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General Information

All chemicals and solvents used in this article were purchased from Merck and Aldrich. The 

progress of the reaction and the purity of the products were determined using TLC performed with 

SIL G/UV 254 silica gel plates. All experiments were carried out under an atmosphere of air. 
13C NMR spectra were reported in ppm relative to residual DMSO (39.52 ppm) that were obtained 

with 1H-decoupling and described in terms of chemical shift (δ in ppm). Data for 1H-NMR are 

described as following: chemical shift (δ in ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, 

quartet; quin, quintet; sx, sextet; m, multiplet; app, apparent; br, broad signal), coupling constant 

(Hz), integration. NMR data were given in University of Isfahan (Bruker-400 MHz). 

Experimental

2-2-3 Preparation of sulfamic acid-functionalized magnetic Fe3O4 nanoparticles (SA-MNPs)

2-2-3-1 Preparation of MNPs coated by (3-aminopropyl)-triethoxysilane

After preparation of the magnetic Fe3O4 nanoparticles [1], the obtained MNPs powder (1.5 g) was 

dispersed in 150 mL ethanol by sonication for 15 min, then APTES (99%, 2.5 mL) was added to 

the mixture. After mechanical agitation under N2 atmosphere at 40 °C for 4 h, the suspended 

substance was separated with centrifugation for 30 min. The settled product was re-dispersed in 

ethanol by sonication and then was isolated with magnetic decantation for 5 times. The precipitated 

product (APTES–MNPs) was dried at room temperature [2]. 

2-2-3-2 Preparation of sulfamic acid-functionalized magnetic Fe3O4 nanoparticles (SA-

MNPs)

The APTES–MNPs (0.5 g) were dispersed in dry CH2Cl2 (3 mL) by ultrasonic bath for 10 min. 

Subsequently, chlorosulfuric acid (0.8 mL) was added dropwise over a period of 30 min at room 

temperature. Hydrogen chloride gas evolved from the reaction vessel immediately. Then, the 

prepared functionalized MNPs nanoparticles were separated by magnetic and washed three times 

with dry CH2Cl2 to remove the unattached substrates [2].
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Schemes of derivatives’ stable forms:

Scheme 1. Stable forms of 2-phenyl-1,3-dioxolane derivatives

Name Structure Optimized total energy:
(a) 2-(4-nitrophenyl)-1,3-dioxolane

O

O
O2N

-703.903523 au

(b) 2-(4-(trifluoromethyl)phenyl)-
1,3-dioxolane

O

O
F3C

-836.439619 au

(c) 2-(4-chlorophenyl)-1,3-
dioxolane

O

O
Cl

-958.997867 au

(d) 4-(1,3-dioxolan-2-yl)phenol

O

O
HO

-574.617726 au

(e) 2-phenyl-1,3-dioxolane

O

O -499.401386 au

(f) 2-(p-tolyl)-1,3-dioxolane

O

O
H3C

-538.719448 au
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 (g) phenyl cyclopentane -427.607711 au

Scheme 2. Stable forms of 2-phenyl-1,3-dithiane derivatives

Name Structure Optimized total energy:
(a) 2-(4-nitrophenyl)-1,3-dithiane

O2N
S

S -1389.17299 au

(b) 2-(4-(trifluoromethyl)phenyl)-
1,3-dithiane F3C

S

S -1521.7093 au

(c) 2-(4-chlorophenyl)-1,3-dithiane
Cl

S

S -1644.26761 au

(d) 4-(1,3-dithian-2-yl)phenol
HO

S

S -1259.88822 au

(e) 2-phenyl-1,3-dithiane

S

S -1184.67172 au

(f) 2-(p-tolyl)-1,3-dithiane

 
H3C

S

S -1223.99008 au
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(g) phenyl cyclohexane -466.930364 au

Physical properties and spectral analysis data:
2-(4-nitrophenyl)-1,3-dioxolane (1a) (Table 3, row 1) [3]

Creamy solid; Mp: 85-87 ˚C; IR (KBr, cm-1): 3085, 2895, 1611, 1523, 1355, 1079, 847, 750.

2-(3-nitrophenyl)-1,3-dioxolane (1b) (Table 3, row 1) [4]

Yellow solid; Mp: 54 ˚C; IR (KBr, cm-1): 2920, 1530, 1348, 1260, 1097, 1022, 803.

