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1. General remarks

All the reactions were carried out in oven-dried glassware. Progress of reactions was
monitored by Thin Layer Chromatography (TLC) while purification of crude compounds was
done by column chromatography using Silica gel (Mesh size 100-200). The NMR spectra
were recorded on Bruker-400 MHz NMR spectrometer (400 MHz for *H NMR and 100 MHz
for 3C NMR) with CDCl; or (CD3).SO as the solvent and TMS as internal reference.
Integrals are in accordance with assignments; Coupling constants were reported in Hertz
(Hz). All 3C spectra are proton-decoupled. Multiplicity is indicated as follows: s (singlet), d
(doublet), t (triplet), g (quartet), m (multiplet), dd (doublet of doublet), br s (broad singlet).
FTIR spectra were recorded on a Perkin-Elmer RX-IFT-IR and absorbencies are reported in
cm™t. HRMS analyses were recorded using Q-T of Micro mass spectrometer (different mass
analyses based on availability of instruments). Yields refer to quantities obtained after

chromatography.
2. Experimental procedures
a. General experimental procedure (A) for the preparation of compounds 3a-r/ 4a:

To a stirred solution of 1 (1 equiv.) and KOH (2 equiv.) in DMSO, alkyl halide (2a)
(2.5 equiv.) was added and stirred for 12 h at 70 °C. The reaction was quenched with cold
water upon completion. The crude was extracted with ethyl acetate washed with dil. HCI and
distilled water. The combined organic layer was dried over anhydrous Na>SOa. Solvent was
removed under vacuum and crude was purified by silica gel column chromatography to

afford pure N-allylated-brominated derivatives (3a-r) and brominated derivatives (4a).

b. General procedure (B) for synthesis of compoundsl0a-b&10a'-b’

A mixture of compound 3a (1 equiv.), aryl boronic acids 9a-b (2.5 equiv.),
Pd(dppf)Cl..DCM (0.2 equiv.), and K>COs (1.5 equiv.) in 4 mL of dioxane-MeOH (3:1) was
microwave irradiated (power mode) at 100 W for 10 min. After completion of the reaction
(TLC), the solvent was removed in vacuo, and the residue was extracted with EtOAc and
washed with HCI (0.25 M, 20 mL) followed by saturated brine. The organic layer was dried
over anhydrous Na>SOa4 and purified through a silica gel column chromatography by gradient
elution using EtOAc:hexane to afford compounds 10a-b in very good yields along with 10a’-
b'.
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c. General Procedure (C) for synthesis of compound 11a
To a solution of RCM substrate (3e’) in toluene, 3mol% of Grubbs II catalyst was added
and stirred at RT for 3min. After completion of the reaction, the solvent was removed
under reduced pressure and residue was purified by silica gel column chromatography

using EtOAc:hexane as eluent to afford pure 11a in good yields.

3. Spectroscopic data of synthesized new compounds

N-allyl-4-bromo-N-(4-bromophenyl)aniline (3a);

Following the general procedure (A), reaction of compound la (200 mg, 1.183 mmol, 1
equiv.), allyl bromide 2a (0.2mL, 2.957 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (132
mg, 2.366 mmol, 2 equiv.) afforded compound 3a.

Colourless liquid: 310mg, 71% vyield,
Rt (5% EtOAc-Hexane):0.40;
FTIR (KBr) vmax: 3338, 3087, 2881, 1895, 1654, 1581, 1487,
1377, 1315, 1175, 1010, 819, 768, 720cm™;
H| 'H NMR (400 MHz, CDCls):5 7.37 — 7.35 (m, 2H), 7.34 —
N 7.32 (m, 2H), 6.91 — 6.89 (m, 2H), 6.88 (d, J = 3.2 Hz, 2H),
Br/©/ \©\Br 5.88 (ddt, J = 17.2, 10.3, 4.8 Hz, 1H), 5.26 — 5.16 (m, 2H),
3a 4.30 (dt, J = 4.7, 1.8 Hz, 2H);
13C NMR (CDCI3/TMS, 100 MHz): § 54.9, 114.2, 117, 122.5,
132.4, 133.5, 146.6;
HRMS-ESI: Calcd. for CisH13BroN [M+H]'m/z: 369.9316;
Found 369.9316.

N-allyl-5-bromo-N-phenyl-2-(phenylamino)benzamide (3b):

Following the general procedure (A), reaction of compound 1b (100 mg, 0.347 mmol,
lequiv.), allyl bromide 2a (0.07 mL, 0.868 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (38
mg, 0.694 mmol, 2 equiv.) afforded compound 3b.

©\ f Colourless liquid: 94mg, 66% yield;
N o Rt (5% EtOAc-Hexane): 0.43;
O%U FTIR (KBr) vmax: 3264, 3066, 2921, 2853, 1871, 1644, 1593,
AN 1494, 1443, 1376, 1326, 1246, 1182, 1129, 1075, 993, 914,
813, 754 cm?;
3b 'H NMR (400 MHz, CDCls): 8 9.74 (s, 1H), 8.20 (dd, J = 7.8,
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1.6 Hz, 1H), 7.45 (td, J = 7.7, 1.7 Hz, 1H), 7.38 (dd, J = 7.7,
1.1 Hz, 1H), 7.33 (d, J= 8.5 Hz, 2H), 7.30 — 7.25 (m, 2H),
7.21 (dd, J = 13.8, 5.5 Hz, 2H), 7.09 (dd, J = 7.9, 1.0 Hz, 1H),
7.02 (t, J= 7.4 Hz, 1H), 6.68 — 6.61 (m, 2H), 5.92 — 5.80 (m,
1H), 5.21 - 5.09 (M, 2H), 4.15 (d, J = 6.0 Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 56.1, 112.8, 117.9,
119.6, 120.1, 120.4, 124.4, 127.7, 129.1, 129.2, 129.5, 130.0,
132.0, 132.1, 132.3, 132.5, 133.0, 138.0, 145.3, 147.2, 163.7,
HRMS-ESI: Calcd. forC22H10BrN2O[M+Na] m/z: 429.0578;
Found 429.0583.

N-allyl-2-(allyl(phenyl)amino)-5-bromo-N-phenylbenzamide (3b")

Following the general procedure (A), reaction of compound 1b (100 mg, 0.347 mmol, 1
equiv.), allyl bromide 2a (0.07 mL, 0.868 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (38
mg, 0.694 mmol, 2 equiv.) afforded compound 3b”.

A
<

3b'

Colourless liquid: 52 mg, 33% yield;

Rt (5% EtOAc-Hexane):0.42;

FTIR (KBr) vmax: 3134, 2924, 1647, 1490, 1400, 1074,
754cm’;

'H NMR (400 MHz, CDCls): 6 7.38 (dd, J = 7.5, 1.1 Hz, 1H),
7.15-6.98 (m, 7H), 6.88 (d, J = 8.0 Hz, 1H), 6.81 (d, J = 3.4
Hz, 2H), 6.18 (d, J = 8.8 Hz, 2H), 5.66 (dqd, J = 12.1, 10.3,
5.6 Hz, 2H), 5.13 — 4.96 (m, 4H), 4.26 (d, J = 6.0 Hz, 2H),
3.91 (s, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 52.8, 54.6, 110.8,
117.4, 117.8, 125.3, 126.7, 127.2, 127.4, 128.8, 130.5, 130.8,
131.3, 133.2, 134.0, 134.6, 142.4, 144.1, 146.1, 169.3;
HRMS-ESI: Calcd. for CasH23BrN2O[M+H]"'m/z:447.1072,;
Found 447.1070.

N-allyl-5-bromo-N-phenyl-2-(p-tolylamino)benzamide (3c):

Following the general procedure (A), reaction of compound 1c (100 mg, 0.331 mmol,
lequiv.), allyl bromide 2a (0.07 mL, 0.827mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (37
mg, 0.662 mmol, 2 equiv.) afforded compound 3c.
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A

N
O%Kj/Br
H

N
3c

Yellow liquid:93 mg, 67% vyield,;

Rr (15% EtOAc-Hexane): 0 .42;

FTIR (KBr) vmax: 3354, 3034, 2981, 2920, 2859, 181, 1791,
1632, 1577, 1512, 1489, 1302, 1224, 1137, 1105, 1034, 995,
966, 929, 812, 769, 698cm™;

1H NMR (400 MHz, CDCls): § 7.49 (s, 1H), 7.35 (d, J = 1.1
Hz, 1H), 7.19 (s, 1H), 7.17 — 7.09 (m, 3H), 7.07 — 7.02 (m,
2H), 7.01 - 6.95 (m, 4H), 6.88 (d, J = 8.8 Hz, 1H), 5.90 (ddt,
J=16.2,10.2,6.0 Hz, 1H), 5.12 (ddd, J = 10.0, 7.9, 1.3 Hz,
2H), 4.44 (d, J = 6.0 Hz, 2H), 2.24 (s, 3H);

13C NMR (CDCI3/TMS, 100 MHz): & 21.0, 53.0, 109.6,
117.2, 118.2, 120.4, 124.1, 127.1, 127.2, 127.3, 129.3, 130.1,
132.2,132.3, 132.8, 133.0, 139.0, 143.0, 143.2, 169.2;
HRMS-ESI: Calcd. for C2sH21BrN2O[M+H]"'m/z: 421.0916;
Found 421.0913.

N-allyl-2-(allyl(p-tolyl)amino)-5-bromo-N-phenylbenzamide (3c"):

Following the general procedure (A), reaction of compound 1c (100 mg, 0.331 mmol, 1
equiv.), allyl bromide 2a (0.07 mL, 0.827mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (37
mg, 0.662 mmol, 2 equiv.) afforded compound 3c’.

A
Aoy

\/\N

3¢’

Colourless liquid: 52 mg, 34% vyield;

Rt (15% EtOAc-Hexane): 0.42;

FTIR (KBr) vmax: 3354, 3066, 3028, 2923, 2860, 1890, 1644,
1593, 1511, 1450, 1383, 1304, 1162, 1130, 1072, 921, 870,
813, 765, 698cm™;

'H NMR (400 MHz, CDCls): 6 7.35 (dd, J = 7.6, 1.2 Hz, 1H),
7.13 - 6.94 (m, 5H), 6.84 (dt, J = 7.1, 5.5 Hz, 5H), 6.30 (d, J
= 8.2 Hz, 1H), 5.72 (ddd, J = 22.0, 10.2, 5.0 Hz, 1H), 5.58 (it,
J =104, 6.1 Hz, 1H), 5.11 — 4.92 (m, 4H), 4.23 (d, J = 5.9
Hz, 2H), 3.90 (s, 2H), 2.17 (s, 3H);

13C NMR (CDCI3/TMS, 100 MHz): § 20.5, 52.5, 54.6, 116.9,
117.1, 117.4, 124.1, 126.2, 126.4, 127.3, 128.4, 128.6, 129.0,
130.1, 130.5, 133.5, 133.8, 134.5, 142.4, 144.5, 145.1, 169.6;

HRMS-ESI: Calcd. for C2sHasBrN2O[M+Na] 'm/z: 483.1048;
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Found 483.1046.

