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Abstract

Monocyclic and bicyclic ring systems were investigghas the
“core” section of a series of diphenylsulphone-earihg
acetic acid CRTh2 receptor antagonists. A rangpoténcies
were observed and single-digit nanomolar poteneiese
obtained in both the monocyclic and bicyclic coiRssidence
times for the monocyclic compounds were very shBame
of the bicyclic cores displayed better residenceet. A
methyl group in the northern part of the core, leetw the
head and tail was a necessary requirement for égebings
of long residence times. Variations of the tail sithtion
maximised potencies and residence times.
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1. Introduction

CRTh2 (chemoattractant receptor homologous molecule
expressed on Th2 lymphocytes) is a GPCR involvethin
chemotaxis of Th2 lymphocytes, eosinophils and phia™?
CRTh2 also inhibits the apoptosis of Th2 lymphosytend
stimulates the production of IL4, IL5, and IL{3%ytokines
involved in pro-inflammatory biological responseSRTh2
antagonists are therefore under active developmasnt
potential treatments in pathologies related to rgide
inflammation. Several recent reviews have highéghthe
progress and most advanced series of CRTh2 an&igonoth
in pre-clinicaP® and clinical developmerif

As a continuation of our drug discovery progranoipbtent,
oral CRTh2 antagonists with long receptor residemces,
we were keen to expand the Structure-Activity Refehip
(SAR) and more importantly the Structure-Kinetic
Relationship (SKR) around a series of diphenylsoih
containing acetic acid CRTh2 receptor antagonidtee
compounds could be split into three conceptual sarethe
acetic acid “head” group, a mono- or bicyclic ardtimécore”
ring system and a “tail” group. We, and others pealiously
had success in finding potent antagonists whenaihgroups
was a 2-(phenylsulphonyl)benzyl group. In this cabferent
cores such as pyrazole®’ reverse pyrazolg,'® indole 3" or
pyrrolopiperidinones (PPAs}#? could all be successfully
introduced (Figure 1). Potency and dissociatioretuata for
compoundsl-4 are shown in Table 1. In a parallel line of
research, we had shown that the bicyclic core eerées of
biaryl CRTh2 antagonists was open to wide variatidh
Good potencies were generally accessible through
modification of the core. The core also had a prnébeffect
on the receptor residence half-life as demonstraetaveen
compoundsl and4. Clearly, there was scope to investigate
further structural modifications to the core. In fast
approximation, any core giving rise to a residehedf-life
>1h was of interest. Only those most promising cavesld
then be taken forward with a view of finding compds
displaying long receptor residence time, if possiil2h.
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Fig. 1. Sulphone-containing CRTh2 antagonists.

Tablel
Monocyclic and bicyclic core SAR and SKR

Compound  Series GTPYS Dissociation
ICs (NM) half-life (h)
1 Pyrazole 7 0.1
2 Rev Pyr 85 0.02
3 Indole 14 1.3
4 PPA 5 2.3
2. Chemistry

In almost all cases, each different central corguired a
separate synthetic route. In general, the acetitread group
was added from one of three synthons (Figure 2enate
core contained an NH suitable for alkylation, arboacetate
was sufficient. When the head-to-core linkage wasrdon-
carbon bond, we used either Friedel-Crafts reactiith a

monooxalyl chloride followed by reduction, or an

organometallic coupling with an acetate zincateggeeh The
tails were added via a bromide, if alkylation wasogption, or
in many case from an aldehyde by reductive alkytatOther
methods were also used where appropriate.
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Fig. 2. Typical synthetic strategies.

Here we describe the various synthetic routes tsexbtain
the various aromatic cores. Due to the wide vanmatdf
structures, in many cases yields were not optimizasl
obtaining a sample for biological testing was thienity.

The general tail synthons were synthesized accgrdm
Scheme 1. We limited ourselves to just three tafbs)
unsubstituted, (b) para-fluoro in the terminal pieimg and
(c) a methoxy-fluoro disubstituted tail. Smooth #idd of
sulphides6 to ortho-fluoro aldehyde$ gave sulphidess
which were then oxidized to sulfon&s Bromides10 were
obtained by reduction of the aldehyde and bronimati
Amine 11a was obtained by a two-step reductive amination.

“SO
R! mCPBA
=2 5 - .
OHC K2C0, 20C e C1I?3h
F DMSO S ' o:s
5 100 °C, 4h \Q d
R? R2
aR'\,R?=H 7a-c 8a-c
bR"=H,R?=F
cR'=MeO,R?=F
(1)NH,OH | (2)Zn, Hal

NaBH R' R' H,0,20°C | THF/H,0
4
- Ho SOBr, Br 2h reflux, 1h
MeOl PhCI
20°C 08 110°C 055

R? R? R

9a-c 10a-c
HoN

Scheme 1. Synthetic route to tail syntho8s10 and11 (0.2-
1.9 g scale).

The monocyclic cores were synthesized as follows:

Pyrazolonel6, a close analogue of our original pyrazdle

was synthesized as shown in Scheme 2. Knoevenagel

condensation of tail aldehy@a with ethyl acetoacetafegave
a mixture of regioisomer$2, and the double bond was then
reduced with hydrogen over palladium on carbon.sThi
process was generally higher yielding than dirdéigtlation of
ethyl acetoacetate with bromidi0a. Acetoacetatel3 was
condensed with phenyl hydrazitfeagain giving a mixture of
regioisomers and a low yield after a tricky segaratl4 was
alkylated with ethyl bromoacetate and ester hydishgave
16.
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Scheme 2. Synthesis of pyrazoloriks (7 mg scale).
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Imidazolone20, a regioisomeric core dif6, was synthesized
according to Scheme 3. 2-Bromo-1-phenylpropan-1+was
aminated with sodium diformylamie and resulting
aminoketonel7 was cyclized with ethyl 2-isocyanatoacetite.
The completed cor&8 was then alkylated with tail bromide
10b and ester hydrolysis gave the imidazol@fe

EtO._O

OHC., .CHO
o N o EtO\iO o
Br Na NH,-HCl NCO M
— - N7 NH
(1) MeCN (1) NEtg -
75°C, 36h acetone
(2) 5N HCI 0°C, 3h
reflux, 45 min 17 () TFA 18
20°C, 1h
R3o Q
X006b
J( o”ﬁ@/
NEts, K2003

DMF, 20°C, 18 h

LiOH, THF/H,0 19R3=Et
20°C, 18 h l: 20R3=H

Scheme 3. Synthesis of imidazolori2) (34 mg scale).

Regioisomeric triazolones25 and 30 were synthesized
according to Scheme 4. Benzohydrazide was condemgkd
ethyl 2-isocyanatoacetate to give u@ha This was cyclized
under highly basic conditior$, also resulting in ester
hydrolysis. Carboxylic aci®2 was re-esterified prior to tail
alkylation. A second ester hydrolysis 24 gave the desired
product. Regioisome80 was synthesized along similar lines,
but reversing the reactivity of the reagents. Héaé,amine
11a was converted to the isocyan2& and this was used for
condensation with benzohydrazide. After base-cataly
cyclization, the core of23 was alkylated with ethyl
bromoacetate and hydrolysed as before to the diepnaduct
30. In both cases, the base-catalyzed cyclizadn-$ 22 and
28 — 29) was a dirty reaction with many sub-products. The
products of these reactions were not purified it $kage, but
used crude in the subsequent alkylations and pdridit that
point.
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Scheme 4. Synthesis of triazolonezl and30 (85-100 mg
scale).

Imidazole 36 was synthesized according to Scheme 5.
Hippuric acid (N-benzoyl glycine) was condensedhwiil
aldehyde8b in an Erlenmeyer-Plochi azlactone synthéis.
Hydrolysis of the azlactone (oxazolinone) 3if gave32 and
reduction of the double bond gave functionalized
phenylalanine33. Methyl ketone34 was synthesized through
an acylation-decarboxylation sequence using aeetiydride.
We tried to synthesiz86 directly by condensation &4 with
glycine, or glycine esters, however no reaction or
decomposition was observed. Finally we achievedizatoon

of 34 to the imidazole core by condensation with 2-
aminoethanof! albeit in a very poor 7% yield. However this
gave us sufficient material to obta86 via a Jones oxidatiof.
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Scheme 5. Synthesis of imidazolg6 (4 mg scale).

We also synthesized some 6-membered monocyclicscore

Pyridones42 and43 were synthesized according to Scheme 6.

Common intermediate37 was obtained by hydrolysis of
commercial (6-chloropyridin-3-yl)acetic acid and eth
esterified to give38. Here we also chlorinated the core to at
least generate 2 final products from the same s¥igthoute.
Both pyridine cores were taken through to theiaffipproducts
by alkylation with the tail and ester hydrolys88 (- 40 — 42
and39 — 41 — 43 respectively).

0
EtOH
AcOH, HQO SNH H,S04
- >
l 160 °C pw A 0 reflux, 5 h N 0
37

NCS, DMF 38RY=H
102 R%°0._0O /©
Y
K,CO3 DMF 0=S

20°C,3h 39RY=Cl
70°C, 18 h . 1
- =~ "N
or NaH, DMF
NS0

20°C, 2h
RA
R“ H 40R3=Et 42R3=H
=Cl 41R3=Et 43R%=H
LiOH, THF/H,0O
20°C,1-3h

Scheme 6. Synthesis of pyridonef2 and43 (23-83 mg scale).

Regioisomeric pyridone48 was synthesized according to
Scheme 7. A classical carbon-chain homologatiorterevas
used to obtain the acetate-substituted core, naaidghyde
reduction to alcoho#4, chlorination 45), cyanide substitution
(46) and nitrile hydrolysis47). The core was then alkylated
with tail bromide10a and in situ ester hydrolysis have the
product48.

OMe OH OMe OMe CN OMe
NaBH, SOCI NaCN
HC | SN SN 222, SN
P “EoH CHZCIZ “ovF
-40°C 20 °C 70°C
45 min 18 h

E0._0O

_EOH

Taccl NH NaH. DMF
50°C 20°C, 2h

18h

0\

HO0 o 0=$
N
=
48

Scheme 7. Synthesis of pyridonet (130 mg scale).

The final monocycle, pyridazinon&2 was synthesized
according to Scheme 8. Tail aldehyg®ewas condensed with
4-0x0-4-phenylbutanoic acid under dehydrating cto?
Treatment of furanone49 with hydrazine gave the
pyridazinone core 502 Alkylation with tert-butyl
bromoacetate and ester hydrolysis gave the finaipownd
52.

0
N\ O
©)J\/\H/
A0, NEts 05
),
:s

NHNH,

S Teon
reflux, 3 h reflux, 4 h
: o
o tBuO o R O\EO o 0%

T Bf SRS
Vo
ch03 DMF Ns
O 20°C, 2 h

TFA, CH,Cl, 51 R®=tBu
20°C,2h 52 R3=H

Scheme 8. Synthesis of pyridazinor& (54 mg scale).

The bicyclic cores we chose to study were alsol®gired
following a range of synthetic routes. The firsteo selected
were a crossover between the the monocycles and the
bicycles: pyrrole-based compounds?, 58 and 59 all
possessed an aromatic monocycle fused to an atptiag.
These compounds were also close analogues of our
pyrrolopiperidinones (PPAs, e.g) and could be obtained by
similar synthetic routes, simply by varying the rdta
cyclohexanone (Scheme ¥)The route t&7 was fraught with
impurities, degradations and low yields (see Expernital
Section) but was short enough to rapidly obtain fimal
product. Cyclohexanone was alkylated with chlorteme to
give diketones3 but in a highly crude mixture. Condensation
with ethyl glycinate gave pyrrol&4, also in a highly crude
form. In the final step, reductive alkylation withil aldehyde
8a gave a tiny amount of the desired product, swfitito
characterize biologically, but only after repeapedifications.
The same route starting from Meldrum's acid (1,3-
cyclohexadione) gave far fewer problems. Alkylation
proceeded under milder basic conditions to giveathonyl
55. Condensation with ethyl glycinate proceeded shigdb

56 and reductive alkylation gave the desired prod&8tsnd



59. The extra carbonyl group (X = CO in Scheme 9aidle
reduced the electron density of the pyrrole ringhef core to
make it a more stable and less prone to decompusiti

EtO.__O
N
0 0 \f N7
0 X a 0 _ CNHyHOIL =
- . X%
_ LiHMDS, toluene NaOAc, EtOH
X=CH  goc 15 min 53 0°C, 15 min 54
_ ~_~ KyCO3, CHCl3 NaOAc, EtOH
X=C=0 %05 1h 55 20°C. 18 h 56
8 or 8c
(1) HI, H3PO,, Ac,0, H,0
20°C, 1-3h
(2) LiOH THF/H,0 57 X=CH,, R'= H
20°C,1h 58 X=C=0,R"=

59X =C=0,R"= MeO

Scheme 9. Synthesis of pyrrole-derived corgg 58 and59
(2-180 mg scale).

Moving to wholly aromatic bicyclic cores, two regiomeric
phthalazinones64 and 69 were synthesized according to
Scheme 10. As seen previously, the synthetic routes just
variations of each other, swapping the reactivitiethe head,
the core and tail portions accordingly. In thetftase, Wittig
reagent of the coré0 was reacted with tail aldehyda to
give the alkylidenes1.”® Condensation with hydrazine gave
the phthalazinone core62.* Alkylation with ethyl
bromoacetate and hydrolysis gave the pro@dctin the case
of the reversed core, Wittig reagent of the héadvas reacted
with phthalic anhydride to give alkyliden&. As before,
condensation with hydrazine gave the reversed (azimone
core 67 and alkylation with tail bromidelOa and ester
hydrolysis gave the final produé®.

PPh3
MeCN
reflux, 2.5 h

NH,NH, N

T T . HNTS O
MeOH
reflux, 1 h 0 O

NaH DMF
20°C,1h

62 LiOH, THF/H,0
20°C,1.3h

(1) PPhg
benzene
EtO.__O reflux, 18h EtO.__O
—_—
(2) NaOH X dioxane
wash fPh reflux, 2 h
65

EtO._O
NH2NH2

EtOH
60°C, 2 h

NaH DMF
20°C,2h

LiOH, THF/H,O
20°C,1-3h

PPhs’ Br 8
NEt
20°C, 2.5

EtO._O g3
02 S@ \E RO\EO

O

63 R® = Et
64R3=H

66

ot

68R%=
69R%= H

Scheme 10. Synthesis of phthalazinoné4 and69 (28-33 mg

scale).

For the 5,6-bicyclic cores, we started with sulfdeni74
(Scheme 11). 3-Nitro-2-chloropyridine was subsgitLitwith
tail amine 11a. Reduction of the nitro group of0 gave
diamine 71 which was cyclized with sulfamide under
microwave irradiation to give the thiadiazolopyrididioxide
core 722 NH Alkylation and ester hydrolysis as before

completed the synthesis ¢4.

o [J
0=S8

HN/\© H; (1 atm)
oN__ 10% Pd/C
TEon s EtOH/THF
140 °C pwW 20°C, 1h

30 min 70

o )
0=S

HN
HNC Ay
Y

71

E0._0  RO_0
9.0 T T30
SOsNHy), NSy /> Br NSy o;§@
(0]

(o) H
pyr|d|ne K,CO3, DMF
160 °C pW \ N 20°C, 2.5h
15 min
72 LiOH, THF/H,0
20°C,1.5h

&S

\ N

73R3=Et
74R%=H

Scheme 11. Synthesis of thiadiazolopyridine dioxidé (3 mg

scale).



The remaining cores were all based on the saméiéy6lic
structure and containing 2 nitrogen atoms, butrialjethe
position of the nitrogens around the 2 rings. Tingt tore of
this type was imidazopyridin€9 (Scheme 12). Monoethyl
malonate was condensed with 2-cyanopyrine in asBlai
reaction followed by Lewis acid-mediated decarbatigh?®
Reduction of the double bond double bor8l - 76) gave the
acetate-substituted aminomethylpyridine, ready  for
cyclization. This was carried out with (2-iodophBagetic
acid to form the imidazopyridine core 87.* The iodo group
then served as a handle and was displaced withusodi
phenylsulfinate, albeit in a low 15% vyield. Esterdiolysis

gave the final producto.

T3P, BuOAc
reflux, 1 h

EtO.__O EtO. _O

0o o
CN o NHz H
> (14 psi)
y HOJ\/[LOEt 20% PA(OH),/C
N
(1) NaoEt EOHACOH

(2) ZnCl,, NEtiPr, 20°C,4h
DCE, reflux, 4 h

EtO.__0O R®0._0O
N _ PhSONa
N ! =S
\ N T oo Y “
Me,NCH,CH,NMe,
N DMSO, 110°C, 18 h N
m LIOH, THF/H,0 78 R%= Et
20°C,1h 79R3=H

Scheme 12. Synthesis of imidazopyridin® (6 mg scale).

Pyrrolo[1,2-c]pyrimidines 88 and 89 first required the
synthesis of the naked core fragm@&8t (Scheme 13). This
was achieved in 4 steps: pyrrole-2-carbaldehyde was
brominated selectively in the 4-position. Compow8tdwas
unstable to light and so was rapidly converted he t
pyrrolopyrimidine core81 with TosMIC® Suzuki reaction
installed the methyl group in the 6-position of ttare. We
settled on this bromine> methyl route as there were no better
options to source the 4-methyl-pyrrole-2-carbalaishy
Finally, we obtained the unsubstituted c@3via a sodium
amalgam reductive desulfonylati®nhpptimized to a decent
63% vyield. With the core fragmer@83 in hand, we could
install the tails from the corresponding aldehyd®svia
reductive alkylatiori? The head group was then installed in 2
steps: Friedel-Crafts acylation with ethyl 2-chi®o
oxoacetate installed the 2-carbon chain. These oamgs
were not isolated, but directly reduced with trimdsilane
under acidic conditions to give the acetaB&gnd87). Basic
ester hydrolysis completed the synthesis.

Br

B
Br N
NBS TosMIC \ Me3B;05
omﬂ ™ OHC » ; @ N
N THF N”  DBU, THF S PdCl,(dppf)
78 °C 20°C,3h 00 K,CO3, DME
81 120 °C W, 30 min
R1
Na/Hg
N amalgum S/@/Rz
N Na,HPO,, ) HIHPO, 7%
MeOH/THF N' A0 HO ( )
20°C, 18 min 20°C, 1.5 h 7
82
84R", R?=H
R 85R"=MeO,R?=F
EtO.__O R%0._0O
" AICl3, PhCI
- o 2
0P 0-20°C.18h { //SOR
| 0%
N (0]
(2) Et3SiH, TFA \ )
80°C, 18 h N
R, R?=H 86 R° = Et 88R3=H
1=MeO,R?=F 87 R®=Et 89R3=H
LIOH THF/H,0
20°C, 13 h

Scheme 13. Synthesis of pyrrolo[1,2-c]pyrimidiné&8 and89
(20-50 mg scale).

Pyrrolo[1,2-a]pyrimidine94 was synthesized in just 4 steps
according to Scheme 14. We used a Sonogashiraiagupl
install all of the necessary carbon atoms for tadhand core,
but in an open form9l). Copper-catalyzed isomerization of
the alkynopiperidine then gave the desired ébrgain, we
used reductive alkylation to install the ta#i2(— 93) and
basic ester hydrolysis to complete the synthesis.

N__Cl
| g MeO__O
0 _N OMe
om CF = cuB -
e
3 | N\ = uBr N /
P (PPh2),PdC, NEt, N
7 Cul, NEt; N o oW Ly
80°C, 18 . 1h tF,

R%0._0O

8a

HI, H3P02 A('Qo H,0
20°C,2

93 R®=Me
94R3=H

LiOH, THF/H,0O
20°C,1h

Scheme 14. Synthesis of pyrrolo[1,2-a]pyrimidir@ (15 mg
scale).

For the synthesis of the dimethyl 7-azindole coveg
developed two different routes according to theilaldity of
starting materials (Scheme 15). 2-Methyl-7-azaiada was
readily prepared from 3-methyl-2-(Boc)aminopyridinEhe
methyl group was lithiated, the neighbouring Boougyr
directing the lithiation and the anion was addetht&oWeinreb



acetamide. In situ acidic workup quenched the Whinr
intermediate, de-protected the Boc group and caetenhe
newly formed amine and ketone to give the azain@bi& 6-
Methyl-7-azaindole98 was commercially availabfé. From
the respective mono-methyl azaindoles, the dimethyl
azaindole corel02 was synthesized. 2-Methylazaindd®
was N-oxidized and rearranged to the protected 6-
chloroazaindole97 with ethyl chloroacetate. Suzuki coupling
introduced the 6-methyl substituent to give diméfrggment
102. In the other approach, 6-methyl azaind®® was
tosylated. We then used a directed ortho metaldfi@iM) to
lithiate the 2-position of the azaindole and traphwnethyl
iodide (100).*® Surprisingly, we also detected significant
amounts ofl01, a product of double methylation, arising from
a second DOM at the ortho position of the tosyltgeting
group. Ultimately, we used an excess of butyllithito force
the conversion of99 to a mixture of 100 and 101 as
subsequent hydrolysis of the sulphonamides d&2efrom
both compounds. With core fragmedD2 in hand the
synthesis was finished as follows: the head grougs w
installed by Friedel-Crafts acylation 1®3 and triethylsilane
reduction to form the acetattd4. The tail was added by
alkylation with bromideslOa or 10b. The acetate group of
compounds105 and 106 was clearly quite labile as some
transesterification was observed from just the w@amedh
solvent used in the purification. Hydrolysis of thester
mixtures gave the desired carboxylic aciti@7 and 108
respectively.

(1) nBuli, THF
10°, 1h
@ 9
0
NHBoc )J\N/OMS = j\ {
| - ClI”~ “OEt N
N OEt
. _MUTEA L
< 200c1n N N 0" NH(SiMe;), LN
78 - 20 °C
O, 15n 9 18h ¢

Q0  (1)nBuli,THF Q.0
“ONH_ Tso [N S _0Casmin [~ N5 R
“NaH, DMF T Mel, THE
\ N o0°c 2h 0°2h N
98

100R=H
101 R=Me
Me3B30; o
97 EtO.
PdCl(dppf) / _
K,CO3, DME __NH  Et;SiH
115°C, 18 h A
Is, M
\ N 238’3?\'02 LN eoec 1en
NaOH ,
100
or 101 MeOH 102
65°C,2h 103
EtO.__O

10a

_m 2
0® SA’Q/R
0

BEMP, DMF
20°C, 18 h
R1 R?= 105 R® = Et 107 R3=H
MeO R?=F 106 R®=Et 108R%=H
LiOH, THF/H,0
20°C,2h

Scheme 15. Synthesis of 2,6-dimethyl-7-azaindold&¥ and
108 (8-9 mg scale).

Finally, a singly-methylate 7-azaindold2 was synthesized
according to Scheme 16. The core fragn@htvas alkylated
with tail bromide10c. The azaindole nucleuk)9 was then
brominated in the 3-position and the head was diniced by
palladium cross-coupling with the acetate zincatgent. tert-
Butyl ester deprotection with trifluoroacetic agdve the final
product112.

MeQ MeOQ,
10 F_NBS B F
98 oS o3
NaH, DMF o “Eonc
20°C, 3 h 0°C, 1h
\ N
109 110
tBuO._O
Y R%0._O

T

ZnCl
" $@

Pd(dba),

Q-Phos

THF/ether 1M R = tBu TFA, CH,Cl,
100°C W, 2 h 112 R3 = 20°C,1h

Scheme 16. Synthesis of 2-methyl-7-azainddl&? (46 mg
scale).



3. Results and Discussion

All potency data was determined by ®SJGTR/S binding
assay. The monocycle cores were very disappoifiitorg the
outset (Table 2). We were hoping for a wide striaitu
freedom in this part of the molecules, however amile 36
was the only compound with a single-digit nanomolar
potency. The only other compounds which displayat- s
micromolar potencies were pyrazolofé and pyridone43,
and even then, only just sub-micromolar.

Table?2
HO._O HO._O
T X
F
':‘\ o’*i(@ NN o”?\)
sad .

Monocyclic core SAR and SKR.

Cmpd Core GTPYS Dissociation
ICs (NM) half-life (h)
16 Pyrazolone 970 n.d.
20 Imidazolone 10000 n.d.
25 Triazolone 2400 n.d.
30 Triazolone inactive n.d.
36 Imidazole 8 0.6
42 Pyridone 10000 n.d.
43 Pyridone 860 n.d.
48 Pyridone inactive n.d.
52 Pyridazinone inactive n.d.

n.d. not determined. Inactive refers to < 25% amém
observed at 10 pM.

Almost all of the monocycles structure included aabonyl

group, a group which invariably helped in the swsik of the

diverse cores, but which impacted negatively onpbincy.

The SAR of the monocycles allowed us to generatmeso

rules-of-thumb for the cores (Fig. 2):

(1) A methyl group in the North of the core is benefici
Polarity in the North is detrimental

(2) Polarity in the South West is not tolerated.

(3) Polarity in the South East is tolerated

(4) Lipophilicity somewhere in the South is beneficial.

HO. _O

SE

Rank order of monocycle potency

Attachment points: © Head e Tail

G40

Fig. 3. Rank order of monocyclic cores and SAR map

Potent imidazole&6 was also testing for its receptor residence
time, but its half-life was measured at only 0.6bklow our
minimum cut-off of 1 h. Hence we abandoned anyhteirt
work on the monocyclic cores.

