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RI{EIA{E A RY N-BR ELmR e = 5 FR R i 3 14 10 AR B 0 S

y

x| 77

Vi

KAWL AR

A BTR A TR JEat 100081)

W A5 N-FIERRMe = 5P RAIR AL T, — R R A7 At e A A R I PR A, S B AU (AR PRI O
PAAE T 5 R WA A0S [P ACAT A5 P, V- PP R IR e = G PP o T AR o P PO A 5.

REEE KM B EY, A N

Acetalization Catalyzed by Reusable N-Methylimidazole
Trifluoromethyl Sulfonate

Liu, Ningning Chen, Xi

Zhang, Qingshan

Wu, Qinpei*

(School of Chemical Engineering and Environments, Beijing Institute of Technology, Beijing 100081)

Abstract A number of aldehydes and ketones are effectively converted to acetals in the presence of N-methylimidazole

trifluoromethyl sulfonate. The catalyst can be readily recovered through filtration and reused with high activity.

Keywords imidazole; carbonyl; acetalization

YA SN FE LA LG RO Y, AN AT DAAE
245 N SRR AL B R AN, T L, gEms A
ATLAE S RN, A S0 WAk B AR e v B A R
LS BA S NP A, FSEEA, &SR
%, e RER T A e S R AR s, BT T
b WSRO . FERR AL PRI BE AT 40510
N, H R, T R A G kB A%, T L R R
Lewis PRI FITZE J5 AL RE A #0= A2 JRK, 38 IR BE
154,

gt e TR R T ), s TR
8530075 ). FF R AT ARDSC P F AR A 71 i S € 1 2
AR, X401 Ak, TR i mT SR R T
AT IE AR, S Jd b, LN 725
B KRR, S JE 3T, A TR
TP B AANO, 9,10- 35 T ) e R lE L 4%
R BRI 2004 4, XA A S K
T — RIS K R AR, RIS R (AL
P AN W) P AR T A R D502 8 v, (EE S R AL &)
(4B RCRBIK. 2012 4E, Shaterian 25U ] 414 2% 61
BB IRAE M AL T 5 i &, sk A, Tl

* E-mail: gpwu@bit.edu.cn

SR BATRR T 1-FF LRI = G P2 £ (MIOT)
AR REAL BSONE IR 26 A, IFBIETT T SRR AI AT 14 vl fig
Pt

1 HR51E
1.1 R EHMRKE

U N, MIOTE (20 mol%) {4k Wil 3k 5 Y g 15
2,2- R3-SRV, AE H ORI A T A
B3 1, Entry 1), J03AA 1 b, 2T 2460k, 46
ITFE0 93%. {ELMBEANIE Cpeis i R N, 195551
i 31%A1 91%(% 1, Entries 4, 5). MEALFIHEN 10
mol%, H#AJEIR 4 h, il 1928 95%(% 1, Entry 7).
R, 4t Ak 7 MIOTE ik 10 mol%, 2.2-
TR 3 (1.2 equiv.), FIRVERCT R
1.2 2,2-”"HH-13-FH _BEHERILEN

FE N-F IR = g R Eh AL T, — R
M5 2,2- FF-1,3-T N, BT 4amsr=ms| 1%
2.

T2 MR R S AR & BREIUEEM R
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Table 1 Optimization of reaction conditions

Ho._><__OH 0
oo s -EX
o)

AN
NN -crs0,00
NMI/mol% Time/h Yield“/%

Entry n(f)/n(f%)  Solvent

1 1:12 Toluene 20 12 0
2 1:1.2 Toluene 20 1 93
3 1:1.2 Toluene 20 2 94
4 1:12 CH;CN 20 10 31
5 1:12 n-Hexeane 20 6 91
7 1:1.2 Toluene 10 4 95

