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Abstract:

The crystal structure ofCu(bpz)OH)(CIO4)(H20)]2.H20 (1), [Cu(dipyam)L(ClO,)2 (2)
and[Ni(bpz)3](ClO4), .H20 (3) have been synthesized and characterizeSibgie Crystal

X-ray diffractionanalysis(SCXRD), FTIR, UV-Vis spectroscop and Thermal analysis

by Differential Scaming Calorimety (DSC). The 2,2 bipyrazine ligandbpz) hasbeen
synthesized andharacterized b¥TIR, UV-Vis spectroscopynd Single Crystal Xray
diffraction (SCXRD).

The crystalof a new binucleafl) aretriclinic, with a = 7.9796(5), b = 8.0290(5),<
10.5550(7)A,  U7.7420(1A, 7@.9150(17, 84.7840(1), Z=1 and V= 649.526
A°3.The structure consists of discrete centrosymmetrig-tijdroxocopper(ll) dimer

with 2,2 bipyrazine as outer ligand and coordinated Llénions and kD solvent
molecule. Intramolecular coppeopper distances is 2.82¢and Cii Oi Cu angle 94.40°
exhibiting ferromagnetic interactiowith smallest CuOi Cu angle and shorte€tu € . Cu
distancereported so far. The coordination geometry around each copper ion is distorted
elongated tetragonal octahednath the bridging hydroxo groups and two nitrogen atoms
of the 2,2bipyrazine ligand comprising the basal plane, and the apical site occupied by
two oxygen atom of the ClOand HO groups.The packing structure showlse rings of

the polypyrizyl ligands arenteract through ---- * interactions.The DSC curveshows
endothermic peaks at 272.45 owing tomelting point.

The compound (2), (di py a m -dipyrid¥landnd) has beensynthesized and the
crystal structure determined by single X-ray diffraction study FTIR, UV-Vis
spectroscopy ,and thermal analydxSC). The Cu(ll) center is foucoordinated by the
nitrogen donors of t he -dipyndylamine, ey transtrang s o f
mode A distorted tetrahedral coordination geometry around coppeil s crystaktype
monoclinic with Space grouf,, and the unit cell dimensions a = 9.416 (3), b = 12.955
(4), c=19.748 (6A, B0.06A, 1P3.47A, 96.00:Z=4and V=2339.5 (11)A*

The perchlorate anions link the complex cations to form a chain structure through C
H---O close contacts andHN--O hydrogen bond3he DSC curve showsndothermic
peakat 308.65°C related to melting point.

The novel mononuclear Ni(ll) complex(3), where (bpz 2,2-bipyrazine). X-ray

structural analyseshows that the coordination geometry around the Ni(ll) center is a



trigonal distorted octahedral, antié crystaltype monoclinic with Space grou 21/c

and the unit cell dimensions at7.2943(11) b =9.8622(6) ¢ = 17.9612(11)A, U
90.00A,  H07.7010(1A, 90.005 Z= 4 and V=2918.4(3) (11)A®. A careful

inspection of the packing patterm the lattice of complex3) revealsthe occurrence of
CiH----" , THGN C hydrogen bondsiteractionsThe packing structure also shethat

the rings of the polypyrizyl ligands arsteract through ----" interactionsin two ses

between bpz ligands in compl€R) with parallel displaced form interactioithe DSC

curve shows endbermic pealat 334.15°C related to melting point.
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Chapter One

1.1 Introduction:

Nitrogencontaining heterocycles wittheir tendency of acting as ligands for metal ions
have played a major role in the development of the supramolecular chéhigmsome
caseheterocycles provide the directionality, if the coordination occurs in endocyclic
donor sites, that way faciditing the construction a particular molecular architecture, and
providing some degree of predictabiliby the composition of the product. A lot of the
heterocyclic ring systems have functional groupdtable for hydrogen bonding
interactions. This feater then permits the unique opportunity to combine hydrogen
bonding motifs for the generation of supramolecular architectures with the concept of
useng the coordinative bond.

Experience shoed that metal binding to ring atoms of nucleobases frequently keads
rather o6softd structures and that marked de
for a number of reasons: (i) External ring angles (Scheme 1). They may strongly deviate

from the ideal case, e.g. from 120° in-sdembered ring systems.

M ideal
120"/
N N 120°
(& )’
120"
<120° N N—
M/ >120° 2 M

2o = |———|/(
deviation “op= LT, B se——

ideal deviation

Schemel.l: The ideal and the deviation angle in-smembered ring system in nitrogen
bases.

Even Hbond formation between substituent of the heterocyclic ring and other ligands at
the metal may be sufficient to cause marked deviatiijsMetal outof-plane. In
heteroaromatic systems the metal may be substantiallpfquiane, hence deviation

fr om t h e hybridataienlimay bs Iprge. (iilorsional angles within €C coupled
heterocycles. With flexible heterocycles such astd@razine, any torsion between the



two halves of the molecule may have a strong influence on the resulting architecture. (iv)

Met al geometry. Devi ati ons -ptahar, tetradedrallord6 angul
octahedral metal ions can be substafitdf?.

