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Abstract

To mi mi ¢ t-dhleecsragl etransfer ( SET) me c h

mol ybdoe,maz ynwmaendbreerc eonft | ymo leypwmd-@a ma@mcatal yti c

use | ight actiebhfeoxiygyen aahomv e Mares fweird e(r C
applicability of such systems is hindered
reaction scope, and the need for additione

This study focuses on the devel opmenésof r
that are capable of independent photocat al

Thi-oneg i-¥60’0O2-based complexes with a range of
( SAP) |l igands were synthesised andvichaodid ac
Sspectroscopies and mass spectrometry. St
i ntroducing functioneael egtrroamisc wpit dip edritfifeesr
scaffold. The substituents did not affect
but strongly influenced their OAT reactiwv
el ecwromdr awi ngW@sr)oupshi(eved high catal yt
benchmar k photocatal yti csa@AT DrM&Sa&Oc tuinalre rb e tr w
This at hewedti ontaHe dmeesstgnaotfi ve OAT cpi-hsot oc
Mo'O2( SAPCBH)( MeOH) ], which exhibited quantite

70 minutes of i rradiati on.

The catalytic mechani sm associMMtOASAWRI th
(R)( MeOH)] complexes wias BhWBsspgat edsuspwn
2D NMR spectroscopyFTasalwelul ataison®BD and €
analysis. Studies strongly suggesteddlt he f
based catalyst intermediate during photoc:
the photocatal ysts was observed to be gove
in the catalyst struatuoe, obadtdhiatoddMCditea tgee
initiate the catalytic cycle. The obtained
reaction mechanisms that <could operate un
studies are required toomlmatieat e hehiOAR
catalysed by thecifoVebaplkadt campi exelfs .
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Chaptt.é mtroducti on

The worl dwide demands for energy continue
i nfluenced by the growth of gl obal popul a
ceasel essly accelerat-i ngempsriowge e 8-Acrhonfp e e
sever al decades, the | argely har mful con
consumption on themanir oyemaymodd e(gr adab |3 was
pol | lgreenhouse et s,sdawenshecome undeni abl e
solve these i ssues i nenacno mpnatsesrisnegc tmaonnnael r ah
cruci al t o guatreamme s urthiev allongf t he pl ane
gener atilmans2015, the UnitedthNaTi Gust ®isn al
Devel opmenftorGotanles 2030 Agenda for (F$Swwtraei n
1.)1°%Amongst other causes, the production o
i ndustry, and the urgent need of environme
as theré&ay (Tabfectited)directly by the exte
and requiring urAgletnhto ugglho btahle aecftfieocnt.i veness
t hechi evembesecalfsdlean wi del'y!Stdhee aitnepdr,ov e me

interdisciplinary eddopltesdasaawxnenasse adenis

NO IERO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION

e

DEGENT WORK AND INDUSTRY, INNOVATION 10 REDUCED 11 SUSTAINABLE CITIES 1 2 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
S AND PRODUCTION

T ol

13 foon 14 v [ 19 oiime 16 hosmo: [ 17 fvniccons

INSTITUTIONS

Wi
-
"

FigureThhegraphical reprekl&antSatsitannalbhl e¢t hBevel o]
established by the Y¥nited Nations in 2015.
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Tablle. T h

e mor e det ai |l ed

descriptions of

t he

]

established by the 5UhihteedgoMdtsi adns eici | 0= ff ect
energy consumptl onsare in
Goal Description
1 No poverty Engoverty in all its forms e
End hunger, achieve food sec!
2 Zer o hunger . .
promote sustainable agricult/
Good health a . .
3 we-bki ng Ensure healthy | isvbes ngndopr @i
4 Quality educaE.nsure |nclu5|ye and eqmtgb!
l'ifelong |l earning opportunit]i
5 Gender equali Achieve gender equality and
6 Cl ean wat e Ensure availability and sust:
and sanitatiosanitation for all/l
7 Af fordable anEnsure access to affordabl e,
clean energy energy for all
8 Decent work aPromote sustained, inclusive
growth gr owtup, oducti ve empl oyment a
9 Il ndustry, innBuild resilient infrastructul
and infrastrusustainable industrializati ol
10 Reduced inequReduce inequality within and
Sustainable ¢cMake cities and human settl el
11 S )
and communiti and sustainabl e
12ResponS|bIe CEnsure sustainabl e consumpti:
and productio
13 Climate actioTake urgent action to combat
14 Life bel ow WaConserve and susta|nably use
resources for sustainable de.
Protect, restore and promote
15 Life on | and ecosystems, _sustalnably man a
desertification, and halt ani
biodiversity | oss
. Promote peacef ul and inclusi’
Peace, justic .
16Stron Institdevelopment, provide access
9 effective, accountabl e and i
17Partnerships Strengthen the means of i mpl
the goal s Gl obal Partnership for Sustai
The chemical industry at I aregeatcione re bwitres
i mpadt hunahnriotuygh | mmense enéklr@¥% ofonglumipali ot
energy condamgtoil d ué ) d.n% (of greenhouse ga
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associated Wwi'Thhe ei nidusaegd eho | mpifioveneginee
synt hper oc e stsoesr,edu(c bem)hwas pe odu,ct and to ad

renewabl e chemical ainnd gelnoebragly cf heeehdistDanle kpsr o

of the ways to achieve this is to employ
chemical reactions ?ITdleeviamptort@ancedwdst rcyat
hi ghlighted in the 12 Pr(iTachilped?Ak.t2o)dugti ser
estimated that around 90% of i ndus,tthieal c|

neefdomore energy effeoerewabl ahgt moreseystems r
foreft ke velfopmesntist ai nabdl e industries

Tabl2The 12 Principlesect aBlt éshe@Ghédmi AnEgt as s

Principle Description

1 Prevention S better to prevent wast e t

i
is formed
Synthetic methods should be dec
2 Atom econonincorporation of al/l materi al s
product
Wherever practicable, synthetic¢
Less hazard .
3 chemical SydeS|gned to use and generate s
toxicity to human health and ¢t
4 Designing sChemical products should be de:
chemical s function while reducing toxicit
Safer soIveThe use of auxid.isalyv esrutbss,t asnecpea
5 et)c.shoul d be made unnecessary
auxiliaries
i nnocuous when used.
Energy requirements should be r
6 Design for and economic impacts and shoul ¢
efficiency methods should be conducted at
pressure.
7 Use renewabA raw material of feedstock shc
feedstocks depleting wherever technically
Unnecessary derealization (bl oc
8 Reduce deri /deprotection, temporary modi fi
processes) should be avoided \
9 Catalysis Catalyjuc reagents (as selectin\
stoichiometric reagents.
. Chemical products should be de:
Design for . ) )
10 ; function they do not persist it
degradati on. . )
into innocuous degradati on prc
. Anal ytical met hodol ogi es need t
Redali me anal ) . .
11 . real mepr dcness monitoring and co
pollution p
of hazardous substances.
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Il nherently Substances and the form of a s
12 chemistry fprocess should be chosen so as
prevention chemical accidents, including

1.1.0xi dati on reactions

Oxi datimen afs tohe chreommicaenti eaattithvdmtaasl b een
highlighted @®soaespsotehnhai alcotuthe Iibramred v d mefn
existing, or the devel optments p¥Fowmmekampl g
oxidative dehydrogegnaasusong obDXxyegtemanever

mol ybdenum, or thagsbeencatepbysed to prod

the target product ethylene compared to th

in indu®Fheyoxidative dehydrogenation of p
systems still requires significant | mprove
ethylene J°dmumattilben) potenti al of alternat.|
established industrial processes is eviden
Similarl-gonbaiygiemg compounds ar & heestymalhels
off i-akbemi.Oxlygpleansed functionalities, such
ketones, esuktfpkadean i mportant role both &

roddoaes their inherent ¢ heAidceahly doers bainod okg

Y

undergo a pl et hor a oafn daedddoixt iroena,c tsiuobnsst ittou tpi
compowfAdB8nd are also important structur al
( Fi gluzad) . Epoxi des ar e relatively react.i
pol ymerisation and reductive cleavage reac
alcohol pr odruaxchtisr,al wietphoxi des -gbepdifrfidds .c hi
Addi t itohmeplolxg rdeiugp r o mi fniemd t iiomnaarliiotuys dr ug st
ex hi bant ingamad mal ar imilcr oanidal a(nfiigpza)ttile s
Sul f ecxoindteai ni ng compsesumdd ahedwéhldddugr ée
widely used as proton pump inhibitors to t

of sul foxides incl ude buiscef Facsg U Hs.elct i ci des
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OH OH
O k@
Br © OH

e
d) e) 0 N | f) Cl CF,
O, 0
| N-<
OO S AT

F F = Cl
R NH,

0

Figure THe®Rlsected exfampile¢ ® ne, aldehyde, epoxi
functi qralgihtlii @ditne diiom crte dv)ea )mold recmfl4emd ¢ ,a mana t a0
drug; b) protocatechuic aldehyde, used for at
anticancer drbug;yct)c epaodygpperoxide derivative

pantoprazole, used i n sft)onfaicphr amlécle,r atnr eiantsneecntti

As a resuadmpowmudtbsi rabl e synthetic targets

commercially acceswyvibldireododoubdast Oneal by t
to directly synthesise these compounds i s
reactions, during which the eaxyngan tios tthrea

acceptor (Toullasthri etvee) .t hes ehd riamdsu sotrrmaali oprso

heavily rely on the use of (es tgoeircnhainognaentartie
[ MW di cbas opdt i odosy!l bpeenrzoexnyg ed ifwlhsi ch have
hei ghtened ri sks for adverse. h®aluse amfd

heterogeneous anQATh ocnaot geel fiyeBaui®s (WO Jacob s en
cataktgetet)ews th morbublkemgoal s as ter minal
(e. peroxi dgs hars Geen endhgueaged abternat.i\
outdated indusgtiPPFartpheocdesesopment tdomed i
selectivegiarnddimiggll atfalry tiina ussytsrtieanhs appl i ca
|l ead to overall more sustailnastkwpe echemical
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12 Enzymatic oxygen atom transfer

1.2. 1. Bi ocatalysis in chemical I ndu

I n natur e, enzymes are the wultimate <cat al

extremely fast bi Ealzegmesale xthe dc¢ tt icoanosme y teixc

properties, such as outstanding subs4{rate
reqgand stereoselectivity, the ability to
conditions, and often | ow t ox%°cASt ys utcoh,h utnh:
have become attractive alternatives in 1in
catal ysts i n phar maceutical, agricultura
i ndust?’iFogs. examhmpnienocephal os,poraanprecaagisadr
cephal obsapsoerd nanti biotics, was successfully

reactor-amshagacid oxidase and (gHFiug wrér 2 .a3n)i

The subscdphldleogpwasi aco€verted to the dsesire

withi® hours, with the overall 1DWi%s coinveglr
pot reaction is more advantageous comparec
pat hway, i nvol ving multiple steps @nd. us

chlorofphmsphdrus péhtachloride).

H,N s
p-amino acid oxidase,
HOOC H s glutaryl amidase, OJ N A O\H/CHS
Y Y J;" bH 7.5, 28°C, Oy, Hy0,, 2.5 h cooH O
NH, 0 N____O_ CHs
o g

single pot 7-aminocephalosporanic acid (91%)

COOH 0]

+
cephalosporin C HOOC™ """ COOH

glutaric acid

Figurerhe. 3.i mplified redami owomce@haime sspyonrt ahnehsei sa
from cephal osporin C in a samigne gpoitd rexicda e ,

ami dase enzymes erte‘paolr.t ed by Tan

Nonet hel ess, the use of enzymes on an ir
chall enges: high substrate specificity miog
i ncompatibility wit he.tghreg arnd acc tsioonv ecnansd iotri ¢
| oadings) might | ead tenzizywames i depegnaodromeax
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synt hecdhalall ¢ ygi nd heo fpaotdauurcd ;i on and puri fi
often an expensinMenaerdipliarboesescent decade
drawbacks have been addressed through pro
enzyme i mmo ainldi stahe omu,secedf wlaolaéysis am
met hdd&br example, antidiabetic Sitaglihpti
a transamilnadsedeATAvati ve whivdi mewarsalenmgo unred
directed(€&vguuveithred)opti mi sed enzyme achi ey
and excell epx9 see®efcan vtiiheg tH(aTlymetempzyymatcitc
roudfefecti velegdt et perefvoroms|-pasengp| owbdlc Rht

requithed use of hcghsa,pdewsasrd eds active cC

devel oped t *aiWs anihmasret. i nuous devel opmen
bi otechnol ogi cal pr o,he sosceast ad ryd i &p p Isi ciarpil oel
and more chemical industri al processes as
traditional <catalysis.

F F
F ATA-117 transaminase mutant, F
o 0 pH 8.5, 45°C, O,, 1:1 H,0:DMSO, 24 h NH, O
/N\ /N\
F g

F k/N\/< N\/<C

_ CFs NH2 Q Sitagliptin c
pro-Sitagliptin )\ )J\ (92%, >99.9% ee) °
Figurdh®. 4i mplified reaction scheme for the a:

a transamillias enuATamn t enzywnehi e egit eralereevdo |l uti on,
Savet éal .

1. 2. 2. Oxotransferases

Considering oxygeareaat oxoontsr aansd feedhseespramear
enzymes that facilitate oxygen (atomic or
i n biologiOmaé¢ cfystleensbi ggest subclaarses etsheof
mol ybd-emumt uxcgeatanni ng enzymes, found in
domains of |life: Bactetft% &8 nAechheapastuEak
exi st etnhde® 5i0fnor e t haoobBdODaiMoi ng enzymes have
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and

enzynesontasecond

bi ol

ver satil

mu | t
Mo
OAT
t he

Apar
[ FMo

cl usfECem8s® f ound i
mol ybdoenzymes

The

cont

cof actor

oranWwi ce )v'eno b g badnod

bi ochemical 1°Wo Icyhkearmadc t teu n g etdmree z y mes on
third ti
of b°8Duhe mool ytbhdee niummh e
properties of the central
stat gMt(epMi gnklr i whye rseh uM f
tungstoenzymes ab

car bars,e dnisturbcsgamtaers, s wli ft ui

and row transi C

ogi cal i mportance
redox

dat i

e

I pl e oxi on

ar e

to and from

terminal oxygen 4dtom donor or acceptor

t from the
&) (Fi gur ¢ 2alt. 5tah e

mo | y b deecrutma iinm -tnm hogg le ch e Is @ it & th a

axnd vtehesddepprepde bdenum
the OFiaggece3pltlobBEmMai ni
compar antaeélyi‘*di‘dhiena

n
shar e

active sites are comprised of a singl

ain at Hda agsatn do mes owed | at | east

1 (cFP ¢gdliueg shtaesne d

as or

enzymes have a

coordination sphere around*®ttthe opegmtamalpt ¢
dithiolene cofactor acts as a structur al C
protein, and -iancntosceamd digand in catalytic
el ectron transfer td® and from the active s
a)[ s 1" b
HS / o 3-
\/Fe\ /Fe\ SH NHis
Cys \ ’ h—
y /X /\/ A N
§—Fe~HS_ Fe"\-/C\-/-—Fe SH—Mo—_ Mo LU M
\/\,/’S\\/\/\oj.)t.o s” s s” s
HS Fe Fe SH R’R
s
o) SH
° § S
HN)JEE X
o)
NS o/
HzN)\N NT o \/P/\
Ho OR

R = H, adenosine, cytidine, guanosine
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Figurdh®e. 5i mplified chemical structures of: a]
containingmot gbdeinnuom cMwuEl dFeNldP&kebdb) ; the - coppe
mol ybdenuifCucMBygsdfert he or @fcge trhreotfeatild;y protonat
dithiolene cofactor found i n t he remaining

tungstoe‘dtzy mes.

Based on the differences in the remaining
oxotransferases are grouped into three mai
active site Sstructus;esxanbMb @ r eadiddtaseé f
oxi dsd%éBecause tclomg satien n g oxotransferases
relatively recently, and contain fewer che
active sites, tolid=xlea smszdenefsamirley; however,
of current debat* Titme tfhoel lcoownmugnisteyct i ons b
class of the enzyme active sites, and pro

bi ochemical processes.

1. 2.Xant.hi ne ¢XOdases

The mol ybdobehp»pwntge stghe xant(hiamokydasat ain
site structures comprised of one pyranopt
l i gand, and a ahryodunodx yt hee gaedtr al ( Fnod wrba e
1..66 4™4h ¢ifth coordination site varies be:

with the sulfido |igand being the most co
sul birdelged copper species have been ident
tdhe XO (fiadne ).yher &AT reactions at t he mo
enabbgdaddi ti-aotiveedentres present i n th

[ P8 clusters andnacfleay i fif edid #mMiDHCEtohmea i n s ,

these structures are posli5t)i caenkdiad ento ssth d ri tn ed
withatheve site, with both features facil
eventand of rom the mol ybdenunt’Tcheentered dallréd it
accepOonrn xant hi neNADxindaseat home JYehedrogen
t hfAD unit instead of a difraedti viemesbh krege SET |

cruci al for efficient enzyme function.
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)\)I X =8, Se, O, S-Cu-S-Cys

Figurdh®k. §eneral structure of the molybdenum
oxi dase (%0% family.

The geacetriadree sdttieon mechani sm of xaftfh ne ¢
commence by the deprotonation of the hydro
active site, which subsequent |Inyt huen dseurbgsotersa
(e.ganthilhiegydfbelhydride from the substrat
the sulfide |Iigand bound to the molybdenum
in the Mo=S moiety ahdtoHhé¢ MBadasaetitceonut plpe d M
SET from the'YradbuomedhelrMoedox centres resul
to {YYMod regeneration of the Mo=S group. T

active site after the hydroxy ligand is re
mol ybdenum centre i vyiamcREBgaventoxi di sed
Sucdaamechani sm is | argely applicable to al

family, although s pecipfeincd nantdpehpesc huesmui aclally rves
condi andrhee substrate *“%da8nngr egrairdliss etdo. subs
enzymese able to hydroxyl ad @m@o uea.cggaen taghfi nhee t
guindlsamwelal devedagset al dehyde), participat
of puandesal cohol s. There are more unusua
exempl i fpyot e mtei al Ssubstrate scopd cotfi naame
dehydr ogeomasshenieabs dleohi démdst ead o)fwha cshulifsi
essential for the effect i vhey diryodxryonxityd @ttiinoant
Hydr oxy bCeonAz ayelduat alsgses a reductive hydr ox
suggesting a reversed mechanism compared
describetd @Oodehydrogenase contains a het

where the molybdenum and copEpard fcamrt e g aai
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the copper centre anchorveidaobodit hat ¢d ¢ ¢ s n
Such enzymes <catalyse unusual oxidation o

preferred substrates to rebxidise the moly

0
N
. \III//S ) NH
H + e I <N LK

) HORT
o\_/H xanthine

clu” Yo I \Mlc!\Q/is\
_ N
&8s N ; NH
o A
0] OH H N~ "0
BS "
; Glu” Yo
HO% /g
uric acid
N
| ~ -8 Q oS _sh o
% s N NH I Mo/ N
/o—(l/g ‘as\o</|/N§
H N (0] N N o)
OH O-H H H H
o Yo H Glu” ~0
H,0
H +e

Figur eThle. 7cat alytic mechanism of xant hine oxi

mol ybdenum active site of xanthine *x°*dase, a

1.2.2.2. Sul(fBst)e oxi dases

The members of tHe&dgaurifliy eexii diatsemol ybde
similar td he hXdDmi loyhavieetss vari ed | i gands
mol ybdenumfmFt gntr*€e’‘™8)ese active sites are
pyranopterin dithidl gae dssou lafaudrd mdoonmt csro cyxs a e
residue directly coordinating to the molyb
i 8O0fare priamagridsiypim cytochrdm&d$i®b hamrdsup.

however, are positi3o0nedr Gihmeo hgbdawam 44d6i v
compared to the redox active moieties in
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el ectron transferviemsdynamoegdnt s&tOpoatefnt
domadnsing ¢datvai ghisbhe nlyaem unit closer to

acti vieaciiltietati ng the SET processes.

@)
0 |S\HVI//O
S/MO\_
HN S—Cys
N\NH
I
HZN)\N 0
H
Figurelhle. &.ener al structure of the molybdenum

oxi dase (0% family.

The gener al *5mes hiamiitsimat ed by the nucl eophi

electrons from.tflbemesplastrr athe the sul fur ce

sulfite) ontoxohli @@mudbipmoiraeh.e Thveo substr at
proposed to be facilitated byt woemrntheal OHy
of the hydrogemancsulWveidetandpohenti al hydr o
been proposed to-lbganhkhe &pfewcral danhaen goyfsu le i
resi due, or pot ehb 4 p oe k tcehvaerbgye db aasreg.i ni ne
adjacent -atcot itviee csMdt ket her stabilisation to
i ncomi ng s utbhlsd rfadremeachdr eacX**Thhe nwdlee onehii lait
results in direct] rtedficMwionh of he hee g Mot ant
bound to the active site. The abyddogtl 1 8§ gk
originating from water as the -ceaptédnSET
events with t-benthraeean oxidd@gixsret rteh eb Mo wo t p I
oXxygacnt i ng as the -daecaceptnarl fedrec3S® oemnzy mes.