2-(4-(trifluoromethyl)phenyl)-1,3-dioxolane (1c) (Table 3, row 1) [5]

White solid; Mp: 44 ˚C; IR (KBr, cm-1): 2894, 1433, 1329, 1164, 1117, 836. 1H NMR (400 MHz, 

DMSO-d6) δppm: 7.69 (d, J = 8.0 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 5.77 (s, 1H), 4.02 – 3.85 (m, 

4H). 13C NMR (101 MHz, DMSO) δppm:  142.65, 130.07, 129.63, 129.32, 127.33, 125.2 (q), 

101.73, 64.93.

2-methyl-2-(4-nitrophenyl)-1,3-dioxolane (1d) (Table 3, row 1) [6]

White solid; Mp: 72-73 ˚C; IR (KBr, cm-1): 3109, 2974, 2900, 1608, 1521, 1346, 1032, 883, 703.

3,9-bis(4-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1e) (Table 3, row 2) [7]

Yellow solid; Mp: 224-225 ˚C; IR (KBr, cm-1): 2918, 2849, 1525, 1347, 1260, 1095, 1018, 799.

3,9-bis(3-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1f) (Table 3, row 2) [7]

White solid; Mp: 116 ˚C; IR (KBr, cm-1): 2950, 2868, 1536, 1348, 1163, 1069, 902, 740. 1H NMR 

(400 MHz, DMSO-d6) δppm: 8.47 – 8.16 (m, 4H), 7.93 (dt, J = 7.8, 1.3 Hz, 2H), 7.72 (dd, J = 9.0, 

7.7 Hz, 2H), 5.71 (s, 2H), 4.61 (dd, J = 11.3, 2.3 Hz, 2H), 4.00 (d, 2H), 3.90 (dd, J = 11.5, 2.4 Hz, 

2H), 3.76 (d, J = 11.6 Hz, 2H). 13C NMR (101 MHz, DMSO) δppm:  147.53, 139.98, 132.89, 129.99, 

123.80, 120.76, 99.43, 69.86, 69.34, 32.12.

2-(4-nitrophenyl)-4-phenyl-1,3-dioxolane (1g) (Table 3, row 3) [8]
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White solid; Mp: 76 ˚C; IR (KBr, cm-1): 2876, 1608, 1523, 1349, 1216, 1094, 854, 699. 1H NMR 

(400 MHz, DMSO-d6) δppm: 8.31 (d, 2H), 7.81 (d, 2H), 7.66 – 7.23 (m, 5H), 6.33 (s, 1H), 5.26 

(dd, J = 7.5, 6.2 Hz, 1H), 4.57 (dd, J = 8.4, 6.3 Hz, 1H), 3.82 (t, J = 8.4, 7.6 Hz, 1H). 13C NMR 

(101 MHz, DMSO) δppm:  147.93, 145.34, 139.15, 128.51, 128.05, 127.89, 126.25, 123.59, 102.35, 

77.51, 72.26. 

2-(4-nitrophenyl)-1,3-dithiane (2a) (Table 3, row 4) [9]

White solid; Mp: 131-132 ˚C; IR (KBr, cm-1): 3075, 2908, 1604, 1519, 1342, 857, 729. 

2-(3-nitrophenyl)-1,3-dithiane (2b) (Table 3, row 4) [10]

White solid; Mp: 110-111 ˚C; IR (KBr, cm-1): 2913, 1528, 1350, 1090, 725.

2-(4-(trifluoromethyl)phenyl)-1,3-dithiane (2c) (Table 3, row 4) [11]

White solid; Mp: 118 ˚C; IR (KBr, cm-1): 2900, 1614, 1328, 1107, 1067, 863, 769.

2-(4-chlorophenyl)-1,3-dithiane (2d) (Table 3, row 5) [11]

Colorless solid; Mp: 88 ˚C; IR (KBr, cm-1): 2929, 1488, 1404, 1275, 1084, 1013, 760, 673, 508.

4-(1,3-dithian-2-yl)phenol (2e) (Table 3, row 5) [9]

White solid; Mp: 153˚C; IR (KBr, cm-1): 3369, 2887, 1597, 1511, 1427, 1242, 850, 763, 526.

2-(p-tolyl)-1,3-dithiane (2f) (Table 3, row 5) [12]

White solid; Mp: 81 ˚C; IR (KBr, cm-1): 2932, 2892, 1602, 1511, 1421, 1275, 1168, 755, 674, 504.

2-phenyl-1,3-dithiane (2g) (Table 3, row 6) [10]

Pink solid; Mp: 66 ˚C; IR (KBr, cm-1): 2890, 1451, 14161275, 1177, 730, 696.

