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ABSTRACT

Suzuki-Miyaura Mediated Biphenyl Synthesis: A Spotlight on the Boronate Coupling Partner

The biaryl motif is found in many natural and sygttb products that display a wide range of
biological activities. This explains why biphenytse widely encountered in medicinal
chemistry as a privileged scaffold. The palladiuatatysed Suzuki-Miyaura (SM) coupling is
one of the most important and efficient stratedies the synthesis of symmetrical and
unsymmetrical biaryl compounds; the arylboronicdaor ester is a key partner in this
coupling reaction.

This work presents the synthesis of a library oivrmaolecules containing the biphenyl
scaffold;o-, m andp-(bromomethyl)phenylboronic acid pinacol est@sc, were selected as
coupling partners. Nucleophilic substitution of th®mide was carried out with amine, thiol,
alcohol or phenol nucleophiles. Supported reagantsmicrowave assisted organic synthesis
conditions were employed to enhance this chemiatrg made it amenable to parallel
synthesis. The resulting arylboronates were us&Mrcoupling reactions in order to obtain a
range of biphenyls.

The use of Boc-piperazine as a nucleophile in & r8action, withea-c, and 1-bromo-, 2-,
3- or 4-nitrobenzene or 2-bromo-5-nitropyridineaagl halides in the SM coupling reaction,
allowed two other points of functionalisation todmded to the biaryl motif.

The conditions for the SM coupling of mercaptoméihgnylboronic esters andrtho-
substituted methylphenylboronic esters were opedig order to broaden the scope of the
biaryl library.

Phosphines were found to be good nucleophiles enSJ2 reaction with2a-c. A Wittig
reaction was performed with the resulting phosplnanarylboronates in order to synthesise
arylboronic esters containing an alkene functioiorpthe reduction of the resulting double
bond of the stilbene derivatives and realising a@Mpling to synthesise arylethylbiphenyls.
The stilbene derivatives were also synthesisedsinguhe olefin cross-metathesis reaction of
4-vinylphenylboronic acid pinacol ester.

A solid state crystallographic study was undertakem a small library of
methylbiphenylamides to compare the crystal stngestof isomers or biphenyls with different

functional groups.

Christine B. BALTUS [B.Sc. Chemistry; M.Sc. Chemyst
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OVERVIEW OF THE THESIS

This thesis describes the work | have carried auwing the three years of my Ph.D. at the
University of Greenwich, which was funded by thephaceutical company Novartis U.K. It
is based on a boronic ester coupling partner amavilys of functionalising it in order to then
synthesise interesting biarywsa the Suzuki-Miyaura (SM) coupling reaction. Two égpof

boronic acids were selected as a starting poimgnfbmethyl)phenylboronic acids and 4-

vinylphenylboronic acid.

Chapter 1 is an introduction to boronates and lnplse It describes their synthesis and their
application in organic synthesis and in medicinbéraistry. Microwave-assisted organic
synthesis (MAQOS), which played an important parthis work, is also introduced in this

chapter.

Chapter 2 focuses on the microwave-mediated nullkop substitution ({2) of
(bromomethyl)phenylboronic acid pinacol esters with, S and O-nucleophiles. The
corresponding substituted methylphenylboronic estegre then coupled with aryl bromides

in a SM coupling in order to provide a library efstituted methylbiaryls.

In Chapter 3, thg- and mrmethylphenylboronic esters, which were substitubgdBoc-
piperazine in the & reaction (reported in Chapter 2), were choseprasursors to a highly
functionalised (piperazin-1-ylmethyl)biaryl libraryhey were coupled in a SM reaction with
bromonitroaryls and, by using piperazine deprot&ctind nitro group reduction, the resulting

biaryls were then functionalised.

After failing to coupleS and o-substituted methylphenylboronic esters in the Sklctien
reported in Chapter 2, reaction conditions optitiosawas attempted in the work reported in
Chapter 4 resulting in an interesting sulphur-cioirtg ando-(piperazin-1-ylmethyl)- biaryl

library as well as unsymmetrical palladacycles.

XXi



The 2 reaction was also achieved using (bromomethyhplberonic acid pinacol esters in
the presence of phosphorus-nucleophiles and isridedcin Chapter 5. Some resulting
phosphonium derivatives were reacted with aldehydesWittig reactions to form

alkenylarylboronates. The latter were also obtaim@dthe cross-metathesis reaction of 4-
vinylphenylboronic acid pinacol ester and 4-vingllyls. The alkenylarylboronates obtained
were reduced, coupled in SM coupling reactionsladdo the synthesis of an arylethylbiaryl

library.

During the course of the synthesis of (piperaziyiriethyl)biaryls, reported in Chapter IS;
(4'-methylbiphenyl-4-yl)cyclopropane carboxamide swasurprisingly obtained and
crystallographic studies revealed an interestirygtat structure. Chapter 6 describes a small
study of the synthesis and solid state of methydmgtamides.

XXii



Chapter 1: Introduction

1.1. Organoboranes

Boron is a semi-metallic element which belongs fiaug 13 in the Periodic Table. It was
discovered by Sir Humphry Davy in London, JoseplmtdGay-Lussac and Louis Jacques
Thenard in Paris in 1808, by the treatment of bacicl (HBOs) with potassiunt.Pure boron
(Figure 1.1) is not found in nature. It is foundaahoboric acid and borates in borax (sodium

tetraborate decahydrate /830, 10H0), colemanite, etc.

Figure 1.1. Picture of boron crystaf$.

Organoboron compounds are defined by the presdre@aC bond. Boron can also form B-
O, B-N, B-S or B-P bonds and boronic acids cannoffenerise or trimerise (Figure 1.2).
Boronic acids and esters are very important comgeiecause of their reactivity in synthetic

organic chemistry and their uses in medicinal clsemf

/R' /OH /OH /OH /OR'
R-B, R-B, R—B\ HO—B\ R—B\
R" R' OH OH OR'
borane borinic acid boronic acid boric acid boronic ester
R
O, B
R-B. B-R oanye]
o B. B
R/ \O/ \R
boroxine
boronic acid

dimeric and trimeric units
R, R', R" = alkyl or aryl

Figure 1.2. Organoborons and acids.



1.1.1. Boronic acids
1.1.1.1. Introduction

A boronic acid is an organoboron compound whichta@ios a B-C bond and two B-OH
bonds. It is a mild organic Lewis acid and, gergrdloronic acids are stable in air which
makes them easy to handle. They have a low toxiarydegradable and can be considered to
be environmentally friendly (“green” compounds).>$md sp-hybridised boronic acids are
very important in synthetic chemistry, mainly fagilg one of the precursors for the Suzuki-

Miyaura (SM) coupling reaction in the synthesisryls.

1.1.1.2. Synthesis of boronic acids

Frankland and Duppa first reported the synthesia bbronic acid in 1869They obtained
ethylboronic acid by oxidation of triethylboron thkydrolysis (Scheme 1.1).

2H,0
CQH5B(OCQH5)2 —— 02H5B(OH)2 + 202H5OH

B(CoHg)s + Oy

Scheme 1.1. Synthesis of ethylboronic acid by Frankland and fzup

Since then, many chemists have reported a numbevagé for the synthesis of boronic

acids®*

1.1.1.2.1. Electrophilic trapping of organometaititermediates with borates

The reaction of an organometallic compound (merclithium or magnesium) with a borate
is one of the most used methods to synthesise lmoaoids. The organometallic derivatives
are generally obtained by metal-halogen exchangiddthis method, alkyl,alkenyf and

arylboronic acidScan be synthesised (Scheme 1.2).

1) R'M H,O0*
R-X R-BOR"), ——m R—-B(OH),
2) B(OR"),
R = alkyl, alkenyl, aryl X=1,Br, Cl M = Mg, Li

Scheme 1.2. Synthesis of boronic acids from alkyl, alkenyl amwgl halides.

Aromatic organometallic derivatives can also beawl#d byortho-metallation, generally

lithiation 8



1.1.1.2.2. Transmetallation of alkenyl and aryhisds and stannanes

An example of a transmetallation process (Scher@gidcludes the treatment of alkenyl or
aryl silanes or stannanes with a boron halide wigoles the corresponding alkenyl or
arylboron dihalide product.The alkenyl and aryl boronic acids are then olethinfter the

hydrolysis of this organoboron dihalide product.

1) BBr3 (1.5 eq)
OCONEY, CH,Cly, -78 °C to 1t OCONEY,
SiMes 2) 5% aq. HCI B(OH)2

> 85%

Scheme 1.3. Example of a transmetallation of an aryl silana tmoronic acid.

1.1.1.2.3. Hydroboration

Hydroboration (Scheme 1.4) is a very well-knownctee for the synthesis of organoborons
and was developed by Brown and R3dhis reaction implies a regioselectisis-addition of

a hydroborane onto an alkene or an alkyne.

H BR 0 H OH
o e ¢ HOBR, —— g

R1 R2 R1 R2

H BR () H OH R' O
RI—=—R?2 + H-BR, —— —( 7 [] — —_ >_{

R" R? R" R2 H R?

Scheme 1.4. Hydroboration reaction

This reaction is known mainly for the preparatioh abcohols by the oxidation of an
organoboron. However, the organoboron fromdiseaddition can be hydrolysed to afford the

boronic acid (Scheme 1.5).

H BH, H,O H B(OH),
R1 R2 R1 R2
H BR,  MegNO H  B(OH),
R1 R2 R1 R2

Scheme 1.5. Synthesis of boronic acidga the hydroboration reaction.



1.1.1.2.4. Cross-metathesis reaction

Grubbs et al. synthesised alkenylboronic acids (Scheme 1.6)gu#ive cross-metathesis

reaction of vinylboronic acid with terminal olefihs

< Ru_%}

Cy3P

R 5 mol %
Nt (HORBTS R~ B(OH);
CH,ClI,
reflux, 12 h E/Z > 201
R= C5H11, 31%

R = Si(i-Pr)3, 55%

Scheme 1.6. Synthesis of alkenylboronic acidis the cross-metathesis reaction.

1.1.1.2.4. Hydrolysis of boronic esters

Acyclic and unhindered cyclic boronic esters arsilgahydrolysed by water. However,
hindered cyclic boronic esters are more difficolthtydrolyse and require acidic or oxidative
conditions (Scheme 1.7J. The hydrolysis can also be achieved Irans-boro-

esterification:>®14

(e}
e}
B’O
\ aoetone/HZO
2 (e}
rt, 48 h
2

2
73%

H OH
’ 9&
B<g B(OH),
aq HCI (2N)
) +  Ph—B(OH), o)

THF/MeOH

OMe tBuO,C~ > N OMe

Y H (e}

tBuO,C” Y N i, 18 h

76%

Scheme 1.7. Examples of hydrolysis of boronic esters.



1.1.1.2.6. One-pot metal-catalysed synthesis dbargnic acids

Hartwig et al. have developed a method to synthesise arylbogamiits from arenega a one-
pot iridium-catalysed borylation followed by hydysis (Scheme 1.8}. Recently, Molander
et al. have achieved the first direct synthesis of bar@uidsvia palladium-catalysed cross-

coupling of aryl chlorides with tetrahydroxydibor8a(OH),.*

Cl [Ir(COD)(OMe)], cl 1) H,0.NalO, cl
dtbpy rt, 15 min
+ PinB—BPin BPin B(OH),
THF 2) aq HCI (1N)
cl 80°C, 16 h cl t4h cl
94%
L.
crPiN X-Phos = O
Hz PCy,
X-Phos i-Pr i-Pr
OOCI *  (HO);B—B(OH), o{j%s(om2 g
/ NaOt-Bu /
j-Pr
KOAc i
0,
EtOH 82%
80°C, 18 h

Scheme 1.8. One-pot syntheses of arylboronic acids.

Many different methods have been devised in ordesynthesise boronic acid derivatives.
Because of this development, boron chemistry hagereenced a dramatic surge in interest

and applications; thus a wide range of boronicsaai@ nhow commercially available.

1.1.1.3. Applications in organic synthesis

Boronic acids are useful synthons in organic syithand participate in many reactions as
reagents, catalysts or protecting groups. Theynaaenly known for the Suzuki-Miyaura

reaction (which will be described later on) but @@everal other applications.

1.1.1.3.1. Boron Heck-type coupling with alkenes

This palladium-catalysed reaction is a cross cogpbetween aryl or alkenylboronic acids
and olefins (Scheme 1.9). It involves a catalysicle where Pd(ll) is the active catalyst which
is transformed to Pd(0) and needs the presencexiflant such as acetic adidCu(OAc)™®

or simply oxygert? to be reoxidised to Pd(Il) for the reaction to toue.



Pd(OAC),

(0] dmphen I
—( )—BOH), - NG . - C W

Ot-Bu
O,

rt, 16 h

92%
Scheme 1.9. Example of a boron Heck-type reaction.

This reaction is also achievable with rhodium antienium catalysi&’

1.1.1.3.2. Addition on carbonyls, alkenes, alkymesnes and iminiums

Boronic acid derivatives are very effective reagdnt carbon-carbon bond forming reactions
(Scheme 1.10). When catalysed by rhodium they aith ta a,p-unsaturated ketonés,

aldehydes? imines? etc. They can also add to aldehysliespalladium catalysié*

Rh(acac)(CO),
dppb
o MeOH/H,0

) (0]
50°C, 16 h 99%
1) [Rh(cod)(MeCN),]BF,
phozs\N dioxane Pho2S\NH
| 95°C, 16 h

FgCOB(OH)z + H

2) H,0

o FsC o~

e

@/ \
0

PhS
OH

Q [Pd(allyl)CIl;
H * @B(OH)z
052C03
H,0
100°C,2h

96%
Scheme 1.10. Examples of boronic acid addition reactions.

The addition of boronic acids to hydrazones (Sché&ré&) can be achieved by a metal-free

carbon—carbon bond-forming reductive couplfing.

NNHTs K,COs H
v 2 PG
/ dioxane 0
[

110°C
1-5h 95%

Scheme 1.11. Metal-free addition of a boronic acid to a tosylhgzone.
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Liebeskind and Srogl discovered a reaction whidbwad the synthesis of ketones from the
coupling of a boronic acid and a thioester a carbon-carbon bond formation (Scheme 1.12).

This reaction is catalysed by palladium and reguihe presence of a copper derivative as co-

catalyst*®
Pd2dba3 0o
o ON TFP NO
)J\ ’ Cq1Hog 2
C1 1 H23 S B(OH)2 E;S
\
COOCu 79%
THF
TFP = tris(2-furyl)phosphine 50°C,18h

Scheme 1.12. Liebeskind-Srogl coupling reaction.

1.1.1.3.3. Coupling reactions

Arylboronic acids do not only couple with aryl fdds or triflates. Wangt al. achieved a
base-free, one-pot diazotization/cross-couplingaitines with arylboronic acids (Scheme
1.13) for carbon-carbon bond formatihChan, Evans and Lam have developed a copper-
catalysed coupling between arylboronic acids andrbatom-containing derivatives (Scheme

1.13) in order to form carbon-heteroatom boffds.

szdbag

P(2-furyl)3
O oL Dsom: o~ )
/ t-BUONO /

AcOH
DMF, 90 °C, 8 h 81%

Cu (OAC) 2

F C‘< >*B(OH) AN N pyridine /=N
3 2t F3CON
= CH,Cl, =

air, rt, 48 h

71%

Cu(OA0),

Et;N
on + —{_)-som, — °
CH,Cl,

rt, 24 h

73%

Scheme 1.13. Coupling reactions with boronic acids.



1.1.1.3.4. Oxidative replacement of boron

The boronic acid moiety can be transformed intalanhol by oxidatiorf:?into a nitro group
by nitration®® into a cyano group by iridium-catalysed cyandtibror to a halide by

halogenation reactiorf§®

1.1.1.3.5. Boronic acids as catalysts

Because they contain an empty p-orbital, boronidsaact as Lewis acids and can act as
catalyst in some reactions (Scheme 1.14). 8-Quiabbronic acid was found to be a good
catalyst in the hydrolysis of chloroalked®and arylboronic acids were found to be able to
catalyse the amidation of carboxylic acid with aesift Boronic acids are also known for

their ability to catalyse the Diels-Alder reactithn.

X

—

N
B(OH),
10 mol %

~_C — ~_-OH
HO DMF HO

collidine 43%
heat, 109 h

F

F*@*B(OH)z
F 1 mol % N
(v
©/\/\000H . QNHQ
mesitylene le}

175°C,4h
99%
Br
B(OH),
COOH
I |h 20 mol % @/COOH
.
25°C,48h 86%

Scheme 1.14. Examples of reactions catalysed by boronic acids.

1.1.1.3.6. Boronic acids as protecting groups folscand diamines

Boronic acids are well known for the protectionlgP-diols (Scheme 1.15), mainly in the
field of carbohydrate®’



OH B

HO MeOH 1 0
Ph—B(OH), + o 0
HO SEt  Benzene o

OH | HO SEt
retiux OH

94%

Scheme 1.15. Use of a boronic acid as protecting group.

1.1.1.4. Boronic acids in medicinal chemistry

Phenylboronic acid has been known for many yeargs@ntimicrobial propertie¥’
In medicinal chemistry, boronic acids are considdoebe bioisoteres of carboxylic acids and
they were found to have many applications such abotiydrate recognitiof, protease

enzyme inhibitior?° etc?’
Velcade (PS-341; marketed by Millennium Pharmacaigj Figure 1.3) was the first boronic
acid-containing marketed drug to be used in huneatti therapy. It is a proteasome inhibitor

used for treating relapsed multiple myeloma (a bom&row cancer) and mantle cell

lymphoma®® Here, the boronic acid acts as a “serine trap”atolw the proteasome serine

(0] N C|)H

N N B
PER e,

N/ (0] \(

Bortezomib (Velcade)

protease.

Figure 1.3. Example of a drug containing a boronic acid moiety

Tubulin is a heterodimeric protein which plays & kele in cellular division. Targeting the
microtubule system of eukaryotic cells representatt&ractive strategy for the development of
anticancer agents. gis-isomer of the boronic acid analogue of combretast&-4 (Figure
1.4) was identified as a potent inhibitor of colshe by binding top-tubulin and it also
inhibited tubulin polymerisatioff A boronic acid chalcone analogue of combretastatih
(Figure 1.4) was found to be a potent inhibitorhofman cancer in cell proliferation and

angiogenesi&’



MeO N 0
Voo O MeO ¥z B(OH),
OMe g B(OH), MeO ‘ ‘ OMe
OMe OMe

Figure 1.4. Examples of boronic acid analogues of combreiastat.

The boronic acid analogue of estrone sulphate (EBigu5) was found to be a good
competitive steroid sulphatase (STS) inhibfto8TS is considered to be a potential target for
the development of therapeutics for the treatméstayoid-dependent cancers (e.g. estrogen-

dependent breast cancer).

(HO),B

Figure 1.5. Example of boronic acid analogue of estrone suépha

Boron-conjugated 4-anilinoquinazolines (Figure 1a8} as long acting inhibitors of the
epidermal growth factor receptor (EGFR) tyrosinenakie, which is vital for cell

(HO)2|3\<jV HN©\CI
o) SN
N/)

Figure 1.6. Example of a boron-conjugated 4-anilinoquinazoline

proliferation®?

A number of boronic acid derivatives (Figure 1.@yé been found to be potent inhibitors of
fatty acid amide hydrolase (FAAH) which a potentiatget for therapeutic agents in the

treatment of various medical conditions includinfigimmation and paift’

B(OH),

Figure 1.7. Example of an inhibitor of fatty acid amide hydieé.
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1.1.2. Boronic esters
1.1.2.1. Introduction

Boronic esters (Figure 1.8) are boronic acids inctvtthe two hydroxyl group have been

replaced by two alkoxy or aryloxy groups. They barcyclic or acyclic.

2
/OR2 /O /O /O /O .‘R
R'-B rR-8_ ] R-B R'-B :>< R'-B l
OR? 0 0 0 0™ R2
pinacol ester
0 0 Me
S TS SIS
pinanediol ester catechol ester MIDA boronate

Figure 1.8. Examples of boronic esters.

1.1.2.2. Synthesis of boronic esters
1.1.2.2.1. Esterification

Boronic esters can be easily obtained from theti@aof a boronic acid with an alcohol or a
diol (Scheme 1.16) in the presence of a dessioagt (molecular sieves or magnesium

sulphate):*
R'—OH R-B(OR),

dessicant
R-B(OH), + _
THF

HO rt, 24 h
) o
R—B\
HO @)

Scheme 1.16. Synthesis of boronic esters from boronic acids.

1.1.2.2.2. Hydroboration

By choosing the appropriate hydroborane (Schem@&)1this method is ideal for the

preparation of alkyl and alkenylboronic estEr$’

11



H  B(OR),

RT Rz * H-B(OR),
R R

Cy,BH
. ’ B,O 5 mol % B,O
—= + H- —_—

o) rt, 2-24 h R—//_ o

Scheme 1.17. Synthesis of boronic estens the hydroboration reaction.

1.1.2.2.3. Transmetallation of organosilanes

As for boronic acids, boronic esters can be obthinea transmetallation reactfSr{Scheme

1.18).

1) BCl

CH,Cl,
. NN -
0°C.20h B 0

AN siMe, O
2) catechol

benzene 89%
rt, 1.5 h

Scheme 1.18. Example of the synthesis of a boronic estaitransmetallation reaction.

1.1.2.2.4. Metal-catalysed coupling of aryl halidegriflates with diboron reagents

This coupling reaction between an aryl halide iblate with a diboron reagent is catalysed by
a transition metal, generally palladium (Scheme9).IThis reaction allows the direct
formation of boronic ester derivatives from arylitl@s. Miyauraet al. first reported this
reaction with aryl bromides and iodines and bisfpoiato)diboron. They found that the best
conditions for this coupling were [1,1-bis(dipheptybsphino)ferrocene]
dichloropalladium(ll) as catalyst and potassiunmtaeeas base in DMSO at 80 *C.

(0} 0 PdCly(dppf) 0
Oro - Yo as
(¢} e} KOAc e}

DMSO
80°C,2h

98%

Scheme 1.19. Palladium-catalysed coupling of bromobenzene Wigipinacolato)diboron.

This technique is very useful because many funatigmoups are tolerated. Miyaura and
others extended this reaction to aryl triflategabes, new palladium and copper catalysts and

ligands?®

12



1.1.2.2.5. Boronylation by C-H activation

The first boronylation of alkanega a C-H activation photochemical process with boron
containing transition-metal complexes (tungsten¥ weported by Hartwigt al. in 1997
However, this reaction was using the metal compiestoichiometric quantities. A few years
later, others managed to turn it into a catalygaction (Scheme 1.20) by using iridium,
rhenium or rhodium complexes and borane or dib@ampounds? This reaction was then

developed for the boronylation of aromatic and reaematic compounds using iridium

[Cp*Re(CO)4]
2.4 mol %
hv Cco

/\/\/B\o

catalysts’*

25°C, 56 h
95%
MeOOC, 1/,[Ir(OMe)(cod)], MeOOC
0 dtbpy 0
+ H-B B
0 hexane 0
cl 25°C, 24 h cl

70%

1/5[(cod)Ir(u-OMe)],

cl Cl
= o 90 dtbpy TP
N )+ BB N B,
o o MTBE — o
cl cl

Mw, 80 °C, 3 min

98%

Scheme 1.20. Transition metal-catalysed boronylation reactigrCbH activation.

1.1.2.3. Applications

Boronic ester derivatives are widely known for thevolvement in transition metal-catalysed
coupling reactions (e.g. SM coupling), as for bacoacids. However, they are also very
useful compared to boronic acids, because thegasyg to handle, have good stability during
the purification process and can act as a proggmoup for the boronic acid. This is why
many chemists used them as a second functionality during syntheses. A lot of reactions
have been performed with alkylboronic estérébut this section will focus on arylboronic

acid pinacol esters.
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Boronic acid pinacol esters are one of the mostelyidised boronic esters and its aryl
derivatives allow the synthesis of very interestargl and polyaryl compounds. Here, some
examples of reactions of arylboronic acid pinacstee derivatives leading to highly

functionalised arylboronates are presented.

1.1.2.3.1. Nucleophilic substitutions

Trisubstituted arylboronates were synthesis&a the aromatic nucleophilic substitution
reaction of amines and phenols on 4-fluoro-3-folreylzeneboronic acid pinacol ester
(Scheme 1.21) in which the presenceontho and para electron-withdrawing substituents
facilitated the reactior® They were also prepareda a one-pot borylation/amination of

chloroaryls developed by Smith & al.>*

° H HN N K,CO :
2L03 (0] /\
0, N B N N
/B F DMA o __/
0] 100 °C, 16 h
92%
(0] —
0 cl szdba3 HN
(Ind)Ir (COD) P(t-Bu)s
Cl dmpe 3 K3POy4 @ 3
150 °C, 8 h ﬂ)i DME Z)i
| 100°C,19h

Ind = n5-CgH;
COD = 1,5-cyclooctadiene

dmpe = 1,2-bis(dimethylphosphino)ethane

Scheme 1.21. Amination reactions on arylboronates.

(Bromomethyl)phenylboronic acid pinacol esters hpwaven to be suitable precursors for
Sn2 reactions (Scheme 1.22) with, S- andO-nucleophiles. This reaction was also achieved

under microwave irradiation (which will be develode Chapter 2§°

=oeg bﬁjp

rt, 16 h

68%

Scheme 1.22. S\2 reaction on a 2-(bromomethyl)phenylboronic adithpol ester.
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1.1.2.3.2. Wittig reactions

Aryl boronates have also been used to synthesiberst boronates (Scheme 1.23). They can

play the role of either the carbori/br the phosphord&containing partner.

0 0 — ) t-BuOK 0,
j s )4 + ‘o i B )\
/ 7\ O
o H CREN DMF O

0°Ctort,24h

82%

o
o t.-BUONa o
B\ * H / B\
PhyP® o) rt o

4h

Br
o E|Z=74:26
85 %

Scheme 1.23. Wittig reaction on aryl boronates.

1.1.2.3.3. Triazole and tetrazole aryl boronatelsssis

Frostet al. used click chemistry on a 4-(azidomethyl)phenydinde acid pinacol ester for the
synthesis of triazole boronates (Scheme 1°2&ghulzet al. developed a microwave-assisted

method for the preparation of aryltetrazoleboraid pinacol esters.

Cul (20 mol %) iO\B
O /
. C L= C DIPEA o C \,N
0 N, t-BuOH/H,0 No

\
N
60°C, 1h

72%

DIPEA = N,N-Diisopropylethylamine

CN i
o . Bu2$n(0) \ NH
:B + MegslNg O\
o DME B
o

pw
150 °C, 2*10 min

83%

Scheme 1.24. Triazole and tetrazole aryl boronates synthesis.

1.1.2.3.4. Asymmetric synthesis

Optically active boron-containing chiral amines wexynthesised from 1-(4-(phenylboronic
acid pinacol ester)ethanaminga an lipase-mediated amide coupling reaction (Scheme
1.25)%°

15



Lipase
0, NH, EtOAc o} NH, 0, NHAc
o solvent o o

Scheme 1.25. Synthesis of optically active boron-containingrahamines.

1.1.2.3.5. Synthesis of the aryl or heterocycligetyo

The synthesis of highly functionalised arylboroaad pinacol esters (Scheme 1.26) can also

be achieved by the construction of the aryl mofeayn highly functionalised precurso?s.

N SiMe3
o DCB N, I
Bn—N; + Me;Si B —— Np©
o 150 °C, 24 h o

84%

1) CoBr,(dppe)

Znly, Zn
: :é CH,Cl,, t, 16 h :ﬁ

Benzene
77%

Scheme 1.26. Examples of syntheses of highly functionalisedamnonic acid pinacol esters.

These types of reactions are very useful becauwsedte part of diversity oriented synthesis

of biphenyls.

1.1.2.4. MIDA boronates

MIDA (N-methyliminodiacetic acid) boronates (Figure 1.8) ane of the most recent types
of boronic esters. Their first preparation was regmhin 1986’2 Unlike other boronic esters,
the MIDA group on boronates completely deactivéitesboron atom and makes it unreactive
under anhydrous conditiofi$The only way for the boron to recover its activiyia the
hydrolysis of the MIDA boronate to the correspomgdooronic acid.

Me
e

Figure 1.9. MIDA boronate.
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The hydrolysis of MIDA boronates occurs under venyd conditions such as aqueous
sodium hydroxide, THF, 10 min or even aqueous sodiicarbonate, methanol, 6hThese
properties make the MIDA group a very versatilelding block for orthogonal synthesis
(Scheme 1.27), since its synthesis and hydrolysisyery easy to achieve.

B(OH),
l\\\ Pd(OAC), H \ l{\ ~aq.NaOH (1M) NaOH (1 M) Q Q BOH),
THF . .
23°C, 10 min
PCy2 87% 86%
KsPO,4

THF,65°C, 12 h

Scheme 1.27. SM coupling of a bromophenyl MIDA boronate and tojgsis of the MIDA
group.

This type of chemistry can be applied in the ortvaj synthesis of complex molecufés,
polyene natural produéfs or peptide building blocR8 and in olefin cross-metathesis
reactions’ Some one-pot hydrolysis/coupling reactions of Mibéronate derivatives have

been developed in aqueous méedia.
1.2. Suzuki-Miyaura coupling reaction

The Suzuki-Miyaura (SM) coupling reaction is a wealown reaction for carbon-carbon bond
formation. It is also one of the most important afitcient strategies for the construction of
symmetrical and unsymmetrical biaryl compounds.sTigaction involves the coupling of
organoboron compounds and organic halides or teglain the presence of a base and a

catalytic amount of palladium complex (Scheme 1%28)
Pd (cat.)

7\ @ _ Base | AV
B(OR + X / )
wQ (OR)e \_FRe Solvent R = \_FRe

R =H, alkyl X =1, Br, Cl, OTf
R'and R? = H, alkyl, aryl

Scheme 1.28. Suzuki-Miyaura coupling reaction.

Many chemists have investigated the various parmmetvolved in the SM coupling C-C
bond forming process and have employed a vast afagonditions (different palladium
complexes, bases, ligands, solvents, temperatutesar)y of which are substrate specffit.
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The mechanism of the SM coupling consists of algatacycle (Scheme 1.29) where the

catalytic entity starts as palladium(6).

7N X\
/ / R2
RI\— \ /\R2 Pd(O)L2
reductive elimination oxidative
addition

L

LPd@Q L

|

@ LI\ Ao
X

NS

Na

®
OR
© y
+-BuO~E-Ot-Bu NaOt-Bu
OR
. W
transmetallation L-Pd—\ 2
| 7 R? NaxX
Ot-Bu ligand
NaOt-Bu exchange
R1é/;\>fB(OR)2 @B Ot-Bu

@

Scheme 1.29. Mechanism of the Suzuki-Miyaura coupling.

The aryl halide adds onto palladium, which oxidiffes palladium from the oxidation state
(0) to the oxidation state (ll) (oxidative additjoithis entity undergoes a ligand exchawige
the participation of the base. The base also flesysole of increasing the carbanion character
of the organoborane which facilitates the transfiethe aryl group from the boron to the
palladium complexes in the transmetallation $88inally, the biaryl moiety is formed by

reductive elimination (palladium(ll) reverts to [aaium(0)).
1.3. Biphenyls

1.3.1. Introduction

Biphenyls are organic compounds made of two phgrmylips linked together by a carbon-
carbon bond (Figure 1.10).

RN
__ \/\Rz

Figure 1.10. Representation of a biphenyl molecule.
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Biphenyl compounds have many applications (Figurgl,11.12) such as herbicid@s,
fungicides’? chiral ligands in catalysis liquid crystalé* or materials (organic conductors,

organic electric wires, hosts, etf).

i-Pr

Fungicide: boscalid (BAS 510) BASF Chiral ligand
Complex Il inhibitor Palladium catalysed aminations

Figure 1.11. Examples of useful biphenyl compounds.

Fi3) Fi4) Fis) Fe)
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5% ¢ W
[ I
ol ot «/{T‘
Y. ,‘r}" pr I
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AN/ Y
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)"'T‘ ;\Jl\ )ﬁ ;‘

([1-(4,4’-CN-GgH4-CsHa-NC)-{Au(CF4OC4Ho)} 5] dinuclear gold(l) isocyanide compleX§
Figure 1.12. Example of a liquid crystalline biphenyl compound.

If one or both of the phenyl rings are replacedablyeteroaromatic cycle (Figure 1.13), the

compound is called a biaryl.

Q-0
—N
2-phenylpyridine

Figure 1.13. Example of a biaryl compound.

1.3.2. Biphenyls in medicinal chemistry

The biphenyl nucleus is found in many natural apetieetic products that display a wide
range of biological activity® This explains why the biphenyl scaffold is widelycountered
in medicinal chemistry as a privileged scaffoldtatdy in a variety of inhibitors of enzymes,

transporter proteins and GPCR ligands (Figure 11%)
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antiprotozoal and cytotoxicity activities Farnesyl transferase inhibitor Cathespin K inhibitor

Figure 1.14. Examples of important biologically active biphegnyl

1.3.3. Synthesis of biphenyls/biaryls

The formation of the carbon-carbon bond is onehef tnost important synthetic steps in
chemistry. Biphenyl derivatives are mainly syntsedvia cross-coupling reactions but few

other pathways have been developed for their pagipac

1.3.3.1. Cross-coupling reactions

The considerable potential of transition metaldyated reactions has been extensively
demonstrated in organic synthesis. There are dewsn cross-coupling reactions which
allow the synthesis of biaryls. They consist ofadlgdium-catalysed coupling of an aromatic
organometallic derivative with an aryl halide ante anamed after the chemists who
discovered them. Some of them can also be apptiealkynes, alkenes and alkanes. The
Hiyama, Kumada, Negishi, Stille and Suzuki-Miyawess-coupling reactions (Scheme
1.30), implying the used of organosilicon, organgnmesium, organozinc, organotin and

organoboron reagents, respectively, are widely cherued in the literatur®:”
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Hiyama Coupling:

R™-X + R?SiY, &» R'-R?
Kumada Coupling:

R™-X + R?*MgY ﬂ» R'-R?
Negishi Coupling:

R'-X + R2?ZnY PO R'-R?
Sille Coupling:

R'-X + R2?SnY; &» R'-R?
Suzuki-Miyaura Coupling:

R-X + R2-BY, ﬂ, R1-R2

Scheme 1.30. Cross-coupling reactions.

The Nobel Prize in Chemistry 2010 was awarded wh&id F. Heck, Ei-ichi Negishi and
Akira Suzuki "for palladium-catalysed cross-coughnn organic synthesis".

1.3.3.2. C-H activation

The C-H activation reaction is a catalyst contalleeaction which leads to the
functionalisation of carbon-hydrogen borflsThis carbon-carbon or carbon-heteroatom
formation technique has become an important antleciygng tool in total synthesf8.It is an
atom economical process in organic chemistry asaol alvery useful method for the synthesis
of biaryls.

An impressive functionalisation of an aryl C-H bowds performed by ruthenium-catalysed
ortho alkylation of acetophenones with terminal alkeffeShe presence of the carbonyl
group facilitates theortho C-H activation process because it makes a compiéx the
catalyst.

This method was then utilised for the synthesidiafyls (Scheme 1.31) using rhodidh,
palladiun?* and rutheniuff? based-catalysts.
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Pd(OAc),
5 mol %

PPhs 0 /@
/@ @ _ 30mol% O N
i )L + TfO H
052003
toluene O
110 °C, 22-47 h

79%

Scheme 1.31. Biaryl synthesisia ortho C-H activation.

The palladium coupling of aryl derivatives with kahalide via C-H activation is widely
document in the literatuf®. This coupling has been developed using other metath as

rhodiun?’ or without a transition metal (Scheme 1.%2).
1,10-phenanthroline

40 mol %
oL+ ) o~ )
/ KOt-Bu /

120°C, 48 h

83%

Scheme 1.32. C-H activation reaction catalysed by a non-metalimplex.

The silver-catalysed C-H activation reaction ofllaoyonic acids with aromatic heterocycles
(Scheme 1.33) yields the biaryl product in very @ygeelds within a few hour®¥ DeBoefet
al. developed a palladium-catalysed aryl-aryl couphvithout the use of organometallic or

aryl halide derivative’

AgN03
20 mol %

= TFA
FSC{\DN + (H%B@ oo 72\
2928

=N

CH,Cl,/H,0
. 6h 81%

Pd(OAc),
10 mol %

HPMV

Co - O == O
(0] O, (0]

acetic acid
benzene

120°C,8h
HMPV = heteropolymolybdovanadic acid, H4PMo1{VO4q

98%

Scheme 1.33. C-H activation reactions.
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1.3.3.3. Other reactions

There are a few other ways to synthesise biarylpmamds.

Ullmann reaction
The Ullman reaction (Scheme 1.34) is the synthafssymmetric biaryls from the coupling of

aryl halides in the presence of copper.

7\ cu A Y
2 X /
RQ heat R/_ \ /\R

Scheme 1.34. Ullmann reaction.

The homocoupling of aryl halides can also be a@tew iron catalysi&’

Schoall reaction
The Scholl reaction (Scheme 1.35) is a couplingtrea between two arene compounds with

the presence of a Lewis acid and a protic &tid.

) 7\ Lewis acid 7 N\ —/
R = H* R—/ \ g

Scheme 1.35. Scholl reaction.

Gomberg-Bachmann reaction
The Gomberg-Bachmann reaction (Scheme 1.36) isrg@raiyl coupling reactionvia a
diazonium salt?

N2+ X_
o =
+ R ——

Scheme 1.36. Gomberg-Bachmann reaction.
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1.4. Microwave-Assisted Organic Synthesis (MAOS)

Microwaves move at the speed of light and are caapof oscillating electric and magnetic
fields (Figure 1.15) with wavelengths between 306i2zMand 300 GHz (1 cm to 1 m).
Materials react to the applied electromagneticdfielin a variety of ways including
displacements of both free and bound electronddunyree fields and the orientation of atomic
moments by magnetic field3.The microwave dielectric heating effect uses thiita of
some liquids and solids to transform electromagnehergy into heat and thereby drive
chemical reaction¥ The microwave heating effect depends on the frecas well as the
power applied. In chemistry, microwaves generaia heuch faster than conventional heat

using a hotplate.

g 500 ! 460
o
440
\ .
,___"{. . 45018 |1 420
TIK i Il 4°°
400 B
— N 380
E= glectric field 350 =6
H = magnetic fleld
340
b= wavelength (12.2 em for 2450 MHz)

a) c = speed of light (300,000 km/s) b) 300 320

Figure 1.15. a) Electromagnetic field illustration of a microvea b) Infrared image of a
microwave heated solvent (left) compared with artteé method (right) showing the uniform

heating achieved with microwav&$.

Over the last 15 years, microwave-assisted reactiave been shown to improve the yields

and decrease the reaction times of many typesacfioms’ including SM coupling$:*®

Microwave heating depends on the material irradigig. the solvent) and its dielectric
properties. The loss tangent (& €’/ ¢') determines the ability of a specific substanae t
convert electromagnetic energy to heat at a giweguency and temperature’, the
dielectric loss, indicates the efficiency with winielectromagnetic radiation is converted into
heat ande’, the dielectric constant, describes the polailggtof molecules in the electric
field (Table 1.1).
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Table 1.1. Loss tangents (tad) of different solvents.

Solvent tan o

Ethanol 0.941
Methanol 0.659
Acetic acid 0.174
Water 0.123
Acetonitrile 0.062
THF 0.047
Toluene 0.040

A reaction medium with a high tanis required for an efficient absorption and ralpehting.
Some common solvents without a permanent dipole embnsuch as carbon tetrachloride,

benzene or dioxane, are more or less microwavepeaant’™

1.5. Summary of thework carried out in thisthesis

In Chapter 2, a microwave-mediateg2Sreaction of (bromomethyl)phenyl boronic acid
pinacol esters witiN-, S andO-nucleophiles was achieved in order to synthesiderary of
arylboronates. The latter were coupled with arginides in a SM coupling and provided a

library of substituted methylbiaryls (Scheme 1.37).

O o
d 0 ©
/_/7 SN2 reactions N

. / <)_ J

0L

0
B\
N 6}
LY
(¢}
SM couplings

P N

OO0 L 00 00

o
Scheme 1.37. Sy2 reactions followed by SM couplings.
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Chapter 3 describes the synthesis of a library ighlia functionalised (piperazin-1-
ylmethyl)biaryls from p- and m-(Boc-piperazin-1-ylmethyl)phenylboronic esterga
microwave-mediated SM coupling followed by protegtgroup removal, hydrogenation and
functionalisation steps (Scheme 1.38).

O MR

)N

O\
\S\\
N/\ \ B i SM coupling NC @ 0
(0]
I

functionalisations HN-S—

=) ;ﬁ O °
FOT T L

Scheme 1.38. (Piperazin-1-ylmethyl)biaryl library.

The optimisation of the conditions for the SM congl of S and o-substituted
methylphenylboronic esters, which were previousiynid to be cumbersome, was achieved
leading to interesting sulphur-containing aadubstituted biaryls and ao-(piperazin-1-
ylmethyl)biaryl library, as described in ChaptefStheme 1.39).

S/\ SM coummg Reg B ji SM coupling Ar
/ B \ / Ar
ArBr ArBr

Nu

Final biaryls

OO e
o @w

N NY
Os N
o}

Scheme 1.39. SM coupling ofS- ando-substituted methylphenylboronic esters.
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In Chapter 5, phosphines were used as nucleophilgge microwave-mediatedy3 reaction
on (bromomethyl)phenylboronic acid pinacol esteading to phosphonium aryl boronates
which reacted with aldehydes in Wittig reactionsfaom alkenylaryl boronates. The latter
were also obtainedia the cross-metathesis reaction of 4-vinylphenylh@raacid pinacol
esters. The alkenylaryl boronates obtained wereaicesi and coupled in SM coupling
reactions leading to the synthesis of an arylethgblibrary. The latter was also synthesised
from 4-vinylphenylboronic acid, which was first qied in a SM reaction followed by a CM

reaction and the resulting arylethenylbiaryls weydrogenated (Scheme 1.40).

O
/
B
\
Oi
0]

©
Br @B/O S\2 reactions 2 Wittig reactions
\ 7/ \0 /Ojé

SM and CM

reactions
/ C R f@mz
/ Ar

hydrogenation

R = BPin or Ar

Final arylethylbiaryls

Scheme 1.40. Biphenyl synthesisia Wittig, CM and SM reactions.

Chapter 6 describes the synthesis and solid statdy sof methybiphenylamides with

interesting solid state features (Scheme 1.41).

Me@—GNHz functionalisation Q HN= ﬁ_ HN
- SANAS “

Scheme 1.41. Biphenylamide derivatives.
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Chapter 2: Synthesis of a substituted-methylbiaryl library

2.1. Introduction

An arylboronic acid is a key partner in the SM doupreaction, leading to the synthesis of
biphenyl compounds. However, preparing and purgyelaborated arylboronic acids is
sometimes difficult due to the high polarity of theid functionality (e.g. streaking on a silica
gel column). A boronic acid pinacol ester has bebnsen for the multi-step biphenyl
syntheses outlined hereafter because of its dights facile synthesis from the boronic acid

and its reactivity in subsequent SM couplings.

o-, m and p-(bromomethyl)phenylboronic acid4)((Scheme 2.1) have been selected as
starting materials because their correspondingcpinasters Z) are easy to synthesise in
guantitative yields from pinacol, in the presendeaodessicant e.g. molecular sieves or
anhydrous magnesium sulphate (Mgg@asier to handle and purify by chromatography or
crystallisation and also because several functisaidns can be carried out in parallel by
displacement of the bromide group by a simpié &action¥* followed by a SM coupling
reaction leading to an interesting biaryl libraBcfeme 2.1).

OH MgSO4 0 NuH (3) 0 SM
7N\ _g 7 N_g /7 N—g
NASE o O D) o L)
&/ on HMH = o Base =/ % X-Ar (7)

o X=1,Br, Cl 8

QTN =
BN
QTanN
BN
oah
S

Scheme 2.1. Synthesis of substituted-methylbiaryls.

Once the pinacol ester has been synthesised, sexmlaophilic reagents, such as amines,
thiols, phenols and alcohols, have been tested2om a $2 reaction. Nucleophilic
displacement chemistry leading to amino and thiretderivatives has already been
performed orRa under thermal conditions (oil bath) in acetorgtmith sodium carbonate as a
base or using toluene/DBU respectively, giving goeslilts within a few hour$? Alkylation

of amines can also be achieved under microwaveliatian'® in order to enhance this

chemistry and make it amenable to parallel synshesi
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2.2. Optimisation of the microwave-mediated S\2 reaction

The optimisation process (Scheme 2.2) has beeeathion the bromide displacement by a

NuH (3) o
base g
Qi S
solvent
Nu

pw, 150 °C

nitrogen nucleophile.

Scheme 2.2. Bromide displacement by a nitrogen nucleophileampounda.

The $2 reactions were performed in THF or water undesrowave irradiation at 150 °C
(Scheme 2.2). Different bases were used, such aSIMM@ (polystyrene supportedN-
methylmorpholine; Figure 2.1), potassium carboratéhe nucleophile itself. The use of a
supported base can be explained by the facile wprkvhich is a simple filtration to remove
the salts formed®* When the reaction is not quantitative, excessistamaterials can be
removed by using scavengers (Figure 2.1) (in tamedPS-Isocyanate for nucleophiles and
PS-Trisamine for electrophile&Y

NH,

S< N
Nopag e BN o T SL At
PS-NMM PS-Isocyanate PS-Trisamine

Figure 2.1. Supported reagents.

Supported reagents are expensive. Hence, othes ltes® been tested as an alternative
(Table 2.1).
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Table 2.1. Optimisation of §2 reactions or2a with amines.

Entry 3 Base Solvent  Time (min) Produets Yield (%)
,oi
B\
/T N= Qo
1 ™ =) PS-NMM THF 15 s 4a > 99
3a NJ
N=
\ AN
,oi
g
(o)
2 3a K,CO4 water 15 N 4a @
»,
N=
\ AN
,o]i
B\
Qe
3 3a 3a THF 20 N 4a 31
»
N=
N\ N
,oi
g
(o)
4 3a K,CO, THF 30 N 4a b
»
N=
\ AN
,oi
H B
5 SN PS-NMM THF 25 % © 4b 63
3b N)
,oi
B\
6 3b K,CO; THF 30 % ° ab c
N
)
,oi
B\
7 3b 3a THF 20 % ° ab ¢
N
)

2 Mixture of the expected product and its boroni@aby '"H NMR and MS).” Starting materials® Starting
materials mainly and traces of expected compo@dmplex mixture.

The above reactions were carried out using the saal@r equivalents dta, nucleophile and
base. A number of important observations can bengleé from Table 2.1. It was observed that
when PS-NMM is used as base, good to excellenttseate obtained (Table 2.1, entries 1
and 5). The expected product is obtained in quaivg yield after only 15 minutes of
irradiation in the microwave (Table 1, entry 1). ¥vhpotassium carbonate is used as a base,

in THF, the reaction is not successful (Table lriem4 and 6).
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In water, with potassium carbonate as a base,xpected compound was obtained but as a
mixture with the substituted boronic acid (Tableebtry 2). The observed yields are low
when the amine plays a dual role of nucleophile laask (Table 1, entries 3 and 7). Hence,
the best results are obtained when ugngith one molar equivalent of nucleophile and one
molar equivalent of a supported base, PS-NMM, inFTét 150 °C under microwave
irradiation. These conditions have been adoptedlfdhe other §2 reactions ob-, m andp-

2 using amines as nucleophiles.

2.3. Microwave-mediated Sy2 reactions employing the optimised conditions

S\2 reactions or2a-c using amine, thiols, phenols and alcohols as optides and PS-NMM

as base were achieved under microwave irradiati@d@°C (Scheme 2.3).

NuH (3)

7 0 i 7 o]
Bf/@*Bi i PS-NMM Nu/@ﬂgl\ i
— o THF — o
92 2 pw, 150 °C 42
a. 2- - 2-
2b: 3- 5: 3-
2c: 4- 6: 4-

Scheme 2.3. §\2 reaction on compoun@swith N-nucleophiles.

2.3.1. Bromide displacement by nitrogen nucleoghile

These reactions were achieved using the optimisedittons using amines as nucleophiles
(Figure 2.2). When required, supported scavende$sirisamine and PS-isocyanate, were
used to remove unreacted bromide or amine, respégtiand in general, yields of product
were good to excellent (Table 2.2).
HN/\:/\N—<\: i/> N HN/\:/\O HN/\:\N_{ 7< HN/\:> HNCN— HzNj;ro\
3a 3b 3c 3d 3e 3f 390

Figure 2.2. N-Nucleophiles.
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Table 2.2. N-substituted Arylboronate$ 5 and6.

Entry 3 Time (min) Product4-6) Isolated yield (%)
1 3a 15 g 4a > 99
Cr
2 3b 15 Q bi 4b 63
)
3 3 15 Q bi 4c > 99
)
X
st
4 3d 15 S 4d >99
o=-<c>
A
i
5 3a 15 G\HCNp o 5a > 99
6 3b 15 - j}%i 5b >99
JN
7 15 _ Qi 5¢ 08
O\_/N

9 3 30 O pi 5e > 99

10 3a 30 S 6a 93
CH
O
11 3b 15 FN} %o 6b > 99
12 3¢ 40 Q/ O i 6c 99
Ot
13 3d 45 (2 6d 95
o:(o
7<
@i
14 3f 35 (JN o 6e > 99

N O
15 3g 120 ~ O i 6f 72
&2 equivalents ofl()-Val(OMe), 140 °C.
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In most cases, the reaction times were 15 minrbsbime cases, slightly longer reaction times
were needed in order to obtain the expected pradugbod yields. Cooled reaction mixtures
were assessed by TLC after 15 or 30 min reactioe,tand if incomplete, the reaction was
extended an additional 15-30 min. A protected \ealnalogue was successfully able to react
to yield a precursor to valsartavide supra) (Table 2.2, entry 15). The reaction of other
primary amines, including benzylamine as well astdmerizable heterocycles such as
imidazoles, often led to a mixture of products, spreed to result from mono- or
disubstitution reactions, and these were not ingatgd further in the present study. Next, we

focused our attention to thiols as nucleophiles.

2.3.2. Bromide displacement by sulphur nucleophiles

Having demonstrated that amines react readily &ith Sy2 reactions, related reactions were
attempted with thiols (Figure 2.3), which are expddo be better nucleophiles than amines,

in order to synthesis®substituted arylboronates (Figure 2.4).
HS—<Nj> HS—<Sj© —</N\\'\\l HS—<Oj© Nas— AN
N~/ W " /N’N N ’ HS

3h 3i 3 3k 3l 3m

Figure 2.3. S Nucleophiles.

0
0 B 0
B 0 B,
o] s o
S N= S
S

\
N:<N N%\N
Q\_// 5¢ 5g New 5h
15 min 50 min 15 min
> 99% > 99% 87%
,OJJ;
B
b Tt e
- y O o~
N s o s o
5i 69 6h
20 min 35 min 35 min
99% >99% 98%

o} o 0o
B: g B, i 0
0 o ° O
s S —S 0]

4e 5 5k 6i
20 min 30 min 15 min 40 min
85% 97% 88% 92%

Reaction times and percentage yields given.
Figure 2.4. Sboronate library.
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Hence, heteroaromatic thiols such as mercaptopgmmiafforded the thioethet and6g in
excellent yields using the standard conditions €&uh 2.3). Aliphatic thiols were found to be
unreactive when employing a supported base. Howevleen treated with sodium hydride
prior to the microwave-mediated reaction, an eecellyield of thioethebk was recorded
(Figure 2.4). Sodium thiomethoxide proved to bestiactive nucleophile in the synthesis of
4e, 5 and6i.

2.2.3. Bromide displacement by oxygen nucleophiles

Phenol and alcohol derivatives were chose@-amicleophiles for related\@ displacements.
The previous conditions employed (PS-NMM as bas#;, 7150 °C, microwave irradiation)
were unsuccessful. Hence, a modified literaturehowtwas used to synthesise the ether-
containing boronates (Scheme 2'%).

(a)
CI/\Q? e Aro/\QO

C 0 (b) C 0
B\ B\
Br o) RO o

Conditions: (a) ArOH (1 equiv.), RCI (1.5 equivllBAB (0.1 equiv.), NaOH (1 equiv.), &O; (4 equiv.),
microwave irradiation (power 60 W), 110 °C, 5 m&1% vyield. (b) ROHNBUNOH, THF (37-73% yield) or
K,CG;, acetone, 50 °C (25-64% yield).

Scheme 2.4. Examples of @ reactions usin@-nucleophiles from the literature.

Phenols and alcohols (Figure 2.5) were chose@-Bicleophiles for the & reaction or2

(Table 2.3).
W
HO HO O HO Ho~<:> HO™ "N
3

3n 3o p 3q 3r

Figure 2.5. O-Nucleophiles.
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Table 2.3. S\2 reactions on compoun@swith phenol and alcohol derivatives.

