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General Materials and Methods: NMR samples were run in CDCl; and 'H NMR
were referenced to TMS, *C NMR were referenced to CDCl; (8 = 77.0). All chemical

shift values are quoted in ppm and coupling constants quoted in Hz.

General procedure for preparation of 2-alkynylbenzaldoxime 1*:

A solution of 2-alkynylbenzaldehyde (3.0 mmol), hydroxylamine hydrochloride (6
mmol, 2.0 equiv), pyridine (6.0 mmol, 2.0 equiv) in C;HsOH (15 mL) was stirred
under refluxed for 2 hours. After completion of reaction as indicated by TLC, the
solvent was evaporated and then quenched with water (10 mL), extracted with EtOAc
(2x30 mL), dried by anhydrate Na,SO4. Evaporation of the solvent followed by

purification on silica gel provided the corresponding 2-alkynylbenzaldoxime 1.

General procedure for electrophilic cyclization of 2-alkynylbenzldoxime 1 with
various electrophiles:

The electrophile (1.2 equiv) in 2 mL of CH,Cl, was added dropwise to a solution of
2-alkynylbenzaldoxime (0.30 mmol) in 4 mL of CH,Cl,. The reaction was stirred at
room temperature for a period of time (10 min: Br, ICl, or NIS; 24 h: NBS and ©,).
The reaction mixture was then diluted with CH,Cl, (50 mL), washed with saturated
aqueous Na;S,0; (25 mL), dried (Na,SO4) and filtered. The solvent was evaporated
under reduced pressure and the product 2 was isolated by chromatography on a silica

gel column.
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(E)-2-(2-Phenylethynyl)benzaldehyde oxime”” (1a)

Yield: 90%; 'H NMR (400 MHz, CDCl3) & 7.32-7.38 (m, 5H), 7.50-7.57 (m, 3H),
7.87 (d, J = 7.3 Hz, 1H), 8.66 (s, 1H), 8.75 (s, 1H); *C NMR (100 MHz, CDCl3) &
86.1,95.0, 122.6, 123.1, 125.1, 128.4, 128.5, 128.6, 129.7, 131.6, 132.6, 132.8, 149.0.
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(E)-6-(2-Phenylethynyl)benzo[d][1,3]dioxole-5-carbaldehyde oxime (1b)

Yield: 96%; 'H NMR (400 MHz, CDCl3) & 6.02 (s, 2H), 6.96 (s, 1H), 7.30-7.37 (m,
4H), 7.50-7.54 (m, 2H), 7.86 (br, 1H), 8. 67 (s, 1H); °C NMR (100 MHz, CDCls) &
86.1,93.8,101.8, 104.6, 111.4, 117.7, 122.8, 128.3, 128.4, 128.5, 131.5, 148.4, 148.9,
149.0; MS (ESI): m/z 266 (M"+H); HRMS calcd for C;¢H1,NO3; (M'+H): 266.0817,
found: 266.0813.

(E)-5-Fluoro-2-(2-phenylethynyl)benzaldehyde oxime (1c)

Yield: 86%; "H NMR (400 MHz, CDCls) & 7.07 (dt, J = 3.0, 8.8 Hz, 1H), 7.31-7.38
(m, 3H), 7.50-7.60 (m, 4H), 8.40 (br, 1H), 8.67-8.70 (m, 1H); *C NMR (100 MHz,
CDCl3) & 85.1,94.6, 111.9 (d, *Jcr = 23.8 Hz), 117.3 (d, *Jce = 22.9 Hz), 119.3, 122.5,
128.4, 128.7, 131.5, 134.4 (d, *Jce = 7.6 Hz), 135.1 (d, *Jcr = 7.6 Hz), 148.3, 162.3 (d,
e = 248.8 Hz); MS (ESI): m/z 240 (M"+H); HRMS calcd for C;sH; FNO (M+H):
240.0825, found: 240.0815.
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(E)-2-(2-(4-methoxyphenyl)ethynyl)benzaldehyde oxime (1d)

Yield: 98%; '"H NMR (400 MHz, CDCl3) & 3.82 (s, 3H), 6.88 (d, J = 8.3 Hz, 2H),
7.28-7.36 (m, 2H), 7.44-7.54 (m, 3H), 7.85 (d, J = 7.3 Hz, 1H), 8.71 (br, 1H), 8.75 (s,
1H); *C NMR (100 MHz, CDCls) & 55.3, 84.9, 95.1, 114.0, 114.7, 123.5, 125.1,
128.2, 129.6, 132.4, 132.6, 133.1, 149.1, 159.8; MS: m/z 274 [M+Na]"; HRMS calcd
for C1¢H ;3NO»: 274.0844 [M+Na]*, found: 274.0841.
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(E)-6-(2-(4-Methoxyphenyl)ethynyl)benzo[d][ 1,3 ]dioxole-5-carbaldehyde oxime (1e)
Yield: 88%; 'H NMR (400 MHz, CDCls) & 3.83 (s, 3H), 6.01 (s, 2H), 6.88 (d, J = 8.8
Hz, 2H), 6.94 (s, 1H), 7.31 (s, 1H), 7.46 (d, J = 8.8 Hz, 2H), 7.55(br, 1H), 8.66 (s, 1H);
C NMR (100 MHz, CDCl3) & 55.3, 84.8, 93.8, 101.7, 104.5, 106.1, 111.3, 114.0,
114.8, 128.0, 132.9, 148.1, 148.9, 149.0, 159.8; MS (ESI): m/z 296 (M'+H); HRMS
calcd for C17H14NO4 (M++H): 296.0923, found: 296.0920.
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(E)-5-Fluoro-2-(2-(4-methoxyphenyl)ethynyl)benzaldehyde oxime (1f)

