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Abstract

This thesis describes research towards the development of C-H activation reactions of

saturated amines.
Chapter 1 describes current approaches towards directed C-H activation.

Chapter 2 covers approaches towards the amide directed C-H functionalisation of saturated
amines. Methodology for the arylation of bicyclic amines is developed, which gives high
yields of arylated products with a variety of aryl iodides and bromides. The methodology is
applied to mono-, bi- and tricyclic amines with excellent yields. The reaction is improved by
the introduction of a novel solvent for C-H activation, and allows for the arylation of more
challenging amine substrates. It is also shown that a simple methyl substitution on the

directing group can improve the yield of arylated products.

Chapter 3 investigates how the directing group employed can influence both the selectivity
and yields of C-H functionalisation. Different directing groups are investigated on a range of

amines to establish if they can improve yield and selectivity.

Chapter 4 describes efforts towards elucidating the mechanism for C-H activation. Plausible
reaction intermediates are isolated. Reaction progress kinetic analysis is performed to
further probe the reaction and to establish the rate dependence on the different reaction
components. Same excess experiments are employed to establish the effect of the product
on catalyst activity and also to determine if there is any catalyst degradation over the course

of the reaction.

Chapter 5 describes efforts towards sustainable amide synthesis. Direct condensation of a
carboxylic acid with an amine using a borate catalyst is employed. Existing methods
developed within the group are expanded to improve yields for more polar substrates, and
poorly nucleophilic amines. A new ester solvent is introduced to improve solubility of these
substrates and improve the sustainability and reduce cost of the process.



Impact statement
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reactions for application within the pharmaceutical industry and academic laboratories. The
functionalisation of saturated amines using C-H activation is important for the synthesis of
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development of ‘green’ chemical processes for the synthesis of amides.
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Chapter 1

Introduction to C-H Functionalisation



1.1 Introduction to C-H activation

The ability to treat an unactivated C-H bond as a functional group in synthetic chemistry has
long proved a challenge for chemists. To be able to construct C-C, C-O, C-N or C-X bonds
directly from C-H bonds without the need for pre-functionalisation can greatly cut down
lengthy synthetic sequences to complex molecular targets, Scheme 1.1. Direct
functionalisation of C-H bonds has the potential to save on reagents, solvents and labour by

providing a more direct pathway towards the desired product.

H X
A A
X=C, N, Oetc

Scheme 1.1 C-H functionalisation

According to Shul’pin and Shilov C-H activation results in the replacement of a strong C-H
bond with a weaker and easier to functionalise bond.! As nearly all organic molecules
contain a C-H bond, the ability to selectively react just one of these is a powerful synthetic
tool, but currently methodology is limited to certain types of C-H bonds. The direct activation
of C-H bonds, particularly C(sp®)-H bonds is a challenge due to the high bond dissociation
energy, regioselectivity difficulties and the lack of an active LUMO or HOMO which can
interact with metal catalysts. One of the greatest problems in C-H activation chemistry is the

regioselectivity issues, due to the ubiquity of C-H bonds within organic compounds.

C-H activation reactions typically involve the cleavage of the C-H bond using a transition
metal, to give a M-C intermediate which can go on to be functionalised in a subsequent
reaction. Palladium complexes are attractive catalysts for these transformations; they can
tolerate a wide range of oxidants and the cyclopalladated intermediates generated can be
selectively functionalised. Most of these palladium catalysed transformations can take place

in the presence of air and water which makes them practical for use in organic synthesis.

Palladium catalysed cross couplings have long been employed in synthesis. In an analysis
of the reactions carried out in the drug discovery process by AstraZeneca, it was found that
4.6% of reactions were Suzuki cross couplings.? The issue with these cross couplings is they
often require prefunctionalised starting materials,® which may require lengthy synthesis and
generate undesired waste. In contrast, the direct activation of C-H bonds can allow for the

use of unfunctionalised feedstocks, Scheme 1.2.4



a. biphenyls via cross coupling

cat. [TM]

Ar—B(OH), + X—Ar >  Ar—Ar
base
b. biphenyls via C-H activation
t. [TM
AH o+ xoar T Ar—Ar

Scheme 1.2 Cross coupling compared to C-H activation in biphenyl synthesis

The development of palladium catalysed C-H functionalisation can provide a route to a wide
variety of compounds, as it can promote activation at both sp? and sp® centers.>® A large
body of research has focussed on the activation of C(sp?)-H bonds, but this section will
only focus on advances made in C(sp®)-H bond activation of nitrogen containing scaffolds,
as this is to be the focus of the project due to the importance of saturated rings in drug

molecules.”™1°

1.2 Saturated nitrogen containing compounds

Saturated nitrogen ring systems are important for medicinal chemistry and are found in many
biologically active compounds. The drug molecules amantadine 1 and tromantadine 3
contain a saturated amino substituted ring as part of their core structure.

Nitrogen heterocycles also feature heavily in the core structure of numerous natural products
(Figure 1.1) such as solifenacin 2 (a treatment for overactive bladder), ibogamine 4, cocaine
5 and epibatidine 6, an alkaloid isolated from Epipedobates anthonyi which is a potent

analgesic.!



(A S
e Szfy '

amantadine solifenacin tromantadine
1 2 3
\ o H
N ) o Cl

| O.__Ph 7
N hig ~
H O
ibogamine cocaine epibatidine

4 5 6

Figure 1.1 Examples of drug molecules and natural products with a saturated nitrogen containing

framework

Access to functionalised ring systems is important for the development of more diverse and

structurally complex molecules for use in pharmaceuticals.*?*3

Lovering et al. have noted that on average, molecules with a higher proportion of sp®
carbons in their structure were more likely to be successful drug molecules than those with a
lower proportion of sp® carbons. This analysis has been questioned'* but there are clear
advantages to increasing saturation. For instance, increasing the degree of saturation within
a potential drug candidate can give access to more architecturally diverse scaffolds with the
capacity to access greater chemical space and three-dimensionality without significantly
increasing the molecular mass. This can give rise to chirality and thus greater selectivity
within a chiral environment such as the body. In oral drug candidates, too many aromatic
rings can also have a negative effect on the properties required for a successful drug.® For
example, the aromatic compound dimethyl pyridine has 5 possible isomers, but its fully
saturated equivalent dimethyl piperidine has 34 possible isomers, Figure 1.2. This increases
the amount of chemical space which can be explored, for only a small increase in molecular

weight. 3



a. Isomers of dimethylpyridine

) S NN
“ Nl/ l | |
N N~ N___ N_

b. Isomers of dimethylpiperidine
\
HNT N HN HN HN
ey Y
~ Times two for the
HF\O/ N HN HN HN other enantiomer
)

Figure 1.2 Isomers of dimethyl piperidine

In this context, the ability to rapidly synthesise a range of different analogues of sp® rich
compounds will allow for the exploration of a less well used area of chemical space for

potential drug candidates.

A direct method to functionalise these ring systems would cut down the lengthy synthetic
routes previously required and so improve access to functionalised ring systems broadening
the range of structures available for medicinal uses. Late stage functionalisation of drug-like
molecules using C-H activation is a powerful technique to access new analogues for use in

structure activity relationship (SAR) studies.*®



1.3 C-H activation in late stage functionalisation
The ability to functionalise a drug molecule at a late stage in the synthesis can be an
effective way to generate analogues of the structure, or for making small changes to the

structure to increase potency without restarting the synthesis.

C-H activation reactions can be a powerful technique for late stage functionalisation. Nearly
all drug compounds contain a C-H bond, and so it is the ideal handle for functionalisation.
However, C-H bonds are chemically unreactive, and so methodology has been developed to
use C-H bonds as functional groups capable of undergoing further chemical transformations.
Selectivity limits the use of these reactions in drug discovery.

There are many examples of C-H bond activation at sp® centers that are innately reactive.
Hydrogen abstraction at the most electron rich centre can be used to generate new C-C, C-
N7 and C-halogen bonds.® Yoshimitsu and coworkers employed a late stage C-H activation
reaction to generate a new C-C bond in their total synthesis of kainic acid, Scheme 1.3. The

reaction is selective for a C-H bond a to the nitrogen and goes via a radical pathway.®

/N\
H y NHPh

0] 4.,4'-dimethoxybenzophenone O
> @]
MeCN
H™ \—~NPMP hv. rt, 8.5 h, 44% H™ \—NPMP
7 8

Scheme 1.3 C-H activation employed in the synthesis of kainic acid

C-H activation in late stage functionalisation can be guided by nearby ethers or alcohols.
The silylation followed by oxidation of methyl oleanate can be achieved using an iridium
catalyst followed by hydrogen peroxide, which is guided by the nearby alcohol, Scheme 1.4.
This method can provide a route to C23 functionalised triterpenoids.?°

1. [Ir], Et,SiH,5 then
[Ir/Me4phen, norbornene
THF, 120 °C

2. KHCO3, Hy0,, 50 °C

Scheme 1.4 Alcohol guided C-H silylation/hydroxylation



Directed late stage functionalisation using palladium catalysis has been achieved on
valerenicline (a treatment for smoking cessation), Scheme 1.5. A directing group had been
installed on the piperidine nitrogen of compound 11 which can bind to the palladium catalyst
to guide the C-H activation towards the bridgehead CH,. The transformation proceeds with a
moderate yield but requires a large excess of the iodobenzene coupling partner. It is
possible to cleave this directing group using samarium (ll) iodide to give the free amine.?! It

is only possible to functionalise one position

Pd(OAc), 10 mol%

—N
( Phl 30 eq
\N CsOPiv 3eq (
o 150 °C, 18 h, air
N 45% 0

HNHC7F7 M
1 12 NHC/F;

<\:N

N

varenicline

Scheme 1.5 C-H functionalisation of varenicline

1.4 Directed C-H activation and functionalisation of C(sp?®-H bonds

General methods for the catalytic functionalisation of unactivated sp® C-H bonds in nitrogen
containing scaffolds remains a significant challenge in synthetic chemistry. Advances in
methodology for the halogenation, oxidation, arylation and alkylation of sp® C-H bonds are
rapidly being made.??

As most molecules to be functionalised contain many different C-H bonds, the selectivity of
guided C-H activation reactions may be achieved by sterics,?*-2°> molecular recognition?6-28 or
by directing groups.?°3° The introduction of mono and bidentate directing groups to the
scaffold to be functionalised has allowed for the control of the position of activation when
sterics or molecular recognition cannot provide the required selectivity. In recent years there
have been significant breakthroughs in the activation of C-H bonds by incorporating a

removable auxiliary into the molecule to orientate and stabilise palladacyle intermediates.3!

1.4.1 Monodentate Directing groups
Monodentate directing groups have one atom that can coordinate to the metal catalyst to

influence the position of activation.



Yu et al. employed pyridine as a monodentate directing group for the alkylation of primary C-
H bonds with boronic acids, Scheme 1.6. The pyridine coordinates to the palladium catalyst
to direct it towards the methyl group which is activated.

MeB(OH), 3 eq

= | Pd(OAc), 10 mol% =
SN Ag,0, BQ 50 mol% SN
100 °C, -AmOH
40%
13 14

Scheme 1.6 pyridine as a directing group for alkylation

Although this gave good yields for the alkylation of C(sp?)-H bonds (up to 75%), results were
poor for activating C(sp®)-H bonds with yields ranging from 40 — 56%.°2

Methodology for the oxidative functionalisation of more reactive arene and alkene sp? C-H
bonds has been developed using coordinating functional groups within the molecule that can
chelate to the palladium catalyst and so direct the position of activation to one C-H bond.2
Monodentate directing groups may be used to overcome some of the issues previously
encountered with these types of reactions, such as over oxidation of products.®® In 2004
Sanford et al. reported an oxime directed palladium catalysed oxygenation of unactivated
sp® C-H bonds employing PhI(OAc). as a stoichiometric oxidant, Scheme 1.7.

MeO.. Pd(OAc), 5 mol% MeO.. MeO.
|N PhI(OAc), 1.1 eq |N |N
)\( AcOH/Ac,0 1:1 )\(\O Ac ACO\)\(
100 °C, 74%
15 16 17
not observed

Scheme 1.7 Oxygenation of a sp® C-H bond

The high level of selectivity for the B-position to the oxime is due to the formation of a
favourable 5-membered palladacycle 18 with no reactivity at the more acidic a-hydrogen
(Figure 1.3). Substrates not possessing a methyl group at the B-position did not react,

suggesting a selectivity for primary C-H bonds over secondary C-H bonds.**



18

Figure 1.3 Proposed palladacycle intermediate of an oxime directed C-H activation

1.4.2 Sulphur containing directing groups

Thioaniline directing groups had been previously reported for the arylation and alkylation of
both sp? and sp® C-H bonds, and provide good selectivity for the monoarylation of primary C-
H bonds. In Scheme 1.8 a 2-methylthioaniline directing group is used for the arylation of 2-
methylthio-N-propionylaniline 19 leading to product 20 with 84% yield. Despite high
selectivity for the primary C-H bond, these conditions do however result in the formation of
13% of diarylated product 21.%° This directing group has been applied to the functionalisation

both of cyclopropanes®® and cyclobutanes.®’

S Pd(OAc), 5 mol% s
oL SR o o
ji/ K,CO3 2.5 eq NH NH Ph
tAmOH/H,0 4:1
o) 2 ONPh OMPh

90 °C,

19 20 21
84% 13%

Scheme 1.8 Arylation directed by a 2-methylthioaniline group

An sp® arylation strategy using an o-thioanisidine directing group was successfully used in
the total synthesis of piperarborenines B and D (Figure 1.4) for the addition of the aryl

groups to the cyclobutane ring.*’

MeO @
OMe o

Qo (@] ) (@] N
dNJZ/,, OMe dN/S:fo

.

MeO N NQ MeO N
°© 9
MeO MeO OMe

OMe MeO
22 23
Piperarborenine B Piperarborenine D

Figure 1.4 Piperarborenines B and D



Thioamides such as 24 have been used as directing groups for the a-arylation of saturated
azacycles using an aryl boronic acid; the sulphur can coordinate to the palladium catalyst to
stabilise the palladium intermediate (Scheme 1.9). This reaction requires an equivalent of

1,4-benzoquinone and uses a boronic acid as the coupling partner.

Pd(TFA), 10 mol%

O\ 1,4-BQ 1.1 eq
N H KHCO3; 2 eq N
/g PhB(OH), 2 eq /g

tBu” S tAmMOH, air, 1 atm t-Bu” 8
100 °C, 4 h
24 82% 25

Scheme 1.9 Arylation using a thioamide directing group

Surprisingly, no arylation of the terminal methyl groups in 24 was observed under the
conditions shown in Scheme 1.9 despite the usual preference for the activation of primary
over secondary C-H bonds.*®

This thioamide directing group can also be used in an enantioselective C-H arylation, by

employing a chiral phosphoric acid ligand 28, Scheme 1.10.

Pd(dba) .
Q PhB(OH), Q @
iPr s

iPr s Ligand (cat.)
KHCO3, BQ
, 65°C, 16 h iPr
iPr iPr
26 84%
96% ee

27

Scheme 1.10 Enantioselective arylation using a chiral ligand

1.4.3 Amino acids as directing groups

Amino acids have been used as bidentate directing groups for asymmetric functionalisation
of C-H bonds to construct new stereogenic centres. They have the advantage of being both
a directing group and potentially part of the final molecule due to the high number of peptide
drugs available. There is a considerable advantage in using a directing group that is also
part of the final target molecule; it reduces the number of synthetic steps required and

increases the atom economy of the process.

10



The use of substrate bound isoleucine as both a bidentate directing group and a chiral
auxiliary for the asymmetric arylation of cyclopropanes has been investigated (Scheme
1.11). Arylation of the cyclopropane moiety in 29 using isoleucine as a directing group led to
30 in good yield however some of the diarylated product 31 was observed. Other chiral
auxiliaries were tested, such as valine, but isoleucine gave a superior yield and
diastereoselectivity. Replacing the isobutyl group of iso-Leu with tert-butyl gives superior

diastereoselectivity (13.7:1) but much lower yield (49%).3°

o Pd(OAc), 10 mol% 0 o]
K,CO32e Ph NH
\ NH, 2LU3z 2 €eq N NH, N 2
N tAmOH H g Ho o
o 70% d.r. 10.2:1 Ph Ph
29 30 . 31
diarylated product

Scheme 1.11 Example of an amino acid mediated arylation of a cyclopropane

Selective functionalisation of di, tri and tetrapeptides has also been achieved using amino
acids as bidentate directing groups. Scheme 1.12 shows an example of the C terminus of
dipeptide 32 being arylated. These conditions were applied to a wide range of dipeptides

with good yields (74 — 92%), and similar conditions can be applied to tri- and tetrapeptides.*°

0 R Pd(OAc); 2.5 mol% o) R
PhthN, )\WOH 4-CN-CeHql 1.5eqa  ppyy,, )ﬁ(OH
’, N . N
H o AgOAc 1.2 eq H o
H KF 3 eq Ar
32 HFIP 33
100 °C, 20 h

Scheme 1.12 Arylation of a dipeptide

1.4.4 Amide linked directing groups
Amide linked directing groups have proven useful for the C-H activation of amines. They are
easy to install on the amine scaffold and are robust enough to withstand the forcing reaction

conditions often required for C-H activation.

In seminal research by Daugulis it was shown that an amide linked pyridine containing
auxiliary attached to the molecule can lead to selective C-H activation and subsequent
arylation. The pyridine functionality can chelate to the palladium catalyst and facilitate the C-
H activation and oxidative addition steps. Scheme 1.13 shows a picolinamide group being
used to direct C-H activation of aliphatic amine 34, resulting in y-activation. This method
allows for the monoarylation of methyl groups, in preference to the activation of methylene
C-H bonds.*42
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(0]
N 4-jodoanisole 4 eq N

NH  pg(0Ac), 5mol % MeO NH
j AgOAc 1.1 eq \O\J/
no solvent, 130 °C
34 76% 35

Scheme 1.13 Arylation of an aliphatic amine directed by a removable picolinamide auxiliary

A possible palladacyle intermediate 36 for this reaction is shown in Figure 1.5. These
transformations require a free NH suggesting that palladium amides are involved in the
catalytic cycle; corresponding N-methyl substituted amides were unreactive. Although steric
hindrance around the amide nitrogen in the methylated substrates may also contribute to
them not being reactive, crystal structures of palladacycle intermediates showing a
deprotonated amide have been obtained.

Figure 1.5 Palladacyle intermediate using a bidentate directing group

This picolinamide directing group can be used in the formation of carbon heteroatom bonds
using a variety of conditions. The intramolecular amination to form pyrrolidines*®* and
azetidines** can be achieved using PhI(OAc). as the oxidant and palladium acetate as the
catalyst. Alkoxylation can be achieved under similar conditions but in the presence of an
alcohol, Scheme 1.14.%°
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N/
a X N
| H Pd(OAc), 0
7 N >
N MH PhI(OAC), N
o PhMe, 80 °C M
0,
a7 88% .
b (Y 4 Q  coMe
A R L n PAOAT, (N Nj
N : PhI(OAc), _N
O COyMe PhMe, AcOH
39 110 °C 40
85%, d.r 6:1

X
¢ Ny Pd(OAc), 1 H
NG NT/VH PhI(OAC), NG NT/\/O\
MeOH, p-xylene
o 110 °C ©
41 92% 42
Scheme 1.14 Reactions using the picolinamide directing group

Chen et al. showed that the alkylation of unactivated sp® C(sp®)-H bonds can be achieved
using alkyl iodides and dibenzyl phosphate as an additive, Scheme 1.15. The reaction

tolerated a range of alkyl iodides, giving products in 23 - 87% yield.*®

Pd(OAc), 10 mol%

Q (BnO),PO,H 20 mol% Q
N\ + I/\R N\
HN™ Ag,CO; 1 eq, Nal 30 mol% AN
\)\ = PhMe/tAmOH (9:1) RM =
43 44

110°C,2-20h

Scheme 1.15 Picolinamide directed arylation of a C(sp®)-H bond

An important factor in the selection of a directing group is its ease of removal under
conditions that can be tolerated by other functional groups present on the molecule. For
example the picolinamide auxiliary of 45 has been removed to give the Boc-protected amine
46 in moderate yield over two steps, Scheme 1.16.*” The need to derivatise the free amine

products for purification also reduces the efficiency of the process.
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ZT
T

~ 1. Boc,0O, DMAP 33%
N “Boc

0 2. LIOH, H,0,, 93%
MeO ! 252, 9570 MeO

45 46

Scheme 1.16 Removal of a picolinamide directing group to yield the Boc-protected amine

However, the picolinamide auxiliary can prove difficult to remove under conditions suitable
for other functional groups on the molecule. A more easily removable auxiliary can be used
in its place, such as the one shown in Scheme 1.17. The directing group is removed to give
the free amine, followed by intramolecular cyclisation to furnish the disubstituted
piperidinone 48.%¢ This substituted picolinamide directing group is installed using the
corresponding carboxylic acid, which requires a lengthy synthesis unlike the unsubstituted 2-

picolinic acid which is commercially available.

t-BuO,, CO,Me

/(\/ 1.HClag 1 M 10 eq t-BuO,,,
MeO,C™ "NH MeOH/H,0, 80 °C /(l
N -

o7 s 2. NEts, DCM, rt MeOC™ N* -0
TBSO _ 68%
47 48

Scheme 1.17 Removal of an amide linked directing group and subsequent cyclisation

8-Aminoquinoline amides can also be used as a removable auxiliary for the arylation of sp?
C-H bonds and are another example of a bidentate directing group. Reactions generally
proceed faster than those using a picolinamide group but unlike the picolinamide auxiliary,
secondary C-H bonds react faster than primary. Scheme 1.18 shows the methylene group
on compound 49 being arylated instead of the methyl;®* a similar approach using nickel
catalysis has been reported.*® The aminoquinoline group has also been utilised for the
functionalisation of amino acids, proving to be more effective than a pyridine directing

group.*®
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— 4-iodoanisole 4 eq N HN
Pd(OAc), 5 mol %

HN 0
\[(\/ AgOAc 1.1 eq

0) no solvent, 110 °C
92%

OMe
49 50

Scheme 1.18 Arylation directed by an aminoquinoline group

The alkylation of substrates bearing either a picolinamide or aminoquinoline directing group
has been reported. Good results could be obtained for the alkylation of aromatic

picolinamides however it was not possible to alkylate sp®> C-H bonds in the same way.>°

Functionalisation at the C2 position of pyrrolidines has attracted considerable research
interest®*>* and has been achieved using thioamide®*® and amidine directing groups.>*
Activation of the C3 position with stereocontrol has also been reported using palladium
catalysis and an aminoquinoline directing group which will orientate towards the cis-C(3)-H,
Scheme 1.19.

N7 4-iodotoluene 1.8 eq p-tol
H | Pd(OAc), 5 mol % y N7 |
N N AgOAc 1.8 eq N N
CBz o 110 °C CBz 5
91%
51 52

Scheme 1.19 Functionalisation of the C3 position of pyrrolidine

The reaction conditions shown in Scheme 1.19 could be used with a good scope of para
and meta substituted aryl iodides, however those with ortho substituents show lower yields
due to increased steric congestion.®®

In 2010 directed C-H functionalisation was employed by Chen in the stereoselective
indolylation of N-phthaloyl leucine 53 to form the Trp C6 to Leu CB linkage present in the
natural product celogentin C, Scheme 1.20.%¢ Previously this arylation method had only
been applied to more simple aryl iodides.*! As a drawback, this method uses a relatively

high catalyst loading of 20 mol% and relies on stoichiometric amounts of silver acetate.
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o CO,tBu N

_ : | NHBoc
N BocHN Pd(OAC), 20 mol%
HN 0 AgOAc 1.5 eq
+ A\ >
. tBUOH, 110 °C, 36 h
PthN® N 8
| N 85%
53 54 55

Scheme 1.20 Example of C-H activation applied in total synthesis

Despite extensive research into the use of these amide linked directing groups, difficulty in
removing them limits their potential in late stage functionalisation unless the amide is also
part of the desired final compound.

In the synthesis of dictazole A the amide linked directing group was replaced with the imide
linked picolinamide based directing group (in compound 56); this proved much easier to

remove, Scheme 1.21.57

—

\_/
N NH3 Ar H2N
HN 0] cat. Sc(OTf)3 0
A 0 i-PrOH/DCM TBSO™ “CO,Me
. 53% Ar
TBSO\\' COZMG
Ar
57
56

Scheme 1.21 Imide linked directing group removal

1.4.5 Sulphonamide linked directing groups

Sulphonamides provide an alternative linkage to amides for the tethering of a directing group
to amine substrates. Carretero and coworkers introduced the N-(2-pyridyl) sulphonyl group
as a directing group for the C(sp®)-H functionalisation of amino acid derivatives. In the C-H
functionalisation of the methyl ester of valine both the mono 59 and diarylated 60 products
were observed due to the functionalisation of both equivalent methyl groups. Reducing the
equivalents of aryl iodide and silver acetate could reduce the extent to which diarylation
occurs, or increasing the equivalents of aryl iodide can give excellent yields of the diarylated
product, Scheme 1.22. Presumably due to steric congestion no gem diarylation was

observed.
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4-iodotoluene

0 Pd(OAc), 10 mol% o} H 9
H AgOAc H _ N, ~
Py0,s” " >0~ e R VRl SO G Py0,S 0
T°C,4h
58 Ar Ar Ar
59 60
5 eq Arl 6% 92%
3 eq AgOAc ° °
150 °C
25 eq Arl 70% 18%
1.5 eq AgOAC
140 °C

Scheme 1.22 Arylation of a valine derivative

The reaction could be applied to a range of amino acid derivatives, showing selectivity for C-
H functionalisation at methyl groups. The reaction was tolerant of a small range of aryl

iodides, including those with ortho substitution giving moderate yields of the products,
Scheme 1.23.

Arl 2.5 eq
0 Pd(OAc), 10 mol% H (0]
H/ _ AgOAc 1.5 eq _N,, _
PyO,S ’ (0] HEP 1 M PyO,S (0]
150°C,4-8h
61 Ar
Ar: OMe
OMe OMe Br
75% 72% 1%
62 63 64

Scheme 1.23 Functionalisation of an allo-isoleucine derivative

A palladium (II) complex X was also isolated to show the role of the directing group in C-H
activation. The stoichiometric reaction with Pd(OAc), and compound 65 in acetonitrile gave
bimetallic complex 66, which was characterised by XRD. This complex could be reacted with

an aryl iodide under the original reaction conditions to give the arylated products 67 and 68
in 79% vyield, Scheme 1.24.%8
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N\
o pdZ
H Pd(OAcl 1eq 7 9~0=5=0
Py0,s o~ < No N o
2 CH;CN 0.1 M o 5% pd”
60 °C, 1.5 h 51 o
80% 2N
65 l
X 66
0
H O
p-Tol-l 2.5 eq . S”N o H
- Py ,
HFIP, 60 °C, 13 h ? | PyOsS 0
79%
Ar 54:46 Ar  Ar
67 68

Scheme 1.24 Isolation of a bimetallic species and X-ray crystal structure of bimetallic complex X. H

atoms omitted for simplicity

The 2-pyridylsulphonyl group has been shown to be easily removable under milder
conditions than those used to remove picolinamide groups, and can act as an effective
directing group.®® Magnesium metal in methanol, or zinc and ammonium chloride in THF,
can be used to cleave this directing group in good to excellent yield, Scheme 1.25.%96! This

directing group has also been used for the carbonylative cyclisation of amines in amino acids

Mg®10 e
©\/>—002Me IS CO,Me
N MeOH, 0 °C, 3 h

and peptides.®?

N
SO(2-py) 86% H

69 70

Mg°
(2-py)O2S. ~
N MeOH, rt N
o sonication o
0,
71 90% 72

Scheme 1.25 Sulphonamide directing group cleavage

The Bts group was introduced by Xuan and co-workers for the acetoxylation of C(sp®)-H
bonds, Scheme 1.26, as a method to give y-hydroxy amine derivatives. The reaction
tolerated a range of aliphatic amines including those with methyl esters and protected

alcohol groups, to give the acetoxylated products in good to excellent yields (52 — 85%)).
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Pd(OAc), 5 mol%

\ 7
N7

0
0
PhI(OAc), 2 eq 8-S Bts: 0
S 2 S
HN j\/s Ac,0 10 eq HN™ 0=d ( D
- N Ao \
\H\ N PhMe AcO/\H\R1 N

1
R 120 °C, 24 h R?

R2
Scheme 1.26 Bts directed acetoxylation

This group can be removed under mild conditions, something that was not possible with

previous directing groups used for acetoxylation. Removal of the Bts group can be achieved

using zinc and acetic acid in ethanol, which is followed by Cbz protection, Scheme 1.27.%3

O\\S,/O S 1. Zn, AcOH NHCbz
HN” Y EtOH, rt, 4 h
\ - AcO
Aco/\)ﬁ N 2. CbzCl, DIPEA
CH.Cly, rt, 2 h 90%
74 75

Scheme 1.27 Removal of Bts group

1.4.6 Arylation of nitrogen heterocycles

Methods to use directing groups that do not link to the nitrogen of the scaffold by an amide
bond are being developed. The remote activation of nitrogen heterocycles has been reported
via the generation of a [2.2.1] bicyclic palladacycle, Scheme 1.28, using a directing group

that does not link to the substrate via an amide bond.

C/F O
LC7F7 ! 7\N C7F7
HN / HN
Pal  -CrFy H [Pd =0 N Wal
g e L (O
77 78 79

Scheme 1.28 General scheme for the activation of piperidine

A test substrate 80 was developed, featuring a fluoroamide directing group, and the reaction
was optimised for transannular C-H arylation, Scheme 1.29. This directing group also
features a free amide NH. The aryl group is installed on the concave face of azabicycle 81
and the reaction conditions performed well with a large scope of coupling partners including
aryl iodides and bromides to give the arylated products in moderate to excellent yields. This
method can be used to give functionalised nitrogen heterocycles, and the directing group

can be removed using samarium (11) iodide, to give the amine product.??
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Phl1-2eq
H Pd(OAc), 10 mol% Ph

v un-CrF7 CsOPiv3eq W un-CrF7
N7<§ t-AmOH N7<§
O 130 °C, 18 h o
74%
80 81

Scheme 1.29 Optimised conditions for the arylation of a saturated nitrogen heterocycle

For the majority of substrates prepared using this method, an additional sodium borohydride

reduction was required to remove the aminal side products 84 and 85, Scheme 1.30.

A
r NHC,F,
Nﬁo
Pd(OAC)2

Ar
4-jodoanisole CsF7 NHC,F
G NHC/F- CsOPiv CoF N _NaBH, N nr
N?&O neat, air n o rl\tllegl-r: 7&0
150 °C, 18 h Cf '
82

82:83:84:85
1:10:3:2

86 55%

+ recovered 82 14%

Scheme 1.30 Additional purification step in the isolation of arylated amines

1.4.7 Activation of free amines

Functionalisation of the free amine can be a more efficient method for use in late stage

functionalisation but does suffer from limitations and a narrow substrate scope.

The activation of free secondary amines has been reported, to generate strained nitrogen
heterocycles, by the generation of the strained 4-membered palladacycle 88. The first
examples of free amine directed catalytic activation of primary C-H bonds by Gaunt required
bulky disubstituted amine substrates, Scheme 1.32 which limits their synthetic use. The
method is also not applicable to primary amines due to the formation of unreactive
bis(amine)-palladium complexes.®*®> These 4-membered palladacycles have also been used

in the arylation of hindered secondary amines using arylboronic esters.®®
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% Pd(OAc), 5 mol% H Ac
PhlI(OAc), 1.5 e . O%Pd
NH (OAc), 1.5eq /%N—Pd—ov Txe N
o) A — % -~ 0
Ac,0, PhMe 077—f c -,
70°C, 12 h 0

o)

87 88 89

Scheme 1.31 B-Activation via a four membered palladacycle intermediate

Similar conditions were employed for the acetoxylation of primary amines with an a
quaternary centre, Scheme 1.32. The conditions employed also result in the acylation of the
amine. Previously this was not possible due to the formation of unreactive palladium
complexes, but weak acids can aid the dissociation of the complex. Amines with an a tertiary

centre gave poor yields giving the reaction a limited substrate scope.®’
1. Pd(OAc),, Phi(OAc),
2. Ac,0, NEts OAc
CHyCly, rt, 3 h 64%
90 91

Scheme 1.32 Acetoxylation of a primary amine

With the knowledge that the addition of a weak acid aids the C-H functionalisation of free
primary amines, the & arylation of a free primary amine substrate 92 could be achieved by
the addition of compound 93 in 30 mol%, Scheme 1.33. This method gave better yields
when the amine was sterically crowded. Without the ligand and acetic acid solvent, the
primary amine substrate would form a stable bis amine palladium complex leading to no C-H
activation taking place.%®

Pd(OAc), 10 mol%

Ag,CO3 1.5 eq B
j\)( Additive 30 mol% J\)( Additive: CO,H
NH, AcOH 0.2 M Ar NH, @

92 130 °C, 12 h 53 NO,

18 examples
42 - 68%

Scheme 1.33 &-arylation of a free amine

1.4.8 Imine linked directing groups

The arylation of free amines can be achieved using an in situ generated imine linked
directing group. With the advantage of not having two extra synthetic steps, moreover, the
easy removal of the directing group improves the efficiency of the C-H functionalisation

route. 8-Aminoquioline carboxaldehyde can be used to form an imine in situ with the amine

21



substrate. The palladium catalysed C-H activation can then take place, followed by the

hydrolysis of the imine to give the amine product, Scheme 1.34.5°

/O _ _
AN
N
NH, H ~ NT Bz.
2 “~ \ 1. Ph,IBF, 2.5 eq NH Ph
- NS —Pd/L
Pd(OPiv), 10 mol% J\) 2. Benzoy! derivatisation
DCE, base, 90 °C 70%
94 95 96

Scheme 1.34 Example of an in situ generated directing group

This example is limited in its utility, as it requires DCE as the solvent, which is toxic. The
reaction also requires strict anhydrous conditions to prevent the hydrolysis of the in situ

generated imine.

The use of in situ generated imines has gathered a significant research interest, as they
have the potential to be catalytic. For the arylation of tert-amyl amine, glyoxylic acid was
used as a transient directing group and could be used catalytically to give 74% of the
product 97, Scheme 1.35.7°

0o
HJKWOH. H,O
o 20 mol%
Pd(OAc), 10 mol% via

/\/'\@2 AgTFA 1.5 eq NH2
- N

H H,0 4 eq | //¥—O
AcOH Pd-g

air, 100 °C, 15 h 74% 98
97

Scheme 1.35 Arylation of tert-amyl amine using a transient directing group

This reaction shows significantly reduced yields when applied to amines without an a-
quaternary centre. This is due to the Thorpe-Ingold effect,’* where angle compression
favours ring closing reactions, which are needed for the C-H activation to occur. The gem
dimethyl group in compound 99 moves the C-H bond to be activated closer to the palladium,

and so accelerating the cyclopalladation.

22



H /\>< N 4\/40 Cyclopalladation
\ g '/\'10
Pd—0 Pd

/ -0
95 100

Scheme 1.36 Cyclopalladation with a gem dimethyl group

In 2016 Yu and coworkers reported the C(sp®)-H arylation of primary amines using a
catalytic transient directing group, Scheme 1.37. Aldehyde 101 condenses with the primary
amine to be functionalised to form the imine. The weakly acidic hydroxyl group of aldehyde
101 is deprotonated under the reaction conditions allowing the oxygen to coordinate to the
palladium catalyst, to give complex 102. The presence of water in the reaction allows for the
hydrolysis of the in situ generated imine after C-H functionalisation to release the aldehyde,
and Boc protection of the free amine is needed to ease purification. A wide variety of aryl
iodides were tolerated in the reaction giving 40 — 91% vyield of arylated product, and the
scope included electron rich, electron poor and heterocyclic ring systems. This reaction does

require the use of a stoichiometric silver salt, as well as HFIP as the solvent.”?

AN AN
| O 20 mol%
~
N~ "OH
101
NH, Pd(OAc), 10 mol% 1.2 M HCI
> NHBoc
AgTFA 2 eq 2.10 M NaOH
HFIP:HOAc 19:1 Boc,0
H,0 20 eq, 120 °C
86%
103
via NTX
|
'e) =
AcO._ 1
Pd_ _
H N

Scheme 1.37 In situ imine formation for directing C-H activation

1.4.9 Traceless directing groups

The use of carbon dioxide as a traceless directing group was demonstrated by Larrosa for
the meta C(sp?)-H functionalisation of phenols” and fluoroarenes™ and can circumvent the
difficulties associated with the addition and removal of a directing group. Carbon dioxide can
also be used to direct C(sp®)-H activation. It can react with amines, resulting in a transient

carbamate which is able to coordinate to a palladium catalyst with the benefit of being more

23



chemically robust than an imine. Scheme 1.38 shows the proposed metallocycle

intermediate and product of this reaction.

0
R - Arl NHR
NTTO Ly /}\A
- R Ar
R%\/ CO, R
R

Scheme 1.38 Approach using a hybrid CO:2 directing group

The reaction showed a wide substrate scope for the arylation of tert-amyl amine, with
moderate to good yields (31 — 79%), Scheme 1.39.

Pd(OAc), 10 mol%

|
NH> AgTFA 1.5 eq NH> S
+
%\/ CO, 1-2eq, H0 4 eq \ %
R

AcOH 0.30 M, 110 °C,12-14h R

Scheme 1.39 Conditions for the CO:2 directed C-H arylation

The methodology can also be applied to a range of primary and secondary amine
substrates, Figure 1.6. While the reaction worked in moderate yields with primary amines,
reduced yields were seen when employing secondary amine substrates. Amines with

benzylic positions were not oxidised under the reaction conditions.”™

OMe
[Ph
NH
. NH
CO,Et \)\/\©\
57% 61%, 3.3:1 d.r 43% 41% CO,Et

104 105 106 107

Figure 1.6 CO2 directed C-H arylation

1.5 Ligand assisted C-H activation

In palladium catalysed C-H activation reactions, unfavourable binding interactions of the
reaction components with the catalyst can form unreactive complexes and prevent the
desired reaction from proceeding.”® The development of ligands for use in these reactions
can help prevent these unwanted interactions.’” The use of a chiral ligand can also lead to

enantioenriched products.”
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When using a transient directing group for the C-H functionalisation of aliphatic amines, low
reactivity with heteroaryl iodide partners was seen due to the coordination of the aryl iodide
to the palladium catalyst.”? Introducing 2-pyridone ligand 110 prevented this unwanted
coordination to the catalyst to give good yields of the heteroarylated products, Scheme 1.40.

The reaction was also compatible with aryl bromides.

Pd(OAc), 10 mol%

NH; TDG 20 mol% NH, TDG: Cl Ligand:
Ligand 50 mol% o FsC N
AgTFA 3 eq o |
H,O 10 eq, HFIP | N OH N~ "OH
150 °C, 12 h _N 109 110
0,
% 108

Scheme 1.40 Ligand assisted heteroarylation

Ligand assisted C-H activation can also be used as a means to differentiate between the C-
H bonds within a molecule, with a different directing group/ligand combination leading to y or
O activation. Changing to transient directing group 113 to form a 5-membered chelate with

the palladium, 112, leads to & activation, Scheme 1.41.7°

Pd(OAc), 10 mol%

H TDG 40 mol%
L}NHZ Ligand 50 mol% _ HCI2 M, THF _ AT NHBoc
AgTFA 3 eq NaOH 10 M
11 H,O 10 eq, HFIP Boc,0
150 °C, 12 h
via NO,

— TDG: OMe O Ligand:

NIV OMe |
Pd Z
o) N o) N~ OH
13

Scheme 1.41 Ligand assisted & arylation of aliphatic amines

Ac-Gly-OH can be used as a ligand for the alkenylation of secondary amines to give
complex pyrrolidines. Without the ligand both the 4 and 5 membered palladacycles 116 and
117 of amine 115 can be formed when treated with 1.5 equivalents of palladium acetate.
When these complexes were reacted with an acrylate the pyrrolidine 119 was formed in 24%
yield, Scheme 1.42a. The alkenylation product 118 from the 4-membered palladacycle 116
was not observed. The addition of the ligand increased this yield to 51% due to the ligand’s
ability to render the palladation reversible, and so driving the reaction towards the product
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formed via the 5-membered palladacycle, Scheme 1.42b.2° These amino acid ligands were

first introduced by Yu and have been used for a number of applications in C-H

Z>CO,Et %
NH
%N\Pd—OAc =,

functionalisation chemistry.8-84

RN

116

JOAc
N—Pd
oﬂ\)

@)
1"

0 x_CO,Et

118
not observed

CO,Et

Z>C0,EL %N

0]

o 119

24%

119
51%

Scheme 1.42 Ligand assisted alkynylation

Picolinamide directed arylation of unnatural amino acids like 122 can be promoted by an

inexpensive phenanthroline ligand, Scheme 1.43, which leads to a mixute of monoarylated

123 and diarylated 124 products. Unlike other picolinamide directed arylations which are

proposed to go via a Pd"/Pd"V catalytic cycle, the mechanism for this Pd"/Mn'" is unclear. As

the addition of TEMPO suppresses the reaction the oxidative addition of the aryl iodide may

occur via a single electron transfer pathway.®®
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Arl 3 eq

Pd(OAc); 12 mol% 0 CO,Me O  CO,Me
O CO,Me phenanthroline 17 mol% N
“ Mn(OAc),2H,0 Teq SN A N Ar
B N K,CO3 3 eq _N N A
Z DCE, 120 °C,35-40h major minor
122 123 124
11 examples
33-74%

Scheme 1.43 Phenanthroline promoted arylation.

Carboxylic acids can be used as ligands to enhance reactivity in palladium catalysed C-H
functionalisation. Low yields were commonly encountered in the transannular arylation of
nitrogen heterocycles such as 125 developed by Sanford. To improve upon this, a 2-picolinic
acid ligand 127 was added to aid the turnover of the palladium catalyst. It was shown that
the addition of this ligand played a role in the recovery of active catalyst from the precipitate

which forms over the course of the reaction.®®

Pd(OAc), 10 mol%

NHC,F,  Ligand 20 mol% I
N CsOPiv3eq NHC/F;
o) Phl 30 eq N
150 °C, 18 h 0o
125 126
Ligand: Without ligand 46%
N With ligand 82%
=z o}
N
127 OH

Scheme 1.44 Ligand assisted transannular C-H arylation

1.6 Silver in C-H activation

In directed C-H arylation and alkylation of amines a base is often included to promote the
reaction. Silver salts such as silver acetate have been popular for use in these reactions, but
there are drawbacks to their use. As the base is needed in stoichiometric quantities (typically
2 — 4 equivalents) the use of silver can be very expensive. Silver has also been identified by
the ACS as an endangered element and is at a serious risk of supplies running out in the
next 100 years.®” Using a stoichiometric silver additive can also cause difficulties in the work-
up and purification of products, due to the silver salts being difficult to remove during an

aqueous work-up.
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There are several potential roles which silver can play in a C-H functionalisation reaction.

The most common to be proposed are:

1. Serving as a carboxylate source for the palladium (usually by abstracting a halide);
2. Acting as a terminal oxidant to regenerate the active Pd" catalyst.

Other potential uses are for promoting the C-C bond coupling, reacting with the palladium to
form bimetallic Pd-Ag intermediates which can facilitate C-H bond cleavage or the silver salt

directly promoting C-H bond cleavage.®

In the functionalisation of C(sp®)-H bonds it is likely that the silver salt helps by abstracting a
halide from the palladium catalyst, Scheme 1.45.4>% After the oxidative addition and
reductive elimination of an aryl or alkyl halide from the palladium catalyst to generate the
new carbon-carbon bond has taken place, complex 128, the silver carboxylate salt can
abstract the halide from the catalyst and replace it with a carboxylate ligand to regenerate

the active palladium species 129.

o
R Agl/Ager R _O

R o BN
Pd?

Ar/Alk
129 Ar/Alk

Scheme 1.45 Potential role of silver carboxylate salts

If this is the case it is possible to use an alternative base for the removal of halide from the
palladium, and so remove the need for expensive silver additives. Other carboxylate salts

and simple inorganic bases such as CsOAc and K,COs can be used to replace silver.

Cesium carboxylate salts can be used as alternatives to silver. For the arylation of amines
directed by the picolinamide group, CsOAc can be used as the base to give good vyields of
the products, Scheme 1.46.°° Sanford and co-workers used CsOPiv in their arylation of

nitrogen heterocycles.?

4-iodoanisole

OMe
| N4 PA(OAC),, CuBr, | N,
N/ N\/\ CsOAc N/ N

tAmOH
O 140 °C, 24 h O
34 35

Scheme 1.46 CsOAc as an alternative to silver
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Potassium salts can also be used as bases in C-H functionalisation. They are often used
with a carboxylic acid as a sub-stoichiometric additive. In the isoleucine directed arylation of
a cyclopropane, potassium carbonate could be used as the base to give the arylated
product, Scheme 1.47a.%® The picolinamide directed arylation of cyclopropanes could also
be achieved using the same base, but the presence of pivalic acid in 30 mol% was required
to obtain high yields of the product, Scheme 1.47b.*” When using a salicyl aldehyde 133 as
a transient directing group, potassium hydrogen carbonate could be combined with 20 mol%

of isobutyric acid to give the arylated free amines, Scheme 1.47¢.%
a Pd(OAc), 10 mol%
0] K,CO3 2 eq
N NH, Arl 1.5 __Arl1.5eq
H tAmOH
O 100 °C, 24 h
130
Pd(OAc), 5 mol%

cho3 2 eq, Arl 1.5 eq O
ﬁ\ PivOH 30 mol%  Ar N
PhMe I

130 °C, 15 h N~

Iz

c Bu o Pd(OAc), 10 mol%
Arl 3 eq Ar
OH J\/ _KHCO32eq gy “ J\)
By 133 Bu N iPrCO,H 20 mol% N
B —— S o
H,N 110 °C, 24 h OH
132 OH tBu
Bu

Scheme 1.47 Potassium salts used in C-H functionalisation
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1.7 Summary and project aims

The use of C-H activation as a method to functionalise otherwise inert C-H bonds has
attracted a significant research effort, but has mostly focused on C(sp?-H
functionalisation.®®-%2 It has the potential to allow for the late stage functionalisation of drug
candidates, as well as to provide a method for the synthesis of saturated compounds which
could not previously be accessed in short synthetic sequences. These compounds increase

the area of chemical space which can be explored in drug discovery.

A range of different methods for the C(sp®)-H activation of amines have been developed.
These include directed C-H activation using pre-installed or in situ generated directing
groups. The activation of free amines is also possible, but this is limited to a small scope of
amines and possible transformations. Many of these methods employ stoichiometric silver
additives and toxic solvents, and there are few methods for the arylation of saturated bicyclic
systems and heterocycles.

The aims of this project were:

e Develop C-H functionalisation methodology which can be applied to a range of mono,

bi and tricyclic amine scaffolds using a nitrogen linked directing group.

e Find alternatives to stoichiometric silver salts and toxic solvents in C-H

functionalisation reactions

e Investigate how electronics and structure of the directing group can control the

position of functionalisation

e Study the mechanism for C-H functionalisation
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Chapter 2

Arylation of saturated amines
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2.1 Project aims and background

Many methods for the activation of C(sp?)-H activation and some for C(sp®)-H activation
have been developed over the past 20 years (vide supra, introduction). A lot of these
methods have failed to move away from the use of stoichiometric silver salts, and

undesirable solvents (vide supra, Introduction).

Saturated amines feature in many pharmaceutical building blocks and APIs. Being able to
make changes to their structure at a late-stage in synthesis by treating a C-H bond as a
point to diversify the structure and synthesise analogues can be a powerful tool in drug
discovery.

A key aim of this section of the project was to develop the arylation of saturated amines, with
a focus on bridged bicyclic and tricyclic amines and amino substituted rings. There are
several drugs on the market which feature these ring types, Figure 2.1, and so being able to
perform C-H activation reactions on them can open up a larger amount of chemical space for
drug discovery. It was important to perform these reactions without the use of stoichiometric

silver salts, or toxic solvents such as DCE which are commonly used in C-H functionalisation

reactions.

NH,
Granisetron SaxagliptinN
Nausea T2 Diabetes
133 134
Mecamylamine 136 R = Me Camfetamine Rimantadine
(Inversine/Vecamyl) 137R = Et Fencamfamine Anitviral
Hypertension Appetite Suppressant 138

135
Figure 2.1 Drugs containing bicyclic and tricyclic amines

2.2 Synthesis of Starting Materials

Initial efforts were focussed on the synthesis of scaffolds on which to test C-H activation
reactions. Amino substituted bicyclics provided a good starting point for these reactions as

they are less likely to give the problem of B-hydride elimination. Amino substituted rings are
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easily accessible and so were also used for initial screening of known reactions. Some

simple commercially available amines were also used, Figure 2.2.

H
. N
NH NH, Lb

(R)-(+)-bornylamine exo-2-aminonorbornane 7-azabicyclo[2.2.1]heptane
139 140 141
HoN
)n
RVNHZ HzN\(\,)/Q
n
aminocyclopropanes amino substituted 1-adamantanemethylamine

142 rings 144

143

Figure 2.2 Examples of nitrogen containing scaffolds used

While many of these amines are commercially available, some had to be synthesised from

nitrile, alkene or ketone starting materials.

2.2.1 Aminocyclopropane scaffold synthesis
Aminocyclopropanes are common in medicinal chemistry®® and provide an interesting
scaffold for C-H activation reactions. There are several methods available for their synthesis,

and the addition of a protected aminocarbenoid to an alkene is the most simple.®

An amino cyclopropane was synthesised, using a one pot process which generates in situ a
carbamatoorganozinc carbenoid. First, a novel carbamate protected aminocyclopropane was
synthesised, giving compound 145 in moderate yield.*® The in situ generation of TMS iodide
was then used to cleave the carbamate, to furnish the desired aminocyclopropane as the
iodide salt 146 in excellent yield, Scheme 2.1.%%7

0

)J\ (EtO)3CH TMSCI
MeO™ NH, Zn, Cu H OMe Nal

— — NH,HI
ZnCl,, hif MeCN 2
/©/\ TMSCI, Et,0 0 97%
RT, 54%
’ 145 146

Scheme 2.1 Synthetic route for an aminocyclopropane scaffold

The same method can be applied to the synthesis of spirocyclic amines. When using
exocyclic alkene 147, the spirocyclic carbamate 148 is synthesised in excellent vyield,

Scheme 2.2. Deprotection of the carbamate using TMSI gives spirocyclic amine hydroiodide
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salt 149. This spirocyclic amine has only previously been reported once in 1968, and

required a lengthy synthesis.%

O

y O)LNH (EtO)sCH y TMSCI
e 2 Zn, Cu B oMe Nal [::1§7/NH2HI
ZnCl \n/ MeCN
2 O 66% 149
TMSCI, Et,0 148

147 RT, 96%

Scheme 2.2 Synthesis of a spirocyclic amine

2.2.2 Synthesis of amines from nitriles

The reduction of nitriles using lithium aluminium hydride (LAH) provides an easy route for
access to amines. Nitrile 150 was reduced to give amine hydrochloride salt 151 in high yield,
Scheme 2.3.

CN i) LAH NH,HCI
Et,O
i) HCI
150 151
99%

Scheme 2.3 Reduction of a nitrile using LAH

Tosylmethylisocyanide (TosMIC) may be used to convert a ketone into a nitrile via the Van
Leusen reaction, which was first reported in 1977.%° The nitrile then can be reduced using
lithium aluminium hydride to give the corresponding amine. This method has been used to
install a C1 fragment onto camphor to give 152, Scheme 2.4. An extended reaction time of
72 h was required due to the steric bulk of the camphor substrate. Nitrile 152 was isolated
as a 9:1 mixture of the endo and exo isomers.*?® Camphor provides an interesting target for
activation and it is a privileged structure within medicinal chemistry; both camphor and its
derivatives show potent biological activity such as use as a decongestant and in topical skin
ointments.'1192 Moreover, it is readily available as a racemic mixture or enantiomerically

pure, and amines based on it are also commercially available.
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1. LAH

TosMIC
{BUOK _THF. A
> 2. MeOH
DMSO, MeOH AcCl, 0 °C
o) cCl,
77%, d.r 9:1 CN 580, ¢.ro:1 NHz -HCI
152 ’ 153

Scheme 1.4 Reaction of camphor with TosMIC to install an additional CHz and subsequent reduction

of the nitrile to give the amine

Endo-bornylamine 155 could be synthesised according to a known procedure starting from
(+/-) camphor, via the oxime 154 followed by a reduction using sodium metal, Scheme 2.5.

R-(+)-bornylamine 139 is also commercially available.

1. Na, EtOH
—_— —»’
NaOAc, H,0 ( 2. HCI
60 °C, 24 h 69%
89% N o 15 H2HC!

154
Scheme 2.5 Synthesis of (+/-)-bornylamine from camphor

2.3 Addition of directing groups

Amide linked directing groups can be easily added on to the amine scaffolds through a
simple amide coupling using B(OCH.CF;3); and 2-picolinic acid, using methodology
previously developed within the group.1°3-1% |t has also been shown that B(OCH,CF3); in
catalytic quantities can be used to form amide bonds.1%1%7 Both stoichiometric and catalytic
amounts of B(OCH.CF3); were used to add the directing group to the scaffold, and a range
of picolinamides were synthesised, Scheme 2.6. This method can allow rapid access to the
picolinamide substrates required for C-H functionalisation as it uses a solid phase resin work
up and avoids the need for an aqueous work up. In some cases flash column
chromatography can also be avoided. Reactions using catalytic B(OCH,CF3); typically
needed to be performed on >5 mmol scale which limits its use for synthesising amides from

amines which are only available in small quantities.
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N-containing scaffold
OCH2CF3 3 X e(q

PhMe or CPME or tBuOAc

PANPER

reflux
G » [ / E i
N N/ HN N/ H
(@]
156 157 158
x = 2, CPME 20% x =2, CPME 81% x = 0.1, PhMe 11%
x = 0.1, PhMe 14% d.r 9:1
X
Q H | N
N = H |
H Nl o) N
= o
160 161

159

x = 0.1 tBuOAc 92% x =2, CPME 79%
x = 0.1 tBuOAc 91%

O:H \ QH} Q

162 163 164
x = 0.1 tBuOAc 80% x = 0.1 tBuOAc 61% x = 0.1 BuOAc 57%

x =0.1, PhMe 1%
x =2, CPME 21%

Scheme 2.6 Picolinamide synthesis using B(OCH2CF3)3

Since poor vyields were obtained using the borate reagent for synthesis of some
picolinamides, mostly due to the insolubility of the amine carboxylate salt in ether or
hydrocarbon solvents, HATU was used to install directing groups on these substrates,

Scheme 2.7. HATU couplings are also easier to perform on a smaller scale.
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bz OH
N
bicyclic/tricyclic o picolinamide
amine HATU
DIPEA, DMF
rt, 16 h
A Y
H —
N AN
HN X N
N 0 NS ©
(0] H ININZ
165 166 167 168
B i
N~ N HN X
0 N |
NINGZ
N | o © ”
H
N~
158 169 170
47% 91% 75%
d.r9:1

Scheme 2.7 Amides synthesised using HATU

The HATU coupling gave good yields of amide substrates, including those synthesised from
bicyclic and tricyclic amines. This method does require an aqueous work up and column
chromatography for the isolation of pure picolinamides and so is a less efficient way of
synthesising them compared to using B(OCH.CF3);. Amide 158 was later purified by our
collaborators at AstraZeneca using preparatory HPLC to separate the endo and exo

isomers.

As an alternative to amide linked directing groups, a 2-pyridylsulphonyl group was added to
nitrogen containing scaffolds. This group has the advantage of being easier to remove under
mild conditions than the picolinamide. The sulphonyl chloride 172 was first synthesised by a

known procedure starting from 171, Scheme 2.8.18
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S H,S0, | -
. A
Ny NaOCl (5% Cl) N" S0
171 -10 °C, 56% o
172

Scheme 2.8 Synthesis of 2-pyridylsulphonyl chloride

The general procedure for the addition of sulphonyl chloride 172 is shown in Scheme 2.9.
For scaffolds that were used as their hydrochloride salts, 3 equivalents of triethylamine were

used, compared to the 1.2 equivalents used for reactions involving free amines.>®

\ //O
X
| \Cl O\\ .0
N-containing scaffold 2N X | A S\NR
2
NEt; 1.2 -3 eq _N
MeCN
rt, 16 h
i\ //O / \
N/ H —N N/ \ (@)
7\ “S. — '5=0
N g o HN N~
7 \\O H N/ \
92% 89% 14% 32%
173 174 175 176

Scheme 2.9 Sulphonamide synthesis

2.4 C-H activation reactions

Once a set of nitrogen heterocycles and amino substituted rings with directing groups
installed had been synthesised, several types of reactions were screened to establish a
reliable test reaction with which to explore the reactivity of the different scaffolds. Known
reactions for sp® and sp? C-H activation from the literature were adapted and explored using
the picolinamides synthesised.

2.4.1 Acetylation reactions

The oxidation of the cyclopropane scaffold 161 was attempted using known conditions,
Scheme 2.10.** Instead of giving the expected products 179 and 180, cyclisation of the

picolinamide occurred to give indoline 177. A small amount of alkene 178 was observed.
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o)
_ Pd(OAc), 5 mol% N O
H | \H/
N x> N/ \ e}
N AcOH:Ac,0
O S

PhI(OAc),
110 °C 177 178
161 92% o
7
H | =
N N OAc H |
N z N x
o) N
OAc (0]
179 not observed 180

Scheme 2.10 Attempted oxidation of a cyclopropane

It has been shown that under similar conditions reaction the synthesis of indolines can be
achieved through intramolecular amination directed by a picolinamide group!®® (Scheme

2.11) or a sulphonamide linked pyridine auxiliary.®*

Pd(OAc), 0.5 mol%
Phl(OAc), 2 eq

HN___O - N
PhMe, Ar
o N O
NZ | 80 °C, 24 h, 90% =
X \ Y
181 182

Scheme 2.11 Intramolecular amination to give an indoline product

2.4.2 Arylation reactions

Auxiliary assisted arylation of sp® C-H bonds are usually mediated by the use of silver salts,
such as silver acetate and silver phosphate, which are both expensive and
unsustainable.'°-112 However, developments have been made using pivalic acid in the place
of silver in these cross coupling reactions. An arylation of the bicyclic scaffold 175 using
previously described conditions*’ failed to produce any of the arylated product 183, Scheme
2.12.
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Phl 1.5 eq

[\ _Pd(OAc), 5 moit ;/ \>
HN — K2003 2 eq Ph HN. \_
~0

N
PivOH 30 mol% 'S
g o PhMe o

[not observed]

Scheme 2.12 Attempt at arylation of a bicyclic scaffold

Cesium salts have also been successfully used as an alternative to silver and reactions
using them benefit from a simplified work up and lower cost than that associated with the
use of silver salts.®® A general method for these arylation reactions is shown in Scheme
2.13.

Arl 4 eq
| Pd(OAc), 5 mol%
N~ CuBry; 10 mol%
> arylated picolinamide
CsOAc 4 eq
0" 'NR; t-AmOH 2 M
140 °C, 24 h

Scheme 2.13 General scheme for the arylation of picolinamides

Compound 160 was successfully arylated by two different aryl iodides with electron donating
and electron withdrawing substituents under these conditions to give the products 184 and

185 shown in Scheme 2.14.%° The reaction is completely selective for the cis configuration.

= =
H | H |
No A N A
N N
o) o)
OMe CO,Et
184 185
0,
589% 72%

Scheme 2.14 Arylation of a monocyclic scaffold

40



Disappointingly, no arylation was observed when the reaction was repeated using the

cyclopentane scaffolds 157 and 186, Figure 2.3.

CL i
X N X
”J\O O/\H)J\O
N~ N2
157 186

Figure 2.3 Unreactive amides

The same conditions were applied to piperidine scaffold 156, but no reaction took place. A
possible reason for this may be that the system was too strained to form the palladacycle
required for activation, Figure 2.4. Previous activation of saturated nitrogen heterocycles
required a linker between the nitrogen of the heterocycle and the carbonyl of the directing

group amide.?!

o 7N\

K/l\ll Pd— N __

7 AN

Pd—N b N
/ — e e}

AcO

187 188

Figure 2.4 Possible palladacycle intermediates may be too strained

Replacement of the amide linked directing group with a sulphonamide linked directing group

in 173 also did not result in the arylation reaction taking place, Scheme 2.15.

4-iodoanisole 4 eq

Q.0 Pd(OAc), 5 mol% O\\S//O
O,S | N CuBr; 10 mol% Q/ @
N~ CsOAc 4 eq Ar N~

173 tAmMOH 2 M 189
140°C, 24 h [not observed]

Scheme 2.15 Arylation attempt using a sulphonamide linked directing group

Another potential reason for no arylation taking place on the heterocycle substrates could be
the lack of a free NH on the directing group. These conditions previously were only used on
substrates bearing this functionality, as it may be crucial for the catalytic pathway to take

place.

Arylation of the sulphonamide of cyclohexylamine 174 was attempted. The pKa of the
sulphonamide NH proton should be lower than in the picolinamide, and so should be easier
to deprotonate which is required for the formation of the intermediate palladacycle. However,
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this reaction failed to produce any arylated product, instead just returning the starting

material, Scheme 2.16.

4-jodoanisole MeO

y | Pd(OAc), CuBr, hw F |
N. N CsOAc N S
S N °s” °N
o0 tAmOH 3o
140 °C, 24 h
174 190

Scheme 2.16 Attempted arylation using a sulphonamide linked directing group

The 2-pyridyl amide of bornylamine was selected as an interesting substrate for C-H
activation; its bridged bicyclic system reduces the likelihood of B-hydride elimination.
Previous arylation of the structure required the use of stoichiometric silver carbonate.*?
Silver free conditions developed by Daugulis et al*® were applied to amide substrate 165,
entry 4, to give the arylated product in excellent yield. A 1 M concentration of the amide
substrate in tAmOH was used, more dilute than the 2 M reported by Daugulis. Cesium
acetate was used as an alternative base and iodide scavenger, and tAmOH as the solvent.
Drying of the solvent was not required, neither was the strict exclusion of air and moisture.
Other bases were evaluated for their efficiency in the process, with cesium pivalate giving an
81% vyield of the product, entry 3. Potassium carbonate was also effective, giving 191 in
77% isolated yield, entry 2, and is an inexpensive and less hygroscopic alternative to
cesium carboxylate bases. Sodium acetate gave a poor yield of the product, most likely due

to insolubility in the reaction, entry 1.

Reducing the number of equivalents of the aryl iodide to three led to a reduced yield of 72%,
entry 7. The concentration of the amide in tAmOH was important, and when the reaction
was run at a more dilute 0.5 M concentration the yield dropped to 58%, entry 8. When
copper (I) bromide was excluded from the reaction it was found that the yield dropped
dramatically, entry 6. There was no reaction in the absence of palladium, entry 5, and
Pd.(dba), was slightly less efficient as a catalyst, entries 9 and 10. Degassing the solvent
had little effect on yield, entry 11, and there was a slight drop when the reaction was run in

an air atmosphere, entry 12.
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165

4-iodoanisole

Pd source
base, additive
tAmOH HN (0]
140 °C, 24 h
N ’
OMe X |
191

Scheme 2.17 Arylation of a bornylamine scaffold

Entry Catalyst Additive Base Yield
1 Pd(OAc), CuBr; NaOAc 7
2 Pd(OAC): CuBr; K,COs 81 (77°)
3 Pd(OACc). CuBr; CsOPiv 81
4 Pd(OAc). CuBr; CsOAc 91°
3 None CuBr: CsOAc 0
6 Pd(OAc): none CsOAc 36
7° Pd(OAc) CuBr, CsOAc 72
8¢ Pd(OAc), CuBr; CsOAc 58
9 Pd,(dba), CuBr; CsOAc 72
10 Pd.(dba), none CsOAc 45
11¢ Pd(OAc), CuBr; CsOAc 88
12 Pd(OAc), CuBr, CsOAc 80

a NMR yield calculated using 1,3,5-trimethoxybenzene as the internal standard. P Isolated yield. ¢ 3 eq. Arl. 4 0.5
M concentration. € Degassed solvent. f Reaction performed in an air atmosphere.

Table 2.1 Reaction optimisation for the arylation of amide 165.

The orientation of the aryl group introduced was confirmed by single crystal X-ray diffraction,

Figure 2.5, which shows the aryl group is in the endo position.
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Figure 2.5 X-Ray crystal structure of compound 191. Ellipsoids drawn to the 50% probability level

The reaction was compatible with a range of different substituted aryl iodides, and a scope
for the reaction is shown in Figure 2.6. A lower yield of 44% was obtained for the ortho
methoxy substituted aryl iodide, presumably due to increased steric congestion. The reaction
could tolerate halogens in the para position, compounds 192 and 193. Ketones and
thiophenes were also used to give good yields of the arylated products 194 and 197. The

reaction could also tolerate the aryl iodides containing a cyano group to give product 196.

=
= = | =
NS | HN A i e
N HN \N J N
o o MeO °
F

Cl o
192 193 194 195
85% 84% 50% 60%
<
= = =
SN P PNy MeO "
o) ZZ2NS] N N N
CN
196 197 198 199
72% 82% 80% 44%

Figure 2.6 Aryl iodide scope

5-lodoindole proved to be an unsuccessful coupling partner (not shown), possibly due to

coordination of the deprotonated nitrogen of the heterocycle onto to the palladium catalyst,
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poisoning the catalyst and so leading to no conversion for the reaction. After protection of

the indole with a tosyl group a moderate yield could be obtained for the arylation reaction,

Scheme 2.18.

=
| Pd(OAc), 5 mol%
ANy CsOAc 4 eq
CuBr, 10 mol%
O tAmOH. 140 °C, 24 h \
il NTs
165 44% 201

Scheme 2.18 Arylation with a tosyl protected indole

Figure 2.7 shows two unsuccessful coupling partners: 2-iodotoluene and 3-iodopyridine.
Having a pyridine ring on the aryl iodide may suppress the reaction by coordinating to the
palladium acetate catalyst preventing the coordination of the directing group and subsequent
C-H activation. Having bulky groups on the pyridine ring may block coordination and so allow
activation to take place. Unlike 2-iodoanisole, 2-iodotoluene did not result in any arylated
product due to the methyl group being less flexible than the methoxy and so sterically
hindering oxidative addition to the palladium.