The structure of 2;bipyrazine shows that the ligand adopts a planar structure with the

two pyrazine rings related to each other by an inversion centre. As a result the ligand

adopts an arrangement such that the two central nitrogen atomsaeedauiti to each

ot her as obser ve dbipyridylt. Fre 2,2hipyrazing noteailescafe 2 , 2 6
stacked with a ring centroid to plane separation of A36e pr esent i ng a signi
interaction.

An impressive amount of work has beagevoted to magnetstructural studies o2,2-

bipyrazine (bpz) due tetructural feature of bpz is its flexibility: rotation of two pyrazine

rings with respect to each other enables many possibilities to bind n(@tdiemel.2)

N A =, S N N
A W N N N ™
ol iy 18 frans
+ M W M A M
' N, M ‘\
N— — N—, ) oS — W—
%, \'-Y /"' § — ry
&) R W { Y Wl
N S N M N\
M M M A A
\ /!
V=, Y
) -::
N w
M M
\ /
Ve, N
—x A
N S
M
M
N
LN
A%

Scheme 12: Conformations of bpz (top) and principal metal binding e®d
(below) adopted frof.



Polypyridyl transition metal complexes are attracting considerable interest due to peculiar
electrochemical, spectroelectrochemicalagnetic, optical, and medicinal properties.
Some studies have recently found the efficiency of polypyridyl complexes as an
electrochemical probe for nucleic acid sensing, particularly for-DSR{**3,
fluorescent probes for nuclear and proteomponents®, DNA photocleavage agents

{17}.

Polynuclear metal complexes containing photophysically active center are particularly
interesting from the point of view of photoinduced electron transfer and energy transfer
processesThe presence of a metabmplex attached to the photoactive center via a
bridging ligand provides additional pathways for the deactivation of the excited states, in
these systems, the geometry inter metallic separation distance, and electronic properties
of the bridging ligandsare relevant factors to be considered, in addition to the
photochemical and photophysical characteristics of the metat&ons

The magnetic properties of copfidr complexes have been an attractive area of research.
Thisis due to the fact that copgly (d°) has a single unpaired electron and therefore can
be used as a model system for probing the nature of magnetic exchange interactions
between single unpaired electronstam or more metal centres, aimd particular, how

this interaction is mediateby the ligands that bridge the metal cert&8son the other

hand, copper isan essentialelementto biological function, while the exchangeable
portion of copper in blood plasma occurs mainly as a result of rigaad formation
involving coppemitrogen interaction. Furthenore the unique spectral features of the
bluecopper proteins have stimutat investigation inMeing low molecular mass
coppe(ll) chelates that have nitrogen atom in the immediate vicinity of copper(ll) in
coordination uites of tetragonal or lower ligand filed symmetry and may mimic the
characteristic properties ofebeprotens?®®.

Nickel is an essential trace metal involved in many biological probisisel complexes

have been receiving much attention, due to biological applicabsiigh as
antiepilepti¢*®® | anticonvulsant®”, antibacteridt*®, antifungal**®, antimicrobiaf**",

and anticancer/antiproliferativactivities™** 243, andcan inhibit DNA repair mechanism
due to interfering with enzymes or proteins synthesis involved in DNA replication or
DNA repaif*4.



The Polypyridyl Ni(ll) complexes show good affinity in DNA binding to exert biological
effects. DNA is a target molecule for cancer therapy, therefore, the experimental and
theoretical investigations of interaction of DNA with suitable molecules is very important
to the @sign of pharmaceutical molecuf&s" 248,

The Organonickel(ll) complexes are widely used in organometallic catalysis. One of the
first benchmarks in that field was the nickel phosphane complexes used shethe
higher olefin process (SHOP). In the last decade the interest in organonickel catalysts has
mainly focused on nickel diimine complexes. Highly reactive catalysts for olefin
polymerization, nickel diimine complexagich gained a large interest in elescatalytic

application&2.



1.2 Historical background:

I n recent year6s synthesi s ,2ebipyrazitedigamdasor di nat

focused on ruthenium, palladium, platinum and rhenium and studied atdiation
behaviourwhich showa different coordination moddy using different metal ions and
different synthesis conditions.

In the last few years great attention has been focusedoomplexes containg,2-
bipyrazinedue to extensive applicatisof photochemistry, phophysics, photocatalysis,
electrochemistry, biochemistry andthers especially becauseof their important

applications irDNA bindingand solar energy battery material.

1.2.1 Synthesis oP,2'-bipyrazine:

The synthesis of,2-bipyrazine wasstartedin 1967°* by J. J. Lafferty and F. H. Case,
with low percentage yie(d@%o).

