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ABSTRACT

The thesis consists of four sections.

Section | deals with complexes of the general type

(Co (tetren) X] (where tetren 1is 1,11 -diamino-3,6 ,9-trlaza-

ndecane - tetraethylenepentamine and X is a unidentate ligand)

several geometric 1isomers are possible and synthetic methods

have been developed to prepare pure isomers rather than isomerrc

13
mixtures. The complexes have been

characterised by i.r._,

n.m.r. and d-d spectra. The )cinetics of base hydrolysis of

the various isomers of [Co(tetren)X)"" have been studied

x =c¢ciI", Br", NO2", DMF, DMSO, 02CH, 02CCH2, 02CC2Hs5,

m02CCH2CI, "02CCHCIlI2. NCCH3. NCCgHg and NCC~H”~OMe). Activation

parameters for base hydrolysis (X = CI"

and Br") have been
determined and Hg(ll) promoted aquation studied. The acid
catalysed decarboxylation of [Co (tetren) 0C0O21 has been studied
and activation obtained. The reaction of with

[Co(tetren»4CC.HMI gives the tetrazolato complex (Co(tetren)

N/\CCH31I2+ and this reaction has been studied e
2 _
complexes [Co(tetren)NACRI1 * (R = Me,Ph) have been
isolated and
Section 11 discusses

(A)C1)~= (trien =

complexes of the type (Co(trien)-

1,8 -diamino-3.7-diazaoc tane and A is 0- mono-

dentate amine, 1imidazole (ImH), pyridine (py)- n-butylamine

(Bu"nH2) and 2 ,2-dimethoxyethylamine ((NH2CH2CH(@CH3)2>+« Reactions

of (Co(trien)CIl21”™ with ImH, BUNH2 and ((H2CH2CH(@CH3)2> gave

cis-a-(Co (trien) (A)CII while for py the complex



(B)

(CLOJA

cis-B2-tCo (trien) (py)CI 1~ was 1isolated. Base hydrolysis

kinetics were measured for the four complexes and the Kkinetics

of the mercury (1) promoted aquation of cj”-62"1Co(trien)-

(py)CIl 1 studied.

Section 111 concerns the preparation of the open chain

diamtde Jligands shown 1in structures ) ~ 2°

(©)) Copper (11) and nickel (11) gave cationic

complexes. M ((LH2)1(CI0~)2 structure (4) and under basic

conditions neutral complexes of the deprotonated ligands

(M(L-2H)) structure (5). Redox studies were carried out

on the neutral complexes with the ease and reversibility of

the oxidation

processes examined as a function of ligand

Section 1V describes the preparation of diamide

macrocyclic ligands prepared by the condensation of diethyl

malonate with (@) 1,4 .7

®

,l0-tetra-azacyclotridecane-11 .13-dione .

1,4 ,8,11-tetra-azacyclotetradecane-11,13-dione, (c) 1,4,0,12

tetra-azacycloPF-NTT adecane-1 2 ,14-dione and (d) tetraethy lene-

pentamine. Complexation of the resultant ligands with Cu(ll).

Ni(ll) and Pd(ll) were examined using pH and spectrophotometric
titrations.

Redox studies were performed on complexes of the

deprotonated amides [ML] for M = Cu (1) and Ni(ll) and the
reversibility of the oxidations examined as a function of the

metal 1ion and the ligand structures.
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X3 whE acid ———- ron
the NH proton and K, is the

If K (OH~) << 1 then

K can be replaced WMy vV At yRete K

constant for ionic product of water

equation (2) reduces to @)

digHj) Cox"*1 y
= k__K NH .)..Cox"~1(OH 1 (€©)
dt cg Kq [CNH 425-Cox (¢

The experimentally determined

rate expression is shown in (4)

dl Complex 1
P = k [Complex] (OH 1 @
dt OH

with kOH ACB""a

support Tfor an SNICB mechanism

for base hydrolysis of Co(lll)
pentaammines comes from many sources and the”~topic has been

reviewed by House” Tobe”~ and Edwards ~ The
nature of the process 1is supported by the rate acceleration that
results from 1increasing the bulkiness of the non replaced amine
ligands/*™”" Measurement of enthalpic changes 1in the base
hydrolysis reactions of ((NH3)~”~CoX]™

for an extensive series
of unidentate

x" li.ands supports a transition state in which

_ _ _ i= 1 -pd ~ The values of
the leaving group 1is essentially

tsotopic fractionation factors din (@ ”™S /din (07«1l

hydrolysis of some complexes

in the

of the type [(NH3)5CoXlI

_ _ Br and NO2 the ratio of
been 1investigated. For X = CI

16 18 in the Tfinal

to 0 hydroxy product [(NH3)5C00H)"" i
(o]

is
B of %' su orting an SNICB reaction
independent of the nature of sugg

_ _ ,C L(mh > CoXlI is believed
mechanism.’”~ Spontaneous aquation o0 ( 35

) plot of Lo&
to t.k. pl.c. by a dls.oci.tlv. »ech.nl_.n, and

K 1) versus“k“j“é%? ¥8F a series of complexes ((NH3)5Co0X)
aq



,,ves a lino Havin. unit slope.The result implies that base
hydrolysis 1is also a dissociative process. A major piece
evidence to support the SNICB mechanism has been the demonstra-
tion of the formation of a very reactive intermediate species
that can be trapped by nucleophiles other than the solvent.
The bulK of evidence comes from careful study of the reaction
products. The Ffirst successful demonstration of base catalysed

substitution in aqueous solution”~® showed that reaction of

R 2+ (X = Cl. Br, 1. NO3) with hydroxide
[L(NHj)~CoXI1

of = of .n _,ionic nucl.ophiln, V,

in the presence

,-ve si,niti=_.nc

o 2+ as product. It was shown that Y
quantities of ((NH3)”CoY]

conld nonh.v, entered the conplex before the

.ct of b..e
hydroly.i., nor could

it have di.pl.ced 0«" fron. the product

2+ . consequently it must have been Tformed in
((NH 3) ~"CoOH]

n with the hydroxo complex after a common act of

Thus the dissociative nature of the reaction in
r."sic eolution h.n been debon.tr.t.d fro, the ,u.nrlt.tiv, .tody

@B stereochemistry of the products. These

so-called competition experiments show that the

reaction products ,,NH3,,coOH,” <NH3.s-v 1 -,pletely

independent of the nature of the

le.vin, ,roup a. uould be

required by alioitino P »ech.ni.o su,e=t

n,

enough time Tfor the five-coordinate

. R _ ﬁ Binore it is captured by a suitable
equilibrate 1its environment efore

nucleophile. further euidence for the SNICB reaction nechanis,,
eobe. fror. the observation that hydroxide 1is a uni,ue nucl.o-

,»-1le. other strono nucleophile. Cn", N,",

) - r/KiM_~ CoXI » and this
slower 1ligand exchange rate With 35



suc,q«srs “~h.r hy.iroxid.- functions as a basn. rather than as

, nhucleoph.le, and ren,oves a proton from a suitably located

amine Jliqand to form the conjugate

base. Finally Henderson

and Tobe*®" ™ have rationalised base hydrolysis

rate data for a

wide range of Co (111) pentaamines

reaction

in terms of an SNICB

mechanism where the reaction proceeds through a

trigonal bipyramidal intermediate.

By studying the effects
N

- - reaction rate Tfive requirements for
of steric constraints on

lability to base hydrolysis were proposed and it was found

that complexes whicﬁ have the g{gpgggﬂgmfstrv that allows the

blpyr..lId.l1 Inta.bedi.t. td h.v, optimum t overlap
b.tw.en th. 1ion. pair of th. amldo nltroo.n atom and an empty

p orbital on ColllU undergo th. moat rapid ba.e hydroly.i..

The present study 1. cono.rned with ba.e hydrolysis

reactions of Co (111)

complexes of a particular pentaamine

ligand, that 1is tetraethylenepentamine (1,11 -dianino-.,6, .-

..undecane) abbreviated to tetren and shown 1in structure

).
H

Ne

N 9 3N

NH.

(€D



This pentadentate ligand forms complexes of the type

14
[Co(tetren)XI"™* which can

exist in four topological forms
shown 1in structures (2), A, B, C and D.
The aa-isomer (2)A has a plane of symmetry
and can exist il one Jiasteregidsomgric form (fac fac). The

alB-isomer (2)B is asymmetric and could exist in two diastereo

isomeric forms resulting from alternative configurations of

the single chiral nitrogen centre present in the m” ring
of the tetren ligand. The RBR-isomer (2)C is asymmetric and

has only one possible 89aStEF&Q#sSOMer- The B-trans

(2)D is asymmetric and has

isomer

four possible diast

arising from arrangements of the two secondary nitrogen atoms

which fuse the coplanar chelate rings. The 1length of the

Chelate segment N-C-C-N

in tetren precludes 1inversion at

secondary nitrogen atoms which are linked by orthogonal

chelates and 1inversion only takes place when the secondary

nitrogen atom 1is formed by coplanar chelates. Two diastereo-

isomers of the aB geometrical isomer have been characterised.
The nomenclature aBRR-

and aBs- has been adopted to describe

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






-HN.

; NH.
HN Co to

-NH- hl

(€))
complexes of [Co(tetren)Xi were first characterised
by House and ggFHgF* These workers prepared aSR- and aSS-
where X = (CI. Br, OH. -ONO. NO2 . N3.
2 +
NCS) Prior to the work of House and Garner (Co(tetren)X]
X = Cl NO ” and Br” had been

reported only as poorly

ised materials containing unknown geometric
17.18.19.20
isomers.

The X-ray crystal structures of agR- and a6S-(Co-

2" have been reported™”™ as has the crystal

a [Co(tetren)CIl 1™ by Snow”™” although no synthetic
TetliiTor Physical properties can be found for the ..-isomer

in the literature.

Ni and Garner studied the aquation kinetics of the

2¢
s of (Co (tetren)Cl 1 over a
.Br- and aBS-



r.inie of temperatures and also determined approximate

23

rate

constants Tfor base hydrolysis Eurther kinetic studies on

2A
IBR-I1Co(tetren)ClI”~"" have been reported by Lin and Chen.

The isomerisation rate of aSR-ICo(tetren)NCS)”" to the aSs-

,25 H A
diastereoisomer has been monitored as has the kinetics of

26
base hydrolysis for these two

aSS-(CO(tetren)0S02) h as been prepared and the

kinetics Of intramolecular isomerisation of this oxygen bonded

sulphito complex to the sulphur bonded analogue have been

measured. A second order rate constant for base hydrolysis of~?

sulphur bonded aSS-(Co (tetren)S03]~" has also been evaluated.”

The Kkinetics of acid and base hydrolysis of the azido

~ 28
complex (Co(tetren)N3)"™" have been reported by El-Awady.

Kinetic studies have been undertaken by Dasgupta and Harris on

the decarboxylation of aé6s-(Co(tetren)CO3 and carbon dioxide

uptake by .6r-[Co(tetren,H20]/~r~2N The kinetics of base

hydrolysis of the salicylate complex [Co (tetren)OCOC”~H,OH)

_ R 30,31 Interest has als*™” been
was studied by Dash and Harris
R R 2% with studies
shown in the redox properties of
i 2% demonstrating an
on the Fe(ll) reduction of

32
extremely slow reaction rate.

The literature on lcodt@&preniX1”> is limited and the

Jccrve, fTurther 1,ve.11,,t lon .pp roxr terr.t.

constants for base hydrolysis oF %ﬂgf?éb(gg%gen)C1l“ evaluated

by extrapolation of acid hydrolysis rate data show that the

complex undergoes extremely rapid base hydrolysis 1iIn comparison

with other complexes of cobalt (HU pentaanines. The

R tes interest as a potential model
hydroxy complex itself nenera



for the metalloenzyme carbonic anhydrase It has been found

that Co—OHn species are good nucleophiles, as

demonstrated in the hydrolysis of 4-nitrophenyl acetate by

(CollSlaneN*OHI~"_~~ and in the intramolecular hydrolysis of

N-coordinated amino acid esters and amides by Co (111) -OH

species. TO continue 1in this vein substitution of X in

,Co(tetren)XIl*’* by a wide range of ligands, for example,

X = DMF. RCN, 02Cr " may labilise the group X to reactions

which are not possible for the uncoordinated ligand.

Another aspect of Co (111) tetren chemistry

requiring clarification 1is an understanding of the preparative

conditions that 1lead to particular isomers. Conditions are

required to prepare the ota-isomer which requires to be Tfully

characterised. An

interesting analogue of the tetren ligand

is the linear sulphur containing pentadentate ligand, 1,11

diamino-3.6 .9-trithxaundecane (L) which coordinates to Co (111)

via two terminal NH~groups

and three thiaether donor centres

and has the Tformula H N-CHACH~-S-CH2CH2-S-CH2CH2-S-CH2CH2-NH2

of complexes of the type (Co(L)XI™ X = cCl

Br No2~. SCN") have shown that the bond angle

requirements around the coordinated sulphur

isomer distribution to th. aa-topol09y.
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2+
The literature on aBR(?- and aBRS - (Co (tetren)X]

(X = Cl. Br, NO2) describes the preparation of complexes according

to Seheme 1.

HO + CoCl2 + tetren + ZnCl2 HCI

alBR-[Co{tetren)ClIZnCI"

NaNo 2 /HCI

aBRS-[Co(tetren)NO2 IZnCI™

aRS-[Co(tetren)BriIZnBr~

aRS-[Co(tetren)Cl)ZnCIn






12.

purity of the starting ligand tetren was checked by preparing

the pentahydrochloride

salt tetren.5HC1 and titrating it
against sodium hydroxide to establish the experimental
molecular weight. The five pK~"s have been determined.
With regard to kinetics, a literature survey reveals
that only the base hydrolysis of aBtf- and aSS-1CO (tetren 1C 2

have been studied. In the present work the base hydrolysis
reactions have been analysed for all halo- and nltro-cocplekes
prepared. In the cases of aBO- and au-((Co(t.tren)Cl 1** and
oBe- and da-(Co<t.tren.Brl”™* activation p.ra.eters for base
hydrolysis have been evaluated and kinetic data for .ercury (1)

induced aquation collected.
1.2 Exper imental

Tetren .5HC1

Technical tetren (B.D.H.) was fractionally distilled

d 1, iAl1 fractions containing
under reduced pressure and inatia

lower
amines were discarded. Freshly distilled tetren

methanol and cooled in an ice bath. Hydrochloric acid (11.S
mol dm-~ was added dropwise with stirring to the solution to

precipitate the colourless tetren.5HC1. Addition of concen-

Trlted hydrochloric acid was continued until no more solid

precipitated. The product was filtered off. washed with

.efh_hol sna sir arl.a. Tctreh.fHCI u.s ,crysf.lllsca twlc.

h, suspsnalhc fhc solia in hot u.fh_.nol conf.Ilnin, . f- arops
uf cone.»Cl _.na .aainp -st.i aropwls. to aissolv. the solia.

_ cum frvstall ised out and was TfTiltered,
upon cooling, tetren.5HC1 crys
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washed with methanol and dried Iji vacuo . Calc, for

C H N~ .5HC1: C.25.81; H.7.60; N,18,85;
8 23 j
Found: C,25.61; H,7.63; N,18.85%.

A NMR spectrum of tetren.SHCI was recorded in D20 with

NaTMS as the internal reference. The values were found:

6 (integral): 37.96 (157.7), 45.97 (397.3), 47.25(183.4). « pp™)

The purity of tetren.5HCl prepared in the present work was

assessed by titrating a known weight of tetren.5HCI dissolved

in 1.0 mol dm*“~ (NaClO”) against 0.1 mol dm ~ (NaOH) at 25“C,

under nitrogen. The resulting titration curve shows a series

of overlapping end points. The second end point 1is sharply

defined and the volume of titrant required to reach this end

point 1is noted. The theoretical volume of titrant required to

reach the second end point is readily calculated and a comparison

between experimental and calculated titrant volume allows the

experimental molecular weight of tetren.5HCI to be evaluated

at 375 amu. The theoretical molecular weight of tetren.5HCI

with the formulation C N _SHCI is 370 amu.

By the method of House,a solution containing

CoCl2.6H20 (24g-., 0.101 moles) and 20 cm™ of 30% H~O0™ in

75 cm”™ water was added dropwise at room temperature to

tetren (19g., 0.10 moles) dissolved in 50 cm"™ water. After

addition was complete the solution was left to stand”~for 30

minutes. Zinc chloride (30g., 0.22 moles) and 75 cm®™ of 11.5

mol dm-*" HCI were then added and the solution heated on a water

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

deposited Which were filtered, washed with ethanol, ether and
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air dried. Calc, for 1ICo (CgH”3N”~)C1)ZnC1l”~: C,19.57; H,4.72;
N ,14 .26 ;
Found: C,19.95; H.4.64; N,13.89%.

The 1i1.r. spectrum (KBr) of this complex has four V NH bands

of approximately equal intensity at 3130, 3160, 3215 and 3260

cm'A A single band at 1575 cm"”~ 1is assigned to the NH2
asymmetric deformation. These data agree with those reported. Lo
The visible spectrum of the complex measured in 0.1 mol dm

HC104 has band maxima at 525 nm (e = HO) and 363 nm (e = 103)
with"a shoulder at 480 nm (C = 105). The literature reports

the following values 522 nm (e 109) Xrn'siX 862 nm {& = 103)
with a shoulder at 480 nm (e 105) .- A F.T. 13(: NMR spectrum
V.. recorded in

u.tnd NnTHS ns in Intern.l ref.r.nc,

8,800 tr.nnientn -ern

recond.d to give th. v.Inns: (s pf*"*J
Mint.gr.U-. 42.95(11.2). 48_.57 (8.9). 50.76 (10.1),
51.63(9.6), 53.27(8.0), 55.83(7.6), 57.85(11.2).

Tetren.5HC1 (70g, 0.19 moles) (for see

.bov.) V,.. dl_.nolv.d in 250 =.= wt.r .nd 8.3((o0(@O03)31”
<60g., 0.20 .01..) .dd.d. net.r _.tirrin, th. _.i«nr. .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. HClo, w.. .dd.d providing

.oarc. Of 010,- ion.. ».ny M.ction. cry.t.1li..d fro. thi.

R 1 davs The first fraction was exclusively
mixture over several days.

aBR-(Co (tetren)ic/\li-iEB%IM (14.8g, 0.03 moles). The second crop






the NH- asymmetric

deformations. The visible spectrum measured
reports the followin
328 nm (e = 1,844) . The P 9
— X 328 e 1,820).
values. X _ 460 nm (e = 224) and Xpay (e » )

A F.T. “ ¢ NMB spectrum was recorded in Me”~SO-D” using NaTMS
as an 1internal reference.

9.002 transients were recorded

giving the values: i ppm)

6 (Inte,r_U 48.19(25.9), 48.57(68.9), 51.19(46.4), 51.68(78.2),

52.77(132.2), 53.81(6).0), 55.01(71.0), 55.94(117.7),

57.36(231.5), 59.43(59.3).

aBS-I1Co(tetren)Cl]znCIi”

By the method of House aBS-(Co(tetren)NO2]znCIn
(ig-. 1.99 mmoles) 1in 15 cm” of 10% ZnCI”~ in H.5 mol dm_3
HClI was warmed at 70=C for two hours. During this time the
colour Changed from yellow to red.

Upon cooling, dark red

crystals deposited which were filtered, washed with ethanol

and air dried. Calc. foi. (Co (CgH”3N~)C11ZzZnC1”~. C.19.5

H,4.72; N ,14.26;

8oand, 0,20.14, ».4.67, »,14.024. 1.r. .p.=«8. (K8.)

of the complex h.s e «herp @ §§ 2% 35;8 gm " and a brogd v NH

h.,d _.toopa 3200 cm-" T-o .o.nas .t 1570 ., d 1585 cm at.
as.lgn.d to NH” asymmetric deformations. The visible spectrum

o, the complex measured In 0.1 mol dm®"” »CI0O, has band maxim.

h reports the following values 525 nm
The

Xmax

,8 .6). 480 nm (C - I d> and 360 n. (C - 107). A F.T.
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NMR spectrum was recorded in Me2SO-D” using NaTMS as an

internal reference. 9080 transients were recorded to give

the va lues : w PP )}

6 (integraU 48.03(20.48). 52.23(29.81). 55.83(17.23). 57.96(31.90).

58.40(11.90). 59.81(10.12).

aa-(Co(tetren)COjJ(CI0ON).3H20

By the method of Dasgupta and Harris”™” isomerically

impure [Co (tetren)CD(CION)2 d-~-0g.. 0.039 moles) was dissolved
in the minimum

volume of water, and silver oxide. (4.63g.. 0.02

moles) added to the solution. The mixture was heated at 60»C
for 30 minutes

duringwhich time a colour change from red to

orange took place. The solution was cooled and filtered to

remove silver chloride. To the Tfiltrate was added excess

lithium carbonate until a pH of ca. 9 was attained. The

mixture was stirred at room temperature Tfor 30 minutes then

filtered to remove lithium carbonate. The orange solution was

treated with lithium perc%iof&f@ M~ 25g.. 0.04 moles) then

.,o0l,a and «h.nol was addad ao paadtpltat. a fin.

.vsaallln. sduUd. Th.

ocoa.n, .

paodn.a. ICo ,t.tr.n,CO,, ,clO,, was

flla.a.d off, w.sh.dwith athanol. _.th.r and drl.d In

Yield 15g. Calc, %or {63TEAHA3NA]§035(010¢) SHZO: C. 23.40;

H.6.29; N.15.18;

pound: c.23.68, H.6.19, »,15.29%. Th.~l.r. sp.ctaup («a,

nas w N, at 2900. 3140. 3280 and 3400 TP. .l.cttonl.

spectrum measured in dilute aqueous sodium bicarbonate

_ N 492 nm (e - 148) with a steep charge transfer
band maximum at 492 nm ve

nm characteristic of monodentate
absorbance 1increasing

near
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carbonato Ligand. A 13¢c NMR was recorded in D2° (pH8) wusing
NaTMS as an Internal

reference. 11,894 transients were

recorded giving the values 6 (integral) 45 .1(39.8), 55.9(36.0),

57.7(38.9), 59.8(38.7).

gg-[Co(tetren)CIl] (CIOM)CI
Method A

The complex gg-ICo(tetren)cCO0O”™1(CCI10”~) (15g., 0.036

»ol,.) aissolv.d in 200 11.5 nol d."” HCI .nd h.dt.d

nt 60*C until CO”~ _volution o.nn.d nnd th. colour ch.ng. iron,

or.ng. to dntk red coopl._t.. A f.w drops of 72» perchloric

sold w.r. ndd.d end th. solution volu». w.s conc.ntrnt.d on th.

water batn viani E_wgk«u-«lltsatlon commenced.

Upon cooling the

A
crystals were Tfiltered off, washed with ethanol, ether and air
dried. The first crop from the reaction mixture was 1identified

as gg—(Co(tetrveEithio }g;. Subsequent crops were found to

be mixtures of aBl?- and gBS-[Co (tetren)C11 (CI0O™)3 .

ga- (ci1o.)cCl
Method B

Tetren.5HC1 (10g., 27 mmoles) was ta)cen up 1in the

- § cold wate{ and a two-fold excess of Na3(Co(C03)31
minimum of cola ware

\ The mixture as heated at 600®C
(16.62g., 54 mmofes) added. 1 "

ffervescence ceased. After cooling, the solution was

flir.r.d to r..ov. unr.nct.d N.3(o0<C03>31 and th. or.ng. n

flltrat. u.s .vapor.t.d to dryn.ss to glv. an-tco( -1r.n)CO031

.nd sodlu. chlorld.. Th. solid nl.tur. .as tak.n up 1In

11.5 001 d.-? HCI and sodluo chlorld. fllt_.r.d off. Th. or.ng.
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filtrate was heated at 60“C with CO”™ evolution accompanying a

colour change to dark red. Heating was continued until crystall-
isation commenced. Upon

cooling, the crystals of aa-I1Co(tetren)-

011@©10M)01 were filtered off,

washed with ethanol ether and

air dried. Subsequent crops of crystals from this reaction were

found to be mixtures of aBR- and aBS-(Oo(tetren)011(0107)2- n

crude oa-i0o(tetren) 1(0107)01 was recrystallised from 0.1 mol dm™"
HC104. Oalc. Ffor aalOo(CgH23N5)01) (0107)01: 0.22.96; H.5.54;

N,16.73;

Found: C.22.82 ; H.5.40; N,17.07%.

The l.r. sp.etru. (KBr> h,s sh.rp V NH et 2280 .nd 3290 c.~’

A singl band
with a broad V NH band centred around 3100 cm stngle an

1

- is assigned to the NH2 asymmetric
at 1600 cm

deformations.

visible spectrum m.esured in O.1 »cl dm*"~ HCIO”™ has band

at 533 nm (t - 96, and 362 n. <6 - 92, with a shoulder at

- s2)

A ~"0 NMR spectrum was recorded
470 nm \G- n

in Me2S0-Dg
N _

using Na TMS as an Iﬁkg¥hg¥ Fg gFence. 19.040 transients were
recorded giving the values

6,integral, 43.63,102.8,. 56.27,137.5,. 57.36,108.9,.

57.96,86.5, . The NMR spectrum was also recorded in D,o
containing a drop o, DCI to suppress base hydrolysis. Na T»s

B a r s-onc 12,102 transients were recorded to
was the 1internal reteren”c.
give. w pPpPT-”

6,integral, 45.74 ,1.89,. 57.91,1.98,. 59.27,1.94,. 60.42,1.43,.

aa-1Coi11etrenlwd ja 4 -
r-.a«sive 1ion exchanges on Amberlite 1RA-400
salt by Tfour successi

,in the C10,  form,. The sample W% @hyted with water«

of the eluted traction under reduced pressure
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gives ca-[Co(tetren)Cl) (CI0") 2- Calc, for 1Co(CNHN3N~N)C11(CI0O~)3:

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

Found: C,19.68; H,4.88; N,14.16%.

aBg-[Co(tetren)Brl1zZnBr

16
By the House method. aBR-

(1 g.-, 2.03 mmoles) was dissolved in 2 mol dm”” NaOH (20 cm?).

Hydrolysis was indicated by a rapid colour change from dar)c red

to orange. 15 cm”™ of 10% ZnBr”~ in 60% HBr was added to the

solution which upon heating on a water bath at 60»C became violet

and deposited crystals which were filtered, washed with ethanol

and air dried. Calc, for (Co¢gH#53NgdBrizZnBrn C.13.47;

H,3.25; N,9.82;
round: c.13.21, H,3.29, N.9.91,. An i.r. _p.otru. (KBr) of

thl. ooopl.x h.. four U NH b.nd. of npproxIm.t.ly equ.l

-1 -
intensities at 3120. 3150, 3210 and 3245 cm A single band

-1 is assigned to the NH2 asymmetric deformations.
at 1568 cm

-3
Th. viIslbl. _.o.ctrup of the complex ,,..sut.d In 0.1 mol dm

»,Cl0, ahe. . bend maximum at 548 n. (C - 122, ulth a shoulder at
:l. £

480 93, . The literature reports the following value.
1 548 nm (C < 132)

with a shoulder at 480 nm (t - 100).
max

aBS- ZnBr

The complex aBS-(Co(tetren)NO21zZnC1”™ (lg-, 1-99 mmoles)

,as dissolved in 15 cm”~ of 10% ZnBr2 in 60% HBr and warmed at

70-C for two hours. The violet crystals which deposited

cooling were filtered,

upon
washed with ethanol, ether

and air dried,
calc, for [1Co(CgH23Ng)Br]zZnBr,: C ,13.47;

H.3.25 ; N.9.82;



Found: C.13.93; H.3.15; N,9.49%.

An i.r. spectrum (KBr) of the complex has a sharp V NH at

3260 cm”™” and a broad U NH band around 3200 cm Two bands

at 1565 cm"” and 1580 cm"”~ are assigned to NH”A asymmetric

deformations. The visible spectrum of the complex measured in
0.1 mol dm"~ HCIO” has a band maximum at 550 nm (e = H3) with

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

following values 550 nm (e = 121) and 480 nm (e = 98).

A "3~ NMR spectrum was recorded in Me”~SO-D” using Na TMS as

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

the values: Cs ppVv>)

6,integral) 43.93(161). 48.25(132), 52.34(288). 55.67(148),

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

gg-[Co (tetren) Br 1 (C107j_Brm

Th4 couple. ga-(co(6.-tr_.n)co3l(clo,) (,.. 2.1

ais.olv.d in 25 =.7 of 60» HBr .nd . f=- drops of 72» HCIO,

were added. Vigorous effervescence

-as accompanied by a colour

change from orange to violet. The solution -a. heated on a

water bath until crystallisation commenced. Upon cooling,

the crystals -ere filtered oft, -shed -1th ethanol and air

dried. The crystals are 1.omerlcally pure ,,o0-,Co(tetren,Br,-

_ orenaration ave mixtures
(C10 )Br. Subsequent crops g}om this p P g
at »j8-

and gBs-,Co(tetren)Br, ,C10, ," Crude ,,g-,Co(tetren)Br,
<C10,)Br -as recrystalllsed from 0.1 mol dm-= HCIO,. Calc, for

gg-(Co(C3H23N,)Brl Cl0.Br: &, 18.68" HT4-56:

Found: C,19.05, H,4.43: N,13.60..

The i1.r. spectrum (KBr) measured in 0.1 mol dm HCIO, has
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sharp V NH bands at 2880 and 3260 cm"~ and a broad V NH

-1 _
absorption band centred around 3120 cm A single band at

1

1600 cm is assigned to NH2 asymmetric

deformations. A visible

spectrum of the complex in 0.1 mol dm HC|O4 has a band maximum
iJ
at 552 nm A C

(e = 98) and a shoulder at 480 nm (e = 43).
NMR spectrum was recorded in Me2S0-D” using Na TMS as an internal

reference. 12,924 transients were

recorded giving the values:

6(Cintegral) 43.93(123), 56.76(103), 57.58(96), 58.23(96).

The 13C NMR was also recorded in D20 containing a drop of DCI

to suppress base hydrolysis. Na TMS was the internal reference.

24,024 transients were recorded to give: (S pf ~

6(integral) 45.74(34.2), 58.50(32.1), 59.97(23.5), 60.19(31.5).

aa-(Co(tetrenBr] (Cl104)Br was converted to the diperchlorate

salt

by four successive 1ion exchanges on Amberlite 1RA400 (in the
c1on"™ form) eluting with water. Calc, for 1Co(CgH23N5)Bri1-
(0104)2= €6.18.23; H,4.40; H,13.29;
Found: C,17.80; H,4.41; N,13.29%.

aa-(Co(tetren)NO21(Cl1OM)N

The complex aa-(Co(tetren)Cl1i1(Cclio~)C1 (lg., 2.38
mmoles) was taken up in the minimum of 0.1 mol dm"~ HCIO~ and

NaN02 (0.27g., 3.9 mmoles) added. The solution was heated on

a waLr bath at 60»C until the colour change from violet to

yellow was complete. Upon cooling yellow crystals deposited

which were Tfiltered, washed with ethanol and air dried. Calc,

for |JCo(C3H23"s51""02"~ = 2" C.19.48: H.4.70, N-1

round: C.19.50: H.4.73: N,18.374.

Th. 1.r. sp.ctruo (KBr> dlnpl.yn V NH «4 bro.d band In th.



range 3000-3300 cm"~" A single band at 1590 ctn"™ is assigned

to NH2 asymmetric deformations.

A visible spectrum measured

in 0.1 mol dm"~ HCIO”N shows a band maximum at 450 nm (e = 154).
c NMR spectrum was recorded in Me2S0-Dg using Na TMS as

an internal re?erence. 12,@@? f?%ﬂ§f8ﬁf§ were recorded giving
the vatues; (S

6 (integral) 43.99(103.5), 55.18(87.0). 56.81(111.4), 57.47(111.6).

aa-[Co(tetren)H20) (Cl1O0”M)N

To a solution of aa-(Co(tetren)Cl 1(ClIOM)CI (3.0g-,

7.16 mmoles) dissolved in the minimum volume of perchloric

acid (0.1 mol dm"”~ was added silver perchlorate (3.1g.,

.5 mmoles). The mixture was stirred at 60-0 until the colour

Change from deep

red to orange was complete 1 hour. The
solution was cooled to ONC and Tfiltered to remove precipitated
silver chloride andunreacted silver perchlorate. The Tfiltrate
was left to stand at room temperature during which time orange

crystals began to appear.

The product was Tfiltered o~f, washed

with ethanol, ether and dried

inva”n. Calc, for
* * - _ -
(Co (CgHAjNA) H20) (Cio")\3: r* 17 n2 H*4_46; N, 12-40;
Found: C,16.88; H,4.02; N,12.48%.

The iH.r. spectrum (KBr) of this complex has a sharp v NH at

2270 cm-~ with abroad v NH in the range 3030-3210 cm

single band at 1600 cm"”~ is assigned tothe NH2 asymmetric””

deformations. ¥ ev; RS Ie spectrum measured in 0.1 mol dm
HCI10. has band maxima a% éh Th B 7 70) and 346 nm (e = 73) .
A "'  NMBspectrum was reedrasd IR B0 containing one drop of
DCI using Na ¥H§ as an Internal reterenc. 4,208 tran.l.nts
were

recorded giving values: (b P P )
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Kinetic Measurements

In the present work both pH stat and spectro-

photometric techniques have been used to measure the rates

of base hydrolysis. The spectrophotometric method was used

when substantial changes in the electronic spectrum accompany

the reaction under study. Data were collected by monitoring

the change 1in absorbance with time at a fixed preset wavelength.

The instrument used was a Unicam SP500 spectrophotometer inter-
faced with an Apple Il computing system and associated printer.

The reaction 1is initiated by adding a small amount of solid

complex to the quartz cell containing buffer solution which

has been thermostatted to the appropriate temperature. All

38
buff.r solution, wer.

prep.t.d by known formulntlon..

Kinetics obt.lned by the pH stnt «ethod were .tudl.d

uslng » Rndlometet TTTL eutom.tlc tltr.tor. » high nlkslinlty

,1... electrode type G202B w.s used .. the indlc.tor electrode.

The electrode system w.s st.nd.rdlsed before each run with NBS

bor.te buffer (pH 9.1R .t 25-C) .nd phth.l_.te buff.r (pH - d.ol

.t 25._C. The pH st.t _pp.r.tus consist, of thermost.tt.d cell

oont.Ining 50 cm™ of 0.1 mol dm®"” (KNO3Il through which nitrogen g.s is

oon.t.ntly bubbled. Pippiog into the cell 1is . hur.tt. containing

sodium hydroxide of known concentration, sodium hydroxide fro. this

burette enters the cell through a valve which 1is controlled by

_ 4 4 unit. The experiment
an automatic tltratux.

is

nitiate
dropping a weighed sample °fF

bell

complex under study 1into the

with magnetic stirring ensuring rapid dissolution. The
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automatic titrator 1is set at the desired pH and this pH is
maintained throughout the experiment by making incremental

additions of sodium hydroxide from the burette into the reaction

The burette volume 1is monitored against time. The

choice between using pH stat or spectrophotometry for measuring

reaction rate is made by considering reaction characteristics.

3 +
Potentiometric titration of the aqua complex aa-(Co (tetren)H201

gives a pK~ of 5.7 for the aqua ;;*x hydroxo equilibrium at 25“C and

I - 0.1 mol dm*"~ therefore when base hydrolysis of (Co (tetren)Xl

takes place below pHé6 the product (Co (tetren) OH)" rapidly

equilibrates towards (Co (tetren)H201”™ releasing hydroxyl 1ions

into solution; under these circumstances if the pH stat

method is used the experimental base consumption will

be much Jlower than that predicted, thus the spectrophotometric

technique 1is used. Conversely,

when base hydrolysis takes place

above PH 6 the pH statTls"-uch preferred, this 1is because the

product (Co(tetren)OHI™™ undergoes rapid reaction with carbon

dioxide giving the monodentata carbonato complex (Co(tetren)C031

The large spectral changes accompanying this reaction interfere

with the spectral changes due to base hydrolysis. The pH stat

method allows base hydrolysis to take place iIn a solution which

has been made free of carbon dioxide by the constant bubbling of

nitrogen gas through the reaction mixture.

For all the base hydrolysis reactions studied 1in the

present work the rate expression is of the form shown in

equation (5):

A [complex 1 _ (complex] (OH ) ®)
- ———dt OH
where Kk is the overall second order

rate constant having the
OH
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units (dm”™ raol"™ s~N). Under reaction conditions of constant

pH the reaction will be pseudo first order in the complex and

equation (5) reduces to equation (6) where is the pseudo

first order rate constant having the units (s ).

