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SUPPORTING IN f‘QRMATION
Synthesis‘ 0f isoquinolines and naphthyridines by electrophilic ring
closure of iminoalkynes
Qinhua Huang, Jack A. Hunter, and Richard C. Larock*

Department of Chemistry, lowa State University, Ames, [A, 50011

General proéedure for preparation of theA iininoalkyﬁes. To a solution of the aryl
halide (5.0 mmol) and the terminal alkyne (6.0 mmol, 1.2 equivs) in Et;N (20 ml) were
added PdCl,(PPh,), (70 mg, 2 mol %j and CqI (10 mg, 1 mol %). The resulting mixture
was then heated under an Ar atmosphere at 50 °C. The reaction was monitored by TLC
to establish completion. When the reaction was complete, thé mixture was allowed to - )
cool to room temperature, and the ammonium sait was removéd by filtration. The solvent
was removed under reduced pressure and the residue was purified by column
chromatograbhy on silica gel to afford the corresponding arylalkyne. To the purified
arylalkyne in a 4 dram vjai was added -BuNH, (6 ¢quiv). The mixture was then stirred
under‘an Ar atmosphere at room temperature for 24 h. The resulting mixture was

extracted with ether. The combined organic layers were dried (Na,SO,) and filtered.

Removal of the solvent afforded the corresponding iminoalkyne.
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N-(2-Phenylethynylben2ylidene)-tert-butylamine (1). 2-Bromobenzaldehyde (0.93 |
2,50 mmql) ahd phenylacetylene (0.61 g, 6.0 mmol) were employed to afford 1.20 g of
the indicated compound in 92% overall yield with spectral properties idén;ical to those
previously reported': mp 53-54 °C (lit."' mp 52-53 °C).

‘N -[2-(3,4,5-Ti‘imethoxyphénylethynyl)benzylidene]-tert-butylamine 6). 3 4 -
Trimethoxyiodobenzene (1 .47 g, 5.0 mmol) and 2-ethynylbenzaldehyde (0.78 g, 6.0
mmol) were employed to afford‘ 1.33 g of the indicated compound in 76%. overall‘yield as -
a yellow liquid: '"H NMR (CDCL,) 8 1.36 (s, 9H), 3.89 (s, 9H), 6.77 (s, 2H), 7.35-7.38 (m,
2H), 7.53 (dd, J=30,60Hz, 1H), 8-.05 (dd,J=3.6,6.0 Hz, 1H), 8.92 (s, 1H); “C NMR
(CDCl,) 6 29.9,56.3,58.0,61.2, 86.1,_95.1, 108.9;118.3,124.0,126.2, 128.8, 129.9,
132.2,138.0,139.3,153 4, 1/54‘.3; IR (neat,cm™) 295.8, 2206, 1698; HRMS Calcd for

C,,H,,0,N: 351.1834. Found: 351.1839.

N-[2-(Cyclohex-l-enylethynyl)benzylidéne]-terz“-butylamine (8). 2-
Bromobenzaldehyde (Q 93¢,50 mmol) and l-cycloﬁexenylacetylene (064 2,60 mmoyl)
were employed to afford 1.15 g of the indicated compound in. 87% overall yield with A
spectral properties identical to thpse previously reported.'

