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Some Aspects of Organonitrogen T r a n s i t i o n Metal Complexes 

ABSTRACT 

Attempts to introduce amidino l i g a n d s i n t o T r a n s i t i o n metal carbonyl and 
non carbonyl systems are described, and a new s y n t h e t i c route to 
t r a n s i t i o n metal methyleneamino complexes i s explored. 

Reaction of l i t h i o d i a r y l -acetamidines and -benzamidines with Re(CO),_X 
5 

(X = C I , B r ) produced carbamoyl type complexes, Re(CO) (CONR-CR'-NR) 
c o n t a i n i n g a b i d e n t a t e carbamoyl-amidino l i g a n d . These complexes could 
be decarbonylated, forming the c h e l a t e d amidino complexes Re(CO)^(RN-CR'-NR) 
by h e a t i n g . 
The c h e l a t e d amidino complexes were a l s o prepared by the d i r e c t a c t i o n 
o f l i t h i o a m i d i n e s on the rhenium carbonyjhalide dimer [ReCCO^xJ^, 
and by the r e a c t i o n of n - b u t y l l i t h i u m with the simple two e l e c t r o n donor 
monodentate amidine complexes, Re(CO)^(Amidine)X. 

Complexes c o n t a i n i n g o r t h o - m e t a l l a t e d d i a r y l -formamidino, -acetamidino and 
-benzamidino l i g a n d s were prepared by the a c t i o n o f the parent amidine 
on Re(CO),_X or Re(CO)^(Amidine)X i n r e f l u x i n g monoglyme. These complexes 
a l s o contained a simple two e l e c t r o n donor monodentate amidine. 
The acetamidine and formamidine d e r i v a t i v e s formed s i x membered ortho-
m e t a l l a t e r i n g s , the benzamidines forming e i t h e r f i v e or s i x membered r i n g 
complexes. I n c o n t r a s t , r e f l u x i n g R e(C0) 4(Amidine)X with PP^ 3 i n monoglyme 
produced a c h e l a t e d amidino s p e c i e s , Re(CO)^(PPhg)(RN-CR'-NR). 

The r e a c t i o n mechanisms f o r the formation o f the above complexes, and 
t h e i r probable bonding modes are d i s c u s s e d . I n t e r c o n v e r s i o n s between many of 
the s p e c i e s were p o s s i b l e . 

F e C lg r e a c t s with l i t h i o d i a r y l a m i d i n e s to produce [ F e l a m i d i n o ) ^ ] ^ type 
complexes. The acetamidines and formamidines form monomeric complexes 
(with a probable t r i s c h e l a t e s t r u c t u r e ) , and the benzamidine forms both a 
monomeric and an oligomeric/polymeric complex. F e C l ^ r e a c t s s i m i l a r l y 
with l i t h i u m d i - p - t o l y l a c e t a m i d i n e , both monomeric and oligomeric/polymeric 
[Fe(amidine),_J n s p e c i e s being produced. The complexes are paramagnetic,the 
F e ( I I I ) s p e c i e s have magnetic moments thatsuggest they c o n t a i n f i v e unpaired 
e l e c t r o n s . 

N u c l e o p h i l i c a t t a c k by n - b u t y l l i t h i u m a t the carbon atom of [CpMo(CO)(AsPhg) 
( N C P h ) ] + d i d not produce a methyleneamino complex. Free n i t r i l e was l i b e r a t e d 
i n the r e a c t i o n , and dimeric molybdenum complexes were produced. 
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CHAPTER 1 

INTRODUCTION 

1.0 PREFACE 

The scope and extent of organometallic t r a n s i t i o n metal chemistry has 

i n c r e a s e d r a p i d l y over the l a s t 20 y e a r s , r e s u l t i n g i n , amongst 

other t h i n g s , improved i n d u s t r i a l p r o c e s s e s , and a b e t t e r understanding 

of some n a t u r a l l y occurring ones. The thermal s t a b i l i t y of many 

org a n o m e t a l l i c s has undoubtably c o n t r i b u t e d to the advances made, and to 

the uses to which o r g a n o m e t a l l i c s have been put. T h i s s t a b i l i t y i s 

due i n p a r t to the so-called " s y n e r g i c " bonding t h a t r e s u l t s between 

t r a n s i t i o n metals and carbonyl ornbonded orga n i c groups. The organic 

group donates charge to the metal through e i t h e r a o-bonded lone p a i r 

or from the Ilbond of an unsaturated molecule; the metal i n turn 

simultaneously back donates from i t s non-bonding d o r b i t a l s to the l i g a n d 

non-bonding and /or antibonding I I * o r b i t a l s . Each process has the e f f e c t 

of mutually i n c r e a s i n g the other, and a l s o h e l p s to reduce e x c e s s i v e b u i l d 

up of charge on the metal, thus h e l p i n g s t a b i l i z e low o x i d a t i o n s t a t e s 

of the metal. Replacement of the carbonyl group by a l i g a n d not capable 

of accepting back donation from the metal (e.g. NH^) lea d s to e x c e s s i v e 

charge b u i l d up on the metal, up to the p o i n t where the remaining 

carbonyls can accept no more charge from the metal. At t h i s p o i n t f u r t h e r 
120°C 

s u b s t i t u t i o n i s prevented, e.g. C r ( C 0 ) g + l i q . NHg } C r ( C 0 ) 3 ( N H ) 3 + 3C0 

I f the l i g a n d has a v a i l a b l e vacantTT or d o r b i t a l s then the d i s s i p a t i o n 

of the excess e l e c t r o n i c charge i s not the s o l e r e s p o n s i b i l i t y of the 

carbonyl groups and f u r t h e r s u b s t i t u t i o n may take p l a c e . 

The importance of organonitrogen groups i n t r a n s i t i o n metal chemistry has 

been recognised f o r many y e a r s , p a r t i c u l a r l y i n the f i e l d of homogeneous 
jV.HAK UIIIVEB8/7J 
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c a t a l y s i s , where organonitrogen-metal i n t e r m e d i a t e s are p o s t u l a t e d . 

I n t e r e s t has a l s o been shown i n the bonding modes of unsaturated carbon-nitrogen 

and n i t r o g e n - n i t r o g e n m u l t i p l e bonded systems, and i t i s i n t h i s r e s p e c t 

t h a t the pseudo a l l y l groups and i n p a r t i c u l a r the amidino group i s 

i n v e s t i g a t e d . 

1.1 Pseudo A l l y l Systems 

The i s a e l e c t r o n i c r e l a t i o n s h i p between a l l y l and c a r b o x y l a t e groups was i n 

the p a s t overlooked because of the w i l d l y d i f f e r e n t p r o p e r t i e s of the two 

s e r i e s o f d e r i v a t i v e s . A l l y l groups (when donating three e l e c t r o n s to 

the metal) l i e w i t h the three carbon atoms i n a plane above t h a t o f the 

metal atom [ l j , whereas c a r b o x y l a t e groups form a c h e l a t e r i n g with the 

metal atom i n the same plane as the O-C-0 s k e l e t o n [ 2 ] . I t i s now r e a l i s e d 

t h a t the two groups r e p r e s e n t the extreme ends of an i s o e l e c t r o n i c s e r i e s 

g e n e r a l l y known as pseudo - a l l y l s . I n t h i s s e r i e s the s k e l e t a l atoms 

(together with i t s at t a c h e d atom or group) have been r e p l a c e d by one or more 

hetero atoms i . e . n i t r o g e n , oxygen, phosphorus or sulphur. The i s o e l e c t r o n i c 

s e r i e s c o n t a i n i n g n i t r o g e n and oxygen i s shown below ( F i g . 1 . 1 ) . 

N 
N 

N N 
a l l y l a z a - a l l y l amidino 

N 

0 N-R o. 
F i g . 1.1. 

t r i a z i n o amido ca r b o x y l a t e 

These groups can i n c e r t a i n circumstances a l l adopt a d e l o c a l i s e d form of 

bonding, where the three n e l e c t r o n s l i e i n p o r b i t a l s of the three atom 

s k e l e t o n ( F i g . 1.2). 
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The main d i f f e r e n c e between a l l y l s and pseudo a l l y l s , i s t h a t by the 
i n t r o d u c t i o n of a hetero atom, or atoms, the number of c o - o r d i n a t i o n 
p o s s i b i l i t i e s of the pseudo a l l y l group i n c r e a s e s with r e s p e c t to the 
a l l y l group. As i n the c a s e s s t a t e d above ( F i g . 1.1), the hetero atom 
has a lone p a i r of e l e c t r o n s through which c o - o r d i n a t i o n to the metal may 
occur. Furthermore, i t may be p o s s i b l e t h a t the l i g a n d may be bonded 
v i a a combination o f a and n bonds r e s u l t i n g i n a wide v a r i e t y of bonding 
modes. 

The chemistry of the pseudo a l l y l metal complexes i s s l o w l y being §xpanded 

and t h e r e are now examples of each pseudo a l l y l system with metals of groups 

I , I I , IV and a l s o of the t r a n s i t i o n metals. 

1.2 M e t a l - A l l y l complexes 1 

Organometallic compounds c o n t a i n i n g the a l l y l C H moiety have been known 
3 ^ 

fo r many y e a r s , one of the e a r l i e s t being a l l y l magnesium bromide [3] . 

The number of compounds c o n t a i n i n g t h i s group has grown r a p i d l y , and must now 

number s e v e r a l thousand. The nature of the metal a l l y l bond was i n di s p u t e 

f o r a long time, u n t i l i t was r e a l i s e d t h a t the a l l y l group could bond i n 

a non c l a s s i c a l manner, and may a l s o be f l u x i o n a l . I t has now been 

e s t a b l i s h e d by x-ray crystaUographic and n u c l e a r magnetic resonance techniques 

t h a t the a l l y l - m e t a l bond can be of four t y p e s : -

a) a - a l l y l 

A t e r m i n a l carbon atom i s a bonded to the metal atom with a l o c a l i s e d double 

bond between the two remaining carbon atoms. 
e.g. (o-C H )Mn(CO) c [4] 3 5 5 

(o-C 3H 5)CpMo(CO) 3 

b ) M - a l l y l 

The a l l y l group bridges between two metal atoms, being a-bonded to the f i r s t 

metal atom through a t e r m i n a l carbon atom, and to the second metal atom by the 
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i n t e r a c t i o n o f the a l l y l double bond with the metal o r b i t a l s . 

e.g. ( u ; - r C 3 H 5 ) 4 MO [ 6 ] and [ ( u C ^ P t C l ) ] 4 [7] 

c) n - a l l y l 

Here the bonding between the three carbon atoms i s d e l o c a l i s e d ; i t 

forms a m u l t i c e n t r i c bond w i t h the metal. The three carbon atoms of the 

a l l y l group are i n a plane above t h a t of the metal, with a l l metal 

carbon d i s t a n c e s being approximately equal. The metal r e c e i v e s three 

e l e c t r o n s from the l i g a n d . 

e.g. ( n - C 3 H 5 ) F e ( C 0 ) 3 C l [8] and (n - C 3 H 5 ) M n ( C 0 ) 4 [ 9 ] 

The a l l y l group may be an i s o l a t e d three carbon system, i t may have 

s u b s t i t u e n t R groups on any of the carbon atoms, or i t may form p a r t of a 

hydrocarbon r i n g system. 

d) a, n - a l l y l 

The a l l y l group i s bonded to the metal u s i n g a combination of a and n 

bonds. 

e.g. ( IC H )PdCl(PPh ) [10 ] 

Pd 

1^.3. Metal Carboxylato Complexes 

T h i s i s undoubtably the most s t u d i e d of a l l the psuedo a l l y l groups and 

has been reviewed by Oldham [ l l ]. The carboxylato-group u s u a l l y a c t s 

as a one e l e c t r o n monodentate l i g a n d u s i n g only one of the two a v a i l a b l e 

atoms to bond to the metal, e.g. C 0 ( 0 o C C H j o 4 H J D [ 9 ] and W(n_C H c) (CO J 
<; 3 d. cL b b 3 

(0 2CR) [ 1 2 ] . ( F i g . 1.3.a). The p u r e l y monodentate nature of some 

s i m i l a r complexes i s disputed and an unsymnetrical b i d e n t a t e s t r u c t u r e 

has been suggested f o r d i a l k y l t i n d i a c e t a t e s , R Sn(OAc) ( F i g . 1.3.b) [ 1 3 ] , 

R 

0 / 0 0 M / 
C CHrC -C Sn C 

\ / "N / 
0 0 -

CH 

0 

F i g . 1.3. 
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A t h i r d mode i s the c h e l a t i n g o,o attached d e l o c a l i s e d c a r b o x y l a t o 

group ( F i g . 1.4.) which has been found f o r Zn(0 2CCH 3) 22H 20„ [l2 ] 

(IIC H )Mo( C 5 H 5 ) ( 0 2 C R ) [13] , and I r H C l ( 0 2 C R ) L 2 [ 14] . 

; C-R 

F i g . 1.4. 

Br i d g i n g c a r b o x y l a t o groups a re a l s o know ( F i g . 1.5.), and the metals 

R 

0 

M M F i g . 1.5. 

may be the same,e.g. M 2 ( 0 2 C R ) 4 (M=CrMo) [15 ] or d i f f e r e n t , as i n 

( P P H 3 ) 2 ( C 0 ) I r A g ( 0 2 C R ) [ l 6 ] . 

The type of bonding so f a r not observed f o r the carboxylato group i s the 

pseudo n a l l y l arrangement ( F i g . 1.6.). 

~~-0 

F i g . 1.6 
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1.4. Amidines and M e t a l l a t e d Amidines 

1.4.1. Amidines 

The amidine group ( F i g . 1.7.) was f i r s t s y n t h e s i z e d by Gerhardt i n 

1858 when he r e a c t e d a n i l i n e and N-phenylbenzimidyl c h l o r i d e [ l 7 l 
1 

2 ^ \ v 3 R — N N — R 

R F i g . 1.7 

C^H^C(Cl)=NC„H, r+C^H cNH^ — » C H J ^ C I C . H ) N H C S H 5 . H C I 6 5 6 5 6 5 2 6 5 " 

I n g e n e r a l the amidine i s named a f t e r the a c i d or amide which may be 

obtained from i t a f t e r h y d r o l y s i s . Thus when R^=H, the group i s known 

as formamidine, and s i m i l a r l y when RL=Me, acetamidine; R^=Et, 

proprioamidine; R^=Ph, benzamidine e t c . I t i s worth noting however 

t h a t w h i l e most workers i n the f i e l d s t i l l c a l l these compounds 

amidines, the chemical l i t e r a t u r e now l i s t s them under t h e i r 

s y s t e m a t i c names, i . e . as the amide of the corresponding i m i d i c a c i d s [ 1 8 ] . 

Thus when R =H the group i s know as methanimidamide, R =Me, ethanimidamide 

e t c . 

1.4.2. P h y s i c a l P r o p e r t i e s 

Amidines a re g e n e r a l l y c o l o u r l e s s or pal e yellow s t a b l e l i q u i d s or 

s o l i d s . The low molecuter weight compounds are moisture s e n s i t i v e , 

and are o f t e n s t o r e d as the hydr o c h l o r i d e , from which the amidine i s 

e a s i l y recovered. 

Un s u b s t i t u t e d amidines are monoacidic bases. They form w e l l c r y s t a l l i z e d 

s a l t s : - s u l p h a t e s , c h l o r i d e s , a c e t a t e s , n i t r a t e s , carbonates e t c . The 

b a s i c s t r e n g t h s o f the amidines vary with s u b s t i t u t i o n . Bernthsen [ 19] 

n o t i c e d t h a t N,N'-diphenylbenzamidine r e a c t s n e u t r a l to l i t m u s i n 

a l c o h o l i c s o l u t i o n . The l a t t e r i s a weaker base than ammonia whereas 
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W.N'-diphenylacetamidine i s a stronge r base than ammonia. I t can a l s o 
be concluded t h a t benzamidine and acetamidine a r e s t r o n g e r bases than 
ammonia s i n c e the h y d r o c h l o r i d e s can be obtained d i r e c t l y from 
s o l u t i o n s t h a t c o n t a i n an excess of ammonia. 

Monosubstituted and N,N' d i s u b s t i t u t e d amidines a r e capable of 

e x h i b i t i n g tautomerism ( F i g . 1.8.). The many e a r l y attempts to s y n t h e s i s e 

R" R" 
I I 
.N ,N H ^ R'—C 
/ 

N R N R " 1 F i g . 1.8 

H 

sepa r a t e isomers [ 20-24] f a i l e d , and i n only one case [ 25] were 

the two isomers observed. Even these isomers however form i d e n t i c a l 

s a l t s . 

R o t a t i o n a l isomerism about the C-N s i n g l e bond a l s o occurs [ 2 6 ] . 

1.4.3. P r e p a r a t i o n 

There are now many g e n e r a l p r e p a r a t i o n s f o r amidines i n the l i t e r a t u r e , 

the p a r t i c u l a r method depending upon whether a formamidine, acetamidine, 

or benzamidine e t c . , i s r e q u i r e d , and whether i t i s to be mono, d i or 

t r i s u b s t i t u t e d . Some examples o f the methods of p r e p a r a t i o n are given 

below:-

RCONHR' + PCn ^ RC(CI) =NR ' - 5 ^ 2 - 4 R"NH-C(R)=NR' (WCl) [27] 

P h C C l 3 + 4PhNH 2 >PhN=CPh-NHPh(HCl) +QPhNH3Cl [28] 

RC(0Et)=NH(HCl) + 2R'NH2 ) R 1 NH-CR=NR ' + N H ^ l + EtOH [29] 

RC(0Et)„ + 2R'NH }R*N-CR=NR' + 3Et0H [30] 
3 2 [31] 

RCSNR1 + R"-NH » R'N-CR=NR" + H.S [ 32] 
2 c. A eL 

HC1 
RCN + KNH2 > H2N-CR=NK ) H2N-CR=NH(HC1) + KC1 [33] 
PhCH=NPh + NaNH 2—>H 2N^C(Ph)=NPh [ 3 4 ] 
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HO 
RN=C=NR + R'MgBr > RN=CR'-NRMgBr ) RN=CR1 -NHR [35] 

NH„C1 4 

The o r g a n i c chemistry of the amidines has been reviewed by R . I . S h r i n e r 

and F.W. Neumann [36] , but t h i s i s now r a t h e r dated. 

1.4.4. Amidino-Metal Complexes 

Amidino-metal complexes have been known f o r almost as long as amidines. 

I n 1878 Pinner reported the s y n t h e s i s of the s i l v e r s a l t s , and a l s o a 

platinum c h l o r i d e complex. [37] 

The group ( l a ) s a l t s are known and are u s u a l l y prepared from the parent 

amidine [38 - 4 1 ] . 

RN=CR'-NHR"+ KNH — 3 -» RN=CR'-N(K)R" + NH [38] 

RN=CR1-NHR" + KOBu t } RN=CR'-N(K)R" + Bu^DH [39] 

RN=CR'-NHR" + B u \ i » RN=CR-N(Li)R" + Bu nH [40] 

2RN=CR'-NHR" + 2Na ) 2RN=CR'(Na)R" + H 2 [41] 

They can however be produced by the a c t i o n of metal amines on n i t r i l e s . 

RCN + KNH 2 ) H2N-CR=N(K) [42] 

These compounds, u n l i k e the analogous a c e t a t e s a l t s a r e extremely 

s e n s i t i v e to atmospheric moisture; they are prepared under anhydrous 

c o n d i t i o n s , and g e n e r a l l y used " i n s i t u " . 

R-N-CR1-NR" (L i ) + H 20 > R-N=CR'-NR"H + Li OH 

When symmetrical amidines are used a mixture of is o m e r i c s a l t s r e s u l t s , 

because i n s o l u t i o n the l i t h i o - a m i d i n e s are a s s o c i a t e d , and r e a c t as 

though they are a mixture o f R'N(Li)-CR=NR" and R'N=CR-N(Li)R" [ 3 6 ] . 

The group (11a) s a l t s are a l s o known and are s i m i l a r l y moisture 

s e n s i t i v e . 

R2NCN + R'MgBr > R^CR' =NMgBr [43] 

2RCN + C a ( N H 2 ) 2 > (H N-CR=N)£a [44] 
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The group ( l b ) metal amidines are made by the r e a c t i o n of metal 
a c e t a t e s with the amidines. 

M(CH COO) + RN=CR'-NHR" > RN=CR'-N(M)R" + CH COOH 

M = Ag or Cu [45 , 4 6 ] . 

These compounds are much more s t a b l e than t h e i r group l a c o u n t e r p a r t s , 

and the copper d e r i v a t i v e shows no tendancy to o x i d a t i o n by a i r even 

when moist. 

The t r a n s i t i o n metal d e r i v a t i v e s vary i n t h e i r s t a b i l i t y to withstand 

h y d r o l y s i s , they are g e n e r a l l y made by one of the f o l l o w i n g methods:~ 

a) By the r e a c t i o n o f the f r e e amidine with the metal carbonyl, c a u s i n g 

the displacement of the carbonyl groups. 

e.g. 2M(C0) £ r + 4ArNHC(Ph) =NAr > NL [PhC(NAr) J A + 12C0 + 4 [ H ] 

M = Mo, Cr [ 4 7 ] . 

b) By the r e a c t i o n of the free amidine with a metal h a l i d e . 

e.g. (Cp)Mo(C0) 3Cl + 2ArNHC(CH 3)=NAr } CpMo(C0) 2[CH 3C(NAr) 2j 

+ CH C(NHAr) CI [ 48 ] 
o 2 

( B u t
/ 1 N ) ^ ( R e 0 C l 0 ) 2 " + 4ArNHC (Ph) =NAr ^ 
4 c. c. o ' 

[ R e C l 2 ( P h C ( N A r ) 2 ) ] 2 + 2( B u t N ) C l + 2PhC(NHAr) 2Cl [49] 

c ) By the i n t e r a c t i o n o f metal h a l i d e s with group l a metal s a l t s . 

e.g. K ( H C ( N A r ) 2 ) + CpMo(C0) 3Cl CpMo(HC(NAr) 2) ( C 0 ) 2 + KCl + CO [ 5 0 ] . 

L i ( C H 0 C ( N A r ) 0 ) + Mn(C0) c rBr ^ Mn(CO) ,(CONArC(CH^)NAr) + L i B r [40] . 
3 <l o 4 3 

d) By the displacement o f s i l v e r h a l i d e s from s i l v e r amidines and metal 

c h l o r i d e s . 

e.g. Ag(HC(NAr) ) + CpMo(CO) CI ) CpMo(C0) 2(HC(NAr) 2) + AgCl + CO [16] . 

The group 4a amidines are a l s o known,they are unstable c o l o u r l e s s or 

yel l o w l i q u i d s , or s o l i d s . They are prepared by the r e a c t i o n of l i t h i u m 

amidines on the a l k y l metal c h l o r i d e s . 

e.g. (R'-N-C(Ph)~NR")Li + Me MCI > L i C l + R'-N-C(Ph)-NR"-MMe3 [ 5 2 ] , 

M = Si,Ge,Sn,Pb. 
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1.4.5 S t r u c t u r a l C o n s i d e r a t i o n s 

There are f i v e p o s s i b l e bonding modes th a t have been proposed f o r metal-

amidino systems. These are monodentate, pseudo H - a l l y l i c , c h e l a t e , 

b r i d g i n g and f o r N.aryl s u b s t i t u t e d amidines, ortho metalate c h e l a t e . 

a) Monodentate: One n i t r o g e n i s a bonded to the metal, the other 

n i t r o g e n i s not attached; i t has a l o c a l i s e d double bond to the c e n t r a l 

carbon atom ( F i g . 1.9), 
R 
I 

M - N 

/ " R ' 
N 
I 

R" F i g . 1.9 

I n the s o l u t i o n the nitrogens may interchange through a f l u x i o n a l process, 

b) Pseudo n a l l y l : T h i s s t r u c t u r e has a II a l l y l i e arrangement with the 

N-C-N s k e l e t o n i n a s e p a r a t e plane to the metal ( F i g 1.10). 

\ 
R - C C ^ j 

M Fig.1.10 

c) C h e l a t e : I n t h i s case the N-C-N s k e l e t o n and the metal atom are a l l i n 

the same plane. T h i s c l a s s can be subdivided as f o l l o w s : -

i ) amidine i s o .^attached to the metal; the bonding i s 

d e l o c a l i s e d ( F i g , 1.11a). 

i i ) one n i t r o g e n o bonds to the metal, w h i l s t the l o c a l i s e d 

double bond i n t e r a c t s with the metal's o r b i t a l s ( F i g . 1.11b). 

i i i ) one n i t r o g e n a-bonds to the metal, w h i l s t the other donates 

to the metal v i a i t s lone p a i r of e l e c t r o n s ( F i g . 1.11c). 

R R R 
I I I 
~~ vie - R' M<T ,c - R' yr ^c - R* 

N N N X 

R" R" R" 

a b c F i g . 1.11 
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cS) B r i d g i n g : Here the c h e l a t e r i n g i s extended by the i n c o r p o r a t i o n 

o f another atom. T h i s atom can e i t h e r be another metal, the amidine 

forming a metal-metal bridge ( F i g . 1.12a), or e l s e an i n s e r t e d 

group such as a carbonyl g i v i n g a carbamoyl type complex ( F i g . 1.12b), 

R-N/ ', N—R R — N / 

F i g . 1.12 

e) Orthome t a l 1 e d : I f one of the N s u b s t i t u e n t s i s a r y l , 

o r t h o m e t a l l a t i o n may occur, forming a f a i r l y s t a b l e s i x membered r i n g 

( F i g . 1.13). 

F i g . 1.13 

I f R" group i s an a r y l s u b s t i t u e n t , o - m e t a l l a t i o n to t h i s r i n g can occur 

to produce a f i v e membered r i n g . 

I n a d d i t i o n , the f r e e amidine can a l s o be a t t a c h e d to the metal v i a 

the lone p a i r s on e i t h e r o f the n i t r o g e n atoms. 

1.4.6. Monodentate Complexes 

T h i s i s the p r e v a l e n t type of bonding f o r the non t r a n s i t i o n metals. 

The group IV metals have been shown to undergo tautomerism with mono or 

N„N*-disubstituted amidines [ 5 2 ] ( F i g . 1.14). 

Me Me 

Ph- / 
\ Ph-

N — S i M e , 

/ •SiMe, 

Me Me' F i g . 1.14 
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Monodentate t r a n s i t i o n metal amidines a r e comparatively r a r e e 

perhaps because of the a v a i l a b l i l i t y o f the second n i t r o g e n atom to 

d i s p l a c e a l i g a n d on the metal by c h e l a t i n g or b r i d g i n g between two 

metals. As y e t X-ray data i s not a v a i l a b l e f o r monodentate t r a n s i t i o n 

metal amidines, although a few compounds have been assi g n e d t h i s s t r u c t u r e 

on the b a s i s o f the s i m i l a r i t y o f the s p e c t r o s c o p i c data which i s 

a v a i l a b l e f o r the analogous t r i a z e n e complexes [53,54]. Examples 

of monodentate t r a n s i t i o n metal complexes a r e trans-Pd(PPh^)^Cl(PhN-CH=Ph) 

and c i s - P t ( P P h ) (CI)(PhN-CH=NPh)[54]. N e u t r a l amidine monodentate 

complexes have a l s o been r e p o r t e d f o r Mo but these compounds then r e a c t 

f u r t h e r with the l o s s of CO e t c . , to produce the Mo0(PhNCHNPh) s p e c i e s . 

.4.7. Chelate Complexes 

Because o f the r e l a t i v e l y s m a l l s i z e o f the c h e l a t e r i n g , i . e . only four 

membered, t h e r e w i l l always be s t e r i c s t r a i n and d i s t o r t i o n o f the 

v a l e n c y a n g l e s . The number o f c h e l a t e d amidine complexes t h e r e f o r e i s 

not l a r g e , the amidine o f t e n p r e f e r i n g to bridge between two metals. So 

f a r much of the work has been performed u s i n g formamidines, where the 

c e n t r a l N-6-N angle i s a t a maximum. T h i s angle decreases i n the order 

R=H >Ph >CH > C-(CH ) , and i t i s p o s t u l a t e d t h a t by the i n c o r p o r a t i o n of 

a more bulky s u b s t i t u e n t on the carbon atom the pr e f e r e n c e f o r forming 

monomeric c h e l a t e complexes w i l l i n c r e a s e . 

The f i r s t c h e l a t e d amidino complexes were those formed by the thermal 

de c a r b o n y l a t i o n of the carbamoyl product of the r e a c t i o n between 

tetracarbonylmanganesebromide and l i t h i u m N,N'-diphenylbenzamidine [ 5 6 ] . 

T h i s work was l a t e r extended to i n c l u d e the N,N'-diarylacetamidines, and 

the decarbonylation step was achieved by u.v. i r r a d i a t i o n [ 4 0 ] ( F i g . 1.15). 

Mo(CO) 0 + (PhN.H=CH=NPh) 6 
and Mo (CO),. + 2(PhNH-CH=NPh) 6 

2Mo(CO) (PhNH-CH=NPh) 

hv 
> Mo(C0 L-(Phr^H-CH=NPh) + CO 

? Mo(CO) JPhNH-CH=NPh)„ + 2C0 

> Mo„(PhN-CH-Wh) „ + 4H + 8C0 [55] 
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Ar 

F i g . 1.15 

At the time t h i s compound was f i r s t made, i t was u n c l e a r what type of 

bonding was occuring. The chemistry of the c h e l a t i n g amidino-group 

was then extended by the s y t h e s i s o f a s e r i e s of cyclopentadienylmolybdenu-

mdicarbonyl amidines v i a d i r e c t r e a c t i o n of benzamidines or acetamidines 

w i t h c y c l o p e n t ad ienylmolybdenumtricarbonylchloride [48-57], or by 

decarbonylaiion of the carbamoyl formed when using l i t h i o a m i d i n e s . By now 

the s p e c t r o s c o p i c evidence was mounting i n favour of a d e l o c a l i s e d a,o-

type o f c h e l a t e d amidine ( F i g . 1.16) . 

R 
I 

Ar N / \ N — Ar 

Mo 

0 0 Cp " F i g . 1.16 
T h i s type o f bonding was confirmed when x- r a y crystallography showed that 

the Mo-N bond lengths were almost equal, and s h o r t e r than the Mo-C 

d i s t a n c e . The N-C d i s t a n c e s were a l s o found to be approximately equal |58 } 

The l i t e r a t u r e has s i n c e been f u r t h e r expanded with the analogous chromium 

and formamidine complexes [ 50] made by the r e a c t i o n of the cyclopentadieoyt-

chrom.ium t r i c a r b o n y l c h l o r i d e with potassium, s i l v e r , and copper amidines, 

or the f r e e amidine and u.v. i r r a d i a t i o n . S u b s t i t u t i o n of the carbonyls 

by triphenylphosphine, - a r s i n e and - s t i b i n e has a l s o been achieved [59]. 
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The a n i o n i c group ( V i a ) compounds which a r e i s o s t r u c t u r a l and 
i s o e l e c t r o n i c to the manganese compounds above have a l s o been made us i n g 
the potassium s a l t o f d i a l k y l or d i a r y l formamidine and N£t*[ M(C0),_Cl]°[50] 

B i s (N,N'-=di~ptolylacetamidine) paladium I I complexes have been made, they 

have been shown by X-ray crystallography to c o n t a i n c h e l a t e d amidines [58] 

( F i g . 1.17). 
Me 

Ar — y N — A r 

^ P d 

Ar —N i / N — A r 
F i g . 1.17 

Molecular weight experiments suggest t h a t the analogous formamidine compound 

i s d i m e r i c , c o n t a i n i n g amidino b r i d g e s ( c f . t r i a z e n e complex)[ 53] 

( F i g . 1.18) . 

F i g . 1.18 

T h i s i s perhaps evidence t h a t by i n c r e a s i n g the s i z e of the carbon atom 

s u b s t i t u e n t from H to CH„ the C=N=C angle i s reduced enough f o r c h e l a t e 
3 

formation to occur i n the acetamidines. 

C h e l a t e d amidines have r e c e n t l y been r e p o r t e d f o r the r e a c t i o n between 

Rheniumtetracarbo^ylchloride dimer and l i t h i u m formamidines [61 ]. 
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[ R e ( C 0 ) 4 C l ] 2 + L i(ArN-CH-NAr) 

Ar 
0 

N 
Re 

/ i 
0 N 

0 
Ar 

i C-H 

These compounds can a l s o be made from the decarbonylation of the 

carbamoyl product obtained by u s i n g rheniumpentacarbonyl c h l o r i d e , i n 

p l a c e of the dimer. They are assigned the c h e l a t e s t r u c t u r e on the b a s i s 

o f l 3 C n.m.r. and i . r . data. 

Another r e c e n t l y reported c h e a t i n g amidino complex i s shown below, 

prepared by the a c t i o n of Li-formamidine on R e ( C 0 ) 3 ( P P h 2 ) C l [62]. 

Again i t i s a s s i g n e d the c h e l a t e s t r u c t u r e by comparison to the analogous 

t r i a z e n e complex [ 6 3 ] . 

e.g. 

The problem of small r i n g s i z e and the subsequent s t e r i c s t r a i n i s often 

overcome by the adoption of e x t r a atoms i n the c h e l a t e . These can be of 

t h r e e t y p e s : -

1) Carbamoyl type When a carbonyl group i s i n s e r t e d i n t o a m e t a l - n i t r o g e n 

bond the r e s u l t i n g complex i s know as a carbamoyl. There are numerous 

examples of t h i s type i n the l i t e r a t u r e [ 6 4 - 6 6 ] . With amidines.a carbonyl 

i s i n s e r t e d between one n i t r o g e n and the metal, the other n i t r o g e n being 

bonded d i r e c t l y to the metal, g i v i n g a f i v e membered r i n g ( F i g . 1.15). 

S e v e r a l examples of these carbamoyl complexes have a l r e a d y been mentioned, 

as they are o f t e n the i n i t i a l product of the r e a c t i o n between group ( l a ) 

metal amidines, with metal carbonyl h a l i d e s [40,56,61]. 

2) Orthometalktion When a t l e a s t one of the N s u b s t i t u e n t s i s a r y l , 

PPh 

0 N 

) C-CH Re 
/ N 

0 

R PPh 

R 
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orthometallation can occur. The amidine i s s t i l l b i d e n t a t e , so a s t a b l e 

s i x membered r i n g i s formed. One of the f i r s t examples of t h i s was the 

product formed by the r e a c t i o n of mercuric a c e t a t e with N,N'-di-p-tolyl 

formamidine ( F i g . 1.19) [45]. 

N 
Me N 

\ / H 

Me 
F i g . 1.19 

There are not many examples o f t h i s type o f bonding to t r a n s i t i o n metals, 

one example however, i s the product formed by the r e a c t i o n of potassium-

t e t r a c h l o r o p a l l a d i t e with N,N'-diphenylacetamidine to g i v e the c h l o r o 

bridged dimer [ 6 7 ] , shown below ( F i g . 1.20). 

CI 

Pd Ph 

N 0 
/ 

H_C N F i g . 1.20 

The c h l o r i n e bridges can be r e p l a c e d by an a l l y l , c y c l o p e n t a d i e n y l , or 

even a second amidino group, which g i v e s the unusual mixed c h e l a t e -

o r t h o m e t a l l a t e complex ( F i g . 1.21). 
CH Ar \ N N 

CH Pd 
N 

P c 3 F i g . 1.21 
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3) B r i d g i n g T h i s i s the most popular way t h a t the amidino group 

overcomes r i n g s t r a i n . Here the amidine i n c o r p o r a t e s another metal 

i n t o the r i n g g i v i n g an amidino-bridge between the two metal atoms. 

The metal atoms may be the same or d i f f e r e n t . The f i r s t metal amidino 

bridged complex was t h a t formed by the r e a c t i o n of copper ( I I ) a c e t a t e 

with N,N'-di-2-anthraquinonylformamidine[ 68] . T h i s compound was 

o r i g i n a l l y formulated as a monomer, but l a t e r work suggested i t to be 

a tetramer ( F i g . 1.22) [45]. 

More r e c e n t l y a number of t r a n s i t i t o n metal aminino b r i d g i n g complexes 

have been made. Some examples of the p r e p a r a t i o n and range of amidino 

bridged complexes a r e : -

CH R 
N N — R 

R 
N' 

N R Cu 
Cu 

N Cu N—R 

N CH CH N 
/ 

R R 
F i g . 1.22 

[ Pd(C„H_)Cl]„ + 2Li(ArNCHNAr) 69 

\ N ArN Ar 

CH 
A r — N N Ar 

Pd Pd 

CH 

i i . M(CO) c + 4(PhNH-C(Ph)=NPh) * M 2( M-PhNC(Ph)NPh) 4 + 4[ H ] 

M = Mo, Cr [55 ] 

i i i . W(CO)„ + 4(PhNH-CH=NPh) 6 
Am N c N 

W N / 
N 

Am H, 2 

[70] 
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i v . [ R e
2

C 1 8 l 2 ~ + 2PhNH=C(Me)=NPh Re^y-PhNC(Me)NPh) 2Cl 4 [49] 

v. fee
2
clgl 2 ~ + 4MeNH-C(Ph)-NMe Re ( M -MeNC(Ph)NMe) 

v i . Pd(NCCH3) 2CI 2 + 4 L i ( C H ( N A r ) 2 ) } Pd(M - C H ( N A r ) 2 ) 4 [53] 

v i i . I r ( C 0 ) 3 C l + L i ( H C ( N A r ) 2 ) » I r f C O ) ^ - C H ( N A r ) 2 ) 2 [ 7 l ] 

B r i d g i n g can a l s o take p l a c e v i a a d i f f e r e n t metal atom, an i n t e r e s t i n g 

example of t h i s i s the compounds formed by the r e a c t i o n 

(C0D)RhCl 2 + Hg (ArN-CH-NAr) ) (COD)$*- ArNCHNAr) RhHgCl 

The product i s shown to be f l u x i o n a l , the amidines exchanging t h e i r 

bonding r o l e s [72] ( F i g . 1.23). 

R 
I 
N • 

HC, 

CI 
/ 

•Hg 

-Rh 
N I 

\ 
N •R 

R X CH 
F i g . 1.23 

1.5. 2 - A z a - A l l y l s and M e t a l l a t e d 2 - A z a - A l l y l s 

Aldimines (RCH=NR') and ketimines (RR"C=NR') where R'=CHR*R on removal 

of a proton form the 2 - a z a - a l l y l group which i s an i n t e r e s t i n g i n t e r ­

mediate between the a l l y l and amidino groups, 

e.g. 
• N • 

C v - " C 

2 - a z a - a l l y l 

So f a r the r e are not many m e t a l l a t e d 2 - a z a - a l l y l complexes known. Group 

( l a ) metal aldimines are known however, and are made i n the same way as 

the group ( l a ) metal amidines. 
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e.g. Ph2CHN=CHPh + KNH^ > Ph 2CHNC(K)Ph + Ph 2(K)NCHPh + NH^ [7^ 

PhCH2N=CHPh + NaNH2 $ PhCH(Na)NCHPh + NHg [ 74] 

PhCH2N=CHPh + L i N B t 2 } PhCH(Li)N=CHPh + EtNH [ 75 ] 

P. iN[CH(Me) ] + n B u L i ) Me 2C(Li)N=CMe 2 + BuH [ 76 ] 

I n common with the amidino-metal complexes these compounds are extremely 

moisture s e n s i t i v e , and are t h e r e f o r e not g e n e r a l l y i s o l a t e d , but 

prepared and used " i n s i t u " . 

The group (IVb) metal aldimines are a l s o known. They are prepared 

by the r e a c t i o n of the group ( l a ) complexes with the triorganometal 

c h l o r i d e s . 

e.g. RCH(Li)N=CHR' + R 2 MCI » RCH(MR2 )N=CHR' + L i C l [ 77] 

M = Si,Ge,Sn. 

As i n the a l l y l compounds the s p e c t r o s c o p i c data can only be e x p l a i n e d 

by assuming c o n j u g a t i v e i n t e r a c t i o n between the metal and the N = C 

bond. 

The only examples of t r a n s i t i o n metal 2 - a z a - a l l y l complexes are those 

formed by the novel r e a c t i o n of l i t h i u m ketimines on group ( V i a ) 

c y c l o p e n t a d i e n y l m e t a l c a r b o n y l c h l o r i d e s . 

e.g. CpM(C0) 3Cl + L i N = C ( A r ) 2 5> CpM(CC» 2(Ar CNCAr 2) + L i C l + LiNCO 

M = Mo,W [ 7 8 " 8 0 ] 

An obvious s y n t h e t i c route to these compounds i s the r e a c t i o n between 

L i ( A r CNCAr ) and CpM(CO) C I . For the t e t r a a r y l d e r i v a t i v e the only 

r e c o v e r a b l e product i s [ C p M ( C 0 ) 3 ] 2 [ 8 1 ] , there i s however some s p e c t r o ­

s c o p i c evidence t h a t the m e t a l l a t e d 2 - a z a - a l l y l product i s formed when 

u s i n g the d i a r y l d e r i v a t i v e , Li(PhHCNCHPh) [ 8 l ] . 

There i s a l s o some s p e c t r o s c o p i c evidence t h a t a manganese d e r i v a t i v e 

i s p o s s i b l e , d e r i v e d from the r e a c t i o n between Ph 2C-N-C(Cl)Ph 2 and 

Mn(CO) &Br. Other s y n t h e t i c r o u t e s such as (ClMg)Ph C-N=CP + Mn(CO) Br-
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Ph^C=N-C(Cl)Ph 0 + Na(Mn(C0) c) , do not produce the d e s i r e d product [ 8 2 ] . 2 2 5 

The bonding i n the compound C p M o ( C 0 ) 2 ( ( p t o l y l ) 2 C N C ( p o t l y l ) 2 ) has been 

examined by X-ray crystalography,and shown to bond i n an a z a - a l l e n e 

f a s h i o n , ( F i g . 1.24)[ 8 3 ] . 

Ar 

C 

N 

M 
0 Ar Ar 

8 
F i g . 1.24 

I n s o l u t i o n however, the i . r . and v a r i a b l e temperature n.m.r. data 

suggests t h a t o,n-type bonding i s occmring, with interchange between the 

two isomers, ( F i g . 1.25) [ 8 0 ] . 

N N 

M M 

F i g . 1.25 

.6 T r i a z e n e s and Me t a l l a t e d T r i a z e n e s 

Compounds c o n t a i n i n g an unsaturated c h a i n of three n i t r o g e n atoms, 

R1-N=N-NR"R1' 'are c a l l e d t r i a z e n e s (or diazoamines), they are members 

o f the pseudo a l l y l compounds. T r i a z e n e s were d i s c o v e r e d by G r i e s s [84] 

i n 1860 and now a wide v a r i e t y of t r i a z e n e s with d i f f e r i n g R*,R" 

and R" 1groups are known [ 8 5 ] . Of s p e c i a l i n t e r e s t a r e those t r i a z e n e s 

where R"1 i s a hydrogen atom which can be r e p l a c e d to form the t r i a z i n i d o -

group. T r i a z e n e s are g e n e r a l l y s t a b l e yellow s o l i d s . 

Metal compounds of the t r i a z e n i d o - a n i o n have been known as long as the 

parent t r i a z e n e s [33] and have been the s u b j e c t of a good deal o f a t t e n t i o n 

over the y e a r s [ 86-89, 44 ]. 
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The group ( l a ) metal t r i a z e n e s a r e prepared i n a s i m i l a r way to the 

metal amidines, e.g. 

R-N=N-NHR• + BuLi — — > Li(RN R') + BU"H [38] 

R-N=N-NHR' + NaH > Na(RNgR') + H 2 [90] 

R-N=N-NHR' + KNH2 » K(RN 3R') + NH^ [38] 

T r a n s i t i o n metal d e r i v a t i v e s a r e g e n e r a l l y made by the i n t e r a c t i o n 

o f metal h a l i d e s w i t h group l a s a l t s [ 9 0 ] , displacement o f s i l v e r 

h a l i d e s from s i l v e r t r i a z e n e s [91] , or by the r e a c t i o n of the diorgano-

t r i a z e n e s w i t h a s u b s t i t u t e d metal, followed by e l i m i n a t i o n of hydrogen [44] 

e.g. 

CpMo(CO) CI + Na(PhN Ph) > CpMo(CO) (PhN Ph)+NaCl+C0 [90] 

F e C l 3 + 3Ag(PhN 3Ph) } Fe(PhN 3Ph) 3+3AgCl [42] 

P d ( P P h g ) 4 + 2(PhN=N-NPh) > Pd(PPh ) 2 ( P h N 3 P J i ) 2 + 2PPh 3 + [44 

Four d i f f e r e n t types o f bonding have been proposed f o r the t r i a z e n i d o 

ion, they have been e s t a b l i s h e d by X -ray crystallography [92-94,89] . 

These a r e : - monodentate, c h e l a t e , and b r i d g i n g (two types) ( F i g . 1.9, 

1.11a, 1.12a and 1.26). 

Monodentate 

e.g. Pt(PPh„).,(PhN0Ph)_ ( F i g . 1.26a) [92] 

Ph 

PPh PPh 

Ph 
N N N' \ / X 1.34 A Ph 114 

N N 
N I I 1.28 A 

Ph 
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I t i s noted t h a t the N - N bond a d j a c e n t to the metal i s longer than the 
one remote from the metal, 1.34 and 1 . 2 8 ^ r e s p e c t i v e l y , g i v i n g a c a n o n i c a l 
s t r u c t u r e o f M - N - N = N. I f these bond lengths are compared to the 

o o 

N - N s i n g l e and double bond lengths of, 1.44 A and 1.24 A, i t i s 

e v i d e n t t h a t there i s a s i g n i f i c a n t degree of d e l o c a l i s a t i o n . The NNN 

angle i s 114°. 

C h e l a t e 

e.g. CpMo(C0) 2(ArN 3Ar) [ 93 ] . 

The t r i a z e n e i s found to bond with a l l three n i t r o g e n s i n the same plane 

as the metal. The n i t r o g e n - n i t r o g e n bond lengths a r e approximately 

equal (1.29 and 1.32 A) implying a f u l l y d e l o c a l i s e d system. The NNN 

angle i s reduced to 101°. 

B r i d g i n g 

eg. a)Ni ( nArN^Ar)^ [ 89] # 

I n t h i s complex a l l the N - M bond lengths are approximately equal 

(1.93 A), as are the N - N bonds, (1.32 A). T h i s emphasises the t r u l y 

d e l o c a l i s e d bonding f o r the N s k e l e t o n , and t h a t the bonding must 

be t a k i n g p l a c e through the lone p a i r s of the t e r m i n a l n i t r o g e n s i n 

a o fo-fashion. The r i n g s t r a i n apparent i n the c h e l a t e system i s no longer 

e v i d e n t , the NNN angle being 115° 

eg. b) (PPh )(t;0)(Rh)(MeN Me)CuCl [94] (Fig*.1.26b) 

Cu N 
*\ 

-PPh ; N 
Rh -' d f 

o c / ^ \ 
PPh„ \ 

d CH 3 F i g . 1.26b 

Again the r i n g s t r a i n i s reduced, t h i s time by the i n c o r p o r a t i o n of 

another metal atom i n t o the c h e l a t e r i n g . 

