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In the case of FeBr3 -promoted transformation, the reversibility in cyclization of Radical B
would be suppressed by the rapid trapping of Radical B with FeBr3 leading to the predominant
formation of the mono-cyclized product trans-6. We think that high trans-selectivity in FeBr3 -promoted
mono-cyclization supports this hypothesis. Moreover, this result indicates that the second cyclization
is not a Friedel–Crafts reaction. Consequently, the use of FeCl3 as an oxidant is essential for the second
radical cyclization of Radical B.
In conclusion, we have developed the FeCl3 -promoted oxidative radical cyclization–cyclization
reaction for constructing the 1H-benzo[f ]isoindole structure.
4. Experimental Section
4.1. General Information
Melting points are uncorrected. 1 H-NMR spectra were measured in CDCl3 with TMS as an
internal standard (0.00 ppm). 13 C-NMR spectra were measured in CDCl3 as an internal standard
(77.0 ppm). For silica gel column chromatography, SiliCycle Inc. SiliaFlash F60 was used. Preparative
TLC separations were carried out on precoated silica gel plates (E. Merck 60F254 , manufacturer of
pharmaceutical, Kenilworth NJ, USA). The substrate 3a is the known compound [21].
4.2. N,N-Diallyl-3-oxo-3-phenylpropanamide (3a)
To a solution of diallylamine 2 (2.46 mL, 20 mmol) and N,N-dimethylaminopyridine (1.22 g,
10 mmol) in toluene (20 mL), ethyl benzoylacetate 1 (3.46 mL, 20 mmol) was added under argon
atmosphere at room temperature. The stirred reaction mixture was heated at reflux for 15 h.
The reaction mixture was diluted with water and then extracted with AcOEt. The organic phase
was dried over Na2 SO4 and then concentrated at reduced pressure. The purification of the residue by
flash silica gel column chromatography (AcOEt/hexanes = 1:10 to 1:4) afforded the product 3a [21]
(4.87 g, quant.).
Colorless oil. IR (KBr) 3083, 2982, 1689, 1628, 1576, 1482 cm−1 . The presence of keto and enol isomers
precluded a comprehensive assignment of all proton and carbon resonances. 1 H-NMR (CDCl3 ) δ 8.01
(6/5H, m), 7.75 (4/5H, m), 7.59 (3/5H, m), 7.50–7.38 (12/5H, m), 5.88–5.74 (10/5H, m), 5.73 (2/5H, s;
enol form), 5.25-5.16 (20/5H, m), 4.10 (6/5H, s; keto form), 4.09–3.92 (22/5H, m). 13 C-NMR (CDCl3 )
δ 194.1, 172.3, 171.6, 167.1, 136.3, 134.9, 133.6, 133.1, 132.8, 132.6, 130.7, 128.7 (2C), 128.4, 125.9, 117.4,
117.1, 117.0, 85.1, 49.9, 49.3, 48.0, 45.6. HRMS (ESI+ ) calcd for C15 H17 NO2 Na (M + Na+ ): 266.1152,
Found: 266.1175.
4.3. N,N-Diallyl-2-methyl-3-oxo-3-phenylpropanamide (3b)
After NaH (60% oil suspension, 181 mg, 4.5 mmol) was washed with hexanes twice under argon
atmosphere at room temperature, DMF (10.3 mL) was added. To this stirring suspension, a solution of
3a (1.00 g, 4.1 mmol) in DMF (10.3 mL) was added at 0 ◦ C. After being stirred at the same temperature
for 1 h, methyl iodide (0.28 mL, 4.5 mmol) was added to the reaction mixture. The reaction mixture
was stirred at room temperature for 15 h. The reaction mixture was diluted with saturated NaHCO3
and then extracted with AcOEt. The organic phase was dried over Na2 SO4 and then concentrated
at reduced pressure. The purification of the residue by flash silica gel column chromatography
(AcOEt/hexanes = 1:2) afforded the product 3b (558 mg, 53%).
Colorless crystals. Mp 51.5–52.5 ◦ C (hexanes). IR (KBr) 2984, 2937, 1695, 1637, 1449, 1414 cm−1 .