Temperature Time Yield

Entry 3 ©0) (min) Base Solvent Product-6) (%)

R/D
1 3n 150 45 PS-NMM THF dj Di 5l

2 3n 150 25 NaH THF @@i 6j 49
3 3n 150 40 Na,CO; THF @@i 6j _

4 3n 150 5 NaCoO, _ @@i 6i _
K,CO; NaOH Bi .
5  3n 120 5 TBAR _ @O@ s 6§  >9¢
K,CO; NaOH Bi .
6 3n 120 5 TBAR _ @O@ \O 6j 91
K,CO; NaOH O _
7 3 120 5 TEAB _ :r@i ok 21
K,CO; NaOH B,Oi a
8 3p 120 5 TBAB _ & ~e, 6l 24
9 3n 110 5 KCONaOH 5 L 5 42
TBAB o
10 3o 110 5  KLONaOH &) e o 5sm 20°
TBAB >
11 3n 110 5 KCONaOH Q i 4f 46
TBAB @
12 3p 110 5 KL NaOH Q & a9 44
TBAB d
13 3q 150 15 NaH THF JC i 5n E

14 3 150 15 NaH THF /O@ ]i 6m 48

2 Yield determined byH NMR. ? Use of excess bromidz. ¢ Corresponding boronic acid observe@omplex
mixture.

Sodium hydride was effective as base, although rabamtion of potassium carbonate,
sodium hydroxide, and tetrabutylammonium bromideegmoderate to good yields (e.g. >
99% for6] and 46% vyield fodf, Table 2.3, entries 5 and 11 respectively). Lichiseiccess

was achieved with an aliphatic alcohol as nuclee@m.
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2.3. X-Ray diffraction analysis of boronic ester derivatives

To investigate the structures of the arylboronatesthe solid state, X-ray structure
determinations on compoungs, 5h, 6g, 4d, and6c were carried out and are shown in Figure
2.6.

o $ D
gy Oins
TN ) G
2b 4d
C{EB
0w
- ) C}-‘-'%HEB
N el
?(V \C,IB 12 5%“ - - \ Q@/O
AN l S ,_-d)\m_o__\@; —
T N\ 1 VL
d)CEE / Uz Ol
C13 » ElE O EET
& 6
6C

Figure 2.6. Crystal structures db, 4d, 6c, 5h and6g.

The geometry of the boronate rings in all five ncoles is very similar. The rings are twisted
in every case, with the angle between the leastreguplanes drawn through atoms B1, O2,
and O3 and those drawn through atoms 02, C3 andri@dng from 21.4° to 24.5°.
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In three out of five casegp, 5h, and6c, the least-squares plane drawn through atoms B1,
02, 03, and C10 is almost parallel to the planéhefphenyl ring C10-C15, with the angle
between the least-squares planes ranging fromtd.2°0°. This angle is larger in structures
4d and6g: 21.3° and 16.3°, respectively. Structdcehas two substituents of the phenyl ring
that are in ortho positions, and it is thought thia¢ steric hindrance caused by this
configuration is the reason for the twisting of thlane of the phenyl ring away from the B1,
02, 03, C10 plane. Structuég is the only one of the five structures in which-a stacking
interaction is formed, with the distance betwees l#ast-squares planes drawn through the
two pyrimidine rings (C18, C20-C22, N19, N23) invetl being 3.6 A.

2.5. Suzuki-Miyaura cross-coupling reaction

After being functionalised by \2 reactions, some selected members of the arylbtFon
library were subjected to SM couplings under micwe conditions in order to obtain a

biaryl library.

2.5.1. SM cross-coupling reaction catalysed by Pa{)

The conditions which have been adopted for theseliond forming reactions were those of
Leadbeateet al.,*®*'%which avoid organic solvents, employing wateréast (cheap, readily

available, non-toxic and non-flammable) and uséagalm(ll) acetate as precatalyst without
an auxiliary ligand (Scheme 2.5). These conditianspur hands, were used without any
significant optimisation and they appeal due tarthelevance to the twelve principles of

green chemisty® with the use of catalytic conditions, atom econanyg benign solvent.

PA(OAC),
r ) _ N )
NS \_7r TBAB A\ FR
H,0
4,5and 6 7 hw, 150°C 8

Scheme 2.5. SM coupling catalysed by Pd(OACc)

A range of aryl bromides (Figure 2.7) was chosepaxticipate as partner in the SM coupling
reaction (Table 2.4).
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Table 2.4. SM coupling reaction on compoundiss and6 catalysed by Pd(OAg)

Entry 4-6 7 Time (min) Product Yield (%)
Qi GOL .
1 b 4b 7a 20 . 8a _
v ")
Q{ﬁ °
2 b 4c 7b 10 b 8b P
@, ¢
[¢] (o]
3 Qﬁ 5  7a 20 . H 8¢ 72
JN JN
[e] (o)
4 oL 5 7b 10 O“N 8d 98
N/ _/

P
5 CNQB\OE 5 7h 20 y , Y 8e 37

7 N 59 7 10 é( 8g =
8 - 6a  Tc 10 <) 8h 56
& o'
/O
9 O B‘oﬁ 6c 7i 20 OO 8i 49
<) )

10 @%(CHZE 6g 7g 20 @H 8 c
_ —N
. o)
11 @Oﬁ@i’ﬁ 6 7a 10 QOH 8k 38

Conditions: Aryl halide (1.1 equiv), Pd(OAQ)L mol. %), NaCOs (3 equiv), TBAB (1 equiv) water (2 mL per 1
mmol of boronic ester), 150 °C, microwave irradiat{power max 300 W).

@ Expected product, 4-bromobenzaldehyde and protogietion product observed. Expected product and
protodeborylation product observédRrotodeborylation product and starting materidlseoved.

38



NO, 0N NC
0 0
Br@—{ Br@—< BrONOZ Br Br Br
H

7a 7b 7c 7d 7e 7f

O = O

79 7h 7i

Br@ Br@NOZ

7i 7k

Figure 2.7. Aryl bromides?.

Good to excellent yields were obtained for the diogpof N-substitutedmeta- and para-
ArBPin derivatives. Excellent yields were observimt aryl halide coupling partners
substituted with electron withdrawing groups (©8% yield obtained fo8d, Table 2.4, entry
4), as opposed to moderate yields for aryl halsldsstituted with electron rich groups (e.g.
37% yield obtained foi8e, Table 2.4, entry 5Y°° An O-substituted compound gave a
moderate yield of 38% of the expected biphdéky(Table 2.4, entry 11).

These coupling conditions do not appear to be gpj@ie for eitherSsubstituted owortho-
substituted arylboronic acid pinacol ester couplipgrtners. In these two cases,
protodeborylation products and/or starting matenadére observed (Table 2.4, entries 1, 2, 6,
7 and 10). This issue will be further discusse@lvapter 4.

2.5.2. SM cross coupling reaction catalysed by Pt

Tetrakis(triphenylphosphine)palladium(0) (Pd(BRBhis a very efficient precatalyst for the
SM cross-coupling proce$$and was effective in the presence of sodium cateoas base, a
toluene/ethanol/water solvent syst&th,under microwave conditioh¥ to afford, N-
substituted methylbiaryl derivatives (Scheme 2&hI€ 2.5).

Pd(PPh3),4
B/O . B 4(:\ Na,CO; —
—< >— r / 4
NU 0 \XJ\R toluene NU ;(J\R
EtOH
H,0
6 7 8

pw, 150 °C, 10 min
X=CHorN

Scheme 2.6. SM coupling reaction catalysed by Pd(BRbn compounds.
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Table2.5. SM coupling reaction on compoun@satalysed by Pd(PB).

Entry’ 6 7 Product 8) Yield (%)
N
1 6a 7b () 8 71
N
W)
o]
2 6b 7a /—l\> . . H 8m 73
. / < > <\_/>
3 6c 7] N N 8n 86
W,

& Conditions: Aryl bromide (1.1 equiv.), Pd(PRh(3 mol. %), NaCO; (3 equiv.), toluene/ethanol/water 1:1:1,
microwave irradiation (power max 300 W), 150 °C nid.

N-Substituted methylbiaryl derivatives were obtaimedood yields.

2.5.3. Synthesis of precursors to valsartan

Finally, we investigated the coupling reaction Ire tsynthesis of precursors to valsartan
(Figure 2.8).

Figure 2.8. Valsartan.

Valsartan (CGP48933, (BY-Valeryl-N-{[2'-( 1H-tetrazol-5-yl-)biphenyl-4-yl|methyl)-
valine), is a non-peptide angiotensin Il receptotagonist disclosed by Ciba in 1994 (an
antihypertensive)'® Angiotensin Il is a hormone involved in regulatiblpod pressure and
fluid balancet™ Many different synthetic pathways have been phblistowards valsartan
(Scheme 2.7)*
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Scheme 2.7. Examples of reported synthetic pathways to vasart
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The biphenyl moiety can be synthesiséa a SM coupling (Scheme 2.7, (1) and (4)) or a
decarboxylative biaryl coupling (Scheme 2.7, (e amide part is generally inserted via
reductive amination orp2 reaction to form the amine then coupled with r@lechloride to
obtain the amide.

The tetrazole unit can be incorporated at the mdginof the synthesis, in a linear synthesis
(Scheme 2.7, (2)) and in a convergent synthesise{8e 2.7, (4)), or at the very end of the
synthesis (Scheme 2.7, (1) and (3)).

None of these syntheses were microwave-mediatéteschemistry previously developed can
bring novelty and maybe better yields in the sysithef this well-known drug.

Compoundef (Scheme 2.8), previously synthesiseal a microwave-mediatedy3 reaction,

is one of the numerous precursor in the synthdsisalgartan.6f was reacted with valeroyl
chloride in CHCI, with triethylamine to form the amide derivatiéa which can then be
coupled in a microwave-mediated SM reaction witragy halide to form the biphenyl motif

leading to a precursor to valsartan (Scheme 2.8).

{ﬁ Et;N {ﬁ Pd(PPh), {ﬁ
0 Na,CO
COOMe N THF o] COOMe 2 3 Q, COOMe

HN N 0 * Br—Ar
\ < > & \/\)I\m it 3h 4/_>> \ < > g toluene 4/_>LN A
o . o ethanol r
86 % H,O
6f 9a 6n 7 pw, 150 °C, 10 min 8o-p

Scheme 2.8. Preparation of the derivatién and its SM coupling.

The compoundn was obtained in good yield after a reaction timhie3ch and was then

coupled in a SM reaction with bromobenzeng) @nd 2-bromobenzonitrile{) (Table 2.6).

Table 2.6. SM coupling ofon.

Entry 7 Product 8) Yield (%Y

1 79 JJO}CS o 80 89
O‘éﬁCOOMe
2 7t J_>\‘” 8p 55
N//
Conditions: Aryl bromide (1.1 equiv.), Pd(PPh(3 mol. %), NaCO; (3 equiv.), toluene/ethanol/water 1:1:1,

microwave irradiation (power max 300 W), 150 °C,niid.
% |solated yield.
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The known compoun@n, synthesised frorbf, was coupled with both bromobenzefieand
2-bromobenzonitrile7f in acceptable yields (Table 2.6). The biphenylivdgive 8p is a
known intermediate in the synthesis of valsartame *H NMR spectra of the compouné

6n and8o-p showed the presence of rotamers as noted intératlire:*?? For 6n, increasing
the temperature (and changing the solvent to DM§Qed to coalescence (see Experimental
Procedures). A previous synthesis & employed a reductive amination of 2-cyano-4'-
formylbiphenyl, formedvia a decarboxylative coupling, with a protected \alaherivative
followed by treatment with valeroyl chloride, in amerall yield of around 45% (Scheme 2.7
(3)). In thisstudy,8p was synthesiseda a $y2 reaction, followed by an amide coupling and
a SM reaction with an overall yield of 34% which gsnilar to the previously reported
literature valué*?*® Analogue6n has been shown to undergo direct SM couplings with
phenyltetrazole halides under thermal conditiongerApts using protected and unprotected

phenyltetrazole chlorides or bromides under micre@ve@onditions gave unsatisfactory yields.
2.6. Conclusion

A library of N- andS-substituted arylboronates can be synthesised M&QS coupled with
supported reagents to ease work-OgSubstituted analogues were formed under solventles
conditions. SM coupling reactions of the arylbotesawith aryl bromides led to an
interesting library of biphenyls. Precursors of @llvknown drug were synthesised using this
MAOS chemistry. Further studies were aimed at edpanthe scope of the SM coupling
reaction involving the arylboronate library as cliugp partners, especially in regard to the use
of thioether oiortho-substituted ArBPin.
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2.7. Experimental conditions and analytical methods

Reactions

To perform the different reactions, general reactonditions were followed:

Anhydrous solvents were purchased from Aldrich ish&r and used without being distilled.
Sensitive product such as catalysts, bases anglpines were purchased from Aldrich, Alfa
Aesar, Novabiochem, Fisher and Strem. These wem wghout any further purification and
were stored in a refridgerator at 4 °C. For anhydrand inert reactions, the glassware needed

was dried in an oven and several vacuum-nitrogetesywere performed beforehand.
Microwave reactions were performed in a CEM Discavt.

The TLC studies were performed using commerciatgylar aluminium silica gel plates (60
A, F2s4). The mobile phase used was generally a solvextungi, e.g. hexane/ethyl acetate and

the visualisation was undertaken under UV light.

The purifications by chromatography on silica gelumns were carried out on an ISCO
purification unit, Combi Flash RF 75 PSI, with Reeh flash silica gel columns (60 A, 230-
400 mesh, grade 9385). The mobile phase used wasaally a solvent mixture in variable

proportions according to the product to separate.

Analyses

Purities of compounds were assessed by inspecfitimes *H and**C NMR spectra, high
resolution mass specta and elemental analysistaCisuctures were determined by X-ray

crystallographic analyses.

NMR Spectroscopy

The samples were prepared in deuterated solvehnlisroform (CDCE) or DMSO-¢ and
analysed usinf a Jeol EX 270 MHH{ and 75 MHz 3C) or ECP 400 MHz'H) and 100
MHz (**C) FT NMR Spectrometer, incorporating a Tuneabl8/2#0 probe. The notations
used ared: chemical shift (ppm), s: singlet; d: doublet; didublet of doublet; t: triplet; q:

quartet; m: multiplet): coupling constant (Hz).
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Mass Spectrometry

The mass spectrometry was performed with a Finny@A Thermo Quest spectrometer
using an Agilent Technology auto sampler. Electpya$ lonisation, positive ion, 20 V;

detector: 650 V; probe temperature: 150 °C; gasogen; MeOH/water 7:3 with 0.1 % acid
formic, flow: 200uL.min™; injection: 10uL; 1.20 s.scan. The notation used is: m/z: mass-
to-charge ratio.

The HRMS (high resolution mass spectrometry) wagopeed by the mass spectrometry
service in Swansea, University of Wales.

The LC-MS analyses were performed with an Agilel@Q fitted with a Waters XSelect C18

column.

Elemental Analyses
The elemental analyses, CHN, were performed on én€tEuments apparatus Flash EA 1112

Series. The samples were weighted in tin capsules.
X-ray crystallography

X-ray analyses were carried out at tNational Crystallography Servicei;m Southampton,

University of Southampton ardewcastle upon Tyne, Newcastle University (EPSRi&un

45



2.8. Experimental proceduresand data

General procedure for the synthesis of (bromomethyl)phenylboronic acid pinacol esters
2
2-(2-(Bromomethyl)phenyl)-4,4,5,5-tetramethyl-1;8i@xaborolan&a

e
B,
\
:\< O:t
Br

2-(Bromomethyl)phenylboronic acid (16.50 mmol, 3g)5pinacol (18.6 mmol, 2.20 g) and a
spatula tip of magnesium sulphate were combinexhhydrous THF (50 mL) and left to stir
at room temperature for 1 h. The mixture was #fterand concentrated under reduced
pressure to afford 4.9 g of the expected produc hsige solid in > 99% yieldH NMR
(CDCl) 6 (ppm): 7.80 (d, 1HJ = 7.0 Hz), 7.36-7.41 (m, 2H), 7.23-7.30 (m, 1HRM (s,
2H), 1.36 (s, 12H)**C NMR (CDCk) & (ppm): 144.2, 136.4, 131.3 (2C), 130.1, 127.6983.
(2C), 33.9, 24.8 (4C). Elemental analysis CH (%unid C: 52.7, H: 6.3, calcd for
Ci13H180,BBr C: 52.6, H: 6.1.

2-(3-(Bromomethyl)phenyl)-4,4,5,5-tetramethyl-1;8j@xaborolaneb

0
B\
o
Br

White solid, 3.7 g, > 99% vield (12.40 mmol scal&).NMR (CDCk) & (ppm): 7.81 (s, 1H),
7.72 (d, 1HJ=7.3 Hz), 7.48 (d, 1H] = 7.7 Hz), 7.34 (dd, 1H] = 7.3 Hz), 4.49 (s, 2H), 1.33
(s, 12H).2*C NMR (CDCE) & (ppm): 137.1, 135.2, 134.8 (2C), 132.0, 128.30&2C), 33.5,
24.9 (4C). Elemental analysis CH (%) found C: 5H86.1, calcd for ¢H1s0,BBr C: 52.6,
H. 6.1.

2-(4-(Bromomethyl)phenyl)-4,4,5,5-tetramethyl-1;8j@xaborolanec

/ C ;
B\
Br O

Beige solid, 5.2 g, > 99% vyield (17.50 mmol scale) NMR (CDCk) & (ppm): 7.76 (d, 2H,
J=8.1Hz), 7.37 (d, 2H] = 8.1 Hz), 4.47 (s, 2H), 1.32 (s, 12H3C NMR (CDCk) & (ppm):
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140.6, 135.1 (2C), 128.3 (2C), 125.7, 83.9 (2C)3334.8 (4C). Elemental analysis CH (%)
found C: 52.4, H: 6.3, calcd for1€H,50-,BBr C: 52.6, H. 6.1.

General procedurefor the synthesis of 4, 5 and 6 using N- and aromatic S-nucleophiles:
2-(4-(2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan{ihgnzyl)piperazin-1-yl) pyrimidinda

2a (0.50 mmol, 149 mgBa (0.70 mmol, 0.1 mL), PS-NMM (0.75 mmol, 2.28 mnig|§29
mg) and THF (2 mL) were mixed in a microwave vidhe mixture was stirred under
microwave irradiation at 150 °C for 20 min. The tabe was cooled to room temperature and
filtered. The filtrate was concentrated under redupressure to afford 229 mg of a yellow
oil, which contained starting materials, observgdrhC and*H NMR analysis. The oil was
treated with PS-trisamine (0.10 mmol, 3.34 mmbl30 mg) and PS-Isocyanate (0.20 mmol,
1.58 mmol.g}, 127 mg) in THF under microwave irradiation at PE0for 5 minutes, cooled
to room temperature and filtered. The filtrate wascentrated under reduced pressure to give
210 mg of the pure expected product as a beigd #ol> 99% yield'H NMR (CDCk) 5
(ppm): 8.22 (d, 2HJ = 4.8 Hz), 7.65 (d, 1H) = 7.3 Hz), 7.20-7.35 (m, 3H), 6.40 (dd, 1H,
J = 4.8 Hz), 3.68 (m, 6H), 2.42 (m, 4H), 1.28 (s, }2HC NMR (CDC}) & (ppm): 157.7
(2C), 135.1, 130.9, 130.0, 129.3, 128.8, 126.5,3,2H09.7, 83.4 (2C), 62.1, 52.8 (2C), 43.5
(2C), 25.1 (4C). HRMS-ES (m/z) found 381.2462, ddtr [Cx1H290:N4B + H]" = 381.2456.
Elementary analysis CHN (%) found C: 66.0, H: N714.3, calcd for gH»s0,N4B C: 66.3,

H: 7.7, N: 14.7.
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N-Ethyl-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhhagl)ethanamindb
QB\
O
&

Yellow oil, 90 mg, 63 % yield (0.50 mmol scaléld NMR (CDCk) & (ppm): 7.53 (d, 2H,
J=7.0 Hz), 7.30-7.10 (m, 2H), 3.66 (m, 2H), 3.§64H,J = 7.0 Hz), 1.27 (s, 12H), 0.96 (t,
6H, J = 7.0 Hz).)*C NMR (CDCE) & (ppm): 133.7, 129.3, 127.2 (2C), 126.3 (2C), §2®),
57.7, 46.0 (2C), 25.3 (4C), 10.5 (2C). HRMS-ES (mfaund 290.2282, calcd for
[C17H280.NB + H]" 290.2286.

4-(2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gjzyl)morpholinelc
,Oi
QB\
o
(—N
O_)

Yellow oil, 306 mg, > 99% vyield (1.00 mmol scal®l NMR (CDCk) & (ppm): 7.70 (d, 1H,
J=7.0 Hz), 7.40-7.20 (m, 3H), 3.69 (m, 6H), 2.45 & H), 1.35 (s, 12H)}*C NMR (CDC})

8 (ppm): 135.2 (2C), 130.1, 129.7, 128.8, 126.6583C), 66.8 (2C), 62.3, 53.3 (2C), 24.9
(4C). HRMS-ES (m/z) found 304.2080, calcd fordc0sNB + H]* 304.2079.

tert-Butyl 4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolaryl)benzyl)piperazine-1-carboxylate

4d
agie
o
o<
-

Yellow solid, 408 mg, > 99% vyield (1.00 mmol scafd) NMR (CDCk) & (ppm): 7.70 (d,
1H, J = 7.0Hz), 7.40-7.20 (m, 3H), 3.69 (s, 2H), 3.36 @Hhl), 2.37 (m, 4H), 1.42 (s, 9H),
1.32 (s, 12H)C NMR (CDCE) & (ppm): 154.8, 135.3, 130.3, 129.8, 129.0, 12818.3,
83.5 (2C), 79.6, 61.5 (2C), 52.5, 43.5 (2C), 28€)( 24.9 (4C). HRMS-ES (m/z) found
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403.2762, calcd for [£H3s04N.B + H] 403.2763. Elemental analysis CHN (%) found
C: 63.7, H: 8.7, N: 6.7, calcd for,§H3s04N2B.0.19 CHCI, C: 63.7, H: 8.5, N: 6.7.

2-(4-(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan{fhgnzyl)piperazin-1-yl)pyrimidin®&a

Pﬁ
B\

I N § ©
<;N>_ NN

White solid, 320 mg, > 99% vyield (0.84 mmol scate) NMR (CDCk) & (ppm): 8.27 (d, 2H,
J=4.8Hz), 7.70 (d + s, 2H), 7.48 (d, 1Hs 7.3 Hz), 7.33 (dd, 1H] = 7.7 Hz), 6.44 (dd, 1H,

J = 4.8 Hz), 3.81 (m, 4H), 3.54 (s, 2H), 2.49 (m,)4H.33 (s, 12H)*C NMR (CDCk) §
(ppm): 161.7, 157.7 (2C), 141.1, 135.6 (2C), 13332.3, 127.8, 109.7, 83.8 (2C), 63.0 (2C),
52.9, 43.6 (2C), 24.9 (4C). HRMS-ES (m/z) found .2859, calcd for [gH200,N4B + HJ"
381.2456. Elemental analysis CHN (%) found C: 698, 7.6, N: 14.3, calcd for
C21H290,N4B.0.035 CHCI, C: 65.9, H: 7.7, N: 14.6.

N-Ethyl-N-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhagl)ethanaminéb

o

B,

— I}
N
—/

Yellow oil, 290 mg, > 99% vyield (1.00 mmol scal&! NMR (CDCk) & (ppm): 7.66 (d + s,
2H), 7.55 (d, 1HJ = 7.7 Hz), 7.30 (dd, 1H = 7.3 Hz), 3.65 (s, 2H), 2.59 (q, 48i= 7.3 Hz),
1.28 (s, 12H), 1.08 (t, 6H),= 7.3 Hz)."*C NMR (CDCE) & (ppm): 135.6 (2C), 134.0, 132.6,
128.0 (2C), 83.8 (2C), 57.0, 46.5 (2C), 24.8 (40),9 (2C). HRMS-ES (m/z) found
290.2283, calcd for [GH2s0.NB + H]" 290.2286.

4-(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gilzyl)morpholinesc

o
B\
/ \ O
a N

Pale yellow oil, 296 mg, 98% vield (1.00 mmol safel NMR (CDCk) & (ppm): 7.69 (m,
2H), 7.46 (d, 1HJ = 7.34 Hz), 7.32 (dd, 1H,= 7.7 Hz), 3.70 (m, 4H), 3.50 (s, 2H), 2.44 (m,
4H), 1.33 (s, 12H)**C NMR (CDCE) & (ppm): 135.7 (2C), 133.8, 132.3, 127.8 (2C), 83.8

49



(2C), 66.9 (2C), 63.3, 53.5 (2C), 24.9 (4C). HRMS-En/z) found 304.2083, calcd for
[C17H260sNB + H]' 304.2079.

tert-Butyl 4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborola+yl)benzyl)piperazine-1-carboxylate

5d
o JJ;
s
(@] /\ (e}
§O>_N\_/N

Beige solid, 301 mg, 75% yield (1.00 mmol scafe).NMR (CDCk) & (ppm): 7.64 (d + s,
2H), 7.38 (d, 1H,) = 7.7 Hz), 7.26 (dd, 1H]l = 7.7 Hz), 3.44 (s, 2H), 3.35 (m, 4H), 2.31 (m,
4H), 1.38 (s, 9H), 1.28 (s, 12HYC NMR (CDCE) & (ppm): 152.3, 134.6, 133.1 (2C), 131.2,
129.7, 125.2, 81.3 (2C), 77.0, 60.5 (2C), 50.4242C), 25.9 (3C), 22.4 (4C). HRMS-ES
(m/z) found 403.2763, calcd for §&43s0:N-B + H]" 403.2763.

1-(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-ghlzyl)piperidinese

Qp X

Yellow semi-solid, 335 mg, > 99% yield (1.00 mmo&t).'*H NMR (CDCkL) & (ppm): 7.74
(d, 1H,J = 7.3 Hz), 7.64 (s + d, 2H), 7.36 (dd, 1H,= 7.7 Hz), 3.71 (s, 2H), 2.59 (m, 4H),
1.74 (m, 4H), 1.50 (m, 2H), 1.32 (s, 12HJC NMR (CDCk) & (ppm): 136.3 (2C), 134.6,
133.3, 128.1 (2C), 83.9 (2C), 62.7, 53.7 (2C), 240), 23.4 (2C), 22.5. HRMS-ES (m/z)
found 301.2319, calcd for jgH.s0.N'B + H]* 301.2322.

2-(4-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan{fhgnzyl)piperazin-1-yl)pyrimidinéa

Q@{i

Beige solid, 352 mg, 93% vyield (1.00 mmol scale).NMR (CDCk) & (ppm): 8.27 (d, 2H,
J=4.8Hz), 7.78 (d, 2H] = 7.7 Hz), 7.38 (d, 2H] = 7.7 Hz), 6.46 (dd, 1H] = 4.8 Hz), 3.87
(m, 4H), 3.64 (m, 2H), 2.56 (m, 4H), 1.32 (s, 12HZ NMR (CDCk) & (ppm): 161.5, 157.9
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(2C), 135.5, 134.9 (2C), 133.0, 129.0 (2C), 10828 (2C), 62.9, 52.7 (2C), 43.4 (2C), 24.9
(4C). HRMS-ES (m/z) found 381.2460, calcd fop{d>00:N4B + H]" 381.2456. Elemental
analysis CH (%) found C: 62.7, H: 7.4, calcd fefH;90.N4B.0.35 CHCI, C: 62.5, H: 7.3.

N-Ethyl-N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhhagl)ethanaminéb
@ ,Oi
B
S °

Beige solid, 288 mg, > 99% vyield (1.00 mmol scale) NMR (CDCk) & (ppm): 7.80 (d, 2H,
J=7.7 Hz), 7.48 (m, 2H), 3.90 (m, 2H), 2.80 (m,)4H 32 (s, 12H), 1.25 (m, 6H)’C NMR
(CDCl3) & (ppm): 135.5, 135.2, 134.8, 132.1, 129.4, 128%9 §2C), 56.5, 46.5 (2C), 24.6
(4C), 10.2 (2C). HRMS-ES (m/z) found 290.2287, ddior [Ci7H250.NB + H]" 290.2286.
Elemental analysis CH (%) found C: 60.8, H: 8.8¢cador C,/Hs0,NB.0.45 CHC} C: 61.1,
H: 8.4.

4-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gjlzyl)morpholinesc
a ,Oi
B\
(—N (0]
O_)

Beige solid, 299 mg, 99% vield (1.00 mmol scafe).NMR (CDCk) & (ppm): 7.75 (d, 2H,
J=8.1Hz), 7.32 (d, 2H] = 7.7 Hz), 3.69 (m, 4H), 3.51 (s, 2H), 2.43 (m,)4H32 (s, 12H).
13C NMR (CDC}) & (ppm): 134.8 (3C), 128.6 (3C), 83.7 (2C), 66.9)(263.4, 53.6 (2C),
24.8 (4C). HRMS-ES (m/z) found 304.2076 m/z, cdiod [C17H260sNB + H]™ 304.2079.
Elemental analysis CHN (%) found C: 66.1, H: 8.4, M4, calcd for GH2s0O3NB.0.09
CH.Cl, C: 66.0, H: 8.5, N: 4.5.
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tert-Butyl 4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolaryl)benzyl)piperazine-1-carboxylate

6d
Q@B:oi

N
A

Beige solid, 380 mg, 95% vyield (1.00 mmol scale).NMR (CDCk) & (ppm): 7.75 (d, 2H,
J=8.1Hz), 7.32 (d, 2H] = 8.1 Hz), 3.53 (s, 2H), 3.42 (m, 4H), 2.38 (m,)4H43 (s, 9H),
1.32 (s, 12H)*C NMR (CDCk) & (ppm): 154.7, 134.8 (3C), 128.6 (3C), 83.7 (20,67
63.0 (2C), 52.8, 43.6 (2C), 28.4 (3C), 24.8 (4CRMB-ES (m/z) found 403.2763, calcd for
[CoH3504N5B + HJ™ 403.2763. Elemental analysis CHN (%) found C: 68158.5, N: 6.7,
calcd for G,H3s04N2B.0.2 CHCI, C: 63.6; H: 8.5; N: 6.7.

1-Methyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxab@oi2-yl)benzyl)piperazinée
gaast
B\
(—N (e]
/N_)

Beige solid, 353 mg, > 99% yield (1.00 mmol scale) NMR (CDCk) & (ppm): 7.75 (d, 2H,
J=8.1Hz), 7.29 (d, 2H) = 7.7 Hz), 3.57 (s, 2H), 2.70-2.90 (m, 8H), 2.563H), 1.32 (s,
12H). 3C NMR (CDC}) & (ppm): 134.9 (3C), 128.5 (3C), 83.8 (2C), 62.3,352C), 50.8
(2C), 44.5, 24.6 (4C). HRMS-ES (m/z) found 317.246alcd for [GgHagON-B + HI'
317.2395.

(9-Methyl 3-methyl-2-(4-(4,4,5,5-tetramethyl-1,3,Bxaborolan-2-yl)benzylamino)-
butanoatesf

2c (0.89 mmol, 264 mg),-valinemethyl ester (1.79 mmol, 234 mg), PS-NMMJQLmmol,

250 mg) and THF (3 mL) were mixed in a microwaval\and stirred under microwave
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irradiation at 130 °C for 2 h. The mixture was @wblto room temperature, filtered and
concentrated to give 417 mg of a yellow oil whichsapurified by chromatography on silica
gel, hexane/EtOAc from 0% to 20% of EtOAc, to gR2Z2 mg of the expected product as a
pale yellow oil in 72% yield"H NMR (CDCk) & (ppm): 7.76 (d, 2H) = 7.7 Hz), 7.35 (d, 2H,
J=8.1Hz), 3.86 (d, 1H] = 13.2 Hz), 3.72 (s, 3H), 3.58 (d, 18i= 13.2 Hz), 2.99 (d, 1H,
J=6.2 Hz), 1.90 (m, 1H), 1.80 (m, 1H), 1.34 (sH),20.93 (2d, 6H,J = 7.0 Hz). )**C NMR
(CDCl3) 6 (ppm): 175.8, 143.3, 134.8 (3C), 127.6 (2C), §3Q), 66.4, 52.5, 51.4, 31.7, 24.8
(4C), 19.3, 18.6. HRMS-ES (m/z) found 347.2378¢ddbr [C1gH3004NB + H]" 347.2377.

2-(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-ghzylthio)pyrimidinebf

Yellow oil, 165 mg, > 99% vyield (0.50 mmol scal& NMR (CDCk) & (ppm): 8.50 (d, 2H,
J=5.1Hz), 7.85 (s, 1H), 7.67 (d, 1Bl= 7.3 Hz), 7.55 (d, 1H) = 7.7 Hz), 7.29 (dd, 1H,
J=7.4 Hz), 6.94 (dd, 1H] = 4.8 Hz), 4.41 (s, 2H), 1.32 (s, 12H)C NMR (CDC}) & (ppm):
157.2 (3C), 136.6, 135.5, 133.6 (2C), 132.0, 1271.96.5, 83.8 (2C), 35.2, 24.9 (4C).
HRMS-ES (m/z) found 329.1495, calcd for8,10.N,BS + H] 329.1490.

2-(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-giizylthio)benzo[d]thiazol&g

Bate
-
<

Yellow oil, 307 mg, > 99% vyield (0.80 mmol scal&! NMR (CDCk) & (ppm): 7.88 (s + d,
2H), 7.71 (dd, 2HJ; = 6.6 Hz,J, = 7.7 Hz), 7.55 (d, 1H] = 8.4 Hz), 7.40 (m, 1H), 7.26-7.35
(m, 2H), 4.59 (s, 2H), 1.32 (s, 12HJC NMR (CDC}) & (ppm): 135.5, 135.3, 134.1 (2C),
132.0 (2C), 128.1, 126.0 (2C), 124.2 (2C), 121.31.0, 83.9 (2C), 37.7, 24.9 (4C).
HRMS-ES (m/z) found 384.1258, calcd for,j8,,0.NBS, + H]" 384.1258. Elemental
analysis CHN (%) found C: 61.8, H: 5.6, N: 3.5, ccalfor GgH220.NBS,.0.08 CHCI,
C:61.8, H: 5.7, N: 3.6.
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1-Methyl-5-(3-(4,4,5,5-tetramethyl-1,3,2-dioxab@ei2-yl)benzylthio)-H-tetrazole5h

6]
/
B
\
- oi
S
N\
N~
N N

Ny
Beige solid, 290 mg, 87% yield (0.90 mmol scate) NMR (CDCk) & (ppm): 7.77 (s, 1H),
7.72 (d, 1HJ = 7.3 Hz), 7.45 (dd, 1H]; = 7.7 Hz), 7.30 (dd, 1H] = 7.3 Hz), 4.52 (s, 2H),
3.79 (s, 3H), 1.33 (s, 12HYC NMR (CDCE) 5 (ppm): 135.2 (2C), 134.8, 134.6, 131.9, 128.3
(2C), 84.0 (2C), 37.8, 33.3, 24.8 (4C). HRMS-ES zmfound 333.1551, calcd for
[C15H210,N4BS + HJ 333.1551. Elemental analysis CHN (%) found C: 5B.:96.3, N: 17.1,
calcd for GsH210,N4BS C: 54.2, H: 6.4, N: 16.9.

2-(3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gilzylthio)benzo[d]oxazol8i

ages
-
o

Beige solid, 362 mg, 99% yield (1.00 mmol scate). NMR (CDCk) & (ppm): 7.86 (s, 1H),
7.72 (d, 1HJ = 7.3 Hz), 7.60 (m, 1H), 7.56 (d, 1Bi= 7.3 Hz), 7.43 (m, 1H), 7.33 (dd, 1H,
J=7.3Hz), 7.24 (2dd, 2H}; = 1.5 Hz,J, = 7.3 Hz), 4.56 (s, 2H), 1.33 (s, 12HJC NMR
(CDCls) & (ppm): 164.5, 151.8 (2C), 141.9, 135.4, 135.0,.33432.0, 128.2, 124.3, 123.9,
118.5, 109.9, 83.9 (2C), 36.5, 24.9 (4C). HRMS-Efiz] found 367.1522, calcd for
[C10H2203NBS + HJ 367.1523. Elemental analysis CHN (%) found C: 6Bi86.0, N: 3.8,
calcd for GoH2;0sNBS.0.15 CHCI, C: 63.7, H: 5.9, N: 3.7.

2-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gizylthio)pyrimidineég
/O
</:'\{>—s : B\oﬁ
—N

Beige solid, 334 mg, > 99% vyield (1.00 mmol scale) NMR (CDCk) & (ppm): 8.49 (d, 2H,
J=4.8Hz), 7.73 (d, 2H] = 8.4 Hz), 7.43 (d, 2H] = 8.1 Hz), 6.94 (dd, 1H] = 5.1 Hz), 4.40
(s, 2H), 1.31 (s, 12H)*C NMR (CDCk) & (ppm): 157.9, 157.2 (2C), 140.7, 135.2, 134.9
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(2C), 128.4 (2C), 116.6, 83.7 (2C), 35.3, 24.8 (AARMS-ES (m/z) found 329.1488, calcd
for [C17H210:N,BS + HJ 329.1490. Elemental analysis CHN (%) found C: M2 6.4,
N: 8.3, calcd for @H-10,N.BS C: 62.2, H: 6.5, N: 8.5.

2-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-@ilzylthio)benzo[d]thiazoléh

Seapinte

Yellow oil, 379 mg, 98% vyield (1.00 mmol scaléf NMR (CDCk) & (ppm): 7.89 (d, 1H,
J=8.1Hz), 7.74 (m, 3H), 7.45 (d, 28 = 8.1 Hz), 7.39 (d, 1H] = 7.0 Hz), 7.28 (m, 1H),
4.60 (s, 2H), 1.31 (s, 12HYC NMR (CDCE) & (ppm): 139.1, 135.1 (4C), 128.4 (4C), 126.1,
124.4, 121.4, 121.0, 83.8 (2C), 37.9, 24.8 (AC)MEES (m/z) found 384.1262, calcd for
[C20H220:NBS; + H]" 384.1258.

General procedure for the synthesis of 4, 5 and 6 using sodium thiomethoxide as
nucleophile:
4,4,5,5-Tetramethyl-2-(2-(methylthiomethyl)phen$l,2-dioxaborolande

0
B\
o
—s

2a (1.00 mmol, 297 mgpBl (1.00 mmol, 70 mg) and THF (3 mL) were mixed im@rowave
vial. The mixture was stirred under microwave iragidn at 150 °C for 20 minutes. THF was
removed under reduced pressure. The product watediln water and C}l,, extracted by
CH.Cl,, washed with a saturated sodium chloride solutitied over anhydrous magnesium
sulphate, filtered and concentrated under reducedspre to give 225 mg of the expected
product as a pale yellow oil in 85% yieftH NMR (CDCk) & (ppm): 7.77 (d, 1H) = 7.3
Hz), 7.34 (dd, 1HJ = 8.4 Hz), 7.18-7.30 (m, 2H), 3.97 (s, 2H), 1.833H), 1.34 (s, 12H).
13C NMR (CDCk) & (ppm): 149.4, 145.3, 136.1, 130.5, 129.4, 126316 §2C), 37.4, 24.9
(4C), 14.7.
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4,4,5,5-Tetramethyl-2-(3-(methylthiomethyl)phen$l3,2-dioxaborolangj

Pi
j; >—B

\

o)

S

/

Yellow oil, 258 mg, 97% yield (1.01 mmol scaléj NMR (CDCk) & (ppm): 7.72 (s, 1H),
7.69 (d, 1HJ = 8.3 Hz), 7.43 (d, 1H] = 7.4 Hz), 7.33 (dd, 1H = 7.4 Hz), 3.68 (s, 2H), 1.99
(s, 3H), 1.39 (s, 12H)}*C NMR (CDCk) & (ppm): 137.6, 135.2, 133.4, 131.8 (2C), 127.9,
83.8 (2C), 38.2, 24.9 (4C), 14.9.

General procedure for the synthesis of 4, 5 and 6 using alkylthiols or alcohols
nucleophiles:
2-(3-(Butylthiomethyl)phenyl)-4,4,5,5-tetramethy8]2-dioxaborolan&k

e
_/_/

3m (1.00 mmol, 107 pL, 0.842 g.rif), sodium hydride (1.00 mmol, 40 mg) and THF (2 mL)
were mixed in a microwave vial and stirred at roemperature for 15 minutes then a
solution of2b (1.00 mmol, 297 mg) in THF (2 mL) was added. Thetune was stirred under
microwave irradiation at 150 °C for 15 minutes. TiWa&s removed under reduced pressure.
The product was diluted in water and £H}p, extracted by CKCl,, washed with a saturated
sodium chloride solution, dried over anhydrous nesgmm sulphate, filtered and
concentrated under reduced pressure to give 276friige expected product as a pale yellow
liquid in 88% yield.*H NMR (CDCk) & (ppm): 7.70 (s, 1H), 7.65 (d, 18 = 7.3 Hz), 7.42 (d,
1H, J = 7.7 Hz), 7.30 (dd, 1H] = 7.3 Hz), 3.69 (s, 2H), 2.39 (t, 2H,= 7.3 Hz), 1.53 (m,
2H), 1.36 (m, 5H), 1.32 (s, 12H}C NMR (CDCE) & (ppm): 137.9, 135.1 (2C), 133.3, 131.7,
127.9, 83.8 (2C), 36.2, 31.3, 31.1, 24.9 (4C), 22306.
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4,4,5,5-Tetramethyl-2-(4-(methylthiomethyl)phen$l3,2-dioxaborolanéi

0
B\
—s o

Beige solid, 243 mg, 92% vyield (1.00 mmol scafe).NMR (CDCk) & (ppm): 7.74 (d, 2H,
J = 8.1 Hz), 7.29 (d, 2H) = 8.1 Hz), 3.66 (s, 2H), 1.95 (s, 3H), 1.32 (sHL2*C NMR
(CDCl) 6 (ppm): 141.5 (2C), 134.9 (2C), 128.2 (2C), 83.8)(238.3, 24.8 (4C), 14.8.
Elemental analysis CH (%) found C: 63.4, H: 7.9¢ador G 4H,,0,BS C: 63.7, H: 8.0.

General procedurefor the synthesis of 4, 5 and 6 using phenols nucleophiles:
4,4,5,5-Tetramethyl-2-(2-(phenoxymethyl)phenyl);2;8ioxaborolandf

c?eii
8

2a (1.00 mmol, 298 mg), phenBh (1.03 mmol, 97 mg), sodium hydroxide (1.13 mmd, 4
mg), potassium carbonate (4.00 mmol, 552 mg) amchbietylammonium bromide (0.10
mmol, 32 mg) were mixed in a microwave vial. Thextmie was stirred under microwave
irradiation at 110 °C for 5 minutes. The mixturesveaoled to room temperature, diluted with
EtOAc and water, extracted with EtOAc, washed vaithaturated sodium chloride solution,
dried over anhydrous magnesium sulphate, filteretl @ncentrated under reduced pressure
to give 269 mg of a brown oil. The crude producswarified by chromatography on silica
gel, hexane/EtOAc 9:1, to give 144 mg of the expeqiroduct as a yellow oil in 46% yield.
'H NMR (CDCH) & (ppm): 7.84 (d, 1HJ = 7.3 Hz), 7.53 (d, 1H] = 7.7 Hz), 7.44 (dd, 1H,
J1 = 1.5 Hz,J, = 7.3 Hz), 7.34-7.23 (m, 3H), 6.97 (d, 2Hz= 8.8 Hz), 6.91 (d, 1H]) = 7.3
Hz), 5.34 (s, 2H), 1.33 (s, 12HYC NMR (CDCE) & (ppm): 159.1, 143.4, 136.4, 135.9,
131.1, 129.3 (2C), 127.4, 127.0, 120.5, 114.8 (83)7 (2C), 69.4, 24.8 (4C).

57



2-(2-((2-1sopropylphenoxy)methyl)phenyl)-4,4,5,%#enethyl-1,3,2-dioxaborolant

O
et
(0}

O
Yellow oil, 119 mg, 34% vyield (1.00 mmol scaléji NMR (CDCk) & (ppm): 7.84 (dd, 1H,
J; = 1.1 Hz and), = 7.3 Hz), 7.58 (d, 1H] = 7.7 Hz), 7.45 (dd, 1Hl, = 1.5 Hz and), = 7.7
Hz), 7.28 (dd, 1H) = 7.3 Hz), 7.22 (d, 1H] = 7.7 Hz), 7.12 (dd, 1H}; = 1.8 Hz and, = 7.7
Hz), 6.91 (m, 2H), 5.37 (s, 2H), 3.42 (sept, I, 7.0 Hz), 1.30 (s, 12H), 1.22 (d, 64+ 6.6
Hz). *C NMR (CDC) & (ppm): 156.2, 144.2, 137.2, 135.9 (2C), 131.2,.628C), 126.4,
125.9,120.5, 111.8, 83.7 (2C), 69.4, 26.8, 24®)(22.7 (2C).

4,4,5,5-Tetramethyl-2-(3-(phenoxymethyl)phenyl);2;8ioxaborolanél
/O:C
B\
pon
o

Yellow solid, 107 mg, 32% yield (1.01 mmol scaf#).NMR (CDCk) & (ppm): 7.85 (s, 1H),
7.76 (d, 1HJ = 7.3 Hz), 7.54 (d, 1H] = 7.7 Hz), 7.38 (dd, 1H] = 7.3 Hz), 7.24-7.30 (m,
2H), 6.91-6.98 (m, 3H), 5.04 (s, 2H), 1.34 (s, 12¥¢ NMR (CDCE) & (ppm): 158.9, 136.3,
134.4, 133.9, 131.9, 130.5, 129.4 (2C), 128.0,9,2014.9 (2C), 83.9 (2C), 70.0, 24.9 (4C).
Elemental analysis CH (%) found C: 72.1, H: 7.4¢cddor Gg¢H»303B.0.09 CHCI, C: 72.1,
H: 7.4.

2-(3-((Biphenyl-2-yloxy)methyl)phenyl)-4,4,5,5-tatnethyl-1,3,2-dioxaborolar@m

Q%Zﬁ

Yellow oil, 70 mg, 20% yield calculated b{4 NMR (mixture with its boronic acid
derivative) (1.00 mmol scale}d NMR (CDCk) & (ppm): 7.30-7.50 (m, 8H), 7.20-7.30 (m),
6.95-7.00 (m, 4H), 5.15 (s, 2H), 4.54 (s, 0.5H331(s, 5H).
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4,4,5,5-Tetramethyl-2-(4-(phenoxymethyl)phenyl);2;8ioxaborolanéj

i OLL

Yellow semi-solid oil, 284 mg, 91% yield (1.00 mnzwale)*H NMR (CDCk) 5 (ppm): 7.80
(d, 2H,J = 8.0 Hz), 7.40 (d, 2H] = 7.7 Hz), 7.18-7.30 (m, 1H), 6.80-6.96 (m, 4HDS(s,
2H), 1.33 (s, 12H)*C NMR (CDCE) & (ppm): 158.7, 140.3, 135.0 (2C), 129.9, 129.5 (2C)
126.4 (2C), 121.0, 114.9 (2C), 183.8 (2C), 69.8924C).

2-(4-((Biphenyl-2-yloxy)methyl)phenyl)-4,4,5,5-tatnethyl-1,3,2-dioxaborolar@k

Lot

Yellow oil, 82 mg, 21% vyield (1.00 mmol scaléd NMR (CDCk) & (ppm): 7.74 (d, 2H,
J=8.1Hz), 7.56 (d, 2H] = 8.1 Hz), 7.42-7.21 (m, 7H), 7.06-6.96 (m, 2HP&(s, 2H), 1.32
(s, 12H).*C NMR (CDCk) & (ppm): 155.5, 140.4, 138.5, 134.9 (2C), 131.0,.632C),
128.5,128.4,127.9 (3C), 126.9, 125.9 (2C), 12113,2, 83.8 (2C), 70.3, 24.8 (4C).

2-(4-((2-1sopropylphenoxy)methyl)phenyl)-4,4,5,5#enethyl-1,3,2-dioxaborolart

avavaet

Yellow solid, 169 mg, 24% yield calculated By NMR (mixture 1:1 with3p) (1.00 mmol
scale).*H NMR (CDCk) & (ppm): 7.82 (d, 2HJ = 8.1 Hz), 7.43 (d, 2H] = 8.1 Hz), 7.20 (m,
2H), 7.15-7.00 (m, 2H), 6.80-6.95 (m, 3H), 6.72 14, J = 7.3 Hz), 5.08 (s, 2H), 4.64 (s,
1H), 3.39 (g, 1HJ = 7.0 Hz), 3.20 (g, 1H]) = 7.0 Hz), 1.33 (s, 12H), 1.20 (2d, 6H= 7.0
Hz). *C NMR (CDCE) & (ppm): 155.9, 140.7, 137.4, 135.0 (2C), 128.5,.32626.3 (2C),
126.1, 120.9, 111.7, 83.8 (2C), 69.9, 26.9, 24@),(£2.6 (2C). Elemental analysis CH (%)
found C: 75.7, H: 8.3, calcd for,&1,403sB C: 75.0, H: 8.3.
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2-(4-(Butoxymethyl)phenyl)-4,4,5,5-tetramethyl- P&lioxaborolané&m

/o@aﬁ

The crude product was purified by chromatographitoa gel, CHCI,, to give 139 mg of
the pure expected product as a colourless oil # 4@eld (1.00 mmol scale}H NMR
(CDCl) 6 (ppm): 7.77 (d, 2HJ = 8.1 Hz), 7.32 (d, 2H] = 8.4 Hz), 4.50 (s, 2H), 3.43 (t, 2H,
J = 6.6 Hz), 1.60 (m, 2H), 1.35 (m, 2H), 1.32 (sH},20.89 (t, 3H,J = 7.3 Hz)."*C NMR
(CDCl) 8 (ppm): 142.0, 134.8 (3C), 126.7 (2C), 83.7 (2@),7770.2, 31.8, 24.9 (4C), 19.4,
13.9.

General procedurefor the SM coupling reaction catalysed by Pd(OAC).:
3'-((Diethylamino)methyl)biphenyl-4-carbaldehy8e

O~

agaava

4b (0.56 mmol, 161 mg)7b (0.56 mmol, 104 mg), palladium(ll) acetate (0.0hah 1 mg),
sodium carbonate (1.12 mmol, 119 mg), tetrabutylamom bromide (0.56 mmol, 181 mg)
and water (2 mL) were mixed in a microwave vialeThixture was stirred under microwave
irradiation at 150 °C for 20 minutes (2 times 1MmiThe mixture was cooled and diluted
with EtOAc and water. The separated organic layas washed with a saturated sodium
chloride solution, dried over anhydrous magnesiuipleate, filtered and concentrated under
reduced pressure to give 132 of a yellow oil whias purified by chromatography on silica
gel, CHCIl,/MeOH 95:5, to give 108 mg of the pure expectediped as a yellow oil in 72%
yield. *H NMR (CDCLk) & (ppm): 10.04 (s, 1H), 7.93 (d, 2B~ 8.8 Hz), 7.75 (d, 2H] = 8.4
Hz), 7.61 (s, 1H), 7.49 (dd, 1H; = 1.8 Hz,J, = 6.6 Hz), 7.40 (m, 2H), 3.62 (s, 2H), 2.54 (q,
4H, J = 7.0 Hz), 1.04 (t, 6H) = 7.3 Hz).*C NMR (CDC}) & (ppm): 192.0, 147.4, 141.3,
139.6, 135.1, 130.2 (2C), 129.0, 128.8, 127.7 (325.8, 57.5, 46.8 (2C), 11.8 (2C).
HRMS-ES (m/z) found 268.1701, calcd for j8,:ON + H]" 268.1696.
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1-(3'-(Morpholinomethyl)biphenyl-4-yl)ethanoi@d

wo
O N
/

The crude product was purified by chromatographgibca gel, CHCI,/MeOH 95:5, to give
150 mg of the pure expected product as a yelloind®8% yield (0.52 mmol scale’d NMR
(CDCl) & (ppm): 8.02 (d, 2HJ = 8.4 Hz), 7.68 (d, 2H] = 8.4 Hz), 7.58 (s, 1H), 7.51 (dd,
1H,J = 7.3 Hz), 7.41 (dd, 1H] = 7.7 Hz), 7.35 (d, 1H] = 7.3 Hz), 3.71 (m, 4H), 3.56 (s,
2H), 2.62 (s, 3H), 2.47 (m, 4H}*C NMR (CDCE) & (ppm): 197.7, 145.7, 139.9, 138.7,
135.9, 129.1, 128.9 (3C), 128.0, 127.3 (2C), 12®&1.0 (2C), 63.4, 53.7 (2C), 26.7.
HRMS-ES (m/z) found 296.1644, calcd for§8,:0,N +H]" 296.1645.

1-((4'-Methylbiphenyl-3-yl)methyl)piperidinge

o0

The crude product was purified by chromatographysitina gel, CHCI,/EtOAc 7:3-1:1, to
give 53 mg of the pure expected product as a yetdwn 37% yield (0.54 mmol scale).
'H NMR (CDCk) & (ppm): 7.47-7.52 (s + d, 3Hg = 8.1 Hz), 7.44 (d, 1H] = 7.7 Hz), 7.34
(dd, 1H,J = 7.7 Hz), 7.26 (d, 1H), 7.23 (d, 2H), 3.52 (s)2P138 (m, 7H), 1.56 (m, 4H), 1.42
(m, 2H).*C NMR (CDCE) & (ppm): 140.9, 139.0, 138.4, 136.9, 129.4 (2C),.32827.9,
127.8, 127.0 (2C), 125.5, 63.9, 54.9 (2C), 26.0)(22.4, 21.1. HRMS-ES (m/z) found
266.1907, calcd for [gH2aN + H]* 266.1903.

2-(4-((4'-Nitrobiphenyl-4-yl)methyl)piperazin-1-yyrimidine 8h

O~
N

Brown solid, 105 mg, 56% yield (0.50 mmol scafé) NMR (CDCk) & (ppm): 8.27 (2d, 4H),
7.73 (d, 2H,J = 8.8 Hz), 7.59 (d, 2H]) = 8.4 Hz), 7.51 (d, 2H) = 8.4 Hz), 6.46 (dd, 1H,
J = 4.8 Hz), 3.83 (m, 4H), 3.59 (s, 2H), 2.52 (m,)4HC NMR (CDCE) & (ppm): 161.7,
157.7 (2C), 147.4, 147.0, 139.2 (2C), 129.8 (2QY,.a (2C), 127.3 (2C), 124.1 (2C), 109.8,
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62.6, 53.0 (2C), 43.6 (2C). HRMS-ES (m/z) found 3760, calcd for [@H210.Ns + HJ*
376.1768. Elemental analysis CH (%) found C: 6%12,5.7, calcd for H>;0,Ns.0.17
CHzC|2 C: 65.2, H: 5.5.

