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General information

'H NMR spectra were recorded with a JEOL ECS-400 (400 MHz) spectrometers in CDCls,
and are referenced at 0.00 ppm for TMS. °C NMR spectra were recorded with a JEOL
ECS-400 (100 MHz) spectrometers in CDCls, and are referenced at 77.16 ppm for CDCl;.
Chemical shifts are reported in parts per million (9). Infrared spectra were obtained on a
JASCO FT/IR-4100 spectrometer; absorptions were reported in reciprocal centimeters. Both
conventional and high-resolution mass spectra were recorded with a JEOL MS-700
spectrometer. Melting point was measured by BUCHI Melting Point B-540. GC analysis was
performed on a Shimadzu GC-2014 instrument equipped with an FID detector using a J&W
Scientific DB-1 column under the following conditions: initial oven temp. 60 °C, hold at this
temperature for 5 min, first ramp 20 °C/min to 250 °C, hold at this temperature for 5 min. The
products were purified by flash chromatography on silica gel (Kanto Chem. Co. Silica Gel
60N (spherical, neutral, 40-50 mm). [RhCl(cod)], was prepared according to the literature
procedure.1 Structures of the regioisomers, 1c, 1¢’, 3d, 3d’, 3e, 3e¢’, 3i, 3i’, 3k, 3k’, 3I’, and
3m’ were determined by HMBC analysis. Structure of 3f was determined by NOESY

analysis.

Typical Procedure for the Rhodium-Catalyzed Dehydrative Annulation of 1-Naphthoic
Acids with Alkynes

To a 5 mL screw capped test tube were added 1-naphthoic acid (1a, 86.1 mg, 0.50 mmol),
[RhCl(cod)], (6.2 mg, 0.0125 mmol), bis(diphenylphosphino)methane (DPPM, 9.6 mg, 0.025
mmol), KI (41.5 mg, 0.25 mmol), Piv,O (279.4 mg, 1.50 mmol), 4-octyne (2a, 154.3 mg, 1.5
mmol), 1,4-dioxane (1 mL), and a magnetic stirring bar. The test tube was purged with argon
and sealed. The mixture was heated with oil bath at 160 °C for 30 h. After cooling to room
temperature, the reaction mixture was diluted with CHCl3, passed through a pad of Celite, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(hexane/EtOAc = 10/1) to give phenalenone as a yellow solid (2a, 115.9 mg, 88%)).
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2,3-Dipropyl-1H-phenalen-1-one (3a)
Yellow solid; mp 96-97 °C; "H NMR (400 MHz, CDCls): 8 1.06 (t, J =

@]
7.4 Hz, 3H), 1.14 (t, J = 7.4 Hz, 3H), 1.53-1.62 (m, 2H), 1.69-1.78 (m,
O‘ 2H), 2.69-2.73 (m, 2H), 2.91-2.95 (m, 2H), 7.60 (t, J = 7.8 Hz, 1H),
‘ 7.74 (t, J = 7.8 Hz, 1H), 7.94-7.97 (m, 2H), 8.14 (dd, J = 1.4, 8.2 Hz,

3a 1H), 8.63 (dd, J = 1.4, 7.4 Hz, 1H); °C NMR (100 MHz, CDCL;): &

14.65, 14.74, 23.96, 24.37, 28.76, 31.42, 126.42, 126.6, 127.38, 127.61,

128.49, 128.95, 130.16, 130.59, 132.12, 134.39, 138.21, 148.07, 184.81; IR (KBr) 2959,

1631, 1612, 1569, 1366, 788 cm™'; EIMS m/z (relative intensity) 264 (M", 51), 221 (100), 165
(15); HRMS (EI) m/z calcd for C;9H,0O: 264.1514, found: 264.1518.

2,3-Diethyl-1H-phenalen-1-one(3b)

O Yello solid; mp 55-56 °C; "H NMR (400 MHz, CDCls3): 8 1.19 (t, J =
O‘ 7.4 Hz, 3H), 1.36 (t, J = 7.4 Hz, 3H), 2.76 (q, J = 7.4 Hz, 2H), 3.00 (q,
J=17.4Hz, 2H), 7.61 (t,J =7.3 Hz, 1H), 7.73 (t, J= 7.6 Hz, 1H), 7.97

‘ ap (4L, J=169,7.3 Hz, 1H), 8.15 (d, J = 7.8 Hz, 1H), 8.63 (d, J = 7.3 Hz,

1H); “C NMR (100 MHz, CDCL): & 14.09, 15.26, 19.72, 22.20,
126.43, 126.58, 127.48, 128.11, 128.94, 130.12, 130.61, 132.14, 134.41, 139.12, 149.14,
184.64; IR (KBr) 2961, 1631, 1615, 1577, 1571, 1407, 786 cm™; EIMS m/z (relative
intensity) 236 (M", 44), 235 (54), 212 (95), 156 (34), 129 (74), 115 (100); HRMS (EI) m/z
calcd for C17H;60: 236.1201, found: 236.1202.

2-Propyl-3-methyl-1H-phenalen-1-one (3c)
HMBC Yellow solid; mp 74-75 °C; 'H NMR (400 MHz, CDCls): & 1.03 (t, J =
O/\H H 7.4 Hz, 3H), 1.53-1.59 (m, 2H), 2.56 (s, 3H), 2.75 (t, J = 7.8 Hz, 2H),
7.56-7.60 (m, 1H), 7.69-7.73 (m, 1H), 7.93-7.97 (m, 2H), 8.12-8.13 (m,
O‘ 1H), 8.60-8.62 (m, 1H); °C NMR (100 MHz, CDCl;): § 12.22, 14.55,
O 23.32, 31.57, 126.41, 126.59, 127.22, 127.41, 128.36, 128.73, 130.21,
130.64, 132.11, 133.72, 134.46, 148.25, 185.06; IR (KBr) 2959, 1632,
1615, 1571, 1409, 1377, 784 cm’'; EIMS m/z (relative intensity) 236
(M", 28), 221 (100), 208 (31), 179 (34), 152 (14); HRMS (EI) m/z caled for C;7H;40:

236.1201, found: 236.1199.

3c
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3-Propyl-2-methyl-1H-phenalen-1-one (3¢’)

HMBC  Yellow oil; '"H NMR (400 MHz, CDCl3): & 1.10 (t, J = 7.4 Hz, 3H),
o ﬁH 1.69-1.75 (m, 2H), 2.26 (s, 3H), 2.93-2.97 (m, 2H), 7.58-7.62 (m, 1H),
M 7.70-7.73 (m, 1H), 7.93-7.97 (m, 2H), 8.12-8.13 (m, 1H), 8.60-8.62 (m,
O‘ ; 1H); °C NMR (100 MHz, CDCls): § 14.41, 15.73, 22.55, 28.60, 126.38,
O 126.61, 127.10, 127.41, 128.85, 129.61, 130.19, 130.60, 131.90, 134.31,
138.55, 143.81, 184.53; IR (KBr) 2961, 1631, 1612, 1571, 1457, 1330,
3¢’ 779 cm’'; EIMS m/z (relative intensity) 236 (M, 61), 235 (77), 221 (100),

178 (33), 165 (23); HRMS (EI) m/z caled for C17H;60: 236.1201, found: 236.1198.

