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1. General Information

'H NMR spectra were recorded on 600 MHz or 400 MHz spectrometers. The
chemical shifts were reported in parts per million (o) relative to internal standard TMS
(0 ppm) for CDCl3. The peak patterns are indicated as follows: s, singlet; d, doublet;
dd, doublet of doublet; t, triplet; m, multiplet; q, quartet. The coupling constants, J,
are reported in Hertz (Hz). *C NMR spectra were obtained at 150 MHz or 100 MHz
spectrometers and referenced to the internal solvent signals (central peak is 77.0 ppm
in CDCl3). CDCl3 was used as the NMR solvent. High resolution mass spectrometry
(HRMS) was obtained on a Q-TOF micro spectroMeter. Melting points were
determined with a MicroMelting point apparatus without corrections. Organic
solutions were concentrated by rotary evaporation below 40 <C in vacuum. TLC
plates were visualized by exposure to ultraviolet light.

Reagents and solvents were purchased as reagent grade and were used without
further purification unless otherwise stated. Flash column chromatography was
performed over silica gel 200-300 m and the eluent was a mixture of ethyl acetate
(EA) and petroleum ether (PE).
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2. Experimental Section
2.1 Mechanistic Studies
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Scheme 1. Investigation of the reaction mechanism. Reaction conditions: 1a (1 mmol), 2a (20

mmol), catalyst and oxidant, heated in a sealed tube at 75 °C.
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2.1.1 General procedure for trapping experiment:

To a mixture of phthalimide la (0.5 mmol), 2,2,6,6-tetramethyl-1-piperidinyloxy
(TEMPO, 0.5 mmol) and n-BusNI (0.2 mmol), tetrahydrofuran 2a (20 mmol) was
added. Then anhydrous t-BuOOH (5 mmol) was dropped into the mixture. The
reaction mixture was heated in a sealed tube at 75 °C and the process of the reaction
was monitored by TLC. Upon completion, the reaction mixture was transferred to a
round-bottom flask then the solvent was removed under vacuum without any workup
and the residue was purified by silica gel chromatography (5% EA/PE) to afford the
desired product 3aa and 4.

2-(Tetrahydrofuran-2-yl)isoindoline-1,3-dione (3aa)

(6]

Cr<

320
3aa, 92% yield (based on 1a), white solid, mp. 73-75 °C. *H NMR (600 MHz, CDCl5)
5 7.85(dd, J=5.4,3.1 Hz, 2H), 7.72 (dd, J = 5.5, 3.0 Hz, 2H), 6.05 (dd, J = 8.0, 4.9
Hz, 1H), 4.21 (dd, J = 14.8, 7.7 Hz, 1H), 3.96 (td, J = 7.8, 4.7 Hz, 1H), 2.59-2.52 (m,
1H), 2.45-2.35 (m, 1H), 2.32-2.26 (m, 1H), 2.04-1.95 (m, 1H). **C NMR (150 MHz,
CDCl3) 6 167.8, 134.1, 131.9, 123.3, 80.8, 69.7, 29.1, 26.0. HRMS (ESI) m/z calcd
for C1oH11NNaO3 [M + Na'] 240.0631, found 240.0640.

2,2,6,6-Tetramethyl-1-(tetrahydrofuran-2-yloxy)piperidine (4)*

(120

4

4, 88% vyield (based on TEMPO), yellow oil. *H NMR (600 MHz, CDCl3) & 5.42 —
5.30 (m, 1H), 3.87 (dd, J = 14.8, 7.1 Hz, 1H), 3.82 (td, J = 7.8, 5.1 Hz, 1H), 2.05 —
1.86 (m, 3H), 1.84 — 1.73 (m, 1H), 1.60 — 1.39 (m, 5H), 1.32 (d, J = 12.2 Hz, 1H),
1.22 (s, 3H), 1.11 (s, 3H), 1.07 (s, 3H), 1.04 (s, 3H).

2.1.2 Procedure of competition experiments between THF and [Dsg]-THF:

To a mixture of phthalimide 1a (0.25 mmol) and n-BusNI (0.05 mmol, 20 mol%),
tetrahydrofuran 2a (2.5 mmol, 10 equiv.) and ds-tetrahydrofuran [Dg]-2a (2.5 mmol,
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10 equiv.) was added followed by the dropwise addition of anhydrous t-BuOOH (1.25
mmol, 5 equiv.). Then the reaction mixture was stirred at 75 °C under air atmosphere
in a sealed tube and the process of the reaction was monitored by TLC. Upon
completion, the reaction mixture was transferred to a round-bottom flask then the
solvent was removed under vacuum without any workup and the residue was purified
by silica gel chromatography, using a mixture of PE/EA to afford the desired product
3aa and [Dy]-3aa in 76% yield. The ratio (3aa/[D7]-3aa=15.7 : 1) was calculated
from *H NMR spectra.
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2.2 A Full Description of the Reaction Optimization Conditions.

a

entry Catalyst (mol%) Oxidant (equiv.)  Time (h) T (°C) yield (%)
1 None PhIO 12 Rt NR
2 None PIFA 12 RT Decomposed
3  none PIDA (2.0) 12 rt NR®
4 None PIDA (2.0) 12 75 5
5 1,(20) PIDA (2.0) 5 75 20
6  Phl (20) m-CPBA (2.0) 10 75 NR
7 PhI(20) H,0, (2.0) 10 75 NR
8  n-BusNI (10) H,0, (5.0) 5 75 NR
9  n-BuNI (10) t-BUOOH (3.0) 5 75 67
10  n-BugNI (20) t-BUOOH (3.0) 2 75 85
11  n-BuNI(20)  t-BuOOH (5.0) 1 75 92
12 n-BuNBr(20) t-BuOOH (5.0) 12 75 NR
13 KI(20) t-BUOOH (5.0) 12 75 NR
14 1,(20) t-BUOOH (5.0) 12 75 NR
15 CuBr (20) t-BuOOH (5.0) 12 75 trace
16  FeCl;6H,0 (20) t-BuOOH (5.0) 12 75 5%
17 none t-BuOOH (5.0) 12 75 NR
18  n-BuyNI (20) DTBP (5.0) 12 75 NR
19  n-BusNI (20) 0, 12 75 NR
20  n-BusNI (20) t-BUOOH (5.0)¢ 1 75 70
21" n-BugNI (20) t-BUOOH (5.0) 1 75 76
22°  n-BuyNI (20) t-BUOOH (5.0) 1 75 60

