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Table 1 The acidic functional ionic liquids used in Prins reaction
Entry Structure of 1L Chemical name Abbreviation
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N-(bis( dimethylamino ) methylene ) -4-

sulfobutan-1-aminium hydrogensulfate

1-(4-sulfobutyl) pyridinium

[ BsTmG ] [ HSO, ]

- SO:H
2 | N 3
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+ /\/\/SO}H
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NN

+ A~ _~_ SO:H
HN,
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CF;C00

8 \N/\\/\/\

+
\Q/N HSO,

1-methyl-3- (4-sulfobutyl) -
1H-imidazol-3-ium hydrogensulfate

N-(bis( dimethylamino ) methylene ) -4-

N-( bis( dimethylamino ) methylene ) -4-

[ BsPy] [HSO, ]
hydrogensulfate

N, N, N-triethyl-4-sulfobutan-1-

[ BsEt,N][ HSO, ]

aminium hydrogensulfate

[ BsMIm] [ HSO, ]

N-( bis ( dimethylamino ) methylene ) -4-

[ BsTmG ] [ BF, ]

sulfobutan-1-aminium tetrafluoroborate

[ BsTmG] [ CF,S0, ]

sulfobutan-1-aminium trifluoromethanesulfonate

[ BsTmG ][ CF,COO]

N sulfobutan-1-aminium 2,2 ,2-trifluoroacetate

3-butyl-1-methyl-1H-imidazol-3-ium hydrogensulfate [ BMIm ][ HSO, ]

TR EEN (SR GmmbE=20: 1),
BELif H AR =9, 2B GC-MS, 'H NMR L)
K C NMR #4731
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[ BsTmG ] [ HSO, J/E Ay i A 7] i 1% 2 1k 0 S drc Jic
F[BsTmG ] [ CF,CO0 ] f] (entries 1, 2, 8 5 entry
3). Hi 3 FhEHE T AL HE R Y Bronsted FRMEAH 25 A
K, R FACREAR, B4 BsTmG ] [ BF, ]
[ BsTmG ] [ CF,S0, b S Wi i (entries 1, 2) , 7=
Py 3 4%, [ BsTmG ] [ HSO, ] 3 B H foe A4 1Y S2 56
255 (entry 8) , W) 4-40-1,3- A ORIy 7 52
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Table 2 Results of reaction of styrene and triformol in different Brgnsted acidic ILs as catalyst®

ILs

AN o)
©/\ + 23 0r \(l) ©)\) -
~

Entry IL Conv. /%" Yield /% ¢
1 [ BsTmG ][ BF, ] 100 53
2 [ BsTmG ] [ CF,S0, ] 100 21
3 [ BsTmG] [ CF,C00] 20 0
4 [ BsMIm ][ HSO, ] 100 77
5 [ BMIm ] [ HSO, ] 8 0
6 [ BsEt,N][ HSO, ] 100 71
7 [ BsPy] [ HSO, ] 100 75
8 [ BsTmG ][ HSO, ] 100 81
a. 45 mmol styrene, 45 mmol triformol, 10 h, 80 °C, 2.25 mmol catalyst;
b. Conversion of styrene;
c. Yield of 4-phenyl-1,3-dioxane. GC analysis without further purification.
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W IR EAT BT (ARG P (entries 4. 6. 7), fE 5 sol
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e rais , Xt EARF- VA SRR N, T T 1or
PR, BT DR A A E B, R 70 80 % 100
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P 1 AT RE T 2 204 A0 = 2R FPY I S 1o P 45
Fig. 1 Results of Prins reaction under different reaction
temperatures”
a. 45 mmol styrene, 30 mmol triformol, 6 h, 2.25 mmol
[BsTmG][ HSO, ]; b. Conversion of styrene;
c. Yield of 4-phenyl-1,3-dioxane. GC analysis without

further purification.
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Fig. 2 Results of Prins reaction under different reaction time*

a. 45 mmol styrene, 30 mmol triformol, 80 °C, 2.25 mmol
[ BsTmG ][ HSO,]; b. Conversion of styrene;
c. Yield of 4-phenyl-1,3-dioxane. GC analysis without

further purification.

