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a Uni t cel | di mensi on

i ingstr°ifs) (10

app. Apparent

AF 3 -(5CRCeH3

ABF5S 3 -(5$)FCeHs

at m. At mospheres of pressure (1013 ml
ATR I R Attenuated Total Reflectance | ni
b Unit cell di mensi on

ba r Unit of p¥Pagsure (10

bcp Bond Critical Point

c Centi

c Unit cell di mensi on

ca. Circa (approximately)

cal c. Calcul at ed

cf . Confer (compare)

COA Cycl ooctane

COD Cycl obb,@Gi & ne



COSY

CP

Cy

dcpe

dcpm

dcppent

dcpprop

depe

DFT

di bpe

dt bphb

dt bpprop

eg

El

ESI

EVE

GC

GPC

Abbrewi at i
Correlation Spectroscopy
Cross Polarisation
Cyclohexyl
1,2 s(dicyclohexyl phosphino)etha
bis(dicyclohexyl phosphino) met hal
1,bi s(dicyclohexyl phosphino)pent
1,8i s(dicyclohexyl phosphino)prop
1,2 s(diethyl phosphino)ethane
Density Functional Theory
1, s-i(shar opyl phosphino)ethane
1M st{(ebdtyl phosphino)butane
1,8 st{e@butyl phosphino)propane
Et hyl ene gl ycol
El ect oonsation
ioni sation

El ectrospray

Ethyl vinyl et her

Gr ams

Gas Chromatography

Gel Per meation Chromatography
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HMB C Het eronucl emondnuddherlence
Hz Hert (s

fac Faci al

FWHM Fu-wWi dt h-Méali fmu m

hfac hexafl uoroacetyl acetonate

I Nucl ear spin quantum number

B u | sbout y I

| GMH I ndependent Gradient Model with
iPr | spor opyl

PP ONOP 2 -(® 5P OCsH 3N

J Joules (Unit of Energy)

J Scal ar Coupling

k kil o

K Kelvin (Unit of Temperature)
kcal kil ocalories (4.184 k1J)

L Litres

LLHT Li gatnddi gand Hydrogen Transfer
M Me g a

m mi lolri metres
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Mw

m/ z

MA S

Me

ML C

Mi cr oED

MOF

mo |

MS

NBA

NBD

NBE

N MR

NOE

NOESY

OTf

Pa

We

ma

Ma

Me

Me

Me

Mi

Me

N o

N o

Pa

Abbr ewi at i

i ght average mol ecul ar wei ght

stse harge ratio

gic Bpgheing
t hyl
ridional

t-eil gand Cooperation

crocrystal El ectron Diffracti:

t-@t ganic Framewor k

l e(s)

|l 1 i seconds

Sss Spectrometry

rbornane

rbornadi ene

rbornene

clear Magnetic Resonance

cl ear Over hauser Ef fect

clear Overhauser Effect Spect

i fluoromethyl sul phonat e

scals (Unit of Pressure)
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Ph

PP

ppm

QTAI M

r el

RF-POCOP

RCP

ScSC

SCXRD

SEM

SMOMChem

tBu

BuPONOP

TEM

THF

TMPy z

Abbr ewi at i
Phenyl
Generic

chelating diphosphine

parts per million

pi coseconds

Quadrupol e moment

Quantum Theory of Atoms in Mol e
Generic chemical group

Rel ati ve

2 {61 ,-(3GJH OLeHs

Ring Critical Point

Singrgstal ctrysgiangl e
SinglrgsiRaly i ffraction
El ectron

Scanning Mi croscopy

Sol-Stdat e Mol ecul ar Organomet al | i
Tebutyl

2 -(® uP OzCsH3N
Transmission Electron Microscop
Tetrahydrofuran

2,318t 6amethyl pyrazine
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TOCSY
TRI R
Vv

Xant phos

Z

>

Q»

m

-_—)

RCAM

o

Dz

Abbr ewi at i

Total Correlation Spectroscopy

Ti mRkesol ved I nfrared Spectroscop

Uni t cel |l vol ume

4 -b51 s (di pheny-Bpdionsepthhynlox)ant hene
uni ts i

Symme-t ngependent for mul a

Unit cedrl carnygdteal l-ogmpphenttwani
Unit cedMatamrgdle Bite Angl e

Unit cell angl e

Change in energy

Change in Gibbs Free Energy
Chemical Shift (in ppm)
Hapticity

Dent ioai tSk ew

Wavel ength

Mi coBridging

El ectron density at bond critic:

RComplAsxs i Meeédt hesi s

I nfrared Stretching Frequency o

Summati on
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Wavefuncti on

Span

Subset (encapsul ated within)
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Figure 33obPfH}onNMR (202. 4% MHZ3 KD spect
sampl &Alolfyflt er expo(Slurlear ogaduge) for 5 s
temperature. I nsets depictlCtDiCécomplo@Bbce:
Figure Bhé&fical formula ofdta.pmbet. . hy.l..268d \

Figure Bab®8l | eld pfyioguaried owii t h NMR a.t.a2n¥ 7as s
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Chapter 1: |l ntroducti on

This thesisiwwrysét altswiuwsisty and adaptivit
rhenium or gaQlhanget)ard lainds Ré& IRkha i d | ddhrappl teexr (3
A specific introducti-omy ©othalad,apdndiltiyga mc
be provi ded at t he beginning of t hese
I ntroduction Chapter, a more general I nt

iTrysdhdrmiostry is discussed.
1.1 Observation of Reactive I nte

Large scal e -¢d mami$taanlidsa Ip hfarme#@zpeaducti on i s
dependent on the wuse of homogeneous tran
are carried oudt atne,t hvehiscohl uhtasona number

reactivity such as ease of temmpdrnaetndir ened
Whil e the mechanism of these reacdgti @tnes, cte
direct observation of reactive inter medi
optimisatti oepr eébuent s sigéni®hicsant s chbhatchal

i ntermedi ate cownpdlek@®sr eactdiroenal mi xXtur es

steadywte concentrations, and rapidly wund
| ow val enRalskpaercd esgmpl exes, and oxiedatlilv
common reactive intermediates in alkane

cat alSykdtesmg(, L whi ch each play key roles in
unobselfyTelde use of |l ow taboabtysaindcend eammtt

temperatures, means that observation of
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di fficult, or impossible, to achieve wit
guot®edoi f you can observe it, it is probe
------------------------------ Bu - hexene . + octane i— rHept
_ - [IN— ‘ + hexene - octane H

'Bu, :
i reductive

oxidative

pon= —Ir ; coupling | cleavage
’ 4 i Hex
Bu, ' —/ [hydride
' o H  -octene | elimination _—Hept
‘ L — Co[n [—H & e ‘
e e mmmmm ; N [
H * octene '_|| 1,2-migratory “H

insertion

Scheme The mechani sm ofn-alekhande so gbeyn aatni oinr iodfi u n

includes the formatinorraofedhiadgll vwpreeaetsi. ve

l1.aPhosphine Ligands

Phosphine )i gamesorfé&® Rof t he most common
organotransitiofnt M¥FoDalphcthemi seRdyaolr 6andb
acceptor ligands and thus can stabildi®se
which i s a major reason why they 7ar28% ub
Phosphiidoeation arises from thecewnterddapn:
bonding orbital (lomMerpatnan) wnth han mempt
density can be @adac enpetbeadb i ft rad moRaR tafani tltiltbe nH i

orbi Fagsr)é 1.1
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o-donation m-backdonation
d=——nb. d—=c"

Phyp,  (PPhs

RH. E R ) R
Php” a1 CXO- St IO 8{’?
' /R

; R

Wilkinson's Catalyst M R, M Rs
FiguddeaeltWil kinsonds Cad alysan exRmMQI ePPH a
phosphine compl ex, i mport anri gihnB dhnyddirnogg echead d rc

met-ahosphine compl exes.

Al t erati oegnr ooufpst hoen R he phosphorus provide

profile of the complex. This c¢an ébFei gduersec |
1)2This model assum®Ps dastamlciet odr 2. 8 |
apex of a cylindrical cone wiiachps$ sofdr thve

phosphine.

Figu2e Dlest erminati on of éJofl nmamo Lmmien A nlgil gan(ds

ThegRoups also furnish a scaffold to inf
compl ex. For exampl e, al kyl groups pus
phosphorus cent Reaseohagwci ngctbasing fror
to tertisar ySicmirlbaornl y,-waf hdxa-ggongpBc(aownl

< alkoxyl < chloro < fluordBR¥amoibloadpmgs |
energy, making these darcicepliogwsnsd miPrhd® sefhfi
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|l igands are also valwuable in organotrans

NMR spectrosci®pic -Hasgpémeus, with 100% al

,—C
. ,—N
o(P-C) — .~ —0
o(P-N)— ., —
o(P-0) —
o(P-F) ——

Fi guBe IlmpactR*P§R) tohrebi t al energy with increa
group. The incr B®8Red pstoavhiidleist ya obfet t er dverl

orbitals, making the pPplaespihi ne a more effect

1 bZhel ating Phosphine Ligands

Within this thesis, chelating phospiBines
RP( GkP R ands2 -(BP OJsHsN (PRONOP) | iFg agrud$e. (1T He
Onatur-ahglli@@dae¢scri bed by Cas?ys aadvavhuea
preferred chel ati on angl e of c helad tuien gi
computationally determined, phmédphndepedmad
solely based on steric considerations of
bakcbone increases in -hegbehal sbheiadmaaigd ea b ¢

not only important foarscstlras cai hatgenceo,
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el ectronics of25tFe&r mex amplcee,nttriee oxbgat.i
{Rh(di phg'spdhmmlegxes has been shown t o

di sfavoured when the phosphine bad®bone
0.87 k®al amal favoured when contX¥0 n3 ntg5.tlh
kcal L,%ohe meg26Tlhi2s i s expl asshadetldesgrabuhd:

sqgugrnaeanar Rh(1l) starti mag gnmaet erhioaslp hbyn elsar

Bidentate Phosphine : 'R-PONOP’
: | ~
£ : P
RPUTPR, o W
R=Phx=2;p=781° & N2 R
x=3 =862 | R = Alky
x=4:p=986° !

Fi gurdeEx®R.mpl es of chel at iPrOINOBi pdmotspthe hend i &
Chel ating bidentate phosphined)ar As e igahdeR

PONOPOG I igand.

B Hy - Mol )
( /Rh\ ) -H2 v |®'ﬁ
/N = ELP(CHy), Et,, AGZ, =-0.87
= Et,P(CH,)3PEty, AGZ, = +5.1
Schenme Reversibl e oxi gdbayt i-viep haodsdpi htiinoen rohfo dH u m

Triflate anion omitted for clarity. The >2Gibb

(YO ) becomes more negative wianhly2ésiencreasing p

Chaptefr t2his t hesi s wil/l wROMORX clliuga e | y
(Figur)e 1T.h4e | i gand c oo rdfiansahtieosn ttoh rnoeutgahl st
|l ocated on the pyridyl nitrogen atcam adred
el ectronically and sterically -gtruonuepds . t hTrl

4 8



Chapter 1: | nt
framework i s extremely rmeadoaodoradidnatsi drhuge

with very |little 2®eviation from planar.

1.3 Carbonyl Li gands

Carbon monomiedefwahe earliest | igands us:
with the synthesis of ni ckeFi ¢ en)ésme b- b on
carbonyl compl exes find a wi de range
hydr of or Mm% a eThreanp3icdr, bonydkhatdi acetic &Tid
3The natureaobomgtabon®Ridpngatnool veasough
of the-ceatbebombong orbital (lone pair)

monoxi de, widohr baint aelmpotrlyi tghud)eme@ard bdnyl s a

6-aci dic | igands, accepting electron dens
fill eddomeéti dlal withhOdiaemt vhoadi ng¢ LRIMPu roe |
1)5 Carbon monoxide is not a strong nucl
weakdonati®@mgclkmonding is considered to0 p

carbonyl 3% ondi ng.

o : o~donation 7-backdonation
c ' d=——nb. d——
| Y N Ve O
R N
C : O >
o) .
[Ni(CO)4, 1890 1 M co M co

Fi gublefltThe structure of nickel tetr a&drghdny
Nat urnee teafdr bonyl b oRaddoi nnagt,i owni tthhr owghtt bgaitmnk

andbackdonati on Oi*fannttoi btohned iOFgO or bi t al .

