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Sulfonic Acid Functionalized Nano y-Al,O; Catalyzed
Synthesis of Thioethers
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Abstract A series of thioethers were synthesized efficiently in high yields by reaction of thiols with alcohols in the presence
of sulfonic acid functionalized nano y-Al,0; at room temperature under solvent-free conditions. All products were character-

ized by "H NMR, "*C NMR spectra and elemental analysis.
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Table 1 Synthesis of thioethers using sulfonic acid functionalized nano y-Al,0;
Entry R! R? Product Time/min Yield®/%
1 Bn Ph 3a 13 90
2 Bn 4-CH;C¢H,4 3b 10 93
3 Bn 4-CH;0C¢H,4 3c 12 91
4 Bn 4-CIC¢H, 3d 25 68
5 Bn 4-NO,C¢Hy 3e 35 56
6 Bn 2-Naphthyl 3f 12 89
7 Bn 2-Benzimidazoyl 3g 16 82
8 Bn 1-Decyl 3h 28 72
9 Bn Cy 3i 24 81
10 4-CH;C¢H4CH, Ph 3j 10 89
11 4-CIC¢H4CH, Ph 3k 26 78
12 4-NO,C¢H,CH, Ph 31 45 58
13 Ph,CH Ph 3m 18 95
14 1-Adamantanyl 4-CH;C¢Hy 3n 20 94
15 PhCH=CH 4-CH;C¢H,4 30 15 90
16 PhCH=CH 4-NO,C¢H,4 3p 28 62

¢ NG BRI (1 mmol), BE(1 mmol), WRELMEFRILANK -AL05 (200 mg), =ik, TLIEH

sulfonic acid functionalized nano y-Al,04
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Figure 1 FT-IR spectra of nano y-Al,0; and sulfonic acid functionalized nano y-Al,O;
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Figure 3 SEM images of nano y-Al,O; (a) and sulfonic acid functionalized nano y-Al,O; (b), TEM images of nano y-Al,Oj; (c) and sul-
fonic acid functionalized nano y-Al,O; (d)

FK2 MEWGFIEFH ST 3a 7 K R ¢

Table 2 Catalyst optimization for the synthesis 3a

Entry Catalyst Mass/mg Time/min Yield/%
1 Sulfonic acid functionalized nano y-Al,0; 0 120 0
2 Sulfonic acid functionalized nano y-Al,0; 25 20 48
3 Sulfonic acid functionalized nano y-Al,0; 50 15 56
4 Sulfonic acid functionalized nano y-Al,0; 100 15 84
5 Sulfonic acid functionalized nano y-Al,0; 200 10 92
6 Sulfonic acid functionalized nano y-Al,0; 300 10 86
7 Sulfonic acid functionalized nano y-Al,0; 350 10 89
8 CH;SO;H 200 45 62
9 Alumina-sulfuric acid 200 60 52
10 Nano y-Al,04 200 120 12
11 p-TsOH 200 30 59
12 H,S0O, 200 60 24

¢ RNAAE: ZRERH(1 mmol), “FEE(1 mmol), =i, T
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34 WMBIOTEYMEUEYRIEK

# 1 mmol A ¥ Sk AR AT 1 mmol BEHNZE] 250 mL =
O, BERE RN 200 mg fEFR DI BEAL 140K p-ALL0s,
E S FHEE R N 10~45 min 5, 724000 25 mL /KR
100 mL &R 4WE, iokig, AHUZH K Na,SO, T4,
ok, AT, RS A, A 3.

FRIEILRBE(3a): A5, mp. 46~47 C; 'H
NMR (CDCls, 400 MHz) §: 3.49 (s, 2H), 7.12~7.23 (m,
10H); *C NMR (CDCl;, 100 MHz) §: 137.7, 136.9, 129.8,
129.4, 128.8, 127.7, 127.5, 126.6, 43.5. Anal. calcd for
C3Hp,S: C 77.95, H 6.04, H 16.01; found C 77.92, H 6.06,
H 16.04.

R -4- LR ILAR B (3b): A4, mp. 44.1~
45.0 °C; "H NMR (CDCls, 400 MHz) d: 2.21 (s, 3H), 4.13
(s, 2H), 7.23 (d, J=8.0 Hz, 2H), 7.05 (d, J=8.0 Hz, 2H),
7.25~7.63 (m, 5H); “C NMR (100 MHz, CDCl;) o:
136.7, 135.4, 131.4, 129.6, 128.5, 127.9, 127.4, 126.0,
125.9, 38.7, 20.0. Anal. calcd for C4H4S: C 78.46, H
6.58, S 14.96; found C 78.45, H 6.60, S 14.94.

i HE 4o FEAR L R L K (Be): A 4, mup.
47.2~49.0 ‘C; '"H NMR (CDCl;, 400 MHz) 5: 3.88 (s,
2H), 3. 62 (s, 3H), 7.33 (d, J=8.8 Hz, 2H), 6.83 (d, /=8.8
Hz, 2H), 7.28~7.35 (m, 3H), 7.30~7.35 (m, 2H), 6.64~
6.70 (m, 2H); “C NMR (100 MHz, CDCl;) ¢: 158.1,
137.0, 132.9, 127.8, 127.3, 125.9, 125.0, 113.3, 54.2, 40.1.
Anal. caled for C4H,40S: C 73.01, H 6.13, S 13.92; found
C 73.05,H 6.10, S 13.90.

