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General Chemistry Methods

Melting points (Mpt) were recorded on a Gallenkamp Melting Point Apparatus and are
uncorrected. Proton nuclear magnetic resonapeetra(*H NMR) were recorded using
Bruker AV400 (400 MHz), AV500 (500 MHz) and AV600 (600MHz) spectrometers as
indicated. Carbon nuclear magnetic resonasmectra(**C NMR) were recorded using
Bruker AV400 (100 MHz), AV500 (125 MHz) and AV600 (150MHz) spectrometsrs a
indicated Spectra were obtained using CRCCD:OD, CD.Cl> and DMSQds as
solvents andfite mi ¢ a | shifts are quoted on the U
internal standard. Coupling constani} &re reported in Hz with the following splitting
abbreviations: s (singlet), d (doublet), t (triplet), dd (doublet of doublets), bs (broad
singlet).Infra-Red (IR) spectroscopy was carried out using a PerkinElmer Spectrum 100

S

C i

FT-l R Spectrometer using t hinu afeiréepored in Absor

wavenumbers (cr. High Performance Liquid Chromatography (HPLC) was performed
using a Varian ProStar instrument; A Chiralpak AD column for normal phase analytical
HPLC; DiscoveryBIO wide pore C180 (25 cm x 4.6 mm, 10 pm) for reverse phase
analytical HPIC; and a DiscoveryBIO wide pof&l8 (25 cm x 21.2 mm, 10 pneplumn

for reverse phase preparative HPLC. Each solvent used contained 0.1% TFA buffer.
Liquid Chromatography Mass Spectrometry (LCMS) was carried out using\8&Brs
Acquity UPLC/SQD with C1850 mm x 2.1 mm, 1.7 pum) column. A total run time of 5
minutes and flow rate of 0.6 mL/min was used with gradient elution: 95@%/ B%

MeCN (0 min), 5% HO/ 95% MeCN (3 min), 95% #D/ 5% MeCN (4.5 min). Each
solvent contained 0.1% formic acid buffer. LBMefers to low resolution mass
spectrometry and HRMS refers to high resolution mass spectrometry. Electron Impact/
Chemical lonisation (EI/CI) MS was carried out using MAT900XP (Thermo Finnigan)
instrument and electrospray ionization (ESI) accurate massdetermined using Waters
LCT Premier XE instrumentationfhin layer chromatography (TLC) was carried out
using Fluka aluminium backed sheets coated with-HG#ica gel. Visualisation of the
silica ©plates was a C hnix & \245dnm)wsdiom gptassium U V
permanganate (KMnQin 1M NaOH with 5% KCOs). Flash chromatography was
carried out using either Geduran (Merck) or ZEOprep (Apollo) Siee34am silica gel.
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Solvents and reagents were obtained from commercial sources and veeas useeived
unless otherwise stated. Dry solvents wdried over anhydrous columhsnoisture
levels were usually <1ppm by Karl Fischer titratiorPet. etherefers to the fraction of

light petroleum ether boiling in the range-@0 °C.

First generation imidazo[1,2-a]pyrazine inhibitors
Sy nt h e siide ar Ketorlds
2-azido-1-(2-phenoxyphenyl)ethanone, 16
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2-bromao 1-(2-phenoxyphenyl)ethanoriébb (3.07 g, 10.5 mmol) was dissolved in DMSO
(15 mL) and the mixture wasooled on ice. Sodium azide (824 mg, 12.68 mmol) was
added in one portion and the reaction was stirred under argon at RT for 5 h. An extra
portion of sodium azide (200 mg) was added and left to stir overnight. After 15 h, the
reaction was quenched wittheO (30 mL), and extracted with EtOAc (4 x 40 mL). The
combined organic layers were washed witOH5 x 20 mL) and then dried (Bia(y)

and filtered. The solvent was removiedvacuoto give the product as arown liquid

(2.52 g, 9.96 mmol, 36). R=04 (CH:Cl2) ;  haRM( thin film): 3071 2100, 1685,
1599;'H NMR (500 MHz, CDCJ) :n = 4.60 (s, 2H1-H), 6.87 (ddJ = 8.3, 0.9 Hz, 1H,
7-H), 7.047.06 (m, 2H,10,14H), 7.187.23 (m 2H,5,12H), 7.4067.43 (m, 2H,11,13

H), 7.457.49 (m, 1H,6-H), 7.92 (dd,J = 7.8, 1.5 Hz, 1H4-H); 3C NMR (125 MHz,
CDChk) :c=1%8.9 C-1), 118.0 C-7), 119.2 C-10), 123.2 C-5), 124.4 C-12), 126.2 C-

3), 130.0 C-11), 130.8 (C-4), 134.5 C-6), 155.0 C-9), 157.0 C-8), 193.6 C-2); LRMS

m/z (CI): 198 [M-CH2Nz]*, 85 [COCHN3]".



2-azido-1-(3,4-dimethoxyphenyl)ethanone, 16

2-Bromo-1-(3,4-dimethoxyphenyl)ethanofe(2.33 g, 8.61 mmol) was dissolved in
anhydrous DMSO (10 mL) and the mixture was cooled on ice. Sodium azide 671 m
10.3 mmol) was added in one portion and the reaction was stirred under argon at RT for 2
h. An immediate colour change of yellow to orange was observed on addition of the
sodium azide. The reaction was then quenched wi® (30 mL), and extracted with
EtOAc (4 x 40 mL). The combined organic layers were washed with (3 x 20 mL)
followed by brine (20 mL) and then dried (Mgg9Cand filtered. The solvent was
removedin vacuoto give an orange solid (1.87 g, 8.46 mmol, 98%) with NMR data
comparable witHiterature value$ Ri = 0.22 (CHCL); IR (3ma/cm?, thin film): 2106,

1682 1595, 1515'H NMR (600 MHz, CDC4) :n = B8.94 (s, 3H9-H), 3.96 (s, 3H10-

H), 4.52 (s, 2H1-H), 6.90 (d,J = 8.4 Hz, 1H5-H), 7.47 (ddJ = 8.5, 2.0 Hz, 1H4-H),