The t r i a z e n i d o l i g a n d shows a marked tendency f o r donation of the lone 

p a i r o f e l e c t r o n s on both t e r m i n a l n i t r o g e n atoms. The few complexes 
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th a t c o n t a i n the monodentate t r i a z e n i d o l i g a n d i n the s o l i d s t a t e a l l 
e x h i b i t f l u x i o n a l behaviour i n s o l u t i o n , a c h e l a t e d t r i a z e n i d o l i g a n d 
being an intermediate bonding mode. 

1.7. Rhenium Carbonyl Chemistry 

Most of the work i n t h i s t h e s i s i n v o l v e s the r e a c t i o n s of v a r i o u s rhenium 

carbonyl and amidine s p e c i e s . A b r i e f s y n o p s i s of the t y p i c a l chemistry 

of the rhenium carbonyl s p e c i e s of r e l e v a n c e to t h i s work i s given 

below. 

Rhenium carbonyl [ R e 2 ^ C ^ ^ i o ^ i S a n a i r s' t a b- 1- e» s w e e t s m e l l i n g white 

c r y s t a l l i n e s o l i d . I t i s s l i g h t l y s o l u b l e i n most organic s o l v e n t s , and 

i n c o n t r a s t to manganese carbonyl [Mn (CO)^Q ] , i t i s s t a b l e when 

exposed to a i r i n s o l u t i o n . 

The pentacarbonyl h a l i d e s of rhenium and manganese are e a s i l y formed 

by the r e a c t i o n of halogens with the parent carbonyl i n a s u i t a b l e 

s o l u t i o n . The s t a b i l i t y of these halogen d e r i v a t i v e s i s i n the order 

l > Br> CI and Re> Mn [95]. These compounds l o s e carbon monoxide when 

heated i n an i n e r t s o l v e n t , forming the halogen bridged dimers 

[ M(C0) 4X] [96]. Rhenium a l s o g i v e s a h i g h l y r e a c t i v e tetramer 

[ R e l C O ^ X ] [97 ]. The pentacarbonyl h a l i d e s undergo s u b s t i t u t i o n r e a c t i o n 

when r e f l u x e d or i r r a d i a t e d with amines. The monosubstituted d e r i v a t i v e 

i s not i s o l a t e d , as i t i s more r e a c t i v e than the parent h a l i d e i . e . 

Re(CO) X + A m l n e A Re(CO) (Amine)X J ^ I H ^ Re(C0) o(Amine) X [98] . 
- CO 4 - CO 3 2 

F u r t h e r s u b s t i t u t i o n i s not p o s s i b l e s i n c e with three e s s e n t i a l l y non I I -

e l e c t r o n a c c e p t i n g l i g a n d s p r e s e n t the metal — carbon m u l t i p l e bond i s 

a t a maximum. With the manganesepentacarbonylchloride, a s i m i l a r r e a c t i o n 

l e a d s to the carbamoyl product, Mn(CO)^(CONHR)(NH^R) [99] „ 
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The r e a c t i o n of [ R e ( C 0 ) 4 X ] 2 (X=Cl,Br) with amines proceeds under 

much milder c o n d i t i o n s than f o r the pentacarbonyl h a l i d e s , p r o v i d i n g 

a route to the monosubstituted Re(C0) 4(Amine)X complexes. 

Both manganese and rheniumpentacarbonylhalides form anions with 

sodium amalgam. The s a l t s can be i s o l a t e d , but a r e g e n e r a l l y used 

" i n s i t u " to produce a l k y l or a c y l d e r i v a t i v e s by r e a c t i o n with an a l k y l 

or a c y l h a l i d e e.g. 

A s i m i l a r r e a c t i o n with a l l y l h a l i d e s produces theo-bonded complex 

(o-C H )Mn(CO) r [ 4 ] f o r manganese, but then-bonded complex ( I I C H )Re(CO) A 3 5 5 3 b 4 

[102] f o r rhenium. Then-bonded manganese complex i s produced by h e a t i n g 

the o- bonded d e r i v a t i v e s to 70°C. Theff-bonded rhenium complex has not 

been observed. 

Mn(CO),.Br r e a c t s with l i t h i o - a m i d i n e s [40,i6l] to giv e the carbamoyl 5 

s p e c i e s Mn(C0) 4(COAmidine), which can be decarbonylated by h e a t i n g or 

u.v. i r r a d i a t i o n to giv e the bid e n t a t e amidino complex Mn(C0) 4(Amidine). 

A s i m i l a r r e a c t i o n has been found f o r Re(CO)^Cl and l i t h i o f o r m a m i d i n e s [ 6 1 ] . 

The product M(C0) 4 (formamidine) can a l s o be formed d i r e c t l y by the 

r e a c t i o n of l i t h i o formamidines on the dimeric t e t r a c a r b o n y l m e t a l c h l o r i d e s . 

The c h e l a t e d t r i a z e n e complexes Mn or Re(C0) 4(ArNgAr) are a l s o known, 

and are prepared by the a c t i o n of Na(ArN^Ar) on the pentacarbonylbromide 

( 9 0 ] . The mono and b i s - t r i p h e n y t phosphine d e r i v a t i v e s are a l s o known 

[130,62]. The only evidence f o r a monodentate t r i a z e n i d o or amidino-

bonded l i g a n d s i s from the r e a c t i o n between Mn(CO) 4(PhNC(Ph)NPh) and CO 

a t high temperature and carbon monoxide p r e s s u r e , i n this i n s t a n c e a s p e c i e s 

i d e n t i f i e d by i . r . spectroscopy, Mn(C0) 5(PhNC(Ph)NPh) was observed, 

but i t r e v e r t e d to Mn(CO) (PhNC(Ph)NPh) on r e l e a s e of the p r e s s u r e [ 4 0 ] . 

Mn(CO)^ Na + CH 0I 5 o 
Re(C0)_ Na + CH„C0CI 5 

[100] ) Mn(CO) CH + Nal 

) R e ( C 0 M C 0 C H j + NaCl [ l O l ] 
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CHAPTER 2 

EXPERIMENTAL 

2.1.Notation 

I n t h i s t h e s i s a shorthand n o t a t i o n f o r amidines has been employed, i . e . 

DPTAAH = N,N' - d i ( p - t o l y l ) acetamidine. The H s u f f i x denotes t h a t the 

amidine i s the parent amidine w i t h a N - H group. I f the f i n a l H i s 

omitted the shorthand r e f e r s t o the amidino group, i . e . DPTAA = N,N' -

d i ( p - t o l y l ) a c e t a m i d i n o group. 

I n complexes where o r t h o m e t a l l a t i o n i s believed t o have occured, t h i s 

i s s i g n i f i e d by the p r e f i x o-met. 

Only N,1^ symmetrically d i s u b s t i t u t e d amidines were used, these are 

l i s t e d below, together w i t h t h e i r a b breviations. 

N,N' -diphenylacetamidine DPAAH 

N,N' - d i ( p - t o l y l ) a c e t a m i d i n e DPTAAH 

N.N1 -diphenylbenzamidine DPTBAH 

N,N' - d i ( p - t o l y l ) b e n z a m i d i n e DPTBAH 

N,N' -diphenylformamidine DPFAH 

I n a d d i t i o n , when an amidine i s r e f e r r e d t o ge n e r a l l y i t i s abbreviated 

t o AmH and i t s d e r i v a t i v e t o Mm. 

2.2 Techniques 

2.2.1. General Methods 

A l l solvents were r i g o r o u s l y degassed before use. Reactions were c a r r i e d 

out i n twin-necked f l a s k s , under an atmosphere of pure dry n i t r o g e n . 

Solutions were t r a n s f e r r e d by syringe against a counter c u r r e n t o f 

ni t r o g e n . For the more a i r s e n s i t i v e m a t e r i a l s s i n g l e Schlenk tubes 

f i t t e d w i t h suba sdals were used, s o l u t i o n s being t r a n s f e r r e d from one tube 

t o another v i a Schlenk needles and p o s i t i v e n i t r o g e n pressure. A glove 



- 26 -

box was used f o r the manipulation o f a i r s e n s i t i v e s o l i d s . 

2.2.2. Nitrogen Supply 

The n i t r o g e n supplied t o the bench was the b o i l o f f from the departments 

l i q u i d n i t r o g e n p l a n t , which a f t e r being passed over a heated copper 

c a t a l y s t has an oxygen content o f less than 10 p.p.m. The supply 

was bubbled through concentrated H SO at the bench, and d e l i v e r e d t o a 

m u l t i p l e t o u t l e t system. A constant pressure o f n i t r o g e n was maintained 

i n the system by connecting one o u t l e t t o an o i l bubbler. These 

con d i t i o n s were adequate f o r the rhenium amidine chemistry, but not f o r 

the i r o n amidine work. This demanded t h a t the n i t r o g e n was f u r t h e r 

d r i e d by the a d d i t i o n o f P „C) towers t o the supply, and the r e s i d u a l 
4 10 

oxygen removed by the i n c l u s i o n o f a heated copper c a t a l y s t i n the l i n e 

immediately before the m u l t i p l e o u t l e t system. 

2.2.3. Vacuum Line 

A vacuum l i n e connected t o a r o t a r y vacuum pump capable o f maintaining a 
-2 

vacuum o f 10 t o r r was f i t t e d w i t h two way taps connected t o the n i t r o g e n 

supply, enabling the apparatus t o be a l t e r n a t i v e l y degassed and f i l l e d 

w i t h nitrogen> c r e a t i n g and maintaining an i n e r t atmosphere. 

2.2.4. Glove Box 

The pure dry n i t r o g e n atmosphere i n the glove box was maintained by continuously 

r e c y c l i n g i t through a P^O^Q column and over a heated copper c a t a l y s t . 

Nitrogen, as supplied above was used t o f l u s h out the t r a n s f e r p o r t . A l l 

e x t e r n a l t u b i n g was o f p.v.c. or glass. This atmosphere was 

s u i t a b l e f o r b r i e f manipulations o f the i r o n complexes, but was not s u i t a b l e 

f o r lengthy operations, decomposition of the compounds occuring. The i r o n 

complexes needed t o be st o r e d as sealed samples i n the glove box i f 

decomposition was not t o occur. 
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2.2.5. Chromatography 

Column chromatography was employed i n many of the syntheses, as was the 

less precise p r a c t i c e of f i l t e r i n g s o l u t i o n s through about 4 cm. o f alumina. 

The alumina used was supplied by Woelm Pharmaceutical, and was r a t e d 

Brockman a c t i v i t y I I I . 

2.3. Instrumentation 

2.3.1. Mass spectroscopy 

Mass spectra were obtained on a A.E.I. MS9 mass spectrometer operating a t 

70 e.V. w i t h an a c c e l e r a t i n g p o t e n t i a l o f 8 kV. , and a source temperature 

o f 200°C. The samples were mounted on an i n e r t ceramic and were 

introduced by d i r e c t i n s e r t i o n i n t o the ion source. Perf lworokerosine 

(P.F.K.) was o f t e n introduced simultaneously t o the sample t o provide 

a means o f c a l i b r a t i o n . 

2.3.2. I n f r a red spectroscopy 

I n f r a - r e d spectra i n the range 4,000 - 250 cm 1 were recorded on a 

Perkin-Elmer 456 prism g r a t i n g spectrophotometer. I n general both n u j o l 

mulls and s o l u t i o n spectra were recorded. For the mulls, K Br p l a t e s were 

used, and f o r s o l u t i o n s a c e l l w i t h IS&.C1 windows and a 0.1 mm space 

was employed. I n a d d i t i o n , the progress o f many o f the re a c t i o n s was 

f o l l o w e d by the monitering o f the carbonyl s t r e t c h i n g frequencies 
-1 

i n the region 2,200 - 1600 cm . For the very a i r s e n s i t i v e i r o n complexes 

an i s o l a t i o n c e l l was used, but with o u t much success. 

2.3.3. Nuclear magnetic resonance spectroscopy 

Proton n.m.r. spectra at 60 M.Hz. were recorded on a Varian E.M. 360L 

spectrometer i n CDC1 s o l u t i o n using (CH ) Si as an i n t e r n a l reference. 
3 3 4 

Carbon - 13 spectra were recorded on a Bruker HX90E spectrometer modified 

f o r F.T. operation using a N i c o l e t B.N.C. 12 computer. Samples were 

dissolved i n CDC1 (QH * s iwas employed as an i n t e r n a l reference. 
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I n order t o o b t a i n a reasonable spectrum a pure sample of about 200 mg 
was r e q u i r e d , u n f o r t u n a t e l y t h i s was not always possible. 

The Bruker HX90 E spectrometer was also o c c a s i o n a l l y used f o r 

proton n.m.r. a t 90 M.Hz. when b e t t e r r e s o l u t i o n o f the spectrum obtained 

from the Varian was r e q u i r e d . 

2.3.4. Raman Spectroscopy 

Raman spectra o f s o l i d samples i n the range 4,000 - 200 cm 1 were 

recorded on a Cary 82 180° geometry la s e r Raman spectrometer u t i l i s i n g 

a Spectrophysics 164 argon i on las e r source. 

2.3.5. M e l t i n g Points 

M e l t i n g p o i n t s were determined using a Reichert hot-stage p o l a r i z i n g 

microscope or a Gallenkamp c a p i l l a r y m e l t i n g p o i n t instrument. 

2.4. A n a l y t i c a l Methods 

2.4.1. Carbon, Hydrogen and Nitrogen 

C,Hs a n d N determinations were c a r r i e d out by the departmental microanalyst 

using a Perkin-Elmer 240 Elemental Analyser, 

2.4.2. Halogens 

Analyses o f c h l o r i n e and bromine were performed by the departmental 

microanalyst using the conventional method o f oxygen f l a s k combustion f o l l o w e d 

by p o t e n t i o m e t r i c t i t r a t i o n o f the halogen i o n . 

2.4.3. Metals 

Analyses o f Mo and Fe were performed by the departmental analyst using a 

Perkin-Elmer 403 A.A. spectrometer. Analyses o f Re were not performed as 

r e l i a b l e r e s u l t s could not be provided from the amount of sample a v a i l a b l e . 
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2.5. Preparation and P u r i f i c a t i o n o f Ster.ting M a t e r i a l s 

2.5.1. Hydrocarbon solvents and ether were d r i e d over f r e s h l y extruded 

sodium wire. 

2.5.2. Monoglyme and T.H.F. were d r i e d by r e f l u x i n g f o r 48 hours over 

potassium, then d i s t i l l e d under n i t r o g e n , and stored over f r e s h l y extruded 

sodium wire. 

2.5.3. Dichloromethane was d i s t i l l e d under n i t r o g e n , and stored over 

a c t i v a t e d 3A molecular sieve. 

2.5.4. Carbontetrachloride and chloroform were d r i e d by r e f l u x i n g f o r 48 

hours over P̂ O-̂ Q then d i s t i l l e d under n i t r o g e n onto a c t i v a t e d 3A molecular 

sieve. 

2.5.5. Re ( C O ) w a s used as supplied by Strem Chemicals. I t s i n f r a - r e d 

spectra was recorded f o r comparative purposes. 

N u j o l v(CO) 2075m 2075m 2017vs 1978s cm"1. 

C H 2 C 1 2 V ( C 0 ) 2017s 2010vs 1968s cm~\ 

2.5.6. Re(C0),_Br was prepared according t o Abel et a l [l04 ] using a suspension 

of R e 2 ( C 0 ) 1 Q i n CCl^ w i t h a 30% excess o f Br^. Greater y i e l d s and quicker 

r e a c t i o n times were however obtained by the f o l l o w i n g method. To a 

s o l u t i o n o f R e 2 ( C 0 ) 1 Q (2.000g, 3.06 m mole) i n monoglyme (50ml) was added 

Br^ ( 1 ml, 19.46 m mole) a white p r e c i p i t a t e forming immediately. The 

mixture was stirred at room temperature f o r one hour t o ensure complete 

r e a c t i o n , then reduced i n volume by 50% by evacuation. The monoglyme/Br^ 

s o l u t i o n was then syringed o f f , and the o f f - w h i t e powder washed w i t h ether 

( 4 x 5 m l ) . The pure white powder was d r i e d under vacuum, ( y i e l d 90%). 
Nuj o l v(C0) 2152w 2079shw 2062s 2040vs 1976 s 1964 ..s cm"1. 
CH 2C1 2 v(C0) 2044VS 1982m cm"1. 
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2.,5.8. [He_(C0_)_4Br ] t the bromine bridged dimer was prepared according t o 
Abel e t a l [104] , by the decarbonylation of Re(C0)j_Br i n a r e f l u x i n g 
petroleum f r a c t i o n (b.pt 100°C) f o r one hour. The product a white 
p r e c i p i t a t e i s pure enough t o use with o u t f u r t h e r p u r i f i c a t i o n . I t i s 
noted however, t h a t prolonged r e f l u x i n g r e s u l t s i n the formation o f the 
te t r a m e r i c [Re(C0) 3Br] species [105]. 

N u j o l v ( C O ) 2114m 2040s 2019s 1996v s 1968vs 1930s cm"1. 

C H 2 C 1 2 i n s o l u b l e . 

2.5.9. [Re(C0^)Cl ^ was prepared i n the same manner as the bromide dimer. 

I t was an o f f - w h i t e colour. 

Nujol v (CO) 2120w 2064sh 2027sh 1998s 1970s 1930s cm"1. 

C H 2 C 1 2 i n s o l u b l e -

2.5.10 Re (C0^)(PPhjBr was prepared according t o Attwood and Brown [106 ] 

by s t i r r i n g together [ Re(C0) 4Br ^ and PPh 3 i n a 1:2 molar r a t i o i n CCl^ 

f o r two days at room temperature. Reaction i s complete when [ Re(C0)^Br] 

i s no longer v i s i b l e as a p r e c i p i t a t e i n the CCl^ s o l u t i o n . The product 

forms small hard white c r y s t a l s . 

Nujol \> (CO) 2100s 2010v s 1987vs 1931v s 1887s cm"1. 

CC1 4
 v (CO) 2103m 2019s 2003v s 1942s cm"1. 

2.5.11 Re(C0)^(AsPh 3) Br was prepared i n a s i m i l a r way t o 2-5.10 

Gentle heating t o 50°C ensured complete r e a c t i o n i n 3 hours. The product 

was a white powder. 

,Nujolv(C0) 2101s 2012vs 1990vs 1931v-s 1888s cm"1. 

CC1 4 v(C0) 2104m 2019v.s 2008MS 1942s cm"1. 

2.5.12 DPAAH: A mixture o f t r i e t h y l o r t h o a c e t a t e (81.Og, 0- 5 mole.), a n i l i n e 

(93.0g, 1.0 mole) and g l a c i a l a c e t i c a c i d (2.5 ml) was r e f l u x e d f o r two 

hours. The unreacted s t a r t i n g m a t e r i a l s and ethanol were removed by 

d i s t i l l a t i o n a t 47 mm/Hg a t an o i l bath temperature of 225°C. The 

r e s i d u a l l i q u i d s o l i d i f i e d on c o o l i n g . The product was r e c r y s t a l l i s e d from 

hot toluene, washed w i t h pet-ether (60°-80°) and d r i e d on the vaccum l i n e 
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g i v i n g small white c r y s t a l s , ( y i e l d 76%). 

brl 

2.5.13 DPTAAH: A mixture of p - t o l u i d i n e (107g, 1.0 mole)^ethylorthoacetate 

(81g, 0.5 mole) and g l a c i a l a c e t i c a c i d (2.5 ml) was r e f l u x e d f o r two 

hours. Ethanol and unreacted s t a r t i n g m a t e r i a l s were then removed by 

d i s t i l l a t i o n a t 47mm/Hg. a t an o i l bath temperature o f 240°C. The 

r e s i d u a l l i q u i d s o l i d i f i e d on c o o l i n g . RecrystaUisation from toluene/ 

hexane gave white c r y s t a l s which were d r i e d under vacuum ( y i e l d 80%). 
2.5.14 DPBAH: To N-phenylbenzamide (11.10g, 56.3m mole) and PC1_(12.00g, 5 

57.55 m mole) was added toluene (105 ml) and the mixture r e f l u x e d f o r 

2V2 hours. The s o l u t i o n was allowed t o co o l , and a s o l i d developed. To 

t h i s was added a mixture o f a n i l i n e (8.0 ml) i n toluene (105 m l ) . 

The r e s u l t i n g mixture was r e f l u x e d f o r 6 hours. The s o l u t i o n was then 

allowed t o cool g i v i n g a white p r e c i p i t a t e which was washed w i t h hexane 

and then recrystaUised from pyridine/water t o give white c r y s t a l s ( y i e l d 

40%). 

2.5.15 DPTBAH To benz o y l - p - t o l u i d i n e (5.23g, 24.7 m mole) and PCI (5.68g, 5 

27.2 m mole) was added toluene (50 ml) and the mixture r e f l u x e d f o r 2 

hours. A s o l u t i o n o f p - t o l u i d i n e (3.98g, 37.19 m mole) i n toluene (50ml) 

was then added and the whole was r e f l u x e d f o r four hours. On c o o l i n g 

the product separates, i t was c o l l e c t e d and recrystaHised from p y r i d i n e 

water, forming white c r y s t a l s , ( y i e l d = 30%). 

2.5.16 DPFAH was used as supplied by A l d r i c h . 

2.5.17 A l l other chemical reagents were used as supplied by the manufacturers. 

2.6. The measurement of magnetic moments by n.m.r. spectroscopy 

The p o s i t i o n o f a given proton resonance i n a molecule i s dependent upon 

the bulk s u s c e p t i b i l i t y o f the medium i n which i t i s found. The s h i f t o f 

a proton resonance l i n e of an i n e r t substance due t o the presence o f a 

paramagnetic species i s given by the t h e o r e t i c a l expression:-
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6v 
MO 

2 n ( xv - xv ) [107] 

where 6 v i s the s h i f t , vo i s the applied f i e l d , x v i s the volume 
i 

s u s c e p t i b i l i t y of the s o l u t i o n c o n t a i n i n g the paramagnetic species and Xv 
i s the volume s u s c e p t i b i l i t y o f the reference s o l u t i o n . 

I n order t o measure6v both the s o l u t i o n and the solvent must be contained 

w i t h i n a s i n g l e n.m.r. tube. The simplest way to do t h i s i s to put 

the s o l u t i o n i n a narrow sealed tube, and i n s e r t t h i s i n t o a n.m.r. tube. 

The n.m.r. tube i s then f i l l e d w i t h s o l v e n t . 

e.g. 5mm. n.m.r. tube 

solvent 

sealed tube c o n t a i n i n g sample 
s o l u t i o n 

The mass s u s c e p t i b i l i t y , of the dissolved substance i s given by the 

expression:-

x = 3 $v + X9' + X? (do - ds) [108] 
2 nv 0 m m 

where 6v i s the frequency separation between the two l i n e s i n Hz, vo 

the operating frequency o f the spectrometer, m i s the mass o f substance 

i n 1ml o f s o l u t i o n , xo i s the mass s u s c e p t i b i l i t y o f the solvent, and 

do and ds are the d e n s i t i e s o f the solvent and s o l u t i o n r e s p e c t i v e l y . 

A problem was encountered w i t h t h i s method when measuring the magnetic 

moments o f Fe(DPAA) 3 and FeCDPTAA)^ caused by the a i r s e n s i t i v e nature 

of the complexes. The need t o seal the sample tube e f f i c i e n t l y once 

f i l l e d w i t h the sample s o l u t i o n and removed from the glove box l e d t o the 

use o f mel t i n g p o i n t c a p i l l a r i e s which were very e a s i l y sealed i n a hot 
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flame. Unfortunately the large d i f f e r e n c e s i n s o l u t i o n volumes 
exposed to vo by t h i s method l e d t o large discrepancies i n the s i g n a l 
s t r e n g t h from the annular solvent and the s o l u t i o n contained w i t h i n the 
c a p i l l a r y , r e s u l t i n g i n the solvent masking the s o l u t i o n s i g n a l . 

The problem was solved i n 2 ways:-

a) Two c a p i l l a r i e s were used, one c o n t a i n i n g s o l v e n t , the other c o n t a i n i n g 

s o l u t i o n , the s i g n a l s were now o f equal s t r e n g t h . CCl^ was used as a 

medium t o support the two c a p i l l a r i e s i n the n.m.r. tube. 

b) When using the Bruker spectrometer a deuterium lock i s r e q u i r e d . I n 

t h i s case the s i n g l e c a p i l l a r y method was used, the annular CH^Cl^ solvent 

being replaced by a mixture o f 98% C D
2

C 1
2
 a n d 2 % C H

2
C 1

2 " Again t h i s 

r e s u l t e d i n the s i g n a l strengths being approximately equal. 

The s u s c e p t i b i l i t i e s measured f o r a given m a t e r i a l w i l l c o n s i s t of 

c o n t r i b u t i o n s from paramagnetic and diamagnetic s u s c e p t i b i l i t i e s which 

d i r e c t l y oppose each other, the former being the g r e a t e r . Complexes 

w i t h a l a r ge number o f diamagnetic atoms per paramagnetic atom (such as 

Fe(DPAA)^ must be corrected f o r diamagnetism i n order t o o b t a i n the t r u e 

paramagnetic s u s c e p t i b i l i t y . Fortunately diamagnetic s u s c e p t i b i l i t i e s are 

a d d i t i v e , and a f a i r l y accurate f i g u r e i s a r r i v e d a t f o r the l i g a n d by 

simply t o t a l i n g the sum of diamagnetic s u s c e p t i b i l i t i e s [ 109 ] 

From standard diamagnetic s u s c e p t i b i l i t y t a b l e s i t i s c a l c u l a t e d t h a t Xm 

(DPAA) = 120 X 10 /g atom and x m(DPTAA) = 144 X 10 /g atom. 

This method was v a l i d a t e d before use using Cr(acac) and Fe(acac) 

s o l u t i o n s i n CH^Cl . 
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PREFACE TO CHAPTERS 3, 4, 5, and 6 

These chapters are concerned w i t h the complexes formed between rhenium 

carbonyl species and amidines. For convenience the work has been 

d i v i d e d i n t o f o u r separate chapters, each being p r i m a r i l y concerned w i t h 

a separate type o f rhenium-amidine bonding. These are, carbamoyls, 

simple two e l e c t r o n donor d e r i v a t i v e s , three e l e c t r o n donor chelates, 

and f i n a l l y ortho-metalated complexes. Many o f the re a c t i o n s 

produced a mixture o f products o f more than one class, but i t was 

ge n e r a l l y possilbe t o i s o l a t e the major product from each r e a c t i o n . 

The c o n d i t i o n s r e p o r t e d , unless otherwise s t a t e d were those found t o 

y i e l d the maximum y i e l d o f the desired product. 

The reader i s reminded of the shorthand n o t a t i o n used t o i d e n t i f y 

the d i f f e r e n t N,N'-symmetrically d i s u b s t i t u t e d amidines. 

i . e . DPAAH = PhN=C(CH)3"NHPh 

DPTAAH = (p - t o l y l ) N = C ( C H ) - N H ( p - t o l y l ) 

DPBAH = PhN=C(Ph)-NHPh 

DPTBAH = (p-tolyl)N=C(Ph)-NH(p-tolyl) 

DPFAH = PhN=C(H)-NHPh 

I f the f i n a l H i s omitted the shorthand r e f e r s t o the amidino-group 

i . e . DPAA = [PhN ^ C ( C H 3 ) = ^ N P h l ~ 

AmH and Am are non s p e c i f i c a b b r e v i a t i o n s , they r e f e r t o the parent 

amidine and the amidino-group r e s p e c t i v e l y . 

Under s u i t a b l e r e a c t i o n c o n d i t i o n s many of the rhenium-amidine products 

described i n Chapters 3,4,5 and 6 could be converted t o other types of 

rhenium-amidine complexes. I t was thought u s e f u l t o include a t t h i s stage 

a f l o w diagram showing a l l the rheniumcarbonyl-amidine products and the 

re a c t i o n s and interconversions discussed i n the f o l l o w i n g chapters. 
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CHAPTER 3 

Rhenium Carbamoyl Complexes 

3.1. INTRODUCTION 

I n t h i s Chapter the synthesis and reac t i o n s of several new rhenium 

carbamoyl amidino systems are described. K i l n e r [40 ] has shown t h a t 

complexes o f the e m p i r i c a l formula Mn(CO),_(RN-CR,-NR) are produced when 
5 

Mn(CO) Br i s reacted w i t h l i t h i o - a m i d i n e s i n an ether s o l v e n t . The 
5 

a v a i l a b l e evidence suggests that they have the carbamoyl s t r u c t u r e 

Mn(C0)4(C0NR-CR'=NR) and t h a t they decarbonylate on heating or 

u l t r a v i o l e t i r r a d i a t i o n t o produce the manganese t e t r a c a r b o n y l 

amidino species Mn(C0)4(RN-CR'-NR). Diaryl-benzamidino and -acet-

amidino carbamoyl complexes o f manganese have been prepared i n t h i s way. 

Recently d i a r y l formamidino carbamoyl complexes of rhenium have been made 

i n a s i m i l a r fashion [61 ], and f u r t h e r evidence gained f o r the carbamoyl 

type s t r u c t u r e . 

I t i s r e l e v a n t t o note t h a t the carbon s u b s t i t u e n t of the amidino-group 

can have a profound e f f e c t on the s t r u c t u r e adopted by the amidino 

group i n complexes. The obj e c t o f t h i s work was t o synthesise 

acetamidino and benzamidino carbamoyl complexes o f rhenium, t o compare 

and ccrtrast t h e i r p r o p e r t i e s w i t h those of the manganese and formamidino 

analogues, and t o investigate the simple re a c t i o n s of the complexes formed. 

3.2. EXPERIMENTAL 

3.2.1. Reaction o f Re(CO) Br w i t h LiDPTAA 
-™^== = -5' =̂ • 

TO a s o l u t i o n o f DPTAAH (0.293g, 1.23m mole) i n ether (35ml) frozen t o 
77K was added n - b u t y l l i t h i u m (1.23m mole i n hexane s o l u t i o n ) and the 

mixture allowed t o warm to room temperature. A f t e r s t i r r i n g a t t h i s 

temperature f o r 15 minutes the suspension formed was r e f r o z e n t o 77K 

and a suspension o f Re (CO),-Br (0.500g, 1.23m mole) i n ether (5ml) added. 
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The mi x t u r e was allowed t o reach room temperature where i t formed 

a pale yellow s o l u t i o n . A f t e r s t i r r i n g f o r an a d d i t i o n a l two hours a 

white p r e c i p i t a t e began t o form. An i n f r a red spectrum of the 

s o l u t i o n s t i l l showed Re(CO)_Br t o be present, so s t i r r i n g was continued 
5 

f o r a f u r t h e r 48 hours, but t h i s d i d not r e s u l t i n any f u r t h e r changes 

t a k i n g place. The white p r e c i p i t a t e was encouraged t o form by c o o l i n g 

t o -16°C f o r 24 hours, then c o l l e c t e d by f i l t r a t i o n o f the r e a c t i o n 

mixture and d r i e d . The s o l i d was dissolved i n CH^Cl^t and the s o l u t i o n 

f i l t e r e d through alumina (one inch column) t o remove L i B r . C r y s t a l l i s a t i o n 

was induced by the a d d i t i o n o f ether and c o o l i n g . The product 

Re(C0)4(C0DPTBA) was obtained as a white c r y s t a l l i n e s o l i d ( y i e l d 

0.216g, 31%). 

Analyses. Found: C.44.70; N.5.15; H.3.17 

Re(C0)4(C0DPTAA) requires C,44.75; N.4.97; H,3.04% 

Me l t i n g p o i n t 158°C ( w i t h decomposition). 

I n f r a red spectra 

v(CO) C H 2 C 1 2 2090m 1990sh 1983vs 1948vs cm"1 

v(C0) Nujol 2081m 1988vs 198ovs 1970vs 1924vs cm"1 

-1 

\>(C0) Carbamoyl, Nujol 1665s cm 

Raman spectrum 

v(C0) S o l i d sample, 2080s 198ovs 1927s cm 

'H n.m.r. spectrum 

(CDClg) 7.1m(8) 2.40s(6) 1.87(3) &. 

Mass Spectrurn: The product [ 1 8 7Re(C0) 4(C0DPTAA)] + was found a t m/e 564, 

w i t h daughter ions corresponding t o the stepwise loss o f f i v e carbonyl 

u n i t s being observed a t m/e 536, 508, 480, 452 and 424. Metastable 

peaks were not observed. The ion of highest mass i n the spectrum occured 

a t m/e 1014 corresponding t o [ Re^COjgtDPTAA),^] +. I t also showed stepwise 



- 38 -

loss o f carbonyl grups w i t h daughter ions being recorded at m/e 958, 

930, 902, 874 and 846. Three f u r t h e r ions were d i s t i n g u i s h a b l e , those 

o f [Re(C0) 2(DPTAA)] + [Re(CO)(DPTAA) ] + and [Re(DPTAA)] + a t m/e 665, 637 

and 609 r e s p e c t i v e l y . 

The above r e a c t i o n was also t r i e d i n T.H.F. i n an attempt t o increase 

the y i e l d o f the pure product. A f t e r mixing the LiDPTAA and Re (CO) ..Br 
b 

a t 77K a mixture o f products was detected by i n f r a red spectroscopy 

as the s o l u t i o n warmed t o room temperature. Absorptions were recorded 

a t : - 2095w, 2085w, 2005vs, 1992vs, 1973vs, 1948m 1902vs, 1885sh and 1862vs 
-1 

cm . Heating t h i s s o l u t i o n t o the r e f l u x temperature caused the 

formation o f the or t h o m e t a l l a t e complex, Re(CO)3(DPTAA)(DPTAAH) 

( (CO):1994vs, 1878vs, 1860vs cm N u j o l ) . This product w i l l be 

discussed separately i n Chapter 6. 

The r e a c t i o n was repeated once more using an excess o f LiDPTAA i n T.H.F. 

On t h i s occasion a red s o l u t i o n formed having i n f r a red absorptions a t 

1930vs, 1893vs and 1862vs cm on prolonged s t i r r i n g overnight however, 

absorptions corresponding t o the o r i g i n a l product (Re(C0)4(C0DPTAA) 
-1 

reappeared at 2095w, 1975vs and 1862cs cm . A d d i t i o n o f f u r t h e r LiDPTAA 

again produced the new product, and t h i s process was found t o be 

i n d e f i n i t e l y repeatable. The new product could not be i s o l a t e d , s o l u t i o n s 

y i e l d i n g only the o r i g i n a l carbamoyl product described above. 

.2.2. Re(C0),_Br w i t h LiDPAA 

To a s o l u t i o n o f DPAAH (0.517g, 2.46m mole) i n monoglyme (50ml) frozen 

t o 77K was added n - b u t y l l i t h i u m (2.46m mole i n hexane s o l u t i o n ) and the 

mixture allowed t o warm t o room temperature, where i t was s t i r r e d f o r 

an a d d i t i o n a l 15 minutes. The pale yellow s o l u t i o n formed was refr o z e n 

t o 77K, then f i n e l y powdered Re(C0) 5Br (l.OOg, 2,46m mole) added t o i t . 

The mixture was slowly warmed t o room temperature and s t i r r e d f o r a 

f u r t h e r 2V2 hours. An i n f r a red spectrum o f the s o l u t i o n a t t h i s stage 

appeared t o show more than one product. Absorptions a t 2095w, 1979vsbr, 
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and 1948s cm 1 were assigned t o the expected product Re(CO)^(CODPAA), 

but f u r t h e r absorptions occurred a t 2006s, 1902s and 1862s cm 1 . 

The s o l u t i o n was reduced i n volume t o 4ml, hexane added (1ml) and the 

mixture cooled i n the freezer. A white p r e c i p i t a t e developed which was 

separated and shown by i n f r a red spectroscopy t o be a mixture of 

Re(CO) Br and a hydroscopic s o l i d ( L i B r ) . The mother l i q u o r was then 
b 

evaporated a t reduced pressure and the residue e x t r a c t e d w i t h 

CH 2C1 2(10ml). The r e s u l t i n g s o l u t i o n was f i l t e r e d through alumina 

(one inch column) and reduced i n volume before ebher was added. The 

product Re(C0)4(C0DPAA) c r y s t a l l i z e d as white needles ( y i e l d 0.423g, 32%). 

The a d d i t i o n of hexane t o the remairing s o l u t i o n p r e c i p i t a t e d a -mixture 

o f the product and orth o - m e t a l l a t e d Re(CO)^(DPAA)(DPAAH) (See Chapter .6 

f o r p r e p a r a t i o n and c h a r a c t e r i s a t i o n o f t h i s compound). 

Data f o r Re(C0)4(C0DPAA) 

Analyses. Found: C.42.65; N.5.33, H,2.47 

Re(C0)4(C0DPAA) r e q u i r e d C.42.60; N.5.23; H,2.43% 

Me l t i n g p o i n t 123.5°C 

I n f r a red spectra 

v(C0) C H
2

C 1 2 2096w 1990sh 1987vs 1942m cm"1 

v(C0) Nujol 2090m 1994vs 1967vs 1932vs cm"1 

v(C0) carbamoyl N u j o l ; 1671s cm 1 

Raman spectrum 

v(C0) s o l i d sample: 2095w, 2076s, 1979vs, 1947m 1918w cm"1 

'H n.m.r. spectrum 

(CDC1 ) 7.38(10), 1.86s(3) « 

Mass Spectrum: The i o n of highest mass occurred a t m/e 536 corresponding 

t o the parent i on [ 1 8 7Re(C0) 4(C0DPAA)] +. Fragmentation by the stepwise 

loss o f 5 carbonyl groups was i n d i c a t e d by daughter ions a t m/e 508, 

480,452, 424 and 396. Evidence f o r the e a r l y fragmentation o f the amidine 

group was not observed, n e i t h e r were metastable peaks. 



- 40 -

3.2.3. Reaction o f Re(C0),-Br w i t h LiDPBA 

To a s o l u t i o n o f DPBAH(0.669g, 2.46m mole) i n monoglyme (50ml) frozen 

t o 77K was added n - b u t y l l i t h i u m (2.46m mole i n hexane s o l u t i o n ) and the 

mixture allowed t o warm t o room temperature, where i t was s t i r r e d f o r an 

a d d i t i o n a l 15 minutes. The yellow s o l u t i o n formed was refr o z e n t o 

77K, then f i n e l y powdered Re (CO) ..Br (l.OOg, 2.46m mole) added t o i t . 
b 

The mixture was slowly warmed t o room temperature and s t i r r e d f o r a 

f u r t h e r 2?/z hours. An i n f r a red spectrum showed new carbonyl absorptions 

a t 2096w, 1995sh, 1980vs, 1950m, 1896m and 1871m cm"1 i n d i c a t i n g t h a t 

a mixture o f products had been produced. The s o l u t i o n was reduced i n 

volume t o ca. 10ml by evaporation a t reduced pressure causing the 

p r e c i p i t a t i o n o f a cream s o l i d . The s o l i d was c o l l e c t e d by f i l t r a t i o n , 

d i ssolved i n CH,_,C12 (10ml) and the r e s u l t i n g soution f i l t e r e d through 

alumina (one inch column).. A f t e r evaporating t o 4ml, ether (2ml) 

was added and the product Re(C0)^(C0DPBA) p r e c i p i t a t e d by c o o l i n g t o 

-16°C ( y i e l d 0.268g, 18.3%). When f u r t h e r reduced i n volume the 

remaining mother l i q u o r produced a yellow gum. An i n f r a red spectrum 

o f t h i s gum showed i t t o cont a i n Re(C0) [ rBr, Re(C0) . (C0DPBA), (o-met) 
b 4 

Re(CO) (DPBA)(DPBAH) and DPBAH. 

Data f o r Re(C0)4(C0DPBA) 

Analyses. Found: C,48.00; N,4.68; H,2.54 

Re(C0)4(C0DPBA) requires C.48.22; N.4.68; H,2.51% 

M e l t i n g p o i n t 123°C ( w i t h decomposition) 

I n f r a - r e d spectra 
(CO) C H

2
C 1 2 2098m 1997sh 1987vs 1947s cm"1 

(CO) Nujol 2096m 2022vs 1988vs 1969vs 1937vs 1913vs 
-1 

cm 
(CO) carbamoyl, N u j o l : 1655 cm 1 

Raman spectrum 

(CO) s o l i d sample, 2095vs 1999vs 199ovs 1946vs 1912vs cm - 1 
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Mass Spectrum: The ion a t h i g h e s t mass occurred a t m/e 570 

corresponding not to the parent ion but [ 1 8 'Re (CO) 4 (DPBA)] + . 

Fragmentation occurred by the stepwise l o s s o f 4 carbonyl groups, 

with daughter ions a t 542,514,485 and 458. Metastable peaks were not 

observed. 

.2.4. Reaction of Re (CO) ..Br with LiDPTBA 

To a s o l u t i o n of DPTBAH (0.369g, 1.23m mole) i n monoglyme (50ml) frozen 

to 77K was added n - b u t y l l i t h i u m (1.23m mole i n hexane s o l u t i o n ) . The 

mixture was s l o w l y warmed to room temperature and s t i r r e d f o r an 

a d d i t i o n a l 15 minutes. The y e l l o w s o l u t i o n formed was then r e f r o z e n 

to 77K and f i n e l y powdered Re(C0) l rBr (0.500g, 0.23m mole) added to i t . 
b 

As the monoglyme melted an i n t e n s e yellow s o l t u i o n was formed; t h i s 

was s t i r r e d a t room temperature f o r V/2 hours. The s o l v e n t was then removed 

by evaporation a t reduced p r e s s u r e . The r e s i d u e was e x t r a c t e d with 

C H 2 C ^ 2 (10ml), f i l t e r e d through alumina (one inch column) and then 

reduced to ca. 4ml by evaporation. Addition of hexane (2ml) and c o o l i n g 

to -16°C caused p r e c i p i t a t i o n of the product Re(C0) 4(C0DPTBA) as a white 

powder ( y i e l d 0.167, 21.7%). 

Analyses. Found: C.49.94: N,4.49; H.3.10 

Re(C0) 4(C0DPTBA) r e q u i r e s C,49.91: N,4.48; H,3.06% 
I n f r a red s p e c t r a 

HCO) CH 2C1 2 2093w 2000sh 1988vs 1948s cm 1 

v(C0) Nujol 2093m 2008sh 1989vs 1973vs 1938vs 1921vs 
-1 

cm 
v(C0) carbamoyl, Nu j o l : 1650s -1 

cm 

Raman spectrum was not obtained as the sample f l u o r e s c e d . 

Mass Spectrum: The parent ion [ 1 8 7 Re(C0) 4(C0DPTBA) f a t m/e 626 was not 

detected. [ 1 8 T4E(C0) 4(DPTBA)] + appeared a t m/e 598 followed by daughter 

i o n s a t m/e 570, 542, 514 and 486 corresponding to the stepwise l o s s 

o f four carbonyl groups. The h i g h e s t mass recorded i n the spectrum 
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occurred a t m/e 1138 corresponding to [Re (CO)_(DPTBA)„] + from which 

the stepwise l o s s of s i x carbonyl groups to [ Re 2( DPTBA),_,] + a t m/e 

970 was c l e a r l y observed. Other s p e c i e s detected were 

[ 1 8 7 Re((DPTBA)(DPTBAH) (CO) ̂ ] + a t m/e 869, and ions corresponding 

to the stepwise l o s s of three carbonyl groups to [ 1 B 7 Re(DPTBA)(DPTBAH)] 

a t m/e 785. 

3.2.5Reactions of Re(CO) CI with L i t h i o a m i d i n e s —s = D — — -
R e ( C 0 ) _ C l was used i n p l a c e of the bromide i n analogous r e a c t i o n s 5 

with LiDPAA, LiDPTAA, LiDPBA and LiDPTBA. The products Re(C0) 4(C0NR-

CR'=NR) were s i m i l a r l y formed but y i e l d s were not improved. 

3.2.6. Reaction o f Re(C0),_Br with LiDPFA 

The r e a c t i o n procedure was i d e n t i c a l to 3.2.3. The product Re(CO)^ 

(CODPFA) forms white c r y s t a l s from a C H 2 C l 2 / e t h e r s o l u t i o n ( y i e l d 5 1 % ) . 

Analyses. Found: C.40.90; N.5.61; H.2.21 

Re(CO) (CODPFA) r e q u i r e s C.41.44; N,5.73; H,2„13% 

I n f r a red s p e c t r a 

v(C0) CH 2C1 2 2098m 1996sh 1990vs 1948s cm 

v(C0) Nujol 2108w 2000sh 1977vs 1940vs cm 

V ( C 0 ) hexane 2097w 1996m 1987vs 1962s cm 

v(C0) carbamoyl hexane: 1700vw -1 
cm 

v(C0) carbamoyl Nujol : 1675s -1 
cm 

3.2.7. Decarbonylation r e a c t i o n s of Re(C0) 4(C0DPTAA) 

i ) Re(C0) 4(C0DPTAA) (0.042g) was heated to 155°C a t a p r e s s u r e of 0.01 

t o r r f o r one hour. The sample appeared unchanged, and an i n f r a r e d 

spectrum confirmed t h i s . The temperature was then g r a d u a l l y i n c r e a s e d 

to 180°C, c a u s i n g the sample to g r a d u a l l y turn yellow, and a yellow 

d e p o s i t to form on a c o l d f i n g e r (6°C) i n s e r t e d i n the f l a s k . The 

sublimate was i d e n t i f i e d by i n f r a red spectroscopy as Re(C0) 4(DPTAA) 

(v(C0) a bsorptions a t 2101w, 1991vs, 1975vs, 1938s, 1915w-msh cm - 1 Nujol) 
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=1 Extraneous v(CO) absorptions at 2084s and 1928s cm were a l s o 
observed. 

i i ) Re(C0) 4(C0DPTAA) (0.078g) was d i s s o l v e d i n T.H.F. (5ml) forming a 

c o l o u r l e s s s o l u t i o n which was r e f l u x e d f o r four hours without any chang 

i n the (CO) adsorptions being detected. The T.H.F. was then removed 

" i n vacuo", r e p l a c e d by monoglyme (5ml), and r e f l u x e d f o r a f u r t h e r 

two hours. Again no change could be detected i n the i n f r a red spectrum 

The s o l u t i o n was then t r a n s f e r r e d to a s i l i c a f l a s k and i r r a d i a t e d 

w ith u l t r a v i o l e t l i g h t f o r 2% hours forming a brown s o l u t i o n . 

I n f r a - r e d spectroscopy showed much decomposition to have occurred, 

and the formation o f a t l e a s t one u n i d e n t i f i e d carbonyl s p e c i e s 

(v(C0) absorptions 2008m, 1994m, 1912m and 1890m cm" 1). A s o l i d 

product was not obtained due to gum formation and the s m a l l s c a l e of 

the r e a c t i o n . 

2.8. Reaction o f Re(CO) (CODPTAA) with DPTAAH 

To a s o l u t i o n of Re(CO) (CODPTAA) (0.016g, 0.109m mole) i n monoglyme 

(10ml) was added DPTAAH (0.026g., 0.109m mole) and the c o l o u r l e s s 

s o l u t i o n r e f l u x e d f o r two hours, no change i n the i n f r a red spectrum 

being observed. The s o l u t i o n was then r e f l u x e d f o r a t o t a l of 33 hours 

by which time i t was apparent t h a t (o-met)Re(CO)^(DPTAA)(DPTAAH) was 

sl o w l y being formed (v(CO) absorptions a t 2008vs, 1892vs, and 1885vs cm 

(See Chapter 6 f o r a d e s c r i p t i o n of t h i s complex). To speed up the 

r e a c t i o n the s o l u t i o n was t r a n s f e r r e d to a C a r i u s tube and heated 

" i n vacuo" to 140°C f o r 15 hours. Unfortunately t h i s caused 

decomposition of both the o r i g i n a l carbonyl s p e c i e s and the ortho-

m e t a l l a t e d product. 