Thenzymes of the SO family catalyse a ran
bi ol ogi cal substrates, pri mamiyldyr ogleea & xiil
di met hytéstMulftiit ele ot her SOs are able to al
with the mechanism proposed to occur i n
abotv%ukaryotic nitrate reductases belong t

site structures, and contain an additional
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nitrate“%tBOxidesoandeN have been also idert
for Yed¥.cfofloimnot her membe P’ ht &rOe sft a migll W

mol ybdenum centre has beenV]elowdiddhati eoch tsd a

i sol ated YedY enzyme, with a | ikel-lyi grayndd 20 x
coordinated t°31mod yrbidtemawhmndri al ami doxi me
( MARC) enzyme has been more recently 1iden
has been rséhdewaa tva Nooai yNehsyidr oxi des anbf® ami d
% acterial enzymes of similar struct*@réeé an
0 (0]
S o S,
xS S—Cys hydrogen
/ Ho sulfite
N 2
Arg/ \ﬁH
Sl _oH ?
. I H-0
H NH, PLL S~ \S—Cys o '\S:O
Ar/ \( fﬁ S )/_\'/
g NH, I\M”‘Q/jo (o}
o
s “s—Cys
(@] +
[l H NH,
N
H + O//SQO Arg/ \(
HO NH,
hydrogen
sulfate
H-0,
d S=0
0
?IS |I|V/(c?/o_ H-Q
Mo S=0
R8T “s—cCys w8 e

Fi gur9eThle. catal ytichynerdbsgguanfsimi eo folky dlradd em 4 wl f
catalysed at the molybdenum active site of s
f amiéldy. 54

1.2.2.3. Dimethylsulfoxide reductases ( DMS

The dimethyl sul foxide reductase (DMSOR) f ¢
mol ybdoeh®zym&%Re&’” active sites of DMSORs <co

dithiolene cofactors coordinatitwagddobt itdrea
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coordinating ligands that wvary si rFiifgiuecan:
1.10)The -lomdkiggamdi t en ¢t hegaoxo although
selenido |Iligands have also been identifi e
amino acid residue from the protein, wi t
aspartate found ttofThe mestboxcecmmomes presen
mu c h mor e di ver semamaxtemtsewvef edmctron t
compared to XOs and SOs. These regdwlxf ucro f
| ust aS4ls, §JHFEe anSh), [ Be wel | as haem and fl a
nits, and their combinations*® ¢’&Ffy maédr ® m

ofactors that are all aligned across the

c
u
dehydrogenase c |Ifornemexampl e that contains
c
evertt ¢’

X=0,S8, Se
Y = S-Cys, Se-Cys, O-Ser, OOC-Asp

FigurleThe gener al structure of the molybdenu
di methylsulfoxide ref@®ut’tas® (DMSOR) family.

Due to the | arge scope of cadmllyyes eme clearcits
of DMSO reduction is desaqruirtetdhas AR er eaa i
i's proposed to ocdceusrofxeot mt e tedumedybdenu
where the DMSO s¢ wb ¢ th'da tcedwlttiameel oxygen at om
binding, the molybdenum &tYentta'le[ Mlgg towo dek e

transfer to the substrate, and the <concc
mol ybdenum centre. The reduced sullstaearnter d
undergoes two sequphedalSEprewvents. IVih the
centre liy fodmade d] tsot athe, [aMpd t he oxo | i gan

a hydroxy species.prDocomml ETheSt $'ec duiviib f ur t |
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reduced'}t,o WiMoh the hydroxy | igand recei v
|l i berated as water. In turn, the active si
substrate. The participation of pyranopte
transfer preeceeas dedlah &d, i fferent DMSORs |
di fferent mechanisms to the one described

o
S S O—Ser I i i
H,0 ;l . / S dimethylsulfoxide
: s
H +e_ .
/ s/
X
HO
\;Is\\ /O—Ser ~g~
MoY_ I
28 \ S\ e o]
/ % |
S s | O-Ser
X L e
s/ —s
H +e X
— 1
O—Ser s
; | \\l\\/I/V'
g O

s S
/
\k/_ D

dimethylsulfide _S._

FigurleeThe <catalytic mechanism of di met hyl sul f
catalysed at the molybdenum active site of dir
the DMSOR*f&amily.

Thei dsesubstrate scopexenmpl DM$S@R t heir vers
bi ol ogi calThper oecxeesnspelsary DMSO reductases ar
di met hyl sul f oMdad diedeslgu(ti makt sbamdee adlenosi
oxi de) and h3Ano&lkeamifimgnocrttiaonnt of | BNISEORS
anaerobic precpe gsaads omf pr okwhreyroet i vca roiroguasn i s

containing substrates such as nitrates, pe
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effectiveltyo rtedeucedspecti ve d¥o®ygenatusd )
mentioned formate dehydrogenases use f or m:

oxidatigognhteomc@Oparticipating iHh® t®he met abc

1.2.2. 4. Tungstoenzymes

Tungstoenzymes have al so been identi fie
mol ybdoeh%ZymdellyYbdenum and tungsten are b
their fully oxidised anod nsu n\ddgtlaytbedeastpee c[t Mov(
I aqueaomesii a, and exhibit a rcaonngpea roabonl sec mr b d
ofMo'laniWV], highly negati par ackdoicerkd iproateinan adhs
et @.Therefore, it iscootasoifpgisenmnymebaarw
OAT r eacitmiolnesr 1 faen aMoo g me Some cases, tungste
effectively substitute molybdenum in the &
increasing their ¢éatA% yrteiscd luteqstt o ®mz y meé £ ST.

specific case amongst the discussed oxotr a

At t he curtrheenltastiime cati on of tungstoenzy
ambi guRece.nt reviodWwen gseumet alelionptrootae i aisn

category, or divide them into two subcl as
which are edvalsedsi veenlzyy mé@&'s , and the di meth
( DMSORs) , which share the dalseldasesnzwyimels . :

active tshietsees towo categehiege af | e bhhzeynitees & ahteu
grouping i nt o sa jsudnhgel fea ef thi.nvieloysips eeds a@fr et he ¢
tungstelni qatoend by two pyr ano,mierhi nt hdei trheinoal
two sites oosesupif edobygxo/ saenl dehng ddroo xlsidgea node ,
aspartate, cysteine or sel(Ehiogwrs&R3 n®2 @m,i r
tungstoenzyme active sitebkbR2MI®R eflaymirleys.e ntbol

al |l member s of theam@Bnésasmumyi cont diah br
pyranopterin cofactor s, di stingui sbhasnegd t h
DMSORSL.n addition, tungstoenzymes utilise
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partner for electrosutfanse¢edpmBpyshdughal

been identified in®some protein scaffolds.

FigurneTHhe general structure of the t umrbgassteedn a
aldehyde oxidor educhtaasseed (DNWOSROR*%fhadtE Witense.- pt er |
bridging magnesium ion in the active sites of

Only a few tungstoenzymes have been extens
mechani s ms, hence the mechani st*? cFPuunderrst
i nvestigahavsend AORSW are | imited by sever al

AORs are signifi caand yr eignuhiirbei texdt rbeyeno@ hi | i

>10M temperatures) for opti mal operati on;
natur al substrates, and the substrate bin
clearly identified; sever al n a teulruacli dfaadt ri nosn

t heETeverdtTsungst oenzymes belosma@avegr ¢ e iDMSIOI
attention with regaedWbhaskeldeifor maclkeandiesh msr

bua generally accepted mecha’i*stic pat hway

Despite t he |l ack o f overall mechani st
tungstoenzymeshdhwmwecheahyse a rangethbé re
mol ybdoenZymgsetxecnl usi ve AORs participate
accumul ated aldehydes by conver%¥iuon htea moe s
these eacrgmadl eat al yse the reverse reactio
to aldehydes, al beit wiStuthmuehhckowetyacti
bi otechnol ogi cal applhieec atciadms ysedr pexdmplk
from acettArcaearcobdi.c degradation of aromat.i

benzOyA eductases, aaset webhe aexidation to
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D

etylene hydratase of the DMSOR family
ocesses with a potntial industrial inte
.2. Rel evandastoi abhppbhtahytoas

mo s t all xotaasefemamnaser i ntense wWhivhbhsth

i scoveries ofandewumglsylbheémzymes widening

eir i mportance in biological functions.
eir appropriate classificati oBmasaesd wenl It ha
tivity and | ack of similtar wastesso nl drmg
ggestthprAR@GNMz Yy nensd (si mi |l ar bacterial mol 'y
ami doxi mehopopdbbdat iaomew mol ybdenum enzym
ing classified a%HaweVvad,e fiuwnr tStOe rf agti U d/i. €

ucidati oheabpl awem&khBREGt anfl rel ated enzymes

mbr €IMod .ybdenum and t unogrsnmaetne cdoenht yadiramoegnegn af

en at the heart of an intenseasmendaeidst i
coll aborati vet hieevghdtteirgaandonSc holfl8zthkee gr
rmate dehydrogenaseacndveate Ipo tolpHo GcalTe advieedg e

actions with formate asvimbhecawubenaltae e[ H
termedi ate. The pirgpodnrictginaaisd mrease i veeadn |
futed by Hil"F-B%Sand avoowar kaeésrsd Beesuhfyddode
chanism, cwhetrlee CdDi rect product of the re

ter maddomasensus on the mechanistic detail
defacti bhe rever sobi é ahfamsmmatbeen r.Ehedved Yy
amples show how new discoveries in the f
rrent understanding in thet fhipeoetledn foiff lotxuorte
pl i coaft itohnesse enzymes.

addition to the need of a better me c h &

ngsten oXxoharvaenshet aseescas repablted biocat
dusteiaviamt het i ¢ t rdaunes ftoor niautritohdeéA swiitnhi t a
st natur @alhlreeghymabstrate specitfhpeot entih iak
actants that c’dwhdchinder @ @AT,esirabl e
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cattailey syYsatsems certain |l evel of reagent pro
scoaed catalys). applri haxbmbramysdarrraysesut r e
reactions fvwalciidh tated by additional redox
di scubaeth griorugpssl,tbuster suchféawvi de units,
et .mThese cofactoes$feantbVe ¢hecomomndr d&rms
enzyme active sites contai nAlntgh omodhy brde oy an
FAD has been implemented i fdesomepliindg st he a
oxotransyetramsmer daaisous | y p°Paonvde nc odnisfifdiecrualbtl,e
mu s t be iompbsednodi fi ed enzymeDessyps tteemst htec
shortcomhegs, ucidati on o f t he malcybhamed sit
tungstoehagmemr esent ed an exciting and c
synt hesiser gMoeatd -bWsed compsl efxuensct i onal m ¢
devel opndeafddtcdleyntti ¢ system& f0%5 AT reac:

131l norgdamacd-cWmpl exes as functi

for Dbiological OAT reactions

Since t he di scovery and i nvestigations
environment, t he actiand stiumegd toefm nssof beyrbadseen
i nspired many structur al arnud i1 asphigd mMalr an

di fferenat Thegaedrly wenve s tmagat onrsfsoacfufsceldd s
containing sul fur, ni tat emgnsn amwd & deawesggreen d
identified to be directly coordinated to t
si t°efB&%5ed on the initial observations, it
i's essentiabasedobbvomphekes with appreciabl
research, complexes containing only nitrog
to alsel iba&bl ed5cumerycus. examples of strucHt
model s odo- amall ytbungst oenzyme active sites
reactions have beenfidpoantded. oDer tbetheaest

field, only a number of selected models w
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highlighting the structur al and catalytic

focussing on most recent developments in t
1. 3. andMaeWmp!| ewxietsh scwlinftuari ni ng | i gand
Early i nvesti gat imordiec oonfpdsd xufnocrt | ono dbhalsdcean u

oxotstemase active sites -cnmanitnaliynifnogc ul si egda nodns .
and dithiewardamaee to synt-basedsecombybdes
a cfi-Mo’O2Jcore and -¢dawmr diSnaSt)ed bi’@énuiattee dli gsa
mi micking the two pyranopterin dithiolene
sites of the SDMEOR oimakiblk wssttoa dc h i ATe tarcitci v i -
towaPRimndamer obt mosphere at r.dloeet eampckcarat u
rat e const afndarfc i-kbdY D26 BONeEgk] ¢ o nipyl eDxue ta rfakE .

0.-5. 83m™adsY)’were in line with the fia=st2.r3epc
dmMmoils?!, report eat PAT hBRaurtrhaolr s i onwod seewdcari on
me ¢ h a nb estmw eceiéo’ D2( N R)t] ands(FPlgure WwhéB® th

reacits onni amacleeoblyi | i ph @aspglaicrke oSobhdtthé&t e ¢
oXx-bi gajndtehe phosphorus | one paitoribs tadonatT
resul ts in dri-Mmd'O(ENER DPPY Jspeci es, wher e

mol ybdenum centr ¢ Mds trdef8fuoed f r om

Il 0 S ?l(\ 5" ipph S ?l 0=PPh

= PPh; -\ ~ : 3 — S Il _0=PPhy

N \ Mo e _/N_< /MTI\ — _/N_<§/M(IJN\,S
s:< s—( 5=

Figure ThepBoposed bi mol ecul ar OAT r e ac-tsi on
Mo'O( £ENER] and, P@PhopypsBPdatatnial .

Such reaction Imetchrand smTopsércat e Pty omav e
expanded otplree of | i gandd Nscccat bohd e ft,Besueh as
salicylidene aminothiophenol (SSP).Tahned s a
catal@ATceaction b e tfoniéd®'D2( StShPe) ( DMF) ki-sand
Mo'O2( SSE) ( DMPp] ¢érxiegsir § 4and 2REr Bhdeduced to
order with respect to both theecanadl pstde
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over®lITih)i .s supported t he bi mol e@ulogpros ale a

l nvestigation of the electronic effteltd s o
sul-damt aliingammds make the molybdenum m¥t al ¢
compar edexygheans edgameasyl ti ngaitrmablgit gime tOAT
reactfwmrst.t her mor e, the wvariation of subst
propeohi @gdhe phenyl riFngurev thhfdlictgegand he
performance. |t pwas emarltee abbfit thimd r 4 vinieng gr oup
e. Cland) i ncdrteh@®Adr eacti on riantterso,d uwltielodanr arf

donatgirmg(pEsDGes.; OM@ decdietd:s58uch behaviour is
with therpremeemdniFsmgur,e vhdfRe-Mp'Dgdcor e i s

more Oel edcue opbi EWGS8 i n t,heacliilgdmd i sgaftfha
el ectron dteheniutcy efoppdml i c6 Phosphine substr
a)
—=N_O s _NOS
\,{/IlgVI:O \llvll/VI
R o7 |
SN
Y
HooN
X =B, Cl, H, MeO X =Br, Cl, H, MeO

Figur4e€4Thelchemical s {cri-Mad®O.ibraesse dofc otnhpel e xe-s wi t
containing Schiff bases repd¥°apdwbyhTophiects ahi
aminoet hyl t[hiiMo10( ISISEd {dDME) ] with the salicylide
| i g dcni-tp’Ox( SSP) (.DMF) ]

Toget het hpwitlhi cations from R¥ ' mMesadr €ha k
det athed potenti al c apg atl ywaiymst e a cf toir vmaatt ii comn

bi nudIl(eX@ye-0O)-dpec(FisglurledbBur i n @ Aflchaet a ltyhsei si,ni t i
[c i-Ms0’ O2] comphadke inter mOtsipaetced e[sMo post ul at e

i mmedi ately after t he oxygen atom tran
comproportioomtdhveeanr i dfg@e XpEe-O) ¢ ompl ex ,wawhi ch
deemed i°f°PEwiwvleer el ectrochemicahbhddittuida reas

evidence to the thermal sandp &S fifeessec s tnedite
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|l aid the ground for further investigations

insights for the catalytic systems of moly

—=N_O s + PPh —N O S —N_ O s
N i—o -, N NI o
o — (0] o''—
R 07| - OPPh; R 07| R o7 |
(0] (0] / O /

S o =

WA oA W\

R = Br, Cl, H, MeO ‘comproportionation

[(MoVO),(u-O)]-species

Figur®eTHe l1proposed compropor fiMdMtS®R) pRME WA Y
[c i-Md'O( SSP) ( DaiFmigdd saX t er t he i nitial ;0ADsteate]
proposed &ty ®6pich

Notable efforts to awoimproumdehiama@alte meo mhp |

Hol m awdbdrker s, wh o htahveet e x glad il ty e-dh isnf e r2e ©
di ph2mgtcaptoet h26-() W6 BHebiyne S, iNggaSandn)i s (4
tebat yl phpeyryilngy lhanet h2-©CBaP P HY Y ; INi,gSat i on)

l i gands 1( Ai8Y°YF@r mat i on|[ (Kop(cOh-$peci esnowas

observed in the cat a[t ¥Md@( B-g @c BliHpmy )mi XMR)r Je
with phes8pRilindoough the data hasandéfend. re
Nonet hel ess, c o mp[c ieMOOO2(t & @8R h2¥ d-p y]) a n dec i-[s

MdVO (- CBuP h25 Hp y)under catal ywias oohgi tsiugpmrses
coordinati eg yye&€NyedH$, ( DMF) , but per si st e
exhibitivng ib@mindV around 500 nmhilebhkp@O)-ri st
compl &X%fens addi tion, the stenmalkcladds ptlhact hder e
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redu¢ Mdd]compl dwes the &l reswhegsmessment of
structural and spectratlhd eianYlgeaskcliPphM&Epende

+ PPhy —— >

Figuréa)l. IMOWAT reacti on didodg eBA C BSE)py ) ( DMF) ]
compl ex aind PNWHh yiel doxg 'PDHentmome di ate report
and HJII%b) The OAT r eact icdktoOy(ed GBeuP h,d Hhye) |

compl ex ainmd WPePrhz ene [y( Mdp(e-O nilgn ttelreme di at e report
and HE81 m.

The scope of the terminal oxygen atom dono
obtainedxmoPhoi nter medi at es Noox ivdaersi,o ussu | nfiot
as wel |l as diphenyl selenoxi de, triphenyl ¢

shown to successf udltgnoxedbaeikdotDe [cRoe? el.
Notably, the biologically rel evaanmptr oldiecttierd

met hi cmil hmevweircee sel ecti vely dieroxgtge@AT erde a ont
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the '"DPMointermeidgat @%°1Adyi ng that these ¢

viable functional Ruoedpeel nsd efnotr  onxool t yr badnesnf uemm a s
4
0_4\ I{\/\)L [cis-MoVO(2,6-(C(Ph),SH),-py)(DMF)] o=<N N\ o
DMF, 23°C N2 OH
H A
b) o ST
IV, _ H,
[ois-Mo"O(2.6-(C(P),SH)-pIOMFY [ /‘ng
DMF, 23°C o N I

Figure Thel70AT reactions bet AN 8¢ BeSH)e duce
py) (DMF)] complex and the biologically relevart
gr o) biotin sulfoxidprobecbedzmbeokyoairbhensygl

Hol m a«waodr kers have also conducted one of
bet wa@mal ofoasd-bWsed catalysts wiorh MTo srpeha
est.2iToey empheyedi ously reported maleonitr
t o svynfchi-8850z(smen]f compl ¢ Mes Mo orsNWBuUNor Et
PhP*), and investi gatheed pthhoes pkbiknhedtaiecssb eorfr eact i
compari sont hbee tdneeteenr ms nedr der rate coMost ant
based cattavloystto ifsour ordeast ebrh eant®Ad i truede t
compared to the t°8Thestaeunt haomasl oagluseo. pr ovi d
analgbhe reactionnmechbheawshmhai ned expamd me
propose t haitp hboostphh isntee past t ack on t he Mo=0 bc
rel ease upon solvent cobaraiasagowinattiove hien c
. 1°8Thpostummac¢ceanidemcird bedetai mocenjpeair edat
ropobgl sDueran®tadnd Toeti c°Ahowever, key mec|

1
p
observations r é@mdien ntutcd epsamel i ¢ attack of
phosphorus c enltirgea nodfc i-Mb’E]lwexme resul ts in t
0

f the metal Vicetdid r[eM bromof M M = Mo and M =

63



¥ 2.
2- o-- "‘PPhg O‘Pph:g

\\/' A
S\MoV'—S PPh, |v_S
NC‘& /\ 4/270N — Nci / \ JCN — Nci / \ JCN
S
[cis-Mo"'05(mnt),]* phosphine attack phosphoryl-bound
on the Mo=0 bond catalyst intermediate
solvent
coordination
t
solv) (solv) (|)| O—PPh;
S\ |V___S
S\MOIV_S Mo
0=PPh, + NCJ\ﬁ /\fCN — NCJ\\ﬁ /\JCN
reduced catalyst intermediate associative
[cis-Mo'YO(mnt),(solv)]* intermediate

FigureThelpostulated mechanism f ci-MOfenn®AT re
and HRhoposed ekty’@alluceci

The difference in the catalytic activity i
cent’Eisr smollyybdenum is more easily reduce
therefor-el ¢ iter d wot r andureirng htatt b eo@&Tulrsso r at e
| ower activatimml ybbadrermuerst hfaaht u @ g satneand og u e

Anot her consi der attihoen roestoatlth ol ereen dMit=l0O dofo n d
ar e def or med and partiianilbyuabeobé@n!| idaur abh g
phosphine, S utghgeee satkiem g Mto F#8 diolnidtsat e t he bo

compared ¥dahav=0dea of | ower e d-a naacltoigvuietsy c
mol ybdenum compl exes wa s al so -besteande
oxotransfrowseesr, the discovery of highly
sever al bi ological systems®lhas negated suc
I n |l ater research, thiosemicarhlhalild®@eenserged
asaalternative | i gandactciavkd odidieex D 0 rdmesd & r th e
ability to tune t hoef etlheectac @mplce xperso ptelrrt 0 @
vari alt"t%Best.h types of | i garaidwo'Opmarderan at e
meriodal fashion, and wer e s hoQ¥T troe alicet a eof nf se

DMSO t e!PPHGeénerally speak ambsghotwelle sszeer y s
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propert hprsevtigarsdryi bed wiotmy |@ehdS sSHi f f. blahsee s
onldyi ffer esncebswawvbdi gmi ficant i mprradveefme nt
phosphine oxislatwhoenr er,e aucntdieorn comparabl e r e
thiosemi clhaveeddohaMocompl exes were around

actidne 186*dmMmdIs)%than SiEdhiasedunt e kgrar t s (
3418c¢dmMmols?, respe€tivel y)

R
a) b) R
N-N"g y
S_</ \0 N-N"q
/ S’Nioto HN— |0
0 S
O\
HJ<N/ Me”~“H
/
R'=Me, H, Cl, Br, NO, R = Me, H, I, Br, OCF3, NO,

FigureThel®hemical s{cri-Mad®Oiraesse dofc otnhpel e xes wi t
containing Schiff bases: a) withBhatet dcabn&di pe a |
BhattacH&dnpywath the thiosemicar bazeotndl.i gands

