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"H NMR spectrum of 2,3-dihydrobenzofuran 1
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'"H NMR spectrum of 2,3-dihydrobenzo[b][1,4]dioxine 5
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"H NMR spectrum of N-carboxymethyl indoline 7
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'"H NMR spectrum of isosorbide 8
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"H NMR spectrum of isomannide 9
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
2,3-dihydrobenzofuran 1 with DBU calculated by HPLC.?

OH 0 OCOOCH;
(;E\/ + —>C61t' +
\ /
OH (©) O (0] OH
1 2

2 Reaction conditions: 2-hydroxyphenethyl alcohol (1.00 eq. mol), DMC (4.00 eq. mol), catalyst (0.25 eq. mol), 90 °C.

Area (%)

Bl 2-hydroxyphenethyl alcohol
O monomethoxycarbonyl derivative 2
@ 2,3-dihydrobenzofuran 1

1,5 2 3 4

0 042 0,75 1

Time (h)
s () % Area . . % An.aa .% Area
starting material intermediate 2 cyclic product 1

0.00> 92.90 7.10 0.00
0.42 25.80 66.60 7.60
0.75 12.70 69.50 17.80
1.00 6.30 60.40 33.30
1.50 3.60 45.10 51.30
2.00 2.50 34.10 63.40
3.00 0.00 18.70 81.30
4.00 0.00 0.00 100.00

b First sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
2,3-dihydrobenzofuran 1 with TBD calculated by HPLC.?

OH o OCOOCH;
E;E\/ + _»Cat. +
\ /
OH o o 0 OH
1 2

2 Reaction conditions: 2-hydroxyphenethyl alcohol (1.00 eq. mol), DMC (4.00 eq. mol), catalyst (0.25 eq. mol), 90 °C.
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B 2-hydroxyphenethyl alcohol
0O monomethoxycarbonyl derivative 2
@ 2,3-dihydrobenzofuran 1

Time (h)
Time (h) % Area . . % Ar?a .% Area
starting material intermediate 2 cyclic product 1

0.00° 83.80 16.20 0.00

0.42 15.30 64.90 19.80
0.75 11.70 47.90 40.40
1.00 9.00 26.70 64.30
1.50 7.30 2.40 90.30
2.00 3.80 2.30 93.90
3.00 0.00 0.00 100.00

b First sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
2,3-dihydrobenzofuran 1 with DABCO calculated by HPLC.2

OH o OCOOCH;
E;E\/ + _»Cat. +
\ /
OH o o 0 OH
1 2

2 Reaction conditions: 2-hydroxyphenethyl alcohol (1.00 eq. mol), DMC (4.00 eq. mol), catalyst (0.25 eq. mol), 90 °C.
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B 2-hydroxyphenethyl alcohol
O monomethoxycarbony! derivative 2
@ 2,3-dihydrobenzofuran 1

0 0,42 0,75 1

Time (h)
Time (h) % Area % Area % Area
starting material intermediate 2 cyclic product 1
0.00° 100.00 0.00 0.00
0.42 52.50 42.80 4.70
0.75 21.30 59.10 19.60
1.00 8.20 3.20 88.60
1.50 0.00 0.00 100.00

bFirst sample taken at reflux temperature.
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Reaction profiles of the 2,3-dihydrobenzofuran 1 synthesised using respectively DBU, TBD and
DABCO as catalysts calculated by HPLC.

100
90
80
70
60
Area (%) 50 % m DBU
40 / OTBD
@ DABCO
30 / / /
10
0 T T T
0 0,42 0,75 1 15 2 3 4
Time (h)
Time (h) % Area % Area % Area
(reaction with DBU) | (reaction with TBD) | (reaction with DABCO)
0.00° 0.00 0.00 0.00
0.42 7.60 19.80 4.70
0.75 17.80 40.40 19.60
1.00 33.30 64.30 88.60
1.50 51.30 90.30 100.00
2.00 63.40 93.90 100.00
3.00 81.30 100.00 100.00
4.00 100.00 100.00 100.00

b First sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
2,3-dihydrobenzo[b][1,4]dioxine 5§ with DBU calculated by GC-MS.2

@O\/\ - )}\ / @j @ 0COOCH;8

OH

2 Reaction conditions: 2-(2-hydroxyethoxy)phenol (1.00 eq. mol), DMC (8.00 eq. mol), catalyst (0.10 eq. mol), 90 °C.
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I O monomethoxycarbonyl derivative 6
/ @ 2,3-dihydrobenzo[b][1,4]dioxine 5

