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1. Experimental Procedures, Data and Spectra foBolvent Substitution Reactions

Experimental procedures

Gold catalysed synthesis of boron enolate from alkynés

oH Entry Solvent Yields (%)
B(OH), &
1 mol% [AuPPh3(NTf,)] - . e -
% Solvent, RT, 2h Z nBu o
nBu Y 2 MeO,COMe 84

General procedure:[Au(PPh)(NTf2)]..PhMe (8 mg, 0.005 mmol) was added to a solution (bie2-
1-ynyl)phenylboronic acid (100 mg, 0.5 mmol) in the solvent (0.6 mhg 3olution was stirred at
room temperature for 3 hours. The mixture was then directly loadedaarolumnand purified via
chromatography on silicgel using Retro/EtOAc (100/0 to 80/20) as eluent. Evaporation of the
solvent afforded a mixture of mononw and dimeric boron enolate product (ratio 0.6/1) as a
colourless oil;*H NMR (CDCk, 500 MHz monomey =&/.98 (d, 1H,J = 7.4Hz, CHa:), 760 (td,
1H,J = 7.7, 1.4Hz, CHa), 7.35-7.31(m, 2H, CHa/), 6.13(s, 1H,=CH), 463 (br, 1H, BCH), 249 t,

2H, J = 7.4 Hz, CHy(CH2CH,CH3)), 171(q, 2H,J = 7.7 Hz, CHy(CH.CHs)), 1.44 (sext, 2H,J = 7.6

Hz, CH,CHs) 0.99(t, 3H,J = 7.4 Hz, Gi3); ®°C NMR (CDCk, 500 MI53%2, 1483, 132.5,
132.3, 125.4, 124.9, 105.5, 3420.4, 22.3, 13.9the carbonadjacent to boron was not observed.
Thesedata are in agreement with the degported in the literature.
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Gold catalysed hydroamination of 1,2dieneg

O NHCbz
O)LNHZ 2.5 mol% [AUPPhy(NTf,)],
@ . @” Fo—— Entry Solvent _ Yields (%)
1.2 mmol 1.0 mmol overnight A CICH,CH.CI 65
B PhF 85
mco&i%ocm3
C PhCR 65

0.25 mmol

General procedure:[Au(PPh)(NTf2)]..PhMe (40 mg, 0.025 mmol) and benzyl carbamate (150 mg,
1.0 mmol) were plaed in a Schlenck tube and degassed (3 x vac/Ar cycles) before addition of the
solvent (2 mL) and 1;8yclohexadiene (120 uL, 1.2 mmol). The resulting mixture was stirred
overnight at 50 °C under exclusion of light. The volatiles were removed under vanduthe crude
residue was purified by column chromatography on silica using PEth/EtOAc (100/0 to 80/20).
Evaporation of the solvent revealed a mixture of desired product along witlydghexadiene. The

yield of hydroamination product was evaluateddyNMR using 1,4dimethoxybenzene (0.25 mmol,

35 mg) asaninternal standard. The signals used to quantify the product were the aromatic signal of
the internal standard (6.84 ppm, s) and-tbE; signal of the benzyl group in the product (5.12 ppm,

S).
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2. Experimental Procedures, Data and Spectra for SNAr products

Material and Methods

3-Amino-5-methylpyrazolewas purchased fromlfa Aesar All other reagents were purchased from
SigmaAldrich Co. Ltd. unless otherwise stated, and used withoutdughrification. All reagents

were of commercial quality and used as received

Microwave reactions were performed on a Personal Chemistry Smith Creator Microwave Assisted
Organic Synthesizer.

Thin layer chromatography (TLC) was performed on aluminiuckéad SigmaAldrich TLC plates
with Fus4 fluorescent indicator. Developed plates were air dried and analysed under a UV light or by
staining with the appropriate indicator. Normal phase flash column chromatography was carried out

using silica gel (4350 um)supplied by Merck.

HRMS refers to high resolution mass spectrometry. Electrospray ionization (ESI) accurate mass was
determined using Waters LCT Premier XE instrumentation. Infrared spectra were recorded using a
Perkin Elmer 100 FIR spectrometer anddsorption maxima are reported in wavenumbers(cm

Melting points were recorded on a Gallenkamp Hot Stage apparatus and are uncorrected.