#Reaction conditions: 1a (1 mmol), 2a (20 mmol), catalyst and oxidant were heated in

a sealed tube at 75 °C unless otherwise stated. t-BuOOH: anhydrous tert-butyl
hydroperoxide, H,O, 30% in water, DTBP: di-tert-butyl peroxide 98%. ® |solated
yields. ©t-BUOOH, 70% in H,0. ¢ EtOAc (0.3 M) was used as the solvent. ° DCE was

used as the solvent.
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2.3 General Procedure

All the known amides 1b,? 1c,® 1d°, 1g*and 3i> were prepared following literature
procedure and the analytical data were in agreement with those that have been
previously reported.

2.3.1 General procedure for the amination of alkyl ethers

To the mixture of ether 2 (10 mmol) and n-BusNI (0.1 mmol, 36.9 mg) into a
sealed tube, amine 1 (0.5 mmol) and t-BuOOH (2.5 mmol) were added. The reaction
mixture was stirred at 75 °C under air atmosphere in a sealed tube and the process of
the reaction was monitored by TLC. Upon completion, the reaction mixture was
transferred to a round-bottom flask. Then the solvent was removed under vacuum and
the residue was purified by silica gel chromatography, using a mixture of PE/EA to
afford the desired product 3.

2.3.2 Data and references.

5-Methyl-2-(tetrahydrofuran-2-yl)isoindoline-1,3-dione (3ba)
(@]
O
N
goste
(e}
3ba

Following the general procedure, 3ba was purified by silica gel chromatography (10%
EA/PE). Yield: 80%. 3ba, white solid, mp. 74-76 °C. *H NMR (600 MHz, CDCls) &
7.72 (d, J = 7.6 Hz, 1H), 7.64 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 6.03 (dd, J = 8.0, 5.0
Hz, 1H), 4.20 (dd, J = 14.9, 7.7 Hz, 1H), 3.95 (td, J = 7.8, 4.7 Hz, 1H), 2.59-2.52 (m,
1H), 2.51 (s, 3H), 2.43-2.35 (m, 1H), 2.32-2.22 (m, 1H), 2.06-1.95 (m, 1H). *C NMR
(150 MHz, CDCl3) & 167.8, 167.7, 145.3, 134.6, 132.2, 129.2, 123.6, 123.0, 80.7,
69.5, 28.9, 25.9, 21.8. HRMS (ESI) m/z calcd for C13H13NNaOs [M+Na'] 254.0788,
found 254.0790.

5-Chloro-2-(tetrahydrofuran-2-yl)isoindoline-1,3-dione (3ca)

(0]
O
]
Cl
O
3ca
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Following the general procedure, 3ca was purified by silica gel chromatography (10%
EA/PE). Yield: 87%. 3ca, white solid, mp. 90-93 °C. *H NMR (600 MHz, CDCls) &
7.82 (d, J = 1.4 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.69 (dd, J = 8.0, 1.7 Hz, 1H), 6.03
(dd, J = 7.9, 4.9 Hz, 1H), 4.20 (dd, J = 14.8, 7.7 Hz, 1H), 3.96 (td, J = 7.8, 4.7 Hz,
1H), 2.53 (tdd, J = 13.0, 7.9, 5.0 Hz, 1H), 2.39 (dt, J = 10.1, 6.1 Hz, 1H), 2.34-2.23
(m, 1H), 2.03 (ddd, J = 11.8, 8.3, 4.3 Hz, 1H). *C NMR (150 MHz, CDCls) & 166.8,
166.4, 140.7, 134.2, 133.5, 129.9, 124.6, 123.7, 81.0, 69.8, 29.0, 25.9. HRMS (ESI)
m/z calcd for C1oH10**CINNaO; [M + Na'] 274.0241, found 274.0243.

5-lodo-2-(tetrahydrofuran-2-yl)isoindoline-1,3-dione (3da)

(0]
0]
<
|
(@)
3da

Following the general procedure, 3da was purified by silica gel chromatography (10%
EA/PE). Yield: 58%. 3da, white solid, mp. 100-103 °C. *H NMR (600 MHz, CDCl5)
6 8.19 (d, J = 0.7 Hz, 1H), 8.09 (dd, J = 7.8, 1.2 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H),
6.02 (dd, J = 7.9, 4.9 Hz, 1H), 4.19 (dd, J = 14.8, 7.7 Hz, 1H), 3.96 (td, J = 7.8, 4.7
Hz, 1H), 2.57-2.47 (m, 1H), 2.43-2.33 (m, 1H), 2.33-2.22 (m, 1H), 2.02 (ddd, J = 11.9,
8.3, 4.3 Hz, 1H). *C NMR (150 MHz, CDCls) & 167.2, 166.4, 143.1, 133.2, 132.4,
131.0, 124.6, 101.1, 81.0, 69.8, 29.1, 26.0. HRMS (ESI) m/z calcd for C1,H10INNaO;
[M + Na'] 365.9598, found 365.9601.

5-Nitro-2-(tetrahydrofuran-2-yl)isoindoline-1,3-dione (3ea)

(0]
[0}
=
OoN
(0]
3ea

Following the general procedure, 3ea was purified by silica gel chromatography (10%
EA/PE). Yield: 24%, 89% brsm. 3ea, white solid, mp. 75-78 °C. 'H NMR (600 MHz,
CDCls) 6 8.67 (s, 1H), 8.62 (d, J = 8.1 Hz, 1H), 8.06 (d, J = 8.1 Hz, 1H), 6.07 (dd, J =
7.6, 5.0 Hz, 1H), 4.26-4.15 (m, 1H), 3.98 (dd, J = 7.5, 5.0 Hz, 1H), 2.59-2.47 (m, 1H),
2.47-2.26 (m, 2H), 2.11-1.97 (m, 1H). *C NMR (150 MHz, CDCls) & 165.7, 165.4,
151.7, 136.2, 133.2, 129.4, 124.6, 118.8, 81.4, 70.0, 29.2, 25.9. HRMS (ESI) m/z
calcd for C1,H1oN>NaOs [M+Na'] 285.0482, found 285.0485.