‘ob s

(6)
OH [OH 1

By the technique

evaluated by plotting In (A<,,-A") versus time, when A is

the absorbance measured at a time equal to ten half-lives and

is the absorbance measured at time (t). This Ulinear plot has

a gradient equal to By the pH stat method 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 base consumed at time (t). The gradient of this

irnear plot equals k"~ Two types of calculation have been

directl from th experimental data
used to evaluate € y € P

Kobs

without drawing graphs. These are (@) the sixteen point

first order kinetics programme which requires an infinity

absorbance value at ten half-lives and (b) the Swinbourne

calculation where ﬁ\j’\'\ can be evaluated from rate data

collected over ca. three half lives, that is an infinity

value 1is not required. In some cases graphs of log(V,,-V?)

versus time have been found to give curved plots. This indicates

that two reactions are taking place.

This plot can be resolved to give a kA" value

.or each of the two reactions designated "fast.”™ and -sloW

in Figure 1.1.
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Figure 1.1
Th.- line tor the "slow"™ re.ctlon 1. extropol.t.d beck
to the ordinate ,t - o, and th. value ot ,V.-V~,

at this point

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

infinity value 1Is subtracted frob the data for th.

o ic-p.f'red olot of the fast reaction can
original curve then a corr
be obtained.
i Mna k for the base hydrolysis reactions.
After evaluating

S and 6 above are combined to ive equation 7):
equations (5) ana gd} & q ™

k _ @)
obs = OH L
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Wlots of koms versus [OH 1 were made and the gradient

evaluated to give OH the overall second order rate constant

for base hydrolysis.

After studying base hydrolysis at 25®8C the activation

parameters AH* and AS* for base hydrolysis of aé6P 1 Co (tetren) -

ClII™* and aBR-,aa-(Co (tetren) Br ] were evaluated from the

temperature dependence of the overall second order rate

constants kAN using least squares analysis of Eyring plots.

The acid catalysed decarboxylation of aa-(Co(tetren)-

cojicion was studied by stopped-flow techniques. The

kinetics were followed on a Durrum DIIO stopped-flow spectro-

photometer. The signal was stored by a Datalab 901 transient

recorder on line to a CBM 3016 computer.

assisted aquation reactions of a6R-,aa-

OCIIl*® - and atSR-.:i”~-[Co(tetren)Br)~* were studied

at 25»C. wunder pseudo first order conditions,

2¢ -
(Hg™*1 > 10 1[CO(tetren)X) 1 Mercury (11) solutions of

that 1is with

varying Conggﬂgg%ﬁkons wen grepared by dissolving the appropriate
of in of.r.o .=1a and .ddlo, KNO, to

bring th. golotlons fo fth. de.ir.d ionic .fr.ngth, Aft.r

preliminary spectral scans to establish 1isosbestic points kinetic

g-t, obtained by addin, a an.H Ko(t.tran)-

(X - Br.Cl) to the Hg”™" solution and monitoring the

N i -
absorbance change Wi{M tFme. It a pre set wavelength,
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Tho following values were obtained: log - 9.78,

1og K. 9.38, log Kz § 8-k, log _, = 4.83 and log = 3.15.

The complexes aOR- and otBs-(Co (tetren )X 1 x = ClI,Br)

and oiBs-[Co (tetren) NO2127F were prepared by the methods of House

and Garner”~”""~n given in Scheme 1 with 1i.r. and electronic

spectra in good agreement with the literature data. The

carbonato complex [Co(tetren)C031" was 1isolated by the method

of Dasgupta and Harris™”™ by the action of lithium carbonate on

[Co(te-ren)OH]™\ The hydroxo complex was prepared 1in si”®
by reaction of silver oxide with isomerically impure (Co-

(tetren)CIl (Cio0”)2 “ Dasgupta and Harris isolated aB-"-tCo

(tetren)Co31 However, in the present wor)c cxa- ICo (tetren)-

CO3KCI10,) was obtained. Decarboxylation of this monodentate

carbonato complex occurs 1in acidic solution and the acid-

catalvysedl aecarboxy iatygp ofp this new isomer was studied

kinetically by stopped-flow techniques over a range of tempera-

tures.

The complex aa-(Co (tetren)C031” was used to prepa.-e

aa-(CO(tetren)XI1 (X = Cl,Br) by dissolving the carbonato complex

in a concentrated solution of the appropriate mineral acid

fe.g. 11.5 mol dm"~ HCI or 60% HBr). Detailed characterisation

of these new halo complexes was underta)cen including an X-ray

crystallographic analysis of aa-(Co(tetren)C1,(Cl10,)C1 . Reaction

of aa-(Co(tetren)CIl) (CIOMN)CI with sodium nitrite was found to

p,oc,.d With Ffull reteutlou of configuration giving 00-ICo-

,t.ti.n,NO, ,<clo,,,. in vli.w of the entcnnlv, nmetlc studi..

of th. nydtolysl. ,action, und.rt.ten on all of tn, abov,

} } : a 4 J-Tacterise the potential products
COMPI tKES It was important
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of hydrolysis that is the hydroxo, aqua and carbonato complexes.

Thus aa-(Co(tetren)H2°J(C10~)2 was prepared by silver catalysed

aquation of aa-((Co(tetren)C11(CI0”)C1, the reaction oroceeded

with full retention of configuration. Potentiometric titration

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

equ il ibr ium.

An assessment of isomer purity of samples of a68-

and aBS-(Co (tetren) X)» based purely on analysis of spectrophoto-

metric data is sometimes difficult as the two isomers have very

similar i.r., electronic and NMR spectral characteristics.

The most effective technique for detecting the presence of isomer

mixtures is to perform a kinetic study of the base hydrolysis

reaction of the sample. As a6i?- and aBS-isomers have different

reaction rates a graphical analysis of the experimental Kkinetic

data can reveal not only the presence of an isomer mixture but

also the percentage of each 1isomer present in the sample.

Having established the isomer purity of samples of aBl?-. aBS-

and aa-1Co(tetren)X)”* by kinetic studies,

13
C NMR data.
tions were made by analysing i.r."e. and
l.r. data
——————————— 2+
The aBR-. ciBs- and aa-isomers of [Co (tetren)X1

.hov aistloct aiffer.nce. 1. the.r i.r. spectra which are

2+
illustrated in Pigures 1.2, 1.3 and l.a for 1ICo,tetren.cl1l

previous work?”” has shown that oetal a,in, complexes have Tfour

main absorption regions: Egi NH ggFetching ca. 3300 cm

-1
(b) NHj asymmetric deformations ca. 1600 cm © NH.-

_ _ R @ NHj rocking ca. 800 cm
symmetric deformations ca- 1300 cm i
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For the NH , asymmetric deformation c”. 1600 cm three points

emerge: (1) If all NH2 groups in the molecule have identical

environments there will be only one absorption peak; @ If
there are two non-equivalent NH” groups there will be two

absorption bands; ) IT the nitrogen atom of the NH, group
under examination 1is able to adopt a strain free tetrahedral

geometry then the absorption peak will occur at a lower

frequency than 1if the nitrogen atom is forced into a distorted

tetrahedral geometry. Considering the i.r. data for (C

in Table 1.1 it is seen that the aBR- isomer has a single
NH, absorption peak at 1565 cm"” consistent with a structure

having two equivalent NH, groups in strain-free tetrahedral”
environments. The aBs-isomer has two NH, bands at 1570 cm
and 1585 cm"”~ consistent with tbe molecule having one NH, group
in a pure tetrahedral geometry and the other 1in a distorted,
strained environment. The aa-isomer has one NH, absorption
..,a -t 1600 in Heepin, wié6h «oWcule 6aviP, 6o0oth NH,

»,00ps in eaniv.lently

.tr.inna e,viiO,,.nta. THn sa.e
2=
,h,a..nts hold Tfoi «6s- and «o-Ison.r. of - "
(X =Br , NO, ).
spectrt
Th. i.n.

data were det.r.In.d £or ao11d eamples

,KBr disc, vi.i»l« .1-—

were determined wains, a.,uene.

) ting the electronic spectra
solutions. Before

i it was
interpre
nec.a.ary to estaniian wHetner tne 1iaomer oeometry of tHe aoili

.ampi.a 1is maintained in tP. a,n.ou. m.diwm weed to
R R eeif- To this end cxBR-tCo (tetren)C1l Co N
extinction coefficients.

wa. diaaoiwed in O.i moi dm®"” HCi and aiiowed to eeapor.t. to
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An i.r. spectrum of the residue

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

aBS- and aa-isomers of [Co(tetren)C11'". It therefore seems

justifiable to conclude that solution electronic spectra reflect

the 1isomer geometries of the solid samples.

The electronic spectra of aB”~~» aBS- and aa [Co

The splitting of "Tig

«,< oot*h.d..l1 field is «.nlt._et.d le the un.y.metrlc.1
3p,,-.,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-
1._ooer.

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

The greater symmetry of the oa-Isomer |Is further

by comparing extinction coefficients, with "aBs

r. Obscured by a large charge transfer hand. The UdW«- Tligand

field symmetry of tetr.n versus .MB,

., Is Illustrated hy
_"iowngjoi; IV






Figure 1.6:

tetren<SHCI

~ aa-[Co (tetren)Cl) ~

~ ouDi-(Co (tetren) Br]

oa-(Co(tetren)NONI

oxa- (Co (tetren)Coz21l

N oa-(Co(tetren)H20)

soectrum measured

in

13C NMP sp<*ctra

D"™O;

56

™ (ppm)

spectrum

measured in MeZSO—D

h
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13¢ NMR data

In t)ie past ~~C n.m.r has facilitated the assignment40 75

of 1isomer stereochemistry 1in cobalt ((11) tetraamine complexes

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

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

collected by Fourier Transform (FT) ~"Cn.-i.r. using a broad band

technique 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 relaxation time in addition

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

in these complexes the carbon atoms are sufficiently similar

that 1iIntensity comparisons can be made. The assignment of a

resonance sirrnal to a specific carbon atom 1is made by considering

the electronic shielding around the carbon nucleus. Carbon

atoms are deshielded by proximity to nitrogen atoms in the

chelate with deshielding 1increasing 1in the ordei primary NH”?,

secondary NH . Steric compression (that 1is ccmr-"-ssed bond

distances and unusually large bond angles) in < tse shielding

around the carbon atoms.
Considering aa-(Co(tetren)X)” (4) wi-n 1its plane

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

indeed the spectra display four signals of approximately equal

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

C in 4) attached directly to the NH” group of the chelate

il expected to have the greatest shielding and will occur

at the highest field. The carbon atoms labelled C~. C3 and C»

will resonate TfTurther downfield of CA/.
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It is known that complexation of a ligand to a Co (111)

ion deshields the carbon atom of the chelate by electron donation

to the central metal ion. In the case of aa-(Co(tetren)X1 this

of aa-{Co (tetren) Xl . 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

1igand.

TABLE 1.3

t NMR data for tetren.SHCI and oa-[Co (tetren) X) X =

= Cl1.Br.N02)
in DZO and MeéSO—D, 6 values; ppm with respect to Na TMS as 0.00.

Relative intensities in parentheses

6 6 6 6

Compound
tetren 5HCL 37.96(157.7) 45.97(397.3) 47.25(183.4)
oa-[Co(tetren)Cll- ;5 7401 89)  57.91(1.98) 59.27(1.94)  60.42(1.43)
(C10,)Cl ®
oa-[Co(tetren)Bri-

45.74(34.2 .50(32.1 .97(23. .19(31.
C105Er 5.74(34.2)  58.50(32.1) 59.97(23.5) 60.19(31.5)
oa-[Co(tetren)NO2)- 43 99(103.5) 55.18(87.0) 56.81(111.4)  57.47(111.6)
(C107)2
oa-[Co(tetren)Br)- 43 93(123)  56.76(103) 57.58(96) 58.23(96)
(C10™)Br
oa-(Co(tetren)Cl)- 43.83(102.8) 56.27(137.5) 57.36(108.9) 57.96(86.5)
croncr A
oa-[Co(tetren)Co2)- 45 13(39.8) 55.89(36.0) 57.74(38.9) 59.87(38.7)
1oy ~
oa-(Co(tetren)H20l~ 45 68(38.0) 56.70(36.4) 58.40(32.1) 60.70(36.9)
(C107)3 ®
a. spectra measured in D20

b. spectra measured in Me2SO-D”
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X-ray crystallographic data
When aa-(Co(tetren)CIl){C10n)C1 was first prepared

in this laboratory 1its configuration was unknown. Infra-red

than aBR- or aBs- as confirmed by NMR which showed the
presence of only four non-equivalent carbon atoms. However,

these data could not distinguish between aa- and BB-configura-

tions (2)A and (2)C and an X-ray crystallographic structural

determination was required to confirm the isomer stereochemistry

as cia- .
It is interesting to compare the structure of
22
aa-(Co(tetren)Cl1(Ccron)Cl determined by Snow and the

structure found for aa-[Co (tetren)C1] (C1 )C1 in the present

work as differences do exist. Both crystals are monoclinic

0 ®
but Snow"saa- sample has cell constants a = [.2.31A, b = 11.20A,

c = 12.67Aand B = 119.3°; V =1637.8AN The crystal examined

in the present work has cell constants a = 9.85A, © = 13.80A.

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

structure calculated for the aa-isomer structure (5) shows the

complex to have mirror symmetry, however, the crystal examined

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

envelope conformation of the chelate ring (1V), see (). this

distortion is a Laned to packing forces An X-ray analy;

of a crystal of OU Co(tetren)Cl 1 IYMCI prepared in the

present work has the structure in (7). closer to the cal-
ilated gas phase structure chelate ring (1V), having

gauche conformat
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fo™ k as S Kinotlc data
The base hydrolysis kinetic results are presented

and discussed for oiBf?-, aSs- and aa-[Co (tet ren)X)Z‘
e cl ,Br ) and for aBs- and aa—(Co(tetren)NO_’l2+ The
mercury (11) assisted aquation Kkinetics were studied for
aBR- and aa-[Co (tetren)XI™™ (X = CI~,Br”) and the acid
catalysed decarboxylation kinetics of aa-(Co(tetren)CO”) (CION)
ana lysed .

TABLE 1 .4

Base hydrolysis of aBR-[Co(tetren)C1){Cl0-,: by pH stat
at 25@C and I * 0.1 mol dm ~ (KNOM)

pH 10®oh™) 1o Kol s 1o M kobS{[oh"i
(mol dm ») (s® ) @m mol*

6.03 1.40 0.72 5.14

6.17 1.93 1 .10 5.70

6.28 2.48 1.30 5.74

6.40 3.28 1.74 5.30

6.48 3.94 2.16 5.48

6.54" 4 .58 .34 5.10

The mean value for the second order rate constant

_ 4 N3 -1 -1
. -y /[OHI isS. 33x10 dm mol s The plot of
OH obs
k versus (OH~I is shown 1in Figure 1.7. Linear regression
4 3 , -1 -1
analysis gives k = (5.15 t 0.2) x 10 dm~ mol Plots

of log(V -V ) versus time plotted over TfTour half lives are
linear and a typical plot 1is shown in Figure 1.8. Close agreement
is found between experimental and theoretical base consumption
data indicating that the sample of aBR 1(CI10->= s

isomerically pure.
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TABLE 1.5

Base hydrolysis of a6s-(Co(tetren)ClIZnCIN

at 257C
and 1= 0.1 mol dm ~ (NacCloO
pH 10"°C@h"1 10% kb lo"~ kot/)\s/IOH")
(mol dm 7) (s~™) @m~ mol~" s*“n)
4.51 4.22 0 .30 7.10
4.69 6 .39 0.48 7.51
4.98 12.47 0.91 7.29
5.15 18.44 1.31 7.10
5.50 41.29 2.91 7.04
Fresh succinate buffers were used and the

reaction was monitored at 280 nm.

The mean value for the second order rate constant

for base hydrolysis = 7.20 x 10~ dm”~ mol ~ s"~ Linear
- - - _ /g 99 ¢ 0.05) X 10~ dm mol

regression analysis gives =«

-1

s

A sample of [Co(tetren)C11(C10”7)”~ containing both

aBR- and aSS-isomers was base hydrolysed by the pH stat method

at PH 5.8. A plot of log(V~-V”~) versus time 1is curved as shown

in Figure 1.9. The 1initial part of the curve corresponds to

base hydrolysis of rBS-(Co(tetren)C11(Cl10,)” while the latter
part represents base hydrolysis of aBR"Co(tetren)C1ll (C10")3.

N

_r>lation to give separate second
The plot was resolved by ex 9]

order rate constants Tfor base hydrolysis of the two 1isomers.

These constants are 1in good agreement with the values

determined 1independently for the pure 1isomers which are

summarised iIn Tables 1.4 and 1.5.



TABLE 1.6

by pH stat at 25°C and 1 = 0.1 mol dm

= (KNO™)
4 " “
pH 10" (OH~) 10 )bbs 10"~ )bsslloh ))
(mol dm ~) s ) (dm  mol“~ s*“7)
8.63 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

The mean values Tfor the overall second order rate constant

v is 1.16 X IO2 dm3 mor_l S—l A linear regression gives
OH 3

2 - oq!
= (1 5 ¢ 0.02) X 10 dn > mol The results were

V S
OH

cllculated using the 16 point first order programme after

measuring an infinity volume at ten half-lives. Graphs of

,o0g(V~-V~) versus time gave linear plots over four half-lives

Close agreement was found between the experimental and “

base consumption indicating an isomerically pure sample of

aa-

th ¢O lTud th f th
reaction of [Co(tetren)OH] W tn & 2 Rrectudes e use o €
ro

i
X
_ _ inf>ti i ini
16 point TFfirst order ¥é?ﬁe£l8§ B gramme as an "infinity

- _ J ™ _ case was calculated
absorbance Value 1is required. In this s

from measurements over three half-lives using the
method. The absorbance changes which ta.e place during base

; t n)CII(C10 )C1 are shown by an interva
hydrolysis of aa-1Co(te re 4

R 1 IO; An 1isosbestic point 1is seen at
scan spectrum (Figure 1.10).

529 nm.

(A- A tol



Base hydrolysis of au—(Co(tetren)Cl)(CIOQ)CI

and 1 = 0.1 mo1l dm ~3 (NaCl10%,

ce N N
pH lor(oh*1 IO_IkODS

(mol dm (s '®
8 .30 2.60 0.32
8.46 3.76 0.51
8.73 7.01 0.85
8.92 10 .86 1.38
9.02 13.67 1.63
a

buffers were used and the
at 280 nm.

10-2
@mn

The mean value of the second order

k :1.25x102dm3 mol’_1 s_1

3
gives = (1.19
is in

method, see Table 1.6.

TABLE 1.8

Base hydrolysis of aBR-(Co(tetren)Br)

Linear

2 5
+ 0.04) x 10 dm mol

and I = 0.1 mol dm ~ (NaClO™)
DH ior°(oh™)
-3, .

(mo1 dm 7)) (CHY
4.70 6 .54 0-45
4.89 10.13 0.69
5 16 18.87 1.38
5 31 26.66 1.84

Fr.shly pr.p.r.d

regression

-1
s

10 ="

(dm

at 25“C

A "
kobs/loh )]
mol“nN s“n)

1.23

Freshly prepared trishydroxymethylaminomethane
reaction

was monitored

rate constant is

analysis

This value

reasonable agreement with that found by the pH stat

at 25-C

/onh™i
s-M

obs
A mol 1
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5 3 -1 -1
The mean value for = 6.97 x 10 dm mo s

Linear regression analysis gives kYW = (7.03 £ 0.3) x 10 dm

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

curvature due to contamination of the sample with a small

amount of aSs- (Co {tetren)Br )™ . The rate constants shown in

Table 1.8 were thus calculated by the Swinbourne method
discarding the first few data points.

TABLE 1.9

Base hydrolysis of afs-[f€o(tetrenrri1?fBra

at 25%“C
and I = 0.1 mol dm 2~ (NaClon)
-k N /[oh"1
oH 104° 10h "1 107 ~oMay 10 obs /I°
~N EN
Mo 1 dm ) " ) (dm~ mol s“N)
4.50 4.13 .27 307
2 .74
4.69 6.39 1.75
2.96
4.895 10.25 8-04
5.11 16.82 5.14 3-05
2.78
5 30 26.02 7.26
a. Freshly prepared succinate buffers were
used and the reaction was monitored at
330 nm.
v =2 9 x 10° 748 moi
The mean value for - m. mo S
Linear regres.ion analysis ,iv.= - (2.60 1 0O.U x 10 6.7

mol-~ s-7 Plots of lo,lA.-»~1 versus time over tour half-liv.s

.-re Jlinear with no inOlcation of any contamination by

aBR-[Co(tetren)Br] 2+
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TABLE 1.10

Base hydrolysis of oia-(Co (tetren)Br) (C10”)Br monitored

by pH stat at 250C and 1 = 0.1 mol dm (KNOj)

pH 10r(oh*1 10" Koy s lo"~ ko po /[0n™1
(mo1 dm 7) (s"M) @3 mor~l 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 second order rate constant y

B linear regression
1.44 X IO3 dm3 moF s y 9

(1.37 1 0.1) X 10~ dm™ mol“~ Plots of log(Vv~r-Vv™)
“OH

versus tio. give straight live,

analysis

over four half-lives. Close

.ree.ent hetv.eh experl.ehtal anO theoretical Case cohsu.ptlou

is further evidence that the ,a,ple rs l_.oo.rlcally pure

Base hydrolvsis of aa-[Co(tetren)Bri1(CIOn
aa-tco (tetren)Brl . Base n¥ [Co( ) \
) oohotonetricat11V using freshly
was also studied spec

_r,i-i.T-val scan spectrum showin the
prepared buffers. Xn inrerv P 9

absorh.nce chauges aoco.pahyln, base hydrolysis of o«-1Co-

.tetre,,,Br,.C10,,Sr 1Is given In figure 1,11. Too Iso.b.stlc

_ a »earl nm. Due to the rapid
points are Observed m 404 n,, and 527 no.
2+ ith carbon dioxide the Swinbourne
reaction of [Co(tetren)OH1
the pseudo Tfirst order rate
method was used to

constant (kKgps? -






)

sqo

versus I0OH~1 is shown 1in Figure 1.12A.
otas

Plots of 1loq(A,"-A") versus time are linear confirming the

isomeric purity of the sample.

Base hydrolysis of aa-(Co (tetren)NO”1(C1 ) at 25»C
N\
(NaOH1 obs 10 3kobs/
" dm mol-~e
(mol dm ) (CR) (
0 3 1.93 6.43
0.4 2 50 6.25
- 3.17 6.34
a. sodium hydroxide solutions

and the reaction was monitored

lysis gives - <6.20 1 0,2. x lo-
»=1-* Plo- =" loglA,-V_. vei.ss 11.. are Une-i.
»nfil_.Ing the 1iso.erie purUy of f'. _._ple,
The activation PuKafefeérs for the base hydrolysis
...elioss ol 06.- Ula-.co.ieiien.ci,- ana ,S.-, oa-,Co ,lellene-

ed and are summarised in Table 1.14.
" = N
All samples ot> MR&EEtren) XX Br.C1.NO™)

- j tion for base- hydro-
display an overall1 S%%%One'order Fare &aua

, First Older dependence of rate on the hydroxide
lysiSr with a rir»

_ _ .Ml a rate equation of the form:
concentration, giving
d I (Co (tet™iD)INI_N (I1CO (tetren) X) m 110H ]
——————————— dT

} } re summarised 1iIn Table 1.15
The Kkinetic data a






table 1.1S

Base hydrolysis data at 25»C and 1 = 0.1 mol

dm
complex “OH AH 6298
mol
* 89.9 + 3.8
<6b - 1Co (tetren) C1 1™ 5.33 X lo
aBs-[Co(tetren)Cl)2” 7.20 X 107
2+ n 82.8 ¢ 4.0
Ota- [Co (tetren) CI) 1.16 x 10
94.8 + 3.9
aBR-[Co(tetren)Br)™" 6.97 X 107
aBS-(Co(tetren)Bri2” 2.92 x 10"
+ 83 £ 23
aa-(Co(tetren)Br) 2% 1.44 X 107 79.9 + 7.0

2+
aB3-(Co (tetren)NO21 2.11

2
Qe- (Co (tetreny No2)~ ©6-34 X 10

49 .

The activatdon PaFafghers determined for base

2+ J tr #0Il-ren)Br 1"
hydrolysis of (Co(tetren)CIl) and

(

o B i<«4vation
large, positive entropies of act

4= iati SNICB
hydrolysis proceeding by a disgggfa tve

N
) - 1P base, (b) the geometry of th
give the conjugate bas

intermediate tha- IS .rl19on.1 blpy..»I»»*

4o0tna
(c) the rate determini

53

[ «

... FTlv. coordiPSt" i

step, that 1is formation of
g steB.

indicate

consistent with base

coordinate
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mN\H

' oY
[H. -NH2
®
@ the "fiat" nitrogen atom should link two Tfive
memb.red rings. For this arrangement the minimum strain

conformation has the correct orientation for masimum overlap of the

“"flat" nitrogen tiH-1 "

orbital,

) there should be monodentate amines or a six-membered

Chelate occupying the remaining eguatori.l site, in the inter-

mediate, so that there is minimal strain.
2+

considering uBR-, and dSS-tco(tetren)XI these

b c and d above for rapid

complexes Tulfil requiﬁements g.
~ase hydrolysis, only condition e is not met.

on the basis of Henderson and Tobe*s ideas the
aa-isomer would be expected to undergo base hydrolysis much
slow.y than either the or «as-isomers. The aa-isomer. shown

in structure (2A). has no -flat" nitrogen atom available to form
N

the amido group will be t "~ to the
the amido group and

fsxoectation of slower base hydrolysis is
leaving group. This exoec



borne out as aa-1Co (tetren)C11”" hydrolyses some 4GO times

slower than a3R-ICo (tetren)C1)” (Table 1.15). A close

analogy can bo drawn between

(Co (tetren)C.. " and another

Co(lll) pentaamine. (Co(en) dien)C11~" which contains the

bidentate . ,.-diaminoethane (en) and tridentate 1.5-diamino

azapentane (dien) ligands. This complex can exist as three

geometric isomers denoted K-, IT- and - which are shown 1in (10)

N_
N cL

a der rate constants
ephe second or

for base hydrolysis of these
der

) oQo Ha d Nolan.
»nple.es h.v. beee determined .t SQE B¥ ¥ an otan

N
} v = 3 X IO4 dn? mo I’
For K-(Co(en) (dien)CIlI OH
3 , L _en and for
2 = .
TT-(Co (en) (dien)cl )° . %oy = 26-6 dm— mol = s
These )tinetic
L2+ A =7.3 dm~ 1 -
uj- (Co (en) (dten)CII "  _ >roH me.mo S

by considering the

requirements for
dakta>-can*be -

- - 2+ , . .
a hove The i1somerkK-(Co(en)(dien)C1l which
lability listed above.

ome 3 X lo™ times faster than the u-
VIMtirKGoi ‘i base

and
hydrolysis s
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isomers has a "flat" secondary nitrogen atom to the leaving

group which 1is available for deprotonation to give the amido
group. The n- and u)-isomers do not have "flat"” nitrogen atoms
available to form the amido group, and the nitrogen atoms that

can deprotonate are trans to the leaving group.

The rate constants for base hydrolysis of aSR and

aa—(Co(tetren)XlZ* (X = Br".Cl") are related to the free energy

changes of the processes and may be divided into
enth.Iplc (4HX> .nd ., tropic (Ss"l contributions. Th.s. p.r.-
,et.rs — r. .vniu.ted from tb. t.mper.tur. d.p.nd.nc. of th.

values, using Eyring plots. Inspection of Table 1.15 shows
“OH

R values are large and ositive, as expected for
that the US 598 9 P P

procding by » dissoci.tiv. SKICB machani.«.

comparisons of the X values for the a6R- and aa-isomers of

2+ show that the difference 1in base hydrolysis

Tates 1is predominantly an entropy effect with AS"aBR/As

A comparison between the base hydrolysis reaction rates
of OGiBb - and aBs-(Co (tetren)X1”™™ (X = ClI .Br ) shows that the

_ rfhmgs faster than the corresponding aBR-isomer. The
aBs-isomer reactS rasScei
differences iMl %%FQIH 898{9% between the two forms may explain
have shown that the strain energy
this result,
) ,)C11~M as zero, 1is 10.9 kJ mole*”
relative to aBR-
o in energy terms, the aBS-isomer 1is
for aBS-(Co (tetren jtil
.ioser to tb. tt.b.itlon _.t.t. _,d i. tb.r_fot. __.p.ct.d to
r.act Tfi.t_.r than tb. o8R-i»om.r. The ft.,

...-rqy .ff.ct
is shown 1iIn Figure 1.12B.
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Figure 1.12B

A comp»ri»on can be bade between the base hydrolysis

rate, of chloro and bro.o ooopl.se.

of th. same Isomer, with

,2¥ reactin 12 times faster than aBR-1Co-
aBR-tCo(tetren)Br 1 9
2+ reacting 12 times faster
(tetren) Cl ] and aa-
. It is commonl found that bromo
than cxot-1Co (tetren) 1ij y

compl.s.s of Co(lll) pentaamlne.

hydrolysis than

are more labile to base

the ohloro analognes. Some data 1is supplied

for comparison in Table 1.16.

There 1is an entropy contribution to this rate

aifferenoe between bromo and chloro complexes which can

p- a.sloned to solvation effects. If the solvation entropies

of th. complexes ,Co ,t.tren,X,* X - «.Cl, are less dependent

on the nature of the

leavinr, ,roup <X, than are th. solvation

entropies of X then this difference should be reflected In th.

possibly

>
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TABLE 1.18

obs Hg (11 ) piomoted aquation of aSR-(Co(tetren)C11CoC I at
01 ro 257C and 1 = 2.5 mol dm °2
(Hg 1o0n kof)\s 107 koGs/(HgN\]
dm ~ ") @m3 moi~ s”N)
0.1 0 .58 5.80
0.2 1.09 5.45
0.3 1.58 5.26
0 .4 2.13 5.32
Hg (11) solutions are 1.0 mol dm in (HNOj)
to suppress base hydrolysis. The absorbance

change was monitored at 470 nm.

, 2+,
The mean value of
5.45 X 10 ° dn3 mor~1 71 A plot of (Hg™ )
is shown in Figure 1.1J. Linear regression analysis gives
k = (G 14 * 0.08, X 10 ~ dm™ mol S - Plots of log(AN-AN
Hg [ ]
versus time are linear as shown 1in Figure 1.14. The visible

spectrum of the product from this reaction 1is identical to
that found for an authentic sample of a6R-(Co(tetren)H ~ "
having 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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(V-""V) box

S8

TABLE 1.19

Hg (11) promoted aquation of dot-(Co (tetren )CL 1(ClION)CI at
25%C and 1 = 0.3 mol dm ° 2

(Hg“ 1 10 koll)\s 1o0n kobS/[Hg"")
(mo1 dm ) (s”™ @m” mot ~ s )
0.02 2.73 1.36
0.03 4.41 1.47
0 .04 5.76 1.44
0 .05 7 .29 1.45
0 .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 o™~

dm”~ mol*"”N s*A. The visible spectrum of the product from the

reaction 1is 1identical to that of an authentic sample of

aa-[Co(tetren)H20]~” having band maxima at 341 nm and 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.



TABLE 1 .20

Hg (11) promoted aquation of uBR- (Co(tetren)BrlznBr~

-3®
25®C and I = 1.2 mol dm
3 I, 2 11,
107 [Hg 1 107 Kop o kobs/?Hg 1
(mo1 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 (HNON)

to suppress base hydrolysis. The wavelength

change was monitored at 325 nm.
value of H = 1.60 dm”~ mol ~ s

The mean
Linear

regression analysis gives ~ (1.65 - 0.0

a mor ! !
TABLE 1.21
Hg(ll) promoted aquation of aa-(Co(tetren)Br] (CI0M)Br

N 3 *

25°C and 1 = 0.3 mol dm

N NN
107 (Hg''71 107~ ™obs Kops 7/ (Ha""
(mo1 dm ) ("M @n® mor~t s7P9
0. 75 5.09 6.78
1.00 7-14 7-1a
1 50 10 .26 6.80
2 00 12.90 6.45

Hg(lIl) solutions are 0.1 mol dm"
suppress base hydrolysis.

in (HNO3)

at

to

at

The wavelength change

59



60 .

was monitored at 280 nm. The mean value of

k = 6.79 dm” mol""N s~~. Linear regression

Hg R R 3, -1
analysis gives = (6.18 £ 0.35) dm mol s

-1

From the Kkinetic data collected for Hg(ll) promoted

aquation of aBR-. aa (Co (tetren)Xi1i~n (X= Br.Cl), plots of

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

indicating that the reactants were isomerically pure. Interval

scan spectra showed that the reactions proceed with retention

of configuration with oBR-[Co (tetren) X) giving aBR-tCo-

(tetren) HjO] and aa-(Co (tetren)X)”"™ giving aa-(Co (tetren)H2°1

(X = Br,C1l).

For the four complexes studied, plots of versus

(Hg*“ 1 are linear passing through the origin. The absence of

an intercept indicates that nomeasurable aquation reaction

is occurring. A second order rate lawis found of the type @)
d ffCo(tetren)X] M1 ~ ~ [[Co (tetren)X 121 ((Hg""1 (8)
" dT Hg

rate law for Hg(ll) assisted

-4 2
should probably be written as

dicomplex] ~ ~ [complex] + 2 >AHgCl » 7 [con™lex]

dt aq =0 X
(C))
The appearance of HgCI™ 1iIn the rate equation arises
S - - and HgCI"~ assisted
of the possibility of combined Hg"
because 2+

equation in the reaction. H}g ré g%:ve contributions of Hg



and HgCI=* to hydrolysis are unknown and the kinetic parameters

are composites referring only to the stated 1ionic strength,

complex 1ion, halide 1ion and Hg concentrations.

It is commonly observed that Hg(1l) assisted aquation

of Co (111 ) halopentaamines proceeds with detention of config

and the present work provides yet another example. It 1is

believed that during Hg(ll) assisted aquation of [CoN~XIl a

binuclear species 1is formed in which x" 1is bound simultaneously

to Co(lll) and Hg(ll). A rate determining dissociation then

takes place to give a five coordinate intermediate. The stereo-

chemistry of the products, suggests that the water molecule

.apidly enters the intermediate on the same side of the molecule

from which the leaving group departs, thus preserving the original

isomer geometry. Research 1into Hg(ll) and Ag (1) assisted aquation

IS continuing in an effort to clarify the reaction mechanism.

2+
The kinetic data for Hg(ll) assisted aquation of [Co(tetren)X1l

are collected in Table 1.22.

TABLE 1.22

Kinetic data for Hg(ll) assisted aquation of [Co(tetren)X]

X = Br,Cl) at 25“C

Total tonic strength
Complex *NHg
(dm” mol s-"N) (mol dm )
aBR-I1Co(tetren)ClICoCIA 5.45 X lo“" 2.5
aeR-[Co(tetren)Br)ZnBr~" 1.6 1.2
“ 0.3
eta-1CO (tetren) Cl 1(Cl10~)CI 1.42 X lo™n

0.3
aa-[CO(tetren)Brl1 (CION)Br 6.79
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The 1interpretation of rate data for Hg(ll) assisted

aquation is complicated by several factors. The rate of

reaction 1is known to be highly dependent on ionic strength
and Kk

H9
Problems arise from uncertainty about the

43
values should be compared at the same 1Honic strength.

nature of themercury

catalyst. When a mercury salt is dissolved in acidic solution

HgOH”~ is found to be present in considerable amounts in the

range pH 2-5.7" Hg~* 1is also available for reaction as is

HgCI”~ when <chloride ion is present It has been postulated
that HgCI”~ may be abetter reactant than Hg”" as it is more

able to overcome cation-cation repulsions, 1in fact, 1iIn the Hg

assisted aquation of [I(NH2)5CoCl] tt was Tfound

addition of Cl- caused a rate 1increase of 8. and this was

attributed to HgCI” catalysis. In the present work, the

complexes studied for Hg”""™ assisted aquation have counter 1ions”

containing CI® and Br*®

thus the contribution ofHgCI”~ and HgBr
- {fif—ant Deseite these difficulties some
may be very sigHtrican .
t.nt.tlve conclaslor,. can be re.eh.d from the dot. ooll.oted

1,, th. present »ork on the assisted aquation of

(Co (tetren) X] f% = EEZSJ)' First the rate of

reaction is

not much affected by the Isomer geometry of 1Co (tetrenl X1

and second the change In

leaving group fro. CI" to Br“ causes

an enormous Increase In reaction rate. for th. »,-lsomers of

,Co(tetre,)XI™"* where the Hg(ll) assisted aquation reactions

were studied at the same

ionic strength Kk 1Brci1/k 1C1 1

The 1insensitivity of reaction rat. to change. 1In Isomer geometry

has been observed In other systems, for example In th, H

assisted aquation of the n-, K-,

, Uu

and m-1Co.enMdi1enlC11



isomers at 25°C and 1 = 1.0 mol dm™~ AN

dm”~ mol*~ s-~ S,g<K) = 5.1 X lo"™» dm” mol™” s ” and

k (c) = 4.8 X 10"™” dm” mol™” The effect of leaving

group on reaction rate 1is much greater for Hg - assisted

aquation than it is for base hydrolysis, although both show

the same trend with bromo complexes

comp lexes.

