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A B S T R A C T

The thesis c o n s i s t s  of four sections.

Section I deals with c o m p l e x e s  of the general type

(Co (tetren) X] (where tetren is 1 , 1 1  - d iamino - 3,6 ,9 - t r la z a -

n d e cane - t e t r a e t h y l e n e p e n t a m i n e  and X is a u n i d e n t a t e  l i g a n d ) .

several g e o m e t r i c  i s o m e r s  are possible and synthetic methods

have been d e v e l o p e d  to p r e pare pure isomers rather than isomerrc
1 3

mixtures. The c o m p l e x e s  have been c h a r a c t e r i s e d  by i.r., 

n.m.r. and d-d spectra. The )cinetics of base h y d r o l y s i s  of 

the v a r i o u s  isomers of [C o (t e t r e n )X )"" have been studied 

(X = Cl", Br", N O 2 ', DMF, DMSO, O 2 CH, O 2C C H 2 , O 2 C C 2H 5 , 

■ O 2 C C H 2 CI, "0 2 C C H C l 2 . N C C H 3 . N CCgHg a n d  NCC^H^OMe). Activation 

p a r a m e t e r s  for base h y d r o l y s i s  (X = C l "  and Br") h a v e  been 

d e t e r m i n e d  and H g (I I ) p r o m o t e d  a q u a t i o n  studied. The acid 

c a t a l y s e d  d e c a r b o x y l a t i o n  of [Co (tetren) O C O 2 1 has been studied

and a c t i v a t i o n obta i n e d . The reaction of with

[Co(tetren»4CC.H^l g i v e s  the t e t r a z o l a t o  complex (Co(tetren)

N ^ C C H  3 1 ■2 + and this r e a c t i o n  has been studied .■'he

c o m p l e x e s  [C o (t e t r e n ) N ^ C R 1
2 + (R = Me,Ph) have been

i s o l a t e d  and
Section II d i s c u s s e s  c o m p l e x e s  of the type (Co(trien)- 

( A ) C 1 ) ^ ‘' (trien = 1 , 8 -d iami n o - 3 . 7 -dia zaoc t ane and A i s 0- mono-

d e n t a t e  amine, i m i d a z o l e  (ImH), p y r i d i n e  (py). n - b u t y l a m i n e  

(Bu " n H 2 ) and 2 ,2 - d i m e t h o x y e t h y l a m i n e  ( N H 2C H 2C H (O C H 3 ) 2 > • Reactions 

of ( C o ( t r i e n ) C l 2 l^ w i t h  ImH, B U N H 2 and (N H 2 C H 2C H (O C H 3 ) 2 > gave

c i s - a - (Co (trien) (A)Cll while for py the complex



) I

(C L O J^

c is-B 2 -t Co (tr ien ) (py ) Cl 1 ̂  was isolated. Base h y d r o l y s i s  

kinetics were m e a s u r e d  for the four complexes and the k i n e t i c s  

of the mercury (1 1 ) p r o m o t e d  aquation of c j ^ - 6 2 " I C o (t r i e n ) - 

(py)Cl 1 studied.
Section III concerns the p r e p a r a t i o n  of the open chain 

diamtde ligands shown in structures (1 ) ^ 2 '

(3) C o p p e r  (11) and nickel (11) gave cationic

complexes. (M (L H 2 ) 1 (CIO^ ) 2  structure (4) and under b a s i c  

c o nditions n e u tral c o m p l e x e s  of the d e p r o t o n a t e d  l i g a n d s  

(M(L-2H)) structure (5). Redox studies were carried o u t

on the neutral c omplexes with the ease and r e v e r s i b i l i t y  of 

the o x i d a t i o n  p r o c e s s e s  e x a m i n e d  as a function of l i g a n d

Section IV d e s c r i b e s  the p r e paration of diamide 

m a c r o c y c l i c  ligands p r e p a r e d  by the condensation of d i e t h y l  
malonate with (a) 1 , 4  . 7  ,1 0 - t e t r a - a z a c y c l o t r i d e c a n e - 1 1  .1 3 -dione .

(b) 1 ,4 ,8, 1 1 - t e t r a - a z a c y c l o t e t r a d e c a n e - l 1 , 1 3 - d i o n e , (c) 1,4,0,12

tetra-azacycloPF-NTT a decane-1 2 , 14-dione and (d) t e t r a e t hy 1 e n e -

pentamine. C o m p l e x a t i o n  of the resultant ligands w i t h  Cu(ll). 

Ni(ll) and Pd(ll) were e x a m i n e d  using pH and s p e c t r o p h o t o m e t r i c  

titrations. Redox studies were perfo r m e d  on c o m p l e x e s  of the 

d e p r o t o n a t e d  amides [ML] for M = C u (11) and Ni(ll) a n d  the 

rever s i b i l i t y  of the o x i d a t i o n s  exami n e d  as a f u n c t i o n  of the 

metal ion and the ligand structures.

( B )
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can be r e p l a c e d  by where is the acid ionV-... V /If ufnoT'o Pk X» u.i»«= ---— -K .
constant for the NH p r oton and K„ is the ionic product of water

If K (OH~) << 1 then e q u a t i o n  (2) reduces to (3)

d 1(n H j ) ^Co x "* 1
dt

= k K [ (NH , ) ..Cox"^ 1 (OH 1 CB a 3 b
( 3)

The e x p e r i m e n t a l l y  d e t e r m i n e d  rate e x p r e s s i o n  is shown in (4)

dI C o m p l e x  1
dt

= k [Complex](OH 1 OH
(4)

w i th k OH ‘̂ CB'^a

support for an SNlCB m e c h a n i s m  for base h y d r o l y s i s  of Co(lll) 

p e n t a a m m i n e s  comes from many sources and t h e ^ t o p i c  has been 

reviewed b y  H o u s e ^  T obe^ and Edwards ^  The

nature of the p r o cess is supported by the rate accel e r a t i o n  that 

results f r o m  i n creasing the b u l k i n e s s  of the non replaced amine 

l i g a n d s / ' ^  M e a s u r e m e n t  of entha l p i c  c h a n g e s  in the base 

h y d r o l y s i s  reactions of ( (N H 3 ) ^ C o X ]^^ for an extensive series

of u n i d e n t a t e  x" li.ands supports a t r a n s i t i o n  state in which
i = 1 1-pd ^ The values ofthe l e a v i n g  g roup is e s s e n t i a l l y

tsotopic f r a c t i o n a t i o n  factors d 1 n (O ^ S / d 1 n (O ^ « 1 in the

h y d r o l y s i s  of some c o m p l e x e s  of the type [ ( N H 3 ) 5 CoXl 

been i n v e s t i g a t e d .  For X = Cl Br and N O 2 the ratio of

16 to O 1 8 in the final h y d r o x y  product [(N H 3 ) 5 C 0 O H )^ " is
Of x' s u p p o r t i n g  an SNlCB r e a c t i o n  i n d e p e n d e n t  of the n a t u r e  of X supp

_ „c I (m h  > CoXl is b e li e ve dm e c h a n i s m . ^  S p o n t a n e o u s  aq ua tio n o ( 3 5

plot of Lo &
to t.k. pl.c. by a d l s . o c i . t l v .  »ech.nl.n, and

(X) for a series of c o m p l e x e s  ((NH 3 ) 5 CoX) k (X) versus^k^j^(X) for 
aq



,,ves a lino Havin. unit s l o p e . T h e  result implies that base 

h y d r o l y s i s  is also a d i s s o c i a t i v e  process. A major piece 

e v i d e n c e  to support the SNlCB m e c h a n i s m  has been the d e m o n s t r a ­

tion of the formation of a very reactive intermediate species

that can be trapped by n u c l e o p h i l e s  other than the solvent.

The bulK of evidence comes from careful study of the reaction

products. The first successful d e m o n s t r a t i o n  of base catalysed 

s u b s t i t u t i o n  in a q u eous solut i o n ^ °  showed that reaction of

[ (NHj)^CoXl 2 + (X = Cl. Br, I. N O 3 ) with h y d r o x i d e  in the p r e s e n c e  

Of = of .n .„ionic nucl.ophiln, V ,  ,.ve si,niti = .nc
2 +

q u a n t i t i e s  of ( (NH 3 )^CoY]

( (NH 3 ) ^CoOH] 2 +

as product. It was shown that Y

c o n l d  non h.v, e n t e r e d  the conplex b efore the .ct of b..e

h y d r o l y . i . ,  nor c o u l d  it have d i . p l . c e d  0 «' fron. the product 

. c o n s e q u e n t l y  it must have been formed in

n with the h y d r o x o  complex after a common act of 

____________  . Thus the d i s s o c i a t i v e  nature of the reaction in

r.'sic eolution h.n been d e b o n . t r . t . d  fro„ the ,u.nr l t . t i v ,  . tody
(3 s t e r e o c h e m i s t r y  of the p r o d u c t s .  T h e s e

s o - c a l l e d  c o mp e ti t io n  e x p er i me n ts  show that the
r e a c t i o n  produ c t s  , , NH 3 , , c o O H , ̂  < NH 3 . s - v  1 - „ p l e t e l y

i n d e p e n d e n t  of the n a ture of the le.vin, , r o u p  a. uould be 

r e q u i r e d  by a lioitino P » e c h . n i . o  s u „ e  = tin,

e n o u g h  time for the f i v e - c o or d in a te
f- hiPfore it is c ap tu r ed  by a s uitablee q u i l i b r a t e  its e n v i r o n m e n t  before

n u c l e o p h i l e .  further euidence for the SNlCB reaction n e c h a n i s „  

e o b e .  fror. the o b s e r v a t i o n  that hydroxide is a uni,ue nucl.o-

, „ lle. other strono n u c l e o p h i l e .  C n ' , N,',
r/KiM  ̂ CoXl » and this. With 's lo we r ligand e xc ha n ge  rate witn 3 5



suc,q«srs ^h.r hy.iroxid.- f u n c t i o n s  as a basn. rather than as 

„ nucleoph.le, and ren,oves a proton from a suitably located 

amine liqand to form the c o n j u g a t e  base. F i n ally Henderson 

and T o b e ' “' have ratio n a l i s e d  base h y d r o l y s i s  rate data for a 

wide range of Co ( 111) p e n t a a m i n e s  in terms of an SNlCB 

reaction m e c h a n i s m  where the reaction proce e d s  through a 

trigonal b i p yramidal intermediate. By studying the effects
 ̂ r e a c t i o n  rate five r e q u i r e m e n t s  forof steric const r a i n t s  on

lability to base hydro l y s i s  were propo s e d  and it was found
 ̂ o r e r e o o h e m i s t r v  that allows thethat compl e x e s  which have the stereocnemi

b l p yr..ld.l I n t a . b e d i . t .  td h.v, o p t i m u m  t overlap 

b.tw.en th. ion. pair of t h .  amldo n l t r o o . n  a t o m  and an empty 

p orbital on C o l l l U  u n d e r g o  th. moat rapid ba.e hydroly.i..

The present study 1. c o n o . r n e d  with b a . e  h ydrolysis 

reactions of Co ( 111) c o m p l e x e s  of a p a r t i c u l a r  pentaamine 

ligand, that is t e t r a e t h y 1 e n e p e n t a m i n e  ( 1 , 1 1  - d i a n i n o - . ,6 , .- 

..undecane) a b b r e v i a t e d  to tetren and shown in structure

(1 ) .

7

8

N 9

H
I
Ne

3 N '
H

N H .

(1 )



6 .

1 4
This p e n t a d e n t a t e  ligand forms complexes of the type 

[ C o ( t e t r e n ) X l " *  which can e x i s t  in four topol o g i c a l  forms

shown in s t r u c t u r e s  (2), A, B, C and D.

The a a - i s o m e r  (2)A has a plane of symmetry

•in fi i a s t e r eo i some r i c form ( f ac f ac ) . Theand can e xist in one o i a s c e r e o i s o m e  ---- ----

a ß - i s o m e r  (2)B is a s y m m e t r i c  and could exist in two diastereo

isomeric forms resulting from alter n a t i v e  c o n f i g u r a t i o n s  of

the single chiral nitro g e n  c e ntre present in the m ^  ring

of the tetren ligand. The ß ß-isomer (2)C is a s ymmetric and

as ̂ S t e r e o i s o m e r . The ß-trans isomer has only one p o s s i b l e  d l a s t e r e o i s o m

(2)D is a s y m m e t r i c  and has four possible diast

a r i s i n g  from a r r a n g e m e n t s  of the two secondary n i t r o g e n  atoms 

which fuse the c o p l a n a r  c h e l a t e  rings. The length of the 

C h e late segment N - C - C - N  in tetren p r e c l u d e s  inversion at 

secon d a r y  n i t r o g e n  atoms w h i c h  are linked by o r thogonal 

c h e l a t e s  and i n v e r s i o n  only takes place when the secondary 

nitro g e n  atom is formed by copla n a r  chelates. Two diastereo- 

isomers of the aß g e o m e t r i c a l  isomer have been characterised. 

The n o m e n c l a t u r e  aßR- and aßs- has been a d o p t e d  to describe 

the two forms which are shown in structures (3)A





-HN.
2  +

7 .

2

HN-
Co

X

•NH.

. N H - N
H

to

(3)

c o m p l e x e s  of [ C o (t e t r e n )X 1 were first characterised

corner These workers p r e p a r e d  a S R -  and aSS-by H o u s e  and Garner*
where X = (Cl. B r , OH. - O N O . N O 2 . N 3 .

NCS) .

X = Cl

Prior to the work of H o u s e  and G a r n e r  (C o (t e t r e n )X ] 

” and B r ” had been reported only as p o o r l y

2 +

i so m e  r s .

NO
i s e d  m a t e r i a l s  c o n t a i n i n g  u n k n o w n  g e o m e t r i c  

1 7 . 1 8 . 1 9 . 2 0

T h e  X - r a y  c r y s t a l  s t r u c t u r e s  of a g R -  a n d  a 6 S-(Co- 

2 " h a v e  b e e n  r e p o r t e d ^ ^  as h a s  the c r y s t a l  

a [ C o (t e t r e n ) C l  1 ^^ by S n o w ^ ^  a l t h o u g h  no s y n t h e t i c  

T e t l i i T o r  P h y s i c a l  p r o p e r t i e s  c a n  be f o u n d  for the . . - i s o m e r  

in t h e  l i t e r a t u r e .
Ni a n d  G a r n e r  s t u d i e d  the a q u a t i o n  k i n e t i c s  of the

2 ♦
. B r - a n d  aBS-

•s of (Co (t e t r e n )Cl 1 over a



8 .

r.inie of t e m p eratures and also d e t e r m i n e d  approximate rate
23 _Further kinetic studies on

2A

as has the kinetics of 
26

c o n s t a n t s  for base hydrolysis
lBR-lCo(tetren)Cll^'' have been reported by Lin and Chen.

The i s o m e r i s a t i o n  rate of aSR - I C o (t e t r e n )N C S ) ̂ " to the aSs-
,25

d i a s t e r e o i s o m e r  has been monitored 

base h y d r o l y s i s  for these two
a S S - ( C O ( t e t r e n ) 0 S0 2 ) h a s  been prepa r e d  and the

kinetics Of i n t r a m olecular i s o m e r i s a t i o n  of this oxygen bonded

sulphito complex to the sulphur b o n d e d  analogue have been

measured. A second order rate const a n t  for base h ydrolysis of^

sulphur b o n d e d  a S S -(Co (t e t r e n ) S O 3 ] ̂ " has also been evaluated.^

The kinetics of acid and base h y d r o l y s i s  of the azido
 ̂ 28

complex ( C o ( t e t r e n ) N 3 )"" have been r e p orted by El-Awady.

Kinetic studies have been under t a k e n  by Dasgupta and Harris on 

the d e c a r b o x y l a t i o n  of a 6 s - (C o (t e t r e n )CO 3 and carbon dioxide

u p t a k e  by . 6 r - [ C o ( t e t r e n , H 2 0 ] ^ ^ ^ ^  The k i ne t i c s o f ba se

h y d r o l y s i s  of the salicylate complex [C o (t e t r e n )O C O C ^ H , O H )
30,31 ...I n t e r e s t  has als'^ been 

2 +

2 +
with studies 

demon s t r a t i n g  an

was studied by Dash and Harris 

shown in the redox properties of 

on the Fe(ll) reduction of
32

extre m e l y  slow reaction rate.
I i *-Ot ren 1 X 1 " * is limited and the The literature on icoiteer

J c c r v e ,  further 1 „ ve . 1 1 , , t Ion . .pp r ox r t e ̂ r . t.
c rx ftn t f'o < t e t r e n ) C 1 1 “ evaluatedconst a n t s  for base hydrolysis of ClBR (Co(tetr

by e x t r a p o l a t i o n  of acid hydro l y s i s  rate data show that the 

complex undergoes extremely rapid base hydro l y s i s  in comparison

with other c o m p l e x e s  of cobalt ( H U  pentaanines. The
tes interest as a potential modelhydroxy complex itself nenera



for t h e  m e t a l l o e n z y m e  c a r b o n i c  a n h y d r a s e
nthat Co-OH s p e c i e s  are

It has been found 

g o o d  n u c l e o p h i l e s ,  as

d e m o n s t r a t e d  in the h y d r o l y s i s  of 4 - n i t r o p h e n y 1 a c e t a t e  by 

( C o l l S l a n e N ^ O H l ^ " . ^ ^  and in t h e  i n t r a m o l e c u l a r  h y d r o l y s i s  of 

N - c o o r d i n a t e d  a m i n o  a c i d  e s t e r s  and a m i d e s  b y Co ( 111) -OH 

s p e c i e s .  TO c o n t i n u e  in this v e i n  s u b s t i t u t i o n  of X in 

, C o ( t e t r e n ) X l ' ’* by a wid e  r a n g e  of l i g a n d s ,  for e x a m p l e ,

X = DMF. RCN, 0 2 C r ' may l a b i l i s e  the g r o u p  X to reactions 

which are not possible for the u n c o o r d i n a t e d  ligand.

A n o t h e r  a s p e c t  of C o  (111) t e t r e n  c h e m i s t r y  

r e q u i r i n g  c l a r i f i c a t i o n  is an u n d e r s t a n d i n g  of the p r e p a r a t i v e  

c o n d i t i o n s  tha t  lead to p a r t i c u l a r  i s o m e r s .  C o n d i t i o n s  are 

r e q u i r e d  to p r e p a r e  the ota-isomer w h i c h  r e q u i r e s  to be f u l l y  

c h a r a c t e r i s e d .  An i n t e r e s t i n g  a n a l o g u e  of the t e t r e n  l i g a n d  

is th e  l i n e a r  s u l p h ur  c o n t a i n i n g  p e n t a d e n t a t e  l i g a n d ,  1 , 1 1  

d i a m i n o - 3 . 6 .9 -trithxaundecane (L) w h i c h  c o o r d i n a t e s  to Co ( 11 1 ) 

via t w o  t e r m i n a l  N H ^ q r o u p s  a n d  t hree t h i a e t h e r  d o n o r  c e n t r e s  
a n d  h a s  the f o r m u la  H .N - C H ^ C H ^ - S - C H 2C H 2 - S - C H 2C H 2- S - C H 2C H 2- N H 2 

of c o m p l e x e s  of the t y p e  ( C o ( L ) X l ^  (X = Cl ,

Br N 0 2 ~. SCN') have s hown that the bond angle

r e q u i r e m e n t s  a r o u n d  the c o o r d i n a t e d  s u l p h u r
isomer d i s t r i b u t i o n  to th. a a - t o p o 10 9 y .



2 +
The l iterature on aß(?- and aßS - ( Co (t e t r e n ) X ]

(X = Cl. Br, N O 2 ) d e s c r i b e s  the prepa r a t i o n  of complexes a ccording

to Sehe me 1.

H O  + C0CI2 + tetren + ZnCl2 HCl

aßR-[Co{tetren)CllZnCl^

1 0

NaN0 2 /HCl

aßS-[Co(tetren)NO2 IZnCl^

aßS-[Co(tetren)BrlZnBr^

aßS-[Co(tetren)Cl)ZnCl^
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purity of the starting l i gand tetren was checked by p reparing 

the p e n t a h y d r o c h l o r i d e  salt tetren.5HC1 and t itrating it 

against s o d i u m  h y d r o x i d e  to establish the experimental 

molecular w e i ght. The five pK^'s have been determined.

W i t h  r e gard to kinetics, a literature survey reveals
2 +

that only t h e  base h y d r o l y s i s  of aBtf- and a S S - I C O  (tetren 1C 

have been s t u d i e d .  In the p r e s e n t  work the base h y drolysis 

reactions h a v e  b e e n  a n a l y s e d  for all h a l o -  and n I t r o - c o c p l e k e s  

prepared. In the cases of aBO- and a u - (C o (t .tren)Cl 1'* and 

oBe- and d a - ( C o < t . t r e n . B r l ^ *  activ a t i o n  p . r a . e t e r s  for base 

hydro l y s i s  h a v e  been e v a l u a t e d  and k i n e t i c  data for . e r c u r y  (1 1 ) 

induced a q u a t i o n  collected.

1.2 Exper i m e n tal

T e t r e n .5HC1
T e c h n i c a l  tetren (B.D.H.) was f r a ctionally d i s t i l l e d

-d 1 „ 1-i A 1 fractions conta i n i n g  lowerunder r e d u c e d  press u r e  and inatia

amines were discarded. F r e s h l y  d i s t i l l e d  tetren

metha n o l  and cooled in an ice bath. Hydro c h l o r i c  acid (11.S 

mol d m - ^  w a s  a dded dropw i s e  with stirring to the solution to

p r e c i p i t a t e  the c o l o u r l e s s  tetren.5HC1. A d d i t i o n  of c o ncen- 

T r l t e d  h y d r o c h l o r i c  acid was c o n t i n u e d  until no more solid

p r e c i p i t a t e d .  The p r o duct was filte r e d  off. w a s h e d  with 

„efh.hol s n a  sir arl.a. T c t reh.fHCl u.s „ c r y s f . 1 IIsca twlc. 

h, s u s p s n a l h c  fhc solía in hot u.fh.nol c o n f . l n i n ,  . f -  arops 

uf c o n e . » C l  .na .aainp - s t . i  aropw l s .  to a i s s o l v .  the solía.
c u m  f-r vst a 1 1  i sed out and was filtered, upon c o o l i n g ,  t e t r e n . 5 H C 1  crys
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w a s h e d  with methanol and dried Iji vacuo . Calc, for

C H _ , N ^ . 5 H C 1 :  C.25.81; H.7.60; N,18,85;
8 2 3 j

Found: C,25.61; H,7.63; N,18.85%.

A NMR spectrum of tetren.SHCl was r e c o r d e d  in D 2O with

N aTMS as the internal reference. The values were found: 

6 (integral): 3 7.96 (157.7), 45.97 (397.3), 4 7.2 5 (1 8 3.4 ) . « pp'"’)

The p u rity of t e t r e n . 5 H C l  prepared in the p r e s e n t  work was 

a s s e s s e d  by titrating a known weight of t e t r e n . 5 H C l  dissolved 

in 1.0 mol d m “  ̂ (NaClO^) against 0.1 mol dm ^ (NaOH) at 2 5 “C, 

under nitrogen. The resulting titration c urve shows a series 

of o v e r l a p p i n g  end points. The second end point is sharply 

d e f i n e d  a n d  the volume of titrant r e q u i r e d  to reach this end 

point is noted. The theoretical volume of titrant required to 

reach the second end point is readily c a l c u l a t e d  and a comparison 

b e t ween e x p e r i m e n t a l  and c alculated t i t rant volume allows the 

e x p e r i m e n t a l  m o l e c u l a r  weight of tetre n . 5 H C l  to be evaluated 

at 375 amu. The theor e t i c a l  molecular w e i g h t  of tetren.5HCl 

with the f o r m u l a t i o n  C  ̂. SHCl is 370 amu.

By the m e t h o d  of H o u s e , a  solut i o n  containing 

C 0 C I 2 .6 H 2 O (24g., 0.101 moles) and 20 cm^ of 30% H^O^ in

7 5  cm^ w a t e r  was a d d e d  dropwise at room t e m p e r a t u r e  to 

tetren (19g., 0.10 moles) disso l v e d  in 50 cm' water. After

a d d i t i o n  was complete the solution was left to stand^for 30 

minutes. Zinc c h l o r i d e  ( 3 0 g . , 0.22 moles) and 75 cm' of 11.5

mol dm-' HCl were then added and the s o l u t i o n  heated on a water 

bath for 2 hours at 80»C. Upon cooling dark red crystals 

d e p o s i t e d  Which were filtered, washed with ethanol, ether and
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air dried. Calc, for I Co (C g H ^ 3 N ^ )C 1) Z n C 1 ^ : C,19.57; H,4.72;

N ,14 .26 ;

Found: C,19.95; H.4.64; N ,13.89%.

The i.r. spect r u m  (KBr) of t h i s  complex has four V NH bands 

of a p p r o x i m a t e l y  equal i n t e n s i t y  at 3130, 3160, 3215 and 3260

cm"^. A single band at 1575 c m " ^  is a s s i g n e d  to the N H 2 

a s y m m e t r i c  deformation. These data agree with those reported.
1 5

The v i s i b l e  spectrum of the c o m p l e x  m e a s u r e d  in 0.1 mol dm 

H C I O 4 has band maxima at 525 n m  (e = H O )  and 363 nm (e = 103) 

w i t h ' a  shoulder at 480 nm (C = 105). The l i t e r a t u r e  reports

the f o l l o w i n g  values 522 nm (e

with a shoulder at 480 nm (e

109) X 362 nm {£ = 103)msi X
13105). A F.T.  ̂ C NMR spectrum

V.. r e c o r d e d  in u . t n d  NnTHS ns in Intern.l r e f . r . n c ,

8 , 8 0 0  t r . n n i e n t n  -ern r e c o n d . d  to give th. v.lnns: (S pf''J 

M i n t . g r . U-. 42.95(11.2). 4 8 . 5 7  (8.9). 50.76 (10.1),

5 1 . 6 3 ( 9 . 6 ) ,  53.27(8.0), 5 5 . 8 3 ( 7 . 6 ) ,  5 7 . 85(11.2).

seeTetren.5HCl (7 0 g , 0 . 1 9  moles) (for

.bov.) V,.. dl.nolv.d in 250 = . =  w t . r  .nd 8 . 3 (0 0 (0 0 3 ) 3 1 ”

<60g., 0.20 .0 1 ..) .dd.d. net.r .tirrin, th. . i « n r .  .t 50-0
for thr.. hoar. th. .olution w.. flit.red .nd th. filtr.t. 
.v.por.t.d to dryn... to glv. «n or.ng. .olid. Th. .olid -.. 
t.k.n ap in 300 O*'’ h..t.d .t 60*0 for
two hoar.. upon cooling 5 72. H C l o ,  w.. .dd.d providing .
.oarc. Of 0 1 0 ,- ion.. ».ny M . c t i o n .  cry.t.lli..d fro. thi.

1 davs The first fraction was exclu s i v e l y  m i x t u r e  over several days.
i^iiroCl ( 1 4 . 8g, 0.03 moles). The second cropa B R - ( C o  (tetren)Cl 1C 0 C I 4





the NH- a s ymmetric d eformations. The visible spect r u m  measured

reports t h e  following

X 460 nm (e = 224) andmax
X 328 (e » 1,820).max

328 nm (e = 1,844) . The

values.
A F.T. “ c NMB spect r u m  was recorded in M e ^ S O - D ^  using NaTMS 

as an internal reference. 9.002 transients w e r e  recorded 

giving the va 1 ue s : i f* p p m )
6 ( l n t e , r . U  48.19(25.9), 48.57(68.9), 51.19 ( 4 6 . 4 ) ,  5 1 . 68(78.2),

5 2 . 7 7 ( 1 3 2 . 2 ) ,  5 3 . 8 1 ( 6 ) . O), 55.01(71.0), 5 5 . 9 4 ( 1 1 7 . 7 ) ,

5 7 . 3 6 ( 2 3 1 . 5 ) ,  59.43(59.3).

a B S - I C o ( t e t r e n ) C l ] Z n C l ^
a B S - ( C o ( t e t r e n ) N O 2 ]ZnCl^

-3
By the m e t h o d  of House

(ig.. 1.99 mmoles) in 15 cm^ of 10% ZnCl^ in H . 5  mol dm 

HCl was warmed at 70=C for two hours. D u r i n g  this time the 

colour C h a nged from y e llow to red. Upon c o o l i n g ,  dark red 

c r y s t a l s  d e p o s i t e d  which were filtered, w a s h e d  with ethanol 

and air dried. Calc. foi. (Co (CgH  ̂  3N ̂ ) C 11 ZnC 1 ̂  . C.19.5

H ,4.72; N ,14.26;
8oand, 0,20.14, ».4.67, »,14.024. 1 . r . .p. = « 8 .  (K8.)

4) NH at 3270 cm ^ and a broad v NH of the complex h.s e «herp V »» «t 3270 c ^

h.„d . t o o p a  3200 c m - ^  T-o .o.nas .t 1570 . „ d  1585 cm at.

a s . l g n . d  to N H ^  a s y m m e t r i c  deformations. T h e  visible s p e c t r u m  

o, the complex m e a s u r e d  In 0.1 mol d m ' ’ » C I O ,  has band maxim.

The
reports the following values Xmax 5 2 5 nm

. , 8 .6 ). 480 nm (C - I d > and 360 n. (C - 107). A F.T.
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NMR s p e c t r u m  was r e c o r d e d  in M e 2 SO-D^ using NaTMS as an 

i n t e r n a l  reference. 9080 trans i e n t s  were recor d e d  to give 

the va 1 ues : (W PP )
6 ( i n t e g r a U  4 8 . 0 3 ( 2 0 . 4 8 ) .  52.23(29.81). 55.83(17.23). 57.96(31.90).

5 8 . 4 0 ( 1 1 . 9 0 ) .  5 9 . 8 1 (10.12).

a a - ( C o ( t e t r e n ) C O j J ( C I O ^ ) . 3H 2O

By the m e t h o d  of Dasgu p t a  and H a r r i s ^ ^  isomerically

i mpure [ Co (te t r en ) C 1)( C lO^ ) 2 d-^-Og.. 0.039 moles) was dissolved

in the m i n i m u m  volume of water, and silver oxide. (4.63g.. 0.02

moles) added to the solution. The mixture was heated at 60»C

for 30 m i n utes during w h i c h  time a colour c h ange from red to

o r a n g e  took place. The solution was cooled and filtered to

r e m o v e  silver chloride. To the filtrate was added excess

l i t h i u m  c a r b o n a t e  until a pH of ca. 9 was attained. The

m i x t u r e  was s t i rred at room t e mperature for 30 minutes then

f i l t e r e d  to remove l i t h i u m  carbonate. The o r a n g e  solution was
V, 1 r-i» M  25q.. 0.04 moles) thent r e a t e d  with l i thium p e r c h l o r a t e

. „ o l , a  and « h . n o l  was addad ao p a a d t p l t a t .  a fin. oa.n,. 

„ v s a a l l l n .  s d U d .  Th. paodn.a. I Co , t . t r . n , CO ,, ,clO,, was

f l l a . a . d  off, w . sh.d with athanol. .th.r and drl.d In
^ rr-ofC H N )C0 , 1 (C 1 0 .) 3H O: C. 23.40;Y i e l d  15g. Calc, for I C o (C ^ H ^ 3N ^ t  3 j 4 2

H . 6 . 2 9 ;  N.15.18;
p o u n d :  c.23.68, H.6.19, »,15.29%. Th.^l.r. s p . ctaup ( « a ,

nas w N„ at 2900. 3140. 3280 a n d  3400 TP. .l.cttonl.

s p e c t r u m  m e a s u r e d  in d i lute a q u eous sodium b i c a r b o n a t e
 ̂ 492 nm (e - 148) with a steep charge transferband m a x i m u m  at 492 nm ve

nm c h a r a c t e r i s t i c  of m o nodentate
a b s o r b a n c e  increasing near



18

1 3C NMR was recorded in D 2° (pH8 ) usingc a r b o n a t o  Ligand. A 
N a T M S  as an Internal reference. 11,894 transients were 

r e c o r d e d  giving the values 6 (integral) 4 5 .1 (3 9 .8 ), 55.9(36.0),

57.7( 3 8 . 9 ) ,  59.8(38.7).

g g - [C o (t e t r e n )C l ] (ClO^)Cl 

M e thod A
The c o m p l e x  g g - I C o (t e t r e n )C O ^ 1 (C l O ^ ) (15g., 0.036

„ol,.) a i s s o l v . d  in 2 0 0  11.5 nol d . " ’ HCl .nd h.dt.d

nt 6 0 * C  until CO^ . v o l u t i o n  o .nn.d nnd th. colour ch.ng. iron,

o r . n g .  to dntk red coopl.t.. A f.w drops of 72» p e r c h l o r i c

s o l d  w.r. ndd.d end th. solut i o n  volu». w.s conc. n t r n t . d  on t h .

, - 1 1 r.v-»,«i-«lltsation commenced. Upon cooling the w a t e r  batn vintii cryst
c r y s t a l s  were f i l t e r e d  off, washed with ethanol, ether and a i r  

dried. The first crop from the reaction mixture was i d e n t i f i e d  

, „ i n i l f c i o  )C1. Subse q u e n t  crops were found toas gg- (Co (tetren) Cl I i'-d-
be m i x t u r e s  of aBI?- and g B S - [ Co ( t e t r en ) C 11 ( C lO^ ) 3 .

ga- ( C I O .,) Cl

M e t h o d  B
T e t r e n . 5 H C 1  (lOg., 27 mmoles) was ta)cen up in the

€ cold water and a two-fold excess of N a 3 (C o (C O 3 ) 3 1 m i n i m u m  of cola waret
1 \ The m i x t u r e  was heated at 60®C(16.62g., 54 mmoles) added.

f f e r v e s c e n c e  ceased. After cooling, the solution was 

f l i r . r . d  to r ..ov. u n r . n c t . d  N . 3 (C o <C O 3 > 31 and th. or.ng. ^

f l l t r a t .  u.s . v a p o r . t . d  to dryn.ss to glv. a n - t c o (1 . 1 r . n ) C O 3 1

.nd s o d l u .  chlorld.. Th. solid nl.tur. .as tak.n up In 

1 1 . 5  0 0 1  d . - ’ HCl and s o dluo chlor l d .  fllt.r.d off. Th. o r . n g .
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f i l t r a t e  w a s  h e a t e d  at 6 0 “C with C O ^  e v o l u t i o n  a c c o m p a n y i n g  a 

c o l o u r  c h a n g e  to dark red. H e a t i n g  was c o n t i n u e d  u ntil c r y s t a l l ­

i s a t i o n  c o m m e n c e d .  Upo n  cooli n g,  th e  c r y s t a l s  of a a - I C o (t e t r e n ) - 

0 1 1 (0 1 0 ^ ) 0 1  w e r e  f i l t e r e d  off, w a s h e d  w i t h  e t h a n o l  e t he r  a nd  

air dr ie d .  S u b s e q u e n t  c r o p s  of c r y s t a l s  f r o m  t h i s  r e a c t i o n  w e r e  

f o u n d  to be m i x t u r e s  of a B R -  and a B S - ( O o (t e t r e n ) 0 1 1 ( 0 1 0 ^ ) 2 • ^
c r u d e  oa-iOo(tetren) 1 ( 0 1 0 ^ ) 0 1  was r e c r y s ta 11 i sed fro m  0.1 mol dm' ^  

H C I O 4 . O alc. for a a l O o ( C g H 2 3 N 5 ) 0 1 )  ( 0 1 0^)01: 0 . 2 2 . 9 6 ;  H . 5 . 5 4;

N , 1 6 .7 3 ;
F o u n d :  C. 22.82 ; H . 5.40; N , 1 7 . 0 7 % .
The l.r. sp.etru. (KBr> h , s  sh.rp V NH et 2280 .nd 3290 c . ’ ,

A single bandwith a broad V NH band c e n t r e d  around 3100 cm
-1 is a s s i g n e d  t o  the N H 2 a s y m m e t r i c  d e f o r m a t i o n s .at 1600 cm

visible spectrum m.esured in O.l »cl dm'^ HClO^ has band
at 533 nm (t - 96, and 362 n. <6 - 92, with a shoulder at

- S2) A ^^O N M R  spectrum was r e c o r d e d  in M e 2 SO-Dg470 nm VC- - ^
ira^par-nal reference. 19.040 t r ansients were using Na TMS as an i n t e r n a l  reter

recorded giving the v a l u e s
6,integral, 43.63,102.8,. 56.27,137.5,. 57.36,108.9,.
57.96,86.5,. The N M R  spectrum was also r e c o r d e d  in D,o

conta i n i n g  a drop o, DCl to suppress base hydrolysis. Na T»s
a r s-once 1 2 , 1 0 2  t r a n s i e n t s  w er e  r e c o r d e d  towas the i n t e r n a l r e t e r e n ^ c .

give. '■* PP'"-’
6 , integral, 45.74 ,1.89,. 57.91,1.98,. 59.27,1.94,. 60.42,1.43,.

aa-I Co 1 1  e t r en I vwd. j a. 4 -
r-.a«sive ion e x c h a n g e s  on A m b e r l i t e  I R A - 4 0 0  salt by four s u c c e s s i

— —•*_ WAS © l u t © d  w i t h  water«,in the CIO, form,. T h e  sample was elu
of the e l u t e d  traction u n d e r  r e d u c e d  pressure
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gives c a - [ C o ( t e t r e n ) C l )  (CIO^) 2 - Calc, for i C o (C ^ H ^ 3N ^ )C 1 1 (C l O ^ )3 : 

C,19.91; H,4.80; N.14.51;

Found: C , 19.68; H ,4.8 8 ; N,14.16%.

a B g - [ C o ( t e t r e n ) B r l Z n B r

By the House method. 16 aBR-

(1 g., 2.03 mmoles) was d i s s o l v e d  in 2 mol d m ”  ̂ N aOH (20 cm^).

H y d r o l y s i s  w a s  indic a t e d  by a rapid colour change from dar)c red 

to orange. 15 cm^ of 10% ZnBr^ in 60% HBr was added to the 

solution w h i c h  upon h e a t i n g  on a w ater bath at 60»C became violet

and d e p o s i t e d  crystals which were filtered, w a shed with ethanol
C.13.47;

1 '-8" 2 3’ 5 •

H , 3 . 2 5 ; N , 9.8 2 ;
round: C.13.21, H,3.29, N.9.91,. An i.r. .p.otru. (KBr) of
thl. o o o p l . x  h.. four U NH b.nd. of n p p r o x l m . t . l y  equ.l

-1

and air dried. Calc, for (C o (C g H ^ 3 N 5 )B r 1ZnBr^

inten s i t i e s  at 3120. 3150, 3210 and 3245 cm A single band

at 1568 cm -  1
-3

is assig n e d  to the N H 2 asymm e t r i c  deformations.

Th. vlslbl. .o.ct r u p  of the c o m p l e x  „ . . s u t . d  In 0.1 mol dm 
„CIO, he. . bend m a x i m u m  at 548 n. (C - 122, ulth a shoulder at 
480 1 .£ . 93,. The liter a t u r e  reports the following value.
1 548 nm (C • 132) with a shoul d e r  at 480 nm (t - lOO).
max

aBS- ZnBr

T h e  complex a B S -(C o (t e t r e n )N O 2 1Z n C 1^ (Ig., 1-99 mmoles)

„as d i s s o l v e d  in 15 cm^ of 10% Z n B r 2 in 60% HBr and warmed at

70-C for two hours. The violet c r y s t a l s  which d e p o s i t e d  upon 

c o o ling were filtered, w a shed with ethanol, ether and air dried, 

calc, for l C o ( C g H 2 3 N g ) B r ] Z n B r , :  C , 13.47; H .3.25 ; N.9.82;
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Found: C.13.93; H.3.15; N,9.49%.

An i.r. s p e c t r u m  (KBr) of the complex has a s harp V NH at 

3260 cm"^ and a b road U NH band around 3200 cm Two bands

at 1565 cm'^ and 1580 cm'^ are assigned to NH^ a s ymmetric 

d e f o r m a t i o n s .  The visible spectrum of the c o m p l e x  measured in

0.1 mol dm"^ HCIO^ has a band m a ximum at 550 nm (e = H 3 )  with

a shoulder at 480 nm (e = 92). The literature reports the 

following v a lues 550 nm (e = 121) and 480 nm (e = 98).

A ^3^ NMR s p e c t r u m  was recorded in Me^SO-D^ u s i n g  Na TMS as 

an internal reference. 11,600 transients were recorded to give

the values: CS ppV>)
6 , integral) 43.93(161). 48.25(132), 52.34(288). 55.67(148),

57.90(170), 58.67(126), 60.03(126).

g g - [ C o  (tetren) Br 1 (C10 ĵ_Br̂

T h 4 couple. g a - ( c o ( 6 . t r .n)c 0 3 l(clo,) (1 ,.. 2 . 1

a i s . o l v . d  in 25 = . ’ of 60» HBr .nd . f=- d r o p s  of 72» HCIO,

were added. Vigorous e f f e r vescence -as a c c o m p a n i e d  by a colour 

change f r o m  o r ange to violet. The solution - a .  h e ated on a

water bath until c r y s t a l lisation commenced. Upon cooling, 

the c r y s t a l s  -ere filtered oft, - s h e d  - 1 th ethanol and air

dried. T h e  crystals are l.omerlcally pure „ o - ,C o (t e t r e n ,B r ,-
ST o r e n a r a t i o n  gave mixtu r e s(CIO )Br. Subsequent crops from this p P

at » ¡ 8 - a n d  g B s - , C o (t e t r e n )B r , ,C 1 0 , , ^ . C r u d e  „ g - ,C o (t e t r e n )B r , 

<C10,)Br -as recry s t a l l l s e d  from 0.1 mol dm-= HCIO,. Calc, for

r* Q3* H*4.56;g g - ( C o ( C 3 H 2 3 N,)Brl ClO.Br: C,18.93. H,4.

Found: C,19.05, H ,4.43: N,13.60..
The i.r. spect r u m  (KBr) measu r e d  in 0.1 mol dm HCIO, has
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sharp V NH b a n d s  at 2880 and 3260 cm"^ and a b r o a d  V NH
-1a b s o r p t i o n  band centred a r ound 3120 cm 

-11600 cm

A single band at

is a s s i g n e d  to N H 2 asymm e t r i c  deformations. A visible
HCIO has a band m a x i m u m  4spectrum of the complex in 0.1 mol dm

i J
at 552 nm (e = 98) and a shoulder at 480 nm (e = 43). A C 

NMR s p e c t r u m  was recorded in M e 2 SO-D^ using Na TMS as an internal 

reference. 12,924 trans i e n t s  were r e c orded g i ving the values: 

6(integral) 4 3 .93(123), 56.76(103), 57.58(96), 58.23(96).

1 3The C N M R  was also recor d e d  in D 2O c o n t a i n i n g  a drop of DCl

to s u p p r e s s  b a s e  hydrolysis. Na TMS was the internal reference. 

24,024 t r a n s i e n t s  were r e c o r d e d  to give: (S p f ^

6(integral) 4 5 . 74(34.2), 58.50(32.1), 5 9 . 97(23.5), 6 0 . 19(31.5).

a a - ( C o ( t e t r e n B r ] (CIO4 )Br was c o n v e r t e d  to the d i p e r c h l o r a t e  salt 

by four s u c c e s s i v e  ion e x c h a n g e s  on A m b e r l i t e  IRA400 (in the 

CIO^" form) e l u t i n g  with water. Calc, for I C o (C g H 2 3 N 5 )B r 1 - 

(0 1 0 4 ) 2 = C.18.23; H,4.40; H , 13.29;

Found: C , 1 7 . 8 0 ;  H,4.41; N,13.29%.

a a - ( C o ( t e t r e n ) N O 2 I ( C I O ^)^

The complex a a -(C o (t e t r e n )C 1 1 ( C l O ^ )C 1 (Ig., 2.38

mmoles) was t a k e n  up in the m i n i m u m  of 0.1 mol dm'^ HClO^ and 

NaN02 (0.27g., 3.9 mmoles) added. The solution was h e ated on

a w a L r  bath at 60»C until the colour change from violet to 

yellow was c omplete. Upon cooling y e l l o w  c r y s t a l s  d e p o s i t e d  

which w e r e  filtered, w a s h e d  w i t h  ethanol and air dried. Calc, 

for | C o ( C 3 H 2 3 '<5 l''0 2 ’ = 2 ' C . 19.48: H.4.70, N.l

round: C . 1 9 . 5 0 :  H.4.73: N , 18.374.

Th. l.r. sp.ctruo (KBr> dlnpl.yn V NH «4 . bro.d band In th.



2 3 .

range 3000-3300 c m " ^  A single band at 1590 ctn"^ is assigned 

to N H 2 a s y m m e t r i c  deformations. A visible spectrum measured 

in 0.1 mol dm"^ HCIO^ shows a band m a x i m u m  at 450 nm (e = 154).

A “ c NMR s p e c t r u m  was recor d e d  in M e 2 SO-Dg using Na TMS as
 ̂ nr»r> f-a n «s t e n t s were recorded givingan internal reference. 1 2 , 0 0 0  t r ansients

the v a 1 ue s ; (.S
6 (integral) 43.99(103.5), 55.18(87.0). 56.81(111.4), 57.47(111.6).

a a - [ C o ( t e t r e n ) H 2 O ) ( C I O ^ ) ^
To a solution of a a - ( C o (t etren)Cl 1 (CIO^)Cl (3.0g.,

7.16 mmoles) d i s s o l v e d  in the m i n i m u m  volume of perchloric 

acid (0.1 mol d m ' ^  was added silver p e r c h l o r a t e  (3.1g.,

. 5  mmoles). T h e  mixture was stirred at 60-0 until the colour 

C h a n g e  from d e e p  red to o r ange was compl e t e  1 hour. The

s o l u t i o n  was c o o l e d  to O^C and f i l t e r e d  to remove precipitated

silver chloride and u n r e a c t e d  silver perchlorate. The filtrate

was left to stand at room t e m p e r a t u r e  during which time orange

c r y s t a l s  began to appear. The p r o d u c t  was filtered o^f, washed

with ethanol, ether and d ried in v a ^ .  Calc, for
\ r* 17 n2* H*4.46; N , 12-40;(Co (CgH^jN^) H 2 O) (Cio^) 3 :

Found: C,16.88; H,4.02; N,12.48%.
The i.r. s p e c t r u m  (KBr) of this c o m p l e x  has a sharp v NH at

2270 cm-^ with a broad v NH in the range 3030-3210 cm .

single band at 1600 cm"^ is assigned to the N H 2 asymmetric^^

. The visible s p e ctrum m e a s u r e d  in 0.1 mol dmd e f o r mations. The visioi.
1 = „ 1- 494 nm (e = 70) and 346 nm (e *= 73) .HCIO. has b a n d  maxima at 494 nm le

, , ..„,'r>»'ded in D„0 containing one drop ofA NMB s p e c t r u m  was recorded in U 2

, K. THS an Internal r e t e r e n c .  4,208 tran.l.ntsDCl using Na TMb as
were recorded giving values: (,b P P )
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K i n etic M e a s u r e m e n t s

In the present work both pH stat and spectro- 

p h o t o m e t r i c  techni q u e s  have been used to measure the rates 

of base hydrolysis. The s p e c t r o p h o t o m e t r i c  method was used 

w h e n  s u b stantial changes in the e l e c t r o n i c  spectrum a c c o m p a n y  

the reaction under study. Data were c o l l e c t e d  by m o n i t o r i n g  

the change in a b s o r b a n c e  w i t h  time at a fixed p r e s e t  wavelength. 

T h e  i n strument used was a U n i c a m  SP500 s p e c t r o p h o t o m e t e r  i n t e r ­

faced with an Apple II compu t i n g  s y stem and a s s o c i a t e d  printer.

T h e  react i o n  is initiated by adding a small amount of solid 

c o m p l e x  to the quartz cell c o n t a i n i n g  buffer solution which

h a s  been t h e r m o s t a t t e d  to the a p p r o p r i a t e  temperature. All
38

buff.r solution, wer. prep.t.d by known formulntlon..
K i n e t i c s  o b t . l n e d  by the pH stnt «ethod were .tudl.d

u s l n q  » R n d l o m e t e t  TTTL e u t o m . t l c  t ltr.tor. » high n l k s l i n l t y

, 1 ... e l e c t r o d e  type G 2 0 2 B w.s used .. the indlc.tor electrode.

T h e  e l e c t r o d e  system w.s s t . n d . r d l s e d  before each run with NBS

bor.te buffer (pH 9.1R .t 25-C) .nd phth.l.te buff.r (pH - d.ol
.t 2 5 . C .  The pH st.t . p p . r . t u s  c o n s i s t ,  of . t h e r m o s t . t t . d  cell

oont.lning 50 crn^ of 0.1 mol dm'’ (KNO3I through which nitrogen g.s is
o o n . t . n t l y  bubbled. P i p p i o g  into the cell is . h u r . t t .  containing

s o d i u m  h y d r o x i d e  of known c o n c e n t r a t i o n ,  s o dium hydroxide fro. this

burette enters the cell through a valve which is controlled by
4 4- unit. The e x p e r i m e n t  is initi a t e d  by an a utomatic tltratux.

dropping a weighed sample °f complex under study into the
bell with magnetic stirring ensuring rapid dissolution. The
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a u t o m a t i c  titra t o r  is set at the d e s ired pH and t h i s  pH is 

m a i n t a i n e d  t h r o u g h o u t  the experiment by making i n c remental 

a d d i t i o n s  of sodium hydroxide from the burette i n t o  the reaction 

The b u r e t t e  volume is m o n i t o r e d  against time. The 

c h oice b e t w e e n  using pH stat or s p e c t r o p h o t o m e t r y  for m easuring 

r e a c t i o n  rate is made by considering reaction c h a r a c t e r i s t i c s .
3 +

P o t e n t i o m e t r i c  titra t i o n  of the aqua complex a a - (C o (t e t r e n )H 2©1 

g i v e s  a pK^ of 5.7 for the aqua ;;± h y d roxo e q u i l i b r i u m  at 2 5 “C and 

I - 0.1 mol dm'^ therefore when base hydrolysis of (C o (tetren)Xl 

takes p l a c e  b e l o w  p H 6 the product (Co (tetren) O H ) ̂  rapidly 

e q u i l i b r a t e s  towards (Co (t e t r e n )H 2 0 1 ^^ releasing hydro x y l  ions 

into solution; under these c i r c u m s t a n c e s  if the p H  stat 

m e t h o d  is used the experimental base c o n s u m p t i o n  will

be much lower than that predicted, thus the s p e c t r o p h o t o m e t r i c  

t e c h n i q u e  is used. Conversely, when base h y d r o l y s i s  takes p l a c e  

above PH 6 the pH statTls'-uch preferred, this is because the 

p r o d u c t  ( C o ( t e t ren)OHl^^ u ndergoes rapid r e a c t i o n  with carbon 

d i o x i d e  giving the m o n o d e n t a t a  carbo n a t o  complex ( C o (t e t r e n ) C O  3 1 .

