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Abstract 

Modern life without catalysis is inconceivable. Asymmetric catalysts are a special type of 

catalyst that preferentially produce one of two possible enantiomers over the other. The ability 

to selectively obtain exclusively one of the possible enantiomers is of highest importance for 

modern synthetic chemistry. To enable the transfer of chiral information from the catalyst to 

the reaction substrates, asymmetric catalysts must be chiral. In conventional asymmetric 

catalysts, the catalytic and chiral motifs are held close together within one single molecule. 

In this work, we break the design limitation of conventional asymmetric catalysts with a 

strategy we call ‘remote asymmetric induction’ (RAI). In RAI catalysts, the catalytic and chiral 

motifs are independent of each other in their design and synthesis. To achieve this, we use the 

multicomponent metal-organic framework MUF-77 (MUF = Massey University Framework). 

MUF-77 consists of three chemically distinct linkers that each occupy a specific position in the 

framework without disorder or randomness. To create RAI catalysts, the catalytic and chiral 

motifs are individually anchored to the different building blocks of MUF-77. By virtue of the 

MUF-77 structure, the catalytic and chiral motifs are in close proximity to one another in a 

catalytic pore, which creates an active site. This enables the transfer of chiral information to the 

reaction participants.  

Initially the reaction scope of the RAI catalyst was expanded by screening a variety of 

RAI-MOFs incorporating different catalytic and chiral functionalities across a range of model 

reactions. A promising catalyst for one model reaction was identified and investigated in depth. 

Through systematic modification of important reaction variables, the variation in 

enantioselectivity of this system was explored. After parameter optimisation, very good to 

excellent enantioselectivity was achieved. Control experiments confirmed that the origin of 

enantioselectivity arises from remote cooperative interactions between the functionalities in the 

active site. The catalysts were then tested for classical performance metrics and a hypothetical 

transition state within the MOF pore was proposed. This work establishes RAI as an alternative 

platform to develop high-performing asymmetric catalysts. 
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Chapter 1 – Introduction  

1.1 Asymmetric catalysis: the conventional approach 

1.1.1 Importance of asymmetric catalysis and its measure of success 

Imagining a world without the influence of catalysis is nearly impossible.1 Catalysts are 

molecules that alter a reaction’s pathway by decreasing the activation energy needed to form a 

desired product.2 At the same time, the catalyst itself is not consumed and can participate in 

many reaction cycles. The importance of catalysis becomes particularly obvious when applied 

to chiral molecules, where the preferential formation of one of the two possible mirror-image 

molecules is often critical.3 Many organic molecules like sugars and amino acids are chiral, 

meaning that they have at least one stereogenic element: typically a carbon atom bound to four 

chemically different partners.4, 5 Formally, molecules are also chiral if they lack an improper 

axis of rotation.5 This lack of symmetry means the molecule exists as a pair of 

non-superimposable mirror images, known as enantiomers.6  

Reactions catalysed by achiral catalysts generally produce both enantiomers in equal 

amounts (provided that the product is chiral), resulting in a racemic mixture (Figure 1.1 A). In 

contrast, asymmetric catalysts direct the reaction towards the preferential formation of one 

enantiomer (Figure 1.1 B).4 The ultimate goal is to obtain specifically just one of the two 

enantiomers. This is central to life3, 7, 8 and consequently also for modern synthetic chemistry, 

especially in regards to the production of pharmaceuticals.9 

 
Figure 1.1 Schematic representation of the reaction outcome using A) an achiral catalyst 
and B) an asymmetric catalyst. C) The equations for calculating the ee from enantiomer 

mixtures is shown. 
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The success of preferentially producing one enantiomer is typically quantified using 

enantiomeric excess (ee) (Figure 1.1 C). Alternative metrics such as the enantiomer ratio (er) 

have also been proposed. This expresses enantiomer proportions as a ratio (Figure 1.1 B:  

er = 90:10).10, 11 While ee was originally assessed by optical rotation measurements, modern 

analytical techniques, particularly chromatographic methods, allow direct quantification of 

enantiomers.12 Despite recommendations to adopt er as the main metric, ee remains the 

predominant measure in the asymmetric catalysis literature for reporting enantioselectivity.10, 