7.52 (d,J = 2.1 Hz, 1H8-H); 13C NMR (150 MHz, CDG)) :c=84.5 C-1), 56.1 C-9),

56.2 C-10), 110.0 C-8), 110.1 C-5), 122.5 C-4), 127.5 C-3), 149.4 C-7), 154.1 C-

6), 191.8 C-2); LRMS m/z (CI): 222 [M+H]", 165 [M-CH:N3]*; HRMS m/z (Ct):
Found 222.0878M+H]"; C10H12N303 requires 222.0879

2-azido-1-(3,5-dimethylphenyl)ethanone, 1@

2-Bromo-1-(3,5-dimethylphenyl)ethanofie (3.44 g, 15.1 mmol) was dissolved in
anhydrous DMSO (15 mL) and the mixture was cooled on ice. Sodium azide (1.18 g,
18.2 mmol) was added ime portion and the reaction was stirred under argon at RT for
16 h. An extra portion of sodium azide (200 mg) was added and the reaction was left to

stir for a further 1 h. A colour change from yellow to deep orange was observed. The



reaction was then quehed with HO (30 mL), and extracted with EtOAc (4 x 40 mL).
The combined organic layers were washed witd Kb x 20 mL) followed by brine (20
mL) and then dried (MgSfp and filtered. The solvent was removiadvacuoto give an
orange shd (2.85 g, 15.1mmol, 100%). Rt = 0.59 (CHCL); IR (3ma/cm, thin film):
292Q 2105 1692 1604;*H NMR (500 MHz, CDC}) :n =R2.35 (s, 6H,7-H), 4.52 (s,
2H, 1-H), 7.20 (s, 1HB-H), 7.40 (s, 2H4-H); 1°C NMR (125 MHz, CDGJ) :c = 1.3
(C-7), 55.0 C-1), 125.7 C-4), 134.5 C-3), 135.9 C-6), 138.8 (C-5), 193.6 C-2);
LRMS m/z (CI): 132 [M-CHoN3]*

2-azido-1-(3-thienyl)ethanone, 1@
s O
T
S
2-bromo1-(3-thienyl)-1-ethanong 15e (573 mg, 2.80 mmol) was dissolved in DMSO (3
mL) and the mixture was cooled on ice. Sodium azid8 (2g, 3.35 mmol) was added
in one portion and the reaction was stirred under argon at RT for 5 h. The reaction was
quenched with ED (20 mL), and extracted with EtOAc (3 x 30 mL). The organic layers
were combined, washed with>@® (5 x 20 mL) followed bybrine (20 mL), dried
(NaSQy) and filtered. The solvent was removadszacuoto givethe title compound as a
brown/orange oil (460 mg, 2.75 mmol, 98%). R0.27 (CHCI) ; hafRM( thin
film): 3105, 2097 1679 1508;'H NMR (500 MHz,CDCL) :n = 4.43 (s, 2H1-H), 7.38
(dd,J = 5.1, 2.8 Hz, 1H5-H), 7.55 (ddJ = 5.0, 1.2 Hz, 1H4-H), 8.10 (ddJ=2.9, 1.3
Hz, 1H,7-H); *C NMR (125 MHz, CDGJ) :c = 65.5 C-1), 126.6 C-5), 127.2 C-4),
132.7 C-7), 139.1 C-3), 187.6 C-2); LRMS m/z (ES+): 18 [M+18]+, 168 [M+H]+;
HRMS m/z (ESY): Found 168.02354 [M+H] CsHsN3OS requires 168.02316.



Sy nt h e siide and dlcohdls
2-azido-1-(2-phenoxyphenyl)ethanol, 1B
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16b (2.52 g, 9.96 mmol) was dissolved in anhydrdesOH (50 mL) and cooled on ice.
Sodium borohydride (565 mg, 14.9 mmol) was added portion wise and the mixture was
stirred on ice under argon for 1 The solvent was removed and the résglresidue
was taken up in C#Cl> (50 mL) and carefully washedithr H,O (2 x 40 mL) Re
extraction of the aqueous layers with £H (3 x 30 mL), followed by washing the
combined organic extracts with brine, drying §8&), filtering and concentratingin
vacuo gave the title compound as a brown oil (2.47 g, 9.69 mNdd%). R = 0.19
(CHCI) ; ImaRem( thin film): 3413, 3039 2102, 158; 'H NMR (500 MHz,
CDCk) :x =.54 (bs, 1H, 151), 3.50 (dd,J = 12.5, 8.0 Hz, 1H1-H), 3.58 (dd,J =
12.5, 3.5 Hz, 1H1-H), 5.23 (dd,J = 8.0, 3.4 Hz, 1H2-H), 6.84 (ddJ= 8.2, 1.1 Hz, 1H,
7-H), 6.97#7.00 (m, 2H,10-H), 7.13 (tt,J= 7.4, 1.1 Hz, 1H5-H), 7.17 (tdJ= 7.5, 1.0
Hz, 1H,12-H), 7.247.27 (m, 1H6-H), 7.347.37 (m, 2H11-H), 7.58 (ddJ= 7.7, 1.7
Hz, 1H,4-H); 13C NMR (125 MHz, CDG) :c = 6.5 C-1), 687 (C-2), 118.0 C-7),
118.3 C-10), 123.4 C-5), 123.5 C-12), 127.1 C-4), 129.6 (C-6), 129.6 C-11), 130.8
(C-3), 153.5 (C-9), 156.3 (C-8); LRMS m/z (Cf). 200 [M-CH:N3]*, 182 [M
OH,CH:N3]".



