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SUMMARY 

The nature of the product formed i n the r e a c t i o n of methyleneamine 

d e r i v a t i v e s w i t h t r a n s i t i o n metal complexes depends upon the nature of the 

methyleneamino-substituents. Complexes of the type rt-C^H,.M(CO)2N=CR2, 

[rt-C 5H 5M(CO)N=CR 2] 2 and rt-C5H5M(CO)2(R2CNCR2) are formed with phenyl 

s u b s t i t u e n t s but the b u l k i n e s s of t - b u t y l groups l e a d s to only complexes 

of the f i r s t type. The complexes formed u s i n g a mixed p h e n y l - t - b u t y l 

d e r i v a t i v e should not be r e s t r i c t e d s o l e l y by s t e r i c f a c t o r s to complexes 

of the f i r s t type. The study i s concerned with the syntheses of carbonyl 

complexes of molybdenum and tungsten c o n t a i n i n g the p h e n y l - t - b u t y l m e t h y l -

eneamino-ligand, and the i n f l u e n c e of the s u b s t i t u e n t groups on the nature 

and r e a c t i o n s of the complexes produced. 

The d i c a r b o n y l complexes n-CgH^M(CO)2N=CPhBut are produced by a 

m e t a t h e t i c a l r e a c t i o n between TC-C 5H 5M(CO) 3C1 and ( i ) PhBu tC=NLi [M = Mo,W] 

( i i ) PhBu tC=NSiMe 3 [M = W]. The complexes show no tendency to form 

d i n u c l e a r complexes and c l o s e l y resemble the corresponding d i - t - b u t y l -

methyleneamino-complexes. R e a c t i o n with i o d i n e produces the monocarbonyl 

complexes rt-C^H^M(CO)l2(N=CPhBut); the monocarbonyl molybdenum complex 

shows '''H n.m.r. s p e c t r a l changes w i t h temperature which i n d i c a t e s t r u c t u r a l 

changes i n the complex and v a r i o u s p o s s i b l e e x p l a n a t i o n s of these changes 

are d i s c u s s e d . R e a c t i o n of the d i c a r b o n y l molybdenum complex w i t h 

triphenylphosphine produces the monocarbonyl complex jr-C^H^Mo(CO)Ph^P 

(NKIPhBu*") by s u b s t i t u t i o n of CO by Ph^P, t h i s r e a c t i o n being unique i n the 

d i c a r b o n y l methyleneamino-complexes so f a r s t u d i e d . The corresponding 

r e a c t i o n i s not observed w i t h the d i c a r b o n y l tungsten complex. 



R e a c t i o n of jr-C^MoCcCO^Cl with PhBu C=NSiMe 3 r e s u l t s i n hydrogen 

a b s t r a c t i o n , p o s s i b l y from the s o l v e n t , and the formation of the d i c a r b o n y l 

complex xc-C^H^Mo(C0)2(HN=CPhBu t)Cl, c o n t a i n i n g the methyleneamino-group as 

a two e l e c t r o n donor. 

E x p l o r a t o r y i n v e s t i g a t i o n s i n t o the formation of carbonyl complexes 

of molybdenum and tungsten c o n t a i n i n g the d i - ( t r i f l u o r o m e t h y l ) methylene

amino-group are a l s o d e s c r i b e d . Some mass s p e c t r o s c o p i c evidence f o r the 

formation of such complexes i s d i s c u s s e d but the r e a c t i o n c o n d i t i o n s so 

f a r employed do not l e a d to i s o l a t i o n of pure samples of the complexes. 
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1. General C o n s i d e r a t i o n s 

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

o x i d a t i o n s t a t e s r e l i e s on the simultaneous donation of the lone p a i r of 

e l e c t r o n s from the weakly donating carbon monoxide and back donation from non-

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

molecule. T h i s ' s y n e r g i c ' e f f e c t prevents e x c e s s i v e build-up of e l e c t r o n 

d e n s i t y on the metal and r e s u l t s i n a metal-carbon bond order g r e a t e r than 

one. Replacement of a carbonyl group by another l i g a n d r e s u l t s i n competition 

between the new and remaining l i g a n d s f o r 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 d i s p r o p o r t i o n a t i o n of the complex w i l l depend 

upon the r e l a t i v e CT- and it-bonding c a p a b i l i t i e s of the l i g a n d s concerned. 

Replacement of carbon monoxide from a b i n a r y metal carbonyl by a stronger 

Lewis base with a lower rr-bonding c a p a c i t y has the e f f e c t of i n c r e a s i n g the 

e l e c t r o n i c charge build-up on the metal and reducing the competition to 

d i s s i p a t e the charge. Consequently the metal-carbon bonds a re strengthened. 

Organic amines, R^N ( i n c l u d i n g ammonia), are strong Lewis bases having no 

jt-bonding c a p a c i t y , and consequently t h e i r i n t r o d u c t i o n i n t o a carbonyl complex 

strengthens the metal-carbonyl bonding to the remaining carbonyl groups, 

through the i n c r e a s e i n djt-it* bonding. S u c c e s s i v e replacement of carbonyl by 

R^N groups r e s u l t s i n a corresponding i n c r e a s e i n the M-C bond order of the 

remaining groups but there i s i n v a r i a b l y a stage reached when the remaining 

groups a r e unable to d i s s i p a t e f u r t h e r charge build-up e.g.^ 

120° C r ( C O ) , + liq.NH_ > Cr(CO).(NH_)„ + 3C0 
D J -J J J 

When the organonitrogen l i g a n d has a jt* e l e c t r o n system a v a i l a b l e f o r bonding, 

the charge build-up a t the metal i s somewhat reduced. Consequently complexes 

of the type MCCO^L^ r e a d i l y form, and f u r t h e r carbonyl groups may be 
2 

r e p l a c e d before the l i m i t f o r replacement i s achieved. 
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The bonding of the amido-group i n a t r a n s i t i o n metal complex i s more 

complex because of the a v a i l a b i l i t y of two n i t r o g e n o r b i t a l s f o r bonding. 
2 

I f n i t r o g e n i s sp h y b r i d i s e d and the lone p a i r accommodated i n a p - o r b i t a l , 

then the amido-group may a c t as a t h r e e e l e c t r o n donor to one metal through 
3 

a- and p -d -bonding. I f the n i t r o g e n o r b i t a l s correspond to sp h y b r i d -it it 

i s a t i o n , then only cr-bonding to the metal w i l l be p o s s i b l e . The lone p a i r 

w i l l be d i r e c t e d away from the metal and a v a i l a b l e f o r bonding to a second 

metal atom. Thus the amido-group may a c t as a bridge between two m e t a l s , 

and a c t again as a th r e e e l e c t r o n donor. The dialkylamido-compounds ( l ^ N ^ M 

of the T i (n = 4 ) and V ( n = 5) group metals have been i n v e s t i g a t e d and 

s p e c t r o s c o p i c evidence i n d i c a t e s a c o n s i d e r a b l e degree of n i t r o g e n — > • metal 
3 

ir-bonding. Thus the h y b r i d i s a t i o n of the n i t r o g e n o r b i t a l s corresponds to 
2 

sp . Such a charge build-up on the metal i s ap p a r e n t l y only p o s s i b l e f o r 

t r a n s i t i o n metals with few d - e l e c t r o n s . The a b i l i t y of the amido-group to 

form b r i d g e s between metal atoms i s i l l u s t r a t e d by the chromium compounds 

I 4 and I I . 5 

Me 2 NO NO NO N 
Cr Cr Cr Cr 

N N NO NO H Me 

I I 

The RN<C group has even g r e a t e r b r i d g i n g p o t e n t i a l and i n complex I I I i s 

found to bridge t h r e e i r o n atoms.^ 
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Fe(CO) 

LN- Me 

1 > (CO)„Fe Fe(CO) 
N 

N N 

T i T i 

R R 

R R Me 

I I I I V 

B r i d g i n g between two metal atoms and using the t h i r d a v a i l a b l e o r b i t a l f o r 

a d d i t i o n a l it-bonding to the metal i s a l s o seen i n a s e r i e s of polymeric 

t i t a n i u m complexes IV . ̂  

I n none of the examples so f a r c i t e d has the n i t r o g e n c o n t a i n i n g l i g a n d 

been able to reduce e l e c t r o n d e n s i t y on the metal atom. I n t e r e s t has 

t h e r e f o r e r e c e n t l y focused on unsatu r a t e d organonitrogen l i g a n d s where the 

p o s s i b i l i t y of a ' s y n e r g i c ' e f f e c t s i m i l a r to t h a t operating i n metal 

carbonyls might be a p p l i c a b l e . The p o s s i b i l i t y a l s o occurs of such l i g a n d s 

cr-bonding to the metal through the it-system as w e l l a s , or i n p l a c e of, 

a-donation from the n i t r o g e n . For a c r y l o n i t r i l e the v a r i o u s types of bonding 

are p o s s i b l e and with the chromium group of metal c a r b o n y l s up to t h r e e 
g 

carbonyl groups have been r e p l a c e d . For comparable complexes w i t h 

a c e t o n i t r i l e the bonding i s v i a the n i t r o g e n lone p a i r f o r a l l complexes, 

and the same bonding mode i s adopted f o r M(CO)^ n(CH2=CH-CN) (n = 1,2). 

However for the complex MCCCO^C^^H-CN)^, bonding i s v i a the o l e f i n i c 

rt-system. The a b i l i t y of both types of bonding to occur s i m u l t a n e o u s l y 
9 

occurs i n the compound V where a c r y l o n i t r i l e b r i dges two i r o n atoms. 
Ketenimines R2C=C=NR bond i n a s i m i l a r way through n i t r o g e n and the o l e f i n i c 

10 
rt-system m V I . 
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C HJ> 
^ C H — C = N 

/ \ (CO ) 3 F e F e ( C O ) 3 p h Co 

N = C - C H ^ / ^J>c/ ^ N — P h 

VI 

D i a l k y l c y a n a m i d e s , R^NCN, form a s e r i e s of complexes by replacement of 

carbonyl groups from Cr(CO),. and Mo(CO), of the type (R.NCN) M(CO), ( n = 
o b z n o—n 

1,2,3) i n which a-bonding to the metal from the lone p a i r on the n i t r i l e was 

i n f e r r e d from i . r . data.''"''" T e t r a c a r b o n y l n i c k e l gave a s e r i e s of d i n u c l e a r 

complexes [(R2NCN)Ni(C0)]^. I n a p r e l i m i n a r y note the s t r u c t u r e a s s i g n e d 
12 

i n v o l v e d ir-bonding from a d e l o c a l i s e d N-C-N s t r u c t u r e V I I . 

R = CH„ or 4CH„4 

V CO N 
C ^ N i \ Ni 

N CO N 
R R 

V I I 

L a t e r work i n d i c a t e d a l o c a l i s e d system was present i n v o l v i n g two u M-N 
13 

bonds. However a c r y s t a l s t r u c t u r e of the p i p e r i d i n e - N - c a r b o n i t r i l e complex 

r e v e a l e d t h a t n e i t h e r was c o r r e c t and t h a t the s t r u c t u r e contained t r i m e r s of 

n i c k e l atoms cr-bonded to CO and cyanonitrogen groups, the t r i m e r V I I I being 14 formed from the monomer u s i n g the n i t r i l e jt-bonds. 
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O 
CO 

\ N 
Ni N N V 

Ni N CO 
\ / 

N Ni I 
C 

CO 

V I I I \ 

O 
2. The methyleneamino-group as a l i g a n d i n metal carbonyl systems 

The methyleneamino-group has a number of p o t e n t i a l ways of bonding to 

t r a n s i t i o n metals and i s thus a very v e r s a t i l e l i g a n d . As the n e u t r a l 

l i g a n d , R2C=NH, cr-bonding to the metal occurs v i a the n i t r o g e n lone p a i r , 

and as the n i t r o g e n i s p a r t of an u n s a t u r a t e d system, back-bonding from 

f i l l e d metal d - o r b i t a l s to the antibonding i c - o r b i t a l s of the ^C=N bond i s 

a l s o p o s s i b l e . The most l i k e l y g e ometrical arrangement of the r e l e v a n t 

atoms i s shown i n F i g . I . 1 ( a ) . 

As an a n i o n i c l i g a n d f u r t h e r bonding modes are p o s s i b l e . I n one extreme 
2 

the bonding to the metal w i l l i n v o l v e an sp h y b r i d o r b i t a l of n i t r o g e n , and 

the lone p a i r w i l l occupy a s i m i l a r h y b r i d o r b i t a l . The lone p a i r may s t i l l 

c o n t r i b u t e to L-M ir-bonding i n such an arrangement - F i g . 1 . 1 ( b ) . 

Ehsworth''"5 c a l c u l a t e d overlap i n t e g r a l s f o r n i t r o g e n bonded to s i l i c o n and 

concluded t h a t s u b s t a n t i a l (p-d)jt-bonding from a n i t r o g e n lone p a i r to 

vacant s i l i c o n d - o r b i t a l s i s p o s s i b l e i n a n o n - l i n e a r system. S i m i l a r 

m u l t i p l e bonding may occur f o r n o n - l i n e a r C-N-M s k e l e t o n s , where M i s a 

t r a n s i t i o n metal, but there i s the a d d i t i o n a l p o s s i b i l i t y t h a t the lone p a i r 



F i g . 1 . 1 ( a ) dit-jt* bonding i n v o l v i n g a n e u t r a l methyleneamino-ligand 

C N 

M 

F i g . I . 1 ( b ) rt-bonding i n v o l v i n g a bent C=N-M s k e l e t o n 

+ 
c N M 

0 + 

F i g . 1 . 2 ( a ) dit-jt* bonding i n v o l v i n g l i n e a r C=N-M s k e l e t o n 

+ + 

N C M 

F i g . 1 . 2 ( b ) pir-dic bonding i n v o l v i n g a l i n e a r C=N-M s k e l e t o n 
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w i l l donate to a second metal atom. Thus i n a l i g a n d bridged d i n u c l e a r 

complex, ove r l a p of the d - o r b i t a l s of both metal atoms with the j t * - o r b i t a l s 

of the /C=N bond could occur, r e s u l t i n g i n a weakening of the ̂ C=N bond 

which would be r e f l e c t e d i n the v i b r a t i o n a l frequency of the bond. I n t h i s 

way the b r i d g i n g >C=N^unit would c l o s e l y resemble the b r i d g i n g carbonyl 

u n i t w i t h which i t i s i s o e l e c t r o n i c . 

A l t e r n a t i v e l y the C-N-M s k e l e t o n may be l i n e a r and not bent. The 

n i t r o g e n atom would be sp h y b r i d i s e d , one h y b r i d o r b i t a l being used to cr-bond 

to the metal. A pure p - o r b i t a l would be used f o r the C-N jt-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 Pv2C=N~group. 

Maximum overlap of the metal d - o r b i t a l s with both the lone p a i r and j t * -

o r b i t a l s would then be achieved as shown i n F i g . I . 2 . The bonding would then 

i n v o l v e e l e c t r o n donation v i a cr- and p -d -bonding, and back donation v i a 
jt it 

d -it * bonding. 

F i n a l l y t h e r e i s the added p o s s i b i l i t y , as with a l l u n s a t u r a t e d l i g a n d s , 

of l a t e r a l c o - o r d i n a t i o n of the /C=N group to form a jt-complex analogous to 

o l e f i n complexes. 
16 

Methyleneamines are q u i t e strong Lewis bases and a number of 
complexes are known i n which they a c t as n e u t r a l l i g a n d s i n metal carbonyl 

17 18 systems e.g. Mn(CO) 3(Ph 2C=NH) 2X, Cr(CO) 5(RR'C=NH). I n these c a s e s the 

l i g a n d i s a two e l e c t r o n donor. A s e r i e s of complexes of molybdenum and 

tungsten have been obtained i n these l a b o r a t o r i e s i n which methyleneamino-

groups a c t as t h r e e e l e c t r o n donors. Di-t-butylmethyleneamine d e r i v a t i v e s 
t 19 

form complexes of the type jt-C^H,-M(C0)2N=CBu ^. The r e l a t i v e l y low 

f r e q u e n c i e s of the carbonyl absorptions i n the complexes and t h e i r f a i l u r e 

to add a f u r t h e r n e u t r a l donor molecule such as p y r i d i n e , Ph^P or CO even 

under f o r c i n g c o n d i t i o n s a re i n d i c a t i v e of the methyleneamino-ligand a c t i n g 
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20 as a t h r e e e l e c t r o n donor. X-ray s t r u c t u r a l data on the molybdenum complex 

a l s o r e v e a l a Mo-N-C u n i t which i s approximately l i n e a r and a short Mo-N bond 

d i s t a n c e of 1«87A which i n d i c a t e s c o n s i d e r a b l e m u l t i p l e bonding between the 

metal and n i t r o g e n . These o b s e r v a t i o n s are i n agreement with the p r e v i o u s 

bonding c o n s i d e r a t i o n s ( F i g . 1 . 2 ) . The r e a c t i o n s of the complex are 

summarised i n F i g . I . 4 . S u b s t i t u t i o n of CO could not be achieved but o x i d a t i o n 

w i t h i o d i n e gave complexes of the type T T - C ^ H ^ M C C O ) ^ ^ ^ ! ^ ^ . 

R e a c t i o n of Ph.2C=NSiMe2 w i t h jt-C^H^M(CO)^Cl a l s o gave r i s e to s i m i l a r 

complexes by replacement of a carbonyl group by the diphenylmethyleneamino-
21 

group. However, these complexes r e a d i l y l o s t a f u r t h e r molecule of carbon 

monoxide wi t h the formation of the d i n u c l e a r complexes [71-0^.^.(00)^=0?^.^]^ 

i n which i t i s b e l i e v e d the methyleneamino-group a c t s as a b r i d g i n g l i g a n d 

between two metal atoms, the b r i d g i n g group donating a t o t a l of three 

e l e c t r o n s . The metal atoms appear to be two e l e c t r o n s s h o r t of a noble gas 

c o n f i g u r a t i o n and the formation of M-M bonds i s i m p l i e d . The molybdenum 

complex showed only one strong and one weak C-0 s t r e t c h i n g a b s o r p t i o n 

i n d i c a t i n g a s t r u c t u r e I X i n which the two carbonyl groups are on opposite 

s i d e s of the p l a n a r Mx^Ng r i n g and the proposed s t r u c t u r e i s based on an 

o c t a h e d r a l arrangement of groups about the metal atoms. 

IX 



-9-

T h i s s t r u c t u r e a l l o w s the d and d o r b i t a l s of one Mo atom to overl a p 
xy yz 

wit h e q u i v a l e n t o r b i t a l s of the other metal atom. The Mo-Mo bonding 

molecular o r b i t a l thus formed would have jt-symmetry and be bent towards the 

ni t r o g e n , thus being able to overl a p with>C=N rt*-orbitals i n the formation 

of a s t a b i l i s i n g extended jt-system as i n F i g . 1 . 3 . 

(C=N)«*-orbital 

rt-bonding i n v o l v i n g one of the b r i d g i n g >C=N groups 

F i g . I . 3 

The tungsten complex shows two strong C-0 s t r e t c h i n g v i b r a t i o n s i n d i c a t i n g a 

cis-arrangement of the carbonyl groups r e l a t i v e to the Ho^N^ r i n g . 

An analogous complex i n which b r i d g i n g methyleneamino-groups are pre s e n t 
22 

i s formed from pentacarbonyl i r o n and the a z i n e Me.C,H.C=N-N=C.C,H, .Me. 
6 4 6 4 

2 

I t s c r y s t a l s t r u c t u r e X i s e n t i r e l y c o n s i s t e n t with sp h y b r i d i s e d n i t r o g e n , 

as i n d i c a t e d f o r b r i d g i n g methyleneamino-ligands, and a l s o the ver y s h o r t 

Fe-N bond le n g t h i n d i c a t e s s u b s t a n t i a l double bonding. 
R e a c t i o n of Ph„C=NLi w i t h jt-CrH!7M(CO)„Cl r e s u l t e d i n the formation of I D 5 3 

an e n t i r e l y new type of complex [rt-C^Hi-MCCO^Pt^CNCPt^] i n which the l i g a n d 

Pt^CNCPb^ a c t s as a t h r e e e l e c t r o n donor, and the mode of bonding to the 
23 

metal i s b e l i e v e d to i n v o l v e the jt-system of the p s e u d o - a l l y l i c group as 

i n X I . 
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CAr CAr CPh CO 
N N 

M ;N 

CPh CO (CO)„Fe Fe(CO) 

X XI 

The reactions of diphenylmethyleneamino-complexes are summarised i n Fig.I.5. 

Again substitution reactions could not be achieved with these complexes. 

The apparent effec t of the groups attached to the^C=N on determining 

the bonding mode of the methyleneamino-ligand prompted the work described 

here with phenyl-t-butylmethyleneamine. The extreme bulkiness of the t -

butyl groups appears to favour the linear M-N-C u n i t , which results i n 

maximum overlap of metal d-orbitals with ligand rt-orbitals, and hence the 

formation of only mononuclear complexes. The ef f e c t of only one such bulky 

t - b u t y l group on the course of the reactions and upon the properties of the 

resultant complexes was therefore of considerable i n t e r e s t . 

The " a z a - a l l y l " ligand Pĥ CNCPĥ  w i l l be st a b i l i s e d by the presence of 

four phenyl groups through the considerable delocalisation of the jt-system, 

whereas the corresponding ligand Bu^CNCBu^ w i l l lack t h i s s t a b i l i t y . Also 

the bulky t - b u t y l groups on such a ligand may well s t e r i c a l l y hinder i t s 

approach to the metal atom s u f f i c i e n t l y to prevent strong bonding. The 

PhButCNCPhBut ligand w i l l have the s t a b i l i s i n g influence of two phenyl groups 

and may be less s t e r i c a l l y hindered for binding purposes, especially i f the 

M-N-C skeleton i s non-linear. 

The synthesis, reactions and general features of the chemistry of methyl-

eneamines are relevant to the research concerned with t h e i r introduction i n t o 

metal complexes, and w i l l f i r s t be reviewed. 
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Di-t-butylmethyleneamino-complexes of Mo and W19 

jr-C5H5M(CO)3Cl [M = Mo,W] 

a) Bu 2C=NLi i n Et^O, 20° 

b) But
2C=NSiMe3 i n monoglyme, 70° 

rt-C5H5M(CO)2N=CBut
2 

Ph P i n CC1. J 4 
[M = Mo] 

[Ph 3PBu t] +[jr-C 5H 5MoCl 4]' Ph^P i n hexane 
or monoglyme 
[M = Mo] 

ir-C5H5Mo(CO)(Ph3P)2H 

I 2 , hexane soln. 

rt-C5H5M(CO)l2N=CBu 

Pb_3P i n 
monoglyme 
[M = Mo] 

[Ph 3PBu tf[ir-C 5H 5Mo(Ph 3P)l 2]" 

Fig.I.4. 
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Diphenylmethyleneamino-complexes of Mo and W 

ir-C5H5M(CO)3Cl [M = Mo,W] 

Ph„C=NLi 

CPh_ 
-\ 1 

-IN 
>'/ 
CPh2 

Ph3P a) reflu x i n g CHCl3 

b) refl u x i n g C,H. .CH. 
6 4 

V 
No reaction 

rt-C5H5M(CO)3Cl 

Ph„C=NSiMe Ph„C=NSiMe„ i n 
sealed tube 100 monoglyme 70 
[M = W] 

o Monoglyme, 70 it-CrHrM(C0)„N=CPh > [jt-CcHcM(C0)N=CPhJ 

Ph P m monoglyme 70 
I O J monoglyme, R.T. 

no reaction 

C15 H15 M3 I3°4 

Fig.I.5. 

jr-C5H5M(C0)2 



CHAPTER I I 

THE SYNTHESIS, PROPERTIES AND REACTIONS OF METHYLENEAMINES 
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1. Introduction 

The chemistry of methyleneamines and N-substituted methyleneamines has 
24-

been reviewed and a comprehensive survey of the chemistry of compounds 
25 

containing the ̂ C=N-group has been published recently. 