2-(naphthalen-2-yl)-1,3-dithiane (2h) (Table 3, row 6) [9]

White solid; Mp: 111-112 ˚C; IR (KBr, cm-1): 2893, 1628, 1598, 1505, 1420, 1278, 760, 476. 1H 

NMR (400 MHz, DMSO-d6) δppm: 7.94 – 7.74 (m, 4H), 7.57 – 7.35 (m, 3H), 5.49 (s, 1H), 3.06 

(ddd, J = 14.7, 12.5, 2.3 Hz, 2H), 2.85 (ddd, J = 14.2, 4.2, 2.8 Hz, 2H), 2.08 (ddt, J = 14.1, 4.5, 2.2 
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Hz, 1H), 1.76 – 1.58 (m, 1H). 13C NMR (101 MHz, DMSO) δ 137.03, 132.74, 132.59, 128.29, 

127.81, 127.53, 126.47, 126.41, 126.27, 125.62, 50.06, 31.03, 24.78.

2-methyl-2-(4-nitrophenyl)-1,3-dithiane (2i) (Table 3, row 6) [13]

White solid; Mp: 119-120 ˚C; IR (KBr, cm-1): 2942, 1590, 1511, 1350, 1074, 852, 697.

((methoxymethoxy)methyl)benzene (3a) (Table 4, row 1) [14]

Yellow liquid; IR (KBr, cm-1): 3031, 2882, 1496, 1454, 1379, 1104, 735, 697.

1-methoxy-4-((methoxymethoxy)methyl)benzene (3b) (Table 4, row 1) [15]

Oil; IR (KBr, cm-1): 2930, 2836, 1610, 1500, 1247, 1107, 1033, 808.

1-chloro-4-((methoxymethoxy)methyl)benzene (3c) (Table 4, row 1) [16]

Yellow oil; IR (KBr, cm-1): 2940, 2885, 1598, 1492, 1408, 1169, 1047, 804.

4-((methoxymethoxy)methyl)phenol (3d) (Table 4, row 1) [17]

Colorless solid; IR (KBr, cm-1): 3501, 2964, 2926, 1604, 1474, 1223, 1081, 1013, 794, 472.

1-bromo-2-((methoxymethoxy)methyl)benzene (3e) (Table 4, row 2) [18]

Yellow liquid; IR (KBr, cm-1): 2929, 2885, 1569, 1440, 1103, 1026, 748.

1-((methoxymethoxy)methyl)-2-methylbenzene (3f) (Table 4, row 2) [19]

Yellow liquid; IR (KBr, cm-1): 2925, 1461, 1376, 1260, 1098, 1040, 743.

2-((methoxymethoxy)methyl)phenol (3g) (Table 4, row 2) [20]

Pink solid; Mp: 134 ˚C; IR (KBr, cm-1): 3429, 2926, 1612, 1502, 1235, 1178, 1069, 1008, 886, 

577, 455.

1-(methoxymethoxy)butane (3h) (Table 4, row 2) [14]

Yellow liquid; IR (KBr, cm-1): 2960, 1228, 1174, 1068, 1017, 881, 851, 581.
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Spectra: IR of all products, 1H-NMR and 13C-NMR spectra of some products

2-(4-nitrophenyl)-1,3-dioxolane (1a)

Figure 35. FT-IR spectrum of 2-(4-nitrophenyl)-1,3-dioxolane. (1a)

2-(3-nitrophenyl)-1,3-dioxolane (1b)

Figure 36. FT-IR spectrum of 2-(3-nitrophenyl)-1,3-dioxolane (1b)

O2N
O

O

O

O

O2N
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2-(4-(trifluoromethyl)phenyl)-1,3-dioxolane (1c)

Figure 37. FT-IR spectrum of 2-(4-(trifluoromethyl)phenyl)-1,3-dioxolane (1c)

Figure 38. 1H NMR spectrum of 2-(4-(trifluoromethyl)phenyl)-1,3-dioxolane (1c)

F3C
O

O

F3C
O

O
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Figure 39.  13C NMR spectrum of 2-(4-(trifluoromethyl)phenyl)-1,3-dioxolane (1c)

2-methyl-2-(4-nitrophenyl)-1,3-dioxolane (1d)

Figure 40. FT-IR spectrum of 2-methyl-2-(4-nitrophenyl)-1,3-dioxolane (1d)