49



Chapter 1: | nt

The electron doéd#attiidmnidntng tcthear act e ® or

bond order, whi | &COO nboprdsiomglet he TMe | R
carbonyls is a valwuable diagnostic tool
Par ameter which is used for assessing t

effects of phosphinesy mmegt rmecassutrn gtFeRf hef
(Fi gur)s3Ak. 6t he phosphine electronnChdnat i
backdonation also increaseésor dercraenadi hbe

stretching frequency.

1
- = = = =t

o /Nl-,,,é‘c’)‘ free CO R = OEt R=Ph R = Me R ="Bu

o€
C
\o

A Symmetric Vco Uco Uco Vco Uco

CO Stretch 2143 cm' 2076 cm' 2069 cm™' 2064 cm' 2056 cm-!
Figué6e Tihhe Tol man El ectronic Parameter is use

of phosvpihahasgspmmetric carbonyd PR§x et ch of [ Ni

1. 4 We&alolrydi nating Ani ons

This thesis reports on the dicraddtoenadstsiev

intermedi ates with very weakly bound 1| ig
anion which -cwinipletreott heeutdesired | igand f
required. Furthecmordjnaa i wg akalnyy on mu s t

chemicelrlty tion not be prone t o reacti vit
organomet al 36iTa i fslpatcp e .hOXEF | uor o¢ghosamhlat

tetrafl uorasp)b oarraet es oafeeB Foife stth ee x a ncpd cersd ionfa tw
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ani ofmisgu(r)e, l1however their undesi rafPdmred co
tendency to undergo decomploand isgpBFt(hirmug
fluoride abstraction and3fhYhhdreé¢yasltsetn 1gatwk
of weadkdrydi nating anion have begun to don
hal ogenatoerd aarlyklyBtpreatid u,o0r oal k dsayal wmair rbatr ¢
ani ofs gu(r £36.1 49l nt’or por ati on of-wi hbhdhbwir

Ssubstituentaor isduec haraes ubiuqui tcows damarng nge

These substituents i nduce el ectron del oc
mi ni mi ses the basicity, and nut¢él eophilic
[ FI [PFel [OTT
fe) F ©
i Fra, | oF A\
co \F N “TCF,
F F
[closo-C  1{HgBrgl [A{OC(CF3)3)4I _ AT —e

F3sC CF3
9y o 5 \@/
: -C(CF3)3
S 0
P{/f\g | C(CF3) FiC
% <|_ (FAC)sC, _ Aleng~\=Teks 3
o7 Y, C_},CF3

! (F3C)sC”

ERENC:

Fi gurrExdmpl es wfowaeallay i ng anions, incldn,ding
[ RFand [,OTtfHrough to the mbddameBEp r dtAd t()ENCi( cCal

and [JBaAri ons.

The perfluoroal koxyal uminate are conXbi dei
45wi t h carborane anions having a slight
hal ogen substituents, andshyot @dneq aBrbrs

SHowever, the borate class possess some n
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ease of syndtlshoeltuibci laictcyes’saydy ptoslisleisrsiatoyn, o &

handl es.

CZn.
By
ii" BArF,
/ Ny T
N/ - F;C R
/Rhf CH,Cl, ¥ I
= Cyp \<ﬁ
Cyp; J 2
+ +
[NBu,J[BArF,] [NBuy][1-closo-CHgB 44 Brg)

Scheme Examples of chalrchooorradnenagandn.BAm this
coordination was the GBE2 M® K& mil cO-H5 akide c thol

combination of entropd c and solvation effect

The G&4BAani on( GECHBI§B), 5i s t he anion which ¢

useadcdroughout the remainder of t hSgdsBHAfhesi

has been wutilised for the stabilisation
both i n43 o038wmtdi“oinn tshette®mt i darly exampl e
[ BAJaniondés wutility is the formation of

compl ex [MEQYUEHBArde pR( GEHPEISchemé Whére t

vacant site is masked %%y polyagostic int:

_\ BAr",

(HHT™
Etz, I \Etz Na[BAr 4l \( \'.'”;' \(
:,,Mn_‘\ — iy, ‘ll W
Et2 C Et2 N
0 - 5

SchemkePal.yagostic manganese compadrixors,t atbé p o rs

Kub ass .
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1.aRCompl exes

Coordination compldlxé& Eedlt uBboBdaScEi Geg
for matellyec®ronvidom3demelectron bond, Rare
compl é&lTehe.s@® are consi der efdortnoe db ei ntt hee mie e
manyHEacti vati on mechani sms, Reamnfrh@asi-®Xeé «
met at REAM @nd el ectrdéP®l hteractivasiane
di stinct from agostic and anaCgaoisnttiecr aicrttiec

i ntramol eculearp,olsyuacgho sa § cch Bsnpeelcli.eds i n

The simplest, and f i rRctonrpd peaxr tiBadi trelahrmepd &
compl exes, reported by Kutbraadh(sPR C@EBHL), ] i n
(M = Mo,PMW; FRguer)eZThe8bonding of these sys
oE2-RESH compd3emnxesi s remini s eChnatbumfc atnls® nD enw
of al kene4Tthenddiinhgy.dr ogen I|-¢élgaadr carct do mesr
over |l ap odRott hiet &l with dorbyvadaadnt Eane th &ida Im

can @&@basokdonat edHiR®a ot itthen i nFyi gourrpd tla.l8 (

: d=——0 d —c"
H—H :
O, | WO % ....... g
Cy3 / ‘ \CO E % O .......
g LM H M H,
Kubas, 1984 o-donation r-backdonation

FiguBéeltAn examulidydf ogen tc avos(l RBYCef-H.) ],
published in the origin@Ri gtrdiret byl d KuaRya sno i

di hydrogen.
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Th&donation aomhckdbabhti on cause 4|l bagdt i
which at its extreme | eads to oxidative
complex. A considerable amount of resear
ofRdi hydrogen, edmmlgaxtx @sl, Hcompressed di hy
(Figur)és. 18Th eé6 ext ent of met al backdomati o
orbital radi al extension, so the tendenc
across the period boupinctneaspsesrdbwngael:
l i gands, or i mparting a positiRdi hcyhdarroggee

compl ex formation, by reducing the backd:

Metal backdonation N
H H
H H _.-H e /
| M— | MI_ i M M
H H “H N N
H
duy (A= 074 0.8-1.0 1.0-13 1.3-1.6 >1.6
True c-H,  Elongated Compressed  Dihydride
complex o-Hs dihydride

FiguBéntreased met al backdonation to dotHhydr c

bond and its respective elongation, cul minat

Boranes and siRcompd exleso wlidrhmmet al s and
bound than di hydrogen, due to toHheanddc®iea
bon®®lRAl kane complexes exist at the othe
ThedHC bond is espehai-pbhgpmninoabl e, and al

relatively high stericoHbabbrwlaictht di $2hav c

54



Chapter 1: | nt

"Further mt@dd) bbed is very low in energy,

metddr bi t al sR*COHp d whihse hhi gh ,i 8 anpogy ener

for met al backdonat RminkafFe®rcahplsex e £ ats@ma
di ssociation energy i r73t R®o mpelgdxes odr €l 5n
academic interest, but al so relevant t o
met-adt al ydsebdonedd acti vation, such as hydroa

al kane deahtyid&dnemnwo. 71, 76, 77

The <coordinati oR(EME o nteotnrpileesx es f B r(bei ntdy migec
throbygtrbgesRand® rbit aE-EH FOrmgur $60.18TAMI s i s
considered to be RARntcemtaichuiom asayt e | oca

t heH Eb o’rfd .

H
H A
H H P
M~ E MO B M M;»-}E
H E “
n*-E-H nin'-E-H n*-E-H n*n>E-H

Figute Continuum of co®REM)ndEi en CnmoSes &f Ge

met al centres.

1 b®Al kane Complexes Characterise
Characterisation
Due to the very | ow bomRdl Hassociompi enes
tendency to undergo onward reacti vi#%8y 73|

8RAl kane complexes tend to have transient

at |l ow temperaturies, shthdanteerissatiac®e t ec
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ti mesol ved [

nfrared

spectr dd gapyEs3il BaR4R

of

spectroscodFi e atnidrneescal e

short Rhli kade

SiNMR spectroscopy
to hours),
rel ative to 48hé4 free
Photolysis:
hu
@ propane
Mn —
oCd ¢ 133 K (NMR) or
OC 298 K (TRIR)
-CO
2 b
! methane
M @ - .
Oc“(‘:/ e, FiCCH,CRy
o 183K
-CO
M =Fe, Ru, Os

photol x®ing aohi €@

compl exes

Anion = [Al(OC(CF3)3)4] ©

Protonolysis:

'‘Bu
o——, 2
{;_\N——$h47Me

O_
Bu,

Lzt

|
F.C), ou=-Os
(3 )ZL/ \Me

(CF3),

Fi gurndSedl.ected

through

[H(OEL,),][BAr]

_— =

CDFCl,
-110°C

HNTf, (1 equiv)

|
—— (FyC), ‘WIOS" /

CDFCl,
-110°C

exampl es
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n t

83.pe@dtdr osocw ptyenfpleRlaR)

studies are especi al
compl exes as the CO
of TRIR al so e

nwi tal ktamee m@wpeari ng

al kane.

OC\\"/ “\\/C*E'E

' Ho i
& H :

. Observed by TRIR
 and NMR Spectroscopy !

Observed by
NMR Spectroscopy

! o—

P oA

! N—Rh=---__ .iH
: = JERRN /C‘

: H W

O_
Bu,

@Mes NS
‘H——C\-.,,H
(CF3), H

Observed by
NMR Spectroscopy

phqgigobkdnsdicspr(ot bonol+p meos (

Ralsk ame Ocs9 mp ISk meay i

requiresRal ksdme i dadmmlind

adg 0atlddhi el

of Relokaneé ocommlae aes



These

compl exes,

for onward reactivity s@84dhnassrgesdifotrairt ti,
i ntramol ecul ar &ssuybsstteimisut D b n hSbcyheer noepdt® d nPs
However, t hese studi es have significant
especially in photolytic studies:;Ralt&manel

compl ex
ofRal kane
compl exes

compl ex

Chapter 1:

studies have provided

but al so for

l'i fetiimesNMRUGSpDedternasdopy; and

studied in solution

sbrouigbn techniqgues i s a goa‘.

54, 88, 90

"Buo y’
>/
i, ?_\\CO
Mn'\
@]
O:\/:-\“ =
o 0
o) _ /
c 6 \)J\oﬂsu H—C4Hs
‘| '_\\C e, | \\CO
/M‘n\ o
(@ hv, 355 ~
SN & o u_Conm ‘ \N/J: Co
= © J o
~ LCO"Bu
| C°
M|”-
\N CO
| 5
=
Schem2 1.ntramolecul arRas klasitei tcwtnipdne xo fb y& a

systiem.
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l1.@lGrystall od6 Chemistry for Stu

|l nter medi at es

I n thi s wmtrhyestilast,inostry is defined to be ¢
crystalline materials through solid/ gas
materi al retains bul k crysltmil ¥y sanhadiryiosatfrtye r
many potential benefits to circumvent t he

reactive speci-etsatie, tthrer cswd utii @l &2riyosnt aolf

chemistry has also been increasingl*$09lrec
This section wil/l hi ghliiqghy sdaedmeiocoall ttheec h
wi t h organometallic fragment s t hrough [
chemi stry, as wel | as idagfysmcad dtoiewsi tays stc

this thesis wililerdy sdadadstdossalyi d/fga@s ganome:/
the areas of mie éanadn ossthregti esa Ir yad roy sdian g | (eS

transformations off adrlg amnuitcs i sdueb stthrea tsecso p e

1. 6CR_y st al Engineering for 61l n C

lwrystabdtopi vity can be | wvast iaggteedfaaed
anal ytical techni-guase NNRBRlI addndTRol Rdsp
powde-Ray diffraction. However, often t h
technique i n i norganic and 0 r-grayn ottty a X |
di ffracXR®dDn t 8C unambi guously aslisegnstsalr
reactivity can only be appXrRDprtieactheniyq uiers
reaction undecnmgyetiamgcltétey shgagl et ransf or mat i

startingr ysstnalllei ne ma tRearyisa | adidf fctrigyestt @il fXg
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product of the reaRdyosn andordadtndif wsmnglkeor

or diewhi l e recrystallisation may provide
SEXRD techniques, the crystal metrics, S
environment s, and even the species of [
recrystallisatimd masy tdetoatd@Bigals , mai nt a
singtestallinity, whil e not al ways necec:c
product, i's an | mporetrarmotme c twehlelne nsgteu dtyo n g
reactions ocsumatien the solid

