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SUMMARY 

The methyleneamino-group has the potential to bond to tran s i t i o n metals i n low 

oxidation states i n a variety of ways. New methyleneamino-complexes of 

molybdenum, tungsten, iron and manganese are described, and the bonding mode 

investigated using a variety of spectroscopic techniques. The eff e c t of the 

nature of the substitituents attached to the^C:N unit or the metal system, 

on the bonding mode of the methyleneamino-groups and the course of the 

reactions i s also described. 

rt-C5Hy4(CO)5Cl[I] (M n w) reacted with Ph 2C:NLi to give the a z a - a l l y l / 

allene complex n-C-HcW(CO)^Ph^CNCPh, [ I I ] , together with LiNCO and L i C l . 5 J d 2 2 
With Ph,C:NSiMe.-, [ I ] gave n-CcH_W(CO)_N:CPh_ [ I I I ] which liberated carbon 2 5 5 5 2 2 
monoxide and dimerised on heating to form [n-C^H^W(C0)N:CPh2]2 [ I V ] . No 

reaction occurred when the above compounds were reacted with Ph^P but [ I I I ] 

and [ I V ] reacted with iodine to produce the green (ir-C^H^jWjI^O^. 

S t e r i c a l l y bulky Bu* substituents on the methyleneamino-group were used 

i n an attempt to achieve a l i n e a r M-N-C skeleton. TI-C^H^MCCO^ICBU^ [V] 

(M = Mo,W) were prepared by the reaction of [ I ] with Bu^CiNLi or 

Bu^CiNSiMe^, and showed no tendency to form dinuclear or a z a - a l l y l / a l l e n e 

type complexes. Variable temperature spect r a l changes consistent with 

rotation of the methyleneamino-ligand about the multiple M-N bond were 

observed for i t-C^ B y i o C c O^CBu^. Reaction of [V] with iodine produced 

monocarbonyl complexes Tt-C^H^MCCOl^NtCBu^ which showed two equivalent Bu* 

sig n a l s i n the *H n.m.r. spectra believed to a r i s e from a c i s geometrical 

arrangement of the iodine atoms. In hexane solution no reaction occurred 

between [V] and Ph^P, but i n monoglyme or CCl^ the solvent was involved as a 

reactant, n-C,-fiyio(C0)(PPhj) 2H and [Ph^PBu*][n-C^H^MoCl^] respectively being 

i s o l a t e d . 



Iron complexes were prepared to investigate the e f f e c t of the t r a n s i t i o n 

metal on the^C:N system. With T i - C ^ F e C C O ^ C l [ V I ] , B^CtNLi (B = Ph, BuS 

produced only a very unstable complex 7i-C^H,-Fe(CO)N:CBut
2 and, although 

spectroscopic evidence existed for the diphenyl complex i t could not be 

i s o l a t e d even at low temperatures. With E^iNSiMe^ (B = Ph, Bu*), [ V I ] gave 

no reaction. 

F e C C O ) ^ [ V I I ] and R«H"0:NI1 ( R 1 = B" = Ph, p - t o l y l ; B' = Ph, B" = Bu*) 

produced the symmetrically bridged [Fe(C0)^N:CB lB"] 2 [ V I I I ] and complexes 

containing bridging methyleneamino- and iodine- ligands, Fe 2(C0)g(l)N:CR'R M 

[ I X ] . [ I X] reacted further with B'S'^NLi i n a 1:1 molar r a t i o to form [ V I I I ] 

i n quantitative y i e l d s . A Mossbauer study of these compounds was undertaken. 

[ V I I ] with Bu^CiNLi gave only Fe(CO)^ i n good y i e l d . 

In an attempt to incorporate manganese as the t r a n s i t i o n metal i n these 

complexes, o-metallated ring closure reaction products were obtained. 
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CHAPTER 1 

INTRODUCTION 



1. 

1. General Considerations 

The a b i l i t y of carbon monoxide to bond to t r a n s i t i o n metals i n low 

oxidation states r e l i e s on the simultaneous cr-donation of the lone pair of 

electrons from the weakly donating carbon monoxide and the back donation from 

non-bonding metal d-orbitals to the antibonding j t - o r b i t a l s of the carbon 

monoxide molecule. This 'synergic e f f e c t 1 prevents excessive b u i l d up of 

electron density on the metal and r e s u l t s i n a metal-carbon bond order greater 

than one. Replacement of a carbonyl group by another ligand r e s u l t s i n 

competition between the new and remaining ligands for the bonding p o t e n t i a l i t i e s 

of the metal. Thus the s t a b i l i t y to disproportionation of the complex w i l l 

depend upon the r e l a t i v e a- and it-bonding c a p a b i l i t i e s of the ligands 

concerned. 

Replacement of carbon monoxide from a binary metal carbonyl by a stronger 

Lewis base with a lower it-bonding capacity has the e f f e c t of increasing the 

el e c t r o n i c charge b u i l d up on the metal and reducing the competition to 

dissipate the charge. Consequently the metal-carbon bonds are strengthened. 

Organic amines, R̂ N (including ammonia), are strong Lewis bases having no jr-

bonding capacity, and t h e i r introduction into a carbonyl complex strengthens 

the metal-carbon bonding to the remaining carbonyl groups, through an 

increase i n dn- pit* bonding. Successive replacement of carbonyl groups by 

RjN groups becomes increasingly d i f f i c u l t , and a stage i s reached when the 

remaining groups are unable to dissipate further charge build up e.g."*" 

Cr(CO), + liq.NH l 2°°> C r ( C 0 ) , ( N H ^ + 3C0 

When the organonitrogen ligand (L) has a i f e l e c t r o n system available for 

bonding, the charge b u i l d up at the metal i s somewhat reduced. Consequently 
2 

further replacement of CO may occur from an M(CO),L complex. 

HKROJ i 8SEPI97I 
I0YI0 



2. 

Interest has recently been focused on those complexes which contain a 

nitrogen atom and which can reduce the electron density on the metal. This 

has led to the developments i n the chemistry of unsaturated organonitrogen 

ligands i n which a 'synergic e f f e c t 1 may also operate. 

2. Carbonyl Complexes i n Organic Syntheses 

The use of t r a n s i t i o n metal carbonyl and r e l a t e d complexes as homogeneous 

and heterogeneous c a t a l y s t s i n c y c l i s a t i o n and polymerisation reactions of 

organic compounds has become widespread."^ The reactions often occur under 

mild conditions and polymerisation reactions are usually extremely stereo-

s p e c i f i c , very s l i g h t changes i n the metal c a t a l y s t causing the formation of 

different products. 

Of p a r t i c u l a r i n t e r e s t here are the reactions of unsaturated organonitrogen 

molecules containing carbon-nitrogen and/or nitrogen-nitrogen multiple bonds i n 

the presence of t r a n s i t i o n metal carbonyl complexes. A review of these 
4 

reactions has recently appeared. Sc h i f f .- bases, azo compounds, oximes, 

phenylhydrazones, semicarbazones, azines, unsaturated imides, amides and 

n i t r i l e s a l l react with carbon monoxide i n the presence of a metal carbonyl 

ca t a l y s t , usually at f a i r l y high temperature and pressure to y i e l d 

c y c l i s a t i o n products. Sc h i f f bases y i e l d only substituted phthalimidines but 

a l l other reactions lead to a mixture of products. 

Dicobalt octacarbonyl i s by f a r the most commonly used c a t a l y s t i n these 

r e a c t i o n s . O t h e r metal oarbonyls have been t r i e d , such as Fe(CO)^, Ni(CO)^ 

and Rhc,(CO)fl but i n general they are l e s s e f f i c i e n t than C o p ( C 0 ) o or exhibit 
4 

no c a t a l y t i c a c t i v i t y at a l l . Some studies have been undertaken to t r y to 

elucidate the mechanism of the catalysed c y c l i s a t i o n of these unsaturated 

compounds with carbon monoxide. The reaction rates of a s e r i e s of a n i l s 

F i g . I . l i n which R, then R1 and R" were varied, were observed, and from the 



3. 

observations i t was concluded that the metal carbonyl became attached to the 

R« 

•b C=N 

R" 

lone p a i r of electrons on the nitrogen atom, rather than the i t-electrons of 

the imino group. The ring closure of benzonitrile with carbon monoxide i n 

the presence of hydrogen and deuterium was also studied, and the r e s u l t s 

support the hypothesis that the true c a t a l y s t i n ring closure reactions of 

nitrogen compounds i s cobalt hydrocarbonyl and not dicobalt octacarbonyl. 
4 

Although Rosenthal and Wender had i n s u f f i c i e n t experimental evidence to 

support a rigorous mechanism of ring closure, they suggested the following 

possible sequence of steps for the c y c l i s a t i o n of aromatic aldehyde and ketone 

phenylhydrazones (ri n g closure of these probably p a r a l l e l s that of Schiff'a 

bases and azo compounds): 

HR 
N-NHPh N HCo(CO) NHPh 
Co(CO) 

H.CH„.Ph CO 

HR HR HR 
\ \ N-NHPh N-NHPh N-CONHPh 

CO 
H 

Co(CO) 2H 

HR 
3±i N N-Ph •* 

N-Ph 
II 

+NH 



4. 

Recently, a number of complexes of some of these unsaturated nitrogen compounds 
L 5 

with iron carbonyls have been isolated, ' and t h e i r structures elucidated. 

These complexes are in t e r e s t i n g i n themselves, but they may also prove useful 

i n attempts to elucidate the mechanisms of the catalysed c y c l i s a t i o n reactions. 

Amines react with cobalt, ruthenium, and manganese carbonyls under 
4 

forcing conditions to y i e l d formamides and ureas. Low temperature s t o i c h i o -
2 

metric studies have revealed much about the mechanism of these reactions. 

Hydrazine with carbon monoxide i n the presence of iron, cobalt or n i c k e l 

carbonyls at elevated temperatures and pressures y i e l d semicarbazide and 

hydrazodicarbonamide. These reactions have also been studied at low 

temperature. 

3. Nitrene Intermediates 

Many reactions of iron oarbonyls with a z i d o - , ^ , ^ , ^ , ^ i s o c y a n a t e ^ ' ^ and 

n i t r o ^ compounds are thought to involve the c a t a l y t i c production of t r i p l e t 

nitrene intermediates. These intermediates may be trapped by the formation 

of iron carbonyl complexes. The scheme below can account for the formation of 

some of the products from the various organo-nitrogen molecules shown, (page 5). 

4. 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 tr a n s i t i o n metal and i n t h i s respect i t i s a very v e r s a t i l e ligand. 

The neutral ligand, RgCtNH, sigma bonds to the metal v i a the nitrogen 

lone pair, and as the nitrogen i s part of an unsaturated system, back bonding 

from f i l l e d metal d-orbitals to antibonding jt-orbitals of the ^C:N bond i s 

also possible. The most l i k e l y geometrical arrangement of the relevant 

atoms i s shown i n P i g . I . 2 ( a ) . (page 9 ) . 

As the anionic ligand, RgCrN", further bonding modes are possible. I n 
2 

one extreme the bonding to the metal w i l l involve an sp hybrid o r b i t a l of 



RNCO 

RN RNO CO N 

RNCO 
RNH 

R-N-C-N-R 

[Fe(CO),]_HNHRNH 

[Fe(CO) 1 RNCONR R Ph 
6,8,9,11 Ph Me 
6.10 Me 

[Fe(CO),NPh] 

and 

6,10 [ [ P e ( C O ) J J M e N L ] R-N-N=N-N-R 

N—N N—N 
\ 

N-Me Me-N N-Me Me-N V / Fe Fe (CO) (CO) 



6. 

nitrogen, and the lone pair w i l l occupy a s i m i l a r hybrid o r b i t a l . The lone 

pair may s t i l l contribute to the ligand to metal it-bonding i n such an 
12 

arrangement - Pig.I.2(b). Ebsworth calculated the overlap in t e g r a l s for 

nitrogen bonded to s i l i c o n and concluded that substantial (p-d) it-bonding 

from a nitrogen lone pair to vacant s i l i c o n d-orbitals i s possible i n a non

l i n e a r system. Similar multiple bonding may occur for non-linear C-N-M 

skeletons, where M i s a t r a n s i t i o n metal, but there i s the added p o s s i b i l i t y 

that the lone p a i r w i l l donate to a second metal atom as shown i n Fig.I. 3 . 

Thus, i n a ligand bridged dinuclear complex, overlap of the d-orbitals of 

both metal atoms .with it*-orbitals of the ^C:N bond could occur, r e s u l t i n g i n 

a weakening of the )C:N which would be r e f l e c t e d i n the vibra t i o n a l frequency 

of the bond. I n t h i s way the bridging )C:N^ unit would closely resemble the 

bridging carbonyl unit with which i t i s i s o e l e c t r o n i c . 

A l ternatively the C-N-M skeleton may be l i n e a r and not bent. The 

nitrogen atom would be sp hybridised, one hybrid o r b i t a l being used to sigma 

bond to the metal. A pure p-orbital would be used for the ̂ C:N it-system, 

and the lone p a i r accommodated i n a p-o r b i t a l l y i n g i n the plane of the It>C:N 

group. Maximum overlap of the metal d-orbitals with both the lone p a i r and 

n*-orbitals would then be achieved as shovm i n Fig. 1 . 4 . The bonding would 

then involve electron donation v i a a- and pit-dit bonding, and back donation 

v i a cbt-pjt* bonding. 

F i n a l l y there i s the added p o s s i b i l i t y , as with a l l unsaturated ligands, 

of l a t e r a l co-ordination of the ^C:N group to form a n-complex analogous to 

the o l e f i n complexes. 

We have t r i e d various synthetic routes to methyleneamino derivatives 

and i n a l l cases so f a r , we have avoided the p o s s i b i l i t y of complications 

a r i s i n g from enamine tautomerism by using compounds with no hydrogen atom i n 

the a position to the )C:N group 



-CH-C- -C=C-
' I I ^ ' I 

NH NK2 

methyleneamine enamine 

The method of introducing a formal 'anionic' ligand into a metal 

carbonyl system i s generally achieved by use of a metathetical process, and 

some possible routes are l i s t e d below. 

1. (a) M(C0) nKa + L-X • M(C0) nL + NaX (X = halogen etc.) 

< b) M(C0)nX + L-M« > M(C0) nL + M'X (M« = Li,Na) 

2. M(C0) nX N + LM'Rj > M(C0) nL + R̂ M'X (M1 = Si,Sn) 

3. M(C0)nX + LH b a S e > M(C0) nL + s a l t of HX 

4. M(C0)nH + LH > M(C0) nL + H 2 

5. [ M(C0) n] 2 + \ • 2M(C0) nL 

6. M(C0) nR + R'C:N M(C0)nN:CRR' 

Methods l ( b ) and 2 have been found to be most s a t i s f a c t o r y and are used i n 

the work described l a t e r . A common byproduct i n both reactions i s the 

dimeric carbonyl. Method l ( a ) i s not sat i s f a c t o r y and leads l a r g e l y to the 

dimeric carbonyl and dimeric ligand (azine) as well as small amounts of 

M(CO)^X. Method 3 r e s u l t s i n formation of complexes with methyleneamine as 

a neutral ligand without elimination of HX.^ 

Mn(C0)5X + 2PhC:NH Mn(C0) 5(Ph 2C:NH) 2X + 2C0 

Method 4 has not so f a r been investigated. Method 5 was found to be 



8 

successful i n the preparation of [Pe(CO)^N:C.^CgH^.CH^] g, 1^ but with molybdenum 

and tungsten i t l e d to the recovery of startin g materials. Method 6 has been 
15 

very s a t i s f a c t o r y i n the preparation of main group methyleneamino derivatives 

but has not proved successful for the very limited t r a n s i t i o n metal carbonyl 

systems studied. 

This thesis describes part of a general study of methyleneamino derivatives 

of molybdenum, tungsten and iron carbonyl compounds. The nature of the 

bonding between the metal and the methyleneamino-group i n the compounds 

prepared, i s of p a r t i c u l a r i n t e r e s t and i n this work we set out to investigate 

the apparent e f f e c t of, ( i ) the nature of the groups attached to the "̂C:N 

system and, ( i i ) the metal system used, on the bonding mode of the methylene-

amino ligand. Prior to th i s work only the molybdenum complexes of the 

diphenylmethyleneamino-ligand were known^(Fig.l.5), and the c r y s t a l structure 

of a doubly bridged methyleneamino-compound Fe 2(C0)g((C^H^) 2C:N) 2 had been 

reported."^ 

The synthesis and general features of the chemistry of metal carbonyl 

compounds containing bridging ligands are relevant to the research i n t h i s 

thesis and are reviewed i n the next chapter. 
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N C 

Fig.1.2(a) dn-n:* bonding involving a neutral methyleneamino ligand 

N C 

Fig.1.2(b) rc-bonding involving a bent C:H-M skeleton 

M N f i 

Fig . 1 .3 Ti-bonding. involving one of the bridging C:M groups 
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\ (A 
e N •M 07 

Fig. 1.4(a) pn-dic bonding involving a l i n e a r C:N-M skeleton 

C 

0 x 

Fig.1.4(b) ctri-n* bonding involving l i n e a r C:N-M skeleton 
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CHAPTER I I 

METAL CARBONYL COMPOUNDS CONTAINING- BRIDGIN& ATOMS 



12 

1. Introduction 

The chemistry of t r a n s i t i o n metal carbonyls has been the subject of many 

thousands of research papers, most of them published during the l a s t decade. 

This survey i s focused upon ligands which bond terminally t o , or act as a 

bridge between, t r a n s i t i o n metal carbonyl systems. Emphasis has been placed 

upon ligands containing the following non-metal bridging atoms: 

B c N 0 
H 
F 

Si P S CI 
Ge As Se Br 

Sb Te I 

Carbon monoxide i s a ligand which has not been included as i t i s the subject of 

many of the most recent reviews 

2 e Complexes with bridging carbon atoms 

Various substituted methinyl tr i s ( t r i c a r b o n y l c o b a l t ) complexes 

[YCCo 3(CO) 9] 1 7" 2 3 (Y = H, a l k y l , a r y l , halogen, COOR, COOH, CHgCHgCOOH, CĤ , 

CHrCHCOOH), are known to possess an a l i p h a t i c carbon atom t r i p l y bridged t o 

three metal atoms. They are prepared by a o i d i f i c a t i o n of acetylene complexes 

(RC:CH)Co2(C0)9 (R = H,25 n-Pr, 2 5 CRy17 CgH^ 1 7), or by reaction of t r i h a l o -

genomethane derivatives [R'CX,] (R 1 = CH_,18 F, 1 9 Cl, 1 9 , 2° C,H_,19 

D J o p 
C 0 2 C H 3 1 9 , 2 ° ° r C 0 2 C 2 H 5 ' 2 0 X = 0 1 J R ' = ^ ° r X = R ' = ^ ° r 1 , 2 0 

X = I ) w i t h Co 0(CO) 0 or [R'CXj (R 1 = CH,, X = Cl) w i t h NaCCo(CO). ] . 2 6 The 
« o 0 3 *f 

22 27 
reaction of octacarbonyldicobalt with tetrafluoroethylene ' gave complexes 

CF^CCo^(CO)Q and (CO),CoCFQCF0Co(CO)| . On prolonged heating the l a t t e r 

compound loses carbon monoxide to give CgF̂ COgCCO)̂ . F n.m.r. indicates a 

CFCF̂  grouping and a bridged struoture similar to that found i n HgC^OgCo^CO)^. 

The f i r s t stage of the reaotion I I . 1 i s reversible and formation of the 

in s e r t i o n product i s i n h i b i t e d by a high pressure of carbon monoxide. 



13. 

CP^CF2 + Co 2(C0) 8 1 (C0)4Co.CF2.CP2.Co(C0)4 

( H . l ) 

, Co.(CO) 
CPiCCo (CO) + FCo(CO) < f — s 2_ (C0)_Co(CP.CP,)(C0)Co(C0), + CO 
. J J y **• 3 3 3 

CP̂ CFCOgCCO)̂  can occur i n two isomeric forms depending upon the orientation of 

the CF_ group. On reaction with Co o(C0) Q, CF_CCo,(C0)rt i s obtained, whioh has 3 ' ° 3 3 9 2L. 
the carbon t r i p l y bridged to three cobalt atoms. A s t r u c t u r a l l y related 
complex (C0) 5Co((CF 5) 2C)(C0)Co(C0) 5, P i g . I I . l , i s formed by the reaction of 

29 
octacarbonyldi- cobalt w i t h bis-(trifluoromethyl)diazomethane. I r r a d i a t i o n 

of Fe(C0) c or Co(C0),N0 i n the presence of gaseous CF 0Br 0 gave 

(C0)3Fe(CP2)2(C0)Fe(C0)3
3° F i g . I I , 2 and (C0)3Co(CP2)2Co(C0)3

3° Pig.II.3 

respectively.(Tr-C5H5)(CO)Pe(CO)(CNC6H5)Pe(CO>i^C5H5 P i g . I I A i s formed by the 

reaction of iodooarbonyl(phenylisocyanide)oyclopentadienyliron and seems to 

indicate that phenylisocyanide has a greater bridging p o t e n t i a l than carbon 

monoxide. Octacarbonyldi-cobalt w i t h a s l i g h t excess of 3»3)3?trifluoropropyne 

gave a compound which analysed as Co2(CO)gCF3CCH F i g . I I . 5 . I t s spectroscopic 
32 33 

properties were consistent with a bridging alkyne metal complex. ' 

Complexes of t h i s type, where the C-C linkage l i e s above and normal to the 

Co-Co bond axis, are we l l known.3**"'3-' 
3. Complexes with bridging s i l i c o n atoms 

(C.H ) SiH He (CO) obtained by i r r a d i a t i o n of a benzene solution of 

Eeo(C0)__ and (C^H ) SiH„ at room temperature, under nitrogen, was shown to £. 1(J o 5 ' £. 
have the structure F i g . I I . 6 . A unique pair of hydrogen atoms has been placed 

i n the conspicuously vacant s i x t h co-ordination s i t e on each rhenium atom. 

The overall i . r . spectrum resembles (CgH^)2GeFe2(CO)g.3^ Ifydrogen bridges 

between a main group atom and a t r a n s i t i o n metal atom have only previously been 

encountered with boron as i n HMn 3(C0) 1 ( )(BH 3) 2, 3 8 [ ( C H ^ ^ C C r t C O ^ H g ] , 3 9 
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[(CgH^P^CuBH^. 4 0 The Be-Be bond length of 3.121A i n (C 6H 5) 2SiH 2Ee 2(C0) 8 

o 41 
i s s l i g h t l y longer than the 3.02A obtained f o r rhenium, oarbonyl. Each Si-H 

functions as a two eleotron donor to rhenium e f f e c t i v e l y taking the place of 

a oarbonyl group. The i n t e r a c t i o n could be described as a three centre two 

electron bond with the two electrons supplied by the o r i g i n a l Si-H bond, or 

the protonated form of a hypothetical anion F i g . I I . 7 which i s isoelectronic 

with PhgGeCFeCco)^"57 F i g . I I . 8 . I n general, silanes give similar produots 

with cobalt carbonyl, to those obtained using germanes e.g. PhgSiHg and 

PhSiH^ give PhgSiCOgCCO)^ and PhSiCo^CCO^ r e s p e c t i v e l y . 4 2 Attempts to 

convert PhgSiCo^CCO)^ to PhgSiCo^CCO)^ f a i l e d and attempts to repeat the 

preparation of the previously reported COj(C0)^SiCH:CH2
 3 were unsuccessful. 

4. Complexes with bridging germanium atoms 

(a) Group VI metal complexes. Insertion of SnClg, Gel 2 and InBr i n t o 

[TiC 5H 5Fe(CO) 2] 2, Co^CCOg44"47 and [ M^CO^] 2", 4 8 (M = Cr,W) give products 

i n which the non-transition metal i s bonded to two t r a n s i t i o n metal atoms, 

see reaction I I . 2 . 

Co 2(C0) 8 + 6 e l 2 ^ (C0)4CoGeI2Co(C0)^ I I . 2 

Since t h i s i n s e r t i o n reaction did not occur with Mn^CO)^ nor 

DtC_HpMo(C0)_] 4 7 i t seems l i k e l y that the presence of bridging carbonyl groups 
0 0 o * 

are essential f o r the reaction to occur. 

(b) Group V I I metal complexes. Ph 2Ge(lin(CO) 5) 2 and [Ph 2GeMn(C0) 5] 2 

49 
were obtained by adding Ph„GeBr„ to a solution of Na[Mn(G0) c] s Germanium 

tetrachloride and Co 2(C0) g at 20°C i n tetrahydrofuran (T.H.F.) gave the 

bridged GeCl 2(Co(C0)^) 2 complex. 5 0 ((CH 5) 2Ge) 2Co 2(C0) 6
5 1was one of several 

products isolated from the reaction between (CH^)2GeH2 and Co 2(C0) Q i n toluene 

at -78°C. The proton magnetio resonance spectrum showed two non-equivalent 
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methyl signals at low temperature, and a singlet a t room temperature. The 

structure proposed i s analogous to Co2(C0)g and the methyl groups on a given 

germanium atom, l i e i n d i f f e r e n t environments Pig . I I . 9 . 

(syn) CH CH, (syn) 

CO 
Ge Ge 

( a n t i ) CH CH, ( a n t i ) 

OC CO 

Fi g . I I . 9 

A non-bridging carbene type intermediate i s proposed to aocount f o r the ra p i d 
51 

interchange of syn and a n t i methyl groups at room temperature. The X-ray 

structure of PhGeCo^(CO)^ shows germanium bridging three cobalt atoms 

Pig.II.10. The moleoule can be regarded as a derivative of octacarbonyldi-

cobalt i n which a bridging carbonyl group has been replaced by a PhGeCo(CO)^ 

moiety, w h i l s t Ph2GeCo2(C0)^ may be considered to be derived by replacement 
52 53 

of one carbonyl with the PhgGe group. ' On heating a solution of C<rH-6eCo_(C0)_- i n hexane to the r e f l u x i n g temperature i t i s transformed to b 5 J 11 
PhGeCo.(CO) by loss of carbon monoxide. The formulation resembles that of 

J 9 
PhCCo^(CO)^ and a similar structure has been proposed.2**" Treatment of 

PhGeCo^(C0)11 w i t h carbon monoxide under pressure gave PhGe(Co(C0)^)y which 

was not isolated, but was shown by i . r . spectroscopy to be analogous to 

PhSn(Co(C0)^) 3. 5^ The crystal structure of Co^(C0) 1 2Sb^ 5 5 revealed a cubane 
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•type structure with four Co(C0)j fragments interconnected by t r i p l y bridging 

antimony atoms. 

(c) Group V I I I metal complexes. The crystal structures of 

(GeMe 2) 5Pe 2(CO) 6, 3 7 (GePh 2) 2Fe 2(C0) 7 >
5 6 and F e 2 ( C 0 ) 9

5 7
 s h o w a marked s i m i l a r i t y . 

The two Fe(CO) units i n each case are bridged by three ligands. The complexes 

i n Table I I . 1 are i n order of decreasing s t e r i c requirements of the bridging 

ligands, and i t shows the effeot of the bridging ligands on the bond lengths 

and angles. Vigorous reaction conditions are needed to obtain [(CO).FeGeX ] _ 

Table I I . l 

Fe-Fe 
(dist.A°) 

Fe-Ge 
(di s t . A 0 ) 

Fe-Ge-Fe 
(angle °) 

Fe-bridging-CO 
( d i s t . A 0 ) 

(GeMe 2) 3Fe 2(C0) 6 2.75 2.39 66.8 -
(GePh 2) 2Fe 2(C0) 7 2.66 2.42 70.0 2.03 

Fe 2(C0) 9 2.46 1.80 

from the reaction of i r o n pentaoarbonyl and the germanium tetrahalides. 

ItegGeHg, i n excess, reacts with F e j ( C 0 ) l 2 at 65°C to give MegGe^Fe2(C0)g and 

(Fe(C0) 4) 2GePh 2. 3 7 

5. Complexes with bridging nitrogen atoms 
5 

The di-U-amido-hexacarbonyldi-iron o r i g i n a l l y thought to be di-^-imido-

hexacarbonyldi-iron^ was prepared by the reaction of t e t r a c a r b o n y l f e r r a t e ( l l ) 

anion with n i t r i t e ion or hydroxylamine. The X-ray c r y s t a l structure (Fig. 

I I . l l ) showed eaoh i r o n atom co-ordinated to two nitrogen atoms and three 

carbonyl groups at the corners of a d i s t o r t e d square pyramid. The di-n-amido 
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on 

complex CH2NPe(C0)^]2 i s e l e c t r i c a l l y equivalent and s t r u c t u r a l l y similar t o 

Cc 2H 5S]?e(C0) 3] 2, 6 0 CC 6H 5CSI 1e(CO) 3] 2, 6 1 and [CH 3SFe 2(C0) 6] 2S. 6 2 The bridging 

angles subtended at the i r o n atoms i n [C2H^SPe(C0)3]2^° are not appreciably 

changed when the two bridging RS ligands are replaced by the two s t e r i c a l l y 
uninhibited NHg ligands. Direct evidence f o r the strength of the Fe-Fe bond 

i s given by i t s unusually short distance 2.402A* at least 0.1A* smaller than the 

analogous S and P bridged complexes shown i n Table I I . 2 . A structure (Fig. 

11.12) was proposed f o r Fe 2(C0)g(C^HgN 2),^ 3 prepared by the reaction between 

2-(methylazo)propane and enneacarbonyldi-iron i n benzene at ambient 

temperatures, i n which the i n e r t gas configuration could only be achieved by 

bridging nitrogen atoms and an Fe-Fe bond. Binuclear complexes of the type 

(n-C^H^Co)2(t-C^H9N)2C0 are obtained when ir-cyclopentadienyldicarbonyl-cobalt 

i s reacted with the sulphur diimide (t-C^H^NjgS.^7 This polynuclear cobalt 
o 24 68 

compound has an extremely short Co-Co distance of 2.367A ' and i t s 
precursor i s postulated as the nitrene complex Co(ir-C^H^)(CO)(t-C^H9N). The 

g 
phenylisocyanate and dodecacarbonyltri-iron reaotion forms a similar complex 

9 
to which the term ureylene complex was applied. I t was found t o have 
structure Fig.II . 1 3 w i t h a carbonyl group bridging the two PhN bridging units, 

7 69 

and a d i f f e r e n t structure from that f i r s t postulated by Manuel. ' 

Derivatives of thionitrosoalkane or benzene are obtained as orange diamagnetic 

c r y s t a l l i n e solids (Eqn.II.3)^°, by reacting (RN)2S or RNSO with i r o n oarbonyls. 

Fe(C0) 5 + (t-C 4H 9N) 2S h e * ^ e > Fe^CO^t-C^NS) I I . 3 

With (CgHj.N)2S and i r o n pentacarbonyl or enneacarbonyldi-iron the only 

product isolated from the reaction was azobenzene. However the following 

reaction (Eqn.II.4) produced an' orange diamagnetic complex i n very low y i e l d . 

Fe 2(CO) 9 + Cg^NSO b e n z e n e > Fe2(CO)6(C6H5NS) I I . 4 

http://Fig.II.13


18, 

CM • 
H 
M 

V 

1 
EH 

o 

O 
a 

n a o +> 
<Q 
N n 

•p 

o 

O 
© PH g O 

w 
I 

a> 

•d 

•8 
H 

H 
o 

•H a 
I 
o 
a> 
H 
a> 
§ 
l> 

H •a 
-p 
10 

V O CM 
- I 

o 
o 

K 
vo o 

VO 
CM ^—^ y—* —̂> 

r - 1 CM CM 
K> • • • O O O 

O — 
O irv CO 

CM O CM 
0) • • • • 

1—1 

CM CM CM H 

CM 
VO 

oa CM 
- 1 
vo 

o o 
CM 

o 

H 
vo CM 

I — I 

"o o 
0) 

o 
i r \ W 
vo o 

o 
CM 

O O 

I i1^ 'CM 
o 

CM 
— I 

O 
O 

CM 

-—v • 
H O CM 
VO VO 00 
m H oo • • • 
CM CM CM 

.—* ' V 

co VO v—' 
CM O rH 
• • • • • H H CM 

00 o 
H 

H 
H 

. t *—N 
H H 
G \ 00 
• • • ON 

vo ir\ 

if\ 4 U ) h -
• • • • 

o o o o 
-4- H m CM oo • • • 
CM CM CM CM 

CO CM CM 
• • 

H H 

H H 
00 H 
oo 
VO I s-

• • 
CO CO 
CO 00 

ir\ «\ 
6 * 0 

o o o 
H vo 00 
l A CM CO • • • 
CM CM CM 

VO CM 
CM CM • • 
H H 

rH H i f \ 

00 
e • » 

r - oo H 
VO Is- OS 

• s—^ 
o iH s—N 

(A m -* VO fA CM 
CM OV CM CM O CM 

• • • • • • • • CM CM CM H H 00 H 
vo 00 0 \ 

VO 
O H l A 

CM CM 

O CO 
CM CM 

• • 

m vo 
-d- oo 

oo 

a x x 
•M £ A 

<d 

3 1 

(D 

•d 

"3 
o 

01 
Q> 
O S 
4» 

o m 

o 

(0 

•a 
> 
a 

2 
0) 
a 
+» 
(3 
<D 

.a 
IQ 

9 
H 
aj 
> 
EH 



19. 