N-allyl-5-bromo-2-((4-bromophenyl)amino)-N-phenylbenzamide (3d):

Following the general procedure (A), reaction of compound 1d (100 mg, 0.2724 mmol,
lequiv.), allyl bromide 2a (0.06 mL, 0.681 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (30
mg, 0.544 mmol, 2 equiv.) afforded compound 3d.

N
o}jg/Br
H

N
Br
3d

Colourless liquid: 83 mg, 62% yield,;

Rr (10% EtOAc-Hexane): 0.44;

FTIR (KBr) vmax: 3482, 1633, 1583, 1500, 1399, 1262, 1074,
815, 698 cm

!H NMR (400 MHz, CDCls): & 7.43 (s, 1H), 7.34 — 7.30 (m,
2H), 7.19 (t, J = 3.8 Hz, 2H), 7.16 — 7.11 (m, 1H), 7.06 (dd, J
= 8.8, 2.2 Hz, 1H), 7.01 (s, 1H), 6.98 (dd, J = 5.7, 4.3 Hz,
2H), 6.93 (d, J = 2.2 Hz, 1H), 6.90 — 6.84 (m, 2H), 5.87 (ddlt,
J = 16.3, 10.3, 6.0 Hz, 1H), 5.12 (ddd, J = 6.6, 4.5, 1.3 Hz,
2H), 4.42 (d, J = 6.0 Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz):8 53.0, 11.1, 114.1, 118.1,
118.3, 120.8, 125.4, 127.2, 127.5, 129.4, 132.5, 132.5, 132.6,
133.2, 141.0, 141.7, 143.0, 169.0;

HRMS-ESI: Calcd. for C22H1sBra2N2O[M+H]"m/z: 488.9864;
Found 488.9849.

N-allyl-2-(allyl(4-bromophenyl)amino)-5-bromo-N-phenylbenzamide (3d"):

Following the general procedure (A), reaction of compound 1d (100 mg, 0.2724 mmol, 1
equiv.), allyl bromide 2a(0.06 mL, 0.681 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (30
mg, 0.544 mmol, 2 equiv.) afforded compound 3d°.

Q.S
<

Br

Colourless liquid: 52 mg, 36% yield,;

Rr (10% EtOAc-Hexane): 0.44;

FTIR (KBr) vmax: 3418, 2995, 1644, 1589, 1491, 1452, 1384,
1307, 995, 923, 817, 765, 698cm™;

IH NMR (400 MHz, CDCl3): & 7.38 (d, J = 6.8 Hz, 1H), 7.12
(d, J = 7.3 Hz, 1H), 7.09 — 6.99 (m, 5H), 6.89 (d, J = 7.9 Hz,
1H), 6.82 (d, J = 3.1 Hz, 2H), 6.18 (d, J = 8.7 Hz, 2H), 5.68
(dddd, J = 22.9, 16.4, 11.0, 5.6 Hz, 2H), 5.11 — 4.97 (m, 4H),
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4.27 (d, J = 5.9 Hz, 2H), 3.92 (s, 2H);

13C NMR (CDCI3/TMS, 100 MHz):8 20.5, 52.5, 54.6, 116.9,
117.1, 117.4, 124.1, 126.2, 126.4, 127.3, 128.4, 128.6, 129.0,
130.1, 130.5, 133.5, 133.8, 134.5, 142.4, 1445, 145.1, 169.6;
HRMS-ESI: Calcd. for CasH22BraN2O[M+H]* m/z: 529.0177;
Found 529.0159.

N-allyl-5-bromo-2-(phenylamino)-N-(p-tolyl)benzamide (3e):

Following the general procedure (A), reaction of compound le (150 mg, 0.496 mmol, 1
equiv.), allyl bromide 2a (0.1 mL, 1.241 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (55
mg, 0.993 mmol, 2 equiv.) afforded compound 3e.

Colourless Liquid: 133mg, 64% yield:;

Rt (15% EtOAc-Hexane): 0.45;

FTIR (KBr) vmax: 3295, 3190, 3111, 3037, 2986, 2926, 1626,

1585, 1513, 1485, 1395, 1225, 1165, 1073, 1046, 1006, 974,

911, 817, 770, 742, 714 cm'%;

\©\ ~ 'H NMR (400 MHz, CDCls): §7.50 (s, 1H), 7.33 — 7.27 (m,
O)Nji)/sr 2H), 7.15 (d, J = 8.2 Hz, 1H), 7.02 — 6.96 (m, 1H), 6.92 (t, J =
N 9.3 Hz, 4H), 6.84 (d, J = 8.2 Hz, 3H), 6.48 (t, J = 7.4 Hz, 1H),

@ 5.87 (ddt, J = 16.2, 10.3, 5.9 Hz, 1H), 5.15 — 5.06 (m, 2H),

: 4.41 (d, J =5.9 Hz, 2H), 2.19 (s, 3H);

13C NMR (CDCIs/TMS, 100 MHz): §21.0, 52.0, 113.2, 116.8,

117.8, 119.5, 120.2, 124.3, 127.0, 129.7, 129.8, 130.1, 132.2,

133.0, 136.7, 140.6, 141.6, 142.3, 170.4;

HRMS-ESI: Calcd. for C2sH21BrN2O[M+H]"'m/z: 421.0916;
Found 421.0918.

e

N-allyl-2-(allyl(phenyl)amino)-5-bromo-N-(p-tolyl)benzamide (3e’):

Following the general procedure (A), reaction of compound 1e (150 mg, 0.496 mmol, 1
equiv.), allyl bromide 2a (0.1 mL, 1.241 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (55
mg, 0.993 mmol, 2 equiv.) afforded compound 3e’.
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Colourless Liquid: 73 mg, 31% yield;

Rr (15% EtOAc-Hexane): 0.41;

FTIR (KBr) vmax: 3659, 3070, 3032, 2979, 2923, 2860, 1846,
1642, 1586, 1511, 1488, 1449, 1383, 1306, 1241, 1162, 1129,
994, 922, 818, 772, 723, 655cm™;

IH NMR (400 MHz, CDCl3): & 7.37 (dd, J = 7.5, 1.3 Hz, 1H),
7.11 (dd, J = 7.7, 1.3 Hz, 1H), 7.08 — 7.01 (m, 3H), 6.89 (d, J
= 7.9 Hz, 1H), 6.77 (d, J = 8.1 Hz, 2H), 6.67 (d, J = 8.2 Hz,
2H), 6.16 (d, J = 8.9 Hz, 2H), 5.78 — 5.70 (m, 1H), 5.66 (ddd,
J =122, 95, 54 Hz, 1H), 5.12 — 5.04 (m, 2H), 5.04 — 4.97
(m, 2H), 4.26 (d, J = 6.1 Hz, 2H), 3.97 (d, J = 4.3 Hz, 2H),
2.16 (s, 3H);

13C NMR (CDCI3/TMS, 100 MHz): §21.0, 52.7, 54.6, 110.5,
117.3, 117.6, 117.7, 125.3, 127.0, 127.2, 127.5, 129.3, 130.1,
130.7, 131.5, 133.2, 133.6, 136.5, 139.6, 144.0, 146.1, 169.2;
HRMS-ESI: Calcd. for C26H2sBrN2O[M+Na]* m/z: 483.1048;
Found 483.1057.

N-allyl-5-bromo-N-(3-bromophenyl)-2-(phenylamino)benzamide (3f):

Following the general procedure (A), reaction of compound 1f (150 mg, 0.408 mmol, 1
equiv.), allyl bromide 2a (0.09 mL, 1.021 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (45
mg, 0.817 mmol, 2 equiv.) afforded compound 3f.

Br

Wy

X

S

Yellow Liquid: 125 mg, 62% yield,;

Rt (10% EtOAc-Hexane): 0.42;

FTIR (KBr) vmax: 3342, 3069, 2925, 2855, 1876, 1638, 1583,
1506, 1454, 1375, 1309, 1225, 1164, 1072, 999, 876, 811,
753, 697cm?;

'H NMR (400 MHz, CDCl3):5 7.36 (s, 1H), 7.33 — 7.28 (m,
2H), 7.20 (d, J = 9.3 Hz, 1H), 7.15 (dd, J = 5.4, 3.3 Hz, 2H),
7.05-6.98 (m, 2H), 6.94 — 6.87 (m, 3H), 6.83 (dd, J = 7.7,
1.3 Hz, 1H), 6.56 — 6.49 (m, 1H), 5.86 (ddt, J = 16.2, 10.3, 5.9
Hz, 1H), 5.13 (ddd, J =7.2,5.0, 1.2 Hz, 2H), 4.41 (d, J =5.9
Hz, 2H);
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13C NMR (CDCI3/TMS, 100 MHz): §52.7, 113.5, 117.1,
118.2, 119.8, 120.4, 122.3, 123.9, 125.8, 129.5, 129.9, 130.1,
130.2, 130.6, 132.3, 132.6, 141.4, 142.4, 144.6, 170.4;

HRMS-ESI: Calcd. for C22H1sBr2N2O[M+H]* m/z: 484.9864;
Found 484.9854.

N-allyl-5-bromo-2-((4-bromophenyl)amino)-N-(p-tolyl)benzamide (3g):

Following the general procedure (A), reaction of compound 1g (100 mg, 0.263 mmol, 1
equiv.), allyl bromide 2a (0.05 mL, 0.657 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (29
mg, 0.526 mmol, 2 equiv.) afforded compound 3g.

\QN -
ojUBf
s

N
Br
39

ColourlessLiquid: 107 mg, 81% yield:;

Rt (10% EtOAc-Hexane): 0.40;

FTIR (KBr) vmax: 3320, 3021, 2923, 2857, 2534, 1896, 1635,
1583, 1504, 1429, 1378, 1306, 1266 1224, 1176, 1073, 1003,
923, 814, 729, 641cm™;

'H NMR (400 MHz, CDCls): & 7.37 (s, 1H), 7.33 — 7.29 (m,
2H), 7.06 (dd, J = 8.8, 2.3 Hz, 1H), 7.01 — 6.94 (m, 4H), 6.88
—6.82 (m, 4H), 5.85 (ddt, J = 16.3, 10.3, 6.0 Hz, 1H), 5.14 —
5.07 (m, 2H), 4.38 (dt, J = 6.0, 1.3 Hz, 2H), 2.22 (s, 3H).

13C NMR (CDCIs/TMS, 100 MHz): & 21.0, 53.0, 111.1,
113.9, 118.1, 118.2, 120.6, 125.7, 126.9, 129.9, 132.3, 132.4,
132.6, 132.9, 137.3, 140.1, 141.0, 141.5, 168.8;

HRMS-ESI: Calcd. for CasH20BroN.O[M+H]" m/z: 499.0021;
Found 499.0000.