R4 GURIERRF(3d): I BEEA, mp. 95.2~96.0
‘C; '"H NMR (CDCls, 400 MHz) §: 4.07 (s, 2H), 7.43 (d,
J=8.1 Hz, 2H), 7.23 (d, J=8.2 Hz, 2H), 7.31~7.25 (m,
3H), 7.30~7.33 (m, 2H), 7.20 (s, 4H); *C NMR (100
MHz, CDCl;) 0: 137.1, 134.7, 132.5, 131.5, 129.0, 128.8,
128.6, 127.3, 39.3. Anal. calced for C3H;,CIS: C 66.51, H
4.72, S 13.66; found C66.53, H 4.74, S 13.63.

HIE-A- I ILA BE(3e): OS5, mp. 128.1~
129.0 °C; "H NMR (CDCl;, 400 MHz) 6: 4.16 (s, 2H), 8.18
(d, J=8.0 Hz, 2H), 7.54 (d, J=8.0 Hz, 2H), 7.38 (d, J=
7.9 Hz, 2H), 7.25~7.33 (m, 3H); *C NMR (100 MHz,
CDCly) 0: 147.2, 145.1, 135.4, 129.7, 128.8, 128.7,127.8,
126.5, 123.9, 36.9. Anal. calcd for C;3H;;NO,S: C 63.65,
H 4.52, N 5.71, S 13.07; found C 63.68, H 4.54, N 5.76, S
13.09.

WIHE-2-ZE LA (3D): A4 dh, mp. 89.2~90.0
‘C; '"H NMR (CDCl;, 400 MHz) 6: 7.74 (d, J=8.0 Hz,
1H), 7.70~7.66 (m, 3H), 7.43~7.37 (m, 3H), 7.31~7.19
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(m, 5H), 4.19 (s, 2H); *C NMR (100 MHz, CDCl;) o:
137.3, 133.9, 133.6, 131.8, 128.8, 128.5, 128.3, 127.6(2),
127.5, 127.2, 127.1, 126.4, 125.7, 38.8. Anal. calcd for
CisH14S: C 81.56, H 5.64, S 12.81; found C 81.58, H 4.65,
S 12.85.

HIL2- TR IR LA R (3g): (A4 i, mop. 175~
176 °C; "H NMR (CDCls, 400 MHz) J: 4.54 (s, 2H), 4.97
(s, 1H), 7.12~7.08 (m, 2H), 7.32~7.18 (m, 3H), 7.40~
7.49 (m, 4H); *C NMR (CDCls;, 100 MHz) J: 34.4, 149.6,
126.7, 128.6, 127.1, 137.5, 115.3, 123.5, 138.5, 152.4.
Anal. caled for C14H,NLS: C 69.97, H 5.03, N 11.66, S
13.34; found C 69.98, H 5.05, N 11. 67, H 13.36.

WL S ILER BE(3h): LA MRY, "H NMR (400
MHz, CDCl3) d: 7.16~7.21 (m, 3H), 7.25~7.32 (m, 2H),
3.70 (s, 2H), 2.40 (t, J=7.5 Hz, 2H), 1.57~1.51 (m, 2H),
1.32~1.25 (m, 14H), 0.88 (t, J=6.7 Hz, 3H); °C NMR
(100 MHz, CDCly) d: 138.7, 128.8, 128.4, 126.8, 36.3,
31.9, 31.4,29.5(2), 29.3, 29.2, 28.9, 22.7, 14.1. Anal. calcd
for C,7H,sS: C 77. 20, H 10.67, S 12.12; found C 77.23, H
10.64, S 12.10.

WHEIR IR (31): Toa kY, 'H NMR (CDCLs,
400 MHz) &: 0.79~0.84 (m, 6H), 1.30~1.37 (m, 4H),
1.53~1.59 (m, 1H), 4.19 (s, 2H), 7.18~7.22 (m, 3H),
7.26~7.31 (m, 2H), *C NMR (CDCls, 100 MHz) J: 24.9,
27.6, 33.7, 36.5, 38.9, 127.9, 128.8, 129.1,139.4. Anal.
caled for C;sHigS: C 75.67, H 8.79, S 15.54; found C
75.63, H8.76, S 15.52.