In 19822" whenR. J. Crutchley and A. B. P. Lever reported a new singiocedure of

2, -lpgrazine with percentage yietdlatively higher thathe previously reported

The single crystal structures 8f2'-bipyrazinewas determined in order to compare the
degr eié toehr act i ons i andthét ebsefivedrinethre dompléXésa n d

1.2.2 Ruthenium complexes:

In 198224 R. J. Crutchley and A. B. P. Levstartedthe synthesiof new complexesf
2,2'-bipyrazine rutheniunsuch agRu(bpzB]Cl2and[Ru(bpz}] (PFs).

The photoanation of the bipyrazyl ligand i{Ru(bpz}](PF) complex in acetonitrile
containing chloride ion formed cis-Ru(bpz}(CHsCN)CI’, cis-Ru(bpz}Cl,, and an
unidentified mono(bipyrazyl)ruthenium(ll) derivativEhe mechanism of this reaction is
discussed.

Synthesis of ruthenium complexess continted in 1983 when D. P. Rillema et'al,
described thesynthesis andstudy the properties of Ru(bpy),(bpyrzi.™ and
Ru(bpy), (bpyrm)..>*, where n = @ and bpy is 2,Dipyridine, bpyrz is 2,2ipyrazine,
and bpyrm is 2,2bipyrimidine. Absorption spectra contained bandghe (250290 nm)
rangethat are assiggdt o | i g atragsitionsYand visible bands (3830 nm) that



are assigadt o d Y~ *(methtodiand charge transfet r ansi ti ons.
absorptions shift to the red as the number of bipyridine ligands is increased in mixed
ligand complexes. Ensgon spectra maxima were observed from 600 to 700 nm and also
shift to the red with substitution for bipyridine. Redox potentials were found to vary in a
systematic way.

In 2011, the structural and pH dependence of excited state (PCET) reactions involving
reductive quenching of the MLCT excited state of [@®py)(bpz)k by hydroquinones

(bpy = 2,2-bipyridine, bpz = 2,2 bipyrazine) was studied

1 2
Bk
| |
| N™ SN | NS
M. ‘ Ny N“’xl el
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Schemel.3: Involves the reductive quenching of 2, the MLCT state (fornmfaliyil) of
[Rull(bpy)(bpz)L  (bpy = 2,2-bipyridine, bpz = 2,2bipyrazine) by hydroquinone
(H2Q) adopted fron¥®.

In 1984%" Ru(bpz)™ and bpz have been used for the preparation of two types of films,
both prepared via oxidative polymerization acidic solutions.Based on the results
described it appears that the films grow uniformly on the GC surface and the film

thickness is proportional to the number of positive scdie bpz film is weakly

The



conducting and preliminary experiments indicatesastiity value of ~1& g cm for this

film.

Ruthenium2,2-bipyrazine complexes have many application studied in solar energy and
photosensitizers in solar energy conver$ftat .

T. S. Akasheh and Z. M. Egahnf®, was synthesis new Mixditjand conplexes of
2,2-bipyrazine (bpz), 2,ipyridine (bpy), 2,adi-(2-pyridyl)-pyrazine (dpp), 2:3
dihydro-5,6- (2'-pyridyl).pyrazine (dhp), 3:@i-(2-pyridyl)-1,2,4,5tetrazine (dpl) and
2,3-di-(2-pyridyl)-quinoxaline (dpqg) with ruthenium(ll), and used Bpf)s from
literature®®, have been studied for evaluation as potential solar energy converters via an
estimate of the redox potentials of their 0
used to show t Ratholb p A nkedptorigidiites than dhe other
ligand$®®

In the next year, T. S. Akasheh ef®'a| research group continuous in preparation and
characterization of a series of mixed ligands with ruthenium complexes through dihalide
replacement in Ru(bpyCl,, Ru(bpz)Cl,and tetrahalide replacement in HRu(bpy)Cl
(bpy = 2,2-bipyridine ; bpz = 2,2bipyrazine) by one or two bidentate ligands of the
diimine type namely, bpd, dbpg and dpp (bpd =-Bi@yridazine ; dbpq = 6;dimethy}
2,3bis-(2'-pyridyl)-quinoxaline ; dpp =2,3-bis-(2-pyridyl)-pyrazine). The ruthenium
dimer [(bpyRu(dbpq)Ru(bpy(PF)4.3H,O, as well as the trdsomplex
[Ru(dbpg}](PFs)2. H20, were also prepared and characterized.

