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Investigation on Preparation of Methyl Isobutyl Ketone through the
Reduction by Isopropanol
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Abstract The production capacity of acetone is excess in China at present. Conversion of acetone into high-value products
with huge market demands is of practical value. Methyl isobutyl ketone (MIBK) is an important industrial intermediate with
very broad applications and large market requirement. Thus, there are tremendous prospects for industrial applications for the
synthesis of MIBK from acetone. This article reports a convenient access to MIBK from acetone through condensation and
reduction procedures. Compared with conventional procedures, the method employed isopropanol as an alternative reductant
to the dangerous H, to reduce mesityl oxide (MO) into MIBK. The by-product from the reductant isopropanol was acetone and
could be reused as the starting material to produce MO. After conditional optimizations, the MO conversion rate was enhanced
to 95.8%, while the selectivity of MIBK was 98.8%. The two steps of reaction could be performed in one-pot.

Keywords Acetone; mesityl oxide (MO); catalysis; reduction; methyl isobutyl ketone (MIBK).
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V8 TR 6 A A B 7T 3 75 SR D v PR I = i, A LR
(1 Tk S AN E. H RS T 25 B (MIBK) A& — Fh 2 )
WITF=a, EERTRSE. SR, KEBES
M ER R EHE ), 16 ML SR AR R A By
ZF 4020 T 0 B TR  ATHLE RRAEER AR R LA
T TS P AR MIBK A FH A RN R R A . LT
ZEBENRNEL L ERTEM L ERTE. (2 BE
T2, VA LR R B R AL, R o AR s A P
(DAA). DAA TERRMEAL T WK AT AR e 75 LA E(MO).
55, MO TEJRAH SASARIE I A& CR PR i 4
SRR, 42 MIBK (Scheme 1P MifE—#4&
L2, EEE AR B &, FE AR T
WNEGERE N MIBK (Scheme DY, iR PiFh& 5 T 25 %6
AR, MEASE—FmEERad, BARENS %R
G, AMUARE A KBRS E i, 78 InE0E R &N i 72
W LB, S R AE R AL

OH O

o acid H,O (0] (0]
= . -H2 cat. [M]
2)1\ or base M )\/U\H—2»)\/U\
DAA MO MIBK
0]
cat. [M] 0]
2 I m PN

M = Ni, Cu, Pd, efc. MIBK

B 1 e & & MIBK PR G L E

Scheme 1 Two synthetic procedures of MIBK from acetone

BATE KA A TN RS 8k, 24e G
BT iR BRI A B, AT 7 3 7R R R R Ak
P 2 — 240 AR RNTE R, BATEET R
i 5 S A T A AL A U B BB A MIBK. B ARIX 7
T 4% 778 I A RS B Th, BRI, R4 A 7=
MO FJ7E PYC Al N4 7 N IEE IR 9 MIBK. i B,
I JR ) S A = A R = R, AT AE R B R MO R Ji
BLE BN CARIH, Rk, WEA EHRE, Zh kRS
WIP=E (Scheme 2). {EHA M, BT AE-S A
PR AR ZEAS KIS, Rk, 2% 58 3 8l 7= 4 R i e 78 43[R,
il 7 R B S JE R E A BT AT, 125 A B e T
NANAZE LB =3

1 ER5HR

H T RTE B T R H S ERZE & 4% MO (IR 58
O W MO 5 R TR B A R AR IR 5 R i A
MIBK. fE#I46 HISL5eH, 8 Tl g4 B ) MO(#
96% MO Fl 3% 4-FH -4~ 3 )i -2- ] ) R S PR eE (1) S AR
Rz AT B A A IR 0 0 . 32 S SR A A 7R 1)
F AT R R BRI R, SR
ZERIFE 1.
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B
27 LR

O>/\ MO
PO S &

MIBK
Net result:
)i * )O\H )\i

MIBK

B2 RAREE LA R ER
Scheme 2 Synthetic procedures of MIBK through isopropanol
reduction method

K1 RARIEEES] & MIBK SRR
Table 1 Condition optimization for the preparation of MIBK
through isopropanol reduction method

O OH cat. O (@]
I I e L I+ I
MO

MIBK

b
Entry f;t::-‘is)t ;qu V/ Time/h X%  Swusc/%
1 Cus) 12 7 0 0
2 cuCles) 12 7 0 0
3 Ccul@s) 1.2 7 0 0
4 Clo@Es) 12 7 0 0
5 Zn(25) 1.2 7 0 0
6  ZnCL(25) 12 7 0 0
7 Zn0(2.5) 1.2 7 0 0
8 Al(25) 1.2 7 0 0
9 AICL(25) 12 7 0 0
10 ALO;(25) 12 7 0 0
11 PICQS) 12 7 0 0
12 RuCLBO) 12 7 0 0
13 PYUC(035) 12 7 246 409
14 PYUC(1.05) 12 7 649 634
15 PYUC(1.05) 12 14 692 802

16 Pt/C (1.05) 2.4 14 95.8 98.8

© 2016 Chinese Chemical Society & SIOC, CAS

¢ A mixture of MO (10 mmol), IPA and catalyst in toluene (10 mL) was stirred
at 90 °C; *Isopropanol dosage based on MO molar amount; ¢ Conversion rate
of MO;  Selectivity of MIBK detected by GC.