1-(Tetrahydrofuran-2-yl)pyrrolidine-2,5-dione (3fa)
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O
Sae

(0]

3fa

Following the general procedure, 3fa was purified by silica gel chromatography (10%
EA/PE). Yield: 90%. 3fa, colorless oil. ‘H NMR (600 MHz, CDCls) & 5.87 (dd, J =
7.7,5.3 Hz, 1H), 4.16 (dd, J = 15.0, 7.4 Hz, 1H), 3.92 (td, J = 7.6, 4.8 Hz, 1H), 2.68 (s,
4H), 2.41 (dt, J = 17.1, 6.5 Hz, 1H), 2.35-2.26 (m, 1H), 2.24-2.14 (m, 1H), 2.03-1.91

(m, 1H). *C NMR (150 MHz, CDCls) § 176.8, 81.3, 70.0, 28.2, 28.0, 26.0. HRMS
(ESI) m/z calcd for CgH1:NNaO3; [M + Na'] 192.0631, found 192.0640.

N-benzoyl-N-(tetrahydrofuran-2-yl)benzamide (3ga)

T

3ga

Following the general procedure, 3ga was purified by silica gel chromatography (10%
EA/PE). Yield: 59%. 3ga, white solid, mp. 92-94 °C. *H NMR (400 MHz, CDCl3) &
7.47 (d, J = 8.0 Hz, 4H), 7.27 (d, J = 8.7 Hz, 2H), 7.18 (t, J = 7.5 Hz, 4H), 6.42-6.26
(m, 1H), 4.23 (q, J = 7.2 Hz, 1H), 3.91 (dd, J = 12.9, 7.5 Hz, 1H), 2.56 (dd, J = 12.5,
5.2 Hz, 1H), 2.43-2.19 (m, 2H), 2.13-1.85 (m, 1H). *C NMR (100 MHz, CDCls) &
173.9, 137.1, 131.9, 128.7, 128.3, 88.6, 69.6, 30.2, 25.6. HRMS (ESI) m/z calcd for
C1gH17NNaO3 [M + Na'] 318.1101, found 318.1007.

1-(Tetrahydrofuran-2-yl)-1H-benzo[d][1,2,3]triazole (3ha) and
2-(tetrahydrofuran-2-yl)-2H-benzo[d][1,2,3]triazole (3h'a)®
N
@EN'N CE::N@
(@)
3hac 3h'a
Following the general procedure, 3ha and 3h'a was purified by silica gel
chromatography (10% EA/PE). Yield: 3ha, 67% and 3h'a, 20%, 87% in total. 3ha,
colorless 0il."H NMR (600 MHz, CDCls) & 8.07 (d, J = 8.3 Hz, 1H), 7.72 (d, J = 8.3
Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 6.52 (dd, J = 6.8, 1.8 Hz,
1H), 4.11 (dd, J = 14.8, 7.7 Hz, 1H), 4.04 (dd, J = 14.5, 8.1 Hz, 1H), 3.25-3.13 (m,
1H), 2.53 (dt, J = 15.5, 8.7 Hz, 1H), 2.46-2.34 (m, 1H), 2.19 (dd, J = 9.3, 4.7 Hz, 1H).

3h'a, white solid, mp. 47-50 °C. *H NMR (600 MHz, CDCls) 5 7.88 (dd, J = 6.5, 3.1
Hz, 2H), 7.39 (dd, J = 6.6, 3.1 Hz, 2H), 6.60 (dd, J = 6.5, 2.0 Hz, 1H), 4.34 (dd, J =
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13.9, 7.8 Hz, 1H), 4.15 (dd, J = 14.5, 7.4 Hz, 1H), 2.76 (ddd, J = 8.0, 6.6, 2.5 Hz, 1H),
2.61-2.44 (M, 2H), 2.25-2.08 (m, 1H).

4-Methyl-N-(tetrahydrofuran-2-yl)-N-p-tolylbenzenesulfonamide (3ia)
pOPS

N

Ts

3ia

Following the general procedure, 3ia was purified by silica gel chromatography (10%
EA/PE). Yield: 42%, 61% brsm. 3ia, white solid, mp. 98-100 °C. 'H NMR (600 MHz,
CDCl3) 6 7.64 (d, J = 7.6 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 7.07 (d, J = 7.6 Hz, 2H),
6.97 (d, J =7.4 Hz, 2H), 6.25 (t, J = 5.7 Hz, 1H), 3.62 (dd, J = 16.5, 7.6 Hz, 2H), 2.42
(s, 3H), 2.33 (s, 3H), 2.18-2.06 (m, 1H), 1.74-1.60 (m, 2H), 1.22 (dt, J = 12.9, 6.5 Hz,
1H). *C NMR (150 MHz, CDCl3) § 143.0, 138.7, 136.9, 132.5, 131.8, 129.3, 129.0,
128.1, 89.3, 68.3, 30.2, 24.6, 21.5, 21.1. HRMS (ESI) m/z calcd for C1gH,1NNaO3S
[M + Na'] 354.1134, found 354.1140.