[Ru(bpzy(dpg)F* was used in photosensitize methyl viologen cation ragiicaduction

in the presence of ethylenediaminetetraacetic acid (EB¥A)



Table 1.1:Cyclic voltammetry results in DMF and acetonitrile, adopted #8m

Compound Reduction (V) Oidation (V)
[Ruibpz),]** _Nak ={1.80 ~ 14 1.94
[RuCbpy). ™ ~1.31 ~1.50 -1.77 1.27
(Ru(bpz).dpp] * —0.74(60) —0.96(70) — 12990} 1.94(70)
{ Ru(bpz).dhp]=" 07360} —0.54(70) —1.27(00) 191 (a0}
[Ru(bpz)-dpt] —0.64(60) —~0.83(70} 1LO7(90) 1.76(170)
[Ku{bpz).dpq |~ —062{70) ~0.487(70} —1.12¢80} 190 60y
[Ru(bpy).dhp]** —1.41(80) —1.83(70) 206(70) 1.46(60)
(Ru(dhp), ]~ -0.50(100) = L10(60) ~L37(T0) 1.65(100)
[Rutdpp]s]-~ — 04580 — 120 100% = L 3%{ 100 L68( T
[Rufdpg). )" ~0.60(60) ~0.T6160) - LO1(60) 1.70(60)

1 Reductions were run in DMF and oxidations in aceronitrile, Values in parentheses
are thedifferences between anodic and cathodic peaks in mV.

In the same year, the excited state properties (emission, lifetimes and redox potentials)
are reported and analyzed in the framework of solar energy conV&sion
T. Iguro et al, in 1994" was synthsis ruthenium (ll) diimine complex ions in the
double complex salts by using cobalt and iron, dijniipz=2,2-bipyrazine; bpy=2,2
bipyridine), and the lifetimes of the excited MLCT was studied in the temperature range
77-353 K. The excited MLCT statesf Ru(bpyf* and Ru(bpz)** undergo electron
transfer reaction with Fe(CMj in the double complex salts [Ru(bgz]Fe(CN)]CI.
14H,0 and [Ru(bpyj]-[Fe(CNX]CI. 8H,0 at 77 and 295 K. The reorganization energy in
the crystal is reduced to some extentause of the small number of water molecules in
the crystals.
And in the same ye8P', a series of mixettis complexes of general formula
[ML'L,J(CIO4)2.HO [M =Ru or OS; L= 2,2-bipyrazine (bpyz) or 2,ipyrimidine
(bpym) and L = Aphenylazo)pyridindpapy) or 2(m-tolylazo)pyridine (tapy)has been
prepared and characterized by physicochemical and spectroscopic methiogsHUs
NMR results, stereochemistry of MLfragment in these tris chelates has been
determined. The complexes show a number of MLCT transitions in the visible region; the
low intensity spinforbidden transitions are observable in osmium complexes. In MeCN

solution, the OsN6 unit displays one meatahtred oxidation and multiple ligadzhsed



reduct i on s-accege khiity io the ligands is clearly reflected in the
electrochemical results.

P. Thanasekaran et @&, study the photooxidation of organic sulphides with excited
Ru(bpz)’ * (bpz= 2,2-bipyrazine) resultin the formation of sulphoxides and sulphones
in aqueous CECN (Scheme H)adopted from®® and the reaction proceeds via an

electron transfer mechanis@@cheme &) adopted front*®.

Ru(bpz)3* + hv —— *Ru(bpz)3’
*Ru(bpz)2* + R, SR, — Ru(bpz)} +R:§‘1R2
Ru(bpz)2* + R,SR,+H,0 ——= Ru(bpz)} + R ,SOR, + 2H*

in two steps
——

*Ru(bpz)3* + R,SOR,+H,0 Ru(bpz)} + R SO,R, + 2H*

R, = alkyl; R, = alkyl or aryl
Schemel. 4: photooxidation of organic sulphides with excited Ru(bpz)(bpz = 2,2-

ipyrazine) results in the formation of sulphoxides and sulphones in agueous CH3CN
adopted front™®

! S R, W
*Ru(bpz)3* + S === *Ru(bpz);— -8 == | Ru(bp2)j-—-S
N R, N R, AN R,
Encounter complex Ion pair
hv “ 1/7* / l
R, "/ R,
Ru(bpz)3* + R,SR, <=—— Ru(bpz) z“- -s Ru(bpz); +$
N R, R,

Schemel. 5: reaction proceeds via an electron transfer mechanism adopteti%rom

In the period from 2000 to 2004 the research focused on theoretical studies of the
[Ru(bpz)]™ complex’’3®. and synthesis, characterization of a new mixed ligand
ruthenium coplexes Ru(deeb)(bpz)(PF)2, [Ru(deeb)(bpz)(PFK)2, and
[Ru(deeb)dpp) (PFs)2, where deeb is 44CO2CH2CH3)22,2-bipyridine, bpz is 2,2
bipyrazine, and dppis 2,3bis(2pyridyl)pyraziné**. And dinuclear ruthenium
complexe®f formulae[(tpy)(bpy)RU' (pz)RU" (edta)] and [(CN)4RU(bpz)RU" (edta)]®



(where tpy =2,2:6',2"-terpyridine, bpy =2,2-bipyridine, pz =pyrazine, bpz 2,2-
bipyrazine, edta ethylenediaminetetraacetdf®).