12, 13 

Enzymes, metal complexes, and organocatalysts have emerged as the three most widely 

used platforms for the creation of efficient asymmetric catalysts.14 They are commonly referred 

to as the ‘three pillars of asymmetric catalysis’ (Figure 1.2).15-17 Although other approaches, 

such as heterogeneous asymmetric catalysts, have been investigated, they remain comparatively 

rare and often less successful.18 

 
Figure 1.2 The three pillars of asymmetric catalysis, each illustrated with a representative 

example.19-21  

1.1.2 Enzyme catalysis 

Enzymes, nature’s catalysts, have been unknowingly used by humanity for centuries as 

biocatalysts in food production, for example by the use of yeast in bread making or bacterial 

strains in cheese production.22 Today, enzymes are widely applied in both research and 

industrial contexts.23, 24 

Enzymes comprise long amino acid chains that fold into intricate three-dimensional 

structures through non-covalent interactions (Figure 1.3).25, 26 The catalytically-active part of 
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an enzyme is referred to as the active site, which is often deeply buried within the structure.27 

Within the active site, multiple amino acid residues, often remote from one another in sequence 

space, come together to cooperatively achieve the chemical transformation, while also 

providing the chiral environment needed to exclusively form one enantiomer.27-29 This 

cooperative architecture is often built from three amino acid residues and called a catalytic triad. 

A classic example is the catalytic triad of serine, histidine, and aspartic acid found in serine 

proteases (Figure 1.3).30 

 
Figure 1.3 Schematic depiction of an amino acid chain folding into a three-dimensional 

enzyme.31 The enzyme’s active site, consisting of a catalytic triad of serine, histidine, and 
aspartic acid, is illustrated schematically. 

Enzymes catalyse a diverse range of reactions, including carbon-carbon bond-forming and 

redox reactions, that are relevant to asymmetric synthesis particularly for the production of 

pharmaceuticals.32-36 Many of these reactions use prochiral or racemic substrates, yet enzymes 

are capable of exclusively producing one enantiomer of the product (ee > 99.9%), making them 

invaluable tools in stereoselective synthesis.37 

Beyond their exceptional enantioselectivity, enzymes are environmentally friendly and 

energy efficient.38 As they are derived from biological systems, they usually operate under mild 

conditions: aqueous media, ambient temperatures, and physiological pH.22, 39 Enzymes can also 

show outstandingly high reaction rates.40  

However, enzymatic catalysis often faces one fundamental limitation: they are highly 

specific for a single substrate. Their catalytic efficiency is generally not transferable across a 

broad range of substrates, especially unnatural ones.41-43 This limitation has been partially 

addressed through advances in directed evolution and protein engineering.42, 44  
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Appendix 

Appendix Chapter 2 

Linker synthesis 

Chiral linkers based on the structure: H2bdc-OX-(S/R)-R 

The title compound was prepared from backbone 1 (1.2 g, 4.5 mmol, 

1.0 eq.) and (R)-4-isopropyl-2-oxazolidinone (761.4 mg, 5.9 mmol, 

1.3 eq.) according to the general procedure. Me2bdc-OX-(R)-4-iPr 

(850.0 mg, 2.7 mmol, 59%) was obtained as a slightly yellow oil after 

silica-gel column chromatography (cyclohexane/EtOAc gradient from 

9:1 to 7:3). The 1H NMR spectrum agrees with literature data.196  

1H NMR (500 MHz, CDCl3) �/�����S�S�P�� 8.01-8.01 (m, 2H), 7.91 (s, 1H), 4.52 (t, J = 8.2 Hz, 1H), 

4.35-4.27 (m, 2H), 3.95 (s, 3H), 3.92 (s, 3H), 2.08-2.01 (m, 1H), 1.03 (d, J = 6.8 Hz, 3H), 0.89 

(d, J = 7.0 Hz, 3H). 

 

The title compound was prepared from Me2bdc-OX-(R)-4-iPr 

(850.0 mg, 2.7 mmol, 1.0 eq.) according to the general ester hydrolysis 

procedure. H2bdc-OX-(R)-4-iPr was obtained as a yellow, powdery solid 

(744.1mg, 2.5 mmol, 96%). The 1H NMR spectrum agrees with literature 

data.196  

1H NMR (500 MHz, d6-DMSO) �/�����S�S�P�������������������E�U�������+��������������-7.92 (m, 2H), 7.86 (d, J = 1.4 Hz, 

1H), 4.47-4.39 (m, 2H), 4.27 (dd, J = 8.1, 5.8 Hz, 1H), 1.92-1.86 (m, 1H), 0.89 (d, J = 6.8 Hz, 

3H), 0.81 (d, J = 6.9 Hz, 3H). 