2-(Tetrahydro-2H-pyran-2-yl)isoindoline-1,3-dione (3ab)

o
O

3ab
Following the general procedure, 3ab was purified by silica gel chromatography (10%
EA/PE). Yield: 54%, white solid, mp. 115-118 °C. *H NMR (600 MHz, CDCls) &
7.87 (dd, J = 5.4, 3.1 Hz, 2H), 7.70 (dd, J = 5.4, 3.1 Hz, 2H), 5.33 (dd, J = 11.4, 2.2
Hz, 1H), 4.17-4.05 (m, 1H), 3.66 (td, J = 12.1, 2.2 Hz, 1H), 2.76 (dd, J = 11.6, 4.1 Hz,
1H), 2.04 (dd, J = 13.3, 2.3 Hz, 1H), 1.80-1.51 (m, 4H). **C NMR (150 MHz, CDCl3)
o 167.4, 134.2, 131.8, 123.5, 79.3, 69.0, 27.9, 24.9, 23.6. HRMS (ESI) calcd for
C13H13NNaO3 [M + Na'] 254.0788, found 254.0782.

2-(1,3-Dioxolan-2-yl)isoindoline-1,3-dione (3ac)

Following the general procedure, 3ac was purified by silica gel chromatography (10%
EA/PE). Yield: 65%, white solid, mp. 95-98 °C. 'H NMR (600 MHz, CDCls) 'H
NMR (600 MHz, CDCls) 6 7.87 (dd, J = 5.4, 3.1 Hz, 2H), 7.75 (dd, J = 5.5, 3.0 Hz,
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2H), 6.79 (s, 1H), 4.46 (t, J = 6.6 Hz, 2H), 4.10 (t, J = 6.0 Hz, 2H). *C NMR (150
MHz, CDCl3) & 166.8, 134.3, 131.7, 123.5, 100.5, 66.5. HRMS (ESI) calcd for
C11HgNNaO, [M + Na'] 242.0424, found 242.0431.

2-(1-Ethoxyethyl)isoindoline-1,3-dione (3ad)’
O

-]

O} O 3ad

Following the general procedure, 3ad was purified by silica gel chromatography (10%
EA/PE). Yield: 90%, white solid, mp. 63-65 °C. '"H NMR (600 MHz, CDCls) & 7.88
(dd, J = 5.4, 3.0 Hz, 2H), 7.75 (dd, J = 5.4, 3.0 Hz, 2H), 5.59 (q, J = 6.3 Hz, 1H),
3.59-3.45 (m, 2H), 1.79 (d, J = 6.3 Hz, 3H), 1.20 (t, J = 7.0 Hz, 3H). *C NMR (150
MHz, CDCl3) 6 167.8, 134.1, 131.9, 123.3, 80.8, 69.7, 29.1, 26.0. HRMS (ESI) m/z
calced for C1,H1sNNaOs [M + Na'] 242.0788, found 242.0790.

2-(1-Butoxybutyl)isoindoline-1,3-dione (3ae)

Bed

N

/\/\0)\/\

3ae

Following the general procedure, 3ae was purified by silica gel chromatography (10%
EA/PE). Yield: 72%, colorless oil. *"H NMR (600 MHz, CDCls)  7.88 (dd, J = 5.4,
3.0 Hz, 2H), 7.76 (dd, J = 5.4, 3.0 Hz, 2H), 5.38 (t, J = 7.1 Hz, 1H), 3.52-3.39 (m,
2H), 2.32-2.21 (m, 1H), 2.15-2.04 (m, 1H), 1.55 (td, J = 13.4, 6.8 Hz, 2H), 1.50-1.40
(m, 1H), 1.39-1.28 (m, 3H), 0.95 (t, J = 7.4 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H). °C
NMR (150 MHz, CDCl3) 6 168.2, 134.2, 131.7, 123.5, 82.0, 68.9, 34.6, 31.4, 19.3,
18.9, 13.8, 13.6. HRMS (ESI) m/z calcd for C16H,:NNaOs [M + Na*] 298.1414, found
298.1415.

2-(1-(Isopentyloxy)-3-methylbutyl)isoindoline-1,3-dione (3af)

Mi

Following the general procedure, 3af was purified by silica gel chromatography (10%
EA/PE). Yield: 72%, colorless oil. *H NMR (600 MHz, CDCls) § 7.88 (dd, J = 5.4,
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3.0 Hz, 2H), 7.75 (dt, J = 5.4, 2.7 Hz, 2H), 5.55 — 5.35 (m, 1H), 3.50 — 3.44 (m, 1H),
2.22 —2.13 (m, 1H), 2.05 — 1.93 (m, 1H), 1.70 — 1.60 (m, 2H), 1.45 (dt, J = 14.1, 6.9
Hz, 2H), 0.98-0.92 (m, 6H), 0.88 — 0.79 (m, 7H). **C NMR (150 MHz, CDCls) &
167.0, 134.1, 131.5, 123.3, 80.6, 67.1, 41.0, 37.9, 24.7, 24.6, 22.3, 22.2. HRMS (ESI)
m/z calcd for C1gH2sNNaOs [M + Na'] 326.1727, found 326.1735.

5-Methyltetrahydrofuran-2-yl)isoindoline-1,3-dione (3ag) and
2-(2-methyltetrahydrofuran-2-yl)isoindoline-1,3-dione (3ag’)

o o}
(oo Reres
o (0]
3ag 3ag'
Following the general procedure, 3ag and 3ag’ was purified by silica gel
chromatography (10% EA/PE). Yield: 63%. 3ag, white solid, mp. 103-105 °C, a
mixture of two diastereomers (dr=1.6:1). Major: *H NMR (600 MHz, CDCls) §
7.90-7.81 (dd, J = 5.3, 3.0 Hz, 2H), 7.73 (dd, J = 5.3, 3.0 Hz, 2H), 6.11 (dd, J = 7.8,
6.0 Hz 0.6H), 5.99 (dd, J = 8.6, 3.5 Hz, 0.4H), 4.62-4.50 (m, 0.6H), 4.13-4.10 (m,
0.4H), 2.71-2.60 (m, 0.6H), 2.58-2.49 (m, 0.4H), 2.45-2.27 (m, 1.6H), 2.21-2.14 (m,
0.4H), 2.10-2.02 (m, 1H), 1.64-1.57 (m, 0.6H), 1.37 (d, J = 6.0 Hz, 1.1H), 1.28 (d, J =
6.1 Hz, 1.9H). *C NMR (150 MHz, CDCls) § 167.8, 167.3, 134.0, 131.7, 131.7,
123.1, 123.1, 80.4, 80.0, 77.1, 33.8, 32.3, 29.7, 29.3, 20.6, 20.1. HRMS (ESI) calcd
for C13H13NNaOs [M + Na'] 254.0788, found 254.0783. 3ag’, white solid, mp. 84-85
°C 'H NMR (600 MHz, CDCls) & 7.82 (dd, J = 5.4, 3.0 Hz, 2H), 7.70 (dd, J = 5.4, 3.0
Hz, 2H), 4.13-3.97 (m, 2H), 3.31-3.15 (m, 1H), 2.11-1.91 (m, 3H), 1.86 (s, 3H). *C
NMR (150 MHz, CDCl3) & 168.3, 133.8, 132.0, 122.9, 97.0, 68.8, 37.2, 25.7, 24.6.
HRMS (ESI) calcd for C13H13NNaOs [M + Na'] 254.0788, found 254.0786.