In the period from 2012 to 2014 the research focuse®.b$. Wenger et al, in studied
the Mechanistic Diversity in Prote@oupled Electron Transfer between Thiophenols and
Photoexcited [Ru(bpa) Y,

R,, = 2,4,6-Me3 (Me;PhSH)
2,4,6-Cl; (Cl3PhSH)
Fs (F5sPhSH)

Schemel.6:View of the Protorcoupled electron transfer (PCET) between a series of
thiophenols and a photoexcited of [Ru(kpF)adopted frorft™ .

And ProtonCoupled Electron Transfer Originating from Excited States of
[Ru(bpz)] %2,

10



Schemel.7: View of the Protorcoupled electron transfer (PCET) reactions originating
directly from photoexcited states of [Ru(bpz)3]+2 adopted ffém

And Longrange protorcoupled electron transfer in pheihlu(bpz)®* dyads$™,

(@) (b) PT
to solution
ET }
A N 2+ OH 9
q E’ | N= =N j +
O-H--NT\" "N YN ¢ },,_/)
@ N NQ/" R ET/ ®/ —
R ARY T Y
2N N‘} VAN
NQ)I ,N > N =N N=
J\;‘,[\Nl ‘JJ", N_/) Q\_,‘j
hy hv
R=H :KIE= 3.4+0.2 R=H :PhOH-Ru”
CN : KIE =10.2+0.6 CN : CN-PhOH-Ru?

Schemel.8: (a) PhendlRu(bpz)** reaction pairs which were previously investigated in
the context of hydrogeatom transfer (HAT)ike PCET

(b) Dyads investigated in this work. ET = electron transfer, PT = proton transfes KIE
H/D kinetic isotope effect adoptéd .
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And Kinetic Isotope Effects in Reductive Excit8tate Quenching of Ru(bpZj by
Phenol§*.

A
)
‘

{

-7

-
o,
Py N q

hv
Schemel.9: View of the Electron transfer (ET) from phenol molecules to a photoexcited

[Ru(bpz)}]™® was investigated as a function of the psuastituent (R = OCH CHs, H,
Cl, Br, CN) attached to the phenols adopted ffdm

In 2015, D. M. Schultz et ", was improved procedure for the preparation of
[Ru(bpz}](PFs).viaahighy i el di ng s ybipyrdzieesi s of 2, 206

~ S5 mol 9% Pd({OMAC)s
(5 - EemvReSos gy (o
" -
N | 2 equiv iPrOH <‘=N PN L

DMF (O.4 b)), 100 5C, 2 h
4 grams 1.25 g

8519%

,;Nj | (PFs)z

L_\\/ | ﬁA 1. RuCls-=xHO
=M, M ethyvlene glycol, 170 “C
r’\“m/ﬁu 2. sat. KPFg (aq)
\./l\/ Bae
’j
"“x.h
Ru{bpz}a(FFs)z

2 steps, overall yvield 67 %

Scheme 110: View of the Preparativscale synthesis qRu(bpz}](PFs), adopted from
{45}
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1.2.3 Tungsten and molybdenum complexes:

Preparation offungsten and molybdenum with2'-bipyrazine ligand in the literature is

not much, most of them are mononuclear, homoleptic complexes.

Its start in 1982 byR. J. Crutchley and A. B. P. Lever when Reagatgsten and
molybdenum with bipyrazyl vyields W(CQppz , MqCO)bpz. The electronic,
vibrational, and HNMR spectra and electrochemistry of these products were compared
with those of their bi pyridyl anal ogues. |t
acceptor t han bi pyr ibdndihgledwvieg thes metal ianfmoreve ak e r
positively chargedf*.

In 1986, The Longvavelength charge transfer absorption energies of WPA),
Mo(CO)bpz complexes was measured in various solvents and compared with those for
corresponding 2:ipyridine complexes®.

And in 1988 synthesis mixed ligand, 4 (CO),(PBuw)2(bdz) which have four isomeric
bidiazine(bdz) ligands 3;®ipyridazine, 2,2bipyrazine, 2,2 and 4,4bipyrimidine, can
undergo reversible onglectron oxidation and reduction and show smalbrepotential
differences of less than 1.5 V. The small HOMOMO gap gives rise to long
wavelength metalo-ligand charge transfer absorptions, an assignment which is
supported by ESR studies. Guidelines for the construction of complexes with small
chargetransfer absorption eneeg by CO/PR exchange are presented. Although a
ligand-centered MO is occupied during reduction, the small g factors of the radical
complexes indicate lowying ligandfield-excited states which are believed to be
responsible fothe pronounced ligkgensitivity of the compound®’.

In 1996®, prepared dinucular molybdenum with diimine ligand one of thef 2
bipyrazine in general formula, M¥4(diimine), (X = CI, Br, | and diimine = 2,2'
bipyridine, 4,4dimethyt2,2 bipyridine, 2,2bipyrazine, 3,3bipyridazine, 2,2'
bipyrimidine,  1,16phenanthroline and  4diphenyt,10-phenanthroline) and

characterized by a three dimensionatay diffraction.