2-azido-1-(3,4-dimethoxyphenyl)ethanol, 1¢

MeO 8
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16c (1.86 g, 8.40 mmol) was dissolved in anhydrougOE80 mL). Activated neutral
alumina (8 g) and sodium borohydride (635 mg, 16.8 mmol) were added and the
suspension was stirred at RT under argon. After 16 h the reactiorremxas filtered
and washed with ether. The resulting filtrate was washed with € x 30 mL),
followed by brine (2 x 30 mL). The combined organic extracts were dries5(p
filtered and concentratad vacuoto give the title compound as a yellow (il64 g, 7.37
mmol, 8%). R = 0.65 (2:1 CHCl/ Et OA ¢ hafcmd, tRin filng: 3497 2938, 2839,
2106, 1516'H NMR (500 MHz, CDCJ) :n = £.67 (bs, 1H11-H) 3.36 (ddJ=12.6, 3.8
Hz, 1H,1-H), 3.49 (ddJ = 12.6, 8.3 Hz, 1H]-H), 3.84 (s, 3H9-H), 3.85 (s, 3H10-H),
4.78 (dd,J = 8.3, 3.8 Hz1H, 2-H), 6.82 (d,J = 8.2 Hz, 1H5-H), 6.86 (ddJ=8.2 ,1.9
Hz, 1H,4-H), 6.89 (d,J = 1.9 Hz, 1H8-H); *C NMR (125 MHz, CDGJ) :c = §5.6 C-
9,10, 57.7 C-1), 72.9 C-2), 108.6 (C-8), 110.8 C-5), 117.9 C-4), 132.0 C-3), 148.6
(C-7), 148.8 (C-6); LRMS m/z (El): 223 [M]',167 [M-CH:N3]*, 139 [M
CH(OH)CHN3] ™.

2-azido-1-(3,5-dimethylphenyl)ethanol, 1d

16d (2.85 g, 15.1 mmol) was dissolved in anhydrous MeOH (60 mL) and cooled on ice.
Sodium borohydride (855 m@2.6 mmol) was added portion wise and the mixture was
stirred o ice under argon for 1 hThe solvent was removed and the resulting orange oil
was taken up in C¥Cl> (60 mL) andwashed with 2.0 M HCI (40 mL), #D (30 mL) and
brine (30 mL). The combinedrganic extracts were dried (Mg90 filtered and



concentratedn vacuoto give the title compound as an orange oil (2.85 g, 14.9 mmol,
99%). R = 0.27 (CHCl) ; hafomY( thin film): 3395, 2918, 2099*H NMR (500
MHz, CDChk) :n = 8.32 (s, 6H7-H), 3.40 (dd,J = 12.6, 3.8 Hz, 1H]-H), 3.47 (ddJ =
12.6, 8.4 Hz, 1H1-H), 4.79 (dd,J = 8.4, 3.8 Hz, 1H2-H), 6.96 (s, 1HB-H), 6.97 (s,

2H, 4-H); 13C NMR (125 MHz, CDGJ) :c = Q1.2 C-7), 58.2 C-1), 73.5 C-2), 123.8
(C-4), 130.0 C-6), 138.4 C-5), 140.7 C-3); LRMS m/z (Cf): 192 [M+H]", 132 [M
OH-N3]™.

2-azido-1-(3-thienyl)ethanol, 17
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16e (278 mg, 1.67 mmol) was dissolved in anhydrous MeOH (10 mL) and cooled on ice.

Sodium borohydride (94.5 mg, 2.45 mmol) veakled portion wise and the mixture was

stirred on ice under argon for 1 hThe solvent was removed and the risglresidue

was taken up in C¥Cl> (30 mL) and carefully washed with,8 (2 x 20 mL) followed by

brine (20 mL). The organic extracts wateed (NaeSQy), filtered and concentratad

vacuoto give the title compound as a yellow oil (257 mg, 1.52 mmol 91%6;.GR8 (1:1

pet. etherr Et OA ¢ )mg/cmi, Buin film): 3372, 3105, 2096'H NMR (500 MHz,

CDChk) :x=8.523.54 (m, 2H,1-H), 4.98 (dl, J = 4.7,1.9 Hz, 1H2-H), 7.08 (ddJ =

5.0,1.3 Hz, 1H4-H), 7.297.30 (m,, 1H,7-H), 7.34 (dd,J = 5.0, 3.0 Hz, 1H5-H); 13C

NMR (125 MHz, CDC}) :c = 7.5 C-1), 69.9 C-2) 122.0 C-7), 125.4 C-4), 126.7

(C-5), 142.0 C-3); LRMS m/z (Cf): 152 [M-OH]", 127 [M-N3]*, 113 [M-CH2N3]*;

HRMS m/z (Cf): Found 152.02859 [MDH]"; CsHsN3S requires 152.02824.



Sy nt h e smiso aglfalcohbls
2-amino-1-(2-phenoxyphenyl)ethano] 14b
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17b (2.46 g, 9.66 mmoNvas dissolved inrshydrous MeOH (50 mL) and 10% Pd/C (246

mg,10% wt/wt) was added. The vessel was evacuated and purged with Ar (3x), and under

static vacuum a balloon of Hwas added. The reaction was stirred at RT under H

atmosphere untdompletion as determined by TL@nd disappearance ogeak by IR.

After 22 h, the Hwascarefully released, the vessel evacuated and purged Ar (3x), and

the reaction mixture was filterethrough Celite (prevashed with MeOH). Solvent

removalin vacuogave the title compound aseownoil (2.21 g, 9.66 mmol, 100%IRrf =

0.0 (CHCL) ;  hafem-, thin film): 3413 3055, 2983; 1H NMR (600 MHz, CDg}l

Un = 2.17 (bs, 3H15,16H), 2.84 (ddJ = 13.2, 7.8 Hz, 1H]-H), 3.10 (ddJ = 13.2, 4.2

Hz, 1H,1-H), 4.99 (dd,J = 7.8, 3.6 Hz, 1H2-H), 6.82 (dd,J = 8.4, 1.2 Hz, 1H7-H),

6.95 (d,J = 7.8 Hz, 2H,10-H), 7.08 7.11 (m, 1H12-H), 7.137.15 (m, 1H5-H), 7.21

(td,J=7.8, 1.8 Hz, 1H6-H), 7.367.33 (m,2H, 11-H), 7.57 (ddJ = 7.8, 1.2 Hz, 1H4-

H); 13C NMR (150 MHz, CDG) :c = 47.7 C-1), 69.4 C-2), 118.2 C-7), 118.5 (-

10), 123.4 C-12), 123.9 C-5), 127.5 C-4), 128.6 (C-6), 130.0 C-11), 133.3 (C-3),

153.8 C-9), 157.2 C-8); LRMS m/z (ES+): 230.1 [M+H]+ 212.1 [MDH]+, 195.1 [M

OH, NH]".