2-Butyl-3-ethyl-1H-phenalen-1-one (3d) and 3-Butyl-2-ethyl-1H-phenalen-1-one (3d’)
HMBC HMBC These compounds were obtained as an inseparable

) a1
0 /\H H o /\H H mixture. Pale yellow oil, H NMR (400 MHz,
CDCl): 6 0.96-1.05 (m), 1.17-1.20 (m), 1.33-1.37

O‘ O‘ (m), 1.45-1.74 (m), 2.71-2.79 (m), 2.92-3.02 (m),
O O 7.58-7.62 (m, 1H), 7.70-7.74 (m, 1H), 7.94-7.97

(m, 2H), 8.13-8.15 (m, 1H), 8.61-8.64 (m, 1H); °C

3d 3d’ NMR (100MHz, CDCls): & 13.91, 14.00, 15.17,

19.82, 22.25, 23.27, 23.35, 26.29, 28.93, 31.89, 33.15, 126.35, 126.37, 126.49, 127.27,

127.34, 127.43, 127.49, 128.02, 128.39, 128.84, 128.88, 130.03, 130.50, 130.55, 132.04,

132.07, 134.32, 137.90, 139.28, 147.91, 149.26, 184.52, 184.76; IR (KBr) 2958, 1631, 1614,

1572, 1376, 786 cm™'; EIMS m/z (relative intensity) 264 (M", 24), 235 (100), 221 (19), 181
(22), 131 (21); HRMS (EI) m/z calcd for C19H,00: 264.1514, found: 264.1509.

3-Phenyl-2-propyl-1H-phenalen-1-one (3e¢)

HMBC Orange solid; mp 109-110 °C; '"H NMR (400 MHz, CDCls): & 0.83 (t, J

OPH ’ =7.4 Hz, 3H), 1.50-1.42 (m, 2H), 2.43-2.37 (m, 2H), 7.21-7.17 (m, 1H),
7.33-7.26 (m, 2H), 7.55-7.41 (m, 4H), 7.80 (t, /= 7.6 Hz, 1H), 7.94 (d, J

O‘ = 8.3 Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 8.71 (dd, J = 7.4, 0.9 Hz, 1H);

O Ph BC NMR (100 MHz, CDClL): & 14.51, 22.81, 30.08, 126.40, 126.85,

127.73, 128.25, 129.03, 129.14, 129.86, 130.35, 130.66, 131.15, 131.96,

3e 134.64, 137.43, 138.65, 149.28, 184.93; IR (KBr) 2959, 1630, 1616,

1570, 1334, 788 cm’'; EIMS m/z (relative intensity) 298 (M", 48), 297 (46), 269 (40), 239
(30), 69 (100); HRMS (EI) m/z caled for CoH;5O: 298.1358, found: 298.1360.
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2-Phenyl-3-propyl-1H-phenalen-1-one (3¢’)

e Orange solid; mp = 200-201 °C; "H NMR (400 MHz, CDCl3): 8 0.91 (t, J
Ph =74 Hz, 3H), 1.62-1.73 (m, 2H), 2.71-2.76 (m, 2H), 7.24-7.27 (m, 2H),
O‘ 7.38-7.49 (m, 3H), 7.62-7.67 (m, 1H), 7.73-7.78 (m, 1H), 8.02-8.05 (m,
O 2H), 8.18-8.21 (m, 1H), 8.62-8.65 (m, 1H); °C NMR (100 MHz, CDCl;):
0 14.54, 24.73, 32.56, 126.44, 126.81, 127.29, 127.82, 128.11, 128.12,
128.62, 129.14, 129.68, 130.43, 131.38, 132.24, 134.64, 136.81, 139.39,
149.62, 184.31; IR (KBr) 2955, 1629, 1610, 1570, 1560, 1407, 706 cm™; EIMS m/z (relative
intensity) 298 (M", 88), 297 (100), 269 (36), 255 (38), 149 (12); HRMS (EI) m/z calcd for

CxH 30: 298.1358, found: 298.1350.

3e'

3-Propyl-2-trimethlsilyl-1H-phenalen-1-one (3f)
0 Yellow solid; mp = 95-96 °C; 'H NMR (400 MHz, CDCls): & 0.35 (s,
O‘ ™S 9H), 1.14 (¢, J = 7.3 Hz, 3H), 1.59-1.66 (m, 2H), 2.89-2.93 (m, 2H),
7.61-7.65 (m, 1H), 7.68-7.72 (m, 1H), 7.81-7.84 (m, 2H), 7.96-7.94 (m,
O ., HH 1H), 8.05-8.07 (m, 1H); *C NMR (100 MHz, CDCL): & 0.23, 14.76,
J 22.36, 35.98, 121.06, 121.62, 125.11, 127.81, 128.53, 130.84, 131.20,
3 Noesy 132.89, 135.01, 140.17, 141.44; IR (KBr) 2960, 1774, 1750, 1736, 1719,
1458, 777 cm™'; EIMS m/z (relative intensity) 279 (M, 75), 235 (37), 205 (35), 189 (100),
164 (70), 163 (79); HRMS (EI) m/z calced for CisH,70 (M'-CH3), 279.1205, found: 279.1203.