13



1.2.4 Rhodium and Iridium complexes:

In 1982, W. A. Fordyce and G. A. CrosBy prepared new complexes qP2bipyrazine
and other nitrogeteterocyclic withRhodium(l) and Iridiunl), 2,2-bipyrazinreact with
Rhodium(l) to produce[Rh(cod)(bpz){PFs) cod =1,5-cyclooctadien

with Iridium (I). And study the Electronic absorption specitaroom temperature and

but doesnodt

emission spectra and lifetimes at 77 K, The results from these complexes are compared
and contrasted with those from other faaordinate Rh(l) and Ir(l) tcomplexes and

from six-coordinate 8 complexes with Neterocyclic ligand. The rhodium complexes

used by A.Furlani et al, 198% as cocatalyst in polymerization reaction of-N

benzylpropargylamine gave polymers with molecular weights between about 1000 and

4000. The highest percentage yield of polymerization reaction ekist wsing rhodium

complexes which contains2*bipyrazine ligandRh(cod)(bpz)]PEas cecatalyst.

Tablel.2: Polymerization reactions of-Nenzylpropargylamine (BPA) in the presence of

Rh complexes adopted fréiHi.

PBPA yield -
Catalyst (%20 A
[_i.l;|;{~;l-.nhp]. N PF, 177
[ Rh{cod Nbipy ) ]<CI0x, 409 3400
[ Rb{codibipy)] BiPh), 253 ZR0O
[ Rhefeod jidipyam|] PF, 413
[ Rbicosd Wbpe || PF 68.2 3700
[Ris(nbd Wipy I1PF 5 10.2 1500
[Rhinbd jidipyam|] PF, 153
[ PIC=CCH ;N HCH, Ph)y(PPh,),] 10.2

9  Fraction A insoluble in CIg, fraction B soluble in CG

Muolecular weight®
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1 B The same value was obtained by dissolving the pellet in THF and
reprecipitating with petroleum ether
M. Ladwig and W. Kaim, in 1993 was synthesis and study the Electronic structures
and the electrochemical properties ofg{f&s)CIRh(bdz)](X) and (GMes)Rb(bdz); X =
Cl', PR andbdz = bidiazines (3;dipyridazine, 2,2bipyrazine, 2,2 and 4,4
bipyrimidine).

1.2.5 Rhenium complexes:

The rhenium transition metal with,22bipyrazine and othepolypyridyl ligand with
general formuldRe( CO}( LL)( X)], (LL = 2,2-bipyridine, 4,4dimethyl2,2 bipyridine,
1,10phenanthroline, &hloro-1 ,I0-phenanthroline and 2;Bipyrazine) and X=C1,Br,
CHsCN, was synthesis andtudy the photophysics and photoredthemistry of the
MLCT excited state of rhenium in 1988.The absorption spectra of these compounds in
the neatUV-Visible region are dominated by intense MLCT transitions depending on the
nature of LL and X, these complexes exhibit green/red fmonperéure luminescence

of weakto-moderate intensity.

[Re( COX}( LL)( X)], is emissive in solution at room temperature and undergoes facile
electrontransfer reactions with a variety of electron donor and acceptor molecules. Laser
photolysis studies on threesgects of the excitestate photophysics and photoredox
chemistry are described in this work: &@nsitivity of the roomtemperature absorption

and emission to variation in the nature of the polypyridyl ligand and solvent; (b) excited
state absorptiospectral features and (c) reversible and irreversible 'reductive’ quenching
(using various amines as electron donors) and their relevance to the photocatalytic
reduction of CQto CO.

W. Kaim et al, in 1988 Synthesis, electrochemistry and emission spscopy in fluid
solution of (bdz)Re(CQ)Hal (Hal = CI or Br) complexes derived from the four isomeric
bidiazine (bdz) chelate ligands 8iB8pyridazine, 2,Bbipyrazine, 2,Blj and 4,4|
bipyrimidine from Re(CQOHal by thermal substitution. All the congxes were found to
show longwavelength emission at room temperature in chloroform solution after
irradiation into the metaio-ligand charge transfer (MLCT) band. Spectroscopic data and
electrochemical reduction potentials confirm the superior polariality of neutral
Re(CO}H a | fragmednitismi ier ~ U system, and t he

15



photophysical data can be correlated with the established properties of theafrés, laf
their anion radicals, and of othétmdetal (W, RU') complexes.

A  number of different Re(diimine)(C@}l, [Re(diimine}(COX(py)]’, and
[Re(diimine)(CO}(py-X)]*, where X is a substituent bonded to py diichine is 2,Nj
bipyrazine (bpz) or 5Mjimethyt2,2Npipyrazine (Mebpz), complexes have been
synthesized. The phaphysical properties and Computational calculation was studied in
20074,
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Fig 1.1: View ORTEP figures of Re(bpz)(Cehl (1), [Re(bpz)(COpy]PFR (2),
Re(Mebpz)(CO)CI (3), [Re(Mebpz)(COXpy]PFs (4) , Adopted from®*.