4-((4'-Methoxybiphenyl-4-yl)methyl)morpholirt

<)

The crude product was purified by chromatographitica gel, CHCI,/EtOAc 1:1, to give
77 mg of an off white solid (mixture expected prodwand boronic pinacol ester 9:1;
calculated yield byH NMR 49%) (0.50 mmol scale}d NMR (CDCk) & (ppm): 7.50 (d, 2H,
J=8.8 Hz), 7.49 (d, 2H]) = 8.4 Hz), 7.35 (d, 2H] = 8.1 Hz), 6.95 (d, 2H] = 8.8 Hz), 3.83
(s, 3H), 3.69 (m, 4H), 3.51 (s, 2H), 2.44 (m, 4HC NMR (CDCE) § (ppm): 159.1, 136.1,
134.7, 133.4, 129.6 (2C), 128.2 (2C), 126.5 (2a%.2 (2C), 67.0, 63.4, 63.1, 55.3, 53.6,
24.8. MS-ES (m/z) found 284.2, calcd for§8,:0,N + H]" 284.4.

4'-(Phenoxymethyl)biphenyl-4-carbaldehyile
~H-O<
O H

The crude product was purified by chromatographysitina gel, hexane/EtOAc 8:2-6:4, to
give 30 mg of the pure expected product as an bifeasolid in 38% yield (0.27 mmol scale).
'H NMR (CDCh) & (ppm): 10.04 (s, 1H), 7.94 (d, 2Bl= 8.4 Hz), 7.74 (d, 2H] = 8.1 Hz),
7.65 (d, 2HJ = 8.4 Hz), 7.54 (d, 2H] = 8.1 Hz), 7.28 (m, 3H), 6.98 (d, 2= 8.8 Hz), 5.11
(s, 2H).°C NMR (CDCk) & (ppm): 191.8, 158.7, 146.8, 139.4, 137.6, 1353).3 (2C),
129.6 (2C), 128.1 (2C), 127.7 (2C), 127.6 (2C),.12114.9 (2C), 69.5. Elemental analysis
CH (%) found C: 82.8, H: 5.7, calcd fopdEl160,.0.07 EtOAC C: 82.7, H: 5.7.
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General procedurefor the SM coupling reaction catalysed by Pd(PPh3)a:
1-[4'-(4-Pyrimidin-2-yl-piperazin-1-ylmethyl)-bipimgl-4-yl]-ethanonesl

6a (0.30 mmol, 115 mg)7b (0.35 mmol, 70 mg), tetrakis(triphenylphosphindgzhum(0)
(0.01 mmol, 12 mg), sodium carbonate (0.90 mmolm@f, toluene (1 mL), ethanol (1 mL)
and water (1 mL) were mixed in a microwave vialeThixture was stirred under microwave
irradiation at 150 °C for 10 min then cooled tonotemperature, diluted with EtOAc and
water and extracted with EtOAc. The separated acgayer was washed with a saturated
sodium chloride solution, dried over anhydrous nesgmm sulphate, filtered and
concentrated under reduced pressure to give a cpudéuct, which was purified by
chromatography on silica gel, GEI,/EtOAc 1:1, to give 79 mg of the pure expected pobd
as a white solid in 71% yieldH NMR (CDCk) & (ppm): 8.31 (d, 2HJ = 4.8 Hz), 8.04 (d,
2H,J = 8.8 Hz), 7.70 (d, 2H] = 8.4 Hz), 7.61 (d, 2H] = 8.1 Hz), 7.46 (d, 2H] = 8.4 Hz),
6.48 (dd, 1H,J = 4.8 Hz), 3.85 (m, 4H), 3.61 (s, 2H), 2.65 (s, 3R55 (m, 4H)*C NMR
(CDCl3) 8 (ppm):197.7, 161.7, 157.7 (2C), 145.5, 138.8,2,3835.8, 129.8 (2C), 128.9 (2C),
127.2 (2C), 127.1 (2C), 109.8, 62.7, 53.0 (2C),74@C), 26.6. HRMS-ES (m/z) found
373.2023, calcd for [£H240N, + H]" 373.2023. Elemental analysis CHN (%) found C: 73.6
H: 6.4, N: 14.2, calcd for £H2401N4.0.34 EtOAc C: 73.6, H: 6.7, N: 14.3.

4'-((Diethylamino)methyl)biphenyl-4-carbaldehyéi®

~O-O
SN H

/
The crude product was purified by chromatographysitinoa gel, DCM/MeOH 95:5-9:1, to
give 140 mg of the pure expected product as a wetlb in 73% yield (0.72 mmol scale).
'H NMR (CDCh) & (ppm): 10.05 (s, 1H), 7.95 (d, 28l= 8.3 Hz), 7.76 (d, 2H] = 8.3 Hz),
7.59 (d, 2H,J = 8.3 Hz), 7.45 (d, 2H] = 8.3 Hz), 3.62 (s, 2H), 2.56 (q, 48i= 7.3 Hz), 1.07
(t, 6H,J = 6.9 Hz).**C NMR (CDC}) & (ppm): 192.0, 147.1, 140.7, 138.0, 135.0, 1303),(2
129.5 (2C), 127.5 (2C), 127.1 (2C), 57.2, 46.8 (2€).8 (2C). HRMS-ES (m/z) found
268.1699, calcd for [GH21ON + H]" 268.1696.
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4-(4-Pyridin-2-yl-benzyl)-morpholin8n

»
The crude product was purified by chromatographysitina gel, DCM/MeOH 95:5-9:1, to
give 70 mg of the pure expected product as an bifeasolid in 86% yield (0.32 mmol scale).
'H NMR (CDCk) & (ppm): 8.69 (m, 1H), 7.95 (d, 2H,= 8.3 Hz), 7.73 (m, 2H), 7.44 (d, 2H,
J=7.9 Hz), 7.20-7.25 (m, 1H), 3.73 (m, 4H), 3.562H), 2.48 (m, 4H)-*C NMR (CDCE) &
(ppm): 157.2, 149.7, 138.7, 138.4, 136.7, 129.6),(226.8 (2C), 122.0, 120.4, 67.0 (2C),
63.1, 53.6 (2C). HRMS-ES (m/z) found 255.1491, d@dior [CigH1sON, + H]" 255.1492.
Elemental analysis CHN (%) found C: 74.8, H: 7.1, 10.8, calcd for gH1s0:N,.0.04
CH)CI, C: 74.8, H: 7.1, N: 10.9.

General procedurefor theamide coupling reaction:
(9-Methyl 3-methyl-2-N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhgl) pentan-

amido)butanoatén

6f (2.06 mmol, 714 mgPa (4.12 mmol, 0.995 g.mit, 0.50 mL), triethylamine (2.10 mmol,
0.726 g.mL[*, 0.31 mL) and THF (10 mL) were mixed and stirredomm temperature for 3 h.
THF was removed under reduced pressure and theimaixtas diluted with EtOAc, washed
with water and a saturated sodium chloride solutidned over anhydrous magnesium
sulphate, filtered and concentrated to give 1.00&f @ yellow oil which was purified by
chromatography on silica gel, hexane/EtOAc from @220% of EtOAc to give 763 mg of
the pure expected product as a yellow oil in 86&dyiH NMR (CDCk) & (ppm): 7.76 and
7.69 (2d, 2H,J = 8.1 Hz), 7.17 and 7.14 (2d, 2H,= 8.1 Hz), 5.00 and 4.91 (2d, 1H,
Jau = 10.4 Hz,Jg = 15.3 Hz), 4.63 (s, 1.5H), 4.32 (d, 0.25H; 15.4 Hz), 4.03 (d, 0.25H,
J=10.6 Hz), 3.44 and 3.37 (2s, 3H), 2.65-2.113ht), 1.79-1.53 (m, 2H), 1.49-1.17 (m + s,
14H), 0.96 (d, 3H, = 6.2 Hz), 0.88 (d, 3H] = 7.0 Hz), 0.84 (t, 3HJ = 7.3 Hz)."*C NMR
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(CDCl) 6 (ppm): 174.7, 174.1, 171.0, 170.3, 141.3, 1403%.1, 134.6 (2C), 126.8, 125.0
(2C), 83.8 (2C), 66.0, 61.6, 51.7, 51.6, 48.3, 483383, 27.8, 27.6, 27.4, 24.8 (4C), 22.4, 19.8,
18.7, 13.8*H NMR (DMSO-d;, 373 K)§ (ppm): 7.63 (d, 2H) = 7.4 Hz), 7.19 (d, 2H,

J =75 Hz), 4.68 (d, 1H) = 17.1 Hz), 4.53 (m, 2H), 3.44 (s, 3H), 2.50-2(18 + t, 3H,

J = 7.3 Hz), 1.52 (m, 2H), 1.31 (m + s, 14H), 0.84 3H,J = 6.5 Hz), 0.89 (t, 3H) = 7.3
Hz), 0.82 (d, 3H,J = 6.9 Hz). HRMS-ES (m/z) found 431.2947, calcd for
[C24H360sNB + H]" 431.2952.

(9-Methyl 2-(N-(biphenyl-4-ylmethyl)pentanamido)-3-methylbutarezd

y

N

O COOMe

The crude product was purified by chromatographyitioa gel, hexane/EtOAc 8:2, to give
126 mg of the pure expected product as a palewaibin 89% vyield.'H NMR (CDCk) &
(ppm): 7.61-7.52 (m, 3H), 7.52-7.30 (m, 4H), 7.3087(m, 2H), 4.97 (2d, 1Hl = 10.3 Hz),
4.66 (s, 1.3H), 4.29 (d, 0.3H,= 15.3 Hz), 4.05 (d, 0.3H] = 10.9 Hz), 3.45 and 3.36 (2s,
3H), 2.67-2.20 (m, 3H), 1.82-1.54 (m, 2H), 1.50@L(eh, 2H), 0.99 (d, 3H] = 6.5 Hz), 0.95-
0.80 (d + t, 6HJq = 7.0 Hz,J; = 7.3 Hz).**C NMR (CDCE) & (ppm): 174.6, 171.2, 140.5,
140.2, 136.4, 128.8, 128.7, 128.1, 127.4, 127.3,AC), 126.8, 126.4, 65.9, 61.8, 51.6,
48.2, 45.4, 33.4, 27.9, 27.4, 22.5, 19.9, 18.88.1BRMS-ES (m/z) found 382.2375, calcd for
[C24H3105N; + H]" 382.2377.
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(9-Methyl 2-(N-((2'-cyanobiphenyl-4-yl)methyl)pentanamido)-3-mdhiutanoatedp

y

N

O COOMe

g

Yellow oil, 85 mg, 55% vyield (0.38 mmol scaléH NMR (CDCk) & (ppm): 7.79-7.71 (m,
1H), 7.69-7.58 (m, 1H), 7.58-7.38 (m, 4H), 7.3457(tn, 2H), 5.08 (d, 0.3H] = 15.3 Hz),
4.98 (d, 0.6H,) = 10.3 Hz), 4.69 (s, 1H), 4.27 (d, 0.3Hz 15.3 Hz), 4.06 (d, 0.3H,= 10.9
Hz), 3.45 and 3.37 (2s, 3H), 2.70-2.20 (m, 3H)541863 (m, 2H), 1.52-1.20 (m, 2H), 0.99
(d, 3H,J = 6.5 Hz), 0.96-0.81 (m, 6H}*C NMR (CDC}) & (ppm): 174.6, 171.1, 144.8,
138.8, 138.1, 137.2, 136.6, 133.8, 132.8, 130.0.012128.5, 128.0, 127.7, 127.4, 126.3,
118.6, 111.3, 65.9, 61.7, 52.0, 51.7, 48.1, 4534,327.9, 27.5, 22.5, 19.9, 18.7, 13.9.

HRMS-ES (m/z) found 407.2337, calcd forofH8300sN, + H]" 407.2329. The data are in
accordance with the literatut&
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Chapter 3: Synthesis of a (piperazin-1-ylmethyl)biaryl library

3.1. Introduction

An arylboronate library was previously synthesigammpoundsg}, 5 and6) using microwave-
mediated {2 reactions of (bromomethyl)phenylboronic acid pleester® with a range of
N-, S and O-nucleophiles3. These underwent further reactions to afford aalyp of
biaryls>®® In certain instances, Boc-piperazir@g) was used as aN-nucleophile and the
arylboronic esters obtainedd, 5d and6d) were found to be interesting and useful precgrsor
for the synthesis of a wide range of highly funetiised biaryls, because the protecting group
on the piperazine could be easily removed to ligeran amine, allowing further
functionalisation prior to, or following, a Suzukiiyaura cross-coupling with a variety of

aryl halides.

The incorporation of a piperazine motif into a noole is interesting from a medicinal
chemistry point of view since it produces analogtieg have a lower lipophilicity and this
enhances aqueous solubiltty.Hence, piperazine is found in many drugs with @airscope
of actions such as antidepressdntsntihistamines! antiretrovirals:*® anti-Parkinson’s?’
antianginals'® and antipsychoti¢$® amongst others (Figure 3. ;121122
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phosphodiesterase type 5 inhibitor dopamine receptors antagonist

Figure 3.1. Examples of drugs containing the piperazine n{otiblue).

A Boc-protected (piperazin-1-ylmethyl)biaryl libgarhas been synthesised from (Boc-
piperazin-1-ylmethyl)phenylboronic acid pinacolezsbd and6d via a microwave-mediated

Suzuki-Miyaura (SM) coupling with aryl bromides. 1-bromo-, 2-, 3- or 4-nitrobenzene or
2-bromo-5-nitropyridine. Judicial removal of theofecting group on the piperazine, or facile
reduction of the nitro group on the biaryl systeamabled the manipulation of two points of

functionality in order to diversify the scope oéthesulting biaryl library (Scheme 3.1).

4 _/NOZ —_NO.
N Pd(0) (\Nw TFA N ~ NO,
SO OGN e oy O
0 O
>‘/ 5d and 6d X 10 11

X=CHorN

\RLCI 9

Ez R2-Cl NH o

L —Nops 9 LN He % T

R"” R
oL Xy
16-17 0070 13 12
15

Scheme 3.1. Synthetic sequence to the (piperazin-1-ylmethyybiirary.
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3.2. SM cross-coupling reaction

The SM coupling was achieved employing Leadbeatestsditions (previously used) with
palladium(ll) acetate as precatalyst and 1-brordg-,3- and 4-nitrobenzene or 2-bromo-5-
nitropyridine as aryl bromides (Figure 3.2) under microwave irradiation (uw) on
compound$d and6d (Scheme 3.2).

NO, ON
Br NO, Br-@ Br-@ Br4<t/>—No2
N
7d

7c 7e 7k

Figure 3.2. Aryl bromides7 used in the SM coupling &d and6d.

) _
s Paoh YO~
e i o (D) e o —_

OY ) 2
Xx—7"NO, TBAB 0
o1 ° H,0 o1
5d meta isomer 7 pw, 150 °C 10
6d para isomer
X=CHorN
O.N NO,
=W (O ()
QA o M\ o
PN N NN NN
g g g
10a 10b 10¢c
10 min 10 min 10 min
72% 87% 72%
O,N NO,
N N N N N
o (o (0 ()
i O:<0 o:<o c):<o
10d 10e 10f 109
20 oin 10 min 10 min 20 min
5o% 5% 81% 70%3

Reaction times and yields after purification byarhatography given.
% Pd(PPB), used as precatalyst (3 mol %), 8&; (3 equiv.) in toluene/EtOHA® 1:1:1 (3 mL per mmol of
boronate), 150 °C, microwave irradiation (maximuower 300 W).

Scheme 3.2. SM reactions on compoun@ld and6d and biarylslO library.

As found previously, the expected biaryls were ioletéh with good yields, within 10 to 20
minutes (Scheme 3.2).
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Once the biphenyl unit had been synthesised, tmetifinalisation reactions could be

initiated.

3.3. Cleavage of the Boc group

Boc group cleavage was achieved with trifluoroacatid (TFA) in dichloromethane at room
temperature within 2 hours or overnight, followey @& basic work-up to liberate the free

amine (Scheme 3.3%°

1) TFA

— _NO 16h — _NO
/\/ e 2 4 2
O S O
0 N\) X 2) K,CO4 HN = X
Y H,0
>r°
10 X=CHorN 11
02N NOZ
S eaTa
7N /T HN N
HN\_/N HN\_/N _/
11a 11b 11c
99% 93% 98%
O.N NO,

N N (_N NO, (NWNOZ
H(l\rJ (N_ ) HNJ )

HN
H
11d 11e 11f 119
94% >99% >99% 73%

Reaction yield given without further purification.

Scheme 3.3. Cleavage of the Boc group 10 and biarylsl1 library.

The pure deprotected amine was obtained after ia b@sh in very good yields. Hence, no

further purification was required.
3.4. Piperazine functionalisation
The piperazine motif in compoundkl was functionalised by reaction with acid and

sulphonyl chloride® (Figure 3.2) (1.1 equiv.) in Gi&l, at room temperature in the presence
of a supported base (PS-NMM) (Scheme 3.4).
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Reaction yields given after purification by chroography.

Scheme 3.4. Functionalisation of compound4 to afford12.
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The amidation reaction gave the expected producgood yields (e.gl2a in 94% yield)
while the sulphonylation process afforded the etgubproducts in moderate yields (elgc

in 48% vyield). Most reactions with acid chloridesrked very well in a few hours (e.fga in
94% vyield in 1 h,12d in 83% vyield in 2 h and2n in > 99% vyield in 4 h), whereas some
required an overnight reaction to give the expegieriucts in moderate yields (eXi in
69% yield andl2m in 61% yield).

3.5. Nitro group reduction

The reduction of the nitro group 2 was next intended in order to produce amines for
further functionalisation reactions. Nitro groupduwetion reaction can be performed by
thermal, microwave or flow chemistry (H-Cub®)routes. The latter option was found to be
the most straightforward option since it generalbyiated a purification or work-up step. The
attempted reduction of nitro-biaryl derivatives wasvestigated in an H-Cube, in
EtOH/EtOAc 1:1, at 65 °C, with a flow rate of 1 miin™ and in full hydrogen mode, as
outlined in Table 3.1 (Scheme 3.5).

Hz

7 N\ — Catalyst B\ —
@_@NOQ @_@Nw

EtOH/EtOAC —
[ j 1 mL.min"" [ j
N N
R! = R!
12 X=CHorN 13

Scheme 3.5. Nitro group reduction of2.
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Table 3.1. Optimisation of the nitro group reduction 1.

Entry 12 Catalyst 13 Yield (%)
NO, NH,
~O-0 OO
1 {J 12k Raney Nickel < 13a 94

o
-

NO, NH;

O

@

2 w 12k  SnCh2H,0 . 132 67
° ©
(JNOZ
3 o? 12n Pd/C M) 14a 97
P 120 Pd/C A 14a 94

o
& Microwave irradiation (maximum power 300 W), EtOE80 °C, 30 min.

When Raney Nickel was used as the catalyst, theote@ produci3a was obtained in very
good vyield (Table 3.1, entry 1). A microwave-meédnitro reduction was attempted using
tin chloride dihydrate (Table 3.1, entry 2), buvgan inferior yield and a more complicated
work-up, compared with the former reduction.

However, unexpected hydrogenolysis of the bendide-unit in 12n and 120 led to the
corresponding 4-tolylaniliné4a when Pd/C and was used as catalyst (Table 3.deg®tand
4). This is akin to a standard debenzylation reacth organic synthesi$> Thereafter, the
Raney Nickel/H-cube conditions were used to reduttee other (piperazin-1-

ylmethyl)nitrobiaryl derivatives (Figure 3.4).
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Crude reaction yield given, product used withoutHer purification.

Figure 3.4. Amines13 synthesised using Raney Nickel/H-Cube conditions.

Many of the product43 were obtained in very good yields without any fert purification.
13e was the only product to be obtained in moderagédyivhich could have been due to the
fact that the catalyst cartridge needed to be adnghich resulted in the reduction not

taking place efficiently.

3.6. Amino group functionalisation

The amine group inl3 could next be functionalised by amidation and lsatyylation
reactions with the corresponding acid, or sulphociylorides9 in the presence of a supported

base (PS-NMM). Pyrrole derivatives were synthesidsd reaction of 13 with 2,5-
dimethoxytetrahydrofurarl) in acetic acid (Scheme 3.8},
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2,
N R2
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NC

HN
HN
NH
) (O~ Om
0 Q N\ o)
N
N /
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)
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NN %ch:ﬁ o=%:}
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Reaction yields given after purification by chroography.

Scheme 3.6. Amine functionalisation of compound8 and biarylsl6 and17 library.

75



The elaborated biaryl products were obtained inenatg to good yields after purification by

chromatography.

An amide coupling ofi4a led to an interesting biphenyl derivati¥8a in good yield (71%;
Scheme 3.7).

9d

PS-NMM
CH,Cl, (0]
t,1h

14a 18a

71%

Scheme 3.7. Amine functionalisation reaction of compouivh.

Very small crystals ofl8a were grown and analysed by a synchrotron X-rajratifion
crystal structure determination, which showed & weteresting structure with and Z' value of
3 (Figure 3.5).
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Figure 3.5. Crystal structure ofl8a: a) Three molecules in the asymmetric unit (40%
probability displacement ellipsoids). b) Chainsniied by intermolecular N—=HO hydrogen

bonds, running along theaxis, viewed here along tloeaxis.

The asymmetric unit consists of three independealecules (Figure 3.5a), which have
similar orientations in the unit cell but vary imeir detailed conformations, particularly in the
torsional twist within the biphenyl unit [19.7(521.2(5)° and —26.8(5)°] and in the extent to
which the amide group lies out of the plane of #iematic ring to which it is attached
[torsion angles 41.9(5)°, 19.4(5)° and 45.3(5)°heTmolecules form chains along the
crystallographid axis through approximately linear intermolecularHN'O hydrogen bonds
(Figure 3.5b).
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3.7. Conclusion

In conclusion, a (piperazin-1-ylmethyl)biaryl libyahas been synthesised over a few steps
using, inter alia, the MAOS-mediated Suzuki-Miyaura coupling reactid@his library is
composed of a number of very interesting drug-tikelecules. The crystal structure I8a

has stimulated our interest into examining analegimethe solid state and results will be

disclosed in due course.
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3.8. Experimental proceduresand data
Experimental conditions and analytical methodsasréor Chapter 2

General procedurefor the synthesis of compounds 10:
tert-Butyl 4-((2'-nitrobiphenyl-3-yl)methyl)piperazink-carboxylatelOa
02N

ety
%oyN\—/N

1la (1.02 mmol, 410 mg)7e (1.02 mmol, 207 mg), palladium(ll) acetate (0.0thoh 2 mg),
sodium carbonate (3.07 mmol, 324 mg), tetrabutylamom bromide (1.02 mmol, 329 mg)
and water (4 mL) were placed in a sealed microwmaaé and stirred under microwave
irradiation (initial power 300 W) at 150 °C for bfin. The mixture was cooled to rt, diluted
with EtOAc (20 mL) and water (10 mL) and extracteith EtOAc. The organic layer was
washed with a saturated sodium chloride solutioieddover anhydrous magnesium sulphate,
filtered and concentrated under reduced pressuggveo640 mg of a brown oil. The crude
product was purified by chromatography on silich pexane/EtOAc 7:3, to give 290 mg of
the pure expected product as a brown oil in 72%yf NMR (CDCk) § (ppm): 7.83 (dd,
1H,3,=7.7 Hz,J,= 0.7 Hz), 7.60 (ddd, 1H; = 7.3 Hz,J,= 1.1 HZz), 7.50-7.40 (m, 2H), 7.37
(m, 1H), 7.34 (m, 1H), 7.27 (m, 1H), 7.21 (dd, D= 7.0 Hz,J,= 1.8 Hz), 3.52 (s, 2H), 3.41
(m, 4H), 2.37 (m, 4H), 1.43 (s, 9HYC NMR (CDCE) & (ppm): 154.8, 149.4, 138.6, 137.4,
136.3, 132.2, 131.9, 128.9, 128.7, 128.4, 128.6,7,2424.1, 79.5, 62.7, 52.9 (2C), 43.7 (2C),
28.4 (3C). HRMS-ES (m/z) found 398.2072, calcd[@y>H»7;0,N3 + H]" 398.2074.

tert-Butyl 4-((3'-nitrobiphenyl-3-yl)methyl)piperazink-carboxylatelOb

NO,

OO
%o>\_N\—/N

Brown oil, 521 mg, 87% vyield (1.50 mmol scal® NMR (CDCk) & (ppm): 8.43 (dd, 1H,
J=1.8 Hz), 8.18 (ddd, 1H}; = 8.4 Hz,J,= 2.2 Hz,J3= 1.1 Hz), 7.90 (ddd, 1Hl; = 7.7 Hz,
J,=1.8 Hz,J3= 1.1 Hz), 7.59 (dd, 1H] = 7.7 Hz), 7.57 (s, 1H), 7.51 (d, 18= 7.3 Hz),
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7.43 (dd, 1HJ = 7.3 Hz), 7.36 (d, 1H) = 7.3 Hz), 3.57 (s, 2H), 3.42 (m, 4H), 2.41 (m,)4H
1.43 (s, 9H).**C NMR (CDCE) & (ppm): 154.8, 148.7, 142.8, 139.1, 138.8, 13329.7,
129.3, 129.1, 127.8, 126.0, 122.1, 122.0, 79.69,632.9 (2C), 43.5 (2C), 28.4 (3C).
HRMS-ES (m/z) found 398.2074, calcd forp8,704N3 + H]" 398.2074.

tert-Butyl 4-((4'-nitrobiphenyl-3-yl)methyl)piperazink-carboxylatelOc

Orange oil, 381 mg, 72% yield (1.77 mmol scale).NMR (CDCk) & (ppm): 8.28 (d, 2H,

J=9.2 Hz), 7.72 (d, 2HJ = 8.8 Hz), 7.57 (s, 1H), 7.50 (d, 1Bl= 7.0 Hz), 7.43 (dd, 1H,
J=7.3 Hz), 7.38 (d, 1H] = 7.3 Hz), 3.57 (s, 2H), 3.41 (m, 4H), 2.40 (m, 4H}3 (s, 9H).

3C NMR (CDCE) & (ppm): 154.8, 147.6, 139.2 (2C), 138.9, 129.7,.22928.0, 127.9 (2C),
126.3, 124.1 (2C), 79.7, 62.9, 53.0 (2C), 44.1 (228.5 (3C). HRMS-ES (m/z) found
398.2071, calcd for [H2704N3 + H]" 398.2074.

Q /I
%0>LN\—/N

tert-Butyl 4-((2'-nitrobiphenyl-4-yl)methyl)piperazink-carboxylatel0d

O2N

OO
w5

0=

A
Total irradiation time: 20 minutes (2 x 10 min). & oil, 170 mg, 85% yield (0.50 mmol
scale).'H NMR (CDCk) & (ppm): 7.83 (d, 1H,] = 7.7 Hz), 7.59 (ddd, 1H), = 7.7 Hz,
J>= 1.5 Hz), 7.47 (dd, 1H), = 7.7 Hz,J,= 1.5 Hz), 7.43 (m, 1H), 7.36 (d, 2H~ 8.4 Hz),
7.25 (d, 2H,J = 7.0 Hz), 3.53 (s, 2H), 3.42 (m, 4H), 2.39 (m, 4H)¥4 (s, 9H)*C NMR
(CDCl) 6 (ppm): 154.8, 149.3, 138.1, 136.2, 136.1, 13232,.9, 129.3 (2C), 128.1, 127.8
(2C), 124.0, 79.6, 62.6, 52.9 (2C), 43.6 (2C), 288). HRMS-ES (m/z) found 398.2073,
calcd for [GoH2704N3 + H]™ 398.2074.
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tert-Butyl 4-((3'-nitrobiphenyl-4-yl)methyl)piperazink-carboxylatelOe

NO,

(N
W

o=

A
Off-white solid, 543 mg, 75% yield (1.83 mmol sdafH NMR (CDCk) & (ppm): 8.45 (s,
1H), 8.20 (d, 1H, = 7.0 Hz), 7.90 (d, 1H) = 7.7 Hz), 7.62 (m, 4H), 7.50 (m, 1H), 3.48 (m,
6H), 3.46 (m, 4H), 1.46 (s, 9H}*C NMR (CDCE) & (ppm): 154.8, 148.7, 142.6, 138.5,
137.5, 132.9, 129.8 (2C), 129.7, 127.0 (2C), 1212A4,.8, 79.6, 62.5, 52.9 (2C), 43.9 (20),
28.4 (3C). HRMS-ES (m/z) found 398.2073, calcd f@H,70:N3 + H]" 398.2074.
Elemental analysis CHN (%) found C: 66.5, H: 6.9,18.7, calcd for &H»>;04N3 C: 66.5,
H: 6.9, N: 10.7.

tert-Butyl 4-((4'-nitrobiphenyl-4-yl) methyl)piperazink-carboxylatelOf

()
0=
o]
%
Yellow solid, 480 mg, 81% vyield (1.50 mmol scaf#). NMR (CDCL) & (ppm): 8.27 (d, 2H,
J=8.8 Hz), 7.71 (d, 2H]) = 8.8 Hz), 7.57 (d, 2H]= 8.4 Hz), 7.43 (d, 2H]= 8.4 Hz), 3.55
(s, 2H), 3.42 (m, 4H), 2.40 (m, 4H), 1.44 (s, 9HC NMR (CDCE) & (ppm): 154.9, 147.4,
147.1, 139.2, 137.7, 129.9 (2QR7.7 (2C), 127.4 (2C), 124.2 (2C), 79.7, 62.7052C),
43.8 (2C), 28.5 (3C). HRMS-ES (m/z) found 398.2068Jcd for [G.H,704Ns + HJ*
398.2074. Elemental analysis CHN (%) found C: 6B.56.9, N: 10.5, calcd for £gH2704N3
C: 66.5, H: 6.9, N: 10.6.
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tert-Butyl 4-(4-(5-nitropyridin-2-yl)benzyl)piperazing-carboxylatelOg

~ > )—NO,
N N /

Total irradiation time: 20 minutes (2 x 10 min). €ltcrude product was purified by
chromatography on silica gel, GEl./EtOAc 1:1, to give 285 mg of the pure expected
product as a yellow solid in 70% yield (1.02 mmedlg).'H NMR (CDCk) 5 (ppm): 9.47 (s,
1H), 8.51 (d, 1H,) = 8.1 Hz), 8.03 (d, 2H] = 7.0 Hz), 7.88 (d, 1H] = 7.3 Hz), 7.47 (d, 2H,

J = 7.3 Hz), 3.57 (s, 2H), 3.43 (m, 4H), 2.40 (m, 4B)Y4 (s, 9H)*C NMR (CDCk) 5
(ppm): 162.3, 154.8, 145.3, 141.3, 134.8, 131.9.822C), 128.5, 127.7 (2C), 119.9, 79.7,
62.6, 52.9 (2C), 44.0, 43.6, 28.4 (3C). HRMS-ES zjmfound 399.2027, calcd for
[C21H2604N4 + H]" 399.2027.

General procedurefor Boc group removal:
1-((2'-Nitrobiphenyl-3-yl)methyl)piperazinkla

O,N
N N

7/

H

3a (1.58 mmol, 626 mg), TFA (6 mL) and GEl, (60 mL) were mixed and left under
magnetic stirring at room temperature overnighte Vblatiles were removed under reduced
pressure. The product was dissolved in,Clkland washed with a sodium carbonate solution
(1 M). The organic layer was washed with a satdrat@dium chloride solution, dried over
anhydrous magnesium sulphate, filtered and coratexckrunder reduced to give 466 mg of
the pure expected product as an orange oil in 9@d.yH NMR (CDCk) & (ppm): 7.82 (d,
1H, J = 8.1 Hz), 7.59 (ddd, 1H); = 7.3 Hz,J, = 1.5 Hz), 7.45 ppm (dd, 2H,= 7.7 Hz),
7.40-7.16 (m, 4H), 3.55 (s, 2H), 2.89 (m, 4H), 2(#2 4H), 1.97 (m, 1H)**C NMR (CDC})

d (ppm): 149.4, 138.6, 137.3, 136.3, 132.2, 13129.0, 128.6, 128.5, 128.1, 126.6, 124.0,
63.2, 54.2 (2C), 45.9 (2C). HRMS-ES (m/z) found 2881, calcd for [¢H190:N3 + HJ
298.1550.
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1-((3'-Nitrobiphenyl-3-yl)methyl)piperazinklb

NO,
N N

_/

H

Orange oil, 352 mg, 93% vield (1.28 mmol scate). NMR (CDCk) & (ppm): 8.44 (dd, 1H,
J=2.2 Hz), 8.80 (ddd, 1H; = 8.4 Hz,J, = 2.2 Hz,J3 = 1.1 Hz), 7.91 (ddd, 1H; = 7.7 Hz,

J> = 1.8 Hz,J; = 1.1 Hz), 7.59 (dd, 1H]= 7.8 Hz), 7.57 (s, 1H), 7.50 (ddd, 18,= 7.3 Hz,

J, = 1.8 Hz), 7.42 (dd, 1H] = 7.7 Hz), 7.37 (d, 1H] = 7.3 Hz), 3.56 (s, 2H), 2.90 (m, 4H),
2.45 (m, 4H), 1.82 (m, 1H)C NMR (CDCE) & (ppm): 142.8, 139.0, 138.8, 133.1, 129.7,
129.3, 129.1, 127.8, 126.0, 125.6, 122.0 (2C), 6832 (2C), 45.4 (2C). HRMS-ES (m/z)
found 298.1554, calcd for jgH100.N3 + H]" 298.1550.

1-((4'-Nitrobiphenyl-3-yl)methyl)piperazinklc

(e
HN N
/

Orange 0il,249 mg, 98% yield (0.86 mmol scaléHd NMR (CDCk) & (ppm): 8.28 (d, 2H,
J=8.8 Hz), 7.73 (d, 2HJ = 9.2 Hz), 7.57 (s, 1H), 7.50 (ddd, 18,= 7.3 Hz,J, = 1.8 Hz),
7.42 (dd + d, 2HJg = 7.3 Hz), 3.56 (s, 2H), 2.90 (m, 4H), 2.45 (m, 4&)92 (m, 1H).
3C NMR (CDCE) & (ppm): 147.6, 147.1, 139.3, 138.8, 129.7, 12928.4, 127.8 (2C),
126.1, 124.1 (2C), 63.4, 54.2 (2C), 45.9 (2C). HRES (m/z) found 298.1552, calcd for
[C17H190-N3 + H]" 298.1550.

1-((2'-Nitrobiphenyl-4-yl)methyl)piperazinkld

O2N

OO

()

Orange oil, 496 mg, 94% vyield (1.77 mmol scate) NMR (CDCk) & (ppm): 7.82 (dd, 1H,
J1=8.1 Hz,J,= 1.5 Hz), 7.59 (dd, 1H] = 8.4 Hz), 7.45 (dd, 1H}, = 7.7 Hz,J, = 1.8 Hz),

7.42 (dd, 1HJ, = 7.3 Hz,J,= 1.5 Hz), 7.36 (d, 2H] = 8.4 Hz), 7.24 (d, 2H] = 8.1 Hz), 3.51
(s, 2H), 2.89 (m, 4H), 2.43 (m, 4H), 1.77 (m, 1HC NMR (CDC}) & (ppm): 149.4, 138.4,
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136.2, 136.0, 132.2, 131.9, 129.4 (2C), 128.0,122C), 124.0, 63.2, 54.4 (2C), 46.1 (2C).
HRMS-ES (m/z) found 298.1552, calcd forj8:40.N3 + H]" 298.1550.

1-((3'-Nitrobiphenyl-4-yl)methyl)piperazinkle

O

<)

Yellow oil, 407 mg, > 99% vyield (1.38 mmol scal&. NMR (CDCk) & (ppm): 8.43 (dd, 1H,
J=1.8Hz), 8.17 (d, 1H] = 8.4 Hz), 7.89 (d, 1H] = 7.7 Hz), 7.58 (dd, 1H] = 8.1 Hz), 7.56
(d, 2H,J = 8.4 Hz), 7.43 (d, 2H) = 8.1 Hz), 3.53 (s, 2H), 2.89 (M, 4H), 2.43 (m, AHpB4
(m, 1H).*C NMR (CDCk) & (ppm): 148.7, 142.7, 138.8, 137.4, 132.9 (2C),.92929.7,
127.0 (2C), 121.9, 121.8, 63.2, 54.4 (2C), 46.0)(MRMS-ES (m/z) found 298.1552, calcd
for [C17H1902N3 + H]* 298.1550.

1-((4'-Nitrobiphenyl-4-yl)methyl)piperazinklf

()

Yellow solid, 328 mg, > 99% vield (1.08 mmol scaf#y NMR (CDCk) & (ppm): 8.27 (d,
2H,J=9.2 Hz), 7.71 (d, 2H) = 9.2 Hz), 7.56 (d, 2H] = 8.4 Hz), 7.44 (d, 2H] = 8.4 Hz),
3.53 (s, 2H), 2.90 (m, 4H), 2.44 (m, 4H), 1.62 (@H]). *C NMR (CDCk) & (ppm): 157.4,
147.0, 139.1, 137.6, 129.9 (2C), 127.6 (2C), 122Q), 124.1 (2C), 63.0, 53.8 (2C), 45.7
(2C). HRMS-ES (m/z) found 298.1550, calcd forfdi90.Nz + H]" 298.1550. Elemental
analysis CH (%) found C: 64.9, H: 6.0, calcd fart;g0-N3.0.26 CHCI, C: 64.9, H: 6.2.

1-(4-(5-Nitropyridin-2-yl)benzyl)piperazinglg
N N
i

Orange solid, 201 mg, 73% vyield (0.92 mmol scaile) NMR (dmso-@) & (ppm): 9.43 (d,
1H,J=2.2 Hz), 8.65 (dd, 1H); = 8.8 Hz,J, = 2.6 Hz), 8.26 (d, 1H] = 8.8 Hz), 8.18 (d, 2H,
J = 8.4 Hz), 7.49 (d, 2H) = 8.4 Hz), 3.52 (s, 2H), 2.74 (m, 4H), 2.30 (m,)5HC NMR
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(dmso-d) & (ppm): 160.9, 144.9, 141.5, 135.2, 132.6, 13129.3 (2C), 127.4 (2C), 120.3,
62.2, 53.7 (2C), 45.4 (2C). MS-ES (m/z) found 29@&icd for [GeH1g0-N4 + H]" 299.2.
Elemental analysis CH (%) found C: 62.1, H: 5.6lcd¢afor CgH1s0,N4.0.175 CHClI,
C: 62.0, H: 5.9. Used as such for the next step.

General procedurefor the synthesis of functionalised compounds 12:

Cyclopropyl-[4-(2'-nitro-biphenyl-3-yImethyl)-piparin-1-yl]-methanoné&2a

O2N
o
<?~N N
s

4a (0.63 mmol, 187 mg)9d (0.70 mmol, 1.152 g.mit, 73 L), PS-NMM (0.70 mmol, 175
mg) and CHCI, (10 mL) were stirred at rt for 1 h. The mixturesamdtered and the filtrate
was concentrated under reduced pressure to givari@gfléf a brown oil. The product was
purified by chromatography on silica gel, &#/MeOH from 0% to 20% of MeOH, to give
217 mg of the pure expected product as a yelloind@4% yield.*H NMR (CDCk) & (ppm):
7.85 (d, 1HJ = 8.1 Hz), 7.62 (ddd, 1H, = 7.6 Hz,J, = 1.2 Hz), 7.51-7.40 (m, 4H), 7.36 (s,
1H), 7.28 (d, 1HJ = 7.3 Hz), 3.80 (m, 6H), 2.65 (m, 4H), 1.69 (m,)1B.96 (m, 2H), 0.75
(m, 2H).**C NMR (CDCk) & (ppm): 172.0, 149.2, 137.7, 135.8, 132.4, 131(9)(429.6,
129.1, 128.3, 127.8, 124.1 (2C), 61.9, 52.5, 52433, 41.1, 10.9, 7.5 (2C). HRMS-ES (m/z)
found 366.1813, calcd for pfgH2303N3 + H]" 366.1812.

3-[4-(2'-Nitro-biphenyl-3-ylmethyl)-piperazin-1-y3-oxo-propionic acid methyl est&2b

O,N
& &
[e) N N
/
—0

Yellow oil, 137 mg, 68% vyield (0.51 mmol scaléji NMR (CDCk) & (ppm): 7.86 (dd, 1H,
J1=8.1 Hz,J, = 1.1 Hz), 7.63 (ddd, 1H}; = 7.7 Hz,J, = 1.1 Hz), 7.51 (dd, 1Hl; = 7.7 Hz,
J,= 1.5 Hz), 7.46 (m, 1H), 7.40 (d, 18l= 7.3 Hz), 7.34 (d, 1H] = 7.7 Hz), 7.30 (m, 1H),

7.26 (d, 1H,J = 7.0 Hz), 3.74 (s, 3H), 3.69 (M, 2H), 3.60 (s)2B147 (s + m, 4H), 2.50 (m,
4H). ®*C NMR (CDCE) 5 (ppm): 168.0, 164.2, 137.8, 137.5 (2C), 136.1,33231.8, 128.9,
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128.8, 128.5, 128.2, 126.9, 124.1, 62.3, 52.5 (26)3, 41.8, 41.0 (2C). HRMS-ES (m/z)
found 398.1707, calcd for fgH»30sN3 + H]* 398.1710.

1-Methanesulphonyl-4-(2'-nitro-biphenyl-3-yImethylperazinel2c
O,N

IR ’ .
—s-N N

(I)I \ /

The product was purified by chromatography on ailjel, CHCI,/MeOH 95:5, to give 47
mg of the pure expected product as a yellow o886 yield (0.26 mmol scalejH NMR
(CDCl) & (ppm): 7.85 (d, 1HJ) = 7.7 Hz), 7.63 (dd, 1Hl = 7.7 Hz), 7.51 (d, 1H] = 8.1 Hz),
7.46 (m, 1H), 7.39 (d, 1Hl = 7.3 Hz), 7.34-7.23 (m, 3H), 3.58 (s, 2H), 3.86 ¢H), 2.78 (s,
3H), 2.56 (m, 4H)C NMR (CDCE) & (ppm): 149.4, 138.2, 137.5, 136.1, 132.3, 131.8,
128.8 (2C), 128.3, 128.2, 126.9, 124.1, 62.2, §2Q), 45.9 (2C), 34.0. HRMS-ES (m/z)
found 376.1330, calcd for jgH,104N3S + H] 376.1326.

(4-Fluoro-phenyl)-[4-(3'-nitro-biphenyl-3-ylmethypiperazin-1-yl]-methanon&2d

o — O
i—N N
/
F

Yellow oil, 135 mg, 83% vyield (0.39 mmol scaléi NMR (CDCk) & (ppm): 8.47 (s, 1H),
8.23 (d, 1HJ = 7.0 Hz), 8.07 (m, 2H), 7.80-7.30 (m, 6H), 7.10 @Hl), 4.11-3.60 (m, 6H),
2.81 (m, 4H)*C NMR (CDCk) & (ppm): 169.6 (2C), 148.7 (2C), 141.5, 139.8, 1333D.2,
130.1, 130.0, 129.9, 122.7 (2C), 121.9 (2C), 11618.9, 115.8, 115.4, 68.0, 62.2, 52.5,
25.6 (2C). HRMS-ES (m/z) found 420.1726, calcd[@jH2,0sNsF + H]" 420.1718.
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Furan-2-yl-[4-(3'-nitro-biphenyl-3-ylmethyl)-pipezan-1-yl]-methanond 2e

NO,

O
N N
’_\_/
5:

Yellow oil, 57 mg, 50% vyield (0.27 mmol scaléfi NMR (CDCk) & (ppm): 8.47 (m, 1H),
8.22 (ddd, 1HJ, = 8.1 Hz,J,= 2.2 Hz), 7.93 (d, 1H] = 8.1 Hz), 7.65-7.59 (m, 2H), 7.55 (d,
1H, J = 8.1 Hz), 7.49-7.44 (m, 2H), 7.40 (d, 1H= 7.3 Hz), 6.99 (d, 1H) = 3.3 Hz), 6.47
(dd, 1H,J:= 3.1 Hz,J,= 1.8 Hz), 3.84 (m, 4H), 3.64 (s, 2H), 2.56 (m, 45 NMR (CDCE)

d (ppm): 183.0, 159.9, 159.0, 148.7, 147.9, 1433R.4, 133.1, 129.7, 129.3, 129.2, 127.9,
126.2,122.1, 122.0, 116.4, 111.3, 62.7, 53.2 (228 (2C). MS-ES (m/z) found 392.2, calcd
for [C2oH2104N3 + H]" 392.2. Used as such for the next step.

1-Benzenesulphonyl-4-(3'-nitro-biphenyl-3-ylmethpiperazinel 2f

NO,

o

Yellow oil, 116 mg, 70% yield*H NMR (CDCk) & (ppm): 8.41 (m, 1H), 8.18 (ddd, 1H,
J1=83Hz,J,=2.2HzJ;=0.9 Hz), 7.88 (d, 1H] = 7.9 Hz), 7.75 (d, 2H]= 7.0 Hz), 7.64-
7.48 (m, 6H), 7.41 (dd, 1H,= 7.4 Hz), 7.31 (d, 1H] = 7.9 Hz), 3.57 (s, 2H), 3.06 (m, 4H),
2.57 (m, 4H).**C NMR (CDCk) & (ppm): 148.8, 142.7, 138.9, 138.8, 135.6, 13333.0,
129.8, 129.4, 129.3, 129.2 (2C), 127.9 (3C), 12622.2, 122.0, 62.6, 52.3 (2C), 46.1 (2C).
HRMS-ES (m/z) found 438.1476, calcd forf8,304N3S + H] 438.1482.

1-[4-(4'-Nitro-biphenyl-3-ylmethyl)-piperazin-1-ykthanone?2g

()

o /M
>~N\_/N

Brown oil, 130 mg, 92% vyield (0.42 mmol scal&! NMR (CDCk) & (ppm): 8.28 (d, 2H,

J=9.2 Hz), 7.72 (d, 2HJ = 9.2 Hz), 7.57 (s, 1H), 7.52 (ddd, 18,= 7.3 Hz,J, = 1.8 Hz),

7.44 (dd, 1H, = 7.7 Hz), 7.38 (d, 1H] = 7.3 Hz), 3.40-3.70 (s + 2m, 6H), 2.44 (m, 4HD72.

(s, 3H).**C NMR (CDCE) & (ppm): 191.7, 147.4, 138.8, 133.1, 130.3, 12929.4, 129.4,
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128.0, 127.8, 126.4, 124.1 (2C), 62.7, 53.1, 52672, 41.4, 21.3HRMS-ES (m/z) found
340.1653, calcd for [H2103N3 + H]* 340.1656.

1-Methanesulphonyl-4-(4'-nitro-biphenyl-3-yImethylperazinel2h

Brown solid, 103 mg, 65% yield (0.42 mmol scaf#).NMR (CDCE) & (ppm): 8.30 (d, 2H,
J = 8.9 Hz), 7.74 (d, 2H) = 8.9 Hz), 7.57 (s, 1H), 7.53 (d, 1Bl= 8.0 Hz), 7.45 (dd, 1H,
J=7.6 Hz), 7.39 (d, 1H] = 7.5 Hz), 3.63 (s, 2H), 3.26 (m, 4H), 2.78 (s, 3Bp9 (m, 4H).
3%C NMR (CDCE) & (ppm): 147.4, 147.2, 139.0, 138.7, 129.6, 12927.49, 127.8 (2C),
126.5, 124.1 (2C), 62.4, 52.3 (2C), 45.9 (2C), 3M3B-ES (m/z) found 376.2, calcd for
[C1gH2104N3S + HJ 376.1. Used as such for the next step.

1-[4-(2'-Nitro-biphenyl-4-ylmethyl)-piperazin-1-ykthanone2i

Orange oil, 79 mg, 69% vyield (0.34 mmol scafé).NMR (CDCk) & (ppm): 7.83 (dd, 1H,
J;=8.1Hz,J,=1.1Hz), 7.60 (dd, 1Hl; = 7.3 Hz,J, = 1.5 Hz), 7.48 (dd, 1Hl; = 7.7 Hz,
J, = 1.5 Hz), 7.42 (dd, 1Hl; = 7.7 Hz,J, = 1.5 Hz), 7.36 (d, 2H] = 8.1 Hz), 7,26 (d, 2H,
J = 8.8 Hz), 3.62 (m, 2H), 3.54 (s, 2H), 3.45 (m, 2BI¥3 (M, 4H), 2.07 (s, 3H}’C NMR
(CDCl) 6 (ppm): 168.9,149.3, 137.9, 136.3, 136.1, 132.2, 131.9, 129.3,(2¢8.1, 127.9
(2C), 124.1, 62.5, 53.1, 52.8, 46.3, 41.4, 21.3MEES (m/z) found 340.1655, calcd for
[C19H2103N3 + H]" 340.1656.
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(4-Methoxy-phenyl)-[4-(2'-nitro-biphenyl-4-ylmethypiperazin-1-yl]-methanon&?)

Orange oil, 112 mg, 74% yield (0.35 mmol scale).NMR (CDCk) & (ppm): 7.82 (d, 1H,
J=8.1Hz), 7.59 (dd, 1Hl = 7.7 Hz), 7.47 (d, 1H] = 8.1 Hz), 7.42 (d, 1H] = 8.1 Hz), 7.37
(d, 4H,J = 8.8 Hz), 7.25 (d, 2H] = 7.3 Hz), 6.88 (d, 2H] = 8.8 Hz), 3.84 (s, 3H), 3.6 (m,
4H), 3.56 (s, 2H), 2.47 (m, 4H}*C NMR (CDCk) & (ppm): 170.3, 160.7, 149.3, 137.8,
136.3, 136.1, 132.2, 131.9 (2C), 129.3 (2C), 122Q), 128.1, 127.9 (2C), 124.0, 113.6 (2C),
62.5, 55.3, 53.1 (2C), 47.9, 42.3. HRMS-ES (m/z)unb 432.1918, calcd for
[C2sH2504N3 + H]" 432.1918.

Cyclohexyl(4-((3'-nitrobiphenyl-4-yl)methyl) piperaez1-yl)methanond 2k

NO,

00
ke

Yellow oil, 104 mg, 91% yield (0.28 mmol scal®{ NMR (CDCk) & (ppm): 8.43 (m, 1H),
8.17 (ddd, 1H)J; = 8.1 Hz,J, = 0.7 Hz,J; = 0.2 HZz),7.89 (d, 1HJ = 8.1 Hz), 7.58 (dd + d,
3H, Jg = 8.4 Hz), 7.42 (d, 2H) = 8.4 Hz), 3.56 (s + m, 6H), 2.43 (m, 4H), 2.00aL(m,

11H).3C NMR (CDCE) 6 (ppm): 174.5, 148.7, 142.5, 138.2, 137.7, 132(9,(229.9, 129.7,

127.1 (2C), 122.0, 121.8, 62.4, 53.5, 52.9, 4588,441.5, 40.4, 29.4, 28.9, 25.8, 25.4.
HRMS-ES (m/z) found 408.2285, calcd forjH,¢0sN3 + H]" 408.2282.
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(4-((3'-Nitrobiphenyl-4-yl)methyl)piperazin-1-yl}ftophen-2-yl)methanon¥?

NO,

-0
()
J S

=

Yellow oil, 97 mg, 92% yield (0.26 mmol scaléd NMR (CDCk) & (ppm): 8.43 (m, 1H),
8.17 (ddd, 1H)J; = 8.1 Hz,J, = 2.2 Hz,J; = 1.1 Hz), 7.89 (d, 1H] = 7.7 Hz), 7.59 (dd + d,
3H, Jy = 7.7 Hz), 7.42 (d + dd, 3Hy4 = 8.1 Hz,Jq¢ = 1.1 Hz), 7.25 (dd, 1H); = 3.7 Hz,
J,=1.1 Hz), 7.01 (dd, 1H,; = 4.8 Hz,J, = 3.7 Hz), 3.76 (m, 4H), 3.59 (s, 2H), 2.51 (m)4H
%C NMR (CDCE) & (ppm): 163.5, 148.7, 142.5, 138.3, 137.7, 13732.4, 129.8 (2C),
129.7, 128.8, 128.5, 127.1 (2C), 126.6, 122.0,8,282.4, 53.1 (2C), 45.6 (2C). HRMS-ES
(m/z) found 408.1372, calcd for §&1,:03N3S + H] 408.1376.

1-((3'-Nitrobiphenyl-4-yl)methyl)-4-(phenylsulphofgiperazinel2m

NO,

)
S

o)

The crude product was purified by chromatographyiboa gel, CHCI./EtOAc from 0% to
5% of EtOAc, to give 72 mg of the pure expecteddpo as a yellow oil in 61% yield (0.27
mmol scale)'H NMR (CDCk) &: 8.40 ppm (m, 1H), 8.17 ppm (ddd, 1H,=8.1 Hz,J; = 1.1
Hz), 7.86 ppm (d, 1HJ) = 7.7 Hz), 7.74 ppm (dd, 2H; = 6.6 Hz,J, = 1.8 Hz), 7.48-7.63
ppm (m, 6H), 7.34 ppm (d, 2H,= 8.4 Hz), 3.53 ppm (s, 2H), 3.04 ppm (m, 4H)420m
(m, 4H).**C NMR (CDCE) & (ppm): 148.7, 142.5, 138.1, 137.7, 135.6, 13232.4, 129.8
(2C), 129.7, 129.0 (2C), 127.8 (2C), 127.1 (2C)2.02121.8, 62.1, 52.2 (2C), 46.1 (2C).
HRMS-ES (m/z) found 438.1479, calcd forf8,304NsS + H] 438.1482.
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3-Methyl-1-(4-((4'-nitrobiphenyl-4-yl)methyl)pipeza-1-yl)butan-1-ond.2n

O
N

2
The crude product was tereated with PS-Trisamin&0(Gnmol, 3.48 mmol/g, 30 mg)
overnight in CHCI, then filtered. The filtrate was concentrated undtuced pressure to
give 498 mg of the pure expected compound as awedblid in 100% yield (1.30 mmol
scale). Recrystallized from CHCHH NMR (CDCk) § (ppm): 8.31 (d, 2HJ = 8.8 Hz), 7.85-
7.65 (m, 6H), 4.74 (m, 2H), 4.16 (m, 2H), 3.95 @#l), 3.47 (m, 2H), 2.68 (m, 2H), 2.17 and
2.10 (m and sept, 3Hlgyx = 6.6 Hz), 0.94 (d, 6H) = 6.6 Hz).HRMS-ES (m/z) found

382.2123, calcd for [£H2703N3 + H]" 382.2125. Elemental analysis CHN (%) found
C: 63.0, H: 6.7, N: 9.8, calcd for,gH,703N3.0.38 CHC} C: 63.0, H: 6.5, N: 9.8.