Because of the ease of structural etufdbildi
have invesbeulgpatietduent el ectronic effsodts o
OAbet wOMBO and FRbhblei ntaammet pl ot s roefa cdthieomn
ratvesshiep ar ame ttenienvefsti gated substituents,
facilitate fodstBePrhwlhoixli e aEDG8 decrease the
suggesting negatuweduwrhiamget haui rdte deter
react®Tohnese results are consistent with t
mechan(iFsilgures 1. 0lBatandnkKell@éefatt bea phosph
|l one pahe*ranni dbondionfg tohreb i MoadeOs Wlotnide g riem u c e

[Md®OJ]i nter medi ate. The systematic investigal
the tunable nature of such compl exes, and
expansoifonsuch coRegleatxespubl i cathensbocsedt | i

thi osemicarbazone andxcist lasfofceac thiavz a ttendac @ Imp
epoxi dadli esfoismofogpr Oper oxihttes masal ox3%§en do
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These systems ar e capabéalkkesnebstomatees | g u
cyclooctene and styré&iWm) sibps eloeodt iyvidelhyl so b(
desiepeodx i d6 9 %P8 210

Sul-based |l igands are still widely investig
tungsten centres to yield active clac-al yst

Zanett.i group Veray srea cheerdtelnyt art eptoprytioeldait e ( p
and pyr-2tmhido In®et e ( platS) el fcepeotridtha enltayi-M'Of he |
(M = Mau,nitw) yield the mon!d™eThebtcainnpdese x b s

Mo'O2( py niS) acieo{O2( Mepy §) were shown to be acHt
OAT reactions between s30) oxndephd WEIAN e ©
PMe'ld nt er estl[i (nNgdp(g-O)-itrhteer melda ot med after tF
OADbet we B[ei-M0'0O2] compdnreBxPehé Fi gur edild 2n0cat) appe:
be catalyticahdyi nsaetidweaarst ipcrioppactseed n t he
without | imiting the catal y[t(lopE-@)$Ep odi ©AT
was prevented bsy whecbhswaeffBMad to effect
[ MdD] compFegure. bhE20denelcaMda( py niP)Me]

I nt er me dhivaeteenpe tdt @é cat al ytic OAT reaction c
and sl ow disseciianthiiobni toifngPMehe subselgfuent

centh¥ol l-wpy stlddie® highl i ghbtMHO(thyadS)mamtdh

[c i-N0"O2( Mepy §) compl exes ar e competent cat
reducti on, mi mi cking the archaeal and bact
family). Under the optiinmithed preeagthtiticen eo¥ o a g
of PPompared to, pediedoiCe(rppytmMS)compl @x mol %)
achieved complete perchi @dah éufruerdtuhcetri orne atco
towards nitrate ions hcaids0’'D6 erepy 8 )p ocrotnepd efxq
although catal ytiecstaacbtlit¥sihteyd i s yet to be
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a) _ /MOVI:O
SMe2 2 \ /N ‘\S
N=—
O:SMe2 \ /
PPhj
O=PPh;
0] 0
Sl o 1 S
pr— MOV \MOV pr—
NT | s | TN 0 s
\ / N \ \” _
N= = S ||v||'V = _Mo/'=
—Mo'_
\ 7 s /\S+\/N|S
= lN N7 N=
0
S
b) — \||\/||OV|:
RN
SMGQ \ / ‘ S
N—
O:SMez \ /
3 PMes
O:F’Me3
i
S—MoY_
S
/
= g ,

2 PMe,

FigureThe2@atalytic
bet we éhife i-M0'Ox( Mepy §)

compl ex

cycl esetpti@flpaors etdh eb yO AETh wed a
andsulagt rtahtee, PPfhor m

di nudl(e®@ue-O)-ilnt er medi at £s;ubbs)t rtantee ,PMeor mi m@ st he

Md'O( py i P)Mel

i nter medi at e.
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Al motswibi mes faster phosphine oxidation wa
tungdbtas £d-WO( py mS)amiev8V D2 p yJS) ¢ 0 mpllt Exee 9-W

centwas postul aatsedant oe liagcctt praorpthni el r in the <c
medi at dng@&kTiebet ween sul foxide &rd guhesdhi2
whi ch resembles the proposed mechani sm o
famitityf) . sapahhwpyeferred under the ,exmer i me
[c i-v8Y O] catalyst would not uNldet 916, Wher r teh
Subsequent diesXxidgai DRaiseg tSlystWm from t he
cat allyisatser i nviealsgatrieoral ed tthfed-VBPa(tdent i a
Mepy d) compdexi vate malseculearox gen atom d
catalyti eM@Abewt twi th signisfeil eaxrtilvy tde droea
pr od(ufcrtom iln0 ODAMSUON d e2f1¥No 6 8% benzengll@meer C
tungsten complexes have also been shown t
some unexpegandeérti oAllphdwuavcers,, the catalyt
of acetylehe a&Gbbetpyeok hydratacki daee no

0 S S
Sl | D=1
— _wi= X
O N—
N=
N\ // O=SMe,
IIDh
.p—Ph
_ Ph
\N P\ 0,0 /
\j S\\‘/\/l St
= —O0T\
\ N -
= N ‘ S
\ / N=—
N\ /
SMez PPh3

FigurkTHe2catal ytic nmeitgh@&@nhMepry $jfactihlei tfat ed dir
reacti on bgatnwle eDMSROPhs ub st r alt er, oegtirfAfvheedcbpe |

WYDJ-core acts as an electrophilic centre.
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1. 3. 2anMeWmpl exes with Iligands cont

and nitrogen coordinating at oms

Due tiosttrhuect ur at heeaese adfi | 9 yttyhreeelseéavsamcned t o e
activesuli-itaessed | i gands have been extensiv
mol ybdamumtungstentymealaali ngr i et gt ®f lwicdath al )
activities towahowxsrsOABrradd dthbumd.aslszaddle B

| i gands al s o-acnodadt@anionr bactt@@sNNE ShHi f f bases) ,
maj or structural, electronic and moltehceul ar
coordisaltfimg at oms, tahdei tefdaFugecheirn di scus
mostly cent 1 gadcnodnet atornd wgni trogen and .oxyge

Such compbavwaedbBeen initially devesl uldieds esdi mu
anal ogues, but i nwadrhe dxttab| irsehseedaradh sui t
model |l ing the active sites of oxomeaasf er
compl exées swiddttalveet i ¢ activity profiles.

Tri de@N®D})-Schi ff basechigantdbkbe salicylidene
and the salicyl i(®BAke¢ ad Mich dad)ecaviien?zdependent
devel opd@@hdlkr avorrt- gnhghleouppi c h’%H Fowipt?h t he i n
goalsytnda he deesegheans @ad al o § atehse ( &S,cM,iS)f bases.
similarity bseu Iwfauarh x y gbeasseeidg aln d s i s refl ecH
properthesrofemospgbtdienem cFompleaeaaempl e, bot h
|l i gands cooiodiahatle tMw2Qelicér e ; tuhpeo NOAT react i c
e substrate] MOKhent eethadedt es under go co

h

reactwiotnrs t he i-MohOzsipaict ¢ s yli @rd glenlaycbi mecl ear
(
0

[ ( XOop(e-O)-d o mp | ;etxheesi r el ectrochemical propert
both types of complexes are able®®b 1¢at?dl
Despite these simidarlithets,t id ovamp Ineoxteesd v
type ligands showed poor er-amalToHbdhchy t h

propestmai nly sultdraobrudtienda tteod molspbdegumasel
to reduce ddmepaoneodpetdbi nat ed mol ybdenum com
their reducti on. [Eoetg€ln tov &i¢c/ Ptojae-Mal®2( SP) and

Ered-1. 8v H ¢/ P ofc i-Mo’O2( BP) 98T hex pel anati on for suc
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comes f rmamutrrecdbohdt bet ween the molybdenum
oxyg’€he more diffuse 3p @drlbowad sheotft suldwe
mol ybdenum 4d orbitals ishvglabhdddsncbmpmiec
the more contracted 2p or lagt abestkxetoefnto xoyfg een .¢

densdelyocal i satioweyi ng theneffective charog
centr e, decreasing thecbhbmmdiengcoeme -,y al
bond®As a result, it wasd stcawediddnsi-Bopi c

Mo’ O2( BP) afcdMo’O( BBl compl exes 6do not mo d e |
enzyretswe to thwebdta@®@AkTioddt¢t i vitthpotdelwasdbstr a
4. 1pla | ateeri ew, Holm al sol iagateed ¢ dmapl edxsad
easily reduced tlhiaghatthleiaodumuteg @t tesid ,t ha
reducibility of these complexes is also hi
of the?®Yigands.

X = NO,, Br, Cl, H, MeO X = NO,, Br, Cl, H, MeO

FigurRr2The chemical s fcri-Md®ibraesse do fc otnipel e xes  wi t |
containing Schiff bases r epdmtded hey To¥Pe £ h &0 a
a) with the s aetihcayhl o bdadmiodéo’ Ge(mBEN) o DMF ) L) wi t h t
salicylidene anfc aopth(e&P9 I( DIMiIF9Q § nd ,

It collypobbaddasiassedsuch initial observati on:
researcheest efntrsemellysohgly - anydgemi-t rggeeaed
mol ybdaeandmtucgmpérexes as potentWrnratli IOATTh & ad
this cenvery few publ i cati oncsat ahlawsget b d e
OXYygen/ noiatsreodg esnd ehfaft o l€adsiriebaictt i wi t f  moosntl yp ap
focussingtowmcttireal and spectroscopic char.

Nevert melnauanb,er of <cat ablaysteidc snyosltyebnidse ncuanp a b |
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OATT eactions arehoweviknowhhe amnadeod ouusmpluex

are stil!/l scar ce.

As discuss®8AH algpaneds were firamtal 9 PESEIR S| S ¢
scaffaoandlshavel cswe@atnal yti ¢ actthikwintcyh nibTkwar d ¢
react i oprhso swibtuilbhet.t’dateer repor tssed hmoet fYocarms
structur aP??fheoamtewreas t heir cahalgnt iigqh pehtee n
epoxi doaftatomoakhyri ndolvafrimat of OAT reaci
previ diheihyguat uratedsbthst hataees heen oxi di sec
respective epoxi des [ci-M0’Oxh*AP) (jEd ®©H¢ & x 0é s s
'‘BuOOtr cumene hyld?Tohpeer oai alyst was compa
mol ybd-eonoamai ni ng compl exes, and al most a
conversi-&@h%) (&rbd sel-8C¢%)wi tpheesp o@&®&&oci at i v
catal yt(iFci gtuyBel ¢ he peroxi de species coordi
centre at the axial site, displact?fgh htihse w

way, the peroxthdeuigh $styabiolbgmddenaedignagt or i

l i gand i n ¢ips sa.djhaeadamtl yst i nttheernmeadpi partoea ci hse
the olefin substrate, wh iad u trsegrahcetr &2 , wictom cte
fashion, and does not explicitly ARteratthe

OAT reaction and tepoxe dasx fpdeompatsieant o f or m
al cohol species, which are replaced either
in the subsequent catalytic cycle
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'BUuOOH EtOH
P

2% <
>||v||gVI:O _N\ﬁ /O
o | VI—
O. o | \

r H 'BUOH \ H3C(H,C); (CH,);COOH

oleic acid

'BUOOH

¥\_/ ——
O H3C(H20)7 (CH2)7COOH

H;C(H,C); (CH,;);COOH

9,10-epoxystearic acid

Figur®THha2sociative reaction mechanism of the
wi fBu OOHn t he proeiddsw g e ArP) ([Et OH)dr caparsps cehxd ¥ a k
and Zi -YRowski

Thimechani sfnurvieaxspd ored by Awuski®irid®®ahd bave
focused their effoaoltbdernctewal @ i or gpmomixe dat i
benchmar k chysteem f or t he mechani stic i nv
cyclooctene (oxygBmOOHomyaemcmeapt amd dlensr ) ,
Mo'O2( SAP) ] c ataxslyyssdexrh iSmicthed good cat gl vt iddc n
averagbstrate coBnOWeyi sihorisncofeased8% el edthiev
epoxide SpriédBlyuctvarying t he reacti on con
catalyst/substrabeailneadklisntegsousigisper t ed t he
mechani sm described above. fAfvteeorr ds v 8&n tMod
compl ex f or ms an adduct wi t h TBHP, act i
coordination sphere i-Q@tboadthngnandshyhdr ag
( Fi glurpe3 These observations were fur%h%ef st
The authors have also expanded t hlei maumhesn e ,a

which is more sterically hindered?®tiffaen t h
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most fascinating aspect of these systems i
provided by the peroxide solution, avoidi

exemplifies that much desired greener rout

Hydr &asweare the first-lrgpodaeaVit(ed,sNed)Vv el d

structur 8ARoor tShAaEsed | i glahnedsse | i gands have
hydrazoneé hiehimkaged bet ween two terminal g
a salicylidemhiegurdniiltd2adly e eports were mai nl
l i gand synt hesi s, and t he spectr alf anhde e

respeccti-Me’®2 [ compll?gx'else bri ef | yOATdreesaccrtiiboends
bet ween phosphines ands uDcMS Oc ocnagthae wyesde dp oboyr
substrate camnwvebrlsdi%’hs of

R3
N= R,
N/ Q0
- ;I{/llg\":o
o\
(solv)

R1

a) Ry =H, R, =H, Rz = H, solv = EtOH
b) Ry =H, R, = OH, R3 = H, solv = MeOH
c) Ry = OEt, R, = H, R3 = OEt,

solv = DMSO/DMF/MeOH

Figuré TheZ2ner al chemicallfcigMoO-based obmplhexes
hydrazone | igands eepdth)x efa ¢'vd ) aNgtdDh®hld.a

By introducing urea hygdyogerdapemprAdc&’hias
e X p a n dtehde r e ascctoipeen e fcf-MohOx(sal i cyl ipdemé oyd
hydr a)z(oMeOH) ] tcompluéxi d€d Fogudat Icom®@5)opt i mi
catalytic system show&Od %y oa@adhdc enxwerpdiiomsa |
(91L00%)or sul foxibdeear pngducitfsf er ent al kyl a
Al t hough | acking extemasidvaesmeclhanivet OATd ekt
pr opo(skeidgur €T hle.0205r)di nat eidbppro oixd Hies erdnleyd i at
deconmpoos the respective alcohol (or water)

The remaining oxygen atom from t hlei gpaenrdosx iid
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t he i-M0’O2-cor e, f or mipreg o mBMI@REO2)(sal i cyl-i dene
picoloyl )Y(ywerOsHgpdodgbde nt er medi ate then wunde
reaction with t hlehes ulefaicdde osnu bpsattrhamaey i s s
described associative OAT méebbadiwbmemwit h
proposed catalyticepaot tesneediatntiesd i cTlhespect S
catalysed OAT reactions with rpeegraorxdiidnegs whhe
pat hway i s thé32dAaddnanbnahley, the steric &
the peroxides and the oxygen atom acceptin
significantly influence the preferred mech

urea hydrogen peroxide

X
HNNH
7\ HoH
N \ I
_ -0 7\
N H H MeOH N
N Q0 N S N—
\MOVI_O / O 0
o\ Moo
P 0=SMe, d Mo"=(
Me (@) \ N !
0 /\63
o) N
/
H'?'JL'?‘H y \_'H
H H
0-0 %
dw [N 7\
= N
N _
/00 N=—

Hzo SMe2

Figur e Tihheli ssociative reaction mechanism of
di methyl sulfide with urea hydcritsg’©sfs apleircoyxtiiddee nie
picol oyl )H{WdkrOH) d n groonpd AXdi ebtiy! | .

Nonet heless, off hpaes oxx ydgeen shaoasn Weemrhi ghl i
more recendefcacplmpliigsbdeagdmazone ¢e¥mMThexes.
model al kenewesruebsshawes to undergo highly

reactiinontshe praesMotd® odompl der iwv éthlyidseadz on e
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l i ggandempl e@ionrBu BOH s

optimi sadt
wer e

catalysts

obt=0i0Medyiied d-§
t ur no V.e3N oft reempu & rhoyi dasr eo fr e

bpbadi ti ons,

showed

Kar geatr '417 WHhe™Me and-b&sed

substituen

reactions.
respective
or
S

uperior t

~—+

ur nover

anadhamer

-~

educftimeag;ui val ent

ts on
benzylic

o] mol ybdenum

forfe g~u%briA lhe B ough

oXxi dases ar e

t he

bodes

sacrificial oXxXyg

thel oectpere ieapaodx | dteysr

B 131 cheet aleyssti spjer f c

compl exes with dif

thei diyded-B)z omeersedd ghods oki d
THe obehzywlmedcbsufl &t ds
al demyddeampd es ehh@ex od e
ulryedar opgeerno X iFdegur ed) 1 Vadadi um

wer e OXi

compl exes

counterpart s, e X hi
not part of the
t he enzymes capab

mol ybdenum péorutohe dmBARE

enzyme (SO family) has been recent!'ty% shown
4 7N
a) N b) N_
/N_ /N_
Moot = 00
cat _N\”/VI— _N\U\//_O/Me — [V]cat
/M{J =0 7N\
R o o-H R O o-H
Me Me
R = CI, NO, R = CI, NO,
c) ? Q.9
SsMe  MOleat OF [Vlcat (0.5 mol%) S\ve . S\\e
H,0, (2.0 eq.),
EtOH, reflux, 10 min
(1.0eq.) 100% [Vlcat 0% [Vlcat
70% [Mo]cat 30% [Mo]cat
0

d)
) /©/\OH

[MoO]gat OF [Vlgat (0.6 mol%)

CH3CN, reflux

(1.0 eq.)

urea hydrogen peroxide (2.0 eq.),

90% [Vlgat in 10 min

88% [M0]cqt in 2 h

FigureTHgener al
(b)

compl exes

compl exes with

wer e shown

derivatised

to effectively

chemicalci-MMtbDikd ue & s([\&-b & hd d
hetrl&@d &he

i g
catal yse
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sul foxides and sul fonesOpftd) hbepezgbencal obhek:«

benzal dehydes in the presence 'f excess urea |

Al t houghl tbgelidene anm aavadM@®iro! c § BAIA¢xes h
been previously strbdtéonby Isymad H a rnauerbeerrit scef
investigated t hei t*Accdita’lOy(BiugS AgrNep)e Me)P Bl s .
compliexof notabl e acTtirveiasoptiiadcnait dé yscapge OAf
and sul fidenspurbhess amaexso ¢ sBaun@@HFi gur .€4Tih.e2 7)
respective epoxide and sul f @idd ¢ (81 @WGBW)X t s
and exceptional [(y29%t*Fh rgerlea atoirwi,t itehe act i v
observed t ot eddctad ilNEDGS nd enr i tniga f fSEAIAIB 5 (
substituehteh are proposed t oi rpacetviemmetr itch e
[M0'O)(e-O) (SRAA Melkspecpdreisor to undergoing the g
peroxi de meictaenssesmndeed, t he cdti glhy dteggr exh
stability wunder catalytic conditions (up
number saior ONGO) .

a)
0

N O
NI,
_Mo"=0

[Mo]cat

(solv)
Bu

b)
Lb [Mo]ca; (0.1 mol%) Lb 100% yield
O 100% selectivity

'BUOOH (1.5 eq.), air,
(1.0 eq.) CICH,CH,CI, 80°C, 25 min

c)

S  [Mo]eat (1 mol%) S~
= T 100% yield
H,0, (1.5 eq.), 100% selectivity

air, 25°C, 1 hour

(1.0 eq.)

FigurfalIh@hemical st fcu-kst'Di-bea 0dd tchempl ex with a
salicylidene ami rcod 0B WS AA Mg Mk OH)[] , report
Rezaeiet d8Tth.e compl exes was shown to effectivel

(b) and sulfides (c) in t¥Hé presence of exces:
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Il ntroducing a chiral mo i estuyc ha mtdad i tthheo nSA A al |
grodpman nherently chi4atle dcd uthoasMagr oapal yst s
of asymmetric TOGAT aingdaicmhd menrse pe pdwastt eobt ai ne
i 88 yield was st Orledfsoerlneecd ifvredm t he S)-eact i
(1)l i monene and a exateslsy soefdc Hg' Oxn apA A al |
(OH2) ( Me OH) ] ddFmpmluex 148 si2@ial)ar | vy, styrene
stereosel ecthy edlyu cooxsi-admpseeedd ecda tMol ystl. @@Bbgur
with cumene (Repsrtoyxriedreevad xhiethevait medoder &t e vyi
92%) aenndanti omer(4 & Veexed2®as a | esser extent,

formatRanetdfyl ( phenyl sud¢ owasleddmepn fctorsd 0 éod
Mo’Dz-comp | exes RagmaB-ddoRygl ucopyrderoisviede Sch

base | (giaguiseT He 2Bwer sisoensecatnidvi ti es for su
wer e Hh8i%fhon both pafhemetodgybdil.ot ungstoenzyme
produce <chiral p r ohdeutcttes] sicrushatdad @nipd e x e s
present asprexMmebsymmetrito thetalaysieady est a
reactivity of the functional oxotransferas
a) Q o §
Q O\II\/IIoV'// (Mol (0.1 mol%) 98% conversion
Q AR 'BUOOH (2.0 eq.), air, 91% selectivity
_N\_Cl’/ CICH,CH,CI, 80°C, 25 min
b) o (1.0eq.)
N 1e) (0]

o o X

/g% N [MO]eqt (20 mol%) ~<J 54-92% conversion
N OO cumene hydrogen 48-67% selectivity

TN eroxide (2.0 eq.)

Mo"'=0 1.0 eq. P NP

o/ N (10ea) i GICH,CH,CI,

/O"H 0-50°C, 3-6 h
I

S. 8
OH Me  [Mo]cat (5 mol%) “Me 89% conversion
urea hydrogen 100% selectivity

0o
=Nl .
/Mo =0 peroxide (1.0 eq.),
o~ \ ’ (1.0eq.) EtOH, RT, 15 min
O.—-

Figur&alXXheéhemical sdairMoOt(unraed AKFOH)( MeOH)] capabl
enantiosel ectiv&)(iglpiomonearne.,onr egor@te dfbhTheKar me

77



chemical st rcli-t4t'Od-lea odd themg!|-g@lxu oo &« amiane append
|l i gand capable of stereoselectiveetepdatk)Tdati on
chemical struciMofle]-b adfedt heeo mp | € miwd-d eho-Kg-

gl ucopyrdaenroisviedde SAA | igand capabl e of stereose
sulfide, reporteéd by Sah and Baig.

