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02.4% I 64. 1% 5 B FRMRTE ST =00, FEREALIRHEA A8
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AR AT B (TBA ) e A0 SN Tl bz F
FIZAARBTFHARA TR AIMT IR L. KRR B e Tl
ERCAER) iz, R TG RS | R R R
JZ W ITERSRK FRmiE PR | AR g | T
E2071INNEIE° | I -2 | NIRRT R 1t IR R A
. SAMRICRI AT 4> AR SRR E R Y R
AR A R P58 55 30 TR -5 BT B e R AL F) 7
Wy o A AT SBEPE AR R, 38 AT LAE o X4 SO ok
SE P BA S R R A AR PR R PR . TR R T 2R Y
TE A B 2 LA R T AR Ak AL, RS ]
(OAER AL Rl wer o LIS i E VA 7/ D 9
PRHAIRU T A  (o-TBP ) 22 S 44 16 7 B/ N Y
XORUT 29K W, (p-TBP) | XAl BLG I Xt T b 2
JE R PR HEALRIE BT, I 1 F2 S be Al 7 ) 2
p-TBP; e LLH 55 BB AEAL TR/ T, 3 A Al
Py (CRFEAX T BBk, +-BPE) 5 1075 56 R AL 711
YERTR, 2, 4- 70T 398 M (2, 4-DTBP) J& 21
74, o-TBP il p-TBP FE58 1 41 Jot Hh il vy itk T 3
SN RO (m-TBP) , [A]if il G & /D i
M2, 6-— AU T 34/ (2, 6-DTBP) | 2, 4, 6-=4
THE® (2, 4, 6-TTBP) ZA a2 5L
T A Al 0 T ) A A ) A AR R (W
MR Bl . SRR . mAIRSE) L R AL . k.
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FBCR, S AR WA o n (KB ) -
n(IL) = 1+ 1.5.

FATE BT —FE B A B BRIk 1) &5 W L 1Y
SO, H—IREALE T A4 E TR T 25 Al TBA
ke AL SOni . AF5E 1 AN SO, H—Ih gL s 1
WA SR E] RN E | SO ) R OR G A K
BRSSO 2, TR 54K T
BRI PR PR AT it SO H—I AL B 7
WAk e AN tE 1 s,

R

0O +N.

\ / \/\/\803H
anion”

I. R=CHg, anion=0Tf

IL R=(CH2)5CH3, anion=0Tf
III. R=(CH,)gCHjs, anion=0Tf
IV. R=CHg, anion=TS-OH

V. R=(CH,)sCHg, anion=TS-OH
VI. R=(CH,)¢gCHjs, anion=TS-OH

P 1 b g1 A R X

Fig. 1 Structure of morpholine based ionic liquids

1 2%

1.1 BRI 5iH

FA A FH 4 M o [T 3 T b B, 2 B 2o TG
IKEAESTHE 12 h 5, 52— 5k bl i b
B, LT S I I AR R 2 2 2 A i 1Y
SypTalisi Al E R, BRI UL AR AR E— 2
PRel. 1, 4-T heffie N ERIE B B DUIAE TAT B2
A, =9I Y 2R 5 5 A BR A F.
1.2 IBWEEERThRE B FRENFH&
1.2, 1 N-Besbngmk il s N-CL LR BpRoRn N-28 3
NG BRR 114 5 A% SCRIR [ 22 VAR 7 i« o 1-1R C ek
1-7RZ$ A NaOH A CEAT VR 04 1Y) = S0 Hh 44
£ 130 ~ 140 °C, MMk F38 5K P (BER R
fR%E: NaOH: ROMERf: 7K =1: 1.1: 1: 8) Fii#h &
60 ClaZiimmE RN, Mmsese)s, HERE
F 110 CAAT, FIFN 6 h, KNG A P ZE
WK =K, MgSO, T4 J5 Fi b7 B A= T4, 15
FINRB AR, GC-MS Kl ky HARF=9, 7= 92%
~95%.
1.2.2 Nk 3 -( T 3k- 4 - BEERIE ) N mbkEh i) il £

10 mmol N - % FEMSBEAT 11 mmol f 1, 4 - T %
WP BRAETC/K CRE TP 1 I N 24 he s h 45
Je TR B A 6 [ AR T 2 Ve 3 VORI T LA T
PR RS0 @ E AR, 1R 94 ~99% , L

K% T K.