(CDCl3 ) δ 7.93 (2H, m), 7.56 (1H, m), 7.45 (2H, m), 5.79–5.66 (2H, m), 5.24-5.09 (4H, m), 4.44
(1H, q, J = 7.1 Hz), 4.15 (1H, dd, J = 15.1, 5.5 Hz), 3.85–3.79 (3H, m), 1.49 (3H, d, J = 7.1 Hz). 13 C-NMR
(CDCl3 ) δ 197.0, 170.5, 135.6, 133.3, 132.6, 132.5, 128.7, 128.3, 117.4, 117.3, 49.2, 47.9, 46.7, 14.7. HRMS
(ESI+ ) calcd for C16 H20 NO2 (M + H+ ): 258.1489, Found: 258.1488.

1 H-NMR

Molbank 2017, 2017, M929

5 of 7

4.4. 2-Allyl-9a-methyl-2,3,3a,9a-tetrahydro-1H-benzo[f]isoindole-1,9(4H)-dione (4) and
trans-1-Allyl-3-benzoyl-4-(chloromethyl)-3-methylpyrrolidin-2-one (trans-5)
The stirred suspension of FeCl3 (127 mg, 1.0 mmol) and substrate 3b (129 mg, 0.50 mmol) in
CH2 ClCH2 Cl (5.0 mL) was heated at reflux under argon atmosphere for 20 h. The reaction mixture
was diluted with saturated NaHCO3 and then extracted with AcOEt. The organic phase was dried
over Na2 SO4 and then concentrated at reduced pressure. Rough purification of the residue by flash
silica gel column chromatography (AcOEt/hexanes = 1:2) afforded the products as a mixture of two
isomers. Second purification by preparative TLC (AcOEt/benzene = 1:4) afforded 4 as the isolated
trans-4 (46 mg, 36%), cis-4 (14 mg, 11%), and trans-5 (28 mg, 19%).
trans-4: Colorless oil. IR (KBr) 2930, 2872, 1716, 1677, 1600, 1489, 1415 cm−1 . 1 H-NMR (CDCl3 ) δ 8.08
(1H, br dd, J = 7.6, 1.4 Hz), 7.47 (1H, br td, J = 7.6, 1.4 Hz), 7.34 (1H, br t, J = 7.6 Hz), 7.25 (1H, br d,
J = 7.6 Hz), 5.71 (1H, m), 5.22–5.17 (2H, m), 3.97 (1H, ddt, J = 15.1, 6.4, 1.4 Hz), 3.88 (1H, ddt, J = 15.1,
6.4, 1.4 Hz), 3.36 (1H, dd, J = 9.6, 6.9 Hz), 3.25 (1H, dd, J = 10.6, 9.6 Hz), 3.08 (1H, dd, J = 16.5, 12.4 Hz),
3.01 (1H, dd, J = 16.5, 4.6 Hz), 2.79 (1H, m), 1.28 (3H, s). 13 C-NMR (CDCl3 ) δ 194.3, 172.3, 141.0, 133.1,
132.3, 132.0, 129.0, 128.8, 127.2, 118.3, 50.1, 46.2, 45.1, 39.8, 28.1, 12.9. HRMS (ESI+ ) calcd for C16 H18 NO2
[M + H+ ]: 256.1332, Found: 256.1326.
cis-4: Colorless oil. IR (KBr) 2929, 1704, 1600, 1489, 1451, 1441, 1420 cm−1 . 1 H-NMR (CDCl3 ) δ 7.99
(1H, br dd, J = 7.6, 1.4 Hz), 7.52 (1H, br td, J = 7.6, 1.4 Hz), 7.34 (1H, br t, J = 7.6 Hz), 7.24 (1H, br d,
J = 7.6 Hz), 5.62 (1H, m), 5.11 (1H, dd, J = 10.1, 1.4 Hz), 5.05 (1H, dd, J = 17.4 , 1.4 Hz), 3.95 (1H, ddt,
J = 15.6, 6.0, 1.4 Hz), 3.78 (1H, ddt, J = 15.6, 6.4, 1.4 Hz), 3.37 (1H, dd, J = 9.6, 7.8 Hz), 3.26 (1H, dd,
J = 16.5, 5.0 Hz), 2.96 (1H, dd, J = 9.6, 8.5 Hz), 2.88 (1H, dd, J = 16.5, 3.7 Hz), 2.80 (1H, m), 1.54 (3H, s).