At the same time we were synthesizing and testiegbtcyclic

cores (Table 3).

Bicyclic core SAR and SKR.

Cmpd Core GTPyS  Dissociation
ICs (NM)  half-life (h)

57 Pyrrole 104 n.d.
58 Pyrrole 2 21
64 Phthalazinone inactive n.d.
69 Phthalazinone 65 0.04
74 Sulfamide 1600 n.d.
79 Imidazopyridine 3000 n.d.
88 Pyrrolopyrimidine 28 0.2
94 Pyrrolopyrimidine 47 0.05
107 Azaindole 14 1.3




n.d. not determined. Inactive refers to < 25% amégm
observed at 10 uM. Bold numbers indicate dissamiahialf-
lives of>12h.

Pyrrole57 which had given such synthetic problems was only
moderately active58, a close analogue of our PRAwas
highly active at 2 nM. The pair of phthalazinor@@sand 69
were synthesized while we were still building ouRSrules

of thumb, but these compounds also obeyed the: tidesvith
polarity in the North and SouthWest portions of tdoee was
inactive. 69 with polarity in the North and SouthEast of the
core was fairly potent at 65 nM. Unfortunately haligh not
surprisingly,69 suffered from a gradual decarboxylation upon
standing, and accelerated decarboxylation uponirfieaso
this core was abandoned (Fig. 4).

0. O\H

H
AN N Me.__N
> ~N}1 over several days ‘N>\ M2 *N/\
0] (6] (6]
69 13

Fig. 4. Decarboxylation of phthalazino68.

Thiadiazolopyridine dioxide’4 and imidazopyridineZ9 also
obeyed the SAR rules-of-thumb. Both cores possegxeess

of polarity in the North of the core, the electmich sulfamide

of 74, and the strong hydrogen bond acceptor nitrogerfof
Both compounds were accordingly in the micromokange.
The remaining three 5,6-bicyclic coré&8, 94 and 107, were

all sufficiently potent.

We next measured the residence times of the masnpo
bicyclics. Pyrrole-derived58 was a very long residence
compound with a dissociation half-life of 21 h. $hwas
maybe not too much of a surprise since it was secémalogue
of long resident PPA4, and it also possessed the para-fluoro
substituent in the tail, a group we had shown tmda longer
residence time¥ Phthalazinones69 and pyrrolo[1,2-
a]pyrimidine 94, were very short residence compounds,
effectively losing all potency immediately after ngpound
washout. The pyrrolo[1,2-c]pyrimidin@8 and azaindold07
had half-lives which were at least measurable, i€y
possessing a half-life of just over 1 h.

Very few of the bicycles synthesized were apt fortHer
investigation, either because of lack of potencyoorlack of
residence time. The GVB assay provided a semi-functional
readout: activation of CRTh2 in membrane prepanatiby
prostaglandin B (PGD,) triggers the binding of GTP to G-
proteins. A functional readout was also availablg b
measuring the activation (and antagonism thereof) o
eosinophils in human blood - the eosinophil shapge
(ESC) assay. Only compou® was tested in the ESC assay
and showed an kg of 12 nM, within experimental variation
of the GTRS IG5, of 28 nM. Since both assays gave similar
results, we could be confident that the GFRCses would be

a true reflection of functional antagonism in vivo.

In addition to the SAR rules-of-thumb that applatoss both
the monocycles and the bicycles, a single obsenvattood

out in terms of residence time and could be adddhé list of

Figure 2:

(5) a methyl group in the North of the core was bemafior
long(er) residence times.

Of the 4 compounds which displayed any kind ofdesce
time, where measured, beyond a few minutés58, 88 and
107 all possessed this same methyl group in the dssea
final optimization, we resynthesized the three blicycores
from this group of 4, but with the methoxy-fluonabstitution
in the tail — a substitution pattern which had I an
approximate ten-fold increase in residence timehim PPA
seried? (Table 4).

All of the compounds were highly potent, as to Bpeeted.
Pyrrole 59 showed exactly the same potency and residence
half-life as its analogué8. It seems that the methoxy-fluoro
tail substitution of59 offered no advantage over the mono-
fluoro substitution of58. Even so, both of these compounds
displayed dissociation half-lives of 21h, well abowur
desired cut-off of 12 h. The methoxy-fluoro suhgttd tail
did improve the dissociation half-lives of both tbther two
cores tested. Pyrrolopyrimidin@ had a half-life of 1.5 h,
compared to 0.2 h for the unsubstituted tail anzto83,
although this was still too short for our needsaifzole 108
showed a half-life of 13 h, and compared to 1.3r&dor
unsubstituted tail analoguE)7. Thus 108 became the third
compound of this investigation to achieve what weaut to
discover, highly potent compounds with a residenak-life
above 12 h. As a final investigation into the SKRe
synthesized azaindol@12, identical to 108 except for the
absence of the 2-methyl group in the North of tbeec112
was of a similar potency tt08. The residence half-life fell off
dramatically to just 30 min, just as the SKR rufe¢fmumb
stated.

Table4

MeQ MeQ

fé 5O f&%

Methoxy-fluoro tail substitution SAR and SKR.

Cmpd Core GTPyS  Dissociation
ICs (NM)  half-life (h)
59 Pyrrole 2 21
89 Pyrrolopyrimidine 5 1.5
108 Azaindole 4 13
112 Azaindole 18 0.5

Bold numbers indicate dissociation half-lives=d2h. 1G; in
ESC assay 6 nM.

4. Conclusions



The survey of different monocyclic and bicyclic esr
revealed that the SAR was not as open as we haedhfop.
Nevertheless, we could establish several ruleswafab for
the structural requirements needed to obtain potent
compounds, or at least to avoid weakly potent @ctinve
compounds. The more active compounds were also
characterized for their receptor residence haddiand again,
a structural requisite of SKR — a methyl grouphia North of
the core in between the attachment points of tleti@acid
and the tail chains — was also revealed. How tlathgh group
proportions longer residence times is unclear, vaweve can
offer a speculation: the methyl group will have tris
influence over the possible conformations thatéheslecules
can adopt. The conformation of binding to the régsegdoes
not seem overly affected by the presence or absehtlee
methyl group. However, if the transition state aonfation of
the molecule as it makes its way from being unbotmits
ultimate binding site requires either the head at to be
squeezed close to the methyl group, this will impigd
energetic penalty and a consequent slowing dowwodf the
rates of association and dissociation. Whatevergason may
be, this structural feature could be employed eiogdly, and
in combination with the methoxy-fluoro substitutipattern in
the tail, be used to design potent and long resi@RITh2
antagonists.



5. Experimental Section
General:

Reaction products were purified, when necessaryflash

chromatography on silica gel (40-38n) with the solvent
system indicated. Compounds obtained below 90%byploy

HPLC or UPLC are generally referred to as in cricien.

Purifications in reverse phase were made in a Bo@P1®
or a Biotage Isolera automated purification systqipped
with a C18 column and using a gradient of, unldberwise
stated, water-acetonitrile/MeOH (1:1) (0.1% v/v aomigim
formate both phases) from 0% to 100% acetonitriteZNA
(1:1) in 80 column volumes.

The conditions “formic acid buffer” refer to theeusf 0.1%
v/v formic acid in both phases.

Preparative HPLC-MS were performed on a Waters
instrument equipped with a 2767 injector/collectar2525
binary gradient pump, a 2996 PDA detector, a 51Bpas a
make-up pump and a ZQ4000 Mass spectrometer detecto
Preparative HPLC was also carried out on an AgilE220
Series (AE-0010) with diode array detection and kpea
collection.

Gas chromatography was performed using a ThermoeTra
Ultra gas chromatograph, coupled to a DSQ mas<idete
Injections were performed on a split/splitless dtje and a
HP-1IMS was the capillary column. Mass spectra were
obtained by electron impact ionisation at 70 eV.

The HPLC chromatographic separations were obtairsguly
a Waters 2795 system equipped with a Symmetry Q18X
50 mm, 3.5 uM) column for methods 1, 2, 3 and 5 and
Symmetry C18 (2.1 x 100 mm, 3.5 uM) for method 4. A
Waters 2996 diode array was used as a UV deteletass
spectra of the chromatograms were acquired usirsitiy®
and negative electrospray ionization in a Micromas® or
in a Waters ZQ detectors coupled to the HPLC. Tiobila
phases were (A): formic acid (0.5 ml), ammonia 28.Inl)
and water (1000 ml), (B): formic acid (0.4 ml), aoma (0.1
ml), methanol (500 ml) and acetonitrile (500 mlhet
following gradients were used.

Method 1 (5 min): 0% B, 0.2 min; 0 to 95% B, ovemi;
95% B, 0.8 min. Method 2 (9 min): 0% B, 0.5 minto095%
B, over 6.5 min; 95% B, 1 min. Method 3 (15 min)to095%
B, over 10.5 min; 95% B, 1,5 min. Method 4 (30 mi@)to
95% B, over 20 min; 95% B, 4 min.

HPLC Chromatographic separations were also obtaisaty
a Waters 2795 system equipped with a Symmetry Q18X
50 mm, 3.5 uM) column for methods E. The mobile ggisa
were (B): formic acid (0.7 ml) and acetonitrile (0ml) and

(A): formic acid (1 ml) and water (1000 ml) (A) glgradients
specified as follows: Method 5 (4.5 min): 5% to %08 over
4.5 min.

The UPLC chromatographic separations were obtairséuly

a Waters Acquity UPLC system coupled to a SQD mass
spectrometer detector. The system was equipped avith
ACQUITY UPLC BEH C-18 (2.1x50mm, 1.7 mm) column.
The mobile phase was formic acid (0.4 ml), ammdgid
ml), methanol (500 ml) and acetonitrile (500 ml)) (8nd
formic acid (0.5 ml), ammonia (0.125 ml) and wa(2000
ml) (A). A gradient between 0 to 95% of B was usEkde run
time was 3 or 5 minutes. The injection volume waS 0
microliter. Chromatograms were processed at 210onl254
nM. Mass spectra of the chromatograms were acquisat)
positive and negative electrospray ionization.

'H Nuclear Magnetic Resonance Spectra were recardea
Varian Mercury plus operating at a frequency of M6,
Varian Gemini-2000 spectrometer operating at aueegy of
300MHz or a Varian VNMRS operating at 600MHz and
equipped with a cold probe for the 1H spectra. Sasnwere
dissolved in the specified deuterated solvent.
Tetramethylsilane was used as reference. Chentidéd &8 in
ppm, the following abbreviations are used: sin(gt doublet
(d), triplet (t), quartet (q), double doublet (dd)ultiplet (m),
broad signal (br. s).

"Bn" _H5 H-4

"SO,Ph"
H-6 H-3
para
o¢%’<}§

ortho Meta
Common identifiers of protons

1. Schemel

1.1. 2-(Phenylthio)benzaldehyde (7a)
2-Fluorobenzaldehyde (9 ml, 90 mmol) and benzeak(Bi8
ml, 90 mmol) were dissolved in 30 ml dimethylsulfibec
Potassium carbonate (26 g, 190 mmol) was addedtland
mixture was heated at 100°C for 4 h. The mixtures wa
allowed to cool and was poured into water. The agsdayer
was extracted with ethyl acetate. The combinedraocgavere
washed with water and brine and were dried oveiusod
sulphate. Filtration and evaporation ga¥e (18.5 g, 78.3
mmol, 92% vyield) as a yellow oil. Used as such with
further purification. Purity 91%H NMR (400 MHz, CDC))
o ppm 7.08 - 7.12 (m, 1H, Ar), 7.29 - 7.46 (m, 7H),A7.88
(dd, J=1.4, 1.6 Hz, 1H, PhCHO H-6), 10.40 (s, 1H, CHO).
HPLC/MS (9 min) retention time 6.53 min. LRM8vz 215
(M+1).

1.2. 2-[(4-Fluorophenyl)thio] benzaldehyde (7b)



2-Fluorobenzaldehyde (1.86 g, 15.0 mmol) was treatith
4-fluorobenzenethiol (1.6 ml, 15.0 mmol) and paitass
carbonate (4.67 g, 33.8 mmol) according to the otkthf 7a

to give 7b (2.95 g, 11.8 mmol, 79% vyield) as a yellow oil.
Used as such without further purification. Puritg98. *H
NMR (400 MHz, DMSO-d6) ppm 6.87 (dJ=8.2 Hz, 1H,
PhCHO H-3), 7.27 - 7.46 (m, 3H, Ar), 7.49 - 7.56, (bH,
Ar), 7.56 - 7.63 (m, 2H, Ar), 7.97 (d=7.4 Hz, 1H, PhCHO
H-6), 10.22 (s, 1H, CHO). HPLC/MS (9 min) retentitime
6.57 min. LRMSnv/z 233 (M+1).

1.3. 2[4
(7c)

2—Fluoro-5-methoxybenzaldehyde (2.5 g, 16.2 mmods w
treated with 4-fluorobenzenethiol (2.1 g, 16.4 mmahd
potassium carbonate (4.5 g, 32.6 mmol) following tiethod
of 7a. The resulting residue was purified using the SP1
Purification System (ethyl acetate:hexane gradi€ni,00
rising to 5:95) to givérc (2.9 g, 10.8 mmol, 67% vyield) as a
yellow solid. Purity 98%H NMR (400 MHz, CDC}) 5 ppm
3.86 (s, 3H, MeO), 7.02 — 6.95 (m, 2H, Ar), 7.08,(@=3.0,
8.7 Hz, 1H PhCHO H-3), 7.25 — 7.18 (m, 2H, Ar), & @&,
J=8.6 Hz, 1H, PhCHO H-4), 7.44 (d73.0 Hz, 1H, PhCHO
H-6), 10.48 (s, 1H, CHO), HPLC/MS (9 min) retentithime
6.80 min. LRMSn/z 263 (M+1).

Fluorophenyl)thi o] -5-methoxybenzal dehyde

1.4. 2-(Phenylsulfonyl)benzal dehyde (8a)
Thioether 7a (3.5 g, 16.3 mmol) was dissolved in 50 ml
dichloromethane. 3-Chloroperbenzoic acid (77% pufii g,
49 mmol) was added in portions and the mixture stased
at room temperature overnight. The mixture was wdshith
sodium carbonate 5% solution, water and brine. FEkalting
organic layer was dried over sodium sulphate, réieand
evaporated. The residue was purified using the SP1
Purification System (ethyl acetate-hexane gradi€n1,00
rising to 30:70) to give8a (1.9 g, 7.7 mmol, 47% yield) as a
white solid. Purity 100%'H NMR (400 MHz, DMSO-d6Y%
ppm 7.67 (tJ=7.6 Hz, 2H, SGPh meta), 7.75 (t)=7.4 Hz,
1H, PhCHO H-4), 7.88 - 7.99 (m, 3H, Ar), 8.02 Jd7.4 Hz,
2H, SQPh ortho), 8.20 (dJ=7.8 Hz, 1H, PhCHO H-3), 10.68
(s, 1H, CHO). HPLC/MS (9 min) retention time 5.47nm
LRMS: m/z 247 (M+1).

1.5. 2-[(4-Fluorophenyl)sulfonyl] benzaldehyde (8b)
Thioether7b (2.0 g, 7.96 mmol) was dissolved in 30 ml
dichloromethane and the mixture was cooled in arbith.
3-Chloroperbenzoic acid (77% purity, 4.1 g, 24 mmeas
added in portions and the mixture was stirred ainro
temperature for 2 h. The mixture was washed segplignt
with 25% solution potassium hydrogen sulphate, bhism
hydroxide and brine. The resulting organic layers vadzied
over sodium sulphate, filtered and evaporatedie & (1.88

g, 7.11 mmol, 89% yield) as a yellow solid. Puri§0%."H
NMR (400 MHz, DMSO-d6)5 ppm 7.51 (tJ=8.8 Hz, 2H,
SOPhF meta), 7.87 - 7.99 (m, 3H, Ar), 8.07 - 8.16 @H,
Ar), 8.20 (d,J=7.0 Hz, 1H, PhCHO H-3), 10.66 (s, 1H,
CHO). GC/MS (18 min) retention time 10.0 min. LRM§/z
265 (M+1).

1.6. 2-[(4

methoxybenzal dehyde (8c)
Thioether 7c (2.9 g, 10.8 mmol) was treated with
3-chloroperbenzoic acid (77% purity, 7.5 g, 33.5 afjm
following the method of8a. The resulting residue was
partially purified using the SP1 Purification Systgethyl
acetate:hexane gradient, 0:100 rising 25:75) te §o/(600
mg). Used as such without further purification. iBuB0%.
'H NMR (400 MHz, CDCJ) & ppm 3.91 (s, 3H, MeO),
7.17 - 7.24 (m, 3H, Ar), 7.49 (d72.7 Hz, 1H, PhCHO H-6),
7.87 - 7.93 (m, 2H, Ar), 8.14 (d79.0 Hz, 1H, PhCHO H-3),
10.79 (s, 1H, CHO). HPLC/MS (9 min) retention tiras38
min. LRMS:m/z 295 (M+1).

Fluorophenyl)sulfonyl] -5-

1.7. [2-(Phenylsulfonyl)phenyl] methanol (9a)
Aldehyde 8a (1.98 g, 8.0 mmol) was suspended in 16 ml
methanol. Sodium borohydride (150 mg, 3.86 mmolks wa
added in portions and the mixture was stirred ainro
temperature for 30 min. 5% Hydrochloric acid sauot{4 ml)
was added and the mixture was evaporated. Theuresids
taken up in water and the aqueous was extractezk twith
dichloromethane. The combined organics were wastitd
brine and dried over sodium sulphate. Filtrationd an
evaporation gav@a (1.9 g, 7.3 mmol, 95% yield) as a white
solid. Purity 96%H NMR (400 MHz, CDC}) 5 ppm 4.74 (s,
2H, CHy), 7.49 - 7.58, (m, 4H, Ar), 7.61 (d=7.5 Hz, 1H,
Ar), 7.64 (d,J=7.5 Hz, 1H, Ar), 7.90 (dJ=7.4 Hz, 2H, SGPh
ortho), 8.15 (dJ=7.8 Hz, 1H, Bn H-3). HPLC/MS (9 min)
retention time 4.97 min. LRMS3n/z 249 (M+1).

1.8. [2-(4-Fluorophenylsulfonyl)phenyl] methanol (9b)
Aldehyde 8b (1.0 g, 3.8 mmol) was treated with sodium
borohydride (70 mg, 1.8 mmol) following the mettafda to
give 9b (1.0 g, 3.8 mmol, 100% vyield) as a white solidri§u
96%.'H NMR (400 MHz, CDC}) & ppm 4.75 (s, 2H, C},
7.21 (t,J=8.4 Hz, 2H, SGPhF meta), 7.53 (=7.6 Hz, 1H,
Bn H-4), 7.58 (dJ=7.4 Hz, 1H, Bn H-6), 7.64 (11=7.4 Hz,
1H, Bn H-5), 7.92 (ddJ=5.1, 9.0 Hz, 2H, S¢PhF ortho),
8.11 (d,J=7.8 Hz, 1H, Bn H-3). HPLC/MS (9 min) retention
time 5.17 min. LRMSm/z 267 (M+1).

1.9. [2-(4-Fluorophenylsulfonyl)-5-
methoxyphenyl] methanol (9c)
Crude Aldehyde8c (0.32 g, 1.1 mmol) was treated with
sodium borohydride (20 mg, 0.53 mmol) following the



method of9a to give9c (0.32 g, 1.1 mmol, 19% yield over
two steps) as a colourless oil. Purity 10096 NMR
spectrum not recorded. UPLC/MS (3 min) retentiometil.46
min. LRMS:m/z 297 (M+1).

1.10.1-(Bromomethyl)-2-(phenyl sulfonyl)benzene (10a)
Alcohol 9a (1.9 g, 7.3 mmol) was suspended in 20 ml
chlorobenzene. Thionyl bromide (1.46 ml, 18.3 mma§s
slowly added and the mixture was heated at 110?CL fh.
The mixture was concentrated under reduced pressuréhe
residue was partitioned between water and dichletbane.
The aqueous phase was basified with potassium wcambo
and extracted three times with dichloromethane. The
combined organics were washed with water and bdned
over sodium sulphate and evaporated. The residus wa
purified by column chromatography (ethyl acetatzame
gradient, 0:100 rising to 8:92) to gitda (1.95 g, 5.89 mmol,
80% yield) as an orange oil. Purity 94%. NMR (400 MHz,
CDCl3) & ppm 4.89 (s, 2H, C}), 7.48 - 7.64 (m, 6H, Ar),
7.92 (d,J=7.4 Hz, 2H, SGPh ortho), 8.19 (dJ=7.8 Hz, 1H,
Bn H-3). HPLC/MS (9 min) retention time 6.03 minRMS:
m/z 328, 330 (M+18).

1.11.12-(Bromomethyl)-2-(4-fluorophenyl sulfonyl)benzene
(10b)

Alcohol 9b (1.1 g, 4.1 mmol) was suspended in 10 ml
chlorobenzene. Thionyl bromide (0.73 ml, 9.4 mmeRs
slowly added and the mixture was heated at 110?CL fh.
The mixture was concentrated under reduced pressuré¢he
residue was partitioned between water and dichletbane.
The aqueous phase was basified with potassium wcarbo
and extracted three times with dichloromethane. The
combined organics were washed with water, brine cnetl
over sodium sulphate and evaporated to gde (1.1 g, 3.2
mmol, 77% yield) as a white solid. Purity 95%i. NMR (400
MHz, CDCk) & ppm 4.89 (s, 2H, C})l, 7.21 (t,J=8.2 Hz, 2H,
SO,PhF meta), 7.51 (8=7.6 Hz, 1H, Bn H-4), 7.57 (d=7.5
Hz, 1H, Bn H-6), 7.62 (t)=7.4 Hz, 1H Bn H-5), 7.95 (dd,
J=5.3, 8.0 Hz, 2H, S@hF ortho), 8.18 (dJ=7.8 Hz, 1H, Bn
H-3). HPLC/MS (9 min) retention time 6.23 min. LRM®&/z
346, 348 (M+18).

1.12.  1-(Bromomethyl)-2-(4-fluorophenyl sulfonyl)-5-
methoxybenzene (10c)
Alcohol 9c (0.25 g, 86 mmol) was treated with thionyl
bromide (0.17 ml, 2.2 mmol) following the method Xffa.
The residue was purified by column chromatograpdtiry
acetate-hexane gradient, 0:100 rising to 18:82yite 10c
(0.21 g, 0.59 mmol, 69% vyield) as a white solidriuL00%.
NMR spectrum not recorded. UPLC/MS (3 min) retemtio
time 1.79 min. LRMSm/z 376, 378 (M+18).

1.13. [2-(Phenylsulfonyl)phenyl] methylamine (11a)
Aldehyde 8a (2.0 g, 8.1 mmol) was dissolved in 20 ml
ethanol. A solution of hydroxylamine hydrochlori¢@63 g,
9.1 mmol) and sodium bicarbonate (0.68 g, 8.1 mmol)
dissolved in 20 ml water was added and the mixtues
stirred for 2 h at room temperature. The mixtures wartially
evaporated and was partitioned between ethyl aceiad
brine. The aqueous was extracted with ethyl acetatethe
combined organics were evaporated under reducessyme
The residue was dissolved in a mixture of 35 ml
tetrahydrofuran and 40 ml 2N hydrochloric acid. Zidust
(5.0 g, 76.5 mmol) was added and the mixture wiaedtat
reflux for 1 h. The mixture was allowed to cool anes
filtered through a pad of Celite, washing througlithw
dichloromethane. The aqueous phase was basifipti t910
with 8N sodium hydroxide solution and the phasesewe
separated. The aqueous was extracted with dichktiane
and the combined organics were washed with watémne b
dried over magnesium sulphate and evaporated wadaced
pressure to givdla (1.9 g, 7.7 mmol, 95% vyield) as a pale
yellow oil. Purity 97%."H NMR (400 MHz, CDC}) & ppm
3.97 (s, 2H, CH), 7.47 (t,J=8.2 Hz, 1H, Bn H-6), 7.50 - 7.55
(m, 3H, Ar), 7.56 - 7.65 (m, 2H, Ar), 7.89 (&7.4 Hz, 2H,
SOPh ortho), 8.18 (dJ=7.8 Hz, 1H, Bn H-3). HPLC/MS (9
min) retention time 3.32 min. LRM$vz 248 (M+1).