2,3-Diphenyl-1H-phenalen-1-one (3g)

0 Orange solid; mp 193-194 °C; 'H NMR (400 MHz, CDCl,):
O 0 7.08-7.29 (m, 10H), 7.48-7.51 (m, 2H), 7.83 (t, J = 7.8 Hz, 1H),
O‘ 8.03 (dd, /=74, 1.8, 1H), 8.25 (dd, J=7.8, 1.4 Hz, 1H), 8.74 (dd, J
O ‘ g 7.3, 0.9 Hz, 1H); °C NMR (100 MHz, CDCl;): § 126.45, 126.76,
127.07, 127.38, 127.47, 127.73, 129.33, 129.37, 130.11, 130.66,
130.74, 131.51, 132.12, 134.90, 135.75, 136.95, 138.83, 150.12, 184.09; IR (KBr) 3055, 1631,
1615, 1570, 1271,801, 699, 788 cm™'; EIMS m/z (relative intensity) 332 (M, 47), 331 (58),

255 (17), 213 (34), 149 (63); HRMS (EI) m/z calcd for C,sH;60: 332.1201, found: 332.1195.
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2,3-Di-p-tolyl-1H-phenalen-1-one (3h)
0 ‘ Orange solid; mp 231.2-232.0 °C; '"H NMR (400 MHz, CDCls):

§2.27 (s, 3H), 2.34 (s, 3H), 6.99 (s, 4H), 7.06-7.11 (m, 4H),

O‘ 7.46-7.51 (m, 2H), 7.79-7.83 (m, 1H), 8.00-8.02 (m, 1H), 8.23-8.25

O ‘ 3h  (m, 1H), 8.72-7.74 (m, 1H); *C NMR (100 MHz, CDCls): & 21.44,

126.57, 127.14, 127.51, 128.33, 128.61, 129.56, 129.80, 130.17,

130.69, 130.80, 131.43, 132.18, 132.26, 132.95, 134.24, 134.91, 136.34, 137.17, 138.88,

150.13, 184.45; IR (KBr) 1632, 1610, 1569, 1361, 799 cm'l; EIMS m/z (relative intensity)

360 (M", 55), 345 (100), 295 (18), 269 (12), 257 (11); HRMS (EI) m/z caled for Ca7Ha00:
360.1514, found: 360.1509.

7-Methyl-2,3-dipropyl-1H-phenalen-1-one (3i) and 6-Methyl-2,3-dipropyl-1H-
phenalen-1-one (3i’)

HMBC These compounds were obtained as an
inseparable mixture. Yellow solid, mp =
H |0 Pr

91-93 °C; 'H NMR (400 MHz, CDCl;): for

Pr Pr

O‘ O‘ 3i; § 1.04 (t, J=7.4 Hz, 3H), 1.14 (t, J= 7.4
O Pr O o Hz, 3H), 1.52-1.62 (m, 2H), 1.69-1.75 (m,
ai ) H‘S HMBC 2H), 2.67-2.72 (m, 2H), 2.83 (s, 3H),
3i 2.88-2.94 (m, 2H), 7.52-7.63 (m, 2H), 7.95
(d, J= 7.4 Hz, 1H), 8.14 (d, J = 9.2 Hz, 1H), 8.52 (d, J = 7.3, Hz, 1H); for 3i’; § 1.05 (d, J =
7.4 Hz,3H), 1.15 (t, J= 7.4 Hz, 3H), 1.52-1.62 (m, 2H), 1.69-1.75 (m, 2H), 2.67-2.72 (m, 2H),
2.79 (s, 3H), 2.88-2.94 (m, 2H), 7.41 (d, J= 6.4 Hz, 1H), 7.75 (t, J=7.6 Hz, 1H), 7.82 (d, J =
7.4 Hz, 1H), 8.33 (dd, J = 1.4, 8.3 Hz, 1H), 8.64 (d, J = 7.3, Hz, 1H); >°C NMR (100 MHz,
CDCLs): 8 14.62, 14.68, 19.49, 20.07, 22.94, 24.29, 24.39, 28.67, 28.71, 31.27, 31.41, 125.97,
126.20, 126.71, 127.13, 127.26, 127.47, 127.53, 127.58, 127.74, 128.77, 129.31, 129.73,
130.12, 130.42, 131.19, 131.59, 137.01, 137.91, 138.17, 142.47, 147.86, 148.28, 184.64,
184.84; IR (KBr) 2959, 1626, 1610, 1570, 1362, 781 cm’'; EIMS m/z (relative intensity) 278
(M, 54), 263 (100), 235 (71), 189 (12), 149 (12); HRMS (EI) m/z calcd for CaoHa,,0:

278.1671, found: 278.1670.
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7-Fluoro-2,3-dipropyl-1H-phenalen-1-one (K))) and 6-Fluoro-2,3-dipropyl-1H-
phenalen-1-one (3j°)

HMBC These compounds were obtained as an
H/\ o Pr inseparable mixture. Yellow solid, mp =
Py 108-109 °C; 'H NMR (400 MHz, CDCls):

Pr

O‘ O‘ for 3j; & 1.04-1.07 (m, 3H), 1.57 (t, J = 7.4
F O PrF O 0 Hz, 3H), 1.54-1.59 (m, 2H), 1.69-1.75 (m,
. ) H‘S HMBC 2H), 2.66-2.71 (m, 2H), 2.88-2.94 (m, 2H),
3 7.36 (dd, J = 8.3, 10.1 Hz, 1H), 7.65 (t, J =
7.8 Hz, 1H), 7.98 (d, J = 7.4 Hz, 1H), 8.20 (d, J = 8.3 Hz, 1H), 8.59 (dd, J = 5.5, 8.3 Hz, 1H);
for 3j%; & 1.04-1.07 (m, 3H), 1.56 (dt, J = 7.4 Hz, 3H), 1.54-1.59 (m, 2H), 1.69-1.75 (m, 2H),
2.66-2.71 (m, 2H), 2.88-2.94 (m, 2H), 7.22 (d, J = 9.2 Hz, 1H), 7.79 (t, J = 7.8 Hz, 1H), 7.87
(dd, J= 5.5, 8.3 Hz, 1H), 8.41 (d, J = 6.9, 1H), 8.66 (d, J = 7.4, Hz, 1H); °C NMR (100 MHz,
CDCls): 8 14.57, 14.62, 22.87, 24.14, 24.21, 28.61, 28.68, 31.29, 31.39, 110.07 (d, Jor = 20.2
Hz), 111.21 (d, Jer = 20.2 Hz), 120.80 (d, Jor = 16.3 Hz), 122.47 (d, Jor = 16.3 Hz), 122.93
(d, Jor = 4.9 Hz), 124.86 (d, Jor = 4.8 Hz), 125.39 (d, Jor = 3.8 Hz), 126.53, 126.65, 126.76
(d, Jor = 3.9 Hz), 127.90 (d, Jor = 8.7 Hz), 128.05, 128.32, 128.36, 128.65, 128.70, 130.73,
131.57 (d, Jer = 10.6 Hz), 137.02 (d, Jop = 2.9 Hz), 138.37, 147.51, 147.73, 160.22 (d, Jcr =
261.1 Hz), 162.72 (d, Jer = 262.9 Hz), 183.51, 184.51; '°F NMR (100MHz, CDCls): for 3j; &
-111.13; for 3j%; d -117.90 ; IR (KBr) 2962, 1637, 1616, 1592, 1571, 1479, 1376, 781 cm’';
EIMS m/z (relative intensity) 282 (M", 62), 239 (100), 173 (32); HRMS (EI) m/z calcd for

C1oHoFO: 282.1420, found: 282.1425.