2-(1,2-Dimethoxyethyl)isoindoline-1,3-dione (3ah) and
2-((2-methoxyethoxy)methyl)isoindoline-1,3-dione (3ah’)

i i O
/o\/\OAN
07 N S0
/O\/ko/ 0

3ah’

3ah
Following the general procedure, 3ah and 3ah’ was purified by silica gel
chromatography (10% EA/PE). Yield: 3ah, 48% and 3ah’, 32%, 80% in total. 3ah,
colorless oil. *H NMR (600 MHz, CDCls) § 7.90 (dd, J = 5.4, 3.0 Hz, 2H), 7.77 (dd, J
= 5.4, 3.0 Hz, 2H), 5.48 (t, J = 6.5 Hz, 1H), 4.01 (dd, J = 12.4, 6.5 Hz, 2H), 3.42 (s,

S12



3H), 3.39 (s, 3H). *C NMR (150 MHz, CDCl3) & 168.0, 134.3, 131.6, 123.6, 81.2,
70.9, 59.2, 56.9. HRMS (ESI) m/z calcd for C1,H;3NNaO4 [M + Na'] 258.0737, found
258.0744. 3ah’, white solid, mp. 78-80 °C. *H NMR (600 MHz, CDCl3) & 7.91 (dd, J
= 5.4, 2.9 Hz, 2H), 7.77 (dd, J = 5.4, 2.9 Hz, 2H), 5.19 (s, 2H), 3.83-3.72 (m, 2H),
3.58-3.48 (m, 2H), 3.31 (s, 3H). *C NMR (150 MHz, CDCls) § 167.9, 134.3, 131.9,
123.6, 71.6, 69.4, 67.7, 59.0. HRMS (ESI) m/z calcd for Cy,H1sNNaO, [M + Na']
258.0737, found 258.0742.

2-(Tert-butoxymethyl)isoindoline-1,3-dione (3ai)® and
2-(hydroxymethyl)isoindoline-1,3-dione (3ai’)°

(@) (0]
\/\\ ~N T /‘N;b
(0] HO
O (0]
3ai 3ai’'

Following the general procedure, 3ai and 3ai’ was purified by silica gel
chromatography (10% EA/PE). Yield: 65% in total. 3ai, white solid, mp. 80-83 °C. *H
NMR (600 MHz, CDCls) *H NMR (600 MHz, CDCl3) & 7.89 (dd, J = 5.4, 3.0 Hz,
2H), 7.74 (dd, J = 5.4, 3.0 Hz, 2H), 5.12 (s, 2H), 1.31 (s, 9H). 3ai’, white solid, mp.
140-145 °C. *H NMR (600 MHz, CDCls) § 7.90 (dd, J = 5.4, 3.1 Hz, 2H), 7.80 (dd, J
=5.4, 3.1 Hz, 2H), 5.27 (s, 2H).
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4.'H NMR and *C NMR Spectra of the Products

0000 0
ST T/
SE4T 1
616611
2010
0E10ZH
2210
£520°Z
20802
82£0CH
£50°C1
20927
9692 71
b 122
828221
4%
8622
0S0EZ1 ﬁ
60 1€
861£Z
ST,
6182~
zeet]
66924
PS6E 7
986€ 7]
SL0p'Z
8601
L2y
9252
656571
1665
6175
9615 T
0SS
618571
819521
9695
81451
9515
GAE6'E
rLve'ed
GZS6'E
P096'E
5596'€
vEL6'E
8681 1
9202
P12
122 1
90Y0'9
8810'9
6£50'9
12909
192 1
S
YAV
9zeL i
192411
2VE4 1
18€2 1
00v2' 21
1EE8' /1
15€8° 2
918 /4
197821
9058/
Nmmm,bﬁ
6198 -4
£p98° L7

—

————

S

Jaa

L

004

B0}
oot
100

A

= 00}

- ool

0o'e
ooz

0.0

05

1.0

15

20

25

3.0

35

m)

o
=

45

5.0

55

6.0

65

70

75

80

S14



=) @®» o o]

~ oo o~ T —O DN W ©

r~ < — ™ M N O~ Qo

w M o O~ ©Oo @ W0

- — — @ M~~~ © oo
N/ | N SN |

T T T T T T T T T T

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1100 ) 90 80 70 60 50 40 30 20
(ppm

S15



0000'0—

89
LA00T
PrIOT
£610°T
9120°T
mTT
riTT
Q18z'C
9RWT'T
GOGE'T
166E°T
040S°T
SGIS'T
TIpS'T
0pss'e

6RIO'E
RIEE'E
GIPE'E
B6P6'E
GPSG'E
R06'E
96L 1y
£ l'y
£HOT'Y
TLITY

PLIO9
£ST0'9
L0E0'9
06E0'9

69T L—
SO0S"L
CEIS'L
£9€9' I~
LLs
psTlL

Me

3ba

IN

|

|

Feot
Feo

EFe6o

Flol
6een
Foo1

0.0

0.5

1.0

1.5

2.0

o3

3.5

5.0

6.0

£1 (ppm

S16



L Te—
SR'GT~
6R'BL—

IS 69—

OL'OL
S_Rv
2L

s/

TOETT~,
6s'cT1"
TT6TI~
L1TEI—
SSpEl~"

STSPI—

£9°¢491
8LE91 V.