N-allyl-5-bromo-2-((4-methoxyphenyl)amino)-N-(p-tolyl)benzamide (3h):

Following the general procedure (A), reaction of compound 1h (100 mg, 0.3008 mmol, 1
equiv.), allyl bromide 2a (0.06 mL, 0.752 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (33
mg, 0.601 mmol, 2 equiv.) afforded compound 3h.
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3h

Yellow liquid: 75 mg, 55% yield;

Rr (10% EtOAc-Hexane): 0.48;

FTIR (KBr) vmax: 3827, 3326, 3042, 3002, 2924, 2835, 2066,
1872, 1634, 1599, 1510, 1463, 1315, 1295, 1239, 1172, 1139,
1106, 999, 970, 929, 888, 819, 757, 718, 648 cm™;

'H NMR (400 MHz, CDCls): § 7.25 (s, 1H), 6.98 (dt, J = 4.6,
3.5 Hz, 5H), 6.92 — 6.87 (m, 3H), 6.83 — 6.79 (m, 2H), 6.77
(d, J = 8.9 Hz, 1H), 5.88 (ddt, J = 16.2, 10.2, 6.0 Hz, 1H),
5.16 — 5.08 (m, 2H), 4.40 (dt, J = 6.0, 1.3 Hz, 2H), 3.74 (s,
3H), 2.23 (s, 3H).

13C NMR (CDCI3/TMS, 100 MHz): & 21.0, 53.0, 55.6, 108.9,
114.8, 116.1, 118.0, 123.2, 123.3, 126.8, 129.9, 132.2, 132.8,
132.9, 134.4, 137.0, 140.4, 144.2, 155.8, 169.3;

HRMS-ESI: Calcd. for C24H23BrN2O2[M+H]* m/z: 451.1021;
Found451.10009.

N-allyl-5-bromo-2-(methylamino)-N-phenylbenzamide (3i):

Following the general procedure (A), reaction of compound 1i (100 mg, 0.441 mmol, 1
equiv.), allyl bromide 2a (0.09 mL, 1.104 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (49
mg, 0.883 mmol, 2 equiv.) afforded compound 3i.

<y

I
3i

Colourless Lquid: 109mg, 71% yield;

Rt (10% EtOAc-Hexane): 0.45;

FTIR (KBr) vmax: 3897, 3781, 3280, 3194, 3137, 3083, 2956,
2858, 2798, 1655, 1602, 1544, 1489, 1443, 1396, 1323, 1260,
1185, 1140, 980, 932, 898, 813, 759, 724 cm™™;

'H NMR (400 MHz, CDCls): 6 12.16 (s, 1H), 8.36 (d, J=2.5
Hz, 1H), 7.60 (d, J = 7.6 Hz, 2H), 7.51 (dd, J = 8.5, 2.5 Hz,
1H), 7.30 (t, J = 7.9 Hz, 2H), 7.07 (dd, J = 15.9, 8.0 Hz,2H),
5.87 - 5.73 (m, 1H), 5.20 (dd, J = 11.4, 6.1 Hz, 2H), 3.54 (d, J
= 6.7 Hz, 2H), 2.70 (s, 3H);

13C NMR (CDCIs/TMS, 100 MHz): § 42.5, 61.0, 119.1,
120.1, 120.5, 123.8, 124.2, 129.2, 130.2, 132.8, 134.6, 135.2,
138.5, 150.2, 162.6;

HRMS-ESI: Calcd. for Ci7H17BrN2O[M+H]" m/z: 345.0603;
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Found 345.0602.

5-bromo-N-(3-bromophenyl)-2-(diallylamino)benzamide (3j):

Following the general procedure (A), reaction of compound 1j (200 mg, 0.689 mmol, 1
equiv.), allyl bromide 2a (0.1 mL, 1.723 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (77
mg, 1.378 mmol, 2 equiv.) afforded compound 3j.

g -
Br
H
N/\/
Hl

3j

White powder: 132 mg, 43% vyield;

Rr (10% EtOAc-Hexane): 0.48;

FTIR (KBr) vmax: 3705, 2924, 1667, 1589, 1541, 1474, 1421,
1254, 1032, 923, 769, 674 cm™™;

!H NMR (400 MHz, CDCls): 812.52 (s, 1H), 8.37 (d, J = 2.5
Hz, 1H), 7.87 (d, J = 1.7 Hz, 1H), 7.55 — 7.41 (m, 2 H), 7.20 —
7.13 (m, 2H), 7.07 (d, J = 8.5 Hz, 1H), 5.72 (ddt, J = 17.0,
10.3, 6.8 Hz, 2H), 5.19 — 5.09 (m, 4H), 3.59 (d, J = 6.8 Hz,
4H).

13C NMR (CDCIs/TMS, 100 MHz): & 57.8, 118.4, 119.7,
120.8, 123.0, 122.9, 125.7, 127.1, 1135, 113.8, 132.1, 134.6,
135.2, 139.8, 148.1, 162.6;

HRMS-ESI: Calcd. for C19H18BroN2O[M+H]* m/z: 452.9864;
Found 452.9866.

1-allyl-3-bromo-1H-indole (3k):

Following the general procedure (A), reaction of compound 1k (200 mg, 1.707 mmol, 1
equiv.), allyl bromide 2a (0.4 mL, 4.268 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (191
mg, 3.414 mmol, 2 equiv.) afforded compound 3k.

Yellow liquid: 265mg, 66% yield;

Rr (10% EtOAc-Hexane):0.40;

FTIR (KBr) vmax: 3118, 3056, 2985, 2919, 1645, 1611, 1516,
1459, 1417, 1387, 1322, 1253, 1200, 990, 793, 656cm™;

'H NMR (400 MHz, CDCls): & 7.47 (d, J = 7.4 Hz, 1H),
7.18 — 7.05 (m, 3H), 6.96 (s, 1H), 5.81 (ddd, J = 22.4, 10.6,
5.5 Hz, 1H), 5.08 (dd, J = 10.2, 1.0 Hz, 1H), 4.97 (d, J = 17.1
Hz, 1H), 4.51 (d, J = 5.4 Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 49.05, 90.02, 109.91,
117.90, 119.44, 120.33, 122.75, 126.78, 127.52, 132..96,
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135.75;
HRMS-ESI: Calcd. for CiiHioBrN[M+Na]™ m/z: 257.1094;
Found257.1054.

2-(allyl(phenyl)amino)-5-bromo-N-phenylbenzamide (3lI):

Following the general procedure (A), reaction of compound 11 (100 mg, 0.5174 mmol, 1
equiv.), allyl bromide 2a (0.1 mL, 1.293 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (57
mg, 1.034 mmol, 2 equiv.) afforded compound 3lI.

Yellow Solid: 89mg, 73% vyield,;

Rt (10% EtOAc-Hexane): 0.43;

FTIR (KBr) vmax: 3076, 2979, 2923, 2325, 1960, 1895, 1818,
1768, 1680, 1643, 1603, 1454, 1419, 1386,1321, 1257, 1229,
1179, 1111, 1069, 985, 947, 831, 797, 698, 662, 576 cm;

'H NMR (400 MHz, CDCls3): 6 7.68 (d, J = 7.6 Hz, 1H), 7.57
—7.47 (m, 5H), 7.39 — 7.25 (m, 3H), 5.98 — 5.88 (m, 1H), 5.20
(d, J = 10.4 Hz, 1H), 497 (d, J = 17.2 Hz, 1H), 4.71 — 4.66
(m, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 47.26, 90.80, 110.60,
116.87, 119.54, 120.83, 123.05, 127.55, 128.56, 128.94,
130.67, 133.45, 136.39, 138.05;

HRMS-ESI: Calcd. for C12H12BrNO[M+H]" m/z: 314.0388;
Found 314.0370.

1-allyl-3-bromo-2-methyl-1H-indole (3m):

Following the general procedure (A), reaction of compound 1m (100 mg, 0.762 mmol, 1
equiv.), allyl bromide 2a (0.2 mL, 1.90 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (85
mg, 1.52 mmol, 2 equiv.) afforded compound 3m.

Br

o
N
<

3m

Yellow liquid: 86 mg, 59% vyield,

Rt (7% EtOAc-Hexane): 0.42;

FTIR (KBr) vmax: 3398, 1643, 1463, 1383, 1332, 1263, 1197,
1084, 991, 923, 742, 547 cm’%;

'H NMR (400 MHz, CDCls): 8 7.57 — 7.53 (m, 1H), 7.29 —
7.17 (m, 3H), 5.94 (ddt, J = 17.1, 10.3, 4.7 Hz, 1H), 5.17
(ddd, J = 10.3, 2.7, 1.7 Hz, 1H), 4.88 (ddd, J = 17.1, 2.9, 1.9
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Hz, 1H), 4.76 — 4.71 (m, 2H), 2.44 (s, 3H);

13C NMR (CDCI3/TMS, 100 MHz): & 10.97, 46.06, 89.82,
109.23, 116.55, 118.53, 120.15, 121.89, 127.03, 132.83,
133.89, 135.69;

HRMS-ESI: Calcd. for C1sH1sN3O2 [M+Na]* m/z: 273.0003;
Found 273.0031.

1-allyl-3-bromo-1H-pyrrolo[2,3-b]pyridine (3n):

Following the general procedure (A), reaction of compound 1n (100 mg, 0.846 mmol, 1
equiv.), allyl bromide 2a (0.2 mL, 2.116 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (94

mg, 1.692 mmol, 2 equiv.) afforded compound 3n.

Colourless liquid: 126mg, 63% vyield,

Rt (10% EtOAc-Hexane): 0.42;

FTIR (KBr) vmax: 3053, 2923, 1862, 1645, 1596, 1566, 1419,
1318, 1195, 1114, 991, 937, 792, 766, 672cm™;

IH NMR (400 MHz, CDCls): & 8.26 (dd, J = 4.7, 1.4 Hz, 1H),
7.75 (dd, J = 7.9, 1.5 Hz, 1H), 7.15 (s, 1H), 7.03 (dd, J = 7.9,
4.7 Hz, 1H), 5.92 (ddt, J = 16.9, 10.3, 5.6 Hz, 1H), 5.13 (dd, J
=10.2, 1.2 Hz, 1H), 5.07 — 5.00 (m, 1H), 4.80 (dt, J = 5.6, 1.5
Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 46.65, 88.35, 116.44,
117.95, 119.97, 126.71, 127.55, 133.23, 144.03, 146.36;

HRMS-ESI: Calcd. for CioHoBrNz[M+H]* m/z: 237.0027;
Found 237.0030.

1-allyl-3,5-dibromo-1H-pyrrolo[2,3-b] pyridine (30):
Following the general procedure (A), reaction of compound 1o (70 mg, 0.355 mmol,
lequiv.), allyl bromide 2a (0.07 mL, 0.887 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (39

mg, 0.710 mmol, 2 equiv.) afforded compound 3o.