Methyleneamines RR'C=NH are a group of quite reactive organic compounds. 

Most are high b o i l i n g l i q u i d s but where R and/or R' are substituted aromatic 

groups the compounds are often solids; a few compounds e.g. (CF^)2C=NH are 

gases at normal temperatures. The nitrogen atom i s quite basic, the 

compounds readily forming salts RR'C=NH.HX. A l l the compounds on hydrolysis 

y i e l d the corresponding ketone but the ease of hydrolysis varies considerably, 

d i a l k y l - and alkylaryl-methyleneamines being most reactive p a r t i c u l a r l y where 

enamine tautomerism i s possible. Care must be taken to use anhydrous 

conditions during t h e i r synthesis and to avoid contact with even moist a i r 

aft e r i s o l a t i o n . The diarylmethyleneamines are much less susceptible to 

hydrolysis and a few have been found to be extremely resistant. 

The N-H proton i s readily substituted to give a variety of N-substituted 

methyleneamines. The ^C=N being polar i n a similar way to the carbonyl group 

of ketones shows several reactions analogous to those of ketones e.g. 

e l e c t r o p h i l i c addition reactions with HCN, condensation reactions with 

NĤ OH, PhNHN^, etc. Reaction with CŜ  results i n the formation of the 

corresponding thio-ketone and the thiocyanate s a l t of the methyleneamine. 

Reduction of methyleneamines to primary amines i s readily achieved by 

ca t a l y t i c hydrogenation. 

2. Synthesis of methyleneamines 

Various organic compounds may be used as st a r t i n g materials for the 

synthesis of methyleneamines and i t w i l l be convenient to consider each type 

of compound i n turn and consider the various reactions by which they produce 
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methyleneamines. The main types of compounds used are n i t r i l e s , amines and 

oximes and a b r i e f review of th e i r use i n syntheses i s given below. 

(a) N i t r i l e s : The polar nature of the -C=N group renders the carbon atom 

susceptible to nucleophilic attack by organometallic compounds such as 

Grignard reagents and organolithium compounds, i n a similar way to the ketonic 

•C=0 group. Cautious hydrolysis of the complex formed yields the methylene-

amine. Alt e r n a t i v e l y the n i t r i l e can behave as an e l e c t r o p h i l i c reagent and 

reaction with a suitably activated aromatic compound, usually poly-hydroxy or 

-alkoxy substituted, results i n formation of the corresponding methyleneamine 

(Houben-Hoesch synthesis). Aldol-type condensations of n i t r i l e s with H 

atoms i n the a-position to the n i t r i l e group occurs to form cyanomethylene-

amines. 

(b) Amines or ammonia: Ammonolysis of ketones i s only of li m i t e d 

application as a method of synthesis, although good yields for a few methylene-

amines have been achieved using a c a t a l y t i c reaction. Dehydrogenation of 

amines i s only of l i m i t e d use also, largely due to side reactions such as 

deammination. Good yields of a l i m i t e d number of methyleneamines have been 

achieved by reaction of amines with potassium amide i n l i q u i d ammonia. 

(c) Oximes: Catalytic reduction of oximes forms a p o t e n t i a l l y good 

method of synthesis but has not yet received much attention. E l e c t r o l y t i c 

reduction likewise has only been used i n the successful synthesis of very 

few methyleneamines. The action of nitrous acid on oximes, although being 

the f i r s t method used to obtain methyleneamines, has not been further studied. 

2A. From n i t r i l e s 

( i ) Addition of Grignard reagents 

RC=N + R'MgX > RR'C=NMgX hydrolysis ̂  RR1c=NH 
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This i s the, most widely used method for synthesising methyleneamines. 
26 

The reaction was f i r s t used by Blaise for the synthesis of ketones 

previously unattainable by t r a d i t i o n a l methods. Although the nature of the 

methyleneamino-intermediate was realised, subsequent acid hydrolysis gave 

the required ketone. Cautious hydrolysis of the Gri g n a r d / n i t r i l e complex to 
27 

libe r a t e the free methyleneamine was achieved using ammonium chloride 

solution at -15° for diarylmethyleneamines which are f a i r l y stable to 

hydrolysis, or anhydrous hydrogen chloride for the less stable a l k y l a r y l -
28 

methyleneamines. Anhydrous ammonia was also used and the use of solvents 
29-35" 

other than ether for the reaction led to increased yie l d s . The 
extremely hydrolysable dialkylmethyleneamines tended to decompose even i n 

36 
such mild anhydrous conditions but the use of anhydrous methanol was found 
to give good yields and enabled the f i r s t i s o l a t i o n of Et2C=NH and Prnpr1C=NH. 

37 
Where the methyleneamine was more stable to hydrolysis aqueous acid 

38 39 
or aqueous a l k a l i ' have been used to decompose the complex. Anhydrous 
oxalic acid has also been used. Decomposition of the complex with acyl 

41 42 
chlorides or primary amines led to the formation of N-acyl- and N-alkyl-

or N-aryl-methyleneamines respectively. 

Hydroxyphenylnitriles reacted with Grignards to form the corresponding 
43 

hydroxydiphenylmethyleneamines, but two moles of Grignard are required due 

to the presence of hydroxy groups. 

The kinetics of the Grignard n i t r i l e reaction are complex, largely due 

to continued speculation upon the nature of the Grignard reagent i n solution. 

I n general, solutions of Grignard reagents could be regarded as mixtures 

involving the following e q u i l i b r i a together with small proportions of 
44-

ionised species and species more associated than dimeric. The nature of 

the equilibrium would depend upon R, the halogen X, the solvent, 
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RMg 
X 

X 
MgR 2RMgX ^ R2Mg + MgX2 ^ 

R X \ / X Mg 
R X 

Mg 

45 concentration and temperature. Storfer and Becker, assuming the reactive 

agent to be R2Mg, studied the kinetics of the reaction of Et2Mg with 

benzonitrile. They found the kin e t i c s followed no simple rate law and that 

the reactive ethyl groups were consumed at two d i f f e r e n t rates. They 

suggested the presence of a dimer of Et2Mg to f i t t h i s data and proposed a 

mechanism for the reaction based upon t h i s supposition. The data from the 

reaction of EtMgBr with benzonitrile also f a i l e d to f i t a simple rate law 

but tended to confirm that Et2Mg was the reactive species i n the mixture. 
46 

Edelstein and Becker, who investigated the reaction of PhMgBr with 

benzonitrile, found the reaction to be f i r s t order i n each for the f i r s t 25% 

of the reaction and also suggested that Ph2Mg was the reactive species. The 

reaction was also found to be strongly dependent on the [MgPh 2]/[MgBr 2] 

r a t i o and they suggested that the role of the MgBr2 was to increase the 

po l a r i t y and hence decrease the order of the t r a n s i t i o n state complex. 

Ph Ph Mg.MgBr + PhCN 6-

N 

Ph C=NMgPh.MgBr 

Mg 
Ph 

Br Mg 

Br 
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( i i ) Addition of organolithium and organoaluminium compounds 

RC=N + R'Li > RR1 C=NLi hydrolysis > R R , C = N H 

The action of these compounds on n i t r i l e s very closely resembles the 

addition of Grignards. Gilman and Marple^' obtained phenyl-p-tolylketone 

i n 17% y i e l d on hydrolysis of the reaction product from benzonitrile and 

tri-p-tolylaluminium, and also the same product i n 2270 y i e l d from benzonitrile 

and d i - p - t o l y l z i n c at 135-40°. The intermediate methyleneamine was not 

isolated. The f i r s t free methyleneamine obtained by use of organolithium 

compounds was from the reaction of 9-cyanoacridine with phenyllithium i n the 
48 

presence of a trace of hydrochloric acid, excess acid resulted i n 

hydrolysis to the ketone. 
C=N PhC=NH 

toxoid 

The reaction of a l k y l - and a r y l - l i t h i u m with excess benzonitrile at room 
49 

temperature led to the formation of 1,3,5-triazine derivatives; a similar 

reaction was observed with benzonitrile and diethylzinc. 

2 - p i c o l y l l i t h i u m was used to synthesise the corresponding 2-pyridyl-
52 

and phenyl-methyleneamines. Et„0 
191 PhBr + 

N CH CKLLi 

( i i ) hydrolysis 
( i ) PhCN 

( i i ) hydrolysis 

N N II 
CH NH N I 
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Di-t-butylmethyleneamine was obtained by reacting t - b u t y l l i t h i u m with 

t-butylcyanide and prolonged r e f l u x i n g of the intermediate l i t h i u m derivative 
52 

with anhydrous methanol. 

t t t MeOH t Bu L i + Bu C=N * Bu 2C=NLi > Bu 2C=NH 

Although very few free methyleneamines have been prepared by t h i s 

reaction, the method has proved a very convenient way of preparing i n s i t u 

the N-lithium derivative which has been used i n the synthesis of methylene-
53 54 

amino-derivatives of main group elements ' and of t r a n s i t i o n metal 
. . 17,19,21 carbonyls. ' 

Recently evidence has been produced that t h i s reaction, i n at least one 
55 

case, may be reversible. The reaction of pentachlorophenyllithium I with 

benzonitrile and p - t o l u i n i t r i l e gave good yields of the corresponding 

methyleneamines V, but attempts to react the l i t h i u m derivative I I I 

[Ar=Ph] with a further mole of p - t o l u i n i t r i l e to obtain the quinazoline IV 

[Ar=Ph; Ar^p-Me.CgH^] led to a mixture of products IV(a) and IV(b). I t 

was suggested that t h i s was due to the reaction forming the l i t h i u m derivative 

I I being reversible, and t h i s was shown to be the case by re f l u x i n g ether 

solutions of I I [ A r = p - t o l y l ] . On hydrolysis p - t o l u i n i t r i l e and penta-

chlorobenzene were detected. The reverse reaction was carried to completion 

by heating the solution of I I [Ar=p-tolyl] with mesitylene which trapped the 

benzyne derivative formed by loss of LiCl from I . 
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Si 
L i 

O 
CI 
I 

Ar-C=NLi 

ArCN 

Ar-C=NH 

V 

Ar-C=N-C=NLi 
Ar'CN t l / ^ A r 1 

— : . [ O L 

I I I 

Ar' 

(a) Ar=Ph; Ar'=p-tolyl 
(b) Ar=Ar'=p-tolyl 

( i i i ) Substitution reactions involving n i t r i l e s as electrophiles 

(Houben-Hoesch reaction) 

The Gattermann synthesis of aromatic hydroxyaldehydes by reaction of 

aromatic hydroxy-compounds with HCN i n the presence of HCl and a Lewis acid 

catalyst proceeds via an intermediate arylmethyleneamine. Hoesch extended 

the scope of t h i s reaction by using n i t r i l e s instead of HCN to synthesise a 
56 57 

number of aromatic hydroxyketones. Houben used the reaction to prepare 

a number of methyleneamines and t h e i r salts by i s o l a t i o n of the intermediate. 
NH.HC1 

OH OH i r C.CH o o + CH„CN + HCl 
HO HO 
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He found the reaction proceeded as above for d i - and poly-hydroxy and -alkoxy 

compounds, the monohydroxy compounds such as phenol produced the "imino 
58 

phenyl ester" PhOC(R)=NH.HCl. I t was also found that by the use of the 

very reactive t r i c h l o r o a c e t o n i t r i l e the reaction could be extended to 

reactive aromatic hydrocarbons such as mesitylene and m-xylene. 
Me Me Me i t 4-HCl O o o + CC1„CN Me Me Me Me Me Me 

CC1„C=NH.HC1 CC10C=NH 

This methyleneamine proved of interest i n that hydrolysis with aqueous a l k a l i 

did not y i e l d the ketone but chloroform and the n i t r i l e . Benzene i t s e l f was 
59 

found to react with d i c h l o r o a c e t o n i t r i l e to give the phenyldichloromethyl-

methyleneamine i n 41*5% y i e l d and t h i s compound proved to be surprisingly 

stable to hydrolysis. 

The use of d i n i t r i l e s such as cyanogen or malononitrile i n the reaction 
60 

resulted i n the formation of dimethyleneamines i n the reaction products. 

The various products of the reaction of benzene and cyanogen are explained 

i n the scheme below. 
HN V HCl.AlCl CN C,H <P>-<o>-Q I + CN-CN 

NH NH 

H„0 HCN 
ELO 

0 

K O CN / 
CN 

0 
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With suitable aromatic hydrocarbons e.g. naphthalene, anthracene and 

perinaphthane and using malononitrile, a double reaction occurred with the 

formation of a new r i n g , ^ i . e . 

The extensive l i t e r a t u r e of the Houben-Hoesch reaction has been 
. 62,63 reviewed. ' 

Reaction Conditions and Mechanisms 

The majority of examples of the reaction have been carried out with 

equimolar quantities of n i t r i l e and aromatic compound i n anhydrous ether, 

the solution saturated with dry hydrogen chloride and kept at 0° . The 

reaction usually requires a catalyst, zinc chloride being most often used, 

and t h i s generally gives higher yi e l d s . The presence of a catalyst has 

occasionally caused complications e.g. i t s use i n the reaction of quinol 
64-

with benzonitrile led to formation of a complex of the methyleneamine and 
zinc chloride but reaction proceeded smoothly i n the absence of catalyst. 

The reaction mechanism has been the subject of some speculation. 
56a 

Hoesch assumed i n i t i a l reaction of the n i t r i l e and HCl to form the methyl

eneamine salt which then substituted i n the aromatic r i n g with elimination 

of HCl. The fact that phenol does not react to form the methyleneamine but 
57 58 

the "imino ester" led Houben ' to investigate the p o s s i b i l i t y that t h i s 
might be the f i r s t step i n the reaction, the methyleneamine being formed by 

6 3 
rearrangement, but he was unable to substantiate his theory. Ruske 

suggested a simple e l e c t r o p h i l i c aromatic substitution involving a 
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carbonium ion formed by protonation of the n i t r i l e . 

OH 

HO 

e 
+ R-C=NH 

65" 
A recent k i n e t i c study of the reaction between phloroglucinol and 

ac e t o n i t r i l e or benzonitrile i n the presence of dry HCl and zinc chloride 

showed the reaction to be f i r s t order i n phloroglucinol and n i t r i l e and also 

f i r s t order i n hydrogen chloride ([HCl] > l'OM). Below 1*0M concentration 

i t was suggested that appreciable amounts of HCl were engaged i n association 

with the product methyleneamine as /C=NH.HCl or >C=NH2.HCl2 species. 

The i n i t i a l formation i n the Houben-Hoesch reaction of a s o l i d which contains 

n i t r i l e , substrate and hydrogen chloride was explained as being a charge-

transfer complex which i s slowly transformed in t o the substitution product. 
+ + RC=NH.HCl RC=NH2 HO OH HO ̂  Ji ^ OH HO L OH 

^ g j - + ^ r a.„ c l ^ _ ! i 2 V + HCX 
OH 

The effec t of the catalyst appeared to greatly increase the a c i d i t y of the 

hydrogen chloride solutions. 

( i v ) Aldol-type condensations of n i t r i l e s 

The strong p o l a r i t y of the -C=N bond of n i t r i l e s renders the hydrogen 

atoms on carbon atoms a- to the n i t r i l e group s l i g h t l y acidic making feasible 

aldol-type condensations similar to those i n carbonyl compounds. I n the 

presence of strong bases, n i t r i l e s have been found to react i n t h i s way 

forming cyanomethyleneamines. The long chain n i t r i l e s , NCCC^) CN, may be 

converted in t o cyclic cyanomethyleneamines by use of condensing agents RR'NM 
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(M = a l k a l i metals, alkaline earth metal, A l ) e.g. a d i p o n i t r i l e reacts with 

Et2NMgBr below 0°C to form 2-cyanocyclopentylideneamine.^ 

Et NMgBr 
NC C CH2 )4CN »• 

Other long chain n i t r i l e s with cyano-groups at every alternate carbon atom 

were found to react with sodamide i n formamide solution to give cy c l i c 

products. 

NaNH„ 
HCOML 

CN CN HN •NH NH 

Al k y l n i t r i l e s and benzyl cyanide on reaction with metallic sodium formed 

sxmple cyanomethyleneammes. 

CH CN 
CTLCN > [CH0CN] > CH„C.CH0CN 
3 2 3 tf 2 

NH 

The behaviour of these compounds towards c a t a l y t i c hydrogenation, when 

cleavage of the n i t r i l e group often occurred, indicated the p o s s i b i l i t y that 

they existed i n the enamine form RC(NH2 )==CHCN. 

H Ni 
CH„C.CH„CN — >• CTLCH.CH, 3|| 2 ' I 3 

NH NH2 

The synthesis of mixed methyleneamines was achieved using a c e t o n i t r i l e and an 
69 

a r y l n i t r i l e i n the presence of sodium, or better, sodamide. 
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(v) Miscellaneous reactions of n i t r i l e s 

P h t h a l o n i t r i l e on reaction with hydrogen sulphide i n the presence of 

sodium bisulphide i n an ethanol/water solvent produced 3-thioisoindolylidene-
. 70 

amine. 

Free radical attack at the carbon atom of the n i t r i l e group has been 

shown to produce methyleneamines. Cyclohexyl radicals, formed by photolysis 

of d i - t - b u t y l peroxide i n cyclohexane solution, reacted with benzonitrile to 

give trace amounts of phenylcyclohexylmethyleneamine, the main product being 

cyclohexylbenzonitriles by r i n g substitution. The y i e l d of the methylene-

amine was increased by thermal production of the radicals. Heating benzoyl 

peroxide i n benzonitrile s i m i l a r l y produced diphenylmethyleneamine. 

(PhC0 2> 2 — 2 P h C 0 2 * > 2Ph* + 2C02 

PhC=N + Ph* > Ph C=N* S ° l v e n t > Ph2C=NH 

Treatment of t-butylcyanide i n petroleum ether solution with metallic 
72 

sodium produced di-t-butylmethyleneamine. 

Reactions of perfluoroalkyl n i t r i l e s with chlorine i n the presence of 

metal fluorides resulted i n the formation of some N-chloro-perfluoroalkyl-
.* i . 7 3 

methyleneammes. 
PbF 

e.g. CF3CF2CF2CN + C l 2 > CF3CF2CF2CF=NCl 
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2B. From amines, imides or ammonia 

( i ) Condensation of ketones w i t h ammonia 

C=0 + NH >C=NH + H 20 

The condensation of carbonyl compounds wi t h d e r i v a t i v e s of ammonia i s a 

well-known method by which v a r i o u s N - s u b s t i t u t e d methyleneamines are prepared. 

However, the r e a c t i o n with ammonia i t s e l f i s more d i f f i c u l t and has l e d to 

the s u c c e s s f u l p r e p a r a t i o n of only a few methyleneamines. G e n e r a l l y , non-
71 

aqueous and f a i r l y d r a s t i c c o n d i t i o n s are r e q u i r e d . Thomae claimed the 

s u c c e s s f u l s y n t h e s i s of diphenylmethyleneamine by prolonged h e a t i n g of 

benzophenone with a l c o h o l i c ammonia i n a s e a l e d tube. L i q u i d ammonia and an 

aluminium chloride/ammonia compound, to remove the water formed i n the 
75" 

r e a c t i o n , were used with v a r i o u s ketones and proved reasonably s u c c e s s f u l . 
Whereas molten fluorenone a t 165° on r e a c t i o n w i t h anhydrous ammonia 

76 

y i e l d e d 667« of the fluorenylideneamine, the same product was obtained i n 

almost q u a n t i t a t i v e y i e l d by a much mi l d e r r e a c t i o n with l i q u i d ammonia a t 

room temperature over a long p e r i o d . 

s C=0 + RNH2 •> ;C=NR 

[R = alkyl,aryl,-OH,-NHPh, e t c . ] 

0 NH 

O O o o + NH + H~0 

More r e c e n t l y a number of perf l u o r o d i a l k y l m e t h y l e n e a m i n e s were obtained from 
78 

the corresponding ketones by r e a c t i o n w i t h ammonia. The in t e r m e d i a t e 

ammonia adducts were s t a b l e to dehydration but the use of a b a s i c medium 
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( p y r i d i n e ) and phosphorus o x y c h l o r i d e r e s u l t e d i n good y i e l d s of the 

methyleneamines. 
OH 0" 

( C F 3 ) 2 C = 0 + NH3 > ( C F 3 ) 2 C - N H 2 ( C F 3 ) 2C-NH 2 + BH + 

POCI 3 

(CF 3) 2C=NH 

C a t a l y t i c ammonolysis of ketones has proved of l i m i t e d s u c c e s s . Although 

benzophenone and ammonia vapours a t 300-400° i n the presence of a thorium 

oxide c a t a l y s t gave an almost q u a n t i t a t i v e y i e l d of diphenylmethyleneamine, 
79 

other ketones gave poor y i e l d s . 

( i i ) Dehydrogenation of amines 

" H 2 
R-CHR'-NH2 > RR'C=NH 

T h i s route to methyleneamines has not so f a r proved v e r y s u c c e s s f u l due 

to competing r e a c t i o n s such as deammination. C a t a l y t i c dehydrogenation u s i n g 

p l a t i n i s e d a s bestos or N i / A l 2 0 3 a t 320° or thorium oxide a t 450° l e d to 

products which were presumed to c o n t a i n the methyleneamines on the b a s i s of 
80 

t h e i r subsequent h y d r o l y s i s to ketones. The use of sulphur as a 
dehydrogenating agent proved s u c c e s s f u l i n producing 4,4'dimethoxydiphenyl-

81 
methyleneamine, the main product however being the corresponding thioketone. 

( i i i ) R e a c t i o n s w i t h KNH,, 

The r e a c t i o n of h a l i d e s having r e a c t i v e a-hydrogen but no |3-hydrogen 

atoms e.g. PhCH 2Cl, Pt^CHCl and 9- c h l o r o f l u o r e n e , w i t h potassium amide i n 

l i q u i d ammonia to form the dimeric alkenes a l s o formed amounts of the methylene-
82 

amines. Good y i e l d s of di p h e n y l - and fluorenylidene-methyleneamines were 

obtained. The r e a c t i o n products were e x p l a i n e d by the scheme: 
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KNHr KNH. 
[Ph„CHNE ]K F = 

2 NH„ 

Ph 2CHCl 

Ph„CHNH„ ; 
2 2 NH„ [Ph 2C-NH 2]K .+ 

Ph CHCl 

H [Ph C=N]K 
K KNH KNH 

Ph C-NH =-» + < — 

CHPh, [Ph 2CH]K + 

Ph.CH V 
P h 0 C - NH 

2 H 
H 

2C. From Oximes 

( i ) Reduction of oximes 

C a t a l y t i c r e d u c t i o n of oximes by hydrogen (1 atm.) a t room temperature 

i n the presence of f i n e l y d i v i d e d n i c k e l as a c a t a l y s t gave good y i e l d s of 
83 

di p h e n y l - and phenyl-a-naphthyl-methyleneamines. 