The large spectral changes a c c o m p a n y i n g  this r e a c t i o n  i n t e r f e r e  

with the spectral c h a nges due to base hydro l y s i s .  The pH stat 

m e t h o d  allows base hydro l y s i s  to take place in a solution w hich 

h a s  been made free of carbon dioxide by the c o n s t a n t  bubbling of

n i t r o g e n  gas through the reaction mixture.
For all the base h y d r o l y s i s  reactions studied in the

p r e s e n t  work the rate e xpression is of the form shown in 

e q u a t i o n  (5):

^ [ c o m plex 1 _ (complex] (OH )
- ---- dt OH

(5)

w here k is the overall second order rate c o n s t a n t  having the
OH
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units (dm^ raol"^ s~^). U nder reaction condi t i o n s  of constant 

pH the r e a c t i o n  will be p s e u d o  first order in the complex and 

equation (5 ) reduces to e q u a t i o n  (6 ) where is the pseudo 

first o rder rate constant h a ving the units (s ).

‘ob s ( 6 )
OH [OH 1

techn i q u eBy the

evalu a t e d  by p l o t t i n g  In (A<„-A^) versus time, when A is 

the a b s o r b a n c e  measu r e d  at a time equal to ten half- l i v e s  and

is the a b s o r b a n c e  m e a s u r e d  at time (t). This linear plot has

a g r a d i e n t  e qual to By the pH stat m e t h o d  a plot is made

of in (V„-V^) versus time where V„ is the volume of base

consumed at a time equal to ten half lives and is the

volume of b a s e  consu m e d  at time (t). The g r a d i e n t  of this 

irnear p l o t  e q uals k^^^. Two types of c a l c u l a t i o n  have been

used to e v a l u a t e  k ob s
d i r e c t l y  from the e x p e r i m e n t a l  data

without d r a w i n g  graphs. T h e s e  are (a) the sixteen point

first o r d e r  k i n e t i c s  p r o g r a m m e  which requi r e s  an infinity

a b s o r b a n c e  value at ten h a l f - l i v e s  and (b) the Swinbourne

Ic c a n  be evaluated from rate datac a l c u l a t i o n  where k^j^^ can
c o l l e c t e d  o v e r  ca. three half lives, that is an infinity

value is not required. In some cases graphs of log(V„-V^)

versus t i m e  have been f o u n d  to give c u rved plots. This i ndicates

that two r e a c t i o n s  are t a k i n g  place.
T h i s  plot can be resolved to give a k^^^ value

.or each of the two r e a c t i o n s  desig n a t e d  "fast.' a n d  - s l o W

in Figure 1.1.
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Figure 1 . 1

Th.- line tor the "slow" re.ctlon 1. extro p o l . t . d  beck 

to the o r d i n a t e  ,t - o, and th. value ot ,V.-V^, at this point 

Oives th. infinity value for th. first re.ctlon. If this

infinity value Is s u b t r a c t e d  frob the data for th.
ic-p.f'red olot of the fast reaction can origi n a l  curve then a corr

be obtained.
1 M n a  k for the base h y drolysis reactions.After evaluating

,S, and (6 ) above are c o m b i n e d  to give equation (7): e q u a t i o n s  (5) ana i d /
(7)

k = 1ob s OH
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■’lots of k versus [OH 1 were made and the gradientota s
e v a l u a t e d  to give the o v erall second order rate constantOH
for base hydrolysis.

After studying base h y d r o l y s i s  at 25®C the activation 

p a r a m e t e r s  AH* and AS* for b a s e  h y d r o l y s i s  of a 6 P I  Co (t e t r e n ) - 

Cll^* and aBR-,aa-(Co (tetren) Br ] were e v a l u a t e d  from the

t e m p e r a t u r e  dependence of the overall second o rder rate 

c o n s t a n t s  k^^ using least squares analysis of Eyring plots.

The acid catalysed d e c a r b o x y l a t i o n  of a a -(C o (t e t r e n )- 

C O j l C l O ^  was studied by s t o p p e d - f l o w  t e c h n i q u e s .  The

k i n e t i c s  were followed on a D u r r u m  D l l O  s t o p p e d - f l o w  s p e c t r o ­

p h o t o m e t e r .  The signal was stored by a D a t alab 901 transient

r e c o r d e r  on line to a CBM 3016 computer.
assisted a q u a t i o n  reactions of a 6 R-,aa- 

O C l l ‘ - and atSR-.:i^-[Co(tetren)Br)^* were studied 

at 25»C. under pseudo first order c o nditions, that is with
M e r cury (II) solutions of

„^^nt r a t i o n s  w e n  p r e p a r e d  by d i s s o l v i n g  the appropriate v a r ying co nc en c r a u x i-
Of in of.r.o . = ia and .ddlo, KNO, to

b r i n g  th. golotlons fo fh. d e . i r . d  ionic .fr.ngth, Aft.r

p r e l i m i n a r y  spectral scans t o  estab l i s h  i s o s b e s t i c  points kinetic

g.t, obtai n e d  by addin, a a n . H  K o ( t . t r a n ) -
(X - Br.Cl) to the Hg^" solution and m o n i t o r i n g  the

► V,  ̂t it a pre-set wavel e n g t h ,a b s o r b a n c e  change with time. P

2 ♦(Hg^*l > lO I [ C O (tetren)X) 1
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Tho following values were obtained: log - 9.78,

1 og K . 9.38, log K = 8.14, log = 4.83 and log = 3.15.• 3 ■  ̂ . -“ V - 4

The complexes a0R- and otBs-(Co ( tetren ) X 1 
2 +

(X = C l ,B r )

and oiBs-[Co (tetren) N O 2 I were prepared by the m e t h o d s  of House 

and G a r n e r ^ ^ ' ^ ^  given in Scheme 1 with i.r. and e l e c t r o n i c  

spectra in g o o d  agreement with the literature data. The 

c a r b o n a t o  complex [C o (t e t r e n )C O 3 1 " was isolated b y  the method 

of D a s g u p t a  and Harris^^ by the action of l i t h i u m  carbonate on 

[ C o ( t e - r e n ) O H ] ^ \  The hydroxo complex was p r e p a r e d  in s i ^

by r e a c t i o n  of silver oxide with isomerically i m p u r e  (Co- 

(tetren)Cll (C 1 0 ^ ) 2 ‘ Dasgupta and Harris isolated aB-^-tCo 

( t e t r e n ) C 0 3 l However, in the present wor)c cxa- I Co ( t e t r en ) -

C O 3 K C I O , )  was obtained. D e c arboxylation of t h i s  monodentate 

c a r b o n a t o  complex occurs in acidic solution and the acid- 

, .1 ^ ation of this new isomer was studiedc a t a l y s e d  de ca r boxy i. a c run i-
k i n e t i c a l l y  by s t o p p e d - f l o w  techniques over a r a n g e  of t e m p e r a ­

tures.
The complex a a - ( Co ( t e t r e n ) CO 3 1 ̂  was u s e d  to prepa.-e 

a a - ( C O ( t e t r e n ) X I ( X  = Cl,Br) by dissolving the carbonato complex 

in a c o n c e n t r a t e d  solution of the appropriate m i n e r a l  acid 

fe.g. 11.5 mol dm'^ HCl or 60% HBr). Detailed c h a r a c t e r i s a t i o n  

of these new halo compl e x e s  was underta)cen i n c l u d i n g  an X-ray

c r y s t a l l o g r a p h i c  analysis of a a - (C o (tetren ) C 1 ,(C l O , )C 1 . Reaction 

of aa-(C o ( t e t r e n ) C l )  (ClO^)Cl with sodium n i t r i t e  was found to 

p , o c , . d  With full r eteutlou of c o n f i guration g i v i n g  OO-lCo- 

,t.t i . n , N O , , < c l o , , , .  in vl.w of the entcnnlv, n m e t l c  studi..

of th. n y d t o l y s l .  „ a c t i o n ,  und.r t . t e n  on all o f  tn, abov,
a. 4- j. T-a c te r i s e the potential products

C O M P i  t.K£.S it was important
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of hydrolysis that is t h e  hydroxo, aqua and c a r b o n a t o  complexes. 

Thus a a - (C o (t e t r e n )H 2° J (C l O ^ ) 2  was prepa r e d  by silver catalysed 

aquat i o n  of a a - (C o (t e t r e n )C 1 1 (C l O ^ )C 1 , the reaction oroceeded 

with full retention of configuration. P o t e n t i o m e t r i c  titration 

of the aa-aquo complex gave pK^ » 5.7 for the aqua hydroxo

equ i 1 ibr i u m .
An assessment of isomer purity of samples of a 6 8 - 

and aBS-(Co (tetren) X ) ̂  b a s e d  purely on analysis of spectrophoto- 

metric data is sometimes difficult as the two isomers have very 

similar i.r., elect r o n i c  and NMR spectral characteristics.

The most effective techn i q u e  for detecting the p r e s e n c e  of isomer 

m i x t u r e s  is to perform a kinetic study of the base hydrolysis 

reaction of the sample. As a6i?- and a B S - i s o m e r s  have different 

reaction rates a g r a p h i c a l  analysis of the exper i m e n t a l  kinetic 

data can reveal not o n l y  the presence of an isomer mixture but 

also the percentage of each isomer present in the sample.

H a ving established the isomer purity of samples of aBl?-. aBS- 

and a a -lCo(tetren)X)^* by kinetic studies, 

tions were made by a n a l y s i n g  i.r.^e. and 1 3C NMR d a t a .

2 +

I.r. da t a
-----------  2 +
The aBR-. ciBs- and a a -isomers of [ Co (t e t r e n ) X 1

.hov aistloct a i f f e r . n c e .  1 . the.r i.r. spectra w h i c h  are

i l l u s t r a t e d  in Pigures 1.2, 1.3 and l.a for I C o ,t e t r e n .cl 1

previ o u s  w o r k ’’ has s h o w n  that oetal a„in, c o m p l e x e s  have four
ial NH stretching c a . 3300 cm ;main absorption regions: (a) NH scr --

-1
(b) NHj asymmetric d e f o r m a t i o n s  c a . 1600 cm

symmetric d e f o rmations c a - 1300 cm i

(c) NH.

(d) NHj rocking ca. 800 cm
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For the NH , asymmetric deformation c^. 1600 cm three points

emerge: (1 ) If all N H 2 groups in the molecule have identical

e n v i r o n m e n t s  there will be only o n e  absorption peak; (2) If 

t h e r e  are two n o n - e q u i v a 1 ent NH^ groups there will be two 

a b s o r p t i o n  bands; (3) If the n i t r o g e n  atom of the NH, group 

u n d e r  examination is able to adopt a strain free tetrahedral 

g e o m e t r y  then the absorption peak will occur at a lower 

f r e q u e n c y  than if the nitrogen a t o m  is forced into a distorted

tetra h e d r a l  geometry. Considering the i.r. data for (C

in Table 1.1 it is seen that the aBR- isomer has a single 

NH, a bsorption peak at 1565 cm'^ consistent with a structure 

h a v i n g  two equivalent NH, groups in strain-free tetrahedral^ 

e n v i ronments. The aBs-isomer h a s  two NH, bands at 1570 cm 

and 1585 cm'^ consistent with tbe molecule having one NH, group 

in a pure tetrahedral geometry a n d  the other in a distorted, 

s t r a i n e d  environment. The a a - i s o m e r  has one NH, absorption 

. . „ a  .t 1600 in Heepin, w i 6 h « o W c u l e  6 aviP, 6 oth NH,

„ o o p s  in eaniv.lently .tr.inna e„viiO„„.nt a . THn sa.e 

, n , a . . n t s  hold foi « 6 s- a n d  «o-lson.r. of - '

(X = Br , NO, ).

2 ->■

sp e c t r t
Th. i.n. data were det.r.ln.d £o r ao 1 1 d • amp I e s

,KBr d i s c ,  vi.i»!« . 1  — were determined wains, a.,uene.
ting the electronic spectra it was

solutions. Before interpre
n e c . a . a r y  to estaniian wHetner tne iaomer o e o m e t r y  o£ tHe aoii

.ampi.a is maintained in tP. a , n . o u .  m.diwm weed to
eeif-ients. To t h i s  end cxBR - t Co (t e t r en ) C 1 Co ^e x t i n c t i o n  coefficients.

w a .  diaaoiwed in O.i moi d m ' ’ HCi and aiiowed to eeapor.t. to





An i.r. spectrum of the residue

showed full retention of aBR-isomer geometry. Furthermore, an

aBS- and aa-isomers of [C o (tetren)C 1 1"". It therefore seems 
justifiable to conclude that solution electronic spectra reflect 
the isomer geometries of the solid samples.

The electronic spectra of a B ^ ~ » aBS- and aa [Co

35 .

ig ig

The splitting of ''ig 
«,< oot*h.d..l field is « . n l t . e t . d  le the u n . y . m e t r I c . l

3 p„..,t.„ce of the d-d h.nd, Pldute 1.5. The splitting 1- Ptes.nt 

1C . lesser extent tor the oa-l.o»er than for »SR- and »6S- 

l.ooer. due to the greater sy...try of the »» ligand field.

The greater symmetry of the oa-lsomer Is further
by comparing extinction coefficients, with 'aBs

r. Obscured by a large charge transfer hand. The U d W « -  ligand

field symmetry of tetr.n versus .MB,., Is Illustrated hy
.'iouvqjoi; IV





Figure 1.6: 1 3C NMP sp<*ctra

tetren•SHCl

^ aa-[Co (tetren) Cl) ^

^ ouDi-(Co (tetren) Br]

oa-(Co(tetren)NO^I

cxa- (Co (tetren)C0 2 l

^ oa-(Co(tetren)H2O)

56
^ (ppm)

soectrum measured in D^O; spectrum measured in Me SO-D,
2 n
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1 3 C NMR data

In t)ie past  ̂̂ C n.m.r has facilitated the assignment
40,72

of isomer stereochemistry in cobalt (1 1 1 ) t e traamine complexes 

and in the present work it has been used to distinguish between 

cxB and Jia-isomers in the Co(lll) -tetren system. Spectra were 

c o l l e c t e d  by Fourier Transform (FT) ^^Cn.-i.r. using a broad band 

t echnique which eliminates all C-H couplings, thus the number 

of resonances depends on the number of carbon atoms and the 

symmetry of the complex. The peak intensitv in FT n.m.r. depends 

on the Nuclear Overhauser Effect and relax a t i o n  time in addition 

to the number of carbon atoms which the peak represents, however, 

in these c omplexes the carbon atoms are suffi c i e n t l y  similar 

that intensity comparisons can be made. The assignment of a 

resonance sirrnal to a specific carbon atom is made by considering 

the electronic shielding around the carbon nucleus. Carbon 

atoms are d eshielded by proximity to nitrogen atoms in the 

c h e late with deshielding increasing in the ordei primary NH^, 

s econdary NH . Steric compression (that is ccmr-'-ssed bond 

d i s t a n c e s  and unusually large bond angles) in • tse shielding 

a r o u n d  the carbon atoms.
Consi d e r i n g  aa-(Co(tetren)X)^ (4) wi-n its plane

of symmetry, four non-equivalent carbon atoms >.e present and 

indeed the spectra display four signals of a p p r o ximately equal 

intensity. Figure 1.6 and Table 1.3. The carbon atom labelled 

C in 4) a t t a c h e d  directly to the NH^ group of the chelate 

il expec t e d  to have the greatest shielding and will occur 

at the highest field. The carbon atoms labelled C^. C 3 and C^ 

will resonate further downfield of C^.



It is known that complexation of a liqand to a Co ( 111) 

ion deshields the carbon a t o m  of the chelate by electron donation 

to the central metal ion. In the case of a a - (C o (t e t r e n )X 1

38 .

this

of aa-{Co (tetren) XI . Figure 1.6 and Table 1.3. The 

carbon atom signals of the chelate appear at higher chemical 

shift (smaller shielding) than the carbon atoms of the free

1 i g a n d .

TABLE 1.3

‘c NMR data for tetren.SHCl and oa-[Co (tetren) X) (X = Cl.Br.NO2)
in D O and Me,SO-D, 6 values; ppm with respect to Na TMS as 0.00.2 2 b
Relative intensities in parentheses 

Compound

tetren.5HC1

oa-[Co(tetren)Cl1 -
(ClO.)Cl ®4
oa-[Co(tetren)Br1 - 
(ClO^)Br a

oa-[Co(tetren)NO2 )-
(ClO^ ) 2

oa-[Co(tetren)Br)- 
(ClO^)Br

oa-(Co(tetren)Cl)- 
(ClO^)Cl ^

oa-[Co(tetren)C0 2 )- 
(CIO^) ^

oa-(Co(tetren)H2OI~
(C1 0 ^ ) 3 ®

6 6 6 6 

37.96(157.7) 45.97(397.3) 47.25(183.4)

45.74(1.89) 57.91(1.98) 59.27(1.94) 60.42(1.43)

45.74(34.2) 58.50(32.1) 59.97(23.5) 60.19(31.5)

43.99(103.5) 55.18(87.0) 56.81(111.4) 57.47(111.6)

43.93(123) 56.76(103) 57.58(96) 58.23(96)

43.83(102.8) 56.27(137.5) 57.36(108.9) 57.96(86.5)

45.13(39.8) 55.89(36.0) 57.74(38.9) 59.87(38.7)

45.68(38.0) 56.70(36.4) 58.40(32.1) 60.70(36.9)

a. spectra measured in D2O

b. spectra measured in Me2SO-D^
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X-ray c r y s t a l l o g r a p h i c  data

When a a - ( C o ( t e t r e n ) C l ) { C 1 0 ^ ) C 1  was first prepa r e d  

in this l a boratory its c o n f i g u r a t i o n  w a s  unknown. Infra-red

4 3 . 1

(fi )

than aBR- or aBs- as c o n f i r m e d  by NMR which showed the

p r e s e n c e  of only four non-e q u i v a l e n t  c a rbon atoms. However, 

t hese data could not d i s t i n g u i s h  b e t w e e n  aa- and BB-co n f i g u r a -  

t i o n s  (2)A and (2)C and an X-ray c r y s t a l l o g r a p h i c  structural 

d e t e r m i n a t i o n  was required to confirm the isomer stere o c h e m i s t r y  

a s cia- .
It is i n t eresting to compare the structure of

2 2a a - ( C o ( t e t r e n ) C l 1 (CIO^)Cl d e termined by Snow and the

s t r u c t u r e  found for a a - [Co (t e t r e n )C 1 ] (C 1 )C 1 in the present 

work as d i f f e r e n c e s  do exist. Both cryst a l s  are m onoclinic
O ®

but S n ow's aa- sample has cell const a n t s  a = Í.2.31A, b = 11.20A,

c = 1 2 .67A and B = 119.3°; V = 1637.8A^. The crystal e x a m i n e d

in the present work has cell c onstants a = 9.85A, t> = 13.80A.

c = 13.91A and 6 = 111.9°; V = 1620A. A theoretical gas phase

s t r u c t u r e  c a lculated for the aa-is o m e r  structure (5) shows the 

c o m p l e x  to have mirror symmetry, however, the crystal e x a m i n e d  

by Snow was found to have the mirror symmetry destroyed by an 

e n v e l o p e  conf o r m a t i o n  of the chelate ring (IV), see (6 ). t h i s

distortion is a 
of a crystal of

Lqned to packing forces An X-ray analy;

ou (Co(tetren)Cl 1

p r e s e n t work has the s tructure

ilated gas phase structure

)^)Cl prepared in the 

in (7 ), closer to the cal- 

chelate ring (IV), having

g a u c h e  conformât





lo^ k (s~^)tiS
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Kinotlc data
The base hydrolysis kinetic results are presented

2 ♦and discussed for oiBf?-, aSs- and aa-[Co (tet r en ) X )
(X Cl ,Br ) and for aBs- and a a-(C o (tetren)NO_] 2 + The
mercury (11) assisted aquation kinetics were studied for 
aBR- and a a - [ Co (te t r en ) X ] ̂  ̂  (X *= Cl~,Br”) and the acid 

catalysed decarboxylation kinetics of a a - (C o (tetren)C O ^ )(CIO^) 
ana lysed .
TABLE 1 . 4
Base hydrolysis of aB R -[C o (tetren)C 1){ClO ^ ) 2  by pH stat 
at 25®C and I * 0.1 mol dm  ̂ (KNO^)

pH 1 0 ® [o h " )
(mo1 dm ^)

1 0  ̂ k ^ob s
(s' )

1 0 "* k . , 
2 obs 

(dm mol“

6.03 1 . 40 0.72 5.14

6.17 1.93 1 . 1 0 5.70

6.28 2.48 1 . 30 5 . .7 4

6.40 3.28 1 . 74 5 . 30

6.48 3.94 2.16 5.48

6.54^ 4 . 58 . 34 5.10

/ [o h ” i

The mean value for the second order rate constant
The plot of4 ^ 3  - 1 - 1

1, - y. / [ O H l  i s S .  3 3 x 1 0  dm mol sOH obs
k versus (OH~l is shown in Figure 1.7. Linear regression

4 , 3 ,-l -1analysis gives k = (5.15 t 0.2) x lO dm mol Plots

of log(V -V ) versus time plotted over four half lives are 
linear and a typical plot is shown in Figure 1.8. Close agreement 
is found between experimental and theoretical base consumption 
data indicating that the sample of aBR 
isomerically pure.

] (CIO^ ) 2  is



CVJ

TABLE I .5

Base hydro l y s i s  of a 6 s - ( C o(tetren)CllZnCl^ at 2 5 ”C
and I = 0.1 mol dm  ̂ (NaClO

l o

pH 1 0 ^ ° (o h " 1
( m o 1 d m   ̂)

1 0  ̂ k ^ ob s
(s~^ )

lo"^ 
(dm  ̂

k ^ /IOH") ob s
mo 1 ~ ̂ s “ ̂  )

4.51 4.22 0 .30 7 . 1 0

4.69 6 .39 0.48 7.51

4.98 12.47 0.91 7.29

5.15 18.44 1.31 7 . 1 0

5.50 4 1.29 2.91 7.04

F resh succinate buffers were used and the 
reaction was monitored at 280 nm.

The mean value for the second order rate constant
Linearfor base h y d r o l y s i s  = 7.20 x lO^ dm^ mol ^ s"^

_ /g 9 9 ♦ 0.05) X lO^ dm mol
'o h

i_o

regression a n a l y s i s  gives
-  1s

A sample of [C o (t e t r e n )C 11(C 1O ^ )  ̂ c o n t a i n i n g  both 

aBR- and a S S - i s o m e r s  was base hydro l y s e d  by the pH stat m e t h o d  

at PH 5.8. A plot of log(V^-V^) versus time is c u rved as shown 

in Figure 1.9. The initial part of the curve corre s p o n d s  to 

base h y d r o l y s i s  of rBS-(C o (t e t r e n )C 11(C l O , )^ while the latter

part r e p r e s e n t s  base hydrolysis of aB R ^  C o (t e t r e n )C 11 (C l O ^ ) 3 .
 ̂ _r>lation to give separate second The plot was r e s o l v e d  by ex p

order rate c o n s t a n t s  for base h y drolysis of the two isomers. 

These c o n s t a n t s  are in good agreement with the values 

deter m i n e d  i n d e p e n d e n t l y  for the pure isomers which are 

summarised in Tables 1.4 and 1.5.



( A- A) t>01

3O'

T A B L E  1.6

by pH stat at 25°C and I = 0.1 mol dm (KNO^)

pH 1 0 ^ (OH~)
(m o 1 dm ^ )

4
1 0  )t .ob s
(s )

1 0 "^ )c ^ /Io h ")OD S
(dm m o l “  ̂ s “ ^)

8.6 3 5 . 57 6.60 1.18

8.74 7.17 8.22 1.14

8.95 11.63 13.83 1.19

9.17 19.31 22.41 1 . 16

2 3 ,-1 -1V is 1.16 X lO dm mol s
OH 1 12 3 - 1 - 1V = (1 5 ♦ 0.02) X lO dm mol s
OH

The mean values for the overall second order rate c o n s t a n t
A linear r e gression g ives 

The results were 

c l l c u l a t e d  using the 16 point first order progr a m m e  after 

m e a s u r i n g  an infinity volume at ten half-lives. G r aphs of 

,og(V^-V^) versus time gave linear plots over four h a l f - l i v e s

C l o s e  agreement was f o u n d  between the experimental and ‘ 

base consumption indicating an isomerically pure sample of

aa-

with CO_ precl u d e s  the use of the reaction of [C o (t e t r e n )O H ] wxtn ^ 2 ^

, vinf>tics programme as an "infinity 16 point first order icinetics p
j TT̂  case was c a l c u l a t e da b s o r b a n c e  V alue is required. In this ^^s

from measurements over three half-lives using the

method. The a b s o r b a n c e  changes which ta.e place during base
t n)Cll(C10 )C1 are shown by an interva h y d r o l y s i s  of a a - l C o ( t e  re 4

. 1 lO) An isosbestic point is seen atscan spectrum (Figure 1.10).

529 n m .



Base 
a n d  I

hyd rolysis of 
= 0 . 1  mo 1 dm

au
-3

- (Co(tetren)Cl )
(NaClO 4̂

(CIO^)Cl 4 at 2 5 “C

pH lo^( o h “ 1 lO^ k ^, OD S 1 0 - 2 k ^ /Io h ")ob s
(mol dm - 1(s "■) (dm ̂ m o 1 “  ̂ s “ ^ )

8 . 30 2.60 0.32 1.23

8 . 4 6 3 . 76 0.51 1.35

8.73 7 . 0 1 0.85 1 . 2 1

8.92 lO . 8 6 1 . 38 1.27

9 . 0 2 13.67 1.6 3 1.19

a Freshly prepared t r i s h y d r o x y m e t h y l a m i n o m e t h a n e
buffers were used and the reaction was monitored 
at 280 nm.

4 i

The mean value of the second order rate constant is

Linear regression analysis 

Th i s va 1 ue

is in reasonable agreement with that found by the pH stat

m e t hod, see Table 1.6.

2 3 ,-1 -1k = 1 . 2 5 x 1 0  dm mol s
2 3 ,-l -1g i v e s  = (1.19 ± 0.04) x lO d m  mol s

T A B L E  1.8
B a s e  h y drolysis of a B R -(C o (t e t r e n )B r ) 
a n d  I = 0.1 mol dm  ̂ (NaClO^)

at 25-C

pH io^°( o h ") 
-3,(mo 1 dm ) (s' )

1 0 -" 
(dm  ̂

ob s 
mo 1 “

4 . 7 0 6 .54 0.45 6 . 8 8

4.89 10.13 0.69 6.81

5.16 18.87 1 . 38 7.31

5.31 26.66 1.84 6.91

/ [o h " i 
1 s - M

Fr.shly pr.p.r.d .ucoln.t..onltor.a .t 330 nn,.
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5 3 -1 -1The mean value for = 6.97 x lO dm mo s

L i n e a r  r e gression a n a l y s i s  gives k^^^ = (7.03 ± 0.3) x lO dm

g - 1 . Plots of log(A_^-A^) versus time showed some initial

c u r v a t u r e  due to c o n t a m i n a t i o n  of the sample with a small 

a m o u n t  of aS s - ( Co {te t r en ) Br ) ̂  . The rate constants shown in

T a b l e  1.8 were thus c a l c u l a t e d  by the Swinbourne method 

d i s c a r d i n g  the first few data points.

T A B L E  1.9
« « _ ___ 1 »7 «« DBase h y d r o l y s i s  of a B s - [ C o (t e t r e n ^ r 1ZnBr^ at 2 5 “C

and I = 0.1 mol dm  ̂ (NaClO^)

pH 1 0 ^° IOh " 1 
(mo 1 dm )

1 0  ̂ ^ Va» ob s
(s" )

10-" 
(dm^

k ^ /[o h " 1 obs
m o 1 ~ ̂ s “ ^ )

4 . 5 0 4.13 1.27 3 .07

4.69 6.39 1.75 2 . 74

4 . 8 9 5 1 0 .25 3.04 2.96

5.11 16.82 5.14 3.05

5 . 30 26.02 7.26 2.78

a. Freshly p r e p a r e d  succinate b u ffers were 
used and the reaction was m o n i t o r e d  at 
3 30 n m .

6 ^ 3, V = 2  9 X lO dm mol sThe mean value for

L i near r e g r e s . i o n  a n a l y s i s  ,iv.= - (2.60 i O . U  x lO<^ 6 . ’

m o l - ^  s - ^  Plots of lo,lA.-»^l v e rsus time over tour h a l f - l i v . s  

„ . r e  linear with no inOlc a t i o n  of any c o n t a m i n a t i o n  by

a B R - [ C o ( t e t r e n ) B r ] 2 +



4S .

T

~  ^  Ui

O

T A B L E  1.10
Base hydrolysis of oia-( Co (t e t r en ) Br ) ( C lO^ ) Br monitored 
by pH stat at 25®C and I = O . 1 mol dm (KNOj)

pH lO^( o h “ 1

(mo 1 dm ^)

lO^ k .ob s
(s"^)

lo"^ k ^ /[O h " 1 obs
3 ,-1(dm mo 1 s )

7.40 3 . 28 0.47 1.43

7.50 4.13 0.57 1 . 38

7.69 6 .39 0.96 1.50

7.88 9.90 1 . 54 1 . 54

8.03 13.99 1.89 1 . 35

The mean value for the s e cond order rate constant y

By linear regression analysis3 3 ,1.44 X lO dm mol s

• * O H
versus tio. give straight live, over four half-lives. Close 

„ r e e . e n t  hetv.eh experl.ehtal anO theoretical Case c o h s u . p t l o u

is further evidence that the ,a„ple rs l.oo.rlcally pure
Base hydrolvsis of a a - [C o (tetren)B r 1 (ClO^ aa-tco (tetren)Brl . Base ny
o o h o tonetrica 1 1 V using freshly

was also studied spec
« r,i-i.T-val scan spectrum showing the prepa r e d  buffers. An inrerv

absor h . n c e  chauges aoco.pahyln, base hydrolysis of o « - l C o -  

.tetre„,Br,.C10,,Sr Is g i v e n  In figure 1,11. Too Iso.b.stlc
a »earl nm. Due to the rapidpoints are Observed m  404 n„ and 527 no.

reaction of [ C o (t e t r e n )OH 1

method was used to

(1.37 1 0 .1) X lO^ dm^ mol“  ̂ Plots of log(V^-V^)

2 + ith carbon dioxide the S w i n b o u r n e  

the pseudo first order rate

con st ant ( kob s ) .





versus lOH~l is shown in Figure 1.12A.ota s
Plots of loq(A,^-A^) versus time are linear confirming the 
isomeric purity of the sample.

Base hydrolysis of a a -(Co ( tetren)NO^1 (C 1 )

■1 .

at 25»C

( N a O H 1 
(mol dm )

ob s
(s"^)

lO^ k /
3 ob s 

(dm mo 1~•

O. 3 1.93 6.43

O . 4 2 . 50 6.25

O. 5 3.17 6.34

a. sodium hydroxide solutions
and the reaction was monitored

lysis gives - <6.20 i 0,2. x lo'

„=1-* P l o -  ■>' loglA,-V_. vei.ss 11.. are U n e - i .

„ „ f i i . l n g  the iso.erie p u r U y  of f". ...ple,
esi, K2,meters for the base hydrolysis The activation parameters

...elioss ol 0 6 . -  la-.co.ieiien.ci,- ana ,S.-, oa - , Co , 1 e 11 e n • -
ed and are summarised in Table 1.14.

 ̂, r o ( t e t r e n ) X l ( X  = Br.Cl.NO^)All samples ot leo»
j rate equation for base- hydro-1 -second order rare eHuadisplay an overall seco

, first Older dependence of rate on the hydroxide ion lysiSr with a rir»
nci a rate equation of the form: concentration, giving

d I (Co ( tet^^il)J^I_^ ( ICO ( tetren) X) ■ IlOH ]
----------- dT

The kinetic data are s u m m a r i s e d  in Table 1.15

sqo(^_s) ^
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t a b l e  I.IS

B a s e h y d r o l y s i s  dat a  at 25»C and I = 0.1 mol dm

c o m p l e x

<ì6b - ICo (tetren) Cl 1 

aBs-[Co(tetren)Cl1 

Ota- [Co (tetren) Cl) 
aBR-[Co(tetren)Br) 

aBS-(Co(tetren)Bri 
aa-(Co(tetren)Br) 

aB3-(Co (tetren)NO2I 

Qua- (Co (tetren) NO2 )
2+

2 +

'OH

2.11
6.34 X 10

-4

AH ^®298
mol

1^^ 5.33 X lo“* 89.9 ± 3.8

)2^ 7.20 X 1 0 ^
2+ 1.16 X lO^ 82.8 t 4.0

)^^ 6.97 X 1 0 ^ 94.8 ± 3.9

)2^ 2.92 X 10"
2+ 1.44 X lO^ 79.9 ± 7.0 + 83 ± 23

i r^a^-ameters d e t e r m i n e d  for baseThe activ a t i o n  parameters
2+ J t r- #<-0 I-ren ) Br 1 ̂  ̂  indicate h y d r o l y s i s  of ( C o (t e t r e n )C l ) and (

i-«-4vation consistent with base 
large, p o s i t i v e  entropies of act

4 =«ociat ive SNICBh y d r o l y s i s  proce e d i n g  by a dissoci

^ «-Vip five c o o r d i n a t e. 1-P b a s e ,  (b) th e  g e o m e t r y  of the fiveg i v e  the c o n j u g a t e  ba s
.... IS .rl9on.l blpy..»!»»'i n t e r m e d i a t e  tha

4otna step, that is formation of (c) the rate deter m i n i n g  step.

.... «

... flv. coordiPSt' .......ai.t.-
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X

H
IH.

IH-
■NH

m
■X

- N H 2

(9)

(d) the "fiat" nitro g e n  atom should link two five

m e m b . r e d  rings. For this a r r a n g e m e n t  the m i n i m u m  strain 

c o n f o r m a t i o n  has the correct o r i e n t a t i o n  for m a s i m u m  o v e r l a p  of the 

"flat" n i t r o g e n  t i H - i  "

o r b i t a l ,
(e) there should be m o n odentate amines or a s i x - m e m b e r e d  

C h e l a t e  o c c u p y i n g  the remaining eguatori.l site, in the i n t e r ­

mediate, so that there is minimal strain.
c o n s i d e r i n g  u BR-, and d S S - t c o (t e t r e n )XI

2 + these

r a b c and d above for rapidcompl e x e s  fulfil r e q u i r e m e n t s  a. ,

^ase hydro l y s i s ,  o n l y  condition e is not met.
on the b a s i s  of H e n d e r s o n  and T o b e *s ideas the 

a a - i s o m e r  w o u l d  be expec t e d  to undergo base h y d r o l y s i s  much 

slow.y than either the or «as-isomers. The aa-isomer. shown

in s t r u c t u r e  (2A). has no -flat" nitrogen atom available to form
^ the amido group will be t ^ ^  to the

the amido group and
fsxoectation of slower base h y drolysis is 

leaving group. This exoec



borne out as a a - 1 Co (tetren)C 1 1 ̂ " hydrolyses some 4GO times 
slower than a 3R - I C o (tetren)C 1 ) ̂  (Table 1.15). A close 
analogy can bo drawn between (Co ( tetren)C 1 1  ̂ " and another 
Co(lll) pentaamine. (C o (en ) (dien)C 11 ̂ " which contains the 
bidentate 1 ,2 -diaminoethane (en) and tridentate 1.5-diamino 
azapentane (dien) ligands. This complex can exist as three

j W IT- and U)- which are shown in (lO)g e o m e t r i c  isomers denoted K - ,

-N

'  !  J

CL

:

N-

/  '

( iO)

a der rate constants for base h y d r o l y s i s  of these
•phe second order

, oQop bv Hay a n d  Nolan.„ „ p l e . e s  h.v. beee deter m i n e d  .t .5 c by y
4 ^ 3  ,

V = 3 X lO dm mol
OH 3 , “ 1 “ ̂It = 2 6.6 dm mol sTT-(Co (en) (dien)Cl ) . >^oH ^

,2+ ^ = 7 . 3  dm^ mol s -uj- (Co (en) (dten)Cll . >^oH

For K - ( C o ( e n )  (dien)Cll
2 + and for 

These )tinetic

data can be
by considering the r e q u i r e m e n t s  for

aara>-<»>*“ ^ -- - 2 + , . .a hove The i s o m e r K -(C o (en )(d i e n )C 11 whichlability listed above.
ome 3 X lo'̂  times faster than the u- and

VJMtirKGoi “i b a s e  h y d r o l y s i s  s
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isomers has a "flat" s econdary nitrogen atom to the leaving

group w h i c h  is available for d eprotonation to give the amido 

group. The n- and u)-isomers do not have "flat" nitrogen atoms 

a v a i l a b l e  to form the a m i d o  group, and the nitrogen atoms that 

can d e p r o t o n a t e  are trans to the leaving group.

The rate c o n s t a n t s  for base h y d r o l y s i s  of aSR and 
2* (X = Br'.Cl") are related to the free energy 

processes and may be divided into 

e n t h . l p l c  (4H*> .nd . „ t r o p i c  (Ss'l contr i b u t i o n s .  Th.s. p.r.- 

„ e t . r s  — r. . v n i u . t e d  from tb. t . m per.tur. d . p . n d . n c .  of th.

a a - ( C o (tetren)Xl

c h a n g e s  of the 
X

‘OH
v a l ues, using Eyring plots. Inspection of Table 1.15 shows

that t h e  ÛS values are large and positive, as expected for
298

p r o c d i n g  by » dissoci.tiv. S K I C B  machani.«.
Xc o m p a r i s o n s  of the v a lues for the a 6 R- and aa-isomers of

2 + show that the d ifference in base hydrolysis 

Tates is p r e d o m i n a n t l y  an entropy effect with AS'a BR / As

A c o m p a r i s o n  b e t ween the base h y d r o l y s i s  reaction rates 

of OiB b - and a B s - ( Co (t e t r e n ) X 1 ̂  ̂  (X = Cl .Br ) shows that the
„ rfiacts faster than the c o r r e s p o n d i n g  aBR-isomer. Thea B s - i s o m e r  reacts rascei

ri strain e n e r g y  between the two forms may explain d i f f e r e n c e s  in strain eneiyy
have shown that the strain energy

,)C11^^ as zero, is 10.9 kJ mole'^
this result, 

r e l a t i v e  to aBR-
in energy terms, the aBS-isomer isfor a B S - (Co (tetren j t-i 1

. i o s e r  to tb. tt.b. i t l o n  .t.t. .„d i. t b.r.fot. ..p.ct.d to 

r.act fi.t.r than tb. o 8 R-i»om.r. The ft., .„.rqy .ff.ct 

is s h o w n  in Figure 1.12B.
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Figure 1.12B

A c o m p » r i » o n  can be bade between the base h y d r o l y s i s

rate, of c h l o r o  and bro.o o o o p l . s e .  of th. same Isomer, w i t h
, 2 -t-a B R - t C o ( t e t r e n ) B r  1

• > '

(tetren) Cl ] and aa-

reacting 12 times faster than a B R - l C o -  
2 + reacting 1 2  times faster 

It is commonly found that b r o m ot h a n  cxot-I Co (te t r en ) i j
c o m p l . s . s  of Co(lll) p e n taamlne. are more labile to base 

h y d r o l y s i s  than the ohloro analognes. Some data is s u p p l i e d

for c o m p a r i s o n  in Table 1.16.
There is an entropy c o n t r i b u t i o n  to this rate

a i f f e r e n o e  b e t w e e n  bromo and chloro complexes which can p o s s i b l y  

p. a . s l o n e d  to s olvation effects. If the solvation e n t r o p i e s  

of th. c o m p l e x e s  , C o  , t. t r e n , X , ̂  * ,X - « . C l ,  are less d e p e n d e n t  

on the n a ture of the leavlnr, ,roup <X, than are th. solva t i o n  

e n t r o p i e s  of X then this diffe r e n c e  should be reflected In th.
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T ABLE 1.18

Hq (11 ) piomoted aquation of a S R - (C o (t e t r e n ) C 1 1 CoC I a t
2 5 ”C and I = 2.5 mol dm

( Hg

- 3 a

dm ^
lO^ k ^. ob s
( s"^ )

lO^ k ^ /(Hg^^] ob s
( dm 3 mo 1 ~ s ” ̂ )

O . 1 O . 58 5.80

O . 2 1.09 5.45

O . 3 1 . 58 5 . 26

O . 4 2.13 5.32

in (HNOj)Hg ( 11) solutions are 1.0 mol dm 
to suppress base hydrolysis. The a b s o r b a n c e  
change was monitored at 470 nm.

. , 2 + ,The mean value of
- 3 3 ,-1 -1dm mol s A plot of (Hg^ )5.45 X lO

is shown in Figure l.lJ. Linear r e g r e s s i o n  analysis gives

k = (5 14 * 0.08, X lO  ̂ dm^ mol s . Plots of log(A^-A^
Hg ■

versus time are linear as shown in Figure 1.14. The visible 

s p e c t r u m  of the product from this reaction is identical to 

that found for an authentic sample of a 6 R - ( C o (t e t r e n )H ^ " 

h a v i n g  band maxima at 350 and 472 nm. An interval scan for 

the reaction shows isosbestic points at 354 and 510 nm.
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TABLE 1.19

Hg ( 1 1 ) promoted aquation of dot-(Co (tetren ) CL 1 (ClO^)Cl
- 3 a2 5 “C and I = 0.3 mol dm

a t

(Hg“ l 

( mo 1 dm )

4lO k ^ ob s
(s” ^)

lO^ k . / [Hg^ ̂ ) ob s
(dm ̂ m o 1  ̂ s )

0 . 0 2 2.73 1 . 36

0.03 4.41 1.47

O . 04 5.76 1.44

O . 05 7 . 29 1.45

O . 06 8.48 1.41

a. Hg(ll) solutions are 0.1 mol dm in (HNO^) to
suppress base hydrolysis. The absorbance change 
was monitored at 310 nm.

The mean value of = 1.42 x lo'^ dm^ mol'^

Linear regression analysis gives = (1.43 ± 0.04) x lo'^

dm^ mol'^ s'^. The visible spectrum of the product f r o m  the 

reaction is identical to that of an authentic sample of 

a a - [ C o ( t e t r e n ) H 2 0 ] ^ ^  having band maxima at 341 nm a n d  494 nm 

A typical interval scan spectrum is shown in Figure 1.15. 

isosbestic points are observed at 348 nm. 407 nm and 512 nm.

OvJ

(̂ v-'”v) box
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T A B L E  1 .20

Hg ( 1 1 ) promo t e d  

2 5 ®C and I = 1.

aquation of u BR- 
- 3 ®

2 mol dm

( C o (t e t r e n ) B r 1ZnBr^ at

3 , II, 
1 0  [Hg 1 1 0  ̂ k .ob s

/ , II,k . /(Hg ] ob s

(m o 1 dm ) (s~^) (dm^ mol  ̂ s )

1 .0 1.46 1.46

3 . 0 4.84 1.61

6 . 0 10.07 1.67

7.0 11.56 1.64

8 . 0 12.85 1.60

a. Hg(ll) solutions are 1.0 mol dm in (HNO^)
to suppress base hydrolysis. The wavelength
change was monitored at 325 nm. The mean
value of = 1.60 dm^ mol  ̂ s LinearH  ̂.
regression analysis gives ~ (1.65 - 0 . 0

^ 3  , - 1  „ - 1dm mol s

TABLE 1.21
Hg(ll) promoted aquation of a a - ( C o (t e t r e n ) B r ] (CIO^)Br at

^ -3 *
25°C and I = 0.3 mol dm

3 , II, 1 0  (Hg 1

(mo 1 dm )

1 0  ̂ ’"obs
(s"^)

k ^ /(Hg^^l obs
3 ,-l -Ix(dm m o 1 s )

0.75 5.09 6.78

1 . 0 0
7.14 7.14

1 . 50 1 0 .26 6.80

2 . 0 0
12.90 6.45

Hg(ll) solutions are 0.1 mol dm" in (HNO 3 ) to 
suppress base hydrolysis. The wavelength change
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was m o n i t o r e d  at 280 nm. The mean value of
k = 6 . 7 9  dm^ mol"^ s~^. Linear regre s s i o n
Hg 3 , - 1  -1analysis gives = (6.18 ± 0.35) dm mol s

From the kinetic data collected for Hg(ll) promoted 

aquation of a B R - . aa ( Co (t e t r e n ) X 1 ̂  (X = Br.Cl), p l o t s  of

log(A^-A^) versus time were linear over several half-lives,

indicating that the reactants were isomerically pure. Interval 

scan spectra s h o w e d  that the reactions proceed with retention 

of c onfiguration w i t h  o B R - [ Co (tetren) X) giving a B R - t C o -

(tetren) HjO] a n d  a a - (Co (t e t r e n ) X ) ̂  " giving a a - (Co (t e t r e n ) H 2 ° 1

(X = B r , C 1 ).
For the four compl e x e s  studied, plots of versus

(Hg“ l are linear passing through the origin. The absence of 

an intercept indicates that no measurable a q u a t i o n  reaction

is occurring. A second o r d e r  rate law is found of the type (8 )

( 8 )d f fCo(tetren)X]  ̂ ^1 ^ ^ [ [C o (t e t r e n )X 1 ̂ ^ 1 (H g ^ ^ 1
" d T  Hg

rate law for Hg(ll) a s s i s t e d
_ . 4 2should probably be w r i t t e n  as

dicomplex] ^ ^ [complex] + 2 >^HqCl  ̂ ’̂] [con^lex]
dt aq j( = 0 X (9)

The a p p e a r a n c e  of HgCl" in the rate e q u a t i o n  arises
and HgCl"^ assisted

2 +
The relative c o n t r i b u t i o n s  of Hg equation in the reaction. The relativ

because of the p o s s i b i l i t y  of combi n e d  Hg'
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and HgCl* to h y drolysis are unknown and the kinetic parameters 

are c o m p o s i t e s  referring only to the stated ionic strength, 

complex ion, halide ion and Hg c o n c e n t rations.

It is commonly o b s e r v e d  that H g (11) assisted aquation

of Co ( 111 ) h a 1 ope n t a am i n e s proceeds with detention of config 

and the p r e s e n t  work provides yet another example. It is 

b e l i e v e d  that during Hg(ll) assis t e d  a q u a t i o n  of [CoN^Xl a 

binuc l e a r  species is formed in which x" is b o u n d  simultaneously 

to Co(lll) a n d  Hg(ll). A rate determining d i s s o c i a t i o n  then 

takes place to give a five coord i n a t e  intermediate. The s t e r e o ­

c h e m i s t r y  of the products, suggests that the water molecule 

.apidly e n t e r s  the i n t e r m e d i a t e  on the same side of the molecule 

from which the leaving group departs, thus p r e s e r v i n g  the original 

isomer g eometry. Resea r c h  into Hg(ll) and Ag (1) assisted aquation . 

IS c o n t i n u i n g  in an effort to clarify the r e a c t i o n  mechanism.

The k i n etic data for Hg(ll) assisted a q u a t i o n  of [ C o (t e t r e n ) X 1 

are c o l l e c t e d  in T a b l e  1.22.

T ABLE 1.22
Kinetic data for Hg(ll) a s s i s t e d  aquation of [ C o (t e t r e n ) X ]
(X = Br,Cl) at 2 5 “C

2 +

Complex *^Hg
(dm^ mol s-^)

Total tonic strength 
(mol dm )

aBR-lCo(tetren)CllCoCl^ 5.45 X lo“ ^ 2 . 5

aeR-[Co(tetren)Br)ZnBr^ 1 .6 1 . 2

eta-ICO ( tetren) Cl 1 (ClO^)Cl 1.42 X lo“^ O . 3

aa-[CO(tetren)Br1 (ClO^)Br 6.79 O . 3
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The interpretation of rate data for Hg(ll) assisted 

aquat i o n  is complicated by several factors. The rate of

reaction is known to be h i ghly dependent on ionic strength

and k values should be c o m p a r e d  at the same ionic strength.
H 9

P r o b l e m s  arise from uncer t a i n t y  about the nature of the mercury

catalyst. When a mercury salt is d issolved in acidic solution 

HgOH^ is found to be present in c o n s i d e r a b l e  amounts in the

range pH 2-5.^" Hg^* is also available for reaction as is

HgCl^ when chloride ion is p r e sent It has been postulated

that HgCl^ may be a better reactant than H g ^ "  as it is more

able to overcome c a t i o n - c a t i o n  repulsions, in fact, in the Hg 

a s s i s t e d  aquation of l(NH 2 ) 5 CoCl] tt was found

a d d i t i o n  of Cl- caused a rate increase of 8 . and this was 

a t t r i b u t e d  to HgCl^ catalysis. In the p r e s e n t  work, the 

c o m p l e x e s  studied for Hg^^ a s s i s t e d  a q u a t i o n  have counter ions^ 

c o n t a i n i n g  Cl' and Br' thus the c o n t r i b u t i o n  of HgCl^ and HgBr

• „ifif-ant Despite these d i f f i c u l t i e s  some may be very signtrican . f

t .nt.tlve conclaslor,. can be re.eh.d from the dot. ooll.oted 

1 „ th. present »ork on the assisted aquation of
(X = Br.Cl). First , the rate of reaction is (Co (tetren) X] IX bi;,v.

not much affected by the Isomer geome t r y  of 1C o (tetrenI X 1 

and second the change In leaving group fro. Cl' to B r ‘ causes 

an enormous Increase In reaction rate. for th. »,-lsomers of 

,Co(tetre„)Xl^* where the Hg(ll) a s s isted aquation reactions 

were studied at the same ionic strength k 1B r ‘ 1 / k 1C 1 1

The insensitivity of reaction rat. to c h a n g e .  In Isomer geometry 

has been obser v e d  In other systems, for e x a m p l e  In th, H , U U  

assis t e d  aquation of the n-, K-, and m - I C o .e n M d 1 e n I C 1 1
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isomers at 25°C and I = 1.0 mol dm'^  ̂ ‘ ^

dm^ mol'^ s - ^  S,g<K) = 5.1 X lo'^ d m ’ m o l " ’ s ’ and

k (c) = 4.8 X l o " ’ d m ’ m o l " ’ The effect of leaving

g r o u p  on reaction rate is much greater for Hg - assisted

a q u a t i o n  than it is for b a s e  hydrolysis, although both show

the same trend with bromo c o m p l e x e s  reacting faster than chloro

c o m p  1 e xe s .

