much more rapid and may require a s i g n i f i c a n t l y lower energy* 
This may a r i s e because of the s l i g h t l y different s i z e s of the metals, 
which for tungsten w i l l reduce the s t e r i c interactions "between the 
t-butyl groups and the remainder of the complex, p a r t i c u l a r l y the 
cyclopentadienyl group, Intereonversion of tungsten conformers 
appears to he rapid at the temperatures of the measurements, and a 
time-averaged signal i s observed. 

The C s ift stretching frequencies for a l l three complexes. 
[h5-C5H5Mr(GO)2 (N:CBu|)] (M = Or, Mo, W) remain l i t t l e changed 
from that of the free methyleneamine at 1610 cm • Bonding to 
carbon, boron, beryllium, aluminium and s i l i c o n r e s u l t s i n a 
s i g n i f i c a n t increase i n the corresponding frequency, and i s believed 
to be indicative of l i n e a r skeletons i n R 2C = Ni = X systems, where 
X = +CR 2, BR2, BeR*, A l f N G R ^ and S i M e 3 . 1 0 9 " 1 1 1 As the coordinating 
element becomes heavier, kv, the difference between 'VCN' for the 
complex and VCN for the free methyleneamine, becomes l e s s , 1 0 9 and 
the small changes for transition-metal derivatives are i n keeping 
with t h i s trend. Thus the ov e r a l l process of or, , and d^-ir* 
bonding leaves VCN l i t t l e changed from that of the methyleneamine. 
The f i r s t two types of interaction produce electron donation to, and 
the l a s t electron withdrawal from the metal. The process of <r and 

109 
lone-pair donation causes VCN to more to higher energy, and since 
VCN for transition^metal derivatives remains l i t t l e changed, C A ^ - T T * 

bonding may e f f e c t i v e l y balance the donation process. 
The mass spectra of the three complexes h^-C^H^Cr(C0)2N:CR2 

(R =s Ph, p - t o l y l , Bu*) a l l showed the presence of the parent ion* and 
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peaks corresponding to the l o s s of one or "both carbonyl groups 
from i t . There was a number of differences "between the spectra of 
the three compounds, however. The most intense peak i n the spectrum 
of the Bu* complex was for the ion [CjHjCr(NOBu*)] + (m/e 200), The 
corresponding ions were not seen for the Ph and p - t o l y l complexes. 
For the Ph complex, the most intense peak was for [Cp^CrPh] 4", 
whereas there was no evidence for the corresponding ions i n the 
spectra of the *Bu and p - t o l y l complexes. The presence of two 
metastable peaks at m/e 251*5 and 231*8 i n the spectrum of 
h^-C^HejCrfOO^NiiCBu^) confirmed the stepwise lo s s of carbon 
monoxide from the parent ion, 

[h 5-C5H 5Cr(CO) 2 CBfcOBuJ)] + m/e 313 
I -CO 
I m* 251*5 

[h 5-C 5H 5Cr(00) (M:CBu*)] + m/e 285 
I -GO 
jm* 231.8 

[h 5-C 5H 5Cr (H?:CBu|)] + m/e 257 

The ?H n.m.r. spectrum of h ^ - C ^ C r ^ O ) 2 ( ^ : 0 6 ^ ) showed single 
signals for Bu* and h^-C^H^ i n positions t y p i c a l of such groups. 
On cooling solutions i n toluene to -26° and solutions i n CS 2 to -60°, 
these signals moved to high f i e l d . However, there was no s p l i t t i n g 
of the peaks. The signals i n CS 2 were considerably downfield compared 
to those i n toluene and OgDg. There i s a p o s s i b i l i t y that reaction 
occurred between the complex and the carbon disulphide solvent* This 
could not be investigated further, however, due to the highly 
unstable nature of solutions of the complex i n t h i s solvent. 
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In t h i s chapter the synthesis and properties of a new amidlno 
complex of iron i s described. The attempted i s o l a t i o n and i d e n t i f i 
cation of the intermediate i n the preparation i s also described. 