 

The title compound was prepared from backbone 1 (1.1 g, 4.0 mmol, 

1.0 eq.) and (R)-4-benzyloxazolidi-2-one (708.4 mg, 4.0 mmol, 1.0 eq.) 

according to the general procedure. Me2bdc-OX-(R)-4-Bn (923.5 mg, 

2.5 mmol, 63%) was obtained as a slightly yellow oil after silica-gel 

column chromatography (cyclohexane/EtOAc gradient from 9:1 to 7:3). 

The 1H NMR spectrum agrees with literature data.196  
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>?$5/R$M&X$8%7L$1E9$0?5,/$H?$H/Y2?$H.12*+=,/,$H?5$-22K,5$

.2$L$]:B$%6T/212=,+.H?,$8%IB%$Y[$%L#BI$112K[$%!BL$,\B9$SH*$
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1>V.0/,$ SH*$ HKK2S,5$ .2$ SH/1$ 0+$ .2$ /221$ .,1+,/H.0/,$ H?5$

.=,?$SH*$/,3K0V,5$ H.$ FL$ ]:$ 2Z,/?>Y=.B$ O3.,/$ -22K>?Y$ .2$ /221$ .,1+,/H.0/,[$ .=,$ 5H/W$ Y/,,?$

*0*+,?*>2?$SH*$3>K.,/,5[$H?5$*2K>5*$S,/,$SH*=,5$S>.=$M&X$8!$̂ $7L$1E9B$M=,$-214>?,5$*2KZ,?.$

SH*$/,12Z,5$0?5,/$/,50-,5$+/,**0/,B$M=,$5H/W$Y/,,?$/,*>50,$SH*$5>**2KZ,5$>?$:& ! :K! $8!7L$1E9$

H?5$SH*=,5$S>.=$LB7$($&:K$*2K0.>2?$8!$̂ $%LL$1E9[$*H.0/H.,5$'H&:;C$*2K0.>2?$8!$̂ $%LL$1E9[$

SH.,/$8!$̂ $%LL$1E9$H?5$5/>,5$2Z,/$(YA;"B$),12ZHK$23$.=,$*2KZ,?.$R>,K5,5$H$Y/,,?$*2K>5$.=H.$

SH*$/,-/R*.HK>*,5$>?$_.;O-$.2$R>,K5$�������¶�������������¶�������������¶6&,VH=,+.RK./0V,?,$H*$H$S=>.,$-/R*.HKK>?,$
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C#&9[$LB##$8.[$*$a$DBC$&Q[$%F&9[$LB7"6LB"F$81[$%!&9B$%C:$'()$8%!#$(&Q[$:@:K C9$�/�� ���S�S�P��$
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-22K>?Y$.2$L$]:[$H-,.RK$-=K2/>5,$8%7$1E9$>*$*K2SKR$H55,5B$M=,$

1>V.0/,$ >*$ *.>//,5$ H.$ L$ ]:$32/$ CL$ 1>?0.,*B$O$ *2K0.>2?$ 23$

�������¶�������������¶�������������¶6&,VH=,+.RK./0V,?,$8%B#$Y[$%BD$112K[$%BL$,\B9$
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*.>//,5$32/$%L$1>?$H.$L$]:$H?5$30/.=,/$*.>//,5$H.$/221$.,1+,/H.0/,$

32/$"$=20/*B$M=,$1>V.0/,$SH*$+20/,5$2?.2$H?$>-,GSH.,/$*K0//R$

8%LL$1E9B$M=,$/,*0K.>?Y$*0*+,?*>2?$SH*$*.>//,5$H.$/221$.,1+,/H.0/,$2Z,/?>Y=.B$M=,$H\0,20*$

*0*+,?*>2?$SH*$ ,V./H-.,5$ S>.=$:& ! :K! $H?5$ .=,$ 2/YH?>-$ +=H*,$ SH*$ SH*=,5$ S>.=$ H$ *H.0/H.,5$

'H&:; C$*2K0.>2?B$M=,$*2KZ,?.$SH*$/,12Z,5$0?5,/$/,50-,5$+/,**0/,$.2$H332/5$.=,$-/05,$+/250-.$

H*$ H$ R,KK2S$ *2K>5B$ M=,$ -/05,$ +/250-.$ SH*$ /,-/R*.HK>*,5$ >?$ _.;&$ .2$ R>,K5$![D[%!6M/>H-,.RK6

�������¶�������������¶�������������¶6=,VH=,+.RK./0V,?,$H*$R,KK2S$?,,5K,*$8%B7$Y[$%B"$1 12K[$FL`9B$
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8%77BC$1Y[$7F7B"$d12K[$#7`9B$