Ni 
Ph2C=N-OH + H 2 — — > Ph2C=NH + H 20 

Reduction of acetophenone and propiophenone f a i l e d due to the r a p i d h y d r o l y s i s 

of the methyleneamines but t h e i r h y d r o c h l o r i d e s a l t s were s u c c e s s f u l l y 

obtained. Cyclohexanone oxime gave cyclohexanone as the major product. 

C o n t r o l l e d e l e c t r o l y t i c r e d u c t i o n (pH < 4*0, 1*0 ̂ A ) of 2,4-dihydroxy-
8^ 

acetophenone oxime to the corresponding methyleneamine was achieved by Lund. 

The r e d u c t i o n consumed two e l e c t r o n s per molecule of oxime. The e l e c t r o d e 

r e a c t i o n corresponded to r e d u c t i o n of the protonated oxime. 
RR'C=N-0H + H ~ ^ RR'C=NH-0H 

+ - + + 
RR'C=NH-0H + 2e + 2H > RR*C=NH2 + H 20 
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( i i ) A c t i o n of n i t r o u s a c i d on oximes 

The only reported p r e p a r a t i o n s of methyleneamines by t h i s r o u t e have been 
85 86 

from the oximes of camphor and fenchone. Camphor oxime formed "camphor 

imine" n i t r a t e from wHich. the f r e e methyleneamine was obtained by treatment 

w i t h aqueous a l k a l i . 

'N-OH 
+ HNO. 

NH2.N03 OH NH 

"Fenchimine" was obtained i n a s i m i l a r r e a c t i o n but the i n i t i a l product was 

reported as the n i t r i m i n e . 

NOH N.NOr NH 

( i i i ) A c t i o n of Grignards on aldoximes 

Small amounts of methyleneamines were produced by the a c t i o n of excess 
81 

of Grignard reagent on c e r t a i n a r y l a l d o x i m e s . T h e i r formation was e x p l a i n e d 

by the i n i t i a l formation of the a r y l n i t r i l e which then r e a c t e d w i t h the 

e x c e s s of Grignard i n the u s u a l way. 

2D. M i s c e l l a n e o u s r e a c t i o n s producing methyleneamines 

( i ) The f i r s t r e ported s y n t h e s i s of a methyleneamine was by Hantzsch 
88 

and K r a f t i n 1891, who obtained diphenylmethyleneamine by r e a c t i o n of 

e t h y l carbamate w i t h dichlorodiphenylmethane. 
,o 

P h 2 C C l 2 + H2NCOOEt 130 > Ph 2C=NC00Et HCl > Ph2Cf=NH.HCl 
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( i i ) Reduction of l - p h e n y l - 2 - n i t r o p r o p - l - e n e with L i A l H ^ and 

decomposition of the complex w i t h aqueous sodium potassium t a r t r a t e was 

r e p o r t e d to g i v e benzylmethylmethyleneamine i n 60% y i e l d . 

L i A l H 
PhCH=C-CH3 =• 

N0 2 

PhCH=CH-CH„ 

m

2 

PhCH„CCH 0 

2 « 3 

NH 

The product r e a c t e d s l o w l y with moist a i r to give a c r y s t a l l i n e hydrate t r i m e r 

[PhCH 2C(=NH)CH 3.H 20] . 

( i i i ) Ph2C=NH was obtained as the major product i n the f l a s h p y r o l y s i s 

of benzophenone a z i n e over the range 3 75-500° The i n i t i a l formation of 

a d i a r y l m e t h y l e n e a m i n o - r a d i c a l r e s u l t s from homolytic cleavage of the N-N 

bond. The r a d i c a l then a b s t r a c t e d a proton from the r e a c t i o n m a t e r i a l ; some 

c h a r r i n g of the r e a c t i o n mixture was observed as a p o s s i b l e r e s u l t of t h i s 

p r o c e s s . The other main products of the r e a c t i o n were b e n z o n i t r i l e and 

6-phenylphenanthridine, the l a t t e r r e s u l t i n g from a t t a c k of phenyl r a d i c a l s 

on unchanged a z i n e . 

Ph2C=N-N=CPh2 — 2 P h 2 C = N * S ° U r C e ° £ H;> Ph2C=NH 

i 
PhC=N + Ph" 

( i v ) N-chloro-difluoromethyleneamine was produced by l o s s of C l 2 on 
91 

h e a t i n g N,N-dichloro-difluorochloromethylamine. 

CF 2C1.NC1 2
 1 0 ° " 1 5 0 > CF 2=NC1 

A summary of some of the methyleneamines prepared by the p r e v i o u s 

s y n t h e t i c r o u t e s i s given i n Tables I I . 1 . 
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Table I I . 1 

References to p r e p a r a t i o n s of methyleneamines 

I I . 1 ( a ) Diarylmethyleneamines. ArAr'C=NH 

Ar Ar' Reference 

Ph P h , o - t o l y l , p - t o l y l , a - n a p h t h ; 9 - a c r i d y l 27;48 
Ph 2-, 3-, 4 - p y r i d y l 40 
Ph p-Br.C 6H 4; 2,4,-(0H) 2.C 6H 3 52; 84 
o-,m-,p-tolyl o-, m-, p - t o l y l 30 

C 6 C 1 6 Ph, p - t o l y l 55 

p-Cl.C 6H 4 p - C l . C 6 H 4 112 
p-MeO.C,H. 

6 4 
p-MeO.C,H. 

6 4 
81 

2 - t h i e n y l o - t o l y l , 5 - a c r i d y l 36 

I I . 1 ( b ) A l k ylarylmethyleneamines. RArC=NH 

Ar R Reference 

Ph 
o-,m-,p-tolyl 
o - t o l y l 

E t , P r 1 1, B u 1 

T> i „ t Pr , Bu 
« n „ t _ i „ s , i Me, E t , Pr , Bu , Bu , Bu , Am 

27 
29 
35 

o - t o l y l MeCPh 2 33 
2,4,6-Me 3.C 6H 3 c c i 3 58 
2- ,3- , 4 - p y r i d y l Me, E t , Bu 1 1 40 
Ph Cy; 2,4,6-Me 3Cy* 27;38 
Ph, 2 - p y r i d y l 2 - p i c o l y l 51 

* Cy = c y c l o h e x y l 



I I . 1 ( c ) Dialkylmethyleneamines RR'C=NH 

R R' Reference 

MeCPh 2 Me, E t , P r n , Bu 1 1, Am11, Am1 33 

But 52 

E t E t 36 
n 

Pr P r 1 36 

PhCH 2 Me 89 

C F 3 C F 3 , CF 2C1 78 

CF 2C1 CF 2C1 78 

C 2 F 5 C 2 F 5 78 

Bu S Cy4CH 2^ ( n = 2,3,4,5)* 31 

Me 2,4,6-Me3Cy * 38 
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3. P r o p e r t i e s and r e a c t i o n s of methyleneamines 

A. S p e c t r o s c o p i c p r o p e r t i e s 

A s y s t e m a t i c s p e c t r o s c o p i c study of methyleneamines, RR'C=NH, has not 

been undertaken and the information a v a i l a b l e i s , as y e t , r a t h e r s p a r s e . 
92 

P i c k a r d and P o l l y reported C=N and N-H s t r e t c h i n g f r e q u e n c i e s f o r a number 
52 

of methyleneamines and the s e , together w i t h some r e c e n t data a r e given i n 

Table I I . 2 . The s t r e t c h i n g frequency of the>C=N group occurs i n t e r m e d i a t e 

between t h a t of the more p o l a r >C=0 and the v i r t u a l l y non-polar >C=C<groups, 

being g e n e r a l l y more i n t e n s e than the l a t t e r but l e s s i n t e n s e than the 

former. vq--§ absorptions f o r methyleneamines a r e u s u a l l y i n the range 
-1 -1 1600-1650 cm . A s i n g l e N-H s t r e t c h i s observed a t 3200-3250 cm . 

Phenyl s u b s t i t u e n t s tend to reduce the bond order and hence s h i f t the 

VC=N a k s o r P t : i - o n t o lower f r e q u e n c i e s ; t h i s i s r e f l e c t e d i n the data i n 

Table I I . 2 , dialkylmethyleneamines absorbing a t ~1650 cm""'', a l k y l a r y l a t 
-1 -1 ~1620 cm and d i a r y l a t ~1605 cm . The e f f e c t of ele c t r o n - w i t h d r a w i n g 

groups i n the benzene r i n g f u r t h e r reduces the frequency e.g. d i - p - c h l o r o -
-1 52 -1 phenylmethyleneamine absorbs a t 1590 cm , ( t h e v a l u e of v 1653 cm 

92 
quoted by P i c k a r d and P o l l y has been suggested to be due to h y d r o c h l o r i d e 

52 
i m p u r i t y ) , whereas e l e c t r o n - d o n a t i n g groups i n c r e a s e the frequency e.g. 

—1 81 
di-p-methoxyphenylmethyleneamine (v 1646 cm ) . Some d i s c r e p a n c y i n 
the l i t e r a t u r e appears i n the assignment of v^,_^ f ° r diphenylmethyleneamine. 

92 52 -1 W h i l s t P i c k a r d and P o l l y and Wade a s s i g n a v^_^ band a t 1603 cm" , 
93 94 -1 -1 C a n t a r e l and Mathis-Noel a s s i g n v at 1649 cm and 1660 cm 

C=N 

r e s p e c t i v e l y . No e x p l a n a t i o n appears to have been o f f e r e d f o r t h i s 

d i s c r e p a n c y . 
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Table I I . 2 

S t r e t c h i n g f r e q u e n c i e s v and v f o r some methyleneamines RR1C=NH 

R R' v(C=N) v(N-H) Reference 

Ph Ph 1603 3236 92 

p-Cl.C,H. 6 4 p-Cl.C,H. 6 4 1 5 9 0 , 5 2 1653 3247 92 

p-Br.C,H. 6 4 Ph 1607 52 

p-MeO.C,H. 
6 4 

p-MeO.CgH^ 1646 3257 81 

p - t o l y l p - t o l y l 1610 52 

Ph Bu f c 1618 3226 92 

o - t o l y l E t 1631 3205 92 

o - t o l y l Bu 1629 3205 92 

o - t o l y l Pr 1 1 1629 3226 92 

E t Bu 1 1 1645 3226 92 

Pr 1 1 Pr 1 1 1645 3226 92 

Bu f c Bu f c 1610 52 

C F 3 C F 3 1672 78 

CF 2C1 CF 2C1 1672 78 

C 2 F 5 C 2 F 5 1669 3289 78 
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B. Enamine tautomerism 
i i 

Methyleneamines of the type -CH-C=NH may e x i s t i n tautomeric forms and 

the evidence f o r the two s t r u c t u r a l forms i s reviewed below. 

-CH-C- <5 > -C=C-
' II ' I 

NH NH, 2 
methyleneamine enamine 

c . f . -CH-C- < > -C=C-
» l | ' I 

0 OH 
ketone enol 

( i ) P h y s i c a l evidence: Due to l a c k of s p e c t r o s c o p i c data on methyl

eneamines the evidence f o r such tautomerism i s very s p a r s e and somewhat 
95 

c o n f l i c t i n g . C u l b e r t s o n suggested the e x i s t e n c e of the enamine forms of 

2- and 4-hydroxydiphenylmethyleneamines to e x p l a i n t h e i r r e s i s t a n c e to 

h y d r o l y s i s . The u l t r a - v i o l e t a b s o r p t i o n s p e c t r a showed d i s t i n c t a b s o r p t i o n s 

a t 320-330 mp whereas f o r 3-hydroxydiphenylmethyleneamine, where such 

tautomerism i s i m p o s s i b l e , only a b s o r p t i o n s a t 250-275 mH were de t e c t e d , 

0 OH OH 
f C-Ph HO C-Ph C-Ph 0 OH 

NH NH NH 

o-quinoid amine p-quinoid amine 

92 
Although P i c k a r d and P o l l y found no evidence of v bands i n the 

i n f r a r e d s p e c t r a of methyleneamines a r i s i n g from the enamine form, Mathis-
94 

Noel d i d f i n d such evidence w i t h p y r i d y l a l k y l m e t h y l e n e a m i n e s . He concluded 

t h a t 2-pyridyl(n-butyl)methyleneamine was almost t o t a l l y i n the enamine form, 
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and a l s o t h a t 4 - p y r i d y l ( n - b u t y l ) - and 2 - p y r i d y l ( e t h y l ) - m e t h y l e n e a m i n e s 

contained a p p r e c i a b l e amounts of the enamine form. 
96 -1 Witkop reported f o r Ph2CHCH=NH a s i n g l e band i n the 2000-1500 cm 

r e g i o n ( a s s i g n e d to v ^ _ ^ ) , and no i n d i c a t i o n of the enamine form, whereas 

for ethyl-(3-aminocrotonate the one a b s o r p t i o n a t 1667 cm"''" (v ) supports 

the enamine s t r u c t u r e I I i n s t e a d of the imino form I . However, on a d d i t i o n 

of a t r a c e of a c i d the compound was converted not to the expected enamine 

s a l t , but to the imino s a l t I I I which had an unconjugated e s t e r band a t 

1715 cm" 1. 
H 
I + 

^ C ^ ^ H Me NH fl+ Me NH2 

C H A C C 

C. 
\ ) E t ^ O E t ^ OEt 

I I I I I I 

No evidence of tautomerism was seen i n the i . r . s p e c t r a of a s e r i e s of 
97 

methyleneamines of the type RR'NCH 2CH 2CPh 2C(=NH)Et. 

The e x i s t e n c e of the enamine form i n N - s u b s t i t u t e d methyleneamines was 
98 

detected by von Auwers and Wunderling i n 1932 from measurements of molar 

r e f r a c t i o n s . The enamine forms of N-cyclohexyl d e r i v a t i v e s of c y c l o h e x y l i d e n e -

and phenylmethyl-methyleneamines were i n f e r r e d from the presence of v 
99 

bands i n the i n f r a r e d . 

F i n a l l y the l i m i t e d Si n.m.r. data c l e a r l y shows the advantage of t h i s 
100a 

technique i n p r o v i d i n g the much needed s y s t e m a t i c study. Dudek and Holm 
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r e p o r t e d the presence of v i n y l i c protons and no -CR^- protons i n the H 

n.m.r. spectrum of b i s - ( a c e t y l a c e t o n e ) - e t h y l e n e d i i m i n e I V i n d i c a t i n g the 

enol and enamine forms V or V I i n ̂  95%. 

Me 

/ 
CH 2 

/ \ 
Me CH 2~CH 2 

Me 
/ 

0=C 
\ 
CH 0 

N=C 
/ \ Me 

IV 

Me 
\ ̂ C-0 
s \ 

CH H 
XC=N' 
/ \ Me CH 2-CH 2 

/Me 

/°-\ 
H CH 

SN=C 
/ N. Me 

V 

* Me 

C=0 S . - 0 = \ 
H H'' CH 

N-C 
^ Me 

Me 
\ 
/ ' 

CH 

Me CH 2-CH 2 

V I 

S i m i l a r s t u d i e s on the d e r i v a t i v e s of the o-hydroxynaphthylmethyleneamine V I I 

showed t h a t the s t a b i l i t y of the enamine form V I I I was s u f f i c i e n t to out

weigh the l o s s i n d e l o c a l i s a t i o n produced i n the r i n g system.^Ob 

CH„R CH„R 

V I I V I I I 

The presence of the enamine form of the N-organosilylmethyleneamine 

PhMeC=NSiMe^ was detected by the presence of o l e f i n i c protons i n the 
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H n.m.r. spectrum. 

Ph Ph 
N xC=NSiMe„ ^C-NH.SiMe. 
/ 3 S 3 

The reported spectrum of N-isopropyldimethylmethyleneamine measured i n 

methanol a t room temperature showed no v i n y l i c protons but i n CH^OD the r e 

was immediate suppression of the s i g n a l s due to the methyl protons a t t a c h e d 

to ) C = N . ^ ^ Thus, although the compound e x i s t e d almost t o t a l l y i n form I X , 

r a p i d exchange of these s i x methyl protons f o r deuterium occurred v i a the 

enamine form X 

CH„ CH 0 CH„ CH„ 3 S' 2 

N ^ — = NH 
I i 
CH CH 

X \ / \ 
CH 3 CH 3 CH 3 CH 3 

IX X 

Claims to have i s o l a t e d both the two forms have a l s o been made. 
102 

Dabrowski reported the s e p a r a t i o n of the enamine, n-PrC0CH=CHNH2, by 

continuous e x t r a c t i o n of the methyleneamine n-PrC(0H)=CH.CH=NH, with 

petroleum ether a t -25° over a pe r i o d of 18 h r s . Condensation of PhMeCHOT^ 

with a c e t o a c e t i c e s t e r a t -10° was r e p o r t e d ^ 3 to give two i s o m e r i c products, 

a l i q u i d assumed to be the enamine PhMeCHNHCMe=CHC00Et, and a s o l i d assumed 

to be the methyleneamine PhMeCH^CMeC^COOEt, the enamine form being p r e s e n t 

to the extent of 68%. 
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( i i ) Chemical evidence: Evidence f o r a methyleneamine r e a c t i o n 

o c c u r r i n g v i a the enamine form i s f u r n i s h e d by the formation of "ketoso-

k e t i m i n e s " . Phenylethylmethyleneamine was observed to become i n c r e a s i n g l y 

y e l l o w on standing and e v o l u t i o n of ammonia occur r e d . On hea t i n g a greenish-

y e l l o w o i l was obtained which was i d e n t i f i e d as the "ketosoketimine" X I I . "*"0^ 
95 

I t has been suggested t h a t the r e a c t i o n i n v o l v e d the enamine form X I . 

Ph Ph Ph Ph 
\ C = N H V N H , P h E t C = N H > V<Mw/ + NH„ 

C H 3 C H 2 CH 3CH CH C I T ^ 

X I X I I 

"Ketosoketimines" were a l s o observed to be formed during the i s o l a t i o n of 
40 

2 - p y r i d y l ( e t h y l ) m e t h y l e n e a m i n e . 

A l s o the r e a c t i o n of N-isopropyldimethylmethyleneamine w i t h dimethyl 

maleate was i n t e r p r e t e d as i n v o l v i n g the enamine form.^''" 

Y Y 
N < » NH 

T 
COOMe COOMe r r COOMe c => © N - H NH + N 
COOMe COOMe 

COOMe 
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C. Chemical r e a c t i o n s of methyleneamines 

( i ) The b a s i c i t y of the nitr o g e n ; pK measurements of only a few 
a 

95 methyleneamines have been measured. Diphenylmethyleneamine has a pK val u e 
cl 

of 7*18 and i s obv i o u s l y a weak base (ammonia 9*2, a n i l i n e 4*61, p y r i d i n e 5*20). 
95 

From the v a l u e s quoted i t i s d i f f i c u l t to draw i n f e r e n c e s concerning the 

e f f e c t of s u b s t i t u e n t s on the b a s i c i t y . The e f f e c t of e l e c t r o n withdrawing 

s u b s t i t u e n t s e.g. c h l o r i n e produces the expected r e d u c t i o n i n base s t r e n g t h 

but the e f f e c t of hydroxy 1-, methoxyl-and a l k y l - s u b s t i t u e n t s does not r e v e a l 

a c o n s i s t e n t p a t t e r n . 

A l l methyleneamines r e a d i l y form s a l t s of the form RR'C=NH.HCl on 

treatment with anhydrous hydrogen c h l o r i d e . 

( i i ) H y d r o l y s i s of methyleneamines 

RR'C=NH + H 20 > RR*C=0 + NH^ 

The ease of h y d r o l y s i s of many methyleneamines and the consequent need 

for c a r e i n choosing r e a c t i o n c o n d i t i o n s f o r t h e i r s y n t h e s i s i s a main 

f e a t u r e of the chemistry of these compounds. The r e a c t i v i t y towards h y d r o l y s i s 

appears to decrease i n the order R2C=NH y RArC=NH y Ar 2C=NH but a wide range 

of r a t e s of h y d r o l y s i s occurs even w i t h i n these groups. L i t t l e k i n e t i c work 

has so f a r been reported on the r e a c t i o n . Cyclopropylphenylmethyleneamine 

h y d r o c h l o r i d e gave v a l u e s of k = 0*0252 min 1 (0*5M s o l u t i o n i n O'lM NaOH) 
1 o 28 and 0*0243 min (O'lM s o l u t i o n i n O'lM NaOH) a t 0 . The corresponding 

cyclopropylethylmethyleneamine compound was very r a p i d l y h y d r o l y s e d , even 

more r a p i d l y than the f r e e base, and i t was suggested t h a t t h i s might 

i n d i c a t e the presence of a l a r g e p roportion of the enamine form. A d e t a i l e d 
95 k i n e t i c study of the h y d r o l y s i s of v a r i o u s s u b s t i t u t e d diphenylmethyleneamines 
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r e v e a l e d t h a t s u b s t i t u e n t s i n the o r t h o - p o s i t i o n r e s u l t e d i n much slower r a t e s 

of h y d r o l y s i s , a p o s s i b l e reason being s t e r i c hindrance and t h i s i s confirmed 

by l a t e r work on s u b s t i t u t e d cyclohexylphenylmethyleneamines'^"' and by 
29 30 38 

q u a l i t a t i v e o b s e r v a t i o n s . ' ' A l l the k i n e t i c s s t u d i e s showed a f i r s t 

order r e a c t i o n . 

( i i i ) S u b s t i t u t i o n r e a c t i o n s a t the n i t r o g e n 

Organolithium compounds r e a d i l y d i s p l a c e d the hydrogen atom forming the 
53 a 

l i t h i u m d e r i v a t i v e even a t low temperatures. 

R " L i + RR'C=NH RR'C=NLi + R"H 

The sodium d e r i v a t i v e of diphenylmethyleneamine has a l s o been made i n an 
impure form by the a c t i o n of sodium metal or sodium amide i n l i q u i d ammonia, 

106 
but the potassium d e r i v a t i v e could not be prepared. R e a c t i o n of these 
l i t h i u m d e r i v a t i v e s with t r i a l k y l - or t r i a r y l - c h l o r o s i l a n e s r e s u l t e d i n the 

53 c 54 
formation of a s e r i e s of N - o r g a n o s i l y l d e r i v a t i v e s ' and s i m i l a r 

54 
d e r i v a t i v e s c o n t a i n i n g Sn and Ge. 

RR'C+NLi + R " 3 S i C l > RR'C=NSiR" 3 + L i C l 

These d e r i v a t i v e s a l s o r e s u l t e d from the r e a c t i o n of no n - e n o l i z a b l e ketones 

on sodium b i s - ( t r i o r g a n o s i l y l ) a m i d e . ^ ^ 

N a N ( S i R 3 ) 2 +>C=0 > >C=NSiR 3 + Na0SiR 3 

Grignard reagents s i m i l a r l y r e p l a c e d the hydrogen atom forming the 

complex RR'C=NMgX from which the methyleneamine could be recovered by c a u t i o u s 

h y d r o l y s i s . The a c t i o n of heat on T.H.F. s o l u t i o n s of t h i s Grignard d e r i v a t i v e 

w ith small amounts of c o p p e r ( l ) c h l o r i d e r e s u l t e d i n the formation of the 

az i n e s RR'C=N-N=CRR1, p o s s i b l y v i a organocopper compounds of the type 

RR'C=NCu. 1 0 8 
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Both the Grignard and l i t h i u m d e r i v a t i v e s of Ph2C=NH reacted w i t h 
109 

azides, the former producing diazomethanes I and N- s u b s t i t u t e d methyleneamines 

I I . I n a d d i t i o n compound I I I was produced f o l l o w i n g d i m e r i s a t i o n of the 

l i t h i u m d e r i v a t i v e . 