1. 6S¥Ynt hetic Met hods -&ngsChal ben
Chemi stry

lwryspladodt ochempbbdt gpci( ps)t ail nwaglrvaggshyphot oac

chemical species within a crystalline ma
enabl e crystallographic character i187§% i o
snapshots of | 8H earcnteidviaattieosn ibnyl@ hd osynehe

of highly r-reiatcrtii e ared arhet al Fogut g a é a45@ old
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Cl
N
(
N
(¢]]
photocrystallog

O\ hv Ph Ny
Phy N, (400nmLED) 2 0
[ N o o NG
SN Single-Crystal -
Ph, | to Single-Crystal Phy N
O 170 K, 60 min
Powers, 2017
NN N
NG hv NN N
Nl _n (365 nm LED) NE TN (
N\—/ ““‘IN _— N— /N)
N [l 'N) Single-Crystal SN N
< SN to Single-Crystal
N 95 K, 90 min
'NZ
Schneider, 2020
'Bu, 390 hv LED) Busy
nm
Pt—n Single-Crystal Pt—N:
\ N\\ to Single-Crystal \
Bu, N 100K, 4 hours 'Bu,
78% conversion
.N2
Figurne Belected examples of

i somegre and

(bot)tg_@,m108, 111

nvol

vV es t

hi ghl vy -nriegacdntdiddé(amet anlet al | oni tr e

he addition

Sol i di/igrayssd had rhiost ry i

to crystalline

car bon di oxi de

compl €4 e85 0| i d/

rel evant al kene

materi al s. These

hydrogenati on
gas reactivity

and

met hods
anidal kaaka
al

has SO0

al kyne

tri mer iScateinGhol(1aas 116
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Ph,  |BPNs Ph2_\BPh4
Ll A
b, 18PN CoHs phz—r\,§ SN
(4 bar gauge) N
@\ y 35% 5%
Phg.\‘[-:H Solid-State
1 70°C
] 3 hours Ph, jBPm th—lBPh4
- But-2-ene @\ Phy \
th‘rfg th—\\rAN\'..
23% 37%
heme So06id/gas chemistry has been utilisec

nzene, -tydilenheek,aBiue me aZred ébluitst ed percent ag

e relative population formed of each compl

spite the advant aigersy satnladé mmdocsvt a nyc e smaq fo r
i st wrgsthémiostry: per meation of t he g
fficient flexthtbkeitgagent heosahddadsrtgaot a ¢
nfinkemenRIPot ocrystall ographic techniqu
fficulties with penetration of irradiat
|l teri AY f eftfhestes.i ssues are not addr ess

oduckte wiithdure, with significant amounts

circumvent issues with gas persmeatta,ont

oups oif2ICIRamp A&z s d SUibayv e | oaded or ga

mpl exes i nto por ous solid mat eon @armsi C
amewor ks ( MOFs) . These studies have fo
t al carbonyl compl exes and have pawomdi d

ordi nans atedryat ed 16 ef aMmelirls)o ncearmpsliaetxi,on a

bsti Fuguwuopm. 1. 13

61



Fujita, 2006

&

|
‘,,Mn\
oC'C/ C
O

—_— R
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Clathrate =

hv

365 nm @\

30 minutes ot
100 K o)
25% Conversion

Champness and George, 2010

®-O 0 — 0--@
=N’ | —————— S D o
Solid-State c- In\ al
ot | “Co 40 seconds 07 &
g 78°C s
fac-[MnCl(bpy')(CO)3] RECEEEEE R : mer’[“g%?(bpﬁ(co)sl
Dr\IAF b yiel
e = *iM‘ni
DMF

hv
(wide spectrum, visible)

50 min
(wide speclrum visible) Py
a N 100K R— NNy, R
|
NG I /N 70 min \Mn/
It | \ L
X =Bror THF X=Bror THF
L=CO or THF L =THF

Figufi8l @rystebhtoivity of organometallic comp

Top Observation of an electronically wun3tat u

Mi ddFlaeMe-i someri sati on of a Mn (plac kceodnip @Rx.t avim t

Ligand

substidludpsaecrk evdil tROIFn a
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However, the use of <cavities/ porous mate

to gas permeation bett bte weor kt lndy Bg laonunetr h

crystals of-portcohues ,-din ooennes i on al coordinat
[ A TMPY &3 ( QR Et H) TMPyz = tetramethyl p)
|l oss of the bound ethanol | i g aSncdh etmgi.2du grh
Recoordination of the ethanol -Rayaddf fwaa:c
techniques, but this -etept a@lildi miotty .r eTthaiis
showed that product egress, that 1is 1he
porous solid without degradation to crysi
\ \
O‘\ 320K o\
R ~ -EtOH <
R>—,£/A9_ Solid-State  R—(p-"9 77"
\ —_— \
O, O\Ag— --- EtOH R/<O:Ag— ---
H-0~ Solid-State
Et
R FR F > <:
R= " Ao N N
E FFEF FF >:<'
|‘ -------------------------------------- I
Scheme ReVersible | odismersiEoO&l tooardherati on

crystal ctroysdianglte ansformati®an reported by Br

Brookhart has studied the addition of gas:s
POCOP) (RR®RCOP £ ( R-CEHCeth)oP OFsHz) . grdheeous subs
i nclude eNNHhyl ene and CO, and in each case
the molecul ar shbasi beemhesudsiNi tuted for
(SchemgllTh® -ponous <crystalline materi al

filled by toluene (3 toluene molecul es
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authors proposed allows for the gaseous
This work highliigmdgysegashawelrleaadds aptoduct

without degradation of eroystuasl Isiond di.nt eqg |

0—PRF —pRF 0—PRF
| 2 NH3 o] 2 co 2
Solid-State ‘ Solid-State ‘
r—NH; -~ Ir—N=N _— Ir—CO
| <1 minute ‘ <1 minute ‘
0—FRY, N 0—F RF, N, O—FRF,
=

<12 hours
(TTTTTTTTTTmmm e | Solid-State Ny

R™= 0—FPRF,
} FiC CFs | ‘
S N‘W ________ : \‘rf ||

O—FRF,

SchemeSollsi8date reactivity of a fluorinated ir
vari ous substrates. I n all cases the dinitro

substl¥3at e.

The Well er group has shown that sfindlde por

bis(dicyclohexyl phosphino) methane; NBL

c

ptak£L£bpCdpour ofFi yer@@Ehildsdd example is int
encapsul £bted Xél are not bound to the me:
within the | attice frameworbusdeésfpi med tihr
work as a materi aPaovdaddassilbelses btyhaan <Slp hjer i
di amet efrh))Cb€&Hn be removed by application
24 hours, while the Xe is |l ess strongly
system with Ar gas for 2 minutesaseTivet an

incoming |ligand Vsta&7didngo@AeeacapbuM=aat ed
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6855. 15 ( 1X2) ejnc a/p=s ubl8alt%e.d}:4 (shd)wijng that th
l attice expands and contracts wi t h rea
accommodate these substrates, without th
starting materi al

CHCL,
298 K

|

vacuum
298 K
24 hours

[Rh(depm)(NBD)][(CH,Cly), s BArE,]

Figurnd Reversible

48 hours AT

SCHCl,
2 ¥

115 A3 cavity

Xe (3 bar)
298 K
e 1 week
o
P
R K Ar flush
2 minutes

[Rh(depm) (NBD)|[BAT*,] [Rh(depm)(NBD)][(Xe),sBAIE,]

eng£afdsAdltan droidgehably GaHo mauns

crystalline materi ali drMthr( el d @ma[nBMoBDs) ] rBeArr e p
as sticks for clarity.

The common thread which-pooonects®i aldlr eat
studies is the presémcerbobhbl-bbealtens gnoaea
are -snperci fi cdiarnedc tRidvowtdan ch enabl es crystal
under go pl astic deformati on without deg

integrity.

1.

I n 2012 t he We |

weldlef ilA% BB2°k ane
(1

bar gauge

-Ciynwstallo

PpAhkheaei Combpl exes

| er group published the
¢cOmplyeshowed that addit.i
pressure, -crzZzy stmahlniuit ees ) s &

65
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[ Rh(dibpe) GNBDY] BRRECEHPBuWYyi el ded [BRMW di b
NBA)] [MBAr ( NBA = n»a hheomen ¥Fighre 1L.nl5a SC
transfor mRai baneToempl ex formed through t
room temperatusteate thef csomi dhe amor phou
[ Rh( diEssCpHe() @G} BAF. Despliece mplhsesiti ostianet he
wor k highlighteetabhat cobked sbéi dused to

char acRadrkiasnee compl exes for the first tim

provided by this study wapudsagaearmtniadl iinrmsfic
Rbonding of alkanes with met al centres,
experiment and theory. The stRabiklainea tcioanp

has been attri budHead atFodothabidaobi o viasliennpt €r act

bet ween the organomet alf] aoi®nadment and |

H, (1 bar > 253K © BAr
i F 2 F i
Buz\ 18, gauge) IBUQ\ . L Solid-state 8“2\ ®
— .
C /Rh\ | —_— C /Hh-':Hﬁ ‘ —_— > [ /Rh—
Solid-state ‘ H -NBA i
‘Bu, 2 minutes Uz Bu, FiC CF3

SchemeTHe 9first report of -d & h e Rasldknatnhee sd smpo fe
reported by Weller, achisevatdet heaocghvsoli dfc

precuwrsor .
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Figuith® $etiatde structure adetyesrRaiyneld fbfy ascitn glne

welidlef i ned mfoal lekcaunlear comp | e x , reported b44 t h
Di spl acement ellipsoids are displayed at 50
di splayed in red and protons on the chelatin
Foll owing the 2012 report by Weller,-the

state synthesi Ralbkame moomplsexabby vari-ati
groupsi $boudm!|l to @Fbkokexmpl ex in quUie®Etiol
NBA) ] BA(dcp® CECHEPLYyScheme) , 1. H®&s been shc
indefinitely stsathatee iunndthe awnolardgon atm
temperl@t . did®s represents tRad kfainres tc oempd repxl
not only isol ablteredutf oabllengo pkeiteedsmn o
stability of this system all oRadkaher t or
i nvestigatedtianhet héns@ODilé the group publ

exchange of protons on themNBH/ Dr eSgcheaneg e
67
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1.)1'3The work showed bhas wddihbheonhodi ODm
|l ed enh®sNBA emneols-NBA, depending on the t|i
mi nutes or 16 hours). Cogqnag atso i h@dlykparnaet
compl ex dxmNBA.o This work highlightystah

chemistry to eddablkeéei sBdlelomn@éc €mpl exes.

D5 (1 bar H
o pen M g en o i e
N, ~_ ..-H - .-H
P _RhZEHY — Rh=7H
Solid-state H Solid-state - : EP

L 5 minutes Cyz H 16 hours Cy,

D, (1 bar
9 gauge) 5
D,(1b ; BAr"
O e G o JATE e e JH
~N_ - ~ D ~ _/D
R C _RhEDLY = SRR
c Solid-state Ay H> (1 bar c EP
Y2 5 minutes Cyz gauge) Y2

Solid-state
16 hours

Scheme:Thpl8stiatlie synt heBGCGH HPCYH:; ANB L)y] [JBATr a
cryst &l kaee complex which i s | nsdteafiti®ad ttted ry

Selective H/ D exchange occurr i nsgt abBrie .t he NBA

The diphosphghe basteal so been varied by
rangi ngitfog, Crhe@pi-ggotpec®nstant with cycl
i mpact on t he hydrogenati on preoedact ant
[ RhePOGQyklP Cy ( NBD)FR][,BAroes not | ead to the fc
Ral kane compimene di atudl y progresses t hr ou
[ Rh QPOG/LP C) B-CeH3( GE) BAF species. Addition of

andgs €ongener s |l eadRnonmorsiiamiel acompl exes

[ Rh( dEEp®NBA) ] ABA¢heme) ,1. hdath in terms o
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bondifibess@ecies wil/ be discussed in mor
Chaptdue3to the similarity of the produc

Chapt.er 3

©

H, (1 bar BArf,
c BAr" 2
N S
< _Rh B ——— < SRh-
C ~| Solid-state - CF
vz 5 minutes Cy, FaC 3
H, (1 bar F
F 2 BAr
Cy2 CIBAT uge) cy, - 1BAf,
~. ~— /,H
; _Rh R RhZi=H
I . — B
Cy, Solid-state -
5 minutes Cy, H
H, (1 bar F
BAr" 2 BAr
Cy, ~ |BArf, gauge) Cy, 1 4
~_, — - _--H
_Rh R ————— RhZ=H
|l ‘ — N
Cy, Solid-state '_||—|
5 minutes Cy>

Scheme: 1Vdrli ati on ofanghespgmisitela ébei treeacti vity

rhodiE2y#NBD compl exes.