Figure 2.7 Unsuccessful coupling partners

Reaction with 4-bromoiodobenzene led to an inseparable 1:1.2 mixture of products 202 to
203, Scheme 2.19, demonstrating that both aryl iodides and bromides are compatible with
the reaction. The aryl bromide appeared to be more reactive in the reaction, giving a slightly
higher yield of the corresponding arylated product 203.

|
el
7~
= Br f | + HN N |
in. o I Pd(OAc), 5 mol% HN N N
N CsOAc 4 eq 0 0]
o) CuBr, 10 mol%

tAMOH Br |
165 140 °C, 24 h 42% 50%
202 203

Scheme 2.19 Arylation using 4-bromoiodobenzene resulting in two products
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On the discovery that aryl bromides may also act as coupling partners in the reaction, the

scope of aryl bromides was investigated, with products formed in good to excellent yield,

Figure 2.8. Aryl bromides are less common than aryl iodides as coupling partners in C-H

activation, however they are cheaper and more readily available.}'#112115116 The yse of aryl

bromides allowed the substrate scope to be further expanded to include aldehydes, phenols

and nitriles. A small ortho substituent on the aryl bromide gave a good yield of product 205.

Lower yields were seen when using aldehyde containing aryl bromides, 209 and 210.

OMe

191
93%

HO

Ox

209
30%

@ a
TS NC HN A
N
I 0

205
204 28%
87%
= ~ |
HN X | HN SN
z N
/ o)
S o)
COzMe
207 208
65% 69%
= = |
| HN S
o) o)
OH
0% 210 211
69% 71%

Figure 2.8 Aryl bromide scope

The reaction is limited to aryl bromides or aryl iodides. Using an aryl chloride or triflate does

not result in any arylated product, Scheme 2.20.
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HN

165

0]

or
~o

Pd(OAc),
CsOAc, CuBr,

tAmOH

140°C, 24 h

X =Cl, OTf

Scheme 2.20 Attempted arylation using an aryl chloride or triflate

As the substrate scope was performed using small scale (0.1 mmol) reactions a scale up

reaction to 1 mmol using 4-iodoanisole as the aryl iodide was performed to ensure the yield

for the reaction was consistent on a larger scale. Gratifyingly the scale up gave an 86% yield

of compound 191 (91% on a 0.1 mmol scale).

One of the drawbacks of this method is the excess of aryl iodide or bromide needed to get a

high yield. However, it was demonstrated that at the end of the reaction the excess could be

recovered during the purification stage, Scheme 2.21. The yields on scale up are

comparable to those obtained at a smaller scale. When recovering the aryl bromide, 3.12

mmol out of a possible 3.27 mmol (95%) was obtained. For the aryl iodide the recovery was

not as efficient, with 2.74 mmol out of a possible 3.13. mmol (88%) recovered.

[1 mmol]
165

©/[4 mmol]

Pd(OAc), 5 mol%

CsOAc 4 eq
CuBr; 10 mol%
tAmOH 1 M

140°C, 24 h

I
/©/ [4 mmol]
Cl

Pd(OAc), 5 mol%

CsOAc 4 eq
CuBr; 10 mol%
tAmOH 1 M

140 °C, 24 h

p
NC HN N
N

(@)

205 73%
3.12 mmol recovered ArBr

“]
HN \N
(@)
Cl

193 87%
2.74 mmol recovered Arl

Scheme 2.21 Scale up reaction and recovery of excess aryl halides
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Replacing the amide link in the directing group of 165 with a sulphonamide leads to no
arylation taking place, Scheme 2.22. As the NH of a sulphonamide is more acidic than in the
amide, it would be expected that deprotonation of the NH by the palladium catalyst would be
easier. But as no reaction took place the size or orientation of this directing group must be

preventing the reaction.!’

4-iodoanisole 4 eq
Pd(OAc), 5 mol %

CsOAc 4 eq
O CuBr, 10 mol % HN.
HN .

tAMOH ’/ 0
o’ Yo 140 °C, 24 h
OMe
175 183

Scheme 2.22 Attempted arylation of a sulphonamide

The arylation of the bridgehead methylene of exo-2-aminonorbornane 166 was successful
under identical conditions to bornylamine, Scheme 2.23. Again, the position of the C-H

activation and arylation was confirmed by XRD.

4-iodoanisole 4 eq
Pd(OAc), 5 mol %

Ar
Lb CsOAc 4 eq
7//@ CuBr, 10 mol °/o HW/@
N\
tAmOH N
O

140 °C, 24 h
OMe F ~NTs
‘e L§ g ‘.
\N / N\ / N N /
o] ‘ o o} N
212 81% ‘ 213 84% 214 86%

Scheme 2.23 Arylation of exo-aminonorborane and XRD crystal structure of 212. Ellipsoids drawn to
the 50% probability level

The incorrect orientation of a directing group can lead to unsuccessful C-H activation
reactions. In amide 169 the directing group is pointing away from the molecule and so no

reaction takes place, as only an unfavoured 4-membered palladacycle may be formed,
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Scheme 2.24. The presence of a basic nitrogen within the bicyclic scaffold may also

coordinate to the palladium catalyst and prevent C-H activation from taking place.

\ 4-iodoanisole 4 eq 0 \N
0] N Pd(OAc), 5 mol % Ar
X7 ON CuBr, 10 mol % | H
| H > =
= tAmOH
169 140°C, 24 h 215

[not observed]

Scheme 2.24 Attempted activation of a nitrogen heterocycle

When adamantane scaffold 171 was treated under the same conditions as previous

substrates no reaction was observed, Scheme 2.25.

4-iodoanisole 4 eq

O Pd(OAc), 5 mol % 0
N CsOAc 4 eq N
| 7 NH cuBomol% [ ] | A
Pz > Pz r
tAMOH
140 °C, 24 h

[not observed]

Scheme 2.25 Attempted activation of an adamantane scaffold
For arylation of compound 171 to take place, palladacycle 217 is required to form.
Compound 217 contains a more unusual four-membered palladacycle which is less favoured
than a five-membered ring and in this case does not form to give the desired arylated
product, Figure 2.8.

217

Figure 2.8 Proposed palladacycle required for activation of an adamantane scaffold

When a methylene unit is in between the nitrogen and the adamantane, C-H activation can
take place via a 5-membered palladacycle and give a good yield of the monoarylated
product 218, Scheme 2.26. Although there are three identical CH, positions available for C-
H functionalisation on compound 168, none of the diarylated or triarylated products were
observed, instead the reaction stopping after the installation of one aryl group. Steric
crowding may be preventing the addition of another group.
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= 4-jodoanisole 4 eq =

il ) PdOAc,Emol O oo
N CsOAc 4 eq N
o CuBra 10 mol% e} Diarylation not
tAmOH observed
140°C, 24 h
168 4% 218

Scheme 2.26 Arylation of an adamantane derivative

When the directing group was more flexible, such as in 167, no reaction was seen, Scheme
2.27. It would be expected that C-H activation would take place on the CH; which is y to the
amide to give 219.

4-iodoanisole 4 eq
Pd(OAc), 5 mol%

(0] CsOAc 4 eq Ar O
CuBr, 10 mol%
N N N N
H NI tAmOH H NI
Z 140 °C, 24 h Z
167 219

[not observed]

Scheme 2.27 Unsuccessful arylation of a cis-myrtanylamine scaffold
Not all C-H activation reactions proceed via the 5-membered palladacyle pathway that is
usually the most favourable. Bicyclic amides 158a and 158b do not form the 5-membered
palladacycles shown in Scheme 2.28, which would lead to the arylation of a CH, position.

L —_—
Q& Pd Ak Q%P\‘d"\l\ /| _ H Q&
/‘SQ CsOAc N /g@

158a

O
L 220 = 221
[not observed]

Pd(OAC), J Al
0] —X— Pd” = —_——— Ar O
CsOAc L\
N A N N | A
H
N~

158b - 222 - 223
[not observed]

Scheme 2.28 Expected reactivity of two bicyclic compounds

Instead, these compounds prefer to form the more unusual 6-membered palladacycles 224
and 226 to give the arylated products, Scheme 2.29. A higher yield was seen when using
exo amide 158a, potentially due to the higher stability of palladacycle 224.
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Q& _Pd(OAc), Pd/L 4-iodoanisole o
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Pd(OAc), 4-iodoanisole
] — e L O
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158b - -
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227 66%

Scheme 2.29 Arylation of bicyclic scaffolds via a 6-membered palladacycle

The formation of 6-membered palladacyles was previously observed in the C-H arylation of
pinanamine. It was hypothesised that this unusual &-activation was due to the conformation
characteristics of amide 228, which puts the directing group in close proximity to the
bridgehead CH,.1®

0
Pd(OAc),
HNT S Arl/ArBr
N
= AgCO4
PhMe, 130 °C

228
50 - 85%
16 examples

Scheme 2.30 Unusual remote & C-H activation

Conformational restraint may also be the reason the &-activation of amide 228, as the
directing group is in close proximity to the CHs; group which is arylated, although the
directing group is more flexible than that shown in Scheme 2.30. This is one of the few
examples of remote & C(sp?)-H functionalisation.

2.5 Removal of the picolinamide auxiliary

The removal of the directing group is required to yield the free amines. In some cases this
had been achieved using hydrolysis of the amide bond using a sodium hydroxide in ethanol

or isopropanol.1*®11® Hydrolysis of the amide linkage using sodium hydroxide was not
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successful returning only the starting material, even at elevated temperatures. The cleavage
of picolinamides can also be achieved using zinc metal in HCI and water or water/THF.12°
This method proved effective for the deprotection of the bicyclic amides, Scheme 2.31. This
method did not require protection of the amine from purification, instead an acid-base work

up could be used to give the free amines in good yield.

Zn
= | HCI6 M aq
AN S H,OTHF NH
o 81%
OMe 191 OMe
230
OMe OMe
Zn
HCI 6 M aq
H = H,OTHF
NO L 74% NH;
N
z 231
212

Scheme 2.31 Removal of the picolinamide auxiliary

2.6 Improvements to the reaction conditions

2.6.1 Directing group effects

Changing the electronics and sterics of the pyridine ring in the directing group can have an
effect on the efficiency of the arylation reactions. It was first seen that changing from the
picolinamide to 3-methylpicolinamide directing group could improve the yields of products in
the arylation of bornylamine. This can be useful for those aryl halides that give poor yields,

such as 5-iodoindole, Scheme 2.32.
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Arl:

Z\ ;zw

= | | 91% 44%
HN ~ Ar’ HN Sy 191 201
N
o) Pd(OAc), o)
165 CsOAc, CuBr,
tAmOH, 140 °C
= = 97% 63%
| | 233 234
HN NS Ar  HN N
N N
o) o)
232

Scheme 2.32 Arylation of bornylamine using the 3-methylpicolinamide directing group

This group has a similar effect on the arylation of a simple cyclohexylamine substrate 235

and increases in yield can be seen for two different aryl iodides, Scheme 2.33.

NZ Pd(OAc), 5 mol% 0
H S | CsOAc 4 eq, CuBr; 10 mol% N
Arl 4 eq =~ | ”
O/ O tAmOH X X
140 °C, 24 h
235

236 X=F 72%
237 X = OMe 86%

Yields with unsubsituted picolinamide
238 X =F 70%
184 X = OMe 68%

Scheme 2.33 Arylation of cyclohexylamine using the 3-methylpicolinamide group

When using the 5-trifluoromethyl picolinamide directing group for the arylation of
cyclohexylamine 239, a lower yield of arylated product 240 is obtained, Scheme 2.34. The
strongly electron withdrawing nature of the trifluoromethyl group may affect how well the
pyridine nitrogen coordinates to the palladium catalyst, and so reduce its ability to direct C-H

activation.
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A~ CFs Pd(OAC), 5 mol% A~ -CFs
Hoo | | CSOAC 4 eq, CuBr, 10 mol% Bl |
O/ N 4-fluoroiodobenzene 4 eq N
o tHxOH o
140 °C, 24 h
239 539,
F
240

Scheme 2.34 Arylation using the 5-CF3z picolinamide directing group

A similar effect was seen when a CF; group was introduced to the transient directing group
used by Yu in the arylation of aliphatic amines. The yield with the unsubstituted directing
group was 94%, but the addition of the CF; caused it to drop to 67%."?

2.6.2 Solvent effects

For reactions with more challenging substrates low yields of arylated products were obtained
in tAmOH, and so a solvent with a higher boiling point was needed so the temperature of the
reaction could be increased. 3-Methyl-3-pentanol (tHxOH, b.p 123 °C at 1 atm) has not
previously been reported as a solvent for use in any chemical reactions, instead being used
in the synthesis of the tranquiliser emylcamate.'?* The use of this solvent allows for the
reaction to be carried out at higher temperatures as when reaction temperature was set to
140 °C, the mixture reached 138 °C in tHxOH whereas in tAmOH the reaction mixture was
measured to be only 122 °C. The commercially available tHXOH was contaminated with
alkene 241, which when used in C-H activation reactions underwent a Heck-type coupling to
give compound 242, Scheme 2.35.

Pd(OAC)Z, CUBrz HO

\H$</ 4-iodoanisole X
X tHxOH
140 °C, 24 h ~o
241 242

Scheme 2.35 Heck coupling of tHXOH impurity

To avoid this issue, hydrogenation of the solvent was carried out to remove the alkene prior
to use, Scheme 2.36.

Pd/C

\H$</ Hy HO

X tHXOH \)</
241 tHxOH

Scheme 2.36 Hydrogenation of alkene impurity
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For the amide 159, the arylation reaction produced a mixture of mono and diarylated
products, with the diarylated product being the major product, Scheme 2.37. Under the
reaction conditions previously optimised using tAmOH a poor yield of just 7% of the
diarylated product 243 was obtained, entry 1. On changing to tHxOH the yield was
increased to 25%, entry 2. Due to the higher boiling point of tHXOH compared to tAmOH it
was possible to increase the reaction temperature to 150 °C which led to a higher yield,
entry 3, but an increase to 160 °C led to a decrease in yield possibly due to decomposition
of the catalyst. Increasing the number of equivalents of aryl iodide to six further increased
the yield, entry 5, and a change from cesium acetate to cesium pivalate gave the highest
yield of diarylated product, entry 8.

0 4-iodoanisole Ar O 0]
Pd(OAc),, CuBr:
OAN N (OAc), 2 CE\H)K@ O/\H%
H Solvent, T
’ N 4, N =
N A 24 h Ar = Ar
159 243 244

Scheme 2.37 Arylation of cyclohexylmethylamine

Entry Solvent  Temperature/ Time/ Diarylation Monoarylation Arleq Base

°C hours 243 244
1 tAmOH 140 24 7% <5% 4 CsOAc
2 tHxOH 140 24 25 7 4 CsOAc
3 tHxOH 150 24 65% 6% 4 CsOAc
4 tHxOH 150 48 63% 5% 4 CsOAc
5 tHxOH 150 24 70% 25% 6 CsOAc
6 tHxOH 150 24 68% 23% 8 CsOAc
7 tHxOH 160 24 57% 14% 4 CsOAc
8 tHxOH 150 24 7% 16% 6 CsOPiv

Table 2.2 Optimisation of arylation conditions in tHXOH

The diarylation product 243 from Scheme 2.37 has an all cis stereochemistry, while the
monoarylation product 244 is trans. The cis monoarylation product is only observed in trace
guantities, as it goes straight on to react with another equivalent of aryl iodide, whereas the

trans monoarylation product is unreactive.
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Figure 2.9 Cis monoarylation product

The two different monoarylation products are the result of C-H activation taking place when
the directing group is in either the axial or equatorial position, Scheme 2.38. When the
directing group is axial it leads to the minor monoarylated product 245, as this is the isomer
which lead to the diarylated product. However, when the directing group is in the equatorial
position, major monoarylated product 244 is observed.

F Arl Af/%
—_—
NH

NH
X

0 X © |

N~ . )
159 minor monoarylation

245
’ 7 \ 74 \
N N Arl H =N
[~ o LT

major monoarylation
244

Scheme 2.38 Formation of monoarylation products

The minor monoarylation product has two possible chair conformations, 245a and 245b. The
second conformation which puts the bulky aryl group in the equatorial position is likely the
lowest in energy. For the second arylation to occur the amide directing group must be in the
axial position, which it is in compound 245b, and so the second arylation takes place when

the monoarylation product has a cis configuration.
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7 \ Ar Ar
H =N Arl Ar
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O
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N~ N~
minor monoarylation reactive conformation diarylation
245a 245b 243

Scheme 2.39 Formation of the diarylated product from the monoarylated

The trans monoarylation product’s lowest energy conformation has both substituents in the
equatorial positions 244a, and the ring flip to conformer 244b having a high energy barrier.
Due to this the directing group in monoarylation product 244a will not go on to react to give

any diarylation product.

=

7\ H |

H = N X

N N N
0]

LW

major monoarylation Ar
244a 244b

Scheme 2.40 Chair conformations of the minor arylation product

This selectivity of this reaction is the same as that which is observed in the arylation of a
similar substrate, in which the 8-aminoquinoline directed C-H functionalisation of 246 gives
the all cis diarylation product 247, Scheme 2.41.122
X X
| =z Pd(OAc), | =z
N AgOAc, Arl + trans diaryl 8%

N
HN (0] neat >  MeO HN O OMe and mono aryl 9%
P )
61% ‘

246 247

Scheme 2.41 All cis arylation of a cyclohexane ring

Improvements for other substrates can also be achieved using 3-methyl-3-pentanol, even
without an increase in reaction temperature. In the arylation of cyclohexylamine 160,
Scheme 2.42, it can give an improvement in yield even at lower reaction temperatures to

those needed with tAmOH.
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Arl 4 eq

Pd(OAc), 5 mol % =
H - | CsOAc 4 eq H X | tAmOH 70%
N SN CuBr, 10 mol % N
O/ 5 jf;/(‘)/ifg © tHXOH 80%
160 238
F

Scheme 2.42 Arylation of cyclohexylamine in 3-methyl-3-pentanol

This solvent effect can be combined with the improved 3-methyl picolinamide directing group

to further increase the yield of arylated product 248, Scheme 2.43.

NZ Pd(OAc), 5 mol% 0
H S | CsOAc 4 eq, CuBry; 10 mol% N
Arl 4 eq X - | H
o) tHxOH AN E
130 °C, 24 h
233 91% 236

Scheme 2.43 Arylation using the improved solvent and directing group

Similar results were seen when using the more electron rich 4-iodoanisole as the aryl iodide
in the reaction. Under the original arylation conditions in tAmOH at 140 °C and employing
the unsubstituted picolinamide directing group a 68% vyield of arylated product was obtained.
Changing to the 3-methyl picolinamide group gave an increase to 85%, and using the
improved directing group and tHxOH as the solvent gave an 85% yield of product 249 at a
reduced temperature of 130 °C, Scheme 2.44.

N* Pd(OAc), 5 mol% (o)
H | CcsOAc4eq, CuBry10mol%

X Arl 4 eq = | h
o X solvent AN X OMe

T°C,24h
184 X =H tAmOH 140 °C 68%
237 X = Me tAmOH 140 °C 84%
237 X = Me tHxOH 130 °C 85%

Z

Scheme 2.44 Arylation of cyclohexylamine using 4-iodoanisole

2.6.3 Improving the substrate scope

Using this improved solvent system, the arylation of larger cyclic amines were investigated.
Firstly, the arylation of picolinamide substrates derived from 7, 8 and 12 membered amines
were attempted. Unlike cyclohexane, these ring sizes do not have a single low energy
conformation.'?®> Medium sized rings also have the potential to undergo transannular C-H
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functionalisation.'?* The arylation of the cycloheptane ring 162 proceeded cleanly, to give the
arylated product 248 in a moderate yield and good diastereoselectivity, Scheme 2.45. The
cycloheptane ring underwent a similar reaction to the cyclohexane, resulting in C-H
functionalisation y to the amide. The stereochemistry of product 248 is tentatively assigned
as cis.

% Pd(OAc), MeO z
H N \ CsOAc, CuBr, N \
N

X 4-iodoanisole H S
140 °C, 24 h

0, .
162 31%, d.r 92:8 248

Scheme 2.45 Arylation of a 7-membered ring

When the cyclooctyl picolinamide 163 and cyclodocecyl picolinamide 164 were reacted

under the same conditions a complex mixture of arylated products were obtained.

N7 \
H o )
Pd(OAC),
o CsOAc, CuBr,
163
or
e
N N
(EE O
164

4-iodoanisole
Scheme 2.46 Attempted arylation of medium ring sizes

» complex product mixtures
tHxOH

140 °C, 24 h

Potential products identified from the complex NMR are shown in Figure 2.10. It was not
possible to separate these products from the mixture for full characterisation.

N
H N= MeO /
N | _N
X H N= MeO
o NN O O™ °NH
o . O OMe
OMe
249 250 251

Figure 2.10 Potential arylation products
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The 3-methylpicolinamide substrates were also synthesised, Scheme 2.47, to explore the

effect changing the directing group would have on the outcome of the C-H activation.

HATU 1.2 eq
3-methylpicolinic acid 1.2 eq H
HZNQ DIPEA 1.2 eq o N=
- DMF . \_/
rt, 16 h O
n=1,2,6
NH N= H
O <) NY@ NWH%j
o} © o)
252 91% 253 84% 254 85%

Scheme 2.47 Synthesis of 3-methylpicolinamides

The addition of the 3-methyl directing group gave a modest increase in yield for the arylation

of the cycloheptane ring, as well as an increase in diastereoselectivity, Scheme 2.48.

NG Pd(OAc), MeO N7
H \ CsOAc, CuBr, . \
N S 4-iodoanisole N B
O/ o tHxOH o
140 °C, 24 h
255

252 38%, d.r 98:2

Scheme 2.48 3-Methyl picolinamide directed arylation

A change in directing group to the 3-methylpicolinamide for the 8- and 12-membered rings

did not prevent the formation of a mixture of arylated products.

2.7 C-H functionalisation of heterocycles

2.7.1 Arylation of nitrogen heterocycles

The arylation of nitrogen heterocycles is more challenging, due to the presence of a basic
nitrogen which can poison the palladium catalyst. Arylation of piperidine a to the nitrogen
has been achieved using a ruthenium catalysed, pyridine directed method!?®, or via a
Negishi coupling.’?® For arylation B to the piperidine nitrogen, a carboxylic acid linked
quinoline directing group has been used!*? or a ligand assisted approach can be taken.'?7:128
Arylation of a 4-aminopiperidine using an amine linked directing group has not yet been

reported.
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Amide 256 was arylated in tAmOH, using a Boc protecting group to prevent the basic
piperidine nitrogen coordinating to the palladium catalyst. This led to the formation of both
the monoarylated product 257 as well as diarylated product 258, Scheme 2.49.

Boc

_ Pd(OAc), 5 mol% OMe 257 21%
N | CsOAc 4 eq, Arl 4eq

H
N ™ CuBry; 10 mol%
/,O/ o tAmOH Me© i N
Boc 140 °C, 24 h PN

OMe
258 19%

Scheme 2.49 Arylation of piperidine

Encouraged by this result, other protecting groups were investigated, to attempt to improve
the yield. As the reaction is carried out at elevated temperatures, Boc protection of the
piperidine was not ideal due its potential instability under the reaction conditions. The
piperidine was synthesised with tosyl, Cbz and benzoyl protecting groups. Both the tosyl and
Cbz protected piperidines were not compatible with the reaction and did not undergo
arylation. The arylation reaction also failed when the solvent was changed to tHXOH. When

using the benzoyl protecting group, trace quantities of both arylated products were observed.

2.7.2 Arylation of oxygen heterocycles

Oxygen heterocycles could also be effectively arylated under the improved reaction
conditions, using 3-methyl-3-pentanol as the optimal solvent, Scheme 2.50. Unlike the
arylation of cyclohexylamine, the arylation of compound 259 did result in the formation of the
B-hydride elimination product 261 as well as the desired arylation product 260. The effect of
solvent and temperature of the reaction can be seen in Table 2.3. C-H activation of a
tetrahydropyran scaffold has previously been achieved 3 to the cyclic oxygen using a ligand

enabled protocol, directed by a carboxylic acid linked directing group.*2°
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Pd(OAc), 5 mol% oM
H = | Base 4 eq 7N ° H ~ |
O/N \N CuBr, 10 mol% ™ ! N N \N
Arl 4 eq O/
© o Solvent, T O O O~ ©
260 261

Scheme 2.50 Arylation of an oxygen heterocycle

Entry Solvent Temperature Base Yield of 260 Yield of 261
1 tAmOH 140 CsOAc 24 Trace
2 tHxOH 140 CsOAc 15 Trace
3 tHxOH 140 CsOPiv 42 Trace
4 tHxOH 150 CsOAc 75 5
5 tHxOH 150 CsOPiv 55 3

Table 2.3 Optimisation of conditions for arylation of 259

In order to improve the yield for the arylation, the 3-methylpicolinamide directing group was
installed, to give compound 262 which was arylated under the optimum conditions from
Table 2.3. This led to a 10% increase in yield, and a slight reduction of the formation of the
B-hydride elimination product 264.

Pd(OAc), 5 mol%

Ho T | CsOAC 4 eq
N N CuBry 10 mol%
She Cf
Arl 4 eq
© © tHxOH

150 °C

263 85% 264 trace

Scheme 2.51 Arylation using an improved directing group
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2.8 Conclusions

A method for silver-free arylation of R-bornylamine was optimised, using cesium acetate as
an alternative to silver. The reaction was compatible with both aryl iodides and aryl bromides
and showed a wide range of tolerance for different functional groups including phenols,
aldehydes and a protected indole. The methodology could be applied to a variety of amine
scaffolds, with the majority showing selective y-activation. An unusual -activation was also

observed on a [2.2.1] bicyclic amine, which took place via a 6-membered palladacycle.

It was then demonstrated that a new solvent (tHxOH) for C-H activation could be used to
improve the yields of arylated products when using more challenging amide substrates.
When combined with the 3-methyl picolinamide group could increase the yields for the
arylation of cyclohexylamine.

The arylation of oxygen and nitrogen heterocycles was also achieved by making use of the
improvements to the reaction conditions. For the arylation of 4-aminotetrahydropyran,
combing the improved solvent and directing group was used to give a high yield of arylated

product.

Arylation of bicyclic systems

= Arl or ArBr = |
HN SN 19 examples Ar HN SN
0 up to 93% yield o
165

Improved solvent for C-H activation

-
Ho N
Arl N N
Pd(OAc),
O/ ~ txOoH = © O
Ar

Improved dlrectlng group

N ’
Arl H |
Pd(OAc), N
O/ tHxOH o)

91%
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Chapter 3

Directing group effects
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3.1 Project aims and background
Many different directing groups have been developed for use in C-H activation, but little work
has been done on studying how small differences in their structure can affect both the yield

and selectivity of reactions.

Most directing groups give arylation in the y position relative to the amine to selectively give
one product, but there are relatively few examples of C-H functionalisation of substrates that
process two chemically distinct y positions. When the molecule has both a CH, and CH;
group that can potentially undergo C-H activation, the directing group can influence the
selectivity of the reaction. In this chapter different directing groups are employed in the
arylation of amines with two sites available for C-H functionalisation to investigate their

effects on the selectivity of the C-H activation.

In a system employing an imide linked directing group by Shi, C-H activation preferentially
took place on the methyl group of 265, Scheme 3.1.13° While most aryl iodides used only
gave the monoarylated products 266, aryl iodides with electron withdrawing groups such as
p-fluoro and p-chloro gave small amounts of diarylated product 267. It may be easier for
these electron withdrawing aryl iodides to undergo oxidative addition, leading to diarylation

of the substrate.

Pd(TFA), N
= o AgzPOy, Arl N (0] Ar “7 0 Ar
BuPh PN
Ar
265 40 - 84% Yield 0-14%

266 267

Scheme 3.1 Arylation using an imide linked directing group

However, it was possible using this directing group to perform sequential C-H
functionalisation by first arylating on the methyl group and then adding in another aryl iodide,
silver salt and palladium source, Scheme 3.2. The diastereoselectivity of the reaction is not
discussed and no d.r. given for product 269, but the *H NMR spectrum given in this account
does suggest that the product is formed as a mixture of diastereocisomers.
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| Pd(TFA), | Pd(TFA),
N o Ag3POy, Arl N AgsPO, Arl
tBuPh tBuPh o
° N 100°c,3h 9 N 100 °C, 3 h
84% 50%
265 268

Scheme 3.2 Sequential C-H functionalisation

We previously reported that for the arylation of bornylamine 165 (vide supra, Chapter 2), a
different selectivity was observed, with the C-H activation taking place selectively on the CH;

position, Scheme 3.3.1/

4-ijodoanisole

Pd(OAc),
CsOAc, CuBr,
= tAmOH HN_ _O
HN SN 140 °C, 24 h
o 91% N% |
OMe K.
165 191

Scheme 3.3 Arylation of bornylamine

Different directing groups have been evaluated to investigate their effect on the position of
C-H activation on substrates which have more than one available site. Substituted
picolinamides had previously been observed to influence the yield of C-H activations (vide

supra, Chapter 2), and their effects have been further explored.

3.2 Substituted picolinamide directed arylation

After observing the effects that changing the electronics of the picolinamide directing group
had on the yield of both cyclohexylamine and bornylamine substrates (vide supra, Chapter

2) a range of different directing groups were to be explored.

For discussion about substituted picolinamides, the numbering system shown in Figure 3.1

is used.

66



Figure 3.1 Numbering system for substituted picolinamides

The 3-methyl picolinamide group was seen to improve the yield of arylated products,
particularly with challenging aryl iodides. On changing from this slightly electron donating
group to the strongly withdrawing 3-CF; group, a dramatic change in both conversion of the
starting amide to arylated product, and the selectivity of the C-H activation was observed,
Scheme 3.4.

Pd(OAc), 5 mol%

CsOAc 4 eq
4-iodoanisole 4 eq
N~ CuBry 10 mol% N“ =
| - | meo N
HN N tAmOH HN N HN -
140 °C, 24 h
O CF; O CF3 O CF,
270 OMe OMe
monoarylation diarylation
271 51% 272 49%

Scheme 3.4 Arylation using the 3-CFs picolinamide directing group

Bornylamine 139 contains two chemically distinct C-H bonds which are in the y position
relative to the amine and therefore are both able to undergo C-H activation via a 5-
membered palladacyle, Figure 3.2. Previously only functionalisation of the CH, group was
seen, despite CH3 groups typically being more reactive. This suggests that the electronics or
conformation of the substituted picolinamide may facilitate a second C-H activation on the
methyl group.

HY, NH,
139

Figure 3.2 Structure of bornylamine, highlighting the two C-H positions that may be functionalised

To further investigate this effect a range of bornylamine derived picolinamides substituted
with electron donating (methyl, methoxy) or electron withdrawing (trifluoromethyl) groups

were synthesised and reacted under the arylation conditions, Scheme 3.5.
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Pd(OAc), 5 mol%
CsOAc 4 eq
4-iodoanisole 4 eq
CuBry; 10 mol%

tAmOH HN Tnﬁ MeO HN
HN Ti{ 140 °C, 24 h f‘{
O 0
O
monoarylation diarylation

Scheme 3.5 General scheme for the arylation of substituted picolinamides
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Entry Directing group Combined yield / % Ratio of mono:di
(isolated)
1 N 91 191
L
>98:2
165
2 NTX 97 233
| Z
>98:2
CHj
232
3 N 97 274:275
|
=
CH .
273 3 88:12
4 N CHj 99 277:278
|
= 89:11
276
5 N 100 271:272
| ¥z
51:49
CF;
270
6 N -CFa 73 280:281
|
Z 73:27
279
7 NTX 100? 283
L
>08:2
OCH,
282
8 NS 99 285:286
I
=
OCH .
284 3 79:21
9 N OCH3 100 288:289
I
Z 88:12
287

Table 3.1 Effects of substituted picolinamides on bornylamine arylation. 2 Yield by NMR
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Previously, the unsubstituted and 3-methyl picolinamides proceeded under the reaction
conditions to give the monoarylation product in excellent yield (entries 1 and 2). Having the
electron donating methoxy group in the 3-position also only yields the monoarylation
product, again in high yield. Moving the methyl group from the 3 position to the 4 and 5
positions results in an increase in the formation of the diarylated product, entries 3 and 4.
Changing to a more electron donating methoxy group in the 4 and 5 positions increased
further the amount of diarylated product, entries 8 and 9, resulting in a high overall
conversion to the arylated products. Using the 3-trifluoromethyl substituted picolinamide
results in the largest quantity of the diarylated product out of all the directing groups tested,
followed by the 5-trifluoromethyl, entry 6. The 5-trifluoromethyl group also has a negative
impact on the level of conversion of starting amide to arylated product, similar to the effect it
had on the arylation of cyclohexylamine which also resulted in a lower yield of arylated
product when compared to the unsubstituted picolinamide (vide supra, Chapter 2). It may be
that the strongly electron withdrawing effect of the 5-trufluoromethyl group has a negative

effect on how effectively the picolinamide group can coordinate to the palladium catalyst.

Overall, to obtain the highest yield and selectivity, the 3-methyl picolinamide was the
superior directing group resulting in complete selectivity for arylation on the CH, as well as a
high isolated yield of 97%.

In the case of the bornylamine scaffold, C-H activation took place preferentially at the CH,
position suggesting that this is the lowest energy pathway. To further investigate this
directing group effect, two amines with both CH, and CHjs in the y position relative to the
amine, Figure 3.3, were used in C-H functionalisation reactions. Both of these positions can

undergo C-H activation via a 5-membered palladacycle, Figure 3.4.

H H

NH,
H NH,
290 291

Figure 3.3 Amines for the investigation of directing group effects
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Figure 3.4 Potential palladacycles which may be formed by C-H activation

The cyclohexane scaffold was reacted under the same conditions as bornylamine, Scheme
3.6, using the different substituted picolinamide directing group. Arylation was preferentially
seen on the CHs group. The monoarylation product where functionalisation of the methylene
position has occurred was not observed.

MeO
MeO
0 Pd(OAc),
)J}{ CsOAc, CuBr, 0
” 4-iodoanisole J}i
tAmOH N
140 °C, 24 h

monoarylation diarylation

OMe
O
HM

not observed

Y%

NH

¥

OMe

Scheme 3.6 Monoarylation of a cyclohexane scaffold at the CH: position

71



Entry Directing group Combined Ratio of Yield Yield
yield / % mono:di mono / % di/ %
(isolated) (isolated) ' (isolated)
1 N 88 297:298 45 43
l Z 76:24
296 '
2 NTX 62 300:301 57 5
| ¥z
83:17
299 CHj
3 NTX 86 303:304 77 9
|
=
302 CHs 78:22
4 N CH3 54 306:307 43 11
I
= :
305 78:22
5 NTX 35 309:310 30 5
| =
82:18
308 CF;
6 N CF, 57 312:313 39 18
I
Z 77:23
311
7 N N/A N/A N/A N/A
| ¥z
314 OCHj
8 N 77 316:317 54 23
|
=
315 OCHjs; 79:21
9 N OCHjs 38 319:320 19 19
I
Z 62:38
318

Table 3.2 Arylation of a cyclohexane scaffold using different picolinamides
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The diarylated products were isolated as a mixture of diasterecisomers, Figure 3.5.
Assignment of the stereochemistry was achieved by comparing the *H NMR spectra of 307a
and 307b to computational predictions performed by Dr M. J. Porter, using the DP4 method

of Goodman.3!

In the DP4 method, *H and 3C chemical shifts are calculated for each possible sterecisomer
using a combination of molecular mechanics and density functional theory; these shifts are
compared with the experimental values to provide a measure of the likelihood of each
structure being correct. Use of this method with sterecisomers 307a and 307b assigned a
probability of >99.9% that the major diastereomer has the structure 307a, with the two anisyl

groups on opposite faces of the cyclohexane ring.

=
\N | O
N7
HN Ar
H ~
Ar N Ar = 4-PMP
Ar Ar o)
major minor

307a 307b

Figure 3.5 Stereochemical assignment of diarylated product 307

In this case, having a strongly electron rich methoxy directing group on the pyridine resulted
in more diarylation when compared to the other directing groups. When the picolinamide has
a substituent in the 3-position this reduces the extent of the diarylation, with the 3-
trifluoromethyl and the 3-methyl resulting in similar ratios between mono and diarylated
products being observed (entries 2 and 5). The electron withdrawing 3-trifluoromethyl does
result in a lower conversion to arylated product, as does the 5-trifluoromethyl (entry 6). The
4-methyl and the unsubstituted picolinamides led to the highest conversion to the product
(entries 1 and 3), and moderate selectivity for the monoarylated product. Having the methyl
group in the 5- rather than 4-position makes little difference to the selectivity of the arylation
but does reduce the overall conversion of the reaction (entry 4). It was not possible to obtain
results for the 3-methoxy picolinamide due to difficulties in the purification of both the amide
and the resulting arylated products (entry 7). The electron donating methoxy group in the 4-
or 5- position (entries 8 and 9) resulted in very different overall yields of 77% and 38%
respectively, and moderate selectivity. Unlike the bornylamine, using the 3-methyl
picolinamide directing group was not the most effective for the arylation of this cyclohexane
scaffold. Instead using the 4-methyl picolinamide as the directing group gave the highest

yield of arylated product and moderate selectivity for the monoarylated product.
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A similar selectivity was observed on the acyclic amine scaffold, which showed preference
for mono arylation of the methyl group, with some diarylation taking place. Monoarylation

product showing arylation of the methylene, was not observed in the reaction, Scheme 3.7.

Pd(OAc),
Q CsOAc, CuBr, j}( " o
/YN)J}i 4-iodoanisole N NJ?Q
H tAmOH H H
140 °C, 24 h Ar Ar

monoarylation diarylation

FO

not observed

Scheme 3.7 Arylation of an acyclic amine

When there is no methyl group available, as in the picolinamide directed arylation of
butylamine 321, Chen and co-workers showed that it reacted only on the methylene position

in low yield, Scheme 3.8. The aryl bromide was not reactive.%?

Br
Pd(OAc),
O AgCOg, Arl
H | tAmOH
N~ 110 °C, 24 h N AN
29% H |
321 322 N~

Scheme 3.8 Arylation of butylamine

The same set of substituted picolinamides were prepared from 2-methyl-butan-1-amine, and
the effect of these directing groups on the yield and selectivity of the arylation was
investigated, Table 3.3.
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Entry Directing Combined Yield mono/  Yield di/%
group yield / % % (isolated) (isolated)
(isolated)
1 NTX 93 324 325
l 7 72 21
323
2 N 78 327 328
L
73 5
326 CHj
3 N 52 330 331
|
=
4 N CHj 98 333 334
|
Z 87 11
332
5 N 57 336 337
_
52 5
335 CF,4
6 N CF3 45 339 340
I
= 41 4
338
7 N N/A N/A N/A
-
341 OCH;
8 N 55 343 344
I
=
340 OCHs 55 trace
9 };\/j/OCHg, 91 346 347
|
Z 82 9
345

Table 3.3 Arylation of 2-methylbutan-1-amine
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When reacted under the arylation conditions, the monoarylation product was the major
product for all the different substituted picolinamides. Due to the complexity of the crude H
NMR spectra from these reactions it was not possible to establish the crude ratio between
the two products. Instead the quantity of each product in the isolated material was measured
to establish the selectivity of the reaction. Using the unsubstituted picolinamide (entry 1)
resulted in poor selectivity for the monoarylated product, giving 72% of the monoarylation
and 21% of the diarylation. 4-Methyl (entry 3) also showed poor selectivity, giving equal
quantities of mono and diarylation, as well as a poor overall conversion. Having a more
strongly electron donating methoxy group in the 4 position also gave a low overall
conversion (entry 8), but improved selectivity. The other directing groups employed resulted
in low quantities of the diarylated product. Having either the electron withdrawing 3-
trifluoromethyl (entry 5) or 5-trifluoromethyl (entry 6) gave low overall conversion, but good
selectivity for the monoarylation product. Having a mild (4-methyl, entry 4) or strongly (5-
methoxy, entry 9) electron donating groups in the 5 position gave the highest overall
conversions to arylated products, as well as moderate selectivity for the monoarylated
product. The 3-methyl group (entry 2) was the superior directing group for achieving a high
conversion as well as good selectivity for the monoarylation, with only 5% of the diarylation
product being observed. The 3-methoxy group presented similar difficulties in the purification

of the starting picolinamide and arylated products.

In the case of the 4-methyl substituted directing group, entry 4, the diarylated product was
isolated as a mixture, Figure 3.6. The diarylated product 331c is formed as a result of a 6-
membered palladacycle to give arylation at the & position. This product was identified using
TOCSY NMR experiments, since the three compounds were isolated as an inseparable
mixture.

\
o

331a 331b 331c
2.22:1:1.15
Figure 3.6 Diarylated products

When the monoarylated compound 303 was resubmitted to the reaction conditions the

diarylated product 304 was formed, Scheme 3.9. Previously the reaction employing the 4-
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methyl picolinamide resulted in a 9% yield of the diarylated product. When synthesising this
diarylated product from the monoarylated product 303 a higher yield of 26% is achieved,
potentially due to the higher concentration of aryl iodide in this reaction as none of it is
consumed to produce monoarylated product 303. This indicated that there is the potential

for a sequential C-H activation using two different aryl iodides.

Pd(OAc), 5 mol%
Ar (0) CsOAc 4 eq Ar (0)
CuBr, 10 mol%
X 4-iodoanisole 4eq ” | X Ar = PMP

N__— tAmOH N~
140 °C, 24 h
303 26% 304

Scheme 3.9 Sequential arylation of a cyclohexane scaffold

3.3 Reactions with aryl bromides

The picolinamide of bornylamine had been previously seen to react under the same
conditions with aryl bromides to give arylated products.!!’ The effect of yield and selectivity
of substituted picolinamides was also studied when using aryl bromides as coupling

partners. Interestingly only the monoaryl product was observed in all cases, Scheme 3.10.

Pd(OAC),
CUBFZ

4-bromoanisole

HN\W‘{ CsOAc Ar HNTTL‘(
tAmOH, 140 °C

o) (0]
;D Nl _ Nl _ }D\
|
Z = = Z>0CH,
CHj CF4

191 285
231 272
93%
OCH
SO O e
ZNCH, = | =
275 276 280 288
85% 69% 23% 86%

Scheme 3.10 Arylation of bornylamine using 4-bromoanisole

The electron withdrawing trifluoromethyl group in both the 3- and 5-positions had a negative
effect on the yield of arylated product. Weakly and strongly electron donating groups in the
4- or 5-positions of the pyridine resulted in moderate to good yields of the arylated product.
As with using aryl iodides, having the 3-methyl substituted picolinamide gave the highest
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yield of 98%, and therefore was the most effective directing group for arylation using an aryl

bromide.

Interestingly the same effect was not observed on the other amine scaffolds when employing
an aryl bromide as a coupling partner. In the case of cyclohexane scaffold 311, arylation was

not evident when an aryl bromide was used, Scheme 3.11.

Pd(OAc),

(@] ! Ar (0]
4-bromoanisole
N X CsOAc, CuBr, N X
N - N
N A cr tAMOH N >ce
311 3 140 °C, 24 h 312 3

Scheme 3.11 Reaction of a cyclohexane with an aryl bromide

To establish why the reaction was not compatible with the aryl bromide a reaction using aryl

iodide in the presence of TBAB was conducted, Scheme 3.12.

Pd(OAc),
4-jodoanisole

CsOAc, CuBr,
(jﬁ” | A TBAB 30 mol% H | A
N tAmOH N
ZCF, ZCF,

140 °C, 24 h 312
<5%

Scheme 3.12 Arylation with an aryl iodide in the presence of TBAB

The addition of 30 mol% of TBAB prevented the arylation proceeding as expected with the
aryl iodide as the coupling partner, instead only a trace quantity of the arylated product 312
was observed. This suggests that the presence of bromide within the reaction prevents the

C-H functionalisation from taking place.

3.4 Reactions with other amines

The effect of different directing groups would have on the arylation of compounds with two
chemically identical positions available for C-H activation. Daugulis and co-workers showed
that the picolinamide directed arylation of compound 348 resulted in a mixture of mono and
diarylated compounds, Scheme 3.13. This compound has two equivalent methyl groups
which can undergo C-H functionalisation. The major product for this reaction was the
diarylated product which was produced in 29% yield. The minor monoarylation product was

also observed in 13% yield. Overall conversion for this transformation was poor.*°
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Pd(OAc), | SN SN

H H
AN N CUBrz_ K2003 Pz N | _— N
| H Arl _
Z NW tAMOH o) o)
o 140 °C, 24 h
MeO MeO O OMe
348
349 13% 350 29%

Scheme 3.13 Mono and diarylated products

Isobutylamine has two equivalent CHs positions y to the amine which can be accessed in a
picolinamide directed C-H activation. When the reaction is carried out using the
unsubstituted picolinamide group, amide 351, a mixture of mono 353 and di 355 arylated
products are observed. On changing to the 3-methylpicolinamide group, a reduction in the
diarylation product is seen, as well as an overall increase in conversion from starting amide
352 to arylated products 354 and 356, Scheme 3.14.

’
o N
MeO N NN
b N7 | Pd(OAC), CuBr, NZ O
4-jodoanisole H
N ~MeO No R | °© R
)/\ tAmOH
O R 140 °C, 24 h O R O
OMe
351 R=H 353R=H 12% 355R=H 68%
352 R = Me 354 R = Me 23% 356 R = Me 62%

Scheme 3.14 Arylation of isobutylamine

3.5 Conclusions

The effects of substituting the picolinamide directing group on selectivity and conversion of
C-H functionalisation has been studied. Nine different directing groups were investigated for
the influence on 3 different amines which had two chemically distinct y-positions relative to
the amine which are all accessible for C-H activation. The picolinamides studied included a
range of electron rich and electron poor substituents, such as trifluoromethyl, methyl and

methoxy.

It was shown that for achieving selective monoarylation in most cases the 3-methyl
picolinamide directing group was superior. Higher yields in most cases were also observed
in reactions using the 3-methyl picolinamide starting materials. Using more electron poor
trifluoromethyl substituted picolinamides often resulted in lower conversion to C-H
functionalised product potentially due to them not being able to coordinate to the palladium
catalyst as effectively as the more electron rich picolinamides.
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Pd(OAc),
4-iodoanisole
CsOAc, CuBry

N7 | - N7 |
tAmMOH
AN X 140 °C, 24 h AN
3 97% 5
OMe
230 231

Scheme 3.15 Arylation using the 3-methyl picolinamide directing group

The coupling partner employed in C-H functionalisation was also seen to have an effect. For
the arylation of the bicyclic bornylamine scaffold using an aryl bromide, all the directing
groups used for the transformation gave the same selectivity giving only the monoarylated
products. Which directing group was used did have an effect on the yields of arylated
product obtained. Aryl iodides resulted in a mixture of mono and diarylation for most

picolinamides.
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Chapter 4

Mechanistic and kinetic studies
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4.1 Project aims and background
In order to gain a deeper understanding of the C-H activation, the mechanism for the
arylation was investigated. The isolation of potential intermediates can give an insight into

the mechanism.

Palladium catalysed reactions, such as Suzuki and Stille couplings usually proceed via a
Pd%/Pd" catalytic cycle.**®* C-H functionalisation reactions have been proposed to go via

Pd%/Pd", Pd"/Pd" or Pd"/Pd" cycles, depending on the substrates and reaction conditions.3

Zhang et al. reported a picolinamide directed, palladium catalysed sequential benzylic C-H
arylation/oxidation. Firstly, arylation of the benzylic methyl group takes place to give 358,
followed by oxidation to 359, Scheme 4.1.

Pd(OAc),
AgOAc Arl 0 Q
- XY ON — YN
xylene | _N H | _N H
130 °C, 24 h Ph O Ph
358 359

Scheme 4.1 Arylation and subsequent oxidation of a benzylic methyl group

While the arylation is proposed to go via a Pd"/Pd" cycle, the oxidation is proposed to go via
a Pd%Pd" cycle, which is more unusual in picolinamide directed C-H activations. The

proposed catalytic cycle for this oxidation is shown in Scheme 4.2.
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AgOAc

or O, \< 358
AcOPd'o £ |
Pd

360 L

wx oe X

AcOH
Pd(OAc),
HOPd"
Ph

361

|/N =

Scheme 4.2 An example of a Pd%/Pd" catalytic cycle

Oxidation involves a Pd° species which is reoxidised by silver acetate or molecular oxygen
(Scheme 4). Firstly, substrate 358 coordinated to the palladium acetate, deprotonating the
amide. Cleavage of the C-H bond via a CMD follows, to give complex 360. A ligand
exchange with water to gives intermediate 361. Reductive elimination then ligand exchange
with palladium acetate gives 362, which then undergoes B-hydride elimination to furnish
product 359. The Pd° generated in the cycle is reoxidised by silver acetate or molecular
oxygen. When the reaction was carried out using an 20, atmosphere the 20 labelled
product was produced, indicating that the oxygen in the product originated from molecular
oxygen. However, when the reaction was performed in the presence of H,'®0O the 20
labelled product was generated, suggesting the oxygen can also come from water. A
possible explanation for these results is that the ¥0, may act as the oxidant for Pd° to Pd"
and generate H®O which can participate in the catalytic cycle.*®*® The ligand assisted

C(sp®)-H functionalisation of alkyl amines is also proposed to go via a Pd%Pd" cycle.”®

The majority of amide directed C-H arylation reactions are thought to proceed via a Pd'"/Pd"Y
catalytic cycle, Scheme 4.3. To generate the active catalyst 364, the amide nitrogen must be
deprotonated either by the base present in the reaction or one of the ligands of the palladium
species used in the reaction. C-H insertion then takes place via a concerted cyclometallation
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deprotonation mechanism (CMD) to give complex 365. Oxidative addition of the aryl halide
give the octahedral Pd" species 366. Reductive elimination to form the new C-C bond
follows, to give complex 367. Reprotonation of the amide, abstraction of the halide from the

palladium and a ligand exchange regenerates the active palladium species 364 and releases

<

AN~

the functionalised product 368.

363
I
Pd7(OAc), Ligand
exchange
AcOH
)
HN R
reprotonation N
and ligand DG 368
exchange ? /z\Pdll N
AcOH alladation
363 N~ o/_\ ¢ o
AcOH
364
IZl)G
I'DGL L—Pd"-N
lL_/Pd -N U
/ 365
R 367
RI
i Opiatve
eliminatio | addition
?;Pd'V N

Scheme 4.3 General mechanism for C-H activation via a Pd"/Pd" cycle

The high valent palladium (V) intermediates are difficult to isolate and characterise.’*® The
Pd" dibromide complex 370 was isolated on reaction of complex 369 with bromine (Scheme

4.4). Attempts to replace the bromine ligands with an alkyl or aryl group failed.3®
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o mosen %#
Z N\Pd/\i -78°C N-Pd
BUNC \. /Bf NCtBu
3

369 70

Scheme 4.4 Isolation of a Pd" species

4.2 Isolation of reaction intermediates

Conditions to isolate intermediates in our arylation reactions were initially chosen to stay as
close as possible to the original reaction conditions. Scheme 4.5 shows the isolation of
palladium complex 371, with the NH deprotonated and the palladium catalyst coordinated to
the directing group. A slight excess of palladium acetate was required to enable the reaction

to go to completion and complex 371 was isolated in quantitative yield.

Pd(OAc), 1.2 eq

CsOAc 1.2 eq
~ | tAmOH N0
HN X AcO-Pd
N 140°C, 1 h N
(0] N /
165 371

Scheme 4.5 Isolation of a palladium complex showing deprotonation of the NH

The *H NMR spectra for 371 shows a disappearance of the NH proton and a change in the
chemical shift of the other protons on the molecule. The formation of complex 371 led to a
dramatic upfield shift of the methine proton adjacent to the nitrogen atom, from 4.4 ppm in
the starting amide 165 to 2.6 ppm in complex 371, Figure 4.1. The absence of the NH
proton can also be clearly seen, showing that the amide has been deprotonated. The
complex was not water stable, so it was not possible to wash out the residual acetate

present.
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fL ipper )
Figure 4.1 *H NMR spectra of 165 and 371 in CDClz

Under these conditions the activation of the C-H bond was not seen. In order to stabilise the
palladacycle with a ligand once it had formed, the reaction was performed in deuterated
acetonitrile, Scheme 4.6, giving the desired palladacycle 372. No reaction was observed in
the absence of the cesium acetate base. As in complex 371, the amide of the directing group
has been deprotonated. The isolation of this complex shows that C-H activation can take

place in the absence of the aryl halide.

Pd(OAc), 1.2 eq

Z CsOAc 3 eq
N s CD5CN DsCCN-Pd—N
N 60°C, 1.5 h 0
o} | N o
165 =
372

Scheme 4.6 Isolation of a palladacycle with palladation of a C-H bond
Formation of the cyclopalladated intermediate likely proceeds via a concerted metalation
deprotonation (CMD) mechanism, Figure 4.2. This mechanism goes via a 6 membered
transition state, leading to the 5-membered palladacycle which rationalises why the reaction
is selective for the position y to the amine. The picolinamide directing group brings the

acetate ligand of the palladium close the C-H bond to be activated.*®’
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H' N__O
(O RN
\_ Pd
N

- 373 -
Figure 4.2 Potential transition state for the CMD step

The palladation product can be seen in the *H NMR. When comparing the starting amide
165 with palladacycle 372 it can be seen that the NH of the amide has been deprotonated in
372. The presence of a new CH can be seen in the *H NMR of X at 2.63 ppm which
corresponds to the proton on the carbon bonded to the palladium, Figure 4.3. It was not
possible to obtain mass spectrometry data for palladacycle 372.

165

JIL l\ L |" A

372

I i

T —— T — LA e S T T

T —— T
8.8 8.6 8.4 8.2 8.0 7.8 7.5 7.4 4.6 3.3 3.2 =.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.9 2.2

Figure 4.3 'H NMR of 165 and 372 in CDzCN

It did not prove possible to grow crystals of palladacycle 372 for XRD to unambiguously
assign the structure, and so a ligand exchange was carried out replacing the acetonitrile with
a triphenylphosphine in quantitative yield, Scheme 4.7. Single crystals of 374 were grown,
Figure 4.4. The crystal structure obtained clearly shows the palladium-carbon bond, as well

as coordination of the pyridine to the palladium.
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PPh; 1 eq.

CHCl;
MeCN_P|d_N 30 minutes, it~ Ph3P~Pd=N
, N\ (@) quant , N\ (0]
= =
372 374

Scheme 4.7 Ligand exchange reaction

§ 20

P

g

Figure 4.4 Crystal structure of palladacycle 374 — ellipsoids drawn to the 50% probability level

The isolated palladium complex 372 was returned to the reaction conditions with 4-
iodoanisole to investigate if it would undergo the arylation reaction. When used in
stoichiometric quantities, a disappointing yield of the arylated product was recovered,
Scheme 4.8. Significant decomposition of the complex was seen, resulting in a black
insoluble solid. This experiment is consistent with the C-H activation step occurring first
followed by the oxidative addition of the aryl halide. This has previously been observed in
aminoquinoline directed C-H arylation of aliphatic amines using aryl bromides where DFT
studies showed that C-H activation followed by oxidative addition was the lower energy

pathway.38

CsOAc 1 eq
4-iodoanisole 4 eq = |
CD5CN—Rd—N tAMOH HN \
3 \ N
(o]
N< e} 140 °C, 24 h o
\ 43%
Y OMe
372 191

Scheme 4.8 Arylation of the palladium complex

Using the complexes 371 and 372 as catalysts in the reaction in place of Pd(OAc). gave
good yields of 87% and 80% respectively, Scheme 4.9.
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165 140 °C, 24 h

371 0r 3725 mcil % =
Z | 4-iodoanisole 4 eq HN x> |
HN SN CuBr, 10 mol% N
o tAmOH 1M 0
OMe 191

Scheme 4.9 Using the isolated palladium complexes as catalysts for the arylation reaction

4.3 Monoarylation pathway

A catalytic cycle can now be proposed for the arylation reaction, Scheme 4.10. Firstly the
amide NH is deprotonated, and the pyridine ring coordinates to the palladium, with loss of
one molecule of acetic acid, to give intermediate 371. C-H activation then occurs, most likely
via a cyclometallation deprotonation mechanism, with loss of another molecule of acetic
acid, to give palladacycle 375. Oxidative addition of the aryl halide to give the palladium (IV)
complex 376 follows, which is followed by a reductive elimination to form the new C-C bond.
Ligand exchange and reprotonation of the amide furnishes the arylated product and

regenerates the active catalyst 371.

Arylated product
Csl
165 HP der 0
CsOAc AcO” “N— HOAc
371\ /

o) pd'-N<__o
Ar /N |_/ N
|—Pd! N=
/. TNF
L | 375\ /
377

N A

Scheme 4.10 Proposed mechanistic cycle
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4.4 Diarylation pathway

In the case of some of the substituted picolinamides, some diarylation was observed. When
the 3-trifluoromethyl picolinamide 271 was reacted with one equivalent of aryl iodide,
diarylation was still occurring in a similar proportion to when 4 equivalents were used, but

with a lower overall conversion, Scheme 4.11.

Pd(OAc),
4- |odoan|sole 1 eq
- -
N " CsOAc, Cubr, N N7
HN N tAmOH, 140 °C Ar
CF;3
271 272 12% 273 8%

with 4 eq Arl 51:49

Scheme 4.11 Arylation using 1 equivalent of aryl iodide

When the monoaryl product 272 was resubmitted to the arylation conditions, only a trace
quantity of the diarylation product 273 was observed, Scheme 4.12. These two experiments
suggest that the second arylation occurs directly after the first, without the dissociation of the
palladium catalyst. It appears that the palladium catalyst cannot re-coordinate to the

monoaryl product, presumably due to steric crowding.

t{AmOH, 140 °C

Pd(OAc),
4- |odoan|sole
N/ N/
Ar HN S | CsOAc, CuBr2 Ar ) HN
(e} CF;
272

Scheme 4.12 Attempted arylation of the monoaryl product

The proposed catalytic cycle for the diarylation pathway is shown in Scheme 4.13. The first
steps are analogous to the monoarylation pathway, with the palladium insertion via a CMD,
followed by oxidative addition then reductive elimination to form the monoaryl compound.
The pathway then differs from the monoarylation. Removal of the iodide from the palladium
by the cesium acetate generates complex 379. This is then able to undergo a second CMD,
to give palladacycle 380. Oxidative addition of another aryl iodide molecule gives complex
381, which then undergoes reductive elimination to form the second C-C bond in complex
382. The diarylation pathway then follows the same as the monoarylation; CSOAc removes
the iodide from the palladium, and a ligand exchange furnishes the diarylated product and
regenerates catalyst 378.
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Ar N O
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Scheme 4.13 Catalytic cycle for the diarylation of bornylamine

This diarylation pathway did not take place when arylating bornylamine using an aryl
bromide with any of the substituted picolinamide groups. After the reductive elimination step
of the mechanism, there is a series of ligand exchanges which take place to liberate the
product and regenerate the active palladium species. The cesium acetate removes the
halide from the palladium and replaces it with the acetate, releasing CsX. At this point
complex 384 may undergo another C-H activation as in the case of the diarylation pathway,
or the amide nitrogen can be protonated by the acetic acid in solution and regenerate
palladium acetate to recoordinate to another molecule of the starting amide to continue the
monoarylation pathway. It is not clear in which order these steps take place, and the
protonation of then amide followed by abstraction of the halide by cesium acetate is also
possible, Scheme 4.14.
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a. replacement of halide by
acetate followed by protonation

E CsOAc  CsX Ac()( ;‘(OAC)Z
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Ar HN__O
N/
AcOH 2 | CsOAc CsX
\_/ P N
O Pd 2 Pd(OAc),
Ar N X" o
_pdll
xL/F’d\N/ , 385
383 X\

Scheme 4.14 Potential pathways for ligand exchange. X =1 or Br

The abstraction of the halide from the palladium is essential for the turnover of the catalyst. If
this happens first (Scheme 4.14, pathway a) the complex 384 is set up to take part in
another C-H activation via a CMD mechanism which leads to the diarylated product.
However, should the protonation of the amide occur first (Scheme 4.14, pathway b) the
arylation product is released and so does not undergo a second C-H activation, giving the
monoarylation product. As seen previously, this product cannot recoordinate to the palladium
acetate presumably due to steric bulk and so the reaction stops at the monoarylation
product. The halide used may have an effect these on processes. In the case of the aryl
iodide, with most of the directing groups used a second arylation takes place without
dissociation of the palladium from the amide, and must go via pathway a, Scheme 4.14. As
diarylation is not observed when using an aryl bromide, one reason for this may be the ease
at which the halide is abstracted or the order in which the ligand exchanges occur,
potentially going via pathway b, Scheme 4.14, preventing diarylation. It is also possible that
the both of these pathways can operate in the same reaction, due to the fact that when using

an aryl iodide, the monoarylation product is still observed.
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For less sterically hindered systems, it is possible for the palladium to recoordinate to the
monoarylated product. When monoarylated product 303 was resubmitted to the reaction
conditions the diarylated product was obtained in 26% yield, Scheme 4.15.

MeO MeO
Pd(OAc), 5 mol%

o] CsOAc 4 eq, CuBr, 10 mol%
4-iodoanisole 4 eq

ﬂ I tAmOH

N .~ 140 °C, 24 h
303 26%

Scheme 4.15 Diarylation of a cyclohexane scaffold

4.5 Reactions of palladium complexes

It has been previously suggested that the cyclometallation step of the mechanism is
reversible. Complex 386 which was isolated in the aminoquinoline directed C-H activation
could be deuterated by reaction with 40 equivalents of AcOH-d4 at -35 °C, Scheme 4.16.%
Reacting picolinamide 166 with 10 equivalents of AcOD gave deuterated product 389.1!3
These two experiments show that in these cases the C-H activation step is reversible, and
that the C-H activation step may take place in the absence of the aryl iodide coupling

partner.

A. Deuteration of palladacycle

5;\ via 0
N
N~ d:§< CD20|2 _N— ?§< | /N/(tsu d

-35°C N—
CH4CN CH3CN =" Fd-ococD;,
386 CHscN 388

B. Deuteration of picolinamide

H AcOD
_ Pd(OAc), _
H NN 7 muwobp
 /  soc°c ash
76%
166 ©

Scheme 4.16 Deuteration studies for C-H activation

Not all cyclopalladation steps appear to be reversible. In Young and co-workers carbon

dioxide mediated arylation of amines, Scheme 4.17, the addition of AcOD into the reaction
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did not result in the formation of deuterated product 391. This suggests in this case the

palladation was not reversible or that the oxidative addition of iodobenzene was faster.”

Pd(OAc), D D -~
NH AgTFA, Phi NH, 2
2 > Ph
CO,, H,0 Ph
AcOD 390 not observed
110 °C, 14 h 391

Scheme 4.17 C-H arylation with an irreversible C-H insertion

To see if the CMD step could be reversed in the arylation of bornylamine, palladacycle 372
was reacted with AcOH-d4, Scheme 4.18. No deuteration of the picolinamide to give
compound 392 took place, instead just the starting palladacycle was seen. Increasing the
temperature to reflux still did not result in the deuterated product. This suggests that the
palladation step is irreversible.

CD5CO,D
CD4CN a
CD3CN——P\d—“N 60 °C, 16 h D HN SN
N/ O o)
\ 392
372

Scheme 4.18 Attempted deuteration of a palladacycle

Similarly, amide 165 was subjected to the arylation reaction conditions in the absence of the
aryl iodide and in tBuOD instead of tAmOH. If the C-H palladation were reversible under the
reaction conditions, it would be expected that some deuteration of the CH, group where C-H
activation takes place would be observed. The same experiment was repeated using the
cyclohexylamine scaffold 160. It was not possible to isolate the palladacycle intermediate for
this amide, Scheme 4.19.
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Pd(OAc), 5 mol% N~
CuBr, 10 mol% B0
CsOAc 4 eq
- O
160 t?UOD
80 °C, 24 h D 393
Pd(OAc), 5 mol%
CuBr, 10 mol%

N | CsOAc 4 eq
. N7
AN {BUOD 5 e A
0 80 °C, 24 h
165 (0]
394

Scheme 4.19 Attempted deuteration of picolinamides

As no deuteration of the substrates took place in the reactions in Scheme 4.19 it would
appear that the palladation step of the catalytic cycle was irreversible under the reaction
conditions. The same experiment was performed on amide 295 which undergoes C-H
activation on the methyl group instead of the methylene but this was also irreversible,
Scheme 4.20.

Pd(OAc), 5 mol%

O CuBr, 10 mol% O
N l N CsOAc 4 eq @\H ] N
H N tBuOD i\ N~
296 80°C, 24 h 395

Scheme 4.20 Attempted deuteration

Further transformations of the isolated palladacycle were attempted. In an attempt to replace
the C-Pd bond with a C-I, palladacycle 372 was stirred with iodine in chloroform at room
temperature overnight. Three products were isolated: 1) the starting amide 165 2) alkene
396 3) [3.2.1] bicyclic ether 397 (Scheme 4.21).

MeCN- Pd N
N o o}
/ 165 397

I2 1eq
T cHel, N
3 L)
N
Scheme 4.21 Reaction of a palladacycle with iodine
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The stereochemistry of compound 397 was elucidated using NMR predictions performed by
Dr M. J. Porter. For structures 1 — 4 a conformation search was carried out using the MMFF
force field.**® Each conformer was then subjected to geometry optimisation and chemical
shift calculation using DFT, with the shifts for the individual conformers being combined by
Boltzmann weighting. The resulting chemical shifts were then compared with the

experimental values, Table 4.1.