%&$'()$87LL$(&Q[$@! �2���1�D�2�'�����/�����S�S�P�����������������V�������+�������������������V�������+�������������������G�G����*$a$%%B"[$"BL$&Q[$

%&9[$CB7D$855[$*$a$%%BC[$#B#$&Q[$%&9[$!BIL6!BF"$81[$%&9[$%B!C$85[$*$a$#B7$&Q[$C&9B$%C:$'()$

8%!#$(&Q[$@! �2���1�D�2�'�����/�����S�S�P����������������������������������������������������������������������������������������������������������������������������

&)(A$ 8XM(A$ e$ +$ _Af$ X0KK9$ -HK-0KH.,5$ 32/$ g(h6$8: %C&%"' %; 796$1GQ$ !#"BLF##[$ 320?5$ 1GQ$

!#"BLF#IB$

$

M=,$.>.K,$-21+20?5$SH*$+/,+H/,5$3/21$4H-W42?,$!$8!LDB#$1Y[$

7"#BC$��12K[$%BL$,\B9$H?5$8$96! 6H1>?240.H?,$87LB7$1Y[$#ILB7$��12K[$

%BC$,\B9$H--2/5>?Y$.2$Y,?,/HK$+/2-,50/,$RB$(, ! 45-67' 68! 96:& ! :& C6

:& C$8%L!BF$1Y[$C7!BF$��12K[$#7`9$SH*$24.H>?,5$H*$H$*K>Y=.KR$R,KK2S$

2>K$H3.,/$*>K>-H6Y,K$-2K01?$-=/21H.2Y/H+=R$8_.;O- i$LB7$̀M_O9B$

%&$'()$87LL$(&Q[$(,;@ 6" %�����/�����S�S�P�����������������V�������+�������������������V�������+�������������������V�������+��������������6!B7F$81[$

%&9[$%BF"6%BDD$81[$%&9[$%B"F6%BCI$81[$%&9[$%B%F$85[$*$a$#B"$&Q[$C&9$LBIF$8.[$*$a$DB"$&Q[$C&9B$
%C:$'()$87LL$(&Q[$(,;@ 6" %9$�/�����S�S�P��$%#7BD#[$%"CB%#[$%!FBC#[$%!FB%7[$#LB!C[$7#B77[$7%B"C[$

!DB%C[$%7BI![$IB%CB$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(e&he$8: %#&!! ' %; "9e$1GQ$

!I!B%7"C[$320?5$1GQ$!I!B%7CFB$

$

M=,$.>.K,$-21+20?5$SH*$+/,+H/,5$3/21$(, ! 45-67' 68! 96:& ! :& C6

:& C$8%L!BF$1Y[$C7!BF$��12K[$%BL$,\B9$H--2/5>?Y$.2$.=,$Y,?,/HK$,*.,/$

=R5/2KR*>*$+/2-,50/,B$&! 45-67' 68! 96:& ! :& C6:& C$+/,->+>.H.,5$H.$+&$

"BC$H*$H$S=>.,$*2K>5$8D"BF$1Y[$!F"B%$d12K[$F%`9B$

%&$'()$87LL$(&Q[$@! �2���1�D�2�'�����/�����S�S�P�����������������V�������+�������������������V�������+��������������6!B#7$81[$%&9[$%BFL6

%BD7$81[$%&9[$%B"C6%BCI$81[$%&9[$%B%#$85[$*$a$#B"$&Q[$C&9$LBI!$8.[$*$a$DB"$&Q[$C&9B$%C:$'()$

87LL$(&Q[$@! �2���1�D�2�'�����/�����S�S�P����������������������������������������������������������������������������������������������������������������������������

IB!#B$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(h6$8: %"&%#' %; "96$1GQ$!#!B%LD"[$320?5$1GQ$

!#!B%LF7B$

$

$

$

$



!#! $
$

M=,$.>.K,$-21+20?5$SH*$+/,+H/,5$3/21$4H-W42?,$!$87%CB!$1Y[$

%B"$112K[$%BL$,\B9$H?5$8$96%61 ,.=2VR6! 6+/2+RKH1>?,$8%#LBL$1Y[$

%BF$112K[$%BC$,\B9$H--2/5>?Y$.2$Y,?,/HK$+/2-,50/,$RB$(, ! 45-67' 6

8$96:& ! ;:& C6:& C$8!DCB7$1Y[$FFIBI$��12K[$##`9$SH*$24.H>?,5$H*$

H$ *K>Y=.KR$ R,KK2S$ 2>K$ H3.,/$ *>K>-H6Y,K$ -2K01?$ -=/21H.2Y/H+=R$

8-R-K2=,VH?,G_.;O-$Y/H5>,?.$3/21$!G%$.2$%G%i$LB7`$M_O9B$

%&$'()$87LL$(&Q[$@(A; 6"#�����/�����S�S�P�����������������V�������+�������������������V�������+�������������������V�������+�������������������G�G����*$a$