HER T e R K e R R
BERR S B RICR. 45 R EoR, W48 Cu. Zn., Al
FEMEE . SRR MO I8 5 A4 L
MIBK (Entries 1~10), FH 5 S0 H A A I H SRR .
Mot BN Pd. Ru %Ik & MR JC 8 (Entries 11~
12). 4L PYC NHEAFIR, MO AR TTIA 24.6%,
MIBK ({9 40.9% (Entry 13). @i #t—H 114
AR Ak (Entries 14~16), MO (ALK 2 95.8%,

http://sioc-journal.cn/ 2233



BIHE

T MIBK %% 7] ik 98.8% (Entry 16). {HG K&,
Z SO E] 1 mol MO (98 @) Ak e, 45 s, H
MO HeAb R mr i — e 3] 98.9%, T MIBK ke
THERFE 98.5%. 7843 Ut B T 1% J5 ¥ 75 S B () m S
SN RS SN T (E S U - e
(MIBO)AE K, Bl PYC fEALFIRERS A S OB AR
H, IEFEMEHUEE MO B OV, T AN A2 AR S 0L
(Scheme 3).

0O

OH
PRl i
O (0]
)\/U\*- HoPH )\/U\-'- Pt

MO MIBK

BR3 ML

Scheme 3 Reaction mechanisms

ERATZ /T FTIRIE W TAES, 4 L- & R
(L-proline) VEHEAL T, WRWE1EBhHEALTR, AT 4k A 1 4
&, TR SCAERS, BATT G R S 5 R R
W TR &, PR, SHEE L-HEAR
(L-proline) 8% = 7 F 14k L-FZER(PNL)~ WRFE PA A2 Pt/C
PAEWF R GRS, A MIBK. X110 A EHLE,
R FHARERAE. RBEHAMER A Z] MIBK, 757G
MO A4 f(Eq. 1).

L-proline (5 mol %)

(0] OH piperidine (2.3 mol %) .
2)1\+)\ Pt/C (1.05 mol %) o reaction @
90°C, 14 h
T ERRNARKERRE, %t 7 — Ry
SR, BF ST A EEIE R MO il % MIBK [ N5 7 A

MR FR. ik 2 fos, IS B R L i
BYIRIE 5, SN B 2 4% BEL ¥ (Entries 2~3 vs Entry 1). i3
—B AR, SRNEY LIEEERE, X R B
AT R %% SR #R B B (Entries 5~6 vs Entries 2~3 vs
Entry 4). Kk, R, —Buk b aEES 5 E R

Nl €& MIBK 2238 2 Fr AANBE T, A& A B 46 &
5 BR A4S & BAE AT 5 8238 5 s B A AL TR P/C
75 BT

SiaHE, AT AT TAEIN TR T = R i
R FI(PNLD), 2 {4k 751 0] 76 P B 46 5 [ 85 38
ao f7 B PRI A% B I RIS RS BR AL ) 1) S B T VR
AN, nTEERAZ TP PYC AR R
i, SEEREE IR, X AD —ERvEERE A, R
bf. Hor, B RN AR 22.9%, MO 1EF M
73.8%, 1M 0 B MO ¥ALZR ] =IA 95.3%, MIBK
PRI TT L 98.5% (Scheme 4).
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K2 EEAAYIX PYC TR BT 5T ¢

Table 2 Investigations on effects of nitrogen containing com-

pounds with Pt/C activity

Pt/C (1.05 mol%)
OH  aqditive (5 mol%)

)\/ﬁ\*)\

90°C, 14 h

MO MIBK

Entry Additive X°1%
1 — 95.8
2 L-Proline 5.89
3 Piperidine 8.36
4 PhN(Me), 13.47
5 NH;*H,0 (15 wt%) <5
6 NH,CI <5

© 2016 Chinese Chemical Society & SIOC, CAS

¢ A mixture of MO (10 mmol), IPA (24 mmol), Pt/C (1.05 mol%) and addi-
tive(5 mol%) was heated in toluene (10 mL) at 90 ‘C for 14 h; * Conversion
rate of MO determined by GC.