Finally, the alkene has been mo®af kade t
compl exes. Thsec a{fRFho(lddc plredd s been utilised |
superior stabiliRhnprobrnheeresmetexvand t
framework towards SC8Wartiraatnisofnoronfatti loensal
through displacement ofvi8G68C noraovms hanma!
t hrough r eac-HCslsm dodfuctthewilt,h2 t he desired a
of skngbéallineheamphe&ent comRberpsRnbas
(et hyl ) butRpree,t aaed compl exes, among oth
reactboheéme)fs. W3Bhéd34cul minati on of thaese

cryste@aadtoi vity can harness isolation of
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which are ivmnsaclcetsisoml|lttechni ques for exte

days) aingolnaaoml e.

BArF . BAr"
Cyi H A Zw S \> BA’F4 " CY2\ "HjQH :
[ reeiy [ ri? SRESTTTTH
d .
Cy

Solid-State R Solid-State “RH
2 H NBA Cy» Cya

1.2-F,CeH ©r F ZR X B~
2veMg [\
Rh=|= | il
NBA - 1,2-F,CgHy
Cy,
Scheme: 1Gelmker al reaction scheme foll owed by

Ral kane complexes of {Rh(dcpe)}

The next chapter wi || report on the sol
rhenium(l) pincer compl exewa laenndt tihret eirnapca

periodic structure of the crystalline mai
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2.1 I ntroducti on

2alattice Adaptivity i n Molecul a

As di scuGhsept,eirmrlganometal |l ic chemists h
Ssingftegestalisitrag esdloisymnabhlesitshef extremely
which cannot ot herwise be studied effect
design, focused on the coordination chem
site. The i nt eiromo | ectamiaal rennttat aict i ons,

mi croenvironment-stwtehhavehbesal i dvesti g:
Macgregon dyueoutpos t he influence this site
However, investigations into thehei mpla ptero
structure of t he cr yssttaatld i oegdmame tcael | i

underex fFligue)ee Q. 1

------------------------------------------------------------------------------------------------------
o

: ] L :
L\I\IA/ >
7 L
L
1° Coordination : 20 Microenvironment  + 3° Periodic

Site Structure

. - o
. . * .
---------------------------------------------------------------------

Figuf:éetThe 1A coordinatMiodd | sEihtee 20M ntilca omet

consisting odovtéaleentociamitgashotb e i 8Asperi odic st
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This is not uni ver sdlaltye tchhemcaseyl atatsioct
adaptwivtihtiynw-csiysglaé!l i ne mol ecul ar species
i n materials chemistry. This i s whleirgehte,x

SmechanicalfapdesbBemiec¢al céamraicndwee ychanges
par ameter s itchrryosttgald faof or mati on. This i s of
alteration, or compl et g corvead keinrtg ,i ndfe roance

set ojcomahent interactions becomes rel e

Structur al rearrangements of crystalline
strain on the material. The consequence

di si nt,egtrtaati vies t hcer ylsa sa%Whaifr ies iyrnegalcet i on s

di sintlegrtatc @ eadapti ons may r eRaysn ashepaw
sampl escrgsiRalye i f f r-4RD) odhat( &Cmay be wuno
to the |l ack of suitably sized single cry
alng mul tiple faul 0. whinel dginvddhericgeg sttala
| omange order, which is al so a-crmagtoal Iri
di ffraction I n oxgyrsadmeét alroyisg iansg l1iepICS C)

Restolratttiivee adaptions, t harty dtsaltlhienirtey ea
as an asset to provide insight into the
the transfor mat-) @ov alnan tt hient(enroanct i ons wh

transfioeommat

A parteat blyaatttiivcee adapti on was serendipit
cewor kers, who wer-ersssadyemgt aagpi ni on in

compl @xhe(me)l23pikcmr ossobrvaensitiroervser ar bl e tr
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bet ween spifnori seoxnmehrpst,mal er c onv er sacocne sksa thy

high and | owlHdeani ngomyentgdles of the compl

the desired spin crossover transition, v
thermosal i ewhti céf fiesctan event where <cryst
expliPdwlfi ch occurs in this example. The
preserved suftfystahti sengheéeeri al during

all ow -XRD &Cal ysis. After four repetitior

crystaldetestiwmat ed ted hame sdeer eay a f

=]

ecessitati-Rygy poiwfdferacXti on techniques for

of t he cause of t he t hermosalient effec

engthening of taaendaxest dlbledgpraddicedd®d 00?2

18.2420(3) pz hitexrh2AtilsBe(5) il., wit
t hbmxis [ beflbx els.e2add Mm(g3) b=, 1af. tlerA0 (gBBrad| i;2n.c
Similar reasonings have betene\yenhiédge fawrt haot
theorised that t he -caobvsaelnecnet o fnt etrraesndaod eag |

namely hypdmadgen render ed t he crystals S

thermosalient event .
Br "o, Br "o,
= O O
NaClo, N N
oH MeOH . T@ 320K o, | LNHEL
N —_— ”""Fe'._‘l —_— "'"Fe'.__l
B ~NHEL . O/LJ NHEt 250 K o pt// NHEt
Y o<
Br Br
Low-Spin Fe(ll) High-Spin Fe(ll)

Scheme Reaction scheme for the synthesis of

associated ther ralolsys oivnedreterda nsspitn on.
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0=91.136°

6 =108.321° s ‘

o ® ¥
> oS b b
' ’ ‘ Single-Crystal to
i ) Single-Crystal
‘. - ‘o ®
/ 9 s |

« .

Figu2e Application of -hireyagst dI13R00fK)an oi rsam(@gll lel

causes a thermosalient event t estoactceurp a cAk ilnagr
seen along thebaxiystall bheaphti alcgfutand rafpthen
heating. The iron(ll1l) complex is represente

are represented as green sticks for clarity.

Anot her example of ar e ®tadraattainvceeh iacdha psh ovw
caused by breakage and focoadlieoemt ohordy,a
| arge <crystallographic paramet ert 3ddkamg e
mol ecul acr ywsstnagll 3l df§ O (Zeng eg)et hyl ene gl ycol
thermally induced, elimination of ethyle
forming theimeddicmiall coordination 2ol yn
S Q) then-ditrhei o3nally structurfd®&®@ter i c
(Scheme¢.2BPth of these steps are associ at
from the centrosyn@gmnri ¢ osphee chioap ort

space R22@upto the pol ar SPRHAicKker)es pa.c: gr
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OH
HO,
Tsos o DY
OH HO,, | o S~oe2n"
HO,,. I .0 366 K - R 410K ? / \o
Zn. j —» AU 3 %o.H
HO™| \ﬁ Solid-State ~0;507 | 79 ,  Solid-State \‘osso"z{‘-f 0. "B
2 Hours - /’ ‘0804
OH SOn== 4 - eg , N
g 3 _—9380 RN
!
[Zn(eg)s]SO, [Zn(eg),(1-SO4)1, {[Zn(e@)2]Zn(i3-SO4)2},

Schem Reacti ont hsec htehmeemmbaficledt e wo-sr ygt al -to
crystal el imination of/ GEn hg BOneThgkycfoilr st r o
i nter medidatneen®inen al coordinat(@@. palhyméer t[

transf or mshridieme ntshenal coordi naltZ@®@@p.ol ymer

8 8
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[Zn(eg);1SO4

OH |

HO, | .0
S j
0,507 | \g .

SOz~~~

[Zn(eg)2(k-SO4)]n

i
{[Zn(eg)2]Zn(u3-SO4)2},

Fi guBe Rever ssithelpe -strwogt al -ctroysdianglte ansf or mat i
Taet.3ml Sicnrgylset al st r ug SOr &Gaenfd st 2m (edg)somer s ¢
in parall el directions aaldi@Bn.gSdhiedergstatil oc
product of heating s4 Sloe 3coLoy s lad-st atf € d sZtnr( Lec

obtained by further heating the sample to 42
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Overall, the elimination of these chel ati
while retaininagnergbt dlhlei nliatryge st report
associated with a restorative | attice ad
bonds bhetvwee et hyl ene gl ycol and the sul
remar kable crystalline elasticity of thi

0single crystaXKBDsanalpsies fower &Ccarefull
crystals, o0ddgmgadatgihoen ngf bul k crystal qua

SCSC transfldr mat inoonsdlweo rd diryesshadf et hyl en

(@)

rystalline mat ersaduetnhtricadg h®@3$C tthreansf c
essenti al to the for mat iroann goef . omdtesrrd raghe r
order of the materioakt mahy beulrecet of ht hegh

throplwhse rebuil ding of damaged crystals.

2 bYalue of Halogenated Groups 1in

Crystallinity

As di scuGhsaept eirn hatoenated groups appea
retention of macroscopi-€t atreg st @add¢ct nvittyy.d
reflected i n RFatalei deh ea dveepticv ifntioyg;d i readt in@n
nature of i nter hi®#]1 olgen ab et s t-;atadititehn psl oal sitdi

overcome the mechanical stresses associ af

This has been highlight eedt, bagvhtohehawer kst @
crystal flexibility 18dfhe hesadaitlid o rsotbreunczte

hexachl orobenzene reveals that the major
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crystal ar ed a@Gwia @l opred ate along di-ffer
directionapeantiioonature of Claaacl I nt e\
external pressure to the (001) face caus
wit hosuss dfo crystallinity. Conversely, app
(100) face | e addasa atdoe rba cetaika msgy, odausi ng t he
(Figurep. 2THI s demonstrates t hat i nter ha

pl astiliinymwligcul ar crystal s.

Gliding
|
l | \ GI|d|ng l
Local pressure (P) %, X Intermolecular Cl---Cl Bending possible
applied on (001) 2 partner swapping

]‘ éCI -Cl |nteracuons

\ m--m interactions

P

Local pressure P Bending requires breaking Bending not possible
applied on (100) of ---minteractions

Figu#e CZ.ystals of hexachl orobenzene can be b
face, where intermolecul ar i nteract itomps) raorwe
When pressure is appltihed ctroysthes (boepkfase
interactions afG&aaden amd tetdo)d y(lomage reproduc

18 with permission.
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Lattice adaptivity has also been i1invest
species by the sanmé., THheend | awtohlrdrn,ataeuwt bargsa.n
[ Pd(hfac)(phenyl azophenyl )] (hfFagQur=¢, hZz.
thermally i nterconverts 2bkheveencdnwer sp-
associated with both positive and Tnaebgl aet i

2 . ,Ai gur)e 2.6

Ph
[Pd(hfac){phenylazophenyl)]

Fi gube Chemical structure of [Pd(hfac)(pheny

interconversion between -§t#gteyxol ymorphs in t

Tabl & 2Comparison of uni t cel | parameters k

[ Pd(hfac)(phenyl azophenyl )].