2.9. Reaction of Re(C0) 4(CODPTAA) with PPh^ 

To a s o l u t i o n of Re(C0) (CODPTAA) (0.065g, 0.115m mole) i n monoglyme 
4 

(10ml) was added PPh (0.030g, 0.115m mole) and the s o l u t i o n r e f l u x e d 
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f o r 4 hours. New v (CO) absorptions a t 2022vs, 1917vs and 1898vs cm 

had appeared a f t e r t h i s time, but the r e a c t i o n was not judged 

to be complete u n t i l r e f l u x i n g had continued f o r a t o t a l of 27 hours. 

The s o l u t i o n was then reduced i n volume by evaporation c a u s i n g 

p r e c i p i t a t i o n of the product Re(CO) (DPTAA)(PPh ) ( y i e l d 8 0 % ) . 

Anal y s e s . Found: C.57.76: N.4.16: H.3.63 

Re(CO) (DPTAA)(PPh ) r e q u i r e s C,57.46; N,4.66; H,3.74% 

I n f r a red spectrum 

v(C0) C H 2 C 1 2 2018vs 1914vs 1888vs cm - 1 

v(C0) Nujol 2010vs 1907vs 1883vs cm"1 

.10 Reactions of Re(C0) 4(C0DPAA), Re(CO) (CODPBA) and Re(C0) 4(C0TBA) 

i ) These carbamoyl complexes were a l s o decarbonylated (see 3.2.7i) 

when heated s t r o n g l y under vacuum. Decarbonylation was not observed 

i n s o l u t i o n even a f t e r prolonged r e f l u x i n g i n monoglyme. 

i i ) Re(CO) (PPh 0)(Am) complexes were formed i n s i m i l a r r e a c t i o n s 

to 3.2.9. when Re(C0) 4(C0Am) complexes are r e f l u x e d i n monoglyme with 

an equimolar amount of PP ng- These complexes are d e s c r i b e d i n more 

d e t a i l i n Chapter 5. 

i i i ) When r e f l u x e d i n monoglyme f o r long p e r i o d s (24 hours or more) 

with th® parent amidine a l l the carbamoyls complexes showed s i g n s i n 

the i n f r a red spectrum of the ortho-metallated s p e c i e s (o-met)Re(C0)g 

(Am)(AmH) being produced (see 3.2.8.). 
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3.3. DISCUSSION 

Re(CO),_X (X=Cl,Br) complexes were found to form carbamoyl complexes 
b 

o f the g e n e r a l formula Re(C0) 4(C0Am) when r e a c t e d with l i t h i u m d i a r y l -

benzamidines and l i t h i u m d i a r y l a c e t a m i d i n e s i n monoglyme or e t h e r 

s o l u t i o n s . These products are white, i n d e f i n i t e l y a i r s t a b l e s o l i d s 

which decompose over a period of months i n s o l u t i o n s exposed to a i r . 

The y i e l d of product i s o l a t e d was low, 20-30%, although the r e a c t i o n s 

themselves were more e f f i c i e n t , (an estimated 60% from solution i n f r a 

r e d of the r e a c t i o n m i x t u r e ) . Considerable d i f f i c u l t y was encountered 

i n i n c r e a s i n g the recovered y i e l d due to the presence of the s t a r t i n g 

m a t e r i a l Re(C0)._X, amidine, and secondary products such as (o-met) 5 
Re(C0) 3(Am)(AmH). 

S e v e r a l methods of product i s o l a t i o n were t r i e d , i n c l u d i n g 

chromatography ( i n a wide v a r i e t y and combination of s o l v e n t s ) , s u b l i m a t i o n 

and f r a c t i o n a l c r y s t a l l i z a t i o n . A good s e p a r a t i o n could not be 

achieved between the product and the parent amidine by chromatography, 

and sublimation was only s u c c e s s f u l f o r Re(CQ)4(COOP~AA\ where the i m p u r i t i e s 

sublimed. The other carbamoyl complexes melted a t approximately the 

temperature t h a t the parent amidine sublimed ( f a . 125°C), and the 

r e s u l t i n g melt decomposed with the formation of Re(C0) 4(Am) and (o-met)Re(CO) 

(Am)(AmH). F r a c t i o n a l c r y s t a l l i z a t i o n from a CH 2C1 2 s o l u t i o n proved to be 

the most r e l i a b l e way of o b t a i n i n g the pure c r y s t a l l i n e product. Attempts to 

i n c r e a s e the y i e l d by f o r c i n g f u r t h e r p r e c i p i t a t i o n r e s u l t e d i n samples 

contaminated with Re(CO) X and (o-met)Re(CO) „ (Am)( AniH). 
5 3 

The r e a c t i o n o f lithiumdiphenylformamidine with Re(C0),_Br i n monoglyme 
b 

produced a g r e a t e r y i e l d , 50% being c o l l e c t e d . T h i s i s comparable to the 

p r e v i o u s l y reported method [61 ] u s i n g R e ( C 0 ) _ C l , where the r e a c t i o n took 
5 

p l a c e i n ether and the product was e x t r a c t e d u s i n g b o i l i n g hexane. I t i s 

assumed t h a t the l a r g e d i f f e r e n c e i n s o l u b i l i t y of the parent formamidine 

and the carbamoyl product l e a d i n g to e a s i e r s e p a r a t i o n accounts f o r 
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the i n c r e a s e d y i e l d . 

The complexes are assigned the carbamoyl s t r u c t u r e Re(C0) 4(C0Am) 

( F i g . 3.3.1.) on the b a s i s of the i n f r a red and 1 3C n.m.r. data. 

Unfortunately a c r y s t a l s t r u c t u r e was not performed on any of the 

0 
C 0 

I R 

Re 
N 

R R 

F i g . 3.3.1. 

complexes, but t h i s should be p o s s i b l e as the compounds e a s i l y form 

m i c r o c r y s t a l l i n e s o l i d s . 

The general formulation of the complexes a s R e ( C O ) r ( A m ) i s confirmed 
b 

by elemental a n a l y s i s , and mass spectroscopy a l s o provides evidence 

f o r the Re(CO)_(Am) moiety f o r the acetamidino complexes. For the 
b 

benzamidino complexes however, the ion of h i g h e s t m/e value appears to 

be [ 1 B R e ( C 0 ) 4 ( A m ) ] ; t h i s i s p o s s i b l y due to thermal decomposition 

of the sample m a t e r i a l and s e l e c t i v e v o l a t i l i t y of the product molecules. 

None of the samples have a fragment corresponding to AmCO, i n d i c a t i n g t h a t 

the carbamoyl C-N bond i s broken before the fragmentation of the molecule 

There i s no evidnece o f a Re(CO)x (x=l-5) s p e c i e s ( i n d i c a t i n g t h a t the 

amidine i s not e a s i l y c l e a v e d from the rhenium), nor of any metastable 

peaks. 

The s p e c t r o s c o p i c evidence f o r the carbamoyl type s t r u c t u r e i s reviewed 

below:-

I n f r a red s p e c t r a . I n s o l u t i o n the complexes Re(C0) 4(C0Am) show four 

t e r m i n a l metal carbonyl s t r e t c h i n g f r e q u e n c i e s i n the 2100-1940 cm ^ 

r e g i o n of the spectrum. These a l l have the p a t t e r n ( i n d e c r e a s i n g cm-1) 
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w, s, vs, vs, which i s t y p i c a l o f a c i s s u b s t i t u t e d octahedral 
t e t r a c a r b o n y l s p e c i e s . A monodentate amidino pentacarbonyl s p e c i e s 
would be expected to show a carbonyl p a t t e r n of vw, v s , vw, s 
( i . e . s i m i l a r to the p r e c u r s o r Re(CO),.Br). The absence of any 
absorption i n the 3400-3000 cm 1 region of the Nujol spectrum i n d i c a t e s 
the l a c k o f an N-H s t r e t c h , and an amidino s p e c i e s can t h e r e f o r e be 
assumed to be pre s e n t . 

The d i f f e r e n c e s i n the i n f r a red s p e c t r a of the complexes and the 

parent amidine a re shown i n t a b l e 3.3.1. below. A l l abs o r p t i o n s are 

due to the v a r i o u s modes of the v(-C=0NR-CR'=NR) v i b r a t i o n s , the most 

Table 3.3.1. A Comparison o f the i . r . a b s orptions i n the 
_1 

region 1670-1200 cm of the carbamoyl complexes R e ( C 0 ) 4 

(COAm) and t h e i r parent amidines 

Amidine 
used 

Re(C0) 4(C0Am) 
\>(C0NR-CR'=NR)* 

parent amidine 
v(NR=CR'-NHR)» 

DPTAAH 1665s 1583s 1500ms 1630s 1587s 1522ms 
1268s 1206vw 1511m 1320w 1272w 1219w 

DPAAH 1671s 1578s 1488ms 1630s 1586s 1535m 1490w 
1424m 1270s 1210w 1443m 1332w 1320wm 

DPTBAH 1650s 1574s 1502w 1616s 1588s 1522m 1500m 
1400ms 1331w 1282m 1400m 1333ms 1226w 

DPBAH 1655s 1569s 1491m 1624s 1585w 1528s 1482m 
1400m 1282s 1440m 1328m 1220w 

*cm Nujol 

s i g n i f i c a n t of them being the band a t c a . 1650-1670 cm , which i s assigned 

to the \(CO,carbamoyl) s t r e t c h , and the band a t c a . 1570-1580 cm~^ which 

i s s i m i l a r to t h a t observed f o r d e l o c a l i s e d c h e l a t e systems [ 62] . T h i s 

lower frequency band i s as s i g n e d t h e v a s ( N - C - N ) s t r e t c h , and i s 

approximately 40-50 cm-"1" lower than the s i m i l a r v i b r a t i o n of the parent 
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amidine. As f o r the d e l o c a l i s e d c h e l a t e complexes (Chapter 5), t h i s 

r e d u c t i o n i n frequency can be viewed as e i t h e r due to back donation to 

the IP antibonding o r b i t a l s of the for m a l l y imino nitrogen, or to the 

perturbation o f the v i b r a t i o n caused by bonding to the heavy rhenium atom. 

Raman S p e c t r a . I n general the Raman s p e c t r a compliments t h a t of the 

i n f r a red. The new bands (w.r. t . the parent amidine) are shown i n 

Table 3.3.2. The weak band a t about 1660-1670 cm - 1 i s assigned to 

the carbamoyl \>(C=0) s t r e t c h , and themedium i n t e n s i t y band a t about 

Table 3.3.2. Raman a c t i v e bonds observed f o r 
Re(C0) 4(C0Am) not p r e s e n t i n the f r e e amidine 

Complex new Raman bonds* cm 

Re(C0) 4(C0DPTAA) 1670w 1274m 

Re(C0) 4(C0DPAA) 1673w 1275m 

Re(C0) 4(C0DPTBA) 1663w 1286m 

Re(CO) (CODPBA) 4 1661w 1286m 

* s o l i d sample 

1270-1286 cm ^ (which a l s o appears i n the i n f r a - r e d s p e c t r a ) i s thought to 

be c h a r a c t e r i s t i c of a d e l o c a l i s e d c h e l a t i n g l i g a n d [ 6 2 ] . 

'H n.m.r. s p e c t r a . Unfortunately the proton n.m.r. of the p a r a - t o l y l 

d e r i v a t i v e s showed no d i f f e r e n c e s i n the p a r a - t o l y l methyl s i g n a l s . The 

p o s s i b i l i t y of a r a p i d exchange pr o c e s s o c c u r r i n g was i n v e s t i g a t e d by 

c o o l i n g a Re(C0) 4(C0DPTAA) s o l u t i o n to -60°C and r e c o r d i n g i t s spectrum. 

No change was observed, and i t i s concluded t h a t the molecule i s s t a t i c , 

w i t h the p a r a - t o l y l methyl groups being too f a r removed from the 

unsymmetrical bonding of the amidino n i t r o g e n atoms to be s e n s i t i v e to 

the d i f f e r i n g bonding s i t u a t i o n s . T h i s was the t e n t a t i v e c o n c l u s i o n 

reached f o r the anlaogous Mn(C0) 4(C0Am) complexes [ 4 0 ] , and the n.m.r. 
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data (below) would seem to confirm t h i s . 

1 n.m.r. s p e c t r a Due to the g r e a t e r chemical s h i f t s i n v o l v e d with 

1 *C n.m.r. spectroscopy the d i f f e r e n t environments o f the a r y l groups 

i n Re(C0) 4(C0DPA) were e a s i l y detected by 1 3C n.m.r. The data f o r t h i s 

complex i s giv e n i n F i g . 3.3.2. ( s h i f t s i n p.p.m. r e l a t i v e to 

T.M.S.). Unfortunately s u f f i c i e n t pure samples of the other carbamoyl 
3 

F i g . 3.3.2. 

1,1' = 152.61 138.79 

2,2' = 123.38 122.77 

3,3' = 129.53 129.79 

4,4' = 126.54 124.20 

5 = 167.60 

6 = 16.84 

7 = 193.35 

8,9 = 188.80 186.28 

10 176.74 

s p e c i e s were not a v a i l a b l e , so only the spectrum of Re(CO) (CODPAA) 

was recorded. I t i s assumed t h a t the DPTAA, DPBA and DPTBA d e r i v a t i v e s 

would show s i m i l a r 1 3 C n.m.r. s p e c t r a on the b a s i s of t h e i r almost 

i d e n t i c a l i n f r a r ed s p e c t r a . 

The above spectrum i s only c o n s i s t e n t w i t h a carbamoyl type o f bonding, 

as a monodentate Re(C0)_(Am) s p e c i e s ( F i g . 3.3.3.) would be expected 
b 

to show only 3 types of carbonyl carbon n u c l e i i n the r a t i o 2:2:1. 

NR-CR'=NR 

F i g . 3.3.3. 
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The i n i t i a l formation of carbamoyl complexes can take p l a c e v i a one of 
two r o u t e s . These a r e : - a) n u c l e o p h i l i c a t t a c k by the amidino ion 
a t the carbon o f the carbonyl group, followed by e l i m i n a t i o n o f l i t h i u m 
h a l i d e , and the now vacant c o o r d i n a t i o n s i t e being taken up by the imino 
n i t r o g e n ; b) m e t a t h e t i c a l e l i m i n a t i o n of l i t h i u m h a l i d e from the 
complex, followed by n u c l e o p h i l i c a t t a c k of the imino n i t r o g e n on an 
ad j a c e n t carbonyl group. These pathways are i l l u s t r a t e d i n F i g , 3.3.4. 
R o u t e ( a ) i s favoured, as i t i s knomthat other carbamoyls a r e formed by 
i n i t i a l a t t a c k , by f o r example an amine, a t a carbonyl group [110]. 

I n common with the Mn(CO)4(COAM) complexes [ 40 ] (Am=DPAA,DPBA,DPTAA, DPTBA) 

complexes and the Re(CO) (CONR-CH-NR) complexes [ 61] the Re(C0) 4(C0Am) 

complexes a l s o undergo de c a r b o n y l a t i o n to the t e t r a c a r b o n y l c h e l a t e type 

complex on hea t i n g . U n l i k e the manganese complexes however t h i s only 

0 0 R 1 

0 0 0 N vacuum R' 
N. 170°C Re C — R Re N \ \ CO 

0 0 N N 
R 0 0 

took p l a c e i n the s o l i d s t a t e , and was not achieved by h e a t i n g i n 

s o l u t i o n , perhaps because the r e f l u x temperature of the s o l v e n t 

(monoglyme) was too low. Decarbonylation was a l s o achieved under 

prolonged u.v. i r r a d i a t i o n , t h i s produced a mixture o f products, 

probably Re(C0) 4Am and (o-met)Re(C0) 3(Am)(AmH) (See Chapter 6 ) , and a 

good d e a l of decomposition. 

The slow r e a c t i o n of Re(CO) (coow)with PPhg appears to be s t r a i g h t f o r w a r d ; 

a carbonyl group i s d i s p l a c e d by PPH^ and the amidino group becomes 

bi d e n t a t e c h e l a t e , i n view of the r e l u c t a n c e of carbamoyls to 

decarbonylate i n r e f l u x i n g monoglyme i t i s probable t h a t the r e a c t i o n 

proceeds v i a m e t a t h e t i c a l s u b s t i t u t i o n o f a carbonyl group, the new 
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carbamoyl product then decarbonylates f u r t h e r forming the c h e l a t e d 
amidino product Re(CO) (PPh )(Am). e.g. Re(CO) (COAm)+PPh " > 

Q0°C 
Re(C0) o(PPhJC0Am) — ) Re(CO) (PPh )(Am). 

3 3 -CO 

The formation o f the (o-met) Re(C0)3(Aml(A/7>H) complexes when R e ( C 0 ) 4 

(COAm) complexes are r e f l u x e d with the parent amidine, AmH, i s unusual 

as one of the amidines o r t h o - m e t a l l a t e s . I t i s a l s o a slow r e a c t i o n 

and probably proceeds i n i t i a l l y by m e t a t h e t i c a l s u b s t i t u t i o n of a carbonyl 

by AmH. A p o s s i b l e mechanism f o r t h i s r e a c t i o n i s d i s c u s s e d i n 

Chapter 6, which d e a l s e x c l u s i v e l y with the ort h o - m e t a l l a t e d products. 

The r e a c t i o n of excess LiDPTAA with Re (CO) ..Br gave a red s o l u t i o n , 
b 

with v(CO) absorptions i n T.H.F. a t 1903s, 1893s and 1862s cm" 1. 

The low v a l u e s o f v(C0) suggest t h a t an a n i o n i c s p e c i e s i s formed. 

The complex p a r t i a l l y r e v e r t s to Re(C0) 4(C0DPTAA) when s t i r r e d overnight 

suggesting t h a t the complex has not l o s t i t s carbonyl groups. T h i s 

evidence i s c o n s i s t e n t with the formation of a complex of the type 

L i [RetCO^CODPTAA)^] , having one amidino group i n a r i n g ( c . f . 

Re(C0) 4(C0DPTAA)), with the other forming a unidentate carbamoyl group 

( F i g . 3.3. 50 
NR L I 
CR 
NR 

0 
R 0 N 

Re 

N R 

R 0 

( F i g . 3.3.5.) 

The slow r e v e r s e r e a c t i o n was probably caused by consumption of the 

l i t h i o a m i d i n e through a i r or moisture d i f f u s i n g i n t o the apparatus, 
or through r e a c t i o n with the s o l v e n t . 
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e.g. 

Re (CO) Br + L i Am > Re (CO) JCOAm) + L i B r 
a i r s t a b l e s o l n . 

Re(CO) / l(COAm) LiAm [Re(CO) 3(COAm) 2] L i + 

[ 0 ] a i r s e n s i t i v e s o l n . 

The presence of Re„(C0) (Am)- and (o-met)Re(C0)„(Am)(AmH) i n the mass 
<L b d 3 

spectrum of the DPTAA and DPTBA carbamoyl d e r i v a t i v e s was p o s s i b l y 

due to s m a l l f r a c t i o n s o f s t a b l e i m p u r i t i e s i n the samples, or to thermal 

decomposition products i n the heated source. The orth o - m e t a l l a t e d 

complexes have been made independently and are des c r i b e d i n Chapter 6, 

the Re (CO)„(Am) complexes have not however been s y n t h e s i s e d . I I ' 
<L o 2 

the ion of h i g h e s t m/e va l u e r e p r e s e n t s the parent i o n, the most l i k e l y 

s t r u c t u r e f o r t h i s complex i s one i n v o l v i n g two amidino bridges, 

and a Re=Re double bond ( F i g . 3.3.6.) 

R 
R R 

N N 0 

OC Re Re CO 

0 0 N N 
R R 

F i g . 3.3.6. 
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CHAPTER 4 

Rhenium Carbonyl Complexes Containing a Monodentate Amidine Ligand_ 

4.1. INTRODUCTION 

As p a r t o f a s y s t e m a t i c survey of the r e a c t i o n s between amidines and 

rhenium carbonyl complexes i t was e s s e n t i a l to explore the simple two 

e l e c t r o n l i g a n d p r o p e r t i e s of the amidines. 

The c a p a c i t y o f amidines to a c t as simple two e l e c t r o n donor l i g a n d s with 

t r a n s i t i o n metals was f i r s t demonstrated by the formation of the 

Pd and Pt complexes (NH 2CRHN) 2MC1 2 by the r e a c t i o n of ( N H ^ M C ^ with 

RCN[115]. More r e c e n t work suggests t h a t the complexes Mo(CO)._(AmH) 

and Mo(C0) 4(AmH) 2 are formed as i n t e r m e d i a t e s i n the photochemical 

r e a c t i o n of Mo(CO)_ w i t h DPFAH, which g i v e s Mo^DPFAK as the f i n a l 6 c- 4 
product [ 5 5 ] . 

The r e a c t i o n of Re(CO)^X (X=Cl,Br) with an amine NFLR (R=Me,Et e t c ) 
5 d 

produces the d i s u b s t i t u t e d product ReCCOj^NH^^X [ 9 8 ] . t h i s i s i n 

c o n t r a s t to the r e a c t i o n of Mn(CO) X (X=Cl,Br) with NH R (R=Me,Et e t c ) 
5 2. 

where a carbamoyl product Mn(C0) 4(C0NHR) [99] i s formed. 

Rhenium carbonyl complexes c o n t a i n i n g a two e l e c t r o n donor amidine 

l i g a n d appeared to be produced as secondary products i n the r e a c t i o n s 

designed to produce c h e l a t e d amidino systems. A complete study of these 

complexes was t h e r e f o r e i n i t i a t e d i n order to f u l l y c h a r a c t e r i s e these 

complexes. I t was hoped t h a t these complexes could provide v a l u b l e 

information on the nature of the simple two e l e c t r o n amidine rhenium 

bond, and a l s o provide an a l t e r n a t i v e p r e c u r s o r f o r other rhenium 

amidine systems. 
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4.2. EXPERIMENTAL 

4.2.1. Reaction of [ReCCO^Br]^ with DPTAAH 

[ R e ( C 0 ) 4 B r ] 2 (0.500g, 0.661m mole) was suspended i n toluene (40ml) and 

to i t added DPTAAH (0.315g, 1.322m mole). The r e s u l t i n g mixture was 

s t i r r e d a t 38-40°C f o r 16 hours by which time a l l t r a c e of the \>(C0) 

dimer had dissappeared from the i . r . spectrum. The pale yellow s o l u t i o n 

was reduced i n volume ( t o 10ml ) by vacuum, and the product 

p r e c i p i t a t e d by the a d d i t i o n of hexane (5ml) and c o o l i n g . The product 

an a i r s t a b l e white c r y s t a l l i n e s o l i d was washed with hexane, and 

dryed ( y i e l d 0.67g, 8 3 % ) . 

Analyses. Found: 0,39.20; N.4.50: H.3.00; Br,12.80; 

Re(CO) (DPTAAH)Br r e q u i r e s C.38.95; N.4.54; H,2.92; Br,12.96% 

Melting p o i n t 113°C (with decomposition). 

'H n.m.r. Spectrum 

CDC1 3 (6) 7.10m (8) 2.38, 2.35(6), 1.77s(3) • 

Mass spectrum: The parent ion was not observed; peaks were recorded a t 

m/e 537, 509, 481, 453, and 425 corresponding to [ 1 8 7Re(C0) 4(DPTAAH ] + 

and the subsequent stepwise l o s s o f 4 carbonyl groups. The h i g h e s t 

i n t e n s i t y peak i n 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 [ 1 8 7 R e Br(CO)J
 + 

was observed a t m/e 378, and peaks corresponding to the l o s s of 1, 2 

and 4 carbonyls were a l s o observed a t m/e 350,322 and 266. 

4.2.2. Reaction of [Re(CO) B r ] with DPAAH 

Reaction procedure and c o n d i t i o n s were i d e n t i c a l to 4.2.1. The product 

i s white c r y s t a l l i n e s o l i d ( y i e l d 8 0 % ) . 

An a l y s e s . Found: C.36.45; N,4.70; H„2.40; Br, 13.44: 

Re(C0) 4(DPAAH)Br r e q u i r e s C.36.72; N 4.76; H,2.28; Br, 13.5% 

Melting p o i n t 115°C (with decomposition). 

'H n.m.r. Spectrum 

CDClg ( 6) 7.27m(10) 1 . 8 3 s ( 3 ) . 

Mass Spectrum: The parent ion was not observed; peaks were recorded a t 
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m/e 509, 481, 453, 425 and 397 corresponding t o [ 1 8 7 Re(CO) (DPAAH)] + 

and the stepwise l o s s of 4 carbonyl groups. 

4.2.3. Reaction of [ R e ( C 0 ) 4 B r ] with DPTBAH 

Reaction procedure and c o n d i t i o n s were i d e n t i c a l to 4.2.1. The 

product was a white c r y s t a l l i n e s o l i d ( y i e l d 7 0 % ) . 

Analyses. Found: C,143.94; N.4.01; H.2.98; Br, 12.95: 

Re(C0) 4(DPTBAH)Br r e q u i r e s C.44.24; N.4.13; H.2.95; Br, 11.78% 

Melting p o i n t 112°C (with decomposition). 

'H n.m.r. Spectrum 

CDC1 3(6) 7.03s 6.83s 2.19s. 

Mass Spectrum: The parent ion was not observed; peaks were recorded a t 

m/e 599, 571, 543, 515 and 487 corresponding to [ 1 8 7 R e ( C 0 ) 4 ( D P T B A H ) ] + 

and the subsequent stepwise l o s s o f 4 carbonyl groups. 

4.2.4. Reaction o f [ R e ( C 0 ) 4 B r ] with DPBAH 

Reaction procedure and c o n d i t i o n s were i d e n t i c a l to 4.2.1. The 

product was a white c r y s t a l l i n e s o l i d ( y i e l d 7 0 % ) . 

Analy s e s . Found: C.42.31; N.4.15; H.2.56; Br,12.40: 

Re(CO) (DPBAH)Br r e q u i r e s C.42.48; N.4.31; H.2.45; Br,12.29% 

Melting p o i n t 124°C (with decomposition). 

Mass Spectrum: The parent ion was not observed; peaks were recorded a t 

m/e 571, 543, 515, 487 and 459 corresponding t o [ 1 8 7 R e ( C 0 ) 4 ( D P B A H ) ] + 

and the subsequent stepwise l o s s o f 4 carbonyl groups. 

4.2.5. Reaction o f [Re(C0)„Br]„ with DPFAH 
L — — 4 — ^ 2 

Rea c t i o n procedure and c o n d i t i o n s were i d e n t i c a l to 4.2.1. The product 

w^sa white powder ( y i e l d 6 0 % ) . 

Analyses. Found: C.34.49; N,4.52; H.1.93; Br, 14.16: 

Re(C0) 4(DPFAH)Br r e q u i r e s C.35.55; N.4.88; H,2.09; Br,13.91% 

Melting Point 125°C (with decomposition). 

Mass Spectrum: The parent ion was not observed; peaks were recorded a t 

m/e 495, 467, 439, 411 and 383 corresponding to [ 1 afae(CO) (DPFAH)] + and 
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t h e subsequent l o s s o f 4 c a r b o n y l g r o u p s . 
.2.6. R e a c t i o n o f fRe (CO) 4 B r ],., w i t h ptolyjN(Me)-C(Me)=Nptolyl(=DPTAAMe) 

[ R e t C O ^ B r ] ^ (0.500g, 0.661m mole) was suspended i n monoglyme ( 4 0 m l ) , 
and t o i t was added DPTAAMe (0.333g, 1.322m m o l e ) . The m i x t u r e was 
s t i r r e d a t 38°C f o r 120 hours g i v i n g a p a l e y e l l o w s o l u t i o n , and a t r a c e 
o f w h i t e p r e c i p i t a t e . The s o l u t i o n was f i l t e r e d , reduced i n volume, 
hexane added and p l a c e d i n t h e f r e e z e r . An i . r . spectrum o f t h e w h i t e 
p r e c i p i t a t e showed i t t o be u n r e a c t e d dimer. The mother l i q u o r p roduced 
a w h i t e c r y s t a l l i n e p r e c i p i t a t e and a y e l l o w gum, t h e w h i t e c r y s t a l s were 
s e p a r a t e d and r e c r y s t a l l i z e d f r o m a tol u e n e / h e x a n e s o l u t i o n . The y e l l o w 
gum was shown t o be p r e d o m i n a n t l y DPTAAMe ( y i e l d o f w h i t e c r y s t a l s 0.202g, 
2 4 % ) . 

A n a l y s e s . Found: C,39.59; N, 4.42; H.3.35; Br 12.75: 

Re(CO) (DPTAAMe)Br r e q u i r e s C.39.99; N,4.44; H.3.17; Br,12.68% 

M e l t i n g p o i n t 90°C ( w i t h d e c o m p o s i t i o n ) . 

'H n.m.r. Spectrum 

CDC1 3 (6) 7.47s(6) 7.37s(2) 3.90s(3) 2.47s(3) 2.41s(3) 2.07s(3) 

Mass Spectrum: The peak a t h i g h e s t mass a s s i g n a b l e t o t h e sample o c c u r e d 

a t m/e 495 c o r r e s p o n d i n g t o [ 1 " f t e ( D P T A A M e ) ( C 0 ) 2 ] + , t h e s t e p w i s e l o s s o f 

two c a r b o n y l s was n o t e d , w i t h peaks a t m/e 467 and 439. The sample 

was seen t o be c o n t a m i n a t e d w i t h [ R e ( C 0 ) 3 B r ] 4 w h i c h gave a v e r y s t r o n g 

and d i s t i n c t mass spectrum. 

.2.7. R e a c t i o n o f [ R e ( C 0 ) 4 C l ] 2 w i t h DPTAAH 

Re(00)^01 2 (0,500g, 0.749m mole) wassuspended i n t o l u e n e and t o i t 

added DPTAAH (0.356g„ 1.498m m o l e ) . The m i x t u r e was t h e n s t i r r e d a t 

55°C f o r 23 h o u r s , g i v i n g a p a l e y e l l o w s o l u t i o n and a f a i n t w h i t e 

p r e c i p i t a t e . T h i s p r e c i p i t a t e was shown by i . r . t o be u n r e a c t e d dimer. 

The s o l u t i o n was f i l t e r e d , reduced i n volume by e v a p o r a t i o n t o about 5ml 

and c o o l e d t o ~10°C. A w h i t e p r e c i p i t a t e was produced, which was 

c o l l e c t e d by remo v i n g t h e s o l u t i o n by s y r i n g e , washing w i t h hexane and 

pumping d r y ( y i e l d 0.471g, 5 5 % ) . 
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Ana l y s e s . Found: C,41.69; N.4.74; H,2.74; Br, 6.23: 

Re(CO)^(DPTAAH)Br r e q u i r e s C.41.98; N,4.89: H,2.97; Br, 6.21% 

M e l t i n g p o i n t 112°C ( w i t h d e c o m p o s i t i o n ) . 

'H n.m.r. Spectrum 

CDC1 3 ( 6 ) 7.12m(8) , 2.38 •*- 2 . 3 6 ( 6 ) , 1 . 7 6 s ( 3 ) . 

Mass Spectrum: The p a r e n t i o n was n o t observed: peaks were r e c o r d e d a t 

m/e 537, 509, 4 8 1 , 453 and 425 c o r r e s p o n d i n g tot'° 7Re(DPTAAH)(CO) 4] 

and t h e subsequent l o s s o f 4 c a r b o n y l g r o u p s . 

,2.8. R e a c t i o n o f [ R e ( C 0 ) 4 C l ] £ w i t h DPAAH 

R e a c t i o n p r o c e d u r e and c o n d i t i o n s were i d e n t i c a l t o 4.2.7. The p r o d u c t 

i s a w h i t e powder ( y i e l d 5 3 % ) . 

A n a l y s e s . Found C.40.12; N.5.18; H,2„60; CI,6.58: 

Re(DPAAH)(C0) 4Br r e q u i r e s C.39.70; N.5.14; CI,6.53% 

M e l t i n g p o i n t 110°C ( w i t h d e c o m p o s i t i o n ) . 

'H n.m.r Spectrum 

CDC1 3 («) 7.23m(10) 1.80s(3) 

Mass Spectrum: The p a r e n t i o n was n o t observed; peaks a t m/e 509, 4 8 1 , 

453, 425, and 397 were r e c o r d e d due t o t 1" ?Re( CO^DPAAH 1 + and t h e 

subsequent l o s s o f 4 c a r b o n y l g r o u p s . M e t a s t a b l e peaks were, r e c o r d e d 

a t m/e 455 and 427 a r r i s i n g f r o m t h e [ 1 8 7 Re(C0) 4(DPAA)] + » 

[ 1 8 7 Re(CO) (DPAAH)] + and [ 1 8 7 Re( CO) 0 ( DPAAH)] + » [ 1 6 fte (CO) n ( DPAAH)] + 

o d 2 

f r a g m e n t a t i o n s . 

2.9. R e a c t i o n o f [ R e ( C 0 ) 4 C l ] 2 w i t h DPTBAH 

R e a c t i o n c o n d i t i o n s and pr o c e d u r e were i d e n t i c a l t o 4.2.7. The p r o d u c t 

i s a w h i t e powder ( y i e l d 5 0 % ) . 

An a l y s e s . Found: C.47.60; N,4.48; H, 3.80; Cl,5.64: 

Re(CO) (DPTBAH)CI r e q u i r e s . C.47.34; N.4.42; H.3.44; CI,5.60% 
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M e l t i n g p o i n t . 125°C ( w i t h d e c o m p o s i t i o n ) . 

'H n.m.r. Spectrum 

CDC1 3 ( 6 ) 7.12s(4) 6.93s(4) 2.27s(6) 

Mass S p e c t r a : The p a r e n t i o n was n o t r e c o r d e d , t h e spectrum b e i n g 

i d e n t i c a l t o 4.2.3. 

4.2.10 R e a c t i o n o f [ R e ( C 0 ) 4 C l ] 2 w i t h DPBAH 

R e a c t i o n c o n d i t i o n s and pr o c e d u r e were i d e n t i c a l t o 4.2.7. The 

p r o d u c t i s a w h i t e powder ( y i e l d 5 4 % ) . 

A n a l y s e s . Found, C.45.80; N.4.66; H.2.74; CI,5.90 

Re(C0) 4(DPBAH)Cl r e q u i r e s C.45.57; N.4.62;. H.2.64; CI,5.86% 
M e l t i n g p o i n t 124°C ( w i t h d e c o m p o s i t i o n ) 
'H n.m.r. Spectrum was n o t r e c o r d e d . 

Mass S p e c t r a : The p a r e n t i o n was n o t r e c o r d e d , t h e s p e c t r a was i d e n t i c a l 

t o 4.2.4. 

4.2.11 P h o t o c h e m i c a l R e a c t i o n s o f Re(C0) c.Br w i t h DPTAAH 
= =!y • — — ^ — . ^ — ^ 

a) Re(C0)_Br (0.500g, 1.23m mole) was suspended i n t o l u e n e (40ml) 5 

i n a s i l i c a f l a s k , and t o i t added DPTAAH (0.293g 1.23m m o l e ) . 

The m i x t u r e was s t i r r e d under u.v. i r r a d i a t i o n f o r 35 mi n u t e s f o r m i n g a y e l l o w 

s o l u t i o n . An i . r . s p e c t r a showed new V ( C 0 ) cm 1 a b s o r b t i o n s a t 2112w, 
- 1 - 1 2 0 l 4 v s , 1989s and 1947vs cm , as w e l l as a band a t 2050m cm b e l o n g i n g 

t o u n r e a c t e d Re(CO) Br, The s o l u t i o n was reduced i n volume t o ab o u t 25ml 

i n vacuo, when a w h i t e s o l i d began t o p r e c i p i t a t e . The p r e c i p i t a t e was 

a l l o w e d t o develop by s t a n d i n g t h e s o l u t i o n o v e r n i g h t i n t h e f r e e z e r . 

The s o l u t i o n was t h e n f i l t e r e d , and t h e p r e c i p i t a t e was i d e n t i f i e d as 

Re (CO) ..Br by i t s i . r . spectrum. The s o l u t i o n was f u r t h e r reduced i n o 

volume t o about 5ml, when p r e c i p i t a t i o n a g a i n began t o o c c u r . The p r o d u c t 

was c o l l e c t e d as a y e l l o w - w h i t e s o l i d . I t s i . r . spectrum showed v(C0) 

s t r e t c h i n g f r e q u e n c i e s ( N u j o l ) a t 2102w, 2000^s, 1980vs, 1938m and 1917vs c m - 1 

and v(N-H) a t 3228w cm" 1. 

I n an a t t e m p t t o p u r i f y t h e sample t h e s o l i d was s u b l i m e d i n vacuo a t 130°C. 
T h i s r e s u l t e d i n t h r e e p r o d u c t s b e i n g o b t a i n e d i ) a s l i g h t y e l l o w d e p o s i t h i g h 
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on t h e c o l d f i n g e r , i d e n t i f i e d as Re(CO^CDPTAA) by i t s i . r . s p e c t r u m , 

v ( C 0 ) ( N u j o l ) 2.00w, 1992vs, 1977vs, 1938vs c m = 1 ; i i ) a w h i t e 

c r y s t a l l i n e s o l i d l o w e r down t h e c o l d f i n g e r , i d e n t i f i e d as R e ( C 0 ) 4 

(DPTAAH)Br by i t s i . r . spectrum, v ( C O ) ( N u j o l ) 2101w, 2002vs, 1981vs, 

1918s and v(N-H) ( N u j o l ) 3228 c m - 1 ; i i i ) a y e l l o w r e s i d u e i n t h e 

f l a s k , i d e n t i f i e d by i . r . as b e i n g a crude sample o f (o-met)Re(C0) 3(DPAA) 

(DPAAH), v(C0) 2002vs, 1887vsbr, cm" 1 andv(N-H) a t 3344m cm" 1 . ( N u j o l ) 

From t h e i . r . s p e c t r a o f t h e o r i g i n a l crude p r o d u c t i t was e v i d e n t t h a t t h e 

p r e d o m i n a n t p r o d u c t o f t h e r e a c t i o n was Re(CO) (DPTAAH)Br w i t h some 

Re(CO) (DPTAA) a l s o p r e s e n t . The y e l l o w r e s i d u e o f (o-met)Re(CO) (DPAA) 

(DPAAH), t h e major p r o d u c t a f t e r t h e s u b l i m a t i o n , was produced by t h e 

d e c o m p o s i t i o n o f Re(CO)^(DPTAAH)Br. 

b) Re(C0)_Br (0.500g, 1.23m mole) was suspended i n t o l u e n e (50ml) i n a 
5 

s i l i c a f l a s k and t o i t added DPTAAH (0.586g, 2.46m m o l e ) . The m i x t u r e 

was s t i r r e d under u.v. i r r a d i a t i o n f o r 30 m i n u t e s , new HC0)'s b e i n g 

observed a t 2112w„ 2014vs, 1989vs and 1947vs; Re(CO) Br was a l s o i d e n t i f i e d 
5 

by a v(C0) a t 2050 cm 1 . The s o l u t i o n was f i l t e r e d t h r o u g h 1.5 i n c h e s o f 
a l u m i n a removing much o f t h e u n r e a c t e d Re(CO) Br. The s o l u t i o n was 

5 

r e d u c e d i n volume i n vacuo t o about 10ml and l e f t t o s t a n d t o encourage 

s e p a r a t i o n o f a w h i t e powder. T h i s was a l s o i d e n t i f i e d by i . r . as 

Re(C0),J3r. The s o l u t i o n was t h e n r e f i l t e r e d t h r o u g h a 1 i n c h a l u m i n a 

column and e l u t e d w i t h t o l u e n e ( 2 0 m l ) , an i . r . s pectrum now showed t h a t 
a l l Re(C0)._Br had been removed. The s o l u t i o n was r e d u c e d i n volume t o b 

about 10ml, hexane (5ml) was added and t h e p r o d u c t Re(CO) (DPTAAH)Br formed 

as w h i t e c r y s t a l s ( y i e l d 0.191g, 2 5 % ) . T h i s was t h e n r e c r y s t a l l i s e d 

f r o m a toluene/Hexane s o l u t i o n . 

c ) Re(C0)j-Br and DPTAAH i n a 1:3 molar r a t i o , under p r o l o n g e d i r r a d i a t i o n 

gave (o-met)Re(CO) 3(DPTAA)(DPTAAH), (see Chapter 6 ) . 
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4.2.12 S u b l i m a t i o n o f Re(C0) 4(AmH)X Species 

I t was f o u n d t h a t a l l o f t h e Re(C0) 4(AmH)X s p e c i e s d e s c r i b e d i n t h i s 

c h a p t e r c o u l d be s u b l i m e d by h e a t i n g i n vacuo t o 100°C. The p r o d u c t , a l w a y s 

a p u r e w h i t e c r y s t a l l i n e s o l i d was c o l l e c t e d on a w a t e r c o o l e d (8°C) c o l d 

finger„ Above IOO°C d e c o m p o s i t i o n o c c u r e d , t h e major p r o d u c t b e i n g (o-met) 

Re(CO) (Am)(AmH). 

4.2.13 D e c a r b o n y l a t i o n o f Re(CO) (DPTAAH)Br 

Re(CO) (DPTAAH)Br (O.OlOg) was p l a c e d i n a C a r i u s t u b e and h e a t e d i n vacuo 

t o 150°C f o r 5 h o u r s . On c o o l i n g a y e l l o w g l a s s l i k e s o l i d was produced. 

An i . r . spectrum o f t h i s s o l i d showed v(C0) s t r e t c h i n g f r e q u e n c i e s a t 

2102w, 1990s, 1975m, 1938s, 2002vs and 1885vs,br c m - 1; and v(N-H) a t 

3,340vw cm" 1, i n d i c a t i n g t h e presence o f b o t h Re(CO) (DPTAA) and 
4 

(o-met)Re(CO) (DPTAA)(DPTAAH). 

4.2.14 R e a c t i o n o f Re(CO) 4(AmH)X w i t h L i B u 

The r e a c t i o n between Re(C0) 4(AmH)X (X=Br,Cl) and n - b u t y l l i t h i u m p r o d u c i n g 

t h e Re(C0) 4(Am) s p e c i e s can t a k e p l a c e i n a v a r i e t y o f s o l v e n t s ( e t h e r , 

monoglyme, t o l u e n e and hexane). E x p e r i m e n t a l d e t a i l s a r e g i v e n i n 

Chapter 5. 

4.2.15 R e a c t i o n o f Re(CO) 4(AmH)X w i t h AmH 

The r e a c t i o n between Re(C0) 4(AmH)X (X=Br,Cl) and an am i d i n e i n r e f l u x i n g 

monoglyme produces t h e (o-met)Re(CO) (Am)(AmH) s p e c i e s . E x p e r i m e n t a l 

d e t a i l s a r e g i v e n i n Chapter 6. 

4.2.16 Low Temperature 'H n.m.r. S p e c t r a l Study o f Re(CO) (DPTAAH)Br 

The p r o t o n n.m.r. s p e c t r a o f Re(C0) 4(DPTAAH)Br was r e c o r d e d a t ambient 

t e m p e r a t u r e , t h e n a t -20°C and -40°GNo s i g n i f i c a n t c h a n g e i n t h e s p e c t r a was 

r e c o r d e d , i n p a r t i c u l a r a s i n g l e p r o t o n resonance due to^N-H was n o t observed. 
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4.3. DISCUSSION 

The complexes f o r m u l a t e d Re(CO) 4(AmH)X (X=Cl,Br) were e a s i l y formed i n 

good y i e l d by t h e r e a c t i o n o f t h e dimer m o l e c u l a r [ R e f C O j ^ x ] ^ w i t h 

d i a r y l b enzamidines, a c e t a m i d i n e s and fo r m a m i d i n e s i n monoglyme 

s o l u t i o n . A t room t e m p e r a t u r e t h e r e a c t i o n proceeded v e r y s l o w l y and g e n t l e 

h e a t i n g was necessary f o r c o n v e n i e n t r e a c t i o n t i m e s (16 h o u r s ) . 

The r e a c t i o n t e m p e r a t u r e was c r i t i c a l because above a t h r e s h o l d v a l u e 

( a b o u t 40°C f o r t h e bromide and 55°C f o r t h e c h l o r i d e ) a second 

p r o d u c t , (o-met)Re(CO) (Am(AmH) began t o fo r m . 
o 

The u.v. r e a c t i o n between a 1:1 molar r a t i o o f Re(CO)_Br and DPTAAH 
5 

i n t o l u e n e a l s o produced t h e p r o d u c t Re(C0) 4(DPTAAH)Br as w e l l as a 

s m a l l amount o f Re(C0) 4Am. A second r e a c t i o n w i t h 2 moles o f DPTAAH 

per R e ( C0) cBr d i d n o t produce Re(C0) /,(Am) and AmH(HBr) o r Re(CO) (AmH)_Br o 4 3 2 
as wished, t h e o n l y p r o d u c t b e i n g Re(C0) 4(AmH)Br. 

The complexes Re(C0) 4(AmH)X a re a l l p u r e - w h i t e c r y s t a l l i n e s o l i d s o f 

moderately good s o l u b i l i t y i n o r g a n i c s o l v e n t s . They a r e i n d e f i n i t e l y 

s t a b l e i n a i r , b o t h as a s o l i d and i n s o l u t i o n . I n vacuo t h e y a l l 

s u b l i m e s l o w l y o n t o a c o l d f i n g e r m a i n t a i n e d a t 6°C when heat e d 

t o 100°C. Above t h i s t e m p e r a t u r e t h e y decompose t o g i v e Re(CO)^Am), 

(o-met)Re(C0) 3(Am)(AmH) and o t h e r u n i d e n t i f i e d n o n c a r b o n y l s p e c i e s . 

The f o r m u l a t i o n o f t h e complex as Re(C0) 4(AmH)X f r o m t h e a n a l y t i c a l 

d a t a i s s t r o n g l y s u p p o r t e d by s p e c t r o s c o p i c methods. The i n f r a - r e d 

s p e c t r a c l e a r l y shows 4 t e r m i n a l c a r b o n y l s t r e t c h i n g f r e q u e n c i e s 

( T a b l e 4 . 1 ) , c o n s i s t e n t w i t h a c i s s u b s t i t u t e d rhenium t e t r a c a r b o n y l 

s p e c i e s . The i n f r a - r e d s p e c t r a a l s o sh<§>ws a b r o a d weak v(N-H) s t r e t c h 
- 1 - 1 a t about 3220 cm ( c . f . f r e e a midine v(N-H) a b o u t 3280 cm ) 

i n d i c a t i n g t h e prese.nce o f a rhenium bound am i d i n e m o l e c u l e w h i c h i s 

p r o b a b l y s u b s t a n t i a l l y hydrogen bonded. 
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I n t h e mass s p e c t r o m e t e r , t h e p a r e n t i o n i s n o t observed f o r any 
o f t h e complexes; a peak c o r r e s p o n d i n g t o t h e d a u g h t e r i o n [ R e ( C 0 ) 4 ( A m H ) ] + 

was always observed f o l l o w e d by f u r t h e r peaks c o r r e s p o n d i n g t o t h e 
s t e p w i s e l o s s o f f o u r c a r b o n y l g r o u p s . The spectrum o f Re(CO) (DPTAAH)Br 
showed t h a t a second f r a g m e n t a t i o n p a t t e r n was p o s s i b l e ; here an i o n 
c o r r e s p o n d i n g t o [ 8 5 Re 0 l B r ( C O ) 4 ] was observed a t m/e 378 f o l l o w e d 
by d a u g h t e r i o n s c o r r e s p o n d i n g t o t h e l o s s o f f o u r c a r b o n y l groups. 
M e t a s t a b l e peaks were o n l y o b s e r v e d f o r one o f t h e s e r i e s , 

Re(C0) 4(DPAAH)Cl. These peaks arose f r o m t h e [ Re(C0) 4(DPAA) ] + $> 

[Re(CO) (DPAA)] + and [Re(CO) ( D P A A ) ] + > [Re(CO) (DPAA)] + 

J C5 t-
f r a g m e n t a t i o n s , and n o t f r o m t h e p a r e n t i o n . 