Acid catalysed decarboxylation Kkinetics of
gg-[Co (tetren) CON1(C10y

6 3.

reacting Tfaster than chloro

Dasgupta and Harris””™ have studied the kinetics of

acid catalysed decarboxylation of go3-(Co(tetren)CO031(CI10n)

and proposed the following reaction scheme

2+
[Co(tetren) (o3)t + A —# [eo(tetren)(CosH) = 17K,
[Co(tetren)(CO3H) 1 -> [Co (tetren)OH1 + CO
2+ -3+
DOH 1" o

,ith the rate equation of the form shown in (10)

kar[H 1
' o)
~obs .
([h™1 + Kg)
where has the Vvalue 6 -4 .

In the present work an i

act- [Co(tetren)cosl (Cl0oa) was used

-3
The reaction was carried out using

solvent that 1is under pseudo Tfirst order
term [H~ can be removed from equation (I0)

\ = k . From the measurement of Kk bs

N series of
ob's 1

conditions where the

which reduces to



<>
1l

Q\1

s) SHOA .«

temperatures the
calculated. The stopped-flow spectrophotometrtc technique
was used, monitoring the absorbance decrease at 500 nm as a

function of time.

TABLE 1.23

Acid catalysed decarboxylation of oia-ICo (tetren)CO"~1(CI10")
in 0.1 mol dm 2~ (HCION)

Temp. (0“C) Kobs ™
21.3 0 .30
25.0 0 .37
30.0 0 .54
36.0 0 .90
43.0 1.67

For aa- [Co (tetren) COj] (Cl10™) Kk - 0.37 s at
= ~AN
25»c (Ah = 58.0 kJ mol < 59g ~ "98-0 JK mol - A
plot of in k™”, versus 1/T(*K) is shown 1in Figure 1.16.

The decarboxylation reaction of aBS-1Co(tetren)C031(CI10,) .

studied by Dasgupta and Harris, 1in the temperature

range
15 - 30»C and at an ionic strength of 0.5 mol dm

was found to have the values k™ = 0.28 s

(An-  + 65.3 kJ mol AST o = -36.0 JKk™ mof )
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CHAPTER 2
B-UNCTioH

Syntheses and ,Kinetics of Complexes”

2+
r.f the type [Co (tetren) 0-,CRj_

- —_ N
R H,CH3- 2H5, CH-CI, CHCI2

2 .1 Int roduc tion

current interest in carboxylato complexes of Co (111)

pentaamines of the type ICoN,(ONCR) XM arises from

to Co(lH)

the possi-
bility that coordination

may actiyate the O”CR group
bo nucleophilic attacC. Where the nucleopXile is the hydroxide

base hydrolysis can proceed by three possible

a, b and c, below.

ion routes,
Reaction mechanisms can be distinguished
by oxygen 1isotope tracer

experiments. In reaction (@) direct

attacK of hydroxide 1ion on the carbonyl carbon

atom of the
carboxylato group takes place

leading to cleayage of a carbon-

oxygen bond:

- NACO-OH + H*OCR
@)

s,action (b) of hyOroxlde 1lon on CoUID.

oOIC.V.C. of tb, coUlU-o0oxy, .b bona, Un

S..2 procs.,

> N~Co—-*H + HO2CR
(O]



tf,.

in reaction (c) an SNICB type process

leads to cleavage
the CodlID-oxygen bond.

Labelled solvent H,. is used and

the equilibriun. Onh"™ >

HA"O takes place to give
labelled «H

ions.
[(NHj)5C002CR1A ((NH3)4 (NH2>CoO”CR) + H”™O
©) ] ,NH3),(NH,)C00,CRr ----> IT((»3), (NH~,Co1~r* * O~CB"
C

| (HH3) ,<N»3 .Co I"* e H3. — >

Th. OLoXecul.. re.otion wlch

l.b.1Xea byaooxido 1lo, vouia
,X,ia l_.boll_.a C.rboxyl.t. and onl._.b.Hoa IN.CoOH, * vbH« bhe
alt.rnatlv. ,echanl.m. (b) air.ot

r.pl.c.oenb on Cobalt UH)
>.a ,c, tbe SNICB ptoo..s

-ooia alv. unlab.ll_a c.tboxyl.t.

2+ fiaar-tronic effects revealed by linear
and labelled [N~Co”H] - Electro

,h,t,y telation.blp. and values of BS* at. .1.0 b.Ipful m

making mechanistic assignments

Kinetic studies on

the base hydrolysis reactions of

2+ 46 have revealed that where R

D\GtHald tRh(02aCR) 1
.l.ctton oitbdtawlna

is a powerful

,toup lit. ccl3 ot Cr3,b...

hvdtoly.is
ptoc.ds by a biool.cul.t

»-0b.niso uitb bydtoxia. ion att.=t

.t tb, c.tbonyl o.tbon

.too. Hoo.v.t, ub.n n CH,, CB~P,
a -i.eionalised in terms of an
th. _xp.tlo.nt.l results are b,.t
, The sane behaviour 1is ob.erved for tbe Co (1111
SNICB mechanism. Th
2+
pentaammines [(NH3)5C002CR1
of coordinated carboxy late™is
Enhanced reactiv.
of [(NH3) "CoONCORIl with
further illustrated by the

48 -
a sGxheatiazomess > ine
semicarbazides to give
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products ure formed uithout freaking the bond botueon Co (1111

and the carboxylate oxygon and ate thought to follow the pathu vy

(NH/\) ACo—-0—=C-=C FfH: NNHCOMH . —> (NHj)
\

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(NHs:,,Co00,CCHs1"* «ith acetyl
perchlorate in H ,N-di,,ethy: 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

molecule.
Other aspects of pentaamine (carboxylato) Co(lll)

Chemistry have been investigated including reduction of the
o\

complexes WitH SFEIIQ and Ti(IH). Cr(ID 1is believed to

bond with coord%%até@ 8285" 81Win% inner sphere electron

_ AAN n + Co (11).
NACo AMA, , CR + Cr(ll) > Cran702CR -+ NH

i} of carboxylato complexes has also been
The photochemistry

as a source of organic free radicals.
present work to pr

50 2CR and examine their base hydrolysis
of the type )0 2CR)
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Up to the commencement of the present work
only b.s. hydboly.ls _tudy of
ro(lll)

the

. c.rboxyl.to cooplb. of the

tetren moiety documented in the literature was
the salicylato complex,

30,31
aBS - (Co (tetren)0OCOCgH "OH ) (C10"™ )3

which was found to

react by an SNICB reaction mechanism.

With regard to possible preparative methods a survey
of the literature on [(NH3)”ACoO~ACR1~M"™

complexes Has revealed three

synthetic procedures;

52
@) anation of the aquo complex
2+
[LNH3)5CoH,0|~* . RCO3». — > KNH3I5C003CEI
B B B 53
(2 silver induced anation
—> 1(NH3)5C002CCgHA ' 2T + AgCI
[ (NH3)~CoCl] NG *5-—2
34 ,55

@ reaction of the hydroxo complex with an acid anhydride

((NH3)5Co0H1~M + (C2H5C0)20~ "~ ((NH3)5C002CC2H5]  + C 2H5CO2H.

_________ section describes the

-.d b.sb hydfelysis staqdtes 8f .Co .b.tr=n,07CKUcfo,,3 -b,,

H, CH3, C2H5, CH2Cl, CHCI2
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2.2 Experimental
Preparations

[Co(tetren)00CH](C10™M)t
Me thod A

The complex aaHCo (tetren)cOIO™)C1 (0.26g., 0.62

mmoles) was suspended in 98% formic acid (15 cm”™ 0.32 moles)

and treated with silver perchlorate (0.26g., 1.25 mmoles).

The mixture was heated at 60"C for one hour, cooled and the
precipitated silver chloride Tfiltered off. A few drops of
perchloric acid ((40%) were added to the orange solution which

upon standing precipitated crystals of [Co (tetren)00CH] (C10,)"e-

The product was Tfiltered, washed with ethanol, ether and
dried in vacuo.

A second crop is obtained from the mother

liquors by addition of ethanol which causes precipitation of

[Co(tetren)00CH] (C10n)2°

Method B

The complex Co(tetren>HjoO)(C10~)3 {0.5g., 0.88

»nPies, we. ai.solvea In Che minimum volume ol dilute perchloric

ecld end 99» formic ecld (0.5,.. 10.8 mmoles, w.s edd.d to
splurlon. Th.

re.ctlon mixture we. brought to pH4 by dropwis.

eddition of _odium hydroxide. Th. .olution we. _tirred et 60*C

for on. hour then left to cool. The product ,Co,t.tren,00CH,-

(C10.,, 3 which crystelli.ed out w.s filtered, we.h.d with

eth.nol. ether end dried in v j " . The crude product we.

recryst_lli.ed by dfeolution

in th. minimum volume of 0.1 mol.r

perchloric ecid - 98» formic ecld (1.2 v/v>.

oelc. for ,Co ,C3H33H3.00CH,.C10P, : C.21.95, H.4.91, N.14.23,

pound, c.20.80, H.4.88, N.13.93».



A +3C NMB spectrum was recorded 1in D”O containing one

2+
OCX to suppress base hydrolysis of ICo(tetren)00CH,

,rop oi

Na TMS was used as an internal reference,

_ Lﬂﬁ tetren carbon atom
.ere recorded to give values Tfor the
resonances: N im
so.esu.7,. s..obu.7,,
.-,euU.7,, Se.a.U.V,, 57.03.a.1,, 59.33,7.0,. .He c¢.,3=

Of the coordinated formato group resonates at 177.7(0.97).

(CO (tetren) ONCCH,! (~104n.2

The complex aa-[Co(tetren)H201 (CI0~)3 (0.5g., 0.88

il5a . 0.25 mmoles)
ol --y W.s dl.s=7vea IH 97.01.7 .o.tlc .old ,1

oL . water The solution was stirred at
containing a few drops of water.

our upon cooling, ethanol was added to
60°C for one Hour. uBon 9

S ~0 rcH 1€CIO ?q as a fine red powder.
precipitate ((Co(tetren)02CCH31(CI10~)2

wished with eth.nol, ether end dried
The product was

in vacuo.

calc, for (Co (C3H23N5)02CCH3](C10,)2- C,23.72;

N,13.83;
pound: C,23.86; H,5.44; N,13.20%-

in D O containing one drop
A NMR spectrum was recorded i

2+
= hase hydrolysis of ((Co(tetren)02CCH31 ,
of DCI to suppress base nyar y
_ n ; 384 transients
o} as an 1internal reference. ,
Na TMS was use as an
N
. €

) ,, «-otren carbon atom
collected to give v.lwes for the

cesoh.hces.

- 94,19 ,,
tegr.1, 43.44,5.6,. 43.66,30.6,. 45.46,33.9,. 50.54,79.,,.
6(i.ntegrai; cdQAI2n9) .
waa€ T, 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,.

55.,9 ,36.9,. 56.38,19.4,. 57.58,7.5,.



71.

59.27(24.0). 59.87(23.1). 60.69(12.5). Three signals are
n _ H z .
found for the methyl group of the gooordlnated acetato ligand:

15.82(0.4). 19.43(2.8). 26.63(17.08).

[Co (tetren )0~CC,Hc1(Cl0.jj o
Method A

The complex aa-(Co(tetren)Cl 1(C10,)ClI (0.Sg.. 1-19

mmoles) was suspended 1iIn propionic 35?8 E}ESZZ 0.20 mmoles),

Silver perchlorate (0.5g.. 2.4 mmoles) was added and the mixture
stirred at 60»C for one hour.

During this time a colour change

from red to orange %&%8 Blggg. HBS” cooling, silver chloride

was TFTiltered off. and the orange Tfiltrate treated with ethanol

to precipitate (Co(tetren)0,CC~™1(Cl10,), as a red-orange

powder . The product was filtered, washed with ethar”ol. ether

and dried in vacuo.

Method B

The complex oci-1Co (PePrcn)H i(cior1, <0.5g., 0.88

w.s al.eolved 1in diloPe pepchlopic ecid end ppopionlo

ecid <0.18., 1.3S mmoles, edded Po solotion. hgneous sodio.

hydroxide was added gF88W:§g to bring the solution to pHS.
R vV, at 60"C for one hour. Upon standing at
The mixture was heated at 60
N .
room te%BBF%EHEQ [Co(tetren)02CC2H51(CI0,)2 crystallis
lece red flehes. The prodocP - tilPer.d oft. »«shed wiP
.Phenol, ePhe. end dried in

The crude produoP wes

- - milcture of eerchloric acid:
eerystallised from an aqueous mi r

propionic acid.

calc, for [Co(CgH23N5)02cc2Mst(ch® 23 C-25-395 H.5.42;

N ,13.46 :
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MInt, r.U 43.S5(0.7), 43.71 ,0.6,. 44.81,1 .3,. 45.52,2.3,.

45.8.0.6.. 50.70,0.5,. 50.97,0.7,. 51.90,0.6,. 53.16,0.4,.
53.65.0. 1..53.87,0.1,. 54.14,0.3,. 55.23,0.8,. 55.56,0.3,.
56.27.0. 7..56.54,1.7,. 58.18,2.0). 59.05,0.2). 59.54,0.61.
60.04.2.0. .61.84,0.1,. 62.05,0.2,. 63.91,0.3). 66.15,0.2,.
66.58(0.1). DN pp
M c1oM.o

The complex aa-I1Co(tetren)C1)(l10~)C1 (0.5¢g., 1.19
mmoles) was taken up in freshly distilled dichloroacetic acid
(0O SIg., 2.5 mmoles) containing a few drops of water.

Silver

perchlorate (0.51g.. 2.5 mmoles) was added to the solution

Which was heated at 6070 for one hour. Upon cooling, silver

chloride was Tfiltered off. Ethanol was added to the orange

filtrate, to precipitate crystals of (Co(tetren)0,CCHC1,1CCl0,),

which were Ffiltered off, washed with ethanol,

in vacuo.

calc, for ICCCgHAN~IO~NCCIICI.NncCiO., " c.20.88, H.4.20,
N ,12 .17 ;
Found: C,20.76; H,3.91; N,12.13%.
A3~ NMR spectrum was recorded in D,0 containing one drop
base hydrolysis of [Co (tetren) 02CCHCI 31 (CIO™) 3.
of DCl to suppress base y

f,,_~nce

, 20.954 transients
Na TMS was used as an 1internal re

_ i o fnr tne tetren cation atom
were collected to give values for the

resonanc

~A,17 2)  45.80(10.8), 47.22(2.7),
o | 43 73¢22.0), 45.47(17.2 g
(integral) -/ 9y 52.01(23.7) . 55.39 (25.5) , 56.37°&%. )"
r37;23:7,: 56.59,20.1,. 97.30,27.1,. 5
CAD DA
59.76,24.61. 60.14,20.0). b8.54 @ @), 58.7017.3).  S*7PP
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spectrophotometric technique for Kkinetic measurement. The

pseudo first order constants were determined from the

experimental data using the 16 point programme and the

Swinbourne calculation.

2.3 Results and Discussion
Stereochemical GPECTS—-

Analytically pure samples of [Co(tetren)O0O”~CR1(ClonN)2

(R . H, CHj, C2H5. CHjCI. CHCIl,) »ere prepared by one of two

methods. The first method, anatlon of i.om.rloally pure ao-

(cO (tetre, )H201(C10, .3 was performed by mixing the aquo oomple:

with the appropriate carboxylic acid ,RC02»). The second

method was < silver (1) catalysed anatlon reaction of C.O-

(Coltetren)CllI(C10,)C1, which involved the 1In situ

of (coCtetrenlHjoOl1(C10,>3 1in the presence of the carboxylic

acid. in some cases on-—ICo (tetren>H201<C 10,1 dissolved in

aqueous RCO2H was treated with dilute aqueous sodium hydroxide

to raise the solution pH to the pK, of the carboxylic acid and

thereby

ensure a supply of carboxylate anions for reaction with

na-tCO(tetren)H2001 "> However, the carboxylato complexes

were readily prepared by dissolving on—(Co (tetren .» 3«1 .Cl10,,3

in 90% solutions of 0003« although the solution pH was below

the PK . This method succeeds because the pK~*"s of the

carboxylic acids are low,ranging Tfro. 1.48 for CHCI2COOH to

=, ovf-fass of RCO_H was used in each
an excess 2

3.75 for HCO2H, and because
N
The cargﬁé&é%?o complexes. [Co (tetren)0O2CR1(C10M)3

.-«_ised by NMR, NMR . i.r. and visible
were characterrs» J

The structural Information gained fro. each technique 1.

discussed below.



l.r . spectra

The 1i.r. spectra are potentially useful for

elucidating the nature of the bonding between O~"Cr*

Co(lll) 1ion and for determining the

complexes. The carboxylato anion may coordinate
metal 1ion by the modes shown in (II)A, B and C.

M_O O M- o~
C-R

/

/ I\/I—O/

a1

and the

isomer geometry of the

R themes can be differentiated by considering the
The bonding schemes

vibrational frequencies of V oo02"

and V 002" asymmetric (denoted b)/\ggz 3 {or the complexed

carboxylato 1ions and comparing them with”~the

frequencies of the free carboxylato
ucture (11)A v c=0 TFor the -~

for the free ion and V c-o for

cop~ for the free ion. AS a re

the 2 V CO vibrations is much

free 1ion. For the bidentate
complexes than t

m
_ifg trend 1is observed with the sepa
(11)B the opposit t
8 Vv
Y,

- - =m:.kler for the complexed
between the 9 N ibrations smalller

fo, .He ..ee »  TtH. complex UI~C,

cCO.. .0 .H. v..oe. .».,a ... .H.

ionsA For the uni-
ions :

symmetric (denoted VgC02 )
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The 1.r. spectra of [Co(tetren)02CB1(Ci0n)2

(R = H, CH3. C2H5, CH2Cl, CHCI2) show broad absorption

in the range 1620 cm-"-1650

bands

which are assigned to V~CO02

The vibrational frequencies for ~7002" in the complexes are

higher than those for V~C02" in the free 1ion for example

[Co(tetren)02CH]"" has V~Co02" at 1630 while VC=0 for

the free formate ion is at 1560 cm~~" These data are consistent

with the unidentate structure (ID)A. The complexes [Co (tetren)”-

02CR1~" show additional absorption bands in the range 1300 cm""-

However nambi ignmen f
1400 cm due to YACO2 owever, unambiguous assignments o

bands to V CO are difficult as tetren displays strong

absorptions In the s..e frequency renge. hs.lgqn.ents of bends

nisy B© -~ctlltat,d by obsetvling frequency shift, resulting from

deuteration of the amine protons.

;A"]~though the vibrational frequencies n 2

ere a useful Indication of unidentate bonding of the carbosyl.to

ligands these strong absorptions band, overlap with « NH, for

Ibe asymmetric deformation of the tetren ligand In the range

1560 c¢c.-~-1600 cm-1. thus,

assignment of Isomer geometry for

2+ on the basis of 6 NH2 frequencies is not
[Co(tetren)02CRI q

possible.

ANC  NMR
The F-T- ""F ICoitetrenlOjCRI'A*
,R . CHj, C~HvCH.ClI, CHCI™»

were recorded using a broad

band frequency technique which eliminates all C-,, couplings,
in all cases,

the complexes were dissolved In 0,0 containing

nne drop of OCl to suppress base hydrolysis, «at, S was used

*_nce The tetren carbon atoms resonate in
as an internal
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the range 640-670. The coordinated carboxylato groups affect

the electronic shielding around the tetren carbon atoms and a

correlation 1is found between the electron withdrawing ability

of 02Cr "™ and the lowest field resonance band 67~(02CR) due to
the tetren carbon atoms with 67(02CR) = 59.38 (02CH). 60 .69(020083),

60.80(020C2H5), 66.5837026CH6W), 68 7qL020CHCE ) . As expected,

the carbonyl carbon atoms of the 020R- groups occur at

_ fn rn” which are well shielded
ca. 6170 while the alkyl groups of 020R

occur .t £>. 626. Although th. compi.xc ».re prep.r.d fro.

isomerie.lly pure oo-ICo(t.tr_n)H”ol I1C10,)3, .11 s.mpl.s of

lcod.tr.nlo”CRI"™* dlspl.y . 1.t9. "umb.r of

indio.tlog th. pr...nc.

c .lgn.lIs,
of mixtures of o6f-. oB.t- . .hd

Qiot-isomers m

filectronic spectra

The stigig S*Qﬁ}SPﬁEC spectra of the [Co(tetren)-

O3CR,,C10,,3 complex., wer. determined using 0.1 mol dm* ,HC10,,

solvent. Th. compl.x.s

.11 show.d two d-d .h.orptlon h.nds

’~ xR . These absorption
with maxima at 351 ™ g nm ana 4od il

_ _ X[ - ConMANcO Chromophore and
wavelengths are characteristic of a Co 5
.r. comp.r_hl. with o0SS-,Co.tetren,o0,,, which h.s h.nd m.xl..
.1 3.B n. .nd «0 nm .nd on-,co,tetren,C03,* which h.s h.nd

me-dimum .t 4,2 nm. As “ ¢ PMR .nd Kinetic studies Indicted

are isomer mixtures
that these sam&#gg SF [Co(tetren)OjCR)

) N «-inction coefficients were not
accurate band maxima and e xm

determined.

It c.n h. concluded th.t the .n.tlon re.ctlons of

, g rH C CHACI»
aa-[Co(tetren)H o1 (C10™) 3 with RCO2H n 3" 2
, L to give carboxylato complexes of the type
CHCI,) take place t g
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TABLE 1.28

Base hydrolysis of "slow"™ [Co (tetren)ONCCHCI”N1(CION) ©

pH stat kinetic data at 25»C and 1 = 0.1 mol dm"~ (KNO3)

pH 10" oh"1 1o4kogS |0"‘kOGS/[OH 1
(mol dm G} (@am”™ mol“l s-1)

7.65" 5.89 4.32 7.33

7.85 9.24 7.30 7.90

7.975 12.32 8.82 7.15

8.00 13.05 9.62 7.35

The mean value Tfor the overall second order rate constant

w = 7 43 X 10~ dm”™ mol"™™ s* 7N By linear regression analysis
" 2 3 - 1 - 1
\ = (7 08 % 0.65) X 10 dm mol S
OH

For th« complexes [Co(tctrenlO~ACRI(CION)N

bR - CHs, CsH,, CHsCl, CHCIs . the over.ll second order ret.

con.tents for the "fesf reectlons hev. been evelu.t.d by

re.olvin, the cnrv.d plots of lo,(V.-V,. verses time by en

_ V. The data are summarised in Table 1.29
extrapolation technique.

plot OFf 1log(V,,-V~) versus time for the base

hydrolysis of [Co(tetren)O0O~CC~AH”~1 (CIO,)” is shown 1in Figure

,-17. The curvature is typical of plots drawn for the other

[Co(tetren)02CRI(CI04)2 complexes and indicates that the

] mixture of isomers. Base hydrolysis
sample contains a mixtur
C+x>

proceeds according to Scheme 3:
(MA-"A)  Pod
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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 hydrolysis of the aa-isomers. In each pH stat run the

weight of reactant complex is known and the volume of base

consumed during hydrolysis was noted. A reaction stoichiometry

for 1co (tetren)o02CBI oh™ of 1:1 was observed. The base

consumption for the "slow"™ step in hydrolysis of (Co(tetren)-

ONCR)AMN accounts for 40%-60% of the calculated value and thus

the samples of ICo(tetren)02CR1M appear to be ca. 50:50

mixtures of aB- and aa-isomers.

A linear free energy relationship (LFER) 1is observed

2+
o i R A 4 and the
between k for hydrolys¥s oofFiNCOItetaR h10~CRI

pK, of RCOOH. Plot, of versus pK, for both "fs.t" snd

-stow t.sctlons sr. Hn..t <Flgut. 1.181. Thr.e po.sibl.

o.ch.nlsbs for base hydrolysis have b..n discussed In the

introduction andd the tIP—EB} €4n =s&FvE as a guide to assigning

jfeaction rnechanism.

Firstly, the linearity of these plots of log k"""

versus pK. for both "f_.sf and -.l1oW reactions 1 .pHe. that

the reaction mechanism 1. constant despite change, 1in theR

group. A good example of a linear free energy relationship

indicating a change in reaction mechanism 1is shown in the

base hydrolysis of ,(NH,>*RhO ,CRI™

N

1°*” *oH
- - - in Fiaure 1.19. Large deviations
versus -/ IRCO H) is shown 1.n I!y

in the linear plot are found for the trif~”"oacetato and

complexes [(NH3)5RhO3CCF31™ and
tr:

+

2+
2 For the complexes ((NH3)”~RhO2CR1
[L((NH3)”~Rho2CCCI31
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(R = CH3. H. CH2F. CHF~) base hydrolysis proceeds by cleavage

of the (111)-oxygen bond either by the SNICB mechanism or

2+ - - -
by SN2 trans attack while for ((NH™)5Rb0o2CB) (R = CCLjjCFJ)

base hydrolysis takes place by attack of OH" at the carbonyl

oxygen.
In the present work plots of log k™™ versus pK~ for

both "fast™ and "slow" base hydrolysis reactions give plots

of equal slope () = 0.4. It is interesting to compare values

of the reaction constant (p5 found in the present work with

those evaluated for base hydrolysis reactions of known reaction

mechanism. Base hydrolysis of [(NH3)5C00~CR]I™ (R = CH3,

2+ —
CH2CI, CHCI12) and ({NH3)3RhO2CRI (R = CH3, H, CH2F) both

46
have p = 0.43 and are known to react by cleavage of the

metal-oxygen bond as does [Co(en)2 (OCOAr)21"" with p = 0.745.

For the present complexes the reaction constant (p

suggests that Co(lll)-0 bond cleavage 1is taking place. It

base hydrolysis was taking place by hydroxyl 1ion attack on

the carbonyl carbon then p would be expected to be ca. 2.0,

comparable to the reaction constant found for the series

46
= n i =
((NHa)ARhOQCK|2+ R CH~F, CHF.,, CF,) with p 1.80 at 25»C.2+

Although th, result, tor h.se hydrolysl. of ,Co,tetr.u.0

o,h bo r.tloh.ll.od in tor™, of an SNICB , oohani.» the

alternativo SN2 dl.plaoemont roaotlon Hrans attackl annot be

discarded, however, our experience of [Co (tetrenl X1

euggest. that the SNICB reaction

chemi.try
meohanisn. 1. »ore likely to be

- - " "slow™ ratios
Finally an (xamination of k fast”/k 4,

OH
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for base hydrolysis shows that for B = C 2, CH2Cl, CHCI»

the ratio 1is constant ca . 52, Table 1.29, while for B =

kOH “"fast"/k OH “"slow™ = 172. Examination of the [linear free
energy plot for the "fast" reaction shows that the experimental
point for B = CH”™ lies above the best fit line. This result
probably indicates that the "fast"” hydrolysis reaction for

[Co (tetren) 02CCH"N 1 is due to the aSS-isomer while the "fast"
reactions of (Co(tetren)OzCB[2+ (B = C2H~, CH2CIl, CHCI2) are
due to base hydrolysis of the aBB-isomers. The "slow reaction;

of [Co(tetren)02CB1 are all assigned to base hydrolysis of

the aa-isomers.
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CHAPTER 3

nthesis and Kinetics of Complexes
3+
of the type [Co(tetren)NCR 1
(R - CHj, p-MeOCAHNL A~

2
[Co(tetren)NARI <7 (R  CH”, CrHY

3.1 Introduction
Coordination of organonitriles (RCN) to Co(lll)

pentaammines gives complexes of the type [(NH3)/~CoNCR1 in

which the nitrile 1is end-on bonded through the nitrogen atom

by a donation to Co (111 ). Due to negligible 4 back bonding

from Co(lll) the coordinated nitrile 1is polarised by electron-

donation such that the nitrile carbon becomes to

3 +
hydrolysis of [(NH3)5CONCR] can

proceed either by hydroxide 1ion

nucleophilic attack. Base

attack on the_coordinated nitrile

to ,.V., tl-e coordinated c.rboxa.iae I(NHs:15Co NHCOR 17~* or by an

SJICB displacement of NCR by OH to give ((NH3)5CoO0HI - Ba se

hydrolysis studies undertaken for an extensive series of

complexes of the type [(NH3)”ACoNCR1”~"™ reveal that hydroxide 1ion

attack at the nitrile carbon atom does indeed take place leading

58,59,60,61
to formation of coordinated carboxamides:

3+ OH 2+
[ (NH: ) ACONCRI > [(NHs )3CONHCORI

in most cases a simple second order rate law is found, with

rate = Kk[Complex1tOH"1. Base hydrolysis of the coordinated

nitrile is several orders of magnitude faster than that for

the free nitrile. The wusual conditions for hydrolysis of free

to carboxamides involve concentrated acids or bases
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at elevated temperatures, whereas the reactions of

nitriles are virtually 1instantaneous in dilute base at room

temperature. The rate enhancement with respect to hydrolysis

of the free ligands ranges from 10~ fold for the case of

henzonitrile to lo“ fold for 2-cyano pyridine. The electron

withdrawing influence of the [(NH~i~Col group not only
polarises the nitrile bond, making the carbon atom more sus-

ceptible to nucleophilic attack,

but also stabilises the 1imino

anion (N - C(R)OH) which 1is formed by addition of hydroxide

ion to the carbon atom. For coordinated nitriles having

aromatic rings, electron

withdrawing substituents on the ring

group and therefore

base hydrolysis of [(NH 3)5CONCR1~” (R » CgQH~ACNO) . CgH~ACN(4).

CAH.CHOU), C~H,C»0(4). C,H,COCH,(@,, to give oootdIn.ted

oe.0ox4.1ae.. TO. tete. ... .., .ltlve to .o0.tltotloe le the

(3 and (@) positions on the aromatic ring. Since

substitution at these positions should not present any

impediment to attack by the nucleophile, electronic effects

must play a dominant role.

I,, ,,-4t ,,.utr.l or be.1C .olotlon the lon

R 2+ undergoes rapid, base catalysed ring
1Co(en) jCI (NH2CH2CN) 1

closure to give a tridentate amidine ligand.

_ [ 2 takes ace by attack of an amido rou
reaction shown 1In %2) taEes B! y 9 P

(formed by deprotonation of a nitrogen atom

in (en))

cootaln.t.a hilttll. cerbon .to. end result, in 1,tre.otecul.r

- - _ t gnﬁmjtriles bound to
cyclization. However, for simple organoni

_ } } One reason for studying
Co(lll) this reaction 1is uncommon. One
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nitrile complexes of Co(111]) pentaammines 1is that they may

serve as models for the nitrilase enzymes. One such enzyme,

ricinine nitrilase* catalyses the hydrolysis of several

organic nitriles. While the mechanism of enzyme action 1is
unknown the presence of metal 1ions may be necessary for

activity.

A second reaction of metal bound organonitriles

documented In the lit.«tue. 1. nucleophilic .tt.ck by .tld.

ion INjJ") on I(NHj) 5COHCR! (R

— =»3 .

.ub.tltuted ,t.tt_tol.to)-pent., .Inecob.l1t(lll> complex..

bonded vIl. the »3 nitrogen. » slow llInk.g. Isomer Is.tlon of

the N3 species takes pl.c. to give bonded tetr.rol.to

complexes* -*

The reaction scheme and ring numbering system

is shown 1in (13)

Free tetrazoles with substituents at ring position 5

are conveniently prep.red®"from organon ltriles by nucleophilic

attack by azide 1lon

In a U-aiPolar eyeloaddlt lon .« A. -1th

nucleophilic attack by hydroxide 1lon on coordinated nitriles

there 1Is considerable rate enhancement for azide attack on

ooordlnated nitrile compared

a
-1th an uncoordinated nitrile.

The formation of 5-m.thylt.trazol. fro. sodium azide and
acetonitrile requires a reaction time of 25 hr. at 1SO C
compared to only 2 hr. at ambient temperature for

- - I F ? vomm Ton itr ile thcconditions are
acetonitrile. Similarly or ben

3 hr.reaction f%m@m at|880% 2h almethylformam|de

15 min.

versus

- - ;or ;ree and coordinated ligand,
at ambient temperature or ree
respectively.

linkage 1isomerisation reaction appears
The N to N2
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to be driven by the .terle con,e.tion between the t.tt.zol.

tin, .,bstltu.nt 1in the

5-posltion end the four cis-e»lne.

of the penfammidftdgEPAIL (341 ) unit, with congestion

in the N2 bonding mode.

relieved

The observation that the N~-bonded

complex 1isomerises some 6 times faster

complex t 25@C 1in

ratM’er %T‘h’:ﬂp gaeeCCCF'B?IQ\ig \g(ri\/ing force.

From consideration of
ri,,,

nitrogen nutl.ephlll=ity cbordlnatien for s5-eubstlteted
tetrezoi.to oo.pieree

it f.voured end hence electronic consldere-

tlons alone would predict no leomerl.atlon of the N*-bonded

oooplexee. h _loll.r

Ilnhage 1eooerieatlon reaction occurs

between the two leo.erlc fore, of <4a-etbyi1loldatole, pent.o.lne-

shown in (14).

in view of the interesting reactions presented

in the resent work, to repare organo-
above it was decided, m the 6} prep 9
- - I C/iMll} tetren and investigate the
nitrile complexes of Co (111
d

activity of the coordinated nitriles. Syntheses of ICo-

.tetren.HCK, - = CH,,

para-«e0C,,,,, are described

together with hlnetlc

studies on their base hydrolysis

) > NCRI (R = CH3. CgH™)
reactions. The complexes

were reacted with sodluo aside to give the corresponding

eenplenes ,Co,tetren,N,CC, ,17~* and

ICo.tetren, -

hinetlc data have Been 53T|g%%§ﬁ for the reaction

- - » SN with the coopl.x ICo11.trenlINCCH31 =m
of the azide 1ion (N3 )
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3.2 Experimental
Preparations
aa-((Co(tetren)NCCH21(CIOMN
A solution of aa- [CO(tetren)H20l (Cl104)3 (0.5g.,
0.88 ..ol..) in .o.tonitrile (20 cm”. - b— 0
20 minute. Dutin, thi. time

. ccleut cb.n,. ftom o, n,e to

,oiiou toot pi.e. .na y.lioo ctyntois a.posit.a, _H. ptoauct
oe Tfiit.t.a 0», w.nnea With _.thonoi, ethet .na ati.a Iin

cic. tot ,CO,C3H,8,,HCCH3.,Ci0O,.3=

Found: C,20.01; H,4.25; N,14.22%.

iXRr of the complex has sharp v NH bands at
The t.r. spectrum zKBr or tne
B a broad V NH in the range 3000-3150 cm
2865 and 3180 cm with a broaa
-1 1. ...l,n.a to the NH3 ..yomettic aeform.tion..
6 NH at 1605 cm
N H —_
i -1 i free acetonxtrxie ¥ C=N gt 2250 cm )
V CHN 1is at 2320 cm (cj--

-.ne Vi.ihle sp.cttu. ....urea in O.i mol am- HCI0, h.s h.na

.n0O 46. (C - 88,. The

«tom id.ometic.ily

s,-nim. .t 33S nm (C - 22,

-Vnthe.i. oi
,Co.tetten,hOCH3, .Ci0O,,3

impute (Co.tetten,-

,.,30,.Cio,,3 hv the _.hov. methoa ,.ve

.n i.omet mixtute oi

(Co(tetren)NCCH3I1(CI104)3 . indicated by the i.r. spectrum”
enows hto.a

.heotption hana in the t.n,e 1Se60-1600 cm

assigned to the NH2 asymmetric deformations.

aa-[Co(tetren)NCCAHAI(CIO0N)3

A solution of aa-(Co(tetren)H2001(Cl104)3 (0.59-,

) nitrile (20 cm”™ was heated at 60»C for
0.88 mmoles) 1in benzonr
- rhis time a colour change from orange to
2 hours. During this tim
vellow crystals depositing: the
yellow took place with vy

) a off washed with ethanol, ether and
product was filtered off.
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dried in vacuo.
c.i1c, ro. ,CO.C3H,,.,,NCC,,,MC.0,,3= C.a,.73, N.12.93,

round: C.26.04, H.4.03,
Thu #§.r.