Ph2C=NMgX + TosN 3 

+ 
Ph2C=N=N + N 2 + TosMgCl 

I 

Ph2C=N-Tos + MgClN 3 

I I 

Ph 2C=NLi dimeri&ation 
Ph N 2 L i 

P h X XN-CPh,. 

TosN 3
 P \ / N 3 
> C 

P h / XN=CPh,. 

I l l 

S u b s t i t u t i o n of the hydrogen atoms f o r a l k y l groups was achieved by 
85 86 r e a c t i n g "camphor imine" and "fenchone imine" w i t h methyl iodide, and 

also by r e a c t i o n of methyleneamines w i t h primary amines.'''^ 

Ph2C=NH + H2NR -> Ph2C=NR' + NH3 

Reaction w i t h e i t h e r a c i d anhydrides or ketene produced the corresponding 
111 

N-acyl d e r i v a t i v e s , which w i t h dry HCl i n benzene reformed the parent 

compound 
Ph2C=NH + (RC0) 20 -3» Ph2C=NC0R + RC00H 

Ph2C=NH + CH2=C=0 -» Ph2C=NCOOCH3 

S u b s t i t u t i o n r e a c t i o n s a t the n i t r o g e n atom i n v o l v i n g a v a r i e t y of 

organic n i t r o g e n compounds have been re p o r t e d , thus phenylhydrazine y i e l d e d 



-42-

the N - s u b s t i t u t e d p h e n y l h y d r a z o n e h y d r o x y l a m i n e y i e l d e d the oxime 3 ̂ ' 

and phenylisocyanate y i e l d e d , on h y d r o l y s i s , phenylurea and benzophenone 106 

Ph2C=NH + PhNH.NH2 -> Ph2C=N.NHPh + NH3 

Ph2C=NH + NH20H >, Ph2C=N0H + NH^ 

HO 
Ph2C=NH + PhNCO *• Ph2C=NOCNPh — = - » PhNHC0NH2 + Ph2C=0 

Dimesitylmethyleneamine d i d not y i e l d the oxime on treatment w i t h h y d r o x y l 

amine. However, on treatment w i t h hydrogen peroxide i n g l a c i a l a c e t i c a c i d 

( p e r - a c e t i c a c i d ) i t produced a s u b s t i t u t e d amide IV, the Beckmann 
39 

rearrangement product of the oxime. 

H202/HOAc 
Mes-C-Mes > 

NH 

Mes-C-Mes 
II 
NOH 

-> Mes-NH-C-Mes II 
0 

IV 

With N-benzhydrylhydroxylamine the r e a c t i o n produced a n i t r o n e V which then 
112 

rearranged t o form the O-benzhydryloxime V I . 

Ar2C=NH + Ar^CHNHOH 
0 + / 

-*> Ar.C=N + NH„ 
2 \ 3 

CHAr 2 

V 

* ^OCHAr', 
Ar 2C=N' 

VI 
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N-chloromethyleneamines were made by r e a c t i o n of methyleneamines w i t h 
113 1 l'-f hypochlorous a c i d or t - b u t y l h y p o c h l o r i t e . Ph2C=NCl was found t o be 

q u i t e s t a b l e , being l a r g e l y unchanged on heating at 130° i n chlorobenzene 

s o l u t i o n , but Ph^MeCPW^NCl under s i m i l a r c o n d i t i o n s broke down t o form 
114 

b e n z o n i t r i l e and 1,1-diphenylethylene. D i - ( t r i f l u o r o m e t h y l ) - m e t h y l e n e -

amine underwent N-halogenation on treatment w i t h halogens i n the presence of 

metal f l u o r i d e s as c a t a l y s t s . 
(CF 3 )2C=NH + X 2 •> (CF 3 )2C=NX + HX 

With f l u o r i n e some of the f u l l y f l u o r i n a t e d amine (CF^) 2CF 2NF 2 was produced. 

The N-bromo d e r i v a t i v e was also prepared from the l i t h i u m d e r i v a t i v e by the 
78 

a c t i o n of bromine. This compound was l i g h t - s e n s i t i v e forming the azine 

(CF 3) 2C=N-N=C(CF 3) 2. 

S u b s t i t u t i o n using phosgene produced a series of N-chlorocarbonyl 

d e r i v a t i v e s V I I together w i t h t h e i r isomeric a-chloroisocyanates V I I I . 
RR*C=NH + C0C1„ Toluene^ R R t c = N C 0 c l v RR'C(NC0)Cl 

130° 
V I I V I I I 

Treatment of V I I w i t h SbF3 produced, i n some cases, the N-fluorocarbonyl 

derivative."'"''"^ On h y d r o l y s i s V I I reformed the parent me thy lene amine, ̂  ^ 

a l c o h o l y s i s of V I I produced the N-alkoxycarbonyl d e r i v a t i v e s and r e a c t i o n w i t h 
116 

primary amines produced N-alkylamido-derivatives. 

S u b s t i t u t i o n w i t h n i t r o s y l c h l o r i d e i n carbon t e t r a c h l o r i d e s o l u t i o n a t 

-10° produced a number of deep blue or purple N-nitroso-derivatives''"'''^ which 

were most unstable, decomposing slowly a t room temperature t o form the ketone 

and n i t r o g e n v i a a f i r s t order r e a c t i o n . 
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R 
C=N-N=0 

R .0 R 

/ C = 0 + N 2 
R1 

The same N-nitroso d e r i v a t i v e s r e s u l t e d from the treatment of ether s o l u t i o n s 

of the N - o r g a n o s i l y l d e r i v a t i v e s w i t h NOCl, the reagent causing cleavage of 

the Si-N bond. 118 The N-nitroso-t-butyl-o-tolylmethyleneamine decomposed 

forming c - t o l u i n i t r i l e and t - b u t y l c h l o r i d e as w e l l as the ketone. A f r e e 

r a d i c a l mechanism was suggested.''"''"^ 

( i v ) A d d i t i o n r e a c t i o n s 

The r e a c t i o n of hydrogen cyanide w i t h methyleneamines i s analogous t o 

i t s r e a c t i o n w i t h carbonyl compounds, r e s u l t i n g i n a m i n o n i t r i l e s v i a 

n u c l e o p h i l i c a t t a c k at the carbon atom. Good y i e l d s of the a m i n o n i t r i l e s were 

obtained from d i p h e n y l m e t h y l e n e a m i n e ' ' ' ^ ' a n d f luorinylideneamine. >"^^ 

The carbon atom i n (CF 3) 2C=NH i s p a r t i c u l a r l y e l e c t r o n d e f i c i e n t and r e a c t i o n 
78 

w i t h nucleophiles produced a number of sta b l e a d d i t i o n compounds 

(CF 3) 2C=NH + HX > (CF 3) 2CX [X = -NH2, -NHNH2, -NCO, 

NH2 -N 3, -0CH3, -F] 

Reaction o f methyleneamines w i t h compounds c o n t a i n i n g r e a c t i v e methylene 
120 

groups produced compounds w i t h ^C=CC groupings. For example, they 

reacted r e a d i l y w i t h cyanoacetic a c i d , cyanoacetic e s t e r , cyanoacetamide and 

nitromethane t o form the corresponding alkene, a r e a c t i o n which i s also shown 

by most aldehydes but i s less r e a d i l y shown by ketones, p a r t i c u l a r l y d i a r y l 

ketones. The r e a c t i o n was pos t u l a t e d as a n u c l e o p h i l i c a d d i t i o n f o l l o w e d by 

e l i m i n a t i o n . 
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Th e vast m a j o r i t y of methyleneamin.es are reduced by hydrogen t o form 
30 32 33 35 

the primary amine. ' ' ' Reduction r e a d i l y occurs a t room temperature 

i n the presence of a platinum c a t a l y s t . 

The r e a c t i o n w i t h carbon d i s u l p h i d e has been the subject of a number of 

r e p o r t s , p a r t i c u l a r l y i n recent years. The r e a c t i o n proceeded v i a a c y c l i c 

t r a n s i t i o n s t a t e to y i e l d the corresponding thioketone and th i o c y a n i c a c i d , 

the l a t t e r also r e a c t i n g w i t h more of the methyleneamine t o produce the 
^ - . n 121,122 thiocyanate s a l t . 

5f 

6-\ B+ 
S = C = S 

.H 
C — N' 

— c = s J 
C=S + H-N=C=S 

/>C=NH + HNCS > >C=NH2.NCS 

The l i t h i u m d e r i v a t i v e of methyleneamines also reacted w i t h CS2 t o form the 
123 

thioketone. Reaction of 4,4-dimethoxydiphenylmethyleneamine w i t h hydrogen 
81 

sulphide also formed the corresponding thioketone and the thiocyanate s a l t 
of methyleneamines was also produced i n d i r e c t l y by r e a c t i o n o f c e r t a i n 

124 
cyclohexen-l-ones w i t h ammonium thiocyanate. 

R 
+ NH4NCS *• | + H 20 

+NH2.NCS 

http://methyleneamin.es
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( v ) Radical r e a c t i o n s 

125 126 The photochemical r e d u c t i o n and o x i d a t i o n of Ph2C=NH was rep o r t e d 

to occur v i a the same i n i t i a l step i n v o l v i n g proton a b s t r a c t i o n from the 

solvent ( i s o p r o p a n o l ) forming a f r e e r a d i c a l . 

Ph_C=NH solvent P h 0 6 - N H 0 2 p h o t o l y s i s 2 2 

I n the absence of oxygen t h i s r a d i c a l f u r t h e r reacted t o form Ph^CHNIL, and 

Ph2C=NCHPh2 as major products. I n a stream of oxygen the sole product was 

benzophenone. 



CHAPTER I I I 

RESULTS AND DISCUSSTON 
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I n t h i s chapter the synthesis of new methyleneamino-complexes of 

molybdenum and tungsten and some of t h e i r r e a c t i o n s are described. 

1. Synthetic routes t o methyleneamino-derivatives 

The possible complication of enamine tautomerism i n the methyleneamine 

has always been avoided by the use of such compounds w i t h no hydrogen atoms 

i n the a - p o s i t i o n t o the ̂ C=NH group. Diphenyl- and d i - t - b u t y l - m e t h y l e n e -
19 21 

amines have been s p e c i f i c a l l y studied p r e v i o u s l y ' but i n t h i s work the 

intermediate mixed arylalkylmethyleneamine, PhButC=NH, was used. 

The method of i n t r o d u c i n g a formal 'anionic' l i g a n d i n t o metal carbonyl 

systems i s g e n e r a l l y achieved by use of a m e t a t h e t i c a l process, and some 

possible routes are l i s t e d below. 

1. ( a ) M(CO) Na + L-X > M(CO) L + NaX [X = halogen, e t c . ] 
i n n 

( b ) M(CO) X + L-M1 > M(CO) L + M'X [M 1 = Li,Na] 
n n 

2. M(CO) X + L-M'R„ =• M(CO) L + R0M*X [M 1 = Si,Sn] 
n 3 n 3 

3. M(CO) X + L-H > M(CO) L + s a l t of HX 
n n 

4. M(CO) H + L-H > M(CO) L + H„ 
n n 2 

/ 
5. [M(CO) ] 0 + L 0 > 2M(C0) L 

n z 2. n 
21 

Methods 1(b) and 2 have been found most s a t i s f a c t o r y and are used i n t h i s 
work. A common by-product i n both r e a c t i o n s i s the dimeric carbonyl 

21 
[ M ( C O ) n] 2. Reaction 1(a) i s not very s a t i s f a c t o r y and leads l a r g e l y ,to t h i s 
dimeric carbonyl and the dimeric l i g a n d (az'ine) as w e l l as t o small amounts 

21 

of M(CO)nX. Method 3 r e s u l t s i n the formation of complexes w i t h the 

methyleneamine as a n e u t r a l l i g a n d w i t h o u t the e l i m i n a t i o n of HX."^ 
Mn(CO)5X + 2Ph2C=NH > Mn(CO) 3(Ph 2C=NH^X+ 2C0 
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Method 4 has not so f a r been i n v e s t i g a t e d . Although method 5 was s u c c e s s f u l l y 
22 

used t o prepare the i r o n carbonyl complex [Fe(CO)3N=C.CgH^.CH3]£, the 
method l e d to recovery of only the s t a r t i n g m a t e r i a l s i n previous work on the 

21 

cyclopentadienyl Mo and W carbonyl systems. 

2. Experimental 

Hydrocarbon solvents and d i e t h y l e t h e r were d r i e d over extruded sodium, 

monoglyme and methanol were d i s t i l l e d from l i t h i u m aluminium hydride and 

chloroform d r i e d over molecular sieve. Triphenylphosphine was r e c r y s t a l l i s e d 

from hexane before use, and i o d i n e p u r i f i e d by sublimation i n vacuo. A l l 

solvents were pumped t o remove dissolved a i r , stored under n i t r o g e n and 

t r a n s f e r r e d by syringe against a counter c u r r e n t of n i t r o g e n . A l l r e a c t i o n s 

were performed w i t h r i g o r o u s exclusion of oxygen. 

Spectra: I n f r a r e d spectra i n the range 4000-400 cm ^ were recorded using a 

Grubb Parsons Spectromaster and ''"H n.m.r. spectra a t 60 MHz. using a 

Perkin-Elmer RlO or Varian A56/60 spectrometer and using T.M.S. as a 

reference standard. Mass spectra were obtained using an A.E.I. MS9 instrument 

at 70 ev and an a c c e l e r a t i n g p o t e n t i a l of 8 kv. Samples were i n s e r t e d 

d i r e c t l y i n t o the i o n source at temperatures between 80° and 220°. Isotope 

d i s t r i b u t i o n p a t t e r n s were computed using a programme k i n d l y supplied to us 

by Dr. E. Brook. 

Analyses; Carbon, hydrogen and n i t r o g e n were determined using a Perkin-Elmer 

240 Elemental Analyser. Halogens were determined by f u s i o n of the complex 

w i t h potassium, followed by v o l u m e t r i c determination of the h a l i d e ions. 

Molecular weights were determined c r y o s c o p i c a l l y i n benzene and cyclohexane, 

and osmometrieally, using a Mecrolab Osmometer, i n chloroform or benzene 

s o l u t i o n . 
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2A. S t a r t i n g m a t e r i a l s 

rt-cyclopentadienyl-molybdenum and tungsten- t r i c a r b o n y l c h l o r i d e s were 
127 

prepared from the corresponding hydride by the a c t i o n of carbon t e t r a 

c h l o r i d e and r e c r y s t a l l i s e d from chloroform/hexane mixtures before use. 

Phenyl-t-butylmethyleneamine, PhButC=NH. The d e t a i l e d p r e p a r a t i o n of 

t h i s compound has not been reported p r e v i o u s l y i n the l i t e r a t u r e but reference 
- • *. 9 2 * u A H6,121 to i t s l . r . spectrum and some of i t s r e a c t i o n s have been r e p o r t e d . ' 
Attempts t o synthesise i t from b e n z o n i t r i l e and t-butylmagnesium bromide 

3 6 
f o l l o w i n g the method of Pickard and To l b e r t r e s u l t e d only i n recovery of 
unreacted b e n z o n i t r i l e . The use of a toluene/ether solvent a t a r e f l u x 

temperature of 100° and decomposition of the G r i g n a r d / n i t r i l e complex w i t h 
29 

anhydrous ammonia r e s u l t e d i n the i s o l a t i o n of a white s o l i d , i d e n t i f i e d 

by i t s m e l t i n g p o i n t and i . r . spectrum as 2 , 4 , 6 - t r i p h e n y l - l , 3 , 5 - t r i a z i n e -

the t r i m e r of b e n z o n i t r i l e . This tendency of b e n z o n i t r i l e t o polymerise i n 
49 50 

the presence of organometallic compounds has been p r e v i o u s l y noted. ' 
The synthesis was s u c c e s s f u l l y achieved i n good y i e l d using b a s i c a l l y the 

3 6 

method of Pickard and To l b e r t but using the a r y l Grignard and a l k y l 

n i t r i l e . 

Bromobenzene (39 g., 0*25 mole) i n anhydrous ether (200 ml.) was added 

dropwise t o magnesium (6*1 g., 0*26 mole) suspended i n anhydrous ether 

(130 ml.) and the mixture s t i r r e d f o r 1 hr . t o form the Grignard reagent. 

t - B u t y l cyanide (18*67 g., 0*225 mole) was added dropwise and the mixture 

heated t o r e f l u x temperature f o r 12 h r . , during which time a white s o l i d 

separated. To the cooled m i x t u r e , anhydrous methanol (61*75 ml., 1*5 mole) 

was added dropwise. The pale y e l l o w ether s o l u t i o n was separated by f i l t r a t i o n 

from the bulky white p r e c i p i t a t e , the solvent removed (25°, 0*1 mm.Hg) and 

the r e s i d u a l l i q u i d d i s t i l l e d (44-6°, 0*1 mm.Hg) to give the c o l o u r l e s s 
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phenyl-t-butylmethyleneamine. Y i e l d 30*4 g. ( 7 5 % ) . 

A n a l y s i s : Found, C,82«3; H,9«l; N,8«5; C^H^N requ i r e s C,82«0; H,9«3; N,8«7%. 

I n f r a r e d spectrum ( l i q u i d f i l m ) : v 1618 m-s; v 3226 w-m cm ^ — — — — — — C * ~ N N—H 
92 -1 

( l i t . 1618, 3226 cm r e s p e c t i v e l y ) . Other absorptions: 3226w-m, 3081sh, 

3067m, 3030m, 2976s, 2941sh, 2907m, 2890m, 1626sh, 1618m-s, 1607sh, 1579m, 

1486s, 1471m, 1449m, 1401m, 1366sh, 1355s, 1235m, 1220m, 1188m-s, I078w, 

1033m, 1002m, 937s, 906sh, 897s, 808w, 772s, 739w, 703s,br, 685m, 586w, 578w, 

562m cm \ 

"̂H n.m.r. spectrum i n CCl^ s o l u t i o n : s i n g l e t s a t 8*81(9), 2*75 broad ( 5 ) and 

0*96 (broad) T corresponding t o Bu*", Ph and N-H protons r e s p e c t i v e l y . A good 

i n t e g r a t i o n of the l a t t e r s i g n a l could not be obtained. 

Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): The peaks due t o the 
t + t + parent i o n [PhBu C=NH] at m/e 161 and t h a t a t m/e 160 due t o [PhBu C:N] 

were both very weak. The most intense peak i n the spectrum corresponded t o 

[PhCHN] at m/e 104. The major peaks observed are l i s t e d i n Table I I I . l . 

Table I I I . l 

Mass spectroscopic data f o r PhBu^ONH 

m/e Re l a t i v e 
i n t e n s i t y Assignment m/e R e l a t i v e 

i n t e n s i t y Assignment 

161 4-5 [PhB^CNH]"1" 103 4»1 [PhCN] + 

160 2*0 [PhBu f cCN] + 77 26*7 [ P h ] + 

154 7*1 [ P h 2 ] + 57 6*2 [Bu ] 

146 4*2 [PhBu^]" 1" 51 16 «4 [ C 4 H 3 ] + 

105 16*4 [PhCHNH]+ 41 13*3 [CH 3CN] + 

104 100*0 [PhCHN] + 39 9*8 [CHCN] + 
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( N - t r i m e t h y l s i l y l ) p h e n y l - t - b u t y l m e t h y l e n e a m i n e , PhButC=NSiMe3. This 

compound, which has not p r e v i o u s l y been re p o r t e d , was obtained i n good y i e l d 
54 

by the method of Chan and Rochow. 

Phenyl-t-butylmethyleneamine (8*05 g., 50 mmole) was dissolved i n 

anhydrous ether (250 ml.) and the s o l u t i o n frozen t o -196°. n - B u t y l l i t h i u m 

(50 mmole) was added by syringe against a counter f l o w of n i t r o g e n and the 

mixture allowed t o warm to room temperature. To the r e s u l t a n t b r i g h t y e l l o w 

s o l u t i o n was added t r i m e t h y l c h l o r o s i l a n e (5*4 g., 50 mmole) and the mixture 

s t i r r e d at room temperature f o r 12 hr. The ye l l o w ether s o l u t i o n was 

separated by f i l t r a t i o n from the white p r e c i p i t a t e ( L i C l ) produced, the 

solvent removed (25°, 0*1 mm.Hg) and the r e s i d u a l l i q u i d d i s t i l l e d (36-8°, 

0*02 mm.Hg) t o give the pale straw-coloured ( N - t r i m e t h y l s i l y l ) p h e n y l - t -

butylmethyleneamine. Y i e l d 6*0 g. (51*5%). 

A n a l y s i s : Found, C,71*8; H,9'6; N,5»78; C^H^NSi re q u i r e s C,72'l; H,9'87; 

-1 
N,6«0i. 

I n f r a r e d spectrum ( l i q u i d f i l m ) : A strong absorption was observed at 1678 cm 

(v ). By analogy w i t h absorptions observed i n a number of s i m i l a r C JN 
54 -1 N-organosilyl compounds the f o l l o w i n g assignments are made: v(Si-N) 906 cm , 

6 (Si-Me_) 1250, 1261 cm - 1, p(Si-Me 0) 836, 755 cm - 1, sym 3 > f 3 > 

The f u l l i n f r a r e d spectrum (co n t a c t f i l m ) : 3077sh, 3062w, 3021w, 2967s, 2899m, 

2874m, 1678s, 1604w, 1580w, 1481m, 1462m, 1391m, 1362m, 1348sh, 1261sh, 

1250s, 1225w, 1199m, 1183sh, 1075m, 1036w-m, 1028w-m, lOOOw, 965s, 935w, 

906m-s, 873s, 836s, 823sh, 786m, 755m, 738m, 702s, 673m, 617w, 568w-m, 

508w,br cm ̂ . 

n.m.r. spectrum i n CDCl 3 s o l u t i o n : s i n g l e t s a t 10*16(9) and 8«85T(9) due t o 

SiMe^ and TSu~ protons r e s p e c t i v e l y . Two signals due t o phenyl protons were 

observed at 2*73(3) and 3»03(2)T. 
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Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): The parent i o n 

[PhBu tC=NSiMe 3] + was not observed i n the spectrum, the peak at highest mass 

corresponded to loss of a methyl group from the parent i . e . [PhBu C=NSiMe2] 

or [PhcKCM^^NSiMe^]" 1" at m/e 218. The major peaks i n the spectrum are 

summarised i n Table I I I . 2 

Table I I I . 2 

Mass spectroscopic data f o r PhBut~C=NSiMe0 

m/e R e l a t i v e 
i n t e n s i t y Assignment m/e R e l a t i v e 

i n t e n s i t y Assignment 

218 4*8 [PhBu tC=NSiMe 2] + 78 13*4 [PhH] + 

or [PhC(CMe 2)=NSiMe 3] + 74 14 »8 [ M e 3 S i H ] + 

176 98*6 [PhC=NSiMe 3] + 73 100'0 [ M e 3 S i ] + 

149 10*9 [ P h 2 ] + 58 14 »2 [ B u t H ] + 

135 19*2 [P h S i M e 2 ] + 43 23 «8 [MeCHNH]+ 

104 22*6 [PhCHN] + 41 15*9 [MeCN] + 

103 7*7 [PhCN] + 

2B. Synthesis and r e a c t i o n s of phenyl-t-butylmethyleneamino-complexes 

of Mo and W 

( i ) Reaction of jr-C,.HcMo(C0)„Cl w i t h PhButC=NLi 

A s o l u t i o n of PhButC=NLi was prepared by adding n - b u t y l l i t h i u m s o l u t i o n 

(8 mmole) t o phenyl-t-butylmethyleneamine (1*288 g., 8 mmole) i n anhydrous 

ether (150 ml.) frozen at -196° and a l l o w i n g the r e s u l t a n t mixture t o warm 

slowly t o room temperature. The r e s u l t a n t y e l l o w s o l u t i o n was s t i r r e d f o r 

1 h r. and then syringed i n t o TC-C 5H^MO(G0) 3C1 (2«26 g. , 8 mmole) i n anhydrous 
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ether (250 ml.) frozen a t -196°. On warming t o room temperature, slow 

e v o l u t i o n of carbon monoxide and a darkening i n colour were observed. The 

r e a c t i o n was shown by i . r . spectroscopy t o be complete a f t e r 4 hr. A 

w h i t i s h s o l i d separated during t h i s time and was found t o be l i t h i u m c h l o r i d e . 

