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S2
. Preparation of the Dihalophenylacetonitrile Substrates®™ (Scheme 2, Tables 1-3)

Representatitive procedure (Preparation of compound 1b)

N-bromosuccinimide (4.04 g, 22.7 mmol) and benzoyl peroxide (191 mg, 0.79 mmol) were added
to a stirred solution of 2,6-dibromotoluene (5.15 g, 20.6 mmol) in carbon tetrachloride (50 mL). The
mixture was refluxed for 2 h. After cooling to r.t. it was filtered through celite and the solvent was
removed under vacuum. The resulting white powder was dissolved in acetonitrile (100 mL).
Trimethylsilyl cyanide (4.1 mL, 30.9 mmol) and tetrabutylammonium fluoride (31 mL of a 1 M
solution in THF, 30.9 mmol) were carefully added at r.t. and the mixture was stirred for 2 h. The
solvent was then removed under reduced pressure and the residue was purified by flash
chromatography (silica gel, heptanes/diethyl ether 9:1) to afford 2,6-dibromophenylacetonitrile as a
white solid (4.60 g, 81 % over 2 steps).

Lithium bis(trimethylsilyl)amide (67 mL of a 1 M solution in THF, 67.0 mmol) was added
dropwise to a solution of 2,6-dibromophenylacetonitrile (4.60 g, 16.7 mmol) and DMPU™ (8.1 mL,
66.9 mmol) in THF (180 mL) under argon. After the reaction mixture had been stirred for 45 min at
r.t., iodoethane (5.4 mL, 66.9 mmol) was added with a syringe and the reaction mixture was stirred
for 2 h. The reaction was quenched with a saturated NH4CI solution (100 mL) and the aqueous layer
was extracted with diethyl ether (150 mL x 3). The combined organic layers were washed with a
1 M HCI solution (150 mL) and with a saturated solution of NaHCOj3 (150 mL). The extracts were
then dried over magnesium sulfate and evaporated under reduced pressure. The residue was purified
by flash chromatography (silica gel, heptanes/ethyl acetate 95:5) to afford 1b as a colourless oil
(4.45 g, 80 %).

Products characterisation

2 5

2,6-dibromophenylacetonitrile
'H NMR (300 MHz, CDCl3) 6= 4.06 (s, 2H, Hs), 7.10 (t, J = 8.0 Hz, 1H, Hy), 7.60 (d, J = 8.0 Hz,
2H, H3) ppm; **C NMR (75.5 MHz, CDCls) 5= 25.9 (Cs), 115.4 (Ce), 125.3 (Cy), 130.2 (Cy), 131.1
(C4), 132.6 (C3) ppm; GC/MS (EI, DB-5ms column, 1 min at 120 °C then 120 — 250 °C at 8
°C/min): 9.7 min (m/z: 274 [M™*]); IR (film) v = 2257, 2974 cm™.

[1] a) Bromination: M. Tashiro, K. Nakayama, OPPI Briefs 1984, 16, 379-381; b) Cyanation: E. D. Soli, A. S. Manoso,
M. C. Patterson, P. DeShong, D. A. Favor, R. Hirschmann, A. B. Smith, 111, J. Org. Chem. 1999, 64, 3171-3177.
[2] DMPU: 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.
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2-bromo-6-chlorophenylacetonitrile
'H NMR (500 MHz, CDCls) 6= 4.06 (s, 2H, Hy), 7.18 (dd, J = 8.2, 8.2 Hz, H,), 7.42 (dd, J = 8.1,
1.2 Hz, Hs), 7.55 (dd, J = 7.9, 1.3 Hz, Hs) ppm; *C NMR (75.5 MHz, CDCls) 6= 22.8 (C;), 115.4
(Cs), 125.5 (Cg), 128.3 (C1), 129.2 (Cs), 130.7 (Cs), 131.9 (Cs), 135.5 (C,) ppm; GC/MS (El, DB-
5ms column, 1 min at 120 °C then 120 — 250 °C at 8 °C/min): 8.1 min (m/z: 229 [M™]); IR (film)
v = 2257, 2952 cm™,

1b
'H NMR (300 MHz, CDCl3) 5= 1.08 (dd, J = 7.4, 7.4 Hz, 6H, Hg), 2.05 (dq, J = 14.7, 7.4, 2H, H),
2.95 (dg, J = 14.6, 7.3 Hz, 2H, H7,), 6.93 (t, J = 7.5 Hz, 1H, Hy), 7.68 (d, J = 7.5 Hz, 2H, Hs) ppm;
B3C NMR (75.5 MHz, CDCls) 5= 10.0 (Csg), 32.0 (C7), 52.5 (Cs), 123.0 (Cg), 124.0 (Cy), 129.5 (C),
134.0 (C4), 136.0 (C3) ppm; GC/MS (EI, DB-5ms column, 1 min at 120 °C then 120 — 250 °C at 8
°C/min): 13.0 min (m/z: 329 [M*]); IR (film) v = 1458, 1576, 2225, 2970 cm™.