6-Methoxy-2,3-dipropyl-1H-phenalen-1-one (3k)

HMBC Yellow solid; mp = 153-154 °C; "H NMR (400 MHz, CDCls): 8 1.05
/\ (d, J = 7.4 Hz, 3H), 1.14 (t, J = 7.4 Hz, 3H), 1.52-1.62 (m, 2H),
Ho{ 9 o 1.67-1.77 (m, 2H), 2.68-2.72 (m, 2H), 2.89-2.93 (m, 2H), 4.10 (s, 3H),
O‘ " 7.05(d,J =82 Hz, 1H), 7.54-7.58 (m, 1H), 7.95 (d, J = 7.3 Hz, 1H),
MeO ‘ Pr 8.36 (d, J = 8.3, Hz, 1H), 8.62 (d, J = 8.2, Hz, 1H) ; °C NMR (100
MHz, CDCl;): & 14.80, 14.84, 23.12, 24.40, 28.91, 31.58, 56.11,
105.70, 122.60, 123.69, 124.81, 125.46, 127.94, 128.16, 128.56,
132.91, 138.29, 147.67, 161.27, 183.90; IR (KBr) 2956, 1628, 1605, 1577, 1362, 1263, 1067,
1366, 1067, 777 cm™'; EIMS m/z (relative intensity) 294 (M', 76), 293 (91), 279 (52), 251

(100), 221 (32), 165 (23); HRMS (EI) m/z caled for CaoHa,05: 294.1620, found: 294.1611.

3k
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6-Methoxy-2,3-dipropyl-1H-phenalen-1-one (3k’)

Pr Orange solid; mp = 142-143 °C; "H NMR (400 MHz, CDCls):
Pr 0 1.05 (t, J=7.4 Hz, 3H), 1.13 (t, J = 7.4 Hz, 3H), 1.54-1.60
O‘ (m, 2H), 1.68-1.74 (m, 2H), 2.66-2.70 (m, 2H), 2.87-2.91 (m,
MeO 0

O ‘3 2H), 6.88-6.90 (m, 1H), 7.69-7.73 (m, 1H), 7.86-7.88 (m, 1H),
H O HMBC ¢ 56 850 (m, 1H), 8.65-8.67 (m, 1H): *C NMR (100 MHz,

CDCLy): & 14.81, 14.90, 23.14, 24.70, 28.82, 31.56, 55.97,
104.40, 121.53, 124.84, 126.00, 128.48, 128.55, 129.11, 129.38, 130.68, 135.84, 148.42,
158.47, 185.01; IR (KBr) 2963, 1629, 1608, 1578, 1571, 1258, 1088, 781 cm™; EIMS m/z
(relative intensity) 294 (M", 30), 279 (41), 263 (100), 251 (63), 221 (26), 165 (18), 149 (41);
HRMS (EI) m/z caled for CaHa,0,: 294.1620, found: 294.1616.

3k

4-Ethoxy-2,3-dipropyl-1H-phenalen-1-one (31°)

OEt Pr Orange solid; mp = 100.4-101.7 °C; "H NMR (400 MHz, CDCls):
Pr 0 1.02-1.11 (m, 6H), 1.51-1.72 (m, 7H), 2.72-2.77 (m, 2H), 3.13-3.18
O‘ o (m, 2H), 4.35 (q, J= 7.1 Hz, 2H), 7.34 (d, /= 9.2 Hz, 1H), 7.60 (t, J
O = 7.6 Hz, 1H), 7.94 (d, J = 9.2 Hz, 1H), 8.05 (dd, J = 8.0, 1.4 Hz,

4 < HVBC

1H), 8.71 (dd, J = 7.4, 1.4 Hz, 1H); *C NMR (100 MHz, CDCl;): 8
14.68, 14.76, 14.95, 23.05, 23.71, 28.48, 34.91, 65.11, 114.02,
115.16, 124.31, 126.54, 127.75, 128.35, 128.50, 128.98, 131.33, 133.40, 134.19, 138.26,
149.79, 158.97, 183.56; IR (KBr) 2960, 1626, 1603, 1588, 1559, 1389, 1051, 813 cm™'; EIMS
m/z (relative intensity) 308 (M, 21), 279 (100), 265 (44), 235(18), 149(27); HRMS (EI) m/z
caled for C1H40; (M'-C,Hs): 279.1385, found: 279.1393.

3

5,6-Dipropyl-4H-benzo|de]quinolin-4-one (3m)

HMBC Yellow solid; mp = 105-107 °C; '"H NMR (400 MHz, CDCl3): § 1.05 (t, J =
/\ 7.4 Hz, 3H), 1.15 (t, /= 7.4 Hz, 3H), 1.51-1.60 (m, 2H), 1.68-1.78 (m, 2H),

T A9 py 2:05-2.69 (m, 2H), 2.89-2.93 (m, 2H), 7.77-7.81 (m, 1H), 7.91-7.93 (m,

N| ; 1H), 8.16-8.18 (m, 1H), 8.23 (d, J=4.6 Hz, 1H), 9.21 (d, J = 4.6 Hz, 1H);

Pr *C NMR (100 MHz, CDCL): § 14.55, 14.68, 22.86, 24.18, 28.52, 31.42,
120.42, 122.41, 127.60, 129.04, 129.93, 131.64, 134.00, 138.00, 148.41,
148.80, 151.20, 184.64; IR (KBr) 2962, 1631, 1580, 1561, 1255, 790 cm™;

EIMS m/z (relative intensity) 265 (M, 51), 222 (32), 174 (64), 148 (100) 122 (44); HRMS

(EI) m/z calcd for CisHoNO: 265.1467, found: 265.1469.

3m
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4,5-Dipropyl-6H-benzo[de]quinolin-6-one (3m’)
Yellow solid; mp = 101-103 °C; "H NMR (400 MHz, CDCls): 6 1.04-1.08
(t,J=17.4 Hz, 3H), 1.15 (t, J= 7.4 Hz, 3H), 1.52-1.62 (m, 2H), 1.66-1.74
(m, 2H), 2.68-2.72 (m, 2H), 2.86-2.90 (m, 2H), 7.65 (d, J = 4.6 Hz, 1H),
7.86-7.90 (m, 1H), 8.35-8.37 (m, 1H), 8.53-8.55 (m, 1H), 9.04 (d, J = 4.6
3m'  Hz, 1H); >C NMR (100 MHz, CDCls): § 14.59, 14.62, 22.92, 23.89, 28.85,
30.85, 119.48, 123.06, 128.74, 129.49, 129.81, 135.70, 142.36, 145.81, 146.74, 183.54; IR
(KBr) 2959, 1636, 1610, 1585, 1349, 789 cm™'; EIMS m/z (relative intensity) 265 (M", 100),
250 (48), 222 (64), 207 (29) 166 (15); HRMS (EI) m/z calcd for C;sH;oNO: 265.1467,
found: 265.1468.