0
1 2 3 4
Proton Observed Predicted Predicted Predicted Predicted
data structure 1  structure 2 structure 3 structure 4
H3 5.70
H4a 2.05
H4b 1.69
H5 2.05
H6a 2.50
H6b 2.62
H7 4,92
1-Me 1.42
8-Me-a 1.16
8-Me-b 1.28
NH 8.37
py3 8.20
py4 7.85
py5 7.44
py6 8.56
RMS
deviation

Table 4.1 *H NMR predictions

Good agreement with observed data EOKNBEM

Moderate agreement with observed data 0.1 — 0.2 ppm

Poor agreement with observed data EHOIZIDOM

The predictions in Table 4.1 allow for isomers 3 and 4 to be discounted. When the coupling
constants are taken into account, the structure can be assigned as isomer 2. The coupling
constants for H3 — H4a and H3 — H4b were measured as 10 Hz and 4.7 Hz respectively in

the experimental spectra. In isomer 1 the predicted coupling constants were 9.0 Hz and 0.8
Hz, and isomer 2 they were 11.1 Hz and 4.8 Hz.*3!
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The proposed mechanism for this transformation is shown in Scheme 4.22. First, the iodine
undergoes oxidative addition to the palladium followed by reductive elimination to give alkyl
iodide 398. This is followed by the formation of imine 399 by elimination of the iodide.
Nucleophilic attack of the imine by water forms one of the new carbon-oxygen bond. The
alkene is activated by iodine to give the iodonium cation which is opened by the oxygen to
give the product 397.

2

MeCN-Fd—-N ' CN O H,0 fiNl) 0
NS © CD3c|:N'Pd\N = N7
f P « | 399 g |
372 398
+H*
H* It 0
I o) H — 4 ﬁ N \ S
N C H pNw~r
37 6 H400

Scheme 4.22 Proposed mechanism for the reaction of a palladacycle with iodine

The reaction was then repeated in the presence of pyridine as a base to investigate if this
would change the products of the reaction, Scheme 4.23.

I 1eq
2
py 2 eq _
MeCN-Pd-N CHCl; i
N o N
| ©
=
379 165

Scheme 4.23 Reaction of a palladacycle with iodine in the presence of a base

Under the conditions shown in Scheme 4.23 none of the previous two products were
observed, instead there was just recovery of the amide 165. The palladacycle may be
unstable in pyridine which can coordinate to the palladium more strongly than the acetonitrile
ligand and so destabilise the complex.
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4.6 Reaction Progress Kinetic Analysis

In order to gain a deeper understanding of the mechanism for C-H functionalisation the
kinetics of the reaction were studied. Studies into kinetics can give the rate dependencies on
the concentration of the components of the reaction, and determine the turnover limiting step
of a catalytic cycle. Reaction progress kinetic analysis was formalised by Blackmond and
can probe reactions at synthetically relevant conditions as well as allowing analysis of

reactions from a minimal number of experiments.14°

The kinetics of the reaction were studied using compound 160 as a model substrate. The
reaction was optimised using 4 equivalents of aryl iodide, 5 mol% Pd(OAc),, 10 mol% CuBr,,

and the effect of changing the solvent and temperature is shown in Table 4.2.

o
= E = F

H | N H
N N Pd(OAc), s N
(@) CsOAc, CuBr, o
T, Solvent
160 24 h 238
Scheme 4.24 Arylation of cyclohexylamine
Entry Solvent 1 M Temperature Yield — isolated

1 tHxOH 130 81
2 tAmOH 130 70
3 tAmOH 110 22
4 tHxOH 110 25

Table 4.2 Solvent and temperature

The rate dependence of the different reaction components for the reaction in Scheme 4.24
was studied. The yield at different time points was determined by sampling of the reaction
(which included an internal standard) at intervals and analysing the *H NMR spectra.

Approximately 20 pl of the reaction mixture was removed and diluted with CDCls.

4.6.1 Order in catalyst

The order in catalyst was determined utilising Bures’ method for the graphical determination
of reaction order.'** This method can determine the order in any reaction component by
direct visual comparison of reaction concentration profiles. The reaction profiles at different
concentrations of the catalyst will only overlay when the time axis is replaced by the time
integral of the concentration of the reactant being studied raised to the correct order in the
catalyst. This variable time normalised analysis allows for the whole reaction profile to be

studied rather than just the initial rate and does not require a large number of data points.
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However, as the orders are determined using visual analysis it not possible to obtain the

precise values of kinetic constants.

The reaction was run using 2.5, 5 and 10 mol% of Pd(OAc),, on a 3 mmal scale. Included in
the reaction mixture was 10 mol% of 1,3,5-trimethoxybenzene as the internal standard,
which was used to determine the yield of the reaction by *H NMR. The overly of the
time[cat]°®" against [product] is shown in Figure 4.5. It is assumed that the concentration of

the catalyst remains the same over the course of the reaction.#?
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Figure 4.5 Determination of order in catalyst

The best overlay of all three traces is seen when n = 0.9, indicating a positive rate
dependence on the catalyst. A reasonable overlay is seen at n = 1. It is important to note
that this method cannot give a perfect answer for the order in catalyst as the reaction profile

overlay is being judged by eye.
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4.6.2 Order in aryl iodide

Next, the rate dependence on the concentration of aryl iodide was studied. Unlike when
determining the order in catalyst, it cannot be assumed that the concentration of aryl iodide
stays constant throughout the reaction. The trapezoid rule can be used to normalise the time
(t — t1) between each pair of data points by the average concentration of these points
M e: - Equation 4.1. The reaction profiles for the different concentrations of aryl iodide will
overlay when the time integral of the concentration of aryl iodide is raised to the correct order

in aryl iodide.'*3

Equation 4.1 Variable time normalisation

Reactions were run using 1, 2, 3 and 4 equivalents of aryl iodide, on a 3 mmol scale. As the
reaction is run at a high (1 M) concentration in the tHXOH solvent, reducing the stoichiometry
of the aryl iodide would reduce the overall solvent volume (tHXOH plus the aryl iodide). To
make up for this, the amount of tHXOH was adjusted in the reactions with 1, 2 and 3

equivalents of aryl iodide, Table 4.3.

Entry Equivalents Arl Solvent volume (ml) Concentration Arl (M)
1 4 3 4
2 3 3.34 2.69
3 2 3.69 1.49
4 1 4.04 0.74

Table 4.3 Equivalents and concentration of Arl used for determining order in Arl
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Figure 4.6 Determination of the order in aryl iodide

Although none of the graphs have a perfect overlay of the reaction profiles, the best overlay
of the four traces is seen when n = 0.75. This shows there is a positive rate dependence on
the aryl iodide.

4.6.3 ‘Same excess’ experiments

The ‘same excess’ experiments designed by Blackmond can be used to determine if over
the course of the reaction the palladium catalyst degrades, or if the arylated product inhibits
the catalyst. It provides a rapid way to determine whether the catalyst maintains its activity

after a number of turnovers.*#*

Three reactions were run under conditions to represent the same reaction, but started at
different time points, Table 4.4. Entry 1 is the reaction run under the standard conditions.
Entry 2 is the reaction at 50% conversion without the addition of the product, and entry 3 at
50% conversion with the addition of the product. Given that the 3 entries have the same
substrate concentration from 50% conversion onwards, it would be expected that in the

absence of catalyst degradation or product inhibition their kinetic profiles would be identical.
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Entries 1 and 2 will show if there is any catalyst deactivation or product inhibition, and entry

3 will distinguish between these two possibilities.

Reaction [SM] [Arl] [CsOAC] [product]
Number

1 1 4 4 0

2 0.5 3.5 3.5 0

3 0.5 3.5 3.5 0.5

Table 4.4 Same excess parameters

The consumption of starting material was plotted against the time in minutes, Graph 4.1.

Same Excess

[sM]/m
L ]

Time/minutes

¢ Reaction 1 Reaction 2 Reaction 3 Reaction 2, time shifted

action 3, time shifted

m

Graph 4.1 Same excess experiments

As the traces for entries 2 and 3 roughly overlay, there is minimal product inhibition of the
catalyst as the addition of product to the reaction mixture does not greatly affect the rate of
reaction. Entries 2 and 3 once time corrected do not overlay with entry 1. This shows that
over the course of the reaction the catalyst is degrading. Entry 1 proceeded more slowly
from the 50% conversion point ([SM] = 0.5) than entries 2 and 3 which had fresh catalyst. It
appears that after the catalyst has done a certain amount of ‘work’ the rate of the reaction
has slowed down.

This method does not take into account the formation of the two by-products of the reaction;
cesium iodide and acetic acid. To include these in the same excess experiments, two more

reactions were run (table 4.5). Entry 4 includes the cesium iodide product, and entry 5
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includes all three products of the reaction in the concentrations at which they would be

present at 50% conversion.

Reaction [SM] [Arl] [CsOAC] [product X] [Csl] [AcOH]
Number

1 1 4 4 0 0 0

4 0.5 3.5 3.5 0.5 0.5 0

5 0.5 3.5 3.5 0.5 0.5 0.5

Table 4.5 Same excess including side products

Same Excess 2

[sM]/m
L ]

Time/minutes

= Reaction 1 Reaction 4 +— Reaction 5

Graph 4.2 Same excess including side products

When these results are plotted, it becomes clear that these side products have a significant
effect on the rate of reaction. The addition of cesium iodide plus the arylated product
resulted in a slowing of the rate, when compared to entry 1 at [SM] = 0.5. When all three
products are present, entry 5, the time corrected trace almost overlays with the original
reaction, confirming product inhibition of the catalyst. There is no significant decomposition

of the catalyst over the course of the reaction.

The same excess experiments have shown that while there may a small amount of catalyst
decomposition taking place over the course of the reaction, there is significant inhibition of
the catalyst by the side products cesium iodide and acetic acid. The presence of the arylated
product does not have an effect on the rate of reaction and so it is not responsible for
catalyst inhibition.
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The coordination of the palladium acetate to the starting amide 160 to give the palladium
complex 401 may be in equilibrium, with protodemetallation being possible in the presence
of acetic acid, Scheme 4.25. The concentration of acetic acid increases over the course of
the reaction, and so the protodemetallation becoming more likely as the reaction proceeds.
This may explain why the addition of acetic acid into the reaction decreases the rate of
reaction. Cesium iodide also appears to slow the reaction rate as it accumulated in the
reaction. It is not clear why this is, but as it is insoluble in the reaction solvent it may be

because it reduces the efficiency of the stirring.

Pd(OAc),
- AcOH
HN (0] =~ AcOH o, /N (0]
-Pd(OAc), —< Pl
S S
160 401

Scheme 4.25 Equilibrium between starting amide and palladium complex

4.7 Conclusions

Potential palladium intermediates for the arylation of bornylamine were isolated and fully
characterised. A crystal structure of a palladacycle showing a Pd-C bond and coordination of
the picolinamide directing group to the palladium was obtained. Both isolated complexes
were used as catalysts in the arylation reaction in the place of Pd(OAc), and gave the
arylated product in comparable vyield suggesting that these complexes are viable

intermediates for the reaction. However, they may also just be viable palladium (Il) sources.

The reversibility of the cyclopalladation step of the mechanism was investigated. It was
shown to not be reversible as no reaction was seen between the palladacycle and
CD3;CO;D.

The kinetics of the reaction were studied, and the rate dependence on both the palladium
catalyst and the aryl iodide were determined. The order was 1 in the palladium acetate and
0.75 in aryl iodide.

Same excess experiments showed that there is not significant degradation of the catalyst
over the course of the reaction, but there is inhibition of the catalyst by the cesium iodide and

acetic acid side products. The arylated product did not inhibit the catalyst.
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Chapter 5

Sustainable Amide Synthesis
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5.1 Project Aim and Background

It was necessary to synthesise the picolinamide substrates for C-H activation. While the
majority of the amide substrates were synthesised using HATU, Scheme 5.1, this method
was not atom economical and requires a lengthy work up procedure followed by purification
using flash column chromatography. Due to these issues this method was not suitable for

the synthesis of amides on a large scale.

DIPEA 1.2 eq NZ
NH, NS HATU 12eq N
O/ + HO = DMF 0.2 M O/
rt, 16 h 0
© 86%
160

Scheme 5.1 HATU amidation

Stoichiometric coupling reagents like HATU often have a high molecular weight and produce
toxic by-products, Figure 5.1. Uronium salts are effective coupling agents which work by
activating the carboxylic acid which then reacts with the amine.*** These reagents are also
costly so undesirable for the large scale synthesis of amides and result in the formation of

large amounts of waste products.

N 4 /
AN O’P/\ N/J ,O — /\N
x—N / N N N \\C
\ N N / \\N/\/\N/
| N PFg \ N
N/ N/+ N l\i/ PFg |
5- N  PFeg
HATU PyBOP® HBTU EDC

Figure 5.1 Stoichiometric amide coupling agents

The aims of this part of the project were to expand on previous work on boron mediated
amidation in the group'®® to improve the yields for the synthesis of amides from polar
heterocyclic carboxylic acids, and to expand the substrate scope. As solvent is one of the
large contributors to waste generated in a chemical process it was important to select a

solvent that will reduce hazards associated with the reaction.4®

It is preferable to employ an amidation method which allows for the direct condensation of an
amine with a carboxylic acid without the need for stoichiometric activating agents or toxic
solvents, such as DMF. Methods for catalytic amidation have attracted a considerable
research effort, with common systems based around boronic acids, boric acid derivatives,

boron heterocycles and group 1V metal salts derived from titanium, zirconium or hafnium.
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Amide bond formation accounts for 16% of all reactions performed during the drug discovery

process, and so it is important to develop methods that are sustainable and safe.4’

5.2 B(OCH2CF3)3 for amide synthesis

Previous work in the group has identified B(OCH.CF3); as an efficient reagent for the direct
amidation of amines with carboxylic acids, Scheme 5.2. This method benefited from a solid
phase work-up procedure, without the need for column chromatography or an aqueous work

up and can be applied to pharmaceutically relevant substrates.0419%

Amberlyst 15 0
@\)1 HoN B(OCH;CFs)s2eq  AmberlystA-26 X
OH MeCN or CPME Amberlite IRA743 H/\©
402

CPME 87%
MeCN 87%

Scheme 5.2 Amidation using B(OCH2CF3)s

Using a catalytic amide coupling agent can improve the atom economy of the reaction, and
make the amidation a more sustainable process.

Reagents containing group IV metals can be used as catalysts in amidation. Ti(O'Pr),%8,
Hf(Cp).Cl,**°, ZrCl, and ZrCp,Cl,1%**! have been shown to be effective catalysts for the
direct amidation of a range of amine and carboxylic acid substrates. These methods employ
molecular sieves, which require dilute reaction conditions and large amounts of solvent to
wash them at the end of the reaction to recover the amide products. The solvents employed
include aromatic hydrocarbons and ethers which are not ideal with respect to safety and
sustainability.'®? They are also unsuitable for the synthesis of amides from polar amines or
carboxylic acids due to the insolubility of the substrates in non-polar solvents, and so were

not suitable for the synthesis of the picolinamides required in C-H functionalisation reactions.

In 1996 Yamamoto showed that electron deficient boronic acids were effective catalysts for
the synthesis of simple amide substrates!*® and since then a large number of boronic acid
based amidation catalysts have been reported. Low catalyst loadings of 0.5 — 5 mol% can be
achieved using a boron-based catalyst developed by Shibasaki. The DATB catalyst aids the
direct coupling of amines with carboxylic acids, in toluene in the presence of molecular
sieves and has a broad substrate scope which includes heterocyclic substrates and APIs.%*
155 However, the synthesis of the catalyst is lengthy, which is a major drawback for using this
method. Despite the broad substrate scope that can be achieved using a DATB catalyst, no
amide products were observed with poorly nucleophilic anilines, or bulky carboxylic acids,
Figure 5.2.
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Figure 5.2 Examples of failed substrates under the DATB catalyst system

The Sheppard group showed that B(OCH,CF3); was also an effective catalyst for the direct
amidation of an amine with a carboxylic acid, producing only water as the by-product. The
reaction could be carried out in toluene or TAME, of which the latter has been identified as a
green solvent, Scheme 5.3.1%

0] H R3 B(OCH20F3)3 10 mol% )o]\ 2
N _R
1J\ 'Y TAME or PhMe R’ N
R OH R Dean-Stark l
A24h
Ph Ph
QJ\ %J\ —~ /\[( ;@\ PhQJ\ /(j
407 408 409 410
89% (TAME) 92% (TAME) 74% (PhMe) 63% (TAME)

Scheme 5.3 Amidation using catalytic B(OCH2CF3)s3

The method gives excellent yields of complex amides, including those synthesised from
unprotected amino acids but only moderate yields when using more polar carboxylic acids

and poorly nucleophilic anilines.
5.2 Amidation in ester solvents

When the methodology for catalytic amidation developed in the group was applied to the
synthesis of picolinamides to be used for C-H activation the yields were poor. The low yields
of amides synthesised from 2-picolinic acid is likely due to the insolubility of the amine
carboxylate salt in TAME, Scheme 5.4. The reactions also needed a higher loading of the

borate catalyst.

o W )
R B(OCH,CF3)3 20 mol%
HO™ H,N - — r NS
N TAME I
A, 24-48h
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Scheme 5.4 Amidation using a borate ester catalyst in TAME

To overcome this issue, other solvents were screened to investigate if a change to a more
polar, ester solvent could improve the yield. To identify a more suitable solvent for the direct
amidation of a carboxylic acid with an amine the reaction of cyclohexylmethylamine with
picolinic acid was used as a test reaction, Scheme 5.5. The reaction was performed at reflux
in a Dean-Stark apparatus for the azeotropic removal of water. Esters were identified as
potentially more suitable solvents, due to their increased polarity compared to ethers as well
as their improved safety profile due to not being prone to peroxide formation.**? There has
been one previous report of a catalytic amidation performed in an ester solvent, using n-
propyl acetate as the solvent and nBuB(OH), as the catalyst.’®® A range of ester and nitrile
solvents were screened, and the concentration and catalyst loading of the reaction was
optimised, Table 5.1.1%

B(OCHZCF3)3
J\O solvent Oﬁ )KO
1 equiv 1 equiv

Scheme 5.5 Amidation of cyclohexylmethylamine

Entry Solvent B.p °C  Cat. Mol% Concentration M  Yield® %
1 tBuOAcC 97 20 1.0 92
2 tBUOAC 97 10 0.5 75
3 iPrOAC 89 10 0.5 52
4 EtOAC 77 10 0.5 9
5 nBuOAc 126 10 0.5 20
6 tBUOAC 97 10 0.5 75
7 tBuOAc 97 10 1.0 91
8 EtCN 97 10 1.0 76
9 nPrCN 117 10 1.0 64

10 nPrOAc 102 10 0.5 27

Table 5.1 Optimisation of solvent and concentration. 2isolated yields

Ester solvents gave variable yields, with ethyl acetate, nPrOAc and nBuOAc performing
poorly (entries 4, 5 and 10). iPrOAc offered some improvement in yield of the amide product
(entry 3). The solvent screen showed that tBuOAc was the best solvent for the reaction, with

little difference in yield between 10 and 20 mol % of the borate catalyst (entries 1 and 7).
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The concentration of the reaction was important, with an increase in yield from 75% to 91%
for 0.5 M and 1 M respectively (entries 6 and 7), which reduced the solvent requirements for
the reaction. The nitrile solvents (entries 9 and 10) gave moderate yields of the amide

product and could provide an alternative for more polar substrates.

Solvents with high boiling points gave poor yields of the amide, most likely due to
decomposition of the catalyst at elevated temperatures. The most effective solvents were
those with a moderate boiling point, but a relatively high proportion of water in their
azeotropes. tert-Butyl acetate and propionitrile were the most effective solvents, both with a
boiling point of 97 °C, and containing 22 wt% and 24 wt% respectively of water present in
the azeotrope. In contrast, ethyl acetate contains just 8 wt% of water in the azeotrope, and

so is a poor solvent for amidation.®’

A range of catalysts were then screened, with B(OCH,CF3)s giving the highest yield of the
amide, Table 5.2. Trimethyl and triethyl borate gave disappointing yields of the amide, and
titanium isopropoxide also gave a low yield. The use of a boronic acid, entry 5, also gave a
good yield of the amide product.>?

Entry Catalyst 10 mol% Yield % (isolated)
1 B(OCH.CF3)3 922
2 B(OMe); 8?2
3 B(OEt); 10
4 Ti(O'Pr), 142
5 HO\B/OH 73
F,C” t “CF,4

Table 5.2 Catalyst screen. Conditions tBuOAc 1 M, Catalyst 10 mol%, 24 hours

The stability of the B(OCH,CF;); catalyst in the chosen solvent was studied in collaboration
with Dr Victor Laserna. An amidation reaction in tBuOAc was run for 24 hours, and samples
were taken from both the reaction mixture and Dean-Stark trap to measure the quantity of
trifluoroethanol present. The same reaction was run in the higher boiling nBuOAc to

measure catalyst stability at elevated temperatures.
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Figure 5.3 °F NMR of (a) Reaction flask and (b) Dean-Stark trap of the amidation in tBuOAc
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Figure 5.4 °F NMR of (a) Reaction flash and (b) Dean-Stark trap of the amidation in nBUOAc

Trifluoroethanol was present in both the Dean-Stark trap and the reaction flask in different

quantities in the two different solvents.
tBUOAC: 49% of trifluroethanol was in the reaction flask, and 51% in the Dean-Stark
nBuUuOAc: 16% of trifluroethanol was in the reaction flask, and 84% in the Dean-Stark

In both solvents the triplet signal was broadened in the sample take from the reaction flask,
potentially due to the exchange between the free trifluoroethanol and the trifluoroethoxy
groups coordinated to boron. The high rate of catalyst decomposition in nBuOAc may
account for the lower yield (20%) in this solvent, and shows that elevated temperatures do
hinder the reaction.

5.2.1 Substrate scope

With the optimised conditions in hand, the substrate scope was explored, focussing on
amides that had previously been difficult to synthesise under the previously reported
conditions, Figure 5.5.
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Heterocycllc substrates
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Figure 5.5 Substrate scope for amide synthesis. Conditions 1 eq amine, 1 eq acid, B(OCH2CF3)2 10 -
20 mol%, tBuOAc 1 M, Dean-Stark, reflux. Yields in TAME in parenthesis.

The substrate scope includes polar heterocyclic carboxylic acids and poorly nucleophilic,
sterically hindered anilines. Carboxylic acids containing a pyridine (Compounds 159 and
160), quinoline (Compound 413), tetrahydrofuran (Compounds 411 and 412) and a
thiophene (compound 414) were synthesised in good to excellent yields. Aniline derivatives
(compounds 410, 417 and 409) were synthesised in good yields. The amide of 2-
chloromadelic acid was only synthesised in a 38% yield due to the challenging nature of this
substrate. Dipeptides 418 and 419 were synthesised from the Boc-protected alanine and the
phenylalanine tert-butyl ester, with no observable epimerisation. Finally the drug molecule
granisetron 415 was synthesised using 20 mol% of the catalyst (previously done using 1
equivalent of B(OCH,CF3)3).

For the majority of substrates column chromatography for the purification of the products

could be avoided using a solid phase work up. Scavenger resins to remove unreacted amine
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(Amberlyst 15), carboxylic acid (Amberlyst A-26) and boron compounds (Amberlite IRA-743)
were used, and the reaction could be filtered to give the pure amide, Scheme 5.6.

B(OCH,CF3)3

o H tBuOAc
JJ\ NS 3
R SOH R? R Dean-Stark

Scheme 5.6 Synthesis of amides using solid phase work up

Some products that contain amines can be scavenged by the Amberlyst 15, and thus these

substrates were purified by column chromatography or recrystallisation.

5.3 PMI Calculations

The process mass intensity (PMI) of a process calculates the ratio between the total mass of
materials used and the mass of the isolated product. All materials used are included in the
calculation, including solvents, work up materials and reagents. It can be used as a measure

of how efficient a process is.!*®

The synthesis of amide 159 was repeated on a 100 mmol scale, to calculate the PMI of the
process, Scheme 5.7, to give 21.23 g of amide 159, with a yield of 97%. A solid phase work
up was carried out, adding the resins directly to the reaction mixture which reduces solvent
requirements for the work up. Water is needed in the work up for the hydrolysis of boron
compounds and can be removed using magnesium sulphate which is filtered at the same
time as the resins. The resins and magnesium sulphate could be washed with ethyl acetate

to give the pure amide.

N 0
OANHZ | Ah_on B(OCH,CFy); NS
o tBuOAc H N~
24 h
159
[100 mmol] [100 mmol] [21.23 g, 97.22 mmol, 97%]

Scheme 5.7 Large scale amidation

total mass in a process or process step (kg)
mass of product (kg)

Process Mass Intensity —
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Conditions Input Reaction Input Workup Yield

Solvent (1 M) tBuOAC (86.6 g) Resins (12.5 g)
Catalyst B(OCH:CFs3); (3.079 9) H,O (10 g) 97%
Acid (1 eq) 2-Picolinic acid (12.311 g) EtOAc (27.06 g) 21.23 ¢

Amine (1 eq) Cyclohexanemethylamine (11.320 g) MgSO, (10 g)

24 h, 98 °C Total =113.31 g Total = 59.56 g

The PMI for the reaction shown in Scheme 5.7 was calculated to be just 8. The typical PMI
for an amidation reaction used for the synthesis of pharmaceutical intermediates is ~43,
showing that this catalytic amidation could be a less wasteful method for large scale

amidations.%°

5.4 Conclusions

The existing methodology developed in the group for using B(OCH.CF3); as a catalyst for
direct amidation has been expanded upon. Performing the reactions in tBuOAc at a higher
substrate concentration improved the green profile of the reaction, and allows for the
synthesis of amides from polar carboxylic acids. Less nucleophilic and more hindered
anilines have also been added to the substrate scope. Finally, the protocol was shown to be
effective on a 100 mmol scale, demonstrating the low PMI of the reaction. This method

allowed for the picolinamide substrates required for C-H functionalisation to be synthesised.
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Chapter 6

Conclusions and Future work
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6.1 Conclusions

In summary, the amide directed C-H arylation of a range of saturated amine substrates has
been demonstrated. A silver free arylation protocol directed by a picolinamide group was
developed which used cesium carboxylate salts as alternative bases, which are cheaper and
more sustainable. The reaction was shown to be compatible with a range of functionalities
on the aryl iodide coupling partner, such as halogens, esters, ketones and simple
heterocycles. In the arylation of bornylamine, it was also possible to use aryl bromides as the
coupling partners, which are cheaper and more readily available than aryl iodides. As a
wider range of aryl iodides are available, increased functionality on the aryl ring could be

introduced, including free phenols and aldehydes.

4-jodoanisole
Pd(OAc),
CsOAc, CuBr,
= | tAmOH
HN SN 140 °C, 24 h
o 91% N

165
ArBr:
CO,Me
192 197 208 210 211
85% 82% 69% 69% 71%
Other amines
OMe ~NTs
=
-0 H |
NS
N
H - H — (0]
s N </
N
0 N
0]
212 213 217
81% 86% 74%

Scheme 6.1 Arylation of bicyclic and tricyclic amines
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For more challenging amine substrates, arylation could be achieved by changing from
tAmOH to the higher boiling tHxOH as the solvent.

N A N A Ar = PMP
i
A = o] o]
Ar

242 261

tHXxOH 75%
tHXOH 77%
{AMOH 7% tAMOH 24%

Figure 6.1 Arylation products synthesised in tHXOH

The effect of different directing groups on the selectivity and yields of C-H functionalisation
reactions was investigated. It was shown that substituting the picolinamide directing group
with a methyl group in the 3-position can result in improved yields of arylated products from
a range of amines, Scheme 6.2. Electron donating and electron withdrawing substituents
could have an effect on both the position and yield of C-H functionalisation reactions when

there is more than one position available for C-H activation, Scheme 6.2.

HN f | HN _ |
NS
N N
o)
o)
TSN TsN
201 232
44% 63%

Figure 6.2 Improved arylation yield using a 3-methylpicolinamide directing group

Pd(OAc), 5 mol%
CsOAc 4 eq
4-iodoanisole 4 eq
NZ CuBr, 10 mol% NZ N7
| | meo |
HN N tAmOH HN A HN X
140 °C, 24 h
O CFs O CF; O CF;
271
OMe
2

OMe
27 273
monoarylation diarylation
51% 49%

Scheme 6.2 Change of selectivity when using a 3-CFs substituted picolinamide
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As the arylation of the sterically crowded bornylamine system typically proceeded with higher
yields than the arylation of less crowded systems such as cyclohexylamine and
isobutylamine it may help to increase yields by introducing a bulkier directing group. As it
was shown that having the 3-methylpicolinamide directing group led to improved yields for a
number of arylated products. Increasing the steric bulk of the group may also lead to further
enhanced vyields. The methyl group could be replaced by a phenyl ring and a proposed
synthesis of the picolinic acid required is shown in Scheme 6.3. A tert-butyl group is another

alternative that could be used.

TfO N
o | PhB(OH), | AN
~ —_— —_—
- N Suzuki ester HO =
') hydrolysis N

Scheme 6.3 Proposed synthesis of a substituted picolinic acid

The mechanism of the C-H functionalisation reaction was investigated. Viable palladium
complex intermediates in the arylation of bornylamine were isolated. Both of these
complexes were active as catalysts in the reaction. The kinetics of the reaction were also
studied, and it was discovered that there was a positive rate dependence on both the
concentration of the palladium catalyst and aryl iodide. A Pd'/Pd"V catalytic cycle was
proposed, with the C-H activation step taking place via a CMD mechanism, followed by
oxidative addition of the aryl halide and then reductive elimination to form the new C-C bond.
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Figure 6.3 Summary of mechanistic work

Work in the group into developing sustainable methods for amidation using a borate ester
catalyst was extended. The use of tBUOAc as the solvent can provide a useful alternative to
hydrocarbon or ether solvents. This is of particular use when carrying out amidations using
polar carboxylic acids or poorly nucleophilic anilines, Scheme 6.4. This method could then
be used instead of a HATU coupling to synthesise the picolinamides required in C-H
activation reactions without the need for an aqueous work up or column chromatography.
This procedure also showed improved green metrics when compared to other amidation
methods, with a PMI of 8.
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Scheme 6.4 Summary of amide synthesis

This amidation protocol is not suitable for small scale (<3 mmol) synthesis of amides, due to
the Dean-Stark apparatus used to remove water from the reaction being inefficient when
using small solvent volumes. It has been shown by Stoltz and coworkers that pressure
equalised addition funnel containing molecular sieves and plugged with cotton wool can be
used as an alternative to the Dean-Stark on small scales.'®® This method may allow for our

amidation method to be used on a smaller scale.

Other borate esters may prove to be more efficient than B(OCH.CF;3); as catalysts for
amidation. Borate esters synthesised from hexafluoroisopropanol or nonafluoro-tert-butyl
alcohol can be synthesised and used as catalysts to investigate whether they can accelerate

the rate of amidation.

6.2 Future work

The C-H functionalisation of amino substituted nitrogen heterocycles remains a challenge.
Due to the basic nitrogen of the heterocycle, it is necessary to install a protecting group. It
became clear that the choice of protecting group was important for the reaction, with tosyl
and CBz groups being ineffective, and resulting in no C-H arylation being observed. Low

yields of arylated products were obtained using Boc protection.
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Scheme 6.5 Piperidine arylation

The work on improving the directing group can be applied to attempt to obtain a higher yield
of these arylated products. It may also be possible to improve this by using a different
protecting group, such as an acetamide or Troc group, which is more stable than Boc to the
elevated temperatures required for C-H functionalisation to take place. Preliminary results
showed that amide 421 undergoes monoarylation to give compound 422, unlike its
analogous carbocyclic compound 159 which instead reacts to give the diarylated product

(vide supra, Chapter 2).

Using tHXOH it became possible to observe the arylation of a spirocyclic amide 423 in
moderate yield using tHxOH as the solvent, Scheme 6.6. Previously the arylation of this
amide gave only trace quantities of product when performed in tAmOH. This reaction

requires further optimisation, potentially by improving the directing group to give a higher

conversion.
Pd(OAc),
Q CsOAc, CuBr, o
H | AN 4-|octi:ag|;ole H | X
N~ X Ar N~
1 °C, 24 h
423 50 °C, 424

Scheme 6.6 Spirocycle arylation
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Chapter 7

Experimental
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6.1 General Methods

All reagents and solvents were purchased and used as supplied unless otherwise stated. All
reactions were carried out at atmospheric pressure with stirring and under inert atmosphere
unless otherwise indicated. Pd(OAc), was purchased from Sigma-Aldrich and CsOAc from
Fisher Scientific. Piperidine was distilled before use. All resins were pre-washed with EtOAc,
Et,O and CHCl, and dried in vacuo prior to use. In vacuo is used to describe evaporation of
solvent by Buichi rotary evaporator between 17 °C and 50 °C at a pressure of ~ 10 mmHg.
All reactions were monitored by TLC or H NMR. TLC plates used were pre-coated with
silica gel 60 F254 on aluminium (Merck KGaA). The spotted TLCs were visualised by UV
light (254 nm or 365 nm) or chemically stained (KMnQy, or Ninhydrin). *H NMR and *C NMR
spectra were recorded at 400, 500, 600 or 700 MHz (for *H) and 100, 125 or 175 MHz (for
13C) on a Bruker AMX400, AMX600 or NEO700 at ambient temperature, unless otherwise
indicated. Deuterated solvents for NMR detection used were CDCls;, MeCN- d3, MeOD-d4 or
DMSO-d6, MeCN-d3 as stated in the spectrum. Peaks are assigned as singlet (s), doublet
(d), triplet (t), quartet (g), quintet (gn) or multiplet (m). All shifts are reported in parts per
million (ppm) and compared against residual solvent signals: CDCl; (6 = 7.26 ppm, S),
MeCN (6 = 1.94, gn) DMSO (6 = 2.50 ppm, gn) or MeOD (6 = 3.31, gn) as the internal
standard. Coupling constants (J) are quoted in Hertz (Hz) to one decimal place. Mass
spectrometry was performed on VG70 SE (ES+, Cl, ES- modes). Infrared spectra were
obtained using a Perkin-Elmer Spectrum 100 FTIR Spectrometer operating in ATR mode, all
frequencies given in reciprocal centimetres (cm?). Melting points were measured with a
Gallenkamp heating block and are uncorrected. [a]p values are given in 10t deg cm? g7,
concentration (c) in g per 100 ml. Reactions performed above the solvent boiling point in
sealed tubes were carried out in Radley Quick-Thread Glass Reaction Tube 24x150mm, and
the solvent volume did not exceed 4 ml.
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6.1 Experimental for Chapter Two

6.1.1 Preparation of amines

Methyl-2-(p-tolyl)cyclopropyl)carbamate 145

N._om
e
T

0]

Triethyl orthoformate (9.60 ml, 57.6 mmol, 3.72 eq) was added dropwise via a syringe pump
(1 ml h) to a stirred mixture of methyl carbamate (3.70 g, 49.4 mmol, 3.19 eq), Zn (21.2 g,
324 mmol, 20.9 eq), Cu (1.40 g, 22.0 mmol, 1.45 eq), ZnCl (6.62 g, 48.6 mmol, 3.14 eq),
TMSCI (22.4 ml, 176 mmol, 11.4 eq) and 4-methyl styrene (2.04 ml, 15.5 mmol, 1 eq) in
Et,O (80.0 ml). The reaction mixture was stirred at room temperature for 3 hours, then
quenched with sat. ag. NaHCOs;. The resulting suspension was filtered and the solid washed
with Et,O (3 x 50 ml). The biphasic mixture was extracted with Et,O (3 x 100 ml), the
combined organic fractions washed with brine (80 ml), dried over MgSO, and concentrated.
Potassium carbonate (6.64 g, 48 mmol) was added to the residue in MeOH (16 ml) and
stirred at room temperature for 1 hour then concentrated in vacuo. Water (40 ml) was added
and the aqueous layer extracted with CH,Cl, (3 x 150 ml). The combined organic layers
were washed with brine (80 ml), dried over MgSO. and concentrated. The crude reaction
mixture was purified by flash column chromatography (0 — 30% ethyl acetate in petrol) to

yield the carbamatocyclopropane as a white solid (1.72g, 8.37 mmol, 54%).

M.p 55 — 57 °C; Vmax (film/cm?) 3246 (NH), 3134 (CH), 3016, 2944 (CH), 2915 (CH), 1707
(CO), 1514 (CC); *H NMR (300 MHz, 330 K, CDCls); & 7.07 (m, 4H, ArH), 4.45 (br s, 1H,
NH), 3.55 (s, 3H, OCHjs), 2.91 (m, 1H, NHCH), 2.30 (s, 3H, ArCHs), 2.18 (dd, J = 15.9, 7.8
Hz, 1H, CH,), 1.24 (dd, J = 15.2, 7.0 Hz, 1H, CH), 0.97 (dd, J = 10.8, 6.2 Hz, 1H, ArCH);
13C NMR (126 MHz, CDCl): 6 157.7 (C), 136.3 (C), 129.2 (CH), 129.1 (C), 128.3 (CH), 52.1
(CHs), 29.0 (CH), 21.4 (CH), 21.1 (CHs), 12.2 (CH,); LRMS (ES) [M+H]* 206.1; HRMS found
(ES) [M+H]*206.0749, C12H1sNO2+H requires 206.1176.

p-(2-Tolyl) cyclopropane-1-aminium iodide 146
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A solution of Nal (2.73 g, 18.2 mmol, 1.9 eq) and methyl 2-(p-tolyl)cyclopropyl)carbamate
145 (1.97 g, 9.59 mmol, 1.0 eq) in MeCN (10 ml) was treated with TMSCI (1.69 ml, 18.2
mmol, 1.9 eq), and heated to reflux for 1.5 hours. The solution was allowed to cool to room
temperature, methanol (20 ml) was added and the reaction mixture heated to reflux for 0.5
hours, then concentrated. The resulting solid was washed with Et,O to give the
aminocyclopropane hydrogen iodide salt (2.57 g, 9.34 mmol, 97%).

M.p > 200 ‘C; Vmax (film/cm™) 3484 (NH), 2921 (CH), 1514 (CC); '*H NMR (500 MHz,
CD;0D); 6 7.26 - 7.17 (m, 4H, ArH), 2.91 - 2.86 (m, 1H, NCH), 2.49 - 2.43 (m, 1H, ArCH),
2.32 (s, 3H, CHs), 1.39 — 1.34 (m, 1H, CHy), 1.26 — 1.21 (m, 1H, CH,); *C NMR (126 MHz,
CD;0D): 6 138.7 (C), 133.5 (C), 130.8 (CH), 130.6 (CH), 28.6 (CH), 21.1 (CH), 20.8 (CHs),
9.2 (CHy); LRMS (CI methane) [M]* 148.1; HRMS found (ES) [M]* 148.1128, CioHiN+
requires 148.1126.

Methyl spiro[2.5]octan-1-ylcarbamate 148

OAHLO/

Triethyl orthoformate (9.60 ml, 57.6 mmol, 3.97 eq) and methylenecyclohexane (1.74 ml,
14.5 mmol, 1.0 eq) was added dropwise via a syringe pump (1 ml h') to a stirred mixture of
methyl carbamate (3.70 g, 49.4 mmol, 3.41 eq), Zn (21.2 g, 324 mmol, 22.3 eq), Cu (1.40 g,
22.0 mmol, 1.52 eq), ZnCl (6.62 g, 48.6 mmol, 3.35 eq), TMSCI (22.4 ml, 176 mmol, 12.1
eq) and in Et,O (80.0 ml). The reaction mixture was stirred at room temperature for 3 hours,
then quenched with sat. ag. NaHCOs3. The resulting suspension was filtered and the solid
washed with Et,O (3 x 50 ml). The biphasic mixture was extracted with Et,O (3 x 100 ml),
the combined organic fractions washed with brine (80 ml), dried over MgSO., and
concentrated. Potassium carbonate (6.64 g, 48.0 mmol) was added to the residue in MeOH
(16 ml) and stirred at room temperature for 1 hour then concentrated in vacuo. Water (40 ml)
was added and the aqueous layer extracted with CH,Cl, (3 x 150 ml). The combined organic
layers were washed with brine (80 ml), dried over MgSO, and concentrated. The crude
reaction mixture was purified by flash column chromatography (0 — 30% ethyl acetate in

petrol) to yield the carbamatocyclopropane as a colourless oil (2.54 g, 13.9 mmol, 96%).

Vmax (film/cm™) 3320 (NH), 2921 (CH), 2847 (CH), 1693 (CO):; 'H NMR (400 MHz, 330 K,
CDCls) 6 4.71 (s, 1H, NH), 3.69 — 3.60 (m, 3H, CHa), 2.43 — 2.29 (m, 1H, NHCH), 1.55 (dd, J
= 13.5, 8.0 Hz, 1H, CyH), 1.51 — 1.42 (m, 5H, CyH), 1.41 — 1.25 (m, 3H, CyH), 1.22 — 1.12

126



(m, 1H, CyH), 0.66 — 0.53 (m, 1H, NHCHCH,), 0.33 (dt, J = 9.3, 5.0 Hz, 1H, NHCHCH,); **C
NMR (176 MHz, CDCls) & 158.0 (C), 52.1 (CHs), 35.5 (CHz), 34.6 (CH), 29.8 (CH,), 26.4 (C),
251 (CHz), 19.2 (CHz); HRMS found (ES) [M+H] 184.1331, CioHizNO,+H requires
184.1332.

Spiro[2.5]octan-1-amine hydroiodide 149

OA\NHzHI

To a solution of carbamate 148 (737 mg, 4.02 mmal, 1 eq) in MeCN (16 ml) was added Nal
(1.15 g, 7.64 mmol, 1.9 eq) and TMSCI (0.96 ml, 7.64 mmol, 1.9 eq). The reaction mixture
was heated to reflux for 1 hour, before being cooled and concentrated in vacuo. The
resulting solid was washed with Et,O to give the product as a light brown solid (672 mg, 2.65
mmol, 66%).

M.p >200 °C; Vmax (film/cm™) 3480 (NH), 3416 (NH), 2923 (CH); *H NMR (600 MHz, MeOD)
6 2.38 (dd, J = 7.7, 4.1 Hz, 1H, NH,CH), 1.69 — 1.43 (m, 10H, CyH), 0.84 — 0.79 (m, 1H,
NH.CHCH), 0.64 (dd, J = 5.9, 4.3 Hz, 1H, NH,CHCH); *C NMR (151 MHz, MeOD) & 36.0
(CH), 34.2 (C), 29.8 (CHy,), 27.0 (CH,), 26.3 (CHy), 25.8 (CH,), 24.4 (CHy), 17.3 (CH,).

Cyclopentylmethanamine hydrochloride 151

: NH,HCI

A solution of cyclopentanecarbonitrile (0.31 ml, 3.0 mmol, 1 eq) in diethyl ether (2.1 ml) was
added dropwise to a solution of LiAIH4 (1.9 ml, 7.5 mmol, 2.5 eq, 4 M in diethyl ether) in
diethyl ether (4 ml) at O °C. The resulting suspension was stirred for 5 minutes, before the
addition of Na,S0,4.10H.0O followed by MgSO.. The mixture was filtered, and the solids
washed with ether (3 x 5 ml). HCI (1 ml, 37%) was added dropwise to the filtrate and the
solution concentrated to give the title compound as a white solid (401 mg, 2.96 mmol, 99%).

M.p > 200 °C; Vmax (film/cm) 2903 (NH), 2652 (CH); *H NMR (600 MHz, MeOD) & 2.89 (d, J
= 7.5 Hz, 2H, NHCH,), 2.19 — 2.10 (m, 1H, NHCH,CH), 1.91 — 1.85 (m, 2H), 1.75 — 1.67 (m,
2H), 1.67 — 1.59 (m, 2H), 1.26 (td, J = 15.2, 7.8 Hz, 2H); *C NMR (151 MHz, MeOD) & 45.5
(CHy), 39.4 (CH), 31.3 (CHy,), 26.0 (CH,).

Data in accordance with literature!®?
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139 1,7,7-Trimethylbicyclo[2.2.1]heptane-2-carbonitrile®® 152

CN

t-BuOK (8.42 g, 75.0 mmol, 5 eq) was added to a rapidly stirred solution of TosMIC (5.80 g,
30.0 mmol, 2 eq) in DMSO (22.2 ml) at 0 °C, before stirring for 5 minutes. (+/)-Camphor
(2.25 g, 15.0 mmol, 1 eq) and methanol (0.75 ml) were added and the reaction mixture
warmed to 45 °C and stirred for 72 hours. The reaction mixture was diluted with 2 M HCI (30
ml), water (30 ml) and extracted with petrol (5 x 40 ml). The combined organic fractions were
dried over MgSQy4, concentrated and the residue purified by flash column chromatography (0
- 40% ethyl acetate in petrol) to yield the title compound as a white solid (1.88 g, 11.5 mmol,
77%).

M.p 138 — 141 °C; Vmax (film/cm™) 3019 (CH): *H NMR (400 MHz, CDCls) & 2.66 (ddd, J =
11.8, 5.1, 3.1 Hz, 1H, CNCH), 2.24 — 2.14 (m, 1H, CH.CHCH,), 1.93 — 1.85 (m, 1H,
CNCHCH_), 1.81 (ddd, J = 11.9, 7.9, 4.0 Hz, 1H, CCH.CH,), 1.76 (dd, J = 4.8, 2.6 Hz, 1H,
CCH,CH,), 1.59 — 1.52 (m, 1H, CCH,), 1.46 (dd, J = 13.0, 5.1 Hz, 1H, CCH,), 1.30 (ddd, J =
11.8, 9.4, 4.5 Hz, 1H, CNCHCH_), 0.98 (s, 3H, CHs), 0.91 (s, 3H, CHs), 0.84 (s, 3H, CHa);
13C NMR (151 MHz, CDCls) & 123.1 (C), 49.7 (C), 48.0 (C), 45.1 (CH), 36.1 (CH), 34.2
(CHz), 31.3 (CH,), 27.9 (CH,), 19.4 (CHs), 18.5(CHs), 14.3 (CHs).

1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl)methanamine hydrochloride!® 153

NH,.HCI

A solution of 152 (1.88 g, 11.5 mmal, 1 eq) in THF (17.3 ml) was added dropwise to a stirred
suspension of LiAlH4 (34.5 ml, 1M in THF, 34.5 mmol, 3 eq) in THF (34.5 ml) at 0 °C. The
resulting solution was heated to reflux for 7 hours. The reaction mixture was cooled to -10 °C
and hydrated sodium sulphate (18 g) was added portionwise while stirring and the
suspension dried over MgSOQ., filtered and concentrated. The residue was taken up in

methanol (20 ml), cooled to 0 °C and acetyl chloride (3 ml) added dropwise. The solution
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was concentrated, the resulting solid sonicated in Et,O (30 ml) and filtered to yield the title
compound as a white solid (1.37 g, 6.71 mmol, 58%). d.r 9:1

M.p > 200 °C; Vimax (film/cm-t) 3300 (NH), 2949 (CH), 1108 (CN); *H NMR (600 MHz, MeOD)
53.07 — 3.02 (m, 1H, NH.CH,), 2.85 (dd, J = 20.7, 8.9 Hz, 1H, NH,CH,), 2.11 (dd, J = 15.8,
7.7 Hz, 1H, NH,CH,CH), 1.98 (d, J = 10.6 Hz, 1H, (CHs).CCH), 1.78 (d, J = 4.2 Hz, 1H,
CHCH,CH), 1.69 (t, J = 4.3 Hz, 1H, CHCCH,CH,), 1.42 (dd, J = 14.4, 7.5 Hz, 2H,
CHCCH,CH, and CHCCH,), 1.25 — 1.16 (m, 1H, CHCCH,), 0.98 (dd, J = 12.6, 4.5 Hz, 1H,
CHCH.CH), 0.94 — 0.91 (m, 6H, 2 x CHs), 0.90 (s, 3H, CHs); **C NMR (151 MHz, DMSO) &
48.5 (C), 47.2 (CH), 44.4 (CH), 41.6 (C), 41.4 (CH,), 34.3 (CH,), 28.3 (CH,), 27.9 (CHy),
18.9 (CHs), 18.3 (CHs), 14.0 (CHa).

(+/-) Camphor oxime?®2 154

N—OH

A solution of (+/-)-camphor (2.03 g, 13.3 mmol, 1.0 eq) in ethanol (6.7 ml) was added to a
stirred solution of hydroxylamine hydrochloride (1.39 g, 20.0 mmol, 1.50 eq) and sodium
acetate (1.37 g, 16.7 mmol, 1.25 eq) in water (10 ml). The resulting suspension was stirred
at 60 °C for 24 hours. The solution was cooled and concentrated until crystals of camphor
oxime began to form then cooled to 4 °C to complete crystallisation. The crystals were
collected by filtration, washing with ice cold water to yield camphor oxime as a colourless
crystalline solid (1.99 g, 11.9 mmol, 89%).

M.p 116 — 119 °C; Vmax (film/cm) 3020 (CH), 1214 (CN): *H NMR (400 MHz, CDCls) & 8.81
(s, 1H, OH), 2.55 (dt, J = 17.8, 3.8 Hz, 1H, NCCH,CH), 2.05 (d, J = 17.8 Hz, 1H, NCCHb,),
1.91 (t, J = 4.4 Hz, 1H, CHCH,CH,), 1.83 (tdd, J = 11.9, 7.5, 4.2 Hz, 1H, CHCH,CH), 1.70
(td, J = 12.1, 3.9 Hz, 1H, CHCH,CH,), 1.49 — 1.41 (m, 1H, CHCH,CH,), 1.23 (ddd, J = 9.3,
7.9, 4.2 Hz, 1H, NCCH), 1.00 (s, 3H, CHs), 0.91 (s, 3H, CHs), 0.80 (s, 3H, CHs); 3C NMR
(151 MHz, CDCls) & 170.1 (C), 51.9 (C), 48.4 (C), 43.8 (CH), 33.2 (CH,), 32.7 (CH,), 27.4
(CH,), 19.6 (CHs), 18.7 (CHs), 11.2 (CHa).
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endo-(+/-)-Bornylamine hydrochloride!®® 155

NH, HCI

A solution of camphor oxime (668 mg, 4.0 mmol, 1.0 eq) in ethanol (10.3 ml) was warmed to
80 °C and treated portionwise with sodium (710 mg, 31 mmol, 7.75 eq). The resulting
solution was stirred for 2 hours before being cooled to 0 °C and water (8 ml) carefully added.
The reaction mixture was concentrated to ~10 ml and extracted with DCM (3 x 15 ml). The
combined organic layers were dried over MgSO,4 and concentrated. The crude residue was
taken up in 2 M HCI (20 ml) and the resulting precipitate was filtered off, washing with ether,
to yield the product as a white solid (465 mg, 2.45 mmol, 61%).

M.p >200 °C; Vmax (film/cm™) 2988 (CH), 2962 (CH), 2885 (NH); *H NMR (400 MHz, MeOD)
6 3.40 (dd, J = 11.0, 4.0 Hz, 1H, NCH), 2.41 — 2.29 (m, 1H, CH,CHCH,), 1.89 — 1.81 (m, 1H,
NCHCH,), 1.76 (t, J = 4.6 Hz, 1H, NCHCH,), 1.56 (dd, J = 8.9, 5.8 Hz, 2H, NCHCCH,), 1.39
—1.31 (m, 1H, CH,CHCH,), 1.13 (dd, J = 13.7, 4.4 Hz, 1H, CH,CHCH,), 0.98 (s, 3H, CHy),
0.96 (s, 3H, CHs), 0.94 (s, 3H, CHs); **C NMR (151 MHz, DMSO) & 48.6 (CH), 43.9 (C), 27.1
(C), 26.8 (CH), 20.1 (CH>), 20.0 (CH>), 19.4 (CH,), 18.3 (CHs), 13.1 (CHs), 11.6 (CHs).

6.2 Addition of directing groups to amines
6.2.1 Synthesis of amides using B(OCH,CF3)3

Piperadin-1-yl(pyridine-2-yl)methanone'®* 156

B(OCH,CF3); (0.86 ml, 4.00 mmol, 2 eq) was added dropwise to a solution of piperidine
(0.24 ml, 2.40 mmol, 1.2 eq) and picolinic acid (0.123g, 1.00 mmol, 0.5 eq) in CPME (4 ml).
The reaction mixture was heated to 100 "C and stirred for 20 hours then cooled to room
temperature. Amberlyst® A-26(OH), Amberlite® IRA743, water (1 ml) and ethyl acetate (4
ml) were added to the cooled reaction mixture and stirred for 30 minutes. The resins were
removed by filtration, the solution concentrated in vacuo and the crude product purified by
flash column chromatography (10-50% ethyl acetate in petrol) to yield the product as a pale

orange oil (23 mg, 0.12 mmoal, 12%).
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Vmax (film/cm™) 3337 (CH), 2919 (CH), 2852 (CH), 1620 (CO), 1582 (CC); *H NMR (600
MHz, CDCls) 6 8.57 (d, J = 4.6 Hz, 1H, pyNCH), 7.76 (ddd, J = 7.7, 6.0, 1.7 Hz, 1H, pyCCH),
7.55 (d, J = 7.8 Hz, 1H, pyCCHCH), 7.31 (ddd, J = 7.6, 4.9, 1.0 Hz, 1H, pyNCHCH), 3.72 (s,
2H, NCH,), 3.46 — 3.35 (m, 2H, NCH,), 1.71 — 1.63 (m, 4H, NCH,CH,), 1.58 — 1.52 (m, 2H,
NCH,CH,CH,); **C NMR (151 MHz, CDCls) 6 167.8 (C), 154.9 (C), 148.6 (CH), 137.1 (CH),
124.3 (CH), 123.4 (CH), 48.4 (CHy), 43.4 (CH,), 26.6 (CH.), 25.7 (CH,), 24.7 (CH.); LRMS
Found (ES+) [M+H]* 191.1.

Catalytic borate:

Picolinic acid (0.492 g, 4.0 mmol, 1 eq), B(OCH.CF;) (86 pul, 0.40 mmol, 10 mol%) and
piperadine (0.55 ml, 4.80 mmol, 1.2 eq) were dissolved in toluene (4 ml) and heated to reflux
in a Dean-Stark for 48 hours. The solvent was removed in vacuo and the residue purified by
flash column chromatography (0 — 10% methanol in DCM) to give the product as a yellow oil
(103 mg, 0.54 mmol, 14%).

'H NMR (500 MHz, CDCls) & 8.57 — 8.44 (m, 1H), 7.68 (td, J = 7.7, 1.7 Hz, 1H), 7.54 — 7.43
(m, 1H), 7.30 — 7.18 (m, 1H), 3.64 (s, 2H), 3.40 — 3.28 (M, 2H), 1.58 (s, 4H), 1.46 (s, 2H).

N-Cyclopentylpicolinamide 157

i L)
| N
_Nn N

B(OCH:CFs3); (0.86 ml, 4.0 mmol, 2.0 eq) was added dropwise to a solution of
cyclopentylamine (0.24 ml, 2.4 mmol, 1.2 eq) and picolinic acid (246 mg, 2.0 mmol, 1.0 eq)
in CPME (4 ml). The reaction mixture was heated to 125 °C and stirred for 24 hours then
cooled to room temperature. Amberlyst® A-26(OH), Amberlite® IRA743, water (1 ml) and
ethyl acetate (4 ml) were added to the cooled reaction mixture and stirred for 30 minutes.
The resins removed by filtration, the solution concentrated in vacuo and the crude product
purified by flash column chromatography (10 - 50% ethyl acetate in petrol) to yield the
product as a pale yellow solid (307 mg, 0.24 mmol, 81%).

Mp 84 — 87 °C; Vmax (film/cm™) 3313 (NH), 2954 (CH), 1646 (CO), 1587 (CC); *H NMR (500
MHz, CDCls) & 8.50 — 8.41 (m, 1H, ArNCH), 8.14 (dd, J = 7.8, 0.9 Hz, 1H, ArCCH), 8.07 —
7.83 (m, 1H, NH), 7.77 (td, J = 7.7, 1.7 Hz, 1H, ArCCHCH), 7.35 (ddd, J = 7.6, 4.8, 1.2 Hz,
1H, ArNCHCH), 4.35 (dg, J = 13.6, 6.9 Hz, 1H, NHCH), 2.08 — 1.93 (m, 2H, NHCHCH.,),
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1.77 — 1.43 (m, 6H, NHCH,CH,); *C NMR (126 MHz, CDCls) & 163.8 (C), 150.2 (C), 148.0
(CH), 137.3 (CH), 126.0 (CH), 122.1 (CH), 51.1 (CH), 33.2 (CH,), 23.9 (CH>).

Data in accordance with literature!®

N-(Cyclohexylmethyl)picolinamide 159

N |\
Ho N

A suspension of 2-picolinic acid (616 mg, 5.0 mmol, 1 eq), cyclohexylmethylamine (650 pl,
5.0 mmol, 1 eq) and B(OCH,CF3)3 (108 pl, 0.50 mmol, 10 mol%) in tBuOAc (5 ml, 1 M) with
a Dean-Stark (side arm filled with tBuOAc) was heated to reflux. An air condenser was fitted
and the reaction mixture heated for 24 hours. Upon completion, the reaction was cooled to
room temperature and water (0.5 ml), DMC (5 ml) Amberlite IRA-743 (0.25 g) and A-26(OH)
(0.5 g) resins were added and the resulting suspension was stirred for 30 min. MgSO, (~0.5
g) was added and the mixture filtered and the resins washed with EtOAc (2 x 5 ml). The
combined filtrates were concentrated in vacuo to yield the amide as a white solid (1.004 g,
4.60 mmol, 92%).

M.p 65 - 67 °C; Vmax (solid/cm™) 3354 (NH), 2916 (CH), 2847 (CH), 1657 (CO), 1525 (CC);
'H NMR (700 MHz, CDCls) & 8.49 (d, J = 4.7 Hz, 1H, ArH), 8.15 (d, J = 7.8 Hz, 1H, ArH),
8.09 (s, 1H, NH), 7.78 (td, J = 7.7, 1.7 Hz, 1H, ArH), 7.35 (ddd, J = 7.5, 4.8, 1.0 Hz, 1H,
ArH), 3.27 (t, J = 6.6 Hz, 2H, NHCH), 1.75 (dd, J = 13.6, 1.9 Hz, 2H, CHCH,), 1.71 — 1.65
(m, 2H, CHCH.CH), 1.61 (ddd, J = 12.5, 5.0, 2.6 Hz, 1H, CHCH,CH,CH,), 1.55 (ttd, J =
10.5, 7.0, 3.4 Hz, 1H, CH), 1.23 — 1.15 (m, 2H, CHCH,CH), 1.15 — 1.08 (m, 1H,
CHCH,CH,CH,), 0.96 (ddd, J = 24.5, 12.3, 3.3 Hz, 2H, CHCHy>); **C NMR (176 MHz, CDCl5)
6 164.4 (C), 150.2 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 45.7 (CH,), 38.2
(CH), 31.0 (CH,), 26.5 (CHy), 26.0 (CHy).

Data in accordance with literature66
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N-Cyclohexylpicolinamide 160

H |
N N
N
(7

A suspension of 2-picolinic acid (616 mg, 5.0 mmol, 1 eq), cyclohexylamine (570 pl, 5.0
mmol) and B(OCH,CF3); (108 pl, 0.50 mmol, 10 mol%) in tBuOAc (5 ml, 1 M) with a Dean-
Stark (side arm filled with tBuOAc) was heated to reflux. An air condenser was fitted and the
reaction mixture heated for 48 hours. Upon completion, the reaction was cooled to room
temperature and water (0.5 ml), DMC (5 ml) Amberlite IRA-743 (0.25 g) and A-26(OH) (0.5
g) resins were added and the resulting suspension was stirred for 30 min. MgSQO, (~0.5 g)
was added and the mixture filtered and the resins washed with EtOAc (2 x 5 ml). The
combined filtrates were concentrated in vacuo to yield the amide as a white solid (930 mg,
4.55 mmol, 91%).

M.p 54 — 56 °C; Vmax (solid/cm™) 3379, 2935, 2857, 1666; *H NMR (400 MHz, CDCls) & 8.52
(ddd, J = 4.8, 1.7, 0.9 Hz, 1H, ArH), 8.18 (dt, J = 7.8, 1.1 Hz, 1H, ArH), 7.93 (s, 1H, NH),
7.82 (td, J =7.7, 1.7 Hz, 1H, ArH), 7.39 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, ArH), 4.03 — 3.89 (m,
1H, NHCH), 2.05 — 1.95 (m, 2H, NHCHCH), 1.80 — 1.70 (m, 2H, NHCHCH:CH>), 1.68 —
1.59 (m, 1H, NHCHCH,CH,CH.), 1.48 — 1.16 (m, 5H, 3 x CH,); **C NMR (151 MHz, CDCl,)
6 163.4 (C), 150.4 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 48.3 (CH), 33.2
(CHy), 25.7 (CH,), 25.0 (CHy).

Data in accordance with literature®®

N-(2-(p-tolyl)cyclopropyl)picolinamide 161

Py

O

Saturated potassium carbonate solution (20.0 ml) was added to p-(2-tolyl) cyclopropane-1-
aminium iodide (1.10 g, 4.00 mmol, 1 eq) and the aqueous layer extracted with DCM (3 x 20
ml), dried over MgSO, and concentrated to liberate the free amine. B(OCH,CHs)s (86 p,
0.40 mmal, 10 mol%) and picolinic acid (0.492 g, 4.00 mmol, 1 eq) were added to the amine

in toluene (4 ml). The reaction mixture was heated to reflux in a Dean-Stark for 24 hours,
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before being concentrated and purified by flash column chromatography (0 — 5% methanol in
DCM) to yield the product as a brown oil (112 mg, 0.44 mmol, 11%).

Vmax (film/cmt) 3352 (NH), 2983 (CH), 1647 (CO): *H NMR (600 MHz, CDCls) & 8.37 (ddd, J
= 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.11 (dt, J = 7.8, 1.1 Hz, 1H, pyCCH), 7.79 (br s, 1H, NH),
7.78 — 7.75 (m, 1H, pyCCHCH), 7.33 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, pyNCHCH), 7.14 (d, J =
8.1 Hz, 2H, ArH), 7.09 (d, J = 7.9 Hz, 2H, ArH), 3.34 (tt, J = 7.6, 4.7 Hz, 1H, NHCH), 2.38
(dd, J = 16.4, 7.5 Hz, 1H, ArCH), 2.30 (s, 3H, ArCHs), 1.46 (ddd, J = 9.1, 7.5, 6.2 Hz, 1H,
NHCHCH,), 1.15 — 1.10 (m, 1H, NHCHCH,); *C NMR (151 MHz, CDCls) & 165.8 (C), 149.7
(C), 148.1 (CH), 137.3 (CH), 136.1 (C), 133.4 (C), 129.2 (CH), 128.7 (CH), 126.2 (CH),
122.0 (CH), 28.8 (CH), 21.7 (CHs), 21.2 (CH), 12.3 (CH,); LRMS (ES) 253.1 ([M+H]*) 527.2
([2M+Na]*); HRMS found (ES) [M+H]* 253.1344 C15H1sN.O+H requires 253.1335.

N-Cycloheptylpicolinamide 162
O —

ONH \N/

A suspension of 2-picolinic acid (616 mg, 5.0 mmol, 1 eq), cycloheptylamine (637 pl, 5.0
mmol, 1 eq) and B(OCH,CF3); (215 ul, 0.50 mmol, 20 mol%) in tBuOAc (5 ml, 1 M) with a
Dean-Stark (side arm filled with tBuOAc) was heated to reflux. An air condenser was fitted
and the reaction mixture heated for 24 hours. Upon completion, the reaction was cooled to
room temperature and water (0.5 ml), DMC (5 ml) Amberlite IRA-743 (0.25 g) and A-26(OH)
(0.5 g) resins were added and the resulting suspension was stirred for 30 min. MgSO, (~0.5
g) was added and the mixture filtered and the resins washed with EtOAc (2 x 5 ml). The
combined filtrates were purified by flash column chromatography (30% EtOAc in petrol) to
give the product as a colourless aoil (875 mg, 4.01 mmol, 80%).

Vmax (film/cmt) 3351 (NH), 2923 (CH), 2857 (CH), 1640 (CO), 1518 (CC); 'H NMR (700
MHz, CDCls) & 8.51 — 8.45 (m, 1H, pyNCH), 8.15 (d, J = 7.8 Hz, 1H, CCH), 7.99 (d, J = 6.3
Hz, 1H, NH), 7.80 — 7.76 (m, 1H, CCHCH), 7.37 — 7.33 (m, 1H, pyNCHCH), 4.14 — 4.09 (m,
1H, NHCH), 2.02 — 1.94 (m, 2H, NHCHCH,), 1.68 — 1.48 (m, 10H, CH,); *C NMR (176 MHz,
CDCls) 6 163.1 (C), 150.4 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 50.5 (CH),
35.2 (CH,), 28.2 (CHz), 24.3 (CH,).

Data in accordance with literaturel66
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N-Cyclooctylpicolinamide 163
(@) —

@—NH }\1/

A suspension of 2-picolinic acid (616 mg, 5.0 mmol, 1 eq), cyclooctylamine (686 pl, 5.0
mmol, 1 eq) and B(OCH,CF3); (215 ul, 0.50 mmol, 20 mol%) in tBuOAc (5 ml, 1 M) with a
Dean-Stark (side arm filled with tBuOAc) was heated to reflux. An air condenser was fitted
and the reaction mixture heated for 24 hours. Upon completion, the reaction was cooled to
room temperature and water (0.5 ml), DMC (5 ml) Amberlite IRA-743 (0.25 g) and A-26(OH)
(0.5 g) resins were added and the resulting suspension was stirred for 30 min. MgSO, (~0.5
g) was added and the mixture filtered and the resins washed with EtOAc (2 x 5 ml). The
combined filtrates were purified by flash column chromatography (30% EtOAc in petrol) to

give the product as a colourless oil (709 mg, 3.05 mmol, 61%).

Vmax (film/cm™) 3381 (NH), 2918 (CH), 2852 (CH), 1666 (CO), 1512 (CC); *H NMR (400
MHz, CDCls) & 8.52 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.18 (dt, J = 7.9, 1.1 Hz, 1H,
CCH), 8.01 (s, 1H, NH), 7.82 (td, J = 7.7, 1.7 Hz, 1H, CCHCH), 7.39 (ddd, J = 7.6, 4.8, 1.2
Hz, 1H, pyNCHCH), 4.23 — 4.12 (m, 1H, NHCH), 1.97 — 1.88 (m, 2H, CH,), 1.75 — 1.52 (m,
12H, CH,); **C NMR (176 MHz, CDCls) & 163.1 (C), 150.4 (C), 148.0 (CH), 137.4 (CH),
126.1 (CH), 122.3 (CH), 49.5 (CH), 32.3 (CHy), 27.4 (CH,), 25.6 (CH,), 23.8 (CH,).