NMR (*H and*®*C) was performed oa 600 MHz AMX Bruker Spectrometer The chemi cal s
are given in units ofppm rel ative to tetramet=h ppsi Datan e ( TN
processing was carried out using the TOPSPIN 2 NMR program (Bruker UK Ltd}H VIR, the

multiplicity used for assignment is indicated by the following abbreviationssiaglet, d =doublet,

m = multiplet, br = broadnd the coupling constant®) (vere measured in Hertz (H2JC NMR have

been assigned using DEPT, HSQC and HMBC NMR as performed on 600 MHz AMX Bruker
Spectrometers.Deuterated chloroform (CDg)|l dimethylsulfoxide (¢eDMSO) and methanol

(CDsOD) were used as solvents (as stated) for all NMR analysis



2-(M ethylthio)pyrimidin -4-ol®

s

A
Ao

2-Thiouracil (10.00 g, 78.0 mmol) was added to a solution of sodium hydroxide (6.24 g, 156 mmol) in

H.O (0.7 mL per mmol). The reaction was cooled to 0 °C in an ice bath before methyl iodide (7.30

mL, 117 mmol) was added dropwise and the reaction stirred at RT for 16 h. The reaction mixture was

cooled in an ice bath before acidifying with glacial acetic .acidprecipitate appeared which was

filtered, washed with KD and dried to givéhe phenok8.32 g, 75%) as an offhite solid; R 0.45

(5% MeOH/CHCI,); mp 162- 164 °C(lit. 99 - 101 °C); *H NMR (600 MHz,desDMSO) U4 12. 68

(1H, br, OH), 7.86 (1H, d) = 4.0 Hz, H6), 6.09 (1H, d] = 4.0 Hz, H5) and 2.47 (3H, §Hs); °C

NMR (150 MHz,ds - DMS O) a 163.4 (C2), 162.9 (C4H3); 153. 7

LRMS (ES+) 142.9 [M+H]. The data is in good agreent with the literature valués.

4-Chloro-2-(methylthio)pyrimidine (11)

s

A
U\CI

2-(Methylthio)pyrimidin-4-ol (7.00 g, 49.3mmol) was added td®OCk (0.6 mL per mmol) under

argonand themixture heated at 80 °C for 5 h. The réan was cooled to RT and quenched by

carefully adding to warm #0 (500 mL) before being extracted with &b (3 x 500 mL). The

organic layer was washed with 10%GCQO; solution (7® mL), dried (MgQ) and concentrateith

vacuoto give11 (5.70 g, 70%) a a colourless oil; R0.71 (5% MeOH/CHCI,); *H NMR (600 MHz,

CDCl;) U 8. 3J%5.1HzH6), 6199 (1H, d,= 5.1 Hz, H5) and 2.55 (3H, €Hs); 1*C NMR

(150 MHz,CDCY) & 174.1 (C2), 161.1 ( C4THs),LRESB(EI+) (C6) ,

160.9 [M+H]. The data is in good agreement with the literature vélues.

N-(3-M ethyl-1H-pyrazol-5-yl)-2-(methylthio)pyrimidin -4-amine (133

N

Method1 (thermal reactiomefore optimisation}

N,N-Diisopropylethylaming DIPEA) (5.23 mL, 30.0 mmol) and sodium iodide (4.50 g, 30.0 mmol)
were added to aolutionof aryl chloridell (4.00 g, 25.0 mmol) and-8minc5-methylpyrazolel?2
(2.45 g, 25.0 mmol) in DMF3( mL per mmol) The reaction was heated at 85 for 89 h. The




reaction mixture was cooled to RT before diluting with EtOAc (250 mL) and washing wiEh(Bix
250 mL). The combined aqueous layers were extracted with EtOAR2BD mL). The combined
organic layers were dried (Mg9Qfiltered and concentratdd vacuo Purification by flash column
chromatography (10 75% EtOAc/Pet. Ether) gavd8a (995 mg, 18% vyield) as an effhite solid.

Method?2 (microwave conditions before optimisation):

A mixture of aryl chloridell (100 mg, 0.63 mmol), -Amino5-methylpyrazolel?2 (61.7 mg, 0.63
mmol), DIPEA (132 pL, 0.76 mmmol) and sodium iodide (114 mg, 0.76 mmol) in DMF (3 mL per
mmol) was heated in a microwave at 180 °C for 2 h. The reaction mixture was cooled to RT before
diluting with EtOAc (10 mL) and washing with.8 (3x 10 mL). The combined aqueous layers were
extracted with EtOAc (% 10 mL). The combined organic layers were dried (MgS@itered and
concentratedn vacuo Purification by flash column chromatography (105% EtOAc/Pet. Ether)
gavel3a(26.6 mg, 19% ield) as an offwhite solid.

