

















L a 1to my Grandfather







































T tempe ure

THF tetrahydrofuran

TMS tetramethylsilane

uv ultraviolet

A very stror  (in IR)

VT-SQU variablc  mpe ure superconducting quantum interference
devices

w weak (in IR)

ZFS zero field litt g

XVii


























































































































































Chapter 1. Introduction to Cobalt(ll) Complexes

The advantages provided by this :chnique are (i) it can be conducted at low
temperatures ranging from 0 to 60 °C, (ii) it can give polymers with high molar masses
(M, > 200000 g/mol), (iii) it has been successfully applied in aqueous dispersed media

"e It is therefore certain that the cobalt-mediated

e.g. suspensions and minic 1lsions.
radical polymerization pr¢ s has opened a new window towards the further

improvement of polymer chemistry.

The work described in the following chapters involves the syntheses and
characterizations of both mono- and trimetallic Co" complexes. These were achieved by
reacting cobaltous acetate salt with sterically hindered tripodal amine-bis(phenolate)
ligands under varying conditions and characterizing by X-ray crystallography, UV-vis
spectroscopy, and mass spectrometry. Electrochemistry and magnetic properties were
also studied for these complexes. The oxidative synthesis of a monometallic Co"' amine-
bis(phenolate) complex was also formed and its preliminary characterizations are

discussed.
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Char  2: Mono-and — m dlic Amine-bis(phenolate) Cobalt(Il) Complexes

Figure 2.4 ORTEP diagram of the molecular structure of the propylene oxide adduct
of 2.1(C3Hs0) with 50% thermal el )soid probability. Only the molecule containing
Co(1) and (R)-isomer of propylene oxide are shown, and solvent of crystallization

omitted.
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Chapter 2: M

O(1)-Co(1)-N(2)
0(2)-Co(1)-N(2)
N(1)-Co(1)-N(2)
0(1)-Co(1)-0(5)
0(2)-Co(1)-0(5)
N(1 20(1)-0(5)
N(2)-Co(1)-0(5)
0(4)-Co(2)-0(3)
0(4)-Co(2)-N(4)
O(3)-Co(2)}-N(4)

112.44(9)
130.18(9)
81.83(10)
95.18(9)

90.91(9)

169.93(9)
89.50(9)

126 ~(9)
113.03(9)
120.53(9)

C(20)-N(1)-Co(1)
C(17)-N(2)-Co(1)
C(19}-N(2)-Co(1)
C(18)-N(2)-Co(1)
C(54-N(C  o(2)
C(50}-N(3 o(2)
C(49)-N(3)-Co(2)
C(51)-N(4)-Co(2)
C(52)-N(4)-Co(2)
C(53)-N(4)-Co(2)

- and Trimetallic Amine-bis(phenolate) Cobali(ll) Complexes

108.49(18)
108.12(19)
115.36(19)
106.41(18)
109.21(17)
107.44(17)
110.46(18)
106.19(17)
113.40(19)
109.86(18)

Table 2.3 Selected Bond Lengths [A] and Angles [°] for the propylene oxide

adduct of 2.1(C3H¢O)

Co(1)-0(2)
Co(1)-O(1)
Co(1)-N(1)
Co(1)-N(2)
Co(1)-0(5)
Co(2)-0(4)
Co(2)-0(3)
Co(2)-N(4)
Co(2)-N(3)
Co(2)-0(6)
O(1)-C(1)
0(2)-C(34)
0(3)-C(35)
0(2)-Co(1)-0(1)
0(2)-Co(1)-N(1)

1.922(3)
1.930(3)
2.123(3)
2.132(4)
Z003)
1.925(3)
1 35(3)
2. (4)
2.143(3)
2.219(3)
1.314(5)
1.332(5)
I 1(4)
119.55(1:
92.93(12)