Data in accordance with literature66

N-Cyclododecylpicolinamide 164

Z/

NH

A suspension of 2-picolinic acid (616 mg, 5.0 mmol, 1 eq), cyclododecylamine (916 mg, 5.0
mmol, 1 eq) and B(OCH,CF3)s (215 pl, 0.50 mmol, 20 mol%) in tBuOAc (5 ml, 1 M) with a
Dean-Stark (side arm filled with tBuOAc) was heated to reflux. An air condenser was fitted
and the reaction mixture heated for 24 hours. Upon completion, the reaction was cooled to
room temperature and water (0.5 ml), DMC (5 ml) Amberlite IRA-743 (0.25 g) and A-26(OH)
(0.5 g) resins were added and the resulting suspension was stirred for 30 min. MgSO, (~0.5
g) was added and the mixture filtered and the resins washed with EtOAc (2 x 5 ml). The
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combined filtrates were purified by flash column chromatography (30% EtOAc in petrol) to

give the product as a colourless oil (826 mg, 2.86 mmol, 57%).

Vmax (film/cm™) 3354 (NH), 2925 (CH), 2853 (CH), 1652 (CO), 1512 (CC); *H NMR (700
MHz, CDCls) 6 8.51 (ddd, J = 4.7, 1.6, 0.9 Hz, 1H, pyNCH), 8.21 — 8.16 (m, 1H, CCH), 7.96
— 7.84 (m, 1H, NH), 7.82 (tt, J = 7.7, 1.7 Hz, 1H, CCHCH), 7.40 — 7.36 (m, 1H, pyNCHCH),
4.28 — 4.22 (m, 1H, NHCH), 1.77 — 1.69 (m, 2H, NHCHCH,), 1.53 — 1.30 (m, 20H, CH,); **C
NMR (176 MHz, CDCls) 6 163.7 (C), 150.4 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3
(CH), 46.1 (CH), 30.5 (CH,), 24.1 (CH,), 23.8 (CH,), 23.7 (CH,), 23.6 (CH>), 21.7 (CHy).

Data in accordance with literature166

6.2.2 Synthesis of amides using HATU

General Procedure for Amidation A (HATU coupling)

DIPEA (1.2 or 3 eq) was added dropwise to a solution of amine (1 eq), picolinic acid (1.2 eq)
and HATU (1.2 eq) in dimethylformamide (0.2 M). The resulting solution was stirred at room
temperature for 16 hours. Saturated aqueous lithium chloride was added and the aqueous
layer was extracted with ethyl acetate (x 3). The combined organic layers were washed with
water, brine, dried over MgSO, and concentrated. The crude residue was purified by flash

column chromatography.

N((1S,2S,4R)-1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide

Prepared according to general amidation procedure A, using R-(+)-bornylamine (307 mg, 2.0
mmol) and 2-picolinic acid (295 mg, 2.4 mmol). Purified by flash column chromatography (0
— 40% EtOAc in petrol) to give the product as a white solid (387 mg, 1.51 mmol, 75%).

M.p 78 — 80 °C; Vmax (film/cm™) 3375 (NH), 2982 (CH), 1673 (CO); 'H NMR (400 MHz,
CDCls) 6 8.57 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.23 — 8.11 (m, 2H, NH and pyCCH),
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7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.42 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, pyNCHCH),
4.48 — 4.39 (m, 1H, NHCH), 2.48 — 2.37 (m, 1H, NHCHCH,), 1.83 (dtd, J = 12.2, 8.0, 4.0 Hz,
1H, CHCCH,), 1.71 (ddd, J = 13.7, 8.2, 3.4 Hz, 2H, CH,CHCH, and CHCH,CH.), 1.49 —
1.39 (m, 1H, CHCH.CH), 1.36 — 1.29 (m, 1H, CHCCH,), 1.03 — 0.96 (m, 4H, NHCHCH, and
CHs), 0.92 (s, 3H, CHs), 0.88 (s, 3H, CHs); *C NMR (151 MHz, CDCls) & 164.3 (C), 150.3
(C), 148.1 (CH), 137.5 (CH), 126.1 (CH), 122.3 (CH), 53.9 (CH), 50.0 (C), 48.4 (C), 45.2
(CH), 37.7 (CH,), 28.6 (CHy), 28.2 (CH,), 20.0 (CHs), 18.9 (CHs), 13.9 (CHs); LRMS (Cl)
259.2 ([M+H]*).

Data in accordance with literature!*?

Exo-N-(Bicyclo[2.2.1]heptan-2-yl)picolinamide 166

i,
4 2
NH  5=?
J

Prepared according to general amidation procedure A, using exo-aminonorborane (133 mg,
1.20 mmoal) and 2-picolinic acid (178 mg, 1.44 mmol). Purified by flash column
chromatography (0 — 30% EtOAc in petrol) to give the product as a white solid (225 mg, 1.04
mmol, 87%).

M.p 61-63 °C; 'H NMR (600 MHz, CDCls) & 8.52 (ddd, J = 4.7, 1.7, 1.0 Hz, 1H, H11), 8.18
(ddd, J = 7.8, 2.4, 1.4 Hz, 1H, H8), 7.88 (s, 1H, NH), 7.83 (tdd, J = 7.7, 3.0, 1.7 Hz, 1H, H9),
7.40 (dddd, J = 7.5, 4.8, 2.5, 1.2 Hz, 1H, H10), 3.96 — 3.88 (m, 1H, H1), 2.33 (dd, J = 2.9, 1.5
Hz, 2H, H6 and H3), 1.88 (ddd, J = 13.1, 8.0, 2.4 Hz, 1H, H2), 1.59 — 1.53 (m, 1H, H5), 1.52
—1.46 (m, 2H, H7 and H4), 1.41 — 1.36 (m, 1H, H2), 1.35 — 1.30 (m, 1H, H5), 1.27 — 1.23 (m,
1H, H7), 1.21 — 1.15 (m, 1H, H4). 3C NMR (151 MHz, CDCls) & 163.5 (C), 150.2 (C), 148.1
(CH), 137.4 (CH), 126.1 (CH), 122.2 (CH), 52.8 (CH), 42.6 (CH), 40.4 (CH), 35.9 (CH,), 35.9
(CH,), 28.4 (CHy), 26.7 (CHz): LRMS (Cl) 217.1 ([M+H]*), 433.2 ([2M+H]").

Data in accordance with literature!®3
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N-(((1R,2S,5R)-6,6-dimethylbicyclo[3.1.1]heptan-2-yl)methyl)picolinamide 167

ﬁ o
N | N
Ho N =
Prepared according to general amidation procedure A, using cis-myrtanylamine (307 mg, 2.0

mmol) and 2-picolinic acid (295 mg, 2.4 mmol). Purified by flash column chromatography (0

— 30% EtOAc in petrol) to give the product as a colourless oil (501 mg, 1.94 mmol, 97%).

Vmax (film/cm™) 3354 (NH), 3054 (CH), 2934 (CH), 1668 (CO); *H NMR (600 MHz, CDCls) &
8.52 (d, J = 4.7 Hz, 1H, pyNCH), 8.18 (d, J = 7.8 Hz, 1H, pyCCH), 8.16 — 8.01 (m, 1H, NH),
7.82 (td, J = 7.7, 1.6 Hz, 1H, pyCCHCH), 7.42 — 7.37 (m, 1H, pyNCHCH), 3.54 — 3.37 (m,
2H, NHCH,), 239 - 228 (m, 2H, NHCH,CHCH,), 2.02 - 193 (m, 3H,
NHCH,CHCHCH,CHCH,), 1.90 (ddt, J = 7.8, 5.4, 2.5 Hz, 1H, CHCH,CHCH,), 1.89 — 1.83
(m, 1H, CHCH,CH), 1.60 — 1.51 (m, 1H, CHCH,CH,), 1.19 (s, 3H, CHj3), 1.08 (s, 3H, CHs),
0.90 (d, J = 9.6 Hz, 1H, NHCH,CHCH,); *C NMR (151 MHz, CDCls) 6 164.3 (C), 150.3 (C),
148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 45.2 (CH,), 44.0 (CH), 41.6 (CH), 41.5
(CH), 38.9 (C), 33.4 (CH,), 28.1 (CHa), 26.2 (CH,), 23.3 (CHa), 20.0 (CH,); LRMS (ES) 259.2
(IM+H]*), 517.3 ([2M+H]*); HRMS found (ES) [M+H]* 259.1815 CisH»N,O+H requires
259.1810.

N-(Adamantan-1-yl)methyl)picolinamide 168

ZT

Prepared according to general amidation procedure A, using l-adamantanemethylamine
(198 mg, 1.20 mmol) and 2-picolinic acid (178 mg, 1.44 mmol). Purified by flash column
chromatography (0 — 40% EtOAc in petrol) to give the product as a white solid (302 mg, 1.12
mmol, 93%).

M.p 84 — 86 °C; Vmax (film/cm™) 3386 (NH), 2969 (CH), 1669 (CO); *H NMR (600 MHz,
CDCls) 5 8.56 (d, J = 4.7 Hz, 1H, pyNCH), 8.20 (m, 2H, NH and pyCCH), 7.85 (td, J = 7.7,
1.7 Hz, 1H, pyCCHCH), 7.42 (ddd, J = 7.5, 4.8, 1.1 Hz, 1H, pyNCHCH), 3.17 (d, J = 6.7 Hz,
2H, NHCH,), 1.99 (s, 3H, CCH.CH), 1.71 (d, J = 12.2 Hz, 3H, CCH,CHCH,), 1.65 (d, J =
11.5 Hz, 3H, CCH,CHCH,), 1.58 (d, J = 2.2 Hz, 6H, CCH>); *C NMR (151 MHz, CDCl:) &
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164.6 (C), 150.2 (C), 148.1 (CH), 137.5 (CH), 126.1 (CH), 122.4 (CH), 51.1 (CH,), 40.4
(CHy), 37.0 (CH,), 34.2 (C), 28.4 (CH); HRMS (ES) m/z [M + HJ+ found 271.1804,
Ci17H22N20 requires 271.1805.

endo-N-(1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl)methyl)picolinamide 158b and exo-N-
(1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl)methyl)picolinamide 158a

O
0 N)‘\Cj
N Nl
N N
HJKE) D
=

Prepared according to amidation procedure A, using amine 153 and 2-picolinic acid. Purified
by flash column chromatography (0 — 20% EtOAc in petrol) give the product as a mixture of
endo and exo diastereoisomers. Separation of isomers was achieved using prep HPLC
(performed by AZ at Gothenburg).

Endo white waxy solid.

Vmax (film/cm™) 3326 (NH), 2947 (CH), 2873 (CH), 1655 (CO), 1532 (CC); *H NMR (700
MHz, CDCls) 6 8.54 (d, J = 4.5 Hz, 1H, pyNCH), 8.20 (d, J = 7.8 Hz, 1H, pyCCH), 8.07 —
7.92 (s, 1H, NH), 7.83 (td, J = 7.7, 1.6 Hz, 1H, pyCCHCH), 7.41 (ddd, J = 7.4, 4.8, 0.8 Hz,
1H, pyNCHCH), 3.55 (dt, J = 12.9, 5.3 Hz, 1H, NHCHy), 3.45 (ddd, J = 13.1, 9.2, 6.0 Hz, 1H,
NHCH,), 2.09 — 1.98 (m, 2H, NHCH,CHCH,), 1.76 — 1.70 (m, 1H, CHCCH,), 1.63 (t, J = 4.4
Hz, 1H, CH,CH,CHCHy), 1.62 — 1.58 (m, 1H, CH,CH,CH), 1.42 — 1.36 (m, 1H, CH,CH,CH),
1.19 — 1.14 (m, 1H, CHCCHy), 0.92 (dd, J = 11.9, 4.1 Hz, 1H, NHCH,CHCH,), 0.89 (s, 3H,
CHz), 0.88 (s, 3H, CHa), 0.87 (s, 3H, CHs); *C NMR (176 MHz, CDCls) 6 164.3 (C), 150.3
(C), 148.2 (CH), 137.5 (CH), 126.1 (CH), 122.3 (CH), 49.2 (C), 47.6 (C), 45.2 (CH), 43.7
(CH), 42.2 (CHy), 35.2 (CHy), 29.0 (CH.), 28.5 (CH,), 19.4 (CHs), 18.7 (CHs), 14.9 (CHa);
HRMS found (ES) [M+H]*273.1972, C;7H.4N,O+H requires 273.1967.

Exo brown waxy solid.

Vmax (film/cm®) 3320 (NH), 2923 (CH), 2853 (CH), 1656 (CO), 1532 (CC); *H NMR (700
MHz, CDCls) & 8.54 (d, J = 4.2 Hz, 1H, pyNCH), 8.19 (d, J = 7.8 Hz, 1H, pyCCH), 8.00 (s,
1H, NH), 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.41 (ddd, J = 7.5, 4.8, 1.1 Hz, 1H
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pyNCHCH), 3.58 (dt, J = 13.2, 6.0 Hz, 1H, NHCH.), 3.42 (ddd, J = 13.4, 9.8, 6.2 Hz, 1H,
NHCHy), 1.82 — 1.77 (m, 1H, NHCH,CH), 1.75 - 1.71 (m, 2H, CH,CH,CHCH,), 1.70 — 1.65
(m, 1H, CHCCH), 1.56 (m, 2H, CHCH,CHCCH), 1.21 — 1.13 (m, 2H, CHCCH, and
CHCH,CH), 0.97 (s, 3H, CHj3), 0.95 (s, 3H, CHa), 0.85 (s, 3H, CHs); *C NMR (176 MHz,
CDCl3) 6 164.3 (C), 150.3 (C), 148.2 (CH), 137.5 (CH), 126.1 (CH), 122.3 (CH), 47.7 (CH),
47.6 (C), 47.3 (C), 45.2 (CH), 43.6 (CHy), 39.7 (CH>), 34.9 (CHy), 27.4 (CH), 20.8 (CHj),
20.8 (CHs), 13.1 (CHs3); HRMS found (ES) [M+H]* 273.1969, C;7H..N.O+H requires
273.1967.

N-((1R,3r,5S)-9-methyl-9-azabicyclo[3.3.1]Jnonan-3-yl)picolinamide 169

N
0] N

| N Nﬂx
_N H

Prepared according to general amidation procedure A, wusing 9-methyl-9-
azabicyclo[3.3.1]nonan-3-amine (154 mg, 1.0 mmol) and 2-picolinic acid (148 mg, 1.2
mmol). Purified by flash column chromatography (0 — 10% MeOH in DCM) to give the
product as an off-white solid (235 mg, 0.91 mmol, 91%).

M.p >200 °C; Vmax (film/cm™) 3372 (NH), 3077 (CH), 2934 (CH), 1664 (CO), 1239 (CN); *H
NMR (600 MHz, MeOD) 6 8.65 (d, J = 4.4 Hz, 1H, pyNCH), 8.09 (d, J = 7.8 Hz, 1H, pyCCH),
7.97 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.57 (ddd, J = 7.5, 4.8, 1.0 Hz, 1H, pyNCHCH),
4.60 — 4.51 (m, 1H, NHCH), 3.67 (d, J = 10.2 Hz, 2H, CH3NCH), 2.93 (s, 3H, NCHy), 2.60 —
2.53 (m, 2H, NHCH_), 2.20 (m, 3H, CH3NCHCH,), 1.99 — 1.91 (m, 2H, NHCH), 1.70 — 1.65
(m, 1H, CH3NCHCH?), 1.60 (d, J = 12.9 Hz, 2H, CHCH,CH); *C NMR (151 MHz, MeOD) &
166.3 (C), 150.8 (C), 149.8 (CH), 138.9 (CH), 128.0 (CH), 123.2 (CH), 55.1 (CH), 39.7 (CH),
38.8 (CHs), 31.5 (CH,), 25.8 (CH,), 12.9 (CH); LRMS (ES) 260.2 ([M+H]*); HRMS found
(ES) [M+H]*260.1768 C15H21N3O+H requires 260.1763.

N-(Adamantan-1-yl)picolinamide 170
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Prepared according to general amidation procedure A, using l-amantadine (1.50 g, 9.93
mmol) and 2-picolinic acid (1.466 g, 11.9 mmoal). Purified by flash column chromatography (0
— 30% EtOAc in petrol) to give the amide as a white solid (1.92 g, 7.482 mmol, 75%).

M.p 117 — 118 °C; Vmax (film/cmt) 3350 (NH), 2904 (CH), 2847 (CH), 1668 (CO); *H NMR
(600 MHz, CDCls) & 8.51 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.17 (dt, J = 7.8, 1.1 Hz,
1H, pyCCH), 7.90 (s, 1H, NH), 7.83 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.39 (ddd, J = 7.5,
4.8, 1.2 Hz, 1H, pyNCHCH), 2.16 (d, J = 2.5 Hz, 6H, NHCCH,), 2.13 (s, 3H, CH), 1.72 (dt, J
= 23.7, 11.8 Hz, 6H, CHCH,CH); **C NMR (151 MHz, CDCl) & 163.2 (C), 151.0 (C), 147.8
(CH), 137.5 (CH), 125.9 (CH), 121.8 (CH), 51.7 (C), 41.6 (CH), 36.5 (CH.), 29.6 (CHy);
LRMS (CI) 257.1 ([M+H]").

Data in accordance with literature®”

N-(Cyclopentylmethyl)picolinamide 186
0]

SRR
x~_N H

Prepared according to general amidation procedure A, using cyclopentylmethanamine
hydrochloride (271 mg, 2.0 mmol) and picolinic acid (295 mg, 2.4 mmol). Purified by flash
column chromatography (0 — 40 % EtOAc in petrol) to give the amide as a white solid (347
mg, 1.7 mmol, 85%).

Vmax (film/cm) 3374 (NH), 2984 (CH), 1661 (CO); *H NMR (600 MHz, CDCl3) & 8.57 — 8.52
(m, 1H, pyNCH), 8.21 (d, J = 7.8 Hz, 1H, pyCCH), 8.18 — 8.03 (m, 1H, NH), 7.84 (td, J = 7.7,
1.7 Hz, 1H, pyCCHCH), 7.44 — 7.39 (m, 1H, pyNCHCH), 3.42 (dd, J = 7.2, 6.2 Hz, 2H,
NHCH,), 2.19 (hept, J = 7.6 Hz, 1H, CH), 1.87 — 1.77 (m, 2H, CH,), 1.70 — 1.63 (m, 2H,
CH,), 1.61 — 1.52 (m, 2H, CH,), 1.36 — 1.24 (m, 2H, CH,); 3C NMR (151 MHz, CDCl3) &
164.3 (C), 150.2 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 44.4 (CH), 40.0
(CHy), 30.5 (CH,), 25.3 (CH,); LRMS (CI NHs) 205.13 ([M+H]*); HRMS found (Cl NHs)
[M+H]*205.1335, C12H16N-O+H requires 205.1335.

N-Cyclohexyl-3-methylpicolinamide 235
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Prepared according to general amidation procedure A, using cyclohexylamine (229 ul, 2.0
mmol) and 2-picolinic acid (329 mg, 2.4 mmol). Purified by flash column chromatography
(20% EtOAc in petrol) to give the product as a white solid (336 mg, 1.54 mmol, 77%).

M.p 72 — 74 °C; Vmax (film/cm™) 3302 (NH), 2933 (CH), 2851 (CH), 1641 (CO), 1529 (CC);
'H NMR (700 MHz, CDCls) 6 8.36 (d, J = 3.9 Hz, 1H, pyNCH), 8.02 (s, 1H, NH), 7.56 (d, J =
7.6 Hz, 1H, pyNCHCHCH), 7.27 (dd, J = 7.7, 4.5 Hz, 1H, pyNCHCH), 3.95 — 3.87 (m, 1H,
NHCH), 2.73 (s, 3H, CHjs), 2.02 — 1.97 (m, 2H, CHCH,), 1.78 — 1.73 (m, 2H, CHCH,CH,),
1.66 — 1.61 (M, 1H, CHCH,CH,CH,), 1.45 — 1.38 (m, 2H, CHCH,), 1.30 (ddd, J = 15.0, 12.4,
3.4 Hz, 2H, CHCHCH), 1.26 — 1.19 (m, 1H, CHCH2CH,CH>); *C NMR (176 MHz, CDCl5) &
165.2 (C), 147.7 (C), 145.4 (CH), 141.0 (CH), 135.5 (C), 125.6 (CH), 48.1 (CH), 33.3 (CH,),
25.8 (CH,), 25.1 (CH), 20.7 (CHs); HRMS found (ES) [M+H]* 219.1495, Ci3HigN,O+H
requires 219.1497.

N-Cyclohexyl-5-(trifluoromethyl)picolinamide 239

Prepared according to general amidation procedure A, using cyclohexylamine (229 ul, 2.0
mmol) and 5-trifluoromethylpicolinic acid (382 mg, 2.0 mmol). Purified by flash column
chromatography (0 — 30% EtOAc in petrol) to give the product as a yellow oil (450 mg, 1.65
mmol, 83%).

Vmax (film/cm™®) 3336 (NH), 2933 (CH), 2854 (CH), 1649 (CO), 1527 (CC); *H NMR (700
MHz, CDCls) 6 8.80 (dd, J = 1.4, 0.8 Hz, 1H, pyNCH), 8.33 (d, J = 8.2 Hz, 1H, CF3CCHCH),
8.10 — 8.05 (m, 1H, CFsCCHCH), 7.98 — 7.80 (s, 1H, NH), 4.01 — 3.93 (m, 1H, NHCH), 2.05
— 1.96 (m, 2H, NHCHCH,), 1.79 — 1.74 (m, 2H, CHCH,CH,), 1.68 — 1.62 (m, 1H,
CHCH,CH,CH,), 1.47 — 1.40 (m, 2H, CHCH,CH,), 1.36 — 1.29 (m, 2H, NHCHCH,), 1.24 (i,
J = 11.7, 4.1 Hz, 1H, CHCH,CH,CH,); **C NMR (176 MHz, CDCls) 6 162.0 (C), 253.3 (C),
145.20 (g, J = 3.9 Hz, CH), 134.83 (q, J = 3.4 Hz, CH), 128.74 (g, J = 33.3 Hz, C), 123.35 (q,
J = 272.7 Hz, C), 122.2 (CH), 48.5 (CH), 33.1 (C), 25.7 (C), 24.9 (C); HRMS found (ES)
[M+H]*273.1215, C13H15sN,OFs+H requires 273.1215.
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N-Cycloheptyl-3-methylpicolinamide 252

o) —

ONH \N/

Prepared according to general amidation procedure A, using cycloheptylamine (255 ul, 2.0
mmol) and 3-methylpicolinic acid (330 mg, 2.4 mmol). Purified by flash column
chromatography (30% EtOAc in petrol) to give the product as a colourless oil (421 mg, 1.81
mmol, 91%).

Vmax (film/cm™) 3380 (NH), 2923 (CH), 2854 (CH), 1666 (CO), 1503 (CC); *H NMR (700
MHz, CDCls) 6 8.33 (d, J = 4.0 Hz, 1H, pyNCH), 8.18 — 7.98 (d, J = 6.6 Hz, 1H, NH), 7.52 (d,
J = 7.7 Hz, 1H, CHsCCH), 7.24 (dd, J = 7.7, 4.5 Hz, 1H, pyNCHCH), 4.06 (it, J = 12.6, 6.2
Hz, 1H, NHCH), 2.71 (s, 3H, CHs), 2.02 — 1.97 (m, 2H, NHCHCH,), 1.69 — 1.49 (m, 10H,
CH>); *C NMR (176 MHz, CDCls) & 164.9 (C), 147.7 (C), 145.5 (CH), 140.9 (CH), 135.4 (C),
125.5 (CH), 50.3 (CH), 35.2 (CHs), 28.2 (CH,), 24.4 (CH,), 20.7 (CHs); HRMS found (ES)
[M+H]* 233.1648, C14H20N,O+H requires 233.1654.

N-Cyclooctyl-3-methylpicolinamide 253

0) —

Q—NH }\1/

Prepared according to general amidation procedure A, using cyclooctylamine (274 pl,
2.0 mmol) and 3-methylpicolinic acid (330 mg, 2.4 mmoal). Purified by flash column
chromatography (30% EtOAc in petrol) to give the product as a colourless oil (415 mg,
1.69 mmol, 84%).

Vimax (film/cm-t) 3381 (NH), 2919(CH), 2851 (CH), 1667 (CO), 1501 (CC); "H NMR (700 MHz,
CDCl3) 6 8.36 (dd, J = 2.7, 1.7 Hz, 1H, pyNCH), 8.10 (d, J = 6.6 Hz, 1H, NH), 7.57 — 7.52
(m, 1H, CHsCCH), 7.26 (dd, J = 8.1, 4.2 Hz, 1H, pyNCHCH), 4.18 — 4.09 (m, 1H, NHCH),
2.73 (s, 3H, CHs), 1.95 — 1.89 (m, 2H, NHCHCH,), 1.73 — 1.64 (m, 4H, CH,), 1.64 — 1.51 (m,
8H, CH,); *C NMR (176 MHz, CDCls) & 164.9 (C), 147.8 (C), 145.5 (CH), 140.9 (CH), 135.4
(C), 125.5 (CH), 49.2 (CH), 32.6 (CH,), 27.3 (CH,), 25.7 (CH.), 24.0 (CH,), 20.8 (CHs);
HRMS found (ES) [M+H]* 247.1810, C1sH22N.O+H requires 247.1810.
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N-Cyclododecyl-3-methylpicolinamide 254

Z/

NH

Prepared according to general amidation procedure A, using cyclododecylamine (367 mg,
2.0 mmol) and 3-methylpicolinic acid (330 mg, 2.4 mmol). Purified by flash column
chromatography (30% EtOAc in petrol) to give the product as a white solid (512 mg, 1.69
mmol, 85%).

M.p 89 — 90 °C; vmax (film/cm™) 3348 (NH), 2926 (CH), 2844 (CH), 1644 (CO), 1519 (CC);'H
NMR (700 MHz, CDCls3) 6 8.38 — 8.34 (m, 1H, pyNCH), 8.00 (d, J = 8.3 Hz, 1H, NH), 7.56
(ddd, J = 7.7, 1.6, 0.7 Hz, 1H, CH3CCH), 7.27 (dd, J = 7.8, 4.6 Hz, 1H, pyNCHCH), 4.24 —
4.16 (m, 1H, NHCH), 2.75 (s, 3H, CHs), 1.72 (dg, J = 13.3, 6.8 Hz, 2H, NHCHCH,), 1.54 —
1.30 (m, 20H, CH,); **C NMR (176 MHz, CDCIls) & 165.4 (C), 147.8 (C), 145.5 (CH), 140.9
(CH), 135.4 (C), 125.5 (CH), 45.9 (CH), 30.4 (CH), 24.2 (CH,), 23.9 (CH.), 23.6 (CH), 23.6
(CHy), 21.7 (CHy,), 20.8 (CH3); HRMS found (ES) [M+H]* 303.2434, CisH3N.O+H requires
303.2437.

tert-Butyl 4-(picolinamido)piperidine-1-carboxylate 256

Bocl\O\ o)
N X

I
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Prepared according to general amidation procedure A, using 4-amino-1-Boc-piperidine
(2.00 g, 5.0 mmoal) and 2-picolinic acid (738 mg, 6.0 mmol). Purified by flash column
chromatography (20 — 40% EtOAc in petrol) to give the amide as a white solid (1.32 g,
4.33 mmol, 87%).

M.p 105 — 107 °C; Vmax (film/cmt) 3259 (NH), 2977 (CH), 2840 (CH), 1698 (CO), 1651 (CO),
1529 (CC): *H NMR (700 MHz, CDCls) & 8.54 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, ANCH), 8.19
(dt, J = 7.8, 1.1 Hz, 1H, ArCCH), 7.98 (d, J = 8.0 Hz, 1H, NH), 7.84 (tt, J = 7.7, 2.5 Hz, 1H,
ArCCHCH), 7.42 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, AINCHCH), 4.16 — 4.00 (m, 3H, NHCH,
NCH,), 2.96 (s, 2H, NCH;), 2.02 — 1.98 (m, 2H, CHCH,), 1.46 (s, 11H, C(CHs); and CHCH.);
13C NMR (176 MHz, CDCls) & 163.7 (C), 154.9 (C), 150.0 (C), 148.2 (CH), 137.5 (CH), 126.3
(CH), 122.4 (CH), 79.8 (C), 46.8 (CH), 42.8 (CHz), 32.1 (CH,), 28.6 (CHs); HRMS found (ES)
[M+H]* 306.1817, C16H23Nz03+H requires 306.1618.
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N-(1-Tosylpiperidin-4-yl)picolinamide

H |
N

NS
N
TsN (0]

A solution of tert-Butyl 4-(picolinamido)piperidine-1-carboxylate (382 mg, 1.25 mmol) in DCM
(3 ml) and TFA (1 ml) was stirred at room temperature for 30 minutes. Saturated NaHCOs
(50 ml) and DCM (50 ml) were added, and the pH of the aqueous layer adjusted to pH ~ 12
using NaOH (1 M). The layers were separated and the aqueous layer washed with DCM (2 x
30 ml). The combined organic fractions were washed with brine, dried over MgSO. and
concentrated to give the free amine (169 mg, 0.823 mmol, 66%). The crude residue was
dissolved in DCM (3.2 ml) and pyridine (133 pl 1.646 mmol, 2 eq), and a solution of TsCl
(188 mg, 0.988 mg, 1.2 eq) in DCM (2 ml) was added dropwise. The resulting solution was
stirred at room temperature for 5 hours. The reaction mixture was diluted with DCM and
water and the layers separated. The aqueous layer was washed with DCM (2 x 30 ml), and
the combined organic fractions washed with brine, dried over MgSO, and concentrated. The
crude product was purified by flash column chromatography (60% EtOAc in petrol) to give
the title compound as a white solid (101 mg, 0.281 mmol, 34%).

M.p 191 — 193 °C; Vmax (film/cm) 3379 (NH), 2958 (CH), 2860 (CH), 1670 (CO), 1518 (CC);
'H NMR (700 MHz, CDClz) 6 8.54 (tdd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.20 — 8.13 (m, 1H,
pyCCH), 7.97 (s, 1H, NH), 7.85 (dtd, J = 20.0, 7.7, 1.7 Hz, 1H, pyCCHCH), 7.70 — 7.62 (m,
2H, SO,CCH), 7.44 (dddd, J = 13.6, 7.6, 4.8, 1.2 Hz, 1H, pyNCHCH), 7.34 (dd, J = 8.5, 0.6
Hz, 2H, CH;CCH), 3.89 (tdt, J = 12.3, 8.3, 4.1 Hz, 1H, NHCH), 3.80 (dd, J = 9.4, 3.0 Hz, 2H,
NCH), 2.48 (td, J = 12.1, 2.6 Hz, 2H, NCH.), 2.45 (s, 3H, ArCHas), 2.20 — 2.05 (m, 2H,
NHCHCH,), 1.73 — 1.66 (m, 2H, NHCHCH,); *C NMR (176 MHz, CDCl3) 6 163.8 (C), 149.7
(C), 148.2 (CH), 143.8 (C), 137.5 (CH), 133.1 (C), 129.9 (CH), 127.8 (CH), 126.5 (CH),
122.3 (CH), 46.1 (CH), 45.5 (CHy), 31.6 (CHy), 21.7 (CHs); HRMS found (ES) [M+H]*
360.1367, C15H21N303S+H requires 360.1376.

Benzyl 4-(picolinamido)piperidine-1-carboxylate
H |
N

SUVSR A

(0]
A solution of tert-Butyl 4-(picolinamido)piperidine-1-carboxylate (382 mg, 1.25 mmol) in DCM
(4 ml) and TFA (1 ml) was stirred at room temperature for 30 minutes. The reaction mixture
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was concentrated. The residue was taken up in DCM (25 ml) and water (25 ml), and the pH
of the aqueous layer adjusted to pH ~ 12 using NaOH (1 M). The layers were separated, and
the aqueous layer washed with DCM (2 x 30 ml). The combined organic fractions were
washed with brine, dried over MgSO, and concentrated to give the unprotected piperidine
(218 mg, 1.06 mmol, 68%). CBz-Cl (284 pl, 2.0 mmol, 2.0 eq) was added dropwise to a
suspension of the piperidine and Na,CO; (233 mg, 2.2 mmol. 2.2 eq) in H,O (3.8 ml) and
THF (2 ml), and the mixture stirred for 5 hours. DCM (30 ml) and water (30 ml) were added
and the layers separated. The aqueous layer was extracted with DCM (2 x 30 ml) and the
combined organic fractions washed with brine, dried over MgSO. and concentrated. The
crude product was purified by flash column chromatography (40% EtOAc in petrol) to give
the product as a white solid (250 mg, 0.74 mmol, 74%).

M.p 105 — 107 °C; Vmax (film/cm™) 3344 (NH), 2948 (CH), 2863 (CH), 1682 (CO), 1651 (CO),
1523 (CC); *H NMR (700 MHz, CDCls) & 8.55 — 8.50 (m, 1H, pyNCH), 8.21 — 8.16 (m, 1H,
PyCCH), 8.04 — 7.93 (m, 1H, NH), 7.85 — 7.82 (m, 1H, pyCCHCH), 7.42 (ddd, J = 7.6, 4.8,
1.2 Hz, 1H, pyNCHCH), 7.38 — 7.29 (m, 5H, ArH), 5.14 (s, 2H, OCH.), 4.23 — 4.08 (m, 3H,
NHCH and NCH), 3.00 (br s, 2H, NCHy), 2.06 — 2.00 (m, 2H, NCH,CH,), 1.54 (m, 2H,
NCH,CH.); *C NMR (176 MHz, CDCls) & 163.7 (C), 155.4 (C), 149.9 (C), 148.2 (CH), 137.6
(CH), 136.9 (C), 128.7 (CH), 128.2 (C), 128.0 (CH), 126.4 (CH), 122.4 (CH), 67.3 (CHy),
46.6 (CH), 43.0 (CHz), 32.1 (CH.); HRMS found (ES) [M+H]* 340.1651, Ci9H»:N3;O3+H
requires 340.1656

tert-Butyl 4-(picolinamidomethyl)piperidine-1-carboxylate 421
0]

N X
N
BOCO/\ N~

Prepared according to general amidation procedure A, using 2-picolinic acid (738 mg, 6.0
mmol) and tert-butyl 4-(aminomethyl)piperidine-1-carboxylate (1.07 g, 5.0 mmol). Purified by
flash column chromatography (30 — 50% EtOAc in petral) to give the product as a white solid
(1.10 g, 3.45 mmol, 69%).

M.p 118 — 120 °C; Vmax (film/cm™) 3373 (NH), 2931 (CH), 2865 (CH), 1681 (CO), 1666 (CO),
1514 (CC); 'H NMR (700 MHz, CDCls) & 8.54 — 8.49 (m, 1H, NCH), 8.20 — 8.13 (m, 2H, NH
and NCCH), 7.83 (td, J = 7.7, 1.7 Hz, 1H, NCCHCH), 7.43 — 7.39 (m, 1H, NCHCH), 4.22 —
3.97 (s, 2H, NHCH,), 3.36 (s, 2H, BocNCHy), 2.68 (s, 2H, BocNCH,), 1.82 — 1.75 (m, 1H,
NHCH,CH), 1.73 (d, J = 12.8 Hz, 2H, BocNCH,CH,), 1.44 — 1.41 (m, 9H), 1.24 — 1.16 (m,
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2H, BocNCH.CH,); *C NMR (176 MHz, CDCls) & 164.6 (C), 154.9 (C), 150.0 (C), 148.2
(CH), 137.5 (CH), 126.3 (CH), 122.4 (CH), 79.5 (C), 44.9 (CH,), 43.7 (CH,), 36.7 (CH), 30.0
(CHy), 28.6 (CHs); HRMS found (ESI) [M+H]* 320.1971, C17H2sN:O05+H requires 320.1969.

N-(tetrahydro-2H-pyran-4-yl)picolinamide 259

O
N | A
H N =
Prepared according to general amidation procedure A, using 4-aminotetrahydropyran (110

mg, 1 mmol) and 2-picolinic acid (148 mg, 1.2 mmoal). Purified using 0 - 2% methanol in
DCM to give the amide as a sticky white solid (179 mg, 0.87 mmol, 87%).

Vmax (film/cm) 3398 (NH), 2954 (CH), 2838 (CH), 1648 (CO), 1522 (CC); H NMR (700
MHz, CDCls) & 8.58 — 8.53 (m, 1H, ArNCH), 8.20 (d, J = 7.8 Hz, 1H, ArCCH), 7.99 (s, 1H,
NH), 7.86 (td, J = 7.7, 1.7 Hz, 1H, ArCCH), 7.44 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, ArNCHCH),
4.20 (tdt, J = 12.6, 8.5, 4.3 Hz, 1H, NHCH), 4.01 (dt, J = 12.0, 3.4 Hz, 2H, OCH,), 3.56 (td, J
= 11.7, 2.2 Hz, 2H, OCH,), 2.00 (dd, J = 12.6, 2.2 Hz, 2H, OCH,CHy), 1.69 — 1.63 (m, 2H,
OCH,CH,); **C NMR (151 MHz, CDCls) & 163.7 (C), 150.0 (CH), 148.1 (CH), 137.5 (CH),
126.3 (CH), 122.4 (CH), 66.9 (CH.), 45.8 (CH), 33.2 (CH.); LRMS (CI NHs) 207.11 (M+H]");
HRMS found (CI NHs) [M+H]* 207.1128, C11H14N,O+H requires 207.1128.

3-methyl-N-(tetrahydro-2H-pyran-4-yl)picolinamide 262

Prepared according to general amidation procedure A, using 4-aminotetrahydropyran (101
mg, 1.0 mmol) and 3-methylpicolinic acid (165 mg, 1.2 mmol). Purified by flash column
chromatography (0 - 30% EtOAc in petrol) to give the product as colourless oil (91 mg, 0.41
mmol, 41%).

Vmax (film/cm™) 3380 (NH), 2964 (CH), 2877 (CH), 1664 (CO), 1512 (CC), 1156 (CO); *H

NMR (700 MHz, CDCls) & 8.38 — 8.32 (m, 1H, pyNCH), 8.15 — 8.00 (s, 1H, NH), 7.55 (dd, J =
7.7, 0.8 Hz, 1H, CHsCCH), 7.29 — 7.24 (m, 1H, pyNCHCH), 4.15 — 4.07 (m, 1H, NHCH),
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3.99 — 3.94 (m, 2H, OCHy), 3.51 (td, J = 11.6, 2.2 Hz, 2H, OCH,), 2.70 (d, J = 8.4 Hz, 3H,
CHs), 1.98 — 1.92 (m, 2H, OCH,CH,), 1.64 — 1.56 (m, 2H, OCH,CH,); *3C NMR (176 MHz,
CDCls) 6 165.4 (C), 147.2 (C), 145.5 (CH), 141.0 (CH), 135.6 (C), 125.8 (CH), 67.0 (CHy),
45.6 (CH), 33.2 (CHy), 20.7 (CHs); HRMS found (ES) [M+H]* 221.1288, Ci2H1sN,O2+H
requires 221.1290.

3-Methyl-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 232

Prepared according to general amidation procedure A, using R-(+)-bornylamine (61 mg, 0.40
mmol) and 3-methylpicolinic acid (66 mg, 0.48 mmol). Purified by flash column
chromatography (0 — 40% EtOAc in petrol) to give the product as a colourless oil (82 mg,
0.30 mmol, 75%).

[a]o** +4.67 (c = 0.3, CHCIs); Vmax (film/cm) 3384 (NH), 2976 (CH), 2876 (CH), 1666 (CO),
1506 (CC); 'H NMR (600 MHz, CDCl;) 6 8.42 — 8.39 (m, 1H, pyNCH), 8.31 (d, J = 8.6 Hz,
1H, NH), 7.57 (t, J = 7.7 Hz, 1H, pyNCHCHCH), 7.29 (dd, J = 7.7, 4.6 Hz, 1H, pyNCHCH),
4.43 — 4.35 (m, 1H, NHCH), 2.74 (s, 3H, ArCHs), 2.46 — 2.37 (m, 1H, NHCHCH,), 1.85 —
1.78 (m, 1H, CHCH,CHy), 1.73 — 1.68 (m, 2H, CH,CH,CH), 1.46 — 1.40 (m, 1H CH,CH,CH),
1.34 — 1.28 (m, 1H, CHCH,CH,), 1.01 (s, 3H, CHs), 0.97 (dd, J = 13.4, 4.6 Hz, 1H,
NHCHCHy), 0.91 (s, 3H, CHz3), 0.88 (s, 3H, CHs); **C NMR (151 MHz, CDCls) & 166.1 (C),
147.6 (C), 145.5 (CH), 141.0 (CH), 135.5 (C), 125.6 (CH), 53.6 (CH), 49.9 (C), 48.3 (C), 45.2
(CH), 37.7 (CH,), 28.8 (CHy), 28.3 (CH,), 20.9 (CHs), 20.0 (CHs), 18.8 (CHs), 13.9 (CHs).
LRMS (Cl NHs) 273.20 ([M+H]*); HRMS found (CI NH3) [M+H]" 273.1961, Ci7H.4N,O+H
requires 273.1961.

6.2.1 Synthesis of sulphonamides

Pyridine-2-sulphonyl chloride 172

X
| L c
N

2-mercaptopyridine (1.25 g, 11.3 mmol) was dissolved in concentrated H,SO4 (31.3 ml) and
cooled to -10 °C. Sodium hypochlorite solution (78.8 ml, 5% CI) was added dropwise over 4
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hours and the mixture maintained at -10 ‘C for a further 30 minutes. Water (50 ml) was
added and the mixture extracted with DCM (3 x 50 ml). The combined organic fractions were
washed with sat. NaHCO; (50 ml), water (50 ml), dried over MgSO. and concentrated to give

the product as a colourless oil (1.12 g, 6.31 mmol, 56%).

'H NMR (500 MHz, CDCls) & 8.76 (dt, J = 5.8, 3.0 Hz, 1H, ArH), 8.09 — 8.04 (m, 2H, ArH),
7.72 - 7.66 (M, 1H, ArH).

[Compound hydrolysed before further data could be collected.]

2-(Piperidin-1-ylsulphonyl)pyridine 173

g0

A solution of pyridine-2-sulphonyl chloride (511 mg, 2.88 mmol, 1.2 eq) in MeCN (20 ml) was
cooled to 0 °C. Piperidine (0.20 ml, 2.40 mmol, 1 eq) was added to the solution followed by
the dropwise addition of NEt; (0.40 ml, 2.88 mmol, 1.2 eq). The resulting solution was
allowed to warm to room temperature and stirred for 16 hours, before being concentrated.
The crude residue was purified by flash column chromatography (0 — 60% ethyl acetate in
petrol) to yield the title compound as a white solid (501 mg, 2.21 mmol, 92%).

M.p 60.7 — 62.3 °C; Vmax (film/cm) 3054 (CH), 2947 (CH), 1264 (SO), 1118 (SO); 'H NMR
(600 MHz, CDCl3) 6 8.71 (ddd, J = 4.7, 1.7, 0.9 Hz, 1H, pyNCH), 7.95 — 7.86 (m, 2H,
pyCCHCH), 7.48 (ddd, J = 7.4, 4.7, 1.4 Hz, 1H, pyNCHCH), 3.31 — 3.23 (m, 4H, NCH,), 1.63
(dt, J = 11.4, 5.9 Hz, 4H, NCH,CH,), 1.52 — 1.45 (m, 2H, NCH,CH,CH,); *C NMR (151
MHz, CDCIls) 6 156.8 (C), 150.1 (CH), 137.9 (CH), 126.5 (CH), 123.1 (CH), 47.5 (CH), 25.5
(CH,), 23.8 (CH,); LRMS (ES) 227.1 (IM+H]*) 475.1 ([2M+Na]*); HRMS found (ES) [M+H]*
227.0848 C1oH14N20,+H requires 227.0849.

N-Cyclohexylpyridine-2-sulphonamide 174

7 N

H N
Neg N
O/ O// \\O

A solution of pyridine-2-sulphonyl chloride (511 mg, 2.88 mmol, 1.2 eq) in MeCN (20 ml) was
cooled to 0 °C. Cyclohexylamine (0.27 ml, 2.40 mmol, 1 eq) was added to the solution
followed by the dropwise addition of NEt; (0.40 ml, 2.88 mmol, 1.2 eq). The resulting solution
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was allowed to warm to room temperature and stirred for 16 hours, before being
concentrated. The crude residue was purified by flash column chromatography (0 — 60%
ethyl acetate in petrol) to yield the title compound as a white solid (513 mg, 2.13 mmol,
89%).

M.p 87 — 89 °C; Vmax (film/cmt) 3056 (CH), 2937 (CH), 2859 (CH), 1333 (SO), 1175 (SO); 'H
NMR (600 MHz, CDCls) 6 8.71 (ddd, J = 4.7, 1.7, 0.9 Hz, 1H, ArNCH), 8.02 (dt, J = 7.8, 1.0
Hz, 1H, ArCCH), 7.91 (td, J = 7.7, 1.7 Hz, 1H, ArCCHCH), 7.49 (ddd, J = 7.6, 4.7, 1.1 Hz,
1H, ArNCHCH), 5.01 (d, J = 7.4 Hz, 1H, NH), 3.25 (qd, J = 10.1, 4.1 Hz, 1H, NHCH), 1.80 —
1.73 (m, 2H, NHCHCH,), 1.67 — 1.60 (m, 2H, CHCH,CH,), 1.54 — 1.46 (m, 1H,
CHCH,CH,CH,), 1.27 — 1.07 (m, 5H, CyH); 3C NMR (151 MHz, CDCls) & 158.7 (C), 150.1
(CH), 138.1 (CH), 126.6 (CH), 122.0 (CH), 53.3 (CH), 34.0 (CH,), 25.2 (CH,), 24.7 (CHy);
LRMS (ES) 241.1 ([M+H]*), 503.2 ([2M+Na]"); HRMS found (ES) [M+H]* 241.1004,
C11H16N20,S+H requires 241.1004.

N-(1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl)pyridine-2-sulphonamide 175

A solution of pyridine-2-sulphonyl chloride (169 mg, 0.95 mmol, 1.2 eq) in MeCN (6 ml) was
cooled to 0 °C. Endo-(+/-)-Bornylamine hydrochloride (150 mg, 0.79 mmol, 1 eq) was added
to the solution followed by the dropwise addition of NEt; (0.33 ml, 2.37 mmol, 3 eq). The
resulting solution was allowed to warm to room temperature and stirred for 16 hours, before
being concentrated. The crude residue was purified by flash column chromatography (0 —
60% ethyl acetate in petrol) to yield the title compound as a white solid (32 mg, 0.11 mmol,
14%).

M.p 153 — 155 °C; Vmax (film/cm™) 3019 (CH), 1214 (SO); *H NMR (600 MHz, CDCls) & 8.74
— 8.69 (m, 1H, ArNCH), 8.01 (dt, J = 7.8, 0.9 Hz, 1H, ArCCH), 7.93 — 7.88 (m, 1H,
ArCCHCH), 7.48 (ddd, J = 7.5, 4.7, 1.0 Hz, 1H, ANCHCH), 4.87 (d, J = 8.9 Hz, 1H, NH),
3.56 — 3.45 (m, 1H, NHCH), 1.98 — 1.90 (m, 1H, NHCHCH), 1.72 (ddd, J = 16.2, 8.3, 3.9 Hz,
1H, HNHCHCCH,), 1.55 (dt, J = 13.7, 4.6 Hz, 2H, CH,CHCH,, CH,CHCH.CH,), 1.39 (dd, J
= 20.0, 8.1 Hz, 1H, NHCHCCH,), 1.17 — 1.10 (m, 1H, CH,CHCH.CH.), 0.85 (d, J = 4.0 Hz,
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CHz), 0.80 (s, 3H, CHs), 0.79 (s, 3H, CHs), 0.78 — 0.74 (m, 1H, NHCHCH); *C NMR (151
MHz, CDClIs) 6 158.3 (C), 150.2 (CH), 138.0 (CH), 126.6 (CH), 122.2 (CH), 59.3 (CH), 49.4
(C), 47.8 (C), 44.8 (CH), 38.0 (CH,), 28.2 (CH,), 27.7 (CH), 19.9 (CHjs), 18.6 (CHs), 13.1
(CHs); LRMS (ES) 295.2 ([M+H]*) 611.3 ([2M+Na]*); HRMS found (ES) [M+H]* 295.1477,
C1sH22N20,S+H requires 295.1475.

1,7,7-Trimethylbicyclo[2.2.1]heptan-2-yl)methyl)pyridine-2-sulphonamide 176

A solution of pyridine-2-sulphonyl chloride (156 mg, 0.88 mmol, 1.2 eq) in MeCN (6 ml) was
cooled to 0 °C. Amine 153 (150 mg, 0.74 mmol, 1 eq) was added to the solution followed by
the dropwise addition of NEt; (0.31 ml, 2.21 mmol, 3 eq). The resulting solution was allowed
to warm to room temperature and stirred for 16 hours, before being concentrated. The crude
residue was purified by flash column chromatography (0 — 60% ethyl acetate in petrol) to

yield the title compound as a white solid (73 mg, 0.24 mmol, 32%).

M.p 175 — 177 °C; Vmax (film/cm™) 2948 (CH), 2927 (CH), 1311 (SO), 1176 (SO); *H NMR
(600 MHz, CDCls) & 8.72 (dt, J = 7.3, 3.2 Hz, 1H, pyNCH), 8.04 — 7.99 (m, 1H, pyCCH), 7.95
—7.91 (m, 1H, pyCCHCH), 7.50 (dtd, J = 5.9, 4.8, 1.1 Hz, 1H, pyNCHCH), 4.90 (s, 1H, NH),
3.17 — 3.10 (m, 1H, NHCH,), 2.97 — 2.89 (m, 1H, NHCH,), 1.93 (ddd, J = 12.6, 7.9, 4.0 Hz,
1H, CHCH,CH), 1.84 — 1.76 (m, 1H, NHCH,CH), 1.69 — 1.62 (m, 1H, CHCCH,), 1.58 (t, J =
4.6 Hz, 1H, CH,CHCH,), 1.34 — 1.24 (m, 2H, CHCH,CH), 1.04 — 0.97 (m, 1H, CHCCH,),
0.82 (s, 3H, CHs), 0.79 (s, 3H, CHs), 0.78 (s, 3H, CHs), 0.76 (dd, J = 8.7, 3.9 Hz, 1H, CHCH,.
CH); *C NMR (151 MHz, CDCls) & 157.5 (C), 150.2 (CH), 138.2 (CH), 126.7 (CH), 122.4
(CH), 49.2 (C), 47.5 (C), 46.7 (CH,), 45.0 (CH), 43.7 (CH), 35.0 (CH,), 28.8 (CH,), 28.4
(CHz), 19.2 (CHs), 18.5 (CHs), 14.7 (CHs); LRMS (ES) 302.2 ([M+H]*) 639.3 ([2M+Na+H]*);
HRMS found (ES) [M+H]*309.1635 C16H2sN-0,S+H requires 309.1631.

5-lodo-1-tosyl-1H-indole!®® 200
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A solution of 5-iodoindole (1.22 g, 5.0 mmol, 1 eq) in DMF (3.1 ml) was added dropwise over
10 minutes to a suspension of sodium hydride (60% dispersion in mineral oil, 300 mg, 7.5
mmol, 1.5 eq) in DMF (6.25 ml) at O °C. After 30 minutes tosyl chloride (1.15 g, 6.0 mmol,
1.2 eq) in DMF (3.1 ml) was added dropwise, the mixture was then allowed to warm to room
temperature and stirred for 2 hours. The mixture was partitioned between EtOAc and water.
The aqueous layer was extracted with EtOAc (3 x 20 ml) and the combined organic fractions
washed with saturated NaHCO3 (aq), brine, dried over MgSO, and concentrated. The crude
product was purified by flash column chromatography (0 — 20% EtOAc in petrol) to yield the
product as a white solid (1.32 g, 4.88 mmoal, 98%).

M.p 139 — 141 °C; Vmax (film/cmt) 3374 (CH), 3116 (CH), 1523 (CC), 1368 (SO), 1166 (SO),
571 (CI); *H NMR (600 MHz, CDCls) 5 7.88 — 7.86 (m, J = 1.3 Hz, 1H, ArH), 7.77 — 7.74 (m,
J=17.6,5.2Hz, 2H, ArH), 7.74 — 7.72 (m, 1H, ArH), 7.57 (dd, J = 8.7, 1.7 Hz, 1H, ArH), 7.53
(d, J = 3.7 Hz, 1H, ArH), 7.23 (d, J = 8.0 Hz, 2H, ArH), 6.58 (d, J = 3.7 Hz, 1H ArH), 2.35 (s,
3H, CHs); 3C NMR (151 MHz, CDCls) & 145.4 (C), 145.4 (C), 135.1 (C), 134.2 (C), 133.2
(C), 130.4 (CH), 130.1 (CH), 127.3 (CH), 126.9 (CH), 115.5 (CH), 108.1 (CH), 87.6 (C), 21.7
(CHs).

(4-methyl-1a,6b-dihydrocyclopropalblindol-2(1H)-yl)(pyridin-2-yl)methanone

177
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A solution of amide 161 (112 mg, 0.44 mmol, 1 eq), Pd(OAc)2 (5 mg, 0.022 mmol, 5
mol%), PhlI(OAc)2 (156 mg, 0.48 mmol, 1.1 eq) in Ac20 (1.7 ml) and AcOH (1.7 ml)
was stirred at 100 °C for 16 h. The reaction mixture was cooled and the solvent
removed in vacuo. The residue was dissolved in DCM (20 ml) and sat. ag. NaHCO3
(30 ml). The layers were separated and the aqueous extracted with DCM (3 x 10 ml).
The combined organic layers were washed with brine, dried over MgSO4 and
concentrated. The crude residue was purified by flash column chromatography (10 —

50 % EtOACc in petrol) to give the product as a brown oil (24 mg, 0.096 mmol, 22%).

Vimax (film/cm-t) 2991 (CH), 2903 (CH), 1634 (CO), 1515 (CC); *H NMR (500 MHz, CDCls) &
8.73 — 8.67 (m, 1H, pyNCH), 8.17 (s, 1H, CHsCHC), 7.88 (td, J = 16.3, 7.5 Hz, 2H,
pyCCHCH), 7.48 — 7.39 (m, 1H, pyNCHCH), 7.21 (d, J = 7.1 Hz, 1H, CH;CCHCH), 6.88 (d, J
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= 7.4 Hz, 1H, CH3CCHCH), 4.48 (s, 1H, NCH), 2.67 — 2.62 (m, 1H, ArCH), 2.37 (s, 3H,
ArCHz), 1.04 (dd, J = 13.3, 6.3 Hz, 1H, CH,), 0.49 (s, 1H, CH,); *C NMR (151 MHz, CDCls)
5 166.7 (C), 154.4 (C), 148.54 (C), 148.50 (CH), 142.2 (C), 138.0 (CH), 137.2 (CH), 132.0
(C), 125.2 (CH), 124.3 (CH), 123.6 (CH), 119.2 (CH), 40.8 (CH), 21.8 (CHs), 20.1 (CH), 13.4
(CH.); LRMS (ES) 251.1 ([M+H]*) 501.2 ([2M+H]*);

6.X Arylation reactions

General procedures for the arylation of picolinamides

General arylation procedure A

A tube was charged with a picolinamide (1 eq), CuBr; (10 mol%), Pd(OAc). (5 mol%),
CsOAc (4 eq), tAmOH (1 M) and an aryl iodide or bromide (4 eq). The tube was sealed with
a PTFE lined cap and heated to 140 °C for 24 hours. The reaction mixture was then cooled
and filtered through a pad of Celite®, washing with EtOAc. The filtrate was concentrated in
vacuo and the resulting crude residue purified by flash column chromatography.

General arylation procedure B

A tube was charged with a picolinamide (1 eq), CuBr. (10 mol%), Pd(OAc). (5 mol%),
CsOAc (4 eq), tHXOH (1 M) and an aryl iodide (4 eq). The tube was sealed with a PTFE
lined cap and heated to 130 or 140 °C for 24 hours. The reaction mixture was then cooled
and filtered through a pad of Celite®, washing with EtOAc. The filtrate was concentrated in

vacuo and the resulting crude residue purified by flash column chromatography.

N-(3-(4-Methoxyphenyl)cyclohexyl)picolinamide 184
=
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Prepared according to general arylation procedure A, using N-cyclohexylpicolinamide
(97 mg, 0.50 mmol) and 4-iodoanisole (498 mg, 2.0 mmol). Purified by flash column
chromatography (0 — 40% EtOAc in petrol) to give the product as a colourless oil (105 mg,
0.36 mmol, 68%).
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Vmax (film/cmt) 3380 (NH), 3057 (CH), 2998 (CH), 2928 (CH), 2854 (CH), 1666 (CO); *H
NMR (600 MHz, CDCls) & 8.53 (ddd, J = 4.8, 1.6, 0.9 Hz, 1H, pyNCH), 8.20 (dt, J = 7.8, 1.0
Hz, 1H, pyCCH), 7.97 (d, J = 8.5 Hz, 1H, NH), 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.41
(ddd, J = 7.6, 4.8, 1.2 Hz, 1H, pyNCHCH), 7.16 — 7.12 (m, 2H, OCCHCH), 6.85 — 6.81 (m,
2H, OCCH), 4.12 (tdt, J = 12.2, 8.3, 4.0 Hz, 1H, NHCH), 3.78 (s, 3H, OCH3), 2.69 (it, J =
12.2, 3.3 Hz, 1H, ArCH), 2.28 — 2.22 (m, 1H, CHCH.CH), 2.15 (d, J = 12.3 Hz, 1H,
NHCHCH,CH,), 1.98 — 1.92 (m, 1H, ArCHCH,CH,), 1.92 — 1.86 (m, 1H, ArCHCH,CH,), 1.63
— 1.54 (m, 1H, ArCHCH.CH,), 1.45 — 1.28 (m, 3H, CyH): *C NMR (151 MHz, CDCls) &
163.4 (C), 158.0 (C), 150.2 (C), 148.1 (CH), 138.6 (C), 137.5 (CH), 127.7 (CH), 126.2 (CH),
122.4 (CH), 113.9 (CH), 55.4 (CHs), 48.9 (CH), 42.4 (CH), 41.2 (CH,), 33.6 (CH.), 32.9
(CHy), 25.3 (CHy).

Data in accordance with literature®®

Ethyl 4-(3-(picolinamide)cyclohexyl)benzoate 185

0" o

Prepared according to general arylation procedure A, using N-cyclohexylpicolinamide
(97 mg, 0.50 mmol) and ethyl-4-iodobenzoate (550 mg, 2.0 mmol). Purified by flash column
chromatography (0 — 40% EtOAc in petrol) to give the product as a colourless oil (126 mg,
0.36 mmol, 72%).

Vmax (film/cm?) 3371 (NH), 2927 (CH), 2858 (CH), 1711 (CO), 1655 (CO); *H NMR (600
MHz, CDCI;) 6 8.55 — 8.51 (m, 1H, pyNCH), 8.19 (d, J = 7.8 Hz, 1H, pyCCH), 7.97 (m, 3H,
OCOCCH and NH), 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyNCHCHCH), 7.43 — 7.39 (m, 1H,
pyNCHCH), 7.28 (d, J = 8.2 Hz, 2H, CyCCH), 4.35 (g, J = 7.1 Hz, 2H, OCH,), 4.14 (tdt, J =
12.2, 8.3, 4.0 Hz, 1H, NHCH), 2.80 (tt, J = 12.2, 3.2 Hz, 1H, ArCH), 2.29 (d, J = 12.4 Hz, 1H,
NHCHCH,CH), 2.16 (d, J = 12.4 Hz, 1H, CHCH,CH,), 2.01 — 1.95 (m, 1H, NHCHCH,CHy),
1.92 (d, J = 12.9 Hz, 1H, ArCHCH.CH), 1.61 (qt, J = 13.2, 3.4 Hz, 1H, NHCHCH,CH,), 1.50
—1.34 (m, 6H, NHCH,CH, and OCH,CH3 and CHCH,CH and ArCHCH,CH); **C NMR (151
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MHz, CDCls) & 166.7 (C), 163.5 (C), 151.5 (C), 150.1 (C), 148.1 (CH), 137.5 (CH), 129.9
(CH), 128.6 (C), 126.9 (CH), 126.2 (CH), 122.4 (CH), 60.9 (CH_), 48.7 (CH), 43.3 (CH), 40.5
(CHy), 33.1 (CH,), 32.8 (CHz), 25.2 (CHz), 14.5 (CHs).

Data in accordance with literature®°
N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 191

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmoal) or 4-bromoanisole (50 pl, 0.40 mmol). Purified by
flash column chromatography (0 — 40% EtOAc in petrol) to give the product as a white solid;
339 mg, 0.091 mmal, 91% (aryl iodide); 34 mg, 0.093 mmol, 93% (aryl bromide).

M.p 113 — 115 °C; [a]p"® +43.2 (¢ = 1, CHCl3); Vmax (film/cm™) 3366 (NH), 2953 (CH), 2928
(CH), 1672 (CO); *H NMR (600 MHz, CDCls) 6 8.21 — 8.18 (m, 1H, pyNCH), 7.95 (dt, J = 7.8,
1.0 Hz, 1H, pyCCH), 7.74 (d, J = 9.2 Hz, 1H, NH), 7.68 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH),
7.35 (d, J = 8.4 Hz, 2H, OCCHCH), 7.26 (ddd, J = 7.6, 4.7, 1.4 Hz, 1H, pyNCHCH), 6.90 (d,
J = 8.8 Hz, 2H, OCCH), 4.49 (dddd, J = 11.3, 9.3, 6.0, 1.9 Hz, 1H, NHCH), 3.79 (s, 3H,
OCHs), 3.29 (dd, J = 11.8, 4.8 Hz, 1H, ArCH), 2.58 — 2.50 (m, 1H, NHCHCH,), 2.27 — 2.19
(m, 1H, ArCHCH,), 2.00 (dt, J = 12.2, 6.1 Hz, 1H, ArCHCH,), 1.92 (t, J = 4.6 Hz, 1H,
CH,CHCHy), 1.28 — 1.24 (m, 1H, NHCHCHy), 1.08 (d, J = 5.6 Hz, 6H, 2 x CHs), 1.05 (s, 3H,
CHs); *C NMR (151 MHz, CDCls) & 164.5 (C), 158.2 (C), 149.9 (C), 147.5 (CH), 136.9 (CH),
133.8 (C), 129.8 (CH), 125.7 (CH), 121.8 (CH), 114.5 (CH), 55.3 (CHs), 54.5(CH), 53.8 (C),
51.0 (C), 46.8 (CH), 43.7 (CH), 36.9 (CH>), 32.9 (CH,), 20.3 (CHs), 20.0 (CHs), 13.8 (CHa);
LRMS (CI) 365.2 ([M+H]*), 729.0 ([2M+H]*).

Data in accordance with literature!®3
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N-((1S,2S,4R,6S)-6-(4-Fluorophenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 192

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-iodofluorobenzene (46 pl, 0.40 mmol). Purified by flash column chromatography (0 —
50% EtOAc in petrol) to give the product as an off-white solid (30 mg, 0.085 mmol, 85%).

M.p 112 — 115 °C; [a]p'® +24.6 (¢ = 0.5, CHCl3); Vmax (film/cm?) 3364 (NH), 3064 (CH), 2954
(CH), 2924 (CH), 1667 (CO), 1508 (CC); *H NMR (600 MHz, CDCls) & 8.26 (ddd, J = 4.7,
1.5, 0.9 Hz, 1H, pyNCH), 7.96 (dt, J = 7.8, 1.0 Hz, 1H, pyCCH), 7.70 (td, J= 7.7, 1.7 Hz, 1H,
pyCCHCH), 7.61 (d, J = 8.8 Hz, 1H, NH), 7.40 (dd, J = 8.4, 5.4 Hz, 2H, FCCH), 7.29 (ddd, J
=7.6,4.7, 1.2 Hz, 1H, pyNCHCH), 7.04 (t, J = 8.8 Hz, 2H, FCCHCH), 4.50 (dddd, J = 11.4,
9.4, 6.0, 1.9 Hz, 1H, NHCH), 3.32 (dd, J = 11.8, 5.6 Hz, 1H, ArCH), 2.59 — 2.52 (m, 1H,
NHCHCH,), 2.31 — 2.24 (m, 1H, ArCHCH,), 2.01 (dd, J = 13.2, 5.8 Hz, 1H, ArCHCH,), 1.94
(t, J = 4.7 Hz, 1H, CH,CHCH,), 1.25 (dt, J = 8.8, 4.3 Hz, 1H, NHCHCH,), 1.10 (s, 3H, CHs),
1.09 (s, 3H, CHs), 1.06 (s, 3H, CHs); *C NMR (151 MHz, CDCls) 6 164.4 (C), 161.8 (d, Jcr =
243.8 Hz, C), 149.8 (C), 147.6 (CH), 137.7 (C), 136.9 (CH), 130.2 (d, J = 7.7 Hz, CH), 125.7
(CH), 121.7 (CH), 115.8 (d, J = 21.0 Hz, CH), 54.4 (C), 54.1 (CH), 51.0 (C), 47.1 (CH), 43.7
(CH), 37.0 (CHp), 33.0 (CH,), 20.2 (CH3), 20.0 (CH3), 13.8 (CH3); LRMS (ES) 353.2
([M+H]"); HRMS found (ES) [M+H]* 353.2025, C5,H2sN,OF+H requires 353.2024.

N-((1S,2S,4R,6S)-6-(4-Chlorophenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
,yhpicolinamide 193

Cl
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Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-iodochlorobenzene (95 mg, 0.40 mmol). Purified by flash column chromatography (0 —
40% EtOAc in petrol) to give the product as a pale yellow solid (31 mg, 0.084 mmol, 84%).