1-(Methylsulphonyl)-4-((4'-nitrobiphenyl-4-yl)methpiperazinel2o

)
(0
o N

o0

Yellow solid, 219 mg, 48% yield (1.22 mmol scalRecrystallised from CHGI*H NMR
(dmso-@) 6 (ppm): 8.32 (d, 2HJ) = 9.0 Hz), 8.00 (d, 2H] = 8.6 Hz), 7.90 (m, 2H), 7.74 (m,
2H), 4.43 (s, 2H), 3.70 (m, 2H), 3.40 (m, 2H), 3(19 4H), 2.99 (s, 3H).*C NMR (dmso-
ds) 6 (ppm): 146.9, 145.7, 132.2, 130.2, 128.2 (2C),.622C), 124.1 (4C), 58.1, 50.1 (2C),
42.3 (2C), 35.1. HRMS-ES (m/z) found 376.1322, ddtor [C;gH2104N3S + H] 376.1326.
Elemental analysis CHN (%) found C: 52.3, H: 5.3, N8, calcd for &sH»;04N3S.0.40
CHCI; C: 52.2, H: 5.1, N: 9.9.

90



1-{4-[4-(5-Nitro-pyridin-2-yl)-benzyl]-piperazin-34}-pentan-1-onel2p

<)

B
Yellow solid, 106 mg, 84% yield (0.33 mmol scaf#). NMR (CDCk) & (ppm): 9.47 (d, 1H,
J=2.9 Hz), 8.51 (dd, 1H]; = 8.8 Hz,J, = 2.6 Hz), 8.04 (d, 2H) = 8.1 Hz), 7.89 (d, 1H,
J=8.8 Hz), 7.48 (d, 2H] = 8.1 Hz), 3.62 (m, 2H), 3.59 (s, 2H), 3.47 (m,)2Ri44 (m, 4H),
2.31 (m, 2H), 1.59 (m, 2H), 1.35 (m, 2H), 0.903H, J = 7.3 Hz).”*C NMR (CDC}) 5
(ppm): 191.6, 145.3, 132.2, 132.0, 130.3, 129.9.4,2128.4, 128.3, 127.8, 120.9, 119.9,

62.3, 53.1, 52.8, 45.3, 41.2, 33.4, 26.8, 22.9.13RMS-ES (m/z) found 383.2077, calcd for
[C21H2603N4 + H]+ 383.2078.

{4-[4-(5-Nitro-pyridin-2-yl)-benzyl]-piperazin-1-}phenyl-methanoné2q

)

Re
Yellow solid, 91 mg, 75% yield (0.30 mmol scal®l NMR (CDCk) & (ppm): 9.47 (d, 1H,
J = 2.6 Hz), 8.51 (dd, 1H]; = 8.8 Hz,J, = 2.6 Hz), 8.08 (d, 1H] = 7.3 Hz), 8.04 (d, 2H,
J=8.4 Hz), 7.88 (d, 1H) = 8.8 Hz), 7.35-7.70 (m, 4H), 7.47 (d, 2H= 8.1 Hz), 3.81 (m,
2H), 3.46 (m, 2H), 3.61 (s, 2H), 2.49 (m, 4H5C NMR (CDCE) & (ppm): 170.4, 162.3,
145.4, 142.9, 141.0, 136.3, 135.8, 132.0 (2C),422C), 128.6 (2C), 127.8 (2C), 127.1 (2C),

120.0, 62.5, 53.5, 52.7, 47.8, 42.1. HRMS-ES (mfaund 403.1764, calcd for
[C23H2203N,4 + H]Jr 403.1765.
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General procedurefor thenitro group reduction of compounds 12:

(4-((3'-Aminobiphenyl-4-yl)methyl)piperazin-1-yl)yclohexyl)methanoné&3a

(&

Re
Raney Nickel method

6k (0.19 mmol, 78 mg) was dissolved in an EtOH/EtAAT mixture (50 mL) and reduced
by hydrogenation catalyzed by Raney Nickel in arfClibe at 65 °C at a flow rate of

0.8 mL.min', using full hydrogen mode. The solution obtainedswconcentrated under
reduced pressure to give 70 mg of a yellow oil Whicas purified by chromatography on
silica gel, CHCI,/MeOH 98:2, to give 68 mg of the pure expected pobdés a yellow oil in
94% yield."H NMR (CDCk) 6 (ppm): 7.50 (d, 2HJ = 8.1 Hz), 7.33 (d, 2H] = 8.4 Hz), 7.20
(dd, 1H, J=7.7 Hz), 6.96 (d, 1H] = 7.7 Hz), 6.88 (m, 1H), 6.65 (ddd, 18,= 7.7 Hz,J,=
2.2 Hz, J;=1.1 Hz), 4.00-3.40 (m, 6H), 3.53 (s, 2H), 2.42 @H), 1.60-1.80 (m, 5H), 1.50
(m, 2H), 1.24 (m, 4H)**C NMR (CDCk) & (ppm): 174.5, 146.7, 129.9, 129.7 (2C), 129.5
(2C), 127.0 (2C), 117.6, 114.1, 113.8, 62.2, 58216, 44.8, 40.9, 40.4, 29.4 (2C), 25.8 (3C)
(1 quaternary C missing). HRMS-ES (m/z) found 338% calcd for [GsH3:0N3 + H]”
378.2540.

Tin(Il) chloride reduction

6k (0.025 mmol, 10 mg) was dissolved in EtOH (1 ntigrt tin(ll) chloride (0.125 mmol, 28

mg) was added and the mixture was stirred underomwave irradiation at 130 °C for 30

minutes. The mixture was cooled to room temperatpoeired in a saturated potassium
carbonate solution (10 mL) and stirred at room terajure for 1 h. EtOAc was added and the
mixture was filtered on Celife The two phases were separated and the aquecerswayg
extracted 3 times with EtOAc. The combined orgdaigers were dried over anhydrous
magnesium sulphate, filtered and concentrated uretkrced pressure to give 11 mg of a
yellow oil which was purified by chromatography sitica gel, CHCI,/MeOH 98:2, to give 6

mg of the pure expected product as a yellow od7fo yield.
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All the following were reduced by the Raney Nick&tthod.

(4-((2'-Aminobiphenyl-3-yl)methyl)piperazin-1-yl)yclopropyl)methanon&3b
H,oN
.-
N N

/

Brown solid, 177 mg, 92% yield (0.58 mmol scalé).NMR (CDCL) & (ppm): 7.57-7.38 (m,
4H), 7.18 (d, 1HJ) = 8.8 Hz), 7.13 (d, 1H] = 7.0 Hz), 6.83 (dd, 1H] = 7.3 Hz), 6.78 (d, 1H,
J=7.7 Hz), 3.90 (m, 8H), 2.73 (m, 4H), 1.68 (m, 1BlP9 (m, 2H), 0.77 (m, 2H}*C NMR
(CDCl3) 6 (ppm): 172.0, 143.5, 140.1, 130.7, 130.5 (2C),.322C), 128.9, 128.8, 126.9,
118.7, 115.9, 62.2, 52.7, 52.2, 44.1, 40.8, 10.B,(ZC).HRMS-ES (m/z) found 336.2070,
calcd for [G1H2s0N3 + H]" 336.2070.

Methyl 3-(4-((2'-aminobiphenyl-3-yl)methyl)piperazi-yl)-3-oxopropanoat&3c
HoN

5

O, N N
_/

—0

Yellow oil, 106 mg, 88% yield (0.33 mmol scaléjf NMR (CDCk) & (ppm): 7.42 (s, 1H),

7.41 (d, 2HJ = 8.4 Hz), 7.33-7.29 (m, 1H), 7.18 (dd, 1H= 7.3 Hz,J,= 1.5 Hz), 7.13 (dd,

1H, J, = 7.3 Hz,J, = 1.5 Hz), 6.83 (ddd, 1H}, = 7.7 Hz,J, = 1.1 Hz), 6.78 (d, 1H) = 8.1

Hz), 3.80-3.67 (m, 2H), 3.74 (s, 3H), 3.64 (s, 2BlK0 (m, 2H), 3.47 (s, 2H), 3.20 (m, 2H,

NH,), 2.55 (m, 4H).13C NMR (CDCE) & (ppm): 168.0, 164.2, 143.4, 139.7, 130.4 (2C),

130.0, 128.9, 128.6, 128.4, 128.2, 127.3, 118.8,7162.5, 52.7, 52.5, 52.3, 46.1, 41.6, 41.0.

HRMS-ES (m/z) found 368.1965, calcd for[8,503N3 + H]" 368.19609.
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(4-((3'-Aminobiphenyl-3-yl)methyl)piperazin-1-yl{duorophenyl)methanon&3d

NH,

o — S
i—N N
_/
F

Brown oil, 113 mg, 99% vyield (0.29 mmol scal&l. NMR (CDCk) § (ppm): 7.70-7.50 (m,
2H), 7.48-7.35 (m, 4H), 7.22 (d, 1H,= 7.7 Hz), 7.09 (dd, 2H] = 8.8 Hz), 7.02-6.89 (m,
2H), 6.69 (d, 1H,) = 7.7 Hz), 4.30-3.40 (m, 8H), 2.71 (m, 4H)C NMR (CDC}) & (ppm):
169.4, 162.4, 146.8, 142.0, 141.5, 132.6, 130.9,8.2C), 129.6 (2C), 129.5, 129.2, 128.8,
117.6, 115.9, 115.6, 114.4, 113.8, 62.2, 52.4, ,52680, 40.8. HRMS-ES (m/z) found
390.1982, calcd for [H240NsF + H]" 390.1976.

3'-((4-(Phenylsulphonyl)piperazin-1-yl)methyl)biphg-3-aminel3e

NH,

o SO

The crude product was purified by chromatographiboa gel, CHCI,/EtOAc 9:1, to give
33 mg of the pure expected product as a yellovind85% yield (0.23 mmol scaledd NMR
(CDCl) 6 (ppm): 7.75 (d, 2HJ = 8.1 Hz), 7.59 (d, 1H] = 7.1 Hz), 7.55 (d, 1H] = 7.3 Hz),
7.50 (m, 1H), 7.44 (m, 2H), 7.33 (dd, 1H5 7.7 Hz), 7.21 (m, 2H), 6.94 (d, 1Bl 7.7 Hz),
6.87 (m, 1H), 6.67 (ddd, 1H; = 7.7 Hz,J, = 2.2 Hz,J3 = 1.1 Hz), 3.73 (m, 2H, N§)J, 5.53
(s, 2H), 3.04 (m, 4H), 2.55 (m, 4HYC NMR (CDCk) & (ppm): 146.8, 142.0, 141.6, 135.5,
132.9 (2C), 129.7, 129.1 (2C), 128.7, 128.1, 121X4,.8 (2C), 126.3, 117.6, 114.2, 113.9,
62.6, 52.1 (2C), 30.9 (2CHRMS-ES (m/z) found 408.1740, calcd for§8,50,NsS + HJ'
408.1740.

1-(4-((4'-Aminobiphenyl-3-yl)methyl)piperazin-1-ghhanone 3f

O~
Q.
>~N\_/N
Brown oil, 104 mg, 91% vyield (0.37 mmol scal&l. NMR (CDCk) & (ppm): 7.50-7.40 (m,
3H), 7.40 (d, 2H,J = 8.8 Hz), 7.34 (dd, 1H] = 7.7 Hz), 7.21 (m, 1H), 6.74 (d, 1B= 8.8
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Hz), 3.70-3.30 (m, 8H), 2.46 (m, 4H), 2.06 (s, 3HE NMR (CDCE) & (ppm): 168.9, 145.9,
142.7,141.2, 141.0, 128.7, 128.0 (2C), 127.2,1,21225.4, 115.4 (2C), 63.0, 53.0, 52.7, 46.2,
41.4, 21.4MS-ES (m/z) found 310.2, calcd for {§1,30Ns + H]" 310.2. Used as such for the

next step.

3'-((4-(Methylsulphonyl)piperazin-1-yl)methyl)biphg@-4-aminel3g

W
-N N

—/

O=»n=0

Brown oil, 80 mg, 90% vyield (0.26 mmol scalé NMR (CDCk) & (ppm): 7.50-7.42 (m,
2H), 7.41 (d, 2H) = 8.8 Hz), 7.34 (dd, 1Hl= 7.3 Hz), 7.21 (d, 1H] = 7.7 Hz), 6.75 (d, 2H,

J = 8.8 Hz), 3.60 (s, 2H), 3.27 (m, 6H), 2.77 (s, 3R1BO (M, 4H).**C NMR (CDCE) 5
(ppm): 146.0, 141.4, 131.1, 128.8 (2C), 128.0 (3QY),.2, 125.7, 115.4 (2C), 62.6, 52.2 (2C),
45.7 (2C), 34.2. HRMS-ES (m/z) found 346.1588, adit [C15H230,N3S + H] 346.1584.

1-(4-((2'-Aminobiphenyl-4-yl)methyl)piperazin-1-gjhanone3h

HoN

OO
()
=
Yellow oil, 65 mg, 92% vyield (0.23 mmol scaléH NMR (CDCk) & (ppm): 7.34-7.44 (m,
4H), 7.08-7.17 (m, 2H), 6.80 (ddd, 1Bk, = 7.3 Hz,J, = 1.1 Hz), 6.75 (d, 1HJ = 8.1 Hz),
3.90-3.30 (m, 2H), 3.62 (m, 2H), 3.54 (s, 2H), 3(#6 2H), 2.45 (m, 4H), 2.07 (s, 3H).
13C NMR (CDCE) & (ppm): 168.9, 143.5, 138.5, 136.5, 130.4, 129(5),(229.0 (2C), 128.5,
127.3, 118.6, 115.6, 62.6, 53.1, 52.7, 46.3, 24148. HRMS-ES (m/z) found 310.1913, calcd
for [C1gH230Ns + H]* 310.1914.
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(4-((2'-Aminobiphenyl-4-yl)methyl)piperazin-1-yl{ghethoxyphenyl)methanoriSi

H,N

(0
s
o—

Yellow oil, 95 mg, 97% yield (0.24 mmol scaléd NMR (CDCk) & (ppm): 7.43-7.37 (m,
6H), 7.15 (dd, 1H, = 7.6 Hz), 7.12 (dd, 1H}; = 7.3 Hz,J, = 1.8 Hz), 6.90 (d, 2H] = 8.8
Hz), 6.82 (ddd, 1HJ); = 7.3 Hz,J,= 1.2 Hz), 6.76 (dd, 1H], = 8.0 Hz,J, = 1.2 Hz), 3.82 (s,
3H), 3.90-3.40 (m, 6H), 3.58 (s, 2H), 2.50 (m, 483 NMR (CDC}) & (ppm): 170.3, 160.7,
143.5 (2C), 138.7, 136.3, 130.4, 129.6, 129.1 (2@Y.0 (2C), 128.5, 127.8, 127.1, 118.6,
115.6, 113.7 (2C), 62.6, 55.3, 53.1 (2C), 47.8643dRMS-ES (m/z) found 402.2171, calcd
for [CasH2702N3 + H]™ 402.2176.

(4-((3'-Aminobiphenyl-4-yl)methyl)piperazin-1-yl}{iophen-2-yl)methanon&3;

NH,

O
<)

) S

=

The crude product was purified by chromatographgibca gel, CHCIl,/MeOH 95:5, to give
70 mg of the pure expected product as a yellovind80% yield (0.23 mmol scaleyd NMR
(CDCls) & (ppm): 7.51 (d, 2HJ = 8.4 Hz), 7.41 (dd, 1H} = 5.1 Hz,J, = 1.1 Hz), 7.34 (d,
2H,J = 8.1 Hz), 7.26 (dd, 1H}, = 3.7 Hz,J,= 1.1 Hz), 7.20 (dd, 1H] = 7.7 Hz), 7.01 (dd,
1H, J; = 5.1 Hz,J,= 3.7 Hz), 6.96 (d, 1H] = 7.7 Hz), 6.88 (m, 1H), 6.66 (ddd, 18,= 7.7
Hz, J, = 2.2 Hz,J; = 1.1 Hz), 3.90-3.60 (m, 6H), 3.56 (s, 2H), 2.50, @H). *C NMR
(CDCl) & (ppm): 163.5, 146.7, 142.0, 140.6, 137.0, 1290),(429.5, 129.2, 128.8, 128.5,
127.1 (2C), 126.6, 117.6, 114.1, 113.8, 62.5, §3@), 45.5 (2C)HRMS-ES (m/z) found
378.1631, calcd for [EH230NsS + HJ" 378.1635.
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4'-((4-(Phenylsulphonyl)piperazin-1-yl)methyl)bipty-3-aminel3k

NH,

N

Ko
O

Yellow oil, 65 mg, 100% yield (0.16 mmol scal&i NMR (CDCk) & (ppm): 7.74 (dd, 2H,
J1 = 6.6 Hz,J, = 1.8 Hz), 7.57 (d, 1H) = 7.0 Hz), 7.52 (d, 2HJ = 7.3 Hz), 7.46 (d, 2H,
J=8.1Hz), 7.25 (d, 2H) = 7.0 Hz), 7.19 (dd, 1H] = 8.1 Hz), 6.93 (d, 1H] = 7.7 Hz), 6.85
(s, 1H), 6.65 (dd, 1HJ}; = 7.7 Hz,J, = 2.2 Hz), 3.49 (s, 2H), 3.03 (m, 6H), 2.53 (m, 4H)
13C NMR (CDCb) & (ppm): 163.5, 146.7, 142.0, 129.7, 129.5, 1298.4 (2C), 128.5, 127.0
(2C), 126.6, 117.6 (2C), 114.1 (2C), 113.8 (2C),5653.1 (2C), 45.4 (2C). MS-ES (m/z)
found 408.2, calcd for [5H230,N3S + H] 408.2. Used as such for the next step.

1-(4-(4-(5-Aminopyridin-2-yl)benzyl)piperazin-1-yentan-1-ond3|

()
07%
Yellow oil, 70 mg, > 99% yield (0.19 mmol scaléji NMR (CDCk) & (ppm): 8.16 (d, 1H,
J=2.9Hz), 7.82 (d, 2H] = 8.4 Hz), 7.51 (d, 1H] = 8.4 Hz), 7.35 (d, 2H] = 8.4 Hz), 7.03
(dd, 1H,J,= 8.4 Hz,J,= 2.6 Hz), 3.80 (m, 2H), 3.62 (m, 2H), 3.53 (s, 2Bi}4 (m, 2H), 2.42
(m, 4H), 2.29 (t, 2HJ = 7.0 Hz), 1.58 (m, 2H), 1.33 (m, 2H), 0.90 (t, 3H 7.3 Hz)."*C
NMR (CDCk) & (ppm): 171.7, 147.5, 141.5, 137.0, 132.1, 13229,.8, 128.6, 128.4, 126.1,

122.4, 120.8, 62.3, 52.9, 52.6, 45.2, 41.1, 3304,222.5, 13.8. HRMS-ES (m/z) found
353.2340, calcd for [GH230N, + H]" 353.2336.
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(4-(4-(5-Aminopyridin-2-yl)benzyl)piperazin-1-yl){genyl)methanon&3m

()

R,
Yellow oil, 70 mg, 100% vyield (0.19 mmol scaléi NMR (CDCk) & (ppm): 8.19 (d, 1H,
J=2.6 Hz), 8.10 (d, 1H]) = 8.4 Hz), 7.84 (d, 2H]) = 8.1 Hz), 7.72-7.63 (m, 1H), 7.60-7.35
(m, 6H), 7.06 (dd, 1HJ); = 8.4 Hz,J,= 2.9 Hz), 4.00 (m, 2H), 3.83 (m, 2H), 3.60 (s, 2BI}¥5
(m, 2H), 2.47 (m, 4H)**C NMR (CDC}) 5 (ppm): 170.3, 147.8, 141.4, 137.1, 133.2, 132.0,

130.0, 129.6 (2C), 128.6, 128.4 (2C), 127.0 (2@§.Q (2C), 122.4, 120.8, 62.5, 53.1, 52.6,
47.6, 42.0. HRMS-ES (m/z) found 373.2026, calcd@#tH»:ON, + H]* 373.2023.

General procedurefor the synthesis of compounds 16:
4-CyanoN-(3'-((4-(cyclopropanecarbonyl)piperazin-1-yl)mdbyphenyl-2-yl)benzamide
16a

7b (0.22 mmol, 74 mg)9k (0.25 mmol, 41 mg), PS-NMM (0.25 mmol, 63 mg) &id,Cl,
(10 mL) were mixed and stirred at rt for 1 h. Thixtore was filtered and the filtrate was
concentrated under reduced pressure to give 114frag orange solid. The crude product
was purified by chromatography on silica gel, CH/MeOH from 0% to 10% of MeOH, to
give 89 mg of the pure expected product as a yeflolid in 87% yield*H NMR (CDCk)

3 (ppm): 8.22 (m, 1H), 8.12 (d, 1K,= 8.3 Hz), 7.86-7.64 (m, 5H), 7.55-7.37 (m, 4HB6¢
7.27 (m, 2H), 3.75 (m, 6H), 2.64 (m, 4H), 1.67 (iH), 1.00 (m, 2H), 0.79 (m, 2H).
13C NMR (CDCE) & (ppm): 172.1, 163.4, 138.5, 138.4, 134.1 (2C),.432C), 132.0, 130.5,
130.1, 129.3, 129.2, 128.8, 128.5, 127.6 (2C),4,2522.4, 117.8, 115.2, 62.2, 53.7, 52.7,
44.6, 41.3, 10.9, 7.6 (2CHRMS-ES (m/z) found 465.2284, calcd for§8,60,N4 + HJ*
465.2285. Elemental analysis CH (%) found C: 7®0,5.9, calcd for GuH2g0-N,4.0.49
CH.CI, C: 70.0, H: 5.8.
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N-(3'-((4-(Cyclopropanecarbonyl)piperazin-1-yl) me)byphenyl-2-yl)thiophene-2-

carboxamidel6eb

Yellow solid, 99 mg, 77% yield (0.29 mmol scal®l NMR (CDCk) & (ppm): 8.45 (d, 1H,
J=28.1Hz), 7.85 (s, 1H), 7.53-7.18 (m, 9H), 7.0d, (&H,J, = 4.7 Hz,J,= 3.7 Hz), 3.90-3.50
(m, 6H), 2.45 (m, 4H), 1.69 (m, 1H), 0.97 (m, 2B)74 (m, 2H)*C NMR (CDCE) & (ppm):
171.9, 159.5, 139.5, 139.1, 138.0, 134.6, 132.0,8,.330.0 (2C), 129.3, 128.8, 128.7, 128.2,
128.1, 127.8,124.4, 121.1, 62.7, 53.4, 53.0, 484), 10.9, 7.4 (2C). HRMS-ES (m/z) found
446.1889, calcd for [Ho7O.N3S + HJ 446.1897. Elemental analysis CHN (%) found
C: 68.6, H: 6.1. N: 9.1, calcd forgH,70.N3S.0.145 CHCI, C: 68.6, H: 6.0, N: 9.2.

Methyl 3-(4-((2'-(cyclohexanecarboxamido)biphenynethyl)piperazin-1-yl)-3-oxo-
propanoatd.6c

Yellow oil, 130 mg, > 99% vyield (0.27 mmol scal®l NMR (CDCkL) & (ppm): 8.28 (d, 1H,
J=8.1Hz), 7.50-7.33 (m, 4H), 7.29 (d, 14 7.3 Hz), 7.26-7.12 (m, 3H), 3.75 (s, 3H), 3.68
(m, 2H), 3.60 (s, 2H), 3.47 (m, 4H), 2.51 (m, 4B0)7 (m, 1H), 1.75 (m, 4H), 1.28 (m, 6H).
13%C NMR (CDCE) 6 (ppm): 174.0, 168.0, 164.2, 138.4, 134.8, 13230.4 (2C), 129.1,
128.6, 128.5 (2C), 128.4, 124.3, 121.8, 62.5, 2% (2C), 46.3, 41.7, 41.0 (2C), 29.5 (2C),
25.6 (3C). HRMS-ES (m/z) found 478.2700, calcd[@ysH3s04N3 + H]* 478.2700.
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N-(3'-((4-Acetylpiperazin-1-yl)methyl)biphenyl-4-yi)ran-2-carboxamid&6d

0 o]
O>~ NCN

Brown oil, 37 mg, 58% yield (0.16 mmol scal¥. NMR (CDCk) & (ppm): 8.13 (s, 1H), 7.74
(d, 2H,J = 8.6 Hz), 7.63-7.50 (d + m, 58y = 8.6 Hz), 7.41 (m, 1H), 7.36-7.24 (m, 2H), 6.58
(dd, 1H,J; = 3.5 Hz,J, = 1.2 Hz), 3.70-3.30 (m, 6H), 2.49 (m, 4H), 2.883H).*C NMR
(CDCl) 6 (ppm): 169.0, 156.1, 147.8, 144.3, 140.7, 13629.0, 128.3, 128.0, 127.8 (4C),
126.3, 120.2 (2C), 115.4, 112.7, 62.6, 52.8, 5258, 40.9, 21.3. HRMS-ES (m/z) found
404.1967, calcd for [GH2s03N3+ H]" 404.1969.

3-Methyl-N-(3'-((4-(methylsulphonyl)piperazin-1-yl)methyl)ipnyl-4-yl)butanamidé6e

°>\_>7
jeavar
Q
—S—N N

d /

Beige solid, 60 mg, 70% yield (0.20 mmol scafé).NMR (CDCk) & (ppm): 7.67-7.48 (m,
2H), 7.56 (d, 2H, = 6.2 Hz), 7.46 (d, 1H) = 7.7 Hz), 7.36 (dd, 1H] = 7.3 Hz), 7.25 (m,
2H), 7.17 (m, 1H), 3.59 (s, 2H), 3.24 (m, 4H), 2(863H), 2.58 (m, 4H), 2.26-2.14 (m, 3H),
1.03-0.92 (m, 6H), 0.98-0.91 (m, 1HJC NMR (CDCE) & (ppm): 170.8, 140.7, 137.3, 136.8,
129.3, 128.8, 128.4, 127.9, 127.6 (2C), 127.5,9,2R20.1, 62.6, 52.2 (2C), 47.1, 45.8 (2C),
34.1, 26.3, 22.5 (2C)HRMS-ES (m/z) found 430.2155, calcd for 2f8310sN3S + HJ'
430.2159. Elemental analysis CHN (%) found C: 63tH, 7.3. N: 9.1, calcd for
C23H3103N3S.0.085 CHCI, C: 63.5, H: 7.2, N: 9.6.
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Methyl 3-(4'-((4-acetylpiperazin-1-yl)methyl)biphg2-ylamino)-3-oxopropanoatest

OO
()
o~
Orange oil, 63 mg, 70% vyield (0.22 mmol scafé).NMR (CDCk) & (ppm): 8.71 (m, 1H),
8.25 (d, 1H,J = 7.7 Hz), 7.42 (d, 2H) = 8.1 Hz), 7.36 (m, 1H), 7.32 (d, 2H,= 8.1 Hz),
7.14-7.26 (m, 2H), 3.70-3.48 (m, 9H), 3.36 (s, 2BB5 (m, 4H), 2.07 (s, 3H}’*C NMR
(CDCl) 6 (ppm): 169.3, 169.0, 162.8, 137.2, 136.8, 1343.4, 130.2, 129.7 (2C), 129.4
(2C), 128.4, 124.7, 121.9, 62.5, 53.2, 52.4, 482, 41.3, 24.9, 21.3. HRMS-ES (m/z)
found 410.2074, calcd for pgH,704N3 + H]" 410.2074.

N-(4'-((4-(Cyclohexanecarbonyl)piperazin-1-yl)mefiybhenyl-3-yl)methanesulphonamide
169

Yellow oil, 57 mg, 70% vyield (0.18 mmol scaléd NMR (CDCk) & (ppm): 7.53 (d, 2H,
J=8.2 Hz), 7.49 (m, 1H), 7.41-7.36 (m, 4H), 7.2847(m, 1H), 6.70 (m, 1H), 3.64 (m, 2H),
3.55 (s, 2H), 3.51 (m, 2H), 3.03 (s, 3H), 2.46 4H), 1.84-1.64 (m, 5H), 1.59-1.46 (m, 2H),
1.31-1.19 (m, 4H)**C NMR (CDC}) 6 (ppm): 174.6, 142.6, 139.2, 137.3 (2C), 130.1,.129
(2C), 127.1 (3C), 124.1, 119.3, 62.5, 53.5, 5293441.4, 40.4, 39.5, 31.0, 29.4 (2C), 25.9
(2C). HRMS-ES (m/z) found 456.2320, calcd fopdds303N3S + H] 456.2315.
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N-(4'-((4-(Thiophene-2-carbonyl)piperazin-1-yl)meijfioyphenyl-3-yl)acetamidéch

HN‘<O
-G
<)
) S

=

Brown solid, 34 mg, 60% yield (0.14 mmol scale)cBstallisation from CHGI *H NMR
(CDCl) 6 (ppm): 7.79-7.72 (m, 2H), 7.53 (d, 2Bi= 8.6 Hz), 7.48 (d, 1H]= 7.8 Hz), 7.43
(dd, 1H,3,=4.7 Hz,J,= 1.2 Hz), 7.38-7.29 (m, 4H), 7.27 (dd, 1H= 3.5 Hz,J,= 0.8 Hz),
7.03 (dd, 1HJ, = 5.1 Hz,J,= 3.5 Hz), 3.77 (m, 4H), 3.57 (s, 2H), 2.51 (m, 4B{18 (s, 3H).
13C NMR (CDCE) & (ppm): 168.6, 163.6, 141.6, 139.8, 138.5, 13735.2, 129.5 (2C),
129.3, 128.8, 128.6, 127.1 (2C), 126.7, 122.9,7,1B18.5, 62.5, 53.0 (2C), 45.6 (2C), 24.6.
HRMS-ES (m/z) found 420.1747, calcd for 2j8,50.NsS + H[ 420.1740. Elemental
analysis CHN (%) found C: 61.0, H: 5.4, N: 8.7,ccafor G4H250,N3S.0.5 CHC C: 61.4,

H: 5.4, N: 8.8.

N-(4'-((4-(Phenylsulphonyl)piperazin-1-yl)methyl) bignyl-3-yl) pentanamid6i

(}{1

Ox,
SN

C}\O
Off white solid, 22 mg, 31% yield (0.15 mmol scalRgcrystallisation from CHGI*H NMR
(CDCl) & (ppm): 7.78 (s, 1H), 7.74 (dd, 2B} = 6.6 Hz,J,= 1.8 Hz), 7.59 (m, 1H), 7.53 (d,
2H,J = 7.3 Hz), 7.49 (d, 2H] = 8.4 Hz), 7.41 (d, 1H] = 7.7 Hz), 7.35 (dd, 1H]= 7.3 Hz),
7.26 (m, 3H), 7.17 (m, 1H, NH), 3.50 (s, 2H), 3(@% 4H), 2.53 (m, 4H), 2.36 (t, 2KH,= 7.3
Hz), 1.71 (m, 2H), 1.40 (m, 2H), 0.94 (t, 3Hz 7.3 Hz)."*C NMR (CDCk) & (ppm): 169.2,
141.7, 138.3, 132.8 (2C), 129.5 (2C), 129.3 (2@3.Q (3C), 127.8 (3C), 127.1 (2C), 122.8,
118.4, 62.2, 52.1 (2C), 46.0, 37.6, 29.3, 27.64,223.8. HRMS-ES (m/z) found 492.2314,
calcd for [GgH3303NsS + HJ 492.2315. Elemental analysis CHN (%) found C: RL66.3,
N: 7.6, calcd for ggH3303N3S.0.46 CHG C: 62.5, H: 6.2, N: 7.7.
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N-(6-(4-((4-Pentanoylpiperazin-1-yl)methyl)phenyljmyn-3-yl)benzamidel 6

O>_©
(_NrQ—@NH
O?NJ

Brown solid, 57 mg, 70% vyield (0.18 mmol scaf#).NMR (CDCk) & (ppm): 8.73 (d, 1H,
J=1.8 Hz), 8.42 (dd, 1H]; = 8.8 Hz,J, = 2.6 Hz), 8.03 (m, 1H, NH), 7.93 (2d, 484; = 8.4
Hz), 7.77 (d, 1H,) = 8.8 Hz), 7.64-7.48 (m, 3H), 7.43 (d, 2H; 8.4 Hz), 3.65 (m, 2H), 3.59
(s, 2H), 3.48 (m, 2H), 2.46 (m, 4H), 2.32 (t, 2H; 7.3 Hz), 1.60 (m, 2H), 1.36 (m, 2H), 0.92
(t, 3H,J = 7.3 Hz).**C NMR (CDCk) & (ppm): 171.7, 166.1, 153.2, 141.2 (2C), 138.1,234
133.6, 132.3, 129.6 (2C), 129.3 (2C), 128.3, 122Q), 126.6 (2C), 120.5, 62.5, 53.1, 52.8,
45.6, 41.4, 33.0, 27.5, 22.6, 13.9. HRMS-ES (m/punfl 457.2591, calcd for

[CogH320,N, + H] 457.2598. Elemental analysis CHN (%) found C: 7H56.8, N: 11.4,
calcd for GgH3,0,N,4.0.205 CHCI, C: 71.5, H: 6.9, N: 11.8.

N-(6-(4-((4-Benzoylpiperazin-1-yl)methyl)phenyl) pginn-3-yl)methanesulphonamidék
O+
— >—<\_/>—Nﬁ\\o
N N
()
ks
Beige solid, 26 mg, 32% vyield (0.18 mmol scafé).NMR (CDCk) & (ppm): 8.50 (d, 1H,
J=2.3Hz), 7.90 (d, 2H) = 8.6 Hz), 7.76 (dd, 1H}, = 8.6 Hz,J, = 2.3 Hz), 7.69 (d, 1H,
J = 8.6 Hz), 7.43-7.37 (m, 8H), 3.81 (m, 2H), 3.592H), 3.44 (m, 2H), 3.01 (s, 3H), 2.60-
2.35 (2m, 4H)C NMR (CDC}) & (ppm): 170.4, 154.1, 142.3, 138.5, 137.5, 13532.3,
129.7, 129.5 (2C), 129.2, 128.5 (2C), 127.0 (2@p.4 (2C), 120.7, 62.4, 53.3, 52.7, 47.7,
42.2, 39.7.HRMS-ES (m/z) found 451.1795, calcd for »j8,603NsS + H]® 451.1798.
Elemental analysis CH (%) found C:. 62.4, H: 5.9lcdafor G4H2603N4S.0.17 CHCI,
C:62.4,H:5.7.
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N-(4'-Methylbiphenyl-4-yl)cyclopropanecarboxamitie

<N{HEO
White solid, 90 mg, 71% yield (0.50 mmol scale)ygallisation from CHCI, to give light
brown/colorless crystaléH NMR (CDCk) & (ppm): 7.60-7.50 (m, 4H), 7.74 (d, 2Bi= 8.4
Hz), 7.36 (m, 1H), 7.23 (d, 2H,= 8.1 Hz), 2.39 (s, 3H), 1.51 (m, 1H), 1.11 (m, 26185 (m,
2H). **C NMR (CDCE) & (ppm): 171.8, 137.6, 137.1, 136.8, 129.5 (3C),.422C), 126.6
(3C), 119.9, 21.1, 158, 8.0 (2CHRMS-ES (m/z) found 252.1386, calcd for
[C17H17ON+ H]" 252.1383Elemental analysis CHN (%) found C: 81.2, H: 6.8 5N, calcd
for C;7H17ON C: 81.2, H: 6.8, N: 5.6.

General procedurefor the pyrrole synthesis of 17:

(4-((3'-(@H-Pyrrol-1-yl)biphenyl-3-yl)methyl)piperazin-1-yl){uorophenyl)methanon&ra

@

o — SO
N N
:i /
F

7d (0.26 mmol, 103 mg)9 (0.29 mmol, 1.02 g.mt, 37 uL) and acetic acid (3 mL) were
mixed in a sealed microwave vial and stirred underowave irradiation at 115 °C for 15
min. Acetic acid was removed under reduced pres3ime product was dissolved in gE,,
washed with a sodium carbonate solution (1 M), wated a saturated sodium chloride
solution, dried over anhydrous magnesium sulpHgtiered and concentrated to give 109 mg
of a brown solid which was purified by chromatodramn silica gel, CkCIl,/MeOH 95:5-
9:1, to give 62 mg of the pure expected producam®range oil in 54% vyieldH NMR
(CDCl) & (ppm): 7.59 (d, 2H) = 8.4 Hz), 7.55-7.31 (m, 8H), 7.15 (m, 2H), 7.@8l,(2H,

J = 8.8 Hz), 6.38 (m, 2H), 3.90-3.30 (m, 6H), 2.50, @H). *C NMR (CDCE) & (ppm):
169.4, 165.2, 161.5, 142.6, 141.2, 140.6, 138.4,813129.9, 129.4, 129.3, 128.9, 128.5,
127.8, 126.2, 124.5, 119.6, 119.5 (2C), 115.7,4,1510.5 (2C), 62.9, 53.1 (2C), 47.6, 42.3.
HRMS-ES (m/z) found 440.2137, calcd forf8,60NsF + H] 440.2133.
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1-(4-((4'-@H-Pyrrol-1-yl)biphenyl-3-yl)methyl)piperazin-1-yl)leanonel7b

N aSete
e

Orange solid, 24 mg, 42% vyield (0.16 mmol scal@crigstallisation from CHGI *H NMR
(CDCl) 6 (ppm): 7.66 (d, 2HJ) = 8.6 Hz), 7.57 (s, 1H), 7.52 (d, 18l= 7.8 Hz), 7.47 (d, 2H,
J=8.6 Hz), 7.42 (dd, 1H] = 7.8 Hz), 7.32 (d, 1H) = 7.4 Hz), 7.14 (dd, 2H] = 2.0 Hz),
6.38 (dd, 2H, J = 2.0 Hz), 3.65 (m, 2H), 3.62 (d),23.49 (m, 2H), 2.50 (m, 4H), 2.08 (s,
3H). **C NMR (CDCE) & (ppm): 169.0, 140.3, 140.0, 138.3 (2C), 128.9,.228C), 127.6,
125.9, 124.5, 120.7 (2C), 119.2 (2C), 110.6 (2,96 53.1, 52.8, 46.3, 41.4, 21.3.
HRMS-ES (m/z) found 360.2074, calcd for§8,50N; + H]" 360.2070. Elemental analysis
CHN (%) found C: 70.1, H: 6.3, N: 10.0, calcd fos3@»s0ON3.0.34 CHC} C: 70.1, H: 6.4,
N: 10.5.

(4-((2'-@H-Pyrrol-1-ylh)biphenyl-4-yl)methyl)piperazin-1-yl){thethoxyphenyl)methanone
17c

The crude product was purified by chromatographiboa gel, CHCI,/EtOAc 6:4, to give
35 mg of the pure expected product as a yellovindd0% yield (0.09 mmol scaledd NMR
(CDCl) 6 (ppm): 7.43-7.33 (m, 5H), 7.29-7.17 (m, 3H), 7(832H,J = 8.1 Hz), 6.88 (d, 2H,
J=8.8 Hz), 6.54 (m, 2H), 6.10 (m, 2H), 3.81 (s, 3BiB0-3.40 (m, 4H), 3.50 (s, 2H), 2.44
(m, 4H).**C NMR (CDCE) & (ppm): 170.2, 160.7, 138.9, 137.8, 136.8, 1363..1, 129.1
(2C), 129.0 (2C), 128.2 (3C), 127.9, 127.3, 1262R.0 (2C), 113.4 (2C), 108.9 (2C), 62.5,
55.3, 53.1 (2C), 47.9, 42.5. HRMS-ES (m/z) foun@.2337, calcd for [gH290:N3 + HJ
452.2333.
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Chapter 4: Suzuki-Miyaura coupling of S- and ortho-substituted

phenylboronic esters

4.1. Introduction

The SM coupling of sulphur-containing phenylboronasters andortho-substituted
phenylboronic esters with aryl bromides was presfipdound to be inefficient leading to
mixtures of expected biaryls, protodeborylated patchnd starting materials (See Chapter 2)
(Scheme 4.1).

Pd(OAG),
(0] Nach3
7\ _g @ </ \>
R,S QB + R4S (1
R A \ *r,  teAB SR
H,O
5and 6 7 pw, 150 °C
Pd(OAc),
@ Na2003
\ TBAB
uw, 150 °C

7

Scheme 4.1. SM coupling ofS- ando-substituted methylphenylboronic esters.

Itoh et al. found that Pd(PR)y was an effective catalyst for the thermally-mestiaSM
coupling of bromobenzenethioethers with aqueoutCRain toluene (Scheme 4.3°

RN 1.5 eq. PhB(OH), J
0.1 mol % Pd(PPhs),

aq. Na,CO3
Br@S toluene, reflux s

87 % yield

Scheme 4.2. SM coupling reaction of a thioether.

In order to find the most suitable conditions foe SM coupling of these arylboronic esters, a
range of catalysts, bases, ligands and solvents tested in a parallel optimisation method
using automated solution dispensers, an auto-sampierowave (Biotag® and an
automated LC-MS analyser.
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4.2. SM coupling of S-substituted methylphenylboronic esters
4.2.1. Optimisation of conditions for the SM coupgliof Ssubstituted methylphenylboronic
esters

The reaction optimisation experiments were caroatl on compoundg with 1-bromo-4-

nitrobenzené&c under microwave irradiation at 130 °C for 10 masi{Scheme 4.3).

OO O e oy OO
=N —N

uw, 130 °C, 10 min

6g 7c 19a

Scheme 4.3. SM coupling reaction o6g.

This optimisation process consisted of 27 reactimisg:

- 3 catalysts: PdG|Pd(OAc) and Pd(PP),.

- 3 bases: CsF,4RO, and NaCOs.

- 3 solvent systems: water, THF and toluene/EtQB/KL:1:1).

The catalysts and bases (when no water was used)weatghed directly in a microwave vial,
6g and7c were mixed and solublised in each solvent syswsithgut the water for the last
one), the bases were solublised in water, whereopppte, and all the solutions were added
to the vials using an automated solution dispenBee. conditions applied for this parallel
synthesis test wer@&g (0.2 mmol),7c (1 equiv.), catalyst (5 mol %), base (3 equiwjyent

(2 mL), 130 °C, 10 min, microwave irradiation (maxim power 300 W). The solutions
obtained were analysed by LC-MS in MeOH (Figure; 4etention time of the expected
product19a: 1.29 min; FW: 323 g.mdt peak in green). The best conditions found were
when Pd(PP{), was used as pre-catalyst with CsF as base in ThiRd{tions A) and when
Pd(PPh), was used as a pre-catalyst with,81@; as base in toluene/EtOH/M@E (1:1:1)
(conditions B).
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2: UV Detector: TIC Smcoth (Mn, 1x1) 1.59%e+2
Range: 1.61%9e4+2
(6)

1.5e+2 T7%
323.0(23%)
1.0e+2 </:\>—s \
B N
5.0e+l 19a (3)
6%
1.07
A A .
0.0 b T T T T T i Time
a) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
2: UV Detector: TIC Smooth (Mn, 1x1) 5.765e+l
Range: 6.00le+l
(6)
46%
323.0(17%)
@HN%\L”,
=N
2 16
2.0e+1 19a 1'171
0.0 ——
- —-—————Trrrrrrmrr—rr—rr e Time
b) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

Figure4.1. LC-MS graph for the reaction mixtures under cadodg A (a) and B (b).

The ensuing reactions were optimised using conditi® (a) and B (b) (Table 4.1).

Table 4.1. Optimisation of the SM coupling reaction 6q.

Entry 7 % mol cat. Conditions Produd)( Yield (%)

— e 7c 5 A C:\HNOZ 19a 91

— e 7c 3 A C:\%SN% 19a 50

3 sr—_)o, 7c 1 A </;N\>_s " 19a 66
-

N

N
N, 7c 0.5 A @H " 19a
=N

NO,

O,
5 ) 7d 3 C:\H 19b 85°

[os)

7h 5 A MO0 e w0
=N

7h 3 B T S W
=N

Conditions: (A)7 (1.1 equiv), Pd(PR}, CsF (3 equiv), THF, 130 °C, 10 min, microwavadiation (maximum
power 300 W); (B)7 (1.1 equiv), Pd(PRl, NaCO; (3 equiv), toluene/EtOH/AD (1:1:1), 130 °C, 10 min,
microwave irradiation (maximum power 300 W).

%|solated yields after purification by chromatodmad Reaction achieved at 150 °C.

7 Br
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It was also observed that the coupling reaction i work if the thioether-substituted
boronic ester had not been purified previously byomatography on silica gel. This might be
a necessary process in order to remove any trddesobh which is known to act as a poison
towards the palladium cataly$f A change in temperature does not seem to influ¢nee
reaction yield. Good yields were obtained at 15€@. 85% vyield fod9b, Table 4.1, entry
5) and at 130 °C (e.g. 91% vyield fi®a, Table 4.1, entry 1). The reaction was first acbie
using an electron withdrawing aryl bromide to makee that all the favourable conditions for
the SM coupling were met. Very good yields wereaot#d when usingc or 7d under both
conditions (e.g. 91% vyield with conditions A, Tablel, entry 1 and 85% vyield with
conditions B, Table 4.1, entry 5). However, in artle obtain the biphenyl in good yield,
conditions A require a larger amount of catalysinticonditions B (e.g. 91% yield with 5 mol
% of Pd(PP§), (conditions A), Table 4.1, entry 1; 50% vyield wihmol % of Pd(PPu
(conditions A), Table 4.1, entry 2; 85% yield wghmol % of Pd(PP{), (conditions B), Table
4.1, entry 5). An electron rich aryl bromide, l4matoluene,/h, was also tested. A moderate
yield was obtained when using conditions A (e.gx5¢eld, Table 4.1, entry 6) and a very
good yield was obtained when using conditions B).(81% vyield, Table 4.1, entry 7).
Conditions B were found to be the optimum condgidrecause the biphenyl products were

obtained in good yields employing a relatively loatalyst loading.

4.2.2. SM coupling ofSsubstituted methylphenylboronic esters using thginosed

conditions

A range ofScontaining phenylboronic acid pinacol esters (Fegd.2) were coupled in a SM

reaction with several aryl bromides using condgi@previously established (Scheme 4.4).

Pd(PPh3)4
G /O N32003 —
Y e} toluene RS X/
EtOH
5and 6 7 19

pw, 130 °C, 10 min
Scheme 4.4. SM coupling ofS-substituted methylphenylboronic esters.

o /O O o 0
p%i pBbi Q%i (N\ysﬁQ B‘oi el B\Oi
N ’<S /S S =N
! —

W
5h 5i 5k 69 6i

Figure4.2. Arylboronic ester$ and6 used in the SM coupling &substituted derivatives.
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Different aryl bromides were used in this SM congl{Figure 4.3) affording a library &
substituted biaryl49 (Figure 4.4).

NO,
o] —
Br@—/{ BrONOZ Br Br@ Br@ Br@
H N
—N

7a 7c 7d 7h 7i 71

Figure 4.3. Aryl bromides7 used in the SM coupling &substituted arylboronates.

NO,
v ~OOme A0 OO
Che et Che >
—N =N =N —N
\
19a 19b 19¢ 19d
91%32 85% 81% 65%
,N%
Ny 19e 19f 199 19h 19i
38%b 81% 85% 64% 58%

Isolated yields given.

Conditions: Pd(PR)y (3 % mol.), NaCG; (3 equiv.), toluene/EtOHA® (1:1:1), 150 °C, 10 min, microwave
irradiation (maximum power 300 W). Percentage Walbtained after purification by chromatography.

2 Conditions A used Mixture with biphenyl/boronic ester (84:16), cdited yield by"H NMR.

Figure 4.4. Ssubstituted biaryl49.

The biaryls were generally obtained in very gooelds (e.g. 85% fot9g). Moderate yields

were obtained when using artho-substituted aryl bromide (e.g. 58% fi9i).

4.2.3. Synthesis of biaryl palladacycles

Biaryl compounds are found in many fields of apgiicn. Biaryls19f-i were deemed to be
suitable ligands for transition metal chemistryezsally for forming palladacycles. The latter
are one of the most popular classes of organopaitaderivatives and comprise a C-Pd bond
and display intramolecular coordinatigia a heteroatom which stabilises the organometallic

unit. They are extremely useful as precatalystsiange of organic reactions (Figure 4%).

// \SO /_Q

/N CI d 2/ 4 Ac

SMe N/ N 2 %/ \P;O/
d

2

C (CO)3
Figure 4.5. Examples of biaryl palladacycles.
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One particular class of palladacycles are calledeys (Figure 4.6% Unsymmetrical pincers

are relatively raré?® Palladium-pincers are very useful catalysts iraoig synthesis®

MezN—PId—NMeZ thP—Pld—SPh
Cl Cl
Symmetric NCN Non symmetric PCS

Figure 4.6. Examples of aryl palladium pincers.

In order to form unsymmetric pincers, a few reawtiavere attemptedlSf and 19g were
treated by palladium chloride in acetonitrile ire thresence of silver tetrafluoroborate under
reflux (Scheme 4.5 and Table 43).

— AgBF, —
/2 PdCl, ® N7
Pd 4
85°C, 8 h s X\ ©
/ /
R R N
N\
19 R=Me, Bu 20

Scheme 4.5. Synthesis of palladium pincers frat8.

Table 4.2. Attempted synthesis of palladium pincers fri@n

Entry 19 AgBF, (equiv.) 20 Yield (%)
\_ ®/ \N /
1 N~/ 19f 2 - 20a B
S
/ / N\\
\_/ @ /\N /
2 s N 199 12 " e 20 _
J—/ 4/_/ N\\\

Conditions:19 (0.95 equiv.), PdGI(1 equiv.), AgBR, acetonitrile (35 mL) reflux under nitrogen atmbspe.

The products obtained after purification by chroogaaphy (yellow solids) appeared to be
mixtures according to mass spectrometric analydigstals of the products expected to be

20a and20b were grown and analysed by X-ray crystallography.
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However, the structuresidind were not as expected. The palladacycle 19f was found to
be a cationic chlorid@ridged palladium(ll) complex20c) and he palladacycle fro 199
was found to be a chloropalladacyc20d with two independentnolecules in the unit c)
(Figure 4.7).

20c

20d
Figure4.7. Crystal structures &fOc and20d.

During the reaction, a mixture of chloropalladaeyend acetonitri-bound palladacycle
complexes was formed and these two entare likely to haveeacted together to form tl

cationic chloridobridged palladium(ll) comple 20c (Scheme 4.6).
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A .
o, s Vol
MeCN Pd-Cl + —=N-~Pd AgBF4 Pd/CI\Pé
2HCI | | -AgCl / /
S, N= 8 N
R R =
\ 7/ \

Scheme 4.6. Purported mechanism of the formation of the clpatiadacycle and the cationic

chlorido-bridged palladium(Il) complex.

Cationic chlorido-bridged palladacycles complexegre 4.8) are rather rare examples of
palladacycles but a number of related palladacydes other palladium containing

complexes have been synthesised and stddfied.

N{/Iez Me,N Pth pth cl ;\\
/Cl S |—
Pd/x\pd/ z© BF, © Pd Cl=pd
\ / N NS
NMe, Me,N PPh2 thp

X=CI,ILH
Z= BF4, CF3803

Figure 4.8. Examples of chlorido-bridged palladium(ll) compbsx
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4.3. SM coupling of ortho-substituted methylphenylboronic esters

4.3.1. Optimistation of the conditions for the SMoupling of ortho-substituted
methylphenylboronic esters

As previously showng-substituted arylboronate derivatives were unsigfaélg employed in
the SM coupling in the conditions used. A screerohgatalysts, bases, ligands and solvent
systems was achieved (Scheme 4.7) usinly,®-fiethylaminomethyl)phenylboronic acid
pinacol estedb as the boronate coupling partner and 4-bromoabetagne7b as the aryl

bromide for the SM coupling in a parallel approach.

0 O Pd O
Bi + BI‘—< > 2 O O
Q (e} uw, 150 °C, 10 min
N
& &
4b 7b 21a

Scheme 4.7. SM coupling reaction ad-substituted phenylboronic ester.

This optimisation process consisted of 36 reactimisg:

- 3 catalysts: Pd(OAg) Pd(PPk)4 and Pd(dppf)Gl

- 3 bases: CsF,4RO, and NaCOs.

- 2 solvent systems: THF and toluene/EtODH1:1:1).

- 2 ligands: dicyclohexyl(2',6'-dimethoxybiphenylyDphosphine and 1,3-bis(2,6-
diisopropylphenyl)tH-imidazol-3-ium chloride.