Yield: 92%; "H NMR (400 MHz, CDCls) & 3.81 (s, 3H), 6.87 (d, J = 8.8 Hz, 2H),
7.04 (dt, J = 2.3, 8.2 Hz, 1H), 7.45-7.58 (m, 4H), 8.70 (s, 1H), 8.91 (br, 1H); “C
NMR (100 MHz, CDCl3) & 55.3, 83.9, 94.7, 111.8 (d, “Jcr = 23.8 Hz), 114.0, 114.6,

117.2 (d, 2Jcr = 22.9 Hz) , 119.7, 133.0, 134.1 (d, *Jcr = 7.6 Hz), 134.8 (d, *Jcr = 7.6
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Hz), 148.4 (d, YJcr = 1.9 Hz), 159.8, 162.0 (d, 'Jor = 248.8 Hz); MS (EI): m/z 270
(M'+H); HRMS calcd for C1Hi3FNO, (M™+H): 270.0930, found: 270.0926.

X, .OH
N

A
Bu

(E)-2-(Hex-1-ynyl)benzaldehyde oxime™ (1)

Yield: 79%; 'H NMR (400 MHz, CDCl3) § 0.95 (t, J = 6.8 Hz, 3H), 1.44-1.53 (m,
2H), 1.57-1.64 (m, 2H), 2.45 (t, J = 6.8 Hz, 2H), 7.24-7.31 (m, 2H), 7.41 (d, J = 8.0
Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 8.67 (s, 1H), 9.32 (s, 1H); °C NMR (100 MHz,
CDCls) 8 13.5, 19.2, 22.0, 30.6, 77.5, 96.5, 124.1, 124.9, 127.7, 129.5, 132.5, 132.6,
149.3.

X, .OH
N

A

(E)-2-(2-Cyclopropylethynyl)benzaldehyde oxime (1h)

Yield: 69%; 'H NMR (400 MHz, CDCL3) § 0.80-0.93 (m, 4H), 1.45-1.52 (m, 1H),
7.24-7.30 (m, 2H), 7.38-7.41 (m, 1H),, 7.78 (d, J = 6.8 Hz, 1H), 8.63 (s, 1H), 9.08 (br,
1H); *C NMR (100 MHz, CDCl3) § 0.3, 8.8, 72.6, 99.6, 123.9, 124.9, 127.7, 129.5,
132.6, 132.8, 149.3; MS (ESI): m/z 186 (M'+H); HRMS calcd for C1,H2NO (M+H):
186.0919, found: 186.0909.

X, ,-OH
N

A
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(E)-2-(4-hydroxybut-1-ynyl)benzaldehyde oxime (1i)

Yield: 36%; '"H NMR (400 MHz, CDCls) § 2.74 (t, J = 6.0 Hz, 2H), 3.86 (t, J = 6.4
Hz, 2H), 7.28-7.32 (m, 2H), 7.42-7.46 (m, 1H), 7.66-7.70 (m, 1H), 8.54 (br, 2H); *C
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NMR (100 MHz, CDCls) 6 24.1, 61.2, 80.5, 92.6, 122.6, 126.8, 128.3, 129.6, 132.9,
133.0, 149.8; MS: m/z 189 (M+); HRMS caled for C;;H;1NO,: 189.0790,
found:189.0788.

N

| 2a
Yield: 92%; '"H NMR (400 MHz, CDCls) & 7.38 (d, J = 6.8 Hz, 2H), 7.48-7.58 (m,
3H), 7.59-7.69 (m, 3H), 8.06 (d, J = 8.3 Hz, 1H), 8.85 (s, 1H); °C NMR (100 MHz,
CDCl3) § 122.1, 124.9, 127.3, 128.5, 128.9, 129.4, 129.7, 129.8, 129.9, 133.4, 136.0,

147.7; MS (ESI): m/z 348 (M'+H); Elemental analysis calcd (%) for C;sH;oINO: C
51.90, H 2.90, N 4.03; Found: C 51.64, H 2.88, N 3.98.