M.p 130 — 132 °C; [a]o'® +18.2 (c = 0.5, CHCls); Vmax (film/cm™) 3373 (NH), 2978 (CH), 2950
(CH), 1672 (CO); *H NMR (400 MHz, CDCls) & 8.34 (ddd, J = 4.7, 1.6, 0.9 Hz, 1H, pyNCH),
7.96 (dt, J = 7.8, 1.0 Hz, 1H, pyCCH), 7.70 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.61 (d, J =
8.9 Hz, 1H, NH), 7.37 (d, J = 85Hz, 2H, CICCHCH), 7.34 — 7.28 (m, 3H, CICCH,
pyNCHCH), 4.50 (dddd, J = 11.3, 9.4, 6.0, 1.9 Hz, 1H, NHCH), 3.30 (dd, J = 11.7, 4.9 Hz,
1H, ArCH), 2.60 — 2.49 (m, 1H, NHCHCH>), 2.26 (ddd, J = 16.2, 7.6, 3.9 Hz, 1H, ArCHCH.,),
2.01 (dd, J = 13.2, 5.8 Hz, 1H, ArCHCH,), 1.94 (t, J = 4.6 Hz, 1H, CH.CHCH,), 1.27 — 1.21
(m, 1H, NHCHCHy), 1.09 (s, 3H, CHa), 1.08 (s, 3H, CHz3), 1.06 (s, 3H, CHs); *C NMR (151
MHz, CDCl;) 6 164.5 (C), 149.7 (C), 147.9 (CH), 140.8 (C), 137.0 (CH), 131.9 (C), 130.2
(CH), 129.2 (CH), 125.8 (CH), 121.7 (CH), 56.2 (C), 54.4 (CH), 51.1 (C), 47.2 (CH), 43.6
(CH), 37.0 (CH,), 32.8 (CH,), 20.3 (CHj3), 20.0 (CHz3), 13.8 (CHs); LRMS (ES) 369.2 ([M+H]*)
737.3 ([2M+H]*); HRMS found (ES) [M+H]*369.1731, C,2H2sN,OCI+H requires 369.1734.

N-((1S,2S,4R,6S)-6-(4-Acetylphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 194

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-iodoacetophenone (98 mg, 0.40 mmol). Purified by flash column chromatography (0 —
60% EtOACc in petrol) to give the product as an off-white solid (19 mg, 0.050 mmol, 50%).

M.p 178 — 181 °C; [a]p'® +21.4 (C = 0.5, CHCls); Vmax (film/cmt) 3367 (NH), 3064 (CH), 2949
(CH), 1667 (CO) *H NMR (600 MHz, CDCls) & 8.06 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, H8), 7.94
—7.90 (m, 3H, H11, H13, H11), 7.67 (td, J = 7.7, 1.7 Hz, 1H, H10), 7.55 (d, J = 8.0 Hz, 2H,
H12), 7.48 (d, J = 8.8 Hz, 1H, NH), 7.22 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, H9), 4.56 — 4.50 (m,
1H, H2), 3.39 (dd, J = 11.5, 5.7 Hz, 1H, H6), 2.57 (ddd, J = 10.6, 6.9, 3.5 Hz, 1H, H3), 2.54
(s, 3H, H14), 2.32 — 2.26 (m, 1H, H5), 2.12 (dd, J = 13.3, 5.8 Hz, 1H, H5), 1.98 (t, J = 4.6 Hz,
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1H, H4), 1.30 (dd, J = 13.4, 5.9 Hz, 1H, H3), 1.11 (m, 9H, 3 x CHs); **C NMR (151 MHz,
CDCl3) 6 198.0 (CO), 164.3 (CO), 149.6 (ArC), 148.7 (ArC), 147.4 (ArC), 137.0 (ArC), 135.0
(ArC), 129.2 (ArC), 129.0 (ArC), 125.8 (ArC), 121.8 (ArC), 55.4 (C), 54.4 (CH), 51.2 (C), 48.0
(CH), 43.7 (CH), 37.0 (CH,), 32.6 (CH,), 26.7 (CHs), 20.3 (CHs), 20.0 (CHs), 14.0 (CHa);
LRMS (ES) 377.2 (M+H]") 753.4 ([2M+H]*); HRMS found (ES) [M+H]* 377.2230,
C24H2sN,0O,+H requires 377.2229.

N-((1S,2S,4R,6S)-6-(3-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 195

0
>0

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 3-iodoanisole (48 pl, 0.40 mmol). Purified by flash column chromatography (0 — 40%
EtOAc in petrol) to give the product as colourless oil (22 mg, 0.060 mmol, 60%).

[alo®® +50.9 (c = 1, CHCI3); Vmax (film/cm™) 3358 (NH), 2951 (CH), 2836 (CH), 1665 (CO),
1509 (CC); *H NMR (600 MHz, CDCl;) & 8.24 (d, J = 4.7 Hz, 1H, pyNCH), 7.96 (d, J = 7.8
Hz, 1H, pyCCH), 7.86 (d, J = 10.3 Hz, 1H, NH), 7.70 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH),
7.29 — 7.27 (m, 1H, pyNCHCH), 7.23 (t, J = 7.9 Hz, 1H, OCCHCH), 7.05 — 6.98 (m, 2H,
OCCHCCH), 6.76 (dd, J = 8.2, 2.3 Hz, 1H, OCHCHCH), 4.54 (td, J = 9.6, 5.1 Hz, 1H,
NHCH), 3.78 (s, 3H, OCHj3), 3.33 (dd, J = 11.5, 5.4 Hz, 1H, ArCH), 2.59 — 2.53 (m, 1H,
NHCHCH,), 2.29 — 2.23 (m, 1H, ArCHCH,), 2.04 (dd, J = 13.2, 5.9 Hz, 1H, ArCHCH,), 1.94
(t, J = 4.6 Hz, 1H, CH,CHCH,), 1.31 — 1.27 (m, 1H, NHCHCH,), 1.11 (d, J = 5.0 Hz, 3H,
CHs), 1.09 (s, 3H, CHs), 1.08 (s, 3H, CHs); **C NMR (151 MHz, CDCls) 6 164.5 (C), 160.3
(C), 154.1 (C), 150.0 (C), 147.3 (CH), 143.8 (CH), 136.9 (CH), 130.3 (CH), 129.9 (CH),
125.6 (CH), 121.8 (CH), 111.6 (CH), 55.2 (CHs), 54.4 (CH), 54.4 (C) 51.1 (C), 47.8 (CH),
43.7 (CH), 37.1 (CHy), 32.9 (CH,), 20.3 (CHgs), 20.0 (CHs), 13.9 (CHg); LRMS (ES) 365.2
(IM+H]"); HRMS found (ES) [M+H]* 365.2230, C,3H2sN20O,+H requires 365.2229.
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N-((1S,2S,4R,6S)-6-(4-Cyanophenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 196

CN

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-iodobenzonitrile (92 mg, 0.40 mmol). Purified by flash column chromatography (0 —
50% Et,0 in petrol) to give the product as an off-white solid (26 mg, 0.072 mmol, 72%).

M.p 170 — 172 °C; [alo +55.5 (¢ = 1, CHCL); Vmax (film/cm™) 3374 (NH), 2947 (CH), 2924
(CH), 2222 (CN), 1670 (CO); *H NMR (600 MHz, CDCls) & 8.31 — 8.28 (m, 1H, pyNCH),
7.95 (dd, J = 7.8, 1.0 Hz, 1H, pyCCH), 7.72 (tdd, J = 7.7, 1.7, 1.0 Hz, 1H, pycCHCH), 7.60
(d, J = 8.1 Hz, 2H, NCCCH), 7.56 (d, J = 8.3 Hz, 2H, NCCCHCH), 7.36 — 7.29 (m, 2H,
pyNCHCH, NH), 4.52 (dd, J = 15.8, 9.8 Hz, 1H, NHCH), 3.37 (dd, J = 11.5, 5.6 Hz, 1H,
ArCH), 2.61 — 2.53 (m, 1H, NHCHCH,), 2.33 — 2.25 (m, 1H, ArCHCH), 2.07 (dd, J = 13.3,
5.7 Hz, 1H, ArCHCH), 1.98 (t, J = 4.6 Hz, 1H, CH,CHCH,), 1.26 (dd, J = 13.5, 6.0 Hz, 1H,
NHCHCH), 1.11 (s, 6H, 2 x CHs), 1.10 (s, 3H, CHs); *C NMR (151 MHz, CDCls) & 164.2 (C),
149.5 (C), 148.7 (C), 147.5 (CH), 137.2 (CH), 132.7 (CH), 129.5 (CH), 126.2 (CH), 121.7
(CH), 119.3 (C), 109.5 (C), 55.6 (C), 54.3 (CH), 51.3 (C), 48.1 (CH), 43.6 (CH), 37.0 (CH,),
32.5 (CHy), 20.3 (CHs), 20.0 (CHs), 14.0 (CHs); LRMS (ES) 360.2 ([M+H]*) 719.4 ([2M+H]*);
HRMS found (ES) [M+H]* 360.2071, C2sH2sNsO+H requires 360.2076.

N-((1S,2S,4R,6R)-1,7,7-Trimethyl-6-(thiophen-2-yl)bicycle[2.2.1]heptan-2-
yl)picolinamide 197
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Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 2-iodothiophene (44 pl, 0.40 mmol). Purified by flash column chromatography (0 — 40%
EtOAc in petrol) to give the product as an orange oil (28 mg, 0.082 mmol, 82%).

[alo®® +91.4 (c = 0.5, CHCls); Vmax (film/cm™) 3355 (NH), 2951 (CH), 1667 (CO); ‘H NMR
(600 MHz, CDCl5) & 8.27 (ddd, J = 4.7, 1.7, 0.9 Hz, 1H, pyNCH), 8.00 (dt, J = 7.8, 1.1 Hz,
1H, pyCCH), 7.97 — 7.91 (m, 1H, NH), 7.71 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.29 — 7.27
(m, 1H, pyNCHCH), 7.11 (dd, J = 5.2, 0.7 Hz, 1H, SCH), 7.06 (dt, J = 3.4, 1.2 Hz, 1H,
SCCH), 7.00 (dd, J = 5.2, 3.5 Hz, 1H, SCHCH), 4.59 (dddd, J = 11.6, 9.9, 5.7, 2.0 Hz, 1H,
NHCH), 3.50 (dd, J = 11.6, 6.0 Hz, 1H, ArCH), 2.56 — 2.50 (m, 1H, NHCHCH), 2.50 — 2.44
(m, 1H, ArCHCH,), 1.96 (dd, J = 13.0, 6.0 Hz, 1H, ArCHCH,), 1.92 (t, J = 4.7 Hz, 1H,
CH,CHCHy), 1.25 (dd, J = 13.3, 5.7 Hz, 1H, NHCHCH), 1.19 (s, 3H, CHs), 1.10 (s, 3H,
CHs), 1.05 (s, 3H, CHs); **C NMR (151 MHz, CDCls) 6 164.4 (C), 150.1 (C), 147.5 (CH),
147.2 (C), 136.9 (CH), 127.3 (CH), 125.6 (CH), 124.4 (CH), 124.0 (CH), 121.8 (CH), 54.1
(C), 54.0 (CH), 50.8 (C), 43.8 (CH), 43.7 (CH), 37.4 (CH,), 36.2 (CH,), 20.2 (CHs), 20.1
(CHs), 13.6 (CHs); LRMS (ES) 341.2 ([M+H]"); HRMS found (ES) [M+H]* 341.1693,
C20H24N2,0S+H requires 341.1688.

1,7,7-Trimethyl-6-(p-tolyl)bicyclo[2.2.1]heptan-2-yl)picolinamide 198

=
HN N
N

)

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-iodotoluene (87 mg, 0.40 mmol). Purified by flash column chromatography (0 — 40%
EtOAc in petral) to give the product as a white solid (28 mg, 0.080 mmol, 80%).

M.p 150-153 °C; [a]o'® +37.5 (c = 1, CHCL); Vmax (film/cm™) 3354 (NH), 3054 (CH), 2951
(CH),1668 (CO); *H NMR (600 MHz, CDCls) & 8.19 (ddd, J = 4.7, 1.6, 0.9 Hz, 1H, pyNCH),
7.95 (dt, J = 7.8, 1.0 Hz, 1H, pyCCH), 7.74 (d, J = 9.4 Hz, 1H, NH), 7.69 (td, J = 7.7, 1.7 Hz,
1H, pyCCHCH), 7.33 (d, J = 7.9 Hz, 2H, ArCHsCCHCH), 7.28 — 7.25 (m, 1H, pyNCHCH),
7.15 (d, J = 7.8 Hz, 2H, ArCHsCCH), 4.51 (dddd, J = 11.4, 9.4, 6.0, 1.9 Hz, 1H, NHCH), 3.30
(dd, J = 11.7, 5.5 Hz, 1H, ArCH), 2.58 — 2.51 (m, 1H, NHCHCH), 2.27 — 2.21 (m, 1H,
ArCHCHy), 2.07 — 2.03 (m, 1H, ArCHCH,), 1.93 (t, J = 4.7 Hz, 1H, CH,CHCH>), 1.29 (dd, J =
13.2, 5.9 Hz, 1H, NHCHCH), 1.11 — 1.04 (m, 9H, 3 x CHs); *C NMR (151 MHz, CDCls) &
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164.5 (C), 150.0 (C), 147.4 (CH), 138.9 (C), 136.9 (CH), 135.6 (C), 129.8 (CH), 128.8 (CH),
125.5 (CH), 121.8 (CH), 54.5 (C), 54.0 (CH), 51.0 (C), 47.3 (CH), 43.7 (CH), 37.0 (CH>),
32.7 (CH,), 21.2 (CHs), 20.3 (CHas), 20.0 (CHs), 13.8 (CHs); LRMS (ES) 349.2 ([M+H]Y);
HRMS found (ES) [M+H]*349.2275, C,3H2sN.O+H requires 349.2274.

N-((1S,2S,4R,6R)-6-(2-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 199

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 2-iodoanisole (52 pl, 0.40 mmol). Purified by flash column chromatography (0 — 60%
EtOAc in petral) to give the product as a white solid (16 mg, 0.044 mmol, 44%).

M.p 177 — 180 °C; [a]o*® +101.0 (c = 0.5, CHCls); Vmax (film/cm) 3353 (NH), 3054 (CH),
2951 (CH), 1669 (C=0), 998 (C-O); 'H NMR (600 MHz, CDCls) 6 8.24 (d, J = 4.3 Hz, 1H,
pyNCH), 8.18 (d, J = 8.5 Hz, 1H, NH), 7.97 (d, J = 7.8 Hz, 1H, pyCCH), 7.69 (td, J =7.7, 1.4
Hz, 1H, pyCCHCH), 7.56 (d, J = 7.5 Hz, 1H, CH;0CCCH), 7.28 — 7.25 (m, 1H, pyNCHCH),
7.22 (t, J = 7.3 Hz, 1H, OCCHCH), 7.01 (t, J = 7.4 Hz, 1H, OCCHCHCH), 6.86 (d, J =
8.1 Hz, 1H, OCCH), 4.52 (dd, J = 15.9, 9.8 Hz, 1H, NHCH), 3.79 (d, J = 12.0 Hz, 4H, OCHjs,
ArCH), 2.60 — 2.51 (m, 1H, NHCHCH,), 2.24 — 2.17 (m, 1H, ArCHCH,), 2.04 (dd, J = 13.0,
5.8 Hz, 1H, ArCHCH,), 1.92 (t, J = 4.5 Hz, 1H, CH,CHCH), 1.42 (dd, J = 13.2, 6.2 Hz, 1H,
NHCHCH,), 1.13 (s, 3H, CHs), 1.10 (s, 3H, CHs), 0.94 (s, 3H, CH *C NMR (151 MHz,
CDCls) 6 164.6 (C), 158.3 (C), 150.2 (C), 147.4 (CH), 136.8 (CH), 130.6 (C), 130.3 (CH),
126.9 (CH), 125.5 (CH), 121.8 (CH), 121.4 (CH), 111.0 (CH), 55.0 (CHs), 55.0 (CH), 54.9
(C), 51.2 (C), 44.1 (CH), 41.1 (CH), 36.4 (CH), 33.5 (CHy), 20.5 (CHs), 20.0 (CHs), 13.9
(CHs); LRMS (ES) 365.2 ([M+H]*) 729.4 ([2M+H]"); HRMS found (ES) [M+H]* 365.2231,
C23H2s5N3O+H requires 365.2229.
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N-((1S,2S,4R,6S)-1,7,7-Trimethyl-6-(1-tosyl-1H-indol-5-yl)bicyclo[2.2.1]heptan-2-
yl)picolinamide 201

Prepared according to the general arylation procedure A using amide 165 (26 mg, 0.10
mmol) and 5-iodo-1-tosyl-1H-indole (159 mg, 0.40 mmol). Purified by flash column
chromatography (0 — 50% Et,0O in petrol) to give the product as a yellow solid (23 mg, 0.044
mmol, 44%).

M.p 182 — 185 °C; [a]p*® +13.2 (¢ = 1, CHCL); Vmax (film/cm™) 3066 (CH), 2833 (CH), 1669
(CO), 1371 (SO), 1172 (SO); *H NMR (600 MHz, CDCls) 6 7.92 (d, J = 8.6 Hz, 1H, H14),
7.85 (d, J = 7.8 Hz, 1H, H11), 7.78 (d, J = 8.4 Hz, 2H, H16), 7.69 — 7.62 (m, 2H, NH, H12),
7.59 — 7.55 (m, 2H, H10, H16), 7.42 (s, 1H, H8), 7.35 (d, J = 8.5 Hz, 1H, H11), 7.20 (d, J =
8.2 Hz, 2H, H18), 7.05 — 7.00 (m, 1H, H9), 6.64 (d, J = 3.6 Hz, 1H, H15), 4.51 (ddd, J = 15.6,
7.8, 3.0 Hz, 1H, H2), 3.40 (dd, J = 11.6, 5.4 Hz, 1H, H6), 2.59 — 2.53 (m, 1H, H3), 2.33 (s,
3H, H19), 2.30 — 2.23 (m, 1H, H5), 2.08 (dd, J = 13.2, 5.8 Hz, 1H, H5), 1.95 (t, J = 4.6 Hz,
1H, H4), 1.31 (dd, J = 13.3, 5.9 Hz, 1H, H3), 1.10 (d, J = 4.4 Hz, 9H, 3 x CHa3); *C NMR
(151 MHz, CDCls) & 164.5 (C), 149.5 (C), 147.4 (CH), 145.0 (C), 137.3 (C), 136.5 (CH),
135.5 (C), 133.6 (C), 131.9 (C), 130.0 (CH), 127.0 (CH), 126.5 (CH), 126.3 (CH), 125.5
(CH), 121.4 (CH), 120.9 (CH), 113.9 (CH), 109.5 (CH), 54.4 (CH), 54.2 (C), 51.1 (C), 47.6
(CH), 43.7 (CH), 37.0 (CH,), 33.1 (CH,), 21.7 (CHs), 20.3 (CHs), 20.0 (CHs), 13.9 (CHs);
LRMS (ES) 528.2 ([M+H]"); HRMS found (ES) [M+H]* 528.2322, C31H33N3;03S+H requires
528.2321.
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N-((1S,2S,4R,6S)-1,7,7-Trimethyl-6-phenylbicyclo[2.2.1]heptan-2-yl)picolinamide 204

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and bromobenzene (42 pl, 0.40 mmoal). Purified by flash column chromatography (0 — 40%
EtOAc in petrol) to give the product as a colourless oil (29 mg, 0.087 mmol, 87%).

[a]o*® +86.8 (¢ = 0.5, CHCI3); Vmax (film/cm™) 3012 (CH), 2951 (CH), 1667 (CO); ‘H NMR
(600 MHz, CDCl3) 6 8.19 (d, J = 4.7 Hz, 1H, pyNCH), 7.94 (d, J = 7.8 Hz, 1H, CCHCH), 7.75
— 7.65 (m, 2H, NH, CCHCH), 7.45 (dd, J = 9.2, 4.4 Hz, 2H, ArH), 7.34 (t, J = 7.7 Hz, 2H,
ArH), 7.26 — 7.24 (m, 1H, pyNCHCH), 7.22 (t, J = 7.4 Hz, 1H, ArH), 4.53 (dddd, J = 11.3,
9.5, 6.0, 1.8 Hz, 1H, NHCH), 3.35 (dd, J = 11.6, 5.5 Hz, 1H, ArCH), 2.60 — 2.52 (m, 1H,
NHCHCHy), 2.26 (tt, J = 12.7, 3.9 Hz, 1H, ArCHCH,), 2.08 (dd, J = 13.2, 5.8 Hz, 1H,
ArCHCH,), 1.95 (t, J = 4.6 Hz, 1H, CH,CHCH,), 1.30 (dd, J = 13.3, 5.9 Hz, 1H, NHCHCH,),
1.09 (dd, J = 17.6, 6.5 Hz, 9H, 3 x CHj3); **C NMR (151 MHz, CDCls) 6 164.5 (C), 149.9 (C),
148.1 (C), 147.4 (CH), 142.1 (CH), 136.9 (CH), 129.1 (CH), 125.9 (CH), 125.5 (CH), 121.7
(CH), 54.3 (C), 51.1 (CH), 47.7 (C), 43.7 (CH), 37.0 (CH), 32.6 (CH,), 28.6 (CH), 20.3
(CHs3), 20.0 (CHs), 13.8 (CHs3); LRMS (ES) 336.2 ([M+H]*); HRMS found (ES) [M+H]*
335.2111, C2H26N.O+H requires 335.2123.

N-((1S,2S,4R,6S)-6-(2-cyanophenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 205

NC HN N
@)

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 2-bromobenzonitrile (73 mg, 0.40 mmol). Purified by flash column chromatography (0 —
40% EtOAc in petrol) to give the product as an orange solid (28 mg, 0.078 mmol, 78%).

M.p 185 — 186 °C; [a]o™® +151.8 (C = 1, CHCL3); Vmax (film/cmt) 3378 (NH), 3060 (CH), 2954
(CH), 2222 (CN), 1669 (CO); *H NMR (600 MHz, CDCls) & 8.20 — 8.17 (m, 1H, pyNCH), 7.99
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(d, J = 7.8 Hz, 1H, CCH), 7.85 (d, J = 8.4 Hz, 1H, NCCCCH), 7.72 (td, J = 7.7, 1.7 Hz, 2H,
CCHCH and NH), 7.65 — 7.61 (m, 2H, NCCCHCHCH and NCCCH), 7.33 (dd, J = 11.1, 4.1
Hz, 1H, NCCCHCH), 7.30 (ddd, J = 7.5, 4.8, 1.1 Hz, 1H, pyNCHCH), 4.56 — 4.50 (m, 1H,
NHCH), 3.82 (dd, J = 11.8, 4.7 Hz, 1H, ArCH), 2.69 — 2.62 (m, 1H, NHCHCH,), 2.45 — 2.39
(m, 1H, ArCHCH,), 2.01 (t, J = 4.6 Hz, 1H, CH,CHCH,), 1.95 (dd, J = 13.3, 5.6 Hz, 1H,
ArCHCH,), 1.43 (dd, J = 13.5, 6.3 Hz, 1H, NHCHCH,), 1.18 (s, 3H, CHs), 1.13 (s, 6H, 2 x
CHs); *C NMR (151 MHz, CDCls) & 164.4 (C), 149.7 (C), 147.3 (CH), 146.6 (C), 137.2 (CH),
134.1 (CH), 133.5 (CH), 130.1 (CH), 126.3 (CH), 125.9 (CH), 121.9 (CH), 119.2 (C), 114.9
(CN), 57.1 (C), 55.0 (CH), 51.7 (C), 46.6 (CH), 43.8 (CH), 36.6 (CH,), 35.1 (CH.), 20.4
(CHs), 20.0 (CHs), 14.0 (CHs); LRMS (ES) 360.2 ([M+H]*) 719.4 ([2M+H]*); HRMS found
(ES) [M+H]* 360.2079, C2sH2sNsO+H requires 360.2076.

N-((1S,2S,4R,6S)-6-(3-Hydroxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yDpicolinamide 206

HO

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 3-bromophenol (69 mg, 0.40 mmoal). Purified by flash column chromatography (0 — 50%
EtOAc in petral) to give the product as a brown solid (20 mg, 0.057 mmol, 57%).

M.p 137 — 140 °C; [a]o*® +40.6 (C = 1, CHCls); Vmax (film/cmt) 3326 (NH), 2951 (CH), 1651
(CO): *H NMR (600 MHz, CDCl;) & 8.32 — 8.28 (m, 1H, pyNCH), 8.03 (d, J = 9.7 Hz, 1H,
NH), 7.94 (d, J = 7.8 Hz, 1H, pyCCH), 7.64 (td, J = 7.7, 1.6 Hz, 1H, pyCCHCH), 7.23 (dd, J =
6.8, 4.8 Hz, 1H, pyNCHCH), 7.18 (t, J = 8.0 Hz, 1H, ArH), 6.97 (s, 1H, OH), 6.92 (d, J = 2.1
Hz, 2H, ArH), 6.78 — 6.74 (m, 1H, ArH), 4.53 — 4.45 (m, 1H, NHCH), 3.22 (dd, J = 11.5, 5.3
Hz, 1H, ArCH), 2.48 — 2.40 (m, 1H, NHCHCH;), 2.21 — 2.14 (m, 1H, ArCHCH,), 1.92 (dd, J =
13.2, 5.7 Hz, 1H, ArCHCH,), 1.81 (t, J = 4.6 Hz, 1H, CH,CHCH,), 1.13 (dd, J = 13.3, 5.9 Hz,
1H, NHCHCH), 1.03 (s, 3H, CHs), 1.02 (s, 3H, CHs), 0.92 (s, 3H, CHs); **C NMR (151 MHz,
CDCls) & 164.8 (C), 157.0 (C), 149.8 (C), 147.6 (CH), 143.9 (C), 137.0 (CH), 130.2 (CH),
125.8 (CH), 121.8 (CH), 121.3 (CH), 115.7 (CH), 113.2 (CH), 54.4 (C), 54.3 (CH), 51.0 (C),
47.6 (CH), 43.6 (CH), 36.8 (CH,), 32.8 (CH.), 20.2 (CHs), 19.9 (CHs), 13.7 (CHs); LRMS
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(ES) 351.2 ([M+H]*) 725.5 ([2M+H]*); HRMS found (ES) [M+H]* 351.2076, C2,H26N.0,+H
requires 351.2072.

N-((1S,2S,4R,6S)-1,7,7-Trimethyl-6-(thiophen-3-yl)bicycle[2.2.1]hepten-2-
yl)picolinamide 207

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 3-bromothiophene (37 pl, 0.40 mmol). Purified by flash column chromatography (0 —
50% EtOAc in petrol) to give the product as an orange oil (22 mg, 0.065 mmol, 65%).

[alo'® +11.0 (c = 0.5, CHCl); Vmax (film/cm™) 3377 (NH), 3062 (CH), 2953 (CH), 1668 (CO);
'H NMR (400 MHz, CDCls) & 8.35 — 8.31 (m, 1H, pyNCH), 8.01 — 7.97 (m, 1H, pyCCH), 7.85
(s, 1H, NH), 7.71 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.28 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H,
pyNCHCH), 7.25 — 7.22 (m, 2H, SCHCH, SCHCH), 7.05 (dd, J = 4.9, 1.5 Hz, 1H, SCHC),
4.56 (dd, J = 16.3, 10.6 Hz, 1H, NHCH), 3.33 (dd, J = 11.6, 5.9 Hz, 1H, ArCH), 2.53 (s, 1H,
NHCHCH,), 2.36 (dd, J = 16.1, 8.4 Hz, 1H, ArCHCH,), 1.95 — 1.89 (m, 2H, ArCHCH,,
CH,CHCHy), 1.21 (dd, J = 13.3, 5.8 Hz, 1H, NHCHCH,), 1.14 (s, 3H, CHz3), 1.09 (s, 3H,
CHa), 1.06 (s, 3H, CHs); **C NMR (151 MHz, CDCls) & 164.4 (C), 150.0 (C), 147.6 (CH),
144.1 (C), 137.0 (CH), 128.5 (CH), 126.8 (CH), 125.6 (CH), 121.8 (CH), 120.5 (CH), 54.2
(CH), 53.6 (C), 50.7 (C), 43.7 (CH), 43.7 (CH), 37.6 (CH,), 34.8 (CH.), 20.2 (CHs), 20.0
(CHs), 14.01 (CHs); LRMS (ES) 341.2 ([M+H]"); HRMS found (ES) [M+H]* 341.1693,
C20H24N>0OS+H requires 341.6880.

Methyl-4-((1S,2S,4R,6S)-1,7,7-trimethyl-6-(picolinamide)bicyclo[2.2.1]heptan-2-
yhbenzoate 208

HN

2/ N
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Prepared according general arylation procedure A using amide 165 (26 mg, 0.10 mmol) and
methyl 4-bromobenzoate (86 mg, 0.40 mmoal). Purified by flash column chromatography (0 —
50% EtOACc in petrol) to give the product as an off-white solid (27 mg, 0.069 mmol, 69%).

M.p 114 — 115 °C; [a]o'® +43.8 (c = 0.5, CHCls); Vmax (film/cm™) 3016 (CH), 2953 (CH), 1714
(CO), 1660 (CO); *H NMR (600 MHz, CDCls) 6 8.12 — 8.10 (m, 1H, pyNCH), 8.00 (d, J = 8.3
Hz, 2H, OC(O)CCH), 7.91 (d, J = 7.8 Hz, 1H, pyCCH), 7.66 (td, J = 7.7, 1.7 Hz, 1H,
pyCCHCH), 7.52 (d, J = 8.0 Hz, 3H, NH, OC(O)CCHCH), 7.22 (ddd, J = 7.5, 4.8, 1.0 Hz, 1H,
pyNCHCH), 4.56 — 4.49 (m, 1H, NHCH), 3.92 (s, 3H, OCHj3), 3.38 (dd, J = 11.5, 5.5 Hz, 1H,
ArCH), 2.58 — 2.52 (m, 1H, NHCHCHy), 2.28 (ddd, J = 16.1, 7.6, 3.8 Hz, 1H, ArCHCH,), 2.11
(dd, J =13.2, 5.8 Hz, 1H, ArCHCH>), 1.97 (t, J = 4.6 Hz, 1H, CH,.CHCH,), 1.29 (dd, J = 13.4,
6.0 Hz, 1H, NHCHCH,), 1.12 — 1.09 (m, 9H 3 x CHa); **C NMR (151 MHz, CDCl;) 6 167.3
(C), 164.4 (C), 149.6 (C), 148.3 (C), 147.5 (CH), 136.9 (CH), 130.4 (CH), 128.8 (CH), 127.8
(C), 125.7 (CH), 121.7 (CH), 55.3 (C), 54.3 (CH), 52.1 (CHs3), 51.2 (C), 48.0 (CH), 43.6 (CH),
37.0 (CHy), 32.6 (CH,), 20.3 (CHs), 20.0 (CHs), 13.9 (CHs); HRMS found (ES) [M+H]*
393.2172, Cy4H2sN,03+H requires 393.2178.

N-((1S,2S,4R,6S)-6-(3-Formylphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 209

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 3-bromobenzaldehyde (47 pl, 0.40 mmol). Purified by flash column chromatography (0 —
40% EtOAc in petrol) to give the product as a white solid (11 mg, 0.030 mmol, 30%).

M.p 108 — 110 °C; [a]o™® +7.8 (¢ = 0.5, CHCls); Vmax (film/cm™) 2952 (CH), 1696 (CO), 1670
(CO), 1518 (CC); *H NMR (600 MHz, CDCls) & 10.03 (s, 1H, CHO), 8.06 (d, J = 4.2 Hz, 1H,
pyNCH), 8.01 (s, 1H, CCHC), 7.92 (d, J = 7.8 Hz, 1H, pyCCH), 7.72 (d, J = 7.6 Hz, 1H,
H(O)CCCHCH), 7.67 (td, J = 7.7, 1.7, 1H, pyCCHCH), 7.64 (d, J = 7.8 Hz, 1H,
H(O)CCCHCH), 7.48 (d, J = 8.6 Hz, 1H, NH), 7.43 (t, J = 7.6 Hz, 1H, CHCCHCH), 7.25
(ddd, J = 7.5, 4.8, 1.0 Hz, 1H, pyNCHCH), 4.56 — 4.50 (m, 1H, NHCH), 3.41 (dd, J = 11.5,
5.7 Hz, 1H, ArCH), 2.62 — 2.55 (m, 1H, NHCHCH,), 2.33 (ddd, J = 16.2, 7.7, 3.8 Hz, 1H,
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ArCHCHy), 2.14 (dd, J = 13.2, 5.9 Hz, 1H, ArCHCH,), 2.00 (t, J = 4.6 Hz, 1H, CH,CHCH,),
1.34 (dd, J = 13.4, 5.9 Hz, 1H, NHCHCH,), 1.12 (m, 9H, 3 x CHa); **C NMR (151 MHz,
CDCls) 6 192.8 (C), 164.2 (C), 149.5 (C), 147.3 (CH), 143.7 (C), 137.2 (CH), 137.0 (CH),
135.8 (CH), 130.1 (C), 129.5 (CH), 126.8 (CH), 125.8 (CH), 121.8 (CH), 54.8 (CH), 54.5 (C),
51.3 (C), 47.6 (CH), 43.6 (CH), 37.2 (CH,), 32.7 (CH), 20.3 (CHs), 20.0 (CHs), 14.0 (CHy);
LRMS (ES) 363.2 ([M+H]*); HRMS found (ES) [M+H]* 363.2076, C,3H.sN.O.+H requires
363.2073.

N-((1S,2S,4R,6S)-6-(4-Formylphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 210

H 6]
Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-bromobenzaldehyde (74 mg, 0.40 mmoal). Purified by flash column chromatography (0
—50% EtOAc in petrol) to give the product as an off-white solid (25 mg, 0.069 mmol, 69%).

M.p 148 — 150 °C; [a]o'® +29.4 (C = 1, CHCL); Vmax (film/cm™) 3016 (CH), 1662 (CO), 1520
(CC); 3016 (CH), 1662 (CO), 1520 (CC); *H NMR (600 MHz, CDCls) & 9.96 (s, 1H, CHO),
8.04 (d, J = 4.7 Hz, 1H, pyNCH), 7.91 (d, J = 7.8 Hz, 1H, pyCCH), 7.84 (d, J = 8.0 Hz, 2H,
H(O)CCCH), 7.66 (td, J = 7.7, 1.6 Hz, 1H, pyCCHCH), 7.62 (d, J = 7.9 Hz, 2H,
H(O)CCHCH), 7.43 (d, J = 9.0 Hz, 1H, NH), 7.24 — 7.21 (m, 1H, pyNCHCH), 4.59 — 4.48 (m,
1H, NHCH), 3.40 (dd, J = 11.5, 5.6 Hz, 1H, ArCH), 2.61 — 2.52 (m, 1H, NHCHCH,), 2.36 —
2.24 (m, 1H, ArCHCH,), 2.13 (dd, J = 13.3, 5.8 Hz, 1H, ArCHCH,), 1.99 (t, J = 4.6 Hz, 1H,
CH,CHCH,), 1.30 (dd, J = 13.4, 6.0 Hz, 1H, NHCHCH;), 1.13 — 1.10 (m, 9H, 3 x CHs); 3C
NMR (151 MHz, CDCls) & 192.1 (C), 164.3 (C), 150.5 (C), 149.5 (C), 147.4 (CH), 137.0
(CH), 134.6 (C), 130.5 (CH), 129.4 (CH), 125.9 (CH), 121.8 (CH), 55.7 (C), 54.3 (CH), 51.3
(C), 48.3 (CH), 43.6 (CH), 37.0 (CH>), 32.6 (CH.), 20.3 (CHa), 20.0 (CHs), 14.0 (CHs): LRMS
(ES) 363.2 ((M+H]*); HRMS found (ES) [M+H]* 363.2074, Ca3H2:N.O,+H requires 363.2073.
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N-((1S,2S,4R,6S)-6-(4-Hydroxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-
yl)picolinamide 211

OH

Prepared according to general arylation procedure A using amide 165 (26 mg, 0.10 mmol)
and 4-bromophenol (69 mg, 0.40 mmoal). Purified by flash column chromatography (0 — 50%
EtOAc in petrol) to give the product as a yellow solid (25 mg, 0.071 mmol, 71%).

M.p 198 — 200 °C; [a]o*® +20.2 (¢ = 1, CHCls); Vmax (film/cm™) 3327 (OH), 2950 (CH), 2809
(CH), 1651 (CO); *H NMR (600 MHz, CDCls) & 8.35 (d, J = 4.7 Hz, 1H, pyNCH), 7.96 — 7.88
(m, 2H, PyCCH, NH), 7.65 (td, J = 7.7, 1.6 Hz, 1H, pyCCHCH), 7.29 (d, J = 8.2 Hz, 2H,
HOCCH), 7.24 — 7.19 (m, 1H, pyNCHCH), 6.88 (d, J = 8.1 Hz, 2H, HOCCHCH), 6.16 (s, 1H,
OH), 4.54 — 4.46 (m, 1H, NHCH), 3.28 (dd, J = 11.7, 5.4 Hz, 1H, ArCH), 2.58 — 2.50 (m, 1H,
NHCHCH), 2.24 (ddd, J = 12.9, 7.3, 3.7 Hz, 1H, ArCHCH), 1.99 (dd, J = 13.1, 5.7 Hz, 1H,
ArCHCH,), 1.91 (t, J = 4.6 Hz, 1H, CH.CHCH), 1.28 — 1.23 (m, 1H, NHCHCH_), 1.07 (d, J =
1.6 Hz, 6H, 2 x CHs), 1.03 (s, 3H, CHs); **C NMR (151 MHz, CDCl3) & 164.9 (C), 154.9 (C),
149.6 (C), 147.9 (CH), 136.9 (CH), 133.3 (C), 130.0 (CH), 125.7 (CH), 121.7 (CH), 116.1
(CH), 54.7 (CH), 53.7 (C), 50.9 (C), 46.8 (CH), 43.7 (CH), 36.9 (CHy), 32.9 (CH,), 20.3
(CHs), 20.0 (CHgs), 13.8 (CHs); LRMS (ES) 351.2 ([M+H]); HRMS found (ES) [M+H]*
351.2055, C,2H26N202+H requires 351.2072.

N-7-(4-Methoxyphenylbicycle[2.2.1]heptan-2-yl)picolinamide 212

O—

H —
N
N

0]
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Prepared according to general arylation procedure A using amide 166 (22 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 50%
EtOAc in petrol) to give the product as a white solid (26 mg, 0.081 mmol, 81%).

M.p 99 — 101 °C; vmax (film/cm™) 3377 (NH), 2947 (CH), 2862 (CH), 1660 (C=0), 1507 (CC),
1028 (C-O); *H NMR (600 MHz, CDCls) & 8.23 (ddd, J = 4.7, 1.6, 0.9 Hz, 1H, pyNCH), 8.04
(dt, J =7.8, 1.0 Hz, 1H, pyCCH), 7.73 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.34 (d, J = 8.7
Hz, 1H, NH), 7.28 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H, pyNCHCH), 7.26 — 7.23 (m, 2H, OCCHCH),
6.86 — 6.83 (m, 2H, OCCH), 4.12 (td, J = 9.0, 3.7 Hz, 1H, NHCH), 3.81 (s, 3H, OCHs), 3.02
(s, 1H, ArCH), 2.78 (t, J = 4.1 Hz, 1H, NHCHCH), 2.73 (d, J = 4.4 Hz, 1H, NHCHCH,CH),
1.97 (dd, J = 13.5, 8.6 Hz, 1H, NHCHCH,), 1.83 (it, J = 12.0, 4.4 Hz, 1H, CH,CHCH,CH,),
1.75 (ddd, J = 14.5, 9.2, 5.6 Hz, 2H, NHCHCH,;, NHCHCHCH,), 1.51 — 1.46 (m, 1H,
CH,CHCH,CHy), 1.36 (ddd, J = 11.9, 9.5, 4.2 Hz, 1H, NHCHCHCHy,); **C NMR (151 MHz,
CDCls) 6 162.8 (C), 158.0 (C), 150.1 (C), 147.6 (CH), 137.0 (CH), 132.3 (C), 129.3 (CH),
125.7 (CH), 121.8 (CH), 114.2 (CH), 55.4 (CHs), 52.9 (CH), 52.3 (CH), 47.2 (CH), 38.2 (CH),
38.1 (CH,), 28.9 (CH,), 28.2 (CH,); LRMS (ES) 323.2 ([M+H]*) 645.4 ([2M+H]*); HRMS
found (ES) [M+H]*323.1762, C,0H22N202+H requires 323.1760.

Data in accordance with literature!!3

N-7-(4-Fluorophenyl)bicyclo[2.2.1]heptan-2-yl)picolinamide 213
F

ZT

Prepared according to general arylation procedure A using amide 166 (22 mg, 0.10 mmol)
and 4-iodofluorobenzene (46 pl, 0.40 mmol). Purified by flash column chromatography (0 —
50% EtOACc in petrol) to give the product as an off-white solid (26 mg, 0.084 mmol, 84%).

M.p 125 — 128 °C; Vmax (film/cm™) 3362 (NH), 2951 (CH), 2871 (CH), 1667 (CO), 1506 (CC),
1219 (CF): *H NMR (600 MHz, CDCls) & 8.26 (d, J = 4.6 Hz, 1H, pyNCH), 8.04 (d, J = 7.8
Hz, 1H, pyCCH), 7.74 (t, J = 7.7 Hz, 1H, CCHCH), 7.33 — 7.23 (m, 4H, NH, pyNCHCH,
FCCH), 6.98 (t, J = 8.7 Hz, 2H, FCCHCH), 4.11 (td, J = 8.9, 3.8 Hz, 1H, NHCH), 3.03 (s, 1H,
ArCH), 2.79 (s, 1H, NHCHCH), 2.75 (d, J = 4.2 Hz, 1H, NHCHCH,CH), 1.99 (dd, J = 13.3,
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8.6 Hz, 1H, NHCHCH,), 1.84 (tt, J = 12.0, 4.4 Hz, 1H, CH,CHCH,CH,), 1.79 — 1.69 (m, 2H,
NHCHCHCH,, NHCHCHy), 1.54 - 1.47 (m, 1H, CH,CHCH,CH,), 1.40 — 1.34 (m, 1H,
NHCHCHCH,); *C NMR (151 MHz, CDCl;) 6 162.8 (C), 161.5 (d, J = 244.0 Hz, C), 160.7
(C), 149.8 (C), 147.8 (CH), 137.1 (CH), 136.0 (C), 136.0 (CH), 129.9 (d, J = 7.8 Hz, CH),
125.9 (CH), 121.8 (CH), 115.5 (d, J = 21.1, C), 52.8 (CH), 52.4 (CH), 47.4 (CH), 38.1 (CH),
38.1 (CH,), 28.9 (CH,), 28.1 (CH,); LRMS (ES) 311.2 ([M+H]*); HRMS found (ES) [M+H]*
311.1557, C19H19N,OF+H requires 311.1560.

N-7-(1-Tosyl-1H-indol-5-yl)bicyclo[2.2.1]heptan-2-yl)picolinamide 214

Prepared according to general arylation procedure A using amide 166 (22 mg, 0.10 mmol)
and 5-iodo-1-tosyl-1H-indole (159 mg, 0.40 mmol). Purified by flash column chromatography
(0 — 50% EtOAc in petrol) to give the product as a white solid (42 mg, 0.086 mmol, 86%).

M.p 149 — 151 °C; vmax (film/cm™) 3330 (NH), 2960 (CH), 2919 (CH), 1663 (CO), 1517 (CC),
1365 (S0); *H NMR (600 MHz, CDCl3) 6 7.97 (dd, J = 7.2, 1.7 Hz, 1H, H8), 7.91 (d, J = 8.6
Hz, 1H, H13), 7.79 (d, J = 8.4 Hz, 2H, HTs), 7.68 — 7.64 (m, 2H, H9, H10), 7.54 (t, J = 4.3
Hz, 1H, H16), 7.50 (s, 1H, H14), 7.31 (d, J = 8.7 Hz, 1H, H12), 7.27 (d, J = 5.8 Hz, 1H, NH),
7.21 (d, J = 8.3 Hz, 2H, HTs), 7.16 — 7.12 (m, 1H, H11), 6.54 (d, J = 3.6 Hz, 1H, H15), 4.12
(td, J = 9.0, 3.6 Hz, 1H, H2), 3.12 (s, 1H, H7), 2.84 (d, J = 3.7 Hz, 1H, H4), 2.80 (d, J = 4.3
Hz, 1H, H1), 2.33 (s, 3H, CHs), 1.99 (dd, J = 13.3, 8.5 Hz, 1H, H3), 1.85 (it, J = 12.1, 4.3 Hz,
1H, H6), 1.79 — 1.71 (m, 2H, H3, H5), 1.54 — 1.48 (m, 1H, H6), 1.38 (ddd, J = 13.6, 9.5, 4.2
Hz, 1H, H5); *C NMR (151 MHz, CDCls;) 6 162.8 (C), 149.6 (C), 147.7 (CH), 145.0 (C),
136.8 (CH), 135.5 (C), 135.4 (C), 133.5 (C), 131.4 (C), 130.0 (CH), 127.0 (CH), 126.4 (CH),
125.6 (CH), 125.2 (CH), 121.5 (CH), 121.0 (CH), 113.8 (CH), 109.2 (CH), 53.0 (CH), 52.8
(CH), 47.3 (CH), 38.3 (CH), 38.2 (CH.), 28.9 (CH.), 28.2 (CH), 21.7 (CHs); HRMS found
(ES) [M+H]*486.1830, CzsH27N.O3S+H requires 486.1852.
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N-2-(4-Methoxyphenyl)adamantan-1-yl)methyl)picolinamide 218
MeO H ~ |
N X

N

Prepared according to general arylation procedure A using amide 168 (27 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol), reaction time extended to 48 h. Purified using 0—40%
EtOAc in petrol to give the product as a colourless oil (28 mg, 0.074 mmol, 74%)

Vmax (film/cm) 3389 (NH), 2902 (CH), 2850 (CH), 1675 (CO); *H NMR (600 MHz, CDCls) &
8.56-8.52 (m, 1H, pyNCH), 8.14 (d, J = 7.8 Hz, 1H, pyCCH), 7.94 (s, 1H, NH), 7.82 (td, J =
7.7, 1.7 Hz, pyCCHCH), 7.47-7.43 (m, 2H, OCCHCH), 7.40 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H,
pyNCHCH), 6.90-6.85 (m, OCCH), 3.81 (s, 3H, OCHs), 3.26 (dd, J = 13.7, 7.6 Hz, 1H,
NCH;), 2.95 (dd, J = 13.7, 5.8 Hz, 1H, NCH>), 2.89 (s, 1H, ArCH), 2.25 (t, J = 12.2 Hz, 1H),
2.21 (d, J= 13.3 Hz, 1H), 2.14 (d, J = 14.0 Hz, 1H), 2.08-2.05 (m, 1H), 1.92 (s, 1H), 1.91-
1.83 (m, 2H), 1.81-1.75 (m, 2H), 1.72 (dd, J = 12.5, 1.7 Hz, 2H), 1.59-1.54 (m, 2H); 3C
NMR (151 MHz, CDCls) & 164.5 (C), 158.1 (C), 150.2 (C), 148.1 (CH), 137.4 (CH), 136.4
(C), 130.6 (CH), 126.0 (CH), 122.3 (CH), 113.9 (CH), 55.3 (CH3), 53.9 (CH.), 48.5 (C), 43.8
(CH), 40.1 (CH), 38.1 (CH), 37.7 (CH), 35.5 (CH,), 35.4 (CH,), 31.1 (CH,), 28.9 (CH,), 28.0
(CH,); HRMS found (ES) [M + H]* 377.2222, Cp4H2sN,0,+H requires 377.2224.

Scale up arylation procedure and recovery of aryl bromide

A tube was charged with a picolinamide (258 mg, 1.0 mmol, 1 eq), CuBr; (22 mg, 0.1 mmol,
10 mol%), Pd(OAc), (11 mg, 0.05 mmol, 5 mol%), CsOAc (767 mg, 4.0 mmol), tAmOH
(2.0 ml) and 2-bromaobenzonitrile (728 mg, 4.0 mmol, 4 eq). The tube was sealed with a
PTFE lined cap and heated to 140 °C for 24 hours. The reaction mixture was then cooled
and filtered through a pad of Celite®, washing with EtOAc. The filtrate was concentrated in
vacuo and the resulting crude residue purified by flash column chromatography (0 — 50 %
EtOAc in petrol), to give the arylated product (262 mg, 0.73 mmol, 73%) and 3.12 mmol (568

mg) of recovered aryl bromide.
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(+/-) N-1-(((4-Methoxybenzyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-
yl)methyl)picolinamide 225

Iz
Z

/O

Prepared according to general arylation procedure A, using amide 158a (27 mg, 0.10 mmal)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography 0 — 20%
EtOAc in petral) to give the product as a viscous oil (33 mg, 0.087 mmol, 87%).

Vmax (film/cm) 3392 (NH), 2919 (CH), 2850 (CH), 1672 (CO), 1524 (CC); 'H NMR (700
MHz, CDClI;3) 6 8.53 — 8.49 (m, 1H, pyNCH), 8.19 (dt, J = 7.8, 1.1 Hz, 1H, pyCCH), 7.86 (s,
1H, NH), 7.83 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.40 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H,
pyNCHCH), 7.24 — 7.19 (m, 2H, OCCHCH), 6.83 — 6.78 (m, 2H, OCCH), 3.83 — 3.79 (m, 1H,
NHCHy), 3.77 (s, 3H, OCHg), 3.64 (ddd, J = 13.2, 11.4, 6.9 Hz, 1H, NHCH,), 2.79 (d, J =
14.5 Hz, 1H, ArCH,), 2.61 (d, J = 14.5 Hz, 1H, ArCH,), 1.88 (tt, J = 11.0, 5.5 Hz, 1H,
NHCH,CH), 1.77 — 1.68 (m, 4H, NHCH,CHCH,CHCH,CH,), 1.54 (dd, J = 12.1, 9.4 Hz, 1H,
NHCH,CHCH,), 1.22 - 1.19 (m, 1H, CHCCH.CH,), 1.13 (dd, J = 6.6, 2.9 Hz, 1H,
CHCCH,CH,), 1.12 (s, 3H, CHa), 0.87 (s, 3H, CHa); *C NMR (176 MHz, CDCls) & 164.4 (C),
157.8 (C), 150.2 (C), 148.1 (CH), 137.4 (CH), 132.0 (C), 131.1 (CH), 126.1 (CH), 122.3
(CH), 113.6 (CH), 55.3 (CHg), 51.4 (C), 48.6 (C), 46.1 (CH), 45.5 (CH), 43.5 (CH,), 36.8
(CHy), 35.1 (CHy), 33.3 (CHy), 27.4 (CH>), 21.4 (CHs), 21.1 (CHs); HRMS found (ES) [M+H]*
379.2371, C24H30N202+H requires 379.2380.

N-1-(4-Methoxybenzyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-yl)methyl)picolinamide 227

Prepared according to general arylation procedure A, using amide 158b (27 mg, 0.20 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography 0 — 20%
EtOAc in petrol) to give the product as a viscous oil (25 mg, 0.066 mmol, 66%).
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Vmax (film/cm™) 3391 (NH), 2922 (CH), 2851 (CH), 1671 (CO), 1511 (CC); *H NMR (700
MHz, CDCl;) 6 8.53 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.18 (dt, J = 7.8, 1.1 Hz, 1H,
pyCCH), 7.88 (s, 1H, NH), 7.83 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.40 (ddd, J = 7.6, 4.8,
1.2 Hz, 1H, pyNCHCH), 7.16 — 7.12 (m, 2H, OCCHCH), 6.82 — 6.79 (m, 2H, OCCH), 3.77 (s,
3H, OCHs), 3.22 (ddd, J = 12.9, 11.1, 6.9 Hz, 1H, NHCH,), 3.09 (ddd, J = 12.9, 4.7, 3.6 Hz,
1H, NHCH,), 2.69 (d, J = 13.9 Hz, 1H, ArCHy), 2.63 (d, J = 13.9 Hz, 1H, ArCH), 2.18 (ddd, J
=7.9, 6.4, 2.9 Hz, 1H, NHCH,CH), 2.06 — 2.00 (m, 1H, CHCH,CH), 1.80 — 1.74 (m, 1H,
CHCH:CHy), 1.63 (ddd, J = 11.7, 5.2, 2.5 Hz, 2H, CHCH,CH,), 1.56 (t, J = 4.5 Hz, 1H,
CH,CHCHy), 1.23 — 1.20 (m, 1H, CHCH,CH,), 0.96 (dd, J = 12.4, 4.1 Hz, 1H, CHCH.CH),
0.90 (s, 3H, CHs), 0.89 (s, 3H, CHa); **C NMR (176 MHz, CDCl3) 6 164.3 (C), 158.0 (C),
150.3 (C), 148.1 (CH), 137.4 (CH), 132.2 (C), 131.0 (CH), 126.1 (CH), 122.3 (CH), 113.6
(CH), 55.3 (CHg), 51.4 (C), 50.0 (C), 45.8 (CH), 42.8 (CH), 42.6 (CH,), 36.9 (CH,), 35.6
(CHy), 28.2 (CH,), 27.7 (CHs), 19.9 (CHjs), 19.3 (CHs); HRMS found (ES) [M+H]* 379.2384,
C24H31N20,2+H requires 379.2386.

Removal of the picolinamide auxiliary
Reaction performed in an air atmosphere.

Water (2.0 ml) and HCI (0.50 ml, 12 M) were added to a solution of picolinamide (0.20 mmol,
1 eq) in THF (2.0 ml) and the solution stirred for 5 minutes. Zinc dust (196 mg, 3.0 mmol, 15
eq) was added portionwise over half an hour and the resulting suspension stirred for 16
hours. The reaction mixture was filtered through Celite®, and saturated NaHCO3 (50 ml) was
added to the filtrate. The organic layer was extracted with CHCIl; (3 x 30 ml), and the
combined organic layers were washed with aqueous HCI (1 M, 50 ml). Saturated aqueous
NaHCO; was added to the aqueous layer to adjust the pH to ~8, and the product extracted
into CHCIs. The organic layer was washed with water (20 ml), brine (20 ml), dried over

MgSO, and concentrated to give the free amine.

(1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-amine 230

NH,
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Yellow oil; 42 mg, 0.16 mmol, 81%; [a]o*® +14.6 (c = 0.5, CHCl3); Vmax (film/cm™) 2981 (CH),
2948 (CH), 1512 (CC); *H NMR (600 MHz, CDCls) & 7.31 (d, J = 8.6 Hz, 2H, OCCHCH),
6.86 (d, J = 8.7 Hz, 2H, OCCH), 3.80 (s, 3H, OCH), 3.21 (dd, J = 11.6, 5.7 Hz, 1H, ArCH),
3.10 (dd, J = 10.5, 6.2 Hz, 1H, NH.CH), 2.43 — 2.36 (m, 1H, NH,CHCH,), 2.22 — 2.16 (m,
1H, ArCHCH,), 1.94 (dd, J = 13.1, 5.9 Hz, 1H, ArCHCH,), 1.82 (t, J = 4.7 Hz, 1H,
CH,CHCH,), 1.13 — 1.10 (m, 1H, NH,CHCH,), 1.02 (s, 3H, CHs), 1.01 (s, 3H, CHs), 0.91 (s,
3H, CHs); *C NMR (151 MHz, CDCls) & 158.0 (C), 134.8 (C), 129.5 (CH), 114.0 (CH), 58.6
(CH), 55.4 (CHs), 53.4 (C), 51.0 (C), 46.6 (CH), 43.4 (CH), 39.0 (CH,), 32.9 (CH.), 20.6
(CHs), 19.8 (CHs), 13.6 (CHs); LRMS (ES) 260.2 ([M+H]); HRMS found (ES) [M+H]*
260.2012, C17H2sNO+H requires 260.2014.

7-(4-Methoxyphenol)bicyclo[2.2.1]heptan-2-amine 231

N

NH,

Yellow ail; 32 mg, 0.15 mmol, 74%; Vmax (film/cm™) 2946 (CH), 1832 (CH), 1510 (CC) 1244
(CO); *H NMR (600 MHz, CDCl;) & 7.26 (d, J = 8.7 Hz, 2H, OCCHCH), 6.83 (d, J = 8.5 Hz,
2H, OCCH), 3.78 (s, 3H, OCHs), 2.88 (s, 1H, ArCH), 2.82 (s, 1H, NH.CH), 2.69 (m, 1H,
NH.CH,CH), 2.50 (d, J = 2.6 Hz, 1H, NH,CHCH), 1.83 (dd, J = 12.8, 8.2 Hz, 1H,
NH.CHCH,), 1.72 (s, 1H, NH,CHCHCH,), 1.68 — 1.61 (m, 1H, NH,CHCHCH,CH,), 1.56 —
1.38 (m, 3H, NH,CH_, NH,), 1.25 — 1.21 (m, 2H, NH,CHCHCH,CH,); **C NMR (151 MHz,
CDCls) 6 157.7 (C), 133.0 (C), 129.4 (CH), 113.9 (CH), 57.1 (CH), 55.3 (CHs), 51.8 (CH),
49.7 (CH), 40.7 (CHz), 38.1 (CH), 28.8 (CH), 28.7 (CH2); LRMS (ES) 218.65 ([M+H]");
HRMS found (ES) [M+H]*218.1555, C14H1sNO+H requires 218.1514.
N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yI)-3-
methylpicolinamide 233

Prepared according to general arylation procedure A using amide 232 (26 mg, 0.10 mmol)

and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 30%
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EtOAc in petrol) to give the product as a white solid; 36 mg, 0.097 mmol 97% (aryl iodide);
37 mg, 0.098 mmol, 98% (aryl bromide).

M.p 128 — 130 °C; [a]o** +5.93 (c = 0.3, CHCI3); *H NMR (700 MHz, CDCls) & 8.02 (ddd, J =
4.6, 1.6, 0.5 Hz, 1H, pyNCH), 7.72 (d, J = 9.0 Hz, 1H, NH), 7.44 — 7.39 (m, 1H,
pyNCHCHCH), 7.34 (d, J = 8.5 Hz, 2H, OCCHCH), 7.14 (dd, J = 7.7, 4.6 Hz, 1H,
pyNCHCH), 6.87 (d, J = 8.8 Hz, 2H, OCCH), 4.47 (dddd, J = 11.3, 9.3, 6.0, 2.0 Hz, 1H,
NHCH), 3.77 (s, 3H, OCHs), 3.28 (dd, J = 11.9, 4.5 Hz, 1H, ArCH), 2.60 (s, 3H, ArCHs), 2.54
(dddd, J = 13.4, 11.4, 5.0, 3.3 Hz, 1H, NHCHCH)), 2.24 (it, J = 12.5, 3.9 Hz, 1H, ArCHCH,),
1.99 (dd, J = 13.1, 5.8 Hz, 1H, ArCHCH,), 1.91 (t, J = 4.7 Hz, CH,CHCH,), 1.24 (dd, J =
12.0, 4.7 Hz, 1H, NHCH,), 1.09 (s, 3H, CHs), 1.08 (s, 3H, CHs), 1.05 (s, 3H, CHs); **C NMR
(176 MHz, CDCl3) 6 166.3 (C), 158.1 (C), 147.5 (C), 144.9 (CH), 140.3 (CH), 134.7 (C),
134.0 (C), 129.9 (CH), 125.0 (CH), 114.4 (CH), 55.3 (CHs), 54.1 (CH), 53.8 (C), 50.9 (C),
47.0 (CH), 43.7 (CH), 37.1 (CH,), 33.0 (CH>), 20.5 (CHs), 20.3 (CHs), 20.0 (CHs), 13.8 (CHz3);
HRMS found (ES) [M+H]*379.2383, C,4H30N-O,+H requires 379.2386.

N-(3-(4-fluorophenyl)cyclohexyl)picolinamide 238

ZT

F

Prepared according to the general arylation procedure B using picolinamide 160 (40 mg,
0.20 mmol) and 4-fluoroiodobenzene (92 pl, 0.80 mmol) at 130 °C. Purified by flash column
chromatography (0 — 40 % EtOAc in petrol) Product was further purified by recrystalisation
from hot petrol/CHCI; to give the product as a white crystalline solid (48 mg, 0.16 mmoal,
80%).

M.p 96 — 99 °C; Vmax (film/cm™) 3354 (NH), 2932 (CH), 2857 (CH), 1650 (CO), 1525 (CC); *H
NMR (500 MHz, CDCls) & 8.53 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.20 (dt, J = 7.8, 1.1
Hz, 1H, pyCCH), 7.97 (d, J = 8.1 Hz, 1H, NH), 7.90 — 7.77 (m, 1H, pyCCHCH), 7.46 — 7.36
(m, 1H, pyNCHCH), 7.23 — 7.12 (m, 2H, FCCHCH), 7.04 — 6.90 (m, 2H, FCCH), 4.12 (tdt, J
= 12.3, 8.3, 4.0 Hz, 1H, NHCH), 2.72 (i, J = 12.3, 3.3 Hz, 1H, ArCH), 2.32 — 2.23 (m, 1H,
CHCH,CH), 2.19 — 2.11 (m, 1H, NHCHCH,CH,), 2.00 — 1.93 (m, 1H, CH,CH,CH,), 1.93 —

175



1.87 (m, 1H, ArCHCH,CH,), 1.59 (qt, J = 13.2, 3.5 Hz, 1H, CH.CH.CH,), 1.47 — 1.29 (m, 3H,
CyH); *C NMR (126 MHz, CDCls) & 163.1 (C), 161.0 (d, J = 243.5 Hz, C), 149.8 (C), 147.7
(CH), 141.6 (d, J = 3.1 Hz, C), 137.1 (C), 127.8 (d, J = 7.8 Hz, CH), 125.8 (CH), 121.9 (CH),
114.8 (d, J = 21.0 Hz, CH), 48.4 (CH), 42.1 (CH), 40.7 (CH,), 33.09 (CH.), 32.4 (CH.), 24.8
(CH,); HRMS found (ESI) [M+H]* 299.1554, C1sH1oN,O+H requires 299.1557.

N-((1S,3R)-3-(4-Fluorophenyl)cyclohexyl)-3-methylpicolinamide 236

Prepared according to general arylation procedure A or B, using amide 235 (44 mg, 0.20
mmol) and 4-iodoanisole (188 mg, 0.80 mmol). Purified by flash column chromatography (0
— 20% EtOAc in petrol) to give the product as a colourless ail.

A (45 mg, 1.44 mmol, 72%)

B (57 mg, 1.84 mmol, 91%)

Vimax (film/cm™) 3329 (NH), 2981 (CH), 2862 (CH), 1651 (CO), 1515 (CC); *H NMR (400
MHz, CDCl;) 6 8.36 (dd, J = 4.6, 1.1 Hz, 1H, pyNCH), 8.06 (d, J = 8.2 Hz, 1H, NH), 7.57
(ddd, J=17.8, 1.5, 0.7 Hz, 1H, pyNCHCHCH), 7.29 (dd, J = 7.7, 4.6 Hz, 1H, pyNCHCH), 7.19
—7.13 (m, 2H, FCCHCH), 6.99 — 6.92 (m, 2H, FCCH), 4.07 (tdt, J = 12.1, 8.2, 3.9 Hz, 1H,
NHCH), 2.79 — 2.65 (m, 4H, ArCHs, ArCH), 2.29 — 2.21 (m, 1H, CHCH,CH), 2.13 (d, J =12.4
Hz, 1H, CyH), 1.95 (ddt, J = 13.2, 6.5, 3.3 Hz, 1H, CyH), 1.91 — 1.85 (m, 1H, CyH), 1.58 (qt,
J = 13.1, 3.4 Hz, 1H, CyH), 1.45 — 1.30 (m, 3H, CHCH,CH, CyH); *C NMR (176 MHz,
CDCls) 6 165.2 (C), 161.4 (d, J = 243.5 Hz, C), 147.4 (C), 145.4 (CH), 142.1 (d, J = 3.1 Hz,
C), 141.1 (CH), 135.6 (C), 128.3 (d, J = 4.3 Hz, CH), 125.7 (CH), 115.2 (d, J = 20.1 Hz, CH),
48.7 (CH), 42.8 (CH), 41.2 (CH2), 33.6 (CH), 32.9 (CH2), 25.3 (CH), 20.7 (CHs); HRMS
(ES) m/z [M + H]+ found 313.13715, C19H20N,OF+H requires 313.1716.

N-((3-(4-Methoxyphenyl)cyclohexyl)-3-methylpicolinamide 237
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Prepared according to general arylation procedure B, using amide 235 (44 mg, 0.20 mmol)
and 4-iodoanisole (188 mg, 0.80 mmol) at 130 °C. Purified by flash column chromatography
(0 — 20% EtOACc in petroal) to give the product as a colourless oil (55 mg, 0.170 mmol, 85%).

Vimax (film/cm™) 3379 (NH), 2924 (CH), 2861 (CH), 1675 (CO), 1512 (CC); *H NMR (700
MHz, CDCls) 6 8.36 (dd, J = 4.6, 1.0 Hz, 1H, pyNCH), 8.12 — 7.99 (m, 1H, NH), 7.56 (ddd, J
=7.7, 1.6, 0.7 Hz, 1H, pyNCHCHCH), 7.28 (dd, J = 7.7, 4.6 Hz, 1H, pyNCHCH), 7.15 - 7.11
(m, 2H, OCCHCH), 6.86 — 6.80 (m, 2H, OCCH), 4.07 (tdt, J = 12.1, 8.2, 4.0 Hz, 1H, NHCH),
3.78 (d, J = 4.1 Hz, 3H, OCHg), 2.74 (s, 3H, ArCHs), 2.68 (tt, J = 12.2, 3.3 Hz, 1H, ArCH),
2.25 (dtd, J = 9.3, 3.5, 1.8 Hz, 1H, CyH), 2.13 (dd, J = 7.2, 5.3 Hz, 1H, CyH), 1.97 — 1.91 (m,
1H, CyH), 1.91 — 1.86 (m, 1H, CyH), 1.62 — 1.52 (m, 1H, CyH), 1.46 — 1.34 (m, 2H, CyH),
1.34 — 1.27 (m, 1H, CyH); **C NMR (176 MHz, CDCl;) & 165.2 (C), 158.0 (C), 147.6 (C),
145.4 (CH), 141.0 (CH), 138.7 (C), 135.6 (C), 127.8 (CH), 125.6 (CH), 113.9 (CH), 55.4
(CHs), 48.8 (CH), 42.5 (CH), 41.3 (CHy), 33.7 (CH), 33.0 (CH,), 25.4 (CH,), 20.7 (CHs);
HRMS (ES) m/z [M + H]+ found 325.1916, CxH23N.O,+H requires 325.1916.