10

1c
'H NMR (300 MHz, CDCl3) 6= 1.06 (dd, J = 7.7, 7.7 Hz, 6H, Hyo), 2.09 (dq, J = 14.7, 7.4 Hz, 2H,
Hoa), 2.88 (dq, J = 14.6, 7.3, 2H, Hgy), 7.03 (dd, J = 8.0, 8.0, 1H, Hy), 7.37 (dd, J = 8.0, 1.5 Hz, 1H,
Hs), 7.58 (dd, J = 8.0, 1.5 Hz, 1H, Hs) ppm; *C NMR (75.5 MHz, CDCl5) 5= 10.0 (C10), 32.3 (Co),
51.5 (Cy), 123.2 (Cs), 123.7 (Cs), 129.2 (C4), 132.0 (C3), 132.9 (Cy), 135.4 (C,, Cs) ppm; GC/MS
(El, DB-5ms column, 1 min at 120 °C then 120 — 250 °C at 8 °C/min): 12.0 min (m/z: 285 [M™]);
IR (film) v = 1458, 1573, 2225, 2970 cm™.
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'H NMR (500 MHz, CDCls) 5= 0.97 (dd, J = 7.4, 7.4 Hz, 3H, Hy1), 1.08 (dd, J = 7.4, 7.4 Hz, 3H,
Hg), 1.30-1.40 (M, 1H, Higy), 1.57-1.68 (M, 1H, Higp), 1.95-2.04 (m, 1H, Hgs), 2.10 (dg, J = 14.6,
7.5 Hz, 1H, Hy,), 2.85-2.98 (M, 2H, Hz, Hey), 6.93 (t, J = 7.9 Hz, 1H, Hy), 7.63 (d, J = 8.2 Hz, 2H,
Hs) ppm; *C NMR (75.5 MHz, CDCl3) & = 10.0 (Cg), 14.0 (C11), 18.9 (C10), 32.2 (C+), 40.7 (Co),
51.7 (Cs), 123.2 (Cg), 123.8 (Cy), 129.4 (Cy), 134.2 (Cy), 135.9 (C3) ppm; GC/MS (El, DB-5ms
column, 1 min at 120 °C then 120 — 250 °C at 8 °C/min): 13.8 min (m/z: 343 [M™*]); IR (film) v =
1464, 2224, 2961 cm™.

I1. C(sp®)—H Activation / Heck Cyclization / Heck Arylation Process (Table 2)

'H NMR (500 MHz, CDCls) 6= 1.23 (dd, J = 7.4, 7.4 Hz, 3H, Hi1), 2.04 (dqg, J = 14.5, 7.4, 1H,
Hioa), 2.26 (dq, J = 14.5, 7.3 Hz, 1H, Hiqp), 6.54 (s, 1H, Hg), 7.29-7.46 (m, 5H, Ha, Hy, His, Hi and
H, or Hs), 7.51 (d, J = 7.4 Hz, 1H, H, or Hs), 7.56 (d, J = 7.9 Hz, 2H, Hys) ppm; *C NMR (75.5
MHz, CDCls) & = 10.6 (C11), 30.0 (Cyg), 51.1 (C7), 120.8 (C12), 121.8, 121.9 (C1s, CHarom), 122.2
(Co), 128.0 (C1s), 128.1 (CHarom), 128.7 (C1s), 130.0, 130.1 (CHarom), 135.7 (C1), 138.8 (Cg), 142.6
(C13), 145.2 (Cg) ppm; GC/MS (El, DB-5ms column, 1 min at 120 °C then 120 — 250 °C at 8
°C/min): 15.3 min (m/z: 245 [M**]); IR (film) v = 1459, 1599, 2229, 2968 cm™.
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'H NMR (500 MHz, CDCl3) 6= 1.23 (dd, J = 7.4, 7.4 Hz, 3H, Hy1), 2.03 (dg, J = 14.8, 7.4 Hz, 1H,
Haoa), 2.25 (dq, J = 14.7, 7.4 Hz, 1H, Hiqp), 3.86 (s, 3H, Hi7), 6.48 (s, 1H, Ho), 6.97 (d, J = 8.7 Hz,
2H, His), 7.32-7.41 (m, 3H, Haom), 7.49-7.52 (m, 3H, His, Haom) ppm; C NMR (125.8 MHz,
CDCl3) 6 = 10.5 (Cy1), 30.1 (C10), 51.0 (C7), 55.4 (C17), 114.2 (Cy5), 121.0 (Cyp), 121.6, 121.8
(CHarom), 121.9 (Cy), 128.4 (Cy), 129.4 (C14), 129.7, 129.9 (CHarom), 136.9 (Cg), 142.8 (C13), 145.1
(Ce), 159.6 (Ci6) ppm; HRMS (ESI, MeOH + CH,Cl,) calcd for CigHi;7NONa [(M + Na)':
298.1208; found: 298.1194; IR (film) v = 1247, 1509, 1605, 2228, 2967 cm™.