N.12.94,.

-.p-ctru. (KBr, of thu cooplux ho. sh.rp V HH h.nd.

-1 with a broad V NH in the range 3000-3200
at 2870 and 3240 cm
-1

; symmetric deformations 1is obscured by
6 NH due to NHj a

free
aromatic V C=C absorptions. V C=N is at 2280 cm (

V C=N at 2230 cm The visible spectrum

..oufud i, 0.3 .03 d.13=1-|c30, ho. bond

,e . 350) ond 465 h. (e

.X3-. - 3=°

LD

- 345). Synthusl. of (co(t.tr.n)-
NCC,h ,MC30,.3 fho. 3.0.e.30.33y i.pufu ,co,l1.1f.h,, 30, CC30,,,

3..d. 60 . .ixoa 3.0..X ...PIU OF 1CO.t.tXOh.NCC.H”~,.030",3.

aa-[Co(tetren)NCCAH~OMel (0107)3

paramethoxygenzoni (0.17g., 1.30 mmoles)

d3..03v.d 3h 6h. .3h3.u. vo3u.e of e6h.,o03

of Od-ICo(t.tr.n)H30uUC 30,)3

.ddud to
.o3otlon

(0.5g., 0.88 m.o3.,>
3,, 35 o.= Of petoh3o0t3o .c3d ,0.3

.03 d.”, -nd the .3xtute

R t At the end of this time all
stirred at 60»C for three hours.

At the
.o3ve, t ethd, 03 ue. eu.potated off. The ,u.ou. .o3ut30, oO0.S
eoo3,d. 3eed3,,, to pteo3p3tetdon of ,Co.tetde, ,hCC,, ,0,.,-C30,,3

-T-ile This solid mixture was
and unreacted paramethoxybenzonrtri -

R 4 4 In ether to dissolve unreacted para-
filtered off then stirred in ether

mtr33e end 3e.ve product od-1Co(t.tt.n,NCCj_H" OMel-
,-thoxybenzondtr33e end o | oft. whed
,C30,,3 dn the .03dd etete.

The product w.s

»,3th eth_.no3, ether end drded dn «c ™.

cede, for ,Co,C3H33N3.NCC,».0HeMC30,, 3.

0,28 .27, H,
N,12 .36 ;

round, C.27.24, H.3.82, N.32.25».
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Th i.r. spectrum (KBr) for the complex has a sharp V NH band
e

at 2875 cm™" with a broad V NH in the range 3000-3100 cm ~

6 NH due to NH” asymmetric deformations

is obscured by aromatic

vV C**“-C absorptions. V C=N 1is at 2275 cm (cn- free para
.ethoxybenzonitrile V CHN at 2220 cm™""). The visible spectrum
measured in 0.1 mol dm"~"

HC10, has a band maximum at 466 nm.

[Co(tetren)NACCH21 (~10412

The complex [Co(tetren)NCCH3UC1O~)3 (1.0g.. 1.7
mmoles) was dissolved in dilute perchloric acid and sodium

azide (0 .22g., 3.4 mmoles) added in small increments

solution (fume cupboard).

Throughout the addition the solution
was )cept at or below pH5 by adding drops of perchloric acid.

The mixture was heated at 60»C for 2 hours resulting in a
colour change from yellow to orange. Upon cooling, vyello,

crystals of product were obtained. The crystals were

off. washed with ethanol, ether and air dried,

product was recrystallised from 0.1 mol dm HCION

unreacted sodium azide.

calc, for (Co(CgH23N3)N,CCH3I1 (ClON)N: C.22.65; H.4.94; N. 23.78.

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 -1th a »«*<1 V NH in fh. ra,,e 3000-3200 c,,

The visible

) HC10”~ has a
spectrum measured in 0.1 mol dm

_ r 456 nm A second crop of crystals from the
broad maximum at 456 nm.

.ofha. JUliquor, of Ihl. pr.par.rloo 1. ldenOlfl.a a. I1Co.f.rr.pl-
H3MCclo,,, .116 l.r. and vIi.HI. 1P-

. parao.lar. ,realoq
16

fith value s.
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(Co(totren)NACCAHAI(CIO0N)g

The complex [Co(tetren)NCCAH~AL(CIO~)3 (0.49.-,
O.ei mmoles) was aissolved In dilute perchloric and sodium

(0.0B,., 1.24 .401.S, .da.d Slowly ((lu.s cupbo.rd,.

yb. solution was t.pt at ot below pH5 tbrou,bout tb. addition
by occasional drops of p.rcblorlc acid. Th. .Ixtur. was

b.at.d at eo-C for font bouts. outln, tbls tl.e a colour

va nlace The solution volume
Chang, fro» yellow to orange took place.
was reduced under vacuu»

and ethanol added to precipitate

yellow crystals. Tb. product was filtered off, washed with
ethanol, ether and air dried. Th.

crude solid was

-3
from 0-1 mol dm HCI1O ,

calc, for [1Co(CgH23N5)N4CcCgH51 (C104)2= C, 30-42.
Found: C.29.77; H.4.70; N,21.03%.
The 1i-r. spectrum (KBr) of the complex has a sharp V NH at
2880 cm-~ With a broad V NH 1in the range 3080-3400 cm

o HC10~ has a band
The visible spectrum measured rn 0.1 mol dm

maximum at 468 nm.

Kinet ics

Kinetic studies were »ade on the base hydrolysis

reactions of |Co(t

do [] order conditions, at 25-C and 1
under pseudo Tirst oroe
-Kho, , . Th. PH st.t

t.chnlgue was used In the pH rang. 1-S.5.

c.rborytatlon of the hydroxo coaplex
by co”

The possibility of

lcoltetr_nloHIN* precluded the spentrophotometric
lechnlgu. for Kkinetic aeasureaent. The ps.udo first order
rate constant,

were deteraln.d fro» the exp.rlaent.l data

, _ T c H t p-MeO-C-H.),
.tr.n,NCEMCI10,13 (R =6 5% "

- 0.1 »ol d»

-3
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using the 16 point order programme and the Swinbourne

calculation.

S trophotometric interval scans for the base

hydrolysis reactions were obtained using freshly prepared

buffers.

The kinetic study of the reaction of sodium azide

with [Co(tetreﬂSWT@Hsﬁ(C|o )3 was made at 25“C using the

spectrophotometric technique. Pseudo first order conditions

Ob.etv.a with IN.NjI > 10 Ilco(t.tren)NCCH3I(clo,)3l.

sodlu. .bia. solution, wore 0O.a. up

In nqu.ous p-.tchlorlc
seia sucn tn.t tnu imsl solution pH 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 Rfasults and Discussion

THU t.sctlon of IcoCt.tr.nlH”ol (CI0413 "1fh «u

- 1 ﬁ hfnzonitrile and p-methoxybenzo-
or triles acetonitride,

Itrlls g.yu ptoauots uhleh .n.ly.s »e 1I1Co(totten)NCCH31(CI10,) 3.

,Co,t.tton,NCC,,,3MC10,,3 and ,Co .totton ,NCC,H,OM.) (CIO, ,3

) L «If._ctronic spectra for these complexes
respectively. Visible el

novo bona ..xi.s .1

ontooopboto. TOO bonaln, oodo.

.to possible fot co-HCP, tbes.
-to (.) ond-on bonaing thtough the nlttoq.n .ton., ot (b, side on
r=N The i.r

R V, .r. spectra of many metal-nillrille
bonding through C-N. Th

w been studied and the
oomplosos of known sttuctuto hoV boon

».F V C5N has boon found to be ohatactellsllo
Stretching frequency o

56 When NCR coordinates to the metal 1ion
of the type of bonding
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by sido-on T, bonding the stretching frequency V C=N tends to

bo lower than V C*“N of the uncoraplexed nitrile. When the

nitrile 1is end-on bonded to the metal 1ion through the nitrile

nitrogen atom, V C=N depends on the electronic nature of

metal ion. A bond 1is formed by sigma donation from the

nitrile nitrogen to the metal 1ion but when the metal 1ion has

strong - donation ability then

back bonding of electrons Tfrom

the metal to the ligand takes place and V C-N is shifted

I.wer frequency than V C~N of wuncoord.inated RCN . For metal
tons with 1little or no back donation ability the C.N stretching

frequency 1is shifted to a higher frequency than that of the

uncoordinated KCN as a result of the inductive effect of the

metal 1ion. To give an example, it is found that V CN of

benzonitrile (2231 cm*”~ shifts to a higher frequency

(2267 cm-S when coordinated to the pentammine ruthenium(llD

ioinf when coordinated to the
but to a lower frequency (2188 cm )

R ) poresentatton of the bonding
pentammine ruthenium (l1l)e

is shown in structure (15).

(15)

2+

are shown in
The 1.r. data for O C5N of |JCoCt.tr.nl NCR1

Table 1.30.
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TABLE 1 .30

3+
|.r. absorpt ion Pands (cm*S for V C=N of [CON"NCRI
[Co(tetren)NCRI 3*  [(NHA)"CONCRI a fregcnitrile
CH3 2320 2320" 2250
2280 2210Nn 2230
2220
p-Me0-CAHA 2275 -

All spectra were recorded as KBr discs.

-or., b.

roforenoo 68, C. r.f.r.nce 59.

Compati”y V

,co(tetro, ,NCRI”* the shift to high.r tr.qu.noy upon co.pli...-
tioh 1is consistent -ith enC-on bonain, throngh the

nitro,en .too
.ith very little b.C-bondin,

fro» Co,111, to the nitrile

taking place.

Although the samples prepared are analytically

pur. it -as necessary to establish their 1isomeric purity,
purity -a. ascertained by tinetic studies of their base

hydrolysis reaction, and it was found that reaction of
0,0-,CO,tetren,H.OMCIO,,,

-ith the corresponding organonitril.s

l.omorlcally pure on-1Co,totren,NCR,,C 1 ,j <R m CHj,

c pP-..,n-C,,,udwhile 1i.omerically impure F@gf¥g¥FgH2 H’OI(Clo_)o

gave [po(tetren)NEBHE&!8A33 containing a mixture of isomers,

The use of infra-red spectra for determining 1isomers by
considering 6 NH for the N, , asymmetric deformation 1is limited
for ,Co,tetr.n,NCC,H3,,C10,,3 -nd ,Co,tetren,NCC,H,OMe,,C10,,,
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due to V C- C absorptions from the aromatic rings occupying

this region of the spectrum. However. oa-[Co (tetren)NCCH 31 (CLOM )3

-1
was Ffound to have

6 NH as a strong sharp band at 1600 cm

while 1isomerically impure (Co(tetren)NCCH31(C1 )3 had a

broad absorption in the range 1550-1600 cm"” due to NH2 asymmetric

deformations.
The collection of ~~C NMR data for the purposes of

distinguishing between isomers and assessing the amount of

electronic shielding on the nitrile carbon atom, and hence

its susceptibility to nucleophilic attack proved difficult due

to the insolubility of the complexes 1iIn most solvents. The

complexes are freely soluble in dimethyl sulphoxide but undergo

a rapid colour change suggesting formation of (Co(tetren)-

DMSO)AA .

The tetrazolato complexes I1Co(tell1en)N.OCHj (C10M)j

|]Co,tecr.h)N,CCAH,I<clc,,), wore 1isolated by te.ctlon of

sodium azide in acidic solution with [Co(tetren)NCCH3MCI1O0, )3

and tCo(tetren)NCC,H,MC10,)3 respectively. An acidic reaction

medium 1is reguired to suppress base hydrolysis. The yellow

crystalline tetrazolato complexes were found to be free of

unreacted (Co (tetren)NCR,™ with 1i.r. spectra showing the

absence of V C=N.

While the preparative methods given resulted in

_ _ «am fistrazolato complexes subsequent crops of
isolation oF:tne Ié%ra P a P

product from the mother 1liquors of these reactions

formed by direct replacement
identified as L
of NCR with N

isomeric forms are possible Tfor the
Although
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tetra”olato complexes (arising from folding of the

Xigand) a second type of

tetron

rsomerism can occur depending on the
mode of bonding of the tetrazolato ligand to Co (111) - The

tetrazolato anion could function as an n”~ 7T-bondingq ligand,

however, no evidence for this bonding mode has been found.

Sigma bonding possibilities exist for the ligand, with the
non-equivalent ring nitrogens serving as donor atoms.

The tetrazolato ring numbering scheme 1is shown in (16).

(16

For 5-subst ituted complexes both

N~- and N~-bonded complexes are possible and have been”
identified for I1(NH3)3CoN,CC(™l "* and ((NH 3)3CcON,,CCMH 317

By analogy with these complexes it seems likely

tetrazolato complexes of Co(lH) tetren prepared in the

R iI"K_.rPS of N, and Nbonded 1isomers
present work consist of m 1 -
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Kinetics
The base hydrolysis of aa-1Co(tetren)NCCH~AL1(CION ) j

was studied by pH stat and the kinetic data obtained are

summarised 1in Table 1.31.

TABLE 1.31

Base hydrolysis of aa-[Co(tetren)NCCH”~1(CI10”~)3 by pH

stat at 25“C and 1 = 0.1 mol dm (KNO3)

pH io”loh™ o\ ¢ 1o\ p /[on™
(mol dm ) *) (dm™ mol s )

0.00 1.30 0.78 6.00

8.20 2.07 1.28 6.18

8.35 2.92 1.85 6.33

8.39 3.20 2.00 6.25

The mean value for the overall second order rate constant

at 25°C is kYy» = 6.19 x 10~ dm»

mol™~ A linear
2 .3 - -1
- - - (6.48 = 0.1) x 10 dm mol
regression analysis gives
1 ho plot of versus I0H 1 Is shown 1in Figure 1.20

end a typioal intervel sen speotru« of the base hydrolysis

is Shown in Figure 1.21. l .osbestio points are observed 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 1is:

IColtetrenINCCHjIN* « OH®" - I1Co(tetr.nlOH]* * CHjON.

The result, indicate that the sa,pl.

,Clo,l, used in the study 1is 1isooeric.Hy pure with plots of
4 ]

100 .

of oo-,Co,tetr.nl1INCCH , 1w
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loq(V -V ) versus time giving linear plots over four half-
lives. A typical plot 1is shown in Figure 1.22. Close agreement
was found between experimental and calculated base consumption
for a reaction stoichiometry [Co(tetren)NCCH”™1 (CI10”7)3 :0H of
1:1. Base hydrolysis of aa-1Co(tetren)NCCH31(Cl10”)3 has

kOH = 6 2 X 10N dm”™ mol "N s~ IT the reaction was taking
place by hydroxide 1ion attack at the coordinated nitrile then
the rate constant would be expected to be smaller, similar

to that found for the reaction of [(NH3)’\C0NCCH313+ with OH
which leads to the coordinated carboxamido complex
((NH3)SCONHCOCH312* (v = 3.5 dn® mof ! s719.%1  Eor base
hydrolysis of the (Co (tetren)NCCH31”~ complex Scheme 4 can

be considered.

[Co(tetren)NCCH3I o7
kCB
2+ (Co(tetren)OH)~ + CH3CN
[Co(tetren)NHCOCH3]
Scheme 4
z 11
Equation 12 can be estimated:
2
ACB [[Co(tetren)OH) <) 6-23X510 1.77 X 10 (12)

~h ([Co(tetren)NHCOCH31 1

Effectively no formation of the carboxamido complex takes place

and only a simple SNICB displacement 1is observed.

If [Co(tetren)NCCH3l1(@10~)3 1is prepared from an

isomerically impure sample of [Co(tetren)H 1(C10, )3 the pH

stat measurements give 1indications of a mixture of 1isomeric
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The mean value for the overall

second order rate constant is

Y =2 _29x10 3 dm3 mor_l S—l A linear regression analysis
gives kajr = (2.27 + 0.07) X 102 ¢ mor! s The Kkinetic
data

imply that the sample of (Co(tetren)NCCgH~"1(CIO0OM)N is
isomerically pure with experimental base consumption equal to

the theoretical base consumption for a reaction stoichiometry

[Co(tetren)NCCgH5 1 (CI104)3:0nh" of 1:1. Plots of log(v~r-V™)

versus time are linear over four half-lives. A spectrophoto-

metric interval scan for the reaction 1is shown 1in Figure 1.24.

Clean isosbestic points are found at 340. 412 and 476 nm.

The visible spectrum of the product from base hydrolysis is
identical

to that of authentic [Co (tetren)OH]

Base hydrolysis of [Co(tetren)NCC~AH~) (CI10,)3 prepared

from isomerically impure [Co(tetren)H 1 (C10”~ )3 reveals the

presence of two reactions with graphs of log(V,,-V”~) versus time

giving curved plots.

These plots are resolved by extrapolation

to give rate constants for the "fast"™ and "slow"™ reactions.

The second order

rate constant k7, evaluated for the "slow"

step 1is in close agreement with that found for base hydrolysis

of aa-[Co(tetren)NCCgH”™] (CI104)3. While k™™ was not evaluated

for the "fast" reaction a spectrophotometric interval scan
reveals the spectral changes taking place during the

(figure 1.25) with a clean

reaction

isosbestic point found at 503 nm.

The "fast"™ reaction 1is proggﬁgf gﬂg to base hydrolysis of

either aBR- or aSs-[Co(tetren)NCC~H~1 (CIO0O"N)3 -
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table 1.33

Base hydrolysis of aa-[Co(tetren)NCCAH~OMe]J(C I ~
by pH stat at 25”C and 1 = 0.1 mol dm~-3 (K )

pH 10N loh™] Io'\kobS |0"’\kobsl(0h "1
(mol dm (s-D @m™ mol-~ s

7.30 2.60 0.17 6.53

7.51 4.22 0.27 6.39

8.07 15.61 1.01 6.47

8.20 20.69 1.33 6.43

The mean value for the second order rate constant is

2 3 -1 -1 i i i
K -~ 6.45 X 10 dm mof s A linear regression analysis

2.3 R R ineti
gives = (6.43 t 0.02) X 10° Wn molf = s The kinetic

data indicate that the complex 1is isomerically pure with

plots of 1log(V~-V~) versus time giving straight lines over

four half-lives. A spectrophotometric interval scan for the

reaction 1is shown 1in Figure 1.26. Isosbestic points are

found at 374. 400 and 494 nm. The visible spectrum of the

of (Co(tetren)OH1

The base hydrolysis Kkinetics for the complexes

(Co{tetren)NCR)(CI04)3 are summarised 1in Table 1.34.
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TABLE 1.34

Base hydrolysis kinetics of [Co (tetren)NCR) (C: ): - (SN1CB)

N N
Complex kOH (m” mol s
aa-[Co(tetren)NCCHs I3+ 6 .2 X 107N

+
aS—[Co(tetren)NCCHS)3 2 X 10”7

+
aa—[Co(tetren)NCCgH’\l’3 2.3 X 1.7
aa-[Co(tetren)NCCgHAOMe] >+ o £ X 107

- 3* (R = CH
Base hydrolysis of (Co (tetren)NCR) s,
p-MeO-CgH”~) gives (Co (tetren)OH 1™ probably by an SNICB

i-eaction mechanism.

An infra-red spectral comparison of V C=N for
I (NH3)5Concbl=* _nd RCN .hovs th.t el.

.ithdraw.l from the nlttlle bond takes pl.c to a similar

3+ -
extent for [(NH:)”ACoNCR] and [Co(tetren)NCR] The .r
data are shown In Table 1.30.

hydrolyse, to give the coordinated carboka.ido complewes,

By analogy, as 1(NH3>5CONCB1"

105 .

[ (NHs )sCo NHCORT 2 . then ¥M® RIEFIIE gFoup in [co (tetren)NCR1

should be sufficiently electrophilic to allow attack of OH
give [Co(tetren)NHCORI™\ however, a comparison of kinetic
data for base hydroiysi.s (r#: R:o(tetren)NCR]

and [(NHs)sCo NCF?I'3+ (]I-'%’bhllg 1 35) reveals that carboxamide

(Table 1.34)

formation &bes MA% 1'taaee %Iace in the tetren system. SNICB
displacement of coordinated NEB B¥ OH~ is much more rapid,

_ _ 1 In view of the extremely fast
This result is not surprising m view

to
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displacement of the substituent X by Oh“ in all [Co(tetren)X1""

systems studied so far.
TABLE 1.35

Base hydrolysis rates of [(NH3)”CoNCR1™ and free BCN

2+ s
R 1{NH3),CoNCRI free nitriles
*NOH <bh
3 -1
(@n3 mor ! 1% (dm™ mok s )
-6 a
CH3 3.4 ~ 1.6 X 10
-6 b
18.8 ~ 8.2 X 10
NG6»5
* H A\
a. taken from reference 61 T 250¢ ! X-0 mol din (NaCl0™)
b. taken from reference 61 T = 25.6»C

A kinetic study of the reaction of aa-(Co(tetren)-

NCCH31(C10,)3 With sodium azide was undertaken under conditions

where displacement of NCR by OH~ was excluded (pK 5.7).

interval scan spectra for the reaction in 0.068 mol

dm-~ (NaN3) indicated that two reactions were occurring. The

final spectrum had a band maximum at 465 nm consistent wrth a

CON, Chromophore. A kinetic study allowed rate constants to

Le evaluated Tfor the two

reactions designated -fasf and eeslow-

- - "fast™ reaction are summarised in
The kinetic data ?br the Fast

Tab le 1.36.



TABLE 1 .36

Kinetic data for the "fast”

with aa-[Co(tetren)NCCH21

reaction
A

107

of

sodium azide

10"k~ /(NaN 1
(NaN~1 107K oy obs” (NaN 5
3 -1 _-ifF.
s dm~ mok s °J
mol dm " (
1.06 15.6
227 14.7
3.99 21.7
the absorbance change was monitored at 320 nm.
WMIe 1t w». difficult to me..ur. -1th high d.gre. of
precision for the -fst"™ reaction the rate law -as found to
} -2 3 ~1 ~N
with the mean value of = 1-72 x 10 dm mol s

a linear regression analysis

The "slow"

_ _ r-oni-ration
of the sodium azide concenci

a

changes due to this rea

-TIL- process show. Increases

with very little change

that the "fast'’

—irr, 196
reaction s
- - f r i
nitrile to give the Eg¥rg%8f
reaction 1. a Unhag.

the tetrazolato

a
The tetrazolato complex

k/\

reaction

f1low Kk
o

In band

azide
azio
at

lsoe.r1..tlon

ring to Co(IlH)

= (2.27 t 0.9) x lo" dnm"

has a rate which 1is independent

The monitoring of absorbance

to bc evaluatcd,
bs

Interval scan spectra for the

In ah.orh.nce at all wavelengths

«asl«a. These data suggest

ion attack on coordinated

complex while the "slow"

In which the donor ato. of

changes as shown 1in

(13).

i~tl~ren)_ N CCH 1 (CIO. ), i dil
(Co(tetr ). 4 n ( 4% ts readrly
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isolated in the solid state from reaction of sodium azide with
(CoitetrenjNCCHAI 3" The literature shows that the rate
of to N2 linkage isomerisation for (5-me “ltetrazolato)
pentammine cobalt(lll) 1is very pH dependent with the rate
most rapid at low pH and slowing considerably as neutral solution
is approached.The mechanistic interpretation of this

behaviour 1is to attribute different rate constants for 1iso-

merisation to the protonated and deprotonated o" and 2')

complexes (17) -

3+
k3-» . A
(NHAION INHA"CoN

CH

N 2 H

NHAICoN
(NHMCoNA ) ‘ ( °
N N tH

CH.

an
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The linkage 1isomerisation reaction of (Co (tetr en)NA:CH3JMN s
extremely slow at pH 5.7 with kW= 3.5 x 10 s The

. pH
dependence of the reaction was not studied, as the sodium azide

solutions prepared below pH 5.7 rapidly become yellow, perhaps

due to formation of HN3 (HN3 has pK™ = 4.7).

A useful comparison can be made of the second order
rate constants Tfor Oh"™ and N3- reaction with

NCCH31(C10,)3 k~n,, = 6.2 X

aa-[Co{tetren)

1o2 dm” mol™*™”™ s kj,3 = 1.72 X 10

3 The enormous rate difference found for the
dm mol s

",ctlon of theso two .tton, nucl.ophtles with tho s.«.

C.c.-]Co(t,tt.n)NCCH3)(CI0~)3 e futth.t .vld.nc. th.t both

ptoo.oa by diffront ._.oh.nfws.

sobstr.th

-,otloh. » hydroride wes

ett.ohln, the ooordlh.ted nitrile to give the coordlh.ted
.rboreolde. would be expected to be _.lolfr to the v.lue

found for .tide 1lon

ettech on coordlneted nitrile to give the

compleXes.

parameters for the reaction of N. and OH

Wikh [Coltetren)NCR! ngg not determined. However, base

hydrolyels of ,Co,tetreh,NCB, , by en SKICB prooes., to give
|]Co(tetren>0HI™* would be expected to have . large poeltlve
ds* value. While the value found for ba.e hydrolysis of

[(NH3).CoNCCgHAL 3% to give EAE Lpgphginated carboxamide

has = -63.5 J K-" mol"~~~n A substantial negative”
dB- 1. also expected for aride

lon attach on ,Co.tetre, ,hCh, *

2+
to give [Co (tetren) N~RI
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The major pathway labelled (1) corresponds to

hydroxide 1ion attack at the carbonyl centre leading to

(Co(L)OOCHIand (CH3)2NH while the minor pathway (2) leads

to direct SNICB displacement of DMF by OH giving [Co(L)OHI

and DMF. The second order rate constants determined

at 25»C, for formation of [Co (L)OOCH1~ are as fTollows;

- = N LLVAN " NN = N
for J‘: (NH ) &hyd 1.3 dnm mol s\ for L [1SlaneN™,
= 3.2 X 10-2 ~"N3 ~nne 3-1.70 compared with hydrolysis
- _ _ 71
Of uncoordinated dimethylformamide,

amide cleavage ih
N

3 i Y i
[ (NHj)~CODMF] is accelerated > 1o fold, a rate acceleration

due lolely to the entropy term. The rate of DMF cleavage is

also dependent on (L) the "inert" 1ligand, with the rate

for [Co[l5]aneNg OMFIM*~ being less than that

for [(NHj) ~CoDMF] 3+ This rate difference 1is probably due

to th. m.ctocycllc Illgond with it. «or. b.slc ..cond.ry

nitrogen .to«s donating «or. si,«, .l.ctron density to Co(lH)

and thereby reducing th. Lewis acidity of th. central ™etal

4 .2 Experimental

The c=«pl.x a»-1Co(t.tr.n,clMclo,)cl (30,.. 7.16

..oles, was dls.dv.d 1In dl«etbyl1for..«ld. (lo c«\ dried over

BDH .olecular 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. Precipitated

sliver chloride was filtered off and the red filtrate was

treated with ethanol to give a 0O oil which solidified upon
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trituration with ethanol. Upon .tandln, a fine red pooder .ettlod
to the bottom of the beaker. The supernatant was decanted

leaving the product which was washed twice with ethanol,

ether
and dried iji vacuo =
calc, for 1Co (CqM23N5)0CHN(CH3)21(C104)3: <€,21.35; H.4.72;
N ,13.58 :
Found: C, 22.39 ; H.5.01; N ,13.80%-

The 1.r. spectrum (KBr) of this complex has a strong band

-1 assigned to V CO. The electronic spectrum measured
1660 cm

in o.l .01 d«-~ HCI0, has band maxim, at 358 and 493 nm. h “H

hmb spectrum of the complex -as recorded In using
h.tms as an internal reference. Two signals due to non-

methyl groups NCCHj)”™ occur at 2.
2.876 with the formyl

egulval_.nt N-bond.d 716 and

,a— =2 RR<S A NMR spectrum
glet seen at 7.986.

single
RO-D shows an extremel
of the complex in Me 2S0 Row" X y

complex spectrum

with forty peaks of measurable intensity.

Kinetics

The pH stat technique was used to monitor the base

hydrolysis reaction of ,Co.tetren,PMP,

.=10g.3 - 7~ N—

p,, range s .6-9.0. The 1lonic strength was maintained at 1 - 0.1
1 first order rate constants were

mol dm*"~ (KNOs). The pseudo first o

_ i, ata usin the Swinbourne
determined from the experlmenfgq Hata 9

calculation -
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t,lteration with .th.nol. Upon standln,

. fth. ted powder settled
to the bottom of the beaker.

The .epernataht was decanted off

leaving the prodect which was washed twice with ethanol,

ether
and dried vacuo.
calc, for 1Co(CgH23N5)0CHN(CH3>2MC104)3: <C,21.35; H.4.72;
N ,13.58 ;
Found: C.22.39; H.5.01; N ,13.80%.

The i.r. spectrum (KBr) of this complex has a strong band

1 ; _ spectrum measured
1660 cm assigned to V C=0. The 1
H

in 0.1 mol dm"~ HCIO™ has band maxima at 358 and 492

spectre, of the co.pler was recorded in Me,SO-D”™ using
h.T«s as an 1internal reference. Two eign.ls due to non-
eguivalent N-bonded .ethyl groups HICHjlj occur at 2.716 and

_ _ a 7 R« A NMR spectrum

2.876 with the formyl singlet seen at 7.886.

of the complex m Mé2g8:Bg§H8W§ an extremely complex spectrum

with forty peaks of measurable intensity.

Kinetics

The PH stat technrgue was used to monitor the base

} action of (Co (tetren)DMF 1 (Ci10_~)3 at 25 C in t
hydrolysis reacti
86 90 The 1ionic strength was ,alntalned at 1 m 0.1
pH range 8 .6-9 .U.
T first order rate constants were
,>01L dm*~ (KNO3). The pseudo Tfirst or

determined ?FBW {Hg ex&erimen?ﬁﬂ'ﬂ%%g H§iﬂ8 the Swinbourne

calculatione
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4.3 Results and Discussion

Synthesis and Stereochemistry

Analytically pure [Co (te t ren) DMFKCI10” )3 was prepared

by silver catalysed anatlon of lsome rilcally pure cci- ICo (tetren)-
cl)(cl0~)cl . The DMF complex which could contain either
N-bonded or

O-bonded dimethyformamide was characterised by

consld.r_tlon of 1i.r., electronic and »MR epectra.

The i.r. spectrum (KBr) has V C-0 at 1660 cm and

this stretching frequency 1is in close agreement with V C=0 for

similar O-bonded DMF complexes (1 (NH3)5C0oDMF1 with VvV C-0

1655 cm"”™ and [Co(l5]JaneN5 DMF]”~* with V C=0 at1660 cm ).

The visible spectrum measured in 0.1 mol dm

perchloric acid has the lowest energy ligand field band at 492

n.. 1identical to that for a6S-(Co (tetren)OH 1™

and is therefore

characteristic of the CoN”~0O chromophore.

The O-bonded DMF structure of [Co (tetren)DMF) (CIO"N)3
is supported by NMR (Me~SO-D, solvent). The NMR of

uncoordinated DMF has ~

signals for the methyl groups on

the nitrogen atom. The methyl groups are non-eguivalent due

to restricted rotation about the N-CO bond as a result of

partial double bonding involving the lone pair on nitrogen.

TWO methyl signals are also seen in [Co(tetren)DMF) (1 ) 3

at 2.71 and 2.876. with a singlet at 7.886 which can be
. i 819) The possibility that
assigned to the formyl proton, )

_ _ ordinated to Co(111) and that the
the nitrogen atom is co
.ethyl

two
signals arise from coupling to the formyl proton can

be excluded as the formyl resonance occurs as a sharp singlet.

The NMR data for ,Co(tetren)DMF1(C10,)3 and similar systems

are given in Table 1.37.
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however, from our general experience of [Co(tetren)X!

systems it is unlikely that hydroxide 1ion attack on coordinated

DMF is taking place. The two steps are most probably due to

SNICB displacement of DMF in two different isomers of

(Co(tetren)DMFI(C104)3. The presence of an isomer

mixture
in the sample of (Co (tetren)DMF1{CI0, )3 1is indicated by “ c NMR,
- NN " " = i
For the complex, the ratio k* fasf/k stow 63- This
_ _ "slow”™ found for base
ratio 1is comparable to kv ""OH
hydrolysis of [Co(tetren)02CR1 (Table 1.39) and supports
the view that "fast" cetre.ponda to has. hydrolysl. of
aRR- (Co(tetren)DMFI while ko, SI1OW" corresponds to base

3+
hydrolysis of aa-(Co(tetren)DMF]

TABLE 1.39

Base hydrolysis data for (Co (tetren)X1"”™ at 25<>C and

I = 0.1 mol dm (KNO3)
Isomer Isomer . kOH fast'"/
assignmen X “slow"
Ch
DMF 1.2 x lo* alRR-
02CCH3 4.3 x 10~ aRs-
02CC2H5 1.0 x 10~ alkR-
02CCH2CcI 8.3 x 10~ alRR-
02CCHCI2 3.6 X lo™ aRR- 7.43 X 10

- and Co (tetren) NCR] ~
in some respects (Co{tetren)DMF1 ( ( ) 1

are comparable sys%emg in EH%E ngh DMF and NCR are potentially

_ I at-tack Studies on (Co (tetren)NCR 1
susceptible to nucleophilic attack.
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have shown that while azide ion attacks the

_ - - _ , hydroxide 1ion does
nitrile to give the coordinated y
not give the carboxamido complex. In the latter case direct

2+
ai.plac.nent of NCR by OH®

occurs to glv« ((Co(t.treb>0H1

By .n.logy, it Is not surprlsin,

that b.so hydrolysis of

|Co(t.tron)D«FI~* tsk.s pisco with dl.pl.c.o.nt of DMF by

OH- to give lcoit.trohloHI™* to the .«elusion of hydroxld. 1ion
attsck on coordln.t.d DMF to glv. 1C0o<1.1r.n)0O0OCH1 - If OH
was directly _.tt._.cking coordin.t.d DMF to glv. (Co(t.tr.n »0CHI
th.n th. r.t. constant for th. proc.ss would b. _.«p.ct.d to b.
of a slbllar , .gnltudo to that found for asido ion attack on
ooordinatod nitrilo in ,Co<t.tron.NCR1” e Tho obs.rvation”~that

th. rat. constant, for b.s. hydrolysis of ,Co(t.tr.nlIDMF

ar. s.voral orders of .._.gnltudo greater than th.

rat. constant
for asido ion attack on th.

3+
coordIn.t.d nitrile in (Co(t.tr.n.NCCH,,

-2-3 _ is urther support for the
1%72 X 10 °dm  mol s j X PP
(ans 3+
N R takes place by
view that base hydrolysis of [Co(tetren)DMF1

L2+
an SNICB mechanism to give (Co(tetren)OH]
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CHAPTER 5

Syrtthesls and Base Hydrolysis

Kinetics of [Co (tetren) DMSO] (ClIO™1-,

5,1 introduct ion

several cobalt (111) complexes containing the

ai.ethyl_ulphoxlde (DMSOl have b..n

A-lICo(ea,,(X,DMSOIN"* x

prepared leeladln?

- Cc1", Br©, NO,") and
1 ,NH3>5Co DMSOi”*.” cobalt (111) ooordlIn.t.e to DMSO via the

oxygen atoh. In eoch co.plexe. DMSO funotlone at a good leaving
group. Reaction, of (,NH,, ,CoD»SO, Include the oxidation of

coordinated DMSO to dl.ethyl _.ulphone, using potas.luo per-

manganate.’® The dl.ethyl _.ulphone 1. a poor

ligand and
the coordination sphere of C0.111).

leave, This reaction

carried out In the presence of co.petln, ligands H,0 and CI

has provided evidence #br ng EQHStengg

of the five coordinate
isten

pentammine Co(lll) complex.

Base hydrolysis studies have been undertaken on pent-~

amminecobalt(lll) complexes containing

neutral 1leavxng groups,

that 1. ,,MH3),Co (D),”” »here D - (MH~I.CO, ,C,3)3S-0 and

,C,, 0) P.O. The result,

.upport the SNICB ..ch.nl...

in the present work, the complex ,Co(tetre, )DMS01(C10,)3

ha. been prepared and the base hydrolysis kinetics studied.

5.2 Expe rimental

[Co (tetren)DMSOl (ClOo~IN

The complex ota- ICo (tetren)H2°1 CI10”)3
d
a

(0.5g.. 0788

issolved in dimethylsulphoxide (DMSO) (10 cm ) and
mmoles) was issoxv
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the solution heated at 60"C for 1 hour. Upon cooling, ethanol

,as added to precipitate a stichy red solid. The mixture was

allowed to settle and the supernatant decanted leaving the
hygroscopic

product which was scrubbed with ethanol then ether

and dried 7 vacuom

calc, for I1CoCCgHjJjJNjIOSICHjJ)C.19.23

Found: c.20.52, H.4.98: N,10.07%.