Nt

Br 2b
Yield: 99%; '"H NMR (400 MHz, CDCls) & 7.45 (d, J = 6.8 Hz, 2H), 7.48-7.58 (m,
3H), 7.63-7.69 (m, 2H), 7.72 (t, J = 8.3 Hz, 1H), 8.16 (d, J = 7.8 Hz, 1H), 8.89 (s, 1H);
>C NMR (100 MHz, CDCl3) & 122.1, 124.9, 127.3, 128.5, 128.9, 129.4, 129.7, 129.8,

129.9, 133.4, 136.0, 147.7; MS (ESI): m/z 300 (M"+H); Elemental analysis calcd (%)
for C1sH;0BrNO: C 60.02, H 3.36, N 4.67; Found: C 60.25, H 3.55, N 4.74.

o) \"N/C_)
<Omph

l 2C
Yield: 88%; 'H NMR (400 MHz, CDCl3) 6 6.16 (s, 2H), 6.92 (s, 1H), 7.37 (d, J = 6.8
Hz, 2H), 7.45 (s, 1H), 7.48-7.55 (m, 3H), 8.67 (s, 1H); *C NMR (100 MHz, CDCl5) &
99.7, 100.6, 102.5, 109.6, 125.7, 128.6, 129.3, 129.6, 130.1, 135.9, 137.6, 1494,

150.3, 151.5; MS (ESI): m/z 392 (M'+H); Elemental analysis calcd (%) for
Ci6H10INO;: C 49.13, H 2.58, N 3.58; Found: C 48.86, H 2.62, N 3.51.
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Yield: 25%; "H NMR (400 MHz, CDCl3) § 6.17 (s, 2H), 6.99 (s, 1H), 7.43 (d, J = 7.8

2d

Hz, 2H), 7.46-7.56 (m, 4H), 8.71 (s, 1H); *C NMR (100 MHz, CDCl5) & 100.7, 102.5,
104.3, 120.6, 126.1, 127.4, 128.5, 129.3, 129.7, 133.7, 135.4, 146.0, 150.5, 151.3; MS
(ESI): m/z 366 (M"+Na); HRMS calcd for C1¢HoBrNO3: 365.9742 [M+Na]"; Found:
365.9757.

0

Ph
2e

__2/\ Z/\/;

Yield: 92%; 'H NMR (400 MHz, CDCl3) & 7.31 (dd, J = 2.4, 8.8 Hz, 1H), 7.35-7.41
(m, 3H), 7.48-7.58 (m, 3H), 8.10 (dd, J = 8.8, 9.3 Hz, 1H), 8.78 (s, 1H); °C NMR
(100 MHz, CDCl3) & 101.3, 108.2 (d, *Jcr = 22.9 Hz), 119.9 (d, *Jcr = 24.8 Hz),
128.4, 128.6, 129.1, 129.4, 129.5, 135.5 (d, *Jce = 9.5 Hz), 135.7, 136.9, 150.7, 162.4
(d, "Jcr =251.7 Hz); MS (ESI): m/z 366 (M™+H); Elemental analysis calcd (%) for
CisHoFINO: C 49.34, H 2.48, N 3.84; Found: C 49.56, H 2.66, N 3.71.

F \rtré
Br 2f
Yield: 99%; "H NMR (400 MHz, CDCls) & 7.35 (dd, J = 2.4, 8.3 Hz, 1H), 7.38-7.46
(m, 3H), 7.50-7.58 (m, 3H), 8.18 (dd, J = 9.3, 9.3 Hz, 1H), 8.83 (s, IH); °C NMR
(100 MHz, CDCls) & 108.3 (d, “Jce = 22.8 Hz), 119.8 (d, “Jce = 22.8 Hz), 122.0,
125.8, 128.5, 129.4, 129.7, 130.3, 130.4, 133.1, 135.2, 147.3, 162.6 (d, 'Jce =251.7

Hz); MS (ESI): m/z 318 (M'+H); Elemental analysis calcd (%) for C;sHyBrFNO: C
56.63, H 2.85, N 4.40; Found: C 56.84, H 3.11, N 4.25.
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Yield: 91%; 'H NMR (400 MHz, CDCls) & 3.89 (s, 3H), 7.07 (d, J = 8.8 Hz, 2H),
7.33 (d, J = 8.8 Hz, 2H), 7.60-7.67 (m, 3H), 8.06 (d, J = 8.3 Hz, 1H), 8.84 (s, 1H); °C
NMR (100 MHz, CDCl3) & 55.2, 102.3, 114.0, 125.0, 128.3, 129.4, 129.6, 130.1,
131.0, 131.6, 132.5, 136.6, 150.9, 160.2; MS (ESI): m/z 378 (M"+H); HRMS calcd
for C16H 3INO, (M™+H): 377.9991, Found: 377.9988.

+ 0
>N
=
Br O
O/

Yield: 99%; 'H NMR (400 MHz, CDCls) & 3.88 (s, 3H), 7.06 (d, J = 8.8 Hz, 2H),

2h

7.40 (d, J = 8.8 Hz, 2H), 7.61-7.72 (m, 3H), 8.15 (d, J = 8.3 Hz, 1H), 8.87 (s, 1H); °C
NMR (100 MHz, CDCly) & 55.2, 113.9, 122.4, 124.8, 125.4, 127.2, 128.4, 128.9,
129.6, 129.7, 131.2, 135.9, 147.6, 160.2; MS (ESI): m/z 330 (M'+H); HRMS calcd
for C1H,3BrNO, (M™+H): 330.0130, Found: 330.0127.