Par ame ForAm F o ram F o rAm F o rEm
Temper at 150 298 358 90
Space ( PL PlL PlL Pl

a, b, 8.138 7.0160 4. 2736 7. 7972

13.17¢ 11.687 13.560 13.203

16. 24( 12.465 14.804 16.428

a 8§5. 75 63.139(t 83.307 94.002

81.91 84.760(t 93.959 87.307

80.10 80.995( 76.843 100. 65

Vol une 1695. € 900.38 825.66 1657.0
Z 4 2 2 4
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168.3 K l 1169.3 K

Form 6

1413 - 149.8 K
1439 K l 1 368.8 K

OC‘, L

A B,

+ .
FSESTS

QN
o YO
Form ¢ Form f3

Figumle RPhase transistiadtes samdcsot es of four
pol ymorpRd(lbfac) (phenyl afaonpdwen el )dlet eFoi med |
crystRaly Xi ffr adtainadbwhewlei Idet er mined by Riet
powdeRay di ffradtoirgadodat amot redent t hestfdtemo
suggesting this i s t he ther modynami cal

[ Pd(hfac)(phenyl azophenyl )].
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The authors al Ad Anroa resdi ttihoant itsheassoci at e

event where the crystals o0fly off the 280"

This thermosalient effect is due to the
aanbaxes, with coauatxriasct iThire o fe tdetmdsitoanl |oifn is
a violent thermosalient ef fect, and the
which can interconvert through ther mal c
heaolgenated groups allowing for flexibilit

2. cAims and Objectives

I n this chapter, the reaction of t wo ca
PONOP) (LD(EHON[ M = iMIn, R = tetrahydrofuran
Bu, L = vacantis2 (B QXN CRr =3(,CF 6Ha| wi t
carbon monoxide in solid/gas reactions i

macroscopic fracturing of the <crystals,
( Mi cr oED) met hods required to structur al
frometreaction wid hcarmge marmm.gahlees fractur
shown to be due to significant reorgani
changes in the 2A microenvironment . Com,
i nvestigate and metcroivcailseendc hianagess ainiido m o h

contributions to the | attice adaption.
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2. 2. Results and discussion

2.2a Acknowl edgement s

NMR tensor analysis and related NMR compl
by Dr Matt hew Wmoin eerys iatty tohfe Ca IPiefro rordii &, ¢
functional theory (DFT) calcul ations, | GI
by Dr M. Arif Sajjad and Herreifaetsts ourn ( Siteuwasri t
University )of TShe Anldlreatsi on, reduction &
El ectron Diffraction data was carried ou
Jenkin¥Yoatk Sie Bcouiogyat albbrbievad rog ii.teyS-goktfia tYeo r
NMR data were coll ect edUriyv érr s iStaygadd tdéPraegle
NMR Service or Dr Matthew GytudniaedsDt ylL a
Scanning Electron Microscopy (SEM) dat a

t heorJEOL Namnoc dnmiever si.t yGedf PYeorrnkeati on Ch
(GPC) data were collectednbweMrsi MyA lold woYi©
data were collected mhyj aher ¢helst s a@afutthhirs

published inChlee.| Coemm@281a0DHEBL) .

2.2b. Synthesis and ©€haracterisa

PONOP) (JC[OBATr

2.2bi . Project Outline
Several geomet rfiiffanimons far odndl BAati oni c or
have been shown t o successfully sustain

approximately octahedral arrangefnequr)e f2.s
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and an approximately bicapped square pri
are organised arbBiugur)d w2B ol &at iodnst h(ese ar
both supported the forRmadkiaoe aodpieneéat.i

stabilisiomganowmaleent i2nt2ér d&cti ons.

Octahedral Bicapped Square Prismatic

Figu7.e Px.evi ously publ i s het] agne conmest rwihci cnmo thiafvse
t he f or nieatlikeam eofc omp| e xsetsatiefy anhhBedmsso lairde mappe
van der Waal s slLuerfft@epepr (oywe Imadaw) .y oct ahefdr al
anions template around one c2RiigmtAa apgapnpepmi
bi capped square prismati €& amircamsgemeoatundft we

organometall2dc fragments.

Recently, the Weller group hawvteatpa bl é 3dtei

[ IFFfPONOP) (pr opflne)i]ln BMiR @NOR hlei grRand scaf f

96



Chapte€rystall o Lattice Adaptivity Trigg
Gr oup 7CoPmpnl ceexre

shown to template the Dbicapped square p
appears to be fasvaurcabPrctibivhdygtodesxpard
mol ecul ar or ganomet aiClhiean) c tbemiomtdr ygr (0SS NMO N
cationic manganePONORdIdcomphexwxms Rwere des
with tHgahiBéan. As Chapedr, i malhganese and
compl exes have been SXplter edheimnst rsy
photocrystall ographic techni ques -oiragnipcor
framewor ks6. @MOF )l a2Btherraet,est-beatsel rdacti vi
por ous , crsyisntgdlel i ne, mol ecul ar species of
The ssalaitde reactivity at the 1A coord-inat
i on -anowal ent interactnmest ) 2Nhimilcr wasvii
through periodic DFT calculations. The ct
a |lattice adaption in the 3A periodic str
by s-pdtied NMR spectr oseapy t-Radnyd Xdsiifnfgrl aec t

mi crocrystal El ectron Diffraction techni

2.2bii. Synthesis and Spectrosco

Starting from the previ ouRsfPQNORPEEWDWRIdI d @ |
abstracti onFf]wiitnh tNaefoBverd ik h gt i n-BCsdsauulnvdeent alh
at mosphere of carbon monoxide (1 bar gauf(
of [PMAONOP) @A MICO)]. After r emovianl vpafc utc
extracti o@baindt d aGkeri ng [WMEBwpe nit sokat ed

yield as a cBgbemkl RPnd solid (
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</_\N—I\/|’r/1—CO
/|
o)

Pr, 8

Schem® 3Bynthetic PrRoQN@P)tegod @n M+C O] ,

[ MNnBPriR ONOP) ¢ CO)
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F
Na[BAI",] 2 o BAIs
CO (1 bar gauge) O_|; 2
——» ¢ “N—Mn—CO
1,2-F,CgHy /|
-Na ipr28
[Mn-CO]

starting

The ssalaitde ATR | R Mpelkceveml sftwo CO str et
Qxo02055 (w, s) &aPRdga®&O02T(h&) scemparation and
peaks are i n@imeatsiovsd IdADOEP®BS $hmmetri c st
oft he axi al car boymrhe tirsigcaymd y-a ivleawe ¢ due

mi nor change in Coinpolast mofgdegs o me f waee t
for med, t he peak secppar2atli omnd hbol d ban

approxi mately

mo me mtu sce & alzyh

of t

eqguad®d unee ddiou m hien tse mgsniitfyi ¢ an

he carbonlyil svi omei ons
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——— -‘T

e
o

c
fe

by
o)}

Transmittance
—
-\_“J

e
i

<
N

2950 2450 1950 1450 950 450
Wavenumbers / cm

FiguBe ATR | R s[pME€ O udanthonyl stretchi n@o ban

2055 and$1970 cm

[ MICOkhowpparCewwymmetry in solutiPonyrewbhhn
in the Mo lauit@iftbn NMR LG CD2 98 K) F isgpuerget r &AL O
met hi ne r és30.n0a00)b sies( vedcampltri pl etnoHheep
NMR spectrum due to the #%Ragertircad hemthsa
met hi ne signal 3Pc odelcaopuspelsi nigp otnhddX BEHbr s ad . 6 ¢
Figur]le 2S9i9mi | aPry methelt wodvli .rbhmeht3I7) ar
asa paidroubdfoddtosu blient stHheNMR spectrum whi ch
doubls&gtHH) [ = Fi duHe ,u2BOndecoupling.3PHRe s
NMR spectrum reveal s aome2 25.02a,d FWHM n=a nke"
guadrupol ar broaWdWennuwngl=¢ bd Bt LO®O0% abunda

164 )33
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i L_A_J | 3.08 3.04%(sbon?)' 296

150 1.45 1.40 1.35 1.30
5
\ A ’UL (ppm)
80 76 72 6832 28 16 12 08 04 00 -04 -08 -12 -1.6 -2
0 (ppm)
Fi gu®e S2.IMt{denid@P }bo(tt oMMR (600 CMH298CHK) spe

[ M¥C O] The i nset Pr deneitchti né hay 8s DMad nRen dhet hyl

environanéntgsd and 1.37).

SolsitdePH} CP MAS NMR spectrasadcepy 2[9188 KKH
COFurther hi3gPhMhgguadthpol ar coupling. Tt
expected to show two resonances due3R o t
environments. However, at | easap2 XTe.ve,n 22
224.7, 223.2, 221.8,tRra8®s$B, c®UBl.i59g,dumi
guadrupol ar coxuphyMing nuec(Fegpaer & 2I.hle0 aldpar e
coupling contsit @R3P aonMdn-iPhecoupl ing are ap

equal , with couplibdg2iBrO¥zanbsebeedee®i m
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oPMn3PJcoupling constants thragfrdsniXd P GilOg p X r t

= Ph, Bzl MnWhere 24534an3¢d 252 Hz.

*

235 230 225 220 215

5 (ppm) 5
* *
*
*
*
400 350 300 250 200 150 100 50 0 .50
0 (ppm)

Figute 3stigBfgl} CP MAS spe®PrRQNOR) @A (162. 0
MH z , 10 kHz spin rate, 298 K). | nset deépi ct

denotes isotropic chemical shift. * denotes

The ssalai&tdH} CP MAS NMR spectrum for this
resonances indbhaoand vearobdomelt alli ga @elsl,7 . v2h i
and 2In3.the LJHUtNMR spectrum. Carbonyl r e
l ow intensity due to their quat erurcdreyarn &t
pol arisation transfer ( Nucl ear Over hause

These peaks are further 3Pricdddéhed bawmphe
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guadrupol e oEéMMopl iarsg wted | as coupling to

i nequi ¥Paleennvti r onment s.
2.2biiti . Chemical Shift Anisotro
Anal ysi sCQ]f [ Mn

The spinning side basta@aPfterCPi tMMAWSIi NMRh & p:
(Figureg 2nHO0O cates a | arge magnitude and

chemical shift tensbhob,t Raeowhembcia=h é&s{b k &t

4 9oN, wh e Ne= 81183338 THe <chemical sheftquaaeanhsbr
experi ment and theory by computati on-al N
31G** (C, H, O, P, N)]. The experiment al

Hz t o rig dom @ ¢ contributions Ftogurtenhe?2.Tlels
computational NMR cal culogttiion s evde rsd rruwcrt uc
{ MiP(PONOP) gfCO)Repl i cat PmgNMR cshiaeledi ngs a
shifts by computation is challenging due
span 2000 ppmal sfor adm fdre@Eembmbas been dee
Oexceqo]l &ttved t his, the NMR <calculations

experi mentTaa b lvéa l2u. e2s

Tabl2 Experimental and cal cul{aMm(E ONOPMmigCO) s

& so ai 1 az 2 as 3 1 N
Experin 222 429 144 93 -0.7(C 336
Theory 241 486 151 87 -0.6¢ 400
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A ﬂ A

U

400 350 300 250 200 150 100 50 O  -50
0 (ppm)

Figurld XS.i mutl ap erded| and dxpg¢noimhearctkg! wi t h 51
broadenisg@gP®d! iCP MAS NMR sipPePcONGCP ) ogfu)eMaeh (f or

quantification of the chemical shift tensors

The transitions contributing t o t
[ PBEO/ Mn(TZ2P)/ P(DZP)/ C, H, O, N(DZd], twi tthh
ait ensor was found to be the RMNP) i RHPd bet
O) bokidgur(p. 2The degree of coupling betwe

be quantBEguaéedobypel bw.
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R . . 4) ;
 dyy Ay —uw O
30

Equatilon Rl ationship of the integral over |l
ay 9y Gy —w @ their enes@y (Ji ahereheedegree

bet weenO t hem,

a1

Figufie A) Ori entadhemi coal tshhei fiP PtONOF9 rg}CiOnB ){ M
The orthogonal coupling orbitals respamsi bl

chemical slhafMnoR)BRnh g RAO) .