10
O T T T T T T T T T 1
0 033 066 1 1.50 2 4 5 6
Time (h)
Time (h) % Area % Area % Area
starting material intermediate 6 cyclic product 5
0.00° 94.40 5.60 0.00
0.33 72.50 25.80 1.70
0.66 55.70 42.80 1.50
1.00 39.60 57.60 2.80
1.50 26.80 68.90 4.30
2.00 17.70 77.60 4.70
4.00 5.60 76.50 17.90
5.00 2.90 76.60 20.50
6.00 3.20 71.60 25.20

b First sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
2,3-dihydrobenzo[b][1,4]dioxine 5§ with TBD calculated by GC-MS.2

0 0 0
o 2 Cat " ocoocH,
+ — +
\ /
OH © ° o OH
5 6

2 Reaction conditions: 2-(2-hydroxyethoxy)phenol (1.00 eq. mol), DMC (8.00 eq. mol), catalyst (0.10 eq. mol), 90 °C.
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40 \ ] O monomethoxycarbonyl derivative 6
30 \ @ 2,3-dihydrobenzol[b][1,4]dioxine 5

20
10
0 T T T
0 0,33 0,66 1,5 2 4 5 6
Time (h)
Time (h) % Area . . % Arf:a f’A) Area
starting material intermediate 6 cyclic product S
0.00b 84.40 15.00 0.60
0.33 37.90 58.80 3.30
0.66 15.00 80.40 4.60
1.50 4.70 81.40 13.90
2.00 3.90 64.60 31.50
4.00 5.50 55.90 38.60
5.00 4.40 6.50 89.10
6.00 6.20 4.30 89.50

bFirst sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
2,3-dihydrobenzo[b][1,4]dioxine § with DABCO calculated by GC-MS.2

o o o
N )J\ e
o o o] OH

OH

5 6
2 Reaction conditions: 2-(2-hydroxyethoxy)phenol (1.00 eq. mol), DMC (8.00 eq. mol), catalyst (0.10 eq. mol), 90 °C.
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30 y4 /

20
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0 T T T T T T T T \
0 0,33 066 1 2 3 4 5 6
Time (h)
Time (h) % Area . . % Arc-aa f% Area
starting material intermediate 6 cyclic product S

0.00b 100.00 0.00 0.00
0.33 89.20 10.80 0.00
0.66 71.60 26.20 2.20
1.00 55.70 39.70 4.60
2.00 25.30 69.20 5.50
3.00 10.10 64.50 25.40
4.00 2.40 29.40 68.20
5.00 0.00 9.70 90.30
6.00 0.00 0.00 100.00

bFirst sample taken at reflux temperature.
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Reaction profiles of the 2,3-dihydrobenzo[b][1,4]dioxine 5 synthesised using respectively DBU,
TBD and DABCO as catalysts calculated by GC-MS.
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40 — m DBU
30 /

20

|
10 d \
0 . . . T T T .
0 0,33 0,66 2 4 5 6
Time (h)
Time (h) .% Ar:ea .% Al:ea . % f&rea
(reaction with DBU) | (reaction with TBD) | (reaction with DABCOQO)

0.00° 0.00 0.60 0.00
0.33 1.70 3.30 0.00
0.66 1.50 4.60 2.20
2.00 4.70 31.50 5.50
4.00 17.90 38.60 68.20
5.00 20.50 89.10 90.30
6.00 25.20 89.50 100.00

b First sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
methoxycarbonyl indoline 7 with DBU calculated by GC-MS.2

OH o OCOOCH;
(;E\/ Cat.
+ — s +
\ /
NH, (6) O N\ NH,

COOCH;
7 8

2 Reaction conditions: 2-(2-aminophenyl)ethanol (1.00 eq. mol), DMC (8.00 eq. mol), catalyst (0.50 eq. mol), 90 °C.

) |
100

90 // N "

Yl
80
” ~— 7/
/ ' B 2-(2-aminophenyl)ethanol

60 ’ 0O monomethoxycarbony! derivative 8

Area (% ) 50 ) @ methoxycarbonyl indoline 7

|
|
|
12 N\ | \
21

0 05 1 1.5 2 3 4 5 6

Time (h)
Time (h) % Area % Area % Area
starting material intermediate 8 cyclic product 7
0.00b 22.0 78.00 0.00
0.50 0.00 100.00 0.00
1.00 0.00 100.00 0.00
1.50 0.00 98.00 2.00
2.00 0.00 96.00 4.00
3.00 0.00 88.00 12.00
4.00 0.00 75.00 25.00
5.00 0.00 65.00 35.00
6.00 0.00 60.00 40.00
21.00 0.00 25.00 75.00

b First sample taken at reflux temperature.