When prepared according to general arylation procedure A yield was 84%. Determined

using 1,3,5-trimethoxybenzene as the internal standard.

N-3-(4-Fluorophenyl)cyclohexyl)-5-(trifluoromethyl)picolinamide 240
F _~_CF3
HoNT
N N

0]

Prepared according to general arylation procedure B using amide 239 (54 mg, 0.20 mmol)
and 4-fluoroiodobenzene (92 pl, 0.80 mmol). Purified by flash column chromatography (0 —
30% EtOAc in petroal) to give the product as a yellow oil (48 mg, 0.127 mmol, 63%).

Vmax (film/cm™) 3382 (NH), 2930 (CH), 2856 (CH), 1679 (CO), 1524 (CC); *H NMR (400
MHz, CDCls) & 8.82 — 8.77 (m, 1H), 8.33 (d, J = 8.2 Hz, 1H), 8.09 (dd, J = 8.2, 1.6 Hz, 1H),
7.92 (d, J = 8.2 Hz, 1H, NH), 7.20 — 7.13 (m, 2H, FCCHCH), 6.98 (ddd, J = 10.8, 5.9, 2.6 Hz,
2H, FCCH), 4.20 — 4.04 (m, 1H, NHCH), 2.79 — 2.67 (m, 1H, ArCH), 2.27 (d, J = 12.3 Hz,
1H, CyH), 2.15 (d, J = 12.5 Hz, 1H, CyH), 2.01 — 1.87 (m, 2H, CyH), 1.66 — 1.58 (m, 1H,
CyH), 1.48 — 1.32 (m, 3H, CyH); **C NMR (176 MHz, CDCls) & 162.1 (C), 161.5 (d, J = 243.8
Hz), 153.1 (d, J = 1.1 Hz, C), 145.2 (g, J = 3.8 Hz, CH), 141.8 (d, J = 3.1 Hz, C), 134.9 (q, J
= 3.4 Hz, CH), 128.8 (q, J = 33.3 Hz, C), 128.2 (d, J = 7.8 Hz, CH), 123.3 (q, J = 272.7 Hz,
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C), 122.2 (CH), 115.3 (d, J = 21.0 Hz, CH), 49.1 (CH), 42.5 (CH), 41.2 (CH.), 33.4 (CH.),
32.8 (CHa), 25.2 (CH.); HRMS found (ES) [M+H]* 367.1431, CioH:sN:OFs+H requires
367.1433.

N-((2,6-Bis(4-methoxyphenyl)cyclohexyl)methyl)picolinamide 243

A sealed tube was charged with amide 159 (43 mg, 0.20 mmaol, 1 eq), Pd(OAc). (2.2 mg,
0.01 mmol, 5 mol%), CuBr; (4.4 mg, 0.02 mmol, 10 mol%), CsOAc (154 mg, 0.8 mmaol,
4 eq), 4-iodoanisole (281 mg, 1.2 mmol, 6 eq) and 3-methyl-3-pentanol (0.2 ml). The mixture
was heated at 150 °C for 24 hours, cooled and filtered through Celite®, washing with EtOAc.
The crude product was purified by flash Column chromatography (10 — 70 % EtOAc in

petrol) to give the title compound as a white solid (60 mg, 0.13 mmol, 65%).

Vmax (film/cm™) 3377 (NH), 2926 (CH), 2856 (CH), 1666 (CO), 1509 (CC); *H NMR (600
MHz, CDCls) § 8.21 (d, J = 4.7 Hz, 1H, pyNCH), 7.88 (d, J = 7.8 Hz, 1H, pyCCH), 7.67 (td, J
= 7.7, 1.7 Hz, 1H, pyCCHCH), 7.24 (ddd, J = 7.4, 4.8, 1.0 Hz, 1H, pyNCHCH), 7.20 (d, J =
8.6 Hz, 4H, OCCHCH), 6.78 — 6.73 (m, 4H, OCCiH), 6.72 (s, 1H, NH), 3.64 (s, 6H, OCHs),
3.33 (t, J = 5.8 Hz, 2H, NHCH,), 3.14 (dt, J = 12.7, 3.5 Hz, 2H, ArCH), 2.51 — 2.47 (m, 1H,
NHCH,CH), 2.17 — 2.12 (m, 1H, ArCHCH,CH,), 1.91 (dtd, J = 23.5, 13.0, 3.4 Hz, 4H,
ArCHCH,), 1.63 — 1.56 (m, 1H, ArCHCH,CH,); *C NMR (151 MHz, CDCl;) & 163.2 (C),
158.0 (C), 149.8 (C), 147.4 (CH), 136.74 (C), 136.69 (CH), 128.1 (CH), 125.7 (CH), 121.5
(CH), 113.9 (CH), 55.1 (CHzs), 48.2 (CH), 46.2 (CH), 34.4 (CH,), 26.7 (CHy), 24.8 (CH>);
LRMS (CI NHs) 431.24 ([M+H]*); HRMS found (Cl NHs) [M+H]* 431.2250, Cz7H3oN20s+H
requires 431.2251.
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N-((2-(4-Methoxyphenyl)cyclohexyl)methyl)picolinamide 244

Colourless oil (10 mg, 0.032 mmol, 16%)

Vmax (film/cm™) 3389 (NH), 2922 (CH), 2851 (CH), 1671 (CO), 1510 (CC); 'H NMR (600
MHz, CDCls) & 8.49 (d, J = 4.3 Hz, 1H, pyNCH), 8.12 (t, J = 7.1 Hz, 1H, pyCCH), 7.81 (td, J
=7.7, 1.6 Hz, 2H, pyCCHCH, NH), 7.39 (ddd, J = 7.5, 4.8, 1.1 Hz, 1H, NCHCH), 7.17 - 7.14
(m, 2H, OCCHCH), 6.84 (t, J = 5.7 Hz, 2H, OCCH), 3.77 (s, 3H, OCHj3), 3.27 — 3.22 (m, 1H,
NHCHy), 3.15 — 3.10 (m, 1H, NHCH,), 2.28 (td, J = 11.6, 3.2 Hz, 1H, ArCH), 2.00 (d, J =
13.3 Hz, 1H, CyH), 1.86 — 1.78 (m, 4H, NHCH.CH, CyH), 1.52 — 1.45 (m, 1H, CyH), 1.39 —
1.33 (m, 2H, CyH), 1.20 (m, 1H, CyH); *C NMR (151 MHz, CDCls) 6 164.2 (C), 158.2 (C),
150.2 (C), 137.8 (CH), 137.2 (CH), 128.4 (C) 128.3 (CH), 126.0 (CH), 122.2 (CH), 114.2
(CH), 55.3 (CHs), 48.4 (CH), 43.9 (CH), 43.4 (CHz), 36.0 (CH2), 31.2 (CH), 26.8 (CHy), 26.2
(CHz); LRMS (ClI NHs) 325.20 ([M+H]*); HRMS found (ClI NHs) [M+H]* 325.1910,
C20H24N20,+H requires 325.1911.

IR and mass spec as a mixture of isomers

Minor isomer 245

minor

Key NMR peaks for the identification of the minor isomer and stereochemistry

IH NMR (600 MHz, CDCl3) & 3.77 (s, 2H), 3.70 (ddd, J = 13.6, 9.4, 8.1 Hz, 1H), 3.02 (dt, J =
13.7, 4.8 Hz, 1H), 2.95 (dt, J = 11.8, 3.8 Hz, 1H), 2.21 (dd, J = 8.9, 4.6 Hz, 1H).
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N-(3-(4-Methoxyphenyl)cycloheptyl)picolinamide 248
74
\
(0] \N
NH

/O

Prepared according to general arylation procedure B, using amide 162 (109 mg, 0.50 mmal)
and 4-iodoanisole (468 mg, 2.0 mmol). Purified by flash column chromatography (0 — 30%
EtOAc in petrol) to give the product as a colourless oil (30 mg, 0.154 mmol, 31%). Mixture of
diastereoisomers d.r = 92:8

Vmax (film/cm) 3372 (NH), 2925 (CH), 2872 (CH), 1661 (CO), 1509 (CC); *H NMR (700
MHz, CDCls) & 8.52 (t, J = 9.1 Hz, 1H, pyNCH), 8.17 (d, J = 6.5 Hz, 1H, pyCCH), 8.01 (t, J =
12.6 Hz, 1H, NH), 7.82 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.42 — 7.36 (m, 1H, pyNCHCH),
7.13 — 7.09 (m, 2H, OCCHCH), 6.82 — 6.79 (m, 2H, OCCH), 4.28 — 4.22 (m, 1H, NHCH),
3.77 (s, 3H, OCHs), 2.85 — 2.80 (m, 1H, ArCH), 2.19 — 2.11 (m, 2H, CHCH,CH and CHb,),
1.96 (ddd, J = 13.4, 7.2, 4.0 Hz, 1H, CH,), 1.85 (dt, J = 13.2, 11.2 Hz, 1H, CHCH,CH), 1.81
— 1.63 (m, 6H, CH,); 3C NMR (176 MHz, CDCls) & 163.0 (C), 157.8 (C), 150.3 (C), 148.1
(CH), 141.2 (C), 137.4 (CH), 127.6 (CH), 127.6 (CH), 126.1 (CH), 122.3 (CH), 114.0 (CH),
113.9 (CH), 55.4 (CHs), 50.2 (CH), 44.4 (CH), 42.8 (CH,), 37.1 (CH,), 35.2 (CH,), 26.5
(CH,), 23.9 (CH,); HRMS (ES) m/z [M + H]+ found 325.1916, CaoHrsN,Ox+H requires
325.1916.

N-(3-(4-methoxyphenyl)cycloheptyl)-3-methylpicolinamide 255
O—

0]

Prepared according to general arylation procedure B using amide 252 (116 mg, 0.50 mmol)
and 4-iodoanisole (468 mg, 2.0 mmol). Purified by flash column chromatography (5 — 25%
EtOAc in petral) to give the product as a yellow oil (65 mg, 0.192 mol, 38%).

Vmax (film/cm) 3379 (NH), 2927 (CH), 2851 (CH), 1666 (CO), 1506 (CC); *H NMR (700
MHz, CDCls) & 8.34 (ddd, J = 4.6, 1.6, 0.5 Hz, 1H, pyNCH), 8.11 (d, J = 8.2 Hz, 1H, NH),
7.56 — 7.53 (m, 1H, pyNCHCHCH), 7.26 (dd, J = 7.7, 4.6, 1H, pyNCHCH), 7.13 — 7.10 (m,
2H, OCCHCH), 6.82 — 6.79 (m, 2H, OCCH), 4.23 — 4.15 (m, 1H, NHCH), 3.77 (s, 3H,
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OCH,), 2.85 — 2.80 (m, 1H, ArCH), 2.72 (s, 3H, ArCHs), 2.18 — 2.10 (m, 2H, CH,), 1.98 —
1.93 (m, 1H, CH,), 1.88 — 1.82 (m, 1H, CH,), 1.81 — 1.66 (m, 6H, CH,); **C NMR (176 MHz,
CDCls) 6 164.8 (C), 157.8 (C), 147.6 (C), 145.4 (CH), 141.3 (C), 141.0 (CH), 135.5 (C),
127.6 (CH), 125.6 (C), 113.9 (CH), 55.4 (CHj3), 50.0 (CH), 44.5 (CH), 43.0 (CH,), 37.1 (CH,),
35.2 (CHp), 26.4 (CH,), 24.0 (CH:), 20.7 (CHs); HRMS found (ES) [M+H]* 339.2061,
C21H26N20,+H requires 339.2067.

tert-Butyl 2-(4-methoxyphenyl)-4-(picolinamido)piperidine-1-carboxylate 257 and tert-
butyl 2,6-bis(4-methoxyphenyl)-4-(picolinamido)piperidine-1-carboxylate 258
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Prepared according to general arylation procedure A, using amide 256 (92 mg, 0.30 mmol)
and 4-iodoanisole (282 mg, 1.2 mmol). Purified by flash column chromatography (5 — 40%
EtOAc in petrol) to give the separated monoarylated (yellow oil, 26 mg, 0.063 mmol, 21%)
and diarylated (colourless ail, 29 mg, 0.057 mmol, 19%) products.

Monoarylation 257

Vmax (film/cm™) 3374 (NH), 2961 (CH), 2845 (CH), 1699 (CO), 1662 (CO), 1513 (CC); *H
NMR (400 MHz, CDCls) 6 8.21 — 8.18 (m, 1H, pyNCH), 8.04 (d, J = 7.8 Hz, 1H, pyCCH),
7.87 (s, 1H, NH), 7.75 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.31 (ddd, J = 7.6, 4.7, 1.2 Hz,
1H, pyNCHCH), 7.14 (d, J = 8.1 Hz, 2H, OCCHCH), 6.87 — 6.82 (m, 2H, OCCH), 5.38 (s,
1H, ArCH), 4.43 —4.35 (m, 1H, NHCH), 4.19 — 4.11 (m, 1H, NCH,), 3.78 (s, 3H, OCHs), 3.32
—3.21 (m, 1H, NCHy), 2.45 (d, J = 14.4 Hz, 1H, ArCHCH>), 2.30 — 2.22 (m, 1H, ArCHCH,),
2.00 — 1.92 (m, 1H, NCH,CH,), 1.82 (s, 1H, NCH,CHy), 1.42 (s, 9H, C(CHa)3); **C NMR (176
MHz, CDCl;) & 163.7 (C), 158.3 (C), 156.8 (C), 149.7 (C), 148.0 (CH), 137.8 (CH), 137.0
(C), 128.1 (CH), 126.4 (CH), 122.5 (CH), 113.7 (CH), 80.3 (C), 55.8 (CH), 55.4 (CHa), 42.9
(CHy), 43.3 (CH), 35.6 (CH,), 34.6 (CH.), 28.3 (CHs); HRMS found (ES) [M+H]* 412.2240,
Ca3H29N304+H requires 412.2236
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Diarylation 258

Vimax (film/cm™) 3352 (NH), 2991 (CH), 2872 (CH), 1695 (CO), 1669 (CO), 1511 (CC); *H
NMR (400 MHz, CDCls) 6 8.53 (d, J = 4.2 Hz, 1H, pyNCH), 8.20 (d, J = 7.8 Hz, 1H, pyCCH),
8.12 (d, J = 8.1 Hz, 1H, NH), 7.86 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.44 (ddd, J = 6.4,
4.8, 1.1 Hz, 1H, pyNCH), 7.20 (d, J = 8.6 Hz, 4H, OCCHCH), 6.85 — 6.79 (m, 4H, OCCH),
5.28 —5.20 (m, 2H, ArCH), 4.46 (dd, J = 14.9, 6.6 Hz, 1H, NHCH), 3.79 (d, J = 6.8 Hz, 6H,
OCHs), 2.54 — 2.42 (m, 2H, NHCHCH,), 2.15 (dt, J = 14.1, 8.7 Hz, 2H, NHCHCH,), 1.24 (s,
9H, C(CHa)3); **C NMR (176 MHz, CDCl3) 6 163.7 (C), 158.3 (C), 156.8 (C), 149.7 (C), 148.0
(CH), 137.8 (CH), 137.0 (C), 128.1 (CH), 126.4 (CH), 122.5 (CH), 113.7 (CH), 80.3 (C), 55.8
(CH), 55.4 (CHs), 43.3 (CH), 35.6 (CHy), 28.3 (CHs); HRMS found (ES) [M+H]*518.2613,
C30H35N305+H requires 518.2610.

N-(2-(4-methoxyphenyltetrahydro-2H-pyran-4-yl)picolinamide 260
0]
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Prepared according to general arylation procedure B, using amide 259 (42 mg, 0.20 mmol)
and 4-iodoanisole (188 mg, 0.80 mmol) at 150 °C. Purified by flash column chromatography
(5 — 40% EtOAc in petrol) to give the product as a colourless ail (47 mg, 0.15 mmol, 75%).

Vimax (film/cm) 3376 (NH), 2950 (CH), 2836 (CH), 1668 (CO), 1514 (CC), 1247 (CO); 'H
NMR (400 MHz, CDCls) & 8.53 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.20 (dt, J = 7.9, 1.1
Hz, 1H, pyCCH), 7.99 (d, J = 8.1 Hz, 1H, NH), 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.42
(ddd, J = 7.6, 4.8, 1.2 Hz, 1H, pyNCHCh), 7.32 — 7.26 (m, 2H, OCCHCH), 6.90 — 6.84 (m,
2H, OCCH), 4.44 (dd, J = 11.3, 1.9 Hz, 1H, ArCH), 4.36 (tdd, J = 12.4, 8.1, 4.3 Hz, 1H,
NHCH), 4.21 (ddd, J = 11.8, 4.7, 1.5 Hz, 1H, OCHy), 3.79 (s, 3H, OCHs), 3.74 (td, J = 12.2,
2.1 Hz, 1H, OCHy), 2.27 (ddt, J = 12.7, 4.1, 2.0 Hz, 1H, OCHCHy), 2.06 (ddd, J = 12.7, 4.2,
2.2 Hz, 1H, OCH,CH,), 1.76 — 1.66 (m, 1H, OCH,CH,), 1.63 — 1.59 (m, 1H, OCHCH,); **C
NMR (176 MHz, CDCls) & 163.6 (C), 159.2 (C), 149.9 (C), 148.1 (CH), 137.6 (CH), 134.3
(C), 127.3 (CH), 126.4 (CH), 122.5 (CH), 113.9 (CH), 78.6 (CH), 67.3 (CH.), 55.4 (CHs),
46.7 (CH), 40.5 (CH), 32.9 (CH.); HRMS found (ES) [M+H]* 313.1552, CigH2oN.O3s+H
requires 313.1552.
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N-(2-(4-Methoxyphenyl)tetrahydro-2H-pyran-4-yl)-3-methylpicolinamide 263
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Prepared according to general arylation procedure B, using amide 262 (44 mg, 0.20 mmol)
and 4-iodoanisole (188 mg, 0.80 mmol) at 150 °C. Purified by flash column chromatography
(5 — 40% EtOAc in petrol) to give the product as a yellow oil (55 mg, 0.17 mmol, 85%).

Vmax (film/cm*) 3371 (NH), 2951 (CH), 2835 (CH), 1663 (CO), 1507 (CC), 1244 (CO); 'H
NMR (400 MHz, CDCls) 6 8.37 (dd, J = 4.6, 1.1 Hz, 1H, pyNCH), 8.11 (d, J = 8.0 Hz, 1H,
NH), 7.59 (ddd, J = 7.8, 1.6, 0.7 Hz, 1H, pyNCHCHCH), 7.33 — 7.25 (m, 3H, pyNCHCH and
OCCHCH), 6.89 — 6.84 (m, 2H, OCCH), 4.43 (dd, J =11.3, 1.9 Hz, 1H, ArCH), 4.37 — 4.25
(m, 1H, NHCH), 4.21 (ddd, J = 11.8, 4.7, 1.5 Hz, 1H, OCH), 3.79 (s, 3H, OCHj3), 3.73 (td, J
= 12.1, 2.1 Hz, 1H, OCH,), 2.74 (s, 3H, ArCHs), 2.27 (ddt, J = 12.7, 4.1, 2.0 Hz, 1H,
OCHCHy), 2.05 (ddd, J = 12.7, 4.2, 2.0 Hz, 1H, OCH,CH,), 1.75 — 1.65 (m, 1H, OCH,CHy),
1.65 — 1.55 (m, 1H, OCHCHy); **C NMR (176 MHz, CDCls) & 165.3 (C), 159.2 (C), 147.1 (C),
145.4 (CH), 141.2 (CH), 135.7 (C), 134.4 (C), 127.3 (CH), 125.8 (CH), 113.9 (CH), 78.7
(CH), 67.3 (CHy), 55.4 (CHgs), 46.5 (CH), 40.7 (CH.), 32.9 (CH,), 20.7 (CHs); HRMS found
(ES) [M+H]*327.1698, C19H22N,O3+H requires 327.1709.

6.2 Experimental for Chapter 3

6.2.1 Synthesis of substituted picolinamides

4-methyl-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 273

Prepared according to general amidation procedure A, using R-(+)-bornylamine (77 mg, 0.50
mmol) and 4-methylpicolinic acid (82 mg, 0.60 mmol). Purified by flash column
chromatography (0 — 30% EtOAc in petrol) to give the product as a colourless oil (74 mg,
0.27 mmol, 54%).

[a]o2* +4.20 (¢ = 1, CHCLs): Vmax (film/cm™) 3384 (NH), 2952 (CH), 2880 (CH), 1673 (CO),
1516 (CC); *H NMR (500 MHz, CDCls) & 8.40 (d, J = 4.9 Hz, 1H, pyNCH), 8.26 — 8.10 (m,
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1H, NH), 8.04 — 8.00 (m, 1H, pyCCHC), 7.25 — 7.19 (m, 1H, pyNCHCH), 4.43 (dddd, J =
11.5, 9.6, 4.6, 2.3 Hz, 1H, NHCH), 2.46 — 2.39 (m, 4H, ArCHs, NHCHCHy), 1.87 — 1.78 (m,
1H, CH,CH,CH), 1.74 — 1.67 (m, 2H, CH,CH,CH), 1.43 (dqd, J = 14.9, 4.8, 2.5 Hz, 1H,
CH,CH,CH), 1.36 — 1.28 (m, 1H, CH,CH,CH), 1.06 — 0.96 (m, 4H, CHs, NHCHCH,), 0.90 (s,
3H, CHs), 0.87 (s, 3H, CHs); *C NMR (126 MHz, CDCl) & 164.2 (C), 149.7 (C), 148.4 (C),
147.5 (CH), 126.5 (CH), 122.8 (CH), 53.5 (CH), 49.6 (C), 47.9 (C), 44.7 (CH), 37.2 (CHy),
28.1 (CHy), 27.8 (CHy), 20.8 (CHa), 19.6 (CHa), 18.5 (CHs), 13.5 (CHs); HRMS found (ES)
[M+H]* 273.1966, C17H24N,O+H requires 273.1961.

5-Methyl-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 276

Prepared according to general amidation procedure A, using R-(+)-bornylamine (77 mg, 0.50
mmol) and 5-methylpicolinic acid (82 mg, 0.60 mmol). Purified by flash column
chromatography (0 — 30% EtOAc in petrol) to give the product as a colourless oil (118 mg,
0.43 mmol, 87%).

[a]o* +4.00 (c = 0.7, CHCI3); *H NMR (700 MHz, CDCls) & 8.36 — 8.34 (m, 1H, pyNCH), 8.14
(d, J = 8.5 Hz, 1H, NH), 8.07 (d, J = 6.9 Hz, 1H, pyNCCH), 7.63 — 7.61 (m, 1H, pyCHsCCH),
4.42 (dddd, J = 11.5, 9.5, 4.6, 2.3 Hz, 1H, NHCH), 2.44 — 2.37 (m, 4H, ArCHs and
NHCHCH,), 1.85 — 1.78 (m, 1H, CCH,), 1.72 — 1.67 (m, 2H, CCH,CH, and CH,CHCH,),
1.42 (dddd, J = 14.2, 12.2, 4.6, 2.3 Hz, 1H, CCH,CH,), 1.34 — 1.29 (m, 1H, CCH,), 1.01 (s,
3H, CHs), 0.98 (dd, J = 13.4, 4.6 Hz, 1H, NHCHCH>), 0.90 (s, 3H, CHs), 0.86 (s, 3H, CHs);
3C NMR (176 MHz, CDCl;) 6 164.6 (C), 148.6 (CH), 147.9 (C), 137.8 (CH), 136.2 (C), 121.9
(CH), 53.9 (CH), 50.0 (C), 48.4 (C), 45.2 (CH), 37.7 (CH,), 28.6 (CH,), 28.3 (CH,), 20.0
(CHs), 18.9 (CHz3), 18.7 (CHa), 13.9 (CHs); HRMS found (ES) [M+H]* 273.1966, C17H24N,O+H
requires 273.1961.
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3-(Trifluoromethyl)-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide
270
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Prepared according to general amidation procedure A, using R-(+)-bornylamine (77 mg, 0.50
mmol) and 3-trifluoromethylpicolinic acid (115 mg, 0.60 mmal). Purified by flash column
chromatography (0 — 5% MeOH in DCM) to give the product as an off-white solid (131 mg,
0.40 mmol, 80%).

M.p 95 — 96 °C; [a]p®* +5.20 (¢ = 1, CHCl); Vmax (film/cm™) 3043 (NH), 3078 (CH), 2943
(CH), 1690 (CO), 1513 (CC); *H NMR (500 MHz, CDCls) 6 8.77 —8.72 (m, 1H, pyNCH), 8.16
(d, J = 8.0 Hz, 1H, pyNCHCH), 7.73 (d, J = 8.4 Hz, 1H, NH), 7.56 (dd, J = 8.0, 4.8 Hz, 1H,
CF3;CCH), 4.45 (tdd, J = 9.6, 4.5, 2.2 Hz, 1H, NHCH), 2.45 (ddt, J = 14.1, 11.1, 3.9 Hz, 1H,
NHCHCH,), 1.82 (tq, J = 12.2, 4.1 Hz, 1H, CH,CH,CH), 1.73 (t, J = 4.5 Hz, 1H, CH,CHCH,),
1.65 (ddd, J = 13.8, 9.4, 4.4 Hz, 1H, CH,CH.CH), 1.50 — 1.40 (m, 1H, CH.CH.CH), 1.28
(ddd, J = 13.4, 9.3, 4.5 Hz, 1H, CH,CH,CH), 1.03 — 0.99 (s, 3H, CHg3), 0.97 (dd, J = 13.5, 4.6
Hz, 1H, NHCHCH,), 0.90 (m, 6H, 2 x CHs); *3C NMR (126 MHz, CDCl;) & 162.9 (C), 150.2
(CH), 149.5 (C), 135.9 (g, J = 6.4 Hz, CH), 125.6 (g, J = 34.3 Hz, C), 123.7 (CH), 122.6 (q, J
= 273.1 Hz, C), 53.8 (CH), 49.6 (C) , 48.0 (C), 44.7 (CH), 37.2 (CH,), 28.1 (CHy), 27.8 (CHy>),
19.5 (CHs), 18.3 (CHs), 13.4 (CHs); HRMS found (ES) [M+H]* 327.1670, Ci7H21:N;OFs+H
requires 327.1679.

5-(Trifluoromethyl)-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide
279

Prepared according to general amidation procedure A, using R-(+)-bornylamine (154 mg, 1.0
mmol) and 5-trifluoromethylpicolinic acid (230 mg, 1.2 mmol). Purified by flash column
chromatography (20% EtOAc in petral) to give the product as a white solid (298 mg, 0.916
mmol, 92%).
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M.p 78 — 80 °C; [a]o2* +9.00 (c = 0.8, CHCls); Vmax (film/cmt) 3375 (NH), 2939 (CH), 2889
(CH), 1670 (CO), 1552 (CC); *H NMR (700 MHz, CDCls) & 8.84 (s, 1H, pyNCH), 8.33 (d, J =
8.1 Hz, 1H, CFsCCHCH), 8.14 (d, J = 8.2 Hz, 1H, NH), 8.09 (d, J = 8.1 Hz, 1H, pyCCHCH),
4.43 (ddd, J = 11.2, 4.2, 2.2 Hz, 1H, NHCH), 2.48 — 2.40 (m, 1H, NHCHCH), 1.84 (ddd, J =
16.5, 8.4, 4.0 Hz, 1H, CH,CH,CH), 1.74 (t, J = 4.4 Hz, 1H, CH,CHCH,), 1.66 (dt, J = 9.5, 6.2
Hz, 1H, CH,CH,CH), 1.48 — 1.42 (m, 1H, CH,CH,CH), 1.34 — 1.29 (m, 1H, CH,CH,CH), 1.01
(s, 3H, CHs), 0.98 (dd, J = 13.5, 4.4 Hz, 1H, NHCHCH,), 0.93 — 0.90 (s, 3H, CHs), 0.87 (s,
3H, CHs). 3C NMR (176 MHz, CDCl3) & 162.9 (C), 153.2, 145.3 (g, J = 3.9 Hz, CH), 134.9
(@, J = 3.4 Hz, CH), 128.8 (g, J = 33.2 Hz, C), 123.4 (q, J = 272.7 Hz, C), 122.2 (CH), 54.2
(CH), 50.1 (C), 48.4 (C), 45.1 (CH), 37.7 (CHz), 28.5 (CH,), 28.2 (CH.), 19.9 (CHs), 18.8
(CHs), 13.9 (CH3); HRMS found (ES) [M+H]* 327.1683, C17H22N,OFs+H requires 327.1684.

3-Methoxy-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 282

A solution of R-(+)-bornylamine (154 mg, 1.0 mmol, 1 equiv.) in DMF (1 ml) was added to
DIPEA (209 pl, 1.2 mmol, 1.2 eq), 3-methyl-2-picolinic acid (184 mg, 1.2 mmol,1.2 eq) and
HATU (456 mg, 1.2 mmol, 1.2 eq) in dimethylformamide (0.2 M). The resulting solution was
stirred at room temperature for 16 hours. Saturated aqueous lithium chloride (20 ml) was
added and the aqueous layer was extracted with ethyl acetate (3 x 20 ml). The combined
organic layers were washed with water, sat. ag NaHCO3; (20 ml), dilute ag AcOH (pH 4, 20
ml), brine (20 ml), dried over MgSO, and concentrated. The crude residue was purified by
flash column chromatography (0 — 5% MeOH in DCM) to give the product as a colourless oil
(187 mg, 0.648 mmol, 65%).

[a]o%* +0.96 (C = 0.5, CHCls); Vmax (film/cm™) 3390 (NH), 2950 (CH), 2880 (CH), 1658 (CO),
1508 (CC); *H NMR (700 MHz, CDCls) & 8.20 (dd, J = 4.3, 1.4 Hz, 1H, pyNCH), 7.83 (s, 1H,
NH), 7.38 (dd, J = 8.5, 4.3 Hz, 1H, pyNCHCH), 7.36 (dd, J = 8.5, 1.3 Hz, 1H, pyNCHCHCH),
4.43 (dddd, J = 11.3, 9.2, 4.6, 2.3 Hz, 1H, NHCH), 3.93 (s, 3H, OCHs), 2.45 — 2.38 (m, 1H,
NHCHCH,), 1.83 — 1.77 (m, 1H, CH,CH,CH), 1.69 (t, J = 4.5 Hz, 1H, CH,CHCH,), 1.66
(ddd, J = 13.8, 9.5, 4.4 Hz, 1H, CH,CH,CH), 1.45 — 1.39 (m, 1H, CH,CH.CH), 1.29 — 1.25
(m, 1H, CH.CH,CH), 1.00 (s, 3H, CHs), 0.94 (dd, J = 13.4, 4.6 Hz, 1H, NHCHCH,), 0.90 (s,
3H, CHs), 0.87 (s, 3H, CHs); **C NMR (176 MHz, CDCls) § 164.3 (C), 156.0 (C), 140.1 (CH),
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139.6 (C), 126.8 (CH), 120.8 (CH), 56.2 (CHs), 53.7 (CH), 49.8 (C), 48.3 (C), 45.2 (CH), 37.8
(CH_), 28.6 (CH,), 28.4 (CH,), 20.0 (CHs), 18.9 (CHs), 14.0 (CHs).

4-Methoxy-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 284

HN

7

o)

Prepared according to general amidation procedure A, using R-(+)-bornylamine (154 mg, 1.0
mmol) and 4-methoxypicolinic acid (184 mg, 1.2 mmol). Purified by flash column
chromatography (20% EtOAc in petrol) to give the product as a colourless oil (250 mg, 0.867

mmol, 87%).

[a]o?* -7.00 (¢ = 0.4, CHCla); Vmax (film/cm™) 3384 (NH), 2952 (CH), 2880 (CH), 1672 (CO),
1509 (CC); *H NMR (700 MHz, CDCls) & 8.35 (d, J = 5.6 Hz, 1H, pyNCH), 8.20 (d, J = 8.5
Hz, 1H, NH), 7.73 (s, 1H, pyCCHC), 6.90 (dd, J = 5.2, 2.1 Hz, 1H, pyNCHCH), 4.44 — 4.39
(m, 1H, NHCH), 3.91 (s, 3H, OCHs), 2.45 — 2.39 (m, 1H, NHCHCH,), 1.81 (tt, J = 12.4, 4.0
Hz, 1H, CH,CH,CH), 1.72 (t, J = 4.5 Hz, 1H, CH,CHCH,), 1.71 — 1.67 (m, 1H, CH,CH,CH),
1.43 (ddd, J = 13.9, 4.4, 2.2 Hz, 1H, CH,CH,CH), 1.34 — 1.29 (m, 1H, CH,CH,CH), 1.01 (s,
3H, CHs), 0.99 (dd, J = 13.5, 4.4 Hz, 1H, NHCHCH,), 0.91 (s, 3H, CHs), 0.87 (s, 3H, CHa);
13C NMR (176 MHz, CDCls) 6 167.1 (C), 164.3 (C), 152.4 (C), 149.3 (CH), 113.0 (CH), 107.4
(CH), 55.6 (CHs), 54.0 (CH), 50.1 (C), 48.4 (C), 45.2 (CH), 37.6 (CH,), 28.5 (CH,), 28.3
(CHz), 20.0 (CHs), 189 (CHs), 13.9 (CHsz); HRMS found (ES) [M+H]" 289.1912,
C17H25N20,2+H requires 289.1916.

5-Methoxy-N-((1S,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 287

Prepared according to general amidation procedure A, using R-(+)-bornylamine (154 mg, 1.0
mmol) and 5-methoxypicolinic acid (184 mg, 1.2 mmol). Purified by flash column
chromatography (20% EtOAc in petrol) to give the product as a colourless oil (282 mg, 0.978
mmol, 98%).
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[a]o? +10.0 (C = 2.2, CHCls); Vmax (film/cm™) 3390 (NH), 2952 (CH), 2881 (CH), 1667 (CO),
1519 (CC); *H NMR (700 MHz, CDCls) & 8.22 (d, J = 2.2 Hz, 1H, pyNCH), 8.13 (t, J = 7.8 Hz,
1H, pyCCHCH), 7.98 (d, J = 8.6 Hz, 1H, NH), 7.29 — 7.26 (m, 1H, pyCCHCH), 4.44 — 4.38
(m, 1H, NHCH), 3.89 (s, 3H, OCHs), 2.46 — 2.37 (m, 1H, NHCHCH.), 1.86 — 1.78 (m, 1H,
CH,CH,CH), 1.98 (m, 2H, CH,CH,CH) 1.46 — 1.40 (m, 1H, CH,CH,CH), 1.34 — 1.28 (m, 1H,
CH,CH,CH), 1.00 (s, 3H, CHs), 0.97 (dd, J = 13.4, 4.5 Hz, 1H, NHCHCH,), 0.90 (s, 3H,
CH), 0.86 (s, 3H, CHs); 3C NMR (176 MHz, CDCls) & 164.3 (C), 157.8 (C), 143.1 (C), 136.5
(CH), 123.4 (CH), 120.3 (CH), 55.9 (CHs), 53.8 (CH), 50.0 (C), 48.4 (C), 45.2 (CH), 37.7
(CH2), 28.6 (CHz), 28.3 (CH,), 20.0 (CHs), 18.9 (CHs), 13.9 (CHs); HRMS found (ES) [M+H]*
289.1911, C17H25N,0,+H requires 289.1916.

N-((1-Methylcyclohexyl)methyl)picolinamide 296

=
NoH
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Prepared according to general amidation procedure A, using (-

methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 2-picolinic acid (148 mg, 1.2 mmal).
Purified by flash column chromatography (0 — 30% EtOAc in petral) to give the product as a
colourless oil (209 mg, 0.900 mmol, 90%).

Vmax (film/cm™) 3393 (NH), 2925 (CH), 2851 (CH), 1675 (CO), 1527 (CC); *H NMR (700
MHz, CDCls) & 8.54 (d, J = 4.7 Hz, 1H, pyNCH), 8.20 (d, J = 7.81, 1H, pyCCH), 8.17 (b s,
1H, NH) 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.43 — 7.39 (m, 1H, pyNCHCH), 3.33 (d, J
= 6.6 Hz, 2H, NHCH,), 1.58 — 1.52 (m, 2H, CyH), 1.51 — 1.43 (m, 3H, CyH), 1.39 — 1.30 (m,
5H, CyH), 0.97 (s, 3H, CHs); **C NMR (176 MHz, CDCls) & 164.5 (C), 150.2 (C), 148.1 (CH),
137.5 (CH), 126.1 (CH), 122.4 (CH), 49.6 (CH.), 35.6 (CH,), 34.8 (C), 26.4 (CH,), 23.4
(CHa), 22.0 (CH>); HRMS found (ES) [M+H]* 233.1655, C14H20N,O+H requires 233.1654.

3-Methyl-N-((1-methylcyclohexyl)methyl)picolinamide 299
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Prepared according to general Amidation procedure A, using (1-
methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 3-methylpicolinic acid (165 mg, 1.2
mmol). Purified by flash column chromatography (20% EtOAc in petrol) to give the product
as a colourless ail (206 mg, 0.836 mmol, 84%).

Vmax (film/cm) 3390 (NH), 2926 (CH), 2851 (CH), 1672 (CO), 1517 (CC); 'H NMR (700
MHz, CDCls) 6 8.36 (d, J = 4.0 Hz, 1H, pyNCH), 8.22 (s, 1H, NH), 7.55 (d, J = 7.6 Hz, 1H,
pyNCHCHCH), 7.27 (dd, J = 7.7, 4.6 Hz, 1H, pyNCHCH), 3.27 (d, J = 6.5 Hz, 2H, NHCH,),
2.73 (s, 3H, ArCHs), 1.57 — 1.50 (m, 2H, CyH), 1.50 — 1.40 (m, 3H, CyH), 1.38 — 1.28 (m,
5H, CyH), 0.95 (s, 3H, CH,CCHjs); *C NMR (176 MHz, CDCls) 6 166.2 (C), 147.7 (C), 145.5
(CH), 140.9 (CH), 135.5 (C), 125.6 (CH), 49.4 (CHy), 35.7 (CH,), 34.7 (C), 26.5 (CH), 23.4
(CHs), 22.0 (CHy), 20.7 (CHs); HRMS found (ES) [M+H]" 247.1802, Ci5H2N,O+H requires
247.1810.

4-Methyl-N-((1-methylcyclohexyl)methyl)picolinamide 302

0]

Prepared according to general amidation procedure A, using (1-
methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 4-methylpicolinic acid (165 mg, 1.2
mmol). Purified by flash column chromatography (0 — 30 % EtOAc in petrol) to give the
product as a colourless oil (110 mg, 0.447 mmoal, 48%).

Vmax (film/cm™) 3390 (NH), 2924 (CH), 2852 (CH), 1672 (CO), 1526 (CC); *H NMR (700
MHz, CDCls) 6 8.39 (d, J = 4.8 Hz, 1H, pyNCH), 8.14 (s, 1H, NH), 8.03 (s, 1H, pyNCCH),
7.22 (d, J = 4.7 Hz, 1H, pyNCHCH), 3.31 (d, J = 6.6 Hz, 2H, NHCH,), 2.42 (s, 3H, ArCHs),
1.54 (dt, J = 11.3, 5.6 Hz, 2H, CyH), 1.51 — 1.41 (m, 3H, CyH), 1.40 — 1.28 (m, 5H, CyH),
0.97 (s, 3H, CyCHa); **C NMR (176 MHz, CDCls) 6 164.8 (C), 150.0 (C), 148.9 (C), 148.0
(CH), 126.9 (CH), 123.3 (CH), 49.6 (CH,), 35.6 (CH>), 34.8 (C), 26.4 (CH,), 23.4 (CHs), 22.0
(CHy), 21.2 (CHs); HRMS found (ES) [M+H]*247.1814, C15H22N.O+H requires 247.1810.

5-Methyl-N-((1-methylcyclohexyl)methyl)picolinamide 305
O
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Prepared according to general amidation procedure A, using (-
methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 5-methylpicolinic acid (165 mg, 1.2
mmol). Purified by flash column chromatography (10 — 30 % EtOAc in petrol) to give the

product as a colourless oil (201 mg, 0.816 mmoal, 82%).

Vmax (film/cm™) 3396 (NH), 2923 (CH), 2850 (CH), 1675 (CO), 1522 (CC); 'H NMR (700
MHz, CDCIls) 6 8.35 (dd, J = 1.4, 0.7 Hz, 1H, pyNCH), 8.15 — 8.06 (m, 2H, NH, pyNCCH),
7.65 —7.60 (m, 1H, CH3CCHCH), 3.32 (d, J = 6.6 Hz, 2H, NHCH,), 2.39 (s, 3H, ArCHj3), 1.57
- 1.51 (m, 2H, CyH), 1.50 — 1.42 (m, 3H, CyH), 1.39 — 1.30 (m, 5H, CyH), 0.96 (s, 3H,
CCHa); C NMR (176 MHz, CDCl3) & 164.7 (C), 148.6 (CH), 147.8 (C), 137.8 (CH), 136.2
(C), 122.0 (CH), 49.5 (CH,), 35.6 (CH), 34.8 (C), 26.5 (CHy), 23.4 (CHs), 22.0 (CH,), 18.6
(CHs); HRMS found (ES) [M+H]*247.1812, C15H2,N,O+H requires 247.1812.

N-((1-Methylcyclohexyl)methyl)-3-(trifluoromethyl)picolinamide 308
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Prepared according to general amidation procedure A, using (-

methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 3-trifuoromethylpicolinic acid (229
mg, 1.2 mmoal). Purified by flash column chromatography (20 — 40% EtOAc in petrol) to give
the product as an off-white solid (279 mg, 0.929 mmol, 93%).

M.p 76 — 79 °C; Vmax (film/cm) 3308 (NH), 2923 (CH), 2855 (CH), 1645 (CO), 1558 (CC); H
NMR (700 MHz, CDCls) & 8.71 (d, J = 4.5 Hz, 1H, pyCH), 8.15 (d, J = 8.0 Hz, 1H,
pyNCHCHCH), 7.64 (s, 1H, NH), 7.54 (dd, J = 8.0, 4.8 Hz, 1H, pyNCHCH), 3.33 (d, J = 6.6
Hz, 2H, NHCH,), 1.56 — 1.51 (m, 2H, CyH), 1.50 — 1.42 (m, 3H, CyH), 1.38 — 1.29 (m, 5H,
CyH), 0.96 (s, 3H, CHs); *C NMR (176 MHz, CDCls) & 163.6 (C), 150.7 (CH), 150.1 (C),
136.3 (g, J = 5.9, CH), 126.1 (g, J = 34.4 Hz, C), 125.2 (CH), 123.0 (g, J = 273.2 Hz, C),
49.7 (CH,), 35.6 (CH,), 34.7 (C), 26.4 (CH,), 23.4 (CHa), 21.9 (CH,); HRMS found (ES)
[M+H]* 301.1521, CysH1oN;OF3+H requires 301.1528.

N-((1-Methylcyclohexyl)methyl)-5-(trifluoromethyl)picolinamide 311
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Prepared according to general amidation procedure A, using (-
methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 5-trifuoromethylpicolinic acid (229
mg, 1.2 mmol). Purified by flash column chromatography (0 — 30% EtOAc in petrol) to give
the product as an off-white solid (298 mg, 0.992 mmol, 99%).

M.p 75 — 77 °C; Vmax (film/cm™) 3362 (NH), 2919 (CH), 2853 (CH), 1657 (CO), 1529 (CC); 'H
NMR (700 MHz, CDCls) 6 8.82 (s, 1H, pyNCH), 8.34 (d, J = 8.1 Hz, 1H, CF;CCHCH), 8.10
(m, 2H, pyNCCH, NH), 3.34 (d, J = 8.6 Hz, 2H, NHCH,), 1.58 — 1.42 (m, 5H, CyH), 1.41 —
1.29 (m, 5H, CyH), 0.97 (s, 3H, CHjs); **C NMR (176 MHz, CDCl3) 6 163.1 (C), 153.1 (C),
145.3 (q, J = 3.9 Hz, CH), 134.9 (q, J = 3.4 Hz, CH), 128.8 (9, J = 33.3 Hz, C), 123.3(q, J =
272.7 Hz, C), 122.3 (CH), 49.7 (CH), 35.6 (CHy), 34.8 (C), 26.4 (CHy), 23.4 (CHs), 21.9
(CH2); HRMS found (ES) [M+H]*301.1527, C15H2>N,OF3+H requires 301.1528.

4-Methoxy-N-((1-methylcyclohexyl)methyl)picolinamide 315

Prepared according to general amidation procedure A, using (1-
methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 4-methoxypicolinic acid (184 mg,
1.2 mmal). Purified by flash column chromatography (20% EtOAc in petrol) to give the
product as a colourless oil (201 mg, 0.766 mmal, 77%).

Vmax (film/cm) 3385 (NH), 2924 (CH), 2850 (CH), 1674 (CO), 1597 (CC); *H NMR (700
MHz, CDCl;) 6 8.32 (d, J = 5.8 Hz, 1H, pyNCH), 8.21 (s, 1H, NH), 7.73 (s, 1H, pyCCHC),
6.92 — 6.86 (m, 1H, pyNCHCH), 3.89 (s, 3H, OCHj3), 3.30 (d, J = 6.6 Hz, 2H, NHCH,), 1.58 —
1.49 (m, 2H, CyH), 1.49 — 1.40 (m, 3H, CyH), 1.37 — 1.28 (m, 5H, CyH), 0.95 (s, 3H, CCH5);
13C NMR (176 MHz, CDCls) 6 167.1 (C), 164.5 (C), 152.3 (C), 149.2 (CH), 113.1 (CH), 107.5
(CH), 55.6 (CHs), 49.6 (CH,), 35.6 (CH), 34.8 (C), 26.4 (CH,), 23.4 (CHs), 21.9 (CH,);
HRMS found (ES) [M+H]*263.1763, C15H23N,02+H requires 263.1760.
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5-Methoxy-N-((1-methylcyclohexyl)methyl)picolinamide 318

Prepared according to general amidation procedure A, using (1-
methylcyclohexyl)methanamine (127 mg, 1.0 mmol) and 5-methoxypicolinic acid (184 mg,
1.2 mmol). Purified by flash column chromatography (0 — 40% EtOAc in petrol) to give the
product as a colourless oil (222 mg, 0.846 mmol, 85%).

Vmax (film/cm™) 3400 (NH), 2923 (CH), 2848 (CH), 1669 (CO), 1524 (CC); 'H NMR (700
MHz, CDCls) 6 8.20 (d, J = 2.2 Hz, 1H, pyNCH), 8.14 (d, J = 8.6 Hz, 1H, pyCCHCH), 8.05 —
7.88 (br s, 1H, NH), 7.27 (dd, J = 8.7, 2.2 Hz, 1H, pyCCHCH), 3.90 (s, 3H, OCHjs), 3.30 (d, J
= 6.6 Hz, 2H, NHCH,), 1.53 (dt, J = 11.6, 5.8 Hz, 2H, CyH), 1.50 — 1.41 (m, 3H, CyH), 1.38 —
1.29 (m, 5H, CyH), 0.96 (s, 3H, CCHa); *C NMR (176 MHz, CDCl3) & 164.5 (C), 157.9 (C),
143.0 (C), 136.5 (CH), 123.5 (CH), 120.3 (CH), 55.9 (CHg), 49.5 (CH,), 35.6 (CH.), 34.7 (C),
26.5 (CH,), 23.4 (CH3), 22.0 (CH,); HRMS found (ES) [M+H]" 263.1764, Ci5H23N,O.+H
requires 263.1760.

N-(2-Methylbutyl)picolinamide 323
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Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,

1.0 mmol) and 2-picolinic acid (148 mg, 1.2 mmol). Purified by flash column chromatography
(0 — 30% EtOAc in petrol) to give the product as a colourless oil (174 mg, 0.91 mmol, 91%).

Vmax (film/cm™) 3369 (NH), 2971 (CH), 2912 (CH), 2873 (CH), 1661 (CO), 1519 (CC); *H
NMR (700 MHz, CDCls) & 8.45 (d, J = 4.8 Hz, 1H, pyNCH), 8.11 (d, J = 7.8 Hz, 1H, pyCCH),
8.10 — 7.97 (s, 1H, NH), 7.74 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.31 (ddd, J = 7.6, 4.8, 1.0
Hz, 1H, pyNCHCH), 3.35 — 3.29 (m, 1H, NHCH>), 3.21 (dt, J = 13.4, 6.7 Hz, 1H, NHCH,),
1.64 — 1.57 (m, 1H, CH), 1.41 — 1.35 (m, 1H, CHsCH,), 1.16 — 1.10 (m, 1H, CHsCH,), 0.88
(d, J = 6.8 Hz, 3H, CHCHj3), 0.84 (t, J = 7.5 Hz, 3H, CH,CHz3); **C NMR (176 MHz, CDCls) 6
164.4 (C), 150.1 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.2 (CH), 45.1 (CH,), 35.2
(CH), 27.1 (CH,), 17.3 (CHs), 11.4 (CHs); HRMS found (ES) [M+H]* 193.1343, C11H16N,O+H
requires 193.1341.

192



3-Methyl-N-(2-methylbutyl)picolinamide 326
(0]
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Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,
1.0 mmol) and 3-methylpicolinic acid (165 mg, 1.2 mmol). Purified by flash column

chromatography (20% EtOAc in petrol) to give the product as a colourless oil (166 mg, 0.81
mmol, 80%).

Vmax (film/cm™) 3389 (NH), 2962 (CH), 2929 (CH), 2875 (CH), 1667 (CO), 1517 (CC); *H
NMR (700 MHz, CDCls) 6 8.33 (s, 1H, pyNCH), 8.25 —8.12 (b s, 1H, NH), 7.52 (d, J = 7.7
Hz, 1H, pyNCHCHCH), 7.26 — 7.22 (m, 1H, pyNCHCH), 3.36 — 3.31 (m, 1H, NHCH,), 3.20
(ddd, J = 13.4, 9.7, 3.7 Hz, 1H, NHCH,), 2.70 (s, 3H, ArCHs), 1.69 — 1.61 (m, 1H, CH), 1.49
— 1.40 (M, 1H, CHsCH,), 1.22 — 1.17 (m, 1H, CHsCH,), 0.93 (dd, J = 6.8, 1.4 Hz, 3H,
CHCHs), 0.90 (td, J = 7.4, 1.4 Hz, 3H, CH,CHs); **C NMR (176 MHz, CDCls) 6 166.1 (C),
147.6 (C), 145.5 (CH), 140.9 (CH), 135.4 (C), 125.6 (CH), 45.0 (CH,), 35.2 (CH), 27.3 (CHy),
20.7 (CHs), 17.4 (CHs), 11.4 (CHs); HRMS found (ES) [M+H]* 207.1497, Ci2H2sN,O+H
requires 207.1497.

4-Methyl-N-(2-methylbutyl)picolinamide 329
O
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Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,
1.0 mmol) and 4-methylpicolinic acid (165 mg, 1.2 mmol). Purified by flash column
chromatography (20% EtOAc in petrol) to give the product as a colourless oil (180 mg, 0.87
mmol, 87%).

Vmax (film/cm) 3389 (NH), 2960 (CH), 2926 (CH), 1668 (CO), 1523 (CC); 'H NMR (700
MHz, CDCls) 6 8.36 (d, J = 4.8 Hz, 1H, pyNCH), 8.19 — 8.03 (m, 1H, NH), 8.00 (s, 1H,
pyCCHC), 7.19 (d, J = 4.7 Hz, 1H, pyNCHCH), 3.41 — 3.35 (m, 1H, NHCH,), 3.27 (dt, J =
13.4, 6.7 Hz, 1H, NHCH,), 2.39 (s, 3H, ArCHs), 1.71 — 1.63 (m, 1H, CH), 1.49 — 1.42 (m, 1H,
CH3CH), 1.23 — 1.17 (m, CHsCH), 0.94 (d, J = 6.8 Hz, 3H, CHCHs), 0.91 (t, J = 7.5 Hz, 3H,
CH,CHs); *C NMR (176 MHz, CDCls) 6 164.7 (C), 150.0 (C), 148.9 (C), 148.0 (CH), 126.9
(CH), 123.2 (CH), 45.1 (CH,), 35.2 (CH), 27.2 (CHy), 21.2 (CHs), 17.4 (CHg3), 11.4 (CHa);
HRMS found (ES) [M+H]*313.1917, C19H.4N-O,+H requires 313.1916.
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5-Methyl-N-(2-methylbutyl)picolinamide 332
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Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,
1.0 mmol) and 4-methylpicolinic acid (165 mg, 1.2 mmol). Purified by flash column

chromatography (10 — 30% EtOAc in petrol) to give the product as a colourless oil (195 mg,
0.95 mmol, 94%).

Vmax (film/cm) 3394 (NH), 2960 (CH), 2927 (CH), 1667 (CO), 1522 (CC); *H NMR (700
MHz, CDCls) 6 8.34 (d, J = 0.7 Hz, 1H, pyNCH), 8.08 (d, J = 7.9 Hz, 1H, pyNCCH), 8.04 (s,
1H, NH), 7.62 (ddd, J = 7.9, 1.3, 0.7 Hz, 1H, pyNCCHCH), 3.42 — 3.37 (m, 1H, NHCH), 3.27
(dt, J = 13.4, 6.7 Hz, 1H, NHCH_), 2.38 (s, 3H, ArCHs), 1.72 — 1.64 (m, 1H, CH), 1.51 — 1.44
(m, 1H, CHsCH), 1.25 - 1.18 (m, 1H, CHsCH.), 0.96 (dd, J = 6.7, 1.3 Hz, 3H, CHCHg), 0.94
— 0.91 (m, 3H, CH,CHs); *3C NMR (176 MHz, CDCls) & 164.7 (C), 148.6 (CH), 147.8 (C),
137.8 (CH), 136.3 (C), 122.0 (C), 45.1 (CH,), 35.3 (CH), 27.2 (CH), 18.6 (CHs), 17.4 (CHjy),
11.5 (CHs); HRMS found (ES) [M+H]*207.1495, Ci1,H1sN.O+H requires 207.1497.

N-(2-Methylbutyl)-3-(trifluoromethyl)picolinamide 335
O CF,

/\(\N | AN
H N~
Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,
1.0 mmol) and 3-trifluoromethylpicolinic acid (229 mg, 1.2 mmol). Purified by flash column

chromatography (0 — 30% EtOAc in petrol) to give the product as a white solid (229 mg,
0.880 mmol, 88%).

M.p 67 — 70 °C; Vmax (film/cm™) 3282 (NH), 2964 (CH), 2877 (CH), 1670 (CO), 1562 (CC);
IH NMR (700 MHz, CDCl3) & 8.71 (m, 1H, pyNCH), 8.15 (t, J = 6.6 Hz, 1H, pyNCHCH), 7.77
—7.58 (s, 1H, NH), 7.57 — 7.51 (m, 1H, CFsCCH), 3.44 — 3.38 (m, 1H, NHCH,), 3.31 — 3.25
(m, 1H, NHCH_), 1.75 — 1.67 (m, 1H, CHCH3), 1.51 — 1.43 (m, 1H, CHsCH,), 1.27 — 1.19 (m,
1H, CHsCHy), 0.99 — 0.95 (m, 3H, CHCHs), 0.95 — 0.91 (m, 3H, CH.CHs); *C NMR (176
MHz, CDCls) & 163.4 (C), 150.6 (C), 149.9 (CH), 136.3 (g, J = 5.7 Hz, CH), 126.1 (g, J =
33.3 Hz, C), 125.3 (CH), 123.0 (q, J = 273.2 Hz, C), 45.2 (CH_), 35.1 (CH), 27.2 (CH,), 17.3
(CHs), 11.4 (CHs); HRMS found (ES) [M+H]* 261.1212, C1,HisN,OFs+H requires 261.1215.

194



N-(2-Methylbutyl)-5-(trifluoromethyl)picolinamide 338
O

H N~

Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,

CF3

1.0 mmol) and 5-trifluoromethylpicolinic acid (229 mg, 1.2 mmol). Purified by flash column
chromatography (20% EtOAc in petrol) to give the product as a pale-yellow oil (253 mg,
0.972 mmol, 97%).

Vmax (film/cm™®) 3400 (NH), 2963 (CH), 2930 (CH), 2877 (CH), 1670 (CO), 1527 (CC); *H
NMR (700 MHz, CDCls) 6 8.79 (s, 1H, pyNCH), 8.32 (d, J = 8.2 Hz, 1H, CFsCCHCH), 8.09
(m, 2H, NH, CFsCCHCH), 3.45 — 3.39 (m, 1H, NHCH), 3.30 (dt, J = 13.3, 6.6 Hz, 1H,
NHCHz), 1.74 — 1.65 (m, 1H, CH), 1.49 — 1.41 (m, 1H, CHsCH,), 1.26 — 1.20 (m, 1H,
CH3CHy>), 0.95 (d, J = 6.7 Hz, 3H, CHCHz), 0.91 (t, J = 7.4 Hz, 3H, CH,CHs); *C NMR (176
MHz, CDCIls) 6 163.0 (C), 153.1 (C), 145.2 (q, J = 3.8 Hz, CH), 134.9 (g, J = 3.4 Hz, CH),
128.8 (q, J = 33.3 Hz, C), 123.3 (g, J = 272.7 Hz, C), 122.2 (CH), 45.3 (CH>), 35.2 (CH),
27.2 (CHyp), 17.3 (CHa3), 11.4 (CHs); HRMS found (ES) [M+H]* 261.1212, Ci5H:sN,OF3+H
requires 261.1215.

4-Methoxy-N-(2-methylbutyl)picolinamide 342

Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,
1.0 mmol) and 4-methoxypicolinic acid (184 mg, 1.2 mmoal). Purified by flash column
chromatography (0 — 40% EtOAc in petrol) to give the product as a colourless oil (176 mg,
0.792 mmol, 79%).

Vmax (film/cm™) 3387 (NH), 2960 (CH), 2928 (CH), 1667 (CO), 1521 (CC); *H NMR (700
MHz, CDCls) & 8.32 (d, J = 5.3 Hz, 1H, pyNCH), 8.19 — 8.06 (m, 1H, NH), 7.73 (d, J = 2.6
Hz, 1H, pyNCCH), 6.89 (dd, J = 5.6, 2.6 Hz, 1H, pyNCHCH), 3.90 (s, 3H, OCHs), 3.39 (dt, J
= 12.7, 6.2 Hz, 1H, NHCH,), 3.28 (dt, J = 13.4, 6.7 Hz, 1H, NHCH,), 1.68 (oct, J = 6.7 Hz,
1H, CH), 1.49 — 1.44 (m, 1H, CHsCH,), 1.24 — 1.19 (m, 1H, CHsCH,), 0.96 (d, J = 6.7 Hz,
3H, CHCHs), 0.93 (t, J = 7.5 Hz, 3H, CH,CHs); *C NMR (176 MHz, CDCls) & 167.1 (C),
164.4 (C), 152.3 (C), 149.3 (CH), 113.0 (CH), 107.4 (CH), 55.6 (CHs), 45.2 (CH,), 35.2 (CH),
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27.2 (CHy), 17.4 (CHs), 11.5 (CHs); HRMS found (ES) [M+H]* 223.1450, C;,H1sN.O,+H
requires 223.1447.

5-Methoxy-N-(2-methylbutyl)picolinamide 345
(0]

/\(\ N AN
H |

N
/O/

Prepared according to general amidation procedure A, using (2-methylbutyl)amine (87 mg,
1.0 mmol) and 5-methoxypicolinic acid (184 mg, 1.2 mmol). Purified by flash column
chromatography (0 — 30% EtOAc in petrol) to give the product as a colourless oil (169 mg,
0.760 mmol, 76%).

Vmax (film/cm™) 3396 (NH), 2960 (CH), 2929 (CH), 1664 (CO), 1523 (CC); *H NMR (700
MHz, CDCls) 6 8.16 (t, J = 2.5 Hz, 1H, pyNCH), 8.11 (dd, J = 8.6, 2.2 Hz, 1H, pyNCCH),
7.86 (s, 1H, NH), 7.24 (dt, J = 8.7, 2.5 Hz, 1H, pyNCCHCH), 3.86 (s, 3H, OCHs), 3.38 — 3.34
(m, 1H, NHCH,), 3.27 — 3.21 (m, 1H, NHCH2), 1.68 — 1.61 (m, 1H, CH), 1.47 — 1.42 (m, 1H,
CH3CH,), 1.21 — 1.16 (m, 1H, CH3sCH), 0.93 (dd, J = 6.7, 2.3 Hz, 3H, CHCHs), 0.90 (td, J =
7.4, 2.3 Hz, 3H, CH,CHz3); *C NMR (176 MHz, CDCls) 6 164.4 (C), 157.8 (C), 143.0 (C),
136.5 (CH), 123.4 (CH), 120.2 (CH), 55.8 (CHs), 45.1 (CH,), 35.3 (CH), 27.2 (CH,), 17.4
(CH3), 11.4 (CHg); HRMS found (ES) [M+H]*223.1444, C1,H:9N,O,+H requires 223.1447.

N-Isobutylpicolinamide 351

Prepared according to general amidation procedure A, using isobutylamine (0.2 ml, 2.0
mmol) and 2-picolinic acid (295 mg, 2.4 mmol) Purified by flash column chromatography

(20% EtOAc in petrol) to give the product as a colourless oil (322 mg, 1.81 mmol, 90%).

Vmax (Solid/cm™) 3351 (NH), 2973 (CH), 2879 (CH), 1668 (CO), 1508 (CC); *H NMR (700
MHz, CDCl;) 6 8.54 (ddd, J = 4.8, 1.6, 0.9 Hz, 1H, pyNCH), 8.20 (dt, J = 7.8, 1.0 Hz, 1H,
pyCCH), 8.18 — 8.06 (s, 1H, pyNH), 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.41 (ddd, J =
7.6, 4.8, 1.2 Hz, 1H, pyCHCH), 3.33 — 3.28 (m, 2H, CH,), 1.92 (non, J = 6.7 Hz, 1H, CH),
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0.99 (d, J = 6.7 Hz, 6H, CHs); *C NMR (176 MHz, CDCls) & 164.4 (C), 150.2 (C), 148.1
(CH), 137.5 (CH), 126.1 (CH), 122.4 (CH), 46.9 (CH,), 28.9 (CH), 20.3 (CHs); HRMS found
(ES) [M+H]* 179.1180, C10H1uN,O+H requires 179.1184.

N-Isobutyl-3-methylpicolinamide 352
=
i L)
N X
N
P

Prepared according to general amidation procedure A, using isobutylamine (0.2 ml, 2.0
mmol) and 3-methylpicolinic acid (330 mg, 2.4 mmol). Purified by flash column
chromatography (20% EtOAc in petrol) to give the product as a colourless oil (355 mg, 1.85
mmol, 92%).

Vmax (solid/cm™) 3353 (NH), 2986 (CH), 2871 (CH), 1663 (CO), 1511 (CC); 'H NMR (700
MHz, CDCls) 6 8.37 (d, J = 4.5 Hz, 1H, pyNCH), 8.18 (s, 1H, NH), 7.60 — 7.53 (m, 1H,
pyCCH), 7.30 — 7.26 (m, 1H, pyNCHCH), 3.27 — 3.23 (m, 2H, CH,), 2.74 (s, 3H, ArCHs),
1.91 (dp, J = 20.1, 6.7 Hz, 1H CH), 1.00 — 0.96 (m, 6H, CHCHs); **C NMR (176 MHz, CDCl5)
0 166.1 (C), 147.6 (C), 145.5 (CH), 140.9 (CH), 135.5 (C), 125.6 (CH), 46.8 (CH,), 28.8
(CH), 20.7 (CHs), 20.4 (CHs); HRMS found (ES) [M+H]* 193.1341, C;;:Hi1sN.O+H requires
193.1341.

6.2.2 Arylation of substituted picolinamides

N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)-4-
methylpicolinamide 274

Prepared according to general arylation procedure A, using amide 273 (26 mg, 0.1 mmol)
and 4-bromoanisole (50 ul, 0.4 mmol). Purified by flash column chromatography (0 — 30 %
EtOAc in petral) to give the product as colourless oil (32 mg, 0.085 mmol, 85%).
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Vmax (film/cm™) 3360 (NH), 2927 (CH), 2853 (CH), 1665 (CO), 1509 (CC); *H NMR (700
MHz, CDCls) 6 8.05 (d, J = 4.9 Hz, 1H, pyNCH), 7.77 (s, 1H, pyCCHC), 7.69 (d, J = 9.0 Hz,
1H, NH), 7.35 (d, J = 8.4 Hz, 2H, OCCHCH), 7.07 (dd, J = 4.9, 0.8 Hz, 1H, pyNCHCH), 6.88
(d, J = 8.8 Hz, 2H, OCCH), 4.49 (dddd, J = 11.3, 9.2, 6.0, 1.9 Hz, 1H, NHCH), 3.79 (s, 3H,
OCHa), 3.29 (dd, J = 11.7, 5.1 Hz, 1H, ArCH), 2.59 — 2.50 (m, 1H, NHCHCH,), 2.33 (s, 3H,
ArCHs), 2.24 (tt, J = 12.6, 3.8 Hz, 1H, ArCHCH,), 2.04 — 1.98 (m, 1H, ArCHCH,), 1.92 (t, J =
4.6 Hz, 1H, CH,CHCH,), 1.26 (dd, J = 13.0, 6.3 Hz, 1H, NHCHCH,), 1.09 (s, 3H, CHa), 1.08
(s, 3H, CHs), 1.05 (s, 3H, CHa); **C NMR (176 MHz, CDCIls) & 164.8 (C), 158.2 (C), 149.9
(C), 148.2 (C), 147.4 (CH), 133.9 (C), 129.8 (CH), 126.4 (CH), 122.6 (CH), 114.5 (CH), 55.3
(CHas), 54.5 (CH), 53.9 (C), 50.9 (C), 46.9 (CH), 43.7 (CH), 37.0 (CHy), 32.9 (CH,), 21.2
(CH3), 20.3 (CHs), 20.0 (CHs), 13.8 (CHsz); HRMS found (ES) [M+H]" 379.2375,
C24H30N202+H requires 379.2386.