2-amino-1-(3,4-dimethoxyphenyl)ethanol, 14c

17c (1.58 g, 7.09 mmol) was dissolved in anhydrous MeOH (30 mL) and 10% palladium
on carbon (158 mg, 10% w/w) was add€He vessel was evacuated and purged with Ar
(3x), and under stativacuum a balloorof H> was addedThe reaction mixture was
stirred under hydrogen atmosphere until completion as determined by TLC and
disappearance off\peak by IR. After 2 h, the hydrogen was carefully released, and the
reaction mixture was filtered throughdlite (prewashed with MeOH). Solvent removal

in vacuo gave the crude compound as an orange oil. Flash chromatography (100%
EtOAc followed by 100% MeOH)ollowed by redissolving in CHCI, and filtering to
remove silica yielded the title compound as a white sS@®D mg, 4.47 mmol, 63%).
Spectroscopic data was consistemith that previously reported Rr = 0.3 (1:1

Et OAc/ Me OHem?, thR filrg)3 3362, 2938, 288 'H NMR (500 MHz,
CDCh) :w=0.14 (bs, 3H11,12H) 2.80 (dd,J = 12.7, 7.9 Hz, 1H]1-H), 2.96 (dd,J =

12.6, 4.0 Hz, 1H1-H), 3.86 (s, 3H9-H), 3.88 (s, 3H,L0-H), 4.56 (ddJ = 7.9, 4.0 Hz,

1H, 2-H), 6.82 (d,J = 8.2 Hz, 1H5-H), 6.86 (ddJ = 8.5, 1.8 Hz, 1H4-H), 6.91 (dJ =

1.8 Hz, 1H,8-H); 3C NMR (125 MHz, CDQ) :c = 48.9 C-1), 55.5 (C-9),55.6 C-10)

73.8 (C-2), 108.7 C-8), 110.7 C-5), 117.8 C-4), 134.8 C-3), 148.1 C-7), 148.7 C-6);

LRMS m/z (El): 197 [M]', 167 [M-CH:NH2]"; HRMS m/z (Ef): Found: 197.1049

[M] *; C10H15NOs3 requires 197.1046.
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2-amino-1-(3,5-dimethylphenyl)ethanol, 14

17d (2.85 g, 14.9 mmol) was dissolved in anhydrous MeOH (60 mL) and 10% palladium
on carbon (285 mg, 10% w/w) was add&be vessel was evacuated and purged with Ar
(3x), and under stativacuum a balloon of Hwas addedThe reaction mixture was
stirred under hydrogen atmosphere until completion as determined by TLC and
disappearance ofdypeak by IR. After 22 h, the hydrogen was carefully released, and the
reaction mixture was filtered throughelite (prewashed with MeOH). Solvent removal

in vacuogave the title compound as a sticky green/browlid §2.37 g, 14.4 mmol,
97%). Rf = 0.0 (CHCL) ; hafemy( thin film): 3289, 3010, 2916,851; 'H NMR

(600 MHz, CDC$) :x =®.31 (s, 6H,7-H), 2.81 (dd,J = 12.6, 7.8 Hz, 1H1-H), 2.96
(dd,J = 13.2, 4.2 Hz, 1H1-H), 4.57 (dd,J = 7.8, 4.2 Hz, 1H2-H), 6.91 (s, 1HB-H),

6.96 (s, 2H4-H); 1*C NMR (150 MHz, CDGJ) :c = #1.5 C-7), 49.3 C-1), 74.5 C-2),

123.8 C-4), 130.6 C-6), 138.1 (C-5), 142.5 C-3); LRMS m/z (El): 224, 135 [M
CHoNH2]*, 117 [MFCH.OHNH] .

2-amino-1-(3-thienyl)ethanol, 14
8
OH 9

4
] @)ZYNHz
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14e (257 mg, 1.52 mmol) was dissolved in anhydrous MeOH (10 mL) and 10%
palladium on carbor§25.7 mg, 10% w/w) was addedhe vessel was evacuated and
purged with Ar (3x), and under stattacuumthe reaction vessel was then subjected to 3
bar hydrogen for 5 h. Aftethis period tle mixture was filtered throughelite and
concentratedn vacuoto give a pale yellow solid (217 mg, 1.52 mmbd(®6). R = 0.0

(1:1 CHCIlY/ Et OAw{pn? (thin film): 3194, 3091, 2921'H NMR (600 MHz,
CDCk) :n=1.91 (bs, 3H8,9H), 2.88 (ddJ =12.6, 7.8 Hz, 1H1-H), 3.04 (d,J = 10.2

11



Hz, 1H,1-H), 4.75 (dd,J = 6.6, 3.6 Hz, 1H2-H), 7.08 (d,J = 5.4 Hz, 1H4-H), 7.23 (d,
J =24 Hz, 1H,7-H), 7.31 (dd,J = 4.8, 3.0 Hz, 1H5-H); :*C NMR (150 MHz, CDGJ):
lc = 48.4 C-1), 70.9 C-2) 121.1 C-7), 125.6 C-4), 126.3 C-5), 144.0 C-3); LRMS
miz (CI"): 177, 159, 127 [MNH3]*; (EI): 131, 127 [MNH]", 119, 114

Synthesis of 2[(3-chloropyrazin-2-yl)amino]-1-(2-aryl)ethanols
2-[(3-chloropyrazin-2-yl)amino]-1-(2-phenoxyphenyl)ethanol, 18