The I1.r. spectrum (KBt) of the complex has U S-0 at 940 cm

The vi.lhle electronic spectrum measured in dl._.ethylsulphoxide

has hand maxima at 350 and 500 n.. A NMR spectrum of the

complex was recorded in D,0 containin, 1 drop of PCI, Na THS
was used as an Internal reference. The sulphur bonded methyl
,roups display a singlet at 2.706. NHH spectra of the
complex, ,Co(tetren.P»S01(C10,>3 show a large number of p.aXs

pf measurable 1intensity and suggest that the sample 1is composed

of a mixture of isomers.

Kinetics
Base hydrolysis of [Co(tetren)DMS01(Cl ) 3 was
d* d spectrophotometrically at 25“C, using freshly prepared

acid buffer solutions. The 1ionic strength was

_3 A
maintained at 1 = 0.1 mol dm (NaClo™).

5.3 Results and Discussion

preparation and Stereochemic

lcoCtetrenlIDMSOKClIo.lj was prepared by warming

oure aa—[foEEéEFgREﬁzg}(CIOi)B in dimethylsulphoxlde. The
i, . .. .3 _ 1 etronic and NMR spectra recorded for the
i,r . visible-eieci:i:<j»>n

, H.4.68, 0.il.21:
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product are consistent with a complex having DMSO coordinated

to Co (111) through the oxygen atom. The 1i.r. spectrum (KBr)
of the complex has V S»0 at 940 cm_1 This value 1is comparable
to that for [(NHA)ACoDMSO013' with V S-0 at 937 cm +

-1

of crystallisation has V S-0 ca*. 1116 cm . The visible
electronic spectrum of [Co(tetren)DMSO)" has two d-d ligand
field bands with maxima at 350 and 500 nm, consistent with a
CoN~0 chromophore. The NMR of the complex [Co(tetren)DMSO)"
implies that both of the methyl groups of coordinated DMSO

are equivalent, giving a singlet at 2.706. The ~~C NMR spectrum

of the compound 1is complex. The Ularge number of signals indica-

ting a mixture of isomers.

Kinetics

Interval scan spectra of [Co(tetren)DMSO0O) (ClOM)N

were recorded at pH 4.0. The spectral changes accompanying
base hydrolysis are shown 1in Figure 1.27. An isosbestic point
occurs at 477 nm. While the initial spectrum of [Co(tetren)-

DMSOI(CION)”N has a band maximum at 500 nm the spectrum of
the hydrolysed product has a band maximum at 472 nm. The
final spectrum 1is identical to that of a6R-[Co (tetren)H" "01-

{CIO0™M)N- Kinetic data are summarised in Table 1.40.
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TABLE 1.40

Spectrophotometric data for base hydrolysis of

-3
[Co(tetren)DMS01(Cl104)3 ~ at 25»C and |1 = 0.1 mol dm"" (NaClo®)
pH 107°[OH 1 100 s |O"Sobs/[oh”l

(mol dm s (dm  rool“~ s
4.23 2.22 0.52 2.34
4._42n 3.47 0.73 2.10
4.723 6.93 1.45 2.09
5.033 14.15 2.76 1.95

| Lol
the reaction was monitored at 310 nm.

The mean value for the overall second order rate constant

\ = 2 12 X 10” dm™ mol"~ s"AN

Linear regression analysis

3 -1 -1
gives = (1.89 + 0.04) x 10® dm mol S - Plots of

log(A"-A") versus time are linear for four half lives.

The constant, evaluated for base hydrolysis of

(Co(tetren)DMSO0)(CI107)3 is extremely fast relative to base

n+
hydrolysis rate

constants measured for other [Co(tetren)X]

systems suggesting that the reaction monitored is base

hydrolysis of agR- or a3S-[(tetren)DMSO)”"™ rather than the

aa-isomer. This view 1is supported by the visible spectrum

of the product of base hydrolysis which has a band maximum

at 472 nm. Authentic aBR-(Co (tetren)H30)™M has Xmax 472 nra,

while aa-[Co (tetren) H20I bas
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Introfiuct ion

The study of the base hydrolysis reactions of
Co(lll) halopentaamines 1is continued 1in this Section with
complexes of the type ICo(trien,(A)C11~\ where trien is the
quadridentate nitrogen donor Jligand triethylenetetramine
and A is a unidentate amine (A = imidazole (ImH) n-butyl-
amine (BuNH”) pyridine (py) and 2 ,2-dimethoxyethylamine

NH2CH2CH(OCH3) =

complexes of the type (Co(trien)(A)C11”7~" can exist
in the topological forms shown in (2)A, B, C and D. While

the "-a-isomer (2)A can exist in only one form, the t ~*

isomer (2)D h.. _.evoral possible dla.tereolsomer.. The

(2)C and cis-&o (2)B geometrical 1isomers have two possible
diastereoisomers arising from Eiifff>rent arrangements of the
chiral nitrogen centre present 1in 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 ICo(trienMH20)21”~" but Tfor |1ICo (trien)C171” and all known

,Co(trien) (A)CI, A~ complexes the -isomers have not been
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detected and the cis-isomers are found only in the cis-a-
and cis- forms . Non-bonded interactions are responsible
for the greater stability of the £:,3-32- form over the
cis-Bj®~ form. ~

In the literature, and in the present work,
of [Co(trien)Cl 21~ with amines have been confined to the CiS®
isomers of [Co (trlen)C1l21 e The complex, tran£-iCo (trien)Cl21
was not used, although in an analogous system, the reaction of
trans-[Co (en) ~Cl., ] (en = ethy lenediamine) with a series of
primary amines has been shown to give cj”-[Co (en)2 (RNH2)C112+
complexes.

Reaction of [Co (trien) Cl21 with an amine has several
possible outcomes. An amine with strong donor properties will
displace CI“ to give [Co (trien) (A)C1]~ but a strongly basic
amine will generate hydroxide ion which may displace CI to
give [Co (trien) (OH) CI 1w\ Weak bases may lead to disproportiona
tion of the dichloro complex to give [Co(trien)] , however,
it is found that reaction of [Co(trien)C121 with a wide
range of amines allows isolation of complexes of the type
[Co(trien)(A)c1) 2*

Dash” has reported that crude cis-B-[Co(trien)Cl21
reacts with imidazole (ImH) to give cf£s-62""<o (trien) (ImMH)C11
while cis-a-[Co(trien)CIl21I" reactS$S with imidazole -»0 G<VE
cis-a-[Co (trien)(ImH)CII Moharty and Nanda”~ found that
cis-g-[Co(trien) (aniline)Cl1 was the product from reaction
of aniline with crude [Co(trien)C121" while cJ”-62-1Co(trien)-
(aniline)ClI™™ was synthesised from ci”~-B2"1Co(trien)C121” and

aniline. The comp lex cj”-B2"1Co (trien) (benzimidazole)C1l1

was found to be the only product from reaction of either crude.
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- , A with benzimidazole. Cis a-
cis-g- or cis-8”"-

(Co(trien)(glyOEt)Cl]2+ L was prepared in good yxeld by

triturating cis-a-[Co(trien) (HM"O)CII™* and glycine ethyl ester
hydrochloride 1in basic medium while £ ~ -82~1ICo (trien) (glyOEt)-

CI12+ 8 was prepared by reaction of c”s-82(Co(trien)C121 * with

glycine ethyl ester hydrochloride. Gainsford e aj". reported

2+
that cis-g-[Co(trien)(NH2CH2CH(OCH2)2~rnn  WaS the product

from reaction of 2 ,2-dimethoxyethylamine with either cj”-a-

or cis-8.,-[Co(trien)CIl21 From the above results the

relationship between the isomer geometry of the reactant

[Co{trien)CI21"” and the product (Co (trien) (A)CI ]~ seemed

worthy of further 1investigation.

The 1intention of the present work was to expand the

range of known cis-[Co(trien) (A)CI 1™ complexes and investigate

their base hydrolysis kinetics as a function of (&) the isomer

geometry of the complex and (b) the unidentate amine Jligand (A)

Kinetic studies have been reported on the spontaneous aquation

reactions of [Co (trien) (A)C1]I™ complexes at elevated

temperatures with rate constants for base hydrolysis obtained

4,5,6,10
by extrapolation of the aquation rate data.

independent base hydrolysis rate constants have been evaluated

directly and it was hoped to rectify this position 1in the

present work.
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Exper imental
Preparations

Isomerically pure samples of cis-a-tCo(trien)CI”ICI

and cJ”™-62-(Co(trten)CI2ICl were prepared and characterised

by the method of Sargeson and Searle.

cis-a-Co(trien) (ImH)CI)(Cl10nM)CI

The complex cis-a-[Co(trien) {ImH)CI] ~ was obtained
if cis-g- ,JC1 or cis-B-[Co (trien)CI2ICl were used
as the starting materials.

Method A

By the method of Dash,”° tCo (trien) Cl 2JClI

(6.23g., 20 mmoles) and imidazole (1.5g.. 22 mmoles) were

suspended in 10 cm”™ of water in a mortar containing a few

drops of 0.1 mol dm"~ perchloric acid. The mixture was

ground continually for 24 hours, during which time it coagulated

and became purple-red. The paste was scraped out. Tfiltered

under vacuum, washed with ethanol, ether and air dried to give

a crystalline solid. The crude product was dissolved in warm

0.1 mol dm”” perchloric acid and left to stand. The red solid

which crystallised, was filtered off, washed with ethanol,

ether and air dried. An i1.r. spectrum of this material shows

it to be a mixture of unreacted cj”-62"tCo(trien)C123}C1 and

the desired product Co (trien) (ImH)CHCI2. A second crop

of crystals came out of the filtered solution upon further

standing, these were filtered off, washed with ethanol, ether

and air dried. A visible electronic spectrum shows the second

crop product to be isomerically pure cis™-a-[Co (trien) (ImH)CI 1-

(cros)cl .
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place and the mixture coagulated. The paste was scraped out,
filtered under vacuum and washed with ethanol and ether, giving
a crystalline solid. This crude product was 111 ised
from the minimum volume of 0.1 mol dm perchloric acid.
Calc, for [CO (CBH'I8N‘4)C H NCI 1.(£;.I-Q;21 5 - C,25.47; H,4 .47; N ,13.50;
Found: C.,25.86; H,4.41; N,13.30%.
An i.r. spectrum (KBr) of the complex has a broad absorption
band between 1560 cm"™” and 1590 cm"~ with a sharp absorption
band at 1610 cm””™. The visible electronic spectrum measured
in 0.1 mol dm*“”~ HCIO”N has band maxima at 371 nm (£ = 111) and
484 nm (e = 113) with a shoulder at 540 nm (€ = 78) indicating
the sample to be cls-Bt" ( trien)(py)Cl)@i0n)2*

The preparation was repeated several times using
both cis-a-[Co(trien)Cl21Cl and cis-Bp“"tCo(trien)CI”~)Ci1”~but
in all cases the product was found to be cis-B2~tCo(trien)

(py)CI)(C104)2 -

Cis-a- [Co (trien )(BuNH2)C1] (Ccl10on)ClI

Cis-a-[Co(trien)CIl2)Cl (0.62g., 2 mmoles) and
n-butylamine (0.16g., 2.2 mmoles) were suspended in 1 cm
of water 1in 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 crystalline solid. The 1i.r. and electronic
visible spectra identified the solid as unreacted ci_s-a- [Co-
j~ fgr))Cf~JC1. The red ethanolic washings from the above

were treated with a few drops of 60% perchloric
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acid and left to stand until a red-violet solid crystallised
out from solution. This crude product (Co(trien)(BuNH2)C11C12
was TFTiltered off, washed with ethanol, ether and recrystallised
from 0.1 mol dm ~ perchloric acid giving cis-a-[Co(trien)(BUNH2)
Ccl ] (cion)cl

Calc, for (Co(CgHj”~gN™) (CMHjAjAN)CIT (Clo~)CI: €, 26.77 ;

H,6.51; N, 15.61,«

Found: C, 26.90; H,6.58; N,15.65%.

An i.r. spectrum (KBr) of the complex has a sharp, strong
absorption band at 1570 cm" and a broad absorption band
between 1595 cm and 1615 cm The visible electronic
spectrum measured in 0.1 mol dm 2~ HCIO™ has band maxima at

366 nm (e = 10lI) and 530 nm (e = 91) with a shoulder at

490 nm (e = 75) 1indicating the sample to be cis-a-[Co(trien)-

(BuNH2)C11 (Cl0~)CI.

Cis-g-[Co(trien)NH2CH2CH(OCH3)2CI]Br2

By the method of Gainsford et al. cis-a-[Co(trien)-
Cl2IClI (4.65g., 15 mmoles) was suspended in methanol (200 cm )
containing 2 ,2-dimethoxyethylamine (1.57g., 15 mmoles). The
mixture was refluxed for ca. 90 minutes during which time
the violet starting material dissolved to form an intense
red-violet solution from which violet platelets of £i”-a-
[Co(trien)NH2CH2CH(OCH3)2CI1I1CI12 gradually deposited. After
the solution was cooled the product was filtered off, washed
with ethanol, ether and air dried. The crude product was
rec: from water (90 cm”) by the slow addition of

aqueous sodium bromide (79. in 30 cm water)
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calc, for [Co(CAHAGNA)NH2CH2CH(OCH3)CIIBr2: C.23.74 ;

H.5.78; N,13.91 ;

Found: C,24.08; H,6.07; N,13.96%.

The 1.r. spectrum (KBr) of the complex has a strong, sharp

absorption band at 1560 cm"~ with weaker bands at 1578 cm

and 1590 cm ~

The visible electronic spectrum measured in water

has band maxima at 367 nm (e = 102) and 533 nm {£ = 103).

The literature reports absorption bands at 367 nm (e = 102)

and 535 nm (G 105)

Kinetic Measurements
Kinetic studies were made on the base hydrolysis

2+ A — imi
reactions of [Co(trien)(amine)Ci1 (amine = imidazole.

pyridine, n-butylamine, and 2 ,2-dimethoxyethylamine) under

pseudo first order conditions, at 25“ and I - 0.1 mol dm

(NaClo ). The spectrophotometric technique was used, monitoring

absorbance changes at a pre-selected wavelength. The pseudo

first order rate constants (kMs? determined from the

experimental data using both the Swinbourne method and the 16 point

first order programme. The variation of kA~ with hydroxide

ion concentration allowed evaluation of overall second order

rate constants for base hydrolysis

The mercury (11) assisted aquation reaction of

- B 2-[Co(trien) (py)CI)2" was studied at 25»C,

n using pseudo

first order conditions, with (Hg""01l > 10(complexl. Mercury (11)

solutions of varying concentrations were prepared by dissolving

appropriate amounts of Hg(N03)2*H20 iIn aqueous nitric acid
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total 1ionic strength of I - 2.0 mol dm . After

spectral scans to establish 1isosbestic points Kkinetic data

were obtained by adding a small amount of c”~-6 2"1Co (trren)

(py)CIl (Cl104)2 to the mercury (11) solution and monitoring

the absorbance change with time, at a pre-set wavelength.

Results and Discussion

In the present work, cis-a-[Co(trien) (ImH)CII

cis-g-[Co(trien) (BuNH2)C 11~ cj™-a-[Co (trien) (NH2CH2CH (OCH 3)2
CI]n"" and cis-62-1Co(trien) (py)Cll

were prepared from crude
cis-q-, and cis-6-[Co(trien)Clp) The 1isomer geometry of the

products [Co(trien)(A)Cl]"z’t was independent of the stereo-

chemistry of the reactant complex (Co (trien)Cl21 ©t)Ut was

dependent on the nature of the amine (A) used in the prepara-

_ _ s are summarised in
tion. The reaction

Scheme 1.

+ cis-qg-(Co (trien) (ImH)CI] 2"

> c”-6_-[Co(trien o § I

syriaime O 65 Icoctrien (o)

Crude

cis-q - - 2
sel ] > cis-g-[Co(trien) (BUNH2)CI1

cis-6. butyTamine -

> cis-g-(Co (trien) (NHpCH_CH-
2 ,2-dimethoxy- —— N2+

ethylamine (OCH3)2CI1
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reacts with imidazole to give ¢~ -a - ICo (trien) (ImH)C11

ICo(trien)CIl21 reacts with imidazole giving ci_s-62-

(Co(trien)(ImH)CII1

For [Co(trien)X21 (X = Cl, NO2, H20), Sargeson

and Searle” found that the relative stabilities of the

cis-g- and cj”~-6-isomers of [Co (trien)X21 are a Tfunction of

the substituent X rather than of the possible strain associated

with coordination of the secondary nitrogen atoms 1in the two

configurations. The dichloro and dinitro complexes appear to

favour the cis-a- Tform. A concentrated solution of

Cis-6- 1 in hydrochloric acid slowly changes to
cis-g-[Co(trien)CIl21 The diaquo 1ion [Co (trien) (H20)21
favours the cis-B—< and there appears to be no
obvious between either the size or the

of these substituents to account Tfor the variation

in stability of the geometrical forms. Extrapolating this

2+
result to the present work, the

isomer of [Co(trien)(@)CI]

resulting from reaction of [Co(trien)C121” with an amine is

probably the most stable form for the particular amine (A).

The assignment of isomer geometry (Co(trien)(A)C1l)

complexes has been made from a consideration of 1.r., visible

spectra and NMR spectra.

l.r. data

In general, in these systems, the isomer geometry

can be elucidated from the NH vibrations of the (trien)

; 11 useful areas 1in the 1i.r. spectrum
ligand. Two p

are (a) the NH2 asymmetric deformations ca”. 1500 cm 1600 cm
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and (b) the NH stretching at ca. 3300 cm - The folding of

(trien) in the ci_s-a-isomer is such that the two NH2 groups

on trien are effectively equivalent and only one absorption

band 1is observed for the NH2 asymmetric deformations. In the

cis-B2-isomers the folding of trien ensures that both NH2 groups

are non-equiva:ent and this 1is manifested in the appearance of

1572 cm due to NH2 asymmetric deformations. Dash reports

that ci”-62-[Co (trien) (ImH) Cl ] has two bands, assigned to

NH2 asymmetric deformations of the trien ligand at 1540 cm

and 1575 cm_l reflecting the different site symmetries for

- i -BN-1i i -
isomers, The lesser symmetry of the cis-B isomer 1is also reflec

-1
ted in the NH stretching region of the spectrum ca. 3300 cm

with the cis-B2-isomers showing greater complexity than the

c_iN-a-isomers. The 1i1.r. data collected in the present work

for the [Co (trien) (A)CI ] complexes are summarised 1in

occur in the range 1500-1600 cm"™™ obscuring the bands due to

asymmetric deformation of the NH2 groups on (trien) thus
impeding assignment of isomer geometry. For c”~-B 2" 1iCo (trien)
(py)Cl]2+ in the i1.r. spectrum 1in the region

1500-1610 cm_l are attributed to the splitting of the

stretching vibrations (C-H) of pyridine.
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TABLE 2.1

Infra-red absorption bands (in cm

of the type (Co(trien)(A)Cl]’2+

) for complexes

Comp lex Absorpt ion

cis-ot-(Co (trien) (ImH)CI] >" 1572(s)  1600(S)
cis-a-(Co(trien) (BuNH2)CI] 1570(s) 1600(@m 1612(m
cis—a—(Co(trien)NHzCHzCH(oCHz)ACI)2+ 1560(s) 1578 (m) 1590(w)
cis-Bn-[Co (trien) (py)ClIn™~ broad 1560(m)-1590 (M 1610(s)

The absorption bands due to NH groups in the range

3000-3500 cm~~ for these complexes are not clearly resolved

and do not allow unequivocal assignment of cis-a- and

cis-6-isomers. Examination of visible electronic spectral

data Tfacilitates isomer assignment.

Electronic spectra

The spectra of the (Co(trien)

(A)C1 ™M complexes were measured in 0.1 mol dm perchloric

acid. The 1isomer geometries were assigned on the basis of a

comparison with the spectr parameters of cis-ot- and cis-B"~
isomers of [Co (trien)(A)C1]~reported 1in the
The data obtained are summarised in Table 2.2. Both ci”-a-

and £is-B2-i-sobers of [Co (trien) (A)C1]~ show two d-d bands

as expected for octahedral Co(lll) (low spin, d®). The highest

energy band for both 1isomers 1is found 360 nm and 1is

assigned to the transition 7"AN - The absorption band at

lower energy 1is unsymmetrical in appearance and 1is significantly



different for cis-a- and cis-tij-isomers thus allowing

differentiation between the two
[Co(trien) (A)CIIM have band maxima ca.
shoulder ca. 490 nra while cis-B2~tsomers have a band

ca. 490 nm with a shoulder ca™.

TABLE 2.2

Visible absorption spectra of [Co(trien)(A)CII

isomers.

540 nm.

535 nm with a

140 .

Cis-g-isomers of

maximum

in aqueous

solution. Numbers 1in parentheses are the extinction

coefficients in M ~ cm

Complex

cis-a-ICo(trien)(ImH)CII~
cis-g-[Co (trien) (PhNH2>C11
- . 2+ C
cis-g-[Co(trien)(NH2)C11
cis-g-[Co(trien)(BUNH2)C1) "
cis-a-[Co(Ctrien)NH2CH2CH(OCH~)~CI1
cis-82“1Co (trien) (ImH) C1 I~ n
cis-62-1CO (trien) (PhNH2)C1 ]
- ,2+ €
cis-62* (BzH)CI)
+ C

cis-62-[Co(trien)(NH2)C11 >

cis-~-[Co (trien) (py)ClHI™

present work,

taken from reference 5,
taken from reference 9,
taken from reference 4,
taken from reference 6

measured in 0.1 mol dm

measured in water.

X ,nm

365, (111

366, (10I)
367 (102)

360, ., (111)

370, (148)

3L (1D

perchloric acid,

X ,nm

N
480 N(71)

490 N(75)

480 (110)
490 (114)
495  (126)
475  (93)

484 (113)

X ,nm

535  (109)
525 (124)
530  (95)
530, (9D)

533 (103)

540 (79)

540, (93

540Sh @8)
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Cis-8-[Co(trien) (py)CI]-~* prepared 1in the present
work has been assignhed the cis-B”~ rather than the cl1s-B ~
configuration. This assignment is based on the observation
that the cis-Bj~-isomer has not been found for any analogous
system and studies show that on the basis of non-bonded 1inter-
actions the cis-B2~f°~ favoured over the cis-B ~
configuration.

Finally cis-a- and cis-B-isomers of [Co (trien)(A)Cl]2+
can be differentiated on the basis of rate constants evaluated
for their base hydrolysis reactions to give [Co(trien)(A)OH) 2r
with the rate constants for base hydrolysis of c_I*-B2“ICo (trien)
(A)Cl]several orders of magnitude greater than the rate
constants for the corresponding cis-Ci-isomers . These Kkinetic

results are now presented and discussed.

Kinet ics
The kinetic data for base hydrolysis of cis-a-[Co
(trien) (ImH)CI 1 (C10”M)CI are summarised in Table 2.3.

TABLE 2.3
Base hydrolysis of cis-g-[Co(trien)(ImH)CII(CIO~N)CIN at
25°C and 1 = 0.1 mol dm ~ (NaClon)

pH 10®@ (OH 1 io\obS kobs/(OH 1
(mol dm 7 (] @™ mol“n~ s«
8.38 3.13 0.82 262
8.60 5.20 1.47 282
8.66 5.96 1.38 231
8.865 9.35 2.22 237
a. Freshly prepared trishydroxymethylaminomethane bufferi

were used and the reaction was monitored at 540 nm.
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scan spectrum of this reaction 1is shown 1in Figure 2.1. Iso-

sbestic points are observed at 410 and 519 nm. The absorption

band maximum shifts from 535 to 490 nm consistent with the

chromophore changing from a weak ligand field to a stronger

ligand field. Plots of log(A”~-A") versus time are linear

over fTour half-lives. A sample plot is shown 1in Figure 2.2.

While 1isosbestic points are seen at 410 and 519 nm the interval

scan spectrum shows that at ca. 350 nm there appears to be more

than one reaction taking place. It is suggested that this

from the complex (Co(trien) (ImMH)OH1I~ . Dash and Mohapatra

who studied the base hydrolysis reaction of cj~-Bj ~ ~® -

(Bz = benzimidazole) Tfound that while there was

evidence of release of BzH from the complex 83-1Co (trien)

(Co(trien)(H20)2n

[Co(trien)(ImH)CII(CI10,)2 was recorded in 0.0l mol dm*a* (NaOH).

spectral changes took place over several hours with an 1increase
in absorbance at 490 nm but with no change 1in absorption band
wavelength. A

large decrease in absorbance took place at

ca. 325 nm. The reaction was not investigated further.

The kinetic data for base hydrolysis of ci”™-Bj-

ICo(trien}(py)CIJlEE!QAQZ are summarised in Table 2.4.
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TABLE 2.4

Base hydrolysis of cis-B?-[Co(trien)(py)ClI(C10n)2 at
-3
25“C and 1 = 0.1 mol dm (Naclon)

pH 10~ [OH 1 104k0bS 10~k s </ [OH~1
(mol dm™7) G-D @ mol~~ s~

3.205 2.09 1.45 6.93

3.37 3.06 1.97 6.43

3.58 4.96 3.47 6.99

3.82¢g 8.72 5.45 6.25

Fresh formic acid buffers were used and the reaction

was monitored at 320 nm.

The mean value of the second order rate constant

at 250C is ko 6.65x10°% dm> mor 1 71 Linear regression

analysis gives = (6.10 = 0.37) x I10® dm”™ mol ~ s ~

Interval scan spectra for the base hydrolysis of c_is-62-1Co-

(trien) (py)CII (Cl104)2 pH 4.38 are shown 1in Figure 2.3.

When the scan is terminated after four half-lives the resultant

spectrum has three 1isosbestic points at 334 nm. 360 nm and

512 nm. The absorbance changes are consistent with the

formation of a CoN~O chromophore having a band maximum at

480 nm. If the interval scan is allowed to continue beyond

four half-lives a second reaction 1is seen to occur. This

second reaction proceeds with a change in band maximum from

480 nm to 495 nm and destroys the 1isosbestic points seen in

the base hydrolysis reaction. Interval scan spectra for this

second reaction was recorded at pH 8 .8. At this pH base
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hydrolysis 1is complete 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 of cis-g-[Co(trien)(H_0)_] s+ has band

[Co(trien) 3* has band maxima at 357 nm (e = 85) and

487 nm (e = 122) .“Q

An approximate rate constant was
evaluated for the second reaction by monitoring absorbance
changes in the pH range 8 - 9.5. The rate constant was found
to be independent of hydroxide 1ion concentration and has
X =7 X 10 ~ s A

Kinetic studies on the mercury (11) assisted
aquation of cis-67~tCo (trien) (py)CIl] (CI0™)., confirm that
there 1is only one species in the sample undergoing hydrolysis.
Interval scan spectra of the aquation displayed 1isosbestic

points at 331, 359, 413 and 505 nm. Figure 2.4. There 1is no

indication of a second reaction following aquation. Kinetic

data Tfor the Hg(ll) assisted aquation of cis-67-[Co(trien)(py)-

ClIl (010~)2 are collected in Table 2.5.
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Base hydrolysis of cis-a-CCo(trien) (BuNH2)CII (ClIOnN)CI

(Naclon)
H 107 [OH ] 10%K » K . /[0n"“J
P obs obs
(mol dm (s-1D) (dm”™ mol™~ s«

8.48 3.94 2.81 71

8.50 4.13 3.10 75

8.60" 5.26 3.84 73

8.795 8.14 5.94 73

Fresh trishydroxymethylaminomethane buffers were

used and the reaction was monitored at 490 nm.

The mean value of the second order rate constant
at 25°C is k Linear regression analysis
<n

1). The Kkinetic measure-
———— “OH

ments indicate that only one reaction is taking place 1in this
pH range. Plots of log(A"-A".) versus time are linear over
four half-lives. Interval scan spectra for base hydrolysis
of ci_s-a-[Co (trien) (BuNH2)C1] (CION)CI at pH 8.4 are shown in
Figure 2.5. Isosbestic points are observed at 370 nm and
530 nm. The absorption band maximum shifts from 535 nm to
495 nm consistent with a change in chromophore from CoNACI
to CoN~™O. Interval scan spectra of cis-g-[Co(trien) (BuNHM)CI]
in 0.01 mol dm*“”~ NaOH established that spectral changes took

place over several hours with an 1increase 1in absorbance at

490 nm but occurring with no shift in the absorption band

2+
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maximum wavelength. This subsequent reaction was not

investigated further.

The kinetic data for base hydrolysis of cis-a-[Co-

TABLE 2.7
Base hydrolysis of cis-a- [Co (trien) NHACH”~CH (OCH NIFINY*

at 25“C and 1 = 0.1 mol dm ~ (NaCIO_4)

4

VAN N
pH 10~MOH 1 10 kObs

(mol dm <s" ) @m® mol ~ s~n)

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 trishydroxymethylaminomethane buffers were used

and the reaction was monitored at 490 nm.

gives k™ = lcro x n "obs Versus
the hydroxide 1ion concentration 1is shown 1in Figure 2.6.

Interval scan spectra for base hydrolysis (over four half-lives)

are shown in Figure 2.7. Isosbestic points are observed at
374 and 528 nm. The absorbance maximum shifts from 533 to
500 nm. If the spectrum is allowed to run beyond four half

lives a second reaction 1is seen to take place with a shift in

absorption band maximum from 500 nm to 515 nm. Interval 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
medium base hydrolysis is complete before measurement commenced
»phe resultant spectra display 1isosbestic points at 354 nm,
405 nm and 504 nm (Figure 2.8).

Base hydrolysis of the four complexes studied,
cis-g- [Co (trien) (A)C11*" (A ImH, BUNH2» NH2CH2CH(OCH~)2 and
CiS-B2-[Co (trien) (py)CII’\g’t all obey a second order rate law of
the form -d (compiex]/dt = (complex )[OH ]. Plots of
versus hydroxide 1ion concentration are Jlinear passing through
the origin and show no indication of spontaneous aquation. The

second order rate constants are collected in Table 2.8.

TABLE 2.8

Base hydrolysis rate data for (Co(trien)(A)C1] , collected

in the present work at 250C and I = 0.1 mol dm
Complex *noy  (@m7 mo. s )
cis-a-[Co(trien) (ImH)CI] 253
i - 2+ 73
cis-a- [Co(trien) (BuNH2)CI)
i i 2 216
cis-a- [Co(trien) NHpCHACH (OCH™) -Cl11
+
cis-Bj[Co(trien)(py)Cl]’ s.6 X 1o0”

interval scan spectra for these base hydrolysis reactions
all show a shift in absorption maximum Tfrom higher to lower
wavelength as expected for an increase 1in ligand Tield
strength 1in moving from a CoN~CI Chromophore to CoN”"O. The

absorption maxima of the products of base hydrolysis are given
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in Table 2.9. The reactions following the formation of
[Co(trien) (A)OH]”~* impede the determination of the

the products [Co(trien)(A)OH] 2+

TABLE 2.9

Absorption maxima Ffor the Ffirst products of base hydrolysis

of [Co(trien) (A)CIIN ions

[Co (trien) (ACI) Hydrolysis Rroduct X .. - ('m)

- - 2+
cis-g-[Co(trien)(ImH)CI) 490
cis-B.,-[Co (trien) (py)CI)~~ 480
cis-g-[Co (trien) (BuNH.,)cI)y 2" 495

- _ 2+
cis-g-(Co(trien) (NH2CH2CH(OCH~) 2>Cl 1 500
Previous studies of the base hydrolysis of

[Co(trien)(A)C1) ions have been interpreted on the basis
of an SNICB mechanism. Deprotonation of a secondary nitrogen

atom on the trien ligand could lead to the conjugate base,
however, 1in complexes of the type [Co(trien)(A)CII where

A is an "acidic"™ amine, deprotonation of A can contribute

to the conjugate base. A study has shown that the base
hydrolysis of cis-g- and 2~’\Co(trien)(ani1ine)C112+

at 50“C have kO H= 3.3 x 10~ dm”™ mol s and 138 x 10 dm
mol"~ respectively.” The small difference in reaction

rate between the two isomers led Dash et a”. to conclude that
the conjugate bases in these complexes are formed mainly by
deprotonation of coordinated aniline with the additional

deprotonation site (secondary-NH group of the (trien) ligand



trans to aniline) probably accounting Tfor the slightly higher

base hydrolysis rate of the cis-87-isomer relative to the

cis-a-isomer.

In the present work rate constants for the base

hydrolysis for the three cis-g-isomers (Co(trien) (A)C1l)

where A = (ImH, BUNH2. NH2CH2CH@CH3)2 have been obtained.

These constants are collected in Table 2.10 together with

base hydrolysis rate constants for other Co(lll)

TABLE 2.10

Base hydrolysis kinetic data for [CoN~CII™"" complexes at 25°C

Complex kobs(dmA mol ~ s ~ I (mol dm 7
cis—a—iCo(trien)(ImH)Cfﬁ zen 253 0.1
cis-a-(Co(trien) (BunH2)CcIP?" 2 73 0.1
ciS“Qt* (Co (trien) NH2CH2CH (O CH A A 2+ a 216 0.1
cis-a-(Co(trien)(glyoetyct] 2+ P 74 1.0
cis-a-(Co(trien)(NH3)C1] 2+ b 10 1.0
oa—(Co(tetren)Cl]2+ a 116 0.1
TT-(Co(en) (dien)c||’2+ c 26.6 0.1
a. present work,

b. taken from reference 7,

C. taken from reference 12.

All of the complexes shown 1in Table 2.10 have one

important structural feature 1in common. Folding of the poly

dentate amines (trien. tetren and (en)(dien)) is such that

halopentaaml nes






the unavailability of cis-a-[Co(trien)(py)CI] makes it
difficult to assess the individual Kinetic
data for base hydrolysis of several cis-37-1Co (trien) (A)CII

complexes are collected in Table 2.11.

TABLE 2.11

Base hydrolysis data for cis-B3-[Co (trien) (A)C11~n

at 25“C
Complex kOH @ mol ~ s ~ I (mol dm
2+ A
cis-32~[Co(trien)(InH)cl) < 2 1.1 X 10 0.1
2+ b
cis-B2~[Co(trien)(BzH)CI] 2.4 X 10® 0.1
2+ C A
cis-Bo"[Co(trien) (NH2)C1] 2.3 X 10 1.0
- _ 2+
cis-BM-[Co(trien)(py)Cl) d 6.6 X 1on 0.1
H - 2+ e A
cis-B~-[Co(trien)(glyOEt)CI) 2.2 X 10 1.0
a . taken from reference 4.
b . taken from reference 6,
C. taken from reference 7,
d. present work,
e. taken Ffrom reference 7.

The similarity in
cis-62-1Co(trien) (A)CI)~"" complexes despite changes in (A)
again suggests that 1isomer geometry 1is the major Ffactor

influencing reaction rate. Studies of the base hydrolysis

1s:

complexes

of

I+ 7
(Co(trien)(glyOEt)Cl) have shown that the preferred
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site of deprotonation is the planar secondary NH group on trien

trans to the glycine ester (the exchange rate for this NH group

in D20 is kH = 2.5 X 10®@ dm® mol"™~ s"” at 25»C). It seems

likely that the conjugate base which contributes significantly

to the base hydrolysis of the cis- - [ Co(trien) (A)C1] complexes

is generated at the planar secondary NH groups of trien lying

trans to A. If this is the case, then the rapid base hydrolysis
of cis-B.,-isomers
N

13
in terms of the steric requirements for rapid base hydrolysis

2+
described in Section 1 of this thesis. Cis-a-[Co(trien) (A)CI 1

relative to cis-a-isomers can be rationalised

is fac-fac, with both secondary nitrogen atoms on the trien

ligand "orthogonal™. Deprotonation of either of the NH groups

to form the conjugate base would result in poor overlap

between the Tfilled p-n orbital on N~ and the empty orbital on

Co(lll) in the trigonal bipyramidal intermediate. The complex

cis-62- (Co (trien) (ACI ] has a mer ring, and the "flat

secondary NH group on trien trans to A will form a conjugate

base having favourable overlap between the Ffilled p-iT orbital

on N and the empty orbital on Co(lll), 1in the trigonal bi-

pyramidal intermediate. This effect is believed to be responsible

for the large rate constant found for base hydrolysis of

2+
cis-B~-(Co(trien)(py)CID)
The second factor affecting the base hydrolysis

of cis-B2-(Co(trien) (py)CI)~*"~ is the presence of pyridine.

Rapid base hydrolysis has been observed in many other complexes

where a pyridine or pyridyl ligand 1is present, *"* (either as a

monodentate or as part of a multidentate ligand system).