OH

o )\)oj\ )\ )\/ﬁ\
)J\ 90°C,4h A Pt/C, toluene
MO 90°C, 14 h MIBK
(PNLD Removed)
Step 1: Step 2:

Acetone conversion 22.9%
MO selectivity 73.8%

MO conversion 95.3%
MIBK selectivity 98.5%

B4 —mPIPE A MIBK
Scheme 4 One pot and two steps method for the synthesis of
MIBK

2 i

DL PY/C R, SABEAEIE T, v LA R MO
A MIBK. 5455877 A0 b, 1% 07 72538 G A0S
MG i 22 4 507 (8. fEi% MR, 3 SR 7 S 0 B BT =
ARIEIFEPITREE, &5 MO R R, W] BLESCR]
XA SRR IR IR . Bk B A, 1%
SNE R 2 S 5 PR S S T B RS — 3. BT
i 5 5 R E H BT A2, TR, 25 TR AR AN g
SR ZE A PR INE A B m, BB TR
FANE. IR PR 5 S TR I B S A Bk MIBKC [ 25438
HEA KIh, (B2, FIHIRATZ 70T R 0 3
FRMEAL 71 PNLD AL N BR4E A RS, FITE R4 R 5 77
fEHRE BRAEALTR], MM ASTEN N — 500 JF B, B3 sk
LT MIBK [P 5A BT 2.

3 SRS

3.1 X5

S AX: Thermo 1SQ B/ i B FH AN, i 4641
4: Agilent DB-5 BAHE M (M1E 0.25 mm, H1 30 m).
S BT PR e AT AT XSS O Agilent
7890 B B AR EAN; il 2k F v FID Kl 28, Agilent

Chin. J. Org. Chem. 2016, 36, 2232~2235



Chinese Journal of Organic Chemistry

DB-WAX E4EM(EE 0.25 pm, H4Z 0.32 mm, K
30 m); 4N 99.99% K B AN MRS, i N
99.96% A TNE NI, =SME NS, =Rk
(T 3 54 30+ 30 A1 350 mL/min; #Ei7KH £ Bt
FEFFE: WIE 50 CLR%FF 4 min, BL 15 C/min FIFHR
A A 220 CLREF 10 min; HEFEEHRE N 250 C, kil
BRE N 250 C, FEE 90 C, AR 60 11, KRR 47
kPa; SR NIST €ailf T/F sk b FE %4l

Bk PYC NZZHLEHI G A, HpdymAndsm A
&, Kait—P A
32 ZWHE

HE A 591 75 22 S 36 1 LR 5 R G 20 #0k) B 5 I R I
[ A BEAT FTANIAD, AR 1 JiEE): 100 mL i 5 25 485 Hh i
N 0.98 g A XA (10 mmol). 0.72 g F P EE(12 mmol,
1.2 equiv.)« AL 7(0.25 mmol, 2.5 mol%)- 10 mL H (¥
A, BAEH, HERM, EHRPMRE 90 C, KM
fF ] 7 h.

JBOKR(1 mol MO #AR): 1 L mikEHmA 98 g
SN X A1 mol). 144 g S AEE(2.4 mol, 2.4 equiv.)s
150 g Pt/C (0.0105 mol, 1.05 mol%)~ 400 mL F 2 (%7,
BOR LS, WEHIM SR AR/, BA B, HERN,
SR E 90 C, RMIFTE] 14 h. 78 XA B
# 98.9%, MIBK #&#1%: 98.5%

— 3P ) Bi il %% MIBK FF1SE56 0 B 100 mL i & 2 &
BEdonN 058 g HEH(10 mmol). 1.44 g FAEE(24
mmol). L-fliZ & 0.5 mmol (5 mol %)~ WKMHE 0.23 mmol
(2.3 mol %)~ 1.50 g Pt/C {4k (# Pt 0.105 mmol, 1.05
mol%)LA K& 10 mL 2R, A E#, %E KRB, #ii Kk
NRFE 90 C, MNHEFE] 7 h.

P25 ) £ MIBK 525630 F2: 100 mL fiif 15 2 4 7 o
BOA 3.5 g P60 mmol). 0.5 g PNL([#E # & 25%, 1.10
mol%). 10 mL FZRGEH), BB, BB, 5
RNARE 90 C, NRFIE] 4 h, RNEEH G, B &N
7, [T PNL.

100 mL i & 25 B8 o N 28 ISR B R (& 5.07
mmol MO). 0.73 g 5 B (12.17 mmol, 2.40 equiv.)~ 0.75
g Pt/C fi4k57(0.053 mmol. 1.05 mol%)LA K 10 mL F
(B, BAER, BN, EHRBERE 90 C, &
SIS [A] 14 h.

i Bh#f Bl (Supporting Information) AR, S ARE. H
JH S T AR LA K S TR SO R ) P ot 2 R LB DA %
FR R ST ) o o . T A R R DA B AT Al
(http://sioc-journal.cn/) I N %K.
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