The reaction mixtures were prepared as for the 8hpling of S-substituted arylboronates
and the conditions applied for this parallel systhaest weredb (0.2 mmol),7b (1 equiv.),
catalyst (5 mol %), base (3 equiv.), ligand (nondl® mol %), solvent (2 mL), 130 °C, 10
min, microwave irradiation (maximum power 300 WheT solutions obtained were then
analysed by LC-MSn MeOH (Figure 4.9; retention time of the expecpedduct2la: 0.87
min; FW: 281 g.mot; peak in green). The best conditions found werewRd(PP¥), was
used as pre-catalyst with CsF as base in THF areh Whi(PP$), was used as a pre-catalyst
with K3PO, or NgCO; as base in toluene/EtOH/M (1:1:1).

114



2: UV Detector: TIC Smooth (Mn, 1x1) 6.383e+1
Range: 6.657e+l
(3)

6.0e+l o] 74%
O O 281.0(76%)
0.87
4.0e+l

N
B /_) (6)
16%
2.0e+l 21a 1.07
0.0 N o~ A )
T T T T T T T T T T T T T T T T T T T T 1 Time
a) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
2: UV Detector: TIC Smooth (Mn, 1x1) 5.819%e+1
Range: 6.093e+1
(2)
514 @
o 281-0(72%) 281 0:39)
2.0e+l /F_) (5)
5%
21a 1.07
0.0 O
LB e e e B A
b) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

Figure4.9. LC-MS graph of reaction mixtures under conditidn&) and B (b).

The latter conditions were chosen for the SM cagpbf o-substituted phenylboronic esters
in order to synthesise a small librarya$ubstituted biarylsl), because of the low catalyst

loading.

4.3.2. SM coupling ofortho-substituted methylphenylboronic esters using tpénosed

conditions

The SM coupling (Scheme 4.8) was carried outoesubstituted methylphenylboronic acid
pinacol estergl (Figure 4.10) with different aryl bromidés (Figure 4.11) to give a small
library of o-substituted biaryl21 (Figure 4.12).

Pd(PPh3)4

o} N82003
B +  Br—Ar Ar
0 toluene
EtOH
NU H,O

Nu
, 130 °C, 10 min
Hw ! 21

N

4 7
Scheme 4.8. SM coupling ofo-substituted methylphenylboronic esters.
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WS

L ol Qil ot o
SRR B o
7{’

4b 4c 4d de 49

Figure 4.10. Arylboronatest used in the SM coupling.

(o] — —
o I S G S
\ N—7 N
-

7b 7i J 7k 7m

Figure4.11. Aryl bromides7 used in the SM coupling df

o TR S TS S

21a 21b 21c 21d 21e 21f
92% 76% 63%?2 <9% 79% 88%

Conditions: Pd(PR) (3 mol %), NaCOs; (3 equiv.), toluene/EtOHA®D (1:1:1), 150 °C, 10 min, microwave
irradiation (maximum power 300 W). Percentage Wajiven after purification by chromatography.
2 Mixture with protodeborylated product (87:13),aadhted yield byH NMR.

Figure 4.12. o-Substituted biaryl21.

o-Substituted biaryl®1 were obtained in good vyields (e.g. 92% &im) apart from21d
which was obtained in less than 9% yield. This shdhat o-substituted -, S and O-
methyl)phenylboronic esters are able to couple iBM coupling reaction with electron
withdrawing and electron rich aryl bromides to affthe respective biaryls.

Once the optimal conditions for the SM couplingoedubstituted phenylboronic esters were

ascertained, the synthesis of a small librarp-stibstituted piperazin-1-ylmethylbiaryls was

undertaken.
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4.4. Synthesis of an ortho-substituted (piperazin-1-ylmethyl)biaryl library

As described in Chapter 3, a (piperazin-1-ylmethighyl library can be synthesised from
(Boc-piperazin-1-ylmethyl)phenylboronic acid pinhaesters5d and 6d. This synthetic

scheme was applied #al in order to synthesise a small libraryem$ubstituted (piperazin-1-

ylmethyl)biaryls (Scheme 4.9). Compourdd was coupled with bromonitrobenzenes or
bromonitropyridine in a SM coupling, then the Baoup could be removed and the amino
group of the piperazine could be functionalisedaasamide or a sulphonamide. The nitro
group would be reduced and the resulting aminogwaould be functionalised into an amide,

a sulphonamide or a pyrrole.

/O —/N02
B\o \xj —\_NO,
Pd(PPhs), TEA 7
X

—\_NO, Na,CO3 N CH,Cl,
O T s O
N X

toluene/EtOH/H,0 N r, 2 h N
o= pw, 150 °C, 10 min o= Q
o s s 0 HN
i X=CHorN ; \
4d 7 10 11
R™-Cl 9
rt, 16 h PS-NMM

CH2C|2

—_N. —_NH —\_NO
> R? R2-Cl 9 yNH2 2
\xj PS-NMM \ Y Hz \_/
CH,Cl Ra Ni
N D— N ) N
1, 16 h H-Cube
@ or (N—J EtOH/EtOAC @
R’ R 65°C R
16 and 17 ol Xy 13 12

Scheme 4.9. Synthetic sequence to af(piperazin-1-ylmethy)biaryl library.

4.4.1. SM coupling

The SM coupling was achieved by using the previoaptimised conditions foo-substituted
methylphenylboronic esters. Hence, thasubstituted4dd was coupled witho-, m- and p-
bromonitrobenzenes and a bromopyridine to vyield ® 2'-(Bocpiperazin-1-
ylmethyl)nitrobiaryl library (Figure 4.13).
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o= o:<o o=<o 0#0
10h 10i 10j 10k
70% 74% 90% 87%

Percentage yields obtained after purification bypofatography.
Figure4.13. A 2'-(Bocpiperazin-1-ylmethyl)nitrobiaryl library.

2'-(Bocpiperazin-1-ylmethyl)nitrobiaryld0 were obtained in good yields and were then

treated with TFA in order to remove the Boc pratesgroup.

4.4.2. Boc group removal

The Boc-protecting group on compourit¥-k was easily removed with TFA in GAIl; in
an overnight reaction to give 2¥d-piperazin-1-ylmethyl)nitrobiaryld1h-k (Figure 4.14).

(O

11h 11i 11j 11k
> 99% 97% 94% 93%

Percentage yield given.
Figure4.14. A 2'-(NH-piperazin-1-ylmethyl)nitrobiaryl library.

2'-(NH-piperazin-1-ylmethyl)nitrobiaryl41 were obtained in good yields and purities after a

basic wash without any further purification.

4.4.3. Piperazine functionalisation

Compoundsllh-k were reacted with acid or sulphonyl chloridg$o give 12r-u (Figure
4.15).
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O,N NO,

5 (o (o

St o s

\

\N
12r 12s 12t 12u
91% 56% 54% 43%

Percentage yields obtained after purification bypofatography.
Figure4.15. A 2'-(piperazin-1-ylmethyl)nitrobiaryl library.

Derivativesl2r-u were obtained in moderate to good yields.

4.4.4. Nitro group reduction

Compoundsl2r-u were then reduced by a flow chemistry hydrogematié-Cube) catalysed
by Raney Nickel (see Chapter 3) to yield to théimmiderivativesl3n-q (Figure 4.16).

NH,

(D ® o

(0

o\\s/N o o N o\\s,N
:S o zé /2 />0
NH,
13n 130 13p 13q
99% 69% 37% > 99%

Percentage yield given.

Figure4.16. A 2'-(piperazin-1-ylmethyl)phenylaniline library.

The aniline derivatived3n-q were obtained in moderate to good yields. It waseoved that

the cyano group id2t was also reduced to a benzylamii3p under the reaction conditions.

4.4.5. Aniline functionalisation

The biaryl derivativesl3 were then funtionalised to amides, sulphonamidegyoroles
(Figure 4.17).
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o O,
: -
Yo WP ogod .
o G
(O . ’Q oS
S N /0
Q\O NH

§ 2

16l 16m 16n 17d
36% 99% 29% 74%

Percentage yields obtained after purification bypofatography.
Figure4.17. A 2'-(piperazin-1-ylmethyl)biaryl library.

A small library of 2'-(piperazin-1-ylmethyl)biarylwas obtained in moderate to very good
yields and this complements the (piperazin-1-ylryitiiaryl library, previously synthesised

in Chapter 3, now addingtsubstituted isomers to the synthetic scope ofrdastion.

4.4. Conclusion

Suitable conditions were found and applied for 8 coupling reaction ofS and o-
substituted methylphenylboronic esters with arybrbides in order to synthesise a small
library of biaryl derivatives in good yields. Theigerazin-1-ylmethyl)biaryl library was
completed by the synthesis oftho-derivatives, obtained after the optimisation ahéito
unsuccessful SM coupling conditions. Some of$tseibstituted biaryls could be used to form
unsymmetrical palladium pincers and two exampleseveynthesised and gave unexpected
palladacycles. It would be interesting to carrytiois work further in order to synthesise more

palladacycle analogues and test them in palladiatalgsed reactions.
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4.5. Experimental proceduresand data
Experimental conditions and analytical methodsasréor Chapter 2

General procedure for the SM coupling of sulphur-substituted methylphenylboronic
estersusing conditions A:
2-((4'-Nitrobiphenyl-4-yl)methylthio)pyrimidin&9a

AT ava
6g (0.5 mmol, 164 mg)/c (0.55 mmol, 111 mg), cesium fluoride (1.5 mmol82ag),
tetrakis(triphenylphosphine)palladium (0.025 mn&9, mg) and THF (2 mL) were placed in
sealed microwave vial and stirred under microwaxediation (maximum power 300 W) at
130 °C for 10 min. The mixture was cooled to riytid with EtOAc (20 mL) and water (10
mL) and extracted with EtOAc. The organic layer weashed with a saturated sodium
chloride solution, dried over anhydrous magnesiuiplete, filtered and concentrated under
reduced pressure to give 269 mg of an orange soheé. crude product was purified by
chromatography on silica gel, hexane/EtOAc 8:3jit@ 147 mg of the expected product as a
yellow solid in 91% yield™H NMR (CDCk) & (ppm): 8.55 (d, 2HJ = 4.8 Hz), 8.29 (d, 2H,
J=8.8 Hz), 7.72 (d, 2H] = 8.8 Hz), 7.57 (m, 4H), 6.70 (dd, 1Bi= 4.8 Hz), 4.47 (s, 2H).
13C NMR (CDCk) 6 (ppm): 171.9, 157.3 (2C), 147.2, 147.1, 138.8,.83729.9 (2C), 127.7
(2C), 127.5 (2C), 124.1 (2C), 116.7, 34.8. HRMS-{EYz) found 324.0805, calcd for
[C17H130-N3S + HJ 324.0801. Elemental analysis CHN (%) found C: 6R194.1, N: 12.9,
calcd for G7H130,N3S C: 63.1, H: 4.1, N: 13.0.

General procedure for the SM coupling of sulphur-substituted methylphenylboronic
estersusing conditions B:
2-((3'-Nitrobiphenyl-4-yl)methylthio)pyrimidinéSb

NO,

<N>_S
=N

6g (0.38 mmol, 125 mg)7d (0.42 mmol, 85 mg), sodium carbonate (1.14 mma21, fng),
tetrakis(triphenylphosphine)palladium (0.01 mmd@,rig), toluene (1 mL), EtOH (1 mL) and
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H.O (1 mL) were placed in sealed microwave vial atidesl under microwave irradiation
(maximum power 300 W) at 130 °C for 10 min. The tomi& was cooled to rt, diluted with
EtOAc (20 mL) and water (10 mL) and extracted viztlAc. The organic layer was washed
with a saturated sodium chloride solution, drieéroanhydrous magnesium sulphate, filtered
and concentrated under reduced pressure to givent9sf a brown oil. The crude product
was purified by chromatography on silica gel, he{BtOAc 8:2, to give 104 mg of the
expected product as a yellow solid in 85% yiéld. NMR (CDCk) & (ppm): 8.53 (d, 2H,

J = 4.8 Hz), 4.41 (m, 1H), 8.17 (dd, 1B, = 8.1 Hz,J, = 2.2 Hz), 7.87 (d, 1H] = 7.7 Hz),
7.62-7.52 (m, 5H), 6.98 (dd, 1H= 4.8 Hz), 4.46 (s, 2H}*C NMR (CDCk) & (ppm): 171.9,
157.3 (2C), 148.8, 142.5, 138.3, 137.5, 132.9,922C), 129.7, 127.2 (2C), 122.0, 121.8,
116.7, 34.8. HRMS-ES (m/z) found 324.0804, calcd [f©;7H130,NsS + HJ* 324.0801.
Elemental analysis CHN (%) found C: 62.9, H: 4.0,18.1, calcd for &H130,N3S C: 63.1,
H: 4.1, N: 13.0.

The othelS-substituted aryl boronates were coupled in SM tngpeactions as fal9b.

2-((4'-Methylbiphenyl-4-yl)methylthio)pyrimidin&9c
avavavs
=N

Beige solid, 79 mg, 81% yield (on 0.3 mmol scate) NMR (CDCL) & (ppm): 8.53 (dd, 2H,
J1 = 4.8 Hz,J, = 1.7 Hz), 7.52-7.45 (m, 6H), 7.23 (d, 2Hz 7.0 Hz), 6.97 (dd, 1H] = 5.1
Hz), 4.45 (s, 2H), 2.38 (s, 3HYC NMR (CDCk) & (ppm): 172.2, 157.3 (2C), 140.1, 137.9,
137.0, 136.2, 129.5 (4C), 127.0 (2C), 126.9 (2ap.4, 35.0, 21.1. HRMS-ES (m/z) found
293.1111, calcd for [GH1eNoS + HJ 293.1107. Elemental analysis CHN (%) found C: 73.0
H: 5.6, N: 9.6, calcd for {gH1N2S.0.04CHCJ C: 72.9, H: 5.4, N: 9.4.

N,N-Dimethyl-4'-(methylthiomethyl)biphenyl-2-amiri®d
O
—N
\

The crude product was purified by chromatographwitioa gel, hexane/Cil, from 0% to
50% of CHCl,, then purified on a SCX column, MeOH then MeOHAN#fd concentrated to
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give 55 mg of the pure expected product as an erailgn 65% yield (0.33 mmol scale).
'H NMR (CDCk) & (ppm): 7.53 (d, 2HJ = 8.2 Hz), 7.32 (d, 2H] = 7.8 Hz), 7.29-7.24 (m,
1H), 7.21 (dd, 1H); = 7.4 Hz,J, = 1.6 Hz), 7.03 (d, 1H] = 7.4 Hz), 6.99 (d, 1H] = 7.4
Hz), 3.72 (s, 2H), 2.53 (s, 6H), 2.03 (s, 3HE NMR (CDC}, main rotamery (ppm): 151.2,
140.6, 136.3, 133.8, 131.6, 128.8 (2C), 128.7 (2€3.0, 121.5, 117.6, 43.3, 38.1 (2C), 14.9.
HRMS-ES (m/z) foun®58.1314, calcd for [H1oNS + H] 258.1311.

3'-((1-Methyl-1H-tetrazol-5-ylthio)methyl)biphenyl-4-carbaldehytige

et
.
Orange oil, 38 mg in mixture with boronic ester/(8), calcd yield 38% (byH NMR). *H
NMR (CDCk) 5 (ppm): 10.07 (s, 1H), 7.96 (d, 2B1= 8.2 Hz), 7.73 (d, 2H] = 8.2 Hz), 7.67
(s, 1H), 7.59-7.55 (m, 1H), 7.50-7.45 (m, 2H), 4(622H), 3.84 (s, 3H}°C NMR (CDCE) &
(ppm): 191.9, 153.5, 146.3, 140.4, 136.6, 135.5,3&C), 129.6, 129.1, 128.1, 127.7 (2C),
127.2, 37.6, 33.4.

2-(3-(Methylthiomethyl)phenyl)pyridin&of

Z/

S
/

Colorless oil, 101 mg, 81% yield (0.58 mmol scale) NMR (CDCE) & (ppm): 8.70 (d, 1H,
J = 4.8 Hz), 7.95 (s, 1H), 7.86 (d, 1Bi= 7.4 Hz), 7.78-7.72 (m, 2H), 7.44 (dd, 1Hz 7.4
Hz), 7.38 (d, 1HJ = 7.4 Hz), 7.26-7.21 (m, 1H), 3.77 (s, 2H), 2.62 3H). *C NMR
(CDCl) & (ppm): 157.2, 149.7, 139.6, 138.9, 136.8, 12928.9, 127.4, 125.6, 122.2, 120.7,
38.3, 15.0. HRMS-ES (m/z) found 216.0845, calcd@gH1aNS + HJ 216.0841.
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2-(3-(Butylthiomethyl)phenyl)pyridiné9g

Z/

4/—/8
Yellow oil, 110 mg, 85% vyield (0.5 mmol scaléld NMR (CDCk) & (ppm): 8.70 (dd, 1H,
J; = 4.8 Hz,J, = 1.3 Hz), 7.96 (s, 1H), 7.86 (d, 18i= 7.4 Hz), 7.79-7.72 (m, 2H), 7.43 (dd,
1H,J = 7.4 Hz), 7.38 (d, 1H] = 6.5 Hz), 7.26-7.21 (m, 1H), 3.80 (s, 2H), 2.4%H,J = 7.0
Hz), 1.56 (m, 2H), 1.37 (m, 2H), 0.88 (t, 3Hz 7.4 Hz).*C NMR (CDCk) & (ppm): 157.3,
149.7, 139.6, 139.3, 136.7, 129.4, 128.9, 127.5,512122.2, 120.7, 36.4, 31.3, 31.2, 22.0,
13.7. HRMS-ES (m/z) found 258.1308, calcd forgffioNS + H] 258.1311.

N,N-Dimethyl-3'-(methylthiomethyl)biphenyl-2-amiri®h

S

Colorless oil, 64 mg, 64% yield (0.39 mmol scalé).NMR (CDCE) & (ppm): 7.51 (s, 1H),
7.46 (d, 1HJ = 7.8 Hz), 7.35 (dd, 1H] = 7.8 Hz), 7.29-7.20 (m, 3H), 7.03 (d, 1H= 7.0
Hz), 7.00 (d, 1H,J = 7.4 Hz), 3.71 (s, 2H), 2.54 (s, 6H), 2.02 (s).3FC NMR (CDC}) &
(ppm): 151.2, 142.0, 138.1, 133.8, 131.6, 129.8,32128.1, 127.3, 127.0, 121.4, 117.6, 43.3
(2C), 38.4, 14.8. HRMS-ES (m/z) found 258.1311¢a@dbr [CieH1NS + H] 258.1311.

3'-(Butylthiomethyl)N,N-dimethylbiphenyl-2-amin&9i

J_/S N

Colorless oil, 88 mg, 58% yield (0.51 mmol scalé).NMR (CDCk) & (ppm): 7.51 (s, 1H),
7.45 (d, 1HJ = 7.4 Hz), 7.34 (dd, 1H] = 7.9 Hz), 7.29-7.23 (m, 2H), 7.21 (d, 1H5z 7.4
Hz), 7.03 (d, 1H, = 7.4 Hz), 6.99 (d, 1H] = 7.4 Hz), 3.73 (s, 2H), 2.54 (s, 6H), 2.44 (t,2H
J=7.4 Hz), 1.55 (m, 2H), 1.37 (m, 2H), 0.88 (t,,3H 7.4 Hz)."*C NMR (CDCk) & (ppm):
151.2, 142.0, 138.6, 133.8, 131.6, 129.2, 128.8,112127.2, 127.0, 121.4, 117.5, 43.3 (2C),
36.3, 31.3, 30.9, 22.0, 13.7. HRMS-ES (m/z) foudd.3779, calcd for [GH2sNS + HJ
300.1780.
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General procedurefor the synthesis of a palladacycles from 19:
2-(3-(Methylthiomethyl)phenyl)pyridine chlorido-biged palladacycle tetrafluorobor&@c

7
Cl -

Pd/ \P(/j © \N /

/ / - BF
S N S /Pd\ 8 4
\ =

\ / N
. \

Palladium chloride (0.49 mmol, 87 mg) and MeCN &5) were placed in a round bottomed
flask and stirred under reflux (~ 85 °C) and nigng@tmosphere until all PdGhas dissolved.
Silver tetrafluoroborate (0.98 mmol, 191 mg) waantladded and the mixture left to stir under
reflux and nitrogen atmosphere for 2 h. the mixiues cooled to rt and filtered. The solution
of 19f ( 0.47 mmol, 100 mg) in MeCN (10 mL) was addedHhe filtrate and the solution
stirred under reflux and nitrogen atmosphere far he mixture was cooled to rt and filtered.
The filtrate was concentrated to give 305 mg ofefloyw solid which was purified by
chromatography on silica gel, GEl./MeOH 95:5, to give 133 mg of a light yellow solftH
NMR (DMSO-&) & (ppm): 8.38 (m, 1H), 8.07 (m, 2H), 7.56 (d, 1Hs 7.3 Hz), 7.45 (ddd,
1H, J, = 7.3 Hz,J, = 1.8 Hz), 7.10 (dd, 1H] = 7.3 Hz), 7.04 (d, 1H] = 7.3 Hz), 4.40 (m,
2H), 2.74 (s, 3H)*C NMR (DMSO-d) 5 (ppm): 164.1, 149.3, 148.3, 143.8, 141.0, 126.2,
125.4, 124.1, 123.1, 120.3, 46.1, 22.6 (one quatgr@ missing). HRMS-ES presence of a

mixture.

2-(3-(Butylthiomethyl)phenyl)pyridinechloropalladaxte 20d

Pale yellow solid, 91 mg, (0.39 mmol sca#). NMR (DMSO-d&) & (ppm): 8.66 (m, 1H),
8.11 (m, 2H), 7.62 (d, 1H,= 7.4 Hz), 7.50 (ddd, 1H; = 6.3 Hz,J, = 2.0 Hz), 7.14 (dd, 1H,
J = 7.8 Hz), 7.08 (d, 1H) = 6.6 Hz), 4.44 (m, 2H), 3.11 (t, 2H,= 7.4 Hz), 1.81 (m, 2H),
1.43 (m, 2H), 0.89 (t, 3H] = 7.4 Hz).'*C NMR (DMSO-@) & (ppm): 164.4, 149.3, 148.7,
143.9, 140.6, 125.8, 125.0, 123.8, 122.9, 120.M,488.1, 31.3, 21.2, 13.4 (one quaternary C

missing). HRMS-ES presence of a mixture.
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Theo-substituted aryl boronates were coupled in SM tngpeactions as fal9b.

1-(2'-((Diethylamino)methyl)biphenyl-4-yl)ethanoBg&a

)

Pale yellow oil, 155 mg, 92% yield (0.6 mmol scafe) NMR (CDCk) & (ppm): 7.99 (d, 2H,
J = 8.6 Hz), 7.63 (d, 1H] = 7.4 Hz), 7.46 (d, 2H) = 8.2 Hz), 7.37 (ddd, 1Hl, = 7.4 Hz,
J, = 1.6 Hz), 7.30 (ddd, 1H; = 7.4 Hz,J, = 1.6 Hz), 7.20 (dd, 1H}; = 7.4 Hz,J, = 1.6 Hz),
3.45 (s, 2H), 2.65 (s, 3H), 2.40 (q, 4B= 7.0 Hz), 0.88 (t, 6HJ = 7.0 Hz).**C NMR
(CDCl3) 6 (ppm): 198.0, 146.6, 141.4, 135.8, 130.3, 129@B),(329.7, 128.2 (3C), 127.0,
54.5, 46.5 (2C), 26.8, 11.3 (2C). HRMS-ES (m/z)ft282.1855, calcd for jgH-30N + HJ
282.1852.

tert-Butyl 4-(2-(pyridin-2-yl)benzyl)piperazine-1-carkgate 21b

N/

()
o=<o
7<

Yellow oil, 83 mg, 76% yield (0.31 mmol scaléd NMR (CDCk) & (ppm): (presence of
rotamers) 8.66 (d, 18 = 4.7 Hz), 7.75-7.69 (ddd, 1K, = 7.8 Hz,J, = 2.0 Hz), 7.71-7.64
(m, 1H), 7.58-7.43 (m, 2H), 7.43-7.30 (m, 2H), Z281 (m, 1H), 3.59 (s, 2H), 3.24 (m, 4H),
2.23 (m, 4H), 1.42 (s, 9HF3C NMR (CDCE) & (ppm): (presence of rotamer0.1, 154.8,
148.9, 141.2, 136.1, 135.9, 132.2, 132.1, 131.9,23129.9, 128.6, 128.4, 128.1, 127.2,
124.2, 121.6, 79.4, 60.0, 52.5 (2C), 43.9, 42.94 28C). HRMS-ES (m/z) found 354.2180,
calcd for [GiH2702N3 + H]* 354.2176.
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4-((4'-Methoxybiphenyl-2-yl)methyl)morpholirzlc

GO

v

Yellow oil, 49 mg, (0.24 mmol scale). Mixture of ethexpected product and the
protodeborylation product (87/13), yield 63% (cééted by'H NMR).

2'-((Diethylamino)methyl)biphenyl-4-amiridd

")

Brown oil, 13 mg, 9% yield (0.35 mmol scal&ji NMR (CDCk) & (ppm): 7.73 (m, 1H), 7.32
(dd, 1H,J = 7.4 Hz), 7.27 (dd, 1Hl = 7.4 Hz), 7.21 (dd, 1H} = 7.4 Hz,J, = 1.6 Hz), 7.11
(d, 2H,J = 8.6 Hz), 6.73 (d, 2H] = 8.2 Hz), 3.64 (m, 4H), 2.50 (q, 4B~ 6.6 Hz), 0.96 (t,
6H, J = 7.0 Hz).**C NMR (CDC}) & (ppm): 145.3, 142.4, 131.5, 130.4 (3C), 130.1 (2C)
126.9 (2C), 114.7 (2C), 54.1, 46.5 (2C), 11.1 (2KB-ES (m/z) found 255.1, calcd for
[C1H2oN, + H] 155.2.

2-(2-(Methylthiomethyl)phenyl)-5-nitropyridin2le

o NO.

—S

Orange oil, 85 mg, 79% vyield, (0.41 mmol scal& NMR (CDCk) & (ppm): 9.51 (d, 1H,
J=2.6 Hz), 8.57 (dd, 1H]}; = 8.7 Hz,J, = 2.6 Hz), 7.76 (d, 1H] = 8.7 Hz), 7.49-7.36 (m,
4H), 3.94 (s, 2H), 1.94 (s, 3HY’C NMR (CDCE) & (ppm): 165.4, 144.6, 142.7, 138.2, 136.9,
131.7, 131.2, 130.5, 129.7, 127.7, 124.4, 36.(5.13RMS-ES (m/z) found 261.0689, calcd
for [C13H1202N,S + HJ 261.0692.
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2-(2-((2-1sopropylphenoxy)methyl)phenyl)pyridi@éf

\—7/

[0}
O
Yellow oil, 51 mg, 88% yield (0.19 mmol scaléd NMR (CDCk) & (ppm): 8.69 (d, 1H,
J=5.1 Hz), 7.74 (ddd, 1H}; = 7.8 Hz,J, = 2.0 Hz), 7.70 (d, 1H) = 7.0 Hz), 7.52 (d, 2H,
J = 8.6 Hz), 7.50-7.40 (m, 2H), 7.28-7.22 (ddd, IH= 5.1 Hz,J, = 1.2 Hz), 7.20 (dd, 1H,
J1 = 7.4 Hz,J, = 2.0 Hz), 7.08 (ddd, 1Hj; = 5.9 Hz,J, = 1.6 Hz), 6.91 (dd, 1H] = 7.4 Hz),
6.78 (d, 1HJ = 7.4 Hz), 5.22 (s, 2H), 3.32 (sept, 1Hx 7.0 Hz), 1.16 (d, 6H] = 7.0 Hz).
3C NMR (CDCE) & (ppm): 159.1, 155.8, 149.2, 139.5, 137.3, 13635.6, 129.8, 128.7,
128.6, 127.8, 126.5, 126.0, 123.9, 122.0, 120.7,7168.1, 26.6, 22.8 (2C). HRMS-ES (m/z)
found304.1687, calcd for [GH2:ON + H]" 304.1696.

tert-Butyl 4-((2'-nitrobiphenyl-2-yl)methyl)piperazink-carboxylatelOh

Yellow oil, 175 mg, 70% vyield (0.63 mmol scaléi NMR (CDCk) & (ppm): 8.08 (d, 1H,
J=8.4 Hz), 7.61 (dd, 1H} = 7.2 Hz), 7.51 (dd, 1H} = 8.0 Hz), 7.38-7.29 (m, 4H), 7.21-7.16
(m, 1H), 3.25-3.20 (m, 5H), 3.02 (m, 1H), 2.20-2(&Q 2H), 2.10-2.00 (m, 2H), 1.42 (s, 9H).
3%C NMR (CDCE) & (ppm): 154.8, 149.0, 139.1, 136.6, 135.2, 13232.1, 130.0, 129.1,
128.3, 127.8, 127.8, 124.2, 79.5, 61.2, 52.7 (Z3)7 (2C), 28.5 (3C). HRMS-ES (m/z)
found 398.2071, calcd for pgH,704N3 + H]" 398.2074.
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tert-Butyl 4-((3'-nitrobiphenyl-2-yl)methyl)piperazink-carboxylatelOi

Orange oil, 273 mg, 74% vyield (0.93 mmol scate) NMR (CDCk) & (ppm): 8.62 (m, 1H),
8.21 (ddd, 1HJ); = 8.2 Hz,J, = 2.3 Hz,J3 = 0.8 Hz), 7.75 (d, 1H]) = 7.4 Hz), 7.56 (dd, 1H,
J=8.2 Hz), 7.42-7.35 (m, 3H), 7.32-7.27 (m, IHBRB(m, 4H), 3.28 (s, 2H), 2.31 (m, 4H),
1.43 (s, 9H).**C NMR (CDCE) & (ppm): 154.7, 147.9, 143.1, 140.5, 135.5, 13532,
130.3, 128.8, 128.0, 127.7, 124.9, 122.0, 79.6,682.4 (2C), 44.2, 43.2, 28.4. HRMS-ES
(m/z) found 398.2075, calcd for §&4,-0,N3 + H]" 398.2074.

tert-Butyl 4-((4'-nitrobiphenyl-2-yl)methyl)piperazink-carboxylatelQ]

(—N
NJ

o<

O

—
Yellow oil, 323 mg, 90% vyield (0.90 mmol scaléf NMR (CDCk) & (ppm): 8.25 (d, 2H,
J=8.6 Hz), 7.67 (d, 2H] = 8.6 Hz), 7.47 (d, 1H] = 7.0 Hz), 7.42-7.33 (m, 2H), 7.28-7.23
(m, 1H), 3.35 (s, 2H), 3.31 (m, 4H), 2.27 (m, 48)%3 (s, 9H)*C NMR (CDCE) & (ppm):
154.7, 148.5, 146.9, 140.6, 135.3, 130.7, 130.3,(2€9.9, 128.4, 127.5, 123.1 (2C), 79.6,
60.2, 52.4 (2C), 44.0, 43.2, 28.4 (3C). HRMS-ES zjmfound 398.2077, calcd for
[C22H2704N3 + H]+ 398.2074.
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tert-Butyl 4-(2-(5-nitropyridin-2-yl)benzyl)piperazing-carboxylatelOk

Q—(\N}Noz
(—N
NJ
o<
O
—
Orange solid, 324 mg, 87% yield (0.94 mmol scald)NMR (CDCk) & (ppm): 9.47 (d, 1H,
J=2.3Hz),9.04 (d, 0.2H,= 2.3 Hz), 8.51 (dd, 1H,; = 8.6 Hz,J, = 2.7 Hz), 8.22 (dd, 0.2H,
J1 = 9.8 Hz,J, = 2.7 Hz), 7.78 (d, 1H] = 8.2 Hz), 7.48-7.37 (m, 4H), 7.32-7.28 (m, 0.4H),
6.56 (d, 0.2HJ = 9.8 Hz), 3.76 (m, 0.7H), 3.61 (s, 2H), 3.56 (hH), 3.50 (s, 0.2H), 3.40
(m, 0.5H), 3.15 (m, 4H), 2.37 (m, 0.5H), 2.21 ({)41.48 (s, 1.6H), 1.44 (s, 1H), 1.41 (s,
9H). °C NMR (CDCE) & (ppm): (presence of rotamers) 166.3, 154.8, 14518,4, 142.6,
139.1, 136.7, 133.2, 131.1, 130.9, 130.2, 129.8,21228.3, 127.8, 127.2, 124.0, 104.7, 79.6,
60.4, 53.0, 52.4, 44.7, 43.2, 28.5. HRMS-ES (m/punfl 399.2031, calcd for
[Co1H2604N4 + H] 399.2027. Elemental analysis CHN (%) found C: 6#86.5, N: 14.3,
calcd for QlH2604N4.0.05C|'£C|2 C:62.8, H: 6.5, N: 13.9.

The Boc group removal of compountih-k was performed as fdrla in Chapter 3:

1-((2'-Nitrobiphenyl-2-yl)methyl)piperazinklh
O,N

N

S

Orange oil, 131 mg, > 99% yield (0.44 mmol scale)NMR (CDCk) & (ppm): 8.09 (dd, 1H,

J;=8.0Hz,J,=1.1 Hz), 7.61 (ddd, 1Hl; = 7.6 Hz,J, = 1.1 Hz), 7.51 (ddd, 1H, = 7.6 Hz,

J, = 1.5 Hz), 7.40-7.30 (m, 4H), 7.19-7.16 (m, 1HR®B(d, 1H,J = 12.9 Hz), 3.03 (d, 1H,

J = 13.3 Hz), 2.69 (m, 4H), 2.20 (m, 2H), 2.09 (mh)21.71 (m, 1H)**C NMR (CDC}) &

(ppm): 148.9, 139.0, 136.6, 135.5, 132.2, 132.1).04,3129.0, 128.1, 127.6, 127.0, 124.1,

61.6, 54.2 (2C), 45.7 (2C). HRMS-ES (m/z) found 2884, calcd for [¢H190:N3 + HJ

298.1550.
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1-((3'-Nitrobiphenyl-2-yl)methyl)piperazinkli
NO,
W
%0
o
Orange oil, 196 mg, 97% yield (0.68 mmol scate). NMR (CDCk) & (ppm): 8.62 (m, 1H),
8.22 (d, 1HJ = 7.4 Hz), 7.78 (d, 1H) = 7.4 Hz), 7.57 (dd, 1H] = 8.2 Hz), 7.45-7.35 (m,
3H), 7.33-7.27 (m, 1H), 3.31 (s, 2H), 2.85 (m, 4RB6 (m, 4H), 2.08 (m, 1H}’*C NMR
(CDCl) 8 (ppm):147.9, 143.1, 140.5, 135.6, 135.4, 131.9,2,3128.7, 127.9, 127.6, 124.9,
1219, 61.0, 53.7 (2C), 46.0 (2C). HRMS-ES (m/z)und 298.1546, calcd for
[C17H190-N3 + H]" 298.1550.

1-((4'-Nitrobiphenyl-2-yl)methyl)piperazinklj

N

[

Orange oil, 216 mg, 94% yield (0.77 mmol scale).NMR (CDCk) & (ppm): 8.26 (d, 2H,
J=8.2 Hz), 7.65 (d, 2H] = 8.2 Hz), 7.47 (dd, 1H}; = 6.6 Hz,J, = 2.3 Hz), 7.44-7.33 (m,
2H), 7.25 (dd, 1HJ, = 2.0 Hz), 3.33 (s, 2H), 2.80 (m, 4H), 2.32 (m)AR130-1.90 (m, 1H).
13%C NMR (CDCE) & (ppm): 148.6, 146.9, 140.6, 135.5, 130.8, 130@),(2.29.9, 128.1,
127.4, 123.0 (2C), 60.8, 53.8 (2C), 46.0 (2C). HRES (m/z) found 298.1553, calcd for
[C17H1602N3 + H]* 298.1550.

1-(2-(5-Nitropyridin-2-yl)benzyl)piperazinglk

o NO

N

)

Brown oil, 211 mg, 93% yield (0.77 mmol scal&! NMR (CDCk) & (ppm): (presence of
rotamers) 9.48 (d, 1H] = 2.7 Hz), 9.04 (d, 0.2H] = 3.0 Hz), 8.51 (dd, 1H]); = 8.7 Hz,
J, = 2.7 Hz), 8.20 (dd, 0.2H; = 9.5 Hz,J, = 3.0 Hz), 7.85 (dd, 1H}; = 8.7 Hz,J, = 0.8 Hz),
7.50-7.38 (m, 4H), 7.34-7.30 (m, 0.3H), 6.56 (@H).J = 9.5 Hz), 3.75 (m, 0.7H), 3.57 (s,
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2H), 3.49 (s, 0.2H), 2.98 (m, 0.6H), 2.89 (m, 0.AR1B3 (m, 4H), 2.42 (m, 0.3H), 2.25 (m,
4H), 1.61 (m, 1H)**C NMR (CDCk) & (ppm): (presence of rotamers) 166.2, 146.5, 144.3,
142.6, 139.1, 136.8, 133.0, 130.9 (2C), 130.1,3,2928.2, 127.6, 124.1, 104.4, 61.0, 53.8
(2C), 46.0 (2C). HRMS-ES (m/z) found 299.1506, ddtar [C;6H150,N4 + H]" 299.1503.

The piperazine functionalisation reactionXin-k was performed as fdRa in Chapter 3.

1-((2'-Nitrobiphenyl-2-yl)methyl)-4-(phenylsulphobyiperazinel2r

(D

S\\ 0

The product was purified by chromatography on aifiel, hexane/EtOAc 8:2, to give 175 mg
of the expected product as a yellow oil in 91% g/ig.44 mmol scaleH NMR (CDCk) &
(ppm): 7.92 (dd, 1H}; = 8.3 Hz, J, = 1.1 Hz), 7.73 (d, 2H] = 7.6 Hz), 7.65 (dd, 1H = 7.6
Hz), 7.58 (d, 2H,) = 7.6 Hz), 7.53 (ddd. 1H; = 7.6 Hz,J, = 1.5 Hz), 7.43 (ddd. 1H; = 8.5

Hz, J, = 1.5 Hz), 7.34-7.26 (m, 3H), 7.22 (dd, 1H,= 7.6 Hz,J, = 1.5 Hz), 7.17-7.12 (m,
1H), 3.22 (d, 1H,J = 13.3 Hz), 3.02 (d, 1H] = 12.9 Hz), 2.83 (m, 4H), 2.36-2.27 (m, 2H),
2.20-2.12 (m, 2H)*C NMR (CDC}) & (ppm): 148.8, 138.9, 136.4, 135.6, 134.6, 132.8,
132.3, 131.8, 129.8, 129.1, 129.0 (2C), 128.1,823C), 127.4, 124.0, 60.5, 51.8 (2C), 45.7
(2C). HRMS-ES (m/z) found 438.1481, calcd fopdd,304N3S + H] 438.1482.

1-(4-((3'-Nitrobiphenyl-2-yl)methyl)piperazin-1-ygntan-1-onéd2s
NO,

()

N
O?
The crude product was purified by chromatographyitioa gel, hexane/EtOAc 6:4, to give
133 mg of the pure expected product as a yelloindb% yield (0.62 mmol scale’d NMR
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(CDCls) & (ppm): 8.66 (m, 1H), 8.22 (d, 1H,= 8.4 Hz), 7.75 (d, 1H] = 7.6 Hz), 7.58 (dd,
1H, J = 8.0 Hz), 7.44-7.36 (m, 3H), 7.33-7.29 (m, 1HEB(m, 2H), 3.44 (m, 2H), 3.34 (s,
2H), 2.36 (m, 4H), 2.30 (t, 2H,= 7.6 Hz), 1.59 (m, 2H), 1.35 (m, 2H), 0.92 (t,,3H 7.2
Hz). **C NMR (CDCE) & (ppm): 171.6, 147.8, 143.0, 140.5, 133.5, 13531.2, 130.3,
128.8, 128.0, 127.8, 124.9, 122.0, 60.4, 53.0, ,58%6, 41.5, 33.0, 27.5, 22.6, 13.9.
HRMS-ES (m/z) found 382.2117, calcd forj8,7;0sN3 + H]" 382.2125.

4-(4-((4'-Nitrobiphenyl-2-yl)methyl)piperazine-1#t@nyl)benzonitrilel2t

N

The crude product was purified by chromatographysiica gel, CHCI,/EtOAc 8:2 and
treated with PS-Trisamine in GEl, overnight at rt then filtered to give 154 mg oé thure
expected product as a yellow oil in 54% vyield (Om6ihol scale)’H NMR (CDCk) & (ppm):
8.27 (d, 2HJ = 8.7 Hz), 7.70 (d, 2H] = 8.7 Hz), 7.59 (d, 2H] = 8.7 Hz), 7.47 (d + m, 3H,
Js = 8.3 Hz), 7.44-7.36 (m, 2H), 7.29-7.24 (m, 1HR&B(M, 2H), 3.41 (s, 2H), 3.25 (m, 2H),
2.42 (m, 2H), 2.28 (m, 2H)C NMR (CDCE) & (ppm): 168.1, 148.4, 147.0, 140.6, 140.1,
134.7, 132.4 (2C), 130.6, 130.2 (2C), 130.0, 1282%.7 (3C), 123.1 (2C), 118.1, 113.5,
60.0, 52.9, 52.1, 47.6, 42.2. HRMS-ES (m/z) fould.4762, calcd for [gH2:03N4 + HJ
427.1765.

1-(Methylsulphonyl)-4-(2-(5-nitropyridin-2-yl)benBpiperazinel2u

o NO.

(—N
N /N_)
>S\\o

The crude product was purified by chromatographiboa gel, CHCI,/EtOAc 8:2, to give
108 mg of the pure expected product as an orange @¢i3% yield (0.67 mmol scale).
'H NMR (CDCk) 5 (ppm): 9.49 (d, 1HJ = 2.0 Hz), 8.54 (dd, 1H}L = 8.6 Hz,J, = 2.7 Hz),

133



7.75 (d, 1HJ = 8.6 Hz), 7.52-7.40 (m, 4H), 3.69 (s, 2H), 3.62 ¢H), 2.72 (s, 3H), 2.41 (m,
4H). *C NMR (CDCE) 5 (ppm): (presence of rotamers) 166.2, 146.5, 14¥432,6, 139.1,
136.8, 133.0, 130.9 (2C), 130.1, 129.3, 128.2,6,2I24.1, 104.4, 61.0, 53.8 (2C), 46.0 (2C).
HRMS-ES (m/z) found 377.1279, calcd forj8,004N.S + HJ 377.1278.

The nitro group reduction df2r-u was performed as fdi3a using the Raney nickel method

in Chapter 3.

2'-((4-(Phenylsulphonyl)piperazin-1-yl)methyl)biph-2-aminel3n

Pale yellow oil, 161 mg, 99% yield (0.40 mmol sgatel NMR (CDCk) & (ppm): 7.73 (dd,
2H,J, = 7.6 Hz,J, = 1.5 Hz), 7.62 (dd, 1H] = 7.6 Hz), 7.54 (dd, 2H] = 7.6 Hz), 7.45-7.39
(m, 1H), 7.32-7.27 (m, 2H), 7.21-7.17 (m, 1H), 7(88d. 1H,J; = 8.0 Hz,J, = 1.5 Hz), 6.92
(dd. 1H,J;, =7.65 Hz,J, = 1.5 Hz), 6.73 (ddd, 1H]; = 7.6 Hz,J, = 1.1 Hz), 6.67 (d, 1H,
J=8.0 Hz), 3.60-3.20 (m, 1H), 3.41 (d, 1Hs 13.7 Hz), 3.26 (d, 1H = 13.7 Hz), 3.06-2.80
(m, 5H), 2.44-2.32 (m, 4H)3C NMR (CDCE) & (ppm): 143.7, 139.1, 136.7, 135.6, 132.8,
130.4, 130.2, 129.5, 129.0 (2C), 128.5, 127.8 (AQY,.7, 127.5, 126.7, 118.1, 115.1, 59.0,
51.8 (2C), 46.1 (2C). HRMS-ES (m/z) found 408.1748lcd for [GsHo50.NsS + HJ
408.1740.
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1-(4-((3'-Aminobiphenyl-2-yl)methyl)piperazin-1-pi¢ntan-1-ond 30

NH,

N
o:%('\rj
Yellow oil, 82 mg, 69% vyield (0.34 mmol scaléd NMR (CDCk) & (ppm): 7.52 (d, 1H,
J=7.0 Hz), 7.35-7.22 (m, 3H), 7.17 (dd, 1Hs 8.6 Hz), 6.73 (d, 1H] = 7.8 Hz), 6.70-6.65
(m, 2H), 3.69 (m, 2H), 3.56 (m, 2H), 3.44 (s, 2BY0 (m, 2H), 2.32 (m, 4H), 2.28 (t, 2H,
J=7.8 Hz), 1.58 (m, 2H), 1.34 (m, 2H), 0.91 (t,,3H 7.4 Hz).**C NMR (CDCE) 5 (ppm):

171.6, 146.0, 142.9, 142.4, 135.2, 129.9, 129.8,81427.1, 126.8, 120.0, 116.2, 113.4, 59.5,
53.0, 52.5, 45.8, 41.6, 33.0, 27.5, 22.6, 13.9dWsesuch for the next step.

(4-((4'-Aminobiphenyl-2-yl)methyl)piperazin-1-yl)X@aminomethyl)phenyl)methanoi8p

(0

H,N

Orange oil, 52 mg, 37% vyield (0.35 mmol scafé).NMR (CDCk) & (ppm): 7.45 (m, 1H),
7.40 (d, 1HJ = 7.5 Hz), 7.36-7.20 (m, 6H), 7.15 (d, 2H; 7.8 Hz), 6.70 (d, 2H] = 8.0 Hz),
4.50-3.50 (m, 8H), 3.44 (s, 2H), 3.33 (m, 2H), 2(42 2H), 2.30 (m, 2H)**C NMR (CDCE)

8 (ppm): 170.0, 145.4, 142.9, 135.2, 135.0, 13136,4 (2C), 130.3 (2C), 129.9 (2C), 128.1,
127.4 (2C), 127.0, 126.6, 114.6 (2C), 59.7, 53204 547.8, 42.4, 30.9Jsed as such for the
next step.
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6-(2-((4-(Methylsulphonyl)piperazin-1-yl)methyl) pind) pyridin-3-aminel3q

- NH

Orange oil, 97 mg, > 99% vyield (0.28 mmol scate).NMR (CDCk) & (ppm): 8.19 (d, 1H,
J=2.7 Hz), 7.52-7.46 (m, 1H), 7.41-7.36 (m, 1HB627.30 (m, 2H), 7.30-7.23 (m, 1H), 7.05
(dd, 1H,J; = 8.2 Hz,J; = 3.1 Hz), 3.80 (m, 2H), 3.66 (s, 2H), 3.14 (M)4RI75 (s, 3H), 2.46
(m, 4H).**C NMR (CDC}) & (ppm): 149.6, 141.1, 141.0, 136.3, 135.2, 1303D.@, 127.7,
127.3, 124.3, 121.8, 59.3, 51.9 (2C), 45.9 (2C)234RMS-ES (m/z) found 347.1543, calcd
for [C17H2202N4S + H] 347.1536.

The piperazine functionalisation reactionX#in-p was performed as fd2a in Chapter 3.

N-(2'-((4-(Phenylsulphonyl)piperazin-1-yl)methyl) bignyl-2-yl)acetamidé&®6l

168 mg of a yellow oil were obtained and purifiegg bhromatography on silica gel,
CH.CIy/EtOAC 9:1-7:3, to give 55 mg of the pure expeqgbeaduct as a colorless oil in 36%
yield (0.34 mmol scale)H NMR (CDCk) & (ppm): 8.19 (s, 1H), 7.84 (d, 1H,= 8.2 Hz),
7.73 (d, 2HJ = 7.0 Hz), 7.63 (dd, 1H] = 7.4 Hz), 7.55 (dd, 2H] = 7.8 Hz), 7.38-7.26 (m,
4H), 7.18-7.09 (m, 2H), 7.03 (d, 1H,= 6.2 Hz), 3.35 (d, 1H) = 12.9 Hz), 3.07 (d, 1H,
J = 12.9 Hz), 2.93 (m, 4H), 2.64 (m, 2H), 2.33 (Mh)21.43 (s, 3H)*C NMR (CDCE) 5
(ppm): 167.7, 139.2, 135.4, 135.3, 134.9, 133.63.1,3130.7, 130.2, 130.0, 129.1 (2C),
128.3, 128.1, 127.9, 127.8 (2C), 124.6, 123.6, 60138 (2C), 45.9 (2C), 24.0. HRMS-ES
(m/z) found 450.1844, calcd for §64,70sN3S + H] 450.1846.
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4-MethoxyN-(2'-((4-pentanoylpiperazin-1-yl)methyl)biphenylyBbenzamidel6m

180 mg of a pale orange oil were obtained and ipdriby chromatography on silica gel,
CH,CI,/MeOH from 0% to 10% of MeOH, to give 105 mg of {here expected product as a
beige solid in 99% yield (0.22 mmol scal®)l NMR (CDCk) & (ppm): 7.85 (d, 2H) = 8.6
Hz), 7.78 (m, 1H), 7.66 (m, 1H), 7.59 (m, 1H), 7(84, 1H), 7.41-7.26 (m, 4H), 7.14 (d, 1H,
J=6.4 Hz), 6.98 (d, 2H] = 8.6 Hz), 3.88 (s, 3H), 3.54 (m, 2H), 3.46 (m,)28138 (m, 2H),
2.33 (m, 4H), 2.27 (t, 2H] = 7.5 Hz), 1.56 (m, 2H), 1.32 (m, 2H), 0.89 (t,,3H= 7.5 Hz).
3C NMR (CDCE) & (ppm): 171.7, 165.3, 162.6, 142.4 (2C), 137.8,.230C), 128.9 (2C),
128.7, 127.5, 127.2, 127.0, 125.5 (2C), 121.4,9,1B14.0 (2C), 59.5, 55.5, 52.9, 52.4, 45.5,
41.4, 33.0, 27.5, 22.6, 13.9. HRMS-ES (m/z) fouB6.2744, calcd for [6HssOsNs + H]
486.2751. Elemental analysis CH (%) found C: 7B:17.6, calcd for GoH3503N30.9CHOH
C:72.1,H:7.6.

N-(4-(4-((4'-Acetamidobiphenyl-2-yl)methyl)piperaehi-carbonyl)benzyl)acetamidén

HN

Beige solid, 18 mg, 29% yield (0.13 mmol scaf&).NMR (CDCk) & (ppm): 7.85 (m, 1H),
7.54 (d, 2H,J = 8.6 Hz), 7.48 (d, 1H] = 7.0 Hz), 7.40-7.20 (m, 9H), 6.34 (m, 1H), 4.40 (
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2H,J =5.9 Hz), 3.69 (m, 2H), 3.43 (s, 2H), 3.32 (m)2H41 (m, 2H), 2.25 (m, 2H), 2.18 (s,
3H), 2.02 (s, 3H)**C NMR (CDCE) & (ppm): 170.3, 170.0, 168.7, 142.2, 140.1, 137Q),2
135.0, 134.8, 130.2, 130.1, 130.0 (2C), 127.6 (227,.3 (2C), 127.2 (2C), 119.3 (2C), 59.6,
53.0, 52.3, 47.8, 43.2, 42.2, 24.5, 23.2. HRMS-BYz) found 485.2547, calcd for
[CaoH3203N4 + H]" 485.2547.

The synthesis of pyrrole derivativégd was performed as fd7a in Chapter 3.

1-(2-(5-(H-Pyrrol-1-yl)pyridin-2-yl)benzyl)-4-(methylsulphotypiperazinel7d
Ve
N
()

O;\S\\O
106 mg of a brown oil was obtained and purified &ddyomatography on silica gel,
CH.CI,/EtOAC 6:4, to give 79 mg of the pure expected pobchs a beige solid 74% vyield
(0.27 mmol scale)H NMR (CDCk) & (ppm): 8.80 (d, 1HJ = 2.3 Hz), 7.76 (dd, 1Hl, = 8.6
Hz, J, = 2.7 Hz), 7.58 (d, 1H]) = 9.0 Hz), 7.53-7.50 (m, 1H), 7.48-7.44 (m, 1H}27.37
(m, 2H), 7.16 (dd, 2HJ = 2.1 Hz), 6.44 (dd, 2H] = 2.1 Hz), 3.69 (s, 2H), 3.10 (m, 4H), 2.73
(s, 3H), 2.45 (m, 4H):*C NMR (CDCE) & (ppm): 156.9, 140.8, 140.1, 135.7, 135.3, 130.2,
130.0, 128.4, 127.5, 127.4, 124.4, 119.1 (2C),8.12C), 59.5, 51.9 (2C), 45.9 (2C), 34.2.
HRMS-ES (m/z) found 397.1686, calcd for 2[B240.N4sS + H] 397.1693. Elemental
analysis CHN (%) found C: 63.2, H: 5.9, N: 13.6]cdafor G3H240,N4S .0.04CHCI,
C:63.2, H: 6.1, N: 14.0.
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Chapter 5: Synthesis of an arylethylbiaryl library

5.1. Introduction

In principle, the arylethylbiaryl unit can be oltad by the hydrogenation of the alkene
function of an aryl-substituted stilbene (Schem&).5Two retrosynthetic methods were

envisagediz Wittig and cross-metathesis (CM) reactions.
Wittig reaction

® O
® o)

o
X

0
SWs
(6]

Scheme 5.1. Retrosynthesis of an arylethylbiaryl library.

— — O — O =
S — o — D
R2/\£/>7 RZ/\/ / ‘O:ﬁ RZ”’V / \O:ﬁ \

ElZ

CM reaction

Such alkenyl derivatives can be synthesised in nmhgr ways (Scheme 5.2), ewa the
following reactions: Heck reactidi® Sonogashira reactibtt then selective alkyne
hydrogenatiort>> dehydration, elimination, McMurry reactidff Corey-Winter Olefin
Synthesis?’ etc.