For the two i r o n atoms to a t t a i n the i n e r t gas configuration the structure 

proposed (Fig.11.14) on the basis of spectroscopic data implies that lone pairs 

on the N and S atoms participate i n co-ordination. This i s the f i r s t known 

example of an a l k y l or a r y l thionitroso complex. A phenylnitroso complex 

CFe(C0)3(Cgh\.N0)]2 was reported as the product from the reaction of i r o n 
71 

pentaoarbonyl and nitrobenzene but the stereochemistry of t h i s product i s 
d i f f e r e n t from that of the thionitroso complex. The reaction (Eqn.II.5) between 

72 
o-aminobenzenethiol and i r o n pentaoarbonyl formed a oomplex having both 

+ Fe(C0) e >• Feo(C0),C.H, SNH I I . 5 
p z fa b 4 

bridging ES and ENH groups. On the basis of spectroscopy a structure (Fig.11.15) 

was proposed analogous to that of the complex ( F i g . I I , l 6 ) obtained from a 
73 

similar reaction with t o l u e n e d i t h i o l . A similar structure to Fig.II.15 was 
proposed f o r the trace amounts of material formed from the reaction of. 2-amino-

72 74 

ethanethiolhydrochloride and dodecaoarbonyltri-iron. Azobenzene and 
75 

azomethane with enneacarbonyldi-iron y i e l d the binuclear complexes 
E 2 I I 2 F e 2 ^ ^ 6 ^ R = T h e c r v s t a ^ s' t r u c' t u r e of the azobenzene compound 

shows the azo l i n k to be ruptured and the oomplex ligand to be present w i t h an 

o-semidine skeleton. I t was proposed^ that the methyl compound maintains 

the N-N bond to give a structure (Fig.11 .17) analogous to the sulphur 
6l±. 7fl 

bridged dimer [SFe(C0) 3] 2. The structure was found to be the f i r s t of a 

series of binuclear complexes bridged by a R-N-N-R unit containing a short 

N-N distance of 1.366A" and a very acute NFeN bond angle of 42.7 • The i r o n -

i r o n distance of 2.496A i s the longest reported f o r a nitrogen bridged Fe-Fe 
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79 6 compound. An X-ray structure confirms the proposed structure (Fig,II.18) f o r 

(CHjN^Fe^CO)^, which i s one of several products obtained from the reaction of 

methylazide, or nitromethane with enneacarbonyldi-iron. The structure i s 
80 

analogous to S^e^CCO)^, and the molecular structure i s closely related to that 
8 l of [(C^HC)_CNN] Fe,(C0) . The structures are formally related to binuclear o p * : 2 5 9 

nitrogen bridged i r o n carbonyls e.g. the structure of the u,-methylimido complex 

(Fig.II.18) may be formally derived from that of the dimethylureylene bridged 

compound [(CHyi^COjFe^CO)^ 1 0 by replacement of the bridging carbonyl group 

by a t h i r d Fe(CO)^ moiety and the formation of an additional metal-metal bond. 
In (CH,N) Fe (C0)_ the tetrahedral bridging nitrogen atoms have a f a i r l y short 

J 2 3 y 
Fe-N distance of 1-928A compared with 1«95A f o r (CgH CNN) Fe,(C0) , and 1«94A f o r 

Ik 

the t r i g o n a l doubly bridging nitrogen atoms i n [(p-CH^CgH^)2CNFe(C0)^]2. 

Bonds from i r o n to doubly bridging nitrogen atoms are usually longer (Table 

11,3), The methyliraido groups i n (CR^tl)^e^iCO)^ are analogous to t r i p l y 
82 

bridging chalcogen atoms i n Se Fe (GO) and S_Fe,(C0)o. The SR and the NR 

group function e f f e c t i v e l y as four electron donors. The shortening of the 

mean Fe-N distance i s similar to the mean contraction i n Fe-S distance from 

2.259A i n [C oH cSFe(C0)J to 2.229A i n SJTe,(C0) . [(CH N)_C0]Fe_(CO),-, the 
2 5 3 2 3 9 ' 6 

prin c i p a l product of the reaction of enneacarbonyldi-iron with methylazide, 
was shown by X-ray crystallography"^ t o have a structure consisting of two 

Fe(CO)^ groups symmetrically linked through the nitrogen atoms of a dimethyl-

ureylene group. The structure of the phenyl analogue i s considered to be 

similar ( F i g . I I . 13, R = Chy. 9' 1 1 

Recently, binuclear metal complexes with substituted ureylene groups have 

been formed from a variety of nitrogen containing materials including, azides,^ 
7 8 9 6" 67 isocyanates, ' ' nitromethane, and di-t-butylsulphurdiimide, and i n at 

67 
least one case a substituted urea was detected i n the reaction mixture. The 

formation of the bridged dimers from a variety of s t a r t i n g materials, supports 
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the suggestion^ that a l l reactions proceed through nitrene type intermediates. 

Further i t i s l i k e l y that one or more of the compounds [HNFeCCCO^^i 

[RNHFe(CO) ]„ or R N,Fe(CO),, a l l isolated from the same reaction i n which the 3 2 2 4 5 

ureylene bridged dimer i s formed,^ may be i t s precursors under appropriate 

conditions. The remarkable cationic bridged azido species Fig.II.19, formed 

from the reaction of i r o n pentacarbonyl and chloro-or bromo-azides, has the 

highest reported paramagnetism (ji = 5*29 B.M.) f o r a metal carbonyl compound. 

The structure of benzo[c]cinnolinebis(tricarbonyliron) (Fig.11.20) proposed 

by Bennett^ and confirmed by X-ray a n a l y s i s ^ was prepared from the reaction 

of benzo[c]cinnoline with i r o n pentacarbonyl, and also obtained as a minor 
86 

product from the reaction of 2,2 l-diazidobiphenyl with enneacarbonyldi-iron. 

I n Table I I . 3 the bond lengths and angles of compounds containing the FeCCO)^ 

group doubly bridged by tetravalent nitrogen atoms are compared. I t can be 

seen that the i r o n - i r o n distances i n these compounds f a l l i n t o two groups 

depending on the presence or absence of the N-N bond. I n C^2HgN2Fe2(C0)g and 
[CHytFeCCO)^]^ each containing a N-N bond, the Fe-Fe distances are longer by 

o 
~0*1A and the Fe-N distances are shorter by comparable amounts than would be 
expected f o r corresponding values f o r the other compounds. I t appears l i k e l y 
t hat the differences are stereochemical consequences of the presence, of a N-N 

6 l 78 
bond, and i n general a correlation exists i n both the N and S bridged 

systems i n which a lengthening of the M-M bond i s associated with a shortening 

i n the metal bridging atom distance. A s t r u c t u r a l parameter of some inte r e s t 

i s the dihedral angle between the two Fe-N-N planes (Table I I . 3 ) . The value 

f o r a given Fe=Fe and Fe-N distance depends on the N-N distance, asymptotically 

approaching a lower l i m i t equal to the Fe-N-Fe angle as the N-N distance 
becomes small. The X-ray c r y s t a l structure of the orange complex 

Ik 
C36*I28N2°6Fe2' formed by the reaction of '-dimethylbenzophenoneazine with 
i r o n pentacarbonyl, shows two Fe(CO)^ units bridged by two 4,V-dimethylbenzo-
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phenoniminato groups ( F i g . I I . 2 1 ) . The average Fe-N distance (Table I I . 3 ) of 

1.94& i s shorter than i n any previously reported structure not containing a N-N 
2 

bond* The nitrogen i s considered to be sp hybridised i n the present structure 

whereas i n the other compounds with Fe-N distances of l«97-2«Oo2 the 

hybridisation would be sp 3. I n a l l cases the nitrogen can be regarded as a 

three electron donor to the metal. The reaction of Fe_(CO) with 3 i 5 , 7 - t r i -
2 9 

87 
phenyl-itH-1.2-diazepine leads to cleavage of a N-N bond and formation of a 

nitrogen bridged dimer which has been shown by X-ray crystallography to be a 

bi c y c l o [ 5 , l , l ] - d e r i v a t i v e ( F i g . I I . 2 2 ) . The two FeiCO)^ units have been 

inserted i n t o a seven membered heterocyclic r i n g , and i t i s the f i r s t example 

of an eight membered unsaturated metallocyclic r i n g system. This compound i s 

unusual i n that a Mossbauer spectrum indicates nonequivalent i r o n atoms and 

•̂H n.m.r. spectrum shows a peak due to an isolated CĤ  group. On symmetry 

grounds there i s no apparent explanation f o r these res u l t s . The molecular 

parameters i n Table I I . 3 show a difference i n Fe-N bond distance, and t h i s i s 

explained as a ster i c e f f e c t r e s u l t i n g from the location of the two phenyl 

groups on the same side of the molecule. 
6. Complexes with bridging phosphorus atoms 

(a) Vanadium. Vanadiumhexacarbonyl reacts with PH^, CgĤ PH,,, and 
88 

(CgH^)2PH to give compounds of the type V(G0)^L2 which were isolated only f o r 

L = CgĤ PH2 and (CgH^J^PH. I n the presence of a solvent the reaction proceeds 

rapidly with loss of hydrogen and a phosphine ligand to form [VdigP)(C0)^] 2 

(R = H and CgH^), which can not be prepared photochemically. Tetraphenyl-
90 

biphosphine and biarsine react with vanadium carbonyl and the carbonyl n i t r o s y l 

according to equation I I . 6 and I I . 7 
V(C0) 6 + PhjE 2 > [(C0) l fV(EPh 2)] 2 (E = P or As) I I . 6 

V(C0)5N0 + P h ^ » [(C0) 3(N0)VPPh 2] 2 I I . 7 
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(b) Group VI metal complexes. From the reactions of E2R^ (E = P,As; 
91 92 

R = Me,Ph) ' with the group VI hexacarbonyls two types of binuclear complexes 

were i d e n t i f i e d . I n general the biphosphine and biarsine ligands react i n 

hydrocarbon solvents to give binuclear complexes of the uncleaved ligand 
92 93 9*t 91 92 (Fig. 11.23) which undergo fur t h e r reaction ' with the formation of 

the doubly bridged complex (Fig.II.2*0. Two compounds are produced from the 

reaction between equal molar quantities of [TI-C_H_MO(C0),]_ and P_(CH,), . One 
5 5 J 2 2 5 **• 

was i d e n t i f i e d as [rc-CcHrMo(C0) J?(CH..) and the other was found to be a 
5 5 2 3 2 2 

singly bridged phosphine hydride species i d e n t i c a l to the product from the 
95 

reaction of Na&C,_H,_Mo(C0)^]2 and (CK^PCl. The source of hydridic hydrogen 
i n these products i s unknown. (C^H-J.P- with [K-CrH,-Mo(C0)_]- i n b o i l i n g 

o 5 **• 2 5 5 3 ^ 
toluene gave a dark green polynuclear compound [CrHcMo(P(C^H._)_)_(C0)], of 

5 5 o 5 2 2 y 
95 

unknown structure. Two structures (Fig.11.25 and 11.26) were proposed on 

the basis of a single absorption i n the i n f r a r e d spectrum at 1852 cm~\ 

Tetrakis(trifluoromethyl)diarsine reacts with [u-C.-H.-Mo (CO),]_ to give the 
5 5 5 2 mononuclear u-C_H_MoAs(CF,),.(CO), complex, and on i r r a d i a t i o n t h i s dime rises with 5 5 5 2 5 

96 

loss of carbon monoxide to give [n-Cc-H^MoAstCF^^CO^!^* Under sim i l a r 

conditions tetramethyldiarsine reacts to give the arsenic bridged complex 

[ T I - C 5 H 5 M O A S ( C H 3 ) 2 ( C O ) 2 ] 2 . 9 5 , 9 7 The s t a b i l i t y of the mononuclear 

n-C^H^MoAs(CFj)2(C0)^ species i s probably due to the weakening of the electron 

donating power of the arsenic atom by the strongly electronegative t r i f l u o r o -

methyl groups. The mononuclear species are analogous to the halogeno- and organo-
98 

derivatives n-C^H^Mo(C0)yC (X = halogen, a l k y l , a r y l ) . Investigations 

involving the reaction of bispentafluorophenylphosphorus and arsenic chloride 

with the metal anion [TI-C^H^MO(CO)^] - produced a i r stable monomers 
99 

(CgF^)2EMo(CO)^7t-C^H^, and attempts to form the dinuclear complexes i n 

re f l u x i n g toluene, f a i l e d . However on i r r a d i a t i o n high yields of polymeric 

http://u-C.-H.-Mo
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complexes of empirical formula, C(CgF^)2EMo(C0)2n-C^H^]n were obtained.^ A 

benzene solution of diHi-dimetbylphosphidobis(tetracarbonylmolybdenum) reaots 

f u r t h e r with mono and bidentate phosphines to form substituted d e r i v a t i v e s . 1 0 0 

In the case of PR̂  (R = Et,Ph) f u r t h e r replacement of carbonyl groups occur 

(Eqn.II.8). For R = C^E^ the c r y s t a l s t r u c t u r e 1 0 1 shows that the phosphines 

(C0) 4Mo(P(CH 3) 2) 2Mo(C0) 4 + PI^ > R3P(CO)3Mo(P( C^JgJgMoCCO)^ I I . 8 

R = C6H5, C2H5 

have replaced carbonyl groups trans to the M-M bond, i n d i c a t i n g that one 

carbonyl group on each metal atom must be unique. 

(c) Group V I I metal complexes. [MnCPCCgH^Xco)^] 2 and [ MnAs(Cny 2(C0)^] 2 

were obtained from manganese carbonyl and the corresponding biphosphine or 
102 biarsine or from NaMn(C0)c and the monochloroarsine. [MnAsfC^H-^CCO),] 0 P D 0 k- £ 

was obtained from l l n2^°^l0 6 X 1 ( 1 t r iPkenyl&rsine xylene. 1 0^ The phosphine 
analogue could not be prepared by thi s method. Dimethylchlorophosphine reacts 

with NajMn(C0)_ at room temperature to give Mno(P(CH,)„)o(C0)_ which loses a 
D * 5 9 

furth e r mole of carbon monoxide on heating to give [ MnPCCH^^CO)^^10^ e.g. 

(CH ) 

| / c o 1 / / 
00 — Mn—P-^Mn— CO h e a t > ( CO), Mn Mn( CO), 
CO 1 1 0 8 9 ' CO ' 2 PMe„ CO 2 (CH 3) 2 

Reactions of diphenylchlorophosphine and NaMn(C0)(., or Mno(C0) „ and 

PgCCgH^)^ i n b o i l i n g toluene produce the hydride (C0)^Mn(H)P(C6H5)2Mn(C0)^ i n 

low y i e l d , as w e l l as the expected diphosphine bridged compound 

[MnP(CgH,.) 2(C0) 4] 2 i n kO-k&% y i e l d s . I t was o r i g i n a l l y suggested 1 0^ that 

MnglPCCF^gCCO^ formed by the reaction Eqn.II.9 had a structure with a terminal 

iodine and a Mn-Mn bond. 
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Mn 2(C0) 1 0 + 2(CF 3) 2PI * Mn 2I(P(CF 3) 2)(CO) 8 I I . 9 

Sodium borohydride reduction of the iodine complex, formed a compound 

Mn 2H(P(CF 5) 2)(C0) 8 closely related to Mn 2(H)(FPh 2)(C0) 8. I t seems most l i k e l y 

that MnjQ?(CF3)2XC0)g also has a structure containing phosphorus and iodine as 

bridging atoms and i s analogous to QfaCFRgJ.CCO)^.10^ (CF^EX (E = P, X = 

CljBrjIjSCF^jSeCF^; E = As, X = I ) undergo cleavage reactions w i t h 

Kn^CO)^10^'"'"0^'"''0^ under autoclave conditions to give compounds of the type 

(C0).MnE(CF_)_(X)Mn(C0),. PF I and Mno(C0)_. under similar conditions gave a 

diamagnetic compound separated by f r a c t i o n a l sublimation and found to have the 

s t r u c t u r e 1 0 9 shown i n Fig.II.27. I n benzene Ph^Pg and Mn(C0)5X (X = Cl,Br,l) 

at 35-40° gave X(C0)^Mn(Ph2PPPh2) but the reactants i n a 2:1 molar r a t i o at 

80° f o r several hours gave X(C0)3Mn(Ph2FPPh2)Mn(C0)3X.9° Under milder 

conditions trimethylsilyldipbenylphosphine J(CH 3) 3SiP(CgH^) 2 )and pentacarbonyl 

halides of manganese and rhenium gave the expected bridged dimers 

C M ( C 0 ) ^ P ( C 6 H 5 ) 2 ] 2 (Equation 11.10). 

2M(C0)5Br + 2Me 3SiP(C 6H 5) 2 ^ CMC00)*.1* 2 ]2 + 2(CH 3) 3SiBr + CO 

M = Mn,Ee 11.10 

Under more vigorous conditions f o r prolonged periods a tricarbonyl species 

[M(C0),P(C rH_)_]_ was isolated and struoture (Fig.II.28) proposed. 1 1 0 Whilst 
j « 5 * 3 

t h i s structure i s consistent with the evidence obtained, there i s a s t r i k i n g 

s i m i l a r i t y i n i n f r a r e d absorptions i n the oarbonyl region to the sulphur 

to be 
93 

bridged t e t r a m e r s . 1 1 1 n-Cyclopentadienyltricarbonyl-manganese was found to be 

remarkably i n e r t to thermal replacement of carbonyl groups by neutral ligands, 
112 

although substitution readily occurs on i r r a d i a t i n g with u l t r a v i o l e t l i g h t . 

I t s reactions with biphosphines and biarsines follow t h i s general behaviour 

and on i r r a d i a t i n g , stable mono-substituted complexes are obtained ( F i g . I I . 2 9 ) . 

http://Fig.II.27
http://Fig.II.28
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Attempts to convert them i n t o bridged complexes by furt h e r i r r a d i a t i o n were 
93 

unsuccessful. 

(d) Group V I I I metal complexes. Two types of compound are again isolated 

from these reactions, depending on reaction conditions, phosphide- or arsenido-

bridged complexes forming under more severe conditions and diphosphine and 

diarsine bridged complexes under milder conditions. [Fe(C0)^P(CH^) 2] 2 may be 
prepared i n Sk% y i e l d at l80° i n a sealed tube,"^ or i n b o i l i n g cyclohexane^ 

92 
or xylene. I n reactions involving the diarsines the As-As bond cleaves more 
readily than does the P-P bond i n the corresponding diphosphine and thus 
reaction times tend to be shorter, and yields higher f o r the arsenic bridged 

91 92 97 
complexes. Various methods of preparation (Eqn.11.11, 11.12, II.13» 

and 11.14) are shown. 

Fe 3 ( C 0 ) 1 2 + ^ ( C f i y ^ > Fe 2(CO) gP 2(CH 3) l f 11.11 

As 2(CH 3) i f —36-^ 11.12 

Fe(CO) 5 + E 2R 4 • [Fe(ER 2)(C0) 3] 2 11.13 
E = P; R = CRy C2H5, CgH^ 

E = As; R = CHj 

[ii-C 5H 5Fe(CO) 2] 2 + E ^ ^ [ n - C ^ F e ^ ) ( C O ) ^ 11.14 

E = P; R = CĤ , CgH^ 

E = As; R = CEj 

From reaction 11.14 i n b o i l i n g toluene (when E = P; R = CgHj. or CH^) a hydride 
97 complex (n-CcHc)-Fe_(H)(PR_)(CO)_ was isolated, f o r which a structure 

Z> 0 2 2 2 2 
analogous to the Mn and Mo compounds was p r o p o s e d . D i p h o s p h i n e s and 

diarsines are reported to react with ic-C^H^Fe(C0)2Br i n b o i l i n g toluene, to form 

a singly bridged ionic species (Fig.11.30) which was isolated from aqueous 
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114 solution as the c r y s t a l l i n e perchlorate or tetraphenylborate s a l t . The 
compounds [FeECCH^gCCO)^],, can absorb one molecule of bromine or iodine to give 

the c r y s t a l l i n e compounds [FeX(E(CH 3) 2)(C0) ] g (E = P,As; X = B r , I ) 9 1 i n which 

the M-M bond i s cleaved by the halogen. The reaction of i r o n pentacarbonyl 

w i t h ( CF^gPI, 1 0^' 1 1^ or (CF 3) 2AsI, 1 1' > produce analogous compounds 

[ F e l ( P ( C F 3 ) 2 ) ( C 0 ) 3 ] 2 and [Fel(As(CF 3) 2)(CO) 3] 2, whereas (CF^PCl gave only the 

unsubstituted dimer [ F e ( P ( C F 3 ) 2 ) ( C 0 ) 3 ] 2 . 1 1 5 Halogens X 2 (X = Cl,Br,l) i n 

carbon tetrachloride react w i t h [Fe(CO) 3P(CF 3) 23 2 to cleave the Fe-Fe bond and 

give near quantitative yields of [Fe(C0) 3(PB 2)X] 2 shown to e x i s t as a mixture 

of isomers."^ U.v. i r r a d i a t i o n of it-C3H,.Fe(CO)2I i n benzene i n the presence 

of Me2PCH2CH2PMe2 gave green Cw-C^FeCCOjljMegPCHgCHgPMegCit-C^FeCCO)!]; the 

chloride and bromide gave the mono-substituted derivatives."'"^ An alternative 

route to the bridged complexes when the chlorophosphines or arsines are r e a d i l y 
97 

available i s shown i n Eqn.11.15. 

2Na[Ti-C_H Fe(C0) o] + 2(CH,)0AsCl • [n-CcH Fe[As(CH ) ](C0)] + 2NaCl + 2C0 
0 0 d 3 * 0 0 o <Z * 

11.15 

Treatment of (CgF^ECl (E = P or As) with the anionLn-Cy^FeCCO)^"" affords 

the mononuclear complexes [(CgF 3) 2EFe(C0) 2ii-C 3H^]. The arsenic complex can 

also be prepared by the reaction of ^^^2^2 w l t h ^~G^^B^Q(^ 2^2' 

Attempts to react (CgF^JgELi w i t h ii-C H^FeCCO^Cl f a i l e d . " U.v. i r r a d i a t i o n 

of the mononuclear arsenic complexes gave polymers [(CgF 3) 2AsFe(CO)n-C^H 3] n 

of unknown molecular weight. Reaction of (CgF^)^E2 or (CgF,_)2PH with 

Fe,(CO) 0 gave the bridged binuclear complexes [(C^F_)/,EFe(C0) ] p (E = P,As), 

whereas dodecacarbonyltri-ruthenium reacts with ( C g ^ ) ^ 2 to give 

[(CgF 5) 2ERu(C0) 3] 2 (E = P,As). (CO^FePPhgPPhgFeCCO)^ was prepared thermally 
118 

and by u.v. i r r a d i a t i o n of i r o n pentacarbonyl and tetraphenyldiphosphine. 

I r r a d i a t i o n of [Fe(CO) 3PMe 2] 2 i n the presence of phosphines (PPhj, PEt 3, 

Ph 2P(CH 2) 2PPh 2) causes the replacement of one carbonyl group per metal 

atom."^0*"1""1"9 The only reported bridged ruthenium carbonyl compound 
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Ru 2(C0)g(P(CH 5) 2) 2 was prepared by reacting Ru^CO).^ w i t h Mê Pg i n benzene 

at 80-90°. 1 2 0 The mixed phosphorus and sulphur bridged complex obtained by the 

reaction shown i n (Slqn.II.l6) was found to be a useful polymerisation catalyst 
121 122 

i n the preparation of urethanes. ' 

Fe(C0) 5 + PhSPPh2 ^ Fe(C0) 3(Ph 2P)(PhS)Fe(C0) 3 II.16 

The reaction scheme shown i n (Eqn.II.17) was used to synthesise mixed metal 
12'5 

carbonyls w i t h phosphido bridges and metal-metal bonds. 

(C0)4FePPh2H + n-C3H5M(CO)n ^ (C0) 4Fe(PPh 2)M(C0) n 11.17 

(M = Co, n = 3; M = Mn, n = 4) 

The closest analogies to these compounds are those which contain a single 

phosphorus group bridging two homonuclear metal atoms and containing a hydrldo 

b r i d g e . 9 5 ' 9 7 ' 1 0 2 ' 1 0 5 ' 1 1 3 ' 1 2 ^ 

CO 2(C0)Q reacts with P^CH^J^ i n b o i l i n g benzene to give the polynuclear 

complex C O J ( P ( C H 3 ) 2 ) 2 ( C 0 ) ^ and with ^ ( C g 1 1 ^ ) ^ i n cold toluene to give 
102 

(Co(PPh 2) 2(C0) 3) n. The l a t t e r complex can be prepared from diphenylchloro-
phosphine with either NaCCotCO)^] or NaCCotCO^PtOCgH,.)^], and although the 

102 125 
product i s soluble i n most organic solvents i t i s apparently polymeric. ' 
No d e f i n i t e compound has been isolated from the reaction of cobalt carbonyl 

and ASgtCHj)^. 9 3* 1 0 2 n-Cyclopentadienyldicarbonyl-cobalt and R̂ Pg (R = CH^Ph) 

af t e r eighteen hours under forcing conditions gave a black orystalline 

compound93 ( F i g . I I . 3 1 ) . When Co(N0)(C0) 3 i s reacted w i t h P^P2, a red 

diphosphine complex i s formed f i r s t , which a f t e r several days heating i n p-

xylene gave the dark brown complex [Co(C0)(N0)(Ph2P)]2.9° I n general, metal 
91 92 126 

carbonyls M(C0) n (M = Cr,Mo,W,Fe) react w i t h tetramethyl diphosphine ' * 

to give two series of products (Fig.II.23 and I I . 2 4 ) . With tetraphenyl-

diphosphine however a compound C(C0) 3MP(Ph 2)P(Ph 2)M(C0) 5], of type (Fig.II.23) 
127 

has been isolated only when M = Ni. A similar product 

http://Slqn.II.l6
http://Eqn.II.17
http://Fig.II.23
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C(C0) 5Ni(CP 3) 2P(CP 5) 2PNi(C0) 3] was also obtained from the reaction between 

PgCCPj)^ and nickel tetracarbonyl at room temperature. 

7. Complexes containing bridging oxygen atoms 

Treatment of the hexacarbonyls of chromium, molybdenum and tungsten with 

aqueous or alcoholic hydroxide ion at elevated temperatures led to a var i e t y of 
128 

anionic derivatives with hydroxide, water and even alcohol substituents. 
The product obtained from chromium hexacarbonyl and an ethanolic base was 

30)3C 
129 

2_ 
found t o be the anion [(C0)_Cr(0H)_Cr(C0)_H] formed i n accordance with the 

3 5 3 following equation 11.18.' 

2Cr(C0) 6 + 10(0Hl+ HgO >• [ (C0) 3Cr(0H) 3Cr(C0) 3H] 2 " + 2Hg + 200^" + 4HC02" 

11.18 

One possible structure, Fig,II.32, contains two bridging hydroxide ions and 

one bridging water molecule. The analogous reaction when performed w i t h 

molybdenum hexacarbonyl, (Eqn.II.19) gave [(CO) 3Mo(OH) 3Mo(CO) 3] 5". 1 2 9 

2Mo(C0)g +9C0H)" > [(C0) 3Mo(0H) 3Mo(C0) 3] 3" + 6HC02" 11.19 

A c i d i f i c a t i o n of t h i s anion with hydrochloric acid yields the free acid, 

Mo0(CO)z:(OH)_H_ as bright yellow crystals. On treatment w i t h Ph,P, Ph_As and o 3 3 3 3 
dimethylsulphoxide, Mo2(CO)g(OH)3H3 reacts to form compounds of the type 

129 
L_Mo(C0)_J- 7 at room temperature. Possible structures suggested f o r 
3 3 
[Mo 2(C0) 6(0H) 3] 5" and Mo 2(C0) 6(0H) 3H 3 are shown i n Fig.II.33 and Fig.II.34. 

The reaotion between the hydroxide ion and tungsten hexacarbonyl i s even more 

complex. At 80-100 , i n methanol solution, the anions[ WgCCO^OROgCCRyiH^] 

and [W* 2(C0)g(0H) 2(CK^0H) 2f~ are formed, whereas at 130° the trinuolear anion 

[W 3(C0) 9(0H)(0CH 3)(CH 30H)] 3" i s formed. 1 3 0 Treatment of [WgCCO^COH^C^OH]2*" 

with HCl yields both the following d e r i v a t i v e s , ! ^ CO) 9(OH) 2(H 20)H^ and 

W 2(C0) 6(0H) 3H 3. 1 3 1 I n 1956 Hieber and Schuster 1 3 2 reported t h a t Ee 2(C0) l 0 and 

http://Eqn.II.19
http://Fig.II.33
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Ee(CO)5Cl react w i t h 2N KDH i n methanol solution a f t e r 6/8 hr. at 100° i n 

accordance w i t h equations 11.20 and 21, The complex (Fig.II.35) i s formulated 

as containing 0 and OH bridges. 

Re 2(C0) 1 0 + 3K0H + H20 ± Re^CO^HK + + 2H2 + CO 11.20 

2Ee(C0) 5Cl + 3K0H > Be 2(C0) 80 2HK + 2KC1 + 2C0 + HgO 11.21 

The structure of Dlo(0H)(C0) 2(N0)]^4(0PPh 3) has recently been described, and 

formulated as a f o u r - f o l d triphenylphosphine adduct of tetraMs-[V^-hydroxodi-

carbonylnitrosylmolybdenum(o)]."'"^ The parent diamagnetio compound having CO 

i n place of NO ( i . e . ) [MotOHKcO^j^.^OPPh^), has also been o b t a i n e d . 1 3 5 a 

The c r y s t a l structure of the salts K^M^OH^CO)^ (M = Mo,W), which are the 

alkaline hydrolysis products of M(C0)g, 1^ , 1^° showed the two metals to be 

symmetrically bridged by hydroxo bridges and the s i x carbonyl groups t o be 

terminally bound to the metal. The reaotion of OsO^ i n methanol under a carbon 

monoxide atmosphere at various pressures and temperatures gives essentially 
0s„(C0)n_. However, small amounts,Os (CO) XY (X = H. Y = H, OH, OMe; X = Y = 3 1^ 3 l u 

\ 134 OMe) were isolated from the reaction mixture by chromatography. The 

structure of these compounds (X = Y = H, OMe) has been established and they 
136 

contain a cycl i c structure similar to the parent carbonyl 0s^(C0)^ 2 with the 

X and Y groups bridging two osmium atoms. 

8. Complexes containing bridging sulphur atoms 

( i ) Derivatives of sulphides 

tyclopentadienylironcarbonylsulphide [Tc-C_H_Fe(C0)2]2S_ has been 

isolated along with other produots, e.g. Cn-C^H^FeS]^, from the reaction 

of cyclohexene sulphide with [Ti-C^H^Fe(C0) 2] 2. The two ternary sulphides 

CFe(C0) 3J 3S 2 and [ F e ( C 0 ) 3 ] 2 S 2 are w e l l characterised and can be prepared by 

various methods (Table I I . i f ) . A structure similar to t h a t of Co2(C0)g was 

proposed and confirmed by X-ray d i f f r a c t i o n f o r CFe(C0)3] 2S 2. The a i r 

http://Fig.II.35
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Table 11.4 

Beactants 
Conditions Products Bef. 

Ir o n Compound Sulphur Compd. 
Conditions Products Bef. 