White Solid: 95 mg, 85% yield;

Rr (10% EtOAc-Hexane): 0.44;

FTIR (KBr) vmax: 3123, 3072, 2926, 2854, 2188, 1852, 1811,
1746, 1738, 1710, 1641, 1589, 1463, 1410, 1379, 1334, 1298,
1193, 1136,965, 886, 799, 765, 686 cm™;
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30

IH NMR(400 MHz, CDCl3) & 8.26 (d, J = 2.1 Hz, 1H), 7.88
(d, = 2.1 Hz, 1H), 7.16 (s, 1H), 5.91 (ddt, J = 17.0, 10.3, 5.7
Hz, 1H), 5.16 (ddd, J = 10.2, 2.4, 1.2 Hz, 1H), 5.05 (ddd, J =
17.0, 2.7, 1.5 Hz, 1H), 4.77 (dt, J = 5.7, 1.5 Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz):6 46.89, 87.55, 112.38,
118.34, 121.35, 128.11, 129.65, 132.81, 144.68, 144.76;
HRMS-ESI: Calcd. for CioHsBraNz[M+H]* m/z: 314.9132;
Found 314.9135.

1-allyl-3,6-dibromo-1H-pyrrolo[2,3-b]pyridine (3p):

Following the general procedure (A), reaction of compound 1p (70 mg, 0.355 mmol,
lequiv.), allyl bromide 2a (0.08 mL, 0.888 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (39
mg, 0.710 mmol, 2 equiv.) afforded compound 3p.

White Solid: 81 mg, 73% yield;

Rr (15% EtOAc-Hexane): 0.42;

FTIR (KBr) vmax: 3886,3434, 3127, 3091, 3029, 2981, 2929,
2884, 2846, 2753, 2679, 2576, 2388, 2182, 1887, 1809, 1644,
1592, 1551, 15009, 1463, 13339, 1296, 1217, 1162, 1001,
934, 805, 757, 698cm’™;

!H NMR (400 MHz, CDCls): 6 7.61 (d, J = 8.2 Hz, 1H), 7.20
(d, J=8.2 Hz, 1H), 7.13 (s, 1H), 5.91 (ddt, J = 16.1, 10.2, 5.9
Hz, 1H), 5.15 (ddd, J = 18.2, 13.6, 1.2 Hz, 2H), 4.83 — 4.75
(m, 2H);

13C NMR (CDCI3/TMS, 100 MHz): § 46.83, 88.83, 118.63,
120.29, 126.78, 129.72, 132.80, 136.02, 145.79;

HRMS-ESI: Calcd. for CioHsBroaNz[M+H]" m/z: 314.9132;
Found314.9134.

1-allyl-3-bromo-5-phenyl-1H-pyrrolo[2,3-b] pyridine (3q):

Following the general procedure (A), reaction of compound 1gq (70 mg, 0.360 mmol, 1
equiv.), allyl bromide 2a (0.07 mL, 0.900 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (40
mg, 0.720 mmol, 2 equiv.) afforded compound 3q.
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Brown Solid: 69 mg, 61% yield;

Rt (7% EtOAc-Hexane): 0.45;

FTIR (KBr) vmax: 3433, 3115, 3062, 3028, 2925, 2854, 2605,
1954, 1895, 1856, 1730, 1643, 1602, 1555, 1474, 1446, 1350,
1328, 1244, 1196, 993, 970, 822, 766, 701, 659 cm™™;

IH NMR (400 MHz, CDCls): & 8.51 (d, J = 2.0 Hz, 1H), 7.94
(d, J = 2.1 Hz, 1H), 7.56 (dd, J = 8.1, 1.0 Hz, 2H), 7.40 (dd, J
= 10.4, 4.8 Hz, 2H), 7.30 (dt, J = 9.1, 4.2 Hz, 1H), 7.20 (s,
1H), 6.01 — 5.91 (m, 1H), 5.17 (dd, J = 10.2, 1.2 Hz, 1H), 5.09
(dd,J=17.1,1.2 Hz, 1H), 4.84 (dt, J = 5.6, 1.4 Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 46.83, 88.64, 118.08,
119.96, 125.92, 127.28, 127.42, 127.48, 129.00, 130.43,
133.18, 139.09, 143.48, 145.94;

HRMS-ESI: Calcd. for CisH13BrNo[M+H]" m/z: 313.0340;
Found313.0341.

1-allyl-3-bromo-6-phenyl-1H-pyrrolo[2,3-b] pyridine (3r):

Following the general procedure (A), reaction of compound 1r (50 mg, 0.257 mmol, 1
equiv.), allyl bromide 2a (0.05 mL, 0.643 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (28

mg, 0.514 mmol, 2 equiv.) afforded compound 3r.

Yellow Liquid: 60 mg, 74% vyield;

Rr (7% EtOAc-Hexane): 0.41;

FTIR (KBr) vmax: 3123, 3061, 2924,1779, 1723, 1599, 1568,
1509, 1450, 1413, 1354, 1292, 1214, 1180, 1125, 1098, 1023,
995, 812, 756, 693cm™;

IH NMR (400 MHz, CDCls): & 8.03 — 7.97 (m, 2H), 7.77 (d, J
=8.2 Hz, 1H), 7.51 (d, J = 8.3 Hz, 1H), 7.37 (dd, J = 10.3, 4.7
Hz, 2H), 7.30 (dd, J = 5.8, 1.6 Hz, 1H), 7.12 (s, 1H), 5.93
(ddt, J = 16.4, 10.5, 5.9 Hz, 1H), 5.17 — 5.10 (m, 2H), 4.85
(dd, J=4.6, 1.3 Hz, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 46.59, 88.43, 113.87,
118.26, 118.80, 126.94, 127.12, 128.03, 128.56, 128.72,
133.51, 139.88, 146.56, 152.00;
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HRMS-ESI: Calcd. for CigH1zBrN2[M+H]* m/z: 313.0340;
Found 313.0332.

N-allyl-4-bromo-N-methylaniline (3s);

Following the general procedure (A), reaction of compound 1s (100 mg, 0.9339 mmol, 1
equiv.), allyl bromide 2a (0.2 mL, 2.334 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (104
mg, 1.867 mmol, 2 equiv.) afforded compound 3s.

Yellow liquid: 110 mg, 52% vyield;
Rt (10% EtOAc-Hexane):0.40;

B
r\©\ IH NMR (400 MHz, CDCl3):8 7.23 — 7.17 (m, H), 6.52 — 6.47
_CH
N (m, 2H), 5.74 (ddt, J = 15.4, 10.1, 3.2 Hz, 1H), 5.09 — 5.03
K (m, 2H), 3.81 (dt, J = 4.9, 1.6 Hz, 2H), 2.84 (s, 3H);

13C NMR (CDCI3/TMS, 100 MHz): § 37.12, 54.14, 107.20,
112.94, 115.30, 130.69, 132.11, 147.35;

3s

N,N-diallyl-4-bromoaniline (3t);

Following the general procedure (A), reaction of compound 1t (380 mg, 4.0803 mmol, 1
equiv.), allyl bromide 2a (0.8 mL, 10.200 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (456
mg, 8.160 mmol, 2 equiv.) afforded compound 3t.

Yellow liquid: 635 mg, 62% vyield,;
Rt (10% EtOAc-Hexane):0.40;

XNNNF !H NMR (400 MHz, CDCls): § 7.25 — 7.15 (m, 2H), 6.72 —
6.63 (m, 2H), 5.89 — 5.75 (m, 2H), 5.20 — 5.10 (m, 4H), 3.92 -
3.81 (m, 4H);
Br 13C NMR (CDCI3/TMS, 100 MHz): & 52.12, 52.96, 112.44,
3t 114.06, 116.06, 116.26, 116.40, 129.15, 131.79, 133.53,

134.15, 147.71, 148.79;

bis(4-bromophenyl)amine (4a):
Following the general procedure (A), reaction of compound la (200 mg, 1.183 mmol, 1
equiv.), allyl bromide 2a (0.2 mL, 2.954 mmol, 2.5 equiv.) in DMSO (3 mL) and KOH (132

mg, 2.366 mmol, 2 equiv.) afforded compound 4a.
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H
Br Br

4a

White Powder: 120 mg, 31% vyield,;

Rr (5% EtOAc-Hexane):0.40;

FTIR (KBr) vmax: 3414, 3061, 3027, 2922, 2854, 2804, 2727,
2539, 2100,1885, 1769, 1583, 1502, 1376, 1318, 1228, 1171,
1112, 1069, 1001, 927, 813, 690cm™*;

'H NMR (400 MHz, CDCl3): & 7.38 — 7.36 (m, 2H), 7.36 —
7.34 (m, 2H), 6.92 (d, J = 2.2 Hz, 2H), 6.91 — 6.90 (m, 2H),
5.65 (s, 1H).;

13C NMR (CDCIs/TMS, 100 MHz): 6113.5, 119.7, 132.5,
141.9;

HRMS-ESI; Calcd for Ci2HoBroN [M+Na]*m/z:325.9180;
Found 325.9194.

N-allyl-N-phenylaniline (5a):

Following the general procedure (A), reaction of compound l1a (100 mg, 0.5915 mmol, 1
equiv.), allyl bromide 2a (0.1mL, 1.477 mmol, 2.5 equiv.) in 1,4 dioxane (3 mL) and KOH
(66 mg, 1.183 mmol, 2 equiv.) afforded compound 5a.

Colourless liquid:180 mg, 72% vyield,

Rt (7% EtOAc-Hexane):0.40;

FTIR (KBr) vmax: 3338, 3061, 2854, 2804, 2727, 2539,
2100,1885, 1769, 1583, 1502, 1487, 1376, 1318, 1069, 927,
813, 670 cm™;

IH NMR (400 MHz, CDCls): § 7.36 — 7.30 (m, 4H), 7.11
(ddd, J = 8.6, 2.0, 1.0 Hz, 4H), 7.05 — 6.98 (m, 1H), 6.06 —
5.96 (m, 1H), 5.38 — 5.32 (m, 1H), 5.27 — 5.22 (m, 1H), 4.46 —
4.41 (m, 2H);

13C NMR (CDCI3/TMS, 100 MHz): & 54.9, 116.5, 120.9,
121.4,129.3, 134.4, 148.0;

HRMS-ESI; Calcd for CisHisN [M+H]" m/z: 210.1286;
Found 210.1286.

N-([1,1'-biphenyl]-4-yl)-N-allyl-[1,1'-biphenyl]-4-amine (10a):

Following the general procedure (B), reaction of compound 3a (100 mg, 0.2724 mmol, 1
equiv.) and phenyl boronic acid 9a (82 mg, 0.681 mmol, 2.5 equiv.), Pd(dppf)Cl..DCM (38
mg, 0.544 mmol, 0.2 equiv.) and K>COsz (56 mg, 0.4086 mmol, 1.5 equiv.) as base in
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dioxane:MeOH (3:1) solvent system was microwave (MW) irradiated (100 W) for 10 min

afforded compound 10a.