PdCl,

CH5COOK
@I PN — @—\ X = H, CHg, Ph, COOCHs
MeOH X

120 °C
Heck reaction

Hy (1 atm)
5 mol % PdCl, (PPhg), Lindlar Pd -
O= 0 O=0 =
10 mol % Cul, Et,NH quinoline O Q
3h,90 % hexane
Sonogashira reaction Selective alkyne hydrogenation
x P ' TiCly/Zn '
}_2 CH5COOK Ph Ph Ph R pyridine Ph. R
PR\ heat = =0 + o< . THF - ]
H R R reflux R R
Elimination reaction R = Me or Ph McMurry reaction
R', R" = Ar or alkyl
HO  OH S 1) DMAP _
ot + —— K Rk * SPOMe); * CO,
F R clI el 2) P(OMe);

Corey-Winter Olefin synthesis reaction

Scheme 5.2. Examples of alkene syntheses.
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In order to enlarge the synthetic scope of the hoybnate library presented in this project,
phosphorus derivatives were added to the list afsipbe nucleophiles to use in thg2S
reaction. Microwave-mediatedy3 reactions were attempted with secondary andatgrti
phosphines and afforded aryl boronate phosphinegphmsphonium salts, respectively
(Scheme 5.3).

e, LY, e NI N
T R RIS o RI" 0
B@
r

2 3 4,56 4,5,6

R=HorR'

Scheme 5.3. §\2 reaction on compound@swith P-nucleophiles.

The phosphonium arylboronic ester salts obtainedeweonsidered to be interesting
precursors for the Wittig reaction and the resgltaikenylarylboronic esters could lead to
another family of biaryls with a different alkylked functionality compared to the libraries

previously made (Scheme 5.4).

O

2 3
R =9 “a2 R /= P : R2
SOt 2 ot —
R? ®\/\ / o R3~J\% / \O RS Ar
S}

Wittig reaction
X ElZ

5¢ and 6p-r 23
R2, R® = H, alkyl, Aryl

Scheme 5.4. Wittig reaction on compounds| and6p-r leading to a new biaryl library.

The alkenylarylboronic este3 could be reduced and then coupled in a SM reaction

From the 4-vinylphenylboronic acid, an alternat@® reaction could be used to synthesise

functionalised alkenylarylboronates (Scheme 5.5).

R5
PO ot LOw —- 1
R —_— \ R
/ CM reaction Reﬂ]\% / R® @Ar
ElZ
25,29 23, 28 and 30

R*= Bpin or Ar RS, R® =H, alkyl, Ar

Scheme 5.5. CM reaction on compounds and29 leading to a new biaryl library.
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5.2. Bromide displacement by phosphorus nucleophiles

Like N-, S and O-nucleophiles, phosphines are also known to ppdtei in {2-type
reactions with benzylbromide) as shown in Scheme 5.6. Secondary or tertiarggitines
(Figure 5.1) were used for the microwave-mediatg® ®action to give the corresponding
phosphine or phosphonium salt of the arylboronid ainacol ester, respectivel§/P NMR
spectroscopy proved to be a very useful tool fdemeining whether the reaction had taken
place (Table 5.1).

Base
T R aw1soc R1® / R 0

2 3 4, 5,6 4,56
R=H,R' X =Br, BF4

Scheme 5.6. §\2 reaction on compound@swith P-nucleophiles.

. Q@@

BF, HP{>" R P/\/P
O - Y @

3s 3t
Figure5.1. P-Nucleophlles.
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Table5.1. 2 reactions on compoun@swith phosphorus nucleophiles.

3P NMR fors-

Entry 3 Time (min) Base Producti{6) 65 (ppm) Yield (%)
1 3s 30 PS-NMM O/é: bi 50 28.9 82
2 3 20 PS-NMM Q@C Jﬁ 60 29.3 > 99
3 3t 15 PS-NMM s i 4 32.1 > 99
N
4 3t 20 PS-NMM };5 i 5p 32.7 > 99
5 3t 45 PS-NMM /2 g. \"i 6p 32.5 > 99
G
6 3u 20 _ @Q . 4 24.4 > 99

QAL
7 3u 30 v/ o 5 23.8 87
U5 i
Q O i
8 3u 20 @ ° 6q 23.7 > 9§

Q B pn,
9 3 20 _ %\LOANJQ% 5r 29.7 84
: rs<
10 3v 20 _ . @”3723, 6r 28.8 9z

1P NMR for3§ (ppm):3s°® -26.5, 18.8, 40.4, 50.8t: 14.1;3u: -4.8;3v: -11.9.

2 Reaction achieved at 110 %3P NMR in CDC}. ¢ **P NMR in dmso-gl ¢ Solution 10 % in hexan&.3P
NMR calculated PHGy(w.r.t 85 % HPQ,): -30 ppm*®

Dicyclohexylphosphine is air sensitive and is k& have oxidised during the3 reaction
and the NMR determination. Indeed, the phosphinelesx50 and 60 were unexpected
products. Theif’P NMR chemical shifts, 28.9 ppm and 29.3 ppm, retSpely, show that it
is the phosphine oxides which were obtained instdatie expected phosphineSR NMR
chemical shifts of phosphines are generally negaglative to TMS).
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Regardless of this unexpected oxidation, phospbxige and phosphonium salt derivatives

were easily prepared in very good to quantitatieédg (Table 5.1).

Crystals of5p and 5q (the pinacol ester hydrolysed) were grown and ysea by X-ray
crystallographic analysis (Figure 5.2). The preseoicthe boronic acid derivative in tine
and p-triphenylphosphonium bromide salp and6p was confirmed by mass spectrometry

and X-ray analyses.

,«»j)_"-)c%

o 1\025@ O\m 3/;3 s @ )
a l ANE .
c12 e

| ‘. Br1
Qe o/ \j\\cy PC“ \“(%/l(li%/?‘\t7 @ ——ch
O/E‘\C;W\“/”\E Nt 6,
dh @/a L 29\054 !{J—@
fﬁ”&% 21 N

i
o]
Brll o C{

BF 21

5p boronic acid obq
Figure5.2. Crystal structures @p and the boronic acid &i.

5.3. Wittig reaction

5.3.1. Introduction to the Wittig reaction

The Wittig reaction is one of the most importanttimoels for the synthesis of alkenes from

alkyl halides and aldehydes or ketones (Schemev& &) phosphonium ylid&*®

R? PR R* R?
R2>_X + —3>
H Base R3 R1

Scheme 5.7. The Wittig reaction
The Wittig reagent (the ylide) is prepared by thaction of a strong base on a phosphonium

salt. Subsequently, this ylide will react with aldlednyde or a ketone to form an alkene
(Scheme 5.8).
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R H R, H Ry, R? R\, R?
\ \ YB \ \
P-R + X — R-P—<{R R—p—© <~— R—P=<
R RR2 R'® R M R'® R R” R
Ylide
X=Cl, Br, |
R" and R? = alkyl, aryls or H
R' = alkyl or aryl
; 2 o R\ R R\ R R R2 o}
RN o P x oK .
+ R—P - 4 2 T - PN
4 3 . R R 4 2 R' R'
R*and R = Alkyl, aryl or H betaine oxaphosphatane

Scheme 5.8. Mechanism of the Wittig reaction.

5.3.2. Wittig reaction on compounBlg and6p-r

As previously highlighted (& reaction with P-nucleophiles), a Wittig reaction was
envisaged to synthesise arylboronic esters conian alkene function prior to reducing the

resulting double bond of the stilbene derivatived achieving a SM coupling (Scheme 5.9).

s, O Lo
P 2,
5~X / Base B R 7 Pd(0) _@R4 R*

EIZ
5p and 6p-r 23 31 33

Scheme 5.9. Synthesis of a biphenyl library from phosphoniuraqursors.

Unfortunately, shortly after starting the investiga of the Wittig reaction oféq with
aldehydes, another study was published indeperyd&rcheme 5.10) and the experimental
methodologies employed gave the expected prodaatsry good yields.

Ha o oot

6q 22a 23a

E/Z=74:26
85 %

Scheme 5.10. Example of the recently published Wittig react@mmtg.

However, the chemistry related herein differs iatth
0] other phosphonium precursors have been employsdch as trix-

butylphosphonium tetrafluoroborate.
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(i)  the phosphonium salts were synthesised usimgcaowave-mediated method.
The Wittig reaction using an arylboronic acid piolaester aldehyde component with

phosphorus derivatives was also published few yagoqsee Chapter 1; ref 56).

The Wittig reaction on the previously synthesisbdgphorus derivativesg and6p-r (Figure
5.3) was attempted using different aldehydes asngar (Figure 5.4) and with similar
conditions, sodiuntert-butoxide as a base in DMF or acetonitrile, undemert atmosphere
and at room temperature (Scheme 5.11), in ordeotopare the yield and tH&Z ratio of
products23 obtained, as outlined in Tables 5.2-5, since gdlyersemi-stabilised ylides, like

benzyl ylides, yield mixtures of- andE- isomers when using unsymmetrical aldehydes or

ketones-3*

6p 6q

Br
S]

6r

Figure 5.3. Phosphonium sal&q and6p-r.

OH O
o} o} N 2 o}
@AH @AH J@)LH D
N~ (l) _N

22a 22b 22¢ 22d 22¢
Figure 5.4. Aldehydes22.

o

. R! @B/o . t-BuONa GB,O

RI~NX 7 g R® H t RN/,
x©

ElZ
5p and 6p-r 22 23

Scheme 5.11. Wittig reaction orbq and6p-r.
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The Wittig reaction was first performed on the hepylphosphonium salq in order to
attempt to reproduce the conditions described @ litierature (Table 5.2) and then 6p
(Table 5.3)6r (Table 5.4) anéq (Table 5.5).

Table5.2. Comparison with the literature for the Wittig réans on6q.

Entry 22 Time (h)  Solvent Producgg) E/Z ratid® Yield (%)
O
i
1 22a 3 DMF ‘oi 15:85 22
23a
2 22a 2 DMF 23a 44:56 69
3 22a 2 MeCN 23a 19:81 56
/O
AW/ % .
4 22b 4 DME N_ 9 o 64:36 29
23b
5 22b 4 DMF 23b 43:57 49
OH /O
W Q B\oi
6 22¢ 20 DMF 67:33 29
23c
7 22¢c 12 DMF 23c 48:52 11
O
B
8 22d 4 DMF /o o 91:9 68
23d
9 22d 2 DMF 23d 42:58 54

Conditions:22 (1 equiv.), sodiuntert-butoxide (3 equiv.), DMF or acetonitrile, inertraisphere, rt. Percentage
yields obtained after purification by chromatograph
aCalculated byH NMR. ” base added slowly.
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Table5.3. Wittig reactions or6p.

Entry 22 Time (h) 23 E/Z ratid Yield (%)
O
)
1 22a 7 \oi 43:57 42
23a
2 22a 16 23a 24:76 49
,ci
B
3 22b 4 N7 v o 73:27 36
23b
4 22b 16 31:69 62

23b
OH o
W Q 5
5 22¢ 16 c
23c
O
B
6 22d 20 /o o 93:7 84
23d

7 22d 16 23d d 55

8 22e 3 ad \oﬁ 28:72 50
23e
Conditions:22 (1 equiv.), sodiuntert-butoxide (3 equiv.), DMF, inert atmosphere, rtrd@atage yields obtained
after purification by chromatography.
2 Calculated by'H NMR. ° base added slowly’ Traces of expected productH( NMR). ¢ Could not be
determined byH NMR.

Table5.4. Wittig reactions orr

Entry 22 (equiv.)  Time (h) 23 E/Z ratid Yield (%)
O.
1 22a (2) 15 B\Oi 91:9 42
23a
2 22a (4) 4 23a 83:17 48
3 22b (4) 4 4 9 i 81:19 53
23b

Conditions: Sodiumtert-butoxide (3 equiv.), DMF, inert atmosphere, rt.rd@atage yields obtained after
purification by chromatography.
3Calculated byH NMR.

147



Table5.5. Wittig reactions orbq.

Entry 22 Time (h) Product E/Zratfo  Yield (%)

0
B
1 22a 4 - 40:60 74
c
23f

Conditions:22 (1 equiv.), sodiuntert-butoxide (3 equiv.), DMF, inert atmosphere, rtrd@atage yields obtained
after purification by chromatography.
3Calculated byH NMR.

All the products were obtained and characterisest @lurification by chromatography and if
any aldehyde was still detected, it was removeddagtion with PS-Ts-NHNEscavenger
resin.

The results obtained for the Wittig reaction weemeyally unsatisfactory. A maximum yield
of 69% was obtained for the reaction of the triphemosphonium saléq with benzaldehyde
(22a) (Table 5.2,entry 2), which is poor compared with the yield ¥85reported in the
literature. The Wittig reaction of 3,5-tk¥t-butyl-2-hydroxybenzaldehyde2Zc) gave poor
results with a maximum vyield of 29% (Table Sebtry 4) while a 71% yield is reported in the
literature, for the corresponding reaction wét). The explanation for the disparity in the
yields obtained to those in the literature coultlm®found. However, the effect of the rate of
addition of the base on the reaction yield has heeestigated®® In some cases the vyield
increased from 29% to 49% (Table 5edtries 4 and 5) or from 36% to 62% (Table 5.3,
entries 3 and 4); in one instance it did not appe&e affected by the addition rate, from 42%
to 49% (Table 5.3¢ntries 1 and 2) and in another case it decreassd68 % to 54% (Table
5.2,entries 10 and 11).

A good vyield of 74% was obtained when thesubstituted triphenylphosphonium salt
derivative5q was reacted witB2a (Table 5.5entry 1).

The observedt/Z ratios of the stilbene produd8 (calculated byH NMR) differ from those
reported in the literature and appear to depenthemature of the solvent (Table 5eatries

2 and 3), the rate of the addition of the base Igal2, entries 4 and 5), the reaction time
(Table 5.2,entries 6 and 7) and the phosphonium derivativel@yed (Table 5.2entry 2;
table 5.3entry 1; table 5.4entry 1).
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Crystals of 23d, mixture E and Z isomers (91:9), ere grown and analysed by-ray
crystallography(Figure 5.5)which confirmed the presence the olefin and bommadieties

the former being in theE)-configuration.

p-jt:‘)-

e T a®as

Figure5.5. Crystal structure of thE-isomer of23d.

Although comparing thé&/Z ratios of the Wittig products is a useful exercigeas largely
unnecessary in this approach since the alkeneifuradity was to be reduced by a subseq
hydrogenation. Indeed, the ultimate goal wasynthesisethyl bridged biphenyl prodts by
a SM reaction, such th#te carbo-carbon double bond woulde reduced prior to the S
coupling to avoid stereoisomeric mixtures compiiggboth the NMR spectroscopic analy
and the isolation of the expected prot (Scheme 5.12). Howevespecific conditions ar
known for reacting arylboronates containing a ce-carbon double bound selectively ir
SM coupling rather than the Heck or homo couplisgng Pd(DIPHOS; as catalyst (Figure

5.6).141'142
=
- O
+  Ar—Br PdO) + + “
g

HO/B\OH
Ar

=

Scheme 5.12. SM coupling withan alkenylboronate leading tgatential mixture

Figure5.6. Pd(DIPHOS;: bis[1,2bis(diphenylphosphino)ethane]palladiun.
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After employing the aforementioned Wittig reactiansmall library of vinylarylboronic esters
was synthesised. These compounds will later becestiand coupled in a SM coupling in

order to obtain a library of arylethylbiaryls.
5.4. Cross-metathesis reaction

5.4.1. Background to the cross-metathesis reaction

Olefin metathesis is a reliable and efficient reacthat can be used to form carbon-carbon
bonds. The metathesis reaction was used in thesli®50no one really knew how it worked.

The term “olefin metathesis” was coined in 1967 which means a metal catalysed
redistribution of carbon-carbon double bonds (caepeby the scission of carbon-carbon
double bonds in olefins (Scheme 5.13). The catalgsd for the metathesis reaction is a
metal-carbene complex which can be made from @iffermetals such as molybdenum,
nickel, rhenium, ruthenium and tungsten. The crostathesis (CM) reaction is a reversible

process.

ey
S X

Scheme 5.13. CM reaction.

In 1971, Yves Chauviet al. published their findings and understanding onntleehanism of
the metathesis reactitfi (Scheme 5.14).

RZ
—\
=M \& R
M ,‘El\ﬂ

LL\:\
Jj—fk

R‘l
R2 R? R!

Scheme 5.14. Mechanism of the CM reaction
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The first step is a [2+2] cycloaddition between @lafin containing the group ‘Rand a
transition metal-carbene. The metallacyclobutanmpex formed undergoes a concerted
electron rearrangement which leads to the formaifannew alkene and a new metal-carbene
complex containing the group'RThe latter reacts with another olefin contairting group R

to form another metallacyclobutane complex whicli Wien rearrange to yield the cross-
coupled olefin containing both'Rand R groups and a new metallocarbene, which can then

be recycled through the reaction pathway.

Chauvin’s description of the metathesis processSlelarock, Grubbs and their co-workers to

develop catalysts (Figure 5.7) that carried outdation more efficiently*>4147

F C —
Y
\\ PC vs cu;f_ Clecy

Fgc% o E’C@ i%@

CF3

Schrock's catalyst GrsL:bbs cats_alyst Gl’lébbs' cata'lyst Hoveydg—Grubbs" catalyst
18t generation 2"% generation 2" generation
27a 27b 27c

Figure5.7. More commonly used CM catalysts.

These four catalysts are molybdenum and ruthenianinetie catalysts and are commercially
available. They are the more commonly used catlyst CM reactions due to their
selectivity, efficiency and functional group compdity. However, Schrock’s catalyst is
more sensitive to air and moisture than Grubbsilgats which makes it less easy to handle.
The CM reaction is now widely used in organic sgsig'*®
Grubbs, and Richard R. Schrock shared The NobeleHn Chemistry in 2005 for "the

development of the metathesis method in organithegis".

Yves Chauvin, Robert H.
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5.4.2. Synthesis of vinylarylboronates and vinyifigvia CM reaction
5.4.2.1. Background

The CM reaction in the synthesis of the aryletreiyi library can implicate two distinct

synthetic pathways (Scheme 5.15).

— — OH
S = \Q%H g

=

=\ P = 0 OH ,
RZ‘\/<:/>78\0 — @B\o - @B\OH “

Scheme 5.15. Retrosynthesis of aryl ethylbiarys olefin CM reaction.

Ar
R@

Route 1 implies a disconnection between the tweralk carbons first, this functionalised
double bond can be constructed a CM reaction, and then a disconnection betweertvii
aryl groups, this carbon-carbon bond can be syrsb@ga a cross-coupling reaction such as
SM coupling. Route 2 implies a disconnection betwdge two aryl groups first, then a
disconnection between the two alkenyl carbons amally a functionalisation step from the
boronic acid to the boronic ester can be made deroto facilitate the handling and the
purification of the intermediates throughout thepst

5.4.2.2. Route 1: Synthesis of arylethylbiangks SM/CM

Using route 1, the SM coupling was achieved firstarder to synthesise vinylbiaryl
derivatives which were then reacted in a CM reactm functionalise the vinylic group to a
di-substituted alkene.

5.4.2.2.1. SM coupling

The 4-vinylphenylboronic acid2¢) was chosen as an arylboronic acid to undergoStile
coupling. McCluskeet al. recently found the optimum condition for this SBupling which
avoid any secondary reactions and published ithjeftre the start of this investigatiti®
Their conditions were chosen for the SM couplin@éiwith different aryl bromide§. The
SM coupling was catalysed by Pd(DIPH@Sh a THF/HO mixture and using potassium
carbonate as a base under microwave irradiatiof (M0 with the cooling system on) at
100 °C for 30 minutes (Scheme 5.16).
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Pd(DIPHOS),

OH / KoCO4 /

& OO

/ OH \ THF /water / \
pw

24 71 100 °C, 30 min, 100 W 25a
> 98%

Scheme 5.16. Published SM coupling a24.

This SM coupling was repeated in the same conditiaith 71 and other aryl bromides
(Scheme 5.17; Table 5.6).

Pd(DIPHOS),
OH KoCOs
7 OH THF/water /
pw
24 7 100 °C, 30 min, 100 W 25

Scheme 5.17. SM coupling orR4.

Table5.6. SM coupling orR4.

~

Entry Product p5) Yield (%)

L O o OO = e

R S e T
3 Br—(\’:/>—Noz 7k //—Qﬂnoz 25¢ 67

4 . O 7d 25d 63
H H
(0]

(o]
5 Brj@ m ; O O 25e _
6 o )~ 25¢ 67

Conditions: ArBr (1 equiv.), Pd(DIPHOS]1 mol %), KCO; (2.4 equiv.), THF/EO 1:1 (5 mL for 1 mmol of
ArB(OH),), microwave irradiation (100 W), 100 °C, 30 min.
& Percentage yield after purification by chromatpésa

The expected products were obtained in moderag@add yield. The yield obtained f@5a
(63%) was lower than the one reported in the liteea(> 98%). The SM coupling in these
conditions worked well with electron rich and etect poor aryl bromides (Table 5.6, entries
2 and 6) but no expected product was observed whielg anortho-substituted aryl bromide
(Table 5.6, entry 5).
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5.4.2.2.2. CM reaction

The compound£5 were reacted in a CM reaction with vinylaryls irder to create bis-

functionalised alkenes (Scheme 5.18 and Table 5.7).

27
(3 mol %)
/—< >—Ar1 + R’ - - . JOAH
4 7 CH,Cl, R7~/
43 °C
25 26 28

Scheme 5.18. CM reaction on compoun@s.

Table5.7. CM reaction or5.

Entry 25 26 (equiv.) 27 Time (h) Product 28) E/Z ratid Yield (%)
NO.

s OO O o o OO
25b 26a (3) 28a

2 25b 26a(3) 27b 6 28a 100:0 54

3 25b 26a(1.5) 27c 6 28a 95:5 37

4 25b 26a(3) 27c 6 28a 95:5 62

5 7/ N2 Vo 16 P 7 1000 75
25¢ 26b (5) 28b

3 Calculated byH NMR. ° Percentage yields obtained after purification byomatography.

Three catalysts were tested in the CM reactio?%in Grubbs’ catalyst *1 generation Z7a)
was found to be inefficient in this CM reaction pl@5.7, entry 1) but the other two, Grubbs’
catalyst 29 generationZ7b) and Hoveyda-Grubbs’ catalyst®2jenerationZ7c) were suitable
for this reaction since the expected product wdainbd in moderate yields (e.g. 54% vyield
with 27b, Table 5.7, entry 2 and 62% yields wiFc, Table 5.7, entry 4). The reaction should
be attempted again using a longer reaction timextomine if better yields can be obtained.
The CM reaction was also attempted2®c with 26b catalysed by7b and gave the expected
product28b in 75% vyield in 16 h (Table 5.7, entry 5).

Therefore, two arylvinylbiaryls were synthesisga route 1 in moderate yields.
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5.4.2.3. Route 2: Synthesis of arylethylbiangks CM/SM
5.4.2.3.1. Introduction

The arylethylbiaryl library can also be obtainedsyythesising the bis-functionalised alkene
derivativesvia the CM reaction, reducing the carbon-carbon dobbled and then coupling
the boronate derivativegsa the SM coupling reaction (Scheme 5.19). In ordebé able to
handle and purify the different intermediates, 4héinylphenylboronic acid pinacol est29
was easily synthesised from the boronic @ddas previously outlined in chapter 2) and used

as a boronic ester derivative.

R7
Rand 7
OH  HO OH /o:é 26 /o:é

/—< >—B _— f< >—B\ _— ~< >—B\
4 OH 4 0 o7 R7 o o
24 29 23 and 30
catalyst\ H,

Br—Ar!
7 0
O e O
R’ Pd(0) RY 0

25 31

Scheme 5.19. Synthesis of arylethylbiaryda CM/SM.

5.4.2.3.2. CM reaction

The CM reaction was first attempted 2hwith styrene 26a) in CH,Cl, under reflux and in a

nitrogen atmosphere (Scheme 5.20; Table 5.8).

oL - O 22— O o
B + B,
4 © 4 CH,Clp @ / °
43 °C
29 26a N> 23a

Scheme 5.20. CM reaction or29 with 26a.
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Table5.8. CM reaction or?9 with 26a.

Entry 26a equiv. 27 (mol %)  Time (h) Product 23) E/Zratio  Yields (%Y
0
1 3 27a (3) 24 () @ B\oji _ b
23a
2 5 27b (5) 25 23a 100:0 55
3 5 27b (5) 6 23a 100:0 76°
4 5 27b (5) 16 23a 100:0 58°
5 5 27b (5) 24 23a 100:0 60°
6 5 27b (5) 16 23a 100:0 42°c
7 5 27b (3) 6 23a 100:0 65
8 2 27b (3) 6 23a 100:0 58
9 1.6 27b (3) 6 23a 100:0 63
10 5 27b (1) 24 23a 100:0 52¢
11 2 27b (1) 24 23a 100:0 65°
12 5 27¢ (3) 6 23a 100:0 51
13 5 27b (5) 0.5 23a 100:0 46°°
14 5 27b (5) 2 23a 100:0 26°¢

2 percentage yields obtained after purification hyomatography® Reaction achieved at room temperatdre.
Yield calculated byH NMR spectroscopy, mixture expected product +isgumaterial 29). ¢ Reaction under
microwave irradiation in a sealed vial, 40 °C, nmaxim power 300W.

The use of an excess 86a led to a large amount dE-stilbene (styrene homocoupling
product) which, was in most of the cases, diffitalseparate from the expected proddas,

by chromatography.

As previously observed, Grubbs’ catalyst deneration Z7a) was inefficent in the CM on
compound29 with 26a, even at room temperature, as only starting natewere observed
(Table 5.8, entry 1). The expected prodd8a was obtained when botk7b (Table 5.8,
entries 2-11) an@7c (Table 5.8, entry 12) were used as catalyst uneferx. The reaction
time seems to affect the yields obtained. When rébection was stopped after 2.5 h a
moderate yield of 55% was obtained (Table 5.8,ye2trand better yields were obtained after
6 h, 16 h or 24 h i.e. 76%, 58% and 60%, respdgtifEable 5.8, entries 3, 4 and 5,
respectively). However, the best yield was obtaiaftdr a 6 h reaction time, 76%, but the
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yield decreased to around 60% when the reactionefafr a longer time. This must be due

to the fact that the CM reaction is reversible.

Moreover, it was difficult to monitor the reactitny TLC since, in most cases, the expected
products had a similar (if not the same)d the starting materiad. A decrease in the molar
percentage of catalyst led to a decrease in tHdsy{e.g. 76% yield with 5 mol % &b,
Table 5.8, entry 3; 65% yield with 3 mol % ®ib, Table 5.8, entry 7; 52% yield with 1 mol
% of 27b, Table 5.8, entry 10). The used of a large exoésse of the alkene should lead to
better yields but in this case, the yields do rexns to be affected by the difference of
equivalents used @&6a, since very similar yields were obtained when ¢jwag the number of
equivalents (65%, 58% and 63% yields obtained &jth and 1.6 equiv. d6a, respectively,
Table 5.8, entries 7, 8 and 9, respectively). Tdtalgst27c was tested and gave the expected
product in a moderate yield of 51% (Table 5.8,e@f). The reaction was also attempted by
using microwave irradiation but the results weré satisfactory because of the lower yields
obtained (Table 5.8, entries 13 and 14). This tesul be due to the fact that the reaction took
place in sealed vials where the ethylene formeddaoot escape and kept on reacting with the

other reagents.

Other vinylic derivative26 were reacted witl29 in a CM reaction in order to enlarge the
variety of alkene derivatives (Scheme 5.24%b was chosen as catalyst (3 mol %) and the

reaction was achieved under reflux in a nitrogemcaiphere (Table 5.9).

, C Biz:é ) //_R7 27b(3mo|% : :\ﬁ

CH,Cl,

43°C 23 and 30
Ny

Scheme5.21. CM reaction or9.

29 26
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Table5.9. CM reaction or9.

Entry 26 (equiv.) Time (h) Product 23 and30) E/Zratid  Yields (%

1 ;<)o 26b (5) 6 a N"Jﬁ 23d  100:0 20°
/
/O
2, ()mer 26c(3) 20 oZN@J@B\OJﬁ 233 1000 d
3 <) 26d(5) 6 OJ@BiZJﬁ 23h  100:0 58

S —~)- f"i
4 . 26e(5) 6 >/ 23 100:0 d
s <

5 N 26 (5) 6 ey Bioji 23b _ _
s o

6 /rQ\P'N 26g (5) 6 Nm\?w// O B\Oi 23

7 Y 26h (5) 6 o f@s’f;ﬁ 23k _ _

o
8 22 j[";BQWf@/ B\oi 30  100:0 89
(o]

2 Calculated byH NMR. ® Percentage yield obtained after purification byochatography” Yield calculated by
'H NMR, mixture expected product + homocouplingduret of26. ¢ Yield undetermined because the product is
in a mixture with the homocoupling productas.

The alkene derivative23d and 23h were obtained in moderate yields of 29% and 58%
respectively. For the reactions resulting2Bg and 23i, the expected products were in a
mixture with the homocoupling product @c and 26e and could not be separated by
chromatography and no percentage vield could beulzed by'H NMR. These products
were used as mixtures for the next steps. The iogaetas attempted with heterocyclic
derivatives26 but only starting materials were observed after Ghis is in agreement with
the literature.Kawai et al. have compared Grubbs® Igeneration and molybdenum-based
Schrock catalysts in the homo- and cross-metathesastion of 2-vinylfuran and 2-
vinylthiophene as aromatic heterocyctésThey found that Schrock’s catalyst was more
suitable because these aromatic heterocycles foenstable heteroaromatic carbene with the
ruthenium-based Grubbs catalyst. Moreover, vinythge was found to be unreactive with
both catalysts because it also formed a stablecadeith the molybdenum-based Schrock
catalyst™® The CM reaction witt26g and 26h could be repeated using the molybdenum-
based Schrock catalyst in order to synthe2ggeand23k.
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Crystals of30 were grown and analysed by-ray crystallography diffraction wkh gave the

full crystal structure analysis 30 (Figure 5.8).

Figure5.8. Crystal structure a30.

Styrylboronate23 and styrylbiphens 28 synthesisedia the Wittig, CM and SM reactior
could now be reduced by hydrogenation prior ting reacted in SM couplirs and

functionalisation reactions.
5.5. Hydrogenation of alkene derivatives 23, 28 and 30

Hydrogenation is a chemical reaction that resuftsnf the addition of hydrogen to .
unsaturated organic compound. Catalysts are nagdor the reaction to be practical beca
uncatalysed hydrogenation takes place only at kgly temperatures. Platinum group met

2 rhodium®® and rutheniun?® form highly active

particularly platinunt>® palladium®®
catalysts, which operate at lower temperes and lower pressures 0,. Non-precious metal
catalysts, especially those based on nickel (sscRaney nickel and Urushibara nic*>)
have also been developed as economical alternathaeghey are often slower, difficult

handle or require highéemperature'*®

The hydrogenation o23a was attempted using flow chemistry in a-Cube at 80 °C, 1
mL.min and full hydrogen moc (Scheme 5.22)Reductions were achieved on a 0.07 m
scale (Table 5.10).

Ha
0O Catalyst O
B _— B
/ \ \
O EtOH/EtOAC (e}
80 °C
23a 1 mL/min 31a

Scheme 5.22. Hydrogenation reaction of compou23a using an I-Cube.
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Table5.10. Hydrogenation reaction @3a using the H-Cube.

Entry Catalyst ProducB() Yield (%)
O
B
1 Raney Ni \oi _
3la
2 PtQ 3la 77

Because of the presence of a boronic ester grotipeineagent, palladium was not used as a
catalyst in this reaction due to potential couplorgprotodeboronation side reactions. When
Raney Nickel was used as catalyst no expected congpwvas obtained. However, with
platinum oxide as catalyst, the pure expected mtoadas obtained in 77% yield (Table 5.10,
entry 2).

When the reaction was scaled-up (from 0.07 mm®oL88 mmol), no reduction occurred with
platinum oxide as catalyst even with a high degfedilution and with a low flow rate (Table
5.11, entry 1). Therefore other catalysts wereetegtcluding palladium on activated carbon
(Table 5.11).

Table5.11. Hydrogenation oR3.

Entry 23 Catalyst Conditions Product 81) Yield (%)
o H-Cube o
() EtOH/EtOAC Bi i
1 Oi PtO, 80 °C Q o B
23a 0.8 mL.mir* 3la
/oi H-Cube o
i/ \> Vi < > B, EtOH/EtOAC </ \> / < > R
2 pu- ° PyC 70 °C, 40 bars N © -
230 0.8 mL.miri* 31b
H-Cube
EtOH/EtOAC
3 23a Pd/C 80 °C, 40 bars 3la _
0.8 mL.min"
H, balloon
4 23a Pd/C EtOH 3la 100

rt, overnight

In this case, it appeared that the use of the HeQuds not an effective method for a scale-up

reduction of alkenes by hydrogenation.
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The reduced product was obtained in quantitatiedyiwhen “batch reaction” conditions
were used with palladium on activated carbon aalgsttand a hydrogen balloon as source of
hydrogen (Table 5.11, entry 4). No side product wlsined when palladium was used as
catalyst, contrary to earlier expectations.

The other analogue23 were then reduced by hydrogenation catalysed bkaddam on
activated carbon (Scheme 5.23; Table 5.12).

R2 / EtOH R?
rt, 16 h

23, 28 and 30 31,32 and 33
R* = Bpin or Ar?

Scheme 5.23. Hydrogenation catalysed by Pd/C of compou2®|$28 and30.

Table 5.12. Hydrogenation 023, 28 and30.

Entry 23/28/30 Product 81/32) Yield (%)

1 BZJﬁ 23a BiZi 31a > 99
2 O w//—@siz]i 23b N@J—@B@i 31b > 99
o 0
3 . B\oi 2 B\oi 31c 95
WAV L HQNBizi 31d 34
5 O_/—@B’\O]i 23h O_/—@B’Ojﬁ 3le 94

4 o) o
o el
6 W@B\oi 23 B\Oi 31f b
<
0 o
jLzBf aY B\Oi 30 jjjar ) B‘oji 319 99
8 /O NO, 28b /o NHz 32h 750

2 Percentage yield over two steps: CM and hydrogemaeactions® Percentage yield not determined, product
in a mixture with the reduced bis-ferrocene ethgmibcoupling product® Percentage yield obtained after
purification by chromatography.

~
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Palladium on activated carbon is an efficient gatafor the hydrogenation of alkenes ¢
nitro groups in products such 23, 28 and30 and affords the reded product31 and32 in
very good yields.

Crystals of31d were grown and analysed b-ray crystallography diffraction (Figure9).

Figure5.9. Crystal structure o31d.

4.6. SM coupling of compounds 31

Now that the carbowarbon double bond of the analogi23 and26 had been reduced, the
boronic ester81 were coupled with a range of aryl halides in SMctieams(Scheme 5.24) to

yield the corresponding biaryl compour33 (Table 5.13).

Pd(0)

/O Base Art
) B, + Br—Art —— R2
R (0]
31

pw, 150°C, 10 min
7 33

Scheme 5.24. SM reaction on compoun@s.
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Table5.13. SM reaction or81.

Entry 31 7 Conditions Product3g) Yield (%Y
1 B\Oi ” C " A N°z 33a 67
7c
3la
2 31a B 33a > 99

7c
BrONOZ o
3 3la = B 33b 89
o NO2 NO,
4 N~ v \Oi B’O B N 33c 82

7d
5 31b " ©7b \ B YR Yaval 33d 86
6 e Yavs i Y B Y Va Ve 33e 75°
31c ’

7h
B @—«O P
7 31c g B e Y 33f 54°
7a

=L a e
Fe
<

8 7k B = N 33y 41°
31f
O S
o g ~
9 i < v B H“ 33h 77
31g 7n -

Conditions: A:7 (1.1 equiv), Pd(OAg)(1 mol %), NaCGO; (3 equiv), TBAB (1 equiv), water (2 mL per 1 mmol
of boronic ester), microwave irradiation (power nmz00 W), 150 °C, 10 min. Conditions B: (1.1 equiv.),
Pd(PPR); (3 mol %), NaCO; (3 equiv.), toluene/ethanol/water 1:1:1 (3 mL gemmol of boronic ester),
microwave irradiation (power max 300 W), 150 °C nid.

2 Percentage yields obtained after purification hyomatography® Difficult to separate the expected product
from the starting materials which did not react ptetely (yield calculated biH NMR). € Yield over 3 steps.

Tetrakis(triphenylphosphine)palladium(0) was a suitable-gatalyst for the SM coupling
reaction of compound3l. The corresponding arylethylbiary38 were obtained in very good
to quantitative yields. In order to afford more ewdes of this type of aryethylbiaryl

analogues, the nitro group could be reduced ansesuiently functionalised.
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33h is a very interesting compound since it contaite indole moiety (igure 5.10, in blue),
which is a privileged scaffold in medicinal chemysiThis type of symmetrical compouil
containing two indole moieties can be seen as tardsting potential licnd for dimeric
GPCRs">’ Moreover, this type of molecule calso beseen as a linker or a stapler thank

the fixed distance given by the -diarylethyl moiety (kgure 5.10, in purple

~
. DWWt
Ol

Figure 5.10. Compound33h.

Crystals 0f33g were grown and analysed b\-ray crystallography diffraction (Figure 5.1

Figure5.11. Crystal structure 033g.

5.6. Other functionalisations

5.6.1. Nitro group reductic

The reduction ofdrylethy)nitrobiaryl derivatives33a-c (Scheme 5.25was first achieved by
hydrogenation using an Bube and catalysed by Raney Nickel in ethanol/edbgtate 1:1 ¢
65 °C and 1 mL.mit and in full hydrogen moc. The reduced compour34a was obtained
in a very poor yield (Table 5.14, entry. The reduction was then achieved by hydrogen:

catalysed by palladium on activated cai (Table 5.14).

33 34

Scheme 5.25. Nitro group reduction reaction 88.
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Table5.14. Nitro group reduction 083.

Entry 33 conditions Product35) Yield (%Y

Ra Ni .

S YU Wal i - el ”” 3a 10
= Pd/C .

2 N° w g PYC NH 34b 72

NO, Nty
Pd/C
3 N ) O 33c Batch reaction N 34c 68

Conditions: 1) Raney Nickel cartridge, H-Cube, BiBtOAc 1:1, 65°C, 0.8 mL.mih full H, mode. 2) Pd/C
(10% wt.), EtOH, rt, 16 h, FHatmosphere.
& Percentage yields obtained after purification byomatography.

The expected reduced produ@$ were obtained in good yields when the reductiors wa

catalysed by Pd/C.

5.6.2. Amine functionalisations

The amine could be then functionalised by reactth acid or sulphonyl chlorides (Scheme
5.26; Table 5.15).

R5-Cl 9

—\ NH
2 _PSNMM_
X/ \ \X_//
_ CHQCIZ
34 X=CHorN 35

Scheme 5.26. NH, functionalisation reaction asg.

Table 5.15. NH, functionalisation oB34.

Entry 34 9  Time (h) Product35) Yield (%)
1 e 34p 9c 2 c“;—% 3Ba 47

o
NH;

2 N 34c  9n 16 N/\ O 72557 350 82

 Percentage yields obtained after purification bsomatography.

After 2 h, the reaction 034b with 9a gave only 47% yield o85a. A longer reaction time
should be envisaged. Compoustib was obtained in good yields after 16 h of reactiore.
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5.7. Conclusion

From the {2 reaction on (bromomethyl)phenylboronic acid pinesters with phosphines
nucleophiles, a small family of arylethylbiphenyas synthesiseda a Wittig, CM, carbon-
carbon double bond hydrogenation, SM coupling arllero functionalisation reaction
sequence. The Wittig and the CM reactions allowersynthesis of vinylic derivatives but
the overall yields were often moderate to poor.eDttonditions, reagents or reactions could

be attempted in order to improve the yields.

166



5.8. Experimental proceduresand data
Experimental conditions and analytical methodsasréor Chapter 2

General procedure for the synthesis of P-substituted methylphenylboronic acid pinacol
esters 4-6:
Dicyclohexyl(3-(4,4,5,5-tetramethyl-1,3,2-dioxablam-2-yl)benzyl)phosphine oxidso

o
/

B\ :ﬁ
o o
s

2b (2.00 mmol, 54 mg), dicyclohexylphosphi8&(10 wt % in hexane) (0.18 mmol, 360 mg),
PS-NMM (0.19 mmol, 4 mmol:§ 48 mg) and THF (2 mL) were mixed in a microwave.v
The mixture was stirred under microwave irradiatri50 °C for 30 minutes. After cooling,
the mixture was filtered. The vial and the suppbrieagent were washed with some,CH.
The filtrate was concentrated under reduced pregsugive 238 mg of a colourless oil which
was purified by chromatography on silica gel, CH/MeOH from 0% to 20% of MeOH, to
give 64 mg of the oxidised expected product as laucess oil in 82% vyield'H NMR
(CDCl) 6 (ppm): 7.76 (2d, 2H]y,= 7.3 Hz), 7.63 (s, 1H), 7.40 (dd, 18+ 7.3 Hz), 4.29 (d,
2H, J = 14.0 Hz), 1.70-2.10 (m, 14H), 1.10-1.50 (m + @H® **C NMR (CDCE) 5 (ppm):
136.1, 136.0, 134.6, 133.9, 133.8, 129.0, 84.1,(30)7, 30.1, 26.4 (2C), 26.3, 26.1, 25.9,
25.6, 25.4, 24.9 (4C), 24.#P NMR (CDC}) & (ppm): 28.9.

Dicyclohexyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxablanmo-2-yl)benzyl)phosphine oxidio
O

2c (1 mmol, 297 mg)3s (10 wt % in hexane) (1 mmol, 1.98 g), PS-NMM (1:1©%n0l, 4
mmol.g}, 260 mg) and THF (1 mL) were mixed in a microwaia. The mixture was stirred
under microwave irradiation at 150 °C for 20 misu{@5 + 5 minutes) and then cooled to
room temperature. The mixture was filtered. Thé aral the supported reagent were washed

with some DCM. The filtrate was concentrated uneéeluced pressure to give 416 mg of the
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expected product as a yellow oil in > 99% vyield. NMR (CDCk) & (ppm): 7.71 (d, 2H,
J=7.3 Hz), 7.39 (d, 2H] = 6.2 Hz), 4.29 (d, 2H] = 15.0 Hz), 2.50-3.00 (m, 4H), 1.60-1.90
(m, 12H), 1.28 (s, 12H), 1.20 (m, 6HJC NMR (CDC}) & (ppm): 135.7, 135.6, 132.1, 132.0,
129.8, 129.7, 84.0 (2C), 34.9, 34.0, 30.8, 30.25,286.2, 26.0, 25.9, 25.7, 25.4, 25.2, 24.9
(4C), 24.63'P NMR (CDC}) § (ppm): 29.3.

Tributyl(2-(4,4,5,5-tetramethyl-1,3,2-dioxaboroldn#)benzyl)phosphoniuri
Pi
% d
Ty
ngz
el

Yellow oil, 282 mg, > 99% vyield (0.50 mmol scal& NMR (CDCk) & (ppm): 7.91 (d, 1H,
J=7.3 Hz), 7.47 (m, 1H), 7.30 (m, 2H), 4.10 (d, 2+ 15.4 Hz), 2.10-2.30 (m, 6H), 1.30-
1.50 (m + s, 18H), 1.20-1.30 (m, 6H), 0.80-1.00 @H). **C NMR (CDCE) & (ppm): 137.9,
134.9, 134.8, 132.5, 130.7, 130.0, 129.6, 127.9,8,84.6 (2C), 27.0, 26.6, 26.3, 25.9, 25.0
(4C), 24.6, 24.1, 24.0, 23.9, 23.8, 23.6, 23.54288.7, 18.6, 18.3, 18.1, 13.4, 13.3 (coupling
with phosphorus and rotamer$fP NMR (CDC}) & (ppm): 32.1. HRMS-ES (m/z) found
418.3279, calcd for [EH4s0,°BP]" 418.3281.

Tributyl(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolany)benzyl)phosphonium

of
7

tetrafluoroboraté&p

White solid, 260 mg, > 99% vyield (0.50 mmol scate) NMR (CDCk) & (ppm): 7.76 (d, 1H,
J=7.0 Hz), 7.44 (s, 1H), 7.45 (dd, 18,= 7.7 Hz,J, = 1.8 Hz), 7.39 (dd, 1H] = 7.4 Hz),
3.72 (d, 2HJ = 14.7 Hz), 2.16 (m, 6H), 1.46 (m, 12H), 1.31 @H), 0,92 (m, 9H)**C NMR
(CDCl) & (ppm): 135.6, 135.5, 134.9, 133.1, 129.2, 127452 §2C), 26.9 and 26.2 (d, 1C),
24.8 (4C), 24.0, 23.7, 23.6 and 23.5 (2d, 6C), ¥hd 17.9 (d, 3C), 13.3 (3CY'P NMR
(CDCl) 6 (ppm): 32.7.
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Tributyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolany)benzyl)phosphonium
O
o}

Yellow oil, 263 mg, > 99% vyield (0.50 mmol scal& NMR (CDCk) & (ppm): 7.78 (d, 2H,
J= 7.7 Hz), 7.28 (m, 2H), 3.78 (d, 2H,= 14.7 Hz), 2.17 (m, 6H), 1.43 (m, 12H), 1.33 (s,
12H), 0.91 (m, 9H)*C NMR (CDCE) & (ppm): 135.8 (2C), 131.0, 129.9 and 129.5 (d, 1C),
129.3, 129.2, 84.1 (2C), 27.3 and 26.6 (d, 1CB 24C), 24.0 and 23.8 (d, 3C), 23.5 and 23.4
(d, 3C), 18.6 and 18.0 (d, 3C), 13.3 (3&R NMR (CDC}) & (ppm): 32.5. HRMS-ES (m/z)
found 419.3244, calcd for pgH4s0-BP]" 419.3245.

tetrafluoroborat&p

S

/%FB

General procedurefor the synthesis of phosphonium salts 4}, 5q,r and 6q,r:
Triphenyl(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolayl)benzyl)phosphonium bromidg

33
she

2a (1 mmol, 297 mg), triphenylphosphiBa (1 mmol, 263 mg) and THF (4 mL) were mixed
in a microwave vial. The mixture was stirred undecrowave irradiation at 110 °C for 20
minutes, then cooled to room temperature and carated under reduced pressure to give
589 mg of a beige oil which was crystallised inZCH/hexane. The crystals were triturated in
diethyl ether to give 560 mg of the pure expectathmound as a beige solid in > 99% vyield.
'H NMR (CDCk) & (ppm): 7.76 (m, 4H), 7.40-7.70 (m, 12H), 7.20-7(#0Q 3H), 5.67 (d, 2H,

J = 15.0 Hz), 1.07 (s, 12H}°C NMR (CDCb) & (ppm): 137.2, 134.9, 134.6, 134.5, 134.1,
134.0, 132.2, 132.0, 131.5, 131.4, 130.1, 129.8,4,2127.9, 118.7, 117.5, 84.0 (2C), 30.7
and 30.1 (d, 1C), 24.8 (4C¥P NMR (CDC}) & (ppm): 24.4. HRMS-ES (m/z) found
479.2306, calcd for [GH330.BP]" 479.2306.
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Triphenyl(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolayl)benzyl)phosphonium bromids

,o]é
Q O
e}
O =

@ Br
White solid, 243 mg, 87% vyield (0.50 mmol scafé¢). NMR (CDCk, 270 MHz)$ (ppm):
7.50-7.80 (2 m, 17H), 7.20 (dd, 1Bi= 7.3 Hz), 7.00 (s, 1H), 5.37 (d, 2Bi= 14.3 Hz), 1.24
(s, 12H)."*C NMR (CDCE) & (ppm): 137.2, 137.2, 134.9, 134.8, 134.5, 13438,2, 130.0,
128.6, 128.6, 126.3, 126.2, 118.5, 117.2, 83.8 ,(&Z1)4 and 30.7 (d, 1C), 24.8 (4C).
3P NMR (CDC}) 6 (ppm): 23.9. MS-ES (m/s) found 479.3 and 397.2dbiz acid), calcd
for [C31H330zBP]+ 479.2.

Triphenyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolayl)benzyl)phosphonium bromidse

O
2

White solid, 560 mg, > 99% vyield (1.00 mmol scafé).NMR (CDCL) &: 7.68-7.78 ppm (2

m, 9H), 7.57-7.65 ppm (3 m, 6H), 7.53 ppm (d, A& 7.3 Hz), 7.04 ppm (dd, 2H; = 8.1

Hz, J, = 2.6 Hz), 5.43 ppm (d, 2H] = 15.0 Hz), 1.30 ppm (s, 12HC NMR (CDCk) &
(ppm): 135.0, 134.6, 134.5, 132.2, 131.1, 131.®.3,3130.1, 130.0, 128.5, 128.4, 118.5,
117.3, 84.0 (2C), 32.3, 24.8 (4GJP NMR (CDC}) & (ppm): 23.7. HRMS-ES (m/z) found
479.2306, calcd for [GH330.BP]" 479.2306. The data are in accordance with the

literature?’2

Bis-(diphenyl(3-(4,4,5,5-tetramethyl-1,3,2-dioxablan-2-yl)benzyl)phosphonium
bromide)ethanér

S]
BB Je!
o P/\/® I%’O
Ph, oBr O7z<

White solid, 208 mg, 84% vyield (0.50 mmol scaf¢). NMR (CDCk, 270 MHz)& (ppm):
8.01 (m, 8H), 7.75 (dd, 4H,= 7.3 Hz), 7.64 (dd, 8H] = 8.1 Hz), 7.53 (d, 2H] = 8.1 Hz),
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7.47 (d, 2HJ = 7.3 Hz ), 6.90 (dd, 2H] = 7.7 Hz), 6.55 (s, 2H), 5.00 (m, 4H), 3.49 (m, 4H)
1.19 (s, 24H)C NMR (CDCE) & (ppm): 136.5, 135.1, 134.5, 133.2, 130.3, 13028.5,
125.7, 116.7, 116.3, 115.9, 83.8 (4C), 29.6, 29942, 24.8 (8C), 13.9, 13.7, 13%P NMR
(CDCl) 6 (ppm): 29.7.

Bis-(diphenyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxablan-2-yl)benzyl)phosphonium
bromide)ethanér

White solid, 227 mg, 92% yield (0.50 mmol scafé).NMR (CDCk) & (ppm): 8.04 (m, 8H),
7.60-7.80 (2m, 12H), 7.29 (d, 4H,= 7.7 Hz), 6.79 (d, 4HJ = 4.7 Hz), 5.06 (m, 4H), 3.43
(m, 4H), 1.32 (s, 24H)*C NMR (DMSO-d) & (ppm): 135.3, 134.7, 133.7 (m), 130.6, 129.9,
129.8, 129.7, 118.8, 117.1, 116.7, 116.1, 115.58 88C), 67.0 (2C), 25.1 (2C), 24.6 (8C).
3P NMR (DMSO-@) & (ppm): 28.8.