2. Scheme?2

2.1. Ethyl

(12)

Aldehyde 8a (1.14 g, 4.6 mmol) was dissolved in 8 ml
ethanol containing activatedAdmolecular sieves. Ethyl 3-
oxobutanoate (0.60 g, 4.6 mmol), piperidine (0.394¢
mmol) and acetic acid (0.27 g, 4.6 mmol) were adddw
mixture was stirred at reflux for 2 h and then atal to cool
to room temperature. The mixture was filtered tigtoa plug
of Celite, washing through with ethyl acetate. Teenbined
filtrate was evaporated under reduced pressuré¢rencesidue
was purified using the Isolera system (ethyl aeekegtxane
gradient, 0:100 rising to 50:50) to git€ (1.48 g, 4.1 mmol,
90% yield) as a yellow solid and a 60:40 mixturdsoimers.
Purity 100%."H NMR (400 MHz, CDCJ) Major isomer:d
ppm 0.79 (tJ=7.0 Hz, 3H, OCHCH,), 2.44 (s, 3H, COMe),
3.87 (9,J=7.0 Hz, 2H, @H,CHy), 7.35 (d,J=6.6 Hz, 1H,
Ar), 7.42 - 7.64 (m, 5H, Ar), 7.82 (d=7.4 Hz, 2H, SGPh
ortho), 8.26 (dJ=7.4 Hz, 1H, vinylPh H-3), 8.27 (s, 1H, vinyl
H). Minor isomer:d ppm 1.38 (tJ=7.0 Hz, 3H, OCHCHy),
1.65 (s, 3H, COMe), 4.34 (d77.2 Hz, 2H, @H,CH), 7.28
(d,J=7.4 Hz, 1H, Ar), 7.42 - 7.64 (m, 5H, Ar), 7.90 (7.4
Hz, 2H, SQPh ortho), 8.17 (s, 1H, vinyl H), 8.32 (87.4
Hz, 1H, vinylPh H-3). HPLC/MS (9 min) retention #n5.98
(major) and 6.18 (minor) min. LRM$®vz 359 (M+1).

2-acetyl-3-[ 2-(phenylsulfonyl)phenyl] acrylate



2.2. Ethyl
(13)

Alkene 12 (1.48 g, 4.1 mmol) was dissolved in 30 ml ethanol
and 30 ml tetrahydrofuran. 10% Palladium on car{ioa4 g)
was added and the mixture was agitated under aobgdr
atmosphere (20 psi) for 20 min. The mixture waterdd
through a plug of Celite, washing through with
tetrahydrofuran. The combined filtrate was evapatainder
reduced pressure and the residue was purified ugiag
Isolera system (ethyl acetate-hexane gradient,00risihg to
35:65) to givel3 (1.37 g, 3.80 mmol, 92% vyield) as a pale
yellow oil. Purity 96%."H NMR (400 MHz, CDC}) & ppm
1.22 (t,J=7.2 Hz, 3H, OCHCHy), 2.25 (s, 3H, COMe), 3.20
(dd,J=8.2, 14.1 Hz, 1HCHAHgPh), 3.38 (ddJ=5.7, 13.9 Hz,
1H, CHsHgPh), 4.08 - 4.20 (m, 3H, CH,CH; and
COCHCO), 7.29 (ddj)=1.6, 7.4 Hz, 1H, Bn H-6), 7.41 - 7.49
(m, 2H, Ar), 7.51 (t,J=7.0 Hz, 2H, SGPh meta), 7.59 (t,
J=7.2 Hz, 1H, SGPh para), 7.84 (dJ=7.0 Hz, 2H, SGPh
ortho), 8.19 (ddJ=1.8, 7.6 Hz, 1H, Bn H-3). HPLC/MS (9
min) retention time 6.20 min. LRM®vz 359 (M-1).

3-0x0-2-[ 2-(phenyl sulfonyl)benzyl] butanoate

2.3. 5-Methyl-2-phenyl-4-[ 2-(phenyl sulfonyl)benzyl] -
1,2-dihydro-3H-pyrazol-3-one (14)

Dicarbonyl 13 (0.50 g, 1.4 mmol) was dissolved in 10 ml
glacial acetic acid. Sodium acetate (0.57 g, 6.9othrand
phenylhydrazine (0.17 g, 1.67 mmol) were added tred
mixture was stirred at 70 °C for 90 min. The migtwas
allowed to cool and was partitioned between etbgtate and
water. The aqueous phase was extracted twice withl e
acetate. The combined organics were washed withepri
dried over sodium sulphate, filtered and evaporafEue
residue was triturated with ether to give a preatpi which
was collected by filtration and dried in a streafaio to give
14 (0.39 g, 0.97 mmol, 69% vyield) as a white solidrify
94%. 'H NMR (300 MHz, DMSOds) & ppm 2.51 (s, 3H,
pyrazolone Me), 3.81 (s, 2H, GPh), 7.11 - 7.26 (m, 2H,
Ar), 7.42 (t,J=7.8 Hz, 2H, NPh meta), 7.54 (7.6 Hz, 1H,
Ar), 7.58 - 7.80 (m, 6H, Ar), 7.92 (d=7.4 Hz, 2H, SGPh
ortho), 8.19 (dJ=7.7 Hz, 1H, Bn H-3), 11.00 (br. s., 1H,
NH). UPLC/MS (3 min) retention time 1.57 min. LRM&/z
405 (M+1).

2.4. Ethyl {5-methyl-3-oxo-2-phenyl-4-[ 2-
(phenylsulfonyl)benzyl] -2,3-dihydro-1H-pyrazol-1-
yl}acetate (15)

Pyrazolonel4 (140 mg, 0.35 mmol) was dissolved in 2.5 ml
anhydrous dimethyformamide. Potassium carbonaten{§3
0.38 mmol) was added and the mixture was stirred%omin.
Ethyl bromoacetate (42 ul, 0.38 mmol) was added ted
mixture was stirred for 1 h. The mixture was pamtied
between ethyl acetate and water. The aqueous phase
extracted three times with ethyl acetate. The caostbi

organics were washed with brine, dried over sodiuiphate,
filtered and evaporated. The residue was partipllyified
using the Isolera system (methanol-dichloromettgmadient,
0:100 rising to 50:50) to give 45 mg crude prodddtis was
re-purified by reverse-phase chromatography udieggolera
to give 15 (16 mg, 0.033 mmol, 9% yield) as a white solid.
Purity 100%. Regiochemistry was confirmed by nOe
experiment'H NMR (300 MHz, CDCJ)  ppm 1.17 (tJ=6.2
Hz, 3H, OCHCHy), 2.04 (s, 3H, pyrazolone Me), 3.93 (s, 2H,
CH,Ph), 4.10 (q,J=6.8 Hz, 2H, @H,CH,), 4.21 (s, 2H,
CH,COEt), 7.23 - 7.60 (m, 11H, Ar), 7.88 (#6.0 Hz, 2H,
SOPh ortho), 8.24 (dJ=6.6 Hz, 1H, CHPh H-3). UPLC/MS
(3 min) retention time 1.69 min. LRM&Yz 491 (M+1).

2.5. {5-Methyl-3-oxo-2-phenyl-4-[ 2-

(phenylsulfonyl)benzyl] -2,3-dihydro-1H-pyrazol-1-

yl}acetic acid (16)
Ester 15 (16 mg, 0.033 mmol) was dissolved in 0.5 ml
tetrahydrofuran and 0.5 ml water. Lithium hydroxide
monohydrate (5.5 mg, 0.13 mmol) was added and iktura
was stirred for 90 min. The organics were evapdrated the
remaining aqueous was acidified with 0.5N hydrodhlacid
forming a precipitate. The solid was collected Htration,
was washed with water and was dried under vacuugive
16 (6.6 mg, 0.013 mmol, 43% yield) as a white soRdurity
97%. *H NMR (300 MHz, CDCJ) & ppm 1.92 (s, 3H, Me),
3.92 (s, 2H, ChKPh), 4.12 (s, 2H, CHLOOH), 7.26 - 7.45 (m,
8H, Ar), 7.48 (d,J=7.7 Hz, 2H, SGPh meta), 7.55 (1)=7.2
Hz, 1H, SQPh para), 7.85 (dJ=8.0 Hz, 2H, SGPh ortho),
8.18 (d,J=7.1 Hz, 1H, CHPh H-3). HPLC/MS (30 min)
retention time 13.50 min. LRM®vz 463 (M+1).

3. Scheme3

3.1. 2-Amino-1-phenylpropan-1-one hydrochloride (17)
Sodium diformylamide (1.1 g, 11.6 mmol) was suspgehth
20 ml acetonitrile. 2-Bromo-1-phenylpropanone (8,09.4
mmol) was added drop-wise and with stirring. Thetome
was then stirred at 75 °C for 36 h. The mixture as
filtered and the solid was washed twice with acititer The
combined organics were evaporated under reducesbyne
and the residue was suspended in 9 ml 5N hydrachéeid.
The mixture was stirred at reflux for 45 min andswaen
evaporated under reduced pressure. The residue revas
evaporated twice from isopropanol and was thewraied
with ether to give a precipitate. The solid waslexibd by
filtration, washed twice with ether and dried ircua to give
17 (1.4 g, 7.5 mmol, 80% vyield) as a white solid. iBur
100%.'H NMR (400 MHz, BO) & ppm 1.42 (dJ=7.0 Hz,
3H, Me), 5.02 (q,)=7.0 Hz, 1H, CH), 7.44 (t}=7.2 Hz, 2H,
Ph meta), 7.60 (1)=7.2 Hz, 1H, Ph para), 7.84 (&7.4 Hz,
2H, Ph ortho). HPLC/MS (9 min) retention time 1.48n.
LRMS: m/z 150 (M+1).



3.2. Ethyl (4-methyl-2-oxo-5-phenyl-2,3-dihydro-1H-
imidazol-1-yl)acetate trifluoroacetate (18)

Amine saltl7 (250 mg, 1.35 mmol) was suspended in 15 ml
acetone and the mixture cooled in an ice bath. I[ERqy
isocyanatoacetate (192 mg, 1.49 mmol) was addgu-wise
and with stirring, followed by triethylamine (0.7&l, 5.4
mmol). The mixture was stirred at 0 °C for 3 h. 2 m
Trifluoroacetic acid was added and the mixture stased for
a further 1 h at room temperature. The mixture was
partitioned between chloroform and saturated sodium
bicarbonate solution. The organics were dried a@ium
sulphate, filtered and evaporated to giv& (345 mg, 0.88
mmol, 65% yield) as a pale yellow solid. Purity 954
NMR (400 MHz, CDC}) & ppm 1.20 (t,J=7.2 Hz, 3H,
OCH,CHj3), 2.07 (s, 3H, Me), 4.14 (qJ=7.3 Hz, 2H,
OCH,CHy), 4.31 (s, 2H, CKCO), 7.25 (dJ=7.5 Hz, 2H, Ph
ortho), 7.35 (tJ=7.2 Hz, 1H, Ph para), 7.41 §7.2 Hz, 2H,
Ph meta), 9.57 (br. s., 1H, NHJF NMR (376 MHz, CDGJ)
d ppm -75.68 (s, 3F). HPLC/MS (9 min) retention tim&8
min. LRMS:m/z 261 (M+1).

3.3. Ethyl (3-{2-[ (4-fluor ophenyl)sulfonyl] benzyl }-4-
methyl-2-oxo-5-phenyl-2,3-dihydro-1H-imidazol-1-
yl)acetate (19)

Imidazolone sali8 (150 mg, 0.40 mmol) was dissolved in 5
ml dimethylformamide. Triethylamine (60 pl, 0.43 min
was added and the mixture was stirred for 15 mionide
10b (400 mg, 1.22 mmol) and potassium carbonate (10 m
1.23 mmol) were added and the mixture was stirte@m
temperature overnight. The mixture was partitiobetiveen
ethyl acetate and water. The aqueous phase waacxr
twice with ethyl acetate. The combined organicseweashed
with brine, dried over sodium sulphate, filtered dan
evaporated. The residue was purified by reversegha
chromatography to givé9 (65 mg, 0.13 mmol, 32% yield) as
a white solid. Purity 9294H NMR (400 MHz, CDC}) 5 ppm
1.20 (t,J=7.0 Hz, 3H, OCHCH,), 1.75 (s, 3H, Me), 4.13 (q,
J=7.0 Hz, 2H, @H,CHy), 4.35 (s, 2H, CKCO), 5.22 (s, 2H,
CH,Ph), 7.15 (d,J=7.8 Hz, 1H, Bn H-6), 7.19 - 7.26 (m, 4H,
Ar), 7.35 - 7.46 (m, 3H, Ar), 7.50 (#=7.6 Hz, 1H, Ar), 7.60
(t, 3=6.6 Hz, 1H, Ar), 7.94 (ddJ=4.9, 8.8 Hz, 2H, S¢h
ortho), 8.23 (dJ=7.8 Hz, 1H, Bn H-3). HPLC/MS (9 min)
retention time 6.77 min. LRMS31/z509 (M+1).

3.4. (3-{2-[ (4-Fluorophenyl)sulfonyl] benzyl}-4-methyl-2-
oxo-5-phenyl-2,3-dihydro-1H-imidazol - 1-yl)acetic
acid (20)
Ester 19 (65 mg, 0.13 mmol) was dissolved in 3 ml
tetrahydrofuran and 3 ml water. Lithium hydroxide
monohydrate (30 mg, 0.71 mmol) was added and tkéurei
was stirred overnight. The organics were evaporated

residue was purified by reverse-phase chromatograpbive
20 (34 mg, 0.070 mmol, 55% vyield) as a white solidrify
99%. 'H NMR (400 MHz, CDC}) & ppm 1.73 (s, 3H, Me),
4.29 (s, 2H, COCH, 5.24 (s, 2H, CkPh), 7.13 (m, 1H, Bn
H-6), 7.16 - 7.23 (m, 2H, Ar), 7.23 - 7.29 (m, 3At), 7.35 -
7.44 (m, 3H, Ar), 7.45 - 7.53 (m, 1H, Ar), 7.60 (&Hl, Ar),
7.91 - 7.97 (m, 2H, S@h ortho), 8.19 - 8.24 (m, 1H, Bn H-
3). HPLC/MS (30 min) retention time 15.98 min. LRM§/z
481 (M+1).

4. Scheme4

4.1. Ethyl

(21)

Benzohydrazide (0.53 g, 3.9 mmol) was dissolved.Gnml
tetrahydrofuran under nitrogen and the mixturerestirat 50
°C. Ethyl 2-isocyanatoacetate (0.50 g, 3.9 mmol} added
drop-wise and with stirring. The mixture was thdinred at
50 °C overnight, forming a precipitate. The solicasw
collected by filtration, was washed with ether afriéd in a
stream of air to givel (1.00 g, 3.8 mmol, 97% yield) as a
white solid. Purity 100%'H NMR (400 MHz, DMSO#dq) 5
ppm 1.19 (t,J=7.0 Hz, 3H, OCHCH,), 3.78 (d,J=5.9 Hz,
2H, CH,CO), 4.09 (gJ=7.3 Hz, 2H, @H,CH,), 6.86 (br. s.,
1H, NH), 7.48 (tJ=7.4 Hz, 2H, Ph meta), 7.56 (7.4 Hz,
1H, Ph para), 7.90 (d=7.4 Hz, 2H, Ph ortho), 8.20 (br. s.,
1H, NH), 10.22 (s, 1H, NH). HPLC/MS (9 min) reteoti
time 3.93 min. LRMSm/z 266 (M+1).

N-[ (2-benzoylhydrazino)carbonyl] glycinate

4.2. (5-Oxo-3-phenyl-1,5-dihydro-4H-1,2,4-triazol-4-
yhacetic acid (22)

Acyl semicarbazid®1 (0.50 g, 1.88 mmol) was suspended in
10 ml 5N sodium hydroxide solution and the mixtuvas
stirred at reflux overnight. The mixture was allav® cool
and was acidified with 5N hydrochloric acid. Theuaqus
was extracted with ethyl acetate, the organics weashed
with brine, dried over sodium sulphate, filtered dan
evaporated to give crud2? (0.25 g). Purity 71%'H NMR
(400 MHz, DMSOdg) & ppm 4.43 (s, 2H, C}CO), 7.51 (1,
J=7.4 Hz, 2H, Ph meta), 7.63 (7.4 Hz, 1H, Ph para), 7.95
(d, 3=7.4 Hz, 2H, Ph ortho), 12.03 (s, 1H, NH), 13.05 €,
1H, OH). HPLC/MS (9 min) retention time 3.85 mirRMS:
m/z 220 (M+1).

4.3. Ethyl (5-oxo-3-phenyl-1,5-dihydro-4H-1,2,4-triazol-
4-yl)acetate (23)
Crude Triazolone2 (0.25 g) was dissolved in 4 ml ethanol.
0.2 ml Concentrated sulphuric acid was added arel th
mixture was stirred at relux overnight. The mixtunas
evaporated under reduced pressure. The residue
partitioned between dichloromethane and saturatetius
bicarbonate solution. The organics were washed wdter,
dried over sodium sulphate, filtered and evaporatedive

was



crude23 (150 mg) as an oil. Purity 60%4 NMR (400 MHz,
CDCl3) 0 ppm 1.23 (t,J=7.3 Hz, 3H, OCKCHj3), 4.20 (q,
J=7.3 Hz, 2H, @H,CHy), 4.48 (s, 2H, CHCO), 7.44 (t,
J=7.8 Hz, 2H, Ph meta), 7.56 (7.4 Hz, 1H, Ph para), 8.05
(d, J=7.4 Hz, 2H, Ph ortho), 9.48 (br. s., 1H, NH). HPMS
(9 min) retention time 4.78 min. LRM&yz 248 (M+1).

4.4. Ethyl {5-oxo-3-phenyl-1-[ 2-(phenylsulfonyl)benzyl] -
1,5-dihydro-4H-1,2,4-triazol-4-yl }acetate (24)

Crude triazolone23 (150 mg) was dissolved in 10 ml
acetonitrile. Bromide 10a (115 mg, 0.37 mmol) and
potassium carbonate (100 mg, 0.72 mmol) were acaed
the mixture was stirred at reflux overnight. Thexuie was
evaporated under reduced pressure and the residige w
partitioned between ethyl acetate and water. Thgaroc
phase was washed with water, brine, dried over usodi
sulphate, filtered and evaporated. The residue puadied
using the Isolera system (ethyl acetate-hexandegrad:100
rising to 60:40) to give?4 (140 mg, 0.29 mmol, 16% yield
over three steps) as a white solid. Purity 98%NMR (400
MHz, CDCk) 8 ppm 1.23 (tJ=7.2 Hz, 3H, OCHCH3y), 4.19
(g, J=7.0 Hz, 2H, @H,CH;), 4.51 (s, 2H, CKCO), 5.46 (s,
2H, NCHPh), 7.19 (dJ=7.8 Hz, 1H, Bn H-6), 7.45 - 7.62
(m, 10H, Ar), 7.95 (dJ=7.4 Hz, 2H, SGPh ortho), 8.22 (d,
J=7.4 Hz, 1H, Bn H-3). HPLC/MS (9 min) retention #m
6.37 min. LRMSn/z 478 (M+1).

4.5. {5-Oxo-3-phenyl-1-[ 2-(phenylsulfonyl)benzyl] -1,5-
dihydro-4H-1,2,4-triazol-4-yl}acetic acid (25)
Ester 24 (140 mg, 0.29 mmol) was dissolved in 5 ml
tetrahydrofuran and 5 ml water. Lithium hydroxide
monohydrate (75 mg, 1.8 mmol) was added and théunaix
was stirred for 3 h. The organics were evaporatedl the
remaining aqueous was acidified with 2N hydrochlatid
forming a oily residue. The aqueous was extractitd ethyl
acetate and the organics dried over sodium sulpfiiezed
and evaporated. The residue was sonnicated in ttlggve a
solid which was collected by filtration, washed wither and
was dried under vacuum to gi28& (85 mg, 0.19 mmol, 64%
yield) as a white solid. Purity 97%H NMR (400 MHz,
DMSO-ds) 6 ppm 4.46 (s, 2H, CKO), 5.23 (s, 2H,
NCH,Ph), 7.10 (dJ=7.4 Hz, 1H, Bn H-6), 7.42 — 7.51 (m,
4H, Ar), 7.57 — 7.71 (m, 6H, Ar), 7.94 (d77.4 Hz, 2H,
SOPh ortho), 8.16 (dJ=7.4 Hz, 1H, Bn H-3). HPLC/MS (30
min) retention time 14.82 min. LRM®&Yz 450 (M+1).

4.6. 1-(Isocyanatomethyl)-2-(phenylsulfonyl)benzene (26)
Triphosgene (0.60 g, 2.0 mmol) was dissolved in r2D
dichloromethane and the mixture cooled in an icth.ba
solution of aminella (0.50 g, 2.0 mmol) dissolved in 5 ml
tetrahydrofuran was added drop-wise and with stirriA
mixture of triethylamine (0.60 ml, 2.1 mmol) disgedl in 5

ml tetrahydrofuran was then added drop-wise andh wit
stirring. The mixture was removed from the ice-batid was
stirred for 2.5 h, warming to room temperature. tBe@ was
added while stirring to form a precipitate. The tane was
filtered and the filtrate was evaporated to g?840.53 g, 1.94
mmol, 96% vyield) as a colourless oil. Used as swithout
further purification. Purity 95%. NMR spectrum retorded.
HPLC/MS (9 min) sample dissolved in methanol: réten
time 5.35 min. LRMSm/z 305 (M+MeOH+1).

4.7. 2-Benzoyl-N-[2-

(phenylsulfonyl)benzyl] hydrazinecarboxamide (27)
Benzohydrazide (265 mg, 1.95 mmol) was dissolvetiOim|
tetrahydrofuran under nitrogen and the mixture atirsed at
50 °C. Isocyanat@6 (530 mg, 1.94 mmol) was added drop-
wise and the mixture was stirred at 50 °C overnidtte
mixture was allowed to cool and was evaporated munde
reduced pressure. The oily residue was taken gihier and
sonicated. The ether was decanted and the proepssated
until a solid was obtained. The solid was colledigdiltration
and was dried in a stream of air to gi¥@ (790 mg, 1.93
mmol, 99% vyield) as a white solid. Purity 93%d. NMR (400
MHz, CDCL) & ppm 4.55 (dJ=3.5 Hz, 2H, CHPh), 6.58 {t,
J=3.5 Hz, 1H, NMCH,), 7.39 - 7.60 (m, 9H, Ar), 7.63 (d,
J=7.4 Hz, 1H, Ar), 7.85 (app 0=7.6 Hz, 4H, Ar), 8.09 (d,
J=7.8 Hz, 1H, Bn H-6), 9.00 (br. s., 1H, NH). HPLC3M9
min) retention time 5.35 min. LRM$¥z 410 (M+1).

4.8. 5-Phenyl-4-[ 2-(phenylsulfonyl)benzyl] -2,4-dihydro-
3H-1,2,4-triazol-3-one (28)

Semicarbazid®7 (400 mg, 0.98 mmol) was suspended in 8
ml 5N sodium hydroxide solution and was stirredreftux
overnight. A further 4 ml 5N sodium hydroxide sabut was
added and the mixture was stirred at reflux fourshier night.
The mixture was allowed to cool and was acidifiethw
concentrated hydrochloric acid. The mixture wasrasted
with dichloromethane and the organic phase was edaslith
water, brine, dried over sodium sulphate, filteresd
evaporated to give crud8 (280 mg) as a solid. Purity 85%.
NMR spectrum not recorded. HPLC/MS (9 min) retemtio
time 5.68 min. LRMSm/z 392 (M+1).

4.9. tert-Butyl {5-ox0-3-phenyl-4-[ 2-
(phenylsulfonyl)benzyl] -4,5-dihydro-1H-1,2,4-
triazol-1-yl}acetate (29)

Crude triazolone28 (280 mg) was dissolved in 10 ml
acetonitrile. Potassium carbonate (170 mg, 1.23 neuad
tert-butyl bromoacetate (118 mg, 0.60 mmol) wereeaidand
the mixture was stirred at reflux for 24 h. The tane allowed
to cool and was evaporated under reduced pres3ire.
residue was partitioned between ethyl acetate aatdrwThe
agueous phase was extracted twice with ethyl arefdie
combined organics were washed with water, brineddover



sodium sulphate, filtered and evaporated. The uesidas
purified using the SP1 purification system (ethgetate-
hexane gradient, 20:80 rising to 40:60) to g&8:(180 mg,
0.36 mmol, 36% vyield over two steps) as a whitédsdturity
93%.'H NMR (400 MHz, CDCJ) 3 ppm 1.49 (s, 9H, tBu),
4.58 (s, 2H, CHCO), 5.31 (s, 2H, CiPh), 7.19 (dJ=7.4 Hz,
1H, Bn H-6), 7.23 - 7.31 (m, 4H, Ar), 7.37 §&7.2 Hz, 1H,
Bn H-4), 7.48 (tJ=7.8 Hz, 2H, S@h meta), 7.52 - 7.65 (m,
3H, Ar), 7.84 (dJ=7.4 Hz, 2H, SGPh ortho), 8.25 (dJ)=7.8
Hz, 1H, Bn H-3). HPLC/MS (9 min) retention time 6.7in.
LRMS: m/z506 (M+1).

4.104{5-Ox0-3-phenyl-4-[ 2-(phenyl sulfonyl )benzyl] -4,5-
dihydro-1H-1,2,4-triazol-1-yl}acetic acid (30)
Ester 29 (180 mg, 0.36 mmol) was dissolved in 3 ml
dichloromethane. 3 ml Trifluoroacetic acid was atided the
mixture was stirred for 90 min at room temperatufbe
mixture was evaporated under reduced pressure hed t
residue was taken up in a little water, frozen bghhilized.
The solid obtained was suspended in a little etret was
broken up by sonication. The solid was collectediliation
and dried in a stream of air to gi@@ (100 mg, 0.23 mmol,
66% yield) as a white solid. Purity 1008 NMR (400 MHz,
DMSO-ds) 6 ppm 4.60 (s, 2H, C}O), 5.19 (s, 2H, CHPh),
7.06 - 7.13 (m, 1H, Ar), 7.13 - 7.22 (m, 4H, Ar)30@ - 7.42
(m, 1H, Ar), 7.52 - 7.74 (m, 5H, Ar), 7.87 (857.4 Hz, 2H,
SOPh ortho), 8.23 (dJ=7.4 Hz, 1H, Bn H-3). HPLC/MS (30
min) retention time 14.25 min. LRM®&Yz 450 (M+1).