White powder:35 mg, 36% yield;

R#(7% EtOAc-Hexane): 0.49;

FTIR (KBr) vmax: 3402, 3032, 2983, 2913, 1880, 1600, 1519,
1486, 1429, 1374, 1349,1257, 1229, 1193, 1116, 1074, 1037,
985, 915, 823, 761, 692 cm™?;

IH NMR(400 MHz, CDCls): § 7.50 (dd, J = 7.2, 0.7 Hz, 5H),
7.45 (d, J = 8.6 Hz, 4H), 7.34 (s, 3H), 7.25 — 7.21 (m, 2H),
7.09 — 7.06 (m, 4H), 5.96 — 5.86 (m, 1H), 5.25 (dd, J = 17.2,
1.5 Hz, 1H), 5.14 (dd, J = 10.4, 1.4 Hz, 1H), 4.39 — 4.35 (m,
2H);

13C NMR(CDCIs/TMS, 100 MHz) & 55.0, 117.0, 121.0,
121.1, 127.0, 128.0, 129.0, 134.2, 134.3, 141.0, 147.1;
HRMS-ESI: Calcd. ForCorHsN[M+H]"'m/z:  362.1909;
Found 362.1911;

di([1,1'-biphenyl]-4-yl)amine (10a’):

Following the general procedure (B), reaction of compound 3a (100 mg, 0.2724 mmol, 1
equiv.) and phenyl boronic acid 9a (82 mg, 0.681 mmol, 2.5 equiv.), Pd(dppf)Cl..DCM (38
mg, 0.544 mmol, 0.2 equiv.) and K>COsz (56 mg, 0.4086 mmol, 1.5 equiv.) as base in

dioxane:MeOH (3:1) solvent system was microwave (MW) irradiated (100 W) for 10 min

afforded compound 10a’.

H
N

10a’

White powder: 53 mg, 61% vyield,;

Rt (7% EtOAc-Hexane): 0.46;

FTIR (KBr) vmax: 3422, 2923, 1607, 1529, 1491, 1319, 827,
758, 688 cm?;

'H NMR(400 MHz, CDCl3) & 7.52 (t, J = 1.6 Hz, 2H), 7.50
(d, J=1.0 Hz, 2H), 7.49 — 7.47 (m, 2H), 7.46 — 7.44 (m, 2H),
7.37 (d, J = 1.8 Hz, 1H), 7.33 (d, J = 1.6 Hz, 2H), 7.24 (dt, J =
9.1, 4.2 Hz, 3H), 7.12 (s, 2H), 7.11 — 7.09 (m, 2H), 5.81 (s,
1H).

13C NMR(CDCI3/TMS, 100 MHz): & 118.2, 127.0, 127.8,
128.2,128.9, 134.1, 141.0, 142.4;
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HRMS-ESI: Calcd. for CasHioN [M+H]™m/z: 322.1595;
Found 322.1606;

4" 4™'-(allylazanediyl)bis(([1,1'-biphenyl]-4-carbonitrile)) (10b):

Following the general procedure (B), reaction of compound 3a (100 mg, 0.2724 mmol, 1
equiv.) and 4-Cyanophenyl phenyl boronic acid 9b (100 mg, 0.681 mmol, 2.5 equiv.),
Pd(dppf)Cl..DCM (38 mg, 0.544 mmol, 0.2 equiv.) and K>COs3 (56 mg, 0.4086 mmol, 1.5
equiv.) as base in dioxane:MeOH (3:1) solvent system was microwave (MW) irradiated (100
W) for 10 min afforded compound 10b.

White powder: 65 mg, 58% vyield,;

Rt (7% EtOAc-Hexane): 0.39;

FTIR (KBr) vmax: 3414, 2923, 2525, 1952, 1691, 1597, 1265,
915, 823cm™?;

'H NMR (400 MHz, CDCls): § 7.71 (d, J = 1.9 Hz, 1H), 7.70
—7.68 (m, 2H), 7.63 (t, J = 1.7 Hz, 3H), 7.61 (d, J = 1.7 Hz,

lH 3H), 7.59 (d, J = 2.3 Hz, 2H), 7.57 (d, J = 0.8 Hz, 1H), 7.47
N (d, J = 2.0 Hz, 1H), 7.45 (d, J = 2.1 Hz, 1H), 7.12 (d, J = 2.1

NC CN Hz, 1H), 7.10 (d, J = 2.1 Hz, 1H), 5.90 (ddt, J = 17.2, 10.3,
106 4.7 Hz, 1H), 5.24 (dd, J = 17.6, 1.8 Hz, 1H), 5.16 (dd, J =

10.4, 1.4 Hz, 1H), 4.44 — 4.35 (m, 2H);

13C NMR (CDCI/TMS, 100 MHz): & 54.8, 110.2, 112.5,
117.1, 1185, 119.2, 121.2, 127.0, 128.0, 128.2, 132.2, 132.7,
133.0, 133.6, 143.6, 145.1, 148.0;

HRMS-ESI:  Calcd. for CogHaNa[M+H]*m/z:412.1814;
Found 412.1814

4' 4" -azanediylbis(([1,1'-biphenyl]-4-carbonitrile)) (10b"):

Following the general procedure (B), reaction of compound 3a (100 mg, 0.2724 mmol, 1
equiv.) and 4-Cyanophenyl phenyl boronic acid 9b (100 mg, 0.681 mmol, 2.5 equiv.),
Pd(dppf)Cl..DCM (38 mg, 0.544 mmol, 0.2 equiv.) and K>COs (56 mg, 0.4086 mmol, 1.5
equiv.) as base in dioxane:MeOH (3:1) solvent system was microwave (MW) irradiated (100
W) for 10 min afforded compound 10b°.

H White powder: 33mg, 34% yield;

O N Rt (7% EtOAc-Hexane): 0.39;
Neadhe ol

100 FTIR (KBr) vmax: 3352, 3042, 2924, 2305, 2225, 1922, 1681,
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1597, 1526, 1492, 1334, 1284, 1183, 1121, 1006, 819, 546cm"
1.

IH NMR (400 MHz, CDCls): § 7.66 (dt, J = 3.5, 1.0 Hz, 3H),
7.63 — 7.60 (m, 3H), 7.52 (ddd, J = 4.4, 3.5, 1.9 Hz, 3H), 7.44
~7.33 (m, 5H), 1.18 (s, 1H);

13C NMR (CDCI3/TMS, 100 MHz): & 111.1, 119.0, 127.4,
128.0, 128.8, 129.3, 132.7, 139.5, 145.8;

HRMS-ESI: Calcd. for CasHi7Ns [M+H]" m/z: 371.1422;
Found 371.1427.

(2)-9-bromo-1-phenyl-6-(p-tolyl)-5,6-dihydro-1H-benzo[b] [1,5] diazonin-7(2H)-one:(11a):

Following the general procedure (C), reaction of compound (3e’) in toluene, 3mol% of

Grubbs II catalyst was added and stirred at RT for 3min afforded compound 11a.

White Solid: 62 mg, 94% yield;

Rt (30% EtOAc-Hexane): 0.39;

FTIR (KBr) vmax: 3418, 2922, 2854, 1636, 1489, 1454, 1398,
1226, 1078, 962, 790, 758, 514cm™;

1H NMR (400 MHz, CDCls):  7.61 (dd, J = 7.6, 1.5 Hz, 1H),
7.54 (dd, J = 7.7, 6.1 Hz, 1H), 7.38 (td, J = 7.5, 1.0 Hz, 1H),
7.19-7.16 (m, 2H), 7.15 - 7.12 (m, 1H), 6.98 (d, J = 8.1 Hz,
2H), 6.50 (d, J=8.3 Hz, 2H), 6.38 — 6.34 (m, 2H), 6.16 (dt, J
=9.9, 4.8 Hz, 1H), 5.49 (dd, J = 18.2, 8.1 Hz, 1H), 4.23 (d, J
= 27.0 Hz, 3H), 3.88 (d, J = 15.7 Hz, 1H), 2.21 (s, 3H).

13C NMR (CDCI3/TMS, 100 MHz): § 21.2, 29.8, 30.4, 49.8,
51.3, 110.2, 114.8, 126.5, 127.9, 128.0, 128.4, 129.9, 130.3,
131.8, 132.7, 135.6, 136.8, 137.7, 143.0, 145.5, 168.8;
HRMS-ESI: Calcd. for C24H21BrN.O[M+H]* m/z: 435.0916;
Found 435.0912.
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Figure 34. HRMS spectrum of compound 3d’

S37



103

102

10
08
iy

027
iy
B
B

ST

B
Bl
T8
T

TH
7]

. N

\ /A
Y, ¥ '\" .,..,nn'
"'\, N ._.-'(f b
I'| .'III
418.83cmH, SE.S1RTIZS 41am-1, 95 17%T

Al
@\ f Hn,l‘" |J' ,I: Ir ) Il |I
N 355 201, IEs.?qu‘r |
5 Br b E3g.1zbm-1, 52.54%T
Sy { -Jl il hi TE§.05gm-1, 54, 17%T

' {1 1/Y azazreme, szt
VoA 17 34em1, SE01%T

1
Br | I
[ et seastr
k!
{88 e, 04 73T
1453 SECIT-1, B5.TET
1589, 3801, B 34T

141, 1Tope1, T1LE1%T
1544 551, T3 86T

4000

2500 3000

2500 2000 1500 1000 45
cm-1

Figure 35. FTIR spectrum of compound 3d’

U L

=}

=1

=1

=}
|

9 8
=]
==
—|ed

T
A L p
SfgEEE [ g
|72 o o Ly

Figure 36. *H NMR spectrum of compound 3e

S38



100

120

180 160 140

200

Figure 37. *C NMR spectrum of compound 3e

66'08 —

2625 —

Br

Figure 38. DEPT-135 NMR spectrum of compound 3e

S39



23022021-SHD-MK5-551-311-F1 35 (0.829) AMZ (Ar,22000.0,556_28,0.00,LS 3); ABS; Cm (32:35) 1: TOF MS US+
? 1.58=8
1007 yos07017]
2651589 \©\ f
N
%UBr
. o
2732883
HN
4—43.?T47 @
421.EQIB
8671558
B B
167 0742 BG3.157T|
7
1960732
446.0760 jB68.15680
bre 0822 42045
165.0663
BE30.1585
236.1084 405.1053 - 8411591
. L . 273:-2205 Ly }lu 4??'0?!2 7232941 B3B. 14?‘_ 701701 0231148 1022.2109 1004 2332 e
10 ' 200 a0 400 | soo0 0 e0 700 eonp . e00 . 1000 4100
Figure 39. HRMS spectrum of compound 3e
iy
I|
T i |
\ 1B87.240m-1, T1.21%T EE3.2001, TLATHT
2542 61ame1, TO.70%T \i
i ]'!'| T70. 1cm-1| E7.89%T
1046 &1, E3 72T
1D0E.Scrr, §272T
|| 74, {1, B7.T5%
5 zsas-latm- 54 5EWT \©\ f stf zsem, sezsher | |
30875, 41,3057 N 107257, 5. 14515 -:n-|5!|‘5£~i1'
3111.:\fn:-ru LT B \ fre, 1.34%T
- 4 3130541, 47 52T o 1ES Fem-1, 45.47%T II  §1.E9%T
4 2926 49cmH, S2TTHT HN . T, L-m'o:
§17.56cm-1, 44 GET
1225.05m-1, 37.27%T 300m-1, 53.40%T
iH Tid.3om1, 64.24%T
396,931, 21.41%T
’
2H
| 151 351|:-n-{l 36T
\ 1585 B IV BT, 11937
3285 MerH1, 16.7E%T 145001, 18°30%T
ly 162625001, EERT
) ek BEerm, 10.30%T
T 1 I I 1 1 1 LI
4000 3500 3000 2500 2000 1500 1000 450

cn-1

Figure 40. FTIR spectrum of compound 3e
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Figure 44. HRMS spectrum of compound 3e’
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Figure 45. FTIR spectrum of compound 3e’
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Figure 48. DEPT-135 NMR of spectrum of compound 3f
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Figure 50. FTIR spectrum of compound 3f

