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Experimental procedure for the synthesis of acetals using PVP-PWA catalyst 

To the solution of aldehydes (1 mmol) in 3 mL of methanol/ethanol, the catalyst PVP-PWA 

(0.01 mmol) was added and the mixture was stirred for 2 h at room temperature under inert 

condition. After completion of the reaction monitored by TLC, reaction crude was filtered 

through sintered glass plug using celite to separate the catalyst and washed two times with 3 mL 

methanol. Finally methanol was evaporated at reduced pressure using rota vapour to obtain the 

product with excellent yields. If required column chromatography were done over neutral 

alumina. 
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Ammonia-TPD study 

Table S1. Total acidity measurement of catalysts using ammonia-TPD 

Sr. No. Sample Name Temperature, oC Total acidity  
(NH3 mmol/gm) 

1 Silica 100-200,  0.01191 

2 PW 100-200, 550-650 0.3983 

3 PW-TPSP 250-550 0.2381 

4 30PW-Si/TPSP 250-550 0.176 

 

Order of total acidity: 

PW (0.3983 NH3 mmoles / gm) > PW-TPSP (0.2381 NH3 mmoles / gm) > 30PW-Si/TPSP 
(0.176 NH3 mmoles / gm) > Silica (0.01191 NH3 mmoles / gm) 

Figure S1. BET Surface area of Silica (A), 30PW-Si (B) and 30PW-Si/TPSP (C) 
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Surface Area: Silica; 232.57 m2/g, 30PW-Si; 116.70 m2/g and 30PW-Si/TPSP; 110.69 m2/g. 

S2 
 



 
 
 
Table S2. Comparison of Brønsted acidity under Pyridine-FTIR study 

Sr. No. Sample Name Area, (%T) 

1 PW -257.1 

2 PW-TPSP -79.04 

3 30PW-Si/TPSP -71.58 

 

Order of Brønsted acidity: PW >PW-TPSP>30PW-Si/TPSP 

 

 

Figure S2.  Area under curve by Pyridine-FTIR  
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Energy-dispersive X-ray spectroscopy (EDAX) compositional study 

 

`  Table S3. 30PW-Si/TPSP fresh 

Fig. S3. 30PW-Si/TPSP fresh Element Wt% At% 

  CK 16.07 25.21

  OK 46.83 55.15

 SiK 26.46 17.75

  PK 00.97 00.59

  SK 00.61 00.36

  WL 09.05 00.93

Matrix Correction ZAF 

     

 

 

 

 

 

 

 

 

Fig. S4. 30PW-Si/TPSP recovered                                  Table S4. 30PW-Si/TPSP recovered 

 Element Wt% At% 

  CK 19.99 30.18 

  OK 47.60 53.94 

 SiK 21.69 14.00 

  PK 00.91 00.53 

  SK 00.80 00.45 

  WL 09.00 00.89 

Matrix Correction ZAF 
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1H-NMR and 13C-NMR of products 

 

 

Triphenyl-(3-sulfopropyl) phosphonium Zwitterion  
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(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 1) 
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1-methoxy-4-(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 2) 
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1, 2-dimethoxy-4-(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 3) 
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1-chloro-4-(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 4) 
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1-chloro-2-(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 5) 
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5-(1-methoxybut-3-en-1-yl) benzo [d] [1, 3] dioxole (Table 2, entry 6) 
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1-(1-methoxybut-3-en-1-yl) naphthalene (Table 2, entry 7) 
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1-(1-ethoxybut-3-en-1-yl) naphthalene (Table 2, entry 8) 
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1-(1-methoxybut-3-en-1-yl)-2-nitrobenzene (Table 2, entry 9) 
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1-(1-ethoxybut-3-en-1-yl)-2-nitrobenzene (Table 2, entry 10) 

2 Nitro EthylMon2av2#071.001.001.1r.esp

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.022.192.103.071.001.001.011.020.94

CHLOROFORM-d

7.
95

7.
94

7.
91

7.
90

7.
75

7.
74

7.
65

7.
64

7.
46

7.
45

7.
42

7.
42

7.
38

6.
01

5.
98

5.
93

5.
92

5.
90

5.
89

5.
88

5.
84

5.
81

5.
12

5.
11

5.
09

5.
08

5.
03

5.
03

4.
99

4.
97

4.
95

3.
41

3.
40

3.
40

3.
37

3.
36

3.
33

3.
30

2.
56

2.
55

2.
54

2.
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Sat2av2#054.002.001.1r.esp

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

15
.1

9
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.0

4
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.0

6
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8
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12
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00

12
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13
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Sat2av2#054.001.001.1r.esp

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

15.21
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.0

5

65
.0

6

76.71

11
7.