Iron powder H2S, Sulphur under CO pressure Fe(C0) c + 
0 

[Fe(C0) 3] 3S 2 

139,140 

Pe 2(C0) 9 [Fe(C0) 3] 3S 2 141 

Aqueous 
alkaline 
carbonyl 
ferr a t e 
solution 

sulphite ions a c i d i f i c a t i o n [Fe(CO) 3: 3S 2 140 

Tetracarbonyl 
ferrate soln. polysulphides oxidation reaction sulphur + 

[Fe(C0) 3] 3S 2 + 

Dte (co) 3 ] 2 s 2 

140 

Tetracarbonyl 
ferr a t e sulphoxylic acid CFe(C0) 3] 2S 2 59 

143 
sensitive t r i i r o n compound i s isomorphous with the selenium analogue 

[Fe(CO) 33 3Se 2. A low y i e l d of CHgSgFe^CO)^ was r e p o r t e d 1 ^ from the reaction 

of dodecacarbonyltri-iron with 2-mercaptobenzothiazole or parathioformaldehyde, 
but t h i s was l a t e r shown to be [ F e ( C 0 ) 3 ] 3 S 2 . l i f 5 Episulphides w i t h Fe,(C0) 

146 
'12 

gave a product claimed to be a new isomer of t h i s sulphide, but X-ray 

analysis showed i t t o be a mixture of d l - and t r i - i r o n compounds i n an 
80 

ordered array i n the c r y s t a l . Repetition of t h i s experiment w i t h cyclo-

hexene sulphide gave mainly the t r i i r o n compound wi t h D?e(C0) 3] 2S 2 i n trace 

amounts. A t e t r a i r o n carbonyl sulphide,CFe(CO) ].S, and a sulphide-mercaptide 

[Fe(C0) 3] 3S(SCgH^) 2 were said to be the products i n the reaotion of Fe 3(C0) 1 2 
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with benzyl t h i o c y a n a t e . 1 ^ ' 1 ^ Iron trioarbonyl sulphide ;[Fe(CO) 3] 2S 2,reacts 

with triphenylphosphine at room temperature to form symmetrical d i s u b s t i t u t i o n 

products,[Ph 5PPe(C0) 2] 2S 2 f
1 2 f 9» 1 5 0 and w i t h Co 2(C0) g to form a mixed metal 

sulphide ;Co 2Fe(CO)^S,together with traces of other cobalt carbonyl sulphides. 

The l a t t e r are also formed when thiophen, sulphur, or ethanethiol react, under 
151 

hydroformylation conditions with a mixture of i r o n and cobalt carbonyls, or 

cobalt octacarbonyl alone. Co2Fe(C0)^3 probably has a structure analogous 

to [Co(C0) 3] 3S (F i g . I I . 3 6 ) . 

Cobalt octacarbonyl reacts with sulphur i n an atmosphere of carbon monoxide 

to y i e l d a mixture of cobalt carbonyl sulphides, mainly CCo(CO)3]3S"L^^,'1'"?^' 

and [Co-(C0)_S] ^ 155,156,157 a o m Q co^CO^S...154 The l a t t e r two 

complexes are also formed asby-rproduots i n many reactions of cobalt carbonyl 
I C O 

sulphur compounds. The structures are shown i n Fig.II.37 and 38. [Co(C0)33S 

i s also obtained fromlXCo^CO^S)]^ and carbon monoxide under pressure at 

elevated temperatures, or from cobalt sulphide and cobalt octaoarbonyl, or by a c i d i f i c a t i o n of the produot of the reaction of tetracarbonylcobaltate salts 

wi1 
158 

with sulphite i o n s . ^ ^ ' ^ ^ " Treatment of cobalt ootacarbonyl solutions w i t h 

hydrogen sulphide gives cobalt sulphide as w e l l as carbonyl sulphides, 

(Eqn.II.22). 

Co 2(CO) 8 + H2S > CoS + [Co 2(C0) 5S] i i + [Co(C0) 3] 3S 11.22 

Sulphide-raercaptides, Co 3(C0) 6S(SR) 1 5 8 and CogCCO^StSR)^, 1 5 9 have also been 

reported as being formed by the above reaotion (11.22). An X-ray structure 

analysis of [SCo_(C0)^] 2S- shows the f i r s t case of a disulphide group 

symmetrically co-ordinated to four t r a n s i t i o n metal atoms, essentially two 

SCo3(C0)^ moeties linked by a disulphide b r i d g e . 1 ^ 0 

( i i ) Derivatives of sulphur dioxide 

Strohmeier 1^ 1 was unable t o prepare a s u b s t i t u t i o n product from the 

reaction of i r o n pentacarbonyl and sulphur dioxide under u.v. l i g h t . However 

http://Fig.II.36
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162 Braye and Hubel found that enneaoarbonyldi-iron reacts with sulphur dioxide, 

i n the absence of u l t r a - v i o l e t l i g h t , to give V~S-sulph6nato-octacarbonyldi-
16^ 

i r o n , whose structure (Pig.II. 3 9 ) has been confirmed by X-ray analysis, 

under the same conditions [n-C rH_Fe(C0) o]_ does not react, but under more 

extreme conditions two isomers are obtained with the following formula 

rc-C^Hf-Fe(CO)2» ic-C^.FetSO^Fe. w-C H .Tt-Cy^FeCCO) 2. 1 6 4 

( i i i ) Derivatives of mono-thiols 

(a) Group VI metal derivatives. n-C^H^M(CO^H i s reported to react 

with dims thyldisulphide to give [it -tyyiCccOgSMe^ (M = Mo,W)165 but 

formulation of the tungsten product, as a dimer, from t h i s reaction i s i n doubt, 

since alternative routes to the meroapto-tungsten complexes have led t o the 
166 , N i s o l a t i o n of monomeric compounds (Eqn. 11.23 and 1 1 . 2 4 ) . 

71 -CCH W(C0) CI + NaSR > TT-CH W(C0) ,SR 11.23 
5 5 3 5 5 3 

*-CcHW(C0) ,C1 + RSH > TC-CCH W(C0),SR 11 .24 
5 5 3 5 5 3 

(R = Me,Ph) 

Photochemical conversion of the monomers to the dimer [ii-Cf-Hj-W^CCOgSR^g could be 

effected i n solution. Both the tungsten and molybdenum dimers [n-C^H^M(C0)2SR]2 

are obtained as a mixture of products when R = Me, but only as a single species 

when R = Ph. Cyclohexylthio complexes have been obtained from 

[TC-C CH CMO(CO)-] 0 using cyclohexene sulphide and the monomeric complex also 5 5 J 

isolated, was found to be unstable 1*^ (Eqn.II.2 5 ) . 

[Tt-C 5H 5Mo (C0) 3 ] 2 + [ ^ ^ J ^ : S > [ii-CgiytoCCCOgSCgtt^g + 

TC-C 5H 5MO(CO) 3SC 6H 1 1 + 11.25 

A stable monomeric molybdenum derivative has been obtained by the following 
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168 metathetical reaction (Eqn.II.26). 

Tt-C3H5Mbipy(C0)2Cl + TlSCgP^ » Ti-C^MbipyCCO^SC^ 11.26 

(M = Mo,W) 

The dinuclear u-allylmolybdenum complex (Pig.II.40) was obtained by the 
169 

treatment of i t s tris-u-chloro analogue with sodium phenyl meroaptide. 

Another somewhat uncertain derivative "PhSMoCCOjgpy", has been reported from the 

reaction of thiophenol with tris(pyridine)molybdenum t r i o a r b o n y l . 1 ^ 

The a l k y l t h i o bridged anionic metal carbonyl derivatives, M2(CO) QSR"", 1^ 

are reported as the only produot of reaction 11*27, even i n the presence of a 

large excess of R'̂ SnSR. No evidence was found f o r the mononuclear derivative 

M(C0)5SR~. 
2M(C0) 5Cl" + R^SnSR > M2(C0)1()SR" + R'SnCl + Cl" 11.27 

R = CHj, CH2C6H5, C6H5, R* = CH3 or Ĉ H , M = Cr,Mo,W 

(b) Group V I I metal derivatives. Manganese,1^1 technetium, 1^ 2 and 
132 

rhenium pentacarbonyl chlorides are reported to react when heated w i t h 

thiophenol to y i e l d dimeric tetracarbonyl derivatives. Several a l k y l and a r y l 

analogues of the manganese compound were prepared by the reaction of the 
165 177 172. 

carbonyl hydride with d i a l k y l and a r y l ' disulphides. The mass spectra of 
some of these manganese and rhenium dimers show that they can e x i s t as trimers 

175 

and tetramers i n the vapour state. By using an electron withdrawing group 

v i z . pentafluorophenyl or trif l u o r o m e t h y l on the sulphur atom, the monomeric 

compounds M(C0),-SCgF,. (M = Mn,Re) and CFjSReCCO),. can be isolated, but these 

r a p i d l y lose oarbon monoxide and dimerise. However i n the presence of a 

substituent chelating ligand, quite stable monomers can be obtained. ̂ 4,176 

Phospnine substituted derivatives of the tetracarbonyl dimers can be 

obtained by treatment of the phosphine substituted carbonyl halides w i t h 

http://Eqn.II.26
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176 a l k y l t h i o derivatives of t i n (Eqn.II.28 and 29). 

Ph,PM(C0).Br + Me SnSR » [Ph,PM(C0),SR]o + CO 11.28 
3 4 3 3 3 2 

(Ph-P)J4(C0)_Cl + MezSnSR • [ph PM(C0),SR]o + Ph P I I . 29 
J * J J 3 3 3 

The reactions of a l k y l t h i o derivatives of t i n and s i l i c o n with manganese and 

rhenium pentacarbonyl halides, r e s u l t i n high yields of oligomeric t r i c a r b o n y l 

de^ivatives.•'• 7 7 ,^ 7^ ,•'• 7 9 The manganese compounds have also been obtained, but 
180 

only i n low yields, by i r r a d i a t i n g manganese carbonyl/meroaptan solutions, 
181 

treatment of Mn 2(C0) 1 Q w i t h alkylthiooyanates, or prolonged r e f l u x i n g of the 
carbonyl bromide with mercaptan i n an i n e r t solvent.^74,180 

Extension of the l a s t reaction t o rhenium has led to the i s o l a t i o n of 

[Re(C0) 5SR] n i n good yields. 1 7 3» 1 7 i f The i s o l a t i o n of [RetCO^SRjg compounds 

from the same reaction under milder conditions, suggests that the tricarbonyls 

arise from the pyrolysis of the tetracarbonyls, and t h i s has been demonstrated 
176 182 

wi t h the corresponding alkylseleno derivatives. ' However prolonged 
r e f l u x i n g of Re(C0)^Cl with pentafluorothiophenol, produces only the t e t r a -

174 
carbonyl derivative. This i s quite compatible w i t h the f a c t that 

[Mn(C0)3SCgF^Jn, prepared v i a the organotiix t h i o l a t e route, proves to be quite 

unstable (Eqn.II.30). 

Mn(C0)5Br + Ms SnSCgF > CMntCO^SCgF^ > Mn 2(C0) l 0 + MnCSCgF^ 

11.30 

Although the a l k y l t h i o tricarbonyls of manganese and rhenium were 

o r i g i n a l l y formulated as trimers (Fig.II.41) on the basis of molecular weight 

data i n benzene,•L73,•'•7^"»•1•7^,•'•79 mass spectral studies indicate that the 
manganese compound i s a tetramer i n the vapour phase.^75,183 jj^gygp D O t h the 

175 
tetramer and trimer of Re(C0).jSPh have been detected i n the mass spectrum. 

http://Eqn.II.28
http://Eqn.II.30
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The v a r i a t i o n i n solution molecular weights may be due to a breakdown of the 
184 

molecules i n ce r t a i n solvents, Braterman confirmed the existence of the 

tetramers [MnCCOj^SR]^, (R = Et, p - t o l y l , Ph), i n solution by i n f r a r e d 

spectroscopic measurements* 
(c) Group V I I I metal derivatives. The f i r s t known metal oarbonyl 

mercaptide was prepared i n 1928 by passing carbon monoxide i n t o an alkaline 
185 

suspension of ferrous hydroxide and ethane t h i o l . Soon afterwards, the same 
compound was obtained by i r r a d i a t i n g i r o n pentacarbonyl i n the presence of 

186 
ethanethiol (Eqn.II.3l). 

hv 
Pe(CO)5 + EtSH > CPe(C0) 5SEt] 2 11.31 

A l k y l - and a r y l - t h i o i r o n tricarbonyls have subsequently been prepared i n a 
•j 11 187 188 189 

number of ways by heating dodecacarbonyltri-iron w i t h mercaptans, ' ' ' 
d i a l k y l s u l p h i d e , 1 / t 4 d i a l k y l d i - s u l p h i d e , 1 ^ ' 1 8 9 ' 1 9 0 * 1 9 1 ' 1 9 2 a l k y l thiocyanate 1*' 7 

193 I V i or pentafluorophenylsulphide, or from a oarbonyl fe r r a t e and mercaptan 

(Table I I . 5 ) • Excess disulphide i s normally used but yields can be increased 
194 

by using stoichiometric amounts. Ir o n pentacarbonyl does not r e a d i l y 
undergo these reactions except with d i t h i o l s , but i n an autoclave under CO 

195 
pressure i t reacts to give good yiel d s . 

[PeCCOj^SPhO 2 was o r i g i n a l l y formulated as monomerio, 1^' 1 8 7 but was 
188 142 subsequently shown to be a dimer which possibly dissociates i n solution. 

X-ray study of the e t h y l compound showed the a l k y l groups to be i n an a n t i -
60 

conformation. The methyl oompound i s obtained i n two isomeric forms, with 
'syn' and ' a n t i ' a l k y l groups; '» y f a c i l e inversion of the pure 

196 192 isomers occurs to give an equilibrium mixture. Both the t - b u t y l and 
197 

pentafluorophenyl compounds can be obtained only as isomers with non 

equivalent organic groups, presumably due to s t e r i c hindrance. Controlled 

dimerisation o f 1 1 -C^H^Pe(C0)2SPh gives two isomers, the most stable being the 
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198 ois isomer. Alkylthioiron trioarbonyls have also been obtained by the 

cleavage of v i n y l groups from vi - a l i y l t h i o - j i - v i n y l d i i r o n hexacarbonyite with t r i -
189 

fluoroacetic acid. The a l k y l t h i o - i r o n tricarbonyls react with t e r t i a r y 

phosphines and arsines and stibines i n organic solvents to give asymmetric 

monosubstituted compounds LFe„(C0) (SR) , w h i l s t use of the molten ligand 
* 5 « 

150 
r e s u l t s i n symmetrical disubstitution. Both monomeric and dimeric complexes 

" i q q o p i are amongst the products when MeSC„H. Pe(C0) on-C_H_ i s i r r a d i a t e d . ' but 
d 4. «c o 5 

o p I 
from CHjSC^HgFe(C0)2Ti-C^H^ ^ the monomer alone i s obtained. The l a t t e r i s 

remarkably stable and unlike the manganese and rhenium monomers, only evolves 

carbon monoxide to give a dimer, above 70°. The pentafluorophenyl monomer, 

prepared thermally, i s so stable that i t w i l l not dimeride up to the 
197 

decomposition temperature. Displacement of one carbonyl group can however 

be effected by a donor ligand l i k e trimethylphosphite. The Lewis base 

properties of the co-ordinated sulphur atom i n n-C^H^Fe(C0)2SCH^, allow i t to 
192 199 192 be used to form an adduct with methyl iodide, ' or mercuric chloride, 

s i m i l a r to those formed by dialkylsulphides. 
Electrochemical studies provide evidence for the existence of the species 

[rt-CH Fe(CO) SMe] + [n-C H Fe(CO) SMe] 2 " [Tt-C cHFe(C0)SMe] _ 2 +, 5 5 2 5 5 2 5 5 < J * 
O-CLH Fe(C0)sife] 2 ~ and [rt-C cH cFe(C0)SMe] „ + . 2 0 0 The l a s t complex has been 

5 5 <• 5 5 * 
i s o l a t e d as the C SbFg] s a l t by reaction of the neutral species with s i l v e r 

201 
hexafluoroantimonate* A mass s p e c t r a l study of the dimer molecule shows 
fragmentation to occur by the i n i t i a l l o s s of the carbonyl groups to form the 

[rc-C^FeSCH^g* c a t i o n . 2 0 2 

Cobalt cctacarbonyl was o r i g i n a l l y reported to react with mercaptans at 

ned 
187 

0° to y i e l d derivatives of empirical formula Co(C0)jSR, which were assigned 

dimeric formulations when R = E t and monomeric formulations when R = Ph.' 

o-Phenanthroline was s a i d to substitute the ethyl compound to give LCo(C0) 2SEt 
158 

but subsequent workers have been unable to repeat these r e s u l t s , and f i n d 
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the following oomplex behaviour. Cobalt octaoarbonyl reacts with ethane t h i o l 

or diethyl disulphide to y i e l d Co.(C0) c(SEt)_. Progressive treatment of cobalt 
h- o / 

octaoarbonyl with small amounts of t h i o l gives a different mercaptidej 

C o ^ ( C 0 ) 7 ( S E t ) 3 along with the sulphides [ C o ( C O j ^ S and [ C o 2 ( C 0 ) 5 S ] n , w h i l s t 

stepwise use of the disulphide gives both the polynuclear mercaptides together 

with Co^(C0)gS.SEt. The benzyl analogue of the l a t t e r complex i s formed by 

treatment of Co 2(C0)g or [Co(C0)^]^S with benzyl mercaptan, but addition of 

more cobalt octacarbonyl gives mainly the sulphide. 

Tetracobalt dodecacarbonyl and ethanethiol give a mixture of the mercaptide 

complexes,Co. (CO)_(SEt)_ and Co, (C0) _ ( S E t ) _ . The l a t t e r oomplex may be 
7 4 0 7 h- 7 J 

converted to the former by treatment with more ethane t h i o l . Aqueous alka l i n e 

c o b a l t ( l l ) solutions i n the presence of ethanethiol absorb carbon monoxide to 

give mainly Co^(C0)^(SEt)^ but methanolic solutions give only small amounts 

of t h i s product and mainly a new mercaptide complex Co^(C0)^(SEt)g, only 
203 

i d e n t i f i a b l e as a trace product i n the aqueous system. On thermolysis, 

Co. (CO) (SEt)g gives the heptamercapto-compound along with cobaltic mercaptide. 

Both meroapto-compounds are formed when t h i o l saturated carbon monoxide i s 

passed through a hexane solution of oobalt stearate. Co^(C0)^(SEt)^ has now 

been shown by X-ray d i f f r a c t i o n to be r e a l l y another sulphide-meroaptide 
Co,;(C0) S(SEt), , 2 0 4 and Co, ( C 0 ) c ( S E t ) _ has been shown to be Co,(C0), (SEt) c. 2° 5 

o 11 V A- 5 7 3 A- 5 
icarl 
206 

C o ^ ( C 0 ) ^ ( S E t ) ^ , i s also prepared from cobalt octacarbonyl and ethane t h i o l , 

and i t s X-ray c r y s t a l structure has been reported. 

I n view of the wide range of complexes formed with cobalt carbonyls i t i s 

not surprising that ethane t h i o l and diethyldisulphide i n h i b i t hydroformylation 

r e a c t i o n s . 2 0 7 ' 2 0 8 ' 2 0 * ' 2 1 0 

(d) The Noble metal derivatives. Carbonyl mercaptides of these metals 

are so f a r r e s t r i c t e d to complexes of ruthenium, rhodium and iridium. Rhodium 
197 211 

carbonyl chloride reacts with mercaptans to give mercapto-bridged complexes * 
212 

(Eqn.II.32), but unlike the chloride, the complex w i l l not add dienes. 

http://Eqn.II.32
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[ R h ( C 0 ) 2 C l ] 2 + RSH » [Hh(C0) 2Sia 2 11.32 

197 211 
The mercapto bridges can be broken by treatment with phosphine ligands. ' 

The corresponding halogeno-complexes of iridium e.g. ( P h _ P ) o I r ( C 0 ) C l 
3 « 

On "z on J 

w i l l add mercaptans and sulphonyl chlorides to give mercapto derivatives. ' 

A trimeric ruthenium complex [RuCCO^CSPh),^ has been obtained by carbonylation 

of an alcoholic solution of ruthenium t r i c h l o r i d e , and treatment with thiophenol^ 

The product obtained s i m i l a r l y with o-aminothio-phenol v i z . Ru(C0) 2(SCgH^NH 2) 2 

216 
may well be monomeric with two chelating ligands. In contrasttreatment of 
triruthenium dodecacarbonyl with t h i o l s (including thiophenol) has given 

217 
[Ru(C0)^Slfl 2 and polymeric C It o ^ C O ^ S R ) ^ ̂  analogous to iro n compounds. 
Other workers report that ruthenium and osmium carbonyls react with thiols ^ RSHj 

218 
( R = Et, Bu, Ph) to produce t r i n u c l e a r hydrido carbonyl complexes HM^(C0)^QSR. 

9. Complexes containing bridging selenium and tellurium atoms 

Both b i s and t r i s tricarbonyl i r o n diselenides are known. The l a t t e r , 

f i r s t made by the action of carbon monoxide under pressure on an iron/selenium 
139.140 

mixture, but by analogy with the routes to sulphur derivatives, they have 
also been obtained by the action of selenite on an aqueous alkaline carbonyl 

140 

f e r r a t e solution. Only the l a t t e r method i s applicable to the t e l l u r i d e 

CFe(C0),]-Te . [Fe(CO) ] Se i s obtained on a c i d i f i c a t i o n of an a l k a l i n e 

solution of tetracarbonylferrate and sodium sulphide-polyselenide; physical 
142 

measurements suggest a similar structure to that of the sulphur analogue. 
The tellurium analogue i s unknown. 

X-ray study of [Fe(G0)^]^Se 2 shows i t s configuration to be roughly square 

pyramidal, with Se and Fe atoms at alternate corners of the basal plane, and 
82 

an ap i c a l i r o n atom (Fig.11.42). I t may be regarded as a r i s i n g from 

in s e r t i o n of a F e ( C 0 ) 3 moiety into a M-M bond of [ F e t C O ) ^ ] ^ . 
The only known carbonyl selenide or t e l l u r i d e of cobalt was obtained from 
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22*5 

the reaction of cobalt octacarbonyl with diphenyltelluride (Eqn.11.33). 

Co 2(C0) 8 + TePh 2 > C c o 2 ( C 0 ) 5 T e ] n 11.33 

I r r a d i a t i o n of C^-C^MbCCO)^ 2 with Ph 2Te 2 at 25° gives n-C^MotCO^TeFh 
226 

which decomposes with l o s s of CO to give [n-C^H^Mo(C0) 2TePh] 2. 

10. Complexes containing bridging hydrogen atoms 
227 

Beginning with the i s o l a t i o n of iron carbonyl hydride i n 1931, the 
chemistry of the hydridocarbonyls has been extensively studied, and several 

16 
reviews of the work have appeared. The three types of complexes known i n 

which the hydrogen atoms act as bridging ligands are ( i ) complexes i n which 

hydrogen i s the only bridging atom e.g. [(C0)5MHM'(C0),_]" (M = M* = Cr, M = Cr, 

M1 = W) ( i i ) complexes i n which the hydrogen atom i s part of a double bridge 

e.g. Tt-CcHc(CO)0M0(H)(P(Me)r))Mo(CO)0Tt-C1.H_, and ( i i i ) complexes i n which the 

hydrogen i s part of a multiple bridge e.g. [HPe 2(C0)g] . 
(a) Group VI metal derivatives. The major products from the reaction of the 

group VI metal hexacarbonyls with sodium borohydride i n T.H.F. (Eqn.II.34) are 
228 

the anionic complexes [ (CO^MHM'tCO)^ " (M = M' = Cr, M = Cr, M» = W), 
M(C0) 6 + NaBH^ » NaQa 2H(C0) 1 0] + 2C0 + BH^ 11.34 

i d e n t i c a l with [M 2H(CO) 1 0]~ complexes prepared by Behrens e i t h e r by hydrolysis . 

of [ M 2 ( C 0 ) 1 ( J ] 2 ~ 2 29» 230 o r ty. oxidation of [M(C0)^] 2~ with aqueous ammonia 

solution. 2 29» 231 ^ l i n e a r Cr-H-Cr bond i s consistent with the spectroscopic 
— 2^2 

and d i f f r a c t i o n data for the anion C HGr 2(C0).^ ~* An X-ray study 

f a i l e d to locate the hydrogen atom but showed the Cr-H-Cr distance to be 3.4li. 

the two halves of the ion being related by a centre of symmetry. The metal-

hydro gen-metal bond may be described i n terms of a delocalized three centre 

two electron bond. I n this manner both chromium atoms have a closed s h e l l 

http://Eqn.II.34
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electronic configuration and the bonding i s reminiscent of that i n the B-H-B 

bridge bonds of the boron hydrides. This i s i l l u s t r a t e d by the c h a r a c t e r i s t i c s 

of several mixed hydrides e.g. HMn^(C0) 1 0(BH^) 2, 0 the f i r s t known polyborane 

t r a n s i t i o n metal carbonyl complex, obtained as a by-product i n the synthesis 

of CHMnCCO)^]^. This compound^BMn^CCO^BIl^g, has a Mn-Mn distance of 

2.845X which i s shorter than the 2.923X found i n M n 2 ( C 0 ) 1 0 . 2 5 6 I n 

[Cr(C0)^B^Hg] the chromium atom i s i n an ootahedral environment bonded to the 
237 

B^Hg moiety by two ois-Cr-H-B linkages. 

The compound TC-C5H5(C0)2Mo(H)(PMe2)Mo(C0)2rt-C5H,-95 i s an example of a 

compound i n which hydrogen i s part of a double bridge. The unique hydrogen was 
113 

not detected by X-ray d i f f r a c t i o n measurements. The stereochemical 

environment at each molybdenum atom i s i d e n t i c a l ; however only three of the 

four basal co-ordination positions are occupied by ligands located by X-rays. 

The hydrogen atom i s thought to occupy the fourth position, thus occupying a 

co-ordination s i t e of both metal atoms. The Mo-Mo distance of 3.26A compares 

we l l with 3.22A found i n ̂ -C.H.MoCCO) J 0 . 2 5 8 The average Mo-P distance 2.42A 

i s r e l a t i v e l y short and indicative of s i g n i f i c a n t ^-bonding. The Mo-P-Mo 

angle i s 85°. A Mo-H distanoe of 1.8& i n ^^^^^{j^^m&^okZQi)^^^ 
o —2^2 i s very s i m i l a r to the observed Cr-H distance of 1.7A found i n [ C r ^ C O ) . ^ ] 

and the Mn-H distance of I.65A i n Mn^HCBgHgKcO)^.23*" I t would be of i n t e r e s t 

to attempt to remove the proton from these compounds without further 

degradation, perhaps by using a Lewis acid to form a mono-bridged complex, 
which may be s t a b i l i z e d by a M-M bond. The cationic bridged hydrides , 
C(7r=C 5H 5M(CO) 3) 2K] + (M = Mo,V?) and CU'-C^FeCCO) 2) 2H] + are obtained on 

239 
a c i d i f i c a t i o n of the parent dimers. 

(b) Group V I I metal derivatives. The structure of (C0)^Mnh*(PPh2)Mn(C0)*°5» 

revealed that the hydrogen was symmetrically bridged between the metal atoms, 
o 

The Mn-P distanoe of 2.28A i s comparable with the terminal Mn-P distance of 
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2.27% i n Mn(N0)(C0) 2P(C 6H 5) 5, 2 i f 0 perhaps indicating that the bond distance i s 

not s i g n i f i c a n t l y changed when i t bridges. However, i f one considers the 

tetrahedral radius of phosphorus as 1, and estimates the Mn single bond 

radius to be e i t h e r 1, 3 9 i 2 U or 1.461113 then one would conclude that 

s i g n i f i c a n t Mn-P multiple bonding must be taking place. 
p i n 

I n HKe 2Mn(C0)^ on the basis of comparisons of M-M bond lengths i t i s 

assumed that the hydrogen atom i s located between the two rhenium atoms. 

Assuming a l i n e a r symmetrical Be-H-Re bond, the Be-K distance 1.696i i s very 

close to 1. found i n I^ReH^ by neutron d i f f r a c t i o n . 2 4 ^ As i n the ion 
[ H C r 2 ( C O ) 1 0 ] ~ the (CO)^BeHEe(CO),. portion of the molecule has an eclipsed 

configuration of carbonyl groups and i n the (CO), Re-Mn(CO) portion they are 
4 o 

staggered. 

Through reduction and simultaneous carbon monoxide oleavage from BB 2(C0)^Q 

a number of polynuclear carbonyl anions and hydrides have been i s o l a t e d 
containing the rhenium tetracarbonyl groups e.g. [HgBe (CO).^] >

2 4 4 

, v 245 / \ 246 H^Be^CC0) 1 2, ^ HRejCCO)^. A new species containing a rhenium tricarbonyl 

species [HgBe^CO)^] ~ was i s o l a t e d from the reaction of R e 2 ( C 0 ) 1 Q and 
247 

sodium borohydride by adding tetraphenyl arsenium chloride. The c r y s t a l 

structure indicates s i x hydrogen atoms i n the anion, detected also by n.m.r., 

associated with the s i x edges of a tetrahedral metal c l u s t e r . The average 

Re-Be distance of 3ol6o£ i s closer to the hydrogen bridged Re-Re distance of 

3.177X i n [ H 2 R e j ( C 0 ) l 2 ] ~ , 2 i t ^ than to the non hydrogen bridged Re-Re distance of 

2.987A' i n [ B e 4 ( C 0 ) l 6 f " 2 4 8 or 3.02& i n R B ^ C O ) ^ . 2 4 9 

(c) Group V I I I metal derivatives. The structure of the anion 

[ H F e ^ C O ) ^ ] " i s c l o s e l y related to that of F e j ( C 0 ) l 2 and can be regarded as 
- 250 

F e ^ ( C 0 ) l 2 i n which the bridging carbonyl group i s replaced by H . The 
OCT 

compound o r i g i n a l l y formulated HFe^CO^Nlfeg has been shown, by accurate 
252 

mass measurements and Mossbauer spectroscopy, to be HFe^(CO)^^CNMe2. 
A structure s i m i l a r to F e ^ ( C 0 ) l 2 i n which the two bridging carbonyl groups have 
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been replaced by bridging hydrogen and CNMe2 groups has been suggested. 

Hydrogen i s also part of a multiple bridged system i n the anion [HFe 2(C0)g]~. 
253 

The structure was elucidated by infrared and Mossbauer spectroscopy, and 

was found to be similar to F e 2 ( C 0 ) ^ i n which a bridging carbonyl has been 

replaced by the hydride. 

Many polynuclear hydrido-carbonyls of iron and cobalt sub-groups have been 
characterised, but as yet t h e i r structures are formulated with uncertainty. 