RN G A KRR (1,51 g, 10 mmol); H1ZE(8.0 mL), MIOTS, 2,2-—
FIJE-1,3-70 (1.2 equiv.), BHERIGRE; 2 SR, © EHTREA B 77 K.
PR, 2B AT DY 4 W TR = 2635070 90% LA b, JLrp 4, x)
T T i s 24 P SO B 7 ) 1D 7 2653 3l A 99%, 98% AT
92%. 3-VRIRHTEEM [ NVAF 2 T7%. S AR HEELE 1 h
W R V584, HEAT B PP AL i3 B R R AR, A g
A RERE o] AR e 4k 9 0 Y I 4615 (3% 2, Entries 11,
12), 1X 3 WA B A [ 19y 358 35 R0 XU 7 S5 N A AN 32 5 1)
P TIR UM TG PR 40 T A S N, A I PRI 46 1 =400 1)
FF5 54 80%F1 50%(F 2, Entries 13, 14); XHASHEIE
SNSRI =2k 64% (3K 2, Entry 15).

1.3 Z—HEEHBRINEH

FH - N- RS DK na = 5, Pl 2 56 e e 1 5 i R —
Big e N, 76 FREER AT, O &5 ATk 3. g5 R
W FH & ) LAAg AL, 2w T 70%. W R A it
FEL i AT 77 3 TR R M AN DR e 2R RS 1 1 A TS R 8
RAET AiEAC N, 1950 88%. EAMLII RN 41F T,
B A T LA A DG R4 W = 4) (3K 3, Entries 10, 11),
T A DL R A 0 T A SO T 2R A A A A Y £
AR BEYEA (3R 3, Entry 12), 55 80%.

1.4 EEFIBEYKEF A

DLEr SRR 46 R 2,2 F -1, 3- P R 4 Ay
i, WFT N-HFE K e = g0 R R Sk 1 IR PR . OGS
Y FEA I E(3.02 g, 20 mmol). 416 mL), 2,2-
F-1,3-15 (291 g, 26 mmol) ML 71(928 mg, 2
mmol) JHFARIF 1 h, AH R =, Ty, A8 mE
BRI, HEARTRI A RIS 95%. K RIS F i 4k 71 75 FH
TR SN, IXFEE AR 4 IR, S8 g5 R LA
1.

A2 4 A2 RIS PRI, SRR IR AL
FIBE BN RN A, A EAEFTAL . S5 45 K
AL T3 IR T 90%, 1t B Z A Ak I AE T 1]
We. PEEAME 4 9k, VIR SR 508 3.5, 6, 7.5 F18 hy %
SIS () A IR B K, 2 BH [ P e A 710 T A A 205 2 s AT o
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22 MENL 2,2- 7 HIE-1,3- T8 RE RO AR SN ¢
Table 2 Synthesis of dimethyl-1,3-propanediol acetals cata-
lyzed by MIOTf

R% Ho._><_OH R1><O><

H 7 O
R2 4\+ — _
1 N™ "N CF,80,0 2a~ 20
Entry Aldehyde Product Time/h Yield”/%
1 QCHO 2a 1.0 72
2 OZN@CHO 2b 1.0 98
CHO
3 Q 2¢ 25 92
O,N

~
(@)
T
(@]

2d 1.5 99
NO,
5 CIOCHO 2e 3.0 90
CHO
6 Q 2f 45 77
Br
7 F@CHO 2g 1.0 60
m{ \}CHO
8 2h 2.0 73
(¢]]
9 OHCOCHO 2i 5.5 98
10 O@CHO 2 6.5 74
kO

/—CHO

11 @J 2k 7.0 73
HO CHO

12 21 2.5 75

13 <:>:o 2m 1.0 80
14 O:o 2n 45 50

O
15 02N©—< 20 9.0 64

© 2014 Chinese Chemical Society & SIOC, CAS

@ RN AT BE(ET)(10.0 mmol), 2,2-H3E-13-P§ E¥(12.0 mmol), FEE
(5.0 mL), N- LK M = 55 AR £5.(1.0 mmol), [RIV. * KR4 897 2.
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23 MM R — R A A6 A S
Table 3 Synthesis of dimethoxy acetals catalyzed by MIOT{