15 ; =
Gillard has suggested that "covalent hydration involving the
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Introduction

The coordinating properties of the amide group
in a number of open chain and macrocyclic amides have been
investigated for transition metal 1ions including Cu(ll) ,
Ni(lIl), Co(ll) and Pd(Il) and some aspects of the topic have
been reviewed.” The amide group can coordinate via
(a) the carbonyl oxygen atom, (b) the protonated nitrogen atom,
or (c¢) the deprotonated nitrogen atom. The 1ions Cu(ll),

Ni(ll), Co(il) and possibly zZn(ll)~ fTacilitate the deprotonation
of the nitrogen bound amide hydrogen atom. Second and third
row transition metal ions such as Pd(lIl) and Pt(ll) can induce
amide 1ionisation at quite low pH (£a. 4.0 for Pd(ID). It is
generally believed that the site of coordination in the
complexes prior to deprotonation 1is the carbonyl oxygen

atom ,N N~ N fot example glycinamide chelates weakly with
metal 1ions via the amino nitrogen and carbonyl oxygen.

Structure (1)A, but a stronger chelation occurs upon ionisa-
tion of an amide nitrogen bound hydrogen by some metal 1ions

such as Cu(ll) and Ni(ll) to give structure (1)B, and the
reaction shown in (@) occurs in neutral solutions with Cu(ll)
and in more basic solutions with Ni(lIl).® The complexes formed
between Cu(ll) and 3,8-dimethyl1-4,7-diazadeca-3,7-dienediamide
in solution at different pH®"s have been investigated and the
equilibria established,”™ are shown in (2) .

Claims have been made that the protonated amide
nitrogen atom can also serve as a donorg'lo, however recent

e.s.r. data”™ on Cu(ll) complexes provide strong evidence for

carbonyl oxygen coordination prior to amide deprotonation.
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A 11lr H- numbor of upon chain Jligands having amici.e

groups as potential coordination sites have been synthesized,

some typical examples are sliown iIn (3). A number of studies

have been made on th.- cationic and neutral complexes of these

13
ligands for example (b3H2.LAH~.L~H,, H™),
14 15 lr’ " 17 1@ r --19
Ay 2 mgmaps Alov2t ALET2T AL2¢2-

The syntheses of the ligand ethy:enediaminetetra-

acetamide and a number of 1its cationic metal complexes have

been described. The deprotonated complex (CuL)-2H20 has also

been characterised.20

coordination of the amide group via the deprotonated

nitrogen atom is stabilised by a resonance energy contribution

C=NH

“)

Donation via the protonated amide nitrogen leads to the

of the resonance energy (ca"- -IO mol ) and this

driving force for amide (or peptide) bond 1ionisation.

Transition metal complexes of open chain amide

ligands having the deprotonated nitrogen atom bound to -he

metal 1ion also have the carbonyl oxygen atom of the amide



group available

for coordination

160 .

for example the

Cu(ll) complexes of ligands and in (3 form tetra-
nuclear complexes”™”™ of the type shown in structure (5) where
M = Co(1l1l) and Ni(ll).

©)

The 1interest

stemmed from their potential

has been suggested that the

catalyses the hydrolysis of

the amide oxygen so leading

time binding of Cu(ll) to a

believed to occur

_ 22 However,
and azurin.

Shown that thl. 1is not th.

that there 1is a

incorporate d.ptotonated peptlde-Co(111 bonds.

biological

illustrated by serum albumin”®.

antibiotic bleomycin which has been

in transition

oasa.

limited tendency tor natural

use of deprotonated peptlde-Co(11l)

2+

metal complexes of amides

as models for metalloenzymes. It
zinc metalloenzyme carboxypeptrdase

peptide bonds by complexing with

to Lewis acid catalysis. At one

deprotonated peptide nitrogen was

in blue copper proteins such as plastocyanin

X-ray crystallographic studies have

23

Cnrrant .todies so,,..t

systems to
However, the
interactions

Structure

161. and by the

isolated a. a Cullll
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complex.n"* The bleomycin intermediate p-3A, Structure (7),

shows copper (11) binding to five nitrogen donors including,

in the equatorial plane both the deprotonated amide nitrogens

26
and an

imidazole nitrogen of a histidine residue.

Attempts to mimic the biological oxygen carriers

which have pairs of adjacent metal 1ions, for example (haemocyanin),

led to the synthesis of the double cavity amide. Structure (8).

prepared by bridging two diamide open chain ligands. Two

copper (11) ions are incorporated into this

27

ligand to give a
neutral complex with formula Cu2lL-

It has been found that complexation of transition

metal 1ions to strongly donating, deprotonated amide nitrogens

stabilises high oxidation states of the metal 1ion.

Bour and Steggerda”® isolated crystalline Cu(lll)

complexes of biuret and oxamide providing some of the fFfirst

evidence that Cu(lll) could be stabilised by deprotonated

amide groups. Electrode potentials have been measured for

40 Cu(ll)/Cu(lll) peptide complexes (including peptide amides)

in aqueous solution.The potentials were found to be very

sensitive to changes in the nature of the ligands with the

oxidation of Cu(ll) to Cu(lll) becoming easier as the number

of deprotonated peptide groups increased. The triply deproto-

nated peptide complexes of copper, see Structure (9). have

effective potentials atphysiological pH such that oxidation

to Cu(lll) 1is thermodynamically possible.
between redox potentiafs and 6%%?@*3 absorption maxima It was

_ R r«vstql field stabilisation
concluded that therelative gam in crysta

A _
energy for the change ?rom Jﬁ&gsll)to decu(rin 1S an
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important Tfactor in the overall thermodynamic stability of the

Cu(lll) peptide complexes.

cyclic voltammetric studies™™ on the deprotonated

Cu(ll) and Ni(Il) complexes of the ligands

L3H2 . L4H2*
LMH, and LgH2 in (3) have

revealed that the stabilisation of

Cu(lll) and NiCIll) is

dependent on the number of atoms in the

chelate backbone with the greatest stability found in the S-5-5

fused ring structures (L3H2) rather than 5-6-5 (L,H2,L"H2)

and 6-5-6 (L,H2,M5H2) ~used rings. For the series of ligands

the Cu(ll) complex of tigand [sﬂz ng tho TowOst oxidation
potential.

The present work 1is concerned with studies on the

complexes of the picolinamide ligands shown in (10). The

ligands have been prepared together with their

cationic Cu(ll) and Ni(H)

neutral and

complexes. Spectrophotometric and

potenlloﬁw”gtt'lrril% Elig:rrd%gions have been performed. While synthetic

on li,ana. .na 1.,H, .ne neponnea in Oh. [liPen.tnr.

.p eileatrocn..ic.i worK on tn. pioolin..la.. h.s been pabli.ned,
1I,, th. prn.ent work cyclic volt..oeCric ,,...nrea.ntn have

bo.n ,.a. on n.ucc.l Ca ,lU

.caniCiil.l __.a tn.

.nd NiUH =bel.t.. <in
..se and t.v.r.ibility ot their onid.tion

»-n»itor.a a. a function of the ligand etructur..

(0] o

N--CA

AB»2 "C«2
(9]
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Ethyl 2-pyridyl acetate (5.0g., 0.03 mol) m
ethanol (50 cm”™ was added to a solution of ethylenedtamine
(1.0g.. 0.016 mol) 1in ethanol (50 cm”™. The mixture was
refluxed for 4 hours. The volume was reduced to ca. 50 cm
on a rotary evaporator and on standing overnight in a
refrigerator, white needle-li)ce crystals of the product (0.35g)
were obtained. The ligand was recrystallised from ethanol.
Cg%c, for E H NO:_ C,64.41; H,6.08; N,18.78 ;

Found; C,64.53; H,5.95; N,19.00%.

The mass spectrum has at 298 (C.gH~AgN”~O™ = 298).

The ligand has m.p. 165°-168°.

The i.r. spectrum (KBr) H%é VSHH} at 3065 cm ~ and 3280 cm

and the amide 1 band at 1640 cm

Complexes

[Cu (LAHA) 1 (CI0N) 2 -»2°

Th. 1lg.nd =

,0 69,., 1.S6 ..oil war. sep.r.t.ly dls.olvad in _.ethanol.
upon .ixIn, the _.eth.nollc .olutloh. the ptodect preciplt.ted
as a pale blue solid. The complex was filtered off. washed
with ethanol, diethyl ether and dried in vac”-

- for C H N O CuCl,-H_0; C.30.56; H.2.93: N.10.17;
Calc, for C 2 2
3

0.4; H.2.5; N,9.8%.

ICUL 12.5H20

(Cu (1.7H2)7(C10,)2-H20 (0.93g.. 1-7 mmol) was
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suspended in water and sodium hydroxide (0.15g., 3.79 mmol)

was added giving a purple solution. Concentration of the

solution on a water bath followed by refrigeration allowed

crystallisation of the product as a violet solid. The complex

was Ffiltered off, washed with diethyl ether and dried 1in vacuo

calc, for "oer ~N,44.60; H,4.55; N,14.87;

Found: C,43.91; H,4.13; N,14.54%.

The visible spectrum of the complex ((CuL”"12.5eHmeasured in

dilute aqueous sodium hydroxide has a band maximum,

at 540 nm (€ = 240). In methanol the complex has at

544 nm {£ = 174)

[NEACLAMHA) 5 J(Cao M) N=6 Hao
The ligand 1,782 (0.5g., 1-84 mmol) was dissolved in

methanol (50 cm”™). A solution of NI (107)2“6H20 (I1.0g-,

2.76 mmol) in methanol was added to give a pale blue solution.

Heating on a water bath 1led to the rapid crystallisation of

the complex. The solution was allowed to cool and the pale

blue complex was filtered off, washed with diethyl ether and

dried 1iji vacuo .
Aw o* C*35«17: H»3.80;
Calc, for N427427n12°24 N2~~~ 29"

Found: C,35.01; H,2.95; N,11.61%.

[NiLA1-820

The Uligand L~H2 (0.5g., 1.84 mmol) was dissolved in

methanol (30 cm”~ and NiCl2-6H20 (0.43g., 1.84 mmol) in

methanol (30 cm”™ added. Sodium hydroxide (0.15g., 3.68 mmol)

dissolved in water (ca. 5 cm”™ was added dropwise to give a
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yellow solution which was concentrated on a water bath to

20 cm\ upon cooling yellow crystals of product precipitated

The complex was TfTiltered off. washed with diethyl ether and

dried in vacuo.

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 electronic spectrum of [NiLM"leH(measured in

dilute aqueous sodium hydroxide) the d-d band 1is obscured by a

charge transfer band having at 377 nm (e » 4,642). A

Ylid state spectrum shows Xpayx 2t 400 nm.

[Cu(LgH2)1 (C107)2
The ligand L3H2 (0.5g.. 1.75 mmol) and

Cu (C10,)2-6H20 (0.65g-., 1.75 mmol) were dissolved 1in methanol

(100 cm~. Fine light blue crystals precipitated after

heating on a water bath for several minutes. The solution

was refrigerated for one hour, the complex Tfiltered off.

washed with diethyl ether and dried
cCi1o. for

in v~rc/N.
Co,32.95, H.2.95, N,10.25,
Found: C.32.07; H.2.55; N.9.96%

ICUL3 1 =3H20

Cu (C10,)2-6H20 (0.65g-.. 1-75 mmol) dissolved 1in the

minimum volume of methanol was added to a solution of the

ligand (0.5g-.. 1.75 mmol) dissolved in the

of ,ethanol. » palL «.l« solid lo.edlat.ly precipitated hot

dropwls. addition of sodlo. hydroxide .0.14,., 3.52 , .ol, In
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water dissolved the precipitate giving a blue-violet solution
which was heated at 60“C for 30 minutes. Upon cooling, dark blue

crystals of the product precipitated from solution. The

complex was filtered off. washed with water, diethyl ether and

dried in vacuo.

CiCc. for C,45.05, H,5.04, N,14.01,

Found: C,44.83; H.4.76; N,13.78%.
Thermogravimetric analysis of the complex shows a 13.3% weight

loss in the range 67-147»C equivalent to a loss of three water

molecules per molecule of complex. The visible electronic

spectrum of [CuL”~I0H~O in dilute aqueous sodium hydroxide has

at 565 nm (e = 93). In methanol

the complex has Xmax at
max

574 nm (e = 109)

[Ni2(LgHA~)31(C104)4

The ligand (0.5g., 1-75 mmol) and
Ni(Cio~)2-6H20 (0.96g.. 2.62 mmol) were dissolved in

methanol (100 cm”~ to give a pale blue solution. Concentra-

tion on a water bath allowed precipitation of the product as

a pale blue solid. The solution was cooled and the complex

filtered off, washed with diethyl
c.I1C for

ether and dried in vac”.
C.39.50, H.3.54, .,42.29,

Found: C.40.24; H.3.68; N,12.27%.

(NiLgl-2H20
The 1ligand L3H2 (0.3g., 1.05 mmol) was dissolved

in methanol (30 cm”~ and NiCi0,.6H20 (0.38g.. 1-05 mmol)

methanol (30 cm”~ added.

in

Sodium hydroxide (0.09g.. 2.25 mmol)
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dissolved in water (ca. 5 cm”) was added dropwise and the
resultant yellow solution was heated on a water bath. Upon
j-efrigerat ion orange crystals of product precipitated. The
complex was filtered off, washed with diethyl ether and dried
in vacuo.

Calc, for 2H20: C,47.78 ; H,4.81; N,14.86,=
Found: C,47.70; H,4.24; N,14.89%.

The visible electronic spectrum of [NiLgl*2H20 in dilute

aqueous sodium hydroxide has "il2 nm (e - 2,...49) and

X at470nm(e=87) .
sh

[Cu(”~82)1(Cl104)2 *««2°

Cu (C10n)2 "6”M*2° (© -619g., 1.64 mmol) was dissolved
in the minimum volume of water and added dropwise to a
solution of the ligand (0.5g., 1-67 mmol) in water. The
pale, blue-green complex which rapidly precipitated was
filtered off, washed with ethanol and dried in vacuo,
calc, for C,,H”3N,0”"NCUC12-H20; 0,33.20,- H,3.48;> N,9.68;
Found: C,33.67; H,3.33; N,9.74%.
Thermogravimetric analysis of the complex shows a percentage

weight loss 1in the range 87»-137° consistent with one water

molecule per molecule of complex.

fCuL~1-3.5 82°

[Cu (L"82)1 (C10,)2-H20 (0.5g., 0.86 mmol) from above
was dissolved in a solution of sodium hydroxide (O.lg.,
2.50 mmol). The violet solution was loaded onto a column of

CM Sephadex-C25 cation exchange resin and eluted with water.
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Results and Discussion

The 1ligands N ,N "- (dipicolyl)-1,2-diaminoe thane

and N ,Ne-(dlpicolyl)-1 .3-diaminopropane (LbH2> were prepared

by the reaction of ethyl picolinate (2 moles) with the

appropriate diamine (@ mole) 1in ethanol. The Uligand (Lc"2”
was prepared by the reaction of ethyl-2-pyridyl acetate with

ethylenediamine 1in ethanol. Reaction of L~"H2, ~ON2

with copper (1) in neutral solution gives the cationic

complexes [Cu( 2)1 (€1 ) 2e<H3°, [Cu( 2)1(C1 ) 2 and .

[Cu (LM"H2>1 (CI0") 2.H20 respectivel-y. Reaction of the ligands with
niOcel

(1) gives the dimeric complexes Ni2¢( 2)3M CIO™ )N _6H20.

(Ni2 (nrO*n2n 37 4 monomeric complex i (INH2)1(CI0ONM)2m

under basic conditions neutral species are formed and the

following complexes have been 1isolated:

(CuL”~]2.5H20. (NiL”™).H20, Cul.31.3H20, (Nil,312H20. (CuL~13.5H20.

in some cases the 1isolation of analytically pure complexes

from analytically pure samples of L”~H2. LbH2 and L",H2 has proved

difficult, this may be due to the presence of polymeric complex

impurities. The tendency for L~H2 and L3H2 to form dimeric

niOcel (11) complexes 1is noted. Vagg aj™- reported that

several attempts to prepare [Cu(L”"H2)KCIO~)2 gave products

having microanalyses indicative of non-stoichiometric polymeric

products, however the nitrate salt [Cu (L"H2)1(NO3)2 was

isolated in pure form. A change 1in counter 1ion may perhaps

lead to easier 1isolation of these complexes.

Il .r. spectra

The nature of the bonding between transition metal

ions and diamide open chain Jligands in the cationic complexes

of general formulae ((MbH21 (C1 )2 and [M2 (LH2)31 (CIO~)4 is
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indicated by 1i.r. spectra.

Amide ligands display three characteristic 1i.r.
bands, these are: Amide I (VCO VCN). Amide 11 (VC-N . 6NH)

and Amide 11l (6nh + VCN). Upon coordination of the ligands

to form cationic complexes where the amide is bonded to the

metal 1ion through the carbonyl oxygen atom of the amide group

the Amide |1 band shifts to lower frequency and the Amide II
and Amide 111 bands shift to higher frequency. A comparison

of i.r. spectra of free ligands and cationic complexes prepared

in the present work show that the Amide I bands of the free

ligands shift to lower frequency upon complexation, for~example

in the ligand the Amide 1 band appears at 1655 cm " while

in the complex (Cu ( 1 (€10~ t h 1 s band appears as two

absorptions at 1625 and 1600 cm*“” which are not TfTully resolved,

in the absence of deuterium exchange experiments,accurate

band assignments are not possible but the trends in frequency

shift for Amide 1. Amide 11 and Amide 11l bands upon complexa-
tion suggest that the carbonyl groups of the amides are probably

acting Qs donors and a possible structure for the protonated

complexes of general formula [M(C ) 1 (CI0,)” is shown in (11).

The complexes all show typical 1i.r. bands due to ionic

perchlorate at 1100 cm“” (broad) and 624 cm’>”" m the solid

- - V. nerchlor nion r kil
state it is p035|bfe that EH% pe chlorate antons are weakly

bonded in the two axial sites.

The neutral, deprotonated complexes of the type

IMbT obtained by reacting the ligand bH, with in basic
media show quite different 1i.r. spectra from the cationic

complexes of the form [M(GH2)1(C10,)3~ deproto
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complexes absorption bands associated with the N-H bond are
absent. The Amide 11 and Amide 111 bands (combinations of
VCN and 6NH) are replaced by a strong absorption ca. 1400 cm_1
which 1is assigned to a C-N stretching mode. The Amide 1 band
shifts to lower frequency, for example, the Amide | band of

the ligand L”~H2 appears at 1640 cm"”~ and in the complex
(CuL”~]3.5H20 it shifts to 1570 cm"~. The bands due to 1ionic
perchlorate 1in the cationic complexes are absent 1in the neutral
species. The data are consistent with the complexes having
donor sets involving two deprotonated amide nitrogens. The

deprotonated complexes are believed to have the structures

shown in (12).

2+

C :Olll/\IIO:C
A\H

(c 10
. . V2

ai)d

a2)
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An X-ray crystallographic study of [ICulL”1 .3H20 by Stephens

and Vagg”° has shown the Cu(ll) environment to be square

pyramidal with the tetradentate ligand encompassing the

base and a water molecule occupying the apex.

Potentiometrie

This technique 1is generally useful for assessing the

purity of ligands and was performed for the Cu(ll) and Ni(ll)

complf~xes of

A Potentiometrie titration was carried out by mixing

equimolar amounts of Cu (CI0")2«6H20 with L~H2 1in 0.1 mol dm

-3
(KNOj) at 25®C and titrating against 0.05 mol dm (NaOH). The

complexation of Cu(l1l) 1is rapid and a sharp end point was

obtained upon addition of two equivalents of base. On the basis

that one mole of the ligand L”~H2 reacts with two moles of base

the experimental molecular weight of ligand is found to be 292.

The calculated molecular weight 1is 298.
A potentiometric titration was carried out by

mixing equimolar amounts of Ni(C10,)2<6H20 with 1.282 1inwater

at 25°C and titrating against 0.1 mol dm ~ (NaOH). The

solution is diacidic and consumes two moles of base per mole

of ligand.

1C

The 8&%94ﬁx§§' [CuLa12.5H20. [CuL”~].3H20.

INIL312H2O0 .nd tNIl.~1 In - ft,

were titrated against hydrochloric acid, under nitrogen,

with th. Change. 1In etslble sp.ctr. _.onltnr.d .gainst change.

in solution pH.
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[CulL”12.5 HZ20

The deprotonated complex has

the titration was carried out at 335 nm where marked changes

in the charge transfer band occur. Amide deprotonation occurs

in the pH

range 4-6 and the deprotonated complex is fully

formed at pH 6.5-

[CuLgl_.3H20

The titration shows amide deprotonation occurring

in the pH range 4-6 with the deprotonated complex fully formed

at pH 6.5. Although the complex has at 570 nm the

absorbance changes are greater at 370 nm and were measured

at this wavelength.

(CuL”~1=3.5H20

An equimolar aqueous solution of ~~""2

Cu(ClO”)2-6H20 was titrated spectrophotometrreally agains

.odlun, hydroxide end hydrochloric .cid in the pB r.nge 2.5-12

eel,.ge series of visible spectre recorded et different pH

vein. .. hoide deproton.tion occur,

in the pH r.nge 4-8.5.

At pH 5.0 the solution show. broad eb.orption bend with

i ce. 700 n.. Upon eddition of base the band move, to

shorter wavelength (pH7. X»,, 585 nm; pH 10.2. X~,, 560 nm)

_ ncification . The deprotonated
and undergoes appreciable n e

»-plex i. fully foro.d at and above pH9. These data are

consistent with a change in donor ato. fro. a.id. oxygen to

nitrogen as a result of a.ide ligand deproton.tion. The Ffinal
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spectrum at pH 10 has dex 560 nm as expected for a Cu(ll)N_

Chromophore.

(HiLA 1-H,0

A spectrophotometric titration of [NiL"]JH20

against hydrochloric acid shows that am

ide deprotonation

takes place iIn the pH range 6-8 with the deprotonated complex

fully formed at pH 8.5. During the titration the absorbance

changes were monitored at = 400 nm

the titration 1is shown 1in Figure 3.1.

[NiLgl «2H20

- A typical curve for

Amide Jligand <leprotonation occurs 1in the pH range

6.5-8.5 with the complex fully formed at pH 9.0. The

absorbance change was monitored at 480

[NiL®2]

An equimolar aqueous solution

nm.

of LHM and Ni (C107 )~ e

was titrated spectrophotometrically against sodium hydroxide

and hydrochloric acid in the pH range 5-12 with a series of

- * )
spectra recore’ed at ailtrerent- 9H values

takes place in the pH rangé 7. §-14. B.

. Amide deprotonation

E@lBW wH? the solution

shows no absorption in the visible region of the spectru.. A. the

pH 1Is Increased a broad absorption develops oa. 165 nm.

N _ _ L _
Further addition of éasgvgives ag&recuable band intensification.

The deprotonated compt® 1§ fylly formed at and above pH 12.

These data are consistent with a change

in donor atom from



17 7.

amide oxygen to nitrogen. The final spectrum

consistent with that expected for a planar Ni(lIl)N® chromophore

Solid state nujol mull spectra of protonated
amide complexes

Solid state spectra were collected for the Cu(ll)
and Ni(lIl) protonated amide complexes of the ligands
Insolubility of these chelates precludes the
Lb»2 nNe2 -
of solution spectra. The samples were prepared by
grinding the appropriate complex in Nujol and spreading a
thick film of the mull onto filter paper. The Tfilms were

scanned Tfor absorbance changes in the range 300-800 nm.

It has been established that octahedral complexes

with NiO, chromophores have 3 reflectance bands at c”~. 9000,
14,000 and 25,000 cm~~ assigned to the transitions Aag 29 "
AT, (F) and ) I (P) respectively and octahedral
29 ig 9 9
NiN, chromophores have 3 bands at ca. 11,000,
° 3
18,500 and 30.000 cm~" assigned to the transitions A 2g 29"
AT (® and ", (P) respectively. In the present
29 B [ R 249 Ig
work the complexes [Ni~ 2)31 (C1 )*e6H a nd WNi2( ~")3l-
(C1onM)~ are pale blue solids. Solid state spectra of both

chelates show broad d-d bands £a. 600 nm assigned to the
AT (F) with steep charge bands
29 Ig
commencing cn. 400 nm. Applying the rule of average environments
an octahedral NI103N3 chromophore would have 1M~ =zee 615 nm for
the ~j» (F) and an octahedral NiO”~N2 chromo-

29
phore would have £a. 645 nm for the transition tig(F)

29
Therefore the observed spectra of the Ni(ll) complexes of

I:A\ﬁﬁ QHS g,é,é-lzz gg{&g with those predicted for an octahedral

Nio3N2 chromophore
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The reflectance spectra for the Cu(@1) complexes

show for (CulL”H2*" 2"72°

~“max - ° " I<uL M1 (C107N)2e«20
N
XmaX ca. 612 nm and [Cu g Z](ClO DI Xmax ca. 626 nm. The
«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) complexes 1is usually

complicated due to the relatively low symmetry of these species.

Redox Studies

As mentioned in the Introduction deprotonated amides

for example, tripeptides, when bonded to metal ions are found

to stabilise high oxidation states on the metal ions. Thus

redox studies were performed on the deprotonated complexes

prepared in the present work to determine their redox potentials

The solutions were prepared for (CuL”l «2.6820, (NiL~]-H20,

(CUL31-3H20, iNxLpl -2H20 and (C u 13 .5H20 by dissolving

the appropriate omplex 1in a support electrolyte of 0.1 mol

tetra n-butyl ammonium perchlorate in acetonitrile to

concentration of complex 1in solution £a. 1 x lo"~ mol dm

(NiL™) was not is. lated in the solid state and was prepared

N situ by dissolving equimolar amounts of L2H2 and
- - to ive a concentra-
NTE(CIO"N)26H20 in the support e: grv

- For 11 i
tion of complex ca. 1 x 10 mol dm ° a 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 1in Figure 3.2

- - rmin ram r i
illustrate the experimentally gg{grmf ed parameters discussed

in the text.






-3
Rorlox ch<»mistry of [NiL”)H20 in 0.1 mol dm tetra n butyl

aminonium perchlorate in acetonitrile

Cyclic voltammetry
on Platinum

AC on Platinum
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S AN e
[NILA) Hio
(NiL~"I-H20 shows a quasi reversible one-electron

oxidation at + 0.93 volts by CV at a platinum electrode

with the ratio Ip(oU/Ip(C) close to unity and = 100 mv.

Thus while theoxidation product is stable on the timescale

of the experiment and available for reduction on the return

half of the cycle the value of 100 mv at a scan rate of

100 mv/s suggests that the electron transfer 1itself 1is sluggish.

Diffusion control for this process 1is indicated by a linear
plot of versus By the AC technique, at a frequency
Qf 205 Hz at a platinum wire electrode, the oxidation Iis
present at E = + 0.95 volts. The peak current |1 shows a

linear dependence on the square root of frequency (W ) rn the

range 60Hz-305Hz with 12 independent of w™ at higher frequencies.

this fulfils the AC for quasi-reversibility. The
stirred CV technique shows the oxidation present at - + 0.94
volts, see Figure 3.3. The cyclic voltammetric data for the
complex are given 1in Table 3.2.

TABLE 3.2

Cyclic voltammetric data® for [NiL~AI*H20 at 25%C

j 1 (@71,,(C AE

A2 I, G IPtC) F,( ) F,( ) 0 (m\F,))

(mv/s) HA HA ™~

50 23.0 21.5 1.07 +0.93 80

100 31.5 27.0 1.16 +0.93 100

200 43.0 40.0 1.07 +0.93 100

500 68.6 60.0 1.14 +0.93 120

a Support e: e is 0.1 mol dm tetra n-butyl ammoniui

) perchlorat-e in eile. All potentials are measured

at a platinum 1indicator 8'885F8He versus an SCE. The
solution 1s 1 x $8~" mol dm # in [NiL,]*H O.
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(NiLg) -28"0
Redox Studios on Qil-fM in 0-1

_ _ - The complex (NiL,,)-2H_O0 shows an irreversible one-electron
tetra-n-butyl ammonium perchlorate in acetonitrile

oxidation at i = & 0.98 volts by cyclic voltammetry at a

platinum wire electrode with the ratio Ip(cL)/Ip(t) equal to

1.66 at a scan rate of 100 mv/s suggesting that the product

of oxidation 1is undergoing some decomposition TFfollowing

Cyclic voltammetry electron transfer.

The peak to peak separation « 80 mv.
on Platinum

The process 1is diffusion controlled as indicated by a linear

plot of 1 (00 versus v~ passing through the origin. The

oxidation 1is seen at

N

1.01 volts by the AC technique on

1
platinum with = 140 mv at 205Hz and 1™ independent of w

confirming irreversibility. By stirred CV the oxidation wave

appears at E » 1.02 volts, see Figure 3.4. The cyclic

data are given in Table 3.3.

AC on Platinum TABLE 3.3

Cyclic voltammetric data® on (NiLgl*2H20 at 25"C

y 1 _(o0/1,,(C AE
u I, @ 1L,© 5 (00710 i3
mv/s) (W) [y O
50 37.5 26.5 1.41 +0.99 80
100 60.0 36.0 1.66 +0.98 80
200 75.0 54 .0 1.39 +0.98 90
500 105 82.5 1.27 +0.98 no
Stirred voltammetry N ) _3
on Platinum 8upport eletr@dyte is 0.1 mol dm tetra n-butyl
ammonium perchlorate in & onitrile. All potentials
ar. ,ea.ur.a at a platina. Indicator electrod. versa,
an SCE. The solution is 1 x 10 mol dm
(NiLgl <2H"0 (CuLgl =3870
0-6 'O >e5

(volts)
Figure 3.4
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ICuLgl«SH”O

The complex (CuLj”I"3H20 shows an i ible

oxidation at Ep(ct) + 1.10 volts by cyclic voltammetry

at a platinum electrode. There 1is no current produced on

the return half of the cycle. The process is diffusion

controlled with a plot of 1Ip (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

independence of Ip on w* confirms irreversibility. By

stirred CV at a platinum electrode Ej = + 1.13 volts.

(CuL~1 m3.5H20

The complex [CuL”~1«3.5H20 by cyclic voltammetry

at a platinum electrode shows an irreversible oxidation at

E (oj + 1.12 volts. There 1is no current produced on the
P

return half of the cycle.

INILA

The complex INiLM"l shows an irreversible oxidation

wave at Ep(od = t 1.18 volts There 1is no peak current on
the return half of the cycle.

The data are summarised in Table 3.4.

The redox orbitals involved in the one-electron

o, t.. aeproton.t.a co,pl.xe. _tuai.a in tP. pi,..ni

work .r. b.ll.v.d to b. ,.t.1 b.s.a, Thb .iron, In-pl.ne

lip.nd fi.ldP OFf fhn d.profon.P.a .»ides .re especied to

st.bllis. the d® CoClll. ions .nd oh.oic.l oxid.tion of

ICUL 1-2.5H O with Hydrogen peroxide In water leads to a
A N



TABLE 3.4
amide complexes

iE Degree of
Complex P reversibility

()
(CuLAI=2 .5H20 +0.91 reversible
(NiLATH20 +0.93 quas i-reversible
[CuLgle3H 20 +1.10 irreversible
(NiLg)-2H20 +0.98 irreversible
(CUL~T =3 .5H20 +1.12

) +1.18 irreversible
[NiL~™
-3

a. support electrolyte 1Is 0.1 mol dm"™ tetra n-butyl

FAY _ H -
amtnoniuni perchlora@é in 4-rtie . All potentials
are measured at a platinum

indicator electrode versus
the SCE. The

solutions are ca. 1 x 10 mol dm in

oLt .

yellow solution which 1l.chs the d-d bend et 540 ns, due to

,,-e culll, ion. cyclic volt..«.trlc studies coupled with

,--s.t. _ea.ute.ent. on the oxidation processes of a wide

rang, of Cu.ll) trl-p.ptldes have established the redox

18 3.

i Ivi h 11 111
rbital to be metal g%sed, %P%E |§ tnvolving the Cu (11)7/Cu( )

13 XTixlation was found to exist
couple;* furthermore, a good

h_.tween the absorption frequencies of the d-d bands of the

c.ni, coepl._.xes and their ease of oxidation to Culllll

V.- ~N.rvxlation suggests that the
complexes. This corre

_ a ™ Cu(ll) to d® Cu(lll) 1is an
in CFSE for the change from

relative gain






ICuLA] Reversible one-electron
oxidation - 5,5,5 fused

ring

iCuLB] Irreversible one-electron

ox idat ion 5,6,5 fused
ring

(CuL~1 lible one-electron
oxidation - 6,5,6 fused
ring

a3
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Additional Reactions

At tempted of L,H"™, and their
Cu(ll) and Ni(ll) complexes

Interest in the transition metal complexes of

aeprotonated amide open chain Jligands led, in the present work,

to the attempted preparation of ligands L3H2 and in (3)

by the method of Ojima et that 1is by the condensation

of one equivalent of diethyl oxalate with two equivalents of

ethylenediamine for L3H2 and by the condensation of one

equivalent of diethyl oxalate with two equivalents of 1,3

diaminopropane for [~H2- Th& japanRege workers report the

isolationof ligands L3H2 and L,«2 from these mixtures, but in

the present work these starting materials (mixed at high

dilution)resulted predominantly in high mass, polymeric

materials, insoluble in water and alcohol. The white solid

product from the L3H2 preparation had a m.p. above 320°C

while the product from the L4H2 preparation started to de-

compose above 250»C. The difficulty in isolating pure samples

of the ligands L3H2 and L4H2 by condensation of diethyl

oxalate with ethylenediamine or 1 ,3-diaminopropane may be due

to the formation of chain products.

The reaction product from the preparation of the

.3», -,s in non «n.noi tnnn 1iiinen.a. Th.
filtrate was evaporated to dryness U)ﬁfhﬁ've R

i7:>-175“C,. however microanalysis of the
having a m.p. of 174 R"Co Y

»»pIn aia not corrn.pona to th. tor.ul_tlon fot

. R R rtickel hydroxide 1in basic solution
Reaction of the solid with nic y

) V.o X = 412 nm. A spectropho to -
gave a yellow solution havi (
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metric titration of the solution in water against hydrochloric

acid showed the deprotonated complex to be fully formed at and

above pH 10.5. Upon standing, a yellow solid crystallised out

of the basic solution but it did not analyse as (NilL3).

Cyclic
voltammetry of the yellow solid in 0.1 mol dm (Naclo”) in
water at pH 10.5 showed an oxidation on platinum
at iE, + 0.54 volts versus the SCE Reacting the [ligand

with copper hydroxide 1in basic medium gave a violet solution

titration of the
H 530 nm.
having Xmax

solution in water against hydrochloric acid showed the

deprotonated complex to be fully formed at and above pH 11. A
solid complex was not isolated from this reaction. Cyclic
voltammetry of the violet solution in 0.1 mol dm"~ (NaClOn)

in water at pH 11 showed an irreversible oxidation at high

potential 1in contrast to the quasi-reversible oxidation at

13
+ 0.72 volts versus the NHE reported in the literature

iE =

The crude reaction product from the preparation of

Voo g I H was stirred in hot ethanol then Tfiltered. The
the ’ligan ANN2 SCcXi1i1cC

flltr.t. v.s ev.por.t.a to dryness giving . solid h.vlng .
»-p- of 175-178-c. A

pH tltr.tlon of .n .qul.ol.r _.Ixtnre of

Cu(ClOo”)j snd the ligand In 0.1 mol dm (11aC10.,)j at

against N.OH shoved that If one mol. of complex consumes two

...les ofsodium hydroxide then the ligand is94.1t pure, this

- _ % _v-t-oanalvsis where the found element
result 1is confirmed y micro r

percentages are ca. 94t of the calculatedelement percentages,

reaction of the ligand vIith nlIcR.l hydroxide In haslc solution

) . 4,1 » 455 nm. A spectrophoto-
gave a yellow solution having

- - 4 F=Ane veIIow solution against hydrochloric
metric titration of the yellow
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introduct ion

Some aspects of transition metal-amide bonding

have been discussed for linear amide 1ligands in Section 111

of this thesis. It has been found that cyclization of such

ligands dramatically enhances the stability of their transition

metal complexes. In general, macrocycles form much more stable

and selective complexes with transition metal 1ions than do open

chain analogues having the same donor arrangement.” Interest

in synthetic nitrogen donor macrocycles arises from their

potential as (a) models for biomolecules2, for example,

haemoglobin and myoglobin, (b) industrial catalysts,

(c) specific cation carriers across membranes,” (d) sequestering
agents for specific metal

ions.” Deprotonated macrocyclic

diamides provide a strong planar ligand field which maRes them

good models for naturally-occurring porphyrins which can

o .8 Some macrocyclic amides
be used to stabilise d Cu(lll).