254 
I t was suggested, on the basis of infrared and mass-spectroscopic data, that 

the hydrides HMCo^(C0)^2 (M = Fe or Ru) have structures s i m i l a r to those of 

M^(C0) l 2 (M = Co,Hh), with the hydrogen atom located inside the metal c l u s t e r . 
Since the hydrides Hgfti^Cco) , a" H4. R u^ C 0)i2» P " ^ 8 " ^ 0 0 ^ a r e i s o e l e c t r o n i c 

with E h , ( C 0 ) n O and the hydride H-Fe.(C0)._ i s isoelectronic with Co.(C0)__, 4 1<£ £ 4 13 4 J-^ 
i t i s reasonable to assume that the metal atoms i n these hydrides have a t e t r a -

hedral arrangement. On the basis of infrared and n.m.r. data the structure 

of HgRu^CCO)^ may be s i m i l a r to that of the anion CFe^Cco)^] " but with two 
255 

Ru-H-Ru bridges. Similar bridge bonding probably occurs i n the a and |J 
forms of H, Ru. ( C 0 ) l O . 2 5 5 

4 4 1^ 
1 218 256 Mass spectral, infrared and H n.m.r. studies ' suggest that the 

hydrides 0 s 5 ( C 0 ) 1 0 ( H ) ( X ) (X = H,0H,0Me) and HRu^CO^CSR) are s t r u c t u r a l l y 

s i m i l a r to F e j ( C 0 ) l 2 with H and X, and H and SR groups, respectively, replacing 

the two bridging carbonyl groups. Such a structure has recently been confirmed 

f o r 0 s 5 ( C 0 ) 1 0 ( 0 M e ) 2 and HgOs^CCO)^. 1 5 5 The complex .HOs^CO^CSPh) dissolves 

i n sulphuric acid to form cationic hydrido-species [ H 2 0 s ^ ( C 0 ) 1 0 S P h ] + i n a -

and p-forms.2''7 K 2Rug(C0) l Q i s i s o l a t e d 2 " 5 8 from the reduction of R u ^ C O ) ^ 

with mononuclear carbonyl anions [Mn(C0),-]~ or [ i r - C ^ F e C C O ) ^ " i n T.H.F. 

solution. The molecule i s iso e l e c t r o n i c with known species Ru^CO)^, and 
260 

RugC(C0) 1 7. The hydrogens were found to occupy t r i p l y bridging positions 

on two opposite faces of the metal octahedron, each Ru having three terminal 

carbonyl groups. 
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11. Complexes containing bridging halogen atoms 

(a) Group VI metal derivatives. Complexes of the type M(C0)^L 
26l 262 262 (M = Mo,W; L = 2,2-bipyridyl * or 1,10-phenanthroline ) react with 

iodine i n a 1:1 molar r a t i o at room temperature to give dimeric complexes 

[M(CO) 3LI 23 2; but i n a 2:1 r a t i o at 150° to give [ M ( C 0 ) 2 L I ] 2 . These compounds, 

i n which the metal atoms are i n a formal +1 oxidation s t a t e , are linked by two 

iodine bridges.. The anions [ M ( C 0 ) 5 X ] ~ (11 = Cr,Mo,W; X = C l , B r , l ) , react with 

group VI hexacarbonyls under photolytic conditions to form the dinuclear 

anions [M 2(C0)^QX] or [MM'(C0)^QX]~. I t i s assumed that the halogen, bridged 

between the two group VI metal anions, might formally be considered to be 

rel a t e d to the hydride fbridging dinuclear anions,[M 2(C0)^QH]~. TWO modes of 

bonding are possible for the halide ions due to the a v a i l a b i l i t y of four 

electron p a i r s . I n the f i r s t case two electron pairs are considered as being 

involved i n the M-X-M system and i n the second, one electron p a i r i n an 
264 

'electron d e f i c i e n t ' bond. The former could lead to a bent M-X-M system 
265 

and the l a t t e r to a l i n e a r M-X-M bond. The only neutral halides are 

C r 2 I ( C 0 ) 1 0 . 2 6 ^ 

No halogen bridged compounds of the type Cn-C 5H 5M(C0) 2X] 2 have been 

reported, yet these type are the most c h a r a c t e r i s t i c when X = mercaptide, 

dialkylphosphide or arsenide. This shows the close correspondence between 

the l a t t e r groups and t h e i r greater tendency to bridge than the halides. 
268 

(b) Group V I I metal derivatives. Kinetic studies of CO exchange and 

CO s u b s t i t u t i o n 2 ^ reactions of the halides of Mn and Re 2^° are consistent 

i n a l l cases with a d i s s o c i a t i v e rate—determining step at or j u s t above room 

temperature. The highly reactive intermediate [M(C0)^X] then reacts rapidly 

with any Lewis base present to form the mono-substituted carbonyl halides, 

but i n the absenoe of a neutral ligand, dimerisation to [M(C0)^X] ? occurs, 

through formation of halogen bridges. A l l the dinuclear tetracarbonyl halides 

of t h i s group have been prepared by heating solutions of the pentaoarbonyl 
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271 272 273 

halides. ' ' Carbon monoxide under pressure regenerates the penta-

carbonyl h a l i d e s . 2 7 1 ' 2 7 3 

Compounds containing bridging (CF^gAs and (CF^gP groups and compounds 

containing these and halogen bridges are known. 1^' 1^ 8 

(c) Group V I I I metal de r i v a t i v e s . F a i r l y stable substitution products are 
271i_ 

formed by halogens and ligands whioh donate v i a S,Se,Te,P,As,Sb. The 

polymeric, presumably halogen bridged, dioarbonyl halides [M(C0) 2X 2J n have been 

reported for M = Fe, 2 7^ , 2 7^»' O s j 2 7 7 R u . 2 7 8 Osmium d i f f e r s from the other two 

metals by forming a more extensive s e r i e s of halides with a lower carbon 

monoxide content than the parent species,M(C0)^X 2. 0s(C0)^X 2 i s unstable at 

100°C with respect to O s C c o ) ^ 2 7 9 which at 300°C loses CO to give 
27Q 

[0s ( C 0 ) 2 X 2 J ^ . Neutral ligands break the halogen bridges and displace CO, 

the products 0 s ( C 0 ) 2 L 2 X 2 being the same as those prepared by the action of the 

ligands on the polymeric dicarbonyls ' or on M(C0)^X2, although i n the 
282 

l a t t e r case both mono-and di-substituted compounds are observed. 

Oxidation of triruthenium dodeoacarbonyl with halogens leads to the 

i s o l a t i o n of four classes of ruthenium oarbonyl halides Bu(C0)^X 2, RUj(C0)^ 2Xg, 

R u ^ C O ) ^ and Ru(C0) 2X 2. The trimeric RUj(C0) l 2Xg was the f i r s t example of 

a new c l a s s of carbonyl halide, and the s i m p l i c i t y of i t s infrared spectrum 

suggests a high symmetry and the absence of bridging carbonyl groups. I n t h i s 

compound Ru exceeds the effective atomic number of Xenon by four electrons. 
The binuolear compounds Ru 2(C0)gX^ are obtained by carbon monoxide l o s s v/hen 

284 

Ru^(C0)^ 2Xg compounds are extracted into polar or hot non-polar solvents, 

but are prepared more d i r e c t l y by the reactions of halogens with Ru_(C0)^ 2, 

Together with the osmium bridged analogues they were formulated as halogen 

bridged binuclear compounds, which was confirmed by X-ray crystallographic 
2 Q c 

studies. Ru(C0) 2X 2, prepared by Colton, and RiigCCOjgX^ showed marlced 
sim i l a r i t y , i n t h e i r i n f r a r e d spectra and were subsequently thought to be the 

286 287 same compound. Ru(C0) 2X 2 complexes are highly insoluble polymeric 
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compounds with halogen bridged structures i n contrast to some previous 
288 

suggestions. Infrared spectra indicate carbonyl groups i n cis-arrangements 
289 

giving a non-linear form of chain structure. The preparation of polymeric 
compounds by reaction of ruthenium t r i h a l i d e s with carbon monoxide at high 

286 290 

temperatures ' was examined. Although Ru(C0) 2X 2 (X = C l , B r , l ) were 

re a d i l y prepared by t h i s method considerable amounts of Ru^(C0)^ 2Xg were also 

obtained. Carbon monoxide i s evolved from (Ph^P)Ru(C0)^Cl 2 on heating to form 

halogen bridged dimers [(Ph^P)Ru(C0) 2X 2] 2 (X = C l , B r , l ) analogous to Ru 2(C0) 6X^. 

Apart from the unstable brown polymer [CoIgCCO)]^ prepared by reaction of 
291 

Colg with carbon monoxide under pressure, no lower carbonyl halides of 

cobalt are known. The range of carbonyl halides and r e l a t e d complexes of 

rhodium i s extensive,^ based on either octahedral or square planar co-ordination, 

the l a t t e r bring r e a d i l y involved i n oxidation reactions. [ R h ( C 0 ) 2 C l ] 2 

292 
r e a d i l y undergoes bridge s p l i t t i n g reactions. Iridium also forms numerous 

293 

halocarbon complexes, which then undergo further reactions. " Acyl chlorides 

RC0C1 react with [ l r C l ( C 0 ) ( C g H 1 ^ ) 2 ] 2 to give the bridged chloro-complexes 

[ l r C l 2 R ( C 0 ) 2 ] 2 (R = Me,Et,Pr i,Ph). 2 9 Z*" The highly asymmetric chlorine bridging 

system i n the c r y s t a l structure of C l r C l 2 M e ( C 0 ) 2 ] 2 i s consistent with the known 
295 

trans bond weakening effect of a methyl group. 

On adding nickel carbonyl to a methanolic solution of triphenylcyclo-

propenylbromide a red a i r stable complex [Ni(C0)Br(CgH^)^C^] 2 was i s o l a t e d , and 

a structure s i m i l a r to that of tetramethylcyclobutadienenickel dichloride was 
, 296 proposed. 
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CHAPTER I I I 

SYNTHESIS OF DIPHENYL- AND DI-t-BUTYL-METHYLENEAMINO 

COMPLEXES OF MOLYBDENUM AND TUNGSTEN 
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I n t h i s chapter the synthesis of new diphenyl- and di-t-butylmethyleneamino 

complexes of molybdenum and tungsten are described. By varying the groups 

attached to the^C:N system we hoped to gain more informat ion on the mode of 

bonding of the methyleneamino l igand to the metal. t - B u t y l groups were 

introduced i n to the l igand p r i n c i p a l l y to invest igate the e f f e c t of s t e r i c a l l y 

bulky groups on the l i n e a r i t y of the M-N-C bonding i n the complexes. 

A. Experimental 

1. Beaotion of rc-CJI,W(C0),Cl w i t h Ph^CiNSiMe, 

n-C^H^W(C0)^Cl (2.2 g . , 6.0 mmole) and the methyleneamino-silane were 

heated f o r 4 n r . a t 100° i n a sealed evacuated tube. The red-orange mixture 

changed to a deep olive-green colour and gas was evolved. The v o l a t i l e 

products were shown by i . r . spectroscopy and v . p . c . to be carbon monoxide and 

chloro t r imethyls i lane . The s o l i d product was extracted w i t h toluene (20 ml . ) 

and the deep green so lu t ion was separated from a black-green o i ly decomposition 

product by f i l t r a t i o n . Addi t ion o f hexane (50 m l . ) p rec ip i ta ted a non-

carbonyl containing decomposition product; when f u r t h e r hexane (30 m l . ) was 

added, and the mixture cooled to - 2 0 ° , green-black dichroic crys ta ls were 

obtained, which were r ec rys t a l l i s ed from toluene-hexane mixtures. Y ie ld 0.3 g. 

(100. 

Propert ies; The brown-green dichroic semi-crystal l ine s o l i d melted at 110-112° 

i n a sealed tube. I t was r e l a t i v e l y stable i n a i r f o r short periods, but i n 

so lu t ion rapid decomposition ocours. The crystals were very sparingly soluble 

i n hydrocarbon solvents and only sparingly soluble i n chloroform and monoglyme 

forming green-yellow solut ions . 

Analysis ; Found, C,49.21; H,3.14; N,2.92; C0,10.5; c

2 o H L 5 N 0 2 W r e 1 u i r e s C A9.4; 

H,3.24; N,2.9; C0,11.5#. 

I n f r a r e d spectra ( N u j o l ) : The s o l i d gave a yellow-green m u l l . 

v(C0), 1942s, 1873s, cm" 1 , v(CN), 1587m, cm" 1 . 
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The f u l l spectrum i s : 1942s, 1873s, 1587m, 1470m, 1449m, 1333m, 1299m, 1183m, 

1163m, 1070s, 1030m, 1008s, 10l8sh, 990m, 970w, 980sh, 934m, 917m, 900m, 855vs, 

845m, 840sh, 8l3vs, 757w, 755s, 751s, 699vs, 689vs, 654s, 637s, 623m, 6l5m, 

593m, 519vs, 505vs, 486vs, 463vs, 453sh. cm"! 

"Si n .m.r . spectrum (CDCl^): signals at 2 .63(2)T and 4 . 0 2 ( l ) T due t o Ph and 

rc-CLH,. protons respect ively . 
5 5 

Mass Spectrum (d i r ec t i n s e r t i o n probe at low source temperature): 

For the parent ion l>-C 5H 5W(C0) 2N:CPh 23 + (m/e 485), the i so topio d i s t r i b u t i o n 

pa t te rn corresponded to tha t computed f o r ^20^L5^2W* T h e m a < j ° r P e a k s ^ * n e 

spectrum are l i s t e d i n Table I I I . l below. Other major peaks corresponding to 

the organic fragments Cph2CNHl+ m/e 181; CphgCN]* m/e 180; [phCN] + m/e 103} 

[ P h ] + m/e 77; were observed. 

Table I I I . l 

Maas spectra l data f o r w-C H W(C0) 2N:CPh, 

Ion m/e m* Fragment 
l o s t 

[*-C cH cW(C0) oN:CPhJ + 

5 5 * 
485 

430 CO 

[n-C cH_ W( C0)N: CPhQ 3 + 

5 5 ' 457 

403 CO 

[ti-C c H..W:CPh 0 ] + 

5 5 2 429 

248 PhCN 

[n-C rH rWPh] + 

J 0 
326 

[*-C cH_TO:CPhJ 2 + 214.5 
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2. The aot ien of heat on 7i-C^H,.W(C0)2N;CPh2 i n mono^lyme so lu t ion 

The green-black complex (0.48 g . , 1.0 mraole), obtained from the react ion 

of «-C(.Hj.W(C0)^Cl w i t h diphenylmethyleneaminotrdjaethylsilane, was dissolved i n 

monoglyme (30 m l . ) and heated at 65° f o r 1 hr . The o l ive green colour o f the 

o r i g i n a l so lu t ion changed to deep orange-brown. A f t e r 1 h r . the solvent was 

removed i n vacuo and the oityresidue wa3 extracted w i t h ether (30 m l . ) . 

Hexane (10 ml . ) was added to the so lu t ion which was then cooled to -20° to give 

a brown-orange s o l i d ; t h i3 was r ec rys t a l l i s ed from ether-hexane mixtures. 

Y i e l d 0.1 g. (22$). 

Properties; The brown-orange dichroic s o l i d which mulled pink-orange, was stable 

i n a i r f o r a few hours but r ap id ly decomposed i n so lu t ion to give a brown-green 

non-carbonyl product. I t was very sparingly soluble i n hydrocarbon solvents and 

only sparingly soluble i n ethers, CHCl^ and hot monoglyme. On heating the 

s o l i d , darkening i n colour occurred at 200°, before decomposition at 290-300°. 

Analysis; Found, C,49.9; H,3.3; N,3.15j C0,6.5; C 3 8

H 3 0

N

2

0 2 W 2 r e ( l u i r e s C A 9 . 9 ; 

H ,3.3; N.3.05; C0 ,6 . l fc 

I n f r a r ed spectrum ( N u j o l ) : The compound gave a pink-orange m u l l . 

v(C0), 1936s, 18476, c m - 1 . No absorption could be assigned to v(CN). The 

f u l l spectrum i s : 1936vs, I847vs, l600w, 1449m, 1370m, 1256m, 1235m, 1156m, 

1099", 1072w, 1031m, 1010m, 935w, 820m, 787m, 763w, 741m, 730m, 670s,br, 570w, 

476w,br cm \ 

2 H n.m.r. spectrum (CDCl^): signals at 2.63(2)T and 4.64(1)T due to Ph and 

7r-C cH c protons respect ively . 

Mass spectrum ( d i r e c t i n se r t i on proba at source temperature): 

The parent ionC ( n - C 5 H 5 ) 2 W 2 ( C 0 ) 2 ( N : C P h 2 ) 2 ] + (m/e 914) had an isotopio 

d i s t r i b u t i o n pat tern corresponding wi th tha t computed f o r c^Q^^2^2fl2* T h e 

major peaks i n the spectrum are l i s t e d i n Table I I I . 2 below. 



Table 111,2 

Mass spectral data f o r hr-C H W(C0)N;CPh2] 

Ion m/e Fragment 
l o s t 

[ U - C 5 H 5 ) 2 W 2 ( C 0 ) 2 ( N : C P h 2 ) 2 ] + 914 

859 CO 

[ ( 7 r - C 5 H 3 ) 2 W 2 ( C 0 ) ( N : C P h 2 ) 2 ] + 886 

828 CO 

[ ( 7 r - C 5 H 5 ) 2 W 2 ( N : C P h 2 ) 2 ] + 858 

663 PhCN 

[ (ir-C 5H 5) 2W 2Ph(N: CPhg) ] + 

755 

562 PhCN 

[ U - C 3 H 5 ) 2 W 2 P h 2 ] + 652 

[ - S V 2 C l l H 9 r 

[*-C 5 H 5 W 2 Ph 2 H] + 

574 

588 

504 C 6 H 6 

[ ( 7 r - C 5 H 5 ) 2 W 2 ( N : C P h 2 ) 2 ] 2 + 

[ U -C 5 H 5 ) 2 W 2 (Ph) (N: CPh2) ] 2 + 

429 

377.5 

[ ( i r - C 5 H 5 ) 2 W 2 P h 2 ] 2 + 

^ - C 5 H 5 W 2 C 1 1 H 9 ] 2 + 

326 

287 
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3. Reaction of lit-(CO)N; CPh„]„ w i t h tripheavlphosphine 

Using the reactants on a 5 mmole scale, no react ion was detected i n 

r e f l u x i n g monoglyme during 24hr. [7r-C_H_W(C0)N:CPh-]_ was recovered unchanged 
0 0 £ 

even a f t e r 100 h r . 

4 . Reaction of w-CLH,Mo(C0),Cl w i t h Bu^CNLi 

A solu t ion of Bu^CiNLi (21 mmole) i n a hexane-ether mixture (50 ml . ) was 

added to a f rozen so lu t i on of ^ - 0 ^ 1 4 0 ( 0 0 ) ^ 0 1 (5.88 g . , 21 mmole) i n ether (200 ml . ) 

a t -196 . The mixture when slowly warmed and kept a t room temperature f o r 

1 h r . became deep blue , slowly evolved gas, and deposited a f i n e white powder. 

A f t e r being separated by f i l t r a t i o n , the residue (0.8 g . ) was shown by i . r . 

spectroscopy and elemental tests to consist of l i t h i u m chlor ide , [v-C^H^Mo{C0) ^2 

and a green, non-carbonyl, o i l y decomposition produot. She solvent was removed 

from the f i l t r a t e (20° , lO^mm.Hg), and the o i l y blue s o l i d was extracted w i t h 

hexane (2 x 200 m l . ) from [ T T - C ^ H ^ M O ( C 0 ) ^ ] 2 (0.3 g . ) . On reducing the combined 

extracts to small bu lk , fo l lowed by cool ing ( - 2 0 ° ) , roya l blue crys ta ls 

separated, whioh were r ec rys t a l l i s ed from hexane. Y ie ld 4.0 g . (53$) . 

Properties: At ambient temperatures i n the s o l i d s ta te , the complex was thermally 

stable f o r many weeks, but i n so lu t ion , especial ly i n a i r , decomposition to a 

green non-carbonyl mater ia l occurred more r a p i d l y . The complex was moderately 

soluble i n most organic solvents but was insoluble i n water. I t dissolved 

r ead i ly i n concentrated sulphuric ac id and g l a c i a l acetic ac id w i t h l i t t l e 

apparent decomposition to form green-yellow and blue solut ions respect ively which 

retained -their colours f o r several days. No s o l i d produot could be i so la ted from 

the sulphuric aoid s o l u t i o n . 

Analysis: Pound, C,53.7; H,6.4; N,3.9; C ^ i y j o N O g requires 0,53.8; H,6.4; 

N,3,.99S.. 

In f ra red spectrum: The s t retching frequencies w(CN) and v(C0) observed f o r the 

s o l i d and so lu t ion in.hexane are given i n Table I I I . 3 . The so l id (KBr d isc) 
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showed two strong v(C0) absorptions i n the carbonyl region and extra bands were 

observed i n the Nujo l spectrum due to a so lu t ion of the complex i n N u j o l . 

Variable temperature studies on the hexane and Nujo l solutions were carr ied out 

and reversible changes observed. 

Table I I I . 3 

I n f r a r e d Spectroscopic Data f o r ir-C-H Mp(CO)pN;CBu, 

Phase Temp. (°C) v(C0) (cm" 1) v(C:N) (cm" 1) 

KBr 0° and 27° 1946s, 1848s l621m-w 

Hexane so lu t ion 25° 1967s, 1883s l6l6m-w 
• 1938s, 1847s 

N u j o l m u l l - 0° 1968s, 1884s I6l8m-w 

so lu t ion 27° 1949s, 1851s 

The f u l l spectrum (KBr disc) i s : 3125*, 2963m, 2924m,sh, 2874m,sh, 1946s, 1848s, 

l621m-w, 1364m, 1227m,sh, 1205m, 1036w, 1001m, 98lm, 848m, 813m,sh, 800s, 741m, 

684w, 565w,br, 540m,br, 503>n,br, 488m,br, 464m,br cm" 1 . 

Molecular weight; 354 and -.352. by cryoscopy i n benzene (Th. 357). 

Conductivity: non-electrolyte i n ;:riitrobenzene. 

Electronic Spectrum: v ( m a x ) 246 (37 x 1 0 4 ) , 291sh (6.9 x 1 0 3 ) , 351sh (5 .1 x 1 0 5 ) , 

558 (210), 657 mil (280) i n methylcyclohexane at 25°, 0° and - 1 1 ° . (Molar 

ex t i nc t i on c o e f f i c i e n t s are given i n parentheses). 

n.m.r . spectrum; the solutions show a number of signals which var ied i n 

i n t e n s i t y and pos i t i on , w i th changes i n temperature. The T values f o r the 

signals observed are given i n Table I I I . 4 . 

Mass spectrum; (d i reo t i n s e r t i o n probe at source temperature): For the parent i on 
t + 

[rt_C^Mo(C0) 2N:CBu gl (m/e 357) the i so top ic d i s t r i b u t i o n corresponded to tha t 

computed f o r C^Hg^MoNOg. The major peaks i n the spectrum are l i s t e d i n Table 

I I I . 5 . 
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Table I I I . 4 

Variable temperature "̂H n.m.r . spectral data f o r fr-C^H Mo(CO)rN:CBu 

Solvent Temp .(°C) T ( « - C 5 H 5 ) r ( B u * ) 

< W 
25 4.65(5) 8 . 9 3 ( 1 8 ) 

< W 
-60 4.88(5) 8 . 9 8 ( 1 8 ) 

25 4.35(5) 8 . 8 2 ( 1 8 ) 

- 2 0 4.32(5) 8 . 8 3 ( 1 8 ) 

Table I I I . 5 

Mass spectral data f o r w-C rH Mo(CO) N:CBu 

Ion m/e m* Fragment 
l o s t 

[n-C 5 H 5 Mo (C0 ) 2 N:CBu t

2 ] + 

357 [n-C 5 H 5 Mo (C0 ) 2 N:CBu t

2 ] + 

303 CO 

[it-CcHcMo(CO)N:CBu* ] + 

0 0 329 

275 CO 

[n-CE.HcMoN:CBu tJ + 

0 0 *• 301. 
198 Bu* 

[ n-C_H MoN: CBu*]+ 

0 0 

[ir-C cH cMoBu t] + 

5 5 

244 

218-

• 158 

119 

Bu*CN 

Bu* 

[JT_C_HCMO] + 

0 0 
161 

106 Bu*GN 

[it-C cH cMo] + 

0 0 
161 J 
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5. Reaction o f n-CJIWCCO) CI w i t h Bu 2 C:NLi 

Jr-C(.H,_W(C0)2N:CBu 2 was prepared on a 10 mmolar scale as deep blue 

crystals (19.8$) by the method described above. 

Properties, The deep blue crysta ls were stable i n a i r f o r short periods but 

formation of a brown coating was observed on prolonged exposure (one day). 

A l l common organic solvents r e ad i l y dissolved the crystals to form deep blue 

solutions which were very a i r sensi t ive tu rn ing green-brown a f t e r only a few 

minutes exposure. The crys ta ls melted i n a sealed tube 120-121° (decomposition), 

sublimed (100° , lO""3mm.Hg). 

Analysis . Found, C,43.0; H ,5 . l6; N,3.14; C^H^NOgW requires C ,43 .1; H.5.17; 

N,3.15& 

In f r a r ed spectrum: The s t re tch ing frequencies v(CN) and v(C0) observed f o r the 

s o l i d and so lu t ion i n methylcyclohexane are given i n Table I I I . 6 , 

Table I I I . 6 

I n f r a r e d spectroscopic data f o r ff-C.-H W(C0)-NjCBu 

Form Temp.(°C) v(C0) (cm""1) v(C:N) ( cm - 1 ) 

KBr 25 1934s, 1834s l620m-w 

Nujo l 25 1946sh,l862sh l620m-w 

1929s, 1833s 

Me thylcyclohexane 25 
-3 1954s, 1867s l621w 

-40 

The f u l l spectrum (KBr disc) i s : 3125w, 2976m, 2924m,sh, 2874m,sh, 1934s, 1834s, 

l620m-w, 148lw, 1389", 1366w, 125&V, 1229w, 1209w, 1047w, I036w, 1008w, 980?;, 

854w, 820m,sh, 810s, 752w, 685w, 520w,br, 502w,br, 491w,br, 472m,br o n f 1 . 
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H n.m.r. spectrum ( to luene) : a number of signals which var ied i n pos i t i on w i t h 

change i n temperature were observed (Table I I I . 7 ) . 

Table I I I . 7 

H n.m.r. spectral data f o r it-C rH W(CO)rN:CBu 

Solvent Temp.(°C) r ( B u t ) 

25 4.55(5) 8.88(18) 

-80 5.02(5) 9.03(18) 

C 6 D U C B 3 25 4.35(5) 8.92(18) 

Mass Spectrum ( d i r e c t i n se r t i on probe a t source temperature): For the parent 

i o n [ i t - C ^ H ^ C O j g N ^ B u ^ ] + (m/e 445) the isotopic d i s t r i b u t i o n pat tern corresponded 

to that computed f o r ^gHg^NOgW. The major peaks i n the spectrum are l i s t e d i n 

Table I I I . 8 below. 

Table I I I . 8 

Mass spectral data f o r n-C-H W(C0) „N:CBu „ 

Ion m/e m* Fragment 
l o s t 

[ f l - C ^ W t C O ^ C B u 1 ^ ] + 

[it-C cH cW(C0)N:CBu t

o] + 

U -CJUW^CBu^J* 
5 P 

[it-C cH cWN:CBu t] + 

5 5 
[ir-C cH cWBu t] + 

445 

417 

389 1 

332 

306 

391 

363 

283 

241 

CO 

CO 

Bu* 

Bu*CN 

[n-C 5H 5W] + 

249 -1 -
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6. Reaotion of it-Cf.Hr.Mo(CO),Cl w i t h Bu^CiNSiMe, 
p p — 3 ————— 2 1 3 

A mixture of n-C^MoC00)^01 (1.2 g . , 5mmole) and Bu^CrNSiMe^ (1.06 g . , 

5mmole) dissolved i n monoglyme (30 m l . ) was heated to r e f l u x and a f t e r 3^ h r . 

the r e su l t i ng deep brown so lu t ion was evaporated to dryness ( 25° , 0.1 mm.Hg). 

Extrac t ion of the residue w i t h hexane (30 ml . ) produced a blue so lu t ion , which 

a f t e r f i l t r a t i o n , concentration ( 2 5 ° , 0 .1 mm.Hg), and cool ing, gave blue 

orystals of jt-C^MoCCOjgNiCBu1^ (O.36 g . , 30$). 

Analysis ; Found, C,53.6; H,6 .25 ; N ,3 .8; C^H^MoNOg requires C,53.8; H,6.4; 

N ,3.9$. 
The red-purple residue, a f t e r r e c r y s t a l l i s a t i o n from chloroform so lu t ion , 

was i d e n t i f i e d by spectroscopy and elemental analysis as [ir-C_H Mo(C0) ] „ 
P P 3 « 

(0.31 g . , 26$). 

Analysis : Found, 0,39.0; H,2 .15 ; C-^H^MogOg r e < l u i r e s c » 3 9 . 1 ; H,2.0$. 

7. Reaction of ir-CH,.W(C0),Cl w i t h Bu^CiNSiMe, 
p p 3 2 — — 3 

The react ion, performed as described above, w i th the same molar 

quant i t ies , gave blue crysta ls i d e n t i f i e d by i . r . spectroscopy as 

n-tyyvtCO^NrCBu 1 ^ (0.18 g . , 8$) . 

Analysis; Found, C,43.0; H,5.15; N,3.90; C^H^NOgW requires C ,43 .1; H,5.15; 

N,3.15$. 

The dinuclear complex [n-C^H^W(CO)^]2 was i so la ted as the major product 

(0.72 g . , 84$). 

Analysis; Found, C,28.8; H,1.5; C^R^OgWg requires C,28.8; H,1.5$. 

8. Act ion of heat on it-C^MoCCO^l^CBu 1^ 

Attempted* sublimation: On attempting t o p u r i f y the complex by 

sublimation (85-90°, 10*"^mm.Hg), the sublimed material was found to be 

contaminated w i t h a white wax. Attempts to i so l a t e the mater ia l i n a pure form 

i n reasonable quanti ty f o r conventional i d e n t i f i c a t i o n were unsuccessful but 

i t was i d e n t i f i e d by mass spectroscopy as the azine, Bu*CrNCBut_j m/e 280, 
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[Bu t

2 CNNCBu t

2 ] + ; m/e 223 , [Bu^NNCBu^]*; m/e 197, [Bu^CNBuV; m/e 140, 

[Bu^CN] 4"; m/e 83, [Bu^N]*. 

9. Act ion of heat on n-C^H^MoCCO) J f iCBu^, 

Attempts to form dinuclear complexes; The complex remained unchanged 

except f o r a small amount of decomposition, when (a) the s o l i d was heated i n a 

sealed tube i n vacuo at 120° f o r 6 h r . ; (b) solutions i n hexane or diglyme were 

heated under r e f l u x f o r 3-4 days; (c) solutions i n hexane or ether were 

i r r a d i a t e d f o r oa. 1 h r . w i t h a 500 watt Hg lamp. 

10. Reaction of n-C^H^MoCCO^NiCBu^ w i t h carbon monoxide 

No react ion was detected by i . r . spectroscopy between the complex i n 

hexane so lu t ion and carbon monoxide (ca. 1 atmos. pressure) at room temperature 

or under r e f l u x during 2 h r . 

11. Reaction o f it-C^-H^Mo(C0)„N:CBu*^ wi th pyridine 

Pyridine (0.1 g . , 1 mmole) was added to a so lu t ion of 

jt-C^MoCCOjgNrCBu^ (0.12 g . , 0.33 mmole) i n hexane (10 m l . ) and the mixture 

heated under r e f l u x . No react ion was detected by i . r . spectroscopy a f t e r 6 h r . 

12. Reaction o f jt-(LH„Mo( C0),Jt;CBu t,. w i t h carbon disulphide 5 5 _»—'2 2 

A blue so lu t ion was formed on adding carbon disulphide to the complex. 

No reac t ion was detected by i . r . spectroscopy a f t e r 12 h r . and the complex was 

recovered unchanged. 

13. Reaction of w-C HJfoCCO^NxCBu^ w i t h sulphur dioxide 

Dry sulphur dioxide was condensed onto rt-C^Hj.Mo(00)^:06^2 (0.12 g . , 

0 .33 mmole) at -196° and on warming, produced a muddy brown so lu t ion . A low-

temperature i . r . spectroscopic study of the brown so lu t ion of the complex i n a 

hexane-sulphur dioxide mixture, showed no change i n the v(C0) and v(C:N) 

regions, and on removal of the solvent from both the sulphur dioxide so lu t ion 

and the hexane-S02 so lu t ion , the o r i g i n a l blue complex was recovered unchanged. 
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B. Discussion 

1 . The aicarbonvl complex n-C^H^W(C0)2N:CPh2 

Mphenylmethyleneaminotrimethylsilane reacts w i t h Jt-CcHJii(CO),X (M = Mo 

or W; X = CI , Br, I ) to form products of two types, it-C^H,_M(C0)2N:CPh2 and 

[n-C^H^M(C0)N:CPh2]2. For molybdenum the react ion normally proceeds through to 

the dinuclear complex, and ca re fu l con t ro l of the conditions of the reac t ion are 

necessary t o enable the mononuclear complex to be i so l a t ed . The l a t t e r can be 

converted in to the dinuclear complex by heat i n the s o l i d state or so lu t ion . 