General procedurefor the synthesis of compounds 23 via the Wittig reaction:
4,4,5,5-Tetramethyl-2-(4-styrylphenyl)-1,3,2-dioxablane23a

oL

6r (0.4 mmol, 224 mg) was dissolved in DMF (6 mL).nBaldehyde22a (0.4 mmol, 1.045
g.mL?, 40 pL) was added and then the potassitem-butoxide (1.2 mmol, 135 mg) was
added slowly. The mixture was stirred at room terajpee for 2 h. The solution was poured
in water (20 mL), neutralised with HCI (1M), exttad three times with EtOAc, washed with
water and a saturated sodium chloride solutioreddover anhydrous magnesium sulphate,
filtered and concentrated under reduced pressugivén294 mg of a yellow oil which was
purified by chromatography on silica gel, hexan®/k&t 95:5, to give 95 mg of the expected
product in mixture with some benzaldehyde. The pobavas treated with Ps-Ts-NHNKIL5
mg, 3.05 mmol.g, 0.05 mmol) in CHCl, overnight then filtered and concentrated under

reduced pressure to give 84 mg of the pure expameathound as a colourless oil in 69%
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yield which crystallised at room temperatui#Z = 44:56.*H NMR (CDCk) & (ppm): 7.79

(d, 1.6H,J = 8.4 Hz), 7.65 (d, 2H) = 8.1 Hz), 7.50 (d, 3HJ = 8.1 Hz), 7.35 (dd, 1.6H,

J = 7.0 Hz), 7.28-7.06 ppm (m, ~8H), 6.62 (d, 1H; 12.1 Hz), 6.57 (d, 1H] = 12.5 Hz),
1.34 and 1.32 (2s, 15HC NMR (CDCE) & (ppm): 140.2, 140.0, 137.2, 137.1, 135.2, 134.8,
134.6, 130.9, 130.1, 129.6, 128.9, 128.7, 128.8.512128.2, 128.1, 127.8, 127.2, 126.6,
125.8, 83.7 (2C), 24.9 (4C). Elemental analysis @t) found C: 77.7, H: 7.9, calcd for
Co0H230,B.0.04CHCI, C: 77.7, H: 7.5. The data are in accordance \iighiterature’’

4-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gygl)pyridine 23b

NQW//_@ Bgi

The crude product was purified by chromatographyitioa gel, hexane/EtOAc 1:1, to give
75 mg of the pure expected product as a white s0l#P% yield,E/Z = 43:57 (0.50 mmol
scale).'H NMR (E/Z = 28:72, CDGJ) & (ppm): 8.55 (d, 0.7H) = 5.5 Hz), 8.41 (d, 2H,
J=5.1 Hz), 7.80 (d, 0.8H] = 7.3 Hz), 7.66 (d, 2HJ = 7.3 Hz), 7.51 (d, 0.7H] = 7.7 Hz),
7.34 (m, 0.9H), 7.20 (m + d, 2K4 = 7.3 Hz), 7.05 (m, 2H), 6.77 (d, 1B= 12.1 Hz), 6.49
(d, 1H,J = 12.1 Hz), 1.31 (2s, 17H}>C NMR (E/Z = 28:72, CDGJ) 5 (ppm): 150.2, 149.8,
144.8, 144.5, 139.0, 138.7, 135.2, 134.8, 134.3.113128.1, 128.0, 126.9, 126.2, 123.5,
120.9, 83.9 (2C), 24.8 (4C). HRMS-ES (m/z) foun®.3816, calcd for [@H2,0,NB + H]*
308.1816. Elemental analysis CHN (%) found C: 71k, 6.9, N: 4.5, calcd for
Ci19H220,NB.0.16CHCI, C: 71.7, H: 7.0, N: 4.4, The data are in accordanith the

literature®’®

2,4-Ditert-butyl-6-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborol2yl)styryl)phenol23c

o

The crude product was purified by column chromaipgy on silica gel, hexane/GEl, 1:1
to give 19 mg of the pure expected product as auclass oil in 29% vyield/Z = 97:03 (0.15
mmol scale)H NMR (CDCk) & (ppm): 7.79 (d, 2HJ = 8.1 Hz), 7.68 (m, 0.7H), 7.50 (d,
2H,J = 8.4 Hz), 7.32 (d, 1H] = 16.5 Hz), 7.26 (m), 7.16 (d, 0.58I= 8.1 Hz), 7.00 (d, 1H,
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J=16.5 Hz), 1.43 (s, 8H), 5.13 (s, 1H), 1.34 ar@lL12s, 25H)**C NMR (CDCE) & (ppm):
135.2 (2C), 131.9 (2C), 131.7, 127.9 (2C), 125.€)(2124.9, 124.6, 124.0, 122.3, 120.0,
83.8, 38.7, 35.0, 31.3 (3C), 29.3 (3C), 24.9 (4W)e data are in accordance with the

literature®’@

2-(4-(4-Methoxystyryl)phenyl)-4,4,5,5-tetramethyB2-dioxaborolan@3d

The crude product was purified by chromatographitoa gel, hexane/Ci€l, 1:1, to give
34 mg of the pure expected product as yellow clysta68% vyield,E/Z = 91:9 (0.15 mmol
scale).*H NMR (CDCk) & (ppm): 7.76 (d, 2HJ = 8.4 Hz), 7.47 (d, 2H] = 8.4 Hz), 7.45 (d,
2H,J = 8.8 Hz), 7.12 (d, 0.7H] = 16.1 Hz), 6.96 (d, 0.7H},= 16.1 Hz), 6.88 (d, 2H] = 8.8
Hz), 6.72 (m, 0.2H), 6.50 (m, 0.2H), 3.81 (s, 3B)76 (s, 0.3H), 1.33 (s, 12H)®*C NMR
(CDCl) & (ppm): 159.4, 140.4, 137.6, 135.1, 134.6, 1303D.0, 129.2, 128.6, 128.2, 128.1,
127.8 (2C), 127.7, 126.5, 126.2, 125.5 (2C), 112Q), 113.6, 83.7 (2C), 55.2, 24.9 (4C).
Elemental analysis CH (%) found C: 75.5, H: 7.1¢caddor G;H2s03B C: 75.0, H: 7.5. The

data are in accordance with the literattfe.

2-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-gygl) pyridine 23e
O
@NV//_@B\O
—N

The crude product was purified by chromatographyiboa gel, CHCI./EtOAc from 0% to
50% of EtOAc to give 24 mg of the pure expecteddpod as a beige solid/oil in 50% vyield,
E/Z = 28:72 (0.15 mmol scale’d NMR (CDCk) & (ppm): 8.56 (d, 1.2H] = 4.8 Hz), 7.79 (d,
0.6H,J= 8.1 Hz), 7.67 (d, 2H] = 7.7 Hz), 7.63-7.52 (m, 1H), 7.50-7.35 (m, 1.4Hp8-7.20
(m), 7.20-7.02 (m, 2H), 6.82 (d, 1H,= 12.5 Hz), 6.70 (d, 1H] = 12.5 Hz), 1.32 (s, 15H).
13%C NMR (CDCE) & (ppm): 156.2, 155.1, 149.7, 149.3, 139.5, 1393%.64, 135.8, 135.2,
134.7, 133.3, 132.8, 131.0, 128.8, 128.7, 128.64,412424.0, 122.2, 121.9, 121.6, 115.9, 83.8
(2C), 24.9 (4C). HRMS-ES (m/z) found 308.1820, ddtwr [CeH»,0-NB + H]* 308.1816.
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4,4,5,5-Tetramethyl-2-(3-styrylphenyl)-1,3,2-dioxablane23f

Bizi
W

The crude product was purified by chromatographyitoa gel, hexane/EtOAc from 0% to
50% of EtOAc, to give 86 mg of the pure expectendpct as a colourless oil in 74% vyield,
E/Z = 40:60 (0.38 mmol scale)d NMR (CDCk) & (ppm): 7.96 (s, 0.7H), 7.69 (m, 1.2H),
7.65-7.56 (m, 3H), 7.50 (d, 1.3d,= 7.0 Hz), 7.40-7.28 (m, 2.4H), 7.28-7.07 (m, 86lp1

(d, 1H,J = 12.5 Hz), 6.56 (d, 1H] = 12.1 Hz), 1.33 (2s, 19H)*C NMR (CDCE) & (ppm):
137.4, 137.2, 137.1, 136.6, 135.5, 135.3, 134.8,41332.8, 132.0, 131.8, 131.4, 130.2 (2C),
129.3, 128.9, 128.7, 128.6, 128.1, 127.7, 127.3,41227.0, 126.5, 83.8 (2C), 24.8 (4C).

General procedurefor the SM coupling on compound 24:
N,N-Dimethyl-4'-vinylbiphenyl-4-amin@5a

RS US

24 (050 mmol, 75 mg), 7l (0.50  mmoaol, 100  mg), bis[1,2-
bis(diphenylphosphino)ethane]palladium(0) (0.005ahm mg), potassium carbonate (1.20
mmol, 166 mg), THF (5 mL) and water (5 mL) weregald in a microwave vial, purged with
nitrogen, sealed and stirred under microwave iataah (power 100 W) at 100 °C for 30 min.
The mixture was cooled to rt, diluted with EtOA©(@L) and filtered on Celife The filtrate
was washed with water and a saturated sodium delosplution, dried over anhydrous
magnesium sulphate, filtered and concentrated uretkrced pressure to give 139 mg of a
yellow solid. The crude product was purified byarhatography on silica gel, hexane/EtOAc
9:1, to give 70 mg of the pure expected produc gsllow solid in 63% yield. Yellow solid,
70 mg, 63% yield (0.5 mmol scaléHd NMR (CDCk) & (ppm): 7.56-7.50 (m, 4H), 7.44 (d,
2H,J = 8.2 Hz), 6.80 (d, 2H] = 9.0 Hz), 6.74 (dd, 1H}; = 17.6 Hz,J, = 10.9 Hz), 5.75 (d,
1H,J = 17.2 Hz), 5.22 (d, 1H] = 10.9 Hz), 3.00 (s, 6H}3*C NMR (CDCE) & (ppm): 150.0,
140.6, 136.6, 135.3, 128.7, 127.5 (2C), 126.6 (2€5.2 (2C), 113.1, 112.8 (2C), 40.6 (2C).
HRMS-ES (m/z) found 224.1433, calcd forif8:/N + H]" 224.1434. Elemental analysis
CHN (%) found C: 83.0, H: 7.23, N: 5.4, calcd fog¢d,/N.0.27EtOAc C: 83.0, H: 7.8,
N: 5.7. The data are in accordance with the liteedt'
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4-Nitro-4'-vinylbiphenyl25b

Yellow solid, 221 mg, 98% yield, (1 mmol scalé NMR (CDCk) & (ppm): 8.30 (d, 2H,
J=8.6 Hz), 7.74 (d, 2H] = 9.0 Hz), 7.61 (d, 2H] = 8.2 Hz), 7.54 (d, 2H] = 8.2 Hz), 6.77
(dd, 1H,J; = 17.6 Hz,J, = 10.9 Hz), 5.85 (d, 1H] = 17.6 Hz), 5.35 (d, 1H] = 10.9 Hz).

13C NMR (CDCE) & (ppm): 147.1 (2C), 138.3, 138.0, 136.0, 127.5 (42)7.0 (2C), 124.2
(2C), 115.1. Elemental analysis CHN (%) found C:.973H: 5.1, N: 6.2, calcd for
Ci14H110,N.0.1EtOAC C: 73.9, H: 5.1, N: 6.0.

5-Nitro-2-(4-vinylphenyl)pyridine25c

e

Yellow solid, 301 mg, 67% vyield, (2.2 mmol sca®#). NMR (CDCk) & (ppm): 9.49 (d, 1H,
J=2.7 Hz), 8.52 (dd, 1H}; = 2.7 Hz,J, = 8.6 Hz), 8.08 (d, 2H) = 8.2 Hz), 7.91 (d, 1H,
J=9.0 Hz), 7.56 (d, 2H] = 8.2 Hz), 6.79 (dd, 1H]; = 10.5 Hz,J, = 17.6 Hz), 5.89 (d, 1H,
J = 17.6 Hz), 5.39 (d, 1H) = 10.9 Hz)."*C NMR (CDC}) & (ppm): 162.0, 145.4, 142.9,
140.2, 136.3, 136.1, 132.0, 128.0 (2C), 127.0 (2ap.9, 116.0. HRMS-ES (m/z) found
227.0813, calcd for [GH100:N, + H]Y 227.0815. Elemental analysis CHN (%) found
C:69.2, H: 4.6, N: 12.3, calcd for4;00.N,C: 69.0, H: 4.5, N: 12.4.

3-Nitro-4'-vinylbiphenyl25d

NO,

Off-white solid, 282 mg, 63% yield, (2 mmol scalt).NMR (CDCk) & (ppm): 8.46 (m, 1H),
8.19 (ddd, 1H)J); = 8.1 Hz,J, = 2.2 Hz,J; = 1.1 Hz), 7.92 (d, 1H] = 7.7 Hz), 7.64-7.57 (2d,
3H,Jy = 7.7 Hz,J42 = 8.4 Hz), 7.53 (d, 2H] = 8.4 Hz), 6.78 (dd, 1H]; = 17.6 Hz J, = 11.0
Hz), 5.84 (d, 1H,) = 17.6 Hz), 5.33 (d, 1H] = 11.0 Hz).**C NMR (CDCE) & (ppm): 162.2,
148.8, 142.4, 137.9, 136.1, 132.8, 129.7, 127.3),(227.0 (2C), 122.0, 121.8, 114.9.
Elemental analysis CHN (%) found C: 73.6, H: 4.8,6\L, calcd for GH;,0,N.0.14EtOAC
C:73.6,H: 5.1, N: 5.9.
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4-Methyl-4'-vinylbiphenyl25f

White solid, 259 mg, 67% yield, (2.00 mmol scate) NMR (CDCL) & (ppm): 7.58-7.44 (3d,
6H, Ju = 8.4 Hz,Jp = 8.8 Hz,J43 = 8.4 Hz), 7.24 (d, 2H), 6.75 (dd, 1B, = 17.6 Hz,
J, = 11.0 Hz), 5.78 (d, 1H] = 17.6 Hz), 5.26 (d, 1H] = 11.0 Hz), 2.39 (s, 3H}°’C NMR
(CDCl) 6 (ppm): 140.6, 137.9, 137.1, 136.5, 131.4, 1295 ,(227.0 (2C), 126.8 (2C), 126.6
(2C), 113.7, 21.1. Elemental analysis CH (%) fou@d 91.2, H: 7.4, calcd for
C15H14.0.09EtOACC: 91.2, H: 7.3.

General procedurefor the CM reaction on compounds 25:
4-Nitro-4'-styrylbiphenyP8a

Q/N02

25b (0.50 mmol, 113 mgR6a (1.50 mmol, 172 pL, 0.909 g.rif, 27¢ (0.015 mmol, 9 mg),
and CHCI, (5 mL) were mixed and stirred under reflux (~ 45 and nitrogen atmosphere
for 6 hours. The mixture was cooled to rt, the titda were removed under reduced pressure
and the crude product purified by chromatographysitina gel, hexane/Ci€l, 6:4, to give
93 mg of the pure expected product as a yellondsali62% vyield,E/Z = 95:5.'H NMR
(CDCl3) & (ppm): 8.30 (d, 2HJ) = 8.6 Hz), 7.76 (d, 2H] = 8.8 Hz), 7.64 (s, 4H), 7.54 (d, 2H,
J=7.2 Hz), 7.38 (dd, 2H]) = 7.5 Hz), 7.29 (dd, 1H) = 7.5 Hz), 7.20 and 7.15 (2d, AB
system, 2H,J = 16.4 Hz), 6.69 and 6.62 (2d, AB system, 0.0dH; 12.3 Hz).}*C NMR
(CDCl) 6 (ppm): 147.1 (2C), 138.1, 137.6, 137.0, 130.0,.822C), 128.0, 127.7 (2C),
127.6, 127.5 (2C), 127.2 (2C), 126.7 (2C), 1242)(ZElemental analysis CHN (%) found
C:79.0, H: 5.5, N: 4.5, calcd for,g1150.N.0.04CHCI, C: 79.0, H: 5.0, N: 4.6.

2-(4-(4-Methoxystyryl)phenyl)-5-nitropyridin28b

/

Yellow solid, 164 mg, 75% yield, isomer E only (6.6nmol scale)!H NMR (CDCk) §
(ppm): 9.49 (d, 1HJ = 2.3 Hz), 8.51 (dd, 1H]; = 2.7 Hz,J, = 9.0 Hz), 8.10 (d, 2H] = 8.6
Hz), 7.91 (d, 1HJ = 9.0 Hz), 7.63 (d, 2H] = 8.6 Hz), 7.49 (d, 2H] = 9.0 Hz), 7.19 (d, 1H,
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J = 16.0 Hz), 7.03 (d, 1H = 16.4 Hz), 6.92 (d, 2H) = 8.6 Hz), 3.84 (s, 3H)*C NMR
(CDCl) 6 (ppm): 161.9, 159.7, 145.3, 142.6, 140.4, 1353,.9, 130.2, 129.7, 128.0 (4C),
126.9 (2C), 125.4, 119.6, 114.2 (2C), 55.4. HRMS{E8z) found 333.1231, calcd for
[CooH160sN5 + H]" 333.1234. Elemental analysis CHN (%) found C: 7H85.0, N: 7.9,
calcd for GoH1603N2.0.1EtOACC: 71.8, H: 5.0, N: 8.2.

General procedurefor the synthesis of compound 29:
4,4,5,5-Tetramethyl-2-(4-vinylphenyl)-1,3,2-dioxablane29

/ﬁ@@i

24 (6.76 mmol, 1.00 g), pinacol (6.80 mmol, 802 mgy dwo spatula tip of magnesium
sulphate were combined in anhydrous THF (55 mL)lafido stir at room temperature for 2
h. The mixture was filtered and concentrated umdduced pressure to afford 1.55 g of the
pure expected product as a colourless liquid imtjtaive yield (> 99%)*H NMR (CDCk) &
(ppm): 7.76 (d, 2HJ = 8.0 Hz), 7.40 (d, 2H) = 8.0 Hz), 6.72 (dd, 1H}; = 11.0 Hz and
J, = 17.6 Hz), 5.81 (d, 1H] = 17.6 Hz), 5.29 (d, 1H] = 11.0 Hz), 1.34 (s, 12H}*C NMR
(CDCl3) & (ppm): 140.2, 136.9 (2C), 135.0 (2C), 125.5 (A0)%.9, 83.8 (2C), 24.9 (4C).

The CM reactions on compou2d were achieved following the same procedure tharhie

CM reaction on compounds.

(E)-4,4,5,5-Tetramethyl-2-(4-styrylphenyl)-1,3,2-daorolane23a

o
B\oji

White solid, 97 mg, 65% yield (0.49 mmol scaf). NMR (CDCk) & (ppm): 7.80 (d, 2H,
J=8.0 Hz), 7.52 (dd, 4H}; = 8.0 Hz,J, = 2.7 Hz), 7.36 (dd, 2H] = 7.5 Hz), 7.26 (dd, 1H,
J = 7.5 Hz), 7.18 and 7.11 (2d, AB system, 2H= 16.0 Hz), 1.35 (s, 12H}°C NMR
(CDCl3) 6 (ppm): 140.0, 137.2, 135.2 (2C), 135.0, 129.7,.132C), 127.8, 127.6, 126.6,
126.5, 125.8 (2C), 83.8 (2C), 24.9 (4C). Elemenatalysis CH (%) found C: 78.0, H: 7.6,
calcd for GoH230,B.0.02CHCI, C: 78.1, H: 7.5.
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(E)-2-(4-(2-Cyclohexylvinyl)phenyl)-4,4,5,5-tetramgtHl, 3,2-dioxaborolan@3h

Ta et
0

White solid, 183 mg, 58% yield (1.02 mmol scaf¢).NMR (CDCk) & (ppm): 7.72 (d, 2H,
J=8.0 Hz), 7.33 (d, 2H] = 8.0 Hz), 6.34 (d, 1H] = 16.0 Hz), 6.24 (dd, 1Hl; = 16.0 Hz,
J, = 6.7 Hz), 2.18-2.08 (m, 1H), 1.83-1.64 (m, 5H)33L (s, 12H), 1.31-1.12 (m, 5H).
13C NMR (CDCb) & (ppm): 140.9, 138.0 (2C), 135.0 (2C), 127.3, 128@), 83.7 (2C), 41.2,
32.9 (2C), 26.2, 26.0 (2C), 24.9 (4C). Elementalysis CH (%) found C: 76.9, H: 9.6, calcd
for CyoH290,B C: 76.9, H: 9.4.

(E)-1,2-Bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborclyl)phenyl)ethan&0

0
puSaratact

Off white solid, 214 mg, 89% yield (1.01 mmol sdafti NMR (CDCk) & (ppm): 7.79 (d,
4H, J = 8.0 Hz), 7.52 (d, 4H) = 8.3 Hz), 7.18 (s, 2H), 1.33 (s, 24HJC NMR (CDCE) &
(ppm): 139.9 (2C), 135.2 (4C), 129.6 (2C), 125.€)(683.8 (4C), 24.9 (8C). Elemental
analysis CH (%) found C: 72.2, H: 8.7, calcd fogt4,04B, C: 72.3, H: 7.9.

General procedurefor the hydrogenation reaction on compouds 23 using the H-Cube:
4,4,5,5-Tetramethyl-2-(4-phenethylphenyl)-1,3,2xdioorolane31a

SEATALS

23a (0.07 mmol, 21 mg) was dissolved in EtOH/EtOAc fnikture (20 mL) and reduced by
hydrogenation in a H-Cube catalysed by platinundext 80 °C, 1 mL.mih The solution
obtained was concentrated under reduced pressgreed 7 mg of the expected product as a

yellow oil, which crystallised at room temperaturey7% vyield.
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General procedure for the hydrogenation reaction on compounds 23, 26 and 30 in batch
reaction:
4,4,5,5-Tetramethyl-2-(4-phenethylphenyl)-1,3,2x@dioorolane31a

aTatats

23a (0.72 mmol, 219 mg) was dissolved in EtOH (20 rahyl palladium on activated carbon
(22 mg) was added and the mixture was stirred agleriat room temperature under hydrogen
atmosphere. The mixture was filtered on C&8liaad the filtrate was concentrated to give 220
mg of the expected product as a yellow solid ir0%6%yield.'H NMR (CDCk) & (ppm): 7.73

(d, 2H,J = 8.1 Hz), 7.31-7.24 (m, 2H), 7.22-7.15 (m, 5H)Y22 (s, 4H), 1.34 (s, 12H).
3C NMR (CDCE) 5 (ppm): 145.1, 141.7, 134.9 (2C), 134.8, 128.4 (2A2B.3 (2C), 127.9
(2C), 125.9, 83.6 (2C), 38.1, 37.7, 24.9 (4C). Hatal analysis CH (%) found C: 77.1,
H: 8.1, calcd for gyH2s0,B.0.04CHCI, C: 77.2, H: 8.1.

4-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yigmethyl)pyridine81b

0
: —4 >*B
N/_\ 0

Beige solid, 245 mg, > 99% vyield (0.79 mmol scale) NMR (CDCk) & (ppm): 8.47 (d, 2H,
J=5.9Hz), 7.73 (d, 2H]) = 8.1 Hz), 7.16 (d, 2H] = 8.7 Hz), 7.07 (d, 2H] = 6.2 Hz), 2.93
(s, 4H), 1.34 (s, 12H)*C NMR (CDCE) & (ppm): 150.4, 149.7 (2C), 144.0, 135.0 (2C),
128.4, 127.9 (2C), 123.9 (2C), 83.7 (2C), 36.8 (229.9 (4C). HRMS-ES (m/z) found
310.1981, calcd for [GH240.NB + H]" 310.1973. Elemental analysis CHN (%) found
C: 73.8, H: 7.6, N: 4.4, calcd for;§H,40.NB C: 73.8, H: 7.8, N: 4.5,

2-(4-(4-Methoxyphenethyl)phenyl)-4,4,5,5-tetraméthy3, 2-dioxaborolan&lc

o]
/
avavs
\
0] Oi
/

Off white solid, 144 mg, 95% yield (0.45 mmol sdaf#d NMR (CDCk) & (ppm): 7.72 (d,
2H,J=8.1 Hz), 7.19 (d, 2H] = 8.1 Hz), 7.08 (d, 2H] = 8.4 Hz), 6.81 (d, 2H] = 8.8 Hz),
3.79 (s, 3H), 2.88 (m, 4H), 1.34 (s, 12KC NMR (CDCk) & (ppm): 157.8, 145.3, 134.8
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(2C), 133.8, 129.3 (2C), 128.4, 128.0 (2C), 112Q)( 83.7 (2C), 55.3, 38.4, 36.8, 24.9 (4C).
Elemental analysis CH (%) found C: 74.7, H: 8.0¢cddor C;H,70sB C: 74.6, H: 8.1.

4-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yigmethyl)aniline31d

o]
/
O B\
H2N O ©

Off white solid, 111 mg, 34% vyield over 2 stepsOQLmmol scale)*H NMR (CDCk) &
(ppm): 7.72 (d, 2HJ = 7.8 Hz), 7.19 (d, 2H] = 7.8 Hz), 6.96 (d, 2H] = 8.2 Hz), 6.62 (d,
2H, J = 8.6 Hz), 3.55 (m, 2H), 2.90-2.75 (m, 4H), 1.34 12H).**C NMR (CDC}) & (ppm):
145.5, 144.3, 134.8 (2C), 131.8, 129.2 (3C), 128@), 115.2 (2C), 83.6 (2C), 38.5, 36.9,
24.9 (4C).HRMS-ES (m/z) found323.2172, calcd for [GH260.N'"B + H]* 323.2166.
Elemental analysis CHN (%) found C: 74.1, H: 8d¢d for GoH260-NB C: 74.3, H: 8.1.

2-(4-(2-Cyclohexylethyl)phenyl)-4,4,5,5-tetramettiyB,2-dioxaborolan8le

aTatats

B\

O

White solid, 268 mg, 94% vyield (0.91 mmol scaf#).NMR (CDCk) & (ppm): 7.72 (d, 2H,
J=7.9Hz), 7.19 (d, 2H] = 8.3 Hz), 2.62 (dd, 2H] = 8.1 Hz), 1.80-1.60 (m, 5H), 1.56-1.45
(m, 2H), 1.33 (s, 12H), 1.30-1.10 (m, 4H), 0.9880(&, 2H).”*C NMR (CDCE) & (ppm):

146.8, 134.8 (3C), 127.9 (2C), 83.6 (2C), 39.23333.5, 33.3 (2C), 26.7, 26.3 (2C), 24.9
(4C). Elemental analysis (%) found C: 76.3, H: 1@dlcd for GoH3:0.B C: 76.4, H: 9.9.

1,2-Bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolagtphenyl)ethan&1g

0
e YA
= °
(¢}

White solid, 231 mg, 99% yield (0.54 mmol scal@ystallisation in CHCl,/MeOH.*H NMR
(CDCl) & (ppm): 7.72 (d, 4H)) = 8.3 Hz), 7.18 (d, 4H) = 8.3 Hz), 2.92 (s, 4H), 1.34 (s,
24H).**C NMR (CDC}) & (ppm): 145.0 (2C), 134.9 (6C), 127.9 (4C), 83.T)438.0 (2C),
249 (8C). Elemental analysis CHN (%) found C: 71.H: 8.3, calcd for
Ca6H3604B2.0.07CHCI, C: 71.1, H: 8.3.
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6-(4-(4-Methoxyphenethyl)phenyl)pyridin-3-amiB2b

\/NH2
o ) Ut
/m

Beige solid, 30 mg, 75% yield (0.13 mmol scaf¢).NMR (CDCk) & (ppm): 8.17 (d, 1H,
J=3.1Hz), 7.80 (d, 2H] = 8.2 Hz), 7.52 (d, 1H] = 8.6 Hz), 7.21 (d, 2H] = 8.20 Hz), 7.09
(d, 2H,J = 9.0 Hz), 7.04 (dd, 1H], = 3.1 Hz,J, = 8.2 Hz), 6.81 (d, 2H] = 9.0 Hz), 3.78 (s,
3H), 3.71 (m, 2H), 2.94-2.85 (m, 4HJC NMR (CDCE) 5 (ppm): 157.8, 148.2, 141.5, 141.2,
137.2,137.1, 133.9, 129.4 (2C), 128.8 (2C), 1280®), 122.4, 120.5, 113.7 (2C), 55.3, 37.9,
36.9. HRMS-ES(m/z) found 305.1642, calcd for §§4,00N, + H]" 305.1648. Elemental
analysis CHN (%) found C: 78.3, H: 6.6, N: 8.9,cdafor GoH200N,.0.04CHCI, C: 78.2,
H: 6.6, N: 9.1.

Compounds31 were coupled in SM coupling reactions as8loin Chapter 2.

4-Nitro-4'-phenethylbiphenyd3a

NOz

The crude product was purified by chromatographwitca gel, hexane/Ci€l, 1:1, to give
55 mg of the pure expected product as a yellowdsoliquantitative yield (> 99%) (0.17
mmol scale)!H NMR (CDCk) & (ppm): 8.28 (d, 2HJ = 9.2 Hz), 7.73 (d, 2H] = 8.8 Hz),
7.55 (d, 2H,J = 8.1 Hz), 7.15-35 (m, 7H), 2.97 ppm (s, 4HC NMR (CDCk) & (ppm):
149.8 (2C), 141.3, 136.7, 132.8 (2C), 129.7, 12913, 128.4, 127.2 (2C), 123.9 (2C), 121.9
(2C), 121.8 (2C), 36.9, 36.2. Elemental analysis\GPb) found C: 79.0, H: 5.8, N: 4.6, calcd
for C,oH170:N C: 79.2, H: 5.7, N: 4.6.

5-Nitro-2-(4-phenethylphenyl)pyridin&3b

“°2

Yellow solid, 94 mg, 89% yield (0.35 mmol scal&). NMR (CDCk) § (ppm): 9.48 (d, 1H,
J = 2.6 Hz), 8.51 (dd, 1H]; = 8.8 Hz,J, = 2.6 Hz), 8.02 (d, 2H] = 8.4 Hz), 7.89 (d, 1H,
J = 8.8 Hz), 7.15-35 (2m, 7H), 3.00 (m, 4H5C NMR (CDCE) & (ppm): 162.4, 145.3 (2C),
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145.1, 141.2, 134.8, 131.9, 129.4 (2C), 128.5 (A28.4 (2C), 127.7 (2C), 126.1, 119.7,
37.7, 37.6. Used as such for the next step.

4-(2-(3'-Nitrobiphenyl-4-yl)ethyl)pyridin&3c

NO,
5 ~O~<

The crude product was purified by chromatographitica gel, CHCI,/EtOAc 8:2, to give
82 mg of the expected product as an off white sali@2 % yield (0.33 mmol scaléHd NMR
(CDCl) & (ppm): 8.51 (d, 2HJ = 5.9 Hz), 8.45 (m, 1H), 8.19 (ddd, 18{,= 8.1 Hz,J, = 2.2
Hz,J;= 1.1 Hz), 7.90 (d, 1H] = 7.0 Hz), 7.60 (dd, 1H] = 7.7 Hz), 7.55 (d, 2H] = 8.4 Hz),
7.17 (d, 2HJ = 8.4 Hz), 7.11 (d, 2H] = 5.9 Hz), 3.00 (m, 4H):*C NMR (CDCE) & (ppm):
149.8 (2C), 142.6, 141.3, 132.9 (2C), 129.7 (2@1.2 (2C), 128.4, 127.2 (2C), 123.9 (20),
121.9, 121.8, 36.9, 36.2. MS-ES (m/z) found 30%acd for [GoH1¢0-N2 + H]" 305.1.
Elemental analysis CHN (%) found C: 74.8, H: 5.5,8\, calcd for @H160-N, C: 75.0,
H: 5.3, N: 9.2.

1-(4'-(2-(Pyridin-4-yl)ethyl)biphenyl-4-yl)ethanorddd

N

The crude product was purified by chromatographitica gel, CHCI,/EtOAc 6:4, to give
88 mg of the expected product as an off white soli@6% yield (0.34 mmol scaléHd NMR
(CDCl3) 6 (ppm): 8.50 (d, 2HJ) = 5.9 Hz), 8.03 (d, 2H] = 8.4 Hz), 7.68 (d, 2H] = 8.4 Hz),
7.56 (d, 2HJ = 8.1 Hz), 7.25 (d, 2H] = 8.4 Hz), 7.11 (d, 2H] = 5.9 Hz), 2.98 (m, 4H), 2.64
(s, 3H)C NMR (CDCE) & (ppm): 150.2, 149.8 (2C), 145.4, 140.9, 135.8,23229.1 (2C),
128.9 (2C), 128.6, 128.4, 127.3 (2C), 127.0 (2@4.Q, 36.9, 36.2, 26.7. HRMS-ES (m/z)
found 302.1541, calcd for pgH:1sON + HJ" 302.1539. Elemental analysis CHN (%) found
C: 82.1, H: 6.3, N: 4.0, calcd for,E1160N.0.2EtOAc C: 82.1, H: 6.5, N: 4.4.
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4-(4-Methoxyphenethyl)-4'-methylbiphen38e

/O

The crude product was purified by chromatographwiboa gel, hexane/Cyl, from 0% to
40% of CHCI,, to give 43 mg of the expected product as a wsolel in 75% vyield. (0.19
mmol scale)*H NMR (CDCk) & (ppm): 7.49 (d, 2HJ = 8.1 Hz), 7.48 (d, 2H] = 8.4 Hz),
7.23 (m, 4H), 7.12 (d, 2H] = 8.8 Hz), 6.83 (d, 2H] = 8.8 Hz), 3.79 (s, 3H), 2.90 (m, 4H),
2.38 (s, 3H)**C NMR (CDC}) & (ppm): 157.8, 140.7, 138.7, 138.2, 136.8, 13328,4 (2C),
129.3 (2C), 128.8 (2C), 126.8 (4C), 113.7 (2C)2587.8, 37.0, 21.1. Elemental analysis CH
(%) found C: 87.3, H: 7.6, calcd for4E,0 C: 87.4, H: 7.3.

1-(4'-(4-Methoxyphenethyl)biphenyl-4-yl)ethanoBi&f

. / . . ’
o Q H
/

The crude product was purified by chromatographyitioa gel, hexane/EtOAc 95:5-9:1, to
give 31 mg of the expected product as a white $nlB4% yield (0.18 mmol scaléH NMR
(CDCl) & (ppm): 10.05 (s, 1H), 7.95 (d, 2H= 8.4 Hz), 7.75 (d, 2H) = 8.1 Hz), 7.57 (d,
2H,J = 8.1 Hz), 7.27 (d, 2H), 7.12 (d, 2BI= 8.4 Hz), 6.84 (d, 2H] = 8.4 Hz), 3.80 (s, 3H),
2.93 (m, 4H)**C NMR (CDCE) & (ppm): 192.0, 157.9, 147.1, 142.4, 137.2, 1353B.6,
130.3 (2C), 129.4 (2C), 129.2 (2C), 127.4 (2C),.32(2C), 113.8 (2C), 55.3, 37.8, 36.9.
Elemental analysis CH (%) found C: 84.3, H: 6.T¢cador C,H,00, C: 83.5, H: 6.4.

2-(4-(2-Ferrocenylethyl)phenyl)-5-nitropyridir3dg

o NO.

Fe

Red solid, 167 mg, 41% vyield over 3 steps (1 mmoaled.’'H NMR (CDCk) & (ppm): 9.49
(d, 1H,J = 2.3 Hz), 8.51 (dd, 1Hl, = 9.0 Hz,J, = 2.7 Hz), 8.03 (d, 2H] = 8.2 Hz), 7.90 (d,
1H,J = 8.6 Hz), 7.34 (d, 2H] = 8.6 Hz), 4.12 (s, 5H), 4.06 (s, 4H), 2.90 (dd, 2, = 7.4 Hz,

J; = 5.9 Hz), 2.70 (dd, 2H}; = 7.4 Hz,J, = 5.9 Hz)."*C NMR (CDCk) & (ppm): 162.4,
145.5, 145.3, 142.7, 134.7, 131.9, 129.3 (2C), L.22C), 119.7, 88.1, 68.5 (5C), 68.1 (2C),
67.3 (2C), 37.5, 31.5. HRMS-ES (m/z) fouadd1.0996, calcd for [GH.00.N>Fe + H
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411.0994. Elemental analysis CHN (%) found C: 6B.94.9, N: 6.8, calcd for £H200.N.Fe
C:67.0,H: 4.9, N: 6.8.

1,2-Bis(4-(H-indol-5-yl)phenyl)ethan&3h

~
-0

Beige solid, 63 mg, 77% yield (0.20 mmol scaf&).NMR (CDCk) & (ppm): 8.17 (m, 2H),
7.86 (s, 2H), 7.60 (d, 4Hl = 8.2 Hz), 7.46 (s, 4H), 7.31 (d, 4Bi= 8.2 Hz), 7.25 (m, 2H),
6.61 (m, 2H), 3.02 (s, 4H}°C NMR (CDC}) & (ppm): 140.2 (2C), 140.0 (2C), 135.2 (2C),
133.3 (2C), 128.8 (4C), 128.4 (2C), 127.3 (4C), . I2RC), 121.9 (2C), 119.1 (2C), 111.2
(2C), 103.0 (2C), 37.6 (2C).

34a was synthesised following the general proceduretlie@ hydrogenation reaction on

compoud3 using the H-Cube.

4'-Phenethylbiphenyl-4-amirgla

oI

The crude product was purified by chromatographyitica gel, hexane/EtOAc from 0% to
30% of EtOAC, to give 7 mg of the expected procaga yellow oil/solid in 10% vyield (0.26
mmol scale)’H NMR (CDCk) & (ppm): 7.46 (d, 2HJ = 8.1 Hz), 7.41 (d, 2H] = 8.4 Hz),
7.33-7.17 (m, 7H), 6.75 (d, 2H,= 8.4 Hz), 3.73 (m, 2H), 2.94 (s, 4HJC NMR (CDC}) &
(ppm): 147.7, 141.9, 139.6, 139.0, 130.0, 128.7),(2@8.5 (2C), 128.4 (2C), 127.8 (2C),
126.2 (2C), 125.9, 113.0 (2C), 38.5, 38.0. Usesuat for the next step.

34b,c were synthesised following the general procedoretlie hydrogenation reaction on

compound£3, 26 and30 in batch reaction.
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6-(4-Phenethylphenyl)pyridin-3-amir3db

The crude product was purified by chromatographiboa gel, CHCI,/EtOAc 8:2, to give
51 mg of the pure expected product as an orangd Bol72% vyield (0.26 mmol scale).
'H NMR (CDCk) & (ppm): 8.18 (d, 1HJ = 2.6 Hz), 7.81 (d, 2HJ = 8.4 Hz), 7.53 (d, 1H,
J=8.4 Hz), 7.32-7.16 (m, 7H), 7.05 (dd, 1H= 8.4 Hz,J,= 2.9 Hz), 3.73 (m, 2H), 2.95 (s,
4H). °C NMR (CDCEk) & (ppm): 141.7, 141.5, 141.2, 136.8 (2C), 128.8 (32B.5 (2C),
128.3 (2C), 126.0 (2C), 125.9, 122.6, 120.6, 33BF. HRMS-ES (m/z) found 275.1541,
calcd for [GgHsgN2 + H]" 275.1543. Elemental analysis CH (%) found C: 8R:46.9, calcd
for C19H3sN2.0.08EtOAC C: 82.5, H: 6.7.

4'-(2-(Pyridin-4-yl)ethyl)biphenyl-3-amin&ic

NH,
N

The crude product was purified by chromatographgibca gel, CHCIl,/EtOAc from 50% to
80% of EtOAc, to give 47 mg of the pure expecteddpct as a white solid in 68% vyield
(0.25 mmol scale)'H NMR (CDCk) & (ppm): 8.49 (d, 2HJ = 6.2 Hz), 7.49 (d, 2H) = 8.1
Hz), 7.21 (m, 3H), 7.11 (d, 2H,= 6.2 Hz), 6.98 (d, 1H] = 7.7 Hz), 6.90 (m, 1H), 6.67 (ddd,
1H, J, = 7.7 Hz,J, = 2.5 Hz,J; = 1.1 Hz), 3.73 (m, 2H), 2.96 (s, 4HJC NMR (CDCEk) &
(ppm): 150.6, 149.6 (2C), 146.7, 142.1, 139.7, 43929.7, 128.7 (2C), 127.1 (2C), 124.0
(2C), 1175, 114.0, 113.7, 37.0, 36.2. HRMS-ES Imiaund 275.1546, calcd for
[CigH1gN2 + H]" 275.1543. Elemental analysis CH (%) found C: 831,6.8, calcd for
CigH1sN, C: 83.2, H: 6.6.

The functionalisation reaction of compourBdswas performed as fda in Chapter 3.
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3-Methyl-N-(6-(4-phenethylphenyl)pyridin-3-yl)butanami@sa

ry O~

O N 0@
The crude product was purified by chromatographitoa gel, CHCI,/EtOAc 8:2, to give
32 mg of the pure expected product as a beige sp#d% vyield (0.19 mmol scaledd NMR
(CDCl) 6 (ppm): 8.55 (s, 1H), 8.30 (d, 1K= 8.4 Hz), 7.87 (d, 2H] = 8.1 Hz), 7.68 (d, 1H,
J= 8.8 Hz), 7.53 (s, 1H), 7.30-7.10 (m, 7H), 2.984Hl), 2.26 (m, 3H), 1.02 (m, 6H)*C
NMR (CDCk) & (ppm): 171.2, 153.1, 142.5, 141.6, 140.6, 13633.3, 128.9 (2C), 128.5
(2C), 128.4 (2C), 128.0, 126.5 (2C), 125.9, 12@R9, 37.8, 37.6, 26.3, 22.5 (2C). HRMS-

ES (m/z) found 359.2109, calcd for J#,60N, + H]" 359.2118. Elemental analysis CHN
(%) found C: 80.4, H: 7.4, N: 7.6, calcd fo$,8,60N, C: 80.4, H: 7.3, N: 7.8.

N-(4'-(2-(Pyridin-4-yl)ethyl)biphenyl-3-yl)methandphonamide35b

OO0
N/\

The crude product was purified by chromatographgibca gel, CHCIl,/MeOH 95:5, to give
40 mg of the pure expected product as a beige 5088% yield (0.14 mmol scaled NMR
(dmso-@) 6 (ppm): 9.80 (m, 1H), 8.45 (d, 2H= 5.9 Hz), 7.52 (d, 2H] = 8.4 Hz), 7.46-7.36
(m, 3H), 7.34 (d, 2H) = 8.4 Hz), 7.28 (d, 2H]= 6.2 Hz), 7.19 (dd, 1H}, = 7.0 Hz,J, = 2.2
Hz), 3.02 (s, 3H), 2.95 (s, 4H).**C NMR (CDCk) & (ppm): 150.5, 149.6 (2C), 142.7, 140.4,
138.0, 137.2, 130.1, 129.0 (2C), 127.2 (2C), 12@&C), 119.2 (2C), 39.5, 36.9, 36.1.
HRMS-ES (m/z) found 353.1323, calcd forj8,00.N,S+ H]" 353.1318. Elemental analysis
CH (%) found C: 65.8, H: 5.7, calcd fopdB»00.N2S.0.18CHCI, C: 65.9, H: 5.6.
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Chapter 6: Synthesisand solid state study of methylbiphenylamides
6.1. Introduction

We previously observed that the reduction of theorgroup in compound$2 catalysed by
palladium on activated carbon gave the reduceddabdnzylated product: 4'-methylbiphenyl-
4-aminelda (Scheme 6.1; see Chapter 3.5).

H2

. . Pd/C . .
N EtOH/EtOAC
< ) 65 °C

N 1 mL.min"!
RS 12 14a

R3 = COCH,iPr (12n)
or SO,CH3; (120)

Scheme 6.1. Nitro group reduction catalysed with Pd/C of compads12n and12o.

As this product was not initially isolated in pul@m, it was in some cases difficult to
calculate the yields for the aniline functionalisatwhich took place afterwards. Hence, it
was decided to synthesid¢da by an unambiguous route in order to form biphergducts

(amides, sulphonamides) for solid state invesugafsee later).

We opted for the reaction of 4-methylphenylboroagid with 1-bromo-4-nitrobenzene in a
SM coupling reaction to give 4'-methyl-4-nitrobiplye The 4-tolylnitrobenzene could then
be reduced to give the expected 4'-methylbiphergttrdne (Scheme 6.2). This chemistry
would, in principle, be applicable to regioisomebi@monitrobenzenes, bromonitropyridine

and tolylboronic acids.

OH
O = Do = O e
OH

Scheme 6.2. Retrosynthetic analysis of 4'-methylbiphenyl-4-aei
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6.2. Synthesis of 4'-methylbiaryls

6.2.1. SM coupling reaction

The SM coupling reaction between 4-methylphenylbmroacid @6) and 1-iodo-4-
nitrobenzene Am) or 2-bromo-5-nitropyridine 7k) (Scheme 6.3) and was achieved using
tetrakis(triphenylphosphine)palladium(0) as prelyatausing the conditions previously used
(see Chapter 2).

Pd(PPh3)4

/OH — Na,CO3 -
OH X toluene X
EtOH
36 7 H0 37
pw, 150 °C, 10 min
7m:Y=1,X=CH 37a: X = CH, 95%
7k: Y =Br,X=N 37b: X =N, 90%

Conditions: Aryl halide (1.1 equiv.), Pd(PH(3 mol %), NaCO; (3 equiv.), toluene/ethanol/water 1:1:1,
microwave (power max. 300 W). Percentage yieldsmiafter purification by chromatography.

Scheme 6.3. SM coupling reaction d36.

The expected product87 were obtained in very good yield after purificatidoy
chromatography.

6.2.2. Nitro group reduction

The product87 were then reduced in order to obtain the aminivatves14 (Scheme 6.4).

Ha
Ra Ni

( > {—> NO H-Cube ( > \/—> NH
\ 2 > \
X / EtOH/EtOAC X / :
65 °C, 0.8 mL.min™"
37a: X=CH 14a: X = CH, 95%
37b: x=N 14e: X = N, 99%

Scheme 6.4. Nitro group reduction o37.

The expected products were obtained in very goeld wfter purification by chromatography.

6.2.3. Amine functionalisations

14a was reacted with different acid, or sulphonyl, otldes @) in order to obtain the
corresponding amide or sulphonamide. It also relawith 2,5-dimethoxytetrahydrofuradX)
to yield pyrrole derivatives (Scheme 6.5; Table 6.1
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9or15 R
(O —— LA,
R

14a 18

R* R%=H, SO,R, COR, pyrrole
R = alkyl, aryl

Scheme 6.5. NH> functionalisation reaction dfda.

Table 6.1. NH- functionalisation ofl4a.

Entry Reagent Conditions Products) Yield (%Y
acetic acid ~
1 15 uw, 115 °C, 15 min (O )30 s 86

2 od PS'N';Q,'\"l' EWC'Z O QN)H‘O 18a 71°

PS-NMM, CHCl,
3 of 16 io 18¢ 97
O\
PS-NMM, CHCl, O,
4 % ft, 16 h [° 1sd 81

N—
/

%|solated yields after purification by chromatodmmn silica gel® As seen in Chapter 3.

Compoundd8a-d were now synthesised and unequivocally obtaineeig good yields.

6.3. Crystallographic studies

6.3.1. Synthesis

The crystal structure obtained for the compo&a (see Chapter 3, Figure 3.5) was found to
be very interesting with three molecules in thenasetric unit (Z' = 3) and chains formed by
intermolecular N-HO hydrogen bonds. Therefore, a library of similampounds was
synthesised in order to compare their crystal sires with that ofl8a, to look at the
influence of variation around the biphenyl unit the final crystal structure (Scheme 6.6;
Table 6.2). The variation of the substituents oe thtrogen (e.g.18a vs 18e), the
regiochemistry on the biphenyl unit (el@e vs 18h) and the replacement of the biphenyl unit
by an aryl pyridinyl unit (e.gl18a vs 18n) were investigated. Not only were the amides or
related substituents varied around the biphenyl luni also the methyl group in the 2' and 3'
position of the biphenyl (e.d8k vs18l).
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9

—\_NH S- —\_N.

X CH2C|2 X
rt
14 18
R = tolyl, H R*=COR', SO,R'
X=CHorN R' = alkyl, aryl

Scheme 6.6. NH- functionalisation reaction df4.

Table6.2. NH, functionalisations o14.

Entry 14 9 Time (h) Product8) Yield (%)
1 A ) 14a o 48 ”;;o 18e  >099
2 14a %h 24 “}/L@ 18f 91

o
3 14a on 24 o 18g 82
NH, HN 0
4 14b % 16 B . 18h 89
o]
5 14b od 16 A .””Jﬂ> 18 74
(0]
14b 9n 16 e 18] 40
O
NH, HN P
6 14c od 16 Jﬂ> 18k K
O
7 a NH 14d 9b 16 ~ ”—< 18l 46
(0]
8 14d od 16 Jﬂ> 18m 52
o O«)w 1 o 16 v jﬁo 18n 34
10 ) u od 16 @}0 180 90

2|solated yields after purification by chromatogmgg® Not determined.

14b-d and14f were commercially available as amines or as theesponding HCI salts.
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Different amides and sulphonamidl8e-g were synthesised in order ttudy the resulting
compounds in theolid state. Son positionalisomers were synthesise18h-m. The position
of the amide group on the phenyl ring was changeh para- to meta- and the methyl group
from para- to meta- and ortho- in order to ascertairf the solid statestructure would be
influencedby these change

One of the phenyl rings was replaced by a pyric18n, which adds one more hydrogen b
acceptor to the molecul& phenylamidel8o, was synthesised to see if the biphenyl unit
necessary for a high Zalue.

The biphenylamides and sulphonamil8 were obtained in very good vyields i, for some

of them, crystals were grown in order to study th®nsingle crystal -ray crystallography.

6.3.2. XRay diffraction analysis for crystal structidetermination

Not all of the compound$3 were able to crystallise properly to give crys good enough for

structure determinatiofTable 6.3;Figure 6.1).

Table 6.3. Crystallographic data of compoungiga and18.

Entry 37aor18 Data Crystabtructure

Orthorhombic

Z=8

Monoclinic
2 18a P21/c See belo
Z=12

Monoclinic
3 18e P21/c See beloy
Z=24

Orthorhombic o R
4 18g Pbca P & wﬂ%ﬁ

Z=8

Orthorhombic
5 18h P212121
Z=4
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Entry 37aori8

Data

Crystal structur

6 18k

7 18m

8 18n

9 180

Orthorhombic
Pbca
Z=8

Monoclinic
P21/c
Z=4

Orthorhombic
Pbca
Z=8

Monoclinic
P21/c
Z=4

b)w

Figure 6.1. Crystal structure af8a (a) andl8e (b).
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37ais a simple nitrobiphenyl and was studied by X-caystallography as a comparator. In its
crystal structure, the molecule lies on a 2-folésaw the crystal, thus 2 asymmetric units of
atoms are shown, hence the repeat of atom labdbensn

The crystal structure df8e was found to be very interesting. The moleculeslakedvia
NH O hydrogen bonds and the asymmetric unit consistsixo independent molecules
(Z' = 6), which is twice that df8a.

The structure determination &8l was not fully completed because of the poor gualitthe
data obtained. However, preliminary data collecs@emed promising with 8 molecules in
the asymmetric unit (Z' = 88l will be recrystallised in order to obtain betteystals and

data.

The other compounds gave interesting crystal strastwhere Z' = 1, which were less

remarkable than those @Ba and18e. The biphenyl unit seems to be necessary to farm a
interesting lattice. The introduction of a pyridinait did not lead to more hydrogen bonds
and larger Z' values. The position of the methyl #re amide groups appears to influence the
solid state structure of the biphenylamides. Howetree crystallisation process has a large

influence on crystal formation, including temperatwsolvent(s) and concentration.

6.4. Conclusion

An unambiguous synthesis of 4'-methylbiphenyl-4+aarinas been achieved and it has been
found to be a useful synthon the synthesis of fanatised biphenyls. Compound8a-d
were obtained in very good yields. The synthesia afiethylbiarylamide derivatives library
was successful and led to the determination of wonystal structures, of which two were
noteworthy from a crystallographic point of viewterms of their high Z' values. The solid
state study of the influence of the functionalitydaregiochemistry in hydrogen bonded
biphenyls is not an easy process and further imgagins should be undertaken for
interpretations and conclusions to be given, indgdhermogravimetric and calorimetric

studies.
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6.5. Experimental proceduresand data
Experimental conditions and analytical methodsasréor Chapter 2
The SM couplings were achieved with the same praeeds in Chapter 2 f&.

4'-Methyl-4-nitrobiphenyB7a

~O~)e

The crude product was purified by chromatographysitina gel, hexane/EtOAc 9:1-8:2, to
give 203 mg of the pure expected product as arwbfte solid in 95% vyield (1.00 mmol
scale). The product was crystallised fromsCH and gave beige crystaf$i NMR (CDCL) §
(ppm): 8.28 (d, 2H) = 8.8 Hz), 7.72 (d, 2H] = 8.8 Hz), 7.53 (d, 2H) = 8.1 Hz), 7.31 (d,
2H, J= 8.1 Hz), 2.42 (s, 3H)*C NMR (CDCk) & (ppm): 147.6, 146.6, 139.1, 135.1, 129.9
(20), 127.5 (2C), 127.2 (2C), 124.1 (2C), 21.2 nkdatal analysis CHN (%) found C: 72.9,
H: 5.2, N: 6.3, calcd for 3H110,N C: 73.2, H: 5.2, N: 6.6. The data are in accoceanith

the literature:®

5-Nitro-2p-tolylpyridine 37b

- NO

Yellow solid, 96 mg, 90% yield (0.50 mmol scal®l NMR (CDCk) & (ppm): 9.47 (d, 1H,

J = 2.0 Hz), 8.50 (dd, 1HJ]; = 2.5 Hz,J, = 9.0 Hz), 8.00 (d, 2H) = 8.2 Hz), 7.88 (d, 1H,
J=9.4 Hz), 7.33 (d, 2H] = 8.2 Hz), 2.44 (s, 3H}*C NMR (CDCE) 5 (ppm): 162.5, 145.2,
142.6, 141.4, 134.3, 131.9, 129.9 (2C), 127.6 (Z1R.6, 21.4. HRMS-ES (m/z) found
215.0812, calcd for [GH1002N, + H]® 215.0815. Elemental analysis CHN (%) found
C: 67.4,H: 4.7, N: 13.2, calcd fornf;00,N, C: 67.3, H: 4.7, N: 13.1.
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The nitro group reductions were achieved with @mae procedure as in Chapter 318a.

4'-Methylbiphenyl-4-aminé4a

~ O™

Off-white solid, 144 mg, 95% yield (2.54 mmol sdaftH NMR (CDCk) & (ppm): 7.41 (d,
2H,J =8.8 Hz), 7.37 (d, 2H] = 8.8), 7.18 (d, 2H]) = 8.1 Hz), 6.73 (d, 2H] = 8.4 Hz), 3.68
(m, 2H), 2.35 (s, 3H)"*C NMR (CDCk) & (ppm): 145.5, 138.3, 135.9, 131.6, 129.4 (2C),
127.8 (2C), 126.3 (2C), 115.4 (2C), 21.0. HRMS-E&/z] found 184.1117, calcd for
[C1sH1aN + H]" 184.1121. Elemental analysis CHN (%) found C: 86147.2, N: 7.6, calcd
for CisH1sN C: 85.2, H: 7.2, N: 7.6.

6-p-Tolylpyridin-3-aminelde

o NH

Off-white solid, 80 mg, 99% yield (0.44 mmol scaf¢) NMR (CDCk) & (ppm): 8.16 (d, 1H,
J=2.7Hz), 7.78 (d, 2H] = 8.2 Hz), 7.51 (d, 1H] = 8.7 Hz), 7.22 (d, 2H] = 8.2 Hz), 7.03
(dd, 1H,J; = 2.7 Hz,J, = 8.7 Hz), 3.70 (m, 2H), 2.38 (s, 3HJC NMR (CDCE) & (ppm):
148.1, 141.1, 137.6, 136.9, 136.6, 129.4 (2C), 443C), 122.5, 120.5, 21.2. HRMS-ES
(m/z) found 185.1071, calcd for {@1:2N, + H]" 185.1073. Elemental analysis CHN (%)
found C: 78.0, H: 6.6, N: 15.0, calcd foyH:2N,C: 78.2, H: 6.6, N: 15.2.

The pyrrole synthesis was achieved with the sameepiure as in Chapter 3.