Recent warhkkof dbmnder group nigsrlr@a}°>% baewtoh drhs n
have synahssrtsetsr @adleingaamdsse dd ean vati sed met h
phenol at &, stclhadtlapdare € i pdbaaridi nat i 0"D2]-¢ @r & he
(FigureThe28eaey dMboptesdlwe reef f i @t alBé nchmar k OA
reacti ops ebs B nexbceeosfs of HaGo BuiODd®h.d pr evi ous
menti oned mod el al kene substrates (cycl c
converted to the respective epoxides in
selectivitFegu(fel9%Bm@godatal ytic reaction me
were not i nvestigat edt riunncsttuentala i t iDa®, ta@s
demonstrailt @i Isietmy of the | igand scaffold t
it could be assumed thuatastshoeciradd o/tei oonr pdri
peroxi de OAT , machsarwiisoresd oaboveteMesttihregl y
met hyl ami nol ipghaenndosl awteef Eeab | & diley hli ighd®@m| ent
an@XOlcoreBi gur e J¥952Thke o bt ai n ebda stewn gcsotimepn e x
albeit |l ess active, were competent in the
respective Fepgaxed¥T.he9dneaction rates wer
exchangiBugOOHh g emaigteldt whi ch boa@aotmpd exheaeacWi
by a factor of ttavot hd f arcadnapgatEgchtiMo repor
showcases one of the fteWwWWOdbamepdesombleex v
ni tr-ageln oxbyagseend | i gand scaffold showed si g
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OH

(O] 0
o O
a) N/ b) ‘Bu /\\/ I\/\J Bu ©) 'Bu IIv
O'MOQ\N/ l O /\ (@) O/)/\\o
o]
Q\/N/\O ~ v @N O)
N A
‘Bu Bu t
(0] Bu
o._ 0O
\ 7/
‘B NVt t
d) u 0/7/'\\0 Bu
OH
AV
Bu ‘B
M = Mo or W M = Mo: 100% conversion, 100% epoxide
(1 mol%) 5 selectivity, 2 h reaction time
'BUOOH (3.0 eq.), air, M = W: 85% conversion, 100% epoxide
CH5Cl, 50°C, 1-24 h selectivity, 24 h reaction time
Figure.Thaehemical structures of the compl exes

phenol ate scabiy okeddor dpalrdedl) gir Ya.pha®ed compl e
witN(ahydrox-N-b&mzyll yll)iggayncd,ner e poreatedabby tHoes s :
[ WOl-based compl emienwohoblini aphenol ateepomgtaemdédlt by D
at'®t) tVYDébasved compleaemi moatibu oplhaonlo p hleingand, repo
by Hosegaliaml) The catalytic epoxidatVOghasé&dcyc
ami noet hanol bi sphenol et i*¥and, reported by Duj

Recently, thet gpant g¢fdddap{ Moyst with a chir
salen ligand capabl exygénasttieveosetleapi opa rde
(Figure 1IT.h30acompl ex i s act iapahoesdp bbxyg gae nr e
acceptogrenerating t h®] riemtceari meddhieh Meé nt er me
subsequemntcltys wi t-bommnaiandkirekgeadlon?2e substrate,
bicyclic product witWThetgckopebpanevimby el
by tmhantiloippgaedt at wonghiral centres, as
al kene position with(ifm guree ull hZFEOadm dysubsekh
hi gh functional group tolerance for a var
(8®D7%) and selectivities (around 90%) for
obtained in appreciable e'?"Ahthomghitchexmes
is not currently established, thle( ¥p@mp!l ex
O)-dpeciwehd ch ar e postul at ed t o be cat al
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cycl opr opésnuabtsitornaTles report exemplifies h ¢
design could improve the benOffcmamkl &-Rds act

a) { ;\\

_N\ /\',\f__
o——}\//'o\—o SiPhy; = [Molcy
PhgSi o ©O
tBU tBu
Ph
b) O Ph Ph/P\/\/\llg/Ph . Ph

_/
(0.8eq.) Ph
O -iH  86% yield
[M0]cat (10 mol%), 97% ee
o)

toluene, 120°C, up to 55 h

PPh,Me (1.6 eq.)

[Mo].4t (10 mol%),
toluene, 120°C, up to 44 h

82% yield
91% ee

FiguB®allhehemical str uéQ@)raes eaf ctomp !l [eMo wi t h a
sal en FeganbdlyedCab %b) The exampl es of cat al

deoxygenative cyclopropanateitolflreactions reporl

1. 3. 3anMacWmpl exes wi thh nsdteeariincgallliygan

Most of the previousl! jcikdBtussed (eaxmdnptl @ s
exteptWwWO]based) compl exes under go compr o
catalytic OAT reacti onsd,nayitdlvcei] rodOndstCx)etm rc a
speciesn this contextyrispgriacal MY hgdenaltse dhiai
been wutilised as bulky groups around the
reactions. |t i's knownr aWMat vdi sutkeseat nomwx
does not occur due to the steric shieldin
protein $t°Haentar est.h-e oofradciinaattlyymeg ITipgaed s
envisiomddedtmiwvnelcy t he protein scaffol ds,
comproporti onaHo wenv erre acetairolnfsyi nvhes tEingearair kn
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on

erved t

hat bl ocki ngi-MofOelcompt ba tthieaee sof

the opposite sidegbtlPPrepatdimgl younthienderre

[ ( MOop(e-O)Jompl exes after the initial (6kggee

1.339ch

DMF) that

side reaction was partially emigt.i ga

occupy the vacant site resultant

comproporit®onation.

ﬁ \\\\\ PPh; (1.1 eq.), DMF '@l
/N \ o / /K)\
H-BZ_ Vi~
\CI

N_ RN
(\\/\

=
_ \ ﬁ /N N
~ T Oy Cl
/@\ PPh3 (1.1 eq.), toluene NC_% ﬁ \I\/I \//\—@v\
o) _

/

H-B——Nn—_N—M

Figure The3ls.peci atdiddn'O0T p*t)hECl[) ] complex afte
reacti onsiwi tdhi fH Rh,e nrte psoorl tveedettbsy2®IRober t s

Nev
hav
0 X i
coo
rea
and
pho
wer
rea
i nc
pr o

me C

erthel[eids,02(tThpe ( X) ] (X = Cl, ocomphteéexes e
e played a significant role in confirr
dation mecHani8¢tmbueaitgawrteheir high -steri
rdinat edf comehlee xpPMchosphorylduadagcttshe C
c,whiooh were stable enough to boglyesmiaddli s
spectnecasncs®ipg cr 66188 2¢ mpl oying differen
sphilbmetrates 1OHA & ou toiplei diarbge |l | i g @dpecti s
e first mhetsecspeadctlryomet ry trhead alCAfie rtt s
ction!®Hitxtwaessuggested that sucahn spe
ompl et et hQeA-MofOs(oTmpt)ylpe c 6 mfhleep hosphi,ne su
viding thesuleeptrbemaumedt aitnitveer meda tad leyst iicn C
hani s m.
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FigureTHe 3@rystal structures and sch'dnaltpilc che
phosphoryl adductest ;i&do | daeldp (b@RMCIII)dr ( CCDC i d«
KANZYY bYO([TPo OPEBuU)] (CCDCKANBhITHE ear:ystal st
are shown as ORTEP plots (50% probability; H

| avender ; 0, red:; S, yell ow; P, orange; B, pir

Ext ensi veiyes he Basu and? ebllamg ngetdbpbmostvhi ous |
reported exper,jamean tnelw dateaos editts malt crooke lod
i nvestiwaast i tomes prtdeosvalwiadfEleyp t ethe ©OMAd@ni sm o
phosphine(&xigdati Tohed3 p ¢tho m&t epsh otshpehloornues pai r
i nt be*tanti bondimfg Moreb@ armadt hen first associ at
produces the substrate bound intermediate
Figar @8it is suggest-phdod mdaxina e ef icucbsndpdlregxo e s
a dissociati veORBRREm9o d uvhte ries tthhsesitv ebnetf oirse al
coordinate to t-bed Mddiuncteedr medreftoer t unat el y

catalyst regeneration by oxygen abstractic
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not i nvestigated by the same means in thes
somewhmtc¢ompl Adceki ti onally, the solvents con:

have o#Hgpgaehing céipebcéjtibse; mechani sm cou

carrying out the same reactions in, for ex
oy
— \| -0
MVl

N
H—Bé@_\MJV ~(solv) H—Bé@_\hﬂu\(\fjo
N ==

H—B ) |V| H_B/N—N\”I ~O=PR;
S SN
\ ] / Cl \ ] / Cl
@\w

FigureThe38atalytic OAT me c\Nbaap(i Bp* )b(eQlIwe]e nc camp[|
PR, proposed by Nemykin and B%s#B Ytolhe gc atnall

reoxidation step was not explicitly investigat

The effectivedimprueMetpE-0)rdoonipl ex for mati on

recently achi eveevde nb ymoernep | sotyeirnigcal | y shi el d
[c i-M0’O2lcore. ThBamMé@tstché&gerpoourpt e d 'Bisduebnsttaitteu t e
Schi ff base |ligands that cadax o efffywment ve | y

suppressing the comp(é&pgut eo@ah®d eahd dri & a cotniad
of théi ftMor medi ate i s achisevédd BwybssiragedP!
spectroscopically confirmed to bintéTate t he
devel oped catalyst wasacapauhbhteoonftoodedsl

reactions with phosphine substrateatahgss,]
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wagdet eéi®idmi | ar bidentate Schiff base 1ig
Heinze 'Ywheairpe t he i ntroducPigamupfs tomo taddi
rings also prevent e§ ( XObpe-O)YJopremajtieisognu r @f 1t IBe
HoweverRPrpyhealseed | igands were observed t.
sol utidinsociating f'™dcno mphlee xr eadfutceerd t[hveo OAT
bul kys'PIRler esulspaci es are effeceoli veeyi dxaldi:
to vyai edlid ferent bi h&p&iO)]i(dFi gueldpdSsach ef for
to avoid the fornmbocioonpl| etesdi cwrcilemagar t he ¢
showcase the difficulty in effectively min
mol ybdenum active sites by synthetic inorg

a) A<

o
N7

o

M N,

\ + PMeS (excess) \,U| |v/

o “toluene, RT, 31 *N
PMe3

N

0 @k L @X

N

\ ~0 + PMej (excess) N
“ ‘ _
N

T
o)
/Mo&o THF, RT, 3 days Mo~
N ‘ T v - PMeg
/ N N
O S0
Z

N
N —
\ o + PPhj3 (excess) - OPPh
| 0 TPPhalexcess) AN . T -
N Mo'Y 2N N
- ‘ o) THF, RT, 3 days _— R + 0, or H,0 Mo¥_ Mo
\ ~0=PPh AN N 2
N 3 ZN N
N °

Figureal. 3he stericaMdOy(BuHFEHNRW) [reported by
M° s &Zmnett it®Ffgaromipng t he MOhomerimed| Moe after t
reaction with st heh ee xscteesrsi cPadl @Mo’'Of B r-p iy d eCdHI Ng
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BuPh)] reportee py'dlipe mHeg t he MOH omerimed[ Mo
after the initial OAT reeack i ®he wi[ o HOogaOep re x @ fe s
species after the OAWYDLRIeH Y roRCHDEBU-RREND Eompl e
and P#Pmeported by *he Heinze group.

1. 3. 4. Rel evance to the industri al C
Numerous investigations into mimicking the
and tungstoenzymes has resultedandbWsedde
compl exes, capablre adtoitoarssabgt rat ©AT beyond
oxotransferases. Nonet hel ess, t he applic:
processes remainsl!’8Het ee mglenesecarceat al yst s
previously di scussed (Fawlopedmpmai ¢eesal e
preferentially used for industrial purpose
they of fer several :shieggne &s$s e amntf t=oképeawead d ®
requi rfeanrenpr eci se mol ed Wlearf agstil ec tanrde sf e we
from the readily available bulk materials
catalytic activities tedaWwaAldish omwlht iwilteh souubl
catalytic properties for specific substra:
and tungsten complexes described above car
catal ysts. Therefore, further i nma v anto ir @ n
sustainable systems with exceptional <cat al

1. 4. Phot ocatal ysi s

The photoactivation of various chemical E
provides an alternative and often more sus
t her mal energy derivedwdpoopdauedl Caevpastts
agldthat wutilising light for chemical react
energy consumption by industry and humani
decadesdrilviegphtpr ocesses h @av e mubleteint uadpep | dfe d

pur poses, such as the treatment of en-viron
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cleaning tshugefpcedpuyction of sol ar fuel s,
therapd’@ms .t his context, photocatalysis ha
current synthetic, catalytic and industria

highly efficient and effective photocataly

1.4. 1. Photocatal ysis with transitio

Transiti-baseneémp@ll baeesecemadegi ved a FHBPHdoé att

to theinmbinheryento facilitate effecttiunedche
through the i mmediate coordination Taéeviro
cur tenotst widely established transition met

rradiation with visidldba glanghtc,hatrgemitmagnt

excited"SPaleesn | i ght absorption by the ¢
promoted niertead ntt heed HOMOg-b®dedMO | eadi ng t c
for mxlidmant of the met al cemtome bdnd htehd i fg@am:
(Figurag T.h®5 photoexcitation and resultant
governed by three main properti estelod athiel ip
of the ground state complexes to absorb 1
excited states, tared etxlca tlefdf resdtiaghteesst .lod r at i o
of strongl y-aabemptrdrin nlgi gands, the suritalbl e
met al centres, and the appropriate match

efficient thasnsdtplboot meemsi ti sef4s can be s

8 6



Photoinduced metal-to-ligand charge transfer (MLCT) mechansim

*

metal-to-ligand
charge transfer

transition metal long-lived
complex excited state
.- outer * MLCT
sphere
o+ SET
( E.D) -
: +ED *
Y reductive quenching
reactivity
A
+EA
( EA) charge-separated
MLCT-excited state
oxidative quenching
b) Photoinduced ligand-to-metal charge transfer (LMCT) mechansim

* *

ligand-to-metal
charge transfer

transition metal short-lived

complex excited state IMCT

_ inner
S . Sphere

@

E LMCT-induced charge-separated
¥ ¥ metal-ligand LMCT-excited state
metal-centred radical bond cleavage

reactivity reactivity

Figure Sk.h&®fmati c representation of t he phot c

mechani sms of transition met al compl exes und:¢
met-tad i gand charge transfer (MLCT) mechani sm,
Abbr evi ateiloencat:r oM #d or 5d ‘medadpt dr =l iaggmaed;d EL
donor; EA = electron acceptor; SET = single el

of the metal centre and the |igand, reslpectiyv
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phot oi ndueteme tlailgacnhdar ge transfer (LMCT) me c h a
met-lalgand bond cl eavage. Adebfriecviieantti ohds : mlem al ;e l
"-donor ligand; SET = single electronet manafer

centre and the ligand, respectively; asterisk

Such properbteieens ehxapvireo ittheed de v ed rogpanenus ome t
photoredox catalysts, moasd e d od arhp lye xt ehse  @fo
and iridium, usually '"inantthe [dweéspécbDinve:
(Figur éb 1% 3®8ahé% e compl exes arel abigevetdo (ge
ti megcaMleCals ek ci t edwkitaheper mit bi mol ecul a
reacti3vTfeg . excited states can undesgheetfi
SET®3.- Wirth a wide variety of substrates, f
participate in cOmisgwrmng [ he3-&cecaecptiiondya ped i d)
| i gafnadcsi | it ate the | ight absmrpheoexcandd
provi diumghabil i slPhlge epli@tcor edox 'Jraenadd }-[ilvri t
based complexes has been expamdednta@and p
reactions involving. pedaant icvesubshaladtgsnat
biaryl couplings, radical aryl al kyTl88t7®ons
The devel opment of complex scaffolds has
iridium compl exes, wp It &t ierxupoma e s adp.ag Stnoi uant, h e
pal |l adi um, pl atinum) as wel.lgogpypeEarthoabu
chromium, mdl’ybE&Beureurm o tf Wei qeredls capabl e of
|l ight absorptivity, thlearcigp®im@aii mad i aag tskta fd.
conjugated aromatic moi eti es, although S
|l igands t9 evident .

8 8



MLCT-based photocatalysts

2 PFg

LMCT-based photocatalysts

C) @

N
L oC
N, N
Z 0 Lt
Co
sgdhse
O--.|_,-0
Cl
FigureTriaBs$Hiti on met al compl exes capablei @af c:
photoi mdevwccad €€ (a and b) or LMCT &} 'lblaged) e
photocatalyst utilised for decarboxyl gttbye ar

[ Rubhdded photocatalyst emplvoyaedyfomzpgerekasse
Farney and® cYooH:lCas ed compl ex p b pceabt lael y saifn g
dehydrohal ogenation reacti ond%t)r gplue t ecdosnbpyl etxh e
that undergoes photoi fdlghkatas @adgesdt f-ani d&ktoit dvre
reactions described by Re!fbein, Reiser and co\

Nonet hel edlsand'hpeag[eRdlu phot osensi ti sewusedont
f oprhot or edo xAlctanitdadbgmeéssing visibl e alriegnto,t t
sustainabl e Wwsee apursecitdilesy met al s which are
the reactions!®ame recmmlt ettyaeldernst, Bhairgthlet @ab u n c
compl exes d¢dapahmee adf ¢cmamGéE dCAave been hea
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investigated as altern&Riavmd' ]-bbmpbeseERIEYst s
The LMCT pnbeewiseatd gmpl ex excdft eidnwedratteeds na

those afforded by MLCT transitions, | eadi
LMCT, the 1 ight absorption promotceesntamrde
mol ecul ar or-basabdsmbbematalt orbitals, resu

lgiand scafaffwlrdnaah ¢ r educ(eli gnebthad d ncSengtureen t |
mo s t (although not all) LMCT ex<tiganidomon
order, rlkeedemomeg Itabile an‘dfThiseneanobel dav
as an-siprhreere SET mechani sm, which has bee
overcoming some thermodynasnplterce®nSET ap md mo
MLCT trah®8iTthieoncsompl exes capable of LMCT t
aligand radical species and the reduced me
from t hlei gnedrmd homol ysis Wdldehedea rape @ite or
been described totrmpmemotrenavaonsuofe.ogr.gan
hydrogen atom transfers (HATs), deCabboadyl

cleavage &¢actions.

Al t hough numerous transition met al compl e:
fewwxhibit reactivity from the exci(tFedg usteat
1. 36kx®Several properties determine whether
excitations wil/ resul t'8 T me conenpet eot vphoa
par t-fiiall |l d emeé togrldb idtsalasn obvi ous requirement
The el-éetironent met ad y¢ eogtbdeasalvei talhr el avh e o0
for exampl-eal emte fhiighHt rowASBlrmnasi i minl ame t f
strongly donating |igands are needed to d
met al centre. As such, e gdetn dededays ccahf af rog edds
are best suited®fbeundkbagbveMEmMergies and
states also playdtafn eexwep o eda st atelser esul ti
energetically sfei.dhomh tohrarMLCtThem ansi tions),

fast relipanrdateraonal conversion to the | owest
multiplicity (which is wunlikely to be an
rut®.1°® turn, any reactivityi obsetr vietwhdoed

90



LMCT tramasnidt laiokees!|, v wvicaalutrerripragpi v expat aivaygas.
Additionally, to enabl e bimolecular acti vi
shoul d be sudfivedaboivey Itdeg mol ecul ar di f
ti meskt®dhepart, this could -bbesedrexamvteand edt
| ead itgand di ssociation from thel ipdhaondekxan
homol ysi s i nherently i s a uni mol ecul ar |
exceptionlailvieyd stlhMQTt expbt edmés‘atien)¢foere, ¢
coordination of the desired substrate to t
utilise LMCT reactivity d%83ttr ainssiitmpar tneentt
however, thsath telmns srieveuletxci ted states that
radiative fashion t¥Tbegbfboed hombbymbse
and measure such phoapndawuvadltysatf abehaypieactr,
must be efmployed.

1.4. 2. Phot ocatal ysi-sanwi t hunbgas$t gethd e

compl exes

I n the context of photocatal ysi s, coordin
tungsten metal centres have been underexpl
inhkeiterature. Nonet hel ess, both mol ybden

characteristics needed. foheefWwocmenal phoano
|l ow valenty oMi dati on states, suitable for
hig!l enf {® [okidation states, suitable f

mol ybdenum and tungsten centres can also r

states, accommodating and potentially pron
variety of |igdndgscautomnheds (imchted to th
Chapter 1.3) show t he potneretnivalr ofnare nvt esr saa to
centDespite these features, mol ybdenum ar
virtually absent from |Iiterature.