IB7[$7B%$&Q[$%&9[$CBC%6CBCL$81[$%&9[$CB!I$8*[$C&9[$!BI#6!BI%$81[$%&9[$%B%!$85[$*+a$#B"$&Q[$C&9B$
%C:$'()$8%!#$(&Q[$@(A; 6"#9$�/$8++19$%#7BCI[$%"CB#"[$%!FB%7[$%!DBDD[$D7B7"[$7FBC%[$7#B!"[$

77BFI[$7!B!I[$%7B"%$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(e&he$8: %#&!! ' %; "9e$1GQ$

!I!B%7"C[$320?5$1GQ$!I!B%7CFB$

$

M=,$ .>.K,$ -21+20?5$ SH*$ +/,+H/,5$ 3/21$(, ! 45-67' 68$96

:& ! ;:& C6:& C$8!DCB7$1Y[$FFIBI$��12K[$%BL$,\B9$H--2/5>?Y$.2$.=,$

Y,?,/HK$ ,*.,/$ =R5/2KR*>*$ +/2-,50/,B$ &! 45-67' 68$96:& ! ;:& C6:& C$

+/,->+>.H.,5$H.$+&$"B7$H*$H$S=>.,$*2K>5$8!%LBL$1Y[$D7%BI$d12K[$F7`9B$

%&$'()$87LL$(&Q[$@! �2���1�D�2�'�����/�����S�S�P�����������������V�������+�������������������V�������+�������������������G�G����*$a$%LB![$"BF$&Q[$

%&9[$CB"I$855[$*$a$%LB![$#BL$&Q[$%&9[$CB"%$8*[$C&9[$CBL"6!BIF$81[$%&9[$%B!!$85[$*$a$#B7$&Q[$C&9B$
%C:$'()$87LL$(&Q[$ @! ;G'H;@ 9$�/$8++19$%D7B"I[$%CIB"C[$%CCBF#[$%!DBLD[$D7BCF[$7FBC7[$7DBC#[$

7#B!#[$%7B%FB$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(h6$8: %"&%#' %; 796$1GQ$!DFB%L!C[$

320?5$1GQ$!DFB%L!FB$

$

M=,$.>.K,$-21+20?5$SH*$+/,+H/,5$3/21$4H-W42?,$!$8"IIBC$1Y[$

%BC$112K[$ %BL$ ,\B9$ H?5$8! 96C6O1>?240.H?6%62K$ 8%#%B7$ 1Y[$

%BF$112K[$%B"$,\B9$H--2/5>?Y$.2$Y,?,/HK$+/2-,50/,$RB$(, ! 45-67' 6

8! 968:& ! 9! ;& 6:& C$8!%LBL$1Y[$#FCBC$��12K[$7!`9$SH*$24.H>?,5$H*$

H$ *K>Y=.KR$ R,KK2S$ 2>K$ H3.,/$ *>K>-H6Y,K$ -2K01?$ -=/21H.2Y/H+=R$

8_.;O- G1,.=H?2K$Y/H5>,?.$3/21$%GL$.2$IB7GLB7i$LB7`$M_O9B$

%&$'()$87LL$(&Q[$(,;@ 6" %�����/�����S�S�P�����������������V�������+��������������6"B!D$81[$"&9[$CBI!$8*[$#&9[$CBDD6

CB##$81[$!&9[$CBLL6!BI"$81[$%&9[$%B#D6%B#%$81[$%&9[$%B!C$85[$*$a$CB"$&Q[$C&9B$%C:$'()$87LL$

(&Q[$(,;@ 6" %9$�/$8++19$%#DB%7[$%""B"7[$%!IBDD[$%!IB7D[$#LBCF[$7DBC"[$7DBL![$7!BF%[$CFB%![$

%DB!#B$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(e&he$8: %#&!! ' %; 79e$1GQ$CLFB%"I![$320?5$