Acid c a t a l y s e d  d e c a r b o x y l a t i o n  kinet i c s  of 
gg-[Co ( tetren) C O  ̂1 (C10 ,̂j_________________________

Dasgupta and H a r r i s ^ ^  have studied the kinet i c s  of

a c i d  catal y s e d  d e c a r b o x y l a t i o n  of g 0 3 -(C o (t e t r e n )CO 3 1 (C l O ^ )

and proposed the following reaction scheme

[Co(tetren) (0 0 3 )!

[ C o ( t e t r e n ) ( C O 3 H ) 1 

2 +
1 )OH 1 ♦

+ H
, 2 +

—4 [ c o ( t e t r e n ) ( C O 3 H)

-> [ Co (t e t r en ) OH 1 + CO

, 3 +

1/K,

,ith the rate equation of the form shown in (lO)

k 3̂ [ H 1
^ob s ( [h "" 1 + K ) C

w here has the v a 1 ue 6 . 4 .

In the present work an i

act- [ C o (t e t r e n ) C O 3 1 (CIO4 ) wa s used

Th e reaction was carried out using

( 1 0 )

- 3

solvent that is under p s e u d o  first order c o n d i t i o n s  where the

t e r m  [ H ^  can be removed from equation (lO) which reduces to

V = k . From the m e a s u r e m e n t  of k^bs ^ series of
ob s 1
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temperatures the 
calculated. The stopped-flow s p e c trophotometrtc technique 

was used, monitoring the absorbance decrease at 500 nm as a 

function of time.

TABLE 1.23
Acid catalysed d e c a r b o x y l a t i o n  of oia-I Co (te t r en ) CO  ̂ 1 ( C lO^ ) 
in 0.1 mol dm  ̂ (HCIO^)

T e m p . (0“C ) k ^ (s"^)ob s

2 1 . 3 0 .30

25.0 0 .37

30.0 0 .54

3 6 . 0 0 .90

4 3.0 1.67

25»c (Ah = 58.0 kJ mol

For aa- [Co (tetren) COj] (CIO^) kĵ  - 0.37 s at

= -58.0 JK~^ mol . A‘ 298
plot of in k^^^, versus 1/T(*K) is shown in Figure 1.16. 

The d e c a r b o x y l a t i o n  reaction of aBS-I C o (t e t r e n )C O  3 1 (C l O , ) . 

studied by Dasgupta and Harris, in the temperature range 

1 5  - 30»C and at an ionic strength of 0.5 mol dm

was found to have the values k^ = 0.28 s

(Ah ' + 65.3 kJ mol -1 X -1 1 \AS = -36.0 JK mol )^ 298
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C H A P T E R  2 
B-UNCTioH

S y n t h e s e s  a n d  ,Kinetics of C omplexes^
,2 +r.f the type [ Co (tetren) 0-,CRj_

(R H , CH 3 ' H-, CH-Cl, C H C l 2 ^2 5

2 . 1 Int roduc t ion
c u r r e n t  interest in carboxylato c o m p l e x e s  of C o ( 111) 

p e n t a a m i n e s  of the type I C o N ,(O ^ C R ) )^^ arises from the p o s s i ­

b i l i t y  that c o o r d i n a t i o n  to C o ( l H )  may actiyate the O^CR group 

bo nucle o p h i l i c  a t t a C .  Where the n u c l e o p ’. ile is the hydroxide 

ion base h y d r o l y s i s  can p r o c e e d  by three possible routes, 

a, b and c, b e l o w .  R e a c t i o n  mechanisms can be d i s t i n g u i s h e d  

b y  oxygen i s o tope tracer experiments. In react i o n  (a) direct 

a t t a c K  of h y d r o x i d e  ion on the carbonyl carbon a t o m  of the 

c a r b o x y l a t o  g r o u p  takes place leading to cleayage of a carbon-

o x y g e n  bond:

( a )

?
\

-> N ^ C O — OH + H*OCR

.1

„ a c t i o n  (b) of hyOroxlde Ion on C o U l D .  t”

OIC.V.Ç. of tb, c o U l U - o x y , . b  bona, U n  S..2 p r o c s . ,

(b)
-> N^Co— *H + H O 2 CR
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in reaction (c) an SNlCB type process leads to cleavage 
the C o d l D - o x y g e n  bond. L a b e l l e d  solvent H,. is used and 
the equilibriun. O h " > - H^O takes place to g i v e

labelled «H ions.

[(N H j ) 5 C 0 O 2 C R 1^ ( (NH3 ) 4 (NH2 > CoO^CR) + H^O

( c )
| , N H 3 ) , ( N H , ) C 0 0 , C R r  ----> I ( N» 3 ) , ( NH ̂  , Co 1 ̂  * * O^CB'

| ( H H 3 ) , < N » 3 .Co I^* • H 3 . --- >

Th. O L o X e c u l . .  re.otion wlch l.b.lXea byaooxido lo„ vouia

,X,ia l.boll.a C.rboxyl.t. and o n l . b . H o a  IN.CoOH, * v b H «  bhe 

alt.rnatlv. „echanl.m. (b) air.ot r.pl.c.oenb on Cobalt U H )

’.„a ,c, tbe SNlCB ptoo..s -ooia alv. unlab.ll.a c.tboxyl.t.
2+ fiaar-tronic effects revealed by linearand l a b e l l e d  [N^Co^H] . E l e c t r o

, n , t , y  t e l a tion.blp. and values of BS* at. . 1 . 0  b.lpful m

making m e c h a n i s t i c  a s s i g n m e n t s

[ (NH j) ^ R h ( O 2CR) 1

Kinetic studies on the base hydrolysis r e a c t i o n s  of 

2 + 4 6 have r e v e a l e d  that where R is a powerful
IVitaa-l'C---  ̂ .
. l.ctton o i t b d t a w l n a  ,toup lit. c c l 3 ot C r 3, b . . .  h v d t o l y . i s

p t o c . d s  by a b i o o l . c u l . t  „ . o b . n i s o  uitb bydtoxia. ion att. = t

.t tb, c.tbonyl o . tbon .too. Hoo.v.t, ub.n ^ CH,, CB^P,
a- -i. ♦-i on a 1 i sed in t e r m s  of an 

tb. . x p . t l o . n t . l  results are b,.t
, The sane b e h a v i o u r  is ob.erved for tbe C o (1111SNlCB mechanism. Th

p e n t a a m m i n e s  [(N H 3 ) 5 C 0 O 2 C R 1

En ha nce d reactiv.

further i l l u s t r a t e d  by the
a ___ 1 a-a t-h a zo ne s . ine

s e m i c a r b a z i d e s  to give

2 +

of coordinated car boxy 1 a te^^i s
of [ (NH3) ̂ Co O ^ C O R I  with

48
s G x n i - C d i r b s z o n G S  >
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products ure formed uithout freaking the bond botueon C o (111 I
and the carboxylate oxygon and ate thought to follow the pathu y

(NH^) ̂ Co—O— C —C
\

fH2 N N H CO MH 2 — > (NH j)

A number of studies on the reactivity of coordinated 
e.rboxylato group, have been carried out in non-.guoou. solvents, 
por example, the reaction of I(N H 3 ,,CoO,CCH 3 1^* «ith acetyl 
perchlorate in H ,N-di„ethy 1 for.amide <PHr. where rapid solvolytic 
replacement of the acetate ligand takes place.”  The proposed 
.echanism for this reaction involves attack by the electrophile 

the ac.tato group thus converting it to a much less nucleo­
philic ligand. This ligand then departs yielding a five 
ooordinate species which rapidly react, with a solvent D»F

molecul e.
O t h e r  aspects of p e n t a a m i n e  (c a r b o x y 1at o ) Co(lll) 

Chemi s t r y  have been investigated inclu d i n g  reduction of the

•^h Cr(ll) and Ti( lH). C r ( l D  is believed tocomplexes with Cr(ii»
-d ■ ,-ofi o CR" giving inner sphere electron bond with coordinated O 2 CR g^-Vi g

N ^ C o ^^^ 0 2 CR + Cr(ll) -> C r ^ ^ ^ 0 2 CR + NH^ + Co (11).

of carboxylato complexes has also beenThe photochemistry
as a source of organic free radicals.

present work to pr 
and examine their base hydrolysis

of the type >) O 2CR)
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Up to the comme n c e m e n t  of the present work the

only b.s. hydboly.ls .tudy of . c.rboxyl.to cooplb. of the
ro(lll) tetren moiety d ocumented in the literature was

' 30,31
the s a licylato complex, ot BS - ( Co (t e t r e n ) OCOCgH  ̂ OH ) ( C lO^ ) 3 

which was found to react by an S NICB reaction mechanism.

With regard to possible preparative methods a survey 

of the liter a t u r e  on [ (N H 3 ) ̂ C o O ^ C R 1 ^ " complexes Has revealed three

synthetic procedures;

52
(1 ) a n a t i o n  of the aquo complex

[ , N H 3 ) 5 C o H , 0 | ^ *  .  R C O 3 » .  — > K N H 3 I 5 C 0 O 3 C E I
2 +

( 2 )
silver induced anation 5 3

, 2 +
[ (NH 3 ) ^CoCl] ^ 6 ‘*5--2

--> I (NH3) 5Co0 2CCgH^l + AgCl

34 ,55

(3)
reaction of the hydroxo complex with an acid anhydride

((NH3)5Co OH 1 ^^ + (C2H 5C0 )2 0 ^ ^  ( (NH3) 5C0O 2CC2H 5 ] + C 2H 5CO2H.

The Experimental s e c tion describes the 

nydrolysis studies of 

H, C H 3 , C 2 H 5 , C H 2 CI, C H C I 2

Tne ---------
.„d b.sb hydfolysis stodt., of ,Co ,b.tr = n, O ^ C K U c f o , , 3 - b „ .



h'j).

2 . 2 Experimental

P r e p a r a t i o n s

[ C o ( t e t r e n ) O O C H ] ( C 1 0 ^) t

Me th od A
The complex aaH Co ( t e t r e n)cO^ lO^ ) C 1 (0.26g., 0.62

mmoles) was suspended in 98% formic acid (15 c m ^  0.32 moles) 

and t r e a t e d  with silver perchlorate (0.26g., 1.25 mmoles).

The m i x t u r e  was h e ated at 60"C for one hour, cooled and the 

p r e c i p i t a t e d  silver chloride filte r e d  off. A few drops of 

p e r c h l o r i c  acid (40%) were added to the orange solution which 

upon standing p r e c i p i t a t e d  crystals of [Co (t e t r e n )O O C H ] (C 10 , ) ̂ • 

The p r o d u c t  was filtered, washed with ethanol, ether and 

d ried in v a c u o . A second crop is o b t a i n e d  from the mother 

liquors by addition of ethanol w h i c h  causes p recipitation of

[C o (t e t r e n )O O C H ] ( C 1 0 ^ ) 2 ‘

M e t h o d  B
The complex C o (t e t r e n > H j O )(C l O ^ ) 3  {0.5g., 0 . 8 8

„„Pies, we. a i.solvea In Che m i n i m u m  volume ol dilute p e rchloric 

ecld end 9 9 » formic ecld (0.5,.. 1 0 . 8  mmoles, w.s edd.d to

splurlon. Th. re.ctlon mixture w e .  brought to pH4 by d r o p w i s .  

e d d i t i o n  of .odium hydroxide. Th. .olution we. .tirred et 60*C 

for o n .  hour then left to cool. T h e  p r o d u c t  ,C o ,t . t r e n ,O O C H ,- 

(CIO.,, 3 which cryst e l l i . e d  out w.s filtered, we.h.d with 

eth.n o l .  ether end dried in v j ^ .  The crude product we.

r e c r y s t . l l i . e d  by d f e o l u t i o n  in th. m i n i m u m  volume of 0 . 1  mol.r 

p e r c h l o r i c  ecid - 98» formic ecld (1.2 v/v>.
oelc. for ,C0 ,C3 H 3 3 H 3 .0 0 C H , . C 1 0 P , :  C.21.95, H.4.91, N . 14.23,

pound, C.20.80, H.4.88, N.13.93».
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1 3
2 +

A -^C NMB spectrum was recorded in D^O containing one 

,rop oi OCX to suppress base h y drolysis of I C o (t e t r e n )O O C H ,

Na TMS was used as an internal reference,
, 1-vif. tetren carbon atom„ere recorded to give values for the

resonances: ^  im
s o . e s u . 7 , .  s ..o b u .7,,

„ . , e U . 7 , ,  S e . a . U . V , ,  5 7 . 0 3 . a.I,, 5 9 . 3 3 ,7 .0 ,. .He c . , 3 = „

Of the c o o rdinated f o r m a t o  group resonates at 177.7(0.97).

(CO (tetren) O ^CCH,! (^1 0 4 ^ . 2

The complex a a - [C o (t e t r e n )H 2©1 (ClO^) 3 (0.5g., 0 . 8 8

i 1 5a . 0.25 mmoles)„ . „ 7 .., w.s dl.s=7vea IH 97.01.7 .o.tlc .old ,15,..
. water The solution was stirred atcontaining a few drops of water.

hour u p o n  cooling, ethanol was added to 60°C for one hour. u p o n
^o rcH 1 (CIO )., as a fine red powder.p r e cipitate (C o (t e t r e n )O 2C C H 3 1 (C l O ^ ) 2

wished with eth.nol, ether end dried
The product was

in v a c u o .
calc, for (Co ( C 3 H23N5)02CCH3](C10,)2- C,23.72;

N , 1 3.8 3 ;
pound: C , 23.86; H,5.44; N,13.20%.

in D O containing one drop 
A NMR spectrum w a s  recorded i 2 2 +

= h a s e  h y d r o l y s i s  of (C o (t e t r e n )O 2C C H 3 1 ,
of DCl to suppress b a s e  nyar y

 ̂ 7 204 transientsoH as an internal reference. 7,20 Na TMS was used as an
 ̂ „ «-otren carbon atom

„ „ e  collected to g i v e  v.lwes for the

cesoh.hces. . „ 9 4 ,1 9 ,,
tegr.l, 4 3 . 44,5.6,. 43.66,30.6,. 45.46,33.9,. 50.54,79.,,.

6(i.ntegrai; c d Q A i 2 n 9 ) .
„,,e 7 , 57.03,36.6,. 57.74,37.6,. 53.45,6.8,. 54.96,30.9,.

.. 9 , 58,7 5,. 57.96,30.3,. 58.34,6.4,.
5 5 .,9 ,36.9,. 56.38,19.4,. 57.58,7.5,.
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59.27(24.0). 59.87(23.1). 60.69(12.5). Three signals are
 ̂ f-oordinated a c e t a t o  ligand:found for the methyl group of the co

15.82(0.4). 19.43(2.8). 26.63(17.08).

[ Co ( t e t r en ) O ̂ CC „H c 1 (C10.jj_o

Method A
The c o m p l e x  a a - ( C o (tetren)Cl 1 (CIO,)Cl (O.Sg.. 1-19

ar-id (15a.. 0.20 mmoles),mmoles) was s u s p e n d e d  in p ropionic acid (Ibg..

Silver p e r c h l o r a t e  (0.5g.. 2.4 mmoles) was added and the mixture

stirred at 60»C for one hour. During this time a c o l o u r  change
1-oolc Dlace Upon cooling, silver chloride from red to o r a n g e  too)c place. upu

was f i l t e r e d  off. and the orange filtrate treated w i t h  ethanol 

to p r e c i p i t a t e  (C o (tetren)O , C C ^ 1(C l O , ) , as a r e d - o r a n g e  

powder. The p r o d u c t  was filtered, washed with ethar^ol. ether

and d ried in v a c u o .

Method B
The c o m p l e x  oci - 1 Co ( PeP r cn ) H 1( C lO^ 1 , <0.5g., 0 . 8 8

w.s a l . e o l v e d  in diloPe pepch l o p i c  ecid end ppopionlo

ecid <0.18., I.3S mmoles, edded Po solotion. h g n e o u s  sodio.
d r o D w i s e  to bring the solution to pH5. h y d r o x i d e  was a d d e d  dropw i s e

V, at 60"C for one hour. Upon standing atThe m i x ture was h e a t e d  at 60
 ̂ m o p r a t u r e  [ C o (t e t r e n ) O 2C C 2 H 5 1 (CIO,) 2 c r y s t a l l i s  room tempe r a u u  j. ̂  ^

.. l e c e  red flehes. T h e  prodocP —  tilPer.d oft. »«shed wiP

.Phenol, ePhe. end dried in The crude p r o d u o P  wes
.. milcture of p e r c h l o r i c  acid: eerysta 1 1 ised from an aqueous mixtur v

p r o p i o n i c  acid.
u w r i o  ) • C.25.39; H.5.42;calc, for [ C o ( C g H 2 3 N 5 ) 0 2 C C 2 H 5 l ( C l  , 3

N , 1 3.46 :
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M l n t „ r . U  43.S5(0.7), 43.71 ,0.6,. 44.81,1 .3,. 45.52,2.3,.

4 5 . 8 . 0 .  6.. 50.70,0.5,. 50.97,0.7,. 5 1 . 90,0.6,. 53.16,0.4,.

5 3 . 6 5 . 0 .  1.. 53.87,0.1,. 54.14,0.3,. 5 5 .23,0.8,. 55.56,0.3,.

5 6 . 2 7 . 0 .  7.. 56.54,1.7,. 58.18,2.0). 5 9 . 05,0.2). 59.54,0.61.

6 0 . 0 4 . 2 . 0 .  . 61.84,0.1,. 62.05,0.2,. 6 3 . 9 1 , 0 . 3 ) .  66.15,0.2,.

66.5 8 ( 0 . 1 ) .  f]) -N p  p

.^1 (ClO^).o
T h e  complex a a - I C o (t e t r e n )C 1 ) (C l O ^ )C 1 (0.5g., 1.19

mmoles) was taken up in freshly d i s t i l l e d  d i c h l oroacetic acid 

(O Slg., 2.5 mmoles) containing a few drops of water. Silver 

p e r c h l o r a t e  (0.51g.. 2 . 5  mmoles) was added to the solution

W h i c h  was h e a t e d  at 60^0 for one h our. Upon cooling, silver 

c h l o r i d e  w a s  filtered off. Ethanol was added to the orange 

filtrate, to precipitate cryst a l s  of ( C o (t e t r e n )O , C C H C 1 ,1 CClO,) , 

w h i c h  were filtered off, washed with ethanol, 

i n v a c u o .
calc, for I C C C g H ^ N ^ l O ^ C C I l C l . n c i O . , , ^ :  C . 2 0 .8 8 , H.4.20,

N , 1 2 . 1 7 ;
Found: C , 20.76; H,3.91; N,12.13%.

^3^ NMR spectrum was recorded in D,0 conta i n i n g  one drop
base h y d r o l y s i s  of [Co (tetren) O 2CCHCI 3 1 (CIO^) 3.

of DCl to suppress base y
, f„_~nce 20.954 transients

Na TMS w a s  used as an internal re
1 o fnr the tetren cation atom were c o l l e c t e d  to give values for the

resonanc .^,17 2) 45.80(10.8), 4 7 .2 2 (2 .7 ),
r 43 73(22.0), 45.47(17.2),6(integral) 43. /Jv ,7 , 2 3  7).9) 52.01 (23 . 7) , 55.39 (25.5) , 56.37 (23.

r 3 7 ; 2 3 : 7 , :  56.59,20.1,. 97.30,27.1,. 5^

AS 54 (5 5), 58.70(17.3). S ' ^ P P ^ '59.76,24.61. 60.14,20.0). 68.54 , 5 . 5 , .
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s p e c t r o p h o t o m e t r i c  t e c h n i q u e  f o r  k i n e t i c  m e a s u r e m e n t .  The 

p s e u d o  f i r st  o r d e r  c o n s t a n t s  w e r e  d e t e r m i n e d  fro m  the 

e x p e r i m e n t a l  d a t a  u s i n g  the 16 p o i n t  p r o g r a m m e  an d the 

S w i n b o u r n e  c a l c u l a t i o n .

I

2 .3 R e s u l t s  a n d  D i s c u s s i o n
Stereochemical Cj P t C T S ---

Analytically pure samples of [Co(tetren)O ^ C R 1 (Clo^)2 
(R . H, CHj, C 2H 5 . CHjCl. CHCl,) »ere prepared by one of two 
methods. The first method, anatlon of i.om.rloally pure ao-
(C0 ( t e t r e „ ) H 2 0 l ( C 1 0 „ . 3  was p e r f o r m e d  b y  m i x i n g  the a q u o  oomple: 

w i t h  the a p p r o p r i a t e  c a r b o x y l i c  a c i d  ,RC02»). The s e c o n d  

m e t h o d  w a s  • s i l v e r  (1) c a t a l y s e d  a n a t l o n  r e a c t i o n  o f C.O- 

( C o l t e t r e n ) C l l ( C 1 0 „ ) C 1 ,  w h i c h  i n v o l v e d  the In situ 

of ( c o C t e t r e n I H j O l ( C 1 0 „ > 3  in the p r e s e n c e  of the c a r b o x y l i c  

a ci d .  in som e  c a s e s  on-I C o (t e t r e n >H 2 01 <C 10,I , d i s s o l v e d  in 

a q u e o u s  R C O 2H was t r e a t e d  w i t h  d i l u t e  a q u e o u s  s o d i u m  h y d r o x i d e  

to r a i s e  the s o l u t i o n  pH to the pK, of the c a r b o x y l i c  a c i d  a nd  

t h e r e b y  e n s u r e  a s u p p l y  of c a r b o x y l a t e  a n i o n s  for r e a c t i o n  w it h  

n a - t C 0 ( t e t r e n ) H 2 0 l ' * .  H o w e v e r ,  the c a r b o x y l a t o  c o m p l e x e s  
w e r e  r e a d i l y  p r e p a r e d  by d i s s o l v i n g  on-(C o (t e t r e n  . » 3«1 .C l O , , 3 

in 90% s o l u t i o n s  o f  0003« a l t h o u g h  the s o l u t i o n  pH w a s  b e l o w  

the P K  . T h i s  m e t h o d  s u c c e e d s  b e c a u s e  the p K ^ 's of the 
c a r b o x y l i c  a c i d s  a r e  l o w , r a n g i n g  f r o .  1.48 for C H C l 2C O O H  to

= „ ovf-fass of RCO_H wa s u s e d  in e ac h  3 . 7 5  for H C O 2H, a n d  b e c a u s e  a n  e x c e s s  2

^ b o x v x a c o  complexes. [ Co (t e t r en ) O 2 CR 1 (C 1Ô , ) 3 The carooxyxat.
.-«.ised by NMR, NMR . i.r. and visiblewere characterrs» j

The structural I n f o r m a t i o n  g a ined fro. each t e c h n i q u e  1. 

d i s c u s s e d  below.
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I . r . spe c t r a
The i.r. spectra are p o t e n t i a l l y  useful for 

eluci d a t i n g  the nature of the bonding between O ^ C r ' and the

Co(lll) ion and for determining the i s omer geometry of the

complexes. The c a rboxylato anion may coordinate 

metal ion by the modes shown in (ll)A, B and C.

. ion

M —  0
C - R

0 '
/

0 M  — 0 ^

M — 0 /
C -R

(1 1 )
themes can be d i f f e r e n t i a t e d  by considering theThe b o n ding schemes __

vibrational frequencies of V 0 0 2 " s y m m e t r i c  (denoted VgC02 )
\) CO “ ) for the complexed and V 0 0 2 " asymmetric (denoted V^C02 ) t

carbo x y l a t o  ions and comparing them with^the

f r equencies of the free carboxylato ions^ : For the uni-

ucture (11)A V C=0 for t h e  '

for the free ion and V C-0 for

CO 2 " for the free ion. A S a r e

the 2 V CO vibrations i s mu c h

free ion. F o r  the biden t a t e
c omplexes than m  t

ifp trend is o b s e r v e d  with the sepa(11)B the opposite t
= m;,ller for the complexed ion

9 u CO vibrations s m allerbetween the v co v
fo, .He ..ee »  tH. complex U l ^ C ,  . •

, . CO C O . .  . 0  .H. v..oe. .».„a ... .H. ....

ion.
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The i.r. spectra of [C o (t e t r e n )O 2C B 1 (C 1 0 ^ ) 2  

(R = H, C H 3 . C 2 H 5 , C H 2 CI, C H C I 2 ) show b r o a d  absorption bands 

in the range 1620 cm-"- 1 6 5 0  which are assig n e d  to V ^ C 0 2  •

The v i b r a t i o n a l  frequencies for ^^ 0 0 2 " in the complexes are 

higher than those for V ^ C 0 2 " in the free ion for example 

[ C o (tetren) 0 2 CH]"" has V ^ C 0 2 " at 1630 while V C = 0  for

the free formate ion is at 1560 c m ~ ^  These data are consistent 

with the u n i d e n t a t e  structure (ll)A. T h e  complexes [Co (tetren)^- 

0 2 C R 1 ^" show a d ditional absorption b a n d s  in the range 1300 cm'^-

1400 cm 

bands to V CO

due to \) ̂ CO 2 However, unambiguous assignments of 
are difficult as tetren displays strong

a b s o r p t i o n s  In the s..e frequency renqe. h s . l q n . e n t s  of bends

b. „ c t l l t a t . d  by obsetvlnq f r e q u e n c y  shift, resulting from nisy D© *

d e u t e r a t i o n  of the amine protons.
;^]^though the vibrational f r e q u e n c i e s  ^ 2

ere a useful Indication of unidentate bonding of the carbosyl.to 

ligands these strong absorptions b a n d ,  overlap with « NH, for 

Ibe a s y m m e t r i c  d e f o r m a t i o n  of the t e tren l i gand In the range

1560 c . - ^ - 1 6 0 0  cm-1. thus, assignment of Isomer geometry for
2 + on the basis of 6 N H 2 frequencies is not[Co(tetren)02CRl 

po s s i b 1 e .
^^C NMR
T h e  F - T -  " " F  I C o i t e t r e n l O j C R l ' ^ *

,R . CHj, C^HvCH.Cl, CHCl^» were r e c o r d e d  using a broad

band frequency technique which elimi n a t e s  all C-„ couplings, 

in all cases, the c omplexes were d i s s o l v e d  In 0 , 0  containing 

nne drop of OCl to suppress base h y drolysis, « a t „ S  was used
*.nce The tetren carbon atoms resonate in

as an internal
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the range 640-670. The coord i n a t e d  carboxylato g r o u p s  affect

the e l e c t r o n i c  shielding around the tetren carbon a toms and a

c o r r e l a t i o n  is found b e t ween the electron w i t h d r a w i n g  ability

of 0 2 C r " and the lowest field resonance band 6 ^(0 2 CR) due to

the tetren carbon atoms with 6 ^(0 2 CR) = 59.38 (0 2 C H ) .  6 0 .6 9 (0 2 0 0 8 3),

1 C.a<n CCH Cl) 6 8 . 7 0  (O^OCHCl _) . As expected,6 0 .8 0 (O 2 O C 2 H 5 ) , 66.58 (O2O C H 2 C Ì ) , 0 0 . wv 2 2

the c a r b o n y l  carbon atoms of the O 2 OR- groups o c c u r  at
f n r n ” which are well shielded ca. 6 1 7 0  while the alkyl groups of O 2OR

occur .t £>. 6 2 6 . Although th. c o m p ì . x c  ».re p r e p . r . d  fro. 

i s o m e r i e . lly pure o o - I C o (t . t r . n )H^ol ICIO,)3 , .11 s.mpl.s of

I c o d . t r . n l o ^ C R l " *  dlspl.y . I.t9. "umb.r of “ c .Ign.ls, 

i n d i o . tlog th. pr...nc. of mixtures of o 6 f - . oB.t- . .hd

Qiot-isomers ■

filectronic spectra
■ .Kie electronic spectra of the [Co(tetren)- The visible eiectroiij. t' ^

O 3 C R , , C 1 0 , , 3  complex., wer. determined using 0.1 mol d m “ ,HC1 0 ,,
.. solvent. Th. c ompl.x.s .11 show.d two d-d . h . o r p t l o n  h.nds

f + 3 nm. These absorption. ^4. *■ 5 nm ana 4 o d   ̂  ̂ mu.with m a xima at 351 - =
„XT - Co^^^NcO C h r o m o p h o r e  and w a v e l e n g t h s  are chara c t e r i s t i c  of a Co 5

.r. c o m p . r . h l .  with o S S - , C o .t e t r e n ,o „ ,^  which h . s  h.nd m.xl..

. 1  3 .B n. .nd « 0  nm .nd o n - , c o ,t e t r e n , C O 3 , * w h i c h  h.s . h.nd

„ . . i m u m .t 4,2 nm. As “ c PMR .nd Kinetic s t u d i e s  I n d i c t e d
are i s o m e r  mixtures„ vaIo g  of [ Co (tetren ) 0_CR ) that these samples or i j

^ «-inction c o e f ficients were not
a c c u r a t e  band maxima and e x m

determined.
It c.n h. c o n c l u d e d  th.t the .n.tlon re.ctlons of

, tj r'H C CH^Cl»
a a - [ C o ( t e t r e n ) H  0 1 (CIO^) 3 with R C O 2 H  ̂ 3 ' 2

, L  to give carboxylato complexes of the type
CHCl,) take place t g
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C±>
(^A-^A) £>o-[

T A B L E  1.28
Base h y d r o l y s i s  of "slow" [Co (t e t r e n ) O ^ C C H C l ^ 1 (CIO^)  ̂

pH s t a t  kinetic data at 25»C and I = 0.1 mol dm'^ (KNO 3 )

pH 1 0^ [o h " 1

(mol dm

4
1 0 k ^obs
(s“l)

lo'^k ^ /[OH 1 obs
(dm^ mol“l s-1 )

7.65^ 5.89 4.32 7.33

7.85 9.24 7.30 7.90

7 . 9 7 5 12.32 8.82 7.15

8 . 0 0 13.05 9.62 7.35

The m e a n  value for the overall second order rate constant 

w = 7 43 X lO^ dm^ mol"^ s ' ^  By linear regression analysis
' 2 3 - 1 - 1V = ( 7 0 8 ± 0 .6 5 ) X 1 0  dm mol s

OH

For th« complexes [Co(t c t r e n l O ^ C R l ( C I O ^ )^

,R - C H 3 , C 3 H,, C H 3 CI, C H C I 3 . the over.ll second order ret. 
c o n . tents for the " f e s f  reectlons hev. been evelu.t.d b y
r e . o l v l n ,  the cnrv.d plots of lo,(V.-V,. verses time by en

V. • The data are summarised in T a b l e  1.29e x t r a p o l a t i o n  technique.
plot Of log(V„-V^) versus time for the base

h y d r o l y s i s  of [ C o (t e t r e n )O ^ C C ^ H ^ 1 (ClO,)  ̂ is shown in Figure

,.17. The curvature is typical of plots drawn for the other

[ C o ( t e t r e n ) 0 2 C R l ( C I O 4 ) 2 complexes and indicates that the
! mixture of isomers. Base hydrolysiss a m p l e  contains a mixtur

p r o c e e d s  according to Scheme 3:





CM 3

- H

3 '•H F

4 CHF2

5 CCl 3

6 C F 3

5 4 3 2 1
pK (PCO_H)^ a 2

Figure 1.19

0
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At the completion of the pH stat experiments on the "slow"

reactions the pH was raised to monitor any further reaction.

No additional base was consumed and the "slow" step assigned

to base h y drolysis of the aa-isomers. In each pH stat run the 

weight of reactant complex is known and the volume of base

consumed during h y drolysis was noted. A reaction stoichiometry 

for I C O  (tetren)0 2 CBl : o h " of 1:1 was observed. The base 

c o nsumption for the "slow" step in h y d r o l y s i s  of (Co(tetren)- 

O^CR)^^ accounts for 40%-60% of the c a l c u l a t e d  value and thus

the samples of I C o (t e t r e n )O 2 C R 1 ̂ ^ appear to be ca. 50:50

mixtures of aB- and aa-isomers.
A linear free energy relationship (LFER) is o b s e r v e d

, 2 +
, __1 ___f r ' o i i - i ^ t r e n l O - C R l

between k
and thefor h y d r o l y s i s  of I C O (t e tt.nlO^CRl

pK, of RCOOH. Plot, of versus pK, for both "fs.t" snd

- s t o w  t.sctlons sr. H n . . t  <Flgut. 1.181. Thr.e po.sibl.

o.ch. n l s b s  for base h y d r o l y s i s  have b..n d i s c u s s e d  In the
.d iTPFRi can serve as a guide to assigningintroduction and the (LFER) can serve

jfeaction rnechanism.
Firstly, the linearity of these plots of log k^^ 

versus pK. for both " f . s f  and - . l o W  reactions l . p H e .  that

the reaction m e c h a n i s m  1 . constant despite c h a n g e ,  in the R

group. A good example of a linear free energy r e l a tionship 

indicating a change in reaction m e c h a n i s m  is shown in the

base hydrolysis of , ( N H , > ^RhO ,CR I ̂  ^ 1°'’ ’‘oH
1. in Fiaure 1.19. Large d e viations•-kV iRCO H) is shown i.n F yversus

in the linear plot are found for the t r i f ^ ^ o a c e t a t o  and

t r :
complexes [(N H 3 )5 R h O 3 C C F 3 1^^ and

[ ( (NH 3 ) ^Rh0 2 C C C l 3 l
2 + For the complexes ((N H 3 ) ^ R h O 2C R 1

2 +
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(R = C H 3 . H. C H 2 F. CHF^) base h y d r o l y s i s  proce e d s  by cleavage

of the ( 11 1 )-oxygen bond either b y  the SNICB m echanism or
2 +

by SN2 t r a n s  attack while for ( (NH^ ) 5 Rb0 2 C B ) (R = CCljjCFj)

base h y d r o l y s i s  takes place by a t t a c k  of OH" at the carbonyl 

o x y g e n .
In the p r e s e n t  work p lots of log k^^ versus pK^ for

both "fast" and "slow" base h y d r o l y s i s  react i o n s  give plots

of equal slope (p) = 0.4. It is i n t e r e s t i n g  to compare values

of the r e a c t i o n  c o n s t a n t  (p5 found in the p r e sent work with

those e v a l u a t e d  for base h y d r o l y s i s  react i o n s  of known reaction

m e c h a n i s m .  Base h y d r o l y s i s  of [(N H 3 ) 5 C 0 O ^ C R ]^^ (R = C H 3 ,

C H 2CI, C H C I 2 ) a n d  ( { N H 3 ) 3Rh02CRl 2 + (R = C H 3 , H, C H 2 F) both

46 and are known to react by cleavage of thehave p = 0.43
m e t a l - o x y g e n  bond as does [ C o (e n ) 2 (O C O A r ) 2 1 '" with p = 0.745.

For the p r e s e n t  c o m p l e x e s  the r e a c t i o n  const a n t  (p

suggests that C o ( l l l ) - 0  bond c l e a v a g e  is taking place. If

base h y d r o l y s i s  was taking place b y  hydro x y l  ion attack on

the c a r b o n y l  carbon then p would be e x p e c t e d  to be ca. 2.0,

c o m p a r a b l e  to the reaction c o n s t a n t  found for the series

2+ (R = CH^F, CHF.,, CF,) with p = 1.80 at 25»C.
2 +

( (NH 3 ) ^ R h 0 2 CR]
46

A l t h o u g h  th, result, tor h.se h y d r o l y s l .  o£ , C o ,t e t r . u .O , 

o,h bo r . t l o h . l l . o d  in tor™, of an SNICB „ o o h a n i . »  the

a l t e r n a t i v o  SN2 d l . p l a o e m o n t  r o a o t l o n  H r a n s  a t t a c k 1 annot be 

d i s c a r d e d ,  however, our e x p e r i e n c e  of [Co (tetrenI X 1 chemi.try

eugge s t .  that the SNICB reaction meohanisn. i. »ore likely to be

Finally an (xamination of kOH fast"/k OH 'slow" ratios
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for base h y drolysis shows that for B = C ^ , C H 2 CI, CHCl^

the ratio is constant ca . 52, Table 1.29, while for B =

k "fast"/k "slow" = 172. Examination of the linear freeOH OH
energy plot for the "fast" reaction shows that the experimental

point for B = CH^ lies a b o v e  the best fit line. This result 

proba b l y  indicates that t h e  "fast" h ydrolysis reaction for

[Co (tetren) 0 2 CCH^ 1 is d u e  to the aSS-isomer while the "fast"

reactions of (C o (t e t r e n )O 2 C B [2 + (B = C 2H^, C H 2 CI, C H C I 2 ) are

due to base hydro l y s i s  of the aBB-isomers. The "slow reaction;

of [Co(t e t r e n )O 2 C B 1 

the aa-isomers.

are all assigned to base h y d r o l y s i s  of



CHAPTER 3

8 7 .

n t h e s i s  and Kinetics of Complexes
3 +of the type [ C o (tetren)NCR 1

(R - C H j , p-MeOC^H ^ l j ^
2 +[ C o ( t e t r e n ) N ^Rl (R CH^, C^H^)

3 . 1  I n t r o d u c t i o n
C o o r d i n a t i o n  of o r g a n o n i t r i 1es (RCN) to Co(lll) 

p e n t a a m m i n e s  g ives c o m p l e x e s  of the type [(N H 3 ) ^ C o N C R 1 in 

which the n i t r i l e  is e n d-on b o nded through the n i t r o g e n  atom 

by a d o n a t i o n  to Co (111 ) . Due to negligible ti b a c k  bonding 

from Co(lll) the c o o r d i n a t e d  nitrile is p o l a r i s e d  by electron-
to

3 +
d o n a t i o n  such that the nitrile carbon becomes

n u c l e o p h i l i c  attack. Base h y drolysis of [(N H 3 ) 5 C 0 N C R ] can

p r o c e e d  e i ther by h y d r o x i d e  ion attack on t h e _ c o o r d i n a t e d  nitrile

Ba se
to , 1 V., tl-e coordinated c . r b o x a . i a e  I (NH 3 1 5 C 0 NHCOR 1 ^ * or by an

SJICB d i s p l a c e m e n t  of NCR by OH to give ((NH 3 ) 5 CoOHl .

h y d r o l y s i s  studies u n d e r t a k e n  for an extensive series of

c o m p l e x e s  of the type [ (N H 3 ) ^ C o N C R 1 ^" reveal t h a t  h ydroxide ion

attack at the nitrile carbon atom does indeed take place leading
5 8 , 5 9 , 6 0 , 6 1

to f o r m a t i o n  of c o o r d i n a t e d  carboxamides:

3+ OH[ (NH 3 ) ^CoNCRl > [ (NH 3 ) 3C0NHCORI 2 +

in m o s t  cases a simple second order rate law is found, with

rate = k [C o m p 1e x 1 tO H " 1 . Base h ydrolysis of t h e  coordinated

n i t r i l e  is several o r d e r s  of m agnitude faster than that for

the free nitrile. The usual conditions for h y d r o l y s i s  of free 

to c a r b o x a m i d e s  involve c o n c e n t r a t e d  a c i d s  or bases
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at elevated t e m p e r a t u r e s ,  whereas the reactions of 

nitriles are virtually instantaneous in dilute b a s e  at room 

temperature. The rate enhancement with respect to h ydrolysis 

of the free ligands r a n g e s  from lO^ fold for the c a s e  of 

h e n z onitrile to l o “  f o l d  for 2-cyano pyridine. T h e  electron 

withdrawing influence of the [(NH^i^Col group not only 

polarises the nitrile bond, making the carbon a t o m  more s u s ­

ceptible to n u c l e o p h i l i c  attack, but also s t a b i l i s e s  the imino 

anion (N -  C(R)OH) w h i c h  is formed by addition of h y d r o x i d e  

ion to the carbon atom. For c o ordinated nitriles having 

aromatic rings, e l e c t r o n  withdrawing substituents on the ring
group a n d  therefore

base h y d r o l y s i s  of [ (N H  3 ) 5 C0 N C R 1 ̂  (R » C g H ^ C N O ) .  CgH^CN(4). 

C ^ H . C H O U ) ,  C ^ H , C » 0 ( 4 ) .  C, H , C O C H , (4 , , to give o o o t d l n . t e d  

oe.0ox4.iae.. TO. tete. ... ..„.Itlve to . o O . t l t o t l o e  le the 

(3) and (4) posit i o n s  o n  the aromatic ring. S i n c e

s u b s titution at these p ositions should not p r e s e n t  any 

impediment to attack b y  the nucleophile, e l e c t r o n i c  effects

must play a dominant role.
I„ „ . 4 t „ . u t r . l  or b e . 1C .olotlon the Ion

2 + undergoes rapid, base c a t a l y s e d  ring
lCo(en) jCl (NH 2C H 2 CN) 1
closure to give a t r i d e n t a t e  amidine ligand.

■ 02^ takes place by attack of an amido groupreaction shown in (1 2 ) takes pi
(formed by deprotonation of a nitrogen atom in (en)) 
cootaln.t.a hlttll. cerbon .to. end result, in 1 „ t re.o 1 ecul. r

t j. nrhn i t r i 1 e s bound tocyclization. Howev e r ,  for simple organoni
One reason for studying Co(lll) this react i o n  is uncommon. One
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n i t rile compl e x e s  of C o (111) p e n t a a m m i n e s  is that they may 

serve as m o dels for the nitrilase enzymes. One such enzyme, 

ricinine n i t r i l a s e “  catalyses the hydrolysis of several 

o r g a n i c  nitriles. While the m e c h a n i s m  of enzyme action is 

u n k n o w n  the presence of metal ions may be necessary for

a c t i v i t y .
A second reaction of m e t a l  bound o r g a n o n i t r i 1es 

d o c u m e n t e d  In the l i t . « t u e .  1 . n u c l e o p h i l i c  .tt.ck by .tld. 

ion INj") on I (NHj) 5 C 0 H C R ! (R - = » 3 .
. u b . t l t u t e d  , t.tt.tol.to)-pent.„.lnecob.lt(l ll> complex..

bonded vl. the »3 nitrogen. » slow llnk.g. Isomer Is.tIon of
the N 3 species takes pl.c. to give bonded tetr.rol.to
complexes“ -“ . The reaction scheme and ring numbering system

is shown in (13) .
Free tetrazoles with s u b s t i t u e n t s  at ring position 5 

are c o n v e n i e n t l y  p r e p . r e d 'from o r g a n o n  I t r 1 l e s by n u c leophilic 

attack by azide Ion In a U - a i P o l a r  eyeloaddIt Ion .“  A. -1th 

n u c l e o p h i l i c  attack by h y d r o x i d e  Ion on c o ordinated nitriles 

there Is considerable rate e n h a n c e m e n t  for azide attack on a 

o o o r d l n a t e d  nitrile compared - 1 th an u n c o o rdinated nitrile.

The formation of 5-m.thy 1 t.trazo1. fro. sodium azide and 
acetonitrile requires a reaction time of 25 hr. at ISO C
c o m p a r e d  to only 2 hr. at a m b i e n t  temperature for

a c vx xm m Ton i t r i 1 e thc conditions areacetonitrile. Similarly for ben
.-1 xm lOQOC in dimethylformamide versus

3 hr. reaction time at lOO c rn u
- for free and c o o rdinated ligand,15 min. at ambient temperature for free

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

( 1 3 ) The N to N 2 linkage isomerisation reaction a p p e a r s
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.V) ■

to be driven by the .terle con,e.tion b e t w e e n  the t.tt.zol.

tin, . „ b s t l t u . n t  in the 5 -posltion end the four cis-e»lne.

f i rtiif-obalt (111 ) unit, with c o n g e s t i o n  relievedof the p e n t a m m i n e c o u a  X 1- V i d.
in the N 2 b o n d i n g  mode. The observation that the N^-bonded

c o m p l e x  isomerises some 6 times faster

c o m p l e x  t 25®C in

V, 1-han e l e c t r o n i c  driving force. F r o m  c onsideration ofr a t h e r  than eieccronxv- vx
ri„, nitrogen nutl.ephll1=ity cbordlnatien for 5 -eubstlteted

tetrezoi.to oo.pieree it f.voured end hence electronic consldere- 

tlons alone would predict no leomerl.atIon of the N^-bonded

oooplexee. h .loll.r llnhage 1 eooer 1 eatIon reaction occurs 

between the two leo.erlc fore, of <4 - e t b y 1 loldato1e, pent.o.lne- 

shown in (14).
in view of the interesting r e a c t i o n s  presented

in the present work, to prepare organo- a b o v e  it was decided, m  the pr
f c/iMll) tetren and i n v estigate the n i t r i l e  c o m p l e x e s  of C o (111)

a c t i v i t y  of the c o o r d i n a t e d  nitriles. Syntheses of ICo- 

. t e t r e n . H C K , -  = CH,, pa r a - « e O C , „ ,, are described

t o g e t h e r  w i t h  h l n e t l c  studies on their b a s e  h ydrolysis
>) NCRl (R = C H 3 . CgH^)

reactions. The compl e x e s
w e r e  r e a c t e d  with s o d l u o  aside to give t h e  corresponding

e e n p l e n e s  , C o ,t e t r e n ,N , C C „ , 1 ^ * and ICo.tetren,-
w r-/hiif»cted for the reactionh l n e t l c  data have been c o l l e c t e d

... . „ ,n with the coopl.x I Co 1 1 . t r en 1 NCCH 3 1 ■
of the a zide ion ( N 3 )
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3 .2 Ex pe r i menta 1

Preparations
a a - (C o (t e t r e n )N C C H 2 1 (ClO^)^

A solution of aa- [CO( t e t r e n ) H 2OI (CIO 4 ) 3 (0.5g.,

0 . 8 8  ..ol..) in . o . t o n i t r i l e  ( 2 0  c m ’ . —  b — O
2 0 m i n u t e .  Dutin, thi. t i m e  . c c leut c b.n,. ftom o „ n , e  to 

, o iiou toot pi.e. .na y . l i o o  c t y n t o i s  a.posit.a, . H .  ptoauct

o e  fiit.t.a 0 » ,  w.nnea W i t h  .thonoi, ethet .na a t i . a  in

C i c .  tot , C O , C 3 H „ 8 , , H C C H 3 . , C i O , . 3 =

Found: C , 20.01; H,4.25; N,14.22%.
iXRrl of the complex has sharp v NH bands at The t.r. spectrum (KBr) or tne

a broad V N H  in the range 3000-3150 cm 2865 and 3180 cm with a broaa

6 NH at 1605 cm -1 i. . . . l , n . a  to the N H 3 . . y o m e t t i c  a e f o r m . t i o n . .
1  ̂ \j C = N at 2250 cm )- 1  free a c e t o n x t r x i e  v «

V CHN is at 2320 cm (cj.-
. n e  Vi.ihle sp.cttu. . . . . u r e a  in O.i mol am' HCIO, h.s h.na 

„ . nim. .t 3 3 S nm (C - 2 2 , .nO 46. (C - 8 8 ,. The - Vnthe.i. oi

, C o . t e t t e n , h O C H 3 , . C i O , , 3  «tom i.om e t i c . i i y  impute (Co.tetten,- 

„ 3 0 ,.Ci0 , , 3  hv the .hov. m e thoa ,.ve .n i.omet mixtute oi

(Co(tetren)NCCH3l(CIO 4 ) 3 . indicated by the i.r. spectrum^

enows , hto.a .heot p t i o n  hana in the t.n,e ÍS 6 0 - Í 6 0 0  cm

a s s i g n e d  to the N H 2 a s y m m e t r i c  deformations.

a a - [ C o ( t e t r e n ) N C C ^ H ^ l ( C I O ^ ) 3

A solution of a a - ( C o ( t e t r e n ) H 2 0 l ( C I O 4 ) 3 (0.5g.,

n i t r i l e  (20 c m ^  was heated at 60»C for 
0 . 8 8  mmoles) in benzonr

. rhis t i m e  a c o lour change from orange to2 hours. During this t i m
v e l l o w  c r y s t a l s  depositing: the

y e llow took place with y
a o f f  washed with ethanol, ether and 

product was filtered off.
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dried in v a c u o .
C.IC, ro. , C 0 . C 3 H „ . , , N C C , „ , M C . 0 , , 3 =  C.a,. 7 3 ,  N.12.93,

round: C.26.04, H.4.03, N.12.94,.
Thu i.r. . p . c t r u .  (KBr, of thu cooplux ho. sh.rp V HH h.nd.