Yield: 89%; "H NMR (400 MHz, CDCls) & 3.88 (s, 3H), 6.16 (s, 2H), 6.91 (s, 1H),
7.05 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 7.45 (s, 1H), 8.66 (s, IH); >C NMR
(100 MHz, CDCls) & 55.2, 100.3, 100.6, 102.4, 109.7, 114.0, 125.7, 129.9, 130.1,
131.1, 135.9, 149.3, 150.2, 151.4, 160.1; MS (ESI): m/z 422 (M"+H); Elemental
analysis calcd (%) for C;7H2INO4: C 48.48, H 2.87, N 3.33; Found: C 48.44, H 2.75,
N 3.37.
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Yield: 94%; 'H NMR (400 MHz, CDCls) § 3.87 (s, 3H), 6.15 (s, 2H), 6.94 (s, 1H),

2j

7.05 (d, J = 8.8 Hz, 2H), 7.38 (d, J = 8.3 Hz, 2H), 7.45 (s, 1H), 8.68 (s, 1H); *C NMR
(100 MHz, CDCls) & 55.2, 100.6, 102.4, 104.1, 113.9, 120.8, 125.8, 125.9, 127.2,
131.2, 135.2, 145.9, 150.3, 151.1, 160.1; MS (ESI): m/z 374 (M"+H); Elemental
analysis calcd (%) for C7H;,BrNOy: C 54.57, H 3.23, N 3.74; Found: C 54.18, H 3.29,
N 3.62.

(@)
l 0" 2k

Yield: 90%; 'H NMR (400 MHz, CDCls) & 3.88 (s, 3H), 7.06 (d, J = 8.3 Hz, 2H),

F t

>N
=
Br

7.34-7.45 (m, 4H), 8.18 (dd, J = 9.3, 9.3 Hz, 1H), 8.82 (s, 1H); *C NMR (100 MHz,
CDCls) & 55.3, 108.3 (d, 2Jcr = 22.9 Hz), 114.0, 119.7 (d, 2Jcr = 25.7 Hz), 122.3,
125.1, 125.9, 129.4 (d, *Jcr = 10.5 Hz), 130.4 (d, (d, *Jcr = 9.5 Hz), 131.3, 135.1 (d,
%) = 5.7 Hz), 147.2, 160.3, 162.6 (d, 'Jce =251.7 Hz); MS (ESI): m/z 348 (M"+H);
Elemental analysis calcd (%) for CiH; BrFNO,: C 55.20, H 3.18, N 4.02; Found: C
55.16, H3.15,N 4.01.

N
%
Bu
Br 21

Yield: 85%; 'H NMR (400 MHz, CDCls) § 0.99 (t, J = 7.3 Hz, 3H), 1.47-1.58 (m,
2H), 1.68-1.77 (m, 2H), 3.37 (t, J = 7.8 Hz, 2H), 7.57 (d, J = 6.8 Hz, 1H), 7.61-7.67
(m, 2H), 8.07 (d, J = 8.3 Hz, 1H), 8.80 (s, 1H); *C NMR (100 MHz, CDCl3) § 13.7,
22.8, 28.2, 30.9, 120.9, 124.8, 126.5, 127.5, 128.8, 128.9, 129.7, 135.7, 149.9; MS
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(ESI): m/z 280 (M'+H); Elemental analysis calcd (%) for C;3H;4BrNO . C 55.73, H
5.04, N 5.00; Found: C 55.45, H 5.34, N 4.89.

xny-©
=

Yield: 90%; 'H NMR (400 MHz, CDCl3) § 1.08-1.14 (m, 2H), 1.37-1.44 (m, 2H),

2m

2.06-2.15 (m, 1H), 7.49-7.61 (m, 3H), 8.05 (d, J = 8.8 Hz, 1H), 8.73 (s, 1H); °C
NMR (100 MHz, CDCls) 6 12.1, 17.7, 103.5, 124.6, 127.1, 128.9, 129.8, 131.5, 131.6,
136.4, 150.9; MS (ESI): m/z 312 (M'+H); Elemental analysis calcd (%) for
C12H0INO: C 46.33, H 3.24, N 4.50; Found: C 46.33, H 3.23, N 4.47.

S
=

Br n

Yield: 94%; "H NMR (400 MHz, CDCl3) & 1.19-1.24 (m, 2H), 1.29-1.35 (m, 2H),
2.10-2.19 (m, 1H), 7.52-7.64 (m, 3H), 8.12 (d, J = 8.3 Hz, 1H), 8.75 (s, 1H); "°C
NMR (100 MHz, CDCl5) § 9.6, 13.6, 123.5, 124.5, 126.5, 127.4, 128.9, 129.0, 129.4,
135.8, 148.3; MS (ESI): m/z 264 (M'+H); Elemental analysis calcd (%) for
C12H,0BrNO: C 54.57, H 3.82, N 5.30; Found: C 54.42, H 3.82, N 5.22.