Method3 (microwave conditions after optimisation):
A solution of aryl chloridel1 (400 mg, 2.50 mmol) and-@mine5-methylpyrazolel2 (485 mg, 5.00

mmol) in dipropyl ether§ mL) was heated in a microwave at 140 8 2 h. The reaction mixture

was concentrateth vacuo Purification by flash column chromatography (L075% EtOAc/Pet.
Ether) gavel3a(314 mg, 57%as an offwhite solid.

Rr 0.25 (80% EtOAc/Pet. Ethermp 2077 2 1 0 U Gax (solidR3280 (NH), 3160 (NH), 3100

2920 (CH) crt; 'H NMR (600 MHz, CROD) U 7 . 3=85.6 HAHS), 6.68 (1H, br, H5), 62

(1H, br, H13), 2.2 (3H, s, H8) and 22(3H, s, H15);*C NMR (150 MHz, CBOD) U (@2y 2. 9
1614 (C4), 1561 (C6), 1494 (PyrazoleC3), 141.3 Pyrazole Ch 1024 (C5), 97.7 Pyrazole C¥,

141 (CHs) and 10.9 CHs); HRMS calc.for CoH12NsS expected 222.0818und 222.0802.

5-M ethyl-1-(2-(methylthio)pyrimidin -4-yl)-1H-pyrazol-3-amine (13b)
s~
O

P

Rr 0.65 (80% EtOAc/Pet. Ethernp 1161190 C;  mak (80lid} 3260 (NH), 2990- 2900 (CH) crri;
IH NMR (600 MHz, CDCJ) 8#4(1H, d,J = 5.7 Hz, H6), B0 (1H, d,J = 5.7 Hz, H5), 5.842H,
br, NHy), 5.33(1H, s, H12), 2.3 (3H, s, H8) and 220 (3H, s, HL4); 1°C NMR (150 MHz, CDG)) i
171.4 (@), 159.6 (C4), 158.1 (§6153.6 PyrazoleC5), 150.1 PyrazoleC3), 1047 (C4), 905



(Pyrazole @), 143 (CHs) and 141 (CHs); HRMS calc. for CyH12NsS expected 222.0813ound
222.0815.

3-M ethyl-1-(2-(methylthio)pyrimidin -4-yl)-1H-pyrazole-5-amine (13¢
-

S
A

Rr 0.55 B0% EtOAc/Pet. Ether); mp 1620 3 U fas (SOlId)RB358 (NH), 2990- 2920 (CH)cni;

'H NMR (600 MHz,d:-DMS O) U 8 .J4%.6 Kzl H6), 7.2V]H, d,J = 5.6 Hz, H5), 5.72

(1H, s, H12), 5.44 (2H, br, Njland 2.63 (3H, s, H15). HSignalunder DMSO solvent pedkC

NMR (150 MHz,ds-D MS O) i 170.8 (C2), 1 5 8PyrazoldC@)6142.7 157 . 4
(PyrazoleC5), 104.3 (C5), 101.8RyrazoleC4), 15.9 (G4s) and 13.8 (€ls); LRMS (ES+) 222.2

[M+H]*; HRMS calc.for CoH12NsS expected 222.081®und 222.0810.

2-(Methylthio)pyrimidin -4-amine (13d)
~

S
)
K/k,r/

Rf 0.70 (80% EtOAc/Pet. Ether); Rmax$oil) 3010- 2920 (CH) crt; *H NMR (500 MHz, CLCl;) U

7.99 (1H, d,J = 6.0 Hz, H6), 611 (1H, dJ = 6.0 Hz, H5), 3.10 (6H, br, H10) and 2.51 (3H, s, H8);

3C NMR (100 MHz,CICl;) W 171.1 (C2), 161.5 (C49andmB5. 3 (C
(CHs); HRMS calc. forC;H12N3S expected 170.0752; found 170.0755.