The strong coupling bRMNIR)enaRMRFO) rrtbh d cgd
therefore found to be theiPcazheenicfalt Bdids
[ M¥C O] Thi s may be due to the i ntegral
significantly | arxaemdsjohran nohraet Iloifk etlhye d

energy diffeRKMmMRE &#P§O)een
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2. 2bi v-Cryisn-ad g XDi ffractionCa@haly
Colourl essf] M€ttt abbe-crogsRailyn@®lid fractio
were grown fr omClsayleurtiinogn awiGHh pent ane ali
The stng$ERaaly XtrulcMiOgcodfl ected at 150
complex crystallises iPlh, tvhheerte itcwd nd at ison

are encapsulated by ten anions which oc

arrangé@mgmtr g 2. 13

Fi gufiBLe2f.tSicnrgylsetRaly Xt ructur e of][ Mri&®]l aHyeddr ocgaet
atoms omitted for clarity. Thermal displacem
l engths and-PaAngl €s 25M®PR7)F R, 2HBEL9)r ({1, 8B®B 8 (
MniC2 = 1. 806Q33)= jl;. 8MN8I3N(11 9=) 2j.;0 4Wm(ZP P £; 1BD. 50
CiIMniC3 = 17BRiI9PHtPAaX ki nfg-amfi ohBArar oun[dM@Q@Jt i on
forming a bicapped square prismatic arrangenm

Waals surface (yellow).
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The o0Mnbond | engths are crystalll ogr2a.phidcHm

MniP2 = 2.2492(9) jloC ken drlee rt@iteh=sa x1i.MB1518N8N(
MniC3 = 1.8483(19) jdC. bloma & pu sthormrritalr MM a
[ M@2 = 1.800¢( 3) i ] nt e failnmsfclt U enrgc et heef wtehaek e
compared t o carbonyl . TheéO alxd mad laenrdg t @

crystall ographi € dl I=y 1i.dle3m@@2c)=alil;[] LABDEB3 )= |
1.142(2) i1, therefore detaile® bonhdr prae
based onahisgeand i s not X&RIDi ddaftmom Tthiee aSC
l igands are slightly ti-MtiEd8 awglyef rblm7p

pushed forwards from the pyridyl backbon:

The donating and accepting properties of
t he P NNNP sP[NH,)sBEN ] l igand, thswoaggd $threuctol
cationic sSPEPNNNP,) GIBIHi(gurean@.)18 reporte
Boncell awoark®% saoe this comPpllkandthendinhs a
l onger, at 2.2626C1lbpngd. | Ehgt Agi aFkeMa. 85
and t he egadCatbormidall eMmgt h i 80 1b o8n0d8 (14e)n gjt. h sT
simil[aMfC®Jo but soéigéaneé@l [G11. 124021 0) 1j.;1 3C
i, @3 = 1.135(9) i]. From these data we ¢
are likely BRiomatrngnptbheeéerti es, olmctc ePONGC
This is also refl ectleMdmPFPnONOPe (ABOR, | WRh erad
CO stretching frequenshiebt adel®N NNIP8i2c6a n
cm; PON®BF= 2055, Y1 970Dmelmyi ng Bk dhuecnd oor d

comparlMdsCJo.
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NP
7 “N—Mn—CO
g

iPr28

Figulad Chesmtratture of the cat iPeMNMNNR) (@@), c

reported by Bwarck#drlsa. and co

Figufid 3sltiatde structure of t helP@dNNINEIGEECBAG,0 mj
reported by Bwack#®Tlke andmpgloex | i es on -faoldry

position, such that both phosphor us edtacdnesd.an

2. 2bv -StSeotlei dPhot och&€mi]stry of [ Mr

As di scudapt arn 1t.hte. 2Champness and Ge o |
i nvestigat esd atbe potiobdhemi stry of manga

carbonyl compl exess [ MMI(di Mmi oe* ReCOX = C
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5,-6i0car beaexRloptye i di ne) supporpgedked n2MQ@F .
| somer i satifoatcohe-ro mombes was obser v-ERD Dby
(Figurge. 1lFuBther to this, t he Champness ¢
further photochemysazol )f(sA@PmdBr {( &d si n a
packed MOF where <carbonyl | oss, foll owe

solvent channel s of RihgeurM@Fl .Wla3s observed

l nspired by these reploMf€OWout dwhse phoposete
active i-satahe,spbtédentially paodidoagdanat
unsaturated  pPeCcN CGePs) , ol GBI r S ¢ h e me) . 2 . Tdo ass
whet her el ectronic transitions &8Gocom@t e
bondi ng -boorndamtgi or bi t al wer e -eaxccc e sastitbolne,
dependent -DFT; [HABDETDZ \WRA /ZJceff( Mn) ] cal cul a
performed on a geometisSyYy(Fpdm( Mall] [ BBEB8bB AL
off MICO] A transition was found at 356 nn
corresponding to an ex@8idtdattioont hfer oMU MQh ew
no-bonding combi nafdromi tod!l ©édth Mhhéd o® di ng

(Figurg. 2.16

8 | BArT, BArT,

o, Pry hv o—rp'Pr
/
Cgieo o N yfeo
0- i o-
'Przg Solid-State Pr, 8

Schemle Proposed react i ondusccehde mea rdbfo npyHotlad gan «

state[] MACOMo Vyi el d an-aenlde cctoroo ndid engald ti wredtyed c on
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HOMO -3 LUMO

Figuié Zdmeendent DFT calculated orbitals ir
associated with an absorptabe ias @6&Mi mant3e d hle
(Il ftwhich is -mosdidggrabinan . -Thaetexcstedmi nat

LUMOr i(ghtwhi c h-biosmmdd ngorcombidn@at b ioha lo B¥cithtaler aCQ e r

Despite the reports by Champness, Shfby &
data, phot ochemical reactivity (36-5t amelL E
[ MICOunder a r angei nofv(accouidnibt ailr@)n,s :et hyl ene,
but ene, l sobutyl ene, nitrous oxi de, di hy
di fference i n photochemistry between thi
Champness and Sumby i s | i-ktedtye deairevoifrootnhnee
organometallic fragment s. DMgeOriwo atlt @ b s
undetectable i f theemée¢aaontii piatek eWleorM® Fr eemia
and the porospaogked MOF otprenct ure gives s
carbonyl l' igand to diffuse away from t he

which -tsiwboal-pomoas nmol ecudf@g M COJI| i d such
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2.2c. Synthesis and Bharacterisa

PONOP) ( THF) Bd®)AJhexane

2.2ci . Synthesis and Spectroscop

Due t o t he |l ack off MIiQp(th|pt ement vngy fof mat
unsaturated species, a complex which <cou
desiredoorodwi nate species was designed. A
THF | igand, which is expected tal bewiwrak

Ssubstitution chemistry to be achieved.

Ami me i des, such adf-oxiidmet FWIADMI, nar e knoy
met-adr bonyl compl exes to irrevers@®Ebhegmdo
2.)%Therefore, a slight excess (LM&EDJienqui
THF solution. After thorbongWhaceaxaavaalt i cofn |
and recrystallisation by |l ayering Rith
PONOP) (THF ] F8B)) he[xMim BEP] was obtained as

crystals iScloerg .yad.ed d (

Q -/
M—f(J\\ S A co,
o NMe,

Schentke Reaction mechanism of the KNeacteoantd

met-aar bonyl compl ex.
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o) BAI L)
c . fa 0O o BAr%,

O—; Pr, O—NMej; O—l— Pry
/_\N—/I\/I|n—CO THF > ¢ S—mh—co
= -CO,, -NMes iErzé

[Mn-CO] [Mn-THF]

Scheme Zhe rdai@0OWwint toft r i meNtohxyildaemiinne THF s ol u

[ MAT HE ]

Solution NMR spectr ogcMxpHFi sd aftlau xd lbava | t h ¢
showi ne vteirkeggeymmet ry on the NMR ti mescal
by a single CO resd@fd}ceaeNMRn stpleses=t s2alrBu.t(7i )o.n
sol utHi AN\MR CED 298 K) ¢ pMelcHRJlhmwaef extr emel
and featureless resonances assoPramedhwn
environdnentdsl0(Bi;gur e, 2whivch become more r
(Figureg 2The8 f | uxi onallMabHFhasv i @tutrr iobfut-ed
coordination and recombiSacahdmenwhifé batyhmb eT F
intora i nter maltédeul arh,an THF r o®&thomd ad weal
the presence -okbsal seadgteaer wenhyl res®fHpnce
NMR spectrum] MAITHHFHodghgoes sl ow dexXbtmpos |
form paramagneti c [ vMr@dC]t lprrowdgulc t GO asiak&@¥ e n g
was chosen as the deuterated NMR sol vent
|l ead to i mmedi ate decomposdgwa o nnotf ddhed btu

resonances associated with the bound THF
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| *

—E= " T bt
1.07 8.18 4.35 1.49 17.78 12.00 11.20 1.32

2 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 3 -4
0 (ppm)
Figut2 SBolltNMR (600 CMHz29 &DK) § Meaditkrlu'm dénot

[ MICOWhi ch formschvemg€® decloMid BIFiin bR obfiti on

# denotregstall i sed hexane.
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248 K

298 K

*

e

40 38 36 34 32 30 28 26 24 22 20 18 16 14 12

0 (ppm)
Figurn® dariabl e 1 eMMBrdt500e®0Hz s p €Dt Ml H F0]f
recorded baot 2088 dK 28 Kn(the 248 K spedtTTlUm,
2. 34, 1.83 and 1.63 are attribuaghed98op Phé6TH

are attri BPutenktthd ntehe esohdMOvh.i ch desndtoe sned

scavenged decompos iChi oh ¢deamatues dam LCDknown i

o 'Pr, 8
O_l_ Pr, o—~p 0 o—-p'Pra
— /| @ = S~ = /| @
5| @>c o-
e O- (@] ~" 0
Pr2 3 Pra Pra i 7
Schemke d2Zhe degenerate i sowmeonrsanabonopraocdss

of THF[ Marédlwyhi ch sheawsrtgmge mmetry on t he NMR

at 298 K.
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The ssalaPdgH} CP MAS NMR spectrum (10 MhHz
THFrleveal s a broad peak formedéaB8Bd4ab, | 22
230.8, 227.4) which is best rationaBPsed
environment &®P8H tchoupHiignugr ¢(. 2DL® to the r e
symmetry conWwBOgdhet quadMmpPRlaacupl ing is 1
resol ved. | mportantly, the spectrumMins d
CO]showing that itthheondepcroondpuocst s observed i
spectra are due to reactivity with the s

[ MCOBtarting materi al or deco-mmpasetion p

5

240 235 230 225 220
6 (ppm) 1 .
*
E 3
* * *
N ﬂ JL L L Mo
560 520 480 440 400 360 320 280 240 200 160 120 80 40 0
0 (ppm)

FigutiLe 3stezz@@H} CP MAS NMR (10 kHz spiphbMnat e,
THE] I nset depicts the isotropi@a)deamitesal sphin

side bands.
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The ATR I R (nujoll] MAUHFAr])e vemd st t wm @feaks of
equal i neh863yamdl(EBGULUr EmRoRO0Othe carbon
frequencies. The equal intehsi tgrbbonyheki
separated by apApr diemabtaenldys 9a0r es hs if g midf iwc
respelcMfCOJc.f 2055 anld n&®FOesenti ng the r el

6-aci dic carbonyl |l igand, reducing compet.

-
=
0.2 “\ﬂ

2950 2450 1950 1450 950 450
Wavenumbers / cm

Figuke ARATR | R s[pMfHFium aofnuj ol mull . Carbonyl

obser eod 988 and.1891 cm

2. 2ci i-CrypstnRgdye XDi ffractionTHARRI vy

Bright orahmge bl lF$uiotfabl-ERDoan&ICysi s
obtained by | ayeri Mgt HFWTHR $&éebkkanieomat of oon
The scengsé$eRaaly XiffractiMinHFgavae ®data for

psemeoohedrally twinned momw@tni=niB=c6l b;

115



Chapte€rystall o Lattice Adaptivity Trigg
Gr oup 7CoPmpnl ceexre

whedBies the crystal | Argerparpehsi ecn tasn gtl hee, farnadc t i
crystal 6s minora t@)i.m $#deameaoi onh,e dOr a<| t wi n i s
a crystal system which should wusually no
twinned due to the unit cel |l paPr2dmecans
emul ate an orthorhombic celabhdgl mebei nogsye

to, or eWdaals to, 90

I n thecryqtiRdaly Xtructure, t he THETr dtnog aan d
carbonyl , as expectbadk chegpsteod omr otlpheq wsi ter.s® nod
As expected based on Sehed260i,R tliRe R anmg U ©
(carbonyl sepadatiSomi [ HEOBSt BO2)cati ons

within a bicappedr rsafyju@e rae ptrfi-@ imiatorai sy J(rBpA.r 2 .
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FigugéLe2f.tSstatle structure of t[hMAMMdR] Hyir®o ge
atoms are omitted for <clarity. Di Sogll eaccteance nb
l engths and-Pangl 8s25®MePR1 4&) 2i.;2504(1R2)=;1AP129
MnNIN1 = 2.027C2)=i1. MBECH)=i]1. MOBlaK)2 =; &B1 0

Mn 10 3

2. IRbieg(hdtApproxi mate bicapped sqguare pl
[ BAfani ons around the cationiciangansesmmappkd

van der Waals surface (yellow) and THF I igan

The uni { MarHIF§goof ai ns 2 e gari wsatl aelnltiss eodf hceo»
due to the twinned data necessitated 1is
geometry with bond | ength and anagidystalstir
hexane are not r emo\le &3nibidre)r ovvaecru um?2 (h<o ut
and equatt®Oi mdndMnl engt hs are cryst&lll o=gr
1.781(5)C2 ,= Mhl1l789(5) i ]t rragnfsf é ceinie @ s i0Mmi

pyridyl, with the THF andl ianxeiaarl [C{r.8l. 7¢p4
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backbone of the THF | igand is disordered

a cleft formed by &aygni gmo@ps. n22 he [ BAI

|
d\,/d’
V4>

FiguRk@& Z2he THF [IMAlgHaFid dfocat ed wi tFlyrmups cbé:

-
/
s

nei ghbourfij-agi § BArn-st hees dWiFd hryadm ogen at oms ¢
THF carbon atoms are represented in blue, f o

50 %.