4- WA FEOR R B (3)): 14 i, mp. 68.2~69.0
‘C; '"H NMR (CDCl;, 400 MHz) d: 2.49 (s, 3H), 4.09 (s,
2H) 7.12 (d, J=8.3 Hz, 2H), 7.08 (d, J=8.3 Hz, 2H), 7.36
(d, J=8.0 Hz, 2H), 7.33~7.29 (m, 1H,), 7.14~7.10 (m,
2H); '*C NMR (CDCls, 100 MHz) §: 130.0, 129.8, 128.9,
126.3, 114.0, 55.3, 38.5. Anal. calced for C14H ,4S: C 78.46,
H 6.58, S 14.96; found C 78.42, H 6.59, S 14.98.

ARG BE(3k): (1 EEs d, mp. 79~80 C;
'H NMR (CDCls, 400 MHz) o: 4.05 (s, 2H), 7.39 (d, J=
8.5 Hz, 2H), 7.28 (d, J=8.5 Hz, 2H), 7.39 (d, J=8.2 Hz,
2H), 7.31~7.33 (m, 1H,), 7.20~7.18 (m, 2H.); *C NMR
(CDCls, 100 MHz) J: 136.08, 132.87, 130.62, 130.20,
130.06, 128.87, 128.59, 126.63, 38.48. Anal. calcd for
Ci;H,CIS: C 66.51, H 4.72, H 13.66; found C 63.54, H
4.75,H 13.68.

A-FEFEEFEARITL AR BEEY: A gs s, mp. 722~
74.1 °C; '"H NMR (CDCls, 400 MHz) &: 4.11 (s, 2H), 8.12
(d, J=8.9 Hz, 2H), 8.08 (d, J=8.8 Hz, 2H), 7.41 (d, J=
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8.1 Hz, 2H), 7.34~7.37 (m, 1H,), 7.21~7.24 (m, 2H,);
C NMR (CDCls, 100 Hz) o: 145.6, 136.6, 132.5, 131.1,
129.6, 1289, 127.4, 1238, 39.1. Anal. caled for
Ci;sH;INO,S: C 63.65, H 4.52, N 5.71, S 13.07; found C
63.64, H 4.55, N 5.73, S 13.09.

TORFIEORIEREA(3m): B4 i, mp. 82~83.0
‘C; 'H NMR (CDCl;, 400 MHz) 6: 5.46 (s, 1H), 7.10~
7.46 (m, 15H); *C NMR (CDCl;, 100 MHz) §: 52.2, 127,
127.6, 129.4, 130.1, 131.1, 133.3, 135.4, 145.3. Anal. calcd
for CjoHy6S: C 82.56, H 5.83, S 11.60; found C 82.57, H
5.87,S 11.65.

(3S,58,75)- 4 Wil be-1-Ft-4 FHELIE LR BE(3n): L0
WPRY; 'H NMR (CDCls, 400 MHz) §: 1.48~2.02 (m,
15H), 2.37 (s, 3H), 7.05 (d, J=8 Hz, 2H), 7.36 (d, J=8
Hz, 2H); *C NMR (CDCls, 100 MHz) : 21.0, 26.2, 28.3,
37.4, 37.9, 128.5, 129.78, 129.88, 132.85, 137.7. Anal.
caled for C;HxS: C 79.01, H 8. 58, S 12.41; found C
79.05, H 8. 56, S 12. 44.

4- F L K Y R R B (30): TG MIRY; 'H NMR
(CDClLs, 400 MHz) d: 2.31 (s, 3H), 3.84 (dd, J=7.1, 1.1
Hz, 2H), 7. 13~7.42 (m, 9 H), 6.51 (d, J=15.9 Hz, 1H),
6.32 (d, J=15.9 Hz, 1H); *C NMR (CDCls, 100 MHz) ¢:
158.8, 136.0, 135.3, 132.5, 129.1, 128.6, 126.9, 126.3,
123.9, 123.0, 33.9, 21.3. Anal. caled for C;gH 6S: C 79.95,
H 6.71, S 13.34; found C79. 97, H 6.73, S 13.36.

4-Til§ HE 5 A B B BK 3p): E @ IRY; "H NMR
(CDCls, 400 MHz) J: 3.84 (dd, J=7.1, 1.1 Hz, 2H),
8.13~7.24 (m, 9H), 6.53 (d, J=15.9 Hz, 1H), 6.32 (d, J=
15.9 Hz, 1H); "C NMR (100 MHz, CDCl;) d: 152.8,
134.0, 132.3, 131.5, 129.1, 128.6, 126.9, 126.3, 123.9,
123.0, 33.9; MS (ESI) m/z: 271 [M]". Anal. caled for
CisHi3NO,S: C 66.40, H 4.83, N 5.16, S11.82; found C
66.43, H 4.85,N, 5.18, S 11.85.
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