12
11<)\o 1(§H
1(; @)NH/Q][N\]W
s 4 o N
5
14b (2.21 g, 9.66 mmol), 2;8ichloropyrazine (1.11 mL, 10.6 mmol) and:Et(1.88
mL, 13.5 mmol) were dissolved il,4dioxane (22 mL) and the reaction was stirred
under reflux, under argon. After 17 h, the reaction was cooled to RT, and the solvent
removedin vacuo The residue was taken up in & and washed with ¥ (3 x 20
mL) and brine (1 x 20 mL). The organextracts were dried (N&Qw), filtered and
concentrated to give the crude product as a brown oil. Purification was carrieid out
flash chromatographyapplied inCHzCl2; eluted 0% to 10%tOAc) to afford the title
compound as an orange oil (2.09 d,%mmol, @%). R = 0.42 (9:1 CHCI2/EtOAc); IR
( dadcmil; thin film): 3423, 3060, 2924H NMR (400 MHz, CDCY) 1 = 8.763.83 (m,
1H, 1-H), 3.923.98 (m, 1H,1-H), 5.31 (ddJ = 7.2, 3.2 Hz, 1H2-H), 5.64 (1H,16-H),
6.87 (dd,J = 8.1,1.1 Hz, 1H7-H), 6.997.02 (m, 2H,10-H), 7.167.18(m, 2H,5,12H),
7.25 (dd,J = 8.0, 1.7 Hz, 1H6-H), 7.337.38 (m, 2H11-H), 7.60 (d,J= 1.7 Hz, 1HA-
H), 7.61 (d,J = 2.8 Hz, 1H,19-H), 7.89 (d,J = 2.8 Hz, 1H,18-H); 3C NMR (100 MHz,
CDCL) :c =@7.9 C-1), 69.3 C-2), 118.2 C-7,10, 123.2 C-5), 123.5 C-12), 127.2
(C-4), 128.6 C-6), 129.6 C-11), 130.8 C-19), 132.2 C-3), 134.8 C-20), 139.2 C-18),
151.0 C-17), 153.4 C-9), 156.6 C-8); LRMS m/z (Cl): 325 [ME'CI)-OH]*, 323
[M(3CI)-OH]*; HRMS m/z (ES): Found 340.0867 [MPCI)-H]"; C1sH1sCIN3O2 requires
340.0853
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2-[(3-chloropyrazin-2-yl)amino]-1-(3,4-dimethoxyphenyl)ethanol, 1&

14c (827 g, 4.20 mmol), 2;8ichloropyrazine (481 pL, 4.62 mmol) andsEt(781 pL,
5.88 mmol) were dissolved in tdloxane 8 mL) and the reaction was stirred under
reflux, under argon. After 16 h, the reaction was cooled to RT, and the solvent removed
in vacuo The residal brown oil was taken up in GBIl> and washed with ¥ (3 x 30
mL) and brine (1 x 20 mL). The organic edts were dried (N&Qu), filtered and
concentrated to give the crude product as a brown oil. Purification was carrieid out
flash chromatographyapplied in CHCIy; eluted 0% to 10% to 10%tOAC) to afford the
titte compound as a light orange oil (7489, 2.42 mmol, 8%). R = 0.27 (2:1
CHCl Et OA ¢ hajcmiy, tRin film: 3377 2934 H NMR (500 MHz, CDCY) :n = U
3.60-3.66 (m, 1H,1-H), 3.833.89 (m, 1H,1-H), 3.88 (s, 3H9-H), 3.89 (s, 3H10-H),
4.93 (dd,J = 7.6, 3.7 Hz, 1H2-H), 5.61 (s, 1H12-H), 6.87 (d,J = 8.2 Hz, 1H5-H),
6.93 (d,J = 8.2 Hz, 1H4-H), 6.97 (s, 1H8-H), 7.62 (dJ = 1.0 Hz, 1H16-H), 7.93 (d,J

= 1.0 Hz, 1H15H); 3C NMR (125 MHz, CDG)) :c = 49.0 C-1), 55.6 C-9,10, 73.2
(C-2), 108.6 (C-8), 110.8 (C-5), 117.8(C-4), 130.9 (C-16) 134.1 (C-3),134.7 (C-
18),139.6 (C-15) 148.4 C-7), 148.8 (C-6), 150.9 (C-13); LRMS m/z (Cf): 312
[M(3'CI)+H]*, 310 [MECI)+H]*, 294 [ME'CI)-OH]* 292 [ME°CI)-OH]*; HRMS m/z
(CI"): Found 310.0956M(3°Cl)+H]*; C14H17CIN3O3 requires 30.0958.

2-[(3-chloropyrazin-2-yl)amino]-1-(3,5-dimethylphenyl)ethanol, 1&

8 9
. s OH
NN 12
@J@n
6 Cl N

14d (2.34 g, 14.2 mmol), 2;8ichloropyrazine (1.62 mL, 15.6 mmol) andEE{(2.76 mL,
19.8 mmol) were dissolved in tdloxane (24 mL) and the rei@on was stirred under

reflux, under argon. After 16 h, the reaction was cooled to RT, and the solvent removed
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in vacuo The residue was taken up in €t and washed with ¥0 (3 x 30 mL) and
brine (1 x 20 mL). The organic extracts were dried (MgSfitered and concentrated to
give the crude product as a brown oil. Purification was carried vautflash
chromatographyapplied in CH2Cly; eluted CHCl> to 30:171 10:1 CHCI2/EtOAC) to
afford the title compound as a light orange oil (2.58 g, 9.37 mméh)6R = 0.37 (9:1
CH.Cl/ Et OA ¢ haycnd, tRin fimd: 3422, 292; 'H NMR (600 MHz, CDCY) :n = U
2.33 (s, 6H7-H), 3.27 (s, 1H8-H) 3.61 (dddJ = 13.8, 7.8, 4.8 Hz, 1H-H), 3.88 (ddd,
J=13.8, 6.6, 3.6 Hz, 1HI-H), 4.91 (ddJ = 7.9, 2.8 Hz1H, 2-H), 5.62 (bt, 1H9-H),
6.95 (s, 1HB6-H), 7.02 (s, 2H4-H), 7.62 (d,J = 3.0 Hz. 1H13-H), 7.93 (d,J = 3.0 Hz,
1H, 12-H); 3C NMR (150 MHz, CDQ) :c = #1.5 C-7), 49.53 C-1), 73.8 C-2), 123.7
(C-4), 129.7 C-6), 131.2 C-13), 135.3 C-15) 1384 (C-5), 139.7 C-12), 142.5 C-3),
151.3 C-10); LRMS m/z (Ct): 280 [ME'CN+H]*, 278 [MECI)+H]*, 262 [ME'CI)-
OH]*, 260 [MECIN-OH]"; HRMS m/z (Cf): Found 278.108 [M(®*CI+H]";
C14H17N30OCI requires 278.1060.