5. Scheme5

5.1. (4E)-4-{2-[ (4-Fluorophenyl)sulfonyl] benzylidene}-2-

phenyl-1,3-oxazol-5(4H)-one (31)

A mixture of hippuric acid (1.7 g, 9.49 mmol), atgele 8b
(2.51 g, 9.49 mmol), sodium acetate (1.32 g, 16xiothand
acetic anhydride (2.7 ml, 28.6 mmol) was stirregetber at
100 °C under argon for 2 h. The mixture was allotgedool,
was diluted with 8 ml ethanol and the resultingpsusion
was stirred for a further 1 h at room temperatiige solid
was collected by filtration and was washed suceebsiwith
ethanol and water. The solid was dried at 40 °Guretluced
pressure overnight to giv&l (2.45 g, 6.0 mmol, 63% yield)
as a pale yellow solid. Purity 100%4 NMR (400 MHz,
CDClg) & ppm 7.17 (tJ=8.6 Hz, 2H, oxazolinone-Ph meta),
7.53 (t,J=7.6 Hz, 2H, SGPhF meta), 7.64 (1=7.6 Hz, 2H,
C=CPh H-4 and H-5 coincident), 7.75 (7.6 Hz, 1H,
oxazolinone-Ph para), 7.95 (d#4.9, 8.8 Hz, 2H, S&@®hF
ortho), 8.10 (s, 1H, vinyl H), 8.13 (dJ=7.4 Hz, 2H,
oxazolinone-Ph ortho), 8.37 (d7.8 Hz, 1H, C=CPh H-6),
8.75 (d, J=7.8 Hz, 1H, C=CPh H-3). HPLC/MS (9 min)
retention time 7.25 min. LRMSn/z 408 (M+1).

5.2. (2E)-2-(Benzoylamino)-3-{2-[ (4-
fluorophenyl)sulfonyl] phenyl}acrylic acid (32)

Azlactone31 (2.18 g, 5.35 mmol) was suspended in 10 ml
tetrahydrofuran and the mixture was stirred atusef{bath
temperature 100 °C). 104 ml of a 1% w/v solution of
potassium hydroxide was added slowly while stilltlie oil
bath and the mixture was then stirred for 20 mi@a£C. The
mixture was hot filtered and the filtrate was palyi
evaporated under reduced pressure. The filtrateaaged
to cool and was acidified to pH 2 with concentrated
hydrochloric acid, forming a precipitate. The sohdas
collected by filtration, was washed with water amas dried
at 40 °C under reduced pressure overnight to 32v.86 g,
4.37 mmol, 82% yield) as a white solid. Purity 10094
NMR (400 MHz, DMSOsdg) & ppm 7.42 - 7.52 (m, 4H, COPh
meta and S&@PhF meta, coincident), 7.56 (6.8 Hz, 1H,
Ar), 7.60 - 7.65 (m, 1H, Ar), 7.69 (m, 2H, Ar), 1.8d,J=7.4
Hz, 2H, COPh ortho), 7.86 (s, 1H, vinyl H), 7.98.01 (m,
2H, SQPhHF ortho), 8.17 (dI=7.4 Hz, 1H, C=CPh H-3), 9.81
(br. s., 1H, NH), 13.06 (br. s., 1H, COOH). HPLC/N®0
min) retention time 12.32 min. LRM®&/z 426 (M+1).

5.3. N-Benzoyl-2-[ (4-
fluorophenyl)sulfonyl] phenylalanine (33)

Acrylic acid 32 (1.86 g, 4.37 mmol) was suspended in 65 ml
acetic acid and the mixture was stirred at 80 °@igsolve the
solid. Zinc dust (3.0 g, 46 mmol) was added andntipgure
was stirred vigorously at 80 °C for 8 h. The migtuvas hot
filtered through a plug of Celite, washing througtth
tetrahydrofuran once cool. The filtrate was reefi#td through
filter paper and was partially evaporated underuced
pressure to remove the tetrahydrofuran. The orgawiere
diluted by slow addition of water to form a pretipe. The
solid was collected by filtration, was washed withter and
was dried at 40 °C under reduced pressure overtoghive
33 (1.71 g, 4.00 mmol, 92% vyield) as a white solidrify
100%. '*H NMR (400 MHz, DMSOds) & ppm 3.10 (dd,
J=11.3, 13.7 Hz, 1H, B,CHgPh), 3.62 (ddJ=3.7, 13.9 Hz,
1H, CH,CHgPh), 4.65 (dddJ=3.7, 8.6, 11.3 Hz, 1H, CHCO),
7.43 - 7.48 (m, 3H, Ar), 7.49 - 7.55 (m, 4H, An59 (t,
J=6.8 Hz, 1H, COPh para), 7.77 (7.0 Hz, 2H, COPh
ortho), 7.98 (ddJ=4.9, 8.8 Hz, 2H, S¢PhF ortho), 8.10 (d,
J=7.0 Hz, 1H, Bn H-3), 8.73 (d=8.6 Hz, 1H, NH), 12.73 -
12.91 (br. s., 1H, COOH). HPLC/MS (9 min) retentitime
7.17 min. LRMSn/z 428 (M+1).

5.4. N-(1-{2-[ (4-Fluorophenyl)sulfonyl] benzyl}-2-
oxopropyl)benzamide (34)
Carboxylic acid33 (600 mg, 1.40 mmol) was suspended in
acetic anhydride (0.53 ml, 5.6 mmol). Triethylam{8e28 ml,
2.0 mmol) and 4-(N,N-dimethylamino)pyridine (7 nm@06
mmol) were added and the mixture was stirred &®Bbr 30



min, evolving a gas. Once no more gas was evol2eoh|
acetic acid were added and the mixture was stiategO °C
for a further 30 min. The mixture was allowed tmkand
was evaporated under reduced pressure. The resigsi@e-
suspended in 2N sodium hydroxide, forming a paste
paste was triturated with ether to form a solide Bolid was
collected by filtration and was dried at 40 °C undsduced
pressure to give4 (374 mg, 0.88 mmol, 63% vyield) as a
white solid. Purity 100%H NMR (400 MHz, CDC}) 5 ppm
2.32 (s, 3H, Me), 3.18 (dd=4.3, 14.1 Hz, 1H, B,CHgPh),
3.39 (dd,J=11.7, 14.1 Hz, 1H, CKCHgPh), 4.94 (dddJ=4.7,
7.2, 11.5 Hz, 1H, CHCO), 7.22 (#=8.6 Hz, 2H, SGPhF
meta), 7.39 - 7.44 (m, 3H, Ar), 7.45 - 7.53 (m, Z4), 7.58
(t, J=7.2 Hz, 1H, COPh para), 7.80 @7.4 Hz, 2H, COPh
ortho), 7.85 - 7.92 (m, 3H, SBhF ortho and NH), 8.08 (d,
J=7.4 Hz, 1H, Bn H-3). HPLC/MS (9 min) retention #m
6.08 min. LRMSm/z 426 (M+1).

5.5. 2-(4-{2-[ (4-Fluorophenyl)sulfonyl] benzyl}-5-methyl-
2-phenyl-1H-imidazol-1-yl)ethanol (35)

Ketone 34 (150 mg, 0.35 mmol) was suspended in 4 ml
xylene. Ethanolamine (32 pl, 0.53 mmol) and 2.6aegtic
acid were added and the mixture was stirred atC3for 5 h.
Further ethanolamine (64 ul, 1.06 mmol) was addeti the
mixture was stirred at 130 °C for a further 4 heThixture
was allowed to cool and was partitioned betweenl gitetate
and saturated sodium bicarbonate solution. Thenicgehase
was dried over sodium sulphate, filtered and evatgo: The
residue was purified by reverse-phase chromatograpbive
35 (11 mg, 0.024 mmol, 7% vyield) as a solid. Puritp%.'H
NMR (400 MHz, CDC}) 6 ppm 2.06 (s, 3H, Me), 3.75 (t,
J=5.9 Hz, 2H, NGE,CH,OH), 4.09 (t, J=5.9 Hz, 2H,
NCH,CH,0OH), 4.18 (s, 2H, CHPh), 7.16 (t,J=8.6 Hz, 2H,
SO,PhF meta), 7.30 (d]=7.8 Hz, 1H, Ar), 7.34 - 7.52 (m,
5H, Ar), 7.57 (d,J=7.4 Hz, 2H, imidazole-Ph ortho), 7.91
(dd,J=5.1, 9.0 Hz, 2H, S¢hF ortho), 8.21 (dI=7.8 Hz, 1H,
Bn H-3). HPLC/MS (9 min) retention time 4.23 minRMS:
m/z 451 (M+1).

5.6. (4-{2-[ (4-Fluorophenyl)sulfonyl] benzyl}-5-methyl-2-
phenyl-1H-imidazol-1-yl)acetic acid (36)

A solution of Jones’ reagent was prepared by digsgl
chromium trioxide (67 mg, 0.63 mmol) and concerigat
sulphuric acid (58 pl) and 0.25 ml water at 0 °@aohol 35 (8
mg, 0.018 mmol) was dissolved in 0.8 ml acetone @uled
to 0 °C. Jones reagent solution (30 pl) was addet the
mixture was stirred for 3 h, warming to room tengtere. The
mixture was evaporated under reduced pressure hed t
residue was purified by preparative HPLC to ¢g86e(3.9 mg,
0.0083 mmol, 37% yield) as a solid. Purity 95%. NMR
(600 MHz, DMSOsdg) 6 ppm 1.84 (s, 3H, Me), 4.03 (s, 2H,
CH,Ph), 4.27 (br. s., 2H, G€0), 7.30 (dJ=7.6 Hz, 1H, Ar),

7.33 (d,J=7.0 Hz, 1H, Ar), 7.37 (t)=7.3 Hz, 2H, SGPhF
meta), 7.39 - 7.45 (m, 4H, Ar), 7.49 (7.6 Hz, 1H, Ar),
7.59 (t,J=7.3 Hz, 1H, Ar), 7.92 (m, 2H, SBhF ortho), 8.12
(d, J=7.6 Hz, 1H, Bn H-3), 8.19 (br. s.,, 1H, COOH).
HPLC/MS (30 min) retention time 10.67 min. LRM$&/z 465
(M+1).

6. Scheme6

6.1. (6-Oxo-1,6-dihydropyridin-3-yl)acetic acid (37)
(6-Chloropyridin-3-yl)acetic acid (2.2 g, 12.8 mmolas
suspended in 22 ml glacial acetic acid and 6 mewathe
mixture was stirred at 160 °C under microwave iaton for
8 h. The mixture was allowed to cool and was evafgor
under reduced pressure. The residue was re-evagdiraim
toluene to give37 (1.96 g, 12.8 mmol, 100% vyield) as a pale
brown solid. Purity 92%'H NMR (300 MHz, DMSOd;) &
ppm 3.38 (s, 2H, C}), 6.33 (d,J=9.3 Hz, 1H, H-5), 7.28 (s,
1H, H-2), 7.38 (ddJ=2.5, 9.3 Hz, 1H, H-4). UPLC/MS (3
min) retention time 0.42 min. LRM®vz 152 (M-1).

6.2. Ethyl (6-oxo-1,6-dihydropyridin-3-yl)acetate (38)
Acid 37 (1.96 g, 12.8 mmol) was suspended in 40 ml ethanol
and 16 drops of concentrated sulphuric acid weteddThe
mixture was stirred at reflux for 5 h and was theftito cool.
The mixture was evaporated under reduced pressueha
residue partitioned between brine and dichloromethd he
aqueous phase was extracted with dichloromethadettan
combined organics were dried over anhydrous sodium
sulphate, filtered and evaporated under reducedspre to
give 38 (1.95 g, 10.8 mmol, 84% yield) as a pale yellotidso
Purity 94%."H NMR (300 MHz, CDC}) & ppm 1.27 (tJ=7.0
Hz, 3H, OCHCH3), 3.40 (s, 2H, CKCO), 4.16 (qJ=7.0 Hz,
2H, OH,CHg), 6.63 (d,J=9.1 Hz, 1H, H-5), 7.36 (s, 1H, H-
2), 7.50 (d,J=9.0 Hz, 1H, H-4). UPLC/MS (3 min) retention
time 0.81 min. LRMSm/z 182 (M+1).

6.3. Ethyl

yl)acetate (39)
Pyridone 38 (300 mg, 1.79 mmol) was dissolved in 6 ml
dimethylformamide and the mixture cooled in anlegh. N-
Chlorosuccinimide (287 mg, 2.15 mmol) was addediqor
wise and with stirring. The mixture was alowed tarm to
room temperature and was stirred for 3 h. The mixtuas
partitioned between water and ethyl acetate. Thee@as
phase was extracted with ethyl acetate and the ioeab
organics were dried over anhydrous sodium sulpliitered
and evaporated under reduced pressure. The resudse
partially purified by flash chromatography to gieeude 39
(150 mg) as a solid. Purity 85%. NMR spectrum egabrded.
UPLC/MS (3 min) retention time 1.02 min. LRM8vz 216
(M+1).

(5-chloro-6-oxo-1,6-dihydropyridin-3-



6.4. Ethyl {6-0x0-1-[ 2-(phenylsulfonyl)benzyl] -1,6-
dihydropyridin-3-yl}acetate (40)

Pyridone 38 (100 mg, 0.56 mmol) was dissolved in 4 mi
dimethylformamide. Bromidd0Oa (288 mg, 0.93 mmol) and
potassium carbonate (84 mg, 0.60 mmol) were addddle
mixture was stirred at 70 °C overnight. The mixtuvas
evaporated under reduced pressure and the residige w
partitioned between ethyl acetate and water. Thgarac
phase was washed twice with water, dried over nsigme
sulphate, filtered and evaporated. The residuepnafied by
flash chromatography using the Isolera system (etbgtate-
hexane gradient, 0:100 rising to 100:0) to gi@ (98 mg,
0.24 mmol, 44% yield) as a colourless oil. Purig0%. *H
NMR (300 MHz, CDC})) & ppm 1.26 (t,J=7.1 Hz, 3H,
OCH,CHjyz), 3.31 (s, 2H, CKCO), 4.16 (q,J=7.1 Hz, 2H,
OCH,CHy), 5.47 (s, 2H, NCKPh), 6.61 (d,J=9.3 Hz, 1H,
pyridone H-5), 7.15 (d}=1.9 Hz, 1H, pyridone H-2), 7.19 (d,
J=7.4 Hz, 1H, Bn H-6), 7.35 (dd=2.5, 9.3 Hz, 1H, pyridine
H-4), 7.45 - 7.60 (m, 4H, Ar), 7.64 (7.1 Hz, 1H, Ar), 7.92
(d, J=7.1 Hz, 2H, SGPh ortho), 8.24 (ddJ=1.2, 7.6 Hz, 1H,
Bn H-3). UPLC/MS (3 min) retention time 1.56 minRMS:
m/'z412 (M+1).

6.5. Ethyl {5-chloro-6-oxo-1-[ 2-(phenylsulfonyl)benzyl] -
1,6-dihydropyridin-3-yl}acetate (41)

Crude pyridone39 (100 mg) was dissolved in 3 ml
dimethylformamide under argon and the mixture wasled
in an ice-bath. Sodium hydride (60% dispersioniin2® mg,
0.50 mmol) was added and the mixture was stirredi°a for
30 min. A solution of bromidelOa (194 mg, 0.62 mmol)
dissolved in 1 ml dimethylformamide was added ahd t
mixture was stirred at room temperature for 2 he Thixture
was partitioned between ethyl acetate and wateg. dranic
phase was dried over magnesium sulphate, filtered a
evaporated. The residue was purified by flash
chromatography using the Isolera system (diethyleret
hexane gradient) to givél (50 mg, 0.11 mmol, 9% yield
over two steps) as a colourless oil. Purity 9%5#6NMR (300
MHz, CDCk) & ppm 1.26 (tJ=7.1 Hz, 3H, OCHCH5), 3.29
(s, 2H, CHCO), 4.16 (qJ=7.1 Hz, 2H, OE,CHy), 5.51 (s,
2H, NCH,Ph), 7.20 (br. s., 1H, pyridone H-2), 7.25 Jd7.1
Hz, 1H, Bn H-3), 7.45 - 7.69 (m, 6H, Ar), 7.88 (7.1 Hz,
2H, SQPh ortho), 8.20 (dJ=7.5 Hz, 1H, Bn H-3). UPLC/MS
(3 min) retention time 1.68 min. LRM&yYz 446 (M+1).

6.6. {6-Ox0-1-[ 2-(phenylsulfonyl)benzyl] -1,6-
dihydropyridin-3-yl}acetic acid (42)
Ester 40 (95 mg, 0.23 mmol) was dissolved in 1.5 ml
tetrahydrofuran and 1.5 ml water. Lithium hydroxide
monohydrate (14 mg, 0.33 mmol) was added and tiéursi
was stirred for 1 h at room temperature. The oggmere
evaporated under reduced pressure. The solutiordikaged

with water and acidified to pH 3-4 with 2N hydroatit acid.
The aqueous phase was extracted twice with dictietieane
and the combined organics were dried over anhydrous
magnesium sulphate, filtered and evaporated unetuced
pressure to givéd2 (83 mg, 0.22 mmol, 94% vyield) as a white
solid. Purity 99%*H NMR (300 MHz, CDC}) 5 ppm 3.34 (s,
2H, CH,CO), 5.46 (s, 2H, NCHPh), 6.64 (dJ=9.3 Hz, 1H,
pyridone H-5), 7.17 (d}=1.9 Hz, 1H, pyridone H-2), 7.20 (d,
J=7.4 Hz, 1H, Bn H-6), 7.34 (dd=2.5, 9.3 Hz, 1H, pyridone
H-4), 7.45 - 7.59 (m, 4H, Ar), 7.63 (7.1 Hz, 1H, Ar), 7.89
(d, J=7.1 Hz, 2H, S@Ph ortho), 8.21 (ddJ=1.5, 7.6 Hz, 1H,
Bn H-3). HPLC/MS (30 min) retention time 11.20 min.
LRMS: m/z 384 (M+1).

6.7. {5-Chloro-6-oxo-1-[ 2-(phenylsulfonyl)benzyl] -1,6-
dihydropyridin-3-yl}acetic acid (43)

Ester 41 (50 mg, 0.11 mmol) was dissolved in 1 mi
tetrahydrofuran and 1.5 ml water. Lithium hydroxide
monohydrate (7 mg, 0.17 mmol) was added and theuneix
was stirred for 3 h at room temperature. The oxgamiere
evaporated under reduced pressure. The solutiondikasd
with water and was washed with ethyl acetate. Tingeaus
phase was acidified to pH 3 with 2N hydrochloricidac
forming a turbid solution. The aqueous phase wdrebed
twice with dichloromethane and the combined organiere
dried over anhydrous magnesium sulphate, filtered a
evaporated under reduced pressure to 48¢23 mg, 0.060
mmol, 53% yield) as a white solid. Purity 99%d. NMR (300
MHz, DMSO-dg) & ppm 3.3 (approx, CHO signal under
water peak), 5.43 (s, 2H, NGPh), 6.77 (d,J=7.4 Hz, 1H, Bn
H-6), 7.54 (d,J=1.9 Hz, 1H, pyridine H-2), 7.58 - 7.71 (m,
4H, Ar), 7.74 (d,J=7.4 Hz, 1H, Ar), 7.79 (dJ=2.2 Hz, 1H,
Ar), 7.98 (d,J=7.4 Hz, 2H, SG@Ph ortho), 8.19 (dJ=7.4 Hz,
1H, Bn H-3). HPLC/MS (30 min) retention time 12.f¥n.
LRMS: m/z418 (M+1).

7. Scheme7?

7.1. (2-Methoxypyridin-3-yl)methanol (44)
Sodium borohydride (0.17 g, 4.5 mmol) was dissolire@0
ml ethanol under argon and the mixture cooled ®°& in a
cryo-cool. A solution of 2-methoxynicotinaldehyd2.q g,
14.6 mmol) dissolved in 4 ml ethanol was added -dvige
and with stirring. The mixture was stirred at -40 for 45
min. 10 ml Brine was added carefully and the migtwas
then allowed to warm to room temperature. The dggan
were evaporated under reduced pressure. The mixtase
partitioned between ethyl acetate and water. Thee@as
phase was extracted with ethyl acetate and the io@ab
organics were dried over magnesium sulphate, didteand
evaporated to givéd4 (1.90 g, 13.7 mmol, 94% yield) as a
pale yellow oil. Purity 100%'H NMR (300 MHz, CDC}) &
ppm 2.30 (tJ=6.5 Hz, 1H, OH), 4.00 (s, 3H, MeO), 4.66 (d,



J=6.3 Hz, 2H, CH), 6.90 (dd,J=5.0, 7.1 Hz, 1H, H-5), 7.58
(d, J=7.1 Hz, 1H, H-4), 8.11 (dJ=4.9 Hz, 1H, H-6).
UPLC/MS (3 min) retention time 0.77 min. LRM8vz 140

(M+1).

7.2. 3-(Chloromethyl)-2-methoxypyridine (45)

Alcohol 44 (1.0 g, 7.2 mmol) was dissolved in 35 ml
dichloromethane. Thionyl chloride (9.4 ml, 18 mmaelpas
added drop-wise and with stirring and the mixtuies\stirred
for 1 h at room temperature. The mixture was cotmaésd
under reduced pressure. The residue was re-suspeande
dichloromethane and saturated sodium bicarbondigtico
was added carefully. The mixture was stirred forndi@ and
the organic phase was then separated, dried ovgnesaim
sulphate, filtered and evaporated to g#%e(1.05 g, 6.7 mmol,
93% yield) as a pale yellow oil. Purity 95%4 NMR (300
MHz, CDCk) o ppm 4.01 (s, 3H, MeO), 4.60 (s, 2H, gH
6.90 (dd,J=5.1, 7.0 Hz, 1H, H-5), 7.65 (d=7.1 Hz, 1H, H-
4), 8.13 (d,J=4.7 Hz, 1H, H-6). UPLC/MS (3 min) retention
time 1.46 min. LRMSnVz no ionization.

7.3. (2-Methoxypyridin-3-yl)acetonitrile (46)
Chloride 45 (0.50 g, 3.2 mmol) was dissolved in 2 ml
dimethylformamide. Sodium cyanide (0.31 g, 6.33 Mmo
was added and the mixture was agitated at 50 °G forand
then at 70 °C overnight. The mixture was alloweddol and
was partitioned between ethyl acetate and wateg. drbanic
phase was washed twice with water, was dried over
magnesium sulphate, filtered and evaporated. Téidue was
purified using the Isolera (ethyl acetate-hexaBer?) to give
46 (0.37 g, 2.50 mmol, 79% yield) as a pale yellolv Burity
96%.'H NMR (300 MHz, CDC}) 5 ppm 3.67 (s, 2H, C},
4.00 (s, 3H, MeO), 6.93 (dd75.1, 7.3 Hz, 1H, H-5), 7.68 (d,
J=7.4 Hz, 1H, H-4), 8.15 (d]=4.1 Hz, 1H, H-6). UPLC/MS
(3 min) retention time 1.08 min. LRM&yYz 149 (M+1).

7.4. Ethyl (2-oxo-1,2-dihydropyridin-3-yl)acetate (47)
Nitrile 46 (0.23 g, 1.55 mmol) was dissolved in 3 ml ethanol
in a sealed tube. Acetyl chloride (1.1 ml, 15.4 Mnwas
added drop-wise and with stirring (Exotherm !). Tessel
was then sealed and the mixture was stirred at GO °
overnight. The mixture was allowed to cool and was
evaporated under reduced pressure. The residutituaated
with ether to give a solid. The solid was colledstdfiltration
and dried in a stream of air to gi¥& (0.37 g, 2.50 mmol,
79% vyield) as a white solid. Purity 75%. NMR spauoirnot
recorded. UPLC/MS (3 min) retention time 0.83 miRMS:
m/z 182.