I n o r d e r t h a t t h e rhenium atom m a i n t a i n s an i n e r t gas c o n f i g u r a t i o n 

o f 18 e l e c t r o n s i n i t s o u t e r s h e l l t h e amidine m o l e c u l e i s r e q u i r e d 

t o donate t o i t two e l e c t r o n s . There are t h r e e p o s s i b l e s o u r c e s f o r 

t h e s e e l e c t r o n s i n t h e amidine m o l e c u l e ; ( F i g . 4 . 3 . 1 . ) i ) t h e C=N 

d o u b l e bond i i ) t h e amino n i t r o g e n ' s l o n e p a i r i i i ) t h e i m i n o 

n i t r o g e n s l o n e p a i r . A v a r i a t i o n on t h e l a t t e r c o u l d i n v o l v e a f l u x i o n a l 

s i t u a t i o n where c o - o r d i n a t i o n v i a a n i t r o g e n l o n e p a i r changes from 

one n i t r o g e n t o t h e second n i t r o g e n atom w i t h a c o n c o m i t a n t change i n 

t h e p o s i t i o n o f t h e p r o t o n and t h e double bond. 

H 
I R 

R' N R 
H 

X(CO)„Re < — N X(CO .Re N X(CO) R e 

/ R' R N \ H N N 
R R R 

i ( 7 T - t y p e ) i i (amino) i i i ( i m i n o ) 

F i g . 4 3 . 1 

The f i r s t example, t h a t o f a nbonded rhenium amidine complex i s t h o u g h t 

u n l i k e l y t o occur when l o n e p a i r s on t h e n i t r o g e n atoms a r e a v a i l a b l e 
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I f such a complex e x i s t e d , i t would be e x p e c t e d t o show s i g n s o f 
f l u x i o n a l i t y , t h e p r o t o n u n d e r g o i n g 1,3 s h i f t s w i t h a c o r r e s p o n d i n g change 
i n t h e p o s i t i o n o f t h e C=N double bond. T h i s would l e a d t o t h e e q u i v a l e n c e 
o f t h e R groups i n l3C n.m.r, s p e c t r o s c o p y , w h i c h i s n o t observed 
( T a b l e 4.2.). B o t h t h e amino and i m i n o b o n d i n g modes a r e e m i n e n t l y 
p o s s i b l e , t h e c h o i c e depending upon which n i t r o g e n atom forms t h e 
s t r o n g e r Re-N bond. The l o n e p a i r on t h e i m i n o n i t r o g e n i s more b a s i c , 
and m i g h t be e x p e c t e d t o form a s t r o n g e r o bond t o t h e rhenium. I n 
a d d i t i o n , i f bonded t h r o u g h t h e i m i n o n i t r o g e n s l o n e p a i r t h e n * a n t i -
b o n d i n g o r b i t a l s o f t h e N=C double bond become a v a i l a b l e f o r back 
d o n a t i o n f r o m t h e m e t a l s d o r b i t a l s , t h u s f o r m i n g a v e r y s t a b l e Re-N 
bond. The i m i n o t y p e b o n d i n g i s t h u s t h e one,most l i k e l y t o be 
o c c u r r i n g i n t h e s o l i d s t a t e . I n s o l u t i o n however, i f t h e energy 
d i f f e r e n c e between t h e i m i n o and amino t y p e b o n d i n g i s n o t l a r g e , a 
f l u x i o n a l m o l e c u l e m i g h t r e s u l t . T h i s t y p e o f f l u x i o n a l i t y would n o t 
n e c e s s a r i l y l e a d t o t h e e q u i v a l e n c e o f t h e R^ and R^ groups i n t h e l 3C 
n.m.r. s p e c t r a as t h e n i t r o g e n atoms do n o t a c t u a l l y have t o change p o s i t i o n s , 
one R group can r e m a i n c l o s e t o t h e m e t a l , and t h e o t h e r remote. 
Broadening o f t h e two d i s t i n c t s e t s o f s i g n a l s would r e s u l t , 

e.g. 

R 0 
0 

c r° H 

oc CO N N H Re Re N N 

R 0 R R 

T h i s i s i n c o n t r a s t t o Pd/Pt c h e m i s t r y where t h e ends o f AmH do exchange 

and a complete f l u x i o n a l p rocess i s observed. 

A low t e m p e r a t u r e 'H n.mr. s t u d y o f Re(CO) (DPTAAH)Br f a i l e d t o l o c a t e t h e 

N-H p r o t o n , and i t i s assumed th*t t h e n i t r o g e n q u a d r u p o l e i s r e s p o n s i b l e 

f o r s e v ere b r o a d e n i n g o f t h e s i g n a l . 
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Once a g a i n p r o t o n \ r u m . r . f a i l e d t o c l e a l y d i s t i n g u i s h between t h e two 

p - t o l y l m e t h y l e n v i r o n m e n t s , o n l y f o r Re(CO) (DPTAAH)X was a d i f f e r e n c e 

observed and t h i s was v e r y s m a l l (Br-0,036 ;C1=0.026 ) . T h i s u n d e r l i n e s 

t h e c a u t i o n t h a t must be employed when making d e d u c t i o n s about t h e symetry 

o f a m o l e c u l e by r e f e r e n c e t o t h e p - t o l y l m e t h y l s i g n a l s . The 1 3C 

n.m.r. s p e c t r a however, ( t a b l e 4 . 2 . ) , because o f t h e g r e a t e r c h e m i c a l 

s h i f t s i n v o l v e d i n 1 3C n.m.r. s p e c t r o s c o p y c l e a r l y showed t h a t t h e a r y l groups 

were i n d i f f e r e n t c h e m i c a l e n v i r o n m e n t s . Three c a r b o n y l groups were a l s o 

observed i n t h e 1 3C n.m.r. s p e c t r a , which i s c o n c u r r e n t w i t h a c i s -

s u b s t i t u t e d t e t r a c a r b o n y l s p e c i e s . I t i s i n t e r e s t i n g t o n o t e t h a t 

t h e c e n t r a l c a r b o n atom o f t h e N-C-N s k e l e t o n has a c h e m i c a l s h i f t 

a bout 165 d o w n f i e l d f r o m t h e f r e e a m i d i n e , a t a p p r o x i m a t e l y t h e same 

v a l u e as f o r t h e carbamoyl Re(C0) 4(C0Am), and c h e l a t e Re(C0) 4(Am) 

complexes. T h i s i n d i c a t e s a s i m i l a r e n v i r o n m e n t i n each case, and i s 

p r o b a b l y due t o a s i m i l a r degree o f d e l o c a l i s a t i o n i n each complex. 

The p r i n c i p a l d i f f e r e n c e s between Re(C0) 4(AmJ{)X and AmH in t h e i . r . s p e c t r a 

( i n t h e v(N-C-N) r e g i o n ) are. shown i n Tab l e 4.3. The most s i g n i f i c a n t 

d i f f e r e n c e observed i s t h e r e d u c t i o n i n t h e v(N-C-N) asymmetric 

s t r e t c h by 25-35 cm 1 on c o m p l e x a t i o n . T h i s r e d u c t i o n i n t h e v (N-C-N) 

s t r e t c h i s t h o u g h t t o be a r e s u l t o f t h e n* a n t i b o n d i n g o r b i t a l s o f t h e 

i m i n o n i t r o g e n b e i n g p a r t i a l l y f i l l e d by back d o n a t i o n from t h e m e t a l s 

d o r b i t a l s . I t c o u l d however be caused by t h e p e r t u r b a t i o n i n d u c e d on t h e 

(N-C-N) system by t h e heavy rhenium atom. 

The Raman s p e c t r a ( t a b l e 4.4) compliments t h e i n f r a - r e d . 

The f o r m a t i o n o f t h e complexes Re(C0) 4(AmH)X f r o m [ R e ( C 0 ) 4 X ] 2 and AmH 

p r o b a b l y t a k e s p l a c e i n two s t e p s . I n s o l u t i o n an e q u i l i b r i u m [Re(CO)^X}^ 

^ 2Re(C0) 4X i s though t o e x i s t , w h i c h i s n o r m a l l y w e l l t o t h e l e f t . 

G e n t l e h e a t i n g i n t h e presence o f a l i g a n d causes t h e r e a c t i o n o f t h e l a b i l e 
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Re(CO)^X s p e c i e s t o fo r m t h e s t a b l e p r o d u c t Re(CO)^(AmH)X. I t was fo u n d 

t h a t t h e bromide p r o d u c t s were formed more e a s i l y by t h i s r o u t e t h a n 

t h e c h l o r i d e ones. T h i s was due t o t h e r e l a t i v e s o l u b i l i t y o f t h e h a l o g e n 

d i m e r s , t h e c h l o r i d e dimer b e i n g p r a c t i c a l l y i n s o l u b l e a t room 

t e m p e r a t u r e . 

The v e r y slew r e a c t i o n o f DPTAAMe w i t h [ R e ( C 0 ) 4 B r ] can be p a r t i a l l y 

a t t r i b u t e d t o s t e r i c e f f e c t s , and t h e d i f f i c u l t y o f t h e a m i n o - n i t r o g e n 

atom a p p r o a c h i n g c l o s e enough t o t h e rhenium atom f o r bond f o r m a t i o n 

t o o c c u r . The p r o t o n a t e d a m idines can a t t a c k by e i t h e r o f t h e n i t r o g e n 

atoms, f a c i l e p r o t o n t r a n s f e r o c c u r i n g once t h e ami d i n e i s c o - o r d i n a t e d t o 

t h e m e t a l . W i t h DPTAAMe however, t h e amino n i t r o g e n atom i s e f f e c t i v e l y 

s h i e l d e d f r o m t h e rhenium atom by t h e presance o f t h e b u l k y CH^ and 

p - t o l y l groups making a t t a c k v i a t h e amino n i t r o g e n l e s s l i k e l y . 

The [ Re(CO) 3Re]^ d e t e c t e d as an i m p u r i t y i n t h e mass s p e c t r a o f 

Re(CO) (DPTAAMe)Br i s formed d u r i n g t h e extended p e r i o d o f h e a t i n g ( 5 

days a t 38°) necessary t o fo r m t h e p r o d u c t . I t i s known t h a t r e f l u x i n g 

Re(CO),_Br ( i n p e t r o l a t 100°C) f o r s h o r t p e r i o d s causes d e c a r b o n y l a t i o n o 

and d i m e r i s a t i o n t o oc c u r f o r m i n g [ R e ( C 0 ) 4 B r a n d t h a t f u r t h e r 

d e c a r b o n y l a t i o n o c c u r s [ 113 ] a f t e r a p r o l o n g e d p e r i o d o f r e f l u x i n g 

(12 h o u r s ) t o produce [ Re(CO)gBrj^. From t h e p r e s e n t work i t i s now 

ap p a r e n t t h a t t h i s p r o d u c t can be produced under m i l d e r c o n d i t i o n s o v e r a 

s u i t a b l y l o n g p e r i o d o f t i m e . 

The p h o t o c h e m i c a l r e a c t i o n o f Re(CO) tBr and DPTAAH a l s o proceeds v i a t h e 

i n t e r m e d i a r y o f t h e l a b i l e Re(CO)^Br s p e c i e s , formed by t h e d e c a r b o n y l a t i o n 

o f Re(CO)_Br. The Re(CO) „Br s p e c i e s formed can r e a c t e i t h e r w i t h , CO t o b 4 
r e f o r m t h e Re(CO) Br s p e c i e s J a n o t h e r Re(CO).Br u n i t t o fo r m t h e dimer; o r b 4 

w i t h t h e amidine t o fo r m t h e p r o d u c t . The r e a c t i o n was t h o u g h t n o t t o 

pro c e e d v i a t h e i n t e r m e d i a r y o f [ R e t C O ^ B r ] ^ as r e a c t i o n t i m e s f o r t h e 

r e a c t i o n o f t h e dimer w i t h DPTAAH a t room t e m p e r a t u r e a r e much much l o n g e r . 
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P r o l o n g e d i r r a d i a t i o n l e d t o t h e e l i m i n a t i o n o f a second c a r b o n y l group 
and t h e f o r m a t i o n o f o r t h o - m e t a l l a t e d complex (o-met)Re(CO) 3(Am)(AmH) and 
o t h e r non c a r b o n y l p r o d u c t s . A mechanism f o r t h e formation o f t h i s complex 
i s g i v e n i n Chapter 6. 

Re(C0) 4(AmH)X complexes can be used as p r e c u r s o r s f o r o t h e r rhenium 

am i d i n e systems. I t was f o u n d t h a t h y d r o c a r b o n o r e t h e r s o l u t i o n s o f 

Re(CO) 4(AmH)X c o u l d be c o n v e r t e d t o t h e c h e l a t e d amidino-complex 

Re(C0) 4(Am) by t h e a d d i t i o n o f an e q u i m o l a r amount o f n - b u t y l l i t h i u m , 

(Eqn 4 . 1 . ) . T h i s r e a c t i o n i s d i s c u s s e d f u r t h e r i n Chapter 5. The o r t h o 

metaHated s p e c i e s (o-met)Re(CO) (Am)(AmH) i s formed when Re(CO) (AmH)X 
-3 Q 

i s r e f l u x e d i n monoglyme, o r i r r a d i a t e d i n t o l u e n e f o r an extended p e r i o d 

o f t i m e i n t h e presence o f f r e e a m i d i n e , ( e q n . 4 . 2 ) . T h i s r e a c t i o n i s 

d i s c u s s e d i n more d e t a i l i n Chapter 6. 

Eqn. 4.1. Re(CO)jAmH)X + BuLi >Re(C0) 4(Am) + L i X + BuH 

Eqn. 4.2. Re(CO)^ArnH)X + 2AmH ^(o-met)Re(CO)^(An)(AmB + AmH(HX) 
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Table 4.1. 

I n f r a r e d S p e c t r a l Data f o r Re(CO) ,(AmR)X 

Complexes (R-H,CH 0;X=Cl,Br) 

COMPOUND 
v (CO) cm 1 

v (NH) 
ki u j o l ) 

COMPOUND 
lm 2vs 3vs 4vs 

v (NH) 
ki u j o l ) 

a 
Re(CO) .(DPTAAH)Br 

4 b 
2102 
2122 

2002 
2022 

1918 
1919 

1918 
1949 3228wvbr 

a 
Re(CO)„(DPAAH)Br ^ 4 b 

2104 
2108 

1993 
2012 

1984 
1986 

1924 
1936 3210w b r 

Re(CO)^(DPTBAH)Br a 

b 
2110 
2108 
2100 
2121 

2020 
2013 

1991 
1985 

1911 
1913 

3210w b r 

a 
Re(CO) . (DPBAH)Br 

4 b 

2110 
2108 
2100 
2121 

2010 
2020 

1982 
1992 

1912 
1939 

3230w b r 

Re(C0) 4(DPFAH)Br 3 

b 
2102 
2120 

2018 
2018 

1982 
1994 

1910 
1941 

3228w b r 

Re(CO) (DPTAAMe)Br 3 

b 
2102 
2100 

2002 
2Q06 
2002 

2018 

1969 
1972 

1910 
1911 

-
a 

Re(CO) 4(DPTAAH)CI 
h 

2104 

2115 

2002 
2Q06 
2002 

2018 

1980 

1985 

1913 

1931 
3222w b r 

Re (CO),, (DPAAH) CI 3 

4 b 
2104 
2108 

1996 
2012 

1982 
1986 

1922 
1932 

3220 b r 

Re(C0) 4(DPTBAH)Ci a 

b 
2104 
2108 

2016 
2015 

1990 
1986 

1922 
1931 

3210w b r 

a 
Re(CO) .(DPBAH)CI 

4 b 

2104 
2110 

2020 
2017 

1986 
1986 

1918 
1913 

3224w b r 

( a = N u j o l m u l l b=CH CI s o l u t i o n ) 
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TABLE 4.3. 

D i f f e r e n c e s i n v>(N-C=N)^ between f r e e Amidines and t h e Complexes 

Re(C0) 4(AmH)X 

Amidine 
Free Amidine 
v(N-C=N) 

Re(C0) 4(AmH)Cl 
V(N-C=N) 

Re(C0) 4(AmH)Br 
V(N-C=N) 

DPTAAH 1630s 1587s 1320w 
1272w 1219w 

1610s 1580s 1390m 
1210w 1210w 

1608s 1578s 1392m 

DPAAH 1630s 1586s 1535m 
1333w 1220w 

1598s 1574s 1505m 
1213w 

1599s 1574s 1506m 
1213w 

DPTBAH 
1616m 1588s 1522m 
1333m 1218w 

1602s 1595s 1665m 
1500s 1208w 

1595m 1565s 1500s 
1208w 

DPBAH 
1624s 1585s 1528m 
1440m 1328m 1221 

1598s 1565s 1398m 
1204w 

1596s 1565s 1395m 
1203/1/ 

DPFAH 
1670s 1500s 1480s 
1208w 

1630s 1575m 1499m 
1205w 

* N u j o l 
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CHAPTER 5 

Rhenium C a r b o n y l Complexes C o n t a i n i n g a B i d e n t a t e Three E l e c t r o n Donor 

A m i d i n o - L i g a n d 

5.1. INTRODUCTION 

So f a r t h i s t h e s i s has examined two t y p e s o f rhenium-amidine b o n d i n g ^ 

t h a t o f t h e carbamoyl group,where a rhenium-amidine r i n g complex i s 

formed w i t h t h e i n c l u s i o n o f a c a r b o n y l group, and t h a t o f t h e s i m p l e two 

e l e c t r o n donor amidine l i g a n d . Both o f these t y p e s o f complex a re a i r 

s t a b l e , and t h e rhenium-amidine bond i s under l i t t l e o r no s t r a i n . 

The i n i t i a l work w i t h t r a n s i t i o n m e t a l c a r b o n y l a m i d i n e systems has been 

p e r f o r m e d u s i n g molybdenum 0tungsten, manganese^palladium and p l a t i n u m 

systems. The r e a c t i o n o f CpMo(C0) 3Cl w i t h l i t h i o a m i d i n e s produces t h e 

carbamoyl complex CpNk^CO^CCOAm), whereas when i t i s r e f l u x e d w i t h 

N , N ' - d i s u b s t i t u t e d amidines,CpMo(C0) 2(Am) was produced [48], The l a t t e r 

s p e c i e s has been shown by x - r a y c r y s t a l o g r a p h y t o c o n t a i n a o,a- s y m e t r i c a l l y 

bonded c h e l a t e d a m i d i n e group [ 58 ] . The carbamoyl d e c a r b o n y l a t e s on 

h e a t i n g o r u.v. i r r a d i a t i o n t o produce t h e c h e l a t e d a m i d i n o complex, b u t 

much d e c o m p o s i t i o n o c c u r s . 

When t h i s work was extended t o o t h e r t r a n s i t i o n m e t a l c a r b o n y l s i t was 

f o u n d t h a t Mn(CO) cBr a l s o formed barbamoyl complexes when r e a c t e d w i t h 5 

l i t h i o a m i d i n e s . These carbamoyls a re a i r s e n s i t i v e s o l i d s , and are r e a d i l y 

c o n v e r t e d t o t h e c h e l a t e d a m i d i n o systems i n f a i r l y good y i e l d by t h e l o s s 

o f a c a r b o n y l group by r e f l u x i n g , o r u.v. i r r a d i a t i o n i n an i n e r t s o l v e n t . 

U n f o r t u n a t e l y t h e s e complexes p r o v e d t o o a i r s e n s i t i v e f o r a comprehensive 

s t u d y , and o n l y b a s i c i n f o r m a t i o n was o b t a i n e d . 

The r e c e n t l y r e p o r t e d s y n t h e s i s o f R e ( C 0 ) 4 ( f o r m a m i d i n o ) complexes shows 

as e x p e c t e d t h a t t h e rhenium complexes a re more a i r s t a b l e t h a n t h e manganese 

analogues. The eviden c e f r o m t h e s e f o r m a m i d i n o complexes i n d i c a t e s the 
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presence o f symmetrically bonded amidino groups, and by comparison w i t h 
the known s t r u c t u r e o f CpMoCCO),^Am), a symmetrical °> °- bonding arrangement 
i s proposed [6l] „ 

This work extends the f i e l d t o include rhenium carbonyl acetamidino- and 

benzamidino- complexes and some of t h e i r simple r e a c t i o n s . New routes 

t o these complexes are explored w i t h some success. 

The r e a c t i o n o f the parent N,N'-disubstituted amidines w i t h Mn(C0)Br 
5 

has not been reported. When Re(CO),_Br i s r e f l u x e d w i t h the parent N,N'-
5 

d i s u b s t i t u t e d amidines a complicated r e a c t i o n occurs. This work i s 

reported separately i n chapter 6. 

5.2. EXPERIMENTAL 

5.2.1. Reaction o f [ Re(C0) 4Br] w i t h LiDPBA 

A s o l u t i o n o f LiDPBA i n monoglyme was prepared by f r e e z i n g t o -196°C 

a s o l u t i o n o f DPBAH (0.955g, 3.46m mole) i n monoglyme (40ml) and t o i t 

adding n - b u t y l l i t h i u m (3.46m mole i n hexane). The mixture was allowed 

t o warm t o room temperature and was then s t i r r e d f o r 15 minutes. The 

LiDPBA s o l u t i o n was then transferred by syringe onto s o l i d [RetCCO^Br]^ 

(1.309g, 1.73m mole) and the mixture s t i r r e d . A f t e r 30 minutes the white 

suspension had disappeared, and a c l e a r yellow s o l u t i o n r e s u l t e d . The 

s o l u t i o n was evaporated t o dryness (using ether a d d i t i o n s t o reduce gum 

f o r m a t i o n ) , the residue e x t r a c t e d w i t h toluene (25ml), and the c l e a r yellow 

s o l u t i o n f i l t e r e d through alumina (one inch column). This s o l u t i o n was 

then evaporated t o small volume (5ml) and l e f t i n the freezer t o 

c r y s t a l l i s e . A white product separated which was i d e n t i f i e d by i . r . 

spectroscopy as Re(C0) 4(DPBAH)Br. Hexane (5ml) was then added t o the 

mother l i q u o r , and yellow c r y s t a l s formed on c o o l i n g . This product, 

Re(CO) (DPBA) was r e c r y s t a l l i z e d from toluene ( y i e l d 0.42g, 21%). 
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C,48.53; N.4.83; H.2.57: 

Re(C0) 4(DPBA) r e q u i r e s C.48.53; N.4.92; H,2.64% 

Me l t i n g p o i n t 

I n f r a - r e d spectra 
-1 

148 °C 

v(CO) cm 

v(CO) cm -1 
CH„C1 2 2 
Nu j o l 

2117w 

2110w 

2005vs 

1995VS 

1981vs 

1973V.S 

1947vs 

1918vs 

Mass spectrum: The peak a t highest m/e value was the parent i o n 

[ 1 8 7Re(C0) 4(DPBA)] + at m/e 570. Daughter ions occured a t m/e values 

542,514,486, and 458 corresponding t o the stepwise loss of the 4 carbonyl 

groups. Metastable peaks were not observed. 

5.2.2. Reaction o f [Re(C0) 4Br L _ w i t h LiDPTBA 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.1. The 

crude product contained Re(C0) 4(DPTBA) { Re(CO)4(DPTBAH)Br and an isomer 

o f (o-met)Re(C0)3(DPTBA)(DPTBAH)(v (NH)3335w cm"1, v(C0) 2018vs, I919vs, 

1873vs cm 1 ) , a l l i d e n t i f i e d by i . r . spectroscopy. This crude product 

was r e c r y s t a l l i s e d from a toluene/hexane s o l u t i o n g i v i n g yellow c r y s t a l s 

o f Re(C0)4(DPTBA) ( y i e l d 20%). 

Analyses. Found: C.49.93; N.4.64; H.3.25 

Re(C0)4(DPTBA) r e q u i r e s C,50.23; N,4.69; H,3.18% 

M e l t i n g p o i n t 

I n f r a - r e d spectra 

v (CO) cm"1 

114°C 

CH 2C1 2 

-1 v (CO) cm " Nujol 

'H n.m.r. spectrum 

2103w 

2106w 

2002vs 

2000vs 

1947vs 

1978vs 

1930vs 

1911vs 

CDCl^ 6.95(1), 6.74(1), 6.45&), 6.61(3), 2.18(3)6 . 3 * 
Mass spectrum: The peak a t highest m/e value was the parent i o n 

[ 1 e ?Re(C0) 4(DPTBA)] + at m/e 598. Daughter ions occured a t m/e values 570, 

542, 514, and 486, corresponding t o the stepwise loss o f the fou r carbonyl 

groups. No metastable peaks were observed. 
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5.2.3. Reaction o f [ Re(CO)^Cl] „ w i t h LiDPBA 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.1. The product 

was shown by i . r . spectroscopy t o be Re(C0) 4(DPBA) ( y i e l d 28%). 

5.2.4. Reaction o f [ Re(C0) 4Cl] ̂  w i t h LiDPTBA 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.1. 

The product was shown by i . r . spectroscopy t o be Re(CO)^(DPTBA) ( y i e l d 19%). 

5.2.5. Reaction o f [Re (CO) .CI] „ w i t h LiDPAA .— 4 2.—=—•—™ 

A s o l u t i o n o f LiDPAA i n monoglyme was prepared by f r e e z i n g t o -196°C 

a s o l u t i o n of DPAAH (0.315g,1.50m mole) i n monoglyme (25ml) and t o i t 

adding n - b u t y l l i t h i u m (1.50 m mole i n hexane). The mixture was allowed t o 

warm t o room temperature and was then s t i r r e d f o r 15 minutes. The LiDPAA 

s o l u t i o n was then t r a n s f e r r e d by syringe onto s o l i d [ Re(CO)^Cl) 

(0.500g,0.75m mole) and the mixture s t i r r e d f o r one hour g i v i n g a pale 

yellow s o l u t i o n . A f t e r evaporation t o dryness (using ether a d d i t i o n s t o 

prevent gum formation) the residue was e x t r a c t e d w i t h toluene (15ml) and 

the pale yellow s o l u t i o n f i l t e r e d through alumina ( 1 " column). The 

s o l u t i o n was then evaporated t o low volume (5cm3 ) and placed i n the f r e e z e r 

t o c r y s t a l l i s e . A crude product c o n t a i n i n g Re(C0) 4(DPAA),Re(C0) 4(DPAAH)Br 

and (o-met) Re(C0)^(DPAA)(DPAAH) ( a l l i d e n t i f i e d by i . r . spectroscopy) was 

p r e c i p i t a t e d . Hexane (2ml) was added t o the mother l i q u o r , which on 

standing produced yellow c r y s t a l s o f Re(C0)4(DPAA)» These c r y s t a l s were 

r e c r y s t a l l i z e d twice from a hexane s o l u t i o n , ( y i e l d a f t e r 1st r e c r y s t a M z a t i o n , 

1.54g, 20%). 

Analyses. Found: 

Re(C0) 4(DPAA) r e q u i r e s 

Me l t i n g p o i n t 

C.42.59; H,2.40; N, 5.49: 

C.42.59; H.2.56; N, 5.52% 

146°C 

I n f r a - r e d spectra 
v (CO) cm"1 CH 2C1 2 2114w 

2110w 

1998Vs 

1992vs v (CO) cm N u j o l 

'H n.m.r. spectrum 

CDC1 
3 7.25, 7.13, 6.93, 6.8(10) 2.07(3) 6 

1976vs 

1978vs 

1933vs 

1940vs 
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Mass Spectrum: The peak a t highest m/e value was the parent i o n 

[ 1 8 7Re(CO) 4(DPAA)] + a t m/e 508. Daughter ions were also observed a t 

m/e values 480, 455, 424 and 396, corresponding t o the stepwise loss of 

the 4 carbonyl groups. No metastable ions were observed. 

2.6. Reaction o f [Re(CO)„C1]„ w i t h LiDPTAA 
b 4 : 

The r e a c t i o n procedure and co n d i t i o n s were i d e n t i c a l t o 5.2.5. The 

product was r e c r y s t a l l i z e d twice from hexane g i v i n g yellow c r y s t a l s . 

( Y i e l d a f t e r f i r s t r e - c r y s t a l l i z a t i o n 18%). 

Analyses. Found: C.45.71; N.5.28; H, 3.26: 

Re(C0) 4(DPTAA) r e q u i r e s C.44.84; N.5.23; H, 3.18% 
Me l t i n g p o i n t 

I n f r a - r e d Spectra 
-1 v(C0) cm CH 2C1 2 

-1 v(CO) cm ~ Nujol 

'H n.m.r. Spreetrum 

140°C. 

2110w 

2000w 

2000vs 

1992vs 

1976v 3 

1977vs 

1932v 3 

1938vs 

CDC13 6.87, 6.73(8), 2.30(6), 2.03(3) 6 . 

Mass Spectrum: The peak a t highest m/e value was the parent i o n 

[ 1 8 7Re(C0) 4(DPTAA)] + a t m/e 536. Daughter ions occured a t m/e values 

508, 480, 452 and 424, corresponding t o the stepwise loss of the fou r 

carbonyl groups. No metastable peaks were observed. 

,2.7. Reaction o f R e 2 ( C 0 ) 1 Q w i t h DPTBAH 

R e 2 ( C 0 ) 1 Q (0.788g, 1.21m mole) was dissolved i n toluene (20ml) and t o i t 

added DPTBAH (0.725g, 2.42m mole). The s o l u t i o n was r e f l u x e d f o r 12 hours, 

and although the s o l u t i o n became dark brown, t h e v (CO) region o f the 

i . r . spectrum remained unchanged. 

The s o l u t i o n was t r a n s f e r e d t o a s i l i c a f l a s k and i r r a d i a t e d w i t h u.v. 

l i g h t from a high pressure mercury lamp f o r two hours, t h e v (CO) 

s t r e t c h i n g frequencies remained unchanged. Further i r r a d i a t i o n , f o r a 

t o t a l o f 8 hours produced a very dark solution,which contained no v(CO) 

s t r e t c h i n g frequencies, and a l i g h t grey p r e c i p i t a t e on the w a l l s o f the 
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f l a s k . An i . r . spectrum o f t h i s p r e c i p i t a t e showed i t t o contain 
n e i t h e r amidine nor carbonyls and i t was discarded. 

The s o l u t i o n was evaporated a t reduced pressure t o about 5ml, ether 

(2ml) added and then placed i n the free z e r overnight. A mustard 

coloured p r e c i p i t a t e was produced, t h i s was r e c r y s t a l i s e d from a 

CH^Cl^/hexane s o l u t i o n g i v i n g j u s t enough m a t e r i a l f o r an i . r . 

spectrum. The spectrum showed the product t o be Re(C0) 4(DPTBA). 

2.8. Reaction o f Re(CO)„(DPBAH)Br w i t h n - b u t y l l i t h i u m 

A s o l u t i o n o f Re(C0) 4(DPBAH)Br (0.743g, 1.14m mole) i n monoglyme (40ml) 

was frozen t o -196°C. To i t was added a hexane s o l u t i o n o f n - b u t y l 

l i t h i u m (1.14m mole), and the mixture allowed t o reach room temperature, 

i t was then s t i r r e d f o r 30 minutes forming a yellow s o l u t i o n . The 

solvent was then removed by evaporation, the residue e x t r a c t e d 

w i t h toluene (40ml) and f i l t e r e d . Evaporation o f t h i s s o l u t i o n t o 

low volume (5ml) and c o o l i n g produced the product Re (CO) (DPBA) ( i d e n t i c a l 

t o t h a t produced i n 5.2.1.) as yellow c r y s t a l s ( y i e l d 0.402g 62%). The 

remaining mother l i q u o r produced some more yellow c r y s t a l s which were 

shown by i . r . spectroscopy t o be an orthometalbte t r i c a r b o n y l species, 

( v(NH)3335m cm"1; v (CO) 2018w, 1919v.s, 1873vs cm"1 N.ujol). There was 

i n s u f f i c i e n t sample f o r f u r t h e r a n a l y s i s . 

2.9. Reaction o f Re(CO) „(DPTBAH)Br w i t h n - b u t y l l i t h i u m 

Reaction c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.8. The product 

Re(C0)4(DPTBA) i s the same as t h a t described i n 5.2.2 ( y i e l d 60%). Two 

other yellow c r y s t a l l i n e products were produced i n t h i s r e a c t i o n . They 

c o - c r y s t a l l i z e d a f t e r Re(C0)4(DPTBA) on the a d d i t i o n o f hexane, and were 

i d e n t i f i e d as the two isomers o f (o-met)Re(CO)^(DPTBA)(DPTBAH) by t h e i r 

i n f r a - r e d spectra. The prepara t i o n o f these complexes i s described i n 

Chapter 6. 
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5.2.10 Reaction o f Re(C0) 4(DPAAH)Br w i t h n - b u t y l l i t h i u m 

Reaction c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.8. The product 

Re(C0) 4(DPAA) was contaminated by (o-met)Re(CO)3(DPAA)(DPAAH), and had 

t o be r e c r y s t a l l i z e d from hexa.ne three times t o produce a pure sample 

( y i e l d 30%). I t was i d e n t i c a l t o t h a t produced i n 5.2.5. 

5.2.11 Reaction of Re(CO)„(DPTAAH)Br and n - b u i y l l i t h i u m 

Reaction c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.8- The product 

Re(C0)4(DPTAA) was contaminated w i t h (o-met)Re(CO)3(DPTAA)(DPTAAH), and 

had t o be r e c r y s t a l l i s e d from hexane three times t o produce a pure sample 

( y i e l d 24%). I t was i d e n t i c a l t o t h a t described i n 5.2.6. 

5.2.12 Reactions o f Re(CO)„(AmH)Cl w i t h n - b u t y l l i t h i u m 

Reactions 5.2.8. - 5.2.11 were repeated using the c h l o r i d e precursor. 

The products were i d e n t i c a l t o those described f o r the bromide, and i n 

s i m i l a r y i e l d s . 

5.2.13 Reaction of Re(C0) 4(DPBA) w i t h Hydrobromic Acid 

Re(C0) 4(DPBA) (O.lOOg, 1.75m mole) was suspended i n methanol (10ml). 

Hydrobromic acid (0.3ml, 47%, 1.75m mole) was added dropwise, the s o l i d 

changing colour from yellow t o white. The solve n t was then syringed o f f , 

and the s o l i d dryed under vacuum. An i . r . spectrum showed i t t o be 

Re(C0) 4(DPBAH)Br. 

5.2.14 Reaction o f Re(C0) 4(PPh 3)Br w i t h DPTAAH 

Re(C0) 4(PPh 3)Br (0.500g,0.78m mole) was dissolved i n toluene (40ml) 

and t o i t added DPTAAH (0.371g,1.56m mole). The mixture was r e f l u x e d f o r 

4 hours, u n t i l a l l the v(C0)'s o f the react a n t had disappeared. The 

solvent was then evaporated a t reduced pressure t o % o f i t s volume, then 

ether (10ml) added and the s o l u t i o n placed i n the f r e e z e r . A f t e r 16 hours 

a white powdery p r e c i p i t a t e had gathered, t h i s was c o l l e c t e d and d r i e d . 

I t was shown by 'H n.m.r. and i . r . spectroscopy t o be DPTAAH(HBr). To 

the remaining s o l u t i o n pentane (10ml) was added causing the p r e c i p i t a t i o n 
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of hard white c r y s t a l s o f Re(C0) 3(PPh 3) 2Br (.151g, v(CO) 1938vs, 
1884vs N u j o l ) . The mother l i q u o r was then removed by evaporation a t 
reduced pressure, and the residue e x t r a c t e d w i t h c a r b o n t e t r a c h l o r i d e (10ml) 
Solvent evaporation and c o o l i n g produced the product Re(C0) 3(PPh^(DPTAA). 
I t was r e c r y s t a l l i z e d from carbontetrachloride/pentane, g i v i n g a white 
powder ( y i e l d 0.19g, 31%). 

Analyses. Found: C.57.77; N.3.65; H.4.20: 

Re(CO)„(PPh )(DPTAA) requires C.57.76; N.3.63, H, 4.16% 3 3 
Me l t i n g p o i n t 196°C ( w i t h decomposition). 

I n f r a - r e d spectra 

v(C0) cm - 1 C H 2 C 1 2 2018vs 1914ws 1882vs 

v(C0) cm"1 N u j o l 2012vs 1907vs 1883vs 

'H n.m.r. spectrum 

CDC13 ( 6 ) Aromatic protons: 7.20(6), 7.10(2), 6.92(1), 6.60(1), 6.47(1). 

Me groups: 2.31s(2), 1.45d(1)(J=4H Z)• 

Mass spectrum: The peak a t highest m/e value was the parent ion 

[ l 8 7 R e ( P P h 3 ) ( D P T A A ) ( C 0 ) 3 ] + a t m/e 770. The f o l l o w i n g fragmentations were 

observed:- „„„ -CO. „,„ -CO „ 
-CO^ 742 =& 714 686 _ p p h 

[Re(PPh ) (DPTAA) (CO) ^>Re(DPTAA> + 

770 508 » 480 -> 452 ^ 
-PPha -CO -CO "CO 424 

metastable ions were not observed. 

,2.15 Reaction o f Re(C0) 4(PPh 3)Br w i t h DPAAH 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.13. The 

product Re(C0) 3(PPh 3)(DPAA) was c o l l e c t e d as an o f f - w h i t e s o l i d (45% y i e l d ) 

Analyses Found: C.56.71; N.3.80: H.3.80: 

Re(C0) 3(PPh 3)(DPAA) requires C,56.66; N.3.77; H,3.77% 

Melt i n g p o i n t 196°C ( w i t h decomposition). 

I n f r a - r e d spectra 

v(C0) cm"1 CH 2
C 1

2 2019v.s 1 9 1 2 v s l888vs 

v(C0) cm"1 N u j o l 2016V,s 1 9 0 9 V S 1885Ys 
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'H n.m.r. spectrum C D C 1

3
 (<s > Methyl: 1.62d( J=4HE ) . 

Aromatics: 7.13(5) 6.75(1) 6.61(1). 

Mass spectrum: The parent i o n was not observed, the peak a t highest 

m/e value occured a t m/e 714 corresponding t o [ Re(PPh )(DPAA)(CO) ] + . 

The f o l l o w i n g fragmentations were observed:-
-CO -CO 

-CO-^714 } 686 } 6 5 8 v - P P h 3 

Re(PPh 3)(DPAA)(C0)3 ^ j | ReAm * 
r r»480 ) 452 }424 ^ 0 

742 3 -CO -CO 396 

(not observed) 

the i n i t i a l l o s s o f carbonyl being the favoured r o u t e . 

.2.15 Reaction o f Re(CO) (PPh )Br w i t h DPTBAH 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.13. The 

product Re(CO) (PPh )(DPTBA) was r e c r y s t a l l i z e d from a CH CI /hex^ne 

s o l u t i o n as an o f f - w h i t e s o l i d ( y i e l d 38%). Re(C0) 3(PPh 3) 2Br was 

also c o l l e c t e d i n 20% y i e l d . 

Analyses. Found: C,61.55; N.3.35; H,4.20; 

Re(C0) 3(PPh 3)(DPTBA) req u i r e s C.60.67, N,3.37; H,4.09% 

Me l t i n g p o i n t 190°C ( w i t h decomposition). 

I n f r a - r e d spectra 

v (CO) cm"1 C H 2 C 1 2 2021 vs 1917 vs 1890v.s 

v (CO) cm N u j o l 2019vs 1918vs 1907vs 1899vs 1887vs 

'H n.m.r. spectrum C D C 1
3 ( 6 ) Methyl: 2.19 

Aromatics: 7.40(1), 7.25(4), 7.17(3), 6.87(4), 6.63(1), 6.3(1). 

Mass spectrum The peak a t highest mass i s the parent i on 

{ 1 8 7Re(C0) 3(PPh 3)(DPTBA) ] + a t m/e 832. The f o l l o w i n g fragmentations 

were observed:- _C0 =QQ 
-C^, 8 0 4 > 7 7 6 — > 7 4 8 N s _ p p h 3 

R e ( C 0 ) 3 ( P P h 3 ) ( D P T B A ) ^ ReAm + 

832 \ , / 486 
-PPh3

 > 570 > 542 — ^514 ' „„ 
-co -co ~ c o 
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the i n i t i a l l o s s o f carbonyl being the favoured route. Metastable 

peaks a t rn/e 721.0 and 695.9 were also observed, due t o the 

[Re(PPh 3)(Am)(C0) 2] ̂ -)[Re(PPh 3)(Am)(C0)] + and [ Re(PPh3(Am) (CO)] + — } 

[Re(PPh3) (Am)] + fragmentations. 

5.2.17 Reaction o f Re(C0) 4(PPh 3)Br w i t h DPBAH 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l t o 5.2.13. The 

product Re(CO) (PPh )(DPBA) was r e c r y s t a l l i z e d as an o f f - w h i t e powder 

from a CH CI /hexane s o l u t i o n ( y i e l d 42%). Re(CO) (PPh ) Br was also 

produced. 

Analyses Found: C.59.92; N,3.64; H.3.83: 

Re(C0) 3(PPh 3)(DPBA) r e q u i r e s C.59.81; N.3.49; H,3.74% 

Me l t i n g p o i n t 192°C ( w i t h decomposition). 

I n f r a - r e d spectra 

v (CO) CH 2C1 2 C n f 1 2020vs 1917v.s 1888v.s 

v (CO) Nujol cm - 1 2022V:s 1 9 l l v s 1894Vs 

Mass spectrum The peak a t highest m/e value was the parent i o n 

[ 1 e ,Re(C0) 3(PPh 3)(DPBA)] + a t m/e 804. The f o l l o w i n g fragmentations were 

observed: -CO -CO 
-CO ^-,776 — ^ 748 — > 7 2 0 ^ 

[Re(CO) 3(PPh 3)(DPBA)} + :^peAm f 
804 ^ 5 4 2 ^514 ^486 < ^ 4 5 8 

the i n i t i a l loss of carbonyl being the favoured r o u t e . Metastable peaks 

were also observed a t m/e 748.9, 721.0 and 693.0 corresponding t o the 

[Re(PPh 3)(Am)(CO) 3] + » [Re(PPh 3)(Am)C0) 2 ] +,[Re(PPh 3)(Am)(C0) 2] + „—3, 

[Re(PPh )(Am)(CO) ] + , and [Re(PPh )(Am)(CO)J +—}[Re(PPh )(Am) ] + fragmentations. 

5.2.18 Reaction o f Re(C0) / |(AsPh 3)Br w i t h DPTAAH 

[ R e ( C 0 ) 4 B r ] 2 (0.500gj0.66m mole) was s i t r r e d w i t h AsPh 3 (0.405g, 1.32m mole) 

i n CC1 4 (40ml) a t 50°C f o r 2V2 hours. An i . r . spectrum of the s o l u t i o n 

showed t h a t Re(C0) 4(AsPh 3)Br had formed i n good y i e l d . To t h i s s o l u t i o n 

was added DPTAAH (0.62g, 2.g4m mole) and the s o l u t i o n r e f l u x e d u n t i l an 
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i°r. spectrum i n d i c a t e d t h a t the r e a c t i o n was complete (3 hours). Removal 
o f the solvent by evaporation a t reduced pressure l e d t o the formation 
o f a gum, toluene (4ml) was added t o form a s o l u t i o n , then the s o l u t i o n 
was cooled i n the f r e e z e r . A white s o l i d was p r e c i p i t a t e d , t h i s was 
shown by i . r . and n.m.r. spectroscopy t o be DPTAAH(HBr). The mother 
l i q u o r was returned t o the free z e r and an o f f white s o l i d p r e c i p i t a t e d . 
This was r e c r y s t a l l i z e d from a CH^l^/nexane s o l u t i o n g i v i n g a white 
powder ( y i e l d 0 0 1 4 3 g 13%). 

Analyses Found: C,54.70; N„3.50; H.4.02: 

Re (CO) (AsPh )(DPTAA) r e q u i r e s C„54.61; N„3.44; H,3.94 

Me l t i n g p o i n t 185°C. 

I n f r a - r e d spectra 
-1 v(CO) cm 

v(CO) cm -1 
CH 2C1 2 

N u j o l 

2021v s 

2015 Vs 

'H n.m.r. spectrum C D C 1
3 ( 6 ) 

191CV s 1892V.S 

lS06vs 1887Vis 

Methyls: 2.31s(2) 1.63s(l) 

Aromatics: 7.07 (m) . 

Mass Spectrum: The peak a t highest mass was the parent i on 

[ 1 8 7Re(C0) 3(AsPh 3)(DPTAA)] + a t m/e 814. 

The f o l l o w i n g fragmentations were observed. 

-CO 

Re (CO) (AsPh..) (DPTAA) 

-CO -CO 
786 £758 ?> 730, 

814 -AsPh, 

.-AsPh3 

ReAm 
-CO 424 

508 4>480 ?>452 
-CO -CO 

5.2.19 Reaction o f Re(CO) (PPh )Br w i t h DPTAAMe 

Re(C0) 4(PPh 3)Br (0.200g,0.31m mole) was dissolved i n toluene (10ml) and t o 

i t added DPTAAMe (0.079g, 0.31m mole). This mixture was then r e f l u x e d f o r 

a t o t a l o f 21 hours when the i . r . spectrum i n d i c a t e d t h a t a l l the 

Re(C0) 4(PPh 3)Br had reacted, a white p r e c i p i t a t e was evident on the w a l l s o f 
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the f l a s k . The s o l u t i o n was f i l t e r e d . An i . r . spectrum showed the 

p r e c i p i t a t e t o be hydroscopic, i t contained n e i t h e r amidine nor 

carbonyl groups and was not i n v e s t i g a t e d f u r t h e r as there was i n s u f f i c i e n t 

sample. Evaporation and c o o l i n g o f the s o l u t i o n produced a p r e c i p i t a t e 

o f trans Re(CO) (PPh„)„Br. The remaining s o l u t i o n could not be 3 3 2 

su c c e s s f u l l y c r y s t a l l i z e d due t o gum formation although several solvents 

were t r i e d , ( i n c l u d i n g CH^Cl^, ether, monoglyme and pentane). An i . r . 

spectrum i n CH 2C1 2 showed \>(CO)'s a t 2020s and 1904s( broad), I believed 

t h i s t o be a crude sample o f Re(CO)3(PPhg)(DPTAAMe)Br. 

5.2.20 Reaction of Re(C0) 4(DPBA) w i t h PPh 3 

Re(C0) 4(DPBA) (0.120g,0.21m mole) was dissolved i n toluene (20ml) and 

t o i t added PPhg (0.060g 0.21m mole). The s o l u t i o n was then r e f l u x e d 

u n t i l an i . r . spectrum showed t h a t the r e a c t i o n was complete (2 hours). 