1.2.3 SO H —I g fb &5 T i AR iy il £ 1 S5 EE
IR = 5 H R IR 720 3 in A\ 31 N 33 (T 24t
1R ) P mpkah o A K RS U, P85 T 80 °C T it
B 8 b, BIAT A5 2] = 55 B R R AR by B 2 A il 1
B, DI H R R AR Oy B B 1 B AR
B AR R IR 0 2R R A N - 3 (T 3%- 4 -
fei iR ) R mbkER , FEJC/K CBEH RIS 6 h 1533, DA
TS RN A IR AR ZE A S o R OR N Tk
PRI 3 K, DABR AR TR AR Y, 78 5P RESR A 1Y
WG, TR THE(120 °C, H25Z0. 1 MPa).
BT AL AL PR 1 K2 AE Bruker AMX FT 400
MHz R REHAR G D0 . B I [ £ ai
.

B 1. "H-NMR (400 MHz, D,0, TMS) 8
1.62(t,2H, J = 6.8 Hz), 1.74(t, 2H, ] = 7.2
Hz),2.70(t, 2H, J = 7.2 Hz), 2.97(s, 3H),
3.24 ~3.33(m, 6H), 3.83 (d, 4H, ] = 7.2 Hz) ;
“C-NMR (100 MHz, D,0, TMS) § 16.85, 19.95,
21.14, 46.91, 50.00, 57.49, 59.69, 60.41,
64.47, 119.71(q, J., =315.2, CF,).

B A& I "H-NMR (400 MHz, D,0, TMS) 8
0.66(t, 3H, J = 7.2 Hz), 0.95(t, 2H, ] = 6.8
Hz), 1.09 ~1.16(m, 4H), 1.49(t, 2H, J] = 8.4
Hz), 1.61(t,2H,J = 7.2 Hz), 2.75(t, 2H, ] =
7.2 Hz), 3.21(t, 2H, J = 8.4 Hz), 3.23 ~3.30
(m, 6H), 3.81 (d, 4H, J = 7.2 Hz); "C-NMR
(100 MHz, D, 0, TMS) § 13.24, 16.83, 19.75,
20.62, 21.16, 21.79, 25.15, 30.46, 50.00,
57.48, 58.07, 58.90, 60.14, 119.71 (q, Jop =
315.2, CF,).

B R I, '"H-NMR (400 MHz, D,0, TMS)
50.67(t,3H,J =6.4Hz),0.96(t,2H, ] = 6.8
Hz), 1.05~1.19(m, 12H), 1.49(t, 2H, ] = 8.4
Hz), 1.63(t, 2H, J = 6.8Hz), 1.72(t, 2H, J =
8.4 Hz),2.73(t,2H, J = 7.2 Hz), 3.19(t, 2H,
J = 8.0Hz),3.25~3.34(m, 6H), 3.83(d, 4H,
J = 7.2 Hz); "C-NMR (100 MHz, D,0, TMS) §
13.79, 16.84, 19.93, 21.03, 21.38, 22.59,
26.00, 28.92, 29.30, 29.43, 31.85, 50.13,
57.48, 58.02, 58.99, 60.20, 119.71 (q, Jop =
315.2, CF;).

BRIV, "H-NMR (400 MHz, D,0, TMS)
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51.56(t,2H, ] =7.6Hz), 1.69(t,2H, ] = 4.4
Hz), 1.94(t, 4H, ] = 8.4 Hz), 2.16(s, 3H),
2.73(t,2H, J = 7.6 Hz), 2.77(s, 3H), 3.10(t,
2H, J =4.8Hz),3.23(t,4H, ] = 6.0 Hz), 7. 14
(d,2H,J = 8.4Hz),7.46(d, 2H, J = 8.0 Hz);
“C-NMR (100 MHz, D,0, TMS) § 16.86, 20.55,
21.30, 22.06, 48.05, 50.07, 57.49, 63.50,
64.39, 125.42, 129.55, 139.58, 142.53.

BTk V. "H-NMR (400 MHz, D,0, TMS)3$
0.56(t, 3H, J = 7.2 Hz), 0.90(t, 2H, J = 7.2
Hz), 0.92 ~0.99(m, 8H), 1.43(t, 2H, J = 6.0
Hz), 1.50(t, 2H, J = 7.2Hz), 1.71(t, 4H, J =
7.6 Hz), 2.08 (s, 3H), 2.64(t, 2H, J = 6.0
Hz), 3.38(t,2H, ] = 7.2 Hz), 3.85(t, 2H, J =
7.2 Hz), 3.92(t, 4H, ] = 7.2 Hz), 7.17(d, 2H,
J =7.6Hz),7.40(d, 2H, ] = 8.0 Hz); "C-NMR
(100 MHz, D, 0, TMS) § 13.40, 17.00, 20.65,
21.13, 21.88, 25.12, 28.31, 29.19, 30.43,
49.08, 49.73, 50.24, 57.58, 125.50, 129.51,
140.00, 142.31.