C(34)-0(2)-Co(1)
C(35)-0(3)-Co(2)
C(71)-0(4)-Co(2)
C(74)-0(5)-C(73)
C(74)-0(5)-Co(1)
C(73)-0(5)-Co(1)
C.. N-0(6)-C(78)
C(77)-0(6)-Co(2)
C(78)-0(6)-Co(2)
C(80)-O(7)-C(81)
C(15)-N(1)-C(16)
C(15)-N(1)-C(20)
C(16)-N(1)-C(20)
C(15)-N(1)=Co(1)
C(16)-N(1)~Co(1)

127.8(2)
123.2(2)
126.7(2)
59.1(5)

123.7(3)
123.3(4)
59.1(4)

130.1(3)
123.0(3)
57.5(10)
112.5(3)
110.1(3)
110.43)
108.2(2)
106.3(2)
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Chapter 2: M

O(1)=Co(1)}-N(1)
0(2)-Co(1)-N(2)
O(1)—Co(1)»-N(2)
N(1)=Co(1)}-N(2)
0(2)-Co(1)-0(5)
O(1)=Co(1)-0(5)
N(1)=Co(1)-0(5)
N(2)-Co(1)-0(5)
0(4)-Co(2)-0(3)
0(4)-Co(2)}-N(4)
0(3)-Co(2)-N(4)
0(4)-Co(2)-N(3)
0(3)-Co(2)-N(3)
N(4)-Co(2}-N(3)
0(4)-Co(2)-0(6)
0(3)-Co(2)-0(6)
N(4)-Co(2)-0(6)
N(3)-Co(2  X(6)
C(1)-O(1)-Co(1)

94.14(12)
126.05(14)
114.40(14)
83.10(13)
93.72(12)
88.38(13)
170.58(13)
87.58(14)
120.93(12)
115.94(13)
123.13(13)
93.18(11)
9¢ ~7(11)
.=91(12)
90.10(12)
" 88(11)
86 12
169.23(12)
1 7(2)

71

C(20)=N(1)-Co(1)
C I)-NQ)-C(17)
C(19)-N(2)-C(18)
C(17)-N(2)-C(18)
C(19)-N(2)-Co(1)
C(17)-N(2)~Co(1)
C(18)-N(2)-Co(1)
C(50)-N(3)-C(54)
C(50)-N(3)-C(49)
C(54)-N(3)-C(49)
C(50)-N(3)-Co(2)
C(54)-N(3)-Co(2)
C(49)-N(3)-Co(2)
C(52)-N(4)-C(51)
C(52)-N(4)-C(53)
C(51)=} 1H-C(53)
C(52)-N(4)-Co(2)
C(51)-N(4)-Co(2)
C(53)-N(4)-Co(2)

-and Trimetallic Amine-bis(phenolate) Cobalt(Il) Complexes

109.2(2)
110.3(4)
108.2(4)
109.8(4)
113.1(3)
108.5(3)
106.9(3)
110.2(3)
111.0(3)
108.1(3)
107.3(2)
111.5(2)
108.8(2)
108.8(3)
108.3(3)
110.8(3)
113.8(3)
107.3(2)
107.8(3)
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Chapter 2: Mono- and Trimetallic Amine-bis(phenolate) Cobalt(Il) Complexes

(1.992(2) — 2.004(2) A) and Co-Nymine (2.148(3) — 2.242(2) A) bond distances. In
comparison with the structures of 2.1(solvent adducts), the Co-Oppenolate bond distances
are slightly longer than these monome lic species but the Co-Nymine distances are
found to be similar. 2.3 and 2.4 are t  first Co" phenolate derivatives containing
unsupported acetate bridges. Previous examples of Co" trimetallic species contain
either multiple acetate (or trifluoroacetate) bridges between the metal centres or have
phenolate bridges in addition to e acetate bridges.®'** The bridging acetate O-Co
bond distances in 2.3 and 2.4 (2.040(2) — 2.070(2) A) are comparable with those in

81.83,85

reviously reported Co" trimers. The Co-Openanol iNteractions for the central
p y rep

cobalt in these complexes are also comparable with known Co-O bond distances for

octahedral Co" species.®

Figure 2.5 ORTEP diagram of the 1 »lecular structure of 2.3 with 50% thermal
ellipsoid probability.
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Char 2. M and Trimetallic Amine-bis(phenolate) Cobar 1) Complexes