In 2012, C. Bronner and G. Wenger, was synthesis Two rhenium(l) tricarbonyl diimine
complexes, one of them with a Riipyrazine (bpz) and a pyridine (py) ligand in
addition to the carbonyls ([Re(bpz) (GQy)]"), and one tricarbonyl complex with a
2,2Npipyridine (bpy) and dl,4-pyrazine (pz) ligand ([Re(bpy) (C&ipz)]), and their

photochemistry with 4€yanophenol in acetonitrile solution was explored. Mtial
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ligand charge transfer (MLCT) excitation occurs toward the protonatable bpz ligand in
the [Re(bpz) (CQJpy)]" comdex while in the ([Re(bpy) (CQlpz)]" complex the same

type of excitation promotes an electron away from the protonatable pz ligand. and to
explore how this difference in electronic excigtdte structure affects the rates and the
reaction mechanism fqvhotoinduced protogoupled electron transfer (PCET) between

4-cyanophenol and the two rhenium(l) compléXés

1. Photoexcitation hv hv
MLCT MLCT
TN e ‘Yo
x_N. "ifZCO N N.,,.% ;I CO
NC ﬁg“f” _Re’.
= N" i “CO Z N “CO

Ns ~ ) N
|
Re(bpz)(CO),(py)" r\) Re(bpy)(CO),(pz)" ENJ

i

H

2. PCET a iy
g

Scheme 111: View MLCT Excitation and PCET Chemistry in Two Distinct 4
Cyanophenol/Rhenium Reaction Couples, adopted fm

1.2.6 Platinum, Palladium and Silver complexes:

The Platinum nucleobases complexes have a wide range of research, the preparation of
platinum 2,2Npipyrazine complexes start in 1989 when V. Christou and G. B. Young,
papered [ Pt(CKHCMes)(bpz)] complexby ligand displacement from the diene complex
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[Pt(CH.CMe3)2(nbd)], (nbd = bicyclo[2.2.1]hepta,5diene). And the spectroscopic
propeties (H and 3 NMR, IR and U\tvisible) was described?.

In 1998, lippert group prepared [(en)Pd(bpz)](9Q [(en)Pt(bpz)](NQ), and a cyclic
trimetallic complexes with bridging ligand (Aipyrazine) [{(en)Pt(bpz)j] (NO3)s with

a new coordination modes of Bffipyrazine ligan&”}.
[N T

Fig 1.2: View of the [(en)Pd(bpz}f cation adopted frorf?"*.
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Fig 1.3: View of the a new coordination modes of Mppyrazine ligand in

[{(en)Pt(bpz)}] cation adopted frort”?.



In the next vyear, lippert group was described a new molecular triangle,
[{(en)Pt(bpz)Pd(en)}(NOs)4(PF)s, consisting of three (en)Pand three (en)Pdentities

(en= ethylenediamine) and three 2,2' bipyrazine (bpz) ligands that bridge metals through
N(4) , N(4) and N(1), N(1') with a new coordination m&ds

]
Clize o

Fig 1.4. View of the a new coordination modes of Kpibyrazine ligand in
[{(en)Pt(bpz)Pd(en)] cationadopted front>®.

In 2000°* a new molecular architecture with a new coordination modes afj 2,2
bipyrazine was prepared by lippert group, Based on metal triangles derived fidm 2,2
bipyrazine (bpz) and enMM= Pt, Pd) o produce :

[{enPt(bpzN 4 , NAHNO3)}ClO,).4H,0,

[{enPt(bpz N 4 , NANQ3)}PR)s. 5.25H0, [enPt(bpzaN 1 , N1 &),] ( NO

[ {enPt (b4, WAG NINO(PR)£4h:P,

[ { enPd ¢bhzN,1N NA 0 J(RAH)eATe)s.5H;0,
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[{enPt(bpzN 4 , NAGNOF(NOs)s(PFs)4.15.5H0,
[{enPt(bpzN 4 , NAGNOFs(NO2)12.AgNO5.22H,0 .

Fig 1.5:ViewtheX-r ay c¢crystal structure of (a) cation
AgNO3]2(NO3)s(PFs)4.15.5H0 and (b) detail of the central molecular,/AR¥, square
adopted from®%.
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Fig 1.6: View of the Molecular container [{enPt(bpk 4 , NAGNOFH3(NO3)12

AgNO;.22H,0 adopted fron?®:.
The Triangl esbhpzN{le NB @& § R dseddid 2010 as host molecules of

Sulfaté®®

® OoO1wes;

e
sulfate *% [
= 'b,?