N-((1S,2S,4R,6S)-1-(4-Methoxybenzyl)-6-(4-methoxyphenyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl)-4-methylpicolinamide 275 and N-((1S,2S,4R,6S)-6-
(4-methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)-4-methylpicolinamide 274

NZ i N=
HN N | O HN N |
: a
0]

O [mono] \ [dij O—

Prepared according to general arylation procedure A using amide 273 (26 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 30 %
EtOAc in petrol) to give the title compounds as the mono aryl product and a mixture of mono
and diarylated products; ratio in crude mono:di 88:12.

Isolated material overall (39 mg, 97%).

Mono (27 mg, 0.071 mmol, 71%)
Mixture (10 mg) Mono 0.016 mmol 16%; Di 0.010 mmol, 10%

'H NMR (700 MHz, CDCls) 5 8.07 (d, J = 8.9 Hz, 1H, NH) 8.08 — 8.04 (m, 1H, PyNCH)*,
7.89 — 7.87 (m, 1H, pyNCHCH), 7.45 (d, J = 8.6 Hz, 2H, OCCHCH), 7.11 — 7.09 (m, 1H,
pyNCCH), 7.08 — 7.04 (m, 2H, OCHCCH), 6.93 (d, J = 8.7 Hz, 2H, OCCH), 6.78 — 6.75 (m,
2H, OCCH), 4.79 — 4.72 (m, 1H, NHCH), 3.85 (s, 3H, OCHs), 3.74 (s, 3H, OCH), 3.50 (dd, J
= 12.0, 5.4 Hz, 1H, ArCH), 3.06 (d, J = 14.3 Hz, 1H, ArCH,), 2.82 (d, J = 14.3 Hz, 1H,
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ArCH,), 2.59 — 2.51 (m, 1H, NHCHCH,), 2.36 (d, J = 6.9 Hz, 3H, ArCHs), 2.28 — 2.21 (m, 1H,
ArCHCH>)*, 1.97 (dd, J = 13.1, 5.7 Hz, 1H, ArCHCH,) 1.71 (t, J = 4.6 Hz, 1H, CH,CHCH,),
1.28 — 1.25 (m, 1H, NHCHCH,)*, 1.19 (s, 3H, CHa), 0.58 (s, 3H, CHs); *C NMR (176 MHz,
CDCls) 6 164.8, 158.5, 158.0, 150.0, 148.2, 147.5, 133.2, 130.8, 130.3, 129.8, 126.5, 122.7,
114.6, 113.6, 55.4, 55.3, 51.0, 50.7, 49.0, 45.6, 36.8, 35.4, 33.5, 21.2, 21.0, 20.4.

*Peaks overlapping with monoarylation compound.

N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)-5-
methylpicolinamide 277

N/
HN NN |

o<

Prepared according to general arylation procedure A using amide 276 (26 mg, 0.10 mmol)
and 4-bromoanisole (50 pl, 0.40 mmoal). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a colourless oil (26 mg, 0.0687 mmol, 69%).

[0]o2* -10.0 (¢ = 0.1, CHCls); Vimax (film/cm™) 3367 (NH), 2927 (CH), 2851 (CH), 1669 (CO),
1513 (CC); *H NMR (700 MHz, CDCls) & 8.01 (dd, J = 1.4, 0.7 Hz, 1H, pyNCH), 7.83 (d, J =
7.9 Hz, 1H, pyCHsCCH), 7.63 (d, J = 9.0 Hz, 1H, NH), 7.49 — 7.46 (m, 1H, pyNCCH), 7.35
(d, J = 8.4 Hz, 2H, OCCHCH), 6.89 (d, J = 8.8 Hz, 2H, OCCH), 4.48 (dddd, J = 11.3, 9.3,
6.0, 2.0 Hz, 1H, NHCH), 3.80 (s, 3H, OCHs), 3.29 (dd, J = 11.8, 4.6 Hz, 1H, ArCH), 2.57 —
2.50 (m, 1H, NHCHCH,), 2.32 (s, 3H), 2.24 (it, J = 12.5, 3.8 Hz, 1H, ArCHCH,), 2.01 (dd, J =
13.1, 5.8 Hz, 1H, ArCHCH,), 1.91 (t, J = 4.7 Hz, 1H, CH,CHCH,), 1.28 — 1.23 (m, 1H,
NHCHCH,), 1.08 (s, 3H, CHs), 1.08 (s, 3H, CHs), 1.05 (s, 3H, CHa); *C NMR (176 MHz,
CDCls) & 164.7 (C), 158.2 (C), 148.0 (CH), 147.7 (C), 137.2 (CH), 1355 (C), 133.9 (C),
129.8 (CH), 121.3 (CH), 114.5 (CH), 55.2 (CHs), 54.4 (CH), 53.6 (C), 50.9 (C), 46.9 (CH),
43.7 (CH), 37.0 (CH,), 32.9 (CH;), 20.3 (CHs), 20.0 (CHs), 18.6 (CHs), 13.8 (CHs); HRMS
found (ES) [M+H]* 379.2388, C,sHsoN,O,+H requires 379.2380.
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N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)-5-
methylpicolinamide 277 and N-((1S,2S,4R,6S)-1-(4-Methoxybenzyl)-6-(4-
methoxyphenyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-yl)-5-methylpicolinamide 278

G o

O [mono] [di] o—

Prepared using general arylation procedure A using amide 276 (26 mg, 0.10 mmol) and 4-
iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 30% EtOAc
in petral) to give the title compounds as an inseparable mixture (38 mg, 99%).

Mono (0.088 mmol, 88%)

Di (0.011 mmol, 11%)

IH NMR (700 MHz, CDCls) & 8.03 — 8.00 (m, 2H, NH and pyNCH)*, 7.93 (d, J = 7.9 Hz, 1H,
pyNCCH), 7.53 — 7.50 (m, 1H, pyNCCHCH), 7.48 — 7.43 (m, 2H, OCCHCH)*, 7.07 — 7.04
(m, 2H, OCCHCH), 6.95 — 6.92 (m, 2H, OCCH), 6.77 — 6.75 (m, 2H, OCCH), 4.78 — 4.72 (m,
1H, NHCH), 3.86 (s, 3H, OCH), 3.73 (d, J = 2.3 Hz, 3H, OCHs), 3.51 — 3.48 (m, 1H, ArCH),
3.05 (d, J = 14.3 Hz, 1H, ArCH,), 2.82 (d, J = 14.3 Hz, 1H, ArCH,), 2.57 — 2.50 (m, 1H,
NHCHCH,)*, 2.33 (s, 3H, ArCHs), 2.25 — 2.22 (m, 1H, ArCHCH,)*, 1.98 — 1.95 (m, 1H,
ArCHCH,), 1.70 (t, J = 4.6 Hz, 1H, CH,CHCH,), 1.27 — 1.24 (m, 1H, NHCHCH,)*, 1.15 (s,
3H, CHs), 0.58 (s, 3H, CHs); C NMR (176 MHz, CDCls) & 164.7, 158.5, 158.0, 148.1, 147.7,
137.3, 135.7, 133.3, 131.5, 131.0, 130.8, 130.3, 121.4, 113.6, 55.8, 55.3, 51.0, 50.7, 49.0,
45.6, 41.1, 36.8, 35.4, 29.8, 24.0, 21.0, 14.8.

*Peaks overlapping with monoarylation compound
N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yI)-3-

(trifluoromethyl)picolinamide 271

N/
HN N |

O CF,
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Prepared according to general arylation procedure A using amide 270 (66 mg, 0.20 mmol)
and 4-bromoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol). Further purified by recrystallisation from hot petrol/DCM, to give the product
as a yellow crystalline solid (29 mg, 0.068 mmol, 34%).

M.p 130 — 132 °C; Vmax (film/cm™) 3363 (NH), 2923 (CH), 2860 (CH), 1673 (CO), 1512 (CC);
'H NMR (700 MHz, CDCls) & 8.39 (dd, J = 4.7, 1.4 Hz, 1H, pyNCH), 8.00 (dd, J = 8.0, 1.1
Hz, 1H, pyNCHCHCH), 7.39 (dd, J = 7.9, 4.7 Hz, 1H, pyNCHCH), 7.32 (d, J = 8.5 Hz, 2H,
OCCHCH), 7.21 (d, J = 9.1 Hz, 1H, NH), 6.79 (d, J = 8.9 Hz, 2H, OCCH), 4.51 — 4.46 (m,
1H, NHCH), 3.70 (s, 3H, OCHs), 3.28 (dd, J = 11.9, 4.5 Hz, 1H, ArCH), 2.58 — 2.53 (m, 1H,
NHCHCH,), 2.24 (tt, J = 12.8, 3.9 Hz, 1H, ArCHCH,), 1.99 (dd, J = 13.2, 5.8 Hz, 1H,
ArCHCH,), 1.92 (t, J = 4.7 Hz, 1H, CH,CHCHy), 1.25 (dd, J = 13.4, 5.9 Hz, 1H, NHCHCH,),
1.07 (s, 3H, CHz3), 1.07 (s, 3H, CHa), 1.06 (s, 3H, CHa); *C NMR (176 MHz, CDCls) 6 163.3
(C), 158.1 (C), 150.1 (CH), 149.7 (C), 135.7 (q, J = 5.9 Hz, CH), 134.1 (C), 129.8 (CH),
125.3 (g, J = 34.2 Hz, C), 124.6 (CH), 123.0 (q, J = 273.2 Hz, C), 114.3 (CH), 55.2 (CHy),
54.7 (CH), 54.0 (C), 50.9 (C), 46.8 (CH), 43.7 (CH), 36.8 (CH,), 32.7 (CH,), 20.2 (CHs), 19.9
(CHs), 13.7 (CHs); HRMS found (ES) [M+H]*433.2098, C,4H27N.O2F3s+H requires 433.2103.

N-((1S,2S,4R,6S)-1-(4-Methoxybenzyl)-6-(4-methoxyphenyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl)-3-(trifluoromethyl)picolinamide 272 and N-
((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)-3-

(trifluoromethyl)picolinamide 271

N“ i N/|
HN N | O HN NN
(@] CF; O CF;
(0]

O [mono] \ [dij O—

Prepared according to general arylation procedure A using amide 270 (33 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 40%
EtOAc in petrol) to give the title compounds as an inseparable mixture (48 mg, 99%).

Mono (0.051 mmol, 51%)

Di (0.048 mmol, 48%)
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'H NMR (700 MHz, CDCls) & 8.41 (dd, J = 4.7, 1.4 Hz, 1H, pyNCH), 8.04 (dd, J = 8.0, 1.3
Hz, 1H, pyNCHCHCH), 7.56 — 7.50 (m, 2H, NH, pyNCHCH), 7.45 — 7.43 (m, 2H, OCCHCH),
7.07 — 7.04 (m, 2H, OCCHCH), 6.86 (d, J = 8.8 Hz, 2H, OCCH), 6.77 — 6.75 (m, 2H, OCCH),
4.75 - 4.70 (m, 1H, NHCH), 3.76 (s, 3H, OCHg), 3.75 (s, 3H, OCHj3), 3.48 (dd, J = 12.1, 4.5
Hz, 1H, ArCH), 3.00 (d, J = 14.3 Hz, 1H, ArCH,), 2.80 (d, J = 14.3 Hz, 1H, ArCH), 2.59 —
2.52 (m, 1H, NHCHCH,)*, 2.28 — 2.20 (m, 1H, ArCHCH,)*, 2.01 — 1.97 (m, 1H, ArCHCH,)*,
1.72 (t, J = 4.5 Hz, 1H, CH,CHCH,), 1.26 — 1.23 (m, 1H, NHCHCH,)*, 1.19 (s, 3H, CHs),
0.58 (s, 3H, CHs);

13C NMR (176 MHz, CDCl;) 6 163.4, 158.4, 158.1, 150.6, 150.2, 133.4, 131.4, 130.9, 130.1,
125.20, 124.7, 114.3, 113.7, 55.8, 55.33, 55.2, 54.2, 51.0, 48.9, 37.6, 35.3, 34.0, 33.4,
20.91, 20.87.

*Peaks overlapping with monoarylated product

[not all *C signals were seen due to C-F splitting]

N-((1S,2S,4R,6S)-6-(4-Methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)-5-
(trifluoromethyl)picolinamide 280

Prepared according to general arylation procedure A using amide 279 and 4-bromoanisole
(50 pl, 0.4 mmol). Purified by flash column chromatography (0 — 50% EtOAc in petrol) to
give the product as a white solid (10 mg, 0.023 mmol, 23%).

M.p 117 — 118 °C; [a]o** +58.8 (¢ = 0.5, CHCl3); Vmax (film/cm?) 3353 (NH), 2943 (CH), 2849
(CH), 1691 (CO), 1508 (CC); *H NMR (400 MHz, CDCl;) & 8.47 (dd, J = 1.4, 0.8 Hz, 1H,
pyNCH), 8.08 (d, J = 8.2 Hz, 1H, pyCCHCH), 7.99 — 7.91 (m, 1H, pyCCHCH), 7.69 (d, J =
8.9 Hz, 1H, NH), 7.35 (d, J = 8.5 Hz, 2H, OCCHCH), 6.89 (d, J = 8.8 Hz, 2H, OCCH), 4.52 —
4.41 (m, 1H, NHCH), 3.78 (s, 3H, OCHs), 3.31 (dd, J = 11.9, 4.5 Hz, 1H, ArCH), 2.61 — 2.49
(m, 1H, NHCHCH,), 2.32 — 2.20 (m, 1H, ArCHCH,), 2.03 (dd, J = 13.2, 5.7 Hz, 1H,
ArCHCH), 1.94 (t, J = 4.6 Hz, 1H, CH,CHCH>), 1.29 — 1.26 (m, 1H, NHCHCHz), 1.09 (s, 6H,
2 x CHs), 1.06 (s, 3H, CHs); **C NMR (176 MHz, CDCl;) & 163.0 (C), 158.3 (C), 152.9 (C),
144.61 (g, J = 4.0 Hz, CH), 134.28 (q, J = 3.3 Hz, CH), 133.8 (C), 129.8 (CH), 128.20 (q, J =
33.1 Hz, C), 123.40 (q, J = 272.6 Hz, C), 121.5 (CH), 114.6 (CH), 55.1 (CHs), 54.8 (CH,),
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53.9 (C), 50.9 (C), 46.7 (CH), 43.7 (CH), 36.9 (CH,), 32.7 (CHy), 20.2 (CHs), 20.0 (CHs),
13.9 (CHs); HRMS found (ES) [M+H]* 433.2100, C24H2sN.0,Fs+H requires 433.2103.

N-((1S,2S,4R,6S)-1-(4-Methoxybenzyl)-6-(4-methoxyphenyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl)-5-(trifluoromethyl)picolinamide 281

gj%
|

Prepared according to general arylation procedure A, using amide 279 (33 mg, 0.10 mmal)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 10%
EtOAc in petrol) to give the product as a yellow ail (9 mg, 0.017 mmol, 17%). Also isolated
the monoarylation product (24 mg, 0.056 mmol, 56%).

[a]o** +26.0 (c = 0.2, CHCI3); Vmax (film/cm™) 3353 (NH), 2955 (CH), 2921 (CH), 1674 (CO),
1509 (CC); *H NMR (700 MHz, CDCls) & 8.48 (dd, J = 1.4, 0.8 Hz, 1H, pyNCH), 8.18 (d, J =
8.1 Hz, 1H, pyCCH), 8.04 (d, J = 8.9 Hz, 1H, NH), 8.00 — 7.98 (m, 1H, pyCCHCH), 7.45 (d, J
= 8.6 Hz, 2H, OCCHCH), 7.05 — 7.03 (m, 2H, OCCHCH), 6.96 — 6.93 (m, 2H, OCCH), 6.78 —
6.75 (m, 2H, OCCH), 4.77 — 4.72 (m, 1H, NHCH), 3.85 (s, 3H, OCHj3), 3.74 (s, 3H, OCHjs),
3.52 (dd, J =12.1, 4.4 Hz, 1H, ArCH), 3.04 (d, J = 14.4 Hz, 1H, ArCHy), 2.84 (d, J = 14.4 Hz,
1H, ArCH,), 2.60 — 2.54 (m, 1H, NHCHCH,), 2.31 — 2.26 (m, 1H, ArCHCH,), 1.99 (dd, J =
13.2, 5.6 Hz, 1H, ArCHCH,), 1.73 (t, J = 4.6 Hz, 1H, CH,CHCH,), 1.29 — 1.28 (m, 1H,
NHCHCH,), 1.20 (s, 3H), 0.59 (s, 3H); **C NMR (176 MHz, CDCl;) 6 163.0 (C), 158.7 (C),
158.1 (C), 153.0 (C), 144.7 (g, J = 4.2 Hz, CH), 134.4 (g, J = 3.5 Hz, CH), 133.1 (C), 131.4
(CH), 130.8 (CH), 130.1 (C), 128.4 (q, J = 33.1 Hz, C), 123.2 (q, J = 237.6 Hz, C), 121.6
(CH), 114.6 (CH), 113.7 (CH), 55.9 (C), 55.3 (CHj3), 55.2 (CHs), 51.1 (C), 51.0 (CH), 48.8
(CH), 45.6 (CH), 36.7 (CH,), 35.4 (CH,), 33.3 (CH,), 20.9 (CHjs), 20.4 (CHs); HRMS found
(ES) [M+H]*539.2514, C31H33N.OsF3+H requires 539.2516.
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4-Methoxy-N-((1S,2S,4R,6S)-6-(4-methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-
2-yl)picolinamide 285

Prepared according to general arylation procedure A using amide 284 (29 mg, 0.10 mmol)
and 4-bromoanisole (50 pl, 0.40 mmol). Product was purified by flash column
chromatography (0 — 40% EtOAc in petrol) to give the product as white solid (29 mg, 0.0735
mmol, 74%).

M. p 127 — 129 °C; [a]o** +52.0 (¢ = 0.5, CHCl3); Vmax (film/cm™) 3359 (NH), 2983 (CH),
2951 (CH), 1671 (CO), 1509 (CC); *H NMR (700 MHz, CDCl3) & 7.99 (d, J = 5.6 Hz, 1H,
pyNCH), 7.70 (d, J = 9.0 Hz, 1H, NH), 7.50 (d, J = 2.5 Hz, 1H, pyNCHCH), 7.34 (d, J = 8.4
Hz, 2H, OCCHCHC), 6.88 (d, J = 8.7 Hz, 2H, OCCHCHC), 6.78 — 6.74 (m, 1H, pyCCHC),
4.50 — 4.44 (m, 1H, NHCH), 3.83 (s, 3H, OCHg), 3.79 (s, 3H, OCHs), 3.28 (dd, J = 11.7, 5.3
Hz, 1H, ArCH), 2.53 (ddd, J = 14.4, 8.2, 4.6 Hz, 1H, NHCHCH,), 2.24 (tt, J = 12.8, 3.8 Hz,
1H, ArCHCH,), 2.01 (dd, J = 13.1, 5.8 Hz, 1H, ArCHCH), 1.91 (t, J = 4.6 Hz, 1H,
CH2CHCHz), 1.28 — 1.25 (m, 1H, NHCHCH), 1.08 (s, 3H, CHs), 1.08 (s, 3H, CHa), 1.05 (s,
3H, CHs); *C NMR (176 MHz, CDCls) 6 166.7 (C), 164.5 (C), 158.3 (C), 152.1 (C), 148.6
(CH), 133.8 (C), 129.8 (CH), 114.5 (CH), 112.5 (CH), 106.8 (CH), 55.5 (CHs), 55.3 (CHs),
54.6 (CHy), 53.8 (C), 50.9 (C), 46.9 (CH), 43.7 (CH), 36.9 (CH), 32.9 (CH.), 20.3 (CHs3),
20.0 (CHs), 13.8 (CHs3); HRMS found (ES) [M+H]* 395.2234, C,,H3oN,Os+H requires
395.2235.

4-Methoxy-N-((1S,2S,4R,6S)-1-(4-methoxybenzyl)-6-(4-methoxyphenyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 286 and 4-methoxy-N-((1S,2S,4R,6S)-6-
(4-methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 285

50, R0,

SN [mono] [di] o—
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Prepared according to general arylation procedure A, using amide 284 (29 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a mixture of mono and diarylation products (31 mg,
75%).

Mono (0.066 mmol, 66%)

Di (0.009 mmol, 9%)

IH NMR (700 MHz, CDCls) 6 8.10 (d, J = 7.1 Hz, 1H, NH), 8.00 - 7.98 (m, 1H, pyNCH)*, 7.60
(d, J = 2.5 Hz, 1H, pyNCCH), 7.44 (t, J = 7.7 Hz, 2H, OCCHCH), 7.06 (d, J = 8.6 Hz, 2H,
OCCHCH), 6.93 (d, J = 8.7 Hz, 2H, OCCH), 6.80 (dd, J = 5.6, 2.6 Hz, 1H, pyNCHCH), 6.78
— 6.76 (M, 1.21H, OCCH)*, 4.77 — 4.71 (m, 1H, NHCH), 3.86 (s, 3H, OCHs), 3.85 (s, 3H,
OCHs), 3.74 (s, 3H, OCHs), 3.50 (dd, J = 11.9, 5.1 Hz, 1H, ArCH), 3.06 (d, J = 14.3 Hz, 1H,
ArCH,), 2.82 (d, J = 14.3 Hz, 1H, ArCH,), 2.58 — 2.50 (m, 1H, NHCHCH,)*, 2.30 — 2.20 (m,
1H, ArCHCH.)*, 1.96 (dd, J = 13.1, 5.7 Hz, 1H, ArCHCH,), 1.71 (t, J = 4.6 Hz, 1H,
CH,CHCH,), 1.26 (dd, J = 13.4, 6.0 Hz, 1H, NHCHCH,)*, 1.19 (s, 3H, CHs), 0.58 (s, 3H,
CHs); *C NMR (176 MHz, CDCl;) & 166.8, 164.5, 158.5, 158.1, 152.2, 148.7, 133.2, 131.5,
130.8, 130.3, 114.6, 114.0, 113.6, 112.7, 55.8, 55.5, 55.4, 55.3, 51.0, 50.8, 49.0, 45.6, 36.8,
35.4, 33.5, 20.4, 14.8.

*Peaks overlapping with monoarylation product

5-Methoxy-N-((1S,2S,4R,6S)-6-(4-methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-
2-yl)picolinamide 288

Prepared according to general arylation procedure A, using amide 287 (29 mg, 0.10 mmol)
and 4-bromoanisole (50 pl, 0.40 mmoal). Purified by flash column chromatography (0 — 20%
EtOAc in petral) to give the product as a yellow solid. (34 mg, 0.086 mmol, 86%).

M.p 137 — 140 °C; [a]o** +62.5 (C = 0.8, CHCls); Vmax (film/cmt) 3384 (NH), 2954 (CH), 2931
(CH), 1672 (CO), 1508 (CC); *H NMR (700 MHz, CDCls) 5 7.91 — 7.88 (m, 1H, pyNCH), 7.87
(d, J = 2.9 Hz, 1H, pyCCHCH), 7.54 (d, J = 9.1 Hz, 1H, NH), 7.35 (d, J = 8.4 Hz, 2H,
OCCHCHCCH), 7.13 (dd, J = 8.6, 2.9 Hz, 1H, pyCCH), 6.90 (d, J = 8.7 Hz, 2H,
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OCCHCHCCH), 4.50 — 4.44 (m, 1H, NHCH), 3.85 (s, 3H, pyOCHs), 3.81 (s, 3H, OCHs), 3.29
(dd, J = 11.7, 5.2 Hz, 1H, ArCH), 2.53 (ddd, J = 14.4, 8.2, 4.7 Hz, 1H, NHCHCH,), 2.24 (i, J
=12.7, 3.8 Hz, 1H, ArCHCH,), 2.01 (dd, J = 13.1, 5.7 Hz, 1H, ArCHCH,), 1.91 (t, J = 4.6 Hz,
1H, CH,CHCH,), 1.25 — 1.23 (m, 1H, NHCHCH,), 1.08 (2 x s, 6H, 2 x CHa), 1.05 (s, 3H,
CHs); C NMR (176 MHz, CDCly) & 164.4 (C), 158.3 (C), 157.4 (C), 142.9 (C), 135.6 (CH),
133.9 (C), 129.8 (CH), 122.8 (CH), 120.0 (CH), 114.5 (CH), 55.7 (CHs), 55.2 (CHs), 54.4
(CH), 53.8 (C), 50.9 (C), 46.9 (CH), 43.7 (CH), 37.0 (CHz), 32.9 (CH,), 20.3 (CHs), 20.0
(CHs), 13.8 (CHs); HRMS found (ES) [M+H]* 395.2338, Ca4H3:N,03+H requires 395.2335.

5-Methoxy-N-((1S,2S,4R,6S)-1-(4-methoxybenzyl)-6-(4-methoxyphenyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 289 and 5-Methoxy-N-((1S,2S,4R,6S)-6-
(4-methoxyphenyl)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl)picolinamide 288

Ty

O [mono] [di] o—

Prepared according general arylation procedure A using amide 287 (29 mg, 0.10 mmol) and
4-iodoanisole (94 mg, 0.4 mmol). Purified by flash column chromatography (0 — 20% EtOAc
in petrol) to give a mixture of the mono and di arylated products (32 mg, 79%).

Mono (0.071 mmol, 71%)

Di (0.008 mmol, 8%)

'H NMR (700 MHz, CDCl3) & 8.00 — 7.98 (m, 1H, pyNCH), 7.91 — 7.89 (m, 1H, NH)*, 7.88 —
7.85 (M, 1H, pyNCCH)*, 7.45 (d, J = 8.6 Hz, 2H, OCCHCH), 7.17 (dd, J = 8.6, 2.9 Hz, 1H,
pyNCCHCH), 7.06 (d, J = 8.6 Hz, 2H, OCCHCH), 6.94 (d, J = 8.8 Hz, 2H, OCCH), 6.79 —
6.74 (m, 2H, OCCH), 4.76 — 4.71 (m, 1H, NHCH), 3.87 (s, 6H, OCHs), 3.74 (s, 3H, OCHb),
3.50 (dd, J = 12.0, 4.7 Hz, 1H, ArCH), 3.05 (d, J = 14.3 Hz, 1H, ArCHz), 2.81 (d, J = 14.3 Hz,
1H, ArCHz), 2.56 — 2.50 (m, 1H, NHCHCH,)*, 2.29 — 2.21 (m, 1H, ArCHCH.)*, 1.97 (dd, J =
13.2, 5.7 Hz, 1H, ArCHCH,), 1.70 (t, J = 4.6 Hz, 0.1H, CH,CHCH,), 1.26 — 1.24 (m, 1H,
NHCHCH,), 1.19 (s, 3H, CHs), 0.57 (s, 3H, CHs); *C NMR (176 MHz, CDCls) & 164.4, 158.7,
158.0, 157.5, 143.0, 135.7, 133.3, 131.5, 130.8, 130.3, 122.9, 120.1, 114.5, 113.6, 55.8,
55.7, 55.32, 55.26, 50.9, 50.7, 49.0, 36.9, 35.4, 33.5, 29.8, 21.0, 20.4.

*Peaks overlapping with the monoarylation product
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N-((1-(4-Methoxybenzyl)cyclohexyl)methyl)picolinamide 297
=
NoH
N N

)

Prepared according to general arylation procedure A using amide 296 (23 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 30%
EtOAc in petrol) to give the monoarylation product as a colourless oil (20 mg, 0.059 mmoal,
59%).

Vmax (film/cm) 3372 (NH), 2958 (CH), 2921 (CH), 1668 (CO), 1512 (CC); *H NMR (700
MHz, CDCl;) 6 8.54 (ddd, J = 4.7, 1.7, 0.9 Hz, 1H, pyNCH), 8.19 (dt, J = 7.8, 1.1 Hz, 1H,
pyCCH), 8.11 (s, 1H, NH), 7.84 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.42 (ddd, J = 7.6, 4.8,
1.2 Hz, 1H, pyNCHCH), 7.13 — 7.10 (m, 2H, OCCHCH), 6.85 — 6.82 (m, 2H, OCCH), 3.79 (s,
3H, OCHs), 3.35 (d, J = 6.4 Hz, 2H, NHCH,), 2.64 (s, 2H, ArCH,), 1.58 (m, 4H, CyH), 1.47
(dd, J = 11.7, 6.0 Hz, 1H, CyH), 1.43 — 1.41 (m, 2H, CyH), 1.40 — 1.36 (m, 3H, CyH); **C
NMR (176 MHz, CDCl;) 6 164.4 (C), 158.2 (C), 150.2 (C), 148.2 (CH), 137.4 (CH), 131.5
(CH), 130.2 (C), 126.1 (CH), 122.3 (CH), 113.7 (CH), 55.3 (CHg), 44.9 (CH,), 42.8 (CH,),
38.1 (C), 33.6 (CHy), 26.3 (CH,), 21.8 (CHy); HRMS found (ES) [M+H]* 339.2066,
C21H26N20,+H requires 339.2072.

N-(1-(4-methoxybenzyl)-2-(4-methoxyphenyl)cyclohexyl)methyl)picolinamide 298

o~ o~

o} i: o}
~, N N\ : ~, N N\
" H | " H |
= =

(0] . 0]
- [major] g [minor]

Isolated from the same reaction as monoarylation product 296. Yellow oil, mixture of
diastereoisomers, d.r 85:15 (10 mg, 0.022 mmol, 22%).
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[major diastereoisomer]. vmax (film/cm?) 3361 (NH), 2922 (CH), 2853 (CH), 1672 (CO),
1508 (CC); *H NMR (700 MHz, CDCls) 6 8.24 (ddd, J = 4.7, 1.7, 0.9 Hz, 1H, pyNCH), 8.04
(dt, J=7.8, 1.0 Hz, 1H, pyCCH), 7.73 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.35 (m, 1H, NH),
7.29 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H, pyNCHCH), 7.23 — 7.21 (m, 2H, OCCHCH), 7.07 — 7.04
(m, 2H, OCCHCH), 6.85 — 6.83 (m, 2H, OCCH), 6.82 — 6.79 (m, 2H, OCCH), 4.28 (dd, J =
13.1, 9.2 Hz, 1H, NHCH,), 3.81 (s, 3H, OCHg), 3.78 (s, 3H, OCHj3), 3.10 — 3.06 (m, 1H,
NHCH,), 2.75 (d, J = 13.5 Hz, 1H, ArCH,), 2.64 (dd, J = 12.8, 3.5 Hz, 1H, ArCH), 2.50 (d, J =
13.5 Hz, 1H, ArCHy), 2.17 (qd, J = 12.9, 3.9 Hz, 1H, CyH), 1.92 — 1.85 (m, 2H, CyH), 1.76 —
1.71 (m, 1H, CyH), 1.54 — 1.51 (m, 1H, CyH), 1.46 (dt, J = 13.4, 3.3 Hz, 1H, CyH), 1.27 —
1.24 (m, 2H, CyH); **C NMR (176 MHz, CDCl3) 6 164.1 (C), 158.6 (C), 158.3 (C), 150.0 (C),
147.7 (CH), 137.1 (CH), 134.8 (C), 131.4 (CH), 130.5 (CH), 125.8 (CH), 121.8 (CH), 114.0
(CH), 113.4 (CH), 55.4 (CHs), 55.3 (CHs), 52.7 (CH), 47.0 (CH,), 41.4 (C), 40.5 (CH,), 34.4
(CHy), 29.4 (CHy), 27.0 (CH.), 21.9 (CH.); HRMS found (ES) [M+H]* 445.2462,
C2sH32N203+H requires 445.2491.

N-((1-(4-Methoxybenzyl)cyclohexyl)methyl)-3-methylpicolinamide 300
@]

Iz

_0

Prepared according to general arylation procedure A using amide 299 (25 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petral) to give the product as a colourless oil (20 mg, 0.057 mmol, 57%)

Vmax (film/cmt) 3387 (NH), 2923 (CH), 2852 (CH), 1673 (CO), 1510 (CC): *H NMR (700
MHz, CDCls) & 8.36 (dd, J = 4.5, 1.0 Hz, 1H, pyNCH), 8.18 (s, 1H, NH), 7.57 (dd, J = 7.7, 0.8
Hz, 1H, CHsCCH), 7.29 (dd, J = 7.7, 4.6 Hz, 1H, pyNCHCH), 7.10 (t, J = 5.7 Hz, 2H,
OCCHCH), 6.84 — 6.81 (m, 2H, OCCH), 3.78 (s, 3H, OCHs), 3.31 (d, J = 6.3 Hz, 2H,
NHCH,), 2.74 (s, 3H, CCHs), 2.63 (s, 2H, ArCH,), 1.59 — 1.55 (m, 4H, CyH), 1.49 — 1.43 (m,
2H, CyH), 1.42 (t, J = 4.9 Hz, 1H, CyH), 1.37 (m, 3H, CyH); 3C NMR (176 MHz, CDCls) &
166.1 (C), 158.2 (C), 147.6 (C), 145.5 (CH), 140.9 (CH), 135.4 (C), 131.5 (CH), 130.3 (C),
125.6 (CH), 113.7 (CH), 55.3 (CHs), 44.7 (CH,), 42.9 (CH,), 38.1 (C), 33.6 (CH,), 26.3 (CH>),
21.8 (CHy), 20.6 (CHs): HRMS found (ES) [M+H]* 353.2230, CaH2sN20.+H requires
353.2229.
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N-((1-(4-Methoxybenzyl)-2-(4-methoxyphenyl)cyclohexyl)methyl)-3-methylpicolinamide
301

major minor

Colourless ail. Mixture of diasterecisomers 84:16 (2 mg, 0.005 mmol, 5%)

Vmax (film/cm™) 3361 (NH), 2924 (CH), 2853 (CH), 1670 (CO), 1509 (CC); *H NMR (700
MHz, CDCl;) & 8.06 — 8.03 (m, 1H, pyNCH), 7.46 (ddd, J = 7.7, 1.6, 0.7 Hz, 1H,
pyNCHCHCH), 7.43 (d, J = 7.4 Hz, 1H, NH), 7.23 — 7.21 (m, 2H, OCCHCH), 7.17 (dd, J =
7.7, 4.6 Hz, 1H, pyNCHCH), 7.07 — 7.04 (m, 2H, OCCHCH), 6.85 — 6.83 (m, 2H, OCCH),
6.80 — 6.78 (M, 2H, OCCH), 4.27 (dd, J = 12.9, 9.2 Hz, 1H, NHCH,), 3.80 (d, J = 1.9 Hz, 3H,
OCHs), 3.76 (d, J = 1.4 Hz, 3H, OCHs), 3.01 (dd, J = 13.9, 2.8 Hz, 1H, NHCH,), 2.73 (d, J =
13.1, 1H, ArCH;), 2.67 (s, 3H, ArCHs), 2.65 — 2.62 (m, 1H, ArCH), 2.49 (d, J = 13.4 Hz, 1H,
ArCH;), 2.18 (qd, J = 13.0, 3.4 Hz, 1H, ArCHCH,), 1.92 (d, J = 13.5 Hz, 1H, CyH), 1.87 (d, J
=12.9 Hz, 1H, CyH), 1.72 (d, J = 14.1 Hz, 1H, ArCHCH,), 1.52 (s, 1H, CyH), 1.50 — 1.44 (m,
1H, CyH), 1.37 (ddt, J = 21.5, 12.8, 4.4 Hz, 1H, CyH), 1.27 (dd, J = 8.0, 4.2 Hz, 1H, CyH):
13C NMR (176 MHz, CDCls) & 165.7 (C), 158.4 (C), 158.2 (C), 147.3 (C), 145.1 (CH), 140.6
(CH), 134.93 (C), 134.87 (C), 131.5 (CH), 130.59 (CH), 130.55 (CH), 125.3 (CH), 113.9
(CH), 113.4 (CH), 55.34 (CHs), 55.26 (CHs), 52.8 (CH), 47.2 (CH.), 41.5 (C), 40.1 (CH,),
34.4 (CHy), 29.4 (CHy), 27.0 (CHz), 21.9 (CH,), 20.6 (CHs); HRMS found (ES) [M+H]*
459.2659, CpsH32N;05+H requires 459.2648.

N-((1-(4-methoxybenzyl)cyclohexyl)methy 1)-4-methylpicolinamide 303
O

Iz
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Prepared according to general arylation procedure A using amide 302 (25 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a white solid (27 mg, 0.077 mmol, 77%).

Vmax (film/cmt) 3376 (NH), 2908 (CH), 2865 (CH), 2850 (CH), 1663 (CO), 1511 (CC); *H
NMR (700 MHz, CDCls) & 8.38 (d, J = 4.9 Hz, 1H, pyNCH), 8.10 (s, 1H, NH), 8.02 (s, 1H,
pyNCCH), 7.22 (d, J = 4.5 Hz, 1H, pyNCHCH), 7.10 (d, J = 8.2 Hz, 2H, OCCHCH), 6.83 (d, J
= 8.2 Hz, 2H, OCCH), 3.78 (s, 3H, OCHs), 3.33 (d, J = 6.3 Hz, 2H, NHCH,), 2.62 (s, 2H,
CCH,Ar), 2.42 (s, 3H, ArCHs), 1.60 — 1.53 (m, 4H, CyH), 1.50 — 1.44 (m, 1H, CyH), 1.43 —
1.33 (m, 5H, CyH); **C NMR (176 MHz, CDCls) & 164.7 (C), 158.2 (C), 150.0 (C), 148.9 (C),
148.0 (CH), 131.5 (CH), 130.2 (C), 126.9 (CH), 123.2 (CH), 113.7 (CH), 55.3 (CHs), 44.8
(CHz), 42.7 (CHy), 38.1 (C), 33.5 (CH,), 26.3 (CH.), 21.8 (CH,), 21.2 (CHs). HRMS found
(ES) [M+H]* 353.2221, C,,H2sN,0,+H requires 353.2229.

N-((1-(4-Methoxybenzyl)-2-(4-methoxyphenyl)cyclohexyl)methyl)-4-methylpicolinamide
304

\O \O
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Isolated from the same reaction as the monoarylated compound as a colourless oil; Mixture
of diastereoisomers d.r 85:15 (4 mg, 0.009 mmol, 9%).

Vmax (film/cm™) 3356 (NH), 2925 (CH), 2984 (CH), 1669 (CO), 1510 (CC); *H NMR (700
MHz, CDCls) & 8.09 (d, J = 4.8 Hz, 1H, pyNCH), 7.87 (s, 1H, pyNCCH), 7.36 (d, J = 7.7 Hz,
1H, NH), 7.22 (d, J = 8.2 Hz, 2H, OCCHCH), 7.10 (d, J = 4.4 Hz, 1H, pyNCHCH), 7.04 (d, J
= 8.1 Hz, 2H, OCCHCH), 6.84 (d, J = 7.9 Hz, 2H, OCCH), 6.80 (d, J = 8.0 Hz, 2H, OCCH),
4.26 (dd, J = 13.8, 9.2 Hz, 1H, NHCH,), 3.81 (s, 3H, OCHs), 3.78 (s, 3H, OCHs), 3.07 (d, J =
14.0 Hz, 1H, NHCH,), 2.74 (d, J = 13.5 Hz, 1H, ArCH,), 2.67 — 2.61 (m, 1H, ArCH), 2.50 (d,
J = 13.5 Hz, 1H, ArCH), 2.36 (s, 3H, ArCHs), 2.21 — 2.13 (m, 1H, CyH), 1.87 (t, J = 11.3 Hz,
2H, CyH), 1.76 — 1.70 (m, 1H, CyH), 1.51 — 1.43 (m, 2H, CyH), 1.35 (tdd, J = 30.7, 19.2,
12.5 Hz, 3H, CyH): *C NMR (176 MHz, CDCls) & 164.3 (C), 158.5 (C), 158.3 (C), 149.8 (C),
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148.4 (C), 147.6 (CH), 134.9 (C), 131.4 (CH), 130.6 (CH), 130.5 (CH), 126.6 (CH), 122.7
(CH), 113.9 (CH), 113.4 (CH), 55.3 (CHg), 55.3 (CHs), 52.7 (CH), 46.9 (CH,), 41.5 (C), 40.5
(CHy), 34.4 (CHy), 29.4 (CHy), 27.0 (CH,), 21.9 (CH,), 21.2 (CHs); HRMS found (ES) [M+H]*
459.2625, Cy9H34N203+H requires 459.2648.

N-((1-(4-Methoxybenzyl)cyclohexyl)methyl)-5-methylpicolinamide 306
o

Prepared according to general arylation procedure A, using amide 305 (25 mg, 0.1 mmol)
and 4-iodoanisole (94 mg, 0.4 mmoal). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a colourless oil (15 mg, 0.0426 mmol, 43%).

Vmax (film/cm?) 3392 (NH), 2923 (CH), 2850 (CH), 1674 (CO), 1510 (CC); '*H NMR (700
MHz, CDCl;) 6 8.35 (dd, J = 1.4, 0.7 Hz, 1H, pyNCH), 8.10 — 8.04 (m, 2H, pyNCCH and
NH), 7.65 — 7.61 (m, 1H, CH3CCHCH), 7.12 — 7.08 (m, 2H, OCCHCH), 6.86 — 6.79 (m, 2H,
OCCH), 3.79 (s, 3H, OCHj3), 3.33 (d, J = 6.4 Hz, 2H, NHCH,), 2.64 — 2.62 (m, 2H, ArCH,),
2.40 (s, 3H, ArCHjs), 1.60 — 1.55 (m, 4H, CyH), 1.50 — 1.44 (m, 1H, CyH), 1.44 — 1.34 (m,
5H, CyH); **C NMR (176 MHz, CDCls) 6 164.7 (C), 158.2 (C), 148.7 (CH), 147.8 (C), 137.7
(CH), 136.2 (C), 131.5 (CH), 130.2 (C), 121.9 (CH), 113.7 (CH), 55.3 (CHj3), 44.8 (CHy), 42.7
(CH), 38.1 (C), 33.5 (CH,), 26.3 (CHy), 21.8 (CH,), 18.7 (CH3); HRMS found (ES) [M+H]*
353.2234, Cz2H2sN,02+H requires 353.2229.

N-((1-(4-Methoxybenzyl)-2-(4-methoxyphenyl)cyclohexyl)methyl)-5-methylpicolinamide
307
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This compound was isolated as a mixture of diastereocisomers dr 85:15 (5 mg, 0.0109 mmaol,
11%)

Vmax (film/cm™) 3364 (NH), 2926 (CH), 2854 (CH), 1673 (CO), 1511 (CC);

Diastereoisomer 1

'H NMR (700 MHz, CDCls) & 8.06 — 8.05 (m, Hz, 1H, pyNCH), 7.93 (d, J = 7.9 Hz, 1H,
pyCCHCH), 7.52 (ddd, J = 7.9, 2.2, 0.7 Hz, 1H, pyCCHCH), 7.30 (d, J = 6.8 Hz, 1H, NH),
7.23 = 7.21 (m, 2H, OCCHCH), 7.07 — 7.04 (m, 2H, OCCHCH), 6.85 — 6.83 (m, 2H, OCCH),
6.82 — 6.79 (m, 2H, OCCH), 4.25 (dd, J = 13.6, 9.4 Hz, 1H, NHCH,), 3.81 (s, 3H, OCHy),
3.79 (s, 3H, OCHs), 3.07 (dd, J = 13.9, 3.0 Hz, 1H, NHCH,), 2.74 (d, J = 13.5 Hz, 1H,
ArCH,), 2.66 — 2.61 (m, 1H, ArCH), 2.50 (d, J = 13.5 Hz, 1H, ArCH;), 2.33 (s, 3H, ArCHjs),
2.17 (qd, J = 13.0, 3.9 Hz, 1H, ArCHCH,), 1.88 (t, J = 12.5 Hz, 2H, CyH), 1.72 (d, J = 11.0
Hz, 1H, ArCHCH,), 1.54 — 1.52 (m, 1H, CyH), 1.50 — 1.44 (m, 1H, CyH), 1.36 (ddd, J = 12.2,
6.0, 3.0 Hz, 1H, CyH), 1.28 — 1.26 (m, 1H, CyH); **C NMR (176 MHz, CDCls) & 164.3 (C),
158.5 (C), 158.3 (C), 148.3 (CH), 147.6 (C), 137.4 (CH), 135.8 (C), 134.9 (C), 131.4 (CH),
130.6 (CH), 130.5 (CH), 121.4 (CH), 113.9 (CH), 113.4 (CH), 55.33 (CHs), 55.30 (CHs), 52.7
(CH), 46.9 (CH,), 41.4 (C), 40.4 (CH,), 34.4 (CHy), 29.4 (CH,), 27.0 (CHy), 21.9 (CH,), 18.6
(CHa).

Diastereoisomer 2

H NMR (700 MHz, CDCls) & 8.22 (dd, J = 1.4, 0.7 Hz, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.73 (d,
J =5.6 Hz, 1H), 7.57 (ddd, J = 7.9, 2.2, 0.7 Hz, 1H), 7.21 — 7.19 (m, 2H), 7.01 (d, J = 8.7 Hz,
2H), 6.87 — 6.85 (M, 2H), 6.79 — 6.77 (m, 2H), 3.80 (s, 3H), 3.77 (s, 3H), 3.32 — 3.28 (m, 1H),
3.16 (d, J = 13.7 Hz, 1H), 3.11 (dd, J = 13.8, 5.3 Hz, 1H), 2.80 (dd, J = 12.8, 3.1 Hz, 1H),
2.45 (d, J = 13.6 Hz, 1H), 2.37 (s, 3H), 2.12 — 2.08 (m, 1H).

HRMS found (ES) [M+H]* 459.2652, C2sHasN2O3+H requires 459.2648.

N-((1-(4-Methoxybenzyl)cyclohexyl)methyl)-3-(trifluoromethyl)picolinamide 309
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Prepared according to general arylation procedure A using amide 308 (30 mg, 0.10 mmoal)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the mono and diarylated products as an inseparable mixture (15 mg,
35%).

Mono (12 mg, 0.03 mmol, 30%)

Vimax (film/cm™) 3363 (NH), 2923 (CH), 2852 (CH), 1689 (CO), 1510 (CC); *H NMR (700
MHz, CDCls) 6 8.67 (dd, J = 4.7, 1.4 Hz, 1H, pyNCH), 8.15 (dd, J = 8.1, 1.1 Hz, 1H,
CF3;CCH), 7.54 (dd, J = 7.9, 4.8 Hz, 2H, NH and pyNCHCH), 7.11 — 7.08 (m, 2H, OCCHCH),
6.84 — 6.81 (m, 2H, OCCH), 3.78 (s, 3H, OCHs3), 3.37 (d, J = 6.3 Hz, 2H, NHCH>), 2.62 (s,
2H, ArCHy), 1.59 — 1.55 (m, 6H, CyH), 1.47 (dd, J = 10.9, 5.0 Hz, 1H, CyH), 1.43 — 1.40 (m,
1H, CyH), 1.39 — 1.37 (m, 2H, CyH); **C NMR (176 MHz, CDCls) 6 163.3 (C), 158.3 (C),
150.6 (CH), 149.9 (C), 136.3 (g, J = 6.0 Hz Hz, CH), 131.4 (CH), 130.2 (C), 126.0 (q, J =
34.4 Hz, C), 125.2 (CH), 123.0 (q, J = 273.2 Hz, C) 113.8 (CH), 55.3 (CHj3), 45.2 (CH,), 43.2
(CH), 38.2 (C), 33.6 (CH), 26.3 (CH), 21.8 (CH); HRMS found (ES) [M+H]* 407.1932,
C22H25N20,F3+H requires 407.1946.

N-((1-(4-Methoxybenzyl)-2-(4-methoxyphenyl)cyclohexyl)methyl)-3-
(trifluoromethyl)picolinamide 310
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Isolated as an inseparable mixture with the mono arylated product. d.r =88:12 (3 mg, 0.005

mmol, 5%).

[major diastereocisomer] *H NMR (700 MHz, CDCls) 6 8.38 (dd, J = 4.7, 1.4 Hz, 1H, pyNCH),
8.07 — 8.03 (m, 1H, CF;CCH), 7.45 — 7.40 (m, 1H, pyNCHCH), 7.21 — 7.19 (m, 2H,
OCCHCH), 7.06 — 7.02 (m, 2H, OCCHCH), 6.91 (d, J = 8.7 Hz, 1H, NH), 6.85 — 6.83 (m, 2H,
OCCH), 6.79 — 6.76 (m, 2H, OCCH), 4.35 (dd, J = 13.9, 10.5 Hz, 1H, NHCH,), 3.81 (s, 3H,
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OCHs), 3.74 (s, 3H, OCHs), 3.02 — 2.99 (m, 1H, NHCH,), 2.73 (d, J = 13.4 Hz, 1H, ArCH,),
2.65 — 2.63 (M, 1H, ArCH), 2.49 (d, J = 12.9 Hz, 1H, ArCH,), 2.21 — 2.13 (m, 1H, CyH), 1.92
(d, J = 13.5 Hz, 1H, CyH), 1.88 (d, J = 13.1 Hz, 1H, CyH), 1.82 — 1.77 (m, 1H, CyH), 1.73 (¢,
J = 16.0 Hz, 2H, CyH); *C NMR (176 MHz, CDCls) & 162.6, 158.5, 158.3, 150.0, 136.0
134.7, 131.4, 130.6, 130.5, 124.9, 113.9, 113.4, 55.3, 52.9, 47.4, 46.0, 41.5, 40.6, 35.6,
34.4, 27.0, 21.9.

N-((1-(4-Methoxybenzyl)cyclohexyl)methyl)-5-(trifluoromethyl)picolinamide 212
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Prepared according to general arylation procedure A using amide 311 (30 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmoal). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a colourless oil (16 mg, 0.039 mmol, 39%).

Vimax (film/cm) 3396 (NH), 2924 (CH), 2852 (CH), 1681 (CO), 1512 (CC); *H NMR (700
MHz, CDCl;) 6 8.81 — 8.78 (m, 1H, pyNCH), 8.32 (t, J = 8.9 Hz, 1H, CF;CCHCH), 8.09 (dd, J
= 8.2, 2.1 Hz, 1H, CF;CCHCH), 8.05 — 7.92 (m, 1H, NH), 7.13 — 7.08 (m, 2H, OCCHCH),
6.86 — 6.82 (m, 2H, OCCH), 3.79 (s, 3H, OCHs), 3.37 (d, J = 6.4 Hz, 2H, NHCH,), 2.63 (s,
2H, ArCH,), 1.60 — 1.54 (m, 4H, CyH), 1.48 (dd, J = 11.0, 5.2 Hz, 1H, CyH), 1.45 — 1.37 (m,
5H, CyH); *C NMR (176 MHz, CDCls) 6 163.0 (C), 158.3 (C), 153.0 (C), 145.2 (g, J = 3.9
Hz, CH), 134.9 (q, J = 3.4 Hz, CH), 131.4 (CH), 130.1 (C), 128.8 (q, J = 33.3 Hz, C), 123.4
(g, J = 272.7 Hz, C), 122.1 (CH), 113.8 (CH), 55.3 (CH3), 45.2 (CH.), 43.1 (CH,), 38.2 (C),
33.6 (CHy), 26.3 (CH,), 21.8 (CH,); HRMS found (ES) [M+H]* 407.1939, C,;H2sN,O,Fs+H
requires 407.1946.
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N-((1-(4-Methoxybenzyl)-2-(4-methoxyphenyl)cyclohexyl)methyl)-5-
(trifluoromethyl)picolinamide 313

Y [major] _0 [minor]

Colourless oil (9 mg, 0.018 mmol, 18%). Mixture of diastereoisomers d.r = 17:83

Vmax (film/cm™) 3368 (NH), 2925 (CH), 2854 (CH), 1682 (CO), 1511 (CC);

[major diastereocisomer] *H NMR (700 MHz, CDCl;) & 8.49 (dd, J = 1.4, 0.7 Hz, 1H, pyNCH),
8.16 (d, J = 8.2 Hz, 1H, pyCCH), 7.99 (dd, J = 8.2, 2.2 Hz, 1H, pyCCHCH), 7.23 — 7.20 (m,
2H, OCCHCH), 7.05 — 7.03 (m, 2H, OCCHCH), 6.85 — 6.84 (m, 3H, OCCH, NH), 6.81 - 6.78
(m, 2H, OCCH), 4.28 (dd, J = 13.4, 9.7 Hz, 1H, NHCH,), 3.81 (s, 3H, OCHs), 3.77 (s, 3H,
OCHs), 3.09 — 3.05 (m, 1H, NHCH,), 2.78 — 2.74 (m, 1H, ArCH,), 2.65 (dd, J = 12.9, 3.5 Hz,
1H, ArCH), 2.53 — 2.49 (m, 1H, ArCH,), 2.21 — 2.13 (m, 1H, CyH), 1.89 (s, 2H, CyH), 1.74
(d, J = 12.6 Hz, 1H, CyH), 1.53 (d, J = 4.3 Hz, 1H, CyH), 1.43 (dd, J = 5.8, 2.7 Hz, 1H, CyH),
1.36 (dddd, J = 19.3, 15.9, 9.9, 4.8 Hz, 2H, CyH); **C NMR (176 MHz, CDCl;) & 162.6 (C),
158.6 (C), 158.4 (C), 152.8 (C), 144.8 (q, J = 3.9 Hz, CH), 134.6 (CH), 134.5 (q, J = 3.5 Hz,
C), 131.4 (CH), 131.3 (C), 130.5 (CH), 130.4 (C), 121.6 (CH), 114.0 (CH), 113.5 (CH), 55.3
(CHs), 55.2 (CH3), 52.8 (CH), 47.2 (CH.), 41.0 (C), 40.6 (CH,) , 34.4 (CHy), 29.3 (CH.), 26.9
(CHy), 21.9 (CHy,);

HRMS found (ES) [M+H]*513.2310, C9H3:1N,O3F3+H requires 513.2360.

4-Methoxy-N-((1-(4-methoxybenzyl)cyclohexyl)methyl)picolinamide 316
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Prepared according to general arylation procedure A using amide 315 (26 mg, 0.10 mmol)
and 4-iodoanisole (0.40 mmol, 94 mg). Purified by flash column chromatography (0 — 40%
EtOAc in petrol) to give the product as a colourless oil (20 mg, 0.054 mmol, 54%).

Vimax (film/cm™) 3385 (NH), 2921 (CH), 2851 (CH), 1677 (CO), 1511 (CC); *H NMR (700
MHz, CDCIls) 6 8.35 — 8.31 (m, 1H, pyNCH), 8.18 (s, 1H, NH), 7.74 (d, J = 2.5 Hz, 1H,
pyNCHCH), 7.12 — 7.09 (m, 2H, OCCHCH), 6.91 (dd, J = 5.6, 2.6 Hz, 1H, pyCCHC), 6.85 —
6.81 (m, 2H, OCCH), 3.91 (s, 3H, OCHs), 3.79 (s, 3H, OCHj3), 3.33 (d, J = 5.6 Hz, 2H,
NHCH,), 2.63 (s, 2H, ArCHy), 1.59 — 1.55 (m, 4H, CyH), 1.47 (dt, J = 17.8, 5.8 Hz, 1H, CyH),
1.43 — 1.34 (m, 5H, CyH); **C NMR (176 MHz, CDCl;) & 167.1 (C), 164.4 (C), 158.2 (C),
152.3 (C), 149.3 (CH), 131.5 (CH), 130.2 (C), 113.7 (CH), 113.1 (CH), 107.3 (CH), 55.7
(CHs), 55.3 (CHs), 44.9 (CHy), 42.7 (CHy), 38.1 (C), 33.5 (CHy), 26.3 (CHy), 21.8 (CHy);
HRMS found (ES) [M+H]*369.2176, C,,H,sN.O3 requires 369.2178.

4-Methoxy-N-((1-(4-methoxybenzyl)-2-(4-
methoxyphenyl)cyclohexyl)methyl)picolinamide 317
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Colourless oil; mixture of diastereocisomers d.r = 19:81 (11 mg, 0.023 mmol, 23%).

Vmax (film/cm™) 3353 (NH), 2920 (CH), 2851 (CH), 1671 (CO), 1510 (CC);

[major diastereoiomer] *H NMR (700 MHz, CDCl;) & 8.04 (d, J = 5.9 Hz, 1H, pyNCH), 7.59
(d, J =4.2 Hz, 1H, pyCCHC), 7.40 — 7.36 (m, 1H, NH), 7.23 — 7.21 (m, 2H, OCCHCH), 7.07
— 7.03 (m, 2H, OCCHCH), 6.85 — 6.84 (m, 2H, OCCH), 6.80 (dd, J = 7.1, 1.5 Hz, 2H,
OCCH), 6.79 (d, J = 3.9 Hz, 1H, ArH), 4.26 (dd, J = 13.6, 9.4 Hz, 1H, NHCH,), 3.86 (s, 3H,
OCHs), 3.81 (s, 3H, OCHs), 3.78 (s, 3H, OCHg), 3.07 (dd, J = 13.9, 3.0 Hz, 1H, NHCH,), 2.74
(d, J = 13.5 Hz, 1H, ArCH,), 2.64 (dd, J = 12.8, 3.5 Hz, 1H, ArCH), 2.50 (d, J = 13.5 Hz, 1H,
ArCHy), 2.16 (qd, J = 13.0, 3.9 Hz, 1H, CyH), 1.90 — 1.85 (m, 2H, CyH), 1.71 (dd, J = 28.7,
13.1 Hz, 2H, CyH), 1.53 (s, 1H, CyH), 1.51 — 1.43 (m, 2H, CyH); **C NMR (176 MHz, CDCl,)
0 166.8 (C), 164.0 (C), 158.6 (C), 158.3 (C), 152.1 (C), 148.9 (CH), 134.8 (C), 131.4 (CH),

216



130.5 (CH), 130.4 (C), 114.0 (CH), 113.5 (CH), 112.7 (CH), 106.9 (CH), 55.5 (CHgs), 55.4
(CHs), 55.3 (CHs), 52.6 (CH), 46.9 (CH.), 41.5 (C), 40.6 (CH.), 34.4 (CH,), 29.4 (CH,), 26.9
(CHy), 21.9 (CHy);

HRMS found (ES) [M+H]*475.2582, C9H34N-O4+H requires 475.2597.

5-Methoxy-N-((1-(4-methoxybenzyl)cyclohexyl)methyl)picolinamide 319

Prepared according to general arylation procedure A, using amide 318 (26 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 40%
EtOAc in petrol), to give the product as a colourless oil (14 mg, 0.038 mmol, 38%).

Vmax (film/cm™®) 3393 (NH), 2924 (CH), 2850 (CH), 1671 (CO), 1510 (CC); 'H NMR (700
MHz, CDCls) 6 8.20 (d, J = 2.5 Hz, 1H, pyNCH), 8.14 (d, J = 8.6 Hz, 1H, pyCCHCH), 7.92 (s,
1H, NH), 7.27 (dd, J = 8.6, 2.7 Hz, 1H, pyCCHCH), 7.10 (d, J = 8.3 Hz, 2H, OCCHCH), 6.82
(d, J = 9.6 Hz, 2H, OCCH), 3.90 (s, 3H, OCHj3), 3.79 (s, 3H, OCHs), 3.32 (d, J = 6.3 Hz, 2H,
NHCHy), 2.62 (s, 2H, ArCHy), 1.57 (dt, J = 11.4, 5.5 Hz, 4H, CyH), 1.47 (td, J = 11.2, 5.3 Hz,
1H, CyH), 1.43 — 1.33 (m, 5H, CyH); **C NMR (176 MHz, CDCls) 6 164.4 (C), 158.2 (C),
157.9 (C), 143.0 (C), 136.5 (CH), 131.5 (CH), 130.2 (C), 123.4 (CH), 120.3 (CH), 113.7
(CH), 55.9 (CHa), 55.3 (CHj3), 44.8 (CH,), 42.8 (CH>), 38.1 (C), 33.5 (CH>), 26.3 (CH.), 24.0
(CHy), 21.8 (CH.); HRMS found (ES) [M+H]* 369.2176, C2H.sN.Os+H requires 369.2178.

5-Methoxy-N-((1-(4-methoxybenzyl)-2-(4-
methoxyphenyl)cyclohexyl)methyl)picolinamide 320
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This compound was isolated as a mixture of diasterecisomers d.r 86:14 (9 mg, 0.019 mmoal,
19%).

Vmax (film/cmt) 3365 (NH), 2925 (CH), 2852 (CH), 1667 (CO), 1510 (CC);

Diastereoisomer 1

'H NMR (700 MHz, CDCl3) & 7.99 (d, J = 8.6 Hz, 1H, pyNCH), 7.90 (d, J = 2.7 Hz, 1H,
pyCCH), 7.24 — 7.20 (m, 2H, OCCHCH), 7.17 (dd, J = 8.7, 2.8 Hz, 1H, pyCCHCH), 7.15 (d,
J = 7.7 Hz, 1H, NH), 7.05 (d, J = 8.4 Hz, 2H, OCCHCH), 6.84 (d, J = 8.4 Hz, 2H, OCCH),
6.80 (d, J = 8.4 Hz, 2H, OCCH), 4.25 (dd, J = 13.9, 9.3 Hz, 1H, NHCH,), 3.86 (s, 3H, OCH),
3.81 (s, 3H, OCHs), 3.79 (s, 3H, OCHs), 3.08 — 3.02 (m, 1H, NHCH,), 2.74 (d, J = 13.5 Hz,
1H, ArCHy), 2.66 — 2.60 (m, 1H, ArCH), 2.49 (d, J = 13.5 Hz, 1H, ArCH,), 2.17 (qd, J = 13.2,
3.6 Hz, 1H, CyH), 1.88 (t, J = 13.1 Hz, 2H, CyH), 1.72 (d, J = 12.4 Hz, 1H, CyH), 1.52 (d, J =
8.5 Hz, 1H, Cyh), 1.46 (d, J = 13.2 Hz, 1H, CyH), 1.36 (dd, J = 7.9, 3.9 Hz, 1H, CyH), 1.27 —
1.26 (m, 1H, CyH); *C NMR (176 MHz, CDCl3) & 164.0 (C), 158.5 (C), 158.3 (C), 157.6 (C),
142.8 (C), 136.0 (CH), 134.9 (C), 131.4 (CH), 130.6 (CH), 130.5 (CH), 122.9 (CH), 120.0
(CH), 113.9 (CH), 113.4 (CH), 55.8 (CHs), 55.34 (CHs), 55.26 (CHs), 52.7 (CH), 47.0 (CHy),
41.5 (C), 40.4 (CH,), 34.4 (CH,), 29.4 (CH,), 27.0 (CH,), 21.9 (CH,).

Diastereoisomer 2

'H NMR (700 MHz, CDCIs) 6 8.06 (d, J = 2.7 Hz, 1H), 8.03 (d, J = 8.6 Hz, 1H), 7.99 (d, J =
8.6 Hz, 5H), 7.58 (s, 1H), 7.11 (d, J = 4.1 Hz, 1H), 7.01 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.5
Hz, 2H), 6.78 (d, J = 8.5 Hz, 2H), 3.91 (s, 3H), 3.88 (s, 3H), 3.77 (s, 3H), 3.15 (d, J = 13.6
Hz, 1H), 2.80 (d, J = 10.0 Hz, 1H), 2.45 (d, J = 13.6 Hz, 1H), 2.09 (d, J = 8.2 Hz, 1H), 2.00
(dt, J =13.7, 6.9 Hz, 1H).

HRMS found (ES) [M+H]*475.2591, Cy9H34N2O4+H requires 475.2597.

N-(2-(4-Methoxybenzyl)butyl)picolinamide 324
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Prepared according to general arylation procedure A, using amide 323 (19 mg, 0.10 mmol)
and 4-iodoanisle (94 mg, 0.40 mmoal). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a colourless oil (9 mg, 0.030 mmol, 30%).

Vmax (film/cm) 3389 (NH), 2959 (CH), 2828 (CH), 1673 (CO), 1510 (CC); 'H NMR (700
MHz, CDCl;) 6 8.54 — 8.51 (m, 1H, pyNCH), 8.18 (dt, J = 7.8, 1.1 Hz, 1H, pyCCH), 8.10 —
7.98 (m, 1H, NH), 7.83 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.41 (ddd, J = 7.6, 4.8, 1.2 Hz,
1H, pyNCHCH), 7.13 — 7.10 (m, 2H, OCCHCH), 6.83 — 6.81 (m, 2H, OCCH), 3.77 (s, 3H,
OCHs), 3.45 (dt, J = 13.5, 6.3 Hz, 1H, NHCH,), 3.39 (dt, J = 13.6, 6.1 Hz, 1H, NHCH,), 2.64
(dd, J =13.9, 6.9 Hz, 1H, ArCH,), 2.58 (dd, J =14.0, 7.4 Hz, 1H, ArCH,), 1.92 — 1.85 (m, 1H,
CH), 1.44 —1.38 (m, 2H, CH3CH_), 0.98 (t, J = 7.5 Hz, 3H, CHs); **C NMR (176 MHz, CDCls)
6 164.5 (C), 158.0 (C), 150.2 (C), 148.1 (CH), 137.4 (CH), 132.6 (C), 130.1 (CH), 126.1
(CH), 122.3 (CH), 113.9 (CH), 55.4 (CHs), 42.2 (CH), 42.1 (CH), 37.7 (CHy), 24.4 (CH,),
11.3 (CHs3); HRMS found (ES) [M+H]*299.1758, CisH22N.O,+H requires 299.1758.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)butyl)picolinamide 325

>0

Cr
0
I

Compound obtained in trace quantities along with the mono arylation product.