1H-Phenalen-1-one (3n)’
O  Yellow solid; mp = 148-149 °C; "H NMR (400 MHz, CDCls): 8 8.61 (d, J=17.6
Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.78-7.71 (m, 3H),

X
| _ 7.57 (t, J =7.6 Hz, 1H), 6.72 (d, J =9.6 Hz, 1H); >C NMR (100 MHz, CDCl5): d
185.6, 141.7, 134.9, 132.1, 131.9, 131.3, 130.3, 129.3, 129.2, 127.8, 127.5,
127.1, 126.6
3n

Procedure for the reaction of 1b and 2a under *CO

4-methyl-1-naphthoic acid (1b, 94.6 mg, 0.50 mmol), 4-octyne (2a, 163.5 mg, 1.5 mmol),
[RhCl(cod)] (6.1 mg, 0.01 mmol), DPPM (9.9 mg, 0.025 mmol), KI (41.9 mg, 0.25 mmol),
Piv,0 (278.8 mg, 1.50 mmol), dioxane (1 mL), and a magnetic stirring bar were added in a
screw-capped test tube (A). Sulfuric acid (168 mg, 1.7 mmol) was added in a screw-capped
test tube (B). The two test tubes were connected with cannula and tightly closed. The test tube
B was stirred at room temperature then *C-formic acid (120 mg, 1.2 mmol) was added in the
B, and generated >CO was introduced to test tube A. After finishing the generation of °CO,
the cannula was removed and test tube A was shealed. The reactor A was allowed to stir at
160 °C for 18 h. The reaction mixture was purified by column chromatography on silica gel
(hexane/EtOAc = 10/1) to give non-labeled phenalenones 3i and 3i’ as a mixture. No CO

incorporation was determined by ?C-NMR analysis.
1 Giordano, G.; Crabtree, R. H. Inorg. Synth. 1990, 28, 88.

2 Andreas, S.; Christoph, L.; Fabian, C.; Karin, L.; Johannes, R.; Karl-Anton, H.; Wolfgang,
B.; Gottfried, S.; Tim, M. Eur. J. Med. Chem. 2014, 57, 5157.

S9



abundance

0.2

0.1

0

3a

(L ALY e

L

-
WA

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

. AN

>
>

31.423 ~
28.759 ——

N ST VSO0 N o n 0 <t Vv AN

— O OO 0NN — AN O O \O on <

%) SAN—1nNn—qQ <O <t n SO NSO

< 00T ANO OIS~ O \O o>~ >~ \O < N <t <+

(%] T NN AANANANA A [ N AN —
— oy o o o o e

X : parts per Million : Carbon13

0

-10.0

-20.0

S10


NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3a


abundance

~ Et

e o) Et

] ‘ oo

] 33

e

=

v

1 3b

¥ g oE

| N N

-~

on |

1 g (3 [

S ] 7

(oI

o

o : J ,,,,,,,,,,,,, M ;.\ I k«_.,J ‘LJ LJ ,,,,, W

7\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 1.0 2.0

s NP A
<t AWM N OoOWVMS N —A OO\ \O N — A~~~ nmen SN unen OO~ S
OO ——qaannmnnvonda oo A —— <
00 00 00 00 I~ [~ [~ [~ [~ [~ [~ [~ 0~ b~ NN AN — o — — =)

X : parts per Million : Proton

S11



NMR
スタンプ

fukuyama
タイプライターテキスト
3b


abundance

3b

P o kAt iy 'Mwwwmwwwwumw.rwmwmwwwmw»www
i

Wmmmw.nwmmmmwwwwmwwwm MMWWMWWWWWW

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

184.641 —

X : parts per Million : Carbon13

"\

O N ONOANN <+ <>~ <+
NANO T O —on — 00— [~
DAAATANO O 0o \O O
<t e nenen AN
— vy o o o e

AN

77.315
77.000
76.685

—
s

22.201 ~_
19.719 ——

15.260
14.086

100 0 -10.0 -20.0

S12


NMR
スタンプ

fukuyama
タイプライターテキスト
3b

fukuyama
タイプライターテキスト


abundance

20.0

10.0

0

2.98

3.01

X : parts per Million : Proton

3c
= S
S 2 :
2 (& %8
=) - —
| LA LS | e e tﬂ “L L JL 4,/‘*J‘ 1__/JJu L g
120 110 100 90 80 70 60 S50 40 30 20 10 0 -0 20
= o\ \S=—=— N A AL
ANANTOANNVOO—NA NN AN AN o oo oA <k (=3
EEE RN S T SR
o oo e e e e o e o e e e e o e e e [\ e\ Ie e\l — e = [}

S13



NMR
スタンプ

fukuyama
タイプライターテキスト
3c


abundance
0

0.3

0.2

0.1

3c

il

J

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0

84.527

X : parts per Million : Carbon13

A

QAN OWV OO NN O >~
ST D ARNXRX—=F O OO
O Wy eN WKV — O X —\Oaen
N0 T —O OIS \O O
T NN NN AANNANANA
— o o o o oy e e

28597

20.0

22.554
15.728 —

10.0

14.410/

0

-10.0

-20.0

S14


NMR
スタンプ

fukuyama
タイプライターテキスト
3c


abundance

S

i

Me

gf (0) Pr

e :

1 “ S

e i

<]

™

3¢’

o

]

§ o o !

S - o ol i

i

-]

]

= = s %

- |

a4

-

; AN ) v

f | I\U

o ‘ L .0, RN WU LV Y L“ |

120 10 100 90 8 70 60 50 40 30 20 10 0 -0 20
7 N AN S ANA
MO — N A en QDA T A~ AN o
BEEERIRESgd88S 23358588388 ¢
00 00 00 00 I~ I~ I~ I~ N D~ o~~~ AN~ =

X : parts per Million : Proton

S15



NMR
スタンプ

fukuyama
タイプライターテキスト
3c'

fukuyama
タイプライターテキスト


0.3

0.2

0.1

‘ N )\ ) .

abundance
0

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 100 O -10.0 -20.0

AN

\
7

23318
14.554 —
122157

Ne)
NS
‘"
—
e

N o N oo TSN n o wn

© < OC——<FTOND XD — S ®©

S N I —oqQ~T N T n SO

) ) TN AN OSSO0 ~ O

o0 < R RS RN RS ESESES o~~~
— —

X : parts per Million : Carbon13

S16


NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3c'