N-(3-Methyl-1H-pyrazol-5-yl)-2-(methylthio)pyrimidin -4-amine (133

1H NMR
- FEA0E-4 PROTON ud MaOD [W:AG0D} abt3 58
FEZ03.020.001 1r.esp
~N
j\
NI SN HN-N
L N\
N
H
J' Is I
N ‘Jlk | (L
100 084 082 401 ERPRETT
B R T - O - R LA L R Y AR T TR Y AR AT M
Chemical Shift (ppm)
3C NMR

FBE£03.021.001. resp

‘-L-LIHL—L-@ i Lw .,M
176 1 160 1 1 i 1 1 112 i T2

o6
Chemical Shift (ppm)

10

FBAGG-4 C13CPD.ud MeOD NG00} abt3 53




5-M ethyl-1-(2-(methylthio)pyrimidin -4-yl)-1H-pyrazol-3-amine (13b)

'H NMR
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3-Methyl-1-(2-(methylthio)pyrimidin -4-yl)-1H-pyrazole-5-amine (130

'H NMR
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2-(Methylthio)pyrimidin -4-amine (13d)
'H NMR
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3. Design of Experiments Optimisatioof SWAr reaction

a. Optimisation of the SyAr reaction in DMF

D

IPEA
Nal

DMF
160 °C

SMe

N)\N HN/N
\
K/lk =~
N
H

13a
SMe

N“ "N

P
A _N
NTN
=
HoN

13c

SMe
N)\N NH2
=
N /
N~

SMe 13b

N= N

K/lk
NMe,

13d

The experimental design was produced using MODDE 10 softwara ResolutionvV design

consisting of 16 experiments plus three centre points as shown below. The yields of all four reaction

products13a-13d, as well as the quantity of recovered starting material, were determinéd by

NMR.

Run Order|[Amine ed|Nal'eq DIPEA Ed] PME Vol Temp

| 1 | 125 |J105]f 3 | 35 | 160]
2 Jlos | 2 | 1 | 2 |120]
. 3 Jlos | 2| 5 | 5 |120]
| 4 || o5 JJo1| 1 | 5 | 120]
. 5 |l 2 J 2| 1 | 5 |120]
| 6 Jl o5 Joij 5 | 5 [200]
7 Jl 2 Joij 1 | 5 |200]
L8 L 2 J 2| 5 | 2 J120]
9 Jlos | 2| 1 | 5 |=200]
| 10 | 2 | 2 | 5 | 5 |=200]
| 11 || 2 Joij 5 | 2 [200]
| 12 | o5 | 2 || 5 | 2 |200]
| 13 | 125 |J105]] 3 | 35 | 160]
| 14 | o5 JJor] 1 | 2 |200]
15 | 2 Joij 5 | 5 |120]
| 16 || o5 JJo1| 5 | 2 | 120]
| 17 | 125 JJ105]] 3 | 35 | 160]
18 | 2 | 2 | 1 | 2 [200]
19 | 2 Joij 1 | 2 [120]

14



Experimental Procedure and Analysis Method
Stock solutions oéryl chloridell (1.26 M) and 3amino5-methylpyrazolel2 (1.87 M) in DMF and
1,3,5trimethoxybenzened(092 M in CD;OD wereprepared.

A mixture of aryl chloridell (1.26 M in DMF,500 uL, 0.63 mmol), 3amino5-methylpyrazolel2
(1.87 M in DMF, 0.170.42 mL) DIPEA (1-3 eq)and sodium iodid¢9-189 mg) andDMF (volume
shownin table below)was heated in the microwave at the stated temperature for 2 h. The reaction

mixture was cooled to RT before concentraiimgacuo The crude reaction residue was dissolved in

CDsOD (1 mL) and an aliquot (200 pL) removed. For NMR analytbis reaction mixture aliqu was
mixed with1,3,5trimethoxybenzensolution(0.092M in CD30D, 500pL).
Conditions and quantities for each reactionsdm@wnin the fble below.