'H NMR (400 MHz, CDCls) 6 8.49 — 8.46 (m, 1H, pyNCH), 8.15 — 8.11 (m, 1H, pyCCH), 7.84
— 7.77 (m, 1H, pyCCHCH)*, 7.61 (s, 1H, NH), 7.39 — 7.36 (m, 1H, pyNCHCH)*, 7.20 — 7.16
(m, 2H, OCCHCH), 7.08 — 7.04 (m, 2H, OCCHCH), 6.87 — 6.83 (m, 2H, OCCH), 6.79 — 7.76
(m, 2H, OCCH), 3.78 (s, 3H, OCHs), 3.74 (s, 3H, OCHg), 3.54 (dd, J = 13.4, 6.4 Hz, 1H,
NHCH,), 3.14 (dt, J = 13.7, 5.7 Hz, 1H, NHCH,), 2.94 — 2.86 (m, 1H, ArCH), 2.76 (dd, J =
14.1, 4.5 Hz, 1H, ArCH,), 2.49 — 2.40 (m, 1H, ArCH,), 2.16 — 2.10 (m, 1H, ArCH,CH).

*Peak overlapping with monoarylation product

219



N-(2-(4-Methoxybenzyl)butyl)-3-methylpicolinamide 327
0]

0
I

Prepared according to general arylation procedure A, using amide 326 (21 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a mixture of mono and di arylated products (25 mg,
78%).

Monoarylation 0.073 mmol, 73%

Vmax (film/cm) 3388 (NH), 2959 (CH), 2927 (CH), 1670 (CO), 1509 (CC); *H NMR (700
MHz, CDCls) 6 8.36 (ddd, J = 4.6, 1.6, 0.5 Hz, 1H, pyNCH), 8.12 (s, 1H, NH), 7.57 (ddd, J =
7.7, 1.6, 0.7 Hz, 1H, pyNCHCHCH), 7.30 — 7.27 (m, 1H, pyNCHCH), 7.13 — 7.09 (m, 2H,
OCCHCH), 6.83 — 6.80 (m, 2H, OCCH), 3.77 (s, 3H, OCHjs), 3.42 (dt, J = 13.5, 6.2 Hz, 1H,
NHCH,), 3.34 (dt, J = 13.6, 6.2 Hz, 1H, NHCH,), 2.74 (s, 3H, ArCHg), 2.65 — 2.57 (m, 2H,
ArCHy), 1.91 — 1.84 (m, 1H, NHCH,CH), 1.43 — 1.34 (m, 2H, CH3CH,), 0.99 — 0.96 (m, 3H,
CHsCH,); *C NMR (176 MHz, CDCl3) 6 166.1 (C), 158.0 (C), 147.5 (C), 145.5 (CH), 140.9
(CH), 135.4 (C), 132.7 (C), 130.1 (CH), 125.6 (CH), 113.9 (CH), 55.4 (CHj3), 42.1 (CH), 42.0
(CHy), 37.7 (CH), 24.4 (CHy), 20.7 (CHj3), 11.2 (CHs); HRMS found (ES) [M+H]* 313.1915,
C19H24N20,+H requires 313.1916.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)butyl)-3-methylpicolinamide 328

>0

z
/

l H N~
0]
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Isolated as a mixture with the monoarylated product (0.005 mmol, 5%).
'H NMR (700 MHz, CDCl3) & 8.39 — 8.37 (m, 1H, pyNCH), 7.92 (s, 1H, NH), 7.55 - 7.53 (m,
1H, pyNCHCHCH), 7.19 — 7.16 (m, 2H, OCCHCH), 7.07 — 7.05 (m, 3H, pyNCHCH and

OCCHCH), 6.86 — 6.83 (m, 2H, OCCH), 6.79 — 6.77 (m, 2H, OCCH), 3.78 (s, 3H, OCHa),
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3.75 (s, 3H, OCHs), 3.54 — 3.50 (m, 1H, NHCHy), 3.24 (ddd, J = 13.4, 7.2, 6.3 Hz, 1H,
NHCH,), 3.14 — 3.09 (m, 1H, ArCH), 2.91 (dd, J = 13.4, 6.7 Hz, 1H, ArCH,), 2.71 (s, 3H,
ArCHgs), 2.46 (dd, J = 14.1, 9.0 Hz, 1H, ArCHy), 2.41 — 2.33 (m, 1H, ArCHCH), 1.36 -1.35 (m,
3H, ArCHCHj3); HRMS found (ES) [M+H]*419.2339, C2sH30N.O3+H requires 419.2335.

N-(2-(4-Methoxybenzyl)butyl)-4-methylpicolinamide 330
O

o}
|

Prepared according to general arylation procedure A, using amide 329 (21 mg, 0.1 mmol)
and 4-iodoanisle (94 mg, 0.4 mmol). Purified by flash column chromatography to give the
product as a colourless oil (8 mg, 0.0256 mmoal, 26%).

Vmax (film/cm™) 3387 (NH), 2924 (CH), 2875 (CH), 1617 (CO), 1510 (CC); *H NMR (700
MHz, CDCls) 6 8.39 — 8.35 (m, 1H, pyNCH), 8.03 (s, 1H, NH), 8.02 — 8.01 (m, 1H, pyCCHC),
7.22 (dd, J = 4.9, 1.7 Hz, 1H, pyNCHCH), 7.13 — 7.09 (m, 2H, OCCHCH), 6.84 — 6.80 (m,
2H, OCCH), 3.77 (s, 3H, OCHs), 3.44 (dt, J = 13.5, 6.3 Hz, 1H, NHCHz), 3.39 (dt, J = 13.6,
6.1 Hz, 1H, NHCH.), 2.63 (dd, J = 13.9, 6.9 Hz, 1H, ArCH,), 2.57 (dd, J = 13.9, 7.4 Hz, 1H,
ArCHy), 2.42 (s, 3H, ArCHs), 1.91 — 1.84 (m, 1H, CH), 1.43 — 1.38 (m, 2H, CHsCH>), 0.97 {t,
J = 7.5 Hz, 3H, CH,CHz); *C NMR (176 MHz, CDCls) 6 164.7 (C), 158. (C), 149.9 (C), 148.9
(C), 148.0 (CH), 132.6 (C), 130.1 (CH), 126.9 (CH), 123.2 (CH), 113.9 (CH), 55.4 (CHs),
42.2 (CH), 42.0 (CH,), 37.6 (CHy), 24.4 (CH), 21.3 (CHs), 11.2 (CHs); HRMS found (ES)
[M+H]* 313.1917, C19H24N,0,+H requires 313.1916.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)butyl)-4-methylpicolinamide 331

v
OO/ @
o : o /O 0
N X X
N Ho N
N~ N~ O N2
O o) (|)

Separated from the monoarylation product. Yellow oil. 11 mg, 0.026 mmol, 26%

221



1land?2

IH NMR (700 MHz, CDCls) & 8.35 (dd, J = 4.9, 0.5 Hz, 1H, pyNCH), 8.01 — 7.99 (m, 1H,
pyNCCH), 7.93 (s, 1H, NH), 7.23 — 7.22 (m, 1H, pyNCHCH), 7.16 — 7.14 (m, 2H, OCCHCH),
7.07 (d, J = 2.1 Hz, 2H, OCCHCH), 6.85 — 6.84 (m, 2H, OCCH), 6.80 — 6.78 (m, 2H OCCH),
3.78 (s, 3H, OCH3), 3.76 (s, 3H, OCHs), 3.52 — 3.50 (m, 1H, NHCH,), 3.42 — 3.40 (m, 1H,
NHCH,), 2.85 — 2.82 (m, 1H, ArCH), 2.66 (s, 1H, ArCH,), 2.43 (s, 3H, ArCHs), 2.38 — 2.36
(m, 1H, ArCH,), 2.13 — 2.11 (m, 1H, ArCHCH), 1.37 — 1.35 (m, 3H, CHCHj).

'H NMR (700 MHz, CDCls) & 8.34 (dd, J = 4.9, 0.5 Hz, 1H, pyNCH), 7.98 — 7.97 (m, 1H,
PyNCCH), 7.88 (s, 1H, NH), 7.21 — 7.20 (m, 1H, pyNCHCH), 7.19 — 7.17 (m, 2H, OCCHCH),
7.08 — 7.06 (m, 2H, OCCHCH), 6.86 — 6.84 (m, 2H, OCCH), 6.79 — 6.78 (m, 2H, OCCH),
3.79 (s, 3H, OCHs), 3.75 (s, 3H, OCH3), 3.56 — 3.52 (m, 1H, NHCH,), 3.15 — 3.11 (m, 1H,
NHCH,), 2.92 — 2.88 (m, 1H, ArCH), 2.75 (dd, J = 14.1, 4.5 Hz, 1H, ArCHy), 2.47 — 2.44 (m,
1H, ArCHy), 2.41 (s, 3H, ArCHs), 2.16 — 2.13 (m, 1H, ArCHCH), 1.39 — 1.36 (m, 3H, CHCHs).

3

IH NMR (700 MHz, CDCls) & 8.37 (dd, J = 4.9, 0.8 Hz, 1H, pyNCH), 8.07 (s, 1H, NH), 8.03 —
8.02 (m, 1H, pyNCCH), 7.24 — 7.22 (m, 1H, pyNCHCH), 7.11 — 7.09 (m, 2H, OCCHCH),
7.07 - 7.05 (m, 2H, OCCHCH), 6.82 — 6.81 (m, 2H, OCCH), 6.79 — 6.78 (m, 2H, OCCH),
3.79 (s, 3H OCHs), 3.78 (s, 3H, OCHs), 3.51 — 3.48 (m, 1H, NHCH,), 3.46 — 3.44 (m, 1H,
NHCH,), 2.69 — 2.61 (m, 4H, ArCH,), 2.43 (s, 3H, ArCHs), 2.00 — 1.96 (m, 1H, NHCH,CH),
1.68 — 1.63 (M, 2H, CHCH,CHy).

N-(2-(4-Methoxybenzyl)butyl)picolinamide 333

o
I

Prepared according to general arylation procedure A, using amide 332 (21 mg, 0.1 mmol)
and 4-iodoanisle (94 mg, 0.4 mmol). Purified by flash column chromatography (0 — 15%
EtOAc in petral) to give the product as a yellow oil (27 mg, 0.087 mmoal, 87%).

'H NMR (700 MHz, CDCl3) & 8.36 — 8.32 (m, 1H, CHsCCHN), 8.07 (d, J = 8.0 Hz, 1H,
CHsCCHCH), 7.96 (s, 1H, NH), 7.64 — 7.61 (m, 1H, CHsCCHCH), 7.13 — 7.09 (m, 2H,
OCCHCH), 6.84 — 6.79 (m, 2H, OCCH), 3.77 (s, 3H, OCHs), 3.46 — 3.41 (m, 1H, NHCH,),
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3.38 (dt, J = 13.6, 6.1 Hz, 1H, NHCH,), 2.63 (dd, J = 13.9, 6.9 Hz, 1H, ArCH,), 2.57 (dd, J =
13.9, 7.3 Hz, 1H, ArCH,), 2.39 (s, 3H, ArCHs), 1.91 — 1.84 (m, 1H, CH), 1.42 — 1.37 (m, 2H,
CH3CHy), 0.97 (t, J = 7.5 Hz, 3H, CH,CHz); **C NMR (176 MHz, CDCl;) & 164.7 (C), 158.0
(C), 148.6 (CH), 147.7 (C), 137.8 (CH), 136.3 (C), 132.6 (C), 130.1 (CH), 121.9 (CH), 113.9
(CH), 55.3 (CHs), 42.2 (CH,), 42.0 (CH), 37.6 (CH,), 24.4 (CH,), 18.6 (CHs), 11.2 (CHa);
HRMS found (ES) [M+H]*313.1914, C19H.4N.O,+H requires 313.1916.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)butyl)-5-methylpicolinamide 334

~o

Isolated as a mixture with the monoarylated product (0.011 mmol, 11%)

'H NMR (400 MHz, CDCls) & 8.31 — 8.29 (m, 1H, pyNCH), 8.07 (d, J = 8.0 Hz, 1H,
pyNCCH), 7.79 (s, 1H, NH), 7.60 (d, J = 6.5 Hz, 1H, pyNCCHCH), 7.18 (d, J = 8.6 Hz, 2H,
OCCHCH), 7.07 — 7.05 (m, 2H, OCCHCH), 6.87 — 6.84 (m, 2H, OCCH), 6.79 — 6.76 (m, 2H,
OCCH), 3.79 (s, 3H, OCHs), 3.75 (s, 3H, OCHs), 3.53 (dd, J = 13.4, 6.6 Hz, 1H, NHCH>),
3.16 — 3.09 (m, 1H, NHCH,), 2.93 — 2.88 (m, 1H, ArCH), 2.74 (dd, J = 14.1, 4.6 Hz, 1H,
ArCH,), 2.44 (dd, J = 14.0, 9.2 Hz, 1H, ArCH,), 2.39 (s, 3H, ArCHs), 1.37 (d, J = 7.1 Hz, 3H,
CHCHs).

N-(2-(4-Methoxybenzyl)butyl)-3-(trifluoromethyl)picolinamide 336
O CF,

0
I

Prepared according to the general arylation procedure using amide 335 (26 mg, 0.10 mmol)
and 4-iodoanisole (0.40 mmol, 94 mg). Purified by flash column chromatography (0 — 25%
EtOAc in petrol) to give the monoarylated product as a colourless oil (17 mg) and a mixture

of monoarylated and diarylated (7 mg).
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Mono (17 mg, 0.046 mmol, 46%)

Vmax (film/cm™) 3370 (NH), 2941 (CH), 2870 (CH), 1621 (CO), 1508 (CC); *H NMR (700
MHz, CDCl;) 6 8.68 (dd, J = 4.7, 1.4 Hz, 1H, pyNCH), 8.15 (dd, J = 8.0, 1.1 Hz, 1H,
CF;CCH), 7.57 — 7.50 (m, 2H, NH and pyNCHCH), 7.12 — 7.08 (m, 2H, OCCHCH), 6.83 —
6.79 (m, 2H, OCCH), 3.77 (s, 3H, OCHg), 3.49 (dt, J = 13.6, 6.2 Hz, 1H, NHCH,), 3.39 —
3.34 (m, 1H, NHCH,), 2.65 (dd, J = 13.9, 6.9 Hz, 1H, ArCH,), 2.57 (dd, J = 13.9, 7.4 Hz, 1H,
ArCH,), 1.93 - 1.86 (m, 1H, ArCH,CH), 1.43 — 1.38 (m, 2H, CH,CHj5), 0.98 (t, J = 7.5 Hz, 3H,
CH,CHz); *C NMR (176 MHz, CDCl3) 6 163.3 (C), 158.0 (C), 150.6 (CH), 149.8 (C), 136.3
(g, J =5.9 Hz, CH), 132.5 (C), 130.1 (CH), 126.0 (g, J = 34.3 Hz, C), 125.2 (CH), 123.0 (q, J
= 273.3 Hz, C), 114.0 (CH), 55.4 (CHs), 42.6 (CH,), 42.0 (CH), 37.8 (CH,), 24.5 (CHy), 11.2
(CHs); HRMS found (ES) [M+H]*367.1633, C19H21N,O,F3s+H requires 367.1633.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)butyl)-3-(trifluoromethyl)picolinamide 337

>0

Isolated with the monoarylated compound (0.002 mmol, 2%).

'H NMR (400 MHz, CDCls) & 8.62 (s, 1H, pyNCH), 8.35 (s, 1H, NH), 8.14 — 8.07 (m, 1H,
CF:CCH)*, 7.66 — 7.62 (m, 1HpyNCHCH)*, 7.18 — 7.14 (m, 2H, OCCHCH), 7.06 (d, J = 8.7
Hz, 2H, OCCHCH), 6.87 — 6.82 (m, 2H, OCCH), 6.77 — 6.75 (m, 2H, OCCH), 3.78 — 3.77 (s,
3H, OCHs), 3.74 (s, 3H, OCHs), 3.62- 3.54 (m, 1H, NHCH,), 3.21 — 3.11 (m, 1H, NHCH)),
2.91 (m, 1H, ArCH), 2.73 (m, 1H, ArCH,), 2.50 — 2.40 (m, 1H, ArCH,), 2.13 — 2.06 (m, 1H,
ArCHCH), 1.35 — 1.34 (m, 3H, CHCH).

*Peaks overlapping with the monoarylation product
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N-(2-(4-Methoxybenzyl)butyl)-5-(trifluoromethyl)picolinamide 339
0]

o)
I

Prepared according to general arylation procedure A, using amide 338 (26 mg, 0.10 mmol)
and 4-iodoanisle (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as a colourless ail (15 mg, 0.041 mmol, 41%).

Vmax (film/cm™) 3370 (NH), 2941 (CH), 2870 (CH), 1621 (CO), 1508 (CC); *H NMR (700
MHz, CDCls) & 8.79 — 8.77 (m, 1H, pyNCH), 8.31 (d, J = 8.2 Hz, 1H, CFsCCHCH), 8.10 —
8.06 (M, 1H, CFsCCHCH), 7.94 (s, 1H, NH), 7.12 — 7.09 (m, 2H, OCCHCH), 6.83 — 6.80 (m,
2H, OCCH), 3.77 (s, 3H, OCHs), 3.50 — 3.46 (m, 1H, NHCH,), 3.40 (dt, J = 13.6, 6.2 Hz, 1H,
NHCH,), 2.67 (dd, J = 14.0, 6.6 Hz, 1H, ArCH,), 2.56 — 2.53 (m, 1H, ArCH,), 1.92 — 1.87 (m,
1H, NHCH,CH), 1.44 — 1.39 (m, 2H, CHsCH,), 0.99 (t, J = 7.5 Hz, 3H, CHsCH.); *C NMR
(176 MHz, CDCls) & 163.0 (C), 158.1 (C), 153.0 (C), 145.2 (g, J = 3.9 Hz, CH), 134.8 (q, J =
3.4 Hz, CH), 132.4 (C), 130.1 (CH), 128.8 (g, J = 33.3 Hz, C), 123.3 (q, J = 272.7, C), 122.1
(CH), 114.0 (CH), 55.3 (CHs), 42.4 (CH,), 42.1 (CH), 37.9 (CH.), 24.6 (CH,), 11.3 (CHa);
HRMS found (ES) [M+H]* 367.1621, C1sH21N20,F5+H requires 367.1628

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)butyl)-5-(trifluoromethyl)picolinamide 340

>0

N
O ZCF,
0

Isolated with the monoaryl compound (0.004 mmol, 4%).

'H NMR (400 MHz, CDCls) & 8.72 (s, 1H, ArH), 8.24 (d, J = 8.2 Hz, 1H, ArH), 7.68 (s, 1H,
NH), 7.17 (t, J = 5.4 Hz, 2H, ArH), 6.88 — 6.83 (m, 2H, ArH), 6.79 — 6.75 (m, 2H, ArH), 3.78
(s, 3H, OCH), 3.74 (s, 3H, OCHs), 3.60 — 3.52 (m, 1H), 3.22 — 3.13 (m, 1H), 2.89 — 2.79 (m,
1H), 2.47 — 2.33 (m, 1H), 2.19 — 2.12 (m, 1H), 2.00 (d, J = 6.1 Hz, 1H), 1.66 (dd, J = 15.5,
6.9 Hz, 1H); HRMS found (ES) [M+H]* 473.2033, CasH27N.OsFs+H requires 473.2034
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4-Methoxy-N-(2-(4-methoxybenzyl)butyl)picolinamide 343
0]

N SN

I
N~
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|
Prepared according to general arylation procedure A, using amide 342 (22 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmol). Purified by flash column chromatography (0 — 50%
EtOAc in petrol) to give the product as a colourless oil (18 mg, 0.0548 mmol, 55%).

Vmax (film/cm) 3386 (NH), 2923 (CH), 2853 (CH), 1672 (CO), 1511 (CC); *H NMR (700
MHz, CDCls) 6 8.32 — 8.30 (m, 1H, pyNCH), 8.06 (s, 1H, NH), 7.73 (d, J = 2.5 Hz, 1H,
pyNCCH), 7.13 — 7.08 (m, 2H, OCCHCH), 6.91 — 6.89 (m, 1H, pyNCHCH), 6.84 — 6.81 (m,
2H, OCCH), 3.91 (s, 3H, OCHjs), 3.78 (s, 3H, OCHj3), 3.45 — 3.36 (m, 2H, NHCH,), 2.63 (dd,
J =13.9, 6.9 Hz, 1H, ArCH,), 2.57 (dd, J = 14.0, 7.4 Hz, 1H, ArCH,), 1.91 — 1.83 (m, 1H,
CH), 1.42 — 1.38 (m, 2H, CH3CH,), 0.98 (t, J = 7.4 Hz, 3H, CH,CHs); *C NMR (176 MHz,
CDCls) 6 167.1 (C), 164.4 (C), 158.0 (C), 152.2 (C), 149.2 (CH), 132.6 (C), 130.1 (CH),
113.9 (CH), 113.1 (CH), 107.3 (CH), 55.7 (CHs), 55.4 (CH3), 42.2 (CH), 42.1 (CH,), 37.6
(CH), 24.4 (CHy), 11.3 (CHs); HRMS found (ES) [M+H]* 329.1864, C19H.4N.O3+H requires
329.1865.

5-Methoxy-N-(2-(4-methoxybenzyl)butyl)picolinamide 346

o}
|

Prepared according to general arylation procedure A, using amide 345 (22 mg, 0.10 mmol)
and 4-iodoanisole (94 mg, 0.40 mmaol). Purified by flash column chromatography to give a
mixture of the mono and diarylated products (31 mg).

Isolated as a mixture with the diarylated product (0.082 mmol, 82%).

Vmax (film/cmt) 3391 (NH), 2923 (CH), 2853 (CH), 1669 (CO), 1511 (CC);

'H NMR (700 MHz, CDCls) & 8.18 (dd, J = 2.9, 0.5 Hz, 1H, pyNCH), 8.13 (dd, J = 8.6, 0.5
Hz, 1H, pyNCCH), 7.84 (s, 1H, NH), 7.28 — 7.26 (m, 1H, pyNCCHCH), 7.12 — 7.10 (m, 2H,
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OCCHCH), 6.83 — 6.81 (m, 2H, OCCH), 3.90 (s, 3H, OCHj3), 3.78 (s, 3H, OCHjs), 3.45 - 3.41
(m, 1H, NHCH,), 3.39 — 3.35 (m, 1H, NHCH,), 2.62 (dd, J = 13.9, 6.9 Hz, 1H, ArCH), 2.57
(dd, J = 13.9, 7.3 Hz, 1H, ArCH,), 1.90 — 1.83 (m, 1H, NHCH.CH), 1.42 — 1.36 (m, 2H,
CH3CH,), 0.97 (t, J = 7.5 Hz, 3H, CH3CH,); **C NMR (176 MHz, CDCls) & 164.4 (C), 158.0
(C), 157.9 (C), 142.9 (C), 136.5 (CH), 132.6 (C), 130.1 (CH), 123.4 (CH), 120.3 (CH), 113.9
(CH), 55.9 (CHj3), 55.3 (CHs), 42.2 (CHy), 42.1 (CH), 37.7 (CHy), 24.4 (CH,), 11.3 (CHa);
HRMS found (ES) [M+H]*329.1871, C19H.4N-O3+H requires 329.1865.

5-Methoxy-N-(2-(4-methoxybenzyl)-3-(4-methoxyphenyl)butyl)picolinamide 347

>0

z
/

H
N
@ Y
?

Isolated as a mixture with the monoarylated product (0.009 mmol, 9%).

'H NMR (700 MHz, CDCl3) & 8.20 — 8.19 (m, 1H, pyNCH), 8.16 — 8.15 (m, 1H, pyNCCH),
8.08 (dd, J = 8.7, 0.5 Hz, 1H, pyNCCHCH), 7.68 (m, 1H, NH), 7.18 — 7.16 (m, 2H,
OCCHCH), 7.07 — 7.05 (m, 2H, OCCHCH), 6.86 — 6.84 (m, 2H, OCCH), 6.79 — 6.77 (m, 2H,
OCCH), 3.90 (s, 3H, OCHa), 3.79 (s, 3H, OCHj3), 3.75 (s, 3H, OCHs), 3.56 — 3.51 (m, 1H,
NHCH), 3.12 (dt, J = 13.7, 5.6 Hz, 1H, NHCH), 2.90 (p, J = 7.1 Hz, 1H, ArCH), 2.74 (dd, J
= 14.1, 4.5 Hz, 1H, ArCH,), 2.44 (dd, J = 14.1, 9.3 Hz, 1H, ArCH,), 2.38 — 2.33 (m, 1H,
NHCH,CH), 1.36 — 135 (m, 3H, CHCHs); HRMS found (ES) [M+H]" 435.2261,
C26H30N204+H requires 435.2284.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)propyl)picolinamide 355

=
(@) N

N
Prepared according to general arylation procedure A, using amide 351 (36 mg, 0.20 mmol)

and 4-iodoanisole (188 mg, 0.80 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petral) to give the product as a yellow oil (53 mg, 0.136 mmol, 68%).
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Vmax (solid/cm) 3364 (NH), 2909 (CH), 2852 (CH), 1660 (CO), 1520 (CC): *H NMR (400
MHz, CDCls) & 8.51 (ddd, J = 4.8, 1.7, 0.9 Hz, 1H, pyNCH), 8.17 (dt, J = 7.8, 1.1 Hz, 1H,
pyCCH), 8.00 (s, 1H, NH), 7.83 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.40 (ddd, J = 7.6, 4.8,
1.2 Hz, 1H, pyNCHCH), 7.14 — 7.06 (m, 4H, OCCHCH), 6.85 — 6.79 (m, 4H, OCCH), 3.77 (s,
6H, OCHs), 3.41 (t, J = 6.2 Hz, 2H, NHCH,), 2.67 — 2.56 (m, 4H, ArCH,), 2.31 — 2.18 (m, 1H,
CH); 3C NMR (176 MHz, CDCls) & 164.3 (C), 158.1 (C), 149.9 (C), 147.9 (CH), 137.6 (C),
132.3 (CH), 130.1 (CH), 126.2 (CH), 122.4 (CH), 114.0 (CH), 55.4 (CHs), 42.9 (CH.), 42.4
(CH), 37.9 (CH,); HRMS found (ES) [M+H]* 391.2007, CasH2sN,Os+H requires 391.2016.

N-(2-(4-Methoxybenzyl)-3-(4-methoxyphenyl)propyl)-3-methylpicolinamide 356

=

(@) \N
Prepared according to general arylation procedure A, using amide 352 (38 mg, 0.20 mmol)

and 4-iodoanisole (188 mg, 0.80 mmol). Purified by flash column chromatography (0 — 20%
EtOAc in petrol) to give the product as colourless oil (50 mg, 0.12 mmoal, 62%).

Vmax (solid/cm™) 3351 (NH), 2952 (CH), 2871 (CH), 1664 (CO), 1518 (CC); *H NMR (700
MHz, CDCl;) 6 8.33 (ddd, J = 4.6, 1.6, 0.5 Hz, 1H, pyNCH), 8.09 (t, J = 5.6 Hz, 1H, NH),
7.57 — 7.54 (m, 1H, pyNCHCHCH), 7.29 — 7.26 (m, 1H, pyNCHCH), 7.12 — 7.07 (m, 4H,
OCCHCH), 6.83 — 6.79 (m, 4H, OCCH), 3.77 (s, 6H, OCHs), 3.39 — 3.36 (m, 2H, NHCH,),
2.73 (s, 3H, ArCHs), 2.65 — 2.58 (m, 4H, ArCH,), 2.26 — 2.19 (m, 1H, CH); *C NMR (176
MHz, CDCls) 6 166.1 (C), 158.0 (C), 147.4 (C), 145.4 (CH), 140.9 (CH), 135.4 (C), 1324
(CH), 130.2 (CH), 125.6 (C), 114.0 (CH), 55.4 (CHs3), 42.9 (CH>), 42.3 (CH), 37.9 (CH), 20.7
(CHs); HRMS found (ES) [M+H]*405.2165, C2sH2sN2O3s+H requires 405.2173.
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6.3 Experimental for Chapter 4

6.3.1 Isolation of palladium complexes

Palladium complex 371

A sealed tube was charged with amide 165 (26 mg, 1.0 mmol, 1 eq), Pd(OAc). (27 mg, 1.2
mmol, 1.2 eq) and CsOAc (23 mg, 0.12 mmoal, 1.2 eq) in tAmOH (0.05 ml). The resulting
mixture was heated at 140 °C for 1 hour, then cooled and filtered through Celite® washing
with CDCl; and concentrated to give the palladium complex as an orange oil in quantitative
yield (42 mg, 0.10 mmoal).

[a]o +35.4 (c = 1, CHCL3); Vmax (film/cm); 2949 (CH), 2924 (CH), 1673 (CO), 1516 (CC); 'H
NMR (600 MHz, CDCls) 6 7.97 — 7.92 (m, 2H, pyNCHCHCH), 7.57 — 7.53 (m, 1H, pyCCH),
7.35 (ddd, J = 7.2, 5.8, 1.6 Hz, 1H, pyNCHCH), 2.57 (dd, J = 12.0, 5.2 Hz, 1H, NHCHCH,),
2.50 (ddd, J = 11.6, 5.1, 2.3 Hz, 1H, NHCH), 2.09 (s, 3H, PdOCCHg), 1.70 — 1.65 (m, 1H,
CH,CH,CH), 1.65 — 1.60 (m, 1H, CH,CH,CH), 1.57 — 1.52 (m, 2H, CH.CH,CHCH,), 1.32 —
1.29 (m, 1H, NHCHCH,), 1.28 (s, 3H, CHs), 1.18 — 1.14 (m, 1H, CH,CH,CH), 0.83 (s, 3H,
CHa), 0.76 (s, 3H, CHs); *C NMR (151 MHz, CDCl3) § 184.3 (C), 170.2 (C), 157.0 (C), 145.8
(CH), 140.3 (CH), 126.4 (CH), 125.9 (CH), 71.3 (C), 64.8 (CH), 53.0 (C), 46.9 (CH), 30.1
(CHz), 29.9 (CH), 28.8 (CHs), 27.3 (CHz), 19.8 (CHs), 18.9 (CHs), 14.6 (CHs); HRMS
(monomer) found (ES) [M+H]*423.0895, C1sH24N>O3Pd+H requires 423.0902.

Palladacycle 372

CD4CN-Pd—N
N A0

=

A sealed tube was charged with amide 165 (52 mg, 0.20 mmol, 1 eq), Pd(OAc)., (54 mg,
0.24 mmol, 1.2 eg) and CsOAc (115 mg, 0.30 mmol, 3 eq) in CD3;CN. The reaction mixture

was heated at 60 °C for 1.5 hours, before being filtered through Celite® and concentrated.
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The crude complex was dissolved in chloroform and washed with water (3 x 1 ml) before

concentrating to give the product as a bright yellow solid (77 mg, 0.19 mmol, 95%).

M.p > 200 °C (decomp); [a]o +141.1 (c = 0.5, CHCI3); Vmax (film/cm™) 2942 (CH), 2920 (CH),
1665 (CO); *H NMR (600 MHz, CDsCN) & 8.30 — 8.28 (m, 1H, pyNCH), 7.97 (td, J = 7.7, 1.6
Hz, 1H, pyCCHCH), 7.86 (d, J = 7.8 Hz, 1H, pyCCH), 7.48 (ddd, J = 7.5, 5.0, 1.3 Hz, 1H,
pyNCHCH), 3.99 (dt, J = 9.5, 2.9 Hz, 1H, NCHCH), 2.63 (dt, J = 10.8, 3.3 Hz, 1H, PdCH),
2.35 (ddt, J = 13.0, 9.4, 3.9 Hz, 1H, NCHCH,), 1.85 (ddt, J = 14.1, 10.8, 3.7 Hz, 1H,
PACHCHy), 1.73 (t, J = 4.2 Hz, 1H, CH,CHCHy), 1.62 (dd, J = 13.6, 3.2 Hz, 1H, PACHCHy,),
1.14 (dd, J = 12.7, 2.4 Hz, 1H, NCHCH,), 1.04 (s, 3H, CHs), 0.96 (s, 3H, CHs), 0.85 (s, 3H,
CHs); *3C NMR (151 MHz, CDsCN) & 174.8 (C), 168.0 (C), 157.8 (C), 148.5 (CH), 139.8
(CH), 127.0 (CH), 124.5 (CH), 68.3 (CH), 64.0 (C), 48.0 (PdCH), 47.5 (CH), 47.3 (C), 41.0
(CHy), 36.7 (CH,), 22.5 (CHs), 19.3 (CHs), 15.2 (CHa).

[It was not possible to obtain mass spectrometry data for this compound]

Palladacycle 374

PPh; (26 mg, 0.10 mmol, 1 eq) was added to a solution of palladacycle 372 (41 mg, 0.10
mmol, 1 eq) in CHCI; (1 ml) and the resulting solution stirred at room temperature for 30
minutes, before filtering through Celite®, washing with CHCI;. The filtrate was concentrated

to give the desired palladacycle as a yellow solid in quantitative yield (62 mg, 0.10 mmol).

M.p 190 °C (decomp.); [alo +28.8 (c = 0.5, CHCl3); Vmax (film/cm™) 2942 (CH), 2920 (CH),
1587 (CC), 1095 (CP); *H NMR (600 MHz, CDCls) & 8.13 (d, J = 7.8 Hz, 1H, pyNCH), 7.78 —
7.72 (m, 1H, pyNCHCH), 7.71 — 7.65 (m, 6H, PPh), 7.47 (t, J = 7.4 Hz, 3H, PPh), 7.43 —
7.39 (m, 6H, PPh), 7.07 — 7.03 (m, 1H, pyCCH), 6.91 — 6.86 (m, 1H, pyCCHCH), 4.28 — 4.20
(m, 1H, NCHCH,), 2.53 — 2.46 (m, 1H, NCHCH,), 2.04 (tdd, J = 8.2, 5.8, 2.4 Hz, 1H, PdCH),
1.57 (t, J = 4.0 Hz, 1H, CH,CHCH,), 1.51 — 1.44 (m, 1H, PdCHCH.), 1.30 (dd, J = 12.8, 2.1
Hz, 1H, NCHCH,), 1.13 — 1.07 (m, 1H, PdCHCHj), 1.04 (s, 3H, CHs), 0.91 (s, 3H, CHs), 0.47
(s, 3H, CHg3); 3C NMR (151 MHz, CDCls) & 167.5 (C), 159.7 (C), 148.4 (CH), 138.1 (CH),
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134.4 (d, J = 13.2 Hz, CH), 132.1 (d, J =42.1 Hz, C), 130.7 (d, J = 1.9 Hz, CH), 128.7 (d, J
= 10.1 Hz, CH), 124.9 (H), 65.7 (CH), 65.1 (C), 56.7 (PdCH), 47.2 (C), 46.6 (CH), 40.1
(CH,), 35.6 (CH), 22.2 (CHs), 18.8 (CHs), 15.2 (CHs); *P NMR (300 MHz, CDCl;) & 33.68
(PPh3); HRMS found (ES) [M+H]*625.1594, C34H3sN.OPPd+H requires 625.1607.

Arylation of palladacycle 6a

4-iodoanisole =
CsOAc I |
CD3CN-Pd—N t-AmOH N
| NS0  140°C, 24 h 0
= OMe

A tube was charged with palladacycle 372 (41 mg, 0.1 mmol, 1 eq), CsOAc (19 mg, 0.1
mmol, 1 eq), tAmOH (0.1 ml) and 4-iodoanisole (94 mg, 0.4 mmol, 4 eq). The tube was
sealed with a PTFE lined cap and heated to 140 °C for 24 hours. The reaction mixture was
then cooled and filtered through a pad of Celite®, washing with EtOAc. The filtrate was
concentrated in vacuo and the resulting crude residue purified by flash column
chromatography to give the arylated product 191 (0.043 mmol, 43%).

Arylation using palladium complexes as a catalyst

3 or4da
4-iodoanisole =
) Gs0hc, Cubr, iy e |
HN ~ t-AmOH N
N 140 °C, 24 h o)
(0]
OMe

A tube was charged with picolinamide 165 (26 mg, 0.1 mmol, 1 eq), CuBr. (2.2 mg, 0.01
mmol, 10 mol%), palladium complex 371 or 372 (0.005 mmol, 5 mol%), CsOAc (77 mg, 0.4
mmol, 4 eq), t-AmOH (0.1 ml) and 4-iodoanisole (94 mg, 0.4 mmol, 4 eq). The tube was

sealed with a PTFE lined cap and heated to 140 °C for 24 hours. The reaction mixture was
then cooled and filtered through a pad of Celite®, washing with EtOAc. The filtrate was
concentrated in vacuo and the resulting crude residue purified by flash column
chromatography (0 — 40% EtOAc in petrol).

Yield using palladium complex 371 as a catalyst 87%; Yield using palladacycle 372 as a

catalyst 80%
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N-((1R, 3S, 5S,7R)-7-iodo-1,8,8-trimethyl-2-oxabicyclo[3.2.1]Joctan-3-yl)picolinamide

397

o H //
N
N
0]

lodine (26 mg, 0.10 mmol, 1 eq) was added to a solution of palladacycle 372 (40 mg, 0.10

mmol, 1 eq) in CDCl; (2 ml). The resulting suspension was stirred for 16 hours at room

temperature, before being filtered through Celite®, and concentrated. The residue was

purified by flash column chromatography (0 — 60% EtOAc in petrol) to the product as a
brown oil (10 mg, 0.025 mol, 25%).

'H NMR (600 MHz, CDCls) 6 8.56 (d, J = 5.7 Hz, 1H, pyNCH), 8.39 (d, J = 9.1 Hz, 1H, NH),
8.20 (d, J = 7.8 Hz, 1H, pyCCH), 7.85 (td, J = 7.7, 1.7 Hz, 1H, pyCCHCH), 7.47 — 7.42 (m,
1H, pyNCHCH), 5.70 (td, J = 10.1, 4.9 Hz, 1H, NHCH), 4.93 (dd, J = 9.2, 6.3 Hz, 1H ICH),
2.65 — 2.61 (m, 1H, ICHCH,), 2.50 (dd, J = 15.1, 9.2 Hz, 1H, ICHCH,), 2.06 — 2.01 (m, 2H,
CH,CHCH,CH), 1.69 (dt, J = 9.2, 4.3 Hz, 1H, NHCHCH,), 1.42 (s, 3H, CHs), 1.28 (s, 3H,
CHs), 1.17 (s, 3H, CHs); **C NMR (151d MHz, CDCls) & 163.9 (C), 149.4 (C), 148.2 (CH),
137.5 (CH), 126.7 (CH), 122.8 (CH), 86.3 (C), 72.1 (CH), 44.9 (CH), 44.5 (C), 41.9 (CHy),
34.3 (CHy), 28.3 (CH), 25.6 (CHs), 23.1 (CHs), 19.9 (CHs); LRMS 401.0 [M+H]; HRMS found
(Cl NHg) [M+H]*401.0720, C16H21N,0-I+H requires 401.0720.

6.3.2 Kinetic data
Kinetic studies

Order in catalyst

N X
N
(3

Pd(OAc), 5 mol% A CFs
CsOAc 4 eq, CuBr; 10 mol% H ~ |
4-fluoroiodobenzene 4 eq N
tHxOH o
130 °C, 16 h
F
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The reaction was run according to general arylation procedure B, using amide 160 and 4-
fluoroiodobenzene, and 1,3,5-trimethoxybenzene as the internal standard (10 mol%). The
reaction was run with 2.5 mol%, 5 mol% and 10 mol% of Pd(OACc)..

Time | Yield % time[cat] | [product]

minutes

30 5 0.75 0.05

60 9 1.5 0.09

90 13 2.25 0.13
120 15 3 0.15
180 20 4.5 0.2
240 23 6 0.23
360 27 9 0.27
480 29 12 0.29
600 33 15 0.33
720 36 18 0.36
960 40 24 0.4
1200 42 30 0.42
1440 41 36 0.41

2.5 mol% Pd(OAc);

Minutes = Yield  time[cat] [product]

30 7 15 0.07

60 14 3 0.14

90 18 4.5 0.18
120 22 6 0.22
180 29 9 0.29
240 34 12 0.34
360 39 18 0.39
480 43 24 0.43
600 46 30 0.46
720 50 36 0.5
960 55 48 0.55
1200 58 60 0.58
1440 61 72 0.61

5 mol% Pd(OAc).
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Minutes = Yield time[cat] [product]
30 11 3 0.11
60 20 6 0.2
90 26 9 0.26

120 29 12 0.29
180 34 18 0.34
240 38 24 0.38
360 45 36 0.45
480 49 48 0.49
600 52 60 0.52
720 55 72 0.55
960 58 96 0.58
1200 61 120 0.61
1440 62 144 0.62

10 mol% Pd(OAc),

Order in aryl iodide

Entry Equivalents of Arl Concentration of Arl (M)
1 4 4.00
2 3 2.69
3 2 1.49
4 1 0.74
Time Yield modified [product] [Arl]
time
30 7 85.36936 0.07 4.065
60 14 170.2619 0.14 3.94
90 18 254.1584 0.18 3.94
120 22 337.6152 0.22 3.885
180 27 502.5251 0.29 3.815
240 31 663.8076 0.32 3.66
360 37 978.8997 0.39 3.585
Entry1-4eq
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Time Yield modified [product] [Arl]
time
30 7 62.78524 | 0.080738 @ 2.664
60 12 125.2624 | 0.138408 2.655
90 15 187.5104 @ 0.17301 2.638
120 18 249.2903  0.207612 | 2.602
180 21 372.1243 | 0.242215 | 2.597
240 25 492.7187 0.288351 | 2.476
360 28 715.9228 | 0.322953 | 2.099
480 30 919.0341  0.346021 | 2.279
Entry 2 -3 eq
Time Yield | modified [product] [Arl]
time
30 3 40.78402 | 0.0369 1.487
60 7 80.3945 0.086101 1.41
90 11 119.8408 0.135301  1.471
120 14 158.9477 0.172202 @ 1.377
180 16 237.1616 | 0.196802 @ 1.471
240 19 314.4674 | 0.233702 @ 1.333
360 21 459.0438 | 0.258303 1.231
Entry 3—-2eq
Time Yield | modified [product] [Arl]
t
30 2 24.79177 | 0.026918 0.654
60 3 46.79664 | 0.040377 0.669
90 6 69.07537 | 0.080754 0.676
120 8 91.16749 0.107672 0.654
180 10 134.0497 0.13459 @ 0.624
240 12 174.3642 0.161507 @ 0.553
360 13 249.7987 0.174966 0.524
Entry4-1eq
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Same excess experiments data

Entry [amide X] [Arl] [arylated [Csl] [AcOH]
product]
1 1 4 0 0 0
2 0.5 35 0 0 0
3 0.5 35 0.5 0 0
4 0.5 35 0.5 0.5 0.5
5 0.5 3.5 0.5 0.5 0
Time [SM]
30 0.93
60 0.86
90 0.82
120 0.78
180 0.71
240 0.66
360 0.61
480 0.57
600 0.54
720 0.50
960 0.45
1200 0.42
1440 0.40
Entry 1
Time Time [SM] [SM] [SM] [SM]
(corrected) | (original) Entry2 Entry3 Entry4 Entry5
750 30 0.48 0.50 0.47 0.47
780 60 0.43 0.46 0.45 0.44
810 90 0.39 0.43 0.45 0.43
870 120 0.35 0.40 0.44 0.42
930 180 0.32 0.36 0.44 0.40
990 240 0.29 0.33 0.43 0.38
1110 300 0.26 0.30 0.41 0.37
1230 360 0.24 0.26 0.39 0.35
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6.4 Experimental for Chapter 5 — Amides

General amidation procedure B

A suspension of carboxylic acid (5.0 mmol, 1 equiv.), amine (5.0 mmol, 1 equiv.) and
B(OCH.CF3); (108 pl, 0.5 mmol, 10 mol%) in tBuOAc (5 ml, 1 M) with a Dean-Stark
apparatus (side arm filled with tBuOAc) was heated to reflux. An air condenser was fitted
and the reaction mixture heated for 1 — 48 hours. Upon completion, the reaction was cooled
to room temperature and water (0.5 ml), dimethyl carbonate (5 ml) Amberlite IRA-743 (0.25
g), Amberlyst A15 (0.5 g) and A-26(OH) (0.5 g) resins were added and the resulting
suspension was stirred for 30 min. MgSQO, (~0.5 g) was added and the mixture filtered and
the resins washed with EtOAc (2 x 5 ml). The combined filtrates were concentrated in vacuo

to yield the pure amide.

N-(Cyclohexylmethyl)picolinamide 159

N |\
Ho N

Prepared according to general amidation procedure B, using 2-picolinic acid (616 mg, 5.0
mmol), cyclohexylmethylamine (651 ul, 5.0 mmol) and heated to reflux for 24 h. Purified
using the standard resin work-up, without the use of Amberlyst A15 to give the product as a
white solid 5 mmol scale (1.004 g, 4.60 mmol, 92%).

M.p 65 - 67 °C; Vmax (SOlid/cm™) 3354 (NH), 2916 (CH), 2847 (CH), 1657 (CO), 1525 (CC);
'H NMR (700 MHz, CDCls) & 8.49 (d, J = 4.7 Hz, 1H, ArH), 8.15 (d, J = 7.8 Hz, 1H, ArH),
8.09 (s, 1H, NH), 7.78 (td, J = 7.7, 1.7 Hz, 1H, ArH), 7.35 (ddd, J = 7.5, 4.8, 1.0 Hz, 1H,
ArH), 3.27 (t, J = 6.6 Hz, 2H, NHCH,), 1.75 (dd, J = 13.6, 1.9 Hz, 2H, CHCH,), 1.71 — 1.65
(m, 2H, CHCH,CH,), 1.61 (ddd, J = 12.5, 5.0, 2.6 Hz, 1H, CHCH,CH.CH,), 1.55 (ttd, J =
10.5, 7.0, 3.4 Hz, 1H, CH), 1.23 — 1.15 (m, 2H, CHCH.CH,), 1.15 — 1.08 (m, 1H,
CHCH,CH,CH.), 0.96 (ddd, J = 24.5, 12.3, 3.3 Hz, 2H, CHCH,); **C NMR (176 MHz, CDCls)
5 164.4 (C), 150.2 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 45.7 (CH,), 38.2
(CH), 31.0 (CHy), 26.5 (CH,), 26.0 (CH>).

Data in accordance with literature!®

[100 mmol scale (21.23 g, 97 mmol, 97%)]
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N-Cyclohexylpicolinamide 160

H |
N N
N
(7
Prepared according to general amidation procedure B, using 2-picolinic acid (616 mg, 5.0
mmol), cyclohexylamine (573 pl, 5.0 mmol) and heated to reflux for 48 h. Purified using the

standard resin work-up, without the use of Amberlyst A15 to give the product as a white solid
(930 mg, 4.55 mmol, 91%)

M.p 54 — 56 °C; Vmax (solid/cm™) 3379, 2935, 2857, 1666; 'H NMR (400 MHz, CDCls) & 8.52
(ddd, J = 4.8, 1.7, 0.9 Hz, 1H, ArH), 8.18 (dt, J = 7.8, 1.1 Hz, 1H, ArH), 7.93 (s, 1H, NH),
7.82 (td, J = 7.7, 1.7 Hz, 1H, ArH), 7.39 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H, ArH), 4.03 — 3.89 (m,
1H, NHCH), 2.05 — 1.95 (m, 2H, NHCHCH,), 1.80 — 1.70 (m, 2H, NHCHCH,CH,), 1.68 —
1.59 (m, 1H, NHCHCH,CH,CHz), 1.48 — 1.16 (m, 5H, 3 x CH,); *C NMR (151 MHz, CDCls)
5 163.4 (C), 150.4 (C), 148.1 (CH), 137.4 (CH), 126.1 (CH), 122.3 (CH), 48.3 (CH), 33.2
(CHs), 25.7 (CH,), 25.0 (CHo).

Data in accordance with literature®®
N-Benzyltetrahydrofuran-2-carboxamide 411

eAs

Prepared according to general amidation procedure B, using tetrahydro-2-furoic acid (480 pl,
5.0 mmoal), benzylamine (547 pl, 5.0 mmol) and heated to reflux for 2 h. Purified using the
standard resin work-up to give the product as a yellow oil (950 mg, 4.63 mmol, 93%).

Vmax (film/cm™) 3328 (NH), 2951 (CH), 2875 (CH), 1654 (CO), 1520 (CC); *H NMR (700
MHz, CDCls) 6 7.31 (dt, J = 8.3, 4.2 Hz, 2H, ArH), 7.28 — 7.17 (m, 3H, ArH), 7.15 — 6.91 (s,
1H, NH), 4.50 — 4.32 (m, 3H, NHCH, CH), 3.93 — 3.79 (m, 2H, OCH,), 2.33 — 2.24 (m, 1H,
CHCH,), 2.11 — 2.03 (m, 1H, CHCH>), 1.94 — 1.80 (m, 2H, OCH,CH,); *C NMR (176 MHz,
CDCls) 6 173.3 (C), 138.3 (C), 128.8 (CH), 127.8 (CH), 127.6 (CH), 78.6 (CH), 69.5 (CH»),
43.0 (CHy), 30.4 (CH,), 25.7 (CHy).
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tert-Butyl 4-(tetrahydrofuran-2-carbonyl)piperazine-1-carboxylate 412

Prepared according to general amidation procedure B, using tetrahydro-2-furoic acid (480 pl,
5.0 mmoal), 1-Boc-piperazine (931 mg, 5.0 mmol) and heated to reflux for 1 h. Purified using

the standard resin work-up to give the product as a white solid (1.21 g, 4.26 mmol, 85%).

M.p 55 — 58 °C; Vmax (solid/cm™) 2974 (CH), 2868 (CH), 1683 (CO), 1644 (CO); 'H NMR
(700 MHz, CDCls) & 4.44 (dd, J = 7.4, 5.8 Hz, 1H, OCH), 3.75 (dd, J = 14.8, 7.0 Hz, 1H,
OCHy), 3.67 (dd, J = 13.8, 7.6 Hz, 1H, OCH,), 3.52 (m, 2H, NCH2), 3.37 — 3.27 (m, 4H,
NCH2), 3.26 — 3.21 (m, 1H, NCH2), 3.20 — 3.14 (m, 1H, NCH2), 2.13 (dq, J = 12.2, 6.2 Hz,
1H, OCHCH_), 1.90 — 1.79 (m, 2H, OCHCH, OCH,CH), 1.77 — 1.71 (m, 1H, OCH,CHy),
1.29 (m, 9H, C(CHzs)s); *C NMR (176 MHz, CDCl;) & 170.0 (C), 154.5 (C), 80.1 (C), 75.9
(CH), 69.0 (CH2), 45.3 (CH2), 43.6 (br, CH2), 41.9 (CH), 28.3 (CH), 25.7 (CHs); HRMS
found (ESI) [M+H]* 285.1810, Ci14H24N-O4+H requires 285.1809.

N-(4-methoxybenzyl)quinoline-4-carboxamide 413

\

Prepared according to general amidation procedure B, using 4-quinolinecarboxylic acid (433
mg, 2.5 mmol), 4-methoxybenzylamine (327 pl, 2.5 mmol) and heated to reflux for 36 h.
Purified using the standard resin work-up, without the use of Amberlyst A15. Further purified
by recrystallisation from IPA to give the product as an off-white solid (658 mg, 2.25 mmal,
90%).

M.p 123 — 124 °C; Vmax (solid/cm™) 3273 (NH), 2929 (CH), 2834 (CH), 1634 (CO), 1510
(CC); *H NMR (700 MHz, CDCls) 6 8.81 (d, J = 4.3 Hz, 1H, ArH), 8.19 (d, J = 8.4 Hz, 1H,
ArH), 8.06 (d, J = 8.4 Hz, 1H, ArH), 7.75 — 7.69 (m, 1H, ArH), 7.56 (t, J = 7.6 Hz, 1H, ArH),
7.35 (d, J = 4.3 Hz, 1H, ArH), 7.29 (d, J = 8.6 Hz, 2H, ArH), 6.90 — 6.86 (m, 2H, ArH), 6.59
(br's, 1H, NH) 4.62 (d, J = 5.7 Hz, 2H, CH), 3.80 (s, 3H, CHs); **C NMR (176 MHz, CDCl3) &
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167.2 (C), 159.4 (C), 149.9 (CH), 148.7 (C), 142.0 (C), 130.1 (CH), 129.9 (CH), 129.8 (C),
129.5 (CH), 127.8 (CH), 125.4 (CH), 124.6 (C), 118.5 (CH), 114.4 (CH), 55.5 (CHs), 43.8
(CH,); HRMS found (ESI) [M+H]* 293.1286, C15H16N202+H requires 293.1285.

1-(piperidin-1-yl)-2-(thiophen-2-yl)ethan-1-one 414

9

Prepared according to general amidation procedure B, using 2-thiopheneacetic acid (711
mg, 5.0 mmol), piperadine (494 pl, 5.0 mmol) and heated to reflux for 24 h. Purified using

the standard resin work-up to give the product as a colourless oil (1.00 g, 4.79 mmol, 93%).

Vmax (film/cm™) 2932 (CH), 2852 (CH), 1630 (CO); *H NMR (700 MHz, CDCls) & 7.14 (s, 1H,
ArH), 6.90 (d, J = 2.9 Hz, 1H, ArH), 6.85 (s, 1H, ArH), 3.86 (d, J = 5.6 Hz, 2H, COCH.,), 3.53
(s, 2H, NCH,) 3.40 (s, 2H, NCH,), 1.57 (s, 2H, NCH,CH,CH,), 1.49 (s, 2H, NCH,CH,), 1.41
(s, 2H, NCH,CH.); **C NMR (176 MHz, CDCl;) & 168.3 (C), 137.1 (C), 126.9 (CH), 126.0
(CH), 124.7 (CH), 47.5 (CH,), 43.2 (CH,), 36.3 (CH,), 26.4 (CH,), 25.5 (CH,), 24.5, (CHy).

Data in accordance with literature®

1-Methyl-N-((1R,3r,5S)-9-methyl-9-azabicyclo[3.3.1]Jnonan-3-yl)-1H-indazole-3-carboxamide
415

Prepared according to general amidation procedure B, using 1-methyl-1H-indazole-3-carboxylic
acid (440 mg, 2.5 mmol), 9-methyl-9-azabicyclo[3.3.1]Jnonan-3-amine (386 mg, 2.5 mmol) and
B(OCH.CF3); (56 ul, 20 mol%) for 72 h. Purified by flash column chromatography (0 — 10%
MeOH in DCM) to give the product as a white waxy solid (350 mg, 1.12 mmol, 45%).

Vmax (sOlid/cmt) 3409 (NH), 2925 (CH), 2087 (CH), 1636 (CO), 1530 (CC); *H NMR (700
MHz, CDCls) & 8.38 (dt, J = 8.2, 1.0 Hz, 1H, ArH), 7.41 — 7.38 (m, 1H, ArH), 7.37 (dt, J = 8.5,
0.9 Hz, 1H, ArH), 7.25 (ddd, J = 7.8, 5.1, 1.1 Hz, 1H, ArH), 6.78 (d, J = 8.2 Hz, 1H, NH), 4.55
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(tdt, J = 11.4, 8.4, 6.7 Hz, 1H, NHCH), 4.07 (s, 3H, ArNCHs), 3.08 (d, J = 10.9 Hz, 2H, NCH),
2.55 — 2.51 (m, 2H, NHCH,), 2.50 (s, 3H, NCHs), 2.01 — 1.92 (m, 3H, CH,CH,CH and
CH,CH,CH), 1.54 — 1.50 (m, 1H, CH,CH,CH), 1.37 (ddd, J = 11.6, 8.9, 3.2 Hz, 2H, NHCH,),
1.08 — 1.02 (m, 2H, CH,CH,CH); *C NMR (176 MHz, CDCls) & 162.0 (C), 141.4 (C), 137.7
(C), 126.9 (CH), 123.2 (CH), 122.9 (C), 122.6 (CH), 109.1 (CH), 51.4 (CH), 40.83 (CH),
40.76 (CHs), 36.0 (CHs), 33.2 (CH,), 25.0 (CHy), 14.5 (CHy)

Data in accordance with literaturel©®

1-(Piperidin-1-yl)pentan-1-one 416
O

@

Prepared according to general amidation procedure B, using n-pentanoic acid (544 ul, 5.0
mmol), piperidine (494 pl, 5.0 mmol) and heated to reflux for 18 h. Purified using the
standard resin work-up to give the product as a yellow oil (801 mg, 4.73 mmol, 95%).

Vmax (film/cm-t) 2932 (CH), 2855 (CH), 1634 (CO); *H NMR (700 MHz, CDCls) & 3.40 (d, J =
4.3 Hz, 2H, NCH_), 3.26 (d, J = 4.0 Hz, 2H, NCH,), 2.18 (dd, J = 16.9, 9.9 Hz, 2H), 1.64 —
1.29 (m, 8H), 1.27 — 1.17 (m, 2H, CH2CHs), 0.79 (dt, J = 14.9, 7.4 Hz, 3H, CHs); **C NMR
(176 MHz, CDCls) & 171.5 (C), 46.7 (CHa), 42.6 (CH,), 33.2 (CH,), 27.6 (CH,), 26.6 (CH>),
25.6 (CH,), 24.6 (CH.), 22.6 (CHy), 13.9 (CHa).

Data in accordance with literature!?®

2-Phenyl-N-(pyridine-2-yl)acetamide 410

Prepared according to general amidation procedure B, using phenylacetic acid (681 mg, 5.0
mmol), 2-aminopyridine (471 mg, 5.0 mmol) and heated to reflux for 48 h. Purified using the
standard resin work-up, without the use of Amberlyst A15 to give the product as a white solid
(772 mg, 6.64 mmol, 73%).

M.p 122-123 °C; Vmax (solidicm™) 3273 (NH), 2930 (CH), 1636 (CO), 1512 (CC); *H NMR
(400 MHz, CDCls) & 8.29 — 8.16 (m, 2H, ArH), 7.98 (s, 1H, NH), 7.72 — 7.64 (m, 1H, ArH),
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7.43 — 7.36 (M, 2H, ArH), 7.35 — 7.29 (m, 3H, ArH), 7.05 — 6.97 (m, 1H, ArH), 3.76 (s, 2H,
CH2); *C NMR (101 MHz, CDCls) & 169.6 (C), 151.3 (C), 147.8 (CH), 138.5 (CH), 134.0 (C),
129.6 (CH), 129.3 (CH), 127.8 (CH), 120.0 (CH), 114.0 (CH), 45.1 (CH.).

Data in accordance with literature©4

N-(2-methoxyphenyl)-2-phenylacetamide 417

H
N

LT

Prepared according to general amidation procedure B, using phenylacetic acid (681 mg, 5.0
mmol), o-anisidine (565 pl, 5.0 mmol) and heated to reflux for 40 h. Purified using the
standard resin work-up to give the product as an off-white solid (528 mg, 1.915 mmol, 38%).

White Solid. 1.162 g, 96%; Vmax (solid/cm™) 3259 (NH), 2932 (CH), 2839 (CH), 1643 (CO),
1527 (CC); *H NMR (700 MHz, CDCls) & 8.36 (dd, J = 8.0, 1.3 Hz, 1H, ArH), 7.89 — 7.71 (m,
1H, NH), 7.43 — 7.37 (m, 2H, ArH), 7.37 — 7.29 (m, 3H, ArH), 7.01 (td, J = 7.9, 1.4 Hz, 1H,
ArH), 6.96 — 6.91 (m, 1H, ArH), 6.80 (d, J = 8.1 Hz, 1H, ArH), 3.78 (d, J = 21.9 Hz, 2H, CH,),
3.69 (s, 3H, CHs); *C NMR (176 MHz, CDCls) & 169.1 (C), 148.0 (C), 134.8 (C), 129.7 (C),
129.2 (CH), 127.7 (CH), 127.6 (CH), 123.9 (CH), 121.2 (CH), 119.7 (CH), 110.1 (CH), 55.8
(CHs), 45.3 (CHy).

Data in accordance with literaturel©®

N-mesityl-2-phenylacetimide 409

H
N
T 0

Prepared according to general amidation procedure B, using phenylacetic acid (681 mg, 5.0
mmol), 2,3,5-trimethylaniline (676 mg, 5.0 mmol) and heated to reflux for 20 h. Purified by
flash column chromatography (20-60% EtOAc in petrol) to give the product as a white solid
(916 mg, 3.62 mmol, 72%).

M.p 99-102 °C; Vmax (sOlid/cm™) 3250 (NH), 2916 (CH), 1654 (CO), 1517 (CC); *H NMR (400
MHz, DMSO) & 9.35 (s, 1H, NH), 7.38 — 7.30 (m, 4H, ArH), 7.27 — 7.24 (m, 1H, ArH), 6.84
(s, 2H, ArH), 3.61 (s, 2H, CHz), 2.20 (s, 3H, CHs), 2.02 (s, 6H, 2 x CHa); 3C NMR (101 MHz,
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DMSO) & 168.8 (C), 136.5 (C), 135.3 (C), 134.9 (CH), 132.5 (C), 129.0 (CH), 128.3 (CH),
128.2 (CH), 126.5 (CH), 42.6 (CH,), 20.5 (CHs), 18.0 (CHs).

Data in accordance with literature'’*

tert-Butyl (tert-butoxycarbonyl)-D-alanyl-L-phenylalaninate 418

L-phenylalanine-tert-butyl ester hydrochloride (773 mg, 3.0 mmol) was washed with sat. aq.
NaHCO; and the free base extracted into DCM. Prepared according to general amidation
procedure B, using Boc-D-alanine (568 mg, 3.0 mmal), and heated to reflux for 16 h. Purified
using the standard resin work-up to give the product as an off-white solid (1.12 g, 2.85 mmoal,
95%).

[a]o®*" +43.6 (¢ 1.0, CHCI3); M.p 96 - 99 °C; Vmax (solid/cm™) 3293 (NH), 2974 (CH), 2930
(CH), 1712 (CO), 1628 (CO); *H NMR (700 MHz, CDCl5) 6 7.25 (t, J = 7.1 Hz, 2H, ArH), 7.20
(t, J=7.2 Hz, 1H, ArH), 7.13 (d, J = 7.5 Hz, 2H, ArH), 6.61 (d, J = 7.3 Hz, 1H, NH), 5.09 (s,
1H, NH), 4.69 (g, J = 6.2 Hz, 1H, CHCHj), 4.15 (s, 1H, CHCH,), 3.10 — 3.02 (m, 2H, CH),
1.41 (d, J = 11.1 Hz, 9H, C(CHjs)3), 1.37 (s, 9H, C(CHz3)3), 1.29 (t, J = 8.8 Hz, 3H, CHCHj);
13C NMR (176 MHz, CDCls) & 172.4 (C), 170.4 (C), 155.5 (C), 136.2 (C), 129.7 (CH), 128.5
(CH), 127.1 (CH), 82.5 (C), 80.1 (C), 53.8 (CH), 50.3 (CH), 38.1 (CH,), 28.4 (CHg), 28.0
(CHs), 18.6 (CHs).

Data in accordance with literature!®®

tert-Butyl (tert-butoxycarbonyl)-L-alanyl-L-phenylalaninate 419

L-phenylalanine-tert-butyl ester hydrochloride (773 mg, 3.0 mmol) was washed with sat. ag.
NaHCO; and the free base extracted into DCM. Prepared according to general amidation

procedure B, using Boc-L-alanine (568 mg, 3.0 mmol), and heated to reflux for 16 h. Purified
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using the standard resin work-up to give the product as an off-white waxy solid (927 mg,
2.36 mmol, 79%).

[a]o2*7 -43.4 (C 1.0, CHCl3); Vmax (solid/cm?) 3303 (NH), 2974 (CH), 2931 (CH), 2854 (CH),
1712 (CO), 1632 (CO); *H NMR (700 MHz, CDCls) & 7.26 (t, J = 7.2 Hz, 2H, ArH), 7.21 (m,
1H, ArH), 7.14 (d, J = 7.4 Hz, 2H, ArH), 6.58 (s, 1H, NH), 5.02 (d, J = 6.5 Hz, 1H, NH), 4.69
(0, 6.1 Hz, 1H, CHCHs), 4.17 (s, 1H, CHCH,), 3.14 — 3.02 (m, 2H, CH,), 1.42 (s, 9H, (CHa)s),
1.39 (s, 9H, (CHa)s), 1.29 (d, J = 7.0 Hz, 3H, CHCHs); *C NMR (176 MHz, CDCls) & 172.2
(C), 170.5 (C), 155.5 (C), 136.2 (C), 129.7 (CH), 128.5 (CH), 127.1 (CH), 82.5 (C), 80.2
(CH), 53.6 (CH), 50.2 (CH), 38.2 (CH,), 28.4 (CHs), 28.1 (CHs), 18.8 (CHs).

Data in accordance with literature©®

N-Benzyl-2-(2-chlorophenyl)-2-hydroxyacetamide 420

g H\/@
LY
Cl ©
Prepared according to general amidation procedure B, using 2-chloromandelic acid (933 mg,

5.0 mmol), benzylamine (547 pl, 5.0 mmol) and heated to reflux for 40 h. Purified using the
standard resin work-up to give the product as an off-white solid (528 mg, 1.915 mmol, 38%).

M.p 144 - 146 °C; Vmax (solid/cm™) 3264 (NH), 3195 (OH), 1919 (CH), 1633 (CO), 1532
(CC); *H NMR (700 MHz, CDCl;) & 7.35 — 7.27 (m, 7H, ArH), 7.17 (d, J = 7.2 Hz, 2H, ArH),
6.76 — 6.56 (m, 1H, NH), 5.03 (d, J = 2.4 Hz, 1H, CH), 4.45 - 4.36 (m, 2H, CH), 3.81 (d, J =
3.3 Hz, 1H, OH); **C NMR (176 MHz, CDCl3) 6 171.8 (C), 138.0 (C), 137.7 (C), 134.6 (C),
129.1 (CH), 128.9 (CH), 128.2 (CH), 128.0 (CH), 127.84 (CH), 127.77 (CH), 127.7 (CH),
73.7 (CH), 43.6 (CH.); HRMS found (ES) [M+H]* 276.0786, CisH14NO.CI+H requires
276.0786.

[It should be noted that the chemical shifts of the CH peak at 5.03 ppm and the OH at 3.81
are concentration dependent.]
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8. Appendix

N-(2-(4-Methoxybenzyl)butyl)-4-methylpicolinamide 330
cc872b
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TOCSY Experiments for assignment of 331a, 331b and 331c

7 2C
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