2-[(3-chloropyrazin-2-yl)amino]-1-(3-thienyl)ethanol, 18

4 H
N10N\12
s (|2 |
1 ~
S 7 Cl N~ 13

13e(232 mg, 1.63 mmol), 2;8ichloropyrazine (183 pL, 1.79 mmol),J&k (316 pL, 2.27
mmol) and 1,4dioxane (2.5 mL) were stirred under reflux, under argon for 18 h. The
solvent was removeih vacuoand the residuevas taken p in CH.CI, (30 mL), washed
with H20 (5 x 10 mL) and brine (10 mL). The organics were dried (MgSiered and
solvent removed to give a brovail. Flash chromatographwyplied inCHxCly; eluted
CHCI> to 2:1 CHCI./EtOAc) aforded the title compound as an orange oil (193 mg,
0.753 mmol, 46%). R= 0.46 (2:1 CHCl/ Et OA ¢ )ma/cm?, thiR filng):33420, 3091,
2920, 1583, 1525*H NMR (600 MHz,CDC}) :n =8.693.74 (m, 1H,1-H), 3.964.00

(m, 1H,1-H), 5.10 (ddJ = 7.2, 3.0 Hz, 1H2-H), 5.72 (bs, 1H9-H), 7.13 (ddJ = 4.8,

1.2 Hz, 1H4-H), 7.327.32 (m, 1H7-H), 7.35 (dd,J = 5.4, 3.0 Hz, 1H5-H), 7.65 (d,J

= 3.0 Hz, 1H,13-H), 7.93 (d,J = 2.4 Hz,12-H); 3C NMR (150 MHz, CDGJ) :c = #9.0
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(C-1), 70.4 C-2), 121.6 C-7), 125.5 C-4), 126.7 C-5), 131.3 C-13), 135.6 C-15),

138.8 C-12), 143.1 C-3), 1508 (C-10); LRMS m/z (ESY): 240 [ME'CI)-OHJ*, 238
[M(3*CI)-OH]*; HRMS m/z (ES): Found 254.0145 [MH]; CioHoN3OSCI requires
254.0155.

Synthesis of 2[(3-chloropyrazin-2-yl)amino]-1-(2-aryl)ethanones
2-[(3-chloropyrazin-2-yl)amino]-1-(2-phenoxyphenyl)ehanong 1%

L, -
10 o 9 H 16
7 NN 18
@2‘% X
s 4 N
5
DMSO (1.13 mL, 15.98 mmpiwas dissolved in anhydrous @El> (100 mL) and the

mixture was cooled to and maintained-a8°C. Oxalyl chloride (677 pL, 7.99 mmol)

12

11

was added drop wise and the reaction was dtiiwe 20 min. 18b (2.10g, 6.15 mmol),
dissolved in CECI> (20 mL), was then added drop wise and after 20 min stirringy Et
(4.08 mL, 30.7 mmol) was added drop wise. The reaction was then allowed to slowly
warm to RT over a period of2h. The reactio was quenched withJ4®@ (50 mL) and
organics extracted followed by washing with 2.0 M HCI (2 x 40 mL), sat. NaHC®
40 mL), HO (1 x 40 mL) and brine (1 x 40 mL). Drying (Mgg@Qfiltration and
concentration gave a brown/orange oil. Flastloetatogrgphy was carried outpplied in
CH:Cly; eluted50:1 to 10:1CH.CI2/EtOAC) to afford the title compound as a yellow
solid (1.33 g, 3.92 mmol,486). Mpt: 7678 °C; R = 0.74 (9:1 CHCI/EtOAC); IR

( @a/cm, thin film): 3423, 3060, 2924H NMR (500 MHz, CCCls) :n = 4.95 (d,J =
4.8 Hz, 1H,1-H), 6.30 (1H,15-H), 6.90 (ddJ = 8.4, 0.8 Hz, 1H7-H), 7.127.13 (m, 2H,
10-H), 7.187.23 (m, 2H5,12H), 7.407.44 (m, 2H11-H), 7.467.49 (m, 1HB-H), 7.59
(d,J = 2.7 Hz, 1H19-H), 7.88 (dJ = 2.7 Hz, 1H,18H), 8.01 (ddJ = 7.9, 1.8 Hz, 1H,
4-H); 13C NMR (125 MHz, CDGQ)) :c = %2.0 C-1), 118.1 C-7) 119.4 C-10), 123.0
(C-5), 124.3 C-12), 126.5 C-3), 129.9 (C-11), 130.7 C-4), 130.8 (C-19), 134.3 (C-6),
134.8 €-21), 140.0 C-18), 150.2 C-16), 155.2 C-9), 157.2 C-8), 194.8 C-2); LRMS
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miz (ESt): 342 [ME'CI)+H]*, 340 [MECI)+H]*, 322 [MESCI)-OH]*; HRMS m/z
(ESI"): Found 340.0864 [MPCI)+H]*; C1sH15CINsO, requires 340.0853.