N-[2-(Cyclohexyleth);nyl)benzyl»idene]-tert—blitylamine 12). 2-

Bfomobenzaldehyde (0.93 g, 5.0 mmol) and cyclohexylacetylene (0.65 g, 6.0 mmol)
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were employed to afford 1.24 g of the indiéated compound in 93% ovefall yield with
spectral properties idehtical to those pre\;iously reported.’
N—[2-(4-(Tetrahydropyran-z-yloxy)but-l-ynyl)benzylidene]-tert-butylamine (14).
2-Bromobenzaldehyde (0.93 g, 5.0 mmol) and-2-(3-butynyléxy)tetrahydro-2H—pyran ’
(0.93 g, 6.0 mmol) were employed to afford 1.32 g of the indicated compound in 84%
overall yield with spectral properties identical to those previously reported.‘1
N—[(2_-Phenylethynyl)p&ridin-}-yllﬁethylene]-tert-butylamine (16). 2-
Bromopyridine-3-c.elrtl)oxaldehyde2 (0.94 g, 5.0 mmol) and phenylacetylene (0.61 g, 6.0
mmol) were employed to afford 1.26 g of the iminoalkyne in 96% overall yield as a
. yellow liquid: '"H NMR (CDCl,) & 1.35 (s, 9H), 7.29 (ddd, J = 03 3.6,6.0Hz, IH), 7.38-
7.41 (m, 3H), 7.59-7.62 (m, 2H), 8.36 (dd,J = 1.5‘; 6.0 Hz, 1H), 8.63 (dd, J=1 5,3.6 Hz,
1H), 8.88 (s, 1H); “C NMR (CDCl,) § 29.8, 58 .4, 86.3,94.5, 1222, 1233, 128.7, 129 4, |
132.1,1339. 134.2,143.5,151.3,152.5; IR (neat,cm™) 3057,>2967, 2928, 2218, 1699;
HRMS Calcd for C,gH;N,: 262.1470. Found: 262;1475.
N-[2-(l-Octyn-l-yl)pyridin-3-ylmethyle;1e]-tert-butylamine (18). 2-
Bromopyridine-3-carboxaldehyde® (0.94 g, 5.0 mrﬁol) and 1-octyne ( .4'9 g, 60 mmol)
were employed to afford 1.28 g of the iminoalkyne in 95% overall yield as a slellow
liquid: '"H NMR (CDCL,) § 0.87-0.92 (m, 3H), 1.29-1.34 (m, 13H), 1.46-1.52 (m, 2H),

1.60-1.71 (m, 2H),2.52 (t,J = 6.9 Hz,2H), 7.23 (dd, J=48,78Hz, 1H), 830 (dd,J =
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18,78 Hz 1H), 8.55 (dd, J = 1.8,4.8 Hz, 1H), 8.74 (s, lﬁ); C NMR (CDCl,) 8 14.2,
119.7,22.7,28.6,28.9,29.8,31.5,58.2,78.1,96.6,122:8,133.7,133.83, 144.1, 151.1,
152.9; IR (néat, cm™) 3056, 2961, 2928, 2858, 2227, 1636, 1578; HRMS Calcd for
CsHaN,: 270.2096. Found: 270.2099.

General procedure for the electrophilic cycliz;ltion of iminoalkynes by I,, ICI,
PhSeCl, PhSCI and p-OZNC;H‘,SCl. The electrophile (6 or 2 equivs), the S(;lVent (5 ml),
and the base, where requiréd (3 equivs), were placed in a 2 dram vial. The iminoalkyne
(0.25 mfnol) in 2 ml of the solvent was added dropwise to\ the vial. The vial waé flushed |
with Ar and the reaction was stirred at rorom temperature for the indicated period of time. |
The reactions were monitored by TLC to establish completion. The reaction mixture was
then diluted with 25 ml of ether, washed with either 25 ml of ysaturated Na;,_-S2O3 (for the
reactions of I, and IC]) or satufated NaCl, dried (NaQSO4) and filtered. The solvent was

evaporated under reduced pressure and the product was isolated by chromatogréphy ona

silica gel column.

General procedure for the silver-catalyzed cyclization 6f iminoalkynes. 5 Mol %
of AgNO, and 5 ml of CHCI, were placed into a 2 dram vial. The iminoalkyne (0.25
mmol) in 2 ml of CHCl, was added drdpwise to the vial. The vial was then flushed with
Ar and heated at 50 °C fc;r the indiéatcd period of time. The reaction was cooled, diluted

with 25 ml of ether, washed with 25 ml of saturated NaCl, dried (Na,SO,) and filtered.
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The solvent was evaporated under reduced,preosure and the product was isolated by
cMomatography on a silica gel column.
4-Iodo-3-phenylisoquinoline (2). Puriﬁcation by flash chromatography 3:1 |