B F-Wifk VI "H-NMR (400 MHz, D,0, TMS)

/ acidic IL
+ HO-C—
\ heat

2,4-07T8BP

4§22 %
50.74(t,3H,J = 7.2 Hz), 0.99(t, 2H, ] = 7.2
Hz), 1.07 ~1.06(m, 12H), 1.40(t, 2H, ] = 8.0

Hz), 1.60(t, 4H, J = 6.8 Hz), 1.95(t, 4H, ] =
8.0 Hz)2.20(s, 3H), 2.72(t, 2H, J = 7.2 Hz),
2.94 (t,2H, ] =8.0Hz), 3.02(t, 2H, ] = 8.8
Hz),3.27(t,4H,J = 7.6 Hz), 7. 14(d, 2H, ] =
8.4 Hz), 7.50 (d, 2H, J = 8.0 Hz); "C-NMR
(100 MHz, D, 0, TMS) & 13.95, 16.96, 20.67,

21.45, 21.64, 21.73, 22.64, 22.88, 26.08,
28.88, 29.30, 29.38, 29.43, 31.88, 50.17,
57.51, 58.87, 59.69, 62.97, 125.55, 129.40,

140. 20, 141.92.
1.3 B R M

SRS 1) o Fe Ak SN #EAT AN R 2 fF 10 mmol A
B . 5 ~30 mmol TBA F10.1 ~10 mmol BFII&MN
A—>20 mL B ZEPEUE TP e ORI R R 4
PEIZ 4 10 ~ 540 min. F=¥)7E HP 6890/5793 GC-MS
LT, TE Agilent 6820 GC R Y L i
G3AT. RSN A B E AR Ak 2 A il AR A
@igiEmAR EEES L, B EUNT 0.5% /977 Y)
RIFEAEN. LeHEA R s B AR 1 s,

OH OH
OH OH
i*Ncallave

p-TBP o-TBP 2,6-0TB

P T 2RS0T Mk £ o S Ak B
Scheme 1 Selective alkylation of phenol and TBA

2 RSt

2.1 REBF iRl B4 5 Bz i 220
R n(EE)/ n(TBA)/ n(IL) = 10: 10

VAT S, RN 70°C. £ 1 4l 7 A
T TRUA e A S R B B A R A= ) e 1R 1Y
SN N1 LA, e R RO ) AR AT A
KM (o-TBP) | XAUT JEA M (p-TBP) M1 2, 4 -4

&1 FEBFRIEELEES TBA SRBE AR
Table 1 Alkylation of phenol with TBA in different ionic liquids

Conversion of

Selectivity of

Selectivity of Selectivity of 2 , 4 -

Entry ILs
phenol (% ) o - TBP (%) p - TBP (%) DTBP (% )
1 I 84. 2 20. 7 41. 4 37. 7
2 II 89. 1 19. 5 39. 6 40. 9
3 I 91. 6 18. 3 39. 3 42. 4
4 v 36. 1 40. 1 28. 2 29. 8
5 v 38. 5 41. 6 24. 17 31. 9
6 VI 40. 2 45. 2 22. 1 32.3

Reaction conditions; Phenol 10 mmol, TBA 10 mmol, ionic liquid =1 mmol, T=70 C, t=8 h

THEIEW (2, 4-DTBP). BPFEAEAR M 2 AL SRR 1Y

THOLT, WBA 2, 6- BT IR | FRELAUT SE ik
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( t-BPE) s [B]EUT 355y (m-TBP) £ il A, GC-
MS WEA K 7 TR G, X rlaeth 1%
Pl BERAR, S TIRARER G LA P B IR AR
(OTH) BB T B Tl (R 1, 1 ~3) AL
PEL 5 T AR RS R AR ( Ts-OH) S BT 1 7
TWAR(FR L, 4~6), XulAERM T OTf AR T/
MR MEess 5 Ts-OH BHE TR MRYE , it S SO 1 B
TR YE 25, UL B TR DT 53
BT AR B AL BOR R LE B, AR TR B B B 1
Wl 2 IR C BERYIG IS, R AL 3 A B F s
AN, BT IRUAS B 7 1 14 e ik 0 8
BRI HEALAE A . R s iR I (32 1,
3) IEARCR B E, R B e f AT LIk 3 91. 6% ,
XH 2, 4-DBTP BZEFEPENy 42. 4% . JAh, BT
PR 1l T HAEA LI R i i P AR X B2 i )
W53 s B A
2.2 [z B ) 3o e B K 2 R B i