1GQ$CLFB%"F!B$

$

$

$

$



!#C$
$

M=,$ .>.K,$ -21+20?5$ SH*$ +/,+H/,5$ 3/21$(, ! 45-67' 68! 96

8:& ! 9! ;& 6:& C$8!%LBL$1Y[$#FCBC$��12K[$%BL$,\B9$H--2/5>?Y$.2$.=,$

Y,?,/HK$,*.,/$=R5/2KR*>*$+/2-,50/,B$&! 45-67' 68! 968:& ! 9! ;& 6:& C$

+/,->+>.H.,5$H.$ +&$ "BF$ H*$ H$ *K>Y=.KR$ 4,>Y,$ *2K>5$ 8%CIBC$ 1Y[$

"IFBF$d12K[$DC`9B$

%&$'()$87LL$(&Q[$@! �2���1�D�2�'�����/�����S�S�P�����������������V�������+��������������6"B"D$81[$"&9[$CBF%6CBD#$81[$%&9[$

CBD"6CB#I$81[$%&9[$CB!I6CB!#$81[$%&9[$!B%"6!BLF$81[$%&9[$%BDD6%BD%$81[$%&9[$%BCL$85[$*$a$#B7$

&Q[$C&9B$%C:$'()$87LL$(&Q[$@ ! �2���1�D�2�'���� �/�� ���S�S�P���� ���������������� ���������������� ���������������� ���������������� ��������������

7DB%7[$7#BCF[$C7B%C[$%7BFCB$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(h6$8: %"&%#' %; 796$1GQ$

!DFB%L!C[$320?5$1GQ$!DFB%LC%B$

$

M=,$.>.K,$-21+20?5$SH*$+/,+H/,5$3/21$4H-W42?,$!$8"IDB!$1Y[$

%BC$112K[$ %BL$ ,\B9$ H?5$8! ! 96%6O1>?26! 6+/2+H?2K$8%7%BD$ 1Y[$

!BL$112K[$%B7$,\B9$H--2/5>?Y$.2$Y,?,/HK$+/2-,50/,$RB$(, ! 45-67' 6

:& ! :& 68! 96:& C6;& $8%#LB!$1Y[$7"7B7$��12K[$"!`9$SH*$24.H>?,5$

H*$H$*K>Y=.KR$R,KK2S$2>K$H3.,/$*>K>-H6Y,K$-2K01?$-=/21H.2Y/H+=R$

8-R-K2=,VH?,G_.;O-$Y/H5>,?.$3/21$!G%$.2$%G%i$LB7`$M_O9B$

%&$'()$87LL$(&Q[$@(A; 6"#�����/�����S�S�P�����������������V�������+�������������������G����*$a$"B%$&Q[$%&9[$"B"!$8*[$"&9[$

CBF#$8*[$#&9[$CBFC6CBDF$81[$%&9[$!B#D$855[$*$a$%!BL[$#BD$&Q[$%&9[$!B#!$855[$*$a$%!BL[$7B7$&Q[$%&9[$

%B%L$85[$*$a$#B!$&Q[$C&9B$%C:$'()$8%!#$(&Q[$:@:K C�����/�����S�S�P��������������������������������������������������������������������

#"BI"[$#CB%7[$7IB"L[$7!BC"[$!%BDLB$(A$8_Af9$-HK-0KH.,5$32/$g(e&h e$8: %7&!L ' %; 79e$1GQ$!I"B%C[$

320?5$1GQ$!I"B!%B$

$

M=,$ .>.K,$ -21+20?5$SH*$+/,+H/,5$3/21$(, ! 45-67' 6:& ! :& 6

8! 96:& C6;& $8%#LB!$ 1Y[$ 7"7B7$��12K[$ %BL$ ,\B9$H--2/5>?Y$ .2$ .=,$

Y,?,/HK$ ,*.,/$ =R5/2KR*>*$ +/2-,50/,B$ &! 45-67' 6:& ! :& 68! 96:& C6

;& $+/,->+>.H.,5$H.$+&$"B"$H*$H$S=>.,$*2K>5$8%%!B#$1Y[$"!"B7$d12K[$

DF`9B$

%&$'()$87LL$(&Q[$ @! ; ���1�D�2�'�����/�����S�S�P�����������������V�������+�������������������V�������+��������������6"BL7$81[$%&9[$!BFD6