S45




Qo0 ta-
£0e'ey
F

L

"

Figure 51. 'H NMR spectrum of compound 3g

Br

\
10— /I/

0 ppm

T T T T T
180 160 140 120 100

T
200

Figure 52. 1*C NMR spectrum of compound 3g

S46



NO =~ N O WD =
HO D DT - P~ ~—
SoggggsEs a )
B ool e & -
fEaoNqNC - & &
N oA
/4 | |
s
N
O)UB"
HN
Br
vt earbin
T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm:
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Figure 54. HRMS spectrum of compound 3g
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Figure 64. HRMS spectrum of compound 3i
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Figure 70. FTIR spectrum of compound 3j
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Figure 77. 3C NMR spectrum of compound 3l
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Figure 78. DEPT-135 NMR spectrum of compound 3l
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Figure 80. FTIR spectrum of compound 3l
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Figure 84. HRMS spectrum of compound 3m
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Figure 90. FTIR spectrum of compound 3n
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Figure 91.'H NMR spectrum of compound 30
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Figure 92. **C NMR spectrum of compound 30
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Figure 93. DEPT-135 NMR spectrum of compound 30

1803202 1-5KD-551-314 35 (0.629) AM2 {(Ar.22000.0,556.28,0.00.LS 3); ABS: Cm (31:42) 1: TOF M35 US+|
318.2007

- 356
3140135
Br.
Br
= \
2369018
]
2755725
23403871
2100803
bo.o1ie
107.0612
1 =, 4717 = g - 1 -
\. .II A 518.8887 gg0.56a8  SUTATIT pys ggpp 811990 g7p 45510102501 11207740
T T 1 T LIRS | T T T T T T T T T .
100 200 600 700 800 200 1000 1100

Figure 94. HRMS spectrum of compound 30

S67




BT

Bﬁ-'\-.\ Br Br .I ."|]
i . I N N I
I'\.\ N/ N il III
5 TIOSKP 773081 | 47780, 778N
- X .1
?n_ — I-.--".- lH |-_... |‘ I|| .'j .| II|
l |
BEA i S AV NP —— Al L_|
i - i aa&m %
0l | ' . 1, se.:‘u £7.31%T
ity \l | .',]I | 15123: '|{:rmr..’ [
3123 36w, £145% 7128 0cnw, 64 70T Zlanceed, B4 OT | | | | 'I|
= oes ,| \ 1&5;55‘:11‘* wh%s& ek Is;tpﬂr |54.J[.35-:|1'|-1 77T
2 0 i il |
54 1954 200+, 55287 1541 150, It '.rqaacmm?%'rhl ‘
3:7:.59:rr-'-'.5:$7m B3, |1 1| et
45 1?3:3,5-:m BT i éﬁ‘# ﬂ%m
| J558 30, smﬂ e, 46 %.T
N " i i v e
26 T7om, 41.87%T £Tome1, 48.15%T
% =31 e, 4um1|
st ST S e
o " feb g, 36T fsss e, 71T
ol 1410850+, 3¥00% B335, 29,2087
4000 3500 3000 2500 2000 1500 1000 450
cm-1
Figure 95. FTIR spectrum of compound 30
|
N Br
Br / — \
NT™N
(‘
I .
1 10 s 8 1 s 3 2 1 o

T 6
e b

5
ey l\
i
-|=|ed

Figure 96.'H NMR spectrum of compound 3p
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Figure 98. DEPT-135 NMR spectrum of compound 3p
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Figure 99. HRMS spectrum of compound 3p
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Figure 100. FTIR spectrum of compound 3p

S70



Figure 101.*H NMR spectrum of compound 3q
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Figure 102.13C NMR spectrum of compound 3q
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Figure 103. DEPT-135 NMR spectrum of compound 3q
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Figure 104. HRMS spectrum of compound 3q
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Figure 110. FTIR spectrum of compound 3r
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Figure 116. DEPT-135 NMR spectrum of compound 3t
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Figure 118. *C NMR spectrum of compound 4a
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Figure 120. HRMS spectrum of compound 4a
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Figure 124. DEPT-135 NMR spectrum of compound 5a
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Figure 128.3C NMR spectrum of compound 10a
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Figure 130. HRMS spectrum of compound 10a
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Figure 131. FTIR spectrum of compound 10a
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Figure 132.H NMR spectrum of compound 10a'"
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Figure 133. 1*C NMR spectrum of compound 10a’
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Figure 134. DEPT-135 NMR spectrum of compound 10a’
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Figure 137. 'H NMR spectrum of compound 10b
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Figure 138. *C NMR spectrum of compound 10b
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Figure 140. HRMS spectrum of compound 10b
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Figure 144. DEPT-135 NMR spectrum of compound 10b’
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Figure 146. FTIR spectrum of compound 3b
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Figure 149. DEPT-135 NMR spectrum of compound 11a
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ORTEP diagram of compounds 3c (CCDC-2101632)
Table 1. Crystal data and structure refinement for 3c.

Identification code 3c

Empirical formula C23H21BrN20O

Formula weight 421.33

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P 21/n

Unit cell dimensions a=10.519(3) A [J=90°.
b=9.117(2) A [J=90.312(7)°.
c=20.975(6) A [ =90°.

Volume 2011.5(9) A3

Z 4

Density (calculated) 1.391 Mg/m3

Absorption coefficient 2.058 mm-1

F(000) 864

Crystal size 0.200 x 0.180 x 0.150 mm3

Theta range for data collection 1.942 to 25.498°.

Index ranges -12<=h<=12, -11<=k<=11, -25<=|<=25

Reflections collected 15037

Independent reflections 3742 [R(int) = 0.0965]

Completeness to theta = 25.242° 100.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7454 and 0.4182

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 374210/ 248

Goodness-of-fit on F2 1.006

Final R indices [1>2sigma(l)] R1=0.0526, wR2 = 0.0890

R indices (all data) R1 =0.1305, wR2 = 0.1110

Extinction coefficient n/a

Largest diff. peak and hole 0.421 and -0.417 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x
103) for 3c. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
C() 2030(5) 3703(5) 3002(2) 59(1)
C(2) 1531(7) 4485(8) 2488(3) 88(2)
C(3) 492(7) 5345(8) 2565(4) 98(3)
C(4) -81(6) 5436(6) 3141(4) 85(2)
C(5) 403(5) 4677(5) 3658(3) 62(2)
C(6) 1461(4) 3812(4) 3586(2) 40(1)
C(7) 3135(4) 2838(5) 4313(2) 35(1)
C(8) 4031(4) 4058(4) 4154(2) 34(1)
C(9) 3638(4) 5509(4) 4239(2) 39(1)
C(10) 4485(5) 6655(4) 4166(2) 38(1)
C(11) 5728(5) 6374(5) 4016(2) 48(1)
C(12) 6140(4) 4940(5) 3934(2) 45(1)
C(13) 5294(4) 3782(4) 4008(2) 38(1)
C(14) 6771(4) 1793(4) 3637(2) 38(1)
C(15) 7288(4) 455(5) 3845(2) 46(1)
C(16) 8326(5) -119(5) 3540(2) 53(1)
C(17) 8921(5) 568(6) 3040(2) 51(1)
C(18) 8397(5) 1862(5) 2832(2) 52(1)
C(19) 7352(5) 2449(5) 3115(2) 48(1)
C(20) 10124(5) -39(6) 2749(2) 74(2)
C(21) 1015(5) 1836(5) 4365(2) 53(1)
C(22) 543(5) 2249(6) 5004(3) 69(2)
C(23) -588(6) 2235(6) 5187(3) 94(2)
N(2) 1915(3) 2924(4) 4105(2) 39(1)
0O(1) 3497(3) 1826(3) 4647(2) 53(1)
Br(1) 3940(2) 8611(1) 4299(1) 53(1)
N(1) 5687(4) 2319(4) 3934(2) 46(1)
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Table 3. Bond lengths [A] and angles [°] for 3c.

C(1)-C(6) 1.371(6)
C(1)-C(2) 1.393(7)
C(1)-H(L) 0.9300

C(2)-C(3) 1.356(8)
C(2)-H(2) 0.9300

C(3)-C(4) 1.355(8)
C(3)-H(3) 0.9300

C(4)-C(5) 1.381(7)
C(4)-H(4) 0.9300

C(5)-C(6) 1.372(6)
C(5)-H(5) 0.9300

C(6)-N(2) 1.436(5)
C(7)-0(1) 1.218(4)
C(7)-N(2) 1.355(5)
C(7)-C(8) 1.498(6)
C(8)-C(13) 1.388(5)
C(8)-C(9) 1.397(5)
C(9)-C(10) 1.382(6)
C(9)-H(9) 0.9300

C(10)-C(11) 1.370(6)
C(10)-Br(1) 1.895(4)
C(11)-C(12) 1.389(5)
C(11)-H(11) 0.9300

C(12)-C(13) 1.391(5)
C(12)-H(12) 0.9300

C(13)-N(1) 1.405(5)
C(14)-N(1) 1.388(5)
C(14)-C(19) 1.392(6)
C(14)-C(15) 1.404(6)
C(15)-C(16) 1.371(6)
C(15)-H(15) 0.9300

C(16)-C(17) 1.376(6)
C(16)-H(16) 0.9300

C(17)-C(18) 1.373(6)
C(17)-C(20) 1.513(6)
C(18)-C(19) 1.361(6)
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C(18)-H(18)
C(19)-H(19)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-N(2)
C(21)-C(22)
C(21)-H(21A)
C(21)-H(21B)
C(22)-C(23)
C(22)-H(22)
C(23)-H(23A)
C(23)-H(23B)
N(L)-H(1A)
C(6)-C(1)-C(2)
C(6)-C(1)-H(1)
C(2)-C(1)-H(L)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-H(@3)
C(2)-C(3)-H(@3)
C(3)-C(4)-C(5)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(1)-C(6)-C(5)
C(1)-C(6)-N(2)
C(5)-C(6)-N(2)
O(1)-C(7)-N(2)
O(1)-C(7)-C(8)
N(2)-C(7)-C(8)
C(13)-C(8)-C(9)
C(13)-C(8)-C(7)
C(9)-C(8)-C(7)