5,6,7
¥ i AN
ound 1» the liter.tut. .re .ho»n in (|| Ligands L 4

.re prep.red by condensing diethyl ox.l.te or diethyl b.lon.t.

with the .pproprl.te tetr.n,Ilnes while is the condens.tion

product of diethyl o.lonate with tetr.ethylenepent._mine.

.liyl substituted m.crocycle. bj .re pr.p.red”by .minolytic

condens.tion of substituted diethyl m.lon.t..""" with 1.9-

di..ino-3.7-dl.s.no,,-ne. These hydrophobic substituents

incre.se the solubility of the ligands in non-agu.ou. media.

,-crocyclic amide ligands vary in (.) the cavity size.

,bl the number of nitrogen donor atoms, and (c) the

positions of the dlone groups

relative

in the ring and these differences

are reflected in their co.plexation with transition metal 1ions.
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copper (1) complexes with L~L”. to form neutral amide-ionised

species of the form (Cu(L-2H)I°® in aqueous solution " " with

, 10
the 14-membered ring forming the most stable Cu(ll) comp ex
of the series in (2). The 12-membered ring which contains

» 11
two glycyl units gives the amide-ionised species (Cu(L-2H)I

however the stability is much smaller than for the corresponding

Cu(ll) complexes of the larger macrocycles L%, and

Another type of transition metal 1ion-amide bonding 1in

is found for the 1ligands and in (1). These Jligands

both have dangling amide

side chainsand 1in basic media

(pH ca. Incoordinate to Cu(ll) via the four tetraza nitrogen
atoms of the ring and

the deprotonated amide nitrogen of

the side chain giving five coordinate square pyramidal species.
Ring strain

in macrocyclic complexes is reflected in

the position of the d-d absorption band in the electronic spectra,

increasing ring strain moves the band to higher wavelength thus

while CUL”™ has at 506 nm the small strained complex CulL”

has ~» 596 nm.

studies on the ».crooycllc effect endc.tlon-tlng

size selectivity for the dloxo-tetra-e.lnes have been

..d. hy
.easurlng the rates of cooplexatlon between the ligands L~»,
and and copper (111. In acetate buffer (4.8 < pH < 5.71 1I-,
and form copper d U coopleaes while does not. The ~
rate of complexation is ten times greater for than g

The effect of ring sire on the stability of the co.pl.aes s
reflected In the kinetics of displacement of b”". and 1.

from their deprotonated Ea%%?r (11) complexes (Cu(L-2H)1.
t i th t tabl f th i
The 14-membered compfgx EHLg s e mos stable o ¢ sertes

_ . 4— cithstitution reactions,
and is the most inert to su
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In the complexes discussed so far the Cu(ll) ion

is coordinated via two deprotonated amide nitrogens and two

amine nitrogens. However for the ligand L, the monoionised

complex [Cu(L-H)IN has been observed and for the pyridyl

containing 14-membered ligand the complex (CuLj”ICl2 has

been isolated in the solid state.Addition of two equivalents

of base to [CuL”~)CI2 in solution results in the amide 1ionised.

neutral complex (Cu(Lj~-2H)I confirmed by the absorption
maximum at 512 nm.

complexation of the macrocyclic amides with Ni(ll)

has established the presence of [Nt(L-2H)I° in solution for

F = "NATABTACTH isolation of
_ _ Complexation of
solid (Ni(L-2H)I for L = and P

NICIl) wit» the Il1g.hd h.s not h.en det8E¥E8d pEesdMably

due to the small hole size. The Ni(ll) complex derived from

11
has been shown to undergo an octahedral planar equilibriu

such equilibria are well established for a variety of Ni(ll)

compfexes Of-mganggyFFc tetraaza ligands™” and a similar

situation occurs with the Ni(ll) complex of L~.

The possible use of macrocycles as sequestering

agents for specific metal ions led to a study of~the inter-

action of and L~, with heavy metal 1ions Pb~\ Cd ~ and
7n however no complexation was observed
The strong O-donating amide groups of

the macrocyclic

Ilgandd h.Ip to st.htli.. high oxldatloh .tata. on oon,pl.xed

ttan.ltlon petal 1ions, as redox studies have Indicated. Cyclic

voltampetrlc data collected tor these sy.te.s are supparlsed

in Table 4.1. Electron spin resonance experl.ents have









(2)

TABLE 4.1

cyclic VvOitammetric data on macrocyclic

Complex

CuLB

NiLR

Culq

NTLg

Culh

K

(volts)

+0.65

+0.51

+0.24

+0.74

+0.24

+0.42

+0.62

Indicator Reference Support
Electrode Electrode Electrolyte

Carbon
paste

Plat inum

Glassy
carbon

Glassy
carbon

Glassy
carbon

Glassy
carbon

Glassy
carbon

Glassy
carbon

SCE

SCE

SCE

SCE

SCE

SCE

SCE

SCE

IM KCI
in water

3M KCI
in water

0.5M Na_ZSO.4

in water

0.5M Na—ZSO.4

in water

0.5M Na—ZSO.4

in water

0.5M NaQSOn

in water

0.5M Na_ZSO.4

in water

0.5M Na_ZSO.4

in water

amide complexes

Degree of

Reversibility

Reversible
Quasi-
reversible

Quasi-
reversible

Quasi-
reversible

Quasi-
reversible

Quasi-
reversible

Quasi-
reversible

Quasi-
reversible

195.

Literature
Reference

an

an

®)

®)

®)

®)

1)

a1
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confirmed 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(11)/M(111) couple in the complexes, also the diamide macro-
cyclic complexes undergo metal-based one-electron oxidations
more readily than the analogous complexes of tetraaza macro-
cycles. A comparison between redox potentials of tetraaza and
N4 diamide macrocyclic complexes shows that the increase in
stabilisation of Ni(lll) by the cyclic amide ligands is very
small-in comparison to the increase in stabilisation of Cu(lll)
upon moving from tetraaza to diamide macrocycles, this is
believed to be a ligand field effect. The Ni(ll) complexes of
ligands and , that 1is the pentadentate macrocyclic
diamide, undergo particularly Tfacile oxidation0 and it 1is
believed that this 1is due to the special steric and electronic
effects imposed by the basal two imide ligands 1in the rigid
square pyramidal structure (3). The redox potentials for the
Ni(ll) /Ni(lll) couples in [Ni(L™-2H)1 and (Ni(L”-2H)] are much
smaller than the corresponding Cu(l11)/Cu(111) potentials
reflecting coordinating environments much more favourable for
the d® Ni(ll) d» Ni(lll) transition than for the d® Cu (11)
d® Cu(lll) transition.

The observation of low oxidation potentials for
transition metal 1ions complexed to macrocyclic diamides and
their similarity to biological ©2 carriers prompted study o
their interaction with molecular oxygen. It was Tfound that

the 1:1 complex formed between Co (11) and doubly deprotonated

L3 when reacted with excess 1imidazole or pyridine, yielded a
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five coordinate square pyramidal complex which reversibly

binds 02 at -700C.2°

Studies of the Ni(ll) complexes of

and L , the pentadentate donor diamide Jligands have
H

established that the air oxidation products are the 1:1

Ni(b-2H)-02 adducts. The nickel bound is found to be
reactive and bubbling air through a mixture of [Ni (Lj~-2H)] and

benzene 1in borate buffer yields phenol.

in the present work 1in order to expand the data

on the macrocyclic diamides the preparation of and
bas been undertaken

together with their transition metal

complexes. The properties of the complexes

in solution have

~ R R - ~_-.ohotometr ic titration
been investigated by pH titration =

and cyclic voltammetry.

Experlmental

aione was pr.p.r.d s.ssnta.lly as descslb.d by T.bushl

«

Pl.bhyl _alonats (8 .0,.. 0.05

«oU was dl.solv.d 1, abbanol
.75 =»7~ ana baatad to tatlux. Trlathylan.tatra.lna n
n..2,2-tat. (7.3,.. 0.05 .ol, dissolvad In athanol (25 =. 1

was added dropwise to the refluxing solution and the

the end of this time the solution
refluxed for 3-5 days. At the

volume was reduced on a rotary evaporator until

precipitated.

a white solid

The solid product was Tfiltered off and washed

with aiathyl athat. Tha 11,.nd Is ttaaly solnbla In athanol

and was taotystalll 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.?0».

The Uligand has m.p. 173-176»C (1it .189"C) .M The mass spectrum

has m"™ at 214 (CgH”~gN”~O~ = 214). The t.r. spectrum (KBr) has

V(NH) at 3180. 3250 and 3300 cm~~ and amide bands at 1570 and

1660 cm~". A second crop of white crystalline solid was

obtained from the mother 1liquors upon standing. This solid was
filtered off. washed with diethylether and dried in vac”.
The analysis 1is inconsistent with CgHj”~gN"™02. The solid has

m.p. (2050-208») and 1is only sparingly soluble 1in hot ethanol

suggesting that the material 1is polymeric.

1.4,8,11-Tetra-azacyclotetradecane-11,13-dione (L)

The Uligand 1,4 .8.11-tetra-azacyclotetradecane-11.13

alone we. prepared as previously described”, that 1. 1.9-
dlamlno-3,7-dlaaanonane 12,3,2-tet) (7.3g.. 0.045 mol)

dissolved in ethanol (1000 cm”) and the solution cooled to

o- in an Ice bath, then with constant stirring diethyl

,alénate (B.og.. 0.05 mol. was added. The solutlo-—----- stirred

at room %émpeF5¥%¥g for 7 days, during which time it became

pale pint. The volume was reduced to ca. 25 cm on a rotary

evaporator and on standing overnight at O0-C. white needle

Shaped crystal, of the product were obtained. The product
was filtered off.

washed with diethyl ether, reeryst.1llLed

from ethanol and dried in. " c”.

calc, for

Found: C.51.90; H.8 .86 ; N,24.07%. n

_ wema o TAA®C (| it. 164 |—66**C) -
The ligand has m-p-

The characteristic 1i.r. spectral bands are 1identical to those

described in the
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1,4,8 ,12-Tetra-azacyclop£.MTadecane-12 ,14-dione

Diethyl malonate (8.7g., 0.05 mol) was dissolv
ethanol (975 cm?)

and heated to reflux. 1 .10-Dlamino-4.7 -

al.z_.dec.no (3,2,3-t.t. (9.7g., 0.05 «ol, dl..=1lv.d In _.th_.nol
,25 cm?’) wa. added dropwi.. to the refluxing solution. The

reaction mixture va. refluxed for 5 days,

reduced to ca. 75 cm”’.

tnen the volume

Upon standing at room temperature for

several day. a white powder crystallised out which was
separated from the viscous supernatant by use of a centrifuge.

The crude solid was stirred In ethanol and thus separated Into

an ethanol soluble fraction (the

ligand, b,. and an ethanol
insoluble fraction believed to be a polymeric material.

The
ethanol

solution was evaporated to dryness to give the product,

calc, for n=m2 .57, H.9.2

Found: C.53.99; H.9.69; N.22.25%

The 1ligand has m.p. (182-187»C).
The mass spectrum has at 242 = 242).

- fKBrg has 9(NH) at 2800. 2900. 3180 and 32z0
The 1i1.r. spectrum (KBr nas

cm-" and amide bands at 1555 and 1625 cm ~

The ethanol Insoluble fraction from the preparation

- e r-rststent with the formula C H22n4°2 "
has a microanalysls r n

The solid melts above 220-C and the mass spectrum ha.

at
384.

These experimental results suggest the presence

polymeric material.

& ..q;niwere determined as KBr discs using
Infra-re spéttra wereé
t

ometer. All pH measurements were
a Per)ctn-Elmer 402 spectrop o

made with a Badlomet.r

P-»64 pH meter, which was standardise
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using potassium hydrogen phthalate buffer (pH 4.01 at 25
and borate buffer (pH 9.18 at 250C). Electrochemistry was

carried out using a PAR 170 electrochemistry system. The mass

used was a *JEOL DIOO.

Results and Discussion

The o.crooycllc di.mld.s prepared have 13-11.7),

la-iLg) and 15-1L~"l memb.r.d rings with variable cavity size.

The ligand, are readily prepared by thereaction of the

appropriate tetra.In. with diethyl ,alonate In ethanol.
P paratlons of and Indicated thepresence of polymeric
species in the prodect mlrtures while the ligand t. 1Is readily
Obtained with no sign of polymeric Impurity. attempts were

made to purify 1,, bp -d b, by precisely following the Ttc

literaturenr** for
procedures documented

R isolating these
in the

ligands. However, %Hgég ¥t8 §¥§E§m5 were found to be completely

ineffective and in fact when a pure sample of ligand L~ was
"applied to a TLC plate and placed In atanK of the recommended
.Plv.nt mlrturs th. Hg-nd bp was found to be so polar that
rt remained

stationary throughout the passage of the solvent
along the plate.

complexation 8F EA WEEH Cu(ll) and Ni(ll) was studied

B R hotometric titration
by pH titration,

and cyclic
spectrop

ror™fT
voltammetry.

; o} -2H) 1 was confirmed by pH
The formation of (Pd(L"
titration.

The complexes (Cu(Lg-2H)I1. [Ni(L3-2H)I and
-2H)1 were prepared in solution and redox studies

pecfelmed on the neutral hlUl. and Cu.H, completes. Potenti»

_ ft 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 complexation studies on this ligand are limited,
condensation of diethyl malonate with 3,2.3-tet as well

producing the cyclic ligand could give linear chains of the

type shown in structure (4) and this

is suggested as a possible

structure for the polymeric impurity.

NJ H NJ
. iOCCHz—"OVlH HNACO-C H2"0 —NH N

(CD)

Transition Metal Complexes of

Equimolar amounts of Cu(lO”~)2* 2° and

.ixed in water,and sodium hydroxide added to ensure amide

ae..oto,,..1io0,, upon sn.,ai,U. violet cty.t.i. ptecipit_t.0

.,a -ete diitet.a oft .na ati.a, Th, pt.p.t.tion «a. tepe.t.a
.ev.tai ti... ana tHe ptoaoct. tectVstaill-ea,

now.v.t th.
_ /..riQistent with the Tformulation
analytical data were nc

[Cu (LA-2H)1 but did support an empirical formula of CgH~MN, .

nKCIO”N) 2-6H20 was reacted with in basic
rvstalline product which precipitated upon standing
The yelfow crystarr ¥



L is only

species. Thus complexation
condensation of diethyl

producing the cyclic ligand

type shown

structure
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59% pure.perhaps due to the presence of polymeric

studies on this ligand are limited,

malonate with 3.2 .3-tet as well as

could give linear chains of the

in structure () and this 1is suggested as a possibl.

for the polymeric impurity.

H
IW NVH

tICCH2-COTAH Hw CO-CH2CO-NH

.ixed in w

.,,a wet, Filtered off and dried.

several ti

analytical

[Cu (LA-2H)1 but did

The ye 1llow

(C))

Transition Metal Complexes of and

ater,and sodium hydroxide added to ensure amrde

upon violet otyetels preoipitat.a

Tte prep.r.tion wee repe.ted

llised . however the
mes and the products recry

oQistent with the formulation
data were nco
support an empirical formula of Cg«23N~.

NKC10”) 2-6H20 was reacted with in basic

product which precipitated upon standing

N
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(-tied to .n.ly.e »e INI(l.,,-2Hn but hdd .u .,pltio.l formula

of C H N e

Equimolar quantitla. of K~PdCI”~ and E~ ware ml«ed

1,, basic medium and refluxed for 3 hours to give I1Pd(L”-2HII

>0 inllated on standin
The yellow crystan which precjpt up "ng
.t o-c were TfTiltered off.

in solution.

-shed with ethanol and dried. The

complex did not analyse as PdL, but had an empirical formula

The preparation oF FCO([A 2H)6ﬁﬁ23&'ICI was attew.pted

- tamminecobalt (@11) chloride with LA,
by reacting chloropenta
Reaction was indicated by the evolution of NH3 and the

becoming cherry red

- «S nm In water,, however the red

solid which was 1isolated fro.

solution gave poor analytical

data .

in general, when analytically pure Is reacted with

M2+ in basic media highly crystalline coloured products are

Oa. _ 2+
} 2+ _ -2+ Pd® and violet for M
obtained (yellow for M N1

suggests that complexation does not

2+

} ) ) (LA=-2H).
proceed with the stoichiometry of 1:1 for M A

copper ,11, and nlcX.l UU complexes of E3 were

R e method.
readily prepared by the
Equimolar quantiti g F K2PdCl4 and were refluxed
B R vrivide The brown crystals which
in methanol with sodium hyd oxrde.
_ _ a filtered off, washed with
crystallised out upon cooling were filtered
1 rinta are not consistent with
..ter and dried. The analytical data

the formulation (Pd(Lg-2H)I.
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The Hg(ll) 1ion was found to be unsuitable for

complexation with L~ Equimolar quantities of Hg”0O and were
refluxed in methanol with sodium hydroxide, but there was no
indication of complexation. Unreacted mercuric oxide was

filtered off and the volume of filtrate reduced allowing

of a white solid which analysed as the free

ligand L.

romolexation of

1,4 .8 .12-tetra-y.acYC lotetradecane-
T2 .14-dibne

(L") with Cu(ll) and Ni(Y~

Mixing of equimolar quantities of Cu (CIO0O”)3"6H30

and the ligand in basic aqueous solution gave a violet
solution, however

no solid complex could be isolated from the

mixture.

Equi«Ol.r quantities of NKCIONIj-eHjO «nd »._.t.
.It.d in aqueous solution. Addition of sodiu. hydsotld. ,.v.
, yellow solution indicating the pte.enoe of a planat PIUI _N

chromophore. Upon standing, the solution became brown

euqqgestin, p.th.ps aetial oxidation to a HiUH, species. No

solid product was isolated.

A second method was devised for g.n.r.tln, Cu(ll)

} fT L and L in aqueous solution,
and Ni(Il) complexes of L~.

q

u.in, an 1ion exchange technique. The

m.crocyclio di.mide.

were prepared as d.scrihed previously hy refluxing the appro-
priate tetramln. 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,
malonate was removed by d s

leaving a viscous gum containing the product ligand and un-

re.cted tetramine.

This gummy material was dissolved
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minimum of water and an aqueous solution containing either

Ni(Cio0n~)2 or CuiClO”N)”N added to it. The mixture was basified

by addition of sodium hydroxide to ensure deprotonation of the

ligand. The solution was loaded onto a column of CM Sephadex-C25

cation exchange resin and eluted with water. The neutral species

(M(LA-ZH) 1, [M(LB—ZH) 1 or [y{Le—ZH)) pass down the column wW@ile the charged

species [M (tetramine)]” is retained on the resin. Thus an

aqueous solution of ML”, ML” or ML~ can be obtained, free of
reactant iImpurities. [M (tetramine)1l can be removed from the
column by eluting with 0.05 mol dm_3 pyridinium acetafe’.18

of ML,

(M - Cu(Cll), NiC(ll) and Pd(ID)

A potentiometric titrati« was carried out by mixing

-3
equimolar amounts of Cu(C10”)2esH w i th L~ in 0.1 mol dm

(KNO3) at 25“C and titrating against dilute sodium hydroxide.

The 1incorporation of Cu(ll) 1is rapid. The solution 1is diacidic
and consumes two moles of base per mole of Cu(ll) (or ligand).

The titration curve 1is shown in Figure 4.1. An experimental

molecular weight for the ligand can be calculated from the

titration result. On the basis that one mole of ligand reacts

with two moles of base the experimental molecular weight of

ligand is found to be 204 amu. The calculated weight 1is 214 amu

thus the 1ligand is shown to be 96% pure. A potentlometric

titration was carried out by mixing equimolar amounts of

Ni(Ci0,)2-6H20 With L~ in 0.1 mol dm®"~ (KNO3) at 2SoC. and

against dilute sodium hydroxide. Due to the slow
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;ion of nickel (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 hydroxide were consumed per mole of ligand. A
potentiometric titration was carried out on an equimolar

mixture of K2PdCI”~ and in 0.1 mol dm ~ (KNO”) at 25“C,
titrating against dilute sodium hydroxide. Due to slow
complexation of Pd(ll) the mixture was stirred for 72 hours
at 400C before commencing titration. Two moles of sodium

hydroxide were consumed per mole of ligand. The titration

curve 1is shown 1in Figure 4.2.
An equimolar aqueous solution of and copper (11)
was titrated spectrophotometrically in the pH range 2-13. The

spectrum of the solution at pH 4.3 shows a broad absorption

with XmaX ca. 560 nm. On addition of base this absorption

moves to shorter wavelength (pH 4.75, 545 nm; pH 5.21,
XmaX 530 nm) and undergoes appreciable intensification. The
complex 1is fully formed at and above pH6 with a band maximum

at 525 nm (Figure 4.3).

An equimolar aqueous solution of and nickel (11)
was titrated spectrophotometrically in the pH range 2-11. The
spectrum of the solution below pH 5.70 shows negligible

absorption 1in the visible region. On addition of base an

absorption band develops, with X" = 412 nm. Further addition

of base gives intensification of this band with no shift in

X . At and above pH 7.5 the complex 1is fully formed,
ma X
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4.3

Potentiometrie and spectrophotometric titratitons
of ML,D
(M » cu(ll), NiClIl) and Pd(Il))

A potentiometric titration was carried out by mixing

equimolar amounts of Cu (C1 ) 2e6H

and in 0.1 mol dm 2~ (KNO3)
at 25®C and titrating against dilute sodium hydroxide. The
solution 1is dtacidic and consumes two moles of base per mole

of ligand (L) . The titration curve corresponds to that found

N

in the The experimental

molecular weight of Lp

derived from the titration curve 1is 224 amu. The calculated

theoretical molecular weight 1is 228 amu. The 1ligand 1is thus

98.2% pure .

A potentiometric titration was carried out on

an
-qui.ol.r mixture of K~APaCI”™ _nd In 0.1 mol (KNO3) .t
25-C, tltr.tlng nqg.Inet dilute .odium hydroxide. Due to slow

complex.tlon of Pd(ll) with the 1lg.nd the mixture we. stirred

for 48 hour, et 40*C prior to tltretlon. Two mole, of .odium

hydroxide were consumed per mole of ligand.

hn equimolar aqueous solution of !,, and cu (CI0, 13<6H30

titrated spectrophotometrically in the pH range 2-12. The

spectrum of the solution at pH 4.5 has an absorption band at

1 . 506 no. on addition of base the absorption band under-

goes appreciable intensification with no shift in the an

maximum. The complex 1is fTully formed above pHé6 .

An equimolar aqueous solution of and Ni(C1l0 ,)2'6820

ctrophotometrically in the pH

range 2-12. The
“"."crrllrirtr. _oluLon _.how. no appreciable absorption in the
- 1 ANoor Below H3. On addition of base an
visible region ator Dbe€io B
% ) ) = 460 nm. Further addition
absorption band develops wit max
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_ ;ion of the band with no shift in
of base gives

X . The complex is fully formed at and above pH 7.S
ma X

Potentiometrie and spectrophotometric

of ML~
M = Cu((11))
A potentiometric was carried out by mixing

equimolar amounts of Cu(ClO”™)3"6H w1 th in 0.1 mol dm

(KNO3) at 25°C and titrating against 0.05 mol dm"~ (NaOH). On

the basis that two moles of base will be consumed per mole of

ligand the end point in the titration curve shows that base

consumption 1is only 59% of that expected, it seems unlikely

that this 1is due to slow complexation of Cu(ll) but more likely

that the Qligand is only 59% pure. While the analytical results
were reasonable it may be that the ligand contains some polymeric

material of the type shown 1in structure (4).

Redox studies

AS mentioned 1in the Introduction ,the planar, strong

field, d.pioeoe.t.d ..crocycllc dle.lde, .t.blliee co.pl.x.d

cu(lll) 1loee end redox studi.x coupled with e.x.r. _.e..ure, .nts

by rebbrilxzl £b

»1 .7 ehown th.t the redox orbltel 1In the

oxidation of 100(3-2«))- to (Cu (13-2«)1"~“ 1. net.l based.

The redox chemistry of the metal complexes of L%, and b®,

has been pursued in the present work.

rCu(L -2H)1 was prepared in. si_t* by dissolving
A

3
equimolar amounts gF gﬁé&I%APZ and LA in 0.1 mol dm Nacton

in water and rais#ng the ﬂW {8 Eg:% b¥ addition of sodium
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3 -3
hydroxide The final solution was ca. 1 x 10

mol dm in
(Cu (L™-2H)] - Cyclic voltammetry at a platinum wire electrode
showed an

irreversible one-electron oxidation at iEp = ¢ 0.61

volts versus a saturated calomel reference electrode (SCE) where
iE is the mid-point between Ep(oJ (the potential at which
I (@) the forward peak current is at a maximum) and E~CC) (the

potential at which 1p(C) the return peak current 1is at a

5, -aximum) . A plot of peak height v e N the square root
of scan rate v* 1is linear, passing through the origin 1indicating
a diffusion controlled process. The peak height ratio

I (a)/1p(C) = 1.43 at a scan rate of 100 mv/s and the peak to

peak separation AE” = 160 mv at a scan rate of 100 mv/s

increasing to 250 mv at a scan rate = 500 mv/s. At a carbon

paste indicator electrode the irreversible oxidation wave is
seen

at + 0.65 volts versus an SCE, see 17d.bl.GS 4«2 Sind 4«3»

TABLE 4.2

Cyclic voltammetry of [Cu(L”™-2H)) at 25 C

1 (03/1,.(C)

50 43 27 1.59 +0.61 140
100 56 39 1.43 +0.61 160
200 82 56 1.46 +0.60 190
500 120 64 1.87 +0.64 250

Support electrolyte
with all potentials
are

-3 A
is aqueous 0.1 mol dm (Naclon)y
expressed versus the SCE. Potentials

measured at a platinum wire electrode. The solution

is 1 X 1o"» mol dm ~ in (Cu (L™"-2H)1
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TABLE 4 .3

Cyclic voltammetry of (Cu(L”™-2H)] at 256C

v 1, ®@ 1, © I, (0)1i,(c) iEP Ae
(mv/s) (CD) wr) () m)
50 205 70 2.92 +0.65 340
100 330 150 2.20 +0 .66 470
200 540 160 3.37 +0.64 550
500 1100 220 5.00 f0.65 750

-3
Support electrolyte 1is aqueous 0.1 mol dm (Naclo™)

with all potentials expressed versus the SCE. Potentials

are measured at a carbon paste indicator electrode. The

solution is 1 X 1o"™ mol dm ~ in ((Cu@L”™-2H))"°).

Cyclic voltammetry at platinum of a solution of

(Cu (LA"-2H)]° prepared 1in situ in a support electrolyte of

0.3 mol dm"~ tetra-n-butyl ammonium perchlorate in dimethyl-

sulphoxide shows a quasi-reversible one-electron oxidation

at 1iE = + 0.32 volts versus an SCE. A plot of £7(0) versus
[=]

V* gives a straight line through the origin confirming

diffusion control. The ratio of peak currents Ip(aj/Ip(c)

equals unity indicating that the product of the oxidation

process 1is stable on the time scale of the experiment and

available for reduction on the return half of the cycle.

However, the observation that the peak to peak separation

AE = 130 mv at a scan rate of 100 mv/s
P

electron transfer, see Table 4.4.

indicates a sluggish
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[Cu(Lg-2H)]

Cyclic voltammetry on 1 x 10 mol dm

solutions of [Cu(Lg-2H)I was carried out using both platinum

and carbon paste indicator electrodes The complex [Cu(Lg-2H)1
tetra n-butyl ammonium
in a support of 0.3 mo1 dm y
in dimethylsulphoxide shows a fully
one-electron oxidation at 'E = * 0.48 volts at a platinum

wire versus an SCE. A linear plot of 1~(0) versus v* confirms

diffusion control. The separation of the anodic and cathodic

peaks AEp 1is 60 mv and the peak height ratio 1~(03/1Ip(C) is

close to”unity. In addition Ep(cO, Ep(C) and iE” are independent

of scan rate, see Table 4.5.

TABLE 4.5

cyclic voltammetry” of [Cu(L3-2H)]» at 25»C

Ae
1 0/1.,(C
v Ip @0 . © P(C 15() P
mv/
(mv/s) wr G () m)
50 6.0 5.0 1.20 +0.48 70
100 8.25 7.0 1.17 +0.48 60
200 12.5 10.25 1.21 +0.48 70
70
500 17.25 17.0 1.01 +0.48
a Support ele< is 0.3 mo1 dm tetra n-butyl
ammo n ium
pot.ntl.l. expr....a versus the SCE. PotenPlsls .r.
measured at a platinum indicator electrode. The
solution 1is 1 X l1o"" mol dm in [Cu(LB 2H) 1° .
f I dn >
[Cu(L -2H)1 in a support of 0.1 mo m

R in water shows a diffusion controlled, fully
sodium



Redox Studies of [CuL_-2H)

Fioure 4.5

(volts)

in 0.1 mol

dm=~

(NaClo™)

reversible one-electron oxidation on platinum at

.olts versus an SCE. AE"
unity, see Table 4.6.
TABLE 4.6

Cyclic voltammetry of [ICu(Lg-2H)1I at 25 C

U 1 (007 (3(C -
\ lpﬂw IPGD P( (P() "
(v/s) (L)) ()
50 23 19 1.21 +0.69
100 30 26 1.15 +0.69
200 46 39 1.17 +0.70
500 72.5 55 1.31 +0.69
a Support ele ' is 0.1 moil dm Naclo~n

AIl potentials are €xpressed versus the SCE

Potentials are measured at a platinum

electrode. The solution 1is 1 X

lo mol dm

(Cu (Lpy-2H) 1.

By the P.C technique et a platine»

the oxidation i. ob.etv.d at - 0.69 volts versus

a carbon past, electrode

0.69 volts with

I loj/1 (C) equal to one,

see Table 4.7.
P P

is 60 mv and I, (a@)/1™ ()

212 .

= ¢ 0.69

is close to

AE
P
)
60
70
80

95

in water.

indicator

in

indicatot el.ctrcd.

the SCE. 6t

the ratio

and Figure









Redox Studies of [NIL -2H] in 0.1 mol dm (NaClIon)

Cyclic voltammetry on Piati

Cyclic voltammetry on Carbon Paste

Stirred voltammetry on Platinum

=0 1S
(volts)

Figure 4.6
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TABLE 4.9

cyclic voltammetry* of (Ni(Lg-2H)I at 25»C
. AE
v @ 1_© 1_(0J/17FC) .. p
P P Po P o ™)
(mv/s) wr (D)
160
50 30 19 1.57 +0.59
210
200 77 46 1.67 *0.58
500 112.5 70 1.60 +0.61 270
: -3 NaCl0~ in water
Support is 0.1 mol dm )
All potentials are expressed versus an SCE Potentials
are measured at a platinum indicator electrode. The
solution is 1 X l1o“” mol dm ~ in (Ni(Lg-2H)].
At a carbon paste e an irreversible oxidation
takes place at 0.50 volts versus the SCE.

The electrochemical data collected 1in the present

work are summarised in Table 4.10. In the absence of e.s.r.

results it is difficult to ascertain whether the redox

are metal or ligand based, however by analogy with

work where redox studies were coupled with e.s.r.

measurements™”™ metal based oxidations are indicated for the

complexes discussed in the present work. From consideration

of Table 4.10 several facts emerge: one-electron oxidations

of (Cu(L”-2H)I1 and ICu(Lg-2H)I

show a degree of
reversibility than the oxidation for the corresponding
Ni(ll) complexes suggesting that [Cu ANa ~  and

(Cunrrnr(L -2H)1~ are more stable than (Ni (L~M-2H)1 and

in (Lg-2H) 1 Perhaps the 1irreversibility 1iIn the oxidation

processes for planar Ni(ll) going to Ni(lll) suggests that a



TABLE 4.10

Complex

Cula

CulLa

CulL”

CulLR

NiLg

NiLg

All

iE
P
(volts)

40.61
+0.65

+0.32

+0.65,
+0.79

+0.48

+0.69
+0.69

+0.43

+0.59

+0.58

data co

Indicator
Electrode

Platinum
Carbon
paste

Platinum

Platinum

Platinum

Platinum
Carbon
paste

Platinum

Platinum

Carbon
paste

lIlected in

Reference
Electrode

SCE

SCE

SCE

SCE

SCE

SCE

SCE

SCE

SCE

SCE

Support
Electrolyte

O.IM NaClOn
in water

0.IM NaclO”
in water

0.3M ET~NCION
in DMSO

0.3M ET~ANCION
in DMSO

0.3M Et~NCION
in DMSO

O0.IM NaClOnN
in water

0O.IM NaClION
in water

0.3M Et~ANCION
in DMSO

0.IM NaClON
in water

O0.IM NaClOnN
in water

the present work

Degree of
Reversibility

Irreversible

Irreversible

Quasi-
reversible

Both waves
irreversible

Reversible

Reversible

Reversible

Irreversible

Irreversible

Irreversible



rearrangement takes place following electron

to give a more TfTavourable geometry for the Ni(lll)

species. From CFSE considerations the change from planar

CuUl) to planar Cu (111) would be favoured over

the change

from planar Ni(ll) to planar Ni(llIl). Comparing redox

potentials for the oxidation of [Cu(L”-2H)) and

[Cu(L -2H)1 in dimethylsulphoxide (Cu(L”~-2H)I has = + 0.32

volts and oxidises more readily than [Cu(L3-2H)I with IE~ =

+ 0.48 volts, this perhaps reflects the strain of fitting

a Cu(ll) ion into the small cavity of ligand which is

somewhat relieved upon oxidation to Cu(lll) In terms of

ligand cavity size [Cu(Lg-2H)I 1is less strained than [Cu(L”™-2H)I

and will benefit less from the decrease in size of the metal

ion in going from Cu(ll) to Cu(lll). The greater strain in

[Cu(L -2H)1 relative to (Cu (L3-2H)] 1is reflected 1in the

position of the d-d bands 1in the aqueous electronic spectra

with [Cu (LM"-2H>] having (Cu(Lg-2H)I having

Xm at 506 nm Finally it is noted that there

is a solvent
aXx

dependence on the redox potentials of [Cu (L3-2H)L that 1is at

a platinum electrode in 0.3 mol dm"”~ tetra n-butyl ammonium

perchlorate 1in dimetbylsulphoxide IE® = + 0.48 volts while

at a platinum electrode in 0.1 mol dm

sodium
in water ~ 0.&9 volts.
Ac id-< Dissoci ation Kinetics of
[Cu (L*"-2H)1 and [Ni(L"-2H))
In this laboratory the kinetics of acid-(

dissociation Tfor [Cu(Lg-2H)] and (Ni(L3-2H)I have been measured

These studies show that two moles of protons are consumed per



,»,0le of complex, with the experimental rate law showing a

- IH* 1
second order dependence on hydrogen 1on

Least squares analysis of the data for (Cu (LB-2H)
2

k n 1~ = (1.15 £ 0.03) X 10~ m”° s N at 25°C
ob's . 7
I =0.1 moi1 d9m” and for [Ni(Lg-2H) 1 kob S/ [H =

i
i &n "2 ¢! at 25"C and u = 0.1 mol dm

Temperature dependence studies on the acid

= ara-
processes allowed evaluation of P

meters, for (Cu(L3-2H)] t 71.3 KJ mol ~ and

AS 129 Jk "~ mol”™™ while for INi(L3-2H)I

64.1 KJ
298

-1 * 67 JK A mol A Dissociation of the complex
mol and ~~"298

ICu (L3 -2H) ]Jthe 14-membered nacrocyclic amide differs markedly

from that of the 14-membered tetra-aza macrocycles. The latter

normally show a first order dependence on [Hi. m addition

the amide complex dissociates much more rapidly than the

corresponding tetra-aza macrocycle.

The condensation reaction between diethyj®
malonate and tetraethylenepentarnrne jattempt”
to prepare L7™)

The preparation of the pentadentate donor ligand,

in (1), was attempted on several occasions by the condensa-

tion of diethyl malonate with tetraethylenepentamine 1in
ethanol. Experimental conditions were varied, that is,
reaction time, order of mixing reagents, concentration,

temperature of reaction, but no solid product was obtained.

The Sephadex 1ion exchange procedure, successful for obtaining

Cu(ll) and Ni(ll) complexes of ligands , Lg and from

crude ligand product mixtures, in which of
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ligand is sluggish has been described previously. This technique
was used in attempts to obtain an aqueous solution of
ICu(L -2H)1. Diethyl malonate and tetraethy.enepentamine

G

were refluxed in ethanol for seven days. At the end of this

time the ethanol and unreacted diethyl malonate were removed

by distillation on a rotary evaporator, Jleaving a gummy

material which was taken up in the minimum volume of water.