hexane/EtOAc) afforded 56 mé (68%) (Table 1,entry 1) or 55 mg (67%) (Table 1, entry
2) of the product from I, or ICl, res.pecti\(ely, as a yellow solid: mp 84-85 °C; 'H NMR
(CDCl,) 6 7.26-7.52 (m, 3H), 7.61-7.70 (m, 3H), 7.70-7:85 (m,2H),795(d,J=8.1 Hz,
1H), 8.2# (d,J = 8.4 Hz, 1H); "C NMR (CDCl,) 4 98.3,128.1, 128 2, 128.3, 128.5, \

| 130.3,1324, 132.6, 138.8,143.9,152.2,157.4 (one sp2 carbon missing due to overlap);
IR (CHCl,,cm™) 3055, 1630, 1549; HRMS Calcd for C,H,,IN: 330.9858. Found: |

330.9862.

3-Phenyl-4-(phenylselenyl)isoquinoline (3). Purification by ﬂash chromatography
3:1 hexane/EtOAc) afforded 69 mg (76%) of the product as a yellow solid: mp 112-114
°C,'H NMR (CDCI3) 8 7.04-7.08 (m, SH), 7.39-7.42 (m, 3H), 7.55-7.56 (m, 3H),7.71
(ddd,J/=12,69,8.1 Hz, 1.H), 802, /=175 Hé, 1H),845(,J= 8.1 Hz, 1H), 9.-35 (5,
1H); °C NMR (CDCl,) 8 121.8,126.4,127.8,1279,128.3,128.4,128 4, 1_28.9, 1294,
129.9,130.1, 132.1, 133.3, 138.9, 142.0, 153.3, 158 4; IR (CHCl,, cm™) 3056, 2924,

1575; HRMS Calcd for C, H,sNSe: 361.0370. Found: 361.0378.
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3-Phenylisoqﬁin01ine (4). Purification by flash chromatography (3:1 hexane/EtOAc)
afforded 42 mg (82%) of the product as a yellow solid with spectral properties identical
to those previously reported”: mp 102--103 °C (lit.> mp 101-.102 °C).

3-Phenyl-4-(4-nitrophenylsulfenyl)isoquinoline (5). Purification l;y flash
chromatography (3:1 hexane/EtOAc)_ afforded 42 mg (47%) of the product as a yellow |
solid: mp 193-195 °C; '"H NMR (CDCL,) 8 6.97-6.99 (m, 2H), 7.40-7.42 (m, 3H), 7.57-
7.60 (m, iH), 7.68-7.86 (m, 2H), 7.97-8.00 (m, 2H), 8.13 (d, /= 8.4 Hz, 1H), 827 (d,J =
8.4 Hz, 1H), 9.46 (s, 1H); *C NMR (CDCl,) 6'119.5,‘ 124.4,125.6,126.1,128.2, 128 .3,
128.5,128.8,128.9,129.7,132.7,138.1,140.2, 145 .4, 147 .8, 154.6,.159.0; IR (CHCL,,

cm™) 3019, 2926, 1518; HRMS Caled for C, H,N,0,S: 358.007. Found: 358.0781.

4-Phenylselenyl-3-(3,4,5-trimethoxyphenyl)isoquinoline (7). Purification by-ﬂash
chrométography (2:1 hexane/EtOAc) afforded 107 mg (95%) of the product as a yellow
liquid: I_H NMR (CDCI3) 6 3.70 ts, 6H), 3.88 (s, 3H), 6.76 (s,2H), 7.04-7.11 (m, 5H),
7.65(dt,J=0.6,5.5Hz, 1H),7.75 (dt,J = 0.9, 5.8 Hz, 1H),8.03 (d,J= 5.8 Hz, 1H), 8.49
(d,J = 6.3 Hz, 1H), 9.34 (s, 1H); "C NMR (CDCl,) § 56.0, 61.6, 107.0,121.0,126.1,
127.7,128.2,128.3,128.7, 129 4, 1295, 132.0, 133.8,137.7,138.0,139.1, 152.6, 153.3, -

158.4; IR (neat,cm™) 3057, 2936, 2833, 1607; HRMS Calcd for C,,H,,SeO,N: 451.0687.