1 1
R>:o HC(OCH3)3, CH3OH R><OCH3
R2 Né}“/ ~ 3 OCHj3
\__/ ‘CngOZO
Entry Aldehyde Product Time/h Yield”/%

1 OZN@CHO 3a 1 82

NO,

4 u@wo 3d 1 70

5 C'@CHO 3e 1 83
Cl

CHO 3h 2 73

O
10 02N©—< 3 5 91
Br
11 OZNO—( 3k 5 85
6]
0

12 31 8 80

¢ RNZRAT: BE(Wi)(10.0 mmol), J5UH R = HiE(12.0 mmol), HEE(5.0 mL),
N-FP IR e = 5, FR AR £5.(1.0 mmol), [B1. &4 247 20 s 7 2.

1, WA 7T RS2 IR S B0 7R D. 3 [l f
TF, 4 IRAGFR RN, AT P (A i T 89%, 11
T, N- FF 0K e == G5 P 5 e A P R, T A
[l P, 2 VT A T s Aot R ) A 551

2 Zig

S 25 RARWT N- TP RE IR e = G R 6 7T LA 2%

1366 http://sioc-journal.cn/
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Il Product
I Catalyst
100 1
w9198 goot 9089 8989

80:
60:
w0
20:
o]
2 3 4 5

No. of run

B 1 R o = 2 R
Figure 1 Reusability of the catalyst

bR LA R (10 206 8 A BN, B2 A PR AT (AR 11
ORI S AE P D7 {8, T DA A A A 7.

3 ZRAH
3.1 X5

BRI o T Ar sl b 24 sl i, Ridk—20
alith, #iLREE KM Varian mercury-plus 400 %A%
W ARAAE 5%, CDCls M7, TMS S N F5.

32 ZWHE
3.2.1 AEALA] 1-F Hheked = FUF ARER 2 6g S ik

VKOKIE R, E=5 P ERR(27.2 mL, 200.0 mmol)¥]
TR P BOR T I E] N-F LK (16.0 mL, 200.0
mmol) T 50 4(25.0 mL)W, 0 °C FHEHE 20
min. 33E, H & Fhi- OBHESWEFIEL S, B28L
k. 'TH NMR (CDCly) d: 3.67 (s, 3H, CH;), 7.66~
7.68 (m, 2H), 9.03 (s, 1H).

322 522 —WH 3R BEWHEK

1 N- LK e = 50 R 5. (232 mg, 1.0 mmol) i
N B AL A 41(10.0 mmol)Fl 2,2- — HIJk-1,3-
(1.25 g, 12.0 mmol) I F ZK(8.0 mL)# T, Bedk I hni
[, TLC #RER, RN SEA IR, W=, o
VEBR A, KA AR, HIRER Ay B 2lith, 33
Hbrr=4.

FEHEE 2,2- R 3- 0 4R (2a)!'0: PR
72%; "H NMR (CDCLy) 0: 0.81 (s, 3H, CH3), 1.31 (s, 3H,
CH;), 3.66 (d, J=10.8 Hz, 2H, CH,), 3.78 (d, J/=10.8 Hz,
2H, CH,), 5.40 (s, 1H, CH), 7.26~7.39 (m, 3H, ArH),
7.50~7.52 (m, 2H, ArH).

X Al R 2,2 -1, 3- TA R4 T (2b) L
7% 98%; 'H NMR (CDCls) : 0.86 (s, 3H, CH3), 1.29 (s,

Yield/%

Chin. J. Org. Chem. 2014, 34, 1364~1368



Chinese Journal of Organic Chemistry

ARTICLE

3H, CH3), 3.69 (d, J=10.4 Hz, 2H, CH,), 3.81 (d, J=10.8
Hz, 2H, CH,), 5.49 (s, 1H, CH), 7.68~7.70 (m, 2H, ArH),
8.23~8.26 (m, 2H, ArH).