1.6 1.7 1.8 19 20 2.1

12 13 14 15

0 01 02 03 04 05 0.6 07 0.8 09 1.0 1.1

abundance

Et Bu <
0) i Bu (@) ‘ Et v
3d' 3d
b
on
%?.[8 ﬁg
SIS ~
8 r;;H
| M
\ } i
)L ..... J “J M\,J U‘ L .J‘ b “\_, J MJ u L LN )‘J
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0
[ n %I N
20 AN L = N N L
5233 838 § S2XINERRSQTINILE 8
6 0006 00 I~~~ I~ fANAANNANNANAN — - —— S S

X : parts per Million : Proton

S17



NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3d'

fukuyama
タイプライターテキスト
3d


abundance

0.3

0.2

0.1

0

Et

OBU

Bu

OiEt

3d

\.

o MJWJ e r‘b

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

O >~
) —
0
< <
o0 o0
—
0O

—

X : parts per Million : Carbonl13

N oo S——

149.261

147914

SN — N <=0
NO T OnNn AN
T NS OO0 WOW\O
cnNnenenen AN
— v oy o o e ]

AN\

77.315
77.000
76.675

10.0

NN

©
J
@
e
I\

33.151
31.891
28.931
26.287
23.270
22.248
19.824
15.174
14.000
13.914

0

-10.0

-20.0

S18


NMR
スタンプ

fukuyama
タイプライターテキスト
3d'

fukuyama
タイプライターテキスト
3d


RERE
10.0

.
12.0

9.0

11.0

86'C
50T i
00¢
oo
— _J
00'T
J —_—
ey
p“O
Do
J
w9 :
,,,,,,,, R L B L L B L LS S
08 0L 09 0 0 o€ 0z 01 0

souepunge

CLT'L
061°L
19C°L

0¢'L
8I¢'L
(4347

205°L
= 615'L
MSE

L18'L
= \¢gg6L
€0L'S
— L8

X : parts per Million : Proton

S19


NMR
スタンプ

fukuyama
タイプライターテキスト
3e


abundance

0.3

0.2

0.1

0

3e

|

U

A

J

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

184.928

X : parts per Million : Carbon13

e

ST AT ANON 0 —\O — 00N Tt O
OV N<TOWNVNOTEONn T onun Y
NO T OO N0 — QAN
DO~ — OO NN X0 O O
<t e nen e enen N AN
— o o o v v o v v e e

30.077

228127

10.0

14506 —

0

-10.0

-20.0

S20


NMR
スタンプ

fukuyama
タイプライターテキスト
3e


abundance

3.0

2.0

1.0

0

X : parts per Million : Proton

| Ph

: (0] ‘ Pr

j 3e'

] > E

: i =

] ~ gg

b N

| ik z

| 3 (8|

: a4 I

] x

| |, O, L DI J‘L J LHJ . L

120 110 100 90 80 70 60 50 40 30 20 10 0 -0 20
AN N S— A NN
N AN~ O TN ~enooa~AaAaAdANO — A [
3398398833 CERREEEEENE S
CO OO OO OO CO OO I~ I~ I~ >~ AN~ ——— O OO (e

S21



NMR
スタンプ

fukuyama
タイプライターテキスト
3e'


abundance

0.3

0.2

0.1

0

3e'

.

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

184307

X : parts per Million : Carbon13

e

NN —=<FTOAWN OO — 0N \OM™M
N0 —=<FNI-ANX0NANODS — O
O\O\\Oﬁ'Nv—*OO\O\OOOOOOl\l\\O\O
T NN N AN
— o o oy e v o o v e

AN

77.315
77.000
76.685

32597

24731

10.0

14.544 ——

0

-10.0

-20.0

S22


NMR
スタンプ

fukuyama
タイプライターテキスト
3e'


€6'8

TMS

=

3f

L6'T 3
4

L9T
—_ | =

00T

we
€040

=

0¥ 0°€20°CC0'1C0°0C06T10°810°LTO9TO'STOFIOETIOCIOTIO0I 06 08 0L 09 0°S 0¥ 0°€ 0°C O'T O

souepunge

-2.0

-1.0

S Novm.o

1.0
o
S

2.0
7
&5

4.0

5.0

LSTL
809°L
LTYL
LY9'L
8LY'L
S69°L
669°L
91IL’L
= [18°L

\918°L
0€8'L
9€8°L

€56'L
0L6'L
I70°8
90'8

11.0 10.0 9.0 8.0 7.0 6.0

12.0

X : parts per Million : Proton

S23


takuy
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3f


abundance

0.3

0.2

TMS

3f

WWWWWWWWWWLNWLMMWWMWW W»w wﬂ AN g B

%lWWWWMWMMWMWWW

WML‘JMW

e

MMMWWWWWMWMWW

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

193.253
162.197 —

X : parts per Million : Carbon13

AN

AOTNOANO T O
=V ®sS v o
NQSXEQWVNOAT X
SO YT AN —OXIST — O
T AN
— o o o e e e e

AN

77.315
77.000
76.685

"
—
x
o)
en

22201

10.0

14.601 —

0 -10.0 -20.0

0.071 ——

S24


takuy
スタンプ

fukuyama
タイプライターテキスト
3f


abundance

: Ph
< |
v 0] Ph
S z
| (@)
O )
3 39
SH
m,
< |
N,
o] ks ?éis
v—:i o ——
, i
: | { 1 ’
o | .;“ \ ....... Flnd L »wv ‘\Jyw I i _,‘Lﬂ_JM _____ A Jt
L L I L L L L L L L L L I B B
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0

7.169
7.109
7.106
-0.000 7

O —O 0 ANM®OD S —
O WV <F NOVOISW1N OO0 XX
et ANN— =~
00 00 00 00 I~ [~ I~ D~ N M~ o~~~

X : parts per Million : Proton

S25



NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3g


abundance

0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 022 024

0.02

B TR U NPT PA M bt

bt kbt o

| H.M uL

0

" o )
Ll YRR o U AN IO W uh b L)

i L

AR A Do

FTIPRTITIe

Ll
Y

e Ll Lol e L W Ll Ll

il

T
L

bl

T
YRR

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

)
)
<
<
)
—

150.120

—

X : parts per Million : Carbon13

M=

AT NN AN AT DN
SN —= 0 ON O~ wn
= NN\O T nor
<t AN —= O OS> \0
NN nNAaNNANAN
— oy o o e ]

10.0

0

-10.0

-20.0

S26


NMR
スタンプ

fukuyama
タイプライターテキスト
3g


abundance

S

oo

S

~]

J ()

1 g

S ]

O |

1 3h

O:

> N

v

] =

i on

O:

5

] 9

J Q

i (@)

o ]

on

3 s 228

S ]

o ] R, W Ll oy \j A . mf‘ y ru\t . N X

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0

AN = AN AN
AWV unmoounenunmooooadAN O <t O N o0 O o
NeNAN—<ANANN —0O~NT~1"n NN ANl il o\| [ NN
BN ANN®0OT T ANDS SO AN — S35
oo~ o [\l e\Ne\| S OI