91



Early reports have noted -taned -pMoedacar bben

c
r
C
t

a

- T 9 »w O =

3

ompl é¥&%T.heir reactivities, however, we r
eactions, most I|ikely due to the | ow phot
ompared to anal ogous ¢ ecmpglhe xoerst %UaB’égohdr

he -dved dment eidn dothoegd | i gand sul8st2P ot yom
ew reports have dtehjbtof CEr d mp h e xhwed silhnoitttyi atf o
or the radical %% Qictt i oosl @dfbal &egesd, ho

eactivity 1is spridnhotae dr elsiug an dofs upbhsottiot ut i o
Mo %] compl ex (X s=1CGlkelBr)he only photocat
iter®t'A8e«a. i s proposed that wunder ir+adia

asédrbitals are goombtaed oD the quadrupl e

wo mol ybdenum centrédasedhextcotmed st ICE ur

earrangement and protonation; the resulta
o |i hgaatantl istod vwmditbarsp Boi es. oThehksneenc
s well as the mechanism after complex pro
few exampl es of mol ybdenum coamppenesd a

hotosensitising moifertomEn @ean kbd'p wdl2e cltnr owo
ransfer of molybdenum oxotransferases was
orphyrin complex to a molybdenum catecho
. 37a The authors postulated that the porp
nor upon irradiation with | ight, while 1
ceptor, facouptaedi ngygedox r ¥rs fceerntfrreonm o
bstrate. Il ndeed, coordination of t he mo

0
c
u
esul t ed eitne cqumepn c hi ng-bafsedhe xpot py rsitrat e
0
u
n

mpar ed t o t h€ r ereo pwhb perryu m n compl &x,b ( Fi
ggesting effect i vtehpeolrepchtyrratmhndarhayrbsdfeenru nf rua
d reductioh o00VPMWMéet hidMwgh the catalhegtic
roposed OAT reacyadiwagy mdt siurcshestigated,
he capability of actiwathaggenotybdseshem, c
anner to biological ET mechani sms establi
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F

igureThe3Zhemical st rlbatsede pofr phhweif Zapeci e

Enemark and cowor¢mpcoda)di nkhliped Mh¥ni n dyad;

c

—+

c
T

r

at ec hpoloateec tlleadr pEZyrin compl ex.

nspired by téai $hthwonrskt,r Jrie'dxjtaased cat al ysH
thiosemicarbazone |ligand, whlipblhhtioseaasval
Figure By 38)r adRliaMdn od ytaldet he presence of
nd DMSO, ant heatr®laytei ¢ noxwdat ob sceoonvpeatt Rohd
0O méasureactivity i randfhfegadarak.t rSbauht ed t o
ransfer dynamjRanfdefdweenrebeandniolcenmnoh i

caffmilgure TThe&88gxcited state of the photo
uenched by a redox mediator (methyl viol
Rl td]'[| RlhEe ¢®mtre is regeneredteed rmnsées
rom the thiosemicarbazone | igand, effect
hei-Md"O2] compl ex. I'n tudaf ite imeon rydovd eenluarc tcrad
ri med for t he ntic o mo pthhiel i p h oastptha cAke t hsouwhgst
hotoacti vfti-ModB(ohi otbemi carbazone) (DMSO) ]
he OAT reactivity, the catalytic system s
he need for the auxiliary compounds, and
apabilitiesonfwWdrWsiPoPhh achi eved only after
herefore, the need for more efficient mol
emai ns.
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MVZ*

Il. Oxidative

quenching lll. Intramolecular

electron transfer 2+
MV _l
-
N= H
I. Irradiation z N/‘ \N N \N’NYN
N ! N > H \O S
A> 435 nm WV 7 S O— i
= VRN
sov O
PPhs
IV. OAT
OPPh4

Fi gulr.e3Bhe he misdadaluathdr € he proposed photofactthe at
[ R Md dyad capehloaood! edAT etdransfer fraegm DMS
repor tDauc remy?’a| .

Only wvery rbeacseendt IcyompIMoxes with photophysi
to those of ‘tlhaen dK Rpohvont o[sRumsi ti sers have [
Empl ogomgley!l i sonitrile |Iigand archiitelt ul
[ Mp centres, thé® Wevgeracdhi ewved3MLICITP| estt aMle
with outstandingly lko)nhg Hiidetpmetsol(wmi nes c
to 0.7) and strong red€ucBveNg )P 6t gnt edhe 30d)
most active and']!wiaddl yphwd o©deaxihddbyirgitlsar MLC
excited state2.I83) et n diewpeoltlecn & gp 520.x2 v &

FeENT"highl i ghatpipnd ctatbe | i tfyMpo b mp hex ensalviev elni ¢
transf orAmaottihoefj-b afsMod compl ex with a relati
and carbogsawats al so synthesi se’dabpeti hewHeihnszs
SMLC&xcited state200 frrsNemeesrt he0@ss, %oth
compl exes were highleycipthod ostabée par ttihei
photon upconversion, andndveced udehalsege nfa
cyclisati ?a* Aeabbieqatppt hcations remain nic
photophysi calft hfMlo@Terda x eist ed sthteosmpbbekdsf

competantdi dates for chemicalinettbhéi bneptot
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T=127ns, ¢ =0.13

Figure  Theh® misctalust of §b[aoed compl exes capable
‘MLC&@xcited states with long |ifetimes akhd hig
complex with an extensive aryeét s2adit rtihfge [IMog
triscarbonyl compéeeki wanhtd, areposp’di.dy Kitzmar

A luminescent tungsten complex with an el a
recently inveeti dadtiegd rdyThed -8 0] compl ex

under gionetsr al i gand char,ge f dacgialnistf @tred( | LY T)t |
conjugated aromatic ligand acti T larsouwagh ¢
subsequent intersystem cros¢slin@T) ai ¢ rfiorl neda
to the estimated reduckkxoint epdtenaialv(sappr
F¢N®1l&® reductive quenching mechani snm.wi.th

DI PEA) i s ?lrhoipsosreeds.ul ts in the formation o
mostly delocalised over the | igacnidf8"@lrbit a
core according to spin density calculati on

with a wide range of organic substrates,
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activityl dohwalr dselaydr ogenati olngnzaylylarhdal a rd
br omi de homocoupling, decarboxyl ati ve co
react(iFongsur ed Y1 T H®&bobtained product yields
100 %) , depending on the nature of the su
condid'flonntse.r e $ hien gpihgoittoDAT ed eact i onesx pwédrcd t h
i nvestigatedevaean ttht e ig¥{@ecrompl ex cl osely r
the oxotranstfesagssedmprcevi ousl! y.

. N

—N N— = [Wlcat

OH o
b) [Wlcat (1 mol%)
0,, MeCN, RT, 12 h 16% yield

A =365 nm

[Wlcat (1 mol%)

c) Br
K2C03 (1 .0 eq.),

DIPEA (2.5 eq.)
MeCN, RT, 12 h
A=410 nm

ON [Wleat (1 mol%)
O 5 DIPEA (2.5 eq.)
MeCN, RT, 3 h

A =450 nm

95% yield

91% yield

5L

Figurealhdmictal uotfumpédnet oacitViV@pbased compl ex wi
extensively conjuggped| agamafuet ¢&pthd paebdl edoyof ph
i nduced reactions: b) -pdhemydied theama) i areha® og b e a
coupling of benzyl br oGiadceypldi)nalcetxifavr abeoekdyx pahttihvae
N-2sphenyl but anoat e.
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Mi tamad Sahrekvaarl so des drMdb(epdh ean) ( mn tc)o(nfe Rehx) ]
capabpleobdi rBEulcnedde rv itshieb li & r laid@ fit g worné! Tih.ed4 1)
robyphtenant hi gloicdtas pi es the vacant coordi ne
[ M®Dlcormr,eventiieng oromatf{i lo¥op(e-O)-dpec i ewhihlee

aniomnmiid¢ hi ol ene and sel esophe hols@tvealhden tg la i
mol ybdenum cemtomeg MLCT band #vd salbd er segcd citr
the complieh, provides evidence .f dhet lkeeni sgi
measurements conducted in degassed solven
emi ssions with | onger tlhief estaimmee se xgpeemp arreend s
aerated d%hventadicatethaskedt exbeskRdEGat avel
qguenched bgye n@amitosmigcer oxi deandadihealoxXl di s e
based compl ex?'Soutcéhr medihané sm was confirmed
and EPR snddifesther suppoirttreodb |buye at eft’ssaiztoil
The described compl ex, although not explic

could be a competent photosensitiser for t

Figur eSilmpdlli.fi ed mechani sm ofs utphea ofxordma tahaedri caf
MLC&xcited s'tOtphemnf) ([WMmMaup@dE&8ePhyTadiation, prop
Sar Ka'r .

The photoactiv-i hduoédtéaeciLtMeCd st ates of m
has al so been onl y;tsheeantebygpusnveattbpwstesdy o
compounds remaiArszanmampidat e *d'F Mhearvieepor t ed
a bi pycroiodridni gniaMoe0d( 46(Bub py ) (INCSEmpt bwas abl e
to oxidise aryl al kanes (Ppooglu.rd¢2rad dhii atiiadn
compl exes wet ltehteersmael d yb eancct h nvaartke dOAT r eact i
PPdand DMSOhieving catalytic conversions si
functi omnaslf edxacstef'mMbdehsvelty of these syst
when the rate of ther mal oxidation of ary
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eaction

-~

mi x 2 W peosn wii krht Herg haddtihtel oonx yogf e nD MaS

d o n,ort[chi#40’02] went from a stoichiometric rez¢
sever al SsubstratdONuEnod erf D r ethyl benzen
acet oph(emiogiter € IT.ON2 bt) e rofxdindma t toent rtgdFolgearr e

1. 42 Mespite the explicit reactivity of t|
room temperature, the investigat eidn saylsctoehnos
oxi d&t¥i onoul d be postul atedrtomat htehdilpMET di
to thYdcdrviomel uc ecsl etahveage of o0Hdd gaf dt(vbedreths t
supryahi phomotes the OAT reactivity but cou
degradation ohdéehei c@iadiclagrhbexes were | ate
to titani a tsgoilelddismug pphratsoacti ve he?'8%%° gen

Al t hougastsruacthegy | i mited the
photoinduced

of thesei $ydsdthedntlsab | e

o0
a) NCS—Mo—SCN

/N

N N=

/_\ )

Bu Bu

b) 0

[MO]cat (2 mOI%)
©/\ 8% yield

0]

c) [MO]at (2 MoI%)
@O DMSO, 25°C, 6 h 12% yield
A =500 nm

[Mo]cat

DMSO, 25°C, 6 h
A =500 nm

Figure al). 4The chemucdaflr ¢ he

bpy) (NEBMplreexpor t &Ad z bymaenti @g?adélc.apabl e

oxidations of aryl al kanes

ethyl benzene

Th€hamber sh@gs oupcentl!l y
promotes | ight

statésere proposed to be

extent of
char geott bhecaesnMerrecsiht athhyel i ©

reductively

cat

proj|

p h[o i-MoaO:(t 4 ;(Bed)

ofhdypdheod o

under b)) oxiadatni 0 ®on
tae)aadtedphieoonetfettredlrmane.n to 1

e N{pNVdoZ § 4 ('@ Wb ipmi) l] ar
compl exH faocrt iGrati i gemetd3§43a Y4B udhdp y

l i ganc

absorptiont by MGChhaes eckocm pt|eedx ,

guen
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(similaciWwWo2] tcempl ex desThe kesdl abldatca)l s we
observed t o unhdyedrgoog eenf faetctih vaarda nsud lesGQ(u e nt
couplingn%t’pctk oHerlaemwas shown to quanti:t
benzene as obheHAT oddaduttuiren w.ndFElr) t he s ame
conditions, t he catal ystcyicixadheed ohmimog o u
bi cycl-2hkixegale t he maj 4% pRiogwiiced? 1(. wds propo
that the HAT reactivity i s elniagd redds biyn tthhee |
[c i-M0O2)-i nt er medi ate due t o 2%dedirt ii onncarlelays,e dt h
I nserprioodu(cRisgur e wér 43ca)l so idcetteltda ed eacti o
cycl oh®fende cating an alternative-fraeadtiitwitt
mol ybd-ehtumri ne b onTdh eh ovieorl syastiisl.e compl ex r ¢
adapted for cat ailNyoxiisd,e uassi nghepvreirdinimeal o0 X
regener § MeDLti(hse;(B@b pyogdmpl ex from[ ¢ KDa(s-i nact

O)dpecies formed dhder irradiation.
0
\//
CI—MoV'—CI
/ / \N— = [Mo]cat
\
_/ \ 7/
‘Bu Bu
[Molgat (1.1 moI%)
- 100% yield
CH4CN, RT, 1.5 h,
(10 eq) A =365 nm
@ [Mo]cat (1.1 mol%)
CH4CN, RT, 1.5 h,
A =365 nm
(1.0 eq.) 74% 8% 17%

Figur8d a). 4The caitermi ootddrtehe phoMdd.Gi 4i(Bé@bpy) ]
compteported ky Bbapahblte ofi ntducyepihogen atom tr
reacti ®@nadethhyedr og e nyactli cothe-gbafe;nec )C-GQ hreomocoupl i ng

chl orine insert.ion of cyclohexene
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15Project ai ms

Considering the previ oust hlenwegtaitgatei,onshedeé

potenti al t o d e vbealscepd ncool myphl deexneusm-acbosnot r abi i nni gn
l i gand scaffol ds t hat coul d act as p h
transformations. Drawing Il nspiration frol

mol deénuwuamd tubgsteen OAT catal ysts, &nd nbuihlec
Du h nkel ainrd Doutgh wafipt ki s wor k ai ms t oae@tipwae d
[c i-Ms0’ O2] cat mbpyhsottsocat al ytic OAT reactions.
these sywtieamhd e®@s natives to the establishe
order to utilise a mor,susing tasi b gABRkde te noenragy
t hreumber of ra&mpod-bWeddMphotocatal ystsanids co
the knownesxkgishbiemsl|l ow catalytic activities,
use syntchemplceaX Ilyi gandofstcarf foégsi, randuxil.i
photosensitising moi eties or redox medi a
Therefore, est atbl mehy Imd e naumr opbhuost ocat al y st
effici-entvémng®AT would be a significant <co
goal of this pr ojdeecpt h sunderdsetvaerd dipn@no fi nt h
of the photoi nduocfe dMo0’F at eagti deng-bamiedoph

compl exes.
The individual objectives of this project

1.to synthesise and c lcaMa’'Oi-eo ingleexae sr ammgel
salicyl i dene( S9AnH )ngoapnhde nsocl atfaef eod td st, h eainrd p ho't
in the benchmark OATszaredcDM®»@; bet ween PP

2.texamine the influence of the substituen
of [chM’O2( SAR)mpl exes in ;OAT reactions

3.to expand the substrate scope beyond th
model s

4.to0 i nvestigate the phot oOATTdUouoO endt ejaki-csh g ni
Mo'O2( SAP) ] c o mpildeexndtsifffysmwédn det her mally cat

reactions
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Chapt&ynthesi s and character

2. 1. |l ntroducti on

Many examples of mol ybdenum compl exes <cap
described in ptoe?i T0e’Skei coemapl exes are str
utilising a plethora of different | ieg@gnd s
dithi 83dtemiespyr azbloylNthernt ®treoxc,y cl i?2¢° 28%=aFef.ol d
Figure 2.1). The most widely described | ic¢

bases (FiYu¥®éd 18, Bhpexir¥é&€d through the i mi

react

ions between an amine and an al dehyde

favoured by chemists due te.tgheoegbkbesobstfi

on aromatic moieties), | eaiepdiPo t vasnal by
|l i gand coordination modes can be significa
l i gand b’@% KabSonwel | as introducing multipl
increased*démMdiei cy.mmon | igating atoms ar ¢
sul fur (Figure 2.2), which have been util

sites of mol*bdoenzymes.

a) B S ST S G
o 0 ] N=N__ Il _o | Br
S\\'\VI//W_S H B<@/>AO< = N\ | //O
0 N MoV
N N <o/ ¢ Ao
NG N /@)\ ) Br

Figurdh2z. examples of the |[ci-MddHEb assceadf fMATI sc au sad

a)

di

t4b ol temmiespyrtdtpl pi pdtr iadiene.

b) c)

—N_ O O
Y 7 e
N—N 4 t — 'Bu
ARV QN o Bu 0 ’ Ny

% \/j0
S’NIIOQO S—I\//Iogo tBU Q )
Me/O\H solv Bu

Fi gureThze. examples of the Schiff[cbMa®]blaisgand
catalysts: a)l%hi sakimcyhi #é&mn)e n enhiinoép hpehneonlo;l

OAT
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Mo st of t he -bmsleydb dceonmpmh e x es t hat functi on
bi ol ogical OAT pr oxcetsise®Pthead e at t®MmmPd Mxye s wi
anal ogous activity are very scarce, wi t h

variety of multidet @tbe?Ri’gurmil es c aff f osltdusd.i
empl oyed substituted bi pyrnindbicreenst (I Figgawnrdes
charge transfer to the catalytic molybden
were unstable in solution, whieelelrad thouaoa

i rradiati on.

To i mprove the complex stability, Schiff b
salicylidene aminophenols (SAP) and thiose
to coordinalfceMdOpc ccreen.t rlandeed, the obtaine
i mproved stability over prol ch3g&drtheactbat
the spectroscopic studies of t'fifleMdphddtadhys
designed by -Ktl me r Dghmeap (Figure 2.3)- indi
phot osensiti sceorcadmd ytsite mvd et i es can be i n

visi bl?€8Thi ghts.uggested that an appropri at
mol ybdeasmd compl eixnnwictetmtndn gand scaffolc

transfer properties-isshouladebeé hablOATt oepbot

~
—
N N
N Sy
= " \ Qs
O\M/éll
N
solv/ Re

Figurerhz. structure of phoilfoMdat diigittisd ainleyd aaot i
Duhmnmiel air group.

Thelci-Mo’O2( SARYype complexes have beent leext en
i teft®atats’ suitable catahystisatedr OARer mak
studies, spearheaded pri ma@ft i°?F Veheey? pTrompp ecrht ia
the complexes (including their | ieghtsidbhbeo
spectra) have been extensively described
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reacti ons dcaMa/loy SA(PRpycompl exes have not &
until?32022.

I n the pr ewdroruisedwoa ikt -Kilmitrh®&irdwpamse obser ve
t he [n-Me'O2( S APR)) complexes exhibiting any
have an -wiltelcdmrawmi ng es gOOMiet wgntCwWhi | e comp
with etdepnatbng substituents shkFéWhamotwat aé
of compl exes, however, have very similar
over |l appiimg bU¥?3Lwerstirdaering the sfsadbtsttrhate
conversion was not dependen¢t3iotn steheemeidr rtahdai
el ectronic effects of the substituents in
the complexes. Although the substituent sc
a systematic v atrdiiand aorn, c campd lexsiear t iwv it thy t
substituent Hammet pa#f38nhdtse rsst uwdays pafdotveeidn et
Mo'O2( SA(PR))] compl exes bearing strong EWGs al
OAT reactions, and exhibited significantly
compared to the previouwsvehotpeda tbhaylKytthies D5
gro@p § RUU Md dyad TOFMeRI .43B@-bi py)] TOF = 0

Several ther ntadnpyl eaxcetsi vheavMo s hown i ncrease.
upon introduction of EW@Es!05: hdt? oHteh3P¢ 3¢ asrters
example of a |linear correlation between tF
Hammet t parameters has bepeanrsaubis ¢ @ ficurese d f
Mo'O2(t hi osemi carbazone ) FMgQHK))e] 2c @rap | eectpd r t
al’The authors plot a number of spectroscory
(Mo=0 bond | engt(hNdHEcihreini & apa id4b'dod] t sv,i br at i o
frequenci es)lppaagraa mestte rtsheof the functional

aromatic ring of the I|Iigand scaffoldz2 The
substituted complex) exhibit |inearity; Co
a similarly good Iinear fit. This study s

extend to other complex parameters beyond

the rational design of similar compl exes.
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I nspired by the results from the studies
on the rati fcnd’'O( & &PR)Ns dfompl exes to furth
their photocatal ytic properties. The prim
existing |ibr fri-io’Of SAPR)Y sdcoimpkeexes, with
to obtain a complex that exhibits a highe
establ i shed mo dai-Ma'®OiiSVAELE O0aMed Mg 43

The individual objectives include:

1.to synthesise a series of [BARYOJibgaasredds a
compl exes bearing substituents with diff
2.to characterise the novel compounds usi
namely NMR spectroscopw,i sliRl epas@tercd s o
spectrometry and crystal structure deter
3.to evaluate the substituent el ectronic

properties of t he no vieiMo'&APLAPR) gahd}

compl exes;

4.to establish whether the systematic var
results in the systematic changes of co

ultimately reactivity (Chapter 3).