N0
= OH

Br 20

Yield: 64%; '"H NMR (400 MHz, DMSO) & 3.43 (t, J = 6.8 Hz, 2H), 3.69 (t, J = 6.8
Hz, 2H), 7.60-7.75 (m, 2H), 7.86 (d, J = 7.8 Hz, 1H), 7.94 (d, J= 7.8 Hz, 1H), 9.01 (s,
1H); *C NMR (100 MHz, DMSO) & 34.9, 57.8, 121.8, 125.9, 126.5, 128.2, 128.3,
129.9, 130.8, 136.0, 146.5; MS: m/z 268 (M'+H); Elemental analysis calcd (%) for
C11H;oBrNO,.C 49.28, H 3.76, N 5.22; Found: C 49.25, H 3.78, N 5.14.
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General procedure for synthesis of 3,4-disubstituted isoquinoline-N-oxide 3 via

palladium-catalyzed Suzuki-Miyaura reaction.

A solution of 4-bromoisoquinoline-N-oxide 2 (0.30 mmol), sodium tetraphenylborate
(0.15 mmol, 0.5 equiv) or arylboronic acid (0.45 mmol, 1.5 equiv), palladium catalyst
(5 mol %), base (1.2 mmol, 4.0 equiv) in DMF/H,0 (2.0 mL) was stirred at 80 °C
under N, for 24 h. After completion of reaction as indicated by TLC, the solvent was
evaporated and then quenched with water (10 mL), extracted with EtOAc (2x10 mL),
dried by anhydrate Na,SO,4. Evaporation of the solvent followed by purification on

silica gel provided the corresponding 3,4-disubstituted isoquinoline-N-oxide 3.

See

Ph 3a
Yield: 93% (for NaBPhy) and 99% (for PhB(OH),); 'H NMR (400 MHz, CDCl3) &
7.07-7.10 (m, 2H), 7.19-7.28 (m, 5H), 7.34-7.46 (m, 3H), 7.50 (dt, J = 1.5, 6.8 Hz,
1H), 7.60 (t, J= 6.8 Hz, 1H), 7.77 (d, J = 8.3 Hz, 1H), 7.96 (t, J = 6.8 Hz, 1H), 9.08 (s,
1H); °C NMR (100 MHz, CDCl3) & 124.9, 126.2, 127.7, 127.8, 128.0, 128.3, 128.6,

129.0, 129.1, 129.7, 130.3, 130.7, 131.9, 134.7, 136.5, 137.0, 146.0; MS (ESI): m/z
298 (M™+H); HRMS calcd for CyH;gNO (M*+H): 298.1232, found: 298.1221

=

Ph 3b
Yield: 83%; '"H NMR (400 MHz, CDCL3) § 0.60-0.66 (m, 2H), 0.78-0.87 (m, 2H),
1.95-2.05 (m, 1H), 7.34 (dd, J =2.0, 7.8 Hz, 2H), 7.41 (d, J =4.4 Hz, 2H), 7.46-7.55
(m, 4H), 7.70 (d, J = 8.3 Hz, 1H), 8.89 (s, 1H); *C NMR (100 MHz, CDCL3) § 7.9,
11.8, 124.4, 125.4, 127.8, 128.1, 128.2, 128.3, 128.4, 129.0, 130.2, 135.2, 135.9,

136.4, 146.8; MS (ESI): m/z 262 (M'+H); HRMS calcd for C;gH;sNO (M '+H):
262.1232, found: 262.1227.
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Yield: 78%; 'H NMR (400 MHz, CDCls) & 2.32 (s, 3H), 3.75 (s, 3H), 6.05 (s, 2H),
6.72 (s, 1H), 6.76 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 7.8 Hz, 2H), 7.00 (s, 1H), 7.08 (d, J
= 7.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 8.77 (s, 1H); °C NMR (100 MHz, CDCl;) &
21.2,55.1,100.5, 101.9, 102.9, 113.2, 124.6, 126.2, 127.5, 128.9, 130.1, 132.0, 132.5,
135.1, 136.0, 137.3, 144.4, 149.6, 149.9, 159.0; MS (ESI): m/z 386 (M'+H); HRMS
calcd for Cy4HygNOy4 (M++H): 386.1392; Found: 386.1399.

0

ZSpp

Yield: 95%; 'H NMR (400 MHz, CDCls) & 2.31 (s, 3H), 6.99 (d, J = 8.3 Hz, 2H),

3d

7.08 (d, J = 7.8 Hz, 2H), 7.16-7.28 (m, 6H), 7.37 (dd, J = 2.4, 8.8 Hz, 1H), 7.47 (dd, J
=9.3,9.3 Hz, 1H), 8.89 (s, 1H); >C NMR (100 MHz, CDCl3) 6 21.2, 107.9 (d, 2Jcr =
21.9 Hz), 118.5 (d, *Jcr = 24.8 Hz), 126.3, 127.8, 128.3, 128.9, 129.3 (d, *Jcr = 9.5
Hz), 130.0 (d, *Jce = 9.5 Hz), 130.1, 130.6, 131.6, 132.0, 135.0, 136.9, 137.7, 145.7,
162.1 (d, "Jecr = 249.8 Hz); MS (ESI): m/z 330 (M'+H); HRMS caled for
CH7FNO (M'+H): 330.1294; found: 330.1297.