I n contrast to molybdenum, the dinuclear tungsten complex was shown by i . r . 

spectroscopy to lose carbon monoxide more read i ly than the mononuclear complex, 

although formed from the l a t t e r by heat. I n general, therefore , the mononuclear 

complexes have been studied using the tungsten complex, and the dinuclear using 

the molybdenum complex. ^ 

The in t roduc t ion of a methyleneamino group i n t o the n-cyclopentadienyl 

tungsten carbonyl complex resul t s i n the loss of one molecule of carbon monoxide. 

I n the mononuclear complex the methyleneamino group may act e i ther as a three-

electron donor and conserve the noble gas conf igura t ion o f the metal, or act as 

a one-electron donor i n which case the noble gas conf igura t ion i s broken. I . r . 

spectroscopy and experimental work wi th the neutral donor molecule, t r i p h e n y l -

phosphine, leads us to believe that the group i s behaving as a three-electron 

donor to a single metal. 

I n f r a r ed spectroscopic data f o r i t-C^W(C0) 2 N:CPh 2 i s shown i n Table I I I . 9 . 

Two strong absorptions i n the carbonyl s t re tching region were observed at 

r e l a t i v e l y low frequencies compared wi th the s t a r t i n g materials . Loss of carbon 

monoxide and the consequent increase i n ir-bonding between the metal and 

remaining carbonyl groups are u n l i k e l y to account alone f o r the s i g n i f i c a n t 

changes i n s t re tching frequencies observed when one anionic group i s replaced 

by a s imi la r bonding group. Indeed the posit ions of absorption are e n t i r e l y 
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Table I I I . 9 

I n f r a r ed absorptions v(C0) and v(CN) (cm"'1') f o r methyleneamino complexes of 

Molybdenum and Tungsten 

Compound v(C0) (KBr) v(C0) (Nujo l ) v(C:N) (Nujo l ) 

Ph2C:NH 1603 

ir-C5H5Mo(CO)2NCPh2 1920s, 1856s 1534m 

n-C5H5W(C0)2NCPh2 1942s, 1873s 1587m 

PhBuV.NH 1618 

n-C-HcMoCCOj^NCPhBu* 
0 0 

1942s,1855s,I825w 1965sh,1940s 
I881sh,1846s 
I821w 

l636m-s 

it -CCHCW( CO) JTCPhBu* 
0 0 * 

1931s,1836s,I8l0w 1951sh,1929s 
I869sh,l835s 
I808w 

l634m-s 

B u ^ N H 1610 

t-C c H c Mo(C0) o NCBu t

o 0 0 « * 
1946s,1848s 1968s,1949s 

1884s,1851s 
I6l8m-w 

it-C cH cW(C0) oNCBu t

o 0 0 * * 
1934s,1834s 1946sh,1929s 

I866sh,1833s 
l620m-w 

consistent w i th the methyleneamino-group act ing as a three-electron donor. 

The v(C:N) absorption f o r the complex occurs at low frequency compared w i t h 

f ree diphenylmethyleneamino and i t s l i t h i o - d e r i v a t i v e . Conclusions concerning 

the extent of R -bonding between ni trogen and the t r a n s i t i o n metal cannot be 

made at th i s stage on the basis of the V(C:N) frequenoy. 

I t i s however relevant that mul t ip le bonding invo lv ing the nitrogen lone-

pa i r to carbon, boron, and beryl l ium resul t s i n a s i g n i f i c a n t increase i n the 
298 

corresponding frequencies, ' i n the opposite d i r e c t i o n to tha t observed f o r 

t rans i t ion-meta l complexes. The high frequency absorptions are thought to be 
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diagnostic of a l inear skeleton, which allows maximum overlap of ni trogen 

2p-orbitals w i t h vacant o r b i t a l s of the co-ordinat ing group. Such a c r i t e r i o n i s 

not possible f o r the t rans i t ion-meta l systems studied, although a l i nea r 

structure also allows maximum overlap w i t h the nitrogen p - o r b i t a l , as w e l l as 

overlap w i t h the i t*-orbi ta ls ( F i g . 1.4). This l a t t e r i n t e rac t ion appears to be 

the main f a c t o r i n the d i f f e r i n g behaviour o f methyleneamino-derivatives of main 

group and t r a n s i t i o n elements, and the lowering of the v(C:N) frequency f o r the 

l a t t e r i s believed to be due to th i s dn-it* back donation. The involvement o f 

the nitrogen lone-pair i n the bonding to the metal i s indicated by the v(C0) 
12 

frequency, and Ebsworth has shown that considerable ^-bonding i s s t i l l possible 

f o r systems ( p a r t i c u l a r l y of s i l i c o n ) wi th a bent skeleton when the lone-pair 

i s i n a hybrid o r b i t a l (Fig .1.2b) . Since t h i s type of n-bonding tends to raise th< 

v(C:N) frequency, there may be a cor re la t ion between v(C:N) and the a v a i l a b i l i t y 

of the lone-pair to bridge to a second metal. The greater ease of dimerisat ion 

f o r the molybdenum complex i s i n keeping w i t h i t s low v(C:N) frequency. 

I n the "4l n .m.r . spectra the signals a r i s i n g from the phenyl protons are 

broad and unresolved, but occur at t y p i c a l r values f o r th i s group. For the 

molybdenum complex two cyclopentadienyl signals are observed"'"3 i n contrast to 

the single s ignal f o r the tungsten complex. The reason f o r the two signals i s 

not f u l l y understood at th i s stage and studies are continuing to resolve t h i s 

problem. 

2 . The dinuclear complex [ic-C.H W(C0)N;CPlu3 2 

Loss of carbon monoxide from the mononuclear complexes and dimerisation 

occurred w i t h heat, both i n the s o l i d state and i n solut ion, the products being 

a i r - sens i t ive sol ids having l i m i t e d s o l u b i l i t y i n polar organic solvents. They 

are both reasonably thermally s table , darkening 200° before melting w i t h 

decomposition at about 300°. The i . r . spectra i n the V(C0) frequency region, 

recorded i n Table I I I . 9 , consist , f o r the molybdenum complex of a single strong 
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absorption wi th a weak shoulder to low frequencies,"1"^ and f o r the tung3ten 

complex, of two strong absorptions. Both spectra are consistent w i th dinuclear 

complexes containing two carbonyl groups, the former wi th the carbonyl groups 

i n the t rans-pos i t ion and the l a t t e r w i t h the carbonyl groups i n the d i s 

pos i t i on . No absorption can be assigned to v(C:N), and although a weak band 

occurs at 1600 cm \ i t i s thought to arise from phenyl groups, by comparison 

w i t h spectra of other diphenylmethyleneamino-derivatives. Unlike derivat ives 

w i t h methyleneamino-groups attached to main group elements f o r which strong 
299 

absorptions due to CN s t re tch ing vibra t ions are commonly observed, 

derivat ives of the t r a n s i t i o n metals are characterised by weak absorptions which 

are d i f f i c u l t to d i f f e r e n t i a t e from other absorptions i n t h i s region. 

The n.m.r . spectrum i n deuteriochloroform so lu t ion consists o f a sharp 

s ing le t a t 4.64 T ( r e l a t i ve i n t e n s i t y l ) , which c l ea r ly originates from the 

300 
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it-Cj.Hj. group and a mu l t i p l e t centred at 2.637" ( r e l a t i v e i n t e n s i t y 2) 

or ig ina t i ng from the :CPh_ u n i t . The nuclear complexity of the complex was 

invest igated by mass spectroscopy. The parent i on corresponded to 

[[ n-C(.Hj.W(C0)N:CPh2] 2 1 + and a l l the ions i n the expected breakdown were 

observed, Table I I I . 2 . The i so topic d i s t r i b u t i o n patterns corresponding to the 

major ions consisted of the basic p a t t e r n , ^ 1 adjusted f o r the appropriate 

number of carbon atoms. The primary breakdown path proved by the occurrence o f 

metastable peaks, was by successive loss of two carbonyl groups fo l lowed by two 

phenyl cyanide molecules. The isotopic d i s t r i b u t i o n patterns f o r most of the 

ions except M + and (M-C0) + , inc luding the doubly charged ions, are more complex 

than calculated, and extend to lower mass than expected. This i s believed to be 

a consequence of a secondary breakdown of ions by loss o f H • or Hg and occurs 

commonly f o r speoies wi th organo-groups i n close proximi ty . The extent of the 

envelope o f peaks, based upon the most intense peak 652 f o r the tungsten 

complex, indicates that up to f o u r hydrogen atoms are add i t i ona l ly l o s t . But 
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the simpler ions at m/e 574 and 588, which correspond to [n-CcH_W_(Ph)C,.H, ] + 

5 5 ^ 5 4-
or [(n-C 5H 5) 2W 2C 6H^] + and [ Jt-C^WgPhgH] + respectively, show the normal Wg 

isotope pattern af t e r correction f o r ̂ C . No mononuclear metal species were 

detected i n the spectrum. Indeed the persistence of dinulcear species i s i n 

common with other polynuclear metal carbonyl complexes, where i t i s found that 

the metal d u s t e r does not fragment u n t i l a l l the attached groups have been 

l o s t . The organio ion of highest mass observed, corresponds to [Ph,,C!:N]+ 

and v e r i f i e s the presence of t h i s group i n the complex. Doubly charged ions 

were observed Table I I I . 2 , but t h e i r r e l a t i v e i n t e n s i t i e s were much lower than 

those of singly charged ions. 

JT-Cyclopentadienyl-molybdenum and -tungsten complexes normally obey the 

noble gas rule, and dinuclear complexes either involve a metal-metal bond alone, 

e.g. [n-C 5H 5Mo(C0) 3] 2
2 3 8 or a bridging group e.g. [*-C HgMoCCO^SH] 2 . l 6 5 > l 6 6 

The dinuclear methyleneamino complexes d i f f e r from the l a t t e r i n having only 

one carbonyl group per metal atom, and this implies either that the molecules are 

electron deficient or that the metal-metal interactions are equivalent to a 

double bond. The f a i l u r e of the complexes to undergo additional reactions with 

triphenylphosphine even during 48 nr. refluxing i n diglyme, and the very ready 

oxidation by iodine, are suggestive of strong metal-metal interactions. The two 

most l i k e l y structures, F i g . I I I . 1 and F i g . I l l , 2 d i f f e r only i n the bonding 

mode of the methyleneamino group. I n Pig.111,1 ten electrons are involved i n the 

bridging unit, implying considerable interaction between the metal and nitrogen, 

and the metal atoms themselves. I n structure F i g . I I I . 2 , the two rt-C^H^M(C0)N:CFh2 

units are held together by a multiple metal-metal bond involving four eleotrons s 

Multiple metal-metal bonding has been demonstrated i n the complexes 

[Mo(C0) 2Arl 2 (Ar = C ^ H ^ ° 3 or Me^C^ 0^) i n which the two halves of the molecule 

are bonded so l e l y through a t r i p l e metal-metal bond. On the basis of the 

available data, i t i s not possible to assign structures F i g . I I I . 1 or F i g . I I I . 2 

to the complexes, but f o r each structure o i s - and trans-isomers are possible. 
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The i . r . speotra i n the v(C0) frequency region may indicate that the molybdenum 

complex i s a ois-isomer and the tungsten complex a trans-isomer. 

3. Di-t-butylmethyleneamino complexes ^-0^.11^(00)^:06^^ (id = Mo,W) 

Di-t-butylmethyleneamino-groups were introduced into the n-cyclopenta-

dienyl-molybdenum and -tungsten carbonyl complexes using e i t h e r l i t h i o - or 

t r i m e t h y l s i l y l - d e r i v a t i v e s with the appropriate carbonyl halide. The former 

method gave moderate yi e l d s under controlled conditions, and was preferred to 

the more vigorous reaction conditions required using Bu^CiNSiMe^ which l e d to 

the extensive formation of [«-C^H^M(C0)^] The products c l o s e l y resembled 

the products obtained from the reaction of the carbonyl halide with PhBu^C:Nli 

and PhBu*C:NSiMej,^"' and were i n contrast to those obtained using P h g C ^ i . 

No evidence was found for complexes containing a 2 - a z a - a l l y l group. Also 

the dicarbonyl complexes showed no tendenoy to lose carbon monoxide on heating 

to form dinuclear c o m p l e x e s . I n many respects there was a close s i m i l a r i t y 

between the di-t-butyl and phenyl-t-butyl-methyleneamino derivatives which was 

r e f l e c t e d i n many of t h e i r properties.^ 0"' The blue complexes n-C^H^M(C0)2N:CBut
2 

(M = Mo and W), which had c h a r a c t e r i s t i c camphor-like odours, r e a d i l y sublimed 

(85-90° Mo, 100° W; 10~^ mm.Hg), but sublimates were often contaminated with a 
t t 

white waxy s o l i d , i d e n t i f i e d by mass spectroscopy as the azine Bu gCNNCBu ̂  

(m/e 280). The tungsten complex, although l e s s a i r stable than the molybdenum 

complex, which was unchanged over several weeks, could be handled i n the 

atmosphere f o r short periods without detectable decomposition, but i n solution 

both complexes decomposed rapidly i n a i r to green, non-carbonyl o i l s . The 

complexes, non-electrolytes i n nitrobenzene solution, gave freezing point 

depressions i n benzene appropriate f o r mononuclear formulations. 

I n the carbonyl stretching region of the i . r . spectrum, two strong 

absorptions occurred for solutions of each complex at ambient temperature but on 

cooling solutions of the molybdenum complex, the two o r i g i n a l absorptions were 

replaced slowly by two new, lower frequency absorptions F i g . I I I . 3 A . At-45° 
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only the new absorptions were present, but on warming the change was reversed 

completely. Changes with temperature occurred also i n the "̂H n.m.r. spectrum 

for both i r - C ^ and Bu* proton signals Table I I I . 4 and Fi g . I I I . 3 B and C. On 

cooling a perdeuteriomethylcyclohexane solution of the molybdenum complex, 

signals a t 4.35(5)7' and 8.82(l8)r respectively became weaker i n i n t e n s i t y , and 

new signals appeared a t 4.32T and 8.83T. The or i g i n a l signals were progressively 

replaced by the new si g n a l s , so that at -20° only the l a t t e r were detected. 

The changes were r e v e r s i b l e . Similar changes could not be detected i n toluene 

solution; only two signals were detected over the temperature range +80° to 

-60 , but the position of the si g n a l did s h i f t slowly with change i n temperature 

Table 111,4. I n the electronic spectrum no changes were deteoted on cooling 

solutions of the molybdenum complex to 0° and -11°• I n the mass spectra, 

parent peaks were observed at masses appropriate for mononuclear species Table 

I I I . 5 and 8 and isotopic d i s t r i b u t i o n patterns corresponded to those of one 

metal atom adjusted f o r the presence of a C^gH^NOg un:'•*• N o peaks a r i s i n g from 

species were detected. 

No corresponding changes occurred i n the i . r . spectrum of the tungsten 

complex on cooling solutions from ambient temperatures, but small changes i n the 

position of n.m.r. signals were deteoted Table I I I . 7 . Two signals were 

observed at a l l temperatures, but on oooling from 80° to -80° the TT-C^H^ signals 

sh i f t e d 0.5 and the Bu* s i g n a l 0.15 p.p.m. to higher f i e l d . I n contrast to the 

molybdenum complex i n perdeuteromethylcyclohexane no additional signals were 

detected. Spectral changes i n solution with change i n temperature may r e s u l t 

from s t r u c t u r a l changes of the following type: ( i ) a monomer dimer equilibrium 
307 

(111.1) ; ( i i ) geometrical isomerism based upon nine-co-ordination of the metal 

and a bidentate methyleneamino-group bonding through both nitrogen and carbon 

(111.2) ; ( i i i ) linkage isomerism ( I I I . 3 ) ; ( i v ) conformational changes about a 

bent M-N-C skeleton ( i l l . 4 ) ; (v) rotational changes about the metal-nitrogen 

bond ( I I I . 5 ) . Structural changes (lH.1-4) are eliminated on the basis of 
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molecular weight measurements i n freezing benzene, 1H n.m.r. spectra, v(C:N), 

the absence of change i n the electronic absorption spectrum and the s t e r i c 

e f f e c t s of the Bu* groups. The s t r u c t u r a l changes detected are, however, 

consistent with rotational changes about the metal-nitrogen bond of a complex, 

having structure ( I I I . 5 ) . An approximately l i n e a r M-N-C skeleton i s indicated 

by the single "'"H n.m.r. signal observed at -60° and confirmed by X-ray 

s t r u c t u r a l data on the molybdenum complex F i g . I I I . 4 . 

Much discussion has occurred on whether nitrogen ligands i n complexes of 

the type rt-C^MtCO^X (where X = RC^N-.N-, 3 0 9* 5 1 0 PhN:N-, 3 1 0» 3 1 1 

anthraquinone-N:N-, 3^ Me^SiCHgNiN-312) aot as one- or three-electron donor groups 

We believe that the methyleneamino-group acts as a three-electron donor to 

molybdenum and tungsten on the basis of ( i ) the eff e c t i v e atomic number rule and 

the presence of only two carbonyl groups; ( i i ) the r e l a t i v e l y low carbonyl-

stretching frequencies; and ( i i i ) the f a i l u r e of the complex to add a further 

neutral donor molecule such as pyridine, triphenylphosphine, or carbon 

monoxide, even under forcing conditions. The short molybdenum-nitrogen bond 

distance of 1.87A*308 compared to the average distance of 2.32A* i n 

Mo(C0) 5[H 2N(CH 2) 2NH(CH 2) 2NH 2] 3 1 3 indioates considerable multiple bonding between 

the metal and nitrogen, which i s believed to involve extensively the p - o r b i t a l 

of nitrogen. 

The accumulated spectral data are consistent with only small changes i n 

structure, and are i n accordance with conformational changes about a metal-

nitrogen bond. The s o l i d state form i s thought, on the basis of i . r . data to be 

the same conformer as the low temperature form and a recent X-ray s t r u c t u r a l 

determination has shown t h i s to be the staggered form 111.5(a). Staggered 

conformers have also been detected for Jr-C^.H^I 1e(CO) 2SiMeCl 2, 3 1 2 ,• 

Mn(CO) 5COCR 5, 3 1 5 and oarbene complea^VcO^CXR (M = Cr,W; X = OR*, NHR') f t
3 1 6" 3 1 8 

Rotation about the Mo-N bond to form the next s t e r i c a l l y favourable form, the 

staggered conformer 111.5(b), appears, on the basis of models, to involve going 
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through the most s t e r i c a l t y unfavourable eclipsed form. Thus, on rotation the 

highest energy b a r r i e r i s possibly overcome, and the higher temperature form 

may either be the staggered conformer 111.5(b) or some other rotamer. Rotation 

about the multiple metal-nitrogen bond i s t h e o r e t i c a l l y possible, i n the same way 

as postulated f o r the carbene group, because of the i t - c y l i n d r i c a l symmetry of the 
319 

metal o r b i t a l s . The methyleneamino- and carbene groups each have a vacant 
p-or b i t a l for it-bonding on the donating atoms, i f carbon of the carbene donates 

316 

two electrons, and nitrogen of the methyleneamino-group three electrons to 

the metal. Thus, the methyleneamino- and carbene-groups i n t h i s sense are 

rela t e d i n the same way as carbonyl and n i t r o s y l groups. 

The absence of changes i n the i . r . spectrum of the tungsten complex or the 

phenyl-t-butyl^^ or d i - p - t o l y l " ^ complexes with change i n temperature (+60 to 

-60°) and the s h i f t i n ̂  n.m.r. signals to higher f i e l d i n the jr-C,-H,_W(C0)2N:C-

Bu^g complex, suggests that i f s i m i l a r conformational changes occur to those of 

the molybdenum complex, the rotational process may be 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 sizes 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 n-cyclopentadienyl group. Interconversion of tungsten 

conformers appears to be rapid at the temperatures of the measurements, and a 

time average signal i s observed. However at the lower temperatures the s i g n a l 

moves to higher f i e l d , and then possibly denotes a greater contribution from 

conformer 111.5(a). 

The v(CN) stretohing frequencies remain l i t t l e changed from those of the 

free methyleneamine (1610 cm" 1). 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 RgCtNrX 

systems where X = CHg, BH'2, BeR*, Al(mB2)2 and S i M e ^ 1 5 ' 2 9 8 ' 3 2 1 As the 

co-ordinating element becomes heavier, Av, the difference between v(CN) for the 
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complex and v(CN) for the free methyleneamine, becomes l e s s , and the small 

changes for transition-metal derivatives are i n keeping with t h i s trend. Thus, 

the overall process of c, dit-pit, and dit-prt* bonding leaves the v(CN) 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 , produces electron withdrawal from 

the metal. The process of cr and lone-pair donation causes v(CN) to move to 

higher energy,^ and since v(CN) for transition-metal derivatives remains l i t t l e 

changed, drt-it* bonding may e f f e c t i v e l y balance the donation process. 



CHAPTER IV 

REACTIONS OF METHYLENEAM INO-DERIVATIVES OF 

"-CYCLOPENTADIENYL-MOLYBDENUM AND -TUNG-STEN CARBONYLS 
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This chapter describes the reactions of the methyleneamino-derivatives of 

molybdenum and tungsten with triphenylphosphine and iodine. The aim of these 

experiments was to e f f e c t carbonyl substitution or oxidation of the parent 

methyleneamino-compounds and to investigate the effect of the new ligands on the 

"̂C:N system. 

A. Experimental 

1. Reaction of Ti«-C^H^W(CO)„N:CPh^ with triphenvlphosphine 

No reaction was detected i n refluxing-monoglyme during 24 hr. 

2. Reaction of n-C^.H^Mo(C0)2N;CBut
2 with triphenvlphosphine 

( i ) I n hexane. No reaction was detected by i . r . spectroscopy between 

Tt-C^Mo(CO) 2N:CBu 2 (O.36 g., 1 mmole) and triphenylphosphine (0.26 g., 1 mmole) 

i n refluxing hexane solution (20 ml.) during $6 hr. The reactants were 

recovered unchanged. 

( i i ) I n monoglyme. n-C^H^Mo(C0)2N:CBut
2 (O.36 g., 1 mmole) and triphenyl

phosphine (0.33 g«, 2 mmole) were heated i n b o i l i n g monoglyme (30 ml.). Gas 

was evolved and the solution slowly became red-brown. After 6 hr. the reaction 

mixture was f i l t e r e d from non-carbonyl decomposition material, and the f i l t r a t e 

reduced to small bulk (20°, 0.1 mm.Hg). Addition of hexane (10 ml.) produced 

small red-orange c r y s t a l s of n-C_H_Mo(CO)(Ph,P)0H i n very small y i e l d ( 1$). 

Properties; The red-orange s o l i d (m. 150-3° (decomp.)) was quite a i r stable; a 

sample exposed to a i r f o r a few days showed v i r t u a l l y no change i n i t s i . r . 

spectrum. The s o l i d was insoluble i n hexane, benzene and toluene and 

moderately soluble i n ether and chloroform. 

Analysis: Found, C,68.5j H,5.15; C^HjgMoOPg requires C,70.4; H,5.05#. 

Infrared spectrum (Nujol): The s o l i d gave a yellow mull. v(C0), 1802s om 1 . 

The f u l l Nujol spectrum i s : 1997w, 1802s, l6l8w, ll83w, ll60w, 1089m, 1099sh, 

1070w, 1029w, lOlOw, 807m, 794, 740m, 752sh, 748sh, 719w,br, 703sh, 693s, 683sh, 

625w,br, 6l0w,br, 570m,br, 535m,br, 518s,br, 509m,br, 495m,br, and 475w,t>r cm"1. 
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"^H n.m.r. spectrum (CDCl^): showed a sharp singlet at 4.57(l)r due to the 

TI-C^H^ protons, and a multiplet centred at 2.60(6)T a r i s i n g from the phenyl 

groups of Ph^P. 

Mass spectrum ( d i r e c t i n s e r t i o n probe at source temperature): The major peaks 

i n the spectrum are l i s t e d i n Table IV. 1, and the precise mass measurements i n 

Table IV2. 

3. Reaction of ii-C^.Hp.Mo(CO)nN;CBu^ with triphenvlphosphine 

The complex n-C^Mo(C0) 2N:CBu t
2 (0.24 g., 0.7 mmole) and triphenyl-

phosphine (0.352 g., 1.3 mmole) were heated i n carbon tetrachloride solution 

(50 ml.) under re f l u x f o r 10 min. to give a brown-red pre c i p i t a t e . The s o l i d 

was f i l t e r e d off, washed with hexane, and dried i n vacuo to give brown-yellow 

microcrystals of [pPh^Bu^C^-C-ILMoCl. 3. Y i e l d O.34 g. (77.2$). 
3 5 5 4 

Properties; The complex was a i r , moisture, and thermally stable at ambient 

temperatures. I t was soluble i n acetone and chloroform and insoluble i n ethers, 

paraffins, benzene, toluene and water, and melted with decomposition i n a sealed 

tube at 104-5°. 

Analysis; Pound, C,51.5; H,4.65; C^H^Cl^MoP requires C,51.8; H,4.65& 

Infrared spectrum (Nujol): v(max), 1686m, 1587m, 1572m,sh, 1244m,br, 1168m, .1110s, 

1053m, 999m, 978m, 944m, 906m, 800w,br, 752m,br, 725s,br, 692s,br, 6l6w,br, 

583w,br, 541s,br, and 521s,br cm - 1. 

"*"H n.m.r. spectrum (CDCl^): very weak broad peaks were observed at 2.44r and 

8.84r due to the phenyl groups and Bu* respectively. 

Mass spectrum: No spectrum could be obtained. 

Conductivity: Measurements were made i n nitromethane and acetone, at room 

temperature, and i n f i n i t e d i l u t i o n , the r e s u l t s obtained are tabulated i n 

Table IV.3. 
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Table IV.1 

Mass sp e c t r a l data for rc-C HrMo(CO)(PPh )ji 

Ion m/e m* Fragment 
l o s t 

Cn-C cH cMo(C0)(Ph^P) 0H] + 

DO 0 
714 

659 CO 

CwC H Mb(Ph 3P) 2Hf 686 — * 

261 Ph-jPH 

Cit-C cH cMo(Ph IP)] + 

0 0 0 
423'] 

281 C6 H6 
Cn-C 5H 5Mo(PC l 2H 9)] + 345 

>• 133 Ph2PH 

CTI-C 5H 5MO(C 6H 4)] + 237-
• 262 Ph^P 

[n-CcHcMo(Ph:iP)l£l + 

DO 0 
424 

539 C6 H6 
[it -C5H5Mo(Ph3P) ( P C 1 2 H 9 ) H ] + 608 

411 P C 6 H 5 
[n-C cH cMo(Ph TP)Ph] + 

0 0 0 
500 
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Table IV.2. 

Precise mass measurements for n-C H Mo(C0)(Ph.,P)PH 

Measured mass Possible formula Calculated mass* Error (p.p.m.) 

713.1304 7 t-C 5H 5
9 5Mo(CO)(Ph 3P) 2H 713.1304 0.00 

T t-C 5H 5
9 6Mo(CO)(Ph 3P) 2 713.1225 11.1 

714-. 1290 TI-C 5H 5
9 6MO(CO) (Ph 3P) 2H 714-.1303 1.8 

7 I-C 5H 5
9 7Mo(C0)(Ph 3P) 2 714.1236 9.0 

715.1310 n-C 5H 5
9 7Mo(CO)(PhjP) 2H 715.1314 0.55 

n-C 5H 5
9 8Mo(CO)(Ph 3P) 2 715.1227 11.6 

716.1296 n-C CH 9 8Mo(CO)(Ph TP) 0H 716.1306 1.4 

n-C 5H 5Mo(CO)(Ph 3P) 2 716.1256 5.6 

717.1330 Tr-C 5H 5Mo(CO)(Ph 3P) 2H 717.1334 0.55 
100 

*-C 5H 5Mo(C0)(Fh 3P) 2 717.1249 11.3 

718.1316 n-C 5H 5
1 0 0Mo(CO)(PhjP) GH 718.1327 1.5 

1 

T i-C 5H 5Mo(CO)(PPh 3) 2 718.1274 
1 1 

5.8 

* Atomic mass of Mo isotopes: 91.906290, 

96.905750, 97.905510, and 99.907570. 

93.904740, 94.90572, 95.904550, 
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Table IV. 3 

Conductivity measurements for [PPh-.Bu*'] [n-C,-H,.MoCl^] 

Solvent Concentration (M) AM (ohm "''cm̂ mole ^) 

Nitromethane 

Acetone 

9.70 x 10" 6 

7.46 x 10" 6 

90.29 

165.29 

4. Reaction of 7t-C^H,_Mo(C0)l,,N:CBu 2 with triphenylphosphine 

The complex u-C cH cMo(CO)l 0N:CBu t
0 (0.58 g., 1 mmole) and triphenyl-5 5 * ^ 

phosphine (0.52 g., 2 mmole) were heated together i n monoglyme under re f l u x . 

After 30 min., when the solution had changed oolour from green-yellow to red-

brown, i t was evaporated to dryness (20°, 10 1 mm.Hg) and the residue was 

washed with l i g h t petroleum (3 x 20 ml.). R e c r y s t a l l i s a t i o n of the product 

from acetone yielded red-brown micro-crystals of [PPh,Bu^[rc-C cH_Mo(PPh,)lJ 
3 5 5 J ^ 

(0.32 g., 32$. 

Properties: The complex was a i r , moisture and thermally stable at ambient 

temperatures. I t was soluble i n acetone and chloroform and insoluble i n ethers 

and hydrocarbon solvents. On heating i n a sealed tube i t melted with 

decomposition at 98-99°. 

Analysis: Pound, C,54.0; H,4.4; ^ ^ i ^ - ^ z requires C,54.0; H,4.4?5. 

Infrared spectrum (Nujol): v (max), 1587w, 1550w, 1156m, 1112s, 1089m, 1070m, 

1026mw, 990mw, 962m, 896m, 760m, 745m, 719s, 688m,br, 614*, 555br,sh, 539m,br, 

509m,br, 499m,br, and 483m,br cm \ 

Conductivity: Measurements were made i n nitromethane and acetone, a t room 

temperature, and i n f i n i t e dilution; the r e s u l t s obtained are tabulated i n 

Table IV. 4. 
Mass Spectrum: No spectrum could be obtained even at extreme source temperature 
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Table IV.4. 

Conductivity measurements for fPPh,Bu^1 rir-C rH Mo(FPh,) IJ 

Solvent Concentration (M) Am (ohm "'"cm^mole"1) 

Nitromethane 

Acetone 

7.63 x 10" 6 

5.98 x 10" 6 

86.92 

151.98 

H n.m.r. spectrum (CDCl^): very weak broad peaks were observed at 2.48T and 8.89' 

due to the phenyl groups and Bu* groups respectively. 

5. Beaction of it -Ĉ -H W( CO) ; CPh„ with iodine 

Addition of a solution of iodine (0.13 g., 1,0 mmole) i n monoglyme 

(10 ml.) to n-C 5H 5W(C0) 2N:CPh 2 (0.24 g., 0.5 mmole) also i n monoglyme (20 ml.) 

at room temperature caused gas evolution and a darkening of the solution. After 

1 nr. the solvent was removed i n vacuo, and the residue was extracted with 

chloroform (20 ml.). Hexane (30 ml.) was added to the solution which was then 

cooled to -20° to give emerald green c r y s t a l s i n low y i e l d . 

Properties; The emerald green c r y s t a l l i n e s o l i d i s waxy i n appearance, and gives 

a bright purple powder on grinding. I t i s r e l a t i v e l y stable i n a i r and 

decomposes without melting ca. 320°. The c r y s t a l s are insoluble i n hexane and 

hydrocarbon solvents and moderately soluble i n chloroform and ethers. 

Analysis; Found, C, 14.95; H,1.30; C ^ H ^ I ^ O ^ requires C,15.10; H,1.25#. 

Infrared spectrum (Nujol): v(max), 3077w, 1408m, 1333w, 1253m, 1075m, 1029m, 

1015m, 981s, 892m, 862m, 847m, 794* cm"1. 

Mass Spectrum ( d i r e c t i n s e r t i o n probe at source temperature): The parent ion 

[ (n-C^H^)^W^I^O^] + (m/e 1192) was observed together with the other ions l i s t e d 

i n Table IV.5. The isotopic d i s t r i b u t i o n pattern corresponding to the parent 

ion was consistent with the basic W, pattern, adjusted f o r the presence of 
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f i f t e e n carbon atoms. Other isotopic patterns observed were consistent with 

those of W_ and W adjusted for the appropriate carbon content. 