2.2d. Attempted BuURONOP) §COJ [ Mn

I n addition to synthesising a O6mask&dd |
THE] increasing the sterigrbdbupg was tatt g
produce a species more I|ikely to dissoci
published t hat t he reacetanodBuPIN&NiINWRe en2 , 16

(B 4P N H )sHGN ] yi el dBuP N[NMIP() ¢ OBX)Sc ke me )45 2D F8T
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cal cul ations reveal ed t hat coordirmadi on
coordi nang avtedryat ed species was endot her mi

‘Bu groups.

~N
I Br
/(J\ tBuz_\

Bu,PHN N NHP'Bu, H
%, | . N—P 0
e R 7 N\ ~
Mn » _ N—Mn_
oc” <|: ~Cq 1,4-dioxane, 80 °C fne? Co
0o 2 hours Bu,

-3 CO

SchenBe 3ynthesis ofamad eobercdunsd tcvared tyed Mn (|

reported by Kworhers. and co

Owi ng t o t!'BuPsONOEp B-(B6uP O)sllsN] was combi ned

MnBr (s@@)der a range of experimental condi:
procedur e coul d be real i sed, and sol uti
hi ndered by paramagnetic broadening. A s

one of these atst emptoend -XsRyDctdhaeSs@e e |l utBudat

PONOP) ¢O)n(BTHFAilgur ¢ 2s2%®ne of the speci

this reaction. Compared to the Kirchner
for med i n t he reagti aMBdP ONOH MpeBu (COJesi r
decomposition, l i kely oOepoprdesatiraggt Bec w
N. This decomposition species i s similar

was formed as a decomphegietriomam e pe o dlywtr o

MnBr (s@8c)hemgs72. 9
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‘Bu, / \
o— 0o
c o}
/.
Q—Mnf o1
- /@ Cqo \\_}/In\
Bu,

FiguRk& Zhemical structure of a complex whic

Mn Br (s )tBhuP ONOP. No repeatable procedure was

SN
[:[/]
N

AN
., | .0 @euv) @f\j m
‘Mn _— N
7 H N7 | ©
of (I; o (15 bar gauge) H® .-)I\/In\
o 60 °C, THF,
24 hours
Schem® 2T he formati on of a Mn (1 1) anionic
stoichiometric hydrogenatior?7o0of quinoline, r

2.2e. SynttBeRs0NOR)QJOTA(r

2.2ei. Synthesis and Spectroscop
Themnsuccessf ul S YBIUWPIONDIPY ¢ @) [ Mdd( t o att
synt hesise the rhenium congener. It was

radius from the 3d to 5d metal nBaw ONDEI | i
l i gand. StirrtBaPgONaOPmiaxntdu reeemBorfi( €Oy ene at 9
hours caused a colour change from col our/|
was cooled, dried under vacuum, washed wi
et her t o BiuR @N PR BC{ORB r,]Sc heme ) &s. 16 yell

mi crocrystalline agprlam smal7e0.% yi el d on
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| ~N
t
‘ . X = 7 O"|‘/ Bu2
OC/ | CO BUZ (e} N O BU2 = N\Re__CO
N
Re - O /(l:
c” | ¢ 0 ‘Bu,

o) C 0 Toluene, 95 °C (0]

[e) 18 hours [Re-Br]

-3CO

Schemed 2Synt het[iRBrrloAtddi BoPQNORF t o RieBr{ €O0der

at 95 UC for [ RBrihnm u (% yyiied |dds.

The solHuNM&nspeehsr utbodf EB)reggx hi @Qsy mmetry, W
two IinegBuvalseswt@halncoess, (1. 32) detected as
virtual triplets whichHhP cddd augrslel @EX PHi) n g+l
S PH)} = a1b. BFHRHPX RPH) } = 14.1 HPH} T™NMR s
spectrum reveals a séri@lbe Oshd8mep ctasboalyd
both observed L€fH}t hMMRB od medtomum as br oac

di stingék scapbli &®,0 6at2 and 198. 9.

2. 2ei i-CrpsnRgdywe XDi ffracti onBrAnal y:

Cryst gIRBrdditabl e-cfrorstRamilyngdief fracti on wer
slow diffusion of pentade [UBBrargstal lerse:
orthorhombic Psnpaazaed grbepstructure reveal
octahedr al coordination geomahnosya clahreb obnr
strongly distbneaReLBoin £69] 12(d 6t)he pyri
is tilted towards -Ra-Brbhr om8leB\NDICH AR ALY, NL15

Figurp. 2. 24
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Figukdg 3Bicnrgylset al s[tRBRurc]t The obmpl ex exhibits
octahedral geomet r YWRé&Nwiatnhg | ae .v eHryyd raocguetne aBro ms

Thermal displacement elSedlpesmtiadds hdd s | lagrregdt s

Brl = 2.669Q6(%)2; A0B®R15) 2; 41R&N16) 1; B87R¢5)
C2 = 1.925(016)F 2, IR®&BJ3 5 ;1RI.-BEMSE)= 82A;3-W0N112
Re-Cl = 1A;8-R®IC2) = #4.0( 3)
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2.2f. Synthesis and®Bxdaracteri sa

PONOP) (C[OBAT

2.2fi. Synthesis and Spectroscop

The strongly distortegdRkBasftghpedtatl gbamet I
of BWPPONOP | igand scaffold could supBBro]t
was added dropwi se tFfg a #Gd,LRtad aowns iorfg Nar BiA
col our change from yellow to deep or an
precipitated with he@lnaeandextayactad wi nto
temperature to f olrink e rargyhnsB u® i@sd Oddi) [ REA r

( ReSjcheme) 2i.n1180% vyi el d.

t . BArF,
S O-; Bu, Na[BAr" ] o—p'Bu,
=~ N\Re_co 1,2'F206H4 7 \N_Re/_CO
—_— J—
O— /(I: Na o /l
t - -
e tBu28
[Re-Br] [Re]

Schenel 2Synt het[iRge]rboyu taed ttacf BA N[t @B r. ]

Only one carbonyl resonancl€{H}s MNDWR egpyedt
[ CI-h, 298=K198)&C)t,= 5 HBU gndupnies obse
sol uiHi NMMR speidglr8m (as a strongl yDA& &Hp | e
+5 Y PH)} = 16.1 Hz] which 3PodkapsFpbgiurge &2 .s
The spectra are hence indicative of rapi
timescale aerggledymmmery in solSeheme) 2t 1
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I nfrared spectmRedJbophci dasal ot-stoamt andsh aw
approxi mately equal intensity carbonyl st
1Figurge @®hRP6h suggests a structure with

separateldd by ~90

B
A

, 1.42 1.38 1.34 1.30 1.26
I e 5 (o)

0 (ppm)
Figu2B Z3olldtbhjoah oaid@P}t p NMR (500, CMHZ2,98CIK) sp

of[ Re] The i nsettBuemecdthy!| t s oB2aAhce *( Banot e

PONOP) ¢d@BhAr which forms in -sobhuehgedtdeoombpo!
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N

0.95

0.9

0.85

0.8

Transmittance

0.75

0.7

2450 1450 450
Wavenumbers / cm

Figu2é 2TR | R s[pRe]tGaurnb oonfy I stretchi ngol®®H15d s
and 1893 cm

0
o tBu2 O_C- tBu2

/ 7
/_\ N—Re—CO = == @_RE_CO
= =75
tBuzg 'Bu,

T:BUQ

O_ O 1
C

1 / 1
---------- 7 N—Re[ oo
/® Cq

Bu,

Schemk2D2gner ate i someroff Rteijloinc hprioxcesapi d on

ti mescale at 298 K.
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2. 2fi1i-Cr yvsmmRgdyeXDi ffraction and DI
of [ Re]

Cryst alses]wift abl e -cfroyrs tRaalyngdlief f racti on exp
grown by | axésolngt p&m®Hath hexane at room
yield brigiht keeadrRlteaskal | i ses in thR tr
. Thessatéedstructure of tbhaes ecdatpyorna miedveela
[f[s= 04826G*Re-C2 = 853. 8 ( BeLWurKg. 2tTA&msf | uence
the pyridyl iI's displayed -2y bhtohned | ceonngptahreen
Re-C1 bond whiateds tilse vace&rlt =silt. EG[3HRBIA =

1.927(4) i].

Figuke@ 3etiade structure ofRelptieciedfatwghédt
atoms omitted for clarity and displacement
| engths andPhngl 2s38RPPR10) 2. ;3 8RePR) =i ;1351 34

Re-N1l = 2. 1560(13)= jl1;,. SBRXIR3 = 1, IRBE&®I) 5 ;8FE108( 1E€

126



Chaptoei€Cr¥stall o Lattice Adaptivity Trigg
Gr oup 7CoPmpnl ceexre

[ Rawlas i nvestigated with-XWRr isahulda etse nopee rwe
and 298 K. No disorder was f ounHKi gur g h2.
showing thati sbmerfil ssaxtioman @tr ox etsisyteatiem. th
crystallographi c, solution NMR and infra
computation as (periodic) DFT-stalteulsatriuat
[ Rep a -bgesadepyramidal compl ex which inte
The enebragrrier to this rockindgibhraons$iuti ol

i ncreases towhéndcakcatul ambed witRriln t he wut

Figu28 3tructBuPRONIP){(RE@)t i on as deter mined b
Ray diffraction at 298 K. Hydrogen atoms omi"
density indicates no sign of positional -di so

state.
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Simi | pMCOand MW HE] Reelxhi bits a bicapped
arrangement Rodr dawemd [tBvAa crystall ogriBiphi c
PONOP) @)t i Pinggur(e. 2TRBO vacant site of the

of this arrangement of anions, rather th;

Figuk® RBpproximately bicapped squar &l omi eamat

around two cationstéabpendt[iRiec]t neesof i d

I nterestingly, the electronically and <co
has one 086haoirst Ri€ERCR [FRS81 122 ( 4) i ] ®R2@822a c
angle compared t 43107 eaoglpe s{i 10y RERIFILEH( &4
2.]130 This couloi Bgdstateéipate€reandt iaotn t he
(Rddadi st ance not directly observed as hy

Ray diffraction data due to the weak scat
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geometrically placed and all owed to ride
i n previous wbrkkppnoathbhses CdHamedavadr ,c etnh e
st daEH} CP MAS NMR (10 kHzH 20WR K)EDaha3 slo
spectra are devoid of upfiBel chet bgbngnoap
woul d be expected if an agdo’stiFeu PR mMtee mac
Quantum Theory of At oms>4.shit>uMloileesc ucl ceusl d( QT
Read@aHbond HFiagur ¢( 2DBT geometry opt i-mi s
ecp( Mn/ R3el)G* *6] of th@8uPONORYE@OD)IRen( r esu

bot hoPdBRe bond angles becomUhgaerd«i2ReldRmstt af

i ncreasing to 3.43 . |t I's therBd omet syl
group towards the rhenium centre is not
steric pressur e-stfarteem etnlve r crome mt |, whi ch

previ dbéusl y.

FiguB® Zhdad#FCRengle is compressed, with one s

which coul d suggesaqgotshtei cp riensteenrcaec toifo na.n
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FiguBé Rolecul ar grBdPIONO®) tclast i {oRhe( | nt r-amol
coval ent bond paths are shown with a dotted
Note thaltakldlosniadi ffer from the rewasoémphey d

through the AIMALL progr am.

2.2fiii. AttempDRieldy BBrymd éhre sAdsd wdt
THF] and [ Re]

Wi t h t he weal th of reseRdichydornogehe asgdl
coordinatively unss@&tPtamdt et e mawmmdeie |e lwe s ¢
reasoned that di hydr MaimHFd hfd R rye eedtd wie
acceshdiblyedr ogen compl exes.[ RéJe €bwmi ¢ ha Hs c
(1 bar Sghame), 2l.ela3d to no reaction at r oon
byH a#RifH} sol uti on NMR spectroscopy. Cool

observation of a small set otH ssiodrmuali son( -
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spectrum which were con&Hmstdenutctwi tah bfr mrarda
ath-2.85; a new, ‘Bwomrd o @aEs adoyvatd md tPa NrOPw
resonadnb6e Fdtgiur p. 2A8a2i ti onally, thérE}is
solution NMRa2p&8c.Drs(tnaratti ar@ 1@at2eri &l |l t he
assignel@dHxomphex were | ost when the samp
reacti ®Revjiafawddls obser vedstiat & haes sddti @dr mi n

crysiRali Xfraction.