General procedure for synthesis of 3,4-disubstituted isoquinoline-N-oxide 4 via

palladium-catalyzed Sonogashira reaction.

A solution of 4-iodoisoquinoline-N-oxide 2 (0.30 mmol), 4-methoxyphenylacetylene

(0.45 mmol, 1.5 equiv), PACl,(PPh3), (3 mol %), Cul (3 mol %) in Et3N (2.0 mL) was
-S12-



stirred at 80 °C under N, for 24 h. After completion of reaction as indicated by TLC,
the solvent was evaporated and then quenched with water (10 mL), extracted with
EtOAc (2x10 mL), dried by anhydrate Na,SO,4. Evaporation of the solvent followed
by purification on silica gel provided the -corresponding 3,4-disubstituted

isoquinoline-N-oxide 4.

0
CICH
Zph

ON  4a

Yield: 80%; 'H NMR (400 MHz, CDCls) & 3.81 (s, 3H), 6.83 (d, J = 8.8 Hz, 2H ),
7.22 (d, J = 8.8 Hz, 2H ), 7.48-7.57 (m, 3H), 7.61-7.75 (m, 5H), 8.30 (d, J = 8.8 Hz,
1H), 8.87 (s, 1H); °C NMR (100 MHz, CDCls) & 55.3, 82.2, 101.4, 114.1, 120.0,
124.7, 125.9, 127.9, 128.5, 129.2, 129.3, 129.4, 130.6, 132.2, 133.2, 136.3, 148.9,
160.4; MS (ESI): m/z 352 (M"+H); HRMS calcd for Cp4H;sNO, (M'+H): 352.1338;
Found: 352.1339.

o<

4b

Yield: 50%; "H NMR (400 MHz, CDCls) & 1.23-1.29 (m, 2H), 1.52-1.56 (m, 2H ),
2.51-2.59 (m, 1H), 3.88 (s, 3H), 6.96 (d, J = 8.0 Hz, 2H ), 7.54-7.67 (m, 5H), 8.26 (d,
J = 8.3 Hz, 1H), 8.78 (s, 1H); °C NMR (100 MHz, CDCl3) & 7.8, 12.2, 55.4, 81.3
102.4, 114.3, 114.4, 118.7, 124.6, 125.2, 127.4, 128.7, 129.1, 129.6, 133.1, 136.2,

-S13-



150.9, 160.4; MS (ESI): m/z 316 (M™+H); HRMS calcd for CyH;sNO, (M™+H):
316.1338; Found: 316.1331.

Yield: 71%; "H NMR (400 MHz, CDCls) & 3.80 (s, 3H), 6.15 (s, 2H), 6.81 (d, J = 8.8
Hz, 2H), 6.97 (s, 1H), 7.18 (d, J = 8.8 Hz, 2H ), 7.48-7.54 (m, 3H), 7.57 (s, 1H), 7.68
(d, J = 6.8 Hz, 2H), 8.68 (s, 1H); *C NMR (100 MHz, CDCl;) & 55.3, 82.5, 100.7,
102.2, 102.7, 114.1, 118.8, 125.0, 125.9, 127.8, 127.9, 129.1, 130.6, 132.3, 133.1,
135.6, 147.1, 150.2, 150.8, 160.3; MS (ESI): m/z 396 (M"+H); HRMS calcd for
CasH 1sNO4 (M™+H). 396.1236; Found: 396.1233.

Reference :

1. Yang, S. H.; Chang, S. Org. Lett. 2001, 3, 4209.

2. Takao, S.; Kondo, Y.; Miura, N.; Hayashi, K.; Yamanaka, H. Heterocycles 1986,
24,2311.

3. Yeom, H.S.; Kim, S.; Shin, S. Synlett 2008, 924.
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—--— PROCESSING PARAMETERS ---—-
de_balance

gexp 1 0.2[Hz] 1« 0.0[e]
trapezoidl . O[%] « 20[%] . 100[%]
zerofill . 1

£ft «+ 1 1« TRUE

(Millions)

machinsphase
Ppm
reference « -0.01[ppm] : O [ppm]

=]
=] I

4 -3
= b
i 2
L5 = --—- ACQUISITION PARAMETERS ----

] L Derived from: G140.1
-] File Name = G140.7
- 7 Author = delta
- Sampls ID = dqp/080407 /G140

] _ Content = dap/ 080407 /G140
=] Creation Date = 7-APR-2008 10:45:30
ER Bevigion Date = T7-APR-2008 11:01:06