B2 45 TAE RN 70 °C, n (W) / n
(TBA) = 1+ 1 WFES TR T AOTEPERIE PEE R

90

./‘/.—-—I—I—l—-—.
-—

—a— con. of phenol
—eo—sel. of TBP
—a— sel. of p-TBP
—v— sel. of 2,4-DTBP

0

S0

—A——A——A——A——a—A——a

T —————t——0— ¢
10F /

L L L L L
0 100 200 300 400 500 600
Time (min)

Pl 2 TR Al SR W £ P 5 LI 119 5 3%

Fig. 2 Phenol conversion and products selectivities

Conversion (selectivity) (%)

versus reaction time
B AR AR Hr 1A 2 ) AR R A B ad A o
HRBEA -BPE AR, KRB C-Le A=) ARl il ¢
BPE B HEslK i S AT 2. A 2 38 W e 1 A
i, FERHEFT 6 ~8 h R ARG AN 45 7= M ik
FEVESEAC BB, P, DU BT A RS2 56 8 1
TEJCIVE 8 h I 3R
2.3 [ R B X e B AL = R B R M
345 T ROV (40 ~ 80 °C) X B 1A
TR ST B SAL S W i 2 . d 151 3
AN, TR PR A A B SN 3 R A T g IR E
BN E L 50 CJE R B AL RARA K, T
70 CI AR FALRIAANL. HIL, A1 i
J#h 50 ~70°C. Y Wik A 40 CE| 70 CHY, Fifi
A SR 1 T o-TBP By Rb MR u /N, SR 2,

4-DTBP Flp-TBP 1} 1 £ P 34 K. 3 vl GBSy T/

=4
<

- _/ﬁ.\'___'

—u— Con. of phenol
—e— Sel. of 0-TBP
—a— Sel. of p-TBP
~—v— Sel. of 2,4-DTBP

oo
=]

=)
=
T

Conversion (selectivity) (%)

40 S "
20 1 1 1 1 1
40 50 60 70 80

Temperature (C)
Pl 3 A8 M e A 3 R 0 P 5 B T2 119 56 AR
Fig. 3 Phenol conversion and products selectivities

versus reaction temperature

FEXF 5 14 SR B R o-TBP B4 AL 1 p-TBP. 2%
JE BT  HY AL AR LS R oA, e i) SO i
JEJ& 70 C, TEMIRE T AR M bR 4m, H 2,
4-DTBP Rt Pk Bl K fH.
2.4 B RYEE /R Bb 3ot ke B AL B R B9 22 i

PLBS WA T R fEfesR, 7270 €. 8 h . n
(IL) = 1 mmol, n(FEH}) = 10 mmol Yz W 514
&, EERB R TU (10 mmol) 722 TBA (4]
JEg (S L 10 | 20 | 30 mmol) b5 I 4 i) BE
IR O BBl S e A SR R R RS2, 45 R4
K4 fizR. Hi&l 4 715, B TBA R aEagin,

100

80"

—m— con. of phenol
—eo—sel. of >-TBP
—a— sel. of p-TBP
—v—sel. of 2,4-DTBP

20 -

s 0 15 0 25 %0
n(TBA) (mmol)

P 4 R FAL R TN P e Pt S

TBA A B KR

Fig. 4 Phenol conversion and products selectivities

60

Conversion (selectivity) (%)

versus amount of TBA added

HEEE LA 2, 4-DTBP 4 Yo B BB KA
1Ml o-TBP Al p-TBP [y B E I Bl fre/IME. 3% 7 fiE
s T TBA Wy i34 00, — 777 10 52 L 4
AT A=), it 5 — 5 1 SO R T AL
M RE , (2 SR IE A 5T P 5 HE B o- Al p-TBP, i}
FESE RIS P 5 A2 B 2, 4-DTBP, Jir DIAE A~
KWL T, W T4 n(OEE)/n(TBA) =
1:21f, I AR 2, 4-DTBP A HEEf .
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F22 %