)i L 5 S 2,2- P -1, 3- T 4 1 (20) 7
2% 92%; "H NMR (CDCl3) 6: 0.83 (s, 3H, CH3), 1.29 (s,
3H, CHs), 3.68 (d, J=10.4 Hz, 2H, CH,), 3.80 (d, J=10
Hz, 2H, CH,), 5.47 (s, 1H, CH), 7.55 (t, J=8.0 Hz, 1H,
ArH), 7.84 (d, J=8 Hz, 1H, ArH), 8019~8.23 (m, 1H,
ArH), 8.39 (g, J=2 Hz, 1H, ArH).

ARASFE IR RS 2,2- 1 E-1,3- T4 R4 s (2d)!:
7% 99%; "H NMR (CDCL3) 6: 0.80 (s, 3H, CH3), 1.25 (s,
3H, CH3), 3.68 (d, J=10.4 Hz, 2H, CH,), 3.75 (d, J=11.2
Hz, 2H, CH,), 5.99 (s, 1H, CH), 7.48~7.50 (m, 1H, ArH),
7.61~7.64 (m, 1H, ArH), 7.83~7.85 (m, 1H, ArH),
7.86~7.94 (m, 1H, ArH).

SR T 2,2- 7 FE-1,3- 4 R IE (2e) T 7
# 90%; "H NMR (CDCls) d: 0.80 (s, 3H, CH;), 1.28 (s,
3H, CH;), 3.64 (d, J=8.8 Hz, 2H, CH,), 3.76 (d, J=10.4
Hz, 2H, CH,), 5.36 (s, 1H, CH), 7.33~7.35 (m, 2H, ArH),
7.43~7.45 (m, 2H, ArH).

3-UR AR 2 2- T L 3.7 4ol 7
£ 77%; "H NMR (CDCls) d: 0.80 (s, 3H, CH;), 1.28 (s,
3H, CH3), 3.62~3.65 (m, 2H, CH,), 3.75~3.78 (m, 2H,
CH,), 5.35 (s, 1H, CH), 7.24 (d, J=8 Hz, 1H, ArH),
7.41~7.48 (m, 2H, ArH), 7.68 (t, J=2 Hz, 1H, ArH).

-G KR 2,2- " FIHE-1 3-TH R4 EEeg)! S 7
# 60%; "H NMR (CDCls) d: 0.80 (s, 3H, CH;), 1.29 (s,
3H, CH3), 3.65 (d, J=10.8 Hz, 2H, CH,), 3.76 (d, J=11.2
Hz, 2H, CH,), 5.37 (s, 1H, CH), 7.03~7.07 (m, 2H, ArH),
7.47~7.50 (m, 1H, ArH).

2,4- TEUR PR 2,2- 7 FIKE-1,3- 18 4T (2h) O
P72 73%; "H NMR (CDCl3) 6: 0.79 (s, 3H, CHj), 1.29 (s,
3H, CHs), 3.67 (d, J=11.2 Hz, 2H, CH,), 3.75 (d, J=11.8
Hz, 2H, CH,), 5.66 (s, 1H, CH), 7.28 (dd, J=2.0, 8.4 Hz,
1H, ArH), 7.36 (d, J=2 Hz, 1H, ArH), 7.67 (d, J=8.4 Hz,
1H, ArH).

X IR 2,0- IR 3- 0 SR, 7
% 98%; 'H NMR (CDCly) : 0.80 (s, 6H, 2X CHj), 1.28
(s, 6H, 2X CH3), 3.64 (d, J=10.7 Hz, 4H, 2X CH,), 3.76
(d, J=11.2 Hz, 4H, 2XCH,), 5.40 (s, 1H, CH), 7.51 (s,
4H, ArH).