The solvent was removed from the r e a c t i o n mixture (25°, 0*1 mm.Hg) to leave a 

dark red-brown o i l y residue which was e x t r a c t e d w i t h hexane (3 x 10 ml.) t o 

give deep b l u i s h s o l u t i o n s . The r e s i d u a l red-brown s o l i d a f t e r hexane 

e x t r a c t i o n was shown t o be dimeric [ir-C,_H,_Mo(C0)3]2 by i . r . spectroscopy. 

Removal of the hexane from the bulked e x t r a c t s l e f t a dark b l u i s h o i l which 

was r e d i s s o l v e d i n hexane (10 ml.) to leave a small amount of undissolved 

m a t e r i a l , also found t o be dimer, which was removed by f i l t r a t i o n . The 

process of removing the solvent followed by r e d i s s o l v i n g the product i n 

hexane was repeated u n t i l no more undissolved dimer was detected. The 

remaining deep r o y a l blue s o l u t i o n was reduced i n bulk and on c o o l i n g t o -20° 

deposited deep blue-black c r y s t a l s . The mother l i q u o r was removed by syringe 

and the c r y s t a l s r a p i d l y washed w i t h a small amount of hexane and d r i e d i n 

vacuo. Y i e l d 0*4 g. (13«270). The c r y s t a l s were i d e n t i f i e d as jr-C^-H^Mo^O^^ 

CPhBu*1. (M.p. 63-64° t o deep blue l i q u i d ) . 

P r o p e r t i e s : The blue-black c r y s t a l s were extremely soluble i n a l l common 

organic s o l v e n t s , polar and non-polar, forming deep r o y a l blue s o l u t i o n s . 

The c r y s t a l s were s t a b l e i n a i r f o r short periods but prolonged exposure 

r e s u l t e d i n the formation of a brown c o a t i n g . S o l u t i o n s of the c r y s t a l s were 

very a i r s e n s i t i v e . 

A n a l y s i s ; Found, C,58«l; H,5'22; N,3*68; C^H^MofK^ re q u i r e s C,57-0; H,5»0; 

N,3»67%. 

I n f r a r e d spectrum; v ^ , 1942vs, 1855vs, 1825w cm - 1 (KBr d i s c ) ; v 1636m-s 

cm Several other absorptions were observed c h a r a c t e r i s t i c of i t -

c y c l o p e n t a d i e n y l ( * ) and phenyl groups ( * ) . The c r y s t a l s gave a r o y a l 
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blue m u l l w i t h Nujol and the spectrum showed v 1965sh, 1940vs, 1881sh, 

1846vs, 1821 cm ̂ ; v 1636 cm"'''. The strong shoulders a t 1965 and 1881 cm-^ 

were shown t o be due t o s o l u t i o n i n Nujol by comparison w i t h other s o l u t i o n 

spectra e.g. i n hexane s o l u t i o n , v 1967vs, 1887vs cm ̂ . The f u l l i . r . 

spectrum ( N u j o l ) i s : 3096w% 3067w*, N u j o l , 1965sh, 1940vs, 1881sh, 1846vs, 

1821sh, 1637m-s, 1596m», 1493m, N u j o l , 1433m, 1418sh, N u j o l , 1366m, 1351sh, 

1258m, 1215sh, 1202m, I070w, I062sh, 1059m-s, 1028m, 1014m-s, I005m-s*, 

958m, 902w, 839sh, 837m», 825m*, 817w, 806s, 787m, 725s, 6988*, 685w, 645m-s, 

613w, 604w,br, 579m, 544m, 508m,br, 495s, 466m,br, 458m,br cm - 1. 
128 

[* it-C^H,- absorptions, by comparison w i t h jt-C 5H 5M(CO) 3Cl; f Ph absorptions, 

by comparison w i t h PhButC=NH]. 

n.m.r. spectrum i n GDCl^ s o l u t i o n : s i g n a l s a t 8*80s, 4»17s, and 2»58mr 

due t o Bu1", rt-Cj-H,. and Ph protons r e s p e c t i v e l y (s = s i n g l e t , m = m u l t i p l e t ) . 

Good i n t e g r a t i o n of the peaks was not obtained but i n d i c a t e d the presence of 

the groups i n the expected r a t i o . 

Molecular weight: A cryoscopic determination i n cyclohexane gave a value f o r 

the molecular weight of 398 ( t h e o r e t i c a l 3 79). 

Mass spectrum ( d i r e c t i n s e r t i o n at source temperature): The parent i o n 

[ic-C^H^Mo(C0)2N=CPhBut]+ was observed centred at m/e 379; the i s o t o p i c 

d i s t r i b u t i o n p a t t e r n corresponded t o t h a t computed f o r C 1 QH l oMoN0 o. The 
l o i y z 

major peaks observed i n the mass spectrum are l i s t e d i n Table I I I . 3 . 

( i i ) Reaction of jt-C 5H 5Mo(CO) 3Cl w i t h PhBut"C-NLi i n monoglyme at 

r e f l u x temperature 

The previous r e a c t i o n l e d t o the formation of the methyleneamino-complex 

jr-C^H^Mo(C0)2N=CPhBut w i t h no si g n of dinuclear or a z a - a l l y l complexes. I n 

order t o i n v e s t i g a t e the pos s i b l e formation of complexes c o n t a i n i n g the aza-

a l l y l l i g a n d PhBut"CNCButPh, more f o r c i n g c o n d i t i o n s were used. A s o l u t i o n o f 



-55-

Table I I I . 3 

Mass spectroscopic data f o r it-C HcMo(CO)„N=CPhBu 

m/e R e l a t i v e 
i n t e n s i t y Assignment m/e Relative 

i n t e n s i t y Assignment 

3 79 9-0 [rt-C 5H 5Mo(CO) 2N=CPhBu t] + 161 - [PhBu tCNH] + 

351 2*0 [rt-C 5H 5Mo(CO)N=CPhBu t] + 160 - [PhBi^CN]"1" 

323 16-7 [ jt-C 5H 5MoN=CPhBu t] + 104 - [PhCNH] + 

266 7*3 [Tt-C5H5MoN=CPh] + 103 - [PhCN] + 

240 100*0 [rt-C 5H 5MoPh] + 98 11 *0 [Mo] + 

163 16*7 [it-C 5H 5Mo] + 77 - [Ph] + 

65 - [ C 5 H 5 ] + 

I n a d d i t i o n many organic ions were observed s i m i l a r t o those i n the 

spectrum of PhButC=NH (Table I I I . l ) . 

PhBu C=NLi (8 mmole) i n monoglyme (100 ml.) was prepared i n a s i m i l a r manner 

t o t h a t described i n ( i ) . The s o l u t i o n was heated t o the r e f l u x temperature 

and a s o l u t i o n of jt-C^H^Mo(C0) 3Cl (1*12 g. } 4 mmole) i n monoglyme (50 ml.) 

was added dropwise over 1 h r . The mixture darkened considerably during the 

a d d i t i o n . A f t e r 4 h r . the r e a c t i o n mixture was cooled and the solvent 

removed (25°, 0*1 mm.Hg) l e a v i n g a dark red-brown residue which was i n s o l u b l e 

i n hexane. E x t r a c t i o n w i t h chloroform gave a red-brown s o l u t i o n whose i . r . 

spectrum showed only the presence o f [ rt-C^H,-Mo(C0)3 ] 2 and some unreacted 

c h l o r i d e . 
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( i i i ) Reaction of jt-C cH cW(C0) oCl w i t h PhBu C=NLi 5 5 3 
The r e a c t i o n was performed i n an analogous manner t o r e a c t i o n ( i ) using 

it-C 5H 5W(CO) 3Cl (2*21 g., 6*0 mmole), PhButC=NH (0*97 g., 6«0 mmole) and 

n-BuLi (6*0 mmole). The r e a c t i o n was complete a f t e r 5 h r . E x t r a c t i o n of 

the residue w i t h hexane (3 x 10 ml.) produced deep green s o l u t i o n s and l e f t 

an orange-red s o l i d , i d e n t i f i e d by i . r . spectroscopy as [rt-C,-lW(C0)„ ] 9 w i t h 

small amounts of unreacted c h l o r i d e . The emerald green o i l which r e s u l t e d 

on removal of the solvent (25°, 0*1 mm.Hg) from the combined e x t r a c t s was 

t r e a t e d as i n ( i ) t o remove traces of dissolved dimer but the p u r i f i c a t i o n 

of the o i l proved a more d i f f i c u l t process; the dimer i m p u r i t y appeared t o 

be extremely soluble i n the o i l . E v entually a blue-green hexane s o l u t i o n 

was obtained which on c o o l i n g t o -20° produced a crop of deep blue c r y s t a l s 

of rt-C^Hi-W(C0)2N=CPhBut, but f u r t h e r crops could not be obtained from the 

mother l i q u o r . Y i e l d of r e c r y s t a l l i s e d m a t e r i a l O'l g. ( 4 % ) . 

Although the y i e l d of c r y s t a l s i s extremely low the i n i t i a l amount of 

o i l obtained by hexane e x t r a c t i o n of the r e a c t i o n product was 1-2 ml. and 

i t s i . r . spectrum showed i t t o con t a i n r e l a t i v e l y small amounts of dimer. 

However, i t appeared t h a t even such small amounts were extremely d i f f i c u l t t o 

remove and prevented c r y s t a l l i s a t i o n of the bulk of the product. On several 

occasions the green o i l d e f i e d a l l attempts t o produce c r y s t a l s , i n c l u d i n g 

prolonged f r e e z i n g of the o i l i n l i q u i d n i t r o g e n and c o o l i n g concentrated 

s o l u t i o n s i n s o l i d carbon d i o x i d e i n the presence of 'seed' c r y s t a l s . 

P r o p e r t i e s : The deep blue c r y s t a l s were stable i n a i r f o r short periods but 

the formation of a brown co a t i n g was observed on prolonged exposure. A l l 

common organic solvents r e a d i l y d i s solved the c r y s t a l s t o form blue-green 

s o l u t i o n s which were very a i r s e n s i t i v e , t u r n i n g brown a f t e r only a few 

minutes exposure. The c r y s t a l s melted i n a sealed tube at 94°. 

[rt-C 5Hw(CO) 3] w i t h as 
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A n a l y s i s ; Found, C,46*51; H,4»04; N,2'96; C QH_QNO_W re q u i r e s C,46»46; H,4»l; 

N,3»0%. 

I n f r a r e d spectrum: The s t r e t c h i n g frequencies v and v observed f o r the 

s o l i d and s o l u t i o n s i n hexane and cyclohexane are given i n Table I I I . 4 . 

The s o l i d (KBr) showed two strong ( v ) and one weak absorptions i n the 

carbonyl r e g i o n and e x t r a bands were observed i n the N u j o l spectrum shown t o 

be due t o s o l u t i o n i n Nuj o l by comparison w i t h the s o l u t i o n spectra. 

Table I I I . 4 

I n f r a r e d spectroscopic data f o r rt-C,-HcW(CO)gN=CPhBu 

Phase vco V 
CN 

KBr disc 

N u j o l m u l l 

Hexane s o l u t i o n 

Cyclohexane s o l u t i o n 

1931vs, 1836vs, 18l0wsh 

1951sh, 1929vs, 1869sh, 1835vs, 1808wsh 

1955vs, 1873vs 

1958vs, 1875vs 

1634m 

1634m-s 

Several bands due t o jt-C,-H,_* and phenylt groups were observed i n the spectra. 

The f u l l spectrum ( N u j o l ) i s : N u j o l , 1951sh, 1929vs, 1869sh, 1835vs, 1808wsh, 

1634ms, 1587mt, 1493m, N u j o l , 1445ms, 1437sh*, 1420m, N u j o l , 1364m, 1263mw, 

1222w, 1203m, 1157w, l l l l w , b r , I073w, 1059ms, 1030m, 1012ms, 1006ms*, 992w, 

964m, 9l0w, 844w*, 833m', 817s, 792m, 732s, 702s*, 685w, 647m, 599w,br, 578m, 

526m,br, 5l0m,br, 496ms, 472m,br cm ^. 

"*"H n.m.r. spectrum i n CDCl^ s o l u t i o n showed sig n a l s at8«80s, 4»04s and 2«59mT 

due t o Bu*", jt-Ĉ -Ĥ - and Ph protons r e s p e c t i v e l y . A good i n t e g r a t i o n of the 

peaks was not obtained but i n d i c a t e d the presence of the groups i n the 

expected r a t i o . 
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Molecular weight: Cryoscopic determination i n cyclohexane gave a value f o r 

the molecular weight of 477 ( t h e o r e t i c a l 465). 

Mass spectrum ( d i r e c t i n s e r t i o n at source temperature): The parent i o n 

[:rt-C,-H^W(CO)2N=CPhBut]",~ was observed centred at m/e 465; the i s o t o p i c 

d i s t r i b u t i o n p a t t e r n corresponded t o t h a t computed f o r C^gH^NC^W. The major 

peaks observed i n the spectrum are l i s t e d i n Table I I I . 5 . 

Table I I I . 5 

Mass spectroscopic data f o r â -C HcW(CO)0N=CPhBut 

m/e Re l a t i v e 
i n t e n s i t y Assignment m/e Re l a t i v e 

i n t e n s i t y Assignment 

465 36*1 [rt-C 5H 5W(CO) 2N=CPhBu t] + 249 9*0 [jt-C 5H 5W] + 

450 3*0 [*-C 5H 5W(CO) 2N=C(Ph)CMe 2] + 184 5*3 [W] + 

43 7 3*8 [ it-C CH W(C0 )N=CPhBu t] + 

5 5 160 - [PhBu^N]"*" 

409 45*1 [jr-CcHcWN=CPhBut] + 103 - [PhCN] + 

352 12*0 [jr-C5H5WN=CPh] + 83 - [Bu^N]"*" 

326 100*0 [ir-C5H5WPh] + 77 - [Ph] + 

300 28*6 [rt-C 5H 5W(C 4H 3)| +? 65 - [ C 5 H 5 ] + 

Many other organic ions were observed s i m i l a r t o those i n the spectrum of 

PhButC=NH (Table I I I . l ) . 

( i v ) Reaction of jr-CcHrMo(CO)0N=CPhBu w i t h Ph„P 5 5 I 3 
jt-C5H5Mo(CO)2N=CPhBut (0*379 g., 1*0 mmole) and P^P (0*262 g. , 1*0 

mmole) were dissolved i n hexane (50 ml.) and the mixture heated t o the r e f l u x 

temperature. A slow e v o l u t i o n of gas was observed and the s o l u t i o n s lowly 

assumed a green c o l o u r a t i o n . The r e a c t i o n was shown by i . r . spectroscopy t o 

be complete a f t e r 24 hr. The deep emerald green s o l u t i o n formed was 
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separated by f i l t r a t i o n from a small amount of brown s o l i d (probably 

decomposition m a t e r i a l ) and the bulk of the f i l t r a t e reduced i n volume (25°, 

0*1 mm.Hg). On co o l i n g t o -20° a dark blue-green m i c r o c r y s t a l l i n e s o l i d , 

rt-C5H5Mo(CO)(Ph3P)N=CPhBut, was obtained which was separated by f i l t r a t i o n , 

washed w i t h hexane ( 2 x 5 ml.) and d r i e d I n vacuo. Y i e l d 0*30 g. ( 5 0 % ) . 

P r o p e r t i e s : The dark blue-green s o l i d was q u i t e a i r s t a b l e . I t was only 

moderately soluble i n hexane and cyclohexane, but very soluble i n chloroform 

and benzene t o give emerald green s o l u t i o n s which r a p i d l y turned brown on 

exposure t o a i r . The s o l i d melted at 118-120°. 

I n f r a r e d spectrum: The s o l i d gave a deep emerald green m u l l w i t h N u j o l and 

the spectrum of the m u l l and also t h a t o f a KBr disc showed a s i n g l e very 

strong absorption at 1802 cm ̂  ( v ) and a medium-strong absorption a t 

1547 cm ̂  ( v Q ^ J ) ' The p o s i t i o n of the carbonyl absorption i n s o l u t i o n was very 

dependent upon the solvent; i n chloroform 1802 cm~\ i n ether 1836 cm"\ 

and i n hexane at 1845 cm ̂ . The f u l l N u j o l spectrum i s : 3067w, N u j o l , 1802vs, 

1757w, 1593W*, 1576w, 1547m-s, 1481sh, N u j o l , 1439s, 1364m, 1311w, 1262w, 

1215w, 1193m, 1155w, l l l l w , 1089s, 1026m, 1014m, 1000m*, 962w, 823w*, 812m*, 

789s, 754s, 741s, 703sh, 695s*, 683sh, 643m, 567m, 551m, 524s, 516s, 503s, 

491m, 471w,br cm-'''. The absorptions a t 1481, 1089, 754 and 741 cm"''' were 

due t o the Ph^P l i g a n d by comparison w i t h the spectrum of the f r e e l i g a n d . 

n.m.r. spectrum i n CDCl^ s o l u t i o n showed si g n a l s a t 8»79s(9), 4*61s(5), 

3*08m(15) and 2»70m(5) T due t o Bu*" protons, jt-C,_H,_ protons, Ph protons 

(Ph^P) and Ph protons (methyleneamino-groups) r e s p e c t i v e l y . 

Mass spectrum ( d i r e c t i n s e r t i o n at source temperature): The parent i o n 

[jt-C 5H 5Mo(CO)(Ph 3P^=CPhBu t] + was observed centred at m/e 613; the i s o t o p i c 

d i s t r i b u t i o n p a t t e r n corresponded t o t h a t computed f o r Ĉ Ĥ̂ M̂oNOP. The 

major peaks observed i n the spectrum are l i s t e d i n Table I I I . 6 . 

A n a l ysis: Found, C,68-75; H,5»71; N,2«12; C^H^MoNOP req u i r e s C,68«5; H,5'55; 

N,2»23%. 



-60-

Table I I I . 6 

Mass spectroscopic data f o r it-C,H Mo(C0)(Ph P)N=CPhBut 

m/e R e l a t i v e 
i n t e n s i t y Assignment 

613 

585 

528 

24 '4 

24 «4 

0*7 

r [it-C H Mo(C0)(Ph P)N=CPhBut] + 

m* 558 5 * J 

[ir-C_H Mo(Ph P)N=CPhBu t] +~) 
* 3 J m* 476 

[jr-C 5H Mo(Ph P)N=CPh] J 

598 0'7 [it-C-H -Mo ( CO ) ( Ph. P )N=C ( Ph )CMe . ] + 

5 5 3 2 
570 0*7 [ jr-C 5H 5Mo(PH 3 P )N=C (Ph )CMe2 ] + 

425 23*4 [jt-C 5H MoPh P] + 

346 17*6 [rt-C 5H 5Mo(C 6H 3) 2P] + 

323 21*9 [rt-CcHcMoN=CPhBut ] + 

5 5 
317 24 «4 [it-C 5H 5MoPh 2] + 

262 - [Ph 3P] + 

240 100*0 [jr-C,-HcMoPh] 5 5 
185 - [ P h 2 P ] + 

183 - [ ( C 6 H 4 ) 2 P ] + 

163 8*3 [jt-C,HcMo] 5 5 
108 - [ P h P ] + 

104 - [PhCNH] + 

103 - [PhCN] + 

98 1*7 [Mo] + 

83 - [Bu^N]" 1" 

77 - [Ph] + 

65 

57 

— [ C 5 H 5 ] + 

[ B u t ] + 
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( v ) Reaction of jf-C^H^CO^N^PhBu* 1 w i t h Ph^P 

Due t o lack of a s u f f i c i e n t q u a n t i t y of the pure c r y s t a l l i n e complex 

jt-C5H5W(CO)2N=CPhBu , t h i s r e a c t i o n was performed using a sample of the 

impure emerald green o i l which contained a small q u a n t i t y of the d i s s o l v e d 

dimer [jt-C 5H 5W(CO) ] 2« The impure it-C^WCcO^CPhBu 1 1 (0*4 g.,/vO*84 mmole) 

and Ph^P (0*23 g., 0*84 mmole) were dissolved i n hexane (70 ml.) and heated 

t o the r e f l u x temperature. No r e a c t i o n was detected by i . r . spectroscopy i n 

the carbonyl s t r e t c h i n g region a f t e r 22 h r . The solvent was removed (25°, 

0*1 mm.Hg), replaced by monoglyme (50 ml.) and heated t o the r e f l u x 

temperature. No r e a c t i o n was detected by i . r . spectroscopy a f t e r 15 h r . 

( v i ) Reaction of it-C5H5Mo(CO)2N=CPhBut w i t h I 2 

The molybdenum complex (0*19 g., 0*5 mmole) was di s s o l v e d i n hexane 

(10 ml.) and the s o l u t i o n cooled i n an i c e bath. A s o l u t i o n of i o d i n e 

(0*127 g., 0*1 mmole) i n hexane (200 ml.) cooled also i n an i c e bath was 

added dropwise over about 1 hr. w i t h vigorous s t i r r i n g . A r a p i d r e a c t i o n 

occurred w i t h the formation of a dark coloured p r e c i p i t a t e . The mixture was 

s t i r r e d f o r 1 h r . a f t e r the a d d i t i o n and the very dark brown complex, 

3t-C^H^Mo(CO)l 2(N=CPhBu t), separated by f i l t r a t i o n and d r i e d i n vacuo. The 

y i e l d was almost q u a n t i t a t i v e . 

P r o p e r t i e s : The dark brown s o l i d appeared t o be q u i t e a i r s e n s i t i v e . The 

s o l i d was i n s o l u b l e i n hexane but very soluble i n chloroform. On heating 

i n a sealed tube i t decomposed wi t h o u t m e l t i n g at 79°. 

Analysis: Found, C,34*0; H,3*36; 1,41*4; N,2*13; C^H^^MoNO req u i r e s C,33*7; 

H,3*14; 1,41*98; N,2*31^. 