!BDF$81[$ !&9[$%B!C$85[$*$a$#B7$&Q[$C&9B$%C:$ '()$8%!#$(&Q[$ @! ; ���1�D�2�'���� �/�� ���S�S�P���� ����������������

%CIB7#[$%CCBF7[$%!DBL![$#7BI7[$#!B7F[$7IBL![$!LBD%B$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$

g(h6$8: %C&%"' %; 796$1GQ$C#"BF##[$320?5$1GQ$!#"BLFD%B$

$

$

$

$



!#" $
$

M=,$.>.K,$ -21+20?5$ SH*$ +/,+H/,5$ 3/21$ 4H-W42?,$ !$ 8CLIBD$ 1Y[$

F%"BI$��12K[$ %BL$ ,\B9$ H?5$8!! [C! 96! 6H1>?240.H?,6%[C65>2K$8!!%B#$ 1Y[$

!B%$112K[$ !B#$ ,\B9$ H--2/5>?Y$ .2$ Y,?,/HK$ +/2-,50/,$RB$(, ! 45-67' 68! 96

M=/;& $8%#LBC$1Y[$"I"BF$��12K[$#%`9$SH*$24.H>?,5$H*$H$*K>Y=.KR$R,KK2S$

2>K$H3.,/$*>K>-H6Y,K$-2K01?$-=/21H.2Y/H+=R$8:&C:'[$LB7`$M_O9B$

%&$'()$87LL$(&Q[$@(A; 6"#�����/�����S�S�P�����������������V�������+��������������6"B"C$81[$#&9[$CBF#6CBF"$81[$D&9[$

CBD76CB#7$81[$!&9[$!B#F6!B#7$81[$%&9[$%B%L$85[$*$a$#B7$&Q[$C&9B$%C:$'()$8%!#$(&Q[$:@:K C�����/��

8++19$%#7B"I[$ %""B%7[$ %!FBL%[$ %!DBD7[$ ##BI%[$ #7B#F[$ 7FBI#[$ 7#B%C[$ 7!B!I[$ %IBFFB$ &)(A$

8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(e&he$8: %#&!%' %; #9e$1GQ$C!"B%""![$320?5$1GQ$C!"B%"C7B$$

$

M=,$ .>.K,$ -21+20?5$ SH*$ +/,+H/,5$ 3/21$(, ! 45-67' 68! 96M=/;& $

8%#LBC$1Y[$"I"BF$��12K[$%BL$,\B9$H--2/5>?Y$.2$.=,$Y,?,/HK$,*.,/$=R5/2KR*>*$

+/2-,50/,B$&! 45-67' 68! 96M=/;& $+/,->+>.H.,5$H.$+&$CB7$H*$H$3>?,[$*K>Y=.KR$

4,>Y,$*2K>5$8I7BC$1Y[$C!!BD$d12K[$#7`9B$

%&$'()$87LL$(&Q[$ @! ; ���1�D�2�'�����/�����S�S�P�����������������V�������+�������������������V�������+��������������6"B!!$81[$%&9[$CBII$

855[$*$a$%!B%[$"B!$&Q[$%&9[$CBFF$855[$*$a$%!B%[$7B"$&Q[$%&9[$!BFI6!BF#$81[$%&9[$%B!"$85[$*$a$#B7$

&Q[$C&9B$%C:$'()$8%!#$(&Q[$ @! ; ���1�D�2�'���� �/�� ���S�S�P���� ���������������� ���������������� ���������������� ���������������� ��������������

##BID[$7IBFC[$7#BD![$%DB%7B$&)(A$8XM(A$e$+$_Af$X0KK9$-HK-0KH.,5$32/$g(h6$8: %"&%#' %; #96$1GQ$

!I"BLID![$320?5$1GQ$!I"BLIF"B$

'

HE=8@&>">':S'S$=<8":=7;">&6'K&=T7;6&@E6&>'

'

H<@&I&'( )+'A-=,1H.>-$/,H-.>2?$*-=,1,$32/$.=,$*R?.=,*>*$23$+=,?RK$30?-.>2?HK>*,5$
4,?QHK5,=R5,*B'