S12



Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
methoxycarbonyl indoline 7 with TBD calculated by GC-MS.2

OH o OCOOCH;
(;E\/ Cat.
+ = . +
NH © © N\ NH,

2
COOCH;

7 8

2 Reaction conditions: 2-(2-aminophenyl)ethanol (1.00 eq. mol), DMC (8.00 eq. mol), catalyst (0.50 eq. mol), 90 °C.

e
100
% ‘ \ / ’J
80 / ‘{
70 N/ |
60 >\ “
Area (%) 50 / \\ \‘ B 2-(2-aminophenyl)ethanol
40 / \ \‘ O monomethoxycarbonyl derivative 8
30 \\\Q f B methoxycarbonyl indoline 7
20/~ |
104/ ae N
0 I I I I I I I I I I |
0O 05 1 15 2 3 4 5 6 21
Time (h)
Time (h) % Area % Area % Area
starting material intermediate 8 cyclic product 7
0.00b 6.60 93.40 0.00
0.50 0.00 87.90 12.10
1.00 0.00 60.20 39.80
1.50 0.00 42.10 57.90
2.00 0.00 28.60 71.40
3.00 0.00 17.80 82.20
4.00 0.00 14.30 85.70
5.00 0.00 11.30 88.70
6.00 0.00 10.10 89.90
21.00 0.00 0.00 100.00

bFirst sample taken at reflux temperature.
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Reaction profiles of the starting material, intermediate and cyclic product in the synthesis of
methoxycarbonyl indoline 7 with DABCO calculated by GC-MS.2

OH o OCOOCH;
(;E\/ Cat.
+ —_— +
NH © © N\ NH,

2
COOCH;

7 8

2 Reaction conditions: 2-(2-aminophenyl)ethanol (1.00 eq. mol), DMC (8.00 eq. mol), catalyst (0.50 eq. mol), 90 °C.

@ 2-(2-aminophenyl)ethanol
0O monomethoxycarbony! derivative 8
@ methoxycarbonyl indolina 7

Area (%)

Time (h)
Time (h) % Area . . % Ar?a .% Area
starting material intermediate 8 cyclic product 7
0.00° 96.20 3.80 0.00
0.50 8.10 90.90 1.00
1.00 6.40 88.10 5.50
1.50 2.80 81.30 15.90
2.00 2.80 72.10 25.10
3.00 2.90 51.20 45.90
4.00 0.00 36.10 63.90
5.00 0.00 16.60 83.40
6.00 0.00 8.70 91.30
21.00 0.00 0.00 100.00

bFirst sample taken at reflux temperature.
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Reaction profiles of the methoxycarbonyl indoline 7 synthesised using respectively DBU, TBD and
DABCO as catalysts calculated by GC-MS.

100
90
80 - /' |
0 7]
60 / /
Area (%) 50 / / J O DABCO
40 / / \ mTBD
30 // / | B DBU
20 / “
10
0- ‘ ‘ ‘ ‘ ;
0 05 1 15 2 3 4 5 6 21
Time (h)
Time (h) .% Al:ea .% A1:ea . % f&rea
(reaction with DBU) | (reaction with TBD) | (reaction with DABCO)
0.00° 0.00 0.00 0.00
0.50 0.00 12.10 1.00
1.00 0.00 39.80 5.50
1.50 2.00 57.90 15.90
2.00 4.00 71.40 25.10
3.00 12.00 82.20 45.90
4.00 25.00 85.70 63.90
5.00 35.00 88.70 83.40
6.00 40.00 89.90 91.30
21.00 75.00 100.00 100.00

bFirst sample taken at reflux temperature.
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Reaction of 4-aminobutan-1-o0l with DMC and DBU.

(0]

NH /\/\/NHZ
NN + DBU — + MeOOCO
HO ~ - N

O O
COOMe

In a vessel equipped with a reflux condenser, 4-aminobutan-1-ol (3.36 mmol, 1.00 mol. eq.), DMC
(26.90 mmol, 8.00 mol. eq.) and DBU (3.36 mmol, 1.00 mol. eq.) were heated at reflux while
stirring. The progress of the reaction was monitored by TLC. After 24 hours the reaction was
stopped, cooled at room temperature and the solvent evaporated. It was recovered the
monomethoxycarbonyl derivative in 69% yield (0.34 g, 2.31 mmol) by column chromatography on
silica gel using dichloromethane/methanol (95:5) as elution mixture. This is because the cyclic

product and the intermediate have the same retention factor on the TLC.

Reaction of 2-(aminomethyl)benzyl alcohol with DMC and DBU.

NH 9
2
+ )J\ + DBU S>> NCOOMe
OH \O O/

In a vessel equipped with a reflux condenser, 2-(aminomethyl)benzyl alcohol (1.00 mol. eq.), DMC
(8.00 mol. eq.) and DBU (1.00 mol. eq.) were heated at reflux while stirring. The progress of the

reaction was monitored by TLC. After 24 hours only starting materials can be observed.
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