] Spec Site = ECR400
=] 8 DELTAZ HMR
ad e uwwm ww.“nn 1D COMFLEX

1 | o Dimensions

] 3 Dim Title

o] Dim 8ize
a Dim Units

7.0

6.0

4.0

3.0

“

Lo

Field stremgth
I acq duratien
¥ domain

I fraq

X offast

I pointa

X prescans

Irr fregq
Irr cffset
Tri_demain
Tri freq
Tri offset
“return
Scanas
Total scans

X_90_width
¥ acq_time

Tri_mode
Dante_presat
Initial wait
Relaxation delay
Repetition time

0.48843755 [Hz]
8.00256082 [kHz]

1H

399.78219838 [MHz]
5 [ppm]

1H

39978219838 [MHz]
5 [ppm]

1

[

2

11[us]
2.04734 464 [2]
45 [deg)

5 [e]
7.04734464 [=]
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40.0

30.0

20.0

10.0

(Millions)

1371812

---— PROCESSING PARAMETERS ----
de balance

geXp 1 2.0[Hz] 1« 0.0[e]
trapezoldl « O[%] o« B0[%] « 100[%]
zerofill . 1

££t 1+ 1 1 TRUE

machinephase

PE@

refersnce  77.231[ppml + 77 [ppm]

W AN i AN A |

T T T T T
2000 200000 1900 1800 17000 160,

X : parts per Million : 13€

>

1
]

=+
-]
=
S

7.31
.68

7

1509983 —2]

101.7236

—--- ACQUISITION PARAMETERE --—-
Derived from. G140 C.1

Fils Name = QL0 .38
Ruther = delta

Sample ID = dqp/080407 /G140 C
Content = dqp/080407 /G140 €

Creation Date T-APR-2008 10. 50 50

Revigion Date T-RPR-2008 11:09: 43

Spec Bits ECA400
Spec Type DELTAZ NHR
Data Format 1D COMPLEX
Dimensions X

Dim Title 13C

Dim 8ize 26214

Dim Units (ppm]

Field strength
I acq duration

9.389766 [T] (400 [MHz]
1.04333312 (a]

X domain = 13

I freg = 100.52530333 [MHz]
X offset = 100 [ppm]

I pointas = 32768

X prescans = 4

X resclution = 0.95846665 [Hz]
X _swesp = 31.40703518[kHz]
Irr demain = 1H

Irr frag = 399.78219238[MHz]
Irr offest = -41[ppm]

Mod return =1

Scane = B2

Total _scans = 82

X 90_width = .15 [us]

X acq _time = 1.04333312 [a]

X _angle = 30[deg]

X atn = 7[dB]

I pulas = 2.T1666667 [us]
ITr_atn_dec = 24.8861[4B]
Irr_atn_noe = 24.8861 [dB]

Irr noise = WALTZ
Decoupling = TRUE

Initial wait = 1[s]

Hos = TRUE

Noe_time = 2[s]

Pelaxation delay = 2 [s]

Repetition time 3.04333312 [=]
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—--— PROCESSING PARAMETERE --—-
de_balance

gexp 1 0.2[Hz] 1« 0.0[s]
trapezoidl . O[%] . BO[%] . 100[%]
zerofill . 1

£ft 1+ 1 1« TRUE

machinephase

PEm

reference « -0.015[ppm] « O[ppm]

8.8437

M parts per Million @

6.0

3.8870

1.0

0.0006 —=

—--— ACQUISITION PARAMETERS --——
Derived from: G158.1

File Nams = @150.7
Ruthor = delta
Sample ID = dqp/080407 /G150
Content = dgp/ 080407 /G158

Creation Date 7T-APR-2008 11.:16,00

Revigion Date 7-APR-2008 11:31:12

Spec Bite ECA400

Spec Type DELTAZ NHR

Data Format 1D COMPLEX
Dimensicne X

Dim Title 1H

Dim 8ize 13107

Dim Units [pEpm]

Field strength 9.380768 [T] (400 [MHz]

¥ acq duration 2.04734464 [s]
1H

¥ domain =

X freg = 300.78219838 [MH=z]
X offast = 6.5[ppm]

I pointa = 16384

X prescans =1

X rescluticn = 0.48843755 [Hz]

X ewesp = 8.00256082 [kHz]
Irr demain = 1H

Irr_freg = 309.78219238[MHz]
Irr_offset = 5 [ppm]

Tri_ demain = 1H

Tri_freq = 309.78219838 [HHz]
Tri offsst = S[ppm]
Mod_return =1

Scanas =8

Total_scans =8

X_00_width = 11[us]

I acq time = 2.047344¢64 [2]
¥"angle = 45[dsg]

I atn = 4.5[dB]

X pulse = 5.5[usl]

Irr mode = OEf

Tri_mode = Off

Dante_presat = FALSE

Initial wait = 1[s]

Relaxation delay = 5[s]

Repetition time 7.04734464 5]
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(Millions)

—---— PROCESSING PARAMETERS ----
dec_balance

geXp 1 2.0[Hz] 1 0.0[8]
trapezoidld 1 O[%] 1 20[%] 1 100[%]
zerofill . 1

£ft + 1 . TRUE

machinephase

pEm

refersnce 1 77.134[ppm] + 77 [ppm]