T, HERVEFFHM 2 h 184K 2 10 h, KPR L
AL AN H AR = ) 4-8 8E-1, 3- 4 O 3R
FHREI T IOEH. MR T 10 h 5, R
AR T, 72 B LPIA 2. 2R
B, Nk 10 h s A LA .
2.4 FERIEE/REE 3T Prins 48 & KA 2200
KB 7 WAK [ BsTmG ] [ HSO, ] 1F hy i AL 571,
BT HrE R B AR RO AT, DRIE T AN
[F] PR AR R 7K L 64T Prins JNE, PG4 R 5] T3k
3 i,

RIFAEBERETEZHEN=ZRABRMHER"
Table 3 Results of Prins reaction under different Molar ratio

of styrene to triformol®

Molar ratio of Conv. Yield
Entry
triformol /styrene /%" /% ¢
1 0.4/1 80 49
2 0.7/1 98 74
3 1.0/1 100 81
4 1.3/1 100 82

a. 45 mmol styrene, 80 °C, 10 h, 2.25 mmol [ BsTmG ]
[ HSO4 ] 5

b. Conversion of styrene;

c. Yield of 4-phenyl-1,3-dioxane. GC analysis without fur-

ther purification.
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F 4 [BsTmG][HSO, | L & 1,3-—E 2K iTEH"
Table 4 [ BsTmG ][ HSO, | catalyzed synthesis of 1,3-dioxane derivatives®

Entry Alkene Product” t/h Yield/ %
S
o (0]
X
o /\O
X
2 12 76
Cl
N
X

X
4
t-Bu
L

/

/@)\) 10 86
PN
[0}
t-Bu
P
12 53

. 10 mmol alkene, 10 mmol triformol, 80 °C, 0.5 mmol [ BsTmG ][ HSO, ] ;

a
b. All products were characterized by '"H NMR, “C NMR and mass spectroscopy;

Isolated and unoptimized yields;

o

&

Toluene as solvent: 2 mL

AR 1, 3- A C I A FRAEEPE T .

4-H-1,3- A O, IREORAK. 'H NMR
(400 MHz, CDCL,): & 1.74-1 .81(m,1H), 2.10-
2.22 (m, 1H), 3.89-3.97 (dt, J=2.6, 11.2 Hz,
1H), 4.23-4.29 (dd, J =6.7, 11.5 Hz, 1H),
4.68-4.73 (dd,J=2.6,11.0 Hz,1H) ,4.96(d, J=
6.4 Hz, 1H), 5.28(d, J= 6.4 Hz, 1H), 7.30-
7.38 (m, 5H); “C NMR (100 MHz, CDCL):
533.8,66.7, 78.6, 94.5, 125.7, 128.2, 128.9,
141.5; GCMS: m/z 164 M*, 134, 118, 105, 91,
77, 51.

4-(4-8HFHE) -1,3- A O, B U B BIK.

'"H NMR (400 MHz, CDCL,): 8 1.72 (dt,J=13.9,
1.2 Hz, 1H), 2.04 (ddd , J=13.2, 5.0, 1.8 Hz,
1 H), 3.87 (d, J=12.0, 2.4 Hz, 1H), 4.21(dd,
J=11.6,4.8 Hz, 1H), 4.65 (dd, J=11.5,2.5
Hz, 1H), 4.89 (d,/=6.5 Hz, 1H), 5.22 (d, J=
6.5 Hz, 1H), 7.26-7.38 (m, 4H) ; ”C NMR (100
MHz, CDCL,): 833.9, 66.8, 77.9, 94.1, 127.1,
128.6, 133.4, 140.0; GCMS: m/z 198 M", 154,
140, 117, 103, 77, 58.