Table IV. 5 

Mass spectral data f o r (it-C rH ) J 1 0 , 

Ion m/e Ion m/e 

[ ( n - C 5 H 5 ) 3 W 3 I 3 0 4 ] + . 1192 [TI-CCH..WI0] + 392 

C ( r r - C 5 H 5 ) 2 W 2 I 2 0 3 ] + 800 [n-cjuna + 

p p 
376 

[ ( * - C 5 H 5 ) 2 W 2 I 0 3 ] + 673 [ ( R T - C 5 H 5 ) 2 W ] + 314 

563 C""C 5H 5W0 2] + 281 

[*-c5H5ra2o] + 519 [TI-C CH CW0] + 

P P 265 
[(n-C 5H 5) 2Wt| + 441 249 

408 

.6. Reaotion of [n-C_HJir(CO)N:CPhJ 2 with iodine 

The reaction of [n-Cyy^CO^CPhg] 2 (O.23 g., O.25 mmole) and iodine 

(0.032 g., O.25 mmole) i n monoglyme (30 ml.) proceeds as described above. 

The product was obtained i n very small y i e l d as emerald green c r y s t a l s . 

Analysis: Found, C,15.0; H,1.30; C ^ H ^ I j O W requires C,15.1; H,1.2p% 

7. Reaction of TC-C^Mo(C0)„N:CBut„ with iodine 
P P ^ e. 

Iodine (0.25 g., 2 mmole) i n hexane (40 ml.) was added dropwise to a blue 

solution of*-G^K^Mo(C0) 2N:CBu* 2 (O.36 g., 1 mmole) i n hexane (10 ml.). Green 

microcrystalline needles of the product separated and slow evolution of gas 

occurred. The product wa3 separated from the f a i n t l y green solution, washed 

with hexane. dried, and characterised as it -C,.H,.Mo(C0)l2N:CBu*2« Y i e l d 80$. 

Properties: The green-brown microcrystalline s o l i d appeared to be quite a i r 

s e n s i t i v e . The s o l i d was insoluble i n hexane but very soluble i n chloroform. 
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On heating i n a sealed tube i t decomposed without melting at 210-212°. 

Analysis: Found, C,30.90; H,3.90; N,2.40; 1,43.80; C^H^I^ioNO requires 

C,30.90; H,3.95; N,2.40; I,43.60#. 

Infrared spectrum (Nujol): The s o l i d gave a yellow green mull. V ( C 0 ) , 2027s, 

cm"1 (Nujol), 2035 cm - 1 (CHCl 3);v (CN), l639w,br, cm"1 (Nujol). 

The f u l l Nujol mull spectrum i s : 2027s, l693m-w,br, 1408, 1258vw, 1258vw, 1208s, 

1220sh, 1064m, 1036m, 1010m, 971ms, 935w, 885m, 834s, 848sh, 855sh, 735w, 719", 

694m, 588m, 575m, 513s,br, 470s,br, 446s,br, and 429m,br cm"1. 

Conductivity; non-electrolyte i n nitrobenzene. 

Molecular weight; (586) cryoscopically i n benzene. (Th.583). 
1H n.m.r. spectrum (CDCl^): showed signals at 4.33(5), 8.58(9), 8.87(9V due to 
it-C^H^ and Bu* protons respectively. 

Mass spectrum (direot i n s e r t i o n probe a t source temperature): The parent ion 

[n-C^H,.Mo(C0)l2N:CBut2]+ (m/e 583) was not observed even with a oool source 

temperature. The ion of highest mass (m/e 555) corresponded to 

[Tt-C^H^MoIgN^Bu^g]-4" with the isotopic d i s t r i b u t i o n pattern appropriate f o r 

C^Hg^^MoN. The major peaks observed i n the spectrum are l i s t e d i n Table IV.6. 

8. f a c t i o n of TI-C^WCCOL^CBU 1^ with iodine 

Iodine (0.25 g., 2 mmole) and Tt-C^Ry^CO^I^CBu 1^ (0.45 g., 1 mmole) 

when reacted as above gave green c r y s t a l s of Tr-C^H^W(C0)l2N:CBu*9 i n 60$ y i e l d . 

Properties; The olive green microcrystalline s o l i d was stable i n a i r for short 

periods. On prolonged exposure (one day) the s o l i d obtained a brown coating 

and decomposition occurred. The s o l i d was insoluble i n hexane but very soluble 

i n chloroform. On heating i n a sealed tube the complex .did not melt but 

darkened slowly a t 140° before decomposing at 220°. 

Analysis: Pound, C,26.7; H,3.40; N,2.05; 1,37.8; C^H^IgWNO requires C,26.8; 

H,3.45i N.2.10; I,37.85S. 

Infrared spectrum; The s o l i d gave a yellow-green mull with Nujol. v(C0), 200s, 

1978sh cm"1 (Nujol), 2014s cm"1 ( C H C l J j v(CN), l640w,br onf 1 (Nujol). 
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Table IV. 6 

Mass spectral data for TI-C H Mo(C0)lrN;CBu 

Ion m/e Fragment 
l o s t 

[ 7i-C cH_MoI 0N:CBu t
0] + 

5 5 2 2 555 

447 Bu* 

[nr-Ct.H_MoI0N:CBut
0]+ 498^| 

346 Bu^N 

[ T t-C cH cMolJ + 

5 5 2 415 

276 I 

[n-C cH cMoIN:CBu t] + 

5 5 371-

224 Bv^CN 

[ 7 i-C cH cMol] + 

5 5 
288 

90 I 

[n-C cH cMo] + 

P P 161 

> 200 I 

[ l t-C,H cMol] + 

P P 288 

The f u l l Nujol spectrum i s : 3086m, 3067m,sh, 1488s, 1408m, 1366s, 126lm, 1230m, 

1215m, 1099m,br, 1064w, 1042w, 10l8w, lOlOw, 990w, 98lm, 935m, 877w,br, 862w, 

855w, 841m,sh, 834s, 827w, 807w,br, 699?/, 592w, 575m,br, 524m,br, and 48lm,br cm' 

hi n.m.r. spectrum (CDCl^): signals at 4.23(5), 8.60(9) and 8.82(9)r were 

observed due to nr-C^H^ and Bu* protons. 

Mass spectrum (direot i n s e r t i o n probe at source temperature): No parent ion 

could be detected, the highest mass peak corresponding to the (P-C0) + ion. The 

isotopic d i s t r i b u t i o n pattern was appropriate f or C^HgjIgWN. The major peaks 

i n the spectrum are l i s t e d i n Table IV.7. 



Table IV. 7 

Mass spectral data f o r 7t-C rH rW(C0)l N:CBu 

Ion m/e Fragment 
l o s t 

[n-C 5H 5WI 2N:CBu t
2] + 643 

534 
Cic-CRH_WI-N xCBu*]* 5 5 £ 586^ 

432 Bv^CN 

[*-C 5H 5WI 2] + 503 
> 360 I 

281 I 

[ 7 t-C 5H 5ra(N:CBu t)] + 459^ 

308 B^CN 

[n-C 5H 5WI] + 376 

165 I 

[ n-C 5H 5W] + 249 
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B. Discussion 

1. The phosphine complexes 

Substitution of triphenylphosphine for carbon monoxide could not be 

achieved for diphenyl-, di-p-tolyl-, nor di-t-butyl-methyleneamino derivatives, 

but for the mixed phenyl-t-butyl molybdenum complex substitution occurred under 

r e l a t i v e l y mild conditions to produce the complex 7t-CcH_Mo(CO)(Ph,P)N:CPhBut.^0^ 
0 0 J 

305 

The corresponding tungsten complex f a i l e d to react. With the d i - t - b u t y l -

methyleneamino-derivative of molybdenum no reaction occurred i n refluxing hexane 

solution during several days, thus suggesting co-ordinative saturation of the 

metal, but i n carbon tetrachloride and monoglyme reactions did occur which 

involved the solvent as a reactant. [Fh,PBu^][it-C rH cMoCl 1] and 
3 5 5 4 

Tt-C(-H^Mo(C0)(PPhj)2H respectively were isolated i n small quantities. Formulation 

of the former as an ionic complex was confirmed by i . r . spectroscopy and by 

e l e c t r i c a l conductivity measurements i n acetone solution which indicated a 1:1 

e l e c t r o l y t e at i n f i n i t e d i l u t i o n . Absorptions at 1110s, 944m, 906m, 725sbr, 
-1 322 323 cm indicated the presence of the phosphonium cation. ' Formation of the 

triphenylphosphine-monoglyme reaction product as n-C^H^Mo(C0)(PPhj)2H was 

made on the basis of precise mass measurements on s i x isotopic components 

a r i s i n g f o r the parent ion. The computed masses f o r t h i s molecule and for 

7i-C^H^Mo(C0)(PPh^)2 are compared with the experimentally determined masses i n 

Table IV.2 and shown to correspond with the hydride to within + 2 p.p.m. 

Since the computed masses for the non-hydrido complex d i f f e r from the 

experimentally determined masses, to an extent (av. 9 p.p.m.) outside the 

estimated l i m i t s of accuracy of the measurements the l a t t e r formulation was 

eliminated. The presence of hydrogen was not detected by other spectroscopic 

and chemical t e s t s . No absorption could be assigned to the "(M-H) i n the 

i . r . spectrum, nor could we detect a signal i n the n.m.r. at T>10. Unlike 

many metal hydrides the complex dissolved i n carbon tetrachloride without 

change. The n.m.r. signals associated with the i t - C ^ H ^ and Ph protons did 
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however indioate that the complex was diamagnetic. 

2. Iodine complexes (n-CcH1.)_W_I_Ol • 5 5 3 3 ) 4 
Iodine reacts with n-C cH cW(C0) oN:CPh o and C*-C cHW(C0)N:CPhJ o i n 

DO ft ft 0 0 ftft 

monoglyme at room temperature, with l o s s of a l l the carbonyl and methyleneamino-

groups. Emerald green c r y s t a l s of ( i t - C ^ I ! , . ) ^ I 0^, which produce purple mulls i n 

Nujol, were i s o l a t e d i n small y i e l d . I n the i . r . spectrum, absorptions t y p i c a l 

of TI-C^H^ groups were observed, together with a very strong band at 981 om"1 

325 —1 assigned to V(W:0), and a medium int e n s i t y absorption at 794 cm" assigned to 
326 

a v(W-O-W) vibration. I n the mass spectrum Table IV.5, the isotopic 

distribution pattern corresponding to the parent ion was consistent with the 

basic isotope pattern adjusted f o r the presence of 15 carbon atoms; other 

isotopic patterns were consistent with those of and W units adjusted for 

appropriate carbon content. On the basis of these arguments, and the known 
327 

tendency of halogen ions i n polynuclear metal systems to bridge, structure 

F i g . I V . l i s t e n t a t i v e l y assigned to the complex. 

M 

1/ V I 

M - M 

Fig.IV. 1 

A s i m i l a r complex (it-C,-Ht.),Mo,I,01 was obtained from the reaction of 
5 5 3 3 3 4 

[ir-C^MoCCOjNiCPhgDg with i o d i n e . 1 3 
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3. The iodine complexes n-C^.M(C0)l»N:CBu 2 (M = Mo,W) 

Iodine displaces one carbonyl group i n the complexes n-C(.Hj.M(C0)2N:CBu''2, 

(M = Mo,W) producing the complexes n-C_H M(C0)l 2N:CBu* 2, and si m i l a r products 
5 305 

are obtained from the mixed arylalkylmethyleneamino complexes. No parent ions 

were detected i n the mass spectra; the peak of highest mass corresponded to 

[P-C0] + even at low source temperature (Table IV,6). Co-ordination of the 

electronegative halogens e f f e c t i v e l y decreases the electron density on the 

metal which w i l l favour an increase i n a and dn-pu donation but a reduction of 

dn-TC* bonding to both carbonyl and methyleneamino-groups. Thus v(C0) and v(CW) 

consequently increase compared with the or i g i n a l derivatives (Table 111,9). 

Introduction of electronegative groups into the complex i s unlikely to a l t e r 

the bonding mode of the methyleneamino-group. Indeed the effect of the 

iodines w i l l be to increase dn-pTt bonding between nitrogen and the metal, which 

i s most effective when the M-N-C skeleton i s l i n e a r . Thus, the two sharp 

signals observed i n the n.m.r. spectrum for the t-butyl groups are thought 

to a r i s e not from conformations about the metal nitrogen a x i s , but from 

different environments of the two t-butyl groups i n a nine co-ordinate structure. 

A ois geometrical arrangement of iodine atoms may give r i s e to two Bu signals 

i n the "Si n,m,r, spectrum, i f the methyleneamino-group i s l i n e a r l y bound, a3 

i l l u s t r a t e d i n Pig,IV.2, Other geometrical arrangements require e i t h e r a bent 

<0> 
CO 

N 
V_ t CBu 

Fig.IV.2 
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M-N-C skeleton or a p a r t i c u l a r alignment of the plane of the methyleneamino-group 

to give r i s e to two signals. 

Addition of triphenylphosphine to the molybdenum iodine complex, or 

replacement of carbon monoxide could not be achieved i n hexane during several 

days under re f l u x , but i n b o i l i n g monoglyme a red-orange c r y s t a l l i n e , a i r - and 

moisture-stable product was obtained. I . r . spectroscopy indicated the loss of 

carbon monoxide and methyleneamino-groups, but the presence of Bu* groups was 

shown by "4i n.m.r. spectroscopy. E l e c t r i c a l conductivity measurements i n 

nitrobenzene showed the complex to be a 1:1 el e c t r o l y t e , and on the basis of 

an a l y t i c a l and spectroscopic data the complex i s formulated as 

[Ph^PBu^Crc-C^MoCPPhJlJ. I . r . absorptions at 1112s, 962m, 896m, and 719s 
J 0 0 J * 

"ZOO 

j i s t e n t with the presence of a phosphonium cation. ' Here as i n 

the preparation of the [Ph^PBu t][Ti-C^H^r.IoCl^] complex the t-butyl group has 

migrated from the methyleneamino group to the triphenylphosphine to r e s u l t i n 

the formation of the phosphonium cation. 



CHAPTER V 

SYNTHESIS OF AN AZA-ALLYL/ALLENE COMPLEX OF TUNGSTEN 
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This chapter describes the synthesis, properties and reactions of an aza-

a l l y l / a l l e n e complex w-C^W(CO) 2Ph 2CNCPh 2, obtained by the reaction of 

Ph 2C:NLi with TI-C^H^CCO^Cl. The mode of bonding between the Ph2CNCPh2 group 

and the t r a n s i t i o n metal i n t h i s compound i s of paramount i n t e r e s t and i s 

discussed i n terms of the spectral and a n a l y t i c a l data obtained. 

A. Experimental 

1. Reaction of TT-C..H..W(C0),C1 with Ph„C:NLi 

A solution of diphenylmethyleneaminolithium was prepared by the addition 

of n-butyl-lithium (10 mmole) i n hexane (15 ml.) to diphenylmethyleneamine 

(1.81 g., 10 mmole) i n diethyl ether (40 ml.) at -196°, and allowing the 

mixture to warm slowly to room temperature. After 2 hr. the solution was added 

to a frozen solution of n-C,-H,_W(CO^Cl (1.84 g., 5 mmole) i n ether (20 ml.). 

After 2 hr. at room temperature slow evolution of carbon monoxide occurred, 

accompanied by p r e c i p i t a t i o n of a white powder, and a change of colour of the 

solution from red-orange to deep purple. The f i l t e r e d reaction mixture was 

evaporated to dryness a f t e r 12 hr. (20°, i n vacuo) and the residue was 

extracted with chloroform (100 ml.). F i l t r a t i o n yielded a purple solution and 

a grey white s o l i d which contained lithium chloride and lithium cyanate. 

Hexane (30 ml.) was added to the solution which was then cooled to -20° to give 

waxy, golden-brown c r y s t a l s ; these were r e c r y s t a l l i s e d from hexane-chloroform; 

Y i e l d of r e c r y s t a l l i s e d product 2.1 g. (58$). 

Properties; Even a f t e r several r e c r y s t a l l i s a t i o n the microcrystalline s o l i d has 

a waxy appearance. I t i s stable i n a i r for long periods but does lose CO after 

several months to leave a brown residue. Dilute solutions i n chloroform 

although extremely intense i n colour when f i r s t prepared, rapidly lose t h e i r 

colour to leave a c l e a r solution and a non-carbonyl brown residue. I t i s 

unaffected by concentrated boiling a l k a l i s but dissolves i n cone. HgSO^ to give 

an. orange solution which s t a r t s to evolve CO a f t e r a few minutes. I t i s 
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almost insoluble i n hexane, benzene and toluene but i s soluble i n chloroform 

and ethers but only to a small extent. I t s solutions, although weak, are 

intensely purple, even when extremely dilute although the s o l i d i t s e l f never 

appears t h i s colour. I t melts with decomposition i n a sealed tube at 210-213°. 

Analysis: Pound, C,60.4; H,3.90; N,2.05; CO, 8.6; C^H^NOgW requires C,60.8; 

H.3.85; N,2.15; C0,8.5?S. 

Infrared spectroscopic data: The s o l i d gave a purple mull with Nujol. v(C0), 

1918s, 1835s cm"1 (Nujol), 1933s, 1835s cm"1 (CHCl^). There were no absorptions 

assignable to v(CN) or v(NH). The f u l l Nujol mull spectrum i s : 1918s, 1835s, 

1585m, 1567w,sh, 1529w,br, I220w, 1205w, 1176w, 1155m, 1071m, 1059w,sh, 1053m, 

1031w, 1024w, lOOlw, 971w, 943«, 917w, 893*, 848w, 840w, 826w, 813m, 794w, 755m, 

769m, 758m, 725m, 709m, 699m, 693m, 687m, 666w, 628m, 624m, 620w,sh, 607w, 598m, 

56lm,br, 543m,br, 514m,br, 488m,br, 480m,br, 466w,br cm"1. 

"*"H n.m.r. spectrum (CDCl^): The spectrum was r e l a t i v e l y weak due to the low 

s o l u b i l i t y of the compound, but showed a broad s i g n a l at 2.75(4)T and a sharp 

si n g l e t at 5.23(1)T due to Ph and TI-CCH(. protons respectively. 

Molecular weight: Due to the i n s t a b i l i t y of the compound i n solution no readings 

were obtained cryoscopically or osmometrically. 

Conductivity: non-electrolyte i n nitrobenzene. 

Mass spectrum., ( d i r e c t i n s e r t i o n probe at source temperature): Por the parent ion 

[Ti-C 5H 5W(CO) 2Ph 2CNCPh 2] + (m/e 651) the isotopic d i s t r i b u t i o n pattern 

corresponded with that computed for C^H^NOgW. The major peaks i n the spectrum 

are l i s t e d i n Table V . l . Other major peaks corresponding to the organic 

fragments [PhgCNCPhg]* m/e 346; [PhCNCPh 2] + m/s 269; [Ph 2CN] + m/e 160; were 

observed. The r e s u l t s of precise mass measurements made on the compound are 

l i s t e d i n Table V . I I . 

2. The reaction of K-CJiM CO) 2Ph 2CHCPh 2 with Ph,P 

With the reactants i n a 1:1 molar r a t i o no reaction occurred i n e i t h e r 

refluxing chloroform or refluxing toluene during 48 hr. and most of the reactants 

were recovered unchanged. 



Table V.I. 

Mass spectral data f or K-C..H W(CO)gPhgCNCPhg 

Ion m/e m* Fragment 
l o s t 

Cic-C5H W( CO) gPhgCNCPhg] + 651 

596 CO 

[TI-C 5H 5V/( C0)Ph2CNCPh2] + 623 

568 CO 

[w-C5H5WPh2CNCPh2] + 595 

407 PhCN 

[n-C 5H 5¥CPh 3] + 492 

U-C 5H 5WCPh(C 6H 4) 2] + 490 

[n-C 5H 5W(C 6H 4)] + 325 

[n-C 5H 5WCPh(C 6H 4)] + 414 

["-C 5H 5TOh 4C 2Nl 2 + 297.5 

Table V . I I . 

Precise Mass measurements for n-CH W(CO)rPhrCMCPh, 

Measured 
Mass Possible formula Calculated 

Mass 
Erro r 
(p.p.m.) 

649.143067 

650.079680 

651.143978 

653.144275 

C 3 3H 2 5N0 2
1 8 2W 

C 2 2 H 2 5 N 0 2 1 8 3 W 

C 2 2H 2 3N0 2
l 8S 

C 3 3K 2 5N0 2
l 8 6W 

649.134158 

650.135639 

651.136321 

653.14577 

1.5 

9.0 

1.5 

1.0 
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B. Discussion 

1. The a z a - a l l v l / a l l e n e complex 7t-C..H,.W( CO) ̂ Ph^CNCPbu 

Diphenylmethyleneaminolithium and u>-Ĉ Ĥ W(C0) ̂ C l i n a 2:1 molar r a t i o 

react, i n ether solution, at room temperature to produce ii-C(.Hj.W(C0)2Ph2CNCPh2. 

A s i m i l a r reaction with molybdenum carbonyl chloride produced 

n_C^Mo(C0) 2Ph 2CNCPh 2. Other produots of the reaction are lithium chloride 

and cyanate. The presence of the cyanate ion was detected by chemical t e s t s and 

i . r . spectroscopy. The complex i s stable i n a i r for several months, at room 

temperature, and i s unreactive to neutral ligands such as phosphines i n 

refluxing chloroform or toluene. I n polar solvents the complex produces 

intense purple solutions, even when dilute, although the s o l i d i s brown. 

Spectroscopic and a n a l y t i c a l data confirm the formulation given. In the mass 

spectrum the l a r g e s t organic fragment at m/e 346 has a breakdown pattern 

appropriate for [PhgCNCPhg]*, and the 1H n.m.r. spectra indicate that the 

PhgCNCPhg group has equivalent phenyl groups i n the complex. The ligand may be 
328 

acting as a three electron donor i n three ways ( i ) as an a z i r i d i n o group, 

( i i ) as an a z a - a l l y l i c group, ( i i i ) as an aza-allene group. Complexes 

containing the a z i r i d i n o group it-bonded to a t r a n s i t i o n metal (Pig.V.3) have not 
previously been reported although the group i s w e l l known attached to main group 

329 

elements. The absence of an infrared absorption band i n the region 850-900 

cm - 1, which has been used as diagnostic of the a z i r i d i n e ring system**^ led- us 

to believe that Fig.V.l i s not the mode of bonding. 

M 
r 

N N \ / Ph Ph Ph Ph 
M 

Ph Ph Ph Ph 

Fig.V.2. Fig.V.l. 
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The compound containing the ligand as a 2- a z a - a l l y l group, would be 

analogous to the w e l l known n-C_H Mo(CO) _TI-C_H compound. However the effect 

of the nitrogen lone-pair (replacing the C-H unit i n the a l l y l group) on the 

bonding c h a r a c t e r i s t i c s of the ligand needs to be considered. The inf r a r e d 

carbonyl absorption bands of the ir-CcH Mo(CO)0u-C,H complex occur some 40-50 cm"'1' 
5 5 ' ; 5 

higher i n frequency than the corresponding 2 - a z a - a l l y l complex, perhaps 

indicating the increased donating power of the aza-ligand. The bonding i n the 

2- a z a - a l l y l complex may be d i r e c t l y analogous to the bonding of the isoelectronic 

T t - a l l y l group. I n both cases the empty metal o- and n-orbitals have the correct 
2 

symmetry for overlap. I n one form the ligand may be sp hybridized at nitrogen 

and give a bonding s i t u a t i o n d i r e c t l y comparable to the n - a l l y l group. The 

lone p a i r of electrons on the nitrogen w i l l not be involved to any great extent 

i n the bonding to the metal. I n the other form sp hybridization at nitrogen 

w i l l produce a l i n e a r C-N-C system with the lone pair i n a p-orbital on 

nitrogen which creates an even more favourable bonding sit u a t i o n f o r strong 

bonding with the nitrogen lone p a i r as w e l l as the a z a - a l l y l n-orbitals. 

Further s t r u c t u r a l data on the nature of the attachment of the RgCNCKg 

group to the metal was needed, but the diphenyl compounds were unsuitable both 

for an ̂ H n.ra.r. spectral study and, as powders, unsuitable f or an X-ray 

crystallographic study. Consequently an attempt was made to introduce different 

a l k y l or a r y l groups onto the ligand to f a c i l i t a t e further spectral studies. 

Work involving the di-t-butyl and phenyl-t-butylmethyleneamino derivatives 

f a i l e d to produce compounds analogous to n-C^W(C0) 2Ph 2CNCPh 2 but the reaction 

between di-p-tolylmetiyleneaiidnolithium and the tricarbonyl halide produced, 

amongst other products, the n-C^H^M(C0) 2p-tolyl 2CNCp-tolyl 2 complex. 

The blue c r y s t a l l i n e material was iso l a t e d i n two forms i n the s o l i d state, 

whereas i n solution i , r . spectroscopy showed only one species. 

The c r y s t a l structure of one of the c r y s t a l l i n e forms of n-C^H^Mo(C0)2-

p-tolyl 2CNCp-tolyl 2 i s shown dji Fig.V.3,3 0 8 ^ w h i o h t h e o f t h e 
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128 N 

1.43 2.09 M O 

2.26 

Fig.V.3. C r y s t a l structure of n-C H Mo(C0) 2p-tolyl 2CNCp-tolyl 
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p-tolyl 2CNCp-tolyl 2 ligand to the metal involves formation of a three membered 
ring. The planes of the two p-tolylgC- groups are mutually perpendicular, and 
the aza-ligand bonds to the metal as an aza-allene group. I f we consider the 
aza-allene group p-tolylgCNCp-tolylg with a positive charge localized on the 
nitrogen atom and isoelectronic with the allenes, the bonding can be explained 
in terms of the ligand acting as a two electron donor to the negative metal. 
This donation occurs by the transfer of electron density from the it-system of 
one of the C:N systems to the metal, leading to a reduction i n the bond order and 
lengthening of the C-N distance. Donation from the f i l l e d metal d-orbitals to 
the available -antibonding orbitals is expected to be strong on account of the 
strong electron acceptor nature of the ligand. This w i l l lead to an increase i n 
the antibonding character of the C-N bond, reflected in further weakening and 
subsequent bond lengthening. The electron density i n then-system of the C-N 
bond is almost balanced by the increased electron density i n the it*-antibonding 
or b i t a l , due to a large synergic effeot since the overall effect i s to reduce; 
the original order of the C:N bond to approximately that of a single bond. 
As a consequence the nitrogen i n the ligand takes on more p character and 

2 
rehybridizes towards sp at nitrogen, causing the Cfig substituent group to bend 
away from the metal as illustrated i n Fig.V.3. Much interest is placed on the 
crystal structure of the second crystalline form which is considered to have a 
different structure, which may be related to that of the common species i n 
solution which is thought to involve ao- and ii-type of.bonding, Pig.V.4. 

M 

Fig.VA 

Variable temperature "̂H n.m.r. studies have indicated that the bonding of the 
ligand p-tolyl 2CNCp-tolyl 2 i n *-C H Mo(C0) 2p-tolyl 2CNCp-tolyl 2 is affected by 
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temperature and that small structural changes occur. . Work i n this area is 
320 

i n progress at the present time. 
From the work done on the PhgCNCPhg and p-tolylgCNCp-tolylg ligands i t would 

appear that there are two main factors which may influence the formation and 
st a b i l i t y of the RgCNCRg group, ( i ) the a b i l i t y of the group R to extend the 
delocalised ^-system and ( i i ) the bulkiness of the R group. t t t t Complexes containing the Bu gCNCBu 2 or PhBu CNCBu Ph groups have not been 
prepared. In the case of PhBû CNCBû Ph extensive delocalisation of the electron 
density over the it-system by the Ph groups may not be sufficient or alternatively 
the steric effect of the bulky Bu* group may prevent the group from forming at 
the metal centre. However models suggest that steric hindrance would not 

t t t preclude the existence of the PhBu CNCBu Ph group. The bulky Bu groups may 
hinder the close approach of the preformed ligand to the metal and prevent 
strong bonding taking place, or i f the ligand is actually formed at the 
metal centre then the bulky groups or the absence of groups which can delocalise 
electron density, prevent this from occurring. 

How the ligand is i n i t i a l l y formed with loss of nitrogen as the cyanate 
ion is not understood but there has been some speculation that i t could involve 
nucleophilic attack by nitrogen, from a free ligand i n solution, at the carbon 
of a co-ordinated ligand and lead to subsequent transfer of the CRg group to 
the second methyleneamino group. 

Much speculation s t i l l remains about the bonding mode of this RgCNCRg 
ligand to transition metals, and further work i n this area is being carried out 
hv rinlleaeueSi 
-•/ — O 



CHAPTER VI 
SYNTHESIS AND REACTIONS OF S OME METHYLENEAMINO-

DERIVATIVES OF IRON CARBONYLS 
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This chapter describes the synthesis and reactions of some iron-methyl-
eneamino-derivatives, with an aim to investigate further the mode of bonding 
of the methyleneamino group when the metal attached to the nitrogen of the 
>C:N system i s changed. 

A. Experimental 
1. Reaction of 7r-C^Ij.Fe(CO)2& with Ph^CiNLi 

A solution of Ph2C:NLi (2 mmole) in a hexane-ether mixture (20 ml.) 
was added to a frozen solution of ir-C^H^Fe(CO)2CI (0,42 g., 2 mmole) i n ether 
(20 ml.) at -196°. The mixture when slowly warmed to room temperature became 
dark i n colour and slowly evolved gas. The solution was reduced i n bulk and 
chromatographed on alumina (neutral). ELution with petroleum ether/ether 
mixture (4:1) gave 7T-C,-H,.Fe(CO)2Cl and [7r-C,-H,-Fe(C0)2]2 both identified by 
infrared spectroscopy. I . r . spectroscopy indicated the presence of a 
monocarbonyl species [v(CO) 1946 cm~̂ J present i n small quantity. Attempts to 
isolate this by low temperature recrystallisation and chromatography f a i l e d , 

2. Reaction of 7r-CH_Fe(C0LCl with Ph-dNSiMe, 1 5 5 — 2. z j> 
Diphenylmethyleneaminotrimethylsilane (10 mraole) was added to a 

solution of ir-C^Pe(C0) 2Cl (1.84 g., 10 mmole) i n monoglyme (30 ml.). After 
48 hr. at the reflux temperature, i . r . spectroscopy showed that nearly a l l the 
ir-C^H^ffe(C0)2Cl had been consumed and a large amount of [jr-C^H^Fe(C0)2]2 had 
been formed. The solution was reduced i n bulk and some yellow crystals were 
f i l t e r e d from the reaction solution. After washing, drying and recrystallisation 
from n-propanol, the crystals were 3hown to be PhgCNNCPhg by Uieir melting 
point and i . r . spectroscopy. The solvent was then removed from the f i l t r a t e 
(20 , 10 mm.Hg), the residue extracted with ether and the extracts 
chromatographed on alumina (neutral). Elution with petroleum ether/ether (4:l) 
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gave *_CHcFe(C0).Cl and [i^CcH_Fe(C0)_]o both identified by infrared 0 0 * 0 0 
spectroscopy and analysis. 