2. 5. AP ligand synthesis and char e

2. 2Srope and substitution patterns

Building on the previous l'i brary of trioc
| i gaA¥isveral new target SAP |ligands were |

t he effects of t he Ssubstituents-compltele

photocatalytic activity. The SAP | igand s
i ntroducing aonmwalr igrtou mpd tfhuaatc two u l-ddo nhaatvien gd
(EDGs ), -wilttlkdmawi ng effects (EWGs), as we
Foll owing pti@&dviramgewofk SAP | igands bearing

in padmpaositions (with respect to the pheno
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was initially prepared. Such |igands wil|l
(Tablehé@.d9bsfTituent posi tpiactameawi ah somegar
to the phenol group in order to examine th
t o wa fcdi-840'02( SA(PR)-t ompl ex reactivity (see Ch
evaluate the effects from the two separat:
|l igands with only one substituent on eithe
Thesegands will be referred to as monosubs
|l i gand wi-sbbatmeéeuhgldHL InRiTaeb Ibeo & d )al so synt
by a different methodol ogy discussed bel ow

Tabl eN@2mAering of the disubstituted SAP | igand
R
R
ot -
NHO HO
OH OH
Ligand n R Ligand n R
HoL 1 H HoL 1 3 Me
HoL 2 Me HoL 14 OMe
HoL 3 Pr HoL 15 COOMe
HaoL 4 Bu HoL 16 CHE
HaL 5 P h HoL 17 CN
HzL 6 OMe o v
Hal 7 F \td ©
HaoL 8 COOMe J
Hzl 9 Ch " o
HoL 10 S OMe OH
HoL 11 CN HoL 1 2
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Tabl eN@2mRering of the monosubstituted SAP 1| i ga

R
R4 R,
N HO
OH
Li gan Ligan
numbe R1 R numbe R1 R2
HoL 18 C OO Mk H HoL 26 COOMe H
HoL 1 9 H C OO Mc¢ Hol 2 7 H C OO M¢
Hol 2 0 Chk H HoL 2 8 Chk H
HoL 2 1 H Chk HoL 2 9 H Ch
Hol 22 S QOMe H HoL 30 CN H
HoL 2 3 H S OMe HoL 31 H CN
Hol 2 4 CN H
HoL 2 5 H CN
The scope of the investigated substituent
target functional groups with different el

wi de scope, ranging-withmr eawi oigglgy .o@k)s c t & &M
strongl ydceedatcitrgpngr ®u @Med*Ellh@s ,choi ce was p

i mited by t he commer ci al and synt hetic
precursors that could yield symmetrically
prepare the salicyl al dehyde w~eRwfefntfsorwmylha
(vide)iafsea | imited the choice of possible

group (photo)reactivity was abaoedonsh glteirte
(e. YExt SNG®r,et)c . were avoided due tbowaedypoi ein
condensation as wel |l a3%*#Pthroa mdiemgir maltdctie $0 nr e
Mo'O2( SAPR)-t ompl ex with a -wittrlodhrgdwi nred ercit tr om
observed in ptidiieaded ogrbwdibees N@al ity was nc
in this work. Similarl yCl plhoBdo iGhadrudcse dh ad e
reported RBEhéwoasl y,he halide functionalidt

avoided as wel |
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It i's I mportant to note that a sever al 0
preparkrd Thyor st en Dr eMaesrt earsd ssteudesrnalsi dur i r
the D«Khmer ?Pr'd*ldpheir contributions are out
thesi s. Further mor e, sever al modi fied Sc
prepared and investigated in the Masters
scaffolds are: bidenRiaguer eStbhe #f & p hearsteaytpee gsaan
|l i gands (Pithurdeidtdbe¢; Schi fNfh eltaesreo clyicd a rcd sm
(Figure*d®.  Aahge of tridentate disubstitut
functional grodts?*DEegtoethedd) mited scop:

well as the results being described el sewh
di scussed in detail her e.
SN
a) o} b) _N/ \N_
HO
R = Ph, Bn, Cy, 'Pr, Bu R=H, CF;
c) \ 0O d) R,
) R1
o ~
N N
HO
OH OH
Y N —
R= §@_§_</N]_§O R1#R,
H H N
FigurdeSstZuctures of different | igaeddteecdifDol ds
project; a) bidentate Schiff baseée&*B) gtamtdrsad enrvte
salen ligands investi’dajetrbgedbateehSBhinfyanba

heterocyclic moieties inved)tigatedntbayt el odieplthb
l igands with different funzrt i ®hal s tgé&¥idLuupceye H enrv
Down?¢8nd Matt heéwW Mason.
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2. 2.Ligand precursor synthesis

To obtain the target l i gands, a range of
precursors is required. Al t hough some of
available, they are comparatively expensiyv
house sys8at haes an economic alternative. F

hexamet hyl enetetr amdoantea f IHHMSTIAg d | sy mt wetd il ¢ m

an aldehyde gr owrpampmostihtel omr tohno t A% %A he mat i

reacti on i s al so known as Duf f formyl at i
considerabl e deldatve davad rs el i otviea al | ac
mec hamiiosuut | i ned b.n TFhiigsurmreetzhhodol ogy i s f av
aldehyde group is selectpoiltyiamttrodtulte dpk
as phepaosition is already occupied by the
I n turn, the desired substituted salicyl al

product .

O\ "CF ®
\I 3 N N N
NN ) ,\ll/?() l\ll/\/dl\ll(a EN/
o}
HO HO HO
HIND) ;@L FsCSKO/HA\“ (\@L
C-i R 2\ R |/( R
HoN" N N NISN NN
&g@/ L@V
HO
o}
imine hydrolysis R
R pR @LH
HoN"T NN +
2 urxll\/® H OH
Figuberhz. generally accepted reaction mechanis
aparsaibstituted pHe’nol compound.
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A total of six precur dgdzef wefermyhabheenspd
the resmpeaersasbsei tuted phenol reagents. The
i solated yields are given in Table 2.3. Af
conditions, the Iisematmredplrowutcd5 Iy%)edhist a
has been previously report & ®°Yoe Pudduétbsm
ei tdketrai ned as posebprgquiemitil wt tpeerliifneed met t
(Tableg 2n@3wbsequesmrtdl yn the SAP I igand syn

Tabl e Addap3t.ed reaction conditions for Duff for
i solated yields of the target compounds.

0O

R
\©\ Duff formylation R \dj\l_i
OH
OH

R = 'Pr, Ph, COOH, CF3, SO,Me, CN

R Reaction conditions Target

1 HMTA (1).,0 TeFpA (M,e a4 )h 9¢C
COOH 2% M HCI, RT, overnight 33 %
SFiltrationO wash with H

1 HMTA (1).,0 TeFgA 1(0#/Ce a t4) ,h

2% M HCI, RT, overnight 0
Ch 3) Extraction with DCM 27 %

4) Fl ash col umn l@lhPE&t@AcC) o

1HMTA (1).,2 TeFgA (g atd) h 1C
S OGMe 2p M HCI, RT, overnight 59 %
3) Extwhatcthi;b@Mncentrate

1 HMTA (2.,0 TeFA (Aeat7) ,h 1¢C

2HSQ(50% v/v), RT, 30 mi 0
CN 3) ExtrabBCMon with 50%

4) Fl ash col umn 1@% D0Mhat o

1 HMTA (1).,2 TeFpA (M,ead )h 9¢C

2p M HCI, RT, overnight 0
Ph Filtration2O wash with H34/0

4) Flash col umn 44 REEQAE Tt O
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1 HMTA (1).,0 TeFgA (e atd) ,h 1¢C
i 2 M HCI, RT, overnight
i o)
Pr 3) ExtraEtDAo with 15%
4) Flash col umn(9¢ REEENCA@t O

To obté&iddPRPt lgand wisbbatmewuheldd i mine bond,
derivative had to be modified to contain
aldehyde functionality. | nhtyr dordauxcyi lmegnwvzaom ca ca
Fri e€Cdealfts acylation did not seem to be as
growuipbauf f reaction, because of the | ikelih:t
hydroxy and carbokxkywbteaaci d gebapsvely s
rearrangement r 6acwds nchdseamraes 22A€°&hteer na
pafpaosi tion to the acetoxy group I s bl ockec
rearrangement could o+wploysitake pbadeeatphe

acylation has been reported t®%take place

/-\ S
R O AICl, R ® jA|C|3 R o
s 0 . ®
OJJ\ heat )\ Q)

© |

o ® R
R o)

oH ?) AlCI
AICI 3
o - ©
Fi gureeGe2n.er al reaction mechanism of t hpa¥fFai es

substituted phenyi®®acetate compound.

The Fries rear-aaatgexmeme n(zdefi gdradcaisti. o nduct e

under Schlenk I ine conditions. The two re
heat ed AQ wWiOtOh st i r r3-ancge-8-yyhda owiyeledh zmfi occd vaccti
was estimateld NMRompeherum of the isolated

further shbhitwieshoeuwofpurification.
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o AICl3 (anhydrous) O o

HOJ\@\ (0] neat, 180°C, HOJ\(;EU\ (+ by-products)
OJ\ N, stir, 5h OH

Figui7dh2z. Fries rearrandgemenyti oxgbenmnizoncofacid

2. 3.SAP ligand vsiyami hesic®esndensation

The target SAP |ligands discussed above weil
reacti on bet ween t he respecti ve Ssubstitu
Ssubstituted aminophenol reagent (Figure 2.

from repattued pi?6'®Sadnudr epsr evi ous met hods es

proj?e%c®3 additional precursor esterificat
containing methyl .k 8Holrl 2HA I SHELILSoHelal I9HA 6 (
HoL2 7. The esterification reaction was ca
met ho°ds?°7 £6 2ff el d the methyl ester anal og!
the aminophenol reagents.
O _/R
NH;  MeOHorEtOH R,

R-%E;ij:%L\H * R-%Eiili T N YT+ o

= OH = OH reflux, 4 h — HO

OH
(1.0 eq.) (1.0 eq.)

FiguBdhz2. general reaction schemeamifone CSARPdémnga

The target SAP |l igands were isolated as
moderate to excéd98®BNt TVhel isel(dD %wer e prir
the product i sol ation method; compounds t
mi xtures gaeéedsoweéaman those that were obtai

mi xtures to dryness. Overall, additional |
few compounds, as t he obtained SAP Il igan
amounts of | mpumeddteison Tared exuwarcitf i cati on ¢
i solated yields for each SAP ligand are pr
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The target | igands were identitH iaehd amd dt h

where app¥) cMMRespectroscopy, mass spectro
with further chaviasilkelrésapfoamalylc dpegl ect i ¢
obtained SAP 1l i gand-gquaallistoy ysiienfgdleed acXRyBsitrad
characterisation data of SAP |l igands, as
spectroscopic signatures, is presented in
2. 2SAP ligand characterisation

2.2.W. NMR spectirmoshaisgOp | ut i ons

Due to the | ow solubility of the synthesi s
thelHr NMR spectra were -desodrud(mingsunr eDMS® ) .
character i(sNt#Hfqpr omone r €33 h%nAdkwsed a consi d
downfi el d-9s Ri8f tpp(md ., 8bbserved HiLd)2, awhi kthgai
i ndicative of the successful i mine conder
singlets at chemical shift values of >9 . &
|l igands. The significant downfield shift o
i ntramol ecul ar hydrogen bonding between th
the imine group nitrogen. Further eviwvddnce
in the c¢crystal structvudes) L emffTrhheae lceoentse dd elr iad

shape of these resonances was attributed t
Due to aprotic -dgattuhree hoyfd rlbMSO pr ot o-mosr | i k
i ntramol ecul ar exchange with the SAP |iga

assigthayddr ogen bonding todsy he oxygen in DM
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The disubstituted SAP ligands that do not
pr ot @n gL (1, Fi g9cyrex h2 .bi t a distinctive aro
pattern of four doubl ets aapdatttweor mdoiusblaetdio

of thendB &mdd4d couplings between the protort

rings within the SAP ligand sealllolHll?7) The
and the monosubstituted | igands have mor e
i nteractions, and often exhibit resonance

the spectra.

The previously men(tNddned oinmince spraptpemdr as

vary significantly with the substituents

whet her this change is dirreattdrye adff echedf
groups, the recorNHed hiemi cal psbi 6hs were pl
Hammett parameters of the substituents. S
di substituted SAP |l igands because of a W

el ectroni c eofdfueccetds cwoansp airretdr t o t he monosut
Four modified Hammet:t parameters were use:
Taf4Thedpandmparameters account for the su
mesomeric effects when th@&r asrme & iotsu enton
respecti upbhydp* frdhreamet ers account for the
positive stabilising effect providepmarbay t h
positioned subspi o Q&mHCc h eTrhiec dIlmisnhei ft s for
are coll at e .ibn Taobg eetshe2r. 4wi t h t he respect
the substituents;tthel obs aamedp Hahim@&éd i n
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Tabl eim2né. )N=pG ot on chepmrdaasubbi itat etlr eschioPr de dg
i n DMSO!| utwiotnhs )t he respective Hammett par amet |

R
R H
7
N
atns
OH

Ligan Uen=a)/ o o o

numbe R opm Up Um Up' Up*

HoL 1 H 8. 96 0.0C 0.0C 0.0C O0.0C
HaoL 2 Me 8.89 0.1 0.0 0.1 -0. 3.
HoL 3 Pr 8.96 0.1! 0.0« -0.12¢ 0. 2
HaoL 4 ‘B u 9.01 0.2 0.1t -0.1: -0. 21
HzL 5 P h 9.24 -0.0. 0.0¢ 0.0z -0. 1:
HoL 6 OMe 8.95 0.2 0.1z 0.2t -0. 7
HoL 7 F 8. 95 0.0¢ 0.3« -0.0. -0.0"
HoL 8 COOMe¢ 9. 214 0.4t 0.37 0.7% 0. 4¢
H2L 9 Ch 9.19 0.5 0.4 0.6t 0.61
HoL 1 0 S OMe 9. 28 0.7z 0.606 1. 1: -

HoL 11 CN 9.08 0.6¢ 0.5¢ 1.0C 0. 6¢

Tabl®=l Bi.ne pr ¢l oonhé N=e€Carletdahs ibst of ut ed esror d e dg
i n DM !| utwiotnhs )t he respective Hammett par amet

HO
OH
rll_tlJrat?enr( R u(_pgl:pa_r)n/ U O ! Up*
HaoL 1 H 8. 96 0.0C 0.0C 0.0C 0.0C
Hol 1 3 Me 8.89 0.1 0.0 0.1 0.3
HoL 1 4 OMe 8.81 0.2 0.1z 0.2t 0. |
HoL 1 5 COOMe 9.10 0.4t 0.37 0.7t 0. 4¢
Hol 1 6 Ch 9.12 0.5« 0.4: 0.6t 0.6°
Hol 1 7 CN 9.08 0.6¢ 0.5¢ 1.0C 0. 6¢
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o s, oo A
9.25 o Sh o m ow A
A s,
9.20 <> sp+ o D@
9.15
S
o
Q. 9.10 A
\; o A
% 9.05
z
- ]
9.00 oum
8954 O ﬁa&O (o}
8.90—- <> ao
8.85 — . . 1 -~ 1 1 1 1 1 1 1 1T
-0.8 -0.6 -0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0 1.2
Hammett parameter values
Ha mmet i o a. &+
par ame P m P P
R? 0.52 0.37 0.55 0.37

FigunéH&2mmett pl ot of H) mc he mpovaipoasrha({nett€2r s obt
f orardd substitutedn SBMSoilguatnidésas ues for | inear
provided below the plot.

The Hammett pgrtlad 6 ubfsotri t ut ed SAP 10 i gsahnodwss |
significantly scattered dat a; there i s no
prof{ &NeHECc hemi cal shift and the Hammett par a
relativébval hew &f t he | i nenaertdaif $ @ Isst iHoumeevdk
|l igands XFiggluow &.much cl oser corlpcke raitv ed ,
parameters. This could be emeptsacbedi aat ¢d e
|l igands are apawuotadl yheposminesgracwprelThei 0
obtai nel pwmirtamet er , i ndi cat?vdal luy tothd ahhneh
suggests that { NeHCa hme miec alr od loinf t I's most |
strong EDGs capable of positive charge del
As imines are generhae¢ | ¢l &dthed phld-deEdartoirf r om
the subsantwedrtctively stabilise the i mir

density shiel ds t he i mi ne proton, result
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resonances. The opposite effecwist hdamwibre

substituents.

9.15 ~

QO s,
O s o oA
9.10 - A Sm]. o A
<o sp+ °o a
9.05 4 P
£ 9.00-
o
%8.95— o
§
8.90 o B0
8.85
8.80 < B o

T T T T T
-08 -06 04 -02 00 02 04 06 08 1.0 12
Hammett parameter values

Ha mmet ﬁ a f q .+
par ame ° m P P
R? 0916 0628 0857 0971

FigureH@2mmdtt pl ot of H) mc he mp ovesipoasrhajniett€er s obt
f ometdai substituteidn SBMSDoilguatndsas ues for | inear
provided below the plot.

't is umsli emat awheffect Iipamatsudblsdenwddddf @am
One explanation could be tIpatddaisnucblsuditnug ed
| i gandsonfeltbai substi tuted versions) results
and a |l oss of |inearitypawadambmet t upldt SA
t hat bear t he same f umecttai snhbt igtrwotueds arsal
constructed?2(Fiaghdr eshdwed mindhiemimpe ope me I
( NHCc hemi c al shi ft Ucpoarrraenieatteiro nv atlou etshe Howe
povi de asf damnckar fit as the one onegarved
di substituted SAPOligands (Figure 2.
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] 0O s
9.25 + p
110 s, oo a
9204 | A Sy 0 oA
B o Sp+
9.15
g-glo-
I oo A
% 9.05
IZII
S 9.00
8954 O n © o
8.90—- o 8o
886 +—1""-r——r1r—-r-—7""—7"—r——""T"""T""T"—"T" T T T
08 -06 04 02 00 02 04 06 08 10 1.2
Hammett parameter values
Ha mmet & & & &+
par ame P m P P
R? 0688 0641 0683 0627

FigudnéH&mmett pl ot of H) mtc he mpovasipoasrhainiett€2r s obt ¢
f osrel epaeld substitut eidn SDAMMSsOoil ga wBamlsues for | ine
fitting are provided below the plot.

The results suggest thateagile t magaétied eani

of the adjacen#®iafbmanice thegshemical shi
resonance. As a result, these cannot be di
the SAP |l igand substituents, and cannot be

par ameters. Ovetriadrd ,oft hEWGantirmtdawuct he SAP |
in a downfield shift of the |ligand proton
upfield shift comparedHiLfd the unsubstitute
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2. 2.8olX¥.tdaltRR spectroscopy

TheolsitddtRe spectra for the SAP |igands exhi
the imine bond stretd640iltcamgéepnwhiaoaht hs
with the exp®ichteerde vvaasuenso. si gni ficant vari :
bond frequencies with the change of the su
scaffold (Table 2.6). Therefore, a Hammett
resonancve dseh )sfugpiréal ded pl ots with significe
wer e not i nvestigated further. Additional
substituent fuenc@F#0nal r gtHAN8PSOH(DFO stretch
Ho2L 101K stretihbe®ticghiire 2. 14) wer?%also ide

Tabl eTl2Re 6émeasured i mine bond stretching freque
in the solid state
R
R
o aoaras
NHo "o
OH OH
rl;lljr?]k?g R 3n=g)/ @ rll_lljrgllt?( R 3N=g)/ @
HoL 1 H 1629 HoL 13 Me 1629
HaL 2 Me 1619 HoL 14 OMe 1616
HaL 3 Pr 1623 HoL 15 COOMe 1613
HaL 4 Bu 1622 HoL16 CBh 1627
HzL 5 Ph 1635 HaoL 1 7 CN 1623
HoL 6 OMe 1610
Haol 7 F 16314
HzL 8 C OO M« 1598
HzL 9 CHE 16214
HoL 1 0 S OMe 1616
HoL 11 CN 1623
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1640

a) 0 s,
16354 | O s, o &B
1| A s ©
1630 | & 5" a8
1625 -
H'E | %O © % A
S 1620 o fo
§ 1615—- oo A
z
= ]
16104 O (Y o
1605 -
1600 -
] o A
1595 T T T T T T T T T 1
-1.0 0.5 0.0 0.5 1.0 15

Hammett parameter values

by 16307 o s,
) {0 s, O Bon
16284 A i
1 P, o Oo¢A
1626 4| & s,
o 1624 -
S : oQ A
L 1622~
’II\ -
3 1620 -
z }
® 1618
16164 & B (o]
1614 -
1 o A
1612 -
T T T T T T T T T T T T T T T T T T T T T 1
08 -06 -04 -02 00 02 04 06 08 10 1.2
Hammett substituent values
Ha mme t o o o i o 4
Up Um Up Up
par ame

RZ(a) 0.04 0.04 0.09 0.00
RZ(b) 0.00 0.11 0.04 0.00

Figur&Thel Hammet t plots of i mi ne stbparrda nvei tberrast
obtained fmara saybstthd ut edi nSAPh el isgalnbdsmeasthaat e
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di substituteidn SARe | & gdfad susetsatfeor | inear dat a
bel ow the plots
00 4 100 q
ay b)
90 90
80 1 80 1
70+ 704
X S
o 60 o 604
2 2
£ 501 £ 50+
£ £
2 204 / 2 40
[ ©
= H 1629 cm™ =
34, / C=N 304,
ol )\ LA 20
SN
104 T HO 10 4
OH
0 T T T T T T T 0 T T T T T T T
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100 - 100
o d
) 90 ) 90
80 80
70 4 704
S S
o 604 1 o 60
2 1616 cm™_—~ ] 2237 em?
£ 50 C=N £ 501 Cr N
£ £
2 a0 . g 40 2223 cm'?
= 1276 cm™ ___— =
" a0 (-);,,,o T 0=5=0,,, F a0 CN CIN
\J‘\ :/ N NC FTN
R AN 4 204 b 4 g 1623 cm'!
O N et 1118 cm™* OOy Y c=N
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FigureTRe 1sol i d sETalItR) |sRp aeAMlRalc (@) of sel ect

l i gank:pk 1b )8, ¢c HoL D;d HoL1 1
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2. 2. MasSsspectrometry

The synthesised and puri fied SAP Il igands
spectrometry ( MS) using electrospray i oni
conducted in both positdveo@dESL+Al &nbigagd
and were idettlte etMS traces as protonated n
sodi ated mol ecul ary oondeppré&sohMe-&d] nbll ecul
(Figure 2.15).

Intens. N akdk101988ss_P1-8-6_01_39381.d: +MS, 1.4min 81
x109 \/_
30
a) [M+H]*
3268121
25
Chemical Formula: C1Hy7NO->
20 Exact Mass: 325.2042
15
10
05 [M+Na]*
3484548
413 2684
0.0 - - - b - L - - - L -
260 260 300 320 340 360 380 400 420 miz
Meas. m/z # lon Formula m/z err[ppm] err [mDa] mSigma Mean err [ppm]
326.2121 1 C21H28NO2 326.2115 -20 -07 57 -21
3481948 1 C21H27TNNaO2 348.1934 -4.0 -14 400 0.8
Intens. kdk102060ss_neg_P1-C-6_01_39449.d: -MS, 1.4min #80
“05 /F [M-H]_ al s_neg |
F /= 2489525
b) 8 :'_‘ N\ /7
¢ )N r—
=( HO
OH
Chemical Formula: CyaHgF;NO;
6 Exact Mass: 249.0601
44
2
0
50 100 150 200 250 300 350 400 miz
Meas.m/z # lon Formula m/z err [ppm] err[mDa] mSigma Mean err [ppm]
248.0525 1 C13H8F2NO2 248.0529 14 04 0.7 19

Figur®2TRe lmass spectrometry (HRMS) traldks4 of
(ESI + madid.e?) E Snbo)d e ) .
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Some | ig.abplds5 AH1)7 coul d not be detected in
ES-imode was employed to observe the negati:
the deprotonaHp(dFisgpuwercd exs. 1ava) . Such behavi
i nherent functional group reactivity that
to a significant decrease in molecular ion
|l i gands can rperloaducvee |l rye geaatsiiMey i ons by depr
phenol groups. The r asulsttiarbg | negat ibwe deh arc
aromatic ring, yielding a mor e -Hlttehalte dmesgs:

not wundergo further fragmen)t attriaome ;a s( Feivg Wre

Imensd — akdk119118lg_P1-E-4_D1_57466.0: #MS, 1 Smin #85 |
) A0 i —CN
26f No—= YN
=( HO
OH
Chemical Formula: CysHgN;04
Exact Mass: 263.0695

204

256.9620

2869722

2289668
0.54
236.9382 337.1044
353.2653

2649274

3649357

4 306.9352
246 9495 948543 316.9850

2769204

0.0d

220 240 260 280 300 320 340 360 miz
Intens. p— akdk119119ig_P1-E-4_01_57463.d: -MS, 1.5min #88
x105 / \
b) — & )N
NC— —N >— M-HJ-
Sal® (M-H]
8 OH 624618

Chemical Formula: CsHgN3;0,
Exact Mass: 263.0695

0 284 0447
L N
150 175 200 225 250 275 300 32 350 375 miz
Meas.m/z # lon Formula m/z err [ppm] err[mDa] mSigma Mean err [ppm]
2620618 1 C15H8N302 2620622 14 04 79 1.2

Figur@e@M&sd spectr ometHhlyl tirgaacneds: oaf) tEhSimio drea d e ;
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2.2.4wv4dsibVe spectroscopy

Al l obtained SAP |ligands were intensely <c
ranged fr dish §y eal nldo waHela)dn gteo (deH3 Or edd (dar k br
(HoL 1)7, whi ch corresponded wel | wi t h S i mi

liter@t’'Beeause of the intensiesicolleous me¢ d¢tom
synthesised |igands were recorded; DMSO w
l ow I igand solubility ei.m®CdM,hevat)e.o mimoe Isiod ¢

solutfipoepar edé EM d drec €0t r anteiroen eriatnhgeer) deep
i ntense orange, which suggests that the cc¢
i nduced by additional mol ecel @f statcw&i agt i o
i nfrdahat are inot sobseroed The obtained S
presented in2F2hurest2. l@de maxi mumampsorp
and the respective b&hh)sogipiteérmni & oBabiliecs en.t7s

50000 ~

g ——HpLl

45000 R —H,L2
40000 - QN/ —— H,L3
] HO —H,L4

35000 - OH

30000 -

25000 1
20000 i

15000 1 / ny
10000 —x‘ /\\
5000 N k

0 —_—
T T T T T T T T T T T T T T T 1
300 350 400 450 500 550 600 650

rvr*

e/dm3 molt cm?