-1
at 2870 and 3240 cm 

-1 6 NH due to NHj a

with a broad V NH in the range 3000-3200 

s y m m e t r i c  d e f o r m a t i o n s  is obscu r e d  by

aromatic V C=C absorptions. V C=N is at 2280 cm ( f r ee

V C=N at 2230 cm The v i s i b l e  spectrum
-3.. . . o u f u d  i„ 0 . 3  .03 d . - = H C 3 0 ,  h o .  b o n d  . . x 3 - .  -  3=° "«

,e . 350) ond 465 h. (e - 345). S y n t h u s l .  of (co(t.tr.n)-
N C C , h , M C 3 0 , . 3  fho. 3 . o . e . 3 o . 3 3 y  i.pufu ,co , 1 . 1 f . h , „ 3O, CC3 0, , ,

3..d. 60 . . i x o a  3.0..X ...PIU Of I C O . t . t X O h . N C C . H ^ , .0 3 0 ^ , 3 .

a a - [ C o ( t e t r e n ) N C C ^ H ^ O M e l  (0 1 0 ^ ) 3

w (0.17g., 1.30 mmoles)p a r a m e t h o x y b e n z o n i

d 3. . o 3v . d  3h 6h .  . 3 h 3 . u .  v o 3 u . e  of e 6 h . „ o 3  . d d u d  to .
. o 3o t l o n  of 0 d - I C o ( t . t r . n ) H 3 0U C 3 0 , ) 3  ( 0 . 5 g .,  0 . 8 8 m .o 3. , >

3„ 35 o.= Of p e t o h 3 o t 3 o  . c 3 d  ,0.3 .o3 d . ^ , -nd the .3xtute
t. At the e n d  of this time allstirred at 6 0 » C  for three hours. At the

. o 3 v e „ t  e t h d „ o 3  u e .  e u . p o t a t e d  o f f .  T h e  . , u . o u .  . o 3 u t 3 o „  o .s
e o o 3 ,d. 3 e e d 3 „, to p t e o 3 p 3 tetdon of ,C o .t e t d e „ , h C C , „ , 0 „ . ,.C 3O , , 3

-T-ile T h i s  solid mixture wasand u n r e a c t e d  p a r a m e t h o x y b e n z o n r t r i  •
4 .=1 in ether to d i s s o l v e  unrea c t e d  para-

filte r e d  off then s t i r r e d  in ether
■ t r 3 3e  e n d  3 e . v e  p r o d u c t  o d - I C o ( t . t t . n , N C C j _ H ^ O M e l -

, . t h o x y b e n z o n d t r 3 3 e  e n d  „ „ „ . d  oft .  w h e d
,C30,,3 dn the .o3dd etete. The product w.s 

„3th eth.no3, ether end drded dn « c ^ .
cede, for , C o , C 3 H 3 3 N 3 . N C C , » . O H e M C 3 0 , ,  3. 0 ,2 8 .27, H, .

N , 1 2 . 36 ;
r o un d ,  C . 2 7 . 2 4 ,  H . 3 . 8 2 ,  N . 3 2 . 2 5 » .
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Th e i.r. spectrum (KBr) for the complex has a sharp V NH band

at 2875 cm"' with a broad V NH in the range 3 0 0 0 - 3 1 0 0  cm ^

6 NH due to NH^ asymmetric deformations is o b s c u r e d  by aromatic 

V C““ -C absorptions. V C = N is at 2275 cm (c^- free para 

. e t h o x y b e n z o n i t r i l e  V CHN at 2220 cm'^). The visible s p e c t r u m

m e a s u r e d  in 0.1 mol dm"^ HClO, has a band m a x i m u m  at 466 nm.

[ C o (t e t r e n )N ^ C C H 2 1 (^1 0 4 ^ 2

The complex [C o (t e t r e n )N C C H 3 U C I O ^ ) 3 (l.Og.. 1.7

mmoles) was dissolved in dilute perchloric a c i d  and sodium 

azide (0 .2 2 g., 3 . 4  mmoles) added in small i n c r e m e n t s

solut i o n  (fume cupboard). Throughout the a d d i t i o n  the solution

was )cept at or below pH5 by adding drops of p e r c h l o r i c  acid.
The m i x t u r e  was heated at 60»C for 2 hours r e s u l t i n g  in a 

colour change from y e l l o w  to orange. Upon c o o l i n g ,  yello, 

c r y s t a l s  of product were obtained. The c r y s t a l s  were -

off. w a s h e d  with ethanol, ether and air d r ied, 

product was recry s t a l l i s e d  from 0 . 1  mol dm HClO^ 

u n r e a c t e d  sodium azide.
calc, for (Co(CgH 2 3 N 3 ) N , C C H 3 l (CIO^)^: C . 2 2 . 6 5 ;  H.4.94; N. 2 3.78.

Found: C.21.92; H.4.77; N.23.69%.
T.e 1... spect.un. (KBr, of the co.pl.x ha. a .B.fP V NH at 

2860 - 1 th a » « * < 1  V NH in fh. ra„,e 3 0 0 0 - 3 2 0 0  c„
HCIO^ has a

The v i sible spectrum measured in 0.1 mol dm
r 456 nm A second crop of c r y s t a l s  from the b road maximum at 456 nm.

. o fha. liquor, of Ihl. pr.par.rloo 1 . I d e n O l f l . a  a. ICo.f.rr.pl- 

H 3 M C I 0 ,,, . 1 1 6  I.r. and v l . H l .  IP— . p a r a o . l a r .  „ r e a l o q
16

f ith value s .
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( C o ( t o t r e n ) N ^ C C ^ H ^ l ( C I O ^ )g

The complex [C o (t e t r e n )N C C ^ H ^ 1(C l O ^ ) 3  (0.4g.,

O.ei m m o l e s )  was a i s s o l v e d  In dilute p erchloric and sodium 

(O.OB,., 1.24 . 4.0 1 .S, .da.d Slowly (lu.s cupbo.rd,.

yb. s o l u t i o n  was t.pt at ot b e l o w  pH5 tbrou , b o u t  tb. addition 

by o c c a s i o n a l  drops of p . r c b l o r l c  acid. Th. . I x t u r .  was

b.at.d at eo-C for font bouts. outln, tbls tl.e a colour
wa nlace The solut i o n  volumeChang, fro» y e l l o w  to o r a n g e  took place.

was r e d u c e d  u n d e r  v a c u u »  and ethanol a d d e d  to p r e c i p i t a t e  

y ellow c rystals. Tb. p r o d u c t  was f i l t e r e d  off, w a s h e d  w i t h

e t h a n o l ,  ether and air dried. Th. crude solid was

from 0 - 1  mol dm
-3 HCIO ,

calc, f o r  l C o ( C g H 23N 5) N 4C C g H 5 l ( C I O4 ) 2 = C, 30-42.

Found: C . 2 9 . 7 7 ;  H . 4 . 7 0 ;  N , 2 1 . 0 3 % .
The i-r. s p e c t r u m  (KBr) of the complex has a sharp V NH at 

2880 c m - ^  With a b r o a d  V NH in the range 3 0 8 0 - 3 4 0 0  cm 

The v i s i b l e  s p e c t r u m  m e a s u r e d  rn 0.1 mol dm 

m a x i m u m  at 468 nm.

H CIO^ has a band

Kinet ic s
Kinetic studies were »ade on the base h y d r o l y s i s

, _ f-u c H t p-MeO-C-H.),
r e a c t i o n s  of | C o (t . t r . n ,N C E M C I O , 1 3 (R - = 6  5' "

do first o r d e r  c o nditions, at 25-C and I - 0.1 »ol d»under pseudo first oroe
.KhO,,. Th. PH st.t t . c h n l g u e  was u s e d  In the pH rang. 1-S.5. 

The p o s s i b i l i t y  of c.r b o r y 1 at Ion of the h y d r o x o  coaplex 

I c o l t e t r . n l o H l ^ *  by c o ^  p r e c l u d e d  the s p e n t r o p h o t o m e t r i c  

l e c h n l g u .  for kinetic aeasureaent. The ps.udo first order

rate c o n s t a n t ,  were d e t e r a l n . d  fro» the exp.r l a e n t . l  data

- 3
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using the 16 point o rder p r og r am m e and the Swinbourne

calculation.
S troph o t o m e t r i c  interval scans for the base

h y d r o l y s i s  r e a c t i o n s  were o b t a i n e d  using freshly prepared 

buffers.
The kinetic study of the reaction of sodium azide 

o ^m p p h  1 (CIO ) was made at 2 5 “C using thewith [ C o ( t e t r e n ) N C C H 3 J »3
s p e c t r o p h o t o m e t r i c  technique. Pseudo first order conditions 

O b . e t v . a  with IN.Njl > lO llco(t.tren)NCCH3 l(clo,)3 l.
sodlu. .bia. solution, wore o.a. up In nqu.ous p.tchlorlc 
seia sucn tn.t tnu i m s l  solution p H os. 5 .7. »h.n soaiu.
.Siau solutions u.r. pr.p.t.a b.lou pH 5.7, tney r.pialy 
aisooloutsa. pstb.p. au. to fot.stlon of » » 3 (HH3 h*» P-, ‘

4.7).

3 . 3

o r

Rfasults and Discu s s i o n
THU t.sctlon of IcoCt.tr.nlH^ol (CIO4I 3 "Ifh « u

I 1 hfnzonitrile and p - m e t h o x y b e n z o -t r i l e s  ace ton itr 1. J. e ,
Itrlls g.yu ptoauots uhleh .n.ly.s »• ICo(totten)NCCH31 (CIO,) 3 .
,Co,t.tton,NCC,„ 3 M C 1 0 , , 3  and ,Co . tot t on , NCC,H,OM.) (CIO, , 3

«lf.ctronic spectra for these c o m p l e x e s  
r e s p e c t i v e l y .  V i s ible el

novo bona . . xi.s . 1

o n t o o o p b o t o .  TOO b o n a l n ,  o o d o .  .to possible fot co-HCP, t b e s .

.to (.) o n d - o n  b o n a i n q  t h t o u q h  the nlttoq.n .ton., ot (b, side on
V, r = N The i.r. spectra of many me t a 1 -n 1 1  r 1 1 e 

b o nding t h r o u g h  C-N. Th
w been studied and theo o m p l o s o s  of known sttuctuto h o V  boon

„f V C5N has boon found to be ohatacte1 1 s11o
Str et ch in g  frequ e n c y  o

of the type of bonding
56 When NCR coordinates to the metal ion
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by s i d o - o n  T, b o n d i n g  th e  s t r e t c h i n g  f r e q u e n c y  V C= N t en ds  to 

bo lower than V C “N of the uncoraplexed n i t r i l e .  W he n  the

n i t r i l e  is e n d - o n  b o n d e d  to t h e  metal ion t h r o u g h  the n i t r i l e  

n i t r o g e n  atom, V C=N d e p e n d s  o n  the e l e c t r o n i c  n a t u r e  of 

m e tal ion. A b o n d  is f o r m e d  by sigma d o n a t i o n  f r o m  the 

n i t r i l e  n i t r o g e n  to t h e  m e t a l  ion b u t  w h e n  the m e t a l ion has 

st r o ng  - d o n a t i o n  a b i l i t y  t h e n  b ack b o n d i n g  of e l e c t r o n s  f r o m  

the m e t al  to the l i g a n d  t a k e s  p l a ce  a n d  V C - N  is s h i f t e d  

I.wer f r e q u e n c y  tha n  V C ^ N  o f  u n c o o r  d.inated R C N  . For m et al  

tons w i t h  l i t t l e  or no b a c k  d o n a t i o n  a b i l i t y  the C . N  s t r e t c h i n g  

f r e q u e n c y  is s h i f t e d  to a h i g h e r  f r e q u e n c y  t h a n  t ha t  of the

u n c o o r d i n a t e d  KCN as a r e s u l t  of the i n d u c t i v e  e f f e c t  of the 

m et a l  ion. To giv e  an e x a m p l e ,  it is f o u n d  t h a t  V CN of 

b e n z o n i t r i l e  (2231 c m ' ^  s h i f t s  to a h i g h e r  f r e q u e n c y  
(2267 c m - S  whe n  c o o r d i n a t e d  to the p e n t a m m i n e  r u t h e n i u m (1 1 D  .

ioinfi w h e n  c o o r d i n a t e d  to thebut to a lower f r e q u e n c y  ( 2 1 88  cm )
p o r e s e n t a t t o n  of the b o n d i n gp e n t a m m i n e  r u t h e n i u m ( 1 1 ) • 

is s h o w n in s t r u c t u r e  (15).

- R

(15)

The l.r. data for O C 5 N  of |CoCt. tr.nI NCR 1 

Tab 1e 1 . 3 0 .

2 + are s h ow n  in
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T ABLE I .30 

I .r . a b s orpt ion bands ( c m ' S  for V C = N of [CoN^NCRl
3 +

3+[Co(tetren)NCRl [(NH^)^CoNCRl a free nitrile 
RCN

CH3 2320 2 320^ 2250

2280 2210^ 2230

p-MeO-C^H^ 2275 — 2 2 2 0

I

All spectra were r e c o r d e d  as KBr discs.
-or., b. roforenoo 68, c. r.f.r.nce 59.

C o m p a t i ^ y  V ---------
, c o ( t e t r o „ , N C R l ’ * the shift to h i gh.r tr.qu.noy u p o n  co.pli...- 

tioh is c o n s i s t e n t  - i t h  enC-on b o n a i n ,  thronqh the nitro,en .too 

.ith very little b . C - b o n d i n ,  fro» Co,111, to the nitrile

taking place.
A l t hough the samples p r e p a r e d  are a n a l ytically 

pur. it -as necessary to establish their isomeric purity, 

purity -a. a s c e r t a i n e d  by t i n e t i c  studies of their base 

h y d r o l y s i s  reaction, and it was found that react i o n  of
0,0-,C O , t e t r e n , H . O M C I O , , ,  -ith the c o r r e s p o n d i n g  organon i t r i l.s

l.omorlcally pure o n - ICo,totren,N C R , ,C l , j <R ■ CHj,
rram ii-isr ren) H 0l(C10.)o

C p-„„n-C,„u)while i.omerically impure ICo.tetren, ,

CRl (CIO ) c o n t a i n i n g  a mixture of isomers, gave [Co (t e t r e n ) NCR 1 (C 1 0 ^ ) 3

The use of infra-red spectra for d e t e r m i n i n g  isomers by 

c o n s i d e r i n g  6 NH for the N„, asymm e t r i c  d e f o r m a t i o n  is limited

for , C o , t e t r . n , N C C , H 3 , , C 1 0 , , 3  -nd ,C o ,t e t r e n ,N C C , H , O M e ,,C 1 O , ,,
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due to V C— C absor p t i o n s  from the a r o m a t i c  r i n g s  occupying

this region of the spectrum. However. oa-[ Co (t e t r e n ) NCCH 3 1 ( C LO^ ) 3
-1

was found to have 6 NH as a strong s harp band at 1600 cm 

while i s o m e r i c a l l y  impure (C o (t e t r e n )N C C H 3 1(C 1 ) 3  had a 

broad a b s o r p t i o n  in the range 1 5 5 0 - 1 6 0 0  cm'^ d u e  to N H 2 asymmetric

d e f o r m a t i o n s .
The colle c t i o n  of ^^C NMR d a t a  for t h e  purposes of 

d i s t i n g u i s h i n g  b e t w e e n  isomers and a s s e s s i n g  t h e  amount of 

elect r o n i c  s h i e l d i n g  on the nitrile c a r b o n  a tom, and hence 

its s u s c e p t i b i l i t y  to nucleophilic a t t a c k  p r o v e d  difficult due 

to the i n s o l u b i l i t y  of the complexes in most solvents. The 

c o m p l e x e s  are freely soluble in d i m e t h y l  s u l p h o x i d e  but undergo 

a rapid c o l o u r  change suggesting f o r m a t i o n  of (Co(tetren)-

D M S O ) ̂  ̂  .
T h e  t e t r a z o l a t o  complexes I C o (t e 1 1 e n )N.OCHj (C I O ^ ) j 

|Co,tecr.h)N,CC^H,l<clc,,), wore i s o l a t e d  by te.ctlon of 

s o dium azide in acidic solution with [C o (t e t r e n )N C C H 3 M C l O , ) 3  

and t C o ( t e t r e n ) N C C , H , M C 1 0 , ) 3  respectively. An acidic reaction 

m e d i u m  is r e g u i r e d  to suppress base h y d r o l y s i s .  The y ellow 

c r y s t a l l i n e  t e t r a z o l a t o  complexes w e r e  found to be free of 

u n r e a c t e d  (Co (t e t r e n )N C R , ^^ with i.r. spectra showing the

absence of V C=N.
While the preparative m e t h o d s  given resulted in

df «-vaxm f-ist razolato c o m p l e x e s  s u b s e q u e n t  crops of isolation of tne tetra
product from the mother liquors of t h e s e  r e a c t i o n s

f o r m e d  by d i r e c t  replacement
identified as '■

of NCR with N
A l th o ug h isomeric forms are possible for the
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t e t r a ^ o l a t o  complexes (arisinq from foldinq of the tetron

Xiqand) a second type of r somerism can o c c u r  d epending on the

mode of b o n d i n q  of the t e t r a z o l a t o  liqand to Co ( 1 I 1) - The

t e t r a z o l a t o  anion could function as an n^ 7T-bondinq ligand, 

however, no evidence for this bonding mode has been found. 

Sigma b o n d i n g  p o s s i b i l i t i e s  exist for the ligand, with the 

n o n - e q u i v a l e n t  ring nitro g e n s  serving as donor atoms.

The t e t r a z o l a t o  rin g  n u m b e r i n g  s c h e m e  is s h o w n  in (16).

N .N

N

(16)

For 5 -subst ituted complexes both

N^- and N ^ - b o n d e d  c o m p l e x e s  are possible and have been^ 

i d e n t i f i e d  for I (NH 3 ) 3 CoN,CC(^l ' * and ( ( NH 3 ) 3C 0N „CC^H 3 1 ̂  •

By a n a l o g y  with these c o m p l e x e s  it seems likely

tetrazolato complexes of C o ( l H )  tetren prepared in the
i^K.rPS of N, and N b o n d e d  isomers p r e sent work consist of m 1 .-
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Kinetics
The base hydro l y s i s  of a a - I C o (t e t r e n )N C C H ^ 1 (ClO^ ) j 

was studied by pH stat and the kinetic data obtained are 

s u m m a r i s e d  in Table 1.31.

T ABLE 1.31
Base h y d r o l y s i s  of a a - [Co(t e t r e n ) N C C H ^ 1 (CIO^) 3 by pH
stat at 2 5 “C and I = 0.1 mol dm (K N O 3 )

pH i o^Io h ") 

(mol dm )

i o \  .obs
(s*^)

l o " \  ^ /[o h ")obs
(dm^ mol s )

0 . 0 0 1.30 0.78 6 . 0 0

8 . 2 0 2.07 1.28 6.18

8.35 2.92 1.85 6.33

8.39 3.20 2 . 0 0 6.25

The mean value for the overall second order rate c o n s t a n t  

at 25°C is k^j^ = 6.19 x lO^ dm^ mol"^ A linear

r e g r e s s i o n  analysis gives 
-  1

2 . 3  - - 1(6.48 ± 0 .1 ) X 10 dm m o l

ho plot of versus lOH I Is shown in Figure 1 . 2 0

end a typioal intervel s e n  speotru« of the base h y d r o l y s i s  

is Shown in Figure 1.21. l.osbestio points are o b s e r v e d  at 

412 and 46S no. The visible spectruo of the product of the 

reaction is identical to that of an authentic sa.ple of

IColtetrenlOH,^- with band „.xi,a of egual Intensity at 350

and 490 nm. The reaction is:

IColtetrenlNCCHjl^* • OH' - ICo(tetr.nlOH]* * CHjON.

The result, indicate that the sa„pl. of o o - ,C o ,t e t r . n 1 N C C H  , 1■

,Clo,l, used in the study is i s o o e r i c . H y  pure with p l o t s  of
4 j
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loq(V -V ) versus time giving linear p lots over four half-

lives. A typical p l o t  is shown in Figure 1.22. Close a g r e e m e n t

was found between e x p e r i m e n t a l  and c a l c u l a t e d  base c o n s u m p t i o n

for a reaction s t o i c h i o m e t r y  [C o (t e t r e n )N C C H ^ 1 (C l O ^ ) 3 :OH of

1:1. Base h y d r o l y s i s  of a a - 1 C o (t e t r e n )N C C H 3 1 (CIO^) 3 has

k = 6 2 X 1 0  ̂ dm^ m o l ”  ̂ s"^. If the reaction was taking
OH

place by hydro x i d e  ion attack at the c o o r d i n a t e d  nitrile then 

the rate constant w o u l d  be expec t e d  to be smaller, similar

to that found for the reaction of [(N H 3 ) ^ C o N C C H 3 1

which leads to the c o o r d i n a t e d  c a r b o x a m i d o  complex
2 +

3 + with OH

3 ,-1 -1. 61(V = 3 . 5  dm mol s ).' OH( (NH 3 ) 5 C 0 N H C O C H 3 I ‘ mol s j. For base

h y d r o l y s i s  of the ( C o  (te t r en ) NCCH 3 1 ̂  c o m p l e x  Scheme 4 can 

be considered.
3+

kCB

[Co(tetren)NCCH3l

[Co(tetren)NHCOCH3]2 + (Co(tetren)OH)^ + CH 3CN

Scheme 4

with k OH CB 1 ( 1 1 )

Equation 12 can be e s t i m a t e d :

2+.^CB [[Co(tetren)OH) ) 6.2 X 1 0

^h ([Co(tetren)NHCOCH3I 1
3.5 1.77 X 1 0 ( 1 2 )

E f f e c t i v e l y  no f o r m a t i o n  of the c a r b o x a m i d o  complex takes place 

and only a simple S N l C B  d i s p l a c e m e n t  is observed.
If [ C o ( t e t r e n ) N C C H 3 l (0 1 0 ^ ) 3  is p r e p a r e d  from an

isomerically impure sample of [C o (t e t r e n )H 1(C 1O , ) 3  the pH 

stat m e a s u r e m e n t s  g i v e  indications of a mixture of i s o m e r i c
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T h e  mean value for the overall second order rate constant is
A linear regression analysis 

The kinetic

3 3 ,-1 -1V = 2 . 2 9 x 1 0  dm mol s
3 3  ,-l - 1= (2.27 ± 0.07) X lO dm mol sg i v e s  k^j^

d a t a  imply that the sample of (C o (t e t r e n )N C C g H ^ 1 ( C l O ^ )  ̂ is 

i s o m e r i c a l l y  pure with experimental base consu m p t i o n  equal to 

t h e  theoretical base c o n sumption for a r e a c t i o n  stoichiometry 

[ C o ( t e t r e n ) N C C g H 5 l ( C I O 4 ) 3 :Oh ' of 1:1. Plots of log(V^-V^) 

v e r s u s  time are linear over four half-lives. A spectrophoto- 

m e t r i c  interval scan for the reaction is shown in Figure 1.24. 

C l e a n  isosbestic points are found at 340. 412 and 476 nm.

T h e  visible spectrum of the product from base hydrolysis is 

identical to that of authe n t i c  [Co (t e t r e n ) O H ]
Base h y d r o l y s i s  of [C o (t e t r e n )N C C ^ H ^ ) (C l O , ) 3 p r e p a r e d  

from isomerically impure [C o (t e t r e n )H 1 (CIO^ ) 3 reveals the 

p r e sence of two reactions with graphs of log(V„-V^) versus time 

g i ving c u r v e d  plots. T hese plots are r e s o l v e d  by e x t r a p o l a t i o n  

to give rate c o n s t a n t s  for the "fast" and "slow" reactions.

T h e  second order rate const a n t  k^„ e valuated for the "slow" 

step is in close a g r e e m e n t  with that found for base h y d r o l y s i s

of aa-[Co(te t r e n ) N C C g H ^ ]  (CIO 4 ) 3 . While k^^^ was not e v a l u a t e d

for the "fast" reaction a spectrophotometric interval scan

reveals the spectral changes taking place d u r i n g  the reaction

(figure 1.25) with a clean isosbestic point found at 503 nm.
w = >11 r. due to base h y drolysis of The "fast" reaction is probably due

either a B R -  or a S s -[C o (t e t r e n )N C C ^ H ^ 1 (C l O ^ ) 3 -
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t a b l e  1.33
Base h y d r o l y s i s  of a a - [C o (t e t r e n )N C C ^ H ^ O M e ](C l ^  
by pH stat at 2 5 ”C and I = 0.1 mol dm~3 (K )

pH 1 0 ^ Io h ” ]
(mol dm

lO^k . obs
(s-l)

lo"^k . /(Oh "1 obs
(dm^ mol~^ s~^)

7.30 2.60 0.17 6.53

7.51 4 . 2 2 0.27 6.39

8.07 15.61 1 . 0 1 6.47

8 . 2 0 20.69 1.33 6.43

The mean v a l u e  for the second order rate constant is
A linear regression a n a l y s i s  

The k i n etic

2 3 ,-1 -1k = 6 . 4 5  X lO dm mol s
2 , 3  ,-l - 1= (6.43 t 0.02) X lO dm mol sgives

data i n d i c a t e  that the complex is i s o m e r i c a l l y  pure with

plots of log(V^-V^) v ersus time giving straight lines over 

four h a l f - l i v e s .  A s p e c t r o p h o t o m e t r i c  interval scan for the 

reaction is shown in Figure 1.26. Isosbestic points are 

found at 374. 400 and 494 nm. The visible spectrum of the

of (C o (t e t r e n )OH 1
The base h y d r o l y s i s  kinetics for the compl e x e s

( C o { t e t r e n ) N C R ) ( C I O 4 ) 3 are summarised in Table 1.34.
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TABLE 1.34
Base hydrolysis kinetics of [Co (tetren )N C R ) (C 1 ) 3 . (SN1C B )

Complex k (dm OH  ̂ mol  ̂ s

, 3 +aa-[Co(tetren)NCCH 3 l 6 .2 X 1 0 ^

, 3 +aS-[Co(tetren)NCCH 3 ) 2 X 1 0 ^

, 3 +aa-[Co(tetren)NCCgH^l 2 . 3 X 1 0 ^

, 3 +aa-[Co(tetren)NCCgH^OMe] 6  . £ X 1 0 ^

3 + (R = C H 3 ,Base hydrolysis of (C o (tetren)NCR) 
p-MeO-CgH^) gives (Co (tetren)OH 1^^  probably by an SNlCB

i-eaction mechanism.

An infra-red spectral comparison of V C=N for
I ( N H 3 ) 5 C o n c b 1 =* .nd RCN .hovs th.t el.

„ithdraw.l from the n l t t l l e  bond takes p l . c  to a similar
3 +and [ C o (tetren)NCR] The i . rextent for [ ( N H 3 ) ̂ C o NCR]

data are shown In T a b l e  1.30. By analogy, as 1 (N H 3 > 5 C 0 N C B 1" 

hydro l y s e ,  to give t h e  c o o r d i n a t e d  c a r b o k a . i d o  complewes,
2+ V- e-Vao nitrile group in [ C o  (tetren) NCR 1 [(NH 3 ) 5 C 0 NHCORI . then the nitrile gr p

should be sufficiently electrophilic to allow attack of OH to
give [Co(tetren)NHCORl^\ however, a comparison of kinetic

1 •_ rsf rco(tetren)NCR] (Table 1.34)data for base hydrolysis of [C
ni3+ ,Ta„hle 1 35) reveals that carboxamideand [ ( N H 3 ) 5 C 0 NCRI (Table

.g nnr take place in the tetren system. SNlCBformation does not take p
NCR bv OH~ is much more rapid,displacement of coordinated NCR by

1 In view of the extremely fastThis result is not surprising m  view

douvqaosqv
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d i s p l a c e m e n t  of the s u b s t i t u e n t  X by O h ‘ in all [C o (t e t r e n )X 1"" 

systems studied so far.

TABLE 1.35
Base h y d r o l y s i s  rates of [ ( N H 3 ) ^ C o N C R 1 ̂ ^ a n d  free BCN

R
2 +1{NH3),CoNCRl free nitriles

*̂ OH •"o h
3 ,-l -lx (dm mol s )

3 ,-l(dm mol s )

-6 a
CH3 3.4 ^ 1.6 X 10

-6 b
^6»5 18.8 ^ 8.2 X 10

a. t aken from r e f e r e n c e  61 T

b. taken from r e f e r e n c e  61 T = 25.6»C

25®c I * X.O mo 1 din (NaClO^ )

A k i n etic s t u d y  of the reaction of aa-(Co(tetren)- 

N C C H 3 l ( C 1 0 , ) 3  With s o d i u m  azide was u n d e r t a k e n  under conditions 

where d i s p l a c e m e n t  of N C R  by OH~ was e x c l u d e d  (pK 5.7).

interval scan spectra for the reaction in 0 . 0 6 8  mol 

dm-^ ( N a N 3 ) indicated that two reactions were occurring. The 

final spectrum had a b a n d  m a x imum at 465 nm consistent wrth a 

CON, C h r o mophore. A k i n e t i c  study a l l o w e d  rate constants to 

Le e v a l u a t e d  for the two reactions d e s i g n a t e d  - f a s f  and ••slow­
er "fast" reaction are summarised inThe k i netic data for the fast

Tab 1e 1.36.



TABLE I .36
K i n e t i c  d a t a  for the "fast" r e a c t i o n  of s o d i u m  a z i d e

A _ .
with a a - [ C o (t e t r e n ) N C C H 2 1

(NaN^l

mol dm

lO^k . obs
(s"’-)

lO^k ^ /(NaN 1 obs -J
3 ,-1 -if (dm mol s J

1 . 0 6 15.6

2.27 14.7

3.99 21.7

the absorbance change w a s  m o n i t o r e d  at 320 nm.

W M l e  It w». d ifficult to m e . . u r .  -Ith . high d.gre. of

p r e c i s i o n  for the - f s t "  r e a c t i o n  the rate law -as found to
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- 2 3 ~ 1 ~ ̂
with the mean value of = 1-72 x lO dm mol s .

a linear regression analysis k^ = (2.27 t 0.9) x lo" dm'

The "slow" r e a c t i o n  has a rate which is independent

r-oni-ration The m o n i t o r i n g  of absorbanceof the sodium azide c o n c e n c i a
f. 1 1 o w k to bc evaluatcd,c h a n g e s  due to this rea obs

I n t e r v a l  s c a n  s p e c t r a  for the 

- T l L -  p r o c e s s  s h o w .  I n c r e a s e s  In a h . o r h . n c e  at all w a v e l e n g t h s

with very little change In b a n d  «asl«a. These data suggest
. .-irhr, i <5 a z i d e  ion a t t a c k  on c o o r d i n a t e dt h at  the " f a st "  r e a c t i o n  is a z i o

f r e t r a z o i a t o  complex while the "slow"nitrile to give the tetrazoi
reaction 1 . a U n h a g .  1 s o e . r 1 . . t 1 on In which the donor ato. of

the tetra z o l a t o  ring to C o ( l H )  c h a nges as shown in (13).
a i ̂ tl^ren) N C C H  1 (CIO. ) , is r ea d il yThe t e t r a z o l a t o  c o m p l e x  ( C o ( t e t r  ' 4 ^ 4 2
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isolated in the solid state from reaction of sodium azide with
The literature shows that the rate

^Itetrazolato)

p e n t a m m i n e  cobalt(lll) is very pH dependent with the rate 

most rapid at low pH and slowing c o n s i d e r a b l y  as neutral solution 

is a p p r o a c h e d . T h e  m e chanistic i n t e r p retation of this 

b e h a v i o u r  is to attri b u t e  different rate c o n s t a n t s  for i s o ­

m e r i s a t i o n  to the p r o t o n a t e d  and d e p r o t o n a t e d  o "  and 2 ") 

c o m p l e x e s  ( 1 ”’) •

(CoitetrenjNCCH^l 3 '
of to N 2 linkage isomerisation for (5-me

( N H ^ Io N

3 +
k 3-» iN H ^C o N

N t.H

CH

N
(N H ^^C o N ^  )  \

N
K 2 +, (NH^ICoN :

N

N

2 -H

t H

CH.

(17)
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The linkage isome r i s a t i o n  reaction of ( Co ( tetr en ) N^:CH 3 J ̂  ̂  is 

e x t r e m e l y  slow at pH 5.7 with k^^^^ = 3.5 x lO s . The pH

d e p e n d e n c e  of the reaction was not studied, as the sodium azide

solut i o n s  prepared below pH 5.7 rapidly b e c o m e  yellow, perhaps

due to formation of H N 3 (HN 3 has pK^ = 4.7).
A useful compa r i s o n  can be made of the second order

rate c o n s t a n t s  for O h " and N 3 - reaction w i t h  a a - [C o {t e t r e n )

N C C H 3 I ( C 1 0 , ) 3  k^„ = 6.2 X lo2 dm^ mol'^ s

3dm mol s

kj,3 = 1 . 7 2  X 10

The enormous rate d i f f e r e n c e  found for the

" „ c t l o n  of theso two .tton, nucl.ophtles with tho s.«. sobstr.th

C.c.-|Co(t,tt.n)NCCH3 ) ( C l O ^ ) 3  !• futth.t . v l d . n c .  th.t both

. „ o t l o h .  p t o o . o a  by d l f f r o n t  . . o h . n f w s .  »  h y d r o r i d e  wes 

e t t . o h l n ,  the o o o r d l h . t e d  nitrile to give the c o o r d l h . t e d

„ r b o r e o l d e .  w o u l d  be expected to be . l o l f r  to the v.lue

found for .tide Ion ettech on c o o r d l n e t e d  nitrile to give the

c o m p 1 e X e s .
parameters for the r e a c t i o n  of N. and OH

, were not d e t e r m i n e d .  However, basewith [ C o (tetren)NCR! wereWiuri
h y d r o l y e l s  of ,C o ,t e t r e h ,N C B , ,  by en S K I C B  prooes., to give 

| C o (tetren>OHl^* w o u l d  be expected to h a v e  . large poeltlve

ds* value. While the value found for b a . e  hydro l y s i s  of
3+ 1 e-Kxx r-onrdinated carboxamide[ ( N H 3 ).CoNCCgH^l to give the coordr

has = -63.5 J K-" m o l " ^ ^ ^  A substantial negative^

dB- 1. also e x p e c t e d  for aride Ion a t t a c h  on ,C o .t e t r e „ ,h C h , *
2 +

to give [Co (tetren) N^RI
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The major p a t hway labelled (1) corresponds to

h y d r o x i d e  ion attack at the carbonyl centre leading to

( C o ( L ) O O C H l a n d  (CH 3 ) 2 NH while the minor pathway (2) l e a d s

to direct SNICB d i s p l a c e m e n t  of DMF by OH giving [Co(L)OHl

and DMF. The second o rder rate constants d e t e r m i n e d

at 25»C, for formation of [ Co (L ) O O C H 1 ̂  are as follows;

. T - (NH ) k = 1.3 dm^ mol"^ s " \ ^ ^  for L = [ISlaneN^,for L = “̂ hyd
= 3 . 2  X 1 0 - 2  ^^3 ^ ^ ^ - 1  3-1.70 compared with h y d r o l y s i s

7171 ;Of u n c o o r d i n a t e d  d i m e t h y 1 f o r m a m i d e , a m i d e  c l e a v a g e  in
3^ - --4[ (NHj)^CoDMF] is a c c e l e r a t e d  > lo'* fold, a rate a c c e l e r a t i o n  

due lolely to the e n t r o p y  term. The rate of DMF c l e a v a g e  is

also d e p e n d e n t  on (L) the "inert" ligand, with the rate

for [Co[15]aneNg OMFl^"*^ being less than t h a t  
3 +for [ (NHj) ̂ CoDMF] This rate difference is probably due 

to th. m . c t o c y c l l c  l l g o n d  with it. «or. b.slc ..cond.ry

n i t r o g e n  .to«s d o n a t i n g  «or. si,«, .l.ctron density to C o ( l H )  

and thereby reducing th. Lewis acidity of th. central ™ etal

ion .

4 . 2 E x p e r i m e n t a l
The c = «pl.x a » - I C o ( t . t r . n , c l M c l o , ) c l  ( 3 0 , . .  7.16

..oles, was d l s . d v . d  In d l « e t b y  1 for..«Id. (lo c « \  d r i e d  over 

BDH . o l e c u l a r  sieves type 4A) and silver perchlorate <3.1,..

IS ««oles. was added to th. solution. The .Ixture was heated 

at 60-C for one hour, then allowed to cool. P r e c i p i t a t e d

sliver chlor i d e  was f i l t e r e d  off and the red filtrate was 

treated with ethanol to give a f O  oil which s o l i d i f i e d  upon
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trituration w i t h  ethanol. Upon .tändln, a fine red pooder .ettlod 

to the b ottom o f  the beaker. The s u p ernatant was decanted 

leaving the p r o d u c t  which was w a shed twice with ethanol, ether

and d r i e d  iji v a c u o  ■
calc, for ICo ( C q M 23N 5 ) O C H N ( C H 3) 2 I ( C I O 4 ) 3 : C , 2 1 . 3 5 ;  H .4 . 72 ;

N ,13.58 :
Fo u n d:  C, 2 2 . 3 9  ; H . 5 . 0 1;  N ,13.8 0 %.
The i.r. s p e c t r u m  (KBr) of this c o m p l e x  has a strong band

-1 a s s i g n e d  to V C O .  The e l e c t r o n i c  spect r u m  m e a s u r e d
1660 cm
in o.l . 0 1  d«-^ HCIO, has band maxim, at 358 and 493 nm. h ‘H

h m b  spectrum o f  the complex -as recorded In using

h .t m s  as an internal reference. Two signals due to non-

egulval.nt N - b o n d . d  methyl groups NCCHj)^ occur at 2.716 and
, 4- -7 RR<S A NMR spectrum2.876 with the formyl singlet seen at 7.986.

RO-D s h o w s  an e x t r e m e l y  c o m p l e x  s p e c t r u m  of the c o m p l e x  in Me 2S O - s n o w s
with forty peaks of measurable intensity.

K i n e t i c s
The pH stat technique was used to monitor the base

h y d r o l y s i s  r e a c t i o n  of ,C o .t e t r e n , P M P , . = 1 O g . 3 -  ^  ^  —
p„ range 8 .6-9.0. The Ionic strength was maintained at 1 - 0.1

1 first order rate constants weremol dm'^ ( K N O 3 ). The pseudo first o
«-ml Hata using the Swinbourne determined from the experimental data

calculation -
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t,Iteration with .th.nol. Upon standln, . fth. ted powder settled 

to the bottom of the beaker. The . e p ernataht was decanted off

leaving the prodect w h i c h  was washed t w i c e  with ethanol, ether

and dried v a c u o .
calc, for l C o ( C g H 23N 5 ) O C H N ( C H 3> 2 M C I O 4 ) 3 : C , 2 1. 3 5;  H.4.72;

N ,13.58 ;
Found: C . 2 2 . 3 9 ;  H . 5 . 0 1 ;  N ,13.80%.
The i.r. spectrum (KBr) of this complex has a strong band

1660 cm -1 assigned to V C=0. The spectrum measured 
1H

in 0.1 mol dm"^ HClO^ has band maxima at 358 and 492

spectre, of the co.pler was r e c o r d e d  in Me,SO-D^ using 

h.T«s as an internal reference. Two eign.ls due to non-

eguivalent N - b o n d e d  .ethyl groups H l C H j l j  occur at 2.716 and
a- -7 BR.«: A NMR spectrum2.876 with the formyl singlet seen at 7.886.

M.. go-D shows an e x t r e m e l y  complex spectrum of the complex m  M e 2 SO-DgShows

with forty peaks of m e a s u r a b l e  intensity.

Kinetics
The PH stat technrgue was u s e d  to monitor the base

action of ( Co ( t e t r e n ) DMF 1 (C1 0 _ ^ ) 3 at 25 C in t h ydrolysis reacti
8 6 9 0  T h e  ionic strength was „alnt a l n e d  at I ■ 0.1

pH range 8 .6 - 9 .U.
T first o r d e r  rate constants were

„>01 dm'^ (KNO 3 ). The pseudo first or
a-. 1 Hat-a using the Swinbournea frnm the experimental data usingd e termined from tne f

c a l c u l a t i o n •



CH3 2-71 à

( t̂elren )Co — 0— CHg 2-87 i
 ̂7-«8 6

(19)
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4 . 3 R e s u l t s  and D i s c u s s i o n
S y n t h e s i s  a n d S t e r e o c h e m i s t r y

A n a l y t i c a l l y  pur e  [Co ( te t ren) DMF K C l O ^  ) 3 was p r e p a r e d

by s i l v e r  c a t a l y s e d  a n a t l on  of 1 s o m e  r 1 c a 11 y pure ctci - I Co ( t e t r e n ) -
C 1 ) ( C 1 0 ^ ) C 1 . The DMF c o m p l e x  w h i c h  c o ul d  c o n t a i n  e it h er  

N - b o n d e d  o r O - b o n d e d  d i m e t h y f o r m a m i d e  was c h a r a c t e r i s e d  by 

c o n s l d . r . t l o n  o£ i.r., e l e c t r o n i c  a n d  » M R  e p ec t r a .
The i.r. spectrum (KBr) has V C-0 at 1660 cm and 

this s t r e t c h i n g  frequency is in c l o s e  agreement with V C=0 for

similar O - b o n d e d  DMF complexes (I (N H 3 ) 5 C 0 D M F 1 with V C-0

1655 cm"^ and [Co(15]aneN5 DMF]^* with V C=0 at 1660 cm ).

The visible spectrum m e a s u r e d  in 0.1 mol dm 

p e r c h l o r i c  acid has the lowest e n e r g y  ligand field band at 492 

n.. identical to that for a 6 S - (Co (t e t r e n )OH 1^^ and is therefore

c h a r a c t e r i s t i c  of the CoN^O chromophore.
The O-bonded DMF s tructure of [Co ( t e t r e n )D M F ) (C l O ^ ) 3

is s u p p o r t e d  by NMR (Me^SO-D, solvent). The NMR of

u n c o o r d i n a t e d  DMF has ^  signals for the methyl groups on

the n i t r o g e n  atom. The methyl g r o u p s  are non- e g u i va 1ent due

to r e s t r i c t e d  rotation about the N-CO bond as a result of

partial double bonding involving the lone pair on nitrogen.

TWO m e t h y l  s i g n a l s  are also seen in [ C o (t e tr e n ) D M F ) (C 1 )  3

at 2.71 and 2.876. with a singlet at 7.886 which can be
i (19) The possibility thata s s i g n e d  to the formyl proton, d  )•

o r d i n a t e d  to C o (111) a n d that the twothe n i t r o g e n  atom is co
.ethyl signals arise from c o u p l i n g  to the formyl proton can 

be e x c l u d e d  as the formyl r esonance occurs as a sharp singlet. 

The NMR data for ,C o (tetren ) D M F 1 (C 10 , ) 3 and similar systems

are g i v e n  in T a b l e  1.37.
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however, from our general e x perience of [C o (t e t r e n )X 1 

s y s t e m s  it is u n l i k e l y  that hydroxide ion attack on coordinated 

DMF is taking place. The two steps are most probably due to 

S N I C B  d i s p l a c e m e n t  of DMF in two d i f f e r e n t  isomers of 

( C o ( t e t r e n ) D M F l ( C I O 4 ) 3 . The presence of an isomer mixture 

in the sample of ( Co (t e t r e n ) DMF 1 { C lO, ) 3 is indicated by “ c NMR, 

For the complex, the ratio k̂  

r a t i o  is c o m p a r a b l e  to k^^^ 

h y d r o l y s i s  of [C o (t e t r e n )O 2C R 1

the view that "fast" cetre.ponda to has. hydrolysl. of

• f a s f / k ^ ^  "slow" = 63. This

"OH
'slow" found for base

(Table 1.39) and supports

aßR- ( C o (tetren)DMFl while k "slow" c o r r e s p o n d s  to base
"OH

3 +
h y d r o l y s i s  of a a - (C o (t e t r e n )D M F ]

T A B L E  1.39
Base h y d r o l y s i s  data for ( Co ( t e t r en ) X 1 " ̂  at 25<>C and

I = 0.1 m o 1 dm ( K N O 3 )

Isomer Isomer
assignment

k "fast"/ OH
X "slow" Ch

DMF 1.2 X lo“* aßR-

O 2CCH 3 4 .3 X 10^ aßs-

O 2C C 2H 5 1 .0 X 10^ aßR-

O 2CCH 2CI 8.3 X 10^ aßR-

O 2CCHCI2 3.6 X lo"* aßR- 7.43 X 10

and (Co (tetren) NCR] ̂in some respects (C o {t e t r e n ) D M F 1
a. o that both DMF and NCR are potentiallyare compa r a b l e  systems in that bot

at-tack Studies on ( Co ( t e t r e n ) NCR 1s u s c e p t i b l e  to n u c l e o p h i l i c  attack.
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attacks the 

, hydroxide ion d o e s

In the latter case direct
2 +

have shown that while azide ion 

nitrile to give the c o o r d i n a t e d  

not give the c a r b o x a m i d o  complex.
a i . p l a c . n e n t  of N C R  by OH' occurs to glv« (C o (t . t r e b >OH 1 

By .n.logy, it Is not surprlsin, that b.so hydrolysis of 

|Co(t.tro n ) D « F l ^ *  tsk.s pisco with d l . p l . c . o . n t  of DMF by 

OH- to give Icoit.trohloHl^* to the . « e l u s i o n  of hydroxld. ion 

attsck on c o o r d l n . t . d  DMF to glv. I C o <1 . 1 r . n )O O C H 1 . If O H

was direc t l y  . t t . c k i n g  c o o r d i n . t . d  DMF to glv. ( C o (t.tr.n »OCHl 

th.n th. r.t. constant for th. proc.ss w o u l d  b. .«p.ct.d t o  b. 

of a slbllar „ . g n l t u d o  to that found for asido ion attack on 

o o o r d i n a t o d  nitrilo in ,C o <t . t r o n .N C R 1 ^ • Tho o b s . r v a t i o n ^ t h a t  

th. rat. c o n s t a n t ,  for b.s. hydro l y s i s  of ,C o (t . tr.nIDMF I 
ar. s.voral o r d e r s  of . . g n l t u d o  greater than th. rat. c o n s t a n t  

for asido ion attack on th. c o o r d l n . t . d  nitrile in (Co(t.tr.n.NCCH,,

(k

,3 +

■N3
- 2 - 3  is further support for the1*72 X lO dm mol s j ^

view that base h y d r o l y s i s  of [C o (t e t r e n )D M F 1
. 2 +

3 + takes p l a c e  by

a n SNICB m e c h a n i s m  to give ( C o (t e t r e n )O H ]
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C H A P T E R  5

Syrtthesls and Base H y drolysis 
Kinetics o f  [Co (tetren) DMSO] (CIO^ 1-,

5 , 1  introduct ion
several c o b a l t  (111) complexes containing the 

a i . e t h y l . u l p h o x l d e  (DMSOl have b..n prepared leeladln?

^ - l C o ( e a , , ( X , D M S O l " *  (X - Cl", B r ‘ , NO,') and

1 ,NH 3 > 5 C o D M S O i ’* . ”  cobalt (111) o o o r d l n . t . e  to DMSO via the 

oxygen atoh. In e o c h  c o . p l e x e .  DMSO funotlone at a good leaving 

group. Reaction, of (, N H ,, , C o D » S O , Include the o xidation of 

c o o r d i n a t e d  DMSO to d l . ethyl .ulphone, u s i n g  p o t a s . l u o  p e r ­

m a n g a n a t e . ’® The d l . e t h y l  .ulphone 1. a poor ligand and
leave, the coordination sphere of CO.111). This reaction

carried out In the p r e s e n c e  of c o . p e t l n ,  ligands H,0 and Cl
ft f-Vi» fivtstence of the five c o o r d i n a t ehas p r o vided e v i d e n c e  for the existence

pentammine Co(lll) complex.
Base h y d r o l y s i s  studies have been under t a k e n  on p e n t - ^  

amminecobalt(lll) c o m p l e x e s  containing neutral leavxng groups, 

that 1. ,,MH 3 ),Co ( D ) , ’’ »here D - ( M H ^ l . C O ,  ,C„ 3 ) 3 S - 0  and

,C„ O) P.O. The r e s u l t ,  .upport the S N I C B  ..ch.nl...
' ' in the p r e s e n t  work, the c o m p l e x  , C o (t e t r e „ )D M S O 1 (C 10 , )3

ha. been prepared a n d  the base h y d r o l y s i s  kinetics studied.

5.2 Expe r imenta 1
[Co (tetren)DMSOl (ClO^l^

The c o m p l e x  ota- I Co (t e t r e n ) H 2 ° 1 (C lO^ ) 3 (0.5g.. 0^88

d i s s o l v e d  in d i m e t h y l s u l p h o x i d e  (DMSO) (lO cm ) and 
mmoles) was a i s s o x v
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the solution h e a t e d  at 60"C for 1 hour. Upon cooling, ethanol

„as added to p r e c i p i t a t e  a stichy red solid. The mixture was

a l l o w e d  to settle and the supernatant d e c a n t e d  leaving the 

h y g r o s c o p i c  product which was scrub b e d  with ethanol then ether

and dried ^  v a c u o ■
calc, for I C o C C g H j j N j l O S i C H j ) C . 1 9 . 2 3 ,  H.4.68, O.il.21:

Found: C.20.52, H.4.98: N , 10.07%.

The l.r. s p e c t r u m  (KBt) of the complex has U S-O at 940 cm

The v i . l h l e  e l e c t r o n i c  spectrum m e a s u r e d  in d l . e t h y 1 sulphoxide 

has hand m a xima at 350 and 500 n . . A N M R  spectrum of the

complex was r e c o r d e d  in D,o c o n t a i n i n ,  1 drop of PCI, Na T H 8

was u s e d  as an Inter n a l  reference. The sulphur b o nded methyl 

, roups display a singlet at 2.706. N H H  spectra of the

complex, , C o ( t e t r e n . P » S 0 l(C 1 0 , > 3  show a large number of p.aXs 

pf m e a s u r a b l e  i n t e n s i t y  and suggest that the sample is composed 

of a m i x t u r e  of isomers.

Kinetics
Base h y d r o l y s i s  of [C o (t e t r e n )D M S O 1(C 1 ) 3 was 

d' d s p e c t r o p h o t o m e t r i c a l l y  at 2 5 “C, using freshly prepared 

acid b u f f e r  solutions. The ionic strength was
- 3

maintained at I = 0.1 mol dm ( N a C l O ^ ).

5.3 Results a nd D i s c u s s i o n

p r e p a r a t i o n  and Stereochemi c ^
I c o C t e t r e n l D M S O K C l o . l j  was p r ep a r e d  by warming

,c (t.trenlH 0 1 (CIO.), in d l m e t h y 1 sulphoxIde. The pure a a - [ Co ( tet r en j n 2 ^̂ I ' 4 3
3 1 e t r o n i c  and N M R  spectra recorded for thei ,r . visible-eieci:i:<j»>^
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CJ'co< 4o>

t.'