Reaction of *-(LH,.Fe(C0)„Cl with Bu „C:NLi 
— — — — — ^ h d i 
A solution of di-t-butylmethyleneaminolithium (2 mmole) was prepared by 

addition of t-butyllithium (2 mmole) i n hexane solvent, to t-butylcyanide (2 
mmole) i n ether (10 ml.) at -196°, and allowing the mixture to warm to room 
temperature slowly. After 1 hr. the solution was added to a frozen solution of 
iuC5Rye(C0)2Cl (0.42 g., 2 mmole) i n ether (100 ml.), excluding air and l i g h t . 
The mixture when slowly warmed and kept at room temperature for ̂  hr. became 
deep blue, slowly evolved gas, and deposited a fine white powder. After being 
removed by f i l t r a t i o n the residue was shown by i . r . spectroscopy and elemental 
tests to consist of lithium chloride. Cn-CcHcFe(C0)o]_ and a non-carbonyl o i l y 

0 0 * 

decomposition product. The solvent was then removed from the f i l t r a t e (20°, 
10 mm.Kg), and the o i l y blue residue extracted with hexane (2 x 50 ml.). The 
hexane was then removed (20°, 10"^ mm.Hg) to leave an o i l . This was vacuum 
d i s t i l l e d into a cooled receiver at (20°, 10~̂ mm.Hg). Yield 0.32 g. (55$). 
Properties; The compound was a blue, a i r and light sensitive o i l , soluble i n 
most organic solvents to form intense blue solutions i n the absence of oxygen. 
I t decomposed slowly at room temperature by loss of carbon monoxide to leave a 
black-red o i l which could not be characterised. 
Analysis; Found, C,62.08; H,8.10; N,4.79; CO,9.56; C^FeH^NO requires C,62.28; 
H,7.96; N,4.84; C0,9.68#. 
Infrared spectrum; The o i l gave an intense blue mull with Nujol. V(C0), 1947s, 

1 1 _n cm (Nujol), 1955s, cm" (CHCl^); v(CN), 1610w,mbr cm * (Nujol), l6l2w,mbr 
cm-1 (CHC1-). The Nujol mull spectrum i s ; 1266m, 1235w,sh, 1214m, 1112m, 

5 
1037m, 1010m, 980m, 935w, 894?/, 877*/, 848w, 833m, 813s, 758m, 725m, 688m, 666w, 
580m,br, 558m,br, 534s,br, 497m,br cm-1. 
Molecular weight; 295 cryoscopically i n benzene (Th.289). 
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H n.m.r. spectrum; in perdeuteriomethylcyclohexane solution showed sharp 
signals at 5.6l(5)r and 8.9Ml8)r due to u-Ĉ Ĥ  and Bu* protons respectively. 
A variable temperature study between + kO°C showed no changes i n the spectrum. 
Mass spectrum (direct insertion probe at source temperature): For the parent 
ion [Tt-C^H^Fe(C0)N:CBut

2]+ (m/e 289) the isotopic distribution pattern 
corresponded to that computed for Ĉ -̂Feĥ NO. The major peaks i n the spectrum 
are listed i n Table VI.1. 

Table VI.1 
Mass spectral data for 7i-Ce.Hr-Fe(C0)N;GBu 

Ion m/e m* Fragment 
lost 

[iu-CcHcFe(CO)N:CBu*J+ 

5 5 2 
289 

235 CO 
[ii-C5H5FeN:CBut

2]+ 261 > 

159 Bu* 
[n-C^Fe^CBu*]"1" 20k 

72 Bu*CN 
Cn-Cy^Fe]* 121 

121 Bu*CN 
CK-CcHcFeBut]+ 

5 5 
178^ 

83 Bu* 
[7i-C 5H 5FeJ + 121 
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4. Reaction of Ti-C^H^Fe(C0)N;CBu\ with triphenylphosphine 
Triphenylphosphine (0.524 g., 2 mmole) in hexane (100 ml.) was added to 

Tt-C.rH1-Fe(C0)N:CBut_ (0.58 g., 2 mmole) and excluding air and l i g h t , the 
5 5 d 

reaction was refluxed for two days. No reaction could be detected by i . r . 
spectroscopy and most of the starting materials were recovered unchanged. 

5. Reaction of Ti-CeHcFe(CO)N:CBut_ with iodine 5 <-> ^ 
Iodine (0.25 g.1 1 mmole) i n hexane (200 ml.) was slowly added to 

Ti-C^H^Fe(C0)N:CBut
2 (O.58 g., 2 mmole) i n hexane (100 ml.), excluding a i r and 

li g h t . This resulted i n rapid decomposition of the carbonyl compound to leave 
a black o i l . The o i l could not be obtained pure for further study. 

6. Reaction of tt-C^H^Fe(CO)^Cl with But^C:NSiMe, 5 5 2 2 —— 5 

The complex u-C^H^Fe(CO)2Cl (1.84 g., 10 mmole) and Bu^C^SiMe^ 
(10 mmole) were refluxed for 48 hr. i n monoglyme (100 ml.). No evolution of 
gas was observed, and the carbonyl chloride was slowly converted to 
[m-C^H^Fe(C0)2]2t this being the only product detected by i . r . spectroscopy. 
The solution was evaporated to dryness (20°, lO'̂ mm.Hg), the residue 
extracted with ether and the extracts chromatographed on alumina (neutral). 
Elution with petroleum ether/ether (4:1) mixture gave only it-C^H^Fe(C0)2Cl 
and [n-C.-H.-Fe (CO) identified by i . r . spectroscopy and analysis. ? 5 d d 

7. Reaction of FetCO)^!., with Ph^CtNLi 
A solution of Fh2C:NLi (5 mmole) i n diethyl ether (10 ml.) was added 

to a cooled solution of Fe(C0)^I 2 (2.11 g., 5 mmole) also i n diethyl ether 
(100 ml.). On warming slowly to room temperature and st i r r i n g for 1 hr. the 
slow evolution of carbon monoxide ceased and the solution darkened i n colour. 
The ether was then removed under vacuo (20°, lO^mm.Hg), and the residue 
extracted with n-hexane (3 x 20 ml.). The n-hexane was then removed from the 
extracts (20°, lO^mm.Hg) and the residue dissolved i n the minimum quantity 
of warm cyclohexane. This solution v/as reduced i n bulk and chromatographed 

http://n-C.-H.-Fe
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oft a 3'0" x 3" Silicar column, using cyclohexane as eluent. Two fractions were 
separated, the f i r s t a deep red colour and the second yellow-orange. The 
solvent was removed (20°, 10~̂ mm.Hg) from both fractions, the residues 
dissolved i n hot n-hexane and the solutions l e f t to produce crystals at -20°C. 
(a) The f i r s t deep red crystals of Fe2(C0)g(N:CPh2)I 0.6 g. (4$) were 
recrystallised as deep red plates from hot n-hexane. 
Properties; The deep red plate like crystals were air and moisture stable for 
several weeks, both solid and in solution. They melted i n a sealed tube with 
decomposition at 138-139°C to form a red o i l , and were soluble i n a l l common 
organic solvents. 

Analysis: Found, C,38.83; H,1.66; N,2.35; I»21.3; Fe^^OglH^N requires 
C,38.84; H.1.70; N.2.38; 1,21.63%. 
Infrared spectrum: The solid gave a deep red mull with Nujol. v(C0), 2075m, 
2040s, 2000s, 1988s, 1976s, 1948vvw cm"1 (Nujol); 2083m, 2050s, 2016s, 2006s, 
I982WW cm-1 (cyclohexane). No absorption could be assigned to v(CN). The 
f u l l Nujol spectrum i s : 2075m, 2040s, 2000s, 1988s, 1976s, 1948WW, l603vw, 
1593vw, 131*fvwbr, 1288vwbr, 1265w, ll88w, ll60w, 107^;, 1034w, 1003w, 988vw, 
975vw, 9̂ 7vw, 840vw, 790w,sh, 78ls, 743s, 725w,sh, 704s, 700s,sh, 682m, 673wsh, 
632s, 623s,sh, 620s, 582s, 567s, 538vw, 519m, 500vw, 480w, 465w, 436w cm"1 

"4l n.m.r. spectrum (CS2): showed a broad signal centred on 2.68t due to the 
Ph protons. 

Mass spectrum (direct insertion probe at source temperature): The parent ion 
[Fe 2(C0)g(N:CPh 2)(l)] + was observed at m/e 587, the isotopic distribution 
pattern corresponding to that computed for Fe^^OglH^gN. The major peaks i n 
the spectrum are listed i n Table VI.2. 
(b) The second orange fraction produced deep orange needle like crystals 
of [Fe(C0),N:CPho]_ 1.3 g. (8%), which were recrystallised from hot n-hexane. 
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Table VI.2 
Mass spectral data for Fe (CO),(N;CPh ) I 

Ion m/e m* Fragment 
lost 

[Fe 2(CO) 6(N:CPh 2)l] + 587 
532 CO 

[Fe 2(C0) 5(N:CPh 2)l] + 559 
50if CO 

[Fe 2(C0) l t(N:CPh 2)l] + 531 
k76 CO 

[Fe 2(CO) 3(N:CPh 2)l] + 503 
kk9 CO 

[Fe 2(C0) 2(N:CPh 2)I] + k75 

k21 CO 
[Fe 2(C0)(N:CPh 2)l] + kk? 

393 CO 
[Fe 2(N:CPh 2)l] + k¥) 

238 PhCN 
[Fe 2(Ph)l] + 316 

Properties; The orange crystals were air stable even on prolonged exposure, 
and were soluble i n a l l common organic solvents to form a i r stable yellow-orange 
solutions. On heating in a sealed tube they melted with decomposition at 
136-8°C. 

Analysis; Found, C,60.08; H,3.10; N.J+.36; C32H20Fe2N2°6 r e < l u i r e s C,60.00; 
H.3.13; N,4.38#. 



105. 

Infrared spectrum: The solid gave a deep yellow mull with Nujol. v(C0), 
2071m, 2034s, 1985s, 1974s, 1968sh, 1961s, 1935ww, cm"1 (Nujol), 2074s, 2041s, 
1994s, 1979vvw cm"1 (cyclohexane). No absorption could be assigned to v(CN). 
The f u l l Nujol spectrum i s : 2071m, 2034s, 1985s, 1974s, 1968sh, 196ls, 1935ww, 
1621vw, l602vw, 1583vw, 1315vw, 1288vw, 1262vw, ll85vw, ll62w, 1078w, 1030w, 
100W, 976vw, 771m, 740m, 709sh, 702s, 693sh, 638m, 625m, 6l8sh, 590m, 573m, 
525w, cm"1. 

Molecular weight: 635 by cryoscopy i n benzene, 635 by osmometry i n benzene 
(Th.640). 
"Si n.m.r. spectrum (CS^): showed a medium broad signal centred at 2.8r due to 
the Ph protons. 
Mass spectrum (direct insertion probe at source temperature): The parent ion 
[Fe 2(C0)g(N:CPh 2) 2] + was observed at m/e 640, the isotopic distribution pattern 
corresponded to that computed for C^H^Fe^,^. The major peaks i n the 
spectrum are listed i n Table VI.3. 

8. Reaction of Fe(C0)^I 2 with p-tolyl^CtNLi 
A solution of p-tolyl 2C:NLi (5 mmole) i n diethyl ether (10 ml.) was 

added to a cooled solution of Fe(C0)^I 2 (2.11 g., 5 mmole) i n diethyl ether 
(100 ml.), and the reaction was carried out as described above, 
(a) The f i r s t deep red fraction produced Fe 2(C0)g(N:Cp-tolyl 2)I as a deep red 
o i l , Yield (3#). 

Properties: The deep red waxy o i l was air and moisture stable, and soluble 
without decomposition i n most common organic solvents. 
Analysis: Found, C,40.9i; H,2.23; N,2.19; 1,20.51; F e 2 C 2 1 H l 4 N I 0 6 r e ( l u i r e s 

C,40.97; H,2.27; N,2.27; I,20.65#. 
Infrared spectrum:The solid gave a deep red mull with Nujol. v(C0), 2079m, 
2048s, 2013s, 2000s, 1984s, cm"1 (Nujol), 2084m, 2053s, 20l8s, 2008s, 1980vw 
cm"1 (cyclohexane). No absorption could be assigned to v(CN). The f u l l 



Table VI.3 
Mass spectral data for [Fe(CO),N:CPh,J 

Ion m/e m* Fragment 
lost 

[Fe 2(C0) 6(N:CPh 2) 2] + 640 

585 CO 
[Fe 2(C0) 5(N:CPh 2) 2] + 612 

557 CO 
[Fe 2(C0) l f(N:CPh 2) 2] + 584 

529 CO 
[Fe 2(CO) 3(N:CPh 2) 2] + 556 

501 CO 
[Fe 2(C0) 2(N:CPh 2) 2] + 528 

473 CO 
[Fe 2(C0)(N:CPh 2) 2] + 500 

445 CO 
[Fe 2(N:CPh 2) 2] + 472 

288 PhCN 
[Fe2(N:CPh2)Ph]+ 369 

192 PhCN 
[Fe 2Ph 2] + 266 

[Fe 2(N:CPh 2) 2] 2 + 236 
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Nujol spectrum i s : 2079m, 2048s, 2013s, 2000s, 1984s, I6l8wsh, l605wbr, 1315w, 
1292w, 1265m, 1238vw, 12l4w, 1190v;, ll84w, ll60vw, 1100m,br, 1044w,br, 1023m, 
966w, 8*f0w, 820m,sh, 803m, 744m, 728w, 706w, 682w, 648m, 640w,sh, 621m, 595m, 
580m, 564m, 5l8w, 508w, 482w, 472vw, cm"1. 

hi n.m.r. spectrum (CS2): showed sharp signals at 2.87(4) r and 7.63(3)1" due to 
the CgĤ  and CĤ  protons of the p-tolyl group respectively. 
Mass spectrum (direct insertion probe at source temperature): For the parent 
ion [Fe 2(CO) 6(N:Cp-tolyl 2)l] + (m/e 615), the isotopic distribution pattern 
corresponded with that computed for F e 2 C 2 i H i 4 N I 0 6 * T h e a & ^ o r P e& k s i n t h e 

spectrum are l i s t e d i n Table VI.4. 

(b) The second orange fraction produced orange needle-like crystals of 
[Fe(C0)^N:Cp-tolyl 2] 2 0.28 g. (8%), which were recrystallised from hot n-hexane. 
Properties: The orange needle-like crystals were quite air stable and soluble 
i n common organic solvents to form a i r stable solutions. On heating i n a 
sealed tube the crystals decomposed without melting at 157°C. 
Analysis: Found, C,6l.8lj H,3.90; N,4.02; ̂ 2

C36R28^2°6 r e c l u i r e s C,62.07; 
H,4.02; N,4.02#. 

Infrared spectrum: The crystals gave a •canary* yellow mull with Nujol. V(C0), 
2070m, 2030s, 1992s, 1984s, 1977s, 1962vw cm"1 (Nujol), 2071m, 2038s, 1992s, 
1976ww cm 1 (cyclohexane). No absorption could be assigned to V(CN). 
The f u l l Nujol spectrum i s : 2070m, 2030s, 1992s, 1984s, 1977s, 1962vw, l628w, 
I6l2w, 1575vw, 1315w, 1291w, 1266w, 1240w, 1214w, 1190w, ll82w, ll62w, 1120w, 
I044wbr, 1025w, 838m, 820m, 785w, 740m, 728wsh, 700w, 688w, 665m, 634m, 628m, 
6l9wsh, 590m, 579m, 522w, 493wsh, 482m, cm"1. 

Molecular weight: 681, 677, 680 by cryoscopy i n benzene (Th.696). 
"̂H n.m.r. spectrum (CSg): showed two sharp signals at 2.95(4)7 and 7.66(3)r 
due to the CgĤ  and CĤ  protons of the p-tolyl group respectively. 
Mass spectrum (direct insertion probe at source temperature): For the parent ion 
[Fe 2(C0) 6(N:Cp-tolyl 2) 2] + (m/e 696), the isotopic distribution pattern 



Table VI. 4 
Mass spectral data for Fe r(COV(N:Cp-tolyl r)l 

Ion m/e m* Fragment 
lost 

[Fe 2(CO) 6(N:Cp-tolyl 2)l] + 615 
560 CO 

[Fe 2(C0) 5(N:Cp-tolyl 2K] + 587 
532 CO 

CFe 2(C0) 4(N:Cp-tolyl 2)l] + 559 
504 CO 

D?e2(CO) (N:Cp-toOylg)I]+ 531 
476 CO 

[Fe 2(CO) 2(N:Cp-tolyl 2)I] + 503 
448 CO 

QFe 2(C0)(N:Cp-tolyl 2)l] + 475 
419 CO 

CPe 2(N:Cp-tolyl 2)l] 4' 447 
p-tolylCN 

[ F e 2 ( p - t o l y l ) l ] + 330 
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corresponded with that computed for Fe2^36H28N2°6* T h e mBi^or P e a k s i n t h e 

spectrum are l i s t e d i n Table VI.5. 

Table VI.5 
Mass spectral data for D?e(C0) N:Cp-tolyl r], 

Ion m/e m* Fragment 
lost 

[Pe 2(C0) 6(N:Cp-tolyl 2) 2] + 696 
641 CO 

[Pe 2(C0) 5(N:Cp-tolyl 2) 2] + 668 

613 CO 

[Fe2(C0)4(N:Cp-tolylg)£+ 640 
585 CO 

[Fe 2(C0) 3(N:Cp-tolyl 2) 2] + 612 

557 CO 

[Fe 2(C0) 2(N:Cp-tolyl 2) 2] + 584 
529 CO 

[Fe 2(C0)(N:Cp-tolyl 2) 23 + 556 
502 CO 

[Fe 2(N:Cp-tolyl 2) 2] + 528 
320 p-tolylCN 

[ Fe 2(N:Cp-tolyl 2)fc-tolyl)] + 411 [ Fe 2(N:Cp-tolyl 2)fc-tolyl)] + 

208 p-tolylCN 

[ P e ^ p - t o l y l ) ^ * 294 

[ F e 2 ( N : C p - t o l y l 2 ) 2 ] 2 + 264 
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9. R e a c t i o n of FefCO)^ with PhBu CNLi 
A solution of PhButC:KLi (5 mmole) i n diethyl ether (10 ml.) was added 

to a cooled solution of Fe(C0)^I 2 (2.11 g., 5 mmole) i n diethyl ether (100 ml.), 
and the reaction carried out as described above. 

(a) The f i r s t deep red fraction produced Fe2(C0)g(N:CPhBut)l as a deep red 
o i l . Yield (~4#). 
Properties; The deep red waxy o i l was air and moisture stable and soluble i n 
common organic solvents without decomposition. 
Analysis: Found, C,35.96j H,2.40; N,2.40; 1,22.25; ^^^NIOgFeg requires 
C,35.97; H,2.47; N,2.47; 1,22.40$. 
Infrared spectrum: The o i l gave a deep red mull with Nujol. »(C0), 2081m, 
2044s, 2009s, 1987s, 1980s, 1963vw cm""1 (Nujol), 2082m, 2048s, 2014s, 2008s, 
1995vw cm 1 (cyclohexane). No absorption can be assigned to u(CN). The f u l l 
Nujol spectrum i s : 2081s, 2044s, 2009s, 1987s, 1980s, I963VW, l6l5vw, l600vw, 
1580vw, 1264w, 1214w, 1203w, 1156vw, HOOwbr, 1075w, 1030wbr, 1002vw, 968vw, 
828w, 805w, 785w, 739wsh, 723m, 711m, 703msh, 658m, 623m, 592msh, 588m,sh, 566m, 
518w, 470w cm-1. 
"̂H n.m.r. spectrum (CSg): shows two signals at 2.70(5)7" and 8.78(9)T due to the 
Ph and Bu protons respectively. 
Mass spectrum (direct insertion probe at source temperature): For the parent ion 
[Fe2(C0)g(N:CPhBut)l]+ (m/e 567) the isotopic distribution pattern corresponded 
with that computed for C-j^H^NIOgFeg. ^ n e m a j ° r P 3 2 1^ * n ĥe spectrum are l i s t e d 
i n Table VI.6. 

(b) The second orange fraction produced orange needle-like crystals of 
[ Fe(C0)^N:CPhBut]2 0.3 g. (9.0$) which were recrystallised from n-hexane. 
Properties: The a i r and moisture stable crystalline solid produced a canary 
yellow mull with Nujol. I t decomposed without melting at l60°C, and was soluble 
i n a l l common organic solvents. 

Analysis: Found, C,56.10; H,4.69; N,4.77; F e2 C28 H28 N2°6 r e ( l u i r e s c»56.0; H,4.66; 
N,4.66$. 



Table VI.6 
Mass spectral data for Fe„(CO)^(N:CPhBu^)I 

Ion m/e Fragment 
lost 

[Fe2(CO)6(N:CPhBut)l]+ 5<?7 
512 CO 

[Fe2(CO)5(N:CPhBut)l]+ 539 
484 CO 

CPe2(C0)4(N:CPhBut)l]+ 511 
456 CO 

CFe2(CO)3(N:CPhBut)l]+ 483 
428 CO 

[>e2(C0)2(N:CPhBut)l]+ 455 
400 CO 

[Fe2(C0)(N:CPhBut)l]+ 427 
372 CO 

CFe2(N:CPhBut)l]+ 399 
250 Bu*CN 

CFe 2(Ph)l] + 316 

U'e?(N:CPhBut)l]+ 399 
Bu* 

U,e2(N:CPh)l]+ 342 
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Infrared spectrum; v(CO), 2064m, 2028s, 1991s, 1984s, 1959s cm (Nujol), 

2073m, 2036s, 1994s, 1987s, 1971m cm"1 (cyclohexane). No absorption could be 

assigned to i>(CN). The f u l l Nujol spectrum i s : 2064m, 2028s, 1991s, 1984s, 

1959s, l623vw, l604vw, 1580vw, 1264vw, 12l5w, 1203w, H83vw, 1076w, 1048vw, 

102lvw, 1003vw, 968vw, 929vw, 906vw, 850vw, 839w, 788w, 782wsh, 724msh, 7l8msh, 

713m, 709msh, 700msh, 699w, 669vw, 630m, 623msh, 608w, 596m, 578m, 524w, 

490vw, 01 \ 

Moleoular weight; 595 cryoscopically i n benzene (Th.600). 

"̂H n.m.r. spectrum (CSg): showed two sharp signals at 2.80(5) T and 8.84(9) T due 

to Ph and Bu* protons respectively. 

Mass spectrum ( d i r e c t i n s e r t i o n probe at source temperature): For the parent ion 

[Fe 2(C0)g(N:CPhBu t) 2] + (m/e 600) the isotopic d i s t r i b u t i o n pattern corresponded 

to that computed for ^ e2^28^28 N2^6* ^ e m a«j° r P e a ^ s i n the spectrum are l i s t e d 

i n Table VI.7. 

10. Iteaction of g e ( C 0 ) ^ I 2 withJto^CjNLi 

A solution of Bu^CrNLi (5 mmole) i n diethyl ether (10 ml.) was added 

to a cooled solution of F e ( C 0 ) ^ I 2 (2.11 g., 5 mmole) i n d i e t h y l ether (100 ml.) 

The mixture when slowly warmed and kept at room temperature for 1 hr. darkened 

i n colour with considerable gas evolution. The i . r . spectrum of the solution 

showed almost t o t a l consumption of s t a r t i n g materials. The only product 

obtained from this reaction, by d i s t i l l a t i o n , was iron pentacarbonyl which was 

i d e n t i f i e d by i . r . spectroscopy, mass spectroscopy and a n a l y s i s . Y i e l d 30-40$. 

11. Beaction between Fe 2(C0)^(N;CPh 2)l and Ph„C;NLi 

Giphenylmethyleneaminolithium (0.5 mmole) i n ether (5 ml.) was added 

to a cooled solution of Fe 2(C0)g(N:CPh 2)l (O.29 g., 0.5 mmole) i n hexane 

(5 ml.). The mixture when slowly warmed, and kept at room temperature for ^ hr., 

darkened s l i g h t l y . I . r , spectroscopy showed the reaction to be complete. The 

solvent was removed from the reaction mixture (20°, 10_1mm.Hg) and the waxy 

residue was extracted with hot hexane ( 2 x 2 ml.). On cooling t h i s solution, 

orange-yellow needle-like c r y s t a l s of [Fe(C0)^N:CPh 2] 2 were obtained. Y i e l d 

0.3g. (9k%). 



Table VI.7. 

Mass spectral data for [Fe(CO),N:CPhBut] 
j d. 

Ion m/e IB* Fragment 
l o s t 

[Pe 2 ( C 0) 6(N:CPhBu t) 2] + 600 

545' CO 

[Pe 2 ( C 0) 5(N:CPhBu t) 2] + 572 

517 CO 

[Fe 2(C0) 4(N:CPhBu t) 2] + 544 

489 CO 

[Fe 2 ( C 0) 3(N:CPhBu t) 2] + 516 

462 CO 

[Pe 2 ( C 0) 2(N:CPhBu t) 2] + 488 

434 CO 

[Pe 2 ( C 0)(N:CPhBu t) 2] + 460 

405 CO 

[Fe 2(N:CPhBu t) 2] + 432 

281 ButCN 

[E ,e 2(N:CPhBu t)(Ph) ] + 348 

202 Bu*CN 

l ? e 2 P h 2 ] + 265 

CPe2(N:CPhButXPh)]+ 348 

Bu* 

CFe 2(N:CPh)(Ph)] + 291 

[ F e 2 ( N : C P h B u t ) 2 ] 2 + 216 
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B. Discussion 

1. The monocarbonvl complex rc-C^Hp.Fe(CO)N;CBu^ 

The reaction of rc-C,-H,_Fe(C0)2Cl with Bu^CrNLi produced a complex of 

the type Tt-C,-H^Fe(C0)N:CBut
2 as an a i r and l i g h t s ensitive blue o i l , which 

decomposed slowly under an atmosphere of nitrogen at room temperature. I n 

contrast, the reactions of the dicarbonyl chloride with PhgCrNSiMe^ and 

Bu^CiNSiMe^ under refluxing conditions i n monoglyme for several hours produced 

only the parent carbonyl dimer i n high y i e l d , though for the diphenyl compound 

some azine PhgCNNCPhg was i s o l a t e d . I n the reaction of diphenylmethylene-

aminolithium, an i . r . absorption band at 1946 cm-"'", indicated that a monocarbonyl 

species was present i n solution at low temperatures, but t h i s complex was very-

unstable since attempts to is o l a t e i t at low temperatures f a i l e d . No evidence 

was found i n t h i s work for the formation of complexes containing the 2 - a z a - a l l y l / 

allene ligand (KgCNCRg), and the monocarbonyl species obtained showed no 

tendency on heating to form dinuclear complexes, sublimation of the complex 

occurring under these conditions. 

In many respects there i s a close resemblance between the properties of 

the iron system and the molybdenum and tungsten systems studied. I n both 

systems the diphenylmethyleneamino complex would appear to be the most unstable 

of the complexes containing the terminally bound BgCiN-ligand, and i n the iron 

system i t i s apparently even more unstable than i n the group VI metal compounds, 

i n that i t decomposes before i t can be isolated, even at low temperatures. 

The a i r stable c r y s t a l l i n e di-t-butylmethyleneamino derivatives of molybdenum 

and tungsten, have the same blue colour and camphor-like odour as the iron 

compound rt-C^H^Fe(G0)N:CBu*2. However the iron compound i s an o i l which 

decomposes i n a i r or l i g h t with l o s s of carbon monoxide. 

This complex was formulated as 1t-C^H^Fe(C0)N:CBut
2 on the basis of 

considerable evidence. Analysis confirmed the empirical formula, 
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C^FeH^NO, and cryoscopic determination of the molecular weight indicated a 

mononuclear species. The presence of a single strong absorption i n the 

carbonyl region of the infrared spectrum at r e l a t i v e l y low frequencies indicated 

a monocarbonyl complex i n which the methyleneamino ligand acts as a three 

electron donor to the metal. The V(CN) absorption was observed as a medium 

broad absorption which occurred at the same energy as the free methyleneamine. 

This i s comparable with the values shown i n Table I I I . 9 observed for the 

complexes n-C^MCCCOgNrCBu1^ (M = Mo,W) i n which the v(CW) was at a s l i g h t l y 

higher energy than that observed for the free ligand. This may indicate that 

the formation of the o_ and drc-prc N — > M bonding which r e s u l t s i n electron 

donation to the metal i s e f f e c t i v e l y balanced by the back donation v i a dn-pn* 

bonding. 

The mass spectrum of the complex confirmed the mononuclear formulation and 

the presence of one carbonyl group per molecule. The parent ion was observed 

with isotopic d i s t r i b u t i o n patterns corresponding to those computed for 

C^FeHg^NO. The presence of metastable peaks confirmed the i n i t i a l l o s s of 

carbon monoxide followed by losses of [ B u ^ ] + or [Bu^CN]* ione. The expected 

organic ions r e s u l t i n g from fragmentation of the methyleneaminogroup were also 

observed. 

The •'"H n.m.r. spectrum of the complex showed single sharp signals at 8.94T 

and 5.6lr f o r Bu* and TI-C^H^ protons i n positions t y p i c a l of these groups.301>332 

The variable temperature study between + 40°C showed no changes i n the position 

of the signals except small movements due to a temperature e f f e c t . The 

c r y s t a l structure of it-C cH cMo(C0) oN:CBu t,/^ showed the presence of an almost 
J J «- E-

l i n e a r M-C-N skeleton and the various s p e c t r a l changes observed for t h i s 

complex have been interpreted i n terms of conformational changes about t h i s 

l i n e a r unit. No c r y s t a l structure i s available for the *-C^H^Fe(C0)N:CBu t
2 

complex so the question of the bonding mode of the methyleneamino group to the 

metal remains open to speculation, as the data on the complex could be 
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interpreted i n terms of either a l i n e a r or a bent skeleton. The structure 

adopted w i l l undoubtedly be a compromise between achieving the strongest bonding 

between the metal and nitrogen ( i . e . l i n e a r skeleton) and r e l i e v i n g s t e r i c 

interactions between bulky groups ( i . e . bent skeleton). Rotation of the 

raethyleneamino group i s t h e o r e t i c a l l y possible because of the re-cylindrical 

symmetry of the metal o r b i t a l s , but i t i s not observed by "̂H n.m.r, spectral 

measurements for the complex. The b a r r i e r to rotation may be low, as for 

n-C^H^W(CO^NiCBu^, and may be undetectable under the conditions used. Thus 

any spectral changes which are l i k e l y to r e s u l t from conformational changes may 

only be detectable at much lower temperatures than possible i n t h i s work. 

We believe that the methyleneamino group acts as a three electron donor to 

iron on the basis of ( i ) the effective atomic number rule and the presence of only 

one carbonyl group; ( i i ) the r e l a t i v e l y low carbonyl-stretching frequency; and 

( i i i ) the f a i l u r e of the complex to add a further neutral donor molecule such as 

triphenylphosphine, even under forcing conditions. I n contrast to the 

complexes TI-C^H^M(CO)IgN:CR1 R" and ( n - C ^ ) M^O^ (M = Mo,W; R1 = R" = Bu*; 

R1 = Ph, R" = Bu*) obtained by the reaction of the group VI methyleneamino 

complexes with iodine, the iron complex Ti-C^H^Pe(C0)N:CBut
2 undergoes rapid 

decomposition to produce an inseparable o i l mixture of non-carbonyl compounds. 

2. The dinuclear complexes [Fe(C0)-N:CR'R"]„ (R' = R" = Ph. p - t o l y l ; 

Rf = Ph. R" = Bo*) 

Nitrogen bridged binuclear derivatives of metal carbonyls and i n 

p a r t i c u l a r those of i r o n are w e l l known and studies have revealed that t h e i r 

structures correspond to at l e a s t three different types ( i ) those containing 

the nitrogen atom bridging the two metal atoms'* ( i i ) those containing the 
85 

nitrogen atom bridging the two metal atoms and joined by a N-N bond, and 

( i i i ) those containing the nitrogen atom bridging the two metal atoms and them

selves being connected by a N-CO-N bridge. 1^ X-ray crystallographic studies on 

some of these complexes have provided us with some new insight into factors which 
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determine the stereochemistry of the bridged complex.^»10»^5 ^ r e c e n j -

a v a i l a b i l i t y of a number of these complexes, which are e l e c t r o n i c a l l y equivalent 

and contain different bridging groups, has afforded a good opportunity to study 

the trends i n a series of s i m i l a r compounds and r e l a t e these trands to the 

properties of the bridging ligands. In the CFeCCO^NrCR'R"] 2 complexes we have 

extended the study to include nitrogen ligands attached to unsaturated systems 

which have the a b i l i t y to reduce the electron density at the metal atom by a 

'synergic e f f e c t * . 

The reaction of F e ( C 0 ) ^ I 2 with R'R"C:NLi produced complexes of the type 

[Fe(C0) 5N:CR fR"] 2 with small amounts of Fe 2(CO) 6(N:CR IR")l (R 1 = R" = Ph, 

p - t o l y l j R1 = Ph, R" = Bu*), which were separated by chromatography on a long 

s i l i c a r column using cyclohexane as the eluting agent. The [Fe(C0)^N:CR lR"] 2 

complexes were a l l quite a i r stable yellow-orange c r y s t a l l i n e compounds. 

Tfhen Bu^CzNLi was used as the reactant the only product obtained was iron 

pentacarbonyl. 