A. Experimental 

1. Reaction of Pe(C0)^I 2 with (ptolyl) NLi• CMe :N (ptolyl) 

A suspension of the lithioamidine (10 mmole) i n ether (20 ml.) 
was added to a solution of Pe( C 0 ) i + I 2 (l+.22g., 10 mmole) i n ether 
(100 ml.), frozen at -196°. The mixture was allowed to warm to 
room temperature, with s t i r r i n g , and l e f t at room temperature for 
1 hour, the colour changing from "brown to very dark green. After 
f i l t e r i n g , the solvent was removed under vacuum (20°, 0.05 mm.Hg). 
The residue was extracted with toluene and f i l t e r e d to give a very 
dark green solution and a l i t t l e grey precipitate, the l a t t e r 
showing a positive lithium flame t e s t . The product would not 
c r y s t a l l i s e "from toluene. Addition, of hexane "brought down a sludge. 
This was f i l t e r e d off, washed with hexane and dried under vacuum 
(20°, 0.01 mm. Hg) to give a yellow powder. 

Properties: The yellow powder dissolved i n solvents such as ether, 
monoglyme, toluene and carbon tetrachloride "but not i n hexane or 
pentane to give greenish-yellow solutions which did not decompose 
on standing. The s o l i d was a i r - s t a b l e but very hygroscopic. 

Infrared spectrum; Absorptions i n the carbonyl stretching region are 
shown i n table 4.1* 

Mass spectrum; The mass spectrum (70°, 12 eV) of the yellow powder 
showed a strong peak at m/e 238 corresponding to the amidine ligand 
[(ptolyl) NH.0Me:N (ptoly3)] +. The only irom containing fragments 
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observed were at m/e 56 corresponding to [Fe] and m/e 420 
corresponding to [Fe {(ptolyl) N.CMe:N ( p t o l y l ) } l ] + . 

2. Reaction of the yellow powder with alumina 
A dark green solution of the yellow powder in toluene, prepared 

as above, was reacted with excess alumina* On mixing thoroughly, the 
colour changed from dark green to deep orange. The mixture was 
f i l t e r e d , the toluene removed under vacuum (20°, 0.05 mm.Hg) and the 
residue extracted with hexane and f i l t e r e d to give an orange solution 
An i . r . spectrum showed the presence of a small amount of Fe(CO)^ i n 
addition to a new unknown species. The solution was reduced i n volume 
(20°, 0.05 mm. Hg) and cooled to -25°. A mass of orange needles were 
obtained. These were f i l t e r e d off, washed with cold hexane and dried 
(20°, 0.01 mm.Hg), and id e n t i f i e d by mass spectroscopy and analyses 
as Pe(CO)^ {(ptolyl)NH.CMe:N(ptolyl)}. 

Properties; The orange c r y s t a l s were extremely a i r - s e n s i t i v e . They 
dissolved i n most organic solvents to give orange solutions, which 
decomposed on standing. Solutions i n hydrocarbon solvents decomposed 
slowly, solutions i n GS 2 within a day and solutions i n GOl^ within 
minutes. Non-carbonyl species were formed. Refluxing or u.v. 
i r r a d i a t i n g a solution of the complex (0.02 g.) i n hexane (10 ml.) 
resulted i n i t s decomposition to a non-carbonyl species, with the 
formation of a l i t t l e Pe(CO)^, as indicated by i . r . spectroscopy. 
The orange c r y s t a l s decomposed below 80° when heated i n a sealed tube. 