3cr

product are consistent with a complex having D M S O  c o ordinated

to Co ( 11 1 ) through the oxygen atom. The i.r. s p e c t r u m  (KBr)
-1of the complex has V S»0 at 940 cm

3 +to that for [ ( N H ^ ) ̂ C o D M S O 1

This v a l u e  is c o mparable 
-1with V S-0 at 937 c m  

-1

of c r y s t a l l i s a t i o n  has V S-0 câ . 1116 cm . The visible 

e l e c t r o n i c  spectrum of [Co(tetren)DMSO)^ has t w o  d-d ligand 

field bands with maxima at 350 and 500 nm, c o n s i s t e n t  with a 

C o N ^ O  chromophore. The NMR of the complex [ C o ( t e t r e n )DMSO)^

implies that both of the methyl groups of c o o r d i n a t e d  DMSO 

are equivalent, giving a singlet at 2.706. The ^^C NMR s p e c t r u m  

of the compo u n d  is complex. The large number of signals i n d i c a ­

ting a m i x ture of isomers.

Kinetics

Interval scan spectra of [ C o (tetren ) D M S O ) (CIO^)^ 

were recor d e d  at pH 4.0. The spectral changes a c c o m p a n y i n g  

base h y d r o l y s i s  are shown in Figure 1.27. An i s o s b e s t i c  point 

occurs at 477 nm. While the initial spectrum of [Co(tetren)- 

D M S O I ( C I O ^ ) ^  has a band maximum at 500 nm the s p e c t r u m  of 

the h y d r o l y s e d  product has a band maximum at 472 nm. The 

final s p e c t r u m  is identical to that of a 6 R - [Co (t e t r e n )H^ O 1 - 

{CIO^)^- Kinetic data are summarised in Table 1.40.
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T A B L E  1.4 0
S p e c t r o p h o t o m e t r i c  d a t a  for b a s e  h y d r o l y s i s  of 
[ C o ( t e t r e n ) D M S 0 1 (CIO 4 ) 3 ^ at 25»C a n d  I = 0 . 1  mol dm"" (NaClO^)

- 3

the react i o n  was monit o r e d  at 310 nm.

pH 1 0 ^°[OH 1 
(mol dm

1 0 )̂c . obs
(s"^)

l o " S  . /[o h " 1obs
(dm rool“  ̂ s“ )̂

4.23 2 . 2 2 0.52 2.34

4.42^ 3.47 0.73 2 . 1 0

4 . 7 2 3 6.93 1.45 2.09

5 . 0 3 3 14.15 2.76 1.95

I-'*'.

T h e  mean value for the overall second order rate constant

V = 2 12 X 1 0 ^ dm^ mol"^ s"^. Linear regression analysis
" 3 - 1 - 1g i v e s  = (1.89 ± 0.04) x lO® dm mol s . Plots of

log(A^-A^) versus time are linear for four half lives.

The constant, evalu a t e d  for base hydro l y s i s  of

( C o ( t e t r e n ) D M S O ) ( C I O ^ ) 3 is e xtremely fast relative to base

h y d r o l y s i s  rate c o n s t a n t s  measu r e d  for other [C o (t e t r e n )X ]

systems sugge s t i n g  that the reaction m onitored is base

h y d r o l y s i s  of agR- or a 3 S - [(t e t r e n )D M S O ) ^" rather than the

a a - i s o m e r .  This v i e w  is supported by the visible spectrum

of the p r o d u c t  of base h y drolysis which has a band maximum

n +

at 472 nm. A u t h e n t i c  a B R -(C o (t e t r e n )H 3© ) ^^ 

while a a-[Co (tetren) H 2 OI bas

has X 4 72 nra,max
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Introfiuct ion
The study of the base h y d r o l y s i s  reactions of 

Co(lll) h a l o p e n t a a m i n e s  is c o n t i n u e d  in this Section with 

c omplexes of the type I C o (t r i e n ,(A )C 11 ̂  \  where trien is the 

q u a d r i d e n t a t e  nitroqen donor ligand t r i e t h y 1 e n e t etramine 

and A is a u n i d e n t a t e  amine (A = imidazole (ImH) n-butyl- 

amine (BuNH^) pyrid i n e  (py) and 2 , 2 - d i m e t h o x y e t h y 1 amine

N H 2C H 2C H ( O C H 3 ) •

c o m p l e x e s  of the type (C o (t r i e n )(A )C 1 1 ^ " can exist 

in the t o p o l o g i c a l  forms shown in (2)A, B, C and D. While 

the ^ - a - i s o m e r  (2)A can exist in only one form, the t ^  

isomer (2)D h.. .evoral p o s s i b l e  d 1 a . t e r eo 1 some r . . The

(2)C and cis-&o (2)B g e o m e t r i c a l  isomers have two possible
rjifff>rent a r r angements of the d i a s t e r e o i s o m e r s  arising from di

chiral nitrogen centre present in the m ^  ring of the trien 

ligand. These forms are shown in structures (3,A, B. C and O.

The cis-a-. and isomers are known

tor l C o ( t r i e n M H 2 0 ) 2 l ^ ^  but for I Co (t r i e n ) C 1 ̂  1 ̂  and all known

,Co(t r i e n ) ( A ) C l , ^ ^  c o m p l e x e s  the -isomers have not been
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c i s ■

detected and the c i s -i some r s are found only in the c i s - a - 

and c i s - f o r m s .  Non-bonded i n t e r a c t i o n s  are responsible 

for the greater s t a b i l i t y  of the £ ¿ 3 - 3 2 - form over the 

c i s -Bj^- form. ̂
In the literature, and in the p r e s e n t  work, 

of [Co(trien)Cl 2 1 ̂  with amines have been c o n f i n e d  to the 

isomers of [ Co (t r 1 e n ) C 1 2 1 • The complex, tran£-iCo (tr ien) Cl 2 1

was not used, a l t h o u g h  in an a n a l o g o u s  system, the reaction of 

trans-[Co (en) ^Cl., ] (en = ethy l e n e d i a m i n e ) with a series of
2 +

primary amines h a s  been shown to give c j ^ - [Co ( e n ) 2 (R N H 2 )C 1 1  

c o m p l e x e s .
R e a c t i o n  of [Co (trien) Cl 2 1 with an amine has several 

possible outcomes. An amine with strong donor p r o p e r t i e s  will 

displace C l “ to g i v e  [ Co (t r i en ) ( A ) C 1 ] ̂  but a strongly basic 

amine will g e n e r a t e  h ydroxide ion which may displace Cl to 

give [Co (trien) (OH) Cl 1 ■̂. Weak b a s e s  may lead to d i sp r opo r t ion a 

tion of the d i c h l o r o  complex to give [Co(trien)] , however, 

it is found that react i o n  of [C o (t r i e n )C 1 2 1  with a wide 

range of amines a l l o w s  isolation of c o m p l e x e s  of the type 

[Co(trien)(A)C1) 2 +

Dash^ h a s  reported that crude c i s - B - [ C o ( t r i e n ) C l 2 l

reacts with i m i d a z o l e  (ImH) to give c£s - 6 2 " ̂ <=o (t r i en ) ( I mH ) C 1 1 

while c i s - a - [ C o ( t r i e n ) C l 2 l'' r e a c t S  with imidazole -»o G<V£ 

cis-a-[Co (trien)(lmH)Cll M o h a r t y  and Nanda^ found that

cis-g-[Co(trien) ( an il ine ) Cl 1 was the p r o duct from reaction

of aniline with c r u d e  [C o (t r i e n )C 1 2 1 " while c J ^ - 6 2 - l C o ( t r i e n ) -  

(aniline)Cll^^ w a s  synthesised from c i ^ - B 2 ' I C o (t r i e n )C 1 2 1^ and
aniline. Th e c o m p  1 ex cj^-B 2 " I Co (t r i e n ) (b e n z im i da zo 1 e ) C 1 1

was found to be the only product from reaction of either crude.



1 30 .

c i s -g- or c i s - 8 ̂ - with benzimidazole. Cis a-

2+ 7( Co ( tr ien ) (g lyOEt ) Cl ] ' was prepared in good yxeld by

t r i t u r a t i n g  c i s - a - [C o (t r i e n ) (H^O)Cll^* and glycine ethyl ester 

h y d r o c h l o r i d e  in basic m e d i u m  while £ ^ - 8 2 ~ I Co ( t r i en ) ( g 1 yOE t ) -

Cl 12 + 8 was p r e p a r e d  by reaction of c ^ s - 8 2 (C o (t r i e n )C 1 2 1  * with

g l y c i n e  ethyl ester hydrochloride. Gainsford e^ aĵ . reported
2 +

that c i s - g - [ C o ( t r i e n ) ( N H 2 C H 2 C H ( O C H 2 ) 2 ^^^^ was the product 

from reaction of 2 ,2 - d i m e t h o x y e t h y 1 amine with either cj^-a- 

or c i s - 8 .,-[Co(trien)Cl2 l From the above results the

r e l a t i o n s h i p  b e t w e e n  the isomer geometry of the reactant 

[ C o { t r i e n ) C l 2 l'’ and the product ( Co (t r ien ) ( A) Cl ] ̂  seemed

w o rthy of further investigation.
The intention of the present work was to e x pand the 

range of known c i s - [ C o (trien) (A)Cl 1^ complexes and investigate 

their base h y d r o l y s i s  kinet i c s  as a function of (a) the isomer 

g e o m e t r y  of the complex and (b) the unidentate amine ligand (A) 

Kinetic studies have been reported on the spontaneous aquation 

react i o n s  of [Co (t r i e n ) (A )C 1 ]^^ complexes at eleva t e d

t e m p e r a t u r e s  with rate c onstants for base h y d r o l y s i s  obtained
4,5,6,10

by e x t r a p o l a t i o n  of the aquation rate data.

independent base h y d r o l y s i s  rate constants have been evaluated 

d i r e c t l y  and it was h oped to rectify this position in the 

present work.
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Exper i m e n t a 1

Prepa r a t i o n s
Isome r i c a l l y  pure samples of c i s - a - t C o ( t r i e n ) C l ^ l C l  

and c J ^ - 6 2 - ( C o ( t r t e n ) C l 2 lCl were p r e p a r e d  and c h a r a c t e r i s e d  

by the m e thod of Sargeson and Searle.

c i s - a - (C o (t r i e n ) (ImH)Cl)(ClO^)Cl

if ci s-g-

The complex c i s - a - [ C o (t r i e n ) {ImH)Cl] ^ was o b t a i n e d  

,]C1 or c i s - B - [ C o  ( t r i e n ) C l 2 lCl were used

as the starting materials.

Method A
By the m e thod of Dash,^° tCo ( tr ien) Cl 2 J Cl

(6.23g., 20 mmoles) and imidazole (1.5g.. 22 mmoles) were 

suspended in lO cm^ of water in a m o r t a r  c o n t a i n i n g  a few 

drops of 0.1 mol dm"^ perchloric acid. The m i x t u r e  was 

ground c o n t i n u a l l y  for 24 hours, d u r i n g  which time it c o a g u l a t e d  

and became purple-red. The paste was scraped out. filte r e d  

under vacuum, washed with ethanol, e t h e r  and air dried to give 

a c r y s t a l l i n e  solid. The crude p r o d u c t  was d i s s o l v e d  in warm

0.1 mol d m ’ ^ perchloric acid and left to stand. The red solid 

which crystallised, was filtered off, w a s h e d  with ethanol,

ether and air dried. An i.r. s p e c t r u m  of this material shows 

it to be a mixture of unreacted c j ^ - 6 2 " t C o (t r i e n )C 1 2 }C 1 and 

the d e s i r e d  product (Co (t r ie n ) ( I m H ) C H C l 2 . A second crop

of crystals came out of the filtered solution upon further 

standing, these were filtered off, w a s h e d  w i t h  ethanol, ether 

and air dried. A visible electronic spectrum shows the second 

crop p r o d u c t  to be isomerically pure cis^-a-[ Co (tr ien ) ( ImH ) Cl 1 -

(CIO4 ) Cl .
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place and the m i x ture c o a g u 1a t e d . The paste was scraped out, 

filtered under v a c u u m  and w a shed with ethanol and ether, giving

a c r y s t a l l i n e  solid. This crude product was 1 1 1 i sed

from the m i n i m u m  volume of 0 . 1  mol dm perchloric acid.

Calc, for [CO (C,H N ) C H NCI 1 (CIO^) : C , 2 5.4 7 ; H , 4 . 4 7 ; N ,13.50;

Fou n d ;
'6"l8‘'‘4 ' ' "'"■"’4'2

C,25.86; H,4.41; N,13.30%.

An i.r. spect r u m  (KBr) of the complex has a broad a b s o r p t i o n  

b a n d  b e t w e e n  1560 cm"^ and 1590 cm"^ with a sharp a b s o r p t i o n  

b a n d  at 1610 c m ” ^. The visible electronic spectrum measured 

in 0.1 mol d m “  ̂ HCIO^ has band maxima at 371 nm (£ = 111) and

484 nm (e = 113) with a shoulder at 540 nm (e = 78) indicating

the sample to be c I s - B t " ( t r i e n ) ( p y ) C l ) (0 1 0 ^ ) 2 *

The p r e p a r a t i o n  was repeated several t i m e s  using 

both c i s - a - [C o (t r i e n )Cl 2 1 Cl and c i s - B p " t C o ( t r i e n ) C l ^ ) C 1  ̂but 

in all c ases the product was found to be c i s - B 2 ~tCo(trien) 

( p y ) C l ) ( C I O 4 ) 2 -

Cis-a - [Co (trien )(BuNH 2 )C1] (ClO^)Cl

C i s - a - [ C o ( t r i e n ) C l 2 )Cl (0.62g., 2 mmoles) and

n - b u t y l a m i n e  (0.16g., 2 . 2  mmoles) were suspended in 1 cm

of water in a mortar. These reagents were ground 

for three hours during which time a colour change from purple 

to red too)c place and the mixture coagulated. The paste 

was scraped out, filtered under vacuum and washed with 

ethanol giving a c r ystalline solid. The i.r. and e l e c t r o n i c  

visible spectra i d entified the solid as unreacted ci_s-a- [Co- 

j ̂  f g r,) C f ̂  ] C 1 . The red ethanolic washings from the above 

were t r e ated with a few drops of 60% p e r c h l o r i c
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acid and left to stand until a red-v i o l e t  solid crystallised 

out from s olution. This crude product (C o (t r i e n )(B u N H 2 )C 11C 1 2 

was f i l t e r e d  off, w a shed with ethanol, ether and r ecrystallised 

from 0.1 m o l  dm  ̂ p e r c h l o r i c  acid giving c i s - a - [ C o ( t r i e n ) ( B U N H 2 ) 

Cl ] (CIO^ ) Cl .
Calc, for (Co(CgHj^gN^) (C^Hj^j^N)Cl] (ClO^)Cl: C, 26.77 ;

H,6.51; N , 15.61,•

Found: C, 26.90; H,6.58; N , 15.65%.

An i.r. s p e c t r u m  (KBr) of the complex has a sharp, strong 

absor p t i o n  band at 1570 cm"^ and a b r o a d  absorption band

The visible electronic

spectrum m e a s u r e d  in 0.1 mol dm  ̂ HCIO^ has band maxima at 

366 nm (e = lOl) and 530 nm (e = 91) with a shoulder at 

490 nm (e = 75) i n d i c a t i n g  the sample to be c i s - a - [ C o ( t r i e n ) - 

(Bu N H 2)C11 (ClO^)Cl.

between 1 5 9 5  cm and 1615 cm

C i s - g - [ C o (t r i e n ) N H 2 C H 2 C H ( O C H 3 ) 2 C I ]B r 2

By the m ethod of G a i n s f o r d  et a 1 . c i s - a - [ C o ( t r i e n ) - 

C I 2 ICI (4.65g., 15 mmoles) was s u s p e n d e d  in methanol ( 2 0 0  cm )

c o n t a i n i n g  2 ,2 - d i m e t h o x y e t h y l a m i n e  (1.57g., 15 mmoles). The

mixture w a s  refluxed for c a . 90 m i n u t e s  during which time

the v i o l e t  starting material d i s s o l v e d  to form an intense

r e d - v i o l e t  solution from which violet p l a t e l e t s  of £i^-a- 

[ C o ( t r i e n ) N H 2C H 2 C H ( O C H 3 ) 2 C I I C I 2 g r a d u a l l y  deposited. After 

the s o l u t i o n  was cooled the p r o d u c t  was filtered off, washed

with ethanol, ether and air dried. The crude product was

r e c ; from w a t e r  (90 cm^) by the slow addition of

aqueous s o d i u m  b r o mide (7q. in 30 cm water)
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calc, for [ C o ( C ^ H ^ g N ^ ) N H 2 C H 2 C H ( O C H 3 ) C l l B r 2 : C. 2 3.74 ;

H.5.78; N , 13.91 ;

Found: C,24.08; H,6.07; N,13.96%.

The i.r. spectrum (KBr) of the complex has a strong, sharp 

a b s o r p t i o n  band at 1560 cm"^ with weaker bands at 1578 cm 

and 1590 cm ^ .
The visible electronic spectrum measu r e d  in water 

h a s  band maxima at 367 nm (e = 102) and 533 nm {€ = 103). 

T h e  literature r e p orts a bsorption bands at 367 nm (e = 102)

a n d  535 nm (G 105) .

Kinetic Measu r e m e n t s
Kinetic studies were made on the base hydrolysis

r e a c t i o n s  of [C o (t r i e n )(a m i n e )C 1 1
2 + (amine = imidazole.

p y r i d i n e ,  n - b u t y l a m i n e , and 2 ,2 - d i m e t h o x y e t h y 1 a m i n e ) under 

p s e u d o  first order conditions, at 2 5 “C and I - 0.1 mol dm 

(NaClO ). The s p e c t r o p h o t o m e t r i c  technique was used, monitoring 

a b s o r b a n c e  changes at a p r e - s e l e c t e d  wavelength. The pseudo 

f irst order rate c onstants (k^^s^ d e t e r m i n e d  from the

e x p e r i m e n t a l  data using both the S winbourne method and the 16 point 

first order programme. The v a r i a t i o n  of k^^^ with hydroxide 

ion c o n c e n t r a t i o n  a l l owed e v a l u a t i o n  of overall second order

rate constants for base h y d r o l y s i s
The m e r cury (11) a s s i s t e d  aquation reaction of 

^ - B 2 -[Co(trien) (py)Cl)2" was studied at 25»C, using pseudo 

f irst order conditions, with (Hg'"l > 10(complexl. Mercury (11) 

s o l u t i o n s  of varying c o n c e n t r a t i o n s  were prepa r e d  by dissolving 

a p p r o p r i a t e  amounts of H g ( N 0 3 ) 2 *H2 0 in aqueous nitric acid
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total ionic strength of I - 2.0 mol dm . After

spectral scans to e s t a b l i s h  isosbestic points kinetic data 

were o b t a i n e d  by adding a small amount of c ^ - 6  2 " I Co (t r ren ) 

(py)Cll (CIO 4 ) 2 to the m e r c u r y  (11) solution and monitoring 

the absorbance change w i t h  time, at a p r e -set wavelength.

Results and Discussion
In the p r e s e n t  work, c i s - a - [C o (t r i e n ) (ImH)Cll 

cis-q-[Co(trien) ( BuNH 2 ) C  11 ̂  . c j ^ - a - [ Co (t r i e n ) (NH 2 CH 2 CH (OCH 3 ) 2

Cl]^'" and c i s - 6 2 -lCo( t r i e n )  (py)Cll were p r e p a r e d  from crude 

cis-q-, and c i s- 6-[C o ( t r i e n ) C l p )
, 2 +

The isomer geometry of the

p r o d u c t s  [ C o ( t r i e n ) ( A ) C 1 ] " ^  was i n d e p e n d e n t  of the s t e r e o ­

c h e m i s t r y  of the r e a c t a n t  complex (Co (t r i e n ) Cl 2 1 t)Ut was 

d ependent on the n a ture of the amine (A) used in the p r e p a r a ­

tion. The reaction 

Scheme 1.

:s are summarised in

2 +

Crude
cis-q
cis-6.

-•> cis-q-(Co (trien) (ImH)Cl]

_________ >  c ^ - 6 _-[Co(trien) (py)Cll ̂
pyridine ---  2

2■ _______ > cis-q-[Co(trien) (BUNH2 )Cl1
butylamine ---

________   > cis-q-(Co (trien) (NHpCH_CH-
2 ,2-dimethoxy- ---   ̂ 2 +
ethylamine (OCH3)2Cll
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reacts with imidazole to give c ^ - a  -  I Co (t r i e n ) ( I mH ) C 1 1

l C o ( t r i e n ) C l 2 l reacts with imidazole giving ci_s-6 2 -

(Co(trien)(ImH)Cll

For [C o (t r i e n )X 2 1 (X = Cl, N O 2 , H 2O), Sargeson

and Searle^ found that the relative stabilities of the 

cis-g- and c j ^ - 6 - i some r s of [ Co ( t r ien ) X 2 1 are a function of 

the subst i t u e n t  X rather than of the p o s s i b l e  strain a s sociated 

with c o o r d i n a t i o n  of the secondary nitrogen atoms in the two 

c o n f i g u rations. The dichloro and dinitro complexes appear to 

favour the cis-a- form. A c o n c e n t r a t e d  solution of

c i s - 6 - ,1 in hydrochloric acid slowly changes to
c i s - g - [ C o ( t r i e n ) C l 2 l The diaquo ion [ Co ( t r i en ) ( H 2O ) 2 1

favours the c i s - B -< 
obviou s

and there appears to be no 

b e t w e e n  either the size or the

of these substituents to account for the v ariation 

in s tability of the g e o metrical forms. Extra p o l a t i n g  this 

result to the p r e s e n t  work, the isomer of [ C o (t r i e n ) (A ) C l ]
resulting from reaction of [C o (t r i e n )C 1 2 1 ^ with an amine is 

probably the most stable form for the p a r t i c u l a r  amine (A).

The a s s i g n m e n t  of isomer geome t r y  (Co(trien)(A)C1) 

c o m p lexes has been made from a c o n s i d e r a t i o n  of i.r., visible 

spectra and NMR spectra.

2 +

I.r. da t a
In general, in these systems, the isomer geometry

can be e l u c i d a t e d  from the NH vibra t i o n s  of the (trien)

liga n d . 1 1 Two useful areas in the i.r. spectrum

are (a) the N H 2 asymm e t r i c  defor m a t i o n s  ca^. 1500 cm 1600 cm
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and (b) the NH s tretching at ca_. 3300 c m  . The folding of

(trien) in the ci_s-a - i some r is such t h a t  the two N H 2 groups

on trien are e f f e c t i v e l y  equivalent a n d  only one absorption 

band is o b s e r v e d  for the N H 2 a s ymmetric deformations. In the 

c i s - B 2 -isomers the folding of trien e n s u r e s  that both N H 2 groups 

are n o n - e q u i v a 1 ent and this is m a n i f e s t e d  in the appea r a n c e  of

1572 cm due to N H 2 a s ymmetric d e f o r m a t i o n s .  Dash reports

that c i ^ - 6 2 -[Co (tr ien) ( ImH) Cl ] has t w o  bands, a s s i g n e d  to 

N H 2 a s y m m e t r i c  d e f o r m a t i o n s  of the t r i e n  ligand at 1540 cm 

r e f l e c t i n g  the different site s ymmetries forand 1575 cm -1

The lesser symmetry of the c i s -B^-isomer is also reflec-i some r s ,
ted in the NH s t r e t c h i n g  region of the spectrum ca. 3300 cm 

with the c i s - B 2 -isomers showing g r e a t e r  complexity than the 

c_i^-a-isomers. The i.r. data c o l l e c t e d  in the p r e sent work 

for the [Co ( trien) (A) Cl ] complexes a r e  summarised in

-1

occur in the range 1500-1600 cm"^ o b s c u r i n g  the bands due to 

asymmetric d e f o r m a t i o n  of the N H 2 g r o u p s  on (trien) thus

impeding a s s i g n m e n t  of isomer geome t r y .  For c ^ - B  2 " i Co (t r 1 en )

(py)C 1 ]2 +

1 5 0 0 - 1610 cm -1
in the i.r. s p e c t r u m  in the region 

are attri b u t e d  to the s p l i t t i n g  of the

stretching v i b r a t i o n s  (C-H) of p yridine.



139

TABLE 2.1
Infra-red absor p t i o n  bands (in cm ) for complexes

, 2 +of the type (Co(trien)(A)C1]

Comp lex A b s o r p t  ion

2 +cis-ot-(Co (trien) (ImH)Cl] 1572(s) 1 6 0 0 (s)

cis-a-(Co(trien)(BuNH2)Cl] 1570(s) 1600(m) 1612(m)
2 +cis-a-(Co(trien)NH2CH2CH(0CH2)^Cl) 1560(s) 1578(m) 1590(w)

cis-Bn-[Co (trien) (py)Cll^'^ broad 1560(m)—1590 (m) 1610(s)

The absorption bands due to NH g r oups in the range

3000-3500 cm~^ for these c omplexes are not clearly resol v e d

and do not a l l o w  unequivocal a s s i g n m e n t  of c i s -a- and 

c i s - 6 - i s o m e r s . E x a mination of v i s ible e l ectronic spectral 

data facilitates isomer assignment.

The

E l e c t r o n i c  spectra

spectra of the (Co(trien)

p a r a m e t e r s  of c i s -ot - and c i s - B ̂ ~

(A)C 1 ]^^ c o m p l e x e s  were measu r e d  in 0 . 1  mol dm p e rchloric 

acid. The isomer geometries were a s s i g n e d  on the basis of a 

comparison with the spectr

isomers of [ Co (t r ie n ) ( A ) C 1 ] ̂ r e p o r t e d  in the 

The data o b t a i n e d  are s u mmarised in Table 2.2. Both ci^-a- 

and £ i s -B 2 -i-sobers of [ Co ( t r i e n ) ( A ) C 1 ]  ̂ show two d-d bands 

as expected for octahedral Co(lll) (low spin, d®). The highest 

energy band for both isomers is found 360 nm and is

assigned to the transition ^A^ - The a b sorption band at

lower energy is u n s y m m e t r i c a 1 in a p p e a r a n c e  and is significantly
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different for c i s - a- and c i s -tij-i some r s thus allowing 

d i f f e r e n t i a t i o n  b e t ween the two isomers. C i s - g - i s o m e r s  of 

[Co(trien) (A)Cll^^ have band maxima c_a . 535 nm with a

shoulder c a . 490 nra while c i s - B 2 ~tsomers have a band m a x i m u m

ca . 490 nm with a shoulder ca^. 540 nm.

TABLE 2.2
Visible absor p t i o n  spectra of [Co(trien)(A)Cll in a q u e o u s  
solution. Numbers in p a r e n t h e s e s  are the extinction 
c o e f f i c i e n t s  in M  ̂ cm

Complex X ,nm X ,nm X ,nm

A

cis-a-ÍCo(trien)(ImH)Cll^ 365 (111) max 480 ^(71) sh 535 (109)

cis-g-[Co (trien) (PhNH2 > C11 525max (124)
2 + ccis-g-[Co(trien)(NH2)C11 530 (95)

cis-g-[Co(trien)(BUNH2 )C1) ' 366 (lOl) max 490 ^(75) sh 530nm (91)

cis-a-[Co(trien)NH2CH2CH(OCH^)^Cl1 367 (102) max 533max (103)

cis-8 2“ ICo (trien) (ImH) C1 ] ̂  ^ 360 (111) max 480 (llO) max 540 ^ sh (79)

cis-6 2-ICO (trien) (PhNH2 ) C1 ] 490 (114) max
, 2+ ecis-6 2“ (BzH)Cl) 370 . (148) sh 4 9 5 (126) 540 , sh (93)
. 2+ ccis-6 2-[Co(trien)(NH2)C11 475 (93)

cis-^-[Co (trien) (py)Cll^^ 371 (111) max 484 (113) max 540 . sh (78)

p r e s e n t  work, 

taken from r eference 5,

taken from reference 9,

taken from reference 4,

taken from reference 6 ,

m e a s u r e d  in 0 . 1  mol dm perchloric acid,

m e a s u r e d  in water.



14 1.

C i s - 8 -[Co(trien) (py)Cl]~~*^ prepared in the present 

work has been a s s i g n e d  the c i s - B ̂ ~ rather than the c 1 s - B ~ 
configuration. This assignment is based on the observation 

that the cis-Bj^ - i somer has not been found for any analogous 

system and s t u d i e s  show that on the basis of n o n - b o n d e d  i n t e r ­

actions the c_i_s - B 2 ~ f ° ̂  favoured over the c i s - B ~

conf i g u r a t i o n .
F i n a l l y  cis-a- and c i s - B-isomers of [Co (t r i e n ) ( A )C 1]

can be d i f f e r e n t i a t e d  on the basis of rate const a n t s  evaluated
2 +for their base h y d r o l y s i s  reactions to give [Co(trien)(A)OH) 

with the rate c o n s t a n t s  for base hydro l y s i s  of c_l^-B 2 “ I Co (t r ien ) 

( A ) C 1 ] s e v e r a l  orders of magnitude greater than the rate 

constants for t h e  c orresponding c i s -Ci-isomers . These kinetic 

results are now p r e s e n t e d  and discussed.

2 +

Kinet ic s
The k i n e t i c  data for base h y d r o l y s i s  of c i s -a-[Co 

(trien) (ImH)Cl 1 (CIO^)Cl are summarised in Table 2.3.

TABLE 2.3
Base hydrolysis of c i s - g - [ C o ( t r i e n ) (ImH)Cll(ClO^)Cl^ at 
25°C and I = 0 . 1  mol dm  ̂ (NaClO^)

pH 1 0® (OH 1 
(mol dm )̂

i o \  . obs
(s )̂

k . /(OH 1 obs
(dm^ mol“  ̂ s“ )̂

8.38 3.13 0.82 262

8.60 5.20 1.47 282

8 . 6 6 5.96 1.38 231

8 . 8 6 5 9.35 2 . 2 2 237

a . Freshly p r e p a r e d  t r i s h y d r o x y m e t h y 1a m i n o m e t h a n e  bufferi 
were used a n d  the reaction was m o n i t o r e d  at 540 nm.



scan s p e c t r u m  of this reaction is shown in Figure 2.1. Iso- 

sbestic points are o b s e r v e d  at 410 and 519 nm. The absorption 

band m a x i m u m  shifts from 535 to 490 nm c o n s i s t e n t  with the 

c h r o m o p h o r e  changing from a weak ligand field to a stronger 

ligand field. Plots of log(A^-A^) versus time are linear 

over four half-lives. A sample plot is shown in Figure 2.2. 

While isosbestic p o ints are seen at 410 a n d  519 nm the interval 

scan s p e c t r u m  shows that at ca. 350 nm there appears to be more 

than one reaction taking place. It is s u g g e s t e d  that this

from the complex (C o (t r i e n ) (I m H )O H 1^ . Dash and Mohapatra 

who s t u died the b a s e  hydro l y s i s  reaction of cj^-B j  ̂  ̂® '

14 2.

(Bz = b e nzimidazole) found that w h i l e  there was

evide n c e  of release of BzH from the c o m plex 8 3 - I Co (t r i e n )

(Co(trien)(H20)2^

[ C o ( t r i e n ) ( I m H ) C l l ( C l O , ) 2  was recorded in O.Ol mol dm'^* (NaOH).

spectral changes took place over several hours with an increase

in a b s o r b a n c e  at 490 nm but with no c h ange in a b s o r p t i o n  band

wavelength. A large decrease in a b s o r b a n c e  took place at

ca. 325 nm. The react i o n  was not inves t i g a t e d  further.

The k i n e t i c  data for base h y d r o l y s i s  of ci^-Bj-

. \ 1 icio ) are summarised in Table 2.4.lCo(trien)(py)ClJ (Cio^>2
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TABLE 2.4
Base h y d r o l y s i s  of c i s - B ? - [ C o ( t r i e n ) (py)Cll(C10^)2

- 3
2 5 “C and I = 0.1 mol dm (NaClO^)

a t

pH 1 0 ^^ [OH 1 
(mol dm” )̂

4
1 0 k .obs
(s~l)

lo“^k . /[OH~l obs
(dm^ mol~^ s~^)

3 .2O 5 2.09 1.45 6.93

3.37 3.06 1.97 6.43

3.58 4.96 3.47 6.99

3.82g 8.72 5.45 6.25

Fresh formic acid b u f f e r s  were used and the r e a c t i o n  
was m o n i t o r e d  at 320 nm.

The mean value of the second order rate constant

at 25®C is k OH
6 3 ,-1 -16 . 6 5 x 1 0  dm mol s Linear regression

analysis g i v e s  = (6.10 ± 0.37) x lO® dm^ mol ^ s ^

Interval scan spectra for the base hydrolysis of c_is-6 2 -lCo- 

(trien) (py)Cll (CIO 4 ) 2 pH 4.38 are shown in F i g u r e  2.3.

When the scan is t e r m i n a t e d  after four half-lives the resultant 

spectrum has three isosbestic points at 334 n m . 3 6 0  nm and

512 nm. T h e  absor b a n c e  changes are consistent w i t h  the 

formation of a C o N ^ O  c h r o m o p h o r e  having a band m a x i m u m  at 

480 nm. If the interval scan is allowed to c o n t i n u e  beyond 

four h a l f - l i v e s  a second reaction is seen to o c cur. This 

second r e a c t i o n  p r o c e e d s  with a change in band m a x i m u m  from 

480 nm to 4 9 5  nm and destr o y s  the isosbestic p o i n t s  seen in 

the base h y d r o l y s i s  reaction. Interval scan s p e c t r a  for this

second r e a c t i o n  was r e c o r d e d  at pH 8 .8 . At this p H  base
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hydrolysis is c o m p l e t e  before the scan commences.

SNICB process to give [Co(trien)(H_0)_1 The spectrum of

the final product has band maxima at 356 and 495 nm and is

An authentic sample o f  c i s - g - [ C o ( t rien)(H_0)_] 3 + has band

[Co(trien) 3 +

lO
h a s  band m axima at 357 nm (e = 85) and

487 nm (e = 122) . ““ An a p p r o x i m a t e  rate constant was

evaluated for the s e c o n d  reaction by monit o r i n g  absorbance 

changes in the pH r a n g e  8 - 9.5. The rate constant was found

to be independent of h y d r o x i d e  ion c o n c e n t r a t i o n  and has 

)c = 7 X lO ^ s ^ .

Kinetic s t u d i e s  on the m e r c u r y  (11) assisted 

aquation of c i s - 6 ̂ ~ t C o (t r i e n ) (py)Cl] (CIO^)., confirm that 

there is only one s p e c i e s  in the sample u n dergoing hydrolysis. 

Interval scan spectra of the a q u a t i o n  d isplayed isosbestic 

points at 331, 359, 4 1 3  and 505 nm. Figure 2.4. There is no

indication of a s e c o n d  reaction f ollowing aquation. Kinetic 

data for the Hg(ll) a s s i s t e d  a q u a t i o n  of c i s - 6 ^ - [ C o ( t r i e n ) ( p y ) -  

Cll (0 1 0 ^ ) 2  are c o l l e c t e d  in T able 2.5.
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Base h y d r o l y s i s  of c i s -a-CCo(trien) (BuNH 2 )Cll (ClO^)Cl

( N a C l O ^ )

pH 1 0 ^ [OH ] 
(mol dm

4
1 0 k ^obs
(s-1)

k . /[Oh“J obs
(dm^ mol"^ s“ )̂

8.48 3.94 2.81 71

8.50 4.13 3.10 75

8.60^ 5.26 3.84 73

8 . 7 9 5 8.14 5.94 73

Fresh t r i s h y d r o x y m e t h y l a m i n o m e t h a n e  b u f f e r s  were 
used and the reaction was monitored a t  490 nm.

14C .

Linear regression analysis 
1

The mean value of the second o r d e r  rate constant 

at 25°C is k <_> n
). T h e  kinetic measure-

---- “OH
ments indicate that only one reaction is t a k i n g  place in this 

pH range. Plots of log(A^-A^.) versus time are linear over 

four h a l f-lives. Interval scan spectra f o r  base hydrolysis 

of ci_s-a-[Co (trien) (Bu N H 2)C1] (ClO^)Cl at p H  8.4 are shown in 

Figure 2.5. Isosbestic points are o b s e r v e d  at 370 nm and 

530 nm. The absorption band maximum s h i f t s  from 535 nm to 

495 nm c o n s i s t e n t  with a change in c h r o m o p h o r e  from CoN^Cl 

to CoN^O. Interval scan spectra of c i s -g-[Co(trien)(BuNH^)Cl] 

in 0.01 mol d m “  ̂ NaOH established that spect r a l  changes took 

place over several hours with an increase in absorbance at 

490 nm but o c c u r r i n g  with no shift in the a b s o r p t i o n  band

2 +
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m a x i m u m  wavelength. This subsequent reaction was not 

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

The kinetic data for base hydrolysis of c i s - a - [Co-

T A B L E  2.7

Base h y d r o l y s i s  of c i s -a - [Co (trien) NH^CH^CH (OCH  ̂̂ *^2*

at 2 5 “C and I = 0.1 mol dm  ̂ (NaClO.)4

pH lO^tOH 1 
(mol dm

4lO k ^ obs
<s" ) (dm^ mol  ̂ s~^)

7.67 6.10 1.34 219

7.84 9.03 1.93 213

8.00 13.05 2.84 217

8.25 23.22 5.02 216

a. Fresh t r i s h y d r o x y m e t h y 1a m i nomethane buffers were used 
and the reaction was monit o r e d  at 490 nm.

ve r su sg ives k^^ = l .c r o x  ̂ " o b s

the h y d r o x i d e  ion c o n c e n t r a t i o n  is shown in Figure 2.6.

Interval scan spectra for base h y drolysis (over four half-lives) 

are shown in Figure 2.7. Isosbestic points are o b s e r v e d  at 

374 and 528 nm. The a b s o r b a n c e  m a x imum shifts from 533 to 

500 nm. If the spectrum is allowed to run beyond four half 

lives a second reaction is seen to take place with a shift in 

a b s o r p t i o n  band maximum from 500 nm to 515 nm. Inter v a l  scan
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&

spectra were run for this second reaction by dissolving the 

complex in 0.1 mol dm  ̂ sodium hydroxide. In this reaction 

m e dium base hydro l y s i s  is complete b e f o r e  measurement commenced 

»phe resultant spectra display isosbestic points at 354 nm,

405 nm and 504 nm (Figure 2.8).

Base h y d r o l y s i s  of the four complexes studied,
2 +c i s -g - [Co (trien) (A)C1]‘' (A

2 +

ImH, B U N H 2 » N H 2 C H 2C H (O C H ^ ) 2  and

C Ì S - B 2 - [Co ( trien) (py)Cll^~^ all obey a second order rate law of 

the form -d ( compì ex ]/dt = ( complex )[ OH ]. Plots of

versus hydroxide ion c o n c entration are linear passing through 

the origin and show no indication of spontaneous aquation. The 

second order rate constants are colle c t e d  in Table 2.8.

TABLE 2.8

8

Base hydrolysis rate data for (Co(trien)(A)C1] , collected

in the present work at 25®C and I = 0.1 mol dm

Complex *^OH (dm ̂ m o 1 s )

c i s - a - [C o (t r i e n ) (ImH)Cl] 253
2 +cis-a- [ C o (t r i e n ) (BuNH 2 )Cl) 7 3

2  +cis-a- [ C o (trien) N H p C H ^ C H  (OCH^) 2 C I 1 216
2  +c i s - ß j [ C o ( t r i e n ) (py)Cl] 6 . 6  X 1 0 ^

interval scan spectra for these base hydrolysis reactions 

all show a shift in absorption maximum from higher to lower 

wavelength as expected for an increase in ligand field 

strength in moving from a CoN^Cl Chromophore to CoN^O. The 

absorption maxima of the products of base hydrolysis are given

8
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in T able 2.9. The reactions following the formation of

[Co(trien) (A)OH]^* impede the determination of the
2 +the produ c t s  [Co(trien)(A)OH]

TABLE 2.9

A b s o r p t i o n  maxima for the first products of base hydrolysis 

of [Co(trien) (A)Cll^ ions

[Co (trien) (A) Cl) Hydrolysis product X (nm) ^ max

2 +c i s - g - [ C o (trien)(ImH)Cl) 490

cis-B.,-[Co (trien) (py)Cl)^^ 480
, 2 +c i s-g-[Co (t r ien ) (BuNH.,)Cl) 495

2 +cis-g-(Co(trien) (NH2 C H 2CH(OCH^) 2 > Cl 1 500

I

Previous studies of the base h y drolysis of

[Co(trien)(A)C1) ions have been interpreted on the basis

of an SNICB mechanism. D e p r o t o n a t i o n  of a secondary nitrogen

atom on the trien ligand could lead to the c onjugate base,

however, in complexes of the type [Co(trien)(A)Cll where

A is an "acidic" amine, d e p r o t o n a t i o n  of A can contribute

to the conjugate base. A study has shown that the base
2 +hydrolysis of cis-g- and 2~ ^ C o (trien)(a n i 1ine)C 11

at 5 0 “C have k = 3.3 x lO^ dm^ mol s and 138 x lO dmO H
mol"^ r e spectively.^ The small difference in reaction

rate between the two isomers led Dash et aĵ . to conclude that 

the c o n j u g a t e  bases in these complexes are formed mainly by 

d e p r o t o n a t i o n  of c o o r d i n a t e d  aniline with the additional 

d e p r o t o n a t i o n  site (s e c ondary-NH group of the (trien) ligand
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trans to aniline) probably a c c o u n t i n g  for the slightly higher 

base hydrolysis rate of the c i s - 8 ^- isomer relative to the 

c i s - a - i s o m e r .
In the present w o r k  rate c o n s t a n t s  for the base 

h y d r o l y s i s  for the three c i s -g-i some r s (Co(trien) (A)C1) 

where A = (ImH, B U N H 2 . N H 2 C H 2 C H (O C H 3 ) 2  have been obtained.

T hese constants are c o l l e c t e d  in Table 2.10 together with

base h y drolysis rate c o n s t a n t s  for other Co(lll) h a l o p e n t a a m 1 nes

T A B L E  2.10
Base hydrolysis kinetic d a t a  for [CoN^Cll^'" c omplexes at 25°C

Complex k , (dm^ mol  ̂ s  ̂obs I (mol dm ^)

11 2'*’ ^cis-a-iCo(trien)(ImH)ClJ 253 0.1

, 2+ acis-a-(Co(trien)(BuNH2 )Cll 73 0.1
, , 2+ a

ciS“Qt“ (Co (trien) NH2CH2CH ( O C H ^ ^ 216 0.1

2+ bcis-a-(Co(trien)(glyOEt)Cl] 74 1 . 0

2+ bcis-a-(Co(trien)(NH3)C1] 1 0 1 . 0

2+ aoa-(Co(tetren)C1] 116 0.1

, 2+ cTT-(Co(en) (dien)Cll 26.6 0.1

a. present work,

b. taken from reference 7,

c. taken from reference 1 2 .

All of the c o m p l e x e s  shown in T able 2.10 have one

i mportant structural f e a t u r e  in common. F o l ding of the poly 

d e n t a t e  amines (trien. t e t r e n  and (en)(dien)) is such that
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the u n a v a i l a b i l i t y  of c i s -a-[Co(trien)(py)Cl] 

difficult to assess the individual

makes it

Kinetic

data for base h y d r o l y s i s  of several c i s - 3 ^ - I Co (t r i e n ) (A)Cll 

complexes are colle c t e d  in Table 2.11.

TABLE 2.11
Base h y d r o l y s i s  data for cis - B 3 - [ Co (t r i en ) ( A ) C 1 1 ̂  complexes 

at 2 5 “C

Complex k (dm^ mol  ̂ s  ̂OH I (mol dm

cis-32~[Co(trien)(ImH)Cl) 

cis-B2~[Co(trien)(BzH)Cl]

cis-Bo"[Co(trien)(NH2)C1 ]

2+ a

2+ b
2+ c

2+ dcis-B^-[Co(trien)(py)Cl) 

cis-B^-[Co(trien)(glyOEt)Cl) 2+ e

1.1 X 10^ 0.1

2.4 X 10® 0.1

2.3 X 10^ 1.0

6.6 X 10^ 0.1

2.2 X 10^ 1.0

a . tak en f r om reference 4 .

b . tak en f r om reference 6 ,

c . taken f r om ref erence 7 ,

d . present w o r k ,

e . taken from reference 7 .

Th e s imilarity i n

c i s - 6 2 -lCo(trien) (A)Cl)^'' complexes d e s p i t e  changes in (A) 

again suggests that isomer geometry is t h e  major factor 

influencing reaction rate. Studies of t h e  base hydro l y s i s  of

(Co(trien)(glyOEt)Cl) ! + 7 have s h o w n  that the p r e f e r r e d
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site of deprotonation is the planar secondary NH group on trien

t r a n s  to the glycine ester (the exchange rate for this NH group

in D O is k = 2.5 X lO® dm® mol"^ s " ’’ at 25»C). It seems2 H
l i kely that the conjugate base which contributes significantly

to the base hydro l y s i s  of the c i s - - [ C o (t r i e n ) (A)C1] complexes

is g e n e r a t e d  at the planar secondary NH groups of trien lying

trans to A. If this is the case, then the rapid base hydrolysis

of c i s -B.,-isomers relative to c i s-a-i some r s can be rationalised 
^ 13

2 +
in t erms of the steric requirements for rapid base hydrolysis 

d e s c r i b e d  in Section I of this thesis. C i s - a - [C o (t r i e n ) (A )Cl 1 

is f a c - f a c , with both secondary nitrogen atoms on the trien 

l i gand "orthogonal". Deprotonation of either of the NH groups 

to form the conju g a t e  base would result in poor overlap 

b e t w e e n  the filled p-n orbital on N~ and the empty orbital on 

Co(lll) in the trigonal bipyramidal intermediate. The complex 

c i s - 6 2 - (Co (trien) (A) Cl ] has a mer ring, and the "flat 

s e c o n d a r y  NH g roup on trien trans to A will form a conjugate 

base having f avourable overlap between the filled p-iT orbital 

on N a n d  the empty orbital on Co(lll), in the trigonal b i ­

p y r a m i d a l  intermediate. This effect is belie v e d  to be responsible

for the large rate const a n t  found for base hydrolysis of
2 +c i s -B^-(Co(t r i e n ) ( p y ) C l )

The second factor affecting the base hydrolysis

of c i s - B 2 -(Co(trien) (py)Cl)^'^ is the presence of pyridine.

Rapid base h y d r o l y s i s  has been observed in many other complexes 

where a pyridine or pyridyl ligand is present,^'* (either as a

m o n o d e n t a t e  or as part of a multidentate ligand system).

G i l l a r d  has s uggested that "covalent hydration
. 1 5 involving the
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Introduction

The coordinating properties of the amide group 

in a number of open chain and macro c y c l i c  amides have been 

i n v estigated for trans i t i o n  metal ions including Cu(ll) ,

Ni(ll), Co(ll) and Pd(ll) and some a s p e c t s  of the topic have 

been reviewed.^ The amide group can c o o r d i n a t e  via 

(a) the carbonyl oxygen atom, (b) the p r o t o n a t e d  nitrogen atom, 

or (c) the deprotonated n i t r o g e n  atom. The ions C u ( l l ) ,

Ni(ll), Co(il) and p o s s i b l y  Zn(ll)^ facil i t a t e  the d eprotonation 

of the nitrogen bound a m i d e  hydrogen atom. Second and third

row transition metal ions such as Pd(ll) and Pt(ll) can induce 

a mide ionisation at quite low pH (£a. 4 . 0  for P d ( l D ) .  It is

g e n e r a l l y  believed that the site of c o o r d i n a t i o n  in the 

compl e x e s  prior to d e p r o t o n a t i o n  is the carbonyl oxygen 

a tom , ̂  ^ ^  ̂ fot e x a m p l e  glycinamide c h e l a t e s  weakly with

metal ions via the amino nitrogen and carbo n y l  oxygen.

S tructure (1)A, but a s t r o n g e r  chela t i o n  occurs upon i o n i s a ­

tion of an amide nitrogen bound h y d r o g e n  by some metal ions 

such as Cu(ll) and Ni(ll) to give s tructure (1)B, and the 

reaction shown in (1) o c c u r s  in neutral solutions with Cu(ll) 

and in more basic s o l u t i o n s  with N i ( l l ) . ®  The complexes formed 

b e t w e e n  Cu(ll) and 3 ,8-d i m e t h y 1 - 4 , 7 - d i a z a d e c a - 3 , 7 -dienediamide 

in solution at different pH's have been investigated and the

equil i b r i a  established,^ are shown in (2) .

Claims have b e e n  made that the proto n a t e d  amide
9 10nitrogen atom can also serve as a donor ' , however recent

e.s.r. data^ on Cu(ll) c o m p l e x e s  p r o v i d e  strong evidence for 

carbonyl oxygen c o o r d i n a t i o n  prior to amide deprotonation.
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A I .1 r H- numbor of upon chain ligands having amici.• 

groups as potential c o o r d i n a t i o n  sites have been synthesized, 

some typical examples are sliown in (3). A number of studies

have been made on th.- cationic and neutral complexes of these

ligands for example ( b 3 H 2 . L ̂ H ̂ . L ̂ H , , H ̂  ) ,
.r, "  1 7  18 . . 1 9

1 3

14 15 1
^ 7 ” •) ' 2 ' "̂9 ” 2 ’

17 19 r
^lo"2' ^ l l ” 2' ^12"2-

The s yntheses of the ligand e t h y 1 e n e d i a m i n e t e t r a -

acetamide and a number of its cationic metal complexes have

been described. The d e p r o t o n a t e d  complex (CuL)-2H20 has also
20been characterised.

c o o r d i n a t i o n  of the amide group via the d e p r o t o n a t e d  

nitrogen atom is s t a b i l i s e d  by a resonance energy c o n t ribution

C = N H

0

( 4 )

Donation via the p r o t o n a t e d  amide nitrogen leads to the 

of the resonance e n e r g y  (ça'- -lO mol ) and this

driving force for a mide (or peptide) bond ionisation.