I n f r a r e d spectrum: Both a N u j o l m u l l and a chloroform s o l u t i o n spectrum 

showed a s i n g l e strong absorption i n the carbonyl region at 2041 cm-^; a weak 

shoulder was observed i n the Nuj o l spectrum at 2000 cm A very weak broad 
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absorption a t 1660 cm was assigned t o A f t e r 48 hr. under n i t r o g e n , a 

f r e s h m u l l of the aged s o l i d showed a weakened carbonyl absorption and the 

appearance of another weak broad absorption a t 1623 cm"''', i n d i c a t i n g the 

compound was the r m a l l y unstable even at ambient temperature. The f u l l N u j o l 

spectrum i s : 3077w, 3058sh, N u j o l , 2041s, 2000w,sh, 1660vw,br, 1599w', 

1581w, N u j o l , 1415m, N u j o l , 1365s, 1259w, 1222w, 1200m-s, 1159w, 1075m, 

1065m, 1029m, 1015m, lOOOmw*, 995mw, 960m, 885w, 836s*, 826sh*, 788m, 730s, 

699s*, 647m, 593w, 572m, 508m-s, 466m-s,br cm"1. 

''"H n.m.r. spectrum i n CDCl^ s o l u t i o n showed a number of si g n a l s which v a r i e d 

i n i n t e n s i t y w i t h change i n temperature. The T values f o r the s i g n a l s 

observed a t +40° and -40° are given i n Table I I I . 7 . 

Table I I I . 7 

"4[ n.m.r. spectroscopic data ( r v a l u e s ) f o r jt-C,-H gMo(C0)l 0(N=CPhBu t) 

Ph protons it-C^H^. protons „ t 
Bu protons Temperature 

2*29s; 2*61w 4.44 8«45s; 8»71w -40° 

2»38w; 2'62s 4«56 8»44w; 8«68s 440° 

— 5*78 _ +40° ( a f t e r 
few h r . ) 

(s = strong; w = weak) 

Mass spectrum ( d i r e c t i n s e r t i o n a t 100°): The parent i o n 
t + 

[TC-C^H^Mo(C0)l2(N=CPhBu ) ] was not observed even w i t h a cool source 

temperature. The i o n of highest mass observed corresponded t o 

[3T-C^H^Mol2(N=CPhBu t)] +, centred a t m/e 587 and having an i s o t o p i c d i s t r i b u t i o n 

p a t t e r n corresponding t o t h a t computed f o r C-^H^g^MoN. The major peaks 

observed i n the spectrum are l i s t e d i n Table I I I . 8 . 
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Table I I I . 8 

Mass spectroscopic data f o r it-C,-HcMo(CO)l0(N=CPhBut) 

m/e Re l a t i v e 
i n t e n s i t y Assignment m/e Re l a t i v e 

i n t e n s i t y Assignment 

577 44*0 [ at-C 5H 5MoI 2(N=CPhBu t)] + 127 - m+ 

520 12*1 [rt-C 5H 5MoI 2(N=CPh)] + 105 - [PhCHNH] + 

417 62*6 ,[jt-C 5H 5MoI 2] + 104 - [PhCNH] + 

290 100*0 [3t-C cH l-MoI] + 

5 5 103 - [PhCN] + 

163 33 «0 [rt-C 5H 5Mo] + 77 [Ph] + 

161 - tPhBu tC=NH] + 65 + 
I [ c 5 H 5 r 

128 - [HI] + 57 - i [BuV 
i 

( v i i ) Reaction of jt-C5H5W(CO),,N=CPhBu w i t h 1^ 

The r e a c t i o n was performed i n a s i m i l a r manner t o ( v i ) using s o l u t i o n s 

of ir-C5H5W(C0)2N=CPhBut (0*133 g., 0*36 mmole) i n hexane (10 ml.) and io d i n e 

(0*073 g., 0*36 mmole) i n hexane (100 ml.) cooled i n an i c e bath. A r a p i d 

r e a c t i o n occurred w i t h the formation of a grey-black s o l i d which was 

separated by f i l t r a t i o n , washed w i t h hexane (3 x 10 ml.) and d r i e d i n vacuo. 

The y i e l d of the complex, jt-C^H^W(CO)l 2(N=CPhBu t), was almost q u a n t i t a t i v e . 

P r o p e r t i e s : The grey-black s o l i d was q u i t e a i r s t a b l e , a sample exposed t o 

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; on 

prolonged exposure (one week) the s o l i d a t t a i n e d a greenish t i n g e and 

appeared t o be forming a non-carbonyl product. The s o l i d was i n s o l u b l e i n 

hexane but very soluble i n chloroform. On heating i n a sealed tube i t 

decomposed w i t h o u t m e l t i n g at 110°. 

Ana l y s i s : Found, C,29*8; H,2*70; 1,36*6; N,l*87; C 1 7H 1 9I 2NOW re q u i r e s C,29*52; 

H,2*81; 1,36*76; N,2*03%. 
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I n f r a r e d spectrum: The s o l i d gave a black m u l l w i t h N u j o l and the spectrum 

showed a s i n g l e strong absorption i n the carbonyl region a t 2016 cm ( v
r n ) > 

a s o l u t i o n i n chloroform showed t h i s absorption a t 2031 cm-''". The 

assignment of a v absorption was more d i f f i c u l t , weak and very broad 

absorptions o c c u r r i n g i n the 1600-1700 cm""'" reg i o n . A weak broad 

absorption at 1667 cm 1 was t e n t a t i v e l y assigned t o v by analogy w i t h the 

corresponding molybdenum complex. The Nuj o l spectrum i s : 3077m, N u j o l , 

2016vs, 1667w,br, 1623w,br, 1592w f, N u j o l , 1410m, N u j o l , 1261w, 1218sh, 

1199m, 1182sh, 1159w, 1027w, I013m-w, lOOlw*, 990w, 962w, 843sh*, 833ms*, 

786m-w, 697m-sf, 652w, 643w, 590vw, 571w,br, 522m,br, 480m-w,br cm - 1. 

''"H n.m.r. spectrum i n CDCl^ showed s i n g l e signals f o r Bu t protons ( s i n g l e t ) , 

rt-C^H,. protons ( s i n g l e t ) and Ph protons ( m u l t i p l e t ) whose p o s i t i o n s remained 

f a i r l y constant over a range of temperature. The data obtained i s given 

i n Table I I I . 9 . A good i n t e g r a t i o n of the peaks was not obtained but 

appeared t o i n d i c a t e the groups i n the expected r a t i o . 

Table I I I . 9 

H n.m.r. spectroscopic data ( T values) 
f o r jt-C cH cW(C0)l o(N=CPhBu t) i n CDCl 0 s o l u t i o n 5 5 2 3 

Ph protons jr-C^H^ protons Bu*" protons Temperature 

2*44 4'42 8«66 -40° 

2'57 4'50 8»67 -20° 

2*51 4*48 8*63 0° 

2*55 4'57 8»69 +20° 

- 5'46 8«61vw 440° 



- 6 5 -

Mass spectrum ( d i r e c t i n s e r t i o n a t 1 0 0 ) : The parent i o n 

[jt-C 5H 5W(CO)l 2(N=CPhBu ) ] was not observed even w i t h a cool source 

temperature. The i o n of highest mass was observed centred a t m/e 6 6 3 , 

corresponding t o [rt-C^H^WI^NKIPhBu*")]"1" and having the i s o t o p i c d i s t r i b u t i o n 

p a t t e r n corresponding t o t h a t computed f o r C, ,H1flI0NW. The major peaks 

observed i n the spectrum are l i s t e d i n Table I I I . 1 0 . 

Table I I I . 1 0 

Mass spectroscopic data f o r jr-C C W ( C 0 ) I „ (N=CPhBu) 

m/e Re l a t i v e Assignment m/e Re l a t i v e Assignment m/e i n t e n s i t y Assignment m/e i n t e n s i t y Assignment 

6 6 3 8 * 0 [rt-C 5H 5WI 2(N=CPhBu f c)] + 2 6 5 31*9 species; 
unassigned 

6 4 8 7 - 2 [ir-C.H.WI-(N=CPh.CMe. ) ] + 

5 5 2 I 1 6 1 - [PhBu^NH]"*" 

6 0 6 2 3 * 2 [jt-C 5H 5WI 2(N=CPh)] + 1 6 0 - [PhBu^N]"1" 

5 5 8 3 * 0 [ I C - C 5 H 5 W I 2 ( G 4 H 7 ) ] + ? 1 4 6 - [FhBu'c]"*" 
5 4 3 2 * 8 [ j r - C 5 H 5 W I 2 ( C 3 H 4 ) ] + ? 1 2 8 - [ H I ] + 

5 1 7 4 7 * 8 [ r t - C 5 H 5 W T 2 ( C H 2 ) ] + ? 1 2 7 -

5 0 3 6 5 * 2 [ J T - C 5 H 5 W I 2 ] + 1 0 3 - [PhCN] + 

3 9 2 5 3 ' 6 [(rt-C 5H 5) 2WPhH] +? 7 7 - [Ph] + 

3 7 6 1 0 0 * 0 [jt-C 5H 5Wl] 6 5 - [ C 5 H 5 ] + 

3 5 0 3 1 * 9 species; unassigned 5 7 -
r„ t , + [Bu ] 

( v i i i ) Reaction of jt-C 5H 5Mo(CO) 3Cl w i t h PhBu C=NSiMe3 

PhButC=NSiMe3 ( 1 * 2 4 g., 5 * 3 mmoles) and jr-C 5H 5Mo(CO) 3Cl ( 1 * 5 0 g., 5*3 

mmoles) were di s s o l v e d i n monoglyme ( 1 0 0 ml.) and the temperature r a i s e d t o 

7 0 ° . The s o l u t i o n darkened a t ~ 6 0 ° and e v o l u t i o n of gas was observed. The 
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r e a c t i o n was shown by i . r . spectroscopy t o be complete a f t e r 2g- h r. when a 

dark red s o l u t i o n was observed. The s o l u t i o n was f i l t e r e d , l e a v i n g a small 

amount of dark brown decomposition m a t e r i a l on the f i l t e r , and the solvent 

removed (25°, O'l mm.Hg) to leave a dark red s o l i d which was dis s o l v e d i n 

toluene (30 m l . ) . A d d i t i o n of hexane (10 ml.) and c o o l i n g t o -20° produced 

dark red c r y s t a l s . R e c r y s t a l l i s a t i o n of the product from toluene/hexane 

mixtures gave dark red c r y s t a l s of ̂ -C5H^Mo(CO)2(HN=CPhBut)Cl (0*68 g. , 

31% y i e l d ) . 

P r o p e r t i e s ; The deep red c r y s t a l s were a i r s t a b l e even on prolonged exposure. 

The c r y s t a l s were i n s o l u b l e i n hexane and cyclohexane; soluble i n benzene, 

toluene and chloroform forming red s o l u t i o n s which were also a i r s t a b l e . On 

heating i t decomposed at 126-8°. 

An a l y s i s ; Found, C,52*44; H,4«95; Cl,8»67; N,3»25; C 1 8H 2 C )ClMoN0 2 r e q u i r e s 

C,52'l; H,4»82; Cl,8»44; N,3'377„. 

I n f r a r e d spectrum; v ^ , 1951vs, 1845vs, 1818w,sh cm - 1 ( N u j o l ) ; v 1618m 

cm \ v , . 3252m cm-''". A chloroform s o l u t i o n showed v„„, 1970vs, 1876vs; ' NH' CO' ' ' 
v 1618w; v 3245w,br cm - 1. The f u l l N ujol spectrum i s : 3252m, 3125w, 

3086w*, N u j o l , 1951vs, 1845vs, 1818sh, 1618m, 1602m f, N u j o l , 1422m, N u j o l , 

1368sh, 1361sh, 1244m, 1190w, 1183sh, 1159w, I075w, 1068m, 960w, 935w, 909w, 

845w, 835w*, 829s, 820s*, 774m, 714s, 627vw,br 590w,br 572m, 542m, 510m,br 
-1 cm . 

Si n.m.r. spectrum i n deuterobenzene s o l u t i o n : 9*27s(9), 5»31s(5) and 3*00m(5) 

r due t o Bu1", ir-C^H^ and Ph protons r e s p e c t i v e l y . No s i g n a l due t o the N-H 

proton was detected probably due t o the moderate s o l u b i l i t y of the compound 

i n deuterobenzene. 

Molecular weight: Osmometric determinations i n chloroform and benzene s o l u t i o n s 

gave values of 402 and 385 r e s p e c t i v e l y ( t h e o r e t i c a l 415). Cryoscopic 
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determinations i n benzene gave anomalous values probably due t o moderate 

s o l u b i l i t y of the s o l i d i n t h i s solvent and the r e s u l t a n t separation of s o l i d 

at or near the f r e e z i n g p o i n t . 

Mass spectrum ( d i r e c t i n s e r t i o n a t 80°): Even at low source temperatures the 
t + 

parent i o n [rt-C5H5Mo(C0)2(HN=CPhBu )Cl] was not observed. The i o n at highest 

mass was observed centred at m/e 359 corresponding t o [jt-C^H^Mo(HN=CPhBu t)Cl] +; 

the i s o t o p i c d i s t r i b u t i o n p a t t e r n corresponded t o t h a t computed f o r 

C 1,H 9 ClMoN. The major peaks observed are l i s t e d i n Table I I I . 1 1 . 

Table I I I . 1 1 

Mass spectroscopic data f o r jt-C cH cMo(CO)_(HN=CPhBu t)Cl 

m/e R e l a t i v e 
i n t e n s i t y Assignment m/e R e l a t i v e 

i n t e n s i t y Assignment 

359 44*7 [ ir-C5H5Mo(HN=CPhBut )Cl ] + 146 - [PhBu tC] + 

240 29*5 [rt-C 5H 5MoPh] + 104 - [PhCNH] + 

228 32*4 [ ( r t - C 5 H 5 ) 2 M o ] + 103 - [PhCN] + 

198 100*0 [ir-C cH cMoCl] 5 5 98 18*1 [Mo] + 

163 15*2 [rt-C 5H 5Mo] + 77 - [Ph] + 

161 - [PhBu tCNH] + 65 - [ C 5 H 5 ] + 

160 - [PhBu^N]"1" 57 - [ B u ^ 

( i x ) Reaction of rt-CcHcMo(CO)0Cl w i t h PhBufcC=NH 5 5 3 
it-C 5H 5Mo(C0) 3Cl (0*5 g., 1*78 mmole) and PhButC=NH (0*288 g. , 1*78 

mmole) i n chloroform (50 ml.) were heated at 70°. Darkening of the s o l u t i o n 

occurred and e v o l u t i o n of gas was observed. A f t e r 3 hr. no f u r t h e r decrease 

i n the amount of c h l o r i d e was observed by i . r . spectroscopy and the heating 
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was stopped. The s o l u t i o n was f i l t e r e d t o remove a small amount of 

decomposition m a t e r i a l , the solvent removed (25°, 0*1 mm.Hg) and the r e s i d u a l 

dark red s o l i d d i s s olved i n toluene (30 m l . ) . A d d i t i o n of hexane (10 ml.) 

and c o o l i n g t o -20° caused the separation of ir-CcH,-Mo(CO)0(HN=CPhBut)Cl 
5 5 2 

(0*1 g . ) . The product was shown by i . r . spectroscopy and elemental a n a l y s i s 

t o be i d e n t i c a l w i t h the product from ( v i i i ) . [Found, C,52*39; H,5*13; 

Cl,8*39; N,3'36; C 1 8H 2 0ClMoN0 2 r e q u i r e s C,52«l; H,4«82, Cl,8»44; N,3'37%]. 

Further crops of s o l i d mixed w i t h unreacted c h l o r i d e were obtained from the 

mother l i q u o r . A s i m i l a r r e a c t i o n was performed i n toluene and gave the 

same dark red c r y s t a l s . 
( x ) Reaction of 5t-CcH,.W(C0)„Cl w i t h PhButC=NSiMe0 5 5— : 3 3 
PhButC=NSiMe3 (1*286 g., 5*52 mmole) and rt-C5H5W(CO)3Cl (2*03 g., 5*52 

mmole) i n monoglyme (100 ml.) were heated t o 70°. The r e a c t i o n mixture 

darkened q u i c k l y at t h i s temperature and a t t a i n e d a greenish c o l o u r . A f t e r 

5^ h r . no f u r t h e r changes was detected i n the i . r . spectrum of the m i x t u r e . 

The greenish s o l u t i o n was f i l t e r e d and the solvent removed (25°, 0*1 mm.Hg) 

lea v i n g a dark s o l i d residue. E x t r a c t i o n w i t h hexane (4 x 10 ml.) produced 

an intense deep blue-green s o l u t i o n which, on reducing t o small bulk and 

c o o l i n g , r e s u l t e d i n the separation of a green viscous o i l and a supernatant 

blue s o l u t i o n . The r e s i d u a l orange-red m a t e r i a l a f t e r hexane e x t r a c t i o n 

was found by i . r . spectroscopy t o be l a r g e l y [rt-C,-H,-W(C0)3] 2 w i t h some 

unreacted c h l o r i d e . The c l e a r blue s o l u t i o n was syringed from the o i l and 

on c o o l i n g t o -20° deposited dark blue c r y s t a l s of the complex 

it-C5H5W(CO)2N=CPhBut, i d e n t i f i e d by i t s i ? r . spectrum. Y i e l d 0*15 g. ( 6 % ) . 
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3. Discussion 

( i ) PhBu C=NH: This compound was obtained i n good y i e l d by the standard 
3 6 

r e a c t i o n of a Grignard reagent w i t h a n i t r i l e w i t h the m o d i f i c a t i o n 

described i n se c t i o n 2A of t h i s chapter. I t i s a co l o u r l e s s l i q u i d , which 

slowly hydrolyses i n moist a i r , and appears t o be a t y p i c a l a l k y l a r y l m e t h y l -

eneamine i n a l l respects. Features of the i . r . and Hi n.m.r. spectra are 

given i n Table I I I . 1 2 together w i t h the r e l e v a n t data f o r Ph2C=NH and 

But
2C=NH. 

Table I I I . 1 2 

Spectroscopic data f o r Ph0C=NH, PhButC=NH and But"0C=NH 

Compound 
i . r . spectrum 

(cm ^ " ) ( l i q . f i l m ) Hi n.m.r. data ( r values) 

V 
CN 

V 
NH Ph Bufc =N-H 

129 
Ph2C=NH 1603 3236 2*4(4)br; 2«7(6)m - 0 ' 0 4 ( l ) s * 

PhButC=NH 1618 3226 2»79(5)s 8«81(9)s 0«09s,br f 

Bu t
2C=NH 1 3° 1610 - 8»70(18)s 6«6(l)s,br • 

* CCl, s o l u t i o n ; * C,D, s o l u t i o n ; s = s i n g l e t ; m = m u l t i p l e t ; br = broad 

r e l a t i v e i n t e n s i t i e s i n parentheses. 

V and v occur i n regions t y p i c a l of such methyleneamines - see Table I I . 2 . 
LIN Nil 

The Hi n.m.r. spectrum shows s i n g l e s ignals f o r both phenyl and t - b u t y l protons; 

no sign of the s p l i t t i n g of the phenyl protons i n t o meta and ortho/para sets 
50 129 

was observed. ' The N-H proton was observed as a weak broad s i g n a l a t 

low f i e l d , the broadness of the s i g n a l being caused by the e l e c t r i c a l 

quadrupole moment of the n i t r o g e n nucleus ( I = 1 ) . 
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( i i ) PhBu C=NSiMe„ was obtained by a standard method i n good y i e l d . 

I t appeared t o be a t y p i c a l compound of i t s type, pale y e l l o w i n colour and 

q u i t e moisture s e n s i t i v e . I t s i . r . and '''H n.m.r. spectroscopic data are 

compared w i t h those of Ph2C=NSiMe3 and But"2C=NSiMe3 i n Table I I I . 13. 

Table I I I . 1 3 

Spectroscopic data f o r Ph 2C=NSiKe 3, PhButC=NSiMe3 and But'2C=NSiMe3 

Compound 
VCN ''"H n.m.r. data ( r v a l u e s ) Compound 
( l i q . f i l m ) Ph Bufc SiMe 3 

Ph2C=NSiMe3 

PhButC=NSlMe3 

1642 5 4 

1678 

2 6 6 m 

2*73(3)m; 
3*02(2)m 8-55(3) s 

10-03 s 

lO*16(9)s 

Bu t
2C=NSiMe 3

1 3° 1733 - 8*72(2)s; 
8*87(4)s 9*82(3)s 

CDCl 3 s o l u t i o n s ; s = s i n g l e t ; m = m u l t i p l e t ; br = broad; 

r e l a t i v e i n t e n s i t i e s i n parentheses. 

The s i g n a l due to -SiMe 3 protons i n PhBu C=NSiMe3 appeared at I0*16r s l i g h t l y 

higher than the reported p o s i t i o n f o r the other compound. The phenyl protons 

appeared as two m u l t i p l e t s a t 2*73(3) and 3*03(2)T due t o s p l i t t i n g i n t o 
50 129 

meta and ortho/para sets. ' The absorption appeared i n a p o s i t i o n 

intermediate between those of the corresponding diphenyl- and d i - t - b u t y l -

compounds. 

The mass spectrum of PhButC=NSiMe3 showed no sign of the parent i o n ; 

the peak of highest mass was observed at m/e 218 corresponding t o 

[PhBu tC=NSiMe 2] + or [PhC(CMe 2)=NSiMe 3] +. A s i m i l a r phenomenon was observed 

i n the mass spectrum of But'2C=NSiMe3. ̂ ® 
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( i i i ) The dicarbonyl complexes jt-C5H5M(CO);,N=CPhBut, [M - Mo,W] : The 

r e a c t i o n of jt-CrHrMb(CO)„Clc w i t h PhButC=NLi and the r e a c t i o n of 5 5 J 5 
rt-C5H5W(CO)3Cl w i t h PhButC=NSiMe3 produced complexes of the type 

rt-C^Hi-MCCO^^CPhBu*" and c l o s e l y resembled the corresponding r e a c t i o n w i t h 

Bu t2C=NLi and But2C=NSiMe3 which produced analogous d i - t - b u t y l m e t h y l e n e -
19 

amino-complexes. I n c o n t r a s t Pti2C=NLi produced d i c a r b o n y l complexes 
21 23 

cont a i n i n g the 2 - a z a - a l l y l l i g a n d Pl^CNCPh^. ' The diphenylmethyleneamino-

complexes rt-C^Hi-MCCO^^CPt^ were formed only by r e a c t i n g the c h l o r i d e s w i t h 

Ph2C=NSiMe3 under c o n t r o l l e d c o n d i t i o n s and were converted by heat t o the 
21 

dinuclear complexes [jt-C,-H,-M(C0)N=CPh2]^ by loss of carbon monoxide. 
No evidence was found i n t h i s work f o r the formation of complexes 

t t 

con t a i n i n g the 2 - a z a - a l l y l l i g a n d PhBu CNCBu Ph, and the dicarbonyl complexes 

obtained showed no tendency on heating t o form dinuclear complexes, 

sublimation of the complex o c c u r r i n g under these c o n d i t i o n s . I n these 

respects there was a close resemblance t o the di-t-butylmethyleneamino-

complexes which was also r e f l e c t e d i n many of t h e i r p r o p e r t i e s . A comparison 

of some p h y s i c a l p r o p e r t i e s of the various Mo complexes i s given i n Table 

I I I . 1 4 . 