O2N O

O

F3C
O

O
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3,9-bis(4-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1e)

Figure 41. FT-IR spectrum of 3,9-bis(4-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1e)

3,9-bis(3-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1f)

Figure 42. FT-IR spectrum of 3,9-bis(3-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1f)

O
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Figure 43. 1H NMR spectrum of 3,9-bis(3-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1f)
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Figure 44. 13C NMR spectrum of 3,9-bis(3-nitrophenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane (1f)

2-(4-nitrophenyl)-4-phenyl-1,3-dioxolane (1g)

Figure 45. FT-IR spectrum of 2-(4-nitrophenyl)-4-phenyl-1,3-dioxolane (1g)
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Figure 46. 1H NMR spectrum of 2-(4-nitrophenyl)-4-phenyl-1,3-dioxolane (1g)
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Figure 47. 13C NMR spectrum of 2-(4-nitrophenyl)-4-phenyl-1,3-dioxolane (1g)

2-(4-nitrophenyl)-1,3-dithiane (2a)

Figure 48. FT-IR spectrum of 2-(4-nitrophenyl)-1,3-dithiane (2a)

O2N
O

O

O2N
S
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2-(3-nitrophenyl)-1,3-dithiane (2b)

Figure 49. FT-IR spectrum of 2-(3-nitrophenyl)-1,3-dithiane (2b)

2-(4-(trifluoromethyl)phenyl)-1,3-dithiane (2c)

Figure 50. FT-IR spectrum of 2-(4-(trifluoromethyl)phenyl)-1,3-dithiane (2c)
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S
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2-(4-chlorophenyl)-1,3-dithiane (2d)

Figure 51. FT-IR spectrum of 2-(4-chlorophenyl)-1,3-dithiane (2d)

4-(1,3-dithian-2-yl)phenol (2e)

Figure 52. FT-IR spectrum of 4-(1,3-dithian-2-yl)phenol (2e)

Cl
S

S

S

S
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2-(p-tolyl)-1,3-dithiane (2f)

Figure 53. FT-IR spectrum of 2-(p-tolyl)-1,3-dithiane (2f)

2-phenyl-1,3-dithiane (2g)

Figure 54. FT-IR spectrum of 2-phenyl-1,3-dithiane (2g)

S

S
H3C

S

S
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2-(naphthalen-2-yl)-1,3-dithiane (2h)

Figure 55. FT-IR spectrum of 2-(naphthalen-2-yl)-1,3-dithiane (2h)

Figure 56. 1H NMR spectrum of 2-(naphthalen-2-yl)-1,3-dithiane (2h)
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S

S
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Figure 57. 13C NMR spectrum of 2-(naphthalen-2-yl)-1,3-dithiane (2h)

2-methyl-2-(4-nitrophenyl)-1,3-dithiane (2i)

Figure 58. FT-IR spectrum of 2-methyl-2-(4-nitrophenyl)-1,3-dithiane (2i)

S

S

O2N
S
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((methoxymethoxy)methyl)benzene (3a)

Figure 59. FT-IR spectrum of ((methoxymethoxy)methyl)benzene (3a)

1-methoxy-4-((methoxymethoxy)methyl)benzene (3b)

Figure 60. FT-IR spectrum of 1-methoxy-4-((methoxymethoxy)methyl)benzene (3b)

O
O

O
O

MeO
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1-chloro-4-((methoxymethoxy)methyl)benzene (3c)

Figure 61. FT-IR spectrum of 1-chloro-4-((methoxymethoxy)methyl)benzene (3c)

4-((methoxymethoxy)methyl)phenol (3d)

Figure 62. FT-IR spectrum of 4-((methoxymethoxy)methyl)phenol (3d)

O
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Cl
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1-bromo-2-((methoxymethoxy)methyl)benzene (3e)

Figure 63. FT-IR spectrum of 1-bromo-2-((methoxymethoxy)methyl)benzene (3e)
 

1-((methoxymethoxy)methyl)-2-methylbenzene (3f)

Figure 64. FT-IR spectrum of 1-((methoxymethoxy)methyl)-2-methylbenzene (3f)

O
OBr

O
OCH3
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2-((methoxymethoxy)methyl)phenol (3g)

Figure 65. FT-IR spectrum of 2-((methoxymethoxy)methyl)phenol (3g)

1-(methoxymethoxy)butane (3h)

Figure 66. FT-IR spectrum of 1-(methoxymethoxy)butane (3h)

O
OOH

O O