T r a n s i t i o n  metal compl e x e s  of open chain amide 

ligands having the d e p r o t o n a t e d  nitrogen atom bound to -he 

metal ion also have the carbonyl oxygen atom of the amide
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group available for coordination for example the 

Cu(ll) complexes of ligands and in (3) form tetra-

nuclear comp l e x e s ^ ^  of the type shown in structure (5) where 

M = C o (11) and Ni(ll).

H2N
^2^ n - ^  Q

C u

0
2 +

(5)

The interest in transition metal complexes of amides

stemmed from t h e i r  potential as models for m e t a 11o e n z y m e s . It

has been sugge s t e d  that the zinc m e t a 11oenzyme c a r b o x y p e p t r d a s e  

catalyses the h y d r o l y s i s  of peptide bonds by c o m p l e x i n g  with 

the amide o x y g e n  so leading to Lewis acid catalysis. At one 

time binding of Cu(ll) to a deprotonated peptide n i t r o g e n  was 

belie v e d  to o c c u r  in blue copper proteins such as p l a s t o c y a n i n  

22 However, X-ray crystallographic s t u d i e s  have
2 3

and a z u r i n .
Shown that thl. is not th. o a s a . “  Cnrrant .todies so,,..t 

that there is a limited tendency tor natural s y s t e m s  to

incorporate d . p t o t o n a t e d  p e p t I d e - C o (111 bonds. H o w ever, the 

biological use of deprotonated p e p t I d e - C o (11) i n t e r a c t i o n s

illustrated by serum albumin^®. Structure 161. and by the

antibiotic b l e o m y c i n  which has been isolated a. a Cullll
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complex.^"' The bleomycin intermediate p-3A, Structure (7),

shows copper (11) binding to five nitrogen donors including,

in the e q u a t o r i a l  plane both the deprotonated amide nitrogens
26

and an i m i d a z o l e  nitrogen of a histidine residue.

A t t e m p t s  to mimic the biological oxygen carriers 

which have pairs of adjacent metal ions, for example (h a e m o c y a n i n ), 

led to the s ynthesis of the double cavity amide. Structure (8). 

prepared by bridg i n g  two diamide open chain ligands. Two

copper (11) ions are incorporated into this ligand to give a
27

neutral c o m p l e x  with formula C u 2 L-
It has been found that complexation of transition

metal ions to strongly donating, deprotonated amide nitrogens 

stabilises h i g h  oxidation states of the metal ion.

Bour and Steggerda^® isolated crystalline Cu(lll) 

compl e x e s  of biuret and oxamide providing some of the first 

evidence that Cu(lll) could be stabilised by deprotonated 

amide groups. Electrode potentials have been measured for 

40 C u ( l l ) /Cu(lll) peptide complexes (including peptide amides) 

in aqueous s o l u t i o n . T h e  potentials were found to be very 

sensitive to changes in the nature of the ligands with the 

oxida t i o n  of Cu(ll) to Cu(lll) becoming easier as the number 

of d e p r o t o n a t e d  peptide groups increased. The triply d e p r o t o ­

nated p e p t i d e  complexes of copper, see Structure (9). have 

effective p o t e n t i a l s  at physiological pH such that o x i d a t i o n

to Cu(lll) is therm o d y n a m i c a l l y  possible.
1 xiiQible absorption maxima it wasb e t ween redox potentials and visible

r-rvstal field s t a b i lisationc o n c l u d e d  that the relative g a m  in crystal
p H^cu(ll) to d®cu(lll) is anenergy for the change from d C u d
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important factor in the overall thermodynamic stability of the

Cu(lll) peptide complexes.
cyclic v o l t a m m e t r i c  studies^^ on the d e p r o t o n a t e d

Cu(ll) and Ni(ll) c o m p l e x e s  of the ligands L 3 H 2 . L 4 H 2 '

L^H, and L g H 2 in (3 ) h a v e  revealed that the stabilisation of

Cu(lll) and Ni(lll) is dependent on the number of atoms in the

chelate backbone with the greatest stability found in the S-5-5

fused ring structures ( L 3H 2 ) rather than 5-6-5 (L,H 2 , L ^ H 2 )

and 6-5-6 (L,H 2 ,Î 5 H 2 ) ^ u s e d  rings. For the series of ligands
_ _ T w ViAs th© iow0st o x i d a t i o nthe Cu(ll) complex of l igand L 3 H 2 na

p o t e n t i a l .
The present work is c oncerned with studies on the

c o m p l e x e s  of the p i c o l i n a m i d e  ligands shown in (lO). The

ligands have been p r e p a r e d  together with their neutral and

cationic Cu(ll) and N i ( H )  complexes. S p e c t r o p h o t o m e t r 1 c and

m e t r i c  t i t r a t i o n s  h a v e  b e e n  p e r f o r m e d .  W h i l e  s y n t h e t i c  po t e n 1.1 ome t r 1 c citrdua.
on li,ana. .na I.,H, .ne neponnea in Oh. liPen.tnr.

„p eieatrocn..ic.i worK on tn. pioo 1 in..Ia.. h.s been pabli.ned, 
I„ th. prn.ent work cyclic volt..oeCric „...nrea.ntn have

bo.n ,.a. on n.ucc.l Ca , I U  .nd N i U H  =bel.t.. <in
. c a n i C i i l . l  ...a tn. ..se and t. v. r. ib i 1 i t y ot their onid.tion 

„.„itor.a a. a function of the ligand etructur..

o a
o o

N--C^

^B»2 ^C«2

(lO)
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Ethyl 2-pyridyl acetate (5.0g., 0.03 mol) m

ethanol (50 c m ^  was added to a solution of ethylenedtamine

(l.Og.. 0.016 mol) in ethanol (50 c m ^ .  The mixture was

refluxed for 4 hours. The volume was r e d u c e d  to c a . 50 cm

on a rotary evapo r a t o r  and on standing overn i g h t  in a

refrigerator, white needle-li)ce cryst a l s  of the product (0.35g)

were obtained. The ligand was recrysta 1 1 ised from ethanol.

,^1 C H N O :  C,64.41; H,6.08; N , 18.78 ;Calc, for C •
Found; C,64.53; H,5.95; N , 19.00%.

The mass s p e c t r u m  has at 298 (C.gH^gN^O^ = 298).

The ligand h a s  m.p. 1 6 5 ‘’-168°.
has V(NH) at 306 5 cm  ̂ and 3280 cm The i.r. s p e c t r u m  (KBr) nas vvnni

and the amide I band at 1640 cm .

C o m p l e x e s

[Cu (L^H^) 1 (CIO^) 2 -» 2 °

T h .  llg.nd =
,0 69,., 1.S6 ..oil war. sep.r.t.ly d l s . o l v a d  in .ethanol.
upon .ixln, the .eth.nollc .olutloh. t h e  ptodect preciplt.ted 

as a pale b l u e  solid. The complex was filtered off. washed

with ethanol, diethyl ether and dried in v a c ^ -
: for C H N O  CuCl,-H_0; C . 3 0 . 5 6 ;  H.2.93: N . 10.17;Calc, for C 2 2

Found: C .30.4; H.2.5; N,9.8%.

ICUL 1 2 . 5 H 2 O

(Cu (I.^H2)](C10,)2-H20 (0.93g.. 1-7 mmol) was
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suspended in water and sodium h y d r o x i d e  (0.15g., 3.79 mmol)

was added g i v i n g  a purple solution. Concentration of the 

solution on a water bath followed by refrigeration allowed 

c r y s t a l l i s a t i o n  of the product as a violet solid. The complex 

was filtered off, w a shed with d i e thyl ether and dried in vacuo 

calc, for " 2 °' ^,44.60; H,4.55; N,14.87;

Found: C,43.91; H,4.13; N,14.54%.

The visible spect r u m  of the c o m p l e x  (C u L ^ 1 2.5•H m e a s u r e d  in 

dilute a q u e o u s  sodium hydroxide has a band maximum, 

at 540 nm (e = 240). In methanol the complex has at

544 nm {£ = 174) .

[Ni^(L^H^) 3 ] (C1 0 ^)^- 6 H ^ 0

The ligand 1 , ^ 8 2 (0.5g., 1-84 mmol) was dissolved in

methanol (50 cm^). A solution of N i (C 1 O ^ ) 2 ‘6 H 2 O (l.Og.,

2.76 mmol) in methanol was added to give a pale blue solution. 

Heating on a water bath led to the rapid c r y s t a l lisation of 

the complex. The solution was a l l o w e d  to cool and the pale

blue c o m plex was filtered off, w a s h e d  with diethyl ether and

dried iji v acuo .
Aw o* C*35«17: H»3.80;

Calc, for ^ 4 2 ” 42^12°24 N l 2 ^ ^ 4 ‘^ ” 2°'
Found: C , 35.01; H,2.95; N,11.61%.

[ N i L ^ l - 8 2 0

The ligand L ^ H 2 (0.5g., 1.84 mmol) was dissolved in

methanol (30 c m ^  and N i C l 2 -6 H 2 0 (0.43g., 1.84 mmol) in

methanol (30 c m ^  added. S o dium hydroxide (0.15g., 3.68 mmol)

disso l v e d  in water (ca. 5 c m ^  was added dropwise to give a
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yellow solution which was concentrated on a water bath to

2 0 c m \  upon cooling yellow crystals of product precipitated 

The complex was filtered off. washed with diethyl ether and 

dried i n v a c u o .
calc, for N1.H,0: C.48.74, H.4.09, N,16.24;

Found: C.47.51; H.3.91; N,15.65%.
in the visible e l e c t r o n i c  spectrum of [N i L ^ l •H ( m e a s u r e d  in 

dilute aqueous sodium hydroxide) the d-d band is o b s c u r e d  by a 

charge transfer band h a v i n g  at 377 nm (e » 4,642). A

)lid state spectrum shows Xmax at 400 nm.

[ C u ( L g H 2 ) 1 ( C I O ^ ) 2

The ligand L 3 H 2 (0.5g.. 1.75 mmol) and

C u (C1 0 , ) 2 -6 H 2 0 (0.65g., 1.75 mmol) were dissolved in methanol

(lOO c m ^ .  Fine light blue crystals precipitated after 

heating on a water bath for several minutes. The solution 

was r e f r i g e r a t e d  for one hour, the complex filtered off. 

w a shed with diethyl ether and dried in v ^ c ^ .
C I O .  for C o , 32.95, H.2.95, N , 10.25,

Found: C . 32.07; H .2.55; N.9.96%

ICUL 3 I •3 H 2 O

C u (C 1 0 , ) 2 -6 H 2 0 (0.65g.. 1-75 mmol) dissolved in the

m i n i m u m  volume of metha n o l  was added to a solution of the 

ligand (0.5g.. 1.75 mmol) dissolved in the

of „ethanol. » p a L  « . I «  solid lo.edlat.ly p r e c i p i t a t e d  hot 

d r o p w l s .  addition of s o d l o .  hydroxide .0.14,., 3.52 „.ol, In
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water d i s s o l v e d  the precipitate giving a b l u e - v i o l e t  solution 

which w a s  h e a t e d  at 6 0 “C for 30 minutes. Upon cooling, dark blue 

crystals of the product p r e c ipitated from solution. The 

complex was filte r e d  off. w ashed with water, diethyl ether and

dried i n v a c u o .
C I C .  for C , 45.05, H , 5.04 , N , 14.01,

Found: C,44.83; H.4.76; N,13.78%.
T h e r m o g r a v i m e t r i c  analysis of the complex shows a 13.3% weight

loss in the range 67-147»C equivalent to a loss of three water

m o l e c u l e s  per molec u l e  of complex. The visible electronic 

s p e c t r u m  of [ C u L ^ l O H ^ O  in dilute aqueous sodium h ydroxide has

at 565 nm (e = 93). In methanol the complex has Xmax at
max

574 nm (e = 109)

[ N i 2 ( L g H ^ ) 3 I ( C I O 4 ) 4

The ligand (0.5g., 1-75 mmol) and

N i ( C 1 0 ^ ) 2 -6 H 2 0  (0.96g.. 2.62 mmol) were d issolved in

m e t h a n o l  (lOO c m ^  to give a pale blue solution. C o n c e n t r a ­

tion o n  a w a t e r  bath a l l o w e d  preci p i t a t i o n  of the product as

a pale blue solid. The solution was cooled and the complex 

f i l t e r e d  off, washed with diethyl ether and dried in v a c ^ .  

C . I C  for C.39.50, H.3.54, .,42.29,

F o u nd :  C . 4 0 . 2 4 ;  H . 3 . 68 ;  N , 1 2 . 2 7 % .

(NiLgl-2H20

The ligand L 3 H 2 (0.3g., 1.05 mmol) was dissolved

in m e t h a n o l  (30 c m ^  and N i C 1 0 ,. 6 H 2 0 (0.38g.. 1-05 mmol) in

m e t hanol (30 c m ^  added. Sodium hydroxide (0.09g.. 2.25 mmol)
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dissolved in water (ca^. 5 cm^) was added dropwise and the

resultant y e l l o w  solution was heated on a water bath. Upon 

j-ef r igerat ion orange crystals of product precipitated. The 

complex was filtered off, washed with diethyl ether and d ried 

in v a c u o .
Calc, for 2 H 2O: C,47.78 ; H,4.81; N , 14.86,•

Found: C,47.70; H,4.24; N,14.89%.

The v i s i b l e  electronic spectrum of [NiLgl* 2 H 2 0 in dilute

aqueous s o d i u m  hydroxide has "il 2 nm (e - 2,...49) and

X a t 4 7 0 n m ( e = 8 7 ) .  sh

[ C u (6 ^ 8 2 ) 1 (CIO 4 ) 2 •«2°

Cu ( C I O ^ ) 2 '6^*2° (0 .6 1 g., 1.64 mmol) was dissolved

in the m i n i m u m  volume of water and added dropwise to a 

solution of the ligand (0.5g., 1-67 mmol) in water. The

pale, b l u e - g r e e n  complex which rapidly precipitated was 

filtered off, w a shed with ethanol and dried in vacuo, 

calc, for C , , H ^ 3 N , 0 ^ ^ C U C 1 2 -H 2 0 ; 0,33.20,- H , 3.4 8 ,- N,9.68;

Found: C , 33.67; H ,3.33; N,9.74%.
T h e r m o g r a v i m e t r i c  analysis of the complex shows a percentage 

weight loss in the range 87»-137° consistent with one water 

molecule per molecule of complex.

f C uL^l-3.5 8 2 °

[Cu (L^8 2 ) 1 (C1 0 , ) 2 - H 2 0 (0.5g., 0.86 mmol) from above

was d i s s o l v e d  in a solution of sodium hydroxide (O.lg.,

2.50 mmol). The violet solution was loaded onto a column of 

CM S e p h a d e x - C 2 5  cation exchange resin and eluted with water.





\
17 1.

!

: 1

Results and Discussion
The ligands N , N ' - ( d i p i co 1 y 1 ) - 1 , 2 -d i a m i noe th a n e 

and N ,N • - ( d l p i c o l y l ) - 1 .3 - d i a m i n opropane (Lb H 2 > were prepared 

by the reaction of ethyl p i colinate ( 2 moles) with the 

appro p r i a t e  diamine (1 mole) in ethanol. The ligand (Lc"2’ 

was p r e p a r e d  by the r e a c t i o n  of e t h y 1 - 2 - p y r i d y 1 acetate with 

e t h y l e n e d i a m i n e  in ethanol. Reaction of L ^ H 2 , ^0^2

with copper (1 1 ) in n e u tral solution gives the cationic 

compl e x e s  [C u ( 2 ) 1 (C 1 )  2 • H 3°, [Cu ( 2 ) 1 (C 1 )  2 and .

[Cu ( L ^ H 2 > 1 (CIO^) 2.H2O respectivel-y. Reaction of the ligands with 

niOcel (1 1 ) gives the dimeric complexes (N i 2 ( 2 ) 3 M  CIO^ ) ̂  . 6 H2O.

(Ni2 (^0*^2^ 3 ’ 4 monomeric complex (Ni ( L^,H 2 ) 1 ( CIO^ ) 2 ■

under basic c o n d i t i o n s  neutral species are formed and the 

following c omplexes have been isolated:
(Cu L ^ ] 2.5H20. (NiL^).H20, (CuI.3 l . 3 H 2 O, (NiI,3l2H20. ( CuL^ 1 3.5H 2O .

in some cases the i s o l a t i o n  of a n a l ytically pure complexes 

from a n a l y t i c a l l y  pure samples of L ^ H 2 . L b H 2 and L^,H2 has proved 

difficult, this may be due to the presence of polymeric complex 

impurities. The t e n dency for L ^ H 2 and L 3 H 2 to form dimeric 

niOcel (11) c omplexes is noted. Vagg aj^- reported that

several attempts to p r e p a r e  [C u (L ^ H 2 ) K C l O ^ ) 2 gave products 

having m i c r o a n a l y s e s  indicative of non- stoichiometric polymeric 

products, however the nitrate salt [ Cu ( L ^ H 2 ) 1 (NO 3 ) 2 was 

isolated in pure form. A change in counter ion may perhaps 

lead to easier isolation of these complexes.

I .r. spectra
The nature of the bonding b e t ween transition metal 

ions and diamide open chain ligands in the cationic complexes 

of general formulae (M b H 2 1 ( C 1 ) 2 and [M2 (L H 2 ) 31 (ClO^ ) 4  is
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indic a t e d  by i.r. spectra.
Amide ligands d i s p l a y  three c haracteristic i.r. 

bands, these are: Amide I (VCO . vCN). Amide II (VC-N . 6 NH)

and A mide III (6 n h  + VCN). U p o n  coordination of the ligands 

to form cationic complexes w h e r e  the amide is bonded to the 

metal ion through the carbonyl oxygen atom of the amide group 

the A m i d e  I band shifts to lower frequency and the Amide II 

and A m i d e  III bands shift to higher frequency. A comparison 

of i.r. spectra of free l i g ands and cationic complexes prepa r e d  

in the present work show that the Amide I b a n d s  of the free 

l i g a n d s  shift to lower f r e q u e n c y  upon complexation, for^example 

in the ligand the Amide I band appears at 1655 cm " while

in the complex (Cu ( ^ ) 1 (C 1 0 ^ ^ t h i s  b a n d  appears as two

a b s o r p t i o n s  at 1625 and 1600 c m ‘  ̂ w hich are not fully resolved, 

in the absence of deuterium e x c h a n g e  e x p e r i m ents,accurate 

band a s s ignments are not p o s s i b l e  but the trends in frequency 

shift for Amide I. Amide II a n d  Amide III b a n d s  upon c o m p l e x a ­

tion suggest that the carbo n y l  groups of the amides are probably 

a c t i n g  ‘as donors and a p o s s i b l e  structure for the protonated 

c o m p l e x e s  of general formula [M ( ) 1 (CIO,)  ̂ is shown in (11).

The c omplexes all show typical i.r. bands due to ionic 

p e r c h l o r a t e  at IlOO c m “  ̂ (broad) and 624 c m ’ ^  m  the solid
• V. 1 the nerchlorate a n ions are weaklystate it is possible that the p

b o n d e d  in the two axial sites.
The neutral, d e p r o t o n a t e d  c o m p l e x e s  of the type

I M b T  obtai n e d  by reacting the ligand bH, w i t h  in basic

m e d i a  show quite different i.r. spectra from the cationic 

c o m p l e x e s  of the form [ M ( bH 2 ) 1 ( C 10 , ) 3 • deproto
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c o m p l e x e s  absorption bands a s sociated with the N-H bond are 

absent. The Amide II and Amide III bands (combinations of
- 1

VCN a n d  6 NH) are replaced by a strong absorption ca. 1400 cm

which is assigned to a C-N stretching mode. The Amide I band

shifts to lower frequency, for example, the Amide I band of

the ligand L ^ H 2 appears at 1640 cm'^ and in the complex 

(Cu L ^ ] 3 .5 H 2 0 it shifts to 1570 cm"^. The bands due to ionic

p e r c h l o r a t e  in the cationic complexes are absent in the neutral

species. The data are consistent with the complexes having 

donor sets involving two depr o t o n a t e d  amide nitrogens. The 

d e p r o t o n a t e d  c o m p l e x e s  are believed to have the structures

shown in (1 2 ).

C = 0 '" ^ ' '0 = C
, \ lH

H. H,

2 +

(c 10 JV 2

(1 1 )

o
N-

(1 2 )
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An X-ray crystallo g r a p h i c  study of l C u L ^ 1 .3 H 2 0 by Stephens 

and Vagg^° has shown the Cu(ll) e n v i r o n m e n t  to be square

pyramidal with the tetradentate l i gand encompassing the

base and a water molecule occupying the apex.

Poten t i o m e t r i e

This technique is generally u s e f u l  for assessing the 

purity of ligands and was performed for the Cu(ll) and Ni(ll) 

complf^xes of
A P o te n t i o m e t r i e  t itration was carried out by mixing

equimolar a m o unts of Cu (CIO^) 2•6H2O w i t h  L^H2 in 0 . 1  mol dm
-3

(KNOj) at 25®C and titrating against 0 . 0 5  mol dm (NaOH). The

c o m p lexation of C u (11) is rapid and a s h a r p  end point was 

obtained upon addition of two e q u i v a l e n t s  of base. On the basis 

that one mole of the ligand L ^ H 2 reacts with two moles of base 

the experimental molecular weight of l i g a n d  is found to be 292.

The calculated molecular weight is 298.
A p o t e n t i o m e t r i c  titration w a s  carried out by 

mixing e quimolar amounts of N i ( C 1 0 , ) 2 • 6 H 2 O with 1 . ^ 8 2 in water

at 25°C and titra t i n g  against 0.1 mol d m   ̂ (NaOH). The

solution is diacidic and consumes two m o l e s  of base per mole

of I iga n d .

1C

complexes [CuL 12.5H20. [C u L ^ ] . 3H 2 O .The compxeii'==> '̂"““ a ‘
I N I L 3 I 2 H 2 O  . n d  t N l I . ^ 1  I n  - f t ,

were titrated against hydrochloric acid, under nitrogen, 

with th. Change. In etslble sp.ctr. . o n l t n r . d  .gainst change.

in solution pH.
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[Cu L^12.5 H 2O

The d e p r o t o n a t e d  complex has

the titration was c a r r i e d  out at 335 nm where marked changes 

in the charge transfer band occur. Amide deprotonation occurs 

in the pH range 4-6 and the d e p r o t o n a t e d  complex is fully 

formed at pH 6.5-

[ C u L g l . 3 H 2 O

The t i t r a t i o n  shows amide deprotonation occurring 

in the pH range 4-6 with the d e p r o t o n a t e d  complex fully formed 

at pH 6.5. A l t h o u g h  the complex has at 570 nm the

absorbance changes are greater at 370 nm and were m e a s u r e d

at this wavelength.

( C u L ^ l • 3 . 5 H 2O

An e q u i m o l a r  aqueous solut i o n  of ^^^2 

C u ( C I O ^ ) 2 -6 H 2 0 was titra t e d  s p e c t r o p h o t o m e t r r e a l l y  agains 

.odlun, h y d r o x i d e  e n d  hydro c h l o r i c  . c i d  in the pB r.nge 2.5-12

eel,.ge series of v i s i b l e  spectre recor d e d  et different pH

vein... hoide d e p r o t o n . t i o n  o c cur, in the pH r.nge 4-8.5.

At pH 5.0 the solut i o n  show. . b r o a d  eb.orption bend with 

i ce. 700 n.. Upon eddition of base the band move, to

shorter w a v e l e n g t h  (pH7. X^,, 585 nm; pH 10.2. X^,, 560 nm)
n c= i f ica tion . The deprotonatedand u n d e r g o e s  a p p r e c i a b l e  n e

„ . p l e x  i. fully f oro.d at and a b o v e  p H 9 . These data are 

consistent with a c h a n g e  in donor ato. fro. a.id. o x y g e n  to 

nitrogen as a r e sult of a.ide l i gand d e p r o t o n . t i o n . T h e  final
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spectrum at pH lO has X 560 nm as expected for a Cu(ll)N.* m d X ^
C h r o m o p h o r e .

(HiL^ ]-H_ 0  A Z

A s p e c t r o p h o t o m e t r i c  titration of [NiL^]H20 

a g a inst h y d r o c h l o r i c  acid shows that amide deprotonation 

takes place in the pH range 6-8 with the deprotonated complex 

fully formed at pH 8.5. During the titration the absorbance 

c h a nges were m o n i t o r e d  at = 400 nm. A typical curve for

the titration is shown in Figure 3.1.

[NiLgl • 2 H 2O

Amide ligand <le p r o t o n a t ion occurs in the pH range 

6 . 5 - 8 . 5  with the complex fully formed at pH 9.0. The 

a b s o r b a n c e  c h ange was monitored at 480 nm.

[Ni L 2̂ ]

An equim o l a r  aqueous solution of LH^ and N i (C 1O^ ) ^ ’ ̂ ^̂ 2° 

was titrated s p e c t r o p h o t o m e t r 1 ca 11y against sodium hydroxide 

and h y d r o c h l o r i c  acid in the pH range 5-12 with a series of
j *- d H values. Amide deprotonationspectra recorded at aitrerent- y

.. « -7 c,_ii s Below pH7 the solutiontakes place in the pH range 7. 5-11. b. Beiow p
shows no a b s o r p t i o n  in the visible region of the spectru.. A. the

pH Is I ncreased a broad absorption develops oa. 165 nm.
 ̂ A. vw aooreciable band intensification.Further addit i o n  of base gives pp
_ 1 ww i «= fullv formed at and above pH 12.The d e p r o t o n a t e d  complex is t u n y

_ ia-v. . in donor atom fromThese data are c onsistent with a change



17 7.

amide oxygen to nitrogen. The final spectrum

consistent with that e x p e c t e d  for a planar Ni(ll)N^ chromophore

L b » 2 ^ c ” 2 -

Solid state n u j o l  mull spectra of p r o t o n a t e d  
amide c o m p l e x e s

Solid state s p e c t r a  were c o l l e c t e d  for the Cu(ll) 

and Ni(ll) protonated a m i d e  compl e x e s  of the ligands

I n s o l u b i l i t y  of these chela t e s  p r e c l u d e s  the 

of solution spectra. The samples were p r e p a r e d  by 

grinding the a p p r o p r i a t e  complex in Nujol and sprea d i n g  a 

thick film of the mull onto filter paper. The films were

scanned for absorbance changes in the range 300-800 nm.

It has been e s t a b l i s h e d  that o c t a h e d r a l  c o m p l e x e s  

with NiO, chrom o p h o r e s  have 3 refle c t a n c e  b a n d s  at c^. 9000,

14,000 and 25,000 cm~^ a s s i g n e d  to the t r a n s i t i o n s  A

2 g ^T, (F) andig 2 g Ig

2 g 2 g '
(P) r e s p e c t i v e l y  and octah e d r a l

bands at c a . 1 1 ,0 0 0 ,NiN, chromophores have 3
° 3

18,500 and 30.000 cm~^ a s s i g n e d  to the t r a n s i t i o n s  A

^T (F) and ^A.Ig

2 g 2 g'
(P) r e s p e ctively. In the present

‘2 g ‘I g ....... ‘2 g Ig
work the complexes [ N i ^ 2 ) 3 1 (C 1 )^ •6 H a n d  (N i 2 ( ^ ) 3 1 -

(CIO^)^ are pale blue solids. Solid state spectra of both

chelates show broad d - d  bands £a. 600 nm assig n e d  to the

2g
^T (F) with steep chargeIg

bands

comme n c i n g  c n . 400 nm. A p p l y i n g  the rule of a v e r a g e  environments

an octahedral N I O 3 N 3 c h r o m o p h o r e  would have 1^^^ =•• 615 nm for

the 2g
T̂ĵ  (F) and an o c t a h e d r a l  N i O ^ N 2 c h r o m o ­

phore would have £ a . 645 nm for the trans i t i o n 2 g ’t , (F)Ig
T herefore the o b s e r v e d  spectra of the Ni(ll) c o m p l e x e s  of 

L ^ H 2 and 6 ^ 8 2  agre«

Ni 0 3 N 2 chromophore

L H, and L,,H_ agree w i t h  those p r e d i c t e d  for an o c tahedral 
A 2 B Z
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The reflectance spectra for the C u (1 1 ) complexes

show for (Cu L ^ H 2 ' 2'” 2° ^max — ‘ ' I <=u L  ̂1 ( C 1 O ̂ ) 2 • «2©

X ca. 612 nm and [ C u H  ] (C 10 ) ̂  X c a . 626 nm. Themax --  c z  ̂ max
«imilaritv in X for the three complexes suggests that they

all have the same set of donor atoms. Detailed interpretation 

of solid state spectra of copper (1 1 ) c omplexes is usually 

c o mplicated due to the relatively low symmetry of these species.

Redox Studies
As mentioned in the Introduction d e p r o t o n a t e d  amides 

for example, tripeptides, when b o n d e d  to metal ions are found 

to stabilise high oxidation states on the metal ions. Thus 

redox studies were performed on the d e p r o t o n a t e d  complexes 

prepared in the present work to determine their redox potentials 

The solutions were prepared for (CuL^l •2. 6 8 2 © , (NiL^]-H 2 0 , 

(CUL 3 1 - 3 H 2 0 , iNxLpl -2 H 2 0 and (C u 1 • 3 .5 H 2O by disso 1 ving 

the a p propriate omplex in a support electrolyte of 0 . 1  mol 

tetra n-butyl ammonium p e r c h l o r a t e  in a c e tonitrile to 

c o n c e ntration of complex in solution £a. 1 x lo'^ mol dm .

(NiL^) was not is. lated in the solid state and was prepared

^  situ by dissolving equimolar amounts of L̂ 2 H 2 and
to give a concentra-

For all studies a 

platinum indxcat . electrode was used and all potentials are 

expressed versus . saturated calomel electrode (SCE). The 

cyclic voltammagram and the AC voltammagram shown in Figure 3.2
determined p a r a m e t e r s  discussed illustrate the e x p e r i m e n t a l l y  determi

in the text.

N i ( C I O ^ )2 •6 H 2 O in the support e: 

tion of complex ca. 1 x lO mol dm

Figure 3.2





-3Rorlox ch<»mistry of [NiL^)H20 in 0 . 1  mol dm tetra n butyl 
aminonium perchlorate in acetonitrile

Cyclic voltammetry 
on Platinum

! .

AC on Platinum I ■

Fiqui 3.3
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[NiL^)•H , 0  A i

( N i L ^ l - H 2 0 shows a quasi reversible one-electron 

o x i d a t i o n  at + 0.93 volts by CV at a p l a t i n u m  electrode

with the ratio Ip(oU/Ip(C) close to u n i t y  and = lOO m v .

Thus w h i l e  the o x i d a t i o n  product is stable on the timescale

of the e x p e r i m e n t  and avail a b l e  for r eduction on the return 

half of the cycle the value of lOO mv at a scan rate of

lOO mv/s suggests that the electron transfer itself is sluggish. 

D i f f u s i o n  control for this process is indicated by a linear 

plot of versus By the AC technique, at a frequency 

Qf 205 Hz at a p l a t i n u m  wire e lectrode, the o xidation is 

present at E = + 0.95 volts. The peak current I shows a

linear d e p e n d e n c e  on the square root of frequency (w ) rn the

range 6 0 H z - 3 0 5 H z  with 1^ independent of w^ at higher frequencies.

for q u a s i - r e v e r s i b i 1 i t y . Thethis f u l f i l s  the AC 
stirred C V  technique shows the o x i d a t i o n  present at - + 0.94

volts, see Figure 3.3. The cyclic v o l t a m m e t r i c  data for the 

complex are g iven in T able 3.2.

TABLE 3.2
a ---Cyclic v o l t a m m e t r i c  d ata® for [ N i L ^ l * H 2 0 at 2 5 “C

\>

(mv/s)
I (Oj P
(HA)

I tC) P
(HA)

I (a)/I„(C) 
P P '"p

(V)
AEP
(mv)

50 23.0 2 1 .5 1.07 +0.93 80

lOO 31.5 27.0 1.16 +0.93 lOO

200 43.0 40.0 1.07 +0.93 lOO

500 6 8 . 6 60.0 1.14 +0.93 1 2 0

:e is 0 . 1  mol dm tetra n-butyl ammoniui 
•ile. All potentials are measured

a . S u p p o r t  e :
p e r c h l o r a t e  in

e l e c t r o d e  versus an SCE. The at a p l a t i n u m  indicator e i e c c r o u
1 „ 10~^ n>ol dm  ̂ in [NiL ] *H O.s o l u t i o n  IS 1 X io A



Redox Studios on (Nil-ĵ l in 0-1
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(N i L g ) .28^0

The complex (NiL„)-2H_0 shows an irreversible one-electron 

oxidation at i = ♦ 0.98 volts by cyclic volta m m e t r y  at a

p l a t i n u m  w i r e  electrode with the ratio Ip(cL)/Ip(t) equal to 

1 . 6 6  at a scan rate of lOO mv/s suggesting that the product 

of o x i d a t i o n  is undergoing some d e c o m p o s 1 tion following 

electron transfer. The peak to p e a k  separation « 80 m v .

The p r o c e s s  is diffusion c o n t r o l l e d  as indicated by a linear 

plot of I (oO versus v^ passing through the origin. The

o x i d a t i o n  is seen at 1.01 v olts by the AC technique on
^ i

p l a t i n u m  with = 140 mv at 205Hz and 1^ independent of w

c o n f i r m i n g  irreversibility. By stirred CV the o xidation wave

appears at E » 1.02 volts, see Figure 3.4. The cyclic

data are given in T a b l e  3.3.

AC on Platinum TABLE 3.3
Cyclic v o l t a m m e t r i c  data® on ( N i L g l * 2 H 2 0 at 25"C

u
(mv/s)

I (0Ü P
(UA)

I (C)P
(uA)

I (oO/I„(C) 
P P (V)

AEP
(mv)

50 37.5 26.5 1.41 +0.99 80

lOO 60.0 36.0 1 . 6 6 +0.98 80

2 0 0 75.0 54 .O 1.39 +0.98 90

500 105 82.5 1.27 +0.98 n o

Stirred voltammetry 
on Platinum

- 3

0-6 I ' O >•5

o - ^i«et-rolvte is 0 . 1  mol dm ' tetra n-butylS u p p o r t  electrolyte ^
a o n i t r i 1 e . All potentials a m m o n i u m  perchlorate in a

ar. „ e a . u r . a  at a platina. Indicator electrod. versa, 
an SCE. The solution is 1 x lO mol dm 
(NiLgl • 2H^O (CuLgl • 38^0

(volts)
Figure 3.4
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I C u L g l •SH^O
The complex (CuLj^l'3 H 2 0 shows an i

o x i d a t i o n  at Ep(ct)

ib 1 e

+ 1.10 volts by cyclic voltammetry

at a p l a t i n u m  electrode. There is no current produced on 

the r e t u r n  half of the cycle. The process is diffusion 

c o n t r o l l e d  with a plot of I p (d.) versus v^ giving a straight 

line through the origin. By the AC technique at a platinum 

wire E = + 1.09 volts with w^ = 140 mv at 205Hz. The

i n d e p e n d e n c e  of Ip on w^ c o n f i r m s  irreversibility. By 

s t i rred CV at a p l a t i n u m  e l e c t r o d e  Ej = + 1.13 volts.

(CuL^l ■ 3 . 5 H 2O

The complex [C u L ^ 1•3.5H 2 © by cyclic v o ltammetry

at a p l a t i n u m  e lectrode shows an i r r e versible oxidation at

E (oj + 1.12 volts. T here is no current p r o d u c e d  on the
P

return half of the cycle.

INiL^l

The complex INiL^l shows an irrev e r s i b l e  oxida t i o n

T h e r e  is no peak current on

the return half of the cycle.
The data are s u m m a r i s e d  in Table 3.4.

wave at Ep(oJ = t 1.18 volts

The redox o r b i t a l s  involved in the o n e - e l e c t r o n

o, t.. aeproton.t.a co„pl.xe. .tuai.a in tP. pi,..ni

work .r. b.ll.v.d to b. „.t.l b.s.a, Thb .iron, In-pl.ne
lip.nd fi.ldP Of fhn d . p r o f o n . P . a  .»ides .re e s p e c i e d  to

s t . b l l i s .  the d® CoClll. ions .nd oh.oic.l o xid.tion of

ICUL 1-2.5H O with H y d r o g e n  p e r o x i d e  In water leads to a 
A ^
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TABLE 3.4
a m i d e  complexes

Complex i E P
(V)

D e g r e e  of
r e v e r s i b i l i t y

(CuL^l•2 .5 H 2O + 0.91 reve r s ib 1 e

(NiL^lH 2O + 0.93 quas i-reversib 1 e

[CuLgl •3 H 2O + 1 . 1 0 i r r e v e r s i b l e

(NiLg)-2H20 + 0.98 i r r e v e r s i b l e

(CuL^l • 3 .5 H 2O 

[NiL^l

+ 1.12 
+ 1.18 i r r e v e r s i b l e

-3a. support e l e c t r o l y t e  Is 0 . 1  mol d m "  t e t r a  n-butyl
a. i ̂  4 1-r tie . All p otentialsamtnoniuni p e r c h l o r a t e  in

are m e a s u r e d  at a plati n u m  indicator e l e c t r o d e  versus 
the SCE. The solutions are câ . 1 x lO mol dm in

(MLl .

yellow solution w h i c h  l.chs the d-d bend e t  540 ns, due to 

,,.e culll, ion. c y clic volt..«.trIc s t u d i e s  c o u p l e d  with 

,..s.t. . e a . u t e . e n t .  on the oxidation p r o c e s s e s  of a wide 

rang, of Cu.ll) t r l - p . p t l d e s  have e s t a b l i s h e d  the redox
Vs that is i n v o l v i n g  the Cu (11 ) /Cu (111 )rbital to be m e t a l  based, that is

13 X-T-ix l a t ion was found to existcouple;"“ furthermore, a good 
h.tween the a b s o r p t i o n  frequencies of the d-d bands of the

c . n i ,  c o e p l . x e s  and their ease of o x i d a t i o n  to Culllll
V.- ^.rvxlation suggests that the relative gaincomplexes. This corre

a: ™ Cu(ll) to d® Cu(lll) is anin CFSE for the c hange from





ICuL ] Reversible o n e - e l e c t r o n  A
oxidation - 5,5,5 fused
ring

iCuL ] Irreversible o n e - e l e c t r o n  B
ox idat ion 
r i ng

5,6,5 fused

:o

(CUL^I lible one-e l e c t r o n  
o xidation - 6,5,6 fused
ring

(13)
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A d d i t i o n a l  React i o n s  

At tempted of L , H ^ , and their
Cu(ll) and Ni(ll) c o m p l e x e s  

I n t e r e s t  in the t r a n s i t i o n  metal complexes of

a e p r o t o n a t e d  amide open chain ligands led, in the present work,

to the a t t e m p t e d  p r e p a r a t i o n  of ligands L 3 H 2 and in (3)

by the m e t h o d  of Ojima et that is by the condensation

of one e q u i v a l e n t  of diethyl o x a l a t e  with two equivalents of 

e t h y l e n e d i a m i n e  for L 3 H 2 and by the condensation of one

equivalent of d i e t h y l  o x a l a t e  with two equivalents of 1,3

T H The J a o a n e s e  workers report thed i a m i n o p r o p a n e  for L ^ H 2 - m e  j a p a n e a

isolation o f  l i g ands L 3 H 2 and L , « 2  from these mixtures, but in

the p r e s e n t  work these s t a r t i n g  m a t e r i a l s  (mixed at high 

dilution) r e s u l t e d  p r e d o m i n a n t l y  in high mass, polymeric

materials, insol u b l e  in water and alcohol. The white solid 

product f r o m  the L 3 H 2 p r e p a r a t i o n  h a d  a m.p. above 320°C

while the p r o d u c t  from the L 4 H 2 p r e p a r a t i o n  started to d e ­

compose a b o v e  250»C. The d i f f i c u l t y  in isolating pure samples 

of the l i g a n d s  L 3 H 2 and L 4 H 2 by c o n d e n s a t i o n  of diethyl 

oxalate w i t h  e t h y l e n e d i a m i n e  or 1 , 3 -diam i n o p r o p a n e  may be due

to the f o r m a t i o n  of chain products.
The react i o n  p r o d u c t  from the p r e p a r a t i o n  of the 

. 3 », -,s in non « n . n o i  tnnn iiinen.a. Th.
_ . to aivG white solidfiltrate w a s  e v a p o r a t e d  to d r y n e s s  to giv

i 7:>-175“C, h o w e v e r  microanalysis of the having a m.p. of 1/^  ̂ '
„ „ p i n  a i a  not c o r r n . p o n a  to th. t o r . u l . t l o n  fot

rtickel hydro x i d e  in basic solution Reaction of the solid with nic y
V. X = 412 nm. A spe c t r opho t o -

gave a y e l l o w  s o l u t i o n  havi g
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metric titration of the solution in water against hydrochloric 

acid showed the d e p r o t o n a t e d  complex to be fully formed at and 

above pH 10.5. Upon standing, a yellow s olid crystallised out 

of the basic solution but it did not a n a lyse as (NiL 3 ). Cyclic

voltammetry of the y e llow solid in 0 . 1  mol dm (NaClO^) in

water at pH 10.5 showed an

at iE, + 0.54 v olts versus the SCE

oxida t i o n  on platinum 

React i n g  the ligand

with copper h y d r o x i d e  in b asic m e dium gave a violet solution

having Xmax 530 n m . titration of the

13

solution in water against h y d r o c h l o r i c  a c i d  showed the

deprotonated c o m plex to be fully f o rmed at and above pH 11. A

solid complex was not i s o lated from this reaction. Cyclic

voltammetry of the violet solution in 0.1 mol dm"^ (NaClO^)

in water at pH 11 showed an irreversible oxidation at high

potential in c o n t r a s t  to the q u a s i - r e v e r s i b l e  oxidation at

iE = + 0.72 volts versus the NHE r e p o r t e d  in the literature

^ The crude reaction product f r o m  the preparation of

V. , d I H was stirred in hot e t h anol then filtered. Thethe ligand ^ ^ ^ 2  scxiic
flltr.t. v.s ev.por.t.a to dryness giving . solid h.vlng .
„.p. of 175-178-c. A pH t ltr.tlon of .n .qul.ol.r .Ixtnre of 

Cu(ClO^)j snd the ligand In 0.1 mol dm (llaC10.,)j at 

against N.OH shoved that If one mol. of complex consumes two 

.„les of sodium h y d r o x i d e  then the l i gand is 94.lt pure, this
t. v-t-oanalvsis w here the found elementresult is c o n f i r m e d  by m i c r o  r

percentages are ca. 9 4 t of the c a l c u l a t e d  element percentages,

reaction of the ligand v l t h  nlcR.l h y d r o x i d e  In haslc solution
.. 4 „ 1 » 455 nm. A spectrophoto-

gave a y ellow solution h a v i n g
4 If ^he v e l l o w  s o l u t i o n  against hydrochloricmetric titration of the y e l l o w
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introduct ion
Some aspects of transition metal-amide bonding 

have been d i s c u s s e d  for linear amide ligands in Section III

of this thesis. It has been found that cyclization of such

ligands d r a m a t i c a l l y  enhances the stability of their transition

metal c o m p l e x e s .  In general, macro c y c l e s  form much more stable

and s e l e c t i v e  c o m p l e x e s  with transition metal ions than do open 

chain a n a l o g u e s  having the same donor arrangement.^ Interest 

in s y n t h e t i c  n i t r o g e n  donor m a c r o c y c l e s  arises from their 

potential as (a) models for b i o m o 1 e c u 1 e s 2 , for example, 

h a e m o g l o b i n  and myoglobin, (b) industrial catalysts,

(c) s p e c i f i c  c a t i o n  carriers across m e m branes,^ (d) sequestering

agents for speci f i c  metal ions.^ D e p r o t o n a t e d  macrocyclic 

diamides p r o v i d e  a strong planar ligand field which maRes them

good m o d e l s  for n a t u r a l l y - o c c u r r i n g  porph y r i n s  w h i c h  can
.8 Some m a c rocyclic amides

5,6,7Ligands L^-L^,
be used to s t a b i l i s e  d Cu(lll). 

found 1 » the l i t e r . t u t .  .re .ho»n in (II 
.re p r e p . r e d  by conde n s i n g  diethyl ox.l.te or diethyl b.lon.t. 

with the . p p r o p r l . t e  tetr.n,lnes w h i l e  is the condens.tion

product of d i e t h y l  o . l onate with te tr.e t h y l e n e p e n t . m i n e .
.liyl s u b s t i t u t e d  m . c r o c y c l e .  bj .re p r . p.red^by .minolytic 

c o n d e n s . t i o n  of s u b s t i t u t e d  diethyl m.lon . t . . " ' "  with 1.9- 

d i . . i n o - 3 .7 - d l . s .no„.ne. These h y d r o p h o b i c  substituents 

incre.se the s o l u b i l i t y  of the ligands in n o n - a g u . o u .  media.

„ . c r o c y c l i c  amide ligands vary in (.) the cavity size. 

,bl the n u mber of nitro g e n  donor atoms, and (c) the relative 

p o s i t i o n s  of the dlone groups in the ring and these differences 

are r e f l e c t e d  in their co.plexation with t r a n s i t i o n  metal ions.
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copper (1 1 ) c o m p l e x e s  with L^-L^. to form neutral ami de - ion i se d
species of the form (Cu(L-2H)l° in a q u eous solution ' ' with

, lO
the 1 4 - m e m b e r e d  ring forming the most stable Cu(ll) comp ex

of the series in (2). The 1 2 - m e m b e r e d  ring which contains
» 1 1

two glycyl u n i t s  gives the a m i d e - ionised species (Cu(L-2H)l 

however the stability is much smaller than for the c o r r e s p o n d i n g  

Cu(ll) c o m p l e x e s  of the larger m a c r o c y c l e s  L^, and .

A n o t h e r  t y p e  of t r a n s i t i o n  m e t a l  i o n - a m i d e  b o n d i n g  in 

is f o u n d  for the l i g a n d s  and in (1). T h e s e  l i ga n d s

b o t h  h a v e  d a n g l i n g  a m i d e  side c h a i n s  a n d  in b a s i c  m e di a

(pH ca. I n c o o r d i n a t e  to Cu(ll) v i a  t h e  four t e t r a z a  n i t r o g e n  

a t o m s  of t h e  rin g  a n d  the d e p r o t o n a t e d  a m i d e  n i t r o g e n  of

the sid e  c h a i n  g i v i n g  five c o o r d i n a t e  s q u a r e  p y r a m i d a l  s p e c i e s .
Ring strain in m a c r o c y c l i c  complexes is reflected in 

the p o s i t i o n  of the d-d a b s o r p t i o n  b a n d  in the electronic spectra, 

increasing ring strain moves the b a n d  to higher wavelength t h u s  

while CUL^ has at 5 0 6  nm the small strained complex CuL^

has  ̂ 596 nm.
studies on the » . c r o o y c l l c  effect end c.tlon-tlng

size s e l e c t i v i t y  for the d l o x o - t e t r a - e . l n e s  have been ..d. hy 

„easurlng the rates of c o o p l e x a t l o n  b e t w e e n  the ligands L^,

and and copper (111. In a c e t a t e  buffer (4.8 < pH < 5.71 l-„

and form copper d U  c o o p l e a e s  while does not. The ^

rate of c o m p l e x a t i o n  is ten times greater for than g

The effect of ring sire on the s t a b i l i t y  of the co.pl.aes Is

reflected In the kinetics of d i s p l a c e m e n t  of b^. and 1.^^
f-oDoer (11) complexes (Cu(L-2H)l. from their d e p r o t o n a t e d  coppe

lov cut is the most stable of the series The 1 4 - m e m b e r e d  complex CuLg
, . 4.— c iih s t i t u t i o n reactions,and is the most inert to sub
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In the c o m p l e x e s  discu s s e d  so far the Cu(ll) ion 

is c o o r d i n a t e d  via two d e p r o t o n a t e d  amide nitrogens and two 

amine nitrogens. However for the ligand L„ the monoi o n i s e d  

complex [Cu(L-H)l^ h a s  been obser v e d  and for the pyridyl 

containing 1 4 - m e m b e r e d  ligand the complex (CuLj^lCl2 has

been isolated in the solid s t a t e . A d d i t i o n  of two equivalents 

of base to [ C u L ^ ) C l 2 in solution results in the amide ionised.

neutral complex (Cu(Lj^-2H)l

solid (Ni(L-2H)l for L = and

Nl(ll) wit» the l l g . h d  h.s not h.en detected p t e s a . e b l y

c onfirmed by the a b sorption

maximum at 512 nm.
c o m p l e x a t i o n  of the m a c r o c y c l i c  amides with Ni(ll) 

has e s t a b l i s h e d  the presence of [Nt(L-2H)l° in solution for 

I- = ^ A ' ^ B ' ^ C ' “  isolation of
C o m p l e x a t i o n  of

ected presumabl

due to the small h o l e  size. The Ni(ll) complex d e r i v e d  from 

has been shown to u n d e r g o  an octah e d r a l  planar equilibriu

such equil i b r i a  are well e s t a b l i s h e d  for a variety of Ni(ll)

t 4- J.r-rr.c'vclic tetraaza ligands^^ and a similarcomplexes ot m a c r o c y c i i

situation occurs w i t h  the Ni(ll) complex of L^.
The p o s s i b l e  use of macro c y c l e s  as s e q u estering 

agents for s p e c i f i c  metal ions led to a study of^the i n t e r ­

action of and L^, with heavy metal ions P b ^ \  Cd ^ and

11

Zn however no c o m p l e x a t i o n  was observed
The s t r o n g  O - d o n a t i n g  amide groups of the macrocyclic 

llgandd h.lp to s t . h t l i . .  high o x l d a t l o h  .tata. on oon,pl.xed 

ttan.ltlon petal ions, as redox studies have Indicated. Cyclic 

voltampetrlc data c o l l e c t e d  tor these sy.te.s are supparlsed 

in Table 4.1. E l e c t r o n  spin r e s o n a n c e  e x p e r l . e n t s  have
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TABLE 4.1

Cy clic V O 1 t a m m e t r i c data on macro c y c l i c  amide complexes

( 2 )

Complex *"p
(volts)

Indicator
Electrode

Reference
Electrode

Support
Electrolyte

Degree of 
Reversibility

Literature
Reference

CuLß ♦0.65 Carbon
paste

SCE IM KCl 
in water

Reversible (17)

NiLß +0.51 Plat inum SCE 3M KCl 
in water

Quasi-
reversible

(17)

Cu Lq +0 . 6 8 Glassy
carbon

SCE 0.5M Na_SO.2 4
in water

Quasi-
reversible

(8 )

NÍLg +0.24 Glassy
carbon

SCE 0.5M Na-SO.2 4
in water

Quasi-
reversible

(8 )

Cu Lh +0.74 Glassy
carbon

SCE 0.5M Na-SO.2 4
in water

Quasi-
reversible

(8 )

NiLß +0.24 Glassy
carbon

SCE 0.5M Na_SO.2 4
in water

Quasi-
reversible

(8 )

+0.42 Glassy
carbon

SCE 0.5M Na_SO.2 4
in water

Quasi-
reversible

(1 1 )

+0.62 Glassy
carbon

SCE 0.5M Na_SO.2 4
in water

Qua s i- 
reversible

(1 1 )
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H

( 3 )

c o n f i r m e d  that the one-electron oxidation processes are metal 

based. ' Electrochemical studies have revealed that the

ring size of the macrocycle affects the redox potential of the 

M ( 1 1 ) / M ( 1 1 1 )  couple in the complexes, also the diamide macro- 

c y c l i c  c omplexes undergo m e t al-based one-electron oxidations 

more readily than the a nalogous complexes of tetraaza m a c r o ­

c y c l e s .  A c omparison b e t ween redox potentials of tetraaza and

N d i a m i d e  macrocyclic complexes shows that the increase in 4
s t a b i l i s a t i o n  of Ni(lll) by the cyclic amide ligands is very

s m a l l - i n  c o m p a r i s o n  to the increase in stabilisation of Cu(lll)

upon m o ving from tetraaza to diamide macrocycles, this is

b e l i e v e d  to be a ligand field effect. The Ni(ll) complexes of

l i g a n d s  and , that is the pentadentate macrocyclic
0

d i a m i d e ,  undergo p a r t i c u l a r l y  facile oxidation and it is 

b e l i e v e d  that this is due to the special steric and electronic 

e f f e c t s  imposed by the basal two imide ligands in the rigid 

s q u a r e  pyramidal structure (3). The redox p o tentials for the 

N i ( l l )  /Ni(lll) couples in [Ni(L^-2H)l and (Ni(L^-2H)] are much 

s m a l l e r  than the c o r r e sponding C u (11)/ C u (111) potentials 

r e f l e c t i n g  c o o r dinating environments much more favourable for 

the d® Ni(ll) d^ Ni(lll) transition than for the d® Cu ( 11)

d® Cu(lll) transition.
The o b s e r v a t i o n  of low oxidation p o tentials for 

t r a n s i t i o n  metal ions compl e x e d  to macrocyclic diamides and 

t h e i r  similarity to b i ological ©2 carriers p r o m p t e d  study o 

t h e i r  interaction with molecular oxygen. It was found that 

the 1:1 complex formed between Co (11) and doubly deprotonated 

L 3 w h e n  reacted with excess imidazole or py r i d ine, y i e 1 ded a
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five c o o r d i n a t e  square pyramidal complex which reversibly

binds O 2 at -700C.2° Studies of the Ni(ll) complexes of

and L , the p e n t a d e n t a t e  donor diamide ligands have
H

e st a b l i s h e d  that the air oxidation produ c t s  are the 1 : 1  

N i ( b - 2 H ) - 0 2  adducts. The nickel b ound is found to be

reactive and b u b b l i n g  air through a m i x ture of [Ni (Lj^-2H) ] and 

benzene in b o r a t e  b u f f e r  yields phenol.

in the p r e s e n t  work in order to expand the data 

on the m a c r o c y c l i c  d i a m i d e s  the p r e p a r a t i o n  of a n d

bas been u n d e r t a k e n  together with their transition metal

c o mplexes. The p r o p e r t i e s  of the complexes in solution have
. ^.-.ohotometr ic t i t r a t i o n

been i n v e s t i g a t e d  by pH titration =

and c y clic v o l t a m m e t r y .