The complexes were formulated as jr-CJ-HI-M(C0)oN=CPhBu on the basis of 
5 5 I 

considerable evidence. Analysis confirmed the e m p i r i c a l formula Ĉ gĤ gMNC>2 

and cryoscopic determination of molecular weights suggested a mononuclear 

species. The presence of two strong absorptions i n the carbonyl region of the 

i n f r a r e d spectra a t r e l a t i v e l y low frequencies (Table I I I . 1 5 ) i n d i c a t e s a 

dicarbonyl complex i n which the methyleneamino-ligand acts as a three e l e c t r o n 

donor t o the metal. The presence of a t h i r d weak carbonyl absorption i n the 
13 131 spectra was probably due t o a s a t e l l i t e C v absorption. The v 

absorptions were observed as medium-strong bands which were moved t o only 
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Table I I I . 1 4 

P h y s i c a l p r o p e r t i e s of methyleneamino-complexes of Mo 

Compound Appearance m.p. A c t i o n of 
heat 

S o l u b i l i t y i n 
hexane 

jr-C 5H 5Mo(CO) 2N=CPh 2
2 1 Brown 

powder 
150-155° 
(decomp) 

Forms 
d i n u c l e a r 
complex 

I n s o l u b l e 

it-C 5H 5Mo(CO ) 2N=CPhBu t Blue 
C r y s t a l s 

63-4° Sublimes V. s o l u b l e 

t 19 
JT-C 5H 5MO(CO) 2N=CBU Blue 

C r y s t a l s 
106-7° Sublimes V . s o l u b l e 

Table I I I . 1 5 

I n f r a r e d a b s o r p t i o n s , v and v for 

methyleneamino-complexes (cm ) 

Compound v c o ( K B r ) vco ( N u j o l ) VCN ( N u j o l ) 

it- C H Mo (CO) 2N=CPh 2
2 1 - 1920s,1856s, 1534m 

21 
jr-C 5H 5W(CO) 2N=CPh 2 

- 1942s,1873s 1587m 

3t-C 5H 5Mo(CO) 2N=CPhBu t 1942s,1855s,1825w 1965sh, 1940s, 
1881sh,1846s, 
1821w 

1636m-s 

jt-C 5H 5W(CO) 2N=CPhBu t 1931s,1836s,1810w 1951sh,1929s, 
1869sh,1835s, 
1808w 

1634m-s 

t 19 
TC-C 5H 5Mo(CO) 2N=CBu 2 

1946s,1848s 1968s,1949s, 
1884s,1851s 

1618m-w 

j t - C ^ V K C O ^ ^ C B u 1 ^ 1 9 1934s,1834s 1946sh,1929s, 
1866sh,1833s 

1620m-w 
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s l i g h t l y higher energy than i n the f r e e methyleneamine. T h i s i n d i c a t e d t h a t 

the formation of the CT- and (pjt-djc) N —* M bonding which r e s u l t s i n e l e c t r o n 

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 

dir-it* bonding. I n general the v and v a b s o r p t i o n s of the complexes show 

c l o s e s i m i l a r i t y to those of the corresponding di-t-butylmethyleneamino-

complexes ( T a b l e I I I . 1 5 ) . Both s e r i e s of complexes are extremely s o l u b l e 

i n hydrocarbon s o l v e n t s and t h i s produced a b s o r p t i o n s i n the Nujol s p e c t r a 

due to s o l u t i o n of the complexes. The i . r . s p e c t r a a l s o showed bands 

c h a r a c t e r i s t i c of jt-C^H^ and phenyl groups, no v a b s o r p t i o n was observed. 

The p o s i t i o n s and i n t e n s i t i e s of the v a b s o r p t i o n s of a hexane 

s o l u t i o n of the Mo complex showed no v a r i a t i o n s over a range of temperature 

-40° to +50° and t h i s was a l s o observed for a benzene s o l u t i o n of the complex 

from room temperature down to the f r e e z i n g point of benzene. I n t h i s 

r e s p e c t the complex d i f f e r e d from the di-t-butylmethyleneamino-Mo complex 

where two new lower frequency absorptions g r a d u a l l y r e p l a c e d the o r i g i n a l 

a b s o r p t i o n s on c o o l i n g to -45°, the change being completely r e v e r s i b l e . 

T h i s phenomenon was i n t e r p r e t e d as p o s s i b l y i n d i c a t i n g r o t a t i o n a l changes 
19 

about the M-N bond of the l i n e a r M-N=C s k e l e t o n . 

The mass s p e c t r a of the complexes confirmed the mononuclear formulation 

and the presence of two carbonyl groups per molecule. I n both cases the 

parent ions were observed w i t h i s o t o p i c d i s t r i b u t i o n p a t t e r n s corresponding 

to those computed for C.0H, nMN0„. The s p e c t r a of the complexes showed the 
l o i y / 

presence of metal c o n t a i n i n g i o n i c s p e c i e s of i d e n t i c a l types as w e l l as the 

expected organic ions r e s u l t i n g from fragmentati on of the methyleneamino— 

group ( T a b l e s I I I . 3 and I I I . 5 ) . The tungsten complex a l s o showed the 

presence of a s p e c i e s which appeared to correspond to the ion 

[it-C 5H 5W(CO) 2N=C(Ph)CMe 2] + i . e . [P-CH 3] + . 
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The H n.m.r. s p e c t r a of the complexes showed s i n g l e s i g n a l s f o r Bu , 

rt-Cj-H,- and Ph protons i n p o s i t i o n s t y p i c a l of such groups. The ''"H n.m.r. 

data f o r the v a r i o u s methyleneamino-complexes and the f r e e methyleneamines 

i s given i n Table I I I . 1 6 

Table I I I . 1 6 

"̂H n.m.r. data for methyleneamino-complex (T v a l u e s ) 

Compound Ph 5 5 Bu f c N-H 

Ph2C=NH 2*4; 2*73 - - 0'04 

jt-C 5H 5Mo(CO) 2N=CPh 2
2 1 2*48 5*05; 5*11 - -

21 
jr-C 5H 5W(CO) 2N=CPh 2 

2*63 4'02 - -
PhButC=NH * 2*75 - 8*81 0*96 

T t-C^Mo (CO ) 2N=CPhBu t 2*58 4*17 8*80 -
jt-C cH cW(C0) oN=CPhBu t 2*59 4*04 8*80 -
Bu t

2C=NH 1 3 0 - - 8*70 6*6 

rt-C5H5Mo(CO)2N=CBut
2
 1 9 - 4*65 8'93 -

TC-C,H cW(C0) oN=CBu t
o
 1 9 

5 5 z Z 
- 4*55 8*88 -

* CCl, s o l u t i o n , a l l o t h e r s i n CDCl„ s o l u t i o n 

The c r y s t a l s t r u c t u r e of jt-C^H^Mo(C0)2N=CBu 2 showed the presence of 

an almost l i n e a r M-N=C s k e l e t o n and the v a r i o u s s p e c t r a l changes observed 

f o r t h i s complex have been i n t e r p r e t e d i n terms of conformational changes 
20 

about t h i s l i n e a r u n i t . No c r y s t a l s t r u c t u r e data i s a v a i l a b l e f o r the 

phenyl-t-butylmethyleneamino-complexes d e s c r i b e d here so the qu e s t i o n of the 

bonding mode of t h i s methyleneamino-group to the metals remains open to 

s p e c u l a t i o n as the data on the complexes could be i n t e r p r e t e d i n terms of 

e i t h e r a l i n e a r or a bent s k e l e t o n . Assuming a bent s k e l e t o n , i t i s most 



-75-

l i k e l y t h a t the methyleneamino-group w i l l take up a p o s i t i o n w i t h the bulky 

t - b u t y l group at the g r e a t e s t p o s s i b l e d i s t a n c e from the other groups a t t a c h e d 

to the metal atom i . e . I or I I 

I I 

The pjt-dit N — M i n t e r a c t i o n with such a n o n - l i n e a r s k e l e t o n would be somewhat 

reduced compared w i t h the l i n e a r form ( s e e F i g s . I . 1 ( b ) and 1.2) but the 

o v e r a l l s t e r i c i n t e r a c t i o n between the v a r i o u s groups would be reduced i n the 

bent form. The s t r u c t u r e adopted w i l l undoubtedly be a compromise between 

a c h i e v i n g the s t r o n g e s t bonding between the metal and n i t r o g e n ( i . e . l i n e a r 

s k e l e t o n ) and r e l i e v i n g s t e r i c i n t e r a c t i o n s between bulky groups ( i . e . bent 

s k e l e t o n ) . Thus a bent s k e l e t o n i s to be expected w i t h a M-N-C bond angle 

much g r e a t e r than 120° ( s p ^ n i t r o g e n ) but l e s s than 180° (sp n i t r o g e n ) . 

F r e e r o t a t i o n of the methyleneamino-group i s p o s s i b l e because of the or-

c y l i n d r i c a l symmetry of the metal o r b i t a l s , but f o r the PhButC=N- group 

the b a r r i e r to r o t a t i o n should be c o n s i d e r a b l y l e s s than t h a t f o r the But"2C=N-

group because of c o n s i d e r a b l y l e s s s t e r i c hindrance a r i s i n g from the presence 

of only one Bu*" group, and the consequent i n c r e a s e d a b i l i t y of the M-N-C 

sk e l e t o n to become n o n - l i n e a r . Thus any s p e c t r a l changes which a re l i k e l y 

to r e s u l t from conformational changes may only be d e t e c t a b l e a t much lower 

temperatures than those s t u d i e d i n t h i s work. 
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( i v ) The d i c a r b o n y l complex 3T-C 5H 5Mo(CO) 2(HN=CPhBu t)Cl: T h i s complex 

was s u r p r i s i n g l y formed i n the r e a c t i o n of TC-CJ-HJ-MO^O^CI w i t h 

PhButC=NSiMe.j. I n s t e a d of the expected m e t a t h e t i c a l process o c c u r r i n g w i t h 

e l i m i n a t i o n of Me^SiCl and the formation of the complex rt-C^H^MCCO^^CPhBu1" 

( a s occurred w i t h jt-C,.H WCCCO^Cl and PhBu tC=NSiMe,j), the complex c o n t a i n i n g 

the n e u t r a l methyleneamino-ligand r e s u l t e d , the e x t r a proton on the l i g a n d 

presumably r e s u l t i n g from a b s t r a c t i o n from the s o l v e n t . The i d e n t i c a l 

complex was a l s o formed from the r e a c t i o n of ir-C^H^Mo(CO)^Cl with the f r e e 

methyleneamine i n chloroform and toluene s o l u t i o n s . 

The data obtained f o r the complex was i n agreement w i t h the s t a t e d 

formulation as a d i c a r b o n y l complex c o n t a i n i n g the n e u t r a l methyleneamino-

l i g a n d as a two e l e c t r o n donor. A n a l y s i s confirmed the e m p i r i c a l formula 

C. oH_„ClMoN0„ and molecular weight determinations i n d i c a t e d a mononuclear l o zO / 
complex. The i n f r a r e d spectrum showed two strong a b s o r p t i o n s ( v ) a t 1951 

and 1845 cm ^, ( a s w e l l as a weak absor p t i o n a t 1818 cm ^ a s s i g n e d to a 
13 131 -1 s a t e l l i t e C v ab s o r p t i o n ) . Medium strong a b s o r p t i o n s at 1618 cm 

( v „ „ ) and 3252 cm ^ ( v , ) were a l s o observed as w e l l as a b s o r p t i o n s t y p i c a l CN NH 
of it-C^H^ and Ph groups. The carbonyl absorptions appeared i n very s i m i l a r 

p o s i t i o n s to those of the complex jr-C3^Mo(G0)„N=CPhBu t [ v „ 1940s, 1846s, 
r 5 5 2 CO ' ' 

1821w cm ( N u j o l ) ] and the v a b s o r p t i o n was i d e n t i c a l w i t h t h a t of the 

f r e e methyleneamine, suggesting t h a t the N — > M CT-bonding was balanced by 

M — * N djr-jr* back bonding. The bonding mode of the n e u t r a l l i g a n d i s assumed 

to be s i m i l a r to t h a t shown i n F i g . I . 1 ( a ) . 

The complex was found to be a i r s t a b l e even on prolonged exposure, as 

too were s o l u t i o n s i n organic s o l v e n t s . On h e a t i n g , the complex underwent 

decomposition; on h e a t i n g _in vacuo a r e d o i l was obtained as a sublimate 

and the i . r . spectrum of t h i s o i l i n d i c a t e d the presence of f r e e PhButC=NH 

and a l s o showed absorptions i n the carbonyl r e g i o n . E l i m i n a t i o n of 



-77-

HCl w i t h the formation of the complex jt-CnHr.Mo(CO)_N=CPhBut was not achieved 
5 5 2 

by h e a t i n g . 

( v ) The monocarbonyl complex rt-C^H^MoCCOXPh^P^CPhBuS R e a c t i o n of 

the d i c a r b o n y l complex Tt-C^Hi-MoCcO^^CPhBu 1" w i t h Ph^P i n hexane produced 

the only complex of t h i s type so f a r prepared i n which simple s u b s t i t u t i o n 

of CO by PhgP occurred. The corresponding r e a c t i o n of the tungsten complex, 

however, d i d not give any i n d i c a t i o n of the formation of a corresponding 

tungsten complex. The corresponding diphenylmethyleneamino-complexes f a i l e d 
21 

to r e a c t w i t h Ph^P and the di-t-butylmethyleneamino-complexes r e a c t e d to 

form complexes i n which the nature of the product depended on the s o l v e n t 

used ( r e f e r e n c e 19 and Fig.I.4") but i n no case was simple s u b s t i t u t i o n of 

CO by Pb^P observed. 

A l l the data obtained for the complex was i n agreement with the 

formulation rt-C,.H Mo(CO)(Ph PjN^PhBu*". A s i n g l e strong a b s o r p t i o n , v 

a t 1802 cm ^ and a medium abs o r p t i o n , v„„, a t 1547 cm ^ were observed i n 
CN 

the i . r . spectrum ( N u j o l ) as w e l l as abso r p t i o n s t y p i c a l of TC-C^H^ and Ph 

groups. The low f r e q u e n c i e s of the v and v ab s o r p t i o n s i n d i c a t e d t h a t 

the Ph^P l i g a n d a c t e d l a r g e l y as a donor l i g a n d and t h a t M — > P djt-djt back 

bonding occurred to only a very s l i g h t e x t e n t , i f a t a l l . The n.m.r. 

spectrum (CDCl^ s o l u t i o n ) showed s i g n a l s f o r Bu*", jt-C^H^ and the two types 

of Ph group i n p o s i t i o n s t y p i c a l of these groups. The s i g n a l due to the 

jr-Cj^H,- protons was seen a t a higher f i e l d (4»61r) than t h a t i n the parent 

d i c a r b o n y l complex ( 4 * 1 7 r ) and t h i s a l s o r e f l e c t s the l i m i t a t i o n s of the 
132 

triphenylphosphine l i g a n d to remove e l e c t r o n d e n s i t y from the metal atom. 
The mass spectrum showed the presence of the parent i o n 

t + 

[rt-C 5H 5Mo(CO)(Ph 3P)N=CPhBu ] (m/e 613), c o n s i s t e n t with the i s o t o p i c 

d i s t r i b u t i o n p a t t e r n f o r C^^H^^MoNOP. The presence of two metastable peaks 
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i n the spectrum at m/e 558 and 476 confirmed the i n i t i a l l o s s of carbon 

monoxide from the parent i o n followed by f u r t h e r l o s s of a t - b u t y l fragment. 

t •+- CO t* •+-[jt-C,.H_Mo(CO)(Ph P)N=CPhBu ] — — = • [it-C cH cMo(Ph 0P)N=CPhBu ] 
5 5 3 / • r r O \ 5 5 3 

613 
(m*558) 

585 
-Bu 
(m*476) 

[jr-C 5H 5Mo(Ph 3P)N=CPh]' 

528 

( v i ) The monocarbonyl s p e c i e s rt-C^MCCCQl^CNKSPhBu*"), [M=Mo,W]: 

Both the molybdenum and tungsten complexes were formed i n very good y i e l d by 

the r a p i d r e a c t i o n of the d i c a r b o n y l complexes with i o d i n e i n hexane s o l u t i o n 

a t 0°. I n t h i s r e s p e c t there was c o n s i d e r a b l e s i m i l a r i t y to the d i - t - b u t y l -

tiethyleneamino-complexes which s i m i l a r l y formed analogous monocarbonyl 

complexes. R e a c t i o n of the diphenylmethyleneamino-complexes 

rt-C^Hi-MoCCO^N^Ph^, i n c o n t r a s t r e a c t e d with i o d i n e i n monoglyme s o l u t i o n to 
21 

give the green complexes [C^^H^^L^I^O^] . 

The complexes of the type jt-C^H^MCccO^C^CPhBu*') were dark brown or 

b l a c k s o l i d s , i n s o l u b l e i n hexane but v e r y s o l u b l e i n chloroform, and on 

h e a t i n g decomposed without m e l t i n g . The molybdenum complex appeared to be 

a i r s e n s i t i v e but the tungsten complex showed no change on standing i n a i r 

for a few days; prolonged exposure d i d r e s u l t i n decomposition. 
The data obtained f o r the complexes was i n agreement w i t h the s t a t e d 

formulation; a n a l y s e s confirmed the e m p i r i c a l formula C^H^MNO and the mass 

s p e c t r a confirmed a mononuclear s p e c i e s , although the parent i o n was not 

observed for e i t h e r complex even w i t h cool source temperatures. T h i s 

phenomenon has a l s o been observed f o r the corresponding d i - t - b u t y l m e t h y l e n e -
19 

amino-comp1exes. 
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C o - o r d i n a t i o n of the e l e c t r o n e g a t i v e i o d i n e atoms e f f e c t i v e l y d ecreases 

the e l e c t r o n d e n s i t y on the metal which i n c r e a s e s cr- and pjt-djt donation but 

reduces drt-jt* bonding to both carbonyl and methyleneamino-groups. T h i s was 

r e f l e c t e d i n the i n c r e a s e i n frequency of the v„_ and v „ ab s o r p t i o n s i n 
n J CO CN 

the i . r . s p e c t r a . The assignment of v a b s o r p t i o n s was d i f f i c u l t as these 

absorptions are v e r y weak and broad i n these complexes. 

I n f r a r e d 

Table I I I . 1 7 

s p e c t r o s c o p i c data f o r 

j t-C cH cM(C0)l o(N=CPhBu t) and i t-C [ :H cM(C0)l o(N=CBu t :
o ) complexes (cm ^ ) 

Compound V 
CO 

V 
CN 

Jr-C 5H 5Mo(CO)l 2(N=CPhBu t) 

rt-CcHcW(C0)lo(N=CPhBut) 5 5 I 

j t-C 5H 5Mo(CO)l 2(N=CBu t
2) 

J t-C 5H 5W(CO)l 2(N=CBu t
2) 

2041s, 2000wsh 

2016 s 

2027 s 

2000s, 1978sh 

1660w,br 

1667w,br 

1639m-w,br 

1644sh, 1640m 

The ''"H n.m.r. data f o r the Mo complex showed two peaks f o r Bu*" and 

protons. At -40 the Bu protons were observed as s i n g l e t s at 8*45 and 8*7lT 

and the Ph protons as m u l t i p l e t s a t 2*29 and 2*61r, i n both c a s e s the down-

f i e l d s i g n a l s being much more i n t e n s e than the u p f i e l d s i g n a l s . As the 

temperature was r a i s e d the u p f i e l d s i g n a l s g r a d u a l l y i n c r e a s e d i n i n t e n s i t y 

and a t 44-0° the r e l a t i v e i n t e n s i t i e s had been p r o g r e s s i v e l y r e v e r s e d . The 

s i g n a l due to the jr-C^H^ protons remained f a i r l y c onstant a t 4«5T over t h i s 

temperature range. On standing a t 440° f o r a few hours s o l i d m a t e r i a l 

separated out t from s o l u t i o n and a s i n g l e s i g n a l a t 5»78r was observed, 

presumably due to jr-C^H^ protons i n a new environment, the complex having 

decomposed i n some way to remove the methyleneamino-group from s o l u t i o n . 
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The presence of two s i g n a l s f o r both t - b u t y l and phenyl protons i n the 

"̂H n.m.r. spectrum could be due to a number of cau s e s . The i n c r e a s i n g 

i n t e n s i t y of the u p f i e l d s i g n a l s w i t h i n c r e a s i n g temperature followed by the 

f i n a l decomposition might be due to a gradual decomposition process i n which 

the methyleneamino-group i s c l e a v e d from the complex, remains i n s o l u t i o n i n 

some form before being f i n a l l y removed from s o l u t i o n on ageing a t ambient 

temperature. T h i s appears u n l i k e l y on two accounts; f i r s t l y , cleavage of 

the methyleneamino-group from the complex would be expected to a f f e c t the 

s h i e l d i n g of the rt-C^H^ protons but a s i n g l e c y c l o p e n t a d i e n y l s i g n a l 

occurred a t a l l temperatures. Secondly, only one carbonyl a b s o r p t i o n was 

observed i n the i . r . spectrum a t ambient temperature under c o n d i t i o n s when 

the complex "4l n.m.r. spectrum was observed. Thus the change i n form of 

the compound under study i s such t h a t the nature and bonding of the complex 

i s l i t t l e , i f a t a l l , changed. 

A l t e r n a t i v e l y the s p e c t r a l changes may be due to geometrical changes i n 

the complex. Assuming a 9 co-ordinate s t r u c t u r e v a r i o u s environments f o r 

the t - b u t y l and phenyl groups are p o s s i b l e depending on the bonding mode of 

the methyleneamino-group. Assuming a l i n e a r M-N-C s k e l e t o n , two 

geometrical arrangements may be p o s s i b l e , the _ c i s - s t r u c t u r e I I I and the 

t r a n s - s t r u c t u r e I V 

M 

CO 

/ N 

Bu u Ph Ph 

I I I I V 
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The b u l k i n e s s of the Bu group would suggest t h a t the c i s s t r u c t u r e I I I 

would be favoured because of i t s proximity to CO r a t h e r than the more bulky 

i o d i n e . R o t a t i o n about the M-N a x i s i n any of the geometrical isomers i s 

probably u n l i k e l y under the c o n d i t i o n s s t u d i e d because of l a c k of metal d-

o r b i t a l s a v a i l a b l e to c o n s t i t u t e the i t - c y l i n d r i c a l symmetry n e c e s s a r y f o r 

such r o t a t i o n . Thus the conformation adopted w i l l depend upon the s p a t i a l 

o r i e n t a t i o n of the metal o r b i t a l a v a i l a b l e f o r dit-pir bonding. Thus the 

plane of the methyleneamino-group may be i n the p o s i t i o n s shown ( i l i a or 

I l l b ) , or i n an i n t e r m e d i a t e p o s i t i o n . 

M M \ CO CO 

z / / N N Bu 

/ ^ B u 
Ph Ph 

n i b I l i a 

A l t e r n a t i v e l y , i f the M-N-C s k e l e t o n i s bent, the R-C-N angle to be 

reduced i s expected f o r s t e r i c reasons to be the Ph-C-N angle. Again the 

conformation about the m e t a l - n i t r o g e n bond cannot be p r e d i c t e d . 