Me

3ba

-10

200 190 180 170 180 150 140 130 120 110 100 30
£f1 (ppm)

210

S17



00000~

v620'e
P9e0'C
0l6z'¢
0662 ¢
LS0E°C
LEIE'T
9v8E'T
G06E'C
886€°C
6EC5'C
99€5'¢

96 €
peee e
9.96'€
PG96'€
G0.6'€
€BLE'E
LBLL'Y
9i6lL'¥
vEDZ ¥
€91T'Y

Pe%8 21
\

R e

€6L0'9
54209
52e0'9
80¥0'9

289T L—
EVBY L
1489 L
9.69'L
P00L L
LT8LL
BG6L L
0518'L
LB L

3ca

Cl

b0 T e

E
E

JT

A
Ly

T

—
——

'l
0L

00

860
L60
00k

30 25 20 1.5 1.0 0.5 0.0

35

8.0 75 7.0 6.5 6.0 5.5 50 45

3.5

f1 (ppm)

S18



L6 52—
06—

08'69~,
6L 9L
00 4L
VZLL
86'08~"

BYETI~
9svzL
68621—
8y Eel-F
vamv\
zLopL—

|4 4°kL
wn.morv

Cl

210 200

-10

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

190

S19



PR
bZ40'Z]
ZL0'Z
852021
L1E0°Z
LbY0' 24
0LLT 2]
6V82 21
6262 21
5662 21
GL08'Z]
bLg T
06LE 21
058€'Z1
£E6EZ
BE6Y 2
2205'C
Z905'2
55152
20252
LETG'T
28252
L9ES'Z

66E6°E
8LPE'E
6256'€
L096'€
6596'€
LELBE
veil'y
€581
LLBL' Y
ooy

810'9
L020'9
05209
€EED'9

89T L—

6595 L
mm.\.m,hv.
10808
2cen'8
€608
2560'8
€88} m\
9688

-~

M

|

allsiedl

._JlJL

Faot
PO’}
80’}

790}

Lo
Fool

Frot

=001

eeol
860

0.0

0.5

3.0 25 2.0 15 1.0

35

8.0 75 70 6.5 6.0 55 5.0 45

85

f1 (ppm)

S20



G6'5C—
806

P8 69~
6L9L
00 4L
VZLL
96'08~"

00—

09 PCi~
860}

mv.NmFV.
SLEEL

OVEVI—

9£'991~
bz L9L

T

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S21



00000~

82€0'21
£L00Z1
815021
20901
59021
A RA
99€€ 21
PSYE 21
505824
L8SE 2
9ZLE 2
866€ 27
96002
L0Zv'2
G152
99252
19852
LobG 2]
zZ8y5z
9696'€

£8L6'E

yZ86'E

G0B6'E

6861 b

GLZ Y

PEZZ b

D N e

91909
66909
LPLO'9
G280'9

60LC L—

6050°8
mvwo.wv.

G609°8
omwm.ww
26998

OoN

3ea

F60')

WS.N
660

660
Eoo')

——— 1960

§

Fioy

860
mmhw.o

30 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

35

6.0 558 50 45

6.5

8.0 7.5 7.0

85

f1 (ppm)

S22



06'5¢—
0z 60—

PO 0L~
BL9L
ootw
\Z LL
o 187

9.8 4~
09'PZi~
9E'6Z)~
ZTEEI
LT 9L~

PLIGL—

8€'59)
wm.meV

OoN

T

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S23



peoe- 9
o%m.L

L5961
PELE’ I
V6L6 1
G266 11
LZL T
008121
028421
LEBL'T
910221
851221
L6227
9£0€ 2

oolee
BLIET
¢62e'e
688€°C
6102
S0Lre
pLIP'T
9eCr'e
LZEV'T
cZ89'C

7L06'E
EGIBE
10Z6°€E
9.26'€
LCE6'E
EOVEE
[4:150
9051'v
LEQL'Y
GSLL'Y

TR T e

P198'G
c0L8'G
I pL8'G
0€88'G

0CLTi—

3fa

)

Frai
Fiol

Foo

0.0 -0.

05

2.5 20 15 1.0

3.0

35
f1 (ppm)

6.0 55 50 45 40

6.5

7.5 7.0

8.0

S24



2 ~—-—00 0N N 0D
© NNO MO N O
r~ ~M~M~©0o0o 0 -~ w0
= 0 P~ P~ M~ P~ oA N
NOWESS2 N
@)
@)
N_<J
(@]
3fa
|
|
I
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S25



1000°0—

Liag |
9€00°2
2962°C
GLee
L8IET
G0EET
oecve'e
819€C
LLEST
E155°C
96952

— |

0888'€
9906°€
10Z6°€
88E6°E
L0z
€8TV
LOET' b
G585ZY

—_— e =5

LLEED
LGGE'9
6L9€'9

61911
908} 'L
G661°L
peoT' L
0v8Z L
reoe’L
€95V°L
COLY'L

S

Froy

Feol

Foot

Evee
602
Fose

8.0 75 70 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0 -0.5 -1.0
f1 (ppm)

85

S26



(<] ONM WO W
[su) — M WON 0 N O 0 ~— @ o
P ~ — o n  ©owogw - ©
- OMOMONN [s0] M~ 0o, o w
— —— — @ M~~~ © ™o o
N SNY I N [
N
é}’
|
3ga

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 - 100 ) 90 80 70 60 50 40 30 20 10 0 -10
(ppm

S27



0000°0—

22812
106}
L1612
§502'Z1
0v8E 1
996€ 21
580121
0LIbZ]
pZY 21
86612
05z
15252
£9652
8YsZ

D637 €
9591 '€
VSLL'E
98L1'¢
6.81°€

€0V
0LE0'F
GLv0'Yy
6090 V¢
G260V
0S0L'p
6917
LOEL 'Y

e 2 .o

1G9
28159
P92s'9

Begz 7
8E6E L
1900 L1
1960 L
9606'L
5125'L
0841
8L

75908~
162087

S

Kpyy

P90t
VLol

Fsoy

f

lll_J £86'0

I
G
o
2

75 7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 00
f1 (ppm)