For the CFe(CO) N:CR'R"] compounds i n solution, the presence of three 

carbonyl absorptions i n the carbonyl region of the i n f r a r e d spectrum at 

r e l a t i v e l y low frequency (Table VI.8) i s consistent with a hexacarbonyl dinuclear 

complex i n which the two methyleneamino groups are acting as three electron 

bridging ligands. The infrared absorptions i n the carbonyl region, of the 

sulphur and phosphorus bridged binuclear complexes [Fe(C0)^SPh] 2 and 

CFe(C0)jPPh 2] 2,^ 1 occurred at some 5-20 cm"'1' to lower frequency than those 

observed f o r the CFe(C0)^N:CR'R"]2 complexes and t h i s may indicate that the 

methyleneamino ligand i s more e f f i c i e n t at reducing the electron density at the 

metal atom by a 'synergic e f f e c t ' than are the SPh or PPhg bridging groups. 

The presence of a very weak absorption l i s t e d i n most of the spectra i n Table 

VI.8 i s probably due to s a t e l l i t e ^CvCCO) absorptions.-^ For the 

[Fe(CO)jN:CR'R"3 2 complexes no absorption could be assigned to \»(CN) i n the 

1500-1900 cra -^ region of the spectra. This i s somewhat unexpected as strong 

v(CN) absorptions do occur when a methyleneamino ligand bridges main group 
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metals. Compared to the infrared spectra of the CPe(CO) NrCRg],, complexes, 

CFe(C0)^N:CPhBut^2 shows two extra V(C0) absorptions i n the carbonyl region of 

the spectrum. This may be due to a lowering of symmetry of the complex on 

introducing s t e r i c a l l y bulky Bu* groups into the bridging methyleneamino group. 

Table VI.8 

Infrared s p e c t r a l data for [Fe(C0)-,N:CR'R"] 

(R f = R" = Ph. p - t o l y l : Rf = Ph. R" = Bu*) 

Compound State v(C0) cm"1 

[Fe(C0) 3N:CPh 2] 2 Nujol 2071m, 2034s, 1985s, 1974s, 
1968sh, 196ls, 1935ww. 

Cyclohexane 2074m, 2041s, 1994s, 1979vvw 

C Fe(CO)_N:Cp-tolylJ„ Nujol 2070m, 2030s, 1992s, 1984s, 
1977s, 1962vvw. 

Cyclohexane 2071m, 2038s, 1992s, 1976vvw 

[Fe( COjjNrCPhBu^g Nujol 2064m, 2028s, 1991s, 1984s, 
1959s. 

Cyclohexane 2073m, 2036s, 1994s, 1987s, 
1971m. 

The mass spectra of these complexes confirm the molecular formulation and 

the presence of s i x carbonyl groups. The spectra of the complexes showed the 

presence of metal containing ionic species of i d e n t i c a l types, as well as the 

expected organic ions r e s u l t i n g from fragmentation of the methyleneamino groups. 

No mononuclear metal species were detected i n the spectra, which i s indicative of 
302 

bridging groups binding the metal atoms. A l l the spectra showed strong 

peaks to support the presence of doubly charged ions [ Fe^NtCR'A")^ + . I t i s 

inter e s t i n g to note that when R* = Bu* and R" = Ph, the predominant lo s s from 
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the CPe 2(N:CPhBu t) 2] + ion i s by two successive CBu tC:N] + ions, previously 

observed i n the fragmentation patterns of t_c^H^M(C0)2N:CPhBut (M = Mo,W). 

This must indicate that the Ph group i s the more strongly bound to the ^C:N 

system, as would be expected due to i t s a b i l i t y to extend the *-delocalised 

system. 

The 1H n.m.r, spectra of the complexes (Table VI.9) showed peaks 

corresponding to the R1 and R" groups i n positions t y p i c a l of such groups. 

The c r y s t a l structure of CFe(C0)^N:Cp-tolyl 2] 2 prepared by the reaction 

between Fe(C0)j. and 4,4'-dimethylbenzophenoneazine has been reported,^*" but no 

other data i s recorded i n the l i t e r a t u r e for t h i 3 complex. I t was found to have 

properties c h a r a c t e r i s t i c of the nitrogen bridged iron carbonyl complexes i . e . 

short Fe-Fe and Fe-N distances and small N-Fe-N and Fe-N-Fe bond angles 

(Chapter I I , Table I I . 3 ) . 

The Mossbauer spectral data for the compounds CFe(C0)^N:CR'R"]2 are 

tabulated i n Table VT.10. The low isomer s h i f t values (&) for a l l the compounds 

of the type [Fe(C0)^N:CR'R"] 2 r e f l e c t the high s electron density at the metal 
334 335 nucleus. Since the methyleneamino ligands are strong Lewis bases, they 

donate electrons into hybrid o r b i t a l s on the i r o n atom that w i l l have some 4s 

character. This strong •forward co-ordination 1 thereby increases the s electron 

density at the nucleus. The f i l l e d metal o r b i t a l s of appropriate symmetry w i l l 

tend to form ic-bonds with empty orbitals on the ligand to increase the s t a b i l i t y 

of the system (synergic i n t e r a c t i o n ) . This "back donation", which involves 3d 

orbi t a l s lessens the shielding of the s electrons i n the iron, so the s electron 

density increases i n t h i s case as well. Both these factors w i l l lead to a 

negative isomer s h i f t and hence the small values observed. From studies 

involving a variety of Lewis bases with varying degrees of back co-ordination 

i t has been shown that Lewis b a s i c i t y i s the most dominant feature i n the 

control of isomer s h i f t . 

Mossbauer studies on the Fe2(CO)g(N:CPhH)^HPh) complex, previously thought 
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to have the structure Pig.VI.1, have shown that, to account for the sharp 

NHPh PhHC:N 

(CO) JFe Fe(CO) CH N (C0),Fe 

PhHN 

Fig.VI.1 Fig.VI.2 

doublet observed i n the spectrum, a new structure, Fig.VI.2, must be proposed, 

i n which the N-N bond of the organoid.trogen ligand has been ruptured. The 

chemical isomer s h i f t (&) of 0.03 mm. sec ^ and the quadrupole s p l i t t i n g (A) 

of 0.87 mm.sec"1 of t h i s complex, Fe 2(C0) 6(N:CPhIi)(NPhH), which contains a 

methyleneamino group bridging two iron atoms, are consistent with the values 

obtained for the [Fe(C0)^N:CR'R"] 2 complexes. 

These r e s u l t s indicate that the methyleneamino ligand forms strong o-bonds, 

increasing the s electron density at the metal and so decreasing the isomer 

s h i f t . A bent M-M bond i s required i n the structure of the bridged oomplexes 

not only to account f o r t h e i r diamagnetism, but also to complete the s l i g h t l y 

distorted octahedral environment of the iron atoms implied by the observed low 

quadrupole s p l i t t i n g (A ) . 

One i n t e r e s t i n g feature of t h i s s e r i e s of reactions i s the fact that we 

were unable to prepare the di-t-butylmethyleneamino bridged complex 

[Fe(C0)^N:CBu* 2] 2» S t e r i c effects may be responsible, the bulky Bu* group 

hindering the approach of the ligand to the metal to prevent strong bonding 

taking place. 

From the evidence obtained we predict that the methyleneamino ligand acts 

as a bridging ligand between two metal atoms, the bridging group donating a 
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t o t a l of three electrons. The structure would allow dxy and dyz o r b i t a l s of 

one iro n atom to overlap with equivalent or b i t a l s of the other metal atom. 

The Fe-Fe bonding molecular o r b i t a l thus formed would have Ti-symmetry and would 

be bent towards the nitrogen, thus being able to overlap with >C:N n* or b i t a l s 

i n the formation of a s t a b i l i s i n g extended it -system as i n Pig. 1.3* 

3. The heterobridged dinuclear complexes Fe 2(C0^(N;CR'R")l (R f = R" = Ph r 

p - t o l y l ; R' = Ph. R" = Bu* 

Bridging groups i n metal carbonyl complexes are well established and 

may involve a range of elements including H, C, 0, N, halogens, P, As, S etc., 

a l l of which are surveyed i n Chapter I I . Two metals may be bridged by one atom 
— 2^2 2"5"5 

e.g. [(C0),.CrHCr(C0)_] » J J or by two or more i d e n t i c a l or different atoms 

e.g. Oe(C0) NHg]^ and CFe 2(C0) QH]~, 2^ which may be unsymmetrically placed 

between the metals as i n (n-C 5H 5) 2Ti(EPh 2) 2Mo(C0)k (E = 0 , S , S e ) 5 5 8 and 

Tt-C cH cTi(NMe o)_Mo(C0)_.- 5 5 9 In addition the bridging unit may be strengthened 

by a metal-metal bond as f o r CPe(C0)^SEt]2.6° 

I n t h i s s e r i e s of reactions we have synthesised the f i r s t known hetero

bridged iron oarbonyl nitrogen complexes. These complexes were obtained i n small 

y i e l d as deep red c r y s t a l s (R 1 = R" = Ph) or deep red o i l s (R* = R" = p - t o l y l ; 

R' = Ph, R" = Bu*), from the reaction of F e ( C 0 ) ^ I 2 with R'^'CiNLi. 

The complexes were formulated as Fe 2(C0)g(N:CR'R")l on the basis of the 

following evidence. Analysis confirms the empirical formula and molecular 

weight measurements indicate the presence of a dinuclear complex. I n the 

infrared spectra of the complexes shown i n Table VI.11 the replacement of a 

bridging methyleneamino group by the electronegative iodine atom e f f e c t i v e l y 

reduces the electron density at the metal, which i s reflected i n the absorption 

frequency of the oarbonyl groups. On the basis of the infrared spectra i t was 

not possible to assign planar or puckered Pe 2NI bridging units. Compared with 

the symmetrically bridged methyleneamino complexes, the presence of the 

bridging iodine causes an additional v(C0) band to appear and the v(C0) 
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frequencies to s h i f t to higher energies i n keeping with the lowering of the 

symmetry and the presence of a poorer three electron donor. 

Table VI.11 

Infrared spectroscopic data f o r I'e 2(C0) (.(N;CR tR")l 
(R 1 = R" = Ph,p-tolyl; R' = Ph, R" = Bu*) 

Compound State v(COJem"1 

Pe 2(CO) 6(N:CPh 2)l Nujol 2075m, 2040s, 2000s, 
1988s, 1976s, 1948ww. 

Cyclohexane 2083m, 2050s, 2016s, 
2006s, 1982ww. 

F e 2 ( C O ) 6 ( N : C p - t o l y l 2 ) l Nujol 2079m, 2048s, 2013s, 
2000s, 1984s. 

Cyclohexane 2084m, 2053s, 2018s, 
2008s, 1980vw. 

Fe 2(CO) 6(N:CPhBu t)l Nujol 2081m, 2044s, 2009s, 
1987s, 1980s, 1963vw. 

Cyclohexane 2082m, 2048s, 2014s, 
2008s, 1995vw. 

The mass spectra of the Pe 2(C0)g(N:CR 1R")l complexes confirm the molecular 

formulation and the presence of the s i x carbonyl groups. The spectra of the 

complexes showed very s i m i l a r fragmentation patterns and metal containing ionic 

species of i d e n t i c a l types were found as well as the expected organic ions 

re s u l t i n g from the fragmentation of the methyleneamino groups. The persistence 

of the complex to fragment without loss of iodine and without formation of 

mononuclear metal species.is i n keeping with other polynuclear carbonyl 

complexes, where i t i s found that the metal c l u s t e r does not fragment u n t i l a l l 
302 

the attached groups have been l o s t . Again an interesting feature of the 

Fe 2(C0)g(N:CPhBu t)l complex i s that i t fragments with loss of the Cb^CN] 4" 

ion rather than the [PhCN] + ion, from [Fe 2(N:CPhBu t)l] +. 
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The 1H n.m.r. spectra of the compounds (Table VI.9) showed peaks 

corresponding to the R* and R" groups i n positions t y p i c a l of those groups, and 

the r e l a t i v e l y sharp signals obtained are diagnostic of a diamagnetic compound. 

The Mossbauer spectral data for the Fe 2(C0)g(N:CPh 2)l complex i s l i s t e d i n 

Table VI.10. The decrease i n o-donation from the bridging atom when nitrogen 

i s replaced by iodine, and the decrease i n n-bonding to the metal compared with 

the methyleneamino group are consistent with the larger isomer s h i f t value f o r 

Pe 2(C0) 6(N:CPh 2)l (0.16 mm.sec"1) compared with the value for CPe(C0) 3N:CPh 2] 2 

(0.03mm.sec ^ " ) . The differences i n quadrupole s p l i t t i n g 1.70 and 0.87 mm.sec ^ 

respectively r e f l e c t the expected s i g n i f i c a n t d i s t o r t i o n of the structure of the 
14 

homo-bridged complex to an extent much larger than would be expected i n the 

direct replacement of one bridging methyleneamino group by iodine. The 

quadrupole s p l i t t i n g of 1.70 mm.sec-^ may r e f l e c t a tendency towards f i v e co

ordination which could occur through a lengthening of the metal-metal distance 

and a tendency towards planarity of the FegNI ring. 

The nature of the MgXg bridging unit i s dependent on the co-ordination of 

the metal, the s i z e of the bridging atom X and t h e i r repulsion across the ring 
340 n 

and the presence or absence of the metal-metal bond. Organonitrogen groups 

bridge between metals so that the M-N-M and N-M-N angles are small and 'in 

complexes having metal-metal bonds the dihedral angles are also comparatively 

small (Table H.3). I n CPe(C0)^NH 2] 2 for example the angles are 74, 78 and 78° 

respectively. I n contrast, the bridging iodine complex [ F e ( N 0 ) 2 l ] 2 i s 

planar although the M-I-M angle i s approximately the same (73°).^^ Although 

D?e(C0)^NH 2] 2 and [ P e ( N 0 ) o l ] o are formally related, i n that both complexes have 

bridging groups, s a t i s f y the noble gas r u l e , are diamagnetic, have a M-M bond, 

and comparable Fe-X-Fe angles, they d i f f e r i n the nature of the metal-metal 

bond. The iron atoms i n the nitrogen bridged complexes are approximately 

octahedral, the vacant position being occupied by the bent metal-metal bond, 

whereas i n the iodine bridged complex the metal-metal interaction i s across the 
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planar ^e

2^2 r"" 1 6» c o n f e r r i n S fiv e f o l d co-ordination on each iron atom. The 

long Pe-Pe distance of 3.O5X. i n [ P e ( N O ) 2 I ] 2 i s thought to a r i s e from the larger 

bridging groups. 

On considering the Fe 2(C0)g(N:CR lR")l complexes, we have seen that 

nitrogen bridged complexes are characterised by short M-M bond distances and 

small bond angles whereas the iodine bridged complexes prefer long M-M distances. 

The two types of bridging atoms are therefore apparently opposed i n 

Fe2(C0)g(N:CR'R")l and the change i n replacing one methyleneamino group i n 

tPe(C0) 3N:CR'R"] 2 by iodine r e s u l t s i n a lengthening of the M-M bond distance. 

Thus the stereochemistry at iron changes from pseudooctahedral towards f i v e co

ordination. 

Various mixed bridging ligand metal carbonyl complexes have been reported 

(see Chapter I I ) , but these complexes Fe 2(CO) 6(N:CR'R")l (R* = R" = Ph, p - t o l y l ; 

R* = Ph, R" = Bu*) are novel i n containing bridging ligands of such widely 

differing s i z e and bridging c h a r a c t e r i s t i c s , as nitrogen and iodine. 

On reacting Fe 2(C0)g(N:CPh 2)l with PhgCiNLi i n a 1:1 molar r a t i o , rapid 

reaction takes place to give the doubly bridged [FeCCO^NiCPhg] 2 complex i n 

good y i e l d . I t appears that i n t h i s compound (Fe 2(C0)g(N:CPh 2)l) we have a good 

precursor for the preparation and study of mixed ligand bridged complexes 

containing nitrogen. An X-ray crystallographic structure determination of t h i s 

complex (Fe 2(C0)g(N:CPh 2)l) i s i n progress and more information on the bonding 

w i l l be revealed by t h i s study. 



CHAPTER V I I 

SYNTHESIS OF SOME o-METALLATED PRODUCTS OF MANGANESE CARBONYL 
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This chapter describes the syntheses of the ortho-metallated products 

obtained when Mn 2(C0) 1 0 was reacted with PhgCrNR (R = Ph,Me). 

A. Experimental 

1. Reaction of Mn 2(C0) 1 0 with Ph2C:NPh 

Mn 2(C0) 1 0 (1.95 g., 5 mmole) and Ph2C:NPh (2,5 g., 10 mmole) were 

refluxed for 96 hr. i n petroleum ether (100/120°) (60 ml.). The yellow solution 

was then reduced i n bulk (20°, 10"1mm.Hg) and cooled to -20° to produce yellow 

c r y s t a l s . These were pu r i f i e d by chromatography on s i l i c a r , eluting with 

petroleum ether (80/l00°). Three fractions were isolated, two of which were 

found to be Mn 2(C0) 1 0 and PhgCNCPhg, i d e n t i f i e d by analysis and spectroscopy. 

The other f r a c t i o n gave MQ(C0)^PhN:CPh.C6H^. Y i e l d 1.87 g. (44$). 

Properties: The mustard yellow c r y s t a l l i n e s o l i d appeared to be a i r and moisture 

stable and soluble i n most common organic solvents. I t melted with 

decomposition i n a sealed tube at 117-118°. 

Analysis: Pound, C,65.2; H,3.41; N,3.39; 00,25.56; C^H^MnNO^ requires C,65.25j 

H,3.31; N,3.31; 00,26.47%. 

Infrared spectrum; v(C0), 2079m, 2000s, 1980s, 1949s, 1931m,sh cm"1 (Nujol) 

2070m, 1986s, 1946s, cm"1 (cyclohexane); v(CN) 1545w,br, cm - 1 (Nujol). The 

f u l l Nujol spectrum i s : 3030m, 1596m, 1587m, 1571s, 1545w,br, 1471m, 1342s, 

1259m, I222w, 1179w, 1171wah, 1174m, 1076m, 1044w, I028w, 1014m, 1001m, 990wsh, 

988m, 962m, 926w, 909w, 848w, 826w, 800msh, 794ms, 764m, 741s, 730s, 702s,sh, 

697s, 671s, 646s,sh, 639s, 621w, 608m, 573mw, 546mbr, 459mbr, 435mbr, 405wbr cm" 

Molecular weight: 445, 468 by osmometry i n benzene (Th.423). 

n.m.r. spectrum (CSg): showed a very complex spectrum i n the Ph region. 

Mass spectrum (direot i n s e r t i o n probe at source temperature): The parent ion 

[Mn(C0)^PhN:CPh.CgH^]+ was observed at (m/e 423). The major peaks i n the 

spectrum are l i s t e d i n Table V I I . 1 . 

Organic fragments observed [CgH, .PhC:NPh]+ (m/e 256) and CPhC:NPh]+ (m/e 179). 



Table VII.1 

Mass spectra l data f or Mn(CO). PhN:CPh.C^H, 

Ion m/e Fragment 
l o s t 

Cltn(C0) 4PhN:CPh.C 6H^] + • 423 . 1 

CO 

CMn(CO),PhN:CPh.C^H, ] + 

j o it- 395 

340 CO 

CMn(CO) 2PhN: CPh. 367 

313 CO 

[Mn( C0)PhN: CPh. CgĤ ]"*" 339 

287 CO 

[MnPhN:CPh.C6H^]+ 311 
140 PhCN 

[Mn.Ph.C 6H 4] + 208 

Ph or CgH^ 

[MnC 6H 4] + or [MnPh] + 131 or 132 

[MnPhN:CPh.CgH^]+ 311 

55 PhC:NPh 

[Mn.C6H4] + 131 
< 
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2. Reaction of Mn z(CO) 1 0 and Ph^CNMe 

Mn 2(C0) 1 Q (1.95 g., 5 mmole) and PhgCNMe (10 mmole) were refluxed f o r 

96 hrs. i n petroleum ether (l00/l20°) (60 ml.). The reaction was car r i e d out 

as described above except that the product Mn(CO). JfeNiCPh.C^H. was d i s t i l l e d 
4 0 4 

into a cooled receiver at (20°, lO^ram.Hg). Yiel d 1.24 g. (34.4$. 

Properties; The dense yellow o i l sublimed under high vacuum at room temperature, 

i t appeared to be a i r stable for short periods of exposure, and was soluble i n 

a l l the common organic solvents. 

Analysis; Found, C,59.8; H,3.28; N,3.79; CO,30.15; C ^ ^ 1 1 " 1 1 0 ^ requires C,59.8; 

H,3.32; N,3.87; C0,31.0f0. 

Infrared spectrum; v(C0), 2079s, 1992s, 1972s, 1931s cm"1 (Nujol), 2080m, 1986s, 

1939s cm"1 (cyclohexane); v(CN), 1580m cm"1 (Nujol). 

The f u l l Nujol spectrum i s : 2079s, 1992s, 1972s, 1931s, l690w, 1549m, 1498m, 

1445s, 1438s,sh, 1409w, 1341s, 1319m, 1292m, 1260m, ll8lw, 1163m, l l l 8 w , 108lra, 

1049m, 1021s, 1003s, 945m, 9Hw, 794m, 771m, 738s, 708s, 678s, 637s, 620m, 

574mw, 543mbr, 458mbr, 404wbr cm"1. 

Molecular weight: 354 by osmometry i n benzene (Th. 36l). 

''"H n.nur. spectrum (CSg): showed very complex signals i n the Ph region and a 

si n g l e t at 6.8T assigned to N-CHj protons. 

Mass spectrum ( d i r e c t insertion probe at source temperature): The parent ion 

[Mn(C0)^MeN:CPh.C6Hi]+ was observed at (m/e 36l). The other major peaks i n the 

spectrum are l i s t e d i n Table V I I . 2 . 



Table VII.2. 

Mass spectra l data f or Mn(CO). MeN;CPh.CrH 

Ion m/e Fragment 
l o s t 

[Mn( CO) ̂MeN: CPh. CgH^ ]+ 361 

CO 

CMn(CO)^MeN:CPh.CgH^]+ 333 
278 CO 

CMn( CO) 2MeN: CPh. CgH ] + 305 

251 CO 

[Mn(CO)MeN:CPh.CgH^]+ 277 
224 CO 

[MnMeN:CPh.C6H^]+ 21*9 

70 PhC:NMe 

[MnC 6H 4] + 131 
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B. Discussion 

The Mn(CO)^HW:CPh.C^.H complexes (R = Ph,Lfe) 

Many t r a n s i t i o n metal compounds react with organonitrogen systems of the 

type PhX:NY (X = RC, N and Y = a l k y l , a r y l , OH etc.) with orthometallation of 

the benzene rin g occurring e.g. p-azotoluene and p-azoanisole both react with 

iron carbonyl to form the complex shown i n F i g . V I I . l (R = CH C>-H., R1 = CH ; 

Derivatives of the type shown i n Fig.VII.2 are believed to be important 

intermediates i n the carbonylation and ring closure reactions of Schiff.!s bases 

under high pressures of carbon monoxide and i n the presence of carbonylation 

catalysts such as Co 9(C0)p. ( E q n . V I I . l ) . 

R = CILOC^H, = OCH 3). 7 2 f' 3 1 a 

R' 

CO 

N 
N Fe >6 N 

CO R 

F i g . V I I . l 

a N—Y + M N 

M 

V I I . l 

Fig.VII.2 
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Rosenthal and Wender have written a comprehensive review of the 

carbonylation of organonitrogen molecules using metal carbonyl catalysts^" and 

P a r s h a l l has reviewed the subject of intramolecular aromatic substitution i n 

t r a n s i t i o n metal complexes including organonitrogen derivatives. 

I n t h i s work ortho-raetallation reactions occurred when the ligands 

Ph2C:NPh and Ph2C:NMe were reacted with Mn 2(C0) l 0. 

The complexes Mn(C0)^RN:CPh.CgH^ were obtained as yellow c r y s t a l s 

(R = Ph) or a deep yellow o i l (R = Me) from the reaction of Mn 2(C0) 1 0 with 

Ph2C:NR. I n contrast, the reaction between Ph2C:NR and [*-Cyi,J ,e(C0) 2] 2 or 

[ir-C^H^Mo(C0)^]2 under the same reaction conditions l e d to an 85-90$ recovery 

of s t a r t i n g materials and some 10-15% decomposition. 

Analysis confirmed the empirical formula Mn(CO). RNtCPhC^H. and molecular 
4 O tfi 

weight measurements indicated a mononuclear species. The infrared spectrum 

showed four strong absorptions i n the carbonyl region at r e l a t i v e l y low 
343 

frequencies and i n s i m i l a r positions to the re l a t e d Mn(C0)^C^2H^N2 complex. 

The mass spectrum of the complex confirmed the mononuclear formulation and 

the presence of four carbonyl groups per molecule. The strong parent ion 

[Mn(C0)^RN:CPhCgH^]+ was observed i n both cases (R = Ph and Me) and the 

breakdown of the parent ion was substantiated by metastable peaks. 

The "*"H n.m.r. spectrum was obtained f o r both the complexes i n carbon 

disulphide solution, but the complexity and weak signals i n the Ph region made 

i t impossible to interpret even when run at the maximum resolving power of the 
1 

instrument. For detailed H n.m.r. study i t may be necessary to incorporate 
other groups than phenyl into the ligand. However i n some complexes prepared 

343 
by the reaction of azobenzene with metal carbonyls i t has been possible to 

assign the peaks i n the phenyl region of the spectra, and i t was found that the 

s i g n a l due to the proton on the carbon atom ortho to the carbon-metal o bond 

occurred at lowest f i e l d . 
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The f a o i l e ortho-metallation reactions of appropriately substituted 

benzenes have been reported i n the reactions of phenylacetylenes,^ f 

345 346 543 phenylphosphines, ' phenylphosphites, and azobenzenes^^ and i t seems 

possible that t h i s type of reaction occurs f a r more commonly than i s at present 

recognised. I n the reactions of azobenzene and r e l a t e d compounds, the 

formation of carbon-metal bonds has been described as e l e c t r o p h i l i c installation 

of the benzene ring, and compared to mercuration reactions. I n the present 

instances however, i t i s d i f f i c u l t to consider the electron r i c h low valent 

t r a n s i t i o n metal complex as an electrophile. A l t e r n a t i v e l y the reaction may 

involve the i n i t i a l displacement of carbon monoxide and the co-ordination of 

the nitrogen to the metal. Reduced back bonding a b i l i t y i n the ligand would 

then increase the electron density on the metal and cause i t to a c t as a 

nucleophile. The metal would then act as a template and i n s e r t into the 

s t e r i c a l l y favoured ortho carbon-hydrogen bond. The metal hydride which could 

form would be expeoted to be unstable and eliminate hydrogen. A s i m i l a r i n t r a 

molecular elimination of methane from (Ph,P)_RhCH_ r e s u l t s i n the formation of 
3 3 j 

the ortho-metallated complex (Ph^P^KhCgH^.PPhg. 347 



APPENDICES 
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Appendix 1 

Experimental Details and Starting Materials 

Most of the reactions described were carr i e d out i n an atmosphere of pure, dry 

nitrogen e i t h e r i n two-necked f l a s k s or i n double Schlenk tubes. A i r sen s i t i v e 

materials were handled i n a Glove Box, or i f i n solution were transferred from 

one vessel to another by syringe against a counter current of nitrogen. 

Nitrogen Supply 

"White Spot" nitrogen d i r e c t from the cylinder was dried by passage 

through a trap maintained at -196°C and delivered to a multiple outlet system. 

A constant pressure of nitrogen was maintained i n the system by connecting one 

outlet to an o i l bubbler. 

Glove Box 

The nitrogen atmosphere i n the Gloye Box was p u r i f i e d by continuously 

recycling i t through a trap at -196°C, through two furnaces at 400°C, 

containing copper wire and back to the box v i a a second trap at -196°C. Bench 

nitrogen was used, a f t e r passage through t h i s system, to f l u s h out the transfer 

tube. A l l external tubing was of copper or glass, and the gloves were made of 

"Butasol" rubber. An oxygen l e v e l of l e s s than 50 p.p.m. was maintained by 

this system. 

Solvents 

Hydrocarbon solvents and diethyl ether were dried over extruded sodium, 

monoglyme and tetrahydrofuran d i s t i l l e d from lithium aluminium hydride, and 

chloroform f r e s h l y d i s t i l l e d from phosphoric oxide. Nitrobenzene and n i t r o -

methane for e l e c t r i c a l conductivity measurements were dried over magnesium 

sulphate and phosphoric oxide respectively, before being fractionated i n vacuo 

through a 3 f t . column of glass h e l i c e s . 

Starting Materials 

The t r a n s i t i o n metal carbonyl derivatives used as st a r t i n g materials are 
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/ \ 348 
r e a d i l y available by methods described i n the l i t e r a t u r e e.g. [rc-C^H^M^CO^Jg, 

it-C 5H 5M(CO) 5Cl 3 2 f 9 (M = Mo,W), [w-^H F b ( C O ) 2 ] 2 , 3 5 ° T t - C ^ F e C C O ^ C l , 3 5 1 

F e ( C 0 ) ^ I 2 , 3 ^ 2 Mn 2(C0) 1 Q was supplied by the Ethyl Corporation. 

The imines Ph 2C:NLi, 3 5 3 PhgCiNSiMe^, 3 5^ B u ^ N L i , 3 5 5 B u ^ C ^ S i l i e ^ , 1 5 

PhBuV.NLi, 3 0 5 p - t o l y l 2 C : N L i , 3 5 6 PhgC-.NPh357 and PhgC-.NMe,358 were a l l 

prepared by standard routes. 

Triphenylphosphine was r e c r y s t a l l i s e d from hexane before use and iodine 

p u r i f i e d by sublimation i n vacuo. 
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Appendix 2 

Instrumentation 

Infrared Spectra 

Infrared spectra i n the range 2.5-25 microns were recorded on a Grubb-Parsons 

Spe c tromaster• 

Spectra of s o l i d samples were recorded i n the form of Nujol mulls between 

KBr plates, the samples being made up i n the Glove Box. 

Liquid samples (generally solutions) were inserted into a solution c e l l 

(thickness 0.1 mm) by syringe and gas phase samples were recorded using a 10 cm. 

c e l l . Both c e l l s had KBr windows. 

Nuclear Magnetic Resonance • Spectra 

Nuclear magnetic resonance spectra were recorded on a Perkin-Elmer RIO or 

Varian A56/6O spectrometer, operating at 60 MHz. Tetramethylsilane (T.M.S.) 

was used as an i n t e r n a l reference. The sample tubes were f i l l e d by syringe 

against a counter current of nitrogen, and were sealed under nitrogen. 

Mass Spectra 

Mass spectra were recorded on an A.E.I. MS9 mass spectrometer at 70 eV 

and an accelerating potential of 8kV, with a source temperature between 60 and 

300°C, and electromagnetic scanning. Compounds were introduced by dir e c t 

i n s e r t i o n into the ion source. 

Isotope d i s t r i b u t i o n patterns were computed with a programme kindly 

supplied to us by Dr. E.H. Brooks. 

U.V. and V i s i b l e spectra 

U.V. and v i s i b l e spectra were recorded with an Optical spectrophotometer. 

Mossbauer Spectra 

Mossbauer spectra were recorded at P.C.M.U., A.E.R.E, Harwell. The 

samples were run i n the s o l i d state at -196°C. 
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Molecular Weights 

Molecular weights were determined cryoscopically i n benzene and 

osmometrically using a "Mecrolab Osmometer" i n benzene solutions using either 

a n a l y t i c a l grade biphenyl or Cl.CgH (N0) 2 as standard solute. 



139. 

Appendix 3 

A n a l y t i c a l Methods 

Carbon.Hydrogen and Nitrogen 

Carbon, hydrogen and nitrogen were determined using a Perkin-Elmer 240 

Elemental Analyser. 

Halogens 

Halogens were determined by fusion of the complex with potassium, followed 

by volumetric determination of the halide ions. 

Carbon Monoxide 

Carbon monoxide was analysed volumetrically on a vacuum l i n e equipped with 

a mercury f i l l e d gas-burette. The compound was decomposed using a mixture of 

pyridine and iodine, the mixture being heated to 100°C to ensure complete 

l i b e r a t i o n of carbon monoxide. The gasses were then pumped through a trap at 
o 

-196 into the gas-burette using a Toppler pump. 

VI! 
» 8 
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