X : parts per Million : Proton

-0

S27



takuy
スタンプ

fukuyama
タイプライターテキスト
3h


abundance
0

0.3

0.2

0.1

x il |

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

N AN

84.288
149.967
134.749

AN T O 0 — 0\ o oW v
— Ot N =2 N — O X o~
AN — O OO 0 X\ O o~~~ \O —
cnononononacaaqa [ el e N
v o e e e e e —

X : parts per Million : Carbon13

10.0

0

-10.0

-20.0

S28


takuy
スタンプ

fukuyama
タイプライターテキスト
3h


809

6L9 - B!
/4 “I‘r‘|\JM
16007 ]
nr———
6£0 \MW|
6t 1, =
: . 2=
_ = 680 ———
o O 5 004,  —
T
o
o
[}
O M
o

SR RSN R A R R R I R R A B SR SN A SR AN SR A AR SRR A
I'c 0¢c 61 81 LT 91T ST ¥IL €1 ¢I I'T 0T 60 80 L0 90 S0 ¥0 €0 C0 10 O

souepunge

X : parts per Million : Proton

S29


NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3i

fukuyama
タイプライターテキスト
3i'


2200

-10.0

I
T

Pr

Pr

Pr

)

Pr

Me

3’

A
I

\ ‘OH

100

0

1o

0
souepunge

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 400 30.0 200

996'STI
S61°9T1
11,921
1€1°LTT
S9TLTI
SLY'LTI
085°LTT
%NE.E
€LLSTI
8TL 61
61T°0€1
STHOET
88T T€T
ZI0°LET
606'LET
LY T
LSS'LYT

S30


NMR
スタンプ

fukuyama
タイプライターテキスト
3i

fukuyama
タイプライターテキスト
3i'


abundance

5.0

4.0

1.0 2.0 3‘.0 ‘ ‘

0

X : parts per Million : Proton

Pr Pr
(@) Pr (6] Pr
9 9 =
0D O )
F F
3] 3
b
2 S Ng
N —
z (8838
s OO | Ol
S IR
=/ g facn) =) N
1 Uw.,_v, ot u“nl AW .J . y.,. W kJ L . J U \Mww} Lm.v
7\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0
) = A AN
NN~ oo o onaAa <ttt O VN OOWV ANV ON T O NV — NN [
AV VO0O VO VMWUVMA—=O TN O — ANO N0 N0 0~ (=R Vo R l ali'e) [
NN —=— RNV O ONmnnnmANAN AARNXRXEZVOOOLC KN —OO S
oo wor~~cNNN > aaaaAaaAaaAaaAaaaQ — e e (e

S31



NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3j

fukuyama
タイプライターテキスト
3j'

fukuyama
タイプライターテキスト


0.4

0.2 0.3

0.1

abundance

3] 3

’ \ W J L At J /

220.0 210.0 2000190018001700160015001400130 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 100 O -10.0 -20.0

ST

o

/\ //\\ /\ /\ H W \ /\\\ /‘\ //%\ /\
[ <l"0) OFT I 'n<T coAN A — AN — O Wn v O n N ANV N
SO AN — — NnNr— VO I ANV — — — O O — O >~ 00 OODDON O AN >~
e SIS mNin M3 QNG M= =S 39 MACB A %9
<t on <t — O\ > 0o~ oo —— O o~ >~ O — — 00 0 <t <t AN <t <t
o0 o0 O O O n <ttt nen A ANANAN ———O >~ >~ >~ cnenAaAaaAaNaAaNdANdqN — —
— ey p—] p— — p— ey e oy o oy e

X : parts per Million : Carbon13

S32


NMR
スタンプ

fukuyama
タイプライターテキスト
3j

fukuyama
タイプライターテキスト
3j'

fukuyama
タイプライターテキスト


abundance

<]
~ ]
4 <
] < 0
] n A |en
] I\ %3
1 ~
<]
N-gm
<]
]
b o
] 38 P
1 (\N o
<]
<
< ]
en ]
] = a o =
] 3R =22 |=
i —s — —_— —
<
]
<]
-
o i [ S S J .............. " e e, J\_) ensd U -
7\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\
8.0 7.0 5.0 4.0 3.0 1.0 0
///\ “ /\\\\ ‘ /l/\\ HN )‘\K /K
OV~ O T A -0~ 00 — — — — O WV <+ Q> — 0 v on
— QM n N O AT VN o o0 O 0 O <t AN n S —
Qa0 O nnna oo < Oy X5\ NN — Qo e
00 00 00 00 00 0O [~ I~ I~ b~ 0~ b~ ©~ < K Ne\Ke'l — S o
L}

X : parts per Million : Proton

S33



takuy
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3k


0.3

0.2

0.1

Pr

1 MeO Pr

N il J \ » AW .

abundance
0

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 100 O -10.0 -20.0

AN\

>
>

31.423 ~—

76 685
55.949
28.750 ——

<t 0 tT AT OO0 AN Nl v O <t < 0 O©

< (=) — NN OO 0NN < on — O N \O > <t

o — ~oco AN WO~V <t on A Vo) [\[\ <+ N < <

%] el T NN ANANANANANANN S o~ o~ N AN —
— — oy o o e e —

X : parts per Million : Carboni3

S34


takuy
スタンプ

fukuyama
タイプライターテキスト
3k


souepunge

=
—o
L9 Jfe
056 Jm
s
i N
17T
f\h{.
01'¢ I te
N — on
o
11T oY
)
v
=)
O
)
80'1 J BT
O S
T S R P
T %)
00'1
— =
Lo
()}
=
=
Fe
—
o @)
Fo
o
_ B
o )
-+ F2
LUl F
O H
L2
X
I D T
0°00S 0°00% 0°00€ 0°00T 0°001 0

X : parts per Million : 1H

S35


takuy
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3l'


OEt Pr

Pr

3I'

-20.0

-10.0

10.0

€0

0

1o

0
souepunge

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

0

8L9°F1
%32:
SH6PI
= 0S0°€T
60L'€T

O\ g88T

BT 43

€TOHII
6ST'STT
SOEHTI
6£5°9T1
160121
£5€'STI
\o@.wﬁ
€361
= legicl
—covest

N 981bE]
N\ €9T8El

—98L6VI

—0L6'8S1

n
Net
‘"
o
0
-

X : parts per Million : Carbon13

S36


takuy
スタンプ

fukuyama
タイプライターテキスト
3l'


abundance

S ]
O _|
~
o 5
o o
] 3m
b o~
] o
o o
~ |
: S
1 SEQ
il - O ]
< |
o
i ©
T e & =
i — S|
< |
o ] L_Jl JLM J ,_._ntum.,\.l._,. ,_,/HLMJ“ f— ./JA\»J H ‘ltwmm‘bw; )
L L B B L L B L B B L L B L L B B B N BN
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 -2.0