M=,$ *R?.=,*>*$ 23$ +=,?RK$ 30?-.>2?HK>*,5$ 4,?QHK5,=R5,*$ SH*$ +,/32/1,5$ H--2/5>?Y$ .2$ .=,$

+/2-,50/,$/,+2/.,5$4R$bHK5Z2Y,K$,.B$HKBF$T/212 6?>./24,?QHK5,=R5,$8%BL$,\B9$H?5$+=,?RK42/2?>-$

H->5$8%B%$,\B9$S,/,$5>**2KZ,5$>?$M&X$8!B7$1E9B$O$*2K0.>2?$23$j! :; C$8!B!$,\B9$>?$SH.,/$87BL$1E9$

SH*$ H55,5$ H?5$ .=,$ /,H-.>2?$ 1>V.0/,$ SH*$ 5,YH**,5$H?5$ *.>//,5$ 0?5,/$ H?$ H/Y2?$ H.12*+=,/,B$

M/>+=,?RK+=2*+=>?,$8LB%$,\B9$H?5$+HKKH5>018ff9$H-,.H.,$8LB%$,\B9$S,/,$ H55,5[$H?5$.=,$/,H-.>2?$

1>V.0/,$SH*$*.>//,5$H.$#7$] : $2Z,/?>Y=.B$O3.,/$-22K>?Y$.2$/221$.,1+,/H.0/,[$*2K>5*$S,/,$/,12Z,5$

4R$3>K./H.>2?$.=/20Y=$-,K>.,$H?5$SH*=,5$S>.=$SH.,/$8%L$1E9$H?5$_.;O-$8%L$1E9B$M=,$1>V.0/,$

$

$



!#7$
$

SH*$ ,V./H-.,5$S>.=$_.;O-$8!$^$ !L$1E9[$H?5$.=,$ -214>?,5$2/YH?>-$+=H*,*$S,/,$5/>,5$2Z,/$

(YA; "B$ M=,$ -/05,$ +/250-.$ SH*$ +0/>3>,5$ 0*>?Y$ *>K>-H6Y,K$ -2K01?$ -=/21H.2Y/H+=R$

8-R-K2=,VH?,G_.;O-$Y/H5>,?.$3/21$%kL$.2$I k%9B$

'

M=,$.>.K,$ -21+20?5$ SH*$ +/,+H/,5$ 3/21$ 76T/212 6! 6?>./24,?QHK5,=R5,$

8! IDB#$1Y[$%BC$1 12K[$%BL$,\B9$H--2/5>?Y$.2$.=,$+/2-,50/,$5,*-/>4,5$H42Z,B$

T,?QHK5,=R5,$+,$8!C%BD$1Y[$%BL$1 12K[$DI`9$SH*$24.H>?,5$H*$H$S=>.,$*2K>5B$

M=,$%&$'()$*+,-./01$HY/,,*$S>.=$K>.,/H.0/,$5H.HBF$

%&$'()$87LL$(&Q[$ :@:KC�����/�����S�S�P��$%LB7!$8*[$%&9[$FB!!$85[$*$a$FB7$&Q[$%&9[$FB%7$85[$*$a$!B%$

&Q[$%&9[$DBI"$855[$*$a$FB7[$!B%$&Q[$%&9[$DB#D6DB#7$81[$!&9[$DB7"6DB"D$81[$C&9B$

$

M=,$ .>.K,$ -21+20?5$ SH*$+/,+H/,5$ 3/21$ 76T/212 6C6?>./24,?QHK5,=R5,$

8!"%B#$1Y[$%B%$1 12K[$%BL$,\B9$H--2/5>?Y$.2$.=,$+/2-,50/,$5,*-/>4,5$H42Z,B$

T,?QHK5,=R5,$(( $8%!DB7$1Y[$7#%B%$��12K[$7C̀9$SH*$24.H>?,5$H*$H$S=>.,$*2K>5B$$

%&$'()$87LL$(&Q[$:@:K C�����/�����S�S�P��$%LB%F$8*[$%&9[$FB#I$8.5[$*$a$%"BC[$%B"$

&Q[$! &9[$FB"C$8.[$*$a$%B" $&Q[$%&9[$DB#I6DB#F$81[$!&9[$DB7#6DB"F$81[$C&9B$%C:$'()$8%!#$(&Q[$

:@:KC���� �/�� ���S�S�P���� ����������������%"IB"#[$ %""BC"[$ %CDBIF[$ %CDB"I[$ %C!BFF[$ %!IB7F[$ %!IB"7[$ %!DBC"[$

%!#BID[$%!CBLIB$

'

G&=%E'%&7<8":='A%:6$<8>'

$
H<@&I&'( )( $A-=,1H.>-$/,H-.>2?$*-=,1,$32/$.=,$*R?.=,*>*$23$/,+/,*,?.H.>Z,$&,?/R$/,H-.>2?$

+/250-.*B$

M=/,,$&,?/R$/,H-.>2?$+/250-.*$23$/,+/,*,?.H.>Z,$4,?QHK5,=R5,*$S,/,$>*2KH.,5$.2$-2?3>/1$.=,$
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