Infrared spectrum; The main absorptions i n the i . r . spectrum of 
Pe(CO)| +{(ptolyl)NH.CMe:N(ptolyl)} i n various solvents are shown i n 
table 1+.2. The four carbonyl absorptions were a l l very sharp. On 
leaving the orange c r y s t a l s i n the glove box for a few days, the i . r . 
spectrum (nujol mull) changed s l i g h t l y , the three carbonyl absorpt
ions below 2000 cm"1 developing shoulders on the low frequency side. 
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Table U>1 

Infrared spectral data for the yellow powder obtained from 
the reaction of Pe(G0)^I 2 with (ptolylNLi.OMerNptolyl) 

Solvent -1 
Vco cm 

KBr disc 1963s 2032s 2098s 

Toluene 1963s 2018m 2038s 2052s 2098s 
Ether 1967s 2018m 203Us 2054s 2098s 

ccih 1970s 2020s 2042 s 2056s 2098s 

Table k»2 

Infrared spectral data for Fe(C0) f | (ptolylNH.OMe;Nptolyl) 

Solvent Vco cm" 1 
Absorptions i n 
the 1550-1650 
cm-1 region 

VNH 
cm"'' 

Nudol 
mull 1930s, 1949s, 1967s, 2054m, 1600m, 1621m 3246w 

Hexane 1931s, 1950s, 1968s, 2057m, 1603m, 1621m 

cs 2 1925s, 1943s, 1962s, 2056m 
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Mass Spectrum; The major ions i n the mass spectrum ( 7 0 ° ) of 
Fe(CO)^(ptolylNH.CMe:Nptolyl) are l i s t e d i n table 4 . 3 . The parent 
ion, [Fe(CO)^(ptolylNH.CMe:Nptolyl)] +, and a l l four ions, 
[Pe(CO) n(ptolylNH.CMe:Nptolyl)] + (n = 0 , 1 , 2 . 3 ) , corresponding to 
stepwise loss of CO groups, were observed. 
Analysest Pound, Pe, 13.1, 14.1; C, 58 .8 ; H, 3 . 0 ; N, 7.1 
FeC 2 0H 1 QN 2 0 ^ requires Pe, 1 3 . 8 ; C, 59.1; H, 4 . 5 ; N, 6 .9 
fH n.m.r. spectrum: The n.m.r. spectrum of Fe(CO)^(ptolylNH.CMe: -
Nptolyl)in deuterobenzene showed broadish peaks at 2.11T(o.6) and 
3 . 7 8 and 3 . 8 6 T(total 7 . 2 ) and sharp peaks at 8 . 55^(6 .9 ) and 9 . 4 0 Y ( 3 ) 

3 . Reaction of Fe ( C 0 ) < | fotolyl NH.CMe:Nptolyl)with N-bromo succinimide 

A solution of Pe(CO)^(ptolylNH.CMe: Nptolyl) (0.01 g.) i n 
toluene ( 5 ml) was s t i r r e d with a solution of N-bromo succinimide 
(0 .005 gO i n the same solvent (20 ml.). No reaction was detected by/ 
i . r . spectroscopy. 

4 . Reaction of F e ( C 0 ) ^ I 2 with alumina 

A solution of P e ( C 0 ) ^ I 2 ( 0 .4g .» 1 mmole) i n hexane (50 ml.) was 
s t i r r e d with excess alumina. The dark red solution became very pale 
yellow. I . r . spectroscopy i d e n t i f i e d the product as Pe(CO) . 
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Table 4 . 3 

Mass spectral data for Fe(OO). (ptolylNH.CMe:Nptolyl ) 

Ion M/e S.I. M* 
Frag
ment 
Lost 

[Fe(CO)^ (ptolylNH. CMe rNptolyl'l] + 406 2 .5 

[Fe (00) 3 (ptolylNH. CMe :Nptolyl)] + 378 4 . 5 

[Fe(CO) 2 (ptolylNH. CMerNptolyl)] + 350 0 . 2 5 

[Fe(00) ( ptolylNH.CMe:Nptolyl)] + 322 32: 

268.4 CO 
[Fe (ptolylNH.CMe :Nptolyl)] + 294 100 

[ptolylNH. CMe rNptolyl] + 238 61 

[ptolylNGMe] + 132 71 

[ptolylNHC] + 118 3 

[ptolylNH 2] + 107 6 . 5 

[ p t o l y l ] + 91 12 

[Fe] + 56 0 . 5 

R.I. = Relative Intensity 
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B. Discussion 