7.5. {2-Oxo-1-[ 2-(phenylsulfonyl)benzyl] -1,2-
dihydropyridin-3-yl}acetic acid (48)

Pyridone 47 (0.30 g, 1.66 mmol) was dissolved in 5 mi
dimethylformamide and the mixture was cooled inica
bath. Sodium hydride (60% dispersion in oil, 0.1,74g3
mmol) was added portion-wise and with stirring athe
mixture was stirred for 30 min at 0 °C. Bromitiga (0.77 g,
2.5 mmol) dissolved in 4 ml dimethylformamide waided
and the mixture was stirred for 2 h at room temjeea The
mixture was partitioned between ethyl acetate aatéw The
aqueous was extracted with ethyl acetate and wes th
acidified with 2N hydrochloric acid forming a susgéen.
The mixture was extracted with dichloromethane anel
organic phase was dried over magnesium sulphdterefi
and evaporated to givs8 (0.13 g, 0.34 mmol, 21% yield) as a
white solid. Purity 97%H NMR (300 MHz, CDCJ))  ppm
3.66 (s, 2H, CHCO), 5.59 (s, 2H, ChPh), 6.39 (tJ=7.0 Hz,
1H, pyridone H-5), 7.06 - 7.16 (m, 1H, Ar), 7.23.31 (m,
1H, Ar), 7.39 - 7.49 (m, 2H, Ar), 7.50 - 7.68 (nt4Ar),
7.90 (d,J=7.4 Hz, 2H, SGPh ortho), 8.22 (dJ=7.4 Hz, 1H,
Bn H-3). HPLC/MS (30 min) retention time 11.83 min.
LRMS: m/z 384 (M+1).

8. Scheme8
8.1. (32)-5-Phenyl-3-[ 2-

(phenylsulfonyl)benzylidene] furan-2(3H)-one (49)
4-Ox0-4-phenylbutanoic acid (200 mg, 1.12 mmol) and
aldehydeBa (275 mg, 1.12 mmol) were mixed under nitrogen
atmosphere. 5 ml Acetic anhydride and 10 drops of
triethylamine were added and the mixture was stiatereflux
for 3 h. The mixture was poured over ice-wateryE#itetate
was added and the organic phase was separate@dqlibeus
was extracted three times with ethyl acetate aac¢tmbined
organics were washed twice with water, twice witliné,
dried over magnesium sulphate, filtered and evapdralhe
residue was triturated with acetonitrile to gives@id. The
solid was collected by filtration to givé9 (110 mg, 0.28
mmol, 25% vyield) as a bright yellow solid. Purit¢%. *H
NMR (400 MHz, CDC}) 6 ppm 6.40 (s, 1H, furanone H),
7.33 - 7.52 (m, 6H, Ar), 7.53 - 7.74 (m, 5H, An9@ (d,
J=7.0 Hz, 2H, PhS@ortho), 7.97 (s, 1H, vinyl H), 8.38 (d,
J=7.8 Hz, 1H, C=CPh H-3). HPLC/MS (9 min) retenttime
7.00 min. LRMSm/z 406 (M+NH,").

8.2. 6-Phenyl-4-[ 2-(phenylsulfonyl)benzyl] pyridazin-
3(2H)-one (50)

Lactone 49 (110 mg, 0.28 mmol) was dissolved in 2 ml
ethanol. 2 ml Hydrazine hydrate was added and tix¢ura
was stirred at reflux for 4 h. The mixture was a#al to cool
and was evaporated under reduced pressure. Tlirieesias
partitioned between ethyl acetate and water. Theaus was
extracted three times with ethyl acetate and thebioed
organics were washed three times with water, twigth
brine, dried over magnesium sulphate, filtered evaporated



to give crude pyridazinongd (99 mg) as a pale yellow solid.
Purity 74%. NMR spectrum not recorded. HPLC/MS (@)m
retention time 6.15 min. LRM31/z 403 (M+1).

8.3. tert-Butyl [ 6-0x0-3-phenyl-5-[ 2-
(phenylsulfonyl)benzyl] pyridazin-1(6H)-yl] acetate
(51)
Crude pyridazinone50 (99 mg) was dissolved in 4 ml
dimethylformamide. tert-Butyl 2-bromoacetate (82 155
mmol) and potassium carbonate (75 mg, 0.55 mmobewe
added and the mixture was stirred at room temperdar 2
h. The mixture was poured over ice-water forming a
precipitate. The solid was collected by filtratiamd was
dissolved in dichloromethane, dried over magnesium
sulphate, filtered and evaporated. The residue puagied
using the SP1 purification system (ethyl acetatezhe
gradient, 0:100 rising to 60:40) to gigé (70 mg, 0.14 mmol,
46% yield over two steps) as a colourless oil. tyu98%.
NMR spectrum not recorded. HPLC/MS (9 min) retemtio
time 7.15 min. LRMSm/z 517 (M+1).

8.4. [6-Oxo-3-phenyl-5-[2-

(phenylsulfonyl)benzyl] pyridazin-1(6H)-yl] acetic

acid (52)
Ester 51 (70 mg, 0.14 mmol) was dissolved in 2 ml
dichloromethane and 1 ml trifluoroacetic acid ané mixture
was stirred for 2 h at room temperature. The m&twas
evaporated under reduced pressure and the residige w
triturated with ether to give a solid. The solidsaallected by
filtration and was dried at 40 °C under reducedsgues to
give 52 (54 mg, 0.12 mmol, 87% vyield) as a white solid.
Purity 100%.'H NMR (400 MHz, DMSOds) & ppm 4.22 (s,
2H, CH,CO), 4.86 (s, 2H, CHPh), 6.56 (s, 1H, pyridazinone
H), 7.36 - 7.48 (m, 9H, Ar), 7.66 - 7.71 (m, 1H,)Ar.72 -
7.77 (m, 3H, Ar), 8.29 (ddJ-1.6, 7.8 Hz, 1H, Bn H-3), 13.14
(s, 1H, COOH). HPLC/MS (30 min) retention time 156in.
LRMS: mz461 (M+1).

9. Scheme9

9.1. 2-(2-Oxopropyl)cyclohexanone (53)
Lithium hexamethyldisilazide (1M in tetrahydrofural? ml,
12 mmol) was diluted with 20 ml anhydrous toluemeler
nitrogen atmosphere and the mixture was cooled &C.0
Cyclohexanone (1 g, 10.2 mmol) dissolved in 20 ml
anhydrous toluene was added drop-wise and withrgfiand
the mixture was stirred for 5 min at 0 °C. Chloetace (0.82
ml, 10.3 mmol) dissolved in 10 ml anhydrous toluemas
added drop-wise and with stirring and the mixtuas\stirred
at 0 °C for 10 min. The mixture was evaporated unde
reduced pressure to give crub® (1.2 g). Purity 41% by gas
chromatography. Used as such without further paifon.

9.2. Ethyl (2-methyl-4,5,6,7-tetrahydro-1H-indol-1-
yl)acetate (54)

The crude sample &3 (1.2 g) was dissolved in 5 ml ethanol.
Ethyl 2-aminoacetate hydrochloride (0.45 g, 3.2 mMnamd
sodium acetate (0.52 g, 6.3 mmol) were added awd th
mixture was stirred overnight at room temperatufée
mixture was evaporated under reduced pressure baad t
residue was re-suspended in dichloromethane,didtend the
filtrate evaporated under reduced pressure. Theueswvas
partially purified by reverse-phase chromatographyde 54
(0.08 g) as a red oil. Purity 48%. Used as suchowit further
purification. HPLC/MS (30 min) retention time 14.7in.
LRMS: m/z222 (M+1).

9.3. 2-(2-Oxopropyl)cyclohexane-1,3-dione (55)
Cyclohexane-1,3-dione (1 g, 8.9 mmol) was dissolved?2
ml chloroform. Chloroacetone (0.71 ml, 8.9 mmol)dan
potassium carbonate (1.23 g, 8.9 mmol) were addeditlze
mixture was stirred for 2 h, forming a dark browmny The
solvents were decanted and the gummy residue wescted
several times with ethyl acetate. The combined rmiogawere
evaporated under reduced pressure and the residige w
purified using the SP-1 purification system (etladetate-
hexane gradient, 0:100 rising to 100:0) to g#%0.31 g, 1.8
mmol, 21% yield) as a pale yellow oil. Purity 9284, NMR
(400 MHz, CDC}) mixture of keto and enol tautomers. Keto
form (partial)d ppm 3.08 (dJ=5.1 Hz, 2H, MeC@H,CH),
3.75 (t,J=4.9 Hz, 1H, MeCOCKCH). Enol form (partial)d
ppm 3.43 (s, 2H, MeCCH,). HPLC/MS (9 min) retention
time 3.22 min. LRMSm/z 169 (M+1).

9.4. Ethyl (2-methyl-4-ox0-4,5,6,7-tetrahydro-1H-indol-
1-yl)acetate (56)

Triketone 55 (0.30 mg, 1.8 mmol) was dissolved in 3 ml
ethanol. Ethyl 2-aminoacetate hydrochloride (0.231¢4
mmol) and sodium acetate (0.27 g, 3.3 mmol) wede=ddand
the mixture was stirred overnight at room tempegatThe
mixture was evaporated under reduced pressure baad t
residue was re-suspended in dichloromethane,didtand the
filtrate evaporated under reduced pressure. Thduesvas
purified using the SP-1 purification system (etladetate-
hexane gradient, 0:100 rising to 65:35) to gbée(0.265 g,
1.12 mmol, 68% vyield). Purity 100%H NMR (400 MHz,
CDClg) 6 ppm 1.30 (t,J=7.2 Hz, 3H, COCHKCHjy), 2.08 -
2.17 (m, 2H, CHCH,CH,CO), 2.18 (s, 3H, Me), 2.45 (d,
J=7.0 Hz, 2H, CH,CH,CH,CO), 2.67 (t,J=6.1 Hz, 2H,
CH,CH,CH,CO), 4.25 (q,J=7.0 Hz, 2H, C@H,CHy), 4.51
(s, 2H, NCH), 6.30 (s, 1H, pyrrole H). HPLC/MS (9 min)
retention time 4.77 min. LRMSn/z 236 (M+1).

9.5. (3-{2-[ (4-Fluorophenyl)sulfonyl] benzyl}-2-methyl-
4,5,6,7-tetrahydro-1H-indol-1-yl)acetic acid (57)



Crude ester54 (80 mg) was dissolved in 1 ml anhydride
acetic. Hydriodic acid (57% solution, 0.27 ml, 2aénol) was
added drop-wise and with stirring  (exotherm).
Hypophosphorous acid (50% solution, 0.07 ml, 0.7 alym
was added followed by aldehy@b (46 mg, 0.17 mmol) and
the dark red mixture was stirred for 1 h at roomgerature.
The mixture was partitioned between dichloromethand
water. The aqueous phase was extracted twice with
dichloromethane and the combined organics werel driesr
anhydrous sodium sulphate, filtered and evaporateder
reduced pressure. The residue was partially pdrifimy
reverse-phase chromatography to give 9 mg of aecsadple
of the ethyl ester ob7. Purity 76%. HPLC/MS (9 min)
retention time 7.40 min. LRMS3n/z470 (M+1).

The ester was dissolved in 0.5 ml tetrahydrofuaad 0.25
ml water. Lithium hydroxide monohydrate (3 mg, Or@ol)
was added and the mixture was stirred for 1 h aimro
temperature. The mixture was acidified to pH 4 vattetic
acid and was stirred for 2 h, forming a precipitathis was
collected by filtration, washed with a little watend dried at
35 °C in vacuo to give crude¥ (2 mg) as a pale green solid.
Purity 83%. The solid was further purified by aralgl
HPLC to give57 (0.7 mg, 1.6 umol, 0.02% yield over three
steps). NMR spectrum not recorded. HPLC/MS (30 min)
retention time 17.43 min. LRM®vz 442 (M+1).

9.6. (3-{2-[ (4-Fluorophenyl)sulfonyl] benzyl}-2-methyl-4-
0x0-4,5,6,7-tetrahydro-1H-indol-1-yl)acetic acid
(58)

Ester 56 (100 mg, 0.43 mmol) was dissolved in 0.8 ml
anhydride acetic. Hydriodic acid (57% solution, Q1@l, 5.1
mmol) was added drop-wise and with stirring (exathe
Hypophosphorous acid (50% solution, 0.22 ml, 2.1alym
was added followed by aldehyd@b (146 mg, 0.55 mmol).
The mixture was stirred for 3 d at room temperatdree
mixture was partitioned between dichloromethane aater.
The agueous phase was extracted twice with dicirletioane
and the combined organics were dried over anhydsod&im
sulphate, filtered and evaporated under reduceskpre. The
residue was purified by reverse-phase chromatograpbive
58 (67 mg, 0.15 mmol 34% yield) as a white solid. i§ur
99%. 'H NMR (400 MHz, DMSOds) & ppm 1.54 (s, 3H,
Me), 1.95 (quin,J=6.0 Hz, 2H, CHCH,CH,CO), 2.19 (t,
J=6.1 Hz, 2H, CH,CH,CH,CO), 2.64 (t,J=5.7 Hz, 2H,
CH,CH,CH,CO), 4.13 (s, 2H, CHPh), 4.54 (s, 2H, NC}),
6.87 (d,J=7.4 Hz, 1H, Bn H-6), 7.40 - 7.57 (m, 4H, Ar), 7.97
(dd,J=5.1, 8.6 Hz, 2H, S&PhF ortho), 8.13 (d}=7.8 Hz, 1H,
Bn H-3). HPLC/MS (30 min) retention time 13.98 min.
LRMS: m/z 456 (M+1).

9.7. (3-{2-[ (4-Fluorophenyl)sulfonyl] -5-methoxybenzyl }-
2-methyl-4-ox0-4,5,6,7-tetrahydro-1H-indol - 1-
yl)acetic acid (59)

Ester 56 (150 mg, 0.64 mmol) was dissolved in 1.5 ml
anhydride acetic. Hydriodic acid (57% solution, mP, 9.1
mmol) was added drop-wise and with stirring (exathe
Hypophosphorous acid (50% solution, 0.33 ml, 3.3alm
was added followed by crude aldehyfle (265 mg). The
mixture was stirred for 3 d at room temperaturee Thixture
was partitioned between dichloromethane and walée
agueous phase was extracted twice with dichloroamettand
the combined organics were dried over anhydroususod
sulphate, filtered and evaporated under reduceskpre. The
residue was purified using the SP-1 purificatiosteyn (ethyl
acetate-hexane gradient, 0:100 rising to 50:50yit@ the
ethyl ester 069 (0.26 g, 0.51 mmol, 79% yield). Purity 96%.
HPLC/MS (9 min) retention time 6.42 min. LRM8vz 514
(M+1).

The ester was dissolved in 3 ml tetrahydrofuran arsdml
water. Lithium hydroxide monohydrate (63 mg, 1.5 afim
was added and the mixture was stirred for 45 minoatn
temperature. The organics were evaporated underceed
pressure and the remaining aqueous was acidifiepHta}
with acetic acid and was stirred for 2 h, formingracipitate.
This was collected by filtration, washed with &ditwater and
dried at 35 °C in vacuo to give® (180 mg, 0.37 mmol 58%
overall yield) as a white solid. Purity 1009 NMR (400
MHz, DMSOdg) 6 ppm 1.59 (s, 3H, Me), 1.91 - 2.02 (m, 2H,
CH,CH,CH,CO), 2.16 - 2.26 (m, 2HZH,CH,CH,CO), 2.63

- 2.72 (m, 2H, CHCH,CH,CO), 3.68 (s, 3H, OMe), 4.08 (s,
2H, NCH,), 4.65 (s, 2H, CkPh), 6.31 (m, 1H, Bn H-6), 7.01
(d, J=8.2 Hz, 1H, Bn H-4), 7.46 ()=8.2 Hz, 2H, SGPhF
meta), 7.93 (tJ=4.7 Hz, 2H, SGPhF ortho), 8.11 (d}=8.6
Hz, 1H, Bn H-3). HPLC/MS (30 min) retention time .28
min. LRMS:m/z 486 (M+1).

10. Scheme 10

10.1.(3-Oxo0-1,3-dihydro-2-benzofuran-1-

yh)(triphenyl) phosphonium bromide (60)

3-Bromoisobenzofuran-1(3H)-one (0.5 g, 2.35 mmoRlsw
suspended in 2 ml acetonitrile. Triphenylphosphip&?2 g,
2.35 mmol) was added and the mixture was stirrecefhiix
for 2.5 h. The mixture was allowed to cool and iliered.
The solid was washed with ether and was dried &C40nder
reduced pressure to give crufi@ (0.56 g) as a white solid.
Purity 85%. Used as such without further purifioati NMR
spectrum not recorded. HPLC/MS (4.5 min) retentione
2.99 min. LRMSn/z 395 (cation M+).

10.2.(32)-3-[ 2-(Phenyl sulfonyl)benzylidene] - 2-
benzofuran-1(3H)-one (61)
Crude phosphine sai0 (0.56 g) was suspended in 10 ml
dichloromethane. Aldehyd®a (0.29 g, 1.17 mmol) was
added. Triethylamine (0.16 ml, 1.17 mmol) was addezp-
wise and with stirring and the mixture was stir@droom
temperature for 2.5 h. The mixture was acidifiedhwiN



hydrochloric acid. The organic phase was separatadd
over magnesium sulphate, filtered and evaporatelde T
residue was purified using the SP1 purificationtesys (ethyl
acetate-hexane gradient, 15:85 rising to 70:30pite 61
(0.14 g, 0.37 mmol, 16% vyield over two steps) agebow
solid. Purity 95%H NMR (400 MHz, CDCJ)  ppm 6.18
(d, J=7.8 Hz, 1H, Bn H-6), 7.00 (s, 1H, vinyl H), 7.0Z 410
(m, 3H, Ar), 7.15 (tJ=7.3 Hz, 1H, Ar), 7.39 (t)=7.5 Hz, 1H,
SO,Ph para), 7.48 (dI=7.5 Hz, 1H, phthalazinone H-8), 7.65
-7.74 (m, 4H, Ar), 7.77 (d)=7.8 Hz, 1H, Bn H-3), 8.47 (dd,
J=2.2, 7.0 Hz, 1H, phthalazinone H-5). HPLC/MS (M)
retention time 3.86 min. LRMSn/z 363 (M+1).

10.3.4-[ 2-(Phenyl sulfonyl)benzyl] phthalazin-1(2H)-one
(62)

Lactone 61 (0.14 g, 0.37 mmol) was suspended in 5 ml
methanol. Hydrazine hydrate (54 ul, 1.2 mmol) wddeal and
the mixture was stirred at reflux for 1 h. The roret was
evaporated under reduced pressure and the residige w
partitioned between dichloromethane and water. Gilganic
phase was dried over magnesium sulphate, filterad a
evaporated. to givé2 (76 mg, 0.20 mmol, 54% vyield) as a
white solid. Purity 97%H NMR (400 MHz, DMSOds) &
ppm 4.54 (s, 2H, CH, 7.29 (d,J=7.2 Hz, 1H, Bn H-6), 7.41
(t, )=7.8 Hz, 2H, PhS©meta), 7.50 - 7.65 (m, 4H, Ar), 7.72
(d, J=7.6 Hz, 2H, PhS@ortho), 7.78 - 7.85 (m, 2H, Ar), 8.18
- 8.25 (m, 2H, phthalazinone H-5 and Bn H-3), 8(&11H),
12.21 (s, 1H, NH). HPLC/MS (4.5 min) retention tirBe64
min. LRMS:m/z 377 (M+1).

10.4 Ethyl [1-ox0-4-[2-
(phenylsulfonyl)benzyl] phthalazin-2(1H)-yl] acetate
(63)

Sodium hydride (60% dispersion in oil, 16 mg, Orénol)
was suspended in 1 ml dimethylformamide PhthalagG2
(76 mg, 0.20 mmol) dissolved in 1 ml dimethylformdm
was added and the mixture was stirred at room teatyre
for 50 min. Ethyl 2-bromoacetate (34 pl, 0.30 mmeBs
added and the mixture was stirred for 20 min. Theture
was partitioned between ethyl acetate and wateg. drbanic
phase was dried over magnesium sulphate, filtered a
evaporated. The residue was purified using the SP1
purification system (ethyl acetate-hexane gradienfive 63
(40 mg, 0.086 mmol, 22% vyield) as a colourless Bilrity
96%.H NMR (400 MHz, CDC}) 5 ppm 1.28 (tJ=7.1 Hz,
3H, OCHCHj3), 4.22 (q,J=7.2 Hz, 2H, @H,CH,), 4.55 (s,
2H, CH,Ph), 4.80 (s, 2H, C}O), 7.12 (ddJ=2.0, 7.5 Hz,
1H, Bn H-6), 7.38 - 7.46 (m, 3H, Ar), 7.47 §£8.1 Hz, 2H,
SOPh meta), 7.57 (t)=7.5 Hz, 1H, SGPh para), 7.62 (td,
J=7.8, 1.2 Hz, 1H, Bn H-4), 7.70 @=7.3 Hz, 1H, Ar), 7.86
(d, 3=7.4 Hz, 2H, SGPh ortho), 8.34 (dd}=2.1, 7.2 Hz, 1H,
phthalazinone H-5), 8.41 (dJ=7.4 Hz, 1H, Bn H-3).

HPLC/MS (4.5 min) retention time 3.99 min. LRM®{z 463
(M+1).

10.5.[ 1-Oxo-4-[ 2-(phenyl sulfonyl)benzyl] phthalazin-
2(1H)-yl] acetic acid (64)

Ester 63 (40 mg, 0.086 mmol) was dissolved in 3 ml
tetrahydrofuran and 1.5 ml water. Lithium hydroxide
monohydrate (8 mg, 0.34 mmol) was added and théunaix
was stirred for 90 min at room temperature. Theapics
were evaporated under reduced pressure. The golutis
diluted with water and was washed with ethyl agetdthe
aqueous phase was acidified to pH 3 with 2N hydooah
acid forming a turbid solution. The aqueous phasas w
extracted twice with ethyl acetate and the combimghnics
were dried over anhydrous magnesium sulphaterditand
evaporated under reduced pressure. The residugpurdied
by reverse-phase chromatography to ¢ide(28 mg, 0.064
mmol, 74% yield) as a white solid. Purity 100% NMR
(400 MHz, CDC}) 6 ppm 4.57 (s, 2H, C}O), 4.81 (s, 2H,
CH,Ph), 7.11 (d,J=6.4 Hz, 1H, Bn H-6), 7.39 - 7.52 (m, 5H,
Ar), 7.55 (t,J=7.4 Hz, 1H, SGPh para), 7.66 (1)=7.1 Hz,
1H, Ar), 7.72 (t,J=7.4 Hz, 1H, Ar), 7.83 (dJ=7.4 Hz, 2H,
SOPh ortho), 8.33 (dJ=9.2 Hz, 1H, phthalazinone H-5),
8.41 (d,J=7.6 Hz, 1H, Bn H-3). HPLC/MS (30 min) retention
time 13.98 min. LRMS: m/z 435 (M+1).

10.6.Ethyl (triphenylphosphoranylidene)acetate (65)

Ethyl 2-bromoacetate (1.4 ml, 12.6 mmol)
triphenylphosphine (3.3 g, 12.6 mmol) were dissdlue in
15 ml benzene and the mixture was stirred at reflernight
forming a precipitate. The mixture was allowed twlcand
the solid was collected by filtration. The solid svevashed
with benzene and was re-dissolved in dichloromethdine
organics were shaken with 10% sodium hydroxide tsniu
dried over anhydrous magnesium sulphate, filtered a
evaporated under reduced pressure to Gbv€3.81 g, 10.9
mmol, 87% vyield) as a white solid. Purity 98%. NMR
spectrum not recorded. HPLC/MS (4.5 min) retentiimne
3.06 min. LRMS: m/z 349 (M+1).

and

10.7 Ethyl
ylidene)acetate (66)
Phthalic anhydride (0.50 g, 3.37 mmol) and Witeggeni65
(2.29 g, 3.70 mmol) were dissolved in 8 ml dioxama the
mixture was stirred at reflux for 2 h. The mixtwvas allowed
to cool and was evaporated under reduced pres3ine.
residue was purified by flash chromatography (etpdtate-
hexane gradient, 0:100 rising to 80:20) to g#g0.42 g, 1.9
mmol, 57% yield) as a yellow solid. Purity 1004 NMR
(400 MHz, CDC}) & ppm 1.37 (tJ=7.1 Hz, 3H, OCHCHy),
4.30 (9,J=7.0 Hz, 2H, @H,CHy), 6.16 (s, 1H, vinyl H), 7.71
(t, 3=7.4 Hz, 1H, H-5 or H-6), 7.82 (§=7.7 Hz, 1H, H-6 or

(22)-(3-oxo-2-benzofuran-1(3H)-



H-5), 7.97 (dJ=7.6 Hz, 1H, H-4), 9.06 (d]=8.0 Hz, 1H, H-
7). HPLC/MS (4.5 min) retention time 4.10 min. LRMS8/z
219 (M+1).

10.8.Ethyl (4-oxo-3,4-dihydrophthal azin-1-yl)acetate (67)
Lactone 66 (0.39 g, 1.77 mmol) was dissolved in 6 ml
ethanol. Hydrazine monohydrate (0.26 ml, 5.32 mnueds
added and the mixture was stirred at 60 °C for ZI'e
mixture was evaporated under reduced pressure baad t
residue was purified using the Biotage purificatigystem
(ethyl acetate-hexane gradient) to gigé (116 mg, 0.50
mmol, 28% yield) as a yellow solid. Purity 100%l NMR
(400 MHz, CDC}) 6 ppm 1.24 (tJ=7.1 Hz, 3H, OCHCH,),
3.97 (s, 2H, ChHCO,), 4.20 (q,J=7.2 Hz, 2H, @H,CHy),
7.75 (d,J=8.0 Hz, 1H, H-8), 7.80 (1=6.9 Hz, 1H, H-6 or H-
7), 7.85 (tJ=7.6 Hz, 1H, H-7 or H-6), 8.48 (d77.6 Hz, 1H,
H-5). HPLC/MS (4.5 min) retention time 3.12 min. US:
m/z 233 (M+1).