'H NMR (300 MHz, CDCls) 6= 1.24 (dd, J = 7.4, 7.4 Hz, 3H, H11), 2.03 (dg, J = 14.3, 7.3 Hz, 1H,
Hioa), 2.26 (dq, J = 14.3, 7.4 Hz, 1H, Hiq), 3.93 (s, 3H, Hig or Hag), 3.96 (s, 3H, Hyg Or Hy), 6.48
(s, 1H, Hy), 6.94 (d, J = 8.3 Hz, 1H, Hy7), 7.10 (d, J = 2.0 Hz, 1H, Hy,), 7.14 (dd, J = 8.3 Hz, 2.0 Hz,
1H, Hag), 7.32-7.42 (m, 3H, Haom), 7.49-7.53 (M, 1H, Haom); 2*C NMR (75.5 MHz, CDCl3) & =
10.4 (C11), 30.0 (C1p), 51.0 (Cy), 56.0, 56.1 (C1g, C20), 110.9 (C14), 111.2 (C17), 120.9 (C1p), 121.2
(C1g), 121.4, 121.9 (CHarom), 122.1 (Cg), 128.6 (C1), 129.8, 129.9 (CHarom), 137.0 (Csg), 142.7 (C13),
145.1 (Cs), 149.0, 149.1 (Cys5, Ci6) ppm; HRMS (ESI, MeOH + CH,Cl,) calcd for CH19NO,Na
[(M + Na)*]: 328.1313; found: 328.1294; IR (film) v = 1236, 1258, 1512, 1599, 2227, 2966 cm.
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'H NMR (500 MHz, CDCls) 6= 1.24 (dd, J = 7.6, 7.6 Hz, 3H, Hy1), 2.04 (dg, J = 14.6, 7.4 Hz, 1H,
Hi0s), 2.26 (dg, J = 14.3, 7.3 Hz, 1H, Hig), 3.90 (s, 3H, Hig), 3.93 (s, 6H, Hi7), 6.48 (s, 1H, Ho),
6.80 (s, 1H, Hus), 7.34-7.43 (m, 3H, Hs.s), 7.52 (d, J = 7.4 Hz, 1H, H,) ppm; *C NMR (75.5 MHz,
CDCls) § = 10.5 (Cy1), 30.1 (C10), 51.1 (Cy7), 56.3 (C17), 61.0 (C1g), 105.4 (C1s), 120.7 (C1), 121.5
(C), 122.0 (CHarom), 122.2 (Co), 130.0, 130.1 (CHarom), 131.3 (C13), 138.1 (Cs), 138.3 (Cye), 142.5
(C1), 1453 (Cg), 153.5 (Ci5) ppm; HRMS (ESI, MeOH + CH,Cl,) calcd for Cy;H,;NOsNa
[(M + Na)*]: 358.1419; found: 358.1382; IR (film) v = 1520, 1604, 2228, 2967 cm™.