Fe(CO) i +I 2 reacts with (ptolyl)NLi.0(0113) :N(ptolyl) to give an 
unidentified yellow powder which reacts i n turn with alumina to 
give Fe(CO) A +{(ptolyl)N(H)C(CH 3)N(ptolyl)}. For the noble gas 
configuration of the metal to be conserved, the neutral amidine 
ligand must be regarded as a two-electron donor. There have been 
very few examples of metal carbonyl complexes containing a neutral 

21 
amidine ligand reported. The chromium complex, Cr(CO) 3{PhN(H)c(Ph)NPh]r 
has the amidine group acting as an arene, with a bond from one of the 
phenyl groups to the metal atom. I n t h i s case, the neutral amidine 
acts as a 6-electron donor. The complexes [(NOjgM^NCfPhjNPh}] 

112 

(M = Fe, Co) also contain a neutral amidine group. The mode of 
attachment i s not clear however. 

Some possible modes of attachment of the neutral amidine ligand, 
acting as a 2-electron donor to a metal, are shown i n f i g . U.l. 
Structure (D) i s ruled out for Fe(CO) 1 +{(ptolyl)N(H)C(CH 3)N(ptolyl)} 
as i t i s not compatible with the complex showing a VNH absorption. 

Fe(CO) i +{(ptolyl)N(H)C(CH 3)N(ptolyl)> i s an extremely a i r - s e n s i t i v e 
orange c r y s t a l l i n e s o l i d . I t s infrared spectrum showed four sharp 
carbonyl absorptions, the general appearance of the carbonyl-stretching 
region being indicative of a tetracarbonyl species. The VNH 
absorption occurred at 32/+6 cm"1 (nujol mull). The infrared spectrum 

21 4 of Cr(CO) 3 {PhN(H)C(Ph)N(Ph)} showed a weak peak at 3405 cm"1 

(CHgClg solution) corresponding to VNH but shifted some 100 cm"1 to 
higher frequency from that i n the free amidine. A nujol mull infrared 
spectrum of Fe(CO)^ {(ptolyl)N(H)C(CH 3)N(ptolyl)} changed s l i g h t l y 
after the c r y s t a l s were l e f t at room temperature under nitrogen for 
a few days, the three carbonyl absorptions below 2000 cm"1 developing 
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N 

— > M 
(A) - 0 Olefin - type 

NH 

I / 
(B) - U = C - NH — * M Amine - type 

\ I / 
(C) HN — C = N ? M Imine - type 

N 

\ 
HC M Bidentate type \ / N 

I 

F i g kol Some possible modes of attachment of the 
neutral amidine ligand, EN = C(R') - NHR, 
acting as a two-electron donor to a metal 
(Groups R and R' are not showa). 
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shoulders on the low-frequency side. The new species i s possibly 
an isomeric form of the f i r s t . 

The mass spectrum of Pe(CO)^ {(ptolyl)N(H)C(CH3)N!(ptolyl))-
showed the presence of the parent ion and peaks corresponding to the 
l o s s of 1,2,3 or 4 carbonyl groups from i t . The most intense peak 
i n the spectrum was for [Pe{(ptolyl)N(H)C(CH3)Nf(ptolyl)}] + , i . e . the 
parent ion l e s s four carbonyl groups. The only observed metastable 
peak was for the following t r a n s i t i o n , 

Pe(CO){(ptolyl)N(H)C(CH 3)N(ptolyl)} + m/e 322 

-CO 
m* 268.4 

Pe{(ptolyl)N(H)C(CH 3)N(ptolyl)} + m/e 294 

The 'H n.m.r. spectrum of Fe(CO)^{(ptolyl)N(H)C(CR3)N.(ptolyl)3-
i n CgDg showed peaks at 9.40T (3) , 8 . 5 5^(6 . 9 ) , 3.86 and 3-787 
( t o t a l 7.2) and 2.117 (0.6). A n.m.r. spectrum of the free amidine, 
(ptolyl)NH.C(CH3):N(ptolyl), i n CgDg as a comparison showed peaks at 

8 . 7 1 ^ ( 3 ) , 8.097 (6 . 1 ) , 4.477 (0.6), and 3.15 and 3.09 7 ( t o t a l 7 . 5 ) . 