10.9.Ethyl {4-oxo-3-[ 2-(phenyl sulfonyl)benzyl] -3,4-
dihydrophthal azin-1-yl}acetate (68)

Phthalazinon&7 (98 mg, 0.42 mmol) was dissolved in 1.4 ml
dimethylformamide. Sodium hydride (60% dispersionoil,
34 mg, 0.85 mmol) was added and the mixture waedtat
room temperature for 1 h. Bromid&a (197 mg, 0.63 mmol)
was added and the mixture was stirred for 1 h. Mbdure
was partitioned between dichloromethane and brifige
agqueous was extracted twice with dichloromethang the
combined organics were dried over magnesium sugphat
filtered and evaporated. The residue was partipllyified
using the Biotage purification system (ethyl aceta¢xane
gradient, 0:100 rising to 100:0). The residue olgdiwas re-
purified by reverse-phase chromatography to 68€35 mg,
0.075 mmol, 18% yield) as a white solttt NMR (400 MHz,
CDCl3) 6 ppm 1.21 (tJ=7.1 Hz, 3H, OCHCH3), 3.87 (s, 2H,
CH,CGO,), 4.15 (q,J=7.0 Hz, 2H, @H,CHg), 5.77 (s, 2H,
CH,Ph), 6.97 (ddJ=3.9, 5.1 Hz, 1H, Bn H-6), 7.43 — 7.47
(m, 2H, Bn H-4 and H-5), 7.54 (1=7.8 Hz, 2H, SGPh
meta), 7.60 (tJ=7.0 Hz, 1H, SGPh para), 7.70 (dl=8.0 Hz,
1H, phthalazinone H-8), 7.77 (7.1 Hz, 1H, phthalazinone
H-6 or H-7), 7.83 (tJ=7.2 Hz, 1H, phthalazinone H-7 or H-
6), 7.98 (d,J=7.2 Hz, 2H, SG@Ph ortho), 8.22 - 8.27 (m, 1H,
phthalazinone H-5), 8.43 (dJ=7.4 Hz, 1H, Bn H-3).
HPLC/MS (4.5 min) retention time 3.95 min. LRMS:24/63
(M+1).

10.10{4-0x0-3-[ 2-(phenyl sulfonyl)benzyl] -3,4-
dihydrophthalazin-1-yl}acetic acid (69)
Ester 68 (35 mg, 0.076 mmol) was dissolved in 2 mil
tetrahydrofuran and 2 ml water. Lithium hydroxide
monohydrate (4 mg, 0.17 mmol) was added and théunaix
was stirred at room temperature for 2 h. The swmhutivas

diluted with water and was washed with ethyl agetdthe
aqueous phase was acidified to pH 3 with 1N hydooah
acid forming a turbid solution. The aqueous phasas w
extracted twice with ethyl acetate and the combimghnics
were dried over anhydrous magnesium sulphaterditeand
evaporated to givé9 (33 mg, 0.76 mmol, 100% yield) as a
white solid. Purity 100%H NMR (400 MHz, CDC}) 5 ppm
3.89 (s, 2H, CKCO), 5.76 (s, 2H, CHPh), 6.97 (ddJ=3.8,
5.2 Hz, 1H, Bn H-6), 7.26-7.46 (m, 2H, Bn H-4 ane5H
7.51 (t,J=7.8 Hz, 2H, S@Ph meta), 7.57 (J=7.2 Hz, 1H,
SO,Ph para), 7.70 (dI=7.8 Hz, 1H, phthalazinone H-8), 7.78
(t, J=7.1 Hz, 1H, phthalazinone H-6 or H-7), 7.83J%6.9
Hz, 1H, phthalazinone H-7 or H-6), 7.95 7.2 Hz, 2H,
SOPh ortho), 8.17 - 8.25 (m, 1H, phthalazinone H&%4
(d, J=7.4 Hz, 1H, Bn H-3). HPLC/MS (30 min) retentiomg
13.63 min. LRMS: m/z 435 (M+1).

11. Scheme 11

11.1.3-Nitro-N-[ 2-(phenyl sulfonyl)benzyl] pyridin-2-

amine (70)

Chloro-3-nitropyridine (250 mg, 1.58 mmol) was dised in
diisopropylethylamine (0.33 ml, 1.9 mmol) in 2.5 ethanol.
Amine 11a (468 mmol, 1.9 mmol) was added and the mixture
was stirred and heated at 140 °C under microwaadiation
for 30 min. The mixture was allowed to cool and was
partitioned between water and ethyl acetate, fogman
precipitate. The solid was collected by filtratievashed with
ether and dried in a stream of air to gik@ (502 mg, 1.36
mmol, 86% yield). Purity 95%H NMR (300 MHz, DMSO-
ds) & ppm 4.99 (dJ=6.0 Hz, 2H, CH), 6.73 (dd,J=4.4, 8.2
Hz, 1H, pyridine H-5), 7.47 (d=7.4 Hz, 1H, Bn H-6), 7.51 -
7.69 (m, 4H, SGPh meta and 2xAr), 7.72 @=7.4 Hz, 1H,
SO,Ph para), 7.93 (d=7.4 Hz, 2H, S@Ph ortho), 8.10 - 8.18
(m, 2H, Bn H-3 and Ar), 8.40 (d=8.2 Hz, 1H, pyridine H-
6), 8.93 (t,J=5.8 Hz, 1H, NH). UPLC/MS (3 min) retention
time 1.81 min. LRMSm/z 370 (M+1).

11.2.N-2-[ 2-(Phenylsulfonyl)benzyl] pyridine-2,3-diamine
(71)

Nitropyridine 70 (450 mg, 1.22 mmol) was suspended in 10
ml ethanol and 10 ml tetrahydrofuran. 10% Palladiam
carbon (145 mg) was added and the mixture wa®dtinder
a hydrogen atmosphere (1 atm) for 1 h at room teatpes.
The mixture was filtered through a plug of Celiteashing
through with methanol. The combined filtrate wasgsrated
under reduced pressure to gikke (402 mg, 1.19 mmol, 97%
yield) as a pale brown semi-solid. Purity 9744.NMR (300
MHz, DMSO-dg) & ppm 4.72 (br. s., 2H, N 4.77 (d,J=5.5
Hz, 2H, CH), 6.19 (t,J=5.5 Hz, 1H, NH), 6.33 (ddJ=5.1,
7.3 Hz, 1H, pyridine H-5), 6.70 (d=7.4 Hz, 1H, pyridine H-
6), 7.12 (d,J=4.9 Hz, 1H, pyridine H-4), 7.43 (d=7.7 Hz,
1H, Bn H-6), 7.53 (tJ=7.6 Hz, 1H, Bn Ar), 7.63 (§=7.2 Hz,



2H, SQPh meta), 7.64 - 7.70 (m, 1H, Bn Ar), 7.73X/7.2
Hz, 1H, SQPh para), 7.94 (d}=7.4 Hz, 2H, SGPh ortho),
8.12 (d,J=7.7 Hz, 1H, Bn H-3). UPLC/MS (3 min) retention
time 0.93 min. LRMSm/z 340 (M+1).

11.3.3-[2-(Phenylsulfonyl)benzyl] -1,3-

dihydro[ 1,2,5] thiadiazol o[ 3,4-b] pyridine 2,2-dioxide

(72)
Diamine 71 (100 mg, 0.29 mmol) was suspended in 1 ml
pyridine. Sulphuric diamide (102 mg, 1.06 mmol) veakied
and the mixture was stirred and heated at 160 PG 5omin
under microwave irradiation. The mixture was alldw®
cool and was poured over water. The mixture wasaetad
three times with ethyl acetate, the combined oggamvere
washed with brine, dried over anhydrous sodium lsaikp,
filtered and evaporated under reduced pressure.rddidue
was partially purified using the Isolera purificati system
(methanol-dichloromethane gradient, 0:100 risingQ®0) to
give crude72 (35 mg). Purity 85%'H NMR spectrum not
recorded. UPLC/MS (3 min) retention time 1.46 niRMS:
m/'z 402 (M+1).

11.4 Ethyl [2,2-dioxido-3-[2-

(phenylsulfonyl)benzyl] [ 1,2,5] thiadiazol of 3,4

b] pyridin-1(3H)-yl] acetate (73)
Crude sulfamide’2 (35 mg) was dissolved in 1 ml anhydrous
dimethylformamide. Potassium carbonate (48 mg, th8wl)
was added and the mixture was stirred for 15 mithylE
bromoacetate (42 pl, 0.38 mmol) was added and iktura
was stirred for 2.5 h. The mixture was partitiorzetween
ethyl acetate and water. The aqueous phase wascexr
three times with ethyl acetate. The combined oxgmmiere
washed with brine, dried over sodium sulphateerdtl and
evaporated to give crudé3 (45 mg). Purity 53%. Used as
such without further purification'H NMR spectrum not
recorded. UPLC/MS (3 min) retention time 1.76 MiRMS:
m/z 488 (M+1).

11.5[2,2-Dioxido-3-[ 2-

(phenylsulfonyl)benzyl] [ 1,2,5] thiadiazol of 3,4

b] pyridin-1(3H)-yl] acetic acid (74)
Crude ester3 (45 mg) was dissolved in 1 ml tetrahydrofuran
and 1 ml water. Lithium hydroxide monohydrate (8, .9
mmol) was added and the mixture was stirred fom®0 at
room temperature. The organics were evaporated runde
reduced pressure. The remaining aqueous solutisrdikged
with water and was washed three times with ethgtate.
The aqueous phase was acidified with 2N hydroahladid
forming a turbid solution. The aqueous phase wasebed
three times with ethyl acetate and the combinedriog were
dried over anhydrous magnesium sulphate, filtered a
evaporated under reduced pressure. The residupurdied
using the Isolera purification system (methanol-

dichloromethane gradient, 0:100 rising to 10:90)giee 74
(2.5 mg, 0.0054 mmol, 2% vyield over three stepsjrity
98%. 'H NMR (300 MHz, DMSOds) & ppm 3.99 (s, 2H,
CH,CO), 5.26 (s, 2H, CHPh), 6.94 (ddJ=5.0, 7.7 Hz, 1H,
thiadiazolopyridine H-6), 7.11 (d,J=7.7 Hz, 1H,
thiadiazolopyridine H-6), 7.49 (d]=7.4 Hz, 1H, Bn H-6),
7.56 (d,J=5.2 Hz, 1H, thiadiazolopyridine H-8), 7.63 - 7.72
(m, 4H, SQPh meta + 2Ar), 7.76 (t}=7.3 Hz, 1H, SGPh
para), 7.98 (d)=7.7 Hz, 2H, SGPh ortho), 8.18 (d]=7.4 Hz,
1H, Bn H-3). HPLC/MS (30 min) retention time 14.5fn.
LRMS: m/z 460 (M+1).

12. Scheme 12

12.1.Ethyl (22)-3-amino-3-pyridin-2-ylacrylate (75)
Sodium ethoxide (6.4 g, 94 mmol) was dissolved dnndl
ethanol. Ethyl malonate (10 g, 75 mmol) dissolvec0 ml
ethanol was added and the mixture was strirred 1fohn
forming a precipitate. The solid was collected [d{ration
and dried at 40 °C under vacuum to give sodium lethy
malonate (6.62 g, 43 mmol, 57% yield). 2-Cyanogped2.7
g, 25.9 mmol) was dissolved in 55 ml dichloroethameler
nitrogen in a flask fitted with a Dean-Stark he&shdium
ethyl malonate (6.62 g, 43 mmol), zinc(ll) chlori@@62 g,
13 mmol) and diisopropylethylamine (0.45 ml, 2.6 aim
were added and the mixture was stirred at refluxdfb. The
mixture was allowed to cool and 25 ml saturated amiom
chloride solution was added. The organic phase was
separated, dried over anhydrous sodium sulphéterefil and
evaporated under reduced pressure. The residugpurdied
using the SP-1 purification system (ethyl acetaraime
gradient, 0:100 rising to 20:80) to giv6é (4.37 g, 22.7 mmol,
88% vyield). Purity 100%™ NMR spectrum not recorded.
HPLC/MS (9 min) retention time 5.35 min. LRM8vz 193
(M+1).

12.2 Ethyl 3-amino-3-pyridin-2-ylpropanoate (76)
Amino acrylate75 (2.0 g, 10.4 mmol) was dissolved in 65 ml
ethanol containing 1.2 ml acetic acid. Palladiuntdrbyide
(20% on carbon, 1.1 g, 1.6 mmol) was added andnik&ure
was stirred under hydrogen atmosphere (14 psijtfor The
mixture was filtered through a plug of Celite ame ffiltrate
was evaporated under reduced pressure. The residse
partitioned between dichloromethane and saturabégispium
carbonate solurtion. The organic phase was washi¢ld w
water, brine, dried over anhydrous sodium sulphtesred
and evaporated under reduced pressure to7§i&.48 g, 7.6
mmol, 73% yield) as a pale yellow oil. Purity 10044.NMR
spectrum not recorded. UPLC/MS (3 min) retentiometi0.58
min. LRMS:m/z 195 (M+1).

12.3.Ethyl [ 3-(2-iodabenzyl)imidazo[ 1,5-a] pyridin-1-
yl] acetate (77)



Aminoester 76 (0.92 g, 450 mmol) and 2-(2-
iodophenyl)acetic acid (1.36 g, 5.2 mmol) were aligsd in
23 ml butyl acetate. 1-Propanephosphonic anhydidigtion
(T3P, 7 ml, 11.7 mmol) was added and the mixtures wa
stirred for 1 h at room termpature and then 1 refitix. The
mixture was allowed to cool to room temperature arab
washed twice with 4% sodium bicarbonate solutiohe T
organics were dried over anhydrous sodium sulpffiiitered
and evaporated under reduced pressure. The resudse
purified using the SP-1 purification system (etladetate-
hexane gradient, 0:100 rising to 30:70) to givg(1.1 g, 2.62
mmol, 58% yield) as a pale yellow solid. Purity ¥00'H
NMR spectrum not recorded. UPLC/MS (3 min) retemtio
time 1.76 min. LRMSm/z 421 (M+1).

12.4 Ethyl {3-[ 2-(phenyl sulfonyl)benzyl] imidazo[ 1,5-
a] pyridin-1-yl}acetate (78)

lodide 77 (200 mg, 0.48 mmol) was dissolved in 1 ml
dimethylsulphoxide under nitrogen. Benzene sulghitid
sodium salt (94 mg, 0.5 mmol), copper(l) triflaterlzene
complex (13 mg, 0.02 mmol) and N,N'-
dimethylethylenediamine (5 ul, 0.05 mmol) were atided
the mixture was stirred at 110 °C overnight. Th&tare was
allowed to cool, was diluted with ethyl acetate amds
filtered through a plug of Celite. The filtrate wasshed
twice with water, brine, dried over anhydrous sadiu
sulphate, filtrered and evaporated under reducex$spre.
The residue was purified using the SP-1 purificatiystem
(ethyl acetate-hexane gradient, 0:100 rising t&BPto give
78 (30 mg, 0.069 mmol, 15% yield). Purity 1008l NMR
(400 MHz, CDC}) 6 ppm 1.26 (tJ=7.2 Hz, 3H, OCHCH,),
3.89 (s, 2H, ChHCO,), 4.17 (q,J=7.0 Hz, 2H, @H,CHy),
4.61 (s, 2H, CkPh), 6.39 (tJ=6.6 Hz, 1H, imidazopyridine
H-6), 6.64 (dd,J=6.4, 9.2 Hz, 1H, imidazopyridine H-7), 6.86
(d, J=7.0 Hz, 1H, Bn H-6), 7.36 - 7.48 (m, 4H, Ar), 7.81
J=7.6 Hz, 2H, PhS©meta), 7.60 (tJ=7.4 Hz, 1H, PhS®©
para), 7.88 (dJ=7.4 Hz, 2H, PhSg@ortho), 8.31 (dJ=7.4 Hz,
1H, Bn H-3). UPLC/MS (3 min) retention time 1.66 mi
LRMS: m/z435 (M+1).

12.5{3-[ 2-(Phenylsulfonyl)benzyl] imidazo[ 1,5-a] pyridin-
1-yl}acetic acid (79)

Ester 78 (30 mg, 0.07 mmol) was dissolved in 1.5 ml
tetrahydrofuran and 1.5 ml water. Lithium hydroxide
monohydrate (12 mg, 0.29 mmol) was added and tiéursi
was stirred for 2 h at room temperature. The ogmere
evaporated under reduced pressure. The solutiordikaged
with water and was washed with ethyl acetate. Tdueaus
phase was acidified to pH 4 with acetic acid and stred
for 90 min forming a turbid solution. The mixtureasv
extracted three times with ethyl acetate and thebioed
organics were dried over anhydrous sodium sulplfiiittered
and evaporated under reduced pressure. The resudse

purified by preparative HPLC to givé (6 mg, 0.014 mmol,
21% yield). Purity 86%'H NMR (400 MHz, DMSOds) &
ppm 3.63 (s, 2H, CKO,), 4.57 (s, 2H, CkPh), 6.54 {(t,
J=6.6 Hz, 1H, imidazopyridine H-6), 6.68 (di6.4, 9.2 Hz,
1H, imidazopyridine H-7), 7.03 (dl=7.8 Hz, 1H, Bn H-6),
7.51 (t,J=8.0 Hz, 2H, PhS©meta), 7.54 - 7.68 (m, 5H, Ar),
7.79 (d,J=7.8 Hz, 2H, PhSQortho), 8.19 (d,J=7.4 Hz, 1H,
Bn H-3). HPLC/MS (30 min) retention time 10.97 min.
LRMS: m/z 407 (M+1).

13. Scheme 13

13.1.4-Bromo-1H-pyrrole-2-carbaldehyde (80)
1H-Pyrrole-2-carbaldehyde (20 g, 210 mmol) was adie]
in 250 ml tetrahydrofuran and the mixture was cddfe-78
°C. N-Bromosuccinimide (37 g, 210 mmol) was added
portion-wise over 1 h with stirring and the mixturas stirred
for a further 6.5 at -78 °C. The mixture was alldvte warm
to 0 °C and was partitioned between water and heexanal
protected from the light. The aqueous phase wasard
with cold hexane and the combined organics werehedhs
with water, dried over anhydrous sodium sulphatel an
filtered. The organics were concentrated under aedu
pressure until a precipitate formed. The solid veadd-
filtered, washed with cold hexane and dried underuum to
give 12.8 g oB0. The filtrates were concentrated again under
reduced pressure until further precipitate form&dis was
collected by filtration as before and combined vttt first
obtained solid to give80 (18.9 g, 109 mmol, 53% yield).
Purity 96%. Stored at 4 °C in the datkk NMR (400 MHz,
CDCl;) & ppm 6.96 - 6.99 (m, 1H, H-3), 7.11 - 7.14 (m, 1H,
H-5), 9.47 (s, 1H, CHO), 9.88 (br. s., 1H, NH). UWBMS (3
min) retention time 1.18 min. LRM$¥z 172, 174 (M-1).

13.2.6-Bromo-3-[ (4-methyl phenyl)sulfonyl] pyrrolof 1,2-
c] pyrimidine (81)

Aldehyde 80 (3.1 g, 13.0 mmol) was dissolved in 160 ml
anhydrous tetrahydrofuran under argon.
Toluenesulfonylmethyl isocyanide (3.8 g, 19.5 mmaf)d
1,8-diazabicycloundec-7-ene (2.9 g, 19.4 mmol) watded
and the mixture was stirred for 3 h at room temjpeea The
mixture was adjusted to pH 6-7 with acetic acid avak
evaporated under reduced pressure. The residu@urdied
by flash chromatography using the Isolera systethyle
acetate-hexane gradient, 0:100 rising to 100:0pite 81
(3.43 g, 9.8 mmol, 75% yield) as a beige solid.ityir00%.
'H NMR (300 MHz, CDC}) 5 ppm 2.42 (s, 3H, Me), 6.85 (s,
1H, H-5), 7.34 (dJ=8.0 Hz, 2H, SGPh meta), 7.52 (s, 1H,
H-7), 7.94 (d,J=8.0 Hz, 2H, SGPh ortho), 8.18 (s, 1H, H-4),
8.65 (s, 1H, H-1). UPLC/MS (3 min) retention tim&8 min.
LRMS: m/z 351, 353 (M+1).



13.3.6-Methyl-3-[ (4-methyl phenyl)sulfonyl] pyrrolo[ 1,2-
c] pyrimidine (82)

Bromide 81 (5.0 g, 14.3 mmol) was dissolved in 11 ml
dimethoxyethane under nitrogen. Potassium carbdéaeg,
43.4 mmol), trimethyl boroxine (2.2 ml, 16.0 mmajd
[1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladidi(
complex with dichloromethane (0.61 g, 0.69 mmol)rave
added. The mixture was subjected to a vacuum-ratraycle
and was then heated at 120 °C under microwaveiatiad
for 30 min. the mixture was allowed to cool and Viisred
through a plug of Celite, washing through with
dichloromethane. The mixture was evaporated unelduaed
pressure and the residue was triturated with etad
dichloromethane to giv82 (3.7 g, 12.9 mmol, 90% yield) as
a brown solid. Purity 93%'H NMR (300 MHz, CDC)) &
ppm 2.35 (s, 3H, ArMe), 2.41 (s, 3H, §Me), 6.64 (s, 1H,
H-5), 7.29 (s, 1H, H-7), 7.32 (d78.0 Hz, 2H, SGPh meta),
7.94 (d,J=8.2 Hz, 2H, S@Ph ortho), 8.14 (s, 1H, H-4), 8.62
(s, 1H, H-1). UPLC/MS (3 min) retention time 1.7Gnm
LRMS: m/z 287 (M+1).

13.4.6-Methylpyrrolo[ 1,2-c] pyrimidine (83)
Disodium phosphate (0.60 g, 4.2 mmol) and 5%
sodium/mercury amalgam (0.94 g, 2.1 mmol) were asnded
in 12 ml anhydrous methanol and the mixture wasassgd
with a stream of argon. Sulpho®2 (300 mg, 1.05 mmol)
dissolved in 8 ml tetrahydrofuran was added oveni® and
the mixture was stirred vigorously overnight undegon.
Further 5% sodium/mercury amalgam (0.94 g, 2.1 ek
added and the mixture was stirred vigorously foh.2The
mixture was partitioned between water and ethere Th
aqgueous phase was extracted twice with ether aed th
combined organics were dried over anhydrous sodium
sulphate, filtered and evaporated under reduceskpre. The
residue was purified using the Isolera purificatisystem
(ether-hexane gradient) to gi83 (87 mg, 0.66 mmol, 63%
yield) as a yellow oil. Purity 95%'H NMR (300 MHz,
CDCls) & ppm 2.34 (s, 3H, Me), 6.27 (br. s., 1H, H-5), 7.14
(d, J=6.3 Hz, 1H, H-4), 7.17 (s, 1H, H-7), 7.35 (#6.3 Hz,
1H, H-3), 8.69 (s, 1H, H-1). UPLC/MS (3 min) retiemt time
1.00 min. LRMSm/z 133 (M+1).

13.5.6-Methyl-7-[ 2-(phenylsulfonyl)benzyl] pyrrolo[ 1,2-
c] pyrimidine (84)
Pyrrolopyrimidine83 (370 mg, 2.8 mmol) was dissolved in 7
ml anhydride acetic under nitrogen and the mixturas
cooled to 0 °C. Hydriodic acid (57% solution, 3.3 26.0
mmol) was added drop-wise and with stirring over rai
(exotherm), warming to room temperature. Hypophosmins
acid (50% solution, 1.37 ml, 13.2 mmol) was adddtbived
by aldehydeB8a (580 mg, 2.4 mmol) and the mixture was
stirred for 100 min at room temperature. The mixtwas

partitioned between ethyl acetate and ice-watee ddueous
phase was extracted twice with ethyl acetate. Tdmbined
organics were washed with 4% sodium bicarbonatetisal,
brine, dried over anhydrous sodium sulphate, @lieand
evaporated under reduced pressure. The residugpurdied
using the Isolera purification system (ether-hexgraient)
to give 84 (299 mg, 0.83 mmol, 35% yield) as a pale yellow
solid. Purity 94%*H NMR (300 MHz, CDC})  ppm 2.17 (s,
3H, Me), 4.45 (s, 2H, C}), 6.31 (s, 1H, pyrrolopyrimidine
H-5), 6.55 (dJ=7.4 Hz, 1H, Bn H-6), 7.11 (dd=1.4, 6.3 Hz,
1H, pyrrolopyrimidine H-4), 7.29 (d,J=6.3 Hz, 1H,
pyrrolopyrimidine H-3), 7.37 (td}=7.6, 1.2 Hz, 1H, Bn H-4),
7.45 (t,J=7.3 Hz, 1H, Bn H-5), 7.60 (t, 2H, $Ph meta),
7.61 (d,J=1.4 Hz, pyrrolopyrimidine H-1), 7.68 ({=7.4 Hz,
1H, SQPh para), 7.97 (d]=7.4 Hz, 2H, SGPh ortho), 8.31
(dd, J=1.4, 7.7 Hz, 1H, Bn-3). UPLC/MS (3 min) retention
time 1.85 min. LRMSm/z 363 (M+1).