‘ o041 ; —R
3.06_.-’-?'91‘/& e
» - 22, —— P Pd1

- Nlaady | \\ @
A b

Fig 1.7: Side view (top) view of cation 1 (bottom) without and with ;30 HO

enclosed. The SO%ion is disordered over two positions, wherea®léccupies a single

one adopted froMi®.
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And molecular architecture with 2Bipyrazine and palladium to produce infinite Loop
and molecular square. By the potential ofHt(2, MNppzN1,NINFP* [L» = en, L =H,0,
2,-Bpz =bipyazikep for use as an angular element in the generation ef self
organized systems of variabieolecular architecture has been studied. Ag+ forms an
infinite loop [enPd(2,RppzN1,NINAG](ClO4)s, with [enPd(2,2pzN1,NIN?*, in
which the metal ions function as crdsiking agents between the organic entities\g,2
bpz. Complex [(HO)P d ( DpzRHNL 6%), bn the other handselfassembles as a

b i sOHE dinuclear species [(2pzN1NINPd(OHYPd(2,MNppzN1,NINKNO3),.4
H,0O, and in the presence of Alplpyridine (4,MNppy) as a molecular square of [{(bpz
N1,NINPd(4,2MNppy)}4](NO3)s.14.4 HO with the heteroaromatic 4A\ppy ligands
representing the crodisking entities®’.

wiangle [{(NH3)2Pt(N4,N4*-bpz N1,NI")Pdenjs]

lop  [enPd(2,2"-bpz-N1,V1")Ag]a(C104)3n

species [(2,2°-bpz-N1,N1")Pd(OH):Pd
SN (2 22 bpz-N1ND))(NO3)2.4 H20

SuEE  [{(bpz-N1,NT)Pd(4,4"-bpy)14](NO3)
8.14.4 H:0

triangle
[(H20):Pd(2,2"-bpz-NLNT")J*-

(iil)

b O =en
N
\‘M o =pg"

Schemel.12: Outlined of [LLP d ( DpzRa , N1 datods [L=-en, L+H,0, -Bpz2 6
=  2hipYrézine] represent useful angular units for the generation of larger cationic
aggregates adopted froff.
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Fig 1.8: View of thetetranuclear cation of [{(bpR1N1 6 ) P dopyR4](MG3)s.14.4

H,O with four water molecules inserted adopted fiéth

Lippert group in 2006 prepared raolecular architectures with Ptand Pyrazine as a
building block, start from prepare pyrazin@z) complexes containing e{sliHs)-Pt',
(tmeda)Pt (tmeda ) N,N, NWjiNjetramethylethylenediamine), and traiHs),Pt' entities,

then synthesis a dinuclear complex, a cyclic tetranuclear complex, and a trinuclear
mixedmetal complex, And characterized by-r&y crystallography and HNMR
spectroscopy. An example of the complexes which prepared in this work is a cyclic
tetranuclear complegis-[{(NH 3),Pt(pz)}](NO5)s.3.67H0®? which is displayed irfFig

1.9.
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Fig 1.9: View of the cation of open pz box ais-[{(NH 3).Pt(pz)}s(NO3)s.3.67HO

adopted from®?.

M. E. Kelly et af®®, Prepared, characterized and stadystal structuresf mononuclear
and dinuclear complexes of dibromodimethylplatinum(lV) witthelating bidentate

nitrogen donor | i-bipyrazihe, to preduced a ntnber of camplex@s, 2 6

of the types [PtBr.Mey(N N)], an example of thistype of compounds is
[PtBroMey( 2 sbp2z).

A. Galstyan et &*, studied the Xay crystal structuref a hostguest[{(en)Pt(2,?
bpzN4,N49}3](NO3)2(SOy)2-13H,0 reveals a N@ ion sandwiched between pyrazine
moieties and oriented roughly perpendicutathe P§ plane, which is in contrast to the
in-plane orientation of N®~ when a second anion (CJO is taken up by the Pt

metallacycle simultaneously.
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Pt3 Pt1

Fig 1.10: View of the NOs; sandwiched between pz rings A and D of cation
[{(en)Pt(2,5bpzN4,N49}:] *® adopted frorff* .

The reacthi pyr @1 ibf2pwihiocis(NBsBPL in water gives a variety of
products, several of which were isolated and characterized -bgy Xanalysis:cis-
[Pt(NH3)2(2,2-bpzN4)2](NOs)2-3H:0,  [{cis-Pt (NH;)2(2,2-bpzN4,N4)} ] (PFs)sNOs-7
H,0, [{cis-Pt(NHs)2(2,2-bpzN4, N4)}s|(BF4)(SiFs)2-15H0, and [{cis-Pt(NHs)»(2,2
bpzN4,N4)} 4] (SO)s-22H0M3.

Fig 1.11: View of the(a) Schematic view of cation cj§Pt(NHs)2(2,2-bpzN4,
N4Y} 3)(BF4)2(SiFe)2-15H0. (b) Molecular cation with atom numbering scheme. (c,d)
Space filling representation with a BFand HO included (upper and lower views,

respectively) adopted frofi.
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