1-(4'-Methylbiphenyl-4-yl)iH-pyrrole 18b

~O0~~C

The crude product was purified by chromatographiboa gel, hexane/Ci€l, 1:1, to give
54 mg of the pure expected product as a beige 5p86% yield (0.27 mmol scaléHd NMR
(CDCl) 6 (ppm): 7.63 (d, 2HJ = 8.4 Hz), 7.51 (d, 2H] = 8.1 Hz), 7.45 (d, 2H] = 8.8 Hz),
7.27 (d, 2H), 7.13 (m, 2H), 6.37 (m, 2H), 2.41 3sl). *C NMR (CDCE) 5 (ppm): 139.7,
138.5, 137.3, 137.2, 129.6 (2C), 128.0 (2C), 128®), 120.7 (2C), 119.3 (2C), 110.4 (20C),
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21.1. Elemental analysis CHN (%) found C:. 86.3, B:6, N: 5.7, calcd for
C17H1sN.0.05CHCI, C: 86.2, H: 6.4, N: 5.9.

The amide couplings were achieved with the sameepiare as in Chapter 3.

Methyl 3-(4'-methylbiphenyl-4-ylamino)-3-oxopropate18c

White solid, 123 mg, 97% yield (0.45 mmol scafé).NMR (CDCk) & (ppm): 9.13 (m, 1H),
7.55 (d, 2H,J = 9.0 Hz), 7.48 (d, 2H) = 9.0 Hz), 7.40 (d, 2H) = 8.2 Hz), 7.17 (d, 2H,
J=7.8 Hz), 3.75 (s, 3H), 3.44 (s, 2H), 2.32 (s).3fC NMR (CDC}) 5 (ppm): 170.5, 162.6,
137.6, 137.4, 136.9, 136.4, 129.5 (2C), 127.4 (2@k.7 (2C), 120.4 (2C), 52.7, 41.2, 21.1.
HRMS-ES (m/z) found 284.1280, calcd forif8:70sN + H]" 284.1281. Elemental analysis
CHN (%) found C: 71.9, H: 6.2, N: 4.7, calcd for781703N C: 72.1, H: 6.1, N: 4.9.

2-(Dimethylamino)N-(4'-methylbiphenyl-4-yl)acetamidid

White solid, 95 mg, 81% vield (0.44 mmol scaf¢).NMR (CDCk) & (ppm): 9.14 (m, 1H),
7.65 (d, 2H,J = 8.6 Hz), 7.55 (d, 2H) = 8.6 Hz), 7.47 (d, 2H) = 8.2 Hz), 7.23 (d, 2H,
J = 7.8 Hz), 3.09 (s, 2H), 2.39 (m, 9HYC NMR (CDCk) & (ppm): 168.7, 137.7, 136.9,
136.8, 136.7, 129.5 (2C), 127.4 (2C), 126.7 (2C)9.1 (2C), 63.7, 46.0 (2C), 21.1.
HRMS-ES (m/z) found 269.1651, calcd forifB,0ON, + H]" 269.1648. Elemental analysis
CHN (%) found C: 76.0, H: 7.5, N: 10.2, calcd forl@,0ON, C: 76.1, H: 7.5, N: 10.4.

N-(4'-Methylbiphenyl-4-yl)acetamid&8e
OO

White solid, 77 mg, 100% vyield (0.33 mmol scaleyystallisation from CHCIl,/MeOH.
'H NMR (CDCh) & (ppm): 7.54 (m, 4H), 7.46 (d, 2H,= 8.4 Hz), 7.23 (d, 2H] = 8.1 Hz),
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7.19 (m, 1H), 2.39 (s, 3H), 2.20 (s, 3HJC NMR (CDCk) & (ppm): 168.2, 137.6, 137.2,
136.9 (2C), 129.5 (2C), 127.4 (2C), 126.7 (2C),.122C), 24.6, 21.1. HRMS-ES (m/z)
found 226.1220, calcd for f[gH:1sON + H]" 226.1226. Elemental analysis CHN (%) found C:
80.0, H: 6.8, N: 6.6, calcd for;€H:50N C: 80.0, H: 6.7, N: 6.2.

N-(4'-Methylbiphenyl-4-yl)benzamid&sf

White solid, 115 mg, 91% vyield (0.44 mmol scafé).NMR (DMSO-d) & (ppm): 10.33 (m,
1H), 7.97 (d, 2HJ = 8.6 Hz), 7.87 (d, 2H] = 8.6 Hz), 7.65 (d, 2H] = 9.0 Hz), 7.61-7.51 (m,
5H), 7.26 (d, 2HJ = 8.2 Hz), 2.34 (s, 3H)*C NMR (DMSO-@) & (ppm): 165.5, 138.4,
136.8, 136.3, 135.2, 134.9, 131.6, 129.5 (2C),42&C), 127.7 (2C), 126.5 (2C), 126.1 (2C),
120.6 (2C), 20.7. HRMS-ES (m/z) found 288.1384¢ddor [GoH17ON + H]" 288.1383.
Elemental analysis CHN (%) found C: 83.2, H: 6.0,4N\, calcd for GoH;70N.0.07CHOH
C:83.2,H: 6.0, N: 4.8.

N-(4'-Methylbiphenyl-4-yl)methanesulphonamitigy

White solid, 94 mg, 82% yield (0.44 mmol scale).y€tallisation from CHCIl,/MeOH.
'H NMR (CDCk) & (ppm): 7.55 (d, 2HJ = 8.4 Hz), 7.44 (d, 2H] = 8.4 Hz), 7.28-7.21 (m,
4H), 6.33 (m, 1H), 3.03 (s, 3H), 2.38 (s, 3HC NMR (CDCE) & (ppm): 138.6, 137.3, 137.1,
135.5, 129.6 (2C), 128.2 (2C), 126.7 (2C), 1213)(&B9.5, 21.1. Elemental analysis CHN
(%) found C: 63.7, H: 5.9, N: 5.3, calcd for,8150,NS.0.19CHOH C: 63.7, H: 5.9, N: 5.2.

N-(4'-Methylbiphenyl-3-yl)acetamid&sh

(0]
HN

White solid, 164 mg, 89% vyield (0.82 mmol scaleyystallisation from CHCIl,/MeOH.
'H NMR (CDCE) & (ppm): 7.69 (m, 1H), 7.48 (m + d, 384 = 8.0 Hz), 7.37 (dd, 1H = 8.0
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Hz), 7.32 (d, 1HJ = 7.6 Hz), 7.24 (d, 2H] = 8.0 Hz), 7.21 (m, 1H), 2.39 (s, 3H), 2.20 (s,
3H). **C NMR (CDC}) 5 (ppm): 168.3, 142.2, 138.3, 137.9, 137.4, 129(®)(229.4, 127.1
(2C), 123.1, 118.6, 118.5, 24.8, 21.2. HRMS-B®Z( found 226.1227, calcd for
[C15H150N + HT', 226.1226. Elemental analysis CHN (%) found C878L: 6.6, N: 6.1, calcd
for C;sH1s0ON C: 78.0, H: 6.7, N: 6.2.

N-(4'-Methylbiphenyl-3-yl)cyclopropanecarboxamiti

odh

O~

White solid, 186 mg, 74% vyield (1.00 mmol scaleyystallisation from CHCIl,/MeOH.
'H NMR (CDCk) & (ppm): 7.77 (m, 1H), 7.50-7.42 (d + m, 38d, = 8.2 Hz), 3.39 (m, 1H),
7.36 (dd, 1H,J = 7.8 Hz), 7.31 (d, 1H] = 7.8 Hz), 7.22 (d, 2H] = 8.2 Hz), 2.38 (s, 3H), 1.50
(m, 1H), 1.11 (m, 2H), 0.86 (m, 2HYC NMR (CDCk) & (ppm): 171.9, 142.1, 138.6, 137.9,
137.4, 129.5 (2C), 129.4, 127.1 (2C), 122.7, 1128), 21.2, 15.9, 8.1 (2C). Elemental
analysis CHN (%) found C: 81.1, H: 6.6, N: 5.3,ccalor G/H,7ON C: 81.2, H: 6.8, N: 5.6.

N-(4'-Methylbiphenyl-3-yl)methanesulphonamiti®j

White solid, 103 mg, 40% vyield (1.00 mmol scaleyystallisation from CHCIl,/MeOH.
'H NMR (CDCh) & (ppm): 7.47 (d, 2HJ = 8.0 Hz), 7.43-7.39 (m, 3H), 7.26 (d, 2H= 8.0
Hz), 7.20-7.16 (m, 1H), 6.36 (m, 1H), 3.04 (s, 3RI}0 (s, 3H)**C NMR (CDCE) 5 (ppm):
143.0, 137.8, 137.1, 137.0, 130.1, 129.6 (2C),@22C), 124.1, 119.2, 119.1, 39.5, 21.1.
Elemental analysis CHN (%) found C: 64.2, H: 6.0 51, calcd for g4H150,NS C: 64.3, H:
5.8, N: 5.4.
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N-(3'-Methylbiphenyl-3-yl)cyclopropanecarboxamitigk

oS

Beige solid (1.00 mmol scale). Crystallisation from @El,/MeOH. *H NMR (CDCLk)

8 (ppm): 7.80 (m, 1H), 7.51-7.26 (m, 7H), 7.16 (&4, D = 7.4 Hz), 2.40 (s, 3H), 1.52 (m,
1H), 1.11 (m, 2H), 0.86 (m, 2H}’C NMR (CDCE) & (ppm): 171.9, 142.3, 140.7, 138.5,
138.3, 129.3, 128.6, 128.2, 128.0, 124.3, 122.8,4112C), 21.5, 15.9, 8.0 (2C). Elemental
analysis CHN (%) found C: 80.6, H: 6.8, N: 5.5,ccafor C;7H170N.0.12CHOH C: 80.6, H:
6.9, N: 5.5.

N-(2'-Methylbiphenyl-3-yl)acetamid#sl

0]

A

White solid, 103 mg, 46% vyield (1.00 mmol scaleyystallisation from CHCIl,/MeOH.
'H NMR (CDCEk) 6 (ppm): 7.73-7.68 (m, 1H), 7.56-7.50 (m, 2H), 7(421H), 7.35 (dd, 1H,
J=7.8 Hz), 7.30-7.17 (m, 3H), 7.07 (d, 1Hz 7.4 Hz), 2.27 (s, 3H), 2.18 (s, 3HC NMR
(CDCl) 6 (ppm): 168.2, 142.8, 141.4, 137.6, 135.3, 130282, 128.7, 127.4, 125.7, 125.3,
120.6, 118.3, 24.7, 20.4. Elemental analysis CHNf(nd C: 79.2, H: 6.8, N: 6.2, calcd for
Ci15H150N.0.13CHOH C: 79.2, H: 6.8, N: 6.1.

N-(2'-Methylbiphenyl-3-yl)cyclopropanecarboxamiti&m

0]

5>

White solid, 131 mg, 52% vyield (1.00 mmol scaleyystallisation from CHCIl,/MeOH.

'H NMR (CDCEk) & (ppm): 7.52 (d, 1HJ = 7.8 Hz), 7.45 (s, 1H), 7.40 (m, 1H), 7.35 (dH, 1
J=7.8 Hz), 7.26-7.20 (m, 4H), 7.06 (d, 1Hs 7.4 Hz), 2.28 (s, 3H), 1.51 (m, 1H), 1.12-1.07
(m, 2H), 0.88-0.82 (m, 2H}*C NMR (CDCE) & (ppm): 171.8, 142.8, 141.4, 137.8, 135.3,
130.3, 129.7, 128.7, 127.4, 125.7, 125.0, 120.8.11120.5, 15.8, 8.0 (2C). Elemental
analysis CHN (%) found C: 81.0, H: 6.9, N: 5.6,ccalor G7H,7ON C: 81.2, H: 6.8, N: 5.6.
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N-(6-p-Tolylpyridin-3-yl)cyclopropanecarboxamidén

White solid, 26 mg, 34% yield (0.30 mmol scale).y€tallisation from CHCI,/MeOH.
'H NMR (CDCh) & (ppm): 8.57 (m, 1H), 8.25 (d, 1H,= 8.7 Hz), 7.85 (d, 2H] = 7.9 Hz),
7.68 (d, 1HJ = 8.7 Hz), 7.47 (m, 1H), 7.26 (d, 2Bl= 7.9 Hz), 2.40 (s, 3H), 1.59-1.52 (m,
1H), 1.16-1.11 (m, 2H), 0.93-0.88 (m, 2KC NMR (CDCE) & (ppm): 172.3, 140.4, 138.6,
136.1, 133.4, 129.5 (3C), 127.8, 126.4 (2C), 12024, 15.8, 8.3 (2C). HRMS-ES (m/z)
found 253.1332, calcd for [gH160N, + H]" 253.1335. Elemental analysis CHN (%) found
C: 75.8, H: 6.4, N: 11.0, calcd for £1,60N,.0.08CHOH C: 75.8, H: 6.5, N: 11.0.

N-Phenylcyclopropanecarboxamiti@o

@NH o
f
White solid, 87 mg, 90% vyield (0.60 mmol scale)y<tallisation from CHCl,. *H NMR
(CDCl) 6 (ppm): 7.50 (d, 2H) = 7.8 Hz), 7.43-7.26 (m, 1H), 7.31 (dd, 2H7 7.8 Hz), 7.09
(dd, 1H,J = 7.3 Hz), 1.49 (m, 1H), 1.09 (m, 2H), 0.84 (m,)2HC NMR (CDCE) 5 (ppm):
171.9, 138.2, 129.1 (2C), 124.1, 119.8 (2C), 18.0,(2C). HRMS-ES (m/z) found 162.0911,
calcd for [GoH1:ON + HJ" 162.0913. Elemental analysis CHN (%) found C: 7#36.9, N:
8.6, calcd for GH1;0ON C: 74.5, H: 6.9, N: 8.7.
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CONCLUSION

Boronates are important synthons in organic symhasd they can leadja the Suzuki-
Miyaura (SM) coupling reaction, to interesting beplyl derivatives with potential interest in

medicinal chemistry and a host of other fields.

Arylboronic acid pinacol esters are extremely velesatools for the synthesis of
functionalised boronates and biaryls. A varied ameresting library of arylboronic acid
pinacol ester derivatives was synthesigedmicrowave-mediated\& reactions, Wittig and
cross-metathesis (C™) reactions. Microwave-mediate&y2 reactions  on
(bromomethyl)phenylboronic acid pinacol ester ismnled to amino-, mercapto-, alkoxy-,

phenoxy- and phosphinomethylphenylboronic acid gphasters, as shown below.

Wittig and CM reactions led to the synthesis of\anylphenylboronic acid pinacol esters, as

shown below.

/o /o /O
A S Y e e
YO 4L

(0]

The aim of this project was to synthesise a librafrypiphenyl compounds mediated by the
SM coupling reaction. The facile SM coupling reant ofN- and O-substituted arylboronic
acid pinacol esters with aryl bromides has led tenaall library of biphenyls. The
optimisation of the conditions for the SM couplif S-substituted ando-substituted
arylboronates with aryl halides allowed the synihes interestingS-substituted andb-

substituted biaryls. (Piperazin-1-ylmethyl)biargingpounds represent a remarkable drug-like
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library of compounds. The arylethylbiaryl derivass obtained by the SM coupling of

arylvinylboronates add a significant value to thighlenyl library.

A library of approximately one hundred and thirtipleenyl compounds, including sixty
functionalised, elaborated, biphenyl compounds,dees synthesised and analysed thanks to
a multistep synthesis procedure using parallelr®sis, representative examples of which are

shown below.

UaWa 0 0
ﬂ o Q\ OO

The chemistry used for the synthesis of this bighdibrary is easily applicable to the
synthesis of drug-like molecules. Hence, a precuosa well-known drug, valsartan, was

also synthesised, as shown below.

O COOMe O COOH
N-N

N

= N/

H

valsartan
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Crystallographic analysis of some compounds gaveesanexpected results such as the
chloride-bridgedS-substituted biphenyl palladacycle, the 4-methyhdthylamide biphenyl
and the 4'-methyl-4-cyclopropylamide biphenyl shdvetow.

\
o OO, OO
S
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FUTURE WORK

» A study on the conditions for the preparation afymmetrical biaryl palladacycles.

Since the two reactions attempted led to a mixaifréhe expected product with chlorido-
bridged biaryl palladacycle or chloro-biaryl pabagcle (Chapter 4), optimistation studies
should be attempted in order to understand thetiomaand to selectively obtain the desired

products, especially the monomeric pincer, forlgdtastudies (see below).

\ / \
N ® N /
P PO g
s~ cCl s\ 4

» The synthesis of more arylethylbiaryl derivatives.

The synthesis of the arylethylbiaryl library (Cheppb) was achieved towards the end of the
project and some of the intermediates were nostoamed into final compounds, due to lack
of time. Some CM reaction on vinylbiphenyls shout#® undertaken followed by
hydrogenation of the carbon-carbon double bond.eMé¥ reactions on vinylphenylboronic

acid pinacol ester should be carried out in ordelbrbaden the scope of the arylethylbiaryl

library.

» Crystallographic study of biphenylamides.
The biphenylamidd8l should be recrystallised in order to obtain goadliy crystals for a
full structure determination by X-ray analysis,c&ra preliminary structure revealed a Z' = 8

for this compound.
(0]

avs)

18|
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Some biphenylamides did not crystallise in theedéht conditions used. An investigation
could be done on the different way of crystallisihgse compounds. Moreover, all the results
obtained should be discussed closely with crysiediphy collaborators (in Southampton
University) and material science experts to drawctgsions and maybe synthesise more
derivatives as well as delve into the applicatibmigh Z' molecules. Moreover, polymorph
analysisvia DSC and TGA is currently underway and will infora of the thermodynamic

stability of the crystals.
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ABSTRACT: A series of arylboronates has been synthesized
from the reaction of 2-(2-, (3-, or (4-(bromomethyl)phenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane 1{1—3} respec-
tively with a range of N-, S-, and O-nucleophiles, using
microwave-mediated chemistry. For the synthesis of N- and
S-substituted boronates, a supported base, PS-NMM, was
employed, and many reactions were complete within 15 min.

With O-nucleophiles, a mixture of tetrabutylammonium bromide, potassium carbonate, and sodium hydroxide was employed.
The resulting aminomethyl, mercaptomethyl, or alkoxy-/phenoxymethyl-arylboronates were subjected to microwave-mediated
Suzuki Miyaura coupling reactions to afford a range of biaryls in moderate to good yields. The X-ray structures of five boronates were

determined.

KEYWORDS: Suzuki coupling, microwave, boronic acid, nucleophilic substitution, biaryls, supported reagents

B INTRODUCTION

The biaryl motif is found in many natural and synthetic
products and as a privileged scaffold in medicinal chemistry,
notably in a variety of inhibitors of enzymes, transporter proteins,
and GPCR ligands as well as in herbicides," fungicides,2 chiral
ligands in catalysis, liquid crystals,* and novel materials (organic
conductors, organic electric wires) (Figure 1).5_7

The palladium-catalyzed Suzuki—Miyaura (SM) coupling
reaction is one of the most important and efficient strategies
for the construction of biaryls. This reaction involves the
coupling of organic halides, typically a bromide with organobor-
on compounds, in the presence of a base and a catalytic amount
of palladium complex.® Arylboronic acids are often synthesized
by a low-temperature transmetalation reaction and can be
difficult to modify or isolate. They are often purchased (many are
expensive) for use in SM couplings, which limits the scope of the
parallel synthetic process.®

We”" and others” have advocated the deployment of
pinacol-ester-protected arylboronic acids (ArBPin) 1 in biaryl
synthesis, given their ease of synthesis, purification, and stabil-
ity compared with their acid precursors. Moreover, 1 can be
functionalized, in parallel, by the use of a simple Sn2 reaction
with S- and N-nucleophiles, which can lead to a variety of analogs
3. By introducing a high degree of diversity on the ArBPin
coupling partner at an early stage,”'* not only is the scope of
the synthetic process increased and the range of biphenyls §
to be synthesized widened, but also the ArBPin compounds may
have interesting structural properties in their own right or

v ACS Publications ©2010 american chemical Society
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applications such as enzyme inhibitors or in molecular recogni-
tion (Scheme 1).5"

Our previously published preliminary attempted SM coupling
reactions on a few analogs 3 were unsuccessful, yielding proto-
deboronated species,” although we have recently found that the
use of MAOS (microwave assisted organic synthesis) can lead to
biaryl compounds,'>* notably employing literature conditions.'”
The aim of the current study was to extend the synthetic scope of
the SN2 reaction leading to a library of ArBPin using a variety of
N-, S-, and O-nucleophiles and to investigate SM couplings to
afford biphenyl products.

Il RESULTS AND DISCUSSION

The SN2 reaction of the pinacol ester 1{1} with a piperazine
derivative 2{1} was initially investigated with a view to reducing
the reaction time to minutes for it to be amenable to parallel
synthesis: previously, 1{1} was found to react at room tempera-
ture overnight with S-nucleophiles or at reflux for several hours
with N-nucleophiles.”® For this to be feasible, we attempted
microwave-mediated reactions, and using a rapid screen, the best
results were obtained when a supported base was employed as
base (PS-NMM) as opposed to potassium carbonate or excess
nucleophile. When required, supported scavengers, PS-trisa-
mine and PS-isocyanate, were used to remove unreacted
bromide or amine, respectively, and in general, yields of product
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were good to excellent (Table 1, Figure 2). In one case, we were
able to react a protected valine analogue (Table 1, entry 15) to
yield a precursor to valsartan (vide supra). The reaction of other
primary amines, including benzylamine as well as tautomerizable
heterocycles such as imidazoles, often led to a mixture of pro-
ducts, presumed to result from mono- or disubstitution reactions,
and these were not investigated further in the present study.

Next, we focused our attention to thiols as nucleophiles.
Hence, heteroaromatic thiols, such as 2-mercaptopyrimidine,
afforded the thioether derivatives 3{2,8} and 3{3,8} in excellent
yields using the standard conditions, although in some cases,
reaction times were slightly longer; cooled reaction mixtures
were assessed by TLC after 15 or 30 min reaction time, and if
incomplete, the reaction was extended an additional 15—30 min
(see Table 1). Aliphatic thiols were found to be unreactive when
employing a supported base; however, when treated with sodium
hydride prior to the microwave mediated reaction, an excellent
yield of thioether 3{2,13} was recorded (Figure 3). Sodium
thiomethoxide proved to be an effective nucleophile in the
synthesis of 3{1,12} and 3{3,12}.

The use of modified literature conditions enabled us to
synthesize ether containing boronates."®> Sodium hydride was
effective as base, although a combination of potassium carbonate,
sodium hydroxide, and tetrabutylammonium bromide gave
moderate to good yields; for example, 3{3,16} and 3{3,14}.
Limited success was achieved with an aliphatic alcohol as
nucleophile 3{3,17}.

To investigate the structures of the arylboronates in the
solid state, X-ray structure determinations on compounds 1{2},

25

3{2,10}, 3{3,8}, 3{1,6}, and 3{3,3} were carried out and are
shown in Figure 4 and in Figure S1 in the Supporting Information.

The geometry of the arylboronate rings in all five molecules is
very similar (Table S2 of the Supporting Information). The rings
are twisted in every case, with the angle between the least-squares
planes drawn through atoms B1, O2, and O3 and those drawn
through atoms O2, C3 and C4 ranging from 21.4° to 24.5°
(Table S2). In three out of five cases, 1{2}, 3{2,10}, and 3{3,3},
the least-squares plane drawn through atoms B1, 02, O3, and
C10 is almost parallel to the plane of the phenyl ring C10—CI15,
with the angle between the least-squares planes ranging from 4.2°
to 5.0° (Table S2). This angle is larger in structures 3{1,6} and
3{3,8}: 21.3° and 16.3° respectively.

Structure 3{1,6} has two substituents of the phenyl ring that
are in ortho positions, and it is thought that the steric hindrance
caused by this configuration is the reason for the twisting of the
plane of the phenyl ring away from the B1, 02, O3, C10 plane.
Structure 3{3,8} is the only one of the five structures in which a
JT—ot stacking interaction is formed, with the distance between
the least-squares planes drawn through the two pyrimidine rings
(C18, C20—C22, N19, N23) involved being 3.6 A (see Figure S1,
Supporting Information).

B SUZUKI COUPLINGS

Selected members of the arylboronate library were subjected
to SM couplings under microwave conditions. Good to excellent
yields were obtained for the coupling of meta-and para-ArBPin
derivatives. Excellent yields were observed for aryl halide coupling

dx.doi.org/10.1021/c0100011g |ACS Comb. Sci. 2011, 13, 24-31
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Table 1. Amine-Substituted Arylboronates

Time IsolatedYield
Entry  NuH2 (min) Product 3 %)
1 {1 15 % 100
{‘_/N
2 {2} 15 Qi 63
)
3 {3} 15 Qi 100
¢
4 {6} 15 o 100
o<
7<
o
5 {1} 15 C\HQ_Q%i 100
6 {2} 15 ﬂNQE"‘I 100
7 {3} 15 Omngeii 98
o
8 {6} 15 E qu bﬁ 75
Sl
9 4 30 Zi 100
() o
(ﬂ}{i
10 {1 30 ) 93
o
11 2} 15 m)’ O oi 100
12 {3} 40 @’ O oi 99
O
13 {6} 45 Oz(@ 95
£
o
14 {5} 35 s C R‘I 100
15° {7} 120 {f°°°“‘e 72

“ Microwave, PS- NMM base. ” Two equivalents of (1)-Val(OMe), 140 °C.

partners substituted with electron-withdrawing groups (e.g.
5{2,3,4}), as opposed to moderate yields for aryl halides sub-
stituted with electron-rich groups (e.g. 37% yield obtained for
5{24,5}). Tetrakis(triphenylphosphine)palladium(0) is a very
efficient precatalyst for the SM cross-coupling process” and was
effective in the presence of sodium carbonate as base, a toluene/
ethanol/water solvent system, under microwave conditions”” to
afford, for example, 5{3,1,14} in good yields (Figure S).

These coupling conditions do not appear to be appropriate for
either S- or ortho-substituted arylboronic acid pinacol ester coupling

26
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Figure 2. Building blocks used.

partners. In these two cases, protodeborylation products, starting
materials, or both were observed. An O-substituted compound gave a
moderate yield of 38% of the expected biphenyl 5{3,14,3}.

Finally, we investigated the coupling reaction in the synthesis
of a precursor to valsartan, an antihypertensive.'*'> The known
compound 7{3,7,1},"* synthesized from 3{3,7}, was coupled
with both bromobenzene and 2-bromobenzonitrile in acceptable
yields (Scheme 2). The biphenyl derivative 8{3,7,1,8} is a known
intermediate in the synthesis of valsartan.'**'> The 'H NMR
spectra of the compounds showed the presence of rotamers as
noted in other publications; for 7{3,7,1}, increasing the tem-
perature (and changing the solvent to DMSO-dg) led to coales-
cence (see Experimental Procedures).

A previous synthesis of 8{3,7,1,8} employed a reductive
amination of 2-cyano-4'-formylbiphenyl (formed from a decar-
boxylative coupling in 80% yield) with a protected valine
derivative followed by treatment with valeroyl chloride, in an
overall yield of around 70%."* Analog 7{3,7,1} has been shown
to undergo direct SM couplings with phenyltetrazole halides
under thermal conditions. Our attempts using protected and
unprotected phenyltetrazole chlorides or bromides under micro-
wave conditions gave unsatisfactory yields.

Current studies are aimed at expanding the scope of the SM
coupling reaction involving the arylboronate library as coupling
partners, especially in regard to the use of thioether or ortho-
substituted ArBPin, and will be reported in due course.

B CONCLUSION

Alibrary of N- and S-substituted arylboronates can be synthe-
sized using MAOS coupled with supported reagents to ease workup.

dx.doi.org/10.1021/c0100011g |ACS Comb. Sci. 2011, 13, 24-31
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O-substituted analogues were formed under solventless condi-
tions. SM coupling reactions of the arylboronates with aryl
halides led to a library of biphenyls.

B EXPERIMENTAL PROCEDURES

All reactions were carried out in air, and commercial grade
solvents and materials were used except where specified. Sup-
ported reagents PS-NMM, -trisamine, and -isocyanate were
purchased from Biotage or Novabiochem. NMR spectra were
measured on a Jeol EX270 spectrometer at 270 MHz ("H) and
75 MHz (*C) in CDCl;. Microwave reactions were performed
in a CEM Discover unit. Elemental analyses were performed on a
CE Instruments apparatus. Chromatographic purification was

27

carried out on an ISCO purification unit using Redisep silica gel
columns. Purities of compounds were assessed by inspection of
their NMR spectra, and a large number of solid compounds were
analyzed by combustion analysis. General procedures are given
below, and analytical data for compounds can be found in the
Supporting Information.

General Procedure for the Synthesis of 3. 2-(4-(2-(4,4,5,5-
Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)piperazin-1-yl)  Pyri-
midine, 3{1,1}. Compound 1{1} (0.5 mmol, 149 mg), 1-(2-pyri-
midyl)piperazine 2{1} (0.7 mmol, 0.1 mL), PS-NMM (0.75 mmol,
2.28 mmol g~ ', 329 mg), and THF (2 mL) were mixed in a
microwave vial. The mixture was stirred under microwave irra-
diation at 150 °C for 20 min. The mixture was cooled to room
temperature and filtered. The filtrate was concentrated under

dx.doi.org/10.1021/c0100011g |ACS Comb. Sci. 2011, 13, 24-31
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reduced pressure to afford 229 mg of a yellow oil, which con-
tained unreacted 2{1}, observed by TLC and 'H NMR ana1y51s
The oil was treated with PS-trisamine (0.1 mmol, 3.34 mmol g™,
30 mg) and PS-isocyanate (0.2 mmol, 1.58 mmol g_l, 127 mg) in
THF under microwave irradiation at 150 °C for 5 min, cooled to
room temperature, and filtered. The filtrate was concentrated
under reduced pressure to give 210 mg of the expected product as
abeige solid in 100% yield. "H NMR (CDCl;) 6 (ppm): 8.22 (d,
2H, ] = 4.8 Hz), 7.65 (d, 1H, J = 7.3 Hz), 7.20—7.35 (m, 3H),
6.40 (dd, 1H, ] = 4.8 Hz), 3.68 (m, 6H), 2.42 (m, 4H), 1.28 (s,
12H). *C NMR (CDCl;) 6 (ppm): 157.7 (2C), 135.1, 130.9,
130.0, 129.3, 128.8, 126.5, 125.5, 109.7, 83.4 (2C), 62.1, 52.8
(2C), 43.5 (2C), 25.1 (4C). HRMS-ES (m/z) found, 381.2462;
caled for [Cy H,90,N,B + H] T, 381.2456. Elemental analysis
CHN (%) found: C, 66.0, H, 7.7, N, 14.3. Calcd for C,;H,50,-
N,B: C, 66.3; H, 7.7; N, 14.7.
(S)-Methyl-3-methyl-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)benzylamino) Butanoate 3{3,7}. [Note: Stench for
thiols and thiomethoxides.] Compound 1{3} (0.89 mmol, 264
mg), L-valine methyl ester (1.79 mmol, 234 mg), PS-NMM (1
mmol, 250 mg), and THF (3 mL) were mixed in a microwave
vial and stirred under microwave irradiation at 130 °C for 2 h.
The mixture was cooled to room temperature, filtered, and
concentrated to give 417 mg of a yellow oil, which was purified
by chromatography on silica gel, hexane/EtOAc from 0% to 20%
of EtOAG, to give 222 mg of the expected product as a pale yellow
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oil in 72% yield. '"H NMR (CDCls) 6 (ppm): 7.76 (d, 2H, = 7.7
Hz), 7.35 (d, 2H, J = 8.1 Hz), 3.86 (d, 1H, ] = 13.2 Hz), 3.72
(s,3H), 3.58 (d, 1H, J = 13.2 Hz),2.99 (d, 1H, ] = 6.2 Hz), 1.90
(sex, 1H, J = 7.0 Hz), 1.80 (m, 1H, NH), 1.34 (s, 12H), 0.93 (2d,
6H, J = 7.0 Hz). *C NMR (CDCl;) 6 (ppm): 175.8, 143.3,
134.8 (3C), 127.6 (2C), 83.7 (2C), 66.4, 52.5, 51.4, 31.7, 24.8
(4C), 19.3, 18.6. HRMS-ES (m/z) found, 347.2378; calcd for
[C1oH300,NB + H]Y, 347.2377.
4,4,5,5-Tetramethyl-2-(2-(methylthiomethyl)phenyl)-1,3,2-di-
oxaborolane 3{1,12}. Compound 1{I1} (1 mmol, 297 mg),
sodium thiomethoxide (1 mmol, 70 mg), and THF (3 mL) were
mixed in a microwave vial. The mixture was stirred under
microwave irradiation at 150 °C for 20 min. THF was removed
under reduced pressure. The product was diluted in water and
CH,Cl,, extracted by CH,Cl,, washed with a saturated sodium
chloride solution, dried over anhydrous magnesium sulfate, fil-
tered, and concentrated under reduced pressure to give 225 mg
of the expected product as a pale yellow oil in 85% yield. "H
NMR (CDCl;) 6 (ppm): 7.77 (d, 1H, ] = 7.3 Hz), 7.34 (dd, 1H,
] =8.4Hz),7.18—7.30 (m, 2H), 3.97 (s, 2H), 1.93 (s, 3H), 1.34
(s, 12H). >C NMR (CDCl;) 6 (ppm): 149.4, 145.3, 136.1,
130.5, 129.4, 126.1, 83.6 (2C), 37.4, 24.9 (4C), 14.7.
2-(3-(Butylthiomethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane 3{2,13}. n-Butylthiol (1 mmol, 107 uL, 0.842 g
mL "), sodium hydride (1 mmol, 40 mg), and THF (2 mL) were
mixed in a microwave vial and stirred at room temperature for

dx.doi.org/10.1021/c0100011g |ACS Comb. Sci. 2011, 13, 24-31
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1S min, then a solution of 1{2} (1 mmol, 297 mg) in THF
(2 mL) was added. The mixture was stirred under microwave
irradiation at 150 °C for 15 min. THF was removed under
reduced pressure. The product was diluted in water and CH,Cl,,
extracted by CH,Cl,, washed with a saturated sodium chloride
solution, dried over anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure to give 270 mg of the
expected product as a pale yellow liquid in 88% yield. "H NMR
(CDCl3) 6 (ppm): 7.70 (s, 1H), 7.65 (d, 1H, J = 7.3 Hz), 7.42
(d, 1H, ] = 7.7 Hz), 7.30 (dd, 1H, ] = 7.3 Hz), 3.69 (s, 2H), 2.39
(t, 2H, J = 7.3 Hz), 1.53 (m, 2H), 1.36 (m, SH), 1.32 (s, 12H).
3C NMR (CDCl3) 6 (ppm): 137.9, 135.1 (2C), 133.3, 131.7,
127.9, 83.8 (2C), 36.2, 31.3, 31.1, 24.9 (4C), 22.0, 13.6.

General Procedure for O-Nucleophiles. 44,55-Tetra-
methyl-2-(2-(phenoxymethyl)phenyl)-1,3,2-dioxaborolane 3-
{1,14}. Compound 1{I1} (1.00 mmol, 298 mg), phenol (1.03
mmol, 97 mg), sodium hydroxide (1.13 mmol, 45 mg), potassium
carbonate (4.00 mmol, 552 mg), and tetrabutylammonium bromide
(0.10 mmol, 32 mg) were mixed in a microwave vial. The mixture
was stirred under microwave irradiation at 110 °C for 5 min. The
mixture was cooled to room temperature, diluted with EtOAc and
water, extracted with EtOAc, washed with a saturated sodium
chloride solution, dried over anhydrous magnesium sulfate, filtered,
and concentrated under reduced pressure to give 269 mg of a brown
oil. The crude product was purified by chromatography on silica gel,
hexane/EtOAc 9:1, to give 144 mg of the expected product as a
yellow oil in 46% yield. 'H NMR (CDCl;) 0 (ppm): 7.84 (d, 1H,
J=73Hz),7.53(d, 1H,]=7.7Hz),7.44 (dd, 1H, ], = 1.5Hz, ], =
7.3 Hz), 7.34—7.23 (m, 3H), 6.97 (d, 2H, ] = 8.8 Hz), 6.91 (d, 1H,
J =73 Hz), 534 (s, 2H), 1.33 (s, 12H). *C NMR (CDCl;)
(ppm): 159.1, 1434, 1364, 1359, 131.1, 129.3 (2C), 127.4, 127.0,
120.5, 114.8 (2C), 83.7 (2C), 69.4, 24.8 (4C).

2-(4-(Butoxymethyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-di-
oxaborolane 3{3,17}. n-Butanol (1 mmol, 91 uL,0.811 gmL "),
sodium hydride (2 mmol, 80 mg), and THF (3 mL) were mixed
in a microwave vial and stirred at room temperature for 15 min,
then 1{3} (1 mmol, 297 mg) was added, and the mixture
was stirred under microwave irradiation at 150 °C for 15 min.
THF was removed under reduced pressure. The product was
diluted in water and CH,Cl,, extracted by CH,Cl,, washed with
a saturated sodium chloride solution, dried over anhydrous
magnesium sulfate, filtered, and concentrated under reduced
pressure to give 247 mg of a colorless oil. The product was
purified by chromatography on silica gel, CH,CL, to give 139 mg
of the expected product as a colorless oil in 48% yield. "H NMR
(CDCl;) 6 (ppm): 7.77 (d, 2H, J = 8.1 Hz), 7.32 (d, 2H, ] =
8.4 Hz), 4.50 (s,2H), 3.43 (t,2H, ] = 6.6 Hz), 1.60 (m, 2H), 1.35
(m, 2H), 1.32 (s, 12H), 0.89 (t, 3H, J = 7.3 Hz). *C NMR
(CDCl;) 6 (ppm): 142.0, 134.8 (3C), 126.7 (2C), 83.7 (2C),
72.7,70.2, 31.8,24.9 (4C), 19.4, 13.9.

General Procedure for Pd(OAc), Mediated SM Couplings.
2-(4-((4-Nitrobiphenyl-4-yl)methyl)piperazin-1-yl)pyrimidine
5{3,1,1}. 2-[4-(1-(4-(2-Pyrimidyl)piperazine )methyl)phenyl]-
4,4,5,5-tetramethyl-1,3-dioxaborolane 3{1,1} (0.5 mmol, 190 mg),
1-bromo-4-nitrobenzene 4{1} (0.5 mmol, 101 mg), palladium-
(II) acetate (0.00S mmol, 1 mg), sodium carbonate (1 mmol, 106
mg), tetrabutylammonium bromide (0.5 mmol, 161 mg), and
water (2 mL) were mixed in a microwave vial. The mixture
was stirred under microwave irradiation at 150 °C for 10 min.
The mixture was cooled and diluted with EtOAc and water. The
separated organic layer was washed with a saturated sodium
chloride solution, dried over anhydrous magnesium sulfate, filtered,
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and concentrated under reduced pressure to give 105 mg of
the expected product as a brown solid in 56% yield. "H NMR
(CDCly) 0 (ppm): 8.27 (2d, 4H), 7.73 (d, 2H, ] = 8.8 Hz), 7.59
(d, 2H, ] = 8.4 Hz), 7.51 (d, 2H, J = 8.4 Hz), 6.46 (dd, 1H, ] =
4.8 Hz), 3.83 (m, 4H), 3.59 (s, 2H), 2.52 (m, 4H). *C NMR
(CDCL3) 6 (ppm): 161.7, 157.7 (2C), 147.4, 147.0, 139.2 (2C),
129.8 (2C), 127.6 (2C), 127.3 (2C), 124.1 (2C), 109.8, 62.6,
53.0 (2C), 43.6 (2C). HRMS-ES (m/z) found, 376.1770; calcd
for [C,1H,,0,N5 + H] ™, 376.1768. Elemental analysis CH (%)
found: C, 65.2; H, 5.7. Caled for C,;H,;0,N;5-0.17CH,Cl,:
C, 652; H, 5.5.

General Procedure for Pd(PPhs),-Mediated SM Couplings.
1-[4'-(4-Pyrimidin-2-yl-piperazin-1-ylmethyl)-biphenyl-4-yl]-etha-
none 5{3,1,4}. 2-{4-[4-(4/4,5,5-Tetramethyl-[1,3,2]dioxaborolan-
2-yl)-benzyl]-piperazin-1-yl}-pyrimidine 3{3,1} (0.3 mmol, 115
mg), 4-bromobenzophenone (0.35 mmol, 70 mg), tetrakis-
(triphenylphosphine)palladium(0) (0.01 mmol, 12 mg), sodium
carbonate (0.9 mmol, 95 mg), toluene (1 mL), ethanol (1 mL),
and water (1 mL) were mixed in a microwave vial. The mixture
was stirred under microwave irradiation at 150 °C for 10 min
then cooled to room temperature, diluted with EtOAc and water,
and extracted with EtOAc. The separated organic layer was
washed with a saturated sodium chloride solution, dried over
anhydrous magnesium sulfate, filtered, and concentrated under
reduced pressure to give a crude product, which was purified by
chromatography on silica gel, CH,Cl,/EtOAc 1:1, to give 79 mg
of the expected product as a white solid in 71% yield. "H NMR
(CDCL3) 6 (ppm): 8.31 (d, 2H, ] = 4.8 Hz), 8.04 (d, 2H, ] = 8.8
Hz),7.70 (d, 2H, ] = 8.4 Hz), 7.61 (d, 2H, ] = 8.1 Hz), 7.46 (d,
2H, ] = 8.4 Hz), 6.48 (dd, 1H, ] = 4.8 Hz), 3.85 (m, 4H), 3.61 (s,
2H), 2.65 (s, 3H), 2.55 (m, 4H). *C NMR (CDCl;) 6 (ppm):
197.7,161.7,157.7 (2C), 145.5, 138.8, 138.2, 135.8, 129.8 (2C),
1289 (2C), 1272 (2C), 127.1 (2C), 109.8, 62.7, 53.0 (2C),
43.7 (2C), 26.6. HRMS-ES (m/z) found, 373.2023; calcd for
[Cy3H,4ON, + HJ]", 373.2023. Elemental analysis CHN (%)
found: C, 73.6; H, 6.4; N, 14.2. Caled for C,3H,,0 N,
0.34EtOAc: C, 73.6; H, 6.7; N, 14.3.

(S)-Methyl-3-methyl-2-(N-(4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-))benzyl) Pentanamido)butanoate 7{3,7,1}. Compound
3{3,7} (2.06 mmol, 714 mg), valeroyl chloride (4.12 mmol,
0.995 ¢ mL™", 0.50 mL), triethylamine (2.10 mmol, 0.726 g
mL ™", 0.31 mL), and THF (10 mL) were mixed and stirred at
room temperature for 3 h. THF was removed, and the mixture
was diluted with EtOAc, washed with water and a saturated
sodium chloride solution, dried over anhydrous magnesium
sulfate, filtered, and concentrated to give 1.006 g of a yellow oil
which was purified by chromatography on silica gel, hexane/
EtOAc from 0 to 20% of EtOAc to give 763 mg of the expected
product as a yellow oil in 86% yield. "H NMR mixture of
rotamers (CDCl;) 6 (ppm): 7.76 and 7.69 (2d, 2H, J =
8.1 Hz), 7.17 and 7.14 (2d, 2H, ] = 8.1 Hz), 5.00 and 4.91 (2d,
1H, J4, = 10.4 Hz, J4, = 15.3 Hz), 4.63 (s, 1.5H), 4.32 (d, 0.25H,
J = 15.4 Hz), 4.03 (d, 0.25H, J = 10.6), 3.44 and 3.37 (2s, 3H),
2.65—2.11 (m, 3H), 1.79—1.53 (m, 2H), 149—1.17 (m + s,
14H), 0.96 (d, 3H, J = 62 Hz), 0.88 (d, 3H, ] = 7.0 Hz), 0.84 (t,
3H,] = 7.3 Hz). *C NMR mixture of rotamers (CDCl;) 6 (ppm):
174.7,174.1,171.0, 170.3, 141.3, 140.5, 135.1, 134.6 (2C), 126.8,
125.0 (2C), 83.8 (2C), 66.0, 61.6, S1.7, 51.6, 48.3, 45.8, 33.3, 27.8,
27.6, 27.4, 24.8 (4C), 22.4, 19.8, 18.7, 13.8. HRMS-ES (m/z)
found, 431.2947; caled for [C,,H350sN'B + H]™, 431.2952.

Coalescence was observed at higher temperature 'H NMR
(DMSO-dg, 400 MHz, 373 K) & (ppm): 7.63 (d, 2H, = 7.4 Hz),
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7.19 (d,2H, J = 7.5 Hz), 4.69 (m, 1H), 4.60—4.30 (m, 2H), 3.44
(s, 3H), 2.45—2.15 (m, 3H), 1.60—1.40 (m, 2H), 1.31 (s, 12H),
1.40—1.20 (m, 2H), 0.94 (d, 3H, ] = 6.5 Hz), 0.89 (t, 3H, J =
7.4 Hz), 0.82 (d, 3H, ] = 6.9 Hz).

(S)-Methyl-2-(N-(biphenyl-4-yimethyl)pentanamido)-3-methyl-
butanoate 8{3,7,1,7}. Compound 7{3,7,1} (0.37 mmol, 160
mg), bromobenzene (0.44 mmol, 1.491 gmL~ ' 46 uL), sodium
carbonate (1.11 mmol, 118 mg), tetrakis(triphenylphosphine)-
palladium(0) (0.01 mmol, 12 mg), toluene (1 mL), EtOH
(1 mL), and water (0.5 mL) were mixed in a microwave vial
and stirred under microwave irradiation at 150 °C for 10 min.
The mixture was cooled to room temperature, diluted with
EtOAc and water, and extracted three times with EtOAc. The
separated organic layer was washed with a saturated sodium
chloride solution, dried over anhydrous magnesium sulfate, fil-
tered, and concentrated under reduced pressure to give a yellow
oil which was purified by chromatography on silica gel, hexane/
EtOAc 8:2, to give 126 mg of the expected product as a pale
yellow oil in 89% yield. "H NMR mixture of rotamers (CDCl3) &
(ppm): 7.61—7.52 (m, 3H), 7.52—7.30 (m, 4H), 7.30—7.18 (m,
2H),4.97 (2d, 1H, ] = 10.3 Hz), 4.66 (s, 1.3H), 4.29 (d, 0.3H, ] =
15.3 Hz), 4.05 (d, 0.3H, J = 10.9 Hz), 3.45 and 3.36 (2s, 3H),
2.67—2.20 (m, 3H), 1.82—1.54 (m, 2H), 1.50—1.20 (m, 2H),
0.99 (d, 3H, J = 6.5 Hz), 0.95—0.80 (d + t, 6H, J4 = 7.0 Hz, J, =
7.3 Hz). *C NMR mixture of rotamers (CDCl;) O (ppm):
174.6, 171.2, 140.5, 1402, 136.4, 128.8, 128.7, 128.1, 127.4,
127.3,127.0 (2C), 126.8, 126.4, 65.9, 61.8, 51.6, 48.2, 45.4, 33.4,
279, 274, 22.5, 19.9, 18.8, 13.8. HRMS-ES (m/z) found,
382.2375; caled for [CoyHs O5N, + H]*, 382.2377.
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Boc-protected (piperazin-1-ylmethyl)biaryls have been synthesised from (Boc-piperazin-1-ylmethyl)
phenylboronic acid pinacol esters via a microwave-mediated Suzuki-Miyaura coupling with aryl
bromides viz. 1-bromo-, 2-, 3- or 4-nitrobenzene or 2-bromo-5-nitropyridine. Judicial removal of the
protecting group on the piperazine, or facile reduction of the nitro group on the biaryl system enabled
the manipulation of two points of functionality in order to diversify the scope of the resulting biaryl library.
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The biaryl unit is found in many natural and synthetic products
and as a privileged scaffold in medicinal chemistry. Undoubtedly,
the most important and efficient strategy for its construction is
the palladium-catalyzed Suzuki-Miyaura (SM) coupling reaction.’

The incorporation of a piperazine motif into a molecule is inter-
esting from a medicinal chemistry point of view since it produces
analogues that have a lower lipophilicity and enhances aqueous
solubility.? Hence, piperazine units are found in many drugs with
a broad scope of actions such as antidepressants,’ antihistamines,*
antiretrovirals,” anti-Parkinson’s,® antianginals’ and antipsychot-
ics® amongst others (Fig. 1).9°1

Recently, we reported the synthesis of an arylboronate library
using microwave-mediated Sy2 reactions of (bromomethyl)phen-

Crys O

Cyclizine
antihistamine drug with
anticholinergic effects

Amoxapine
antidepressant

ylboronic acid pinacol esters with a range of N-, S- and O-nucleo-
philes.!? These were further reacted to afford a library of biaryls.
In certain instances, Boc-piperazine was used as an N-nucleophile
and the arylboronic esters obtained were found to be interesting
because the protecting group on the piperazine could be easily re-
moved to liberate an amine, allowing further functionalisation
prior to, or following, a Suzuki-Miyaura cross-coupling with vari-
ous aryl halides.

Herein, we describe the use of protected m- or p-substituted
(piperazin-1-ylmethyl)phenylboronic acid pinacol esters 1 as
useful synthons for the synthesis of a wide range of biaryls. As a
starting point, we have repeated or elaborated upon our previous
findings, in order to increase the scope of the SM coupling reaction
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Figure 1. Examples of drugs containing the piperazine motif (in blue).
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Scheme 2. Cleavage of the Boc group in 3. Crude reaction yields given as the products were used without further purification.

of 1. The isomeric 2-methylphenylboronic acid pinacol esters were
previously shown to deprotodeborylate in SM reactions and so were
not selected.'*> We also found that N-substituted 3- and 4-meth-
ylphenylboronic acid pinacol esters could react with different aryl
bromides in a Suzuki-Miyaura cross-coupling using microwave-as-
sisted organic synthesis (MAOS) to afford the corresponding
biphenyl compounds. 2-, 3- and 4-bromo-nitrobenzenes and
2-bromo-5-nitropyridine 2 were used as aryl halides partly due to

their facile coupling in the SM process, but also because the nitro
groups can be reduced at a later stage to anilines, which can be
functionalised leading to diversity in the final library.

The SM coupling was achieved employing Leadbeater’s
conditions'* with palladium(ll) acetate as the precatalyst and 2
as aryl bromides under microwave irradiation (uw) on compounds
1a and 1b. The expected biphenyls were obtained in good yields,
within 10-20 min (Scheme 1).
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Figure 2. Amines 7 synthesised using Raney Nickel/H-Cube conditions. Crude reaction yield given as the products were used without further purification.

Once the biphenyl unit had been synthesised, the functionalisa-
tion reactions could be initiated. Boc group cleavage was achieved
with trifluoroacetic acid (TFA) in dichloromethane at room temper-
ature within 2 h or overnight, followed by a basic work-up to lib-
erate the free amine (Scheme 2).!°

Compounds 4 were functionalised by reaction with acid or sul-
fonyl chlorides 5 in dichloromethane at room temperature in the
presence of a supported base (PS-NMM: polystyrene N-methyl-
morpholine) (Scheme 3).!° The amidation reaction gave the ex-
pected products in good yields (e.g., 6a in 94% yield) while the

sulfonylation process afforded the corresponding products in
moderate yields (e.g., 6¢ in 48% yield). Most reactions with acid
chlorides worked very well in a few hours (e.g., 6a in 94% yield
in 1h, 6d in 83% yield in 2 h and 6n in 100% yield in 4 h), whereas
some required an overnight reaction to give the expected products
in moderate yields (e.g., 6i in 69% yield and 6m in 61% yield).
We next intended to reduce the nitro group in compounds 6 in
order to produce amines for further functionalisation reactions.
Nitro group reduction can be performed by thermal, microwave
or flow chemistry (H-Cube)!” routes. We found the latter to be
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the most straightforward option since it generally obviated a
purification or work-up step. The attempted reduction of
nitro-biphenyl derivatives was mainly investigated in an H-Cube,
in ethanol/ethyl acetate (1:1), at 65°C, with a flow rate of
1 mLmin ' and in full hydrogen mode, as outlined in Table 1.
When Raney Nickel was used as the catalyst, the expected prod-
uct 7a was obtained in very good yield (Table 1, entry 1). A micro-

wave-mediated nitro reduction was attempted using tin chloride
dihydrate (entry 2), but gave an inferior yield and a more compli-
cated work-up, compared with the former reduction. However,
unexpected hydrogenolysis of the benzylic-like unit in 6n and 60
led to the corresponding 4-tolylaniline 8 when Pd/C and H, were
used (Table 1, entries 3 and 4). This is akin to a standard debenzyla-
tion reaction in organic synthesis.!> Thereafter, the Raney Nickel/
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Scheme 5. Amine functionalisation reaction of compound 8 and the asymmetric unit of the crystal structure of 12. Reaction yield given after purification by chromatography.

H-cube conditions were used to reduce the other (piperazin-1-
ylmethyl)nitrobiphenyl derivatives (Fig. 2). Many of the products 7
were obtained in very good yields without any further purification.

The amine group could next be functionalised by amidation and
sulfonylation reactions with the corresponding acid or sulfonyl
chlorides 5 in the presence of a supported base (PS-NMM). Pyrrole
derivatives were synthesised by reaction of 7 with 2,5-dimethoxy-
tetrahydrofuran (9) in acetic acid (Scheme 4)'®

The elaborated biaryl products were obtained in moderate to
good yields after purification by chromatography on silica gel. An
amide coupling of 8 led to an interesting biphenyl derivative 12
in good yield (Scheme 5). Very small crystals of 12 were grown
and analysed by a synchrotron X-ray diffraction crystal structure
determination which shows a very interesting structure with a Z’
value of 3 (Supplementary data, S19).

In summary, a (piperazin-1-ylmethyl)biaryl library has been
synthesised over a few steps using, inter alia, the MAOS-mediated
Suzuki-Miyaura coupling reaction. This library is composed of a
number of very interesting drug-like molecules. The crystal struc-
ture of 12 has stimulated our interest into examining analogues in
the solid state and results will be disclosed in due course.
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