2-[(3-chloropyrazin-2-yl)amino]-1-(3,4-dimethoxyphenyl)ehanone, 1@

DMSO (417 pL, 5.89 mmglwas dissolved in anhydrous @El2 (25 mL) and the
mixture was cooled to and maintained-a8°C. Oxalyl chloride (249 uL, 2.94 mmol)
was added drop wise and the reaction was stirred for 15 H&mn(700 mg, 2.26 mmol),
dissolved in CECI> (20 mL), was then added drop wise and after 15 min stirringy Et
(2.5 mL, 11.31 mmol) was added drop wise. The reaction was then allowed to slowly
warm to RT over a period of 2 h. The reaction was quenched with(20 mL) and
organics extracted followed by washing with 2.0 M HCI (2 x 20 mL),MaHCG; (1 x

20 mL), BO (1 x 20 mL) and brine (1 x 20 mL). Drying (MggQfiltration and
concentration gave an off whiselid. Flash chromatography (@El, applied in CHCIy;
eluted50:1 to 10:1CH2CI2/EtOAC) gave the title compound as a white solid (543 mg,
1.76 mmol, B%). Mpt: 128130°C; R = 0.31 (5:1 CHCIl/ Et OA ¢ )nalcmt, Rin ( 3
film): 3399, 2936, 1677*H NMR (500 MHz, CDC}) :n = 8.96 (s, 3H9-H), 3.97 (s,
3H, 10-H), 4.88 (d,J = 4.2 Hz, 1H1-H), 6.43 (s, 1H12-H), 6.94 (d,J=8.2 Hz, 1H5

H), 7.57 (d,J = 1.7 Hz, 1H8-H), 7.64 (d,J = 2.9 Hz, 1H,16-H), 7.70 (dd,J = 8.2, 2.0
Hz, 1H,4-H), 7.96 (d,J = 2.5 Hz, 1H,15H); 13C NMR (125 MHz, CDGCJ) :c = 47.3
(C-1), 55.8 C-9), 55.9 C-10) 109.7 C-8), 110.0 C-5), 122.3 C-4), 127.3 C-3), 130.8
(C-16), 135.1 C-18), 139.8 (C-15) 149.0 C-7), 150.1 C-13), 153.9 C-6), 192.1 C-2);
LRMS m/z (CPH: 310 [ME’Cl+H]*, 308 [ME°Cl)+H]"; HRMS m/z (Cf): Found
308.0814M(**Cl)+H]*; C14H15CIN3Osrequires 308.0811.
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2-[(3-chloropyrazin-2-yl)amino]-1-(3,5-dimethylphenyl)ethanone, 19

8
7 4 OH
N. N 1
1)
8
6 ClI” N7 12

DMSO (1.71 mL, 24.2 mmplwas dissolved in anhydrous @El> (170 mL) and the
mixture was coad to and maintained at8°C. Oxalyl chloride (1.02 mL, 12.1 mmol)
was added drop wise and the reaction was stirred for 20 bd@h.(2.58 g, 9.30 mmol),
dissolved in CECI> (30 mL), was then added drop wise and after 20 min stirrindy Et
(6.18 mL, 46.6mmol) was added drop wise. The reaction was then allowed to slowly
warm to RT over a period of.2h. The reaction was quenched witbCH(50 mL) and
organics extracted followed by washing with 2.0 M HCI (2 x 40 mL), sat. NaHC®
40 mL), HO (1 x 40mL) and brine (1 x 40 mL). Drying (MgS{) filtration and
concentration gave a yellow solid (2.31, 8.37 mmol, 90%ich was carried through to
the next stage without further purificatioMpt: Decomposed before melting; R 0.76
(9:1 CHCI/EtOAC); IR Bma/cm?, thin film): 340, 2916, 1681, 1578, 1497 NMR
(500 MHz, CDC%) :n=12.40 (s, 6H7-H), 4.89 (d,J = 4.0 Hz, 1H1-H), 6.43 (s, 1H8-
H), 7.27 (s, 1HB-H), 7.65 (d,J = 3.0 Hz. 1H,12-H), 7.67 (s, 2H4-H), 7.97 (d,J= 3.0
Hz, 1H,11-H); 3C NMR (125 MHz, CDG)) :c = #0.9 C-7), 47.8 C-1), 125.4 C-4),
130.9 C-12), 134.2 (C-3), 135.1 C-14), 135.5 C-6), 138.4 (C-5), 139.8 (C-11), 150.0
(C-9), 193.6 C-2); LRMS m/z (ES): 276 [MC'CI)-H],, 274 [ME°CI)-H]; HRMS m/z
(ESI): Found 274.082 [M(®*CI)-H]"; C14H13N3OCI requires 274.0747.
2-[(3-chloropyrazin-2-yl)amino]-1-(3-thienyl)ethanone, 1@
9
4 Q H 10
5 @)Z%N;[Nj 12
ST7 o N 1
DMSO (128 puL, 1.81 mmdlwas dissolved in anhydrous @El2 (9 mL) and the mixture
was cooled to and maintained -&8°C. Oxalyl chloride (77.0 uL, 0.906 mmol) was
added drop wise and the reaction was stirred for 20 riiBe (178 ng, 0.697 mmol),
dissolved in CHCI> (5 mL), was then added drop wise and after 20 min stirringy Et

(463 pL, 3.48 mmol) was added drop wis The reaction was then allowed to slowly

17



warm to RT over a period of 2 1/2 h. The reaction was quenched with2® mL) and
organics extracted followed by washing with 2.0 M HCI (2 x 10 mL), sat. NaHC®

10 mL), BO (1 x 10 mL) and brine (1 x 10 h Drying (MgSQ), filtration and
concentration gave an orange stickylid. Flash chromatographwgplied in CHCIy;
eluted50:1 t020:1 CH.CI2/EtOAC) gave the title compound as a yellow solid (135 mg,
0.531 mmol, 76%). Mpt: 13034°C; R = 0.85 (2:1 G.Clo/ Et OA C jJafcm}, tRin ( 3
film): 3407, 3107, 2917, 1682, 1584 NMR (600 MHz,CDCl) :1=4.84 (dJ= 4.4
Hz, 1H,1-H), 6.33(s, 1H9-H), 7.41 (ddJ = 5.0, 2.8 Hz, 1H5-H), 7.65 (ddJ = 5.0, 1.2
Hz, 1H,4-H), 7.66 (d,J = 2.8 Hz, 1H,13-H), 7.96 (d,J = 2.7 Hz,12-H), 8.26 (ddJ =
5.4, 3.0 Hz, 1H7-H); 3C NMR (150 MHz, CDCJ) :c = d9.0 C-1), 70.4 C-2), 121.6
(C-4), 125.5 C-7), 126.7 C-5), 131.3 C-13), 135.6 C-15), 138.8 C-12), 143.1 C-3),
150.8 C-10); LRMS m/z(CI*): 256 [ME'Cl)+H]*, 254 [MECI)+H]*; HRMS m/z (Ct):
Found 254.014M(*Cl)+H]*; C10HoN3OSClI requires 254.0155.