E x p e r I m e n t a l

aione was p r . p . r . d  s . s s n t a . l l y  as d e s c s l b . d  by T.bushl «  

Pl.bhyl . a l o n a t s  (8 .0 ,.. 0.05 « o U  was d l.solv.d i„ a b b a n o l

„ 7 5  = » ^  ana b a a t a d  to tatlux. Trlathy 1 an.tatra.lna ^

„ , 2 , 2 - t a t .  (7.3,.. 0.05 .Ol, d i s s o l v a d  In athanol (25 =. I

was a d d e d  dropw i s e  to the refluxing solution and the
the end of this time the s o l u t i o n  r e f l u x e d  for 3-5 days. At the

volume was r e d uced on a rotary e v a p o r a t o r  until a w h i t e  solid

p r e c i p i t a t e d .  The solid product was filtered off and washed

with a i a t h y l  athat. Tha ll,.nd Is ttaaly solnbla In a t h anol 

and was t a o t y s t a  1 1 1  sad tto. hot ath.nol and dtlad „  

calc, tot C.50.45. ».6.36; ».16.83,
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Found: C.50.72; H.6.40; N.ie.?©».

The ligand has m.p. 17 3-176»C ( 1 it . 189"C ) .^^ The mass spectrum

has m " at 214 ( C gH^gN^O^ = 214). The t.r. spectrum (KBr) has 

V(NH) at 3180. 3 2 5 0  and 3300 cm~^ and amide bands at 1570 and

1660 cm~^. A s e c o n d  crop of white crystalline solid was 

obtained from the mother liquors upon standing. This solid was 

filtered off. w a s h e d  with diethylether and dried in v a c ^ .

The analysis is i n c o n s i s t e n t  with CgHj^gN^0 2 . The solid has 

m.p. (2 0 5 0 - 2 0 8 ») and is only s paringly soluble in hot ethanol 

suggesting that the material is polymeric.

1 . 4 , 8 , l l - T e t r a - a z a c y c l o t e t r a d e c a n e - l l , I 3 - d i o n e  (L^)

The l i g a n d  i ,4 .8. 1 1 - t e t r a - a z a c y c l o t e t r a d e c a n e -11.13

alone we. p r e p a r e d  as p r e v i o u s l y  d e s c r i b e d ’ , that 1 . 1.9-

d l a m l n o - 3 ,7 - d l a a a n o n a n e  í2,3,2-tet) (7.3g.. 0 . 0 4 5  mol)

dissolved in ethanol (lOOO c m ’) and the solution cooled to

o- in an Ice bath, then with constant stirring diethyl

„alónate (B.og.. 0.05 mol. was added. The s o l u t l o ------stirred

4- -liture for 7 days, during which time it becameat room t e m p e r a t u r e
pale pint. The v o lume was r e d u c e d  to ca. 25 cm on a rotary 

evaporator and o n  standing o v e r n i g h t  at O-C. white needle 

Shaped cryst a l ,  of the product were obtained. The product 

was filtered o f f .  w a s h e d  with diethyl ether, r e e r y s t . 1 1 L e d  

from ethanol a n d  dried in. ^ ^ c ^ .  

calc, for
Found: C . 5 1 . 9 0 ;  H . 8 .8 6 ; N,24.07%. ^

% £ ■  A  o iAA®c (Iit.l64“ l-66**C) .
The ligand has m -p -
The c h a r a c t e r i s t i c  i.r. spectral bands are identical to those 

described in t h e
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1 ,4,8 ,1 2 - T e t r a - a z a c y c l o  p £.MTadec a ne - 1 2 , I 4 -d ione

Diethyl malonate (8.7g., 0.05 mol) was dissolv

ethanol ( 9 7 5  cm^) and h e a t e d  to reflux. 1 . 1 0 - D l a m i n o -4.7 -

a l . z . d e c . n o  (3,2,3-t.t. (9.7g., 0.05 «ol, dl..=lv.d In .th.nol

,25 c m ’) wa. added dropw i . .  to the refluxing solution. The 

react i o n  mixture va. r e f l u x e d  for 5 days, tnen the volume 

reduced to ca. 75 c m ’ . Upon standing at room t e m perature for 

several day. a white p o wder cryst a l l i s e d  out which was 

s e p a r a t e d  from the v i s c o u s  supernatant by use of a centrifuge. 

The c r u d e  solid was stirred In ethanol and thus separated Into 

an e t h a n o l  soluble f r a c t i o n  (the ligand, b,. and an ethanol 

i n s o l u b l e  fraction b e l i e v e d  to be a polymeric material. The 

ethanol solut i o n  was e v a p o r a t e d  to d r y n e s s  to give the product, 

calc, for ^'"2.57, H.9.2

Found: C.53.99; H.9.69; N.22.25%

The l igand has m.p. (1 8 2 - 1 8 7 » C ) .

The mass spectrum has at 242 = 242).
fKBr) has 9(NH) at 2800. 2900. 3180 and 32zOThe i.r. spect r u m  (KBr) nas

c m - ’ and amide bands at 1555 and 1625 cm ’ .
The ethanol Insoluble fraction from the preparation

• „r-r̂ n.5tstent with the formula C H 2 2 ^ 4 ° 2 ' has a m i c roa n a l y s 1s r ^
The solid melts above 220-C and the mass spectrum ha. at

384. These experimental results suggest the presence

p o l y m e r i c  material.
r, ..otra were d et er m in e d as KBr discs usingInfra- red  sp ec tra  were

h tometer. All pH m e a s urements were 
a Per)ctn-Elmer 402 spect r o p  o
made with a Badlo m e t . r  P - » 6 4  pH meter, which was standardise
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using potassium hydrogen phthalate b u f f e r  (pH 4.01 at 25 

and borate buffer (pH 9.18 at 25oC). Electrochemistry was 

carried out using a PAR 170 e l e c t r o c h e m i s t r y  system. The mass

used was a *JEOL DlOO.

Results and D i s c ussion
The o.crooycllc di.mld.s prepared have 13-11.^), 

la-iLg) and 15-IL^l memb.r.d rings with variable cavity size.
The ligand, are readily prepared by the reaction of the

appropriate tetra.ln. with diethyl „ a l onate In ethanol.

P p aratlons of and Indicated the p r e sence of polymeric

species in the prodect mlrtures w h i l e  the ligand t. Is readily 
Obtained with no sign of polymeric Impurity. attempts were 
made to purify I,, bp - d  b, by p r e c i s e l y  following the Ttc

literature^'* for isolating these
procedures d o cumented in the

tue.e TLC systems were found to be c ompletely ligands. However, these TLC syste
ineffective and in fact when a p u r e  sample of ligand L^ was 

'applied to a TLC plate and placed In a tanK of the r e c ommended

.Plv.nt mlrturs th. H g - n d  bp was found to be so polar that 

rt remained stationary throughout the passage of the solvent

along the plate.
of L with Cu(ll) and Ni(ll) was studied compl e x a t i o n  of L^ witn

h o t o m e t r i c  titration and cyclic
by pH titration, spectrop

c ror^fT -2H) 1 was c o n f i r m e d  by pH voltammetry. The formation of (Pd(L^
titration. The complexes (Cu(Lg-2H)l. [Ni(L 3 - 2 H)l and

-2H)1 were prepared in s o l u t i o n  and redox studies

pecfelmed on the neutral h l U l .  a n d  C u . H ,  completes. Potenti»

f t  ation of L with cu(ll) suggests that the metric pH titrati q
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L is only 59% pure, perhaps due to the presence of polymeric 
species. Thus c o m p lexation s t u d i e s  on this ligand are limited, 
c o n d e n s a t i o n  of d i ethyl m a l o n a t e  with 3,2.3-tet as well 
producing the c y c l i c  ligand could give linear chains of the
type shown in s tructure (4) and this is suggested as a possible 

structure for the polym e r i c  impurity.

^  m i

NJ H NJ

O C C H 2 — ^ o V lH  H N ^ C O - C  H 2 ^ 0  — NH N

(4 )

T r a n s i t i o n  Metal C o m p l e x e s  of

Equimolar amounts of C u (C l O ^ ) 2 * 2° and 
.ixed in water,and sodium hydroxide added to ensure amide
a e . . o t o „ . . i o „ ,  upon sn.„ai„U. violet cty.t . i .  p t e c i p i t . t . O

.„a -ete iiitet.a oft .na ati.a, Th, pt.p.t.tion «a. tepe.t.a
. e v . t a i  t i . . .  a n a  tHe p t o a o c t .  t e c t V s t a i 1 1 - e a , n o w . v . t  t h .

/..riQistent w i t h  th e  f o r m u l a t i o na n a l y t i c a l  data were nc
[Cu (L^- 2H )1 but did support an empirical formula of CgH^^N,.

n K C I O ^ )  2-6H20 was reacted with in basic
, rvsta l l i n e  p r o d u c t  which p r e c i p i t a t e d  upon standingThe y e l l o w  c r y s t a r r  f



20 1  .

L is only 5 9 % pure.perhaps due to the presence of polymeric 
species. Thus complexation studies on this ligand a r e  limited, 
c o n d e n s a t i o n  of diethyl malonate with 3 .2 .3-tet as well as 
producing the cyclic ligand could give linear c h a i n s  of the
type shown in structure (4 ) and this is suggested as a possibl. 

structure for the polymeric impurity.

J W  NMH H NJ

t l C C H 2 - C 0 T ^ H  HN< C O - C H 2 C O - N H  N

(4)

T r a n s i t i o n  Metal Complexes of and

.ixed in w a t e r , a n d  sodium hydroxide added to e n s u r e  amrde
upon violet otyetels preoipitat.a

.„a wet, filtered off and dried. Tte prep.r.tion wee repe.ted
1 1 i sed . h o w e v e r  theseveral times and the products recry

oQistent with the formulationa n alytical data were nco
[Cu ( L ^ - 2H )1 but did support an empirical formula of Cg«23N^.

A _______________
N K C I O ^ )  2 -6 H 2 0 was reacted with in basic

The ye 1 low
product which p r e c i p i t a t e d  upon standing
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(.tied to .n.ly.e »• lNl(I.„-2H n  but hdd .u . „pltio.l formula

o f C H N •
E q u i m o l a r  q u a n t i t l a .  of K^PdCl^ and E^ ware ml«ed

1„ basic medium and refluxed for 3 hours to give IPd(L^-2Hll
s rx»-o i n 1 1  a t e d upon standingin s o l u t i o n .  The yellow crystals which precipt

.t o-c w e r e  filtered off. - s h e d  with ethanol a n d  dried. The 

complex d i d  not analyse as PdL, but had an e m p i r i c a l  formula

e r / T (NH ) ICl was attew.ptedThe p r e p a r a t i o n  of lCo(L^ 2H)(NH2J2'
t a m m i n e c o b a l t  (1 1 1 ) c h l o r i d e  with L^. by r e a c t i n g  chloropenta

Reaction was i ndi ca ted  by the e vo lu tio n of N H 3 and  the 
becoming c h e r r y  red - « S  nm In water,, h o w e v e r  the red
solid w h i c h  was isolated fro. solution gave poor analytical

data .
in general, w h e n  analy t i c a l l y  pure Is reacted with

2 + in b a s i c  media highly crystalline, c o l o u r e d  products are
M

2 + _ . 2 +
o b t a i n e d  (yellow for M - N 1

Oa. 2 +Pd^ and v i o l e t  for M

suggests that c o m p l e x a t i o n  does not
2 +

proceed with the s t o i c h i o m e t r y  of 1:1 for M
( L ^ - 2 H ) . A

copper ,1 1 , a n d  nlcX.l U U  c o m p l e x e s  of E 3  were

readily p r e p a r e d  by the
ies of K 2 P d C l 4 and were refluxed

e m e t h o d .

Equimolar q u a n t i t i e s  of
Hvrivide The brown crystals which in m e t h a n o l  with sodium hydroxrde.

a. filtered off, w a shed with c r y s t a l l i s e d  out upon c o o l i n g  were filtered
1 rinta are not consistent with 

..ter a n d  dried. The a n a l y t i c a l  data

the f o r m u l a t i o n  (Pd(Lg-2H)l.
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The Hg(ll) ion was found to be unsuitable for 

c o m p l e x a t i o n  with L^. Equimolar quantities of Hg^O and w e r e

r e f l u x e d  in methanol with sodium hydroxide, but there was no 

i n d i c a t i o n  of c o m p l exation. Unreacted mercuric oxide was 

f i l t e r e d  off and the volume of filtrate reduced allowing

of a white solid which analysed as the free

ligand L^.

r o m o l e x a t i o n  of 1 ,4 .8 .1 2 - tetra-y.acYC lotetradecane-
T 2 .1 4 -dióne (L^) with C u(ll) and N i ( Y ^

Mixing of e q u i m o l a r  q uantities of Cu (C I O ^ ) 3 '6 H 3 0  

and the l i gand in b a s i c  aqueous solution gave a violet

solution, h o w e v e r  no solid complex could be isolated from the

m i x t u r e .
E qui«Ol.r q u a n t i t i e s  of N K C l O ^ l j - e H j O  «nd ».t.

.It.d in a q u e o u s  solution. Addition of sodiu. hydsotld. , . v .
, yellow solution indicating the pte.enoe of a planat P I U I . N ,  

c h r o m o p h o r e .  Upon standing, the solution became brown 

euqqestin, p.th.ps aetial oxidation to a H i U H ,  species. No

solid p r o d u c t  was isolated.
A second m e t h o d  was devised for q.n.r.tln, Cu(ll)

f T L and L in aqueous solution,and Ni(ll) c o m p l e x e s  of L^. q

u.in, an ion excha n g e  technique. The m.crocyclio di.mide. 

were p r e p a r e d  as d . s c r i h e d  previ o u s l y  hy refluxing the a p p r o ­

p r i a t e  t e t r a m l n .  with diethyl malonate in ethanol for 3-5 days,

at the end of this time, all ethanol and unreact.d diethyl
w < filiation on a rotary evaporator,

m a l o n a t e  was removed by d s
leaving a v i s c o u s  gum c o n t a i n i n g  the product ligand and un- 

r e . c t e d  tetramine. This gummy material was dissolved
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O J

cr^

m i n i m u m  of water and an aqueous solution containing either

N i ( C 1 0 ^ ) 2  or C u i C l O ^ ) ^  added to it. The mixture was basified

by a d d i t i o n  of sodium hydroxide to ensure deprotonation of the

ligand. The solution was loaded o n t o  a column of CM Sephadex-C25

c a t i o n  excha n g e  resin and eluted w i t h  water. The neutral species

(M(L -2H) 1 , [M(L -2H) 1 or [y{L_-2H)) pass down the column vV'ile the charged A B C
s p e cies [M (t e t r a m i n e ) ]  ̂ is retained on the resin. Thus an

a q u e o u s  solution of ML^, ML^ or ML^ can be obtained, free of

r e a c t a n t  impurities. [ M (t e t r a m i n e ) 1 can be removed from the
- 3 , . 1 8c o l u m n  by e l u ting with 0.05 mol dm pyridinium acetate.

S'
H O

O o

nO

p n

Osl

was c a r r i e d  out by mixing
-3

of ML.------ A
(M - Cu(ll), Ni(ll) and P d ( l D )

A p o t e n t i o m e t r i c  titrati«

e q u i m o l a r  a m o unts of C u (C 1O ^ ) 2 •6 H w i t h  L^ in 0.1 mol dm 

( K N O 3 ) at 2 5 “C and titrating a g a i n s t  dilute sodium hydroxide.

The i n c o r p o r a t i o n  of Cu(ll) is rapid. The solution is diacidic 

and c o n s u m e s  two moles of base per mole of Cu(ll) (or ligand). 

The t i t r a t i o n  curve is shown in F i gure 4.1. An experimental 

m o l e c u l a r  weight for the ligand can be c a lculated from the 

t i t r a t i o n  result. On the basis t h a t  one mole of ligand reacts 

with two moles of base the experimental molecular weight of 

l i gand is found to be 204 a m u . The calculated weight is 214 amu 

thus the ligand is shown to be 96% pure. A potentlometric 

t i t r a t i o n  was c a r r i e d  out by m ixing equimolar amounts of 

N i ( C 1 0 , ) 2 -6 H 2 0  With L^ in 0.1 mol dm'^ (KNO 3 ) at 2SoC. and

a g a inst dilute sodium hydroxide. Due to the slow

O s C30 v O i_n
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p o

Cvj

;ion of nickel (1 1 ) it was necessary to allow the

system to come to equilibrium after each base addition and the

titration took ca . one hour for completion. Two moles of

sodium h y d r o x i d e  were consumed per mole of ligand. A

p o t e n t i o m e t r i c  titration was carried out on a n  equimolar

mixture of K 2 PdCl^ and in 0.1 mol dm  ̂ (KNO^) at 2 5 “C,

titrating a g ainst dilute sodium hydroxide. D u e  to slow

c o m p l e x a t i o n  of Pd(ll) the mixture was s t i r r e d  for 72 hours

at 40®C before commencing titration. Two m o l e s  of sodium

hydro x i d e  were consu m e d  per mole of ligand. The titration

curve is shown in Figure 4.2.

An equimolar aqueous solution of and copper (11)

was t i t r a t e d  s p e c t r o p h o t o m e t r i c a 1ly in the p H  range 2-13. The

spectrum of the solution at pH 4.3 shows a b r o a d  a b sorption

with X ca. 560 nm. On addition of base t h i s  absorption
ma X --

moves to shorter wavelength (pH 4.75, 5 4 5  nm; pH 5.21,

X 530 nm) and undergoes appreciable intensification. The
ma X

complex is fully formed at and above p H 6 w i t h  a band m a ximum 

at 525 nm (Figure 4.3).
An equimolar aqueous solution of and nickel (11)

was t i t r a t e d  spect r o p h o t o m e t r i c a 11y in the p H  range 2-11. The

spectrum of the solution below pH 5.70 shows negligible

a b s o r p t i o n  in the visible region. On a d d i t i o n  of base an

a b s o r p t i o n  band develops, with X^^^ = 412 n m . Further addition
of base gives intensification of this band w i t h  no shift in

X . At and above pH 7.5 the complex is f u l l y  formed,
ma X
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P o te n ti o me t ri e  and spectrophotometric titrati 
of ML„D
(M » Cu(ll), Ni(ll) and Pd(Il))

A potentiometric titration was carried out by mixing 

e q u i m o l a r  a m o u n t s  of Cu (C 1 )  2 • 6 H and in O.l mol dm  ̂ (KNO3 )

at 25®C and titrating against dilute sodium hydroxide. The 

solution is dtacidic and consumes two moles of base per mole 

of ligand (L^) . The titration curve corresponds to that found

in the B

%

^ The experimental molecular weight o f  L 

d e r i v e d  f r o m  the titration curve is 224 amu. The c a l c u l a t e d  

t h e o r e t i c a l  molecular weight is 228 amu. The ligand is thus 

98.2% pure .
A p o tentiometric titration was carried out on an 

. q u i . o l . r m i x t u r e  of K^PaCl^ .nd In O.l mol ( K N O 3 ) .t

25-C, t l t r . t l n g  nq.lnet dilute .odium hydroxide. Due to slow 

c o m p l e x . t l o n  of Pd(ll) with the llg.nd the mixture we. stirred 

for 48 h o u r ,  et 40*C prior to tltretlon. Two mole, of .odium

h y d r o x i d e  were consumed per mole of ligand.
hn equimolar aqueous solution of !,„ and cu (CIO, I 3 • 6 H 3O 

t i t r a t e d  spectrophotometrica 1ly in the pH range 2-12. The 

spect r u m  of the solution at pH 4.5 has an absorption b a n d  at 

1 . 506 no. on addition of base the absorption band under-

goes a p p r e c i a b l e  i n te n sif i c a t ion with no shift in the an 

maximum. The complex is fully formed above p H 6 .
An equimolar aqueous solution of and N i (C 1 0 ,) 2 ' 6 8 2 0

c t rophotometrically in the pH range 2-12. The 

" . " c r r l r i r t r .  . o l u L o n  .how. no appreciable a b s o r p t i o n  in the

1  ̂ or below pH3. On addition of base anvisible region at or beio p
= 460 nm. Further addition

pH a b s o r p t i o n  band develops wit max

M J
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of base g i v e s ;ion of the band with no shift in

X . The complex is fully formed at and above pH 7.S 
ma X

P o t e n t i om e tr i e and s p e c t r o p h o tometric
of ML^

(M = C u (11))
A p o t e n t i o m e t r i c was carried out by mixing

equimolar amounts of C u (C l O ^ ) 3 '6 H w i t h  in 0.1 mol dm

(KNO 3 ) at 25°C and titrating against 0.05 mol dm"^ (NaOH). On

the basis that two moles of base will be consu m e d  per mole of

ligand t h e  end point in the titration curve shows that base

c o n s u m p t i o n  is only 5 9 % of that expected, it seems unlikely

that this is due to slow c o m p l e x a t i o n  of Cu(ll) but more likely 

that the ligand is only 59% pure. While the analytical results

were r e a s o n a b l e  it may be that the ligand contains some polymeric

material of the type shown in structure (4).

Redox studies
AS menti o n e d  in the I n t r oduction , the planar, strong 

field, d . p i o e o e . t . d  . . c r o c y c l l c  dle.l d e ,  .t.blliee co.pl.x.d 

cu(lll) loee end redox s t u d i . x  c o u p l e d  with e.x.r. . e . .ure„.nts 

by r e b b r l x z l  £b » 1 .”  ehown th.t the redox orbltel In the

o x i d a t i o n  of 1 0 0 (1 3 - 2 «))- to (Cu (I. 3 - 2 « )1 ̂  ‘ 1 . net.l based.

The r e d o x  chemistry of the metal c o m p l e x e s  of L^, and b̂ ,

has been pursued in the p r e sent work.
rCu(L -2H)1 was p r e p a r e d  in. s i_t^ by dissolving 

A _ 3
rhf r* 11 (CIO ) and L in 0.1 mol dm NaClO^ e q u i m o l a r  amounts of C u ( C i O ^ ( 2  A

. 1 nH to c a . 8  by addition of sodiumin w ater and raising the pH to £a.o y



208
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The final solution was c_a. 1 x lO mol dm inhydroxide

(Cu (L^-2H)]. Cyclic v o l tammetry at a plati n u m  wire electrode 

showed an i r r e v e r s i b l e  o n e - e l e c t r o n  oxidation at iEp = ♦ 0.61

volts versus a saturated calomel reference electrode (SCE) where 

iE is the m i d - p o i n t  b e t w e e n  Ep(oJ (the potential at which 

I (a.) the forward peak current is at a maximum) and E^CC) (the 

potential at which Ip(C) the return peak current is at a 

„.aximum). A plot of peak height v e ^  the square root

of scan rate v* is linear, p a s sing through the origin indicating 

a diffusion c o n t r o l l e d  process. The peak height ratio 

I (a)/Ip(C) = 1.43 at a scan rate of lOO mv/s and the peak to 

peak separ a t i o n  AE^ = 160 mv at a scan rate of lOO mv/s 

increasing to 250 mv at a scan rate = 500 mv/s. At a carbon

paste indicator e l e c t r o d e  the irreversible oxidation wave is
_ __ I'd.bl.GS 4«2 Sind 4«3»seen at + 0.65 volts v e rsus an SCE, see

TABLE 4.2
Cyclic v o l t a m m et r y of [ C u ( L ^ - 2 H ) ) at 25 C

I (oJ/I„(C) 
P P

50 43 27 1.59 +0.61 140

lOO 56 39 1.43 +0.61 160

200 82 56 1.46 +0.60 190

64 1.87 +0.64 250
500 1 2 0

-3 (NaClO^)Support e l ec t r o l y t e  is aqueous 0.1 mol dm 
with all p o t e n t i a l s  e xp re s se d  versus the SCE. Potentials 
are m e as u re d  at a p l a t i n u m  wire electrode. The solution
is 1 X lo"^ mol dm  ̂ in ((Cu (L ^ - 2 H ) 1
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TABLE 4 . 3
Cyclic voltammetry of (Cu(L^-2H)] at 25®C

V I (a) P
I (C) P I ( o ) / i , , ( c )  

P P
iEP

Ae
P

(mv/s) (uA) (uA) (V) (mv)

50 205 70 2.92 +0.65 340

lOO 330 150 2 . 2 0 +0 . 6 6 470

200 540 1 6 0 3.37 +0.64 550

500 IlOO 2 2 0 5.00 fO.65 750

-3 (NaClO^)Support e l ectrolyte is aqueous 0.1 mol dm 
with all p o tentials e x p r e s s e d  versus the S C E . Potentials 
are measured at a c a r b o n  paste indicator electrode. The
solution is 1 X lo'^ m o l  dm  ̂ in ((C u (L ^ - 2H ) ) ° ).

Cyclic v o l t a m m e t r y  at platinum of a solution of

(Cu (L^-2H)]° prepared in s i t u  in a support elect r o l y t e  of

0 . 3  mol dm"^ tetra-n-butyl ammonium perch l o r a t e  in dimethyl-

sulphoxide shows a q u a si- r e v e r s i b 1 e one-e l e c t r o n  oxidation

at iE = + 0.32 volts v e r s u s  an SCE. A plot of £ ^ ( 0.) versus
P

V* gives a straight line t h r o u g h  the origin c o nfirming

d iffusion control. The r a t i o  of peak curre n t s  Ip(aj/Ip(c)

equals unity indicating t h a t  the product of the oxidation

process is stable on the t i m e  scale of the e x p e r i m e n t  and

available for reduction on the return half of the cycle.

However, the o b s ervation t h a t  the peak to peak separation

AE = 130 mv at a scan r a t e  of lOO mv/s indicates a sluggish 
P

electron transfer, see T a b l e  4.4.
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[ C u ( L g - 2 H ) ]

C y c l i c  v o l tammetry on 1 x lO mol dm

solutions o f  [Cu(Lg-2H)l was carried out using both platinum 

and carbon paste indicator electrodes

in a s u p p o r t of 0.3 m o 1 dm

The complex [ C u ( L g - 2 H ) 1 

tetra n-butyl ammonium

in dime t h y l s u I p h o x i d e  shows a fully

iE = + 0.48 volts at a platinumo n e - e l e c t r o n  o x i d a t i o n  at
wire v e r s u s  an SCE. A linear plot of 1^(0) versus v* confirms 

diffusion control. The separation of the anodic and cathodic

peaks AEp is 60 mv and the peak height ratio 1 ^ ( 0 3 /Ip(C) is 

close t o ^ u n i t y .  In addition Ep(cO, Ep(C) and iE^ are independent

of scan r a t e ,  see Table 4.5.

TABLE 4.5
cyclic v o l t a m m e t r y ^  of [Cu(L 3 - 2 H)]» at 25»C

V

(mv/s)

I (cOP
(UA)

I (C) P
(HA)

I (cO/I„(C) P P
(V)

Ae P
(mv)

50 6 . 0 5.0 1 . 2 0 +0.48 70

lOO 8.25 7.0 1.17 +0.48 60

200 12.5 10.25 1 . 2 1 +0.48 70

500 17.25 17.0 1 . 0 1 +0.48 70

a . S u p p o r t  ele< is 0 . 3  m o 1 dm tetra n-butyl

ammo n ium
p o t . n t l . l .  e x p r . . . . a versus the SCE. Poten P l s l s  .r.

platinum indicator electrode. The
2H) 1 ° .

m e a s u r e d  at a
s o l u t i o n  is 1 X lo"^ mol dm in [Cu(L B

[Cu(L -2H)1 in a support of 0 . 1  mol dm -3

sodium in water shows a d iffusion controlled, fully
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Redox Studies of [CuL_-2H) in 0.1 mol dm'^ (NaClO^)

reversible o n e - e l e c t r o n  oxida t i o n  on p l a t i n u m  at = ♦ 0.69

.olts versus an SCE. AE^ is 60 mv and I , (ci) / I ̂  (C ) is close to

unity, see Table 4.6.

TABLE 4 . 6

Cyclic v o l t a m m e t r y  of lCu(Lg-2H)l at 25 C

V
(mv/s)

I (OÜ p
(pA)

I (C) P
(pA)

I (oO/(^(C) P P '"p
(v)

AEP
(mv)

50 23 19 1 . 2 1 +0.69 60

lOO 30 26 1.15 +0.69 70

200 46 39 1.17 +0.70 80

500 72.5 55 1.31 +0.69 95

a . Support ele ! is 0 . 1  m o 1 dm NaClO^ in water.

All potent! a 1 s are e x p r e s s e d  v e r s u s the SCE •
P o t e n t i a l s  are m e a s u r e d  at a p l a t i n u m  i n d i c a t o r  
electrode. The solution is 1 x lo' mol dm in 
(Cu (L^-2H) 1 .D

By the P.C t echnique et a p l a t i n e »  i n d i c a t o t  el.ctrcd. 

the o x i d a t i o n  i. ob.et v . d  at • 0.69 v o l t s  versus the SCE. 6 t

a c a rbon past, e l e c t r o d e  - • 0 . 6 9  volts with the ratio

I loj/l (C) equal to one, see Table 4.7. and Figure
P P

(volts)
Fioure 4.5







Redox Studies of [NIL -2H] in 0.1 mol dm (NaClO^)

Cyclic voltammetry on Piati

Cyclic voltammetry on Carbon Paste

Stirred voltammetry on Platinum

OS '-O(volts)

1

1-S

Figure 4 . 6
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TABLE 4.9
cyclic v o l t ammetry* of (Ni(Lg-2H)l at 25»C

V
(mv/s)

I (0Ü P
(UA)

I (C) P
(|XA)

I (oJ/I^fC) P P '"p
(V)

AEP
(mv)

50 30 19 1.57 +0.59 160

200 77 46 1.67 +0.58 2 1 0

500 112.5 70 1.60 +0.61 270

-3
Support N a C l O ^  in water

P o t e n t i a l s
is 0 . 1  m o 1 dm

All p o t e n t i a l s  are e x p r e s s e d  versus an SCE 
are m e a s u r e d  at a p l a t i n u m  indicator e l ectrode. The 
solution is 1 X l o “ ^ mol dm  ̂ in (Ni(Lg-2H)].

At a carbon paste e
takes place at

an i r r e v e r s i b l e  o x i d a t i o n  
0.50 volts v e r s u s  the SCE.

The e l e c t r o c h e m i c a l  data c o l l e c t e d  in the p r e s e n t  

work are s u mmarised in T a b l e  4.10. In the a b s e n c e  of e.s.r. 

r e s u l t s  it is d ifficult to ascer t a i n  w h e t h e r  the redox

are metal or ligand based, h o w e v e r  by a n a logy with

work where redox studies were c o u p l e d  with e.s.r. 

m e a s u r e m e n t s ^ ^  metal b a s e d  o x i d a t i o n s  are i n d i c a t e d  for the

c o m p l e x e s  d i s c u s s e d  in the present work. F r o m  c o n s i d e r a t i o n

of T a b l e  4.10 several facts emerge: o n e - e l e c t r o n  o x i d a t i o n s
degree of

for the c o r r e s p o n d i n g
of (Cu(L^-2H)l and ICu(Lg-2H)l show a

r e v e r s i b i l i t y  than the o x i d a t i o n

Ni(ll) c omplexes s u g g e s t i n g  that [Cu ^^a   ̂ and

(Cu^^ ^ ( L  -2H)1^ are more stable than (Ni (L^-2H)1 and
Perhaps the irreversibility in the oxidation 

processes for planar Ni(ll) going to Ni(lll) suggests that a
(Ni^ (Lg-2H) 1
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TABLE 4.10

Complex iEP
(volts)

Indicator
Electrode

Reference
Electrode

Support
Electrolyte

Cu La 40.61 Platinum SCE O.IM NaClO^ 
in water

Cu La +0.65 Carbon
paste

SCE O.IM NaClO^ 
in water

CuL^ +0.32 Platinum SCE 0.3M Et^NClO^ 
in DMSO

NÍLa +0.65,
+0.79

Platinum SCE 0.3M Et^NClO^ 
in DMSO

CuLß +0.48 Platinum SCE 0.3M Et^NClO^ 
in DMSO

CuLß +0.69 Platinum SCE O.IM NaClO^ 
in water

CUL3 +0.69 Carbon
paste

SCE O.IM NaClO^ 
in water

NiLß +0.43 Platinum SCE 0.3M Et^NClO^ 
in DMSO

NiLg +0.59 Platinum SCE O.IM NaClO^ 
in water

NiLg +0.58 Carbon
paste

SCE O.IM NaClO^ 
in water

Degree of 
Reversibility

Irreversible

Irreversible

Quasi-
reversible

Both waves 
irreversible

Reversible

Reversible

Reversible

Irreversible

Irreversible

Irreversible

All data co llected in the present work



of [ C u ( L ^ - 2 H ) ) and
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r e a r r a n g e m e n t  takes place follo w i n g  electron 

to give a m o r e  favourable g e o m e t r y  for the Ni(lll) 

species. From CFSE c o n s i d e r a t i o n s  the c h ange from planar 

C u U l )  to planar Cu ( 1 1 1) would be f a v o u r e d  over the change 

from planar Ni(ll) to planar Ni(lll). C o m p a r i n g  redox

p o tentials for the o x i d a t i o n  
[Cu(L - 2 H ) 1 in d i m e t h y l s u l p h o x i d e  (Cu(L^-2H)l has = + 0.32

volts and oxidises m o r e  readily than [ Cu(L 3 - 2 H)l with iE^ =

+ 0.48 volts, this p e r h a p s  reflects the strain of fitting 

a Cu(ll) ion into the small cavity of ligand which is

somewhat relieved u p o n  oxida t i o n  to Cu(lll) . In terms of 

ligand cavity size [Cu(Lg-2H)l is less s t r a i n e d  than [Cu(L^-2H)l 

and will benefit less from the d e c rease in size of the metal 

ion in going from C u (ll) to Cu(lll). The g r e a t e r  strain in 

[Cu(L -2H)1 relative to (Cu (L3 - 2 H)] is r e f l e c t e d  in the 

p o s i t i o n  of the d-d b a n d s  in the a q u e o u s  elect r o n i c  spectra 

with [Cu (L^-2H>] h a v i n g  (Cu(Lg-2H)l having

X at 506 nmma X
F i n a l l y  it is noted that there is a solvent

d e pendence on the r e d o x  p o t e n t i a l s  of [Cu (L3 - 2 H ) 1  that is at

a p l a t i n u m  e l e c t r o d e  in 0.3 mol dm'^ tetra n-butyl a m m o n i u m

perch l o r a t e  in d i m e t b y 1 s u 1 p h o xide iE^ = + 0.48 volts while

at a plati n u m  e l e c t r o d e  in 0 . 1  mol dm sodium

in water ~ 0.&9  volts.

Ac id-< Dissoci ation K i n e t i c s  of
[Cu ( L^- 2 H ) 1  and [Ni(L^ -2H))

In this l a b o r a t o r y  the k i n e t i c s  of acid-( 

disso c i a t i o n  for [Cu(Lg-2H)] and (Ni(L 3 - 2 H)l have been measu r e d  

These studies show t h a t  two moles of p r o t o n s  are c o n s u m e d  per
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„,ole of complex, with the e x p e r i m e n t a l  rate law showing a
IH* 1

second order d e p e n d e n c e  on hydro g e n ion

Least squares a n a l y s i s  of the data for (Cu (L B-2H)

k ^ 1 ̂  = (1.15 ± 0.03) X lO^ m ” 2 s  ̂ at 25 “C
ob s + , 7

I = 0 . 1  mo 1 d m ” and for [Ni(Lg-2H) 1 k . / [H ' ob s r  =

5 - 2 - 1  i o n  s at 25"C and u = 0 . 1  m o 1 dm i

T e m p e r a t u r e  d e p e n d e n c e  studies on the a c id 
p r o c e s s e s  a l l o w e d  e v alu at ion  of pa r a -

meters, for ( C u ( L 3 - 2 H)] t 71.3 KJ mol  ̂ and

129 J k "^ mol"^ while for lNi(L3-2H)l 64.1 KJAS 298
- 1 * mol and ^^298 67 JK  ̂ mol ^ D i s s o c i a t i o n  of the complex

ICu (L3 - 2 H) ] the 14-membered nacrocyclic amide d i f fers m a r k e d l y

from that of the 1 4 - m e m b e r e d  tetra-aza macro c y c l e s .  The latter 

n o r m a l l y  show a first o r d e r  d e pendence on [ H i .  m  addition

the amide c o m p l e x  d i s s o c i a t e s  much more rapidly than the 

c o r r e s p o n d i n g  t e t r a - a z a  m a c rocycle.

The c o n d e n s a t i o n  reaction b e t w e en diethyj^ 
m a l o n a t e  and t e t r a e t h y 1 enepentarnrne j a t t e m p t ^  
to p r e p a r e  L ^ )
The p r e p a r a t i o n  of the p e n t a d e n t a t e  d onor ligand,

in (1 ), was a t t e m p t e d  on several occasions by the c o n d e n s a ­

tion of diethyl malon a t e  with t e t r a e t h y 1 e n e p e n t a m i n e  in 

ethanol. E x p e r i m e n t a l  c o n d i t i o n s  were varied, that is, 

reaction time, order of m i x i n g  reagents, c o n c e n t r a t i o n ,  

tempe r a t u r e  of reaction, but no solid product was obtained.

The Sepha d e x  ion e x c h a n g e  procedure, successful for obtaining 

Cu(ll) and Ni(ll) c o m p l e x e s  of ligands , Lg and from

crude ligand p r o duct mixtures, in which o f
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ligand is s l u g g i s h  has been descr i b e d  p r eviously. This technique

was used in attempts to obtain an a q u e o u s  solution of

ICu(L -2H)1. Diethyl malonate and t e t ra et h y 1 enepentamine 
G

were refluxed in ethanol for seven days. At the end of this

time the ethanol and unreacted d i e t h y l  m a l o n a t e  were removed

by d i s t i l l a t i o n  on a rotary evapo r a t o r ,  leaving a gummy

material w h i c h  was taken up in the m i n i m u m  volume of water.

An aqueous s o l u t i o n  of C u ( C 1 0 ^ ) 2  was added and the mixture

raised to pH 9.5 by addition of s o d i u m  h y droxide. The

resulting b l u e - v i o l e t  solution was l o a d e d  onto a column of

CM S e p h a d e x - C 2 5  cation exchange r e s i n  and eluted with water.

Kimura ^  a l .® report that the d o u b l y  d e p r o t o n a t e d  complex

(Cu(L -2H)]'’ exists above pH9 t h e r e f o r e  the water eluted

fraction s h o u l d  be a solution of (Cu ( 2H ) 1 " . The water

eluted s o l u t i o n  was titrated s p e c t r o p h o t o m e t r i c a 1 1 y in the

pH range 1-12.7. The spectrum of t h e  solution at pH 4.3 shows

a broad a b s o r p t i o n  with = 610 nm. As the pH is i ncreased

the a b s o r p t i o n  band moves to shorter w a v e l e n g t h  (pH 4.65,

X 600 nm; pH 6.75, X 590 nm) and u n d e r g o e s  i n t e n s i f i c a t i o n
max max

At h i gher pH in the range 8 - 1 2 . 7  while X^^^ remains

The complex is fully formed at p H 8 w i t h  a band m a x i m u m  at 

580 nm
constant at 580 nm the absorbance i n t e n s i t y  d ecreases slightly.

solid ( C u ( L ^ - 2 H ) 1" could not be i s o l a t e d  from the solution.
G

The posit i o n  of X^^^ at 580 nm s u g g e s t s  a strained complex

j rriifT -2H)1. X = 525 n m a n d  (Cu(L -2H)l,when c o m p a r e d  with ICuCL.^ j , ®
X - 506 nm. Some of the violet s o l u t i o n  c o ntaining
max
[Cu (L^-2 H ) 1 “ was taken up in 0.1 mol dm" NaClO^ in water and 

G
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Ancyclic v o l t a m m e t r y  p e r f o r m e d  at a p l a t i n u m  electrode

i r r e versible o x i d a t i o n  wave was seen at iEp - + 0-8 volt

versus the SCE but this was not studied further.

in an attempt to p r e p a r e  [Ni(E^-2H)l the crude 

ligand p r o d u c t  m i x t u r e  was d i s s o l v e d  in water, t r e a t e d  with 

N i { C 1 0 _j) 2  sodium h y d r o x i d e  then eluted with w ater on

Sephadex column. The y e l l o w  e l uted solution was t i t r a t e d  

s p e c t r o p h o t o m e t r i c a l l y  in the pH range 3-12. The c o m p l e x  is 

filly f o r m e d  at and above pH 8.5 with a band m a x i m u m  ca. 440nm^

on the edge of an intense charge t r a nsfer band.
The p r e p a r a t i o n  of a p e n t a d e n t a t e  donor ligand

by c o n d e n s a t i o n  of diethyl o x a l a t e  with t e t r a e t h y 1 e n e p e n t a m i n e  

in e t h a n o l  was a t t e m p t e d  but no solid l i gand was o b t a i n e d  from 

the r e a c t i o n  mixture. The ethanol and u n r e a c t e d  d i e t h y l  

oxalate were d i s t i l l e d  off and the gummy residue w a s  dissolved 

in water, t r e ated with C u ( C l 0 4 ) 2  and s o dium h y d r o x i d e  then 

eluted with water on a Sephadex column. The b l u e - v i o l e t
^ c o e c t r o D h o t o m e  tr ica 1 ly in the pH range s o lu t io n  was t i tr a t e a  sp f

3-12.5. The s p e c t r u m  of the solution at pH 4.22 s h o w s  a

broad a b s o r p t i o n  with = 610 nm. As the pH is increased

the a b s o r p t i o n  band m oves to shorter w a v e l e n g t h  (pH 6.75,
, H 12 X = 590 nm) and u n d e r g o e s  intensificaX 6 0 0  nm; pH 8 .1 2 ,X
tion. The c o m p l e x  is fully f o rmed at pH 8.0 with a band

m a x i m u m  at 565 nm. Above p H 8 in the range pH 8-13 while X^^^ 

r e m a i n s  const a n t  at 565 nm the a b s o r b a n c e  i n t e n s i t y  decreases.
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A number of dinucleating ligands have been 
used to bring two copper atoms into close proxinuty 
II , 2 ). Such complexes are of considerable interest 
as the biological function of many metalloproteins 
is believed to be associated with the occurrence 
of pairs of adjacent metal ions capable of mutu^ 
interaction via small bridging ligands. Thus in the 
Oj-carrying haemocyanins, the dioxygen uptake 
has been attributed [3] to the equiUbrium (1). and 
a number of synthetic macrocyclic Cu(I) complexes

Cu' Oj* o}‘ Cu"

coiourlM ft 
d * o x y  form

O,
oxy form

( 1)

having reversible Oj-binding activity with a 2Cu:Oj 
stoichiometry have been described [4, S).

Hill and Raspin [b) first reported the preparation 
of the copper(ll) complex of 1 .9-diamino-3,7-dla7,a- 
nonane^,6-dione (I) and established that deprotona-cNM, '

( I )

c > o

tion of both amide groups occuned on complexation 
with copper to give (II). Ligands of this type bear 
a structural resemblance to tripeptides which are 
well known to ionise two amide protons on coordi­
nation to metal ions such as coppeKH)- A mge 
number of macrocycbc diamides have now been
characterised [7 ] . . . j

The present paper discusses the synthesis and 
physical properties of the double cavity amide ligand 
(111) and its copper complex.

Experimental

Tetraethyl 1 . 1 ,5 .5-pentanetetracarboxylate w m  
prepared by reaction of diethyl malonate with 1,3- 
dibromopropane in the presence of sodium ethoxide 
181 The product was fractionated through a Vigreux 
column, b.p. 1 9 8 -2 0 2  * t  at 2.5 mm. i.r. fiLu)
rCO 1735 cm"' (br). 'H n.m.r., CH, > 25 6 0 2  H) 
triplet; OCH, 4 .15  6 (8 H) quartet. CH,CW,CH, 
3.30 6 (2 H) triplet. CH, 1.90 6 (4H) qim tet. C 
n.m.r. CH, 14.11 6 ;  CH, 25.14 6 , CHi 28.^1 6 ^ H  
51.86 6 . C H ,0 61 .25  6 . CO,R 169.14 « 
solution). Calc, for C n H ^ O , m/e » 360.1785. 
found m/e *  3 60 .1768 . i. u i « «

The ligand. NJ<'.N",N" -teUa(2-aminoethyl>-l.l^. 
5-pentanetetraamide was prepared as follows. T^etr  ̂
ethyl 1.1,5.5-pentanetetracarboxylate (2 0  g, 0.055  
mol) was added dropwise with stining to
1 .2 - diaminoethane (73  g, 1.21 mol) at 0 \ :.  After 
completion of the addiUon, the mixture was aflowed 
to stand at room temperature for 7 days. The excess
1 .2 - diaminoethane was removed under vacuum to 
give a brown glassy material. Trituration with ethanol 
gave a colourless hygroscopic solid (4.9 g). The coiv 
per(ll) complex was prepared as follows. The
(0.5 g) was dissolved in water (7 cm )  and added 
to a solution of coppeKH) sulphate pentahydrate 
(0  69 g) in water (7  cm*). A blue precipitate formed 
at this stage, which dissolved on slow addiUon of 
sodium hydroxide (0.22 g) in water (1 0 0  cm ) The 
solvent was removed on a rotary evaporator and the 
residue extracted with methanol. Removal of me 
methanol gave a purple solid. The crude complex 
was dissolved in the minimum volume of water, the 
soluUon cooled in ice and the complex reprecipitated 
by the addition of ice-cold ethanol. The complex 
was filtered and washed with ethanol then ether and 
dried in vacuo. Anal Calc, for C n H3jN»0 4Cui’ 
6 H ,0 ; C. 3 1 .4 ; H. 6 .8 ; N. 17.2; H ,0 . 16.7. Found; 
C, 31.2; H, 6 .6 ; N, 16.9; H ,0  16.5 . The water con­
tent was determined by thermogravimetric analj^iv 
The i.r. specUum (KBr disc) has a sUong broad lOH 
band at co. 3 3 5 0  cm”' and rNH at 3160 cm . 
There is a strong amide band at 1580 cm char­
acteristic of deprotonated copper(ll) complexes of 
this type [71.