8.0

S28



Tewo'o-
00000

S9TI'T
POEL'T
Tivl'e
o't
L8P1'T
LES1'T
1961°¢

83602
LO0S"T
LLOS'T
TTIS'T
£0I8°T
6PIS'T
68PL'T

6121y
0sEl'y
SThl'p
£Srl'p
STS1'p
86O1'p
L6 _:\_.
LETE P

£0LE b
9zEE b
GSEE P
90pE" v
£5pe v
s6pe ]
9gse
poss b

BERS'9
SGRS'Y
17669
L968°9
CoR?
0ZRE" L
Q98E" L
I8RE" £

PLAR L
£OOR"L-
GIERL
VL' L
1E88'L
CLSY' L

=4

Frot

Fooe
Fiot

Fro
oot

EFseo

-0.5 =L

0.0

1.5 1.0

2.0

£1 (ppm)

S29



0000°0—

Zioz L
vZiT |
Leet |}
BIET |

BYEE |
2£89'}
0569 |

LE0L' T
14414
0sZh'e
09€L'C
18YL'2
LTEE'T
008€'C
6LV T

8209°¢€
LPI9E
9629°€

6Zv9'E

SN N

69ET'9
v»vm.mv
6S5C 9

ovom,w
mwnm.m/
L1980 L
LELDL
6SCT L
LBET L
0v9z L
1629 L
LIvy \.v.

Ts

J

——

Jia

_J

J

6.5

Fizy
Ferz

Fzo
LT
Leoe

Foo

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

4.0

45

50

558

6.0

7.0

75

f1 (ppm)

S30



— M~ MOO T MmO
OO OMMmo o | el — O M Mmoo
= N NOor~ M N T —
TOMOMOANNN (o)) ~rMr~© o O ~— «—
FFFFFFFF @ M~ M~ © Moo
e D | ~- | NSNS
1D
N
Ts
dia
] |
] |
N
QUL T oy -immm il i S
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S31



=~
]
2 g
)
Lo o

PLTL'T
98TL'T
TEPL'T
10S4°T
9TIL'T:
PGIL'T
€6V’
0999 ¢
0699 €
LSRY'E
T6R'E

0601
BT
SOl
E]TI'P
0zET' P
LSET'D

0zLE'S
LSTE'S
TIpe's
LbpE's

PIEL-t
PIEL’ L
POvL L
S S
PO L
S N.W
vm\\m_n

3ab

JU

%mm.v

Feon

Fsot

Feot

Fooz
Fooe

0.0

1.0

2.0

[I=}

3.0

3.5

4.0

f1 (ppm)
S32

5.5

6.0

8.0



o o O @
= D et e N—O ;M W 0.0
~ = MNOM~ g R
[Z=] M m o~ D P~ O ~<rm
~= — — — ~r~r~r~o oN oY o
| N/ | v | N
O
NO
O
3ab
] |
i ! | | || ii
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1100)90 80 70 60 50 40 30 20 10 -10
(ppm

S33



€0000-—

0Z60'y
9e0 F.vw
EviLYy
6Py v
moov_vw
6lLLVY

Ge6L9—

LL9T L—
Wpll
cBhLL
EEGL L
£8GLL
L098'L
2598'L

1698°L
pLeL

|

Fooz
Fooz

260

Y6l
el

-1.0

00 -05

05

8.5 8.0 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0 15 1.0
f1 (ppm)

9.0

S34



@ o =] o
—~ o~ w w0 — O M ~—
© T~ o SpeiEs 26
© o N S r~r~®© o
— — = - M~~~ ©
| \ Y/ | ~ |

@)
0]
O
@]
(@)
3ac

T T T T T T T

T T T T T T L] T T T T T
210 200 190 180 170 160 150 140 130 120 110f1 1(00 ) 90 80 70 80 50 40 20
ppm

S35

T

20



2000°0-—

v681 )
WOz}
8zl

088L' |
G86L vV.

G56v'E
P66V E
£e05'E
PLOGE
LIGE
0515°¢€
8TCS €
89Z5'€
PrESE
GBEG'E
vZrse

£695'G
86L5'G
£065'G

6009'G

665L L
LB98L
BELBL
LLLBL

8087 17
mvmﬁk

)

Feoe

Faze

Fioz

Foou

¥l0¢C
=e6't

0.0

0.5

25 20 1.5 1.0

3.0

4.0
f1 (ppm)

6.5 6.0 55 50 45

7.0

75

8.0

S36



o w -~ o
D ~— O b -0 w0 D T
~ <t o HNO~ ~N ©
o oo m o ™~ M~ r-~<©o T o =T
b= _—— = P~~~ @ - -
\ ! | s Vo | [ ]
@)
>—N
@)
) O 3ad
oo ¥ i , .
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

S37



16622
0852'2
LOT'T
TLTT
P1LT'T
968724
prips
psT's
66T1's
XA |
GOpp's
0zst e
SRste
SEop'E
LELY'E
pOsp'E o)
058"
0061'£1
119€S
6SLES
£I8€SH o
12LT'L

.ncﬁ.m/

955 L'L

966L'L

IWIL'L

GOLL'L

0898'L

1SE8'L

E088'L

188'L

TERY'L

|

WAL

A

|

B\

Fsoe

F00']

Eroe
6]

0.0

1.0

2.0

3.0

Ie}
)

4.0
f1 (ppm)

6.0

8.0

S38



~ @~ =
— N © w N~ OWw O M~ OwW~—N
o 2 oNS® @ BI ABRO
L{=] M m o~ NI~~~ ~ «— Do Mm
~ ~ p @ F~ M~ [~ (O ™ —

\ o/ I SN~ |1 NV

T T T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 o 100 ) 90 80 70 60 50 40 30 20 10
(ppm