Synthesis of 3aryl-8-chloro-imidazo[1,2-a]pyrazines
8-chloro-3-(2-phenoxyphenyl)imidazo[1,2a]pyrazine, 2
Cl
9
N
6

2
Y/ 18 19
5 O
1 20
14

12
13

1% (1.33 g 3.92 mmol) was dissolved in anhydrous toluene (50 mL) and the mixture
was cooled on ice. Trifluoroacetic acid (2.11 mL, 24.7 mmol) was added and the reaction
was allowed to stir on ice for 30 min, followed by the addition of trifluoroacetic
anhydride (381 mL, 24.7 mmol). The reaction mixture was then stirred on ice for a
further 30 min and then at RT for 68 h. The reaction was then diluted with toluene (50
mL) and washed with NaHCGGolution (10% w/v, 3 x 30 mL) and brine (1 x 40 mL).
The organics wer dried (MgS@), filtered and concentrated to give crude brown oil.
Purification was carried owtia flash chromatographyapplied in CHCIy; eluted 50:1 to

5:1 CHCI2/EtOAc to afford the title compound as a yellow sticky solid (1.26 g, 3.92
mmol, 100%). Rs = 0.25 (9:1 CHClo/ Et OA ¢ ha/cml, Rin flme): 1460, 1231 H
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NMR (600 MHz, CDC4) :n = %.836.85 (m, 2H,18H), 7.057.10 (m, 2H,14,20H),
7.237.26 (m, 2H,19-H), 7.29 (td,J = 7.8, 1.2 Hz, 1H12-H), 7.467.49 (m, 1H13-H),
7.53 (dd,d = 72, 1.2 Hz, 1H11-H), 7.70 (d,J = 4.2 Hz, 1H,6-H), 7.86 (s, 1H2-H),
8.01 (d,J = 4.2 Hz, 1H5-H); 3C NMR (150 MHz, CDG)) :c = 1i18.3 C-5), 118.5 C-
18), 118.8 C-22), 124.2 (-10,12,20, 126.1 C-3), 130.0 C-19), 131.5 C-13), 132.0
(C-11), 135.6(C-2), 138.4 C-9), 143.9 C-8), 155.0 C-15), 156.0 C-17); LRMS m/z
(EI"): 323 [ME'CD]*, 321 [MECI]*; HRMS m/z (Ef): Found: 321.0659M(3°CI)]*;
C18H12CIN3O requires 321.0663

8-chloro-3-(3,4-dimethoxyphenyl)imidazo[1,2a]pyrazine, 20c

OMe
16

OMe
17

19c (280 mg, 0.912 mmol) was dissolved in anhydrous toluene (20 mL) and the mixture
was cooled on ice. Trifluoroacetic acid (490 uL, 6.39 mmol) was added and the reaction
was allowed to stir on ice for 30 min, followed by the additiof trifluoroacetic
anhydride (887 pL, 6.39 mmol). The reaction mixture was then stirred on ice for a
further 30 min and then at RT for 68 h. The reaction was then diluted with toluene (50
mL) and washed with NaHCGGolution (10% w/v, 3 x 30 mL) and ben(1 x 40 mL).
The organics were dried (MgaQfiltered and concentrated to give crude yellow solid.
Purification was carried owtia flash chromatographyafpplied inCH.Cly; eluted9:1 to
2:1 CHCI2/EtOAC) to afford the title compound as a wistid (46.8 mg, 0.162 mmol,
18%). Mpt: > 200°C; R = 0.32 (2:1 CHCl2/ Et OA ¢ )madcni, Rin filn): 2960,
2924, 1732H NMR (400 MHz, CDC) :w =18.93 (s, 3H16-H), 3.96 (s, 3H17-H),
6.99 (d,J = 2.0 Hz, 1H15H), 7.03 (d,J = 8.2 Hz, 1H,12-H), 7.10 (dd,J = 8.3, 2.0 Hz,
1H, 11-H), 7.67 (d,J = 4.6 Hz, 1H6-H), 7.84 (s, 1H2-H), 8.15 (d,J = 4.6 Hz, 1H5-
H); 3C NMR (100 MHz, CDGJ) :c=56.1 €-16), 56.2 C-17), 111.4 C-15), 111.8 C-
12). 116.3 C-5), 119.8 C-10), 121.0 C-11), 128.2 C-6), 129.2 C-3), 134.2 (C-2),
138.0 (C-9), 144.3 (C-8), 149.8 (C-14), 150.1 C-13); 290 [M(Cl)+H]*, 292
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[M(3'Cl)+H]"; HRMS m/z (ESY): Found 290.0683 [MECI)+H]*; C14H13N302Cl requires
290.0696.

8-chloro-3-(3,5-dimethylphenyl)imidazo[1,2a]pyrazine, 20d
Cl

13
14

19d (2.29 g, 8.31 mmol) was dissolved in anhydrous toluene (90 mL) and the mixture
was cooled on ice. Trifluoroacetic acid (4.48 mL, 58.1 mmol) was added and the reaction
was allowed to stir on ice for 30 min, followed blyet addition of trifluoroacetic
anhydride (8.09 mL, 58.1 mmol). The reaction mixture was then stirred on ice for a
further 30 min and then at RT for 68 h. The reaction was then diluted with toluene (50
mL) and washed with NaHCGGolution (10% w/v, 3 x 40 i) and brine (1 x 40 mL).

The organics were dried (MgQQfiltered and concentrated to give crude orange sticky
solid. Purification was carried outa flash chromatographyapplied in CHCIy; eluted

40:1 CHCI/EtOAC) to af