Tentative assignments of these peaks are given, in table 4.4. 

The yellow powder obtained from the reaction of Pe(C0)^I 2 with 
(ptolyl)NLi-0(0113) :N(ptolyl) may be an iron carbonyl iodide amidino-
complex such as Pe(C0)^I{(ptolyl)NC(CH"3)N(ptolyl)} or Pe(C0)3l -

{(ptolyl)NC(CH3)N(ptolyl)} . There i s not a l o t of evidence to support 
t h i s however, although the mass spectrum did show a peak corresponding 
to [Fel{(ptolyl)NC(CH 3)N(ptolyl)}] + . 

The yellow powder reacts with alumina to give Fe(CO)^{(ptolyl) -
N(H)C(CH,)N(ptolyl)}. I t i s possible that a free r a d i c a l mechanism 



Table k»k 

N.M.R. data i n CgDg for ^e(CO)^ (ptolyl)N(H)C(CH 3)N(ptolyl)] 

and Rptolyl NH.C(CH,) ;N(ptolyl)1 and tentative assignments 

Tentative 
Assignment 

Expected 
Relative 
Intensity 

| ,e(CO) 1^)tolylN(H)-
C(CH 3)N(ptolyl ) } ] . ' V 
values and r e l a t i v e 

i n t e n s i t i e s 

Eptolyl)NH.O(GH 3): 
N(ptolyl)] . -y 

values and r e l a t i v e 
i n t e n s i t i e s 

>NC'(CH3)N - 3 9.40 (3) 8.71 (3> 

p - t o l y l group 
terminal CH3 

6 8.55 (6.9) 8.09 (6.1) 

p - t o l y l group 
r i n g C - H 

8 
3.86 
3.78 

(7.2) 
3.15 
3.09 

(7.5) 

N - H 1 2.11 (0.6) k.k7 (0.6) 

Relative i n t e n s i t i e s are based on an intensity of 3, taken for 
the >NC(CH3)N: - peak. 
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i s involved, and that the alumina breaks up the yellow complex 
into Fe(CO)^ r a d i c a l s . These could then pick up free amidine 
molecules to give Fe(C0)^{(ptolyl)N(H)C(CH 3)N(ptolyl)}-. Alternatively, 
the FeCCO)^ r a d i c a l s could react with one another to give Fe(CO)^, 
i d e n t i f i e d as a minor product of the reaction. Thus possible 
mechanisms are as follows [where Am = (ptolyl)NC(CH 3)N(ptolyl), 
AmH = (ptolyl)N(H)C(CH 3)N(ptolyl)], 

Yellow powder (,lFe(CO)^IAm"). 

A1 20 3 

FeCCO)^' 

Fe(CO)J+AmH Fe(CO) 5 

As a comparison, FeCCCO^Ig was treated with alumina and Fe(CO)^ 
was obtained. Again, t h i s i s most e a s i l y explained by a free 
r a d i c a l mechanism e.g., 

F e f C O ) . ^ > Fe(CO)^*' * Fe(CO) 5 

A1 20 3 Fe(CO), 1 +I 2 

A number of reactions were carried out with 
Fe(C0) J +{(ptolyl)N(H)C(CH 3)N(ptolyl)} i n the hope that they might 
throw some l i g h t on i t s structure. The purpose of these reactions 
was to bring about a rearrangement of the Fe(CO)k{(ptolyl)N(H)C(CH 3) -
N(ptolyl)} to produce a species containing the amidine ligand acting 
as a 3-electroni donor e.g, 

N-bromo succinimide 
FeCCO^AmH > [HFe(CO)3Am] > XFe(CO)3Am 

A or hv o r halogenated 
Solvent (X = halogen) 
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However, these attempts were unsuccessful. Refluxing or u.v. 
i r r a d i a t i n g a solution of the complex i n hexane resulted i n 
considerable decomposition, with the formation of a l i t t l e 
Pe(CO)^, again probably by a free r a d i c a l mechanism. Reaction 
with CCl^ resulted i n rapid decomposition to a non-carbonyl 
species. There was no reaction with N-bromo succinimide i n 
toluene. 