The s o l u t i o n was cooled, evaporated t o h a l f i t s volume and pentane (5ml) 

added. White c r y s t a l s o f Re(CO)3(PPhg)(DPBA) formed on co o l i n g ( y i e l d 

0. 12g 67%). 

5.2.21 Reaction o f Re(C0)4(DPTAA) w i t h PPh 3 

Re(C0)4(DPTAA) (O.lOOg, 0.18m mole) was dissolved i n t o i l ene (20ml) and 

t o i t added PPh 3 (0.049g 0.19m mole). The s o l u t i o n was r e f l u x e d f o r 2 

hours, then the solvent removed by evaporation a t reduced pressure. An 

1. r . spectra o f the crude product showed i t t o be Re(CO) (PPh )(DPTAA), 

5.2.22 Reaction o f Re(CO).(DPBA) w i t h DPBAH 
' *-t 1 

Re(C0) 4(DPBA) (0.205g, 0.36m mole) was dissolved i n tolusne (12ml) and 

t o i t added DPBAH (0.098g, 0.36m mole). The s o l u t i o n was then r e f l u x e d 

f o r 4 hours, evaporated a t reduced pressure t o about 3ml, a few drops 

o f hexane added and set i n the f r e e z e r . This produced yellow c r y s t a l s 

o f (o-met)Re(CO)3(DPBA)(DPBAH), ( y i e l d 0.20g, 66%). The product i s 

described f u l l y i n sec t i o n 6.2.4. A d d i t i o n o f more pentane produced a 

second yellow c r y s t a l l i n e product. This was believed t o be a second isomer 
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o f (o-met)Re(CO) (DPBA(DPBAH) ( c . f . s e c t i o n 6.2.5.). I t was r e c r y s t a l l i z e d 

from pentane. 

Data f o r the second isomer o f (o-met)Re(CO) (DPBA)(DPBAH) 

Analyses. Found: C.62.01; N.7.02; H,4.06: 

(o-met)Re(CO) (DPBA)(DPBAH) r e q u i r e s C.60.52; N.6.88; H,3.81% 

Mass Spectrum: This was i d e n t i c a l t o isomer described i n 6.2.4. 

I n f r a - r e d spectrum 

v (CO) Nujol 2016vs 1912vs 1873vs cm"1. 

v(N-H)Nujol 3341m cm"1. 

5.2.23 Reaction o f Re(C0)4(DPTBA) w i t h DPTBAH 

Re(C0) 4(DPTBA) (O.lOOg, 0.17m mole) was dissolved i n monoglyme (10ml) 

and t o i t added DPTAAH (0.050g, 0.17m mole). The s o l u t i o n was then 

r e f l u x e d f o r 4 hours, then the sol v e n t removed by evaporation a t reduced 

pressure. An i . r . spectrum i n CH^Cl^ showed t h a t (o-met)Re(C0) 3(DPTBA) 

(DPTBAH) was produced. (v(NH) CH 2C1 2 3340 cm - 1;v(C0) CH 2C1 2 2012v s, 

1895vs, 1882v s). The product i s described f u l l y i n s e c t i o n 6.2.5. 

5.2.24 Reactions o f Re(C0) 4(DPAA) and Re(C0) 4(DPTAA) w i t h DPAAH and DPTAAH 

These r e a c t i o n s were performed on a very small scale i n the same 

manner as 5.2.22. The products were not i s o l a t e d . I n f r a - r e d spectra 

i n CH 2C1 2 showed the products t o be (o-met)Re(CO)^(Am)(AmH) as described 

i n sections 6.2.1. and 6.2.3. 

5v3. DISCUSSION 

Compounds o f the formula Re(C0) 4(Am) were prepared by the r e a c t i o n 

o f [ R e ( C 0 ) 4 X ] 2 (X=Cl,Br) w i t h l i t h i o - d i a r y l a c e t a m i d i n e s and l i t h i o -

diarylbenzamidines i n monoglyme s o l u t i o n . These compounds were b r i g h t 

y e llow, a i r s t a b l e s o l i d s (m.ph C a . 140°) which formed yellow a i r s t a b l e 

s o l u t i o n s i n organic solvents. They were shown by spectroscopic methods 

t o be i d e n t i c a l w i t h the decarbonylation products o f Re(C0)4(C0Am) 
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complexes (Chapter 3 ) . Although monitoring of the r e a c t i o n s o l u t i o n by 
i n f r a - r e d spectroscopy i n d i c a t e d t h a t the product was formed i n good y i e l d , 
only about 20% of the product was recovered from the r e a c t i o n . T h i s 
was due mainly to the f a c t t h a t two other products were produced i n 
the r e a c t i o n , (Re(C0) 4(AmH)X and an o r t h o - m e t a l l a t e d s p e c i e s Re(CO) (Am)(AmH)), 
and the ensuing problems of product i s o l a t i o n . The formation of the ortho 
- r e t a l i a t e d s p e c i e s consumes two amidine molecules, and so has a g r e a t e r 
e f f e c t on the % y i e l d . The s o l u b i l i t y of unreacted f r e e amidine 
(formed from protonation of the amidino-ion), (o-met)Re(C0) 3(Am)(AmH), 
and the product Re(C0) 4(Am) were very s i m i l a r i n a range of s o l v e n t s 
making s e p a r a t i o n by f r a c t i o n a l c r y s t a l l i z a t i o n extremely d i f f i c u l t . 
Seeding of the s o l u t i o n s and the r e l a t i v e c o n c e n t r a t i o n s of the s p e c i e s 
i n s o l u t i o n appeared to be v e r y important, as a s o l u t i o n c o n t a i n i n g 
both Re(C0) 4(Am) and (o-met)Re(CO) 3(Am)(AmH) could produce a 
p r e c i p i t a t e of e i t h e r of the products f i r s t , or as more f r e q u e n t l y happened 
a mixture of the two. As both of the complexes form b r i g h t yellow c r y ­
s t a l l i n e s o l i d s , i t was extremely d i f f i c u l t to o b t a i n c o n d i t i o n s i d e a l 
f o r the p r e f e r e n t i a l c r y s t a l l i z a t i o n of one product. Chromatography 
of the r e a c t i o n mixture u s i n g s i l i c a g e l or alumina columns was not 
j u s t i f i e d due to e x c e s s i v e l o s s through r e t e n t i o n o f the product on the 
column u s i n g a whole range of organic s o l v e n t s . 

I n order to s i m p l i f y the procedure f o r the i s o l a t i o n o f the product, some 

of the r e a c t i o n s were repeated u s i n g toluene and hexane s o l u t i o n s . The 

work up proved not to be s i g n i f i c a n t l y d i f f e r e n t to t h a t d e s c r i b e d 

f o r the monoglyme r e a c t i o n s , nor were y i e l d s or product r a t i o s a f f e c t e d . 

A more e f f i c i e n t route to the pure product than the two e s t a b l i s h e d methods 

( i . e . d ecarbonylation of Re(C0 4(C0Am) and Re(C0) 4X 2+LiAm) was t h e r e f o r e sought. 

No r e a c t i o n accuifed between R e 2 ( C 0 ) 1 Q and DPTBAH i n r e f l u x i n g toluene. 

U l t r a - v i o l e t i r r a d i a t i o n o f the s o l u t i o n caused decomposition of the 

carbonyl, although a s m a l l y i e l d o f Re(C0) 4(DPTAA) was produced. T h i s 
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was not a v i a b l e method o f synthesis. 

A d d i t i o n of an equimolar amount o f n - b u t y l l i t h i u m t o a s o l u t i o n o f 

Re(C0)4(AmH)X (X=Cl,Br) i n monoglyme (or hydrocarbon s o l v e n t ) also 

produced the compound Re(C0)4Am. Monitoring the r e a c t i o n mixture by 

i n f r a - r e d spectroscopy proved t o be impossible f o r t h i s r e a c t i o n because 

o f the extreme s i m i l a r i t y between the s o l u t i o n spectra o f Re;C0)4Am and 

Re(C0) 4(AmH)Br. This method o f synthesis also produced the o r t h o -

m e t a l l a t e d d e r i v a t i v e , leading t o the previously s t a t e d problems o f 

product i s o l a t i o n . Although the y i e l d s recorded were s l i g h t l y b e t t e r 

than v i a the [ R e ( C 0 ) 4 ) x ] 2 r o u t e , the necessary presynthesis o f 

Re(CO)4(AmH)X makes t h i s route unfavourable. 

The evidence f o r the f o r m u l a t i o n o f these complexes i s derived from 

the a n a l y t i c a l data, and i n f r a - r e d and mass spectrometry. A l l of the 

compounds analyse c o r r e c t l y f o r Re(C0) 4(Am) complexes. The i n f r a - r e d 

spectra contain f o u r t e r m i n a l carbonyl s t r e t c h i n g frequencies c o n s i s t e n t 

w i t h a d i - s u b s t i t u t e d t e t r a c a r b o n y l moiety, which on i n i t i a l i n s p e c t i o n 

appear the same as f o r the complexes Re(C0)4(AmH)X. I n s o l u t i o n i t was 

d i f f i c u l t t o t e l l them apart, the major d i f f e r e n c e occuiring f o r the second 
-1 -1 lowest frequency band (1985-1995 cm f o r Re(C0) 4(Am)X; 1975-1985 cm f o r 

Re(C0) 4(Am)). Fortunately other d i f f e r e n c e s were apparent i n the N u j o l 

spectra. I n a d d i t i o n t o the d i f f e r e n c e i n the s o l u t i o n spectra the low 

frequency carbonyl occurred a t 1930 cm 1 f o r Re(C0) 4(Am), about 10 cm 1 

higher than t h a t of Re(C0)4(AmH)X; also the v(N-H) v i b r a t i o n o f the 

Re(C0)4(AmH)X complexes a t about 3222 cm 1 was no longer present i n 

Re(C0) 4(Am) complexes. A l l o f the compounds e x h i b i t e d molecular ions of 

4 carbonyl groups. I t i s concluded t h e r e f o r e t h a t Re(C0) 4(Am) i s the 

c o r r e c t f o r m u l a t i o n o f the complex, and i f the complex i s t o obey the 

18 e l e c t r o n r u l e , the amidino-group must supply the rhenium atom w i t h 

three e l e c t r o n s . 

I n Chapter one, i t was suggested t h a t such complexes might be bonded w i t h 

e i t h e r a pseudo n a l l y l i c - t y p e o f bonding, or a chelate-type. I n 
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a d d i t i o n three d i f f e r e n t types o f chelate bonding were proposed 

( F i g . 1.4.5.), i n c l u d i n g s y m e t r i c a l o , a ( w i t h d e l o c a l i s e d e l e c t r o n s ) , 

unsymetricala,a(with a l o c a l i s e d double bond), a n d 0 , n -bonding 

( w i t h a C=N double bond). The 'H n.m.r. spectra shows the magnetic 

equivalence of p - t o l y l methyl groups i n these complexes, but t h i s 

evidence has proved misleading f o r the carbamoyl complexes i n t h i s work 

and elsewhere. The 1 1 n.m.r. spectrum was obtained f o r Re(C0) 4(DPBA) 

( F i g . 5.3.1.) ( i n s u f f i c i e n t l y pure samples were a v a i l a b l e f o r the 

other species), and showed the equivalence o f the a r y l carbon atoms, 

and two p a i r s o f carbonyls. The spectrum d i d not show any appreciable 

1=1* =145.97 6= 123.68 

2=2l =123.74 7= 128.94 

3=3' =128.55 8= 129.98 

4=4l =122.96 . 9= 132.71 

10=10 =189.77 

11=11 =186.78 

5= 165.00 

Fi g . 5.3.1. 

change when re-run a t -60°C, e l i m i n a t i n g the p o s s i b i l i t y of dynamic 

equivalence due t o r a p i d interchange o f bonding mode.The equivalence 

o f the N-Aryl groups i n the lC n.m.r. spectrum e l i m i n a t e the p o s s i b i l i t y 

o f a l o c a l i s e d C=N double bond, and t h e r e f o r e the unsymmatrical qo -

and cr , II-types o f bonding. Which o f the remaining s t r u c t u r e s , t h a t 

o f the pseudo- rfallyl or chelate type bonding cannot be resolved wit h o u t 

c r y s t a l s t r u c t u r e being performed, but i n view o f the i n f o r m a t i o n 

a v a i l a b l e f o r other amidino-complexes (Chapter 1 ) , the chelate s t r u c t u r e 

appears most l i k e l y , F i g . 5.3,2. 
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R' 

R-N- N-R 

Re 

Fi g . 5.3.2. 

The i n f r a - r e d absorption associated w i t h the N-C-N skeleton are l i s t e d 

i n t a b l e 5.3.1. 

Table 5.3.1. 

Complex 

Re(C0) 4(DPAA) 

Re(C0)4(DPTAA) 

Re(C0) 4(DPBA) 

Re(C0)4(DPTBA) 

i . r . absorptions associated w i t h the N-C-N skeleton 
( c m - 1 N u j o l ) 

1590m 1575w 1495s 1475s 1412s 
1364m 1312w 1297w 

1606w 1570v w 1502s 1490s 1475s 
1412s 1368m 1315w 1293w 

1590m 1570w 1525w 1490s 1475sh 
1425s 1365w 1273w 

1606w 1569w 1502s 1432s 1365w 
1298w 1272w 

Compared t o the spectra f o r the f r e e amidines (page £?7 ) the bond at 
-1 -1 about 1600 cm represents a lowering ( o f about 20 cm ) o f the high 

frequency v i b r a t i o n a t t r i b u t e d t o the v{N-C-N) asymetric s t r e t c h . The 

symetric s t r e t c h i s s i m i l a r l y lowered, w i t h the absorption now occurring 
-1 

a t about 1500 cm . These changes are s i m i l a r t o those observed f o r 

other Re-Amidine systems (Chapters 3 and 4) and can be i n t e r p r e t e d as 

e i t h e r the popula t i o n o f the n* antibonding o r b i t a l s of a d e l o c a l i s e d 

amidine group, or as a perturbation on the N-C-N system induced by bonding 

t o the Re atom. 
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The formation of the complexes from Re(C0) 4X and l i t h i o - a m i d i n e s 
can be assumed not to take p l a c e v i a a t t a c k a t a carbonyl as there i s no 
evidence of carbamoyls being formed. Two remaining r o u t e s f o r r e a c t i o n 
are p o s s i b l e , i . e . where L i X i s e l i m i n a t e d as e i t h e r a f i r s t or second 
step, ( F i g 5.3.2.). I t i s not p o s s i b l e to p r e d i c t which of the r e a c t i o n 
r o u t e s i s followed. 

0 0 0 R 0 0 0 
N L i X \ +Li RNCR'NR Re Re Re C R 

/ X 0 0 0 N 
0 0 R 

L i X 

0 R 
0 0 N R N 

Re Re R 
0 N N \ R 0 0 0 R 

F i g . 5.3.2 

The formation of Re(CO) 4Am from the r e a c t i o n of Re(C0) 4(AmH)X and n-butyl 

l i t h i u m can a l s o take p l a c e v i a two r o u t e s : - a) the i n i t i a l removal 

of the proton from the amino group followed by e l i m i n a t i o n of HX; or 

b) the e l i m i n a t i o n of L i X followed by n u c l e o p h i l i c attack a t the metal 

by the amino n i t r o g e n and the removal of a proton by the Bu group. 

( F i g . 5.3.3.) 

The r e a c t i o n of Re(C0) 4Am with HBr forming cis-Re(CO) (AmH)Br i s probably 

a d i r e c t r e v e r s a l of route(b) o v e r l e a f . A f t e r protonation of the nitrogen, 

the amino group then l e a v e s the m e t a l , l e a v i n g a vacant c o - o r d i n a t i o n s i t e 
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N NR=CR'=NHR / BuH CR 4 (CO) Re CO) Re +BuLi 4 \ \ NR 

LiX 

R 
V N / N BUM 

(CO) .Re (CO), Re CR CR 
N 

R 
b 

F i g . 5.3.3. 

f o r n u c l e o p h i l i c a t t a c k by the bromine to occur, An SN^ type of r e a c t i o n 

i s judged not to have occurred, as t h i s normally r e q u i r e s the n u c l e o p h i l e 

to e n t e r t r a n s to the l e a v i n g group, r e s u l t i n g i n the formation o f the 

t r a n s isomer. I t may be p o s s i b l e to prepare other c i s - s u b s t i t u t e d 

rhenium amidine complexes by r e a c t i n g Re(C0) 4(Am) with compounds c o n t a i n i n g 

an a c i d i c proton, e.g. HF^I.HNO^.HCOOH.C^HOH e t c . 

The r e a c t i o n of Re(C0) 4(Am) with AmH i n r e f l u x i n g monoglyme (or toluene) 

i s unusual, as the product Re(C0) 3(Am)(AmH) c o n t a i n s an ortho°metalated 

amidino group. These compounds, and t h e i r r e a c t i o n s are de s c r i b e d 

s e p a r a t e l y i n Chapter 6, together with the obvious question; which group 

ortho-metalates; t h e amidine o r i g i n a l l y bound to the metal, or the 

incoming amidine? 

The r e a c t i o n of Re(C0) 4(Am) with PP" 3 i n r e f l u x i n g toluene to form 

Re(C0) 3(Am)(PPhg) i s o f l i t t l e note as i t i s a s t r a i g h t f o r w a r d s u b s t i t u t i o n 

o f a carbonyl group. I t i s however i n t e r e s t i n g i n the context o f the above 

r e a c t i o n , i . e . i t does not promote the formation of a ortho-metallated 
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product. The o r t h o - m e t a l l a t i o n r e a c t i o n above cannot t h e r e f o r e be 
merely the r e s u l t o f non-carbonyl l i g a n d being bound to the metal. 

The compounds Re(CO)g(Am)(PPh^) c o n t a i n i n g a three e l e c t r o n donor amidine 

l i g a n d were more e a s i l y obtained from the r e a c t i o n between Re(CO), (PPh_)Br 
k- 3 

and the f r e e amidines AmH, i n r e f l u x i n g toluene. The notable a s p e c t o f 

t h i s r e a c t i o n i s t h a t the amidine becomes a bi d e n t a t e three e l e c t r o n donor 

l i g a n d even though a n e u t r a l amidine s p e c i e s was used ( c . f . LiAm needed 

to form Re(CO)^(Am) when u s i n g [Re(CO)^X ],,). The r e a c t i o n proceeds i n 

f a i r l y good y i e l d (about 40%), the products being white a i r s t a b l e 

c r y s t a l l i n e s o l i d s with melting p o i n t s around 195°C. Only the f a c i a l 

isomer i s observed having t h r e e metal carbonyl s t r e t c h i n g f r e q u e n c i e s a t 

about 2020, 1917, and 1890 cm = 1. The analogous r e a c t i o n u s i n g DPTAAMe 

i s very slow, the r e a c t i o n pathway being e f f e c t i v e l y blocked by the 

s u b s t i t u t i o n o f a Me group f o r the amino proton. The t r i c a r b o n y l product 

detected by i . r . spectroscopy i s probably Re(CO) (AmMe)(PPh ) B r . I n 

the mass spectrometer, the parent ion i s observed f o r a l l but the DPAA 

complex, where [Re(CO) (Am) (PPh )] + i s the ion of h i g h e s t mass. The 

stepwise l o s s of the c a r b o n y l s and the PPh group i s c l e a r l y v i s i b l e , the 

i n i t i a l l o s s of the c a r b o n y l s being the m a r g i n a l l y p r e f e r r e d r o u t e . 

'H n.m.r. spectroscopy showed t h a t the two p a r a - t o l y l methyl groups of 

the DPTAA and DPTBA d e r i v a t i v e s to be i n i d e n t i c a l chemical 

environments, but t h i s was not confirmed by liC n.m.r. spectroscopy, as 

t h e r e was not enough of the samples a v a i l a b l e . The C=Me group o f the 

acetamidines was found to be s p l i t by 4Jfe ., t h i s was a t t r i b u t e d to 

long range P=H coupling. The subsequent s y n t h e s i s of Re(C0)g(AsPhg)(Am) 

which did not show such s p l i t t i n g confirmed t h i s . 
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The i n f r a - r e d a b s o r p t i o n s i n the v(N-C-N) region o f the spectrum 

(1650 - 1200 cm 1 ) are l i s t e d i n t a b l e 5.3.2. T h i s shows s i m i l a r 

a b s o r p t i o n s to those observed f o r the Re(C0)^(Am) complexes, and a 

s i m i l a r type o f d e l o c a l i s e d c h e l a t e bonding i s proposed ( F i g . 5.3.4) 

Table 5.3.2. 

Complex i . r . a bsorptions a s s o c i a t e d with 
s k e l e t o n ( c m - 1 N u j o l ) 

the NCN 

Re(C0) 3(PPh 3)(DPAA) 1590w 1500m 1475m 1429w 1410m 1218m 

Re(C0) 3(PPh 3)(DPTAA) 1600vw 1500m 1475m 1429wm 1413m 1408w 
1358wm 1288w 1222m 

Re(CO) 3(PPh 3)(DPBA) 1588w 1576w 1495m 1485m 1468m 1430s 
1375m 1312w 1275w 1212w 

Re(C0) 3(PPh 3)(DPTBA) 1603w 1565w 1500m 1465m 1425s 1408w 
1310w 1295w 1268w 1215w 

r 
R N / ' 

0C — 

\ N — R 

Re /^— PPh„ 

F i g . 5.3.4. 

The r e a c t i o n mixture contained two moles o f AmH per mole of Re(C 0 ) ^ ( P P h 3 ) B r ; 

t h i s was to provide a 'sink' f o r the e l i m i n a t e d HBr, without i n t r o d u c i n g 

a second Lewis base to the mixture which might complicate the r e a c t i o n . 

A p o s s i b l e r e a c t i o n mechanism f o r the formation o f Re(C0) (Am)(PPh ) from 

R e ( C 0 ) 4 ( P P h 3 ) B r and AmH i s i l l u s t r a t e d o v e r l e a f ( F i g . 5.3.5.). The 

formation of s u b s t a n t i a l amounts (20%) of t r a n s R e ( C 0 ) 3 ( P P h 3 ) 2 B r i n the 

r e a c t i o n i n d i c a t e s t h a t a second process can occur, i . e . the i n i t i a l 

e l i m i n a t i o n of PPh 3 from R e ( C 0 ) 4 ( P P h 3 ) B r . The l i b e r a t e d PPh 3 i s then f r e e 
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-CO 

+AmH 
^ ( P P h 3 ) ( C O ) 3 Re 

vBr 6 
•N—H 

R AmH 

Br 

F i g . 5.3.5. 

R 

(C O ) 3 ( P P h 3 ) R e ' CR' 

R 

to r e a c t with R e ( C 0 ) 4 ( P P h 3 ) B r to form the l i a b l e R e ( C 0 ) 3 ( P P h 3 ) 2 B r complex. 

The l a b i l e R e ( C 0 ) 4 ( s o l v e n t ) B r s p e c i e s a l s o formed probably r e a c t s with 

amidine to form (o-met)Re(C0) 3(Am)AmH). T h i s s p e c i e s was not detected 

however. 

The r e a c t i o n d i d not produce a complex c o n t a i n i n g an ortho-metalated 

amidino group ( c . f . r e f l u x o f AmH with Re(C0) 5Br,[Re(C0) 4X )^ and 

Re(C0) 4(AmH)X ) ? t h e reason f o r t h i s i s not c l e a r as i t seems to be the 

d e s i r e d thermodynamic product i n the above r e a c t i o n s . Three p o s s i b i l i t i e s 

f o r t h i s a r e : - a) once the product Re(CO) 3(PPh 3)(Am) i s formed i t i s 

very s t a b l e (m.pt. 190°C) and does not r e a c t f u r t h e r ; b) an ortho-metalated 

l i g a n d may have more s t e r i c i n t e r a c t i o n s with ci§_ PPh^ than a c h e l a t e d 

one; s t e r i c i n t e r a c t i o n s i n the c h e l a t e o-metalate t r a n s i t i o n - s t a t e 

prevent t h i s process occuiring. The f i r s t example appears to be most 

l i k e l y , as molecular models show t h a t the o-metaflated product has l e s s 

s t e r i c i n t e r a c t i o n s than the c h e l t e d one, and a l s o i n view of the 

r e a c t i o n between (o-met)Re(C0) 3(Am)(AmH) and PP" 3 which produces the 

c h e l a t e d amidino Re(C0) 3(PPh 3)(Am) complex (see Chapter 6 ) . 

P r e l i m i n a r y work suggests t h a t f a c i a l isomers of Re(C0) 3(PPh 3)(AmH)X can 

be produced by r e a c t i o n o f Re(C0) 3(PPh 3)(Am) with HX i . e . HC1, HBr, HI, 

HF, HN03, HCOOH and C gH 50H e t c . 
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CHAPTER 6 

Rhenium Carbonyl Complexes Containing An Ortho-Metallated Amidine Ligand 

6.1. INTRODUCTION 

The r e a c t i o n s of [ R e ( C 0 ) 4 X ] 2 and Re(C0) 4(AmH)X (X=Cl,Br) with l i t h i o 

amidines and n - b u t y l l i t h i u m r e s p e c t i v e l y produce the c h e l a t i n g 

amidino-complexes Re(C0) 4(Am), but the products are recovered i n low 

y i e l d . 

As i t i s known t h a t the c h e l a t e d amidino-complex CpMofCOjgC Am) [ 5 7 ] 

i s formed i n good y i e l d when CpMo(C0) 3Cl i s r e f l u x e d i n monoglyme 

with the parent amidine, a s i m i l a r r e a c t i o n was t r i e d u s i n g R e ( C 0 ) c B r and 
5 

DPTAAH. I n t h i s i n s t a n c e a more complex r e a c t i o n took p l a c e , r e s u l t i n g 

i n the formation o f an or t h o - m e t a l l a t e d rhenium amidine complex. 

T h i s Chapter d e s c r i b e s the o r t h o - m e t a l l a t i o n r e a c t i o n s o c c u r i n g f o r 

d i a r y l -acetamidines, -benzamidines and -formamidines and d i s c u s s e s 

the mechanisms by which these p r o c e s s e s might occur. I n a d d i t i o n 

a t t e n t i o n i s drawn to some novel t r a n s f o r m a t i o n s , i . e . t h a t o f a 

c h e l a t e d amidino-group to an ort h o - m e t a l l a t e d one, and v i c e - v e r s a . 

E x p l a n a t i o n s f o r these t r a n s f o r m a t i o n s are a l s o proposed. 

6.2. EXPERIMENTAL 

6.2.1. Reaction of Re(CO)jkwith 2DPTAAH 

To a suspension o f Re (CO) ..Br (l.OOg, 2.46m mole) i n monoglyme (40ml) was 
b 

added DPTAAH (1.72g, 4.92m mole) and the mixture r e f l u x e d f o r 6 hours. 

I n f r a - r e d s p e c t r a however showed t h a t the r e a c t i o n was completed a f t e r 

2%, hours. The monoglyme was removed by evaporation, and the r e s i d u e 

e x t r a c t e d with toluene (10ml) and p l a c e d i n the f r e e z e r . A f t e r 5 days 

a p r e c i p i t a t e was c o l l e c t e d (1.263g) which was found to c o n s i s t of two 
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c r y s t a l l i n e products, one ye l l o w [(o-met)Re(CO) 3(Am)(AmH)] and the 
other white [ R e ^ O ^ A m H ^ B r ] . The mother l i q u o r was evaporated 
to form a gummy r e s i d u e , e x t r a c t e d with C C l ^ , and pentane added. 
P r e c i p i t a t e s of Re(CO)^(DPTAAH)Br and DPTAAH(HBr) were c o l l e c t e d . 

The mixture of ye l l o w and white p r e c i p i t a t e s were heated i n vacuo; 

a f a i n t " s u b l i m a t e of DPTAAH appeared on the c o l d f i n g e r a t 145°C. 

The sublimate was removed, the c o l d f i n g e r cleaned and r e i n s e r t e d , 

and the temperature r a i s e d . The s o l i d did not sublime, but melted a t 

190°C, a yellow d e p o s i t g r a d u a l l y forming on the c o l d f i n g e r . T h i s 

product d i d not g i v e a c l e a n i . r . spectrum and so i t was r e c r y s t a l l i z e d 

from toluene/pentane g i v i n g y e l l o w c r y s t a l s . An i . r . spectrum of the 

r e s i d u e from the attempted s u b l i m a t i o n showed only the yellow product 

to be present. Experiment 6.2.7. u s i n g R e ( C O ) c C l suggests t h a t the white 
b 

product i n i t i a l l y formed was Re(CO) 3(DPTAAH)^Br. 

) Yellow product 

Analyses. Found: C,56.46; N.4.71; H.7.20: 

(o-met)Re(CO) 3(DPTAA)(DPTAAH) r e q u i r e s C.56.36; N,4.70; H,7.51% 

I n f r a - r e d s p e c t r a 

v(CO) C H
2

C 1 2 2015vs 1887vs broad cm""1 

v(CO) Nujol 2002vs 1887vs 1878vs cm"1 

v(N-H) C H
2

C 1 2 3348w; Nujol 3346m cm" 1 

Mass Spectrum: The parent ion [ 1 8 7Re(CO) (DPTAA)(DPTAAH)] + was detected 

a t m/e 746. Subsequent fragmentation was by e i t h e r the l o s s of AmH or 

car b o n y l . i . e . -CO -CO 
718 ^ 670 )662 

-CO -AmH / 
[Re(C0)3(/w,)(AMH)] J'[ReAm] + 

m/e746 _ A m ^ \ / * m/e 424 508 >480 ^452 

-CO -CO 
-CO 

rRe„(C0)„(Am)„l + (see s e c t i o n 3.2.4.) was a l s o observed to the high 2 6 2 
mass of the product. 
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•H n.m.r. 

(CDClg) aromatics : 6.78m . 

methyls .' 2 . 2 8 ( 3 ) , 2 . 1 7 ( 1 ) , 2 . 0 8 ( 1 ) , 1.68(1). 

i i ) White product (Re(C0L (DPTAAH)^Br) 

I n f r a - r e d spectrum 

v(C0) N u j o l 2020vs 1905vs 1890vs -1 cm 

v(N-H) N u j o l 3210w cm -1 

Mass Spectrum: The mass spectrum was i d e n t i c a l to Re(C0)g(Am)(AmH) above. 

2.2. Reaction of Re(C0),.Br with 8DPTAAH 

The r e a c t i o n procedure was s i m i l a r to 6.2.1., on t h i s o c c a s i o n 

R e ( C 0 ) c B r and DPTAAH were used i n a 1:8 molar r a t i o , i . e . a l a r g e b 

e x c e s s of DPTAAH. The product was i d e n t i c a l to the yellow m a t e r i a l 

i n 6.2.1. A y i e l d of 60% was s u c c e s s f u l l y separated from DPTAAH(HBr) 

produced and DPTAAH by f r a c t i o n a l c r y s t a l l i z a t i o n of the r e a c t i o n s o l u t i o n . 

2.3. R e a c t i o n of Re(C0),.Br with 3DPAAH 

Re (CO) ..Br (0.885g, 2.18m mole) was suspended i n monoglyme (50ml) and to b 

i t added DPAAH (1.372g, 6.54m mole). The mixture was r e f l u x e d f o r a 

t o l f i l o f 5% hours by which time the r e a c t i o n (which was being 

monitered by i . r . spectroscopy) appeared to be complete. The pale 

green s o l u t i o n was allowed to c o o l , then the monoglyme removed by 

evaporation, and the r e s i d u e e x t r a c t e d with toluene (10ml). Pentane 

(2ml) was added to t h i s s o l u t i o n , and the mixture placed i n the f r e e z e r 

overnight. A p a l e yellow s o l i d was p r e c i p i t a t e d form t h i s s o l u t i o n , i t 

was shown to be a t r i c a r b o n y l s p e c i e s and so was r e c r y s t a l l i s e d from 

toluene/pentane ( y i e l d 0.85g). 

To the mother l i q u o r pentane (5ml) was added. T h i s r e s u l t e d i n a y e l l o w 

gum being formed. The s o l u t i o n was separated from the gum, reduced i n 

volume and l e f t to c r y s t a l l i s e . I t produced a white powder (0.505g) which 
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was shown by i . r , spectroscopy to be a mixture of the t r i c a r b o n y l 
product and DPAAH(HBr). The yellowy gum was e x t r a c t e d with CC1 4 (30ml); 
c r y s t a l l i s a t i o n produced samples of both Re(C0) 4(DPAAH)Br and DPAAH(HBr). 
Analy s e s . Found C,54.06; N.8.10; H.4.14: 

(o-met)Re(CO) 3(DPAA)(DPAAH) r e q u i r e s C,53.98; N.8.13; H,3 92% 

I n f r a - r e d S p e c t r a 

v(C0) C H 2 C 1 2 2012vs 1890vs broad, cm - 1 

v(C0) Nujol 2002vs 1894vs 1979vs cm" 1 

v(N-H) C H
2

C 1 2 3343w N u j o l 3342m cm"1 

Mass Spectrum: The parent i o n [ 1 8 7 R e ( C 0 ) 3 ( D P A ^ I (DPAAH)] + was detected 

a t m/e 690. Daughter ions corresponding to the stepwise l o s s o f AmH and 

carbonyl were observed i . e . 

^ -AmH 
[ R e ( A m ) ] + 

m/e396 

-CO 

[ R e . ( C 0 ) _ ( A m ) J + was a l s o observed to the high mass of the product. 
d b d 

Metastable peaks were not observed, 

'H n.m.r. 

(CDC1 ) a r o m a t i c s : 7.26m , 6. 

methyls: 2.10(1) , 1.68(1), 6„ 

6.4.2. Reaction of Re(C0)^.Br with 3DPBAH 

The r e a c t i o n c o n d i t i o n s and procedure were i d e n t i c a l to 6.2.3. The 

product (o-met)Re(CO)^(DPBA)(DPBAH) was c o l l e c t e d as y e l l o w c r y s t a l s 

( y i e l d 6 0 % ) . 

Analyses. Found C.61.02; N.6.80; H.3.92: 

(o-met)Re(CO) (DPBA)(DPBAH) r e q u i r e s C,60.52; N,6.88; H,3.81% 

-CO -CO 
662 » 634 > 606 

-CO 

[Re(C0) (Am)(AmH)]+: 
m/e 690 

-AmH 480 -J452 -*424 
-CO -CO 
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I n f r a - r e d Spectrum 

v(CO) CH 2C1 2: 2018vs , 1898vs , 1885vs cm"1 

v(CO) Nujol 2010vs , 1880vs broad cm'1. 

v(N-H) CH2C12.° 3341w . N u j o l : 3340m cm"1. 

Mass Spectrum: The parent ion [ 1 8 7 Re(CO) 3(DPBA)(DPBAH)] + was observed 

a t m/e 814. Daughter ions corresponding to the stepwise l o s s of 

AmH and carbonyls were a l s o noted, 

i o 6 ' -CO -CO 
786 } 758 ^ 730 

-CO \ ^ -AmH 
[Re(C0) 3(Am)(AmH)] + [Re(Am)] + 

'e 458 
-CO 

m / e 8 1 4 - A n « \ / 

542 > 514 > 486 
-CO -CO 

[Re 2(C0^(Am) 2] was a l s o observed to the high mass of the product. 

.5. Reaction of Re(C0),_Br with 3DPTBAH 
To a suspension of Re (CO) ..Br (0.851g, 2.09m mole) i n monoglyme (40ml) 

5 

was added DPTBAH (1.884g, 6.27m mole) and the mixture r e f l u x e d f o r 4 hours 

The monoglyme was removed by evaporation, and the r e s i d u e e x t r a c t e d w i t i 

toluene (10ml) forming a c l e a r y ellow s o l u t i o n . Addition of pentane (3ml) 

caused the d e p o s i t i o n o f a y e l l o w gum, which was r e d i s s o l v e d by 

evaporating o f f the pentane. Addition of e t h e r (5ml) a l s o caused gum 

formation, so the f l a s k was s e t i n the f r e e z e r f o r 3 days to allow the 

gum to f u l l y develop. The s o l u t i o n was then removed from the gum, and 

f i l t e r e d through alumina (1 i n c h column). Evaporation to low bulk and 

the a d d i t i o n of pentane caused p r e c i p i t a t i o n to occur. The yellow s o l i d 

produced was shown by i . r . spectroscopy to be (o-met)Re(C0) 3(Am)(AmH) 

c o n t a i n i n g i m p u r i t i t e s o f Re(C0) 4(AmH)Br and a second t r i c a r b o n y l s p e c i e s 

(v(C0) 2014vs 1905vs 1896vs cm - 1 N u j o l ) , p o s s i b l y Re(C0) 3(AmH) 2Br. 

The mixture was heated i n vacuo i n an attempt to sublime out the i m p u r i t i e s 

or product. The s o l i d however, melted a t 180°C, and a y e l l o w d e p o s i t 
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s l o w l y began to form on a c o l d f i n g e r when heated to 190°C. The s m a l l 

sample on the c o l d f i n g e r was shown to be pure (o-met)Re(C0)g(Am)(AmH) 

by i . r . spectroscopy. I t was being produced very s l o w l y however and so 

the r e s i d u e of the melt was r e c r y s t a l l i z e d from toluene/pentane. Yellow 

c r y s t a l s (0.515g, 28%) of (o-met)Re(C0) 3(Am)(AmH) were c o l l e c t e d from 

t h i s s o l u t i o n . 

The y e l l o w gum reported above was heated to 70°C and pumped under vacuum 

f o r 2 hours. I t was then allowed to cool to room temperature and the 

r e s i d u e scraped from the f l a s k as c r i s p y ellow f l a k e s . An i n f r a - r e d 

spectrum showed i t to c o n t a i n a new t r i c a r b o n y l s p e c i e s . I t was 

r e c r y s t a l l i z e d twice from ether/pentane, the f i r s t c r y s t a l l i z a t i o n 

removing DPTBAH(HBr), and the second forming yellow c r y s t a l s o f the 

product, (0.13g). A n a l y s i s showed i t to be a second isomer of 

(o-met)Re(C0) 3(Am)(AmH). 

Analyses. 

f i r s t isomer, Found: 

second isomer, Found: 

C.62.12 

C,62.43 

(o-met)Re(CO) (DPTBA)(DPTBAH) r e q u i r e s C.62.56 

I n f r a - r e d s p e c t r a 

f i r s t isomer 

v(C0) CH 2C1 2' 

v(C0) N u j o l : 

N,6.44 

N,6.38 

N.6.40 

H,4.48. 

H.4.87. 

H,4.89% 

v(N-H) CH 2C1 2; 

second isomer 

2012vs, 1895vs, 1882vs 

2010vs, 1890vs, 1877vs 

3340w . Nujol: 3340m 

cm 
-1 

cm 
-1 

cm 
=1 

v(C0) CH 2C1 2: 2016vs 

v(N-H) CH 2C1 2: 

'H n.m.r. s p e c t r a 

f i r s t isomer ; 

second isomer; 

1916vs, 1868vs cm \ 
-1 3332w cm 

CDC1 3 

aromatics 6.89m; methyls 2.20(3) 2.09(1) (<S) 

aromatics 6.83m; methyls 2.17(3) 2.07(1) (<5) 
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Mass s p e c t r a : The mass s p e c t r a of both isomers were i d e n t i c a l , 
the parent ion [ 1 8 7 Re(CO) 3(DPTBA)(DPTBAH)] + was observed a t m/e 871, 
Daughter ions corresponding to the stepwise l o s s of AmH and the 
carbonyls were a l s o observed i . e . 

-CO -CO 
843 » 815 $ 787 

-CO \ ^ -AmH 
Re(C0) 3(Am)(AmH) Re(Am) 

487 
-AmH 571 * 543 > 515 -CO 

-CO -CO 

[Re 2(C0)g(Am),J + was a l s o observed to the high mass of the product. 

Metastable peaks were not observed. 

6.2.6. Reaction of [ R e ( C 0 ) 4 B r ] 2 with 6DPFAH 

A mixture of [ R e ( C 0 ) 4 B r ] 2 (0.500g„ 0.661m mole) and DPFAH (0.777g„ 

3.966m mole) i n monoglyme (30ml) was r e f l u x e d f o r 1)£ hours forming a 

pa l e yellow s o l u t i o n . The s o l v e n t was then removed by evaporation 

and the r e s i d u e e x t r a c t e d with toluene (10ml). The a d d i t i o n of 

pentane (4ml) and c o o l i n g produced y e l l o w c r y s t a l s o f (o-met)Re(C0) 3 

(DPFA)(DPFAH). These were r e c r y s t a l l i z e d from a toluene/pentane 

s o l u t i o n , ( y i e l d 0,421g, 4 8 % ) . 

Analyses. Found: C.52.65; N,8.49; H„3.50; 

(o-met)Re(CO) (DPFA)(DPFAH) r e q u i r e s C.52.63; N.8.47; H,3.48% 

I n f r a - r e d s p e c t r a 

V ( C 0 ) CH 2C1 2: 2020vs, 1885vs broad cm - 1 

v(C0) nujol-. 2015vs 5 1900vs, 1878vs cm"} 

v(N-H) C H
2

C 1 2 : 3365w . n u j o l : 3348m cm"1. 

Mass spectrum: The parent ion [ 1 8 7Re(CO) 3(DPFA)(DPFAH)] + was observed 

a t m/e 662. Daughter ions corresponding to the stepwise l o s s o f 

DPFAH and c a r b o n y l s were observed i . e . 
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-CO -CO 
634 > 606 > 578 

AmH -CO 

Re(CO) (DPFAHDPFAHf ^Re(DPFA) + 

™ / e 3 8 2 

-CO -CO -CO 

Re(CO) Am was a l s o observed to the high mass of the product. 6 2 
Metastable peaks were not observed. 

6.2.7. Reaction of Re(C0),-Cl with 3DPTAAH •— b •—— 
A mixture of Re(CO) CI (0.500g, 1.38m mole) and DPTAAH (0.987g, 

5 

4.15m mole) i n monoglyme (40ml) was r e f l u x e d f o r 6 hours g i v i n g a pal e 

y e l l o w s o l u t i o n . The s o l v e n t was then removed by evaporation g i v i n g 

a gummy yellow r e s i d u e . The r e s i d u e was washed with hot hexane 

(2 x 20ml, 50°C), the pale yellow hexane washings were combined and the 

s o l u t i o n reduced i n volume to 10ml by evaporation and placed i n the 

f r e e z e r . 

The u n d i s s o l v e d r e s i d u e was e x t r a c t e d with CHC1 (10ml) forming a pale 

yellow s o l u t i o n and hexane added to i t . T h i s produced a pale yellow 

p r e c i p i t a t e , ( l . O l O g ) . An i . r , spectrum of t h i s p r e c i p i t a t e 

(v(C0) 2022vs 2010vs 1885vs broad;' v(N-H) 3344m 3215w 3170w cm"1 

Nujol) showed i t to con t a i n more than one s p e c i e s . The s o l i d was 

r e c r y . s t a l l i s e d from petroleum-ether (100°-120°, 40ml) by r e f l u x i n g 

f o r one hour and f i l t e r i n g the s o l u t i o n w h i l s t hot (temperature g r e a t e r 

than 90°C). A white powder p r e c i p i t a t e d (0.416g) which was i d e n t i f i e d 

as Re(C0) 3(DPTAAH)2Cl. The remaining s o l u t i o n was shown to c o n t a i n 

(o.met)Re(CO)(DPTAA)(DPTAAH) by i . r . spectroscopy. I t was not 

f u r t h e r p u r i f i e d . 

The hexane washings of the o r i g i n a l yellow r e s i d u e produced yellow 

c r y s t a l s (o--met)Re(CO) (DPAA)(DPAAH) (0.259g) a f t e r one week i n the 

f r e e z e r . 
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Data f o r Re(CO) (DPTAAH)^Cl 

Analyses. Foundt C.53.82; N.7.18; H.4.60; CI ,4.60'. 

Re(CO) 3(DPTAAH) 2C1 r e q u i r e s c,53.73; N.7.16; H.4.68; CI,4.54% 

I n f r a - r e d s p e c t r a 

v(C0) CH 2C1 : 2022vs 1895vs broad cm"1 

-1 
v(C0) N u j o l : 2022vs 1904vs 1888vs cm 

-1 

v(N-H) Nujol: 3210w 3150w cm 

'H n.m.r. spectrum 

CDC1 3 (6) aromatics 7.09 7.03(8); 

N-H 6.02 5.90(1); methyls 2.33(6) 1.63(3) 

Mass spectrum: The parent i o n [ 1 8 7 R e ( C 0 ) 3 ( D P T A A H ) C I ] + was observed as a 

very weak peak a t m/e 782. Loss of HC1 was almost immediate, t h i s 

formed Re(CO) 3(DPTAA)(DPTAAH) and the remaining spectrum was i d e n t i c a l to 

(o-met)Re(C0) 3(DPTAA)(DPTAAH) as described i n 6.2.1. 
6.2.8. Reaction of Re(C0) CI with 2DPTAAH — - 5 — 

T h i s r e a c t i o n was i d e n t i c a l to 6.2.7. i n a l l a s p e c t s apart from the molar 

r a t i o s of the r e a c t a n t s . I t d i d not form Re(CO) (DPTAAH) 2
C 1 e x c l u s i v e l y , 

but a l s o (o-met)Re(CO) 3(DPTAA)(DPTAAH) and Re(CO) (DPTAAH)CI. The 

products were i s o l a t e d by fr a c t i o n a l c r y s t a l l i z a t i o n , and were i d e n t i f i e d 

by t h e i r i n f r a - r e d s p e c t r a which compared favourably with p r e v i o u s l y 

prepared samples. 

6.2.9. Reaction of Re(C0)^Br with 3DPTAAMe 

A mixture of Re(CO) Br (0.500g, 1.23m mole) and DPTAAMe (0.931g, 3.69m mole) 
5 

i n monoglyme (40ml) was r e f l u x e d f o r 6 hours (no f u r t h e r change of 

v( C 0 ) occurred a f t e r 2VZ hours) forming an orange s o l u t i o n . On c o o l i n g a 

white p r e c i p i t a t e (0.212g) formed, shown by i n f r a - r e d spectroscopy to be 

DPTAAMe(HBr). The s o l v e n t was then removed by evaporation and the gummy 

re s i d u e e x t r a c t e d with toluene (10ml). Cooling and the a d d i t i o n of 

pentane did not produce a p r e c i p i t a t e . The s o l u t i o n was chromatographed 

on an alumina column (15 x 2cm) using toluene as e l u e n t . Evaporation of 
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the f r a c t i o n s produced only DPTAAMe. The column was washed with CH^Cl 
but the carbonyl product was not recovered. The alumina was then 
s o x h l e t e d with monoglyme f o r 5 hours, and the r e s u l t i n g pale yellow 
s o l u t i o n evaporated to a few mis. Addition of pentane caused the 
p r e c i p i t a t i o n of a powdery white product which was r e c r y s t a l l i z e d from 
toluene/pentane ( y i e l d .113g). 

Analyses. Found: C,57.65; N,7.44; H.5.32: 

(o-met)Re(CO) 3(DPTAAMe)(DPTAAMe) r e q u i r e s C.57.42; N.7.24; H,5.04% 

I n f r a - r e d s p e c t r a 

\>(C0) CH CI ' 2018vs, 1900vs, 1875vs cm"1. 
-1 

v(C0) Nujol: 2018vs, 1900vs broad cm . 