13.6.7-{2-[ (4-Fluorophenyl)sulfonyl] -5-methoxybenzyl } -
6-methylpyrrolo[ 1,2-c] pyrimidine (85)

Pyrrolopyrimidine83 (220 mg, 1.67 mmol) was dissolved in
4 ml anhydride acetic under nitrogen and the méetwas
cooled to 0 °C. Hydriodic acid (57% solution, 2.1, 6.9
mmol) was added drop-wise and with stirring over raib
(exotherm), warming to room temperature. Hypophospis
acid (50% solution, 0.86 ml, 8.3 mmol) was addédtbieed
by crude aldehyd&c (440 mg) and the mixture was stirred
for 2 h at room temperature. The mixture was pantid
between ethyl acetate and ice-water. The aquecaseplvas
extracted twice with ethyl acetate. The combinedanics
were washed with 4% sodium bicarbonate solutiomebr
dried over anhydrous sodium sulphate, filtered and
evaporated under reduced pressure. The residugpurdied
using the Isolera purification system (ether-hexgradient)
to give 85 (196 mg, 0.48 mmol, 32% yield) as a white solid.
Purity 96%."H NMR (300 MHz, CDCJ) & ppm 2.18 (s, 3H,
ArMe), 3.68 (s, 3H, OMe), 4.41 (s, 2H, @H6.08 (s, 1H,
pyrrolopyrimidine H-5), 6.31 (s, 1H, Bn H-6), 6.9@d,
J=2.3, 8.7 Hz, 1H, pyrrolopyrimidine H-4), 7.13 6.3 Hz,
1H, pyrrolopyrimidine H-3), 7.19 - 7.36 (m, 3H, Ar}.86 (s,
1H, pyrrolopyrimidine H-1), 7.90 - 8.00 (m, 2H, &
ortho), 8.27 (dJ=8.8 Hz, 1H, Bn H-3). UPLC/MS (3 min)
retention time 1.91 min. LRMSn/z411 (M+1).

13.7 Ethyl {6-methyl-7-[ 2-
(phenylsulfonyl)benzyl] pyrrolo[ 1,2-c] pyrimidin-5-
yl}acetate (86)
Aluminium trichloride (0.16 g, 1.25 mmol) was dissed in 2
ml chlorobenzene and the mixture was degassednitittgen
and cooled to 0 °C. Ethyl 2-chloro-2-oxoacetatel 40ml,
1.25 mmol) was added drop-wise and with stirringl &ime
mixture stirred for 15 min at 0 °C giving a brigitllow
solution. Pyrrolopyrimidiné4 (0.15 g, 0.41 mmol) dissolved



in 1 ml chlorobenzene was added drop-wise and with
vigorous stirring at 0 °C, giving a dark red sadati The
mixture was stirred at 0 °C for 3 h and then oygrhat room
temperature. The mixture was partitioned betweehyl et
acetate and 16% aqueous ammonia solution. The agueo
phase was extratcted with ethyl acetate and thebirwmd
organics were washed with brine, dried over anhysiro
sodium sulphate, filtered and evaporated under cedlu
pressure to give 190 mg of the crude oxoacetagzl dsectly
without further purification. UPLC/MS (5 min) retéon time
2.18 min. LRMSm/z 463 (M+1).

The crude oxoacetate (190 mg) was dissolved in ml6
trifluoroacetic acid under argon. TriethylsilaneQ2nl, 12.6
mmol) as added and the mixture was stirred at 80 °C
overnight. The mixture was allowed to cool and Wwasified
with dilute aqueous ammonia. The mixture was ekiic
three times with ethyl acetate and the combinedrdog were
washed brine, dried over anhydrous magnesium stdpha
filtered and evaporated under reduced pressure.rdsidue
was purified using the Isolera purification systdather-
hexane gradient, 50:50 rising to 100:0) to g8& (53 mg,
0.12 mmol, 29% vyield over two steps) as a paleoyebolid.
Purity 97%."H NMR (300 MHz, CDC}) & ppm 1.26 (tJ=7.1
Hz, 3H, COCHCH,3), 2.14 (s, 3H, ArMe), 3.69 (s, 2H,
CH,CO), 4.16 (q,J=7.0 Hz, 2H, C@H,CH,), 4.46 (s, 2H,
CH,Ph), 6.57 (dJ=7.4 Hz, 1H, Bn H-6), 7.15 (d=6.6 Hz,
1H, pyrrolopyrimidine H-4), 7.31 (d,J=6.6 Hz, 1H,
pyrrolopyrimidine H-3), 7.38 (t)=6.9 Hz, 1H, Bn H-4), 7.46
(t, J=7.6 Hz, 1H, Bn H-5), 7.58 (s, 1H, pyrrolopyrimidit-
1), 7.60 (tJ=7.2 Hz, 2H, SGPh meta), 7.69 (1=7.2 Hz, 1H,
SOPh para), 7.97 (dJ=7.1 Hz, 2H, SGPh ortho), 8.32 (d,
J=8.0 Hz, 1H, Bn H-3). UPLC/MS (3 min) retention #m
1.87 min. LRMSm/z 449 (M+1).

13.8.Ethyl (7-{2-[ (4-fluor ophenyl)sulfonyl] -5-
methoxybenzyl}-6-methyl pyrrolo[ 1,2-c] pyrimidin-5-
yl)acetate (87)

Aluminium trichloride (0.14 g, 1.05 mmol) was dissed in 2
ml chlorobenzene and the mixture was degassednitittgen
and cooled to 0 °C. Ethyl 2-chloro-2-oxoacetatel Z0ml,
1.05 mmol) was added drop-wise and with stirringl dime
mixture stirred for 10 min at 0 °C, giving a brightllow
solution. Pyrrolopyrimidine5 (0.15 g, 0.35 mmol) dissolved
in 1.5 ml chlorobenzene was added drop-wise andh wit
vigorous stirring at 0 °C, giving a dark red sadati The
mixture was then stirred overnight at room tempegatThe
mixture was partitioned between ethyl acetate aB@bo 1
aqueous ammonia solution. The aqueous phase wasoted
with ethyl acetate and the combined organics wesshed
brine, dried over anhydrous sodium sulphate, éleland
evaporated under reduced pressure to give crudacetate
(190 mg). Used directly without further purificatio

UPLC/MS (3 min) retention time 1.92 min. LRM8vz 511
(M+1).

The crude oxoacetate (190 mg) was dissolved in ml5
trifluoroacetic acid under nitrogen. Triethylsilarfg.0 ml,
12.6 mmol) was added and the mixture was stirre80atC
overnight. The mixture was allowed to cool and Wwasified
with dilute aqueous ammonia. The mixture was ekdiic
three times with chloroform and the combined organiere
washed brine, dried over anhydrous sodium sulpfittter.ed
and evaporated under reduced pressure. The residge
purified using the Isolera purification system @thexane
gradient, 30:70 rising to 100:0) to gi\&¥ (34 mg, 0.068
mmol, 19% over two steps) as a pale yellow solidritf
100%."H NMR (300 MHz, CDC}) & ppm 1.25 (tJ=7.1 Hz,
3H, COCHCHs,), 2.12 (s, 3H, ArMe), 3.68 (s, 5H, OMe and
CH,CO), 4.14 (q,0=7.1 Hz, 2H, C@H,CH,), 4.40 (s, 2H,
CH,Ph), 6.08 (s, 1H, Bn H-6), 6.89 (d&2.5, 8.8 Hz, 1H,
Bn H-4), 7.16 (dJ=6.3 Hz, 1H, pyrrolopyrimidine H-4), 7.21
- 7.30 (m, 2H, S@h meta), 7.33 (dJ=6.6 Hz, 1H,
pyrrolopyrimidine H-3), 7.82 (s, 1H, pyrrolopyriniige H-1),
7.89 - 8.01 (m, 2H, SPh para), 8.27 (d}=8.8 Hz, 1H, Bn
H-3). UPLC/MS (3 min) retention time 1.93 min. LRM&/z
497 (M+1).

13.9.{6-Methyl-7-[ 2-(phenyl sulfonyl)benzyl] pyrrolo[ 1,2-
c] pyrimidin-5-yl}acetic acid (88)

Ester 86 (53 mg, 0.12 mmol) was dissolved in 1 ml
tetrahydrofuran and 1 ml water. Lithium hydroxide
monohydrate (20 mg, 0.48 mmol) was added and tkéurei
was stirred for 1 h at room temperature. The owmmere
evaporated under reduced pressure. The solutiordikdsd
with water and was washed with ethyl acetate. Tdweeaus
phase was neutralized to pH 7 with 1N hydrochl@xid,
forming a precipitate. The solid was collected Hiration,
was washed with a little water and was dried af@Qunder
vacuum to gived8 (50 mg, 0.12 mmol, 99% yield) as a white
solid. Purity 99%."H NMR (300 MHz, DMSOds) & ppm
1.89 (s, 3H, Me), 3.62 (s, 2H, GEO), 4.48 (s, 2H, CHPh),
6.59 (d,J=6.0 Hz, 1H, Bn H-6), 7.23 (dJ=6.0 Hz, 1H,
pyrrolopyrimidine H-4), 7.34 (d, J=6.0 Hz, 1H,
pyrrolopyrimidine H-3), 7.45 - 7.62 (m, 3H, Ar),6B (1,
J=7.1 Hz, 2H, SGPh meta), 7.78 (t)=7.0 Hz, 1H, SGPh
para), 7.92 - 8.08 (m, 3H, $Ph ortho and pyrrolopyrimidine
H-1), 8.24 (d,J=6.3 Hz, 1H, Bn H-3). HPLC/MS (30 min)
retention time 13.92 min. LRM®vz 421 (M+1).

13.10(7-{2-[ (4-Fluorophenyl)sulfonyl] -5-
methoxybenzyl}-6-methyl pyrrol o[ 1,2-c] pyrimidin-5-
yl)acetic acid (89)

Ester 87 (34 mg, 0.068 mmol) was dissolved in 0.8 ml
tetrahydrofuran and 0.8 ml water. Lithium hydroxide
monohydrate (32 mg, 0.76 mmol) was added and tiéursi



was stirred for 3 h at room temperature. The ogamere
evaporated under reduced pressure. The solutiordikaged
with water and was washed twice with chloroform.eTh
aqueous phase was evaporated under reduced prassiuite
residue was purified using the Isolera purificatisystem
(methanol-dichloromethane, 10:90) to gB&@ (20 mg, 0.042
mmol, 61% yield) as a white solid. Purity 97%1.NMR (300
MHz, CDCk) & ppm 2.12 (s, 3H, ArMe), 3.66 (s, 3H, OMe),
3.72 (s, 2H, CKCO), 4.39 (s, 2H, CHPh), 6.06 (s, 1H, Bn H-
6), 6.89 (ddJ=2.5, 8.8 Hz, 1H, Bn H-4), 7.14 (d-6.6 Hz,
1H, pyrrolopyrimidine H-4), 7.23 (t)=7.4 Hz, 2H, SGPh
meta), 7.34 (dJ=6.3 Hz, 1H, pyrrolopyrimidine H-3), 7.84
(s, 1H, pyrrolopyrimidine H-1), 7.89 - 7.98 (m, 280,Ph
ortho), 8.26 (d,J=8.8 Hz, 1H, Bn H-3). HPLC/MS (30 min)
retention time 14.55 min. LRM®vz 469 (M+1).

14. Scheme 19
14.1.Methyl pent-4-ynoate (90)

Pent-4-ynoic acid (11.7 g, 119 mmol) was dissolired 00
ml methanol and the mixture was cooled to -5 °@ salt-ice
bath. Thionyl chloride (10 ml, 137 mmol) dissolvied80 ml
methanol was added over 30 min with stirring. Thigtune
was stirred for a further 2 h at room temperatilitee mixture
was concentrated to around 50 ml volume and wagedil
with  dichloromethane. The organics were
sequentially with water, 4% sodium bicarbonate tofy
water and brine, dried over anhydrous magnesiumphstg,
filtered and evaporated under reduced pressureivi® 3
(13.3 g, 119 mmol, 100% yield) as a pale yellow il NMR
(300 MHz, CDC}) & ppm 2.47 - 2.62 (m, 4H, 2xGH 3.65
(s, 1H, acetylene H), 3.71 (s, 3H, Me). UPLC/MS{3) no
chromophore, no ionization.

14.2 Methyl  5-[4-(trifluoromethyl)pyrimidin-2-yl] pent-4-
ynoate (91)

2-Chloro-4-(trifluoromethyl)pyrimidine (2.0 ml, 16.mmol),
alkyne 90 (2.23 g, 19.9 mmol), and copper(l) iodide (0.13 g,
0.66 mmol) were suspended together in 150 ml tlathine
in a Schlenk tube. The mixture was subjected teethr
vacuum-argon cycles. Bis(triphenylphosphine)palladil)
dichloride (0.23 g, 0.33 mmol) was added and thgtume
was subjected to a further three vacuum-argon syclée
mixture was stirred at 80 °C overnight. The mixtuvas
allowed to cool and was poured into saturated anumon
chloride solution. The mixture was extracted twigth ethyl
acetate. The organics were washed twice with watece
with brine, dried over anhydrous magnesium sulptfdtered
and evaporated under reduced pressure. The residge
purified using the lIsolera purification system @rthexane
gradient, 0:100 rising to 50:50) to gi9& (2.91 g, 11.3 mmol,
68% vyield) as a pale yellow oil which crystallizeder time.
Purity 95%."H NMR (300 MHz, CDC}) & ppm 2.72 (1,)=8.2

washed

Hz, 2H, CH), 2.83 (t,J=8.2 Hz, 2H, CH), 3.73 (s, 3H, Me),
7.55 (d,J=5.3 Hz, 1H, H-5), 8.95 (d)=4.7 Hz, 1H, H-6).
HPLC/MS (9 min) retention time 5.58 min. LRM8vz 259
(M+1).

14.3.Methyl [2-(trifluoromethyl)pyrrolo[ 1,2-a] pyrimidin-
6-yl] acetate (92)

In five separate batches, a total of alk@ie(5%170 mg, 3.3
mmol), copper(l) bromide (5%x95 mg, 3.3 mmol) and
triethylamine (5x0.095 ml, 3.3 mmol) were suspended
together in 5x16 ml dimethylacetamide. Each batcs w
stirred and heated at 180 °C for 1 h under micr@wav
irradiation. The mixtures were allowed to cool andre
poured into cold saturated ammonium chloride sotutEther
was added and the whole mixture was filtered thinoagplug
of Celite, washing through with ether. The biphafilicate
was separated and the aqueous was extracted itheeewith
ether. The combined organics were washed with pdried
over anhydrous magnesium sulphate, filtered anghaated
under reduced pressure. The residue was partiaiifiqd by
reverse-phase chromatography using the Isolerdiqaiion
system to give crud®2. The crude residue was re-purified
using the Isolera purification system (ether-hexgradient,
0:100 rising to 40:60) to give2 (278 mg, 1.08 mmol, 33%
yield). Purity 100%H NMR (300 MHz, CDC)) 3 ppm 3.72
(s, 3H, OMe), 3.97 (s, 2H, GH 6.88 (d,J=3.5 Hz, 1H, H-7),
6.89 (d,J=7.6 Hz, 1H, H-3), 7.07 (d)=4.1 Hz, 1 H, H-8),
8.33 (d,J=7.6 Hz, 1H, H-4). UPLC/MS (3 min) retention
time 1.54 min. LRMSm/z 259 (M+1).

14.4 Methyl [8-[2-(phenylsulfonyl)benzyl] -2-
(trifluoromethyl)pyrrolo[ 1,2-a] pyrimidin-6-
yl] acetate (93)

Pyrrolopyrimidine92 (215 mg, 0.83 mmol) was dissolved in
2.5 ml anhydride acetic under argon and the mixtues
cooled to 0 °C. Hydriodic acid (57% solution, 1.1, 8.33
mmol) was added drop-wise and with stirring (exathe
warming to room temperature. Hypophosphorous a4
solution, 0.50 ml, 4.8 mmol) was added followedabyehyde
8a (195 mg, 0.79 mmol) and the mixture was stirratfdn at
room temperature. The mixture was partitioned betwethyl
acetate and water. The organic phase was washed wiih
water, dried over anhydrous magnesium sulphaterdi and
evaporated under reduced pressure. The residue revas
dissolved in 1.3N hydrochloric acid in methanol aig
mixture was stirred for 1 h at room temperaturee Thixture
was concentrated under reduced, was diluted with
dichloromethane and washed with saturated sodium
bicarbonate solution. The organics were dried evdrydrous
magnesium sulphate, filtered and evaporated uneumced
pressure and the residue was purified using thderkso
purification system (ether-hexane gradient, 0:1Bhg to
100:0) to give93 (132 mg, 0.27 mmol, 34% vyield) as a



yellow oil. Purity 100%H NMR (300 MHz, CDC}) 3 ppm

3.69 (s, 3H, OMe), 3.83 (s, 2H, GEO), 4.49 (s, 2H,
CH,Ph), 6.70 (s, 1H, pyrrolopyrimidine H-7), 6.81 (7.0

Hz, 1H, Bn H-6), 7.33 — 7.42 (m, 4H, Ar), 7.443t7.0 Hz,

2H, SQPh meta), 7.53 (t}=7.0 Hz, 1H, SGPh para), 7.88
(d, J=7.6 Hz, 2H, S@Ph ortho), 8.19 (dJ=7.6 Hz, 1H,
pyrrolopyrimidine H-4), 8.25 (dJ=7.6 Hz, 1H, Bn H-3).
HPLC/MS (9 min) retention time 6.80 min. LRM8vz 489

(M+1).

14.5[8-[ 2-(Phenylsulfonyl)benzyl] -2-
(trifluoromethyl)pyrrolo[ 1,2-a] pyrimidin-6-yl] acetic
acid (94)

Ester 93 (20 mg, 0.041 mmol) was dissolved in 0.5 ml
tetrahydrofuran and 0.5 ml water. Lithium hydroxide
monohydrate (7 mg, 0.17 mmol) was added and théunaix
was stirred for 60 min at room temperature. Theapics
were evaporated under reduced pressure. The remaini
aqueous solution was diluted with a little watersveaidified
with 1N hydrochloric acid forming a turbid solutioifhe
aqueous phase was extracted three times
dichloromethane and the combined organics wereczaggal
under reduced pressure to g (15 mg, 0.031 mmol, 76%
yield) as a yellow foam. Purity 91%H NMR (300 MHz,
DMSO-ds) & ppm 3.93 (s, 2H, Ci€0O), 4.41 (s, 2H, CHPh),
6.45 (s, 1H, pyrrolopyrimidine H-7), 7.05 (&7.6 Hz, 1H,
Bn H-6), 7.29 (dJ=7.6 Hz, 1H, pyrrolopyrimidine H-3), 7.47
(t, J=7.6 Hz, 2H, SGPh meta), 7.52 - 7.67 (m, 3H, Ar), 7.78
(d, J=7.6 Hz, 2H, SGPh ortho), 8.18 (dJ=7.6 Hz, 1H, Bn H-
3), 8.64 (dJ=7.6 Hz, 1H, pyrrolopyrimidine H-4). UPLC/MS
(5 min) retention time 2.92 min. LRM&Yz 475 (M+1).

with

15. Scheme 15

15.1.2-Methyl-1H-pyrrolo[ 2,3-b] pyridine (95)
tert-Butyl 3-methylpyridin-2-ylcarbamate (5.07 @&.8 mmol)
was dissolved in 100 ml tetrahydrofuran under gi&mo and
the mixture was cooled to -10 °C. n-Butyllithium.5® in
hexanes, 28 ml, 70 mmol) was added over 15 min with
stirring, forming a dark red solution and the migtuwvas
stirred for a further 1 h at -10 °C. N-Methoxy-N-
methylacetamide (3.80 g, 35.7 mmol) was added #med t
mixture was stirred at room temperature for 1 he fixture
was cooled to -10 °C, quenched with 13 ml concésdra
hydrochloric acid and then stirred at 50 °C forr@ih. The
biphasic mixture was allowed to cool and the orgagstiase
was extracted twice with 2N hydrochloric acid. Tdeembined
aqueous was basified with 32% sodium hydroxide tgniu
and extracted three times with ethyl acetate. Ttgarics
were washed with brine, dried over anhydrous sodium
sulphate, filtered and evaporated under reduceskpre. The
residue was purified using the Isolera purificatisystem
(ethyl acetate-hexane gradient, 0:100 rising t®@®0to give

95 (2.5 g, 18.9 mmol, 80% yield) as a pale yellowidsdPurity
100%.'H NMR (400 MHz, CDC)) & ppm 2.55 (s, 3H, Me),
6.17 (s, 1H, H-3), 7.03 (dd=4.9, 7.6 Hz, 1H, H-5), 7.82 (d,
J=7.4 Hz, 1H, H-4), 8.21 (d=4.7 Hz, 1H, H-6), 11.96 (br. s.,
1H, NH). UPLC/MS (3 min) retention time 0.68 minRMS:
m/z 133 (M+1).

15.2.2-Methyl-1H-pyrrolo[ 2,3-b] pyridine 7-oxide (96)
Azaindole 95 (152 mg, 1.15 mmol) was dissolved in 5 ml
dimethoxyethane and was cooled to 0 °C. meta-
Chloroperbenzoic acid (77% max purity, 360 mg, rhi®ol)
was added and the mixture was stirred at room teatyore
for 1 h. The mixture was concentrated to aroundl 2imder
reduced pressure and was diluted with 5 ml watemihg a
precipitate. The solid was collected by filtratiamd was
purified by reverse-phase chromatography usingBiotage
system to give96 (130 mg, 0.88 mmol, 76% yield) as a
yellow solid. Purity 93%'H NMR (400 MHz, CDCJ) & ppm
2.51 (s, 3H, Me), 6.21 (s, 1H, H-3), 6.99X%,.0 Hz, 1H, H-
5), 7.52 (dJ=7.8 Hz, 1H, H-4), 8.10 (d=6.3 Hz, 1H, H-6),
12.64 (br. s., 1H, NH). UPLC/MS (3 min) retentidmé 0.82
min. LRMS:m/z 149 (M+1).

15.3.Ethyl 6-chloro-2-methyl-1H-pyrrolo[ 2,3-b] pyridine-
1-carboxylate (97)

N-oxide 96 (102 mg, 0.69 mmol) was dissolved in 4.5 ml
tetrahydrofuran under nitrogen and the mixture eddb -10
°C. Hexamethyldisilazane (0.15 ml, 0.72 mmol) wdsleal
and the mixture was stirred for 30 min at -10 °Ep&ately,
ethyl chloroformate (0.35 ml, 3.7 mmol) was dissahin 0.5
ml tetrahydrofuran and cooled to -78 °C. The sohgiwere
combined at -78 °C and the mixture was then stiatecbom
temperature overnight. Further hexamethyldisilazédd5
ml, 0.72 mmol) and ethyl chloroformate (0.35 mif 3amol)
were added and the mixture was stirred overnighte T
mixture was evaporated under reduced pressure baad t
residue re-dissolved in ethyl acetate. The orgamiese
washed three times with saturated sodium bicarleonat
solution, dried over anhydrous sodium sulphatégréid and
evaporated under reduced pressure. The residugpurdied
using the Isolera purification system (ether-hexgradient,
0:100 rising to 30:70) to give7 (42 mg, 0.18 mmol, 26%
yield) as a white solid. Purity 100%H NMR (400 MHz,
CDClg) 6 ppm 1.51 (tJ=7.0 Hz, 3H, OCHCH3), 2.61 (s, 3H,
ArMe), 4.55 (q,J=7.0 Hz, 2H, @H,CH;), 6.27 (s, 1H, H-3),
7.17 (d,J=8.2 Hz, 1H, H-5), 7.68 (d)=8.2 Hz, 1H, H-4).
UPLC/MS (3 min) retention time 1.73 min. LRM8vz 239
(M+1).

15.4.6-Methyl-1-[ (4-methyl phenyl)sulfonyl] - 1H-
pyrrolo[ 2,3-b] pyridine (99)



Sodium hydride (60% dispersion in oil, 2.27 g, 5&ol)
was suspended in 50 ml dimethylformamide undengén
and the mixture was cooled to 0 °C. 6-Methyl-1H-
pyrrolo[2,3-b]pyridined8 (5 g, 37.8 mmol) dissolved in 50 ml
dimethylformamide was added over 30 min with stigrand
the mixture was then stirred for 1 h at 0 °C. Tagyloride
(9.38 g, 49.2 mmol) was added portion-wise withristyy and
the mixture was then stirred overnight at room terafure.
The mixture was diluted with water and was extraceveral
times with ether. The combined organics were washitial
brine, dried over anhydrous magnesium sulphaterdidl and
evaporated under reduced pressure to §8€10.8 g, 37.8
mmol, 99% yield) as a white solid. Purity 1009 NMR
(400 MHz, CDC}) & ppm 2.37 (s, 3H, SPhMe), 2.63 (s,
3H, azaindole 6-Me), 6.50 (d=3.9 Hz, 1H, H-3), 7.01 (d,
J=8.2 Hz, 1H, H-5), 7.26 (d)=8.2 Hz, 2H, SGPh meta),
7.62 (d,J=3.9 Hz, 1H, H-2), 7.68 (d)=7.8 Hz, 1H, H-4),
8.12 (d, J=8.2 Hz, 2H, S@Ph ortho). UPLC/MS (3 min)
retention time 1.81 min. LRMSn/z 287 (M+1).