=]
=]
g7
1 / —-—— ACQUISITION PARAMETERS --—-
] o Derived frem: G150 C.1
] File Name = G159 C.38
] Author = delta
=h Sampls ID = dqp/080407 /8159 €
i Content = dqp/ 080407 /2158 €
1 Creation Date = 7-APE-2008 11:21,30
] T=) Revigion Date = 7-APE-2008 11:35:58
] s Spec Site = ECA400
] +=
] Spec Typs DELTAZ NMR
23 74 / =] Data Format 1D COMPLEX
- - (2] Dimensicne X
1 Dim Title 13¢C
] Dim 8ize 26214
Dim Units [ppm]

Field strength
I acq duration

9.389766 [T] (400[MHz]
1.04333312 [a]

X domain = 13c
I freg = 100.52530333 [MHz]
X offast = 100 [ppm]
I pointas = 32768
X prescans =4
X rescluticn = 0.95846665 [Hz]
X _sweep = 31.40703518[kHz]
Irr demain = 1H
Irr freq = 399.78219838 [MHz]
Irr offest = -41[ppm]
Mod return =1
Scansg = 89
Total scans = 83
X 90_widch = 8.15 [us]
X acqg time = 1.04333312 [a]
X angle = 30[deg]
X atn = T[4B]
I pulass = 2.T1666667 [ua]
ITr_atn_dec = 24,8861 [dE]
Irr_atn_noe = 24.8861 [dB]
Irr noiss = WALTZ
Decoupling = TRUE
Initial wait = 1[s]
Hoa = TRUE
i e WA WA AU 822_cine Z (s
Relaxation delay = 2 [e]

Bepstition tims 3.04333312 [=]

160.1508 —
150.9690 —

-
"
"
"l
o
=
=1

W
4

X : parts per Million : 1
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-—-— PROCESSING PARRMETERS ---—-
de balance

sexp 1 0.2[Hz] . 0.0[s]
trapezoidl o« O[%] o« 20[%] . 100[%]
zerofill . 1

fft + 1 1« TRUE

machinephass

pER

reference « -0.019[ppm]  O[ppm]

1.0

8.6791—
2
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4
1

R ]

X parts per Million @ 1H

3.8739

—0.0003—=1

-—-— ACQUISITION PARAMETERS —----—
Derived from. G148.1

Fils Name = @148.7
Author = delta

Sample ID = dqp,/080407 /2148
Content = dqp/ 080407 /G148

Creation Date T-APR-2008 10 54: 57

Revigion Date T-APR-2008 11:11:51

Spec Bite ECR400
Spec Type DELTAZ HHR
Data Format 1D COMPLEX
Dimensicns X

Dim Title 1H

Dim B8ize 13107

Dim Units [ppm]

Field strength
X_acq duration

9.389766[T] (400 [MHz]
2.04734464 [a]

X domain = 1H

I fregq = 298.78219636 [MHz]
X offaat = &.5[ppm]

I pointas = 16384

X prescans =1

X resclutieon = 0.48843755 [Hz]
X_sweep = 8.00256082 [kHz]
Irr demain = 1H

Irr_freqg = 399.72219838 [MHz]
Irr_offest = 5 [ppm]

Tri demain = 1H

Tri freq = 300.7B219838 [HHz]
Tri offset = 5[ppm]

Mod return =1

Scans =8

Total scans =8

X_80_width = 11[us]

X acq time = 2.04734464 [s]

X angls = 45[deg]

X atn = 4.5[dB]

X pulss = E.5[us]

ITr_mode = Off

Tri meds = 0ff

Dante_prasat = FALSE

Initial wait = 1[s8]
Relaxation_delay = 5[s]

Repetition time 7.04734464 [s]
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—--—- ACQUISITION PARAMETERS --——

Derived from. G148

File Nams
Author
Sample ID
Content
Creation Date

Revigion Date
Spec Bite

Spec Type
Data Format
Dimensicne
Dim Title

Dim 8ize

Dim Units
Field _strength
X acqg duration
X domain

I freq

X offsst

X points

X prescans

Irr fregq
Irr offset
Mod return
Scans

Total scans

Irr_atn_noe
Irr meise
Decoupling
Initial_wait

Relaxation delay
Bepetition time

c.1
Ql4s C.8

delta

dqp/080407 /G148 €
dqp/ 080407 /G148 C
7-APR-2008 11.04:17

7-APR-2008 11:20:22
ECA400

DELTAZ NMR

1D COMPLEX

X

13C

26214

[ppm]

9.388766[T] (400 [MEz]
1.04333312 [a]
13¢

100. 52530333 [MHz]
100 [ppm]

32768

4

0.95846 665 [Hz)
31.40703518[kHz]

1H

309.78219238 [MHz]
-41[ppm]

1

166

166

8.15 [ua]
1.04333312 [e]

2.7T1666667 [ua]
24.8861 [4B]
24.88¢1 [dB]
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2
3.04333312 (8]
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