Mass spectrum: The parent ion 0-metallated [ 1 8 7Re(CO) (DPTAAMe) 

(DPTAAMe) ] + was observed a t m/e 774. Fragmentation was complex 

with i n i t i a l l o s s of CH^ or CO, the p r i n c i p a l daughter ions and t h e i r 

assignments are l i s t e d below. 

m/e Loss ion 

774 - parent 

760 CH 2 Re(CO) (AmMe)(AmH)+ 

719 2(C0) Re(CO)(AmMe)(AmMe) + 

702 2(C0)+MeH Re(CO)(AmMe)(Am-H) + 

675 3(C0)+MeH Re(AmMe)(Am-H) + 

508 AmMe+CH^ Re ( C 0 ) 3 ( A m ) + 

424 AmMe+CH +3(C0) Re(Am) + 

Metastable peaks were not observed. 
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,2.10 Reaction of (o-met)Re(CO) (DPTAA)(DPTAAH) with PPh 

A mixture of (o-met)Re(CO) 3(DPTAA)(DPTAAH) (O.lOOg, 0.13m mole) 

and PPhg (0.035g, 0.13m mole) was d i s s o l v e d i n toluene (10ml) and 

st j ' r r e d a t room temperature f o r 24 hours. An i n f r a - r e d spectrum of the 

s o l u t i o n showed t h a t the broad v(CO) a t 1870-90 cm 1 had been r e p l a c e d 

by two sharp v(C0)'s a t 1915 and 1892 cm . Evaporation and c o o l i n g 

produced the c h e l a t e d amidino product Re(CO) 3(DPTAA)(PPh^) as an 

of f - w h i t e powder (0.08g, 8 0 % ) . I t was i d e n t i f i e d by i t s i n f r a - r e d 

and 'H n.m.r. s p e c t r a which were i d e n t i c a l to t h a t d e s c r i b e d f o r 

Re(CO) (DPTAA)(PPhJ i n S e c t i o n 5.2.14. 
3 3 

2.11 Reactions o f (o-met)Re(CO) (Am)(AmH) with PPh^, 

The ortho-metallated complexes (o-met)Re(C0) 3(Am)(AmH) (where Am=DPAA, 

DPTBA and DPBA) were t r e a t e d with an equimolar amount of PPh^ as i n 

6.2.10 above. I n f r a - r e d s p e c t r a of the products showed that the c h e l a t e d 

amidino complexes Re(C0)g(Am)(PPh^) had formed. These products are f u l l y 

d e s c r i b e d i n Chapter 5. 

2.12 Reaction of (o-met)Re(CO) (DPTAA)(DPTAAH) with HBr. 

A s m a l l sample of (o-met)Re(CO) 3(DPTAAH) (about O.Olg) was suspended 

i n MeOH (10ml) and hydrobromic a c i d (47%)was added by dropwise 

a d d i t i o n with sti r r i n g u n t i l the rhenium complex changed colour from 

yellow to white. The s o l v e n t was then s y r i n g e d o f f the p r e c i p i t a t e 

and the s o l i d d r i e d under vaccuum. The i n f r a - r e d s p e c t r a showed i t to 

be Re(CO) 3(DPTAAH) 2Br 

2.13 Reactions of Re(C0) 4(C0Am ) or Re(C0) 4(Am) with AmH 

The formation of orth o - m e t a l l a t e d products by these rou t e s are 

d e s c r i b e d p r e v i o u s l y i n s e c t i o n s 3.2.10 and 5.2.22-24. 
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6.2.3. DISCUSSION 

When Re(CO)1:rBr i s r e f l u x e d i n monoglyme w i t h an amidine 5 
[RN=C(R')NHR = AmH; Am = DPAA,DPTAA,DPftA,DPTBA or DPFAJ the complexes 

Re(C0)3(Am)(AmH) are formed i n good y i e l d . This f o r m u l a t i o n i s 

derived on the evidence of elemental a n a l y s i s , i n f r a - r e d and mass 

spectroscopy. 

I n order t h a t the complexes f u l f i l the 18 e l e c t r o n r u l e , the amidine 

groups must c o n t r i b u t e a t o t a l o f f i v e e lectrons t o the rhenium atom. 

This i s achieved by one amidine group donating three e l e c t r o n s and 

the other two. The existence o f a medium i n t e n s i t y i n f r a - r e d absorption 

a t about 3340 cm ^ f o r each o f the complexes i n d i c a t e s the 

presence o f an N-H moiety. Moreover, the unusually sharp nature o f 

t h i s band and i t s r e l a t i v e l y high frequency i n d i c a t e s t h a t i t i s not due 

t o the N-H v i b r a t i o n o f the amino N-H i n a bound amidine molecule 

c . f . Re(CO)4(NR=CR'-NHR)X (Chapter 4). An unusually strong N-H 

absorption at t h i s same frequency has been a t t r i b u t e d t o an o r t h o - m e t a l l a t e d 

amidino group i n the complex [Pd(Am)Cl] n [ 4 7 ] ( F i g . 1.20), and i t i s 

believed t h a t a s i m i l a r s i x membered ort h o - m e t a l l a t e d amidino-ring 

complex i s formed w i t h one of the amidine groups i n Re(CO) (Am)(AmH). 

These complexes are h e r e a f t e r r e f e r r e d t o as (o-met)Re(C0)^(An)(AmH) 

to d i s t i n g u i s h t h i s type o f amidine-rhenium bonding from other types. 

The existence o f three t e r m i n a l metal-carbonyl v i b r a t i o n s i n the 

i n f r a - r e d spectra of these complexes i n d i c a t e s a f a c i a l isomer i s 

formed, and the acetamidine and formamidine d e r i v a t i v e s are t h e r e f o r e 

assigned the f o l l o w i n g s t r u c t u r e ( F i g . 6.3.1.). The major product 

from the r e a c t i o n using DPTBAH, and the only product from the r e a c t i o n 

using DPBAH are also assigned a s i m i l a r s i x membered orthcumetallated 

r i n g s t r u c t u r e ( i n preference t o a f i v e membered ortho-metallated r i n g , 

v i a the C-Ph s u b s t i t u e n t ) because of the s i m i l a r i t y between t h e i r carbonyl 
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s t r e t c h i n g frequencies and those of the acetamidine and formamidine 

d e r i v a t i v e s . 

0 

0 

H N 

N 0 \ 
R Ph AmH 

Fig . 6.3.1. 

A second product was i s o l a t e d from the r e a c t i o n o f Re(C0)^Br w i t h 

DPTBAH. I t also has a d i s t i n c t i v e N-H absorption, but t h i s occurs a t 

3332 cm , a s l i g h t l y lower value than t h a t observed f o r the s i x membered 

orth o - m e t a l l a t e d r i n g s . The three carbonyl s t r e t c h i n g frequencies are 

markedly d i f f e r e n t t o those o f the six-membered ortho-metallated r i n g 

complex (o-met)Re(CO)3(DPTBA)(DPTBAH) which i s produced as the major 

product. This second product i s thought t o contain a f i v e membered or t h o -

m e t a l l a t e d amidino group, the o r t h o - m e t a l l a t i o n now occurring through the 

phenyl s u b s t i t u e n t on the c e n t r a l carbon atom of the amidine ( F i g . 6.3.2.) 

0 
C 

0 

Re 
N 

0 H NAr A t 
AmH 

Fig. 6.3.2. 

The analogous DPBA d e r i v a t i v e was not observed i n the r e a c t i o n o f Re(CO) Br 
5 

w i t h DPBAH, but was i s o l a t e d as a minor product i n the r e a c t i o n o f 

Re(C0) 4(DPBA) w i t h DPBAH (See 5.2.22). 
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The proton n.m.r. spectra of a l l the para-tolyl o r t h o - m e t a l l a t e d 

species described above (both f i v e and s i x membered r i n g s ) show j u s t 

two CHg resonances a t t r i b u t a b l e t o the p a r a - t o l y l methyl groups, 

i n the r a t i o 3:1. I t must be assumed t h a t the two e l e c t r o n bound 

amidine molecule and the p a r a - t o l y l group on the o r t h o - m e t a l l a t e d 

amidino group remote from the metal, have c o - i n c i d e n t a l overlap of 

p a r a - t o l y l Me resonances; the unique Me resonance being due t o the Me 

group on the ortho-metallated aromatic r i n g . The acetamidine d e r i v a t i v e s 

show two more CH^ reso^nances; these are due to the d i f f e r e n t 

environments of the c e n t r a l C-CĤ  groups. 

The i n f r a - r e d spectra of both the f i v e and s i x membered ortho-metallated 

r i n g complexes i n the v(N-C-N) region of the spectrum are complicated, 

w i t h many broad i l l defined peaks. The highest frequency bands 

(assigned t o the v(N-C-N) asymmetric s t r e t c h ) are l i s t e d i n t a b l e 6.3.1. 

together w i t h the corresponding band of the parent amidine. I t i s not 

possible t o a s c e r t a i n which group gives r i s e t o t h i s band, but a 

Table 6.3.1. The highest frequency absorptions associated w i t h 

the (N-C--N) v i b r a t i o n s o f (o-met)Re(CO) n(Am)(AmH) and the parent amidines. 

Amidine 
used 

Highest frequency v(N-C-N)cm * 
(o-met)Re(C0) 3(Am)(AmH) 

( 

v( N--C-N)asym cm 
parent amidine 

DPAAH (6) 1595 1630 

DPTAAH (6) 1592 1630 

DPFAH (6) 1645 1665-1670 

DPBAH (6) 1605 1624 

DPTBAH (6) 1600 1616 

DPBAH (5) 1605 1624 

DPTBAH (5) 1605 1616 

( 5 ) , ( 6 ) ; denotes size of orth o - m e t a l l a t e d r i n g complex. 
t Nujol 
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s i g n i f i c a n t decrease from t h a t of the parent amidine i s apparent. 

I n common w i t h the other rhenium amidino-species i n t h i s t h e s i s t h i s 

Av i s a t t r i b u t e d t o : - a) the perturbation o f the -N-C-N- caused 

by the heavy rhenium atom; b) a s l i g h t degree o f d-> n * back 

bonding from the rhenium to amidine l i g a n d ; or c) a combination o f the 

above. 

The r e a c t i o n o f Re(CO) Br w i t h 2DPTAAH also produced a trace of a second 
5 

tri c a r b o n y t species, but enough sample f o r p o s i t i v e i d e n t i f i c a t i o n was 

not i s o l a t e d . When t h i s r e a c t i o n was repeated w i t h an excess of 

DPTAAH t h i s second product was not observed. Evidence f o r s i m i l a r 

complexes was not detected i n the reactions of Re(C0),_Br w i t h the other 
b 

amidines. However, a very s i m i l a r species was i s o l a t e d from the r e a c t i o n 
of Re(CO) CI w i t h three mole equivalents o f DPTAAH. The product 

5 

showed three carbonyl s t r e t c h i n g frequencies i n the i n f r a - r e d 

spectrum, two methyl resonances ( r a t i o 2 : l ) i n the 'H n.m.r. spectrum 

and analysed c o r r e c t l y f o r Re(CO)^(DPTAAH)^Cl. The mass spectrum 

confirmed t h i s f o r m u l a t i o n and the complex i s assigned a f a c i a l l y 

s u b s t i t u t e d type s t r u c t u r e c o n t a i n i n g two two-electron donor amidine 

molecules on the basis of the i n f r a - r e d and 'H n.m.r. data. This 

complex and the now i d e n t i f i e d bromide d e r i v a t i v e are important 

when considering the r e a c t i o n route and mechanism f o r the formation of 
(o-met)Re(CO) (Am)(AmH) from Re(C0) cX (X=Cl,Br). 3 D 

Another important r e a c t i o n i n t h i s respect i s t h a t o f the t r i s u b -

s t i t u t e d amidine, DPTAAMe, w i t h Re(C0)Br. I t also forms an or t h o -
5 

met a l l a t e product, Re(C0)3(o-met)(AniMeXAmMe) , i d e n t i f i e d by a n a l y s i s , 

mass spectroscopy and by comparison o f i t s i n f r a - r e d spectrum w i t h 

(o-met)Re(CO)3(DPTAA)(DPTAAH). This r e a c t i o n demonstrates t h a t the 

amino proton need not enter i n t o the o r t h o - m e t a l l a t i o n r e a c t i o n . 
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Current t h i n k i n g on the mechanism o f i n t r a - m o l e c u l a r aromatic 

s u b s t i t u t i o n involves a process mimicking c l a s s i c a l e l e c t r o p h i l i c 

aromatic s u b s t i t u t i o n s . This process i s undoubtedably helped by the 

a b i l i t y o f the ortho-proton o f the a r y l group t o approach the metal very 

c l o s e l y , perhaps w i t h the formation of a three centre intermediate, 

i . e . 

Mc= = = = = = C 
N f 
\ t 
X f 

S f 

V 

The proposed mechanism f o r the formation o f the s i x membered o r t h o -

m e t a l l a t e species from Re(C0)._Br (orCl) i s shown i n Figure 6.3.3. 
b 

and involves the presynthesis o f Re(CO)^(AmHj^Br by m e t a t h e t i c a l 

Re(C0)cBr + 2DPAAH 

0 
C 

Re 

AmH 

-Br 

'AmH 

H N - H 

ArnH Ph 

- t -Br - B r . ii 

V 

0 
C 

Re 

AmH 

Re 

AmH 

~AmH 

, N - H 

Ph C H 3 
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s u b s t i t u t i o n o f two carbonyls. This presynthesis i s a v a l i d step 

as the normal product o f the r e a c t i o n o f Re(C0),_Br w i t h an amine i s 
b 

Re(CO) (Amine) Br [ 98 ] , and the intermediates Re(CO) (DPTAAH) X (X=Cl,Br) 

have been i s o l a t e d i n the o r t h o - m e t a l l a t i o n r e a c t i o n when using DPTAAH. 

The f o l l o w i n g steps, the e l i m i n a t i o n o f Br and the formation o f a 

metal-arene complex, followed by the formation of a carbonium i o n , 

and then the f i n a l e l i m i n a t i o n o f H + are s i m i l a r t o those proposed f o r 

the formation o f a 5-membered orth o - m e t a l l a t e d product from f PdCl^J 2 

w i t h Ar-N=N-Ar [ 114 L The r e v e r s i b l e nature o f the r e a c t i o n was 

demonstrated by the a c t i o n o f hydrobromic a c i d on a suspension of 

(o-met)Re(CO)3(DPTAA)(DPTAAH) i n methanol. This caused the formation 

o f Re(CO) (DPTAAH) Br and i n d i c a t e s the route by which the other rhenium-

t r i c a r b o n y l d i a m i d i n e h a l i d e complexes can be synthesised. 

The formation o f some f i v e membered or t h o - m e t a l l a t e r i n g complex when 

DPTBAH was r e f l u x e d w i t h Re(C0)_Br i s thought t o f o l l o w a s i m i l a r 
b 

r e a c t i o n route t o the acetamidines ( F i g . 6.3.3.). I n t h i s instance, 

the C-Ph group i s also able t o take up a p o s i t i o n where the ortho-proton 

approaches the metal very c l o s e l y , f a c i l i t a t i n g e l e c t r o p h i l i c 

s u b s t i t u t i o n by the metal. Five membered or t h o - m e t a l l a t e r i n g systems 

are g e n e r a l l y much more common than s i x membered r i n g systems, 

minimum s t e r i c s t r a i n being the argument u s u a l l y forwarded f o r t h i s . 

The acetamidines and formamidines i n t h i s study are only able t o form 

six''ihembered r i n g s , but the benzamidines are able t o form both f i v e and 

s i x membered r i n g s , the s i x membered r i n g being most favoured. I t i s 

possible t h a t a s u b s t a n t i a l degree o f s t a b i l i z a t i o n can occur f o r these 

s i x membered r i n g systems by the formation o f a pseudo-aromatic 

d e l o c a l i s e d r i n g o f elec t r o n s ( F i g . 6.3.4.), although the c r y s t a l 

s t r u c t u r e o f ((MTiefAmH) PdCp showing a puckered r i n g type of arrangement 

makes t h i s u n l i k e l y [ 5 8 ] . 
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During the i n i t i a l preparations o f the two e l e c t r o n donor amidine 

Re(C0) 4(AmH)Br (Chapter 4) complexes from ( R e ( C 0 ) 4 B r ) 2 and AmH 

i t was discovered t h a t s u b s t a n t i a l amounts of (o-met)Re(CO) (Am)(AmH) 
3 

complexes formed i f the mixture was heated above 40°C. The mechanism 

f o r t h i s r e a c t i o n i s assumed t o be i d e n t i c a l as t h a t described i n 

Fi g . 6.3.3., f o r the r e a c t i o n o f Re(CO)Br and AmH. I n t h i s case 
5 

the f i r s t m e t a t h e t i c a l s u b s t i t u t i o n o f CO by AmH has already taken 

place. 

The r e a c t i o n s o f Re(C04(Am)andRe(C0)If (COAm) w i t h AmH i n r e f l u x i n g toluene 

also produce ortho-metallated products (see Chapters 3 and 5 ) , 

decarbonylation t o the chelate product probably o c c u r r i n g f i r s t 

f o r the carbamoyl complex. These rea c t i o n s may proceed v i a a s i m i l a r 

r o u t e t o t h a t shown i n F i g . 6.3.3., the i n i t i a l steps being the 

m e t a t h e t i c a l s u b s t i t u t i o n of carbonyl by AmH, and the p r o t o n a t i o n 

(from the solvent or other amidine species) of one end o f the chelated 

amidine. Formation of a II -arene complex could then f o l l o w , r e s u l t i n g 

i n e l e c t r o p h i l i c s u b s t i t u t i o n by the metal and the eventual r e t u r n 

o f the proton t o the solvent (or amidine species) ( F i g . 6.3.5.A). 
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A l t e r n a t i v e l y an i n t e r e s t i n g r e a c t i o n i n v o l v i n g a 1-3 s h i f t o f the 

ortho proton t o the n i t r o g e n atom might occur. This r e a c t i o n scheme 

i s m e c h a n i s t i c a l l y described i n Figure 6.3.5.B. 

I t i s d i f f i c u l t t o determine the extent s t e r i c crowding has on the 

formation o f the ortho-metallated complexes i n preference t o the 

chelated amidino type complexes. I t was found t h a t o r t h o - m e t a l l a t i o n 

only occurred when two amidine groups were bound t o the metal, and not 

when a combination of amidine and PPh^ groups were present. 

Molecular models show t h a t both the chelated amidino complexes 

Re(COL (Am)L (L=AmH, PPh ) show strong i n t e r a c t i o n s between the ligands 
3 

i n c e r t a i n c o n f i g u r a t i o n s . However, i t i s l i k e l y t h a t s t e r i c 

i n t e r a c t i o n s i n the intermediate complexes Re(CO) (AmH)(L)X (L=AmH,PPh ) 

are more important. The diamidine complex can show a much greater degree 

of s t e r i c i n t e r a c t i o n , causing one of the a r y l groups t o approach the 

metal c l o s e l y . 

The formation o f chelated amidino complexes i n preference t o the 

orth o - m e t a l l a t e d complexes f o r Re(CO)^(Am)(AmH) i s perhaps more 

r a t i o n a l l y explained by considering the e l e c t r o n donor-acceptor 

p r o p e r t i e s o f the amidine and PPh^ liga n d s . The h y p o t h e t i c a l Re(CO)^ 

(PPh^) moiety i s able t o accept a c h e l a t i n g amidino group c o n t a i n i n g 

two e s s e n t i a l l y a-donating N—^Re bonds, as the r e s u l t i n g charge on 

the metal can be d i s s i p a t e d i n both the metal — ^ c a r b o n y l d — j n * , 

and metal—5> phosphor us d — > dn o r b i t a l s . On the other hand, the 

h y p o t h e t i c a l Re(CO)^(AmH) moiety already has one e s s e n t i a l l y o-donating 

l i g a n d . The a d d i t i o n o f a °,° bonded c h e l a t i n g l i g a n d would r e s u l t i n 

an unacceptable b u i l d up o f charge on the rhenium atom as i t would be 

unable t o d i s s i p a t e a l l the charge accumulated by three e s s e n t i a l l y 

o-bonded ligands amongst i t s remaining three carbonyl groups. This 
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argument i s borne out by the observation t h a t Re(CO),_Br only forms 
b 

d i s u b s t i t u t e d d e r i v a t i v e s when reacted w i t h amine ligands. 

i . e . Re(CO) 5Br + Amine > Re(CO)^(Amine)^Br + 2C0 [98] . 

The above considerations and the proven r e v e r s i b i l i t y of the o r t h o -

m e t a l l a t i o n r e a c t i o n w i t h hydrobromic acid are also u s e f u l i n considering 

the r e a c t i o n o f o r t h o - m e t a l l a t e d Re(CO) (Am)(AmH) complexes w i t h PPh 

t o give the chelated amidino complexes Re(CO)^(A(ti) (PPh^) . Protonation 

o f the o r t h o - m e t a l l a t e d species could occur i n s o l u t i o n , r e s u l t i n g i n the 

r e v e r s a l o f r e a c t i o n steps IV and V i n f i g u r e 6.3.3. u n t i l the 

II -arene complex i s reached. M e t a t h e t i c a l s u b s t i t u t i o n of the a r y l group 

of PPhg may then occur, s t e r i c crowding then causing the e l i m i n a t i o n 

o f AmH. The formation o f the s t a b l e chelate complex then f o l l o w s 

by n u c l e o p h i l i c a t t a c k by the amino n i t r o g e n a t the metal and the 

e l i m i n a t i o n o f a proton. An a l t e r n a t i v e mechanism might again involve a 

proton i n a 1,3 s h i f t . I f the steps i i i t o v o f Figure 6.3.5.B are 

r e v e r s i b l e the complex Re(C0)3(AmH)(PPh3XNPh-CR=NPh) conta i n i n g a 

monodentate amidino l i g a n d could e a s i l y be formed. S t e r i c crowding of the 

f a c i a l l y s u b s t i t u t e d complex may then cause the n u c l e o p h i l i c s u b s t i t u t i o n 

o f AmH by the imino n i t r o g e n of the monodentate amidino group r e s u l t i n g 

i n the stable,chelated amidino complex,Re(CO) (Am)(PPh ). 



CHAPTER 7 

I r o n Amidino Complexes 

7.1. INTRODUCTION 

This chapter describes a study of some simple i r o n compounds w i t h 

amidines and l i t h i o a m i d i n e s . The general i n t r o d u c t i o n c i t e d examples 

o f chelated and bridged amidino systems [40,48,56-62, 68-71 ] , and 

t h i s work has extended the range t o include rhenium-carbonyl 

acetamidines and benzamidines. Unpublished work by K i l n e r and 

Pietrzykowski has shown t h a t copper forms a range of amidino 

complexes i n v o l v i n g both copper (+1) and (+11). The cuprous complexes, 

although synthesised by a new route are the same as those reported by 

Bradleyf 45 } The cupric complexes are made by the r e a c t i o n of 

l i t h i o a m i d i n e s on CuCl^ i n monoglyme. A range o f these cupric complexes 

has been made using d i a r y l -formamidines, -acetamidines and -benzamidines. 

They are a l l a i r s t a b l e purple s o l i d s t h a t decompose q u i c k l y i n s o l u t i o n 

i f a i r i s admitted. A recent c r y s t a l s t r u c t u r e of one o f them, 

Cu^PAA)^ [ 116] , has shown i t to be dimeric w i t h four b r i d g i n g amidino 

liga n d s . The complex i s diamagnetic, and i s shown t o have a Cu-Cu 

s i n g l e bond. 

I r o n i s known t o form s t a b l e complexes w i t h S-diketones, Fe(acetylacetone) 

[117 ] i s one such example ( F i g . 7.1.1). I t i s an a i r s t a b l e monomeric 
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species t h a t i s soluble i n most organic solvents. The complex i s 

b r i g h t red i n colour and i s paramagnetic having f i v e unpaired 

e l e c t r o n s . T r i s d i p h e n y l t r i a z e n e i r o n ( I I I ) i s also known; i t i s an 

unstable black purple s o l i d prepared by the a c t i o n of s i l v e r d i p h e n y l -

t r i a z e n e on anhydrous FeCl^. The complex i s believed t o be monomeric, 

but has not been f u r t h e r i n v e s t i g a t e d since i t s synthesis i n 1963 [42 ]. 

The c r y s t a l s t r u c t u r e of t r i s d i p h e n y l t r i a z e n e c o b a l t ( I I I ) [ 89] has 

been performed, and the dip h e n y l t r i a z e n e ligands (Ph-N-N-N-Ph = dpt.) 

are found t o be d e l o c a l i s e d chelate ( F i g . 7.1.2). I n t h i s complex the 

Ph 
N N 

: N — P h N 

N N 
N 

Fig. 7.1.2 

t r i a z e n i d o l i g a n d has a small NCoN angle o f 65° ( c . f . 90° f o r p e r f e c t 
A 

octahedron), and a s t r a i n e d NNN angle of 105°. This i s i n c o n t r a s t t o 

the monodentate t r i a z e n i d o complexes Cu(dpt) [118] and N i ( d p t ) ^ [119] 
A 

which have NNN angles of 116.0° and 115.8° r e s p e c t i v e l y ; and the 

bridged t r i a z e n i d o complex Cu^dpt),., [l2o] which has also an unstrained 

NNN angle o f 116? 

I n the l i g h t o f the). Fe(acac) 3 and F e ( d p t ) ^ complexes, the synthesis o f 

Fe(Am)^ complexes t h e r e f o r e seemed a d i s t i n c t p o s s i b i l i t y . I t was thought 

worthwhile t o i n v e s t i g a t e various s y n t h e t i c pathways i n t o iron-amidino 

complexes to see i f d i f f e r i n g types of iron-amidino bonds r e s u l t e d , and t o 

i n v e s t i g a t e whether the bonding mode was dependent upon the type of amidine 

used ( i . e . formamidine, benzamidine, acetamidine) or the presence o f 

other ligands. 
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The t r i a z e n i d o complexes o f c o b a l t have shown t h a t considerable r i n g 

s t r a i n i s present when bonding takes place i n a chelate fashion. 

I t was o f i n t e r e s t t o see i f d i f f e r e n t amidino groups could also 

accommodate such a d i s t o r bion o f the valency angles or whether b r i d g i n g 

or o r t h o - m e t a l l a t e d species necessarily r e s u l t e d . 

7.2. EXPERIMENTAL 

7.2A REACTIONS IN SOLUTION 

7.2A.1 Reaction o f ^eCl^ w i t h 3LiDPAA 

A s o l u t i o n LiDPAA was prepared by d i s s o l v i n g DPAAH (3.912g, 18.609m mole) 

i n monoglyme (20ml), f r e e z i n g t o 77K, and then adding n - b u t y l l i t h i u m 

(18.609m mole i n hexane s o l u t i o n ) . The f l a s k was then warmed to room 

temperature and s t i r r e d f o r about 15 minutes. The pale yellow s o l u t i o n 

thus formed, was slowly added to a s t i r r e d s o l u t i o n o f anhydrous 

FeClg (l.OOOg, 6.203m mole) i n monoglyme (10ml), occasionally c o o l i n g 

the r e a c t i o n vessel by dipping i t i n l i q u i d n i t r o g e n . The FeCl^ s o l u t i o n 

darkened as soon as the LiDPAA was added, g r a d u a l l y changing colour 

from yellow t o blue-green t o navy blue. A f t e r a l l the LiDPAA had been 

added the s o l u t i o n was s t i r r e d at room temperature f o r 30 minutes to 

ensure complete r e a c t i o n . The monoglyme was removed i n vacuo, the 

residue e x t r a c t e d w i t h toluene (40ml), f i l t e r e d t o remove L i C l , and then 

c r y s t a l l i z e d by reducing the s o l u t i o n t o low volume and the a d d i t i o n 

o f hexane. The product Fe(DPAA)^ which formed navy blue p l a t e l i k e 

c r y s t a l s was washed w i t h hexane and pumped dry ( y i e l d 3.12g, 74%). 

Samples f o r a n a l y s i s were r e c r y s t a l l i z e d fromCHCl^/hexane. 

Analyses. Found C.73.98; N.12.32; H.5.74; Fe,7.96 

Fe(DPAA) 3 requires C.73.78 N.12.29; H.5.76; Fe,8.17% 

M e l t i n g p o i n t Decomposition a t 134°C under n i t r o g e n 
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I n f r a - r e d and 'H n.ro.r. spectra 

Decomposition by r e a c t i o n w i t h a i r prevented the i n f r a - r e d spectrum 

o f Fe(DPAA)^ from being recorded. The 'H n.m.r. spectrum could not 

be recorded due t o severe broadening of the si g n a l s caused by 

paramagnetic i r o n ( H I ) . 

Mass spectrum: The observed spectrum above m/e 208 consisted of j u s t 

three peaks; [Fe(DPAA) 3] + at m/e 683,[ Fe(DPAA) 2] + a t m/e 464 and 

[DPAAH]+ a t m/e 209. Metastable peaks were not observed. 

7.2A.2. Reaction o f F em w i t h 3 LiDPTAA — - — - - 3- - — 

Experimental procedure was i d e n t i c a l t o 7.2A.1. The product, also a 

navy blue c r y s t a l l i n e s o l i d was c o l l e c t e d i n 75% y i e l d . 

Analyses. Found: C,74.90; N.10.95; H,6.65; Fe,7.60: 

Fe(DPTAA) 3 r e q u i r e s C,75.08; N,10.95; H.6.70; Fe.7.27% 

Mel t i n g p o i n t Decomposition a t 110°C under n i t r o g e n 

I n f r a red and 'H n.m.r. spectra:- as f o r FeCDPAA)^, 7.2A.1 

Mass Spectrum: The observed spectrum above m/e 237 consisted of j u s t 

f o u r peaks; [ Fe(DPTAA) 3 f a t 767, [ FetDPTAA)^ + at m/e 530, [ Fe(DPTAA)] + 

a t m/e 293 and [DPTAAH]+ a t m/e 238. Metastable peaks were not observed. 

7.2A.3 Reaction FeCI w i t h 3LiDPBA 

A s o l u t i o n of LiDPBA was prepared by d i s s o l v i n g DPBAH (1.508g, 5.55m mole) 

i n monoglyme (25ml) f r e e z i n g t o 77K and then adding n - b u t y l l i t h i u m 

(5.55m mole i n hexane s o l u t i o n ) . The mixture was warmed to room 

temperature and s t i r r e d f o r about 15 minutes. The yellow s o l u t i o n thus 

formed was then slowly added t o a s o l u t i o n of anhydrous FeCl^ (0.300g, 

1.85m mole) i n monoglyme (10ml), o c c a s i o n a l l y c o o l i n g the r e a c t i o n vessel 

by dipping i t i n l i q u i d n i t r o g e n . The pale blue s o l u t i o n t h a t formed 

immediately on a d d i t i o n o f the LiDPBA t o the FeCl^ gave way t o a green 

s o l u t i o n a f t e r about 30 seconds; a green p r e c i p i t a t e was then deposited. 

The mixture was s t i r r e d a t room temperature f o r an a d d i t i o n a l 30 minutes, 
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then f i l t e r e d g i v i n g a red s o l u t i o n and a b r i g h t green p r e c i p i t a t e . 

The green p r e c i p i t a t e was washed w i t h toluene (4x10ml), d r i e d , washed 

w i t h water (4x5ml), and f i n a l l y d r i e d i n vacuo g i v i n g the product 

[Fe(DPBA 3] n as a b r i g h t green powder ( y i e l d 1.204g, 75%). The red 

s o l u t i o n was concentrated by evaporation, but decomposed (by slow 

i n f u s i o n o f a i r ) t o an orange gum before a c r y s t a l l i n e product could 

be i s o l a t e d . 

Data f o r [ Fe(DPBA)J r 

Analyses. Found: C.78.40; N.9.60; H.5.02; Fe,5.23: 

[Fe(DPBA) 3 ]n r e q u i r e s C,78.42; N.g.62: H.5.06; Fe„6.28% 

Melt i n g p o i n t Decomposition a t 95°C under n i t r o g e n 

I n f r a red spectrum (KBr disc) 

3050w 3024vw 1624s 1588vs 1576m 1530vs 

1490shm 1483s 1450shw 1443s 1438s 1419m 1330m 

1272w 1242w 1221m 1172w 1152w 1105m 1075w 

1026m 998vw 920w 895vw 832vw 792w 779m 

768wm 759s 744m 700s 694shs 540w 520wm 

50 5w 

'H n.m.r. spectrum: could not be recorded as the product was i n s o l u b l e . 

Mass spectrum: The i r o n c o n t a i n i n g ions are ta b u l a t e d below, the major 

peak i n the spectrum being DPBA at m/e 271. 

ion m/e % fragment l o s t 

Fe(DPBA) 3
+ 869 28 

Fe(DPBA)2+ 598 100 DPBA 
Fe(DPBA)(PhNCPhNH2)+ 523 7 C 6 H 3 
Fe(DPBA)(Ph2N) + 495 16 C-NH2 

Fe(DPBA)(PhN) + 418 10 C 6H 5 

Fe(DPBA)(Ph) + 404 17 N 
Fe(DPBA) + 327 73 C 6 H 5 
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Magnetic Moment. The complex was found t o be paramagnetic, having 

a magnetic moment of 5.47B.M. (as measured on a Gouy balance). 

7.2A.4 Reaction of FeCl w i t h 3LiDPFA 

A s o l u t i o n o f LiDPFA was prepared by d i s s o l v i n g DPFAHH (3.546g, 

18.609m mole) i n monoglyme (30ml), f r e e z i n g t o 77K, and adding 

n - b u t y l l i t h i u m . The mixture was warmed t o room temperature and 

s t i r r e d f o r 15 minutes. The pale yellow s o l u t i o n thus formed was then 

slowly added t o a s t i r r e d s o l u t i o n o f anhydrous F e C l 3 (l.OOOg, 6.203m 

mole) i n monoglyme (10ml), o c c a s i o n a l l y c o o l i n g the r e a c t i o n vessel by 

dip p i n g i t i n l i q u i d n i t r o g e n . There was an immediate colour change 

yellow t o dark red on mixing the two s o l u t i o n s , no f u r t h e r change 

was observed a f t e r s t i r r i n g f o r 30 minutes. The monoglyme was 

removed i n vacuo g i v i n g a red-black residue which was extracted w i t h 

CCl^ (40ml), f i l t e r e d , reduced i n volume by evaporation ( t o 10ml) 

and hexane (10ml) added. The product [ FetDPFA)^] n a red-black powder 

was c o l l e c t e d by f i l t r a t i o n ( y i e l d 3.07g, 77%). 

Analyses. Found: C.73.08; N.13.21; H.5.19; Fe,8.65: 

Fe(DPFA) 3 requires 0,73.00; N.13.10; H.5.14; Fe,8.74% 

M e l t i n g p o i n t Decomposition a t 85°C under n i t r o g e n 

I n f r a red and 'H n.m.r. spectra: as f o r Fe(DPAA) 3, 7.2A.1 

Mass spectrum : The highest m/e value recorded was 252, corresponding 

t o LFe(DPFA)] +. The strongest peak i n the spectrum at m/e 195 

was assigned t o DPFA. 

7.2A.5 Reactipn o f FeCl^ w i t h 2 LiDPAA 

To a s o l u t i o n o f anhydrous FeCl 3 (0.300g, 1.84m mole) i n monoglyme 

(10ml) was added n - b u t y l l i t h i u m (1.848m mole i n hexane s o l u t i o n ) 

forming an o i l y brown deposit. To t h i s was added a s o l u t i o n of Li(DPAA), 

prepared by the a d d i t i o n of n - b u t y l l i t h i u m (3.696m mole i n hexane s o l u t i o n ) 

t o DPAAH(0.776g, 3.696m mole) i n monoglyme (10ml) a t 77K. This produced 
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a brown s o l u t '.on which was s t i r r e d at 20°C overnight. The s o l v e n t 

was removed i n vacuo and the brown r e s i d u e washed with toluene (10ml) 

g i v i n g a navy blue s o l u t i o n and a brown gum. The blue s o l u t i o n was 

evaporated to dryness and a mass spectrum obtained of the product. 

The gum could not be induced to c r y s t a l l i z e and was not i n v e s t i g a t e d 

f u r t h e r . 

Mass spectrum: The parent ion was found a t m/e 683, the next peaks 

o c c u r r i n g a t m/e 464 and 209. T h i s i s i d e n t i c a l to the Fe(DPAA) 3 

s p e c t r a ; the complex i s presumably formed by incomplete r e d u c t i o n 

of the F e C l ^ s p e c i e s . 

7. 2A.6 Reaction of F e C l with 2LiDPTAA 

A s o l u t i o n of LiDPTAA was prepared by the a d d i t i o n of n - b u t y l l i t h i u m 

(27.900m mole i n hexane s o l u t i o n ) to a s o l u t i o n of DPTAAH (6.612g, 

27.900m mole) i n monoglyme fro z e n to 77K. The mixture was warmed 

to room temperature and s t i r r e d f o r about 15 minutes. T h i s s o l u t i o n 

was slowly added to a suspension of anhydrous F e C l ^ (1.772g, 13.950m mole) 

i n monoglyme (10ml), c o o l i n g o c c a s i o n a l l y by dipping the r e a c t i o n i n t o 

l i q u i d n i t r o g e n . A brown p r e c i p i t a t e i n a red-brown s o l u t i o n formed 

and p e r s i s t e d as the mixture was s t i r r e d overnight. F i l t r a t i o n produced 

a red s o l u t i o n and a brown p r e c i p i t a t e . The red s o l u t i o n was 

concentrated by evaporation, and hexane added. A crimson s o l i d 

p r e c i p i t a t e d . I t was c o l l e c t e d by f i l t r a t i o n and washed with hexane 

( y i e l d 1.56g). The brown p r e c i p i t a t e was found to be i n s o l u b l e i n 

CH2C1 2, monoglyme, and toluene. A f t e r being washed with these s o l v e n t s 

i t was d r i e d i n vacuo ( y i e l d 5.42g). An attempt to r e c r y s t a l l i z e the 

brown p r e c i p i t a t e by r e f l u x i n g i n monoglyme f a i l e d as the s o l i d was not 

s o l u b l e . 

Data f o r red s o l i d 

A n alyses. Found: C.71.31; N.11.16; H.8.86: 

Fe(DPTAA) 2 r e q u i r e s , C.72.45; N.10.56; H.6.41: 

Fe(DPTAA)o( monoglyme) r e q u i r e s , C,69.67; N.9.03; H,7.10% 
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Melting p o i n t . Decomposition a t 108°C under n i t r o g e n 

I n f r a - r e d and 'H n.m.r. s p e c t r a 

Decomposition of the sample to the f r e e amidine occurred when the 

Nujol s p e c t r a of the complex was recorded. The use of an i s o l a t i o n 

c e l l d i d not prevent decomposition o c c u r r i n g . Severe broadening of 

the 'H n.m.r. resonances by paramagnetic F e ( I I ) s p e c i e s prevented 

the 'H n.m.r. from being recorded. 

Mass spectrum: The peak a t h i g h e s t m/e value was a t 237, 

corresponding to [ DPTAA] + . The sample was introduced a t s e v e r a l 

source temperatures 80-200°C but a parent ion could not be observed. 

Data f o r brown powder 

Analyses . Found C,71.80; N.9.89; H.7.20 

[ F e ( D P T A A ) 2 ] n r e q u i r e s C,72.45; N.10.56; H,6.41% 

Melting p o i n t Decomposition a t 109°C under n i t r o g e n . 

I n f r a red and 'H n.m.r. s p e c t r a M a t e r i a l i s not s o l u b l e i n any 

s u i t a b l e s o l v e n t , so no n.m.r. measurements or s o l u t i o n i n f r a - r e d 

were p o s s i b l e . Nujol mulls decomposed, only the spectrum of the parent 

amidine was recorded. 

Mass spectrum: The spectrum was i d e n t i c a l to the red s o l i d d e s c r i b e d 

above. 

7.2A.7 Reaction of Fe(DPTAA) with NO 

N i t r i c oxide was bubbled through a s o l u t i o n of Fe(DPTAA) 3(0.400g, 0.52m 

mole) i n monoglyme (20ml) causing the c o l o u r to change from navy blue 

to orange brown. Concentration of the s o l u t i o n and a d d i t i o n of hexane 

caused the p r e c i p i t a t i o n of a red brown s o l i d . F u r t h e r c o n c e n t r a t i o n 

brought about the c r y s t a l l i s a t i o n of a yellow product. R e c r y s t a l l i s a t i o n 

from a monoglyme/hexane s o l u t i o n y i e l d e d 0.213g of y e l l o w needle l i k e 

c r y s t a l s . The red-brown s o l i d , which decomposed i n a i r producing NO 
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was washed with C C l ^ , then r e c r y s t a l l i z e d from i t s purple s o l u t i o n 

i n CH^Cl^ to g i v e an a i r s e n s i t i v e purple s o l i d ( y i e l d 0.102g). 

S o l u t i o n s o f the purple s o l u t i o n decomposed slowly, even under 

n i t r o g e n , g i v i n g a yellow s o l u t i o n from which the yellow c r y s t a l s 

could be c o l l e c t e d . N.B. The r e a c t i o n was a l s o performed u s i n g C C l ^ 

as s o l v e n t . The same products were i s o l a t e d . 

Data f o r y e l l o w c r y s t a l s 

A n alyses. Found: C.71.33; N,15.37; H.6.46: 

DPTAA(NO) r e q u i r e s , C.71.89; N.15.72; H,6.41% 

'H n.m.r. spectrum (CD^Cl^) 

Methyls: 2.30s, 2.38s 2.63s (1:1:1) 

Aromatics: 7.24 7.08 6.90 6.81 6.64 6.5(2:2:2:1:2:1; 

Mass spectrum: The parent ion [ DPTAA(NO)] + was observed a t m/e 267 

Loss of NO gave the daughter [ DPTAA ] + a t m/e 237. 

I n f r a red s p e c t r a (Nujol mull) 1668m, 1605sh, 1490m, l443w, 1412w, 

1390m, 1373ms , I240br,ms, 1220m, 1165w, 1142s, 849w, 824m, 809w, 

753m, 732m, 719m, 695w, 552w, 222w, cm" 1. 

Data f o r purple s o l i d A n a l y t i c a l data were i n c o n s i s t e n t , t y p i c a l 

r e s u l t being:-

Fe, 4.80; C.65.54; H.3.63; N,14.20% 

Fe(DPTAA) 3N0 r e q u i r e s C.72.27 

Fe(DPTAA) 3(N0) 4 r e q u i r e s C,64.94 

Fe(DPTAA) 2N0 r e q u i r e s C.68.57 

H,6.40 

H,5.75 

H,6.07 

N.12.3Q. Fe, 7.03% 

N15.78 ; Fe, 6.13% 

N.12.50, Fe,10.00% 

Mass spectrum: A peak a t m/e 413 occurred f o r one scan, but could not 

be repeated. I t was p o s s i b l y due to [Fe(DPTAA)(NO)] + or 

[Fe(DPTAA)(NO)(monoglyme)] +; or perhaps i t was a spurious peak. A l l 

other scans showed ions a t m/e 267 and 237 corresponding to [DPTAA(NO)] + 

and [DPTAA] +. 



I n f r a red spectrum. A Nujol mull decomposed i n the spectrometer, only 

the spectrum of DPTAAH was recorded. 

'H n.m.r. spectrum The compound decomposed i n CDCl^. Only s i g n a l s due 

to DPTAAH and DPTAA(NO) were observed i n the spectrum. 

7.2A.8 DPTAAH + NO (no r e a c t i o n ) 

DPTAAH (0.50g, 2.110m mole) was d i s s o l v e d i n monoglyme and n i t r i c oxide 

was bubbled through f o r 5 minutes. The s a t u r a t e d s o l u t i o n was then s t i r r e d 

under an atmosphere of n i t r i c oxide f o r one hour a t 20°C. The s o l v e n t 

was then evaporated, and the r e s u l t i n g white s o l i d c o l l e c t e d . 'H n.m.r. 

i . r . and C.H.and N a n a l y s e s showed i t to be pure DPTAAH. 

To see i f oxygen had any e f f e c t on the r e a c t i o n , the p r o c e d u r e was repeated, 

t h i s t i m e a i r wan d e l i b e r a t e l y i n j e c t e d I n t o the s o l u t i o n . Again, t h e r e was 

no apparent r e a c t i o n . 

7.2A.9. [ Fe(DPTAA)^Jn + NO (no r e a c t i o n ) 

[FetDPTAAj^Jn (0.5g) was suspended i n monoglyme (20ml) and n i t r i c oxide 

bubbled through f o r ten minutes. The suspension was then s t i r r e d under an 

atmosphere of n i t r i c oxide f o r one hour a t 20°C. F i l t r a t i o n of the 

suspension recovered the unreacted brown powder. 

7.2A.10 Reaction of Fe(DPTAA)^ with sodium amalgam 

A s o l u t i o n of Fe(DPTAA)^ (O.lOOg, 0.130m mole) i n T.H.F. (20ml) was added 

to a sodium amalgam (0.03g Na i n 10ml Hg), and the mixture v i o l e n t l y shaken. 

Decomposition of Fe(DPTAA)^ occurred, the amidine forming an orange gum. 

The r e a c t i o n was not s t u d i e d f u r t h e r . 

7.2A.11 F e (DP T A A) + _ PPft.g ( n o r e a c t i o n ) 

To a s o l u t i o n of Fe(DPTAA)^ (0.400g, 0.521m mole) i n monoglyme (20ml) 

was added PPhg (0.137g, 0.521m mole) and the mixture r e f l u x e d f o r four 

hours. There was no apparent r e a c t i o n . 

A s i m i l a r r e a c t i o n was t r i e d u sing toluene as s o l v e n t , no r e a c t i o n occurred 

when s t i r r e d f o r four hours a t 80°C, but when r e f l u x e d , Fe(DPTAA) 
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decomposed forming a yellow gum. A product could not be i s o l a t e d . 

7.2A.12 Fe(DPTAA) + bipyr i d i n e (no r e a c t i o n ) 

To a s o l u t i o n of Fe(DPTAA) (0.456g, 0.594m mole) i n monoglyme (10ml) 

was added b i p y r i d i n e (92.7mg, 0.594m mole) and the s o l u t i o n r e f l u x e d 

f o r three hours with no apparent r e a c t i o n . 

7.2A.13 Fe(DPTAA) 3 + hex-l-ene (no r e a c t i o n ) 

To a s o l u t i o n of Fe(DPTAA) (0.400g, 0.521m mole) i n monoglyme (20ml)was 

added hex-l-ene (43.7mg, 0.521m mole) and the s o l u t i o n r e f l u x e d f o r 

- four hours with no apparent r e a c t i o n . 

7.2A.14 Fe(DPTAA) 3 + i o d i n e (no r e a c t i o n ) 

To a s o l u t i o n of Fe(DPTAA)^ (0.460g, 0.599m mole) i n monoglyme (20ml) 

was added iodine (0.152g, 0.599m mole) the colour changing from navy 

blue to green. No f u r t h e r change occurred on r e f l u x i n g f o r one hour. 

Additi o n of hexane to the s o l u t i o n caused the decomposition of an iodine 

c o n t a i n i n g yellow gum, the mother l i q u o r r e v e r t i n g to i t s former blue 

c o l o u r . No r e a c t i o n had occurred, the i n i t i a l c olour change being due 

to blue and yellow s p e c i e s i n s o l u t i o n . 