35

124.27

128.24

133.36
134.32
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1-(1-methoxybut-3-en-1-yl)-3-nitrobenzene (Table 2, entry 11) 

Fri4av2#095.001.001.1r.esp

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.003.010.971.960.961.971.91

CHLOROFORM-d

8.
17

2.
39

2.
43

2.
46

2.
50

2.
55

2.
59

2.
62

2.
66

3.
27

4.
27

4.
30

4.
33

5.
00

5.
03
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08

5.
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5.
68

5.
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5.
76
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81
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7.
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7.
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7.
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7.
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7.
67

 

 

 

 

 

 

 

 

 

 

 

 

S27 
 



 
 
 
Sat5av2#056.002.001.1r.esp

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
Chemical Shift (ppm)
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.2

1
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.0

6

82
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9
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8912
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68
12

2.
66

12
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40

13
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3.
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16
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Sat5av2#056.001.001.1r.esp

140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35
Chemical Shift (ppm)

42.24

57
.0

8

82
.6

8

117.92

12
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68
12

2.
68

12
9.

4313
2.

79
13
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1-(1-ethoxybut-3-en-1-yl)-3-nitrobenzene (Table 2, entry 12) 

3 nitroethyl allylMon5av2#121.001.001.1r.esp

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

3.002.112.051.022.050.971.040.961.99

TMSCHLOROFORM-d

-0
.0

1
0.

01
0.

07

1.
17

1.
18

1.
20

1.
21

1.
21

1.
24

1.
24

2.
41

2.
44

2.
45

2.
47

2.
48

2.
55

2.
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2.
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3.
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3.
37

3.
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40
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4.
99
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65
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5.
82

5.
86
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7.
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7.
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7.
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7.
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7.
67
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12

8.
12

8.
13

8.
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Sat5av2#050.002.001.1r.esp

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Chemical Shift (ppm)

15
.2
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.3

9

64
.7

2

80
.8

8

11
7.

7612
1.

63
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2.
54
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33

13
2.

69
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3.
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14
4.
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14
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Sat5av2#050.001.001.1r.esp

140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)

15.27

42
.4

1

64
.7

3

80.88

11
7.

79

121.63
122.56

129.35132.72
133.74
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1-(1-ethoxybut-3-en-1-yl)-4-nitrobenzene (Table 2, entry 13) 

Wed4av2#113.001.001.1r.esp

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

8.
19

8.
23

7.
45

7.
49

3.000.451.971.930.961.930.941.911.87

TMSCHLOROFORM-d

0.
07

1.
17

1.
20

1.
24

1.
58

2.
32

2.
35

2.
39

2.
42

2.
45

2.
50

2.
53

2.
57

2.
60

2.
64

3.
33

3.
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3.
40

3.
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4.
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4.
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42

4.
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5.
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5.
06

5.
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5.
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5.
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5.
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Sat4ECX400#037_CARBON-3.jdf

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

CHLOROFORM-d

15
.2

2

42
.3

0

64
.7

4

76
.6

9
77

.0
0
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.3

1
80
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8
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12
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12
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30
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Sat4ECX400#037_DEPT135-3.jdf

135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
Chemical Shift (ppm)
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6

42.43

64.87

81
.0

1

117.82
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44

13
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(3-methoxyhex-5-en-1-yl)benzene (Table 2, entry 14) 
Tue4av2#068.001.001.1r.esp

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

2.232.052.601.412.872.001.044.150.97

CHLOROFORM-d

7.
30

7.
29

7.
27

7.
27

7.
22

7.
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7.
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15
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SAT4AV2#065.002.001.1R.esp

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

CHLOROFORM-d

31
.5

2

35
.2

5
37
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1
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.5

2

76
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.0
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411
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12

8.
31

12
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SAT4AV2#065.001.001.1R.esp

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
Chemical Shift (ppm)

31.58

35.31
37.65

56
.5

9

79
.5

7

117.14

12
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76
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8.
38

12
8.