The reaction of F e ( C 0 ) ^ I 2 with the lithioamidine, 
(ptolyl)NLi.C(OH 3):N(ptolyl), and subsequent reaction of the 
product with alumina i s thus quite complex and rather different 
from the reaction of Fe(CO)| +I 2 with lithioketimines. In the 
l a t t e r case, complexes of the type [FeCccO^NirCRR'] 2 and 
[Fe 2(CO)6l(NCRR f)] (where RR' = Phg, p - t o l y l 2 or Ph Bu*) are 
formed when Fe(CO)^I 2 i s treated with RR'CNLi i n ether at ambient 

9t 11+ 
temperature. 
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Appendix 1 

Exploratory investigations of the reaction of lithioamidines with 
h 5 - 0 5H 5Cr(CO) 3Br 

A. Experimental 

Reaction of h S - C ^ C r t C O ^ B r with RNLi.CR'JNR ( i ) R = p - t o l y l , 

R1 = Me; ( i i ) R = Me, R1 = Ph 

A suspension of the lithioamidine (5 mmole) i n ether (20 ml.) 
was added to an ether solution of h^-c^H^GrCcoJ^Br (5 mmole), 
prepared as i n chapter 3* and frozen at -1960. The mixture was 
allowed to warm to room temperature with s t i r r i n g , and l e f t at room 
temperature for one hour, the colour changing from purple to dark 
green. The solvent was removed under vacuum ( 2 0 ° , 0.05 mm.Hg). The 
residue was only s l i g h t l y soluble i n hexane to give, on f i l t e r i n g , 
a green solution and leaving a large quantity of greenish material 

R 85 i n the f l a s k . This was mainly [ i P - C i ^ C r f C O ^ ^ * as i d e n t i f i e d 
"by i . r . spectroscopy. 

For ( i ) (R' = Me, R = p - t o l y l ) , the i . r . spectrum of the greeni 
hexane extract was very si m i l a r to that obtained for the ketimine 
complexes, 1)5-0 ̂ HijCrC CO) 2(N.:CR2) (R = Ph, p - t o l y l , Bu*), showing two 
strong sharp carbonyl absorptions at 1892 and 196U cm . For ( i i ) 
(R = Me, R' = Ph), however, the i . r . spectrum of the hexane extract 
showed the presence of only a very small amount of carbonyl-containing 
product. 

The solvent was removed under vacuum ( 2 0 ° , 0.05 mm.Hg) from the 
hexane extract. A mass spectrum of the residue showed only the 

presence of the amidine ligand. 



- 70 -

B. Discussion. 

I t was not possible to i s o l a t e any well-defined amidino-
chromium complexes from the above reactions. However, there i s 
infrared spectral evidence for the formation of a new carbonyl 

species from the reaction "between h5-CpjH5Cr(CO)^Br and {(ptolyl)NLi.-
CMe:N(ptolyl)}. The two strong sharp carbonyl absorptions i n the i . r . 
spectrum of t h i s species are very s i m i l a r i n position and intensity to 

those for the ketimine complexes, h-*-C5HsjCr(CO)2(N:CR2) (R = Ph, 
p - t o l y l , Bu*), prepared i n chapter 3. Hence i t i s l i k e l y that the 
species formed i s of a similar structure e.g. h^-C^H^Cr^O) 2{(ptolyl)N-
C(Me)N!(ptolyl)}. This would also be i n keeping with the corresponding 

19 R 

molybdenum and tungsten systems. J h 3-C^^(00)^01 (M = Mo,W) reacts 
smoothly with l i t h i o - amidines, RNLi.CR':NR, to form complexes of 
composition h^-C^Hp^CO) 2{RNC(R f)NR} f which show two strong sharp 
carbonyl absorptions i n thei r i . r . spectra. In these complexes, the 
amidino-group acts as a 3-electron-donor-ligand. A comparison of the 
i . r . data i n the Vco stretching region for the above complexes i s 
shown i n the following table:-