Tk

Wavelength / nm

FiguraTRe X:WiVsi bl e absorptign-89gMe ctalnag@e(p asirhab MS O
di substituted SAPHL tHilagnds wi t h EDGs (
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50000 ~

—— H,L7

45000 —
40000 —
35000 —
30000 —
25000 —

20000

e/ dm3 molt cm?

15000

T T T T T T T T T T T T T T 1
300 350 400 450 500 550 600 650
Wavelength / nm

Figur@TRe X:WiVsi bl e absorptign-89gMe cta)nagefp aairhab MS O
di substituted SAPHILT-Kplal?d.s with EWGs (

50000
—H,L13

] R
45000 - RQN// g > ——H,L14
' HO —H,L15
40000 | OH
_ ——H,L16

35000 - — H,L17

30000 ~

20000 ~

e/ dm® molt cm?
N
(o]
o
o
o
1

15000
10000

5000

0 -

T T T T T T T T T T T T T T 1
300 350 400 450 500 550 600 650
Wavelength / nm

Figur@TBRBe WiVsi bl e absorpti on-8%98gMe atajnge{mebthadMS O
di substitut eHLISHRLFT i gands (
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50000

45000

40000

35000

e/ dm® molt cm?
N
(o]
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o
o

15000

10000
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T T T T T T T T T T T T T T 1
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FigurdedTRe -WiVsi bl e absorptign-899Me cta)nagefp airhab MS O
monosubstitut eHdbh B2 51.i gands (

50000 -
_ ——H,L26
45000 - R, N//_Q Re H,L27
' HG ——H,L28
40000 + OH
_ —— H,L29
35000 - ——H,L30
§ 30000 HoL.31
3 _
2 250001
E 200004 v * ny
® 15000 -
10000 -
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O -
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Wavelenght / nm

FigurdTRe -WiVsi bl e absorpti ogn-89gMe atajnge{mebt-haB MS O
monosubstitut edbl2BHIB Jl.i gands (
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Tabl e The7 . maxi mum
coeffilhadxemtfsthe

absorptdapnawaveéehengtelspectiv
di substitut(ed®cCBAPahggands i n

R
R
7
N
atp
OH
Liga R amax ¥ 1 Uy ama Y 7 oYy
numb ¢ nm dmmotc m nm dmmotc m
HoL 1 H 271 10 O0O0C 355 13 00C
HoL 2 Me 273 11 0O0GQC 366 13 00C
HoL 3 Pr 272 12 00C 365 14 0O0C
HoL 4 Bu 273 10 0O0C 3614 12 00C
HoL 5 P h - - 375 12 00C
HoL 6 OMe 278 8 200 383 8 400
HoL 7 F 270 11 00GQC 368 12 00C
HoL 8 COOMe - - 352 11 000G
HoL 9 Chk 268 10 0O0C 350 9 500
HoL 1 0 SOMe - - 351 11 000G
HoL 11 CN - - 354 13 00C
COOMe

HoL P N=C( N - 326 6 800

/—<§ >—R

R N/
HO
OH

Li ga R aYna;(V,/* OYI ama)r(\\"(’*y CPY*/
numb ¢ n m dmmotc m n m dmmotc m
HoL 1 3 Me 276 10 0O0C 360 15 00C
HoL 14 OMe 284 11 000G 363 22 00C
HoL 15 COOMi 287 19 00C 378 17 O0O0C
H2L 1 6 Chk 267 11 000G 355 12 O00C
HoL T CN 283 20 00C 372 16 00C
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Tabl 8 The
coeffilhadxemtfsthe

maxi mum

absorptdapnawaveéehengtelspectiv
monosubstitufag@ECdMArrangaglands

HO
OH
Li g a R R amaivl* LOJdelﬁ aYnaQY’* L°J‘Y*/dn°"?
numb ¢ ! 2 /' nmmotcm /' nmmotcm
HoL 1 8 COO M H 268 29 00 352 14 0O
HoL 19 H C OO M - - 357 11 00
HoL20 CBR H 272 12 00 351 13 00
Hol 2 1 H Chk - - 352 12 00
HoL 2 2 S OMe H 273 15 00 351 12 50
HoL 2 3 H S OGMe - - 360 11 00
Ho.24 CN H 264 30 00 352 15 00
HoL 2 5 H CN - - 360 13 00
<2 7 §>R2
R4 N
HO
OH
Li ga R R aﬁma;(Y’* LOJYIdTﬁ amaQYl* @Y*/dl’ﬁ
numb ¢ ! 2 /' nmmotcm /' nmmotcm
HoL2 6 C OO M H 279 13 50 363 14 50
HoL2 7 H COOM: 282 13 00 377 14 00
HoL2 8 Chk H 275 13 50 351 14 00
HolL2 9 H Chk 280 9 00C 365 13 00
HoL3 0 CN H 283 16 00 359 18 0O
HoL3 1 H CN 282 13 00 377 15 00
The SAP ligands exhibit -vtiwso brhaei ns pleantdsa. i
energy band obser v29d0 Inine sr eigni otnhe az&a0 has
identiftiheat mal’iYdgdndansition arising from

aromatic phenol rings wi?tR7Trhitshe rQARBiltii pa
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to be absent in a few s2l8rt hogawds, (ke
bl i fted to a | ower wavelength, as evide
bands i nvitshiebll&V spectra (Figure 2.17, 2.1
posietdi oonel ow the DMSO absorption range (<2
of these transitions for some of the | igan

The secondi bVe absorption band detected fc
present 30t man 3I=@i on, and han¥ bteexen taasts iogr
the imine?ZNhkord ear dLtllRiiegranids tthhae has
group on the imine bond,”  *"whbthaineneaggsghst

i n a significant bl ueshi ft of t hepatrraansi

di substituted SAP ligand series, it seems
band towards | onger wavelengths, while EWG
Suceht r end, however, I smentadi salbsen ved edor@antah
t he nsounbost i tuted SAP | igand versiomasmj-nehe

adjacent aromatic ring appears to bl ueshi
al dehmyddeacent ar omatsiaaner igs piugehetditsynt b e a.k $ he
With the excélhtlj2om hef apparent Subsbnht uent

positions are relatively small, and the re

An additional feature centred around 450 r
The feature was most pronounced for the di
(HoL 8H2L 1 A né2L 1,4 Fi gu) eald2atBteenosubstituted SA
bearing EWGs on t he dHld®HpXA1H.la BHelr@ebt 1Fci grui rneg
2.23 The tr oamsiitbilen foesphis broad Uahdewi t
(@r ou2n0d0 0 *madcmM)has not been identified. It
nY  *type transition invol vidm®ntdise fbwrcttihd rsa
explain the band besghgarmnibrsge r YAER AfFogauirthee 2C F
anHL 2L Fi gur.e PRhe&3monosubstituted SAP Il igan
have the R @raopaopsiati otnheof the aldehyde ar
i ndicate an orbital interaction between t
however, the direct g8} egtalie oar wrha ttihce rtiwn

be achievddhet froesamphance structures.
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e/ dm® molt cm?

T T " T —
350 375 400 425 450 475 500 525 550 575 600

Wavelength / nm

FigureTRe -WiVsi bl e absorpfDOnnmpeegi an{8IdEMd DMS
rangeof the di substHl8-HAlednBAR)M| i lgandesxifi bit an
| owntensity absorption band around 450 nm.

10000 H.L19
2

9000 - —H,L21
—H,L23
——H,L25

8000 —
7000 —
6000 —
5000 —

4000

e/ dm?® molt cm?

3000
2000

1000

0+
T T T T T T T T T T T

T T T T T T T T 1
350 375 400 425 450 475 500 525 550 575 600
Wavelength / nm

Figur8TRe -WiVsi bl e absorpfDOnnmpeegi an{ddMd DMS
rangeofpatrfeenosubstitut eHhl B HP2 IHLLE 8HlRSy (t hat exhi

an

addi t-imtneah siltow absorption band around 450 n
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A third possibility coul d be some eigterr

pronounced hydrogdmclkomgggnggati on or ot her

i nteractTihomss coul d | ead t oextchengfforl mat iexmi b
frontier molecular orbitals with | ower ene
SAP | ig&mrmdstation of such frontier mol ecul

of -WiVsi bl e bands at ?l?08'§esewavelhnerndtehss,pec
(Figure 2.22 and 2.23). |t could be &expe
concentration dependefdtdf The guMelve odise st rua
at varied condeocatradi ohat the absorption b

exhibit -Beeemantbeert | aw behaviour (Figure 2.
observed bands resul t from some intermol ec
of this interactidat éechs not been el uc
1.0 N Concentration:
] = 0.005 mM
0.9 —— (0.009 MM
E (.01 MM
0.8 4 e (0,02 MM
0.03 mM
0.7 4 0.04 mM
5 0.05 mM
S el 0.06 mM
~ 0.6 0.07 mM
3 0.08 mM
£ 051 0.09 mM
2 —0.1mM
S 0.4+ ——0.2mM
g : —0.3mM
0.3 — 0.4 mM
] — 0.5 mM
0.2
0.1—’\_/'
0.0 T T T T T T T T T T T T — 1
300 350 400 450 500 550 600 650

Wavelength / nm

FiguraeTRe -WiVsi bl e H;p8lcitgraandofi n DMSO at (&bried
500M)e Figure reproduced from the experimenta
Dr e & .
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2.2.4.5. Cryst al structures

The single crystals o MHLBHA 8aen Hrlo/Bed i tSaAbPl € i f
Xray diffraction were obtained by sl ow coc
of the hot, saturated cldInpddruynsdt aslolliustei do nass i
whiHz2e9anéL 2 yi el ded orange and yellow need!|
l i gands crystallised i Rl8ameH:2Bongstiahi cssng
P2/ space gr oHilp2 ewhyisteal | i sed in the C2/c sp
pl otHel8adtL QanHL 23 r e shown i n2F2gurwewist 2. 2be r
crylstdhata given in Table 2.9. The selected
in Table 2.10.

FigureTRe ORTEP plot (50% probabi Hi8lyi)g anfd t(he
grey; N, lraevde)n d e r ; 0,
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FigurreéTRe ORTEP plot (50% probabi HiQlyi)g a@nfd t(he
grey; N, lraevdehRdech.armOtreuse

FigurdTRe ORTEP plot (50% probabiHlli20y) gahdt he
grey; N, lraewde)nder; O,
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Tabl eCRy®tall ographic data &8 Hxk GarnudeLt2u7r e r ef i
Ligand HoL 8 HoL 9 HoL 2 7
Empirical fCiHiNG C1 HoFsN Q@ CiHi NG
Formula wei329. 30 349. 23 271. 26
Temperaturel09.8 (5) 110.00 (10) 110.00¢(10)
Crystal sysmonoclinic monoclinic monoclinic
Space groufP2/ n P2/ n c2/ c
a | 10.72467 (112.2028 (2)28.5014 (3)
b / i 9. 77893 (117.90946 (185.92280 (10
c I 13.77219 (114.2190 (3)14.6523 (2)
o / A 90 90 90
b / A 100.4395 (198.4099 (1999.4140 (10
2 |/ A 90 90 90
Vol umé / | 1420.46 (3)1357.63 (5)2440.11 (6)
Z 4 4 8
Jcallg C®m 1.540 1.7009 1.477
e mm? 0.995 1.510 0.900
F(000) 688. 0 704. 0 1136. 0
Crystal 8i:0.204 1 0.10.234 1 0.10.236 1 0.0
Radi ati on CulUK(a = 1.CuUK(®a = 1.CulUK(&a = 1.
igrtaa”gceolfloer(g.es to 1348.928 to 136.286 to 13
12 O h O 1:-14 O h O 134 O h O 2¢
Index range-4 O k O 11 -9 O k O 9 -2 O k O 7
14 O 1 O 1¢-16 O I O 1¢-27 O 1 O 1°
Rellectioncggay 12662 7635
'rgfleg(e:?idggz[zgnizo.osog,[ziini4o.0269,[2|2?nigo.0136,
Rsigma 0. 0284 Rsigma 0. 0186 Rsigma 0. 0137
Egigmgt;fzt2542 / 0 |/ 2424 | 0 [/ 2229 / 0 |
cogdnedisit 4 105 1.060 1.076
Final R incRi= 0.0332, Ri= 0.0396, Ri= 0.0305,
[ 1 x=12) ] WR= 0.0944 wR= 0.0987 wR= 0.0793
Final R incRi= 0.0367, Ri= 0.0425, Ri= 0.0326,
[all data] wkR= 0.1022 wR= 0.1007 wR= 0.08009
hg[ge_sftedzfo.2@.37 0. 606./56 0. 107./2 6
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Tabl 0Th.e selected bond | enkpt8htsL Qant,LB3dnd angl e

Ligand H.L 8 H.L 9 HoL 27
Bond distances [ j
C1O1 1. 3(421) 1. 3(421) 1. 3(510)
C502 1. 2(824) 1. 2(828) 1. 3(013)
C1C?2 1. 4(027) 1. 4(023) 1. 4(025)
C4C5 1. 4(426) 1. 4(329) 1. 4327)
C2N1 1. 4(221) 1. 4(120) 1. 4(110)
N 1C 3 1. 3(120) 1. 3(025) 1. 3(024)
c3c4 1. 4(124) 1. 4(139) 1. 4(228)
Bond angles [/ A
C2N1C3 12.70 (1 1293(2 1294(1
N 1C 3C 4 12.43( 1 1217(2 119. 6 (:

Therystal stric8Hir9asdtl @i ghaeds exhibit ver
|l engths for the same bond types, although
from the reported“Tlhiet earmaitnuer ep hvean@i ¢ s glr mrudp
di stancest. 86 1.34 consistent wi 2’ utt hatheo
aldehyde phen®a) gexhipbi(tG short-2r3bonpy. | &t
resembl es tay pai@ord, althoughaslt2Z%S5ucoht as
di fference in overall closely similar pher
hydrogen bonding between the imine ri%rog:t
The short hydrogen2b6@di| enggbhsbs 8. 50r onc
bondThis is further supported by the resp

closer to the imine than the phenol group
2. 2527). The hydrogen atom in al/l i nstanc
densditfyf erence map rather thar Medelrlaitregl tk
proton on the phenol group and assigning t

as a | one pair significantly redukle8&ndhe (g
Ho2L %crystal %tSiumitl aresompound archeheminees
type configurations have'b@%Ms rae proerstueldt ,( Ril

adjacent (and conjugated t 0) t he i mi ne
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di st 67t %8e -C¥% bonds are elohcHatpdcoOmpdaded
conventional acraornbaotni cb ocnadrsbh@ml i 40 cl ose to t
C2N1 adjacent to the imine groupl.adl2s oj )e xthhi
t hose expected (1.304 ihgndwhidree tdheme®dh at
(measureld.:42l.i4,1 repdprted: 1.48

I nterestingly, the the imine group itself
C3 bond dist-4n8ésjohrég. 8@ good agreement
of conjugated’dindi tehebdmdsn,e bond angl es, al
remain planar (Table 2.10). The two ar omat
being in the #d@HLPal nabnle 7 xThhiebi t di hedr al a
11. 7A and 8. 6A, respectively, whi3ch’%a2de wi

Figuk2& 2Zhe ORTEP plots (50% pr obabi(l(Hitgydr-ooxfy t h
2-(hydroxyqgahBeayzoxSeydglami no) met hyl-2 ,d¥le ao)ncey c| ohe
(CCDC identif i) UHBBEMMRgL h-A 8 HE)salicylidenean
estlr,a3, 8(rli®ne (CCDC i deé&{td,f igerrery ; QENX Z I Gasveel nedcetre;
bond di stances and bond ))angles highlighted in

The crystal Elo6 BH2L @aandikli2nVgi goafnsd ss hown i n Fi gt
The | igands are stacked in a planar fashi

136



crystal pl ajn efso ra rHeL §8annBdis2,7 wihiLI9ex hi bi t s a |
3.88distance. This is most I|ikely caused b
grouMHsL % mat are directly bonded to the ar o
stack in planar fashion compldL 8d HLo2.7t AWé | p |

three | igands -tsd aiclk fi as hai ohne abdet ween t he ¢
pl anes (Figure 2.30), with the amine and
opposi tieondsi.r ekthe | i gand mo-t ecavtiemd caermnd r gy Im

i nversion and a -"gsltiadcek ipnlganes. oTnhh ekl D bganded

Figur®Tle 20RTEPS5pPPRPops obatbcirlyisttya)l oufnitohfectela di a ¢
b) HoL9; HD2 AC, grey; N, lLaweédhdemjtOced édovarcd ovi)ew
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Figurd@TBRe ORE®ts (50% pr anodleicluiltay) sdafactkh e g |
closest par al lodd:Hk 8 Yyht9a | o2l 7&Cnegr ey ; N, IDavend
Lefwiew along the axis perpenidiicauw aal dmog tthlee I d
angle to the Iligand plane.

A di st i nzcatgiov ep adtztiegr n b e t-pvaereanl ladalj acreyngt anlo np |
been observed for the three crystal struc
bet ween the | igand planes were rmga#ilmPed t
andHL 2,7 r espekoiHwe8layn.dHL 9 such positioning
i ntermol ecul ar hydrogen bonding interacti
l i gaAyd ekhi bits two intermobecds$pr-b@ypdr blge
observed between thgpel delbywgpe dndnotd red ud @i
phenol on t he aB.j aAcneanltolgamoulke dHelt ewveen t he am
group of Amesl doulmed t o the ypledeghypyde @di moit
mol ecCul EonveéellL&€rystal Bowwuases ehypdrogen bo
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bet ween two | i amB) moltehc ulhees t(ot al t hree in
bonds bet ween t hei rbopnhde ndoils tHaLn8tdepta .if BbAcI217 H

|l igands e2hgBilte nyg.thG , which are cons-i sten
bonds I?éfgehsadditi-bonald tHil 2t@hterHuct ure bet we
amine phenol groups of two adjacentj)mol ec
suggesting a weaker hydrogen bonding inte
Further short contact interactions were o0b
mol ecul es in adjacentHip8aamdr2,7cagstval Isphant
and i mine groups of analoglel9sly positioned

a)

b)

c)

Figur3elThe ORPEBts (50% sphrooncaabsiilnigizatplbe p&@zitgr n
observed bet weenrpatrhael |cello scenshd:gHohal ) HipLbB;a rtg)2 7(C,
grey; N, | ayender; O, red
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FiguRldTRkRe ORAIEFCt s (50%smrowlalsiilnigt y)he inter mol
bonding i n(tceyraanct d @asise ch )HLi8N ¢ B 9; okl 2 7( mol ecul es
described in the,Baenx@l adetH cstgerde ywi tNh, lavender ;
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Overall, the crystal strucitHi8HsOamHa2iTned f
exhibit parameters whi ch ar e consitfhteent
l'iter2at WT&é’ phenolic proton |l ocation on th
but it has also been previous?'y2dsictrii pblea
Il ntaenrd i ntramol ecul ar i nteractions were i de
in the solutions of the SAP |l igands -as w
bonding resul tdesihn et Hed hir ghbpancis NMRs er
spectra of these compounds. -Bddditongabhd, pt
stacking of the | igand mol ecul es cBedrd of
Lambert | aw behaviour observed for osome
unexpected tramdg eiomoefinoti res uil nvest i gneetreed S

observed

23. Mocomplsggmit hesi s and character |

2.3. 1c i-M0’0Oz( SAPR)t omp | e x s csoypnet haensdi s

Using the synthesised SAP |[cgMai@]basbdar.
compl exes ( F2a.bl 22)s w2e rlel synt hesi sed usi n
met ho*dsad3Pd protocols deveéi%oped in the proj

Tabl d.Th.el numberi ng ffi-MdD6 8 BER)ittoumtpd e xes i nvest

in this work.