7.2A.15 Fe(DPTAA) + NH^ (no r e a c t i o n ) 

Ammonia was bubbled through a s o l u t i o n of Fe(DPTAA) (0.300g, 0.391m mole) 

i n monoglyme (20ml) f o r ten minutes. There was no apparent r e a c t i o n . 

7.2A.16 Reaction of F e C l ^ with DPTAAH 

To a suspension o f anhydrous F e C l ^ (0.210g, 1.230m mole) i n toluene (20ml) 

was added a s o l u t i o n of DPTAA (1.550g, 7.380m mole) i n toluene (40ml) 

and the mixture s t i r r e d f o r 30 minutes a t room temperature. A yellow gum 

was deposited on the w a l l s of the f l a s k but no product could be i s o l a t e d . 

The r e a c t i o n was not f u r t h e r s t u d i e d . 
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7.2A.17 F e ( a c e t y l a c e t o n e ) ^ + DPAAH (no r e a c t i o n ) 

F e ( a c a c ) ^ (0.500g, 1.417m mole) was d i s s o l v e d i n monoglyme (10ml) and to 

i t a s o l u t i o n of DPTAAH (0.893g, 4.251m mole) i n monoglyme (10ml) was 

s l o w l y added. No r e a c t i o n occurred, the s o l u t i o n was then r e f l u x e d 

f o r four hours without any apparent change. 

7.2A.18 Reaction o f Fe(DPTAA) + E t 2 ° B F 3 

To a s o l u t i o n of Fe(DPTAA) (0.300g, 0.391m mole) i n monoglyme (20ml) 

was added f r e s h l y d i s t i l l e d Et^OBF^ (0.05ml, 0.391m mole) ca u s i n g the 

s o l u t i o n to t u r n a red-brown c o l o u r . Attempts to c r y s t a l l i z e the product 

f a i l e d , and a i r s e n s i t i v e brown gum being formed. The r e a c t i o n was not 

s t u d i e d f u r t h e r . 

7.2.B. Reactions i n the absence of a s o l v e n t 

7.2B.1 F e ( a c e t y l a c e t o n e ) 3 + DPTAAH (no r e a c t i o n ) 

F e ( a c a c ) 3 (0.153g, 0.434m mole) and DPTAAH (0.302m mole) were ground 

together forming an orange powder. The powder was then placed i n a 

C a r i u s tube, evacuated, s e a l e d and heated to 95°C f o r 18 hours. A fused 

red s o l i d was produced on c o o l i n g which was e x t r a c t e d with toluene (40ml) 

and the s o l u t i o n f i l t e r e d . C r y s t a l l i z a t i o n of the r e a c t a n t s was 

achieved by the a d d i t i o n o f hexane. These were i d e n t i f i e d by i . r . 

spectroscopy. T . l . c . of the components of the remaining s o l u t i o n , using 

CH^Cl^ as el u e n t , showed t h a t no other s p e c i e s were pre s e n t . 

7.2B.2 F e ( C p ) g _+_DPTAAH (no r e a c t i o n ) 

The procedure was i d e n t i c a l to r e a c t i o n 7.2B.1 given above. A fused yellow 

s o l i d was formed from which Fe(Cp) was e x t r a c t e d u s i n g hexane. The 

white s o l i d remaining was shown to be the f r e e amidine. 

7.2B.3 Reaction of FeCI w i t h DPTAAH 

F e C I 3 (0.174g, 1.072m mole)and DPTAAH (1.531g, 6.432m mole) were ground 

together forming an orange powder. The powder was then placed i n a C a r i u s 
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tube, evacuated, s e a l e d and heated to 95°C f o r e i g h t hours. The red 

s o l i d produced was e x t r a c t e d with toluene (20ml), and the s o l u t i o n 

evaporated to low bulk, forming a brown gum. T . l . c . u sing CH^Cl^ 

as s o l v e n t showed the product to c o n s i s t of four f r a c t i o n s : i ) yellow, 

i i ) red-brown, i i i ) brown and i v ) brown. Chromatography of the product 

on grade 3 alumina u s i n g CH^Cl^, as e l u e n t e x t r a c t e d the yellow f r a c t i o n , 

which was shown to be DPTAAH by i . r . spectroscopy. The red-brown 

m a t e r i a l decomposed on the column, and the two brown s p e c i e s could not 

be removed from the column u s i n g a whole range of s o l v e n t s and 

s o l v e n t mixtures. 

7.2B.4 Reaction of F e C l ^ with DPTAAH 

F e C l 2 (0.135g, 1.061m mole) and DPTAAH (l.OlOg, 4.246m mole) were ground 

together forming an o f f - w h i t e powder. The powder was p l a c e d i n a C a r i u s 

tube, evacuated, s e a l e d and heated to 95°C f o r four hours. On c o o l i n g , 

an orange g l a s s - l i k e s o l i d was formed; t h i s was e x t r a c t e d w i t h CH^Cl^ 

(30ml), the s o l i d only forming a s o l u t i o n a f t e r being immersed i n C ^ C l ^ 

overnight. An u n i d e n t i f i e d grey r e s i d u e was l e f t u n d i s s o l v e d . The 

s o l v e n t was removed from the orange s o l u t i o n i n vacuo, and the r e s i d u e 

s o x h l e t e d f i r s t with hexane (which removed excess DPTAAH (0.203g)),then 

e t h e r , g i v i n g an orange s o l u t i o n from which an orange s o l i d p r e c i p i t a t e d 

on c o o l i n g (2.39g). T h i s powder was r e c r y s t a l l i z e d from a monoglyme/' 

hexane s o l u t i o n g i v i n g a white s o l i d DPTAA(HCl) and an orange powder. 

Data f o r orange powder 

Analyses. Found: C,57.06; N,8.52; H.5.64; 01,21.09; Fe,6.62: 

i ^ e C l j 3 " [DPTAAHJ * r e q u i r e s C,58.43; N.8.52; H.5.83; CI,21.56; Fe,5.66% 
6 2 3 

Melting p o i n t Decomposition a t 65°C under n i t r o g e n 

I n f r a red spectrum (Nujol) New absorptions w.r.t. DPTAAH were recorded at:-

1540s, 1640m, 8I5m and 808 cm . The f o l l o w i n g absorptions were miss i n g from 

the spectrum of DPTAAH:- 1630s, 1588s, 1530s, 1322m, 1233m, 838m, 827m, and 
815m cm - 1. 



- 128 -

The 'H n.m.r. spectrum could not be recorded due to severe broadening 

of the s i g n a l . 

Mass spectrum: The ion e t h i g h e s t mass was [DPTAAH J* a t m/e 238. No 

i r o n c o n t a i n i n g s p e c i e s was i d e n t i f i e d . 

7.2B.5. Attempted s u b l i m a t i o n of Fe(DPAA)^ 

A sample of Fe(DPAA) 3 known to be contaminated s l i g h t l y with DPAAH was 

heated i n vacuo to 110°C with a c o l d f i n g e r maintained a t 6°C i n s e r t e d 

i n the f l a s k . A f t e r 16 hours a pure-white c r y s t a l l i n e s o l i d had c o l l e c t e d 

on the c o l d f i n g e r , t h i s was shown by a n a l y s e s and i . r . spectroscopy to 

be the DPAAH. The r e s i d u e , a dark blue s o l i d was c o l l e c t e d ; a t t e m p t s to r e -

c r y s t a l l i s e t h i s s o l i d from monoglyme, toluene and ether l e d to decomposition. 

Analyses and mass spectroscopy were performed on the r e s i d u e . 

A n a l y s e s . Found: C.71.48; N,12.09; H.5.65; Fe,10.2: 

Fe(DPAA) 2 r e q u i r e s C.71.03; N,11.84; H,5.28; Fe,11.84: 

Fe(DPAA) 3 r e q u i r e s C,73.79; N.12.30; H.5.71; Fe,8.19% 

The experiment was repeated, the f o l l o w i n g a n a l y s e s being obtained on 

the product:-

0,69.90; N,10.68; H.5.80; Fe,11.80% 

Mass Spectrum: The ion of hi g h e s t mass was [DPAA] + a t m/e 209. 

7.2C Measurements of magnetic moments 

7.2C.1. Fje[DPAA2 3 

Fe(DPAA) 3 (0.1014g) was placed i n a 10ml vo l u m e t r i c f l a s k and c a r e f u l l y 

d i l u t e d to the mark with CH^Cl^. A melting p o i n t tube s e a l e d a t one end 

was f i l l e d with t h i s s o l u t i o n u s i n g a microsyringe. The tube was 

covered w i t h " p a r a f i l m " , and then permanently s e a l e d by pa s s i n g through 

a CH^/O^ flame. A s i m i l a r tube was prepared u s i n g neat CH 2C1 2 > (These 

o p e r a t i o n s took p l a c e with the vigorous e x c l u s i o n o f a i r and moisture, 

which would c e r t a i n l y have decomposed the samples immediately). The two 

sample tubes were then i n s e r t e d i n t o a 5mm n.m.r. tube, to which CC1 
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was added to hold the samples i n p o s i t i o n . The 'H n.m.r. spectrum i n 

the CH^Cl^ region was then run on a 60 MHz. instrument. The d i f f e r e n c e 

i n the frequency (Av) of the proton resonance of CH^Cl^ i n the s o l u t i o n 

and the pure s o l v e n t was measured. The experiment was repeated 

u s i n g f i v e d i f f e r e n t melting point tubes prepared from the o r i g i n a l 

Fe(DPAA) 3 s o l u t i o n . 

R e s u l t s 

weight of sample = 0.1014g weight of sample/cm = 0.0104g 
3 3 d e n s i t y of s o l u t i o n = 1.13145g/cm d e n s i t y of CH 2C1 2 = 1.3266g/cm 

temperature = 308K —6 
XO=-0.549 x 10 c . g . s . u n i t s 

Sample Av(Hz) 

1 16.8 

2 16.9 

3 16.8 

4 16.8 

5 16.7 

Average Av = 16.8Hz. 

Applying the formula d e s c r i b e d i n Chapter 2 (page 32) 

X = -3 Av + xo + xo 
2Hv m 

I do-ds ^ 107,108] 

X = 1.4388 x 10 5 and Xm = 9.8273 x 10 3 

The molar s u s c e p t i b i l i t y , X m , should now be c o r r e c t e d f o r diamagnetism 

by adding the diamagnetic s u s c e p t i b i l i t y of the DPAA l i g a n d s (see page 33) 

i . e . 3 x 120 x 10 g atom c.g.s. u n i t s . T h i s g i v e s x'm = 1.0193 x 10 

V eff. = 2.84 v/5mT 
M eff. = 5.03B.M. 
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7.2C.2 Fe(DPTAA) 

The method was i d e n t i c a l to t h a t used f o r Fe(DPAA) 3 above, except 

t h a t a 90MHz. machine was employed. 

R e s u l t s 

weight of sample = 0.1408g weight of sample/cm = 0.01408g 

d e n s i t y of s o l u t i o n = 1.3145g/cm temperature 298K 
-6 

XO = -0.549 x 10 c.g.s. u n i t s . 

Sample Av(Hz) 

1 29.343 

2 29.348 

3 29.342 

4 29.340 

5 29.343 

Average Av = 29.343Hz 

Applying the formula: 

X = -3 A v 

2Hv 
+ Xo + xo / \ do-ds 

\ m 
-5 -3 X= 1.1750 * i o c.g.s.; xm = 9.0129 x 10 c.g.s. Xm i s c o r r e c t e d f o r 

—6 
diamagnetic s u s c e p t i b i l i t y o f the DPTAA l i g a n d s . i . e . 3 x 144 x 10 g/atom 

—3 
c.g.s. u n i t s . T h i s g i v e s \' = 9.4447 x 10 c.g.s. 

y e f f = 4.76B.M. 

2C.3 V a r i a t i o n of P g f f f o r Fe(DPTAA) with Temperature 

The magnetic moment of one of the samples of Fe(DPTAA) from 7.2C.2. above 

was measured a t d i f f e r e n t temperatures. 
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R e s u l t s 

Temp(K) Av(Hz) M e f f 
1 -3 
U X 10 
T 

Y ' X 10 3 

X m 

313 26.41 4.65 3.195 8.597 

298 29.34 4.75 3.356 9.378 

285 30.52 4.73 3.509 9.719 

273 32.87 4.78 3.663 10.398 

248 38.15 4.88 4.032 11.924 

7.2C.5 [ F e ( D P B A ) j n 

The standard Gouy method was performed on t h i s complex, y 

was found to be 5.47B.M. 
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7.3. DISCUSSION 

Most of the complexes d e s c r i b e d i n t h i s chapter proved to be extremely 

s e n s i t i v e to moisture and oxygen, both i n s o l u t i o n and i n the s o l i d 

s t a t e . Great c a r e was t h e r e f o r e needed to exclude both at a l l stages 

o f the p r e p a r a t i o n s , i s o l a t i o n s , and subsequent i n v e s t i g a t i o n s (see 

Chapter 2 f o r general experimental c o n d i t i o n s and techniques used). 

The r e a c t i o n between LiDPAA and F e C l ^ i n monoglyme proceeded smoothly 

to the navy-blue product Fe(DPAA) 3 without any apparent intermediate 

stage. The complex i s thought to be monomeric, having the t r i s 

c h e l a t e s t r u c t u r e of C o ( d p t ) 3 ( F i g . 7.1.2.). The evidence f o r t h i s i s 

the good s o l u b i l i t y i n most organic s o l v e n t s and the[ F e ( D P A A ) 3 ) + ion 

a t h i g h e s t mass (m/e 683) i n the mass spectrum . The complex decomposes 

immediately i n s o l u t i o n , or i n the s o l i d s t a t e , when i n c o n t a c t with a i r 

or moisture. The products of t h i s decomposition are the f r e e amidine 

and an orange coloured hygroscopic i r o n hydroxy specie's. The complex 

formed when using LiDPTAA and F e C l ^ i s e n t i r e l y analogous to the 

compound d e s c r i b e d above. 

I n the mass spectrometer the complexes Fe(DPAA) and Fe(DPTAA) fragment-

ed by the l o s s of the whole amidine l i g a n d a t once, i . e . [Fe(Am)^] + ^ 

[ F e ( A m ) 2 ] + > [ Fe(Am) ] + . Great d i f f i c u l t y was encountered i n 

observing the parent ion, i t was only observed when the source temperature 

was approximately 100°C. The i n t e n s i t y of the i r o n c o n t a i n i n g peaks was 

i n the order [ F e ( A m ) 2 ] + > [Fe(Am) ] + > [ F e ( A m ) 3 ] + . Ions r e l a t i n g to a d i -

i r o n s p e c i e s were looked f o r but not observed. 

The ease with which the compounds decomposed i n a i r prevented good i . r . 

s p e c t r a from being recorded. The complexes appeared to decompose even 

when exposed to the atmosphere of the glove box ( i n c l u d i n g a s p e c i a l 

high q u a l i t y box with a combined 0 /HO l e v e l of l e s s than 2 p.p.m.) the 
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r e s u l t i n g Nujol mulls (prepared using sodium d r i e d Nujol) producing only 

the s p e c t r a of the f r e e amidines. The use of a s p e c i a l i s o l a t i o n 

c e l l , with '0' r i n g s to prevent a i r r e a c h i n g the sample did not improve 

the s p e c t r a obtained. 

The 'H n.m.r. s p e c t r a could not be recorded due to the presence of para­

magnetic i r o n s p e c i e s , i t did however prove to be a u s e f u l method of 

determining the magnetic moments of the complexes. These were 

measured u s i n g the method d e s c r i b e d by Deutsch and P o l i n g [108] which 

has been summarised i n Chapter 2. The magnetic moments measured by t h i s 

method were 5.03B.M. and 4.76B.M. f o r Fe(DPAA)^ and Fe(DPTAA) 

r e s p e c t i v e l y . The number of unpaired e l e c t r o n s i n the complexes i s 

t h e r e f o r e c a l c u l a t e d to be approximately four. T h i s r e s u l t i m p l i e s t h a t : -

i ) t here i s a high s p i n - low s p i n c r o s s o v e r mechanism operating; or 

i i ) the i r o n i s i n a +11 o x i d a t i o n s t a t e ; or i i i ) the experiment i s 

i n a c c u r a t e . 

The f i r s t p o s t u l a t e was c l o s e l y examined i n view of the proven high 

s p i n - low s p i n phenomenon e x i s t i n g f o r the i s o e l e c t r o n i c and 

i s o s t r u c t u r a l t r i s d i t h i o c a r b a m a t o i r o n ( I I I ) molecule, F e ( d t c ) ^ . T h i s 

complex has a t r i g o n a l l y d i s t o r t e d o c t a h e d r a l c o n f i g u r a t i o n of s i x 

F i g . 7.3.1. 

SFeS <90° 

sulphur atoms ( F i g . 7.3.1.). Mossbauer spectroscopy has shown t h a t the 

d i s t o r t i o n does not g r e a t l y change the e l e c t r o n i c s t a t e s from t h a t of 

pure 0^ symmetry, and c a l c u l a t i o n s have shown th a t magnetic p r o p e r t i e s 

are i n s e n s i t i v e to the s m a l l s p l i t t i n g s caused by t h i s d i s t o r t i o n [ 121] . 

The magnetic p r o p e r t i e s can thus be i n t e r p r e t e d on the b a s i s of pure Oj-, 

R 1 

N 
R" 
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symmetry. Hence the ground s t a t e s f o r high and low s p i n 

c o n f i g u r a t i o n s are r e s p e c t i v e l y &A^(t3^ e 2 ) and 2T 2g ( t ^ g ) ' With 
2 - 1 6 most R groups the T 2g s t a t e l i e s s e v e r a l hundred cm below the A^g 

s t a t e , thus a t low temperature the n e f f tends towards the value 
5 

2.1B.M. which i s c h a r a c t e r i s t i c of the t 2 g c o n f i g u r a t i o n . As the 

temperature r i s e s the molecules begin to populate the high s p i n s t a t e 

and the Veff r i s e s f o l l o w i n g a sigmoidal curve t h a t approaches an 

asymptotic l i m i t . T h i s l i m i t i n g value w i l l be l e s s than M e f f f o r a high 

s p i n complex as i t w i l l never be p o s s i b l e to e x c i t e a l l the molecules 

i n t o a high s p i n s t a t e . T h i s behaviour i s demonstrated g r a p h i c a l l y below 

( F i g . 7.3.2.) [ 122] 

6 

yttff. (B.M.) R-Cn^n+I 

F i g . 7.3.2. 

f o r a t y p i c a l case where the energy d i f f e r e n c e between the high and low 

s p i n s t a t e s i s w i t h i n the range 50-150 cm . 

The v a r i a b l e temperature measurements performed on the Fe(DPTAA)^ complex 

gave a f a i r l y c onstant value of neff between the two extremes of 

temperature ( F i g . 7.3.3); w h i l s t a p l o t of the molar s u s c e p t i b i l i t y (xm) 

/Jeff 

(BM.) 

5 

4 

240 210 300 330 T (K) 
F i g . 7.3.3. 
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ver s u s the r e c i p r i c a l of temperature demonstrates the adherence o f the 
Q 

complex to the Curie-Weiss Law, Xm = — where C = C u r i e c onstant, 
T 6 

T = absolute temperature, 6= Weiss constant) ( F i g . 7.3.4.) The 

12 

11 

10 
MO J ) 

8 4.0 X MO"3) 3.0 
F i g . 7.3.4 F i g . 7.3.4. 

adherence to t h i s law i n d i c a t e s t h a t the observed magnetic moment i s 

not due to a high s p i n - low s p i n c r o s s o v e r e f f e c t . 

That the complexes Fe(DPAA)^ and Fe(DPTAA)^ co n t a i n F e ( I I ) r a t h e r than 

F e ( I I I ) a l s o appears u n l i k e l y i n view of the d i f f e r e n t types of 

complexes produced when s t a r t i n g from an F e ( I I ) p r e c u r s o r (see l a t e r ) . 

The remaining e x p l a n a t i o n of the observed magnetic moment i s t h a t the 

experiment i s i n a c c u r a t e . The ge n e r a l a p p l i c a b i l i t y of the method was 

examined u s i n g the a i r s t a b l e F e ( a c a c ) and C r ( a c a c ) complexes; three 

d i f f e r e n t c o n c e n t r a t i o n s of C r ( a c a c ) ^ s o l u t i o n being used. Values 

of v „„ of 5.91B.M. f o r Fe(acac)„, and 3.86, 3.95 and 3.89B.M. f o r C r ( a c a c ) e f i 3 

/ere obtained which compare w e l l with the experimental moments of 5.95B.M. f o r F e ( a c a c ) ^ 

[117 ]and 3.86B.M. f o r C r ( a c a c ) 3 [ 1 2 3 ] . 

The reason f o r the low va l u e s of the magnetic moments of the Fe(DPAA)^ 

and Fe(DPTAA)^ complexes compared to other F e ( I I I ) s p e c i e s i s probably 

due to p a r t i a l decomposition of the complex. I f the s l i g h t e s t amount 

of moisture i s present i n the CH^Cl^ s o l u t i o n some of the complex w i l l 

decompose . As long as the decomposition products 30 not remain i n 

s o l u t i o n , t h i s w i l l l e a d to l e s s F e ( I I I ) s p e c i e s i n s o l u t i o n than allowed 

f o r by the weighings. T h i s w i l l have the e f f e c t o f lowering the c a l c u l a t e d 

magnetic moment. 
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The dark red complex formed on a d d i t i o n of LiDPFA to FeClg i n monoglyme 
i s a l s o t e n t a t i v e l y formulated as monomeric F e ( D P F A ) 3 > with a t r i s 
c h e l a t e type s t r u c t u r e . There i s l i t t l e concrete evidence f o r t h i s , the 
e x c e p t i o n a l l y good s o l u b i l i t y i n organic s o l v e n t s being the reason 
t h a t t h i s type of s t r u c t u r e i s p r e f e r r e d to an o l i g o m e r i c or polymeric 
s t r u c t u r e . The complex appeared even more unstable than the a c e t -
amidine d e r i v a t i v e s , and was not s t u d i e d f u r t h e r . 

The r e a c t i o n of LiDPBA with F e C l ^ i s i n t e r e s t i n g , as i t was the only 

r e a c t i o n of F e C l ^ with a l i t h i o a m i d i n e t h a t appeared to g i v e more 

than one product. I n t h i s r e a c t i o n a s o l u t i o n c o n t a i n i n g a very 

u n s t a b l e red s p e c i e s and an a i r s t a b l e green s o l i d were produced. 

The green s o l i d analysed c o r r e c t l y f o r Fe(DPBA) 3, but i t s i n s o l u b i l i t y 

i n o r g a n i c s o l v e n t s and s t a b i l i t y to a i r and water suggest a d i f f e r e n t 

s t r u c t u r e to t h a t assigned to the acetamidine and formamidine complexes. 

The parent ion i n the mass spectrometer however was [Fe(DPBA) 3] + 

and there was no s i g n of any d i - i r o n s p e c i e s i n the spectrum. The 

complex i s paramagnetic, with a measured \i ^ of 5.47 B.M. (Gouy method); 

the r e i s probably a l a r g e e r r o r here due to the d i f f i c u l t y of evenly 

packing the sample and the amount of sample a v a i l a b l e ) , g i v i n g the number 

of unpaired e l e c t r o n s as approximately 4.6. The s o l u b i l i t y suggests 

t h a t i t i s an oligomeric or polymeric s p e c i e s , and the mass s p e c t r a and 

magnetic p r o p e r t i e s are i n keeping with a product having no formal Fe-Fe 

bond. An amidine bridged oligomer/polymer s t r u c t u r e i s t h e r e f o r e 

suggested f o r t h i s complex. The red s p e c i e s produced i n the r e a c t i o n 

was not i d e n t i f i e d but i t ' s s o l u b i l i t y , deep colour and s e n s i t i v i t y to 

a i r suggests a c l o s e analogy to the monomeric Fe(DPAA) 3 and Fe(DPFA) 

s p e c i e s p r e v i o u s l y d e s c r i b e d . 
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The complexes (Fe(Am)g) n were i n v o l a t i l e , andcould not be sublimed 

even when heated t o about 100°C i n vacuo. Above t h i s temperature 

decomposition occurred, f r e e amidine being produced which sublimed from 

the residue. One attempt a t p u r i f i c a t i o n o f Fe(DPAA)^ (contaminated 

w i t h DPAAH)by sublimation produced a blue black residue and a good 

deal o f DPAAH. More DPAAH was sublimed than was thought t o be present 

as i m p u r i t y , and the p o s s i b i l i t y o f decomposition t o an orthom e t a l l a t e 

species ( F i g . 7.3.5.) which preserves the ( + I I I ) o x i d a t i o n s t a t e o f 
Ph CH 

the i r o n , was examined. I / 3 
N • - c 

Fe(DPAA) \ Heat 
> (DPAA)Fe N H / Vacuum 

+DPAAH 

Fig. 7.3.5. 

An o r t h o m e t a l l a t e d e r i v a t i v e might be expected t o have a f a i r l y strong 

peak at m/e 264 corresponding t o the [(o-met) Fe(DPAA)] + i o n , but 

the ion a t highest mass i n the spectrum was [DPAA] + a t m/e 209. The 

a n a l y t i c a l data f o r the residue was close t o FeCDPAA^, but not too f a r 

removed from the precursor Fe(DPAA)g. R e c r y s t a l l i s a t i o n l e d to decomposition 

and i t was eventually concluded t h a t the residue was undecomposed 

Fe(DPAA)^ and an unknown i r o n species. 

Reactions were also performed using FeCl^ and LiDPTAA. Reduction o f 

FeClg t o FeCl^ by n - b u t y l l i t h i u m was not wholly successful, t h e r e f o r e 

commercially prepared FeCl^ was used. Two products were i s o l a t e d from 

t h i s r e a c t i o n , an i n s o l u b l e brown powder (73%) and a soluble crimson 

s o l i d ( 2 1 % ) . Both products analysed c o r r e c t l y f o r [FetDPTAA),,^ and the 

crimson product was shown t o be paramagnetic by 'H n.m.r. Both samples 

were extremely s e n s i t i v e t o a i r , and the i n f r a red spectra could not be 



- 138 -

recorded, the mass spectra showing only [DPAA] + and i t s subsequent 
fragmentation. On the evidence a v a i l a b l e i t seems l i k e l y t h a t the 
red product i s monomeric, or dimeric w i t h amidine bridges, and the 
brown powder polymeric. 

The s e n s i t i v i t y o f the complexes described so f a r made them extremely 

d i f f i c u l t t o study. A systematic i n v e s t i g a t i o n was t h e r e f o r e i n i t i a t e d 

t o discover whether r e d u c t i o n , e l e c t r o p h i l i c or n u c l e o p h i l i c reagents had 

any e f f e c t on the s t a b i l i t y o f Fe(DPTAA)^' 

Refl u x i n g FelDPTAA)^ i n monoglyme w i t h a series o f reagents i n c l u d i n g 

PPh^, I ^ , hex-l-ene and b i p y r i d i n e d i d not r e s u l t i n r e a c t i o n i f the solvents 

were scrupulously d r i e d and oxygen r i g o r o u s l y excluded. I f these 

c o n d i t i o n s were not met, decomposition o f the i r o n complex occurred 

Reactions d i d not occur when ammonia was bubbled through a monoglyme 

s o l u t i o n o f Fe(DPTAA) 3. 

When t r e a t e d w i t h a sodium amalgam, Fe(DPTAA)^ decomposed t o a yellow 

gum. An a i r s e n s i t i v e brown gum was formed when Fe(DPTAA)^ was reacted 

w i t h Et^OBF^ but t h i s was not i n v e s t i g a t e d f u r t h e r . 

A r e a c t i o n t h a t d i d produce an i d e n t i f i a b l e product was t h a t o f n i t r i c 

oxide w i t h a s o l u t i o n o f Fe(DPTAA)^ i n monoglyme. This produced a red 

brown s o l u t i o n , from which a brown s o l i d which decomposed i n a i r 

e v o l v i n g NO^ was ' p r e c i p i t a t e d . R e c r y s t a i i i s a t i o n from i t s purple 

s o l u t i o n i n CH^Cl^ gave a purple s o l i d which was not pr o p e r l y i d e n t i f i e d . 

S o l u t i o n s o f t h i s s o l i d decomposed, even w i t h the exclusion o f a i r , 

g i v i n g a yellow s o l u t i o n from which yellow needles of (p-tolyl)N=C(CH 3) 

N(NO)(p-tolyl) were c r y s t a l l i s e d and c o n c l u s i v e l y i d e n t i f i e d . Although 

the r e a c t i o n was repeated several times c o n s i s t e n t a n a l y t i c a l data f o r 

the purple complex could not be obtained. The 1H n.m.r. spectrum 

however showed i t t o contain paramagnetic i r o n . The ion a t m/e 413 i n 

the mass spectrum was not repeatable, i t may have been due t o a 
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[Fe(DPTAA)(N0) 4] + or [Fe(DPTAA)(monoglyme)(NO) ] + species. 
Nitrosoamines can be formed by the a c t i o n o f n i t r i c oxide on amine 
s o l u t i o n s i n organic solvents, the n i t r o s a t i o n t a k i n g place through the 
intermediacy o f ̂ 2^3 o r N2^4 ^ o r r n e c^ the presence o f oxygen i n the 
r e a c t i o n mixture [124] . Attempts t o prepare the nitrosoamidine by 
the a c t i o n of NO on DPTAAH f a i l e d , even when a i r was admitted. The 
formation o f the nitrosoamidine must t h e r e f o r e be o c c u r r i n g on the metaj i n 
s o l u t i o n s -of Fe(DPTAA)^. I t i s probable t h a t i n i t i a l a t t a c k occurs 
a t the metal by NO t o donate one e l e c t r o n . I n such a case the NO 
w i l l have a bent c o n f i g u r a t i o n . One o f the amidino groups may then 
become monodentate, the NO changing from a bent one e l e c t r o n donor 
to a l i n e a r three e l e c t r o n donor. The NO which can now be regarded 
as bonding N0 + can then be n u c l e o p h i l i c a l l y attacked by the unco­
ordinated n i t r o g e n o f the amidino group ( F i g . 7.3.6), ( n u c l e o p h i l i c 
a t t a c k on coordinated NO [125,126,127] ) . The Fe(DPTAA) (DPTAA(NO)) 

N N N N 
\ \ / N - j - NO Fe 0 N N 

CN/ \ > 

N N 0 N N WJ \ 0 
N Fe Fe / N 

N-C 
Fig . 7.3.6 R 

species thus formed could not be i s o l a t e d , but goes on to rea c t f u r t h e r 

or decompose g i v i n g DPTAA(NO) and DPTAAH as the only i d e n t i f i a b l e 

products of the r e a c t i o n . 

Treatment o f the brown powder [ FetDPTAA)^] n w i t h n i t r i c oxide d i d not 

cause a s i m i l a r r e a c t i o n . The unreacted brown powder was recovered. 
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A l t e r n a t i v e pathways t o i r o n amidino complexes were explored, these 

included r e f l u x i n g F e (acac) 3 w i t h DPTAAH i n monoglyme, and a ser i e s 

o f Carius tube r e a c t i o n s using DPTAAH and Fe(acac) ,FeCl 3, FeCp2, and 

FeCl^o I n a l l but the FeCl^ case the only products recovered were the 

s t a r t i n g m a t e r i a l s . The FeCl^ r e a c t i o n l e d t o the i s o l a t i o n o f an 

orange powder formulated by chemical analysis t o be FeCl 3 ( DPTAAH.HCl)^ 

and an u n i d e n t i f i e d grey p r e c i p i t a t e ( p o s s i b l y m e t a l l i c i r o n ) . A 

possible s t r u c t u r e f o r the i r o n complex i s given below ( F i g . 7.3.7.). 

C —CH, 

Fig. 7.3.7. 

The i . r . spectrum of t h i s compound shows an increase i n the v (N-C=N) 
a s 

_ i 
from 1630 t o 1640 cm w.r.t. DPTAAH, and i s very s i m i l a r t o DPTAAH(HC1) 

7.4. CONCLUSION 

Fed reacts smoothly w i t h l i t h i o a m i d i n e s forming b r i g h t l y coloured 

i r o n - t r i s a m i d i n o complexes. The formamidino and acetamidino complexes 

are believed t o be monomeric and are extremely a i r s e n s i t i v e . The 

benzamidine r e a c t i o n produces two products, which â e t e n t a t i v e l y assigned 

monomeric and oligomeric/polymeric s t r u c t u r e s , the oligomer/polymer being 

unusual, i n t h a t i t i s s t a b l e t o both a i r and water. 

The complexes are parmagnetic, and the Fe(DPTAA) 3 d e r i v a t i v e has been 

shown t o obey the Curie-Weiss law. The measured magnetic moments of 
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Fe(DPAA) and Fe(DPTAA) are less than those expected f o r high spin 
F e ( I I I ) species, but t h i s i s probably due t o t h e i r i n s t a b i l i t y i n 
s o l u t i o n and consequently the d i f f i c u l t y o f preparing standard 
s o l u t i o n s . The a i r s t a b l e oligomer/polymer [Fe(DPBA) 3] n has a 
measured magnetic moment closer t o t h a t p r e d i c t e d f o r a complex 
c o n t a i n i n g 5 unpaired e l e c t r o n s . 

FeCl^ also undergoes r e a c t i o n w i t h LiDPTAA, two products, both formulated 

as FeCDPTAA)^ being formed. These are believed t o be a monomer and an 

oligomeriqlpolymeric species. Both were extremely a i r s e n s i t i v e and 

could not be i n v e s t i g a t e d f u r t h e r . 

Reactions of various i r o n compounds w i t h DPTAAH i n the absence o f a 

solvent d i d not appear to produce iron-amidino species. A strange 

r e a c t i o n w i t h FeCl^ d i d occur however, the products being FeCl(DPTAAH. 

HC1) 3 and m e t a l l i c i r o n . 

The Fe (acetamidine)^ d e r i v a t i v e s were r e s i s t a n t t o n u c l e o p h i l i c 

s u b s t i t u t i o n by donor ligands, but decomposition occurred when t r e a t e d 

w i t h a sodium amalgam or reacted w i t h Et^OBF^. Reaction d i d occur 

w i t h n i t r i c oxide however, though the i r o n c o n t a i n i n g product was not 

i d e n t i f i e d . I t decomposed e a s i l y forming NÔ  and amidine i n the s o l i d 

s t a t e , and nitrosoamidine and amidine when i n s o l u t i o n . 

I t i s noted t h a t Ao f o r Fe(DPAA) 3 Fe(DPTAA) and [Fe(DPBA) 3] n must be 

q u i t e small as the i r o n adopts a high spin c o n f i g u r a t i o n . The value of 

Ao would be expected t o be large i f a s i g n i f i c a n t degree of n back 

bonding t o the metal takes place, I t i s concluded t h e r e f o r e t h a t the 

amidine t o metal bond i s b a s i c a l l y o f the o > a - t y p e , w i t h l i t t l e i r o n 

t o amidine n back bonding. 
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APPENDIX I 

A p r e l i m i n a r y i n v e s t i g a t i o n i n t o _ t h e ^ j m t h e s e s of molybdenum - methylene-

amino complexes by n u c l e o p h i l i c a t t a c k on molydenum n i t r i l e s 

.1 INTRODUCTION 

As p a r t of t h i s group's co n t i n u i n g i n t e r e s t i n t r a n s i t i o n metal-

n i t r o g e n l i g a n d complexes the methylene amino-group -N^R^ has been studied 

i n some depth [128-132 ]. The methyleneamino group can be considered 

t o be i s o e l e c t r o n i c w i t h n i t r i c oxide (°N=0) which has been shown t o act 

as a one or three e l e c t r o n donor l i g a n d [133 ] i n t r a n s i t i o n metal 
2 

complexes. As a one e l e c t r o n donor the N atom i s sp h y b r i d i s e d and a 

bent M-N-0 skeleton r e s u l t s ; when a c t i n g as a three e l e c t r o n donor the 

N atom i s sp h y b r i d i s e d , and i t now also p a r t i c i p a t e s i n n - b o n d i n g 

t o the metal, a l i n e a r M-N-0 skeleton being observed ( F i g . Al.1.1.) 

/ 
' M N M 4 N = 0 

1 e l e c t r o n donor 3 e l e c t r o n donor 

F i g . Al.1.1 

I n a d d i t i o n , the three e l e c t r o n donor NO l i g a n d can be b r i d g i n g . This 

s i t u a t i o n i s f o r m a l l y q u i t e analogous t o t h a t f o r b r i d g i n g halogen atoms. 

(F i g . Al.1.2) 0 
II 
N 

M M 

N I I 
0 

Fi g . Al.1.2. 

S i m i l a r bonding modes have been proposed f o r the methylene-amino group, and 

there i s strong evidence i n favour o f the three e l e c t r o n donor l i n e a r 
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(CpMo(CO) (NC(t-butyl) )) [ 13l] , and b r i d g i n g ([ Fe(CO) 3(NCPh 2)] 2 ) [ 134] 
types o f c o - o r d i n a t i o n . 

The methyleneamino group has the a d d i t i o n a l p o s s i b i l i t y o f an " o l e f i n -

type" i n t e r a c t i o n , which has been observed f o r some vinyleneamine [135] 

and cyanamide [136] systems. 

The successful syntheses of t r a n s i t i o n metal-methyleneamino complexes 

have been by the f o l l o w i n g routes:-

i ) Fe(CO) + Ph„CNNCPh_ [ 134] 5 2 2 
i i ) CpM(C0) 3Cl + R2CNSiMe3 [128] 

i i i ) CpM(CO)3Cl + R2CNLi [128] 

(M=Mo,W) 

The f i r s t method worked w e l l f o r Fe(C0) 5 > but w i t h [CpM(CO) ] 2 

(M=Mo,W) only the s t a r t i n g m a t e r i a l s were recovered. For the CpM(C0) 2 

(NCR2) complexes the second route was the most successful; a monomer 

being i s o l a t e d f o r the tungsten r e a c t i o n and both monomer and dimer 

( c o n t a i n i n g -NCR2 bridges) being i s o l a t e d f o r the molydenum r e a c t i o n , 

the dimer being the predominant product. The t h i r d route g e n e r a l l y caused 

a complex r e a c t i o n t o occur, w i t h the formation o f n - a l l y l / a l l e n e complexes 

e.g. CpMo(CO)2(R2C-N=CR2), but could be induced t o give the monomeric 

methyleneamino-complexes by the i n c o r p o r a t i o n i n the r e a c t i o n mixture 

o f added substrates such as R2C=0, PhCN, and PhNCO [ l 3 2 ] . 

The compound CpNMCO^NCBu^) [130] was prepared by route ( i i i ) above; 

i n t e r e s t i n g l y t h i s d i d not lead t o the n - a l l y l / a l l e n e type o f complex 

r e s u l t i n g from Ph 2CNLi. A c r y s t a l s t r u c t u r e o f the methyleneamino complex 

[ l 3 l ] revealed t h a t the M-N-C skeleton i s approximately l i n e a r having an 

angle o f 171.8° and a short Mo-N bond length o f 1.87A" compared w i t h a 

"normal" s i n g l e bond distance of 2.32A i n cis-Mo(CO) 3(dien). The 

evidence i n favour o f a three e l e c t r o n donor methyleneamino group i n t h i s 

complex i s q u i t e strong i . e : - i ) the complex re q u i r e s three e l e c t r o n s from 
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the methyleneamino group t o s a t i s f y the 18 e l e c t r o n r u l e ; i i ) the 
presence o f only two carbonyl groups, and the f a i l u r e t o add a 
f u r t h e r n e u t r a l donor l i g a n d even under f o r c i n g c o n d i t i o n s ; i i i ) the 
s h o r t Mo-N bond length implying m u l t i p l e bonding; and i v ) the 
approximate l i n e a r i t y of the M-N-C skeleton. I t must be noted 
however t h a t the l i n e a r i t y o f t h i s skeleton may be f a c i l i t a t e d by the 
bulky t e r t i a r y b u t y l groups and hence the three e l e c t r o n donor 
nature o f the methyleneamino-group cannot yet be assumed to apply i n a l l 
cases. 

Further evidence f o r the three e l e c t r o n donor l i n e a r l y bonded s t r u c t u r e 

o f the methyleneamino group i n CpMo(C0)2(NC Bu^) w ^ s obtained by 

observing i t s temperature dependent 'H n.m.r. and i . r . spectra [130]. 

This also concludes t h a t the t e r t i a r y b u t y l methyleneamino group 

i s l i n e a r l y bonded t o the molybdenum, and a s l i g h t l y hindered r o t a t i o n 

about the Mo-N bond gives r i s e t o the temperature dependent spectra. 

The tungsten complex CpW(CO)^(NCPh,) dimerises w i t h the loss o f 

carbonyls t o [CpW(CO)(NCPh^) ],-, on heating, whereas the analogous 

molybdenum complex i s s t a b l e t o above i t s m e l t i n g p o i n t and does not 

appear t o decarbonylate. The molybdenum dimer [CpMo(C0) 2(NCPh 2) ] ^ 

however, i s extremely d i f f i c u l t t o i s o l a t e as under the conditions 

favourable f o r the formation o f the tungsten dimer (Ph^CNSiMe^ route) the 

r e a c t i o n predominantly gave the [CpMo(CO)(NCPh2) ] complex. 

Substi t u e n t s on the methyleneamino-group considerably i n f l u e n c e the type 

o f complex formed i n the r e a c t i o n between methyleneamino d e r i v a t i v e s and 

t r a n s i t i o n metal carbonyls. For instance Ph^CNSiMe^ produces fcpMoCco^Ncp^)^ 

^[CpMofCO^Cl] but LiNCPh^ gives the above i n very low y i e l d , the major 

product being CpMo(CO) (Ph2CNCPh2) . With Bu^CNSiMe or Bu^CNLi w i t h 

CpMo(CO)3Cl however, the only product formed i s CpMo(CO)2(NCBut'2). An 

i n v e s t i g a t i o n as t o whether t h i s was due s o l e l y t o s t e r i c e f f e c t s led t o 
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the synthesis o f CpMo(C0) 2(NC(Ph)(Bu*)) by both the s i l y l and l i t h i o 
r o u t e s . i t was envisaged t h a t the decreased size of the methyleneamino 
group might allow the formation o f a dinuclear bridged species or a 
n - a l l y l / a l l e n e type o f complex; f u r t h e r r e a c t i o n s w i t h d i f f e r i n g R 
groups might reveal the answer. 

I n c o n t r a s t t o the diphenyl- and d i t e r t i a r y b u t y l - methyleneamino-

complexes(CpMo(C0) 2(NCR 2)) already described, the mixed phenyl-

t e r t i a r y b u t y l complex does r e a c t w i t h PPh 3 to give CpMo(CO)(PPh3)(NC(Ph) 

(B u * ) ) . The f a c t t h a t a s u b s t i t u t i o n and not an a d d i t i o n occurs suggests 

t h a t both complexes contain 18 el e c t r o n s and t h a t the methyleneamino 

group i s a three e l e c t r o n donor. CpMo(C0) 2(NC(Ph)(Bu^)) shows no 

changes i n i t s i n f r a - r e d spectrum (hexane) from -40°—}50°C, but i t 

i s not c l e a r whether t h i s i s due t o a s i n g l e p r e f e r r e d conformation or 

f r e e r o t a t i o n about a l i n e a r M-N bond. 

The chemistry of the CpMo(CO) (NCRR1) complexes i s s t i l l r e l a t i v e l y 

unexplored, a more e f f i c i e n t route t o these complexes being a p r e r e q u i s i t e 

f o r f u r t h e r study. This work was devoted t o e x p l o r i n g a new s y n t h e t i c 

r o u t e , and i t was hoped t h a t a range o f methyleneamino complexes w i t h 

d i f f e r i n g R and R* groups could be produced. The method explored was t h a t 

o f n u c l e o p h i l i c attack by a carbanion on co-ordinated n i t r i l e s . 

I t has been postulated f o r [cis-Co(ethylenediamine) 2(NCCH 2NH 2)Cl] 2 + t h a t 

c o o r d i n a t i o n v i a the lone p a i r o f the n i t r i l e enhances the s u s c e p t i b i l i t y 

o f the n i t r i l e carbon t o n u c l e o p h i l i c a t t a c k [ 137 ] ; the complex i s 

found t o isomerise by such a n u c l e o p h i l i c a t t a c k t o one co n t a i n i n g 

the t r i d e n t a t e amide l i g a n d NH^CH^NH^CI-^Cf-^NF^ i n near n e u t r a l or basic 

s o l u t i o n s . Other examples of n u c l e o p h i l i c a t t a c k on a co-ordinated 

n i t r i l e i s t h a t of NH3 on cis-Cl 2Pt(NCMe) 2 which produces the diamine-

diamidine product t r a n s - [ ( N H 3 ) 2 P t ( N H = C ( C H 3 ) - N H 2 ) 2 ] 2 + C l 2 [ 1 3 8 ] , 

S i m i l a r types o f r e a c t i o n occur f o r carbonyls, and i t has been demonstrated 
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t h a t a u s e f u l method o f producing t r a n s i t i o n metal carbamoyl complexes 

i s the r e a c t i o n of c a t i o n i c carbonyl complexes w i t h a nucl e o p h i l e . 

e.g. CpMo(CO) + + NHRR' ^CpMo(CO) : C/" [ 139 ] 
3 NRR' 

The r e l a t e d alkoxy-carbonyls are also produced i n a s i m i l a r r e a c t i o n 

using alcohols or l i t h i u m alkoxides. 
^ 0 

e.g. CpMo(CO) + + MeOH >CpMo(CO) :C^ [ 139] 
J ^ OMe 

The synthesis o f other metal carbonyl complexes v i a c a t i o n i c precursors 

has also proved u s e f u l using n -coordinated o l e f i n ligands w i t h both 

bases and anionic carbon nucleophiles D-40] . 

e.g. i ) CpMo(C0) 3(C 2H 4) + + L > CpMo(C0) 3(CH 2CH 2D + 

i i ) CpMo(C0) 3(C 2H 4) + + R~ > CpMo(CO)3(CH2CH2R) 

The synthesis o f molybdenum-methyleneamino complexes from n i t r i l e 

complexes t h e r e f o r e seemed f e a s i b l e , the r e a c t i o n undergoing the 

f o l l o w i n g type o f process:-

I n i t i a l a t t a c k by the nucleophile causes the t r a n s f e r o f an e l e c t r o n 

p a i r from the C~N bond t o the n i t r o g e n atom, and the simultaneous 

t r a n s f e r of an e l e c t r o n t o the metal forming a n e u t r a l complex. The 

ni t r o g e n atom may now remain sp hy b r i d i s e d , donating i t s e l e c t r o n 

p a i r t o the metal, causing the loss o f one o f i t s n e u t r a l ligands and 

the formation o f a three e l e c t r o n donor methyleneamino complex ( F i g . A l . 
F 2 

1.3a). A l t e r n a t i v e l y , the nitrogens o r b i t a l s may r e h y b r i d i s e t o a sp 

s t a t e , forming a lone p a i r on the n i t r o g e n atom. This lone p a i r may 

remain uncoordinated or else be donated t o another metal atom forming 

a bridged methyleneamino complex ( F i g . Al.1.3) 
(Q Cp (CO) 0MC£N = C R ^ (UCp (CO) 0Mo — N = CRR • 

2 ^ 4 - 2 
CR, -

or 
R 

^h, —R' 
(L)Cp(CO) Mo 

W Cp(CO)Mo — N = CRR1 

methyleneamino 
(OCp(CO)Mo N=CRR' bridged species 

Fig.Al.1.3 
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A1.2 EXPERIMENTAL 

Al.2.1 . CpMo(00)^01 was prepared according t o Fischer [141 ]. I t was 
r e c r y s t a l l i z e d from a chloroform/hexane s o l u t i o n , and the red c r y s t a l s 

were stored under n i t r o g e n i n the freezer. 
A1C1 

Al.2.2 CpMo(C0) 3Cl + PhCN 3_> no r e a c t i o n . 