SR 2,2- P HE-1,3- T8 R4 2N AR
74%; "H NMR (CDCl3) d: 0.79 (s, 3H, CHs), 1.28 (s, 3H,
CH3), 3.62 (d, J=11.2 Hz, 2H, CH,), 3.75 (d, J=11.2 Hz,
2H, CH,), 5.30 (s, 1H, CH), 5.94 (s, 2H, CH,), 6.79 (d, J=

Chin. J. Org. Chem. 2014, 34, 1364~1368
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8.0 Hz, 1H, ArH), 6.96 (dd, J=1.6, 8 Hz, 1H, ArH), 7.02
(d, J=1.4 Hz, 1H, ArH).

PUREY 2,2- — FIE-1 3-8 4 k) e
73%; '"H NMR (CDCLy) 8: 0.76 (s, 3H, CH3), 1.25 (s, 3H,
CHs), 3.56 (d, J=10.7 Hz, 2H, CH,), 3.70 (d, J=11.2 Hz,
2H, CH,), 5.03 (dd, J=0.8, 4.8 Hz, 1H, CH), 6.23 (dd, J=
48, 16 Hz, 1H, =CH), 6.78 (d, /=16 Hz, 1H, =CH),
7.24~7.32 (m, 3H, ArH), 7.39~7.41 (m, 2H, ArH).

HEE 2,2- TR 3./ SRR e
75%; '"H NMR (CDCLy) 8: 0.79 (s, 3H, CH3), 1.29 (s, 3H,
CHs), 3.63 (d, J=10.7 Hz, 2H, CH,), 3.75 (d, J=10.6 Hz,
2H, CH,), 3.91 (s, 3H, CH3), 5.32 (s, 1H, CH), 5.65 (s, 1H,
OH), 6.88 (d, J=8.1 Hz, 1H, ArH), 6.98 (t, J=5.6 Hz, 1H,
ArH), 7.04 (d, J=1.6 Hz, 1H, ArH).

RO 2,2- " FFRE-1,3- T8 R4 I 2m)! T R
80%; 'H NMR (CDCls) d: 0.96 (s, 6H, CH;X2), 1.39~
1.43 (m, 2H, CH,), 1.48~1.55 (m, 4H, CH,X2), 1.72~
1.86 (m, 4H, CH,X2), 3.51 (s, 4H, CH, X 2).

AR 2,2-  FE-1,3- T4 R LI (2n)! T PR
50%; '"H NMR (CDCls) d: 0.97 (s, 6H, CH;X2), 1.64~
1.68 (m, 4H, CH,X2), 1.86~1.89 (m, 4H, CH,X2), 3.48
(s, 4H, 2 X CH,).

SRS LI W 2,2- 7 I HE-1,3- T B I (20)17:
P 64%; "H NMR (CDCls) 6: 0.61 (s, 3H, CH3), 1.27 (s,
3H, CHs), 1.55 (s, 3H, CH;), 3.33 (d, J=10.9 Hz, 2H,
CH,), 3.45 (dd, J=11.3, 1.2 Hz, 2H, CH,), 7.61~7.63 (m,
2H, ArH), 8.23~8.26 (m, 2H, ArH).

323 LH5RYFER=FBES6 R

B EIAL A H)(10.0 mmol)iE T HIEEH (5.0 mL), N
NJE R = FHEE(1.2 mL, 12.0 mmol), FFIIA N-FIEERK
M = 4 FF R ££.(232 mg, 1.0 mmol), InFnlii, Je v
TLC BRER, RPN SEAEE NI, AHRER, Wk
Wi, BeR T & e, AR R AN ek,
WA HIAH, HIMRT & HoKPess, FINA /KGR REET
B, TR Sy B alifb 4.