2.5 BF RN ST B R B R &2 0

SO BRI BT ) &, {8 n (TL) 435114
0.1 .1.2.4.6,8  10mmol(n (M) = n(H
TEE) = 10 mmol ) , AIFFE H XS Lg Be Ak S I Y 52 W)
HER LS. mE S afrIbEE 2 5 BAR 9 B
G, R AL RN, o-TBP HyIEFEVELE n
(IL) = 1 mmol KA —AH KAE, ZJ5 bR ¥k 4
PR AR —E /)N, p-TBP B FEVELE n(IL) =
2 mmol HIE/IME, 1 2, 4-DTBP [ 5] 3
BRME, JFHIFIGA D& 2, 6-DTBP 4 i, X Al Gk
e H T RO A R IR PE B 2 AR ) P S, R
ASSRTTRE TSR R oA 1Ny n(IL) =
0.1 mmol B}, p-TBP J& ET =4 (3 68.5% ) ,
AR R IR PR T S5 38 B, n(IL) = 2 mmol
W, MR R A AR E L e, 2, 4-DTBP [t £E44:
57 64.1%. HEREEETH, X4 n(IL) = 2 mmol
B, PRI AL =, HILRS 2, 4-DTBP (1)
(ERERTE TN

™~

2
=}

M

— == con, of phenol T
~e— sel. of - TBP

—a— sel. of p-TBP

—v—sel. of 2,4-DTBP

—o— sel. of 2,6-DTBP

123
=3
T

—a

/\\'*'———O§a
—

e

Conversion (selectivity) (%)
N
>

—
=1
T

o 2 4 6 8 10
n(IL) (mmol)
(IR S U e L V7 b vE e
BT R R R
Fig. 5 Phenol conversion and products selectivities
versus amount of IL III
2.6 BFRIEHEIAMER
BEAh, LR TR A ITE. (RSO 4
FJE HIE S e A H 3 K, A HUS 19 3 1 iR R e
120 CRHEA T2 h ST, HAR L 2.
A1 2 nl e TR I S AT 3 IR e, Hefik Al
EPEAEAR NN, R B WA T A R

R2 X5 TBA REARNFEFRENERER
Table 2 Recycling of ionic liquid II in the alkylation of phenol with TBA

Con. of phenol Sel. of o - TBP

Sel. of p - TBP

Sel. of2 ,4 - DTBP Sel. of2 , 6 - DTBP

Run

(%) (%) (%) (%) (%)
1 92. 4 16. 4 18. 6 63. 8 .2
2 91. 1 17. 1 19. 5 62. 9 0.5
3 90. 9 17. 1 19. 9 62. 9 0.2

Reaction conditions; Phenol 10 mmol, TBA 10 mmol, ionic liquid =2 mmol, T=70°C, t=8 h

3% i#

=A

B, MR R R D) RE AL R I 2 1R A DA i
AT AT LA S50 HE A By -5 BT I 4 ot R AR S
10% < Py (1 5 5 1 2 B AT 45 1) 90% DAL i %
Mg ieR, DI PAER 2, 4-DBTP JEFErE, 4 n(OR
Br): n(BUTES): n(IL) = 102 10: 2, Jpif
o T0°C I 2R By A e b i AR R, R AR 2, 4-
DBTP Bt n] LA F] 64. 1% . Iehh, B TR E
WO EEAERO= W), AT LARER A =y AL i £
FAEALTR PEAE. IXATFEAE SRR YT Bronsted R
P TR S 5 T e A I ) P A R0 2 LA
FHAI 5.
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Selective Alkylation of Phenol with Tert-butyl Alcohol Catalyzed by

Morpholine-based Task Specific Acidic Ionic Liquids

LIU Xiao-fei"*, CHEN Jing'*, XIA Chun-gu'*

(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China;

2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Alkylation reaction of phenol with tert-butyl alcohol ( TBA) catalyzed by morpholine-based acidic ionic

liquids has been investigated. The influences of different ionic liquids, reaction time, reaction temperature, reac-

tant ratio ( mole ratio of phenol to that of TBA) , the amount and the recycle of the ionic liquid were studied. The

experimental results demonstrate that when the amount of the ILs was 20% phenol, the conversion of phenol and

the selectivity of 2, 4-DTBP were 92. 4 and 64. 1% , respectively, under optimum reaction condition. And the ILs

could be reused over three times.
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