S39



43CH
TPTR'0
L8T80
SOPR'0
P80
PSSR0
£6EG'D
86k6 .QW
nmmo.o

L6Er'|
Lisy’ _W
20|

1#99°1
PSL9'|

TG
8S66°1
Pe00T
00T
0610°C
Ge1'T
1€91°C
1wL1e
SMWI'T
I8pP'E
9Isr'e
BEOP'E
SSP'E
ISLP'E
LG6LP'E
425383
GOaP'E
SS6b'E

irep's
Olrp’s
09rp’S
3PS
9or's

Pk €
Sepi'L
PrSLL
1698'L
_Em.uW.
I8L8'L

Jaf

——

FsoL
Eeaoo

Feoz

Fose

Foot
Fro

Eirt

=002
=10

£1 (ppm)

S40



£0°TC
0£°2T
G5'PT
1£'pT

W LE—
S6'0p—

£EETI—

SP eI~
S0PEI—

PG £91—

-10

110 100 30
£f1 (ppm)
S41

120

180 180 170 160 150 140

200



000007
1£42 17
2ERT 1
£p9E" 14
EPLE I
0068 11
£509' 11
860911
9529' 11
$050'Z4
0950'Z1
P00’ 2
1590°2
2040'T
PSSI'T
Lhi1'T
8€61'T
2208 T
6612
6ETE° T
PLEE T
0TPE T
11652
L5587
LOLE° T
918¢' 7
€068 2
pS6s T
p1or'zd
£hor 2]
9600 24
S 1t 2
£0T' T
£rp' e
z6tr' 7]
[SSISa
€162
poss 7]
00b9'Z
9519'T
Tho'T
6099'C
1899°2
1L69°2
bSO b
SPIl'p
GLTT b
1921
LS
PSS v
10961
8£95"
695" b1
P65 b
T ia's
2086'6
ORNG'C
She6's
r660'0]
811194
1zzrod
1142 ¢
ﬁm:/
9LeL L
LT
SOEL'L
PP L
8 _mxsw.
€468 L

L

m

.

e

>

O 3ag

E

Hl

E

=
E

£

1671
arl
SO0

8£'0

£9°0

LE0
190

00'e
96" |

-0.

0.0

1.0

Ia}

2.0

3.0

4.0

8.0

f1 (ppm)

S42



€102~
L Sliad
6T
96T
€267
o:m\

(STATA
00°LL
&L

12'LL
wd.m&\
708

£rsel
pregl
80'1€]
0L 1€1
66 €517

££L91~
LLE91

I

L

O 3ag

-10

180 180 17 160 150 140 130 120 110 100 30
£f1 (ppm)

200

S43



0000'0—

948817
86£6' 14
75611
0196' 17
896" 14
0S£6'1
e
8966' | ;w
£010°7

Speoz
£5£0°TH
88€0'2
T8P0°T
9560°2
9m0°T
eI

0STT'E

SEET'E

0lpT's

£SPTE

SOy
PREO'D
08p0'y
£150Y
9000'p
PTLOY
VR0

e
LLL
860L'L
808",
6PIR'L
L8IR'L
SETR'L

3ag’

g

F

F

2

00 €
e

SOl

PO’

€0'T
SO’z

£1 (ppm

S44



8P~
ST

6l'Le—

LL8—

OL'OL
S_RW
1T LL

69—

LTI —

L6 181~
pPREET-

0£'89]—

3ag’

-10

10

20

190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

200

S45



10000~
01L00-—

TTOEE~,
LRI
69L6'E
SIRG'E
LE66'E
THo'y
oploP
£570'p
Q00D
12p0'y

989v'S
SBLP'S W
£ORP'S

WL
LeLL't
L8LLL

168
vwmw.mw.
006" L

0

O
0

3ah

00 e

SI'E

Fere

Feon

Fore
Fire

3.5
£1 (ppm
S46

4.5



o T o~
o ®mn  © —— 0o mw — o
) < — © NNO M~ o N D
© ®m N —r~r~©o @ ©
o el - [ o S 0w
Voo NS N/
0P 0
/O\/l\o/
3ah
{
|
1
| 1
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1100)90 80 70 60 50 40 30 20 10 -10
(ppm

S47



00000—

6L0E°E
0Ziee
LLLG'E
9SISE
6025 €
622G '€
1925 '€
LOES'E
8CGLE
89GL°E
LI8LE
proLe
699L°€
0gLLE

0561 'G—

OpLL'L
£006°L
Nmom.hw
€606°L

B2 4
mmo\..\.w

-

o

H/mm_N
Fole

m\_;.m

=p6')

=002
Fg0C

7.5 7.0 6.5 6.0 55 5.0 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

8.0

S48



o N T

(=5} ™ [(e] — OO WN M~

w ™ m o~ M~~~ 0O-—O0mM~ 0

= AR e P~~~ ©®© o
\ / | 7 Ll |

T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 . 100 ) 90 80 70 60 50 40 30 20
(ppm

549



0000°0—

060€"}

G8LLS—

80GL°L
oige'L
2988'L
0068'L

BT Ly
mmﬂ.)

(@)
3ai

/N
@)

_h

Fo0s

Fiey

kg0
E66)

4.0
f1 (ppm)

0.0

05

1.0

1.5

2.0

T
25

3.0

35

45

50

6.5

8.0

S50



0000°0—

P92 €—

1892 G—

PELL'L
rE68 L
mmmm.\.v
vmom.\.

b8E 4
vmwh.)

O 3zaj

/~N

HO

Fooz

Wmm;
p0'Z

0.0

05

3.5 3.0 25 20 1.5 1.0

40
f1 (ppm)

75 70 6.5 6.0 55 50 45

8.0

S51



GEPO 9
21509
89509
08909

8054
zees s
286L L

GGp8 4
9058 NW
SpGe' L

[D,]-3aa

the ratio of 3aa/[D;]-3aa=15.7 : 1

Jaa

—

===

60
560

g0
Fr60

Ev60

Eve0

Foeo

ooz
Fooz

1.0 0.5 0.0

1.5

7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0
f1 (ppm)

75

S52