Complex Solvent Vco cm"'' 

"h5-C 5H 5Cr(CO) 2 {(p-tolyl)N CtMe^NCptolyl)}1' Hexane 1 9 6 4 1 8 9 2 

h 5-C 5H 5Mo(CO) 2{PhNC(Ph)NPh} CCl^ 1 9 7 0 1 8 9 0 

h 5-C 5 H 5Mo(CO) 2 {(p-tolyl)NC(Ph)N(p-tolyl)} ( C H 2 ; G I ) 2 
1 9 5 6 1 8 6 8 

h 5-C 5 H 5 W(CO) 2{PhNC(Ph)NPh} (CH 2 C1)2 1 9 6 5 1 8 7 7 

h5-C 5 H 5 W (CO) 2 {(P-1olyl)NC(Ph)N(p-1olyl)} ( C H 2 C 1 ) 2 1 9 4 9 1 8 5 2 



Exploratory investigations of the reactions "between PhgCNLi and 

h 5-0 5H 5Cr(CO) -jHgBr 

A. Experimental 

1. Preparation of h5C5H^Gr(CO)^HgBr 

h^-C^Cr^O)^HgBr was prepared from [bP-C^H^Gv(CO)3]2Hg by 
113 

the method of Mays and Robb. Thus, a solution, of 
Ch^-C^HjCrCCO^lgHg (1.51 g«» 2.5 mmole) i a acetone (50 ml.) was 
s t i r r e d at room temperature with a solution of HgBr2 (0.91 g.» 
2.5 mmole) i n the same solvent (30 ml.). The solvent was removed 
under vacuum (20°, 0.05 mm.Hg) to give hS-C^H^Ci^CO^HgBr as a 
yellow s o l i d . 

2. Reaction of l^-C^CrCCO^HgBr with Ph 2CNLi 

A solution of Ph 2CNLi (5 mmole) i n ether (10 ml.) was added to 
5 

a suspension of h -CfjH^C^CO^HgBr (5 mmole) i n the same solvent 
(80 ml.) frozen at -196°. The mixture was allowed to warm to room 
temperature, with s t i r r i n g , the colour changing from orange to 
yellow-brown. On f i l t e r i n g , a yellow s o l i d and a yellow-brown 

85 
solution were obtained. The yellow s o l i d was mainly [ h 5 - O5H5Cr(Cd)3] 2Hg 
as shown by i . r . spectroscopy. I t also contained a l i t t l e 
h^-C5H5Cr(C0)2(N:CPh2

,) ( i d e n t i f i e d by mass spectroscopy). The i . r . 
spectrum of the yellow-brown solution showed four peaks i n the carbonyl 
stretching region, at 1879(s), I897(m), 1952(B) and 1980(m) cm - 1. 
The nature of the carbonyl compound(s) present could not be determined, 
however. 
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B. Discussion 

I n the reaction of h 5-C^H 5Cr(CO) •jHgBr with Ph 2CNLi, there i s 
no evidence for the formation of a chromium-mercury ketimine complex 
such as h^-C^HjjCrCCO^HgfPhgCN), The major product of the reaction 
i s [h^-CjjHijCrCCCO^^Hg, which could be formed according to, 

2 h 5-C 5H 5Cr(CO)3HgBr + 2 Ph 2CNLi 

» [h 5-C 5H 50r(C0)3] 2Hg + 2 LiBr + (Ph 2CN) 2Hg 

(or Hg + PhgCHNOPhg) 

h -C^H^Cr(CO)2(NsOPh2) i s a minor product of the reaction. A 
possible equation for i t s formation i s as follows, 

h 5-C 5H 5Cr(CO) 3HgBr + Ph2ONLi 

*• h 5-C 5H 5Cr(CO). 2(N:CPh 2) + LiBr + 00 + Hg. 