0.9300
0.9300
0.9600
0.9600
0.9600
1.478(5)
1.480(6)
0.9700
0.9700
1.252(7)
0.9300
0.9300
0.9300
0.85(4)
119.4(5)
120.3
120.3
120.2(6)
119.9
119.9
120.4(6)
119.8
119.8
120.3(6)
119.8
119.8
119.9(5)
120.1
120.1
119.8(5)
119.4(4)
120.5(4)
121.4(4)
119.8(4)
118.7(4)
119.0(4)
121.2(4)
119.2(4)
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C(10)-C(9)-C(8) 120.7(4)

C(10)-C(9)-H(9) 119.7
C(8)-C(9)-H(9) 119.7
C(11)-C(10)-C(9) 120.1(4)
C(11)-C(10)-Br(1) 120.0(3)
C(9)-C(10)-Br(1) 120.0(4)
C(10)-C(11)-C(12) 120.2(4)
C(10)-C(11)-H(11) 119.9
C(12)-C(11)-H(11) 119.9
C(11)-C(12)-C(13) 120.0(4)
C(11)-C(12)-H(12) 120.0
C(13)-C(12)-H(12) 120.0
C(8)-C(13)-C(12) 120.0(4)
C(8)-C(13)-N(1) 118.7(4)
C(12)-C(13)-N(1) 121.3(4)
N(1)-C(14)-C(19) 124.7(4)
N(1)-C(14)-C(15) 118.6(4)
C(19)-C(14)-C(15) 116.6(4)
C(16)-C(15)-C(14) 119.7(4)
C(16)-C(15)-H(15) 120.2
C(14)-C(15)-H(15) 120.2
C(15)-C(16)-C(17) 123.2(5)
C(15)-C(16)-H(16) 118.4
C(17)-C(16)-H(16) 118.4
C(18)-C(17)-C(16) 116.7(4)
C(18)-C(17)-C(20) 121.5(5)
C(16)-C(17)-C(20) 121.8(5)
C(19)-C(18)-C(17) 121.6(5)
C(19)-C(18)-H(18) 119.2
C(17)-C(18)-H(18) 119.2
C(18)-C(19)-C(14) 122.1(4)
C(18)-C(19)-H(19) 118.9
C(14)-C(19)-H(19) 118.9

C(17)-C(20)-H(20A)  109.5
C(17)-C(20)-H(20B)  109.5
H(20A)-C(20)-H(20B)  109.5
C(17)-C(20)-H(20C)  109.5
H(20A)-C(20)-H(20C)  109.5
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H(20B)-C(20)-H(20C)  109.5
N(2)-C(21)-C(22) 112.5(4)
N(2)-C(21)-H(21A) 109.1
C(22)-C(21)-H(21A)  109.1
N(2)-C(21)-H(21B) 109.1
C(22)-C(21)-H(21B)  109.1
H(21A)-C(21)-H(21B) 107.8

C(23)-C(22)-C(21) 126.8(6)
C(23)-C(22)-H(22) 116.6
C(21)-C(22)-H(22) 116.6

C(22)-C(23)-H(23A)  120.0
C(22)-C(23)-H(23B)  120.0
H(23A)-C(23)-H(23B)  120.0

C(7)-N(2)-C(6) 126.0(4)
C(7)-N(2)-C(21) 116.7(4)
C(6)-N(2)-C(21) 116.5(4)
C(14)-N(1)-C(13) 128.4(4)
C(14)-N(1)-H(1A) 118(3)
C(13)-N(1)-H(1A) 111(3)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103)for3c. The anisotropic
displacement factor exponent takes the form: -202[ h2a*2Ull +  + 2 hk a* b* U12]

ull u22 u33 u23 ul3 ul2
C(2) 41(3) 84(4) 51(3) 2(3) -2(3) -9(3)
C(2) 66(5) 151(6) 47(4) 23(4) -10(4) -29(5)
C(3) 59(5) 126(6) 108(6) 62(5) -34(5) -31(4)
C(4) 64(5) 64(4) 125(6) 27(4) -19(5) 6(3)
C(5) 53(4) 62(4) 72(4) -1(3) -1(3) 3(3)
C(6) 35(3) 35(3) 50(3) 3(2) -6(3) -8(2)
C(7) 34(3) 28(3) 44(3) -3(2) 4(2) -1(2)
C(8) 30(3) 34(3) 38(3) -3(2) -4(2) 6(2)
C(9) 35(3) 38(3) 44(3) -1(2) 0(2) 2(2)
C(10)  46(3) 27(3) 40(3) -1(2) -1(2) 0(2)
C(11) 48(3) 40(3) 55(3) -9(2) 6(3) -11(3)
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C(12) 32(3) 49(3) 54(3) -10(2) 6(2) 7(2)

C(13)  38(3) 32(3) 43(3) -4(2) 1(2) 2(2)
C(14) 27(3) 44(3) 42(3) -11(2) -5(2) -4(2)
C(15)  38(3) 44(3) 57(3) 2(2) 2(3) 4(2)
C(16)  46(4) 42(3) 71(4) 7(3) -5(3) 7(3)
c(17) 33(3) 63(4) 58(3) -23(3) 2(3) -1(3)
C(18)  49(4) 55(3) 50(3) -11(3) 11(3) 0(3)
C(19) 48(4) 45(3) 51(3) -1(2) 2(3) 7(3)
C(20)  49(4) 86(4) 88(4) -21(3) 8(3) 13(3)
C(21) 45(3) 47(3) 66(4) 8(3) 5(3) -15(2)
C(22) 45(4) 98(4) 64(4) 21(3) 9(3) -15(3)
C(23)  86(6) 103(5) 94(5) -19(4) 19(4) -13(4)
N@2)  33(3) 38(2) 46(2) 7(2) 1(2) -8(2)
o1)  52(2) 34(2) 71(2) 14(2) 2(2) 1(2)
Br(l)  60(1) 32(1) 67(1) -2(1) 0(1) 0(1)
N()  37(3) 39(2) 63(3) 3(2) 15(2) 2(2)

Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 103)
for 3c.

X y z U(eq)
H(1) 2743 3112 2949 70
H(2) 1913 4418 2090 106
H(3) 170 5875 2222 117
H(4) -804 6012 3188 101
H(5) 14 4752 4053 75
H(9) 2798 5705 4346 47
H(11) 6297 7147 3969 57
H(12) 6983 4755 3829 54
H(15) 6929 -39 4187 55
H(16) 8642 -1018 3678 64
H(18) 8764 2350 2490 62
H(19) 7014 3317 2954 58
H(20A) 10300 469 2358 112
H(20B) 10015 -1066 2663 112
H(20C) 10821 94 3040 112
H(21A) 1433 890 4392 63
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H(21B) 298 1739 4075 63
H(22) 1150 2551 5300 83
H(23A) -1231 1942 4909 113
H(23B) -784 2517 5601 113
H(1A) 5310(40) 1760(40) 4199(19) 56
Table 6. Torsion angles [°] for3c.

C(6)-C(1)-C(2)-C(3) -0.1(9)
C(2)-C(2)-C(3)-C(4) -0.9(10)
C(2)-C(3)-C(4)-C(5) 1.3(10)
C(3)-C(4)-C(5)-C(6) -0.8(9)
C(2)-C(1)-C(6)-C(5) 0.5(7)
C(2)-C(1)-C(6)-N(2) 175.4(4)
C(4)-C(5)-C(6)-C(1) -0.1(7)
C(4)-C(5)-C(6)-N(2) -175.0(4)
O(1)-C(7)-C(8)-C(13) 40.3(6)
N(2)-C(7)-C(8)-C(13) -142.7(4)
O(1)-C(7)-C(8)-C(9) -130.6(4)
N(2)-C(7)-C(8)-C(9) 46.4(6)
C(13)-C(8)-C(9)-C(10) 1.4(6)
C(7)-C(8)-C(9)-C(10) 172.6(4)
C(8)-C(9)-C(10)-C(11) -0.8(6)
C(8)-C(9)-C(10)-Br(2) -178.9(3)
C(9)-C(10)-C(11)-C(12) 0.3(7)
Br(1)-C(10)-C(11)-C(12) 178.4(3)
C(10)-C(11)-C(12)-C(13) -0.5(7)
C(9)-C(8)-C(13)-C(12) -1.6(6)
C(7)-C(8)-C(13)-C(12) -172.6(4)
C(9)-C(8)-C(13)-N(2) 178.9(4)
C(7)-C(8)-C(13)-N(2) 8.0(6)
C(11)-C(12)-C(13)-C(8) 1.2(7)
C(11)-C(12)-C(13)-N(1) -179.4(4)
N(1)-C(14)-C(15)-C(16) 177.1(4)
C(19)-C(14)-C(15)-C(16) 1.0(6)
C(14)-C(15)-C(16)-C(17) 1.5(7)
C(15)-C(16)-C(17)-C(18) -2.6(7)
C(15)-C(16)-C(17)-C(20) 175.2(4)
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C(16)-C(17)-C(18)-C(19) 1.1(7)

C(20)-C(17)-C(18)-C(19) -176.6(4)
C(17)-C(18)-C(19)-C(14) 1.4(7)
N(1)-C(14)-C(19)-C(18) -178.3(4)
C(15)-C(14)-C(19)-C(18) -2.5(6)
N(2)-C(21)-C(22)-C(23) 132.8(6)
0(1)-C(7)-N(2)-C(6) -162.3(4)
C(8)-C(7)-N(2)-C(6) 20.8(6)
0(1)-C(7)-N(2)-C(21) 7.2(6)
C(8)-C(7)-N(2)-C(21) -169.7(3)
C(1)-C(6)-N(2)-C(7) 53.1(6)
C(5)-C(6)-N(2)-C(7) -132.0(5)
C(1)-C(6)-N(2)-C(21) -116.3(5)
C(5)-C(6)-N(2)-C(21) 58.5(5)
C(22)-C(21)-N(2)-C(7) 81.2(5)
C(22)-C(21)-N(2)-C(6) -108.4(5)
C(19)-C(14)-N(1)-C(13) -32.5(7)
C(15)-C(14)-N(1)-C(13) 151.8(4)
C(8)-C(13)-N(1)-C(14) 161.8(4)
C(12)-C(13)-N(1)-C(14) -17.6(7)

Symmetry transformations used to generate equivalent atoms:

Table 7. Hydrogen bonds for 3c[A and °].

D-H..A d(D-H) d(H...A) d(D...A)

<(DHA)

N(1)-H(1A)...O(1) 0.85(4) 2.13(4) 2.790(5)

134(4)

Symmetry transformations used to generate equivalent atoms:
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ORTEP diagram of compounds3| (CCDC-2045826)
Table 1. Crystal data and structure refinement for 3l

Identification code 3l

Empirical formula C17 H14 Br N

Formula weight 312.20

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group Pna2l

Unit cell dimensions a=8.2567(5) A []=90°.
b=19.7843(11) A []=90°.
c =8.8668(5) A [ =90°.