Fi«. 1 . S p ectroph otom etiic titr ilio n  o f  C u jL - 6 H jO  with 
hydrochloric acid.

Nmr iticasurements ('H  and **C) were carried out 
using a Bruker WP80 instrument, with CDClj as 
solvent and TMS as internal standard. Ir spectra were 
determined on a Perkin Elmer 457 mstrument using 
KBr discs, and visible spectra on a Perkin Elmer 402 
spectrophotometer. Magnetic susceptibUities were 
determined by the Gouy method using Hg(Co- 
(CNS)4] as calibrant.

/norganica Chtmtca A d a  Letters

Molecular models indicate that as a result of the 
trimethylene bridge the complex is quite flexible 
and can adopt two extreme conformations which 
can be represented diagramatically as (IV ) and 
(V).

The eclipsed conformation (IV) is expected to be 
less favoured than the staggered conformation (V).

(IV)

Magnetic susceptibility measurements confirm that 
the complex is paramagnetic with M,n “ 3 .52  B.M. 
at 18 " t  (1 .7 6  B.M. per coppeKH))- There is no anU- 
ferromagnetic coupling of the type which might be 
expected with (IV). Attempts have been made to 
ring close the copper(lI) complex by reaction with 
acetone to  give two linked macrocycles. Such acetone 
condensation reactions have been used successfully 
on a number of occasions [9 ] . In the present case 
reddish-brown products are slowly formed on dis­
solving the complex in acetone, but it has not, as 
yet, been piossible to characterise the products.

Results and Discussion

Reaction of an excess of 1 ,2-diarmnoethane with 
1 1 5 ,5 -pentanetetracarboxylate gives an acceptable 
yield (ca. 25%) of the Ugand(lII). The tetraamide 
reacts with copper(II) in basic solution to give a 
purple complex in which four protons are lost from 
the Ugand,

Llh + 2Cu(II) Cu,L + 4H*

The binuclear copper(II) complex is neutral, and con­
ductivity measurements confirmed that it was a non­
electrolyte in aqueous solution. Spectrophotometric 
titration o f the complex against hydrochloric acid 
(Fig. 1), indicates that ligand deprotonation begins 
at pH 5.5 and is complete at pH 8.0. The complex 
has a symmetrical d—d band at 525 nm (e = 133) 
and a strong band at 205 nm (e “ 15,750). The d -d 
spectrum may be (»mpared with that of the copper- 
(II) complex of N,N',-di(2-aminoethyl)malondiamide- 
(II) where is 516 nm (e *  63) [6 ] .  The doublir^
of the band intensity is fully consutent with the 
incorporation of two coppeKll) iott* ligand.
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The preparation of the pentadentate macrocyclic 
ligand L H  4 ,7,1 1,14-penta-azacycloheptadecane)
is described. The complexes fC uL I(O O ah. 
(HsO)l(ClOe)s, fCoClLJ(ClOa)2 , iCoLfCOs)!ClOa, 
lCo(II5lanefJs)COslClOa, fC o U D M F fJ fi^ a h .  
fCoL(O O CH )J(aO *)i and [CoL(O H ^] (aO a)s  
have been prepared and characterised. The copper- 
fIJ) complex appears to be square pyramidal on the 
bads o f  its d - d  spectrum and the nickelfU) complex 
is octahedral The copper and nickel complexes disso­
ciate in acidic solution and the reactions have been
studied kineticaUy. For the copperill) d e r iv a ^ , mte
-  k „ ¡C o m p le x ][ir i ' with k „  -  1.2 X ^
j - ‘ at 2 5 ’‘C  and I  • 0.1 M (NaaO ^) -  2 9 .8  kJ 
m o n  and A S ,,,*  -  - 8 6  JIT *  m o n ) .  D i s ^ i a ^ n  
rates o f  the copper complexes increase in the ord&- 
¡¡SjaneN s <  flbjaneN s <  [l7 ja n eN s. Fo r the 
dissociation o f  the nickel(ll) complex, rate = V  
(C o m p le x ](I f  ]  with k„  »  0 .23  W  t “t 25  C 
(¿Jf*  = 4 4 .0  kJ m o F ',  A S ,,,*  = - 1 0 9  J ! ^  
Mechanisms for these reactions are considered. The 
nickeUll) complex is oxidised to nickelflll) inK eto- 
nitrile solvent in a pseudo-reversible process (Etp 
■rl.ll V with reference to S .C E .). u

M ercury(ll) catalysed aquation o f  J C o ^ ]  m s  
been studied ( k „ ,  -  1.4 X /iT ’  NT* s ‘ at 25  C). 
Potentiometric titration o f  the aqua-complex gi^s  
pKa = 6 .2  fo r the aqua ^  hydroxo equilibrium. The 
hydroxo complex ]CoL(OW]^* reacts rapidly with 
COj to give the monodentate carbonato complex 
(CoL(CO s)]*. Decarboxylation o f  the carbonato 
complex occurs in acidic solution ar^ the reaction 
has been studied kinetically, k =
(£sH* = 48 .4  kJ moF^; A S ,,,*  = - 9 0  JIC^ m o F  ). 
Similar studies on [C o(] 15]aneNs)COs] are also 
reported. The base hydrolysu o f  the monodentate 
formato complex ]CoL(OOCHJ]^* has also been 
investigated (k o „  -  3.0 X i f  KT* i  - i  C  
¿if*  = 41.1 kJ m o F ':  A S ,,,  • - 2 0  JK^
m o F '}.
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Introefaiction

The preparation of penta-aza macrocycles using 
the Richman and Atldn's procedure (1 J is now rela­
tively straightforward (2 . 3 ] .  In a previous paper 
we have described synthetic and Icinetic studies on 
copper(ll). nickel(II) and cobaltflll) complexes of
1 , 4 , 7 ,  10 , 13-penU-azacyclopentadecane ( /  = ll3|-
aneN,). The present paper discusses various aspects

of the coordination chemistry of 1 ,4 ,7 ,1 1,14-penta- 
azacycloheptadecane ( // )  (one of the possible Bomers 
of (17]aneN5). The nickel(ll) complex of (// -  1.» 
has previously been characterised and the elect ro- 
chendstry of the (N iL l^ V lN iL )r e d o x  system 
studied using acetonitrile as solvent [2 , 5 |.

Experimental

N O O’-Tritosyldiethanolamine was prepared as 
prevkiusly described (4) iN.N'.N'.N-.Tetratosyl-l.lO- 
diamino-4,7-diazadecane (the tetratosylate of 3, 2, 
3-tet) was prepared by a procedure which has sub 
sequently been described [21. Condensation of the 
two tosylates in DMF using sodium hydnde. and 
hydrolysis of the pentatosylate with sulphuric acid 
was carried out by previously described procedures 
[2, 4 ] .  The ligand pentahydrochloride L*5HO was 
prepared by literature procedures ( 2 ,4 ] .

©  Elsevier Sequoia/Printed in Switzerland



24

CuUCKhh .  ̂ ,The ligand pentahydrochloride (0.5 g) was dissolv­
ed in water (20 cm*) and copper(II) carbonate (0 .2  
g) added. The mixture was heated on a water bath 
for ca. 0.5 hr, and the solution cooled and filtered 
to remove unreacted copper(II) carbonate. The 
filtrate was concentrated to ca. 5 cm and treated 
with N aa04-6H20 ( 0 2  g). On cooling blue needle­
like crystals of the copper complex crystallised as the 
perchlorate salt. Anal. Calcd. for CijHMNsQjOiCu:
C. 2 8 5 ;  H. 5 £ ;  N, 1 3 .9 . Found: C, 28 .6 ; H, 5 .8 ;
N 14.0%. The complex has Am “ 243 ohm cm 
in’water and Am = 144 ohm“ ' cm* in nitromethane.

NiLtaO^hHiO .. K
This complex was prepared essentially as describ­

ed above using nickel(Il) carbonate or the basic 
carbonate. Violet crystaU of the perchlorate salt were 
obtained: Anal. Calcd. for CijH ^N sQ if^N iH jO .
C. 27 .8 ; H, 6 .0 ; N, 1 3 .6 . Found; C. 27 .7 ; H, 6.P,
N, 13.9%. The complex has Am “ 235 ohm cm 
in water and Am *  >45 ohm “ ' cm* in nitromethane.

ICoLOKaOuA ,
The ligand pentahydrochloride (0.5 g) was dissolv­

ed in water (20 cm*) and treated with freshly prep­
ared N a ,(C o (C O ,),l-3 H ,0  (0.2 g). The mixture 
was heated on a steam bath for ca. 1 hr then cooled 
and filtered. To the filtrate was added N a a 0 4 ' 
6HjO (0.2 g) and the solution concentrated to ca.
5 cm*. On cooling the pink complex crystallised. The 
complex was filtered off and washed with 2-propanol 
then ether and air dried. Anal. Calcd. for CjiH^Ns- 
a jO .C o : C. 26.9; H, 5 .5 ;  N, 13.0. Found: C. 27 .0 ; 
H, 5 .4,N , 12.8%.

/CoLCOjICIÔ  ,
The complex (C oLQ ) (C104)j (0 .2  g) was dissolv­

ed m water (25 cm*) and treated with excess AgOH. 
The mixture was heated on a steam bath for ca. 15 
min, then cooled and filtered. To the filtrate was 
added LiCO, (0.1 g) and the mixture heated for ca.
1 hr on a steam bath. The solution was cooled and 
filtered. The filtrate was reduced in volume to 
ca 5 cm* (steam bath). Addition of liC104 (0.05  
g) and cooUng gave the pink complex which was 
filtered off, washed with ethanol then ether and 
dried in vacuo. Anal. Calcd. for Ci3Hj*Nj0 7 - 
a C o ; C, 3 3 .8 ; H, 6 J ;  N, 15.1. Found: C, 3 3 .8 ; H, 
6 .0 ; N, 15.0%.

[Coll 151 aneNi)COil CIO 4

The complex [Ci>([l5 )aneN$)H3 0 l(Q 04 )j (0 .2  
g) prepared as previously described [3J was dissolved 
in water (20 cm*) and treated with LijCO* (0.1 g). 
The mixture was heated on a steam bath for ca. 
0 5  hr and then slowly taken to dryness. The residue 
was extracted with water (10 cm*) and the aqueous
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extract treated with L ia 04 (0.05 g). The solution 
was warmed for ca 10 min to 60 t .  then cooled and 
filtered. The filtrate was reduced in volume to ca.
3 cm* (steam bath) and the carbonato complex preci­
pitated by the addition of excess ethanol. The com­
plex was filtered off and washed with ethanol then 
ether and dried in vacuo. Anal Calcd. for CnH jj- 
N ,a 0 7Co; C, 3 0 5 ;  H, 5 .8 ; N, 16.15. Found: C. 
30.8; H, 5 .9 , N, 16.1%.

[CoUH^OUiaOali
The chloro-complex [CoLCl 1(004)7  (0.54 g) was 

dissolved in water (20 cm*) and the solution warmed 
to ca. 5 0  t .  SUver perchlorate (0 2 1  g) was added 
and the solution warmed for a further 15 min to com­
plete precipitation of AgO. After cooling, the preci­
pitated AgO was filtered off and the filtrate concen­
trated to ca. 3 cm*. CooUng in ice followed by the 
addition o f a few drops of 70% H a 04 gave the red 
complex which was filtered off and washed wth 
ethanol then ether and dried in vacuo Anal C^cd. 
for C ,,H „ N 5a , 0 „ C o : C, 2 3 J ,  H, 5 .05, N. 11.3. 
Found: C ,2 3 j0 5 ;H ,4 .9 ;N , 11-2%.

[ C o L ID M F IK O O a h  ^
The chloro-complex [C oL d l (004)2  8̂

was dissolved in DMF (1 cm*) and AgQ04 (0.11 g) 
added. The mixture was heated for ca. 10 
about 5 0 ' t ,  then cooled and filtered to r e ^ ^  AgU. 
To the filtrate was added ethanol (10  cm )  followed 
by excess ether, which on standing gave an oil. Tnm- 
ration o f  the oU with ethanol gave a pink soUd which 
was filtered off, washed with ethanol, then ether and 
dried in vacuo. Anal Calcd. for CisHMNeQsOuCo.
C, 2 6 .7 ; H, 5 .4 ; N, 1 2 5 . Found: C, 26.5; H, 5.3 ; N, 
126%  The DMF Ugand is bonded via the oxygw  
donor with a iC -O  band at 1660 cm ' .  The H 
NMR spectrum has two methyl signals at 2.74 and 
2.98 (due to the non-equivalent methyl groups) 
and a formyl singlet at 7.966.

[CoL(OOCH)l(OOa)7-HiO
The complex ( C o L a i ( a 04)2 (0-27 g) was sus­

pended in formic add (2 cm*) and mixed with 
a 04 (0 .11  g). The mixture was heated for 
min at 50  t ,  then cooled and the precipitated AgO 
filtered off. Addition of ethanol to the filtrate gave 
the pink complex which wxi filtered off, washed with 
ethanol, then ether and air dried. Anal Cakd. for 
C „ H * ,N ,a ,0 , .C o :  C, 2 6 .7 ;H , 5 .4 ;N , 12.4. Found: 
C, 27 2 ;H , 5 .6 ;N, 12.5%.

Kinetics ,
The kinetics of the add catalysed dissociation of 

Cu L/C104)i were monitored at 300 nm. Measure- 
menu were made using HCIO4 solutions adjusted 
to I -  0.1 6# with sodium perchlorate. The kinetic 
of dissociation were followed on a Durrum DUO
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stopped-flow spectrophotometer. The signal was 
stored by a Datalab 901 transient recorder on 
Une to a CBM 3016 computer. The acid dissocia­
tion of NiUC104)i-H ,0  was monitored at 220 nm 
using a Gilford 2400S spectrophotometer interfaced 
with an Apple II computing system. Measurements 
were made with HaO« solutions adjusted to I » 0.1 
M with NaClO«. Activation parameters were calcu­
lated by least-squares analysis of Eyring

Mercury(II) catalysed aquation of [C o aL ]  
was studied spectrophotometrically using a total 
ionic strength of 0 .49  M. Mercury(II) solutions
were prepared using the nitr^e salt.

Decarboxylation of the monodentate carboxy- 
lato complexes (Co((15laneN ,)CO ,l and (Co- 
( I 17 1aneNi)COj)* was monitored by stopped Bow 
measurements at 490  nm using HCl solutions (0.05  
AO Base hydrolysis of ICoUOOCH)] was monitored 
spectrophotometrically at 2 80  nm. Measurements 
were made using acetate and citrate buffers adjusted 
to I » 0.1 Af. Hydroxide ion concentrations were 
determined from the pH using Usted values of the 
ionic product of water and a molar activity coetn- 
cient of 0 .7 7  estimated from the Davies equation.

General j-
Infrared spectra were deterrruned as KBr discs 

using a Perkin-Elmer 457 instrument. Conductivity 
measurements were made with a Portland EleimoniM 
Model P310 conductivity meter using lOT M 
solutions at 25 t .  All pH measurements were made 
with a Radiometer PHM64 Research pH meter, which 
was standardised using 0.05 M  potassium hy^ogen 
phthalate (pH 4 .008) and phosphate buffer (0.025  
A f).p H 6 .8 6 a t2 5 °C .

Electrochemistry was carried out with a PAK i /u 
electrochemistry system. Measurements were made 
using 1 X 10"’ M solution in acetonitrile with 0.1 Af 
Bu«hTC104"  as the supporting electrolyte. Potentials 
are expressed versus S.C.E., using a platinum elec- 
trodc.

Results snd Discussion

The Ugand 1 ,4 ,7 ,1 1 ,14-penta-azacycloheptadecane 
IS readily prepared by the reaction of the disodium 
salt of the tetratosyUte of 1 ,10-diamino-4 ,7 -dlaa- 
decane with the tritosylate of diethanolamine in N 
dimethylformamide solution, followed by cleavage 
of the tosyl groups with coiKentrated sulphuric acid. 
The ligand is expected to act as a pentadentate, giv­
ing rise to complexes of type (///)  with met^ ions 
favouring six coordination. Complexes of this type 
contain two chiral nitrogen centres indicated by the
slashed lines. ,

The unsymmetrical 1 ,4 ,7 ,1 1 ,14-penta-aaacyclo- 
heptadecane presents further scope for isomerism

H
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(HI)

I

depending upon the nitrogen adopted as the apical 
donor (Scheme)

" < t  '‘D "V_N N--f
\ u

3 ,2 ,3  - I S O M E R

-FOLD

.____F O L D -

Em m3
L iJ

2 , 2 , 3 - i s o m e r  2,3,2- i s o m e r

N -  APICAL NITROGEN
Scheme. Possible isomers o f  complexes o f  1 ,4.7.11.14-pents- 
siacydoheptadecane.

As a result of the two chiral nitrogen centres, each 
of these gives rise to three diastereoisomeric species, 
the meso-syn (IV), the meso-anti (P ) and *he race- 
mate (P7)

: NH ('

HN

.NH

r a c e m a t e  (VI)

Crystallographic work on (C o((161an eN i)ai(C 104)i 
(6 ) has indicated that the single 6-membered chelate 
ring assumes a chair conformation while all five 
membered rings are gauche. The ligand has the 2 3 .2 -  
configuration (K/A) and the chiral nitrogens have
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opposite chirality giving the meso-iyn diasterco- 
isomer.

HN^— -FCX.0 
L-NM H N -^

I__ )
(VII)

Crystallographic work has also been carried out [7 ] ,  
on the cobalt(lll) complex (C o L a K a O .)^
L, « 1 ,4 ,7 ,1 0 ,1 4 -penU-azacyclohepuHecane ( V I U )
which is the second possible isomer of (17laneNs. 
In this complex the configuration of the ligand is as

_>IH  HN---- 1

L-NH HN-—*

(V ili)

----- HN-------------------)T-

HN-/

OX)

-FOLD
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T A B L t I. Electronic Spectra o f  the Complexes.

Complex ^max
(nm) iM~' cm” ' )

CuLfaO.)!

in (fX), Le. the 2 ^ 3-isomer with an Nvacemic 
arrangement of the chiral nitrogen centres. The avaU- 
able evidence on the 16- and 17 -membered ring sys­
tems indicates that the six-membered chelate ring 
occurs in the backbone’ of the complex so that the 
233-isom er of complexes of 1 ,4 ,7 ,11 ,14-penta- 
azacycloheptadecane may be favoured.

The copper(II) complex of [H janeN s, [CuLJ- 
(ClO.la is readily isolated by the reaction of L* 
SHQ with copper(ll) carbonate, foUowed by addi­
tion of sodium perchlorate. The complex gives a 
somewhat low conductivity in the non-coortoatin|  
solvent nitromethane with A»« “ 144 ohm cm  
m o r' at 25 °C possibly indicating ion associatioji, 
but it is a 2:1 electrolyte in water (A u • 243 ohm 
cm’ m o r ' at 25 °C). The visible spectrum in aceto­
nitrile solvent has X max 590 nm (e = 180 AT* 
cm” ' )  Table I, which may be compared with X m ax  
585 nm (c  “ 200 AT' cm”' )  for the analogous com ­
plex of {15]aneN j. Both complexes also display an 
additional weaker band, red shifted from the major 
d—d absorption band. For [Cu[15 ]aneN5l(C10 4 )i 
in water this band occurs at 825 nm (e ~  70 ) while 
for [CuLl (004)2  in acetonitrile the band occurs 
at 840 nm (« ~  65). This additional d -d  absorption 
is indicative of axial interaction in a five coordinate 
system (8 , 9 J .  A five coordinate square-pyramidal 
structure can be proposed on the basis of the observa­
tion of two bands in the vUible and near infrared 
region (8 -1 0 1 .  The CuN* chromóphores in com ­
plexes such as (Cu(haco)l’ * (haco “ 1 ,4 ,7 ,1 0 ,1 3 ,1 ^  
hexa-azacyclooctadecane) and (Cu(dien)2l absorb 
at 615 and 640 nm, respectively (1 1 ). The former

lNiL(H2O))(a04)2

(CoLaiao4

(CoL(co3)jao4*
[Co( 1151 aneN $ )COj ) QO.“ 
(CoL(OH2)l(a04)3

(CoL(DMF)l(a04)3

(CoLfOOCH) 1 (a04 )i H 2 o

582 180
840 65 (acetonitrile)
820 5.6
780 4.6
540 4.6

355 8
550 132
380 174
510 180
505 280
506 148
360 142
514 273
362 153
530 106
375 135

dilute NaHCOa solutions. aUSpectra aeterminea uun« «««»a. ,  —
other ipectia  determined using aqueous solutions.

Fig. 1. Absorption specua o f  [C u ((1 7 J a n e N s )l(d 0 4 )j 
( _____)  in acetonitrile and [C u fhacolJ faO ala  in water
(...-)-

complex lacks any band in the neat infrared region. 
Fig. 1.

The complex CuLiaO als «  kineticaUy labUe in 
dUute acid and the kinetics of dissociation were 
investigated using perchloric acid solutions. Table 
II. The reaction is first order in the cotnplex and 
second order in [ i H ;  rate -  kH^CuLl [IT l • 
kn = 1.2 X 10’  aSt ’  s ' at 25 X  and I “ 0.1 Af 
(NaClOa). The temperature dependence of Ich. 
Table 111, gives AH* « 29.8 kJ mol ' and A S j,, -  
-8 6  JK” ' mol” ' with a correlation coefficient of 
0.9835 for the Eyring plot.
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TABLE II. The A d d  C»t»lyied DtiiocUtion o f  CuL(C104)j 
at I -  0.1 M iN eC lO a)

lO’lHOOal
(M)

10*111*1^
CM*)

koba
(t"* )

10 * 1  
(M -*

4 .20 0.50 1.19
17.69 2.35 1.33
37.21 4.31 1.16
62.24 6.69 1.07
7 9J 1 8.98 1.13
kH -  1-2 X 10* AT"* r *

2  , - T )

TABLE III. Temperature Dependence o f  the DUaociation o f 
CuL(a04>2 •< • ■ 01  ^

10-> k„
t"*)

‘ iHClOal -  2.05 X 10‘  
d S j,8 *  -  - 8 6  t  13 J K

* m  a h *
m ol * ( i  ■

-  29.8 t 3 .9  kJ mol 
0.983S).

The dissociation of the copper(ll) complexes of 
[ISJaneN ,, [ 16]aneN5 and (ITJaneN, aU show 
a second order dependence on [H*l, Table IV. A 
plot of log kH versus the ring size shows good linea­
rity, Fig. 2 . Dissociation of [Cu((17]aneN5)l is 
some 2.4 X 10* times faster than that of lCu((15)- 
an e N 5 )]**a t2 5 ‘t  (3 ] ,

The second order dependence on the hydrogen 
ion concentration indicates the participation of two 
protons in the transition state of the reaction. The 
kinetic behaviour of (CuL)** in acidic solution can 
be described in terms of the eqns. ( I )  to (3 ). Mono­
protonation of [CuLl** to (Cu(HL)J** is expected

[CuLl** + FT ̂
(Cu(HL))** + H* 

[Cu(H,L)l** —

- [Cu(HL)l**

^  [CufHaL)!«*
► Cu»*(aq) + HjL**
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TABLE IV. A dd  DUsodation Kinetics o f  C opper(ll) Com- 
plexea o f  ( 15 ) aneNs, 11 6 )ineN s and (IT janeN s at 25 "C.

Ring Size kH(Af~* t“‘ )
0.049
4.85*
1.18 X 10*

*R. W. Hay and R. Bembi, unpubliihed results.

to involve protonation at the apical nitrogen atom, as 
the axial coppier—nitrogen bond is expyected to be 
weaker as a result of Jahn-Teller distortion. Spiecies of 
the type (Cu(HL)l** have often been reported in 
Potentiometrie studies of copper(ll) jxjlyamine 
complexes [1 2 ] . The rate equation (4 ) can be readily 
derived from eqns. (1 )  to (3). Under the conditions

Fig. 2. Dissociation rates o f  oopperfll) complexes o f  penU- 
aza macTocydes as a function o f  ring size.

Rate *
k.K .K jlCuL**] [ITI*

(1 +K,|H*1 + K .K 2[H*J*)
(4)

of the present experiments (K ,[F rj  + K | K ,(fr] ) 
-a. 1 and k„ = kK ,K ,. Protonation in the equatorial 
plane of the macrocycle is a prerequisite for disso­
ciation to occur. Possible mechanisms have been
previously outlined (3 1 .

The nickel(II) complex [NiL(H20)l(C 104>2 
isolated as a violet solid. The complex is a 2:1 electm- 
lyte in water (Am = 235 ohm~*cm m oP at 25 X )  
and gives a typical octahedral d—d spiectrum. Table
I. Fabbrizzi el al. [13] have reported that the 
nickel(ll) complexes of (ISlaneNs, [16]aneNs 
and [ITjaneN, (perchlorate salts) dissolve in aceto­
nitrile as 2:1 electrolytes, and display electronic 
spectra typical for high spin distorted octahedral 
chromophores. The pentadentate macrocycle U 
probably folded to span five coordination sites 
the sixth site occupied by a solvent molecule. The 
energy of the lowest energy absorption band 
decreases in the series Ni([15janeN$) >  N i((16]- 
aneN,) >  N i((17]aneN ,) indicating a progressive
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t a b l e  V. Cyclic V olum m ctry on (N i((151»neN j)| - 
(004)i »« 25 5C*

(m V /t)
lp(c)
(>iA)

Ip(«)
(mA)

lp (c)/Ip (* ) AEp WEp 
(m V) (V )

*1 X 10“ * M  lN l( (1 5 1 »n e N 5 ))(a 0 4 )i  in •oetonitrile with 
0.1 M  Bim N a 04~ u  the »upportin* electrolyte. Cyclic 
voltemmetiy on Pt with SCE reference.

R. W. Hay, R . Bembi. F. Melgaren and T. Moodie

TABLE V il. Summmry o f  Electrochemic*! Deti for the Ni- 
(ID /N id lI) Couple».

Complex Ei/j*
(V )

EvafUt)**
(V )

(N U llS lsneN s))** ♦ 1.03(+0.73) ♦0.737

IN K llb lsn eN ,)!** ♦1.04(+0.74)® ♦0.772

(N K in is n e N ,) !* * ♦ 1.1(K-K).80) ♦0.817

•present d » u  vertut SCE  reference, the vilue* In perenthem 
heve been converted to  the A «/0.1 M  A *N O , refer«ce^ 
**A«/0.1 M  A jN O s reference, from ref. 2. R. W. Hey end 
F. McLeren to be published.

TABLE VL VoltemiTietry on (N i((17)eneN $)J
TABLE V lll. The A d d  Cetelyecd Diieodetion o f  NiL- 
(O O e ljH iO  et 1 «  0 .1  M  (N eQ O e) et 25 5C.

dO ah  at 25 V .
io*(H ao4i
(Mi

10*kob. k ob ./|H ;i 
(M“ ‘ i " ‘ )

Ip(c)
vA

Ip(s) Ip(c)/Ip(a) d£p ViEp (s“ ‘ )

(m V/s) M A (m V) (V )
0.48 0.23

50
100
200
500

36
50
8 7 J

117A

40
54
80

125

0.90
0.92
1.09
0.94

70
70
70
80

♦ 1.10 
♦1.10 
♦1.10 
♦1.10

6 0
9.9

20.7
40.6

1.39
2A8
4.98
9.42

0.23
0.24
0.24
0.23

•1 X 10“ * M  [N l(1 7 1 e n e N ,)) (a 0 4 )j in eoetonitiüe with 
0.1 M  Bu4N (304“  es the lupportins electrolyte. Cyclic 
voltemmetry on Pt with SCE reference.

of the Ni—N bonds &s the ring size
increases.

The oxidation of (N i((151aneN 5)l(a04)j and 
(N i(ll7 1a n e N ,)l(a 04)2 to the corresponding nickel- 
(III) complexes was studied by cyclic volummetry 
using acetonitrile as solvent. CycUc voltammetry was 
carried out on Pt with an SCE reference. The daU 
obtained with [Ni(151aneN,)** are summarised in 
Table V. The Ni(II)/Ni(IlI) couple is essentially 
reversible with Ip(c)/ Ip(a) close to unity and AEp -  
65 mV at p -  50 mV s“ ‘ . A plot of Ip(c) versus is 
linear passing through the origin indicating diffusion 
control. The value of Ey, -  +1.03 V with reference to 
an SCE. AC measurements on Pt also gave E^j » 
+1 X)3 V while stirred CV measurements gave E y , • 
+1J08V .

Similar measurements were carried out on [Ni- 
([17)aneN s)l** giving the daU shown in Table VI. 
The N i0I)/N l(ni) redox couple U essentiaUy rever­
sible. thus plots of Ip(c) versus v*^ are linear passing 
through the origin Indicating diffusion control and 
the raUo Ip(c)/Ip(a) U close to unity. The value 
AEp (ea. 70 mV) is somewhat higher than expected 
for a fully reversible one electron process (6 0  mV)

TABLE IX. The Temperature Dependence o f  the Dissocia­
tion o f  N iU a O a h 'H a O  at I -  0.1 M.

Temp.
(Xi (•“ ‘ )

kH
(AT's“ ' )

25 1.39 0.23
29.5 1.78 0.297

33 2.39 0.395

39 3.15 0.525

•HaOs
dSset*

-  6 0  X lO“ * M. AH* -  44.0 t 3.1 
-  -1 0 9  1 10  J K"* m o r ' (r -  0.9951).

kJ mol *;

presumably indicating sluggish electron transfer. 
The Em values obtained are in good general agree­
ment with the results obtained by Bencini, Fabbrizzi 
and Poggi [2J which relate to a Ag/AgNOj 
(0  01 hf) reference in acetonitrile solvent. Correc­
tion of Eift to the Ag/AgNOj reference ( - 0 .3 0  V)
{14] gives the data shown in Table VII.

Dissociation o f  the nickel(Il) complex of [17 )-  
aneNs occurs quite readily in acidic solutions. In 
the range ( 2 .1 - 4 0 .6  X 10“* M  HOOs. the reaction 
shows a first order dependence on 1H*J, with rate “ 
k„(complex [ i r j  . Table VIII. with k „  -  0.23 AT 
s "  at 25 t  and I -  0.1 M (NaOOs) The tempera-
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TABLE X. M ercu jy(ll) C«talyted Aquation o f  (C oL Q )*  
at 25 and I -  0 < 9  M (N aN O ,).

lO’ lH g'*)
(AO

10 kgt>S 
(•“ *)

10’ k „ ,  
(A T ' • " ')

9.0 0.62 6.9
18.0 1.26 7.0
29.0 2.15 7.4
41.0 3.12 7.6
48.3 3A4 7.3

k H , -  7.2 1 0 .3  A f - ' r '

29

The rate expression is of the form, rate » kH,(com- 
plex)(H g"l with kH, • 1 2 M~' s ' .  Mercury(II) 
catalysed aquation of the macrocyclic complex is 
considerably faster than that of the c«a-lCo(tetren)- 
ai** (X ) where k«, ' »-42 X lO“̂  AT' s ' at 25 T  
and 1 » O J  Af (151.

Fi*. 3. Uptake o f  C O j by (C o((17]aneN 5)O H J* in borax 
buffet at pH 9 .6 6 . The time interval between scans is 1 min.

ture dependence of kn gives AH* = 4 4 .0  kJ mol 
and AS,,a* = -1 0 9  H C ' moP' with a correlation 
coefficient o f 0 .9 9 5 1 , Table IX.

The dissociation of NiflW janeNs) differs 
from that o f Ni([l 5)aneN5)*" as the dissociation 
of the latter complex displays a second order depen­
dence on the concentration of the hydrogen ion. 
It appears that N id n ian eN ,)’ * is fully protonated 
as (NiLHl** throughout the acidity range employ­
ed, with only the four equatorial nitrogens coordi­
nated.

Cobalt(HI) Complexes
Reaction o f  the ligand pentahydrochloride with 

(Co(C03)3l*~ . followed by addition of NaClOs 
gives the pink cobalt(lll) complex ( C o L a i ( a 04)j. 
The ‘A i, -► *Ti, transition occurs at 550  nm (e = 

■ ‘ e 'A ,, -► ‘T ,,  transition at 
Table I.

132 AT^ c m " ')  and the 'A ,,
380 nm (e « 1 74  AT' cm ,.

The m ercury(ll) catalysed aquation of the com­
plex was studied at 25 ^  and I *  0 .49  Af, Table X .

The aqua-complex (CoUOHj))*^ was readily 
prepared from the chloro-complex by silver(I) cata­
lysed aquation. Potentiometric titration of the 
aqua-complex gives a pK, of 6.2 for the a q u a ^  
hydroxo equilibrium at 25 "C and I “  0.1 Af. The 
hydroxo-complex .eacts rapidly with COj to git« 
the monodentate carbonato complex. Fig. 3. This 
reaction involves nucleophilic attack by the coortU- 
nated hydroxide ion on the COj molecule [1 6 ). 
The complex [CoL(CO ,)l a O .  was characterised 
by the reaction of U jC O , with the aqua complex. 
Decarboxylation of the monodentate carbonato com­
plex occurs in acidic solution, and the acid-catalysed 
decarboxylation was studied kinetically by stopped 
flow techniques over a range of temperatures. Table 
XI. Dasgupta and Harris (16) have shown that the 
acid-catalysed decarboxylation of o^ (C o (te tren >  
CO31* (X f) involves the equilibria,

(Co(tetrenKCO)j]*+ H*** (Co(tetrenXCO,H))’ *, 1/K , 

(Co(tetren)CO,Hl** ^ (C o (te tre n )O H l + CO,

The corresponding rate expression is kg,„ “ k(H *)/ 
((H*l + K J  where p K . has the value 6 .4 . Decarboxy­
lation of (Co((17laneN s)CO ,l* and (Co((151ane- 
N ,)C O ,l’  was studied using 0.05 Af HO so that the 
only process U the direct decarboxylation step of 
the protonated species. For the (H JaneN , deri^- 
tive k = 0.43 s"’ at 25 (AH* •= 4 8 .4  kJ mol 
A S,«,* -  - 9 0  JK "‘ m o r ')  and for the (15)aneN5 
complex k = 0  J 3  s " ' at 25 "C, Table X I. with AH -

£

(XI)
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TABLE XI. Acid C«t«ly»ed DecarboxyUtion o f  (C0LCO3 )* 
in 0.05 M  H Q. *

Temp.
( X )

10
(»*>)

L • (17)aneN 5*
25 0.43
28 0.52
32 0.65
37 0.96

L -  ll5|«neN j* ’
25 0.33
28.5 0.44
32 0.59
37 0.85

•For L -  i n ja n e N s .  AH 
-1 0 9  t  10 JK * m ol ‘  (r 
N s, AH* -  58 .3  t 
m oT* (I ~ 0 .9 9 97 )

48.4 1 3.1 kJ mol 
0 .9959).

1.0 kJ mol * ; A S298

; aSi»» “ 
For L “  (15J«ne- 

- 5 8  t  3 JK *

5 8 3  kJ m o r* and A S ,,,*  =• - 5 8  JK "‘ m o r* . Fw  
the open chain tetren complex, k • 0 .28  t * at 25 X  
with AH* «  6 5 3  kJ m or* and A S ,,,*  “ - 3 6  JK“ 
m or* (1 6 ]. The kinetic parameter, for the acid- 
catalysed decarboxylation of monodentate carbonato 
complexes are summarised in Table XII. There is 
little variation in the values of the rate con stats  at 
25 t  which fall within the range 0 3 —1.1 s * for 
a wide range o f  ‘inert’ ligands ranging from the penta- 
ammine, through the polyamine tetren to the penta- 
dentate macrocycles. The activation parameters 
indicate that this result arises due to a close inter­
play of AH* and A S ,,,*  which exert a compensa­
tory effect. ReacUon of [C o a L ]’ * with formic 
acid in the presence of AgClO, gives the pink formato 
complex (CoL(OOCH)l** readUy isoUted as the per­
chlorate salt. A similar reaction can be used to 
prepare other derivatives such as (CoL(DMF)l** in 
which the DMF ligand is coordinated via the carbonyl 
oxygen. The *H NMR spectrum reveals two methyl

R. W. Hay. R. Bembt. F. McLaren and W. T. Moodie

TABLE XIII. Hate Hydrolyiii o f  (CoL(OOCH)]* in A cer,le 
and Citrate Buffers , t  25 X  and I • 0.1 M.

pH 10‘“(Oin
(M)

1 0*k „b .
( , - ' )

10-^koH  or* S“ '  )

4.84 9.02 0.25 2.8
5.31 26.63 0.71 2.7
5.47 38.49 1.16 3.0
5.85 92.34 3.19 3.4
6.15 184.29 6.21 3.3

k -  3.0 X 10* AT"* s " '

TABLE XrV. Temperature Dependence o f  the Base Hydro­
lysis o f  (CoLfOCKTH))** at I -  0.1 M.

Temp.
(X)

pH 10*®(OH-)
(AO

10 kob« 
(» "* )

i(r*koH (AT* S-* )
25 5.85 92.3 3.19 3.45
29 5.88 144.7 6.75 4.66
33 5.90 2 03 J 10.14 4.97
36 5.90 253.5 17.47 6.89

AH* -  41.1 kJ m oP* A S , „ *  “  - 20 JK“ ' m o r *

signaU at 2 .74  and 2.98, and a formyl singlet at 
7.968. The methyl doublet arises due to restricted 
rotation about the N-CO bond due to delocalisation 
of the lone pair on nitrogen. The *H NMR data is 
very comparable with that of (CoiNHj)sDMF] 
where the NfCH,), doublet occurs at 2.88 and 3 .038  
and the formyl singlet at 7.436 (17 ). The infrared 
spectrum has iX »=0 at 1660 cm * similar to that o f  
(Co(N H ,)5DMF)** at 1665 cm *. The Orst ligand 
field band occurs at 514 nm, very similar to that 
of [CoL(OH,))** (506 nm) so providing additional 
evidence for the C0N5O chromophore. The complex

TABLE XII. K inetic PsrMneters for the A cid -ctalysed  Decarboxylation o f  Monodentate Carbonato Complexes.

kaX
(s~*)

1.10
0.28
0.33
0 4 3

mol ’  )Complex

(Co(NH,),COj1**
aBS-[C o(tetren)C O ,) ’  **
(Co(I15JaneN s)CO ,|*
( C o ( ( 1 7 1 u s e N , ) C O , l * ________________________________________________

•Dau for (C o< N H ,),C O ,l*  from  E. Chaffee, T. P. D a „u p U  and G. M. H aim , J. Am. Chem. Soc.. 95. 4169 (1973) (See f o o t ­
note 19). •’ Data for odS-(Co(teU en)CO , T  from ref. 17.
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TABLE XV. V»lue» o f  koH  f“ '  'he B»»e H ydrolytù o f  
Eormeto Derivmtiwe» o f  Pentemine co b ilt(lll)  Com plexe!.

31

Complex k oH  (25 'ey  
(M ~' •“ ' )

Rel.
Rate

[Co(NHj)!CXX:H)’* 5.8 X 10~* * I
ao-(Co(tetren)<X)CHl** 153*’ 2.6 X 10*
[C o((17)aneN !)O O C H l’ * 3 X 10* 5.2 X 10

*R. B. Iordan, Ph.D. T h e«!. Unlvertity o f  Chicago 1 96 4 . 
quoted by D. A . Buckingham. J. MacB. Harrowfleld and A. 
M. Saxgeion. J. Am. Chem. Soc., 96, 1726 (1974). F . M c­
Laren and R. W. Hay, unpubbihed reiulti. The oo-nom encla- 
ture ii that o f  Si>ow e ta i .J . Chem. Soc. Chem. Comm .. 891 
(1969).

(CoL(OOCH)l undergoes rapid base hydrolysis in 
the pH range 4 .8—6 .2 , with koH “ 3.0 X 10* Af~ 
s~‘ at 25 °C, Table XIII. The temperature depen­
dence of koH. Table XIV gives AH* = 41.1 kJ m oP* 
and -  - 2 0  JK "' m oF*. Current values of
koH hydrolysis of formato derivaUves of
pentaminecobalt(IH) complexes are summarised m 
Table XV. The complex [Co((17)aneN!)OOCHJ 
undergoes base hydrolysis some 5.2 X 10’  times 
faster than [Co(NH,)jOOCH]** at 25 °C.
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Table I. Acid Dissociation o f  [QiL| at 25 C and m = 0 * ^
10

1 0 ‘ IH *1.  1 0 ’ *o b a d .  I “ "
pH M M

ligands these reactions are quite slow,'^’® and thus t ^  dis­
sociation of the blue copper(ll) complex of C-rac-
5.5.7.l2 .12.l4-hexam ethyl-l,4 ,8 ,ll-tetraazacyclotetw d<«ne
(1) occurs at a measurable rate at 25 ®C in 1-5 M HNO3.

P
»M e

c:H H N -

H H N -

-N H  H N -

HN-

Me*

In a previous paper '̂ we have described the preparation of the 
macrocyclic diamide ligand 5,7-dioxo-l,4,8,l 1,-tetraazacy- 
clotetradecane (2 »  LH2) and its copper(II) and nickel(H) 
complexes [ML] (3). formed by deprotonation of two amide

h l _ | H

grou p s. T he d issocia tion  o f  the c o p p e r (I I )  and n ick e l( l l )  
com plexes in acid ic  solution is quite rapid, and we now discuss 
the acid  d issocia tion  kinetics in detail.

E xperim ental S ection
The ligand 5,7-dk>xo-1.4,8,l 1-tetraazacyclotetradecane (l-H j) and 

iu  copper(ll) and nickel(ll) complexes were prepared as previously 
described.^'

The dissociation kinetics were monitored using a pH slat. The 
equipment and general experimenul procedure employed have been 
outlined.“  The concentration of the metal complex used in the kinetic 
study was 5 X 10^ M. and the titrating acid (HCIO») was 2.5 x  10“  ̂
M . Two moles o f  acid was consumed per mole o f  complex in the 
reaction. The kmic strength was 0.1 M. mainuined by using NaClO,. 
Values o f the hydrogen ion concentration were obtained from the pH 
by using a molar activity coefficient >, o f  0.772 at 25 ®C estimated 
by using the Davies equation.“  Values of the observed first-order 
rate constant, at constant pH were evaluated from the titration data 
by using a desk-top computer At the other temperatures employed 
the appropriate values o f  7  are 0.774 (20 *C ), 0.770 (30 “ C ), and
0.768 (35 ®C)

R esults and D iscussion
D issociation  o f  [C u L ] was conveniently  m onitored  by pH  

stat in the pH  range 4 .7 3 -5 .2 5  at 25 ®C and u “  0  > M . T w o

(1 9 )  Liang. Chung. C .-S  Inorg  C hem  I9B3. 22, 1017.
(2 0 )  Wang. B - F . ,  Chung. C .-S. fn org  C hem  I9g|, 20, 2152.
(2 1 )  Hay. R W .; Norman. P R Transition  M et C kem  (W ein heim . O er ) 

1 9 i0 . 5. 232.
(2 2 )  Hay. R W . Porter. L J ..  Mom». P J  Aust J  C hem  1966 19. 1197
(2 3 )  Davies C W y C hem  S o c  1936. 2093

Notes

range 4 .73-5.25  at u

iO*[m*1 ( m )

Figure I . Dissociation o f [C uL ] over the pH 
> 0.1 M and 25 *C.

Table II. Acid Dissocution o f |NiL) at 25 *C and = 0.1 M 
(S a O O . » _______________

pH
lO 'IH ’ l. lO'fcob«!-

10 •*,
M

3.69 26 44 8.52 1 22
3.80 20.53 5 .40  1.28
3.90 16.31 3 .33 1.25
3.96 14 20 2.43 1 20
4.04 11.81 1.67 1 20
4.09 10.52 1.36 1.23
4 12 9.83 1.18 1 22
4.25 7.28 0 .65 1-23
4.40 5.16 0 .33  1 24

Table III. Acid Dissociation o f  (CuL) at 20, 30. and 35 *<
and li = O-1 M ________________

r. “c
20

30

35

10 ^^ob»d'
lO’ i i r i . |H*P.

pH M » ■ M ’  » '

4.77 2.19 3 31 0.69
4.87 1.74 2.19 0.72
4 92 1.55 1.58 0.66
5.00 1.29 1.14 0.68
5.05 1.15 0.98 0.74

4 95 1.46 4 16 1 95
4.97 1.39 3.41 1.76
5.03 1.21 2.79 1 90
5.08 1.08 2.27 1.95
5 18 0.86 1.29 1.74

4 96 I 43 6.31 3.08
5.02 1.24 4 62 3.00
5.13 0.97 3.02 3.21
5.17 0.88 2 47 3.19

moles of protons was consumed per mole of complex, corre 
sponding to the reaction stoichiometry

Ml. -I- 2H* — M^*(aq) + LHj

Values of at various pH values for dissociation 
copper(II) complex are summarized in Table I Plots of .«a 
vs. [H®] are curved (Figure I ). but plots of vs. i 
linear, confirming a sexxind-order dependence on the hydrogen 
ion concentration. Least-squares analysis of the data gise* 
*»i»d/lH*]’ -  (I 15 ±  0 03) X 10’ M  ̂ s ' at 25 "C  and / = 
0.1 M. There is no indication of any solvolytic pathway, an  ̂
dissociation occurs exclusively by an acid dis.sociation 
similar results arc obtained with the nickel! II) complex (Ta e

Notes
Table IV. Acid Dissociation o f  [N lLl at 20, 30 . and 35 *C
and M -  O.l M _______ _______________

r.*c pH

10*
10‘ |H*1. 10 ’ k „ b « l .

20

30

35

III where k„K.a/|H®l  ̂ -  ( 1 2 3  ±  0.03) X  10’ M * s ' at 25 
•c'and u “  0.1 M. Dissociation of the coppcr(H) complex 
is about 100-fold faster than that of the nickel(II) coinplex. 
Slower dissociation of the planar d complex is 

The kinetic data establish that two protons are 
the transition state of the reaction. Dissociation <>[ »he 
per(Il) complex of the 14-membercd m acw ycltc am i^  
complex differs quite markedly from that of 14-membcred 
tetraaza macrocycles. The latter normally show a fi«»-«rdcr 
dependence on [H *] and often display an acid-independent 
l l^ ly t ic  pathway.'’  In addition, the amide Comdex disso­
ciates mucrmorc rapidly in acidic solution. These o t ^ a l ^  
suggest that protonation may first occur on the amide oxygc 
a t S o  give the iminol tautomer ( 4 ). followed by tntramo-

2 +

C o -

NH^/C^O

+  H C o -----N

-O H

Inorgamc Chemistry. Vo! 23. N o 19. !9H4 .V)35

Table V . Activation Parameter» and Rate Constant» (or the 
Acid-Catalyzcd Dissocution o f |CuL| and |NiL|___________________

lecular proton transfer to the nitrogen donojs P»®»"'»“»'"'» 
m stron’i  acid of [Co(NH,)a(glyNH)]»’ and [ C ^ ^ ^  
glvO),L “  has been shown to occur at the am i^ oxygen, rath« 
K \ h e  amide nitrogen. X-ray
ICo(glyglyO)2] cation indicate that the douWe-t^d charaetCT
of the carbon-nitrogen bond ^ uiê eq̂ uilib-
carbon^xygen bond is decreased in accord with the equilib-
rium

cumpd r. *c
ICuLl® 20

25 
30 
35

A //*  = 71.7 Í 1.5 WJ mol ' 
IS iL l"  20

(0 68 Í 0.031 X 10’ 
(1.15 » 0.031 X 10’
(1.92 e 0.16) X 10’
(2 97 I 0.1 3) X 10’

; A S '. . .  131 Í 5 J k ‘ mol
(0 78 Í 0.01 ) X 10* 
(1.23 t 0.01) X 10’
(1 91 I 0.03) X 10*
(2 98 t 0.1 3) X 10’

T l «  of th . .c id .o .u l ,™ l
of , h .  c o p p o r f . l )  . n d  oi.lc.Um “ o i ' t i .  d l u
additional temperatures of 20. 30. ana 55

A // ' = 64.5 x 0 .5 k J m o l ' i A S ' . . .  69 * 2 J R -  m ol •

Obtained are su m m arized  in T ab les  H I a ^  IV_ R a te  c o n ­
stants and activation parameters are ' "  T a b
the d issocia tion  o f  the cop p er co m p lex  A / f  «  M . / *  i .5 » J
'jToi ' S i s v  -  111 '
co m p le x  AW  *  64 5 ±  0.5 kJ m ol a n d  AA^« -  69 ±  2 J

A  p oss ib le  k inetic sch em e for  the a c id  d issocia tion  cou ld  
involve  the steps

(24) ■ u ck i.„h .« ;'D  A  iFoUer.D M : S .T ¿ » o n . A M Z 4m (A rm  5 «

91, ». -m «W 1. n  A Htu l-N .vundef(25) Barnet. M T .  Freetiwn. IT CoBockingham.
Helm. D J Ckrm Soc D l*7*. 367

ML -y 2H’ ;^MLH2»*

MLHj»* - -  M»*(aq) +  LHj

(I )

( 2)

involving a rapid preequilibrium prolonation step 1 ) and
a slow rate-determining dissociation (eq 2) It can be readi y 
shown that

kA'lMLHH*]»
' 1 -F A(H-’]»

kA.lH’1»
1 -I- A l H ’ l»

Under the conditions of the present
1 and k.o_ • kA.'(H*]» with k» = kK -  1 '
Ictivation parameters thus relate to combined rate and 
equilibrium constants. One interesting feature 
Mtalyzed dissociation of macrocyclic complexes is »hat m ^  
tiproLation of the complex is often required ‘I » ' ^  
ciation of the ligand to occur Thus, we have prevu^sly 
shown'* that dissociation of the pentaaza macrocycle [ ^  
ane-N, (5) from copper(II) and nickel(ll) involves a second-

order dependence on [H *] while dis.sociat.^ of
(6) involves a third-order dependence on [H ]
the second or third metal-nitrogen bond may well be the
rate-determining step in some of these reactions
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