Found: 451.0695.
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3-(Cyclohex-1-enyl)-4-(phenylselenyl)isoqﬁinoline 9). Puﬁfication by flash
chromatography (3:1 hexane/EtOAc) afforded 88 mg (96%) of the product as a yellow
solid: mp 103-105 °C; 'H NMR (CDCL,) 6 1.69-1.82 (m, 4H), 2.15-2.21 (m, 2H) 2.44-
248 (m, 2H), 5.67-5.70 (m, 1H), 7.09-7.14 (m, 5H), 7.52-7.65 (m,2H),7.94 (d,J=8.1
Hz, 1H), 8.30 (d, /= 8.4 Hz, 1H),9.23 (s,.lH); PC NMR (CDCl,) 6 22.0, 2_2;9, 255,
29.1,120.8, 126.1, 127 .0, 128.1',. 128.2,128.4,1292,129.3,129.9, 131 4, 133.8, 138.4,
1400, 153.1, 161.2; IR (CHCl,, cm™) 3019, 2936, 1571; HRMS Calcd for C,,H,,SeN:

365.0684. Found: 365.0690.

3-(Cyclohex-1-enyl)-4-i0doisoquinolilie (10). Purification by flash chrofnatography
(3:1 hexane/EtOAc) afforded 56 mg (67%) of the product as a yellow liquid: '"H NMR
(CDCl3) 8 1.73-1.79 (m, 2H), 1.84-1.92 (m, 2H), 2.25-2.29 (m, 2H>, 2.40—‘2-.43 (m, 2H),
5.85 (s, 1H), 7.57-7.60 (m, 1H), 7..73-7.78 (m, 1H),7.87 (d,J = 8.1 Hz, 1H.), 8.14(d,J=
8.4 Hz, 1H), 9.06 (s, 1H); °C NMR (CDCl,) 8 22.1,22.9,25.3,28.5,97.7,127.6, 1280,
128.2,129.5,132.0,132.2,138.7, 141.8,152.1, 159.7; IR (ﬁeat, cm™) 3019, 2936, 1618;
HRMS Caled for CH,,IN: 335.0165. Found: 335.0168.

3-(Cyclohex-1-enyl)-4-(phenylsulfenyl)isoquinoline (11). Purification by flash
chromatography (3:1 hexane/EtOAc) afforded 36 mg (45%) of the product as a yellow
solid: mp 130-131 "C;"H NMR (CDC13) 3 1.68-1.79 (m, 4H), 2.15-2.17 (m, 2H), 2.41-

243 (m, 2H),5.77-5.79 (m, 1H), 6.96-6.98 (m, 2H), 7.03-7.07 (m, 1H), 7.11-7.15 (m, )
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2H),7.56 (t,J =54 Hz, 1H), 7.65 (t,J = 5.4 Hz, 1H), 7.97(d, J; 6.0Hz, 1H),8.31(d,J
= 6.6 Hz, iH), 9.26 (s, 1H); 5C NMR (CDCly) 6 22.0, 230 255,289,121.4,125.3,
1260, 127.1,127.2, 128.2; 128.2', 129.0, 1'29.2, 131.6,138.3,138.7, 138.7, 153.2,161.2;
IR (CHCl,, cm™) 3019, 2936, 1630; HRMS Calcd for Cz,‘ngsN: 317.1238. Found:
- 317.1241.
| 3-Cycl6hexylisoquinoline (13). Purification by flash chromatography (3:1

hexane/EtOAc) afforded 40 mg (75%) of the prdduct as a white solid‘ with spectral
properties identical to those of ﬁreviously repérted‘: mp 40-4i °C (lit."' mp 40-41°C). .

3-[2-(Tetrahydropyran-2-yloxy)ethyllisoquinoline (15). Purification by flash
chromatography (3:1 hexane/EtOAc) afforded 39 mg (62%) of the product as a yellpw
liquid with spectral properties id@ntical to those of previously reported.'