CpMo(C0) 3Cl (0.400g, 1.43m mole) was dissolved i n CH 2C1 2 (10ml) and 

A1C1 3 (0.190g, 1.43m mole) c a r e f u l l y added under n i t r o g e n . To t h i s 

s o l u t i o n was added a s o l u t i o n of PhCN (0.147g, 1.43m mole) and the mixture 

r e f l u x e d f o r 16 hours. NH.PF_ (0.233g, 1.43m mole) was dissolved i n water 
4 6 

(10ml) and t h i s s o l u t i o n added t o the organic mixture. The f l a s k 

was v i g o r o u s l y shaken, the aqueous l a y e r removed and the organic l a y e r 

washed w i t h water (2 x 10ml). The solvent was then removed by 

evaporation i n vacuo and the residue d r i e d . E x t r a c t i o n of the residue gave a 

c l e a r red s o l u t i o n showing only the carbonyl s t r e t c h i n g frequencies 

a t t r i b u t a b l e t o CpMo(C0) 3Cl. C r y s t a l l i z a t i o n by the a d d i t i o n of hexane 

produced red c r y s t a l s of CpMo(C0) 3Cl, i d e n t i f i e d by i . r . spectroscopy. 

A1C1 

Al.2.3 CpMo(,C0)3Cl+MeCN — 3-» no r e a c t i o n . 

This r e a c t i o n was performed i n the same manner as Al.2.2. Only the s t a r t i n g 

m a t e r i a l CpMo(C0) 3Cl was recovered. 

A i d 

Al.2.4. CpMo(C0)3Cl+PhCN 3-> decomposition. 

CpMo(C0) 3Cl (0.400g, 1.43m mole) was dissolved i n toluene (40ml) and t o i t 

added A1C1 (0.190g, 1.43m mole) and PhCN (0.300g, 2.91m mole). The 

r e s u l t i n g red s o l u t i o n was r e f l u x e d f o r 2VZ hours, a black o i l and a black 

s o l u t i o n forming. The toluene was removed by evaporation, and the r e s u l t a n t 

black o i l e x t r a c t e d w i t h CH 2C1 2 (10ml). An i . r . spectrum of t h i s s o l u t i o n 

showed no carbonyl s t r e t c h i n g frequencies and decomposition was assumed 

t o have occured. 

Al.2.5. Reaction o f CpMo(CO) CI w i t h AsPh CpMo(C0)Cl (3.055g, 10.91m mole) was dissolved i n toluene (150ml) and AsPh 
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(5.00g, 16.3m mole) added. (When r e f l u x i n g toluene was used, decomposition 
t o black o i l occurred). The r e s u l t i n g orange s o l u t i o n was heated t o 
60°C f o r 8 hours, then f i l t e r e d w h i l s t hot and allowed t o c r y s t a l l i z e 
on c o o l i n g . The r e s u l t i n g orange c r y s t a l s o f CpMo(CO) 2(AsPh 3)Cl were 
washed w i t h hexane and d r i e d under vacuum ( y i e l d 93%). The s o l i d product 
was s t a b l e i n a i r f o r s h o r t periods, but s o l u t i o n s q u i c k l y decomposed 
i f a i r was admitted. 

Analyses. Found: C.53.79; H.4.08 

CpMo(C0) 2(AsPh 3)Cl requires,C,53.71; H,3.58% 

Me l t i n g p o i n t 160°C ( w i t h decomposition) 

I n f r a red Spectra 
V(C0) cm"1 N u j o l : 1946vs 1855vs 

v(CO) cm - 1 CH 2C1 2 1970vs 1880vs 

'H n.m.r. spectrum 

(CDC1J C H 7.65s(15); Cp, 5.65s(5) i 

3 D O 

,2.6 CpMo(CO)^(AsPh3)Cl+PhCN — ^ i 3 - > [ CpMo(C0) 2(AsPh 3) (NCPh)] + [ A l C l ^ ~ 

CpMo(C0) 2(AsPh 3)Cl (4.600g, 8.23m mole) was dissolved i n CH 2C1 2 (25ml) 

and t o i t added A1C1 3 (2.194g, 16.47m mole) and PhCN (1.695g, 16.45m mole). 

The s o l u t i o n was s t i r r e d a t 20°C f o r 16 hours. A s o l u t i o n o f NH„PF„ 
4 6 

(1.500g, 9.20m mole) i n water (15ml) was c a r e f u l l y added, and the f l a s k 

v i g o r o u s l y shaken. The greenish aqueous layer was then removed, and the 

dark red organic s o l u t i o n was washed w i t h water (5 x 10ml). The s o l u t i o n 

was evaporated t o dryness, yelLow c r y s t a l s appearing as the volume was 

reduced. The yellow c r y s t a l s o f fCpMo(C0)o(AsPh„) (NCPh)l + \ PF_ 1~ 
2 3 ' <• 6 J 

produced were washed w i t h toluene (5 x 10ml) t o remove r e s i d u a l CpMo(C0)2 

(AsPh 3)Cl and then r e c r y s t a l l i z e d from CH 2Cl 2/hexane ( y i e l d 82%). 

Analyses. Found: C.49.97; N.1.68; H.3.58: 

fcpMo(C0) 2(AsPh 3)(NCPh) ] + [ P F g ] ~ r e q u i r e s , C.49.80; N,1.82; H,3.24% 
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I n f r a red spectra 

v(CO) cm -1 N u j o l : 1989vs 1970m,sh 1920vs 1894m 

v(C0) cm -1 CH CI 1997vs 1918vs 
V(CN) cm Nu j o l : 2248w ; v(PF ) cm 

b 
.2.7. Reaction of[CpMo(CO) (AsPh^)(NCPh)] + [PF ] 

Nu j o l : 844vs broad 

w i t h n-BuLi 

A suspension of [CpMo(CO)„(AsPh_)(NCPh)]+ [PF 1 (4.00g. 5.19m mole) i n 
d o D 

T.H.F. was frozen t o 77K and t o i t added nBuLi (5.19m mole i n hexane s o l u t i o n ) . 

The f l a s k was warmed t o room temperature, the mixture forming an orange 

s o l u t i o n as i t melted. The mixture was then s t i r r e d f o r two hours at room 

temperature and then f i l t e r e d g i v i n g a red s o l u t i o n (an odour o f PhCN was 

detected) and a pink s l u r r y . The s l u r r y was washed w i t h toluene and d r i e d 

under vacuum t o give a f l e s h coloured powder. This powder was shown t o be 
LiPF_ (contaminated s l i g h t l y by a red product) by i n f r a red spectroscopy, o 
The red s o l u t i o n was then evaporated t o about 6ml and ether (2ml) added. 

A red gum formed.* The remaining solvent was removed by evaporation and the 

residue washed w i t h toluene (3.x 10ml) producing a crimson p r e c i p i t a t e 

and a red s o l u t i o n . 
3 

The toluene washings were combined and evaporated t o low volume (5cm ) , ether 

(2ml) was added and the s o l u t i o n set i n the f r e e z e r . Red c r y s t a l s of 

Cp^log(CO)^(AsPhg) were c o l l e c t e d and d r i e d under vacuum ( y i e l d 0.155g). 

The crimson p r e c i p i t a t e was found t o be i n s o l u b l e i n a whole range o f organic 

solvents and could not be r e c r y s t a l l i z e d . I t was t h e r e f o r e washed w i t h 

acetone (3 x 5ml), water (3 x 5ml) and acetone (3 x 5ml) t o remove impur­

i t i e s . A f t e r pumping dry a crimson powder formulated as [ CpMoCCO^lAsPh )] ̂  

was c o l l e c t e d ( y i e l d 0.565g, 17%). 

When the experiment was repeated t h i s gum was ex t r a c t e d w i t h b o i l i n g CH^Cl^, 

the red s o l u t i o n was f i l t e r e d , and the crimson p r e c i p i t a t e c o l l e c t e d . The 

CH C l 2 s o l u t i o n was then chromatographed on a s i l i c a g e l column (using CH 2C1 2 

as eluant) g i v i n g f i r s t a red and then an orange f r a c t i o n . These f r a c t i o n s were 

c r y s t a l l i z e d by evaporation and the products i d e n t i f i e d as Cp Mo„(C0)AAsPh ) 
2 d ~> 3 

and CpMo(CO) (AsPh )C1 r e s p e c t i v e l y by t h e i r i n f r a red spectra--
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Data f o r Cp Mo 2(C0) 5(AsPh 3) 
Analyses. Found: 0,52.54; H.3.28; Mo,26.7 
CpJVlo (COWAsPh ) r e q u i r e s , C.51.56; H.3.26; Mo,25.00% 2 2 5 3 ' 
I n f r a _ r e d spectra 

v(C0) C H
2

C 1 2 1968vs 1896vs broad 1885vs 1812vs cm - 1 

v(C0) Nujol 1967vs 1902vs 1888vs 1873vs 1818s cm"1 

'H n.m.r. spectrum 

(CDClJ Cp's, 4.83s(5) 5.10s(5) C CH C, 7.46s(15) <S 3 o b 
(a small Cp peak a t 5.29 i n d i c a t e s the presence of [CpMo(C0) 3] 2 )• 

Mass spectrum The parent i on [Cp-Mo^COj^AsPh,,) ] + was not 
<d d. D 3 

observed. The peak a t highest mass occurred a t m/e 462 corresponding 

t o [Mo Cp (C0) c ] + . Daughter ions corresponding t o the stepwise loss 

o f the f i v e carbonyl groups were also observed at m/e 434, 406,378, 

350 and 322. [ A s P h 3 ] + , [AsPh 2 ] + and [AsPh ] + were the most intense 

peaks i n the spectrum a t m/e 306, 229, and 152 r e s p e c t i v e l y . 

Data f o r [CpMo(CO)0(AsPh) ], 
Analyses. Found: C.55.50; H.3.61; Mo,21.3; As 13.80: 

[CpMo(CO) 2(AsPh 3)] 2 r e q u i r e s , C,57.30; H.3.82; Mo,18.3; As, 14.34% 

I n f r a red spectrum 

v(C0) N u j o l : 1843vs 1828vs cm - 1 

Mass Spectrum: The parent i o n [Cp,-,Mo 2(C0) 4(AsPh 3) 2 ] + was not observed. 

The peak a t highest mass occurred a t m/e 434 corresponding t o [M o 2 C p 2 ( C 0 ) 4 ] + . 

Daughter ions corresponding t o the stepwise loss o f the fou r carbonyl 

groups were observed a t m/e 406,378,350 and 322. [ AsPhg]"*", [AsPH2 ] + and 

[AsPh ] + were the most intense peaks i n the spectrum at m/e 306,229 and 152 

r e s p e c t i v e l y . 

,2.8. Decomposition o f [CpMo(CO) 0(AsPh,JL ^ -—— ——-—« •-—jr— £ 

[Cp 2Mo(C0) 2(AsPh 3) ] 2 (0„i32g, 0.126m mole) was suspended i n toluene (15ml) 

and s t i r r e d a t 50°C f o r two hours. The r e s u l t i n g red 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 brown non-carbonyl residue. The s o l u t i o n was concentrated by 

evaporation t o 2ml, and a drop o f hexane was added t o i t . Red c r y s t a l s o f 
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Cp0Mo (CO) (AsPh ) were c o l l e c t e d (0.0 7g), which were i d e n t i f i e d by 
C- *J >J 

t h e i r i n f r a red spectrum. 

I n f r a red spectrum 

v(CO) N u j o l : 1967vs 1902vs 1888vs 1873vs 1818s cm"1 

Al.2.9. Reaction o f Cp 0Mo 0(CO) c(AsPh 0) w i t h CH0C1„ • - ~ •——2 2 b 3 2 *L 

CpJ4o_(C0),-(AsPhJ (0.022g) was dissolved i n CH 0C1 0 (10ml) and r e f l u x e d 2 2 5 3 2 2 
f o r two hours. The i n f r a red spectrum showed four new carbonyl s t r e t c h ­

i n g frequencies a t 2059m, 1978vs broad, 1970vs and 1880vs cm 1. These 

were a t t r i b u t e d t o CpMo(C0) 3Cl and CpMo(C0) 2(AsPh 3)Cl r e s p e c t i v e l y . 

Al.2.10 Reaction o f [CpMo(CO) 0(AsPh 0)(NCPh)] + [ P F j ~ w i t h LiOMe 
- • —— d. 3— D — — — : — - — 

To a suspension o f [CpMo(CO) 2(AsPhg)(NCPh)] + [ P F ^ ~ (1.380g, 1.68m mole) 

i n T.H.F. (10ml) frozen t o 77K was added LiOMe (1.68m mole i n methanol) 

and the mixture allowed t o warm t o room temperature forming an orange 

s o l u t i o n . The s o l u t i o n was s t i r r e d f o r a f u r t h e r 10 minutes and then 

the THF evaporated l e a v i n g a brown gum. The gum was ext r a c t e d w i t h 

acetone (5ml) and pumped dry t o give a fawn non-carbonyl c o n t a i n i n g 

p r e c i p i t a t e . The dark red-brown s o l u t i o n was reduced i n volume t o 3ml 

and hexane(2ml) added. The s o l u t i o n produced dark red c r y s t a l s o f 

Cp0Mo0(CO),_(AsPh„) i d e n t i f i e d by i n f r a red spectroscopy. 

c. <L D 3 

Al.2.11 Reaction o f [CpMo(C0) 2(AsPh 3)(NCPh) ] + [ P F Q ] " w i t h a sodium amalgam 

Sodium amalgam was prepared c o n t a i n i n g 0.5g o f sodium i n 10ml of 

mercury. To t h i s was added T.H.F. f20ml) and [CpMo(CO) 2(AsPh 3)(NCPh) ] + 

[PFg] 91.300g, 1.68m mole). The mixture was then vig o r o u s l y shaken, 

the T.H.F. laye r becoming a brown-red colour. The amalgam was removed 

from the f l a s k v i a a d r a i n tap, r e s i d u a l d r o p l e t s being removed w i t h the 

ai d o f clean mercury (2 x 3ml). The T.H.F. s o l u t i o n was f i l t e r e d , and 

then the solvent removed by evaporation. The brown gummy residue was 

ext r a c t e d w i t h toluene formirg a red s o l u t i o n and an o f f - w h i t e p r e c i p i t a t e . 

The p r e c i p i t a t e was d r i e d under vacuum, and shown by i n f r a red spectro-
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scopy t o be Na+PF_ . 

o 

The red s o l u t i o n d i d not c r y s t a l l i s e on concentration; the toluene was 

th e r e f o r e evaporated and the red s o l i d e x t r a c t e d w i t h CH^Cl^- The 

i n f r a red spectrum o f t h i s s o l u t i o n was recorded, and the red product 

i d e n t i f i e d as Cp0Mo„(CO),.(AsPh-). 

2 2 D J 

I n f r a red Spectrum 

v(CO) CH 2C1 2: 1968vs 1896vs broad 1885vs 1821vs cm" 

Reaction o f [CpMo(C0) 3]^ w i t h AsPh^ 

A s o l u t i o n o f [CpMo(C0) 3 ^ (0.564g, 1.15m mole) and AsPh 3 (0.450, 

1.47m mole) i n T.H.F. (25ml) was r e f l u x e d f o r 70 hours. No appreciabl 

change i n the carbonyl s t r e t c h i n g frequencies was noted a f t e r t h i s 

p eriod. The s o l u t i o n was t r a n s f e r r e d t o a s i l i c a f l a s k , and 

i r r a d i a t e d w i t h a 1K.W. u.v. lamp placed 60cm. from i t f o r 8 hours. 

The T.H.F. was then removed by evaporation, and the residue e x t r a c t e d 

w i t h CHCl 3(10ml). Ether (20ml) was added t o t h i s s o l u t i o n causing 

the p r e c i p i t a t i o n o f the s t a r t i n g m a t e r i a l . Further c r y s t a l s were 

obtained on c o o l i n g , and shown by i n f r a red spectroscopy t o be a 

mixture o f s t a r t i n g m a t e r i a l and product. The remaining s o l u t i o n 

( c o n t a i n i n g most o f the product) was chromatographed on a s i l i c a gel 

column (12" x 1") using CHClg/hexane 1:1 eluant. The products 

were e l u t e d as a continuous red band, and were c o l l e c t e d i n three 

f r a c t i o n s , each producing dark red c r y s t a l s on evaporation. I n f r a 

red spectra i d e n t i f i e d the f i r s t f r a c t i o n as [CpMo(C0) 3] 2 and the 

second as Cp 2Mo 2(C0) 5AsPh 3. The y i e l d o f Cp2Mo2(CO)5Ae*Ph3 was 0.426g 

(48.2%); and the recovered amount of[CpMo(C0) ] was 0.223g. 
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A1.3. RESULTS AND DISCUSSION 

The r e a c t i o n of c y c l o p e n t a d i e n y l carbonyl h a l i d e s with a halogen 

acc e p t o r such as A l C l ^ and a donor molecule are known to g i v e i o n i c 

carbonyl s p e c i e s of the type [CpMo(CO) 3L ] + [ A l C l ^ ] ~ and 

[CpM(C0) 2L 2 ] + [ A1C1 4]~ (M=Mo,W; h a l i d e = C I ) Complexes where L = n i t r i l e 

(NCMe.NCPh e t c ) were t h e r e f o r e chosen as the s u b s t r a t e f o r the 

syn t h e s e s of methyleneamino-complexes by n u c l e o p h i l i c a t t a c k of R~ 

groups. B a r n e t t e t a l [142] have made the unstable [CpMo(CO) 2(NCMe) 2] + 

[ A l C l ^ ] complex but t h i s e a s i l y decomposes. For t h i s reason, and 

a l s o because the c o o r d i n a t i o n of two n i t r i l e groups to the 

molybdenum might complicate subsequent r e a c t i o n s i t was thought not 

to be a s u i t a b l e s t a r t i n g m a t e r i a l . The m o n o n i t r i l e complex 

[CpMo(C0) 3(NCR) ] + [ A 1 C 1 4 F (R=Me,Ph) could not be prepared by 

B a r n e t t and my attempts a l s o f a i l e d . 

By r e p l a c i n g a carbonyl l i g a n d on the CpMoCCOj^Cl moiety by another 

l i g a n d such as PPhg or AsPh^ the l a b i l i t y of the Mo-Cl bond i s expected 

to i n c r e a s e due to the l a r g e o-donor and p o o r n - acceptor p r o p e r t i e s 

of these l i g a n d s . AsPh was chosen i n preference to PPh f o r t h i s subsbitoKan as& 

Farms W.e monesubstituted d e r i v a t i v e c i s - C p M o ( C 0 ) 2 ( A s P h 3 ) C l whereas PPhg forms a 

mixture of mono and d i s u b s t i t u t e d products, CpMo(C0) 2(PPh 3)Cl 

and CpMo(CO)(PPh 3) 2Cl, under both thermal and photochemical c o n d i t i o n s [142 ]. 

The orange CpMo(C0) 2(AsPh 3)Cl produced by the r e a c t i o n of CpMo(CO) 3Cl 

with an excess of AsPh 3 i n toluene a t 50°C f o r e i g h t hours i s 

i d e n t i c a l to t h a t d e s c r i b e d by B a r n e t t [ 142 ], but was achieved i n 

l e s s than h a l f the r e a c t i o n time and i n a much g r e a t e r y i e l d ( 9 3 % v s . 

3 2 % ) . 

The complex [CpMo(C0) 2AsPh 3)(NCPh) ] + [A1C1 4 F smoothly formed when 

CpMo(C0) 2(AsPh 3)Cl was s t i r r e d w ith a two molar excess of A1C1 3 and 

PhCN i n dichloromethane a t room temperature overnight. The c a t i o n was 
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p r e c i p i t a t e d as b r i g h t y e l l o w c r y s t a l s o f [ C pMo(C0) 2(AsPh 3)(NCPh)] + 

[PF 1 by the a d d i t i o n of NH.PF„. T h i s complex i s r e l a t i v e l y a i r 6 4 b 

s t a b l e i n the s o l i d s t a t e , but q u i c k l y decomposes i n s o l u t i o n s 

exposed to a i r . Although the doubling of i n f r a red absorptions i n the 

s o l i d s t a t e spectrum i n d i c a t e d t h a t more than one isomer might 

e x i s t (doubling could be merely s o l i d s t a t e e f f e c t s ) i t was decided not 

to t r y and f u r t h e r p u r i f y the sample. The subsequent r e a c t i o n 

[CpMo(CO)^(AsPhg)(NCPh) T [ A1C1 4 T with a n u c l e o p h i l e would h o p e f u l l y 

l e a d to the formation of a three e l e c t r o n donor n i t r o g e n l i g a n d and 

the e x p u l s i o n of a carbonyl or the AsPh group. The product of t h i s 

r e a c t i o n presumably being the same whether a c i s - or t r a n s -

s u b s t i t u t e d c a t i o n i c p r e c u r s o r i s used. 

n B u t y l l i t h i u m was chosen as the n u c l e o p h i l i c s p e c i e s f o r the 

r e a c t i o n with [CpMo(CO) 2(AsPh^)(NCPh) ] + [ P F g f i n i t i a l l y i n order to 

prove the v a l i d i t y of the method before the more u s e f u l but expensive 

p h e n y l l i t h i u m and t e r t i a r y b u t y l l i t h i u m s p e c i e s were used. The r e a c t i o n 

d i d not produce any of the expected products ( [CpMo(CO) (AsPh ) (NCPhBu)] 
2—x 3 x n 

(n=l,2'Mx=0,1) or CpMo(CO) 2(AsPh^)(NCPhBu)); i n s t e a d non-nitrogen 

c o n t a i n i n g s p e c i e s were i s o l a t e d , and the odour of PhCN i n the r e a c t i o n 

mixture suggested t h a t PhCN was l o s t " i n t a c t " from the metal. The 

recovered products were i d e n t i f i e d as (n-C i rH i r)_Mo r,(CO)^(AsPh 0) ( F i g . A l . 3 . 1 ) 
b b <L 2 5 3 

and ( n - C 5 H 5 ) 2 M o 2 ( C 0 ) 4 ( A s P h 3 ) 2 ( F i g . Al.3.2) by a combination of elemental 

a n a l y s e s , i n f r a red, 'H n.m.r. and mass spectroscopy, and by comparison 

with the analogous PPh 3 d e r i v a t i v e s [ 143, 144 ] . Neither of the parent 

ions were observed i n the mass spectrometer, both complexes appearing 
to l o s e AsPh extremely e a s i l y . The ions [CpMo (CO) ] + and[ Cp Mo (CO) ] + 

o c. b 2 2 4 

however were c l e a r l y v i s i b l e f o r pentacarbonyl and t e t r a c a r b o n y l complexes 

r e s p e c t i v e l y ^ together with the daughter ions r e p r e s e n t i n g the stepwise 
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AsPh 

CO Mo Mo oc / 

F i g Al.3.1 

0 

AsPh 

OC Mo Mo CO 
Ph As 

F i g . Al.3.2. 

l o s s of the car b o n y l s . For both complexes the most i n t e n s e peaks i n the 

spectrum were those corresponding to AsPh^ +, A s P h 2
+ and AsPh +. The 

s p e c t r o s c o p i c data f o r these complexes are summarised i n t a b l e Al.3.1. t o ­

gether with the data f o r the p r e v i o u s l y reported analogous PPh complexes. 

[144 ]. 

Table Al.3.1 

Spectroscopic data f o r Cp^Mo^ (CO) ̂ .L and C p ^ M o ^ C O ) ^ (I^PPh^.AsPh^) 

Complex colour v(CO)^ ( c m - 1 ) $ 
•H n.m.r. (S) 

Cp Mo (CO) (AssPty red 1967vs 1902vs 1888vs 1873vs 1818s 4.83(5) 5.10(5) 
7.46.(15) 

C p 2 M o 2 ( C 0 ) 5 ( P P h 3 ) red 1968vs 1905vs 1886vs 1873vs i816s 4.73(5)5.11(5) 
7.44(15) 

C p 2 M o 2 ( C 0 ) 4 ( A s P h 3 ) 2 crimson 1843s 1828vs i n s u f f i c i e n t l y 
s o l u b l e 

C p ^ o 2 ( C 0 ) 4 ( A s P h ) red 1853sh 1830s 

t Nujol mull % CDC1 s o l u t i o n 
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When CH^Cl^ was used to e x t r a c t the product from the r e a c t i o n r e s i d u e 

an a d d i t i o n a l product CpMo(C0) 2(AsPh 3)Cl was recovered i n s u b s t a n t i a l 

y i e l d ( 1 7 % ) . F u r t h e r r e a c t i o n s showed t h a t Cp0Mo ( C O ) ( A s P h , J could be 
d d b 3 

formed from C p 2 M o ( C O ) 4 ( A s P h 3 ) 2 by g e n t l e h e a t i n g i n toluene, non-

carbonyl decomposition products a l s o being produced. Cp„Re„(CO) c(AsPh„) 
d d b 3 

decomposes to CpMo(CO) 3Cl and CpMo(CO)^(AsPh 3)Cl when r e f l u x e d i n 

CH 2C1 2. These a d d i t i o n a l r e a c t i o n s show t h a t a l l the products i s o l a t e d 

from the r e a c t i o n of n-BuLi with [CpMo(CO) 0(AsPh 0)(NCPh)] +[ P F ^ ] ~ can 
<L 3 O 

be e x p l a i n e d by the decomposition of the i n i t i a l l y formed Cp Mo 0(CO) (AsPh ), 
d d 4 3 t 

s p e c i e s , but t h i s does not r u l e out the p o s s i b i l i t y of Cp Mo„(CO)_(AsPh„) 
d d b 3 

being formed d i r e c t l y as a product of the r e a c t i o n . 

A p o s s i b l e r e a c t i o n scheme might t h e r e f o r e i n v o l v e n u c l e o p h i l i c a t t a c k 

by Bu not a t the n i t r i l e , but a t the p o s i t i v e l y charged molybdenum atom. 

The molybdenum - a l k y l complex thus formed may then undergo a 

2 - e l i m i n a t i o n r e a c t i o n r e s u l t i n g i n the formation of the metal hydride and 

but-l-ene (no d i r e c t evidence f o r the production o f but-l-ene was 

obt a i n e d ) . The metal hydride w i l l r e a d i l y t h e r m a l l y decompose 

r e s u l t i n g i n the formation of C p 2 M o 2 ( C 0 ) 4 ( A s P h 3 ) 2 T h i s r e a c t i o n scheme i s 

i l l u s t r a t e d i n F i g . Al.3.3. 

(n-C: H c) (C0)_( AsPh„)Mo +-N=CPh } (H-C) H ) (CO) 0(AsPh„)Mo-CH -CH-CH -CH +PhCN 
b b d 3 N b b d i eL \ 2. 3 

Bu I H 

6l-C 5H 5(CO) 2(AsPh 3)Mo] 2 < (n-C 5H 5)(CO) 2(AsPh 3)Mo-H+ CH 2=CHCH 2CH 3 

+ H 2 

F i g . Al.3.3. 

T h i s r e a c t i o n scheme o f f e r s an a l t e r n a t i v e e x p l a n a t i o n of the formation 

of CpMo(CO) 2(AsPh 3)Cl when the r e a c t i o n r e s i d u e i s e x t r a c t e d with CH 2C1 2. 

I t i s expected t h a t any metal hydride p r e s e n t would be converted to the 

c h l o r i d e on the a d d i t i o n of CH CI ( c . f . formation of CpMo(CO) CI from 
el. dL 5̂ 

CpMo(C0) 3H + CH CI fo.41 ]) . 



The r e a c t i o n was repeated using LiOMe as the n u c l e o p h i l i c s p e c i e s to 

determine whether the r e a c t i o n scheme was v a l i d f o r other n u c l e o p h i l i c 

s p e c i e s . I n t h i s case B - e l i m i n a t i o n of a proton from the i n i t i a l 

product would r e s u l t i n the formation of the metal hydride and 

formaldehyde (CH 2=0). Unfortunately Cp 2Mo 2(C0) 4(AsPH ) 2 was ndt 

recovered from t h i s r e a c t i o n , the only carbonyl product being 

Cp 0Mo 0(CO) (AsPh ) . I t i s not c l e a r whether a l l the Cp Mo (CO) (AsPh ). 2 2 5 3 c 2 4 o 

formed i n the r e a c t i o n decomposed, or whether another type of r e a c t i o n 

e.g. r e d u c t i o n was o c c u r r i n g . I n a s e p a r a t e experiment 

[CpMo(CO) (AsPH„)(NCPh)] + [ P F _ ] ~ was t r e a t e d with a sodium amalgam with 2 3 6 

the aim of b r i n g i n g about a r e d u c t i o n . The only carbonyl product 

recovered was Cp 0Mo 0(CO)..(AsPh„), a good deal o f decomposition being 2 2 5 3 

e v i d e n t . I t i s not c l e a r how t h i s product forms, but i t i s probable 

t h a t Na + [CpMo(C0) 2(AsPh 3)]~ or CpMo(C0) 2(AsPh 3) are i n v o l v e d as 

i n t e r m e d i a t e s i n the process, f r e e PhCN being l i b e r a t e d . 

To f u r t h e r v a l i d a t e the formulation of Cp Mo„(CO),_(AsPh ), produced i n 
2 2 b 3 

the above r e a c t i o n s , a d i r e c t method of s y n t h e s i s was devised. 

[ C p Mo(C0) 3l 2 when r e f l u x e d with a s l i g h t molar excess of AsPh 3 i n 

T.H.F. did not b r i n g about, a r e a c t i o n . When i r r a d i a t e d with u.v. l i g h t 

however a good y i e l d (80%) of Cp_Mo 0(CO)_(AsPh ) was recovered. T h i s 
2 2 b 3 

was i d e n t i c a l to the s i m i l a r l y formulated product i s o l a t e d as the r e s u l t 

o f the r e a c t i o n s using [CpMo(C0)„(AsPh„(NCPh)] + [PF_ ] ~ d e s c r i b e d above. 
2 3 o 

A1.4. CONCLUSION 

N u c l e o p h i l i c a t t a c k by BuLi on the cationic [ CpMo(CO) 2(As'Ph) (NCPh) ] + 

s p e c i e s did not r e s u l t i n the formation of molybdenum-methyleneamino 

complexes. A r e a c t i o n i n v o l v i n g the formation of a molybdenum-butyl 

s p e c i e s probably r e s u l t e d , t h i s s p e c i e s then undergoing a g - e l i m i n a t i o n 

r e a c t i o n r e s u l t i n g i n the formation of a metal hydride and but-l-ene. 
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The hydride then decomposes ( t h e r m a l l y or i n the presence of a i r ) to 

g i v e a mixture of Cp Mo_(CO)^(AsPh,) and Cp 0Mo„(CO) (AsPh_). A method 
iL (L 4 3 d <i c. 5 3 

of p r e p a r i n g the pentacarbonyl d e r i v a t i v e d i r e c t l y i s d e s c r i b e d . 

I t i s p o s s i b l e t h a t the molybdenum atom i n the [Cp M o ( C 0 ) 2 ( A s P h 3 ) ( N C P h ) ] + 

s p e c i e s was made more a t t r a c t i v e to the n u c l e o p h i l e by the o v e r a l l 

p o s i t i v e charge on the complex, r e s u l t i n g i n a t t a c k not a t the carbon 

of the n i t r i l e , but a t the metal i t s e l f . Future work might t h e r e f o r e 

be conducted u s i n g a n u c l e o p h i l i c s p e c i e s t h a t cannot approach the metal 

c l o s e l y f o r s t e r i c reasons e.g. t e r t i a r y b u t y l - l i t h i u m , or e l s e a n e u t r a l 

s u b s t r a t e such as CpMo(CO) (NCPh)CI. 



- 159 -

APPENDIX TWO 

Departmental c o l l o q u i a , Chemical S o c i e t y l e c t u r e s and f i r s t - y e a r 

i n d u c t i o n course f o r post-graduate students, 

(^denotes those attended) 

U n i v e r s i t y of Durham chemistry Col l o q u i a 1979-82 

*21 November 1979 

*28 November 1979 

* 5 December 1979 

*12 December 1979 

*18 December 1979 

*30 January 1980 

6 February 1980 

>23 A p r i l 1980 

14 May 1980 

21 May 1980 

*10 J u l y 1980 

Dr. J . Muller ( U n i v e r s i t y of Bergen),"Photochemical 

r e a c t i o n s to ammonia". 

Dr. B. Cox ( U n i v e r s i t y of S t i r l i n g ) , " M a c r o b i c y c l i c 

c r y p t a t e complexes: dynamics and s e l e c t i v i t y " . 

Dr. G.C. Eastmand ( U n i v e r s i t y of L i v e r p o o l ) , 

" S y n t h e s i s and p r o p e r t i e s of some multicomponent 

polymers". 

Dr. C . I . R a t c l i f f e , "Rotor motions i n s o l i d s " . 

Dr. K.E. Newman ( U n i v e r s i t y of Lausanne), "High 

p r e s s u r e mu.ltinuclear n.m.r. i n the e l u c i d a t i o n of 

mechanism i n f a s t simple i n o r g a n i c r e a c t i o n s " . 

Dr. M. Barrow ( U n i v e r s i t y of Edinburgh), "The s t r u c t u r e s 

of some simple i n o r g a n i c compounds of s i l i c o n and 

germamium-pointers to s t r u c t u r a l trends i n group IV". 

Dr. J.M.E. Quirke ( U n i v e r s i t y o f Durham), "Degradation 

of c h l o r o p h y l l i n sediments". 

B.Grievson BSc. ( U n i v e r s i t y o f Durham), "Halogen 

r a d i o p h a r m a c e u t i c a l s " . 

Dr. R. Hutton (Waters A s s o c i a t e s ) , "Recent develop­

ments i n m u l t i - m i l l i g r a m and multi-gram s c a l e 

p r e p a r a t i v e high performance l i q u i d chromatography". 

Dr. T.W. Bentley ( U n i v e r s i t y of Swansea), "Medium 

and s t r u c t u r a l e f f e c t s on s o l v o l y t i c r e a c t i o n s " . 

P r o f e s s o r D Des Marteau ( U n i v e r s i t y o f He i d e l b e r g ) , 

"New developments i n organonitrogen f l u o r i n e chemistry". 
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19 September 1980 Dr. C D . Wagner ( U n i v e r s i t y of Berkeley, C a l i f o r n i a ) , 

" I d e n t i f i c a t i o n of chemical s t a t e s by s p e c i a l f e a t u r e s 

i n ESCA". 

*8 October 1980 P r o f e s s o r T. F e h l n e r (Notre Dame U n i v e r s i t y , 

I n d i a n a , U.S.A.), "Metalloboranes - cages or co­

o r d i n a t i o n compounds". 

*15 October 1980 Dr. R„ Alder ( U n i v e r s i t y of B r i s t o l ) , "Doing chemistry 

i n s i d e cages - medium r i n g b i c y c l i c molecules". 

*12 November 1980 Dr. M. Gerloch ( U n i v e r s i t y o f Cambridge), "Magneto-

chemistry i s about chemistry". 

*-19 November 1980 Dr. T. G i l c h r i s t ( U n i v e r s i t y o f L i v e r p o o l ) , 

" N i t r o s o - o l e f i n s as s y n t h e t i c i n t e r m e d i a t e s " . 

*3 December 1980. Dr. J.Connor ( U n i v e r s i t y o f Manchester),"Thermo­

chemistry of t r a n s i t i o n metal compounds". 

*18 December 1980 Dr. R.F. Evans, ( U n i v e r s i t y o f Brisbane, A u s t r a l i a ) , 

"Some r e c e n t communications to the e d i t o r of 

A u s t r a l i a n J o u r n a l of f a i l e d chemistry". 

M February 1981 P r o f e s s o r S.F.A. K e t t l e ( U n i v e r s i t y o f E a s t A n g l i a ) , 

" V a r i a t i o n s i n the molecular dance a t the c r y s t a l b a l l " . 

25 February 1981 Dr. K. Bowden ( U n i v e r s i t y of E s s e x ) , "The t r a n s m i s s i o n 

of p o l a r e f f e c t s of s u b s t i t u e n t s " . 

*4 March 1981 Dr. S. Cr-adock ( U n i v e r s i t y of Edinburgh), "Pseudo-

l i n e a r pseudohalides". 

11 March 1981 Dr. J . F . Stoddart ( I . C . I . L t d / U n i v e r s i t y of S h e f f i e l d ) , 

"Stereochemical p r i n c i p l e s i n the design and f u n c t i o n 

of s y n t h e t i c molecular r e c e p t o r s " . 

*17 March 1981 P r o f e s s o r W. Jencks ( B r a n d e i s U n i v e r s i t y , Massachusetts, 

"When i s an int e r m e d i a t e not an intermediate"? 

*18 March 1981 Dr. P.J. Smith ( I n t e r n a t i o n a l T i n Research i n s t i t u t e ) , 

"Organotin compounds - a v e r s a t i l e c l a s s of o r g a n m e t a l l i c 

d e r i v a t i v e s " . 
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6 May 1981 

10 June 1981 

*17 June 1981 

*24 June 1981 

26 June 1981 

14 October 1981 

28 October 1981 

6 November 1981 

18 November 1981 

*25 November 1981 

*2 December 1981 

*30 November 1981 

*20 January 1982 

P r o f e s s o r M. Szwarc F.R.S. ( U n i v e r s i t y of 

C a l i f o r n i a ) , "Mechanisms of i o n i c p o l y m e r i s a t i o n , 

l i v i n g and dormant polymers". 

Dr. J . Rose ( I . C . I . P l a s t i c D i v i s i o n ) , "New engineer­

i n g p l a s t i c s " . 

Dr. P. Moreau ( U n i v e r s i t y of M o n t p e l l i e r ) , "Recent 

r e s u l t s i n p e r f l u r o o r g a n o m e t a l l i c chemistry". 

Dr. S.A.R. Knox ( U n i v e r s i t y of B r i s t o l ) , "Co­

o r d i n a t i o n and r e a c t i v i t y of organic s p e c i e s a t 

d i n u c l e a r metal c e n t r e s " . 

P r o f e s s o r A.P. Schaap ( O f f i c e of U.S. Naval 

Research, London), "Mechanisms of chemiluminescence 

and photooxygenation". 

P r o f e s s o r E. Kluk ( U n i v e r s i t y of Katowice), 

"Chemiluminescence & Photooxidation". 

Dr.R.J.H. C l a r k [Uui v*.-:-s?.ty C o l l e g e . London; : 

J • • • • • . • » ' M > t \ . i : Raman r.pr-ctroscopy" . 

Dr. W. Moddenman (Monsato Labs, S t . L o u i s , 

M i s s o u r i ) : "High energy m a t e r i a l s " . 

Prof. M.J. P e r k i n s ( C h e l s e a C o l l e g e ) : "Spin 

t r a p p i n g and N i t r o x i d e r a d i c a l s " . 

Dr. M. B a i r d ( U n i v e r s i t y of Newcastle),"intramole­

c u l a r r e a c t i o n s of carbenes and carbenoids". 

Dr. G. Beamson ( U n i v e r s i t y of Durham), "Photoelectron 

spectroscopy i n a strong magnetic f i e l d " . 

Dr. B.T. Heaton ( U n i v e r s i t y of Kent), "N.M.R. s t u d i e s 

of carbonyl c l u s t e r s " . 

Dr. M.R. Bryce, ( U n i v e r s i t y of Durham), "Organic 

metals". 
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27 January 1982 Dr. D.L.H. Wi l l i a m s , ( U n i v e r s i t y of Durham), 

" N i t r o s a t i o n & nitrosoamines". 

*3 Februry 1982 Dr. D. Parker ( U n i v e r s i t y of Durham), "Modern methods 

o f determining enantiomeric p u r i t y " . 

*10 February 1982 Dr. D. P e t h r i c k ( U n i v e r s i t y of S t r a t h c l y d e ) , 

"Conformation of small and l a r g e molecules". 

17 February 1982 Prof.D.T. a ark ( U n i v e r s i t y of Durham), 

"St u d i e s of s u r f a c e s by ESCA". 

*24 February 1982 Dr. L. F i e l d ( U n i v e r s i t y of Oxford), " A p p l i c a t i o n 

of N.M.R to b i o s y n t h e s t i c s t u d i e s on p e n i c i l l i n " . 

3 March 1982 Dr. P. Bamfield ( I . C . I . O r g a n i c s ) , "Computer 

aided design i n s y n t h e t i c organic chemistry". 

*17 March 1982 Prof. R.J. Haines ( U n i v e r s i t y of Cambridge/ 

N a t a l ) , " C l u s t e r i n g around Ru,Fe and Rh,." 

7 A p r i l 1982 Dr. A. Pensak (Dupont, USA), "Computer aided 

s y n t h e s i s " . 

5 May 1982 Dr. G. Tennant ( U n i v e r s i t y of Edinburgh), 

"The aromatic n i t r o group i n h e t e r o c y c l i c 

r e a c t i o n s " . 

7 May 1982 Dr. C D . Garner ( U n i v e r s i t y of Manchester), 

"Molybdenum c e n t r e s i n enzymes". 

26 May 1982 Dr. A. Welch ( U n i v e r s i t y of Edinburgh), 

"Conformation and d i s t o r t i o n i n Carbometallo-

boranes". 

2. Durham U n i v e r s i t y Chemical S o c i e t y L e c t u r e s 1979-1982 

*18 October 1979 Dr. G. Cameron ( U n i v e r s i t y of Aberdeen), 

" S y n t h e t i c polymers - t w e n t i e t h century polymers". 

•*25 October 1979 P r o f e s s o r P. Gray ( U n i v e r s i t y of L e e d s ) , 

" O s c i l l a t o r y combustion r e a c t i o n s " . 

*1 November 1979 Dr. J . Ashby ( I . C . I . T o x i c o l o g i c a l L a b o r a t o r y ) , 

"Does chemically-induced cancer make chemical sense". 
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*8 November 1979 

*15 November 1979 

24 January 1980 

14 February 1980 

*21 February 1980 

28 February 1980 

»6 March 1980 

*16 October 1980 

*23 October 1980 

30 October 1980 

* 6 November 1980 

13 November 1980 

*4 December 1980 

22 January 1981 

*29 January 1981 

J.H. T u r n b u l l (R.M.C. Snrievenham), "Luminescence 

of drugs. 

P r o f e s s o r E.A.V. Ebsworth ( U n i v e r s i t y of Edinburgh), 

"Stay s t i l l , you brute: the shape of simple 

s i l y l complexes". 

P r o f e s s o r R.J.P. Williams ( U n i v e r s i t y of Oxford), 

"On f i r s t l ooking i n t o b iology's chemistry". 

P r o f e s s o r G. Glamen ( U n i v e r s i t y o f S a l f o r d ) , 

"A yarn with a new t w i s t - f i b r e s and t h e i r u s e s " . 

Dr. M.L.H. Green ( U n i v e r s i t y of Oxford), 

" S y n t h e s i s of h i g h l y r e a c t i v e organic compounds 

us i n g metal vapours". 

P r o f e s s o r S.F.A. K e t t l e ( U n i v e r s i t y of E a s t 

A n g l i a ) , "Molecular shape, s t r u c t u r e and chemical 

b l i n d n e s s " . 

P r o f e s s o r W.D. O l l i s ( U n i v e r s i t y of S h e f f i e l d ) , 

"Novel molecular rearrangements". 

Dr. D. Maas ( U n i v e r s i t y of S a l f o r d ) , "Reactions a 

go-go". 

P r o f e s s o r T.M. Sugden ( U n i v e r s i t y of Cambridge), 

"Reactions i n flames". 

P r o f e s s o r N. G r a s s i e ( U n i v e r s i t y of Glasgow), 

" I n f l a m m a b i l i t y hazards i n commercial polymers". 

P r o f e s s o r A.G. Sykes ( U n i v e r s i t y of n e w c a s t l e ) , 

" M e t a l l o p r o t e i n s : an i n o r g a n i c chemists approach". 

P r o f e s s o r N.N. Greenwood ( U n i v e r s i t y of L e e d s ) , 

"Metalloborane chemistry". 

Rev. R. L a n c a s t e r , "Fireworks". 

P r o f e s s o r E.A. Dawes ( U n i v e r s i t y of H u l l ) , 

"Magic and mystery through the ages". 

Mr. H.J.F. Maclean ( I . C . I . A g r i c u l t u r a l D i v i s i o n ) , 

"Managing i n chemical industry i n the 1980's".' 
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*5 February 1981 P r o f e s s o r F.G.A. Stone ( U n i v e r s i t y of B r i s t o l ) , 

"Chemistry of carbon to metal t r i p l e bonds". 

12 February 1981 Dr. I . Fleming ( U n i v e r s i t y o f Cambridge), 

"Some uses o f s i l i c o n compounds i n organic s y n t h e s i s " . 

*7 May 1981 P r o f e s s o r M. Gordon ( U n i v e r s i t y o f E s s e x ) , 

"Do s c i e n t i s t s have to count"? 

*22 October 1981 Dr. P.J. C o r i s h (Dunlop), "What would l i f e be 

l i k e without rubber". 

*29 October 1981 Miss J.M. Croyn ( U n i v e r s i t y of Durham),"Chemistry 

i n Archeology". 

12 November 1981 P r o f e s s o r A . I . S c o t t ( U n i v e r s i t y o f Edinburgh", 

"An organic chemist's view of l i f e through 

the N.M.R. tube". 

19 November 1981 P r o f e s s o r B.L. Shae ( U n i v e r s i t y of Le e d s ) , 

"Big r i n g s and metal-carbon bond formation". 

3 December 1981 Dr. W.O. Ord (Northumbria Water A u t h o r i t y ) , 

"The r o l e o f the s c i e n t i s t i n a r e g i o n a l water 

a u t h o r i t y " . 

28 January 1982 P r o f e s s o r I . F e l l s ( U n i v e r s i t y o f Newcastle), 

"Balancing the energy equations".' 

*11 February 1982 Prof. R.K. H a r r i s ( U n i v e r s i t y of E a s t A n g l i a ) , 

"N.M.R. i n the 1980's". 

25 February 1982 P r o f e s s o r R.O.C. Norman ( U n i v e r s i t y of York) 

"Turning p o i n t s and c h a l l e n g e s f o r the organic 

chemist". 

M March 1982 Dr. R. Whyman ( I . C . I . Runcorn)/, "Making metal 

c l u s t e r s work". 
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3. F i r s t y e a r i n d u c t i o n course 

S e r i e s of l e c t u r e arranged by the department f o r the b e n e f i t of the post­

graduate s t u d e n t s . 

Department o r g a n i s a t i o n 

S a f e t y matters 

E l e c t r i c a l a p p l i a n c e s 
and i n f r a r e d spectroscopy 

Dr. E . J . F . Ross 

Dr. M.R. Crampton 

Mr. R.N. Brown 

Chromatography and 
m i c r o a n a l y s i s 

L i b r a r y f a c i l i t i e s 

Atomic absorptiometry 
and i n o r g a n i c a n a l y s i s 

Mass spectrometry 

N.m.r. spectroscopy 
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