BArF4 F
o0—p'Bu, H, (1 bar gauge) H-—H BAr,

_|-»Bu
/ CD,Cly o] ‘ 2
N /

<—;N /R|e co _— 7 “N—Re—CO

O_
tB“zg .

[Re]

Schenle3 2Att empt ed Rdyinhyhdersagse m[fReaddArc t NMR|[ Rebh e
i n Cbwas BHadkK ed o wiLt hhaH gawuge) and analyse

spectroscopy. A small conversion (~10%) was
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H—H BAI’F T T T T T T T
Oh.B] ! 25-26-2.7-2.8 2.9 -3.0 -3.1 -3.2
& ‘N—R‘e—co 0 (ppm)
— /

O-

tBUzg

UL ‘ Y.

908580 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05-1.0-15-2.0-2.5-3.0-3.5-4.0
0 (ppm)

FiguBBH2s ol uti on NMR (563 MHfz,t He BrRddd ctt@iDesth o

CDCh The inset depictis2a8brwhidcheissRtasadcigat d
Theat®NOP proton ass d&elicactnepdl ewi tihs tchoei oc it hent
BAf,r esond&denot es, Adreem®t ICICDVhi ch is a solven

denotes an unknown i mpurity.

No reactivity was[ MAbHKFEdrnvde dd i bheytdweoegnen unde
pressures in sol-stabe. ornisoktbheien] i @HF i
compared toandastol evreadf ddr e mu sof oo uthec ommp ety e
transient vacant-stsattee,., TIHF tnmaey sboilnidd mor

manganese centore tthheanacH i vati on barrier o
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solsitdat e, followed by THF egress from the

observed.

2.29g. Lattice Adaptivity Induced

THF] and [ Re]

2. 291 -Stadlei React-TMF} ywiof h[ ®ar bon
Monoxi de

Addition of CO (1 bar gaulgMi HEBcRle mas)t 2] 1
causes the materi al to change in Eofgowue
2.)33 It is immediately obvious that the
crystals react far sl ower (days to weeks

deter mi nedsthagtPgidsjol CBE MAS NMR swiedd riosfba:

reacti on S a dsStsatne egreattitvensali d he c
shattered, as seen in the scanning el ect
after CO addition, which show(Fsigamipf iZchdmt

internal f r accrtyusrtianlgs o fe atvlees behi nd smal | e
Om), as shown by SEM, which ar eXRDars ttuodoi e

The reaction was repeated o#ft ca 2%ammagse sonfa |

crystals have been shown to be |l ess su:
reactti - dwwsvever all attempts at f-XROiI afgudiu
from this reaction failed.

133



Chapte€rystall o Lattice Adaptivity Trigg
Gr oup 7CoPmpnl ceexre

.
) BA, o BA’,
(O

o Pr, CO (1 bar guage) O_C_ 'Pr,
/
7 SN—Mh—CO — » ¢ “N—Mn—CO
— \ Solid-State o /|
||_3|.2 8 28 Hours Pr, 8
-THF
[Mn-THF] [Mn-CO]

Schemedd Lr ystaatoi on of nHiMelrtbRlr vy 8t €0I[tMr@DJor m
The time of this reaction is highly depende

samples requiring days to weeks.

FiguB® Optical microscopy i mage unddrMAapHR]ne
before (left) and after (right) exposure to
from yellow to colourless is clearly observe
indicating the reacti cenxposs wrie ftus i @@n colr wses asld

extensively cracked internally.
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Figu382 Qcanning Electron Mi[cMfDbKEJoegdy r(eSEM)) iam
(B) exposur gatugeCO 2(81 htobaurr s) . The surfaces of
defined before exposure to CO. After exposurt

clearly observed.

The ssald@PdH} CP MAE{HNdCP MAS NMR spectra

show that the react i “aC Qqjuna ntthia tad@ilegadr ye . f2a r
The resonances remain sharp after t he

mai nt ai ns anglor order . The same pattern
crystall ographi Rldnyviirnadrempemtdse,h rtabnesu pl r B g
and PMre3P quadrupol ar coud gy g sfhoomnidngi nl
symmetry is r%ePtl}li néd MAStNMEMR spectr um. C
product of thi sChrséhaavtsi arh ei nctl ce N Qo] r nmaantdi «

l i beration of freld damHAENNMR eso@mer®dtplyy
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N ‘—/“//L—_
. 235 230 225 220 215
A pPm)

*
% *
* *
" ﬂ L Moo
500 450 400 350 300 250 200 150 100 50 O -50 -100 -150

0 (ppm)
Figud3® S8estigB®l}JCP MABR (10 kHz spin r aMa,HFZ9 8

bot)t oadnMkCOJt 9p f or med by addition of [CNOTHE] bart
in thetsadleiid The inset depicts the isodyoptc

denotes spinning side bands.

2.2q9gii . Microcrystal El ectron Di
Mi crocryst al El ectron Diffraction (Micro
which utilises el Ratyrsomg, hitduglcdoomesnbamnniXKe
chemical mat t er muRahy ss torro nngeewrt rtohnasn, Xme an i
crystalline sampl es ar®% a ealuliavedf or< t5e) en
through the sampl e. This has benefits wh
XRD analysis cannot be obtained, whi c
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crystallog@®phyge then, Mi croED met hods
organometallic and main group chemistry
reagentZr Gi#Hb 12a cogwpebor ané3anodusat erriRodi u

al kane cFoingpulregx4 2(. 36

/\
ﬂ cl W, Cyz ~1BAT,
RN Rewse, | _ | se=R E S
Zr 2 _Rh=H. [
| TR \V} -
o] ] Cyz R
R
2019 2022 2022
E “%"" : SFs
g 0
i = - «=CH SFs
FiguB6 Organometallic complexes structurally

Le:ftSchwart zZéks dRld &g emtapkeor ane’3RieghtamBaA( kane

compfl4e x.

The SEM i mMgdFdoposed to CO showed small
remaining among a fractured crysttadle. | DiIset
Omacroscopiam@e | mmgd&ray ormi fXfracti on regi

circumvented through MicroED met hods.

A microcrystal MAMHeEyaampkeacoted with CO (1
hours and deposited onto Quantifoil Cu F

( TEM) gri dfsililnednglAovebox. The TEM grids
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met hoZcb@i gur ¢ 2Ei3g/ht i ndependent datasets
fractured xclr O&ft aglulrpt @e B merged to give ¢
with 0.83 | resolution. The MicroED dat ¢
l igand with CO aFi gbhepm2Th8 denaraend mod
standard for el ectZrBns di1TRE&%150b4 Bahm@d

40.84%) .

FiguTe MM.crocrystal Electron Diffraction meth
the products o[ff MiT HEWirteha cGO oinm Dthhe .s Al)i ATLAS
| arger crystallite, imaged by TEM. B) TEM im
from A, which was analysed by MicroED. C) Ex

anal ysis. Dif fprraecsteinotn opueta ktso alr.e8 3 j .
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 O1

, et

FiguB8 Z3stiatde st[frM€Olsryevtchfesi sed by addition
28 hou[rMfy HEiJon t hestsadlei,d as determined by Micr

atoms are omitted for clarity. Di spl acement

Al so evident wd tt ehti en g threu cstoulried ar e si gni |
mi croenvironment and 3A periodic struct ul
a space groupPahnankgie, ftrftoen uni t cel | vol
approxi mat[eMAyHFLA % ¥ = 63063 D MAE)O] | Z2 = 2,

2835.8Ta38hl ¢ 2n8 the THFcHy gtaanldl iasheld cloe x an
solsitdat e stfMa@HEFgRowdd t hat the THF | igart

wi thin a <c¢left formed FpwniaoFning@ gdé b &uTrhzn

139



Chapte€rystall o Lattice Adaptivity Trigg
Gr oup 7CoPmpnl ceexre

substitution of[ MiICO|cTaHIFs elsi gcdha ki dBAtro O6sw
and reorkhiegqurag e 2[(IMBHF|{ he cations were o
herringbone formation per pencéhixchsil gur & .02 .t.
The cations ar e rearranged i nto a par a

crystal laagi aphincthiegprppd2ahOg dramatic tr

l i kely | argely responsible for the extr
reacti on. Addistsi oofal lyattitbe hexane and
crystallites, as well as the | arge energ:
crystal degradation. 't i s proposed that
materi al, the fluorfigangooups orespbaeasi BIA
sufficient plasticity for crystallinity

Tabl® Zomparison of selected cry$¢$tMarlHFggrdaph
[ MfC O]

[ MIT HF ] [ MiIC O] [ MIC O]
(MicroE (Recryst-al
XRD)
Temper ¢ 150. 00 ( 80 ( 2) 149. 95(1
( K)
Crystal Monocl i Triclir Triclini
Space ( P2/ n PL Pl
z 4 2 2
a,b,c(ij) 19. 6838 13.0245 12.9543(6),
23.8631 14.1722 17.0692(
13. 4251 17. 0849
A, a, 90, 90, 105.823 105.704(4),
106.400 97.358(4
97.542(
Vol unmke 6306. 0 ( 2835. 6 2809. 2( 2
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FiguB® Rearrangemeani conf mMBAIMBHHR(r & mtk B+C O]
(right The THF ligand (bl ue)FriisngldqaviaifR]d The

nei ghbourfi-agi § BAreor[iMdhQlat es i n

FigurdeD 2Rearrangement of the 3A peridadipe s
arrangemevwiHF(nef tt o a paral l e[l MAAO®]frd Mydhda nEantti oin

components are represented as purple spheres
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2. 2q9gi i-Bt aRSeealcitdi vity of [ Re] with

I n a simillaMArHE $ haidodn ttioon of QQMRéPAh bdme) 3 a:

causes the sample to change fr om-5deheopu rrse

Ful | compl eteness of t his reacti on ocC

c

determinedgtlay esdNIMRd spectroscopy. This ex

reactiomgniwftbart degradation of crystal

exampl[eMaAloHF] t he crystalline integrity

fracturing sof btuhte tchrey sstuarlf aces fragment

d e

which could be observeHdi dyr w.p2Ukfadr tmi rca toe

resolution SEM i mages could not be obtai |

the reaction due to high electron beam

—| BAIT, o j BArF,
0—-'Bu CO (1 bar gauge) 0-3-p'Bu,
& N—Ré—CO 7 SN—Ré—CO
o—:-’;fl; Solid-State - |
Bu, 24 Hours Bu, 8
[Re] [ReCO]

Schemebl 8. Cryenatj8aj 60h CO [tRECdJjonr nt hes taadlei. d

Figudd Dptical mi cr o[sR&l]pdyf ta[mREeOd(s i phtf or me d

S |

addition of CO (1 &g &re]ng auhgeet sadSlei.ndoUuh e[ )RB@IAJT a c ¢

formed through this reaction have fragmented
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Despite the surface fracturing and degr .
|l omange order was retained, and st&XROt ur .
which confirms [tR&OJFogmati @nhde@fSCSC tr ans
and crystalline integrity degradation 1is
data and model statisti c[sRe¢f]qRmep) axr edd B0, t h
4. 07R%R = wlO0.[6R@QJR s 8. RO=2%H, 5. 3R, 1WM. 60%) .
coordinatior ofac@Of Raijt prafREOE auseBut he
met hyl group which is in cloR&ebphbextiimiagygt
from the metd®dC amd | tehe oRAE dipsetnaendc g sRer an
84. 119( 8P 2j2,1 Re1W]19 .a&kMm4) carbonyl ligands
cdineaReX1= 16]3.&@)tilted towards -t he

Re-C2 = 80 . -RaR3 = 83.0(2)
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Figurd€ XSstiate st r[uRBtOdr eHyafr ogen at oms omi t 1

Di spl acement ellipsoids displayed at -BO0%= S
2.4177(3P92 = 2Re4l2 IRe-BLB)= {LAP.IRBLS5) 2. 17 2014 )= i ;
1.977(6X2; = Re®42036)= j2,. ORBY-6? 7 ; ACIEAR]I =
83.A(2)

No change in space groXRDi dathRefoompead eidn t
[ RBTF (PH) , and only a modest change in the
singtesiRaly MatR€OAmxhi bits no space RpLpup
and a very modest change in t HFd guAk pp rTihdc¢
unit cell parameter changes are far small
off MMTHF d MICO](Tabl @ ,2which is expected be
change at t he 1A coordination site arn

mi croenvironment and 3A periodic struct
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