SRS EE IS A SRR (3a): PR 82%; 'H
NMR (CDCls) 6: 3.34 (s, 6H, CH;X2), 5.48 (s, 1H, CH),
7.63~7.66 (m, 2H, ArH), 8.22~8.25 (m, 2H, ArH).

[F T 0 PP P AR (3D): P36 89%; 'H
NMR (CDCLy) 6: 3.35 (s, 6H, CH;X2), 5.49 (s, 1H, CH),
7.56 (t, J=8.0 Hz, 1H, ArH), 7.80 (d, J=7.6 Hz, 1H,
ArH), 8.18~8.21 (m, 1H, ArH), 8.35 (s, 1H, ArH).

ARHY L R s AR LA 30)P M R T1%; 'H
NMR (CDCL) 6: 3.41 (s, 6H, CH;X2), 5.93 (s, 1H, CH),
7.48~7.50 (m, 1H, ArH), 7.59~7.63 (m, 1H, ArH),
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7.80~7.84 (m, 2H, ArH).

KU PR AU B 3 70%; TH
NMR (CDCLy) 6: 3.31 (s, 6H, CH;X2), 5.38 (s, 1H, CH),
7.33~7.35 (m, 2H, ArH), 7.37~7.40 (m, 2H, ArH).

2,4- AR T R (3e) ™ 7K 83%; 'H
NMR (CDCLy) 6: 3.37 (s, 6H, CH;X2), 5.58 (s, 1H, CH),
7.27 (dd, J=1.8, 8.4 Hz, 1H, ArH), 7.39 (d, J=2.1 Hz,
1H, ArH), 7.56 (d, J=8.4 Hz, 1H, ArH).

R A SRR (301 PR R 88%; 'H
NMR (CDCly) d: 3.33 (s, 12H, CH;X4), 5.40 (s, 2H,
CHX2), 7.46 (s, 4H, ArH).

SR — AL Bg)®) 77K 75%; '"H NMR
(CDCly) 6: 3.31 (s, 6H, CH; X 2), 5.29 (s, 1H, CH), 5.96 (s,
2H, CH,), 6.79 (d, J=7.9 Hz, 1H, ArH), 6.90~6.94 (m,
2H, ArH).

St PR LR T P AR (3P0 2% 73%; 'H
NMR (CDCly) 8: 2.36 (s, 3H, CH3), 3.31 (s, 6H, CH; X 2),
5.36 (s, 1H, CH), 7.17 (d, J=8.1 Hz, 2H, ArH), 7.77 (d,
J=8.1 Hz, 2H, ArH).

o PR AR S PR S AR R G I (3PP PR R 83%;
'H NMR (CDCls) 8: 3.30 (s, 6H, CH;X2), 3.79 (s, 3H,
CHs), 5.34 (s, 1H, CH), 5.96 (s, 2H, CH,), 6.86~6.89 (m,
2H, ArH), 7.34~7.36 (m, 2H, ArH).

XA HE IR L AR SRR (35 P7F 91%; 'H
NMR (CDCly) d: 1.52 (s, 3H, CHs), 3.18 (s, 6H, CH;X?2),
7.66 (d, J=8.8 Hz, 2H, ArH), 8.19 (d, J=8.4 Hz, 2H,
ArH).

TR A AR (3K) Y & 85%; "TH NMR
(CDCly) 6: 3.23 (s, 6H, CH; X 2), 3.63 (s, 2H, CH,), 7.33~
7.39 (m, 3H, ArH), 7.49~7.52 (m, 2H, ArH).

TR R AR R I (3D R 80%; 'H
NMR (CDCLy) 6: 3.38 (s, 6H, CH;X2), 7.27~7.35 (m,
6H, ArH), 7.53~7.58 (m, 4H, ArH).

4 Bh# %L (Supporting Information) {454 2a~20 Al
3a~31 MEE. X EERPRL AT LA S 2 AT I 35t (http://
sioc-journal.cn/) = N #.
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