'H NMR (300 MHz, CDCls) 6= 1.24 (dd, J = 7.4, 7.4 Hz, 3H, Hy1), 2.06 (dq, J = 14.5, 7.3 Hz, 1H,
Hioa), 2.28 (dg, J = 14.5, 7.2 Hz, 1H, Hig), 2.63 (s, 3H, Hig), 6.57 (s, 1H, Ho), 7.37-7.46 (m, 3H,
Harom), 7.49-7.55 (M, 1H, Harom), 7.65 (d, J = 8.2 Hz, 2H, Has), 8.03 (d, J = 8.4 Hz, 2H, His) ppm;
3C NMR (75.5 MHz, CDCls) 6= 10.4 (C11), 26.6 (C1g), 30.0 (C10), 51.3 (C7), 120.5 (C12), 121.0
(Co), 122.1 (2xCHarom), 128.0 (C14), 128.8 (C15), 130.2, 130.9 (CHarom), 136.3 (Cie), 140.5 (C1a),
141.1 (Cg), 142.0 (Cy), 145.5 (Cp), 197.4 (C17) ppm; HRMS (ESI, MeOH + CH.Cl,) calcd for
Cz0H17NONa [(M + Na)*]: 310.1208; found: 310.1178; IR (film) v = 1600, 1678, 2230, 2968 cm™.
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'H NMR (500 MHz, CDCl3) 6= 1.24 (dd, J = 7.4, 7.4 Hz, 3H, Hy1), 2.05 (dg, J = 14.7, 7.4 Hz, 1H,
His), 2.28 (dg, J = 14.7, 7.3 Hz, 1H, Hio), 6.54 (s, 1H, Hg), 7.38-7.51 (m, 4H, H2s), 7.65 (d, J =
8.5 Hz, 2H, Hus), 7.72 (d, J = 8.3 Hz, 2H, His) ppm; *C NMR (75.5 MHz, CDCl3) 6= 10.3 (C11),
30.0 (Cyp), 51.4 (C7), 111.3 (Cyg), 118.7 (Cy7), 120.1 (Cg), 120.2 (C12), 122.1, 122.2 (CHarom), 128.4
(C14), 130.3, 131.3 (CHaom), 132.5 (Cys), 140.3 (C13), 141.6 (Cy), 142.1 (Cg), 145.6 (Cs) ppm;
GC/MS (CI (NHs), DB-5ms column, 1 min at 150 °C then 150 — 280 °C at 8 °C/min): 15.6 min
(m/z: 288 [(M + NH4)*]); IR (film) v = 1603, 2226, 2969 cm™.

'H NMR (300 MHz, CDCls) §=1.22 (dd, J = 7.4, 7.4 Hz, 3H, H11), 2.02 (dg, J = 15.0, 7.4 Hz, 1H,
Haoa), 2.25 (dq, J = 14.8 Hz, 7.4 Hz, 1H, Higy), 6.48 (s, 1H, Hy), 7.35-7.50 (M, 8H, Harom) ppm; *C
NMR (75.5 MHz, CDCls) & = 10.4 (C11), 30.0 (C10), 51.2 (C7), 120.6 (C12), 120.9 (Cq), 121.8, 122.0
(CHarom), 128.9 (C14), 129.2 (Cys), 130.1, 130.4 (CHarom), 133.8, 134.2 (Cy, Cyg), 139.4 (Cg), 142.2
(C13), 145.3 (Cg) ppm; GC/MS (EI, DB-5ms column, 1 min at 150 °C then 150 — 280 °C at 8
°C/min): 14.0 min (m/z: 279 [M**]); IR (film) v = 1092, 1592, 2230, 2968 cm™.

I11. C(sp*)—H Activation / Heck Reactions / Hydrogenation One-Pot Sequences (Table 3)

Products characterization



S8

6b

IH NMR (300 MHz, CDCls) 5= 1.15 (dd, J = 7.4, 7.4 Hz, 3H, Ha1), 1.79 (dg, J = 14.7, 7.4 Hz, 1H,
Hioa), 2.01 (dg, J = 14.9, 7.4 Hz, 1H, Hug), 2.26 (ddd, J = 13.0, 7.6, 5.5 Hz, 1H, Hgs), 2.61 (ddd, J =
13.0, 8.6, 7.2 Hz, 1H, Hgy), 2.94-3.14 (m, 2H, Hg), 7.25-7.30 (M, 3H, Harom), 7.36-7.42 (m, 1H,
Harom) PPM; C NMR (75.5 MHz, CDCls) 8= 9.8 (C11), 30.2 (Cs), 31.7 (Cio), 36.9 (Cs), 47.9 (C7),
123.2 (C12), 123.8, 125.1, 127.1, 128.6 (Cps), 142.3, 142.5 (Cy, Co) ppm; GC/MS (EI, DB-5ms
column, 1 min at 120 °C then 120 — 250 °C at 8 °C/min): 6.6 min (m/z: 171 [M**]); IR (film) v =
1458, 2232, 2969 cm™.