There was limited mass spectral evidence for the formation of 
PhgCNNCPh2 but no evidence for any free metallic mercury. 
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Appendix 3 

Experimental d e t a i l s and s t a r t i n g materials 

1. General Techniques 
A l l the reactions described were carried out i n an atmosphere 

of pure, dry nitrogen i n two-necked round-bottomed f l a s k s . Air-
s e n s i t i v e s o l i d s were handled i n a glove box. Liquids and solutions 
were transferred as required, by syringe, against a counter current 
of nitrogen. 

2. Nitrogen supply 

Nitrogen was drawn off from a tank containing l i q u i d nitrogen 
and delivered to a multiple outlet system. Traces of oxygen were 
removed by passing the gas through a tower containing copper at 
k00°» A constant pressure of nitrogen was maintained i n the system 
by connecting one outlet to an o i l bubbler. 

3. Glove box 
The purity of the nitrogen atmosphere i n the glove box was 

maintained by continuously recycling i t through a trap cooled with 
l i q u i d a i r to remove v o l a t i l e material, a tower containing copper at 
U00° to remove traces of oxygen and a tower containing phosphorus 
pentoxide to remove traces of moisture. A l l external tubing was of 
polythene, and the gloves used were made of "Butasol" rubber. 

k> Solvents 

Solvents were degassed on the vacuum l i n e before use and stored 
under nitrogen. Hydrocarbon solvents and diethyl ether were dried 
over extruded sodium wire. Ghlorocarbon solvents and carbon 
disulphide were dried over molecular sieve. Monoglyme was freshly 
d i s t i l l e d , under nitrogen, from LiAlH^. 
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5. Starting materials 

[h 5-C 5H 5Cr(CO)3] 2Hg, 3 6 F e C C O ) ^ , 1 ̂  ( p t o l y l ) 2 C N H , 1 1 5 

Ph 2ONH, 1 1 6 (ptolyl)NH.G(CH3):N(ptolyl) 1 1 7 and MeNH.CPh:NMe were 
prepared "by methods described i n the l i t e r a t u r e . 

Solutions of lithioketimines were prepared "by adding a 
solution of n-butyl lithium to a frozen solution of the appropriate 
ketimine or amidine at -196 • The mixtures were s t i r r e d at room 
temperature for about 20 minutes before use. 

1Oft 

Di-t-butyl ketiminolithlum was also prepared by adding a 
solution of t-butyl lithium to a frozen solution of t-butyl cyanide 
at -196°, and then s t i r r i n g the mixture at room temperature for 
approximately 20 minutes. 

Alumina was activated by heating under vacuum (100°, 0.01 mm.Hg) 
for two hours. 

A l l other s t a r t i n g materials were of standard reagent grade. 

6. Instrumentation 

(a) Infrared spectra 

Infrared spectra i n the range 1+000 - 250 cm 1 were recorded on 
a Perkin-Elmer 1+57 grating spectrometer. Samples were i n the form 
of mujol mulls, KBr discs or solutions i n a suitable solvent, as 
appropriate. 

(b) Nuclear magnetic resonance spectra 

Proton magnetic resonance spectra were recorded on a Varian 
A56/60D spectrometer, f i t t e d with a variable temperature controller, 
and operating at 60 MHz/sec. Samples were i n the form of solutions 



- 75 -

i n carbon disulphide, toluene or perdeuterobenzene, as appropriate. 
The external reference standard was tetramethylsilane. 

(c) Mass spectra 

Mass spectra were recorded on a A.E.I. MS9 mass spectrometer at 
70 eV (except where otherwise stated i n the text) and an accelerating 
potential of 8 kV, with a source temperature between ambient and 220° 
(depending on the sample) and electromagnetic scanning. Samples were 
introduced by d i r e c t insertion into the ion source. 

7. Analytical methods 

Carbon, hydrogen and nitrogen were determined using a Perkin -
Elmer 2J+0 Elemental Analyser. Chromium and iron were determined 
using a Perkin - Elmer k03 atomic absorption spectrophotometer. 
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