Run 12 12 Nal Nal Nal | DIPEA] DIPEA -I[-)CI)\:I?:I DMF Temp
Order| (eq) (mL) (€ | (mmol)| (mg) | (e | (mb) | )y | (ML) (°C)
1 1.25 0.42 1.05 0.66 99 3 0.33 3.5 2.58 160
2 0.5 0.17 2 1.26 189 1 0.11 2 1.33 120
3 0.5 0.17 2 1.26 189 5 0.55 5 4.33 120
4 0.5 0.17 0.1 0.06 9 1 0.11 5 4.33 120
5 2 0.67 2 1.26 189 1 0.11 5 3.83 120
6 0.5 0.17 0.1 0.06 9 5 0.55 5 4.33 200
7 2 0.67 0.1 0.06 9 1 0.11 5 3.83 200
8 2 0.67 2 1.26 189 5 0.55 2 0.83 120
9 0.5 0.17 2 1.26 189 1 0.11 5 4.33 200
10 2 0.67 2 1.26 189 5 0.55 5 3.83 200
11 2 0.67 0.1 0.06 9 5 0.55 2 0.83 200
12 0.5 0.17 2 1.26 189 5 0.55 2 1.33 200
13 1.25 0.42 1.05 0.66 99 3 0.33 3.5 2.58 160
14 0.5 0.17 0.1 0.06 9 1 0.11 2 1.33 200
15 2 0.67 0.1 0.06 9 5 0.55 5 3.83 120
16 0.5 0.17 0.1 0.06 9 5 0.55 2 1.33 120
17 1.25 0.42 1.05 0.66 99 3 0.33 3.5 2.58 160
18 2 0.67 2 1.26 189 1 0.11 2 0.83 200
19 2 0.67 0.1 0.06 9 1 0.11 2 0.83 120

15



Results ofthe First DoE Experiments

Run
Order  Incl/Excl

1 Incl 1.25 1.05 3 3.5 160 153 124 6.2 16.4 9.5
2 Incl 0.5 2 1 2 120 4 1.9 1 0.9 46.3
3 Incl 0.5 5 5 120 3.1 1.1 0.5 1.8 18.6
4 Incl 0.5 0.1 1 5 120 a7 1.8 0.7 1.4 40.1
5 Incl 2 2 1 5 120 8 3 1.6 2.8 22
i} Incl 0.5 0.1 5 5 200 11.6 14.2 6.3 54.3 1]
7 Incl 2 0.1 1 5 200 11.3 8.8 4.3 9.8

8 Incl 2 5 2 120 6.8 3.7 1.8 2.2 21.2
9 Incl 0.5 1 5 200 9.1 5.8 2.9 38.3

10 Incl 2 2 5 5 200 10.9 13.5 6.9 31 1]
11 Incl 2 0.1 =] 2 200 16.4 18.6 8.8 43 1]
12 Incl 0.5 2 5 2 200 10.2 10.9 5.8 25.6 1]
13 Incl 1.25 1.05 3 3.5 160 16.4 12 58 139 12
14 Incl 0.5 0.1 1 2 200 18.6 9.9 3.7 60.6 1]
15 Incl 2 0.1 =] 5 120 8 2.9 1.1 3.3 34.3
16 Incl 0.5 0.1 5 2 120 10.1 1.9 0.9 2 23.3
17 Incl 1.25 1.05 3 3.5 160 135 10.8 54 18.6 6.7
18 Incl 2 2 1 2 200 12 4.3 3.1 30.5 1]
19 Incl 2 0.1 1 2 120 16.2 6.2 3.1 9.7 14.7

Summary of Fit - Yield of 13a (MLR) M r2

1 | [e¥
1 ['] Model validity
[ Reproducibility

%13a
N=19, R2=0.740, RSD=2.685, DF=13, Q2=0.574

MODDE 11 - 11/09/2015 11:32:40 (UTC+1)
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Coefficients (scaled and centered) - Yield of 13a (MLR)
%13a

& L L 5 '\
N zZ = £ =
g g a 2 2
©
P4
o
N=19, R2=0.740, RSD=2.685, DF=13, Q2=0.574, confidence=0.95
MODDE 11 - 11/09/2015 11:33:07 (UTC+1)
Summary of Fit - Yield of 13b and 13¢c (MLR) H r2

[ [e¥

['] Model validity
[ Reproducibility

13b %13c
DF=15; R2=0.73), %13c (N=19; DF=15; R2=0.76)
MODDE 11 - 11/09/2015 11:33:43 (UTC+1)

%
%13b (N=19;




%13b [%]

Coefficients (scaled and centered) - Yield of 13b and 13¢ (MLR)
%13b %13c

3

EqBas
Temp
qBas*Temp |
EqgBas
Temp
EgBas*Temp

%13b (N=19; DF=15; R2=0.73),u%13c (N=19; DF=15; R2=0.76), confidence=0.95
MODDE 11 - 11/09/2015 11:34:18 (UTC+1)
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