13
6¢c

'H NMR (500 MHz, CDCl3) §=0.97 (dd, J = 7.2, 7.2 Hz, 3H, Hi,), 1.50-1.71 (m, 3H, Hiea, H11),
1.91 (ddd, J = 18.0, 12.5, 4.3 Hz, 1H, Hiqy), 2.24 (ddd, J = 13.0, 7.9, 5.4 Hz, 1H, Hg,), 2.59 (ddd, J
= 12.9, 8.6, 7.2 Hz, 1H, Hg), 2.95-3.09 (m, 2H, Hg), 7.23-7.30 (M, 3H, Harom), 7.34-7.40 (m, 1H,
Harom) PPM; C NMR (75.5 MHz, CDCl5) & = 14.0 (Cy12), 18.9 (C11), 30.2 (Co), 37.5 (Cs), 40.8
(C10), 47.2 (C7), 123.4 (C13), 123.8, 125.1, 127.1, 128.5 (C,.5), 142.4, 142.5 (C1, Cs) ppm; GC/MS
(El, DB-5ms column, 1 min at 120 °C then 120 — 250 °C at 8 °C/min): 7.7 min (m/z: 185 [M™]);
IR (film) v = 1458, 2232, 2960 cm™.

'H NMR (500 MHz, CDCls) 6= 1.17 (dd, J = 7.4, 7.4 Hz, 3H, H11), 2.00 (g, J = 7.4 Hz, 2H, Hy),
3.09 (dd, J = 13.7, 10.1 Hz, 1H, Hg,), 3.35 (dd, J = 13.8, 6.6 Hz, 1H, Hg), 3.65 (dd, J = 10.1, 6.6
Hz, 1H, Hg), 6.79 (d, J = 6.3 Hz, 1H, H,), 7.21-7.39 (m, 8H, Haom) ppm; *C NMR (125.8 MHz,
CDCls) §=10.7 (C11), 30.8 (C10), 38.1 (Cy), 50.0 (C7), 54.7 (Cs), 120.5 (C12), 121.9 (CHarom), 123.5
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(Cyp), 126.7, 128.5 (CHarom), 128.6 (Cis), 129.1 (C14), 129.2 (CHarom), 138.9 (Cy3), 142.3 (C¢), 145.7
(C1) ppm; GC/MS (CI (NH3), DB-5ms column, 1 min at 120 °C then 120 — 250 °C at 8 °C/min):
13.7 min (m/z: 265 [(M + NH,)™]); IR (film) v = 1455, 1496, 2230, 2966 cm™.

Transmission Electronic Microscopy

Electron microscopy observations were performed with a scanning transmission electron
microscope STEM VG HB501. Particle size distribution was measured at 100% substrate
conversion (for the reaction 1a — 1b, see Scheme 1) from 8 different images, each corresponding
to a different sample zone, using the ImageJ 1.33 analysis program from the National Institutes of
Health, USA (http://rsb.info.nih.gov/ij). The average particle diameter was 3.1 + 0.2 nm.

30

20

10

0
11 22 30 35 40 45

diameter (nm)

Figure S1. TEM Image and Size Distribution of Palladium Nanoparticles Formed During the

Reaction 1a — 1b (100 % conversion)

IV. Inhibition of Microtubule Assembly (Figure 1)

The drug, dissolved in DMSO at different concentrations, was pre-incubated with a solution of
tubulin at 37 °C for 10 min, then the solution was cooled to 0 °C for 5 min in order to achieve
complete tubulin depolymerization. The solution was then placed in a temperature-controlled cell at
37 °C (microtubule assembly) and the increase of the optical density was monitored in a UV
spectrophotometer at 350 nm for 1 min. The maximum rate of assembly was recorded and
compared to a sample without drug. The ICs is the concentration of compound required to inhibit
50 % of the rate of microtubule assembly. It was calculated from the effect of several
concentrations and compared to the 1Csy of colchicine obtained within the same day with the same
tubulin preparation. Reported values are averages of three experiments.
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