Volume 1448.42(14) A3

Z 4

Density (calculated) 1.432 Mg/m3

Absorption coefficient 2.823 mm-1

F(000) 632

Crystal size 0.200 x 0.200 x 0.180 mm3

Theta range for data collection 3.851 t0 29.616°.

Index ranges -11<=h<=11, -27<=k<=27, -12<=I<=10

Reflections collected 40196

Independent reflections 3972 [R(int) = 0.0631]

Completeness to theta = 25.242° 99.1 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7454 and 0.4940

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3972/1/173

Goodness-of-fit on F2 1.022

Final R indices [I>2sigma(l)] R1=0.0372, wR2 = 0.0825
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R indices (all data) R1=0.0587, wR2 = 0.0907

Absolute structure parameter 0.045(6)
Extinction coefficient 0.059(5)
Largest diff. peak and hole 0.338 and -0.343 e.A-3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x
103)for 31. U(eq) is defined as one third of the trace of the orthogonalized Ulj tensor.

X y z U(eq)
C(1) 653(6) 8115(2) -4(5) 55(1)
C(2) 251(6) 7695(2) 1178(6) 68(1)
C(3) 822(7) 7809(2) 2589(6) 69(1)
C(4) 1810(6) 8358(3) 2859(5) 64(1)
C(5) 2228(5) 8786(2) 1696(4) 49(1)
C(6) 1655(4) 8669(2) 245(4) 41(1)
C(7) 2115(4) 9109(2) -1024(4) 38(1)
C(8) 2907(4) 8957(2) -2330(4) 41(1)
C(9) 3151(4) 9552(2) -3185(4) 39(1)
C(10) 3867(4) 9703(2) -4576(4) 50(1)
C(11) 3846(5) 10365(2) -5069(5) 58(1)
C(12) 3128(5) 10875(2) -4219(5) 57(1)
C(13) 2423(4) 10743(2) -2835(6) 48(1)
C(14) 2443(4) 10077(2) -2329(4) 38(1)
C(15) 794(4) 10172(2) 35(5) 49(1)
C(16) 1740(6) 10625(3) 1059(6) 70(1)
C@17) 1458(8) 11234(3) 1336(9) 101(2)
N(1) 1830(3) 9805(1) -1020(3) 38(1)
Br(1) 3667(1) 8101(1) -2899(1) 77(1)

Table 3. Bond lengths [A] and angles [°] for 3.

C(1)-C(2) 1.378(6)
C(1)-C(6) 1.392(5)
C(1)-H(1) 0.9300
C(2)-C(3) 1.356(7)
C(2)-H() 0.9300
C(3)-C(4) 1.379(8)
C(3)-H@3) 0.9300
C(4)-C(5) 1.379(6)
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C(4)-H4)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(7)-C(8)
C(7)-N(1)
C(8)-C(9)
C(8)-Br(1)
C(9)-C(10)
C(9)-C(14)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-N(1)
C(15)-N(1)
C(15)-C(16)
C(15)-H(15A)
C(15)-H(15B)
C(16)-C(17)
C(16)-H(16)
C(17)-H(17A)
C(17)-H(17B)
C(2)-C(1)-C(6)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
C(3)-C(2)-C(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H({3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H4)

0.9300
1.390(5)
0.9300
1.472(5)
1.363(5)
1.398(4)
1.415(5)
1.876(3)
1.399(5)
1.412(5)
1.380(6)
0.9300
1.392(7)
0.9300
1.383(7)
0.9300
1.393(4)
0.9300
1.375(4)
1.461(4)
1.496(6)
0.9700
0.9700
1.250(7)
0.9300
0.9300
0.9300
119.8(4)
120.1
120.1
121.2(4)
119.4
119.4
119.8(4)
120.1
120.1
120.2(4)
119.9
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C(3)-C(4)-H4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-C(7)
C(1)-C(6)-C(7)
C(8)-C(7)-N(1)
C(8)-C(7)-C(6)
N(1)-C(7)-C(6)
C(7)-C(8)-C(9)
C(7)-C(8)-Br(1)
C(9)-C(8)-Br(1)
C(10)-C(9)-C(14)
C(10)-C(9)-C(8)
C(14)-C(9)-C(8)
C(11)-C(10)-C(9)
C(11)-C(10)-H(10)
C(9)-C(10)-H(10)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
N(1)-C(14)-C(13)
N(1)-C(14)-C(9)
C(13)-C(14)-C(9)
N(1)-C(15)-C(16)
N(1)-C(15)-H(15A)
C(16)-C(15)-H(15A)
N(1)-C(15)-H(15B)
C(16)-C(15)-H(15B)

H(15A)-C(15)-H(15B)

C(17)-C(16)-C(15)

119.9
120.3(4)
119.8
119.8
118.7(3)
121.4(3)
119.9(3)
107.5(3)
130.1(3)
122.4(3)
109.9(3)
126.0(3)
124.0(2)
119.5(3)
135.2(3)
105.3(3)
118.4(4)
120.8
120.8
121.4(4)
119.3
119.3
121.5(4)
119.3
119.3
117.4(4)
121.3
121.3
129.6(3)
108.6(3)
121.8(3)
112.4(3)
109.1
109.1
109.1
109.1
107.9
126.8(5)

S109



C(17)-C(16)-H(16) 116.6
C(15)-C(16)-H(16) 116.6
C(16)-C(17)-H(17A)  120.0
C(16)-C(17)-H(17B)  120.0
H(17A)-C(17)-H(17B)  120.0

C(14)-N(1)-C(7) 108.7(3)
C(14)-N(1)-C(15) 124.2(3)
C(7)-N(1)-C(15) 126.2(3)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103)for3l. The anisotropic
displacement factor exponent takes the form: -202[ h2a*2Ull +  + 2 hk a* b* U12]

ull u22 u33 u23 ul3 ul2
C(2) 66(2) 44(2) 55(2) 0(2) -5(2) -9(2)
C(2) 82(3) 41(2) 82(3) 10(2) 8(3) -11(2)
C(3) 86(3) 54(2) 66(3) 21(2) 16(2) 2(2)
C(4) 75(3) 69(3) 47(2) 11(2) 1(2) 6(2)
C(5) 56(2) 48(2) 44(2) 2(1) -3(2) -2(2)
C(6) 45(2) 35(2) 43(2) 2(1) -1(2) 3(1)
C(7) 41(2) 34(1) 39(2) -1(2) -6(1) 0(1)
C(8) 46(2) 38(2) 39(2) -6(1) -8(1) 7(1)
C(9) 34(2) 47(2) 36(2) -2(2) -7(2) 0(1)
C(10)  43(2) 65(2) 41(2) -1(2) 1(2) 3(2)
C(11) 46(2) 77(3) 51(2) 13(2) 0(2) -15(2)
C(12) 53(2) 51(2) 68(3) 19(2) -4(2) -11(2)
C(13) 46(2) 40(2) 58(2) 3(2) -1(2) -4(1)
C(14) 342 39(2) 42(2) 0(1) -5(1) -2(2)
C(15) 45(2) 44(2) 57(2) -2(2) 12(2) 6(2)
C(16)  75(3) 73(3) 62(3) -25(2) 3(2) 17(2)
C(17) 112(5) 81(4) 111(5) -43(4) -12(4) 11(3)
N(1) 39(1) 33(2) 42(1) -2(2) 4(1) 0(1)
Br(1) 122(1) 51(1) 58(1) -5(2) 6(1) 31(2)
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Table 5. Hydrogen coordinates ( X 10%) and isotropic displacement parameters (A2x 103)
for 3l.

X y z U(eq)
H(1) 256 8027 -966 66
H(2) -424 7326 1006 82
H(3) 548 7519 3373 82
H(4) 2195 8439 3827 76
H(5) 2897 9155 1883 59
H(10) 4344 9365 -5154 59
H(11) 4323 10472 -5988 70
H(12) 3121 11314 -4591 69
H(13) 1955 11086 -2265 58
H(15A) 189 9850 638 58
H(15B) 21 10441 -529 58
H(16) 2630 10435 1541 84
H(17A) 582 11449 883 122
H(17B) 2125 11472 1994 122

Table 6. Torsion angles [°] for 3I.

C(6)-C(1)-C(2)-C(3) -0.4(7)
C(1)-C(2)-C(3)-C(4) 0.6(8)
C(2)-C(3)-C(4)-C(5) -0.5(8)
C(3)-C(4)-C(5)-C(6) 0.1(7)
C(4)-C(5)-C(6)-C(1) 0.1(6)
C(4)-C(5)-C(6)-C(7) -178.4(4)
C(2)-C(1)-C(6)-C(5) 0.0(6)
C(2)-C(1)-C(6)-C(7) 178.5(4)
C(5)-C(6)-C(7)-C(8) 119.7(4)
C(1)-C(6)-C(7)-C(8) -58.8(5)
C(5)-C(6)-C(7)-N(1) -57.4(5)
C(1)-C(6)-C(7)-N(1) 124.1(4)
N(1)-C(7)-C(8)-C(9) 0.3(4)
C(6)-C(7)-C(8)-C(9) -177.2(3)
N(1)-C(7)-C(8)-Br(L) 177.4(2)
C(6)-C(7)-C(8)-Br(1) 0.0(5)
C(7)-C(8)-C(9)-C(10) -179.8(4)
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Br(1)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(14)
Br(1)-C(8)-C(9)-C(14)
C(14)-C(9)-C(10)-C(11)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-N(L)
C(12)-C(13)-C(14)-C(9)
C(10)-C(9)-C(14)-N(L)
C(8)-C(9)-C(14)-N(1)
C(10)-C(9)-C(14)-C(13)
C(8)-C(9)-C(14)-C(13)
N(1)-C(15)-C(16)-C(17)
C(13)-C(14)-N(1)-C(7)
C(9)-C(14)-N(1)-C(7)
C(13)-C(14)-N(1)-C(15)
C(9)-C(14)-N(1)-C(15)
C(8)-C(7)-N(1)-C(14)
C(6)-C(7)-N(1)-C(14)
C(8)-C(7)-N(1)-C(15)
C(6)-C(7)-N(1)-C(15)
C(16)-C(15)-N(1)-C(14)
C(16)-C(15)-N(1)-C(7)

3.0(5)
-0.7(4)

-177.9(2)

-0.3(5)
178.7(4)
-0.4(6)
0.9(6)
-0.7(6)

-179.5(3)

0.0(5)

-179.9(3)

0.8(3)
0.5(5)

-178.8(3)

130.9(6)
178.9(3)
-0.7(3)
9.4(5)

-170.2(3)

0.3(4)
177.9(3)
169.5(3)
-12.8(5)
-80.4(5)
112.0(4)

Symmetry transformations used to generate equivalent atoms:
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