8-Iod0;7 -phenyl-l,6-naphthyridine'(17). Purification by flash chromatography (2:1
hexane/EtOAc) afforded 75 mg (90%) (Table 1, entry 12) or 76 mg (92%) (Table 1, entry
13) of the product from I, or ICl, respectively, as a yellow solid: mp 163-164 °C; 'H
NMR (CDCL,) 6 7.45—7.52‘(m, 3H), 7..59-7.62 (dd,jz 33 6.3 Hz, 1H),7.69 (dd,J = ‘1 2,
6.0 Hz,2H), 8.29 (dd, J = 1;5, 6.0 Hz, 1H),9.16 (s, 1H),9.21 (dd,J = 1.2, 3.3 Hz, 1H);
“C NMR (CDCl,) 6 101.8,123.1, 123 .4, 128.2,128.9, 130.07 136.4,143.0,151.1, 152.3,

156.0,161.1; IR (CHCl,, cm™) 3048, 1618; HRMS Calcd for C,,H,IN,: 331.98 10.

Found: 331.9816.
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7-n-Hexyl-S-phenylselenyl-1,6-naphthyriﬂine (19). Purification by flash
chromatography (2:1 hexane/EtOAc) afforded 56 mg (61%) of the product as a yellow
liquid: "H NMR (CDCL,) 8 0.83-0.87 (m, 3H), 1.24-1.36 (m, 6H), 1.67-1.76 (m, 2H),
331-3 .36 (m, 2H), 7.09-7.13 (m, 3H), 7.20-7;24 (rp, 2H),7.50 (dd,J = 4.2,8.4 Hz, 1H),

/
8.28 (dd,J=1.8,8.4 Hz, 1H),9.14 (dd,J=1.8,4.2 Hz, 1H), 9.28 (s, 1H); "C NMR

-

(CDCl,) 8 14.2,22.7,29.5,30.4,31.8,39.5,122.2,122.6,1244,126.3,129.1, 130 4,

133.0,136.3,151.8,153.4, 1554, 165.1; IR (neat, cm™) 3056, 2925, 1602; HRMS Calcd

for CH,,SeN,: 370.0948. Found: 370.0952.

7- n-Hexyl-8-phényl}sulfenyl-1,6-naphthyridine (20). Purification by flash
chromat:ography (2:1 hexane/EtOAc) afforded 32 mg (40%) of £he product as a yellow
liquid: '"H NMR (CDCl,) 6 0.85(t,J =69 Hz, 3H), 1.24-1.37 (m, 6H), 1.67-1.76 (m,
2H),3.30 (t,J = 8.4 Hz, 2H), 7.00-7.13 (m, SH), 7.51 (dd, /= 4.2, 8.1 Hz, 1H), 8.30 (dd,
J=1.8,8.1Hz,1H),9.15 (dd,jz' 1.8,4.2 Hz, 1H), 9.29 (s, 1H); *C NMR (CDCLy) &
142,227,295, 3(0.2, 31.8,37.6,122.3,122.8,124.4,1254,127 2, 1.28;9, 1364, 137.9.,‘

151.8,153.5,155.6,165.7; IR (neat, cm™) 3056, 2925, 2854, 2221, 1602; HRMS Calcd

for C,0H,,SN,: 322.1504. Found: 322.1508.
7- n-Hexyl-S-iodo-l,6-naphthyfidine (21). Purification by flash chromatography
(2:1 hexane/EtOAc) afforded 65 mg (76%) of the product as a yellow liquid: 'H NMR

“(CDCly) 6 090 (t,/=7.5 Hz, 3H), 1.31-1.51 (m, 6H), 1.77-1.88 (m, 2H), 3.31-3.36 (m,
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2H),7.53 (dd;J=42,8.1 Hz, 1H),8.22 (dd, J= 1.5, 8.1 Hz, 1H), 9.06 (s, 1H), 9.15 (dd,
J=15,42Hz, 1H); "C NMR (CDCl,) 8 14.2,22.7,29.3,29.5,31.8,42.7,102 3, 122.6,
122.6,136.2,150.6,152.1, 155.5, 163.1; IR (neat,cm™) 3018, 2955, 2925, 2854, 1603,

1579; HRMS Calcd for C,H,,IN,: 340.0436. Found: 340.0441.
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