4-(4-HIEREL) -1,3- 4 O30, iBUIIIRAA.
'"H NMR (400 MHz, CDCL,): 3 1.74 (d, J = 13.5
Hz, 1H), 2.13 (qd, J =9.5, 5.0 Hz, 1H), 2.36
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(s,3H), 3.88 (dd, J=13.8, 2.3 Hz, 1H), 4.23
(dd, J=12.5,5.0 Hz,1H), 4.65(d, J= 11.2 Hgz,
1H), 4.92 (d, J =6.5, 1H), 5.23 (d, J =6.5
Hz, 1H), 7. 17-7.30 (m, 4H); “C NMR (100
Hz, CDCl,): §21.1, 33.9, 66.9, 78.7, 94.2,
125.7, 129.1, 137.5, 138.5; GCMS: m/z 178 M*,
133, 119, 105, 91, 65.

A-(A-RUTHAEIL) -1,3-T A O, B0 [E K
"H NMR (400 MHz, CDCL,): 8 1.35 (s, 9H),1.75
(dt, J=13.9, 1.2 Hz, 1H), 2.14 (dd, J=12.2,
5.0 Hz, 1H ), 3.92 (td, J=12.0, 2.8 Hz, 1H),
4.23 (dd, J=11.5,5.0 Hz, 1H), 4.65(dd, J=
11.5, 2.8 Hz, 1H), 4.89 (d, J=6.4 Hz, 1H),
5.22 (d, J= 6.5 Hz, 1H), 7.29 (d, J= 8.5 Hz,
2H), 7.40 (d, J=8.5 Hz, 2H); “C NMR (100
Hz, CDCL,): & 31.3, 33.6, 34.5, 67.0, 78.6,
94.2,125.2, 125.9, 138.3, 149.7; GCMS: m/z
220 M*, 205, 162, 147, 133, 119, 91.

4-(2-Z5H)-1,3- A O %, 1@ .
'"H NMR (400 MHz, CDClL,): 8 1.84 (d, J=13.8
Hz, 1H),2.19 (m, 1H), 3.94(t, J=11.8 Hz,
1H), 4.25 (d, J =8.0 Hz, 1H), 4.82 (d, J =
11.6 Hz, 1H), 4.97 (dd, J=6.4, 2.3 Hz, 1H),
5.28(d, J=6.4 Hz, 1H), 7.26(m, 1H), 7.44-
7.57(m, 3H), 7.79-7.94 (m, 3H);"C NMR
(100 MHz, CDCL,): & 34.0, 66.9, 78.8, 94.2,
123.8, 124. 4, 125.9, 126. 1, 127. 6, 128. 0,
128.2,133.0, 133.2, 138.8; GCMS: m/z214 M*,
170, 156, 142, 128, 76.
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Scheme 1 Mechanism of Prins reaction of alkenes

with triformol catalyzed by ILs
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Fig. 3 Reuses performance of thecatalyst*
a. 45 mmol styrene, 45 mmol triformol, 80 °C, 10 h,
2.25 mmol [ BsTmG ][ HSO, ];
b. Conversion of styrene;

c. Yield of 4-phenyl-1,3-dioxane are based on GC analysis.
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The Prins Reaction of Alkenes with Triformol Catalyzed by
Acidic Functional Ionic Liquids

LEI Min, ZHAO Ying-wei, WU Li, XIA Chun-gu
(State Key Laboratory of Oxo-Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics
Chinese Academy of Science, Lanzhou 730000, China)

Abstract; Some recyclable acidic functional ionic liquids have been used as catalysts for the synthesis of 1,3-diox-
ane derivatives in solvent-free system via Prins reaction, using olefin and triformol as substrates. The ionic liquid
[ BsTmG ][ HSO, ] exhibits the best catalytic activity for this reaction. The effects of the reaction conditions, such
as reaction temperature, reaction time and molar ratio of materials, were examined and the optimal conditions were
as follows: n (catalyst) : n (alkene) = 5.0% , n (trifomol) : n (alkene) = 1:1, 80 °C, 10 h. The catalytic
system is suitable for a wide scope of substrates and the catalyst [ BsTmG ] [ HSO, ] could simply be recycled and re-
used for eight times without a noticeable decrease in the catalytic activity.

Key words: acidic functional ionic liquids; Prins reaction; triformol
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