2.3 Conclusion

In st mary, the syntheses ar structures of new diamine-bis(phenolate)
cobalt complexes, and their elec 1ic, magnetic and electrochemical behaviour

have been studied. Monom: ‘lic "

complexes are obtained in the presence of
donor solvents, and they are in trigor  bipyramidal geometries. All of the
monometallic species possess h'"1-spin Co'" centers. It was also found that when
the ratio of Co to ligas was eater than 1:1, trimetallic compounds were
obtained. In these species, the two minal cobalt ions are decorated by the
diamine-bis(phenolate) ligands. =~ 2se metals are bridged to the central metal
centre by acetate ligands. The oct: edral coordination sphere of the central ion is
completed by four methanol ligan . The Co" centers in these compounds are all

high-spin and show only weak antiferromagnetic exchange when modelled as a

linear isotropic trimer.
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6 Range for collection/®
Reflections collected
Independent reflections
Parameters/ restraints
R(int)

R, wR2 (all)

R wR2 [I>20(D)]"
GOF on F°

TR=Z(Fo| - [FD/2 o, wR2=[E(w 4 - FO)*VEw(F.2)"?

2.72 10 26.50
67575

16357

848/1

0.0623

0.0636, 0.1680
0.0601, )32
1.068

Chapter 2: Mono- and Trimetallic Amine-bis(phenolate) Cobalt(Il) Complexes

2.71 10 26.50
35216

16429

831/0

0.0401

0.0810, 0.1776
0.0697, 0.1674
1.094

2.72t0 26.50
68663

16419

848/1

0.0492

0.0696, 0.1824
0.0667, 0.1792

1.101

2.72 10 27.50
42832

10466

500/0

0.0442
0.0795, 0.1996
0.0753,0.1953
1.076

2.69 t0 26.50
40123

9487

485/0

0.0472
0.0705, 0.1670
0.0651, 0.1623
1.116
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Chapter 3: Monometallic Amine-bis(phenolate) Cobalt(11) Complexes

Table 3.1 Oxidation reactions for synthesizing Co'" amine-bis(phenolate) complexes
using various oxidante

Monometallic Co' T UXiuans reaction condition Product

complexes and time

2.1, Co' [0,y |PBuNMe AgOTf stir, r. t.. in air no
CH,Cl,, 18 h

2.1, Co'"[O,NN BuBuNMe2 oy stir, r. t., under N, no
CH,Cl,, 18 h

2.1, Co"[O,NN]PBNMer 1 stir, r. t., in air no
CH-Cl5,2h

2.1, Co"[O,NN ]PuBuNMe2 O, stir, r. t., in air yes, 3.1
CH,Cl, 24 h Co"(NO;)[O,NN"]

2.1, Co'"[O,NN’]®BeNMe2  CH.C(H,SOsH ;0 stir, r. t., in air no
CH,Cl,, 2 h

2.1, Co"[O,NN"]PB*"Me2 - CH,COOH stir, r. t., in air no
CH:CI:. 18 h

2.1, Co''[O,NN"]BBuNMeZ (4 LiCl (i) bubbled through with no

(ii) ¢ 3 air, CH;OH, 24 h

(i1) stir, r. t., CH,Cl,, 18h

2.1, Co'"[O,NN]PBUNMe  ohone. H reflux, toluene, 0.5 h no

2.1(CH;COCH:;) £ ITf stir, r. t., in air no
CH,Cl,, 18 h

2.1(CH3;COCH;) t °F, stir. r. t., in air no
CH,Cl,, 18 h

2.1(CH;COCH5) / 3F, stir, r. t., in air no
CH:C]:. 18 h

2.1(CH;0OH) AgNO; stir, r. t., in air no

CHzCIz. 18 h
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' NMR spectrum
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Appendix 2.5
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Figure D 2.5 Cyclic voltammogram ¢ 2.1 in CH,Cl; (0.1M  n-Bu);N]PFy) at 20 °C and a scan rate of 100mV s™".
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