13 C-NMR (CDCl ) δ 193.4, 171.4, 140.3, 134.1, 132.9, 132.1, 129.1, 128.2, 127.3, 118.2, 55.1, 47.9, 45.7, 38.9,
3
27.8, 20.5. HRMS (ESI+ ) calcd for C16 H18 NO2 [M + H+ ]: 256.1332, Found: 256.1343.
trans-5: Colorless oil. IR (KBr) 2980, 2933, 1697, 1645, 1490, 1444 cm−1 . 1 H-NMR (CDCl3 ) δ 7.86 (2H, br
d, J = 7.4 Hz), 7.52 (1H, m), 7.42 (2H, br t, J = 7.6 Hz), 5.78 (1H, m), 5.33–5.22 (2H, m), 4.06 (1H, br dd,
J = 14.6, 6.4 Hz), 3.95 (1H, br dd, J = 14.6, 6.4 Hz), 3.70 (1H, dd, J = 10.1, 7.8 Hz), 3.57 (1H, dd, J = 11.0,
6.0 Hz), 3.47 (1H, dd, J = 11.0, 8.7 Hz), 3.35 (1H, m), 3.18 (1H, dd, J = 10.1, 8.3 Hz), 1.45 (3H, s). 13 C-NMR
(CDCl3 ) δ 198.6, 173.9, 135.7, 132.4, 131.5, 128.9, 128.5, 119.2, 59.1, 48.4, 45.6, 42.7, 42.4, 14.8. HRMS
(ESI+ ) calcd for C16 H18 35 ClNO2 Na [M + Na+ ]: 314.0918, Found: 314.0924; calcd for C16 H18 37 ClNO2 Na
(M + 2 + Na+ ): 316.0894, Found: 316.0902.
4.5. trans-1-Allyl-3-benzoyl-4-(bromomethyl)-3-methylpyrrolidin-2-one (trans-6)
The stirred suspension of FeBr3 (296 mg, 1.0 mmol) and substrate 3b (129 mg, 0.50 mmol) in
CH2 ClCH2 Cl (5.0 mL) was heated at reflux under argon atmosphere for 20 h. The reaction mixture
was diluted with saturated NaHCO3 and then extracted with AcOEt. The organic phase was dried
over Na2 SO4 and then concentrated at reduced pressure. Purification of the residue by preparative
TLC (AcOEt/hexanes = 1:2) afforded trans-6 (100 mg, 60%).
Colorless crystals. Mp 71.5–72 ◦ C (AcOEt–hexane). IR (KBr) 2925, 2853, 1733, 1697, 1445 cm−1 .
1 H-NMR (CDCl ) δ 7.86 (2H, br dd, J = 8.2, 1.4 Hz), 7.52 (1H, m), 7.41 (2H, br t, J = 7.8 Hz), 5.79 (1H,
3
m), 5.31–5.26 (2H, m), 4.05 (1H, br dd, J = 14.6, 6.4 Hz), 3.95 (1H, br dd, J = 14.6, 6.4 Hz), 3.72 (1H, dd,
J = 10.1, 7.3 Hz), 3.44–3.36 (2H, m), 3.29 (1H, m), 3.16 (1H, dd, J = 10.1, 7.8 Hz), 1.43 (3H, s). 13 C-NMR
(CDCl3 ) δ 198.4, 174.0, 135.6, 132.5, 131.4, 129.0, 128.4, 119.2, 59.7, 49.5, 45.6, 42.4, 30.3, 14.7. HRMS
(ESI+ ) calcd for C16 H18 79 BrNO2 Na [M + Na+ ]: 358.0413, Found: 358.0423; calcd for C16 H18 81 BrNO2 Na
(M + Na+ ): 360.0393, Found: 360.0407.
Supplementary Materials: The following are available online at http://www.mdpi.com/1422-8599/2017/1/
M929. Details of the calculation study: Table S1: Gibbs free energy, enthalpy, and entropy at 298.15 K; Table S2:
Change in Gibbs free energy, enthalpy, and entropy, HMQC, HMBC, and NOESY experiments of products trans-4,
cis-4, trans-5 and trans-6, and 1 H- and 13 C-NMR spectra of Compounds 3a, 3b, trans-4, cis-4, trans-5, and trans-6.
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