\

9212~
9.200

X : parts per Million : Proton

8.226
8.152
7.899
7275

§

\ (1] //\

O MNARAN DN 0NN
NSO RXEEOY DO N>

QARNRXVOVOLLLETI R
ANANANAANANNANE —

054
1.035
-0.000 —

S37



NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3m


abundance
0

0.3

0.2

0.1

(WL - | - VLJJ

220.0 210.0 20001900180017001600150014001300120011001000 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0
NANP P ZANNN AN SN/

— DA — NN WNIT-00OO NN O wn N — >~ O\ 0

3 22588853083 ~S8 Sh=2%

: R EEEELERRE mEE LEEE

X : parts per Million : Carbon13

10.0

14.554/

0

-10.0

-20.0

S38


NMR
スタンプ

fukuyama
タイプライターテキスト
3m


You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

o
I I —
on
<
3n
\
| |
\‘ . = |l -
< = - h = ‘ s
- \‘ - Jy
| - | |
|
\ | M I -
o | i |
I LN I (i
LRI J \ )\ 2R JUA
Bed A N ~ M / N SN U A S
Xiﬁ X‘AS 8.4 X‘j 812 X‘AI Xi(l 719 7‘AX 717 716 7}5 714 7}3 712 71I 7.0 6.9 618 6.7 6.4
of cn <
s (298 s | W AN AN
— r—l | — 28 2% ax R8RS z2r0n e e
oL - S EEnnnn nininnny g Ll
X: pa:s per Million : Proton
<
—
)
3 ‘ [‘ \
R I §I | \
= AP AWANG VAN A I B NP, u«uu,_m Il
2o . . . _ _
C“ \\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0
OO N NN \ORt — O N —\O DO =
— OO — A>T N = N0~ WO N O (=]
CO——od NN NnNnNnNnAQ SR S
00 00 00 00 O NN NN NN SN~ N S N N\ O S
X : parts per Million : Proton
S39



http://www.novapdf.com/
NMR
スタンプ

fukuyama
タイプライターテキスト
3n


1 (0]
on
MY
Ry
o || &
S| 2
1] 2 h \\‘\ ]
33 | [ i I ||
b é; B »«-\V“JN l“wu«w‘w,,wwMMM.M\NWMAWWWWW\AJ R NW‘J \' K»AM««’J Yo V \“Nw N“v} W W ~W M”M)\
0.7 ‘gc‘:imlm‘zﬂ I4‘Lﬂ I4‘ﬂAﬂ I3‘9Aﬂ IE‘XAﬂ I3‘7Aﬂ IE‘(L(] I3‘5Aﬂ I3‘4ﬁ I3‘3Aﬂ I3‘2Aﬂ IE‘IAﬂ IE‘(L(] I2"{ﬂ IZ‘XAﬂ I2‘7AmﬁA
o |
Q
=)
g |
o
g ojw\mwww»wlwwmmwwwm A AN 'wuwwtw O o o Wwwmwmmwwwww»WMMnm«mMWWMMMMMMMWMMWWWMMMMWWM
<

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 40.0 300 200 100 O -10.0 -20.0

N AN

[N
\O
o~
v
0

NN — OO0 —O A S N O

O AN AN O N — NN v on A

— <t AN — O3NSO o~ o>~ \O

<t e enenenAANANANANd o~ o>~ o~
— vy p— oy o v v e o e

X : parts per Million : Carbon13

S40

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com/
NMR
スタンプ

fukuyama
タイプライターテキスト

fukuyama
タイプライターテキスト
3n


	SI(re).pdf
	ESI rvsd.pdf
	SI.pdf
	ESI(OBC).pdf
	SI.pdf
	ESI.pdf
	SI.pdf
	NMR.pdf
	3a.pdf
	compound001-H_Proton-1-9.jdf.pdf
	2,3-dipropyl-1H-phenalen-1-one-carbon.pdf

	3b.pdf
	Ta-B4-182-H_Proton-1-8.pdf
	Ta-B4-182-C_Carbon-1-4.jdf.pdf

	3c.pdf
	Ta-M2-413-fr4-11-HPLC-C_Proton-1-11.jdf.pdf
	Ta-M2-413-fr4-11-HPLC-C_Carbon-1-6.pdf

	3c'.pdf
	Ta-M2-413-fr17-33-HPLC-H_Proton-2-10.jdf.pdf
	Ta-M2-413-fr17-33-HPLC-C_Carbon-1-4.jdf.pdf

	3d.pdf
	Ta-M1-223HPLC-H_Proton-1-8.jdf.pdf
	Ta-M1-223HPLC_Carbon-1-9.jdf.pdf

	3e.pdf
	Ta-B4-166-fr15-25-HPLC-H_Proton-1-10.jdf.pdf
	Ta-B4-166-fr15-25-HPLC-C_Carbon-1-7.jdf.pdf

	3e'.pdf
	Ta-B4-166-fr29-40-HPLC-H_Proton-1-14.jdf.pdf
	Ta-B4-166-fr29-40-HPLC-C_Carbon-1-6.jdf.pdf

	3f.pdf
	3h-H.pdf
	3h-C.pdf

	3g-2.pdf
	Ta-B4-141-H_Proton-1-5.pdf
	Ta-B4-141-HPLC-C_Carbon-1-6.jdf.pdf

	3h-2.pdf
	3d-H.pdf
	３ｄ－C.pdf

	3i.pdf
	Ta-B4-139-H_Proton-1-10.jdf.pdf
	Ta-M2-384-HPLC-C_Carbon-1-9.jdf.pdf

	3j.pdf
	Ta-M2-386-HPLC-H_Proton-1-6.jdf.pdf
	Ta-M2-386-HPLC-C_Carbon-1-7.jdf.pdf

	3k.pdf
	3k-H.pdf
	3k-C.pdf

	3l'.pdf
	3L'-H.pdf
	3L'-C.pdf

	3m.pdf
	Ta-M2-350-HPLC-1-2_Proton-1-7.jdf.pdf
	Ta-M2-350-HPLC-1-2_Carbon-1-5.jdf.pdf

	3m'.pdf
	Ta-M2-350-HPLC2-2_Proton-1-10.jdf.pdf
	Ta-M2-350-HPLC2-2_Carbon-1-6.jdf.pdf

	3n.pdf
	Perinaphthenon-H.pdf
	名称未設定
	名称未設定

	Perinaphthenon-C.pdf