R >/:/< HS >—R
74 R N/O
NO \///O
\// O’MO\
loks MO\ '\O
\O /O\
/O\ Me H
Me H
Compl e>» Compl e»
R R
number number
M ol H Mol 3 Me
M o2 Me Mol 4 OMe
M o3 Pr Mol 5 COOMe
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M o4 ‘Bu Mol 6 Ch
M 05 P h Mol 7 CN
M 06 OMe Q O/
M o7 F Nl
M o8 COOMe Y
N
M 09 Chk \0
/-0
Mol O S OMe 0-Mox,
Me/ \H
Mol 1 CN
Mol 2

Tabl €l2.Zhe numbering of [cm-dsn'®Of SBAPR) Jtomed exes
investigated in this work.
R2
R4 R
ot QT
V5 ,M/cffo
OMog 07 S0
Me/o\ Me”™ " H
Cr:1 ou r:lnpb Ie | Ri R ?1 0u rTr:1pb Ie' Ri R
Mol 8 COOM¢ H Mo2 6 COOMc¢ H
Mol 9 H COOMze Mo2 7 H C OO Mk
Mao2 0 Ck H Mo2 8 Ck H
Mao2 1 H Ck Mo2 9 H Chk
Mo2 2 S OMe H Mo3 0 CN H
Mo2 3 H S OMe Mo3 1 H CN
Mao2 4 CN H
Mao2 5 H CN
The target compoundki wene sbbsinedt bygn rea
where the two monoanionic bidentateciacety
Mo'O2( acdhcprecursor are displaced by one di :
reaction is primarily driven by the stron;
reactions are carried o]lcti-Ma @ aPR)(aMecdH) t h
products contain a single methanol mol ecul
spectroscopic evidence, see | ater sections
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— R -
\Ilvll//' R -~ meoH N//_Q

q O O
-0~ l + o NN N//_Q _— _ 03 + 2
())\—)7 — HO RT, 2-4 h l\)l/// )J\/U\
- i

OH
(1.0eq.) (1.0eq.)
Figur3e3The gener al r e a c[d iiMD10( S APR)MEI e dH)o mp | e x
synt hveibai gand substitution.

An alternative synthetic route’**wdfSinafgsa
mol ybdat esesdilum(mol ybdato @itlh)y dasit ehe Nsour
[c i-M0’0O2] HoL lan oL 8wer e coordinated to the mol yl
the targetMaclamplo&8xdhe added acetic acid p

l i ganNaMoi@gn all owing subsequent SAP |l igand
pat hway reduces the syntheticlcsMEmRESART t
( R MeQgHB) mpl exes, the acidic conditions an
reaction mixture i s not compatible with al
ofH2L9andL 1Y esul ted in significant l i gand

compl Mo &G Mo lwere not?24f34°med.

Acetic acid (2.0 eq.) //_@ +2 )J\
Mo ONa
NaO~ ///

MeOH, reflux, overnight
NaO +2H,0

O’ | \O
(1.0 eq.) (1.0 eq.)

Figur3edThe gener al r e a cl[a itMm1O( S APR)MEle AH)o mp | e x
synt wesmbybdate hydrolysis.

The deki-M&@( SAPR)Y MedH)ompl exes were obtair

intensely yellow, orange or brown poo6wa)er s
Similar to the SAP ligands, the yield wa
Compl exes that readily precispigavedl dwerm

than those that were obtained by solvent
sol i ds, the complexes were further purifie

selected organic solvents tohydmolvgsusrpao
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with subsequent drying under vacuum and o
compounds were chdH aesdn@r (wbdn uappgopNMRLt e
spectroscopy, mass spectrometirsy,blleR sppedt
Single crystals suitable for XHRBOASBIAPsI s
( B MegH)omp !l exes from various sol vent di f
characterisation data for target compl exe:
sections of t his cshmedterrqg s cwiptihc dcehtaaialcade r

compound presented in Chapter 6.

23.2.[c i-M0'O2( SAPR)t omplcehxar act eri sati on

2. 3.18. NMR spectirnoshaisgOp | ut i ons

Théd NMR spectr al[colso’®h8 APRYrMeedido mpl exes we

recorded-de,n NBAMSQO y due to the | imited solub
common NMR solvents. ComparindgH tNMNMR hsp e cetsr
(Figure 2.35), there are no proton resonan
the compl ex, indicating successful l i gand
the phenolate oxygens coeffiddin@ectentt e taze
donors, the | igarcksscafginalfd caxpgereilectr on
to significant deshielding of all l i gand g
and a downfield shift in proton resonances

evident for theHi mrome ogrOp @@ p(pind C Fa.bl £)s, 2a d
t he

Such behaviour observed for al |l compl exes
coordinatdigdo’'OeJoot beahd nf @of mathie target comp
coordination shifts have been[ci-rMddi $AR pr
(RY MeQHp mp| é3Ce%b?

e |-deecntsriotny from the i mine bond i s donat €

144



a H
) H — -N= 8- CHs-OH

-:’ W, ’i’—t W ,{) CH3'OH /
¢ »Ng /7
\_‘f Iu':.-‘/_,o \

O"r O-C:“O

e H

b) H ,:cH -N = 8-
\}—‘\‘;—N"'}_{{U’%
—( Ho'
OH
-OH -OH
| ] | o

14.0 13.0 12.0 11.0 10.0 9‘.0 é.O 7‘.0 6.0 5.0 4.0 3.0 2.0 1.0

f1 (ppm)
C Me
) Me f’:i CH3_O H 'CH3
| — — P
VR VR
¢ —N 0 L

© CHs-OH

Me
d) Me ,—\"\ -CHs

Y~

Y R\
¢ NN -

\ /

bt HO

OH
_N - E_
-O -OH

" 140 130 120 11.0 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Figur&C@mpari sorl ec'HeN®MRsspectra ( 4d9 0 2NSHAZC)
t heynt heSAR eldi @analsd c¢) and [¢iMe Oy yYSPAPR} e €&l )l
compl exes i(nb DMESso d )t i ks M9 1l HD2; M9 2
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The aromatic protons also exhibit peak s
coordination (Figure 2.35). The resonanc:
i ndicating t hat S 0 me protons experience
coordination, veconmntsr aorbysetr @ afpir@ns . Thi s [
summative substituent electronic effects &
ar omdatsiyst ems. The distinctive coupling pa
SAP | i gvanddes )s(upemai nf owi stithd erespectfcive di
Mo'O2( SAPR) Me o mpl exes as well. | n some <cas
results in peak shifts that separate the

visualisation of the aromatic proton coupl

ThéH NMRctive substhiet hght g Mo AMEEMoBMo 1)0
showcased only slight resonance shifts upc
substituents are spati aidley ice¥daoead Mer omnth

not significantly perturbed by its effect
primarily governed by the nature of that ¢
The additional peaks observed in tihédespect

appear as a doubl et at 3.17 ppm and a qu.
resolved (Figure 2.35a and 2. 354agd.i sTphliasc esst

the methanol mol ecul e at the axial -dgio®r dir
i n vast excess, and is a stronger coordina
The solvent displacement effect i s diideuss
i nfraamdr e ndetail in Chapter 4. Such effec

[c i-M0’O2( SAPR) sotwoempl exes with coord?nad ¢3g s

As for SAP |l igands, thel[cctMEni 8APR)Soimptl exal
i mi ne grbBluppr(dNt=cCn resonances Wepraer aped tetresd
construct Hammett -2plldt sandTaFh2geds7¢%. 1A23h &6 ob't
trends are very similar to vtihdoes ¢s.udpFrsaeni b e
di subs fcii-Ma'O£f S APR) compl exes exhibit scatter
correlation, al t%voauguhe st feoro bithaei nedieRar f it ¢
compared t o tphaerddareslpetcitti wteed SAP | igand pl

metdai substituted cdhmopl ¢x eardasl ongueds cd oser t
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R2f it val
par ametserggesting that EDGs have the stron

ues close to 1 (Figure 2.37)Y,p" The

( NHEc hemi c all shifts in the analysed compl e
those of SAP Iligands, d e [m oM D2Fcaotrien gd otehsa t n
change the ovefakctel etttbri Eunctional gro

Tabl e Thel3d3 . mi ne ply ochemi( NaepCamwldhisubstfiomuted SAP
[c i-M0’Oz( SAPR) Me Y mpl éxesor ded-dsiso | DMS®nest)her wi

the respective substituent Hammett parameter

R
R R H
R H Y
Q@ QN\/P/o
HO O’N!OQO
OH
Me/\H
R tllige/ndp[:ljcompl/ex P l?lp Om l‘.)lp.'. &p+
H 8. 96 9. 28 0O.0c 0.0 O.0r O. O
Me 8. 89 9.18 0.1 0.0 0.1 0.3
Pr 8. 96 9. 29 0.1 0.0 0.1 0.2
‘B u 9.01 9. 33 0.2 0.1 0.1 0.2
P h 9. 214 9. 58 0.0 0.0 0.0. 0.1
OMe 8. 95 9. 23 0.2 0.1 0.2 0.7
F 8. 95 9. 23 0.0¢r0.3.--0.0 0.0
COOM: 9. 214 9. 67 0.4! 0.3 0.7 0. 4"
Ch 9.19 9.61 0.5. 0.4 0.6: 0.6
S OMe 9. 28 9. 71 0.7 0.61 1.1 -
CN 9. 08 9. 414 0.6 0.5 1.0r 0. 6"
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9.8

QO s,
07- z o oo A
Lo N o 4
S +
9.6 ° o o O odA
e
2 954
g oe A
194
_c¢/
<o
9.3 4 o a %
92' < B ¢hoo O
“ O 80
9.1 T T T T 1
-1.0 0.5 0.0 0.5 1.0 15

Hammett parameter values

Ha mmet o o o 4
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FiguBéTie Hammett pl ot of Ht heh é mi cvasl ppesriweitnfoetitse(r b=
obtai nedrdi amub s tcii-Me'D£ & APRY Me JH)omp | gxreescor ded i
DMS@ssol ut.i?’Rms ues for |inear data fitting are

Tabl®4The i mine ply o¢ lmeami NaIC me lrdaif ¢ sb otf i tt hteed SAF
anf i-Mo'Ox( SAPR) MedH)ompl dxesor ded-deismo | DME@®qest) her

with the respective substituent Hammett par ameé

H
H R
AU
HO O/NIOQO
OH _0
Me \H
R ai i ga/nd P F ljcompI/ex P I l?lp Om lc.’lp.'. ltjlp+
H 8. 96 9. 28 0.0 0.0 0.0 ©0.0O
Me 8. 89 9. 14 0.1 0.0 0.1 -0.3
OMe 8.81 9.00 0.2 0.1 0.2 0.7
COOMe 9.10 9. 48 0.4 0.3 0.7 0.4
Ch 9.12 9.53 0.5 0.4 0.6 0.6
CN 9.08 9. 49 0.6 0.5 1.0 0.6
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FigureTle 3BHammett pl ot of Ht heh e mi ovasl ppaesriwitnfettse(r b=
obt ai n end t-dhi osru b s fcii-M0'D£ & A(PR)] Me Jrt)o mp | gxescor ded i

DMS@ssol ut.i’Rms ues for |inear data fitting are
Due to the | ow symmetry of the environment
[c i-M0’O2( SAPR) soktompl exes as well #F8MseNMRp |
spectroscopic experiments wer e not carri
influence on the <central mol ybdenum at om,
empl oyed instead.

2. 3.20lX.tdaltRR spectroscopy

Thesolsitchitref rared spectrr aci-0’0 8 APRY nveelGHs e d

compl exes show the same distinct bands f o

we l | as the distinct peaks for e.u@®.dNtithuen
Mo 1,1 Figure 2.38). The complex imine Dbond
1620*cange (Table 2.15), which is in acc
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datdCompared to the respective SAP I|ligand
frequencies of the compl ex i mi ne bonds F
wavenumber s. This suggests a [cwHMabg SA&P i mi
( R MegH) mpl exes, which is radewomsialy sedt bg
from the i minedefyi ctihea eenlfeMehreocoor di nati ng
at om. This results in a partially reduced

|l onger bonds that weahibiégwermciaes onAs adbdae

l i gands (Figure 2.13), the bands assigned
not exhibit | inear Hammet treac oy *tl eama toincs d h
the imine stretch band positions with the
100
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~ - ClA
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% 50 / CI AP 1615 cm™ ﬂ
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40 - -N=CH-
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| —H,L11 906 et
20 — MOll [CisiMOOZ]asymm\
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Wavenumber / cm?

Tabl ®8The exampl e solRT RB)t astpe RO L A@RJHOL 1df
(bl ack Mba@nedanldi ne) . For the ease of compari s

in the figure.
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Tabl #85T2h e measur ed

R
R R
R 74
7 N
N : e
HO O/I\/!OQO
OH _0
Me \H
R 3|iga/ndém 3compl/ex ¢ m
H 1629 1611
Me 1619 1614
Pr 1623 1611
Bu 1622 1614
P h 1635 1613
OMe 1610 1620
F 16314 1611
COOMe 1598 1608
CE 16214 1618
S OMe 1616 1616
CN 1623 165
R
% R R N{) :
RQN Ve
HO ~Mo
OH _0
Me \H
R 3Iiga/ndém 3comp|/ex g m
Me 1629 1608
OMe 1616 16014
COOMe 1613 1612
Chk 1627 1623
CN 1623 1603

i mine bond stretching freg
l i gandsi-Mn®s SAPR) MeJdp mpl enes he solid

state
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I n addition to the SAP | igandi-Mo®©i-atedp vi
vi brations in the synthesised compl exes ca
spectra. The moiety exhibits two dist-inct
900 'amgion (Figure 2.38), <corresponding |
(O=Mossfand O=Mogs®str etThrees.ymmetric stretct
vi brational energy compared to the asymme
respectively hi?dAddi waveraumpbert he direct s
the mol ybxddenbomnds all ows tmhaubsesvatuantormrl .

fects on the bond][cnMoQeictoltitRegbhedcoqpt Br

v[t tM'Oe]lb ased compl exes, one of the Mo=

ef

act
0 X
t h
es
Th

i n

gen atom transfer to the substrate. It
Mo=0O bonds within the <catalyst struct
cially if Mot@ebomd ebdealeirmgni g step
efore, the trsemadnsd iO=MORRAOdMehOfts acr
stigated compl ex series coul-actabvli ow
ti ons i-de’OA 8 APR)hMe Qo mpl exes.

< ®© T o0 <
= O

D

r el

o]

Th
di

al

recoxMedlmand O=MogmbPand wavenumbers

ubs fcii-Md’D£ & A(PR)) Me Qt)omp | eexes | i sted in Te
ngside the respective substituent Hamm
detected in relatively narr awn®wRadwWesn dombh e r
O=Mo=zQm88016 'tm which correlate very well

structurally sli%hi?t®de%hcompareaxetseri stic val

o u»w o

intensity bands in the IR spectrum (that
confirm that the synthesised complexes <co
t wo oxo | icgaaomdfsi gwnmr aat i on.

Only three compl exedl if b oar yNoepMontavhe§got 1,79 at e
did not exhibit t hesymasstyrmentecthriincg b=aMhod=sO i n

wavenumber range, with some broad strong i
| ower frequené)i.esTh(is80d@ouclnd i ndicate that
compl exes may adapt an oligomeric structul
oxo |ligands at the vacant site of the adj:

153



sol ven

t coordstnradadg tomnr. alSumdt i f
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ur es

0SS

ar e
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i nfl uence

compl ex

t he

structure

description of

Tabl e T2h.elbmeasur ed

vi brations

$6l weretsef t |,

catalytic

such

to

t

has

he

mot i f

series

been pr

o

doe s

present e

di ssoci

properties

properties
struceamnrwaét bhas

wer e

of [cti-Me O ISHWPR) Mé dp ;md| ernes he

ate i

n

and as
h €

of t
not i

been

stretchOnaiof@aegde OciM®& OO0 f

solid

30=Mo=/lo ©&m

Comp | i Gm Oy G

numb e symm asymn P P P

Mo 1 H 930 905 0.0 0.0 O0O.0 O0.0O0
Mo 2 Me 935 908 -0.1 0.0 0.1 -0. 3
Mo 3 Pr 945 - -0.1 0.0 0.1 -0.2
Mo 4 ‘B u 932 911 0.2 0.1 0.1 0.2
Mo 5 Ph 929 912 0.0 0.0 O0O.0 -0.1
Mo 6 OMe 926 902 0.2 0.1 0.2 0.7
Mo 7 F 929 906 0.0 0.3 0.0 0.0
Mo 8 COOM: 940 916 0.4 0.3 0.7 0.4
Mo 9 Ch 923 - 0.5 0.4 0.6 0.6
Mo 10 SOMe 928 9014 0.7 0.6 1.1

Mo 11 CN 936 906 0.6 0.5 1.0 0.6
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\/_ 0
0-Moxq
Me/O\H
Comp| 30= Mo =lo ¢ m o o - o
u Um Up' Uup*
numb e symm asymn
Mo 1 H 930 905 0.0 0.0 0.0 ©O0.0O0
Mo 13 Me 931 8914 0.1 0.0 0.1 -0.3
Mol1l4 OMe 933 910 0.2 0.1 0.2 0.7
Mol5 COOM: 940 909 0.4 0.3 0.7 0.4
Mol6 CBR 923 899 0.5 0.4 0.6 0.6
Mo 17 CN 926 - 0.6 0.5 1.0 0.6
The slight wvariations in the band positior
[c i-M0’O2lcore that i's not significantly pert

eff efToot S.urther evaluate the substituent el
constructed f or[citMuvd(dSiASPRD cMe OHY ledcompl exes
24024} . The obtained Hammet't pl ots fcors bot

Mo'O2] vibrationaki-Md@guemecwerso olfi iear corre

the abovementioned | ack of bond perturbati
This is somewhat contrary to thDeuhresalilt s
gr odgfvhere some | inear trends, albeit not s

of fit valueb6R=0f0-G2h3 swe rpd bthisgphdarmhe oniems o0b
this anal ysi2s 4(1Fsmiulrle 2adObe considered re
mo d e |
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Literature reports also indicaté%4ridb - at4 v

however, often only one of the SAP aromat.
fewer substituents (up to 6 instead of 11
O=Mo=0 vibration frequencies [cTMdDLSAP17)
(R Med mpl exes were also briefly examine
(Figures 4383)42xhibited some i mprovement in
compl exes correlated, hotweenetrn, ahasldd¢di gas
(Figure B. 4F)gand 2.43). Overall, the subs:s

mani fested as a correlation between the Mo

Hammet t parameters.
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Tabl e/.T2h.el measured stretchOnsbdofmagde OcM&.O0f |
vi brations of t Heei-Maioh & AER)Me Gloeng | é mest he sol
state

R2
R
Vo
\/_ 0
0-Moxq
/O\
Me
30=Mo=lo ©&m . . o .
R1 R2 Up Um UpI Up+
symm asymn
COOMe H 928 887 0.4 0.3 0.7 0.4
H C OO M 932 894 0.4 0.3 0.7 0.4
Ch H 922 911 0.5 0.4 0.6 0.6
H CR 924 896 0.5 0.4 0.6 0.6
S OMe H 930 900 0.7 0.6 1.1 -
H S OMe 930 898 0.7 0.6 1.1 -
CN H 945 913 0.6 0.5 1.0 0.6
H CN 932 907 0.6 0.5 1.0 0.6
/ é >R2
R4 Né
\/ 0
0-Moxg
Me/O\H
30=Mo=lo ©&m . . . .
R1 R2 Up Um Up' Up®
symm asymn
COOMe H 917 886 0.4 0.3 0.7 0.4
H C OO M 919 908 0.4 0.3 0.7 0.4
ChR H 937 909 0.5 0.4 0.6 0.6
H CR 924 896 0.5 0.4 0.6 0.6
CN H 940 914 0.6 0.5 1.0 O0. 6
H CN 932 906 0.6 0.5 1.0 0.6
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The | ack of correlation I s somewhat unexpe

[c i-M0’02] with Schiff base |igands have been
bet ween the Hammett parameters ahd!O04Mbd 2O
I's i mportant to note that the I|iterature
substituent, while in this work, t he Hamme
[c i-M0’O2( SA(PR)Y Me QH)o mpl exes with two identica
aromatic rings obuet hteo StAHPe | d heamidc a | i nequ
aromatic rings, the two substituents with

exert different el e[ctMobdr]i cwhindH uearcreo tonb d |

for usiegtHammameters alone. The differenc
towar ds t he phot ocat al [cti-Msa O SrAPRE Me (J&l 3 o
compl exes are further discussed in Chapter
Overall, it can be proposed that the funct

do not modul ate -axce hbhmond bdénemgt h[ci 8 t h
Mo'O2( SAPR) Me Qo mpl exes. Therefore, the phot
[c i-M0'O2( SAPR) Me(dH)escri bed in Chapter 3 is n
with the ground state Mo=0 bondwistthremagwihn
ability, however, remains an i mportant fac

compl exaasdi fferent mechanism, which is dis

2.3.2.3. Mass spectrometry

The ob{caMd®d SAPR) MedJHdp mpl exes were al so ch
mass spectrometry. Il nterestingly, t he mol
were undetectable wusing -BE®Id;e sv ariydi nngott hiemp
resul t. It is a |likely conséqgquenper afiSr it ante
solvenvws!| ¢til e organic solvents), as the s
for anal ysisresehutfioon hiimght rument s [c(ir-BRMS)
Mo'O2( SAPR) MedJH¥ peci es ar e expected t o u
fragmentatiendSAmh IMSgaihd and met hanol di s

di mini shing the molecul ar P on concentratio
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Thereforiendulceesderfi el d desorption i onisatioac
alternative O6soft & Frcoonmmipd aetxieosn ttoe cahvroii (du & hfeo
the analyte molecules during i-romacctaitomna, dw
ammal ysis. Using this met hododicddpyO2( SARPR)] mo | e
compl exes were successfully detected. The
complexes without the cooir.de iMdtOgdS APRPR)]*hanol
= [{MMOHRs et mol ecul ar i ons) , which was <co
compl ex species (exampl e MS2.t4r5ac esse eg i Grheanp ti
further detail s) . The MS simulations (Fig
compl exes closel xpeoi mehata¢ |l yoobhai red m/
the expected compl ExM&®Jcuocrteu rcecso rodfi ntahbee d b
(SAHR)I i gand. The <cl ear mol ybdenum i sotopi
observed in the molecular ion peak cluster
peak intensities (Figure 2.46a) correspond
for mol yBHanttmer confirming that the dete

mol ybdenum at om.
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