47

13
4.
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(E)-(3-methoxyhexa-1,5-dien-1-yl)benzene (Table 2, entry 15) 

Tue2av2#078.001.001.1r.esp

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

-0
.0

9

2.012.860.731.651.770.865.00
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36
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3.
06

3.
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Thu2ECX400#013_CARBON-3.jdf

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)
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3

77
.4

6
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Thu2ECX400#013_DEPT135-3.jdf

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)
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.4

2

82
.1

1
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(E)-(3-ethoxyhexa-1,5-dien-1-yl)benzene (Table 2, entry 16) 

Wed2av2#023.001.001.1r.esp

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

3.242.162.050.992.071.021.010.970.394.40

CHLOROFORM-d

1.
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Sat2ECX400#046_CARBON-3.jdf

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)
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.9

4

80
.3

5

11
7.

05

12
6.

57
12

8.
67

13
0.

46
13

1.
96

13
4.

72
13

6.
70

 
Sat2ECX400#046_DEPT135-3.jdf

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)
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117.05

12
6.

57
12

7.
75

12
8.

67
13

0.
46

13
1.

96
13

4.
71

 

 

 

 

 

 

 

S38 
 



 
 
 

 

1-(allyloxy)-4-(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 17) 

Tue3av2#109.001.001.1r.esp

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.002.900.971.951.961.180.940.980.921.901.89

CHLOROFORM-d

TMS

2.
38

2.
38

2.
41

2.
45

2.
49

2.
53

2.
56

2.
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19
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Wed3av2#067.002.001.1r.esp

160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)
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.4
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.4
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.0
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9
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15
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17

Wed3av2#067.001.001.1r.esp

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

42.49

56
.4

4

68.84

83
.1
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11
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116.81
117.66
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13
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1-(allyloxy)-2-(1-methoxybut-3-en-1-yl) benzene (Table 2, entry 18) 

Mon5av2#100.001.001.1r.esp

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.043.042.091.022.111.081.062.081.031.041.181.00

0.
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Tue5ECX400#001_CARBON-3.jdf

168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

CHLOROFORM-d
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9
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Tue5ECX400#001_DEPT135-3.jdf

152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)
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68.67
77

.0
3

11
1.

62

116.45
117.00

12
0.

9312
6.

62
12

8.
11

13
3.

41
13

5.
50

 

 

 

 

 

 

 

S42 
 



 
 
 

 

1-(allyloxy)-2-methoxy-4-(1-methoxybut-3-en-1-yl)benzene (Table 2, entry 19)  
Tue3av2#110.001.001.1r.esp

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5 -1.0
Chemical Shift (ppm)

0.452.002.922.940.971.961.971.950.970.932.91

CHLOROFORM-d TMS

5.
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00
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0.
90

0.
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Thu3av2#117.002.001.1r.esp

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
Chemical Shift (ppm)
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Thu3av2#117.001.001.1r.esp

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)
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2-(allyloxy)-1,3-dimethoxy-5-(1-methoxybut-3-en-1-yl)benzene (Table 2, entry 20) 

Tue4ECX400#026_PROTON-3.jdf

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5
Chemical Shift (ppm)

CHLOROFORM-d

6.
51

2.083.006.151.022.042.061.001.030.990.942.03

TMS
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Thu4ECX400#005_CARBON-3.jdf

176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

42
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7
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Thu4ECX400#005_DEPT135-3.jdf

144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0 -8
Chemical Shift (ppm)

42.68
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1-(allyloxy)-2-methoxy-4-(3-methoxyhexa-1,5-dien-1-yl)benzene (Table 2, entry 21) 

Wed1av2#076.001.001.1r.esp

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

2.002.630.992.711.891.912.272.900.852.86

CHLOROFORM-d

1.
56

2.
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2.
40

2.
44

2.
47
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