The change i n the '''H n.m.r. spectrum can be i n t e r p r e t e d i n two ways 

( i ) geometrical isomerism from s t r u c t u r e I I I to I V (M-N-C s k e l e t o n may be 

l i n e a r or b e n t ) ; ( i i ) ' s y n - a n t i ' type of isomerism i n v o l v i n g a bent methylene

amino-group. Isomerism of the l a t t e r type i s most l i k e l y f o r the g e o m e t r i c a l 

arrangement I I I . 



-82-

On the b a s i s of the a v a i l a b l e data i t i s not p o s s i b l e to e x p l a i n the 

s p e c t r a l changes i n terms of one of the two p o s s i b i l i t i e s . S i m i l a r changes 

were observed f o r jr-t^H.-MoCcO^l^CN^Bu^) and a s i m i l a r i n t e r p r e t a t i o n was 
j 19 suggested. 

The tungsten complex showed only s i n g l e s i g n a l s f o r the t - b u t y l and 

phenyl protons over a temperature range -40° to +20°, the t - b u t y l s i g n a l 

being i n i t i a l l y a t 8*66T (-40°) but p r o g r e s s i v e l y moving to 8«69r (+20°), 

the corresponding phenyl s i g n a l s being a t 2*44 and 2»55r r e s p e c t i v e l y . Again 

a t 440° decomposition was observed l e a v i n g a s i n g l e s i g n a l due to rt-CHr 

5 5 

protons a t 5*46T } t h i s having moved u p f i e l d from the corresponding s i g n a l 

a t lower temperatures (4«42r a t -40°, 4«57rat +20°). I t would appear t h a t 

only one form of the complex i s present under the c o n d i t i o n s s t u d i e d , 

probably corresponding to that of the higher temperature form of the 

molybdenum complex. 
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I n t r o d u c t i o n 

The purpose of t h i s work was to ob t a i n more information regarding the 

bonding mode of the methyleneamino-group i n metal carbonyl complexes. The 

methyleneamino-complexes so f a r s t u d i e d have r a i s e d i n t e r e s t i n g problems 

regarding the bonding mode but these problems have l a r g e l y remained the 

s u b j e c t of s p e c u l a t i o n due to l a c k of s u i t a b l e data. The s e v e r a l p o s s i b l e 

bonding modes of the methyleneamino-group have been d i s c u s s e d i n Chapter I . 

n.m.r. data could be a u s e f u l source of information regarding the a c t u a l 
21 

bonding mode pr e s e n t . The diphenylmethyleneamino-complexes provided l i t t l e 

u s e f u l "̂H n.m.r. data due to the complex nature of the phenyl s i g n a l s , and 

although the c r y s t a l s t r u c t u r e of the di-t-butylmethyleneamino-complex 
t 20 jt-C^H^Mo(C0)2N=CBu ^ r e v e a l e d an almost l i n e a r M-N-C s k e l e t o n , t h i s 

s t r u c t u r e might w e l l be favoured l a r g e l y on the grounds of s t e r i c i n t e r 

a c t i o n s . The data obtained f o r the phenyl-t-butylmethyleneamino-complexes 

d e s c r i b e d i n t h i s work provided no d e f i n i t e information regarding the 

bonding mode of the methyleneamino-group i n the complexes mainly because the 

methyleneamine i s unsymmetrically s u b s t i t u t e d . 

Dimethylmethyleneamine, Me2C=NH, would be an i d e a l compound to use to 

obt a i n such information as i t has two small s u b s t i t u e n t groups and should 

give very i n f o r m a t i v e ''"H n.m.r. s p e c t r a l data. However t h i s compound has 

never been s u c c e s s f u l l y prepared due to i t s extreme r e a c t i v i t y a r i s i n g from 
3 6 

enamine tautomerism. The corresponding perfluoroalkylmethyleneamine, 
F N 78 

3 2 ^ = ^ ' ^ a S k e e n preparedj and i t has the advantage of the dimethyl 

d e r i v a t i v e i n pro v i d i n g a n.m.r. probe c l o s e to the c o - o r d i n a t i n g methyl

eneamino-group, but i s not s u b j e c t to the co m p l i c a t i o n s of tautomerism. 

Thus e x p l o r a t o r y i n v e s t i g a t i o n s i n t o the i n t r o d u c t i o n of t h i s group i n t o 

c y c l o p e n t a d i e n y l molybdenum- and tungsten carbonyl complexes were undertaken 

as a p r e l i m i n a r y step to the s t r u c t u r a l i n v e s t i g a t i o n s . 
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Experimental 

A. S t a r t i n g m a t e r i a l s 

( i ) D i - ( t r i f l u o r o m e t h y l ) m e t h y l e n e a m i n e , (CF,, ),,C=NH was prepared u s i n g 
78 

the method of Middleton and Krespan. Anhydrous p y r i d i n e (50 ml.) was 

pl a c e d i n a f l a s k f i t t e d w i t h a condenser f i l l e d w i t h s o l i d carbgn dioxide 

and cooled i n a s o l i d carbon dioxide-acetone bath. Sodium-dried l i q u i d 

ammonia (4 ml.,*v0'2 mmole) was condensed i n t o the f l a s k w ith vigorous 

s t i r r i n g followed by hexafluoroacetone (29 g.,^0'2 mole) keeping the 

temperature between -25° and -30°. The mixture was warmed to room temperature 

and the f l a s k f i t t e d w ith a r e f l u x condenser. Phosphorus o x y c h l o r i d e (20 ml., 

0*24 mole) was added dropwise to maintain a steady r e f l u x . The mixture was 

then heated to 100° and the water flow i n the condenser stopped. The 

product d i s t i l l e d from the f l a s k was c o l l e c t e d as white c r y s t a l s i n a tr a p 

immersed i n a s o l i d carbon dioxide-acetone bath at -78°. The product was 

r e d i s t i l l e d i n t o an evacuated c y l i n d e r immersed i n l i q u i d n i t r o g e n . 
78 

Y i e l d 17g.(58%; l i t . 7 0 % ) . 

I n f r a r e d spectrum (gas c e l l , 10 cm. path length; KBr windows): 3333sh, 3279m, 

3067w, 2747w, 2604w, 2500sh, 2430sh, 2410m-w, 2342m-w, 2160m-w, 2096m, 2033w, 

1961w, 1852m, 1802m-w, 1672w, 1555m, 1515sh, 1385m, 1333w, 1258vs, 1212vs, 

1195vs, 1072m, 971m-w, 939m, 797m,br, 719m-w, 709m, 704m, 699sh cm - 1. 

Assignments: 3279 cm-''"; 1672 cm-''". The va l u e f o r v 
78 

corresponded to that quoted by Middleton and Krespan but c o n f l i c t e d w i t h 
133 -1 t h a t quoted r e c e n t l y by Niedenzu ^ VCN C M ^' 

Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): The peak a t h i g h e s t 

mass was observed at m/e 145 corresponding to [ C F ^ C ( C F 2 ) = = N ] + i . e . [P-HF] + . 

The major peaks observed i n the spectrum a re l i s t e d i n Table IV.1. 
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TABLE IV.1 

Mass s p e c t r o s c o p i c data f o r (CF 0)„C=NH 

m/e R e l a t i v e 
i n t e n s i t y Assignment 1 m/e R e l a t i v e 

i n t e n s i t y Assignment 

145 11*8 [ C F 3 C ( C F 2 ) N ] + 45 5*9 [ F C N ] + 

96 5*9 [CF 3 C N H ] + 31 53*0 [CF] + 

95 100*0 [ C F 3 C N ] + 27 100'0 [HCN] + 

76 11*8 [ C F 2 C N ] + 26 5-9 [CN] + 

50 70*1 [ C F 2 ] + 

19 
F n.m.r. spectrum of the neat l i q u i d showed two s i g n a l s a t 71*5 and 73*5 

p.p.m. (56*5 MHz. r e f e r e n c e compound C F C l 3 ) . High r e s o l u t i o n i n d i c a t e d some 
78 

m u l t i p l i c i t y of these peaks but could not be f u l l y r e s o l v e d ( l i t . two 

q u a r t e t s a t 5*77 and 7*62 p.p.m. from r e f e r e n c e C F C l 2 . C F C l 2 , lower f i e l d 

q u a r t e t s p l i t to'a d o u b l e t ) . 

( i i ) (CF 3) 2C=NSiMe 3 was prepared u s i n g the method of Chan and Rochow"^ 

from ( C F 3 ) 2 C = N L i and Me^SiCl. The product was not i s o l a t e d i n a pure form 

but used d i r e c t l y f o r R e a c t i o n s . Vapour phase chromatography (10 f t . column, 

10% A.P.L. at 62°) i n d i c a t e d the formation of the product i n — 8 0 % y i e l d . 

I n f r a r e d spectrum: the ether/hexane s o l u t i o n obtained from the r e a c t i o n showed 
a medium strong a b s o r p t i o n a t 1720 cm ^ (v ) . T h i s compared with the 

54 -1 l i t e r a t u r e value of 1780 cm 
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B. ( i ) Reaction of i t - C ^ M o C C Q ^ C l with (CF., ) 2C=NLi 

A s o l u t i o n of (CF^ ) 2C=NLi was prepared i n the u s u a l manner from 

(CF 3) 2C=NH (0*7 g., 4*24 mmole), anhydrous ether (100 ml.) and t - b u t y l l i t h i u m 

(4*24 mmole). 7r-C,-H5Mo(CO)3Cl (1*19 g. , 4*24 mmole) was d i s s o l v e d i n 

anhydrous ether (60 ml.) and chloroform (20 ml.) and the s o l u t i o n f r o z e n 

to -196°. The s o l u t i o n of (CF^) 2C=NLi was added to the f r o z e n s o l u t i o n and 

the mixture allowed to warm to ambient temperature and s t i r r e d for 1 h r . 

The s o l u t i o n darkened c o n s i d e r a b l y during t h i s time and a white s o l i d 

s e parated. The dark brown s o l u t i o n was f i l t e r e d , reduced to small bulk 

(25°, 0*1 mm.Hg) and on c o o l i n g to -20° r e d d i s h - p u r p l e c r y s t a l s separated 

which were i d e n t i f i e d by i . r . spectroscopy as [Tt-C^H^Mo^OX^],^. A d d i t i o n 

of hexane (20 ml.) caused f u r t h e r s e p a r a t i o n of the dimer. Removal of the 

s o l v e n t (25°, 0*1 mm.Hg) from the mother l i q u o r produced a dark p u r p l i s h 

o i l which when d i s s o l v e d i n hexane (20 ml.) f a i l e d to produce c r y s t a l s on 

prolonged c o o l i n g a t -20°. The hexane s o l u t i o n was then s u b j e c t e d to 

chromatography (18 i n . column of S i l i c a r CC7 i n C C l ^ ) . E l u t i o n of three 

bands was achieved by use of carbon t e t r a c h l o r i d e , 1:1 carbon t e t r a -

chloride/benzene and f i n a l l y pure benzene. The f r a c t i o n s were r e s p e c t i v e l y 

p a l e red, b l u i s h - r e d and i n t e n s e purple i n c o l o u r . 

F r a c t i o n 1 ( p a l e r e d ) : the i n f r a r e d spectrum of a concentrated s o l u t i o n 

i n C C l ^ showed absorptions i n the carbonyl r e g i o n ( vQQ) a t 1984s, 1931s and 

1890sh cm ^. On removal of the s o l v e n t (25°, 0*1 mm.Hg) a very small 

amount of a r e d d i s h o i l was obtained. 

Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): The molybdenum s p e c i e s 

a t h i g h e s t mass was a Mo2 s p e c i e s observed at m/e 708 corresponding to 

[rt-C 5H 5Mo(C0)N=C(CF 3) 2] 2
f. The peaks observed are recorded i n Table I V . 2 . 
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Table IV.2 

Mass spectroscopic data f o r F r a c t i o n 1 

m/e Re l a t i v e 
i n t e n s i t y Assignment m/e Re l a t i v e 

i n t e n s i t y Assignment 

706 25*0 (Mo 2) [*-C 5H 5Mo(C0)N=C(CF 3) £] 2
+ 150 - [ C ( C F 3 ) 2 ] + 

650 100"0 (Mo 2) [rt-C 5H 5MoN=C(CF 3) 2] 2
+ 96 - [CF 3CNH] + 

327 83*3 (Mo 1) [7t-CJH cM6N=C(CF„)J + 95 - [CF 3CN] + 

228 100*0 (Mo^ f*-C 5H 5) 2Mo] + 69 - [ C F 3 ] + 

201 71*5 (Mo^ [jr-C 5H 5MoF 2] + 65 - [ C 5 H 5 ] + 

182 83«3 (Mo 1) [jt-C cH cMoF] + 

5 5 57 - [CFCN] + 

F r a c t i o n 2 ( b l u i s h - r e d ) : Removal of the solvent (25°, 0*1 mm.Hg) l e f t a 

dark coloured s o l i d residue. 

I n f r a r e d spectrum ( N u j o l ) : Intense a b s o r p t i o n s ( v ) were observed a t 2049, 

1969sh and 1938 cm ̂ . No absorption could be assigned t o v as only very 

weak absorptions were observed i n the 1500-1700 cm"''' reg i o n . The Nu j o l 

spectrum i s : 3077w, N u j o l , 2049vs, 1969sh, 1938vs, N u j o l , 1292vw, 1256s, 

1198w, I053vs,br,952vw, 862m, 825sh, 803vs,br, 719w, 714w, 704mw, 690m,br, 

662w,br, 562m, 522m, 467m,br cm - 1. 

Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): A Mo^ p a t t e r n was 

observed centred a t m/e 472 but could not be assigned. At very high mass 

( m/e 850) two Mo 2 p a t t e r n s were observed which appeared to d i f f e r by 19 

u n i t s ( i . e . F ) . These were the only Mo species detected i n the spectrum. 

F r a c t i o n 3 (i n t e n s e p u r p l e ) : A chlorofrom s o l u t i o n showed a medium 

absorption at 1715 cm ̂  which could be e i t h e r v f o r a b r i d g i n g carbonyl 

group or v . Removal of the solvent (25°, 0*1 mm.Hg) y i e l d e d a q u a n t i t y of 
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a dark coloured gummy m a t e r i a l . This f r a c t i o n appeared t o be the major 

product of the r e a c t i o n . 

Mass spectrum ( d i r e c t i n s e r t i o n at source temperature): A number of Mo 

species were detected but were l a r g e l y unassigned. Mo^ species were observed 

centred at m/e 534, 386 and 3 70 ( t h e l a t t e r being the most intense species i n 

the spectrum). Three Mo^ species were observed at m/e 228, 198 and 179, the 

f i r s t t e n t a t i v e l y assigned t o [(7t-C,-Hj. ̂ Mo]"*". 

( i i ) S i m i l a r r e a c t i o n s between rt-CcHcMo(C0)„Cl and (CF„)„C=NLi i n 
5 5 3 3 2 

ether s o l u t i o n ( a ) w i t h slow warming t o ambient temperature by use of a 1,2-

dichloroethane slush bath at -25° and f i n a l s t i r r i n g at ambient temperature 

f o r 2 h r . ( b ) mixing reactants at -20° i n a C2H4CI2 slush bath and s t i r r i n g 

at ambient temperature f o r 2 hr. produced no r e a c t i o n as i n d i c a t e d by i . r . 

spectroscopy although darkening of the s o l u t i o n was observed on each 

occasion. 

( i i i ) S o l u t i o n s o f (CF^)2C=NLi (2*5 mmole) i n anhydrous ether (60 ml.) 

and Tt-C5H,.Mo(CO)3Cl (0*7 g. , 2*5 mmole) i n anhydrous ether (100 ml.) were 

mixed at -20° (C^H^C^ slush bath) and then warmed to ambient temperature. 

No r e a c t i o n was observed by i . r . spectroscopy a f t e r s t i r r i n g f o r 2 h r . 

The mixture was heated t o the r e f l u x temperature and a f t e r 33 hr. the 

c h l o r i d e was shown by i . r . spectroscopy to have been consumed. Removal of 

the solvent (25°, 0*1 mm.Hg) from the dark brown s o l u t i o n l e f t a brown 

residue which was e x t r a c t e d w i t h chloroform (15 ml.) and the s o l u t i o n 

f i l t e r e d from a l i g h t brown i n s o l u b l e m a t e r i a l (probably L i C l w i t h some 

decomposition m a t e r i a l ) . A d d i t i o n of hexane (30 ml.) and c o o l i n g t o -20° 

produced an amount of a brown s o l i d . 

P r o p e r t i e s : On heating i n vacuo i n a sublimation apparatus a small amount of 

ye l l o w s o l i d was observed t o condense onto the cold f i n g e r at 70°. On 
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f u r t h e r heating t o 140-150 sublimation of the brown m a t e r i a l occurred t o a 

s l i g h t e x t e n t , the bulk of the m a t e r i a l remained unchanged on heating t o 175°. 

I n f r a r e d spectrum ( N u j o l ) : The s o l i d showed no absorptions i n the carbonyl 

r e g i o n of the spectrum. The i . r . spectrum i s : 3086m, N u j o l , 1323m-w, 1266m, 

1247m, 1232sh, 1220m, 1176s, 1093m, I063w, 1020m, 1000m, 926sh, 913m-s, 

836m-s, 830m-s, 806m-s, 712w, 70lw, 690m. 

Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): The peak at highest 

mass was an Mo^ species centred at m/e 535 and weaker Mo species were also 

observed centred at m/e 386 and 3 70. Intense Mo^ species were observed 

centred at m/e 230 and 200 but none of the Mo^ or lyfc^ species could be assigned. 

( i v ) Reaction of Tt-C5H5Mo(CO ) 3 C l w i t h (CF 3 ) 2C=NSiMe 3 . 

jr-C 5H 5Mo(CO) 3Cl (1*12 g., 4*0 mmole) was dissolved i n T.H.F. (20 ml.) and 

(CF 3 )2C=NSiMe3 (~4*0 mmole) added. No r e a c t i o n was observed by i . r . 

spectroscopy on s t i r r i n g f o r 2 h r . The mixture was heated t o the r e f l u x 

temperature and a f t e r 4 hr. the i . r . spectrum showed the c h l o r i d e t o be 

almost e n t i r e l y consumed. Removal of the solvent (25°, 0*1 mm.Hg) from the 

cooled s o l u t i o n l e f t a dark brown o i l y residue which was di s s o l v e d i n 

chloroform (20 ml.) and on a d d i t i o n of hexane (40 ml.) and c o o l i n g t o -20° 

a brown s o l i d separated. This was f i l t e r e d from the s o l u t i o n , washed w i t h 

hexane (10 ml.) and d r i e d i n vacuo. 

Pr o p e r t i e s : The brown s o l i d melted at 134-6° on heating i n a sealed tube. 

Analysis: Found, C,27*97; H,2«76; Cl,18«3; F,23*7; N,6«327o. No e m p i r i c a l 

formula could be obtained t o s a t i s f y these f i g u r e s . 

I n f r a r e d spectrum ( N u j o l ) : The s o l i d appeared to be a non-carbonyl species 

as no absorptions were observed i n the carbonyl r e g i o n . The Nuj o l spectrum 

i s : 3086m, N u j o l , 1667vw,br, N u j o l , 1323m, 1266m-s, 1247m-s, 1232sh, 1220m-s, 

1176s, I093m-s, I063w, 1020m, 1000m, 926sh, 913s, 893s, 836s, 830s, 806m-s, 
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712w, 701w, 690m.cm"1. 

Mass spectrum ( d i r e c t i n s e r t i o n a t source temperature): Numerous Mo^ species 

were observed centred at m/e 665, 638, 609, 581, 553, 515, 495, 467, 441 and 

397 as w e l l as a s i n g l e Mo^ species at 216. None of these species could be 

assigned. 

( v ) Reaction of j r - C ^ W ^ O ^ C l w i t h (jgft^^NSiMe,, 

The r e a c t i o n was c a r r i e d out i n a s i m i l a r manner to ( i v ) using 

rt-C[.H[.W(C0)_Cl (l'O g., 2»9 mmole), T.H.F. (20 ml.) and (CF„ ) 0C=NSiMe 0 5 5 3 3 2 3 
(<~>2*9 mole) and heating t o the r e f l u x temperature. No r e a c t i o n was observed 

by i . r . spectroscopy a f t e r 5 hr. 

( v i ) Reaction of Tt-C 5H 5Mo(C0) 3Cl w i t h (CF 3 )2C=NH 

(CF^^C^NH (0*33 g. , 2 mmole) was condensed i n t o a f l a s k cooled i n 

l i q u i d n i t r o g e n and dissolved i n chloroform (50 m l . ) . A s o l u t i o n of 

TC-C 5H 5Mo(C0) 3Cl (0*56 g. , 2 mmole) i n chloroform (30 ml.) was added to the 

s o l u t i o n of (CF3)2C=NH held below 0° and some magnesium carbonate added. 

The f l a s k was f i t t e d w i t h a s o l i d carbon d i o x i d e condenser to prevent any 

loss of (CF^^C^NH from the r e a c t i o n m ixture. The mixture was s t i r r e d at 

ambient temperature f o r 20 hr. but no r e a c t i o n was observed by i . r . 

spectroscopy. 

Discussion 

Although these p r e l i m i n a r y experiments f a i l e d to produce any w e l l 

defined complexes c o n t a i n i n g the d i - ( t r i f l u o r o m e t h y l ) methyleneamino-ligand 

some evidence was obtained f o r such complexes. I t appeared t h a t r e a c t i o n 

of the l i t h i u m d e r i v a t i v e w i t h it-C^H^Mo(C0^Cldid produce some carbonyl 

complexes and although the y i e l d was very low and a mixture of products was 

formed, mass spectroscopic data d i d i n d i c a t e the presence of carbonyl 
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complexes c o n t a i n i n g the d i - ( t r i f l u o r o m e t h y l ) methyleneamino-ligand. The 

presence of chloroform as a solvent seemed necessary f o r t h i s r e a c t i o n t o 

occur, no r e a c t i o n o c c u r r i n g i n e i t h e r ether or ether/monoglyme mixtures. 

The r e a c t i o n c o n d i t i o n s seem t o be a c r u c i a l f a c t o r i n preparing these 

carbonyl complexes, low temperatures would seem t o be favourable as the use 

of solvents at the r e f l u x temperature tended t o produce non-carbonyl 

m a t e r i a l s . The abundance of Mo^ species i n the various mass spectra 

obtained would tend t o i n d i c a t e the possible tendency of the l i g a n d t o form 

bridges between metal atoms - the mass spectrum of F r a c t i o n 1 i n r e a c t i o n 

( i ) d i d i n d i c a t e the presence of a dinuclear complex [jr-C^H^Mo(C0)N=C(CF2)^\ 

analogous to the dinuclear diphenylmethyleneamino-complexes which have been 

o b t a i n e d . ^ 

The r e a c t i o n of the c h l o r i d e s w i t h (CF^)2C=NSiMe^ showed no sign of 

carbonyl complexes being formed. The r e a c t i o n w i t h rt-C^Hi-MoCcO^Cl gave a 

non-carbonyl compound of unknown c o n s t i t u t i o n and w i t h •rt.-C^.^d(CO)^Cl no 

r e a c t i o n was observed. 

On the basis of these p r e l i m i n a r y i n v e s t i g a t i o n s i t would appear t h a t 

f u r t h e r studies on these systems would be worthwhile. 
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