15.5.2,6-Dimethyl-1-[ (4-methyl phenyl)sulfonyl] -1H-
pyrrolo[ 2,3-b] pyridine (100)

Azaindole 99 (1.36 g, 4.75 mmol) was dissolved in 50 ml
tetrahydrofuran under nitrogen and the mixture a@ded to
0 °C. n-Butyllithium (2.5M in hexanes, 3.8 ml, 9rBnol) was
added over 15 min with stirring, forming a dark mge
solution and the mixture was stirred for a furtB&rmin at 0
°C. Methyl iodide (0.37 ml, 5.9 mmol) dissolved 2nml
tetrahydrofuran was added drop-wise and the mixtuas
stirred at 0 °C for 2 h. The mixture was dilutedhwsaturated
ammonium chloride solution and was extracted thiees
with ethyl acetate. The combined organics were edshith
brine, dried over anhydrous sodium sulphate, éleland
evaporated under reduced pressure. The residugpurdied
by reverse-phase chromatogtraphy using the
purification system to giv&00 (0.33 g, 1.1 mmol, 23% yield)
as a bright yellow solid. Purity 100%4 NMR (400 MHz,
CDCls) 6 ppm 2.37 (s, 3H, SPhMe), 2.61 (s, 3H, azaindole
6-Me), 2.71 (s, 3H, azaindole 2-Me), 6.20 (s, 1H3)H6.95
(d, 3=7.8 Hz, 1H, H-5), 7.25 (d]=8.2 Hz, 2H, SGPh meta),
7.53 (d,J=7.8 Hz, 1H, H-4), 8.07 (d}=8.2 Hz, 2H, SGPh
ortho). UPLC/MS (3 min) retention time 1.90 min. MRS:
m/z 301 (M+1).

15.6.2,6-Dimethyl-1-[ (2,4-dimethyl phenyl)sulfonyl] - 1H-
pyrrolo[ 2,3-b] pyridine (101)
Chromatography of the reaction mixturel@b also gavelOl
(0.72 g, 2.3 mmol, 48% vyield) as a bright yelloviigoPurity
100%."H NMR (400 MHz, CDC}))  ppm 2.33 (s, 3H, Me),
2.42 (s, 3H, Me), 2.42 (s, 3H, Me), 2.74 (s, 3Haiadole 2-
Me), 6.23 (s, 1H, azaindole H-3), 6.89 (@7.8 Hz, 1H,
azaindole H-5), 6.96 (s, 1H, $h H-3), 7.14 (dJ=7.8 Hz,
1H, SQPh H-5), 7.54 (dJ=7.8 Hz, 1H, azaindole H-4), 8.20

Isolera

(d, J=8.2 Hz, 1H, SGPh H-6). UPLC/MS (3 min) retention
time 2.01 min. LRMSm/z 315 (M+1).

15.7.2,6-Dimethyl-1H-pyrrol o[ 2,3-b] pyridine (102)
Method A: Chloroazaindol®7 (44 mg, 0.18 mmol) was
dissolved in 1.5 ml dimethoxyethane under nitrogena
Schlenk tube. Potassium carbonate (78 mg, 0.57 jnmol
trimethyl boroxine (31 pl, 0.22 mmol) were added! dhe
mixture was subjected to three vacuum-argon cydlkes-
Bis(diphenylphosphino)ferrocene]-dichloropalladidi(
complex with dichloromethane (9 mg, 0.01 mmol) wdded
and the mixture was subjected to a further thresuwmn-
argon cycles. The mixture was then stirred at 105 °
overnight. The mixture was allowed to cool and Vitiered
through a plug of Celite, washing through with
dichloromethane and the combined filtrates wergperated
under reduced pressure. The residue was resuspén@esl
ml methanol and 5 ml 2N sodium hydroxide solution &he
mixture was stirred for 3 h at room temperaturee dhganics
were evaporated and the aqueous was extracted tthres
with dichloromethane. The combined organics wershed
twice with water, dried over anhydrous sodium satgh
filtered and and evaporated under reduced pregsuggve
102 (17 mg, 0.11 mmol, 61% yield) as a pale browndsoli
Purity 96%.
Method B: Tosylatel00 (607 mg, 2.02 mmol) was dissolved
in 25 ml methanol. 8 N Sodium hydroxide solutiorb(iml, 61
mmol) was added and the mixture was stirred atB®P 2 h.
The mixture was allowed to cool and the organicgewe
evaporated under reduced pressure. The aqueoudihwtesi
with saturated ammonium chloride solution and wdsaeted
three times with ethyl acetate. The combined ogmmiere
washed with brine, dried over anhydrous sodium reathp,
filtered and evaporated under reduced pressuravi 12
(294 mg, 2.01 mmol, 99% yield) as a pale yellowdsdPurity
100%. '*H NMR (400 MHz, CDC}) & ppm 2.49 (s, 3H,
azaindole 6-Me), 2.64 (s, 3H, azaindole 2-Me), §sL1H, H-
3), 6.90 (dJ=7.8 Hz, 1H, H-5), 7.69 (d]=7.8 Hz, 1H, H-4),
9.82 (br. s., 1H, NH). UPLC/MS (3 min) retentiom& 0.70
min. LRMS:m/z 147 (M+1).

15.8.Ethyl (2,6-dimethyl-1H-pyrrol o[ 2,3-b] pyridin-3-
yl)(oxo)acetate (103)

Aluminium trichloride (0.83 g, 6.2 mmol) was disgedl in 5
ml nitromethane and the mixture was cooled to -©0 °
Azaindole 102 (0.29 g, 1.99 mmol) dissolved in 5 ml
dichloroethane was added drop-wise and with stjrah-10
°C. Ethyl 2-chloro-2-oxoacetate (0.29 ml, 2.6 mmuolas
added drop-wise and the mixture was then stirred &C for
3 h. The mixture was carefully quenched with 20walter
and then acidified to pH 3-4 with 2N hydrochloricich The
aqueous phase was extracted three times with
dichloromethane and the combined organics werel driesr



anhydrous sodium sulphate, filtered and evaporateder
reduced pressure. The residue was purified usied@totage
purification system (ethyl acetate-hexane gradi€hf,00
rising to 100:0) to giva03 (0.31 g, 1.24 mmol, 62% yield) as
a white solid. Purity 100%'H NMR (400 MHz, CDC)) &
ppm 1.44 (tJ=7.2 Hz, 3H, OCHCHy,), 2.69 (s, 3H, azaindole
6-Me), 2.77 (s, 3H, azaindole 2-Me), 4.47 Jg/7.0 Hz, 2H,
OCH,CHy), 7.12 (d,J=7.8 Hz, 1H, H-5), 8.24 (dJ=8.2 Hz,
1H, H-4), 11.60 (br. s., 1H, NH). UPLC/MS (3 mimtention
time 1.40 min. LRMSm/z 247 (M+1).

15.9.Ethyl (2,6-dimethyl-1H-pyrrol o[ 2,3-b] pyridin-3-
yl)acetate (104)

Triethylsilane (0.70 ml, 4.4 mmol) was diluted with ml
trifluoroacetic acid. Dicarbonyll03 (304 mg, 1.23 mmol)
dissolved in 2 ml trifluoroacetic acid was addedpwise
and the mixture was stirred at 60 °C overnight. Tieture
was allowed to cool and was evaporated under reduce
pressure. The residue was taken up in 10 ml ethamdl10
ml 4% sodium bicarbonate solution and the mixturasw
stirred for 2 h. The mixture was extracted thremes with
dichloromethane and the combined organics werel driesr
anhydrous sodium sulphate, filtered and evaporateder
reduced pressure to git@4 (210 mg, 0.90 mmol, 72% yield)
as a white solid. Purity 99%H NMR (400 MHz, CDCJ) &
ppm 1.23 (tJ=6.4 Hz, 3H, OCHCHj3), 2.45 (s, 3H, azaindole
6-Me), 2.64 (s, 3H, azaindole 2-Me), 3.64 (s, 2H,CO,),
4.12 (q,J=6.5 Hz, 2H, @H,CHjy), 6.92 (d,J=7.8 Hz, 1H, H-
5), 7.74 (d,J=7.4 Hz, 1H, H-4), 9.92 (br. s., 1H, NH).
UPLC/MS (3 min) retention time 0.97 min. LRM8vz 233
(M+1).

15.10Ethyl  {2,6-dimethyl-1-[ 2-(phenylsulfonyl)benzyl] -
1H-pyrrolo[ 2,3-b] pyridin-3-yl}acetate (105)

Azaindole 104 (35 mg, 0.15 mmol) was dissolved in 1 ml
anhydrous dimethylformamide and the mixture wadembto
0 °C. 2-tert-Butylimino-2-diethylamino-1,3-
dimethylperhydro-1,3,2-diazaphosphorine (BEMP, 60 u
0.17 mmol) was added drop-wise and the mixture stiaed
at 10 °C for 30 min. BromiddOa (56 mg, 0.18 mmol)
dissolved in 1 ml anhydrous dimethylformamide waslexl
and the mixture was stirred overnight at room tenajpee.
The mixture was poured onto ice-water and the asgiems
extracted three times with ether. The combined riocgawere
washed with brine, dried over anhydrous magnesium
sulphate, filtered and evaporated under reducedspre
evaporated. The residues was purified by reversseh
chromatography using the Biotage purification syste give
105 (21 mg, 0.045 mmol, 27% yield). Purity 90% ethgtes
+ 10% methyl ester. Ethyl estéH NMR (400 MHz, CDCJ))
o ppm 1.21 (t)=7.2

3 Hz, 3H, OCHCHa), 1.88 (s, 3H, azaindole 2-Me), 2.46 (s,
3H, azaindole 6-Me), 3.63 (s, 2H, GED,), 4.11 (q,J=7.3
Hz, 2H, OCH,CHjy), 5.73 (s, 2H, CkPh), 6.38 (dJ=7.8 Hz,
1H, Bn H-6), 6.90 (dJ=7.8 Hz, 1H, azaindole H-5), 7.35 (t,
J=7.0 Hz, 1H, Bn H-4), 7.43 (§=7.6 Hz, 1H, Bn H-5), 7.58
(t, 3=7.4 Hz, 2H, SGPh meta), 7.65 (1=7.0 Hz, 1H, SGPh
para), 7.72 (dJ=7.8 Hz, 1H, azaindole H-4), 7.99 (87.4
Hz, 2H, SQPh ortho), 8.26 (ddJ=1.2, 7.8 Hz, 1H, Bn H-3).
UPLC/MS (3 min) retention time 2.01 min. LRM8vz 463
(M+1).

Methyl ester: UPLC/MS (3 min) retention time 1.96nm
LRMS: m/z 449 (M+1).

15.11. Ethyl  (1-{2-[ (4-fluorophenyl)sulfonyl] -5-
methoxybenzyl}-2,6-dimethyl-1H-pyrrolo 2,3-
b] pyridin-3-yl)acetate (106)

Azaindole 104 (35 mg, 0.15 mmol) was dissolved in 1 ml
anhydrous dimethylformamide and the mixture wadexbto
0 °C. 2-tert-Butylimino-2-diethylamino-1,3-
dimethylperhydro-1,3,2-diazaphosphorine (BEMP, 60 u
0.17 mmol) was added drop-wise and the mixture stiaed
at 10 °C for 30 min. BromiddOb (68 mg, 0.18 mmol)
dissolved in 1 ml anhydrous dimethylformamide waslexl
and the mixture was stirred overnight at room tenajpee.
The mixture was poured onto ice-water and the asgiems
extracted three times with ether. The combined riocgawere
washed with brine, dried over anhydrous magnesium
sulphate, filtered and evaporated under reducedspre
evaporated. The residues was partially purifiedréyerse-
phase chromatography using the Isolera purificadimiem to
give 106 (26 mg). Purity 78% ethyl ester + 9% methyl ester.
'H NMR (400 MHz, CDC}) & ppm 1.21 (tJ=7.2 Hz, 3H,
OCH,CH3), 2.01 (s, 3H, azaindole 2-Me), 2.44 (s, 3H,
azaindole 6-Me), 3.58 (s, 3H, MeO), 3.64 (s, 2H,,C&,),
4.10 (9,J=7.0 Hz, 2H, @H,CHy), 5.66 (s, 2H, CkPh), 5.85
(d, J=2.3 Hz, 1H, Bn H-6), 6.86 (dd=2.3, 8.6 Hz, Bn H-4),
6.88 (d J=7.8 Hz, azaindole H-4), 7.24 (§=8.4 Hz, 2H,
SO,PhF meta), 7.71 (d]=8.2 Hz, 1H, azaindole H-5), 7.99
(dd,J=5.1, 8.6 Hz, 2H, S¢PhF ortho), 8.20 (d}=8.6 Hz, 1H,
Bn H-3). UPLC/MS (3 min) retention time 2.06 minRMS:
m/'z511 (M+1).
Methyl ester: UPLC/MS (3 min) retention time 2.03nm
LRMS: m/z497 (M+1).

15.12{2,6-Dimethyl-1-[ 2-(phenyl sulfonyl)benzyl] -1H-
pyrrolo[ 2,3-b] pyridin-3-yl}acetic acid (107)
Ester 105 (21 mg, 0.045 mmol) was dissolved in 1 ml
tetrahydrofuran and 1 ml water. Lithium hydroxide
monohydrate (20 mg, 0.47 mmol) was added and tiéursi
was stirred at room temperature for 2 h. The oammere
evaporated under reduced pressure. The remainingoag
was diluted with water and was washed three tim#s ethyl



acetate. The aqueous phase was acidified with 5N
hydrochloric acid forming a turbid solution and veadracted
three times with ethyl acetate. The combined oxgmere
dried over anhydrous magnesium sulphate, filtered a
evaporated. The residue was purified by prepardtiPeC to
give 107 (8 mg, 0.018 mmol, 42% yield) as a white solid.
Purity 99%."H NMR (400 MHz, CDC}) & ppm 1.84 (s, 3H,
azaindole 2-Me), 2.44 (s, 3H, azaindole 6-Me), J$02H,
CH,CO,), 5.71 (s, 2H, CkKPh), 6.36 (dJ=7.4 Hz, 1H, Bn H-
6), 6.79 - 6.89 (m, 1H, azaindole H-5), 7.28 - 7134 1H, Bn
H-4), 7.40 (t,J=7.0 Hz, 1H, Bn H-5), 7.56 (]=7.2 Hz, 2H,
SO,Ph meta), 7.60 - 7.71 (m, 2H, §h para and azaindole
H-4), 7.97 (dJ=7.8 Hz, 2H, SGPh ortho), 8.24 (d}=7.8 Hz,
1H, Bn H-3). UPLC/MS (5 min) retention time 2.86 mi
LRMS: mz 433 (M-1).

15.13(1-{2-[ (4-Fluorophenyl)sulfonyl] -5-

methoxybenzyl}-2,6-dimethyl-1H-pyrrolo[ 2,3-

b] pyridin-3-yl)acetic acid (108)
Crude ester106 (26 mg) was dissolved in 1 ml
tetrahydrofuran and 1 ml water. Lithium hydroxide
monohydrate (23 mg, 0.54 mmol) was added and tkéurei
was stirred at room temperature for 2 h. The ommere
evaporated under reduced pressure. The remainingoag
was diluted with water and was washed three tim#s ethyl
acetate. The aqueous phase was acidified with 5N
hydrochloric acid forming a turbid solution and veadracted
three times with ethyl acetate. The combined oxgmere
dried over anhydrous magnesium sulphate, filtered a
evaporated. The residue was purified by prepardti®eC to
give 108 (9 mg, 0.019 mmol, 12% yield over two steps) as a
white solid. Purity 100%H NMR (400 MHz, CDC}) 5 ppm
2.00 (s, 3H, azaindole 2-Me), 2.44 (s, 3H, azaiad®Me),
3.53 (s, 3H, MeO), 3.66 (s, 2H, QED,), 5.66 (s, 2H,
CH,Ph), 5.83 (dJ=2.3 Hz, 1H, Bn H-6), 6.86 (dd=2.3, 8.6
Hz, Bn H-4), 6.88 (d=7.8 Hz, azaindole H-4), 7.23 (8.4
Hz, 2H, SGPhF meta), 7.68 (dl=7.8 Hz, 1H, azaindole H-
5), 7.98 (2 H, ddJ=5.1, 8.6 Hz, S@hF ortho), 8.18 (d,
J=8.6 Hz, 1H, Bn H-3). UPLC/MS (5 min) retention #m
2.96 min. LRMSm/z 483 (M+1).

16. Scheme 16

16.1.1-{2-[ (4-Fluorophenyl)sulfonyl] -5-methoxybenzyl } -

6-methyl-1H-pyrrolo[ 2,3-b] pyridine (109)

Azaindole 98 (55 mg, 0.42 mmol) was dissolved in 2 ml
anhydrous dimethylformamide under nitrogen. Sodium
hydride (60% dispersion in oil, 22 mg, 0.54 mmo§snadded
and the mixture was stirred for 45 min at room terafure.
Bromide 10c (180 mg, 0.50 mmol) dissolved in 2 ml
anhydrous dimethylformamide was added and the maxtu
was stirred for 3 h. The mixture was poured overviater
and was extracted three times with ether. The coeabi

organics were dried over anhydrous magnesium stdpha
filtered and evaporated under reduced pressurévéoogude
109 (170 mg) as a yellow oil. Used as such withouthfer
purification. Purity 90%. NMR spectrum not recorded
UPLC/MS (3 min) retention time 1.97 min. LRM8vz 411
(M+1).

16.2.3-Bromo-1-{2-[ (4-fluor ophenyl)sulfonyl] -5-
methoxybenzyl}-6-methyl-1H-pyrrolof 2,3-b] pyridine
(110)
Crude azaindold09 (170 mg) was dissolved in 4 ml ethyl
acetate and the mixture cooled to 0 °C. N-Bromdsuroae
(74 mg, 0.42 mmol) was added and the mixture wiaedtat
0 °C for 1 h. The mixture was partitioned betweetew an
ethyl acetate. The aqueous phase was extractee tuiib
ethyl acetate and the combined organics were waslitd
brine, dried over anhydrous magnesium sulphateydidl and
evaporated under reduced pressure. The residugurdied
using the Biotage purification system (ethyl aceta¢xane
gradient, 0:100 rising to 30:70) to giMd0 (110 mg, 0.22
mmol, 53% yield over two steps) as a yellow sentidso
Purity 100%."H NMR (400 MHz, CDC}) & ppm 2.54 (s, 3H,
azaindole 6-Me). 3.69 (s, 3H, MeO), 5.68 (s, 2H,,EHj,
6.51 (d,J=2.6 Hz, 1H, Bn H-6), 6.92 (ddr2.6, 8.9 Hz, 1H,
Bn H-4), 6.98 (s, 1H, azaindole H-2), 6.99 Jd7.8 Hz, 1H,
azaindole H-4), 7.17 (§=8.6 Hz, 2H, SGPhF meta), 7.70 (d,
J=8.0 Hz, 1H, azaindole H-5), 7.89 (dik4.9, 8.8 Hz, 2H,
SO,PhF ortho), 8.17 (d]=8.8 Hz, 1H, Bn H-3). UPLC/MS (3
min) retention time 2.13 min. LRM®vz 489, 491 (M+1).

16.3.Ethyl (1-{2-[ (4-fluor ophenyl)sulfonyl] -5-
methoxybenzyl}-6-methyl-1H-pyrrolof 2,3-b] pyridin-
3-yl)acetate (111)

Bromoazaindolel10 (110 mg, 0.22 mmol) was dissolved in 1
ml tetrahydrofuran under nitrogen. (2-tert-Butoxy-2
oxoethyl)zinc(ll) chloride (0.5M in ether, 1.34 mQ.67
mmol), 1,2,3,4,5-pentaphenyl-di-tert-
butylphosphino)ferrocene (Q-Phos, 8 mg, 0.01 mnaaijl
bis(dibenzylideneacetone) palladium(0) (6.5 mg,Lthimol)
were added and the mixture was stirred and heat&@0a°C
for 2 h under microwave irradiation. The mixturessalowed

to cool and diluted with ether and water. The migtwas
filtered through a plug of Celite, washing througth ether,
the biphasic filtrate was separated and the orgahiase
evaporated under reduced pressure. The residupurdied
using the Biotage purification system (ether-hexgradient,
0:100 rising to 100:0 and holding) to git&él (84 mg, 0.16
mmol, 72% vyield) as a solid. Purity 100%4 NMR (400
MHz, CDCk) 6 ppm 1.42 (s, 9H, tBu), 2.51 (s, 3H, azaindole
6-Me), 3.57 (s, 2H, CKCO,), 3.64 (s, 3H, MeO), 5.66 (s, 2H,
CH,Ph), 6.38 (dJ=2.3 Hz, 1H, Bn H-3), 6.88 (dd=2.5, 8.8
Hz, 1H, Bn H-4), 6.92 (d)=7.8 Hz, 1H, azaindole H-4), 6.92



(s, 1H, azaindole H-2), 7.19 (8.4 Hz, 2H, SGPhF meta),
7.78 (d,J=7.8 Hz, 1H, azaindole H-5), 7.93 (dik4.9, 8.8
Hz, 2H, SQPhF ortho), 8.16 (dJ=8.6 Hz, 1H, Bn H-3).
UPLC/MS (3 min) retention time 2.12 min. LRM8vz 525
(M+1).

16.4.(1-{2-[ (4-Fluorophenyl)sulfonyl] -5-methoxybenzyl }-
6-methyl-1H-pyrrolo[ 2,3-b] pyridin-3-yl)acetic acid
(112
tert-Butyl esterl1l (84 mg, 0.16 mmol) was dissolved in 2
ml dichloromethane. 1 ml Trifluoroacetic acid wakled and
the mixture was stirred for 1 h. The mixture waapmorated
under reduced pressure and the residue was rdwdidsm
ethyl acetate. The organics were washed twice wiiker,
twice with brine, dried over anhydrous magnesiutiplsaie,
filtered and evaporated under reduced pressuravio 142
(46 mg, 0.095 mmol, 60% yield) as a solid. Puri#® H
NMR (400 MHz, CDC}) & ppm 2.51 (s, 3H, azaindole 2-
Me), 3.62 (s, 3H, MeO), 3.67 (s, 2H, &ED;,), 5.66 (s, 2H,
CH,Ph), 6.41 (dJ=2.3 Hz, 1H, Bn H-3), 6.88 (dd=2.5, 8.8
Hz, 1H, Bn H-4), 6.91 (s, 1H, azaindole H-2), 6(82J=7.8
Hz, 1H, azaindole H-4), 7.17 (8.4 Hz, 2H, SGPhF meta),
7.76 (d,J=7.8 Hz, 1H, azaindole H-5), 7.91 (d#k5.1, 9.0
Hz, 2H, SQPhF ortho), 8.15 (dJ=9.0 Hz, 1H, Bn H-3).
UPLC/MS (5 min) retention time 2.80 min. LRM8vz 469
(M+1).

17. Biological Assays

171  CRTh2 GTPgS antagonism binding assay
The assay was performed by pre-incubating 4-8 mg of
membranes  (obtained from CHO.K1 cells stably
overexpressing the CRTh2 receptor ) per well witke t
compound to be tested for 1 h, followed by incutrativith
50 nM PGD and 0.1 nM {S]-GTR/S in incubation buffer
(20 mM HEPES, 10 mM MgG| 100 mM NaCl, 10 mM
GDP, 10 mg/ml Saponine and 0.2% BSA) for 2 h atroo
temperature. The reaction was terminated by fiiteih GF/C
plates pre-treated with 20 mM HEPES, 10 mM MgQI00
mM NaCl and 0.1% BSA and washing 6 times with wash
buffer (20 mM NaHPO4, 20 mM NgHPQ,). After washing,
the plates were dried and scintillation buffer @ptise was
added. The radioactivity retained in the filter wemunted
using a Microbeta liquid scintillation counter. Cpound
ICs0s were determined using Excel XL-fit for calculaiso

17.2  CRTh2 Dissociation assay
Briefly, for each time-point in the assay, membraneere
incubated as for the G/B assay\ide supra) for 2h with the
test compound at 5-10x4g Dissociation was initiated at t=0
by adding 100 pM PGfand 0.1 nM*S- GTR/S (therefore,
once the test compound dissociated, re-bindingpsagented
by mass-action law). After the appropriate times thaction

was terminated by filtration and washing as abda. each
test compound, residual inhibition of Gy binding was
measured at 5 min, 15 min, 30 min, 1h, 2h, 3h20h,and 25
h. Inhibition vs time was plotted for each compouasted.
Dissociation half-lives were calculated by fittingin
exponential decay curve to the inhibition vs tinhet.p
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Highlights
» Synthesis of sulphone-containing heteraromatic acetic acids as CRTh2 antagonists
* A multitude of synthetic routes are given
»  Structure-activity relationships (SAR) discussed
» Structure-kinetic relationships (SKR) discussed

» Potent and long resident compounds are identified