An aqueous solution of Cu(Ci0~)2 was added and the mixture

raised to pH 9.5 by addition of sodium hydroxide. The

resulting blue-violet solution was loaded onto a column of

CM Sephadex-C25 cation exchange resin and eluted with water.

Kimura ~ al .® report that the doubly deprotonated complex

(Cu(L -2H)]"” exists above pH9 therefore the water eluted

fraction should be a solution of (Cu ( 2H)1". The water

eluted solution was titrated spectrophotometrically in the

pH range 1-12.7. The spectrum of the solution at pH 4.3 shows

a broad absorption with = 610

nm. As the pH 1is increased

the absorption band moves to shorter wavelength (pH 4.65,

X 600 nm; pH 6.75, X 590 nm) and undergoes 1intensification
max max

The complex 1is fully formed at pH8 with a band maximum at

580 nm At higher pH in the range 8-12.7 while X~ remains

constant at 580 nm the absorbance intensity decreases slightly.

solid (Cu(Lg—ZH)l" could not be isolated from the solution.

The position of XA~ at 580 nm suggests a strained complex

when compared with YEW A-2H)Y. X = 525 nmand (Cu(Lg-2H)I,

X - 506 nm. Some of the violet

solution containing
max

[Cu(Lg—ZH)l“ was taken up in 0.1 mol dm" NaClO” in water and
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cyclic voltammetry performed at a platinum electrode An

irreversible oxidation wave was seen at iEp - + 0-8 volt

versus the SCE but this was not studied Tfurther.

in an attempt to prepare [Ni(E”-2H)1 the crude

ligand product mixture was dissolved in water, treated with

Ni{Ci10_jJ2 sodium hydroxide then eluted with water on

Sephadex column. The yellow eluted solution was titrated

spectrophotometrically in the pH range 3-12. The complex 1is

filly formed at and above

pH 8.5 with a band maximum ca. 440nm”

on the edge of an intense charge transfer band.

The preparation of a pentadentate donor ligand

by condensation of diethyl oxalate with tetraethylenepentamine

in ethanol was attempted but no solid ligand was obtained from

the reaction mixture. The ethanol and unreacted diethyl

oxalate were distilled off and the gummy residue was dissolved

in water, treated with Cu(Clo4)2 and sodium hydroxide then

eluted with water on a Sephadex column. The blue-violet

A - -
solution was titratea gSectroghotometrlcally in the pH range

3-12.5. The spectrum of

the solution at pH 4.22shows a

broad absorption with

= 610 nm. As the pH isincreased

the absorption band moves to shorter wavelength (pH 6.75,

X « 600 nm: pH y}gz’x = 590 nm) and undergoes

tion.

intensifica
The complex is fully formed at pH 8.0 with a band

maximum at 565 nm. Above pH8 in the range pH 8-13 while X/~™»
remains constant at 565

nm the absorbance intensity decreases.
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RAMhSH BKMBI and | IONA

A number of dinucleating ligands have been
used to bring two copper atoms into close proxinuty
11, 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(l) complexes
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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-
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tion of both amide groups occuned on complexation
with copper to give (I1). 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 synthe5|s and
physical properties of the double cavity amide ligand
(111) and its copper complex.
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Experimental

Tetraethyl :.:,5.5-pentanetetracarboxylate wm
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. 198-202 *t at 2.5 mm. i.r. fiLu)
rCO 1735 cm™' (br). 'H n.m.r, CH, >25 6 02 H)
triplet; OCH, 4.15 6 (8 H) quartet. CH,CW,CH,
3.30 6 (2 H) triplet. CH, 1.90 6 (4H) gimtet. C
n.m.r. CH, 1411 6; CH, 25.14 6, CHi 28.~1 6" H
51.86 6. CH,0 61.25 6. CO,R 169.14 «
solution). Calc, for CnH”~O, m/e » 360 1785.
found m/e * 360.1768. i ««

The ligand. NJ<".N",N" -teUa(2- amlnoethyl> 1IN,
5-pentanetetraamide was prepared as follows. T etr®
ethyl 1.1,5.5-pentanetetracarboxylate (20 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 (100 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 Cn HIN»04Cui’
6H,0; C. 31.4; 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 10H
band at co. 3350 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. Spectrophotometiic titrilion of CujL-6HjO with
hydrochloric acid.

Nmr iticasurements (‘H and **C) were carried out
using a Bruker WP80 instrument, with CDCIj 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.

Results and Discussion

Reaction of an excess of 1,2-diarmnoethane with
1 15 5-pentanetetracarboxylate gives an acceptable
yield (ca. 25%) of the Ugand(lll). The tetraamide
reacts with copper(ll) in basic solution to give a
purple complex in which four protons are lost from
the Ugand,
Llh +2Cu(ll) Cu,L +4H*
The binuclear copper(ll) complex is neutral, and con-
ductivity measurements confirmed that it was a non-
electrolyte in aqueous solution. Spectrophotometric
titration of 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-
(1) complex of N,N',-di(2-aminoethyl)malondiamide-
(1) where is516 nm (e * 63) [6]. The doublir®
of the band intensity is fully consutent with the
incorporation of two coppeKIl) iott* ligand.
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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 (1V) and

)The eclipsed conformation (1V) is expected to be
less favoured than the staggered conformation (V).

(V)

Magnetic susceptibility measurements confirm that
the complex is paramagnetic with M,n “ 3.52 B.M.
at 18 "t (1.76 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(ll) 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.
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The pregaration of e ic
tigt " e RS
is described. The complexes fCuLI(OOah.
(HsO)I(ClOe)s, fCoCILJ(ClOa)2, iCoLfCOs)ICIOa,
ICo(l15lanefls)COsICIOa, fCoUDM Ffifi“ah.
fCoL(OOCH)J(aO™)i and [CoL(OH~](aOa)s
have been prepared and characterised. The copper-
flJ) complex appears to be square pyramidal on the
bads of 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)deriva”, mte
- k,iComplex][iri' with k, - 1.2 X n
j-tat25'Cand |l =« 0.1 M(NaaO”") - 29.8 ki
mon and AS,.,* - -86 JIT* mon). Dis™ia”n
rates of the copper complexes increase in the ord&-
iiSjaneNs < flbjaneNs < [l7janeNs. For the
dissociation of the nickel(ll) complex, rate = V
(Complex](1f] with k,, » 023 W t “t25 C
(¢df* =44.0 ki moF', AS,,,* =-109J!~
Mechanisms for these reactions are considered. The
nickeUIl) complex is oxidised to nickelflll) inKeto-
nitrile solvent in a pseudo-reversible process (Etp
mrl.ll V with reference to S.CE.). u

Mercury(ll) catalysed aquation ofJC 0”~] ms
been studied (k,,, - 1.4 X /iT’ NT* s ‘ at 25 C).
Potentiometric titration of the aqua-complex gi”s
pKa = 6.2 for the aqua ™ hydroxo equilibrium. The
hydroxo complex ]JCoL(OW]”™* reacts rapidly with
COj to give the monodentate carbonato complex
(CoL(COs)]*. Decarboxylation of the carbonato
complex occurs in acidic solution ar™ the reaction
has been studied kinetically, k =
(EsH* = 48.4 ki moF”™; AS,,,* = -90JIC® moF ).
Similar studies on [Co(]15]aneNs)COs] are also
reported. The base hydrolysu of the monodentate
formato complex ]CoL(OOCHJ]™* has also been

investigated (ko,, - 3.0 X i f KT* i -i C
¢if* = 411 kJ moF" AS,, = -20 JK»
moF'}

0020-1693/84/53.00

Introefaiction

The preparation of penta-aza macrocycles using
the Richman and Atldn's procedure (1J is now rela-
tively straightforward (2. 3]. In a previous paper
we have described synthetic and Icinetic studies on
copper(ll). nickel(ll) and cobaltflll) complexes of
1,4,7, 10, 13-penU-azacyclopentadecane (/ = l13]-
aneN,). The present paper discusses various aspects

of the coordination chemistry of 1,4,7,11,14-penta-
azacycloheptadecane (//) (one of the possible Bomers
of (17]aneN5). The nickel(ll) complex of (// - 1»
has previously been characterised and the electro-
chendstry of the (NIiLI*VINiL)redox system
studied using acetonitrile as solvent [2, 5 |.

Experimental

N O O’-Tritosyldiethanolamine was prepared as
prevkiusly described (4) iN.N'.N".N-.Tetratosyl-1.10-
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
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N

C%%ﬁggnd pentahydrochloride (0.5 g) was dissofv-
ed in water (20 cm*) and copper(ll) carbonate (0.2
g) added. The mixture was heated on a water bath
for @& 0.5 hr, and the solution cooled and filtered
to remove unreacted copper(ll) carbonate. The
filtrate was concentrated to G 5 cm and treated
with Naa04-6H20 (02 g). On cooling blue needle-
like crystals of the copper complex crystallised as the
perchlorate salt. A8l Calcd. for CijHMNsQjOiCu:
C. 285; H. 5£; N, 13.9. 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(ll) carbonate or the basic
carbonate. Violet crystaU of the perchlorate salt were
obtained: Am|l. Calcd. for CijHANsQifANiHjO.
C. 27.8; H, 6.0; N, 13.6. 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.

1ICoLOKaOu

The ligand pentahydrochlorlde (0.5 g) was dissolv-
ed in water (20 cm*) and treated with freshly prep-
ared Na,(Co(CO,),I-3H,0 (0.2 g). The mixture
was heated on a steam bath for G 1 hr then cooled
and filtered. To the filtrate was added Naa0O4'
6HjO (0.2 g) and the solution concentrated to @&
5 cm*. On cooling the pink complex crystallised. The
complex was filtered off and washed with 2-propanol
then ether and air dried. A|l. Calcd. for CjiH~Ns-
ajO.Co: C. 26.9; H, 5.5; N, 13.0. Found: C. 27.0;
H, 5.4,N, 12.8%.

/GLCOj ICION

The complex (CoLQ)(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 & 15
min, then cooled and filtered. To the filtrate was
added LiCO, (0.1 g) and the mixture heated for G
1 hr on a steam bath. The solution was cooled and
filtered. The filtrate was reduced in volume to
G 5 cm* (steam bath). Addition of 1iC104 (0.05
g) and cooUng gave the pink complex which was
filtered _off, washed with ethanol then ether and
dried NN \&4D. . Calcd. for Ci3Hj*NjO7-

aCo; C, 33.8; H,6J; N, 15.1. Found: C, 33.8; H,
6.0; N, 15.0%.

[Coll 151 aneNi)COil C104

The complex [Ci>([I15)aneN$)H301(Q04)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 G
05 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 Lia0O4 (0.05 g). The solution
was warmed for G 10 min to 60 t . then cooled and
filtered. The filtrate was reduced in volume to @&
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 N\aaD. Amal calcd. for CnHjj-
N ,a07Co; C, 305; H, 5.8; N, 16.15. Found: C.
30.8; H, 5.9, N, 16.1%.

[CoUH”MOUiaOali

The chloro-complex [CoLCI1(004)7 (0.54 g) was
dissolved in water (20 cm*) and the solution warmed
to @& 50 t. SUver perchlorate (021 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 G 3 cm*. CooUng in ice followed by the
addition of a few drops of 70% H a04 gave the red
complex which was filtered off and washed wth
ethanol then ether and dried 1N \Vaap Anal c~cd.
for C,,H,,N5 ,0,Co: C, 23J, H, 5.05, N. 11.3.
Found: C,23j05;H,4.9;N, 11-2%.

[COLIDMFIKOOah n
The chloro-complex [ColLdl(004)2 n
was dissolved in DMF (1 cm*) and AgQO04 (0.11 g)
added. The mixture was heated for G 10
about 50 't, then cooled and filtered to re ~ ~ AgU.
To the filtrate was added ethanol (10 cm ) followed
by excess ether, which on standing gave an oil. Thm-
ration of the oU with ethanol gave a pink soUd which
was filtered off, washed with ethanol, then ether and
dried N \EQD. Anal Calcd. for CisHMNeQsOuCo.
C, 26.7; H, 5.4; N, 125. Found: C, 26.5; H, 5.3; N,
126% The DMF Ugand is bonded VBAthe 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)I(O0a)7-HiO

The complex (CoLai(a04)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,.Co: C, 26.7;H, 5.4;N, 12.4. Found:
C,272 ;H,5.6;N, 12.5%.

Kln‘Ie'3h63 kinetics of the add catalysed dissociation of
CulL/C104)i were monitored at 300 nm. Measure-
menu were made using HCIO4 solutions adjusted
to | - 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 Il computing system. Measurements
were made with HaO« solutions adjusted to | » 0.1
M with NaClO«. Activation parameters were calcu-
lated by least-squares analysis of Eyring

Mercury(ll) catalysed aquation of [Coal]
was studied spectrophotometrically using a total
ionic strength of 0.49 M. Mercury(ll) solutions
were prepared using the nitre salt.

Decarboxylation of the monodentate carboxy-
lato complexes (Co((15laneN,)CO,I and (Co-
(1171aneNi)COj)* was monitored by stopped Bow
measurements at 490 nm using HCI solutions (0.05
AO Base hydrolysis of ICOUOOCH)] was monitored
spectrophotometrically at 280 nm. Measurements
were made using acetate and citrate buffers adjusted
to | » 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 0.77 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 10T M
solutions at 25t. All pH measurements were made
with a Radiometer PHM®64 Research pH meter, which
was standardised using 0.05 M potassium hy”~ogen
phthalate (pH 4.008) and phosphate buffer (0.025
Af).pH6.86at25°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 14,7,11,14-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. i

The unsymmetrical 14,7,11 ,14-penta-aaacyc|o-
heptadecane presents further scope for isomerism

(HI)

depending upon the nitrogen adopted as the apical
donor (Scheme)

-FOLD
"W N NB-T
\u
3,2,3 -ISOMER

. _FOLD- Em. nB
LiJd

2,2,3-isomer 2,3,2-isomer

N - APICAL NITROGEN

Scheme. Possible isomers of complexes of 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 (1V), the meso-anti (P) and *he race-
mate (P7)

HN

“NH ¢

racemate (VI)

Crystallographic work on (Co((16laneNi)ai(C104)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 23.2-
configuration (K/A) and the chiral nitrogens have
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opposite chirality giving the meso-iyn diasterco-
isomer.

HN~— CX.0 (V11)

L-NM  HN-~

Crystallographic work has also been carried out [7],
on the cobalt(lll) complex (CoLaKaO.)"®

L, « 14.7,10,14-penU-azacyclohepuHecane (vIuU)
which is the second possible isomer of (17laneNs.
In this complex the configuration of the ligand is as

_yT--FOLD
HN—/

_>IH HN—1
L-NH  HN—*

(Vili) OX)

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-isomer of complexes of 1,4,7,11,14-penta-
azacycloheptadecane may be favoured.

The copper(ll) complex of [HjaneNs, [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
mor' at 25 °C possibly indicating ion associatioji,
but it is a 2:1 electrolyte in water (Au « 243 ohm
cm’ mor' 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 max
585 nm (c “ 200 AT' cm™") for the analogous com -
plex of {15]aneNj. Both complexes also display an
additional weaker band, red shifted from the major
d—d absorption band. For [Cu[l5]aneN5I(C104)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, 9J. 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 (8-101. The CuN* chroméphores in com-
plexes such as (Cu(haco)l’* (haco “ 1,4,7,10,13,1"
hexa-azacyclooctadecane) and (Cu(dien)2l  absorb
at 615 and 640 nm, respectively (11). The former

R. W. Hay, R. Bembi, h'. Melaren and W T. Moodie

TABLt I. Electronic Spectra of the Complexes.

Complex max )

(nm) iM~" cm” ')
CuLfa0.)! 582 180

840 65 (acetonitrile)
INIL(H20)) (a04)2 820 5.6

780 4.6

540 4.6

355 8
(CoLaiao4 550 132

380 174
(CoL(co3) jaos* 510 180
[Co(1151aneN$)C0j Q0 . « 505 280
(CoL(OH) 1 (@043 506 148

360 142
(CoL(DMF) 1(a04)3 514 273

362 153
(CoL.fOOCH) 1(a04)iH20 530 106

375 135

Spectra aeterminea uun« Sy NaHCOa solutions. au
other ipectia determined using aqueous solutions.

Fig. 1. Absorption specua of [Cu((17JaneNs)l(d04)j
( ) in acetonitrile and [CufhacolJfaOala in water

G-->r

complex lacks any band in the neat infrared region.
Fig. 1.

gThe complex CulLiaOals « kineticaUy labUe in
dUute acid and the kinetics of dissociation were
investigated using perchloric acid solutions. Table
Il. The reaction is first order in the cotnplex and
second order in [iH; rate - KH”CuLI[ITI] =

kn = 1.2 X 10" a®’ s ' at 25X and | “ 0.1 Af
(NaClOa). The temperature dependence of Ich.
Table 111, gives AH* « 29.8 kI mol ' and ASj,,
-86 JK”' mol”" with a correlation coefficient of
0.9835 for the Eyring plot.
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TABLE II. The Add Cstulyled DtiiocUtion of CUL(C104)j
a&i1- 0.1 MiNeClOa)

10” 1HOOal 10%111*17 koba (1& 2T
*' | - '

) CM*) (t"*)

4.20 0.50 1.19

17.69 2.35 1.33

37.21 4.31 1.16

62.24 6.69 1.07

79J1 8.98 1.138

kH - 1-2 X 10% AT™ r*
TABLE IlIl. Temperature Dependence of the DUaociation of

CuL(a04>2 < e-m01 "N

10> k,,
L)

“iHClOal -
dsj.8* -

205 X 100 *m ah™*- 29.8 t 3.9 kJ mol
.86 t 13JK mol * (i m0.983S).

The dissociation of the copper(ll) complexes of
[ISJaneN,, [16]aneN5 and (ITJaneN, aU show
a second order dependence on [H*I, 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 ICu((15)-
aneN5)]**at25t (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 eqgns. (1) to (3). Mono-
protonation of [CuLl** to (Cu(HL)J** is expected

[CuLl** + FT~ - [Cu(HL)I**

(Cu(HL)y** + H+ " [CufHal)l«*

[Cu(H,L)I** — »Cu»*(aq) + HjL**

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)I** have often been reported in
Potentiometrie studies of copper(ll) jxjlyamine
complexes [12]. The rate equation (4) can be readily
derived from eqgns. (1) to (3). Under the conditions
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TABLE 1V. Add DUsodation Kinetics of Copper(ll) Com-
plexea of (15)aneNs, 116)ineNs and (ITjaneNs at 25 "C.

Ring Size IEEF* © ‘)

0.049
4.85*
1.18 X 10*

*R. W. Hay and R. Bembi, unpubliihed results.

Fig. 2. Dissociation rates of oopperfll) complexes of penU-
aza macTocydes as a function of ring size.

K.K.KjlCuL**] [ITI*

' @
RAte ™ | 1k, IH*L +K K 2[H*%)

of the present experiments (K,[Frj + 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 (31.

The nickel(1l) complex [NiL(H20)I(C104>2
isolated as a violet solid. The complex is a 2:1 electm-
lyte in water (Am = 235 ohm~*cm moP at 25 X)
and gives a typical octahedral d—d spiectrum. Table
|. 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$) > Ni((16]-
aneN,) > Ni((17]aneN,) indicating a progressive
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table V. Cyclic Volummctry on (Ni((151»neNj)]|-
(004)i »« 25 5C*

Ip(c) 1p(«) Ip(c)/Ip(*) AEp  WEp
(mV/t) (>iA) @A) (mv) (V)

*1 X 10“* M INI((151»neN5))(a04)i in eoetonitrile with
0.1 M BimN a 04~ u the »upportin* electrolyte. Cyclic
voltemmetiy on Pt with SCE reference.

TABLE VL

VoltemiTietry on (Ni((17)eneN$)J
dOah at25v.

Ip(c) Ip(s) Ip(c)/Ip(a) dEp  ViEp
Ma

(mVl/s) VA (mvVv) (V)
50 36 40 0.90 70 +1.10
100 50 54 0.92 70 +1.10
200 87J 80 1.09 70 +1.10
500 117A 125 0.94 80 +1.10

1 X10“* M [NI(171eneN,))(a04)j in eoetonitite with
0.1 M Bu4N(304“ es the lupportins electrolyte. Cyclic
voltemmetry on Pt with SCE reference.

of the Ni—N bonds & the ring size
increases.

The oxidation of (Ni((151aneN5)I(a04)j and
(Ni(ll7laneN,)I(a04)2 to the corresponding nickel-
(111) 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(ll)/Ni(lll) 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 Ey, =
+1J08V.

Similar measurements were carried out on [Ni-
([17)aneNs)I** giving the daU shown in Table VI.
The NiOI)/NI(ni) redox couple U essentialy 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 (60 mV)

R. W. Hay, R. Bembi. F. Melgaren and T. Moodie

TABLE Vil. Summmry of Electrochemic*! Deti for the Ni-
(ID/Nidll) Couple».

Complex Eilj* EvafUt)**
) V)
(NUIlISIsneNs))** +1.03(+0.73) +0.737
INKIIblsneN ,)!** +1.04(+0.74)® 0.772
(NKinisneN )!** +1.1(K-K).80) +0.817

epresent d»u vertut SCE reference, the vilue* In perenthem
heve been converted to the A«/0.1 M A*NO,
**A«/0.1 M AjNOs reference, from ref. 2.
F. McLeren to be published.

refer«ce”
R. W. Hey end

TABLE VIII. The Add Cetelyecd Diieodetion of NiL-
(OOeljHiO et 1« 0.1 M (NeQOe) et 25 5C.

io*(Hao4i 10*kob. VI
i =) M= i)
0.48 0.23
iy 130 0.23
00 ons 0.24
20.7 4.98 025
40.6 9.42 %

TABLE IX. The Temperature Dependence of the Dissocia-
tionof NiUaOah'HaO atl- 0.1 M.

Temp. kH e
(Xi =) (AT's*")
25 1.39 0.23
295 1.78 0.297
33 2.39 0.395
39 3.15 0.525
eHaOs - 60 X lO“* M AH* - 440 t 31 kI mol %

dSset* - 109 110 J K™ mor' (r- 0.9951).

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 (-0.30 V)
{14] gives the data shown in Table VII.

Dissociation of the nickel(ll) complex of [17)-
aneNs occurs quite readily in acidic solutions. In
the range (2.1-40.6 X 10“* M HOGOs. the reaction
shows a first order dependence on 1H*J, with rate “
K,,(complex [irj . Table VIII. with k,, - 0.23 AT
s" at 25t and | - 0.1 M (NaOOs) The tempera-
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TABLE X. Mercujy(ll) C«talyted Aquation of (CoLQ)*
at 25 and - 0 <9 M (NaNO,).

10" IHg'*) 10 kgt>S 10"k,
(o () (AT" =™
9.0 0.62 6.9

18.0 1.26 7.0

20.0 2.15 7.4

41.0 3.12 7.6

48.3 3A4 73

kH,- 72103 Af-"r"

Fi*. 3. Uptake of COj by (Co((17]JaneN5)OHJ* in borax
buffet at pH 9.66. The time interval between scans is 1 min.

ture dependence of kn gives AH* = 44.0 kJ mol
and AS,a* = -109 HC' moP' with a correlation
coefficient of 0.9951, Table IX.

The dissociation of NiflwjaneNs) differs
from that of 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 NidnianeN,)’* is fully protonated
as (NiLHI** throughout the acidity range employ-
ed, with only the four equatorial nitrogens coordi-
nated.

Cobalt(HI) Complexes

Reaction of the ligand pentahydrochloride with
(Co(C03)31*~. followed by addition of NaClOs
gives the pink cobalt(lll) complex (CoLai(a04)j.
The ‘Ai, -» *Ti, transition occurs at 550 nm (e =
132 AT cm™"') and® the 'A,, -» ‘T,, transition at
380 nm (e « 174 AT' cm ,. Table I.

The mercury(ll) catalysed aquation of the com-
plex was studied at 25 A and | * 0.49 Af, Table X.
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The rate expression is of the form, rate » kH,(com-
plex)(Hg"l with kH, « 12 M~" s'. Mercury(ll)
catalysed aquation of the macrocyclic complex is
considerably faster than that of the c«a-ICo(tetren)-
ai** (X) where k«, " »42 X 10" AT" s "at25 T
and 1»OJ Af (151.

The aqua-complex (CoUOHj))*™ was readily
prepared from the chloro-complex by silver(l) cata-
lysed aquation. Potentiometric titration of the
aqua-complex gives a pK, of 6.2 for the aqua”
hydroxo equilibrium at 25 "C and | “ 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 [16).
The complex [CoL(CO,)laO. was characterised
by the reaction of UjCO, 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
X1. Dasgupta and Harris (16) have shown that the
acid-catalysed decarboxylation of o~ (Co(tetren>
CO31* (Xf) involves the equilibria,

(Co(tetrenKCO)j]*+ H*** (Co(tetrenXCO,H))’* 1/K,

(Co(tetren)CO,HI** ~(Co(tetren)OHI +CO,

The corresponding rate expression is kg,,, “ kK(H*)/
((H*I + KJ where pK. has the value 6.4. Decarboxy-
lation of (Co((17laneNs)CO,I* and (Co((151ane-
N,)CO,I’ was studied using 0.05 Af HO so that the
only process U the direct decarboxylation step of
the protonated species. For the (HJaneN, deri”-
tive k = 0.43 s at 25 (AH* «48.4 kJ mol

AS,«,* - -90 JK"* mor') and for the (15)aneN5
complex k =0J3 s"' at 25 "C, Table X1I. with AH -

(X1
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TABLE XI. Acid C«t«ly»ed DecarboxyUtion of (COLCO3)*
in0.05 M HQ. *

Temp. 10
(X) (»*>)
L= (17)aneN5*
25 0.43
28 0.52
32 0.65
37 0.96
L - HI5]«neNj*
25 0.33
285 0.44
32 0.59
37 0.85

eFor L - injaneNs. AH 48.4 1 3.1 kJ mol
-109 t 10 JK * mol * (r 0.9959).
Ns, AH* - 58.3 t 1.0 kJ mol *; AS298
moT* (1 ~0.9997)

;aSo»
For L “ (15J«ne-
-58 t 3JK *

583 kJ mor* and AS,,,* =-58 JK"* mor*. Fw
the open chain tetren complex, k « 0.28 t *at 25 X
with AH* « 653 kJ mor* and AS,,,* “ -36 JK“

mor* (16]. 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 constats at
25t which fall within the range 03 —1.1 s * for
a wide range of ‘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 AS,,,* which exert a compensa-
tory effect. ReacUon of [CoalL]* with formic
acid in the presence of AgCIO, gives the pink formato
complex (CoL(OOCH)I** readUy isoUted as the per-
chlorate salt. A similar reaction can be used to
prepare other derivatives such as (CoL(DMF)I** 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 of (CoL(OOCH)]* in Acer,le
and Citrate Buffers ,t 25 X and 1= 0.1 M.

pH 10*°(0in 10%k,b.  10-7koH
(M) (-1 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 of the Base Hydro-
lysisof (COLfOCKTH))**at | - 0.1 M.

Temp. pH 10*®(OH-) 10 kob« i (r*koH
*o ("*) (AT* 5)
25 5.85 92.3 3.19 3.45
29 5.88 144.7 6.75 4.66
33 5.90 203J 10.14 4.97
36 5.90 2535 17.47 6.89
AH* - 41.1 kJ moP* AS,,* “ -20JK" mor*

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 of
(Co(NH,)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 CON50O chromophore. The complex

TABLE XII. Kinetic PsrMneters for the Acid-ctalysed Decarboxylation of Monodentate Carbonato Complexes.

Complex kaX

(s~*)
@ (NH,) ,C0j 1 110
aBS-[Co(tetren)CO,)" * 0.28
(Co(115JaneNs)CO, | * 0.33
(Co((171useN ,)C O ,I* 043

eDau for (Co<NH,),CO,I* from E. Chaffee, T. P. Da,upU and G. M. Haim, J. Am. Chem. Soc.. 95. 4169 (1973) (See foot-

note 19). <Data for 0dS-(Co(teUen)CO, T from ref. 17.
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TABLE XV. V»lue» of koH f“' 'he Bwe Hydrolytu of
Eormeto Derivmtiwe» of Pentemine cobilt(lll) Complexe!.

Complex koH (25 'ey Rel.

(M= ¢ Rate
[Go (NHj ) 1ICXX:H) ™ 5.8 X 10~* * 1
ao-(Co(tetren)<X)CHI** 153* 2.6 X 10*
[Co((17)aneN!)OOCHI' * 3 X 10* 5.2 X 10

*R. B. lordan, Ph.D. The«!. Unlvertity of Chicago 1964.
quoted by D. A. Buckingham. J. MacB. Harrowfleld and A.
M. Saxgeion. J. Am. Chem. Soc., 96, 1726 (1974). F. Mc-
Laren and R. W. Hay, unpubbihed reiulti. The oco-nomencla-
ture ii that of Si>ow etai.J. Chem. Soc. Chem. Comm.. 891
(1969).

(CoL(OOCH)I undergoes rapid base hydrolysis in
the pH range 4.8—6.2, with koH “ 3.0 X 10* Af-
s~ at 25°C, Table XIIl. The temperature depen-
dence of koH. Table XIV gives AH* =41.1 ki moP*
and - -20 JK™ moF*. 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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The acid dissociation kinetics of open-chain polyamine
complexes have been extensively studied.™’ and the topic has
been reviewed.'® Currently there is considerable interest in
the kinetics and mechanism of the acid dissociation of mac-
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Table I. Acid Dissociation of [QiL] at25 Cand m=0 *~

10

10° IH*1. 10" *obad. l{/l "
pH M

ligands these reactions are quite slow,"”~®and thus t”~ dis-
sociatlion of the blue coIJger ”2 complex of C-rac-

5.5.7.12.12.14-hexamethyl-1,4,3,ll-tetraazacyclotetwd<«ne
(1) occurs at a measurable rate at 25 ®C in 1-5 M HNO3
P
»Me
G HN- -NH HN-
HN- HN-
Me*

In a previous paper™ we have described the preparation of the
macrocyclic diamide ligand 5,7-dioxo-1,4,8,1 1,-tetraazacy-
clotetradecane (2 » LH2) and its copper(ll) and nickel(H)
complexes [ML] (3). formed by deprotonation of two amide

h1_|H

groups. The dissociation of the copper(ll) and nickel(ll)
complexes in acidic solution is quite rapid, and we now discuss
the acid dissociation kinetics in detail.

Experimental Section

The ligand 5,7-dk>x0-1.4,8,1 1-tetraazacyclotetradecane (I-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 Kkinetic
study was 5 X 10~ M. and the titrating acid (HC10») was 2.5 x 10"
M. Two moles of acid was consumed per mole of complex in the
reaction. The kmic strength was 0.1 M. mainuined by using NaClO,.
Values of the hydrogen ion concentration were obtained from the pH
by using a molar activity coefficient >, of 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 of 7 are 0.774 (20 *C), 0.770 (30 “C), and
0.768 (35 ®C)

Results and Discussion

Dissociation of [CuL] was conveniently monitored by pH
stat in the pH range 4.73-5.25 at 25 ®C and u “ 0 > M. Two

(19) Liang. Chung. C.-S Inorg Chem 19B3. 22, 1017.

(20) Wang. B-F., Chung. C.-S. fnorg Chem 19g], 20, 2152.

(21) Hay.R W.; Norman. P R Transition Met Ckem (Weinheim. Oer)
19i0. 5. 232.

(22) Hay.R W .Porter. L J.. Mom». P J Aust J Chem 1966 19. 1197

(23) Davies C W y Chem Soc 1936. 2093

Notes

iO*[m*1 (m)

Figure I. Dissociation of [CuL] over the pH range 4.73-5.25 atu
> 0.1 M and 25 *C.

Table Il.  Acid Dissocution of |NiL) at 25 *Cand =01 M
(Sa00.»

10 <,
I0'IH'l.  10'fcobe!-

pH M

3.69 26 44 8.52 122
3.80 20.53 5.40 1.28
3.90 16.31 3.33 1.25
3.96 14 20 2.43 120
4.04 11.81 1.67 120
4.09 10.52 1.36 1.23
4 12 9.83 1.18 122
4.25 7.28 0.65 1-23
4.40 5.16 0.33 124

Table 111.  Acid Dissociation of (CuL) at 20, 30. and 35 *<
and li= O-1 M

10 ~obxd'
10" iiri. [H*P.

r.‘c pH M » m M’ »
20 4.77 2.19 331 0.69
4.87 1.74 2.19 0.72

492 1.55 1.58 0.66

5.00 1.29 1.14 0.68

5.05 1.15 0.98 0.74

30 4 95 1.46 4 16 195
4.97 1.39 341 1.76

5.03 1.21 2.79 190

5.08 1.08 2.27 1.95

518 0.86 1.29 1.74

35 4 96 1 43 6.31 3.08
5.02 1.24 4 62 3.00

5.13 0.97 3.02 3.21

5.17 0.88 247 3.19

moles of protons was consumed per mole of complex, corre
sponding to the reaction stoichiometry

MI. 4 2H* — M~*@aq) + LHj

Values of at various pH values for dissociation
copper(ll) 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/IH*]” - (1 15+ 003) 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! I1) complex (Ta e

Notes

Table 1V. Acid Dissociation of [NILI at 20, 30. and 35 *C
and M Ol M

10~
10* |H*1.  10'k,b«l.
r.*c pH

20
30
35

1 where k,Ka/|H® - (123 + 0.03) x 10° M *s "' at 25
ec'and u “ 0.1 M. Dissociation of the coppcr(H) complex
is about 100-fold faster than that of the nickel(ll) coinplex.
Slower dissociation of the planar d complex is

The Kkinetic data establish that two protons are
the transition state of the reaction. Dissociation <{»he
per(ll) complex of the 14-membercd macwycltc ami”
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
I~ lytic pathway.” In addition, the amide Comdex disso-
ciates mucrmorc rapidly in acidic solution. Theseo t”™ a I~
suggest that protonation may first occur on the amide oxygc
atS o give the iminol tautomer (4). followed by tntramo-

2+

lecular proton transfer to the nitrogen donojs P»®»""»“»""»
m stron’i acid of [Co(NH,)a(glyNH)]»’ and [CANN
glvO),L “ has been shown to occur at the ami” oxygen, rath«
K \ h e amide nitrogen. _X-raﬁ

1Co(glyglyO)q cation indicate that the douWe-t~d charaetCT

f th rbon-nitr n pon N Yi ili
8artbgn%x989nnkl)tor? eiS e%rgased in accord with Hlﬁe eamlllllg-
rium

Co---- N
Co- + H

-OH
NH~/CMO

Tl« ofth. .cid.o.ul,™|

f . h.copporf.l) .nd oi.lc.Um “oi'ti.

of ,h .. ) dlu
additional temperatures of 20. 30. ana 55

(24) mucki.,h.«;'D A iFoUer.D M:S.T¢;»on. A M Z 4m (Arm 5«

(25) Barne®M T. Freetiwn. 1T &d8¥Kingham. " A Htu I-N.vundef
Helm. D J Ckrm Soc D I*7*. 367
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Table V. Activation Parameter» and Rate Constant» (or the
Acid-Catalyzcd Dissocution of |CuL| and |NiL]

cumpd r.*c
(068 1 0.031 X10’
ICuLI® 2205 (1.15 »0.031 X 10’
30 (1.92 e 0.16) X10’
5 (297 1 0.1 3) X10’

AJ* =717 1 15W mol +:AS 181 1 53k " mol

- (0781 0.01) X10*
ISiLI 20 (123 t 0.01) X10
1’91 1 0.03) X10*
(298 t 0.1 3) X10°

All' =645 x0.5kdmol 'itAS'... 69 *2JR- mol -

Obtained are summarized in Tables HI a”~ IV_ Rate con-

stants and activation parameters are " Tab
the dissociation of the copper complex A/f « M./ * i.5»J

oglplesx L%\IV* 64 gjilo.S ki mol and AA - 69+ 2]

A possible kinetic scheme for the acid dissociation could
involve the steps

ML Y2H” ;~AMLH2»* n
MLHj»* -- M»*(aq) + LH]j 2
involving a rapid preequilibrium prolonation step 1) and

a slow rate-determining dissociation (eq 2) It can be readi y
shown that

KA™ IMLHH*]»
T 1FAH-TB

KA. IH” >

1--AlIH"I»

Under the conditions of the present

1 and k.o_ = KA'(H*]» with k» = kKK - 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 AI» '
ciation of the ligand to occur Thus, we have prevu”sly
shown™ that dissociation of the pentaaza macrocycle [ ~
ane-N, (5) from copper(ll) 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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